
Gapped-iron core reactorsare widely usedin power systemsto compensate

for the reactive power of the system. However, under the interaction of

electromagneticforce and magnetostrictionat the air gap, the reactorcore is

deformed,causingvibration. In this paper,a Global Magneto-Structural(GMS)

topologyoptimizationalgorithm is proposedto obtain the optimal topologyof

lower vibrationreactor.

×The GMS topology optimization algorithm combines the Solid

Isotropic with Material Penalization (SIMP) with the Global

ConvergentMethodof Moving Asymptotes(GCMMA) to enhance

theconvergencewhile ensuingthecomputationalefficiency.

×A threshold function is presentedto eliminate the intermediate

densityand improve the problemof blurring the optimal material

boundary.

×After optimization, the vibration displacementof the gapped-iron

corereactoris reducedby up to 24%.
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üThis GMS algorithm combines magnetic topology optimization with

structuralone. And the magnetictopologyoptimizationsolutionis usedas

theinitial seedof thestructuralonein orderto reducethecalculationtime.

üThe parametersincluding magnetostrictioncoefficient ɚand relative

permeability‘ in GMS and FEM can be obtainedby measuringthe

magnetizationandmagnetostrictionpropertiesof siliconsteel.

üThe finite element calculation results of the reactor before and after the 

GMS optimization is compared and analyzed. 

As thedistributionof air gapsin thereactor,magneticflux leakagewill occur

when the magnetic field lines of the reactor changefrom high-permeability

material to low-permeabilitymaterial. At the sametime, the electromagnetic

attractionbetweenthe air gapswill aggravatethe core deformationand cause

vibration. Therefore, thematerialsin theoptimizedareredistributedto improve

this phenomenon. Theoptimizedareais shownin theFig. 1.
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To obtain the parametersof magnetostriction

coefficient ɚand relative permeability‘ in

GMS and FEM , under the IEC standard,the

magnetizationand magnetostrictionproperties

of silicon steelis measuredby themeasurement

systemwhich is shownin Fig. 2.

Fig. 5.  Material distribution after the GMS 

topology optimization.

Fig. 2. measurement system of magnetization and 

magnetostriction

Abstract

QUANTITY Parameters

length 600mm

width 100mm

weight 231.44g

density 7770(g/m3)

TABLE I. Parameters of measured 

silicon steel sheet 50ww470

Fig. 1. The overall structure of reactor and the details of the core. 

Structure

measurement system of magnetization 

and magnetostriction
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Fig. 4. Convergence process of objective function 

under different p value.

Results
Basedon theSIMP, thepenaltyinterpolationfunctionof relativepermeabilityand

Youngôsmoduluscanbeexpressedasfollows
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Fig. 3. The curve of magnetization and 

magnetostriction.

Fig. 5. Magnetic flux density distribution of the reactor core. (a) 

before optimization (b) after optimization.

(a) (b)

Fig. 6. Stress distribution of the reactor core. (a) before 

optimization (b) after optimization.

(a) (b)

Fig. 7. Vibration displacement curves. (a) point A (b) point B.
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Summary
And the penalization factor p is set as 4. 


