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An Adaptive Finite Element Method for
Magnetostatic Force Computations
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Abstract-This paper presents an adaptive finite element method for magnetostatic
force computation using Maxwell’s stress tensor. Mesh refinements are performed
automatically by interelement magnetic field intensity discontinuity errors and ele-
ment force errors. In initial mesh, the computed forces for different integration
paths give great differences, but converge to a certain value as mesh division is
performed by the adaptive scheme. We obtained good agreement between analytic
solutions and numerical values in typical examples.
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Fig. 4 Initial mesh(511 elements).
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Fig. 5 Final mesh(4451 elements).

A AlME fE HE fiesy

2.2

[N/m)

2]

FORCE (Times 10E-7)

LA
o

7.7 -

1.6 T T T T T T T T T

[ 1 . ]
Thowsande
0 para s NUMBER OF ELEMENT
4 PATH 2 & ParE 3 ©  avERuCE X ANAL SOL
a8l 6

2449 Zotel W 7 B2y Y A
A tel 22
Fig. 6 Force convergence in each path accord-

ing to increasing of meshs.

4.2 Us MXIAQ| 3l
277 UR AAY 3ze FLe: f;,
'6}71 Ak mHlolct of7IHE 3709 3 A
< Haislet ajgls e fvl *DM;H i
7t 5677HOIE¥. olufef HEA= P&l B
w23 102 zEo] sch 271 47 OML &
ol wet el ar|st g ch2est A o4

L5

H‘ ol mlm

>~r-ir:

0.5 [m)
Ay
0.35 [n]
L 0.3 [}
/735_ 1
A B
0.05 [m] A% 2
4 = 1000
kA
J=1000 [A/m?] P23

387 U A4 29
Fig. 7 U type magnet model.

103



Trans. KIEE, 38, No. 2 FEB 1989

| 2

8l o
h=3

ol Al s=HA 309

e — 54
o R do ns ] ™ 3] @
w & N Q
Lo, 7 A = e
B! ; —_—
o =z wﬁh —_ HT. ; ™ = —
Ly = A F < -
X o] & ) i Q. @ 4
T & n - 2 g z
o p— - = =
S L% | ra o [ 3 3
ol Y - B 3 o 2
Lﬂ = = 3 py i ef = - E : :
no— Y =
ﬂAF .V AT = o) M ﬂf« m.m.u. N B 5 @ m
; = a o4
%o \kﬂ o w oM ,, smm wjd 2 . = o
i _— e NV \m' £ & h
T T , : > ; -
o — To? f , 2o T 5 @ &
PR B £l o SN [ s 2 L S &
do A F I ™ g N 2 o w®
THRPT ¢ o : o g E @ =
Y 2] Cop b
o ® 3= (L o tig e | :
w9 x oY % AN u g ¥ o M
R N Tr S S N o o L 3 " =
o W o T oo e e I o - “ 4
L, = _ 2 SR SRR EEEEEEEE] - —
o I G oF §833ss8s3Esseggsy
o_miiut\fﬂ sd°3333%3838°33F8 - = "
WH i Wy . XoNO4 .-
o of T 4 n &
T RE TN T T o
ol M T T mow
9 o To o L
= — E_E K .
N X M o =
ot o T Fol MR o E
S Yt w o S 3
- el | 2 —_ FL = E
of A Ko o oF ol o o 2
4 Sy o —y L o) Lo o =
4 ETPTET FPE ekt v o
S s Tg Yoo ~ 8
R T B B 8 =
S S e I ST [t : 'k
_ — o o 0T aby =
LBy Pegy —— o E
= T © .- - o =
"ZxXws Zoepll = = 2
B TR IR I gt M E
O BNV ERC M BN R B
o o %O Moot me — —
1 o —_— N (] d» ™ © ®
+ 0w o M AE T g ] .
~n . .i =y kg o = an -}
oY [~ | S b o=
Fo o 2= ol e N M =
PWTo T oo gt " oy
YRS S W T
Tk N gAY TR
T T W R K E N o ook

1531 @4 o) 7% ( 1531 elements case )

division,

c.

Fig. 11 Force distribution according to mesh

Fig 9 Final mesh (4675 elements).

a8 9 #HF 8414675 94)

104



WERE /735 38K 25% 1989% 2 A

W
B3
1%
2
rﬂ}_‘
2
l

ik}
ki
10
ok

1) Song-yop Hahn et al, “A Posteriori Error Estimate
for Adaptive Finite Element Mesh Generation,” IEEE
Trans. on Magnetics, voLMAG-24, no.l pp.315-317,
January 1988.

2) AR.Pinchuk and P.PSilvester, “Error Estimation
for Automatic Adaptive Finite Element Mesh Gene-
ration,” IEEE Trans. on Magnetics, volLMAG-21,
no,6,pp.2551 -2554, November 1985.

3) 2.4.Cendes and D.N Shenton, “Adaptive Mesh Refi-
nement in the Finite Element Computation of Mag-
netic Field,” IEEE Trans. on Magnetics, vol,. MAG-
21, no.2,pp.1811-1816, September 1985.

4) K Reichert, H, Freundl and W .Vogt, “The Calcula-
tion of Force and Torque Within Numerical Magnetic_
Field Calculation Method,” Proceedings on COM-
PUMAG, pp.64-74, 1976.

5) Durney and Johnson, Introduction to Modern Elec-
tromagnetics, McGrawhill, pp. 163-167, 1984.

6) 1.Babuska and A.Miller, “The Post Processing App-
roach in the Finite Element Method Part 3:A Pos-
teriori Error Estimate and Adaptive Mesh Selection,”
IJNME, vol.20, pp.745-756, 1984.

8JK1 - (JUN1)

R AN A XS FuRLY

105



