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A Safety Assessment by Risk Analysis Method on Wheelchair Occupant
in Frontal & Side Impact of Wheelchair Loaded Vehicle

Sung Min Kim®, Sung Jac Kim*, Tae Gun Kang**, Byung Ho Jun*,
Kyung Hoon Kim***, Moo Sung Moon***

ABSTRACT

In this study, for a safety assessment of wheelchair occupant in frontal and side impact of wheelchair loaded
vehicle, a sled impact test was perfomed. Each test was carried out total 6 times, by using Hybrid I
50th-percentile male dummy in light weight and electric wheelchair. We estimate MC(Motion Criteria),
CIC(Combined Injury Criteria), HIC(Head Injury Criteria), HNIC(Head and Neck Injury Criteria) based on
measured data. Through this study, we make an assessment of risk analysis of wheelchair occupant and
wheelchair. Through this study, safety standard of wheelchair is to be evaluated.
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Table 1 Injury criteria and tolerance value of
wheelchair and occupant
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Fig. 1 Measurement of head, trunk and wheelchair
deformed behavior in the maximum
crash-point
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Fig. 2 Impact pulse in the sled test
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Table 2 The results of sled impact test

Test. #2 [ Test #3 |Test #4. 1 Test #5 | Test 46

N E
$7hes bk

HIC

466.5 | 105.8 192 128.5 | 427.5 | 574

(Head Injury Criteria)

CHEST g'sig) 46.8 45.6 473 44.5 484 47.1

1,404
(822 for
45msec)

1,728
(820 for
45msec)

Fshear{N] 1,326.9 | 693.7 | 784.7 712

2,003
(914 for
45msec)

1,838
(1279 for|
45msec)

Neck Ftens[N] 2,040 | 1,805 | 1,931 | 1,858

Injury 323
(179 for

30msec)

3,059
(836 for
30msec)

Fcomp.[N] 0 457 | s0s | 490

Mflex{Nm] 90.4 87.1 | 814 | 673 | 941

ACC max.[g] 23 w21 37| 235 1381 237

Sled
20g A& A 7Hmsec]| 21 25 26 28 29 28
Accel.

15g A& A tHmsec]| 41 43 44 46 47 45

Sled Vel.[km/h] 46.8 47 46.1 479 46.8 46.2
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Fig. 3 The results of wheelchair occupant motion
criteria(MC)
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Fig. 4 The results of combined injury criteria for
occupant
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Table 3 Measured result data in the sled test
abdomi . hold
5| geeel vl | HeC Max nal pubic | " peit
A (3] (km/h) | <1000 orce tension
A ® (KN) (KN) i)
1%} | 13.17 | 29.13 | 871.65 | 120.9 | 0.050 | 1.81 | 5,215
22 | 13.79 { 29.98 | 339.08 | 67.1 | 0.059 | 2.14 -
32} | 12.64 | 28.12 1 623.33 | 109.1 { 0.050 | 0.58 | 3,692
4z} | 12,69 | 27.79 [1026.86] 151.0 | 0.049 | 1.09 468
52k {12.79 | 27.56 | 762.71 | 125.4 [ 0.063 | 0.73 | 2,648
62} | 12.84 | 27.82 | 750.20 | 124.6 | 0.050 | 0.43 | 1,970
Table 4 Measured angle data in the image process
75
N 81 92 63 94 Bmax Fl F2 F3
A%
12} | 26° | 41° 3° 39° 30° 95 111 | 184
2aF | 27° | 35° | 14° | 60° | 42° 112 | 128 | 146
3% | 35° | 21° 0° 27° 44° 116 | 124 | 217
47} | 52° | 52° | 37° | -42° | 89° 119 | 129 | 243
5%} | 48° | 54° | 17° | -50° | 93¢ 150 | 163 | 245
6k | 48° | 40° | 40° | -56° | 90° 160 | 172 | 247

44 MC ¢} HNIC &3}

Table 33 Table 494 42 48 2= FES
2 By@°l dse & ZAE FHEANEL 100
£ 7122 JEHE o]l 5RXF MCE % 639 4
d F o3t 803, Ak 323, FTg 603 ol
(Fig. 5), A& A4 HNICE HUgk 1184, gk
145 B@¥ 59701912 T@ 2 YeEhid g4
ZthFig. 6)
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Fig. 5 The result of the calculated MC(Motion
Criteria)
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Fig. 6 The result of the calculated HNIC(Head and
Neck Injury Creteria)
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