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The Biomechanics Department of the Highway Safety Research Institute
of The University of Michigan has performed a series of six 20 mph 60°
lateral impact tests with various child restraints. The purpose of the
tests was to provide a brief overview of the state-of-the-art in lateral
protection of child restraints winich have beeri developed .through dynamic
testing.

The method used to obtain the data consisted of performing simula-
tion tests on the KSRl Impact Sled Facility. The test set-up utilized
the DOT standard vehicle seat as the vehicle seat test base with Type
I venicle belts with no retractors or reels. Two test dumies were
used; an Alderson VIP-3( child dummy and a six-month old infant dummy.
Both durmies were run in each of the six tests resulting in twelve
individual tests of child restraints.

The results of the tests are reported in terms of dummy target
motion with time, ancnorage belt ioads versus time, sequence camera
coverage and a brief narrative evaluation of the performance of each
system.
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SECTION 1. [INTRODUCTION

The Biomechanics Department of the Highway Safety Research
Institutg of The University of Micnigar has performed a series of
Six fO mph 60° lateral impact tests with various child restra’nts.

The ggrpose of tne tests was to provide a brief ovgrview of the ctate-
of-tneiert in lateral protection capabilities of child restraints which
hzve beea developed tnrough dynamic testing.

The odjectives of the test program were to:

1. Determine the ability of various existing child restraints -
to prevent child head contact with vehicle interior lateral
surfaces in 60° lateral (that is, 60° from straight ahead)
impact simulations at 20 mpn speeds.

2. Furnish data for use in developing Federal Motor Vehicle
Safety Standard No. 213, Child Restraint Systems.

Tne method used to obtain tne data consisted of perferming im-
pact simulation tests on tne HSRI Impact Sled Facility. The test
set-up utili~zd the DT standard vehicle seat as the vehicle seat
test base with Type I venicle telts with no retractors or reels. Two
test dummies were used; an Alderson VIP-3C cnild dummy and a six-month
ola infant dummy. Both dummies were run in each of the six tests
resulting in twelve indivivual tests of cnild restraints. The details
of the test configurations and test conditions are described in
Section 2, Test Methods.

Tne results of tne tests are reported'in terms of dummy target
motion witn tine, anchorage delt loads versus time, sequence camera
coverage and 2 brief narrative evaluation of the performance of each

system, Tae results are detailed in Section 3 Test Results.
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SECTION 2. TeST METHODS

2.1 Sled Facility All tests were performed on the HSRI Impact

Sled Facility. Tne facility is ¢ deceleration sled which uses the
revound principle to obtain the desired sled deceleration pulse and
velocity change. Tne sled pulses used in the tests were nominally

a 20 mph velocity change witnh an average deceleration of 16 G. This
pulse falls approximately in the middle of the bounds shown in Figure

1. Tne individual sled pulses for each test are given with the belt load

traces found in Section 3.

2.2 Test Base A DOT stancard venicle seat as specified in a set
of drawings filed in Docket No. 74-9 was used as the vehicle seat
test base. The specific seat was obtained from Wrignt-Patterson Air Force
Base (WPAFG) and was originally constructed at HSRI as part of
NHTSA Contract lio. DOT-riS-4-00865. The seat was mounted to the HSRI
sled frame witn tne seat facing at 60° to tne sled direction of mo-
tion. Anchorage was provided benind the seat to simulate the center
rear seat belt mounting of 4 typical sedan -- for attachment of top
straps when supolied with the child restraint, Type I vehicle lap
belts witnh no retractors or reels were used as the vehicle lap belts.
Standard ford seat telts w2re used and were replaced after each
run.

Tne foam seating cusiions were supplied with the seat by
WPAFB and were cnangeu after eacn run as were tine seat back deflec-

tor rodcs,
2.3 Test Dummiec
Tne test cummies used in the study were:

1. - An Aiderson VIP-3C rnild duminy.

(g%
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2.

A six-month-old infant dunmy as specified in 49 CFR Part

573, Docket ilo. 74-9, Notice 2 (39FR18287-8), May 24, 1974.

Tne dummies were supplied to HSRI by NHTSA.

2.4 C(Child Restraints

Tne cnild restraint systems scheauled for testing were the

following:

1.
2.

9.
10.

GM Cnild Love Seat

GM Infant Love Seat

Ford Tot-Guard

“Kantwet Care Seat Model 985 (2)
Swingomatic Cnild Seat (2)
Hedstrom Cnild Seat

Peterson Mogel 75 Infant Restraint
Peterson Model 74 Child Restraint
Bunny Bear Sweetheart Il Seat

Bobhy-Mac Deluxe Car Seat

With the exception of tne Hedstrem seat, which was not

availaple enywhere in the southeast Micrigan area, tne above seats

were purchased througn retail outlets. The resulting gap in the

test matrix due tv the unavailability of the Hedstrom seat was filled

by a second GM Child Love Seat test, as a check on an unusual seat

failure during its first test.

Tne restraint systems were tested in pairs, one child and one

infant, in each of tnhe six sled runs.

- »’~~----<'.qu
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2.5 Test Instrumentation

The instrumentation for each test involved the fol]owingf
1. A Graph-Chek sequence camera coverage of the event;
2. Photosonics 1000 fps color movie film coverage consisting of:
a. A side view normai to the direction of sled motion (see Fig. 2)
b. A side view normal to the stanaard bench seat (see Fig. 2)
c. An overhead view
3. Sled mounted accelerometer for sled deceleration pulse
measurement
4, Four GSE anchorage belt load cells
5. Sled velocity determination by discrete magnetic proximity
probes
The load cells were applied to the anchorage belts in the most appropriate
manner for the pair of restraint systems in each sled run (for example, in
the case of a child seat with a top strap and car lap belt anchorage,
three load cells were anplied while only one load ceil was used on the

car lap belt of the second restraint in that test.)

2.6 Test Procedures

The restraint systems were placed on the bench seat in pairs with
the two positions being desigriated position A and position B. In all
cases position A was the left side (or driver's side) position and was
nearest the front of the sled. The B position was usually the right
side (or passenger's side) except in the case of the Frid Tot-Guard
test when it was the center position. The pairing of the seats produced

the following test matrix:

[S4]
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Test No. Restraint Systen - Dummy

917 A GM Child Love Seat 3yr. olu
3 Bobby Mac Deluxe Seat 6 mo. old
918 A Kantwet Model 985 3 yr. old
B Kantwet Model 985 6 mo. olu
919 A GM Child Love Seat 3 yr. old
B Bunny Bear Sweetheart II 6 . old
920 A GM Infant Love Seat 6 mo. old
B Ford Tot-Guard 3 yr. old
921 A Peterson Model 74 Cnild Seat 3 yr. old
B Peterson Model 75 Infant Seat 6 mo. old
922 A Swingomatic Chiid Seat 3 yr. old
B Swingomatic Child Seat 6 mo. old

2.6.1 Dummy Set-Us Procedures

Tne 3 yr. old dummy set-up procedure was as follows:

1. Suspend the ~lothed dummy from an eye bolt placed in the head
bolt receptacle. |

2. Place th2 dummy in a seated configuration on the edge of a work
table with arms and legs horizontal and with the head and back against
a verticai surface.

3. Secure the dummy io the vertical surface by two inch wide cloth
tape placed horizontally across the nipple area of the chest and
horizontally across the abdominal area as low as possible without con-
tacting the thighs.

‘4. With the arms horizontal, set the snoulder joints at 1 G so
as to barely restrain the weight of the limb,
5. Set tne elbow joints at 1 G so as to barely restrain *he weight

of the forearm with the upper arns vertically downward and the forearms

ol




Bati o b snan

horizontai.

6. Place the dummy cn its back on the table with the legs and
peivis extending over the edge of the taple. With the leg horizontal,
set the hip joints at 1 G so as to barely restrain the weight of the legs.

7. Place the duwy in a seated configuratiun on the edge of
tae table, and with the legs norizontal, adjust the knee joints at 1§
s0 as to barely restrain the weéight of the lower leg.

8. Set the ankle joint at 1G so as to barely restrain the weicnt
of the foot when it is extended horizontally.

The 6 ronth old dummy set-up pracedure was as follows:

1. Place the dumry in a supine position on a flat horizontal
surface then position the left hand on the center of the torco and the
right hand under the rear of both feet and bend the dummy until the legs
contact the upper torso and the toes touch the head, then slowly release

the legs.

2.6.2 Test Set-Up Procedure

A new child restraint system was installed in each of the two test
positions on tne standard vehicle seat. The restraints were anchored wi‘h
new, untested Type | belt assemblies and with additional belts, when
supplied by the manufacturer. The dumny was installed in most restraints
with the centerline of the dummy centered in the seating position end mid-
way hetween the vehicle seai lap belt anchorage points. Tne only ex-
ception was tne Bunny Bear Sweetheart Il seat which is a lateral facing
infant geat.

The chiid Jdurmy was piaced in the restraint system and fastened in
sccording to the instructions furnished with the system aﬁd positioned

in accordance witn the fcllowing procedure:



1. Seat the dummy on the seating surface while hoiding thz torso up-
rignt unti} the dumny is seated.

2. tend the arms of the dummy in a vertical direction anc¢ the legs
in an anterior-posterior direction. The dummy's foot is to be perpen-
dicular to the lower leg.

3. Push the durmy, first at ine crotch and then &t the upper
thorax, with a distributed force of 40 1bs. against the seatback and
release. ({The 40 1bs. force was applied menually by adding a 7 “andle
to a GSE acuit dummy femur axial load cell with a four inch square
block of balsa wood on the other end for load distribution.)

4. Rotate the arms and legs down parallel to the midsagittal
plane unti? each segment contacts tne fiist available surface or until
the limb Joint runs out of motion capability. (Care was taken so that
tne duﬁny arms did not inhibit dummy heed excursion in the impact
direction.)

fhe infant dummy was placed in the restraint system and fastened
in according to the menufacturer's instructions furnished with the system,

and positicned in accordance with the following procedure:

1. Place the durmy in the restraint with its midsagittal plane
parallel to the lcngitudinal centerline of the restraint and with the
restraint centered in the seating positicn midway between the vehicle
seat lap Gelt anchorages.

2. Insure that the back of the dummy contacts the contour of the
back or the bottom of the device, or both. Tape the head of the dummy
to the chiid restraint seat back with a single thickness of one half inch
wide paper masking tepe. The tepe is placed in the midsagittal plene
from the forenead to the top of the restraint. A one-eighth inch die-

meter circular nole is punched through the taya near the dummy head
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by means of a paper punch.

3. Swing the lirbs from vertical position paraliel to the mid-
sagittal plane, until they contaci the first available surface which
supports them, The arms must not be confined by belts or shield-type
restraint,.

Following placement ard positioning of the dummies, all the re-
straint belts on the child restraint were adjusted to fit snugly while
still providing for a controlled amount of slack in the belts in the
following manner. At each of four locations on the dumrmy (both shoul-
ders and on 2ach side of the pelvis above the legs) a one half inch
diameter hard plastic rod two inches in length was placed under the belt;
prior to'tightening. The belts were then tightened as snugly as could
reasonably be achieved given the particular belt adjustment system
and seat configuration and then the four rods were removed.

In all cases, with the exception of the Kantwet Child Care
Seat which require. installation of the car lap belt prior to placing
the dummy in the seat, the car lap belts and auxiliary seat 2nchorage
belts were tightened to at least 12 and no greater than 15 lbs as
measured by the GSE belt load cells installed cn those anchorages.

In the case of the Kintwet child seat, this tension was adjusted prior

to placing the dummy in the seat.
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2.7 Data Anaiysis

The data produced in the tests consisted of sled velocity and decelera-
tion, restraint anchorage belt loads, and photograpnic records of the motions
of the test dummies and restraints, Tae sled velocities were calculated

from the discreté magnetic probe data and are lisied with the test sum-

~maries in Section 3 as are the average sled decelerations. The slad

deceleration and tne anchorage belt loads as functions of time were re-
played from magnetic tape records onto a four channel Brush strip chart
recorder witn filtering eguivalent to SAE Channel Class 60. The strip
chart records for eacn run are presented with ine test summaries in
Section 3.

The photometric analysis of tne 1000 fos movie coverage was.per-

formed on a Vanguard film analyzer. Tne analysis was performed on the

two side vicws ("normal to the sled" and "normal to the seat"). The target

that was followed was the durmy heed in those cases where it was visible.

In many ¢f the tests with the infant restraints, the dummy head was not
visible. In those cases, the forward upper corner of the restraint was
followed as this was tne point on tlie restraint closest to the dummy
head during the major mctiods of the tests. An exception to this was the
Bunny Bear seat in wnicn tne uppermost center point of the seat was fol-
lowed. Tne target wnicn was followed is noted on the reduced motion
graphs whicn are presented in Section 3. Tne method of analysis was to
obtain tre intersection of the norizontal and vertical lines which were
tangent to tne terget. Thus, the coordinates are not those of any par-
ticular point on tne dummy or seat but represent tne bounding planes of
the dumry-restraint system as it translates and rotates during the

test. Due to the necessity of placirc tne cemera for the view normal

11



to the seat well up above ground level and lookiny down at an angle

from horizontal, the vertical coordinates obtained in the analysis of ‘the
view normal to the seat are not comparable to those obtained from the
view normal to the sled. The reduced coordinates are relative to the

centerline target of the durmy head at time equal zero of the sled pulse.

12
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TABLE 1. 1EST DATA SUMMARY - PEAK VALUES
MAX. HEAD EXCURSIONS MAX. ANCHORAGE LOADS
See Figure 2
VEST NUMBER "NORMAL TO "NORMAL TO RT. LAP LT. LAP TOP STRAP
AilD POSITION RESTRAINT SEAT," 1in. SLED," 1n. 1bs 1os 1bs
A-917 A CM Child Love Scat 28.5 27.9 405 260 335
B Bobby-Mac Infant Seat 24.6 19.4 400 - -
A-918 A Kantwet Child Care Seat 27.0 26.1 790 295 -
8 Kantwet Infant Care Seat 18.7 18.4 575 245 -
A-919 A GM Child Love Seat 15.1 13.5 405 220 485
B Bunny Bear Infant Seat 12.5 20.1 295 - -
A-9Z2 A Gt Infant Love Seat 21.4 21.7 330 190 -
B ford Tot-Guard 30.1 29.3 61L J10 -
A-921 A Peterson 74 Child Seat 26.8 2¢.0 510 370 -
B Peterson 75 Infant Seat 19.3 18.3 450 185 -
A-922 A Swingomatic Child Seat 20.6 18.3 450 - 445
B Swingomatic Child Seat 20.3 20.7 510 - 60

(lnfaqt Dummy )

PR R
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SECTION 3. TLST RESULTS

Tnis secticn presents une analyzed test results and summary com-
mentary on the cerformance of each restraint system tested. The format
consists of a cascription of the test set-up, a discussion of any
gifficulties or unusual features of the test followed by an assess- -
ment of tne systam performence., Accompanying the commentary are test
sel-up pnotogracas, Greph Cnek sequence‘photograph. target excursion
plots, slea pulse and belt load traces and post-test photographs.

Tnese packages ére grouped in order of test number. In addition,
a listing of tabular target excursion values and time values are in-
cluded in Appendix A for each test.

With the exceptions of the éystem failures in tests A-917-A and
A-919-B the restraint systeusperformed as intended. One factor of the
test configuration which led to some problems was the luck of an interior
surface for the restraints in position A to interact with. This
conficuration did allow many of the restraint systems to roll over
the edge of the tench seat and rotate -laterally. However, the presence
of a door surface at that point would have limited excursions of the
systems wnile prccucing impacts to‘the test dummy -- an even more
difficult croble= in assessing system performance. It would appear
that the most rezsoneble approach is (o assess system performance with
the restrzint in tne far side outboard or center position in side im-
pact. In this manner, the effect of the edge of the bench seat and
the lack c¢f an interior surface are minimizec. In the analysis of ‘
the cdata in the present tests the potential interaction of the restraint
system anc dummy with an interior surface were evaluated by assessing
the conficuration cf the system and dummy at that point during the test

14
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when interaction with the interior side structure would have occurred -- ap-

proximately 13 inches from the centerline of the A position.
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3.1 TJest Numper A-917

Restraint Systems: A - GM Cnild Love Seat
b - vobby Mac veluxe Car Seat

Sled Pulse: 20.7 mpn - 16 G average

Seat Position A: A GM Cnila Love Seat was installeu in tnis position
witn belt load cells on botn left and rignt portions of the car 1ap.
pelt and on the top strap. During the test, the top strap pulled out
tirougn tne pack of tne restraint at coproximately 320 1bs without
fracturing tne restraint structure and ieaving oﬁly srall deformed
areas on eituer side of tnue belt slot as snown in tne post-test photo-
graph, Wo aonormalities in tne top strap or its S-snaped anchor plate
were noted after tue test. Tne apparent cause of tnis failure was tnat
at tae time of manufacture tne seat padding was fastened in place while
tne top sirap was not completely pulled tight witn its S-shaped ancuor
plate against tue seat snell. Tue seat was installed on tne sled and
tne dumny placea in position prior to tigntening the anchorage straps
to 1¢-15 lus accoraing to tne test procedure outlined in Section 2.0.Z.
Trie pre-test photograpns show tnat tne dummy nead was placed in a nor-
mal manner and tnus no oulge in the padding due to the out-of-place
plate was evident. It is possible tnat the stitched strap end that
nolds tne S-plate could impede tne sliding of tne strap through the shell
and tnus, in comoinatior witn the aqummy pressing against the padded
pack surface, it was pussible to sustain voth a static top strap load
guring test set-up ang subsequent aynamic loading during tae initial
phase to tne sled test. Tne snort lengtn of slack tep strap between

tne seat back belt slot and tne S-plate was pulled through the slot

16
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under dynamic loading and allowea the S-plate to rotate into & position
perpendicular to the shell surface and be pulled through the slot with
very little deformation of tne shell material,

No Graph-Chek sequence pnotograpn was obtained for this test due to
a malfunction which was corrected for tne remaining tests. Analysis
of the test movie snow tnat witnout the top strap the seat's perfor-
mance was severely degraded and allowed tie seat to rotate off the
bencn seat by sliding along tne car lap belt and resulting in large
horizontal head excursions as shown in tne excursion graphs. It
appeared that if an interidr door surface were placec at the edge of the
bench seat, tne cummy head would nave possibly contacted it in this
test. Due to tune unusual pull-out failure of the top strap, the test
was not representative of the true performance of this seat and 2 second

test {A-919) was run witn a new seat.

Seat Position B: A Bobby-Mac Deluxe Car seat was installed in this
position with a belt load cell on the right portion of the car lap
belt. Tne seat controlled the motion of tie infant dummy and provided
protection for the durmy head from contact with potential interior
door surfaces. Tihe dummy did not show any tendency to slip out of

the harness of tne seat.

17
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3.2 Test Number A-91¥

Restraint Systems A - Kantwet Care Seat (Cnild Mde)

B - Kantw.t Care Seat (Infant Mode)
Sled Pulse: ¢0.0 mph - 16.2 G average

Seat Position A: A Kantwet Care Seat was installed in tnis positiﬁn
in a forward facing cnild restraint moce. Belt load cells were placed
on botn sides of tme car lap belt; no top strap is used with this sys-
tem. During tne test, tne restraint system slipped laterally along
the car lap belt and rotated off the bench seat. The motion of the
dummy was such tnat it is riost likely tnat the head would strike
potential interior surfaces of the door. The dummy showed no ten-

dency to slip out of the restraint narness.

Seat Position B: A Kantwet Care Seat was installed in this position in

a rearvard facing infant restraint mode. Belt load cells were placed

on bota sides of tne car lap belt. The restraint controlled the motion
of the dummy and provided protection for the dummy head from contact with
potential interior door surfaces. The durmy slipped the left shoulder
partially out of the restraint narness (as shown in the post-test

phctograpn).
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TEST A-918
SLED DECELERATION
¢] msec
! ' 3 | 1 1
Kantwet Care Seat
Left Car belt Load
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R L Lo j
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e N !
o [ } : .‘1 N - :
100 168 i et | A T TR N E

Ly ) o
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1 N 1 ‘
i
Kantwet Care Seat .
Left Car Belt Load [
Infant Dummy —
i |
100 1bse-—- -t

3
b
USSR S — s P 1
3
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i . ] | foade il
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Kantwet Care Seat
Right Car Belt Load
Infant Dummy

33




HORIZONTAL COOROCINATE, INCHES
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=151 TEST NO. A-218-A
RESTRAINT Kantwet Care Seat (Child - 3 yr)
TA2GET Uummy Head
- 20+ CAMCRA VIEW Mormal to Seat
-25

CHILD RESTRAINT TEST TARGET TANGENT COORDINATES
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3.3 Test iumber A-919

Restraint Systems: A - GM Child Love Seat

B - Bunny Bear Sweetheart [ Seat
Sled Pulse: 20,1 mph - 16.2 G average

Seat Position A: A GM Cnild Love Seat wes installed in this position
witn belt load cells on potn left and right portions of the car lap
belt and on tne top strap. Special carc.was taken to ascertain that
the top strap anchor plate was in place correctly (as shown in the pre-
test photograpn) in order to insure tnat the failure in test A-917
would not recur. Uuring tne test, tne dumny motion was well-controlled
and it appeared likely that the side of tie restraint shell would
prevent direct nead interaction with a potential interior door surface.
The seat did rotate partially off the berich seat due to @ lack of door
structure but did not tip off the seat as in the previous two tests in
tne A position. Tne restraint harness did not tend to slip off the

dummy .

Seat Position o: A Bunny bear Sweetheart II Infant Seat was installed
in this position in a lateral mode. Tne seat was faced such that the
dummy head was pointed toward the driver's side of the bench seat in
orcer that it was oriented for the equivalent of a near-side impact.
This orientation was equivalent to placing the seat in the left rear
position in a car. Tne caer lap pelt was installed around the tubular
framework of tne seat as indicated in the manufacturer's instructions.
A single belt load cell was installed on the right side of the car lap
pelt. decause of the unusual configuration of the system, the photo-
rmetric target cnosen for analysis was a portion of the masking tape
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used for dumm' nead positioning. The portion used was that which
appeared at the top edge on the centerline of the restraint. During
the test, the tubular frame of tne restraint system slipped out from
under the car lap belt on the right side and the restraint proceeded to
rotate 90° about a horizontal axis ending up with the dummy still
restrained by the seat narness but nead down in the center of the bencn
seat. The dummy remained within the confines of the restraint shell
but tne large uncontrolled motior of the total system could result in

serious interaction with interior structures.
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TEST NO. A-919-A

RESTRAINT GM Love Seat (Child - 3 yr)

TARGET Dummy Head

CAMERA VICY Normal to Sled
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3.4 Test .wrder A.920

Restraint Systea: A - GM Infant Love Seat
B - ford Tot Guard
Sied Pulse: Z0.3 mpn - 16.5 G average

A

Seet Position A: A M Infant Love Seat was installed in this position
with belt loacd cells on botn periions of the car lap belt. The re-
straint contrelled tne motion of -tne dunry but did rotate off the

sice of tne bencn sedar. The cummy reau wds protected from impact with
potential intericr coor surfaces put tne nareess did allow the curmy
to stip out, Tne inner snell ol tne seat ceforned and separated from
trie outer snell on tne outboard sice as snoen in the post-test photo-

grapn.

Seat Position b: A Fora Tot-Guard cnild restraint was placed in tne
center position of the bencn seat wita belt load cells on eacn side of
tne car lap belt. CLuring tne test tne rclion of the dummy was not
well-controlled and tne dummy care close to ejecting from the restraint.
Tae curmy nead irpacted tne GM Infant Love Seat late in the sequence
wnen tne infant seat nad fallen off of tne bencn seat. This indicates
thet even in tne center posftion tne cnild dummy would strike potential

interior surfaces of a venicle woor.
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3.5 Test Number A-92}

Restraint Systems: A - Peterson Model 74 Child Restraint

B - Peterson Model 75 Infant Restraint
Slad Pulse: 20.3 mph - 16.3 G average

Seat Position A: A Peterson Mogel 74 Cnild Restraint was instailed

in tnis position using the side impact strep supplied with the seat in
addition to the car lap pelt for ancnorage. 5elt load cells were used

on both sides of tne car lap delt. During tne test, the dumy motions
were centrolled and tne restraint stayved on the bench seat altrough it aia
slice laterally, The narness show®d no tendency to slip ¢ff trne durry

but tne head did rotate forwerd such that interaction with potential

interior door surfaces would possibly occur,

Seet Position B: A Peterson Mcdel 75 Infant Restraint was installed
in this position with belt load cells on both sides of the car lap
belt. This se2t was the only rear-facing infant restraint in which
portions of the dummy head were visible for photometric analysis.
Ouring the test the durry motions were well controlled end the dummy
was held tightly by the harmess. Kowever, the head did lean over the
sice of tne restraint shell and would nave allowed head interection

with potential interior deor surfaces.

“w

[ <2}



AT

[ESR

dr-3o¢ i
=395 VSDY (Le=ddrr (7€ -v 559

At o

oo tv e

a7

e st



T L




TEST A-921 R B
SLED DECELERATION R S
RIS T 4 . <. - . . . .
R
27 mSéC 56 . . ‘\f__.;wm__.‘_

Peterson 74 Seat
Left Car selt Load R e .
tmila veary e ee ; e =

e o ol
.

?
rs dh. b —t F )Y . i S —d. < e ya A A . 2. Fe & )y 3 A é 4 . . ’—.:-’__‘__‘—‘__‘_
Peterson 7¢ Seat T L .
Rignt tar selt Load
Cnild Dumry .
‘GO ll.ls- o @ e e e

Peterson 75 Seat R L T

Left Car belt Load _._.- . ;
Infant Dusy — :

100 b — - o - o~ M
: ; i
; ,
. + e--s ? e 4 4B cs —bse= s 6 s s & e 4 e e 1 R T PSP -
i f
T A ! -
.- " N .
AN :
Peterson 75 Seat ! ;

Rignt Car velt Load
Infant yurry - ' . _- .

100 1bs —




CILYN10cCOD Lh3ThVL 1354yl 1S3L InNIVelS3d (RITIE]

-2~
Jeas 03 tewaop MIIA VEXVD 02 -
peay Asung 130¥vl
(4K € - PLIYD) pf uOsS4DIAd INIVEIS Y
v-126-y  ON 1531 £1%
L n
. G-
| Il % 3 _ 14 L Lo
[} [ 0¢ [ S _ _M'
SIHINT *ILYNIGYDOD TYLINOZIXOH
S

68

i1 “UYNICESD) WILIE3A

]

$3



$ILYNICaCa) LN3ONVE 1308Vl 163L INIvalsid G11nd

52 -
pays 03 (ruaoy MIIA VHIWYD 02 -
peay Launnn 1308VL
(46 € - PLIYD) §f 1BOSIA3dd  IN1VY41STd
V-12€-y °ON 1531 FS1-
-0 -
L ¢~
% 0 2 02 = 0 L w. 0
£ t ot —:nbnnu
SIHINT *3ILYNIOH002 TwinuZ 1¥OH
S+
-

»
)

Ik

1 S3Ivni0:000 1l

v
4

S3id

L3



e e

SILYNICal0) LRIDNVL 1396VL 1S31 1NIVE1S34 G1IKD

jea¢ 03 [euwaoy MIIA VEIYI

peoy Awnq 1308Vl

(ow 9 - juetu]) G uos1aIdd INIVYISIY

e et

8-126-v 'ON 1S31

1

o
™
D
o
O
o
[*al 3
-
(=4
-

'l
5
SIHINT *3ILYNICH00D TWINCZINGH L —|_hl

t<z-

]

'm—i

|Q_.|

| G-

| Se

J WOLLY3A

50C

YR1G

LR
34

S3HINI

70



INCHES

[N

NAT

JeRl]

rn

[CAL

3

iR

P2
¥

+5 7

—1 HORIZONKTAL COORDINATE, INCHES

17

0 5 10 1 20 25 30
T T L | ] ¥ T
-5 - 7 )
-104
-i5- TEST ko, _A-921-U
RESTPALNT Peterson 75 (Infant ~ 6 ro)
TARGET VYunmy Head
-204 CAMEHA VIEwW 'formal to Sled
- 254

CHILD RESTPAINT TEST TARGET TANGENT COORDINATES




uojjedanhiL4uoy 3S3] 3504~ P4PAN (26-Y 3SDL
QTR ™ a NI ¥ T T T TSRy cembaat el it s AR B T Bk s lGasxtsanay’ 4
e e T pas 1
A e 1 A
‘ . 1. et :
L ..““..a.s:.\.,b.u...-Mmc:iv}sﬁﬁf:. R SR b
i J ]

. \«Ju‘...q.y. B YR RRIEY . e .nz«.nwdm) B e R e s ToE et

-~ e 00 Do rel;

TR b S anmtnL gL r

s e i~ G
r—————- e — p——

&b iR

T



3.6 Test hwumber A-922

Restraint Systems: A - Swingomatic Child Seat

B - Swingomatic Child Seat with
Infant Dummy

Sled Pulse 20.3 mpn - 16.3 G average

Seat Position A: A Swingomatic Child seat was installed in this posi-
tion and anchored witn the car lap belt end a manufacturer supplied top
strap. bBelt load cells were installed cn the rignt side of the car

lap belt and on the top strap. During the test the dummy motions ware
controlled. The unique harness system of this seat (shoulder straps and
crotch strap but with a load aistribution surface in place of the usual
lap pelt portion of a five point harness) did allow larger forward heed
excursions due to the dummy torso flexing downward. This motion was
such that it is likely that the dummy head would interact with potential
interior door surfaces. The hiarness system retained the dummy without

slipping. The seat did rotate partially off the bench seat.

Seat Position B: Even thougn tne system was ﬁot designed or intended
for use with infants, a Swingomatic Cnild Seat was installed in this
position in its normal forward-facing mod2 but with the infant dummy
installec in it. Load cells were used on the rignt side of the car

lap belt and tne top strap. During the test the restraint controlled
the dummy motions, however tne harness System slipped off the shoulders
of the dummy and allcwed forward and la}eral nead excursions which would
have resulted in dummy head interaction with potential interior door

surfaces.

73

e T LG T &

e



L2 S ln s L S E 8 00t i L e e s il HaB ) o alia AR ks hode il iUl i ianidoudeasian . stk i a

dn=17S 2S3) [ |P-4BAD 276-Y 1SAL

¥
3
i
.
t
{

| SR TP g
CLLTREN sk
L D PAE R TIPS oY
L LR et NIRRT
l{..?..,.a..:.kiﬁ;.x;.cﬁ
B, & W N
[T iy
Bz ar ke

PTRTIR—

& AL

e e

P

[ L]

“Cunade L g

e

BT LA T

} 1m i AaRE
PN
et
U 40

L ¥

— -
Cr v e e . -




et R T g~ YR

k.
p:
4

S B e i

T D T R Tr T T

o g i ot

T AN LT 2

D) . ~ ""‘,?'*(a“"w

M RIARES WL s v

Akl

———— bl b

P AU

A 922

Dty
-t

ura




} .
. JE OV N
TEST A-922 U P SO A
L B e
SLED DECELERATION — L
R o S S & e
R Tt B S o o
27 msec 5G —s g sl
It ' JJ i "“‘";" ; , | il 1Ai ; I 3-”
i
i
Swingomatic Seat o . ;

Top Strap Load L N ; i R
Child Cummy e

:.—.wu 'Y""","" L ———e—e

1

Swingomatic Seat e ; : ‘ s ——
Rignt Car Lap Belt Load e R e .
Child Dummy — TN T

ISR L WO N
100 bs == j—— j\ S

Swingoratic Seat “'“":' — S N S O
Top Strap Load T T T
Infant Dummy

e e

100 1bs :*-—~ A -

i

R T
T

b e g

B DGR SN Y |

Swingomatic Seat R S A N A R A
Rignt Car Lap Belt Load SO SO o S S T O O A
Infant Dummy L _ A : - :

100 16§ et L T NN A

76

- ]
i bl o L

3 B iasis




i

=

+5
HORIZONTAL COGRDINATE, INCIIS
10 1

0 i S ; 20 2 3 3
-5
10 —:h et
-151 TEST NO. A-922-A

RESTRAINT Swingomatic (Child - 3 yr)

TARGET Dummy Head .
- 20 CAMERA- VIEW Normal to Seat
-254

i : " ot g 78 . . . R IR S PY RPN RN AN PR
b L T R TOTRRPO e " s PR

CHILD RESTRAINT WESYT TARGEY TANGENT COORDINATES

N




e TR e o

SHUNIQUOND 16I9NYL LIOMVL ISTL INTYALS id G1Tnd

52 - i
pats 03 (ewsoy; MITA V4TI Bl
pPay fuazng L I0EYL
(44 ¢ - pryud) dnewchupes gurieis g _
Vo2hW CON 1511 L5 (- i

ke

7

- 6=

e e e B

in (14

SInINT CILenCethY TNl e

aw 4

Ce




CIIUnIGeG0) 1NISNYL 13Da¥) 1931 1h1vdlSis [RILED]
52~ .
Teac o7 ewacn KIIA vd L) 62 - :
pray Awsng  L30BVL m
("ou 9 - Jueju) dpienclugmg  INIVELSTE
TTR276-Y "OM 1531 51~ s ,._
“ A
o |
P !
- :
<
‘5
£
uw ~

r'r'l_

S
R

-
Teo

r

—4 1
ct 5¢ 0e 51 or L —m_l

SIHIND *ILYNINA00D TW1r0Z1E0H

Ge .



S3.901€e50T IN3SNVL L3towl 1S31 LNIY¥41S3d 011H)

52~
pays 01 Jewsnpy MIIA Vd YD -C2 -
peay Aranq 1398Vl
(o g = qubgug) dp3eunfiuyMs JHIVYLS Y
f-¢i6-y “ON 1S31 51
215

o

&~y

[
faat
Sipe
o
o
o
%2}
fi
kel
! (Sl 3
o

SININT CTLYNICHCOD IWWLINGZ1alH

S+

T



U0}Ieanf|410) 35aL 1504 | [P-4DAD Z76-W 1SR

TR L TL T T

i B -J

EEaobiierl Al by S o oL DU ~
) . . ’ u ﬂv.m\” :
Ao .
. ) F “ R - . s
| e . | _ :
A . : .

gy

e -

"

8

) : ;
- w

ot

i
[
it

—_—
ki

N

Py




APPENDIN A, TARGET EXCURSICN TABLES

This appendix lists the tabular results of the photometric anelysis

of the tests perforred in this prosram. The tables are equivalent to the

grapnhical presentations in the main body of the report except that tire

is included in the tables. ixcursions measured normal to the seat and

excursions reasured normal to the sled are tabulated as indicated.
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TEST WUMBER A-917

Target Tangent Uoordinates - wormal to Seat

A. GM Child Love Seat 5. LEobby-Mac Irnfant Seat
Tire Horiz. Coord. Vert, Ceord. Horiz. Coord. Vert. Coord.
rsec in, - in. in, in.

0 2.4 1.8 7.3 -3.7
16 3.¢ 2.1 8.1 -3.7
31 5.3 2.0 10.1 4.4
&7 8.6 0.6 . 13.6 -6.4
63 12.2 -0.¢ 17,8 -8.6
78 15.7 =2.] - 23.9 -9.3

4 191 -4.8 23.4 -13.3

139 22.9 -7.5 4.8 -14.1

125 26.6 -11.3 6.6 -13.4

141 23.3 -15.1 4.0 -11.6
Target Tangent Coordinates - formal to Sled

Tire Horiz. Conra. Vert. Coord. Horiz. Coord. Vert. Coord.
rsec in. in, in, n,

¢ 1.5 1.4 5.7 -0.6
N 1.8 1.6 6.4 -0.7
22 2.9 1.6 6.9 -0.9
32 4.5 1.5 9.3 1.2
$3 6.7 1.2 11.4 -1.9
54 8.4 U.8 14,1 3.2
63> 12.3 0.3 16.6 -5.0
78 14.8 -0.5 18.2° -5.9
g6 17.4 -1.8 19.2 -7.5
97 19.8 -3.2 19.4 -7.9

108 22 -d.6 19,3 -7.8
119 24.7 -5.9 19.1 -7.8
130 2€.8 -3.6 18.8 -6.8
141 27.9 -11.8 18.1 -5.8

J
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TEST NUMBER A-918

Target Tangent Coordinates - hormal to Seat

A. Kantwet Child Care Seat B. Kantwet Infant Care Seat
Tire Horiz. Coord. Vert. Coord. Horiz. Coord. Vert. Coord.
msec in. in, in, in.

0 2.5 2.1 6.4 -0.0
16 2.9 2.2 6.7 -0.1
32 5.1 1.8 8.7 -0.4
48 8.9 0.9 11.1 -1.8
64 16.3 -0.4 14.4 -3.8
80 19.4 -3.8 17.3 -6.8
96 23.9 -8.1 18.4 -7.5

112 27.0 -13.2 18.7 -7.2

Target Tangent Coordinates - Horwal to Sled

A. Kantwe*t Child Care Seat B. Kantwet Infant Care Seat
L ime Hor‘z. Coorc. Vert. Coord. Horiz. Coord. Vert. Coord.
nsec in. in. in, in.
0 1.4 1.4 5.7 0.2
17 2.2 1.1 7.0 -0.1
33 4.5 1.0 9.1 -0.4
50 8.9 0.7 12.0 -1.1
67 14.3 0.1 15.1 -2.9
83 19.8 -2.4 17.8 5.7
100 24.1 -6.3 18.4 -6.8
116 26.1 -11.6 1.7 -6.2
156 25.9 -24.8 - -
172 25.5 -28.38 -
189 25.2 -29.6 -

A-3




TEST NUMBER A-919

Target Tangent Coordinates - Horwal to Seat
9 9

A. GM Child Love Seat B. Bunny Bear (Infant)
Time Horiz. Ccord. Vert, Coord. Horiz. Coord. Vert. Coord.
nsec in. in, in. in.
0 2.¢C 2.0 0.0 0.0
15 2.9 2.7 0.7 -0.1
30 5.0 1.8 2.7 -0.2
45 6.0 1.9 3.8 -0.1
) 11.5 -0.4 8.7 -4.7
75 12.9 -2.3 10.0 -7
30 13.4 -4.2 11.5 -10.5
105 13.4 5.5 12.5 -14.0
120 14.0 -5.6 12.5 -16.1
135 14.6 -3.2 n.a -14.9
153 15.1 -1.5 9.7 -15.1

Target Tangent Coordinates - hwormal to Sled

A. GM Child Love Seat B. Bunny Bear (Infan:)
Time Horiz. Coord. Vert. Coord. Horiz. Coord, Vert. Coord.
msec in, in. in. in.
0 1.2 1.5 3.2 -4.0
17 2.2 1.5 4.6 -3.4
50 7.9 1.1 10.8 -5.7
66 10.7 -2 14,3 -7.6
&3 12.4 -0.2 16.9 -9.0
g9 13.0 -3.2 19.2 -12.2
116 13.1 -4.0 20.1 -15.2
132 13.4 -4.3 19.7 -18.0
149 13.5 -3.6 19.2 -19.1
166 13.2 ~-3.0 18.0 -20.0
182 13.0 -2.1 17.1 -21.1
153 13.2 15.8 -21.2



L 3 AT T R AL
TEST il lobr A=%D

Tarcet Targent (oorcirates - aorval L0 Seat

. GM o Infant Love seat 3. Ford Tot Guard
Tie toriz, Coord. Vert, Loord. Goriz. Ceord. - Vert, Coord.
rsed in, in, in. in.
g q.b C.u 3.8 t2.2
lo 5.7 ¢.0 &3 2.5
41 2.G -0.3 £.4 2.5
a7 it.e -2.0 10.5 1.9
©2 1u.5 -&.7 15.€ C.8
7o 2.4 -7.9 1.1 -1.9
g3 - - ¢0.0 =61
104 - - 238.9 -11.1
1¢é - - 30.0 -14.0
140 - - 30.1 -17.3

Target Tangent Cecordinates - .ormal to Sled

A, GM Infant Love Seat 5. Ford Tot Guard
Tiie tioriz. Coord. vert. Coord. Horiz. Coord. Vert. Coord.
BS0OC in. in, in. in.

0 3.
17 4.
34 7.
50 10.
67 14.
&4 le.

101 21.
17 21.
134 21.
1351 21.
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TEST ~0. A-921

Target Tangent Coordinates - ltormal to Seat

A. Peterson 74 (Child) B. Peterson 75 (Infant)
Time Horiz. Coord. Vert. Coord. Horiz. Courd. Vert. Coord.
msec ir, in. in, in.
0 2.9 1.9 2.7 2.7
16 3.5 2.0 3.3 2.9
31 5.4 1.4 5.5 2.1
47 9.0 1.0 8.8 1.3
62 14.6 0.1 13.8 -0.1
77 19.4 -3.4 17.4 -3.1
93 22.2 -6.3 18.4 -5.5
108 22.8 -13.0 18.5 -5.9
124 23.2 -13.4 17.6 -4.7
149 25.7 -13.1 19.3 -4.4
165 25.3 -12.4 18.3 -3.5
18C 26.8 -10.5 19.3 -2.5
196 25.6 8.5 17.6 -0.8
2n 23.5 -7.1 15.5 0.5
227 20.6 -6.0 14.1 1.9
242 16.9 -5.0 12.3 3.9

Target Tangent Coordinates - iHormal to Sled

A, Peterson 74 (Child)

Tine Heriz. Coord. Vert. Coord. Horiz. Coord. Yert. Coord.
rsec in. in. in. in,
0 1.5 1.4 2.3 2.
17 2.6 1.5 3.6 2.1
34 5.1 1.3 6.3 2.4
51 9.2 1.3 10.8 1.9
€8 14.6 0.5 15.6 0.3
84 19.5 2.3 18.3 -2.8
10 21.3 -7.5 18.3 -4,7
118 22.0 ~-10.7 16.7 -4.9
135 21.¢ -10.9 14.5 -5.3
1582 200 -9,7 - -
169 :8.3 -7.9 - -
186 16.0 -5.8 - -
191 12.7 -4,7 - -
208 10.2 -4,7 - -

e |




TEST NO. A-922

Target Tangent Coordinates - liormal to Sled

A. Swingomatic (Child) B.
Time Horiz. Coord. Vert. Coord. Horiz. Coord.
nsec in. in. in.
0 1.¢ 1.7 2.6
18 2.5 1.8 3.1
35 5.C 0.9 5.4
53 8.9 0.2 9.0
71 13.5 -0.9 13.9
g8 16.4 -3.7 17.8
10 17.¢ -7.5 19.7
124 18.7 -9.7 20.5
141 19.1 -10.1. 20.2
159 19.7 -9.7 20.0
176 20.3 -8.% 20.3
194 20.6 -7.7 20.3
212 20.2 -6.¢ 19.8
229 20.1 -5.5 19.3
247 J.Z -5.3 18.6
265 19.9 -5.5 18.0
282 19.4 -6.4 17.5
32 18.8 -6.5 17.0
318 15.3 -6.7 17.1
335 18.2 -6.5 17.2

Target Tangent Coordinates - iormal to Sled

A. Swinggmatic (Child) B.
Time Horiz. Ccord. Vert. Coord. Horiz. Coord.
msec in. in. in.
0 1.5 1.2 1.8
32 4.8 1.0 5.5
47 2.6 1.0 6.8
63 3.1 -0.1 14,7
73 16.1 -2.4
95 17.5 -5.9 20.6
1N 17.9 -7.8 20.7
126 . 18.3 -8.1 19.9
142 18.1 -8.2 19.6
15€ 17.7 -7.5 20.2
174 16.8 -6.7 20.3
159 15.9 -5.8 29.4
205 15.6 -5.1 20.0
21 16.1 -4.8 19.5
237 1€.4 -5.1 16.9
253 16.£ -5.3 18.6

A-7

Swingomatic (Infent)

Vert. Coord.
in.

"
. .
NNO N~ O~V OONAEOTWLWOUTTO —

]
H LN OWWOWVWORNO ——MNN
e o o e o o o e e o o & ® o e o o ®

L}
-— []

Swingomatic (Infant)

Vert. Coord.

- .
Ny~

1

oo
e o e e e o e o o o
CNO—~ WO 1 ph N

1}
~n
.
—_—

LSRR CRAP PRRY

NaP IO Ao




T L Je T T B
. . . 3

Dkl

ikt

o .?1.51‘"3._ 3

v

dokad Liid

g LR Gk bt At R

SHE——

R
, r-—-....m.—.v‘

{ ¥

EI

I
<

caschi L,.,x % 3 p., g ] :
s B \\ ) ‘ w
]
D U

N S \ o \\. /
' ?.. N Y m\. \\m

?‘I....a:.i.a..,.‘ N

il S S SV

{

M
LR Y P Iyt o ts ot e e (EEREY

e




