|
Optl y Multidisciplinary Analysis and Optimization

Robust Design
of a Butterfly Valve

OptiY GmbH - Germany

Sde WWW.0optiy.eu
Slide 1 puy.



|
Optl y Multidisciplinary Analysis and Optimization

Butterfly Valve

Adjustable Valve Angel

Valve Surface Radius

Inlet
Water + Sand

Butterfly Valve
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Design Specifications

Process or Environment Parameters:

Design Parameter Space:

* Inflow Rate =5 + 0.125 m s™-1

« Valve Angle =[30, 60] deg _
« Valve Radius =[1, 7] mm « Sand Grain Roughness = 20 £ 0.5 ym
» Water Density = 997 £+ 25 kg m"-3
o Ange| Tolerance =2 deg  Water Molar Mass = 18.02 + 0.45 kg kmol *-1

 Radius Tolerance =0.1 mm

Initial Nominal Parameters

E Design Parameters

=)=l

Mame

MNominal

Tolerance

Unit

Walve Angle

45

30

deg

WValve Radius

4

6

mim

Inflow rate

5

0.25

m s*-1

Sand Grain Roughness

2e-005

1e-006

m

Water Density

a97

50

kg m"-3

Water Molar Mass

15.02

08

kg krmol®-1
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Functional Requirements:

Outlet Mass Flow Rate = [-0.06, -0.054] m s™-1
Outlet pressure = minimal as possible

Valve Erosion = minimal as possible

Wall Erosion = minimal as possible
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3.285e+001

2.468e+001

1.653e+001

8.375e+000

2.184e-001
[m s*-1]
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Flow Velocity

Nominal CFD-Simulation

Walll Total Pressure

1.736e+005
1.387e+005
1.037e+005
6.881e+004
3.386e+004
-1.084e+003
-3.603e+004
-7.097e+004
-1.059e+005
-1.409e+005
-1.758e+005

[Pa]
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Nominal CFD-Simulation

Erosion Density Rate Outlet Pressure

2.500e+001 ! 7.067€+003

- 1.8756+001  3.264e+003

” 1.250+001 H -5.380e+002

- 6.250+000

I - -4.340e+003
0.000€+000 I

kg m-2 s7-1] -8.143e+003
[Pa]

<
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Design Space: 2D Section Diagrams

Outlet Mass Flow Cutlet Pressure ‘Wall Erosion
-0UD55TET4 485 825 222148
Valve Angle -04TE 574 1452004
45
00533 \_/\ -567 £ B4e+003
-0.05EE \ -171==003 -2B3=-003
30 45 &0 Ei] 45 &0 Ei] 45 &0
Valve Radius -0.052% 1 =003 5 26e-003
4
- 00565 / a8 9.27e+003
-0.0601 179 \H 51824003
1 4 T 1 4 T 1 4 T
Water Density -0u0553 B3 105=-004
57
-00555 450 -5 BT=-003
-0.055E / 478 -2 2322004
97 o7 102e=003 57 o7 1022003 97 102e+003
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Design Space: 3D Graphics

Outlet Mass Flow Valve Erosion Density Rate

Yalve &ngle “alve Radius “alve Angle

“alve Radius
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Global Sensitivity: Parameter Importance [%]

Cutlet Mass Flow

Wall Erosion

Walve Angle Walve Angle 8549
2843
‘Walve Radius ‘Water Density &0
1056
Inflow rate 5Sand Grain Rowghness 1525
083
‘Water Molar Mass Water Molar Mazs 153
0,03
‘Water Density Inflow rate o7z
0,03
Sand Grain Rowghness ‘Walve Radius ooz
1]
Cutlet Pressure Walve Erosion
e | | I —
35,82 6816
Walve Angle 3819 Walve Radius 2353
487 237
‘Water Molar Mass 23.03 Inflow rate 4453
083 032
Inflow rate 1657 ‘Water Density 389
[ 0223
Sand Grain Rowghness 859 Sand Grain Rowghness 333
347 0327
‘Water Density 058 Water Molar Mazs 1

[l Totsl Effect

B Total Effect
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Global Sensitivity: Parameter Interaction [%]

Cutlet Mass Flow

Valve Angle®Valve Radius

‘Vahve Radius*Water Molar Mass
‘Wahee Angle*Sand Grain Roughness
‘Vahee Angle®inflow rate

Wahee Angle®Water Molar Mazs
‘Valve Angle®Water Density

‘Valve Radius*Water Density

‘Vahve Radius*Inflow rate

‘Vahe Radius*Sand Grain Roughness
‘Water Density®™Water Maolar Mass
Inflow rate®Water Density

Sand Grain Roughness*Water Molar Mass
Inflow rate®Water Molar Mass

32682
6574
E167
464
4622
4206
1785
1783
1208
071z
0368
0318
0142

Wall Erosion

Walve Angle™Water Density

‘Walve Angle*Sand Grain Roughness
Eand Grain Roughness*Water Density
Walve Angle®Water Molar Mass
‘Water Density*Water Molar Mazs
‘Walve Angletinflow rate

Inflow rate®Water Density

‘Walve Radius*Water Density

Walve Angle®Valve Radius

Inflow rate®5and Grain Rowghiness
‘Walve Radius*%and Grain Roughness
Inflow rate*™Water Molar Mass
‘Walhve Radius*Inflow rate

46468
12788
4853
11%%

Qutlet Pressure

Valve Angle®Valve Radius

Wahee Radius™Water Maolar Mass
Wahee Angle®Water Molar Mazs
‘Valve Angle®inflow rate

Vahve Radius*Inflow rate

‘Valve Radius*Sand Grain Roughmess
Inflow rate™Water Molsr Mass
‘Vahee Angle®Sand Grain Roughness
Inflow rate*5and Grain Rowghness
‘Valve Radius*Water Density

Sand Grain Roughness*Water Molar Mass
Vahe Angle®Water Density

Inflow rate®Water Density

21745
14574
14578
11434
BT756
4582
145
0EL4
023
0.207
017e
0169
0004

Valve Erosion

Walve Angle®Valve Radius

Walve Anglefinflow rate

Walve Angle®Water Density

‘Walve Angle®Sand Grain Roughness
‘Walve Radius*Water Density

‘Walve Radius*Inflow rate

‘Walve Radius*5and Grain Roughness
Inflow rate®Water Density

Walve Angle®Water Molar Mass
Walhve Radius*Water Molar Mass
Sand Grain Rowghness*Water Density
‘Water Density*Water Molar Mass
Inflow rate®5and Grain Rowghiness

13524
3863
278
2307
1383
1145
05E1
0531
076
0271
o117
o024
Qa7
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Nominal Design Optimization

Cutlet Mass Flow

-0.0540383

Wall Erosion

221234

Walve Angle -00514 14522004
45
-00543 5.83e:003
-0.0572 -2B42:002
0 45 &0 a0 45 =
Valve Radius -0.0525 8260003
4.68
-0.0565 5272+ 003
-0UD601 2 18e+003
1 4 7 1 A -
-00522 Tomeont

Water Density

987

-0.0539

-5.89%+ 003

-223e: 004

1022 +003

572

102e+003
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Optimization Goal:
 Constraint: Outlet Mass Flow [-0.06, 0.054]
* Criteria: Maximize Outlet Pressure, Valve
Erosion and Wall Erosion

Nominal Design:

» Qutlet Mass Flow

» Qutlet Pressure
» VValve Erosion
» Wall Erosion

-0.05404 kg s™-1

244 Pa
668 kg

mn-2 s™-1

= 9212 kg m”-2 s*-1

-

E Design Parameters E'@

Mame Merminal Tolerance Unit

Valve Angle 45 2 deg

Valve Radius 4,575 01 i

Inflow rate 5 0.25 ms"-1

Sand Grain Roughness | 2e-005 1e-006 m

Water Density Qa7 50 kg m"-3

Water Molar Mass 18.02 0.9 kg krnol®-1
www.optiy.eu
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Uncertainty Parameters and Tolerances

Yalve Angle Valve Radius Inflow rate
113 241 242
4k ) 181 7106
L5595 121 471
02e7 6103 235
4] 4] 4]

43531443 45 45 86 5065 4 50564 64 467 471 74008 48370451 L L9 17758
hean 44555 Skewnesz | -0.005E234 Mean 4 67455 Skewnesz | -000E47509 | Mean 4 SEoED Skewness | QUDOTTOSTE
Sigma 0333528 | Kurtosis 300576 Sigma QU0L666 Kurtosis 295927 Sigma QU0 1TO0E | Kurtosis 300501
‘Wariance 0111242 ‘Wariance DUDOITTSM ‘Warance DD01TIERG

Sand Grain Roughness Water Density Water Molar Mass
23T=-008 DU04E2 2465
1772+006 00361 199
118=:006 0oz41 132
E81l==005 0012 0662
4] 4] 4]

1521 S6e-005 2e-005 2.03=- D05 005 SE4TTEES 1es0031 022003154 17308176 18 18388141
hean 1555550 Skewnesz | DLDOT26111 Mean oor 039 Skewneszs | 000424427 [SEET) 18005 Skewness | -D00351644
Sigma 1 66861e-0 Kurtosis 300559 Sigma 833317 Kurtosis 258341 Sigma 0150005 | Kurtosis 30047
‘Wariance 2 TB427e-01] ‘Wariance 654417 ‘Warance 00225016
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Nominal Design: Reliability Analysis

-0.06 = X =-0.054

Failure Probability = 56,12%

Cutlet Mass Flow Wall Erosion
435 QUDDD1 92
Tl QUDDD1 44
247 9.61e-005
124 4 Be-005
4] 4]
-0UD5B1EST 00555 -0u0R27 -0005  -0UD4TITER -G662615 -4.61les004 -2 552004 -LEdes003 145612
Mean -0u053B112 Skewness 0557737 Mean TITT0E Skewness -7.73532
Sigma QUDDOEET 584 Kurtosis 478407 Sigma Z5T1E4 Kurtosis 13787
Wariznce TAETROSe-007 Failure Probabifity | 0.56121/0.56121 Warianoe B.E3183e+006
Outlet Pressure Valve Erosion
QUDD2E4 QUDDDEIT
QUDD15E QUDDDEZE
Q0132 QOO0 19
QUDDDESS QU
4] 4]
-122 166 [ 1432003 21321e+003 2898774 -315641 -8 1542003 38%=:003 6234354
Wean 375136 Skewness 203328 kezn BE2 955 Skewness -0UD13B435
Sigma 278738 Kurtosis S04045 Sigma 655242 Kurtosis E.50412
‘Wariance T82538 ‘Wariance 425342
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Robust Design Optimization

Qutlet Mass Flow Cutlet Pressure ‘Wall Erosion
-0.05T1556 1E7.754 $504.65
Vae angle | 25K Hese Optimization Goal for Outlet Flow Rate:
Minimize Taguchi Quality Loss Function
L = Cost*(Variance + (Mean — Target)?)
-0g53L 475 542003 )
« Cost =1 Unit
» Target= -0.057 <=> [-0.06, -0.054]
-0.058 -1382+003 -2.8422003
0 4z &0 0 45 50 0 45 50
Valve Radius -0.0542 1522003 55422003
436 -
E Design Parameters EI@
Marme Mominal Tolerance Unit
o = =003 Valve Angle 476185325 b deg
Valve Radius 4.3571066 01 mm
Inflow rate 5 0.25 ms™-1
_ Sand Grain Roughness 2e-005 1e-006 m
-0.0801 526 54724003
1 4 7 1 4 7 1 4 7 Water Density 997 50 kg m*-3
Water Density | "29557 7 1522004 Water Molar Mass 18.02 09 kg krmol*-1
-0.056% 185 21624003 /\/
-00572 120 -1450:004
=72 357 10224003 557 10224003 572 597 L02e+003

Pham i
S Www.optly.eu



|
Opt’ Y Multidisciplinary Analysis and Optimization

Robust Design: Reliability Analysis ~ -0.06=X=-0.054
Failure Probability = 0,36%

Outlet Mass Flow Wall Erosion
£26 DL001ES
3595 Q000142
263 247005
132 4732005
4] 4]
-0.0805454  -DUDBE3 -0.0557 -0.053  -QUDSD3ETZ -T36535.6 -Ee=004 -263e+004 -2B4e+003 210404
Wean -0LDBEEZ04 Skewness 0292268 Wean 001 3% Skewness -553118
Sigma 0.0D0E31431 Kurtosiz 415347 Sigma 332718 Kurtosiz 113141
Wariange 6.31277e-007 Failure Probability 0.00365/0.00365 Wariznce L1070%e+007
Cutlet Pressure Valve Erosion
Q00244 Q000413
000183 0000309
000122 0000206
D061 0000103
4] 4]
-1%524 105=-003 232=003 3E85=+003 475317 -TEEE02  1E5Be+(03 333=-003 £28=+003  BE3ILGE
hean 433017 Skewness 243253 hean 233638 SkEwness 0435452
Sigma 337618 Kurtosiz 121113 Sigma 100032 Kurtosiz 342453
Wariznce 113386 Wariznce L0004 e-006
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Robust Design: Design Sensitivity

Outlet Mass Flow Wall Erasian

Sand Grain Rowghness 53.6 ‘Water Density

4543
Inflow rate 3164 Saind Grain Rowghness

261
‘Water Molar Mass 1176 ‘Water Molar Mass

156
‘Water Density 991 Walve Angle

073
Walve Angle 159 Inflow rate

602
Wake Radiuz 065 Wake Radiuz

055

Chutlet Pressure Valve Erosion

‘Water Molar Mass o kB Sand Grain Rowghness 5504

6706 LBZ2
Inflow rate 2678 Inflow rate 20008

35 BR4
Sand Grain Rowghness 768 ‘Water Density 1654

2681 5B
Walve Angle [ Walve Angle 9

007 723
‘Water Density 044 ‘Water Molar Mass )

034 743
‘Walve Radius g-ﬁ B Totsl Effect ‘Walve Radius oL
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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 butterfly valve, we have got a robust design with 0.36%
failure probability for the manufacturing.

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