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About Sigmetrix

CETOLG6v

1990. CEP established in Texas Instruments
(Tl) to develop CAE applications for the
global commercial market

1992. sign as PTC's first Cooperative Software
Development Partner

1992-98. TITOL v1.0 thru v3.1 released
(Integrated 1D, 2D and 3D Capability),
expanded channel partners

1997. Texas Instruments Division acquired by
Raytheon, TITOL changed to CETOL,
Signed first Japan Distributor

1999. Sigmetrix founded, PTC global VAR of
CETOL v4.0 for Pro/ENGINEER

2002. CETOL v5.1 released. Signed CAA V5 Gold Partner Agreement with
Dassault Systemes

2003-06. CETOL v6.0 thru v7.2 released for ProE and CATIA R10 — 15

2005-07. CETOL v8.0 architecture, SolidWorks Research Associate CETOL SW
2006, ProE Wildfire, CATIA R15 - 16

2007. CETOL v8.0 BETA for ProE, CATIA and SolidWorks; TAX ProE WF 4.0 BETA

2008. CETOL v8.0 Release for ProENGINEER, SolidWorks and CATIA V5

2008. ProENGINEER Tolerance Analysis Extension powered by CETOL
Technology WF 4 Release

2008. ProENGINEER, CATIA & Solidworks CETOL v8.1 release (July 2008)

2009. Acquired by Cybernet Systems Company, Ltd. the leading Mechanical CAE
Solutions Company in Japan

2009. CETOL v8.1 Release for ProENGINEER, SolidWorks and CATIA V5

2010. CETOL v8.2 Release for ProENGINEER, SolidWorks and CATIA V5

2011. TSNE, Certified Channel Partners in Korea

2012. GD&T Advisor v2.0 Release for ProENGINEER

2013. CETOL v8.3 Release for ProENGINEER, SolidWorks and CATIA V5

2015. CETOL v8.4 Release for CREO, SolidWorks and CATIA V5

2016. CETOL v9.0 Release for CREO and SolidWorks

2017. CETOL v10.0 Release for UG Nx and CATIA V6

tTngmEtri © Copyright, 2017



CETOL6v
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CETOLG6v
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The Problem is Pervasive... CETOL 6y

Material Properties Density, Stiffness, Hardness, Thermal
Coefficient, Composite, etc.

Dimensional Variation

Form Variation

Surface Quality Variation

Kinematic Adjustments

j—
- m—
- e
-»3—

E

Deformation Adjustments

=

Assembly Process

Thermal Expansion P
= =
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Variation Modeling Needs

CETOLG6v

= Variation= M A|7| = QXt=

Parts

tTngmEfri © Copyright, 2017

Inconsistent datums
Poor dimensioning
Tool setup

Draft angles

Casting error
Material shrinkage
Gaging error
Inspection processes

Progressive die...

Assemblies

Fastener shifts
Joining methods
Gluing
Welding
Forming
Assembly sequence
Adjusting mechanisms
Kinematic adjustments

Fixtures...

Environmental/Usage

Gravity loading
Dynamic loading
Thermal effects
Vibration

Deformations



THEM WS AR OZM A T2 HEL RAUNR?

.1 Engineering Change Order Savings

M Scrap and Re-Work Savings
47%

ul Prototype Savings
M Warrantee & Field Cost Reduction

i Other

lTngmE’tT ) © Copyright, 2017




SNE= CETOLG6v

CETOL 60 Overview
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CETOL Pro/E & Creo Integration

CETOL 6w
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CETOL6v
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-

CETOL CATIA Integrat
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CETOL Solidworks Integration

e Solidworks &2}
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CETOL

CETOL for SIEMENS NX
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CAD Data Integration CETOLb6v
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CAD Data Integration CETOL6v
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Primary Components of CETOL CETOLG6v
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Tolerance Analysis Procedure

CETOL6v

CETOL 60 Modeler
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O Sigmetri.
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SNE
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Mid Cam
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SNE CETOLGw
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B SEAT_LATCH) (Active) - Pro/ENGINEER
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Tolerance Analysis Procedure CETOLG6v

B SEAT_LATCH (Active) - Pro/ENGINEER
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DEEDY BAr@ Yol Na =1 O] » ) 05 @ % @ & CF

- -
* Shaded model will be displayed ® Toolbar "View" has been restored, Select "Tools" -> "Customize Screen.,." -> "File"-> "Save Settings..."

Part Modeling
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CETOLG6v
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Precise Constraint Technology CETOL6v
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Precise Constraint Technology CETOL6v
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Part Modeling CETOLb6v
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Part Modeling CETOLb6v

* Dimension Scheme

* Parametric Mode & Overlay Mode 2+ . o T e
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Modeling Verification CETOL6v

Show Part Location

— Claw: Open

& CETOL

'Close' to return CAD parts to their
criginal positions and resurme CETOL,

O_Sigmetr /. © Copyright, 2017




CETOLG6v
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Dimension Constraints CETOL6v
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Assembly Constraints

CETOLG6v
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CAM_LOCK;1

O Sigmetri
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Calculating Sensitivities CETOL6v

Measurement ’ h =30 mm
d =30mm
a=90°
d d
IF F(h,a’,a):—+—csc -n
2 2 2
[h V
[ { \ 8_F__1
oh
8_F l lCSC(gjzl207
od 2 2 2
5_F — —icsc(ﬁj Cot(ﬁ) ~—10.607
oa 4
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Calculating Sensitivities CETOL6v

— OIZFE = nominal variableCl| A ZHE.Q| 7| = 7]
Qi L|C}.

FA

F(h on +Ah)

F(h

nom )

F(h - Ah)

nom
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e Monte-Carlo Method
e Substitute solution
o  AUOo| HEHE 2 A4

A& =l sampling number0|
o= ¢l

4 N
* System Moment Method
° %E—%F_/F O‘” 7| Hl_l_—(')l;l_ 7:”A|_|_ %FE Lambda( -0.0321; 0.1653; 0.335; 3.00

. 2XHHIME) S AN THS

d, —d
Fh.d.a) =2 7%2 Sin(a/2)_h

)
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Tolerance Analysis Method

[Worst Case]

Adding to tolerance values; ,

0.2+0.3+02=0.7

(image)

| | |
| | + | o+
3

0.2 +0.2 03 +0.

|

0.2 +0.2 0.7 +0.7

[RSS (Root Sum Square)]

Square root of added square tolerance values;

 Allow fewt faiurel >
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Result Review
Statistical and Worst case results.
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Design Analyzer
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File Edit View Data Tools Help
& SavetoFie., 3 cu  [F @] | = @ F 8 B 95 &
MName = Context  Nominal Telerance Sigma  %6Yield
[es] CableHolei Closed  63.03 630+/-20 219 9711%
m CahleHoIe‘r‘ Clo=ed 410529 41.0+/-20 641 10000 %

CAM_LOCKL/C
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[=] toAB CLAWA/C 0.2 1.00 0.26 % 0.B0 %
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File Edit View Data Tools Help
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Using Data to Make Decisions
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Using Data to Make Decisions CETOL6v:

5igma = 1.7563 Mormal{ 63.74634; 0.55411)

= Design Centering
— The Math

o o AR AL
— (63.0-63.74634 = )
. DIZE A9 B E 2ol
— SIDE_PLATE/CamLockHole-Ty =-7.87014
o DIZtE ZFS AFE S0 nominal value change 25 Al A
— Nominal change = ( /-7.87014) = 0.094831
« SKX2=2| nominal value =78 (= X| = 4f HE)
— 59.575 +0.094831 = 59.6698

Mame Context ’ Mominal Sensitivity
4 to A|B|C SIDE_PLATE/CamLock Hole
s TY

-

—+ TX 18,3139 63388 m..
M RX 0 0.718566 ...

lTngmE’tT ) © Copyright, 2017




Report Generation

CETOLG6v

o) d 9 -0 B Tguer Q& 8 =5 3 2 5 st Mo X
1) -
—" | Home Insert  Page Layout References ailings Review  \View  Acrobat @
e . | Times Mew Roman - 12 = A= = :’f-‘.-.. ,,ﬁﬁ-. 4
— B I U -ae x, x||&E E|iE| -
Paste r Quick Change | Editing
- A A AW & |24 | Styles = Styles~ |~
Font i Paragraph Fl Styles £
Y T
i
Configuration: SEAT_LATCH/Closed
Thin szefgumses sopemem dhs vem Tamc = s clzasd mmd leckad peamen Y

[

Configuration Joints:
Joimi Names Fame

Measure: Claw Force Offset

ot conchiae md B

o » N

“

AH
S

371 Al

[0

Cn)H 92-0 B Ruler (& & & == &F 5 -
)
’ Home Insert Page Layout References Mailings
) . Times Mew Roman -2 -
B 7 U - ahe x x |25
Paste =
al - - s an b F
= 2 | A v Aa || AT A
Clipboard ™ Fonit E] Paragraph
DerivadreEBazed Boeoind Anbcc
ADE_TLITEI Mk Tan e 38 TH e
i T S e
e

P S ——
e
[ —

LA TIVETL SamaD e T
S =

T

B

41

Acrobat @

& A »

Review View

Quick Change  Editing
Styles - Styles ~ =
] Styles
=
-

Words: 2,668 | o3

Words: 2668 | o8

© Copyright, 2017




Export Wizard CETOL6v
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1 Layout Name: Results List ]
2 | |
3 Measure Tree Data:
4 Name Context Nominal Tolerance Sigma JYield DPMU =
5 CableHolex Closed 63.03 63.0+-2.0 | 2.19 97.11% 28,879.73
6 CableHoleY Closed 41.0529 41.0+/-2.0 641 100.00% ]
7 |Claw Force Offset Closed 9,78363 10.5+/-1.0 1.19 76.62% 233,811.68
8 Claw Tip Clearance Open -0.522537 0.000-2.000 3.99 99.99% 65 b
9
10 Telerance Tree Data: @ Open Layout...
11 Name Context E New Layout... Sensitivity Variance Contrib WC Contrib
12 to A|B|C SIDE_PLATE;1/MidCam H : 17.62% 21.74%
13 TX Edit Layout... -11.5193 mm/mm 17.62% 0.00%
14 |TY Save |.J out -0.0191615 mm/mm 0.00% 0.00%
15 RX -0.0101974 mm/deg 0.00% 0.00%
. Close Layout ; ;
16 |RY -1.03397 mm/deg 0.00% 21.74%
17 toA|B|C CAM_LOCK;1/Contact Layout Manager.. 15.54% 5.95%
18 TY B Dot lavout. -9.61585 mm/mm 12.28% 4.70%
19 |TX = : 4.95475 mm/mm 3.26% 1.25%
20 RX [ Generate Report... -0.00372055 mm/deg 0.00% 0.00%
21 |RY -0.00191708 mm,/deg 0.00% 0.00%
22 toA|B|C MID_CAM:1/Claw Conta New Report Template... 13.20% 5.61%
23 |TY Report Manager... 9.34231 mm/mm 11.59% 4.71%
24 | TX -4.07821 mmmm 2.21% 0.90%
25 |RX Display Taylor Series 0 mm/deg 0.00% 0.00%
26 RY 50 0 mm/deg 0.00% 0.00%
27 to A|B|C CLAW;1/MidCam Contact 0.2 1 13.80% 5.61%
28 |TY 44,2404 9.3946%9 mm,/mm 11.72% 4.76%
291X 1.97524 3.95607 mm,/mm 2.08% 0.84%
30 RX 180 0 mm/deg 0.00% 0.00%
31 |RY 180 0 mm/deg 0.00% 0.00% v
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