PLM World ‘06

—

3D Dimensional Management '

Technology & Process

1.

Norm Crawford

Geometric Solutions

Director South Region and Engineering Manager
GDTP S-0386
NCrawford@GeometricSolutions.net
740-333-4568

Premium Partners: @ BT (ﬁﬂ® intel) Microsoft




Headquarters,
Warren, Ml

MECHANICAL DESIGN & ENGINEERING (586) 274-2300

SERVICES
AUTOMATION SOLUTIONS

MANUFACTURING FACILITY & PROCESS
PLANNING

Southeast Region,
Greenville, SC

(864) 989-0620
ENGINEERING SUPPORT SERVICES

For More Information

Visit Our Web Site:
www.waltonen.com

Since 1957

Turn-key Systems
Facility, Centerline, Ml
(586) 274-2300

N
N




Geometric Solutions, LLC

Dimensional Management, Visual Collaborat:o PE '

Vis VSA Vis Quality Vis Publish Community Services
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NXAToIIera_tnce CAD-Neutral ~ CAD-Neutral CAD-Neutral Quality Training &
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Y Tolerance Quality. Quality Communication Technology
Analysis Data Viewing Documentation Transfers

Dimensional Management:

Assembly Tolerance Engineering to Produce World Class
Quality at a World Class Price, First !




Dimensional Management Technology an_d Process
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Lean NPD, Lean MFG

Continuous Improvement

5
- &
o’ .
Community

Express
Engineering

Visualization
Collaboration

Refine Define Requirements

Feedback Loop NX, I-DEAS

Report, Synchronize, Standardize C.U.D.A 3D Annotated Master Models

Communicate, Understand, Decide, Act
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Benefits of 3D Annotation on Models

Part of a Lean Product Development Proces"é\\_ '

Easier & Faster to Read then 2D
Reduce misinterpretations
Reduce hours of discussions trying to understand

Ability to Filter and Search for Specific Annotation (Datums, Delta Notes)
Better Association to Model then 2D

Fewer Files & File Types to Manage, Search, Associate, Translate, and
Migrate

Faster Dimensioning & Tolerancing
Eliminate Repetitive Symbols in Various Views
Reduce or Eliminate Basic Dimensions
Syntax (I-DEAS) and Rule Checking (NX) on GD&T
Downstream Processes
TSV (NX4) for initial analysis: Tolerance and “Design” Refinement
TSV Direct Import to VisVSA
Direct Import to Measurement Planning and Inspection Products

Development of direct import of feature requirements into Manufacturing
Software continues
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3D GD&T & A
More Informat
But how Is it
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I-DEAS Assem
Display Manag
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‘Improved Visib
Using 3D Sectﬁversus 2D
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I-DEAS Has U
Using Simple
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Besides Simple Rotation
Options to Display Hidden Features.
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For Example:

Simple Switch to Wireframe for Hidgen
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Another Example:

Simple PMI Query (ASME Y14.41)
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Simple Part Model Views

Usable downstream in 2D and JT = ( } i
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~ User Attribute
An Option to tes / Text
Also Viewabl Format
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JT Model View

Perfectly Clear and Easy to Read, Right?
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Right ! I-DEAS Model Views Available in JT _

PMI Functionality 5
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% Fle Edit View Navigation Actions Tools PMI Web Concept Window Help

SE|smB5 ¢ |(&|w||nlianbdalu||m(ticrenxyz||[Qti|rmascoe:|[se||locrnirn ek |esennh|epnms samm o=
Srv/verndr s e maum s mewE||closwesrm|daeaal 0|l rvr(ssz]

e ws m(ag||zlessaav-Fc |l flnnmei||sse o]

#ltgoeleomx--|n|[fla|zlcczacmy [[adE] ]2 )@ 2 0 x 2 3 |[ah |52 e = B o % = 0r 5 B |
2=

E- O gy PHI

- f 007_Basic_Blocks_7_ExtTess - Assembly
- PMI Annatations
@ User Attributes
- B Model views
(=) € 2 Enginesring
= fl Seti Front
LoE Set View Navigation
®  set Geometry Visibilty
@ SetPMI vishilty
OB set1_Top
O F sett_Right
OB set1_tsometric
O sectionan

- 19 Block_3:005;6, NCrawford-WisySA - Part = = 2 . 5 5 + D . 3 O
1.00x0 .20 = =

—— = = = %Y
wE Y B =
&
1% A

o [ €N -
H;é ﬁ[gn%|@0@xm.=|§

50 g P
S ﬂ% 007_Basic_Blocks_7_ExtTess - Assembly
- PMI Annotations
H-3  User Attributes
=& B Model views

B f_j Engineering

-4 B Set1_Front

@ St View Navigation
&  Set Geometry Visibility
L ] Set PMI Wisibility
OB Sett_Top
OBl sett_Right
OB Sett _Isometric
- Bl Sectionas
- '@ Block_3:005;5, MCramford-YisW'Sh - Park

— 1.18+0 .30

WALTONEN

ENGINEERING

N
N




Select Any One Part within Assembly

Have Immediate Access to PMI Hlerarchy-
& Individual‘Part'Model Views e
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Front View in JT Viewer
Not CAD, Not a CGM 2D Image Ve

Note Engineering Folder for Model Vlews’
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Highlight Associated Elements

Again ASME ¥14.41 — Outside of CAD
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NX4 Embedded 3D GD&T (SmarTol)

| MONX 4 - Tolerance Stackup ¥alidation - [Block.prt]
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X4 Model View “Sets”
Embedded Dimension Display Options for Easy,

ldentification
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Side and Bottom NX4 Model Views

Easily Manage Display of GD&T
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“Validate Tolerance Specification”

Constraint Error Found

MPNX 4 - Gateway - [Block2.prt (Modified) ]
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Correct and Re-run

“Validate Tolerance Specification”

MPNX 4 - Gateway - [Block2.prt (Madified) ]
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NX4 New PMI Display

No Association to TSV or Validation

MPNX 4 - Gateway - [Block2.prt (Modified) ]
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NX4 PMI Has Different Display and User Interfac :

Note Use of Vlew Sets

| WINX 4 - Tolerance Stackup Yalidation - [Block4.prt]
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Associated Elements Highlight with Embedded

Tolerances (ASME Y14.41)
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NX4 PMI Also Highlights Related Features

(ASI\/IE Y14.41) -

i

- [Block1.prt {(Madified) ]
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Lean NPD, Lean MFG

Continuous Improvement

Visualization

EXxpress .
b Collaboration

Engineering

Refine Define Requirements

Feedback Loop NX, I-DEAS

Report, Synchronize, Standardize C.U.D.A 3D Annotated Master Models

Communicate, Understand, Decide, Act
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Business Benefits of Analysis,\

|

- Consistent Enterprise Process

Pro-active Continuous Product Improvement
Re-use of Valid Tolerance Knowledge
Reduce Physical Prototypes

Reduce Design / Tooling Changes

Reduce Related Travel Expense

Reduce Related Time to Volume

mprove Manufacturability
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TSV: What does it look like®,

Tolerance Stackup ¥alidatio ~ [E3
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TSV: Create “Embedded” 3D GD&T (SmarTol
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Mame (Instance Filker: All} . _ Basic_Blocks_assy
- Base - Chiprk Neme | sten | = B BLOCK4- =BLOCK3
--Er Diabumn Reference Frames # Sequence_l —tE i LB Center 2-2 - Planar-=Planar
=@ Tolerance Features & COMFIGL
=3 .- Base_Hole T ;
e & o 0.0 [ Igrared .-- B ELOCK- BLOCKZ
- |DIA0,025(M)|G[HE - Er Preassembled ! R ELOCKZ-BASE
= ® (J Datum E rHElack] 10 & B BLOCK1- »BASE
Lol
) @ Diaturn E a FEJ Block2 0
E| ® (JDatum G _|LI rEl:' Blocks 30
Y I > ~ rEBlacks 40
~ gBEBlock =0
Type IInFer Feature Type j
ooarat e B - PElockz &0
peration Feature -
BElocks /0
Advanced Selection I Description I I.|_-1|-|:|:| Elock4 a0
—Matmg Type
[~ Pattern :
MY K % ek
Selection Skeps
?fﬂfﬂ@ﬁﬁ Center Objecks |1t|:|1 VI

Seleckion Steps
32 & ® [@%%%
@ @ LI Filker IFace VI

Disbance Expression I il

Tolerances and Instances
Brewview I List Errors I

ﬁ -"LJTE-II #ﬁl Vary Conskrainks I
1 - | «=|| Previously Existing NX Tools o T o

\ 0
P4 sc ‘

T\




TSV: Create Measurements

Graphically Display Existing Measurements
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Block4_Pin_Base_Hole

DESEFiDtiDFI Mame IBchkl_BackTDBaseB

Descripion
Datuwm C of Block 1
to Datum C of Base

s

' Distance
" Angle
F Distance " Minimum Yirtual Clearance
ru. ||:'||'Ig|E = Maximurn Yirkual Clearance
" Minimumn Yirkual Clearance ‘ JERCIEIE A ‘
™ Maximum Yirtual Clearance Delete
Create Copy
@ E ﬂ E ﬂ E ﬂ E fT’ [o]4 I Apply Cancel
Delete |
Create Copy |

(5] 4 I Sl _ancel |

N

N
L/




TSV: Set Preferences & Run Simulatio

[

A Tolerance Stackup Yalidatio x| _H-J simulations HI
Mumber af Simulations |T|:|Ieraru:e Stackup Ve

|'5imulalzi|:|n Cpkion

Murmber of Simulations:  S00

% Extreme Sirnulation

" Monte Carlo Simulation

Yisualize

Measured Faces Crriginal j

Resulks

Measured Components | Medium Faded Red j Details

Qther Components

Display Precision

e e Ml N Nl |

Export Data to Process Document |

] I Apply | Zancel I \LI Cancel

N
N




NZX 4 - Tolerance Stackup ¥al

Jf} File Edit VYiew Insert Format Tools Assemblies PMI  Information  Analysis Preferences  Window Help

|- O WS+ RBX05. EFRQACLIS w- S |["K
EEES B

B2 %.=D.

Select measurement |

Fl| EETE— x
¥ Spreadsheet
I Block ]l _BaockToBaseBb

mMmum 2.4784 mm
atiomn = Z2.6274 mm

Mcaix
Var

Datum C of Block 1
to Datuw C of Base

5,

L [ Nominal = 1 .0000 mm
o se Mimnmimum = -0.1490 mm
Description i

I

Marninal 1.

IMinimum I —-0.1490 mm
Maxirnurn I Z.4754 mm
Wariation I Z.6274 mm

Taop Cantributors

IAssembly Op: Process:Basic B
iy | [ ] 100%
IPrDcess tBazic_Elocks_Assy.pr

e [ [ []1 100%

IPrDcess :Basie Blocks Assy.pr

,H 100%s
Direction

AC I -0.59913
ve T
ZC I 0.0205

Output ko InFormation Window

Export ko Process Docurment

OF I Apply. Cancel

N
N



TSV: Output Contributor Lj

Quickly Iterate Design & Tolerance Requirements

Evaluate Design Concepts for Tolerance Sensitivity & MFG
Capability

Beats End of Project Hand Calculations

ﬂlnfnrmatinn 10l =]
File Edit

16 Mar 2006

19:08:42

Heasurement: Blockl_BackToBaseB
Units:

Description: Datuwn € of Block 1
to Datum C of Base
Direction: XC -0.9913, YC -0.1302, ZC 0.0205
Nominal: 1.0000
Hinimume: -0.1490
Mas i 2.4784
Variation: 2.6274
Contributor 1: T1.2645% Assembly Op: Process:Basic_Blocks_Assy.prt:BLOCK1->BASE
Contributor 2: 26.9162% Processz:Basic_Blocks_ Assy.prt:Base.prt:Pinl , Size: 5,0000 +0.0500 -0.0500, , Callout: position |DIAL O.0250(M)|[GIH|E]|
Contributor 3: 1.3734% Processz:Basic_Blocks_hkssy.prt:Base.proc:Dacum H , Size: , Callout: perpendicular | 0.1000][G] |
Contributor 4: 0.4157% Process:Basic Blocks Assy.prt:Base.prt:Dacum E , Size: , Callout: perpendicular | 0.1000|[G|H] |
Contributor 5@ 0.0301% Pn:n::ess:Basic::Blnc:l:s:Assy.prt.:Base.prl;:P:i.n2 , Size: 44,0000 +0.0500 -0.0500, , Callout: position |DIA O.0250(M)|[G|H|E]|




TSV: Standard Excel Export

Sheet 1: Results

EJWorkshee Tolerance Stackup Yalidation Results
A B C D E F G H I J K [ =
21 Mar 2006
| 1 [12:13:42
1 2 |
Relative Importance
| 3 |[Measurement  Units Neminal Minimum Maximum  Variation Contributer 1 Contributer 2| Contributer3 0 100 Description
Process:Basic_
Blocks _Assy.prt
:Base.prt:Pin1 , Process:Basic_
Size: 5.0000 Blocks_Assy.prt
Assembly Op: | +0.0500 -0.0500, :Base. prt:Daturn
Process:Basic_ |, Callout: H ., Size:
Blocks_Assy.prt position [DIA Callout: T MM Daturn © of Block 1
Block!_BackTo BLOCK- 0.0250(M[GIHI | perpendicalar | (... . to Datum C of Bage
| 4 |BaseB mrn 1.0000 -0.1490 2.4784 26274 =BASE El 0.1000][F]]
Process:Basic_
Blocks_Assy.prt
:Base.prt:Base_
Hole |, Size:
9.2000 +1.0500 - Process:Basic_
Assembly Op: 00500, Blocks_Assy.prt
Process:Basic_  Callout: position :Base.prt:Datum
Blocks_Assy prt [DIA G, Size: AR Plane Dist
:BLOCKA- 0.0250(M)|[GIHI | Callout: flatness [l Block 4 to Base End
| 5 |Block4 Base  mm 1.1800 0.9029 1.4386 0.5358 =BLOCK3 E|l | 0.1000]] Lo
Process:Basic_
Blocks_Assy.prt
:Base.prt:Base_
Hole |, Size:
9.2000 +1.0500 - Process:Basic_
Assembly Op: 00500, Blocks_Assy.prt
Process:Basic_  Callout: position :Base.prt:Datum
Blocks_Assy prt [DIA G, Size: T A Wiin Cleatnance
Blockd_Pin_Bas :BLOCKA- 0.0250(M)|[GIH  Callout: flatness [|............... TP TP Block4 pin to base hole
| B | Hole ulul 0.3000 0.0000 0.2759 0.2793 =BLOCK3 E|l | 0.1000]]
Process:Basic_
Blocks_Assy.prt
:Base.prt:Pin1 , Process:Basic_
Size: 5.0000 Blocks_Assy.prt
Assembly Op: | +0.0500 -0.0500, :Base.prt:Slot_S —
Process:Basic_ |, Callout: top | Size:
Blocks_Assy prt position [DIA Callout: [T TETE
Block2_Block1 ‘BLOCKI- 0.0260(M)|[GIH| |surface_profile | (Illl........ RURTR
| 7 |gap ulul 0.0000 -0.2806 24416 27222 =BASE E|l OAD00)[GIHE] I............
Process:Basic_
Blocks_Assy.prt Process:Basic_
:Base.prt:Slot_5 Blocks_Assy.prt
top , Size: :Base.prt:Datum
f\ 0 " Callout: G, Sizer T
surface_profile | | Callout: flatness | T
\/ e e 0 -4.8670 -3.9756 0.8914 0.1000[[GIHIEY || 0.1000]]




N

TSV: Excel Export

Sheet 2: Contributors

A

21 Mar 2008
12:13:39

~ 1= = = |= = |= |= |- I=

Measurement
Name
Block1_BackToB
aseB

Blockd Base

Blockd_Pin_Base
_Haole

Block2_Block1
gap

Contributor Name

Assembly COp: Process: Basic_Blocks_Assy pri:BLOCK]-
=BASE

Process:Basic_Blocks_Assy. pri:Base. pri:Pint
Process:Basic_Blocks_Assy. pri:Base.prt:Datum H
Process:Basic_Blocks_Assy. pri:Base.prt:Datum E
Process:Basic_Blocks_Assy.pri:Base.prt:Pin2
Assembly COp: Process: Basic_Blocks_Assy pri:BLOCKS-
=BLOCK3
Process:Basic_Blocks_Assy.prt:Base. pri:Base Hole
Process:Basic_Blocks_Assy pri:Base.prt:Datum G
Process:Basic_Blocks_Assy. pri:Base.prt:Datum H
Assembly COp: Process: Basic_Blocks_Assy pri:BLOCKS-
=BLOCK3
Process:Basic_Blocks_Assy.prt:Base. pri:Base Hole
Process:Basic_Blocks_Assy pri:Base.prt:Datum G
Assembly COp: Process: Basic_Blocks_Assy pri:BLOCK]-
=BASE

Process:Basic_Blocks_Assy. pri:Base. pri:Pint
Process:Basic_Blocks _Assy pri:Base.prt:Slot_Stop
Process:Basic_Blocks_Assy pri:Base.prt:Datum G
Process:Basic_Blocks_Assy.pri:Block1. prt: Datum_G

Process:Basic_Blocks _Assy pri:Base.prt:Slot_Stop

Process:Basic_Blocks_Assy pri:Base.prt:Datum G

Size

5.0000

4.0000

9.2000

9.2000

5.0000

Callout

+1.0500 -0.0500

position |D1A 0.0250{M)|[GIHIE]|
perpendicular | 0.1000][G]|
perpendicular | 0.1000)[G|H]|

+0.0500 -0.0500
position [DIA 0.0250(MI[GIHIE]

+1.0500 -0.0500

position |D1A 0.0250{M)|[GIHIE]|
flatness | 0.1000)]
perpendicular | 0.1000][G]|
+1.0500 -0.0500

position |D1A 0.0250{M)|[GIHIE]|
flatness | 0.1000)]

+1.0500 -0.0500

position |D1A 0.0250{M)|[GIHIE]|
surface_profile | 0.1000|[GIHIE]|
flatness | 0.1000)]

flatness | 0.1000)]
surface_profile | 0.1000|[GIHIE]|

flatness | 0.1000)]

Contribution

71.2645

269162

1.3734

0.4157

0.0301

9291

4.0325

21643

0.8932

96.0847

3.8969

0.0184

82,408

11.8324

5.2226

0.4506

0.0365



AEEEEE L EE DA 1= R =N A A = L ez =N
Spreadshest iE;

Blockd_Pin_Base_Haole
Blockd_Base

Blockd_Pin_Base_Hole Block?_Baze
Blockz_Elockl gap Nominal_[118] Wean 110 |
5td Dew | 037 | Lower Limit | 068 |

BlockZ_Base Upper Uit [163]_©o
Gk 03] Lw
Worinal_[050] Wban 026 High 268 Fangs
L & Dev_[0.06 | Lover Ut | 0.00
Description Upper Limit [060] _ Cp T4
Wominal [302] Mean  [2.08 Cek  (070F L 000

Datum C of Block 1
to Datum C of EBase

Hgh |034] Range |04

Std D | 0.24 | Lower Limit | 2.62
Upper Limit [342|  Cp |05
Cph 042 Low 231
High  |367] Range 165

r inix
Filter
iﬂslogram | _ feb MEsurenents j' LILILIAI

it

o Jume tsEE 500 samples
Miriraum -0.5212 mm ok 1; ta Dstum C of Base;
Maxiru | 2.6615 mm [ 1
ariation I 3.1830 MM 4o,

100

BlockZ_Block! gap

Mominal

Top Contributors o

I.ﬁ.ssembly Op: Process:Basic B a0

A | [ [ []]]] 0% | 7

60
IPrc\cess:Basic_Blncks_.lssy.pr 50
0% | ] 100% :z
P :Easic Elocks Assy.
JpeocesaiBasic_tlocks lsey.pe || » Feature Elements
e | | | o ||

02420 04329 06238 08148 1.0057 11966 13875 15785 1.7654

Direction

Hominal: 1.0000 Lower Spec Limit: 0.5000 Cp: 0.6666

e [ -o.ssia | oo T A mblv O ti

s I -0.1302 Sample Estimate Sample Estimate * S S e y p e r a I 0 n S
iy Limit 1.0000 1.6600 Low 04282 04288 -

2 L moome o — i Measurement Operations

“+/-3 Sigma Range : 98.7300%

Output to Information YWindov

Save To Fil
> Expoart ko Process Document 4 T”il Select Types | G | ’V agz..;.t ;jpe | Select Types | Close . .
| [0]:4 I Apply. | Cancel | AI I Th ere Waltl ng

A\ GEOMETF
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VISVSA

Virtual Production Tolerance Mod

on Mockup 2005 -
4 File Edt Yiew Havigation Actions Tools

FEH | ERSC (S| w
Bk /oL OET
n|exo|nE|

o e o8 x = o

£ Teamcenter Yisualiz

Bril

a3
ad

ocuments and Settings'|
ek

=
Assembly Operation Pro

Consiraints | Condiions | Nates |

(~rmrank Hiain

Crawford'My Documents',GDT'Geometr

Name: [BLOCK1->BASE

Description: |

= Current Constraint

EES L= e
CEA=1

vz ot s e Ea el ||
s xEFdeE=tEE]=
[EEEE]
I

- a5 e

&L 0x2H

| [ [ s v e 5 = 8

Objcct: [Blackl.pitFin

X [egl

-4 B Process
- B Basic_Blocks_assy.prt
E-- O Blockd.prt
@ B Datums

Biack Face
Right Face
Tab

Tab Face
Tatal Depth
Block3.prt
Blockz.prt
Blackl.pirt
Base.prt
BLOCK1->BASE
BLOCKZ->BASE
BLOCK3-»BLOCK2
BLOCK4->BLOCKS
Blocki_BackToBaset
Blockd_Base

Target; [Base pitPint

ndd |

" Float [ Fastener FasIEnErDiamelEr.ID

vy

Modfy | Clear |

~ All Constraints

Object | Target

| Float] Fasterier | Fastener Diameter |

Block1.prt:Pin2 Base pitPinl
Block1.pt:Pinl - Base prtPin?
Block.prt:Da.. BasepitDat

Vaideie |

Femove |

Marme format
 Long & Shot ShowNomals | Hide Nomls

Dbisct being moved: Block1 pit

Blockd_Base

Blockd_Pin_Base_Hole
Blockz_Blackl aap
Blockz_Base

N

No Mo 0.000000
Yes No 0.000000 Blockd_Pi
No  HNo 0.000000 NG LmiTS ‘
Block2_Base
(S Hominal | 112 Wean
Move Up | e Berm | Std Dev_| 057 | Lower Limit
Upper Limit | Not set Cp
Cpk Low,
| Tominal | 030 | Mean | 020 Tigh Fange
5td Dew | 008 | Lower Lima | Hot sef
Upper Umit [Hatsst| Cp WA
Blockz_Blocki gap‘ Nominal | .10 | Mean | 418 Cplc [0} Low 0.00
N Std Dew | 0.18 | Lower Limit | Not set High 034 | Range
s Upper Limit | Not set Cp NIA
ok | Caneel | e | S g I TN T
.. High | 3.7 | Range | 1.2
Blocki_BackToBaseB SN Tes =
B :ssembly Dperation Properties
Worninal | 000 | Wean | 011 | -
Sl Std Dev | 034 | Lower Lmit |Notset| .  Constrainls | Condiions | Notes |
7| Upper Limit | Mot set Cp NI
Cpk His Low 037 Name'lBLUEK#—)BLUCKE
High | 134 | Range | 170 L
N Description: |
Hominal | 1.00 Mean 099 % = Current Constraint
Std Dev 0.18 | Lower Limit | Mot set| -
Uppsiieca > Object: [Blockdpit, Datum E k |Bg
Cpk Target; [Base pitBase Hole k (B
High

IV Float [ Fastener Fastener Diameter: [0

add | Modiy | Clear |

~ All Constraints

Target Float|_Fasterer | Fastener Dismeter |

i
Blocké.prtTab  Block3prtS

v
Yes

Mo 0.000000
Blockd.ptDa.. Baseprit:Dat Mo Mo 0.000000
ilide | Remove | MoveUp | Move Down |

Name format
" Long & Shot ShowNomas | HideNomals |

Object being maved: Blackd. prt

= ]

Cancel | Aoply |




ViIsVSA Fundamental Interface

Simple Tabs in a workflow sequence

[V vis Mockup - [C:\Documents and Settings\NCrawfo4My Documents'EES Presentations\PLMWorld_2005\

©| Fle Edit view Navigation Actions Tools Wb Window Help

|

= W |

P BB Y C &

Rt sy m=aedet @ tiecoecoxvz||acnas @ ol

BB

G| |88

[=lr i veonnnT |+ |®E]|s =t ee|wE]

W ewa mew o |sleseEeddtn

.
1a) 7a"

s |

5 o
e 7

2|

P

A (8] [c]

DA

[ [ % |25 5

BRI

T,

|

& Lxm\xvzmrx_z,m\ag‘

zae||ras

o | [ e e e e

Glaslecfax-<|n[olE[|2leaas
5]

= B Process

E)- B 001 _PLMWorld_2005_Plocks_4_ExtTess
L) O Block_3_005;3,Main
L3 0 Block_4_006;3,MCrawfod-LibraryL
(3 O Block_2_004;3,MCrawfod-Libraryl
(3 O Block_1_003;3,NCrawfod-Library1
[ & O Base_002;3,NCrawfod-Library1

=4 B Flans

O e
Qo r——

Geomely | Sizs | Feature Control Frame | Distibutions | Motes | Preferences |

x|

Name:[Datum_&

Description: |

r~ Tolerance Librar

Graup | =]

£ Use Tolerance Library

Class: [

£ DoNat Use Tolerance Library

|

- Feature Data

% Derve Fiom Selectin~_blukle | Cone | |
Coardinates

X[eszames Y [5.4033 Z [1g.42053 il
Direction Yector

' o K[ Ll

Size

{ Lengtt: [51 77uuuuas;i| “Widih |1275595355‘i| ‘

Cancel

SR e ]l

il start

|4 e o mEERE e

H (3 1DEAS 10- Lap. | (&Y LDEAS 10 M2 5. | [E] Microsoft Pove.. | (] ¥is Mockup - ... 3 C:\Documents ...

%

Y

Plane Feature Propert

Geormetry |Size I Feature Cantral Framel Distributiunsl Motes I F'referenn::esl

M ame:; |Datum_.-'i'«

D escription: |

Tolerance Library

Group: I

™ Usge Tolerance Library

[

-

& Do Mot Use Tolerance Library

Clazz; I

[2¢EBVTRSEE 10m




VISVSA Size Tolerance Tab

[ vis Mockup - [C:\Documents and Settings',NCrawfo4',My Documents}EES Prese
@ File Edt View MNavigation Actions Tools Web ‘indow Help

=IB1x]
=81%]

BRI

[t & Mpima oottt esco|xyz|asasm||esnn|s||eamn]

|z|mssac-Fc| | nelae|a

|/ voroDT|se|mE || @ s ee==

w0 e=a [ne|sz||zleaxw|eosss

+a =

P
1e" 78"

P
18" 7a

e |

ammE(ze|v x|~ |lolmnlss

P

IBEEEEE

T

8 e = sl v z e i

2y ||lrass

[ @ s ek = [ ]E 282 6 x 23 |

2o e]e ofalx = o |k €& ||=|aassa=
2l

-4l Process
= B 001_PLMworld_2005_Blocks_4_ExtTess
(3 @ Block_3_005;3,Main
200 Block_4_D06;3,MCrawfod-Library 1
L0 O Blork_2_004;3,NCrawfod-Library 1
{0 O Block_1_003;3 NCrawfod-Libraryl
= O Base_002;3,MCrawfod-Library1
g B Datum_A

Plane Feature Properties

I= | £y Size W eriction

it |1
e Upper Limit:
Lower Limit: |7

Geomely 5ie | Featue Contiol Frame | Distrbutions | Motes | Preferences |

|

EEYEL
dstant| | ) @ 7] G W B [E B E @ e

|| @ roees 10-Lan..| @ 1oEs 100k,

Micrasoft Pawe. .| [[] vis Mockup - .. |3y CADacuments .

|5<ﬂ‘%¢ VIR 1omsem

A
N4 sc )

Plane Feature Properties

Geometry  Size IFeature Control Framel Distributinnsl Motes I PreferenCE$|

™| &pply Size Wariation

Jpper Lirnit; ID
Lawer Lirnit: ID

gz 8% | &

Size Limits Not Available for Planar Feature

o]

Cancel |




VISVSA Feature Control Frame Tab

Default Form Tolerance Set By User

(¥ vis Mockup - [C:\Documents and Settings',NCrawfo4'My DocumentshEES Prese

@ File Edit Wiew MNavigation Actions Tools SWeb window Help

=8|
=la1x|

EEEE LR ETR

@t 4 wrimasoet |[Bltieren|xyz||ovcas||es|n||s||eDmn]

B et e

IE

At/ AemnnT (e wE s ms s e nE

i o|ewe [wEa=z||sern|tde|telre||=]

AR

25| & (8l

wa|v x|~

[ %% 228

T

EIEEEIEL

[ A= v = et 2]

’E

e | [ Ea s e i = B s B =

- @B Process

(= B8 001_PLMworld_2005_Blacks_4_ExtTess
{2 @ Block_3_005;3,Main
{3 O Block_4_006;3,MCrawfod-Library1
O O Block_2_004;3,NCrawfod-LibraryL
LoD O Block_1_003;3,NCrawfod-Library1
B @ O Base_002;3,NCrawfod-Libraryl

-4 B Datum_A

Plane Feature Properties

ieoslsofmx=c|k[FlE ||alzatscms||srs
EE

User Defined Default for Planes

Could Be Flatness Too)

Geameliy| Gize  Featune Contiol Frame | Distibutions | Wotes | Preferences |

Plane Feature Properties x
Geometryl Size  Feature Control Frame | Di$tributinns| Miotes | Preferencesl
(0100000
-
Characteristic Tolerance Frirnary D aturm Secondary Datum Tertiary D atunm

3 |0.100000|
Characteristic Tolerance Frimary Datum Secondary Datum Tettiary Datum
I : j |0.100000 = =l =l
Zane shit [1000000 = Hominal
& Single-Seament
 Multi-Segment Existing DRFs :l'

Clear Al Cancel

ey

N

EEE O
@l start

= 3

ID.1 00000
Zone Shift |D.DDDDDD u E

' Single-Segment
£ Multi-Segment

ominal
hift

| =l

| =l

| =

Ewizting DRFz

Clear &ll |

A\ GEOMETF
NP4 soLuTiC
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VIsVSA: Quickly Select Other Characteristic,

Besides Default

(¥ vis Mockup - [C:\Documents and Settings'NCrawfo4\My Documents\EES Prese =l x|
| Flle Edit View Mavigation Actions Tools Web Window Help 1= %|

[cajsmrse @ w|[@etizaedet |[Ettercnxvz||aeaae||es]nnns||mam]
R e gy vomomT s e e |||sn]m|s 8w

il ews nlepE||ie s wtde|inlta||slsrrr ouz]
ACICIERE AR ”M|@|hh\ﬁ"'&;‘ljﬁ*|h)-

[6]220 e ofa x = =|\|@|@|Jjﬁ.\mﬁ.$ﬁmma| # %
EF

== Note the lack of DRF selection with Flatness
. g.g;r[;cgtlsf_PLMWUr\d_ZUUS_BIUcks_4_ExtTEss
- == x|

O Block_2_004;3,NCrawfod-Library 1

: gg et b Geometryl Size  Feature Control Frame | Dislribulionsl Maotes I Preferencesl

- B Datum_A

s | £o.1o000g
-

Geometyy | Size  Featue Contiol Frame | Distibutions | Motes | Preferences |

Z7[0.100000]

— Characteristic Tuolerance Primary [ atum Secondary D atum Tertiary D atum

IEI.1 0ooaa

Charactaristic Tolerance Pimary Datum Secondai Datum Teitiary Datum

0.100000

NDQ%F

& Single-Segment
Evisting DRFs

{* Single-Seament

Ewisting DRFs

Clear All

Clear &l | ] I Cancel

FN Do Qi

SHETE |
il start |J ] & o) Gy 0 e H 3 roeas 10-Lap...| @iroeas w0 s...| B merasoft pove... | [T vis Mockup - .| (B Cipocuments . |5@%%@@£&® 10:15 PM
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(¥ vis Mockup - [C:\Documents and Settings\NCrawfo4\My Documents'EE5 Presentations'\PLMworld_2005,00
@ Fle Edt View Navigation Actions Tooks Web ‘window Help

EEIEEEEEE

[@% & (MM [®Q elo® 1 Bt &+

|Zlmasgafr—-7c | | neas

Js2xe s yomom
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BRI R
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]
O ol | (0 (o

o s|ecnx=-=|h[FE||awsn

Eh

Datum Features are n‘cn)‘t Perfect!
Analysis Tool Forces Consideration for Tolerance

EF]

=B Process
- @B 001_PLMiworld_2005_Flacks_4_ExtTess

~{3 O Block_4_006;3,MCrawfod-Library1

1) O Block_2_004;3,MCrawfod-Libraryl

(0 O Block_1_003;3,MCrawfod-Library1

- @ O Base_002;3,NCrawfod-Library
=@ B Datum_a

=y
Pt Datums | Hotes |
- Cunent Datum
Datum Labsl LY ]
Label [ Feature [
Fdd Hedry | Delete Cear |
All Datum
Label [ Featurefs) |
A Datum_A
alidaie Fiemove

Show Mormals

Hide Normals

ak Cancel

g

oL NS
i#8 start
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VISVSA: Does Check GD&T Rules

[ vis Mockup - C:\Documents and Settings'NCrawfo+'My Documents'EES Prese: -1z %]
File Edit View Navigation Actions Tools ‘Web Window Help

[zE|fmesc|a|«|[Qti|urmasoet [mtiteren|xyz||owsss]||es|i]||s||mE ]

|Zlmmsar—7c | | nems

fssre /s voemomT |t e | mE ||oosE|me|=2 |

wil|ems n)E|o2]|slesx|dgs|bsn

o
1 5

o
1! 7

4= = L=

= BT Process
- B 001_PLMwarld

O 0 Elock_1_0C
Bl O Bass_002;:
& B Datum_
& B Datum,
o B Datum_

_2005_locks_4_ExtTess
{3 8 Block_3_005;3,Main
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VISVSA: Rules Support

Provides Datums and Modifiers Only When Av 3l cle

Hole Feature Properties
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VisVSA: Added Benefit of Checking C

Model as “BASIC”

Hole Feature Properties
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Use Visual Collaboration Tools to Communlcate

(VisView, VisMockup, TCCommunity, PDM) ”
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Visual Animation and Refinements from

TSV Input to VISVSA
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Direct Import From TSV
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Some Refinement in VisVSA




VISVSA:

Example of Process and Contributor Repor"

_lo/x)

Process | HLM | MSC I Histogram | I Measurements j Frocess HLM | M5C I Histogram I I Measurements j
Bk2_Bll1_Gap 00 samples Blk2 Blk1_Gap |V Show Effect. Tal. [V Show Sensitivity v Show Calar Bar
_ Point to Plana Pairt to Plans
Maminal : 2.5280
Process Warance : 0.0193
240 HLM Wariance : 0.2421
220
S St Cantributars | Effective Taler... I Sensitivity | Effect |
F 200 1. Block_2_004:3 M Crawfod-Libraryl - Datumn_B 21830 MNAd
> Tab 54 FEkS
R 180 - Min: 0050 Max: 0.050; [POS | 0.025 (M) Al
E 2. Bage_002;3 MCrawfod-Libraryl - Base_Slat 1.7495 At
o 0 > Slat for Black 2 BE: -
-+ Min: 0080 Maw 0.050; |POS | 0.025 (M) [AIBICI
1] 140 3. Block_2_ 004,32 NCrawfod-Library] - Block2_Width 08937 [FFS
E -» Acting as Tab centered on D atum B I 9.16%
120 < Min: 0500 Max 0.500; |POS |0.025 (M) ] Al B[M)|CI
M
c 100
N B0
=]
40
20
ul
13765 16430 1.9095 24760 24425 27090 249755 3.2420 3.5084
Mominal: 2.5280 Loweer Spec Limit:  2.2250 Cp: 0.5640
Mean: 2.5091 Upper Spec Limt:  2.8280 Cpk: 05286
Stdl. Deviation: 0.1380 Distribution:  Tested Student T
Sample Estimate Sample Estimate *
% = Lowy Limit 25000 2.3957 Lo 19178 15155
% = High Limit 1.2000 1.4935 High 31313 35027
% Out Of Spec 4.0000 3.5952 Range 1.2136 1.9572
*+- 4 Sigma Range : 99.9937% 98.96%
5 addl. contributor(g] < 1.00% each 1.04%
Print Save To File Prirt Save To File
’7 Cument Type I Select Types Copy | ’7 Current Type | Select Types Cloze | ’7 Currant Type I Select Types Copy | ’7 Current Type | Select Tupes Claze
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VISVSA: Closer View of Contributor List

and Available Table After Simulation

= = | | rda = = | Ed = = = 5 |rda = =
] I
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BlkZ_Blk1_Gap
Fointto Flane

Elk2 Blk1_Gap v ShowEffect. Tal [ Show Sensitivity W Show Color Bar
Paint ta Plane
Maominal : 2. 5280

Frocess Yaniance : 0.0029
HLM Yanance : 0.0132

Contributors | Effective Tl:uler...l Sensitivity | Effect |

1. Baze_002:3.MCrawfod-Libraryl - Baze_Slat 0.5656 M
- Slat for Block 2 4E KliE
- Mimc -0.020 Maw 0.020; |POS | 0.000 (M]|AE|C) :
2 Block_2_004;3MCrawfod-Library - Block2 width 0.3875 M A8 T P esces] LD F (DR )
- Acting a3 Tab centered on D atum B . 21.75% St S () LR ] s
- Ming 02000 Max: 0.200; |POS | 0,050 (M)A B(M]1C] Upper Limit | 2.83 Cp 172
3. Block_2_004:3.MCrawfod-Librany - D atum_B 0.3597 M 2, Cpk 157 ) Est Low |2.31
-» Tab to fit slat in baze . 18.74% Est High |2.82 | Est Range [0.51
= Min 0010 Maw 0.010; [POS | 0000 k] ] A] i
4. Block_1_003;3,MCrawfod-Librarg1 - Block]_EndPlane 0.2250 1.0000
> |SPF 10,300 141 Bl C | 7o

. Block_1_003;3,MCrawfod-Librare - Block]_Haolel 01731 M
> Holel to fit Base Pin 1 | 4.34%
- Minc -0.0120 Maw: 0.120; |POS | Dia 0.025 M) 1A B C
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Summary Why VisVSA after TSV

More Tools for Robust Tolerance Model, &

N
N

Kinematic Assembly Operations (Configurations)

Kinematic Analysis

Custom and Conditional Assembly Operations

Custom Measurements

Tolerance Library for Material and Process Tolerance Standards
Greater Reporting Flexibility

Enhanced downstream use in additional Dimensional
Management Tools

FEA — understand tolerance of flexible parts under load

VisQuality — Higher Value from Point Cloud and SPC Data

VisPublish — Visual and Linked Technical Publications
Outside of CAD Environment

JT Format

Leverage Global Visual Collaboration / PDM Investment




Dimensional Management Technology an_d Process

AN ‘ - |

Lean NPD, Lean MFG

Continuous Improvement

5
- &
o’ .
Community

Express
Engineering

Visualization
Collaboration

Refine Define Requirements

Feedback Loop NX, I-DEAS

Report, Synchronize, Standardize C.U.D.A 3D Annotated Master Models

Communicate, Understand, Decide, Act
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KN4 soLuTIONS
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VisQuality:

View Linked SPC Data to 3D Model

Monitor, Analyze, Resolve Production Quality
Communicate SPC Results
Point Cloud Data also a Viewable Option
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VisQuality:
Trend Charts of SPC Data
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VisQuality:
Tables of SPC Data

ParN GEOMETRIC
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VisQuality:
Histograms of SPC Data
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VisPublish UGS AVI Demonstration e |
Similarly Can Use VisVSA Files and Results %Y. °




VisPublish: VisVSA & VisQuality Linkage

Automatic Report Updating

GEOMETRIC PROGRAM | OB XXX VSA Results Report:
ANZd soLuTions SOCITEONS VisVSA VARIATION ANALYSIS RESULTS Process data and
200% VXEH'CLE Program: 200X Vehicle Transmission histogram can be
= TRANSMISSION HOUSING TO BACK PLATE FiA FLUSHNESS: o
! automatically updated
and displayed when a
new simulation is run

and stored.

Date Completed: 02/15/2006

00 - 05,
Fummﬁsqj‘

Build Objective Sheets:
Sections and graphics

3 1A
can be automatically oo
updated When jt file ILLUSTRATION MAY NOT REPRESENT CURRENT DESIGN
Changes ‘APPRDVN. DATE: *’ﬂfﬂ‘i;:h(k Plate FA Flush

NAME FOSITION DATE NAKE POSITION DATE E“ GEOMETRIC 200x VEH I c LE
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NAME POSITION DATE NANE POSITION DATE mm S—
NAME POSITION DATE NAME POSITION DATE.
NAME POSITION DATE NAME POSITION D) Measurement Results

Measurement results
and control charts can
be automatically
updated when a new
xml file is imported into

VisQuality.
r
=
0 -
DRAVVN BY: GEOMETRIC SOLUTIONS PARTNUMBER: | RELEASE LEVEL: | BUILD EVENT: | DATE PAGE
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AIMS: New High End 3D Measurement

Process Integrated with 3@ Party Metrologyy . &
PaS W

Generate CMM probe path proaram Execution of
Inspection Plan P P Prog Measurement Plan

Metrology software products normally cover all 3 functions
Proprietary Solutions / NO CAD environment
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The Aims Concept '

Execution of
Measurement Plan

Generate
Inspection Plan

MM probe path program

In " Any” CAD
Environment

In ”Any” Metrology Software Environment
AIMS-Enabled
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AIMS: Geometry Assurance Process
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Creation of AIMS Automated Feature-Based
Assembly / Measurement / Inspection Plan

- The Measurement Plan / Process Tree
- CAD Part Definition (Geometry/Solids Representation)
- Measurement Operations
- Features
- Key Characteristics
- GD&T
- Basic Tolerances
- Automated Measurement Sequencing of Part
- Others



N

N

AIMS avoids translators such as STEP,
IGES or VDA

Transferred Plan via the AIMS Model (TDF)
from the CAD System for Use by the AIMS
Metrology Kernel/API

Open Architecture

- AIMS is available across a number of software
platforms for use on all your production and
measurement equipment



CHECK

Simplified Inspection

- The TDF file contains a step-by-step guided
measurement plan that ensures all required data
IS measured — as Designed

Real-time Part Buy-off

- Web based data can be verified prior to shipping
any parts — enabling pre-delivery acceptance and
eliminating costly rejects

N
N




Central Database

- After measurement, TDF files hold CAD, GD&T and
measurement data — all uploaded to the database
and available for analysis

New Program Planning
- Detalled process capability analysis — by supplier,
program, part number, feature & family

- Helps you select the right suppliers and methods
— in advance!

N
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CAD Interfaces

N

N

Creation of Plans in CAD
(UG)

Export Plans for Use by
AIMS Metrology Kernel/API

Import Results of
Measurement Process
CAD

I [l

E}%File Edit Wiew Format Tools Assemblies WCS  Information  Analysis  Preferences  Application  Window Help  Boeing Custom =0 e
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AIMS Metrology Kernal/API

Kernel and API Software that Allows Third-Party
Metrology Software to Execute the Plans and Capture
Measurement Results. Kernel/API can also be used to
Create New Plans and Modify Existing Plans without a
CAD System.
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AIMS PCDMIS

FACTORY o CAD
DATABASES e dbod MASTER MODEL
' DATABASES
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Enterprise Process Capability Database\

(EPCDB)

Permanent Storage of Process Capability Data and
Relationships

Process Capablity dov
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AIMS Web-based Reporting

Producing Process Capability Charts and Graphs,
from EPCDB Data and Relationships, Over the

Web
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AIMS SUMMARY

- Global collaboration between program

partners — one set of shared information

- Consistent Manufacturing Requirements

-- Design thru Build

- Stable & Predictable Supply Chain Quality

-- permitting pre-delivery buy-off

- Web-based Supplier Capability database &

evaluation — tremendous insight into your Supply
Chain



AIMS SUMMARY
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"Dimensional Management Technology and Pro
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Lean NPD, Lean MFG

Continuous Improvement

Visualization

EXxpress .
b Collaboration

Engineering

Refine Define Requirements

Feedback Loop NX, |-DEAS

Report, Synchronize, Standardize C.U.D.A 3D Annotated Master Models

Communicate, Understand, Decide, Act
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6h Behalf of Geometric Solutions
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