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Abstract: In this paper, the key role of 60 kV 0-pinch coil insulation of field-reversed plasma device in equipment operation
was introduced briefly. Combined with operating conditions, the selecting processes of key parameters and manufacturing
process of 0-pinch coil insulation were expounded, and its mechanical properties and insulating properties were tested and
analyzed. On the basis of the sample analysis, the corresponding prototype was made to test and analyze. The results show
that the field strength of the coil corner can decrease by 41% through optimizing the main insulation thickness reasonably
and increasing the insulation fillet properly, making the service life of coil prolong by 9 times, and the breakdown voltage is
20% higher than the design voltage. Compared the ANSYS calculating results with the sample test results, it is found that

selecting 8 MPa pressure during impregnation curing can effectively enhance the adhesion. The research results provide

ideas for the insulation structure design of 60 kV 0-pinch coil of field-reversed plasma device.

Key words: 6-pinch coil; insulation structural design; insulation curing; insulating performance

0 318§

AT PEAZ R AR B R & N I8 H AT O 0 A e Rk
REVR fE ML 24 B Re Ui, M JUEE B R A2 N 20 R
P A R B DR RS R SR . BIH AT A
1E, W24 95 4B 1 249 RO o ] 45 4% SR AR H R I AR I
MG O AT TR KIEEE , SR B T e 525
PEE B WNA m BRI 2 A FEN TR IR R
L UF /N R B A%, DL I A7 T (field-reversed
configuration, FRC) A X 3 I REAR 14 20 R H R AE X
J7 T HA R KA,

T 4 I A 2 — A Y M2, FRC 1A 72
WAEIR B CURG et T 46, (H 2 5 I 22 B R~ #f L

HEWHE: B RXEEHLTRRE (2017YFE0301800)

BN, o A AR R M3 E 5 2 36 E Tri
Alpha Energy (TAE) A A] [ C-2 % 1] %% & Al o [H £}
2 Hi R K % ] Keda Mirror with Axisymmetricity
(KMAXO$E . & ZHERE, Hbr BRI TR
(1) FRC 1k i 25 B AR H = b, Horp A SRS [
FRC i & 45 52 56 %5 B & LANL 2 7 2 38 ff) FRX-C
A H AR R BROK 2 36 1) FIX

e rp B K 2 7K $H ) HFRC (HUST-FRC) B4 B
B I 45 5 A 25 B TR 11 H v R g 3 1 wT BATE]
I I i 3% S 25 8 - A Kt lf il £ R R TS 46 1) 27 4 SK
5o B, TUHA H bR N 3RS R E A 4 SR AR A 2
30 cm. 25 FEIL B 1.5%10% m™®. F ik 3 500 ps £13%
REEBS T4 . HFRC WP BLHE 45 AR 3 B A K
12 m, FEQFEY) R E T RIX A 8 S



64 ARG « 1 [R5 B - 60 KV A 17 41l 40 2 P 400 25 45 ) 1 T

@GFRL 2023,56(5)

B e a S0 X 4 Ay o AETT R R i S B
48 S U0 I, 75 B AE P i AT 1 X o R I TR B3
S S5 TR, H v A1 17 4 46 (0-pinch) 25 Bl & 4t 5 1
a2 2k Pl 2 gt 1 A HE RS A LR 18 7 A I 7 i vHE AR
AW I MUAR 1) 3 4 2 Pl R 8 v 7 AR R Bk b 3 5
X 1] 4 447 2 BB 03 FRLIRS R A R R A S I S
SRR SR RGBS A A R
2T T ol R LA Sl B A 10 i 4 2k Bl R b =
7R S v LT K LA, 9 DRAIE R SR AT B AR 8 A 22 42
P, 2R 18 R G 8 2 A LT 25 0% L P,

AT TC LR Bl 2 4 ] FE PR BT EOR R 4
BB RIS AT Lo, FE K 60 kV B4, 14
T 1) it 4 2 P 26 2% (1 1) 1 T 2R L L B S5 R )
BT BETT 2k Pl 48 2 1k RE VP Al L B 2k Bl il i 2 5 T 1)
Wreas .

1 fAEfiE 2k Bl 4 S A5 A R0 T

1.1 Z%BEZENESH

HFRC Fi B Y 1l s 4 5 7% 2% B Hh A 1) 4 44 28 el
R EWE L i, MEITATEUE H, 124
A 7] 4 4 42 P8 1) 350 50 o A AR AR O A B o
AH 2L > 28 B 7] B 25 25 4 190 mm. 45 P8 K FH G A
AR Ay AR, R R ST 8 135 mm Cii]) x5 mm
(2], 2618 W42 656 mm.

126 i SRS

1 ARERLE R EE
Fig.1 Assembly diagram of 0-pinching coil
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Fig.2 Chang of coil axial electromagnetic force with time
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Fig.3 Chang of coil radial electromagnetic force with time
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Tab.1 Parameters of oil main insulation materials

oon ERE MK R RfheRE SlisRE BARRE
/(g/em®) /ct /MPa /MPa  /(kV/mm)

EWEE 1.4 5.0x107 80 100 6.5
Wy 2.5 — 320 — —

132 & BAXRGZRGHA

T2k P 5 s = A R TR 5 6 mm, B 25 B
AN Z RN 2 mm [P, A5 1) R T A el
T4 mm. F)H Maxwell A [A] B 6 AN [F] 46 2% 5 &
() 2 Pl 408 25 #1301 e R I i gk AT vH B, 45 SR
EISr. IWEISHTELEH,d43.0.3.5.4.0 mm i,
B K535 vl il AT P R . 5 R 3 e B, 2%
MBS SARAE — EMIN TR 22, 75 e K PR (184
R P, S S B 25 R PR 3 mm.

Kl 6 42 )5 % 3 mm N, §ii 4 26 Bl R f 2E 4%
(R)A0.5 mm A1 1.5 mm A, £ 3 5 K37 58 1) 11 5 45
Fo IWE 6 LLE 1, 24 R=1.5 mm I, 25 B 45 %
B e K37 R AR T 41%, B R T 4G ¥l
.

5E T 2R 18 1) L 7 iy 1A X (D BT R F7URF BB
AR, B 2 COBYRT S, 48 2% 3 35 B Kk 3 9 AR AT
BROEK LG Hdr. SNAEL RSN, H

0.5 1.0 1.5 2.0 25
R/mm

Els AEHESGIE R XL Bl L 5 A B i KA SR A 20
Fig.5 Effect of different insulation thickness on

maximum electric field of coil insulation corner

6 EIR XL E %% A& XIARAF T
Fig.6 Effect of different R corner on

maximum electric field of coil insulation corner

n BN 9~12. B E R 41% I, 42 B 7
A 9 £ A A
L.=cE" Q)]
D L IG5 o N LG i o 20 n 9 2
E NI R .
133 BEw%EHM
HR A b3k 73 Ar AT 45, 4 246 2 P8 A8 T &5 4 3
A AL, N 7 B, AR RS O8 5 mmx135 mm,
GK #4% JZ FE 4 3 mm, 4} 2 JE BE A 2 mm ) #4458 &
A Bh 48 2 S 54 VR
1438 i mm

141
135

15
11
-

E7 kBB gEN

Fig.7 Pinch coil insulation structure
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Tab.3 ANSYS analysis results
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Fig.9 Insulation test samples
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Tab.4 Test results of bonding strength between

coil insulation and conductor
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Tab.5 Mechanical properties test data of insulation layer
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Fig.10 Voltage resistance test results of coil

insulation samples
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Fig.11 The breakdown voltage test results of

coil insulation samples
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