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Design of toroidal air-core reactors for double-pulse test platform

Zhao Zhibin
(State Key Laboratory of Alternate Electrical Power System with Renewable Energy Source,

North China Electric Power University, Beijing 100096, China)

Mu Yangjun

Abstract: To meet the requirements of compactness and miniaturization for double-pulse test platforms, this paper
proposes a design of a toroidal air-core reactor to address the severe magnetic field leakage issue associated with
traditional solenoid and dry-type air-core reactors. The reactor is wound with Litz wire and optimized based on the
equivalent current loop theory. The inductance value and parasitic parameters of the reactor are calculated through
theoretical analysis and electromagnetic field simulation software such as Ansys, and its insulation performance,
thermal stability, and dynamic stability are verified. Based on its dual-layer winding configuration, the reactor offers
three selectable values to accommodate diverse testing scenarios. The results show that the toroidal air-core reactor has
high energy storage density, low magnetic field leakage, and good stability, with its energy storage density being
28. 389 times higher than that of traditional solenoid reactors. The reactor performs well in double-pulse testing. The
conclusion indicates that the proposed reactor design meets the developmental requirements of double-pulse test
platforms and can serve as an important technical means for their compact and miniaturized development.

Keywords: double-pulse testing;toroidal air-core reactor; magnetic field leakage; Litz wire; dynamic stability;dual-layer

winding structure;energy storage density
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Fig. 1 Diagram of Litz wire structure
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(a) Diagram of the toroidal reactor structure
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(b) Schematic of the electrical connection of
the toroidal reactor
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Fig. 2 Schematic diagram of toroidal reactor
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Fig. 3 Explanation of axial and radial

dimensions of circular reactor
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Fig. 4 Wideband equivalent circuit model of reactor
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Table 1 Equivalent circuit parameters of

the toroidal air-core reactor
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Fig. 6 Prototype of toroidal air-core reactor

T — A BUZ LA I PR R L, e
I S SHOAR T b ) S A R 2 1 T e — S B R L
A S0 22 0 AR A, 2 TR B 1R 7 A1 42 38 5 O 180 mms
A2 100 mms & ok 200 mm.,

FE A5 SR L T A ORI 38 50 1 R 4 A 1 e
DI RIS SL SR T2 R 75 oK . 78 58 ML 25 O 18R 445 1 1 4%
J& s A AR HEAT RS B LD HI OB LT M, SR 1R
VT3 R R B LA 2 802K, DU N R 26 R I R k. 7
HUAR I T 0k 7 v, 2% R 30 T30 22 X e 28 7 i P i A B2 )
W T EART SRR IA —E B, S
B0 T, R B AR R 25 48 RE 0 1E A e A EL DR 45 2 08 A9 AL AR
R N R AR B L SRR Y T R RN UR B Y 1R TR B AR 2K
2 AT 0NN - 1 B [ R O O 93

FUATI S . S 4 1 98 B N o0 R 25 2R T SE T Y 1. 1
£, B0 1 1Xb6=1.1X1.8=1. 98 mm, I 5 2& 1 1 1 3 ] 2y
PR 25 a0 = B 22 A 1145, B 2X 1. 1Xa=2.2X
a=2.2X2.2=2.42 mm, XBH o b 5 HFTRF L

« 132 -

T 1) R R E E

K F B 0L BCF 5 i Ccomputer numerical control,
CNO) BEHI LI T8 AR XT3 H AT 2 LR /9 T,
TR 5 A N TR R DA DR S R 1Y o I
BEWE R BT EOR . AR By TR B 1 B R R B R 2% 26 1Y
A BT T HL B o 0 FL R PR RE L TR RS BE AR ] 2 0
B,

LSRR R 2Z LR A TR, BT L
R 96 B R B 2 28 M R AT AR R X R BB S T
AN AT R R E A Y B E

TE G TR v 75 R 0 R AR AR R 2% e 5k O AN 7
AR LR 5K ) S BN ) 4R S BOHLRAR A3

JZ ] 2 2% bF R R TSR I IV i 9, O R 2 R EE Oy
0.05 mm, HATHEIRE A 100 kV « mm ', i1 86 AT DL HE BT
P s B B 2 A i 5 LR R T 2X0. 05X 100=10 kV,

WL BRPRHEIE NS B mATE TR ER KA
) I8 R 25 B AR N 2 T

x2 BB LERBENIEEHNSH
Table 2 Structural parameters of the prototype of

toroidal air-core reactor

I 25 O B A FE DL A 1 S 4 gl
WEBRNR/IME 100 mm/180 mm
Y B 4 e B 200 mm
I B4 R SR g
LY=L ik 60
ZEEL 2
2 I S 120
) 254 L A BT 0 X b 2.2 mmX1.8 mm
e A LB BN R R (B 76.9 uH
B B C 3 X B H R 90.9 pH
HEHE ALC Ui T4 R R (E 300.0 pH

WE 7 Fis A SCE ST R B 600 V/75 A ISR
IKW75N60 T B IGBT it K J& F i {5 & 903, )
LTspice X /F#5 7 T 40 2 IR0 v BiL 4 B M0 458 780 1) U bk o 1
A, P R ZR ST IR L R I R 500 VL E R PTAY
ALC ¥ 300. 0 pH L JEAE , I 4K 11 38 3 52 5 1 F
Tt BB AR A R ORI 50 AL FERGHL B T B B B A
4 v it L 57 45 R4 P 25 U IR 3 L A7 03 4B AR R
IGBT 4EH AR LR .

BT S g S A 8 AR, A i R B TR 1A
C 35 F X BL AT 5 (2 N 2 43 51 S HL T 2% B9 1 30 A R
WA B ALC T B AR L . 3 5 LTspice HL B
D7 FLAR X AR ST B H 11 9 A0S 5 AR R AT B AR
) I ) W, PRI TR L AN 18] 8 TR



BB F R T kT Al & 8RR S B B Rt

5524 W

CuiCpr
0.96 p+12.18 p/2
Ry L3l
143 m 292.94n
Cg| ==c{u/2 cm/2 L cen
oor 1305 pis 13§05 pls 5,
L8 CuCpr2 <
0.96 p+12.48 p/2
L0l
206m 292940
cen| cen
0.92p[ To.o2p
~ v
PS
ACg2 ACg2
0.92 p 0.02p
L60 R
o
29294n 2.06m
Ci+Cpi2
1T
Eas 0.96 p+12.48 p/2| L
:=Cg/2 _lem/2 cm/2f ::Cg/2
092D 13505 p/2 136p5pr2 [0-92P
L120
29294n 2.06m
Ct+CpR2
I

T
0.96 p+12.48 p/2

7 Uk i 1 R 3% 114 J) B e oK ]

Fig. 7 Local enlargement of the dual-pulse test circuit
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Deformation effect of the reactor

during the excitation of double-pulse test current

B 12 B T BT as MR 2 1) B Hor A . B 45
TR AT 52 W e Kk I R 2K 9. 78 MPa, iz IR T 4 #1
Ak B B A e MR 5k B (250. 80 MPa)

P&l 13 38 2o W22 5 U0 1 ) B4, i 4R A2 fe K BT ) i
JIME R 4. 02 MPa, /N F 8 A1 8 HT 59 58 (210 MPa) .

gk BLC o MESE AL C 3538 AR AR Sk i 3

134 -

9.78
7.62
5.45
3.29
1.12
-1.04
-3.21
-5.37
—7.54
=07

P12 S KUK o e G A A 9 R S 19 R

Fig. 12 Normal stress inside the reactor

during the double-pulse test current application
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during the double-pulse test current application
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