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Ramp wave loading technique and application
using a “bed of nails” flyer system

ZONG Ze, WANG Gang, FANG Jiacheng, LIN Xi, WANG Yonggang
(Key Laboratory of Impact and Safety Engineering, Ministry of Education of China,
Ningbo University, Ningbo 315211, Zhejiang, China)

Abstract: In order to generate a ramp wave loading, a generalized wave impedance gradient (GWIG) flyer was designed by a
solid disc as a base for arrays of cone spikes, termed the “bed of nails” flyer. The “bed of nails” flyer was fabricated by
Selective Laser Metaling additive manufacturing. Using a single-stage light-gas gun and a displacement interferometer system
for any reflector (DISAR), a series of plate impact and spallation experiments using “bed of nails” flyer impact were
performed. The effects of the height of cone and impact velocity on the ramp wave loading profiles and the effects of ramp
wave loading on spallation characteristics of stainless-steel target were discussed. The experimental results show that: (1) From
the free surface velocity profiles measured by DISAR, it is observed that the rising edge time of the compression wave is
significantly prolonged, and the ramp wave loading is formed, which is obviously different from the steep wave front of the
usual shock compression; (2) When the impact velocity of the flyer is approximately constant, both the rising edge time and the
peak velocity of the ramp wave loading obviously depend on the cone height of the “bed of nails” flyer, with the increase of
the height of the small cone, the rising edge time increases linearly, while the peak velocity decreases linearly; (3) When the

geometric size of the “bed of nails” flyer remains unchanged, with the increase of the flyer’s velocity, the rising edge time of

* WFREHER: 2020-10-15 ; f&[EHHEA: 2021-01-24
EeWmB: BERHRBAES(11972202); B 2EPE AL B (TZ2018001);
il D P R W B S R SCRET H (JCKY'S2019212009)
F—1EE: & F(1995— ), B, WLAF5E A, 1085802353@qq.com
BIEEE: EANI(1976— ), B, 1L, # 2, wangyonggang@nbu.edu.cn

041405-1


http://dx.doi.org/10.11883/bzycj-2020-0391
http://dx.doi.org/10.11883/bzycj-2020-0391
mailto:1085802353@qq.com
mailto:wangyonggang@nbu.edu.cn

B4 % SR EE AR JET CETREL” TR BORHE I AR K 55 4 3

the ramp wave loading decreases linearly, while the peak velocity increases linearly; (4) Comparing with shock wave loading,
the ramp wave loading generated by the “bed of nails” flyer has no obvious effect on the spallation strength of the stainless-
steel, but has an influence on the damage evolution rate.

Keywords: ramp wave loading; “bed of nails” flyer; additive manufacture technique; spallation
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Fig. 1 Schematic diagram of the “bed of nails” generalized wave impedance gradient flyer
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Fig. 2 Stress wave propagation contours in the specimen at different time
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Fig.3 The “bed of nails” flyers with the different heights of cone produced by additive manufacturing technique
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Fig. 6 Free surface velocity profiles of the stainless-steel and copper targets under different heights of the cone
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Fig. 7 Rising edge time and peak velocity of free surface velocity profiles as a function of the height of the cone
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