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Electromagnetic Analysis of a Shading Ring Type AC Solenoid
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Abstract - A shading ring in an AC solenocid plays an important role in reducing vibration and humming sound.
Estimation of performance of the shading ring placed in a stator pole of the AC solenoid is not an easy task due to the
difficulty in measurement of the current and flux linkage of the shading ring. In this paper, dynamic performance of an
AC solenoid with a shading ring is analyzed through the simulation using electromagnetic analysis software and the
results are verified by simple AC and DC voltage tests. Both the ‘simulation and experimental results show that the
shading ring in the AC solenoid not only increases pull force, but also reduces operation time, vibration and humming

sound.
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Fig. 1 Structure and equivalent circuit of a solenoid
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Table 1 Specification of the solenoid

A 110V, 60Hz,
° 465mArms(657 6mAmax)
3y $0.28, 2230 Turns, 428
93 FA: 45g. Stroke: 18mm
Bk 4.075mm
Ao &l °©
Aeld 9 A8} 0.223m
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Fig. 4 Inductance according to stroke
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Fig. 5 DC test of the solenoid: (a)Experiment, (b}Simulation
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Table 4 Results of AC test(110V, 90°)
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Fig. 8 Current waveform of the solenoid: (a)with shading

ring, {blwithout shading ring

29 9A 4013
Aoly el A

Fol AU E FdHdN ZdH

e BT gdvk B4 dRe wge 9l

3 o) WHEA Hu old ojd o] riddHe f =
Hol AE7 123 4SS 4 F gan, oy Hoid
2= HYHAEE 707Armms, #HAA AHsEe= AHYLS

1.115W= AAtE Aok

29 108 2Ye fnom ol Aiste &S BoFn
ok ZYUe] GA4E F 28ms7t HE Al AAY A&
& 08g AUA #rh oW HAold Heol AHL AL
o2 yshla g&e ¢ ¢ 93, 127 11004 AX5 sold 29

Wkt Crrent va Thoo [e——
> A PR
n LEE e
2
i ,
-
) Y
wh
- LS £ T AR £y B E) s
oo foct
FEE w5 Thea
-
k3
i VA
d / % ? (’x

-

TR " g W S

201 %ﬁiﬂﬁmﬁi
a3 g 2alcol= (A= Mol Ehel M7
Fig. 9 Curent waveforms of the solencid coillabove) and shading
ringoelow)

161



H71ats =g X 58PH 25 20094 6¥

Pt | 101 2BEE AR

)
7
. /
g Ry
a2

a8 10 £el-ols 2Y(ah Hold "(shal HfunAts
Fig. 10 Flux linkage of the solenoid coillabove) and shading
ring(below)

28ms
t

Flux linkage g "

(Coil) ,\ i

; |

M- !

i ’f

!

Fluxlinkage |- i
(Ring) PN

(Y ‘i

1 i

a2 11 &8 0lE 3o MAK0| =AY el K=

Ur: =
Fig. 11 Flux density distribution at minimum flux linkage of
the solenoid coil

A&UE BEE vE A9 BE Aso] Hod Yol o
de & & Atk Wms7t AW Fol: AAF ol

>
Lo db 1p

Aol 2zt AW, ONFY A5 PFE
29 1294 BelFa et

Y 13& BAY A&o] A £DHAYL W HolY
of Y& A4S dold Fol Y= ALY ALUEE ol
F3 itk Aeld Fol AUl A AELES}

9
KN
=

Flux linkage Y -
(Coil) L B

J

'

Flux linkage
®ing)

o

H
¥
H

33 12 &30l TS ﬂ“HI'LXF—’—'.*-EP Hold gle Mm
Ap£ol o whekel Mol XL 2E

Fig. 12 Flux density distribution in the opposite direction of
the flux linkages of the solencid coil and shading ring

162

—

(a) b)
a3 13 XS L v|m(aslold ol e A=, bhHolg
2lo| gle 8%
Fig. 13 Flux density comparison between : (a)with shading
ring, (b) without shading ring
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