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SEATBELTS

A series of lectures given on behalf of The Swedish
National Council for Road Safety Research,

Stockholm, Sweden

THE VALUE OF THE AUTOMOBILE SAFETY BELT,
by BERTIL ALDMAN, M.D.

The main putrpose of the safety el is to reduce the
visk of serigus injury in accidents or near-accidents. To
serve thig purpose, the velt should prevent ejection from
the car and cfer a better wayv of reducing the speed of
the occupant than does the interior of the car. But we
cannot expect that a device, simple enough to be used
in everyday traffic, should be able to do so in any tvpe
of car accident. Therefore some limitations must be
accepted. Now the most dangerous accidents are those
involving head-on collision and the most dangerous
injuries are those sustained by the head and thorax.

The greatest reduction in the risk of sericus mjury,
wauld ne ovlained if the belt weve to function along these
two lines and in accidenis winere the passenger compart-
ment was mainly left intact.
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Cne explanation is thai, in practically all head-on
collisions. the front seat is torn loose and slides forwards
wncreasing the weight to be stopped and decreasing the
space for the front seal accupants. At the same time, the
space [ov the back seat passengers increnses as the frontal
ftmitation moves forwards when theyv reach it, adding
their welght 10 IL

Fou the duiver, the situation is not the same as for the
front seat passengsr. He has a better chance to be pre-
paved in case of emergency with his feet resting on the
pedals and his arms on the steering wheel. In this
stluation his muscle power will be practicaily no help, but
n considerable part of his body weight will ce decelerated
witlh the car

We must bear in mind these different situations affect-
ulg each occupant. As it is generally accepted that each
salety belt is intended for one person only, the belt should
in principle not be expected to take extra weight from
seals, baggage or back seat passengers. Therefore it should
he capable of taxking the {ull weight of the occiupant which
15 not decelerated with the car uself. It has seemed
reasonable to the authorities in Sweden to caleulate with
a maximum of 60 kg for an adult. since his feer are
supposed to rest cn the foor.

Deceleration should take place in a frontai direction
where enough space is available. The sideways-directed
fovees are, in the majority of acecidents including those
¢f overturning. so slight that they are no real problem
with a properly designed safety beit.

The degree of deceleration varies considerabiy I1n
cifferen: types of accidants and of course with the impact
speed. It is often said that hitting a wall would give the
highest deceleration, but there are still worse examples
to te found. At the moderate speed of. sav. 40 km - h it
is often very dangevous 1o hit 2 iamp-post or a tree with
the centre of the front, where practically netiing is in
front of thz engine to take the lead. resuiting in a very
abrupl stop. When two cars of the same weight, (ravetling

at the same speed, hit each other symmetically, i would
theoretically be the same as if one of them hil a wali at
the same speed. But if one of them is heavier or has a
higher speed, the othey one will not only be stopped biit
will be pushed backwards., In other words. the latier's

" speed will be reduced not only to zerc but to a aegativ

level. What we call impact speed is therefore the differ-
ence hetween original speed at the moment of contact
and :he speed after impaci, being negative if the car
moves backwards and positive if it moves forwards, It is
very seldom zerp after impact.

Since the deceleration of the car waries within wide
limits, forr what value of the peak deceleration shouwld the
belt be designed? That is no doubt a compiieated question.
and even the {ormulation of the question is somewhnat
inadequate. Deceleration is not the only quantiiy that
determines the degree of damage tg th: human hod..
Impact speed itself i5 also an important guantity. I s
evident that, under the conditions prevailing in car
accidents, some paris ¢f the human hody are somewhat
insecsitive to deceleration. put very sensiiive o Impaci
speed, that is the degree of dantage of these paris 1§ e
same whether the belts are stretched wo o thyee gm or
not at all. Amoeong such parts of the human ody are
probably certain internal organs. Ouer paris of ihe podyr,
especially cerrain skeletal parts e, in car accidenis
sensitive to the deceleration its2lf and iherr ave Jor
instance evidences of severe Jocalised injuries o the ane
struciure near the site of the beir 1f (e helt has been
too stiff. Other evidence is sometimes Jound in cazes
where peopls have fallen from high altisudes, such as
eight or ten metres on to hard ground and aurvived with
ehly a few Iractures. In these cases deceleration has
teen extremely high but impact speed nas hean sufd-
ciently low. From this we may conclude that it is desiranle
to streteh the belt as much as possible in order to awvoid
certain tvpes of injury. An upper limit 15 given by e
construction of the car. as the belt cannot reduce the
risk of sericus injury if the passenger compavriment is noi
left mainly intact during the acciden:.

It 15 quite gbvious that a high peak cecsieration can ke
reduced by a proper stretchine of the beit. but then the
time that the force acls upon the uecupant will be tonger.
But it is not only force. time and speed thwt have
infiuence on the tolerznce, The direction of Ut foree 1s
also important. The tolerance against decelsralion in the
long axis of the body is much lower than against decora.
sion in the upright seated position.

Qur !'aq;l frerents for a good safedy belt should thus-he?
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All extra weight from seats. haggagr or hack
seat passengers shouid f possible be pre-
vented from acting on the heis
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£ “Yital party oL e body BreTay far awa}
as possib]e from’ dangerous fitments®

A1 40 TE should reduce the peak deceleration 1o vales

within the tolsrande of 'tHe skeletal system” by a
proper stretching oF the webbjng.
The strecching should ke limited to prevent
the gceupant from hidting dangerous fitments
and to be well within the tolerance of internal
organs, Tne energy stored in the webbing
during stretching should not be reieased to
calse a senous rebound eﬁ'em
Tt should he geigpgg,ggwiuc% 3 waythat’ the
forces acting .on-the-cceupant during dece c:at.m
“are tolerable £ .
. There should be no risk a.t_ ihe bwlh rormvt?'
a l00p Around the Uccupant 5 neck ot the $0
“parts of his sbdomen, ‘nar sHolld " lf'?dmpresﬂl
ine back or thes cccuﬁmTﬁurmg deeleratich
Within the above-stated limitation—decelerative forces
during auctomobile accidenis where the passenger compart-
ment is left mainly intact—we shall of course use the
oelt up to the possible limit of deceleration, stherwise we
have not reduced the risk of sericus injury to the utmoest.
Is it possible to make sdeh a safety belt? To answer that
questicn. we ‘have to study the prob]em a. A 1;(,“_ 1,
I would- ke to siress b omﬂ,@a‘. 1% QL.,ED&SJHIE L
e static test only. $
Is Lhere-endlizh time for the stretcring o take place
before the force reaches its top value? The answer Is yes.
As you can see from the curves in fig. | the top value of
the force is reached at about the time the speed of the
waight loading the strap is about zero. Increasing the
weight will not change the shape of the curve. S¢ the
differing weight of the adult occupant will not cause
much trouble. But what happens i we increase the
impact speed?
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That raises a very interesting nrohlem decause ncreas-
ing speed will increase the load much moere ithan
inereasing weight. To answer ‘he guestion we will have
to study the stretching velocity in the strap. In these
curves the swetching velocity is plotteg on the vertizal
axis. the horizontal axis representing fime. We can see
here that the stretching velocity is nor at its highest when
the force is at its highest. That means that gverloading
the strap by increasmng we:ght will causa breakage wien
the stretching veloc:ty is decreasing ar wilten thne speed
of e loading wenght nos been considerably reduced. That
is even if the nelt 15 overlcaded by weight to cause
breakage. it takes a considerahle amount of energy before
breakage and the force acting on the ozcupant is deter-
mined by the tensile sirength of :he sirap

I{. on the other hand. :the impaczt speed 1s inzreasec.
the stretehing velocity will increase. the treakage point
moving forwards in the curve and at a certain speed the
strap will break before it nias been able to take up much
energy. It has therefore veen of interest (g study the
natiare of the stretching uprocess in textile straps.

Theogretically the stret¢liipng of the strap would not be
an even movement but a stiamn-wave would pass along
the strap at high speed causing an uneven mavement in
the strap. Dut would it be possitle to register such a
wave [ the strap? It has heen possible and in 83 2 it
nhas oeen photggraphed passing aiong the strap several
times during the few nhundredths nf a second that tha
stretching taxes place. The speed of the strain-wave is in
this case about 250 mss. It is evident tha: if one end of
the strap is given that velecity the strap will immediately
break, independently of the loading weight. In fact this
will ccecur even for lower velocities. The lower limit of
these velocities is called the critical velocity and may
perhaps be about 30-100 mss for materials of this Kind.
That limit is probably nigh enough to give a fair margin
in automcbile accidents.

The stretching of the belt :3 a combinatlon of an elastic
and a plastic deformation and it is important that the
piastic deformation remains the donmunating par; under
any canditions or the oceupant will be snapped nack by
the belt after impact and thus wil increase his impact
speed. But if the plastic deformation is the dominating
one. we must remember that the occupani will probahly
leave the pell in the foremost position and then the
movemnenis of his body will nol necessarily be under the
control of the belt. It is :mportant to remembper Lhis in
judging the effect of the bell.

We have now seen that it is possible 1o reduce the
peak deceleraticn and thereby the peak force on the
accupant by a proper stretching of the beit. From experi-
ence gained in Sweden we know that veducing the
stretching too much will tner2ase the risk of damage ro
the skeletal system. The same vesult will ansue if the




belt is a0t properly adjusted so0 that the occupunt is
thrown cgaimst vhe el upon impact. Bul how will ithe
stretehing  aterefere wilth  the  tolerance of internal
organs? That highly complicated question 1s subject (0 a
vary careful investiganion bul has not been delinitely
answered vei, From the experience ganed i nundreds
of actuidents wingve belts complying with Swedish swand-
ards have been used, It scems that the risk of injury to
walernal organs s very low., But of course the question
cf wheilier the helts could we improved still remuins, I
shouid Like thervefore, to give some information about
the dynamic action of same tvpes of belts P gy s
TTTe-smgle. Mp $ifp doey not-somnli R rhe. aliove
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kead, Ang, FHOTET 40001 Hods gk hdid the sy kaluai s, o,
the body jggeihoer within 1ne.car Auring. ab.accdeakgo

{t has not peen considered as a safetv. belt. 1n. Sweden?

Tha ticler Tess was one af the st otvpes to be
uied 1 3wegen and o was theougi: o give verv good
crolection. As you can see from Sg. 3 it has certain
disadvantages. I consists of one lap sirap anchored at
one poin: just oetund the seat and attached <o it in
front two shoulder straps, anchored at another point at
wasl 23 em aehingd the first, I the occupant iy wearing
thick clothes 1t is practhically impossibie (o place the lap
strap low enough wih only one anchoving point and
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during deceleration the shoulder strap w2l wtend o move
tite iap strap npwards. sometimes as high ws the edge
af the lowasr rmis Now he anchorage of the shouider
straps to the flecr wiil result in them He:ng placed at a
very dnsatistactory angle. 30 har the upper poet of the
durmay s pusned  forwards and downwards duning
deceierution If theretore the belt is overloaded and the
lap suno s broken the belt will form a loow uround the,
ocsuRANL s aeck My 4.

Fig. 3 shows o drigona! sash gv o two pomnt helt
anchared o the doorpost und to the foor. Here yvon can
see that the dummy s bending scmewhat over ihe belt
as s ogeeelerated o onttie below the ot ol wraviiy
If “hie oelt s placed o fitte Migher on the vody the lower
part o oWl tend Lo move forwards. Therefore 11 i§
mporiant (o place the anchoring powits properly and 1o
ﬂiwtt COroTLiY Lo Lhe cocud it
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The good safety belt should slso have a quick-release
buckle to give the occupant a chance to leave the car
If it should catch fire or fall intoc water afier the accident.
for even lf that happens very seldom the use of a safety
belt is the best way to remain conscious afler such an
accident and thereby having a chance to get oui of the

Car.

Even if we are far from knowing how the ideal safety
beit should be designed. because our YXnowledge is very
scanty, we must admit that a good safety belt can save
many lives and much suffering if it is used in automobiles
during an accident—and since we nevor know when an
accident will happen, the belt should be used on every

car trip, even at low speed.
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