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Research on the transient magnetic signal in high—power laser device
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Abstract: The existing transient magnetic field measurement in high power laser devices does not
consider the shielding and signal reduction. A sensor is designed and developed for transient magnetic
field measurement in high power laser devices according to the frequency range and characteristics of
transient magnetic field. The brass is taken as the shielding material, and the leather is taken as the
insulation material. The sensor is employed to measure the transient magnetic field, and the magnetic
field response is up to 500 MHz. This work provides data support for the research on electromagnetic
interference and electromagnetic compatibility for high power laser device.
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Fig.1 Theoretical formula for pulsed magnetic field measurement
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Fig.2 Equivalent circuit diagram of transient magnetic field sensor
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Fig.4 Frequency simulation of the transient magnetic field sensor probe
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Fig.5 Derivation diagram of sensitivity coefficient of transient magnetic field sensor
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Fig.7 Transient magnetic field measurement system
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Fig.12 Pulsed magnetic field signal collected by Hall effect
sensor
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Fig.13 Pulsed magnetic field signal collected by pulse

VINEAE R 100 V(59 55 R 48], P28 2K 8000 A% IR SR 45 21 19 ik

MEEGE S W 12 s, B2, Bk i AE S MR E s _05r Max=0.000 024 34 V
>
0.227 49 V, 1 T iZ g R AN AL IR a8 19 R U RBCN 1 VIT, T 020}
RIS 30 4 Jok i 0 70 W Ay 0.227 49 T S el
Wk S W A A R R B AR 5 W 13 s, & — oo ES
e - - N 2010 F
A, N TR RNk E S, ﬁf‘ﬁ%‘?%ﬂﬁ# (7 E A b A g
- )
IR o B A B E 5 085 T e R AT A & 0051
HUr 85 R ANE 14 FR . of
2N 1 1 1 1 1 1 1
1 15 I A B3 15 5 IR H Ry 2.434%107° V., LU IR &40 0 002 004 006 008 010
- t/s
%%@%ﬁ%%%%ﬁﬁ%ﬁ%@ﬁ,mﬁmﬂﬂ,iﬁﬁ _ . .
) Fig.14 Integral signal of pulsed magnetic field
E374 S:f “edt/B,=1.070x10"* V/T, K14 Bk S
0
1 100~700 V 7 sl e &
Tablel 7-point measurement data in 100~700 V
excitation voltage/V Hall-effect magnetic field integral voltage of transient
g by sensor measurement/T magnetic field sensor/V
100 0.227 49 2.449 37x107°
200 0.440 14 4.957 43x107°
300 0.647 72 7.336 07x107°
400 0.874 00 9.838 16x10~°
500 1.064 01 11.915 6x107°
600 1.287 74 14.494 3x107°
700 1.503 28 16.992 5x107°
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Table2 Measurement values of two types of sensors per unit voltage
excitation voltage/V Hall effect sensor measurement value transient magnetic field sensor measurement
g per unit voltage/T value per unit voltage/V
100 0.002 275 2.449 37x1077
200 0.002 201 2.478 72x1077
300 0.002 159 2.44536x107
400 0.002 185 2.459 54x1077
500 0.002 128 2.383 12x1077
600 0.002 146 2.41572x1077
700 0.002 148 2.427 50x1077

average value 0.002 177 2.437 05x1077




418 AR EEBRFERER H22H

g TR AN R R B AR E EONERG . 43 JIAE 100 V., 200 V. 300 V., 400 V., 500 V. 600 V. 700 VIt 7
A AR X R AR R A T s, Mg R LR

B TP B R T AR B, A5 RO 7 1 T R I S 0 A TR A AT R PR R R IR DA, WL 2

B 2 AT, B Rl RG FE RRO S 5 B RABL R - 4B R 2.437 05%107 V., B8 IR RN ik 37 4% S T I i S i

S5 B IR 4 0.002 177 T, AREZR (1), iﬁiﬁ%%ﬁlS=jtmedt/Bm=1.12X1O’4 V/T.

3.3 BRS#IANNE

R REC 0 B R AG BR AR Sk B TR TR RO T, 7EEE &7 1 A0 35 om A I 3K 1 R A
Yo 55 B 15 FiR o SHZo 15 5 34T R A0 Ab B S Qi 181 16 BT s o

M 16 i, B4R A 7.663 3 mV, BT H R SUE RECN 1123107 V/T, HEE 4 FH 35 em 2R S#
Yo K/ b % iz S G5 %, R 68.4 T,

——amplitude r
80 4
60 - 2k
40 ‘
20 | L % () of [\j \NWWW
5 of - E
g 20r £7r
é« -40 g 4k
< _60 -
-80 -6 |
-100
120 s L : !
-140 I 1 1 I 1 0 200 400
-100 0 100 200 300 400 t/ns
dfns Fig.16 Measurement result of the transient magnetic field
Fig.15 Differential signal of the transient magnetic field 8] 16 75 280 2 rh A e 7 S o
15 @0 e B TP BESHEA (H 5 I B M5 5 R 7

4 g

AR SCEE R R T A WOL % B AR B L REK vhAF S B T — BRI A R Sk, R T I RO T
500 MHz W) IBF 25 0 45 5, Honl ARG b il T 045 5 o il RRs, XA B b i mpSwa G o5 1
Mg, e DR PO B AR T R T T SR A T R S
S E k-

[1] 5% 5t T, 5 . MG & f g bk oh R [T]. %25 B BEIEA, 2017(6):83-85. (YT Tao,JING Feng, WANG Xinbin,et
al. Electromagnetic pulse measurement at Shen Guang Il laser facility[J]. Safety & EMC, 2017(6):83-85.)

[2] #3002 42 0,45 . 3T OB F AL B HOGHTHE 7 A R RE K s R PEFFE (D] HUUEOR, 2016(11):21-24. (YANG
Jinwen,YANG Ming, LI Tingshuai,et al. Investigation of electromagnetic pulses generated by the laser shooting based on SG-III
facility[J]. Electrical Engineering, 2016(11):21-24.) d0i:10.3969/].issn.1673-3800.2016.11.010.

[3] ARFHIBEAR RS . MK op#E5% Bas r it 5 & BUE B 7 k1], T EHR, 2019,45(3):114-120. (ZHU Yujie,GUO
Xiaodong, SONG Jialing. Design and sensitivity correction method of pulsed magnetic field sensor[J]. China Measurement &
Test, 2019,45(3):114-120.) doi:10.11857/.issn.1674-5124.2018060012.

(4] ZATIE K, A AE . ns GUIK T RE 715 A A BRI (D], & R R, 2009,35(8):1995-1999. (LIANG Kedao,MI Yan, LI
Chengxiang,et al. Development of a nanosecond plused magnetic field sensor[J]. High Voltage Engineering, 2009,35(8):1995-
1999.) doi:10.13336/j.1003-6520.hve.2009.08.047

[5] EH.ZHRLLXHEAE . EAST LARER 22 00 40 38 R [J]. JR T 6822 5K, 2014(5):920-924. (WANG Yong, J1
Zhenshan, LIU Guangjun, et al. Development of low drift difference integrator for EAST[J]. Atomic Energy Science and
Technology, 2014,48(5):920-924.) doi:10.7538/yzk.2014.48.05.0920.

(CFH45 430 01)



