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Abstract : Accidents involving wheelchair accessible vehicles have been frequently occurring since the introduction of
these vehicles in the Korean market. However, detailed regulations, which are required to ensure the safety of the wheel-
chair occupants, are unavailable. In this study, both domestic and international vehicle safety regulations are analyzed in
order to select the regulations that are similar to the transportation environment of Korea. Sled tests with an actual wheel-
chair accessible vehicle were carried out based on the analyzed regulation requirements, as well as the values of the HIC,
belt loads, dummy movements, and wheelchair movements. The test results showed that the movements of the dummy and
the wheelchair did not meet the criteria of the regulation due to the improper positioning of the restraint systems.
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Table 1 Wheelchair vehicle accident status (MOLIT '08.1~'14.4)

Date Accident conditions

08.01.28 | In right corner driving, Impact handrail and injury

08.08.07 | In steep slip, Occupant injury

08.06.29 | Restraint system incomplete

09.07.23 | In steep slip, Moving rearward and occupant injury

11.02.14 | In left corner driving, Impact side glass and injury

11.02.14 | Unsuitable location of restraint devices

11.03.25 | Restraint system incomplete, Occupant Injury

11.09.09 | In steep slip, Occupant injury

11.09.14 | In steep slip, Moving rearward and occupant injury

12.12.03 | In sudden corner driving, Injury

In sudden stop in non-fasten seatbelt, Impact handrail

13.10.05 .
and injury

13.10.17 | Inright corner driving, Leaning wheelchair and restoration

14.03.13 | Restraint system incomplete
14.04.11 | Sudden stop
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I 1= 7]155(BU Regulation)2] =54 715 3HUN Re-
gulation) 3}7] 913} 55 UN/ECE WP.29 4H3} ¢
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1) UN Regulation

UN R107 Annex8°llA] o] EA]| kAl & 9]t of ]

<=t EAof BISAL daof et oA

Table 2 UN Regulation 107 general

Classification Requirements
Wheelchair 700 n.lm ¢ 13.00 i
compartment Be slip-restraint
P The Maximum slop of floor 5 %
Access 1400 mm x 900 mm
. Be possible for a wheelchair user to move freely
Lift or R
HLOTRAMD  ond easily from the outside of the vehicle
Lift 800 mm x 1200 mm
Carrying a mass of at least 300 kg
Edge: Be rounded no less than 2.5 mm
Wide: At least 800 mm
The slop of the ramp: Not exceed 12 %
(On to a cerb 150 mm height)
Ramp
Not exceed 36 % (To the ground)
Carrying a mass of at least 300 kg
Marked with a band of colour 45 ~ 55 mm
at the outer edge
heelchai
Whee c' A Be applied
restraint
Occup'a o 2 points or 3 points
restraint
A ibilit
ceessibility Pictogram for wheelchair users
symbols

7] 918 A A -5 AR B9 74 5= TaEa
gon], A &8 FAE A A ET}
23+ (Hybrid Test) 7]+ Table 33} 7ttt
2) EC Directive
FHAG 7|52 Directive 2001/85/ECOlA] ©]%5
o} %

OLY mebA], A7 EA TS D e
J_:[L

< RSkl 9l om, Ape] 7} 9l W82 Table 4
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Table 3 UN Regulation 107 Annex8 hybrid test

Table 4 Directive 2001/85/EC

Requirement Condition Requirement
- 1,110+20 daN applied in the longitudinal Should be restraint system in the wheelchair space
plane of the vehicle and towards the front of (1) Be applied on the restraint system:
S the vehicle at a height of 200~300 mm from 250+20daN
t floor (2) Be applied in the horizontal plane of the
il - 500+20daN applied in the longitudinal plane S vehicle and towards the front of the
i of the vehicle and towards the front of the Not fitted ; vehicle: If not attached to the floor of the
c vehicle at a height of 200~300 mm from floor with t vehicle. Be applied in an angle of 45 ° +
- Be maintained for a period of not less than 0.2 any i 10 °to the horizontal plane and towards
seconds occupant c the front of the vehicle: If attached to the
restraint floor
- Forward facing wheelchair system ' | (3) The force shall be maintained for a period
Wheelchair test trolley of mass 85 kg : of not less than 1.5 seconds
Speed 48~50 km/h, t | (4) Without Permanent deformation,
Deceleration-time pulse: including partial rupture or breakage of
Exceeding 20 g at 0.015 seconds, the restraint system and be operable by
Wheel Exceeding 15 g at 0.04 hand after removal of the traction force
chair Exceeding duration of 0.075 sec,
Not exceeding 28 g at 0.08 sec
rest- - Rearward facing wheelchair M= EHUTTH &8 T Ao okdA &R
reint D Wheelchair test trolley of mass 85 kg 293 A2 A& o &1 gl ISOTFALS
y Speed 48~50 km/h, _ o _
n Deceleration-time pulse: 7|22 7S Eeske] 20151 RESNA(Re-ha-
a Exceeding 5 g at 0.015 seconds, bitation Engineering and Assistive Technology Society
m E i t0.02 )
i ) xceeding 8 g at 0.0 . of NA) StandardsE A A&t Y o] & “}&dt
% Not apply if the same restraints are used for ]
¢ the forward and rearward direction g A ol el ZA A QL QIS HtAE skt
_Eesult f th hall have failed, or shall et
o part of the system shall have failed, or sha
have become detached from its anchorage or 1) FMVSS )
from the vehicle during the test, Mechanisms vl=roll A AAE = 7 5 A 34 €A
to reLelasefthelwheelfcthair andluser sh?glbi t o] B2l e] &) B3 7|F3 Aol 1A
capable of release after completion of the test, Aol 71 _ — o o
the wheelchair shall not move more than 200 g 0] Aol et 7|08 i = /1=, Table 5
mm in the longitudinal plane of the vehicle o} At}
during the test 2) NMEDA 2R 7+
A% dAFlA A AT
222 0|2 FMVSS®] 7783 frArgHd], 941 344 Fejo] 4

v=& AR AA R A4 AlA sk
7o m b E o e, ARSI FMVSS
(Federal Motor Vehicle Safety Standard)2] 2~3H
e 7]=(FMVSS 222)0l 4 Ao TS 18
3 obd7)ES grold = gla) B A A V)E
o 2F "= Asak P 3|(NMEDA, National
Mobility Equipment Dealer Association)ol] 4] X}
o7 x-ﬂ}\] O]_L‘ 3] % ]oi El-—/'—‘—ﬂl O]—XJ/K-] I@ZI-E_ 7]%%
g1 =l obze] MAF I E AT 2 (UMTRI,

University of Michigan Transportation Research Institute)
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Table 5 FMVSS 222

Table 6 ISO 7176 & 10542

Item Requirement

Requirements

Wheelchair location shall have occupant

restraint system.

Each wheelchair occupant restraint shall

comply with the requirements for Type2

Occupant | safety belt system in FMVSS No.209

restraint | - Not less than on anchorage for the upper
end of the upper torso restraint

- Not less than two floor anchorages for
wheelchair occupant pelvic and upper
torso restraint

Each wheelchair occupant restraint floor
anchorage shall be capable of withstanding
a force of 13,344N applied as specified

W}}:e‘el— angle. When more than one wheelchair
chair ‘ occupant restraint share a common
occupan anchorage, the anchorage shall be
Wheel- . .
traint chair capable of withstanding a force of
restraints 13,344N muliplied by the number of
occupant

occupant restraints sharing that

anchorage.

* When a wheelchair securement devices
and an occupant restraint share a com-

system | restraint
anchorages

& . .

mon anchorage, including occupant

restraint to the securement device or the
Wheel- . .

chair wheelchair, the loads shall be applied
restraint simultaneously.
Each anchorage for a wheelchair occupant
anchorages

upper torso restraint shall be capable of
withstanding a force of 6,672N applied as
specified

The 6,672N force shall be attained in not
more than 30 seconds, and shall be main-
tained for 10 seconds.

23 HopPlEe MA

1. Wheelchair space: 700 mm x 1200 mm,
Slip-restraint

Access: 1400 mm x 900 mm

Lift: 800 mm x 1200 mm,

Maximum loads: 300 kg

4. Ramp: Rounded at least 2.5 mm,
Minimum wide: 800 mm,
The slope angle from ground: 8°
Maximum loads: 300 kg
Marked with a band of colour 45~55 mm
at the outer edge

. Wheelchair restraint system:

Docking, Tie-down, Screw clamp

. Occupant restraint system: 3points

. Handrail guide: At least 15 mm

@

o= e +0 S 1+

i

~N

—_

. Forwad direction dynamic: 48 km/h,
(Peak deceleration: 28 g)

2. Result

- Wheelchair excursion limits: 200 mm

- Dummy knee excursion limits: 375 mm

- Dummy head excursion limits: 650 mm

* Knee/Wheelchair excursion > 1.1

ol I N I )

TOP VIEW
(Vith Seat Surfaces RemoveoD

®
3

REAR VIEW

SIDE VIEW

Fig. 1 Surrogate wheelchair diagram

A= 3 Aoy o} ghgate] o) 5 S L83 545}
= 710l A= &S Fig. 1, Fig. 2 & Table 7
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Fig. 2 Hybrid III 50th percentile dummy diagram

Table 7 Test method and criteria
© Test method

- Velocity&Acc: 49+1km/h, peak g 28 g
- Wheelchair weight: 85 kg(SWC)
- Dummy: over 75 kg(Hybrid II or III)

© Criteria

- Wheelchair excursion: Below 200 mm
- Dummy knee excursion: Below 375 mm
- Dummy head excursion: Below 650 mm
* Knee/Wheelchair excursion> 1.1
3% Should be tested wheelchair restraints and occupant

restraints simultaneously.
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Fig. 3 Wheelchair vehicle sled test jig

3.2 A& Matrix
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Matrix = Table 8 3} 7T}

Table 8 Wheelchair vehicle sled tests matrix

Options Measurement

* Seatbelt: 3points

Ist | = Wheelchair restraint: * Dummy: Head,

Test |  4-point Tie-down Chest, Thigh
* Wheelchair: SWC « Seatbelt/
* Seatbelt: 2poins(Pelvic) Restraints load
2nd | * Wheelchair restraint: * Displacement:
Test | 4-point Tie-down Dummy / Wheechair

* Wheelchair: SWC

* Seatbelt: 2poins(Pelvic)

* Wheelchair restraint:

3rd 4-point Tie-down

Test | * Wheelchair: Miki. Co.

% Real condition
(Non-reinforced)

* Seatbelt/
Restraints load

* Displacement:
Dummy / Wheechair
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Table 9 Sled tests velocity and acceleration

Velocity and acceleration

Ist Test

* Peak acceleration : 26.3 g
* Duration : 92.9 msec
* Velocity : 48.1 kph

2nd Test

* Peak acceleration : 26.5 g
* Duration : 93.2 msec
* Velocity : 48.2kph

3rd Test

* Peak acceleration : 26.3 g
* Duration : 92.9 msec
* Velocity : 48.1 kph

Table 10 Sled tests result

Bt g0 BISAL dafjof 5t A7

Vehicle LH_CFC_60 Acceleration

w0t
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Fig. 4 Acceleration corridor and pulse

AN Y FozHE AZSH AIES Table 10
T} o] Ity om, X 2A] UrteEA}t 5l
24 56 kph &2 79} B w3t

42 INHZE HESEY

Ag3E AR ] AiAS 913l Fig. 59 &
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S Htg o R g5ate] Ass w4 A9 o
22 12} 764 mm, Zj]' 936 mm, 32} 834 mm =
12(650 mm)S BTH

15375 mm)< U&v:é}%it}.
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Mesurement position Measurement factor Ist Test 2nd Test 3rd Test Rear seat 56 kph
crash test result
Head HIC36 230 738 N/A 408
Shear force (kN) 0.06 0.3 N/A 1.98
Neck Tension (kN) 1.8 8.0 N/A 223
Extension moment (Nm) 40 170 N/A -
Dummy -
Chest Compression (mm) 29 0.9 N/A 44.74
es
Resultant acceleration (3 msec) 34.2 27.8 N/A 51
Thich Left compressible load (kN) 1.0 1.6 N/A -
i
& Right compressible load (kN) 1.5 1.7 N/A -
Shoulder Tensile load (kN) 7.4 N/A N/A -
Seatbelt - :
Pelvic Tensile load (kN) 6.0 8.3 12.2 -
Pre-Positin (Front) | Angle Under 5° | Under 5° Under 5° -
) Pre-Positin (Rear) Angle 1° 1° 1° -
Wheelchair - "p 0 Tef (kN) | Tensile load (kN) 1.76 12 s :
Restraint Front-Right (kN) Tensile load (kN) 1.15 0.9 1.7 -
Rear-Left (kN) Tensile load (kN) 12.34 Over 16.0 497 -
Rear-Right (kN) Tensile Load (kN) N/A Over 16.0 4.97 -
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[3rd Test Analysis Head]
Fig. 5 Dummy movement analysis in sled tests
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Table 11 Displacements of wheelchair in sled tests

Measurement Ist | 2nd | 3rd
Test | Test | Test
Front-rear
i 1 194 | 174
Wheelchair (Critera: Under 200 mm) 85 g !
displacements
Up-down (mm) 52 105 | 25

[2nd Test Ana1y51s Wheelchair]
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00 200 300 [1E-3s
[3rd Test Analysis_Wheelchair]
Fig. 6 Wheelchair movement analysis in sled tests
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