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Status of radiographic X-ray source driven by 4 MV,
80 kA induction voltage adder

Wei Hao,  YinJiahui, Zhang Pengfei,  Sun Fengju, Qiu Aici, Liang Tianxue, Zeng Jiangtao,
Jiang Xiaofeng, = Wang Zhiguo,  SunJiang, Liu Wenyuan, Hu Yixiang
(State Key Laboratory of Intense Pulsed Radiation Simulation and Effect, Northwest Institute of Nuclear Technology, Xi'an 710024, China)

Abstract: This paper presents the design details and experiment results of a 4 MV facility developed for flash
X-ray radiography in Northwest Institute of Nuclear Technology (NINT). The facility is based on the technology of an
induction voltage adder (IVA) driving a rod pinch diode (RPD). The facility mainly consists of the prime power
source, induction voltage adder, and RPD. The prime power source consists of two 3.2 MV low-inductance Marx
generators and four deionized-water coaxial lines. Each Marx generator charges two 6 Q, 30 ns pulse forming lines
(PFLs) in less than 370 ns. There exist two-stage pulse compressions for each pulseline, providing four forward waves
with peak voltages of 1 MV at current of 160 kA with a duration time of 60 ns. Four electrically-triggered SF¢ gas
switches serve as energy transfer switches from PFLs to outlines, and then four self-breakdown water switch are used
to sharpen the risetime and reduce the prepulse. The IVA consists of four-stage induction cavities stacked in series,
each of which almost operates at 1.5 MV voltage. A vacuum insulated transmission line (without magnetic insulation)
is used for power addition. The RPD is chosen to create X rays through bremsstrahlung. At present, the IVA could
produce a 4.3 MV voltage with a risetime (10%— 90%) of 21 ns and a FWHM time of 70 ns. The diode current is
about 85 kA, and the FWHM time of X rays is about 55 ns. The delay time from Marx trigger to the X-ray output is
about 749 ns, with a standard deviation of about 7 ns. With a 2-mm diameter tungsten rod used, the X-ray dose is
about 15.5 rad (LiF) at 1 m straight ahead, and the spot size is about 1.4 mm.
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Fig. 1 4 MV IVA facility developed for flash X-ray radiography Fig.2 Cutoff view of a deionized-water coaxial line
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Fig. 3 Illustration of cavity used in Jianguang-II Fig. 4 Potential distribution in the last cavity
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Fig. 5 Sketch of the vacuum transmission line for the Jianguang-II facility
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Fig. 6 Measured outputs of the prime power source
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Fig. 7 Measured IVA output voltage and diode current Fig. 8 Diode voltage based on the inductive correction
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Fig. 10 Original image of the X-ray spot obtained by pinhole imaging technique
Pl 10 LSBT I B X ARk SR BT

025013-4



BooyEEE. 4 MV/SO KA TVA BY ik X G 2k B8 A0 2% B A ol 2t J8

T 7, 22 PG A FAS 3] £ BE A% 1 05 4% 356 bR 8 (PSF) 26 Qi 18] 10(b) Tz o %F PSF B &R 47w 3036, BOH R 3 5
drwpv N X FHERERR ST, 29 1.4 mm,

3 REEZITER
HEr“ 8t =57 8 BIH217 120 R IR, 9125 JF e T 3R 50 TN S BEAH 52360 AR PR DU 28 R Gibr 8 5500 . Y
Marx 7 HL £60 kV B, 22 10 & RS2 4 B 28 g br W3k 1. 2Bt 43 MV, S fL I 85 kA, X 4
PR L4 55 ns, IEAT 7 1 m AL & 24 15.5 rad(LiF), % B HLAERT (DN Marx fili & %5 i HH 21 X S48 1% ZE B B [R] 2
749 ns, FRUEMZE R Tnse £ 245 T “GDE 57 M “GDE— 57 W & bk X 542 B e B S B X H
K1 EBEFI0RXIRFEH/HIER

Table 1 Key output parameters of the Jianguang-II facility over a ten shot sequence

shot output voltage/MV  risetime/ns diode current/kA  X-ray FWHM time/ns  dose@1 m/rad(LiF) delay time/ns

2019-017 43 22 85.3 58 14.8 748
2019-018 4.6 24 84.1 54 15.7 749
2019-019 4.5 20 85.6 56 16.0 748
2019-020 4.5 20 80.5 54 14.5 745
2019-021 4.4 24 86.2 56 16.1 740
2019-022 39 20 84.9 58 14.2 741
2019-023 4.5 21 84.2 53 15.6 748
2019-024 42 19 87.0 52 15.4 756
2019-025 43 17 88.0 52 16.9 756
2019-026 42 21 82.5 52 15.4 762
average 43+02 21%2.1 84.8+2.2 55+2.4 15.5+0.8 749+7
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Table 2 Comparation of output parameters between the Jianguang-1 and Jianguang-II facilities

output voltage/MV diode current/kA X-ray FWHM time/ns radiated dose @1 m/rad(LiF) spot diameter/mm

Jianguang-I facility 2.4 51 46 3.7 1
Jianguang-1I facility 43 85 55 15.5 1.4
4 & it

W T — 86 IVA Bk X 2R R G R AR B (“BDE =57, RTIK s 22 Marx 75 HL 60 KV I, 25 B 4 1
HL T 4.3 MV, HUAS HL IR 85 KA, X BT E m 964 55 ns, IE AT 1 m AL FIHE2Y 15.5 rad, 1F [0 B BE 2 1.4 mm, 58
HL A & FiE B (Marx fil % # i H 2 X 8148 ) 29 749 ns, Frifi i 252 7 ns.
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