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1. Motivation
Development process

Tolerance specialistHydraulic designer
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Tooling specialist



1. Motivation
Development process

Tolerance specialistHydraulic designer Produced component
with deviations
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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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Can be done by replacing traditional 
tolerances with tolerance zones based on 
sensitivity studies.
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Robustness evaluation

Create mesh
Perturb/Deform 

geometry
Perform CFD

OptiSLang/DoE
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2. Simulation set-up
Fluid domain
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2. Simulation set-up
Mesh properties
• Structured hexahedral meshes
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Cell count Min. orthogonal angle

Full domain 585,330 24.7



2. Simulation set-up
CFD simulation
• Convergence good, averaged result
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2. Simulation set-up
CFD simulation
• Convergence good, averaged result
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Averaged

Moving average

Iteration value
• Good match between CFD and test



3. Parametrization
Hydraulic design methods

Conventional hydraulic design method
• Direct specification of blade angle distribution
• No direct specification of loading or performance

Inverse hydraulic design method
• Specification of performance and blade 

loading (pressure difference across blade)
• No direct specification of blade angles
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3. Parametrization
Geometric parametrization
• Metal sheet impeller
• 8x3 control points
• Displacement normal to the surface
• Constant blade thickness

Advantages:
 Parameters linked to geometry changes
 Easy to impose tolerances
 Easy to mimic specific production 

variations
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4. Perturbation method
Mesh morphing
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5. OptiSLang set-up
Parameters
• Robustness evaluation
• Advanced Latin Hypercube Sampling
• 100 samples (>2k)
• Responses

• Head
• Power consumption
• Efficiency
• Minimum pressure
• Axial force

19



5. OptiSLang
Solver call
• Text-based solver (bash)
• Python

Perturb
geometry

Perform 
CFD

OptiSLang/
DoE
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6. Results
Visualization of the sensitivity
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6. Results
Visualization of the sensitivity

Combined sensitivity

Loose

23

Head

Power consumption

Axial force

Minimum pressure

Efficiency



6. Results
Adjusted tolerance zones
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6. Results
Adjusted tolerance zones

Peak difference: 2.5 %-points
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Tighten tolerances in important regions

Loosen tolerances in less important regions

Reduce complexity and/or increase performance

Applicable to any geometry

7. Conclusion

Optimize tolerances and avoid over-engineering

Estimate required safety margins in design phase

Test on more geometries
Include in design procedures
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