
Power Magnet Devices:
A Multi-Objective Design Approach

Chapter 5: Introduction to 
Electromagnet Design

S.D. Sudhoff, Power Magnetic Devices: A Multi-Objective Design Approach



5.1 Common Electromagnet Architectures
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5.2 Analysis of an EI Core Electromagnet

• Configuration
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5.2 Analysis of an EI Core Electromagnet

• Electrical analysis
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5.2 Analysis of an EI Core Electromagnet

• Magnetic analysis 2R ( )
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5.2 Analysis of an EI Core Electromagnet

• In expressions for magnetizing reluctances
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5.2 Analysis of an EI Core Electromagnet

• End airgap permeance
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5.2 Analysis of an EI Core Electromagnet

• Center airgap permeance
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5.2 Analysis of an EI Core Electromagnet

• Slot leakage

0 (3 2 )
6( )
c s w

vsl
s

l w wP
d g

μ −=
+

( )0 3 2
3

c s w
hsl

s

l d d
P

w
μ −

=

9S.D. Sudhoff, Power Magnetic Devices: A Multi-Objective Design Approach



5.2 Analysis of an EI Core Electromagnet

• End slot leakage
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5.2 Analysis of an EI Core Electromagnet

• We obtain
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5.2 Analysis of an EI Core Electromagnet

• Derivation of new portion of Phsl
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5.2 Analysis of an EI Core Electromagnet
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5.2 Analysis of an EI Core Electromagnet
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5.2 Analysis of an EI Core Electromagnet
• Front face leakage
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5.2 Analysis of an EI Core Electromagnet

• Expression for force
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5.2 Analysis of an EI Core Electromagnet

• We have
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5.2 Analysis of an EI Core Electromagnet

• and have
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5.2 Analysis of an EI Core Electromagnet

• Limits as the gap goes to zero
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5.2 Analysis of an EI Core Electromagnet

• Example 5.2A. Let’s take a look at a EI core
• Dimensions (in mm):

• Winding
– N=40, ac = 11 μm2

37sw = 27.3bw = 28.7ew = 57.4cw =

48.8sd = 30.5iw = 119.8cl = 2.96g =

15.8ww = 44.4wd =
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5.2 Analysis of an EI Core Electromagnet

• Predicted resistance: 24.7 mΩ
• Measured resistance: 30.5 mΩ
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5.2 Analysis of an EI Core Electromagnet

• Force versus current (predicted)
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5.2 Analysis of an EI Core Electromagnet

• Force over power versus current (predicted)
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5.3 EI Core Electromagnet Design

• Configuration
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5.3 EI Core Electromagnet Design

• Design space
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5.3 EI Core Electromagnet Design

• Widths

• Conductors
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5.3 EI Core Electromagnet Design

• Dimensions
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5.3 EI Core Electromagnet Design
• Metrics
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5.3 EI Core Electromagnet Design

• Constraints
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5.3 EI Core Electromagnet Design

• More constraints
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5.3 EI Core Electromagnet Design

• Pseudo-code 
for fitness 
function

  calculate EV , EP  

  calculate constraints 1c through 6c  
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5.4 Case Study

• Specifications
Table 5.4-1   Electromagnet specifications. 
Symbol Description Value 

v  applied voltage 12 V 
g  air gap 1 mm 
mxaα  maximum allowed aspect ratio 3 

EmxaV  maximum allowed volume 1 L 

EmxaP  maximum allowed loss 50 W 

pf mxak −  maximum allowed packing factor 0.7 

bk  winding build factor 1.05 
Emnrf  minimum required electromagnetic force 2500 N 

wc  winding clearance in width 2 mm 
dc  winding clearance in depth 2 mm 
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5.4 Case Study

• Design space
Par. Description Min. Max. Enc. Gene 

crT  Core material 1 5 int 1 

cdT  Conductor material 1 2 int 2 

cw  Center leg width 2·10-3 10-1 log 3 

ecr Twice ew  to cw  ratio 0.5 1.5 lin 4 

icr  Twice iw  to cw  ratio 0.25 1.5 lin 5 

bcr  Twice bw  to cw  ratio 0.25 1.5 lin 6 
*
ca  Cross sectional conductor area (m2) 10-9 10-4 log 7 
*N  Desired number of turns 1 103 log 8 
*
wN  Desired slot width in conductors 1 103 log 9 
*
dN  Desired slot depth in conductors 1 103 log 10 
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5.4 Case Study
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5.4 Case Study
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5.4 Case Study
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5.4 Case Study
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5.4 Case Study
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5.4 Case Study
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5.4 Case Study
EI Core Data Winding Data Metrics 

   Material = Hiperco50 
   wc = 2.02 cm 
   we = 1.03 cm 
   wi = 8.36 mm 
   wb = 9.93 mm 
   ws =2.13 cm 
   ds = 5.57 cm 
   lc = 8.34 cm 

    Material = Copper 
    AWG = 18 
    ac = 0.823 mm2 
    N = 882 
    Nw = 18 
    Nd = 50 
    dw = 5.37 cm 
    ww = 1.93 cm 

     VE = 764 mL 
     PE = 29.9 W 
     iE = 2.49 A 
     JE = 3.03 A/mm2 
     RE = 4.82 Ω 
     hE = 7.50 cm 
     wE = 8.34 cm 
     lE = 12.2 cm 
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5.4 Case Study
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5.4 Case Study
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