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Initial Nominal Parameters

Variable Design Parameters:

• P4:    Back Iron Inner Radius

• P2:    Back Iron Thickness

• P5:    Coil Thickness

• P6:    Coil Distance

• P12:  Armature Thickness

• P8:    Air Gap

• P9:    Back Iron Ground Thickness

• P11:  Coil High

Fix Process Parameters:

• P17:   Coil Current

• P18:   Coil Voltage

• P19:   Scale of B/H Curve
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Nominal Simulation in Ansys Workbench

Coil Flux Linkage: 

63,272 mWb

Armature Force:

-8.1643 N
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Design Specifications

Design Parameter Space:

• Back Iron Inner Radius

• Back Iron Thickness

• Coil Thickness

• Coil Distance

• Armature Thickness

• Air Gap

• Ground Thickness

• Coil High

Geometry Tolerances = 1 mm

With Normal Distribution

Fix Process Parameters:

• Coil Current = 1.6 A        (Source)

• Coil Voltage = 5 mV       (Source)

• Scale for B/H-Curve = 1 (Material)

Uncertainties = 5%

with Normal Distribution

Functional Requirements:

• Armature Force = [-15 ,-10] N

• Flux Linkage = minimal as possible

= [5, 10]     mm

= [4, 6]       mm

= [5,15]      mm

= [1.5, 3,5] mm

= [5, 10]     mm

= [1.5, 3.5] mm

= [ 5, 10]    mm

= [10, 30]   mm
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Meta-Modeling in OptiY
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Design Space: 2D Section Diagrams
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Design Space: 3D Graphics

Armature Force Flux Linkage
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Global Sensitivity:  Parameter Importance [%]
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Global Sensitivity:  Parameter Interaction [%]
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Nominal Design Optimization

Optimization Goals:

• Constraint:  -15 N ≤ Armature Force ≤ -10 N

• Criterion:     Minimize Flux Linkage

Nominal Design:

• Armature Force   = -10,01 N

• Flux Linkage       =   66,26 mWb
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Nominal Design: Geometry Tolerances
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Nominal Design: Uncertainty Parameters

B/H-Curve for the Material 

(1018 Steel 90.5 HRB)

Scale Factor  = 1      (Nominal)

Uncertainty    = 0.05 (Range)
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Nominal Design: Reliability Analysis -15 N ≤ F ≤ -10N

Failure Probability = 78,93%
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Robust Design Optimization

Optimization Goal for Armature Force:

Minimize Taguchi Quality Loss Function

L = Cost*(Variance + (Mean – Target)2 )
• Cost = 1 Unit

• Target = -12.5 N (Center of [-15, -10] N)
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Robust Design: Reliability Analysis
-15 N ≤ F ≤ -10N

Failure Probability = 5,48 %
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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.

Six sigma design is a power-full tool for design of reliable and quality

products in the early design stage without any cost. It considers the

uncertainty parameters as stochastic distributions.

In the case of the solenoid actuator, we can reduce the failure probability

from 78,93% to 5,48% at a manufacturing process.

OptiY® is the leading software platform for six sigma design of all

engineering fields using different commercial CAD/CAE-software or in-house

codes.


