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1.0 INTRODUCTION

Thia teat program was performed at the Vehicle Raseasrch and Test Center
(VRTC) in reaponse to & reguast by the Offlce of Defacts Investigation (QDI),
National Kighwsy Traffic Safety Administration (WHISA). The ODI had received a
petition from the Instituts for Injury Reductiom (IIR) alleging unintended
unlatehing of wafety balt buckles in varicus vehicles squipped with safety belts
with side-ralsase nechanisma (am oppodsd to and-ralesaza pachanisss). Tha
patition alleges that tha imartial unlatching of safaty balt bucklss occurs as
a rmsult of & shavp ismpact to the backsida of tha buckla.

The chjactiva of tha test program was to massurs the performancs of tha
subjsct buckles undsr varicus test conditions, including simulation of real-world
svents to datarmine {f there ls a failure pode ssused by impacting the backside
of the safety belt buckles during crashas or sudden stops.

Data was obtained from a ssries of bench tsats op a representative sample
of sids-relsase safety balts, 2 seriss of tests conducted om a safety belt
mounted in 4 vehicle, snd six vehicls-impact tesats ineluding two latsral moving-
baxrier crash tests, a truck/car crash tast, and thras FMVSS No. 208 crash tests
(30 wph, frontal, static barrier).

Z.1 Test Equipment

In tha banch tasts, a drop towser wam uzed to parform a ssries of dynamic
tasts (Figures 1.1 and 2.2). Endevco 7264 accsleromstars wers mountsd om the
safety balt buckla, and on the impacting objsct. An Intarfaos load cell (2000
pound-force) was usad to measurs tha pre-tensfon and tha force gemsrated in the
safaty balt webbing dus to the impact. A program known as H:I.DH- {(High-spasd Data
hdquilittm System) was used with & personal computer to record and display the
data. Video rscordings were also used to document some of the taats and setups.



FIGUEE 2.1: Drep Towsr/dafaty
Balt Tast

FICEE 2.2: Zxfery Balt Teat Fixture



ftatlc tests wers parformad to datarmine force-deflesetion charactaristics
of tha safety belt huckle aide-release mechanism and of several padding materials
used in the atudy. The basic test squipment for thasa tasts included & tensile-
teat machine {Universal Testing Machins or UTH) and ths instrumentation necessary
to racord the loading data for each mample tested. '

S$ix crash tasts wers conductsd on five vahiclas. An . mccalarometar was
mounted on the fCface {(the push-buttom aiés of buckles with sida-ralasse
pachanisms) of aach safety balt buckla for- all tests. This accelaration ia
nominally in a latsral or Y-dirsction relative to the vehicls. Although tha
huc:klu- in three of the test wvehicles had snd-relessss mechanisms, lateral .
accelerations were still measursd sinee tha ohjactive was to seasura xafecy balt
buckla lateral acceleratioms in a “crash” savironment. In addition, data vas
also recordad for various wehicls aceslerations. Entran Model FEGA-125F-250D8C
accelercmetars wers usad to record the buckls and vehicls accelerations during
the fixat two side-iopact tagts. Endevco Modal 7264 accelarceatars were used to
racord the buckle and vehicle accelerations duxing the subssquent tasts. The
shouldsr and lap belt losds wers =measursd wsing LaBow Model 3419 force
transducers except for ths thres FMVSS No. 208 tasts wvhars no belt loads wers
measured. Several high-speed camatas and & 35am cawera wers ussd for
photographic documentation of thess dynsmic tests,

2,2 Test Procedursa

2.2.1  Dench Tuat Froceduras

A mariss of dynamic hanch tests wars conducted om Fard, GM, spd Nisaan
safety balt buckles to collect data that demonstratad ths dynamic conditions
nacsasary to unlatch tha buckla vhen it ia impacted on its backsids. Thia was

_accomplished by impacting the backside of ths buckls with objscts of warying

degress of hardness and weight and at various apesds. Sas Figure 1.2 for a
description of tha safety belt mounting hlrlhl'n. A major portion of the tasts
wera conductad by Impacting the sdafaty belt buckls with an 8 pound cigid stesl
block that was dropped on the back of ths buckls from varlous heighcs. Thras
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diffsrenr materials vara placed on the rigid ness to simulate differsnt lmpacting
conditions. Two of the materials wers 1-imch-thick foams (fthafoan and Engolite)

and the third weterial wes a 1/9-inch-thick plece of dummy skin. The rigid nass
and the three materfald ars shown in Figure 2.3. The measursd force-deflaction
charactaristics for tha foams and for a Hybrid LIl dummy hip are given in Tabla
2.1. The forca-daflaction curvas are in Appendix A. Tests wers parformad with
D, 5, %0, and 500 peunds-force (1bf) of pra-load on tha belt to demomstrats a
posaible ralationship batwean the buckle pre-load and tha accelsration racessary
to unlateh the buckia. ’

A searles of Tparlor tricka® wers alse porformad o 'determine the
scosleration lavels for theae seeningly low sewerity inpacts. For these tests,
the aafety belt buckls was Impacted with a videocassettes, a “"karate" chop, and ]
& man hip.

FIGURE 2.3: Rigid Wass and Padding Meterials
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TARIE Z.1: Linear Regrassion Equations for Fadding Torce-Deflectiom Curwas
(F=Force In 1bf, DeDisplacement in lochea) .

| Matertal ] ldnear Regression Equacion

Ethafoan F=117.4xD - 5.0

Ensolits F=11.3 =D+ 2,1
Hybrid III Hip Felu9xD - 72.5

2.2.2 In-Vahicls Tast Proceadurmns

A series of test: were parforped on 2 GM belt mounted in a Chevy lopala.
These tastz included hitting the back of the safaty balt buckla with »
vidsocassette, a Flshar Price child seat, snd a bumsn voluntssr's hip. The
videocassatta tests were parformed to show that ths accelsrations raquired to

_opan the safety belt buckls in the Chevy Impalsa were aimilar to those required

to open the GN bslt in tha banch tests. Ths Fishar Price child seat tests vere
parforoed by mounting the child seat in the wehicle and properly orienting tha
safaty belt through the child ssat. Ths child saat was then alassed into tha
safety balt burkls by a hman wvoluntasr. The Fisher Prica child saat was
malectsd bacauga it has s watal frams that can contact tha safaty balt buckle.
The humsin voluntsar tasts wars conducted by a lll'llll. voluntear. Ths veluntssr
sat in the vshicls and was wearing the safaty bslt. The voluntaer attampted to
open tha buckls by throwing his hip against the backside of the buckle.

2.2.1 Yehicle Tucact Tast Frocadyres

Two side-inpact teats (920928-1 & -2) wsrs conducted on tha left (driver)
side of the first vehicle, a 1985 Chavrolet C10 Scottsdala pickup ttuck. Thim
truck had a Vehicls Identification lhﬂ:-lr (VIR) of 2GCDC14H3FL10SE6S {hu.ilt
7/84), an odometar reading of 120,532 ul.lu amd vas squippad vith an active 3-
polat belt restraint system (sida-ralsass macharisw). A moving barriar, usad for
PMVSS No, 301 testing, was ussd am tha sida-impact devica. The vehicle



accalarometser was mountsd on the axtarier of the passangsr sids "C" pillar arsa
to measure lateral accelerations. An alactrical "trip® wirs wac also used to
Tecord any buckle/tongus discormection on am “"svent® chamne] for each buckls.

Tha first test bad a 20 eph iopact spesd. Two 50th-psrcemtile adult nale
test dunniss wara used in the driver and passenger seating positions. Tha ascend
test had a 30 oph impast spead, A J30th-percentlile sdult male tast dupmy wvas used
in the driver esating position and & 3-year-old child test dusmy was used in a
Fisher Price Model 9100 child rastzaint systam (CBS) mounted on the passsnger
asat. The pasaenger belt retractor pandulum was locked after nbtl!.nin; a balt
Fre-temaion of 12 te 15 1bf with the CRE installed,

The third teat, a 30 aph frontal-lopact teat {(921006), was conductad on a
new 1993 Dadge Dakaota plckup truck squippsd with an active 3-point balt rantraint
system {and-ralease mechanism). This test vas conductad in sccordance with FMVSS
lin. 208 into a fixed collizion barriar. Two wehicle accaleTometers Wers mountad
on the floor bahind tha cuthoard rails of the front seats to msasurs longitudinal
accelerations (X-dirsction relative to tha wahicle). Two 30th-percentile adult
tsale text Juzmiss wers used inh the driver and passenger ssating positions,

Thea fourth test, a 50 mph angled-impact tast (921012), was conducted on a
1989 Ford Taurus squippad with &0 active 1-point belt restraint system {and-

raleass pachanimm). A movipng tast buck, wmade to simulats & madium-duty truck

waighing approxipacaly 20,000 1b, was used as the Ifmpact davice. This test buck
impacted the atationary Taurus at approxisately 20° from the vahicla fremt apd
towvard the drivaer sida. Two vshicle accelsrometers wvere mounted on the floor
bahind the outboard rails of the front seats to Deasurs longitudinal
sccelerstions (X-direction relative to tha vehicle) and a tri-axial sxxay of
accelstomataTh was mounted on the floor oear the center-of-gravicy (CG) of tha
vehicls to ssasurs longitudinel, lataral, and vertical aceslerations (X, ¥, and
Z-diysctions relative to the wvehicle). A 30th-percentile adult asle test dwmy
was used in the driver seating position. The passanger sast was ramoved to allow

CAMSTA COVEIAZS.



The fifth teat, a 30 oph frontal-impact test (921013), was comducted on a
new 1993 Nissan Sentra egquipped with a passive 3-point balt reatraint system
{end-releass mechanism}. This test was conducted in accordance with FMVSS Fo.
208 into a fixed collisicn barrier. Two vashicle accelerameters waTe mountad on
the floor bshind the outboard tails of the front seats to peasure X-accelerations
and a txi-axial array of acceleronetara was mounted on ths floor near the cencar-
of-gravity (GG) of the vehicls to megaurs X, Y, and Z-accelsrations. Two 50th-
percentile adult mals tast dunmies ware used in tha drivar and passenger ssating
ponitions. '

Tha sixth test, a 30 mph frontal-impact test (921020), wasm condurted on a
new 1993 Bulck Century equipped with a4 passive 3-point belt raztraint systen .
{slde-relsase mechanisn). This test was conducted in accordance with FMVSS No.
208 inte a fixed collislen barrier. Two vehicle accelsroneters wars mountad on
the floor bshind the outboard rails of the front seats to measurs X-accalerations
and one accalaromater was mounted on the floor near the canter-of-gravity (GG)
of the vehicls to massure Y-accelsrations. Two 50th-parcantlile adult male taat
dunmies vers used in the driver and passenger assating positions,

L. TS RESULIS

3.1 Safety Belt Buckle Releass Hechaniss Static Force/Deflection Charsctexistice
The forcs om the relasss button regquired to open the buckles for the thrwe

halt temsion conditions are listed in Tabls 3.1. For all threa balts, the fores

raquired to opsn the buckls Increassd with increasing balt tensien. Even with

300 1Ibf applied to tha rxeleass sechanism, tha buckle would not spsn with 500
1bf belt temsiom.

. The linear regression squations for the forca-dsflection curves for the
releass machanisms are listed in Table 3.2. The force-dafisction curves are
located In Appendix A.



TABLE 3.1: 2Safary Felt Buckls Lalassa Forcs Values

Safaty balt ¥ Safery Belt Buckle Button Releasa ¥Forca {(1bf)
Mayufacturer ] i
50 1bf tension 500 1bf tension

49.4

did not ralsasa
=1 -

TABLE 3.2: Linear Bagrassion Equations for Button Force-Daflaction Curvas

{(F=Force in lbf, D=Displacemant in inchas)

Linear h;rnﬂ.un I'.Q\utiun
0 1bf tension 50 1be taml.:m SDH l'n! tamnion

Ford Fwi8, TxD+1.72 Ful76. 6xD43.1 F=609, fxDH5.71
F=38,6xD+1.22 F=99.0xD+2 .98
P=lds , 7xD41.32 - F=58.32D-.38

" Tl
F=243.8xD-10.3

4.2 Banch Test Results

The drop tower testa conducted £or this snalysis are listed in Table 3.3.
The corrsspending test mmbers mxs lizted in the appropriate tabls cell. If the
tabls cell is blank, that particular test condition was not performed. In
general, the drop halight was started low and was continucusly raisad until the
buckle yalaased, or tha sccalsracion levaln sxceeded the Instrumsntation ritin;l .

Puckla opanings are listed in Tebls 3.4. If the table cell has a *yas", the
buckle opemsd; if it has a "no”, the buckls did not opsn. In general, the highar
the balt tensicn the harder the belt was to opsh. Thars was ous sxasption to
this ruls, Tha GN/Ensolite/50-1bf-belt-tension condition opened at a lower _



TABIY 3.3: Drop Towsr Tast Condicions und Test Fumbers

Fadding Drop G @ Fre-Load (1bf)} Missan @ Pre-Load (1bf)

Height [
£t R 50 S00 5 50 500
Ethafoan 2 5001
3 9002
4 900083 9004
5 B004ES 9007
3 9003 9029 9033
7 9009 9030 9034
8 9010 9031 9035
q 9032 9036
16.5 9011 9037
Ensolite 3 9012
& 9013
5 9014 | .
6 018 | 5023624 ' 9038
7 9015 9022825 9026 9039
8 9017 9021 9027 9042
9 g018&19 9020 9028 904D
10.5 9041 9043
Dumny .5 9096
Skin 1 9097 9100 3065
2 9098 9101 9103 9067459
3 9099 9102 9104 9068
4 9105 9070
5 9106 9071
5 9072
Rigid .5 910859 _
1 9107410 2112
2 9111 2113 9114
3 9115
4 9116
3 92117
5 3118
7 9119
10.% 9120




TABLE 3.4: Drop Tower Tast Puckls Opanings

Padding | Drep | G4 @ Pre-Load (1bf) | Nissan @ Pre-Load {Ibf)
Haight | ' ; = — - )
} (fr “Jl‘ﬂ_'-__“m
no

Ethafoam 2
' 3 no
& ¥/n no
5 Fan no
] no no no
7 ne ne oo
8 no oo no
9 ne no
10.5 no no
Ensolite 3 ne
LS )
3 no
6 ™o e 1]
7 o y/n no no
8 ne you ne o
g yos yas yeos no
10.5 no na
Dy .5 na
Skin 1 no no no
2 Yei no o no
3 ¥ yaa o .na
& no no
5 no you
. 6° yau
Rigid .3 no
1 Yos nha
2 bi 1) s no
3 ne
& no
3 o
& na
o7 no
10.% yas

16



drop height than ths corresponding 5-1bf-belt-tensiom comditian. Thars ars twe
possible wxplanationa. The accelarometer mount broke off the GM buckle at the
and of the 5-Ibf-belc-tenaion tests. A different buckla was uzed for ths 50-1bf-
belt-tsnsion taata. This buckls may have been -liglhtly sasiar to opet than the
first buckla. A mors likely explanatcion Is the dagradation of the Enaclite. The
Ensplite may have lost its resilisncy dus to multiple teats or dua to the shorc
cime duration betwesn tests. Identical tests wers comductad with a uged and =
niaw plece of Ensolite. The pesk accelsration of tha buckle vas approxiaately 200
g'n highsr for the nldl varsus the nev (using unfilearsd data). This suggests &
dagradation of the Ensolite, but more testa would nead to ba conducted to confirm
this hypothesls. :

Tha peak buckle accelerationa ars Iisted in Table 31.5. All of the
acceleration traces ware filtarad with a BLPP 500 Hz 10-pols filter. Tha peak.
buckle accelarations listed {n this table ars for the initial Impact of tha rigid
mass. Somstimas thara wers sscondary pssks that wara nf-grut-r magnitude than
II.:Lh.l initisl peak. These sacondary peaks wara ignorad becauzs thay did not cause
the huniin to releass. I1f a tabla cell is £illed with an "n.a.” ths
aoceleromater sount zapsratad from the buckls during testing or data was not
taken becauss of inatrumsntation li-itl. Figurse 3.1 shows a asries of
acceluration data for thres tsats, In ths first test, ths sscondary paak is
larger than the first. For the second test, the drop halght was increased and .
the initial peak is greater than tha secondary peak. 1In the third test the drop
height is sufficient smough to open the buckle and thars is Do secondary peak.

The vidasocassstte, karate chop, and hip-iwpact teat results ars sumsarized
raspectively in Tables 3.6, 3.7, and 3.8. For the vidsocassette and karate chop
tests, the pre-load on the balt was 5 1bf. For the hip-Impact tests there was
judged to be no tenalon on the balt.

11



TABLE 1.5:

Padding . Drop I
Haight |
n . ft ]

Faak Aecalezutions {g°a) for the Drop Towar Tests

S eriod oD | o @ veeiowd (50|

s ] s fse0 | 5 [ 50 {so0
Ethafoam 2 122.8 ' :
3 125.1
4 170 & l46 156.5%
5 234 & 208 182.12
] 228.6 271.6 259
7 300.8 339,0 295.4
8 322.3 378.2 325.7
9 401.9 A77.4
10.5 413.7 35,4 i
Ensolite 3 74.6 1
'] 140.8
5 196.1
6 n7.2 338 & 257 174.0
7 493.6 370 & 428 | $97.7 305.%
8 466.9 512.4 466,7 40,1
] 684 & 387 629.9 n.&. 502.0
10.5 : 550.9 637.3
Dummy .5 136,58
Skin 1 370.4 176.7 299.4
2 320,2 400.2 587.3 | 3045315
3 450.1 369.3 500. 5 445 .5
4 608.8 401.8
[} 638.1 | 514.8
6 492.0
Rigia .5 133 & 232
1 270 & 301 181.8
2 456.6 .. n.&.
3 n.a.
& n.&.
3 n.a.
] . m.a.
7 n.a,
10.% B8,
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TABLE 3.6: Sommary of Videocassatta Impict Teata

Buckle ' Open? ' Peak
Hanufaectutar Acceleration
oM 8006 Yes
YTes

Mo
No

Nissan
Nissan
Higsan
Kigsan
Hissan
Nissan
Rizzan
Nisaan
Ford
Foxd
Ford
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The range of accelerationa for both apsning and nom-opening test conditioms .
ara susmarized in Table 3.9. Accaleration ranges for each combination of
inpacting objeet, belt pra-load, and bhalt semufacturer ars tabulated. Ovarall
acceleration ranges for sach combination of balt pre-load lnd balt um.tfl.nmr
are also tabulated (overall meaning all types of ilplctl.n; objecta).

The data sumnaiizad in Tabls 1.9 shews that there is a great deal of overlap
in cthe peak accalaration lavels that would snd would not open the safecy balt
buckls, It was fjudged that both tha peak acceleration and tha pulss duratiom
wars ispertant in datermining vhether the latch vould actuate. It was thought
that Lf both pask accsleration and pulas duration wers taksn into account, that
the degree of overlap in the data may be reduced. The Head Injury Critsris (HIC)
im a calculation that considers bath peak accalaration and pulse duracion. Bven
though the buckle accelerations axrs not head impacts, HIC calculations were sade
on these sccaleration pulsas in an sttawpt to reduce ths dagres of overlap.
Cusulative digeributions of the accelsrsation tracss wers also calculated to try
and reduce the overlap in che data. Nelther ths HIC calcularions or ths
cuulativa distribuciorns significantly reduced ths dagres of overlap. The
tedults of these calculacions are in Appendix 3, .

Comparing the mininum accelsrations regquired to open ths beleas for differant
lavela of belt pra-tensiom shows that the minimum accslsaration laval to opan tha
buckle increases with belt tarwion. This iIs not surprising since the forea
raquirad £o open the buckls incresses with Inoreasing belt tension.

Tha safaty belt buckls acceleration and belt tension data are given in
Appendix C,

4.3 In-VYehicls Test Rasulta

_ Ths results -of the videccassetts tasts are listed in Table 3.10. Thase
tests vers primarily perforned to show that the acceleration levals raquired te
cpen this balt ware similar to those In ths banch tests. Comparing ths results

in Table 2.10 to tha videocassstts-GM buckle results listed in Table 3.9 showa
that the balt opaning accslsration levels requirsd for cpsning are similer.

16



Nalt
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Human Hip =] 95264 55=11%
Vidwocans. aM 5 176-709 77=162 )
| Xavatse Chop GM 5 189-224 108-157 0
Ethafoam M = 170-234 123=146 0
Ensolite GM 5 IBT=-684 75=494 17.6
Dummy Skin cH K 320-450 137-370 16.0
Rigid a¥ 5 270-456 232-321 28.1
Ethafonm oM 4] - 15&6=-414 0
Enaollte ax L) 170-620 287-428 18.%
aM 5O KT 179400 14.0
ox 5O - 182 0
¥ 500 506 398-467 g
oX 500 - £00=638 0
oM 200 na data nd data N.&.
Huwan BLp Nissan B - 234-403 0
Videocass. Hissnan - - 455=-496 a
Ethatfoan Nlssan 5 - 272-402 0
tneolita Hissan g - 174-851 g l
Dy Skin Wissan s A82=-515% 299=-4%0 0
Ethafoam Nimean 50 - 259435 a i
Enmclite Misman 50 - 470637 0o}
Human Hi Ford 0 1104272 161253 88.3 |
Videocass. Ford 5 21836} la4 2
Farate <Chop Ford 5 - SA=-284 1]
Overall e 0 98-264 55~119 11.5
Ovezrsll o 5 170-709 15-454 51.1
Overall oM 50 169630 157=428 12.3
Ovarall G 500 1.1 398-638 T
overall Hissan o = 234-403 q
Quarall Kissan 5 492-515 174=551 18.3
Qwvarmll Mispan %0 - 259-617 o
ovarall Ford 0 110-272 161-2523 0
Ford 215-261 68-264
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TABRLE 3.10: Sumsary of In-Vehicle Videocassstta Tasta

Object Manufacturer Rangs Ranga
| Videocmmmette | GM |  260-282 |  131-181 |
The results of the Flsher Price child ssat testa are liatad in Table 3.11.
None of these tests causad the aafety belt buckls to opsn. The manimm
acceleration levels produced fall in the rangs of valuss requirsd to opan the
buckle when there is no tenaion on the belt (Table 3.9}, but are below the
required accelerations for evem 5 1bf tenaion In the balt. Even though belc

forcea was not nsasursd In thess tasts, it is very likely that balt tanslon was
produced whan the child seat was slanmed into the back of the buckle.

TABLE 1.11: Sumsary of In-¥ahic¢ls Fisher-PFrice Child Saat Taszts

FPemildageac | oy | - | 57125 |

The mman voluntesr hip tasts wers dona primarily to show the difficulry in
opaning the safety belt buckles with tha p:rt'ni ths anatomy that impacts s safaty
belt buckls In sn actual crash anvironnent comparad to the relative sass of
opening the safety belt buckle with hard surfaced shjacta liks a videoccassette
cartridge. The tagults of the humsm voluntsex hip tasts ara listed In Table
3.12. Nors of thass tests cavaed the safety balt buckls to opan,. The
accalaration levels wars wall below thoss ragquired to cpen tha buckls, svan with
zaro tension in the balt. Although balt tension was not seasured in thess testa,
tha wl.mu;r noted that a significant belt tensiom was producsd.

TAMLE 3.12: Suwmary of In-Vahicle Human Hip Tezts

The safary balt buckls accalsration date for the in-vahicls tasts are glvan
in Appendix D.
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3.4 Vehicls Inpact Test Rasults

The psak buckla accalszration and tha shouldsr belt ferce at the paak
acceleration for each crash test ars listed in Tabla 3.13. Msat of the
accelaration lavela ers well balow those required to open the safety balr buckle,
avan with zearo tension. The driver safaty belt buckls accelsrations for tha '35
Chavy 30 mph side impact and the '89 Taurus/truek 20° frontal impact hava peaks
that are within tha ranga of opening the buckle with zero cansion in the balt and
aslightly below thoss reguirsd to cpen the buckls with 5 1bf belt tension. Ths
driver side buckle ascceleration and shouldsr belt fores for the '85 Chevy (30
mph} and the Taurus/rruck teste are plottad respactively in Figures 3.2 and 3.3,
For the '3 Chevy test, the shoulder belt had 40 1bf tsanwion at ths bagimning of
the largest accaleration pulse and 140 1bf tension at paak accelsraticm. For tha
Taurus/truck test, tha shouldsr belt had over 500 lbf temmion at the bagimming
of the pulse and over B0 lhf tension at the peak’ accsleration. The paak
accalarations required to opan the safety balt bucklas with 50 lbf of pre-load
ares wall above those sesn for thess crash tests (at lsast 270 g's requirad).

Table 3.11: Suwmayy of Feak Buckls Adecelerstion and Corrssponding Bslt
Tension for tha Vahicla Impact Tests

Yehicle . : . .
Impact ' Bucklse Belt | Buckle Balt
Accal Force | Accel Forca

te'sy | ey | (s'0) | abd)

*85 Ghavy P/O
*85 Chavy P/U
'93 Dakota P/U
*89Taurus/Truck | 20° Frontal
193 BantTa Fromtal
'93 Century Fromtal

The safety belt buckle accelaration and balt tension dats for tha wvehicle
{mpact tests sTe glven in Appendix E.
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It wvap judged that both peak acosleration and time duration wers importanc
in datermining whather or not tha Llatoh would actuste. This 1s bacause the
aafaty belt actuation button must displace the required distance bafore cpsning
occurs, and therefora shorter duration pulsss would be expacted to rsquire higher
accelerations and vice verss, )



Tha pask safaty belt buckls accalarations for the 5 1bf tension tests ars
plottad as & function of pulse width in Figure 4.1. The GM data was ussd becauss
nore tests ware parformed with thae CM buckle. The GM %0 lbf cension tsat rasults
are plottad in Figure 4.2. The pulss widths were measursd from when the
accaleration pulas firat reaches 10X of the peak to when it comes back down to
10X of the paak. It iz noted that the pulss durations vary betwesn 2 and 10
willisecomnds, which {a not a very large spread. This i{s because of practical
linitations of the drop tower fixture for testing the bslets. Softer paddings,
of reasonable thickness, would not result in buckle cpening from the highast drop
height (10,5 fast). If the thickness was raduced, the acft padding bottomed out,
resulting in stiff comtact. -

A mathsmatical model was derived to exazine the sffact of pulse amplitude
and duration. The model consisted simply of two masses rapressnting the buckls
and button, and a linear spring cormecting the massez, The mass valias wara
derived by disassepbling and weighing the componants of a buckle, and the apring
constant was darived from the data msasurad in the I'TM, at various levels of belt
tension. The resulting differential equatien of motion was solved uaing a FG-
based softvare aystem callad Hathamatica. Appendix F containy a description of
tha modal, the derivad parametars, and the analyafs of ontput velues. Flgure &.3
contains tha thaoratical ralationahips betwsen the amplituds md pilys duration
raquired for belt opening. It ix noted that the values are highly dapsndant upen
belt tension. At low belt tenalons, paak applitudes of 200 g's are sufficiant
to opan tha belt, whila at 200 1bf of balt tansion, peak accelerstions of

approsinatsly 1000 g's ars regquired,

The relationships obtainsed from the modeling wers overlaid with the
experimental resulis for the GH balt at tensions of 5 and 50 1bf. The results
are shown io Figures 4.4 end 4.5. It is noted from tha 5 1bf results, that the
thaoreticsl lins agress quite well with the sexperimsntal dats, That Ia, all belt
openings occurred at lavels above tha line, several 'h;h'l; vary close to the lioa.
It s aloo notad on the 5 1bf rasponse plot that there are several test responses _
lbou the line vwhich did not opan. Thia may indicate a dlfl.cl.lncy in the
assignad pulsa durations, or that mora factors ars invelved In producing opening

el



. i
N3d0O 1ON
L
‘N3dO

SOLLSIHILOVYHYHO GZ.ZMn_O S TNdWI 3 DIDNA

¥l

! oL 8 9 y
| ot 1 k | v |
4
v |
: v
YvYy \ 4
e v v
“w = -
B
. v
- ||
. . [ ] -
v
u ||
ot
v

TDIONE WO - GYOTaHd OGNNOd S



Y
N3dO 10N

M
N3dO

27y JNODIA

| . (oesw) NOLVHNG 38N
ki ch o} 8 g ¥ z

L i R S B S S p—

FDIONE WO - aVOTEyd ANNOd 05

SOLLSIHILOVHYHO DNINIJO FSTINdWNI IT™HMONS



ch

. s1Insad .._mn_O__z HLVW - NOLLYHNG
‘38Nd 20 NOLLONNd ¥ SV ZOFENJNUO# IDIONE XVId



Y BUADId

{oesw) NOLLYHNA IS TNd
¥l Zk oL

v
N3dO 1ON . W

B
N3dO

1300 HLYW aNY STHONE WO - a¥oT3td ANAOd &

SOILSIHALOVHVYHO ONIN3dO 3STINdNI IDIONA

23



S HNID1E

(oesw) NOLLYHNO 3SNd
¥} 4! o 8 9 2 rA

71 ' 1 1 1T ' 1T 7T 1

hd
N3O LON
n
N3dO

T300W HIVA ONV TDIONG WO - QvoTatdd GNNOd 05

SOILSIHALOVHYHD DNINIdO 3STINdNI m._v_O_.._m



than just the pulse. Perhapa friction, random vibrations of the casing, ¢r other
paramatars also affect the opaning levels of tha systen.

The rasiponsex shown on the 50 1bf pra-load are similar, but tha data ars
faver and wmore narrow in pulsa durations. Again, sevaral did not opsn ac
responaas above the 1line. COvaral]l, it iz Jjudged rthat the thaoratical
ralationaships are indicative of tha axparimental raspensas.

Baged upon the mathematical model snd test data, it is apparent that safety
belt systens in raal vahlicls crash snvirorments wust ba analyzed on the bhapis of
buckls scceleration amplituds and du:lt!.u:i, as wvall a» tha tenaion on ths bale
at the tinme of peak buckle accslsration. The crash tast responsss of balt
buckles are added to tha 50 1bf balt tsnsion data snd sath sodel Lln Figure 4.6.
Tha 200-1bf helt tanaion nath modal Temults and the crash tast n:pmnr AYS
pletted in Figure 4.7. All of the crash teat accelarations are wall balow the
acoslararions raquirad to opsn cha buckls with aithar 50 or 200 1bf balc tenslon.

4.2 Analvaia of Velocicy of Qcoupanc/Bels Intexsctiom In £ide Collialons

The many bench tests performed during this investigacion indicate that
sufficisnt velocity betvasn tha occupant and the balt sust sxist for an ocoupant
‘to open a safety belt lateh. It has besn demomstyated that the buckls can be
sctuated by impacting it from the back with various objasta such as a
vidsoccassatte or the adgs of a hand. In all cases, the wlocity of ths lupact
to the belt must bs sufficient to gensrata tha high accelerstions raguizad for
opsning. For non-rigid lmpact surfaces, this "opening™ wvelocity would be
approximately 15 mph (corrssponding to drop height graatsr than 7 fsst). For
lowar welocities, it is uvnlikely that any part of the body would ceuss
sccelerations high ancugh to actuats cha balt.

It was previcusly shown that the accelsrations msasured in severs crash
tusts were voll balow the thresholds required for balt actuaticn., Ancther way

of looking at the same phenomena is to snalyre the velocicy profils of am
cccupant in 2 sevars sids impact collision. If the cccupmnt/balt buckls lwpast

27
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wolocitins generatad ara Lower rhan l;'.hun requlrad, this wlll confirm the
accelaration duts messursd in the crash tasta.

Severs side Impacts between the RHTSA side impact barrier and a small and
a mid-piza car wers chossn for analysis. Tha impacted wehiclas wers a Hissan
Sentra and a Ford Taurus, The Lopact conditions replicate those of an
interasction colllsion vhere the small car is travelling 13 mph (auch as starting
out from a atop) and the barrler (ﬁpnnnti.n; & stiff lopacting vehicla) !.-pm:t.s.
the car io the driver side at 30 mph. These condicions reprassnt the thresheld
of sericus-to-fatel injurles in highway accidents.

In the analysis of the collizion, it is assumad that the occupant remaina
stationary 4in space, and that the vehic¢ls accelerates out From under the
occupant. As the vehicle {a foresd sideways in the colllsion, it gains velocity
with respect to the occupant. This wvelesity Increasss as distance 1s coversd

. during the collision, The relatiomship betvesn the valocity gainsd and tha
distanca coverad is shown in Figuras 4.8 and 4.9 (valocity and displacement were
fntegrated from the right front sill aceslszation). Thase figuras can ha usad
to datsrpins the ralative velocity batwasn an occcupmit and the balt buckls by
uding the appropriate distance. A list of maasured diatancss batveen a assatad
sceupant and the balt buskle iz given in Table 4.1 (the W Jetta is n.a. becauss
the buckls is balow the ssat). The occupant for thess Nekdutrssents was 5' 10"
and welghed 150 1bf. TUsing the data given in Table 4.1, if a balt wexre worn
propexrly, most of the time tha distance betwssn the hip and buckle would ba leas
than 1 inch and always below 2 inches. Tsing Flgures 4.9 and 4.10, it is noced
that sven- {n a ssvers side impact, the relative velecity would omly be 5-6 mph
when the cccupant cemtacts the balt {distances < 1 inch). Even in extrema cazms,
the velocity ls less than 7.5 wph {dimtances < 2 inches), still wall balow that
Taquired to actuats ths balt,

This analysis is {1lustrative of u‘hy the belt can be openad by applied
impacts to the back of the buckle, while real world accident aituations do not
rasult in cpaning. 1In tha "parler tricks® (videccamsatta, Rarats chop, ete.),
a person hita the back of the buckle vith a sceaingly low soverity impact that
osusss the buckle to opsn. In fact, tha weloelty ussd in thase ssemingly low
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TABLE 4.1: Distance Batwasn Ssatad Occupant 4nd Safety Balt Puckla

{Inchean)

88 Ford Escert
88 Chavy Cavaliesr
86 YW Jatta
87 Chevy 3-10 Plck-Up

89 Hyundal Excel

32 Saturn 3C Coups
86 Subaru CL

37- Toyota Canry
87 Ford Taurus
1 87 Yord Thunderbixd
1 87 Honda Clvie
91 Jesp Cherokaa

ssvarity blows to tha buckla (in the range of 13 mph) are not pnni:blt to achisva
in real accidents because of the small distances that sxist batween cccupants and

properly worn mafaty balt bucklaes.

5.0 CONCLUSIONS

Basad on ths Tesulets of tha safsty balt buskis testing, the fullﬁuin;
conclugions are made: '

1. The push -huttnn forca raquired to relsass the safety belt buckle
increases with Increasing belt tansion. In turm, the push butten spring
conntant from the force-deflsction curve also increases with increasing
belt teusion,

7. From the drop towar and "parlor trick" tasts, tha minimum acceleration
required te opsn the safaty belts incrsasss with Incraising belt
tension.

n
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From the in-vshicle tast rasults, belt openings could not be producad by
slamaing a Fisher Prica child seat into the hack of the buckls or by a
humsn voluntesy throwing his hip imte the back of the buckle. The
acceleration leveln for the Fisher Price child seat way have bmen high
enough to open tha buckle if there was no tension in tha belt (noc the
r.'.u_-}. but below thosa regquired to open the belt with just § lbs of
renslon. The belted occupsnt hip impact tests did not produce
scceleration levels capable of opening the latch. Both of thess tast
conditions producad significanc belt tenslon that may have prevanted tha
buckls from opaning.

None of the ssat balt bucklez ocpsnad during tha six crash tests., Omly
2 out of 10 wvahiele {mpact buckls accelarations wara high snough to open

_t]u buckle when thare i» no tension Iin the balt and nons of tha

accaleration levels were high encugh tov opan the balt whan thare was
just 5 lbs temsion in the balt. BHoms of tha bucklas opaned bacauss
thers vas always sipnificant tenslon in the balt wharever thers was a
relativaly high acealaration level.

Bansd upon the teast data and a sathenatical modsl, it In apparent that
safety balt systema in rsal vehicle crash savirorments must ba analyzed
on the basis of buckle acceleration anplitudes and duration, as well es
the tensicn on the belt at the time of psak buckle accelaraticon.

The many bsnoch tests perforasd during this invastigation indicate that
sufficlient velocicy betwean tha accupant sand the belt puast sxist for an
otoupant to OpeD & llfniy belt lacch. For nen-rigid inspact surfacas,
thin “opaning velocity" 1a approximately 15 mph. For lowar wslocitias
it 18 unlikely that any part of the body.would cause accalerations high
snough to actuste tha balt. Even in a ralativaly ssvare sida impact
crash, the relative welocity betwesn the buckla and the human hip will
bas well below 15 oph.

This study iz {llustrative of why nfﬁ:r belts can be opsnad by appliad
Impacts to the back of the buckle, while real world sceident situstions
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dn net result in cpaning. In the "parlor tricks”™ (videocassatta, karate
chop, stc.}), u parson hits the back of ths buckle with a seemingly low
savarity impeet that causes tha buckle to opan. In fact, tha velocity
usad in these sesningly low sewverity blows ta the buckle {in the ramge
of 15 oph) are not posxsible to achisve in Teal accidents becauss of the
seall distances that exist betwssn occupants snd proparly worn safety
balt buckles.



APPENDIX E -

SAFETY BELT BUCKLE RECALLS SINCE 1888

83V183000 1988 LeMans 85,063

Seat belt buckies may not properly latch allowing the latch plate to be
removed from tha buckle without prassing the releasa button. Seat
bakt could ralsase during a Mdan stap or colision. Sast belt buckles
wera raeplaced.

89v034000 1989 Corsica, 29,951
" Baretia '

Front seat belt iatch plates may not angage the buckle agsamblies.
The cccupant could incur a high risk te injury by being improperly
baltad. Improperly functioning buckle assamblies wers replaced.

80V01B8000 1989-1980 BMIW 525
1989-830 b3S 62,000
 1988-18980 735,750

Front seat center fold-down armrast may contact the safety belt buckls,
causing damage to the releass button, and prevanting the balt tongue from
latching when buckling. Shorter safety bealt buckles were provided.

BOV105000 1984-1990 Carnaro, 1,500,000
Firabird

Brankage of plastic components within the buckle housing could
pravent buckis from latching properly which would cause an occupant
to be unprotecied In a suddsn stop or accident. Snt bait buckles
wera raplaced or rlpnlud



21VO87000 123 Camaro, 40,8886

Firabird
The metal latchplates may not engage ths buckie causing a "no latch”
condition. Movament of the ssat occupant in this condition could
cause latchplate and buckis raiesase. The occupant would be at an
increased Injury risk in the event of an accident. Replacement safety
balits were provided. :

$1VO76000  1985-1981 Volvo 740
1985-1890 760 485
1991 740

Instruction labals for balt routing are insdequate and can result in inadvertent
raleaza of the belt buckle., Naw instruction labels for proper safety belt
routing and replacemant buckles wera provided. :

91V122000 1891 Imperial, Salan 130,000
Frfth Avenue, :
LeBaron, Dynasty, Spirit, Acclal

Front outboard safaty balt may become difficult to latch due to
wabbing stiffener getting Into the buckie housing and disledging the
buckle latch guida. The latch may open during an accident or sudden
stop, increasing the oceupants risk to Injury. Buckie latches wera
replaced. :

92V083000 1984-1988 Mustang, Caprl 306,000

Thes plaztic slesve which ratains tha the meta! lock bar within the safety baelt
tongue assembly can deteriorats from prolonged exposure to sunlight,
causing the tongue to detach from the safety belt webbing. If thie were to
eccur, the wabbing would detach from the tongue assambly incraasing the
fisk of injury to the seat cccupant. New plastic slasves with a UV protactar
will be provided along with new torigus assembly.



10.

a82v113000 1989-1980 Taurus,Sabls, 6&5,000
1891 Explorer

Tha safety balt tongue may bs retained by the buckle, but it may not be *

"Istched sutficlently to provide occupant protaction. An unsufficiently

latchad salety beit increases the risk of injury to the occupant in the avant
of a sudden stop or accident. Replacement bucklas were provided.

92vV145000 1993 Toyota Truck 3,665

The wrong safety beit latch tongue plate was instafled in some safaty balt
assemblles causing the safety belt to not latch correctly, axposing the
pecupant to Increasad risk in the evant of a sudden stop or vahicis crash,
Defactive safaty balt assamblies are being raplaced,



