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Fig. 1 Momentum ball colliding with spring-mass system

5 S - o e R AR G B B A 0 W B0 LIRS A (AR 32 mm, KB 220 mm) N, SR8 A8 BR 24 T, Bl
b 5 il 4B S R A, (] P A5 TR P e A AL SR R e R o AT A0 T 22 2 nT (e A
PN R 5 55 BT O A Ak T ) — i B, ARSI b e BT O Rl AR o 9 5 5 A B 2 [ e e R R i
BIV7E B B BT 2 mm PR BOHE, K B0 R AR, S T AR e O A T 4 Bl R TR EE DL R
i 22 RV 5 55 55 R T S A 2 A A 4 T XS SRR ] o SRy T G A Y A R e SR BR 6932 8,
FEAE MVBEFF 5 T PI 2558 B 4 mm . KPR 140 mm A9SEAE . 5341, 5 il i ic ) Il i HURn S 8 1 i
SO0, 7R BRERE G T 20 B R

054101-2



%36 & AU PSR Sy e Ui €2 St i il WL DI VEER 6 %5

1.2 FEIHE

4 Fhh B ERBYSEANR 1 s o 308 e IO 1 [ AL MR T 4 5 i, SRR 2 s o B BeR
JeROIE B A, S80I 3 R
x1 HEXRSY

Table 1 Parameters of momentum ball

Material Shape Diameter/mm p/(gem™) Mass/g

Al Sphere 30.02 2.71 38.27

Pom Sphere 30.02 1.35 18.98

Steel Sphere 30.01 7.91 111.71

Ptfe Sphere 29.98 2.20 30.25

*2 BEBY
Table 2 Parameters of spring
Material Wire diameter/mm Diameter/mm Height/mm Turns Shear modulus/GPa Mass/g
Spring steel 2.20 30 100 10 80 27.85

®3 RERSY

Table 3 Parameters of mass block

Material Shape Diameter/mm Height/mm Mass/g
45 steel Cylinder 30 10 50.50
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Fig. 2 Ptfe ball impact spring-mass block system marking the whole process and data processing
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Fig. 3 Displacement-time curves of momentum balls impacting spring-mass system
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Table 4 Experimental results under different working conditions

Material Mass of ball/g Mass of block/g vi(m-s™) v/(ms™) vy/(ms™) x/mm
Ptfe 30.25 50.50 3.77 0 2.07 14.30
Ptfe 30.25 50.50 4.36 0 2.13 15.40
Ptfe 30.25 50.50 4.82 0 2.61 16.40

054101-4



%36 & AU PSR Sy e Ui €2 St i il WL DI VEER 6 %5

F=4 (D
Table 4 (Continued)

Material Mass of ball/g Mass of block/g vi(m-s™) v/(ms™) vy/(m's™) x/mm
Ptfe 30.25 50.50 5.91 0 2.98 19.60
Ptfe 30.25 50.50 6.64 0 3.33 20.30
Ptfe 30.25 50.50 7.32 0 431 24.60
Ptfe 30.28 50.50 10.77 0 6.21 3545
Ptfe 30.28 50.50 11.92 0 6.61 39.37
Ptfe 30.28 50.50 13.43 0 7.42 44.20

Al 38.26 50.50 4.82 0.25 2.57 15.70
Al 38.26 50.50 7.25 1.47 3.92 22.73
Al 38.35 50.50 7.78 2.04 3.86 23.95
Al 38.35 50.50 8.81 2.72 3.70 28.60
Al 38.32 50.50 9.28 2.40 3.67 28.23
Al 38.32 50.50 9.70 2.62 4.59 29.95
Al 38.32 50.50 10.02 2.93 4.61 32.40
Al 38.32 50.50 11.37 3.35 5.24 34.68
Steel 111.71 50.50 2.67 0.78 3.66 19.80
Steel 111.71 50.50 2.93 0.91 3.88 21.10
Steel 111.71 50.50 3.86 1.26 3.85 25.27
Steel 111.71 50.50 4.86 2.06 6.25 33.30
Steel 111.71 50.50 6.70 2.87 6.55 41.10
Steel 111.71 50.50 7.13 2.74 6.31 44.00
Steel 111.71 50.50 8.42 3.81 9.40 55.30
Steel 111.71 50.50 9.66 4.07 11.10 64.40
Pom 19.07 50.50 4.11 —1.28 2.03 12.37
Pom 19.07 50.50 4.70 -1.74 2.39 13.80
Pom 19.07 50.50 8.36 -3.38 4.41 23.93
Pom 19.07 50.50 9.07 -3.97 4.82 24.20
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Fig. 4 Relationship between loading velocity of momentum Fig. 5 Momentum conversion rate of four kinds of

balls and maximum compression displacement of the spring momentum balls at different loading velocities
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Table S Comparison of momentum conversion rate of four kinds of momentum balls

Material Momentum conversion range/% Average/% Stdev
Steel 40.01-61.97 51.77 0.094
Al 26.72-70.24 34.35 0.057
Ptfe 81.56-98.30 90.05 0.057
Pom 97.88-99.51 98.80 0.008
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Fig. 6 Secondary impact of the aluminum sphere
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Table 6 Compressibility of the spring under 4 momentum ball loads

Material Loading velocity/(m-s ") Compression ratio/% Remark
Steel 2-13 19-70 A few more than 60%
Al 3-13 12-37
Ptfe 3-14 14-45
Pom 3-11 11-25
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Response Characteristics of Spring-Mass System under Impact of Momentum Ball
MO Xiaolei, LIN Yuliang, LI Yugang
(College of Science, National University of Defense Technology, Changsha 410008, Hunan, China)

Abstract: Impulse is an important power parameter of explosive air shock wave, and the momentum-block
test method is one of the ways to measure the impulse. This paper attempts to convert the momentum of the
momentum-ball into the quantitative compression displacement of the spring by investigating the impact
response characteristics of spring-mass system. Four different momentum-balls impact tests, such as
polyformaldehyde, polytetrafluoron, aluminum and steel, were conducted to obtain the spring-mass
compression response characteristics and momentum/energy conversion efficiency. The results show that the
maximum compression displacement of the spring is linearly related to the loading velocity of the
momentum-ball. The polyformaldehyde momentum-ball spring coupling system shows the most stable
properties, which is suitable for the transfer carrier of shock wave impulse measurement. This work can
provide a new method for shock wave measurement.

Keywords: explosive shock wave; momentum block; spring-mass system; impact stiffness; flutter wave
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