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Simulation calculation of radiation shielding properties for composite structure armor steel/aramid
fiber-reinforced polyurethane
ZHANG Min, GUO Zhongren, WANG Huijun, HUI Linhai, XIN Jianping, SUN Zongbao,ZHANG Peng, GONG Ping
(Shandong Institute of Non-Metallic Materials, Jinan 250031, China)

Abstract : In view of the radiation threat faced by armored vehicles in the nuclear explosion environment, based on the Monte
Carlo method, the MCNP software was used to establish computational models of armor steel 616 and aramid fiber reinforced resin-
based composite materials, and the shielding ability of them for neutrons and <y -rays of different energies were systematically
analyzed at different thicknesses. The simulation results show that the shielding effect of the composite material on slow neutrons
and medium-energy neutrons is better than that of armor steel 616, but it is weaker in shielding fast neutrons and vy-rays. In addition,
the matching of the composite structure of armor steel 616 and aramid fiber reinforced resin matrix were carried out based on the
total thickness of 30 mm, and the shielding situation of them under different thickness were simulated and calculated. The results
show that subject to the requirements of weight and volume, etc, the thickness of the composite material should be increased as
much as possible for the shielding of slow neutrons and medium-energy neutrons, and the thickness of armor steel 616 should be
increased as much as possible for the shielding of fast neutrons and +y-rays. Finally, the common thickness of the armor steel was set
to 10 mm, and the radiation shielding rate of composite structure with different thickness of composite materials for different energy
neutrons and y-rays were simulated and calculated, and the corresponding half-value layer was obtained. The results show that the
composite material with a thickness of 21 mm can achieve more than 50% shielding of neutron and medium-energy y-rays, and for
the shielding of high-energy v-rays, increasing the thickness of armor steel to enhance the shielding effect is more cost-effective
from the perspective of practical application.
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(a) Armor steel 616 model (b) Composite model

(c) Combination model
s s
Fig. 5 Shielding model
®1 FERWIHERETFHETFESH

Tab.1 Atomic percent of each atomic in armor steel 616

Material Atomic species Atomic percent/%

C 0.22
Si 0.85
Mn 1.67
Armor steel 616 0.02
0.01

B 0.001 8

Ti 0.003

Fe 97.225
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Tab.2 Atomic percent of each atomic in para-aramid fiber and

polyurethane
Material Atomic species Percentage of quantity/%

C 50.0

Para-aramid fiber H 337
N 7.15

(6] 7.15

C 21.40

Polyurethane H o715
N 14.30

(6] 7.15
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Tab.3 Composite structures with different thickness ratios

Combina- Total Composite 616 thick- Thickness
tion thickness/ thickness/mm ness/mm percentage
mm of 616/%
T1 30 30 0 0
T2 30 225 7.5 25
T3 30 15 15 50
T4 30 7.5 225 75
T5 30 0 30 100
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