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Geometric Dimensioning and Tolerancing (GD&T)

* GD&T is alanguage for communicating engineering design
specifications

 GD&T includes all the symbols, definitions, mathematical
formulae, and application rules necessary to embody a viable
engineering language

-

Statistics gathered by one of the top 3 CAD providers have found that
80% of manufacturing errors were down to incorrect use of GD&T
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Tolerance Processes within CREO
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a. 3D Tolerance Analysis
b. Generates Geometric Dimensioning and Tolerancing Features
c. Tolerance Optimization for Assembly Quality
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MBE requires 3D Model Base Definition
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Drawing Associativity

NOTES (UNLESS SPECIFIED OTHERWISE):

1. DIMENSIONING AND TOLERANCING
PER ASME Y14.5-20009.
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Tolerance Analysis with Dimension Boundaries
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Tolerance Analysis with TAE Feature

 PTC CREO® Tolerance Analysis Extension (TAE)
solves one-dimensional problems with a
Dimension Loop Diagram, generates sensitivities
and statistical tolerance analyses
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Statistical Analysis and Sensitivit

Tolerance Analysis powered by CETOL Technology

1D Tolerance Stack-up

Gap/5tack Definition Goal

From | Surf:FE(EXTRUDE_1):80X1

Symmetric A Precision |3
[}
For Gap > zero: o o
0.500 + |0.010
Distance |0.5000000 inch
L] L]
— Sigma Quality Level
. ° . Name Nominal Tolerance Unit Cp Distribution Sens Attachment

— Defe Cts Pe r IVI I I I IO n l ' n Its TAE_3 0.5 0.500 £0.010 inch Mormal( 0.5; 0.23805 } Center

v [@ BOX1 inch
B d1 10 10.00 +0.50/-0.50 inch |1 Mormal{ 10; 0.16667 ) -1 Center
— Percent Yield gmn |w

v [@ BOX1 inch
d1 10 10.00 +0.50/-0.50 inch |1 Mormal{ 10; 0.16667 ) -1 Center

— M & o of Gap @
Best-Worst Case

d1 205 20.50 +0.100-0.10 inch |1 Mormal{ 20.5; 0.033... 1 Center

Measure Variation

Sensitivity

BO¥X1:d1 -1 inch,ﬁnch
BO¥1:d1 -1 inchfinch
L4 . CASE:d1 1. inchfinch i
Mormal( 0.50000; 0.23805)
Nominal & Tolerances
ooYield = 3.3508

can be adjusted live |
Report Generation

05
0.49 0.51

Diagram | Results | Feature

{Feature iw Analysis Name: TAE_3 L) v X




Results summary plot - Sigma Quality metrics
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n Modifications

Tolerance Analysis powered by CETOL Technology

* Measure Definition

L Gap/Stack Definition Goal
o I nte ra Ct I Ve / re a I From | Surf:F6(EXTRUDE_1):BOX1 == . erocision [3 12
o N o o To | Surf:F6(EXTRUDE_1):CASE
t I I I I e IVI O d Ifl Cat I O n Distance | 0.5000000 inch 0.500 = |00
* R
Of TO I e ra n Ce B O u n d S Name Nominal Tolerance Unit Cp Distribution Sens Attachment
TAE_1 0.5 0.500 £0.010 inch Normal( 0.5; 0.0038... Center
v @ soxi
° ° ° di 10 10,000 +0.001 inch |5 Normall 10; 0.00066... -1 Center
* Modifications are
v [@ sox1
d1 10 10.000 £0.001 inch |5 Mormal( 10; 0.00088... -1 Center
[ [} £ BOX1ICASE 0y Center
associative to the
di 205 20.500 +0.010 inch  |[0.9 Normal{ 20.5; 0.003... 1 Center

model

Measure Variation Statistical Worst Case  Sensitivity

BOX1:d1 -1 _inchfinch
.. CASE:d1

* Tolerance Analysis

Normal{ 0.50000; 0.00382)

Feature can be use
with Behavioral
Modeling

0.49 ' 0.51

Diagram | Results Feature

Feature Analysis Name: TAE_1 ] " ). 4




Tolerance Analysis powered by CETOL Technology

* Measure Definition

GapiStack Definition Goal
From |Surf:FB(E)(‘I'RUDE_1}:CASE | Limits L Precizion |3 :
To | Surf:F6(EXTRUDE_1):80X1 | [1.500
Distance |0.5000000 | inch [0.000

kLR X R
Name Nominal Tolerance Unit Cp Distribution Sens Attachment
. TAE 2 0.5 1.500/0.000 inch Mormal( 0.5; 0.23805 ) Center
v [@ cast inch
d1 205 | 2050 +0.40/0.40 | inch |1 MWormal( 20.5; 0.033... 1 Center
S CASEBOXI (0) Center
¥ [@ BOxi inch
d1 10 | 10.00 +0.50/-0.50 inch 1 MNormal( 10; 016567 ) -1 Center
S BOX1BOX (0} Center
¥ [ Box1 inch
d1 10 - 10.00 +0.50/-0.50 inch 1 Mormal( 10; 018867 ) -1 Center

Dimension Loop Diagram

[1.500/0.000]

CASE

10.00 +0.50/-0.5
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BOiK1

»

4

Diagram | Resultz  Feature

Saved v Analysis Name: TAE_ 2 L) Vv




Cp relates the mean and variability of the process or

machine to the permissible range of dimensions

allowed by the specification or tolerance

Gap/ Stack Definition

From | Surf:FE(EXTRUDE_1).CASE

H P Y
i Precision |3 3

To | Surf.FE(EXTRUDE_1).B0X1

Measure Variation

Feature

Diagram | Results

Saved -

| 1500
Distance |0.5000000 | inch [0.000
A TR X R N\
Name Nominal Tolerance Unit \ Cp ) Distribution Sens Attachment
TAE 2 05 1.500/0.000 inch Normal{ 0.5; 0.23805 ) Center
¥ [@ CcasE inch
d1 20.5 20.50 +0.10/-0.10 inch |1 Normal( 20.5; 0.033... 1 Center
& CASEBOXI (0} Center
v [@ BOX1 inch
a1 10 10.00 +0.50/-0.50 inch 1 Normal( 10; 0.18657 ) -1 Center
£ BOX1BOX1 0 Center
v [@ BOX1 inch
di 10 10.00 +0.50/-0.50 inch |1 Normal( 10; 0.18867 ) -1 Center

Statistical Worst Case | Sensitivity

Mormal( 0. 50000; 0,23805 ) Name Sensitivity
Sigma = 2.3635
oLvield = 98,2141 CCASE:dL .
DFMU = 17,859 BOXIadl -1 inchfinch
BOXladl =lonchfinch

TAE 2 *a v X

Analysis Name:




Do the two components assemble?
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Configurations for Gap Analysis

Grounding out the parts




Motor TAE Example Exploded View




Mechanical Tolerance Stacks —Loop Diagram

tate ) SECO001



Tvpical Reqguirements

The gap between the shaft and the inner bearing cap
must always be greater than zero (to ensure that the
rotor is clamped and the bearings are preloaded)

The gap between the housing cap and the housing
must always be greater than zero (to ensure that the
stator is clamped)

Amount of “squeeze” on an o-ring

Amount of “preload” on bearings

Sufficient “material” for subsequent machining
processes

Interference requirements, such as when pressing
pins into holes

Optical requirements, such as alignment of optical
elements



Circuit Board TAE Example

Is it possible to assemble all

the PCB into the assembly?







Requirement Clearance greater
than zero

Clearance

Pan




GD&T Definitions are required for
Tolerance Analyses

0 204
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Mechanical Tolerance Stacks —Loop Diagram
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Name

TAE 1
v @ PN
d39
d3
d9

@GP PAN/SCREW
v @ SCcREw
d
G¥ SCREW/PCE
v [@ FPcCB
4267
4266
d43

£ PCB/REC-3FIN
v [ REC-3PMN

d137

Measure Variation

Mormal{ 0. 10000; 0. 11055 )
Sigma = 1.3320

iield = 81,7144

DPMU = 182,856

Hominal Tolerance Unit Cp Distribution Sens Attachment
0.1 1.00040.000 mm Mormal{ 0.1; 0.110585 ) Center
mm
146 146.0 £0.1 mm Mormal( 144, 0.0333... 1 Center
119.2 [POS|0.2(M)| M Mormal 119.2; 0.033... -1
35 3.5 +0.1/0.0 mm Mormal{ 3.55; 0.01&. . 0 Lengtar
i )
(0} Center v
mm
34 3.4 00001 M Mormal{ 3.35; 0.016... 0 Center
(0} \| Center iy
mm
35 3.0 +0.10/0.00 mm Mormal{ 3.55; 0.01&... 0 Center
25 26.0 10,2 mm Mormal( 25; 0.06565... -1 Center
7.1 7.1 0.2 M Mormal{ 7.1; 0.06885. .. 1 Center
(0} Center
mirm
8.8 |POS|0.2] mm Mormal{ 3.8, 0.0333... -1
Statistical | Worst Case Sensitivity
Hame Statistical Contribution
P B G 36,36 %
P BT 36,36 %
CRECSIPIM:ALIT
PAM:AS .
PAM:d3S .
PAMAD .o
SCREVA L
CPCBd e T




Hame Hominal Tolerance Unit Cp Distribution sens Attachment

TAE_1 015 1.00040.000 T Lambdar 0.2; 0.125485; 0... Center
v [ PaN mm
d3g 145 146.0 +0.1 MM 1 MNormal 145; 0.033333 ) 1 Center
43 118.2 [POS|0.2(M)| mm |1 Mormal{ 118.2; 0.033333) -1
d9 3.5 3.5 +0.1/0.0 mm |1 Mormal( 3.55; 0.016667 )
@ PAMISCREW (ay 0.1500-0.150 mim Lambdal 0; 0.058135; 0;...
v [ SCREw mm
d1 34 3.4 +0.00-0.1 mim 1 Mormalf 3.35; 0.018657 ) 45 Center
@ SCREW/PCHE (0.05000000000000... Left -
v [0 PCB mm J
d267 3.5 3.50 +0.10:0.00 mim 1 Mormal( 3.55; 0.018867 ) 0.5 Center
d266 25 25.0 0.2 mim 1 Mormal{ 25; 0.086657 ) -1 Center
d43 7.1 7.4 0.2 ITiFT 1 Mormal{ 7.1; 0.066657 ) 1 Center
A PCBIREC-3FIN )] Center
v (@ REC-3PN mm
Measure Variation Statistical | Worst Case Sensitivity
Name Statistical Contribution
CPCBdIBA. 28.24 %
Lambda( 0.2000; 0.1255; 0.00; 2.95) CPCEAAR 23.24 %
Sigma = 1.9074 - PAM/SCREW: Clearance 21,158 %%
%oield = 94,3526 CPAME
DPMU - = 56,474 CPAMIIT .
- REC-3PIM:d137..

CSCREWLL .
. PCB:d267....




Typical TAE Application

 DOD Quality performance requirements

* Reliability and Materiel
availability metrics as KPP

 Demonstration of compliance
with virtual prototypes

* Immediate feedback during u

development process

.

* Experimental Validation
IS required



ICD Solid Model

This Model is in "Chrome Plated", Final
condition. Dims to the mean tolerance.




Tolerance Analysis Report

CAD Integration

Report Generated On Fri July 16 2010 @ 08:20:35 pm
Analysis Report By: Maiki Viahinos
Company : GD OTS

Measurement Details

Pro/E Model FULLPROJECTILE2.asm
‘To]er:mce Analysis Measurement ‘CETOL_Z

Design Specification 1.26/0.00

Solved Nominal 126

Measurement Results

¥ FULLPROJECTILEZ2 (Active) - Pro/ENGINEER

Eile Edit View |nsert Analysis Info Applicatio Sigma = 0.6745

" = % Yield = 49.9998
u z SO J A DPMU = 500,002

DEeE&aaGEd v o . -

%Selec’t dimension to define 10 stack

* Checked feature types will be dizplayed in the model tree.
* Festure redefined successtully. Dimension Details

BB | =

. | = [ o = S~
1 ‘PllUJ}’.CDLL-\SSHtBLY:dl | 277.25 ~0.50/-0.50 | 100 | -1 |_37.04-%
Model Tree Bﬁ ¥ E o | ‘FRUN'I'B]’;LLTU“‘EDSH]I.LD:GI | 154.2340.45f-u.45| 1.00| -1|-30.00%
N ‘CASING:dl | 470.46 +0.40/-0.40 | 100 | -1 |-23.70%
sgma ‘C‘AS!.BASLASSH[BLY:&] | 79.30 ~0.25/-0.28 | 100 | -1 |.9,26°/n
FULLPROJECTILEZ. A [— | | | 1[0.00%
- F BSM_RIGHT
,E‘ A5k_TOR | Dimension Loop Diagram
T BSM_FRONT e
2y SM_DEF_CSYS | e |
+-[) CASEBASEASSER | e |
+- [ CASING,PRT
+- (] PROJECTILEASSI | — |
+ (] FRONTEELLTOW | s |
+-[_] CONTAINERZ.PR ey
L HNQNQL"I"SIS_DIST.‘ | |
2,190590

28




Projectile Assembly (mm)

Sampling in Stack-up Tolerance Example

DOE Sampling
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il Il
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Typical Results of Tolerance Analyses

Tolerance Analysis of Projectile for ICD Compliance

30

| {

= Quality Level = 10.0781 =

Percent Yield = 100.00% n=2.76

v o = 0.27386
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-60 60
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Using BMX’s Statistical Design Studies

for Sigma quality evaluation

File ~ Model Analysis Annotate

Render Tools View Applications

"m“] Analysis Q User-Defined Analysis j Mathcad Analysis g Mass Properties = a Geometry Report * @ Mesh Surface Sensitivity Analysis Ll
“i Saved Analysis Bl Excelanalysis | Prime Analysis 2, Short Edge I Dratt 52 Dihedral Angle @), Feasibiity/Optimizaton ¥
—_ Measure Tolerance o Simulate
M Performance Monitor H Toolkit-Based ﬁ External Analysis = LT Thickness - & Pairs Clearance § Curvature ~ Analysis ¥ Q Statistical Design Study  Analysis
Manage Custom Model Report Measure Inspect Geometry ~ Design Study
Design Study
Name| SDS1 Type
@ Single
O Wobs
Design Variables
Name Mean Distribution Details
d2:TOL_BMX 7o Normal standard deviation=1
d4:TOL_BMX -] Normal standard deviation=1
d0:TOL_BMX k) Normal standard deviation=1
Properties...
Design Goals.
Hame Min Max Distribution Lower Limit Upper Limit Details
DISTANCE:MEASURE_DIS... Normal
4
Properties...

Compute

Close




Mame

8.3

8.1

e m e m -

78

7T

7.3

e U

7.3

B il I B s I e

O R 1 | g | o
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TTTTTTTTT . CTTTTATTTTT v -
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' ' | ' |
1 1 1 1 1
S T P R F R R S @
1 1 I 1 I 1 1 I (1%
1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1
' ' | ' | ' ' | |
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R heeees R S heens A S b I r~
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& M e
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AR TR
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=] = E E | & [=F]
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ASURE_DISTANCE_1

I:.
o

Upper limit
8.12

n ¥ Sigma
1.647119371

Cancel

68752.41295

DPFMU

I:.
o

n ¥ Sigma

2.075164261

Lower limit
6.7
Ok

[ ] Show samples



Live Demonstration of

BMX Statistical Design Studies
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What is CETOL 607 CETOLGv

Functional Assembly Part Feature
Interfaces Controls Expected Variation

- TY

) | General | Distribution | Equivalent | Motes

Lambda( 13.0000; 0.0167; 0.40; 2.50 )

—_
12.95 13.00 13.05
B Distribution: [Lambda ~ |

Mean: 13 Skewness 0.4
Std Dev: 0.01666666667 Kurtosis 2.5

2X garv_fo.iz<

| & [go3M|A[B]

Tolerance analysis software that answers:
v Does is assemble?

v Does it work?

v’ Is it repeatable?

v' Is itwunderstood?

v' Is it profitable?

And where to make improvements if not.




NOTES (UNLESS SPECIFIED OTHERWISE):
1. DIMENSIONING AND TOLERANCING

PER ASME Y14.5-2009.
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CETOL Demo — Model Intro CETOLGv

'Requirement: Tip of blue part (Claw) always behind the plane of notch in grey side plate



Steps for 3D Tolerance Analysis

Define appropriate GD&T of all relevant
components

Define as measurements the functional
oerformance requirements

Define the joints and constraints between parts
Examine the part dimensioning details

Validate model / configurations

Calculate sensitivities

Evaluate results

Select critical impactful mean values

Select critical impactful tolerance values




