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CETOLG6v

Integrate CETOL with Optimus
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New Commandine Tools CETOLG6v

CETOL6w v8.2

What's New CETOL now supports two additional command-
version 8:21 line interactions:

Automatically Calculate Measurement Limit Values

A new option has been included on the Measurement panel/dialog to automatically calculate and
display the limits that correspond to a user-specified quality metric type and value.

Measure to Apex of Cone

Measurements imvolving cone features can now be set to measure to the cone apex. accounting

for axial translations, cone angle changes, and gage diameter deviations. E Load a Specified CXM file into CETOL1 run an

Topology Constraint Order

Topology constraints are now created and required to remain ordered after size dimensions and an aIyS i S ; an d Save O'H: a re po rt

before dimension and GD&T tolerance constraints.

Plane to Two Linear Edges Topology Constraint

Topology constraints can now be created from a plane to two linear edges.

7
New Command-line Tools
CETOL now supports two additional command-line mteractions:

- Load s specified CYM fle nto CETOL. run  snlysi,and sveoffareport E Convert a native CXM file with floating-point

» Convert a native CXM file with floating-point data stored as hexadecimal text strings into

el st i et ot i e 5 e e s data stored as hexadecimal text strings into a
Refer 1 the User Refrence Mamalfr  detaled descripion fthe suppertd argmets and human-readable format with floating-point data

options.
&

ProE Connection mprovements stored as ascii-based scientific-notation strings

The comection settings used to connect to Pro/E now inchude an optional field for specifying the
PTCNMSPORT value. If 1t is not specified, CETOL will continue to use the default port mmber
to attempt the connection to Pro/E.

Warning for SolidWorks Lightweight Models

CETOL does not work comectly with SolidWorks lightwei ght models. CETOL will now display
awaming if a SolidWorks model is opened as a lightweight model.

Refer to the User Reference Manual for a detailed
description of the supported arguments and
options.

gs;gmem,( Copyright @ 2011 by Sigmemix LLC. Al rights reserved.
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E Load a specified CXM file into CETOL, run an analysis, and save off a report

Put and run by command line

Ex)
"C:\Program Files\Sigmetrix\cetolsw_82\bin\cetolsw8.exe" -m temp.cxm -nogui -report $Output file$ -xsl
) "C:\Program Files\Sigmetrix\cetolsw_82\stylesheets\optimus.xsl|"

&

Prepare cxm file

CETOL6w

( NO GUI)

Run an
analysis
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E Convert a native CXM file with floating-point data stored as hexadecimal text
strings into a human-readable format with floating-point data stored as ascii-based

scientific-notation strings N
Ex)
“C:\Program Files\Sigmetrix\cetolsw_82\bin\sigcxmdriver.exe" -hx -

if $Input file$ -of temp.cxm

= S Put and run by command line

1,1,-1,20092525%9,0000000000000000, 3FE29299333952994, BFE2993359299333 4 |

ENE=IES

| L Tolerance
=

fom et edow  belp

[ | Aa DX | G e {Scat
] - Ovout

9|00.0]00.1]-0.1|

hexadecimal

ASCII-based
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Opll.l m U s® Optimization tool

Human powerds anal ysis lterative analysis by Optimus®
P
Input AnaIyS|s CAE Input Analysis CAE
file tooI file | mm— oo

(auto run)

Consider and
input new value

Cannot satisfy change new.value E);t;ﬁf; ?rlé)tr?\m
Spec Based on

optimization algorism —OpTI MUS <& result file

, Optimus operate s automatically :

@ change input value / auto run calculation /

extract output value

M

m

, Search optimum input value based on
powerful optimization algorisms
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Aot on manpower nd brain

owom | calculate | can
’ l many times! | ’
. Optimus® _J_.ﬁf_'ﬂ_.{j Optlmlze

lfBut also analyze problem and help to understand

i Hﬂﬁl'llﬂ.

U2U Conference

O Sigmetri.




2 K| G Qa h LG A\CERLKkZ

" CE TOL v,

G - . |

.cxm file report file
‘ Analysis CETOL /

Auto-inpugnew value (auto run) Extract ougdut value
Basedhon from g€port file

optimization algQrism

otimus®

We can start to use Optimus by our new function!
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What we can do? CETOLG6v

Optimize tolerance

Balancing performance ?

Balancing cost ?

Bal anci ng
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CETOLG6v

Tolerance optimization balancing
optical performances
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Current Questions CETOL6v:

/1. Variation of structure h

How much does the position of the lens vary
when assembling them with the tolerance
value set by the mechanical design?

- J

e . . R
2. Variation of optical performance

When a structural variation is included, does
it really meet the optical specs?

- J

s _ _ R
3. Excessive quality

Is the tolerance value of the mechanical
design appropriate?
f)
Y No way to relax? )
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Summary of Case Study CETOLG6v:

Design Optimization of lens tube part to
support and fix lenses

- CETOL 6 Sigma

input:  concentricity of each lens tube

output: ! translation position, variation, and tiIt\}
. of each lens |

- CODE V

Output: RMS variation of 3 field angles

- Optimus optimization problem -

Find appropriate tolerance value which variation of RMS
wavefront aberration is minimized.
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CETOL inputoncentricityof
each lens tube

+0.05
U8 2
a0.pD5 A

07 6005

Oluo. D5y A

CETOLG6v

Settings: concentricity of each
lens tube (19 points)

[Current settings]
Concentricity a0. 05

<Example>

- Requirement

If all the concentricities are tightened, the variation of the RMS wavefront aberration
i nevitably becomes small as well . Buté

Decreasing variation by minimum modification of tolerance value is required.
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CETOL output & CODE V Iinput:

mechanical variation CETOLGw.

<The gap of core to the center of lens>

lens

Reference value I |

group eccentricity0 on CODE V syst

<The tilt of center of lens>
lens

Reference value < —

Set tolerance value and assembly sequence to the lens
and lens tube model.

Calculate the variation of translation component / rotation goupt i | t 0 on CODE V sys
component at each point 1 i 8 (See the right figure)
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CODE V output:
variation of RMSvavefront aberration

ﬂ || ]] B .
Ldeals “—-—4 =E%—{ One of the evaluation parameters for

CETOLG6v

— e _optlcal performance. The gap betweeq
L. ideal wave front and actual wavefront is
U EEME R ok ~ -~ , =z calledwavefront aberration (quote from

Lz 7 N 7 BERE wepsite of Olympus)

:E % Standard deviation of wavefront aberration

sampled by multiple measurement
points:0 RMS wavefront aberr a

Double Gauzs - 1.3, Fr- . :
Tolerance Analysis 2 The result from tolerance analysis calculates
Afvari ation of standard d
L T 999% ............................ E --------------- E ------- group tllt Or group eccentricity.

The value of RMS wavefront aberration within
each yield rate is shown as left graph.

- Requirement

The total value of RMS wavefront aberration
yield within rate 99.9% toward 3 types of field
angle are to be output value.

Cumulative Probability ()

reduce as much as possiblé
v v The admissible total value: 3

0. T T T T 1
Q.0o0 0. 948 1.5391 2.5 §.732 4. 73%
EME Waveiront Error
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Automation Flow by Optimus CETOLG6v

CETOL input file reading

-~ - Tolerance analysis
%) y

“ by CETOL
A resultcxm CETOLG o
concentricity of lens rI;/IuItipIy standard deviation of length by 3. \
tube(19 points) (variation is to be 310)
CODE V
Output file export
optics analysis [

by CODE V

CETOL
report file export reeul et N T

extract standard
deviation value from

) Importing CODE V
CETOL output file

input file

- - e - = I

Total value of

| RMS wavefront
c Coon | TR aberration
2 @ WAy e € angl pMSvalue to makethe v * v
! r_at_d Y then mult yieqgrate of each field ' 9 |
SUENEN 2 <. angle to be more than
99.9%.
\ _J
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Step to get optimum tolerance€ETOL 6y

Sampling:
See correlation between tolerances and RMS
wavefront aberration

optimization-1 \ screening

screen low correlation
tolerances

Compare optimum tolerances 1

by different approach optimization-2 \

U2U Conference
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Sampling:

e Sam o lin g H
s vy 1000samples by Latinypercube CETOL -

lscreen low correlation
tolerances)

optimizatio
i RMS wavefront aberration
tolt 0.015 tol? 0.065 tall3
tol2 -0.003 told 0.013 tall4
tol3 OOOO told 0001 tallg 0031
told 0.027 tol10 0.004 tol1g -0.007
tals 0038 tall 0023 tall 7 0828
tol6 toll2 0.075 tallg 0.051
Few tolerances correlate with RMS wavefront aberration
(RMS wavefront aberration cannot reach a spec even though el
minimize high-correlation tolerance)
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Sampling
See carrelation between tolerances and RMS
wavefront aberration

——  Optimization by Optimus CETOLG6v.

screening

(screen low correlation
tolerances)

optimization-2

1. Perform optimization using every design variables (dimensions) with SAE
(Self-Adaptive Evolution)

Total value of RMS wavefront

Start | End [826] ©36) aberration: objective optimization

Tputs with 3mm as target function

toll 005 0017 =

ol 005 | 0066 [ ]:tighten

told 0.05 .03 .

o 005 (005 [ |:relax or remain the same

tol5 .05 noia

tolg 0.05 0.0:21

tol? 0.05 0.053

told . : . .

t§|g ESE 3333 11 points of dlmenglqrj out of 19 had tighter

talll 005 [0027 tolerance than the initial amount.

toll1 .05 0043

n LT 8 points had larger or same value compared

ol 005 0021 to the initial value which could satisfy the

o o0 targeting RMS wavefront aberration and

ol 7 0050012 could even relax the tolerance to calculate

ke e the optimal value by not only making the

tatal RMS wavefront error | 74910 | 2.0000 tolerance amount tighten.
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Sampling:
See correlation between tolerances and RMS
wavefront aberration

_———1_ Optimization by Optimus ZETOL6v.

— lscreen low cormelation
tolerances)

optimization-2

(2)-1 After sampling by Latin hypercube, create response surface
A Confirm contribution of each dimension

A
tol13 01608 - . .
we owst [ Usable to optimize
tol12 01078 -
tol7  0.0702 .
tols  0.0665 . CUt Off
ons ooz ] | (Use current tolerance amount)
tol1s  0.0309 I
tolg  0.0247 I B ] ] i j ] .
onr ooz ] E Use only dimension with high contribution for
! optimization (cutting off annotation value 0.1)

E Use current tolerance amount for the dimension with low
contribution
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Sampling:
See correlation between tolerances and RMS
wavefront aberration

_———1_ Optimization by Optimus ZETOL6v.

— lscreen low cormelation
tolerances )

optimization-2

Where are high contribution dimensions?
(green highlighted area)

t inner diams of tubes 1 lens hold area
+ outer diam where holds tube

--------------

Influences tilt of all lens & position
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