Do it right the first time...

A Dimensional Engineering approach
to Closed-Loop Quality Management

ENGINEERING IN NEW DIMENSIONS
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Prevention

Deaths in Rhode Island from Smoking
Adults who die each year from

their own smoking 1,600
Kids now under 18 and alive
in Rhode Island who will 23,000

ultimately die prematurely
from smoking

Smoking Kills more people than alcohol, AIDS, car crashes, illegal drugs, murders,
and suicides combined — and thousands more die from other tobacco-related causes

— such as fires caused by smoking (more than 1,000 deaths/year nationwide) and
smokeless tobacco use.




Problems to Mitigate... ) ——1
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Closed-Loop Quality
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ENGINEERING IN NEW DIMENSIONS

DE Process that will
Meet / Exceed
Customer Expectations

'Plan | =

Intended Quality
at Target Cost



Dimensional Engineering... ] ——

Program Directives

Applied Early and Throughout Product Lifecycle
Build Objectives

Build Strategies

GD & T Requirements

Tolerance Analysis

MeasuremeM

. Dimensional Data Reports

\ i)
‘ Root Cause Analysis
'"-—.»-,ﬂ . - ' —
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Final Product
“Build Objective”

Sub-Assemblies

Process Strategy -
L_’ Detail Part

Dimensional Requirement

-




Why Dimensional Engineering? ) ——
Casting The Biggest Shadow
100 ;.—,—-—-;;

L —T70%
Problem Mitigation is
low-cost at this stage : |

% Influence
on Total Cost

“Robust” Design
Includes Process!

Traditional
Cost Accounting




Key Elements of a Robust DE Process kde=s=

Variation Analysis Validates:
 Build Objectives
« Process Strategies

Build Objectives « GD&T Requirements

Process Strategie

GD & T Requirement

j Variation Analysis
) " Measurement Plans

) i Build Quality Reports
Program “IH. " Root Cause Analysis
Directives w7 )

I | w
%'
Final Product b 7 —
Build Objectives
Sub-Assembly \ )
Process Strategy Detail Part

Dimensional Requirements




Tool Alignment to DE Process ] =

'/;\ 3DCS-PQS (Perceived Quality Study)

Program Directives

il

- 3DCS Variation Analyst

| «Adv Analyzer Optimizer
~ «Compliant Modeler
’ GDM-3D
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Final Product ™S
Build Objectives

Sub-Assembly )
Process Strate;y\> Detail Part _
Dimensional Requirements

GDM-WEB
GDM-PDA




DVA Process Alignment to PLM ] ——)

Dimensional
Variation
Analysis

Complete Process Support
For Engineering & Manufacturing Quality

Product Lifecycle
Stage-[ Concept Design Process Manufacture = In-Service

DVA d
Process




DVA Application Domains... i ——
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® Structures / Chassis

® Mechanisms
® Enclosures
® Aesthetic Fits

Any Assembly



Visualize Variation Impact Early i ——
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Perceived Quality Study




General Motors Results... oy —
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8. Verification EP”** _ "'j»gg 1. %TS Auch
« Final DTS verification '4'._4_"_;';@1-' Ded ne (igf'p’ us :
- Lessons learned workshops h and radii targets e 8

I

<. Validation tools

- Vendor part gages

- Vendor part measurement
devices

2. Concept Creation <
and Investigations

« Simulation of new concepts

- Digital visualization

« Benchmark of different

6. DTS / Drawing Review concepts

« Check DTS against latest data 3. CDLS
« Check and release drawings » Develop coordinated
« Check tolerance studies for data datum locating
changes strategy
« MDM support

4. Tolerance Studies

» Review design & evaluate
quality achievement.

« Virtual validation of DTS
requirements.
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"Successful tolerance analysis
product execution played a
major role in our achievement
of high quality across our
product vehicle line.

The Chevrolet Volt, Chevrolet
Silverado, Chevrolet
Malibu and Cadillac CTS
were all named Car/Truck

of the Year winners."
Richard Korynski
Body Tolerance Analysis Manager-
General Motors

General Motors Results...
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In-depth Tolerance Studies ] ——

Model Based

Dimensional Variation Analysis
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Simulate-
- Thousands of Assembly
builds in Minutes
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Airbus: Tolerance management
during early concept phase

Evaluation of:

» assembly process regarding
global aircraft requirements
» different assembly strategies

» new manufacturing technologies
(CFRP, bonding, water-jet
cutting, One-Shot-Single-Barrel)

» new assembly technologies
(indoor-GPS, Laser-
scanner/tracker)




Tolerance management during early =1=

concept phase

Analyse different engine concepts for aerodynamic
efficiency

» Tail or wing mounted
» Geared turbo fan
» Open rotor configuration




Associativity to CAD Model & GD&T He=
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Tolerance Optimization to Cost Constraints o ——)

Advanced Anal
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keasurements
Analvzer Co... | 1 Rear Gap | 2 Rear Mid | 5 Front Gap | 4 LE Bmpr ... | S Mid Brpr... | & RE Bmpr ... | 7 Meas10
Range | 2.930(mm} | 2.8600mm}) | 3. 489(mm} | 1.892(mm} | 1.738(mm} | 1.997(mm} | 2.836(mm)

1 Fender ko...|L.400(mmm) 1.0 1.0 0.9 0.0 0.0 0.0 0.0

2 Hood Gap...|1.400{mm) 1.0 1.0 1.0 1.0 1.0 1.0 0.1

4 Pin Pos T...|L1.S00{rmm) 1.0 0.5 1 0.0 0.0 0.0 0.0

S Hha Mnt ... |1 .S00(mm}) 0.1 0.z 0. i 0.2 0.3

& Hna Mnk ... |1.5000mm) 1.0 1.2 1.6 1.9

7 Latch Ha... |1.000(mm) 0.0 0.0 0.0 0.0

S HP LH Fe,..|0.100{mm} 1.0 0.5 1.1 0.0
Bedraw Bar Chart Summary ance Optimizer Cost

Legend:

CEE R )
==
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1Rear Gap 2 Reat Mid 3Front Gap (4Lt Bmpr ... |SMid Bropr.. |6RE Bmpr ... |7 Measio
2.930(mm} 2.860(mm}) 3.46%(mm}) 1.892(mm}) 1.738(mm} 1.997(mm} 2.836(mm})
4.144(mm} 3.959(mm]) 4,857} 2.558(mm) 2.356(mm]) 2.696(mm) 3.781(mm}
1.917{mm)} 1.873(mm} 2.298(mm}) 1.229(mm} 1.123{mm} 1.301{mm} 1.890{mm}
2.930(mm} 2.860(mm]) 3.489(mm) 1.892(mm) 1.738(mm]) 1.997(mim) 2.836(mm)
2,930 2,860 3.489 1.592 1.736 1,997 2,836

ow Measure

To 1 Fender to...|2Hood Gap... 3 5urf Pad ...|4Pin Pos T...[SHng Mot ... (6Hng Mot ... |7 Latch Ha... (8 Bmpr Tol{... |9HP LH Fe...
CurTo 1.400(min) 1.400(mm]) 1.500(rmm} 1.500(mmn} 1.500(rmrm} 1.500(mim} 1,000} 10,000¢mrm) | 0, 100¢mrm)
OptTol 1.400{mm} 1.400¢mm} 1.500{mm} 1.500{mm} 1.500¢mm} 1.500{mm} 1.000{mm} 10.000¢mm} | 0. 100¢mm}
MaxTol 1.900 1.900 2.000 2,000 2,000 2,000 1.500 10,500 0.600
MinTol 0.900 0.900 1.000 1.000 1.000 1,000 0.500 9.500 0,000
Locked |[ I [ [ I [ [ [ [

Cost 100.000 100,000 100.000 100,000 100,000 100,000 100,000 100.000 100,000

Show Tolerance |
Total Current Cost: I221 5.000000 Total Optimized (Minimum) Cost IEE'I 5.000000

inimize Cost | Update Model Tolerances | Sumrmary
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Advanced Analyzer/Optimizer



Peterbilt Results...

"3D tolerance analysis has provided the
foundation for our dimensional
management process here at Peterbilt as
well as throughout the PACCAR
organization.

We have seen the fit & finish and overall

quality of our products improve since the

implementation of tolerance simulation /
dimensional management.

We rely on tolerance analysis to help
manage design quality and support our
objective to be best in class."

- Jacob Conley
Dimensional Management
Group Leader
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Compliant Variation Analysis [ ——

ENGINEERING IN NEW DIMENSIONS

Clamp/Weld CI

Consider Effects of:
— Force e
— Gravity
— Thermal

Compliant Modeler




Automated Reporting

| || Home:DCS Repert DOD1_DCS_Car_Fxt. | | | Home=DCS Report 0001_DCS_Ca... E
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CONTENTS

CONTENTS
1 Home
Z Summary

3 Component
Information

4 Tree
Structure

5 Action Tree

6 GDETs
7 Tolerances

8 Moves

2
Measurements

Analysis

Results{Simu
sens)

Z Rear Mid

3 Front Gap

Analysis
settings

Simulation
Settinas

Sensitivity
Scitings

3DCS Analysis Report

1 Home

1 Home

1 Home

2 Summary

3DCS Analysis Report

Structure

5 Action Tree
6 GD&Ts

7 Tolerances
8 Moves

9
Measurements

Analysis
Results(AAO)

Analyzer Matrix

Analucic

2 Summary

3 Component
Information

>

3DCS Analysis Report

Previous Home Next

7 Tolerances

4 Tree
| Structure

3DCS Analysis Report

Analyzer Matrix

Analyzer Coefficients

1
Mi_to_M1_Z

Name Parent Type ||Range Distribution
Surf Toll Upper_Platen_t & +0.100000 | .4 Norma\
Feature
Previous Home Next o »\
0 s0.200000
Feature RightSkew
&
&0 10.250000
Feature

2
M2_to_M2_7|

Range

0.410(mim)

1 Surf_Toll(Upper_Platen_1)

0.100¢rmrm) || 1.0

0.402(mm)
e

2 Planer_Roller_Pos_Tal1(Planer_1)

0.200¢rmm) || 1.0

Previous Home Next

3 Component
Information

4 Tree Structure

A Tree
Structure

5 Action Tree

6 GD&Ts

7 Tolerances
8 Moves -

g
Measurements

Analysis
Results(AAO)

Analyzer Matrix

Analysis

[Dwaarvenios |

[Clupper_Piaten_1
[CIPlaner_1

[Erress Rkt
[Epress_mnks 1

[APress_Rink_4_1

s_Toll(Support_AlICATPart_1)

3 Tole22(Planer_1) 0.250¢rmmy || -1.0
4 Hnle Bas Toli(Press_Rink_1_1) 0.100¢mmy || 0.8 0.8
o1 (Press_Rink_2_1) 0.100{mm)|{ 0.8 0.8
ol1(Press_Rink_3_1) 0.100¢mm) || 0.2 0.2
ol1(Press_Rink_d4_1) 0.100¢mm) || 0.2 0.z
0.100¢rmm} |[1.2 0.8

Automated Report Generator



easurement Plan Authorin

Fender A1 Y
Pos = (937,25, B656.681, 689.75)
Dir= (0.00, 1.00, 0.00)
Description

Fender_C1_%
Pos = (315.00, -566.66, 663.04)
Dir={1.00, 0.00, 0.00)

Description

Fender B1_Z
Pos = (337 .96, -662.73, 639.75)

Dir= (0,00, 0.00, 1.00)

Description

. C:yDemo ModelsiAdy Yis Spec Studies' Ady Yis Spec Study Catia',Ford Demo',GDM Report'FenderMeasured Data.GDZ: 1: Graph

Fender_B2_

Pos = (-171.46, -484.04
Dir={0.00, 0.00, 1
Description

ﬁ“
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emn ModelstAdy vis Spec StudiestAdy Vis Spec Study CatiatFord Demp!GDM Report'FenderMeasured Data.GDZ: 1: Graph.

B FNDLES2HOP

¥=982.40 Y= -672.36 7=633.26

1.65

%Bar=-1.00 R =041
Tol = 1.00/1.0030 Sampie8 = +0.59 Cp = +3.54Cpk = +0.0|
Pp = +3.36Ppk = +0.0|

gz T

0.0

-0.824

-165

C/C

[WFNDES2ZHOP ¥

Tol = 1.00/1.0030 Samie® = +0.44 Cp = +4.58Cpk = +0.1
¥=367.38 Y= -607.21 7= 672.41 Pp = +4.60Ppk = 0.1

#Bar=-097 R=0.29

158 W
0.7
0.068
Fender A2 Y 0.7
FenderA iy Pos. - (170.42,.,478 30, 564:02) A s
Pos = (962,29, -830.00, 177 .84) Dir= (0.00, 1.00, 0.00) e
Dir= (0.00, 1.00, 0.00) Description
Description
EFNDL?SQHOP Y K-Bar=-096 R=03
Tol = 1.00/-1.0030 Samfled = +0.43 Cp= +4.33Cpk = +0.1
=232 45 Y=-472.38 7= 560.11 Pp = +4.06Ppk = +1.1
156 ]
Y 07eH
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a7 ol ealesly . L2 d
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oy, il aff LS
LEGEND .
Out%
B | < 1 |Project Demanstration Project X
0 [ = 5 |Authe d Dimensianal Contral Systems 5@l itz Bivd , Suite 308
Bl | - 5 |Page Number |Graph Page 1 of 2 LEGEND oy, M 48084
Qut%
W[z 1 |Project Demaonstration Project
[« 5 |Authar
B | > 5 [Page Mumber |Graph Page 2 of2
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Leverage Analysis within QA Process k=3

As a powerful root-cause analysis toolset

icrosoft Internet Expl

&) hitp:/ /cobia 1111/5PC_SetupReportS creen asp

GDM WEB REPORT

Date:

G/S/Z004 B:24:56

ReportName:  [ECHMM_BLOCK
y vehicle Family: 318 [pivision: [assemaLysite:ams
MASTER NOMINAL lSupplier Code:  [2860 "‘"““ kowsm’um
frus Jun 24 12:34:3% 20030001 org:
e Eomm Test Block

Program Name:

& pre-Created

‘I ECMM_BLOCK.

© Generic

[Fonerer B chansrpage

Jun 24 12:54:59 2003, 0001

Output Type: [

JESE BUEENE

B

LALpe20e @220 & - | §

FRNEOBEKS S KEE

3DCS-

Root Cause Analysis

GDM-Web

Quality Management System
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Chrysler Results... e

IEERING IN NEW DINMENSION:

“Chrysler has realized significant cost savings over
the years by using tolerance analysis as part of
our overall
dimensional engineering process.

We've applied tolerance analysis in the early
design stages of our programs in order to identify
potential build issues early in the product lifecycle.

This has enabled us to reduce physical prototypes,
minimize costly gage & tooling changes,
and avoid quality issues during production.”

- Greg Medler
Chrysler Tolerance Analysis Manager

CHRYSLER
I —



TOKAMAK Project




Tolerance Model Description

=
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o[10]A[B]C 7777

7 3DCS Dedicated )
Software for
Variation Analysis

Based on

\\MonieCarlo Runs Y,
M

Sector 2

Nl o
LNl L Sector1




Tokamak Tolerance Model Status 555
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8 Systems level 1 / 23 Systems level 2, |
600 Single Pariits; l

15000 Points;

2200 Part Telerances

760 Moves

30 Functional/Assembly Requirements

6000 Measurements to verify Compliances
andl perfoim Impact Studies

15 min fo fun @ 5000 Tokamaks analysis |




Dimensional Engineering... o —— )
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Program Directives

Applied Early and Throughout Product Lifecycle
Build Objectives

Build Strategies

GD & T Requirements

Tolerance Analysis

MeasuremeM

. Dimensional Data Reports

\ i)
‘ Root Cause Analysis
'"-—.»-,ﬂ . - ' —
R QN

Final Product
“Build Objective”

Sub-Assemblies

Process Strategy -
L_’ Detail Part

Dimensional Requirement

-




Questions???

Don Jasurda
248-321-1378
djasurda@3dcs.com

www.3dcs.com

l J



