Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

T BOCER TR bk R 77 A B R S R
AR GBS E@k oW ERE A

Optimization of pulsed intense magnetic field device for laser plasma experiment via inductively coupled coil

Zhao Jia-Yi HuPeng Wang Yu-Lin Wang Jin-Can  Tang Hui-Bo  Hu Guang-Yue

5] Fi{& B Citation: Acta Physica Sinica, 70, 165202 (2021)  DOI: 10.7498/aps.70.20210441
TEZE RT3 View online: https:/doi.org/10.7498/aps.70.20210441
I N2 View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

BT ARG O REAL S5 B T O T R R THZM A 1 4%

Parallel magneticcontrolled THz modulator based on two—dimensional magnetized plasma photonic crystal

WIFEAEAE. 2017, 66(5): 054210 https://doi.org/10.7498/aps.66.054210

WOEAS B T L 22 rh IR 22 B R
Control of the terahertz spectra generated from laser induced plasma

WIFIE4. 2020, 69(2): 024205  hitps://doi.org/10.7498/aps.69.20191200

SO A (K58 R I HR 5 S i R

Strong magnetic fields generated with a metal wire irradiated by high power laser pulses and its effect on bow shock

YIBR2EA. 2017, 66(9): 095202  hitps://doi.org/10.7498/aps.66.095202

T AT D e F 7 2R PR R
Measurement of magnetic field of capacitor—coil target using proton radiography

PPz 2020, 69(17): 175202 https://doi.org/10.7498/aps.69.20200215

SET SR Y - B 7 TR R STUTO G 55 B 7 RS AL R 0 AR A A AL
Numerical simulation of deuterium—tritium fusion reaction rate in laser plasma based on Monte Carlo—discrete ordinate method

PIFRZEAR. 2019, 68(21): 215201 https://doi.org/10.7498/aps.68.20190440

AR A 5 25 B TR 5 r R TR A B (AL
Numerical investigation on interaction mechanisms between flow field and electromagnetic field for nonequilibrium inductively

coupled plasma

WAL 2019, 68(18): 185202 https://doi.org/10.7498/aps.68.20190865


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20210441
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.66.054210
https://doi.org/10.7498/aps.69.20191200
https://doi.org/10.7498/aps.66.095202
https://doi.org/10.7498/aps.69.20200215
https://doi.org/10.7498/aps.68.20190440
https://doi.org/10.7498/aps.68.20190865

#) 32 % 3R Acta Phys. Sin. Vol. 70, No. 16 (2021)

165202

T EEEE T R Bk iR a5

FFER R

HERD WMWY A

AR %E

7

ey

2 S T R

1) (PERERARRSE TSN YR, hERMEBIT A R E I, AL 230026)
2) ("PEERER G ERE MBI, b ERE b RAOER S S AH L, B 201800)
(2021 4E 3 H 8 Hig#; 2021 4F 4 A 8 HUREMEDH)

Jok e ik 1 37 2 R AL IO A5 B T RSB O RO B AS SO T — A T T O A bk i 1 37 B B R
TR 2 B, RS T B 7 2 Bl T DA — 20 4R e 7 5 e S RIS DL S 1 L SRR 5 £ e ) 4 1 1
2 T RORT B AR 1 7 500 BE )52 ), R BT T 2.4 wF WL BRI F 2R 4, L TR 5 2 BT ) ) SRR R A A 35 [T
35 mm ELARME, FTRLTE 5 mm N AR AU 5 2V Vi AR A B v 0 V(LG 7 50 R, A ) RS B4 37 26 T 7
ARG R LA 3.6 7. 1R FEHL LR 20 KV IR, R 75 E SR B 19 T, TR A4 4 ) rit JEOHE 5 2 Pl o A o
Yy R P8 K B2 ), 7E 35 kV R FEHL LR T A3 T 33 T MW RE S 58 5 . IXRIORT 0 i 28 T SR I B Y | BR
AR X [ g% R SR A SR | SR TR T SR A ) RS, A OSSR R T RO S B TR T A T A

KGR WOLSFE T, BRI, BkeiR il sr, RUEHR A LI

PACS: 52.72.+v, 52.50.Jm, 52.57.—z

1 5 =
MR 5 80 5 8 T VAR A R T

R B S -4 L R A R R S B,

T ELAHAL )| WG ) SRR 2 ) W B B G A
L T ) QU ) — L6 (R T, ik i i b2
BT IR S T RAL LB A 2R T Sk
PR KRG, 0 A0 s DA O K ) Y 1 A
AT RLP= AR IOR RUSE L B80T A 0 7 114 0 8 0 ok v
by W, PO T AL IR h 1% 25 L U A4 L AR R B HE ] DAAE
I BOR RST 77 A B e ST o 5 52 %) 290 0 ik o
by D01, JX B85 58 B AR LR B Sy ni R ey, (HURT
/N ISR, BEnfE 2 2 LR B BEOR . BT

DOI: 10.7498/aps.70.20210441

FEGE Ik b A LR A IR PR B s 1 8] T 2
ST, & AT ATERE I e v 7= e JEOR RO | By
AL VEN T g e AR I LTI 6 p i e VA Vi 4 D) QUL
Yy, Wi 2 EACHOLS B TR SRR K.

[ P b 22 A DR AR AR SR 45 F RO B A
DR S b IS praih) I QU 72770 S d e N A4 [
BB AR 1 22 3G T /N BLEOG & AROL
IT KB O 2 0 5 122 B IOk oo i 3 18 4 0922,
HRORIG (IR ZT 95 KA, I HTHDR RS (4 L 2 1]
LA A2 10 T W {ELSR B2 B Bk bk 4 .

Jok o i 7t O 8 P T A R 4 B
LRI, I O R TR P L s SR A B,
AW R RO S B TR S8 B O LRI 45
HEA, TS i T (BRI RG24 Rl T A

* o R B RN S R L TR (HEHES: XDB16000000) . IR [ R BkAHS: (S 11775223, 11375197, 11605200, 11275202).
rh R A LAl 55 9 & T 6T A R 7 ) B ] SR T A S TP 4 W B R .

t iBfE1E#E . E-mail: tanghb@ustc.edu.cn
1 BIE1EE. E-mail: gyhu@ustc.edu.cn
©2021 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

165202-1


http://doi.org/10.7498/aps.70.20210441
mailto:tanghb@ustc.edu.cn
mailto:tanghb@ustc.edu.cn
mailto:gyhu@ustc.edu.cn
mailto:gyhu@ustc.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 16 (2021)

165202

0 RN E VT e i N WA S A N1 5 e a0
TreAeimRmy, RERAIHIREIR. REAE w2 1)
FREIE-5 Z AR B, SR LR | AT LRSS 70 fiE
AP TR L NI A SR A 7, [EIREAE
PRBUR . iAok, P R 1TSS RS

Wef 1 72 s B A A B A e/ A B B [T 7 2
L1 i R A M TR AR (R AL X o el R 5 2K
Pl 1291 5 22 I BR AR A 1) B e o 28 PR e i 21 B
W2k Pl L, 1372 Ve P i v P AR PRI R
ZITIRAAS L4 T B R G RIRGY#L RER A
AR PR AP (4 )/ | 7 Se s HEA HL#G
Yy Hisi, Al LA 2 KR SRR

ASSCHITER T P T Ik oo i 3 o 1) P B 5
Ll LN, BRI AR P A 5 O R G R
12, TR h 22 TR A A A WI AR P S T R 4
FHIE, 38 i R 78 A IR LKA RE R 15 31 B0
[T A2 el L. R A P A TR B T T LR
JEE, TrERIW R 2 Pl vh o A R B G 7. U
2L Rl ) ol FH T LARRAER R GER [l i L R 2K, A%
2 (AR A S P CMREAZIE) T LA, i 5E
T X ARG E VRS LRI K. A RS2
Bl LR RGN RN, T B2 W AIRERAE 1 [T 40RT
FERZ, PN A SGE AU SR 5 2 T LI
LK Pl T RORN AR, (ARG 5 E 4R T T 3.6 11,
A A e e P SR B AR 2 T 33 T g o
NG5,

2 MR ARA % B N R Ak it

it FH R R 5 2 P T Ok o 3 12 5 1) L B
LSRRI 1 R, 2030 9% a0 R GE AR
AR PIRZAE AL, ARG n] B 722 i B K
R IEFIRE L B AR, 1 [0] i i 722 A ) 2
RS TR L BB R R IR R B e — .

2% Il B A 24 4~ 100 nF (4 /& JE AL 25 4%
YE R RE R IT, W s R HL I (Teslaman TD2202
100 kV /2200 W) Sy HFEHL; il O A 1<k
KACBRTF O 22 42 i v %l BRIR A SMIOR R
e AR A B EH R 0.1 Q. SHECH 450 nH.

HL R 5 2 P i s i RV R S R AN 8T 2 s,
I 0.25 mm BT 4542 . 1.4 mm B
A 26 (14 AWG, Accu-Glass Products, Inc.)
iy e Je R RE B AR 25 B8 1l 22 M IR AR AW Rk B
I P i 4 5 | 2% 4 B OB R G R Bl L 2k

55 € e [BIAE 25 e A 59 A 1R X 8 (0 B IR AR A AR
KB, A SR SER T, IR 5 i S 2 Pl 2
— AN TR, B 5 — S e | e —
SRUE Y AL B A IE T, (R I i — >

Ly

S R
=il —

Rp _| Rc

Ry B

! M
% ) o ¢
L

VI Il ¥ edmyis

L1 kb s g 3 1A 1 B A R ATE PR A 4 Tl i
W (O HE P YR G T . L A1 R 43 590 R 900 4 o e o5 R 2 4
Z AN LRI L B Lp Al Rp 4351 8 A8 TR AR W AR Y
HLUBR RN BH; L T Rg 43 1] 2 78 F 45 YR 9 2% el 1y o JR I v
BH; Lo B Re 43 51 2 YR 9% In] % o B 28 e i TR G 4k B LD A Y
HERFIH M, CRREAGIEE

Fig. 1. Circuit diagram of a pulsed intense magnetic field
device. The left orange box is the primary circuit, and the
right blue box is the secondary circuit. Ly and Ry are the
inductance and resistance of the primary circuit except the
solenoid; Lp and Rp are the inductance and resistance of
the transformer primary solenoid; Lg and Rg are the in-
ductance and resistance of the transformer secondary coil;
Lc and R¢ are the inductance and resistance of the sec-
ondary circuit except the secondary coil of the transformer;
C'is the capacitance of the capacitor.
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Fig. 2. (a) CAD design drawing and (b) photograph of in-
ductively coupled coil.
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Fig. 3. The peak magnetic field at the center of magnetic
field coil varies with the number of turns and diameter of

the primary solenoid.
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Fig. 4. Inductance and resistance of the primary solenoid,
and the rising time of the magnetic field pulse at different
solenoids’ numbers of turns. The diameter of the primary

solenoid keeps at 35 mm.
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Table 1.  The distribution of inductance and resist-
ance of pulsed magnetic field device.
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Fig. 5. Experimental and simulation results of the pulsed magnetic field at 20 kV discharge voltage using an inductively coupled coil

with primary solenoid of 35-turns and 35-mm diameter: (a) Current pulse of the primary solenoid; (b) magnetic field pulse at the

center of the magnetic field coil; (¢) two dimensional axisymmetric distribution of the peak magnetic field; (d) the peak magnetic

field distribution along the axis of the magnetic field coil.
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N T R Y ik S B G R, SO
HAT 8 g Jd Pt B2 B (1 GPa ) A1 ED [ A 2%
B9 (2 GPa) i T AHIE ST A R R A 22 8, I B
A7 i 5 J3E s 8 X UK 0% A VB A i 17 2 P 1) 32 422
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(1) FEL B 5 2 B T LAFE 35 kV IR LR T, 77
Az 33 T WIE(ERE SR IE . FeAT1 & B, £EHH A Bk
HLHLET, S5 IR IS RO I L e BB RE A% 7 A= i
Y /N Tl 2 Bl 3 2 PR T QAR B R0 1
HLBH (29275 x 107° Q- m) BER TG4 (4
7.0 107% Q- m )20 YR G ] L B R L SRR A
() L AR /)N

4 # #

W T — 5 FHF Bk b s il i 4 i v Bl &
2RV, a1 e R A 2 P A A G B A I A
EAR, RUEEEPET T RARE. YIk loR i i 4%
Ph 20 kV i, AT DATE B2 5 mm B #4354 B rh
A 19 T WEAE RE Y , S B W 2 Bl I (B G S 1Y)
3.6 1%, Wk ki) LA 5.4 ps . VTGS v
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Abstract

Magnetized laser plasma has attracted a lot of attention in recent years especially in magnetized inertial
confinement fusion, laboratory astrophysics, and industrial application. Pulsed intense magnetic field device is
the core equipment of magnetized laser plasma experiment. Here in this work, an inductively coupled coil is
developed to optimize the pulsed intense magnetic field device. The primary coil of a multi-turn solenoid is used
instead of a single-turn coil. Then the energy of the solenoid is delivered to the secondary coil via inductively
coupled transformer, which increases the current density markedly. The current generates a stronger magnetic
field in the single-turn magnetic field coil. The influence of the diameter and the number of turns of the primary
solenoid of the inductively coupled coil on the magnetic field are explored in experiment and simulation. It is
found that for a discharge system of 2.4 uF capacitance, the optimized parameters of the primary solenoid are
35 turns and 35 mm diameter. The optimized magnetic field is 3.6 times stronger than that of the conventional
directly connected single-turn coil. At a charging voltage of 20 kV, the peak magnetic field reaches 19 T in a
magnetic field coil of 5 mm inner diameter. The inductively coupled coil made of CuBe solves the problem of
coil expansion in intense magnetic field, and a peak magnetic field of 33 T is obtained at a charging voltage of
35 kV. The present approach creates stronger magnetic field environments. At the same time, the inductively
coupled coil reduces the requirements for system inductance, so that components such as energy storage

capacitors and switch can be placed far from the coil, which improves the flexibility of the experiment setup.

Keywords: laser plasma, magnetized plasma, pulsed intense magnetic field device, inductively coupled coil
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