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I.  INTRODUCTION

The safe transport of handicapped children to and from school
involves special problems in restraint design. In recent years a
number of different techniques and devices have been developed and
used for restraining the handicapped child either in school bus seats
or in wheelchairs. Most of these devices and techniques have never
been subjected to impact testing to determine their performance under
dynamic loading. In this study a number of different restraint tech-
niques and devices currently being used in the transportation of
handicapped children in the State of Wisconsin were subjected to sled

impact testing and their performance evaluated.

IT. PROCEDURES
A. Impact Facility and Sled Deceleration Pulse

Impact tests were performed at the Highway Safety Research
Institute Impact Sled Laboratory. This facility consists of an
impact sled (Figure 1) that moves on a 45-foot track into a pneumatic
decelerator and can simulate crashes up to 75 m.p.h. and 75 times
the force of gravity. The sled itself is a 975-1b. test platform,
6.5-ft. square and is driven by a compressed-gas-powered ram. The
sled operates on the principle of rebound, stopping and reversing
direction abruptly by impacting the adjustable pneumatic decelerator.
In this study, all pressures were set to achieve a 20 m.p.h. velocity
differential and 16 G (i.e., 16 times the acceleration of gravity)
deceleration pulse. Figure 2 shows a typical sled deceleration pulse

for the tests in this study.
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Figure 2. Sled Test Deceleration Pulse

B. Matrix of Test Conditions and Restraint Systems

A total of sixteen impact tests were performed for a variety
of restraint systems and test conditions. These tests can be
divided into two basic categories - those with wheelchairs and

wheelchair restraints, and those with bus seats and bus seat restraints.

1.  Wheelchair Tests

Eight wheelchair tests were performed using two sizes of wheel-
chairs purchased from Everest and Jennings, Inc. The Tiny-Tot Universal
model was used in four tests with a 6 year dummy weighing 49 pounds,
and the Junior Premier model was used in four tests with a 5th per-
centile female dummy weighing 105 pounds. In all wheelchair tests,
the dummy was restrained to the chair by a Collins Saf-T-Straint
(Collins Industries, Inc. Hutchinson, Kansas) padded belt illust-
rated in Figure 3. This device consists of a pad and safety belt
sewn together. In this study, the belt was wrapped aroung the chair

back just above the armrests, buckled in front and pulled tight.
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The second wheelchair restraint system tested was that of using

safety belts (Ruppert Industries) anchored to the bus wall and wrapped
around the front of the wheelchair. This method was tested using

both one and two belt systems for head-on and 33 degree oblique
impacts (i.e., 33 degrees to front of bus), the latter condition
achieved by orienting the wheelchairs at 33 degrees to the sled

motion. Table 1 summarizes this matrix of eight wheelchair tests.

TABLE 1

WHEELCHAIR IMPACT TEST MATRIX
ALL TESTS AT 20 M.P.H. AND 16 G'S

Orientation Impact
Wheelchair Dummy - __in Bus Direction Restraint
E&J Tiny Tot 6 yr. Forward Head-on Collins Saf-T-Lock
E&J Junior Sth%ile female Forward Head-on Collins Saf-T-Lock
E&J Tiny Tot 6 yr. Side Head-on Collins Saf-T-Lock
E&J Junior 5th%ile female Side Head-on Collins Saf-T-Lock
E&J Tiny Tot 6 yr. Side Head-on One belt to bus wall
Collins Saf-T-Straint
E&J Junior S5th%ile female Side Head-on Two belts to bus wall
Collins Saf-T-Straint
E&J Tiny Tot 6 yr. Side 339 oblique Two belts to bus wall
Collins Saf-T-Straint
£3J Junior 5thile female Side 330 oblique One belt to bus wall

Collins Saf-T-Straint

2. Bus Seat Tests

Another eight impact tests were performed using devices designed
to restrain children in bus seats. Since most school bus seats in use
today do not yet conform to the new standards set forth in FMVSS 222
(i.e.,closer spacing, padded seat backs, etc.), the older style bus
seats were considered most appropriate for this study. For these
tests, two seats were bolted to the sled with a distance of 27 inches
from the back of the rear seat to the back of the front seat. The

dummy was placed in the rear seat for all tests.
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Four types of restraint situations were tested for forward facing
seats in both head-on and 33 degree impacts for a ftotal of eight tests.
Two tests each were performed for the following restraint/dummy
situations:

1) Rupert (Rupert Industries, Inc. Wheeling, I1lincis)
E-Z-0On Harness with 6 year dummy.

2} Easy Way Dubl-Life Saver Restraint Vest {Easy Way Products,
Co., Cincinnati, Ohio} with & vear dummy.

3) Ford Tot Guard with 5th percentile female dummy.

4)  Qrtho-Kinetics Travel Chair {Ortho-Kinetics, Inc.
Waukesha, Wisconsin} with 6 year dummy.

- Figure 5 shows the Rupert E-Z-On Harness and accompaning restrain-
ing belts. The harness is worn by the child {zipper in back) and the
restrain%ng belts are permanently installed in the bus. These belts
are fastened to two heavy dufy eye bolts secured to the bus floor

just behind the seat. The two Tong belts go over the top of the seat

Figure 5. Rupert £-7-On Restraining Harness. Left-with belt
restraints. Right-harness only.
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and fasten to the upper "D" rings on the harness while the two
belts go through the bus seat under and behind the seat cushion and
fasten to the lower "D" rings on the harness.

Figure 6 shows the Easy Way Dubl-Life Saver Restraint Vest
This device consists of a light weight pad to which a
standard lap belt has been sewn. A second belt is strung crosswise
through a double section in the back of the pad. This belt is strapped
around the bus seat back by putting one end through the bus seat

behind the seat cushion and the other end ovar the fop of the seat and

is secured and tightened in back of the seat. The pad 1s wrapped

around the child's lower torso and abdomen and the lap belt tightenad.

Figure 6. Easy Way Dubl-Life Saver Restraining Vest.
Left-back view. Right-front view.

Figure 7 shows the Ford Tot Guard and 5th percentile female
dummy in position on the bus seat. The Tot Guard is used without
the booster seat and the seat belt {(Rupert Industries) tightened in

the usual manner around the front of the Tot Guard. In one test the



seat belt was anchored to the bus floor and put through the bus seat
behind the seat cushion while in a second test the belt was belted to

the bus seat structure behind and under the seat cushion.

Figure 7. Ford Tot Guard and 5th percentile female
dummy on bus seat.

Figure 8 shows the Ortho-Kinetics Travel Chair which of itself
is not a restraint but rather a version of a wheelchair which can be
placed on the seats of automobiles or buses. Upon pulling a lever
in back, the rear wheels and lower frame col]apsé up allowing the
chair to fit on a seat. Two procedures for restraining this chair and
6 year dummy occuﬁant were tested. The first involved simply using
a standard seat belt (Rupert Industries) which was bolted to the bus
seat frame. The belt was wrapped around the lower portion of the chair
near the dummy's waist. In a second test, a Rupert E-Z-On Harness was
modified with belt Toops replacing the "D" rings and placed on the 6

year dummy. A lap belt was placed through the lower loops and a second




belt secured to the floor behind the seat was inserted through the

upper loops behind the dummy's neck.

Figure 8. Ortho-Kinetics Travel Chair

Table 2 summarizes these eight bus seat impact tests and the

restraint and test conditions.



TABLE 2

MATRIX OF SCHOOL BUS SEAT TESTS
ALL TESTS AT 20 M.P.H. AND 16 G'S, FOR FORWARD FACING SEATS

Dummy Restraints
b yr. Rupert E-Z-On Harness
6 yr. Easy Way Dubl-Life
Saver Restraint Vest
5th%ile Ford Tot Guard with Lap Belt
female thru bus seat to floor
6 yr. Ortho-Kinetics Travel Chair
with Tap belt anchored to
bus seat.
6 yr. Rupert E-Z-On Harness
6 yr. Easy Way Dubl-Life
Saver Restraint Vest
5th%ile Ford Tot Guard with Lap Belt
female anchored to seat structure.
6 yr. Ortho-Kinetic Travel Chair

with modified Rupert harness
and two belts.

Impact Direction

Head-on
Head-on

Head-on
Head-on
33° oblique
339 oblique
330 oblique
339 oblique

Table 3 summarizes the matrix of 16 tests performed. It should

be noted that no attempt was made in this study to evaluate the

manner in which belts, seats, or other hardware are fastened to the

school bus interior.

While an evaluation of this aspect of the

system is certainly important, all hardware in this study were fast-

ened securely so that the performance of the restraint device alone

could be evaluated.
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TABLE 3
MATRIX OF TESTS

Type of Test:

Bus Seat (BS) Impact Angle
or Orientation (degrees)
Test No. Wheelchair(WC) Dummy in Bus RE Front of Bus Restraints Used
78F002 WC-Tiny Tot 6 yr. Forward 0 Collins Saf-T-Lock
facing Collins Saf-T-Straint
78F003 WC-Junior S5th¥ile Forward 0 Collins Saf-T-Lock
female facing Collins Saf-T-Straint
78F004 WC-Junior 5th¥ile Side 0 Collins Saf-T-Lock
female facing Collins Saf-T-Straint
78F005 WC-Tiny Tot 6 yr. Side 0 Collins Saf-T-Lock
facing Collins Saf-T-Straint
78F006 WC-Tiny Tot 6 yr. Side 0 Single belt to bus wall
facing Collins Saf-T-Straint
78F007 WC-Junior 5th%ile Side 0 Two belts to bus wall
female facing Collins Saf-T-Straint
78F008 BS 6 yr. Forward 0 Rupert E-Z-On Harness
facing
78F009 BS 6 yr. Forward 0 Easy Way Dubl-Life Saver
facing Restraint Vest
78F010 BS 5th%ile Forward 0 Ford Tot Guard without booster -
female facing lap belt thru bus seat to floor
78F011 BS 6 yr. Forward 0 Ortho-Kinetics travel chair
facing with Tap belt attached to bus seat
78F012 WC-Tiny Tot 6 yr. Side 33 Two belts to bus wall
facing Collins Saf-T-Straint
78F013 WC-Junior 5thzile Side 33 One belt to bus wall
female facing Collins Saf-T-Straint
78F014 BS 6 yr. Forward 33 Rupert E-Z-On Harness with
facing heavy duty "D" rings
78F015 BS 6 yr. Forward 33 Easy Way Dubl-Life
facing Saver Restraint Vest
78F016 BS 6 yr. Forward 33 Ortho=Kinetics Travel chair with
facing modified Rupert harness & two belts
78F017 BS Sth%ile Forward 33 Ford Tot Guard without booster
female facing Safety belt to seat frame

C. Test Measurements and Data

In each test, GSE seat belt force sensors measured the tensions in
the various belts and these signals along with the sled deceleration
pulse were recorded on analog tape. High contrast markers were placed
on the dummys, wheelchairs, bus seats, and sled structure and high
speed movies at 1,000 frames per second were taken from side and over-

head cameras. Pre and post photographs were taken with 35 mm film to

11



document the test set-up and results and a polaroid sequence camera

was used to obtain an immediate record of the impact event.

ITI. SUMMARY OF RESULTS

The Appendix to this report contains a description of the test
conditions and set-up along with a detailed description of the results
for each of the sixteen impact tests. Included in this documentation
are pre and post test photographs and the graph check sequence photo-
graphs of the impact response. In this section a summary of these
results and measurements and an evaluation of the performance of each
device is given. Peak belt loads were measured from chart paper
recordings of the load cell signals and maximum dummy head excursions]
in the direction of sled impact were obtained from analysis of the

high speed films. These results are summarized in Tables 4 and 5 for

the wheelchair and bus seat tests respectively.

A. Wheelchair Tests

1. Saf-T-Straint

The Collins Saf-T-Straint was used to restrain the
dummy to the wheelchair in all wheelchair tests. While this device
succeeded in keeping the dummy "in the seat" in all tests, it is clear
that this restraint alone is not adequate for protecting wheelchair
occupants. Because of the size of the pad and the manner in which

the belt must be wrapped around the chair back, the belt Toad is

]It should be noted that head excursions reported in this study are
computed relative to the initial position of the head in each run.
Because the initial position of the dummy relative to other bus
structures (e.g., a seat back) may vary for different restraints,
these measures of head excursion do not by themselves give an absolute
measure of probable head contact.

12
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Test No.

78F002
78F003
78F004
78F005
78F006
78F007
78F012
78F013

APPROXIMATE HEAD EXCURSIONS IN DIRECTION OF

TABLE 4

IMPACT AND PEAK BELT LOADS FOR WHEELCHAIR TESTS

Restraint System

Collins Saf-T-
Lock

Collins Saf-T-
Lock

Collins Saf-T-
Lock

Collins Saf-T-
Lock

One belt to bus
wall

Two belts to
bus wall

Two belts to
bus wall

One belt to bus
wall

Orientation

in Bus
forward
forward
side
side
side
side
side

side

Impact

Direction

head-on
head-on
head-on
head-on
head-on
head-on
330
33°

Dummy
6 yr.
female
female
6 yr.
6 yr.
female
6 yr.

female

cm.
76.
74.
96.
99.
86.
97.
67.
80.

w o O o w

Head Excursion

in.

30.
29.
38.
39.
34.
38.
26.
31.

1
4

(=) BN« B V]

Peak Belt Loads (1bf.)

Saf-T-
Straint

300
660
370
255
120
260
100
210

Upper Chair
Belt

1600
1250

not
measured

Lower Chair
Belt

850
1200
1350
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applied up on the abdomen of the occupant rather than on the pelvic
bone. While the pad will certainly help to distribute the load, the
belt loads of 300 1bf. and 660 1bf. (see Table 4) obtained for the
two forward facing tests are approaching magnitudes 1ikely to

cause injury to abdominal organs (1, 2). In the side facing tests
the belt loads are smaller but this is because the dummy is being
partially restrained by the wheelchair side frame. In the two
forward facing tests, the maximum forward head excursion relative
to the head initial position was 30.1 and 29.4 inches respectively
and this is primarily due to the hip and torso flexion allowed be-
cause there is no upper torso restraint. Such large excursions are
1ikely to result in head injury due to contact with other vehicle
structures and in spinal trauma due to hyperflexion of the neck and
torso, and should be prevented by restraining the upper torso if at
all possible. Because the wheelchair is neither tall enough nor
strong enough, upper torso restraints would be most effective if

anchored to the bus structure itself.

2. Collins Saf-T-Lock

For the forward facing wheelchair tests (78F002 and 78F003), the
Saf-T-Lock tie-downs were effective in holding the chair although a
mechanism to prevent forward pitch of the wheelchairs would be an
improvement. In this regard, it should be noted that the wheelchair
brakes had been applied prior to the test and were working well. Had
the brakes not been applied or not been grabbing as well, the pitching

would probably have been even worse. In a preliminary test with the

15



Tiny Tot wheelchair and 6 year dummy, failure to apply the brakes
prior to the run resulted in the chair pitching backward during the
sled acceleration of about .5 G.

For the side facing tests (78F004 and 78F005), the Saf-T-Lock
devices proved to be less effective. While they held onto the wheel-
chair, the inertial forces produced considerable rotation and twisting
about the tie-down points and the dummies flailed sideways into and
over the armrests with peak head excursions of 38.1 and 39.1 inches
in the two cases. Damage to the chairs in these test was substantial
and in the test with the female dummy the rearward Saf-T-Lock was

badly bent.

3. Safety Belts to Bus Wall

From the outset it was clear that this was an ineffective pro-
cedure for restraining wheelchair occupants since the wheelchair by
itself has no lateral strength other than that provided by the occupant.
In all four belt restrained wheelchair tests (78F007, 78F008, 78F012,
78F013) the dummy was squeezed in the wheelchair as it twisted around
inside the restraining belt(s). While two belts may be somewhat more
effective than one belt, none of the test results were encouraging for
this method of restraint. In performing these tests the belts were
placed around the wheelchair structure in ways that seemed optimum and
which would probably not be done by most bus drivers. Less care in
the placement or in tightening the belts, however, would make the
restraints even less effective and perhaps render the belts completely

useless (since they could slip off the chair completely).

16



B. Bus Seat Tests

1. Rupert E-Z-On Harness

The Rupert E-Z-On Harness performed effectively in both the head-on
and 33 degree oblique impact tests (78F008 and 78F014) in that it pre-
vented the dummy's head from contacting the froﬁt bus seat. In the
first test, however, (78F008) three of the four "D" rings sprung open
and became hazardous flying objects in addition to allowing unrestrained
Tower torso motion and knee contact with the front seat back. In both
tests, head excursion was limited to about 18.5 inches. The design of

the harness also distributes the load over the chest and shoulders
as well as the lap region thereby preventing excessive loading of the

abdominal organs.

2. Easy Way Dubl-Life Saver Restraint Vest

The performance of this restraint device (tests 78F009 and 78F015)
was completely ineffective for protecting children in school bus seats.
The padded vest does not adequately distribute belt Toads over the torso
and only succeeds in causing the Toads to be placed over the vulnerable
organs of the abdomen rather than on the pelvic bone. The single belt
wrapped about the seat back and through the vest provides little
restraint for about 16 inches of dummy travel and no upper torso
restraint. In both tests the head struck the top of the seat back

of the front seat with head excursions of about 28 inches.

3. Ford Tot Guard

The 5th percentile female dummy was used in the two Ford Tot Guard

tests (78F010 and 78F017) and in both cases the dummy's head struck

17



the top of seat back of the front seat. In the first test (78F010)
of a head-on impact, the belt restraining the Tot Guard was bolted

to the floor and put through the seat between the seat cushion and
seat back. Because of the thickness of the seat cushion and the "S"
shaped path of the belt around the seat frame and cushion as shown in
Figure 9, the belt did not immediately restrain the Tot Guard upon
impact even through it was pulled tight. As the impact proceeded,

the inertial forces pulling on the belt caused the belt to squeeze

Path of
seat belt

Figure 9. Side view of school bus seat illustrating "S"
shaped path of seat belt when anchored to the floor.

the seat cushion, straightening out the "S" shaped portion resulting
in belt slack and the dummy's knees smashing violently through the
front seat back. In the second test (78F017) the belt was bolted to

the seat frame thereby eliminating this slack and reducing torso motion.
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The head excursions relative to the head initial position for the two
tests were 32.3 and 25.7 inches in the first and second tests respect-
jvely, although in both cases the head struck the front seat back. It
could be said that in the second test the Tot Guard performed well but
that the dummy was too large for the restraint. If, however, the Tot
Guard had gone over the front seat back (which would have happened
with either a lower seat back or firmer seat cushion), the restraint
would have been more effective since the dummy would have contacted

the top of the Tot Guard rather than the seat structure.

4. Ortho-Kinetics Travel Chair

As previously mentioned, this device is not a restraint, but
rather a type of wheelchair which has been designed to fit on auto-
mobile or bus seats and thereby allow transport of handicapped children
without removing them from their chair. Typically, the chair and
child are restrained to a seat by a standard lap belt which is wrapped
about the child's waist. The chair is equipped with a vinyl lap belt
and vinyl shoulder straps with velcro fastenings for securing the child
under normal conditions but these were not intended for impact protection.

In test 78F011, the Ortho-Kinetics chair with 6 year dummy was
tested using this standard lap belt restraint anchored to the bus seat
structure. As expected, the chair and dummy pitched forward so that
the dummy's chin struck the top of the front seat back. This occurred
even though the total head excursion in the direction of impact was
only 23.6 inches, since the child's head started from a position sev-

eral inches forward of the seat back.
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In the second test (78F016) of the Ortho-Kinetics chair at an
oblique impact, a modified Rupert Harness was used in an attempt to
provide upper torso restraing and thereby prevent head impact. This
design involved replacint the "D" rings with Toops through which belts
could be placed. The lap belt, as before, was placed around the
dummy and chair, through the lower loops, while a belt anchored to
the floor behind the seat was placed through the upper loops from
behind and over the seat back and behind the dummy's neck. While it
is believed that this design has potential for improving the protect-
jon of children traveling in Ortho-Kinetic chairs, the results of this
test were little better than the test with lap belt only. This was
primarily a result of improper placement of the upper loops which
caused considerable slack and virtually no upper torso restraint for
several inches. The maximum head excursion relative to the initial
head position in the direction of impact was 20.9 inches and again the
head (forehead) struck the top of the front seat back.

It is of interest also to Took at the peak lap belt tensions for
these runs which were 520 1bf. and 560 1bf respective]yr These are
considerably higher than those of the Easy Way Dubl-Life Saver Restraint
Vest, for example, due to the fact that the chair and the dummy are being
restrained by the same belt. The child therefore must bear the added
inertial load resulting from the mass of the chair as well as his own
mass. In recent studies using baboons and Rhesus monkeys (1, 2), it
was found that pressures of 30-45 psi resulted in ESI (estimated sever-
ity of injury) injury ratings of 3 (reversible trauma). Thus one must

consider that these belt loads are approaching serious injurious levels.
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A procedure for lowering these loads, of course, is to separately
restrain the chair so that the child does not bear the load of its

inertial forces.

IV. DISCUSSION AND CONCLUSIONS

A Targe percentage of all injuries in school bus collisions are
to the head due to contact with hard interior bus structures such as
seat backs, sidewalls, and windows. In terms of protecting against
this type and mechanism of injury the results of this study point out
the ineffectiveness of many of the restraint systems being used today
for transporting handicapped children.

When transporting children in wheelchairs, consideration must be
given not only to simply holding down the wheelchair but also to
effectively restraining and protecting the wheelchair occupant. The
Collins Saf-T-Straint does a good job of keeping the child "in the
chair" but alone does not prevent excessive head excursion and torso
flexion which can result in head and spinal injury. The need to supple-
ment this device with an upper torso restraint anchored to the bus
structure is clear.

The Collins Saf-T-Lock device does an adequate job for forward
facing wheelchairs and head-on impacts but is clearly inadequate for
placing wheelchairs sideways in buses. In fact, the results of this
study suggest that the practice of placing wheelchairs sideways in
school buses is a poor one likely to result in injury during impact
from almost any direction except the very rare case of a direct lateral

impact to the opposite side. Wheelchairs have not been designed with
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vehicle transportation in mind and until appropriate structural modi-
fications are made, one must consider their structural weaknesses in
providing for restraint and occupant protection. The majority of
school bus accidents involve frontal and rearend collisions (3) which,
for the side facing wheelchair, result in forces causing structural
collapse and consequent occupant flailing and injury. While the
Saf-T-Straint belt may keep the child in the seat, the forces are
largely absorbed by the hard structure of the wheelchair side-frame
rather than thé restraint pad. A recent federal motor vehicle safety
standard (FMVSS 222) requires that all school buses manufactured after
April, 1978 shall have forward facing seats only. This principle
should also be applied to the transport of the handicapped whether

or not school bus seats are used.

For school bus seat restraints, the Rupert E-Z-On Harness was an
effective Eestraint when heavy duty "D" rings were used. The process
of installing the restraint belts properly with appropriate belt
Tengths was somewhat tedious, and while this must only be done once,
it should be done with care so that minimum slack is available.

The Easy Way Dubl-Life Saver Restraint Vest was an ineffective
restraint. It did not adequately restrain the dummy and it's use causes
the belt Toads to be placed more directly over the vulnerable organs of
the abdomen. A child would probably be protected more by a simple lap
belt which would tend to keep the forces Tower on the pelvis and less
on the abdomen.

While the Ford Tot Guard did not effectively provide protection

from head contact in these tests, it is felt that this can be an excellent
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restraint if it is secured by a belt fastened to the bus seat struct-
ure and if the child is not too large so as to override the padded
surface. In newer bus seats with Tower seat backs and harder cushions,
this restraint should also perform better.

Use of the Ortho-Kinetics Travel Chair with a Tap belt only does
not provide complete protection on impact since the chair top and
upper torso of the child are essentially unrestrained. The use of
the Rupert harness in some modified form has potential for improving
the protection with this chair but proper harness fit is essential.

In no case should one rely on the vinyl-velcro straps provided with the
chair for upper torso restraint in vehicle impact. Neither the strap
material nor the velcro fastenings are sufficient to carry the inertial
loads of even a modest impact.

With regard to the use of seat belts on school bus seats, this
study indicates that the procedure of bolting the belt to the floor and
putting the belt through the seat behind and around the frame and seat
cushion can result in considerable potential slack (at least for the
older style school bus seat) due to the "S" shaped path of the belt
and the softness of the cushion. Where this type of situation exists,
it is recommended that the belts be anchored to the seat frame (assum-
ing that the frame is securely fixed to the bus floor) using large
washers to distribute the load and in such a manner that no slack is
present when the belt is pulled tight.

In most school buses (except those manufactured after April,
1978), bus seat cushions are usually fastened to the seat frame with
simple metal clips which easily break loose on impact. In this study,

the seat cushions were also secured using conduit clamps after
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seat cushions breaking loose proved to be a problem and hazard in
initial tests. It is recommended that in school buses where the
seat cushions are easily pulled up, additional measures be taken to

secure the seat cushions in place.

FINAL COMMENTS

In this study we have attempted to evaluate the performance of
several commonly used devices and techniques for restraining handi-
capped children in school buses. It has not been the intent to test
all devices used or to test for all possible impact conditions. The
results indicate, however, the ineffectiveness of many of the currently
used restraint systems for protecting children in the event of school
bus collisions. It is quite apparent that most devices and procedures
have not been adequately impact tested and that the designers of these
restraints have little understanding of basic crashworthiness design
concepts. The protection of handicapped children certainly involves
special problems and considerations not encountered in designing to
protect the non-handicapped, but some basic guidelines such as pre-
venting head contact with hard surfaces by upper torso restraint, dis-
tributing the loads over the skeletal structures as much as possible,
and seating occupants in forward facing positions, still apply. The
recent school bus seat standard, FMVSS 222, which requires seats to be
padded with energy absorbing materials will no doubt provide increased
protection in the event of head or knee impact, but this ruling should
not be used as an excuse to allow unreasonable body excursions and

joint flexion to take place. Since this standard does not require
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replacement of old seats, it will be many years before the majority
of school bus seats conform to these requirements.

There is a need, then, for designers and installers of these pro-
tective systems and devices, whether they are school personnel or
manufacturers, to obtain assistance from engineers and researchers with
the necessary experience in impact protection, and for any device or
system to be dynamically tested under realistic impact conditions prior
to marketing and/or use. Substantial improvements in protection for
the handicapped child can be made by adherance to a relatively few and
simple design principles. Finally, the concern of emergency egress of
the handicapped children in accidents involving fire or the threat of
fire is an important one which has not been addressed in this study,
but which should be a consideration in the design of handicapped

restraint systems.
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Test Mo. and Type: 78F002 TINY TOT WHEELCHAIR

Restraint: Collins Saf-T-Lock; Collins Saf-T-Straint
Bummy: 6 year child (49 1bs.)

Orientation in Bus: Forward facing

Impact Pulse: 20 m.p.h., 16 G, head-on impact

Set-Up Description:

The Collins Saf-T-Lock wheelchair tie-downs were bolted rigidly
to the sled rails facing forward and the large wheels on the Tiny Tot
wheelchair were secured in place by means of the steel pins. The &
year child dummy was placed in the wheelchair and strapped to the chair
back by means of the Collins Saf-T-Straint padded belt. The wheelchair
friction brakes on both sides were applied and a load cell was installed
to measure the tension in the Saf-T-Straint belt.

Photograph of Set-Un:
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Test No. and Type: 78F00Z TINY TOT WHEELCHAIR

Graph Check Seguence Photograph:

5 1
6 2
7 3
8 4

o 78F002
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Test No. and Type: 78F002 TINY TOT WHEELCHAIR

Description of Test Resulis:

The Collins Saf-T- Lock device restrained the wheelchair and the
Saf-T-Straint kept the dummy in the seat although the chair pitched for-
ward about 30 degrees during impact and remained in that position af the
end of the test. The head and torsc of the child dummy pitched forward
extensively with the dummy jackknifing at the hip joint. The maximum
head excursion was 76.5 centimeters (30.1 inches) in the direction of
impact. Peak tension in the Collins Saf-T-Straint was about 300 1bs.
Damage to the wheelchair was minor with small dents in the wheel rims
where the steel pins exerted force and slight frame and wheel axle
bending.

Photographs of Results:

TP
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Test No. and Type: 78F003 JUNIOR WHEELCHAIR

Restraint: Collins Saf-T-lLock; Collins Saf-T-Straint
Dummy: 5th percentile female {105 1bs.)

Orientation in Bus: Forward facing

Impact Pulse: 20 m.p.h., 16 G, head-on impact

Set-Up Description:

The Coilins Saf-T-Lock wheelchair restraints were bolted rigidly
to the sled rails facing forward and the large wheels of the Junior
wheelchair were secured in place by means of the steel pins. The 5th
percentile female dummy was placed in the wheelchair and strapped io
the chair back by means of the Collins Saf-T-Straint padded belt. The
wheelchair friction brakes on both sides were applied and a load ceil
was installed to measure the tension in the Saf-T-Straint belt.

Photo of Set-Up:
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Test No. and Type: 78F003 JUNIOR WHEELCHAIR

Graph Check Sequence Phetoaraph:

()]

-]

78F003
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Test No. and Type: 78F003 JUNIOR WHEELCHAIR

Description of Test Results:

The Collins Saf-T-Lock device restrained the wheelchair and the
Saf-T-Straint kept the dummy in the seat aithough the chair pitched
forward about 10 degrees and vemained in that position at the end of
the test. The head and torso of the dummy pitched forward extensively
with the dummy Jackknifing at the hip joint. The maximum head excursion
was 74.7 centimeters {29.4 inches) in the direction of impact. Peak
tension in the Coilins Saf-T-Straint belt was 660 1bf. During the
test the wheslchair collapsed in back so that the rear handles touched.
The plastic tube inserts which fix the horizontal seat bars to the
vertical frame on the front of the chair popped cui resulting in separ-
ation of the wheeichair frame. There was moderate damage {0 the wheel-
chair including bent frame tubing and axies.

Photographs of Resylts:
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Test No. and Type: 78F004 JUNIOR WHEELCHAIR

Restraint: Collins Saf-T-Lock; Collins Saf-T-Straint
Dummy: 5th percentile female (105 1bs.)

Orientation in Bus: Side facing

Impact Pulse: 20 m.p.h., 16 G, head-on impact

Set-Up Description:

The Collins Saf-T-Lock wheelchair restraints were bolted to the
siad rails an appropriate distance apart along the left side of the
sled and facing to the right. The Junior wheelchair was secured in
position using the steel pins and the 5th percentile female dummy was
strapped in the chair by means of the Collins Saf-T-Straint padded belt.
The wheelchair friction brakes on both sides were applied and a lgad
cell was installed to measure the tension in the Saf-T-Straint belt.

Photograph of Set-lUp:
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Test No. and Type: 78F004 JUNIOR WHEELCHAIR

Graph Check Sequence Photograph:
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Test No. and Type: 78F005 TINY TOT WHEELCHAIR

Restraint: Collins Saf-T-Lock; Collins Saf-T-Straint
Dummy: 6 year child dummy (49 1bs.)

Orientation in Bus: Side facing

Impact Pulse: 20 m.p.h., 16 G, head-on impact

Set-Up Description:

The Collins Saf-T-Lock wheelchair restrainfs were bolted to the
sled rails an appropriate distance apart along the left side of the sled
and facing to the right. The Tiny Tot wheelchair was secured in position
using the steel pins and the 5 year dummy was strapped in the chair by
means of the Collins Saf-T-Straint padded belt. The wheelchair friction
brakes on both sides were applied and a Ioad cell was installed to

measure the tension in the 3af-T-Straint balt,

Photograph of Set-Up:
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Test No. and Type: 78F005 TINY TOT WHEELCHAIR

Graph

Check Seguence Photograph:

78F005
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Test No. and Type: 78F005 TINY TOT WHEELCHAIR

Description of Test Results:

The Collins Saf-T-Lock devices held on to the wheelchair and the
Saf-T-Straint held on to the dummy but the wheelchair and dummy under-
went severe torguing and twisting sidewards as the impact proceded.

The dummy flexed extensively over the wheelchair arm with the dummy's
head moving 99.3 centimeters {39.1 inches) in the direction of impact.

The maximum belt load in the Saf-T-Straint belt was about 255 1b¥.
Wheelchair damage was moderate with considerable frame and axle bending
on the left side. The plastic insert on the horizontal tubing of the
seat frame popped in the front resulting in separation of the chair frame.

Photographs of Results:
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Test No. and Type: 78F006 TINY TOT WHEELCHAIR

Restraint: Safety belt to bus wall; Collins Saf-T-Straint
Dummy: 6 year child (49 1bs.)

Orientation in Bus: Side facing

Impact Pulse: 20 mph, 16 G, head-on impact

Set-Up Description:

A pseudo-bus wall about two feet high was constructed using angle
iron and a sheet of 3/4 inch plywood and bolted to tha left side of the
sied. Rupert safety belt anchors were boited 1o this structure approx-
imately 24 inches from the floor. The Tiny Tot Wheelchair with six
year dummy secured by means of the Coilins 3af-T-Straint was backed up
to this wall midway betwean the belt anchors. A Rubert belt was in-
stalled and wrapped about the front of the wheelchair. Each half of
the belt was wrapped around the front vertical frame on its side just
beneath the sheet metal sides before buckling in front of the chair be-
hind the dummy's legs. The belt was tightenad by hand and the wheelichair
brakes were applied. A piece of masking tape was used to keaep the
dummy's head from moving during slad acceleration. Two load ceils were
used to measure the belt tensions in the Saf-T-Straint and the belt
hoiding the wheelchair.

Photograph of Set-Up:
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Test No. and Type: 78F006 TINY TOT WHEELCHAIR

Graph Check Sequence Photograph:




Test No. and Type: 78F0C6 TINY TOT WHEELCHAIR

Description of Test Results:

Upon impact, the wheelchair and dummy moved forward on the sled,
the dummy flaxing sidewards and rotating and the chair rotating and
collapsing together on the dummy. The tension in the wheelchair re-.
straining belt and the slight downward direction of the belt from the
wall anchors to the wheelchair resulted in an upward and rearward
force on the wheelchair pulling the chair with the dummy up and over
the two foot bus wall. The test ended with the wheelchair with dummy
hanging over the wall on the opposite side. The maximum head excursion
was 86.6 centimeters {24.1 inches) in the direction of impact. Damage
to the chair was relatively minor.

Photographs of Results:

42



Test No. and Type: 78F007 JUNIOR WHEELCHAIR

Restraint: Two safety belts %o bus wall; Collins Saf-T-Straint

Dummy: 5th percentile female {105 lbs.)

Orientation in Bus: Side facing

Impact Pulse: 20 m.p.h., 16 G, head-on impact

Set~Up Description:

A pseudo-bus wall about four feet high was constructed out of angle
iron and 3/4 inch plywood and bolted to the left side of the slad. Two
sets of Rupert Safety belf anchors were bolted to this siructure at about

12 and 24 inches from the bus floor., The Junior wheelchair with the 5th
percentile female dummy restrained to the wheelchair back by means of
the Collins Saf-T-Straint was backed up to the wall between the belt
anchors. Two Rupert Safety belfs were installed. The upper belt was

wrapped around the front of the wheelchair and puliad taunt in the groove

between the armrests and the arm frame tubing. The lower belt was
wrapped around the front of the wheelchair insida the footrest fixtures
and behind the dummy's legs. Both belts were buckled in front., The
wheelchair brakes were applied prior to testing. Thres load cells wers

used to measure the belt tensions in the Saf-T- Straint belf and upper
and lower wheelchair resiraining belt

Photograph of Set-Up:
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Test No. and Type: 78F007 JUNIOR WHEELCHAIR

Graph Check Sequence Photograph:

78F007
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Test No. and Type: 78F007 JUNIOR WHEELCHAIR

Description of Test Resultis:

Upon impact, the wheelchair rotated forward pivoting about the left
rear wheel and the dummy rotated and flexed sidways into the wheelchair
structure with the dummy's head c¢rossing the plane of the pseudo-bus wall
forward of the wall. At the end of the test the wheelchair had tipped
nearly completely over and the dummy’s arms were resting on the floor
forward of the starting position, the dummy hanging sideways over the
arm of the wheelchair. Damage to the wheelchair was substantial includ-
ing frame separation and bending, and extensive bending of the left axle.
The upper belt became wedged between the armrest and arm frame fubing.
The maximum excursion of the dummy’s head was 97.0 centimeters (38.2 inches)
in the direction of impact. The peak belt tensions were 260 1bf in the
Saf-T-Straint, 1,250 156 in the upper wheelchair belt and 850 1bf in the
tower wheelchair belt.

Photographs of Resu

1ts:

P
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Test No. and Type: 78F008  BUS SEAT WITH RUPERT E-Z-ON HARMESS

Restraint: Rupert E-Z-0On Harness
Dummy: 6 year child dummy (49 1bs}

Orientation in Bus: Forward facing

Impact Pulse: 20 m.p.h., 16 G, head-on impact

Set-Up Description:

Two school bus seats and a pseudo bus wall and floor were bolted to
the sled facing forward with 2 horizontal distance of 27 inches from the
back of the rear seat to the back of the front seat. The Rupert harness
eye boits were bolted to the sled just behind the rear seat and about
14 inches apart. The two upper belts and two Jower belts were placed
over and through the seai as described in the Rupert instructions. The
six year old child dummy, wearing the Rupert harness, was seated in the
center of the rear seat, the four belt clips fastened to the four "DV
rings provided on the harness, and adjsuted for reasonable tension.

Four load cells were used to measure the tansions in these four rastraint
helts.

Photograph of Set-ip:
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Test Mo. and Type: 78FG08 BUS SEA

p

WITH RUPERT E-Z-ON HARNESS

Graph Check Seguence Pnotograph:

78F008
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Test No. and Type: 78F008 BUS SEAT WITH RUPERT E-Z-ON HARNESS

Description of Test Results:

Upon impact the dummy began to siide forward on the bus seat in-
creasing the tension in the rastraint belts. After a few inches travel,
three of the four "D" rings opened and flew free of the sled, one land-
ing over 25 feet away. Only the upper left "D” ring held, thareby pro-
viding continued restraint to the upper torso. The lower torso contin-
ued to move forward with the knees and Tower legs striking the back of
the front seat. The head did not contact with the front seat. Maximum
head excursion was 46.7 centimeters {18.4 inches) in ths direction of
impact. Peak belt Toads were 300 and 170 1bf in the left and right upper
belts and 170 and 150 1bf in the Teft and right Tower belts raspectively.

Photographs of Results:

[

s

Three of the four "D" rings which
sprung open during impact.
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Test MNo. and Test Type: 78FC03 BUS SEAT WITH EASY WAY DUBL-LIFE SAVER

Restraint: Easy Way Dubl-Life Saver Restraint Vest
Bummy: 6 year child dummy {45 ibs.)

Orientation in Bus: Forward facing

Impact Pulse: 20 m.p.h., 16 G, head-on impact

Set-Up Description:

Two bus seats and a pseude bus wall and floor were bolted fo the
sled facing forward with a horizontal distance of 27 inches from the
back of the rear seat to the back of the front seat. The Easy Way Dubl-
Life Saver Restraint Vest was placad on the rear seat with the vertical
belt wrapped around the seat back by placing it between the seat back
and seat cushion and was pulied tight. The & year child dummy was
placed on the rear seat and the belt and pad wrapped around his waist
and abdomen and pulled tight. Two load cells were usad to measure the
tension in the seat back and dummy belts.

Photograph of Sef-Up:
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Test No. and Test Type: 78F009 BUS SEAT WITH EASY WAY DUBL-LIFE SAVER

Description of Test Resulis:

Upon impact, the dummy moved forward on the seat, the belt and
harness system appearing to stretch and give and provide 1ittle initial
restraint. Excursion of the torso was 40.6 centimeters {16 inches)
before head rotation began. The head flexed forward as the torso reached
1ts maximum excursion, the chin striking the top of the front seat back.
The maximum head excursion was 71.4 centimeters {28.1 inches! in the
direction of impact. The rear seat back was bent forward to a nearly
vertical position. Peak belt loads were 540 1bf. in the belt over the
seat back and 240 1bf. in the belt around the dummy.

Photograph of Results:
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Test MNo. and Test Type: 78F0C10 BUS SEAT WITH FORD TOT GUARD

Restraint: Ford Tot Guard without booster seat; lap belted bolted to fioor

Dummy: 5th percentile female (105 1bs.)

Orientation in Bus: Forward facing

Impact Pulse: 20 m.p.n., 16 G, head-on impact

Set-Up Description:

Two school bus seats and a pseudo bus wall and floor were bolied to
the sled facing forward with a horizontal distance of 27 inches from the
back of the rear seat to the back of the front seat. A Rupert seat belt
was bolted to the sled under and just behind the rear seat and inserted
through the seat between and around the seat cushion and seat frame.

The 5th percentile female dummy was seated in the center of the rear
seat and the Ford Tot Guard {without booster) put in place. The seat
beit was wrapped arcund the Tot Guard and puiled tight. A lcad cell was
used to measure the fension in the belf near the Tot Guard.

Photograph of Set~-Up:
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Test No, and Test Type: 78F010 BUS SEAT WITH FORD TOT GUARD

Graph Check Sequence Photograph:

5] L
6 2
7 3
8 4

-~ 78F010

53



Test No. and Test Type: 78F010 BUS SEAT WITH FORD TOT GUARD

Description of Test Results:

Upon impact the dummy and Tot Guard moved forward and then down-
ward on the seat cushion while the seat cushion itself attempted to
break free pushing up and forward on the dummy seat. The dummy’'s knees
impacted violently into the back of the front seat knocking it completely
out and the dummy’s lower face struck the seat back frame. The maximum
excursion of the dummy’s head was 82.0 centimeters [32.3 inches) in the
direction of impact. Peak tension in the beilt was 600 15F,

Photograph of Results:




Test No. and Test Type: 78F011 BUS SEAT WITH ORTHO-KINETICS TRAVEL CHAIR

Restraint: Ortho-Kinetics Travel Chair with lap belt
Dummy: 6 year old dummy (49 1bs.)

Orientation in Bus: Forward Facing

Impact Pulse: 20 m.p.h., 16 G, head-on impact

Set-Up Description:

Two bus seats and a pseudo bus wall and floor were bolted to the sled
facing forward with a horizontal distance of 27 inches from the hack of
the rear seat to the back of the front seat. A Rupert seat belf was an-
chored to the seat structure at the junction of the seat and seat back.

The Ortho-Kinetics travel chair was placed in the center of the seat and
the 6 year dummy placed in the chair. Head rest and side supports were
adjusted for optimum restraint and the vinyl straps and lap belf tightened.
The seat belt was then placed arcund the dummy lap and pulled tight. A
toad cell was used to measure the tension in this lap belt.

Photograph of Set-Up:
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Test No. and Test Type: 78F011 BUS SEAT WITH ORTHO-KINETICS TRAVEL CHAIR

Graph Check Segquence Photograph:




Test Ho. and Test Type: 78F011 BUS SEAT WITH ORTHO-KINETICS TRAVEL CHAIR

Description of Test Results:

Upon impact, the lap belt held the chair close to the bus seat but
the upper portion of the chair and dummy rotated forward, the dummy break-
ing a vinyl strap, and the dummy's chin striking the top of the front
seat back. Maximum head excursion was 59.9 centimeters {23.8 inches! in
the direction of impact. Peak belt fensicn was 520 1bf. Damage to the
Ortho-Kinetics chair was minor with one broken strap and slightly bent
rear wheel axles.

Photographs of Resylts:




Test No. and Test Type: 78F012 TINY TOT WHEELCHAIR

Restraint: Two Rupert safefy belts to bus wall; Collins Saf-T-Straint
Dummy: 6 year dummy (49 1bs.)

Orientation in Bus: Side facing

Impact Pulse: 20 m.p.h., 18 G, 33 degrees to bus front

Set-Up Description:

A pseudo bus wall and floor were bolted to the sled rails at an angle
of 33 degrees to the side of the sied. Two Rupert blets were anchored
to the wall at heights of 12 and 24 inches. The Tiny Tot wheelchair with
& year dummy restrained to the chair back by the Collins Saf-T-Straint
padded belt was backed up to the wall between the belt anchors. The
upper belt was wrapped about the front of the wheelchair in the armrest
grooves and tightened. The lower belt was wrapped around the front of the
wheeichair just above the leg support fixtyres and behind the dummy’s legs
and tightened. The wheelchair brakes were applied and two load cells
were used to measure the tension in the Tower chair belt and Saf-T-Straint
belt,

Photograph of Set-Up:
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Test No. and Test Type: TOT WHEELCHAIR

Graph Check Seguence Photograph:
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Test No. and Test Type: 78F012 TINY TOT WHEELCHAIR

Description of Test Results:

Upon impact the wheeichair and dummy rotated and fell sidewards to-
ward the front of the slad with the back of the dummy's head striking the
bus wall. Shortly after impact the upper chair belt broke Inose at the
buckie allowing the chair and dummy to fall completely over landing on
the floor. The maximum head excursion of the dummy was about 67.6 centi-
meters (26.6 inches) in the direction of impact. Damage to the wheelchair
was moderate including frame separation and badly bent left axle.

Photographs of Results:




Test No. and Test Type: 78F(013 JUNIOR WHEELCHAIR

Restraint: One Rupert belt to bus wall; Collins Saf-T-Straint
Dummy: 5th percentile female (105 1bs)

Orientation in Bus: Side facing

Impact Pulse: 20 m.p.h., 16 G, 33 degrees to bus front

Set-Up Description:

A pseudo bus wall and floor were holted to the sled at an angle of
33 degrees to the side of the sled. A Rupert beli was anchored to the
wall at about 12 inches from the fioor. The Junior wheelchair with fe-
male dummy restrained to the chair back by the Collins Saf-T-Straint
padded belt was backed up to the wall between the belt anchors. The
safety belt was wrapped around the front of the chair just above the
foot rest fixtures behind the dummy's legs and inside of the brake levers.
The belt was buckled in front and pulled tight. The wheelchair brakes
were applied and two load cells were used to measure the tension in the
Saf-T-Straint and chair belt.

Photographs of Set-Up:




Test No. and Test Type: -78F012 JUNIOR WHEELCHAIR

Graph Check Sequence Photograph:




Test No. and Test Type: 78F013 JUNIOR WHEELCHAIR

Description of Test Results:

Upon impact, the chair and dummy began pivoting together toward the
direction of impact about the leff rear wheel. Rotation of the chair
was stopped by the tension in the chair belt while the dummy continued
to rotate 1ifting up and into the left side of the chair, the dummy's
head impacting the pseudc bus wall. The dummy then rotated back with the
chair to end up near the original position. The maximum head excursion
was about 80.3 centimeters {31.6 inches) in the direction of impact.
Damage to the chair consisted of substantial bending of the left side
steel tubing and wheel axle, and separaticn of the seat frame from the
front vertical tubing {i.e., plastic guides popped out}. During the
impact, the left wheelchair foot-rest broke loose and fiew off the sled.
The peak belt fensions were 210 1bf. in the Saf-T-Straint and 1350 1bf.
in the chair beit,

Photographs of Results:




Test No. and Test Type: 78F014 BUS SEAT WITH RUPERT E-Z-ON SAFETY HARNESS

Graph Check Seaquence Photograph:
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Test No. and Test Type: 78F014 BUS SEAT WITH RUPERT E-Z-ON SAFETY HARNESS

Restraint: Rupert E-Z-On Safety Harness and restraint belts
Dummy: 6 year dummy (49 1bs.)

Orientation in Bus: Forward facing

Impact Pulse: 20 m.p.h., 16 G, 33 degrees to bus front

Descripticn of Test Set-Up:

Two school bus seats and pseudo bus wall and floor were bolted to
the sled at an angle of 33 degrees to the side of the sied with the
horizontal distance from the back of the rear seat o the back of the
front seat equal to 27 inches. The Ruperi eye bolts were boited to
the sled just behind the rear seat as per the Rupert instructions. The
6 year dummy wearing the Ruperf harness with heavy duty "D rings re-
placing the original rings was placed in the center of the seat and the
belt clips attached to the "D" rings. Belts were adjusted to taxe up
any slack. Four load cells were used to measurs the belt tensions in
the two upper belts and two lower belts near the belt anchor points.

Photographs of Set-Up:




Test No. and Test Type: 78F014 BUS SEAT WITH RUPERT E-Z-ON SAFETY HARNESS

Description of Test Resylts:

Upon impact the dummy torso moved toward the front of the sied but
was gquickly restrained by the tension in the four belts. The head
flexed forward but did not come close o striking the front seat. The
maximum head excursion was 47.5 centimeters {18.7 inches} in the direct-
ion of impact. Peak tensions in the belts were 240 and 290 16f. in the
1eft and right lower belts and 280 and 380 1bf. in the left and right
upper belts respectively. At the end of the test the dummy was very near
its starting position.

Photograph of Results:




Test No. and Test Type: 78F015 BUS SEAT WITH EASY WAY DUBL-LIFE SAVER

Restraint: Easy Way Dubl-Life Saver
Dummy: 6 year child {49 1bs.)

g

Orientation in Bus: Forward facing

Impact Pulse: 20 m.p.h., 16 G, 33 degrees to bus front

Description of Test Set-ip:

The two bus seats and a pseudo bus wall and floor were bolted to

the sied at an angle of 33 degrees to the side of the sled with the hori-
zontal distance from the back of the rear seat to the back of the front
seat equal to 27 inches. The Easy Way Dubl-Life Saver Vest was placed

on the bus seat and the vertical belt was wrapped around the rear seat
back by putting it through the ssat behind the seat cushion. The dummy
was placed on the seat and the padded vest placed arcund the lower torso
and the belt buckled. Both belts were pullied as taught as manually pos-
sible. Two load cells were used tc measure the tension in these belts.

Photographs of Set-lp:
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Test No. and Test Type: 78F015 BUS SEAT WITH EASY WAY DUBL-LIFE SAVER

&raph Check Sequence Photograph:
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Test Mo. and Test Type: 78F(015 BUS SEAT WITH EASY WAY DUBL-LIFE SAVER

Description of Test Results:

Upon impact, the dummy moved forward on the seat toward the front
of the sled with very 1ittie torso or neck flexion and with 1ittle
apparent restraint. Considerable stack was provided by both the belt
pad folding in back and by the straightening of the belt as the seat
cushion was pulled out. The torso moved about 37.3 centimeters (14.7
inches) before head rotation began. As the torso approached its maxi-
mum excursion the head began to flex forward and the forehead struck
the top bar of the front seat back near the wall. The dummy then re-
bounded to near its original position at the end of the test. During
the test, the rear seat back was bent forward to a nearly vertical posi-
tion by the force in the restiraining belt. The maximum head excursion
was about 69.9 centimeters (27.5 inches) in the direction of impact.
Peak belt loads were 260 1bf. in the belt around the dummy and 400 1bf.
in the belt around the seat back.

Photograph of Results:
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Test No. and Test Type: 78F016 BUS SEAT WITH ORTHO-KINETICS TRAVEL CHAIR

Restraint: Modified Rupert E-Z-On Harness with upper and lower safety belts
Dummy: 6 year old dummy (49 1bs.)

Orientation in Bus: Forward facing

Impact Pulse: 20 m.p.h., 16 G, 33 degrees to bus front

Description of Test Set-Up:

Two bus seats and a pseudo bus wall and fioor were bolted to the sled
at 33 degrees to the side of the sied so that the horizontal disiance
from the back of the rear bus seat to the back of the front bus seat was
27 inches. A Rupert E-Z-On Harness was modified to have belt loops in
place of the "D" rings and was put on the 6 year dummy. The Ortho-Kinetics
travel chair with dummy was placed in position in the center of the rear
bus seat and the chair straps and side supports adjusted for maximum
restraint. A& Rupert belt was anchored to the bus seat frame just behind
and under the seat cushion and was inserted through the lower belt lcops
in the E-Z-0On harness and buckled. A second Rupert belt was bolted to
the sied behind the bus seat and placed through the upper loops in the
E-Z-0On harness behind the dummy’'s neck. Both belts were manually tight-
ened but it was apparent that the upper loops in the harness were placed
so as to allow considerabie slack in the upper torso restraint. Two
load cells were used to measure the tension in these upper and lower belts.

Photographs of Set-Up:
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Test No. and Test Type: 78F016 BUS SEAT WITH ORTHO-KINETICS TRAVEL CHAIR

Graph Check Segquence Photograph:

78F016
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Test No. and Test Type: 78F016 BUS SEAT WITH ORTHO-KINETICS TRAVEL CHAIR

Description of Test Results:

Upon impact the chair was restrained close to the seat back but the
torso and head of the dummy began to rotate forward. Eventually the
upper torso motion was limited by the upper belt and the head flexed
forward, the forehead striking the bar on the top of the front seat back
near the wall. The head then continued on around rubbing against the
wall and the dummy returned to a tilted seated position near its start-
ing position. The maximum head excursion was about 53.1 centimeters
(20.9 inches) in the direction of impact. Peak tensions in the belts
were about 560 1bf. and 270 1bf. in the lap and top belts respectively.
During the impact, both of the vinyl straps across the dummy's shoulders
broke loose at the velcro fastening. Damage to the Ortho-Kinetics chair
was minor with only slight bending of the rear wheel axles and breaking
of the plastic foot rest.

Photographs of Results:




Test No. and Test Type: 78F017 BUS SEAT WITH FORD TOT. GUARD

Restraint: Ford Tot Guard without booster seat and Rubert seat belt
Dummy: 5th percentile female (105 1bs.)

Orientation in Bus: Forward facing

Impact Pulse: 20 m.p.h., 16 G, 33 degrees to bus front

Description of Test Set-Up:

Two bus seats with a pseudo bus wall and floor were bolted to the
sled at an angle of 33 degrees to the side of the sled and so that the
horizontal distance from the back of the rear seat to the back of the
front seat was 27 inches. A Rupert seat belt was bolted to the rear bus
seat frame just below and behind the seat cushion and the 5th percentile
female dummy was placed on the seat between the two belt anchor points.
The Ford Tot Guard without booster seat was placed over the dummy's legs
and the belt tightened in position. A Toad cell was used to measure the
tension in the belt.

Photograph of Set-Up:
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Test No. and Test Type: 78F017 BUS SEAT WITH FORD TOT GUARD

Graph Check Sequence Photograph:
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Test No. and Test Type: 78F017 BUS SEAT WITH FORD TOT GUARD

Description of Test Results:

Upon impact, the dummy rotated forward in the Tot Guard pushing the
Tot Guard toward the front of the sled and down on the seat cushion.
The padded front of the Tot Guard struck into the front seat back below
the top of the seat and the dummy's head rotated into the top bar of the
seat back impacting just above the eyes near the wall. The dummy's head
and torso then rebounded back up and returned to near the original posi-
tion. The maximum head excursion was 65.3 centimeters (25.7 inches) in
the direction of impact. The peak belt load was approximately 950 1bf.

Photograph of Results:
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