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Actuator Assembly in SolidWorks®

Actuator Head for high-
precision Positioning
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Design Parameters and Uncertainties

Uncertainties —
* Young Modulus | ‘
* Poission Ratio

« Joint Stiffness L Ee n
* Driving Force

Casing Length

Piston Lengt

Link 1 Length
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Link 2 Lengt

S Bracket Length 1
Bracket High i
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Design Space and Specifications

P

.l Design Parameters Bl = DeSign Constraints

Mame Mominal Tolerance Unit

Plunger Length 0058890016 0.004 m * All Geometry Tolerances = 0,1 mm
Bracket High1 0.03048 0.004 m « Actuator Head Positioning:

Bracket High 2 00196813364 0,004 m o 75 mm < X-Position< 79 mm
Link 2 Length 0.01476502 0.004 iy o 30 mm < Y-Position < 34 mm
Piston Length 01016 0.004 m

Link 1 Length 0.00635 0.0008 m

Casing Length 0.0593953% 0.004 ™ Design parameter with variable

Bracket Length 1 0171704 0.004 iy ) .

Bracket High 3 00427736 0004 - ~— nominal and fixed tolerance (0,1 mm)
Bracket Length 2 0.09518904 0.004 iy

E-Modulus Alloy Steel | 21e+011 20000 M/m*2 For each parameter:

Poission Alloy Steel 0.28 0.001 * Design range =4 mm

E-Modulus Cast Steel 1.9e+011 20000 MN/m*2 . Design center = nominal value
Poiszsion Cast Steel 0.26 0.001

Pin Stiffness 1000000 2000 Ib/in ~— . . e

513 Stiffmess 0 1 = Dea_gn uncert'alntles with fixed

Force 15 1 iof nominal and fixed tolerance

Pham i
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Nominal Design: Nominal FEM-Simulation in SolidWorks ®

.4 Design Parameters EI@
- Mame Maominal Unit
19794000 Plunger Length 0.058890916 m
S Bracket High 1 0.03048 m
oo Bracket High 2 00196819364  |m
| Toaieie Link 2 Length 001476502 m
”E ::::;;10 Piston Length 0.1016 m
| 82730001 Link1 Length 0.00635 m
A Casing Length 005939536 m
[ o Bracket Length 1 0171704 m
| et Bracket High 3 00427736 m
Bracket Length 2 0.09518904 m
E-Modulus Alloy Steel |2.1e+011 M/m"2
Poission Alloy Steel 0.28
E-Modulus Cast Steel |1.9e+011 M/m*2
Poission Cast Steel 0.26
Pin Stiffness 1000000 Ik/in
Pin 12 Stiffness 500 Ib/in
Force 15 Ibf
Nominal Deformation under Static Load Nominal model parameters without tolerances

for nominal simulation

Idealistic Position = Geometry Position
(X-Position=0.07712 m; Y-Position=0.03111 m)
Realistic Position = Geometry Position + Static Deformation

Zﬂi?s (X-Position = 0.07735 m; Y-Position = 0.03246 m) www.optiy.eu
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Process Work Flow in OptiY ®

[ Y OptiY - Professional Edition [Actuator-RobustDesign]
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Stochastic Distribution of Model

Parameters

Eracket High 1

1432004
187004
124e+004
6.22e+003
o
10.030431 0.0305 10,0305 10.0305.0305289
Mean 0.0304755 Skewness 0.00418478
Sigma 164784e-005 | Kurtosis 283558
Variznce 271538e-010
Link1 Length

Eracket Length 2

242004
182e+004

121e:004

)

6.05e+003
1]
009514 Q0052 00952 10,0952 0.055238
Mezn 0.0551851 Skewnesz -0U00B66196
Sigma 164715005 | Kurtosis 282918
Varisnce 271323e-010

Poission Cast Steel

0259511 026 026 026 0260488
Mean 02559555 Skewness -0.00554845
Sigma QU000164492 | Kurtosis 2837131
Wariance 270575e-008

Eracket High 2

0012633 0.0197 00197 0.01971.0197309
Mean 00156818 Skewness -0.00322865
Sigma 164572e-005 | Kurtosis 282705
Wariance 27083 Ee-010
Casing Length

6.08e: 003
0
0.055346:0.0554 0.05%4 0055410554443
Mean 00553552 Skewness 0000705655
Sigma 1638482-005 | Kurtosis 282016
Variznce 2684632-010
E-Modulus Alloy Steel
0000121

911e-005
6.07e-005
3.042-005

0

Zle:0121e:011 2les0ll 2les011.les(ll
Mezn 2le+011 Skewnesz -0.004B85266
Sigma 375208 Kurtosis 283156
Variance 108378e+007
Pin Stiffness

992020 le+D06 le+006 1e+006%8+ (06
Mean les006 Skewness 0000408334
Sigma 328799 Kurtosis 283657
Variance 108109

Link 2 Length
2462+004
1B4e:004
123e:004
6.14e:003
1]
0.014716 0.0147 0.0148 0.0148 0014814

Mean 0014765 Skewness 000430356

Sigma 164617e-005 | Kurtosis 2 84404

Variznce 270588=-010

Eracket Length 1

23%2+004

1752004
12e:004

5.58e+003
0

p

0171655 0172 0.172 0.172 0171753
Mean 0171704 Skewness 0.00258021
Sigma 164451e-005 | Kurtosiz 22758
ariance 270443010

Poission Alloy Steel

027951 028 oze 028 028049
Mezn 028 Skewness -0.00736881
Sigma 000016454 | Kurtosis 283563
Wariance 270733e-008

Pin 12 5tiffness

49551 500 500 500 500489
Mean 500 Skewness 1000184544
Sigma Q164622 Kurtosis 280365
Variance 0.0271004

Fiston Length

24422004
18322004
177e:004
6.1e+003

(1]

0.101551 0.102 0102 0.102 0.101642
Mean 01016 Skewness 000435762
Sigma 1.63731e-005 | Kurtosis 2B4326
Wariznoe 2.68073e-010
Eracket High 3

Mean 0427735 Skewness Q0266812
Sigma 1.54637e-005 | Kurtosiz 2B2476
Wariznoe 271021e-010

E-Modulus Cast Steel
0.000121
3.082-005

6.06e-005
3.03e-005
(1]
192:011%e+011 1%e:0l1l  15e+011.9e+0l1
Mezn 1%e+011 Skewness -000411574
Sigma 329611 Kurtosis 282931
Variance 10864322007
Force

1451 148 15 152 15.48%9
Kean 143357 Skewness -0.0023968
Sigma Q164737 Kurtosiz 283139
Variance 0.0271382
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Geometry Tolerance Analysis without Uncertainties

¥-Ideal-Position Y-Ideal-Position
22222004 . ! . 3452003 - | )
Probability Density Probability Density
e UNCtioN Of Idealistic N Jesenes, FUNCtION Of Idealistic
L R T 17222003
BRSesl3 T i """""""""""""" BEZ
[+] 0
QOTT0ZS6 00771 00771 00771 00771853 QUD3DEZEL QU305 Qo311 00313 00315684
Mean Q0771158 =k -0.180048 Mean 00311134 Ik 00339593
Sigma 1 B4611e-005 Kurtosis 31009 Sigma QUDDD115673 Kurtosis 236245
Wariance 3408122-010 Failure Probability [+] Variance 133817=-008 Failure Probability 0
T —
X-Ideal-Position Y-Ideal-Pasition
Casing Length 3363% Link 1 Length IBS6 %
3363% B34
Link 2 Length 2B59% Link 2 Length 3055%
2B59% 3054%
Link 1 Length 2178% Bracket High 3 1176%
2176% 1176%
Eracket High 3 B15% Plunger Length TE2%
El4% TE2%
Plunger Length 16% Bracket Length 1 447%
359% 447% e e
. Tolerance Sensitivities
Faeetnl o EE Tolerance Sensitivities Baderkigh?  427% -
o 426% of Y-Position
Bracket High 2 L17% of X-Position Bracistlength2  184%
117% 183%
Piston Length 054% Bracket High 1 041%
054% 041%
Bracket Length 1 03I7% Piston Length 0.08%
037% 008 %
Bracetlength?  021% W Totsl Effect Casing Length 0% W Totsi Effect
021 % [ Main Effect 0% [ Main Effect
Sham Total Failure Probability = 0% www.optiy.eu
Slide 8 0.03 m = Y-Position £ 0.034 m
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Probabilistic Simulation for Nominal Design with Uncertainties

X-Real-Position

3.05e=003

27822003

153003

Probability Density
Function of Realistic
X-Position

¥-Real-Position

Probability Density
Function of Realistic
Y-Position

31z

156

00764255 QOTET 00Tes orr2 0077429 00311587 00324 00337 0035 00362874
Mean OOTEBATL Skswness 0645311 Mean 00335695 Skwness 00452353
Sigma DuD00146255 Kurtosis 317578 Sigma QUDDOT03562 Kurtosis 32045
Warizncz 213%05e-008 Failure Probability 0/0_25462 Warianoe 484853007 Failure Probability 0.25443/0 25462
X-Real-Position Y¥-Real-Position
Pin Stiffness 2TE4%R Pin Stiffress 47 B %
1965 % 32859%
Pin 12 =tiffness 2014 % Poizzion Cast Steel 34172%
1375% 2134%
Poizzion Cast Stesl 1769% E-Modulus Alloy Steel 16.07 %
1155% Bl4%
E-Modulus Alloy Steel 1615% E-Modulus Cast Steel 1041 %
101% 2045
E-Modulus Cast Steel 1552% Poizzion Alloy Steel  S16%
BT % 2445
Poission Alloy Stesl 1481 % Force Baan X .
BEL% ] 187 Uncertainty Sensitivities
Force 1114% i . Pin 12 Stiffness TEI% e
524% Uncertainty Sensitivities 188% of Y-Position
fregten e of X-Position el e
‘Casing Length 0l% Link 2 Length 025%
008 % 02%
Link1Langth 008 % W Totsl Effect Bracket High 2 007 % M Tots! Effect
003 % Main Effect [11: %3 kd=in Effect
Total Failure Probability = 24,44% :
Pham » y ’ www.optly.eu
Slide 9 0.03 m = Y-Position £ 0.034 m
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Robust Design Optimization

4
Calculator u .. .
Optimization Results:
sqi{mean(Y-Real Position}0.033] Optimal nomlpal values of the design
parameters with the same tolerances
K-|dea|-pm|-h-m .| Design Parameters Ellﬂl@
Y-ldE-Ell-PDS!:!DH m m Mame Mominal IToIerance Unit
Jdeartostion - Plunger Length 0058209105  |0.0001 m
Maw. Shess von Mises [ — ] [ : ] [ = ] [ z ] [ g ] [ > ] Bracket High 1 00301781307 Jo.0001 m
atan Bracket High 2 00200466000 J0.0001 m
. Link 2 Length 00145313329 f0.0001 m
[ abs ] [ =2 ] [ 4 ] [ 5 ] [ 6 ] [ ] Piston Length 0.100607309 Jo.0001 m
Link 1 Length 0.00646276975  |0.0001 m
[ I ] [pu:-w] [ 1 ] [ 2 ] [ 3 ] [ - ] Casing Length 00596912884 f0.0001 m
Bracket Length 1 0172206539 IU.UUUI [l
[ st ] [ all ] [ 0 ] [ . ] Bracket High 3 00423728163 00001 m
Bracket Length 2 00952262386 0.0001 m
o E-Modulus Alley Steel  |21e+011 20000 N/m”2
Statistics Poission Alloy Steel 0.8 0.001
[ bean ] [ Sigma ] [ \aniance ] [ Cist ] E-Modulus Cast Steel | 19e+011 20000 N/m*2
Poission Cast Steel 0.26 0.001
Pin Stiffness 1000000 2000 Ibin
[ Test ] l oK [ Carcel ] Pin 12 Stiffness 500 1 Ib/in
Force 15 1 |bf

Robust Design Goal to Minimize the Failure Probability using Taguchi
Quiality Loss Function. Center point = 0.033 m for Y-position because of its
unsymmetrical distribution (0.03 m < Y-Position < 0.034 m)

Pham
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Probabilistic Simulation for Robust Design

¥-Real-Position

0.0327 00335 0.0342729
Skewness -0.463504
Kurtosis 258787
[Failure Probability 0.00037,/ 0001557

¥-Real-Position

Uncertainty Sensitivities

of Y-Position B Tots Effect

[ Main Effect

¥-Real-Position
101e+004 ol - n
Probability Density Probability Density
seeenoz,  FUNCtion of Realistic Functl'o_n of Realistic
X-Position Y-Position
5.06e+003 352
2532-003 176
(] 0
00764331 0.0765 0.0766 0.0768 0.0768583 00310757 oot
ean 00766345 Skewness -0.455508 Mean 00378834
Sigma 497673=-005 Kurtosis 403338 gslr_na 0000543671
Wariance 247678=-00% [Failure Probahility /001597 Varance 295578=-007
¥-Real-Position
Pizsion Cast Steel 318% Poizsion Cast Stesl f%:?%x
1744%
Poizzion Alloy Steel  I955 % [Force 1783 %
1635% 1306%
Pin Stiffness 2219% E-Modulus Cast Steel 1736%
1172% 1208%
Fin 12 Stiffness 24B6% Fin 12 Stiffness 16.56%
1359% 1174%
E-Modulus Alloy Steel 1168 5% Pin Stiffness 1534%
213% 1037 %
E-Modulus Cast Steel 102E % Poission Alloy Steel 1432%
208% 101%
Foree pti Uncertainty Sensitivities T
Bl 032% of X-Position =gl L%
0.05% 0Es %
Piston Length 00 %
Link 2 Length g: o
Cazing Length 026% M Tots Effect Link 2 Length 007 %
2= [ Main Effect 005 5%
Pham Total Failure Probability = 0,04%
Slide 11 0.03 m < Y-Position £0.034 m
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Same-Scale PDF Comparison between Designs

J-Ideal-Positiol ¥-Ideal-Position

mﬂ; Probability s
Density Nominal Design
e R only by Geometry Tolerances
S - without Uncertainties
. Failure Probability = 0%
= % — = = - ::;2 ":i‘;m >
e = o e e

Y-Real-Positio; ¥-Real-Pasitios

3.05e+003

2754003

153e:003

Nominal Design
with Uncertainties
Failure Probability = 25,44%

00775 Cls
. > Mean U.BBW!S
494mw7 Faiue Protapiity u.zmsm.zm

X-Real-Positio V¥-Real-Positiof

_ Robust Design
with Uncertainties
e - Failure Probability = 0,04%
| —— — — s — T ——

: www.optiy.eu
Slide 12 x_position: [0.0765 — 0.0775] m Y-Position: [0.030 — 0.036] m
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Conclusion

Nominal design using classical nominal simulation cannot warranty the
reliability and quality of the products, because the nominal parameters are
only one fix value.

Robust design is a power-full tool for design of reliable and quality product in
the early design stage without any cost. It considers the uncertainty
parameters as stochastic distributions.

In the case of the actuator assembly, the failure probability has been reduced
from 25,44% to 0,04% for the manufacturing process.

OptiY® is the leading software platform for robust design of all engineering
fields using different commercial CAD/CAE-software or in-house codes.

Pham WWW.0optiy.eu
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