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Coarse-tuning/fine-tuning adjustment theory of

moveable magnetic-pillar reactor

GUAN Ruiyang s WEI Xinlao s WANG Yonghong, CHEN Qingguo
(Key Laboratory of Engineering Dielectrics and Its Application, Ministry of Education,
Harbin University of Science and Technology, Harbin 150080, P.R.China)

Abstract; Coarse-tuning and fine-tuning adjustment of the power reactor’s inductance is very important for
the operation of power system. Thus, a theory is proposed that could achieve the coarse-tuning and fine-
tuning adjustment of inductance by adjusting the distance between the two magnetic-pillars to change the
working magnetic circuits and its reluctance so as toachieve a continuous adjustment of inductance.
Combined with magnetic circuit of Ohm’s law the calculating formula of inductance could be deduced;
modeling reactor’s 3D magnetic-field, magnetic flux density and inductances could be caculated by finite
element method. And the feature of inductance’s adjustment curve is analysed in detail. The results show
that the position of moveable magnetic-pillar could change the working magnetic circuit, and the number of
working magnetic circuits changes from one to three, then from three to two; the relationship between
inductance and the distance of two magnetic-pillars is a double exponential function. When the distance
between the two magnetic-pillars increases, the inductance decreases; the inductance’s adjustment curve is

composed of three areas: coarse-tuning area, transition area and fine-tuning area. The reactor based on this
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theory could achieve coarse-tuning/fine-tuning adjustment of inductance.

Keywords: reactor; adjustable inductance; moveable magnetic-pillar; coarse-tuning/fine-tuning
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Fig.1 Iron core structure and its analog circuit of reactor

1(a) E WG B A5 1 AT AF | BEKSE AB i B WEA: BE N EKSE EF 440 AT 8h At GH 5 <
B wgAE BE “F-47 B R XY O 45 T BUE T X A R T AT s G A GH 57 B REAE BE 5 %5 42 fil s mT 3l i A
GH 5 b N8B0 2 8] in 5 2k i M 45 b Bt ORI R 52 % 0 1) o R F e [ T hig A GH LA/ INIR 3, R B
W EA — I Re AR 1 SAERREE L MR R L Z B R L =21,

HES MR BB B AT T 8 1) B e R 7 ARG . 1B R R AR F 8t bR BEL (B 7T 3 w4
GH VAN A S A B RE D s R AR AT 3h A GH REFH s R AR AR £ BIRERH s R . 18 2 JE B WG 1 1 b 1%
B; R, MAFEC A5G A2 (R E D S5 H SZ MK b5 v shiit: GH 181
B R, — AR

RIEREBE R, R R Fl R X 40 8E AR A 45 . o8 X T Bh G AE GH 5 B REAE BE Z 1Rl iR
BA o BN TATTIE RS . 2 BN A RS G T R AR R L R /N T R AR, AT BT FE R B R T
JEHIRTHE T . AT 20 4 T SRR GH RYBERE R I s % 1 b G BH



%78 T, E T AR/ AL S AR LR E R 61

T 2R, R,R, o
' " RyR,+R, R, +2R,R,"

A (2) ~ 3O TR AE AT 08 19 BE B 0 T s B TR A K
_ poS:N* -
14(1)* 21112 Z} ’ (O)
+7

lllzkl i

2Lk + 11 ky) +

RS BRI s by by LAY HRBR L 4!5%%622@1%417 SR, WERRUERY KR ths%
SCHRN AW A5 2880 T T R R R BB O T AR 3 R R 0 4 T AR R s g O R SES R X R R L
TARE M, BT 1,22 000~3 000,71, <p, s IR ) PG —T0 1, /. WT AW, TTLIE .
KOG HFER TR o Z 40 HALS B i, B E L (o) &6 T o 09 5008 5 8 pR 50, I8 799 B B9 15 K
CIRE T ER AN N A Y L o G £ VT

AT 2 I O TR o =0 L AT RIGACAH R, =0, X WL &M pEiE A—B—C—G—H—
D—E—F—A &G T R, . LI AR BE 2 8 4k 0 b Rhag BEL . T 7 6 b A9 g BEL A R,+R(.,EEL
JEAE fe R, TAERE I 2 L L B ] 2 Ca) LT 2Co) T s M BE B 2 >0 B, AT LA R, = <o (B¢ A R,
T8 G I E A—G—H—F—A M1A—B—E—F—A JE A& 0 5%  H I 7] 2208 28 kB BEL, T
VE i 6 v i B REBRL F R A R o M (2 A Ry 5 R,y R0 o HBE S5/, T W % S 26 L vl i G 1] 2 (oo
Bl 2(dD iR . Bk S5/ BB 20 31 o

Lux=N?/(R, +R.)
n (2R12+R,1)N2/(2R,2R“)}
25 b T R AE A 0 BT TR R B R A U L R RO Y 1 % TAERE BB BT R 2 Sk TG I

(6)

4 5 ¢ Ry,
4P L
c"‘“': e
c-—+’> : @1' R
c-—-"ﬂ"
| +-P H\[ D
qih L
F b R, R,
P |
I
() wOF T VB (b ) =08 Hi
A B —_— I
— L) l ¢ RlZ
C—-"J 2
it ¢ ¢
»]
o Y ) )
c-——-lﬂ"
P H b
[« 1,
F R, R,
E - — -
(c) x> W TAERE (d)x>=>1 BF 2 H R

B2 2 FAR iR 5 Bt TAERERE & 25 tL AR Bk

Fig.2 Magnetic circuits in the two extreme situation

2 (FEWIE

21 fFEFE®E
F R ICIE HEAT R 0 B IR R . DL T 5 07 R A AR R A b R) LAY MR R S S I R RE A A ROy



62 TR K FFHR %41 %

J5 RE L IGh B 2h 5 W T A 0 M0 I R Al g S A0 9 A8 43 D7 R SR it ) 43 A RS BTG R LAY A
Tl R A Ay A 0B 475 8 PR RO A% 43 Dy R R AT B 1AL SR A% Bl g3 T R 4 M R A — A AR B0 R A i
F7oR A PR ANSY'S 3058 KR 5 Ab 38 0y e 45 21 By 50 i W 8L 6, ) 40, 2 J8% 07 38 BE B AT | ) 4 WG 7 A
FIBEREAS Y (B=V XA) (BJEH L 7T i LMATRIX %2y & 43 Hyteel

% 5 F W P 19 SE PR TAEAE BLBT LT R SR

1) 3R fige A5 700 Py oL i 7 ) - e 3 HL 24 P 2 Wi 4 5

)RR R B 5T (M A5 ) [ R

] S G AE A TG 1Y 328 TR) Ay

A PA A
et Ty T T ML %)
S,:A=0

X A=A, A A SRR EE J=[7,.J,,]. 170 RFEA KM SRR TLIFiEh
B BB R S O AT IR S
22 FE#ER

AP 1 R Ak g R ST = R RGO FBTRL L BTl solid 117 BT s 4 R R AR X R S R
BN 2 000, K A ST R [ B4 (free) s 2k BB R A9 A X S R B2 0 1, SR H 3051 43 (sweep) s 45 AR
TR G G T 2 8 2 1, SR B e 43 (smart) 5 78 26 BB 18U 1 v il 2 b 2 57 Jmy 38 [ A AR BR R L JF 9% Ak A
R L BEBIRRG , DhE 7E 2 RIBTRY 1 it in 2R T1 o0 50 %% B A S 38l s S AL S B T AR 1R 5 E H 2 A B A1
A Sy S AL L I A A AR D 1) B A 2 T B N R ) R AT 1 Ak R BB G 5 A i 5 N R i BT
5 o SR 70 40 B SR f % .32 solve in A HEATR R, R 1M T BB ILM S8, K 3 AW TR
1/2 AR BT 4

®1 HEBEELMSH

Table 1 The parameters of simulation model
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FLMHE/mmX mm 2.2X3.2 RS SE/ mm 50
SBEKE (/mm 20 BRUSTH # /mm 140
SBKE (,/mm 10 Fol kO B/ mm 350
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Fig.3 1/2 meshed model of reator
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Fig.4 Magnetic circuits and flux density distribution
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Fig.5 Magnetic flux density distribution in air

2 x=0~100 mm Bt% B B BE

Table 2 The inductance when x =0~100 mm

x/mm L/mH r/mm L/mH
0 121.820 18 27.248
1 46.956 20 27.108
2 37.629 25 26.868
3 34.166 30 26.712
4 32.209 35 26.606
5 30.974 40 26.540
6 30.142 45 26.487
7 29.522 50 26.449
8 29.040 60 26.400
9 28.664 70 26.384
10 28.368 80 26.363
12 27.941 90 26.348
14 27.613 100 26.334
16 27.435 — —
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