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INTRODUCTION

The proper use of well desioprned restraint systems can sionificantly
decrease the risk of death and sericus injiury in motor vehicle crashes
involving cccuparnts that are inm a veasocrnable state of physiclopical
well being (borme strength, muscle torne, etc. ). Most vehicles sold to
the motorinmg public in the United States are ecuipped with restraint
svstems for the protecticn of  forward-facinog occupants in crashes.
These restiraint systems have beer demonstrated to have the capability
of providivmg a reasonable  level of protection by complying with the
performance requirements of variouws Federal Motor Vehicle Safety
Standards (FMVY85) such as FMVES Zaa, =9, and =1, With few
excentions, and for many valid reasons, these restraint systems are
desigrned for proatectiorn of the 3S@th percenmtile male size occcupant in

fromtal collisions. However, there exists a large populaticon of vaw
and bus cocoupants who are trarnsported in a side-facimg confipwr-ation
wha  are  virtually unrestrained it the cwrrent tramsportation
environmernt. Available restraint systems are rnot sufficiert to
protect  these occupants in the event of frontal o rearward
cxllisions. These ocoupants include physically and merntal ly

handicapped children and adults and who are confined to wheelchairs.

Extermsive research, development, testing and evaluation (RDT&E)
efforts by poverrmernt and industry have led to the promulpgaticon of the
federal motor vehicle safety stamdards for  forward-facivmp occupant

protection in automobiles, vans, and light trucks amd the combliarnce
with these regulations. The techralogy developed through those RDT&E
efforts that have been expended have not  here—to-fore been  expanded
noy exploited  toward the protectior of a rapidly gyowing sepment of
the tramnsported pobwlation in the United States, the ever increasing
physically disadvantaped wheelchair passengers. Ry comparisaorn, the
il gue prablems  of the protection of physically disadvantaned
oecupants seated laterally inm vehicle crashes has only recently become
the sublect of goverrment oo industry RDTRE. Most  industry research
has beer limited tao forward-facivng wheelchair tie—dowrn mechanisms with
ragard to comfort and converience leaving little effort beivo directed
toward cccupant crash protecticon amd  the overall crashworthiness of
the systems. In particular, the crashworthirness of wheelchair
tiedowns, occcuparnt restraint systems and irrmovative safety systems for
wheelchair occupants transported in  the side-facing comfiguration has
not been the subject of government and industry RDT&E efforts.

Crash protecticon for the above ment 1oned populations canm be
significantly ernhanced by the use of a compartmentalized crash
protection system which will protect wheelchair occcupants from contact
with the adjacent wheelchair/occunant complex, prevernt excessive
lateral flexicrn of the upper torso amd cushiorn the occcupant’s head and

torso  during  both  frontal  and  rearward collisions. This paper
discusses the RDTRE of such a system desigrned forr use by vam and bus
passernpers seated in wheelchairs and ridivg i the lateral

confipurat 1o,
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Sigriificarce of the Problem

There are a wide ranpe of schemes used for restraining wheelchairs and
their occupanmts in varns and buses. All of the wheelchair securement
svatemns (‘tiedowns?) currently available provide some  means  of
réstricting fovward movement of the wheelchair (with varying degrees
of actual ecrash protecticr) in the event of a fromtal collisicon when
the wheelchalr 18 front—-facing. In pnerneral, securemert is
accomplished either by devices that “hook!? anto the wheels of  the
wheelchair or by straps and/ov webbing that atbtaches from the flooe of
the vehicle to the frame of the wheelchair. However, there 1s very
littlie (if army) lateral cowmstraint built inmto either of these tiedown
comfigurations. Furthermore, there are no accessory safety devices
available to protect the occupants during lateral crashes i1if they are
front Facing in the struck vehicle oo if they are in side-facing
wheelchairs durinn a frontal or rear-end crash situation.

It is commorn practice to tramsoort the wheelchair popolation facing
sideways irn vans and buses. These wheelchair cccupants are extremely
vulrnerable to  ingury in even moderate speed crashes because of  the
apern envivonment in which they are being transported today. Often the
wheelchalrs are secured only by “hooke’ that extend throuph the spokes
of  the rear wheels. These ‘“hooks? do mot attach to the vrims of the
wheels but only extend from the rear and inbocard side toward the
cutboard side of the wheels. The wheelchair is free to move somewhat
during the wnormal operation of the vehicle. There is rno securement
for the front wheels of the chair. It is possible to develon a systen
to orovide oroper protection Ffor this class of  transported persons
usinmg  the concepts of compartmentalization and inflatable restraints
by more effectively secure the wheelchair and its occoupant  1m most
crash eituwatlions.

Transporting  wheelchair cccupoants inm this side-facing orientaticr  is

based wn ftwo reasocrns: ease of  ingress/egress and economy. Almost
without exceotion, the lifts for loading the wheelchairs and cccupante
are positioned at the curb side doors of  the vans. The wheelchairs

can be loaded and positicved easily  and rapidly whern the orientation
is such that the passernpers face the right hand side of the vehicle.
This pasiticoning scheme reaguires that the floor betweern the rearmost
prsiticen and the l1ift area 1s clear of any structures reeded for

tiedown anchars, The side-facirg position Drovides an  economic
advantape to the transit companies since most  transit sysltems
{modified stretcoch vanms) can carry more side—fTacing wheelchairs than
front faciwvg. This is partially due to requlatioms  that (i1  some

states) specify a minimum distance between wheelchair occupants and
structures 1rn  fromt of them. It is, therefore, very unlikely that

tihis method of ocperation will be changed without the intervernticor of

Federal or State legislation. Such intervention (to preclude the
transportation of side-facing wheelchairs) would  carry significant
cost impact to the tTranmsporters. Unfortunately, for the wheelchair

cecupant, the above noted circumstarnces constitute a dilemma. U the
ome hanmd they compouwnd to expose them to a disoroporticormate amount of
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danger in  the event of fraomtal o rear-end colliisions. Oy the other

band, mandating only forward facing wheelchair tramsportation would
expose them to a disproporticnate amount  of danper in the evernt of
lateral collisions, Intersecticon collisions may constitute the

majority of transporter crashes.

During sled tests of side-facing wheelchairs, the wheelchair user's
reck, Phips, and krees are subjected tao  benmdirvn inm  an  abricrmal
directicn and the wheels of the wheelchair usuwally collabpse. A1l of
the wheelchairs twist and/or rotate toward the directionm of impbact
with the dummy upper torso rotating over the avmrest  from 45 to 90
degrees causing dunmy head conmtact with the structures bplaced beside
the wheelchair (forward of the wheelchair inm the vehicle). In
additicn to the viaolent contacts betweern wheelchairs and wheelchair
oecupants which will obviously ocow during fronmtal and  rearward
crashes when wheelchairs are placed side-by—-side inm  a bus o varm, tie
wheelchailr ocoupant is exposed to the dampers of  internal irjuries.
lLateral flexion of the upper torso over the armrest of the wheelchair
can allow concentrated loadivn of  the armrest  into the abdominal
cavity. This iwtrusicn puts many vital organs such as the spleer,
kidrneys, liver, arnd the larpe and small intestires at risk. Insult to
any of these orpans can be life threaterming and the orabability of
serious  imsuwlt  1s  heightened by the «ften depenerative physical
condition of many wheelchair deperndent persorns.

Research Proagram — Adults

The tramsportaticon reeds of the handicapped are becoming irncreasingly
more salient to  both the Department of Transportation and  the
automotive manuwfacturers. It is the orimary purpose of this  opeogram
to proavide these oeccupants with & restraining device which provides at
least an eguivalent amount of protection as that avallable to the rest

of the motoring public. There are currently no Federal Regulationms
gaverning the corashworthiness of restraint systems desigrned  for
handicapped automotive occupants. Accordingly, the Scciety o f
Automotive Engineers (5RE) has formed &an Adaptive Devices Starndards
Committee to deal with the safety of the harndicapped motoring public
(L Tid. The committee has been  ivvited to participate in the
Irtermnaticmal Standards Orpanlizatiocn  (I50) Wheelchair Restraint

Syvastems Working  Group (ISO0/TC-1735/5C-1/WG~&) in the develooment of an
intermational wheelchailr restraint standard {(2). This Working Group
(3) has sugpested that the Australian Standard 2945-1987, Wheelchair

Jccupant Restraint Assemblies for Motor Vehicles, (4) be used as the
basis for the 150 standard. This standard establishes design and
performance requirements for wheelchair restraints and includes

detaitls of dymamic testing procedures. The standard does not specify
a standard design for wheelchair cccupant orotection systems, but

1. Numbers in parentheses refer to the referernces at the emd of this
paper
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rather is interded to ensure effective crash protection foor wheelchair
cecupants with & mimimum of vestricticn on restraint design.

Av inflatable compartmertalized crash protection system, as sugpested
by Clark (5, could protect wheelchair ocoupants from contact with the

adiacent wheelchair/occcocupant complex, prevert excessive lateral
flexion of +the upper torseoc and cushion the occupant’s head anmd torso
durirng a corash. Az part of the system, a wheelchair securemenrt

mechanism must be incorporated which provides both fromtal and lateral
stability and restraint.

The research efforts discussed amd the informatiorn oresented in this
paper were pernerated during the performance of U. 8. Department of
Trarnsportaticon (DOTY Small Business Irmovation Research (SBIR) Phase |
Cormtract No. DTRE5-57-89-C-0@1435 and an extensionm of the DOT Contract
as authorized by the MNew York State Science and Techrnolopy Foundation
(NYS5&TF) comtract wno.  SEIR [aaz7. The results of these research
efforts to—date include:

1. The defimiticon of tramsportation problems encountered by
transporters of wheelchair bownd occcupants and the lack of corash
rrotection  that exists im todays envirormment for these

passengers.

The developmernt of a computer model of the occcupant, wheelchair,

fia

and air cushion inm the enviromment of a transporter van  for
wheelchair passengers for wse in the Crash Victim Simulation,
Vergsion III (CVS II1) computer praogram.

2. The desiogrn and fabricatiorn of a dywamically testable orototype

af an inflatabhle safety compartment for  crash protecticon for
side facing wheelchair ocoupants.

4, The successtul sled testing of the inflatable safety compartment
concepnt with the demonstration of significant corashworthiness
impravements for the wheelchair cccupant with  the wse of  the
system whern evaluated apgainst the dynamic sled test results of a
wheelchair oaccupant with no safety compartment tas  they are
cuwrrently being trarnsported).

S. Refirnement of CV5 IT1 irnput parameters more closely simualate
the electromic and kinematic responses resulting From the sled

test progran.
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The canceptual design  of the
inflatable airwall is disclayed in
Figure 1. The figure depicts a
honsing console with a rveaction
surface divider separating two rows
of  horizontal  inflated tubes. The
lower povticw of the comsole houses
the inflation ducting o
inflators.All tubes are manifolded
together at either o both ends of

the cormsole. The reacticn suirface
is  reasonably compliant to aid  in
energy—mnanagement and rilde—dowwn.

The original corncept developed was
orme of  buildinmg bpartiticons  into
transporteyr varns to separate  the
wheelchairs whern they are 1inm  a
side-facing confipuwration.

FIGURE 1 CONCEPT RENDERING

During the program we were successful in developinmg the first three
dimemsicral computer model of a S@th  percentile Amthropometric Test
Device (ATD) seated in a wheelchair facing s¢ideways inm a vehicle.
This model was further refined during the research repocrted herein and
used to successfully simulate the kirnematic and electrormic results
penerated durivng the sled tests. The results obftaired through  the
extensive uwse of this model durinmpg the exercise of the MHTSA
sponsored, Calspan developed, thres-dimensional  computer simualation
progran (CVS IID) mas mrovided valuable information on the resulbs
that can be expected durinp sled testinp of various crucial components
of the wheelchair arnd air wall system (i.e. changes in the wheelchair
force—deflection  oroperties, charnges i the air wall housing
force-deflection properties, effects of ventinmg of  the air cushice,
etc.).  This type of informaticem provides the necessary  inouts  for
making critical decisions regarding test samole fabrication pricre to
expensive sled testing, thereby substantially reducivg the costs of  a
sled test program.

Historically, the ©CVS IIIl praoogram  has v used to simulate  the
responses of full-size adult ococupants, utilizimg wvarious typoe o f
restraining devices, while being exposed to the forces openerated

durimg vehicle crashes. The progrem dbtself is very gerneral in natuwee
and has the capability to simulate the threse-dimensional wigid  body

dyrnamics of any articulated collection of  rigid bodies. Thie
application used during this proorewm is  aguite vewmoved  from typical
applications in that the porograwm simulates the resporses of a

side—~facing adult cccupant/wheelchair complex during  fromtal crashes
both with and without the inflated partition restraint  systen. e
e to accomplish this, four separate sub-systems are required: the
var, the wheelchair, the swrogate, ard the inflatable protection
system.
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Ornce the S@th bercentile model, seated in & side-facing wheelchalr
with the inflatable orotection system was successfully developed, a
brief analytical study of the comparitmentalized safety system was
wndertakern wsing the CVS III program. The objectives of the study

were tao explove the effects of safety system peometry with varicus
initial inflationm pressures on the kirnematics of  the occupant. e

comparative purposes, CVS III  simulaticons of side-facing wheelchair
accuparnts without the safety system im place were also studied.
Figure & presents the S@th percentile male ATD kirematics peverated v
the CVS 111 program both with and without the safety system.

Based on the positive results of the TVE IID study, a orototyne
compartmentalized safety system was desipred, fabricated and subjected
to drop tests. Two dywmamic crash simulaticons were performed at the

sled testivp facility of MGA Research Corporaticon in Burlingbon,
Wiscomsir. Sled test Noo HIAL41 was a 1.7 mph crash simulaticon using
a Sth percentile male size Anthrooometric Test Device (ATD) seated in
a side-facirg wheelchair, and the air wall system. Sled test Mol
HI30 142 was a 22.6 mph corash  simualaticon with test cornditions set to
replicate No. H3@141 with the exceptior that the ailr wall system was
not used. Detailed anmalyses of the electronic data and the hiogh speed
film were performed. Of primary concern in the analyses were the head
excwsions, the head accelerations, and the chest accelerations. of
secondary interest was the air wall pressure measurement. Irn addition
to these data, evaluation of the efficacy of the zafety system was
based o structural inmtegrity of the system, and acceptable kimematics
of the ATD regarding the subjective evaluation of potential fore
internal iwmjury.
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“ADULT ATD KINEMATICS — WITH SAFETY SYSTEM

FIGURE & - C¥5 III ADULLT ATD KINEMATICS
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Table | presents the performarnce criteria geverated during the two tests.

TABLE 1

SLED TEST PERFORMANCE CRITERIA

SLED VELOCITY {mph) =1 Sl &
SL.LED ACCELERATION (G's) 15. 2 15.93
HEAD RESULTANT ACCELERATION (G's) 4.1 Z@A7. @
HEAD IMJURY CRITERIA (HIC) 17a. 2 979. 3
CHEST RESULTANT ACCEILERRTION (&' s) 17.3 4Q. 4
AIR CUSHION PEAK PRESSURE {psi) S.5 N/ZA

The differences between the inflated safety system and the rorn—safety
system results are dramatic. The demornstratiocn of  the protection
capability «f the inflated system is evern more remarkable considering
that the sled test velocity was rnominmally 2@ mph and the ATD head
contacting a structuwral component threouoh & % inch thickness of foam
sti1ll experienced this extremely high level of deceleratiorn.

Subseguent analysis of the high-speed film indicate that the concept
o f an inflatable safety system orovided 2ot vl oof tie
cecupant /wheelchair kinematics, cushicrnivg  the occupant’s head and
torso durivg the orash  while allocwing the lower sectiorn of the air
wall to orush in a predetermined manmner while being  loaded by the
wheelchair. The kirnematics observed during the sled test without  the
safety system in place showed complete structural failure of the right
side wheelchair wheel. The occuparnt?s head struck the outside frame
of the sled buck which had beern covered with 3 inch thick foam madding
to orotect the ATD. It is  abvious that the wheelchair amd occupant
woald contivue to move laterally urntil stopped by contacting ancther
wheelchair/occupant complex o a structwral member of the vehicle.

Whern using a mathematical model to simulate veal world, or laboratorey,
events one must proceed thirough the often laboriouws task of validatinmog
the model within the constraints of the particular experimental
protocal that is to eventually be simulated. Ornce a certain degree of

confidence in  the model’s performance 1s reached, predictive
simulations can be made based wapon perturbations in the systen
confipuratioy  and/cy physical oropecties. At the bpoint in  the
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research program the data from the sled tests were analyzed. The
results of this arnalysis were thern compared with the data From the
simulations. Excursion measurements were obtained of the occupant and
the wheelchair and deformation measurements of the wheelchair and  the
safety system from the high-speed film of the sled tests. These data
were utilized to itrncoroorate e realistic force-deflection
characteristics into the CYS input.The CVYS III imput  parvameters were
then modified from those used during the initial computer runs based
uporn these comparisons. The most significant charnpes were realized
fram  the input of the following parameters which replaced the
idealized wheelchair confipuration used in the Phase I simulatiocnms.

L. Vernting the air wall during the loading ohase.

= Moving the air wall reacticon surface further away from the tes
surrogate.

S Comtact surface interactions betweern the wheelchair wheels and
the air wall housing.

4. Varyinno the wheelchair =Pl resh Force-deflection
characteristics.

2. Varying the amount of slack in the restraint harress.

The end wesult of the research program, to date, was the desiogn,
fabrication and testinmg of a oprototype inflatable aivr wall restraint
system for passerngers irn wheelchalrs being transported in & side
facinn configuwration in  a  van;. Further dynamic sled testing of
prototypes, Finalization of the air wall restraint systew desige,
incorporation of the hardware reguired for inflatiorn, Fabrication of
the fimal desigrn and further sled testivng of the system to demonstrate
a sipnificanmt irncrease in the level of oprotection potential with the
use of  the air wall sed  on the ivgury criteria of Federal Motor
Vehicle Safety Standard Noo Zag (FMYsSs z2a8) - Oeccocupant Crash
Protection is reeded.

Research Program — Children

Based on the positive results of the research prooram wtilizing the
adult size male ATD, the US Departmernt of Educatiom (DOED) awarded a
Cortract, MNumber RIEBEBBEALI, to develap child size models for use as
side—facing wheelchair ocoupants v the CVE 111 computer simulaticom
program and to design safety systems for use in school buses.

During this program, Hartley Asscociates, inc. proposed to adapt  the
concept of the safety system to  accommodate  school-ape cohildren in
wheelchairs, fabricate a down—-sized safety system using materials

cimilar to those wsed duwing the DOT Phase 1 Contract, and perform
drop tests on the re—designed systems using six-year-old  and

twelve-year—-old size surropates.
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The performance of this research orogram includes the follawing  four
tasks:

TASK 1 Defire the specific transportation orablems encountered by the
subject catepory of cccupants (schaol bus passengers) and perform  a
detailed examimation of wheelchairs and the types of vehicles that are
wsed for transoorting wheelchair bownd school children.

TASK & Exercise the Crash Yictim Simulaticn, Version ITI (cvgs 11D
program to evaluate the effects (on the cccupant and the wheelchair)
of varicous conceots of wheelchair containment and lateral protection.

apability to functicn in the madified envisonment and within  the
vailable space in the transport vehicle.

TASK 3 Design and fabricate a restraint system with inflatable
C

piil

TASK 4 Rerform dynamic sled tests of the prototype restraint system to

demermstrate the increased protective capabilities and safety bernefits
of the system.

To date, efforts have beern expended on tasks 1 and 2. These tasks will
be discussed below.

Ore of the primary problems encountered in  the transportation  of
wheelchalyr cccupants is  the myriad of wheelchair marnufacturers,
daesigns and sizes. 0f dimpovrtance in this research program were the
dimensiocns of wheelchairs. Irn order to determine the space reauired
for compartmentalization of wheelchairs in a transporter, an envelooe
of typical wheelchair sizes which must be accommodated by schaool buses
was developed. Ir addition., all wheelchair schoolbus tranmsporters in
the Western New York area were contacted and requested to allow us to
inspect  their wvehicles. The vehicles inspected were the vanm—type

transporters used aimost exclusively by the largest transporters  of
harmdicapped children in this area. At the tramsporters reqguest, we
have aoreed to wot  use their name in any publication. The wvans

inspected accommodate both novmal  seating and  wheelchair seating in
forward and side facimg configuratioms. Wheelchair dimensions and van
measuremnents are provided in Tables & and 3, respectively.
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TARLE =&

MANUAL WHEELCHAIR — MINIMUM TO MAXIMUM DIMEMSIONS

Rarnpge in inches

CHILD MID-SIZE ADULT
Overall width 139 - - =6
Overall heiaght 2 E/4 - - 35
Seat heipght 1& - - i8
Seat depth i1 - - 17
Seat width 11 174 - - 18 174
Seat back heinht ie - - 17
Arm rest height = - - 8
Rear wheel diameter &4 - = - =4
Fromt wheel diameter o - a - 8
TABLE &
VAN MEASUREMENTS — WHEELCHAIR SPACE

Ceiling heioght at cenmterlire VTS T

Ceiling height at start of curve B3 M

Sidewall heipght at top of window 530"

Total width of van _ @ "

Width of varn at wheel wells a3

Total lewgtih of van carpo space 1z "

Lerngth from lift to rear of van ae "

Aercguip track lerpth - 1 wheelchair =a "

Aercquip track lenpth — 2 wheelchairs e

*# I some of  the older vans, the ceilivgs were rnot curved and the

entire ceiling heinght was &3 inches.

The results of Task 1 showed that the interior dimernsicrs of vehicles
used as schocol  buses are guite different than those used for adult
transpo-t. Ivy additicor, although many of the child-sized wheelchair
wheels were the same diameter as those used by adults, the kinematics
experienced by childrern are expected to be very dissimilar to those of
are adult. This indicates that, although the safety system housirng may
be similar in size for children and adults, the crush characteristics

will reguire extensive experimentation. In order to fabricate and
test the opropey configuraticons  for the safety system amd the safety
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syetemn housing for children on school buses, a large amount of data
must be gathered and analyvied which was peyond thne cscone of thais
DY &lrla
During ask = the BOOD orozZram was installed and & mathematical

ticwm  of & 1E@-vear—old size ccounant seated 1nn  the

rEDresSEnTat
anpropriate zize wheelchair was develooed. I working toward

establishing a itwelve-year—old size ATD model we encounterec oroolems
with both the anthropometry and the Joint  properties transfers  for
tHis ATD. The antnropometsry of the l&8-year—-old size ATD apmeared to ize

reacsonable excent in the meck repgion. The orablem with  the joint
oronerties transference was discovered during arnalyveis of the "injwey
criteria”  of  the oprogram oubtout when the mocel was  exerclsd
Fead irnjury criteria (HIC) was niphner than exnected. It was
that a smaller surropate would have  lower reactive  J1oink

capanility tharn that of an average size adult  male. Wher the
toroues were lowered in the model the HIC value increased rather
gecireacsing as was exoected. The indication from  these oreliminary
comouter runs was that as 1o0int torouese decrsase in level the wmodel
reacts as thougn thevy were 1ncreasing. Suheecuent graphic  cwtout o af
the l&8—vear—-ola size mabthematical models demonstrated that there was

sroclem with the Rnead and neck =2llipscics, as can be ssen in ~ipare

i3

time = 0.0 sec

7
-1
]

RE 3 - ATD ANTHROPOMETRY COMPARISONS - 12-YR V5 S@TH
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We were successful in enlistimg the a&aid of sersaonnel from the U.S.

Department of Transportation, MNational Highway Traffic Safety
Admimistraticn (NHTS5R), in developinp a more bicfidelic model of the
l&-year—old arnd é-year-cold size surropates. These new models were
installed and the CVS 111 program bas beern exercised with both  of
these rew surrogates iv an inflated comoartment conmfiguraticn with the
air cushion model vented at a & psi level. The results appear to bhe

very reasonable. Comparisons of kinematics of the S@th percertile
male size, lE-year—old size and G-year—-cld size ATDs are presented in
Figure 4 for the rorn—airwall (unrestrained) simelaticns and in Figure

S forr the inflated airwall simulaticns.

CONCLUSIONS

Fased or the results of this limited study, the air wall corcept
appears to offer the potential for menaging the irngury severity of
side~facing wheelchair occupants over a significanmt size range in
collision situations. Furthermore, at this early stage of the
raesearch efforts, the concent of protecting side facing  wheelchair
cocupants in fromtal or rear crash  situations appears to be auwite
reasonable. It is the opniniow of the authors that the movement to
preclude side facing wheelchair transportation by fiat within  the
transportation community is premature.
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FIGURE ‘4 - COMPARISON OF ATD KINEMATICS - UNRESTRAINED
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FIGURE S - COMPARISON OF ATD KINEMATICS — INFLATED AIR WALL
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PAPER: SIDE FACING WHEELCHAIR OCCUPANT SAFETY-A COMPUTER
SIMULATION

SPEAKER: Michael Walsh, Hartley Associates
Question:. Larry Schneider, UMTRI

Mike, as you know we’ve done a lot of work in this area at
Michigan and it’s a growing problem, I think there are more and
more people who are in wheelchairs trying to use transportation.
You mentioned that there are two camps. I'm in the other camp
saying people should be forward facing and I think, as you point
out, there are difficulties dealing with the side facing
situations for the frontal impact and there aren’t good data on
the statistics of people in wheelchairs and what kind of accidents
they are involved in. However, I would suspect that the statistics
would have to be similar to what the statistics are for the rest
of the population. In the absence of other data, I think we have
to go with those frontal impacts being the primary concern.
Again, that's what we're recommending. You can make a big step
forward in getting these people to face forward. You can get the
tie down systems to work much better for the frontal impact
condition, restraint systems to work much better and I think
that’'s a big step in the right direction. 1I'd also like to point
out that the ISO committees are currently working on this problem
and they’'re recommending forward facing. the SAE committees are
recommending forward facing. the Australians have a standard that
requires forward facing. Canadian Standards Association is
recommending forward facing. So, there’'s a lot of other people in
the other camp that are pushing for the forward facing as I think
of as the right step to make a lot of progress to the safety of
these people as quickly as possible. There may be ways of doing
the side impact protection as you're trying to work on here. I
think that's worth exploring but at the same time you have to
worry about the practicality of the solutions that you come up
with. That is, will transportation companies be willing to accept
padded barriers and air cushions and structures that you may need
to implement in order to make the side facing on the frontal crash
an acceptable situation.

Answer: Larry, I understand what you’'re saying. let me say
that I'm not in either one of those camps. We believe that it is
impractical to expect people, carriers, businesse, etc., to tear
out all of their equipment and go from carrying five wheelchairs
in a bus to carrying three wheelchairs in a bus. I know that you
have told me that you talk to people who are more than willing to
do that. However, the people that I've talked to, granted from
around New York State and Canada, say that they are not going to
do it. As I said earlier, one of my concerns is . . . and I don't
care about forward facing or side facing . . . I'm just looking at
the reality of it, that they are transporting people side facing
and it is reasonable to try to protect those people, side facing,
if that’s the way they are going to be transported. Let’s not
take the attitude, well, let’s not transport them side facing
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because you're not going to get these people to quit doing this. I
don't believe ISO's going to pass that regulation for the next ten
years, anyway. Even if they do, there'’s going to have to be some
sort of grandfather clause, as there was in that schoolbus thing,
because people just aren’t going to go bankrupt themselves doing
doing this. So, I think that there’'s a reasonable retrofit that
can be made rather than telling people that you’'re going to
destroy their fleet and start over. I don’'t want people to get
any idea that we are advocates of side facing wheelchair
transportation and not forward facing. What we are trying to do
is protect the people that are being transported side facing
because that’'s how they are being transported, side facing.

Question: Guy Nusholtz, Chrysler

Just a few questions on what you were doing. First, what
type of material were you using for your aircushion, what type of
pressures did you have inside of the cushion, are you sort
proposing that it be in deployed state or a fully pressurized
state all of the time or do you have some sort of mechanism for
deploying it?

A: With regard to your first question, the material that we
were using was a polyethylene material. It’s not a material that
would ever take the gaff of day-to-day use. We started out using
it for a couple of reasons, the technology for making these things
was easily accessible. If you're going to start experimenting
with these things and you have to make new air bags and you drop
things on them and they break, then you have to try something
else. it's nice to be able to do it conveniently, on site. The
pressures we decided, based on the CVS III Program, was to start
out at . . . the sled test was at 2 1/2 psi static pressure and
the dynamic pressure unloading went up to about 5- 1/2 - 6 psi,
something like that. To answer your second question, we were

essentialy thinking of preinflated when someone was occupying that
position.
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