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Research on the effect of wearing equipment on
occupant injury under vertical impact

YIN Ning, WANG Hongliang, ZHANG Jincheng, PENG Bing, YE Longxue
(School of Mechanical Engineering, Nanjing University of Science and Technology, Nanjing 210094, Jiangsu, China)

Abstract: Military personnels need to wear equipment in combat, which will affect the damage to the occupants of the vehicle
when they are subjected to the vertical impact of the explosion at the bottom of the vehicle. Through the method of vertical
impact test and simulation, the influence of the distribution of the wearable equipment on the occupant injury is studied in the
three directions of the weight of the wearable equipment, the position of the wearable equipment, and the tightness of the
contact between the wearable equipment and the body. According to the AEP5S occupant injury criterion, the pelvic z-direction
acceleration and the axial force of the lumbar spine are the reference targets for occupant injury. First, through the vertical
impact test, the impact of different wearing equipment weight on occupant injury is studied; then the finite element model is
used. The test is verified and optimized, and the influence of the position and tightness of the worn equipment on the occupant
damage under vertical impact is studied. The results show that as the weight of wearing equipment increases, the lumbar spine
injury of the occupant increases, and the probability of spinal injury decreases; the closer the equipment is to the upper part of
the torso, the tighter the contact with the body, the smaller the load on the lumbar spine and the spine of the occupant, the less
likely to be injured. On the contrary, the closer the equipment is to the upper part of the trunk, the tighter the contact with the
body, the greater the load on the lumbar and spine of the occupant, the more likely to be injured. However, compared with the
other two, the effect of tightness coefficient on the results is even less obvious. The results obtained above will provide
reference for the subsequent research on reducing the impact of wearing equipment on occupant injury during the vertical
impact of the bottom explosion of the vehicle.
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Table 1 Seat drop test under different weights
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Fig. 6 Dummy damage value curve under different weights in the seat drop test
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Fig. 7 Fitting curve of the peak value of dummy damage under different weights in the seat drop test
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Table 2 Comparison of dummy damage under different weights in the seat drop test
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Fig. 9 Comparison curve of dummy damage value in seat drop test and simulation
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Table3 Comparison of dummy injury in seat drop test and simulation
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Fig. 11 The finite element model of the weight vest at different positions on the torso

MR R 2 12 M3k 4 aT LU, 90 SO & TR AR v 7 AR b L B, IEAME T {E D 5938 N,
T I BE VAR A 29.7g; 57 R 7 B A AR PR K T AL LN, MEEAHE ) RAEL A 5708 N, 7 fin 38 B2 W
O 28.4gc A S E A AR B TR X T SRR U (LR L e 0 KA WS A, AR 22
3.9% M 4.3% %I AT R, 2458 HCH A R AR A AR K LT, SR B S 7 A A v TR 07 Ay 5
JEEAE, I 3fe 53 A B A R

3000
2000 F
1000
0 o
—1000 |
-2 000 |
—3000 |
—4 000 |
=5000 |

Lumbar force/N

Pelvic acceleration/g

—— Lower torso

—— Lower torso

=6 000 - —— Upper torso 30} —— Upper torso
=7 000 . . . . . -
0 10 20 30 40 0 10 20 30 40
Time/ms Time/ms
(a) Lumbar force (b) Pelvic acceleration

K12 P Er e s AN A B ARG EL R 28

Fig. 12 Dummy damage value curves of different distribution positions of wearable equipment in the simulation
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Table 4 Comparison of dummy damage in different distribution positions of wearable equipment in simulation
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Fig. 13 Dummy damage value curve of different friction coefficients between the wearing equipment and the body in the simulation
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Table 5 Comparison of dummy damage with different friction coefficients between the

wearing equipment and the body in the simulation
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