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Chapter 11 

Fabrication 

 
The Fabrication process type analyzes labor, tooling and material costs of sheet fabrication 
techniques, including multi-stage dies, punch presses, gas flame cutting, and laser cutting. 

To create a fabrication work element, identify the required processes and methods, and enter 
the associated parameters.  A work element can include any combination of methods. 

This chapter is a reference for all unique fabrication work element parameters.  See chapter 9:   
Common Process Parameters for parameters common to most or all work element types.  The 
parameters described here are those on the Process Specific tab of the Inputs window, unless 
otherwise indicated. 
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Fabrication Input Parameters 
The Process Specific tab of the Inputs window contains a separate set of parameters for each 
fabrication method selected, in addition to parameters which apply to all methods. 

You may select or deselect methods at any time by double-clicking the specific method 
parameter.  If you deselect the method, SEER-MFG will save your inputs for later use. 

ENGINEERING DESCRIPTION   

 

Engineering Description Inputs 

Pa  Blank/She
 b

material normally comes fr art per blank.  

 f
s, with th sts 

e

rts Per et  
The number of part sized lanks made from a raw blank or sheet of material. Raw blank 

om a supplier or mill in large sheets. Default is one p

Any additional operations or multiple parts made from a single blank should be modeled as 
new work element e blank or fabricated part as the raw material.  Set material co
to zero, since these accru  at the first fabrication operation. 

Process Description 

Conventional Machines The number of parts from each blank or sheet.  Increasing Parts Per 
Blank will decrease direct and inspection time per unit.   

CNC Gas Flame Cutting The total number of parts cut from each blank or sheet of parent stock.  

CNC Turret Press Total number of parts cut from each blank or sheet of parent stock. 

CNC Laser Beam Cutting The number of parts cut from each blank or sheet on the press bed.  

CNC Plasma Arc Cutting Total number of parts cut from each blank or sheet of parent stock.  

Note. This parameter 
a .  

is only available when Part Based Processing is unchecked in the Project 

et Project Parameters in chapter 6:  Command Reference 

P rameters Dialog

 Options / S
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Bla
rial.  You can choose from the following: 

nd Tube 
tangular Tube 

ape, Dimens

Blank Dimensions  

ts required wi hape input. 

nk Shape  
The shape of the raw mate

 Flat, rectangular 
 Flat, irregular 
 Rou
 Rec
 Solid Round 

If you enter Sh ions, and Material Yield, SEER-MFG will compute finished weight. 

The measurements (in. or mm) of the item
measuremen

's key geometrical characteristics. Exact 
ll depend on the S

Shape Dimensions Required 

Flat, rectangular Length, Width, and Thickness 

Flat, irregular Area and Thickness 

Round Tube Length, Outside Diameter and Thickness 

Rectangular Tube Length, Width, Height and Thickness 

Solid Round Length, Diameter 

If er Sha Dimension G will co finished we

Gau hick onvers
All Blank Dimensions shapes (with the exception of Solid Round) include a Thickness 
dimension, representing the sheet stock thickness (in. or mm). Gauge number may be 
c erted to the equivalent material thickness with the Gauge To Thickness conversion table.   

 you ent pe and s, SEER-MF mpute ight. 

ge-to-T ness C ion 

onv

 Nonferrous (No Iron) Steel (Iron-based Alloy) 
Gauge Inches Millimeters Inches Millimeters 
000000  0.5800 14.732 - - 
00000  0.5165 13.119 - - 
0000 0.4600 11.684 - - 
000 0.4096 10.404 - - 
00 0.3648 9.266 - - 
0 0.3249 8.252 - - 
1 0.2893 7.348 - - 
2 0.2576 6.543 - - 
3 0.2294 5.827 0.2391 6.073 
4 0.2043 5.189 0.2242 5.695 
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 Nonferrous (No Iron) Steel (Iron-based Alloy) 
Gauge Inches Millimeters Inches Millimeters 
5 0.1819 4.620 0.2092 5.314 
6 0.1620 4.115 0.1943 4.935 
7 0.1443 3.665 0.1793 4.554 
8 0.1285 3.264 0.1644 4.176 
9 0.1144 2.906 0.1495 3.797 
10 0.1019 2.588 0.1345 3.416 
11 0.0907 2.304 0.1196 3.038 
12 0.0808 2.052 0.1046 2.657 
13 0.0720 1.829 0.0897 2.278 
14 0.0641 1.628 0.0747 1.897 
15 0.0571 1.450 0.0673 1.709 
16 0.0508 1.290 0.0598 1.519 
17 0.0453 1.151 0.0538 1.367 
18 0.0403 1.024 0.0478 1.214 
19 0.0359 0.912 0.0418 1.062 
20 0.0320 0.813 0.0359 0.912 
21 0.0285 0.724 0.0329 0.836 
22 0.0253 0.643 0.0299 0.759 
23 0.0226 0.574 0.0269 0.683 
24 0.0201 0.511 0.0239 0.607 
25 0.0179 0.455 0.0209 0.531 
26 0.0159 0.404 0.0179 0.455 
27 0.0142 0.361 0.0164 0.417 
28 0.0126 0.320 0.0149 0.378 
29 0.0113 0.287 0.0135 0.343 
30 0.0100 0.254 0.0120 0.305 
31 0.0089 0.226 0.0105 0.267 
32 0.0080 0.203 0.0097 0.246 
33 0.0071 0.180 0.0090 0.229 
34 0.0063 0.160 0.0082 0.208 
35 0.0056 0.142 0.0075 0.191 
36 0.0050 0.127 0.0067 0.170 
37 0.0045 0.114 0.0064 0.163 
38 0.0040 0.102 0.0060 0.152 



 

11-10     Fabrication SEER-MFG Detailed Reference 

Finished Weight  
lly computed if Area of Blank and Material Thickness are entered. 

MA

Automatica

TERIAL 

 

Material Inputs 

Material  
 element's p This sets the default for the Material 

kg) input.  The R-
e expanded by opics 

er inform rial selections are shipped with the model: 

Select the work rimary material from the list.  
Cost Per Lb. (  list below provides standard material categories available in SEE
MFG.  The material
for furth

 selection list may b  you (consult chapter 8: Special T
ation).  The following mate

Fabrication Materials  Examples 

Aluminum All aluminum. 

Aluminum Alloys All aluminum alloys. 

Brass Includes red brass and yellow brass (40, 41, 44, 62). 

Copper All copper. 

Copper Alloys All copper alloys (brass, bronze). 

Honeycomb Honeycomb materials, aluminum or composite facing (<0.5", 0.5"-1.0"). 

High Performance  Nickel  Silicon
Steels  

 
Manganese 
Nickel-Chromium 

 Molybdenum 

-Manganese 
 Boron Intensified  
 Medium carbon 
 High carbon 

 Nickel-Chromium-Molybdenum 

Low Carbon Steel All low carbon steels (1010,1018,1212,1108 etc.). 

Plastic All applicable plastics. 

Stainless Steel All stainless steels (302-330,403,440,501 etc.). 

Titan um Alloys All titanium alloys. i

  Material Cost (below) 
 Customizing Material Selections in chapter 8:  Special Topics 
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Material Cost Per Lb. 

 Material Cost in chapter 9:  Common Process Parameters 

 
 

Material Utilization Factor 

 Material Utilization Factor in chapter 9:  Common Process Parameters 

CONVENTIONAL MACHINES  
Processes that use standard shears, brakes and punch presses with standard dies.  Use this 
section to model operations that are typically used in prototype production of small lots or 
production that uses standard dies. 

 

Conventional Machine Parameters 

t-Up and Load/Unload  Se
t-Up and Load/Unload off as required for this operation. 

Sh

cutting between upper and lower blades, and typically produces burred and slightly deformed 
A variety of shapes may be produced, with tolerances typically ± 0.010 in (0.254 mm).  

No
e cutting 

operation in which corners or notches are removed using standard die sets in a punch press. 
Notching dies may also be set up for bending or forming at the same time as the cutting. 

Turn Se

ear  
The number of shearing operations per blank or sheet. Shearing is used for straight-line 

edges.  

tch  
The number of notching operations per blank or sheet.  Notching is a medium-volum
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Punch  
The number of punch operations per blank or sheet, counting each punch of a hole with the 
stroke of the press.  Wide platen press brakes may also use dies that do punching or forming 
operations.  For those operations, enter the number of strokes per blank or sheet. 

Brake Form  
ank or sheet, counting each bend or press stroke.  

punching or forming operations.  For these, enter the number of strokes per blank or sheet. 

Raw Material Configuration  
 

ll. 

Sh
pe Complexity para  used to increase and decrease the model output to 

creases and decreases due to the 
attributes such as out

contour, i.e. compound con  hole placement, etc. can all impact normal 
rational performance. S

part being modeled.  

The number of bending operations per bl
Press brake bending may use various dies for different radii, angles, steps, etc. Applies to both 
manually operated and CNC press brakes.  Wide platen press brakes may also use dies for 

Cut Sheet takes the most time, since each part must be picked up and postioned.  Strip needs
less handling per part, and Coil takes the least time, since the material is supplied from a ro

ape Complexity 
The Sha

t for in
meter can be

accoun
Part 

overall complexity of the part being modeled. 
side and interior surfaces, part dimensional changes caused by 
tours, tapers, recesses,

ope elect a setting that best represents the level of complexity in the 

Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects
operational performance. 

 of 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 

Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 

Fa tion/Tooling
Manufacturing tooling cap

brica  Process Capability  
ability that will be applied to this workpiece. 
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Rating Description 
Computer-controlled (CNC) presses, mechanized feed of stock. Hi 

Nom CNC presses and tools, standard tools, manual feed of stock or blank. 

Low Used for small (even prototype) quan
bluing, scribing and manual setting o

tities, with manual standard tools, 
f tool guides. 

To

in chapter 9:  Common Process Parameters 

To

ptional) in chapter 9:  Common Process Parameters 

Ot

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

CNC TURRET PRESS  

oling Cost (Optional) 

 Tooling Cost (Optional) 

oling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (O

her Cost (Optional) 

A press which uses a template to locate die positions on a blank, and has punches and dies in 
a computer-controlled turret with synchronized index table.  Pantograph-type linkage (including 
Wales- and Wiedaman-type) automatically transfers template information to the press.  

 

CNC Turret Press Parameters 
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Pre
 strokes on each blank or sheet.  A single press stroke to punch a hole or 

nibble is a press operation, corresponding to multiple die positions on each part. 

Shape Complexity 
 Shape Complexity para

account for increases and ll complexity of the part being modeled. 
ttributes such as out

contour, i.e. compound con le placement, etc. can all impact normal 
tional performance. S

ss Operations  
Total number of press

The meter can be used to increase and decrease the model output to 
decreases due to the overa

Part a side and interior surfaces, part dimensional changes caused by 
tours, tapers, recesses, ho

opera
part being modeled.  

elect a setting that best represents the level of complexity in the 

Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi mpact most aspects 
erformance. 

Difficult to handle and position. Part attributes heavily i
of operational p

Nom act Typical handling and positing. Normal part attributes with no added imp
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 

Fa tion/Tooling brica Process Capability  
The extent of mechanization for equipment used in the production process. 

Rating Description 
atic computer-controlled mechanized sheet material feed, parts 
al, and scrap removal.  All bulk material and finished parts are 

moved with mechanized handling.  A part-time operator may supervise. 

VHi Autom
remov

Hi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal. 

Nom Semi-automatic sheet material feed, parts removal, and scrap removal. 

Low Manual, machine-initiated sheet material feed, parts and scrap removal.   

VLo Manual, operator-initiated sheet material feed, parts and scrap removal.   
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) 

 

 Quantity (Optional) 

Ot

BO

Tooling Cost (Optional

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters

Tooling Amortization

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

her Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

LSTER PRESS  
Bolster / Version presses use a bolster to add stiffness to the press bed. Bolsters have tapped 
holes, or preferably T-slots, to permit the die to be fastened in the press. T-slots permit dies to 
be changed quickly and fastened in the press more securely than tapped holes. This process 
should be selected for high pressure forming of large parts needing heavy pressures and 
maximum contours to be formed. This method of forming is used to press sheet metal parts 
into contours of maximum depths resulting in a drawing or stretching of the material. The part 
is formed between a male and female die that are attached to a bolster and the hydraulic 
actuated ram, respectively (see figure below).  

 

Example Die Sets 
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Bolster / Version Press 

The produced parts are typically compound contoured and complex shapes. The module 
accounts for time values required for press forming and optional Degrease, Solution Heat 
Treat, Age Mil, and Straighten & Check operations. If forming Titanium the module assumes a 
Hot Forming press operation, and also provides additional options for Alkaline Clean, 
Protective Coat, Stress Relieve, and Descale operations. 

 
Bolster Press Parameters 
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Press Operations  
Enter the number of press operations (one or more) that are likely to be required to complete 
the forming of the part being estimated. Enter a least likely most range if an exact value is not 
known. 

Degrease 
The degreasing process is a hot solvent process that facilitates the trace removal of petroleum 
based lubricants. Most parts have some residue of lubricant after passing through several 
manufacturing processes. Degreasing requires that a vapor degreaser unit heat the solvent to 
its boiling point to create a vapor zone. Part(s) are moved into the hot vapor zone for cleaning 
and then moved to a cleaning zone within the same degreaser unit. This cycle may be 
repeated several times, always ending after a stop in the cooling zone to allow residual solvent 
vapors to return the vapor zone. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Solution Heat Treat 
Solution Heat Treat is a process whereby the alloy or metal is heated up to between 800 deg. 
F to 1000 deg. F (427 deg. C to 538 deg. C), and then holding it at that temperature long 
enough to allow the alloying elements to go into solid solution. The alloy or metal is then 
cooled rapidly to hold the alloying elements in solution. Most solution heat treatments soften 
or anneal. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Age 
Usually performed after solution heat treatment. It is done either at room temperature over an 
extended period of time or at a temperature between 240 deg. F and 450 deg. F (116 deg. C 
to 232 deg. C) over a much shorter period. Standards were based on Mil-H-6088. Enter Y (Yes) 
to include this operation or N (No) to exclude it. 

Straighten & Check 
The straighten & check operation is typically required to correct distortion that occurs as a 
result of heat treating a previously acceptable part. Enter Y (Yes) to include this operation or N 
(No) to exclude it. 
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Alkaline Clean 
Alkaline aqueous cleaning solutions help to remove unwanted contaminates from the work-
piece such as oils, coolants, grease, wax, fingerprints, shop dirt etc. Enter Y (Yes) to include 
this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Protective Coat 
Includes time to apply a protective coat to the titanium which provides protection against a 
variety of chemicals and staining agents. Typically the coating (often a clear gel) is sprayed or 
brushed onto the work-piece. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Stress Relieve 
Stress-relieving treatments decrease the undesirable residual stresses that result from 
forming the sheet metal. The removal of such stresses helps maintain shape/dimensional 
stability and eliminates unfavorable conditions, such as the loss of compressive yield strength. 
Enter Y (Yes) to include this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Descale 
Any hot forming and/or annealing of titanium products in air at temperatures above 590-
620°C (1100-1150°F) produces a visible surface oxide scale that may require removal on 
fatigue and/or fracture critical components. Oxide scale removal can be achieved 
mechanically (i.e., grit-blasting or grinding) or by chemical descale treatment (i.e., molten hot 
alkaline salt descale). Enter Y (Yes) to include this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 
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Shape Complexity 
The Shape Complexity parameter can be used to increase and decrease the model output to 
account for increases and decreases due to the overall complexity of the part being modeled. 
Part attributes such as outside and interior surfaces, part dimensional changes caused by 
contour, i.e. compound contours, tapers, recesses, hole placement, etc. can all impact normal 
operational performance. Select a setting that best represents the level of complexity in the 
part being modeled.  

Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 

Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 

Fabrication/Tooling Process Capability  
The extent of mechanization for equipment used in the production process. 

Rating Description 

VHi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal.  All bulk material and finished parts are 
moved with mechanized handling.  A part-time operator may supervise. 

Hi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal. 

Nom Semi-automatic sheet material feed, parts removal, and scrap removal. 

Low Manual, machine-initiated sheet material feed, parts and scrap removal.   

VLo Manual, operator-initiated sheet material feed, parts and scrap removal.   

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 
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Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

BRAKE PRESS  
Brake forming is one of the oldest mechanical metal deformation processes. During the 
process, a piece of sheet metal is formed along a straight axis. This may be accomplished by a 
‘V’ - shaped, ‘U’ - shaped, or channel-shaped punch and die set. The power brake is a power 
driven unit mounting a male and female die set on a vertically moving brake and stationary 
bed or platen, respectively. Inserting pre-cut stock between the male and female dies, and 
applying the downward motion and pressure, forms the parts. 

The illustration that follows is a typical press brake setup. The left side of the illustration shows 
the press brake in the open position and the right side shows it in a closed position, press 
braking the metal work piece into a ‘U’ shape. 

 
Brake Press Setup Example 

Brake forming can commonly form metals up to 0.5 inches (12.5 mm) thick and some 
machinery will form pieces as long as 20 feet (6 meters). An example brake press is shown 
below.  

http://www.advantagefabricatedmetals.com/pressbraking.html
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Brake Press Example 

The module accounts for time values required for brake forming and optional Degrease, 
Solution Heat Treat, Age Mil, and Straighten & Check operations. If brake forming Titanium, 
the module also provides additional options for Hot Form, Alkaline Clean, Protective Coat, 
Stress Relieve, and Descale operations. 

 

Brake Press Parameters 
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Press Operations  
Enter the number of press operations (one or more) that are likely to be required to complete 
the forming of the part being estimated. Enter a least likely most range if an exact value is not 
known. 

Hot Form 
The hot form process is a method used to press sheet titanium metal parts into die contours 
with maximum depths resulting in a drawing or stretching of the material. The titanium is pre-
heated and held at heated state while the hot forming operation is performed. The part must 
be heated or cracking will occur. The part is formed between a male and female die attached 
to a hydraulic bolster press and the hydraulic actuated ram, respectively.  

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Degrease 
The degreasing process is a hot solvent process that facilitates the trace removal of petroleum 
based lubricants. Most parts have some residue of lubricant after passing through several 
manufacturing processes. Degreasing requires that a vapor degreaser unit heat the solvent to 
its boiling point to create a vapor zone. Part(s) are moved into the hot vapor zone for cleaning 
and then moved to a cleaning zone within the same degreaser unit. This cycle may be 
repeated several times, always ending after a stop in the cooling zone to allow residual solvent 
vapors to return the vapor zone. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Solution Heat Treat 
Solution Heat Treat is a process whereby the alloy or metal is heated up to between 800 deg. 
F to 1000 deg. F (427 deg. C to 538 deg. C), and then holding it at that temperature long 
enough to allow the alloying elements to go into solid solution. The alloy or metal is then 
cooled rapidly to hold the alloying elements in solution. Most solution heat treatments soften 
or anneal. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Age 
Usually performed after solution heat treatment. It is done either at room temperature over an 
extended period of time or at a temperature between 240 deg. F and 450 deg. F (116 deg. C 
to 232 deg. C) over a much shorter period. Standards were based on Mil-H-6088. Enter Y (Yes) 
to include this operation or N (No) to exclude it. 
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Straighten & Check 
The straighten & check operation is typically required to correct distortion that occurs as a 
result of heat treating a previously acceptable part. Enter Y (Yes) to include this operation or N 
(No) to exclude it. 

Alkaline Clean 
Alkaline aqueous cleaning solutions help to remove unwanted contaminates from the work-
piece such as oils, coolants, grease, wax, fingerprints, shop dirt etc. Enter Y (Yes) to include 
this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Protective Coat 
Includes time to apply a protective coat to the titanium which provides protection against a 
variety of chemicals and staining agents. Typically the coating (often a clear gel) is sprayed or 
brushed onto the work-piece. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Stress Relieve 
Stress-relieving treatments decrease the undesirable residual stresses that result from 
forming the sheet metal. The removal of such stresses helps maintain shape/dimensional 
stability and eliminates unfavorable conditions, such as the loss of compressive yield strength. 
Enter Y (Yes) to include this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Descale 
Any hot forming and/or annealing of titanium products in air at temperatures above 590-
620°C (1100-1150°F) produces a visible surface oxide scale that may require removal on 
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fatigue and/or fracture critical components. Oxide scale removal can be achieved 
mechanically (i.e., grit-blasting or grinding) or by chemical descale treatment (i.e., molten hot 
alkaline salt descale). Enter Y (Yes) to include this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Shape Complexity 
The Shape Complexity parameter can be used to increase and decrease the model output to 
account for increases and decreases due to the overall complexity of the part being modeled. 
Part attributes such as outside and interior surfaces, part dimensional changes caused by 
contour, i.e. compound contours, tapers, recesses, hole placement, etc. can all impact normal 
operational performance. Select a setting that best represents the level of complexity in the 
part being modeled.  

Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 

Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 

Fabrication/Tooling Process Capability  
The extent of mechanization for equipment used in the production process. 

Rating Description 

VHi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal.  All bulk material and finished parts are 
moved with mechanized handling.  A part-time operator may supervise. 

Hi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal. 

Nom Semi-automatic sheet material feed, parts removal, and scrap removal. 

Low Manual, machine-initiated sheet material feed, parts and scrap removal.   

VLo Manual, operator-initiated sheet material feed, parts and scrap removal.   
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Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

RUBBER DIE PRESS  
In Rubber Die Press forming, product related male dies are placed on the lower bed of a 
forming press (see figure below).  

Sheet metal ‘blanks’ are placed on top of the dies, and a soft rubber ‘female’ die is forced 
over the rigid male dies and blank. During the process, a large pressure is applied (typically in 
the order of 1000 bar or 100 MPa), and the soft rubber tool, ranging anywhere between 4 – 9 
inches deep (100 mm to 230 mm), deforms elastically over the blank and the die. When the 
cycle is complete the soft tool is raised and springs back to its original geometry. The tooling or 
die costs are low, only one die is required for the manufacture of a sheet metal part, and 
accurate, time consuming positioning of the die is not necessary. In addition, the soft rubber 
tool is a universal tool, which can be used for a wide range of different parts. 

 

Rubber Die Press Bed and Positioned Dies 
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(a) Before Forming (b) After Forming 

This process should be selected for the press forming of sheet metal parts needing heavy 
pressures and minimum contours to be formed. Parts are typically compound contoured and 
can have semi-complex shapes. This method of forming results in a drawing or stretching of 
the material. The module accounts for time values required for press forming and optional 
Degrease, Solution Heat Treat, Age Mil, and Straighten & Check operations. If forming 
Titanium the module provides additional options for Alkaline Clean, Protective Coat, Stress 
Relieve, and Descale operations. 

 

Rubber Die Press Parameters 

Degrease 
The degreasing process is a hot solvent process that facilitates the trace removal of petroleum 
based lubricants. Most parts have some residue of lubricant after passing through several 
manufacturing processes. Degreasing requires that a vapor degreaser unit heat the solvent to 
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Configuration Files in chapter 8:  Special Topics  
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Protective Coat 
Includes time to apply a protective coat to the titanium which provides protection against a 
variety of chemicals and staining agents. Typically the coating (often a clear gel) is sprayed or 
brushed onto the work-piece. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Stress Relieve 
Stress-relieving treatments decrease the undesirable residual stresses that result from 
forming the sheet metal. The removal of such stresses helps maintain shape/dimensional 
stability and eliminates unfavorable conditions, such as the loss of compressive yield strength. 
Enter Y (Yes) to include this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Descale 
Any hot forming and/or annealing of titanium products in air at temperatures above 590-
620°C (1100-1150°F) produces a visible surface oxide scale that may require removal on 
fatigue and/or fracture critical components. Oxide scale removal can be achieved 
mechanically (i.e., grit-blasting or grinding) or by chemical descale treatment (i.e., molten hot 
alkaline salt descale). Enter Y (Yes) to include this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Shape Complexity 
The Shape Complexity parameter can be used to increase and decrease the model output to 
account for increases and decreases due to the overall complexity of the part being modeled. 
Part attributes such as outside and interior surfaces, part dimensional changes caused by 
contour, i.e. compound contours, tapers, recesses, hole placement, etc. can all impact normal 
operational performance. Select a setting that best represents the level of complexity in the 
part being modeled.  
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Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 

Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 

Fabrication/Tooling Process Capability  
The extent of mechanization for equipment used in the production process. 

Rating Description 

VHi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal.  All bulk material and finished parts are 
moved with mechanized handling.  A part-time operator may supervise. 

Hi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal. 

Nom Semi-automatic sheet material feed, parts removal, and scrap removal. 

Low Manual, machine-initiated sheet material feed, parts and scrap removal.   

VLo Manual, operator-initiated sheet material feed, parts and scrap removal.   

JOGGLE COLD PRESS  
The joggle cold press operation utilizes a die set specifically manufactured for use in a press to 
joggle slight angle changes in sheet metal parts.  

 
Joggle Examples 

Joggles are commonly used to join sheet together to obtain a flat surface on one side of the 
joint. Simply stated, steps are required in certain metal elements to facilitate crossovers and 
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attachment points. The parts are formed between a male and female die attached to a 
hydraulic press bed and the hydraulic actuated ram, respectively.  

The module accounts for time values required for joggle cold press forming and optional 
Degrease, Solution Heat Treat, Age Mil, and Straighten & Check operations. 

 
Joggle Cold Press Parameters 

Note. This option is only applicable for Aluminum and Steel type materials (Material Analogies 
1 and 2 as defined in the MFGData.ini file). 

 Configuration Files in chapter 8:  Special Topics 

Press Operations  
Enter the number of press operations (one or more) that are likely to be required to complete 
the forming of the part being estimated. Enter a least likely most range if an exact value is not 
known. 

Degrease 
The degreasing process is a hot solvent process that facilitates the trace removal of petroleum 
based lubricants. Most parts have some residue of lubricant after passing through several 
manufacturing processes. Degreasing requires that a vapor degreaser unit heat the solvent to 
its boiling point to create a vapor zone. Part(s) are moved into the hot vapor zone for cleaning 
and then moved to a cleaning zone within the same degreaser unit. This cycle may be 
repeated several times, always ending after a stop in the cooling zone to allow residual solvent 
vapors to return the vapor zone. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Solution Heat Treat 
Solution Heat Treat is a process whereby the alloy or metal is heated up to between 800 deg. 
F to 1000 deg. F (427 deg. C to 538 deg. C), and then holding it at that temperature long 
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enough to allow the alloying elements to go into solid solution. The alloy or metal is then 
cooled rapidly to hold the alloying elements in solution. Most solution heat treatments soften 
or anneal. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Age 
Usually performed after solution heat treatment. It is done either at room temperature over an 
extended period of time or at a temperature between 240 deg. F and 450 deg. F (116 deg. C 
to 232 deg. C) over a much shorter period. Standards were based on Mil-H-6088. Enter Y (Yes) 
to include this operation or N (No) to exclude it. 

Straighten & Check 
The straighten & check operation is typically required to correct distortion that occurs as a 
result of heat treating a previously acceptable part. Enter Y (Yes) to include this operation or N 
(No) to exclude it. 

Shape Complexity 
The Shape Complexity parameter can be used to increase and decrease the model output to 
account for increases and decreases due to the overall complexity of the part being modeled. 
Part attributes such as outside and interior surfaces, part dimensional changes caused by 
contour, i.e. compound contours, tapers, recesses, hole placement, etc. can all impact normal 
operational performance. Select a setting that best represents the level of complexity in the 
part being modeled.  

Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 

Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 



 

11-32     Fabrication SEER-MFG Detailed Reference 

Fabrication/Tooling Process Capability  
The extent of mechanization for equipment used in the production process. 

Rating Description 

VHi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal.  All bulk material and finished parts are 
moved with mechanized handling.  A part-time operator may supervise. 

Hi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal. 

Nom Semi-automatic sheet material feed, parts removal, and scrap removal. 

Low Manual, machine-initiated sheet material feed, parts and scrap removal.   

VLo Manual, operator-initiated sheet material feed, parts and scrap removal.   

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

JOGGLE HOT PRESS  
The aluminum or titanium part is pre-heated and held at heated state while the hot 
forming operation is performed. The hot form joggle (a notch or tooth shaped form) 
process is a method of forming used to press sheet metal parts into heated dies with pre-
determined joggle contours resulting in a drawing or stretching of the material. The part 
must be heated or cracking will occur. The part is formed between a male and female die 
attached to a hydraulic press bed or platen and the hydraulic actuated ram, respectively. 
The module accounts for time values required for Joggle Hot Press forming and optional 
Degrease, Solution Heat Treat, Age Mil, and Straighten & Check operations. If forming 
Titanium the module provides additional options for Alkaline Clean, Protective Coat, 
Stress Relieve, and Descale operations. 
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Joggle Hot Press Parameters 

Note. This option is only applicable for Aluminum and Titanium type materials (Material 
Analogies 1 and 3 as defined in the MFGData.ini file). 

 Configuration Files in chapter 8:  Special Topics 

Degrease 
The degreasing process is a hot solvent process that facilitates the trace removal of petroleum 
based lubricants. Most parts have some residue of lubricant after passing through several 
manufacturing processes. Degreasing requires that a vapor degreaser unit heat the solvent to 
its boiling point to create a vapor zone. Part(s) are moved into the hot vapor zone for cleaning 
and then moved to a cleaning zone within the same degreaser unit. This cycle may be 
repeated several times, always ending after a stop in the cooling zone to allow residual solvent 
vapors to return the vapor zone. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Solution Heat Treat 
Solution Heat Treat is a process whereby the alloy or metal is heated up to between 800 deg. 
F to 1000 deg. F (427 deg. C to 538 deg. C), and then holding it at that temperature long 
enough to allow the alloying elements to go into solid solution. The alloy or metal is then 
cooled rapidly to hold the alloying elements in solution. Most solution heat treatments soften 
or anneal. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Age 
Usually performed after solution heat treatment. It is done either at room temperature over an 
extended period of time or at a temperature between 240 deg. F and 450 deg. F (116 deg. C 
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to 232 deg. C) over a much shorter period. Standards were based on Mil-H-6088. Enter Y (Yes) 
to include this operation or N (No) to exclude it. 

Straighten & Check 
The straighten & check operation is typically required to correct distortion that occurs as a 
result of heat treating a previously acceptable part. Enter Y (Yes) to include this operation or N 
(No) to exclude it. 

Alkaline Clean 
Alkaline aqueous cleaning solutions help to remove unwanted contaminates from the work-
piece such as oils, coolants, grease, wax, fingerprints, shop dirt etc. Enter Y (Yes) to include 
this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Protective Coat 
Includes time to apply a protective coat to the titanium which provides protection against a 
variety of chemicals and staining agents. Typically the coating (often a clear gel) is sprayed or 
brushed onto the work-piece. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Stress Relieve 
Stress-relieving treatments decrease the undesirable residual stresses that result from 
forming the sheet metal. The removal of such stresses helps maintain shape/dimensional 
stability and eliminates unfavorable conditions, such as the loss of compressive yield strength. 
Enter Y (Yes) to include this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 
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Descale 
Any hot forming and/or annealing of titanium products in air at temperatures above 590-
620°C (1100-1150°F) produces a visible surface oxide scale that may require removal on 
fatigue and/or fracture critical components. Oxide scale removal can be achieved 
mechanically (i.e., grit-blasting or grinding) or by chemical descale treatment (i.e., molten hot 
alkaline salt descale). Enter Y (Yes) to include this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Shape Complexity 
The Shape Complexity parameter can be used to increase and decrease the model output to 
account for increases and decreases due to the overall complexity of the part being modeled. 
Part attributes such as outside and interior surfaces, part dimensional changes caused by 
contour, i.e. compound contours, tapers, recesses, hole placement, etc. can all impact normal 
operational performance. Select a setting that best represents the level of complexity in the 
part being modeled.  

Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 

Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 

Fabrication/Tooling Process Capability  
The extent of mechanization for equipment used in the production process. 

Rating Description 

VHi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal.  All bulk material and finished parts are 
moved with mechanized handling.  A part-time operator may supervise. 
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Hi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal. 

Nom Semi-automatic sheet material feed, parts removal, and scrap removal. 

Low Manual, machine-initiated sheet material feed, parts and scrap removal.   

VLo Manual, operator-initiated sheet material feed, parts and scrap removal.   

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

CNC LASER BEAM CUTTING  
Uses a narrow beam of coherent light to melt, vaporize or burn material, with excellent 
precision and repeatability, although rough metal surfaces often result; it cuts much more 
cleanly on composite fabrics.  Equipment consists of a power supply, workpiece positioning 
table, laser material, a method of stimulation, mirrors, and a focusing lens. 

 
CNC Laser Beam Cutting Parameters 

Length of Cut   
The total length (in. or mm) for the laser beam to trace each part's outline, inner shapes, and 
holes.  Include length between inner shapes or holes (starting point).  If you don't enter part 
dimensions, this operation will not be calculated, even if you enter Finished Weight. 
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Laser Type  
Select the type of laser: 

Laser Description 

CO2 Suitable for cutting, boring, engraving. 

Nd Neodymium — suitable for boring with high energy and low repetition. 

Nd-YAG Neodymium-yttrium-aluminum-garnet — for high-power boring. 

Shape Complexity 
The Shape Complexity parameter can be used to increase and decrease the model output to 
account for increases and decreases due to the overall complexity of the part being modeled. 
Part attributes such as outside and interior surfaces, part dimensional changes caused by 
contour, i.e. compound contours, tapers, recesses, hole placement, etc. can all impact normal 
operational performance. Select a setting that best represents the level of complexity in the 
part being modeled.  

Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 

Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 

Fabrication/Tooling Process Capability  
The degree of mechanization employed during the laser cutting process. 

Rating Description 

VHi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal.  Mechanized handling and movement of all 
bulk material and finished parts.  A part-time operator may supervise. 

Hi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal. 
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Nom Semi-automatic sheet material feed, parts removal, and scrap removal. 

Low Manual, machine-initiated sheet material feed, parts and scrap removal.   

VLo Manual, operator-initiated sheet material feed, parts and scrap removal.   

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

CNC PLASMA ARC CUTTING  
Plasma arc cutting uses a high-energy discharge of ionized gas to simultaneously melt and 
blow away metal from the cutting edge.   

 
CNC Plasma Arc Cutting Parameters 

The process cuts at high speeds with good accuracy, is typically automated, and requires a 
cooling system for the torch and sometimes the work-piece.  Various shapes, from simple to 
complex curves and contours, can be made, with material thicknesses ranging from a fraction 
(0.25) of an inch (6.35 millimeters) to several inches.  Template-controlled tolerances can 
range down to 0.031 inch (0.794 millimeters). Advantages include low tooling costs, flexibility, 
and short lead time. 
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Length of Cut  
The total length (in. or mm) for the plasma arc to trace each part's outline, inner shapes, and 
holes.  Include length between inner shapes or holes (starting point). If you don't enter part 
dimensions, this operation will not be calculated, even if you enter Finished Weight. 

Current (amps.)   
Specify the current (amps.) used in the cutting operation.  Typical current range is 100-400 
amps.  High current, used for cutting heavier gauge materials, increases cutting speed. 

Number of Heads  
The number of machine heads used for cutting.  One machine head will be assumed if this 
input is left at 0. If not entered, one will be assumed. 

Shape Complexity 
The Shape Complexity parameter can be used to increase and decrease the model output to 
account for increases and decreases due to the overall complexity of the part being modeled. 
Part attributes such as outside and interior surfaces, part dimensional changes caused by 
contour, i.e. compound contours, tapers, recesses, hole placement, etc. can all impact normal 
operational performance. Select a setting that best represents the level of complexity in the 
part being modeled.  

Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 

Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 

Fabrication/Tooling Process Capability  
The degree of mechanization employed in feeding the stock to the tool. 
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Rating Description 

VHi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal.  All bulk material and finished parts are 
moved with mechanized handling.  A part-time operator may supervise. 

Hi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal. 

Nom Semi-automatic sheet material feed, parts removal, and scrap removal. 

Low Manual, machine-initiated sheet material feed, parts and scrap removal.   

VLo Manual, operator-initiated sheet material feed, parts and scrap removal.   

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

CNC GAS FLAME CUTTING  
A metal cutting process using a gas flame and pure oxygen, also known as oxyfuel gas cutting. 
A small area of the metal is preheated with oxygen and a fuel gas until the metal reaches 
ignition temperature.  Then a stream of pure oxygen is directed onto the area.  

This computer-controlled process cuts at high speeds; it is primarily a rough cutting operation 
producing a small amount of slag.  Most of the time a secondary operation is necessary to 
clean off the slag.  It works best for thicker metals, typically ranges from .25 inch to a foot or 
more (6.35 to 304.8 millimeters). 

 
CNC Gas Flame Cutting Parameters 
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Length of Cut  
The total length (in. or mm) for the gas flame to trace each part's outline, inner shapes, and 
holes.  Include length between inner shapes or holes (starting point). If you don't enter part 
dimensions, this operation will not be calculated, even if you enter Finished Weight. 

Feed Rate  
Typical range is 2.5 to 50 inches (or 63.5 to 1270 millimeters) per minute.  Use lower rates for 
manual gas flame cutting and/or greater depth of cut, higher speeds for mechanization.   

Number of Heads  
The number of gas flame heads used for cutting.  The default is one. 

Shape Complexity 
The Shape Complexity parameter can be used to increase and decrease the model output to 
account for increases and decreases due to the overall complexity of the part being modeled. 
Part attributes such as outside and interior surfaces, part dimensional changes caused by 
contour, i.e. compound contours, tapers, recesses, hole placement, etc. can all impact normal 
operational performance. Select a setting that best represents the level of complexity in the 
part being modeled.  

Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 

Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 
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Fabrication/Tooling Process Capability  
The degree of mechanization employed in feeding the stock to the tool. 

Rating Description 

VHi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal.  All bulk material and finished parts are 
moved with mechanized handling.  A part-time operator may supervise. 

Hi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal. 

Nom Semi-automatic sheet material feed, parts removal, and scrap removal. 

Low Manual, machine-initiated sheet material feed, parts and scrap removal.   

VLo Manual, operator-initiated sheet material feed, parts and scrap removal.   

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

ABRASIVE WATER JET CUTTING  
Abrasive Water Jet (AWJ) tools use a pressurized jet of water injected with abrasive particles to 
cut or shape a variety of materials. Water is pressurized from 20,000 PSI (1,379 bar) to 
60,000 PSI (4,137 bar), which is shot through a small-diameter opening; typically in the range 
of 0.005in to 0.016in (0.127 mm to 0.4 mm). AWJ tools are used to cut through a wide variety 
of materials such as stone, non-ferrous metal, glass, carbon fiber, composites, nylon, graphite, 
many types of steel, plastic, hard rubber and ceramic.  
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Abrasive Water Jet Nozzle Example 

It is possible to cut up to 8 inch (203 mm) thick steel and titanium on a production basis; 
however, users more commonly cut between 0.25 to 2 inches (6.35 mm to 50.8mm).  

One of the most important benefits of AWJ cutters is the ability to cut material without heat 
distortion or mechanical stress. This allows metals to be cut without harming or changing their 
intrinsic properties. Parts require few secondary operations and can often be produced to a 
net-shape. AWJ tools also cut with a narrow kerf allowing parts to be nested tightly which can 
help to maximize material usage.  

 
Abrasive Water Jet Cutting Parameters 
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Length of Cut  
If Part Based Processing is set to YES, enter the total cutting length (in/mm) of each part. If 
Part Based Processing is set to NO, enter the total cutting length (in/mm) of all parts cut from 
a single sheet. Enter a least likely most range if an exact value is not known. 

Note. Part Based Processing is set in the Project Parameters dialog. 

Abrasive Type  
Garnet is the most commonly used cutting abrasive. It is a relatively low cost abrasive, 
provides a good cut speed, mixing tube life is not overly impaired, and health hazards are 
minimal.  

Different mesh sizes are used for different types of jobs and cut quality, for example: 

 Garnet 120 Mesh – produces a smooth surface finish. 
 Garnet 80 Mesh – the most common, general purpose 
 Garnet 50 Mesh – cuts a little faster than 80, with a slightly rougher surface finish. 

Other less commonly used abrasives are olivine sand, silica sand, and aluminum oxide. 
Because of its high hardness aluminum oxide rapidly wears out the nozzle and is expensive to 
operate. Most shops use the abrasive once and then it is disposed as land fill waste. 

Abrasive Type data is stored within the material.INI file. This file contains an initial setup of 
default abrasive type data. This file may be customized as required, existing data may be 
modified and new data can be added. 

 Configuration Files in chapter 8:  Special Topics 

Abrasive Cost 
Enter the cost of abrasive by weight (lb or kg). Abrasive Type data is stored within the 
material.INI file. This file contains an initial set of default abrasive type data. This file may be 
customized as required, existing data may be modified and new data can be added. You can 
also override the displayed value as required. 

 Configuration Files and Material Costs, both in chapter 8:  Special Topics 

Pressure (PSI/Bar) 
Pressure is measured in pounds per square inch (PSI) or Bars. The abrasive water jet nozzle 
power typically ranges from 20,000 to 60,000 PSI (1,379 to 4,137 bars). Increasing the AWJ 
tool pressure, results in an increase in machine cutting speed and vice versa. Enter a least 
likely most range if an exact value is not known. 
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Nozzle Diameter 
Nozzle sizes are identified by the inside diameter of the orifice. Nozzle sizes are measured in 
either in. or mm. They typically range from 0.005 to 0.016 inch (0.127 to 4mm). Increasing 
the nozzle size, results in an increase in machine cutting speed and vice versa. 

Mixing Tube Diameter 
Enter mixing tube diameter (in. or mm). Typically between 0.01 to 0.06 inches (0.254 mm to 
1.5 mm). Enter a least likely most range if an exact value is not known. 

Number of Heads 
Enter the number of heads used for cutting. Enter a least likely most range if an exact value is 
not known. 

Dead Head Percent 
For operations that cannot be consistently modeled (i.e. tool change, rapid traverse of the tool 
between parts and features) a % of the direct time can be used. A value of 8% is suggested, 
but may be overwritten. 

The dead time percent is added to the direct cutting time to calculate the overall machine cut 
time. You can also enter a least likely most range if an exact value is not known. 

Sheets per Stack 
The sheets per stack entry is provided if several sheets are stacked and all are cut in a single 
cutting operation. If left blank, a single sheet per stack is assumed. 

Surface Finish 
The Surface Finish parameter relates to quality of surface cut and finish required. The 
higher the quality required, the slower the cutting rate and vice versa.  

► Use the Least/Likely/Most sliders to select values for minimum, most likely, and maximum. 

Rating Description 

VHi The highest levels of surface quality finish resulting in a very smooth, 
highly precise operation. 

Hi High quality surface finish, with high precision. 
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Nom Good quality surface finish, most common cut quality. 

Low Rough surface finish using a medium to high speed cut. 

VLo Very rough surface finish, using the highest speed cut, not commonly 
used. 

Shape Complexity 
The Shape Complexity parameter can be used to increase and decrease the model output to 
account for increases and decreases due to the overall complexity of the part being modeled. 
Part attributes such as outside and interior surfaces, part dimensional changes caused by 
contour, i.e. compound contours, tapers, recesses, hole placement, etc. can all impact normal 
operational performance. Select a setting that best represents the level of complexity in the 
part being modeled.  

Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 

Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 

Fabrication/Tooling Process Capability  
The degree of mechanization employed in feeding the stock to the tool. 

Rating Description 

VHi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal.  All bulk material and finished parts are 
moved with mechanized handling.  A part-time operator may supervise. 

Hi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal. 

Nom Semi-automatic sheet material feed, parts removal, and scrap removal. 

Low Manual, machine-initiated sheet material feed, parts and scrap removal.   

VLo Manual, operator-initiated sheet material feed, parts and scrap removal.   
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Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

DEDICATED TOOLS & DIES  
This section computes the cost of operations using custom tools and dies.  For mass 
production of sheet metal items, dedicated tooling is most often used.  For instance, a can lid 
may require blanking, drawing, and pinching, all using highly custom tools and dies. 

Note: The costs of custom tooling are computed by the model.  Enter known tooling costs into 
the Optional Input parameters to supersede the computed values. 

 
Dedicated Tools & Dies Parameters 

Strokes Per Minute  
The number of press stokes per minute.  A stroke is considered to be a single complete 
movement of the machine ram.  Each stroke of the press delivers at least one finished part. 

Parts Per Stroke  
The number of parts made per stroke.  
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Fabrication/Tooling Process Capability  
The degree of mechanization employed in feeding the stock to the press. 

Rating Description 

Hi Coil, or mechanized feed of stock. 

Nom Manual strip feed of stock. 

Low Manual feed and loading of stock. 

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

PROGRESSIVE DIES  
Multi-stage dies in a series of stations, performing two or more simultaneous operations on a 
piece of sheet metal.  Typically used for complex metal fabrication, or deep drawing with long 
production runs, to justify tooling cost.  It can  also be used for extremely high volume simple 
parts using coil fed high speed punch presses running as fast as 2,000 strokes per minute. 

 
Progressive Dies Parameters 

Strokes Per Minute  
The number of press stokes per minute. A stroke is considered to be a single complete 
movement of the machine ram.  Each stroke of the press delivers at least one finished part.   
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Parts Per Stroke  
The number of parts made per stroke.   

Coil Feed  
Enter Y (Yes) if the raw stock is fed into the progressive die from a coil feed.  Enter N (No) if 
raw material is loaded as a strip or sheet. 

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

SPIN FORMING  
This section computes the cost of sheet metal fabrication using spin forming, an operation in 
which a workpiece is progressively forced against a rotating die by a moveable roller.  
Increases in production quantity will cause a decline in the unit cost of spin-formed items. 

 
Spin Forming Parameters 

Maximum Spin Depth  
Maximum dimension of the out-of-flat depth from the spinning operation, inches or millimeters. 

 
 



 

11-50     Fabrication SEER-MFG Detailed Reference 

Shape Complexity 
The Shape Complexity parameter can be used to increase and decrease the model output to 
account for increases and decreases due to the overall complexity of the part being modeled. 
Part attributes such as outside and interior surfaces, part dimensional changes caused by 
contour, i.e. compound contours, tapers, recesses, hole placement, etc. can all impact normal 
operational performance. Select a setting that best represents the level of complexity in the 
part being modeled.  

Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 

Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 

Fabrication/Tooling Process Capability  
Sets the extent of automation and operation efficiency. By setting this input parameter you will 
increase or decrease the hands on efforts being performed on the part(s) you are modeling. 

Rating Description 

VHi Automated/Robotic assembly, complete auto feed of all components and 
loading. Fully robotic custom equipment for fully mechanized spin forming 
operations. 

Hi Mechanically aided or machine aided positioning and loading. CNC 
controlled forming machine, manual clamping, fully mechanized forming 
operations. 

Nom Use of conveyor, lift or systematic movement of parts and assemblies to 
process area. Manual clamping, mechanized forming operation. 

Low Organized layout of parts, tools and assemblies. Manual clamping, may 
include some forming mechanization. 

VLo Manual clamping and positioning, and manual spin forming. 
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Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

DROP HAMMER FORMING 
The Drop Hammer Forming process involves deep draw forming or stamping using either a 
gravity or pneumatic drop hammer.  

  
Drop Hammer Examples 

A matched male and female drop hammer die set are used to form complex sheet metal part 
contours and shapes. Normally, the male half of the die is attached to the "hammer head" and 
the female half is bolted to the base. The impact on the blank, resting on the female die, 
begins shaping the blank to conform to the die. Typically, sheet metal parts are progressively 
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shaped with repeated blows. A re-hit operation is a second press or hit with the dies, i.e. a 
second forming operation. 

The drop hammer forming technique is generally used for fairly intricate parts of moderate size 
but with compound curvatures, sometimes with three or four stage dies. Examples of drop 
hammer parts are shown below. 

  

Example Parts from Drop Hammer Forming 

The module accounts for time values required for drop hammer forming and optional 
Degrease, Solution Heat Treat, Age Mil, and Straighten & Check operations.  

 
Drop Hammer Forming Parameters 

Note. This option is only applicable for Aluminum and Steel type materials (Material Analogies 
1 and 2 as defined in the MFGData.ini file). 

 Configuration Files in chapter 8:  Special Topics 

Form Operations  
Enter the number of hits (one or more) that are likely to be required to complete the forming of 
the part being estimated. Enter a least likely most range if an exact value is not known. 
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Degrease 
The degreasing process is a hot solvent process that facilitates the trace removal of petroleum 
based lubricants. Most parts have some residue of lubricant after passing through several 
manufacturing processes. Degreasing requires that a vapor degreaser unit heat the solvent to 
its boiling point to create a vapor zone. Part(s) are moved into the hot vapor zone for cleaning 
and then moved to a cleaning zone within the same degreaser unit. This cycle may be 
repeated several times, always ending after a stop in the cooling zone to allow residual solvent 
vapors to return the vapor zone. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Solution Heat Treat 
Solution Heat Treat is a process whereby the alloy or metal is heated up to between 800 deg. 
F to 1000 deg. F (427 deg. C to 538 deg. C), and then holding it at that temperature long 
enough to allow the alloying elements to go into solid solution. The alloy or metal is then 
cooled rapidly to hold the alloying elements in solution. Most solution heat treatments soften 
or anneal. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Age 
Usually performed after solution heat treatment. It is done either at room temperature over an 
extended period of time or at a temperature between 240 deg. F and 450 deg. F (116 deg. C 
to 232 deg. C) over a much shorter period. Standards were based on Mil-H-6088. Enter Y (Yes) 
to include this operation or N (No) to exclude it. 

Straighten & Check 
The straighten & check operation is typically required to correct distortion that occurs as a 
result of heat treating a previously acceptable part. Enter Y (Yes) to include this operation or N 
(No) to exclude it. 

Shape Complexity 
The Shape Complexity parameter can be used to increase and decrease the model output to 
account for increases and decreases due to the overall complexity of the part being modeled. 
Part attributes such as outside and interior surfaces, part dimensional changes caused by 
contour, i.e. compound contours, tapers, recesses, hole placement, etc. can all impact normal 
operational performance. Select a setting that best represents the level of complexity in the 
part being modeled.  
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Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 

Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 

Fabrication/Tooling Process Capability  
The extent of mechanization for equipment used in the production process. 

Rating Description 

VHi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal.  All bulk material and finished parts are 
moved with mechanized handling.  A part-time operator may supervise. 

Hi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal. 

Nom Semi-automatic sheet material feed, parts removal, and scrap removal. 

Low Manual, machine-initiated sheet material feed, parts and scrap removal.   

VLo Manual, operator-initiated sheet material feed, parts and scrap removal.   

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 
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DROP HAMMER RUBBER FORMING 
The Drop Hammer Rubber Forming process is a variant of Rubber Die Press forming and Drop 
Hammer Forming techniques. It utilizes a trapped rubber pad in a container which is attached 
to the head of a pneumatic drop hammer. The male die is fastened to the platen, which is 
bolted to the hammer base. The dimensions of the forming area are considerably less than 
those of a standard Rubber Die Press. This reduction in forming area increases the forming 
pressure and allows forming of heavier gage material with less hand work. To accommodate 
higher forming pressures, the rubber pad container and the platen are usually round. The 
pneumatic hammer, in a few seconds, does the work that would require considerable time 
with the slow acting Rubber Die Press. The module accounts for time values required for drop 
hammer rubber forming and optional Degrease, Solution Heat Treat, Age Mil, and Straighten & 
Check operations.  

Note. This option is only applicable for Aluminum and Steel type materials (Material Analogies 
1 and 2 as defined in the MFGData.ini file). 

 Configuration Files in chapter 8:  Special Topics 

 
Drop Hammer Rubber Forming Parameters 

Form Operations  
Enter the number of hits (one or more) that are likely to be required to complete the 
forming of the part being estimated. Enter a least likely most range if an exact value is 
not known. 

Degrease 
The degreasing process is a hot solvent process that facilitates the trace removal of petroleum 
based lubricants. Most parts have some residue of lubricant after passing through several 
manufacturing processes. Degreasing requires that a vapor degreaser unit heat the solvent to 
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its boiling point to create a vapor zone. Part(s) are moved into the hot vapor zone for cleaning 
and then moved to a cleaning zone within the same degreaser unit. This cycle may be 
repeated several times, always ending after a stop in the cooling zone to allow residual solvent 
vapors to return the vapor zone. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Solution Heat Treat 
Solution Heat Treat is a process whereby the alloy or metal is heated up to between 800 deg. 
F to 1000 deg. F (427 deg. C to 538 deg. C), and then holding it at that temperature long 
enough to allow the alloying elements to go into solid solution. The alloy or metal is then 
cooled rapidly to hold the alloying elements in solution. Most solution heat treatments soften 
or anneal. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Age 
Usually performed after solution heat treatment. It is done either at room temperature over an 
extended period of time or at a temperature between 240 deg. F and 450 deg. F (116 deg. C 
to 232 deg. C) over a much shorter period. Standards were based on Mil-H-6088. Enter Y (Yes) 
to include this operation or N (No) to exclude it. 

Straighten & Check 
The straighten & check operation is typically required to correct distortion that occurs as a 
result of heat treating a previously acceptable part. Enter Y (Yes) to include this operation or N 
(No) to exclude it. 

Shape Complexity 
The Shape Complexity parameter can be used to increase and decrease the model output to 
account for increases and decreases due to the overall complexity of the part being modeled. 
Part attributes such as outside and interior surfaces, part dimensional changes caused by 
contour, i.e. compound contours, tapers, recesses, hole placement, etc. can all impact normal 
operational performance. Select a setting that best represents the level of complexity in the 
part being modeled.  

Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 
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Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 

Fabrication/Tooling Process Capability  
The extent of mechanization for equipment used in the production process. 

Rating Description 

VHi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal.  All bulk material and finished parts are 
moved with mechanized handling.  A part-time operator may supervise. 

Hi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal. 

Nom Semi-automatic sheet material feed, parts removal, and scrap removal. 

Low Manual, machine-initiated sheet material feed, parts and scrap removal.   

VLo Manual, operator-initiated sheet material feed, parts and scrap removal.   

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

STRETCH FORMING 
The Stretch Forming process is a sheet metal forming technique in which the sheet material, 
firmly held at both ends, is plastically deformed over a male die by the application of stress 
slightly above the yield strength of the material. The process starts by inserting both the sheet 
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ends in gripper jaws, which are mounted on carriages. The sheet is then stretched to its yield 
point (see illustrations below). 

              

Loading (left) and Pre-Stretching (right) 

The sheet is then wrapped around a form die, while the carriages are moving they maintain 
the stretch-force. When the wrapping is completed, the stretch force is released and the jaws 
are opened, the carriages and table return to their initial position. 

                         

Wrapping (left) and Release (right) 

  

Example Stretch Forming Machines 

Essentially there are two types of machines used for stretch forming. One type has stationary 
gripper jaws mounted on the floor. The work piece is held generally in a horizontal position by 
the jaws, and the male forming die is moved up into work piece. The other type of stretch 
forming machine has the face of a stationary die and the work piece on a vertical plane. The 
jaws, gripping opposite ends of the work piece, are hydraulically actuated and move 
independently or together, to bring the work piece in contact with the die. 
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The module accounts for time values required for stretch forming and optional Degrease, 
Solution Heat Treat, Age Mil, and Straighten & Check operations. If forming Titanium the 
module also provides additional options for Alkaline Clean, Protective Coat, Stress Relieve, 
and Descale operations. 

 

Drop Hammer Forming Parameters 

Pulls 
Enter the number of pulls (one or more) that are likely to be required to complete the forming 
of the part being estimated. Enter a least likely most range if an exact value is not known. 

Extrusion 
Enter Y (Yes) if the material being stretch formed is extruded form and N (No) for sheet form. 

Note. This option is only available when the Material Type is defined as Flat, Irregular. 

Degrease 
The degreasing process is a hot solvent process that facilitates the trace removal of petroleum 
based lubricants. Most parts have some residue of lubricant after passing through several 
manufacturing processes. Degreasing requires that a vapor degreaser unit heat the solvent to 
its boiling point to create a vapor zone. Part(s) are moved into the hot vapor zone for cleaning 
and then moved to a cleaning zone within the same degreaser unit. This cycle may be 
repeated several times, always ending after a stop in the cooling zone to allow residual solvent 
vapors to return the vapor zone. Enter Y (Yes) to include this operation or N (No) to exclude it. 
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Solution Heat Treat 
Solution Heat Treat is a process whereby the alloy or metal is heated up to between 800 deg. 
F to 1000 deg. F (427 deg. C to 538 deg. C), and then holding it at that temperature long 
enough to allow the alloying elements to go into solid solution. The alloy or metal is then 
cooled rapidly to hold the alloying elements in solution. Most solution heat treatments soften 
or anneal. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Age 
Usually performed after solution heat treatment. It is done either at room temperature over an 
extended period of time or at a temperature between 240 deg. F and 450 deg. F (116 deg. C 
to 232 deg. C) over a much shorter period. Standards were based on Mil-H-6088. Enter Y (Yes) 
to include this operation or N (No) to exclude it. 

Straighten & Check 
The straighten & check operation is typically required to correct distortion that occurs as a 
result of heat treating a previously acceptable part. Enter Y (Yes) to include this operation or N 
(No) to exclude it. 

Alkaline Clean 
Alkaline aqueous cleaning solutions help to remove unwanted contaminates from the work-
piece such as oils, coolants, grease, wax, fingerprints, shop dirt etc. Enter Y (Yes) to include 
this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Protective Coat 
Includes time to apply a protective coat to the titanium which provides protection against a 
variety of chemicals and staining agents. Typically the coating (often a clear gel) is sprayed or 
brushed onto the work-piece. Enter Y (Yes) to include this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 
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Stress Relieve 
Stress-relieving treatments decrease the undesirable residual stresses that result from 
forming the sheet metal. The removal of such stresses helps maintain shape/dimensional 
stability and eliminates unfavorable conditions, such as the loss of compressive yield strength. 
Enter Y (Yes) to include this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Descale 
Any hot forming and/or annealing of titanium products in air at temperatures above 590-
620°C (1100-1150°F) produces a visible surface oxide scale that may require removal on 
fatigue and/or fracture critical components. Oxide scale removal can be achieved 
mechanically (i.e., grit-blasting or grinding) or by chemical descale treatment (i.e., molten hot 
alkaline salt descale). Enter Y (Yes) to include this operation or N (No) to exclude it. 

Note. This option is only applicable when material type analogy = 3 (Titanium or High 
Performance Steel) as defined in the MFGData.ini file. 

 Configuration Files in chapter 8:  Special Topics 

Shape Complexity 
The Shape Complexity parameter can be used to increase and decrease the model output to 
account for increases and decreases due to the overall complexity of the part being modeled. 
Part attributes such as outside and interior surfaces, part dimensional changes caused by 
contour, i.e. compound contours, tapers, recesses, hole placement, etc. can all impact normal 
operational performance. Select a setting that best represents the level of complexity in the 
part being modeled.  

Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 

Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 
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Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 

Fabrication/Tooling Process Capability  
The extent of mechanization for equipment used in the production process. 

Rating Description 

VHi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal.  All bulk material and finished parts are 
moved with mechanized handling.  A part-time operator may supervise. 

Hi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal. 

Nom Semi-automatic sheet material feed, parts removal, and scrap removal. 

Low Manual, machine-initiated sheet material feed, parts and scrap removal.   

VLo Manual, operator-initiated sheet material feed, parts and scrap removal.   

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 
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TUBE BENDING  
Tube Bending is a cold forming process that permanently bends metal tubing to the shape of a 
die while retaining the original cross-sectional shape. 

 
Tube Bending Parameters 

Bends  
The total number of bends made on the tube.  Each bending cycle count as a bend. 

Bend Angle  
The sum of the bend angles (in degrees) of the tube.  An approximate algebraic sum of all the 
bend angles performed. 

Bend Planes  
The total number of geometric planes made on the tube. Each time the bend plane is different 
from the previous bend plane, it is to be added to the number of bend planes. 

Mandrel  
Enter Y (yes) if a snake mandrel is required during the bending operation to guard against tube 
wall collapse.  This is normally required for small bend radius (< 4 in. or 100 mm) or small wall 
thickness (< 0.025 in. or 0.635 mm). 
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Fabrication/Tooling Process Capability  
The degree of mechanization employed in feeding the stock to the press. 

Rating Description 

VHi Fully robotic custom equipment for fully mechanized tube bending 
operations. Scrap removal. 

Hi CNC controlled bending machine, manual clamping, fully mechanized 
bending operations, including multi-plane bends. 

Nom Manual clamping, mechanized operation of form follower. 

Low Manual clamping, manual operation of form follower in compression 
bending. 

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

PLATE ROLL BENDING  
Plate roll bending is a cold forming process where a combination of rolls form plate or steel 
metal into round and tapered cylinders and different curved panels. 

 
Plate Roll Bending Parameters 
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Form Diameter  
The minimum form diameter to be obtained on the finished part. If part dimensions are not 
entered, this operation will not be calculated, even if you have entered finished weight. 

Passes  
The number of passes required to obtain the form diameter.  Depending on the severity of the 
bend radius it might require 1 to 5 passes to obtain the specified form diameter. 

Fabrication/Tooling Process Capability  
The extent of mechanization for equipment used in the production process. 

Rating Description 

VHi Automated/Robotic assembly, complete auto feed of all components and 
loading. Fully robotic custom equipment for fully mechanized roll bending. 

Hi Mechanically aided or machine aided positioning and loading. CNC 
controlled bend rolling machine, manual feeding of stock. 

Nom Use of conveyor, lift or systematic movement of parts and assemblies to 
process area. Manual stock feed and mechanized roll bending operation. 

Low Organized layout of parts, tools and assemblies. Manual stock feed, may 
include some roll bending mechanization. 

VLo All aspects of process are manually operated. 

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 
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ROUTING  
Routers use high-speed rotary cutters to profile, cut or pocket sheet stock.   

 
Routing Parameters 

Routing Type  
Three types of routing can be modeled. 

Routing Type Description 

Profile Routing with 
Guide Pin 

 

A profile router cutter is mounted in a rotary spindle in a fixed head 
stock.  Profiling or pocketing is controlled by moving a pattern plate over 
a guide pin.  The sheet is clamped to the pattern plate and moved 
horizontally over the guide pin to cut the desired shape. 

Hand Routing In hand routing, a rotary cutter is mounted into a hand-held router motor 
and is guided over the sheet with the aid of a template. 

Radial Side Routing Radial side routing has a rotating cutter mounted in a moveable head 
cutting a stationary mounted sheet.  The movement of the head 
determines the cutting pattern. 

Cutter Type  
Two types of cutters are used in routing — high speed steel (HSS) and carbide. 

Cutter Diameter  
In radial routing the larger the cutter diameter, the faster the cutting speed.  Enter your 
selection of the cutter diameter: less than 3 inches (76.2 millimeters) or over 3 inches. 

Total Routing Length  
Enter the total cutting length (in. or mm) to be completed in the routing operation. 
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Sheets Per Stack  
Sheets per stack entry is provided if several sheets are stacked and all are cut in a single 
routing operation. If left blank, a single sheet per stack is assumed. 

Shape Complexity 
The Shape Complexity parameter can be used to increase and decrease the model output to 
account for increases and decreases due to the overall complexity of the part being modeled. 
Part attributes such as outside and interior surfaces, part dimensional changes caused by 
contour, i.e. compound contours, tapers, recesses, hole placement, etc. can all impact normal 
operational performance. Select a setting that best represents the level of complexity in the 
part being modeled.  

Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 

Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 

Fabrication/Tooling Process Capability  
The routing process is used to remove excess material, since components are not always 
fabricated to a net shape.  Several methods can be used, including hand router, 3-axis and 5-
axis CNC routers, and fully automated routing centers. 

Rating Description 

VHi Automated/Robotic Assembly, complete auto feed of all components and 
loading. For example fully automated Routing cell/center type operations, 
with automated feeds. Process is running at maximum capability. 

Hi Mechanically aided or machine aided positioning and loading. For example, 
a semi-automated routing cell/center, with some automated feed 
capability. Process is running better than normal, nearing maximum 
process capability. 
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Nom Use of conveyor, lift or systematic movement of parts and assemblies to 
process area. Routing operations can be a combination of mechanized and 
hand routing operations. Normal process operating conditions and process 
capability. 

Low Organized layout of parts, tools and assemblies. Less than normal 
operating conditions, performance may be affected by high tolerance and 
surface finish requirements. 

VLo Manual routing operations. Primarily hand Routing operations using hand 
routing fixtures. Less than normal operating conditions, process capability 
is at minimum. 

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

TRUE UP (HAND HAMMER) 
After all sheet metal forming operations are complete, any true up, hand hammering or 
straightening and checking is typically done by checking the part contours against a contour 
template and using a soft headed hammer. The part is struck until it conforms to the template. 
The module accounts for time values required for hand hammering and optional Straighten & 
Check operations, and Deburr operations. 

 
Drop Hammer Forming Parameters 
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Straighten & Check 
The straighten & check operation is typically required to correct distortion that occurs as a 
result of heat treating a previously acceptable part. Enter Y (Yes) to include this operation or N 
(No) to exclude it. 

Deburr  
Two types of deburr can be modeled. 

Deburr Type Description 

Hand 

 

Hand Deburr assumes manual processes are used to remove burrs and 
sharp edges, leaving the work piece smooth and free of burrs. 

  

Hand Deburring Examples 

Machine Machine Deburr assumes the sharp edges and burrs on the work piece(s) 
are removed by mechanical means such as tumbling, or attaching deburr 
tools to CNC machines etc.  

  
Deburring tools for machines 

 
Double Sided Sheet Metal Deburring machine 

None Select None if deburring is not to be included with this operation. 

 
 

http://www.directindustry.com/prod/rsa/deburring-machine-for-sheet-metal-12532-36312.html�


 

11-70     Fabrication SEER-MFG Detailed Reference 

Shape Complexity 
The Shape Complexity parameter can be used to increase and decrease the model output to 
account for increases and decreases due to the overall complexity of the part being modeled. 
Part attributes such as outside and interior surfaces, part dimensional changes caused by 
contour, i.e. compound contours, tapers, recesses, hole placement, etc. can all impact normal 
operational performance. Select a setting that best represents the level of complexity in the 
part being modeled.  

Rating Description 

VHi Difficult to handle and position. Part attributes heavily impact all aspects of 
operational performance. 

Hi Difficult to handle and position. Part attributes heavily impact most aspects 
of operational performance. 

Nom Typical handling and positing. Normal part attributes with no added impact 
on operational performance. 

Low Easy to handle and position. Part attributes are very simple allowing the 
process to run at highest performance. 

Fabrication/Tooling Process Capability  
The extent of mechanization for equipment used in the production process. 

Rating Description 

VHi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal.  All bulk material and finished parts are 
moved with mechanized handling.  A part-time operator may supervise. 

Hi Automatic computer-controlled mechanized sheet material feed, parts 
removal, and scrap removal. 

Nom Semi-automatic sheet material feed, parts removal, and scrap removal. 

Low Manual, machine-initiated sheet material feed, parts and scrap removal.   

VLo Manual, operator-initiated sheet material feed, parts and scrap removal.   

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 
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ADDITIONAL ITEMS 

 ADDITIONAL ITEMS in chapter 9:  Common Process Parameters 

MANUFACTURING DESCRIPTION 

Set-up Complexity 

 Set-up Complexity in chapter 9:  Common Process Parameters 

PART ASSEMBLY CONTRIBUTION  

 PART ASSEMBLY CONTRIBUTION in chapter 9:  Common Process Parameters 

Common Process Parameters 
Parameters not specific to fabrication are listed in chapter 9: Common Process Parameters. 
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This page can be used for notes and comments. 
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Chapter 12 
Electrical Assembly 

 
Electrical Assembly analyzes the cost of fabricating electrical cables and harnesses, as well as 
part preparation.  When you create an Electrical Assembly work element you identify the process, 
and SEER-MFG will display input parameters for that process. 

This chapter will explain parameters unique to Electrical Assembly.  Those common to more than 
one work element type may be found in chapter 9:  Common Process Parameters.  Parameters 
described here are on the Process Specific tab of the Inputs window, unless otherwise indicated. 

Contents 
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Electrical Assembly Input Parameters  
The Parameter window will contain a separate set of parameters for each assembly method 

 
 

escription section are covered in chapter 9:  
Common Process Parameters. 

CA

selected, in addition to parameters which apply to all methods. 

You may select or deselect methods at any time by double-clicking the specific method
param

 
eter.  If you deselect the method, SEER-MFG will save your inputs for later use.

The Parameters in the Product D

BLE  
Cables are assemblies of one or more conductors, usually insulated from one another an
collectively jacketed in a protective sheath.  Specify the number of strands and the wire 
termination methods on both ends of the cable.  If the same termination method is used on b

d 

oth 
ends, count it as two.  Terminations include crimps, wire wraps, solder or coaxial connectors. 

 

Cable Parameters 

Wi
 assembly.  Use a separate work 

re Strands  
The number of individually jacketed wires contained in the
element for each unique cable or harness configuration. 
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Crimp Terminations  
lly  a 

ect two wires. 

xed post.  

ations. 

Coaxial Connections  
s on the assembly that terminate in coaxial connections (a double 

. or 6.35 mm) dielectric material layer. 

Cable Fittings 
The Add Next Here parameter allows you to enter g type 

ing some or al

The number of crimp terminations at the wire ends of the cable or harness. A crimp is typica
connector barrel (tubular receptacle) compresed about a conductor to firmly conn

Wire Wraps  
The number of wire ends in the assembly that are to be attached using wire wrap.  Wire 
wrapping is a process that involves wrapping a bare wire around a fi

Hand Solder Joints  
The total number of solder joints to be made by hand at all the cable or harness termin
The analysis does not consider the type of soldering material used. 

The number of end
conductor).  Typical coaxial connections have an outside jacket, then a wire mesh or hard thin 
copper layer, and then a thick (e.g., 0.25 in

Cable Length  
The total length of the cable, in Least/Likely/Most format.  The length is multiplied by the raw 
cable cost to determine the material cost. 

up to 50 Cable fitting types. Each Fittin
is defined us l of the following parameters: 

Item Description 

Fitting Type Select a Fitting type from the drop down list. Fitting type information is 
stored in the material.ini file, which may be modified if required. 

Description (Optional) Enter a description for each Fitting type to be installed. 

Fitting Qty The total number of this Fitting type to be installed at the cable ends. 

Cost Per Fitting  the 

ial.ini file. You can overwrite this 
value or customize the value stored in the material.ini file. 

Enter the purchased cost of this Fitting type that will be attached to
cable. The initial cost displayed is read from the [ELEC-ASSEM-
CONNECTOR-COSTS] table in mater
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n factor of 0.5 will half the 
Fitting installation time and so on. 

Install Factor Fitting installation time can be adjusted using the installation factor 
parameter. For example, an installation factor of 2 will double the 
calculated installation time an installatio

Note:  When the total number of fittings is specified, you should also account for the individual 
e pins and sockets for those fittings.  Enter wire attachments from the 

imp Terminations 

Polymer Jackets  
stic jackets covering the outside surface of the harness cables.  Enter 

the least, likely, and most number of full or partial polymer jackets, heat shrink jackets (boots) 

One or more metal flexible jackets covering the outside surface of the cables.  Enter the least, 

Ma
f materials to be added for one cable.  This 

cost is multiplied by the specified production quantity to obtain total material costs.  Cable 
rom vendor quotes, in-house records, etc.  Material costs will 
and in amortized unit cost outputs. 

wire terminations into th
harnes

 Cr

s to the connector pins using the following parameters: 

 Wire Wraps 
 Hand Solder Joints 

 Material Cost and Configuration Files, both in chapter 8:  Special Topics 

One or more flexible pla

on end fittings, or any other jackets to be installed on the harness assembly. 

Braided Jackets  

likely, and most number of jackets. 

Raw Cable Cost  
The cost of the cable material per foot or meter. 

terial Cost Per Cable (Optional)   
Total raw material costs per cable.  Optional cost o

material costs may be obtained f
be included in the program total 

 Material Cost in chapter 8:  Special Topics 
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Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

Parameters 

HA

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

RNESS\BASIC HARNESS  
Harnesses are typically wires and cables attached or bundled so they can be dealt with a
single unit.  Harness conductors are usually tied together rather than sheathed, to form them
into a single unit.  Harnesses also typically branch

s a 
 

 out at one or both ends so that the 

timate. If you require more detailed 

Note.  If both basic and detailed harness choices are entered as Yes, SEER for Manufacturing 
will only calculate a detailed harness assembly time. You will need to turn detailed harness off 
if you want to calculate a basic harness assembly time. 

 Detailed Harness in this chapter (below) 

branches may terminate at physically separate locations. 

Enter Y (Yes) if Basic Harness assembly is required. Basic Harness assembly provides a 
minimal set of parameters from which to generate an es
parameters, select the Detailed Harness option. 

 
Basic Harness Parameters 
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Branches  
The number of final branches splitting off from the basic harness tree. Wrapping is included in 
the labor estimate.  When counting the number of branches, count all ends of the wire 
harness. 

 

Branch 1 

Branch 2 Wiring Harness 
with Branches 

Branch 3 

Branch 4 

Harness Example 

Longest Branch Length  
The length (in. or m) of the longest branch of the harness.  This is the same as the longest wire 
in the harness. Depending on the measurement system chosen, length is expressed in either 
inches or meters. 

Wire Strands  
The number of individually jacketed wires contained in the assembly.  Use a separate work 
element for each unique cable or harness configuration. 

Raw Harness Cost  
The cost of the harness material per foot or meter. 
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Basic Harness Fittings 
The Add Next Here parameter allows you to enter up to 50 Harness fitting types. Each Fitting 
type is defined using some or all of the following parameters: 

Item Description 

Fitting Type Select a Fitting type from the drop down list. Fitting type information is 
stored in the material.ini file, which may be modified if required. 

Description (Optional) Enter a description for each Fitting type to be installed. 

Fitting Qty Enter the total number of this Fitting type to be installed at the cable 
ends. 

Cost Per Fitting Enter the purchased cost of this Fitting type that will be attached to the 
cable. The initial cost displayed is read from the [ELEC-ASSEM-
CONNECTOR-COSTS] table in material.ini file. You can overwrite this 
value or customize the value stored in the material.ini file. 

Install Factor Fitting installation time can be adjusted using the installation factor 
parameter. For example, an installation factor of 2 will double the 
calculated installation time an installation factor of 0.5 will half the 
Fitting installation time and so on. 

Note:  When the total number of fittings is specified, you should also account for the individual 
wire terminations into the pins and sockets for those fittings.  Enter wire attachments from the 
harness to the connector pins using the following parameters: 

 Crimp Terminations 
 Wire Wraps 
 Hand Solder Joints 

 Material Costs and Configuration Files, both in chapter 8:  Special Topics 

Coaxial Connections  
The number of ends on the assembly that terminate in coaxial connections (a double 
conductor).  Typical coaxial connections have an outside jacket, then a wire mesh or hard thin 
copper layer, and then a thick (e.g., 0.25 in. or 6.35 mm) dielectric material layer. 

Crimp Terminations  
The number of crimp terminations at the wire ends of the cable or harness.  Crimps are 
typically made by compressing a connector barrel (tubular receptacle) about a conductor 
strand to firmly connect two wires. 
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Hand Solder Joints  
The total number of solder joints to be made by hand at all the cable or harness terminations. 
The analysis does not consider the type of soldering material used. 

Wire Wraps  
The number of wire ends in the assembly that are to be attached using wire wrap.  Wire 
wrapping is a process that involves wrapping a bare wire around a fixed post.  

Polymer Jackets  
One or more flexible plastic jackets covering the outside surface of the harness cables.  Enter 
the least, likely, and most number of full or partial polymer jackets, heat shrink jackets (boots) 
on end fittings, or any other jackets to be installed on the harness assembly. 

Braided Jackets  
One or more metal flexible jackets covering the outside surface of the cables.  Enter the least, 
likely, and most number of jackets. 

HARNESS\DETAILED HARNESS  
Harnesses are typically wires and cables attached or bundled so they can be dealt with as a 
single unit.  Harness conductors are usually tied together rather than sheathed, to form them 
into a single unit.  Harnesses also typically branch out at one or both ends so that the 
branches may terminate at physically separate locations. 

Enter Y (Yes) if detailed harness assembly is required. Enter N (No) if detailed harness 
assembly is not required. Detailed Harness describes electrical harness assemblies in detail 
(as defined by the engineering or design teams).   

You may enter up to 50 different wire type configurations per harness.  Elements for a detailed 
harness will include such things as: quantity of wires, length of wires, quantity of connectors 
and pinned wires, type of stripping, shielding, wire type, wire gauge, type of over-braid, final 
test type, etc. 

To use minimal harness parameters only, enter N (No) for Detailed Harness and Y (Yes) for 
Basic Harness. 

 Basic Harness in this chapter (below) 
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Harness Examples 

 
Detailed Harness Parameters 
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Branches  
The number of final branches splitting off from the basic harness tree. Wrapping is included in 
the labor estimate.  When counting the number of branches, count all ends of the wire 
harness. 

 

Branch 1 

Branch 2 

Branch 3 

Branch 4 

Wiring Harness 
with Branches 

Harness Example 

Longest Branch Length  
The length (in. or m) of the longest branch of the harness; the same as the longest wire in the 
harness.  

Wire Strands  
The number of individually jacketed wires contained in the assembly.  Use a separate work 
element for each unique cable or harness configuration. 

Harness List 
Is used to list user-defined harnesses. You can add up to 50 harness configurations using the 
Add Next Here parameter, which opens up the harness configuration dialog entry box.  

Note. As you complete harness descriptions, the 'Add Next Here' title reappears in the 
parameter input window.  This title remains as the final title in your list of harness 
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configurations, indicating a blank description in order to accommodate additional harness 
configurations as required. 

Each Harness List entry is defined using some or all of the following parameters: 

Item Description 

Description Enter a descriptive name for the harness type. 

Wire Qty Enter the quantity of same gauge wires that will be used in this harness.  
Use Add Next Here to describe additional wire types, and other gauge 
wires.  

Wire Length Enter the length (in. or m.) of this wire type that is to be installed as part 
of the harness.  

Note. The wire length parameter is used to calculate harness material 
costs and not harness fabrication. Harness fabrication is based on the 
longest branch length. 

Cost If a PC Board is selected as the wire type, enter a cost per PC board; 
otherwise, enter a wire cost per ft. (wire cost per m.).  
Note.  The initial cost displayed is read from the [ELEC-ASSEM-WIRE-
TYPES] table in the material.ini file. You can overwrite this value or 
customize the value stored in the material.ini file.  

 Material Costs and Configuration Files, both in chapter 8:  
Special Topics

Hot Strip Enter (Y) Yes if wire hot striping is required during harness fabrication. 
Enter N (No) if hot wire stripping is not required at this time, or is 
required after the harness has been installed.  

Conn Shield Enter (Y) Yes if connectors require EMI (Electro-Mechanical Interference 
shielding) during harness fabrication. Enter N (No) if connectors do not 
require EMI shielding at this time or will require EMI shielding after the 
harness has been installed. 

Wire Type Select the wire type to be installed from the Wire Type list. Wire Type 
data is read from the [ELEC-ASSEM-WIRE-TYPES] table in the material.ini 
file. You can customize the wire type data stored in the material.ini file. 
See Wire Type details for details about how to reference different wire 
types in the [ELEC-ASSEM-WIRE-TYPES] table. 

  Wire Type List in this chapter (below) 
 Configuration Files in chapter 8:  Special Topics 
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Wire Gauge Select the gauge (diameter) of the cables or wires from the Wire Gauge 
list.  Wire type data is stored within the [ELEC-ASSEM-WIRE-TYPES] table 
in the material.INI file. Wire gauge sizes are defined in columns c2 and 
c3. The wire gauge reference number controls the wire gauge parameter 
each type a wire type is selected. You can change the initial selection in 
SEER-MFG by choosing another wire gauge size from the drop down list.  

Note.  When in metric mode, the list options change from American Wire 
Gauge sizes to equivalent Standard Wire Gauge sizes. 

 Wire Gauge List in this chapter (below) 
 Configuration Files in chapter 8:  Special Topics 

End Type Select the end preparation of cable or wire to be installed from the End 
Type list. 

End Type List in this chapter (below) 

Harness Wrap Only applicable when harness is assembled on a jig board. Select the 
harness wrapping preparation of cables and/or wires from the Harness 
Wrap list. 

Harness Wrap List in this chapter (below) 

Wire Type:  Wire Type List 
Wire Type Description 

Wire = 0 All types in the single conductor non-shielded family; either strand 
or solid. 

 
Single Conductor Wire Example 

Cable = 1 Multi conductors bound together through mechanical process. 
Conductors can either be stranded or solid. 

 
Cable Example 

Multi-Conductor 
Shield = 2 

Two or more conductor wires inside of a shielded casing. 

 
Multi-Conductor Shielded Example 
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Multi-Conductor Un-
Shield = 3 

Two or more conductor wires inside of an un-shielded casing. 

 
Multi-Conductor Un-Shielded Example 

PC Board = 4 Single and multiple conductor wires, and/or shielded and un-
shielded cables mounted to a printed circuit board. 

 

Wires Mounted to PC Board 

Thermocouple = 5  Consists of multi wire (dissimilar metal type) thermocouple 
assemblies. 

 

Thermocouple Examples 

Wire Gauge:  Wire Gauge List 
Wire Gauge - Select the gauge (diameter) of the Cables or Wires to be installed.  Gauges 
are divided into three categories: 
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Wire Gauge Description 

16 AWG / 18 SWG or 
less 

Wires with a core (strand or solid) diameter of 0.05 inches 
(1.27mm) or less.   

13 - 15 AWG / 15 - 17 
SWG 

AMG - Wires with a core (strand or solid) diameter between 0.0571 
and 0.072 inches (1.45 and 1.83mm). 

12 AWG / 15 SWG or 
more 

Wires with a core (strand or solid) diameter of 0.072 inches (1.83 
mm) or higher.   

Note.  Higher gauge number = smaller diameter 

When in metric mode, the list options change from American Wire Gauge sizes to 
equivalent Standard Wire Gauge sizes.  

SWG = British Standard Wire Gauge 
AWG = American Wire Gauge 
 

Wire Gauge SWG (in) SWG (mm) AWG (in) AWG (mm) 

18 0.048 1.219 0.0403 1.024 

17 0.056 1.422 0.0453 1.151 

16 0.064 1.626 0.0508 1.291 

15 0.072 1.828 0.0571 1.450 

14 0.080 2.032 0.0641 1.628 

13 0.920 2.368 0.0720 1.829 

12 0.104 2.642 0.0808 2.052 

American Wire Gauge & Standard Wire Gauge Table 
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End Type:  End Type List 
End Type Description 

None (Default) No end preparation required. 

Crimp Mechanical process to attach pins to the ends of wires. Requires 
specialized hand operated tools. 

 

 
Specialized Hand Operated Crimping Tools 

Direct time activities include: get wire bundle, strip ends as required 
(per recommended strip length by the manufacturer), strip and trim 
jackets and shields, shrink sleeves, insert prepared end into pin 
(also jumpers and/or pigtails as required), insert pin into preset 
crimp device, squeeze crimp device (per manufacturer’s 
instructions), remove from crimp device, and finally set aside. The 
amount of time varies depending on the end type, wire type, wire 
gauge, hot striping, relay panel options, and connector shield 
requirements. 

Crimp w/ additional 
wire 

Same as crimp but with the addition of another wire. Usually 
referred to as a piggyback or a jumper. 

javascript:showgraphic('itemgroup','2655','32007','','')�
javascript:showgraphic('itemgroup','2654','32006','','')�
javascript:showgraphic('itemgroup','714','1759','','')�
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Lug Mechanical process used to attach lugs to the ends of wires.  
Usually used for a grounding termination or termination to a 
distribution buss. 

    
Example Lugs 

Direct time activities include: get wire bundle, unwind wires, strip 
ends as required (per recommended strip length by the 
manufacturer), insert prepared end into lug (also jumpers and/or 
pigtails as required), if solder-less, insert pin into preset crimp 
device, squeeze crimp device (per manufacturer’s instructions), 
remove from crimp device, and set aside.  If solder type, heat 
outside of lug adding additional solder as required until full contact 
is made, and set aside. The amount of time varies depending on the 
end type, wire type, wire gauge, and hot striping requirements. 

Lug w/ additional wire Same as lug, but with the addition of another wire. Usually referred 
to as a piggyback or a jumper. 

Solder Assumes a standard soldering process using silver based solder 
with an acid/rosin core. Used as an alternative to crimping pins or 
lugs, or to attach wires to printed circuit boards.  Occasionally used 
to “Tin” multi strand wires to prevent fraying. 
Direct time activities include: strip and pre tin, clean wire ends, apply 
infra red Heat shield, strip and solder, clean and cover cables after 
soldering, install and shrink sleeves, solder coax cable to plugs, solder 
coax cable to crimps, and coil and tie cable for each wire / cable end. 
The amount of time required varies depending on the end type, wire 
type, wire gauge, hot striping, and connector shield requirements. 

 
 

http://www.panduit.com/products/Products.asp?param=1053&ig_id=675�
http://www.panduit.com/products/Products.asp?param=1053&ig_id=676�
http://www.panduit.com/products/Products.asp?param=1053&ig_id=1745�
http://www.panduit.com/products/Products.asp?param=1053&ig_id=2784�
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Thermofit Specialized process to terminate wires.  Requires special tools. 
Thermofit is commonly known as “Heat shrink” tubing.  This thin-
wall tubing provides superior insulation, strain relief, and protection 
against mechanical damage and abrasion.  Once Thermofit is cut to 
size and slid over the wire, heat is added (either heated air or 
infrared).  Once the tube has shrunken to the proper size, heat is 
removed and the process is complete. 
Direct time activities include installing sleeves over the wires and or 
cables and then applying heat to shrink the sleeves.  

Splice Mechanical process of attaching two or more wires by twisting them 
together.  Usually used in conjunction with soldering to enhance 
conductivity and prevent splice failure (pulling apart).  
Direct time activities for all Wire Types include: unwinding, stripping, 
and splicing wires.  

Harness Wrap:  Harness Wrap List 
Harness Wrap Description 

None (Default) No harness wrapping required 

Tape Manual wrapping technique usually black electrical tape. Direct 
time activities include manually taping the bundle for the first inch 
(25mm), then every 12inches (305mm), and adding an ID Tag. 

 
Electrical Tape 

Permacel, silicone, or 
Mylar 

Mylar is a thin wall material with a superior, high dielectric for 
insulating components. Manual wrapping technique usually mylar 
held together with spot ties. Direct time activities include manually 
wrapping the bundle for the first inch (25mm), then every inch 
(25mm), and adding an ID Tag. 
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Fiberglass Manual wrapping technique used when a covering that is more 
durable than electrical tape is required. Direct time activities include 
manually wrapping the bundle every 12inches, and adding an ID Tag. 

 
Fiberglass Tape 

Expando Sleeve Expandable sleeve is designed to expand and adjust to irregular 
shapes to protect cable and wire assembles. Direct time activities 
include manually placing sleeve over the cable assembly, applying 
heat to shrink the sleeve around cable to produce a uniform fit, and 
adding an ID Tag.  

 

Expandable Sleeve 

Ty-Wrap Manual process that requires self locking tie bands placed at 
periodical intervals. Direct time activities include manually 
extending and torquing the ty-wrap, trimming the ty-wrap tail, and 
adding an ID Tag. 

 

Ty-Wraps / Cable Ties 

 
 

http://cableorganizer.com/images/bentley-harris/expando686dm.jpg�
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Wire Mesh Direct time activities include manually placing and extending wire 
mesh from each connector back-shell (quantity is defined by the 
Connectors parameter) as required by Engineering for durability or 
for EMI (Electro-Mechanical Interference shielding) considerations, 
and adding an ID Tag.  

Teflon Tape Manual wrapping technique used when a covering that is more 
durable than electrical or fiberglass tape is required. Only used 
when the End Type is Crimp or Crimp w/Addit Wire, Connectors and 
Pins are defined.   

Direct time activities include manually wrapping each connector 
plug with Teflon tape.  

Insulated Tape Manual wrapping technique used as a covering when environmental 
considerations are taken into account. Only used when bracket 
spacing is greater than zero. 

Direct time activities include: tying insulation tape to harness with 
thread, and brushing with silicone for tying knots. 

Detailed Harness Fittings 
The Add Next Here parameter allows you to enter up to 50 Harness fitting types. Each Fitting 
type is defined using some or all of the following parameters: 

Item Description 

Fitting Type Select a Fitting type from the drop down list. Fitting type information is 
stored in the material.ini file, which may be modified if required. 

Description (Optional) Enter a description for each Fitting type to be installed. 

Fitting Qty Enter the total number of this Fitting type to be installed at the cable 
ends. 

Cost Per Fitting Enter the purchased cost of this Fitting type that will be attached to the 
cable. The initial cost displayed is read from the [ELEC-ASSEM-
CONNECTOR-COSTS] table in material.ini file. You can overwrite this 
value or customize the value stored in the material.ini file. 

Wires Pinned Enter the quantity of wire ends that require pins for later insertion into 
Fittings. Direct time activities include: installation of pins, installation of 
seal pins, moving ID sleeves to wire ends, and shrinking sleeves 

Install Factor Fitting installation time can be adjusted using the installation factor 
parameter. For example, an installation factor of 2 will double the 
calculated installation time an installation factor of 0.5 will half the 
Fitting installation time and so on. 

 Material Costs in chapter 8:  Special Topics 
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Braid Type 
Braids are used to cover the harness assembly. They provide abrasion resistance and other 
shielding properties depending on the braiding material used.  

Direct time activities include positioning the harness (governed by the longest branch length 
parameter), and pulling the braid over the harness (the amount of braid required is 
determined by the braid length parameter). The amount of time varies depending on the braid 
type selected and the number of branches. 

  
Example Wire Harness Braiding Machines 

Select the type of over-braid required for the harness assembly from the following options: 

Item Description 

None (Default) No harness over-wrap required 

Fabric Automated process for placing an abrasion resistant covering over the 
harness. 

Hi-Temp Automated process for placing an abrasion resistant covering over the 
harness that will be used in a high temperature environment. 

EMI Metallic Automated process for placing an abrasion resistant covering over the 
harness where Electro-Mechanical Interference might be an issue. 

Braid Type 
Braids are used to cover the harness assembly. They provide abrasion resistance and other 
shielding properties depending on the braiding material used.  
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Braid Length 
Enter the length of braiding required (in. / mm). Enter a least, likely, and most range if the 
exact length is not known. 

Viton Impreg  
Yes/No choice. Enter Y (Yes) if Viton will be applied on to the fabric over-braid. Viton is a 
fluorocarbon elastomer. It provides good chemical resistance, has a high temperature range, 
and a low compression set. Enter N (No) if Viton is not required. 

Direct time activities include get and aside harness, wrap connectors and plugs, dip harness 
with viton, and brush viton at branch intersections. 

Assemble on Jig Board 
Enter Y (Yes) if harness will be assembled on a Jig board. Enter N (No) if harness assembly on 
a jig board is not required. Harness jig boards highlight the routing for wiring flow, 
interconnects, and braid stop locations. Harness Jig boards can eliminate time required to trial 
fit the finished harness.  

Direct time activities include: get and straighten wires, route wires on the jig board, connect 
and disconnect connectors (if defined), wrap or tape harness wires and/or connectors as 
defined by the harness wrap type, wrap branch intersections, attach brackets, strip, crimp, and 
insert pins, assemble back shells, wrap plugs with tape, brush silicone on knots, apply ID tags, 
mark bracket locations with paint, insert screws, bolts, and washers, and putting harness 
aside. The amount of time required varies depending on the wire quantities, amount of wires 
pinned, connector installation factor, the number of branches, wire branch length, harness 
wraps used, end types, bracket spacing, and wire gauge requirements. 

Pins Obstructed 
Enter Y (Yes) to add a complexity factor if pins are installed in an obstructed location. Enter N 
(No) if pins are not obstructed.  

If Panel Relay is selected as Yes, additional time is added for inserting bolts, nuts, and 
washers, tying the wire bundle, and inserting screws, nuts and washers related to the panel 
connections.   
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Bracket Spacing  
Enter the spacing between brackets (in / mm) e.g. “place clips or brackets every 3 – 6” as 
required to hold harness in place”. Enter a least, likely, and most range if the exact bracket 
spacing is not known. Bracket Spacing is only applied if harness is assembled on jig board. 

Direct Time activities include marking each bracket location with paint, positioning, and 
installing each bracket. 

Test Type 
Select a harness assembly Test Type from the following list of options: 

Item Description 

None (Default) No testing required 

DITMCO Allows time for automated testing performed in a manual mode to 
document test results of continuity, voltage surge, Hi-Pot, etc. 

N/C DITMCO Allows time for automated testing performed in a numerically controlled 
mode to document test results of continuity, voltage surge, Hi-Pot, etc. 

Continuity Allows time to manually check continuity (ringing out) by performing end to 
end resistance check. A continuity test checks for good connections. You 
do a continuity test by seeing if current will flow from one point to another 
point. If current flows easily enough then the points are connected. 

Hi-Pot Allows time to manually check the Hi-Potential of wires (surge) by 
performing end to end Hi-Potential check. Hi-Pot testing ensures there is 
good isolation between the parts of a circuit. Having good isolation helps 
to guarantee the safety and quality of electrical circuits. Hi-Pot tests are 
helpful in finding nicked or crushed insulation, stray wire strands or 
braided shielding, conductive or corrosive contaminants around the 
conductors, terminal spacing problems, and tolerance errors in cables. All 
of these conditions might cause a harness to fail upon energization. 

Hi-pot testing uses either an AC or DC stimulus voltages dependent on the 
test specification. Typically hi-pot testing is conducted for a specified time 
period, for example 1 minute. Many times standards will permit a 
reduction of the hi-pot testing period, to as little as one second, when the 
test voltage is increased. 
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Wrap & Pack 
Enter Y (Yes) if harness assembly requires wrapping and packing for interplant travel, 
protection, storage, or shipment. Enter N (No) if wrap and pack is not required.  

Relay Panel 
Enter Y (Yes) if relay panel is to be installed. Entering Y will reveal additional parameters to 
describe the relay panel assembly. Enter N (No) if relay panel is not required.  

Direct time activities include: The time (minutes) required to: open bags, remove, and install 
bolts, screws, nuts, and washers. Tie wire bundle and position small sub-assembly. Position 
lugs/washers or components into respective holes. Group relays on panel. Install relay 
recepts, install retainer on recept, cover blank on recept, and install relay on to recept. Clamp 
wire bundle, clamp electrical components, apply sealant, Install covers on panel, apply ID 
Label, and install plastic caps on plugs. The amount of time required varies depending on the 
connector quantity, the number of panel connections, whether pins are obstructed, quantity of 
panel sub assemblies, and the quantity of panel relay requirements. 

 
Relay Panel Examples  

Relay Panel Connections 
Only available if Relay Panel is selected as Yes. Enter the quantity of relay panel connectors 
required. Enter a least, likely, and most range if the exact quantity is not known.  

Panel Sub Assemblies 
Only available if Relay Panel is selected as Yes. Enter the quantity of relay panel sub 
assemblies. Enter a least, likely, and most range if the exact quantity is not known.  
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Panel Relays 
Only available if Relay Panel is selected as Yes. Enter the quantity of panel relays. Enter a 
least, likely, and most range if the exact quantity is not known.  

HARNESS\OPTIONAL  

Material Cost Per Harness (Optional)   
Total raw material costs per harness.  Optional cost of materials to be added for one cable or 
harness.  This cost is multiplied by the specified production quantity to obtain total material 
costs.  Harness material costs may be obtained from vendor quotes, in-house records, etc.  
Material costs will be included in the program total and in amortized unit cost outputs. 

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

PART PREPARATION  
These are actions taken as preparation for further work such as soldering or mounting. 

 
Part Preparation Parameters 

 
 



 

12-26     Electrical Assembly SEER-MFG Detailed Reference 

Average Trim and Form Per Part  
During part preparation, the average number of leads per electronic component requiring 
trimming and forming.  Use the Least, Likely, and Most inputs for this parameter to set upper 
and lower bound for the probable number of operations.  If you are certain of the number of 
trims and forming required, then enter the same values for Least, Likely, and Most. 

Flux & Tin  
These operations are used in soldering work.  Flux materials such as rosin promote the joining 
of metals.  Tinning involves covering the solder area with metallic tin.  Enter Y (Yes) if leads are 
to be tinned as part of part preparation or if flux is to be used; otherwise enter N (No). 

Material Cost Per Part (Optional)   
Optional throughput cost of materials to be added per part. This cost is multiplied by the 
specified production quantity to obtain material costs.  Part material costs may be obtained 
from vendor quotes, in-house records, or other purchasing records, etc.  Material costs will be 
included in the program total and in amortized unit cost outputs. 

 Material Cost and Configuration Files, both in chapter 8:  Special Topics 

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

ADDITIONAL ITEMS 

 ADDITIONAL ITEMS in chapter 9:  Common Process Parameters 
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MANUFACTURING DESCRIPTION 

Set-up Complexity 

 Set-up Complexity in chapter 9:  Common Process Parameters 

Mechanization 
The extent of automation in assembly: 

Rating Definition 

Very High Automated/Robotic Assembly, complete auto feed of all components 
and loading. 

High Mechanically aided or machine aided positioning and loading. 

Nominal Conveyorized movement of parts and assemblies. 

Low Organized layout of parts, tools and assemblies. 

Very Low Manual bench assembly. 

 

PART ASSEMBLY CONTRIBUTION  

 PART ASSEMBLY CONTRIBUTION in chapter 9:  Common Process Parameters 

Common Process Parameters 
Parameters not specific to electrical assembly are listed in chapter 9:  Common Process 
Parameters. 
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This page can be used for notes and comments. 
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Chapter 13 
Assembly 

 
Assembly handles the assembly of both structures (static part arrangements) and 
mechanisms (moving parts).  Assembly analyzes the joining of parts with fasteners, rivets, spot 
welding, seam welding, brazing, oven brazing, etc. 

When you create an Assembly work element you identify the methods used.  In the Parameters 
window, SEER-MFG displays input parameters for each assembly method selected. 

This chapter explains parameters unique to Assembly work elements.  Parameters common to 
more than one work element type may be found in chapter 9:  Common Process Parameters. 
The parameters described here are those on the Process Specific tab of the Inputs window, 
unless otherwise indicated. 
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Assembly Input Parameters 
The Parameter window will contain a separate set of parameters for each assembly method 
selected, in addition to parameters which apply to all methods. 

You may select or deselect methods at any time by double-clicking the specific method 
parameter.  If you deselect the method, SEER-MFG will save your inputs for later use. 

 The Parameters in the PRODUCT DESCRIPTION section are covered in chapter 9:  
Common Process Parameters. 

MECHANICAL ASSEMBLY  
Mechanical assembly refers to attachment operations that might include anything from snap-
in parts to assemblies with precision part orientation and special tools.  Each part's name (or 
number), quantity, cost, and installation difficulty can be listed in the Summary Parts List.  The 
number of fasteners, overall assembly difficulty, special problems, and testing can also be 
described in this section.  The Difficulty input for each part refers to the specific difficulty of 
installing that part, while a separate Assembly Difficulty parameter relates to the assembly 
difficulty for the Assembly as a whole. 

 

Mechanical Assembly Parameters 
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Summary Parts List  
This parameter has four inputs: Description, Quantity, Cost, and Installation Difficulty.  Parts 
may be described in several ways.  For example, a single entry may contain a count of 25 parts 
at a single difficulty level or it may be broken out into 25 entries, each representing a single 
part with a unique installation difficulty. 

 

General Parts List Dialog Box 

Item Description 

Description Name, number, or other descriptive information identifying the part 
being assembled.  This description will appear in the parameter view as 
an identifier for the part.  Up to 20 alphanumeric characters and spaces 
are allowed. 

Quantity The number of parts to be included in the assembled product.  To break 
this out into multiple entries, add new entries, and subtract the 
quantities of those entries from this one. 

Unit Cost The cost of the parts described.  This entry will be multiplied by your 
quantity input for this part. 

Difficulty The complexity of the part installation process.  Consider orientation 
requirements, assembly verification, and distance between part and 
assembly.  

See the Mechanical Assembly Difficulty Ratings table, below. 

Note: The difficulty parameter is only available when the Use Assembly 
Details option is not checked. 

Access Database This feature uses ODBC (open database connectivity) to retrieve 
information from Microsoft Access or Excel databases. 
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Mechanical Assembly Difficulty Ratings 
Rating Description 

Extra High Precision part orientation; insertion and assembly of part requires 
special tools and effort. 

Very High Visual part orientation, short or medium distance to assembly, 
visual fit verification. 

High Simple orientation of part, short or medium distance to assembly, 
visual fit verification. 

Nominal Simple orientation of part, short distance to assembly, drop-in fit. 

Low  No orientation of part, short or medium distance to assembly, visual 
fit verification. 

Very Low No orientation of part, short distance to assembly, snap-in self-
locating fit. 

 

 Part Database in chapter 8:  Special Topics 

Assembly Details  
If more detailed information about your parts is available, you can click on the Details button 
to bring up the Assembly Details dialog box. 

 

Assembly Details Dialog Box 
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Item Description 

Description Enter a description, such as part name or part number. 

Use Assembly Details If this box is checked, the program will use the information that you 
entered in the Assembly Details dialog box.  If you uncheck this option, 
SEER-MFG will save the assembly details settings for the part, but it will 
not use them in making an estimate. 

Weight Select the appropriate weight range for this item. 

Part Required Check this box if the part is essential to the assembly; leave it blank if 
the part can be eliminated as part of a value engineering effort. 

Standard Part Check this box if this part is a standard part within your organization. 

Installation Difficulty Select any Assembly Environment or Part Related installation difficulty 
factors that apply. 

See Part Assembly Contribution in chapter 9:   Common Process 
Parameters 

Pickup Distance Select the distance between this part and the assembly station.  If you 
select Over 5 feet, enter the actual pickup distance in the Over 5 ft. box. 

Over 5 ft If the Pickup Distance is Over 5 feet, enter the actual distance here.   

Grasp Required Select this option if the part must be grasped before moving to the 
assembly station. Grasp is usually required, unless parts are fed in a 
mechanized movement sequence. 

Insert Select the appropriate insert method from the pull-down menu. 

See Part Assembly Contribution in chapter 9:   Common Process 
Parameters 

Part Orientation Select the appropriate part orientation from the pull-down menu. 

See Part Assembly Contribution in chapter 9:   Common Process 
Parameters 

Fasteners - Quantity Enter the quantity of fasteners to be used. 

Fasteners - Type Select the appropriate fastener type from the pull-down menu. 

See Part Assembly Contribution in chapter 9:   Common Process 
Parameters 
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View / Show Assembly Details Parameters 

 

Show Assembly Details Parameters 

The Show Assembly Details Parameters option on the View menu lets you determine whether 
the assembly details are displayed or not.  By default, it is on (marked with a check). 

If you uncheck Show Assembly Details Parameters, the assembly details will be hidden from 
view.  If assembly detail parameters values have been entered, they will still be used as part of 
the final estimate, even if they are hidden.  

You can copy and paste assembly details, and include them in detailed, input, flexible export, 
and custom reports.  You can also link them to external applications such as Excel.  Assembly 
details can also be input through server mode commands.  To include Assembly Details using 
server mode, set the Part Difficulty parameter to N/A in the server mode script. 

Functional Test Required  
Select functional test, if it is required (usually for mechanisms with moving parts).  A functional 
test determines whether or not the assembly is operative for the specific use for which it was 
designed.  The cost of testing will be computed automatically. 

Test Description 

None No functional testing is required. 

Go/No Go Test This test is applied to electronic items.  A simple power-on, power-off test 
is applied.  Response is monitored on a test set. 
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Dynamic Test The item is turned on and exercised through its significant functions.  An 
engine test is a good illustration. 

Full Functional Test The item is fully exercised through all of its functions. 

Fasteners  
For parts that do not use assembly details.  This parameter is the total number of fasteners 
used in the mechanical assembly.  This includes screws, washers, nuts, etc.  One fastening 
assembly may consist of a set of fastening devices, so each item should be accounted for 
separately.  For example a nut, bolt and two washers count as four items. 

Mechanization  
The extent of automation used in assembly.   

Rating Description 

Very High Automated or robotic assembly, with mechanized movement of parts, 
mechanized positioning, and fastening, complete auto-feed of all 
components and loading. 

High Mechanically aided or machine-aided positioning and loading, still over 
50% of assembly by operator. 

Nominal Conveyorized movement of parts and assemblies, custom designed 
holding fixtures, power tools. 

Low Manual movement of parts and assemblies, some custom assembly 
fixtures, power tools. Organized layout of parts, tools and assemblies. 

Very Low Manual bench assembly.  Highly labor-intensive, mostly hand tools. 

Take advantage of the Least, Likely and Most inputs to bracket this parameter into a probable 
range if: 

 You are not certain of the extent of automation in the assembly process. 
 The range of automation varies, for instance, with some robotic assembly and some 

manual assembly.  In this case, an alternate strategy is to break assembly into multiple 
work elements so that mechanization can be more accurately rated for each 
subassembly. 
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Assembly Difficulty  
Difficulties affecting the entire workpiece, such as heavy weights, safety wiring, pinning, etc.   

Rating Description 

Very High Heavy (over 20 lbs. or 9 kg) parts with difficult positioning, awkward 
shapes, and positions.  Can also include high precision assembly, tight 
assembly tolerances, or line drilling. 

High Moderate assembly tolerances.  Operator wears protective clothing that 
interferes with assembly operations. Pinning or safety wiring required at 
several assembly operations. 

Nominal Moderate assembly tolerances, some sliding or rotating fits, movement 
provided by assembled parts (mechanisms, gear trains, etc.). 

Low Moderate assembly tolerances, stationary item (no movement), some 
parts are difficult to position. 

Very Low Moderate to low tolerances, stationary item (no movement), all surfaces 
and parts exposed, easy positioning, good assembly tool access. 

Special Problems  
Issues and considerations generally affecting the entire assembly.  Examples of special 
problems or considerations include clean room or other environmental requirements, 
assembly under high magnification, etc.  The list below is a guide by example to the severity of 
special assembly problems.  To rate your process’ operating severity, examine your required 
operating conditions and compare these to the circumstances below. 

Rating Description 

Very High Any or a combination of the following circumstances exist:   

 Optical collimation required as part of assembly. 
 Assembly is to be observed under 20x or higher magnification. 

High Clean room requirement, or other restrictive environment during 
assembly. 

Nominal Special handling of parts required due to cleanliness or other 
environmental requirements. 

Low Parts to be assembled are colder or warmer than room temperature by a 
minimum of 30 degrees F. 

Very Low No special problems exist. 
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Material Cost per Assembly (Optional)   
Optional throughput cost of materials to be added to the assembly estimate, in addition to the 
part costs entered in the assembly parts list.  This cost is multiplied by the production quantity 
to obtain material costs.  Costs may be obtained from vendor quotes, in-house records, or 
other purchasing records, since material cost is not estimated in the assembly module.  
Material costs will be included in the program total and in amortized unit cost outputs. 

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

WELDING  
Welding is a method for permanently joining two or more metal parts by arc, gas shield arc, 
gas torch, electron beam, or spot welding. 

 
Weld Parameters 
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Parts to Join  
The total number of parts to be welded together into a single assembly. 

Note:  If the parts to be welded together are heavy (over 40 lbs., or 18.14 kgs.), prepare an 
additional entry under mechanical assembly detail.  This will allow you to enter additional cost 
factors, such as weight, hoisting, and travel distance. 

Weld Type  
The welding technique to be utilized.  Choices include: 

Weld Type Description 

Gas Torch Welding Uses a filler to join work pieces.  Heat is generated by a gas flame that 
melts the filler metal, which is distributed throughout the joint.  Heat is 
lower and far less concentrated than that from an electric arc.  Equipment 
and tooling are low, but the weld time is high due to slow heating rates. 

Electron Beam Welding Uses a high velocity, narrow stream of electrons directed against the joint 
to cause localized, intense heating and melting of the weld metal.  
Equipment is very expensive and cycle times are long (although the weld 
itself is rapid), because of extended time required to evacuate the welding 
chamber to high vacuum levels.  High production volume helps amortize 
the costs effectively. 

Spot Welding Uses opposing electrodes to apply pressure to the parts to be joined, 
creating the weld spot.  Assemblies should be designed to use simple, 
inexpensive equipment.  This is best applied to job shop or other low 
quantity work since the tooling cost is low and setup is generally fast. 

Laser Beam Welding A laser emits a monochromatic, coherent source of light, which can be 
focused to a point, producing very high power densities for melting and 
joining metals. Typically no filler metals are used. The most frequently used 
laser types are CO2 or Nd YAG. Laser output can be either pulsed or 
continuous. The movement of the workpiece, the laser operation, and the 
application of a shielding gas are all computer controlled. 

Gas Tungsten Arc 
Welding 

Gas Tungsten Arc Welding (GTAW), also known as Tungsten Inert Gas (TIG) 
welding, produces very high quality welds, with no slag or splatter. An 
electric current strikes an arc between and the work piece and a tungsten 
(non-consumable) electrode. The weld area is shielded from oxidation and 
contamination by a gas or gas mixture. It produces a high quality weld. 
Most metals may be joined using GTAW; the best are aluminum, stainless 
steel, magnesium, titanium, and nickel alloys. Often used to weld thin 
materials. Filler metal is not usually required on thinner materials but are 
used for thicker materials. Filler should be matched with the base metal.  
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Gas Metal Arc Welding Gas Metal Arc Welding (GMAW), also known as Metal Inert Gas (MIG) 
welding, is commonly used for automatic welding and often considered to 
be the most versatile welding process. It produces a uniform slag free weld 
bead. An electric current is used to strike an arc between and the work 
piece and a continuous filler metal (consumable) electrode. The weld area 
is shielded from oxidation and contamination by an externally supplied a 
gas or gas mixture. The electrode wire for GMAW is continuously fed into 
the arc and deposited as weld metal. This process has many variations 
depending on the type of shielding gas, the type of metal transfer, and the 
type of metal welded. Most metals may be joined using GMAW; the best 
are aluminum, stainless steel, and magnesium. 

Plasma Arc Welding Plasma arc welding (PAW) produces an arc in excess of 30,0000F 
(16,6500C). A shielded arc is struck between a non-consumable electrode 
and the torch body. This arc transforms an inert gas into plasma, which is 
then used to melt the work piece and filler material.  Shielding may be 
further supplemented by an auxiliary source of shielding gas. Most metals 
may be joined using PAW; the best are aluminum, stainless steel, mild 
steel, copper and magnesium. Due to the precise nature of the plasma jet 
stream, plasma arc welding is highly suitable for thin-gage work pieces. 

Shielded Metal Arc 
Welding 

Shielded Metal Arc Welding (SMAW) is one of the most common types of 
welding; it is also known as manual metal arc welding (MMA) or stick 
welding. It results in slag deposit on the weld bead, and the weld bead 
appearance depends on operator skill in maintaining a constant arc length 
and travel speed. An electric current is used to strike an arc between the 
work piece and a consumable electrode rod. The electrode rod is typically 
made of steel and is covered with a flux to protect / shield the weld area 
from oxidation and contamination during the welding process. Pressure is 
not used, and the electrode core acts as the filler material; making a 
separate filler unnecessary. The most suitable metals are mild steel, cast 
iron, and stainless steel. 
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Material  
You can specify the material type of the parts to be welded for three types of processes, listed 
below.  In the computation of direct welding time, each material is factored at a specific value. 

Process Material  
Gas Torch  Cast Iron 

 Mild Steel 
 Stainless Steel 

 
 ARC 
 Gas Metal Arc 
 TIG 
 MIG 

 Aluminum Alloy 
 Cast Iron 
 Copper Alloy 
 Magnesium Alloy 

 Mild Steel 
 Stainless Steel 
 Titanium Alloy 

Electron Beam Welding  Aluminum Alloy 
 Copper Alloy 
 Stainless Steel 

 Steel, Tantalum 
 Tungsten 

Note:   All MFG materials are listed in a separate text file, material.ini.  Save a backup copy of 
this file before you add or modify the materials list. 

Material Thickness  
The greatest thickness (in. or mm) at the point of the weld seam of the parts to be welded.  

Weld Spots  
For spot welding of sheet metal, count each closure of the welding jaws as a separate weld 
spot.  Enter 0 if no spot welding is required.  

This parameter is only available for spot welding. 

Seam Length  
The approximate length of the weld seam (in. or mm).  For stitch welding, enter the total length 
of all the stitches in a single pass.  

Seam Width  
Seam Width specifies the width of the weldment.  This input is used to calculate the number of 
passes required to produce the weldment geometry.  You may enter either Number of Passes 
or Seam Width.  If both are entered, Number of Passes is disregarded. 
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Number of Passes  
The number of passes necessary to produce the required weldment geometry.  If not entered, 
one pass will be assumed.  If Seam Width is entered this parameter is disregarded. 

Mechanization  
The extent of automation in welding assembly operation.   

Rating Description 

Very High Automated or robotic assembly, complete auto feed of all components 
and loading, with mechanized movement of parts, mechanized 
positioning and clamping.  Mechanized movement of all welding tools. 

High Mechanically aided or machine aided positioning and loading.  
Mechanized movement of welding tools, operator positions tools. 

Nominal Conveyorized movement of parts and assemblies, custom designed 
holding fixtures, partial mechanization of welding tools. 

Low Manual movement of parts and assemblies — some custom assembly 
fixtures, manual welding tools. Organized layout of parts, tools and 
assemblies. 

Very Low Manual bench assembly — highly labor-intensive, hand welding tools 
used in operations. 

Take advantage of the Least, Likely and Most inputs to bracket this parameter if: 

 You are not certain as to the extent of automation in the assembly process. 
 The range of automation varies, for instance, with some robotic assembly and some 

manual assembly.  In this case, an alternate strategy is to break assembly into multiple 
work elements so that mechanization can be more accurately rated for each 
subassembly. 

Material Cost Per Welded Assembly (Optional)   
Optional throughput cost of materials to be added to the welded assembly estimate.  This cost 
is multiplied by the specified production quantity to obtain material costs.  Assembly material 
costs may be obtained from vendor quotes, in-house records, or other purchasing records, 
since material cost is not estimated in the assembly module.  Material costs will be included in 
the program total and in amortized unit cost outputs. 
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Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

BRAZING  
Brazing involves the joining of metal surfaces by means of a filler metal which has a lower 
melting point than that of the base material and is less likely to cause distortion of the 
assembly.  Brazing is achieved when this filler material melts, wets the surface to be joined, 
and is distributed in the joint by capillary attraction.  Cleanliness is maintained during the 
heating by flux or a protective atmosphere. 

 

Brazing Parameters 

Parts to Join  
The total number of parts to be brazed.  Keep in mind the joint and shape of the joining surface, 
the cleanliness of the surfaces involved, and the joining temperature.  Brazing temperatures are 
lower than those for welding, and so less likely to cause distortion of the assembly. 

Brazed Seam Length  
The approximate length (in. or mm) of the brazed seam.  It is not required if oven brazing is used. 
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Oven Brazed  
Use of a furnace to heat the workpiece and melt the filler material.  It is heated only to a 
temperature sufficient to melt the filler.  May be used to braze multiple joints simultaneously.  
Equipment used includes a heating chamber, cooling chamber, and conveyor system. 

In oven brazing all the workpieces are held together in a complex holding fixture.  The parts to 
be joined, clamped in the fixture, are placed in the oven. 

Enter Y (Yes) if oven-brazed.  Oven brazing will reduce labor costs and increase tooling costs. 

Mechanization  
The extent of automation in the brazing operation.   

Rating Description 

Very High Automated or robotic assembly, complete auto-feed of all components 
and loading.  Automated torch travel or oven placement, mechanized 
positioning. 

High Mechanically aided or machine-aided positioning of torch, mechanized 
loading, 50% of  assembly by operator. 

Nominal Conveyorized movement of parts and assemblies — manual brazing, 
custom designed holding fixtures, power tools. 

Low Organized layout of parts, tools and assemblies.  Manual brazing, some 
custom assembly fixtures, power tools. 

Very Low Manual bench assembly and brazing, highly labor-intensive, hand tools 
used in most operations. 

Take advantage of the Least, Likely and Most inputs to bracket this parameter if: 

 You are not certain as to the extent of automation in the assembly process. 
 The range of automation varies, for instance, with some robotic assembly and some manual 

assembly.  In this case, an alternate strategy is to break assembly into multiple work 
elements so that mechanization can be more accurately rated for each subassembly. 

Material Cost Per Brazed Assembly (Optional)   
Optional throughput cost of materials to be added to the brazed assembly specified. This cost 
is multiplied by the specified production quantity to obtain material costs.  Assembly material 
costs may be obtained from vendor quotes, in-house records, or other purchasing records, 
since material cost is not estimated in the assembly module.  Material costs will be included in 
the program total and in amortized unit cost outputs. 
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Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

RIVET/STAKE  
These operations establish a mechanical bond between components, using a third object that 
is deformed in the process. Used for its strength and permanence of the joint produced.  When 
hopper-fed and clinched automatically, this is a low-cost means for fastening parts together. 

 

Rivet/Stake Parameters 

Parts to Join  
Total number of parts, not including fasteners, to be riveted or staked into a single assembly. 

Rivets/Stakes  
The number of rivets or stakes to be used. 

Rivet Type  
Three choices are available: 
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Type Description 

Standard Rivet Ordinary rivet or stake. 

Rivet with Gasket Rivet with a metallic or nonmetallic gasket. 

Lubricated Rivet Rivet precoated with a lubricant. 

Mechanization  
The extent of automation in the riveting/staking operation. 

Rating Description 

Very High Automated or robotic assembly, complete auto-feed of all components 
and loading, mechanized movement of parts, mechanized positioning, 
and fastening. 

High Mechanically aided or machine-aided positioning and loading, still over 
50% of  assembly by operator. 

Nominal Conveyorized movement of parts and assemblies — custom designed 
holding fixtures, power tools. 

Low Organized layout of parts, tools and assemblies, some custom assembly 
fixtures, power tools. 

Very Low Manual bench assembly — highly labor-intensive, hand tools used in 
most operations. 

Take advantage of the Least, Likely and Most inputs to bracket this parameter if: 

 You are not certain as to the extent of automation in the assembly process. 
 The range of automation varies, for instance, with some robotic assembly and some manual 

assembly.  In this case, an alternate strategy is to break assembly into multiple work 
elements so that mechanization can be more accurately rated for each subassembly. 

Material Cost Per Riveted Assembly (Optional)   
Optional throughput cost of materials to be added for the riveted assembly specified.  If you 
are entering the cost of the rivets, enter the total cost of all rivets used in each assembly.  This 
cost is multiplied by the specified production quantity to obtain total material costs.  Assembly 
material costs may be obtained from vendor quotes, in-house records, or other purchasing 
records, since material cost is not estimated in the assembly module. Material costs will be 
included in the program total and in amortized unit cost outputs. 
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Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

ADHESIVE BONDING  
Adhesive bonding uses a joining material that bonds at varying temperatures depending on 
composition, but that does not require the deformation of the components to be joined. This 
process is used when a liquid or semi-liquid substance is applied to adjoining workpieces to 
provide a permanent bond.  Applicable to any quantity, this process is less costly and easier to 
apply than fasteners and welds.  Curing may involve heating, cooling, evaporation or a 
combination.  Setup equipment may include hot glue guns (pastes, semi-liquid substance), 
caulking guns (liquid substance), spray applicators, and brushes (manual use). 

 
Adhesive Bonding Parameters 

Parts to Join  
The total number of parts, excluding fasteners, in the bonded assembly. 

Adhesive Type  
Choose from among the following types: 

 



 

13-20      Assembly SEER-MFG Detailed Reference 

Adhesive Type Description 

Thermal  Quick set, high strength, solvent resistant material.  Thermal adhesive 
applied with a glue gun, solidifying at room temperature. 

Premixed or Single Part High strength material.  Adhesive agent is applied as a single entity.  If 
multi-part, it is poured premixed, frozen. 

Multipart, to be mixed Single Part Adhesive, specially formulated to adhere to the specific parts 
to be bonded.  Often used on plastics, wood, and fabrics. 

Bead Length  
Length (in. or mm) of adhesive bead. Add 0.5 in. (12.7 mm) for each adhesive spot. 

Area 
Enter the surface area (sqin or sqmm) to be bonded. 

Mechanization  
The extent of automation in the adhesive bonding operation: 

Rating Description 

Very High Automated/Robotic Assembly, complete auto-feed of adhesive, all 
components, and loading. 

High Mechanically aided or machine-aided positioning, loading, preparation, 
and application of adhesive. 

Nominal Conveyorized movement of parts and assemblies. 

Low Organized layout of parts, tools and assemblies, manual adhesive 
application. 

Very Low Manual bench assembly, manual preparation and application of adhesive. 

Use the Least, Likely and Most inputs to bracket this parameter into a probable range if: 

 You are not certain as to the extent of automation in the bonding process. 
 The range of automation varies, for instance, with some robotic assembly and some manual 

assembly.  In this case, an alternate strategy is to break assembly into multiple work 
elements so that mechanization can be more accurately rated for each subassembly. 

Material Cost Per Adhesive Bond (Optional)   
Optional throughput cost of materials to be added to the bonded assembly specified. This cost 
is multiplied by the specified production quantity to obtain material costs.  Assembly material 
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costs may be obtained from vendor quotes, in-house records, or other purchasing records, 
since material cost is not estimated in the assembly module.  Material costs will be included in 
the program total and in amortized unit cost outputs. 

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

ADDITIONAL ITEMS 

 ADDITIONAL ITEMS in chapter 9:  Common Process Parameters 

MANUFACTURING DESCRIPTION 

Set-up Complexity 

 Set-up Complexity in chapter 9:  Common Process Parameters 

PART ASSEMBLY CONTRIBUTION  

 PART ASSEMBLY CONTRIBUTION in chapter 9:  Common Process Parameters 

Common Process Parameters 
Parameters not specific to assembly are listed in chapter 9:  Common Process Parameters. 
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This page can be used for notes and comments. 
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Chapter 14 

Mold/Cast/Forge/Powdered Metals 

 
The Mold/Cast/Forge/Powdered Metals process type estimates costs associated with injection 
molding, thermoform molding, die casting, sand casting, investment casting, and forging.   

To create a Mold/Cast/Forge/Powdered Metals work element, select the Mold/Cast/Forge/ 
Powdered Metals work element type, and, optionally, a knowledge base template which is 
appropriate to your situation. 

This chapter will explain parameters unique to Mold/Cast/Forge/Powdered Metals.  
Parameters that are common to more than one work element type may be found in chapter 9: 
Common Process Parameters.  The parameters described here are those on the Process 
Specific tab of the Inputs window, unless otherwise indicated.  
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MATERIAL 

 

Material Inputs 

Material  
The primary material of which the part is made.  Not all operations will accommodate all 
materials. This material selection drives the default entry for the Raw Material Cost per Lb. 
input.  The list below provides standard material categories available in SEER-MFG.  You can 
add materials by editing the materials.ini file.  
Composites molding can involve the use of an available plastic as the primary material and an 
addition of chopped fiber.  While cycle time is not necessarily increased, the added cost of 
composite fiber affects the material cost.  You can show this additional cost through the Other 
Cost parameter or by increasing the Raw Material Cost parameter value. 

  Raw Material Cost parameter 
 Customizing Material Selections in chapter 8:  Special Topics 

Standard SEER-MFG Mold/Cast/Forge/Powdered Metals Materials 

Category Examples 
ABS Cycolac, Cycovin, Cycoloy, Marbon, Lustran, and Cadon 
Acetal Delrin, Celcon, and Ultraform 
Acrylic  
Alloy Steels  
Allyls Durez, Dial, Dapex 
Aluminum Alloys 380, 390 
Amino - Melamine  
Amino - Urea  
Austenitic Manganese Steels  
Beryllium Nickel Alloys  
Butyl Rubber  
Carbon Steels  
Cellulosic Tenite 
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Compacted Graphite Cast Irons  
Copper Alloys  
Cromium-Nickel Alloy  
Ductile Cast Irons  
Epoxy Araldite, Bakelite, D.E.R., Epi-Rez, Epon, and Epotuf 
Grey Cast Irons  
Hi Temperature Alloys  
High Silicon Cast Irons  
Lead Alloys  
Magnesium Alloys AZ91B 
Malleable Cast Irons  
Nickel Alloys  
Nylon Akulon, Capron, Kapron, Nykon, Maranyl, Minlon, Zytel 
Phenolic Fiberite, Durez, Plaslok, Plenco, Resinoid, and Valite 
Polyarylate Ardel, Durel, and Arylon 
Polybutylene Duraflex 
Polycarbonate Lexan, Makrolon, and Calibre 
Polyester - PBT Celanex and Valox 
Polyester - PET Selar, Kodapak, Cleartuf, Hostalen, and Melinar 
Polyethylene Tenite, Dowflex, Norlin, Tuflin, Marlex, Fortiflex, and Petrothene 
Polyphenylene Sulfide RTP 1300, Thermocomp OP, and Ryton R 
Polypropylene Escorene, Pro-Fax, Marlex, and Fortilene 
Polystyrene Dylark and Styron 
Polysulfone Udel and Mindel 
Polyurethane, Thermoplastic Estane, Texin, Caprolan, Elastolan, and Jectothane 
Polyurethane, Thermoset   
Polyvinyl chloride - PVC  
Precipitation Hardening 
Stainless Steels 

 

Refractory Alloys  
SBS Elastomers Kraton D, Cariflex, Solprene, Tufprene, Asaprene, and Stereon. 
Silicone  
Stainless Steels  
Tin Alloys  
Titanium Alloys  
Tool Steels  
White Cast Irons (Abrasion 
Resistant) 

 

Zinc Alloys ZAMAC 
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Raw Material Cost  
The cost of raw material per pound or kilogram. The default, which you can overwrite, is based 
on the Material input.  The Raw Material Cost is multiplied by Finished Weight and Production 
Quantity to obtain total material costs.  Raw material cost may have to be adjusted if you 
change the currency or unit of measure during a SEER-MFG analysis. 

 Material Cost in chapter 8:  Special Topics 

Material Utilization Factor 

 Material Utilization Factor in chapter 9:  Common Process Parameters 

PROCESS 
The PROCESS parameter also serves as a category heading.  When you select a process, the 
inputs in the PROCESS category change accordingly. 

Injection Molding 

 

Injection Molding Parameters 

Finished Weight  
Total weight of the part being molded (including weight of runners, sprues etc), cast, forged, or 
produced using the powdered metal process. Also known as mold cast or forge weight. 

Note: Make certain that material that is not part of the finished part but consumed during the 
molding, casting, forging or produced using the powdered metal process is accounted for in 
the Material Utilization Factor input.  
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Cavities  
The number of parts obtained per injection cycle. Molds can be constructed with several 
cavities so that several parts are obtained per cycle. 

Machine Capacity (Injections/Hour)   
The number of injections per hour (cycle rate) that the machine is capable of for the part.  
Normally between 30 and 200; 100 is typical.  The larger the part, the lower the capacity.  For 
unknown capacity, leave blank and enter the sub-parameters below, which use this formula: 

60 

MoldCloseOpenTime    + CoolingTime    + EjectionTime MoldCavitySize ( 60 
+ 

MaterialFlowRate ) 
Mold Close/Open Time  

The total time required to open and close the mold, in seconds. 

Cooling Time  
The time in seconds for the part to cool to the point where it can be ejected from the mold. 

Ejection Time  
The time required to eject the part from the opened mold, in seconds. 

Material Flow Rate  
The rate at which material flows into the mold, in cubic inches or cubic millimeters per minute. 

Mold Cavity Size  
Cavity volume, in cubic inches or cubic millimeters; for multi-cavity molds, total cavity volume. 
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Wall Thickness  
The maximum wall thickness of the injected part. 

Rating Description 

High Generously thick walls, allowing maximum mold cycle performance. 

Nominal Walls thick enough to give normal mold fill rates without any problems. 

Low Walls that are so thin that they affect recycle rates. 

Wall Thickness Uniformity  
The variation in wall thickness of the molded plastic part. 

Rating Description 

High All wall thicknesses of part are identical. 

Nominal Up to 20% variation of wall thickness. 

Low Greater than 20% variation in wall thicknesses, which affect recycle rates. 

Rotational Molding 

 

Rotational Molding Parameters 

Finished Weight  
Total weight of the part being molded (including weight of runners, sprues etc), cast, forged, or 
produced using the powdered metal process. Also known as mold cast or forge weight. 

Note: Make certain that material that is not part of the finished part but consumed during the 
molding, casting, forging or produced using the powdered metal process is accounted for in 
the Material Utilization Factor input.  
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Wall Thickness  
The maximum wall thickness of the molded part: 

Rating Description 

High Over 0.3 in. (7.6 mm) 

Nominal 0.2 in. – 0.3 in. (5 mm – 7.6 mm) 

Low Under 0.2 in. (5 mm) 

Units per Cycle  
The number of units per molding cycle.  For multiple molds, the number is greater than one. 

Arms  
The number of arms, each capable of being used in loading, heating and cooling. 

Thermoform Molding 

 

Thermoform Molding Parameters 

Sheet Thickness  
The thermoplastic thickness, typically between 0.01 and 0.10 in. (or 6.45 and 64.52 mm). 

Sheet Area  
The area of the thermoplastic sheet used to produce the parts, in square feet (or square 
meters). Sheet sizes are typically between 0.1 and 100 ft2 (or between 0.009 and 9.29 m2). 

Parts per Sheet  
The number of parts made from each sheet per molding cycle. 
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Mechanization  
Specify the degree of mechanization as follows: 

Rating Description 

High Fully automated, robotics cell, where mold insertion, removal, transport 
to trim station, feed to trim, and removal from trim are accomplished 
with fully mechanized equipment, under the control of a single operator. 

Nominal Sheets are inserted into mold by mechanized methods, removed with 
machine assist. Batches of finished sheets manually moved to trimming 
press. Machine assisted insertion and removal from trimming press. 

Low Sheets are hand inserted into the mold, and hand removed. Manual 
movement of molded sheets to trimming press, manual insertion. 

 

Sand Casting 

 

Sand Casting Parameters 

Finished Weight  
Total weight of the part being molded (including weight of runners, sprues etc), cast, forged, or 
produced using the powdered metal process. Also known as mold cast or forge weight. 

Note: Make certain that material that is not part of the finished part but consumed during the 
molding, casting, forging or produced using the powdered metal process is accounted for in 
the Material Utilization Factor input.  

Pattern Segments  
The number of pattern segments defines the type of pattern. 

 Enter 1 for match plate pattern (used for small castings, large quantities). 
 Enter 2 for split patterns (used for large castings). 
 Enter 3 for loose patterns with follow boards where an irregular parting line is required. 
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Cores  
Specifies the number of cores used to make the required holes and cavities in the casting. 

Die Casting 

 

Die Casting Parameters 

Finished Weight  
Total weight of the part being molded (including weight of runners, sprues etc), cast, forged, or 
produced using the powdered metal process. Also known as mold cast or forge weight. 

Note: Make certain that material that is not part of the finished part but consumed during the 
molding, casting, forging or produced using the powdered metal process is accounted for in 
the Material Utilization Factor input.  

Cavities  
The number of cavities contained in the mold, each producing a finished part.  Each molding 
cycle yields one part per cavity.  For example, a 4-cavity mold produces 4 parts per cycle. 

Slides  
Number of moveable die parts (plungers, ejector pins, etc.) needed to cast and eject the item. 

Cavity Fill Capability  
The cavity fill cycle capability determines the production rates (shots per hour). 

Rating Shots/Hour 

Extra High 5000 

Very High 3000 

High 1000 

Nominal 400 
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Low 100 

Very Low 50 

Investment Casting 

 

Investment Casting Parameters 

Finished Weight  
Total weight of the part being molded (including weight of runners, sprues etc), cast, forged, or 
produced using the powdered metal process. Also known as mold cast or forge weight. 

Note: Make certain that material that is not part of the finished part but consumed during the 
molding, casting, forging or produced using the powdered metal process is accounted for in 
the Material Utilization Factor input.  

Parts per Tree  
The number of parts obtained from a single investment casting shot. If more than one part is 
obtained, the parts are connected to one another in a tree form. 
 

Forging 

 

Forging Parameters 

Finished Weight  
Total weight of the part being molded (including weight of runners, sprues etc), cast, forged, or 
produced using the powdered metal process. Also known as mold cast or forge weight. 
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Note: Make certain that material that is not part of the finished part but consumed during the 
molding, casting, forging or produced using the powdered metal process is accounted for in 
the Material Utilization Factor input.  

Stages  
The number of blows it takes to form the desired workpiece shape in a progressive drop 
forging process. 

Powdered Metals 

 

Powdered Metals Parameters 

Finished Weight  
Total weight of the part being molded (including weight of runners, sprues etc), cast, forged, or 
produced using the powdered metal process. Also known as mold cast or forge weight. 

Note: Make certain that material that is not part of the finished part but consumed during the 
molding, casting, forging or produced using the powdered metal process is accounted for in 
the Material Utilization Factor input.  

Length   
The length of the powdered metals part. The length is defined as the longest dimension on the 
part (in. or mm). 

Width  
The width of the powdered metals part. The width is defined as the longest dimension 
perpendicular to Length (in. or mm). 
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Height  
The height of the powdered metals part. The height is defined as the longest dimension 
perpendicular to Length and Width as defined above (in. or mm). 

Internal Cross-Sections  
Enter the number of internal diameter or cross-section changes in the part; account for each 
step on the inside surface. 

Impregnation  
Impregnating powdered metal parts with lubricant provides lubrication qualities.  A sealant can 
also be impregnated into the part to seal the natural pores.  Enter Y (Yes) if the additional 
impregnation task is specified so that costs will be computed for this operation.  Enter N (No) if 
impregnation is not required. 

Batch Quantity  
In manual mode of operation, when the parts are removed from the mold, a batch is collected 
for sintering.  Batch quantity is the quantity of parts that are sintered in one batch.  Fully 
mechanized lines require no batch collection.  Hence batch quantity does not apply. 

Mold Method  
Select from the following two options: 

Method Description 

Manual Free Mold In free mold style tooling the mold is removed and filled outside the 
pressure canister.  This method is not used for high quantity production 
(quantities are less than 1000). 

Mechanized, Fixed Mold In fixed mold tooling, the mold is contained within the pressure canister 
and facilitates automation of the process.  Fixed mold tooling is used for 
high quantity production. 

ADDITIONAL ITEMS 

 ADDITIONAL ITEMS in chapter 9:  Common Process Parameters 
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MANUFACTURING DESCRIPTION 

Set-up Complexity 

 Set-up Complexity in chapter 9:  Common Process Parameters 

OPTIONAL COST DESCRIPTION 

Other Cost (Optional) 
 Other Cost (Optional) in chapter 9 – Common Process Parameters. 

PART ASSEMBLY CONTRIBUTION  

 PART ASSEMBLY CONTRIBUTION in chapter 9:  Common Process Parameters 

Common Process Parameters 
Parameters not specific to Mold/Cast/Forge/Powdered Metals are listed in chapter 9:   
Common Process Parameters. 
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Chapter 15 

PC Board 

 
The PC Board work element type analyzes the cost of fabricating printed circuit board 
assemblies, including board fabrication and preparation, finished part mounting and soldering. 

This chapter explains parameters unique to the PC Board work element type.  Parameters 
common to more than one work element type may be found in chapter 9:  Common Process 
Parameters. The parameters described here are those on the Process Specific tab of the 
Inputs window, unless otherwise indicated. 
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PC Board Input Parameters 
The Parameter window will contain a separate set of parameters for each method selected, in 
addition to parameters which apply to all methods. 

You may select or deselect methods at any time by double-clicking the specific method 
parameter.  If you deselect the method, SEER-MFG will save your inputs for later use. 

 The Parameters in the PRODUCT DESCRIPTION section are covered in chapter 9:  
Common Process Parameters. 

BOARD FABRICATION 
Board Fabrication details the processes required for construction of printed circuit boards.  
Fabrication methods differ greatly; the method used is determined by the material chosen. 

 

Board Fabrication Parameters 

Board Length  
The length (in. or mm) of the longer axis of the production board. 

Board Width  
The width (in. or mm) of the shorter axis of the production board. 

Layers  
The number of board layers.  On printed circuit boards, consider each copper surface a layer.  
On hybrid substrata, each conductive and dielectric surface created is considered as a layer. 
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Line Width  
The minimum line width or spacing (in. or mm) of conductors. 

Board Material  
The main material from which the board will be fabricated. This will influence the fabrication 
process, which will in turn determine the blank board fabrication cost.  If you do not wish to 
estimate the blank board fabrication cost, do not specify board dimensions. The material 
selection includes: 

Standard SEER-MFG Board Materials 

Alumna - Thick Film Glass Epoxy 
Alumna - Thin Film Kevlar 
Beryllium Oxide Thin/Thick Flex 
Gallium Arsenide (GaAs)  

Note:   All SEER-MFG materials are listed in a separate text file, material.ini.  Save a backup 
copy of this file before you add to or modify the materials list. 

Material Cost 
Cost (per square foot or square meter) of material inspected and used for production. 

The entered material cost is multiplied by the board area and the production quantity. Material 
costs will be included in totals and in amortized unit cost outputs. 

A default material cost is provided. 

 Material Costs and Configuration Files, both in chapter 8:  Special Topics 

Board Material Yield  
Enter the percentage of the raw board material used for the finished board.  100% indicates 
that all of the raw board material is used, 80% specifies 80% material use and 20% scrap. 
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Mechanization  
Describes the type of mechanization employed in the fabrication of printed circuit boards 
(blank boards, without components): 

Rating Description 

High Used for high volume production. Holes made with robotic multi-spindle 
drilling equipment, highly automated cutting of pallet into individual 
boards. Full size multi-board pallets used for etching, producing as many 
boards from a single pallet as size permits.  

Nominal Used for medium size production. Mechanized (semi-automated) cutting 
of individual boards from pallet. Mechanized multi-spindle drilling 
operation. Full size multi-board pallets used for etching, producing as 
many boards from a single pallet as size permits.  

Low Boards usually etched individually (or typically less than 5 at once). 
Holes drilled with templates. Used for small production quantities. 

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 

Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

Assembly & Test 
Assembly and Test deals with finished printed circuit board fabrication, including soldering and 
mounting components and joining with outside leads.  The starting point is assumed to be a 
board upon which a circuit has already been printed.  You may enter the cost of this board in 
the optional Other Costs parameter or estimate the cost of fabricating the card from scratch. 
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Assembly & Test Parameters 

Hand Solder Joints  
Enter the total number of joints that will be hand soldered on the board assembly.  A joint is a 
connection between two or more conductors.  In hand soldering operations a soldering iron, 
gun, or other localized heat source heats the joints and melts the solder.  The molten solder 
adheres to the surfaces to be joined.  When solidified after cooling, the solder provides an 
electrical and mechanical bond between the conductors. 

Coaxial Connections  
The number of coaxial connectors to be installed on the printed circuit board.  Coaxial 
connectors provide a connection to coaxial conductor lines.  In these lines a center conductor 
is surrounded by insulating dielectric material that is between the inner conductor and the 
outer conductor tube, which is often braided. 

NUMBER OF COMPONENTS (Assembly & Test)   
This parameter heading opens a list of PC Board component types, allowing you to enter the 
Least/Likely/Most number of components of a particular type that will be placed on the board. 

Surface Mounted Discretes   
The number of surface mounted discrete components installed on the PC board. 
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Surface Mounted ICs   
The number of surface mounted ICs installed on the PC board. 

Leaded Discretes  
The total number of discrete components (with leads) to be inserted onto the board. 

Include in this entry the number of machine- or hand-inserted discrete components.  If you 
have surface mount discretes, include those in the Surface Mount Discretes parameter. 

Leaded ICs  
The total number of integrated components (with leads) to be inserted onto the board. 

Include in this entry the number of machine- or hand-inserted integrated circuits.  If you have 
surface mount integrated circuits, include those in the Surface Mount IC’s parameter. 

INTEGRATED CIRCUIT TYPES (Assembly & Test)   
The list of integrated circuit type parameters opens up when the Components parameter is set 
to Yes. These parameters allow you to enter the percentage of various IC types that will be 
used on a PC board. 

 COMPONENTS parameter (below) 

% Off-The-Shelf Common ICs  
Percent of leaded integrated circuits that are common ICs or off-the-shelf components.   

% ASIC Gate Arrays  
Percent of leaded integrated circuits that are Application Specific Integrated Circuit (ASIC) gate 
array components.   

% FPGA Circuits  
Percent of leaded integrated circuits that are Field Programmable Gate Array (FPGA) 
components.   
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% Custom Microchips  
Percent of leaded integrated circuits that are custom microchip components.   

% Unspecified (Information Only)   
This is an informational output indicating what percentage of leadless integrated circuits have not 
been specified.  No input is made in this line.  This parameter will default to a value to complete 
the Leaded Integrated Circuits percentage breakdown.  If the above percentages total to 100%, 
then this line will be 0%, since all leaded integrated circuits have been described.  

 
The Integrated Circuit Type parameters listed above will only be visible when the 
Components parameter is set to Yes. 

Percent of Machine Inserted Parts  
This parameter rates the percent of non-surface-mount components entered in the Discrete 
Components and Integrated Circuits parameters (combined) that are machine inserted.  The 
remaining percent is assumed to be hand inserted.  If you have any surface mount 
components, include those in the Surface Mount Discretes or Surface Mount IC parameters. 

Note: The model requires machine inserted parts to be in a form ready for automatic handling. 

Fasteners and Screws Used  
The total number of fasteners, screws, washers, nuts, etc. to be installed on the printed circuit 
board.  Although a set of fastening devices may together form one fastening assembly, count 
each item separately.  For example a nut, a bolt and two washers count as four items. 

Soldering Method  
Soldering method rates the degree of mechanization of the methods used to join the 
components to the PC board. 

Rating Description 

Very High Fully automated, utilizing 100% advanced reflow techniques on one or 
both sides of the board. 

High Wave soldering one side of the board, reflow soldering the other side for a 
double sided board, or reflow soldering for both sides.  

Nominal Wave or reflow soldering for all components, components on a single side 
of the board. 

Low Up to 50% hand soldered, the remainder wave soldered, components on 
a single side of the board.   
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Reflow soldering is a process for joining by tinning the mating surfaces, placing them together, 
heating until the solder fuses, and allowing them to cool in the joined position.  Reflow 
techniques include vapor phase reflow, infrared reflow, laser, hot-gas reflow, and ultrasonic.  

Wave soldering is a process in which printed boards are brought into contact with the surface 
of continuously flowing and circulating solder.  It is also called mass soldering or flow 
soldering.  Generally, wave soldering is only done on a one-sided board.  The full board is 
soldered in a single pass over molten solder.  Include dip and drag soldering methods with 
wave soldering. 

Test Method  
Test equipment varies in degree of automation and specialization: 

Rating Description 

Manual Standard measuring and test equipment. 

Special Test Equipment Dedicated device featuring go/no go indicators. 

Automated Module 
Tester 

Computerized, modularized tester. 

Certification Level  
Certification level rates the requirements imposed by the customer on the manufacturer by  
quantifying the additional cost associated with the customer's certification requirements.  By 
setting the certification level in this parameter, you will specify the certification level that all 
components beneath must adhere to. 

Option Certification Level 

D Commercial  

C Industrial, Low Military  

B Military  

S Space  

Tooling Cost (Optional) 

 Tooling Cost (Optional) in chapter 9:  Common Process Parameters 
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Tooling Amortization Quantity (Optional) 

 Tooling Amort. Quantity (Optional) in chapter 9:  Common Process Parameters 

Other Cost (Optional) 

 Other Cost (Optional) in chapter 9:  Common Process Parameters 

COMPONENTS 
Component costs include the cost of components mounted on the PC board.  The Components 
option adds the cost of the assembled components (integrated circuits, discretes, surface 
mount components) to the estimate.  Several additional parameters are made available in the 
Parameter window in order to help you detail component types, and list specific component 
costs when those costs are known. 

 The cost calculation depends on the PC Board parameters which you use.  
 Selecting component parameters, such as Off-The-Shelf ICs (cheap) or Custom Microchips 

(expensive), gives the model more information; it will display a range of costs, which will 
generally narrow as you select components. 

 If you specify a Bill of Materials, the model will assume that it has a complete and 
accurate list of components being used, all other component inputs will be ignored, and 
Component Cost will no longer be specified as a range, but as a specific number. 

Bill of Materials   
The Bill of Materials parameters allow you to enter a detailed parts and materials list to 
account for known component costs and other known expenses. Each time a line item is 
entered, an additional item is created to identify more parts. Inputs include: 
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Add Next Component Here Dialog 

Item Description 

Component Type The type of component. Your selection will be listed in the Parameter 
window in parenthesis next to the component description. 

See Assembly & Test Integrated Circuit Types (above). 

Description A part number or description of the item to be installed on the printed 
circuit board. This description will appear in the parameter view as an 
identifier for the part or component. 

Quantity The quantity of this item to be used. 

Unit Cost The unit cost of this component. 

Access Database 
 

If your organization stores component data in a Microsoft Access or 
Excel database, you can use ODBC to retrieve it.  Contact your IT 
department for details on using ODBC on your network.   

Parts Database in chapter 8:  Special Topics 

 
Note:  The Bill of Material must match the number of components specified under 
Assembly & Test, or standard default costs will be used for the difference. 

Available Component Types 
Component Types 

Off-The-Shelf IC Custom Microchip 

ASIC Gate Array Discrete 

FPGA Circuit Other 
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Standard Component Cost  
Standard component parameters let you enter default costs for parts that are assembled onto 
the printed circuit board.  If these inputs remain zero, then a general PC board knowledge 
base will load the component costs. 

 

Standard Component Cost Parameters 

Double-click on the Standard Component Costs header line to open the Knowledge Base 
Selection dialog box: 

 

Knowledge Base Selection Dialog 

This dialog lets you load a set of default component costs from predefined knowledge bases.  
Note that although these are the same knowledge bases that may be used when creating work 
elements, selecting these from the STANDARD COMPONENT COST parameter will cause only 
component costs to be loaded.  You can create your own knowledge bases. 

 File / Save As Knowledge Base Template in chapter 6:  Command Reference 

The following values will replace the model default cost and will be multiplied by the number of 
the appropriate components as determined by your inputs in the Assembly & Test section.  
You can either accept the default cost per component provided by the SEER-MFG material.ini 
file or enter your own component cost. 

 Material Costs in chapter 8:  Special Topics 
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Off-The-Shelf Common IC Cost  
Optional cost for an Off-The-Shelf, Common IC assembled on the printed circuit board.  

ASIC Gate Array Cost  
Optional cost for an Application Specific Integrated Circuit (ASIC) assembled on the printed 
circuit board.   

FPGA Circuit Cost  
Optional cost for a Field Programmable Gate Array (FPGA) assembled on the printed circuit 
board.   

Custom Microchip Cost  
Optional cost for a Custom Microchip assembled on the printed circuit board.  

ADDITIONAL ITEMS 

 ADDITIONAL ITEMS in chapter 9:  Common Process Parameters 

MANUFACTURING DESCRIPTION 

Set-up Complexity 

 Set-up Complexity in chapter 9:  Common Process Parameters 

PART ASSEMBLY CONTRIBUTION  

 PART ASSEMBLY CONTRIBUTION in chapter 9:  Common Process Parameters 

Common Process Parameters 
Parameters not specific to PC Board are listed in chapter 9:  Common Process Parameters. 
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This page can be used for notes and comments. 
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Chapter 16 

Finish & Heat Treat 

 
This chapter is a reference for all the unique inputs for Finish & Heat Treat work elements.  
Parameters that are common to more than one work element type may be found in chapter 9:  
Common Process Parameters. 
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ENGINEERING DESCRIPTION 

 
Engineering Description inputs 

sed in the chemical solution as one batch 
(number of units in a basket, or equivalent). 

he finished item. If not entered, it will be computed based on either 

 Raw Shape, Raw Dimensions and Material Selection. 

Batch Quantity  
The number of workpieces that will be immer

Finished Weight  
Weight (lb. or kg) of t

 Raw Weight or  

Finish and Heat Treat Operations 
Finish and heat treat operations affect the surface (and sometimes the internal structure) of
the workpiece.  They are often applied after initial machining or fabrication operations,

 
 and 

odate additional operations. Up to 50 operations may be 

Note.  MFG operations are listed in a separate text file, MFGData.ini.  

may involve paint or other coatings, chemical treatment, abrasion, or heat treatment. 

As you complete operation descriptions, the "Add Next Operation Here" title reappears in the 
Parameter input view.  This title remains as the final title in your list of operations, indicating a 
blank description in order to accomm
included in a single work element.  
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 Configuration Files in chapter 8:  Special Topics 

Common Inputs  
The following inputs are used by all finish and heat treat operations: 

Input Description 

Description Description for the operation performed.  This description will appear in 
the parameter window as an identifier for the operation.  

Vacuum Metalizing  
A metallic coating material and workpiece are placed in a vacuum chamber. Heat evaporates 
the coating material and the metal condenses on the workpiece as a thin metallic film. 
Workpieces are rotated to obtain a uniformity of coating. 

Along with Description (used by all operations), Vacuum Metalizing uses these inputs: 

Input Description 

Coating Material The metal used for the thin coating film.  Available options are 
Aluminum, Chromium, Copper, Gold, Nickel, Silver, and Tantalum. 

Thickness The specified coating thickness.  Typically 0.01 to 0.2 microns (0.394 to 
0.787 microinches). 

Material Cost per Unit The per-unit cost of the coating material.   

 Material Costs in chapter 8:  Special Topics 

Chromate/Phosphate    
Chromate or phosphate conversion is a surface altering process for corrosion resistance. The 
workpiece is immersed in a chemical solution that decomposes some of the surface metal and 
forms a protective film.  

Chromate conversion is most frequently used on aluminum and zinc; phosphate conversion is 
used on iron and steel, usually as a surface treatment prior to other coating operations. 

Chromate/phosphate conversion does not use any inputs other than the Description field. 

Air Gun Spraying  
Paint is sprayed onto the workpiece surface with an air-pressurized spray gun. 

Along with Description (used by all operations), Air Gun Spraying uses these inputs: 
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Input Description 

Paint Material Gloss (includes additional gloss coat), or Flat.   

Surface Area The total area (in2 or m2) to be covered by the operation.   

Number of Coats The total number of coats to be applied.  

Masking required If masking is required, enter Y (Yes).   

Parts per gallon or liter The number of parts that can be painted per gallon or liter of paint 
material. If left blank, the amount of paint needed will be calculated.   

Cost per gallon or liter The cost of paint material per gallon or liter.  

 Material Costs in chapter 8:  Special Topics 

Electrostatic Fluid Coating  
Charged liquid paint is accelerated toward a workpiece of opposite charge by a powerful 
electrostatic charge, producing a wrap-around coating and greatly reducing overspraying. 

Along with Description (used by all operations), Electrostatic Fluid Coating uses these inputs: 

Input Description 

Surface Area The total area (in2 or m2) to be covered by the operation.   

Parts per pound or 
kilogram 

The number of parts that can be painted per lb. or kg of paint material. If 
left blank, the amount of paint needed will be calculated.   

Cost per pound or 
kilogram 

The cost of paint material per lb. or kg.  

 Material Costs in chapter 8:  Special Topics 

Electrostatic Solid Coating  
Charged paint particles are accelerated toward a workpiece of opposite charge by a powerful 
electrostatic charge, producing a wrap-around coating and greatly reducing overspraying. 

Along with Description (used by all operations), Electrostatic Solid Coating uses these inputs: 

Input Description 

Surface Area The total area (in2 or m2) to be covered by the operation.   

Parts per gallon or liter The number of parts that can be painted per gallon or liter of paint 
material. If left blank, the amount of paint needed will be calculated.   

Cost per gallon or liter The cost of paint material per gallon or liter.  

 Material Costs in chapter 8:  Special Topics 
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Thermal Spraying  
A gun is used to propel metal, ceramic or other material toward the workpiece in a finely 
divided particle form. The particles flatten and cool upon impact, building up a coating. Either 
a wire tip or powdered particles are used for coating. 

Along with Description (used by all operations), Thermal Spraying uses these inputs: 

Input Description 

Surface Area The total area (in2 or m2) to be covered by the operation.   

Thickness The coating thickness.  Typically 0.002 to 0.1 in.  (0.05 to 2.54 mm). 

Material Cost per Unit The per-unit cost of the coating material.   

 Material Costs in chapter 8:  Special Topics 

Dip Coating  
The workpiece is suspended on a holding rack and submerged into a bath of coating material. 
The withdrawal speed from the coating tank determines the coating thickness. Coated 
workpieces are oven dried or baked on the holding rack. 

Along with Description (used by all operations), Dip Coating uses these inputs: 

Input Description 

Surface Area The total area (in2 or m2) to be covered by the operation.   

Parts per gallon or liter The number of parts that can be coated per gallon or liter of paint 
material. If left blank, the amount of paint needed will be calculated.   

Cost per gallon or liter The cost of coating material per gallon or liter.  

 Material Costs in chapter 8:  Special Topics 

Brush Painting  
Paint or other suitable coating material is applied with a paintbrush or equivalent. 

Along with Description (used by all operations), Brush Painting uses these inputs: 

Input Description 

Surface Area The total area (in2 or m2) to be covered by the operation.   

Parts per gallon or liter The number of parts that can be painted per gallon or liter of paint 
material. If left blank, the amount of paint needed will be calculated.   

Cost per gallon or liter The cost of paint material per gallon or liter.  

 Material Costs in chapter 8:  Special Topics 
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E-Coat  
E-Coat is the electrocoating of a primer. The workpiece is submerged into an electrocoat tank 
where electric current passes through the part and the conductive primer solution. The 
process provides a water-based primer coat that reaches all exposed surfaces. The workpiece 
is baked, bonding the electrodeposited coat to the workpiece surfaces. 

Along with Description (used by all operations), E-Coat uses these inputs: 

Input Description 

Surface Area The total area (in2 or m2) to be covered by the operation.   

Support factor Operator time to support the process.  I00% equals one operator providing 
full-time support.  50% equals half-time support from a single operator. 
250% represents two and a half operators.   

Material Cost  The cost of materials required for the process, per ft2 or m2 of coverage. 

 Material Costs in chapter 8:  Special Topics 

Electroplating/Chemical Surface Treatment  
The workpiece is submerged into a tank. In electroplating, electric current passes through the 
part, the electrolytic solution, and the anode plate. The plating material deposits on the 
workpiece. In surface treatment, the submerged workpieces are etched or the surfaces are 
chemically altered. These operations frequently require several steps of treatment, each 
requiring immersion into different tanks of solution. 

Along with Description (used by all operations), Electroplating/Chemical Surface Treatment 
uses these inputs: 

Input Description 

Plating Type The type of plating material or process.  Options are:  Gold, Silver, 
Cadmium, Zinc, Tin, Chromium, Copper, Sulfamate Nickel, Electroless 
Nickel, Anodizing, Manganese Phosphate, Chromate, and Passivation.   

Surface Area The total area (in2 or m2) to be covered by the operation.   

Support factor Operator time required to support the process for the production rate 
specified.  I00% equals one operator providing full-time support.  50% 
represents a single operator supporting the operation half time. 250% 
represents two and a half operators required for the operation.  

Material Cost  The cost of materials for the process, per ft2 or m2 of coverage.  

Number of Steps The number of immersions into different tanks required as part of the 
specified process steps.   

 Material Costs in chapter 8:  Special Topics 
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Buff/Polish  
The workpiece is pressed against a rotating polishing wheel, and moved so that all surfaces in 
need of the operation are buffed or polished.  The polishing wheel is made of muslin, felt or 
the equivalent, and charged with polishing compound. 

Along with Description (used by all operations), Buff/Polish uses these inputs: 

Input Description 

Buff/Polish Type The type of buff or polish operation. See the Buff/Polish type list, below. 

Surface Area The total area (in2 or m2) to be covered by the operation. 

Buff/Polish Types 
Operation Description 

Cutting Tripoli, a highly abrasive cutting compound, is often used. This 
operation removes surface blemishes. It is not a final finish. 

Coloring Rouge, a very fine cutting compound, is often used. This operation 
normally follows cutting; it provides the final mirror finish or luster. 

Butler/Satin A special compound is used that provides even parallel lines of 100 to 
400 microinch roughness. This method is used as a decorative finish. 

The Automation Parameter and Buff/Polish 
If you select the Buff/Polish operation, SEER-MFG will interpret the Automation parameter in 
the following manner when making an estimate: 

Automation Selection Effect on Buff/Polish Operation 

Manual  

(Automation = No) 

The operator presses the workpiece against the polishing wheel, 
and manually provides the required relative movement with respect 
to the polishing wheel. 

Automated  

(Automation = Yes) 

The operator loads the work piece into a holding fixture, and a 
mechanized action positions and moves the workpiece against the 
polishing wheel and provides all movements required in the 
polishing operation. 

Additional Items 

 See Additional Items in chapter 9:  Common Process Parameters 
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Heat Treatment  
Metal parts are heated and cooled in solid state to change physical properties. Hardening, 
tempering, annealing and normalizing operations are included in this category. The specific 
heat treating operation is immaterial to the estimating model, since operator time estimates 
are driven by furnace loading and unloading efforts. The model does not consider furnace 
times, since these have no impact on labor times. 

Along with Description (used by all operations), Heat Treatment uses these inputs: 

Input Description 

Loads/Unloads The number of times the part has to be loaded and unloaded as required 
by the specific heat treatment process and equipment. Frequently, a 
single load/unload operation with manual pusher moves the part in the 
furnace. This operation includes, in addition to the loading and 
unloading of the part in the furnace, the opening and closing of furnace 
doors, and pushing and moving the part.   

Fixturing required Enter Y (yes) if fixturing is required.  It is used to prevent distortion. 

Shot Peening 
Shot Peening is a finishing operation used to increase the fatigue life of parts such as aircraft 
wings and turbine blades. Shot peening is considered a cold-working process because it work 
hardens its targets. By hurling thousands of little pieces of shot, the peening process 
compresses the surface layer of the work piece. By creating a greater layer of compressive 
stress on the part, Shot Peening prevents crack propagation from the surface. Since most 
cracks and stress failure start at the surface of a part, the compressive stress layer that is 
formed by Shot Peening increases the fatigue life of parts. 

Setup 
Prior to most peening operations a test is performed called the Almen Intensity Test. The 
purpose of this test is to help the operators determine the necessary exposure time needed to 
achieve a quality standard of 100% coverage (this means the entire work piece being blasted 
is fully and evenly peened). Under conditions equal to that of production settings, a series of 
small strips of steel called Almen strips are bolted down at either end and peened for various 
different lengths of time. The resulting deformation causes an arc in the strip. The arc is then 
measured and a value of intensity is determined based on arc height and exposure time. This 
form of testing and set-up can take anywhere from 1 to 6 hours. Thus, the setup time in SEER-
MFG ranges from 60 to 300 minutes depending on the Setup Complexity input. Other setup 
operations would involve basic actions like loading the hopper with the appropriate media, 
dialing in nozzle pressure, attaching the correct nozzle, etc.  
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Almen Intensity Test 

Along with Description (used by all operations), Shot Peening uses these inputs: 

Input Description 

Use Computed Rate When checked SEER-MFG will compute a peening rate based on the 
parameter values. If required, users can enter their own cleaning rate. 
See Rate below for details. 

Rate in this chapter (below) 

Blast Type Select either ‘Air Pressure Nozzle’ or ‘Blast Wheel’ from the drop down 
list. See Blast Type section below. 

Blast Type in this chapter (below) 

Surf. Area The surface area (in2 or m2) to be peened by the operation. 

No. of Heads Total number of blast units (nozzles or wheels) used on the work piece(s). 

Rate The Peening rate is a required input for all Shot Peening operations. It is 
measured in units of ft2/minute (m2/minute). This is the rate at which the 
operation can effectively peen a given section of the work piece to 100% 
coverage. The Peening rate is a function of all the various aspects of the 
operation. SEER-MFG calculates this rate based on the following inputs: 
Blast Type; Blast Power (if applicable); Nozzle Size (if applicable); PSI (if 
applicable); Shot Type; and Number of Blast Heads (Wheels).  

Note. It is important to enter information as a per Blast Head (Wheel) value. 
However, the user may override this calculation and substitute it with an 
already known rate by un-checking the Use Computed Rate box. 

Use Computed Rate in this chapter (above) 
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Shot Type Select a Shot Type from the drop down list. See section on Shot Type 
below for details about each of the shot types available.  

Shot Type data is stored within the material.INI file. This file contains an 
initial setup of default shot type data. This file may be customized as 
required, existing data may be modified and new data can be added. 

  Shot Type List in this chapter (below) 
 Configuration Files in chapter 8:  Special Topics 

Blast Power* In a blast wheel operation, blast power is measured in horse power (hp). The 
range of blast power for a wheel setup can be anywhere from 5 hp –35 hp.  

Mat’l Cost Enter the cost of raw material by weight (lb or kg). Shot Type data is stored 
in the material.INI file, which contains an initial setup of default shot type 
data. This file may be customized as required, existing data may be modified 
and new data can be added. You can also override the displayed value. 

 Material Costs and Configuration Files, both in chapter 8:  
Special Topics

Nozzle Size* Air Pressure Nozzle systems can manipulate their effectiveness by 
changing the size of the nozzle used to blast the work piece. Nozzle sizes 
are identified by the inside diameter of the orifice. Nozzle sizes are 
measured in either in. or mm. They typically range from 0.125 to 0.5 inch 
(3-12mm), in increments of 0.0625 inches (1.6mm). Generally speaking, 
a larger nozzle size will increase the media flow rate. 

Pressure* For the Air Pressure Nozzle system, power is measured in pounds per 
square inch (PSI) or bars. The air nozzle blast power can range from 20-
150 PSI (1.4-10.3 bars) (typically 100psi). In both cases, the media flow 
rate will increase as the blast power does.  

*Input availability dependent on Blast Type 

Shot Type List 
There are various types of shot that can be used in Shot Peening processes. They are all 
generally referred to as media. The decision of which type to choose depends on the 
material being peened and the desired end result. In Shot Peening processes shot pellets 
are used to compress the specified surface area and increase fatigue life. The weight and 
size of the shot type selected will affect the flow rate of the operation. The data that 
characterizes each media type is found in the material.INI file and may be customized by 
the user. Below is a table defining the shot types that are available for user selection. 
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Shot Type Description  

Glass 
Beads 

Glass beads are spheres of uniform size and hardness 
formulated of chemically inert soda-lime glass. Glass beads 
are used in all types of compressed air blast equipment, 
using a dry or wet process. The impact of the beads provides 
a light peening effect. Glass bead treatment may be the only 
surface treatment or it may supplement a treatment. For 
example, initial treatment utilizing aluminum oxide followed 
by glass beads to greatly improve the surface finish. It is one 
of the most versatile blast finishing materials available.  

Ceramic 
Media 

 

Ceramic beads are product of a fusion process of oxides at a 
very high temperature. Ceramic beads do not contaminate 
treated parts by embedment of particles. Their exceptional 
properties of toughness, impact resistance, hardness and 
elastic allow them to maintain their initial shape without 
shattering even after a long period of time. They can be used 
for general cleaning, deburring and peening.  

Steel Shot Steel Shot is commonly used in airless applications since it 
is softer than aluminum oxide and doesn't fracture as easily. 
It is also used in direct pressure applications where a heavy 
profile is needed. In a peening application, steel shot is used 
to provide compressive strength to torque or load bearing 
metal parts such as jet engine turbine blades, automotive 
springs, or heavy equipment crankshafts. Steel shot and grit 
is available in varying degrees of hardness; however, the 
vast majority of metal abrasives that are used are in the 41-
51 HRC hardness range. 

Blast Type List 
There are two standard types of blast mechanisms, the Air Pressure Nozzle and the 
Centrifugal Blast Wheel. Both methods are commonly used in Shot Peening. When 
selecting a blast type in SEER-MFG, the Wheel blast type will increase the media flow rate. 
This will also increase the cleaning rate and decrease the overall total direct time. The 
table below contains more detailed information about the blast types provided for user 
selection. 

 
 



 

16-12      Finish & Heat Treat SEER-MFG Detailed Reference 

Blast Type Description  

Centrifugal 
Blast Wheel 
(Airless 
Blast 
System) 

 Centrifugal Wheel Blasting is typically an enclosed 
blast cleaning process that uses rotating, motor-
driven, bladed wheels to hurl abrasive (usually steel 
shot or steel grit, or a shot/grit mixture) at the surface 
being peened/cleaned. The abrasive material is fed 
to the center of the wheel and then onto blades that 
radiate from the hub. Centrifugal force produced by 
the turning wheel accelerates the abrasive to the 
ends of the blades from which it is thrown against the 
surface. This allows the blast wheel processes to 
operate at a much higher media flow rate then air 
nozzle systems. 

Much like the air-blast systems, the wheel blast can 
be an automated or manual process. When 
automated, the wheel(s) are found inside a large 
blast room or cabinet. When manual, the blast wheel 
is often found on a push-car type arrangement or 
even a motorized vehicle.  

Air Pressure 
Nozzle 

 

The air-blast method for shot peening is typically done 
in an enclosed cabinet. The media is fed from a 
hopper into the stream with compressed air and is 
then propelled against the desired surface. There are 
many variations of this method. Different nozzle sizes 
and pressure levels can be utilized to achieve specific 
results. This method is commonly used due to its 
versatility.  

The manual process involves a hand-held nozzle 
either inside a blast room or smaller blast cabinet in 
which the operator holding the nozzle controls the 
operation. The automated process will involve either 
a stationary part and mobile gun(s) or visa versa. 

Abrasive Blasting 
Abrasive Blasting is a metal-cleaning process during which abrasives are propelled towards a 
metal part at high-speeds. Abrasive blasting is sometimes referred to as “sand blasting” or 
“bead blasting”. However, silica (sand) as a media for abrasive blasting is not always used. 
Other blast media such as soda, glass, aluminum oxide, and various other media are used to 
perform the abrasive action. 

Along with Description (used by all operations), Abrasive Blasting uses these inputs: 
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Input Description 

Use Computed Rate When checked SEER-MFG will compute a blasting rate based on the 
parameter values. If required, users can enter their own cleaning rate. 
See Rate below for details. 

Rate in this chapter (below) 

Blast Type Select either ‘Air Pressure Nozzle’ or ‘Blast Wheel’ from the drop down 
list. See Blast Type section below. 

Blast Type in this chapter (below) 

Surf. Area The surface area (in2 or m2) to be blasted by the operation. 

No. of Heads The total number of blast units (nozzles or wheels) operating on the work 
piece(s). 

Rate The cleaning rate is a required input for generating estimates on all Abrasive 
Blasting operations. It is measured in units of ft2/minute (m2/minute). This 
is the rate at which the operation can effectively clean a given section of the 
work piece. The cleaning rate is a function of all the various aspects of the 
operation. SEER-MFG calculates this rate based on the following inputs: 
Blast Type; Blast Power (if applicable); Nozzle Size (if applicable); PSI (if 
applicable); Abrasive Type; and Number of Blast Heads (Wheels).  

Note. It is important that the user enter information as a per Blast Head 
(Wheel) value. However, the user may override this calculation and 
substitute it with an already known rate by un-checking the Use 
Computed Rate box. 

Use Computed Rate in this chapter (above) 

Abrasive Type Select an Abrasive Type from the drop down list. See section on Abrasive 
Type below for details about each of the abrasive types available.  

Abrasive Type data is stored within the material.INI file. This file contains 
an initial setup of default shot type data. This file may be customized as 
required, existing data may be modified and new data can be added. 

 Abrasive Type List in this chapter (below) 
 Configuration Files in chapter 8:  Special Topics 

Blast Power* In a blast wheel operation, blast power is measured in horse power (hp). 
The range of blast power for a wheel setup can be anywhere from 5 hp –
35 hp.  
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Mat’l Cost Enter the cost of raw material by weight (lb or kg). Shot Type data is 
stored within the material.INI file. This file contains an initial setup of 
default shot type data. This file may be customized as required, existing 
data may be modified and new data can be added. You can also override 
the displayed value as required. 

 Material costs and Configuration Files, both in chapter 8:  
Special Topics

Nozzle Size* Air Pressure Nozzle systems can manipulate their effectiveness by 
changing the size of the nozzle used to blast the work piece. Nozzle sizes 
are identified by the inside diameter of the orifice. Nozzle sizes are 
measured in either in. or mm. They typically range from 0.125 to 0.5 inch 
(3-12mm), in increments of 0.0625 inches (1.6mm). Generally speaking, 
a larger nozzle size will increase the media flow rate. 

Pressure* For the Air Pressure Nozzle system, power is measured in pounds per 
square inch (PSI) or bars. The air nozzle blast power can range from 20-
150 PSI (1.4-10.3 bars) (typically 100psi). In both cases, the media flow 
rate will increase as the blast power does.  

*Input availability dependent on Blast Type 

Abrasive Type List 
There are many types of abrasive that can be used in the Abrasive Blasting processes. 
They are all generally referred to as media. The decision of which type to choose depends 
on the material being blasted and the desired end result. When performing any one of the 
Abrasive Cleaning processes, a specific media will be chosen for its abrasive properties. 
The weight and size of the shot type selected will affect the flow rate of the operation. The 
data that characterizes each media type is found in the material.INI file and may be 
customized by the user. The table below contains a brief description of the various 
abrasive types that SEER-MFG provides. 

Abrasive 
Type 

Description  

Aluminum 
Oxide 
(Brown) 

 

Aluminum Oxide has a blocky shape with multiple, sharp 
cutting edges that penetrate work pieces, dig-out microchips 
and leave exceptionally clean etched surfaces. It is effective 
on metals, glass, ceramic, marble, granite and other stone. 
Its has a high hardness ranking which makes it a very tough 
and durable material. During blasting it fractures and 
thereby does not create a dusty atmosphere. It is an 
excellent material for cleaning and providing a uniform 
surface or anchor pattern. 
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Aluminum 
Oxide 
(White) 

 

This high purity aluminum oxide is utilized primarily in the 
production of grinding wheels and honing stones. White 
aluminum oxide is also used as a blasting media when iron 
contamination is a concern. Blasting applications include 
dental labs and aerospace parts. White aluminum oxide is 
also used as a refractory material in the investment casting 
process. 

Coal Slag Coal Slag is most commonly used for blasting coated or 
uncoated steel. Also used for removing paint and rust from 
steel and concrete on bridges, ships, barges, tanks, etc., 
both indoors and outdoors. 

Copper 
Slag 

Copper slag is a fast cutting, high quality, yet economical 
choice for shipyards and contractors. 

Crushed 
Glass 

 

Crushed glass may be used instead of glass beads when the 
chemical properties of glass are desirable, however a 
sharper more aggressive media is necessary.  

Garnet The angular fractures and high hardness of garnet and its 
ability to be recycled make it desirable for a variety of 
abrasive purposes. The complex mineralogy of garnet 
determines its utility for a variety of uses ranging from a 
filtration medium to a waterjet abrasive. 

Glass 
Beads 

Glass beads are spheres of uniform size and hardness 
formulated of chemically inert soda-lime glass. The impact of 
the beads removes foreign substances from the base 
surface without contamination and dimensional change. 
Applications range from cleaning, cosmetic, deburring and 
light peening. It is one of the most versatile blast finishing 
materials available. 

Nickel Slag 

 

Nickel abrasive used to remove heavy rust, paint, barnacles, 
etc. 

Olivine Used in iron ore processing, foundry sands, abrasives, 
agriculture, aggregates, roofing tiles, lasers, tundishes, ladle 
linings, electric arc furnaces, open hearth stoves, soaking pit 
bottoms, hot tops, forsterite bricks . 
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Plastic 
Abrasive 

 

U.S. Technology Corp. pioneered dry plastic media blasting 
by removing paint from aircraft bodies. Over the years they 
have expanded the process to coating- removal 
requirements in the electronics, ships, vehicles, bridges and 
buildings. There isn't a material available that quite 
accomplishes what plastic media does.  

Sand Silica Sand is used to remove a variety of conformal 
coatings, including epoxy, acrylic, urethane, silicone, 
parylene, and ultraviolet-cured materials. It replaces 
chemical, mechanical, and thermal methods of coating 
removal. Some micro-abrasive units can also be used for 
other functions, such as deburring, texturing, drilling, and 
cutting.  

Staurolite 

 

Staurolite abrasive is used in steel fabrication and bridge 
maintenance to remove rust, mill scale, and weathered 
coatings.  

Steel Grit 

 

Steel Grit is commonly used in airless applications since it is 
softer than aluminum oxide and doesn't fracture as easily. It 
is also used in direct pressure applications where a heavy 
profile is needed.  

Blast Type List 
There are two standard types of blast mechanisms, the Air Pressure Nozzle and the 
Centrifugal Blast Wheel. Both methods are commonly used in Shot Peening. When 
selecting a blast type in SEER-MFG, the Wheel blast type will increase the media flow rate. 
This will also increase the cleaning rate and decrease the overall total direct time. The 
table below contains more detailed information about the blast types provided for user 
selection. 

Blast Type Description  

Centrifugal 
Blast Wheel 
(Airless 
Blast 
System) 

 Centrifugal Wheel Blasting is typically an enclosed 
blast cleaning process that uses rotating, motor-
driven, bladed wheels to hurl abrasive (usually steel 
shot or steel grit, or a shot/grit mixture) at the surface 
being peened/cleaned. The abrasive material is fed 
to the center of the wheel and then onto blades that 
radiate from the hub. Centrifugal force produced by 
the turning wheel accelerates the abrasive to the 
ends of the blades from which it is thrown against the 
surface. This allows the blast wheel processes to 
operate at a much higher media flow rate then air 
nozzle systems.  
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Much like the air-blast systems, the wheel blast can 
be an automated or manual process. When 
automated, the wheel(s) are found inside a large 
blast room or cabinet. When manual, the blast wheel 
is often found on a push-car type arrangement or 
even a motorized vehicle.  

Air Pressure 
Nozzle 

 

The air-blast method for shot peening is typically done 
in an enclosed cabinet. The media is fed from a 
hopper into the stream with compressed air and is 
then propelled against the desired surface. There are 
many variations of this method. Different nozzle sizes 
and pressure levels can be utilized to achieve specific 
results. This method is commonly used due to its 
versatility.  

The manual process involves a hand-held nozzle 
either inside a blast room or smaller blast cabinet in 
which the operator holding the nozzle controls the 
operation. The automated process will involve either 
a stationary part and mobile gun(s) or visa versa. 

Vapor Blasting 
Vapor Blasting is a process designed to use slurried water (water combined with an abrasive 
material) to clean, hone, finish and also used to remove manufacturing fluids or paints and 
primers from parts. Vapor Blasting is similar to a really wet version of shot peening, sand 
blasting and abrasive blasting which are all done with dry materials propelled at the work 
surface. This abrasive method can be used to clean parts. Vapor blasting can be used on a 
variety of materials from glass, aluminum, titanium, steel etc. surfaces. 

Along with Description (used by all operations), Vapor Blasting uses these inputs: 

Input Description 

Use Computed Rate When checked SEER-MFG will compute a blasting rate based on the 
parameter values. If required, users can enter their own cleaning rate. 
See Rate below for details. 

Rate in this chapter (below) 

Surf. Area The surface area (in2 or m2) to be blasted by the operation. 

No. of Heads The total number of blast units (nozzles or wheels) operating on the work 
piece(s). 
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Rate The cleaning rate is a required input for generating estimates on all Vapor 
Blasting operations. It is measured in units of ft2/minute (m2/minute). This 
is the rate at which the operation can effectively clean a given section of the 
work piece. The cleaning rate is a function of all the various aspects of the 
operation. SEER-MFG calculates this rate based on the following inputs: 
Nozzle Size, PSI, Abrasive Type; and Number of Blast Heads.  

Note. It is important that the user enter information as a per Blast Head 
value. However, the user may override this calculation and substitute it 
with an already known rate by un-checking the Use Computed Rate box. 

 Use Computed Rate in this chapter (above) 

Abrasive Type Select an Abrasive Type from the drop down list. See section on Abrasive 
Type below for details about each of the abrasive types available.  

Abrasive Type data is stored within the material.INI file. This file contains 
an initial setup of default shot type data. This file may be customized as 
required, existing data may be modified and new data can be added. 

  Abrasive Type List in this chapter (below) 
 Configuration Files in chapter 8:  Special Topics 

Mat’l Cost Enter the cost of raw material by weight (lb or kg). Shot Type data is 
stored within the material.INI file. This file contains an initial setup of 
default shot type data. This file may be customized as required, existing 
data may be modified and new data can be added. You can also override 
the displayed value as required. 

 Material Costs and Configuration Files, both in chapter 8:  
Special Topics

Nozzle Size Air Pressure Nozzle systems can manipulate their effectiveness by 
changing the size of the nozzle used to blast the work piece. Nozzle sizes 
are identified by the inside diameter of the orifice. Nozzle sizes are 
measured in either in. or mm. They typically range from 0.125 to 0.5 inch 
(3-12mm), in increments of 0.0625 inches (1.6mm). Generally speaking, 
a larger nozzle size will increase the media flow rate. 

Pressure For the Air Pressure Nozzle system, power is measured in pounds per 
square inch (PSI) or bars. The air nozzle blast power can range from 20-
150 PSI (1.4-10.3 bars) (typically 100psi). In both cases, the media flow 
rate will increase as the blast power does.  

Abrasive Type List 
There are many types of abrasive that can be used in the Vapor Blasting processes. They 
are all generally referred to as media. The decision of which type to choose depends on 
the material being blasted and the desired end result. When performing any one of the 
Vapor blasting processes, a specific media will be chosen for its abrasive properties. The 
weight and size of the shot type selected will affect the flow rate of the operation. The data 
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that characterizes each media type is found in the material.INI file and may be customized 
by the user. The table below contains a brief description of the various abrasive types that 
SEER-MFG provides. 

Abrasive 
Type 

Description  

Aluminum 
Oxide 
(Brown) 

 

Aluminum Oxide has a blocky shape with multiple, sharp 
cutting edges that penetrate work pieces, dig-out microchips 
and leave exceptionally clean etched surfaces. It is effective 
on metals, glass, ceramic, marble, granite and other stone. 
Its has a high hardness ranking which makes it a very tough 
and durable material. During blasting it fractures and 
thereby does not create a dusty atmosphere. It is an 
excellent material for cleaning and providing a uniform 
surface or anchor pattern. 

Aluminum 
Oxide 
(White) 

 

This high purity aluminum oxide is used primarily to produce 
grinding wheels and honing stones. White aluminum oxide is 
also used as a blasting media when iron contamination is a 
concern. Blasting applications include dental labs and 
aerospace parts. White aluminum oxide is also used as a 
refractory material in the investment casting process. 

Coal Slag Coal Slag is most commonly used for blasting coated or 
uncoated steel. Also used for removing paint and rust from 
steel and concrete on bridges, ships, barges, tanks, etc., 
both indoors and outdoors. 

Copper 
Slag 

Copper slag is a fast cutting, high quality, yet economical 
choice for shipyards and contractors. 

Crushed 
Glass 

 

Crushed glass may be used instead of glass beads when the 
chemical properties of glass are desirable, however a 
sharper more aggressive media is necessary.  

Garnet The angular fractures and high hardness of garnet and its 
ability to be recycled make it desirable for a variety of 
abrasive purposes. The complex mineralogy of garnet 
determines its utility for a variety of uses ranging from a 
filtration medium to a waterjet abrasive. 
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Glass 
Beads 

Glass beads are spheres of uniform size and hardness 
formulated of chemically inert soda-lime glass. The impact of 
the beads removes foreign substances from the base 
surface without contamination and dimensional change. 
Applications range from cleaning, cosmetic, deburring and 
light peening. It is one of the most versatile blast finishing 
materials available. 

Nickel Slag 

 

Nickel abrasive used to remove heavy rust, paint, barnacles, 
etc. 

Olivine Used in iron ore processing, foundry sands, abrasives, 
agriculture, aggregates, roofing tiles, lasers, tundishes, ladle 
linings, electric arc furnaces, open hearth stoves, soaking pit 
bottoms, hot tops, forsterite bricks . 

Plastic 
Abrasive 

 

U.S. Technology Corp. pioneered dry plastic media blasting 
by removing paint from aircraft bodies. Over the years they 
have expanded the process to coating- removal 
requirements in the electronics, ships, vehicles, bridges and 
buildings. There isn't a material available that quite 
accomplishes what plastic media does.  

Sand Silica Sand is used to remove a variety of conformal coatings, 
including epoxy, acrylic, urethane, silicone, parylene, and 
ultraviolet-cured materials. It replaces chemical, mechanical, 
and thermal methods of coating removal. Some micro-abrasive 
units can also be used for other functions, such as deburring, 
texturing, drilling, and cutting.  

Staurolite 

 

Staurolite abrasive is used in steel fabrication and bridge 
maintenance to remove rust, mill scale, and weathered 
coatings.  

Steel Grit 

 

Steel Grit is commonly used in airless applications since it is 
softer than aluminum oxide and doesn't fracture as easily. It 
is also used in direct pressure applications where a heavy 
profile is needed.  

Masking 
Masking is the process of protecting a given surface area of a part from being painted or 
otherwise treated. There are numerous ways to achieve the level of needed protection, all of 
which depend on the size and shape of the part. 

Along with Description (used by all operations), Masking uses these inputs: 
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Input Description 

Mask Type Select a Mask Type from the list. See section on Mask Type for details. 

Tape Length Enter the total length (in or mm) of tape required for the masking the 
operation. This input will be void if the user selects the Masking Type 
‘Caps & Plugs’. 

Mask Type in this chapter (below)  

Cap or Plug Quantity This input is required only if the ‘Caps or Plugs’ Mask Type is selected 
from the drop down list. The amount of time required to apply this style of 
masking is purely based on the quantity of caps and plugs used. 

Mask Type in this chapter (below)  

Mat’l Cost/Unit Enter the total material cost per unit.  

Material Costs and Configuration Files, both in chapter 8:  
Special Topics

Setup (min) The value entered here is treated in SEER-MFG as the Setup time required 
for a single lot. Setup time will be divided by the setup amortization quantity 
(if entered) or production quantity to determine the setup time per unit. 

The initial Setup value for each mask type is read from the MFGData.INI 
file. This file contains all the mask type data. The file may be customized 
as required, existing mask type data may be modified; new data cannot 
be added. You can override the displayed value as required. 

Configuration Files in chapter 8:  Special Topics  

Mask Rate The initial Mask Rate value for each mask type is read from the 
MFGData.INI file. This file contains all the mask type data. The file may be 
customized as required, existing mask type data may be modified; new 
data cannot be added. You can override the displayed value as required. 

SEER-MFG assumes the rate entered (min per in or mm) is equivalent to a 
standard time set at unit number 1000 (T1000).  

Configuration Files in chapter 8:  Special Topics  

Unmask Rate The initial Unmask Rate value for each mask type is read from the 
MFGData.INI file. This file contains all the mask type data. The file may be 
customized as required, existing mask type data may be modified; new 
data cannot be added. You can override the displayed value as required. 

SEER-MFG assumes the rate entered (min per in or mm) is equivalent to a 
standard time set at unit number 1000 (T1000).  

Configuration Files in chapter 8:  Special Topics 
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Mask/Unmask In all masking operations there is a time required to apply the mask and a 
time required to remove the mask. The time required to remove the mask 
is also known as unmasking. Depending on the nature of the operation, 
the user may chose to have SEER-MFG calculate the ‘Mask only’ time, the 
‘Unmask only’ time or the ‘Mask & Unmask’ time (being the sum of the 
two aforementioned choices). Some forms of masking are permanent, 
especially with caps and plugs. For this and various other reasons, the 
user is given the option of overriding the calculation of both mask and 
unmask time. 

Mask Type List 
The various styles of masking exist to accommodate all the endless shapes and sizes of 
surfaces that may need to be protected. The masking operations available to the user in 
SEER-MFG employ the usage of tape and paper to cover and protect certain areas. Often 
times if the work piece so requires, plugs and caps may be used as well to prevent 
painting or otherwise coating a given area. Listed below are brief descriptions of the 
various types of masking that the user may select from. 

Mask Type Description  

Tape 
(Straight) 

 

Masking tape is applied in a non-curved manner or 
straight alignment on the part to be masked. 

Tape 
(Curved) 

 

Masking tape is applied in a curved manner or placed on 
radii, or in a non-straight alignment on the part to be 
masked. 

Paper & 
Tape 
(Straight) 

Masking tape is applied in a non-curved manner or 
straight alignment using a sheet of paper or mylar 
material in conjunction with the tape to complete the 
masking of the part. 

Paper & 
Tape 
(Curved) 

Masking tape is applied in a curved manner or placed on 
radii or non-straight alignment using a sheet of paper or 
mylar material in conjunction with the tape to complete 
the masking of the part. 
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Paper & 
Tape 
(Closed 
Area) 

The Mask length of closed area to be masked. This is 
appropriate when it is necessary to mask the interior of a 
hole or recessed area and when that protected area 
must be masked using a sheet of paper or mylar material 
and tape. 

Caps & 
Plugs 

 

Caps and plugs are used to cover threaded studs, 
bosses, and holes. They can also be reused or left in 
place. They seal the masked area very effectively. There 
are many standard sizes of caps and plugs available. 
They can also be custom made to fit a certain product.  

Hand/Power Tools 
The Hand / Power Tools operation consists of sanding and abrading operations which are done 
to prepare the part prior to painting, priming and finishing operations. These processes are also 
performed post other finishing processes to remove excess unwanted finishing materials. 
Sanding and abrading is done to make a surface more consistent, smoother, or to remove finish 
defects or marks, also to establish “grain” (directionality). Hand sanding is used many times 
because some power techniques can be destructive to the work if the mechanic is not careful. 

Along with Description (used by all operations), Hand/Power Tools use these inputs: 

Input Description 

Surface Area Total area (in2 or m2) to be prepped/cleaned for the operation. 

Hand/Power Tool Type Select the Hand/Power Tool Type from the drop down list.  

Hand/Power Tool Type List in this chapter (below) 

Rate (mins) The initial Hand/Power Tool Rate value for each Hand/Power Tool type is 
read from the MFGData.INI file. This file contains the Hand/Power Tool 
type data. The file may be customized as required, existing Hand/Power 
Tool type data may be modified and new data may be added. You can 
override the displayed value as required. 
SEER-MFG assumes the rate entered (min per in2 or m2) is equivalent to a 
standard time set at unit number 1000 (T1000).  

Configuration Files in chapter 8:  Special Topics 

Setup (mins) The value entered here is treated in SEER-MFG as the Setup time required 
for a single lot. Setup time will be divided by the setup amortization quantity 
(if entered) or production quantity to determine the setup time per unit. 
The initial Setup value for each Hand/Power Tool type is read from the 
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MFGData.INI file. This file contains the Hand/Power Tool type data. The 
file may be customized as required, existing Hand/Power Tool type data 
may be modified and new data can be added. You can override the 
displayed value as required. 

 Configuration Files in chapter 8:  Special Topics 

Mat’l Cost/Unit Enter the total material cost per unit. 

 Material Costs in chapter 8:  Special Topics 

Hand/Power Tool Type List 
SEER-MFG allows users to select a wide variety of Hand/Power Tool types. Each type is more 
efficient at achieving a specified level of preparation or cleanliness. Listed below are the 
default Hand/Power Tool types available. More Hand/Power Tool types may be added as 
required to the MFGData.INI table.  

Mask Type Description  

Sand 
Surface 
(Hand) 

Hand Sanding is a process step that is done to ruff up 
the surface to prepare the surface for the finish, primer 
or paint that will be applied by air gun brush or a dip 
coating process. Sometimes the process of sanding or 
cleaning is referred to as ‘Scuff Sanding’. Scuff sanding 
typically means to lightly sand in order to remove defects 
in the part coatings. This process can also be used after 
the finish processing has been completed to clean up the 
part or remove any unwanted finish material. 

Portable 
Belt 
Sander 

This operation is the usage of a hand operated portable 
sanding device such as an orbital, belt or disk type 
sander. This process is identical to that of the hand 
sanding with the exception of a few key points. The 
portable motor makes the process much faster, yet much 
less delicate than the hand operation. 

Solvent 
Wipe 

This operation is the application of a solvent soaked 
hand cloth. The cloth is manually used to wipe the part 
surface clean. This operation can be used as a final 
clean up process or a preparation process prior to other 
finishing operations.  

Steel Wool 
/ Nylon 
Scrub 
(Hand)  

This operation consists of Scuff Sanding or abrading 
using a Steel Wool or Nylon Scrubbie abrading device to 
ruff up the surface to prepare or clean. This process can 
also be used after the finish processing has been 
completed to clean up the part or remove any unwanted 
finish material. 
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Wire Brush 
(Hand) 

This operation consists of roughing up and abrading the 
part surface using a hand held wire brush. Wire brush 
abrading typically means to lightly brush, by hand, to 
prepare the part surface for the coating process to be 
applied. This process can also be used after the finish 
processing has been completed as a final clean up on 
the part or remove any unwanted finish material. 

Wire 
Wheel 
(Portable 
Motor) 

 

This operation consists of roughing up and abrading the 
part surface using a hand held portable powered wire 
brush abrading device. This process is identical to that of 
the hand wire brush with the exception of a few key 
points. The portable motor makes the process much 
faster, yet much less delicate than the hand operation.  

Solvent Cleaning 
The Solvent Cleaning operation consists of solvent wiping and vapor degrease.  

Solvent wiping, involves soaking a hand cloth or brush in solvent and manually wiping or 
brushing the part surface clean. Vapor degreasing involves the exposure of a work-piece to 
pure solvent vapors released by a boiling solvent. The work-piece is usually suspended in the 
vapors just above the boiling solvent. When the warm vapors touch the comparatively cool 
work-piece, a condensing action occurs which dissolves the contamination and flushes it away 
as it runs off the part. This cleaning action continues until the work-piece and the solvent 
vapor are the same temperature. Beyond this basic procedure, a number of additional 
cleaning operations are often used, including spraying, immersion rinsing and ultrasonic 
cleaning. See the Solvent Clean Type section below for additional process details. 

Along with Description (used by all operations), Solvent Cleaning uses these inputs: 

Input Description 

Surface Area The total area (in2 or m2) to be cleaned for the solvent cleaning operation. 

Solvent Clean Type Select the Solvent Clean Type from the drop down list. See Solvent Clean 
type below for process details. 

Solvent Clean Type in this chapter (below) 

Vapor Cycles* Enter the number of vapor cycles required for the part/batch. This can be 
a number greater than or less than one. More than one vapor cycle may 
be required if a part/batch is more or less contaminated. See Solvent 
Clean type below for additional process details. 

Solvent Clean Type in this chapter (below) 
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Spray Cycles* Enter the number of Spray cycles required for the part/batch. Enter a 
quantity greater than or less than one. More than one spray cycle may be 
required if the part/batch is particularly contaminated.  Less than one 
spray cycle may be required if a specific area of a part/batch requires 
spraying.  See Solvent Clean type below for additional process details. 

 Solvent Clean Type in this chapter (below)  

Immersion Cycles* Enter the number of Immersion rinsing cycles required for the part/batch. 
Enter a quantity greater than or less than one. More than one immersion 
cycle may be required if the part/batch is particularly contaminated.  Less 
than one immersion cycle may be required if a specific area of a 
part/batch requires immersion.  See Solvent Clean type below for 
additional process details. 

 Solvent Clean Type in this chapter (below) 

Ultrasonic* Enter Y (Yes) if ultrasonic transducers are used during the degreasing 
process.  Enter N (No) if ultrasonic transducers are not used. Typically the 
addition of ultrasonic degreasing will reduce the immersion cycle time. 
The ultrasonic efficiency factor may be customized in the MFGData.INI 
file. See Solvent Clean type below for additional process details. 

  Solvent Clean Type in this chapter (below) 
 Configuration Files in chapter 8:  Special Topics 

Rate (mins)** The initial Rate value is read from the MFGData.INI file, which contains the 
Solvent Cleaning data. It may be customized as required; existing data/rates 
may be modified. You can override the displayed values as required. 

SEER-MFG assumes the rate entered (min per in2 or min per m2) is 
equivalent to a standard time set at unit number 1000 (T1000).  

  Solvent Clean Type in this chapter (below) 
 Configuration Files in chapter 8:  Special Topics 

Setup (mins)** The value entered here is treated in SEER-MFG as the Setup time required 
for a single lot. Setup time will be divided by the setup amortization quantity 
(if entered) or production quantity to determine the setup time per unit. 

The initial Setup value for Solvent Clean type is read from the 
MFGData.INI file. This file contains the Solvent Cleaning data. The file may 
be customized as required; existing data/rates may be modified. You can 
override the displayed values as required. 

 Configuration Files in chapter 8:  Special Topics 

Mat’l Cost/Unit Enter the total material cost per unit. 

 Material Costs in chapter 8:  Special Topics 
*Input available for the Vapor Degrease operation. ** Input available for the Solvent Wipe operation. 
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Solvent Clean Type 
You may select from two solvent clean types; Solvent Wipe and Vapor Degrease. Each type is 
more efficient at achieving a specified level of preparation or cleanliness.  

Solvent Wipe 
Solvent wiping is the most portable and versatile of the solvent cleaning methods, and the 
least controllable. There is always a danger of incomplete removal of soil, spreading soil 
around in a uniform manner so its presence is not readily visible, and contaminating a surface 
with unclean wiping. It is a crude process, but adequate for many cleaning applications if good 
technique and judgment are used by the operator.  

Solvent wiping involves manually applying a solvent soaked hand cloth or brush to wipe the 
part surface clean. This operation is primarily used for hand-cleaning of parts that are too large 
for immersion and for small-volume cleaning jobs. This process is also used for the cleaning of 
heat or chemical-sensitive parts.  

 

Solvent Wipe 

It is important to use clean wiping materials such as freshly laundered cotton rags, cheese cloth, 
or cellulose tissues. For special super-clean applications where cleaning must be carried out in 
clean-room environment, lint free cloths, or foam wipers are recommended. When cleaning, 
always pour the solvent onto the wiping material. The wiping material should never be immersed 
in the solvent.  Before commencing, verify the selected solvent will remove the soil. 

Vapor Degrease 
Vapor Degreasing is a highly effective and versatile method for removing greases and oils from 
metal parts and electronic components and assemblies. It can be used for many more 
applications compared to solvent wiping / cleaning. Virtually every communications or 
electronics system and aircraft flying today has components that have been vapor degreased. 

There are four major process aspects in a vapor degreasing cycle.  Any combination of these 
may be used within a cleaning cycle, and also automated. 
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Standard Vapor Spray Degreasing 

Standard Vapor Degreasing is the simplest kind of operation. In standard vapor degreasing, a 
solvent (usually chlorinated) is brought to boiling, creating a vapor medium in which parts are 
suspended. Parts to be cleaned are suspended in this vapor cloud. Since the parts are cooler 
than the heated vapor, solvent condenses on part surfaces and dissolves soil contaminants 
before falling as liquid back to the boiling chlorinated solvent sump. As the parts approach the 
vapor cloud temperature, the vapor ceases to condense and the parts are removed.  

The freeboard area above the vapor zone is refrigerated to accelerate solvent condensation. 
Once raised throughthis area, the part(s) are clean, dry and ready for the next operation. 
Standard vapor degreasing is used when soils are readily soluble and not heavily deposited on 
the parts, allowing them to be cleaned by suspension in pure solvent vapors only. Heavier and 
adherent soils usually require more mechanical scrubbing than provided by the standard vapor 
method. 

Vapor-Spray Degreasing is a variant of standard vapor degreasing which can be used when 
more mechanical or scrubbing action is required to remove soils. In these cases, a spray feature 
is added to the degreaser. The addition of a condensate spray system allows flushing and 
cleaning of many complex-shaped parts that vapor condensation alone could not clean. Cool 
solvent is sprayed onto the part(s) which scrubs and cools the part for further vapor cleaning. 
Spraying must be done with care, below the vapor line and never deflected into the freeboard air. 
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Vapor Spray Degreasing 

Heat input must be adequate to produce condensate for the production load and spray volume 
required. Spray degreasers are similar to standard vapor degreasers except for the spraying 
system, which consists of solvent pump, filter canister and spray wand and/or fixed spray header, 
along with a condensate tank, where clean distillate is collected and stored for spray use. 

Immersion Rinsing Degreasing when parts to be cleaned have large quantities of oil, grease, 
or hard to remove soil, immersion rinsing chamber(s) are used. The cleaning cycle is similar to 
the vapor-spray, except before initial spray cleaning, the part may be immersed in a "cool" 
solvent sump. This gives additional cleaning, and also lowers the temperature of the part to 
allow for effective vapor condensation prior to removal from the degreaser. 
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Vapor-Spray Degreasing With Immersion Rinsing 

Ultrasonic Degreasing incorporates ultrasonic transducers, immersion cleaning and 
conventional vapor degreasing as discussed above.  

 
Vapor-Spray Degreasing With Immersion Rinsing And Ultrasonic 

Combining ultrasonic degreasing offers many advantages for following cleaning applications: 

 Stubborn organic soils such as mold release agents, wax and impregnated grease. 
 Excessive particulate contamination on the work piece.  
 Inaccessible surfaces, blind holes, and intricate passageways on the work piece.  
 Critical cleaning of high-reliability components such as printed circuit boards, & 

hybrid/microcircuits.  
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Part Handling 
Good cleaning and efficient solvent use requires proper work handling: 

 Parts must be handled so they fill and drain readily. 
 Sufficient time in sumps must be provided to remove soils and to heat the load. 
 Part transfers must always be below the vapor line. 
 It is desirable to minimize the amount of extraneous material that goes along with the 

work through the vapor solvent sumps. Chains, conveyors, baskets and racks all increase 
solvent loss.  

MANUFACTURING DESCRIPTION 

Hourly Production Rate (Optional)   
Use this optional input if you know the production rate per hour. If used, it overrides the 
computation of standard time derived from the detailed process parameters.  If the parameter 
is left blank, labor time is computed from the process parameters furnished. For E-Coat, 
electroplating, and surface treatments, this parameter is required to compute labor time. 

Automation  
Enter Y (Yes) if the finishing process is partially automated:  conveyorized movement to 
immersion and cleaning cycles, manual insertion of parts into basket, manual removal of 
parts.  For Buff/Polish operations, automation applies to the mounting of the workpiece, as 
well as the polishing movements themselves. 

 Buff/Polish (this chapter) 

Set-up Complexity 

 Set-up Complexity in chapter 9:  Common Process Parameters 

Shape Complexity 
The Shape Complexity parameter allows the user to account for any additional time to prepare 
and/or finish resulting from the geometrical complexity of the part / assembly. Shape 
complexity can be subjectively modeled through the use of this factor. Multiple faces, detailed 
contours, hard to reach areas or other similar processing limitations can be included here.  
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► Use the Least/Likely/Most sliders to select values for minimum, most likely, and maximum. 

Rating Description 

VHi Multiple faces, and many contours, with hard to reach areas or details.  

Hi Multiple faces, and some contours, with hard to reach areas or details. 

Nom Multiple faces, simple contours, with no hard to reach areas or details. 

Low Multiple flat surfaces with no hard to reach areas or details. 

VLo Flat surface with no hard to reach areas or details. 

OPTIONAL COST DESCRIPTION 

Other Cost (Optional) 
 Other Cost (Optional) in chapter 9 – Common Process Parameters. 

PART ASSEMBLY CONTRIBUTION  

 PART ASSEMBLY CONTRIBUTION in chapter 9:  Common Process Parameters 

Common Process Parameters 
Parameters not specific to Finish and Heat Treat are listed in chapter 9:  Common Process 
Parameters. 
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Chapter 17 

Composites 

 
This chapter is a reference for all the unique parameter inputs for Composites work elements.  
Parameters that are common to more than one work element type may be found in chapter 9:  
Common Process Parameters. 

Contents 
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MATERIAL 

 
Engineering Description Inputs 

Note: Fiber and Binder entries are stored in the material.ini file and can be edited. 

 Configuration Files in chapter 8:  Special Topics 

Binder  
Select the binder type used for the composite. 

Standard SEER-MFG Binders 

Polyester or Vinyl Resin BMI (Bismaleimide) Resin 

Epoxy Polyimide Resin 

Fiber Filament  
Select the appropriate fiber filament for the composite. 

Standard SEER-MFG Fiber Filaments 

Glass (E-glass or S-glass) Boron 

Aramid (aromatic polyamide) Silicone Carbide 

Carbon Polyacrylonitrile (PAN) Aluminum Oxide 

Material Cost Per Lb. 

 Material Cost in chapter 9:  Common Process Parameters 
 

Material Utilization Factor 

 Material Utilization Factor in chapter 9:  Common Process Parameters 
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Process 
Select one of the following Composites processes: 

Lay-up  

 
Lay-up Process Parameters 

A mold release coat is applied to a male mold, followed by layup of several layers of continuous 
filament fiber web in a crisscross pattern, prewetted with a thermal setting binder.  In some 
applications, instead of the fiber web, a multi-layer fabric mat is laid up.  The laid up shape is 
heat cured in a vacuum bag.  The sides of the cured part are trimmed to the final shape. 

Parameter Description 

Finished Weight The total weight (lb. or kg) of the finished item. If finished weight is not 
known, leave this input at 0, and a finished weight will be computed 
based on Dimensions and Material Selection.   

Dimensions The measurements (in. or mm) of the item's key dimensions. The 
dimension inputs required for Lay-up are Area and Thickness. 

Layers The number of composite layers. 

Shape Complexity Shape Complexity describes composite curvatures for the process.  
Values range from Extra High through Very Low, and use specific 
mathematical functions for each of the composite processes.   
See Lay-up Shape Complexity list, below. 

Gel Coat A quick-setting resin is applied to the mold and gelled before lay-up. Used 
only if required for appearance. Enter Y (Yes) if required. 

Trim Type The method used to trim excess material.   
See Trim Type list, below. 

Automation Enter Y (Yes) for robotic layup, N (No) for hand layup. 
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Lay-up Shape Complexity 
Rating Description 

Extra High Curved surface, layup incorporates prefabricated external structural 
members, co-cured with panel. 

Very High Flat surface, layup incorporates prefabricated external structural 
members, co-cured with panel. 

High   Curved surface, multiple plain of curvature. 

Nominal Curved surface, single plain of curvature. 

Low    Flat surface, irregular (curved, etc.) edges. 

Very Low Flat surfaces, straight edges. 

Trim Types 
Trim Method Description 

Hand Trim Operator hand trims all sides with a knife. 

Simple Die/Water Jet Operator trims each side with a steel rule die or water jet. 

Complex Die Operator trims all sides with a single operation. 

Filament Winding  

 
Filament Winding Process Parameters 

Prewetted (precoated) continuous filament of roving fiber strands or tape are wound over a 
mandrel, and the cylindrical workpiece is heat cured.  Mandrel can be either reusable or made 
of a material that can be dissolved, and is spent for each workpiece. 

Parameter Description 

Finished Weight The total weight (lb. or kg) of the finished item. If finished weight is not 
known, leave this input at 0, and a finished weight will be computed 
based on Dimensions and Material Selection.   

Dimensions The measurements (in. or mm) of the item's key dimensions. The 
dimensions required for Filament Winding are Length, Diameter, and 
Thickness. 

Layers The number of composite layers. 
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Shape Complexity Shape Complexity describes composite curvatures for the process.  Input 
values range from Extra High through Very Low, and use specific 
mathematical functions for each of the composite processes.   

See Filament Winding Shape Complexity list, below. 

Reusable Mandrel Enter Y if a reusable mandrel is used. A temporary mandrel is cast from 
dissolvable material, and one mandrel is used per workpiece. 

Filament Winding Shape Complexity 
Rating Description 

Extra High Parabolic cone shape, length to diameter ratio over 3:1. 

Very High Parabolic cone shape, length to diameter ratio under 3:1. 

High   Truncated cone shape, length to diameter ratio over 2:1. 

Nominal Truncated cone shape, length to diameter ratio under 2:1. 

Low    Cylinder shape, length to diameter ratio over 2:1. 

Very Low Cylinder shape, length to diameter ratio under 2:1. 

Pulltrusion  

 
Pultrusion Process Parameters 

The pulltrusion process makes profile shapes from dense clusters of glass or other continuous 
filament fibers saturated with a binder resin.  The prewetted material is pulled through an 
extrusion die to form a continuous shape.  It is heat cured and cut to standard length. 

These composite parts are used frequently in assembly with other laid-up composite parts.  This 
process is generally used for high production quantity. 

Parameter Description 

Finished Weight The total weight (lb. or kg) of the finished item. If finished weight is not 
known, leave this input at 0, and a finished weight will be computed 
based on Dimensions and Material Selection.   

Dimensions The measurements (in. or mm) of the item's key dimensions. The 
dimensions required for Pulltrusion are Area and Thickness. 
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Shape Complexity Shape Complexity describes composite curvatures for the process.  Input 
values range from Extra High through Very Low, and use specific 
mathematical functions for each of the composite processes.   
See Pulltrusion Shape Complexity list, below. 

Pulltrusion Shape Complexity 
Rating Description 

Extra High Complex cross section with post extrusion forming, thickness > .2 in. 

Very High Complex cross section with post extrusion forming, thickness < .2 in. 

High   Cross section with 3 sides (e.g., C or H section), thickness > .2 in. 

Nominal Cross section with 3 sides (e.g., C or H section), thickness < .2 in. 

Low    Cross section with 2 sides (e.g., L or T section), thickness > .2 in. 

Very Low Cross section with 2 sides (e.g., L or T section), thickness < .2 in. 

Composite Spraying  

 
Composite Spray Process Parameters 

A mixture of chopped fibers and a thermosetting binder are fed through a special spray gun.  
The mixture is sprayed onto a mold half profile.  Several layers are sprayed to provide the 
required thickness.  The work piece is temperature cured in an oven. 

Parameter Description 

Finished Weight Finished weight is used to compute material costs. If finished weight is 
not known, leave this input zero, and a finished weight will be computed 
based on Dimensions and Material Selection. 

Dimensions The measurements (in. or mm) of the item's key dimensions. The dimension 
inputs required for Composite Spraying are Area and Thickness. 

Passes The number of spray passes to provide the required thickness. 

Trim Type The method used to trim excess material.   

See Trim Type list under Lay-up, above. 

Automation Enter Y (Yes) for fully robotic spraying and conveyorized vacuum oven, N 
for spraying, bag and bake operations done by hand. 
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ADDITIONAL ITEMS 

 ADDITIONAL ITEMS in chapter 9:  Common Process Parameters 

MANUFACTURING DESCRIPTION 

Set-up Complexity 

 Set-up Complexity in chapter 9:  Common Process Parameters 

OPTIONAL COST DESCRIPTION 

Other Cost (Optional) 
 Other Cost (Optional) in chapter 9 – Common Process Parameters. 

PART ASSEMBLY CONTRIBUTION  

 PART ASSEMBLY CONTRIBUTION in chapter 9:  Common Process Parameters 

Common Process Parameters 
Parameters not specific to Composite operations are listed in chapter 9:  Common Process 
Parameters. 
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This page can be used for notes and comments. 
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Chapter 18 

Detailed Composites 

 
This chapter is a reference for all the unique parameters for detailed composite work elements.  
Parameters that are common to more than one work element may be found in chapter 9:  
Common Process Parameters.  The parameters described here are those on the Process 
Specific tab of the Inputs window, unless otherwise indicated. 
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ENGINEERING DESCRIPTION 
Engineering inputs describe the physical dimensions and complexity of the part. 

 
Detailed Composites Engineering Parameters 

Part Complexity  
Manufacturing time is affected by component complexity. For instance, a flat 2D panel made 
from plies which are the same size as its developed area is the simplest and least complex type 
of component. Components with curved sections, hot ply formed sections, bonded stiffeners, 
etc., become increasingly more complex (and time-consuming) to lay up, tool clean and inspect. 

SEER-MFG lets you select a Part Complexity  for each component. The manufacturing times for 
Tool Cleaning, Material Layup, Core Layup, Lightning Strike Mesh Layup, and Inspection are 
calculated for a component of minimum complexity (i.e., Part Complexity = 1), then multiplied by 
the user-chosen Part Complexity factor. 

 Use the Least/Likely/Most sliders to select values for minimum, most likely, and maximum.  

Rating Description 

VHi Parts that incorporate prefabricated external structural members that are 
co-cured with the part. Parts that include multiple build ups and cores. 

Hi Curved surface with multiple plane of curvature e.g., wing skins. Flat 
irregular parts with varying thickness (e.g., Spars, T Channels, and U 
Channels, etc.). Parts that include many build ups and cores. 

Nom Curved surface with single plane of curvature. Irregular surfaces (e.g., 
panels or surfaces requiring the layup of a few complex build ups or 
cores). 

Low Flat surface with irregular (curved, etc.) edges (e.g., panels or surfaces 
including a few simple build ups or cores). 

VLow Simple flat surfaces of constant thickness, with straight edges (e.g., 
panels without build ups or the need to lay material over cores). 
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Each Part Complexity Factor has a minus-, mid-, and plus- value (for example, Hi-, Hi, and Hi+)  
as shown below. 

Part Complexity Minus ( - )  Plus ( + ) 

Very Low (VLo) 0.9 1 1.2 

Low  1.35 1.5 1.7 

Nominal (Nom) 1.75 2 2.3 

High (Hi) 2.5 3 3.3 

Very High  (VHi) 3.6 3.92 4.3 

Note: Parts which are laid flat and later hot formed into a more complex shape will typically 
require a slightly higher than normal complexity rating. 

Overall Length  
The Overall Length of the component is, as its name suggests, the length of the component. 
This dimension will usually be the largest dimension of a component, but in cases of doubt, can 
be identified as the dimension labeled as "L" on the component diagrams. 

Shape/Dimensions  
The Shape Dimensions parameter contains a library of predefined component shapes, making 
it easier to define the component being manufactured. If the component shape you are 
modeling is not represented, you can define your own shape using the 'other' shape option.  

You can choose shapes using the 'Shapes' icon toolbar, which appears when you open the main 
shapes/dimensions dialog box. Each time you select an icon on the toolbar, the relevant 
parameter inputs will appear in the main shape/dimensions dialog. 

 
Shapes Icon Toolbar 

To see a detailed image of the selected shape, click on More on the shapes icon toolbar.  
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Typical Shapes Graphic Dialog Box 

The input parameters for each shape always appear to left of the shape graphic. You can 
choose to enter parameter values within the shapes icon dialog or the main shapes/dimensions 
dialog.  

Each graphical representation is labeled with abbreviations of the parameter input names. For 
example, 'L' always represents 'Overall Length', 'N1' represents 'Number 1', 'T1' represents 
'Thickness 1' etc.  

When you have finished making your parameter entries, if any of the parameter inputs 
contradict predefined conditions, the program will display a warning message, which details the 
parameter value/s that should be changed to meet the specified conditions. If you do not wish 
to see this warning message, check the box. If you do not check the box, after you've read the 
message, click OK. The error message dialog will close and you will return to the main 
shapes/dimensions entry dialog. You should make the recommended changes before 
proceeding. The conditions have been programmed to serve as a practical parameter entry 
guide for you. 

Shape Description 

Spar  Located in wing boxes, vertical fin boxes, and horizontal tailplane boxes. 

Rib Located in wing boxes, vertical fin boxes, and horizontal tailplane boxes. 

Skin  The two aerodynamic surfaces of a wing box. 

Stringer A stiffener attached to large skin or empennage panels. 

Empennage Panel The aerodynamic surfaces of a vertical fin and a horizontal tailplane. 

Top Spoiler Skin The aerodynamic upper surface of a spoiler. 
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Bottom Spoiler Skin  The non-aerodynamic lower surface of a spoiler. 

U Channel Typically either stiffens larger panels, or is part of load bearing structures. 

J Channel Typically either stiffens larger panels, or is part of load bearing structures. 

C Channel Typically either stiffens larger panels, or is part of load bearing structures. 

L Channel Typically used to either stiffen larger panels, or as angle brackets to 
attach two other components together. 

T Channel Typically used to stiffen larger panels. 

Pi Channel Typically used as fixing brackets to fasten/bond two components together. 

I Beam Typically either stiffens larger panels, or is part of load bearing structures. 

Hat Stiffener Typically used as part of large panels. 

Panel Most are rectangular or trapezoidal in shape, and quite thin in relation to 
their length and width. 

Sleeve Either a short sleeve or a longer composite tube. Can also be used to 
model a solid composite rod. 

Flanged Tube Similar to sleeve with the addition of a flange. 

Boxes Boxes or box structures can be modeled as Hollow (open at both ends), 
closed at one end, or closed at both ends. 

Spherical Dome Use the overall length parameter to describe the dome base diameter. 

Other This option allows you to create a user defined shape. 

 

 See Shape/Dimensions in SEER-MFG Help 

Vertices  
The number of part corners.  For example a rectangular part would have 4 vertices and a 
hexagonal part 6 vertices. The vertices input is used to calculate the number of complex tape 
cuts during the ATL process and the total time spent turning the (ultrasonic) cutting head. 
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PROCESS TYPE 
There are five detailed composite process types: Hand Lay Up (HLU), Automated Tape Layup 
(ATL), Resin Transfer Molding (RTM), Liquid Resin Infusion (LRI), and Resin Film Infusion (RFI). 
The default is HLU. You can select a process type from the Process Type parameter dialog box's 
drop down list. 

Note:  A Detailed Composite work element can use only one process type, so you cannot, for 
example, model both HLU and RTM in the same work element.  To model both, you would need 
to insert two work elements, one for each process. 

Process Description 

HLU Hand Lay Up:  Carbon fiber plies are placed on the mold tool by hand. 
Parts produced by this process range from simple to very complex, and it 
is suitable for small production quantities when tooling cost prohibit 
automation. It can also be more effective and less expensive than an 
automated process for composite materials of 60 in. (152.4 cm) widths. 

ATL Automated Tape Layup: Carbon fiber material (in the form of prepreg 
tape) is laid onto the mold tool by a computer controlled layup head. 
Typically used for larger components where it is impractical to layup plies 
or prepreg tape by hand. 

RTM Resin Transfer Molding: Dry carbon fiber material is laid onto one half of 
double sided mold tooling. The other half of the mold tooling is closed. 
The mold tooling is then heated to allow injection and cure of the resin. 
RTM has the potential to produce high tolerance components and reduce 
component costs through part reduction. However, the additional cost of 
the double-sided tooling typically means that RTM is uneconomic for 
components greater than 177.16 in. (4.5 m) long. 

LRI Liquid Resin Infusion: Dry carbon fiber material is laid onto single sided 
mold tooling. The component and mold tooling is then covered in vacuum 
bagging, and the mold tooling is heated to allow infusion and cure of the 
resin. The achievable component tolerances are less than for RTM, but 
the tooling cost will be less for LRI.  Also known as Vacuum-Assisted Resin 
Tranfer Molding (VRTM). 

RFI Resin Film Infusion: Dry carbon fiber material is combined with a film of 
resin, and the plies are laid on single-sided mold tooling. The component 
and mold tooling is then covered in vacuum bagging, and the mold tooling 
is heated to cure of the resin. The achievable component tolerances are 
less than for RTM, however the tooling cost will be less for RFI. 
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CORES 
Used by all process types. 

Components that have a large developed area in comparison to their thickness (e.g., large 
panels, or door panels) frequently require stiffening to prevent the component flexing during 
use. This stiffening is often accomplished by the incorporation of internal cores in the overall ply 
layup.  A key feature of these cores is great structural rigidity in comparison to their weight. This 
is typically achieved by using cores that are prepared from either a sheet of plastic foam or from 
a sheet of aluminum, phenolic, or other composite honeycomb material. 

To enter core data, double-click on the Add Next Here parameter, which brings up the core entry 
dialog box.  Use Add next Here to add each new core configuration, up to a maximum of 50. 

The following parameter entries are required for each core: 

Field Description 

Material Select the core material from the pull-down menu. 

Quantity Enter the number of cores required for the work element. 

Length All cores form part of a larger composite panel, and most cores 
approximate to rectangular in shape. The core length refers to the core 
dimension measured in the same direction as the panel length. 

Width The core width refers to the core dimension measured in the same 
direction as the panel width. 

Thickness The core thickness refers to the core dimension measured in the same 
direction as the panel thickness. 

Vertices The core vertices refers to the number of core corners.  For example, a 
rectangular core would have 4 vertices, and a hexagonal panel 6 vertices. 
Used to calculate the total time spent turning the (ultrasonic) cutting 
head. 

User Customization of CORES Materials Data 
Cores material and process data may be configured in table 7 [CORE MATERIALS] of the 
composites.ini file.   

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
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BUILD UPS 
Used by HLU, RTM, LRI, and RFI. 

The thickness of a component is rarely constant across the whole component; it is often 
increased (built up) in areas where the structural loads are greatest. These areas usually 
contain holes or fasteners for other components, such as hinges and attachments. 

 

Thin Main Panel 
Ramps 

Buildup Area 

Cross Sectional View

Simplified Diagram of a Buildup 

In SEER-MFG, the time to cut plies and lay them up depends on factors such as the component 
thickness and the developed area of the part. If we assume that: 

Part thickness = the total of the main part thickness + the maximum build up thickness 
Developed area = the developed area of the main part, 

the calculated cutting and layup time will be overestimated (although this may not be important 
if the buildup is only a few plies thick compared to a much thicker main part). SEER-MFG lets 
you describe the main component using the main shape dimensions, describing additional 
buildups as necessary. Most components will contain only a handful of buildups at most. 

 Cross Sectional View

Main Part Buildup

Buildup with Main Part 

SEER-MFG will calculate a cutting and layup time for the main part plus the buildups, then add 
them together.  

You can define up to 50 buildup configurations using the Add Next Here parameter.  Each 
configuration can represent multiple buildups with the same dimensions.  
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Cross Sectional Views Buildup 1
Buildup 2 
Buildup 3 

 Main Part 

Repeated Buildups 

The following parameter entries are required for each build up: 

Field Description 

Quantity Enter the number of buildups required. 

Length Buildup length in the same direction as the main part length. 

Width Buildup width in the same direction as the main part width. 

Thickness Buildup thickness in the same direction as the main part thickness. 

Vertices The number of buildup corners.  For example, a rectangular buildup has 4 
vertices, and an hexagonal buildup 6 vertices. Used to calculate the total 
time spent turning the (ultrasonic) cutting head. 

ADDITIONAL PLIES 
Used by all process types. 

Additional plies are plies that are normally in excess of the basic layup. For each additional ply 
type that is required for the layup being modeled, use the parameter labeled Add Next Here to 
enter descriptive settings.  Each time you describe an additional ply it will be added to the list of 
parameters. You can describe up to 50 additional ply types per work element.  The descriptive 
settings are as follows: 

Parameter Description 

Ply Type   Select a type from the drop down list of options. See Ply Type below for a 
list of the default ply type options provided. 

Quantity    The number of additional plies required. The module will multiply the 
process time for the ply type by the number of plies. 

Coverage %   The percentage of part area that the ply is expected to cover.  For example, 
a 144 sq. in. part with a 72 sq. in. ply will have a coverage of 50%. 

 



 

18-12     Detailed Composites SEER-MFG Detailed Reference 

Mt. Cost Per The Mtl. Cost Per parameter displays the cost as defined in the 
ADDITIONAL PLIES table in the COMPOSITES.INI file. You can accept the 
default cost or choose to enter a new value as required. 

Mins Per The Mins Per parameter displays the rate defined in the ADDITIONAL 
PLIES table in the COMPOSITES.INI file. You can accept the default rate or 
choose to enter a new value as required. 

 Material Costs in chapter 8:  Special Topics 

Additional Plies:  Ply Types 
Drill Type Description 

Peel Plies (Pre-Preg) Peel Plies using pre-preg material. They are peeled off after the part 
has completed the cure cycle. This is usually done for a secondary 
bonding operation or as a sacrificial layer. This is sometimes done for 
fastener installs to control breakouts due to the drilling operations. 

Peel Plies (Dry) Peel Plies using dry fiber material. They are peeled off after the part 
has completed the cure cycle. Peel plies are often used as sacrificial 
layers to control breakouts due to drilling operations. 

Film Material Film Material plies are used to control the part surface texture - for 
example, to get rid of orange peel effect or to control resin creep. This 
selection is also appropriate for any film adhesive layers that are 
required in the layup. Typically used in a sandwich type structure. 

Filler (Noodle) Filler Plies or noodles are used to fill voids such as occur in the case 
of an I-beam-shaped part. This shape is fabricated using two "C" 
sections placed back to back to form the I-beam shape. A void or lack 
of material is created were the two "C" sections meet at the top and 
bottom (see figure). Material is rolled, braided, cut, or 3D woven into 
a "V" shape to fill the void. Cap plies are then applied to the top and 
bottom of the "C" sections to complete the I-beam shape. 

 

Filler 
Noodles

Cap Ply(s)

Web
Ply(s)

 
 Metallic Inserts Metallic inserts are usually entrapped in the layup for various 

reasons. They can be attachment points; they can add stiffness; or 
they can supply durability in a high wear/chaffing area. 
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User Customization of ADDITIONAL PLIES Materials Data 
Cores material and process data may be configured in table 27 [LAYUP-ADDITIONAL-PLY-TYPES] 
of the composites.ini file.   

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 

ATL BUILD UPS 
Used by ATL. 

The ATL process has its own buildup parameter.  The overall description of the Build Ups 
parameter applies to ATL Build Ups as well.  Some of its entry fields, however, are different: 

Field Description 

Quantity Enter the number of buildups required. 

Length Buildup length in the same direction as the main part length. 

Width Buildup width in the same direction as the main part width. 

Thickness Buildup thickness in the same direction as the main part thickness. 

Vertices The number of build up corners.  For example, a rectangular build up has 
4 vertices, and an hexagonal build up 6 vertices. Used to calculate the 
number of complex tape cuts during the ATL process. 

Ply Orientation For structural strength, the unidirectional prepreg tape is laid in 4 
directions (0o, 45 o, 90 o, 135 o also called –45 o). Directional strength is 
tailored by varying the percentage of tape laid in each direction. 

If the sum of Ply Orientation inputs does not equal 100%, SEER-MFG will 
display a warning. You should make the required changes before 
proceeding. If you choose Cancel from the ATL Add Next Here entry dialog 
box, the program will accept a sum that does not equal 100%; however, 
we do not recommend that you do this. 

 

 

Ply Direction  (0º) 
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Ply Direction  (45º) 

 

Ply Direction  (90º) 

 

Ply Direction  (-45º or 135 º) 

MATERIALS 
The Materials parameters change depending on the composite process type selected. 

 
Material Parameters (HLU Process) 

The  parameters shown above are for the HLU process (with default settings).  The list of 
parameters for other processes will vary. 

Fiber Material Type  
Used by RTM, LRI, and RFI. 
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Select the Fiber Material Type required from the drop down list (RTM, LRI, and RFI only). Dry 
fiber material (typically carbon fiber) has not been preimpregnated with uncured resin. These 
materials are typically available in the following widths and thicknesses: 

Dimension Inches Millimeters 
Width 24 600 
 48 1200 
Thickness 0.0049 0.127 
 0.0099 0.254 
 0.0199 0.508 

The material is available in several forms, or types of fabric: 

Fabric Advantages Disadvantages 

Woven Good drapability. Some loss of properties from crimp, 
so less design flexibility. 

Unidirectional Improved drapability and fiber 
alignment.  Minimal reductions in 
fiber strength from crimp. 

Slight weight penalty. 

Stitched Can provide the good fiber stability 
required for pulltrusion and RTM. 

Loss of design flexibility.  Weight 
penalty from thicker material. 

Many different weaves are available; differences include the type of fibers and the proportion of 
fibers that interweave. These features influence the relative drapability and fiber crimp. 

 

Fabric where each fiber interweaves with each alternate fiber 

 L

Fill Fibers - nonstructural tie yarn 

ongitudinal Fibers - e. g., carbon fiber 

Unidirectional fibers held together with tie yarn 
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Stitched fabrics are made from several layers of woven or unidirectional fabric stitched 
together. The result is a thicker fabric (which can be laid into the mold at a faster rate) that is 
less drapable (which may be an advantage when positioning the fabric into an RTM mold tool). 

 

Stitched fiber fabric 

User Customisation of Fiber Material Data 
Fiber material data may be configured in table 3 [FIBER] of the composites.ini file.   

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 

Semi Preg  
Used by RFI. 

Semi Preg is a Yes/No option which defaults to No.  Select Yes if the RFI manufacture process 
uses semipreg. SEER-MFG adjusts the process time calculation to reflect the reduced number of 
layers of semipreg that are cut and laid up.  Select No if the RFI process uses dry fabric and resin 
film. SEER-MFG will calculate the process time to cut and layup the layers of fabric and resin film. 

This option does not affect the material price calculations, since both cases require the same 
dry fabric and resin film.  Select the material/resin film as you would for RTM and LRI. 

There are three main forms of composite materials used for composite manufacture: 

Type Description 

Dry Fiber The material fiber is dry and the resin is added either during the cure 
process (RTM, LRI) or during layup (RFI). 

Prepreg The material fiber has been preimpregnated with resin by the 
material supplier, and no further resin needs to be added by the 
component manufacturer (HLU, ATL). 

Semipreg Midway between dry fiber and prepreg. A cross section of the fabric 
would reveal that the outer material fibers are preimpregnated with 
resin, but the inner material fibers remain dry. No further resin needs 
to be added by the component manufacturer (RFI). 
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Standard ultrasonic cutting table 

Semipreg 

Heated rollers 

Carousel containing rolls of dry fabric and resin film 

Semipreg Material 

The RFI manufacture process can use either dry fabric and resin film, or semipreg. 

Type Description of Use 

Dry fabric and resin 
film 

Fabricated from alternate layers of dry fabric and resin film, requiring 
cutting and layup of many thin (often 0.0039 in. or 0.1 mm) layers of 
resin film. 

Semipreg The materials are dry fabric and resin film. However the fabric/resin 
film passes through a set of heated rollers, causing the resin film to 
semi-impregnate the dry fibers, forming the semipreg. This material 
is then fed to the ultrasonic cutter table in the normal manner. 

Reasons for using semipreg are: 

 Semipreg combines the handling and processing advantages of prepreg with the lower 
material cost advantages of dry fabric and resin. 

 A layer of semipreg requires only one cut and layup, instead of one for dry fabric and one for 
resin film.  Cutting and layup man-hours for semipreg are half those for fabric and resin film. 

Tape Material Type  
Used by ATL. 

Select the Tape Material Type from the drop down list (ATL only).  ATL tape consists of dry 
material (typically carbon fiber) preimpregnated with uncured resin, usually in these sizes: 
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Dimension Inches Millimeters 
Width 3 75 
 6 150 
 12 300 
Thickness .005 0.127 
 .010 0.254 

In general, wider and thicker material can be laid onto the mold tool in less time.  For more 
complex or curved mold tools, however, wide or thick tape is more likely to wrinkle (especially 
with buildups). To prevent this, tape head traverse speed is reduced. This means that doubling 
the tape width increases the rate of deposit, but does not usually double it. 

User Customisation of ATL Tape Data 
ATL Tape data is stored in table 2 [ATL-TAPE] of the composites.ini file.  

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 

Prepreg Material Type  
Used by HLU. 

Prepreg materials consist of the dry material (either carbon, glass or aramid fiber) which has 
been pre-impregnated with uncured resin. These materials are available in the following sizes: 

Dimension Inches Millimeters 
Width 3 75 
 6 150 
 12 300 
 24 600 
 48 1200 
Thickness 0.0025 0.064 
 0.0049 0.127 
 0.0099 0.254 

Note:  0.0025 in. (0.064 mm)  thickness is normally used only for spacecraft applications. 

In general, wider and thicker material can be laid onto the mold tool in less time.  For more 
complex or curved mold tools, however, wide or thick material is more likely to wrinkle. 

User Customisation of Prepreg Material Data 
Prepreg material data is stored in table 1 [HLU-PREPREG] of the composites.ini file.   

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
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Material Cost  
Used by all processes. 

Material Cost is the material unit cost. SEER-MFG will get its initial cost from composites.ini. You 
may overwrite the initial value or change the value in composites.ini. See the material type for 
more detail. This material unit cost value is multiplied by the calculated weight of purchased 
material to generate the purchased material cost.   

  Material Costs and Configuration Files, both in chapter 8:  Special Topics 
 Appendix B: Composites.ini 

Roll/Tape Width  
Used by all processes. 

The width of the material, tape, or fiber roll. SEER-MFG will initially use the roll/tape width from 
composites.ini. You may overwrite the initial value or change the value in composites.ini. See 
the material type for more detail. The component part width is divided by the roll/tape width to 
generate the number of plies required within each layer. Increasing the material width reduces 
the number of plies laid into the mold tool, and hence the layup time. 

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 

Resin Type  
Used by RTM, LRI, and RFI.  

The resin matrix binds the fibers together, transfers load between them, and protects them from 
abrasion, environmental moisture, and chemical corrosion. It should be chemically compatible 
with the fibers, have complimentary mechanical properties, and be reasonably easy to process. 

Resins can be broadly divided into thermoset and thermoplastic: 

Thermoset 
Used by all processes. 

Data Description 

Types Epoxy, polyester, phenolics, bismaleimide, and polyimides. 

Cure Permanent change once cured. 

Errors Faulty parts cannot be re-cured, and must be repaired or scrapped. 

Forms Resin, resin-film and prepreg. 
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Thermoplastic 
Used by HLU and RFI. 

Data Description 

Types Polyethylene, polystyrene, polypropylene, polyetheretherketone, polyetherimide, 
polyethersulfone, polyphenylene sulfide, and polyamide-imide. 

Cure No cure; heated until it can be formed, then cooled. 

Errors Faulty parts can often be reheated/reformed to correct the fault. 

Forms Resin-film and prepreg. 
The choice between thermoset and thermoplastic will be influenced by several factors, 
including strength, thermal resistance, cost, and processability. To date, thermoset resins are 
preferred for primary load bearing components, with thermoplastics growing in use for 
secondary load bearing components (especially if they can be press formed in one pass, rather 
than requiring a more complex fabrication/bonding assembly). 

Resin Volume Fraction (Automatically Calculated) 
The percentage of the finished component composed of resin. Typically in the range 35 to 45%. 
This value is calculated automatically as 100 - (Fiber Volume Fraction + Binder Volume 
Fraction). The value is multiplied by the resin density and resin unit cost to calculate the cost of 
the resin. 

User Customisation of Resin Data 
Fiber Material data is stored in table 4 [RESIN] of the composites.ini file.  

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 

Resin Cost  
Used by RTM, LRI, and RFI. 

SEER-MFG will initially use the resin unit cost from the [RESIN] section in composites.ini. You 
may overwrite this value. The resin unit cost is multiplied by the calculated weight of purchased 
resin to generate the purchased resin cost.   

  Material Costs and Configuration Files, both in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
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Fiber Volume Fraction  
Used by RTM, LRI, and RFI. 

The percentage of the finished component that is composed of fiber. Enter it as a 
Least/Likely/Most range. The default value is 60%, which you can overwrite. Typically fiber 
volume fraction will be in the range of 55% to 65%.  

Fiber volume fraction is used to calculate the volume of the component composed of dry fiber. 
This is multiplied by the fiber density and unit cost to calculate the cost of the fiber material. An 
increase in fiber will reduce the calculated resin volume fraction.   

 Resin Type (this chapter) 

Prebindered Material  
Used by RTM, LRI, and RFI. 

Select Yes (the default) if the dry fiber material is prebindered.   Many composite part 
manufacturers prefer prebindered dry fiber (i.e., with binder already applied by the dry fiber 
manufacturer) because: 

 The processes required to apply binder within a factory present occupational health issues. 
 The binder is usually expensive relative to the dry fiber and resin.   

No will display the following parameters: Binder Type, Binder Cost, and Binder Volume Fraction.   

Binder Type  
Used by RTM, LRI, and RFI. 

Binder Type is available only if Prebindered Material is set to No. Select the Binder Type from the 
drop down list. The binder helps the resin bind to the dry fiber. It is often applied as an aerosol 
spray or a very fine powder.  

User Customisation of Binder Data 
Resin Film data is stored in the composites.ini file.   

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
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Binder Cost  
Used by RTM, LRI, and RFI. 

The binder unit cost per in3 or m3. It will be available only if the Prebindered Material option is 
No. SEER-MFG will initially use the binder unit cost stored in composites.ini. You can overwrite 
this value. The binder unit cost value is multiplied by the calculated volume of purchased binder 
to generate the purchased binder cost.   

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 

Binder Volume Fraction  
Used by RTM, LRI, and RFI. 

Binder volume fraction will be available only if the Prebindered Material option is No. It is the 
volume of the component that consists of binder. Enter it as a Least/Likely/Most range. The 
default value, which you can overwrite, is 2%. Typical values are in the range of 0% to 5%. 

If you try to enter a value greater than 5%, you will see an error message and you will need to 
reset the value to 5% or less before proceeding.   

Lightning Mesh  
Used by all processes. 

Many external aerospace composite components require lightning strike mesh (a fine metallic 
mesh, typically copper or aluminum) in their external aerodynamic surfaces. This mesh acts as a 
conduction path in the event of lightning strike. 

Lightning Mesh is a Yes/No parameter option. Selecting Yes will:  

 Make the Mesh Material Type visible. 
 Include the time to cut and lay up 2 layers of lightning strike mesh in the component. Each 

ply will have a plan size equal to the Developed Area of the component.   
 Allow you to select the Mesh Material Type. The choice will affect the component weight and 

material cost, which will be added to the overall component material cost. 
The number of lightning mesh layers can be altered in table 14 [PROCESS-TIME-STANDARDS] of 
the composites.ini file. 

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
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Mesh Material Type  
Used by all processes. 

Lightning strike mesh is available as mesh or foil, copper or aluminium,  in various thicknesses. 
Select the appropriate Mesh Material Type for the component being costed. 

User Customization of Lightning Shrike Mesh Material Data 
This Mesh Material Type data is in table 8 [LIGHTNING-STRIKE-MESH] of composites.ini.   

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 

Fabric Waste Factor  
Used by all processes. 

During the manufacture of a component, fabric is wasted during operations such as: 

 Cutting the plies from the fabric rolls. 
 Machining the finished component from the cured component. 

Examples are shown below: 

 

Final profile of finished component 

Profile of laid cured component 

Profile trimming of finished part from cured component 
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Material on cutting table 

Plies cut from material 

Cutting individual plies from roll of fabric:  many plies, small % of scrap 

 

Material on cutting table 

Plies cut from material 

Cutting individual plies from roll of fabric:  many plies, larger % of scrap 

SEER-MFG uses the Fabric Waste Factor to account for this quantity of scrapped material. It is 
entered as the percentage of additional material required to be purchased to manufacture the 
component.  For example, if the component weighs 100 kg and the additional scrap material 
weighs 10 kg, the Fabric Waste Factor is 10%. 

The Fabric Waste Factor can be entered as a Least/Likely/Most range; these values are 
automatically applied to each of the materials that make up the component (i.e., prepreg, 
material, resin, binder, cores, lightning strike mesh). 

Typical values for Fabric Waste Factor are 15% for ATL and 20% for other processes.   

Injection Ports  
Used by RTM. 

Enter the number of resin injection ports per channels that need to be cleaned. Defaults to a value 
of 5, but you can overwrite this. The greater the value, the greater the cleaning time required.  
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Material Utilization Factor 

 Material Utilization Factor in chapter 9:  Common Process Parameters 

PROCESS DESCRIPTION 
The Process Description parameters change depending on the composite process type 
selected. 

 

Process Description Parameters 

The parameters shown above are for the HLU process (with default settings).  The list of 
parameters for other processes will vary. 

Cutting Type  
Used by all processes. 

Select the Cutting Type from the drop-down list. This option is available for all processes.  For 
ATL, it will be used only when cores and lightning mesh have been specified.  For all other 
processes, cutting type also affects the material cutting time for prepreg and fiber materials.  

Several cutting processes are in use today, each with its own advantages and disadvantages. 

Cutting Type Description 

None No cutting process used. This option would be only be required if the prepreg, 
semipreg, fiber, core, or lightning strike mesh material is already purchased cut to size, 
or the material is cut to size once the component is cured. 

Hand Cutting A cardboard or Mylar template is created to the size of the material, and the operator 
cuts around the edge of the template, typically using a craft knife. 
Advantages:  Quick, flexible and economic for small-scale manufacture of one-offs, 
test pieces, and components with short production runs. 
Disadvantages:  Slow, labor intensive, requires preparation of templates, difficult to 
cut a stack of several plies. 
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Water Jet 
Cutting 

A computer controlled cutting head is used to direct a fine jet of water (which may 
contain a fine abrasive), which abrades a path through the material. 

Advantages:  Generates no dust, can cut up to 40 plies thick, clean cuts, computer 
controlled (therefore good positional repeatability), no heat-affected zones (so no 
problems with precuring of resin). 

Disadvantages:  High noise level, slight moisture absorption in uncured prepreg 
material. 

 

Water Jet Cutting 

Laser Cutting A computer controlled head is used to direct a fine laser beam jet along the required 
cutting path. The laser raises the temperature of the material surface, causing melting, 
vaporization, and decomposition. 

Advantages:  Fast cutting, can cut up to 20 plies, clean cuts, computer controlled 
(therefore good positional repeatability), fiber alignment at edge of cut is not disturbed. 

Disadvantages:  Eye protection required, power requirements limit use to thin 
laminates, for carbon and epoxy prepregs and semipregs, heat conduction along the 
carbon fibers causes the epoxy resin to cure along the edge of the cut. 

 

Laser Cutting 

Computer controlled 
cutting head 

Material 

olled 

Water Jet

Cut 

Computer contr
laser head 

Material Laser Beam 

Cut 
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Commercial 
Ultrasonic 
Cutter 

Large volume composite component manufacturers often use ultrasonic cutters. A 
computer controlled cutting head is moved along the required cutting path. The cutting 
head contains a system which couples an ultrasonic acoustic source to a cutting blade. 

Advantages:  Fast cutting, reduced manpower, can cut up to 20 plies, clean cuts, 
computer controlled (therefore good positional repeatability), can cut cured and 
uncured materials, aramid and honeycomb cores, automated download of CNC data 
from CAD package. 

Disadvantages:  Initial equipment cost moderate. 

 
 

 

 

Commercial Ultrasonic Cutter 

Cutting bed 
Cutting head 

Computer controlled 
cutting head 

Material on 
cutting bed 

Cutter blade 

Cut 

User Customisation of Cutting Type 
Cutting type data may be customized. The configurable data is stored in two composites.ini data 
tables: 14 [PROCESS-TIME-STANDARDS] and 15 [CUT-EQUIPMENT].  

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
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Cut Machine Efficiency Factor  
Used by all processes. 

Used in calculations only if an ultrasonic cutter type is specified.  An ultrasonic cutting machine 
is unlikely to be operated at 100% of the machine specification. The Cut Machine Efficiency 
Factor lets you select a lower machine efficiency, e.g., 85%. SEER-MFG uses it to adjust the 
cutter head cutting rate from the machine specification's maximum (in meters per second or 
feet per second) to the values used in practice. For example, if you reduce the Cut Machine 
Efficiency Factor to 50%, the cutting time (excluding the time to turn the cutting head at each 
corner and the time to move the cutting head between each ply) will be increased by a factor of 
two (100%/50%).   

 Cutting Type (this chapter) 

Layup Type  
Used by all processes. 

Select the layup type from the drop-down list.  You can modify the factors in composites.ini. 

Setting Description 

Manual The default selection for all process types. Manual uses a factor of 1, 
which makes no adjustment to calculated layup time.  

Auto. Pick & Place A mechanical or robotic pick and place method is used to lay the material, 
lightning strike mesh, or cores. SEER-MFG assumes that this will reduce 
the layup time required by a default factor of 0.85, for a 15% reduction. 

User Customization of Layup Type 
Layup Type data is customizable. The the initial set of default data is stored in the [LAYUP-TYPE] 
table in the composites.ini file. You may add new layup types and or modify the factors stored in 
this table. 

Data Description 

Layup Description The layup type name. 

Layup Factor SEER-MFG adjusts the layup time by multiplying it by this factor.  

Note: If you do add to or modify this data, you should maintain a backup copy of the file. 

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
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BAGGING/TOOL CLOSING 
Used by all processes. 

The BAGGING/TOOL CLOSING parameters change depending on the composites process 
selected.  It is a generic term, and depending on the composite process being used, holds 
slightly different meanings.  

 

Bagging/Tool Closing Parameters 

Process Bagging Definition 

HLU, ATL, LRI, RFI Bagging the component and mold tool immediately before the cure 
process — includes applying breather film, release film, and vacuum 
bagging. 

 Applying the vacuum to the mold tool and checking mold seals for leaks. 

 Allow the uncured component to remain under vacuum for a time period 
while trapped gases diffuse out of the resin and dry fiber. 

RTM Periodically replace the reusable seal around the mold tool perimeter. 

 Closing mold tool immediately before the cure process — includes closing 
the mold tool and applying clamps around the mold tool perimeter. 

Note:  When debulking is used, any repetition of the above tasks will be required during the 
debulking (also known as consolidation) stages.  Seal Type, Seal Replacement Factor, and 
Clamp Type are used only by the RTM process.  Operator Attendance Factor, Debulk, and 
Debulk Interval apply to all processes. 

User Customization for Bagging/Tool Closing 
Bagging/Tool Closing data may be customized. The configurable data is stored in table 14 
[PROCESS-TIME-STANDARDS] of the composites.ini file.  

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 

 

 



 

18-30     Detailed Composites SEER-MFG Detailed Reference 

Vacuum Bag 

Breather 
Release Film 

Release Film 

Seal 

Mold Tool surface 
Vacuum Bagging 

Component under Vacuum Bag  

HLU, ATL, LRI, RFI — Elements In the Vacuum Bagging Process, Plus a Closed Tool 

 

Mold Tool - Lower Section 

Optional removable tooling 
pieces, used to ensure correct 
alignment of component features 

Tooling plate containing 
channel used to distribute 
resin around mold tool 

Mold Tool - Upper Section 

RTM — Example of Disassembled Mold Tooling 
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Clamp

Seals

Mold Tool Upper Section 

Mold Tool Lower Section 

Component 

RTM — Cross Section Of Closed Tooling 

Seal Type  
Used by RTM. 

RTM molds need to be sealed around their edges to prevent gas infiltrating the layup; if gas 
does infiltrate, the part will be scrapped.  Seals are often mechanical (an O-ring, for example), 
and they are usually reusable. Select the appropriate seal from the drop-down list.  Choices 
include: 

 O-Ring 
 Gasket 
 Foam Strip 
 Inflatable 

Your selection retrieves the unit cost for that seal from a data table. This unit cost is then used 
to calculate the total seal cost. The seal cost forms part of the consumable costs, which are 
output in SEER-MFG as Other cost.  The selection of Seal Type also impacts bagging/tool closing 
time, e.g., the time required to replace the mold tool seal (see Seal Replacement Factor). 

User Customization of Seal Type 
Seal type data may be customized. The configurable data is stored in table 17 [RTM-SEAL] of 
the composites.ini file.   

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
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Seal Replacement Factor  
Used by RTM. 

The seal around the perimeter of an RTM mold tool is often reusable. The default value for the 
seal replacement factor is read in from a data table (see Seal Type).  

You can overwrite this value, or enter a factor to reflect your specific practice.  For example: 

Factor Description 

100% Seal is replaced every time the mold tool is closed.  Allocates 100% of the 
required man-hours to replace the seal to each mold tool closure. 

50% Seal is replaced every second time the mold tool is closed.  Allocates 50% 
of the required man-hours to replace the seal to each mold tool closure. 

33% Seal is replaced every third time the mold tool is closed.  Allocates 33% of 
the required man-hours to replace the seal to each mold tool closure. 

Note:  These are examples only  —  your Seal Replacement Factor may be different. 

The seal replacement factor is used to calculate the total seal cost, one of the consumable 
costs which are output in SEER-MFG as Other cost. The seal replacement factor is also part of 
the tool sealing time calculation, which affects overall bagging/tool closing time. Increasing the 
seal replacement factor increases consumable cost and bagging/tool closing time. 

If you try to enter a value greater than 100%, you will see an error message telling you the range 
of allowable values.  When you close the message box, you will return to the main parameter 
window, where you can make the required changes and proceed.   

  Consumables (this chapter) 
 Bagging /Tool Closing (this chapter) 
 Other - Detailed Composites - Detailed Analysis Report in chapter 7:  

SEER-MFG Outputs 

Clamp Type  
Used by RTM. 

The two halves of the mold must be securely clamped together to prevent leaks when resin is 
injected into the mold tool under pressure. The clamps can vary from simple bolts or hand 
clamps for small mold tools to hydraulic presses for large mold tools. 

Select the appropriate clamp type from the drop-down list. Choices include: 

C Clamps Perimeter Clamp Air Bags 

Bolted Pneumatic Press Hydraulic Press 
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Different types of clamp require different times to close (and reopen). The clamp type impacts 
overall bagging/tool closing time, overall remove part time, and overall tool manufacture cost. 

User Customization for Clamp Type 
Clamp type data may be customized. The configurable data is stored in table 16 
[RTM-CLAMPING] of the composites.ini file.   

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
 Bagging /Tool Closing (this chapter) 
 Remove Part - Detailed Composites - Detailed Analysis Report in chapter 7:  

SEER-MFG Outputs 
 Tooling Costs - Detailed Composites - Detailed Analysis Report in chapter 7:  

SEER-MFG Outputs 

Operator Attendance Factor  
Used by all processes. 

A component is usually left unattended for much of the debulking process, leaving the operator 
free for other tasks. The Operator Attendance Factor is used to calculate the portion of the 
overall elapsed debulk hours that require the operator to be in attendance. Enter it as a range of 
Least/Likely/Most. The default is 90%, but you can enter a lower factor as required, e.g., 85%.   

 Debulk (this chapter) 

Debulk  
Used by all processes. 

During ply layup, it is usual to vacuum debulk/consolidate the plies regularly to remove air 
between them. Select Yes if the component requires one or more debulk cycles.  The Debulk 
Interval parameter will then become visible. Select No if debulking is not required.   

 Debulk Interval (this chapter) 

Debulk Interval  
Used by all processes. 

This parameter input is available only when the Debulk parameter is set to Yes. It is used to 
calculate the number of times that the debulk operation is performed during the layup process. 
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The Debulk Interval is the number of plies laid down between each debulk session. Enter it as a 
Least/Likely/Most range. The default value is 4 plies. Typical values are every 4 to 5 plies. The 
larger the debulk interval, the lower the overall bagging/tool closing time.   

 Debulk (this chapter) 

HOT PLY FORMING 
Used by all processes. 

Hot Ply Forming is a Yes/No option. Hot ply forming is a process sometimes used during ply 
layup for nonflat components. The plies are laid across a forming tool, which is then positioned 
beneath a heated forming press. The press is closed, and remains closed while the ply fibers 
and resin adjust to their new position. The press may remain closed for several minutes. 

 

Hot Ply Forming 

Select Yes if hot ply forming process time is required; this will reveal two more parameters: Form 
Interval and Form Operator Attendance Factor. 

User Customization of Hot Ply Forming Data 
Hotply Forming data may be customized.  Configurable data is stored in table 14 
[PROCESS-TIME-STANDARDS] of the composites.ini file.   

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
 Form Interval (this chapter) 
 Form Operator Attendance Factor (this chapter) 
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Form Interval  
Used by all processes. 

This parameter is available only when the Hot Ply Forming parameter is set to Yes.  The interval 
is the thickness of the material laid down between each hot ply forming operation. Enter it as a 
Least/Likely/Most range. The default value is 0.16 in. (4 mm). Form interval is used to calculate 
the number of times that the hot ply forming operation is performed during the layup process. A 
smaller interval means more hot ply forming cycles, and a longer time.   

 Hot Ply Forming (this chapter) 

Form Operator Attendance Factor  
Used by all processes. 

This parameter input is available only when the Hot Ply Forming parameter is set to Yes. While 
the component is in the press, the operator does not need to be constantly in attendance.  The 
Operator Attendance Factor is the percentage of the hot ply process time which requires 
operator attendance.  Enter it as a Least/Likely/Most range. The default value is 100%, but you 
can enter a lower factor as required, e.g., 85%. Reducing this factor will reduce the allocated 
process time and cost.   

 Hot Ply Forming (this chapter) 

Ply Orientation 
Used by ATL. 

Laying unidirectional prepreg tape in 4 directions (0o, 45 o, 90 o, or 135 o — also called –45 o) 
adds structural strength, adjustable by varying the percentage of tape laid in each direction. 

If the sum of Ply Orientation parameters does not equal 100%, SEER-MFG will display an error 
message.  You should make the required changes before proceeding.   

 For illustrations of ply orientation, see the ATL Build Ups section in this chapter. 
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ATL Equipment 
Used by ATL. 

This parameter input is ATL process specific. By default, SEER-MFG lists a generic type of ATL 
equipment in the drop-down list. ATL equipment typically has a 3, 5, or 7 axis CNC tape head, 
which is used to deposit multiple strips of unidirectional prepreg tape onto the mold tool. 

 

Y 

X 

Z
C

A

Mold 

Typical ATL Equipment 

User Customization of ATL Equipment Data 
ATL equipment data may be customized.  The process data for the ATL equipment is stored in 
table 21 [ATL-EQUIPMENT] of the composites.ini file.   

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
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CONSUMABLES 
Used by all processes. 

Consumables are items used in manufacturing, but not already accounted for as material or 
labor costs. They typically make up a small percentage of a composite part's overall cost.  In 
SEER-MFG, consumables are vacuum bagging materials, release agent, breather film, sealant 
tape, and sealing clamps.  The Consumables parameters depend on the process type selected; 
Bagging Material, Release Agent, and Sealant Tape are used by all processes, while Breather is 
used by HLU, ATL, LRI, and LRI only.  SEER-MFG reports consumables as Other costs. 

 
Consumables Parameters 

  Other Costs / Detailed Composites — Detailed Analysis Report in chapter 7:  
SEER-MFG Outputs 

 Bagging Material (this chapter) 
 Release Agent (this chapter) 
 Breather (this chapter) 
 Sealant Tape (this chapter) 

Bagging Material  
Used by all processes. 

Visible when you expand the Consumables parameter.  Vacuum bagging material encloses the 
component prior to curing.  SEER-MFG uses preset data for the material which you select from 
the list to calculate total bagging material cost, which affects overall consumable costs. 

The main types of vacuum bag are: 

Bag Type Description 

Film  Nylon (the most common), silicone, Mylar, Kapton. Depends on the film's 
temperature resistance and its ability to adapt to the layup shape. 

Reusable Typically elastomeric material, molded to the shape of the component 
layup, and forming part of the mold tool. Popular for long production runs 
because it is often faster to apply to complex layups than film bagging. 
However, it does eventually degrade and must be replaced. 
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User Customization of Bagging Material Data 
Bagging material data may be customized. The configurable data is stored in table 10 
[BAGTYPE] of the composites.ini file. 

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
 Consumables (this chapter) 

Release Agent  
Used by all processes. 

Release agent films are used to prevent the composite part from adhering to tool surfaces. They 
are also used to prevent resin flow into the breather plies, to which the vacuum system vents. 
Resin in the vacuum system could clog it and prevent it from working. 

 For resins that produce volatiles during cure or consolidation, a release film with small 
widely spaced perforations prevents the breather from becoming clogged with resin. 

 For resins that produce no volatiles during cure or consolidation, an unperforated release 
film can be used instead. 

Select the appropriate release agent from the drop-down list. This retrieves the unit cost for that 
release agent from a data table. This unit cost is then used to calculate the total release agent 
cost.  Release agent material costs affect the overall consumable costs. 

User Customization of Release Agent Data 
Release agent data may be customized. The configurable data is stored in table 9 [RELEASE 
FILM] of the composites.ini file. 

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
 Consumables (this chapter) 
 Breather (this chapter) 

Breather  
Used by HLU, ATL, LRI, and RFI. 

Available only when the Consumables parameter is expanded. Breather plies are usually 
fiberglass or synthetic fabric; they are placed on top of the release film to allow dispersion of 
vacuum pressure over the layup, and removal of air or volatiles during cure and consolidation. 
Coarse, open-weave fabrics are used; otherwise bridging and bag failure may occur. 
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Select the appropriate breather film from the drop-down list. This retrieves the unit cost for that 
breather from a data table. This unit cost is then used to calculate the total breather cost.  
Breather material costs affect the overall consumable costs. 

User Customization of Breather Data 
Breather material data may be customized. The configurable data is stored in table 11 
[SEALANTTAPE] of the composites.ini file. 

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
 Consumables (this chapter) 
 Release Film (this chapter) 

Sealant Tape  
Used by all processes. 

The vacuum bag needs to be sealed around its edges to prevent autoclave gas infiltrating the 
layup; if gas does infiltrate, the result will be a scrapped part.  

 For film bagging, the seal is usually achieved by double-sided adhesive tape which adheres 
to both the mold tool and vacuum bag. 

 For reusable bagging, the seal must also be reusable. This is achieved by using a 
mechanical seal such as an O-ring. 

Select the appropriate sealant tape from the drop-down list. This retrieves the unit cost for that 
sealant tape from a data table. This unit cost is then used to calculate the total sealant tape 
cost.  Sealant tape material costs affect the overall consumable costs. 

User Customization of Sealant Tape Data 
Sealant tape data may be customized. The configurable data is stored in table 11 
[SEALANTTAPE] of the composites.ini file. 

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
 Consumables (this chapter) 
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CURE 
Used by all processes. 

CURE is a Yes/No input. Yes adds a cure cycle time to the overall direct time, and displays 
several new parameters, depending on the process.   Cure Temp., Final Cure Duration, Initial 
Temp. Cure Duration, Operator Attendance Factor, and Heat-up Rate are used by all processes.  
Cure Method is used by HLU, ATL, RFI, and LRI, while Cool-down Rate is used by RTM and LRI. 

 
Cure Parameters (HLU Process) 

See material types in the composites.ini file for cure temperature related details.  

All components require a cure cycle. However, selecting Yes or No depends on these factors: 

Select: Factor: 

No Cure man-hours not included in costed man-hours. 

Yes You do include cure man-hours in costed man-hours and you 
are costing a simple part (i.e., made from a single shape). 

For a rollup representing a complex part, consider these factors: 

Select: If: 

Yes for each constituent part. All the constituent parts are secondary-bonded together, or 
are cured, then fastened together. 

Yes for the main part. 

No for all other parts. 

All the constituent parts are co-cured together.  This avoids 
double accounting the cure cycle time. 

Yes for the main part, plus each 
secondary-bonded or fastened 
part. 

No for all other co-cured parts. 

Some of the constituent parts are co-cured together, but other 
constituent parts are secondary-bonded or fastened.   

 

  Cure Cycle / Detailed Composites - Detailed Analysis Report in chapter 7:  
SEER-MFG Outputs 

 Appendix B: Composites.ini 



  

SEER-MFG Detailed Reference Detailed Composites     18-41 

Cure Method  
Used by HLU, ATL, RFI, and LRI. 

The resin curing process usually requires either an autoclave or an oven.  Select the method 
from the drop-down list. Typically most large manufacturers use a range of autoclaves, giving 
them flexibility in both component types manufactured and production flow scheduling.   

Note: This setting does not affect the cure cycle time. 

Cure Temp.   
Used by all processes. 

Cure Temperature is the maximum temperature that the composite component will be raised to. 
SEER-MFG will initially use the temperature in the composites.ini file. You may overwrite this 
initial value or change the value in the composites.ini file. 

To convert the resin to its final cured state, cure temperature is typically in the range of 248º F 
(120º C) to 356º F (180º C).  Currently, no commercial resins cure at room temperature. 

Cure Cycle 
Most cure cycles follow a temperature time cycle similar to that shown below: 

 
Cure Cycle Example 

Overall cycle time depends on cure reaction rate, which itself depends on the processes 
represented by the Cure parameters.  The resin supplier will recommend a range of values for 
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these parameters; the engineer must select the exact values used. Taking the above diagram as 
an example: 

 Room temperature 60º F (15º C). 
 Temperature Heat Up Rate 3–5º F/min. (1.8–3º C/min.). 
 Lower Temperature Cure Duration 30–60 min. 
 Cure Temperature 350º F (177º C). 
 Final Cure Duration 120 +/-10 min. 
 Temperature Cool Down Rate 3–5º F/min. (1.8–3º C/min.). 
 Autoclave or Oven door open temperature 150º F (66º C). 

 Appendix B: Composites.ini 

Final Cure Duration  
Used by all processes. 

Final Cure Duration is the time period in minutes during which the resin is held at the higher 
cure temperature. SEER-MFG will initially use the time period stored in the composites.ini file. 
Final Cure duration is entered as a Least/Likely/Most range, which allows you to input a range 
of possible values to capture any uncertainty.  

You may overwrite the initial value or change the value in the composites.ini file. 

 Appendix B: Composites.ini 

Initial Temp. Cure Duration  
Used by all processes. 

Initial Temperature Cure Duration is the time (in minutes) when the resin is held at the lower 
cure temperature. SEER-MFG will initially use the time period stored in the composites.ini file. 
Initial Temperature Cure Duration is entered as a Least/Likely/Most range.  

Note: Some resin cure cycles dispense with the lower temperature stage and rely on just the 
higher temperature stage. In such cases, enter 0 for the Initial Temperature Cure Duration, and 
allocate all the time to the Final Temperature Cure Duration.  

You may overwrite the initial value or change the value in the composites.ini file. 

 Appendix B: Composites.ini 
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Operator Attendance Factor  
Used by all processes. 

The percentage of the cure cycle time during which the operator is actually in attendance; cure 
does not require full-time operator attendance, and an occasional check of the temperature 
recorder may be enough.  Enter the Operator Attendance Factor as a Least/Likely/Most range. 
The default is 100% (operator in attendance for the entire cycle, with all associated man-hours 
included in the component), but most facilities will have a much lower factor (perhaps 10%). 
Reducing the Operator Attendance Factor reduces the allocated cure cycle time and cost.   

Heat-up Rate  
Used by all processes. 

The rate at which the temperature rises in the autoclave or oven (°F/min. or °C/ min.). Too 
rapid a rise can cause the reaction to become exothermic, leading to reduced resin properties 
and a scrapped component. Typical heat up rates are in the range 3–5°F/ min. (1.–3°C/ min.).  
SEER-MFG will initially use the heat up rate stored in the composites.ini file.  You may overwrite 
the initial value or change the value in composites.ini.   

 Appendix B: Composites.ini 

Cool-down Rate  
Used by RTM and LRI. 

The rate at which the temperature is reduced in the autoclave/oven, once curing is completed 
(°F/ min. or °C/ min.). Typical cool down rates are in the range 3–5°F/ min. (1.8–3°C/ min.). 
SEER-MFG will initially use the cool down rate stored in the composites.ini file. You may 
overwrite the initial value or change the value in composites.ini.  

 Appendix B: Composites.ini 

Resin Port Couple Time  
Used by RTM and LRI. 

In RTM and LRI, resin flows through hoses from the preheating vessel to the mold tool during 
the cure cycle. This is the time required to connect the hoses to the mold tool. The number of 
hoses depends on factors such as component size and complexity. SEER-MFG initially uses the 
time from composites.ini.   You may overwrite this value or change it in composites.ini.  

 Appendix B: Composites.ini 
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PART FINISH 
Used by all processes. 

Part Finish is a Yes/No input. When Yes is selected a part finish time will be added to the overall 
direct time.  This parameter calculates a part finish time for simple profile machining around the 
periphery of the part, plus resin sealing of the machined edge. 

Select: If: 

No You require no part finish work on the component. 

No You require part finish work, but don't want to use the part finish function.  
You can insert a SEER-MFG Machining work element, using parameters that 
are appropriate for composite materials. 

Yes You require part finish work, and want to use the part finish function. 

Yes You require more complex part finish work (e.g., additional pilot holes, access 
hole routing, etc.), and wish to use the following approach: 
1.  Use the Part Finish function for the profile machining. 
2.  Iinsert a SEER-MFG Machining work element for the more complex part 
finish work, using parameters that are appropriate for composite materials.  

 

Drill head with profiling cutter 

Component 

Clamps 

Support jig 
fixtures 

Machining bed 

Example of Part Finish 

PART FINISH Calculations 
If Yes is selected, SEER-MFG will model 3 operations: 

 Setup Part Finishing.  This covers (as required):  
 Install jigging and support tooling to machining bed. 
 Locate component within jigging and support tooling. 
 Clamp and unclamp. 

 Profile machine the component. 
 Resin seal the machined edges. 

The calculations use the periphery of the part, plus three parameters from composites.ini.  
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User Customization of PART FINISH Data 
Part Finish data may be customized. The configurable data is stored in table 14 
[PROCESS-TIME-STANDARDS] of the composites.ini file. 

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 

ADDITIONAL ITEMS 

 ADDITIONAL ITEMS in chapter 9:  Common Process Parameters 

MANUFACTURING DESCRIPTION 

Set-up Complexity 

 Set-up Complexity in chapter 9:  Common Process Parameters 

OPTIONAL COST DESCRIPTION 

Other Cost (Optional) 
 Other Cost (Optional) in chapter 9 – Common Process Parameters. 

PART ASSEMBLY CONTRIBUTION  

 PART ASSEMBLY CONTRIBUTION in chapter 9:  Common Process Parameters 

Tooling Tab 
The Tooling tab inputs for the Detailed Composites work element differ sufficiently from those 
used by other SEER-MFG work elements to require a separate description: 



 

18-46     Detailed Composites SEER-MFG Detailed Reference 

TOOL DESCRIPTION 
Clean Tool 

Used by all processes. 

Clean Tool is a Yes/No input. When Yes is selected a tool cleaning time will be added to the 
overall direct time.   Cleaning of the mold tooling will usually be required prior to the 
manufacture of each new component. This cleaning includes the following tasks: 

 Remove cured resin fragments from the mold surface. All techniques have to avoid 
damaging the mold tool surface, especially for single-sided tooling manufactured from 
carbon fiber composite material.  Removal may range in difficulty from the extremes of 

 a simple wipe with a cleaning pad, to 
 refrigerating the mold tool, and then chiseling away at the brittle stubborn resin 

fragments.     
 Remove cured resin from the resin feed channels (RTM only). 
 Apply release agent to the freshly cleaned mold tool surface. 

Clean Tool Calculations 
SEER-MFG assumes single-sided tooling for HLU, ATL, LRI, and LRI, and double-sided tooling for 
RTM. The tool cleaning time is calculated using the following parameters: 

Factor Description 

Part complexity A more complex component will require more complex mold tooling 
(especially optional removable tooling pieces), which takes longer to 
clean. 

Developed Area The tool area to be cleaned slightly exceeds the developed area of the 
component. For RTM, this is twice the area (i.e., both lower and upper 
mold tool sections). A larger developed area means more cleaning time. 

Cleaning Rate The rate at which the tool is cleaned (ft2/hr., m2/hr.). 

Release Agent 
Application Rate 

The rate at which release agent is applied to the tool after cleaning 
(ft2/hour, m2/hour). 

User Customization of Clean Tool Data 
Clean Tool data may be customized. The configurable data is stored in tables 13 
[HLU-PART-FAMILY] and 14 [PROCESS-TIME-STANDARDS] of the composites.ini file. 

  Configuration Files in chapter 8:  Special Topics 

 Appendix B: Composites.ini 
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Initial Tool Fabrication & Design 
Used by all processes. 

The following three tool inputs are unique to the Detailed Composites model. They are only 
available for use when ‘MFG Default Tool Set’ is defined as one of the tool list items. If ‘MFG 
Default Tool Set’ is removed from the Tool List, these three inputs are not available for use, and 
the standard set of tool fabrication and design parameters remain ready for use. 

 Tool Description in chapter 9:  Common Process Parameters 

MFG Default Tool Set Calculations 
SEER-MFG assumes single-sided tooling for HLU, ATL, LRI, and LRI, and double-sided tooling for 
RTM. The tool material and manufacture cost are calculated using the following parameters: 

Parameter Description 

Part Complexity A more complex component will require more complex mold tooling 
(especially optional removable tooling pieces), which will take longer to 
manufacture. 

Developed Area The developed area of the component is used to calculate the tool volume 
required. The larger the developed area, the greater the time to fabricate 
and more material costs required. 

Rough Rate The rate, measured in volume per hour, at which the rough machine 
operations will be carried out. 

Finish Rate The rate, measured in volume per hour, at which the finish machine 
operations will be carried out. 

Setup Time The amount of time required to set up the machines for fabrication of the 
mold tool.  

Clamp Number RTM only. The greater the number of clamps, the greater the tool cost. 

User Customization of MFG Default Tool Set Data 
You can customize MFG Default Tool Set data by editing tables 13 [HLU-PART-FAMILY], 14 
[PROCESS-TIME-STANDARDS], and 22 [TOOLING-MATERIAL] of composites.ini. 

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 

Tool Material  
Used by all processes. 
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Material used for the mold liner or the double-sided mold tooling. The mold tooling (except RTM) 
is usually a backing framework for the liner. For RTM it consists of both halves of the tooling.   

SEER-MFG provides the following tool materials to choose from (see Initial Tool Fabrication & 
Design for details on customizing and adding new tool materials): 

Steel CFRP (Carbon Composite) 

Aluminum Filled/unfilled polymers 

Nickel electroforms Tooling foam 

Invar Ceramic 

Material notes: 

Material Note 

Invar Advantages:  thermal stability, plus good resistance to damage.  
Disadvantage:  usually more expensive than steel or CFRP. 

CFRP Advantages:  thermal properties during heating are identical to those 
of the component, lower cost than invar tooling.  
Disadvantage:  gradual damage, must be replaced frequently. 

 Initial Tool Fabrication & Design in this chapter (above) 

Tool Cost  
Used by all processes. 

The tool material cost per volume (m3 or in3). SEER-MFG will initially use the tool material cost 
from composites.ini, depending on the material type selected. You can overwrite this value (see 
Initial Tool Fabrication & Design for details on customizing the tool material costs).   

 Initial Tool Fabrication & Design in this chapter (above) 

Tool Construction  
Used by all processes. 

Choose from either a machined billet or shell and frame tool construction. Typically, a shell and 
frame construction requires less material and labor time, and less cost.   

 Initial Tool Fabrication & Design in this chapter (above) 
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Inspection/Rework Tab 
As with the Tooling tab, the Inspection/Rework inputs for the Detailed Composites work element 
differ sufficiently from those used by other SEER-MFG work elements to require a separate 
description: 

INSPECTION/REWORK 
Inspection/Rework consists of the following parameters: 

 
INSPECTION/REWORK Parameters 

Non-Destructive Testing (NDT)   
YES/NO choice. Enter Y (Yes) if NDT is to be computed. Enter N (No) if NDT is not required. Non 
Destructive Testing is an umbrella term for a range of testing technologies that do not damage 
the component under test (for example: ultrasonic, X ray, holographic). 
NDT time is added to inspection. 
Entering Y (Yes) allows you to add up to ten NDT operations, using Add Next Here. 
The following parameter entries are used to describe an NDT operation: 
Field Description 

Description Enter a description for the NDT operation). 

Transducers Scanning large components with a scanning head containing a single 
transducer can take several hours. Where possible, it is the practice to use 
scanning heads containing more than one transducer, to allow multiple paths to 
be scanned simultaneously. NDT Transducers has a default value of 1. Enter a 
larger number to reduce the time taken for NDT scanning (for example: Two 
transducers will reduce the scanning time by half, three transducers will reduce 
the scanning time by 2/3 etc.). 
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Defect Size (in or 
mm) 

Enter the minimum defect size that must be detected. Defaults to 1/6 inch 
(4mm) for aerospace components. The distance between scan passes = defect 
size/2 (This ensures that a defect will be detected by at least 2 adjacent passes 
of the scanning head). Consequently the smaller the defect size, the longer the 
scanning time.  

Manual Insp. % Enter the percentage of a component that is scanned using a handheld 
scanning head. Manual inspection is entered as a Least/Likely/Most range, 
which allows you to input a range of possible values to capture any uncertainty. 
The default value is 0%. 

The handheld scanning head is moved using manual control. This is slower and 
has less accurate positioning compared to a CNC controlled operation. Manual 
scanning is applicable to component areas that are not uniformly flat, especially 
corner radii (e.g. for a T channel, the corner between the foot and the blade of 
the channel). 

Many components require a mixture of automated and manual scanning. For 
such components select appropriate values for Manual Inspection % and 
Automated Inspection %.  

Automated Insp. % Enter the percentage of the component that is scanned using an automated 
CNC control. Automated inspection is entered as a Least/Likely/Most range, 
which allows you to input a range of possible values to capture any uncertainty. 
The default value is 100%.Automated scanning is fast and allows accurate 
positioning of the scanning head. Applicable to component areas that are 
essentially uniformly flat and allow good access to the scanning head. 

Many components require a mixture of automated and manual scanning. For 
such components select appropriate values for Manual Inspection % and 
Automated Inspection %.  

Insp. Equipment Select the appropriate automated inspection equipment from the drop down 
list. The default list contains only one piece of equipment. More automated 
inspection equipment can be added within the COMPOSITES.INI file as required. 

How SEER-MFG Calculates Non-destructive Testing (NDT) Process Time 
SEER-MFG does not distinguish between ultrasonic inspection types (pulse/echo, through 
transmission, or reflected through transmission) because process time for each is based on 
total scanned distance divided by scanning speed. SEER-MFG assumes C-scan for the display. 

SEER-MFG calculates the process time as the sum of two operations: 

 Locate component in inspection jigging or frame. 
 Perform ultrasonic scan. 
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The time to perform the ultrasonic scan is driven by: 

 The average path length. 
 The number of passes by the scanning head (= part width ÷ distance between scan 

passes). 
 The defect size - the minimum defect size that must be detected (0.167 in. or 4 mm for 

aerospace components). 

 
Non Destructive Testing / Scanning Example 

Note:  NDT inspection time is summed with the overall inspection time but is also shown 
separately in the Additional Data section of the Detailed Analysis report. 

User Customization of Non-Destructive Testing (NDT) Data 
Nondestructive testing data may be customized. The configurable data is stored in tables 18 
[NDT-INSPECTION-EQUIPMENT-MANUAL] and 19 [NDT-INSPECTION-EQUIPMENT-AUTOMATED] 
of the composites.ini file. 

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 
 Inspection / Detailed Composites — Detailed Analysis Report in chapter 7:  

SEER-MFG Outputs 
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Dimensional Check  
Used by all processes. 

Dimensional check is conducted near the end of the manufacturing process, to assure that the 
finished component matches its dimensional specification. It can include several tasks: 

 Check the internal dimensions of drilled holes using a go/no-go gauge. 
 Check component thickness using calipers (or similar devices). 
 Check component dimensions using CNC controlled CMM (Coordinate Measuring Machine) 

equipment (see below). 

SEER-MFG offers the choice of one of the following 3 options: 

Option Description 

None SEER-MFG calculates a zero time for dimensional check (default value). 

Manual SEER-MFG calculates a time for dimensional check. The majority of the 
testing will be carried out using manual techniques, e.g., go/no-go gauge, 
calipers, etc. 

Automated SEER-MFG calculates a time for dimensional check. The majority of the 
testing will be carried out using CNC controlled CMM (Coordinate 
Measuring Machine) equipment. 

 

CNC controlled carriage 

Scanning head 
Component 

Example of Dimensional Check 
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For both the Manual and Automated options, the number of dimensions that are checked is 
treated as proportional to the developed area of the component. SEER-MFG uses different 
checking rates for the manual and automated options. 

In general, automated inspection requires less man-hours. This is because, even if manual and 
automated inspection require the same physical time, for manual measurement the operator is 
in attendance 100% of the time, but for automated measurement the operator can work on 
different components, and merely read the final printed report.   

User Customization of Dimensional Check Data 
Dimensional Check data may be customized. The configurable data is stored in table 20 
[DIMENSIONAL-CHECK] of the composites.ini file. 

  Configuration Files in chapter 8:  Special Topics 
 Appendix B: Composites.ini 

Inspection  
Used by all processes.    

Enter the percentage (as a Least/Likely/Most range) of direct-touch labor time for both QA 
inspection and in-process inspection. The default value is 0%, but you can overwrite this value, 
using the historical average at your facility or your knowledge of the specific process. 

Normally in-process inspection is performed by mechanics and typically involves a visual check, 
but it can also include gauges and calibrated inspection tools. These inspections are a direct 
charge and are set as a percentage of the direct process time.  

QA inspection describes all planning procedures, inspections, examinations, and tests required 
during procurement, production, receipt, storage, and issue that are necessary to provide the 
user with an item of the required quality.  QA Inspection often includes quality control functions.   

Examples of QA Inspection activities: 

 Quality Assurance Management 
 Management, Planning and Budget Control 
 Systems and Procedures Audit 
 Contamination Control 
 Material Review Board (MRB) 
 Quality Engineering 
 Procurement Control 
 Supplier Control 
 Receiving Inspection 
 Inspection Operations 
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 Manufacturing Inspection 
 Tool Inspection 
 Technical Services (e.g., inspection planning) 
 Quality Control 
 Laboratory and Measurement Standards 

Rework  
Used by all processes. 

Direct-touch labor for both in-process and second time rework and repair effort; this parameter 
will typically represent the historical average at your facility or company, expressed as a 
percentage of the direct time value. Rework percent is entered as a Least/Likely/Most range, 
which allows you to input a range of possible values to capture any uncertainty. The default 
value is 0%, but you can overwrite this value. Historical averages generally provide the best 
reference, and may be sufficient to represent the total program percentage of the hands-on 
labor time. However, you may choose to determine this value from known attributes of the 
particular situation.  

In-process rework by the mechanic is a direct charge and is set as a percentage of direct 
process time. This is not inspection time for QA, which should be included in Inspection. 

Second time rework and repair effort covers replacing components, retouch, disassembly and 
reassembly, etc., after the equipment has been rejected by inspection or test. 

Common Process Parameters 
Parameters not specific to Composite operations are listed in chapter 9:  Common Process 
Parameters. 
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Chapter 19 

Tube, Fab, Weld, & Processing 

 
This chapter is a reference for all the unique parameter inputs for Tube, Fab, Weld, & 
Processing work elements.  Parameters that are common to more than one work element type 
may be found in chapter 9:  Common Process Parameters. 
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Tube Bending 
The Tube, Fab, Weld & Processing work element provides a detailed process model for the 
specific process element steps related to the fabrication, and processing of a variety of tube 
types and tube assemblies.  The model can be used to produce labor and material estimates for 
singular tubes both straight and with multiple bends in varied axes. Tube assemblies 
comprising of multiple tubes welded together containing, fittings and ends of varied types may 
also be modeled. The model covers and has selections for tube dimensions, materials, bending 
operations, end preparation, sawing to size, welding, material processing, and paint and part 
identification. 

Tube Bending Overview 
Metal tubing is used for a wide variety of industrial and commercial products. Tube materials 
include steels, aluminum, copper, and brass. Tubing shapes include round, square, rectangular, 
oval, and special shapes. Tubing may be produced by roll forming, drawing, and extrusion and 
they have a variety of seam configurations. Seams may be welded, open, lock-seams, or tubes 
may be seamless. Tube stock is cut to length by sawing, shearing, disc cutting, lathe cutting, or 
laser cutting methods. Once cut to size, tubes are processed into components by bending 
and/or tube end forming operations. 

When tubing is bent to a specific shape or geometry, force must be applied so as to exceed the 
materials 'yield point', which is the material's capability to resist permanent deformation, while 
staying below the material’s 'ultimate tensile strength', which is the limit of the material's ability 
to resist tearing. As the tube is bent over a specific radius the outside wall will stretch in tension 
while the inside wall bends under compressive forces. The boundary line through the center of 
the tube, between the tension and compressed zones is called the 'neutral axis'. The 'neutral 
axis' is the location from which all dimensional calculations are made. 

Bending Operations 
Tube bending can be done manually, semi-automatically, with CNC equipment, or with 
dedicated machines. Manual bending involves minimum costs but is not reliable in regards to 
accuracy and repeatability. Manual bending is usually applied to tubing less than one inch in 
diameter or cross section.  

Semi-automatic bending uses machines with either hydraulic or electric motors providing the 
bending force. Typically the tube must be manually repositioned before each subsequent bend. 
Thus repeatability and accuracy may still be an issue. In contrast, CNC or computer numerically 
controlled machines incorporating servo-drives can accurately control the degree of bend, 
distances between bends, as well as the plane of the bend. Dedicated bending machines are 
designed for specific parts or families of parts.  
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During some bending operations an internal mandrel might be required to prevent excessive 
distortion on the tube wall. There are several types of mandrels. 

The mandrel is placed inside the workpiece at a position tangent to the actual beginning of the 
bend radius. The extraction of the mandrel after bending is facilitated by some form of 
extraction mechanism. There are several different bending methods, the use of which depends 
upon the tube diameter, wall thickness, minimum bend radius required, and part complexity. 
These bending methods include Rotary, Compression, Ram and Roll bending: 

 Rotary draw bending uses a movable bending form or die, along with a clamping die, a 
pressure die, and a wiper die, and is the most common tube bending method. Rotary draw 
bending can produce bends up to 180 degrees with standard tooling.  

 Compression bending is similar to rotary bending except that the bending form remains 
stationary rather than rotating with the workpiece. This method is used where there is 
minimum clamping space between bends. 

 Ram bending uses either a horizontal or vertical press to force a die or forming shoe to 
against a workpiece supported by supporting dies. These dies are also contoured like the 
die or forming shoe to match the profile of the tube. As force is applied the supporting dies 
rotate or swivel, following and supporting the workpiece during the forming cycle.  

 Roll bending is used to produce large radius bends on heavy walled tubing. Roll bending is 
not typically used to bend thin wall tubing due to the high degree of wall stretching and 
thinning that occurs with the process. Roll bending uses three forming rolls arranged in a 
pyramid configuration, either in a horizontal or vertical position. Each roll has approximately 
the same diameter and all are contoured to match the cross-sectional shape of the 
workpiece. Two of the rolls are fixed while the third is adjusted to determine the finished 
bend radius. Roll bending can produce a multiple radius part, full circles, and helixes on 
tube, pipe, solid, as well as extruded material. 

Tube End Prep (Forming)  
Tube end forming methods are used to alter a tube at its end. Tube end forms are required for 
many applications, such as creating a connection to another component, such as a tube or 
fitting, or to achieve a close-tolerance fit for certain fluid-handling systems. There are many 
basic forms that can be applied to the end of a tube, including Reduction, Expansion, Flaring 
and Beading: 

 In tube end reduction, the tube is typically held stationary on a ram-forming machine while a 
reduction punch is forced axially over the end of the tube to reduce the diameter. This 
reduction in diameter places the tube end section under predominately compressive 
stresses. Additionally, there is an increase in tube wall thickness and tube end length.  

 In tube end expansion, the expanded tubular diameter is placed under predominately 
tensile stresses, resulting in a decrease in tube wall thickness and tube end length. 
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 Tube end flaring is the opening, or expanding outward, of the end of a tube. There are 
several types of tube end flares, including single flares, which can be performed in a single 
set-up, and inside double flares, which use a two-flare punch operation within the same 
tooling. 

 Beading is a projection or projections used around a tube end to provide strength. Beading 
is commonly used for close-tolerance connections. Beads can be generated using a variety 
of methods, with bead rolling being one of the most common. Beads produced are of two 
types, external tube beads, and internal tube beads, which are also referred to as 'grooves'. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 

Example Tubes and Tube Assemblies 
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ENGINEERING DESCRIPTION 

 
Engineering Description Parameters 

Tube Outer Diameter 
The outside diameter of the tube (in. or mm). Enter a least, likely, and most range if the exact 
dimension is not known.  

Note. Tube Outer Diameter dimensions may be stored and read from the material.INI file. See 
the Material Type parameter for details about the Use Dimensions from MATERIAL.INI option. 

  Material Type in this chapter (below) 
 Configuration Files in chapter 8:  Special Topics 

Tube Length 
The tube length (in. or mm). Enter a least, likely, and most range if the exact dimension is not 
known. 

Wall Thickness 
The tube wall thickness (in. or mm). Enter a least, likely, and most range if the exact dimension 
is not known. 

Note. Wall Thickness dimensions may be stored and read from the material.INI file. See the 
Material Type parameter for details about the Use Dimensions from MATERIAL.INI option. 

  Material Type in this chapter (below) 
 Configuration Files in chapter 8:  Special Topics 
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TUBE, FAB, WELD, & PROCESSING 
Material Type 

Select the type of material used from the default list of materials provided.  

Tube dimensions (Tube Outer Diameter and Wall Thickness) may be defined and read from the 
material.INI file. Check the Use Dimensions from MATERIAL.INI option if you want SEER-MFG to 
use dimensions from the material.INI file.  

Note. Tube material data may be customized. The configurable data is stored within the 
[TUBE-MATERIALS] table within the material.INI file. It is recommended that a backup copy of 
this file be retained if you choose to add to or modify the materials list. See ‘More Help’ for 
details. 

 Configuration Files in chapter 8:  Special Topics 

Material Cost 
The cost of raw materials by weight (Lb. or kg.).  Material cost is determined by a computed part 
weight and the Buy To Fly factor.  Default material costs are based on the material type 
selection. Values are automatically read from the material.ini file, but you can override the 
default values in as required. 

Note.  All MFG materials are listed in a separate text file, material.ini.  It is recommended that a 
backup copy of this file be retained if you choose to add to or modify the materials list.  

  Buy To Fly in this chapter (below) 
 Material Costs and Configuration Files, both in chapter 8:  Special Topics 

Material Utilization Factor 

 Material Utilization Factor in chapter 9:  Common Process Parameters 

SAW 
Is a Yes/No choice. Enter Y (Yes) if sawing is required. Entering Y will reveal the Saw Type 
parameter. Enter N (No) if sawing is not required; SEER-MFG will save any inputs for later use. 

Saw Type 
Select a Saw Type from the following options to define the type of sawing process that will be 
used in the manufacture of this tube. 
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Option Description 

Circular (Default). Only available for materials analogous to Aluminum and 
Stainless Steel. Material analogies are defined in the [TUBE MATERIALS] 
table of the material.INI file where tube material data may be customized. 

 
Circular Saw 

Direct time activities include: get tube, position tube in machine, circular 
saw tube, and set tube aside.  Circular Saws cannot be used to cut 
Titanium. 

 Configuration Files in chapter 8:  Special Topics 

Table Only available for materials analogous to Aluminum and Stainless Steel. 
Material analogies are defined in the [TUBE MATERIALS] table of the 
material.INI file where tube material data may be customized. 

Direct time activities include: get tube, position tube in machine, table saw 
tube, and set tube aside.  Table Saws cannot be used to cut Titanium 

 Configuration Files in chapter 8:  Special Topics 

Birkestrand Only available for materials analogous to Titanium. Birkestrand sawing is a 
specialized cold saw that has cutters specifically designed to cut Titanium. 
Material analogies are defined in the [TUBE MATERIALS] table of the 
material.INI file where tube material data may be customized. 

Direct time activities include: get tube, position tube in machine, 
birkestrand saw tube, and set tube aside.  Birkestrand Saw can only be 
used to cut Titanium 

 Configuration Files in chapter 8:  Special Topics 
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PREPARE/FORM 
This is a Yes/No choice. Enter Y (Yes) to reveal tube preparation parameters. Enter N (No) if 
preparation parameters are not required; SEER-MFG will save any inputs for later use. 

 
Prepare/Form Parameters 

Bends 
Depending on maturity of tube design this entry may be used to define the number of 
anticipated bends. Enter a least, likely, and most range if the exact number is not known. 

Tube Bender  
Select a Tube Bender type from the following list of options: 

Option Description 

None (Default) Assumes a straight tube. 

Coil Captures Set-Up and Run Time required for a Non-N/C (Numerically 
Controlled) tube bending process using coiled tube. Usually used for 
copper in high production areas. Tube is manually straightened prior to 
bending.  

Direct time activities include: get tube, lubricate tube and insert over 
mandrel, bend tube manually, rotate tube ready for next bend, and 
operator removes tube after the operation is complete.  

NC Tube Bender N/C tube benders usually use XYZ data directly from engineering models.  

 
Numerically Controlled Tube Bender 
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Direct time activities include: get tube, lubricate tube and insert over 
mandrel, press Start, machine bends tube, feeds tube forward, and 
rotates tube for next bend, and operator removes tube after the operation 
is complete. 

Normal Typically used for non-complex bending operations using straight tubes. 

 

Non-Complex Tube Bending Examples 

Captures Set-Up and Run Time required for a Non-N/C tube bending 
process using standard / straight tube. Direct time activities include: get 
tube, lubricate tube and insert over mandrel, bend tube manually, rotate 
tube ready for next bend, and operator removes tube after the operation 
is complete. 

 

Manually Operated Tube Bender 

Regular Typically used for complex, multiple bends where ends are placed in a 
three dimensional relationship, using standard / straight (Complex) tube.   

 

Complex Tube Bending Example 

Direct time activities include: get tube, lubricate tube and insert over 
mandrel, bend tube manually, rotate tube ready for next bend, and 
operator removes tube after the operation is complete.  
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Ti. Hot Bend 
This is a Yes/No choice. Enter Y (Yes) if Hot Bend Forming is required. Enter N (No) if Hot Bend 
Forming is not required. Usually used for Titanium that must be hot formed to prevent cracking. 
N/C (Numerically Controlled) and Non-N/C.  

Direct time activities include: get tube, lubricate tube and insert over mandrel, pre-heat tube per 
process, bend tube manually or N/C bend, rotate tube manually or allow N/C to rotate tube 
ready for next bend, and finally operator removes tube after the operation is complete. 

Note. Ti. Hot Bend is only available if material type is analogous to Titanium. Material analogies are 
defined in the [TUBE MATERIALS] table of the material.INI file, which may be customized. 

 Configuration Files in chapter 8:  Special Topics 

End Prep One & Two 
Select an End Prep method for the either or both of the tube ends from the following list of options: 

Option Description 

None Assumes tube end will only be deburred and that no end preparation is 
required at this time.  Usually selected when the tube is for a slip joint or if 
the end preparation will be completed during assembly.  

Bead Captures Set-Up and Run Time required for forming a bead on a tube end.  

Bead forming is usually used when mated to clamped rubber or other 
pliable type hose. Beaded joints can be used for O-rings or they can be 
used to connect hoses to tube ends. In addition, a beaded end can be 
used to interconnect exhaust tubes or low pressure fuel lines. Beads can 
also be used to dampen vibration in solid lines or to increase the 
effectiveness of the seal when a rubber or fabric sleeve is clamped to a 
metal duct. Typical applications include low pressure air, exhaust, and 
liquid systems in automotive, appliance, and boating industries. 

 
Beaded Tube End 

Direct time activities include: get tube, position tube, bead tube, and set 
tube aside.  
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Bulge Captures Set-Up and Run Time required to bulge a tube end (expand tube 
diameter).  

Direct time activities include: get tube, position tube, bulge tube, and set 
tube aside.  

 
Bulge (expanded) Tube End 

Flange Captures Set-Up and Run Time required for placing a flange on one tube 
end. Usually used when mating tubes that require alternate sealing 
approaches such as ‘O’ Rings etc. 

Direct time activities include: get tube, position tube, flange tube, and set 
tube aside.   

 
Flanged Tube End 

Flare Captures Set-Up and Run Time required for flaring one tube end. Usually 
used to mate tubes to devices or other tubes using “AN” type fittings.  

 
AN Type Fitting 

In the first picture above, the blue fitting (on top of the red) is an “AN” tube 
nut.  Inside the tube nut there is a “Sleeve” (not depicted) which is the part 
that places pressure on the flared tube or on to the mating part (second 
picture). Flaring the end of a tube is a process typically used to form a 
liquid tight, airtight connection at the end of a tube.  

Direct time activities include: get tube, position tube, flare tube, and set 
tube aside.  
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     Simple Flared Tube End        Double Lap Flared Tube End 

Install Other Fitting Captures Set-Up and Run Time for swaging a dynatube fitting (other than 
Wiggins or Gamah) on one tube end (see End Prep One (Swage Option)). 

Direct time activities include: get tube, position fitting on tube, swage fitting 
on dynatube machine, and set tube aside.  

Dynatube fittings are designed for the high temperature, high pressure and 
no leak requirements.  Dynatube machines swage the fittings onto the end 
of the tube.  

      
Dynatube Fitting Examples 
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Install Wiggings / 
Gamah Fittings 

Wiggins/Gamah Fittings are used in high pressure environments that in 
essence swage themselves on to the end of the tube. Captures Set-Up 
and Run Time required for swaging a Wiggins or Gamah (or similar) fitting 
on one tube end.  

Direct time activities include: get tube, position fitting on tube, swage with 
air wrench then torque wrench, and set tube aside.  

 

 
Wiggins/Gamah Fitting Examples 

Perma Swage Permaswage  fittings  are  mechanically swaged onto the tube by a 
hydraulically operated tool. Tube assembly repair using Permaswage 
fittings / techniques is considered permanent repair. 

Captures Set-Up and Run Time required for specialized swaging (reducing 
the diameter) on one tube end. 

Direct time activities include: get tube, position tube in perma-swage 
machine, swage tube, and set tube aside.  

 
Permaswage Fitting Example 
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Perma Swage Aircraft 
Brake 

Permaswage  fittings  are  mechanically swaged onto the tube by a 
hydraulically operated tool. Tube assembly repair using Permaswage 
fittings / techniques is considered permanent repair for aircraft brake 
systems. 

Captures Set-Up and Run Time required for specialized swaging (reducing 
the diameter) for aircraft brake mechanisms on one tube end. 

Direct time activities include: get tube, position tube in perma-swage 
machine, swage tube, and set tube aside.  

 
Permaswage Fitting Example for Aircraft Brake System 

Swage Captures Set-Up and Run Time required to swage (reduce the diameter) 
on one end of a tube. Swage refers to a general process for (reducing) the 
diameter of a tube end by a specific dimension. Recommended reduction 
range is between 0.125in – 1in (3mm – 25mm). Typically swaging is done 
so that the reduced end will fit into the inside diameter (ID) of the same 
tube or fit into some kind of an opening. 

Direct time activities include: get tube, position tube in machine, swage 
tube, and set tube aside.  

 
Swage (reduced) Tube End 

Swage Reduction Captures Set-Up and Run Time required to reduce a tube end if the swage 
option is selected on end prep one above.   

The calculation for reducing a 1in (25.4mm) diameter tube down to a ¾in 
(19.05mm) diameter would be a 0.250in (6.35mm) reduction.  
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Pressure Test  
Captures Set-Up and Run Time required to pressure test tubes and tube assemblies above 600 
pounds per sqin (42 kilograms per sqcm) using the Autfrettage process.  Autofrettage is the 
process by which beneficial residual stresses are introduced into thick-walled tubes by initially 
subjecting the tube to high internal pressure that causes plastic deformation. As a result, load 
carrying capacity of the tube is increased due to the presence of residual stress. This process 
also enhances the fatigue life of the tube. 

Direct time activities include: get part, plug opening, connect to hydraulic test rig, perform test, 
and remove part. 

              
                          High Pressure Test Systems                        Mobile Pressure Test Units 

WELD 
This is a Yes/No choice. Enter Y (Yes) to define up to 25 weld configurations using the Add Next 
Here parameter. Enter N (No) if welding is not required; SEER-MFG will save any inputs for later 
use.  

Tube welding standards are based on the TIG (Tungsten Inert Gas) welding process (also known 
as GTAW (Gas Tungsten Arc Welding) and Heiliarc welding). The TIG process uses a shield of gas 
to prevent atmospheric contamination of the weld.  The process is rapid, which reduces labor 
effort. It is suitable for higher production levels because equipment is costly. 

Add Next Here 
You can add up to 25 weld configurations using the ‘Add Next Here’ parameter, which opens up 
the weld dialog entry box.  

Note. As you complete weld descriptions, the "Add Next Here" title reappears in the parameter 
input window, indicating a blank, to accommodate additional weld descriptions as required. 
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Welds - Add Next Here Dialog 

Some or all of the following parameter entries / descriptions are used to describe each weld entry: 

Input Description 

Weld Method Select a Weld Method from the drop down list to define the type of welding 
process that will be used in the manufacture of this tube.  
See Weld Method Options below for details about each weld method. 

 Weld Method Options in this chapter (below) 

Weld Qty Enter the quantity of independent welds required for this tube assembly. 
The weld quantity parameter is used as a multiplier for weld length. We 
recommend grouping like sized welds as a single Weld List operation. 

Weld Len. Enter the weld bead length (in. / mm) for each independent weld required 
for this tube assembly.  Because weld length is multiplied by weld qty, we 
recommend grouping like sized welds as a single Weld List operation. 
Note. Weld Length is not required when using the Tack Tubes Weld Method. 

Branch Qty Enter the number of welded intersections on this tube assembly.   A "T" 
tube would have one branch; an "F" tube would have two branches, etc. 

Branch Len Enter the average length of branch tube(s) in inches or millimeters. 

Part Type Select a part type from the drop down list.  The available Part type options 
depend on the weld method selected.   
See Part Type Options below for details about each part type. 

 Part Type Options in this chapter (below) 
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Joint Type Select a joint type from the drop down list.  The available Joint type options 
depend on the weld method selected.   
See Joint Type Options below for details about each joint type. 

 Joint Type Options in this chapter (below) 

Special Handling Select an option from the drop down list to help define whether time is 
required for special handling: 
None Assumes no special handling is required. 
Stored in Ice Box Assemblies must be stored in an Ice Box while not 
being work upon to maintain part aging. 

Witness Mark Select an option from the drop down list to help define whether time is 
required for placing a witness mark on the tube assemblies: 
None Assumes that no witness marks will be required. 
Witness Place witness marks in specific areas to aid location of details 
during the welding process. 
TFIS Place witness marks using TFIS data (computer generated 
three dimensional data) in specific areas to aid location of details during 
the welding process. 

Setup Check the Setup option if required for this operation. 

Handling Check the Handling option if required for this operation. 

Weld Method Options 
Weld Method Description 

None (Default) Assumes the tube will be straight and no welding is required 

Tack Tubes Captures Set-Up and Run Time required to tack weld tubes. Tack welding 
allows Welders too quickly and easily position parts before welding. After 
tack welding, if the alignment for final welding isn’t properly established, 
the part can be removed easily from the assembly and re-tacked. Once an 
assembly is tack-welded, welding becomes easier because the parts will 
not move during welding, and the Welder can focus on welding rather than 
part alignment. 

Note. To complete the tube welding process, enter further weld 
configurations as required, and use the Tube Weld method to describe the 
final welding requirements e.g. weld lengths, welding inside or outside 
chamber etc. 

Direct time activities include: Fitter takes parts to weld booth, wire brushes 
details as necessary, places details to be assembled into fixture, adjusts 
parts for proper fit, clamps parts, and gives parts to welder. The Welder 
tack welds details together, and gives them back to the Fitter. 
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Tack Sheet Captures Set-Up and Run Time required to tack weld sheet metal. Tack 
welding allows Welders too quickly and easily position parts before 
welding. After tack welding, if the alignment for final welding isn’t properly 
established, the part can be removed easily from the assembly and 
re-tacked. Once an assembly is tack-welded, welding becomes easier 
because the parts will not move during welding, and the Welder can focus 
on welding rather than part alignment. 

Direct time activities include: Fitter takes parts to weld booth, wire brushes 
details as necessary, places details to be assembled into fixture, adjusts 
parts for proper fit, clamps parts, and gives parts to welder. The Welder 
tack welds details together, and gives them back to the Fitter. 

Weld Sheet - 
Filet 

Captures Set-Up and Run Time required to Filet weld sheet metal. Fillet 
welds are roughly triangular in cross section and between two surfaces not 
in the same plane and the weld metal is substantially placed alongside the 
components being joined.   

Direct time activities include: Fitter takes parts to weld booth, wire brushes 
details as necessary, places details to be assembled into the fixture, adjusts 
parts for proper fit, clamps parts, and gives parts to welder. The Welder will 
tack weld details together, give them back to the Fitter, who will usually 
unload the assembled part from the fixture, and give it back to the Welder so 
he/she can Filet weld the assembly, before setting the part aside. 

 
Filet Welds 
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Weld Sheet - 
Butt 

Captures Set-Up and Run Time required to Butt Weld sheet metal. A butt 
weld is made between two pieces of metal usually in the same plane; the 
weld metal maintains continuity between the sections. 

Direct time activities include: Fitter takes parts to weld booth, wire brushes 
details as necessary, places details to be assembled into the fixture, adjusts 
parts for proper fit, clamps parts, and gives parts to welder. The Welder will 
tack weld details together, give them back to the Fitter, who will usually 
unload the assembled part from the fixture, and give it back to the Welder so 
he/she can Filet weld the assembly, before setting the part aside. 

 
Butt Welds 

Weld Tubes Captures Set-Up and Run Time required to weld tubes. If purged chamber 
welding is required, select the Assembly Inside Chamber Joint Type option. 
When welding stainless steel, titanium and other corrosion-resistant 
materials, the heated weld seam is exposed to air and oxidizes if it is not 
protected. This oxidation must either be prevented or treated later. With 
purged chamber welding, a gas, such as Argon is used to protect the weld 
seam until it has cooled to the point that oxidation no longer can occur. 

Direct time activities include: wire brushing details as necessary, loading 
assembly into fixture, adjusting parts as required, welding tubes, and setting 
assembly aside. If purged chamber welding is required, direct time activities 
include: opening airlock door, loading parts into airlock, closing airlock door, 
purging parts for specified time, welding parts inside chamber, releasing 
purge to ambient, opening airlock door, and setting part aside. 
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Part Type Options 
Part Type Description 

None Assumes no part welding is required. Available for all weld methods. 

Flange; Ferrule Captures Set-Up and Run Time required to tack flanges or ferrules to the 
tubes.  This option is available for all Weld Methods. 

    
Example Flanges 

   
Example Ferrules 

Coupling Captures Set-Up and Run Time required to tack and weld Coupling(s) to the 
tube.  This option will only be available when None or Weld Chamber 
options are selected as the Weld Method. 

 
Example Couplings 

Tube Captures Set-Up and Run Time required to tack and weld tubes and 
branches.  This option will only be available if the Tack Tubes option is 
selected as the Weld Method. 
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Boss, Bracket, 
Fitting etc. 

Captures Set-Up and Run Time required to tack and weld Boss’s, Brackets, or 
Fittings to the tube.  This option will only be available for the Weld Methods: 
Tack Tubes, Tack Sheet, Weld Sheet – Fillet, and Weld Sheet Butt. 

 
Example Boss Fittings 

  
Straight, 90, and 45 Degrees AN Hose Fittings 

Doubler Captures Set-Up and Run Time required to tack and weld doublers on to 
the tube.  This option will only be available for the Weld Methods: Tack 
Tubes, Tack Sheet, Weld Sheet – Fillet, and Weld Sheet Butt. 

Sheet < 1 sqft 
(0.0929 sqm) 

Captures Set-Up and Run Time required to tack weld sheet metal (less than 1 
sqft or 0.0929 sqm) directly to the outside of the tube. Typically used for 
“Heat Sink” type applications.  Tubes welded to sheet have better conduction 
of the heat than mechanically fastening the sheet using clips or brackets.  

This option will only be available for the Weld Methods: Tack Sheet, Weld 
Sheet – Fillet, and Weld Sheet Butt. 

Sheet < 4 sqft 
(0.3716 sqm) 

Captures Set-Up and Run Time required to tack weld sheet metal greater 
than 1 sqft (0.0929 sqm) and less than 4 sqft (0.3716 sqm) directly to the 
outside of the tube. Typically used for “Heat Sink” type applications.  Tubes 
welded to sheet have better conduction of the heat than mechanically 
fastening the sheet using clips or brackets.  

This option will only be available for the Weld Methods: Tack Sheet, Weld 
Sheet – Fillet, and Weld Sheet Butt. 

Sheet > 4 sqft 
(0.3716 sqm) 

Captures Set-Up and Run Time required to tack weld sheet metal greater 
than 4 sqft (0.3716 sqm) directly to the outside of the tube. Typically used for 
“Heat Sink” type applications.  Tubes welded to sheet have better conduction 
of the heat than mechanically fastening the sheet using clips or brackets.  

This option will only be available for the Weld Methods: Tack Sheet, Weld 
Sheet – Fillet, and Weld Sheet Butt. 
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Joint Type Options 
Joint Type Description 

None Assumes no welded joints are required. Available for all weld method options 

Straight Captures Set-Up and Run Time required to weld a straight joint (90 
degrees).  This option will only be available if None, Tack Tubes, or Weld 
Tubes are selected as the Weld Method. 

Angled Captures Set-Up and Run Time required to weld an angled joint (more or 
less but not equal to 90 degrees).  This option will only be available if None, 
Tack Tubes, or Weld Tubes are selected as the Weld Method. 

Assembly Inside 
Chamber 

Captures Set-Up and Run Time required to tack and chamber weld tube 
assemblies.  This option will only be available if None, and Weld Tubes are 
selected as the Weld Method. 

Assembly 
Outside 
Chamber 

Captures Set-Up and Run Time required to tack and weld tube assemblies 
if a purged chamber is not available.  This option will only be available if 
None, and Weld Tubes are selected as the Weld Method. 

PROCESSING 
Is a Yes/No choice. Enter Y (Yes) if tubes and tube assemblies require final finishing processes 
to complete the manufacturing process, using the following parameter options: 

 Anodize. Yes/No option. 
 Other Processing. Add up to ten finishing processes per tube using the Add Next Here’ 

parameter. 
 Mask. Yes/No option. Enter Y (Yes) to reveal additional Mask parameters. 
 Paint. Yes/No option. Enter Y (Yes) to reveal additional Paint parameters. 

Enter N (No) if final processing is not required. 

Anodize  
Is a Yes/No choice. Enter Y (Yes) if time is required to prepare and anodize tubes and/or tube 
assemblies as directed by engineering. Enter N (No) if anodizing is not required. 

Anodizing consists of an anodizing solution typically made up of sulfuric acid. A cathode is 
connected to the negative terminal of a voltage source and placed in the solution. A component 
is connected to the positive terminal of the voltage source and also placed in the solution. When 
the circuit is turned on the oxygen in the anodizing solution will be liberated from the water 
molecules and combine with the part forming an oxide coating. Anodizing benefits include: 
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 Increased corrosion resistance  
 Increased durability / wear resistance  
 Ability to be colored through dying  
 Electrical insulation  
 Excellent base or primer for secondary coatings  

The anodize process may also be used to apply chromic, sulfuric, and hard coats to parts. 

Other Processing Add Next Here 
The Add Next Here parameter allows you to enter up to ten final processing operations that may 
be required to complete the manufacturing process. Each operation is defined using the 
following parameters: 

1) Description – enter a description of the process. 

2) Process Type – Defines the process method used, select from the following list of options:  

Option Description 

None Assumes that no additional processing will be required. 

Alodine Captures time required to prepare and alodine tubes and/or tube 
assemblies as directed by engineering.  

Alodining conversion is a surface altering process for corrosion resistance. 
The work-piece. is immersed in a chemical solution that decomposes some 
of the surface metal and forms a protective film. Alodining conversion is 
most frequently used on aluminum. Alodining provides good corrosion 
protection. It provides an excellent electrically conductive surface. This 
helps to provide good electrical bonding in an airframe. Also Paint sticks to 
it extremely well. In some cases, it can substitute for primer. 

Chromate Captures time required to prepare and chromate tubes and/or tube 
assemblies as directed by engineering. 

Chromate conversion is a surface altering process for corrosion resistance. 
The work-piece is immersed in a chromium chemical solution, decomposing 
some of the surface metal and forming a protective film. Chromate 
conversion is most frequently used on aluminum and zinc. Chromate is 
often used as a surface treatment prior to other coating operations. 

Dichromate Captures time required to prepare and dichromate tubes and/or tube 
assemblies as directed by engineering. 

Dichromate is chromate conversion coating usually produced on 
magnesium alloys in a boiling solution of sodium dichromate. The 
work-piece is immersed in a sodium dichromate solution that decomposes 
some of the surface metal to form a durable protective finish. 

See Also - Process Type - Chromate 
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Chromic Acid Captures time required to prepare and apply chromic acid to tubes 
and/or tube assemblies as directed by engineering. 

Chromic Acid conversion is a surface altering process that improves 
paint adhesion on aluminum or aluminum alloys, often for aircraft skins. 
Other applications are chromium plating, anodizing aluminum, corrosion 
resistance, sealing phosphate coatings applied to iron or steel, bright 
dipping of brass, and acid cleaning of aluminum and magnesium. The 
work-piece is treated electroltically in a dilute solution of chromic acid 
that produces a gray, opaque coating which effectively retards corrosion. 
Some Chromic Acid films can be dyed to give an attractive finish.  

Chrome Pickle Captures time required to prepare and chrome pickle tubes and/or tube 
assemblies as directed by engineering. 

Chrome pickling produces a chromate conversion coating on magnesium 
for temporary protection or for a paint base. 

See Also - Process Type - Chromate 

Passivate Captures time required to prepare and passivate tubes and/or tube 
assemblies as directed by engineering. 

Passivation is a non-electrical process where foreign metals from the 
surface of stainless and corrosion resistant steels are chemically 
removed. The process purifies and adds a protective film to the the part 
surface and therefore improves corrosion resistance. 

Vapor Degrease Captures time required to prepare and vapor degrease tubes and/or 
tube assemblies as directed by engineering. 

The vapor degreasing process is a hot solvent process that facilitates the 
trace removal of petroleum based lubricants. Most parts have some 
residue of lubricant after passing through several manufacturing 
processes. Vapor degreasing requires that a vapor degreaser unit heat 
the solvent to its boiling point to create a vapor zone. Part(s) are moved 
into the hot vapor zone for cleaning and then moved to a cleaning zone 
within the same degreaser unit. This cycle may be repeated several 
times, always ending after a stop in the cooling zone to allow residual 
solvent vapors to return the vapor zone.  

Clean – Except Steel Captures time required for preparing and cleaning tubes and/or tube 
assemblies using water based cleaners as directed by engineering. 

Water or Aqueous cleaning is a method of removing light oils from the 
work piece utilizing special equipment with a water-based, 
biodegradable cleaning compound. Depending on the cleaning 
compound chosen, the oil can be either emulsified or split to the surface. 
From the surface, it is skimmed to a separation compartment, where it is 
isolated from the cleaning area. Continuous filtration and liquid agitation 
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is provided to aid in the cleaning process. Water / aqueous cleaning is 
most appropriate for cleaning parts that are contaminated with light oils, 
or as a preliminary cleaning operation prior to ultrasonic cleaning.  

Nital Etch Captures time required preparing and inspecting tubes and/or tube 
assemblies using the nital etch process as directed by engineering. 

Nital etch checks hard steel for burns or overheating. In the acidic Nital 
etch process, anything that has been overheated or burned during 
machining shows up as a black smut. If the part fails this test, it is 
dissected and further tests are run. 

Clean Captures time required to prepare and clean non-aluminum tubes 
and/or tube assemblies using a die penetrate solution as directed by 
engineering. 

Liquid dye penetrant testing is a non-destructive method used to detect 
surface breaking defects in the part. Liquid penetrant is applied to the 
part surface and is drawn into defects by capillary action. Once a preset 
dwell time has passed, excess penetrant is removed and developer 
applied to draw out penetrant from defects. 

See also – Process Type - Clean After Pen 

Clean Alum for Pen Captures time required to prepare and clean aluminum tubes and/or 
tube assemblies using a dye penetrant process as directed by 
engineering. 

Liquid dye penetrant testing is a non-destructive method used to detect 
surface breaking defects in the part. Liquid penetrant is applied to the 
part surface and is drawn into defects by capillary action. Once a preset 
dwell time has passed, excess penetrant is removed and developer 
applied to draw out penetrant from defects. 

Clean After Pen Captures time required to prepare and clean non-aluminum tubes 
and/or tube assemblies after the dye penetrant process is completed as 
directed by engineering. 

See also – Process Type - Clean  

Descale, Clean Captures time required to prepare and descale/clean tubes and/or tube 
assemblies as directed by engineering. 

Descaling is a cleaning process that removes heavy, tightly adherent 
oxide films resulting from hot-forming, heat-treatment, welding, and 
other high-temperature operations. Weld descaling is usually performed 
prior to passivation. 

See also – Process Type - Passivate 
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Acid Clean Ti Captures time required to prepare and acid clean titanium tubes and/or 
tube assemblies as directed by engineering. 

There is generally no need to clean titanium for corrosion protection as is 
sometimes required with stainless steel. However, acid cleaning of 
titanium surfaces to remove deposits is sometimes necessary. 
Conventional acid cleaning cycles can be used provided proper inhibitors 
are present. Nitric acid is an excellent passivating agent for titanium and 
may be used alone or with hydrochloric acid to clean titanium surfaces.  

Clean Alum After Captures time required to prepare and clean aluminum tubes and/or 
tube assemblies after the dye penetrant process is completed as 
directed by engineering. 

See also – Process Type - Clean Alum for Pen 

 
*Note. Material analogies are defined within the material.INI file where tube material data may 
be customized. 

 Configuration Files in chapter 8:  Special Topics 

MASK 
Is a Yes/No choice. Enter Y (Yes) to reveal additional masking parameters to help define tube 
and/or tube assembly masking requirements in preparation for painting. Enter N (No) if 
masking is not required. Additional parameters include: 

    Mask Type – Select type from tape or Kraft paper options. 
    Plug Hole Quantity – Enter a least, likely, most plug hole quantity. 
    Mask Stud Quantity – Enter a least, likely, most stud quantity. 
    Pre Cut Patch Quantity – Enter a least, likely, most pre-cut patch quantity. 

Mask Type 
Select a Mask Type from the following list of options to help define the masking requirements 
for tubes and/or tube assemblies in preparation for painting: 

Option Description 

None (Default) Assumes that no masking will be required. 

Tape Captures time required to tape mask tubes and/or tube assemblies for 
the final paint process as directed by engineering. 

Kraft Paper Captures time required to tape mask tubes and/or tube assemblies 
using Kraft paper for the final paint process as directed by engineering. 
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Plug Hole Qty 
Captures time required to plug holes in the tubes and/or tube assemblies for the final paint 
process as directed by engineering.  Some holes require that both sides of part have its own 
independent plug.  In this case, plugs would = 2. Enter the quantity of plugs required. Enter a 
least, likely, and most range if the exact number is not known. 

Mask Stud Qty 
Captures time required to mask studs protruding from tubes and/or tube assemblies for the 
final paint process as directed by engineering. Enter the quantity of studs that require masking. 
Enter a least, likely, and most range if the exact number is not known. 

Pre Cut Patch Qty 
Captures time required to apply pre-cut patches to tubes and/or tube assemblies for the final 
paint process as directed by engineering.  Enter the quantity of pre cut patches that will be 
applied. Enter a least, likely, and most range if the exact number is not known. 

PAINT 
Yes/No choice. Enter Y (Yes) to reveal additional paint parameters to help define tube and/or 
tube assembly painting requirements to complete the manufacturing process. Enter N (No) if 
painting is not required. Additional parameters include: 

 Paint Type – Select type from gray, green, special, or other options. 
 Number of Coats – Enter a least, likely, most quantity for the number of paint coats 

required. 

Paint Type  
Select a Paint Type from the following list of options to help define the painting requirements for 
tubes and/or tube assemblies to complete the manufacturing process: 

Option Description 

Gray or Green (Default) Captures time required to apply traditional gray or green type 
paints for aircraft using a manual spraying process. 

Other / Special Captures time required to apply non-traditional gray or green type paints 
for using a manual spraying process. 
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Number of Coats 
Captures time required to apply additional coats of paint to tubes and/or tube assemblies for 
the final paint process as directed by engineering.  Enter the number of coats required. Enter a 
least, likely, and most range if the exact number is not known. 

ADDITIONAL ITEMS 

 ADDITIONAL ITEMS in chapter 9:  Common Process Parameters 

MANUFACTURING DESCRIPTION 
Mechanization 

The degree of mechanization used in tube bending and welding operations. 

The extent of automation for tube bending: 

Option Description 

Very High Fully robotic custom equipment for fully mechanized tube bending 
operations. 

High CNC controlled bending machine, manual clamping, fully mechanized 
bending operations, including multi-plane bends. 

Nominal Manual clamping, mechanized operation of form follower. 

Low Manual clamping, and manual operation of form follower in compression 
bending. 

The extent of automation for welding: 

Option Description 

Very High Automated/Robotic Assembly, automated movement and activation of 
welding device. 

High Mechanically aided or machine aided positioning and handling of welding 
device. 

Nominal Conveyorized movement of parts and assemblies, manual handling of 
welding device. 

Low Pre-positioned layout of parts, manual handling of welding device. 

Very Low Manual bench assembly, manual handling of welding device. 
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Shape Complexity 
This is a factor to account for additional time required to fabricate the tube depending on the 
geometrical complexity of the part. Shape complexity can be subjectively modeled through the 
use of this factor. Multiple bends and bend planes or similar processing limitations can be 
included here. A clear understanding of the situation is required and a Manufacturing 
Engineering member of the team should be consulted on this input. 

Option Description 

Very High Multiple Bends, welds, branches, and Bend planes. 

High Multiple bends, and/or welds, and/or branches on more than two bend 
planes. 

Nominal Several bends and/or welds, and/or branches on one or two bend planes. 

Low No bends, only one or two welds required. 

Buy To Fly Factor 
The ratio of the amount of material purchased versus the amount that actually flies as a 
finished part or assembly. Includes all material cost issues such as scrap/excess material, 
rework material, etc., but does not include overhead and profit. Used to develop the total 
material usage during the part manufacture 

OPTIONAL COST DESCRIPTION 

Other Cost (Optional) 
 Other Cost (Optional) in chapter 9 – Common Process Parameters. 

PART ASSEMBLY CONTRIBUTION  

 PART ASSEMBLY CONTRIBUTION in chapter 9:  Common Process Parameters 

Common Process Parameters 
Parameters not specific to Composite operations are listed in chapter 9:  Common Process 
Parameters. 
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Chapter 20 

Other Processes 

Contents 
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Purchased Part ........................................................................................................... 2 
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Standard Part ....................................................................................................................... 2 
PART ASSEMBLY CONTRIBUTION ......................................................................................... 2 

Common Process Parameters.................................................................................... 2 
 

Additional Items 

 
The Additional Items work element performs the same function as Additional Items parameters 
in other work element types — that is, to factor in costs that are above and beyond the ordinary 
costs that you define for, say, a standard project of a certain type.  The only difference is that it 
can be used to gather and display data at the work element level rather than to distribute costs 
among various other work element types. 

All parameters in Additional Items that are common to more than one work element are 
described in chapter 9:  Common Process Parameters. 

ADDITIONAL ITEMS 

 ADDITIONAL ITEMS in chapter 9:  Common Process Parameters 
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PART ASSEMBLY CONTRIBUTION  

 PART ASSEMBLY CONTRIBUTION in chapter 9:  Common Process Parameters 

Purchased Part 

 
While the Summary Parts List in MFG's Mechanical Assembly work element allows you to 
incorporate purchased parts into your assemblies, the Purchased Part work element enables 
you to move such items up to a higher level of your overall project structure, where they can be 
treated more explicitly like Bill of Materials items.  Purchased Part work elements are thus an 
alternative to lower level entry of purchased parts. 

This section will explain parameters unique to Purchased Part.  Parameters that are common to 
more than one work element are described in chapter 9:  Common Process Parameters. 

PRODUCT DESCRIPTION 

Part Cost  
Cost per unit. 

Standard Part  
Select Y (Yes) if this part is considered to be a standard part within your organization.  This 
parameter supports value engineering activities which may follow your SEER-MFG analysis. 

PART ASSEMBLY CONTRIBUTION  

 PART ASSEMBLY CONTRIBUTION in chapter 9:  Common Process Parameters 

Common Process Parameters 
Parameters not specific to the operations described here are listed in chapter 9:  Common 
Process Parameters. 
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Appendix A 

Server Mode Commands 
This appendix supplements the Server Mode section of chapter 8:  Special Topics. 
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What is Server Mode?....................................................................................................... 3 
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What is Server Mode? 
Server mode is a set of SEER-MFG commands, along with methods for running the application. 
It allows you to run commands while bypassing the SEER-MFG interface, using automation, 
interactively, or in batch mode.  Server mode lets you use SEER-MFG's capabilities from 
another application, such as Microsoft Excel;  you can automatically create or open a project, 
fill in parameter data, and export the output, making it available for use by other programs. 

Server Mode Commands 
Note:  In the following server mode command descriptions and examples, the arrow ( → ) 
indicates a TAB space. 

Creating Projects and Work Elements 

ProjectCreate  →  ProjectName  

Purpose:  To create a project. 

This command creates a new project.  If you have an existing project open, you should use the 
SaveProjectFiles command before you use ProjectCreate.  ProjectName must be an ASCII 
string, and will be used as the project name.  A project name may include up to 32 characters. 

WBSCreate  →  WBSName  →  Type  →  Level  

Purpose:  To create a work element. 

The WBSName must be an ASCII string, and will be used as the element name.  It may include 
up to 32 characters.  Type must be a valid SEER-MFG work element name. Level is an integer 
that determines the level of indentation, with the project level at 0. 

MFGKBase  →  MFGKbaseName  

Purpose:  Loads a knowledge base.   

MFGKbaseName must exactly match the knowledge base descriptive name (not the file 
name), including special characters such as (~).  Look in SEER-MFG 's online help for 
knowledge base names and definitions. 

Note: Use the MFGKBase command after the WBSCreate command. 
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Selecting and Using Work Elements 

SelectWBSElement  →  WBSName / WBSIndex 

Purpose:  To select a specific work element in the project file. 

This command searches for the specified work element within the project file, starting at the 
top.  The WBSName must match exactly the WBS name to be located.  If the element is not 
found, this command will stop at the last work element.  It will only find the first instance of a 
work element with the specified name, so work element names should be unique. 

The SelectWBSElement command may also be used to select the WBS Index number.  Each 
time a WBS element is inserted, a unique WBS index number is assigned to it. To select a WBS 
Index number, use the following syntax as the WBSName argument:  

#WBSIndex: 

For example, if you want to select WBS Index = 10 use the following: 

SelectWBSElement → #10: 

SelectWBSNumber  →  WBSName 

Purpose:  Selects a specific work element based on the element outline number. 

NextWBSElement  

Purpose:  To go to the next work element within the project file. 

ElementIncluded →  Yes/No 

Purpose: Used to exclude the values and settings of a work element from being calculated 
with rollup totals (into a SEER-MFG project).  Excluding a work element from SEER-MFG’s 
calculations enables you to perform trade-offs without completely erasing values that you have 
entered into the program. Conversely, the same command is used to include values and 
settings that may have been previously excluded. 

The ElementIncluded servermode command supersedes the IncludeWBSElement and 
ExcludeWBSElement commands. The latter commands are still supported, but we recommend 
using the ElementIncluded command in future scripts. 

The ElementIncluded command is placed after the WBSCreate command which makes it 
relevant to that work element. For example,  

WBSCreate → Shot Peening → Finish & Heat Treat → 1 
ElementIncluded → NO   
WBSCreate → Abrasive Blasting → Finish & Heat Treat → 1 
ElementIncluded → YES   
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Note. If the ElementIncluded command is not used, SEER assumes ElementIncluded = YES.  

The IncludeWBSElement and ExcludeWBSElement commands relied on the work element 
name which is not always unique; the ElementIncluded command does not rely on the 
element name. Its placement after the WBSCreate command makes it relevant to that 
element. 

When using export commands, the ElementIncluded command is automatically exported 
indicating the state of each element within the project.  

Files and Output 

SaveProjectFiles  →  FileName  

Purpose:  To save the data as a SEER-MFG project file. 

This command functions like the SEER-MFG File menu's Save As command.  FileName may be 
a complete pathname, a partial pathname, or simply a filename. If the proper file extension 
(.MFG) is not included, it will be added. If FileName is a relative pathname or a filename, the 
file is stored relative to the current project files path set in SEER-MFG. All directories specified 
in FileName must already exist.  Long filenames and long pathnames are fully supported.  If a 
file with the same name exists, it will be overwritten. 

LoadFile  →  FileName  

Purpose:  Opens an existing SEER-MFG project file.  Current SEER-MFG data will not be saved. 

The FileName should include a valid path to open it from a location other than the designated 
project files path.  After loading, the current work element will be the project (top level).  

Be sure to save any open projects before opening a new one since any existing 
information will not be saved! 

FlexportOutput  →  Name or FlexExTemplate →  OutputFile  

Purpose:  Used to output data using the flexible export feature.  Generates tab delimited text 
outputs of the SEER-MFG model results using flexible export. 

The first argument, Name,  can be the name of a SEER-MFG input or output, or of a valid flexible 
export template file, exactly as specified in the Flexible Export dialog box (it may include the 
reserved filename extension, .FLX).  If the first argument is the name of an input or output, 
FlexportOutput will export that data only.  If it is the name of a template file, all of the inputs and 
outputs listed in that file will be exported.  The last argument, OutputFile, can be a file name, with 
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optional path.  When you use server mode automation, you can replace the output file name with 
the special command !Auto.  If you do this, FlexportOutput returns the results text through the 
RunCommands return value, completely eliminating use of the file system.   

 RunCommands Method (in this appendix) 

ExportCommands  →  Argument1  →  Argument2  →  Argument3  →  
Argument4  →  Argument5  →  Argument6 

Purpose:  The ExportCommands servermode command enables one to export servermode 
commands and servermode script for the entire project, current work element plus 
subordinates, or  a single work element. The ExportCommands servermode command requires 
6 arguments. Each argument needs to be separated by tabs. Some of the arguments are 
optional, others are required.  

Argument1 – relates to the Work Elements option on the Export Commands dialog box. If left 
blank or a non valid entry, the argument will default to Option 1 e.g.  WBS 

Argument2 – relates to the Output With Kbases option on the Export Commands dialog box. If 
left blank or a non valid entry, the argument will default to NO. 

Argument3 – relates to the Output With Parameters option on the Export Commands dialog 
box. If left blank or a non valid entry, the argument will default to YES.  USER will include the 
user's inputs only, and not values automatically set by knowledge bases. 

Argument4 – Relates to the servermode commands themselves. Only applicable when 
Argument1 = WBS. If the argument is specified as YES, then the WBSCreate and LoadKBase 
commands are exported for the selected WBS. If the argument is specified as NO, then the 
WBSCreate and LoadKBase commands are not exported for the selected WBS. Note. Select 
NO to export the 'Active Parmaeter' list for the selected work element. If left blank or a non 
valid entry, the argument will default to NO. 

Argument5 - relates to the Output To option on the Export Commands dialog box. 

Argument6 – Only required if Argument 5 = File. To use this command, a file name or optional 
path and file name should be entered.  

Note. If Argument 5 = File and:  

 Argument 6 is left blank; a file with the name ExportTemp.TXT will be saved in the current 
working directory.   

 Argument 6 has a file name without the .TXT extension; a .TXT extension will be added. 
 Argument 6 has a non valid path, no file will be saved.   
 Argument 6 has a valid path, with no file name; a file with .TXT will be saved in the 

directory specified.   

If Argument 5 = Clipboard, Argument 6 is ignored. 
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Project Settings 

SetUnits  →  Unit  
Purpose:  Allows you to set the project units.  Choices are metric and imperial.  

SetSteppedLearning  →  On/Off  
Purpose:  Allows you to turn stepped learning on or off. 

SetLearningMethod   →  Name 

Purpose:  Sets the learning method parameter in the project parameters dialog box. Choices 
are Unit and Cumulative Average. Applies only when stepped learning is on. 

SetExchangeRate  →  Value  
Purpose:  Allows you to set the project exchange rate. Enter the value required.  

SetDirectRateDetails  →  On/Off  
Purpose:  Allows you to set direct hourly rate detail parameters. Enter the value required.  

SetSetupRateDetails  →  On/Off  
Purpose:  Allows you to set setup hourly rate detail parameters. Enter the value required.  

SetCurrency   →  Name 
Purpose:  Allows you to set the currency parameter in the Project Parameters dialog box.  

Name: A name defined in the [CURRENCY-AND-EXCHANGE-RATES] table in MFGData.INI. 

SetMachDB  →  On/Off  
Purpose:  Allows you to set the machining database in the Project Parameters dialog box. 

Name: A valid machining database name.  Currently, Labor1-0 or Labor2-0. 

MonteCarloEnabled  →  Yes/No 

Purpose:  Enable Monte Carlo calculation for Rollup risk. 
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MonteCarloRecalc  →  On/Off 

Purpose:  Force a recalculation of the Monte Carlo results so that they can be exported. When 
running SEER-MFG through server mode or the Automation Interface, this command must be 
issued before exporting the data. 

Script Operation 

Pause  →  MenuItemName  

Purpose:  You can place this command anywhere in the server mode script to insert a pause.  
SEER-MFG will display a message indicating that command processing has paused, and the 
File menu will change:  the Exit and Close commands will be disabled, and a new command, 
Close and Return (which tells SEER-MFG to resume processing), will be added. 

MenuItemName is an optional ASCII string parameter.  If you use it, SEER-MFG replaces the 
default menu command name Close and Return with the MenuItemName string.  For example: 
Pause → Resume Automatic Processing 

When the script pauses, SEER-MFG will use the File menu command name Resume Automatic 
Processing in place of the default name, Close and Return.  

BecomeVisible  

Purpose:  BecomeVisible tells MFG to show itself either during or after script processing. 

Exit  

Purpose:  Instructs SEER-MFG to exit. Closes the current file and exits the program.  Be sure to 
save any open project files prior to exit. 

Comments 

Comments can be added to server mode scripts on lines that begin with a semicolon (;) 

 ; comments can be added on this line 

GetLastCommandStatus 

Purpose:  Allows one to check the status (success or failure) of the last run command. Error 
codes are returned as integers, e.g. -1 is general error, 0 = success. 
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GetRemainingData 

Purpose:  Used in conjunction with GetLastCommandStatus, the GetRemainingData command 
enables calling applications to overcome automation memory buffer limitations (aproximately 
16,380 bytes) when using FlexportOutput or ExportCommands through the automation interface.  

The GetLastCommandStatus error codes for FlexportOutput and ExportCommands are as follows: 

        -1 = OK; More data available within the buffer (use GetRemainingData) 
        0 = Success, e.g. buffer did not exceed constraints (continue) 

The basic algorithm is to use the GetLastCommandStatus following a FlexportOutput or 
ExportCommands, and check for status “OK; More data available”. If the error code returns -1, 
use the GetRemainingData command inside a loop to get the next ‘chunk’ of data from the 
memory buffer followed by another GetLastCommandStatus. Each execution of 
GetRemainingData will return the next “chunk” of the oversize buffer, 16,380 bytes at a time. 
If there is still more data remaining, GetLastCommandStatus will return “OK; More data 
available” (code -1). When GetRemainingData returns the last chunk, GetLastCommandStatus 
will return “OK”.  

Note. The calling application is under no obligation to fetch all the data. Executing any other 
Server Mode command will release the buffer holding the overflow data. 

Setting Parameters in Server Mode 
Any SEER-MFG parameter may be modified using server mode. The general format is: 

ParameterName  →  Value  →  Value  →  Value  →  etc. 

Parameter names may be entered with either spaces or underscores; server mode ignores 
both.  See the SEER-MFG Parameter Command Reference, available in the Microsoft Excel file 
SEER-MFG Server Mode Details.xls in the SEER-MFG Tools directory.  You can copy  and paste 
server mode commands from this file. 

Use the same number of values as the parameter requires in SEER-MFG.  For example, if a 
parameter requires Least/Likely/Most values, use three values in server mode.  

For more help, select Help from SEER-MFG's Help menu and search for the topic Server Mode 
Parameter Set Commands.   You can also e-mail us at support@galorath.com. 

Parameter Entry Formats  
Server Mode supports all of the parameter entry formats used by SEER-MFG: 

mailto:support@galorath.com
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Entry Type Description 

Numeric Numeric values, usually to two decimal places. 

Integer Integer values. 

Text Text inputs, either user supplied or copied. 

YES/NO Yes or No. 

Choice Specific choices from a list box.  List contents depend on the parameter 
being entered. 

Ratings Qualitative values from among the list below; values are not case 
sensitive, but they must otherwise be spelled out exactly as shown. 
  Vlo+  Low+ Nom+ Hi+ Vhi+ Ehi+ 

 Vlo Low Nom Hi Vhi Ehi 
 Vlo- Low- Nom- Hi- Vhi- Ehi- 

Entering Assembly Details in Server Mode 
To include assembly details, set the Part Difficulty parameter to N/A in the server mode script. 

Server Mode Command Sequence - Example 
The following is a sample server mode command script.  A list of commands may be copied to 
the clipboard and processed in SEER-MFG via Tools / Run Commands from Clipboard.  
Commands may also be stored in a text file and processed via Tools / Run Command File.  
Parameter names may be entered with either spaces or underscores, both of which server 
mode ignores when processing parameter set commands. 

The symbol → represents a tab; indentation indicates the continuation of a line. 

ProjectCreate → Paperclip 
WBSCreate → Paperclip Fab → Fabrication → 1  
MFGKbase → general fabrication 
PRODUCT DESCRIPTION - Material → Stainless Steel 
PRODUCT DESCRIPTION - Material Cost Per Lb. → 1.0000 
PRODUCT DESCRIPTION - Parts Per Blank/Sheet → 1 → 1 → 1 
PRODUCT DESCRIPTION - Material Yield → 100.00% 100.00% 100.00% 
PRODUCT DESCRIPTION - Blank Shape → Solid Round 
PRODUCT DESCRIPTION - Blank Dimensions (in) → 0.005 → 1.500 
TUBE BENDING → YES → YES → YES 
TUBE BENDING - Bends → 6 → 6 → 6 
TUBE BENDING - Bend Angle → 90 → 90 → 90 
TUBE BENDING - Bend Planes → 1 → 1 → 1 
TUBE BENDING - Mandrel → YES 

This example creates a project called Paperclip with a work element called Paperclip Fab, and 
sets the work elements’ parameters. 



  

SEER-MFG Detailed Reference Server Mode Commands     A-11 

 
 

Notes 

SEER-MFG server mode is based on the original implementation of server mode for SEER-SEM, 
in which WBS stands for Work Breakdown Structure.  Although SEER-MFG itself does not use 
the term work breakdown structure, SEER-MFG server mode uses WBS in order to maintain 
consistent terminology. 

For more information, see the SEER-MFG Server Mode Details.xls Excel spreadsheet, in the 
SEER-MFG Tools directory. 

Using Automation Interface to Run SEER-MFG 
SEER-MFG has an automation interface that enables it to be run from, and send data to, other 
applications. When an application runs SEER-MFG, it creates a SEER-MFG document object 
which has a method that allows processing of SEER-MFG server mode commands (e.g., create 
project, set parameters, export results).  For example, an application can create a SEER-MFG 
object, open an existing estimate file, and export the results.  This integration can be designed 
so that the end user is not involved, or so that he or she interacts only with the estimate data. 

RunCommands Method 
Take a look at the following VBA macro for Microsoft Excel 2000: 

Sub a() 
Dim Seer 
Dim My_MFG_File_Path As String 
My_MFG_File_Path = "C:\My Documents\MFGFiles\" 
Set Seer = CreateObject("SEER-MFG.Document") 
Seer.RunCommands ("LoadFile" & vbTab & My_MFG_File_Path & "gfault.MFG") 
Seer.RunCommands ("FlexportOutput" & vbTab & "OUTSUMM.flx" & _ 

vbTab & "C:\temp\Results.txt") 
End Sub 

The first instance of RunCommands()  uses the server mode command "LoadFile", followed by 
vbTab (the VBA TAB character) and My_MFG_File_Path & "gfault.MFG", which forms the sole 
parameter for LoadFile. It tells SEER-MFG to use the LoadFile command to load the file 
gfault.MFG, located in a path designated by the variable My_MFG_File_Path.  Since the 
command name and the file name are literal strings, they require quotes; My_MFG_File_Path, 
however, is a variable name, without quotes. The command name is separated from the path 
and file name by vbTab, and all of these elements are combined in a single string by the VBA 
concatenation operator &.  

The second instance of RunCommands(), using  the server command FlexportOutput, has two 
arguments.  The first, "outsumm.flx", is the name of the flexible export template.  The second 
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argument, "C:\temp\Results.txt", tells the program where to save the flexible export output — 
in this case, to a text file called results.txt, in the C:\temp directory.   

This example above exports results to the file results.txt.   One can store results from the return 
value of the RunCommands() method in a variable, as illustrated in the following example: 

Sub b() 
Dim SEER 
Set SEER = CreateObject("SEER-MFG.Document") 
SEER.RunCommands("LoadFile" & vbTab & "Wagon") 
Dim theAnswer  ' defining a variable to hold the results in memory 
theAnswer = Seer.Runcommands("FlexportOutput" & _ 

vbTab & "OUTSUMM.flx" & vbTab & "!auto") 
ShowAnswser = MsgBox(theAnswer, 0, "This is what I got back...") 

End Sub 

The special identifier !auto in the FlexportOutput command returns the results text through the 
RunCommands() return value, eliminating use of the file system.  Data is returned as a text 
stream of the variant data type that has to be parsed in order to extract values.  In the above 
example, the results are displayed in a message box.   You can also use the name (from the 
Template tab of the Flexible Export dialog box) of an individual input or output (instead of a 
flexible export template) to export that item alone. 

File Paths and RunCommands() 

When you use Automation to run SEER-MFG, you should either include an explicit path in any 
references to files, or explicitly set your current working directory (CWD) to a specific path.This 
is because the CWD is determined by the creator of a process when it is launched.  In general, 
\Windows\System32 is the default CWD unless it is explicitly changed to something else.  

The LoadFile command will take either the name of a SEER-MFG project file (with or without 
extension) or the fully qualified path with file extension: 

SEER.Runcommands ("LoadFile" & vbTab & "WAGON")  
SEER.Runcommands ("LoadFile" & vbTab & "WAGON.MFG") 
SEER.Runcommands ("LoadFile" & vbTab & _ 

"c:\Program Files\SEER\SEER-MFG 6.1\samples\wagon.MFG ") 

Examples one and two work if the SEER-MFG project file is located in the samples subdirectory 
of the SEER-MFG program directory. 

The FlexportOutput  flexible export template parameter will take either the flexible export 
template filename (with or without extension) or a path relative to the latest version of SEER-
MFG installed on your computer: 

SEER.Runcommands("FlexportOutput" & vbTab & "OUTSUMM" & vbTab & "!auto") 
SEER.Runcommands("FlexportOutput" & vbTab & "OUTSUMM.FLX" & vbTab & "!auto") 
SEER.Runcommands("FlexportOutput" & vbTab & "TMPLTS\OUTSUMM" & vbTab & "!auto") 
SEER.Runcommands("FlexportOutput" & vbTab & "TMPLTS\OUTSUMM.FLX" & vbTab & _ 

 "!auto") 
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Examples one and two work if the flexible export template is in the SEER-MFG program files 
directory.  Examples three and four work if the template is in a user-created subdirectory 
named TMPLTS in the SEER-MFG program files directory.  The FlexportOutput command will 
not take a fully qualified path for the template file.  Flexible export templates need to be either 
in the SEER-MFG program files directory or in a subdirectory of it.  

If you choose to export data as a file, you may use a filename, a relative path, or a fully 
qualified path.  However,  

SEER.Runcommands("FlexportOutput" & vbTab & "OUTSUMM.FLX" & vbTab & _ 
"exportme.txt") 

SEER.Runcommands("FlexportOutput" & vbTab & "OUTSUMM.FLX" & vbTab & _ 
"MFG-VBData\exportme.txt") 

SEER.Runcommands("FlexportOutput" & vbTab & "OUTSUMM.FLX" & vbTab & _ 
"C:\MFG-VBData\exportme.txt") 

Example one will export the file to the current working directory, which may be 
\Windows\System32, unless it was changed by the application from which SEER-MFG is run. 
Example two will export to a MFG-VBData subdirectory of the current working directory.  And 
example three will export to the fully qualified path as indicated. 

Note that any referenced directories must already preexist. 

And remember that the template argument for the FlexportOutput command is an exception to 
the rule.   Most server mode command arguments which refer to files (including the second 
argument for FlexportOutput, as shown above) will take absolute paths. 

Using Batch Mode to Run SEER-MFG 
To run SEER-MFG in batch mode, use the following command line, either from a DOS batch file 
(.BAT), from the DOS prompt (C:\), or from an application: 

"C:\Program Files\seer\SEER-MFG 6.1\SEERMFG.exe" MFGwork.2do MFG_in.txt stderr.out 

Please note that command line arguments are separated by a single space character. 

MFGwork.2do is a disposable text file.  It acts as a semaphore file, the existence of which tells 
SEER-MFG to run in the background.  Include a full path name if the semaphore file is not in 
the current working directory.  When SEER-MFG detects the existence of the semaphore file, it 
executes the command file, then deletes the semaphore file.  

MFG_in.txt is a text file which contains the command script.  Include a full path name if the 
command script file is not in the current working directory.   

stderr.out is the name of the error log file that is generated when commands are processed.  
Problems that may occur in processing will be identified in this file.  Include a full path name if 
you want to save the error log in a location other than the current working directory. 
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Server mode commands operate in the current working directory, which is determined by the 
program which calls SEER-MFG.  When you run server mode from the DOS prompt, the working 
directory name and path will usually be displayed at the prompt. 
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Appendix B 

Composites.ini 

Contents 

The file composites.ini stores composite material and process specifications in twenty-six data 
tables, which you can modify using a text editor such as Notepad.  

MATERIAL GROUP............................................................................................................. 3 
1.  [HLU-PREPREG] ............................................................................................................................ 3 
2.  [ATL-TAPE]..................................................................................................................................... 4 
3.  [FIBER] .......................................................................................................................................... 5 
4.  [RESIN].......................................................................................................................................... 6 
5.  [BINDER] ....................................................................................................................................... 6 
6.  [RESIN-FILM]................................................................................................................................. 7 
7.  [CORE-MATERIALS]....................................................................................................................... 7 
8.  [LIGHTNING-STRIKE-MESH] ......................................................................................................... 8 

CONSUMABLE GROUP ...................................................................................................... 8 
9.  [RELEASEFILM]............................................................................................................................. 8 
10. [BAGTYPE] ................................................................................................................................... 8 
11. [SEALANTTAPE] ........................................................................................................................... 9 
12. [BREATHER]................................................................................................................................. 9 

PROCESS TIME GROUP..................................................................................................... 9 
13. [HLU-PART-FAMILY] ..................................................................................................................... 9 
14. [PROCESS-TIME-STANDARDS].................................................................................................. 10 
15. [CUT-EQUIPMENT] ..................................................................................................................... 13 
16. [RTM-CLAMPING] ...................................................................................................................... 13 
17. [RTM-SEAL]................................................................................................................................ 14 
18. [NDT-INSPECTION-EQUIPMENT-MANUAL]................................................................................ 14 
19. [NDT-INSPECTION-EQUIPMENT-AUTOMATED] ......................................................................... 14 
20. [DIMENSIONAL-CHECK] ............................................................................................................ 15 
21. [ATL-EQUIPMENT]...................................................................................................................... 15 

TOOLING GROUP ............................................................................................................. 16 
22. [TOOLING-MATERIAL] ................................................................................................................ 16 

MISC GROUP................................................................................................................... 17 
23. [PRIMARY-PROCESS] ................................................................................................................ 17 
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24. [LAYUP-TYPE] .............................................................................................................................17 
25. [CURE-METHOD] ........................................................................................................................17 
26. [TOOL-CONSTRUCTION].............................................................................................................17 
27. [LAYUP-ADDITIONAL-PLY-TYPES] ..............................................................................................18 

 

 
Note: If you modify composites.ini, be sure to save a backup copy first. 
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MATERIAL GROUP 
1.  [HLU-PREPREG]  

Name Description 

Prepreg Name The prepreg material name that appears in the drop-down list. 

Thickness The thickness of an individual piece of fabric. Impacts layup and cutting 
time. If debulking is used, impacts tool closing, hot ply forming, and 
remove part time, and consumable costs. Generally, thicker materials 
reduce the layup and cutting time, since less material needs to be cut and 
laid, and tool closing, remove part, and hot ply forming time, since fewer 
debulks and hot ply forming cycles are required. Consumable costs are 
reduced since you need less vacuum bagging materials, etc. 

Width The width of the material roll. Impacts layup time. Generally, wider 
materials reduce layup time, since less material needs to be laid. Applies 
only to components less than 47.24 in. (1.2 m) in overall length and 
width. Components larger in either dimension use the Standard Layup 
Rate in table 14 [PROCESS-TIME-STANDARDS] to adjust layup time. 

Density The volumetric density of the fabric. Impacts component weight and 
subsequent remove part time. 

Cost The unit cost (cost per unit weight) of the fabric. Impacts material cost. 

Cut Factor Relative ease of fabric cutting with an ultrasonic cutter. Impacts cutting 
time. Increasing this increases cutting time and vice versa. 

Resin Cure Temperature Required temperature to convert the resin to its final cured state. Impacts 
cure time. Increasing temperature increases cure time and vice versa. 

Initial Cure Duration The number of minutes that the resin should be held at the lower cure 
temperature. Increasing duration increases cure time and vice versa. 

Final Cure Duration The number of minutes that the resin should be held at the higher cure 
temperature. Increasing duration increases cure time and vice versa. 

Heat Up Rate The rate at which autoclave or oven temperature should be raised per 
minute. Increasing rate increases cure time and vice versa. 

Cool Down Rate The rate at which autoclave or oven temperature should be reduced per 
minute after curing. Increasing rate increases cure time and vice versa. 
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2.  [ATL-TAPE]  
Name Description 

ATL Tape Name The tape material name that appears in the drop-down list. 

Cost The unit cost (cost per unit weight) of the tape. Impacts material cost. 

Density The volumetric density of the tape. Impacts component weight and 
subsequent remove part time. 

Tape Width The width of the material roll. Impacts layup time. Generally, wider 
materials reduce the layup time, since less material needs to be laid.  

Tape Thickness The thickness of an individual piece of tape. Impacts layup time and 
cutting time. If debulking is used, impacts tool closing, hot ply forming, 
and remove part times and consumable costs. Generally, thicker 
materials reduce the layup and cutting time, since less material needs to 
be cut and laid. They reduce the tool closing, remove part, and hot ply 
forming time since less debulks and hot ply forming cycles are required. 
Consumable costs are reduced since you need less vacuum bagging 
materials, etc. 

Roll Weight The weight of the tape roll. Impacts layup time. Increasing the roll weight 
increases the layup time and vice versa, since more time is required to 
load the tape on to ATL tape machine.  

Resin Cure Temperature The required temperature to convert the resin to its final cured state. 
Impacts cure time. Increasing this increases cure time and vice versa. 

Initial Cure Duration The time in minutes during which the the resin is held at the lower cure 
temperature. Increasing this increases cure time and vice versa. 

Final Cure Duration The time in minutes during which the the resin is held at the higher cure 
temperature. Increasing this increases cure time and vice versa. 

Heat Up Rate The rate at which the autoclave or oven temperature should be raised 
per minute. Increasing this increases cure time and vice versa. 

Cool Down Rate The rate at which the temperature should be reduced within the 
autoclave or oven per minute, once curing is completed. Increasing this 
increases cure time and vice versa. 
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3.  [FIBER]  
Name Description 

Fiber Name The fiber material name that appears in the drop-down list. 

Thickness The thickness of an individual piece of fiber. Impacts layup time and 
cutting time. If debulking is used, impacts tool closing time, hot ply 
forming time, and remove part times and consumable costs. Generally, 
thicker materials reduce the layup and cutting time, since less material 
needs to be cut and laid. They reduce the tool closing, remove part, and 
hot ply forming time since less debulks and hot ply forming cycles are 
required. Consumable costs are reduced since you need less vacuum 
bagging materials, etc. 

Width The width of the roll of material. Impacts layup time. Generally, wider 
materials reduce the layup time, since less material needs to be laid. 
Applicable only when components are less than 47.24 in. (1.2 m) in both 
overall length and width. Components greater than either of these 
dimensions use the Standard Layup Rate in table 14 [PROCESS-TIME-
STANDARDS] to adjust layup time. 

Density The volumetric density of the tape. Impacts component weight and 
subsequent remove part time. 

Cost The unit cost (cost per unit weight) of the fiber. Impacts material cost. 

Cut Factor The relative ease with which the fiber can be cut using an ultrasonic 
cutter. Increasing this increases cutting time and vice versa. 

 



 

B-6     Composites.ini SEER-MFG Detailed Reference 

4.  [RESIN]  
Note: [RESIN] table data is used for RTM and LRI processes only. 

Name Description 

Resin Name The resin material name that appears in the drop-down list. 

Cured Resin Density The volumetric density of the resin. Impacts component weight and 
subsequent remove part time. 

Cost The unit cost (cost per unit weight) of the resin. Impacts material cost. 

Resin Cure Temperature The required temperature to convert the resin to its final cure state. 
Increasing this increases cure time and vice versa. 

Initial Cure Duration The time in minutes during which the the resin is held at the lower cure 
temperature. Increasing this increases cure time and vice versa. 

Final Cure Duration The time in minutes during which the the resin is held at the higher cure 
temperature.  Increasing this increases cure time and vice versa. 

Heat Up Rate The rate at which the autoclave or oven temperature should be raised 
per minute. Increasing this increases cure time and vice versa. 

Cool Down Rate The rate at which autoclave or oven temperature should be reduced per 
minute after curing. Increasing rate increases cure time and vice versa. 

5.  [BINDER]  
Name Description 

Binder Name The binder material name that appears in the drop-down list. 

Cost The unit cost (cost per unit weight) of the binder. Impacts material cost. 

Binding Speed The rate at which binder can be applied to the material. Impacts layup 
time.  Increasing the binding speed reduces layup time and vice versa. 
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6.  [RESIN-FILM]  
Note: [RESIN-FILM] table data is used for RFI process only. 

Name Description 

Resin Film Name The resin-film material name that appears in the drop-down list. 

Cured Resin Density The volumetric density of the resin-film. Impacts component weight and 
subsequent remove part time.  

Thickness The thickness of an individual piece of resin-film. Impacts part weight 
and consequently the remove part time. Increasing the thickness leads 
to an increase in component weight and vice versa. 

Cost The unit cost (cost per unit weight) of the resin. Impacts material cost. 

Resin Cure Temperature The temperature required to convert the resin to its final cure state. 
Increasing this increases cure time and vice versa. 

Initial Cure Duration The time in minutes during which the the resin is held at the lower cure 
temperature. Increasing this increases cure time and vice versa. 

Final Cure Duration The time in minutes during which the the resin is held at the higher cure 
temperature.  Increasing this increases cure time and vice versa. 

Heat Up Rate The rate per minute at which the autoclave or oven temperature should 
be raised. Increasing this increases cure time and vice versa. 

Cool Down Rate The rate per minute at which the temperature should be reduced within 
the autoclave or oven, once curing is completed. Increasing this 
increases cure time and vice versa. 

7.  [CORE-MATERIALS]  
Name Description 

Core Name The core material name that appears in the drop-down list. 

Density The volumetric density of the core. Impacts component weight and 
subsequent remove part time.  

Cost The unit cost (cost per unit volume) of the core. Impacts material cost. 

Cut Factor The relative ease with which the core can be cut using an ultrasonic 
cutter. Increasing this increases cutting time and vice versa. 
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8.  [LIGHTNING-STRIKE-MESH]  
Name Description 

Material Name The lightning mesh material name that appears in the drop-down list. 

Thickness The thickness of an individual piece of lightning mesh. Impacts 
component weight and subsequent remove part time. 

Width The width of the lightning mesh roll. Impacts layup time for components 
less than 47.24 in. (1.2 m) in both overall length and width. Components 
greater than either of these dimensions use the Standard LS Layup Rate 
in table 14 [PROCESS-TIME-STANDARDS] to adjust layup time. 

Density The volumetric density of the lightning mesh. Impacts component weight 
and subsequent remove part time. 

Cost Unit cost (cost per unit weight) of the lightning mesh. Impacts material 
cost. 

Cut Factor The relative ease with which the lightning mesh can be cut using an 
ultrasonic cutter. Increasing this increases cutting time and vice versa. 

 

CONSUMABLE GROUP 
9.  [RELEASEFILM]  

Name Description 

Release Film Name The release agent material name that appears in the drop-down list. 

Cost The cost per unit area of the release agent. Impacts consumable costs. 

10. [BAGTYPE]  
Name Description 

Bag Type Name The bagging material name that appears in the drop-down list. 

Width The width of the bagging material. This is used to help calculate how 
much sealant tape is required. Increasing the bag width will reduce the 
consumable costs and vice versa. 

Cost The cost per unit area of the bag. Impacts consumable costs. 
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11. [SEALANTTAPE]  
Name Description 

Sealant Tape Name The sealant tape name that appears in the drop-down list. 

Cost The cost per unit area of the sealant tape. Impacts consumable costs. 

12. [BREATHER]  
Name Description 

Breather Name The breather material name that appears in the drop-down list. 

Cost The cost per unit area of the breather. Impacts consumable costs. 

PROCESS TIME GROUP 
13. [HLU-PART-FAMILY]  

Note: Do not change part names or the table order. Only column values should be changed.  

Name Description 

Shape Name Selected from the Engineering Inputs parameters. 

Cleaning Factor Used in conjunction with the shape part complexity, helps determine the 
level of complexity required for cleaning. Impacts tool cleaning time. 

Machining Factor Only used if the tool is made from solid billet. Used to control the tool 
fabrication time. Initial factor for all shapes is 1. Increasing this 
increases tool costs and vice versa. 

Tooling Factor Used in conjunction with the shape part complexity, helps determine the 
level of complexity required for fabrication of the tooling. Increasing this 
increases tool costs and vice versa. 
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14. [PROCESS-TIME-STANDARDS]  
Note: Do not rearrange the order of this table. SEER-MFG will not use data added to this list. 
You may change standard names and their respective values only.  

Name Description 

Release Agent 
Application Rate 

Represents the time required for applying the release agent. Impacts tool 
cleaning time. Initial value of 46,500 in2/hr. (30 m2/hr.). Increasing this 
decreases overall tool cleaning time and vice versa. 

Cleaning Rate          Represents the rate at which mold tools are cleaned. Impacts tool 
cleaning time. Initial value of 9,687.5 in2/hr. (6.25 m2/hr.). Increasing 
this decreases overall tool cleaning time and vice versa. 

Inlet Clean Time RTM        Used for RTM Process only. Represents the time required for cleaning the 
RTM tool inlets. Impacts tool cleaning time. Initial value of 4 min. 
Increasing this increases overall tool cleaning time and vice versa. 

Bagging Rate Represents the rate at which the vacuum bag can be applied to the 
component and mold tool. Impacts tool closing time and remove part 
time. Initial value of 2,325 in2/hr. (1.5 m2/hr.).  Increasing this decreases 
overall tool closing time and vice versa. 

Seal Replacement Rate Represents the rate at which the tool/part's seals can be removed. 
Impacts tool closing time. Initial value of 708.65 in./hr. (18 m/hr.). 
Increasing this increases overall tool closing time and vice versa. 

Area Moving Rate For HLU, ATL, RFI, and LRI, affects time required to remove components 
from the mold tools and move them by overhead crane or trolley (remove 
part time).  For RTM, affects the time required to remove the upper mold 
tool from the lower (tool closing time) and remove both halves (remove 
part time). For ATL with hot ply forming, affects the time required to 
position the material onto the hot ply forming press. Impacts remove part 
time (all processes) and tool closing time (ATL and RTM processes). Initial 
value of 10,850 in2/hr. (7m2/hr.). Increasing this decreases overall tool 
closing and remove part time and vice versa. 

Weight Moving Rate For HLU, ATL, RFI, and LRI, affects time to move top tooling from the 
component — e.g., jigs or profile boards for locating stiffeners, stringers, 
caul plates, etc., during cure. For RTM, affects time to remove 
components from mold tool and move them by overhead crane or trolley. 
Impacts remove part time. Initial value of 1,212.5 lb./hr. (550 kg/hr.). 
Increasing this decreases overall remove part time and vice versa. 

Layup Time Used to adjust the layup rate per ply for HLU, RTM, RI, and RFI. Note – 
this adjustment is only applicable for components greater than 47.24 in. 
(1.2 m) in both length and width. Impacts layup time. Initial value of 
31,000 in2/hr. (20 m2/hr.). Increasing the value will reduce the layup 
time and vice versa. 
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Layup Setup Constant Used to adjust the layup setup time. Used with the following processes: 
HLU, RTM, LRI, and RFI. Impacts setup time. Initial value of 5 min. 
Increasing the value will increase the setup time and vice versa. 

Layup Time per Ply Used to adjust the layup rate per ply for HLU, RTM, LRI, RFI, and lightning 
strike mesh. Note: This adjustment is only applicable for components less 
than 47.24 in. (1.2 m) in both the length or width dimensions. Impacts 
layup time. Initial value of 0.03 hr. Increasing the value will increase the 
layup time and vice versa. 

Cure Load/Unload Time Represents the oven or autoclave setup and component loading and 
unloading time. Impacts setup time. Initial value of 15 min. Increasing the 
value will increase the setup time and vice versa. 

Tool Machine Setup 
Time 

Used to adjust the machine setup time for manufacturing the mold tool. 
Impacts tooling cost. Initial value of 0.3 hr. Increasing the value will 
increase the tooling cost and vice versa. 

Resin Film Layup Rate Used with RFI processes only. If a semi-preg material is not used, the 
resin film layup rate is used to calculate a resin infusion time. Impacts 
layup time. Initial value of 31,000 in2/hr. (20 m2/hr.). Increasing the 
value will reduce the layup time and vice versa. 

Average Move Time Only used if an ultrasonic type cutting machine is used. The average time 
for the cutter head to move from a completed ply cut to the start of the 
next cut.  Applies to cutting materials for HLU, RTM, LRI, RFI, cores, and 
lightning strike mesh. Impacts cutting time.  Initial value of 4 sec. 
Increasing the value will increase the overall cutting time and vice versa. 

Average Turn Time Only used if an ultrasonic type cutting machine is used. The average time 
for the cutter head to lift up from the material surface, turn, lower, and 
move back down to the material surface at each corner of the ply being 
cut. Applies to cutting materials for HLU, RTM, LRI, RFI, cores, and 
lightning strike mesh. Impacts cutting time. Initial value of 1.67833 sec. 
Increasing the value will increase the overall cutting time and vice versa. 

Layup Time Per Core Used to adjust the core layup rate.  Note:  Only applies to cores less than 
47.24 in. (1.2 m) in both length and width. Impacts layup time. Initial value 
of 0.0083 hr. Increasing the value increases the layup time and vice versa. 

Core Layup Rate Adjusts the layup rate per core. Note: This adjustment applies only to 
cores greater than 47.24 in. (1.2 m) in either the length or width. Impacts 
layup time. Initial value of 1,550 in2/hr. (1 m2/hr.). Increasing the value 
will reduce the layup time and vice versa. 

Check Vacuum Time Time required for checking the vacuum seal. Note: Only impacts RTM 
when debulking is used. Initial value of 0.15 hr. Increasing this increases 
the overall tool closing time and vice versa. 



 

B-12     Composites.ini SEER-MFG Detailed Reference 

Vacuum Dwell Time How long the vacuum will be turned on during each bag tool closing. 
Note: Only impacts RTM when debulking is used. Initial value of 2 hr. 
Increasing this increases the overall tool closing time and vice versa. 

Hot Ply Forming Time Represents the amount of time required for one hot ply forming cycle. 
Initial value of 1 min. Increasing this increases the overall hot ply forming 
time and vice versa. 

Lightning Strike Layers Represents the number of layers to be cut and subsequently laid onto the 
component. Initial value of 2 layers. Increasing this increases the overall 
cutting time and layup time and vice versa. 

LM Standard Roll Width Used to calculate the number of lightning strike ply pieces or strips per 
layer. Note: Only used if both component length and width are less than 
47.24 in. (1.2 m). Initial value of 47.24 in. (1.2 m). Increasing this 
reduces layup time and vice versa. 

Part Finish Machine 
Speed 

Represents the speed at which the machine can profile the component 
periphery. Initial value of 39.37 in./min. (1 m/min.). Increasing this 
reduces part finish time and vice versa. 

Remove Factor Adjusts time required to remove the part from the mold tool. Initial value 
of 0.25. Increasing this increases remove part time and vice versa. 

Hot Ply Forming Setup Hot ply forming press setup time. Initial value of 15 min. Increasing this 
increases setup time and vice versa. 

Part Finish Resin Seal 
Speed 

Straight line speed to resin seal the periphery. Initial value is 11.81 
in./min. (0.3 m/min.). Increase reduces part finish time and vice versa. 

Part Finish Setup Time Adjust the setting as necessary. Initial value of 20 min. Increasing this 
increases part finish time and vice versa. 

Core Prepare Time Time required to prepare the core. Used in the core layup time 
calculations. Initial value of 250.6 min./1,550 in2 (250.6 min./m2). 
Increasing this increases layup time and vice versa. 

Standard LSM Layup 
Rate 

Used to adjust the layup rate per ply for lightning strike mesh. Note:  This 
adjustment is only applicable for components greater than 47.24 in. (1.2 
m) in either the length or width dimensions. Impacts layup time. Initial 
value of 31,000 in2/hr. (20 m2/hr.). Increasing the value will reduce the 
layup time and vice versa. 
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15. [CUT-EQUIPMENT]  
Name Description 

Cutter Type Name The cutter type name that appears in the drop-down list. 

Setup Represents the cutter type setup time in minutes. Impacts setup time. 
Higher values increase the overall setup time and vice versa. 

Rate The cutting rate in distance per minute. Impacts cutting time. Increasing 
the value will reduce the overall cutting time and vice versa. 

Ultrasonic Yes/No switch to tell SEER-MFG that the cutter type should be treated as 
an ultrasonic type cutting machine. Enter 1 for YES, and 0 for NO. 

Max Cut Speed The maximum cutting speed according to the ultrasonic equipment 
specification. Increasing this reduces cutting time and vice versa. 

16. [RTM-CLAMPING]  
Name Description 

Clamp Type Name of the clamp type that appears in the drop-down list. 

Close Time For RTM process only. The two halves of an RTM mold need to be 
securely clamped together to prevent leaks of the resin, which is injected 
into the mold tool under pressure. Clamp close time is the time in 
seconds required to close each clamp. Increasing this increases tool 
closing time and vice versa. 

Open Time For RTM process only. The two halves of an RTM mold need to be 
securely clamped together to prevent leaks of the resin, which is injected 
into the mold tool under pressure. Clamp open time is the time required 
to open each clamp. Increasing this increases remove part time and vice 
versa. 

Clamp No. Per m For RTM process only. The two halves of an RTM mold must be securely 
clamped together to prevent leaks of the resin, which is injected into the 
mold tool under pressure. Clamp number is the number of clamps per 
unit length of the mold tool perimeter. Impacts remove part time, tool 
closing time, and tooling cost. Increasing the value will increase the 
overall remove part time and the tool closing time. 

Cost The purchase cost of each clamp. 
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17. [RTM-SEAL]  
Name Description 

Seal Type Name of the seal type that appears in the drop-down list. 

Cost Cost of the seal type. 

Seal Replacement 
Factor 

Used to calculate how often the seal is replaced, and how much labor 
should be allocated to changing the seals. Impacts tool closing time and 
consumable costs. Increasing the percentage will lead to an increase in 
the tool closing time and Consumable costs and vice versa. 

Seal Replacement Time The amount of time required to change the tool seal. Impacts tool 
closing time. Increasing the value will lead to an increase in the tool 
closing time and vice versa. 

18. [NDT-INSPECTION-EQUIPMENT-MANUAL]  
Name Description 

Manual Ultrasonic 
Inspection 

Name that will appear in the manual inspection equipment drop-down 
list. 

Setup Time required to setup the manual inspection equipment. Impacts setup 
time. Increasing this increases setup time and vice versa. 

Feed Rate The rate at which the manual inspection equipment will be used during 
the scanning process. Impacts inspection time. Increasing this reduces 
inspection time and vice versa. 

19. [NDT-INSPECTION-EQUIPMENT-AUTOMATED]  
Name Description 

Automated Ultrasonic 
Inspection 

Name of the automated inspection equipment that appears in the drop-
down list. 

Setup Time required to setup the automated inspection equipment. Impacts 
setup time. Increasing this increases setup time and vice versa. 

Feed Rate The rate at which the automated inspection equipment will be used 
during the scanning process. Impacts inspection time. Increasing this 
reduces inspection time and vice versa. 
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20. [DIMENSIONAL-CHECK]  
Name Description 

Name Name that appears in the dimensional check drop-down list. 

Check Rate The rate (i.e., hr./ft2, or hr./m2) at which the dimensions of the 
component can be checked. Impacts inspection time. Increasing this 
reduces inspection time and vice versa. 

21. [ATL-EQUIPMENT]  
Name Description 

Name The ATL equipment name that appears in the drop-down list. 

Max LU Rate The maximum tape layup rate (ft./hr or m/hr.) that could be achieved if 
operating the tape layer at 100% capacity on a component with minimal 
complexity — i.e., 2D with no ramps or buildups. Increasing this reduces 
the layup time and vice versa. 

MaxHeadSpeed The maximum head travel speed of the equipment. Increasing this 
reduces the layup time and vice versa. 

Change Roll Total time required to load a new roll of tape material into the tape head. 
Tasks include remove empty tape roll, load new tape roll, and feed tape 
through rollers, cutters, and heaters within the tape head. Increasing this 
reduces the layup time and vice versa. 

Rotate head Total time required to rotate the tape head after laying each strip of 
tape. Tasks include raise tape head from the component surface, rotate 
tape head to new alignment, lower tape head until it relocates the 
component surface, and press end of new tape strip onto component 
surface until adhesion. The overall process typically takes around 9 
seconds. Increasing this increases the layup time and vice versa. 

Comp. Eff. Fac The factor used to calibrate the tape layer to reflect actual practice. 
Many modern tape layers are capable of a head travel speed of 1.64 
ft./sec. (0.5 m/sec.), but in practice operate at only 0.66 ft./sec. (0.2 
m/sec.) when laying a simple component with minimal complexity — i.e., 
2D with no ramps or buildups. Increasing this reduces the layup time 
and vice versa. 

Tape Prepare The time required to prepare for the ATL operation — i.e., prepare the 
tape layer, align the mold tool to the datum points, etc. Increasing this 
increases the layup time and vice versa. 
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Simple Cut Additional time required to perform a simple cut of the prepreg tape at 
the end of each laid tape strip. Each tape strip is cut inside the tape 
head, before it reaches the end of the tape strip. To do this, the cutter 
head moves perpendicularly across the tape strip as it moves through 
the tape head. The overall time is typically about 2 seconds. Increasing 
this increases the layup time and vice versa. 

Complex Cut Additional time required to perform a complex cut of the prepreg tape at 
the end of each laid tape strip. Each tape strip is cut within the tape 
head before it reaches the end of the tape strip. To do this, the cutter 
head moves perpendicularly across the tape strip as it moves through 
the tape head. Increasing this increases the layup time and vice versa. 

Set-up The time required to setup the equipment. Increasing this increases the 
setup time and vice versa. 

Ramp Delta Additional time required because the tape head must slow down or halt 
when encountering a buildup or ramp in order to prevent the tape from 
pulling away from the surface. This time is multiplied by the total number 
of times the tape head travels across a buildup to generate the total 
added time. Increasing this increases the layup time and vice versa. 

TOOLING GROUP 
22. [TOOLING-MATERIAL]  

Name Description 

Tool Material Name of the tool material that appears in the drop-down list. 

Density The volumetric density of the material. Impacts tooling cost. Increasing 
the value impacts tool material weight and subsequent tooling cost. 

Cost The cost per unit volume of the tool material. 

Rough The rate, measured in volume per hour, at which the mold tool rough 
machining operation will be applied. Impacts tooling cost. Increasing this 
reduces tooling cost and vice versa. 

Finish The rate, measured in volume per hour, at which the mold tool finish 
machining operation will be applied. Impacts tooling cost. Increasing this 
reduces tooling cost and vice versa. 
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MISC GROUP 
23. [PRIMARY-PROCESS]  

Name Description 

Process Name Acronyms used to define the five primary process types. 

24. [LAYUP-TYPE]  
Name Description 

Layup Type The layup type name. 

Factor Manual is the default selection for all process types. Manual uses a 
factor of 1, which makes no adjustment to calculated layup time. Auto. 
Pick & Place uses a factor of 0.85 which reduces the layup time by 15%. 

25. [CURE-METHOD]  
Name Description 

Method The cure method name 

26. [TOOL-CONSTRUCTION]  
Name Description 

Construction Method The name of the tool construction method. 
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27. [LAYUP-ADDITIONAL-PLY-TYPES]  
Note:  You can add more items to this list. 

Name Description 

Additional Plies Name of the additional ply type that appears in the drop-down list. 

c1(UnitRef) Unit reference number.  Refers to the type of units you want SEER-MFG 
to use when computing time and costs for each additional ply. Enter: 
1 = per square meter, 2 = per meter, 3 = each. 

c2(Cost) Material Cost.  Enter a material cost relative to the unit reference 
number. For example, if unit reference = 1, then enter a cost per square 
meter. If unit reference number = 3, then enter a cost for each. 

c3(Process Rate) Layup/Process Rate.  Enter a rate relative to the unit reference number. 
For example, if unit reference = 1, then enter a rate to lay up per square 
meter. If unit reference number = 3, then enter a rate for each. 
Note:  Modify or enter process rates based on production unit T100, 
using an 85% Unit learning curve slope 

Notes Optional descriptive/reference information. 
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Appendix C 

Machining Databases 
This appendix supplements the Machining Operations in of chapter 10:  Machining. 
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 Machining Databases 
Some of the analytical models in SEER for Manufacturing rely upon an external database of 
information; there are three databases available for machining operations.  You can select the 
one which will be used with your project from the machining database list in the Project 
Parameters dialog box (Options / Set Project Parameters). Galorath recommends using the 
most recent database for all new projects. 

Note: Since the Machining Database selection is one of the Options / Set Project Parameters 
settings, it applies to the entire project.It is possible to change a project's machining database 
at any time; if you do this, however, time estimates for the impacted operations will change. 

Labor1-0 is the database which was used by SEER-MFG prior to version 6.1. 

Labor2-0 and Labor 3-0 machining databases are more sensitive to machining small parts, 
and light, hard-to-machine materials such as titanium. 

Labor2-0 Settings for Specific Machining Operations 
Labor2-0 impacts the following machining operations: Radial Mill (Rough & Finish), End Mill 
(Rough & Finish), Turn (Rough & Finish), Bore (Rough & Finish), Shape (Rough & Finish), High 
Speed (Rough & Finish), Surface Grind (Rough & Finish), Chemical Mill, Centerless Grind, 
Cylindrical Grind, and Screw Machine. 

If you use machining details with the Radial Mill, End Mill, Shape, Turn, and Bore operations, 
Labor 2-0 sets a direct relationship between the Machining Details dialog box's Process Speed 
and Feed fields and the estimated machining time (Direct Minutes) for the operation, as 
shown in the Detailed Analysis report.   
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For example, if you select the Radial Mill Rough operation and turn Use Machining Details on, 
the Direct Minutes time will be inversely proportional to both Process Speed and Feed inputs.  
If you reduce the Process Speed to half of its original value, leaving the Feed input unchanged, 
the Direct Time for the operation will double.    If you reduce the Feed to half of its original 
value, leaving the Process Speed input unchanged, the Direct Time for the operation will also 
double.  If you reduce both inputs to half of their original values, the Direct Time will be 
multiplied by four. 

Speed Values and Ranges for Primary Operations 
Labor2-0 Machine Details for Primary operations (Radial Mill, End Mill, Shape, Turn/Bore) take 
entered feeds and speeds values.  

Typical speed ranges for milling and turning operations are between 200 - 2000 feet per 
minute (or 60.96 - 609.6 meters per minute). Shape operations are based on typical ranges of 
10 – 400 feet per minute (3 – 120 meters per minute). 

Example process speeds related to the Labor2-0 machining database are as follows. 

 Mill/Turn Speeds Shape Speeds 

Aluminum 1280 ft/min (390 m/min)  252 ft/min (77 m/min)  

Free Machining Steel 820 ft/min (250 m/min) 180 ft/min (55 m/min) 

Stainless Steel 246 ft/min (75 m/min) 90 ft/min (27 m/min) 

Titanium Alloys 164 ft/min (50 m/min) 36 ft/min (11 m/min) 

These values are based on the notional speed value for cutting free machining steel.  

For Milling and Turning type operations, the notional speed value is assumed to be 820 ft/min 
(250m/min). For shape operations, the notional speed value is assumed to be 180 ft/min (55 
m/min). The notional speed value for free machining steel is multiplied by the Material 
Machinability factor, stored in the Material.INI file (see also material.ini), to compute a notional 
speed value for the chosen material type. As an example,  

Aluminum Material Machinability = 140 
Aluminum Notional Cutting Speed = (140 / 100) * 820 = 1280 ft/min (390 m/min) 
Using this concept as a guide, one can quickly understand how the SEER-MFG computed 
machining time will be adjusted by the entered speed value. If you double the speed in relation to 
the notional computed values, the direct machining time will be reduced by half, and vice versa. 
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Feed Values and Ranges 
The feeds related to the Labor2-0 machining database are as follows. Typical ranges are 
0.005 - 0.02 inches per revolution (or 0.127 - 0.508 millimeters per revolution). 

 Rough Finish 

Aluminum 0.0079 in (0.2 mm)  0.0039 in (0.1 mm)  

Free Machining Steel 0.0079 in (0.2 mm)  0.0039 in (0.1 mm)  

Stainless Steel 0.0079 in (0.2 mm)  0.0019 in (0.05 mm)  

Titanium Alloys 0.0079 in (0.2 mm)  0.0019 in (0.05 mm)  

Cutter Diameter Machining Details Defaults 

Operation Default Values 

Surface Skim Rough and Finish 6.3in (160mm)   

Profile Rough and Finish 1.57in (40mm)   

Pocket Rough & Finish   0.63in (16mm) 

End Mill Slot   0.63in (16mm) 

Angled Faces 1.57in (40mm) 

T Sections 3.15in (80mm) 

Stringer Run Out 0.63in (16mm) 

Cutting Tool Machining Detail Defaults 
For Angled Faces, End Mill Slot, Pocket, Profile, Stringer Run Out, Surface Skim, and T Sections 
the actual cutting speeds are stored in two columns in the table [MACHINING-MATERIALS] 
within the 'Material.ini' file 
 Column 15 contains cutting speeds for high speed steel tools 
 Column 16 contains cutting speeds for carbide / ceramic tools 

Note. The data held in the above columns are based on Surface milling. Since these data are 
not appropriate for all operations (i.e., pocketing, T sections etc.) adjustments are made within 
the SEER for Manufacturing calculations to accommodate these types of operations. 
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Surface Finish Defaults 

Operation Default Values 

Surface Skim Rough and Finish 12.6 micro inches (0.32 micro meters) 

Profile Rough and Finish 12.6 micro inches (0.32 micro meters) 

Pocket Rough & Finish   12.6 micro inches (0.32 micro meters) 

End Mill Slot   12.6 micro inches (0.32 micro meters) 

Angled Faces 12.6 micro inches (0.32 micro meters) 

T Sections 12.6 micro inches (0.32 micro meters) 

Stringer Run Out 12.6 micro inches (0.32 micro meters) 

Axial DOC Machining Detail Defaults 

Operation Default Values 

Surface Skim Rough and Finish 0.118in (3mm) 

Profile Rough and Finish 1.575in (40mm) 

Pocket Rough & Finish   0.158in (4mm) 

End Mill Slot   0.158in (4mm) 

Angled Faces 0.158in (4mm) 

T Sections 0.984in (25mm) 

Stringer Run Out 0.158in (4mm) 

Radial DOC Machining Detail Defaults 

Operation Default Values 

Surface Skim Rough and Finish 5.669in (144mm) 

Profile Rough and Finish 0.158in (4mm) 

Pocket Rough & Finish   0.567in (14.4mm) 

End Mill Slot   0.629 (16mm) - cuts on full diameter of tool 

Angled Faces 0.158in (4mm) 

T Sections 0.118in (3mm) 

Stringer Run Out 0.551in (14mm) 
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Feed Per Tooth Machining Detail Defaults 
For Surface Skimming Rough and Pocket Rough, SEER for Manufacturing defaults to 0.2mm 
(0.0079in) feed per tooth. For Profile Rough SEER for Manufacturing defaults to 0.3mm 
(0.0118in) feed per tooth.  
For finishing type operations, FPT is calculated based on the surface finish value within the 
operation entry dialog. To calculate the FPT value, we use the following calculation (shown for 
metric only): 
FPT = SQRT((SurfaceFinish ÷ 1000) / 4 x CutterDiameter) 

Number of Teeth Machining Detail Defaults 

Operation Default Values 

Surface Skim Rough and Finish 10 

Profile Rough and Finish 2 

Pocket Rough & Finish   2 

End Mill Slot   2 

Angled Faces 2 

T Sections 1 

Stringer Run Out 2 

Labor3-0 Settings for Specific Machining Operations 
The Labor3-0 machining database includes all of the features of the Labor2-0 database, as 
described above, with additional refinements (including new inputs) for several operations.   

With the Labor3-0 database, Drill, Ream, Tap, Surface Grind (Rough and Finish), Cylindrical 
Grind, and Centerless Grind operations have additional input fields and use updated 
algorithms to produces estimates based on commonly used feeds and feeds. Surface Skim 
(Rough and Finish), Profile (Rough & Finish), Pocket (Rough and Finish), T-Sections, Angled 
Faces, and Stinger Run Out, use default machine detail settings based on commonly used 
feed and speed settings. 
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Surface Grind (Rough and Finish) 

Variable Default Description 

Material 
Removal Depth  

0009843in 
(0.025mm) 

The finish operation assumes a constant depth of material 
removal. Used by Finish only. 

Wheel Width 1in (25.4mm) The grinding wheel width impacts the lateral traverse rate of 
the wheel against the work-piece. See Cut Width Factor. 

Table Speed 49.21ft/min 
(15m/min) 

The speed at which the machine table feeds the flat surface 
of a work-piece beneath the rotating grinding wheel. 

Spark Out Wheel Width Also called dwell, an intentional time delay during which the 
rotating tool remains in contact with the work-piece. It  is 
computed by adding the wheel width to the work piece width. 

Run Out 4in (101.6mm) Additional length that the grinding wheel travels beyond the 
work-piece ends to clear the job and allow the table to slow 
down and change direction to complete the operation. 

Cut Width Factor 0.3 * Machinability A factor used to calculate the lateral feed of the grinding 
wheel across the work-piece. It depends upon the material 
Machinability. Softer materials such as aluminum use as 
much as a third of the wheel width compared to harder 
materials that use as little as 1 tenth the wheel width. 

Depth of Cut / 
Pass (Rough) 

0.0315 * EXP 
(0.6839 *  
Machinability) 

The depth of cut per pass or ‘in-feed’ (in or mm) is dependent 
upon the material machinability. Softer materials such as 
aluminum grind as much as 0.00327in (0.083mm) depth of 
cut per pass. Harder materials such as stainless steel grind 
as little as 0.00165in (0.042mm) per pass and therefore 
typically require many more passes.  

Depth of Cut / 
Pass (Finish) 

0.000315in 
(0.008mm) * 
Machinability 

The depth of cut per pass or ‘in-feed’ (in or mm) is 
dependent upon the material machinability. Softer 
materials such as aluminum grind as much as 0.00044in 
(0.0112mm) depth of cut per pass. Harder materials such 
as stainless steel grind as little as 0.0001575in (0.004mm) 
per pass and therefore typically require many more passes 
to achieve the required surface finish.  
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Cylindrical Grind (Rough and Finish) 

Variable Default Description 

Wheel Width 1in (25.4mm) The grinding wheel width impacts the traverse rate of the wheel 
against the work-piece. 

Work Surface 
Speed 

98.425ft/min 
(30m/min) * 
Machinability 

The speed at which the work-piece is rotated. 

In-feed Cut / 
Pass (Rough) 

0.001969in 
(0.05mm) 

The depth of cut per pass or ‘in-feed’ (in or mm).  

In-feed Cut / 
Pass (Finish) 

Based on material 
Machinability 

The depth of cut per pass or ‘in-feed’ (in or mm) is dependent 
upon the material machinability. Softer materials such as 
aluminum grind as much as 0.0004724in (0.012mm) depth of 
cut per pass. Harder materials such as stainless steel grind as 
little as 0.0001181in (0.003mm) per pass and therefore 
typically require many more passes.  

Traversed 
Feed / 
Revolution 

0.1575in (4mm) 
to 0.1181in 
(3mm)  

The speed at which the wheel traverses across the part per 
work-piece revolution. Rough:  The traverse feed for softer 
materials such as Aluminum is 0.31496 in (8mm). For harder 
materials it is 0.23622in (6mm).Finish:  The traverse feed for 
softer materials such as Aluminum is 0.1575 in (4mm). For 
harder materials it is 0.1181in (3mm). 

Additional 
Traverse 
Length 

Wheel Width + (2 
* 0.1969in 
(5mm)) 

Additional traverse length impacts the overall machining time. 

Centerless Grind    

Variable Default Description 

Drive 
Wheel 
Diameter 

12in (304.8mm) The drive/regulating wheel, usually made of plastic or rubber bond, 
is used to determine the rotational speed of the work-piece and 
through-feed rate of the work-piece. 

Drive 
Wheel 
Surface 
Speed 

98.425ft/min 
(30m/min) * 
Machinability 

The drive/regulating wheel surface speed depends on the material 
Machinability. It is a uniform rate at which the regulating wheel 
revolves against the work-piece. The drive wheel surface speed 
determines the work-piece surface speed (which is practically 
identical). Surface speeds for materials such as stainless steel are 
slower than those used for materials such as aluminum. 
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Drive 
Wheel 
Angle  

3 degree 
(Rough)1 degree 
(Finish) 

The drive/regulating regulating wheel angle of inclination provides 
axial thrust that feeds the work-piece past the grinding wheel 
during operation. Larger angles produce higher through feed rates 
and vice versa. 

Depth of 
Cut / Pass 
(Rough) 

0.005118in 
(0.13mm) * 
Machinability 

The depth of cut per pass or ‘in-feed’ (in or mm) depends on the 
material machinability. Softer materials such as aluminum grind as 
much as 0.007165in (0.182mm) depth of cut per pass. Harder 
materials such as stainless steel grind as little as 0.002559in 
(0.065mm) per pass and thus typically require many more passes. 

Depth of 
Cut / Pass 
(Finish) 

0.0009843in 
(0.025mm) * 
Machinability 

The depth of cut per pass or ‘in-feed’ (in or mm) depends on the 
material machinability. Softer materials such as aluminum grind as 
much as 0.001378in (0.035mm) depth of cut per pass. Harder 
materials such as stainless steel grind as little as 0.0004129in 
(0.0125mm) per pass and thus typically require many more passes. 

Through 
feed  

Drive Wheel Dia * 
Pi * RPM * 
SIN(Drive Wheel 
Angle) 

The movement of the work-piece as it travels past the grinding 
wheel. RPM is computed based on the Drive Wheel Diameter and 
Drive Wheel Surface Speed. The drive wheel angle provides the 
part's through feed rate. 

Drill  
The operational speed values are based on the selected material Machinability factor, a Drill Type 
Speed factor, and a notional speed value for drilling holes in B1212 Free Machining Steel.  

For HSS Twist drilling type operations, the notional speed value is 82 ft/min (25m/min). Other 
Drill Types use speed factors relative to the HSS Twist drill type. These speed factors are 
stored in the MFGData.INI file and may be customized as required. Additional drill types and 
speed factors may also be added to this table. 

Drill Type Speed Factor 

Twist 1 

Subland 0.85 

Spade 0.7 

Carbide 4 

Diamond Tip 5 

Flat Bottom Drill 0.6 

Center Drill 1 

Countersink 1 
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As an example, using a Carbide Drill Type on Stainless Steel, the drill surface speed value is 
computed as follows:  

Stainless Steel Drill Speed = Machinability * Drill Speed Factor * Notional Speed 
Stainless Steel Drill Speed = (50 / 100) * 4 * 82 = 164 ft/min (50 m/min) 
RPM is computed based on the Drill Speed and Drill Diameter with a maximum value of 2000. 
Following the above example a 1in (25.4mm) diameter hole would result in the following RPM: 

RPM = (Drill Speed / (HoleDia * Pi)) * 12 (1000 metric) 
RPM (imperial) = (164 / (1 * Pi)) * 12 = 626 
RPM (metric) = (50 / (25.4 * Pi)) * 1000 = 626 
Drill feeds range between 0.00315in (0.08mm) and 0.0158in (0.4mm), and are computed 
based on the drill diameter.  

Note:  Drill feeds are representative of a High machine tool process capability typically found 
when using through-hole coolant systems. 

Ream   
The operational speed values are computed based on the selected material Machinability 
factor, and a notional speed value for reaming holes in B1212 Free Machining Steel.  

The notional Ream speed value is 41 ft/min (12.5m/min). 

As an example using Stainless Steel, the ream surface speed value is computed as follows:  

Stainless Steel Ream Speed = Machinability * Notional Speed 
Stainless Steel Ream Speed = (50 / 100) * 41 = 20.5 ft/min (6.25 m/min) 
RPM is computed based on the Ream Speed and Ream Diameter with a maximum value of 
2000. Continuing on from the above example a 1in (25.4mm) diameter hole would result in 
the following RPM: 

RPM = (Ream Speed / (HoleDia * Pi)) * 12 (1000 metric) 
RPM (imperial) = (20.5 / (1 * Pi)) * 12 = 78 
RPM (metric) = (6.25 / (25.4 * Pi)) * 1000 = 78 
Ream feeds range between 0.00784in (0.2mm) and 0.01969in (0.5mm), and are computed 
based on the ream diameter. 
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Tap   
The operational speed values are computed based on the selected material Machinability 
factor, and a notional speed value for tapping holes in B1212 Free Machining Steel.  

The notional Tap speed value is 23 ft/min (7m/min). 

As an example using Stainless Steel, the tap surface speed value is computed as follows:  

Stainless Steel Tap Speed = 9.6382*EXP(0.8687* Machinability) 
Stainless Steel Tap Speed = 9.6382*EXP(0.8687*(50/100)) = 14.8ft/min (4.5m/min) 
RPM is computed based on the Tapping Speed and Tap Diameter with a maximum value of 
2000. Continuing on from the above example a 1in (25.4mm) diameter hole would result in 
the following RPM: 

RPM = (Tapping Speed / (HoleDia * Pi)) * 12 (1000 metric) 
RPM (imperial) = (14.8 / (1 * Pi)) * 12 = 56 
RPM (metric) = (4.5 / (25.4 * Pi)) * 1000 = 56 
Tap feeds are based on the TPI and/or Pitch (mm) value.  

Feed (imperial) = 1 / TPI 
Feed (metric) = Pitch (mm) 
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Surface Skim Rough and Finish   

Variable Default 

Surface Finish 125.98 micro inches (3.2 micro meters) 

Cutter Diameter 3.1496in (80mm) 

Axial Depth of Cut 0.07874in (2mm) 

Radial Depth of Cut CutterDiameter * 0.65 

Number of Teeth  4 

FPT (Rough) If Machinability > 20 THEN 
 FPT = 0.007874in (0.2mm) 
 ELSE 
 FPT = 0.003937in (0.1mm) 
END IF 

FPT (Finish) If Machinability > 20 THEN 
 FPT(metric) = MIN(SurfaceFinish /16, 0.1) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.003937) 
ELSE 
 FPT(metric) = MIN(SurfaceFinish /16, 0.05) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.001969) 
END IF 

RPM  Imperial = (820 ft/min * Machinability * 12) / (Pi * Cutter Diameter) 
Metric = (250m/min * Machinability * 1000) / (Pi * Cutter Diameter) 
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Profile Rough and Profile Finish   

Variable Default 

Surface Finish 125.98 micro inches (3.2 micro meters) 

Cutter Diameter 1.5748in (40mm) 

Axial Depth of Cut MIN(Thickness, Cutter Diameter * 3) 

Radial Depth of Cut  Rough:  0.07874in (2mm) 
Finish:  0.03937 (1mm) 

Number of Teeth  4 

FPT (Rough) If Machinability > 20 THEN 
 FPT = 0.007874in (0.2mm) 
ELSE 
 FPT = 0.003937in (0.1mm)END IF 

FPT (Finish) If Machinability > 20 THEN 
 FPT(metric) = MIN(SurfaceFinish /16, 0.1) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.003937) 
ELSE 
 FPT(metric) = MIN(SurfaceFinish /16, 0.05) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.001969) 
END IF 

RPM  Imperial = (820 ft/min * Machinability * 12) / (Pi * Cutter Diameter) 
Metric = (250m/min * Machinability * 1000) / (Pi * Cutter Diameter) 
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Pocket Rough and Finish  

Variable Default 

Surface Finish 125.98 micro inches (3.2 micro meters) 

Cutter Diameter 0.6299in (16mm) 

Axial Depth of Cut  Rough:  0.1181in (3mm) 
Finish:  0.03937in (1mm) 

Radial Depth of Cut Cutter Diameter * 0.65 

Number of Teeth  4 

FPT (Rough) If Machinability > 20 THEN 
 FPT = 0.007874in (0.2mm) 
ELSE 
 FPT = 0.003937in (0.1mm) 
END IF 

FPT (Finish) If Machinability > 20 THEN 
 FPT(metric) = MIN(SurfaceFinish /16, 0.1) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.003937) 
ELSE 
 FPT(metric) = MIN(SurfaceFinish /16, 0.05) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.001969) 
END IF 

RPM  Imperial = (820 ft/min * Machinability * 12) / (Pi * Cutter Diameter) 
Metric = (250m/min * Machinability * 1000) / (Pi * Cutter Diameter) 
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End Mill Slot  

Variable Default 

Surface Finish (finish) 125.98 micro inches (3.2 micro meters) 

Cutter Diameter Width 

Axial Depth of Cut  Rough: 0.1575in (4mm) 
Finish: MIN(Depth, CutterDiameter * 3) 

Radial Depth of Cut  Rough: Width 
Finish: 0.03937in (1mm) 

Number of Teeth  2 

FPT If Machinability > 20 THEN 
 FPT(metric) = MIN(SurfaceFinish /16, 0.1) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.003937) 
ELSE 
 FPT(metric) = MIN(SurfaceFinish /16, 0.05) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.001969) 
END IF 

RPM  Imperial = (820 ft/min * Machinability * 12) / (Pi * Cutter Diameter) 
Metric = (250m/min * Machinability * 1000) / (Pi * Cutter Diameter) 

Angled Faces 

Variable Default 

Surface Finish 125.98 micro inches (3.2 micro meters) 

Cutter Diameter 1.5748in (40mm) 

Axial Depth of Cut 0.1575in (4mm) 

Radial Depth of Cut 0 

Number of Teeth  2 

FPT If Machinability > 20 THEN 
 FPT(metric) = MIN(SurfaceFinish /16, 0.1) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.003937) 
ELSE 
 FPT(metric) = MIN(SurfaceFinish /16, 0.05) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.001969) 
END IF 

RPM  Imperial = (820 ft/min * Machinability * 12) / (Pi * Cutter Diameter) 
Metric = (250m/min * Machinability * 1000) / (Pi * Cutter Diameter) 
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T-Sections  

Variable Default 

Surface Finish 125.98 micro inches (3.2 micro meters) 

Cutter Diameter 3.1496in (80mm) 

Axial Depth of Cut 0.9843in (25mm) 

Radial Depth of Cut 0.1181in (3mm) 

Number of Teeth  1 

FPT If Machinability > 20 THEN 
 FPT(metric) = MIN(SurfaceFinish /16, 0.1) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.003937) 
ELSE 
 FPT(metric) = MIN(SurfaceFinish /16, 0.05) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.001969) 
END IF 

RPM  Imperial = (820 ft/min * Machinability * 12) / (Pi * Cutter Diameter) 
Metric = (250m/min * Machinability * 1000) / (Pi * Cutter Diameter) 

Stringer Run Out   

Variable Default 

Surface Finish 125.98 micro inches (3.2 micro meters) 

Cutter Diameter 0.6299in (16mm) 

Axial Depth of Cut 0.03937in (1mm) 

Radial Depth of Cut 0.5512in (14mm) 

Number of Teeth  2 

FPT If Machinability > 20 THEN 
 FPT(metric) = MIN(SurfaceFinish /16, 0.1) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.003937) 
ELSE 
 FPT(metric) = MIN(SurfaceFinish /16, 0.05) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.001969) 
END IF 

RPM  Imperial = (820 ft/min * Machinability * 12) / (Pi * Cutter Diameter) 
Metric = (250m/min * Machinability * 1000) / (Pi * Cutter Diameter) 
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Labor4-0 Settings for Specific Machining Operations 
The Labor4-0 database was introduced for the the 6.1.xx release. The updates in this 
database include all the updates of the Labor3-0 database with additional refinements. High 
Speed Rough and Finish Operations have a new machine details option.  

Labor 4-0 Settings in MFGData.INI 
The following variables in the MFGData.INI file apply specifically to the Labor4-0 database: 

Dead Time % 

This increases the machining "run time" or "cut time" to account for non cutting time. It can be 
modified as required. A default value of 10% is provided. 

Auto Cutter Sizing 

This is used to automatically size cutter diameters, number of teeth, and depths of cut as 
material removal increases or decreases. By default it is on. Should you choose to turn it off, 
cutter diameters, depths of cut, and number of teeth will remain constant. The default cutter 
sizes for each operation are outlined in detail below. 

 SEER-MFG Directories in chapter 1:  Introduction 

High Speed Machining - Machine Details 
The following machine detail inputs are available for the High Speed Rough and Finish 
operations  when using Machining Database Labor4-0 and newer. 

Variable Default Description 
Setup Tool 30 mins Enter the time required to setup the tool for the 

intended operation. Time entered here will be 
amortized by the specified amortization quantity. 

Setup Fixture 15 mins Enter the time required to setup the tool fixtures. 
Time entered here will be amortized by the 
specified amortization quantity. 
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Cutter Tool None Select the Cutter Tool required for the machining 
operation. Cutter tool data is stored in the 
[CUTTER-TOOLS] table of the MFGData.INI file. 
Upon selection of a cutter tool, the Cutter 
Diameter and Teeth/Flutes parameter values are 
read from data stored in the MFGData.INI file. 
Users can override/enter their own cutter 
diameter and teeth/flutes values. 

Cutter 
Diameter 

1.5748in (40mm) 

 

Typical milling cutter diameter sizes range from 
0.63in - 6.3in (2.54mm - 160mm). Default Cutter 
Diameter values are provided for each operation, 
which you may overwrite if required. 

Note. When using the Pocket operation, the 
Cutter diameter used should be suitable for the 
required corner radius of the pocket. 

When the cutter diameter value is changed, 
Radial Depth of Cut, RPM, and Feed Rate shall be 
recomputed.    

Feed Per Tooth Rough 
If Machinability > 20 THEN 
0.007874in (0.2mm) 
ELSE 0.003937in (0.1mm) 
 

Finish 
If Machinability> 20 THEN 
MIN(Surface Finish /16,000, 
0.003937in (0.1mm)) 
ELSE 
MIN(Surface Finish /16,000, 
0.001969in (0.05mm)) 

The advancement of the cutter per tooth per 
revolution. Default values are provided for each 
operation, which you may overwrite if required.  

When the feed per tooth value is changed, Feed 
Rate shall be recomputed.    

Speed 2133 feet/min (650m/min) / 
Machinability 

Enter the cutter tool surface speed in feet per 
minute or meters per minute.  

When the speed value is changed, RPM and Feed 
Rate shall be recomputed.    
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RPM (Speed * Machinability * 12in 
(1000mm)) / (Pi * Cutter 
Diameter) 

The spindle speed is calculated from the surface 
cutting speed, and the diameter of the cutting 
tool.  

For example, if the surface speed is known to be 
250 m/min (820 feet/min) with a cutter diameter 
of 75mm (3in), then RPM is computed as follows: 

 RPM(Metric) = (250 * 1000mm) / (Pi * 75mm) = 
1061 

RPM(Imperial) = (820 * 12in) / (Pi * 2.95in) = 
1061 

The user may over write this calculated value if 
required. 

When the RPM value is changed, Speed and Feed 
Rate shall be recomputed. 

Feed Rate 1.5748in (40mm) 

 

The feed rate is the speed at which the cutting 
tool will travel.  Feed rate is calculated from the 
Spindle speed (RPM), Feed Per Tooth (FPT) and 
Teeth/Flutes on the cutter.  

Feed rate = Spindle speed (RPM) x Feed Per 
Tooth (FPT) x Teeth/Flutes. 

When the Feed Rate value is changed, Feed Per 
Tooth shall be recomputed. 

Radial Depth 
of Cut 

Cutter Diameter * 65% 

 

The effective cutting diameter that the cutter will 
take during a pass.  Default Radial Depth of Cut 
values are provided for each operation, which you 
may overwrite if required: 

Note. If the Cutter Diameter is changed, the 
Radial Depth of Cut should also be 
reviewed/changed. 

Axial Depth of 
Cut 

0.07847in (2mm) The depth of cut that the cutter will take during a 
pass. MFG has default cutter information and the 
Axial DOC has been selected for various 
operations, but these can be over written. 
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Teeth/Flutes 4 The number of cutting teeth or flutes on the 
cutter. The number of teeth input is used as part 
of the Feed Rate calculation. Default Number of 
Teeth values are provided for each operation, 
which you may overwrite as required. 

When the Teeth/Flutes value is changed, Feed 
Rate shall be recomputed. 

Cut Depth 0.00 Enter the total cut depth required, or the average 
cut depth if the part is tapered. This value is 
optional. If entered, a number of passes value will 
be computed based on the Axial Depth of Cut and 
the Cut Depth. The Number of Passes parameter 
may be turned on for display via the project 
parameter dialog. 

Dead Time % 10% MFG models the direct cutting time for the 
component. For operations that cannot be 
consistently modeled (i.e. tool change, rapid 
traverse of the tool between features) a % of the 
direct time can be used. A value of 10% is 
suggested, but may be overwritten. 

The dead time percent is added to the direct 
cutting time to calculate the overall machine cut 
time. 

Spindles 1 Some machines have more than 1 spindle, 
allowing 2 or more identical components to be 
machined at the same time. Therefore 2 or more 
components can be manufactured in the time of 
1. Thus the direct manufacturing time is divided 
by the number of spindles. MFG defaults to 1 
spindle, the user may overwrite this with the 
number of spindles being utilized (note: this may 
be less that the number of spindles on the 
machine.  

Parts/Billet 1 Enter the number of parts to be machined from 
each billet. This will reduce the load and unload 
time per part, if load and unload time is specified. 



  

SEER-MFG Detailed Reference Machining Databases    C-21 

 

Load Unload 
Method 

Manual Select a load/unload method from the list. Select 
Crane when loading and unloading is mechanized 
and minimal or no operator labor is required. 
Select Manual if the operator loads and unloads 
the workpiece manually. 

The load/unload method data are stored within 
the [LOAD-UNLOAD-METHOD] table of the 
MFGData.ini file. You can add your own 
load/unload methods and also modify the 
associated time values already listed. 

Surface Grind Rough and Finish - Defaults 

Variable Default 

Material Removal Depth 
(Finish) 

0009843in (0.025mm) 

Wheel Width 1in (25.4mm) 

Table Speed 49.21ft/min (15m/min) 

Spark Out Wheel Width 

Run Out 4in (101.6mm) 

Cross Feed Width IF Machinability >= 140 THEN 
 CrossFeedWidth = 0.3149597 (in)   // (8 mm) 
ELSE IF Machinability >= 100 THEN 
 CrossFeedWidth = 0.2362198 (in)   // (6 mm) 
ELSE IF Machinability >= 75 THEN 
 CrossFeedWidth = 0.1968498 (in)   // (5 mm) 
ELSE IF Machinability >= 50 THEN 
 CrossFeedWidth = 0.1574798 (in)   // (4 mm) 
ELSE IF Machinability >= 30 THEN 
 CrossFeedWidth = 0.0984249 (in)   // (2.5 mm) 
ELSE IF Machinability < 30 THEN 
 CrossFeedWidth = 0.07873992 (in)   // (2 mm) 
END IF 
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Depth of Cut / Pass 
(Rough) 

IF Machinability >= 140 THEN 
 DepthOfCutPerPass = 0.003267707 (in)  // (0.083 mm) 
ELSE IF Machinability >= 100 THEN 
 DepthOfCutPerPass = 0.002440938 (in)  // (0.062 mm) 
ELSE IF Machinability >= 75 THEN 
 DepthOfCutPerPass = 0.002204718 (in)  // (0.056 mm) 
ELSE IF Machinability >= 50 THEN 
 DepthOfCutPerPass = 0.001968498 (in)  // (0.05 mm) 
ELSE IF Machinability >= 30 THEN 
 DepthOfCutPerPass = 0.001653538 (in)  // (0.042 mm) 
ELSE IF Machinability < 30 THEN 
 DepthOfCutPerPass = 0.001338579 (in)  // (0.034 mm) 
END IF 

Depth of Cut / Pass 
(Finish) 

IF Machinability >= 140 THEN 
 DepthOfCutPerPass = 0.0004724395 (in)  // (0.012 mm) 
ELSE IF Machinability >= 100 THEN 
 DepthOfCutPerPass = 0.000315 (in)  // (0.008 mm) 
ELSE IF Machinability >= 75 THEN 
 DepthOfCutPerPass = 0.0002755897 (in)  // (0.007 mm) 
ELSE IF Machinability >= 50 THEN 
 DepthOfCutPerPass = 0.0002362198(in)  // (0.006 mm) 
ELSE IF Machinability >= 30 THEN 
 DepthOfCutPerPass = 0.0001968498 (in)  // (0.005 mm) 
ELSE IF Machinability < 30 THEN 
 DepthOfCutPerPass = 0.0001574798 (in)  // (0.004 mm) 
END IF 
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Cylindrical Grind Rough and Finish - Defaults 

Variable Default 

Wheel Width 1in (25.4mm) 

Work Surface Speed IF Machinability >= 140 THEN 
 WorkSpeed = 147.6374 (feet)   // (45m) 
ELSE IF Machinability >= 100 THEN 
 WorkSpeed = 98.4249 (feet)   // (30m) 
ELSE IF Machinability >= 75 THEN 
 WorkSpeed = 82.02075 (feet)   // (25m) 
ELSE IF Machinability >= 50 THEN 
 WorkSpeed = 65.6166 (feet)   // (20m) 
ELSE IF Machinability >= 30 THEN 
 WorkSpeed = 49.21245 (feet)   // (15m) 
ELSE IF Machinability < 30 THEN 
 WorkSpeed = 32.8083 (feet)   // (10m) 
END IF 

In-feed Cut / Pass 
(Rough) 

0.000984249in (0.025mm) 

In-feed Cut / Pass (Finish) IF Machinability >100 THEN 
 DepthOfCutPerPass = 0.0004921245 (in)  // (0.0125mm) 
ELSE IF Machinability >=75 THEN 
 DepthOfCutPerPass = 0.0003937 (in)  // (0.01mm) 
ELSE IF Machinability >=50 THEN 
 DepthOfCutPerPass = 0.0002756 (in)  // (0.007mm) 
ELSE IF Machinability >20 THEN 
 DepthOfCutPerPass = 0.0001496 (in)  // (0.0038mm) 
ELSE 
 DepthOfCutPerPass = 0.0001181 (in)  // (0.003mm) 
END IF 

Traversed Feed / 
Revolution 

0.1575in (4mm) to 0.1181in (3mm)  

Additional Traverse 
Length 

Wheel Width + (2 * 0.1969in (5mm)) 
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Surface Skim Rough and Finish - Defaults 

Variable Default 

Surface Finish  63 micro inches (1.6 micro meters) 

Cutter Diameter * 3.1496in (80mm) 

Axial Depth of Cut  
(Rough) * 

IF Machinability >= 140 THEN 
  AxialDOC = 0.1181099in (3mm) 
ELSE 
 AxialDOC = 0.07874in (2mm) 
END IF 

Axial Depth of Cut (Finish) 0.03937in (1mm) 

Radial Depth of Cut CutterDiameter * 0.65 

Number of Teeth * 4 

FPT (Rough) If Machinability > 20 THEN  
 FPT = 0.007874in (0.2mm)  
ELSE 
 FPT = 0.003937in (0.1mm) 
END IF 

FPT (Finish) If Machinability > 20 THEN  
 FPT(metric) = MIN(SurfaceFinish /16, 0.1) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.003937) 
ELSE 
 FPT(metric) = MIN(SurfaceFinish /16, 0.05) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.001969) 
END IF 

Cutter Overshoot Factor Based on Machining Operation Data table value stored in the 
MFGData.INI file. A factor based on cutter diameter. It is used to 
compute the distance that cutter overshoots on a radial pass. A default 
value of 0.65 of cutter diameter is provided. 

Cutter Approach Distance Based on Machining Operation Data table value stored in the 
MFGData.INI file. A default value of 0.3937in (10mm) is provided. It 
represents the distance the cutter travels before cutting starts. 
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Speed IF Machinability >= 140 THEN 
 Speed = 1280 (feet) //Aluminum 390m/min 
ELSE IF Machinability >= 100 
 Speed = 820 (feet) //Free Machining Steel 250m/min 
ELSE IF Machinability >= 75 
 Speed = 656 (feet) //Structural Steel 200m/min  
ELSE IF Machinability >= 50 
  Speed = 492 (feet) //Stainless Steel 7m/min 
ELSE IF Machinability >= 30 
  Speed = 246 (feet) //High Strength Steel 4m/min 
ELSE IF Machinability < 30 
 Speed = 164 (feet) //Titanium 2.5m/min 
END IF 

RPM  Imperial = MIN((Speed * 12) / (Pi * Cutter Diameter), 4000) 
Metric = MIN((Speed * 1000) / (Pi * Cutter Diameter), 4000) 

* When the Auto Cutter Sizing control is on, computed values will vary based on the operation input 
parameters. The above defaults shall only apply when the Auto Cutter Sizing flag is off. See Machining 
Operations Data in the MFGData.INI file. 

Profile Rough and Finish 

Variable Default 

Surface Finish 63 micro inches (1.6 micro meters) 

Cutter Diameter * 0.7873992 in (20mm) 

Axial Depth of Cut (Rough) Cutter Diameter * 0.5 

Axial Depth of Cut (Finish) IF ProfileType = Scan THEN 
 AxialDOC = SurfaceFinish / 1000 
ELSE 
 AxialDOC = CutterDiameter * 0.5 
END IF 

Radial Depth of Cut 
(Rough) * 

IF Machinability >= 20 THEN  
 RadialDOC = 0.1181099in (3mm) 
ELSE 
 RadialDOC = 0.07874in (2mm) 
END IF 
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Radial Depth of Cut 
(Finish)  

IF ProfileType = Scan THEN 
 CutterRadius = CutterDiameter * 0.5 
 RadialDOC = SQRT(CutterRadius^2 - (CutterRadius–
AxialDOC)^2)*2 
ELSE 
 IF Machinability > 20 THEN 
   RadialDOC = 0.03937 (1mm) 
 ELSE 
  RadialDOC = 0.01968498 (0.5mm) 
 END IF 
END IF 

Number of Teeth * 4 

FPT (Rough) If Machinability > 20 THEN  
 FPT = 0.007874in (0.2mm)  
ELSE 
 FPT = 0.003937in (0.1mm) 
END IF 

FPT (Finish) If Machinability > 20 THEN  
 FPT(metric) = MIN(SurfaceFinish /16, 0.1) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.003937) 
ELSE 
 FPT(metric) = MIN(SurfaceFinish /16, 0.05) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.001969) 
END IF 

Speed IF Machinability >= 140 THEN 
 Speed = 1280 (feet) //Aluminum 390m/min 
ELSE IF Machinability >= 100 
 Speed = 820 (feet) //Free Machining Steel 250m/min 
ELSE IF Machinability >= 75 
 Speed = 656 (feet) //Structural Steel 200m/min  
ELSE IF Machinability >= 50 
  Speed = 492 (feet) //Stainless Steel 7m/min 
ELSE IF Machinability >= 30 
  Speed = 246 (feet) //High Strength Steel 4m/min 
ELSE IF Machinability < 30 
 Speed = 164 (feet) //Titanium 2.5m/min 
END IF 

RPM  Imperial = MIN((Speed * 12) / (Pi * Cutter Diameter), 4000) 
Metric = MIN((Speed * 1000) / (Pi * Cutter Diameter), 4000) 

* When the Auto Cutter Sizing control is on, computed values will vary based on the operation input 
parameters. The above defaults shall only apply when the Auto Cutter Sizing flag is off. See Machining 
Operations Data in the MFGData.INI file. 
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Pocket Rough and Finish - Defaults 

Variable Default 

Surface Finish 125.98 micro inches (3.2 micro meters) 

Cutter Diameter * 0.6299in (16mm) 

Axial Depth of Cut (Rough) * 0.1181in (3mm) 

Axial Depth of Cut (Finish) 0.03937in (1mm) 

Radial Depth of Cut Cutter Diameter * 0.65 

Number of Teeth * 4 

FPT (Rough) If Machinability > 20 THEN  
 FPT = 0.007874in (0.2mm)  
ELSE 
 FPT = 0.003937in (0.1mm) 
END IF 

FPT (Finish) If Machinability > 20 THEN  
 FPT(metric) = MIN(SurfaceFinish /16, 0.1) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.003937) 
ELSE 
 FPT(metric) = MIN(SurfaceFinish /16, 0.05) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.001969) 
END IF 

Speed IF Machinability >= 140 THEN 
 Speed = 1280 (feet) //Aluminum 390m/min 
ELSE IF Machinability >= 100 
 Speed = 820 (feet) //Free Machining Steel 250m/min 
ELSE IF Machinability >= 75 
 Speed = 656 (feet) //Structural Steel 200m/min  
ELSE IF Machinability >= 50 
  Speed = 492 (feet) //Stainless Steel 7m/min 
ELSE IF Machinability >= 30 
  Speed = 246 (feet) //High Strength Steel 4m/min 
ELSE IF Machinability < 30 
 Speed = 164 (feet) //Titanium 2.5m/min 
END IF 

RPM  Imperial = MIN((Speed * 12) / (Pi * Cutter Diameter), 4000) 
Metric = MIN((Speed * 1000) / (Pi * Cutter Diameter), 4000) 

* When the Auto Cutter Sizing control is on, computed values will vary based on the operation input 
parameters. The above defaults shall only apply when the Auto Cutter Sizing flag is off. See Machining 
Operations Data in the MFGData.INI file. 
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Angled Faces - Defaults 

Variable Default 

Surface Finish 63 micro inches (1.6 micro meters) 

Cutter Diameter * 1.5748in (40mm) 

Axial Depth of Cut 0.1575in (4mm) 

Radial Depth of Cut 0 

Number of Teeth * 2 

FPT If Machinability > 20 THEN  
 FPT(metric) = MIN(SurfaceFinish /16, 0.1) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.003937) 
ELSE 
 FPT(metric) = MIN(SurfaceFinish /16, 0.05) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.001969) 
END IF 

Speed IF Machinability >= 140 THEN 
 Speed = 1280 (feet) //Aluminum 390m/min 
ELSE IF Machinability >= 100 
 Speed = 820 (feet) //Free Machining Steel 250m/min 
ELSE IF Machinability >= 75 
 Speed = 656 (feet) //Structural Steel 200m/min  
ELSE IF Machinability >= 50 
  Speed = 492 (feet) //Stainless Steel 7m/min 
ELSE IF Machinability >= 30 
  Speed = 246 (feet) //High Strength Steel 4m/min 
ELSE IF Machinability < 30 
 Speed = 164 (feet) //Titanium 2.5m/min 
END IF 

RPM  Imperial = MIN((Speed * 12) / (Pi * Cutter Diameter), 4000) 
Metric = MIN((Speed * 1000) / (Pi * Cutter Diameter), 4000) 

* When the Auto Cutter Sizing control is on, computed values will vary based on the operation input 
parameters. The above defaults shall only apply when the Auto Cutter Sizing flag is off. See Machining 
Operations Data in the MFGData.INI file. 
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T-Sections - Defaults 

Variable Default 

Surface Finish 63 micro inches (1.6 micro meters) 

Cutter Diameter * 3.1496in (80mm) 

Axial Depth of Cut 0.9843in (25mm) 

Radial Depth of Cut * 0.1181in (3mm) 

Number of Teeth * 1 

FPT If Machinability > 20 THEN  
 FPT(metric) = MIN(SurfaceFinish /16, 0.1) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.003937) 
ELSE 
 FPT(metric) = MIN(SurfaceFinish /16, 0.05) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.001969) 
END IF 

Speed IF Machinability >= 140 THEN 
 Speed = 1280 (feet) //Aluminum 390m/min 
ELSE IF Machinability >= 100 
 Speed = 820 (feet) //Free Machining Steel 250m/min 
ELSE IF Machinability >= 75 
 Speed = 656 (feet) //Structural Steel 200m/min  
ELSE IF Machinability >= 50 
  Speed = 492 (feet) //Stainless Steel 7m/min 
ELSE IF Machinability >= 30 
  Speed = 246 (feet) //High Strength Steel 4m/min 
ELSE IF Machinability < 30 
 Speed = 164 (feet) //Titanium 2.5m/min 
END IF 

RPM  Imperial = MIN((Speed * 12) / (Pi * Cutter Diameter), 4000) 
Metric = MIN((Speed * 1000) / (Pi * Cutter Diameter), 4000) 

* When the Auto Cutter Sizing control is on, computed values will vary based on the operation input 
parameters. The above defaults shall only apply when the Auto Cutter Sizing flag is off. See Machining 
Operations Data in the MFGData.INI file. 
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Stringer Run Out 

Variable Default 

Surface Finish 63 micro inches (1.6 micro meters) 

Cutter Diameter * 0.6299in (16mm) 

Axial Depth of Cut SurfaceFinish / 1000 

Radial Depth of Cut SQRT(CutterRadius ^2 - (CutterRadius – AxialDOC)^2) *2 

Number of Teeth * 2 

FPT If Machinability > 20 THEN  
 FPT(metric) = MIN(SurfaceFinish /16, 0.1) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.003937) 
ELSE 
 FPT(metric) = MIN(SurfaceFinish /16, 0.05) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.001969) 
END IF 

Speed IF Machinability >= 140 THEN 
 Speed = 1280 (feet) //Aluminum 390m/min 
ELSE IF Machinability >= 100 
 Speed = 820 (feet) //Free Machining Steel 250m/min 
ELSE IF Machinability >= 75 
 Speed = 656 (feet) //Structural Steel 200m/min  
ELSE IF Machinability >= 50 
  Speed = 492 (feet) //Stainless Steel 7m/min 
ELSE IF Machinability >= 30 
  Speed = 246 (feet) //High Strength Steel 4m/min 
ELSE IF Machinability < 30 
 Speed = 164 (feet) //Titanium 2.5m/min 
END IF 

RPM  Imperial = MIN((Speed * 12) / (Pi * Cutter Diameter), 4000) 
Metric = MIN((Speed * 1000) / (Pi * Cutter Diameter), 4000) 

* When the Auto Cutter Sizing control is on, computed values will vary based on the operation input 
parameters. The above defaults shall only apply when the Auto Cutter Sizing flag is off. See Machining 
Operations Data in the MFGData.INI file. 
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End Mill Slot Rough and Finish 
Variable Default 

Surface Finish (Finish) 63 micro inches (1.6 micro meters) 

Cutter Diameter Width 

Axial Depth of Cut  
(Rough) * 

If Machinability > 20 THEN   
 AxialDOC = 0.1181099 in (3mm) 
ELSE  
 AxialDOC = 0.07873992 in (2mm) 
END IF 

Axial Depth of Cut (Finish) MIN(Depth, CutterDiameter * 0.5) 

Radial Depth of Cut (Rough) Width 

Radial Depth of Cut (Finish) 0.03937in (1mm) 

Number of Teeth (Rough) * 4 

Number of Teeth (Finish) * 2 

FPT (Rough) 0.03937in (1mm) 

FPT (Finish) If Machinability > 20 THEN  
 FPT(metric) = MIN(SurfaceFinish /16, 0.1) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.003937) 
ELSE 
 FPT(metric) = MIN(SurfaceFinish /16, 0.05) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.001969) 
END IF 

Speed IF Machinability >= 140 THEN 
 Speed = 1280 (feet) //Aluminum 390m/min 
ELSE IF Machinability >= 100 
 Speed = 820 (feet) //Free Machining Steel 250m/min 
ELSE IF Machinability >= 75 
 Speed = 656 (feet) //Structural Steel 200m/min  
ELSE IF Machinability >= 50 
  Speed = 492 (feet) //Stainless Steel 7m/min 
ELSE IF Machinability >= 30 
  Speed = 246 (feet) //High Strength Steel 4m/min 
ELSE IF Machinability < 30 
 Speed = 164 (feet) //Titanium 2.5m/min 
END IF 

RPM  Imperial = MIN((Speed * 12) / (Pi * Cutter Diameter), 4000) 
Metric = MIN((Speed * 1000) / (Pi * Cutter Diameter), 4000) 

* When the Auto Cutter Sizing control is on, computed values will vary based on the operation input 
parameters. The above defaults shall only apply when the Auto Cutter Sizing flag is off. See Machining 
Operations Data in the MFGData.INI file. 
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Radial Mill Rough and Finish 

Variable Default 

Surface Finish (Finish) 63 micro inches (1.6 micro meters) 

Tolerance (Finish) 0.01in (0.254mm) 

Cutter Diameter * 3.1496in (80mm) 

Axial Depth of Cut * 3.937in (100mm) 

Radial Depth of Cut 
(Rough) * 

If Machinability > 20 THEN   
 RadialDOC = 0.1181099 in (3mm) 
ELSE  
 RadialDOC = 0.07873992 in (2mm) 
END IF 

Radial Depth of Cut (Finish) 0.01969in (0.5mm) 

Number of Teeth  10 

FPT (Rough) IF Machinability <= 20 THEN 
  FPT = 0.003937in 0.1mm 
ELSE 
 FPT = 0.007874in (0.2mm)  
ELSE IF 

FPT (Finish) If Machinability > 20 THEN  
 FPT(metric) = MIN(SurfaceFinish /16, 0.1) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.003937) 
ELSE 
 FPT(metric) = MIN(SurfaceFinish /16, 0.05) 
 FPT(imperial) = MIN(SurfaceFinish /16,000, 0.001969) 
END IF 

Radial Cutter Overshoot 
Factor 

Based on Machining Operation Data table value stored in the 
MFGData.INI file. A factor based on cutter diameter. It is used to 
compute the distance that cutter overshoots on a radial pass. A default 
value of 0.4 of cutter diameter is provided. 
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Speed(See Auto Cutter 
Sizing note for Finish) 

IIF Machinability >= 140 THEN 
 Speed = 197 (feet)  //Aluminum 60m/min 
ELSE IF Machinability >= 100 THEN 
 Speed = 115 (feet) //Easy Steel 35m/min  
ELSE IF Machinability >= 75 THEN 
 Speed = 82 (feet) //Medium Easy Steel 25m/min 
ELSE IF Machinability >= 50 THEN 
 Speed = 66 (feet) //Medium Hard Steel 20m/min 
ELSE IF Machinability >= 30 THEN 
 Speed = 33 (feet) //Extreme Steel 10m/min 
ELSE IF Machinability <30 THEN 
 Speed = 23 (feet) //Titanium 7m/min 
END IF 

RPM  Imperial = MIN((Speed * 12) / (Pi * Cutter Diameter), 4000) 
Metric = MIN((Speed * 1000) / (Pi * Cutter Diameter), 4000) 

* When the Auto Cutter Sizing control is on, computed values will vary based on the operation input 
parameters. The above defaults shall only apply when the Auto Cutter Sizing flag is off. See Machining 
Operations Data in the MFGData.INI file. 

End Mill Rough and Finish 

Variable Default 

Surface Finish (Finish) 63 micro inches (1.6 micro meters) 

Tolerance (Finish) 0.01in (0.254mm) 

Cutter Diameter * 1.5748in (40mm) 

Axial Depth of Cut (Rough) * 0.1181in (3mm) 

Axial Depth of Cut (Finish) 0.009843in (0.25mm) 

Radial Depth of Cut (Rough) Cutter Diameter * 0.65 

Radial Depth of Cut (Finish) Cutter Diameter * 0.75 

Number of Teeth * 4 

FPT (Rough) IF Machinability <= 20 THEN 
  FPT = 0.003937in 0.1mm 
ELSE 
 FPT = 0.007874in (0.2mm)  
ELSE IF 
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FPT (Finish) IF Machinability <= 20 THEN  
 FPT = 0.001969in (0.05mm) 
ELSE 
 FPT = 0.003937in(0.1mm)  
ELSE IF 

Speed IF Machinability >= 140 THEN 
 Speed = 1280 (feet) //Aluminum 390m/min 
ELSE IF Machinability >= 100 
 Speed = 820 (feet) //Free Machining Steel 250m/min 
ELSE IF Machinability >= 75 
 Speed = 656 (feet) //Structural Steel 200m/min  
ELSE IF Machinability >= 50 
  Speed = 492 (feet) //Stainless Steel 7m/min 
ELSE IF Machinability >= 30 
  Speed = 246 (feet) //High Strength Steel 4m/min 
ELSE IF Machinability < 30 
 Speed = 164 (feet) //Titanium 2.5m/min 
END IF 

RPM  Imperial = MIN((Speed * 12) / (Pi * Cutter Diameter), 4000) 
Metric = MIN((Speed * 1000) / (Pi * Cutter Diameter), 4000) 

* When the Auto Cutter Sizing control is on, computed values will vary based on the operation input 
parameters. The above defaults shall only apply when the Auto Cutter Sizing flag is off. See Machining 
Operations Data in the MFGData.INI file. 

Turn Rough and Finish 

Variable Default 

Surface Finish (Finish) 63 micro inches (1.6 micro meters) 

Tolerance (Finish) 0.01in (0.254mm) 

Depth of Cut (Rough) * IF Machinability <= 20 THEN 
  DOC = 0.07874in (2mm) 
ELSE 
 DOC = 0.1181in (3mm)  
ELSE IF 

Depth of Cut (Finish) 0.03937in (1mm) 

Feed Per Revolution 
(Rough) 

IF Machinability <= 20 THEN 
  FPR = 0.003937in 0.1mm 
ELSE 
 FPr = 0.007874in (0.2mm)  
ELSE IF 



  

SEER-MFG Detailed Reference Machining Databases    C-35 

 

Feed Per Revolution 
(Finish) 

IF Machinability <= 20 THEN  
 FPR = 0.001969in (0.05mm) 
ELSE 
 FPR = 0.003937in(0.1mm)  
ELSE IF 

Speed IF Machinability >= 140 THEN 
 Speed = 1280 (feet) //Aluminum 390m/min 
ELSE IF Machinability >= 100 
 Speed = 820 (feet) //Free Machining Steel 250m/min 
ELSE IF Machinability >= 75 
 Speed = 656 (feet) //Structural Steel 200m/min  
ELSE IF Machinability >= 50 
  Speed = 492 (feet) //Stainless Steel 7m/min 
ELSE IF Machinability >= 30 
  Speed = 246 (feet) //High Strength Steel 4m/min 
ELSE IF Machinability < 30 
 Speed = 164 (feet) //Titanium 2.5m/min 
END IF 

RPM  Imperial = MIN((Speed * 12) / (Pi * Cutter Diameter), 4000) 
Metric = MIN((Speed * 1000) / (Pi * Cutter Diameter), 4000) 

* When the Auto Cutter Sizing control is on, computed values will vary based on the operation input 
parameters. The above defaults shall only apply when the Auto Cutter Sizing flag is off. See Machining 
Operations Data in the MFGData.INI file. 

Bore Rough and Finish 

Variable Default 

Surface Finish (Finish) 63 micro inches (1.6 micro meters) 

Tolerance (Finish) 0.01in (0.254mm) 

Depth of Cut (Rough) * 0.07874in (2mm) 

Depth of Cut (Finish) IF Machinability <= 20 THEN 
  DOC = 0.01969in (0.5mm) 
ELSE 
 DOC = 0.03937in (1mm)  
ELSE IF 

Feed Per Revolution 
(Rough) 

IF Machinability <= 20 THEN 
  FPR = 0.003937in 0.1mm 
ELSE 
 FPr = 0.007874in (0.2mm)  
ELSE IF 
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Feed Per Revolution 
(Finish) 

IF Machinability <= 20 THEN  
 FPR = 0.001969in (0.05mm) 
ELSE 
 FPR = 0.003937in(0.1mm)  
ELSE IF 

Speed IF Machinability >= 140 THEN 
 Speed = 1280 (feet) //Aluminum 390m/min 
ELSE IF Machinability >= 100 
 Speed = 820 (feet) //Free Machining Steel 250m/min 
ELSE IF Machinability >= 75 
 Speed = 656 (feet) //Structural Steel 200m/min  
ELSE IF Machinability >= 50 
  Speed = 492 (feet) //Stainless Steel 7m/min 
ELSE IF Machinability >= 30 
  Speed = 246 (feet) //High Strength Steel 4m/min 
ELSE IF Machinability < 30 
 Speed = 164 (feet) //Titanium 2.5m/min 
END IF 

RPM  Imperial = MIN((Speed * 12) / (Pi * Cutter Diameter), 4000) 
Metric = MIN((Speed * 1000) / (Pi * Cutter Diameter), 4000) 

* When the Auto Cutter Sizing control is on, computed values will vary based on the operation input 
parameters. The above defaults shall only apply when the Auto Cutter Sizing flag is off. See Machining 
Operations Data in the MFGData.INI file. 

Shape Rough and Finish 

Variable Default 

Surface Finish (Finish) 63 micro inches (1.6 micro meters) 

Tolerance (Finish) 0.01in (0.254mm) 

Depth of Cut (Rough) * IF Machinability <= 20 THEN 
  DOC = 0.07874in (2mm) 
ELSE 
 DOC = 0.1181in (3mm)  
ELSE IF 

Depth of Cut (Finish) 0.03937in (1mm) 

Feed (Rough) IF Machinability <= 20 THEN 
  FPR = 0.003937in 0.1mm 
ELSE 
 FPr = 0.007874in (0.2mm)  
ELSE IF 
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Feed (Finish) IF Machinability <= 20 THEN  
 FPR = 0.001969in (0.05mm) 
ELSE 
 FPR = 0.003937in(0.1mm)  
ELSE IF 

Speed IF Machinability >= 140 THEN 
 Speed = 263  //Aluminum 80m/min 
ELSE IF Machinability >= 100 THEN 
 Speed = 230  //Free Machining Steel 70m/min
  
ELSE IF Machinability >= 75 THEN 
 Speed = 197  //Structural Steel 60m/min 
ELSE IF Machinability >= 50 THEN 
 Speed = 164  //Stainless Steel 50m/min 
ELSE IF Machinability >= 30 THEN 
 Speed = 98   //High Strength Steel 30m/min 
ELSE IF Machinability < 30 THEN 
 Speed = 82  //Titanium 25m/min 
END IF 

* When the Auto Cutter Sizing control is on, computed values will vary based on the operation input 
parameters. The above defaults shall only apply when the Auto Cutter Sizing flag is off. See Machining 
Operations Data in the MFGData.INI file. 

Drill 

Variable Default 

Feed IF Diameter <= 0.1575 (in) //4mm 
  Feed = 0.001968498 (in) //0.05 mm 
ELSE IF Diameter <= 0.315 (in)  //8mm 
 Feed = 0.002953 //0.075 mm 
ELSE IF Diameter <= 0.4724 (in)  //12mm 
  Feed = 0.003937 (in) //0.1mm 
ELSE IF Diameter <= 0.6299 (in) //16mm 
  Feed = 0.004921 (in) //0.125mm 
ELSE IF Diameter <= 0.7874 (in) //20mm 
  Feed = 0.005906 (in) //0.15mm 
ELSE IF Diameter <= 1.1811 (in) //30mm 
 Feed = 0.007874 (in) //0.2mm  
ELSE IF Diameter > 1.1811 (in)  //30mm 
 Feed = 0.009843 (in)   //0.25mm 
 END IF 
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Speed IF Machinability >= 140 THEN  
 Speed = 131 (feet) //Aluminum 40m/min 
ELSE IF Machinability >= 100 
 Speed = 82 (feet) //Free Machining Steel 25m/min  
ELSE IF Machinability >= 75 
 Speed = 62 (feet) //Structural Steel 18.75m/min  
ELSE IF Machinability >= 50 
  Speed = 33 (feet) //Stainless Steel 10m/min 
ELSE IF Machinability >= 30  
 Speed = 26 (feet) //High Strength Steel 8m/min 
ELSE IF Machinability < 30 
  Speed = 16 (feet) //Titanium 5m/min 
END IF 

Speed Factor Speeds for each Drill Type are based on speed factors relative to HSS Twist drill 
type. These factors are stored in the MFGData.INI file and can be customized as 
required. Additional drill types and speed factors can also be added to this table. 

Drill Type Speed Factor 
Twist 1 
Subland 0.85 
Spade 0.7 
Carbide 4 
Diamond Tip 5 
Flat Bottom Drill 0.6 
Center Drill 1 
Countersink 1 

As an example, using a Carbide Drill Type on Stainless Steel, the drill surface speed 
value is computed as follows:  

Stainless Steel Drill Speed = Speed * Drill Speed Factor  

Stainless Steel Drill Speed = 33 ft/min * 4 = 132 ft/min 

RPM Imperial = MIN((Speed * 12) / (Pi * Drill Diameter), 2000) 
Metric = MIN((Speed * 1000) / (Pi * Drill Diameter), 2000) 
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Ream 

Variable Default 

Feed IF Diameter <= 0.1967 (in) //5mm 
  Feed = 0. 007874 (in) //0.2mm 
ELSE IF Diameter <= 0.5906 (in)  //15mm 
 Feed = 0.01181  //0.3mm 
ELSE 
 Feed = 0.01967 (in) //0.5mm 
END IF 

Speed IF Machinability >= 140 THEN 
  Speed = 66 (feet) //Aluminum 20m/min 
ELSE IF Machinability >= 100 
 Speed = 41 (feet) //Free Machining Steel 12.5m/min 
ELSE IF Machinability >= 75 
 Speed = 30 (feet) //Structural Steel 9m/min  
ELSE IF Machinability >= 50 
  Speed = 23 (feet) //Stainless Steel 7m/min 
ELSE IF Machinability >= 30 
  Speed = 13 (feet) //High Strength Steel 4m/min 
ELSE IF Machinability < 30 
  Speed = 8.2 (feet) //Titanium 2.5m/min 
END IF 

RPM Imperial = MIN((Speed * 12) / (Pi * Drill Diameter), 2000) 
Metric = MIN((Speed * 1000) / (Pi * Drill Diameter), 2000) 
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Tap 

Variable Default 

Feed Based on the user entered TPI (Pitch).  

If this input is left at zero, then 0.03937in 1mm is assumed. 

Speed IF Machinability >= 140 THEN 
  Speed = 33 (feet) //Aluminum 10m/min 
ELSE IF Machinability >= 100 
 Speed = 23 (feet) //Free Machining Steel 7m/min 
ELSE IF Machinability >= 75 
 Speed = 19 (feet) //Structural Steel 5.75m/min 
ELSE IF Machinability >= 50 
  Speed = 15 (feet) //Stainless Steel 4.5m/min 
ELSE IF Machinability >= 30 
  Speed = 13 (feet) //High Strength Steel 4m/min 
ELSE IF Machinability < 30 
  Speed = 11.5 (feet) //Titanium 3.5m/min 
END IF 

RPM Imperial = MIN((Speed * 12) / (Pi * Drill Diameter), 2000) 
Metric = MIN((Speed * 1000) / (Pi * Drill Diameter), 2000) 
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Thread Standards 
This appendix supplements the Threading Operations in of chapter 10:  Machining. 
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Thread Standards 
The thread standards listed below provide a reference to the most commonly used thread 
types and sizes. The standards show both Metric and Imperial units of measure. Further, they 
also indicate the drill hole size requirements for each Nominal Diameter thread.  

ISO - METRIC FINE THREAD - DIN 13 
Nominal  Diameter  
M*mm 

Major Diam. 
(in.) 

Major Diam. 
(mm) 

Thread Drill 
Size (in.) 

Thread Drill 
Size (mm) 

Threads Per  
Inch 

Pitch (mm) 

1.00 x 0.20 0.039 1.00 0.069 1.75 127 0.20 
1.10 x 0.20 0.043 1.10 0.077 1.95 127 0.20 
1.20 x 0.20 0.047 1.20 0.081 2.05 127 0.20 
1.40 x 0.20 0.055 1.40 0.085 2.15 127 0.20 
1.60 x 0.20 0.063 1.60 0.087 2.2 127 0.20 
1.80 x 0.20 0.071 1.80 0.104 2.65 127 0.20 
2.00 x 0.25 0.079 2.00 0.069 1.75 102 0.25 
2.20 x 0.25 0.087 2.20 0.077 1.95 102 0.25 
2.30 x 0.25 0.091 2.30 0.081 2.05 102 0.25 
2.50 x 0.35 0.098 2.50 0.085 2.15 73 0.35 
2.60 x 0.35 0.102 2.60 0.087 2.2 73 0.35 
3.00 x 0.35 0.118 3.00 0.104 2.65 73 0.35 
3.50 x 0.35 0.138 3.50 0.124 3.15 73 0.35 
4.00 x 0.35 0.157 4.00 0.144 3.65 73 0.35 
4.00 x 0.50 0.157 4.00 0.138 3.5 51 0.50 
5.00 x 0.50 0.197 5.00 0.177 4.5 51 0.50 
6.00 x 0.50 0.236 6.00 0.217 5.5 51 0.50 
6.00 x 0.75 0.236 6.00 0.205 5.2 34 0.75 
7.00 x 0.75 0.276 7.00 0.244 6.2 34 0.75 
8.00 x 0.50 0.315 8.00 0.295 7.5 51 0.50 
8.00 x 0.75 0.315 8.00  0.283 7.2 34 0.75 
8.00 x 1.00 0.315 8.00  0.276 7 25 1.00 
9.00 x 0.75 0.354 9.00  0.323 8.2 34 0.75 
9.00 x 1.00 0.354 9.00  0.315 8 25 1.00 
10.00 x 0.50 0.394 10.00 0.374 9.5 51 0.50 
10.00 x 0.75 0.394 10.00 0.362 9.2 34 0.75 
10.00 x 1.00 0.394 10.00 0.354 9 25 1.00 
10.00 x 1.25 0.394 10.00 0.346 8.8 20 1.25 
11.00 x 1.00 0.433 11.00 0.394 10 25 1.00 
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12.00 x 0.75 0.472 12.00 0.441 11.2 34 0.75 
12.00 x 1.00 0.472 12.00 0.433 11 25 1.00 
12.00 x 1.25 0.472 12.00 0.425 10.8 20 1.25 
12.00 x 1.50 0.472 12.00 0.413 10.5 17 1.50 
13.00 x 1.00 0.512 13.00 0.472 12 25 1.00 
14.00 x 1.00 0.551 14.00 0.512 13 25 1.00 
14.00 x 1.25 0.551 14.00 0.504 12.8 20 1.25 
14.00 x 1.50 0.551 14.00 0.492 12.5 17 1.50 
15.00 x 1.00 0.591 15.00 0.551 14 25 1.00 
15.00 x 1.50 0.591 15.00 0.531 13.5 17 1.50 
16.00 x 1.00 0.630 16.00 0.591 15 25 1.00 
16.00 x 1.50 0.630 16.00 0.571 14.5 17 1.50 
18.00 x 1.00 0.709 18.00 0.669 17 25 1.00 
18.00 x 1.50 0.709 18.00 0.650 16.5 17 1.50 
18.00 x 2.00 0.709 18.00 0.630 16 13 2.00 
20.00 x 1.00 0.787 20.00 0.748 19 25 1.00 
20.00 x 1.50 0.787 20.00 0.728 18.5 17 1.50 
20.00 x 2.00 0.787 20.00 0.709 18 13 2.00 
22.00 x 1.00 0.866 22.00 0.827 21 25 1.00 
22.00 x 1.50 0.866 22.00 0.807 20.5 17 1.50 
22.00 x 2.00 0.866 22.00 0.787 20 13 2.00 
24.00 x 1.00 0.945 24.00 0.906 23 25 1.00 
24.00 x 1.50 0.945 24.00 0.886 22.5 17 1.50 
24.00 x 2.00 0.945 24.00 0.866 22 13 2.00 
25.00 x 1.00 0.984 25.00 0.945 24 25 1.00 
25.00 x 1.50 0.984 25.00 0.925 23.5 17 1.50 
26.00 x 1.50 1.024 26.00 0.965 24.5 17 1.50 
27.00 x 1.50 1.063 27.00 1.004 25.5 17 1.50 
27.00 x 2.00 1.063 27.00 0.984 25 13 2.00 
28.00 x 1.50 1.102 28.00 1.043 26.5 17 1.50 
28.00 x 2.00 1.102 28.00 1.024 26 13 2.00 
30.00 x 1.00 1.181 30.00 1.142 29 25 1.00 
30.00 x 1.50 1.181 30.00 1.122 28.5 17 1.50 
30.00 x 2.00 1.181 30.00 1.102 28 13 2.00 
32.00 x 1.50 1.260 32.00 1.201 30.5 17 1.50 
33.00 x 1.50 1.299 33.00 1.240 31.5 17 1.50 
33.00 x 2.00 1.299 33.00 1.220 31 13 2.00 
34.00 x 1.50 1.339 34.00 1.280 32.5 17 1.50 
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35.00 x 1.50 1.378 35.00 1.319 33.5 17 1.50 
36.00 x 1.50 1.417 36.00 1.358 34.5 17 1.50 
36.00 x 2.00 1.417 36.00 1.339 34 13 2.00 
36.00 x 3.00 1.417 36.00 1.299 33 8 3.00 
38.00 x 1.50 1.496 38.00 1.437 36.5 17 1.50 
39.00 x 1.50 1.535 39.00 1.476 37.5 17 1.50 
39.00 x 2.00 1.535 39.00 1.457 37 13 2.00 
39.00 x 3.00 1.535 39.00 1.417 36 8 3.00 
40.00 x 1.50 1.575 40.00 1.516 38.5 17 1.50 
40.00 x 2.00 1.575 40.00 1.496 38 13 2.00 
40.00 x 3.00 1.575 40.00 1.457 37 8 3.00 
42.00 x 1.50 1.654 42.00 1.594 40.5 17 1.50 
42.00 x 2.00 1.654 42.00 1.575 40 13 2.00 
42.00 x 3.00 1.654 42.00 1.535 39 8 3.00 
45.00 x 1.50 1.772 45.00 1.713 43.5 17 1.50 
45.00 x 2.00 1.772 45.00 1.693 43 13 2.00 
45.00 x 3.00 1.772 45.00 1.654 42 8 3.00 
48.00 x 1.50 1.890 48.00 1.831 46.5 17 1.50 
48.00 x 2.00 1.890 48.00 1.811 46 13 2.00 
48.00 x 3.00 1.890 48.00 1.772 45 8 3.00 
50.00 x 1.50 1.969 50.00 1.909 48.5 17 1.50 
50.00 x 2.00 1.969 50.00 1.890 48 13 2.00 
50.00 x 3.00 1.969 50.00 1.850 47 8 3.00 
52.00 x 1.50 2.047 52.00 1.988 50.5 17 1.50 
52.00 x 2.00 2.047 52.00 1.969 50 13 2.00 
52.00 x 3.00 2.047 52.00 1.929 49 8 3.00 

ISO - METRIC  COARSE THREAD - DIN 13 
Nominal  Diameter  
M*mm 

Major Diam. 
(in.) 

Major Diam. 
(mm) 

Thread Drill 
Size (in.) 

Thread Drill 
Size (mm) 

Threads Per  
Inch 

Pitch (mm) 

1 0.039 1 0.030 0.75 102 0.25 
1.1 0.043 1.1 0.033 0.85 102 0.25 
1.2 0.047 1.2 0.037 0.95 102 0.25 
1.4 0.055 1.4 0.043 1.1 85 0.3 
1.6 0.063 1.6 0.049 1.25 73 0.35 
1.8 0.071 1.8 0.057 1.45 73 0.35 
2 0.079 2 0.063 1.6 64 0.4 
2.2 0.087 2.2 0.069 1.75 56 0.45 
2.5 0.098 2.5 0.081 2.05 56 0.45 
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3 0.118 3 0.098 2.5 51 0.5 
3.5 0.138 3.5 0.114 2.9 42 0.6 
4 0.157 4 0.130 3.3 36 0.7 
4.5 0.177 4.5 0.146 3.7 34 0.75 
5 0.197 5 0.165 4.2 32 0.8 
6 0.236 6 0.197 5 25 1 
7 0.276 7 0.236 6 25 1 
8 0.315 8 0.268 6.8 20 1.25 
9 0.354 9 0.307 7.8 20 1.25 
10 0.394 10 0.335 8.5 17 1.5 
11 0.433 11 0.374 9.5 17 1.5 
12 0.472 12 0.402 10.2 15 1.75 
14 0.551 14 0.472 12 13 2 
16 0.630 16 0.551 14 13 2 
18 0.709 18 0.610 15.5 10 2.5 
20 0.787 20 0.689 17.5 10 2.5 
22 0.866 22 0.768 19.5 10 2.5 
24 0.945 24 0.827 21 8 3 
27 1.063 27 0.945 24 8 3 
30 1.181 30 1.043 26.5 7 3.5 
33 1.299 33 1.161 29.5 7 3.5 
36 1.417 36 1.260 32 6 4 
39 1.535 39 1.378 35 6 4 
42 1.654 42 1.476 37.5 6 4.5 
45 1.772 45 1.594 40.5 6 4.5 
48 1.890 48 1.693 43 5 5 
52 2.047 52 1.850 47 5 5 
56 2.205 56 1.988 50.5 5 5.5 
60 2.362 60 2.146 54.5 5 5.5 
64 2.520 64 2.283 58 4 6 
68 2.677 68 2.441 62 4 6 
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BRITISH ASSOCIATION BS 93 
Nominal  Diameter   Major Diam. 

(in.) 
Major Diam. 
(mm) 

Thread Drill 
Size (in.) 

Thread Drill 
Size (mm) 

Threads Per  
Inch 

Pitch (mm) 

BA No. 0 0.236 6 0.189 4.8 25 1 
BA No. 1 0.209 5.3 0.166 4.22 28 0.9 
BA No. 2 0.185 4.7 0.147 3.73 31 0.81 
BA No. 3 0.161 4.1 0.127 3.22 35 0.73 
BA No. 4 0.142 3.6 0.111 2.81 38 0.66 
BA No. 5 0.126 3.2 0.098 2.49 43 0.59 
BA No. 6 0.110 2.8 0.085 2.16 48 0.53 
BA No. 7 0.098 2.5 0.076 1.92 53 0.48 
BA No. 8 0.087 2.2 0.066 1.68 59 0.43 
BA No. 9 0.056 1.43 0.075 1.9 65 0.39 
BA No. 10 0.067 1.7 0.050 1.28 73 0.35 
BA No. 11 0.059 1.5 0.044 1.13 82 0.31 
BA No. 12 0.051 1.3 0.038 0.96 91 0.28 
BA No. 13 0.047 1.2 0.035 0.9 102 0.25 
BA No. 14 0.039 1 0.028 0.72 110 0.23 
BA No. 15 0.035 0.9 0.026 0.65 121 0.21 
BA No. 16 0.031 0.79 0.026 0.65 134 0.19 
BA No. 17 0.028 0.7 0.020 0.5 149 0.17 
BA No. 18 0.024 0.62 0.017 0.44 169 0.15 
BA No. 19 0.021 0.54 0.015 0.37 181 0.14 
BA No. 20 0.019 0.48 0.013 0.34 212 0.12 
BA No. 21 0.017 0.42 0.011 0.29 231 0.11 
BA No. 22 0.015 0.37 0.010 0.25 259 0.098 
BA Nr. 23 0.013 0.33 0.009 0.22 282 0.09 
BA Nr. 24 0.011 0.29 0.007 0.19 318 0.08 
BA No. 25 0.010 0.25 0.006 0.16 353 0.072 
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WHITWORTH FINE THREAD BS 84 
Nominal  Diameter   Major Diam. 

(in.) 
Major Diam. 
(mm) 

Thread Drill 
Size (in.) 

Thread Drill 
Size (mm) 

Threads Per  
Inch 

Pitch (mm) 

BSF 3/16" 0.188 4.763 0.148 3.747 32 0.794 
BSF 7/32" 0.219 5.556 0.173 4.394 28 0.907 
BSF 1/4" 0.250 6.350 0.201 5.100 26 0.977 
BSF 9/32" 0.281 7.142 0.232 5.893 26 0.977 
BSF 5/16" 0.313 7.938 0.254 6.459 22 1.155 
BSF 3/8" 0.375 9.525 0.311 7.899 20 1.270 
BSF 7/16" 0.438 11.113 0.366 9.304 18 1.411 
BSF 1/2" 0.500 12.700 0.420 10.668 16 1.588 
BSF 9/16" 0.563 14.288 0.483 12.256 16 1.588 
BSF 5/8" 0.625 15.875 0.533 13.549 14 1.814 
BSF 11/16" 0.688 17.463 0.596 15.137 14 1.814 
BSF 3/4" 0.750 19.050 0.643 16.336 12 2.117 
BSF 7/8" 0.875 22.225 0.759 19.269 11 2.309 
BSF 1" 1.000 25.400 0.872 22.148 10 2.540 
BSF 1 1/8" 1.125 28.575 0.983 24.963 9 2.822 
BSF 1 1/4" 1.250 31.750 1.108 28.138 9 2.822 
BSF 1 3/8" 1.375 34.925 1.215 30.861 8 3.175 
BSF 1 1/2" 1.500 38.100 1.340 34.036 8 3.175 
BSF 1 5/8" 1.625 41.275 1.465 37.211 8 3.175 
BSF 1 3/4" 1.750 44.450 1.567 39.802 7 3.629 
BSF 2" 2.000 50.800 1.817 46.152 7 3.629 
BSF 2 1/4" 2.250 57.150 2.037 51.730 6 4.233 
BSF 2 1/2" 2.500 63.500 2.287 58.080 6 4.233 
BSF 2 3/4" 2.750 69.850 2.537 64.430 6 4.233 
BSF 3" 3.000 76.200 2.744 69.692 5 5.080 
BSF 3 1/4" 3.250 82.550 2.994 76.042 5 5.080 
BSF 3 1/2" 3.500 88.900 3.215 81.670 4.5 5.644 
BSF 3 3/4" 3.750 95.250 3.465 88.020 4.5 5.644 
BSF 4" 4.000 101.600 3.715 94.370 4.5 5.644 
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WHITWORTH  COARSE THREAD BS 84 
Nominal  Diameter   Major Diam. 

(in.) 
Major Diam. 
(mm) 

Thread Drill 
Size (in.) 

Thread Drill 
Size (mm) 

Threads Per  
Inch 

Pitch (mm) 

W 1/16" 0.063 1.588 0.041 1.05 60 0.423 
W 3/32" 0.094 2.381 0.067 1.7 48 0.529 
W 1/8" 0.125 3.175 0.093 2.36 40 0.635 
W 5/32" 0.156 3.969 0.116 2.95 32 0.794 
W 3/16" 0.188 4.763 0.134 3.41 24 1.058 
W 7/32" 0.219 5.556 0.165 4.2 24 1.058 
W 1/4" 0.250 6.350 0.186 4.72 20 1.270 
W 5/16" 0.313 7.940 0.241 6.13 18 1.411 
W 3/8" 0.375 9.525 0.295 7.49 16 1.588 
W 7/16" 0.438 11.113 0.346 8.79 14 1.814 
W 1/2" 0.500 12.700 0.393 9.99 12 2.117 
W 9/16" 0.563 14.288 0.456 11.58 12 2.117 
W 5/8" 0.625 15.875 0.509 12.92 11 2.309 
W 3/4" 0.750 19.050 0.622 15.8 10 2.540 
W 7/8" 0.875 22.225 0.733 18.61 9 2.822 
W 1" 1.000 25.400 0.840 21.34 8 3.175 
W 1 1/8" 1.125 28.575 0.942 23.93 7 3.629 
W 1 1/4" 1.250 31.750 1.067 27.11 7 3.629 
W 1 3/8" 1.375 34.925 1.162 29.51 6 4.233 
W 1 1/2" 1.500 38.100 1.287 32.68 6 4.233 
W 1 5/8" 1.625 41.275 1.369 34.77 5 5.080 
W 1 3/4" 1.750 44.450 1.494 37.95 5 5.080 
W 1 7/8" 1.875 47.625 1.591 40.4 4.5 5.644 
W 2" 2.000 50.800 1.716 43.58 4.5 5.644 
W 2 1/4" 2.250 57.150 1.930 49.02 4 6.350 
W 2 1/2" 2.500 63.500 2.180 55.37 4 6.350 
W 2 3/4" 2.750 69.850 2.384 60.56 3.5 7.257 
W 3 " 3.000 76.200 2.634 66.91 3.5 7.257 
W 3 1/4" 3.250 82.550 2.856 72.55 3.25 7.815 
W 3 1/2" 3.500 88.900 3.106 78.9 3.25 7.815 
W 3 3/4" 3.750 95.250 3.323 84.41 3 8.467 
W 4" 4.000 101.600 3.573 90.76 3 8.467 
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WHITWORTH PIPE THREAD DIN ISO 228 - (BSP British Standard 
Pipe) 

Nominal  Diameter   Major Diam. 
(in.) 

Major Diam. 
(mm) 

Thread Drill 
Size (in.) 

Thread Drill 
Size (mm) 

Threads Per  
Inch 

Pitch (mm) 

G 1/8" 0.383 9.73 0.346 8.8 28 0.907 
G 1/4" 0.518 13.16 0.465 11.8 19 1.337 
G 3/8" 0.656 16.66 0.600 15.25 19 1.337 
G 1/2" 0.825 20.95 0.748 19 14 1.814 
G 5/8" 0.902 22.91 0.827 21 14 1.814 
G 3/4" 1.041 26.44 0.965 24.5 14 1.814 
G 7/8" 1.189 30.2 1.112 28.25 14 1.814 
G 1" 1.309 33.25 1.211 30.75 11 2.309 
G 1 1/8" 1.492 37.9 1.390 35.3 11 2.309 
G 1 1/4" 1.650 41.91 1.545 39.25 11 2.309 
G 1 3/8" 1.745 44.32 1.642 41.7 11 2.309 
G 1 1/2" 1.882 47.8 1.781 45.25 11 2.309 
G 1 3/4" 2.116 53.74 2.012 51.1 11 2.309 
G 2" 2.347 59.61 2.244 57 11 2.309 
G 2 1/4" 2.587 65.71 2.484 63.1 11 2.309 
G 2 1/2" 2.960 75.18 2.858 72.6 11 2.309 
G 2 3/4" 3.210 81.53 3.106 78.9 11 2.309 
G 3" 3.460 87.88 3.358 85.3 11 2.309 
G 3 1/4" 3.700 93.98 3.602 91.5 11 2.309 
G 3 1/2" 3.950 100.33 3.846 97.7 11 2.309 
G 3 3/4" 4.200 106.68 4.094 104 11 2.309 
G 4" 4.450 113.03 4.346 110.4 11 2.309 

 



 

D-10     Thread Standards SEER-MFG Detailed Reference 

Whitworth Tapered Pipe Thread DIN ISO 2999 - (BSPT British 
Standard Tapered Pipe) 

Nominal  Diameter   Major Diam. 
(in.) 

Major Diam. 
(mm) 

Thread Drill 
Size (in.) 

Thread Drill 
Size (mm) 

Threads Per  
Inch 

Pitch (mm) 

R 1/16" 0.304 7.723 0.258 6.561 28 0.907 
R 1/8" 0.383 9.728 0.337 8.566 28 0.907 
R 1/4" 0.518 13.157 0.451 11.445 19 1.337 
R 3/8" 0.656 16.662 0.589 14.950 19 1.337 
R 1/2" 0.827 20.995 0.734 18.631 14 1.814 
R 3/4" 1.041 26.441 0.949 24.117 14 1.814 
R 1" 1.309 33.249 1.193 30.291 11 2.309 
R 1 1/4" 1.650 41.910 1.534 38.952 11 2.309 
R 1 1/2" 1.882 47.803 1.766 44.845 11 2.309 
R 2" 2.347 59.614 2.231 56.656 11 2.309 
R 2 1/2" 2.960 75.184 2.844 72.226 11 2.309 
R 3" 3.460 87.884 3.344 84.926 11 2.309 
R 4" 4.450 113.030 4.334 110.072 11 2.309 
R 5" 5.450 138.430 5.334 135.472 11 2.309 
R 6" 6.450 163.830 6.334 160.872 11 2.309 

UNF - FINE THREAD - ANSI B1.1 
Nominal  Diameter   Major Diam. 

(in.) 
Major Diam. 
(mm) 

Thread Drill 
Size (in.) 

Thread Drill 
Size (mm) 

Threads Per  
Inch 

Pitch (mm) 

N 0 - 80 UNF 0.060 1.524 0.049 1.25 80 0.317 
N 1 - 72 UNF 0.073 1.854 0.061 1.55 72 0.353 
N 2 - 64 UNF 0.068 2.184 0.075 1.90 64 0.397 
N 3 - 56 UNF 0.099 2.515 0.085 2.15 56 0.453 
N 4 - 48 UNF 0.112 2.845 0.094 2.40 48 0.529 
N 5 - 44 UNF 0.125 3.175 0.106 2.70 44 0.577 
N 6 - 40 UNF 0.138 3.505 0.116 2.95 40 0.635 
N 8 - 36 UNF 0.164 4.166 0.138 3.50 36 0.705 
N 10 - 32 UNF 0.190 4.826 0.161 4.10 32 0.794 
N 12 - 28 UNF 0.216 5.486 0.185 4.70 28 0.907 
1/4" - 28 UNF 0.250 6.350 0.217 5.50 28 0.907 
5/16" - 24 UNF 0.313 7.938 0.272 6.90 24 1.058 
3/8" - 24 UNF 0.375 9.525 0.335 8.50 24 1.058 
7/16" - 20 UNF 0.438 11.112 0.390 9.90 20 1.270 
1/2" - 20 UNF 0.500 12.700 0.453 11.50 20 1.270 
9/16" - 18 UNF 0.563 14.288 0.508 12.90 18 1.411 
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5/8" - 18 UNF 0.625 15.875 0.571 14.50 18 1.411 
3/4" - 16 UNF 0.750 19.050 0.689 17.50 16 1.587 
7/8" - 14 UNF 0.875 22.225 0.803 20.40 14 1.814 
1" - 12 UNF 1.000 25.400 0.915 23.25 12 2.117 
1 1/8" - 12 UNF 1.125 28.575 1.043 26.50 12 2.117 
1 1/4" - 12 UNF 1.250 31.750 1.161 29.50 12 2.117 
1 3/8" - 12 UNF 1.375 34.925 1.289 32.75 12 2.117 
1 1/2" - 12 UNF 1.500 38.100 1.417 36.00 12 2.117 

UNEF - EXTRA FINE THREAD - ANSI B1.1 
Nominal  Diameter   Major Diam. 

(in.) 
Major Diam. 
(mm) 

Thread Drill 
Size (in.) 

Thread Drill 
Size (mm) 

Threads Per  
Inch 

Pitch (mm) 

N 12 - 32 UNEF 0.216 5.486 0.189 4.80 32 0.794 
1/4" - 32 UNEF 0.250 6.350 0.224 5.70 32 0.794 
5/16" - 32 UNEF 0.313 7.938 0.285 7.25 32 0.794 
3/8" - 32 UNEF 0.375 9.525 0.348 8.85 32 0.794 
7/16" - 28 UNEF 0.438 11.112 0.407 10.35 28 0.907 
1/2" - 28 UNEF 0.500 12.700 0.465 11.80 28 0.907 
9/16" - 24 UNEF 0.563 14.288 0.528 13.40 24 1.058 
5/8" - 24 UNEF 0.625 15.875 0.591 15.00 24 1.058 
11/16" - 24 UNEF 0.688 17.462 0.654 16.60 24 1.058 
3/4" - 20 UNEF 0.750 19.050 0.709 18.00 20 1.270 
13/16" - 20 UNEF 0.813 20.638 0.772 19.60 20 1.270 
7/8" - 20 UNEF 0.875 22.225 0.833 21.15 20 1.270 
15/16" - 20 UNEF 0.938 23.812 0.894 22.70 20 1.270 
1" - 20 UNEF 1.000 25.400 0.957 24.30 20 1.270 
1 1/16" - 18 UNEF 1.063 26.988 1.016 25.80 18 1.411 
1 1/8" - 18 UNEF 1.125 28.575 1.077 27.35 18 1.411 
1 1/4" - 18 UNEF 1.250 31.750 1.203 30.55 18 1.411 
1 5/16" - 18 UNEF 1.313 33.338 1.264 32.10 18 1.411 
1 3/8" - 18 UNEF 1.375 34.925 1.327 33.70 18 1.411 
1 7/16" - 18 UNEF 1.438 36.512 1.390 35.30 18 1.411 
1 1/2" - 18 UNEF 1.500 38.100 1.453 36.90 18 1.411 
1 9/16" - 18 UNEF 1.563 39.688 1.518 38.55 18 1.411 
1 5/8" - 18 UNEF 1.625 41.275 1.579 40.10 18 1.411 
1 11/16" - 18 UNEF 1.688 42.862 1.638 41.60 18 1.411 
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NPT - AMERICAN TAPER PIPE THREAD - ANSI B 1.20.1 
Nominal  Diameter   Major Diam. 

(in.) 
Major Diam. 
(mm) 

Thread Drill 
Size (in.) 

Thread Drill 
Size (mm) 

Threads Per  
Inch 

Pitch (mm) 

1/16" NPT 0.311 7.895 0.236 6.00 27 0.941 
1/8" NPT 0.403 10.242 0.325 8.25 27 0.941 
1/4" NPT 0.536 13.616 0.421 10.70 18 1.411 
3/8" NPT 0.671 17.055 0.555 14.10 18 1.411 
1/2" NPT 0.836 21.223 0.685 17.40 14 1.814 
3/4" NPT 1.046 26.568 0.890 22.60 14 1.814 
1" NPT 1.308 33.228 1.122 28.50 11.5 2.209 
1 1/4" NPT 1.653 41.985 1.457 37.00 11.5 2.209 
1 1/2" NPT 1.892 48.054 1.713 43.50 11.5 2.209 
2" NPT 2.366 60.092 2.165 55.00 11.5 2.209 
2 1/2" NPT 2.862 72.699 2.579 65.50 8 3.175 
3" NPT 3.489 88.608 3.209 81.50 8 3.175 
3 1/2" NPT 3.989 101.316 3.713 94.30 8 3.175 
4" NPT 4.487 113.973 4.213 107.00 8 3.175 
5" NPT 5.563 141.300 5.291 134.38 8 3.175 
6" NPT 6.625 168.275 6.346 161.19 8 3.175 
8" NPT 8.625 219.075 8.334 211.67 8 3.175 
10" NPT 10.750 273.050 10.445 265.31 8 3.175 
12" NPT 12.750 323.850 12.433 315.79 8 3.175 

NPTF - AMERICAN TAPER PIPE THREAD - ANSI B 1.20.3 
Nominal  Diameter   Major Diam. 

(in.) 
Major Diam. 
(mm) 

Thread Drill 
Size (in.) 

Thread Drill 
Size (mm) 

Threads Per  
Inch 

Pitch (mm) 

1/16" NPTF 0.310 7.870 0.236 6 27 0.940 
1/8" NPTF 0.402 10.217 0.325 8.25 27 0.940 
1/4" NPTF 0.535 13.577 0.421 10.7 18 1.411 
3/8" NPTF 0.670 17.016 0.555 14.1 18 1.411 
1/2" NPTF 0.835 21.211 0.685 17.4 14 1.814 
3/4" NPTF 1.046 26.566 0.890 22.6 14 1.814 
1" NPTF 1.307 33.195 1.122 28.5 11.5 2.209 
1 1/4" NPTF 1.652 41.952 1.457 37 11.5 2.209 
1 1/2" NPTF 1.891 48.021 1.713 43.5 11.5 2.209 
2" NPTF 2.365 60.060 2.165 55 11.5 2.209 
2 1/2" NPTF 2.860 72.642 2.579 65.5 8 3.175 
4" NPTF 4.485 113.913 4.213 107 8 3.175 
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UNC UNIFIED  COARSE THREAD - ANSI B1.1 
Nominal  Diameter   Major Diam. 

(in.) 
Major Diam. 
(mm) 

Thread Drill 
Size (in.) 

Thread Drill 
Size (mm) 

Threads Per  
Inch 

Pitch (mm) 

N 1 - 64 UNC 0.073 1.854 0.059 1.5 64 0.397 
N 2 - 56 UNC 0.086 2.184 0.071 1.8 56 0.453 
N 3 - 48 UNC 0.099 2.515 0.083 2.1 48 0.529 
N 4 - 40 UNC 0.112 2.845 0.093 2.35 40 0.635 
N 5 - 40 UNC 0.125 3.175 0.104 2.65 40 0.635 
N 6 - 32 UNC 0.138 3.505 0.112 2.85 32 0.794 
N 8 - 32 UNC 0.164 4.166 0.138 3.5 32 0.794 
N 10 - 24 UNC 0.190 4.826 0.157 4 24 1.058 
N 12 - 24 UNC 0.216 5.486 0.183 4.65 24 1.058 
1/4" - 20 UNC 0.250 6.350 0.211 5.35 20 1.270 
5/16" - 18 UNC 0.313 7.938 0.268 6.8 18 1.411 
3/8" - 16 UNC 0.375 9.525 0.325 8.25 16 1.588 
7/16" - 14 UNC 0.438 11.112 0.380 9.65 14 1.814 
1/2" - 13 UNC 0.500 12.700 0.439 11.15 13 1.954 
9/16" - 12 UNC 0.563 14.288 0.496 12.6 12 2.117 
5/8" - 11 UNC 0.625 15.875 0.553 14.05 11 2.309 
3/4" - 10 UNC 0.750 19.050 0.669 17 10 2.540 
7/8" - 9 UNC 0.875 22.225 0.787 20 9 2.822 
1" - 8 UNC 1.000 25.400 0.876 22.25 8 3.175 
1 1/8" - 7 UNC 1.125 28.575 1.010 25.65 7 3.629 
1 1/4" - 7 UNC 1.250 31.750 1.136 28.85 7 3.629 
1 3/8" - 6 UNC 1.375 43.925 1.242 31.55 6 4.233 
1 1/2" - 6 UNC 1.500 38.100 1.366 34.7 6 4.233 
1 3/4" - 5 UNC 1.750 44.450 1.591 40.4 5 5.080 
2" - 4 1/2 UNC 2.000 50.800 1.823 46.3 4.5 5.644 
2 1/4" - 4 1/2 UNC 2.250 57.150 2.073 52.65 4.5 5.644 
2 1/2" - 4 UNC 2.500 63.500 2.303 58.5 4 6.350 
2 3/4" - 4 UNC 2.750 69.850 2.549 64.75 4 6.350 
3" - 4 UNC 3.000 76.200 2.799 71.1 4 6.350 
3 1/4" - 4 UNC 3.250 82.550 3.049 77.45 4 6.350 
3 1/2" - 4 UNC 3.500 88.900 3.299 83.8 4 6.350 
3 3/4" - 4 UNC 3.750 95.250 3.549 90.15 4 6.350 
4" - 4 UNC 4.000 101.600 3.799 96.5 4 6.350 
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Unified Thread Series - 8 TPI - ANSI B1.1 
Nominal  Diameter   Major Diam. 

(in.) 
Major Diam. 
(mm) 

Thread Drill 
Size (in.) 

Thread Drill 
Size (mm) 

Threads Per  
Inch 

Pitch (mm) 

1 1/16" - 8-UN 1.06 26.988 0.941 23.9 8 3.175 
1 1/8" - 8-UN 1.13 28.575 1.004 25.5 8 3.175 
1 3/16" - 8-UN 1.19 30.162 1.067 27.1 8 3.175 
1 1/4" - 8-UN 1.25 31.750 1.132 28.75 8 3.175 
1 5/16" - 8-UN 1.31 33.338 1.193 30.3 8 3.175 
1 3/8" - 8-UN 1.38 34.925 1.25 31.75 8 3.175 
1 1/2" - 8-UN 1.50 38.100 1.378 35 8 3.175 
1 5/8" - 8-UN 1.63 41.275 1.496 38 8 3.175 
1 3/4" - 8-UN 1.75 44.450 1.634 41.5 8 3.175 
1 7/8" - 8-UN 1.88 47.625 1.752 44.5 8 3.175 
2" - 8-UN 2.00 50.800 1.88 47.75 8 3.175 
2 1/8" - 8-UN 2.13 53.975 2.004 50.9 8 3.175 
2 1/4" - 8-UN 2.25 57.150 2.126 54 8 3.175 
2 3/8" - 8-UN 2.38 60.325 2.252 57.2 8 3.175 
2 1/2" - 8-UN 2.50 63.500 2.378 60.4 8 3.175 

Unified Thread Series - 12 TPI - ANSI B1.1 
Nominal  Diameter   Major Diam. 

(in.) 
Major Diam. 
(mm) 

Thread Drill 
Size (in.) 

Thread Drill 
Size (mm) 

Threads Per  
Inch 

Pitch (mm) 

1 1/16" - 12-UN 1.063 26.988 0.980 24.9 12 2.117 
1 3/16" - 12-UN 1.187 30.162 1.106 28.1 12 2.117 
1 5/16" - 12-UN 1.312 33.338 1.232 31.3 12 2.117 
1 7/16" - 12-UN 1.437 36.512 1.358 34.5 12 2.117 
1 5/8" - 12-UN 1.625 41.275 1.543 39.2 12 2.117 
1 3/4" - 12-UN 1.750 44.450 1.669 42.4 12 2.117 
1 7/8" - 12-UN 1.875 47.625 1.795 45.6 12 2.117 
2" - 12-UN 2.000 50.800 1.919 48.75 12 2.117 
2 1/8" - 12-UN 2.125 53.975 2.043 51.9 12 2.117 
2 1/4" - 12-UN 2.250 57.150 2.169 55.1 12 2.117 
2 3/8" - 12-UN 2.375 60.325 2.295 58.3 12 2.117 
2 1/2" - 12-UN 2.500 63.500 2.421 61.5 12 2.117 

 



  

SEER-MFG Detailed Reference Thread Standards    D-15 

 
 

Unified Thread Series - 16 TPI - ANSI B1.1 
Nominal  Diameter   Major Diam. 

(in.) 
Major Diam. 
(mm) 

Thread Drill 
Size (in.) 

Thread Drill 
Size (mm) 

Threads Per  
Inch 

Pitch (mm) 

1" - 16-UN 1.000 25.400 0.937 23.8 16 1.587 
1 1/16" - 16-UN 1.063 27.000 1.004 25.5 16 1.587 
1 1/8" - 16-UN 1.125 28.575 1.067 27.1 16 1.587 
1 3/16" - 16-UN 1.187 30.150 1.126 28.6 16 1.587 
1 1/4" - 16-UN 1.250 31.750 1.189 30.2 16 1.587 
1 5/16" - 16-UN 1.313 33.350 1.252 31.8 16 1.587 
1 3/8" - 16-UN 1.375 34.925 1.315 33.4 16 1.587 
1 7/16" - 16-UN 1.437 36.500 1.378 35 16 1.587 
1 1/2" - 16-UN 1.500 38.100 1.441 36.6 16 1.587 
1 5/8" - 16-UN 1.625 41.275 1.567 39.8 16 1.587 
1 3/4" - 16-UN 1.750 44.450 1.689 42.9 16 1.587 
1 7/8" - 16-UN 1.875 47.625 1.815 46.1 16 1.587 
2" - 16-UN 2.000 50.800 1.941 49.3 16 1.587 
2 1/8" - 16-UN 2.125 53.975 2.067 52.5 16 1.587 
2 1/4" - 16-UN 2.250 57.150 2.189 55.6 16 1.587 
2 3/8" - 16-UN 2.375 60.325 2.315 58.8 16 1.587 
2 1/2" - 16-UN 2.500 63.500 2.441 62 16 1.587 
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This page can be used for notes and comments. 


