Power Magnet Devices:
A Multi-Objective Design Approach

Chapter 5: Introduction to
Electromagnet Design
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5.1 Common Electromagnet Architectures
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5.2 Analysis of an EI Core Electromagnet

* Configuration

winding

w, o W, [,

(a) cross section (b) side view
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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 2w, +w, +w,
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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 R0___RO
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5.2 Analysis of an EI Core Electromagnet

R() R(()

* Center airgap permeance
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5.2 Analysis of an EI Core Electromagnet

* Slot leakage
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5.2 Analysis of an EI Core Electromagnet

* End slot leakage

(a) front view (b) top view
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5.2 Analysis of an EI Core Electromagnet

 We obtain
P - 1, (3d, —ZdW)( . ln(1+ 7Z'm1n(2we,wc)j]
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5.2 Analysis of an EI Core Electromagnet

* Derivation of new portion of P,



5.2 Analysis of an EI Core Electromagnet




5.2 Analysis of an EI Core Electromagnet




5.2 Analysis of an EI Core Electromagnet

* Front face leakage I
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5.2 Analysis of an EI Core Electromagnet

* Expression for force

f =lZE)2 d P, (x)
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5.2 Analysis of an EI Core Electromagnet

e We have
0P, P
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5.2 Analysis of an EI Core Electromagnet

 and have
ach _ achd 4 2 aPeﬁc 4 2 aPcﬂ
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5.2 Analysis of an EI Core Electromagnet

* Limits as the gap goes to zero



5.2 Analysis of an EI Core Electromagnet

 Example 5.2A. Let’s take a look at a EI core
* Dimensions (in mm):
W, = 37 Wy, = 273 w, = 287 w, = 574
d =488 w =305 [ =119.8 &= 2.96
w, =158 d, 6 =44.4

* Winding
— N=40, a_= 11 pm?



5.2 Analysis of an EI Core Electromagnet

* Predicted resistance: 24.7 m£2
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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

switch
v I \ A
electromagnet hinge
A — ]
wall door wall
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5.3 EI Core Electromagnet Design

* Design space

winding

(a) cross section (b) side view

. %k %k %k *T
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5.3 EI Core Electromagnet Design

e Widths

W = —1 W — _1 — _1
e ec Ve W. r-wW W, = t;
2 I 2 ic’Ve b 2 bc

 Conductors
a, =round,.(a,)

A
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T =
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5.3 EI Core Electromagnet Design

* Dimensions
N, =round(N,) N, =round(N,)
w, =2rk N d,=2rkN,
W, =w, + C,
d =d +c,
[.=2w, +2w,+w,
h, =w,+g+d +w,
wp =2w, +2w +w,

[. =1 +2w,



5.3 EI Core Electromagnet Design

e Metrics
Vi = hywily

p

E
cl



5.3 EI Core Electromagnet Design

e Constraints

Cl — gte(NdeaN)

Na
k = -
o Wwdw
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J=L
aC

¢, =lte(J,J (1))



5.3 EI Core Electromagnet Design

e More constraints

o, = max(h,,w,,l,)

min(/,, w,,/)

c, =lte(, o, )
c. =lte(V.,V,, )
c, =lte(P., P, )

C, =

cg =gte( /., f o)



5.3 EI Core Electromagnet Design

() Pseudo_code calculate V., P |
calculate constraints ¢ throughc,
for ﬁtness Cs=c +c,+c+c,+cs+¢
. C, =6
function i (C<C))
¢, —-c[!
=)
return
end

construct MEC and calculate ¢,
C,=C,+c,+¢

C,=C,+2

if (Cy<())

e

return

and ¢

end

1
f= Ve
1

| Pr

return



5.4 Case Study

* Specifications

Table 5.4-1 Electromagnet specifications.

Symbol Description Value
1% applied voltage 12V
g air gap 1 mm
o, maximum allowed aspect ratio 3
Ve maximum allowed volume 1L
Py maximum allowed loss 50 W
K e maximum allowed packing factor 0.7
k, winding build factor 1.05
femm minimum required electromagnetic force 2500 N
c, winding clearance in width 2 mm
Cy winding clearance in depth 2 mm



5.4 Case Study

* Design space

Par. Description Min. Max. Enc. Gene
T,  Core material 1 5 int 1
T.,  Conductor material 1 2 int 2
w,  Center leg width 2-10° 10" log 3
r,  Twice w, to w, ratio 0.5 1.5 lin 4
r.  Twice w, to w, ratio 0.25 1.5 lin 5
r,. Twice w, to w, ratio 0.25 1.5 lin 6
a.  Cross sectional conductor area (m”) 10~ 10 log 7
N*  Desired number of turns 1 10° log 8
N Desired slot width in conductors 1 10° log 9
N, Desired slot depth in conductors 1 10° log 10



5.4 Case Study
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5.4 Case Study
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5.4 Case Study
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Study

5.4 Case
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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 Material = Copper Vi =764 mL
w.=2.02 cm AWG =18 Pr=299 W
w,=1.03 cm a. = 0.823 mm’ ir=249 A
w; = 8.36 mm N =882 Jr=3.03 A/mm’
wp, = 9.93 mm N, =18 Rr=4.82Q
w,=2.13 cm N,;=150 hp=7.50 cm
d,=5.57 cm d,=15.37 cm wg = 8.34 cm
[.=8.34 cm w, = 1.93 cm [r=12.2 cm

l cm
—>

832cm
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5.4 Case Study
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5.4 Case Study
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