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1. Motivation

Development process
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so how do we control them?
so how do we predict their impact?
so how can we reduce their impact?

Can be done by replacing traditional
tolerances with tolerance zones based on
sensitivity studies.
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Hypothesis Can be done by replacing traditional
tolerances with tolerance zones based on
sensitivity studies.
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Solution Robustness evaluation

>\ GRUNDFOS

iy ::;;\‘
W
4

SIMULATION DRIVEN
DEVELOPMENT

11



”

Fluid domain

® Outlet pipe

P Rotating domain Guide vane

- Stationary domains

Cavities /
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Mesh properties |
Cell count Min. orthogonal angle

e Structured hexahedral meshes Full domain 585,330 24.7
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CFD simulation

* Convergence good, averaged result

Convergence
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Convergence
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CFD simulation - <y
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3. Parametrization
Hydraulic design methods
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Geometric parametrization Advantages:

v' Parameters linked to geometry changes
v' Easy to impose tolerances

* 8x3 control points v' Easy to mimic specific production
* Displacement normal to the surface variations

e Constant blade thickness

* Metal sheet impeller
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Parameters | | | | |

Name V Parametertype Reference value Constantr PE)F Type Mean V Std. Dev. CoV 7 Distribution | &
° RO b u St ness eva I u atio n 1 Parameter_01 Stochastic 0 O UNIFORM 0 0173205 100 % - -0.3; 0.3
° Adva n ced Latin Hype rcu be Sam P li ng 2 Parameter 02 Stochastic 0 O UNIFORM 0 0173205 100% - -0.3;03
® 100 Sda mp|e5 (>2 k) 3 Parameter_03 Stochastic 0 O UNIFORM 0 0173205100 % -0.3: 03
* Responses 4 Parameter 04 Stochastic 0 O UNIFORM 0 0173205 100%  -0.3;03
¢ H €ad d 5 Parameter 05 Stochastic 0 O UNIFORM 0 0173205 100 % - -0.3; 0.3
. .
Powe rconsum pt lon 6 Parameter_ 06 Stochastic 0 O UNIFORM 0 0173205 100 % - -0.3; 0.3
» Efficienc
L. Y 7 Param UNIFORM 0 0.173205  100.% - -0.3: 0.3
* Minimum pressure
. 7~ UNIFORM 0 0.17320W/
* Axial force

Stochastic

Parameter_19 Stochastic | 0.3, 03
20 Parameter_20 Stochastic 0 O UNIFORM 0 0173205 100 % - -0.3; 03
21 Parameter_21 Stochastic 0 O UNIFORM 0 0173205 100 % - -0.3; 0.3
22 Parameter_22 Stochastic 0 O UNIFORM 0 0173205 100 % - -0.3;0.3
23 Parameter_23 Stochastic 0 | UNIFORM Q 0173205 100 % - -0.3;0.3
24 Parameter_24 Stochastic 0 O UNIFORM 0 0173205 100 % - -0.3;03 =
< >
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Qutput files

Solver call

* Text-based solver (bash)
e Python

E Bash Script

Script Input files Cutput files Environment Execution settings

se content ™ | | Absolu th - P - rmpar
== il — Perturb Perform
geometry CFD

source - fhome/7253E6/ . bashrc

1

2

3 module -load cfx

4 module -load - anaconda

5 python-. ./ ../ ../ 80lverCall/SolverCall .py
] module -unload  anaconda
7

8

9

10

while [ -! -—£f -output.txt];
d .
OptiSLang/
11 done
12 sleep-l; DOE
< >

(¢ _ | Show detected script parameters
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Visualization of the sensitivity

Models

Power consumption
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Visualization of the sensitivity
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Combined sensitivity
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Adjusted tolerance zones
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Adjusted tolerance zones

* Prediction of tolerance impact
Peak difference: 2.5 %-points
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7. Conclusion

Sensitive regions Tighten tolerances in important regions
identified | 5osen tolerances in less important regions
Reduce complexity and/or increase performance
Estimated performance Optimize tolerances and avoid over-engineering
varialions gqtimate required safety margins in design phase

New methodology Applicable to any geometry

Next steps Test on more geometries
Include in design procedures



