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Comparison of insulation properties of several liquid
dielectrics under nanosecond pulses
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Abstract: Based on the self-developed nanosecond pulsed test platform with output voltage of 30 ns risetime
and 100 ns half width, and the standard dielectric strength DC tester, the breakdown characteristics of four liquid
dielectrics (transformer oil, glycerol, deionized water and Galden HT200) under DC and nanosecond pulses were
experimentally studied and compared. The following conclusions were obtained: (1) Under both DC and nanosecond
pulse, Galden HT200 has the highest breakdown field strength which is more than 40% higher than that of the
transformer oil. (2) Under the nanosecond pulse, the breakdown field strength of Galden HT200 and transformer oil
both increased by 6.5—7 times than those under DC. And it took the shortest time (nanosecond scale) for Galden
HT200 to breakdown, followed by the transformer oil (20 ns), then glycerol (45 ns) and deionized water (70 ns).
(3) After multiple breakdowns, a lot of carbonized discharge products were accumulated at the electrode gap in the
glycerol which has the largest viscosity coefficient. However, there are no obvious breakdown traces in the Galden
HT200 and deionized water, which both have the smaller viscosity coefficient. But obvious shock waves were
observed in the Galden HT200 and deionized water, which make the gap electrodes loose.
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Fig.2 Typical waveform and amplitude of the output voltage of the test platform
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Table 1 Breakdown data of four liquid dielectrics under DC
dielectric media  relative permittivity ~ breakdown votage/kV  relative deviation/% breakdown field strength/(kV/mm)
transformer oil 1.87 39.3+4.7 12 15.7
Galden HT200 1.83 55.71+6.8 12.2 22.3
glycerol 31 5.31+0.07 1.3 2.1
deionized water 80 5.240.02 0.4 2.08
F2 RS BRAF KRS8 & F R
Table 2 Breakdown data of four liquid dielectrics under the nanosecond pulse
dielectric media breakdown votage/kV relative deviation/% breakdown field strength/(kV/mm)
transformer oil 262.7+13.34 5.07 105.1
Galden HT200 378.8+37.3 9.8 151.2
glycerol 186.31+6.98 3.75 74.5
deionized water 128.1+9.63 7.5 51.2
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Fig. 5 The breakdown waveforms of four liquid dielectrics under the nanosecond pulse
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Table 3 Density and viscosity of several liquid dielectrics at 20 °C

density/(g/cm?®) viscosity/(m?¥/s)
deionized water / Galden HT200 1 1.01X10°
transformer oil 0.895 (5~10)X10°°
glycerol 1.25 (0.458~1.19) X 107

[F] Fsf, 552 36 v i S R B A S5 30 R R 1 I, A 25 85 1K 5 Galden HT200 f4 5 v AR T 2 % AR T LB s 2l B
Geo I WTIRIN LR WA R 7 A 1 et 0 R B S AR T A SR, l DL, AR TR SEI A6 1R R, 1R B AR BN
14 25 25 77K 1 Galden HT200 Hhi AL 7™ Az B ofr ol 7 %8 AR ) A PSR SO WD AR

3 & i

ARSOR AR A0 . H . Galden HT200 125 B3 —F 7K DU B ik i oy 58 5 R rfw B B A T A6 BT -5 9 RD ik o 1
R ZeRe AT T SE B0 SE, JF X SE86 T AR 9 BOE 5 B IR G 2E 4T T Hxt oA, A3 300 R — 25518 (1) 7E
ELHLS AR ik ol (RTY 30 ns, 298 A ns) T, DU 5 46 25 2 B A 2 K 49 HE P 24K K 2 Galden HT200, 75 Ji
el HIR AL B K, HPAE LT, Galden HT200 1 i 27 3 38 35 LU A8 Fe 45 i1 55 40% LA 15 (2) 30 ns fik b HL A
FHF, Galden HT200 578 JE 2% 3l 1) o 2 35 ¥ $2 155 6.5~ 7 1%, Galden HT200 o 2 B it fie S8, HoU 2 A8 R 2%, 2R 5
MRUCZH 0 25 8 K5 (3) Kb BE R B0 K H I 2 000 R, 5545 5 7 A B S0 SR SRR AR JI0F 7= 400, TR BB R
B /N1 2 17K 5 Galden HT200 W JC B 8 50 HE 7 )5 (4) 2588 7K 5 Galden HT200 H i v 7 AE 1) i o xof H Al
F A 80 B Sy B A8, 28 YRR I A 5 1 A L AR A B

i E RS E X, Galden HT200 46 25 P Rt A4, HLA B4 15 25 3 o2 30T, DRI ) Ay 5 0 R0 fpk b D8 1 i
WA LA T . (A2, 7E EMP B0 B4 T OC 48 2% A T 9 B 11, A% F 25 9 R FE ok ovb ™ EL A oA 1) o 28 i
B LA A g

5% 30k

[1] Baum, C E. Reminiscences of high-power electromagnetic[J]. IEEE Transactions on electromagnetic compatibility, 2007, 49(2): 211-218.

(2] XH5E, X, FOUEE, % SRHRRB P EARD TR (7], TP EMEIESE, 2015, 10(2): 2-6. (Liu Peiguo, Liu Chenxi, Tan Jianfeng, et al. Analysis of the
research development on HPM/EMP protection[J]. Chinese Journal of Ship Research, 2015, 10(2): 2-6)

(3] XBgE:k, HBR. RGNk &S5 e IR BT (7], fis=#4R, 2017, 33(6): 85-89. (Deng Jiangiu, Hao Cui. Research on powerful electromagnetic pulse
coupling and power source protection[J]. Journal of Microwaves, 2017, 33(6): 85-89)

[4] Shi Lihua. An overview of the HEMP research in China[J]. IEEE Transactions on Electromagnetic Compatibility, 2013(3): 422-430.

[5] Wraight A, Prather W D. Developments in early-time (E1) high-altitude electromagnetic pulse(HEMP) test methods[J]. IEEE Transactions on Electromagnetic
Compatibility, 2013, 55(3): 492-499.

[6] Giri D V, Prather W D. High-altitude electromagnetic pulse(HEMP) risetime evolution of technology and standards exclusive for E1 environment[J]. IEEE
Transactions on Electromagnetic Compatibility, 2013, 55(3): 1-8.

(7] A, BV, TR, S BT 00U R A T l mE ki SRR (1], 30 SR F I, 2004, 16(3):320-324. (Xie Yanzhao, Wang Zanji, Wang
Qunshu, et al. Reconstruction of electromagnetic pulse wave based on the amplitude spectrum data[J]. High Power Laser and Particle Beams, 2004, 16(3): 320-

324)

045001-5


https://doi.org/10.1109/TEMC.2007.897147
https://doi.org/10.3969/j.issn.1673-3185.2015.02.002
https://doi.org/10.3969/j.issn.1673-3185.2015.02.002
https://doi.org/10.1109/TEMC.2013.2241442
https://doi.org/10.1109/TEMC.2013.2241442
https://doi.org/10.1109/TEMC.2013.2266211
https://doi.org/10.1109/TEMC.2013.2266211
https://doi.org/10.1109/TEMC.2007.897147
https://doi.org/10.3969/j.issn.1673-3185.2015.02.002
https://doi.org/10.3969/j.issn.1673-3185.2015.02.002
https://doi.org/10.1109/TEMC.2013.2241442
https://doi.org/10.1109/TEMC.2013.2241442
https://doi.org/10.1109/TEMC.2013.2266211
https://doi.org/10.1109/TEMC.2013.2266211

weOoW s 5 Ol TR

[8] KW, XA, BRI, sm e ANk oh 09 20 52 . Dy 58 ok B BT a1 s2 i (3], 30t S5 R0F 5, 2005, 17(1): 99-103. (Zhu Changging, Liu Shanghe,
Wei Ming. High-EMP effective bandwidth, measurement bandwidth and effect from rising time[J]. High Power Laser and Particle Beams, 2005, 17(1): 99-103)

[9] Nyffeler M, Jaquier A, Reusser B, et al. VERIFY, a threat level NEMP simulator with a 1 ns risetime[C]//America Electromagnetic. 2006.

(10] KA, faIME2, fLoE, 55 GEAFom L mERk i REbLas 4 e B HIE S (7], 30t 5k 73R, 2018, 30:013206. (Zhang Fan, He Pengjun, Kong Liang, et al.
Survey and design study of mesoband high power electromagnetic pulse radiator [J]. High Power Laser and Particle Beams, 2018, 30: 013206)

(1] KB, 952458, BRAEN. WA Btk N 22 pe b arst 0]. SRBOG S RT3, 2006, 18(6): 1053-1056. (Zhang Jingi, Jiang Xingliang, Chen
Zhigang. Characteristics study of short-pulsed dielectric breakdown in liquids[J]. High Power Laser & Particle Beams, 2006, 18(6): 1053-1056)

(12]  #CEE. SR vhdy i FEAE AT IUA A B H 3 S s Te] M e 43 A R bERFSE (D). EEPG: EPK2#, 2013. (Huang Sisi. Study on electric field and space
charge distribution characteristics in liquid dielectric under switching impulse voltage. Chongging: Chongqing University, 2013)

(13] TRfd. SRS RN Bk b 46 Rt 9% (D). K Ub: EIR R4 AR KA, 2014, (Xu Jian. Study on the pulsed insulating characteristics of high energy
storage density liquid dielectrics. Changsha: National University of Defense Technology, 2014)

[14] Martin T H, Guenther A H. J. C. Martin on pulsed power[M]. New York and London: Plenum Press, 1996.

[15] 4%, Bia, skafl, 46, s a8 K EREUE R S 5050 oE (0], SRIOE SR T3, 2010, 22(2): 425-429. (Xun Tao, Yang Hanwu, Zhang Jiande, et al.
Numerical and experimental investigation on water shocks due to pulsed discharge in accelerators[J]. High Power Laser and Particle Beams, 2010, 22(2): 425-
429)

045001-6



