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Research Report

Project code : EMC40-02
Project title  : Analysis and Designs of Magnetic Shields at Low Frequency.
Investigators : Assoc. Prof. Dr. Samruay SANGKASAAD, Chulalongkorn University.
Assist. Prof. Dr. Tuptim ANGKAEW, Chulalongkorn University.
Mr. Chairat VICHEANMONGKONKUL, Chulalongkorn University.
Project Period : July 1998 — December 2001
Objective
To study low frequency magnetic field shielding characteristics of a shield constructed by
different conductive materials with different forms. To analyse magnetic field by using finite

element method.

Abstract

This report presents the analysis of low frequency magnetic field shielding effectiveness by
using hybrid finite element and boundary element method. The solution around the magnetic shield
is achieved by finite element method and the solution at the open boundary is obtained by the
boundary element method. The rectangular element in the thin plate of magnetic field is used for
reducing the member of the elements. Low frequency magnetic field shielding effectiveness of the
various shape magnetic shields are determined and compared with the other previous works. The
effect of various factors on the shielding effectiveness, e.g. permeability conductivity, frequency,
thickness and distance of the magnetic shield from the magnetic field source were studied. The
results show that shielding effectiveness is satisfied fairly good with the analysed and measured

results in the previous works.

Keywords : Low frequency magnetic shielding, Hybrid finite element — boundary element method.
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AARUIN N.

LANANHAILANLARS

v
v o

Auuali 4 uaz B iluiliunninnmas luanei U uay ¥V ifuilSunnuainans sasiu

VV(U+V)=VU+VV n.1)
VUV)=UVV +VVU (n.2)
v (%) _ V(VU)V—ZU(VV) -
VV" =nV" 'YV (n=swaudn (n.4)
V(A-B)=(A-V)B+(B-V)A+ Ax(VxB)+Bx(Vx A) (n.5)
V-(A4+B)=V-A+V-B (n.6)
V-(AxB)=B-(VxA)—A-(VxB) (n.7)
V- (VA =VV-A+A-VV (n.8)
V-(VV)=VV (n.9)
V- (VxA)=0 (N.10)
Vx(A+B)=VxA+VxB (n.11)
Vx(AxB)=A(V-B)—B(V-A)+(B-V)A—(A-V)B (n.12)
Vx(VA)=VV x A+V(V x B) (n.13)
Vx(VV)=0 (n.14)
Vx(VxA)=V(V-A4)-V>4 (n.15)
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NSAUNLNTALBIAILAUBLLULNIAAIDATILADS

9.1 ,NIFAIBASILADS 1 NB (One-Dimensional Gauss Quadrature)

1 n
I=[f©dE=Y wf(&) (1.1)
-1 i=1

Toefl  n =Aanuruqannd
&= Aunaaang
w, = duilsr@nannaniaguinmiin

ANTSFIATTRY & LAz w; HANAIANT97 9.1 iU 1 =1,2,3,...,12

2q.2 /8 ﬂ'ﬁ‘ﬁ&lmﬁﬁ mam'}was‘ 18/ (One-Dimensional Logarithmic Gauss Quadrature)
1 | n

1= [ f(©)dE =Y w /(&) (12)
0 i=l

1 a o a o dl o o
ANLTINAQLATURY &; UWAY w; NANANANTINN 4.2 @UTU n = 2,3,...,10
a.3 Lﬂﬁﬁ ARASILADS 2 WA (Two-Dimensional Gauss Quadrature)

N sl A
NIOUBRALNUAAL RN

[[rEmazan=33 £&nmw, @3)

—1-1 j=li=l1

ANTIAAT89 &, 77, , W, UAZ w; HANIANIIGN 9.1 d Wil n=123,...12
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M1919 2.1

+S Wi +é Wi

n=1 n=8
0.000000000000000 0.000000000000000 | 0.183434642495650 0.362683783378362
n=2 0.525532409916329 0.313706645877887
0.577350269189626 1.000000000000000 | 0.796666477413267 0.222381034453374
n=3 0.960289856497536 0.101228536290376

0.000000000000000 0.888888888888888 n=9
0.774596669241483 0.555555555555555 | 0.000000000000000 0.330239355001260
n=4 0.324253423403809 0.312347077040003
0.339981043584856 0.652145154862546 | 0.613371423700590 0.260610696402935
0.861136311594053 0.347854854137457 | 0.836031107326636 0.180648160694857
n=5 0.968160239507626 0.081274388361576

0.000000000000000 0.568888888888889 n=10
0.538469310105683 0.478628670499366 | 0.148874338981361 0.295524224714753
0.906179845938664 0.236926885056189 | 0.433395394129247 0.269266719309996
n=6 0.679409568299024 0.219086362515982
0.238619186083197 0.467913934572691 | 0.865063366688985 0.149451349150581
0.661209386466265 0.360761573048139 | 0.973906528517172 0.066671344308688

0.932469514203152 0.171324492379170 n=12
n=7 0.125233408511469 0.249147045813403
0.000000000000000 0.417959183673469 | 0.367831498998180 0.233492536538355
0.405845151377397 0.381830050505119 | 0.587317954286617 0.203617426723066
0.741531185599394 0.279705391489277 | 0.769902674194305 0.160078328543346
0.949107912342759 0.129484966168870 | 0.904117256370475 0.106939325995318
0.981560634246719 0.047175336386512

58




M1919 2.2

i w; n Si w;
0.11200880 0.71853931 8 0.13323243(-1) 0.16441660
0.60227691 0.28146068 0.79750427(-1) 0.23752560
0.63890792(-1) 0.51340455 0.19787102 0.22684198
0.36899706 0.39198004 0.35415398 0.17575408
0.76688030 0.94615406(-1) 0.52945857 0.11292402
0.41448480(-1) 0.38346406 0.70181452 0.57872212(-1)
0.24527491 0.38687532 0.84937932 0.20979074(-1)
0.55616545 0.19043513 0.95332645 0.36864071(-2)
0.84898239 0.39225487(-1) 9 0.10869338(-1) 0.14006846
0.29134472(-1) 0.29789346 0.64983682(-1) 0.20977224
0.17397721 0.34977622 0.16222943 0.21142716
0.41170251 0.23448829 0.29374996 0.17715622
0.67731417 0.98930460(-1) 0.44663195 0.12779920
0.89477136 0.18911552(-1) 0.60548172 0.78478879(-1)
0.216344005(-1)  0.23876366 0.75411017 0.39022490(-1)
0.12958339 0.30828657 0.87726585 0.13865290(-1)
0.31402045 0.24531742 0.96225056 0.24080402(-2)
0.53865721 0.14200875 10 0.90425944(-2) 0.12095474
0.75691533 0.55454622(-1) 0.53971054(-1) 0.18636310
0.92266884 0.10168958(-1) 0.13531134 0.19566066
0.16719355(-1) 0.19616938 0.24705169 0.17357723
0.10018568 0.27030264 0.38021171 0.13569597
0.24629424 0.23968187 0.52379159 0.93647084(-1)
0.43346349 0.16577577 0.66577472 0.55787938(-1)
0.63235098 0.88943226(-1) 0.79419091 0.27159893(-1)
0.81111862 0.33194304(-1) 0.89816102 0.95151992(-2)
0.94084816 0.59327869(-2) 0.96884798 0.16381586(-2)
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