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Research on SVM model of a novel cylinder linear motor
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University of Science and Technology of China, Hefei 230027 ,China)

Abstract: Through establishing the Finite Element Model(FEM) of a novel linear motor and testing
its prototype, a kind of method used in simulating the character of linear motors was obtained. By
means of the method of the orthogonal experimental design and the random experimental design, the
sample space of the character parameters of the linear motors was established,and by the nonlinear re-
gression method of the Support Vector Machine (SVM), the nonlinear mathematic model of a novel
linear motor was given. Comparing the FEM model with the SVM model in aspect of consistency and
computing speed, the authenticity and effectiveness of the SVM model were confirmed.
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Fig. 1 Construction of cylinder linear motors
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Fig. 3 Prototype of the novel linear motor
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Tab.1 Factor level of structure parameters of the linear motor

HZNER KFET KFE2 KFE3 KFEA4
2k 1 M 2L oo, 500 1000 1500 2000
LB N x, 8 10 15 20

SR 1.5 2 2.5 3
WHIEE 10 15 20 25
RREE 5 60 75 85 105

FEAZS (] FEAS R0 47 A b B AL 41l B
200 R S T REASEE Y 8] 5, A 4 45 16 4>
TE A2 2 A ) B HR A

5 IAFAEMIELREEE

5.1 #EEFEE
X T HLBAHL, H &S HZ B R T LA
— BRI
(V1 932) = F(X1 s X9 s 3 54 »T5) » (3
Horbox, WA, HERENAE, x5 BB
o RIRBIREE o5 RGP FE .y A LI ALY



%3

LT S A5 BT R Lk A LS A ) R AR R R R Y 453

HEST o 3o HEHLAY IR .
X F ARG X — 2 e ny ALk & 8 th T F
AN E R R R HRE AR S 8otk my O 12
KEATIEST . SVM A g — Bl B A 058 8 4 1 1Y
FESHR I W] DL AT R R A
T SVM HAESE I 2 5 A Sk th . g, ]
LK P A4 53 00 A S — A B AR L B
=/ 1(x1 20,2520 525) 4)
Vo = [o (21X 25020 25) s (5)
SVM [u] I 4 4 Ze 14 o] 9 FOAE LRk Il )9, &%
FEA L N
(x,'9y,')9i:],"'
FLA A ) R B

7n,IGR7yi6R . (6)

flor= > —a ) (ax)+0b, (D
i=1

K o PRI H RE0 AEEL

AR IS — A AR Lk )8, AT LUE o
A L P AR 48 5 A Ay B A R 4 s ) 0 ek ) L AR
e AT R R . Bt R RN E
L P e e s 1), o AR ST DL B A [E)
(1 RS, FH N B SR A K (s 2D AR 3D
AN LA by SRR A AT DA S B AR P R B
B (8);

flo= D> —a/ VK (xi = 2) +6 . (&)
i=1
SVM R M s B G n BRI 4,

LA

[ ]

2Pk

FEA

X1 X2 X3 Xd

4 SVM EZ Pk sk Bl 15 78 B
Fig. 4 Schematic plan of nonlinear fit with SVM

5.2 BHEFERERNR

SVM [u] I 5 45 2 Bk £ 40 4 X B LA 7
T R B O R AR 22 Y TR L 5K R
Bk AR S A RSN LERES. B4
AL I P A5 TR A% R 5 % A2 1) B A% pR B (RBEF) L
RKESBAIEMTEE o A RIRE C % RAK

SCGIE 2 A B 7 A% pR B DC S8, B RE AR B 43
R = Ay — B4 TR — 3 T A
Pl A FH 0003 R 28 U E VA A9 B BRI 2
B — MR RSO R B LA AR
[ 75 i C FIAZ 1) 56 B o - AUIZ5 46 w1 DI 25 8K
P HE Tt SRR 1) o o 36 4R L v A A B P BB
R /NI —4 o R C VEABIRL S50, K
P B N 2 5 A 25 L g2 8 A ST 1 8K
it o Tk — 3 A I 0] AR AR A B 1 UM
BB A R C MY o 9 IBRAE 23 18], 4%
LA [ n X KE BER 43 AT 55 28 3 R ALY
P 2 0 A A B o B A R R /N IR — 4H o AN
CAENBETIR S50 45 B R 0% iR B S JO i+
C MBI T oo oAbgs R 8R4 J B % d
BT 25 5 C FIAZ I T8 B2 o AR IR, 43 0 - 45 ot
C R 793 MEMISERE o J 4. 2, PIABIERL S804k
LB R 2w an & 5. 6 FiR .

_—-"N
[N
1

Bz

0
50‘ e
90 (X0. 8)

5 HENBRBBSHOEFE RN
Fig.5 Search space of parameter selection for push-

ing force model

Bz

50
W95 (X 0. 8)

Bl 6 MRS HOE RS RSN
Fig. 6 Search space of parameter selection for cur-

rent model

X5 B8R W A B/ IR K B
B He /BB 2% RS Huber 45125 pR SR e A U
PR PR o X BB de /) IR LK R ROR 5



454 2 K TR 514 %
BHEBALE TR, T FadFE mAEE T H P X BT AR EARER ST ST R 8 . R Kol-

LS ERA,
H T RAIE SVM #7194 2 B0 ALY AT 4R
PR 5T A BRoT T35 07 . 3R A5 — 48 1 A 0t
SVM 4TRSS . K 35 77 1 2 8 A R e i 58 1Y )
ﬁﬁﬁ%‘ﬁ/ﬁ%ﬁﬁ%ﬂ%/\}:%mim&ﬂ,4%#3%;
SE AT LR W B H i 45 R R N R A R — 4
i e ARfARENZES. BT SYM X fil
FH L A 0 E AR, O 0 AT A4S 30 PR 4 b A B
mE 7. 8 iR . B EE B A B IT TSR
TR SVM B 22 [] 47 A6 5% 22, T 2 i — 20 Bk
V2 f5 L R A 1 ] — e

100 @
[O] *
~ 80| o @
= 60 55 ® O S 7
> ® ®

g p@ ® ® o © 4
3 40 ® ]
S ®
E" 20 ‘% @Q
= = GRS TSN )
2 e =P
& o ’fJ ]ﬂ/ml i Px

20+ ° 3)}/ 'f UEHJ“ S

20 40 60 80 100
Detection sample

[ 7 FEM BEREIF SVM BRI Gy 3 7 b 45
Fig. 7 Output pushing force comparison of the FEM

model and the SVM model

Oh T 96Ul A TR A G AR B ARk

mogorov-Smirnov BURE A LA U0 BE K 50 kL 4
SRS T HE Ty B RLVRI LU B SVM R R B AT
A BRTH A iy th 25 R R A A R — A . JFaE
¢ G I I 1 Al AR A5 0 54 H T RN O RE AR
8 ) — P Rl T s i R 0 T A 6 A R 25D

100

o ©
80| % 4 @@ O
(O] ®
60 Dq Qe ‘%’ ®
< ®
‘QE) [O]
=
=
U e » A v 544
0% 41 ISE/)rmljﬁié*Hl
- s 1] (18]
20| ML R

0 20 40 60 80 100
Detection sample

Kl 8 FEM BLAIFI SVM BB it o it be 4

Fig. 8 Output current comparison of the FEM mod-

el and the SVM model

h T W AE BT EE ST B9 SVM [a] J5 45 R 6 5 Ak
ROWG A PR IGH R T SVM B R X 7] — 2 B0FE HL
AT R R R A F — BB AL EEEAL
IS 2 B AT RO TR SRR 2,

LEREW  SVM AR R Oy A BROCAEE Y
ML R BT R NRE R WA TR
MBI IE AT

R2 HHERBLEER

Tab. 2 Comparison of the computation spend time
R X x;(mm)  x;(mm)  x,(mm) x5 (mm) SVM #ER/} (s) FEM #£05 (s)

1 1479 13. 448 1.904 8 16. 288 91. 33 0.015~0. 047 22.26

2 2 882.5 24.518 2.9819 24.668 117.71 0.015~0.047 17.02

3 947. 95 6.88 1.071 8 6. 305 58. 855 0.015~0. 047 19. 48

4 1970.7 13.18 1.277 1 9. 88 80.973 0.015~0. 047 24.14

5 2922.1 22.971 1.954 7 19. 757 119. 055 0.015~0. 047 22.02
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