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I Optimization of a sensor structure

- Angular Rate Sensor

— Purpose

Image stabilisation in digital cameras

» Roll Over Detection in automotive industry

» Sensors in game controlers

- Signal for navigation systems where GPS signal is missing

15000
nodes

CADFEM



Optimization of a sensor structure

- Workbench integrated Workflow
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I Optimization of a sensor structure

Requirements

— Not only Eigenfrequencies

— Certain mode shapes must

ol Eformetion 1

and oder of modes are
important

occur at certain
Eigenfrequencies
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Optimization of a sensor structure

Start Design

1. Symmetric out of plane

Mode ||7 Frequency [Hz] |
o799.5

16442
20120
22397
24397
28997
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2. In Plane

.

3. Asymmetric out of plane

Goal Design

E5

1. In Plane
7300 Hz

2. Symmetric out of plane
9000 Hz
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3. Asymmetric out of plane

17000 Hz
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Optimization of a sensor structure

* Parameters Input
13 CAD Parameters

dsm

dsl
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FS
P&
F7
Fg
Fg
P10
F11
P12
F13
P14
F15
P16

# ds2_width_rain
2 ds2_width_dist

# d=2_width_second
2] ds2_length_main
3] ds2_length_second
# ds1 width_second
H ds1_width_rmain
2] ds1_length_main
3] dsl_width_dist

2] ds1_length_second
# dsm_width_main
2] dsm_length_second
3 dsm_width_second

1.8e-002
1.6e-002
3.25e-002
0.3
9.9e-002
3.25e-002
2.6e-002
0.277
1.6e-002
9.9e-002
2.e-002
7.e-002
4,25e-002
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Optimization of a sensor structure

Parameters Output

— Freqgquencies

— Out of plane displacements

For example 3rd mode:

Analysis
analysis
Analysis
Analysis
analysis
Analysis
analysis
Analysis
Analysis

REEEEREBEERE

iInplane mode: uz=0

F1
P2
P2
F17
F1g
F19
F20
F21
P22

2 freql
= frege
= freq3
= 1uzs
= 1uze
= 2uza
= 2uzp
= 2uza
= zuzp

0310.4 Hz
16447 Hz
20242 Hz
FO00F mim
FEEE0 mm
-5.1765e-002 mm
-0.24207 mm
29094 mm
-39163 mm

v

symmetric out of plane: uza = uzb
asymmetric out of plane: uza = -uzb
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Optimization of a sensor structure

Strategy

Global Latin Hypercube sampling to find out about sensitivities and
to understand the model behavior

Use Genetic Algorithm to find islands of possible optima

Determine local sensitivities to pick out the most promising
paramerters for subsequent optimization

Use Adaptive Response Surface optimization algorithm to improve
the result

Do a Robustness Analysis to get the range of scatter

: CADFEM



Optimization of a sensor structure

1 Set u p N ANSYS Workbench [ANSYS Mult
J Datei Bearbeiten ansicht MaBeinheiten Extras
| Geometrie SGeometrie ~ | BPunktmasse | &

— Set up boundaries for inputparameters, J!.” ;
Projekt

@[Simulation] x
— Plug In for optiSlang in ANSYS Workbench
optiflug  (3write.. (&Read...
constraints and objective =l vaden

# | Matne | Yalue | Ref Yalue | Liover Bourd | Upper Boutd | Type | Fortnat | Active |Cnnst..
1 d=2_wickth_main 0.018 0.0]ma 0.0 0.04 cortinuaus %20 .14f [¥] [
2 ds2_width_clist 0.016 0.016 0.1 0.04 continuaus Fo20.14f [w] ]
3 ds2_width_second 0.0325 00325 0.00s0 0.0s cortinuaus 20141 [w] ]
4 ds2_length_main 03 03 0.05 0.35 continuous %2014t | v ]
=] de?_length_second 0.099 0.099 0.05 0.3 cortinuaus 920141 [¥] [
G d=1_wickth_second 0.0325 0.0325 0.00s0 0.05 cortinuaus 20141 [w] ]
7 ds1_wickth_main 0.026 0.026 0.1 0.04 cortinuaus 20141 [w] ]
=] dsl _length_main 0277 0277 0.05 0.35 cortinuous 20 141 [v] ]
] ds1_width_dist 0016 0.6 0.m 0.04 continuous 620141 [w] ]
10 de1 _length_second 0.099 0.099 0.05 0.3 cortinuaus %20 .14f [v] [
11 clzm_swicth_mait nn2 nn?» nn nns rontingin s S50 1 4f [w] ]
12 dsm_length_sec | " [ Constraints || .
13 dam_width_sec
# | Matne Type Forrnula | Active
1 shape! L, inecjuality S0-fabs(A1uz) [v]
2 shapelB inecyuality S0-fabs(B1uz) [w]
5] shape2 inejuality fabs(A2uz)-5000 v
4 shape?B ineguality fabs(B2uz)-5000 ¥
# Mame | Formula | Type | Active
1 freg1 fabz(fregl-7300) term ]
2 freo2 fabs(frecg2-9000) terrm [
3 freqs fabs(freq3-170007% term ]
4 v

freos 1.0 fregl+1 O freg2+1 0% reg3d ohjective c ﬂ nF E m



Optimization of a sensor structure

- 2. Latin Hypercube Sampling for Global sensitivities
— 200 random Samples appr. 1min each

Parameter | Res:?onse
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From: DOE  Samples 196/196 (4 failed)
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Optimization of a sensor structure

2. Global Sensitivities
— ‘Jumping Modes’ make manual optimization difficult

L Anthill plot =8 S Anthill plat M- 0 -
OUTPUT: 2uzA vs. INPUT: ds1_width_main, (linear) r = -0.012 OUTPUT: 2uzB vs. INPUT: ds1_width_main, (linear) r = -0.127
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I_ Optimization of a sensor structure

3. Genetic algorithm to find areas of pOSSIble optlmum
— More stochastic approach, global search
— Good for many parameters
— Insusceptible to failed design points

— 170 Samples, 3hours: Right order, o
first 2 Eigenfrequencies already close to goal %

- .
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1. In Plane
7300 Hz
Mode ||? Frequency [Hz] | _ —
1. 7654.9 | =S —
2 9354.2 ' —
= = 2. Symmetric out of plane
4, 17284 9000 H
5 24252 Z
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3. Asvmmetric out of plane
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Optimization of a sensor structure

4, Local sensitivities
— Use best design from GA
— Vary all parameters 5%

— Only the 7 most sensitive inputparameters are used
for subsequent optimization run

OUTPUT: 1uzA vs, INPUT: dsl1_length_second, r = -0.017

L]
ﬁ [ ] ] OUTPUT: freq3 vs. INPUT: ds1_length_main, (linear) r = -0.614
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Optimization of a sensor structure

5. Use Adaptive Response Surface method
— Low order response surface is generated (Cost effective)
— This surface is moved adaptively closer to the optimum
— Very effective with less than 15 Parameters and good start value

— Can handle failed designs ——
— Computation time 2.5 hours %
1. In Plane
| o 7300 Hz
2 || Tabular Data
' | ’ Mode |[v Freguency [He] | :ﬁ
7] || ‘” 1/1. 72889
El " Il i—g ?23;;53 2. Symmetric out of plane
‘|"“| ‘l"l‘ Il H'\ | 44 oneed 9000 Hz
.‘"‘.r“*-\.lh ||;‘ ] 5|5, 20840 - =
! 'r”.“" | |"I |' ,‘L""‘.‘ k) 6|6 24150 e g
S — T 3. Asyrometric out of plane
17000 Hz
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Optimization of a sensor structure

6. Robustness Analysis
— Uncertainty of input variables leads to uncertainty of results
— Latin Hyper Cube Sampling 150 Samples
— Computation time < 3hours

0.0025
T

0.002
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0.001 0.0015
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0.0005
T

9000
QUTPUT: freq2
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Optimization of a sensor structure

6. Robustness Analysis
— What scatter is to be expected?

@

o — histogram
§_ | Msogamgd 'l Histogram data =
3 0

20 Min: B5848
8 Max: 9334
............ B e 3
Min: G057 4
“’L Max:  ESEY [
2 Mean: 7327 - g
bt Sigma: 4731 o

g ‘ 8
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7000 7200 BO00 6500 5600 BE00 9000

lllllll : freql OUTPUT: freq2

Most within + 700 Hz n : , , — Most within + 200 Hz

Max:  1.801e+004
Mean: 1,706e+004
igma; 4.

gl
£ Most within + 500 Hz
and skew

i i i by
h . E I. cﬂDFEm
QUTPUT: freqd [1ed]




Optimization of a sensor structure

* 6. Robustness Analysis
— How can production be improved to get robust results?

— Find input parameters which contribute most variation to the result,
Coefficient of determination

ol INPUT: dsmﬁwwlsth_fnam 100 =] INPUT: dsl_\glgén_séﬂnnd 100
INPUT: ds1_width_dist 80 INPUT: ds2_width_second 80
o 60 e
wl INPUT: ds1 width second o INPUT: ds2 width dist 60
L 0 % 40 - 0% 40
= INPUT: ds2_width_second 2 INPUT: ds2_length_main
a 0 T 20 g 1% 20
Em L INPUT: ds2_width_dist 0 @0 INPUT: dsz_lin%th_secund 0
= kS
2 INPUT: dst. length second 3 INPUT: ds2_wideh main
Ev INPUT: dsl_gan th_main gv INPUT: dsl_lin th_second
& INPUT: ds2_length_main = INPUT: ds1_width_dist
2% & %
o INPUT: ds2 width main _ ~ INPUT: ds1_length main
24 % 33
! INPUT: dsi_width_main s1_width_main
1 I 1 t
0 2 40 60 80 0 40 60 80
adjusted R2 [%] of OUTPUT: freql adjusted R? [%] of OUTPUT: freq3
a TNPUT: ;sz_width_'dist ]
=] Gl 100
INPUT: ds2_width_second 80
0 %
w INPUT: ds2 width main 60
1 % 40
INPUT: dsm_width_second o
INPUT: ds2_length_main
7.} 3 i a

INPUT: ds1 width dist
6 %

INPUT: ds1_length_main

INEUT parameter

INPUT: dsm_width_main
10 %
INPUT: ds1. fength second l

2

40 60 a0
adjusted R2 [%] of OUTPUT: freq2

CADFEM
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Optimization of a sensor structure

Results
— Time effort (hours):
Preparation = Computation
Model Set up (DM, DS) 2 -
Genetic algorithm 0.25 3
Local sensitivities 0.25 1
Adaptive Response Surface 0.15 2.5
Robustness Analysis 0.25 3
3.4 9.5

Less than 1.5 days with minimum user interaction

18
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Optimization of a sensor structure

Results
— What you get:
Integrated workflow
Easy and robust approach for optimization problems with ‘jumping’ results
Applicable for arbitrary number of parameters
Handling of failed designs
Deep understanding for the system response
Proof of Robustness for production process

Do you want to achieve
Six Sigma design?

Solve it with ANSYS. +

CADFEM
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