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1. INTRODUCTION

The objective of this research was to develop, fabricate, and test seat
and restraint system combinations designed to offer a level of protection ex-
ceeding that found in current production seats and restraint systems. To
accomplish this a series of analytical studies was carried out using two- and
three-dimensional mathematical models of an automobile crash victim. These
studies in combination with a survey of the state of the art of seating and
restraint systems, were used to formulate design concepts of integrated sea<
restraint systems.

The basic HSRI seat, incorporating the most promising active restraint
system which included an inverted y-yoke harness, was fabricated and subjectzd
to front, oblique, side and rear impact tests using various sizes of anthropo-
metric dummies. The results of the tests were compared with current produc-
tion seating systems and with the initial predictions of the matheratical
models.

Performance in frontal impact was somewhat better for the HSRI system
than for the current system. However, because of the contoured design of
the seat back, the firm seat cushion, and the A-frame side structures, a level
of occupant protection was achieved in oblique, side and rear impact exceeding
that available with current production seating.

The initial predictions of system performance made using the mathematical
models was verified by the encouraging test results. This demonstrates both
the accuracy of analytical techniques and the power of this method when used
as a design guide.

Recommendations for performance requirements and compliance procedures

are made for integrated seat restraint systems and for passive front seat



cccupant restraint systems. Impact sled tests are recommended as being more
reproducible than full-scale barrier crash tests. A set of injury criteria
for the evaluation of test results are recommended which includes the HSRI
Maximum Strain Criterion. In addition, a dummy structure is proposad which

~

is matched to human dynamic response.




2. PERFORMANCEZ CCTiPARISOMS OF CURRENT RESTRAINT SYSTEMS

Over three hundred imnact sled tests and five hundred exercises of mathz-
matical crash victim siwiators have been conducted during the term of the
current-contract (1968-1277). In studying the results of this research pro-
gram, guidelines for evoluating performance of restraint systems have been
established. These include: 1. Timitation of occupant motions to the envi-
ronment of the seat; 2. limitation of forces and accelerations applied to thz
body; and, 3. prevention of excessive relative motions between adjacent body
segments. The purpose ¢! this part of the report is to document major prob-
Tems in restraint which an integrated seat-restraint system should attempt ta

overcome. Unrestrained occupants and occupants using both belt and airbag

systems are considered.
2.1 DESCRIPTION OF SLED TESTS AND RESULTS

During the current contract, subprojects have been carried out on varicus
belt restraint systems, airbag restraint systems, and children's restraint
systems. A description of test procedures, instrumentation, and data analysis
for these subprojects are included in References 1, 2, 3 and 4. A small group
of tests can be extracted to illustrate the need for restraint and to suggesi
potential solutions to problems in restraint.

A summary of test results is given in Table 1. The dummies listed in txe
table are 50th percentile maole (50M), 95th percentile male (95M), and 3-year
child. Directions of impact are front (F), 22.5° right front oblique (0),

direct side (L), and direct rear (R). AlTl additional quantities represent

peak forces or G-levels.



2.2 BASIC PRINCIPLES OF PROTECTION

Ficure 1 shows the motions experienced by an unrestrained 50th percen-
tile male dummy in a 30.4 mph frontal sled impact. He is observed to slide
forward in the sezt until the knees contact the instrument panel structures.
His torso pitches forward and the head contacts the windshield, breaking it.
Extremely high G-loadings were recorded in the head during this portion of
the event. The neck and upper torso are then stopped by the upper instrument
panel structures. The Tower portion of the upper torso continued its down-
ward mtion causing the head to be bent to the rear (hyperextension) relative
to the torso. The dummy then rebounded back into the seat. Complete ejection
is prevented by the fortunate shape of the Tower instrument panel.

The three basic problems in providing occupant protection are demon-
stratcd by this test. The first of these is to restrict the motions of the
occunant from contact with vehicle interior components capable of causing in-
jury. The second is to Timit the acceleration G-loadings and forces applied
to thie body based on human tolerance data. An initial proposal to limit body
forces and G-loadings is included in Reference 5. The third is to limit ex-
tensive motions between adjacent body elements. Some whiplash is observed in
this test illustrating the problem.

Sevaral methods have been proposed and implemented to solve the three
basic problems in restraints beginning with the lap belt and progressing to
active 3-point belt restraint systems. Passive systems are being developed
at the present time to solve problems inherent with active belt restraint
systems.

The lap belt is effective in avoiding complete occupant ejection from

the vehicle but is not capable of avoiding all potentially injurious contacts
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with interior structures. Figure 2 shows the sesicion of 5 right front cc-
cupant restrained by a lap belt at the peak ¢f s dnterection with ths wind-
shield and instrument panel in a 30 mph Tront @ c-c% test. In this case trs
hip and knees have been restrained from ceniact with the lewer instrurznt
panel structures but the head still impacts the windshielc.

Similarly the lap belt is not effective in 7vciding contact with vehicle
structures in obTique impact as is shown in Figurz 3. The head of the durmy
was observed to contact the A-pillar. In sice irnact studiss conductec ungzr
U.S. DOT Contract No. FH-11-7288 and describec in Referenco o, the lap belt
is also not effective in preventing the head of ih2 occupant from penetrating
the side window glass.

A number of upper torso restraint systems bive been studied which are ef-
fective in providing restraint in frontal impaci, tha two wost prominert being
the shoulder belt and the airbag. Typical occupint motions »iien standard Tap
belts and shoulder harnesses are used are shown in Figures 4 and 5. In each
case the belt system prevents the occupant from ccatacting tne vehicle inte-
rior. The body G-loadings given in Table 1 are witnin current tolerance esti-
mates indicating system effectiveness. The submz ining shcwn in the two photo-
graphic sequences is due to the combination of a very soft szat cushion and
the lack of an adequate pelvic structure in the Sierra Modzl 850 dummies with-
out the new pelvis.

The airbag is observed to provide an even greater ride as illustrated in
Figures 6 and 7 showing 30 and 40 mph impact tests involving a 50th percentile
male dummy. In these cases the restraint systew was completely passive as an
energy-absorbing lower instrument panel was substituted for a lap belt. The
G-loadings applied to the head were lower for the airbags as listed in Table 1

and the relative angle between head and torso kept minimal in the two tests.
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Current generetion airbag and up.t torso belt systems do not provide
the solution to the restraint problem iu side impact. Figure 8 shows the
motions of a dummy restrained by a stcr.'7:d lap beltl and shoulder harness
arrangcment when subjected to & 20 mph irpect. He slides under the belts

and ends up almost entirely off the scu™. The Tap belt would not restrain
the pelvic region and the sheulder havios: would not prevent the upper torso
and head from contact with vehicle intorior structures if they had been
present.

Some insight into techniquzs for proventing notions to the side were
gained in studying the protective potencial of children's restraint systems
as discussed in Reference 1. Figure O shows the test of a children's seat
possessing substantial side structures o nrevent motion of torso and head
outside the "safe" environment of thc < ... The children's seat was attached
to the adult seat by means of @ lap kzit. The ideas incorporated in this

seat arrangement can be incorporated sucoessfully into adult seating as dem-

discussed in the remainder of this report.

The major problem in rear impact pratection is provision for head re-
straint. The subject of the test shown in Figure 10 was unrestrained. Al-
though the G-loadings were Tow and the occupant's body remained in the seat,
potentially injurious whiplash was observed as the head was bent backwards
relative to the torso.

To summarize, the three basic prehblems in occupant protection have been
illustrated by examples from HSRI impact sled tests. The problems are: 1.

ejection from the seat; 2. application of excessive forces to the body; and,

3. the occurrence of large relative moticns between adjacent body segments.




Solutions to these problems have been proposec and implerznizd as hardiare &2

HSRI as described in the text which follous.

16
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3. ANALYTICAL STUDBTES OF RESTRTHT SYSTENS

Three major groups of paremetc.. o2 censidered in describing an inte-
grated seat-restraint system subjected vo @ cresi cavironuent. They are tha
occupant, the seat restraint system, v the ¢o.2lovation profile.

The occupant is difficult to des viZe both ecerimentally and analyti-
cally. Controversy arises over the us: of anthrepenetric dunmies, cadavers,
or human volunteers. The physical proporties of {he dummies are the most
easily obtained and controlled but there is a cviiticn whether or not they
represent a living human. Four major zote of paraneters may be considered
in modeling the dynamic behavior of the tedy: 1. mass of the body elerents;
2. strength and range of free moticn o7 ihe varicis joint structures; 3. mus-
cle tone; and, 4. body geometry.

The seat would seem to be easier 1o descrii: for use in a model. How-
ever, very little research has been cirvied oul *o determine dynamic deforme-
tion characteristics such as stiffness end damping of seats. The exterral
restraint system is ordinarily defined in terms of specific devices such as
a seat belt, airbag, energy-absorbing instrumen: parels, etc. One common
feature of all the devices which have Leen sugeasied §s the fact that they
can be described in terms of dynamic force-defcrmation profiles. For example,
an inertia reel used in conjunction with a shoulder harness will have a dif-
ferent characteristic curve than a controlled permanent deformation device or
one of the common harnesses used in cuvrent preodiction vehicles. Provisions
must be made in any mathematical model for forces to be applied to the occu-
pant in a rather general manner in order that they can be used in modeling

any one of the proposed restraint devices.



The final parameter is the deceleration profile to which an occupant is
subjected in a crash environment. In a two-dimensional simulation of crash
motions the front or rear linear deceleration can be used, possibly supple-
mented Qy vertical and pitching components whereas in a three-dimensional
simulation, all six components must be used. These include front, side, and
vertical 1inear accelerations as well as spin, pitch, and roll angular accel-

erations.

[y

3.1 THE MATHEMATICAL MODELS

During the course of this project two models have been developed and
exercised extensively to study the force reactions between various occupants,
seats, and restraint systems in a variety of crash configurations. The models
are the subject of extensive reports and Users' Manuals (See References 3 and
4).

In the two-dimensional model the occupant is represented by a collection
of eight Tumped masses, viscous joints with realistic motion limits, muscles
with resistive capability, and various geometric configurations. The seat,
restraint system, and vehicle interior are represented by a series of contact
surfaces and force-deformation profiles. Various deceleration profiles in
two dimensions can be used.

The development of a three-dimensional model of occupant kinematics is
necessitated by the fact that there is no possibility for using a planar
model to simulate oblique or lateral collisions in that spin and other com-
ponents of angular motion, as well as rotational inertia, have not been taken
into account. This fact, plus the observation that many restraint systems are
not symmetric, points out the need for models which simulate three-dimensional

motion.
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The first involves identification of as many variables and degrees ¢7 free-
dom as possible followed by the tedious and time-consuming task of Zzvalopir
a large-scale digital computer program. The second approach involvzs the
develop;ng of increasingly complex models beginning with sirple onz-r2ss moc-
els. This second approach was chosen in that short-term results sez-sd more
Tikely.

The three masses (head, torso, legs) have inertia tensors I, 2, X. Co-
ordinate axes have been chosen as principal axes so that the inertiz tensors
are diagonalized. The position of the torso 1ink H-point has been c=Tined b.
three rectangular coordinates. Each of the three links is then oriznted by
the use of three inertial Euler angles.

E1lipsoids are attached where desired to the three body masses zand sens

o

[

force interactions between the occupant and the interior of the vehicie. Thz
interior of the vehicle is represented by a collection of contact surfaces.
These surfaces can move as a function of time relative to the vehicle to sim-
ulate a deploying restraint system. Provision for the use of belt restraint
systems, is also included in the model.

A variety of outputs are available when the three-dimensional rodel is
used. The primary set of output is stored on file and printed in tzbular
form. This consists of translational and rotational displacements, velocitics,
and accelerations of body segments as well as all applied belt, contact, and
deceleration forces.

In addition to this, three pictorial outputs are available. In all casss,
a stick figure of the occupant is produced showing his motions as a function

of time. A1l of these output techniques use an interface subroutine which
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operates on the stored file of program output. Output has -been provided in
the form of hardcopy as a sequence of Calcomp plots (power-driven pen writ-
ten graphs). In addition to this, a time-sequence of the stick figures can
be produced on a television screen.

The final output technique produces a 16 mm motion picture of the se-
quence of stick figures previously provided as hardcopy ink graphs or as still
pictures projected on a cathode ray tube. In order to do this, a special tape
is written and the movie produced by using auxilliary computer programs and
hardware. The details of the three-dimensional model afe included in Refer-

ence 4.
3.2 COMPUTER STUDIES

Both the Two- and Three-Dimensional Crash Victim Simulators have been
exercised successfully for a total of approximately 500 times. Many of these
have been presented in detail in other publications and reports and can be
summarized as follows:

1. Belt material?

2. Belt slack?

3. Belt angles7:8

4. Lap belt only

5. Lap and torso belts7:8,3

6. Rear-end collision

7. Seat geometry and properties

8. Tilting seat

9. Inflating restraint systems?

10. Vehicle interior structures
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11. Diagonal herncos only
12.  AMA vehicle daterior
13. Veriicetion o7 mathematica] models3s»4»%s12

14. Deceleration prefiles
i

15. Belt angles in three dimensions®
16, Unsy.metric Lot systems®

17. Geonetyy of s:-2% side structures

18. Deploying resiraint systems.

Belt materials with s:zveral load-deformation characteristics were con-
sidered: 1. elastic beit; 2. visceelastic belt; 3. material with rate de-
pendence only; end, 4. matorial with permanent deformation. In a simulated
30 mph barrier collisica, the viscozlastic belt tended to reduce belt forces
and pcak body C's somcwnzi when compared to the elastic material. The amount
of forward transletiona! zad rotational motion experienced by the simulated
occupant in the two casos was similar. In the case of the elastic belts, the
head of the occupant w23 rotated forvard sufficiently to cause a high deceler-
ation (91 G) lasiing less than 5 ms as the head interacted with the joint stop
limiting forwerd rotation. This interaction did not occur in the case of the
viscoelastic belt. The Lhird "belt material" consisted of velocity sensitive
elements in which force is cxerted only as a result of deformation rate. This
type of action could teks place if a pneumatic shock absorber were placed in
series with the end of the nelt system. Although the forward H-point move-
ment was greater in this case, the reduced occupant Toadings and accelerations
point to this concept as cne worthy of further study. An additional benefit
is realized when forward monentum is reduced a zero. At this point body motion

ceases, as there is no vclocity difference to cause an elastic spring-back.
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Other studies have been carried out for those belt materials involving the

inclusion of permanent deformation or loss as a material property. In thesz
cases, the elastic, viscoelastic, and rate dependent materials behaved as
before during the loading cycle of the deceleration, however, rebourd was
essentially eliminated. Again, this feature of a belt material is desirable
to prevent the occupant from bouncing around the vehicle in the event of a
collision.

The studiés of belt slack which were carried out tended to agree with
the contention that a tight system of belts involves the occupant with the
restraint system earlier in the collision event and makes more effective use
of the available stopping distance in attenuating the effects.

The results shown in Table 2 are for an occupant simulating a 6-year-ol3
child subjected to a 30 mph barrier impact. The results show the rather lar:zs
benefits to be gained by using a tight restraint system.

It appears that tightening one belt and leaving another loose provides :
benefit. However, in the case of a tight shoulder belt and a loose seat bel%,
this is not true. Submarining in this case was pronounced with the simulatez

child nearly slipping from under the belts.

TABLE 2. STUDIES OF BELT SLACK

Seat Belt Shoulder Har- Seat Belt Shoulder Har- Head Chest
Slack, In. ness Slack, In. Force, Lb. ness Force, Lb. Peak G Peak G
3.0 3.0 1700 1443 80 50
3.0 0.5 ’ 907 1384 58 41
0.5 3.0 1021 817 51 31
0.5 0.5 802 779 26(64) 24
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In studying Lelt angles, insofar as is possible with a two-dimensional
simut-tion it va. found thav a delicate balance is reached between anthro-
pomai, ), Dalt Tl Boay G- icadings, and horizontal motion. Vertical belts
are fubﬁﬁ cooGecltaoaress »ocizontal body excursions.  This is usually as-
socinioe vith yioTooo contect with the interior of the vehicle. On the other
haid, seol bells o od harnesscs with a horizontal Tine of action are unaccept-
able Trum “he wnoonaical coint of view as seat belts would ride over the pel-
vis dints tac abviooand aree and it is possible that the concentrated thoracic
Toads covld cere: Jomage in Lids part of the body. It Was found that an in-
termzaiace posioizaing of the belts at about 55° in each case, offered Tow

beli Tanis, lov C-inzdings Lo the body, and an acceptable amount of forward

Fdzige noee o o7 sinvletions of rear-end collisions have been carried
oul tu ascectaln tae effects of variation of seat back material properties,
geomzivy, ~nd he ot rests. Specific studies were carried out on seat back
height, accelcectise profile, seat back angles, head rest location, variable
seat ook proporwiis dncluding damping, and occupant anthropometry.

It wos found that 21 dinch, 23 inch, and 25 inch seat backs offered little
protecticn agairot whiplash for a 50th percentile male occupant. The 27 and
29 inch seats oficred some protection as the head was able to interact with
the seat bick. Hovever, a substantial amount of relative rotation between
the head oid up;er torso took place (45 degrees in a 15 mph collision for a
50th percentile ot belted male with two inches of belt slack). It also
appeared from these studies that the head and upper torso, which were not

initially in contect with the seat back, reacted more violently to the colli-

sion than did thz Tower torco which was in contact.
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After additicnal studies, it was found that contlouring the seat to con-
form to seated h:dy geometry substantially reduced body "G's" and relative
body angular mocinn. Thus, a contoured seat back with a vertical integral
head vest has been proposad as a concept. This seat geometry was tested with
individuals re:.cing from o six-year-old child to a 95th percentile man. It
offercd subsicniially greater protection to each than did a seat back and
head rest with 2 constant angle.

The force Zeformation characteristics of the seat back were also varied.
A varigble sti:ness back with a linear elastic charactéristic, for example,
a stif? Tower sc.ut back combined with a soft upper seat back and head rest,
did not add tc impact protection, but rather aggravated the situation for an
occupant initiaily in contact with the contoured seat at all points. In this
case high pesl contact forces between occupant and seat are reached in a
shorter time in the stiff seat regions whereas a longer time is required for
reaching peak rce values in the soft regions. This leads to relative rota-
tion beiween body clements, a case which is avoided to a greater extent with
a constant stiifness back.

A significant reduction in body loadings was realized when damping and
energy absornion viere added to the seat back. In addition rebound was min-

imized. The material chosen for padding the seat incorporated these properties

to the maximum zossible extent.

TABLE 3. SEAT BACK DAMPING

_ Horizontal

Seat Hip_ Force on Force on Force  Peak Peak

Back Exgur;won Head Upper Torso  on Hip Head Chest
Damping (inch) (1b) (Ib) ~+ (1b) G's G's

No ~5.2 284 2209 2371 28 41

Yes =3.7 176 780 2032 15 14
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Seat cushion properties including enci:, rorce-c coqation chicecteris-
tics and friction were studied. Trcroesin:s (e angle vd Sodipe ciciian w
the cushion both tended to increase iis vrotc on oifes o 0ons the oo i dmpuiT -
thus reducing the Toads placed on the renvirme of i e borest oirs systo
Decreasing stiffness allowed the hip to sin’ fu-tre; =70 e
thus reducing the belt angle with reopect o i hor oot el Dy oviating
the chance of an injury due to subiarining. "sloplonc iz A sti’s f2rT cul -
jon with a larée friction coefficient is noi compieic iy opavibl e wily oco -
pant comfort and the climbing in and out of ¢ cor. T, some ooy roiise 13
necessary to make the seat usable.

Passive restraint systems were also corsicered. % nis fornl £740F 2
tilting seat cushion could restrain an occupant in a fro.tai collinion ore-
vided the seat cushion at the hip is very sofl and ti. cuoniuvn vonres rhe fnaes
if stiff. The pelvis and spine of the occupont were roiiced upseros dore ir
the direction of the impact. Because of the lower toleceuce of U foan boo
to spineward Toadings, the tilt-seat concept appears tc huse Tess niotective
potential for high-G impacts than systems where the torso veuaiv. vore near’s
upright.

Inflating restraint systems were observed to have the grecicci rotentict
of any devices simulated for maintaining body relative geonetry i Jor dic-
tributing the Toading evenly over the body. It was neccssary to reolisin the
forward motion of the pelvic region. This was most effectively accennlishen
by providing knee support. In practice this could be accanpliisi=d by cnergy-
absorbing lower instrument panels? or by an inflating restraint s stem which
deploys a section for knee support.

Three basic types of deceleration profiles have been used in e two-

dimensional simulations. One is provided by the Automobile Manufactircrs
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Association and represents a 30 mph barrier collision as simulated on an im-
pact sled. It is trapezoidal in shape and skewed at one end to provide a

19 G peak. The second has been obtained from an actual full-scale 3C rph
crash. Finally, the trace obtained on the HSRI impact sled is used in all
simu]at;ons used for comparison between test and analytical results. Addi-
tional waveforms have been used to study the effects of rise-time and duration
of the deceleration.

A Targe collection of exercises of the three-dimensional model involving
belt restraint systems are described in detail in Referénce 8. Many of the
conclusions reached are directly related to the current project and will be
summarized here:

1. Unsymmetric motions and rotations of the body masses will result if
an unsymmetric single diagonal shoulder harness is used. This can be
partially eliminated by locating the harness anchorage at approxi-
mately 30° from a vertical center-plane through the occupant.

2. Symmetric belt systems such as the double shoulder harness and the
inverted y-yoke harness system are to be preferred over a single
diagonal shoulder harness because of the symmetric occupant response
and improved performance in side impact.

3. It has been estimated that a seat belt should be located at an angle
of 50° - 60° from the horizontal in order to comply with human anat-
omy and retain Toad carrying efficiency.

4. If belt attachment points are moved away from the occupant towards
the sides of the vehicle, it has been shown that both Toad carrying

efficiency and side impact performance are reduced.
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.o It was found that the o -themoi: 0 wodel can be used to izzntify

inportant parameters iv dwprovoe scal-rasfraint system pz-Sormanc:.

ez oaddicica of enerey cheorbin: v ovseriiss T2 bLsih the s2:t struc-
fure and tho restraint syston o007 led in e dacrease in G-Tcadings

a:odid the simulation of & se’ « iigurea to hody shape. =
use of eperyy wenageacnt in tio nonicle structure was shoan to yieis
an equally nigh potential pevoi-.
in a1 direct sidz impacts vhare ©ho sooirant was resTrained T, a belt
restraint system and vsed a standzrd bouel. soet arrancomert which wzre simu-

Tated ving the medel, it was found thet t" - cccupart s1ic o the s*de suf-

ficien.ly Tar so that half the torso anc 11 the Tcwar extrenities w2re out-

cide oo cesting rosition.  The consecronc of this is thazt a driver or
cxsezr yould slide dnto door structuy "7 an ir2zact wers 1o occ.r on this

<ide ¢f hoowehicle. In order to provile prulaction fo thz gccupert using 2
integro Lo seat-rosirveint systom concept, sice structures were addsc to the
seat to veduce side wetions both of the vipor torse and of the Towsr extrem-
ities «7 ne occupant. The principles behind this are discussed in Part 2
of thiz ro=ort and {1lustrated in Figure S.

omniiter exercises evaluating this techaigue for side impact protectior
are stwrized in Table 4. Four typical eveluaticns are included in this
Table rzz-~zenting a tiree-point narness, &n inverted y-yoxe harness, and an
airbag ftorsc restraint with no supplementary lap belt. Three of the exerciszs
involve 2 L0th percentile adult male and one a small child. In evaivating
this dsta, it can be seen that all segments of the occupants body rzwain wit=-
in the s2¢t environment. Also, the padding selected had been choses to Timit

the occurant loadings to acceptable Tevels. The high left-right tcrso

30



G-Toading in the third run was caused by an interaction between the torso and
a seat structural member underneath the padding. (This was corrected in seat
fabricziion by using stiffer padding). The deceleration profile chosen for
these vuns was a 20 mph direct side impact chosen from full-scale vehicle
crash t2st data.

The conclusion which can be reached from this study is that side struc-
tures must be added to vehicle seating concepts in order to provide protection
in side protecéion. It is unimportant whether they be included as part of
the seat structure itself (as was done in this study) o; integrated into the

vehicle interior side structures.
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airbag. Restraint for the pelvic region and Tower extremities coui’ v Iro-
vided either by an energy absorbing lower instrument panel? raking *-- :.st.-

completely passive or by a lap belt.

Figure 13 illustrates the basic bucket seat unit modified for uzz "7 a
bench seat arrangement. In the example shown, an active three-poin: iz-nzsz
is provided for restraint. Easy storage of this system is includec "~ 72
concept. The upper element of the harness is attached to a retracti-: “rert’:

reel. The lower element is attached to a locking retractor. Tnis holcs the

system against the seat back when not in use. As an example of the .3z af 2

(2}
«t
[
Q
=
=

system such as this (refer to Figure 13), the right passenger would

and insert his right arm through the loop. He would then grasp the o~jue

with his left hand and insert it in the buckle by his left hip which «culd

be permanently fixed in place. This system is automatically adjusti-; due

to the locking retractor on the seat belt and the inertia reel on trz rarness.
| It should be noted that the lower belt attachment points are lczz2%zd on

the seat structure. This is done to allow more control over the anc'z of the

seat belt, a problem plaguing current installation design. This witi nzces-

sitate a strengthening of the seat attachment points, a problem whic~ could

be minimized by locating an energy absorbing link at the rear mountir: point.

The upper strap in the shoulder harness will be mounted in the autorcile in-

terior to minimize redesign of the seat back.

Based on the previous discussion, four concepts were proposed which shou:c
offer high level protection in front, oblique, lateral, and rear collisions.
A1l these systems use the Basic bucket seat concept illustrated in Figure 11.
Three are bucket seats and the fourth is the bench seat shown in Figure 13.

They are described as: 1. bucket seat with airbag torso restraint ard energy
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LTl hoder dnstivcent pensl (pure passive system); 2. bucket ceat with
Leowmoew voke naimess and les belt combination using a retracting inertia
vezooos Lncoupner eliechment poine in the vehicle interior and using a lock-

Caogoslonosor on Lo Topobelty 5. bucket scat with threa point harness systes

et Cinorio o 023 and, b bench seat arrangsrent using thres bucket
: Pl equ aith the cepeint harnesses.
° b O 70 CO5TS
L riic o g procow. o seat s shown in Figure 14. The frare of

Sl s bt o Trom oo -nch sgicre hot rolled mild steel tubing with
Doacs Tenoail thacliiss, Theeo are twenty welded junctions in the frame-
Carde e i T wdn strucoeros are desigred to withstand 40 mph, 40 6

ool fees o, airectn with the added loading of a 95th parcentile

: “ank
e-to o0 the wiaip of the seat is 27 inches. This widih leaves

oo ree 7o ma-alles T on of energy absorbing material to offer pro-
o1 Prooacde dn ot oand for cuting a 95th percentile male. The distance

pobses DT acinent Loiets of the seat to the floor is 24.75 dnches. The tog

is 40 valhzs frow thz floor providing headrest structurz for a

! can e gl
Doeonad te Lo Tramewers s oa sheet of 22 gauge sheet steel. It covers

thae ot e, tho Loon back insiuding the headrest, and wraps around the tubi-
Tor sids mfevcturon. Tne purpoze of this is to deform and absorb ensrgy dur-
¢ oo N Z2-aecn dayer of BD300 styrofoam covers the seat back, headres®,
230 Cns oy end e inside of the side structures. This material is crush-

abie unvor @ Toad ¢f about 150 1b/in? A layer of 3 1b/ft3 urethan2 foam,
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which is & conventi-nal comper 1ve cushion fozm, is placed between the styro-
foam and ‘ho seat cover which ¢ naugahyd- ST. This layer, varying in thick-
ness from boinch to 1-1/2 inct i conteurca to provide Tower back support
«nd a cg:{ortab1e sealing surt oo An additional curved piece of 6 Tb/ft3
ehtafo. w15 acded oo the froal « o2 of the seat cushion to aid in restrictin:
forward wmction of th= H-poin” < »ing impact and to absorb energy when the hi:
coes mevs forwarce.

Only tro most Courising Ao tve restraint system was selected for tastirc.
fis dmotved the vue of a ¢y ric invertsd y-yoke harness. The hardware
mountsd Caoth2 seat o oproviios Ly American Seating Co. of Grand Papids
The urple clopent i 2 dners. real. It ds activated by 1/2 G acceleration
1

of the sireo materict as it Toont the veel. The device also locks automat-

TS turasd unsic. oon. The Tap belt segrent consisted of a Toce-
g redsnoTer on ors s fe ans o ovixed recsiver for the buckle on tnz other.

The ecat weighs 00 Tps. Thar d4s 23 1bs heavier than a current productizn
hucket oo oo No unvcoal cons . ciéion techinigues or materials have been used
in the s~ois. How.ver, becsu.. =7 the welding involved in the fabrication,

“tois estivstad that fhe protu. o HSRI <est used in the tests wouid cost a-

bout tinceo times 1ol of a cvrv ol production seat. This figure could be re-
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fer two v-sens. First, the seat withstood the severe
tests ¢roorivad in vorc 4.3 vichout noticeable deformation.  This suggests t-s
presence of overce,iin in scuo soructural nerbers, a problem which could be

1

eliminatad in redesion. Alsc, <ue to the small deformations observad in the
energy cososbing foens during che tests, the seat could be made narrower by as
much as threce inches, 2 weight, space and cost reducing change. The second
possibility for cost veduction of the seating unit is integration of the sids

impact pretective structures in the door or side structures of the vehicle.
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4.3 TEST PROGRAM

A total of fifteen impact sled tests were conducted on the HSRI i~
seat described in Part 4.2 of this report. The test matrix is given 1 7 '
5. ) .

The tests were conducted on the HSRI Impact Sled (Figure 15) which
the acceleration-deceleration type. It can be accelerated over a 1Z-{c .
distance up to a top speed of 40 mph using a compressed air-actuated pv'. .
arm. The deceleration stroke has a maximum length of 3 feet and a mox:
potential of 88 G's. For the purpose of high-speed photography, a toiu: o
50 kw of Tlighting is available. Real time and high-speed movies arc ta. .
as well as still photographs before and after each test. The Kistler
Piezotron Model No. 818 triaxial accelerometer packs were located in tiv i
and chest of the Sierra dummies. A Statham strain gage accelercmeter iz
used to record the sled deceleration pulse. Strain gage force transduc.::
were mounted on the harness and Tap belt segments.

The data was recorded simultaneously on a Honeywell 7600 tape recc:d.n
and a Honeywell 1612 Visicorder. No filtering was used during the initiz]
recording other than the limitation of the Tight-beam galvanometers to
frequencies under 1000 cps. A sample set of transducer data is shown in
Figure 16 which is a photograph of the 1light beam oscillographic test recorc.
A sequence of photographs illustrating the motions of the test dummy is given
in Figure 17.

A summary of the test results is given in Table 6 based on an evaluaticn
of the oscillographic and photographic data. Code letters define dummy size
as follows: 1. 50M (50th percentile male); 2. 5F (5th percentile female);

and, 3. 95M (95th percentile male). The body accelerometers are referred to
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TABLE 5. SEAT TEST MATRIX

Iirpact
Velocity Direction
Test No mph of Impact Occupant
—anﬁTSI” 20 front 50th percentile male
A-211 30 front 50th percentile male
‘—j 212 40 front 50th peréenti]e male
A-21 40 front 95th percentile male
““;ig}@ 40 front 5th percentile female
“—A~3'” 20 rear 50th percentile male
A28 30 rear 50th percentile male
- 351 30 rear 95th percentile male
h-753 30 rear 5th percentile female
ﬁ1380 40 45° oblique 50th percentile male
*’;t;81 40 45° oblique 5th percentile female
——-A—3Sé- 40 45? oblique 95th percentile male
£-283 30 side 50th percentile male
A:384 30 side 5th percentile female
ﬂu-Atfgo 30 side 95th percentile male
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as: 1. z-n (anteriar-posterior); 2. s-i (superior-inferior); and, 3. 1-r
(left-rish~). Instantaneous peak values are given for body G-loads and belt
ioads.  n~ Tienk spoce for an acceleration indicates a malfunction of the datz
rocorsins ovsten, oo most often, a break in the cables connected to the ac-
vaicvvesio s A bTost shown for a belt segment load indicates that a belt was

notousoe in o the cor-s of Test Mos. A-315, A-316, A-351 and A-353. The value

vas e ovnanvaded in other cases.  The Tast column shows the maximum angular
dispic o oab of @ woitrary line through the center of gravity of the dummy's
Load. it was ebininad from photographic analysis of the high speed movies.

TLoren oionis a connination of pitching and rolling motions of the head. Yaw

{(spir.o) coticn. o the head around this axis are not included.

T cecelers Lion pulse used in these tests was a trapezoid with a rise
sooroxianiciy 10 ms. The average magnitude was 16 G's.

[h ootions oncorienced by the dummies are illustrated in Figures 17-20.

<
(8]
-
T
(vl
.}

it shouls be observed that the dummy remains within the enviror-
wene o7 oo HSRT daicgrated seat-restraint system and does not experience any

unusto L stions wnich could lead to potential injuries.

a4 TOERISON CF RISULTS WITH CURRENT SYSTEMS AND WITH ANALYTICAL PREDICTICH

Tho results given in Table 1 based on current production and airbag prc-
totycz syotems can be compared with the results of the HSRI seat tests. Test
ho. A 756, a freniad 30 mph test using a 50th percentile dummy restrained by
a lap bei® and single diagonal shoulder harness and sitting on a standard
produc.icn bench seut, can be compared with Test No. A-311. The body G-
Toauir s are similar in the two cases and the belt loads somewhat lower for

the HZRI prototype. Tests A-278 and A-313 at 40 mph involving 95th percentile
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dummies can also be compared. In this case Lol body G-loadings and belt
loads are somewhat Tower for the HSRI seat.

Test Nos. A-292 and A-309 using the 50th ;ircentile male dummy both in-
volve airbag upper torso restraints and sre st U0 ond 40 wph, respectively.
In thes; cases body G-loadings are lcwer than 7. the HSRI seat. Substitu-

tion of the airbag for the inverted y-yoke hao .5 used with the HSRI seat

would most likely lead to a similar reduction in body G-Toadings.

Although the G-loadings experienced by il dummy vestrained by a lap
belt and shoulder harness and using a stsnder) <zt are relatively low in

side impact, the motions are extreme. Figure & {20 mph side impact with
standard system) can be commared with Figure “J (20 mph side impact with HSRI
system) to show the distinct adventages of tho p;ototype system possessing
substantial side structures. Similur imovroviiis in kinomatics are observed
in the cases where head restraint is provided {“fgure 10 versus Figure 18).

The HSRI seat and restraint system is obro-rod to outperform standard
production seat and restraint system configui-ticas in most respects. In
frontal impact tests the HSRI seat equals or h:ilzrs the current one while
in side impact the HSRI integrated seat-restraint system is far superior.

Comparisons can also be made between the initial predictions of the HSRI
three-dimensional crash victim simulator and thz results of the impact sled
tests. Figures 21-24 are graphs showing some o7 the important physical vari-
ables in the case of HSRI Impact Sled Test Ho. A-383, a 30 mph direct side
impact involving a 50th percentile male dumny.

Figure 21 shows predicted versus experiiiziizl side head motions. The ex-
tent of the motions experienced by the head arc similar in both cases with a

difference in the peak values of approximately 15%.
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Figure 22 shows predicted versus experimental side torso roticns. The
prediction of mzximum side motion of the torso agrees with the sled tes: witn-
in 8%, In Figure 22 as in Figure 21, rebound is cbserved to take place 7ors
quickly in the case of the computer predictions than in the case of the imcz:zs
sled te;t. The styrofoam padding used to cover the steel frame of the 43P
seat apparently absorbed more energy in the test than the contact surfzzz i -
cluced in the computer model which had force-deformation properties defined
by a nonlinear spring.

Figure 23 shows predicted versus experimental head side G-loadincs.
Although the duration of the two pulses is the same, the computed G-loaz v::
much higher than the test value. Further examination of the computer ;ein<-
out revealed that the head interacted with one of the stiff steel memdbers o
the seat frame at the time when the high G-loadings occurred. Examinztion
of the high speed movies of the test showed that the head missed this remher
by approximately one inch. Figure 21 shows the head moving approxirately
one inch further to the side in the computer simulation.

Figure 24 shows predicted versus experimental torso side G-Toadircs.
The peak G-loadings are similar and the shape of the two curves is genzrail.
the same.

The purposes of the analytical work has been accomplished. Predictic::
have been made to define the geometry of an integrated seat restraint sysi- -
capable of protecting a variety of occupant sizes in front, oblique, lzterz™,
and rear impact. The predictions have been used as a design tool in prepari--
seat mockups and the prototypes for use in the test programs. The test re-
sults suggest the value of an integrated seat restraint system design in pro-
viding occupant protection. To close the circle, the test results alsc cor-

relate well with the initial predictions made using the mathematical medels.
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CEMERAL PMRGUIREMENTS

5.4.1 Integrated Sort Restraini Syoters

An integrited seat vistvaint syl is doiinod to be & combination of

seat restraint system, and vehicle interior conponents designed to provide



protection to the occupant in the event of a crash. The system shall be

tested in front, lateral, and rear impact as outlined in Part 5.5. The test
shall be conducted in accordance with the requirements outlined in Part 5.7
and thekdata gathered from the anthropometric test device shall meet the in-

jury criteria of Part 5.6.

5.4.2 Passive Front Seat Occupant Restraint Systems

The systeh shall be tested in front impact as outlined in Part 5.5.1.
The test shall be conducted in accordance with the requirements outlined in
Part 5.7, and the data gathered from the anthropometric test device shall
meet the injury criteria of Part 5.6.

Comments: It is felt that all restraint systems ultimately should be
required to offer impact protection when a vehicle is subject to any sudden
Tinear and/or angular decelerations. However, experience at HSRI with pas-
sive restraint systems has been limited primarily to front impact studies.
Because of this the performance and compliance recommendations for passive
front seat occupant restraint systems are limited to the front impact case

only..
5.5 OCCUPANT CRASH PROTECTION REQUIREMENTS

5.5.1 Frontal Impact

Khen a full-scale vehicle interior complete with all interior components
as well as the seat and restraint system, rigidly mounted to an impact sled
platform, is impacted under conditions approximating a 40 mph perpendicular
barrier collision using the anthropometric test device specified in Part

5.7.2, the system shall meet the injury criteria of Part 5.6.
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Comments: Our experience has shown that full-scale barrier impacts are
less reproducible than their laboratory counterparts, the sled impact. Fur-
thermore, our studies employing sled tests as well as mathematical simulations
of occupant kinematics (see references 3 and 4) indicate that the barrier ac-
celerat}on profiles mmay be reasonably reproduced by simpler acceleration wave-
forms than those encountered in a full-scale crash and yet accomplish the
desired kirematic response on the part of human simulators such as anthropo-
metric dumnies. Given that greater reproducibility is possible with an impact
sled and that the occupant response is reasonably insensitive to the fine
structure measured in a vehicle-barrier acceleration crash profile, then a
laboratory test is highly preferred over a less controllable barrier crash
evaluation. An impact velocity of 40 mph represents an achievable goal and
has been chosen on the basis of the encouraging performance of the HSRI inte-

grated seat restraint system at this velocity.

5.5.2 Lateral Impact

When a full-scale vehicle interior complete with all interior components
as well as the seat and restraint system, rigidly mounted to an impact sled
platform, is impacted under conditions approximating a 30 mph direct side im-
pact using the anthropometric test device specified in Part 5.7.2, the system
shall meet the injury criteria of Part 5.6. Unsymmetric seat and restraint
system configurations shall be subjected to lateral impact from both left and
right sides.

Comments: An impact velocity of 30 mph has been chosen on the basis of

encouraging performance of the HSRI integrated seat restraint system at this

velocity.
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5.5.3 Rear Impact

When a full-scale vehicle interior complete with all ir=<-io- comianiris
as well as the seat and restraint system, rigidly mounted <o 2 71 -1zt il
platform, is impacted under conditions approximating & 30 ~2° ~fr:i: rezs -

N\
!
(g3
2l

pact using the anthropometric test device specified in Part Z.7.2.
shall meet the injury criteria of Part 5.6.

Comments:. An impact velocity of 30 mph has been choszrn on fr: 2asis ¢~
encouraging performance of the HSRI integrated seat restraint syta- =zt thi:

velocity.

5.6 INJURY CRITERIA

5.6.1 Head Anterior-Posterior Acceleration

~ Acceleration of the head center of gravity in the antzrici-poizerior
direction resulting from the test shall not produce a maxi-.= strz’~ fcr ths
’head in the a-p direction which exceeds 0.0061 in/in. Corziizrce :-z11 be
based on Figure 25 with the anterior-posterior head G-level reraini~z below

the "Front Head" curve.

Comments: Our experience gained in studies of the tcisrznie 27 thz hu-zn

head to impact indicates that the Maximum Strain Criterion, dev2ic zd ¢n U.S.
DOT Contract No. FH-11-7288, "Door Crashworthiness Criteriz” (Fzfa znze 6),
is a viable and realistic approach to the assessment of the iniury cotentiz’
of an acceleration input to the cranium and its contents. As & res.it of
other studies we have documented the lack of sound data to supcort zhe wSU

head injury tolerance curve. Without an adequate data base to surz:irt the
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WSU curve, the use of other criteria derived from it, i.e. Gadd Szverity
dex, is even more futile.

We do not recommend the use of a resultant acceleration pulse in ine
assessment of the potential for head injury. Although criteria for teleri -.
to individual blows on the front or on the side of the head have bzun pro-
posed, tolerance information is not available for up-dovin acceleraticn: of
the head or for oblique impacts combining the directions. Until it can be
documented thréugh biomechanical research as to how the directionelly depen-
dent tolerance levels might be additive, the use of a resultant acczlereticr

pulse could prove to be unrealistic.

5.6.2 Chest Anterior-Posterior Acceleration

The anterior-posterior component of the chest acceleration at the centcr
of gravity of the upper thorax shall not exceed 45 G's. The restraint devic:
shall apply its load over a contact area of at least 100 in?

Comments: The Biomechanics literature adequately documents the ability
of the human thorax to sustain a 45 G pulse without cardiovascular effects i<

the load is properly distributed.

5.6.3 Leg Force

The force transmitted axially through each upper leg shall not exceed

1,400 1bs.

5.6.4 Head Side Acceleration

Accelerations of the head center of gravity in the left-right direction

resulting from the test shall not produce a maximum strain for the head in the
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side to side direction which exceeds 0.0061 in/in. Compliance shail be baszz
on Figure 25 with the left-right head G-level remaining below the "Side Heaz
curve.

Comments: See Figure 25 and the comments associated with Part 5.£.1.

5.6.5 Chest Side Acceleration

The side component of chest acceleration at the center of gravity of
the upper thorax shall not exceed 45 G's. The restraint system arc seat
shall apply the Toad over at least one square foot.

Comments: The above is considered to be a preliminar, recomrzrndation.
It is based on a series of impact sled tests at 34 mph, using anthroporetric
dummies. These tests were designed to duplicate an automcdile accicent
(direct side impact at the same estimated velocity) where the occuzznt re-
ceived moderately severe internal injuries resulting from contact with door
side structures. The damage to the doors of the automobile resulting from
occunant contact was similar in the sled tests and in the zccident. The G-
Tevel is the average of the peak values recorded in the six impact sled
tests. These tests are discussed in more detail in Refererce 6.

If the Toading is not distributed over a large area of the side of the
body, this G-level should be reduced. In animal tests (which have been
scaled to human tolerance) where the area of the side impactor was recduced
from 40 in% to 7 in?, it was found that the average pressure applied to the
surface of the impactor remained constant at 27 psi for the production of
serious damage to the contents of the upper thorax. For iwpacts lower on
the side, a value of 19 psi resulted in serious spleen and liver darage.
This implies that smaller contact surfaces can produce injury at decreasing

G-Tevels. These tests are also discussed in Reference 6.
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5.6.6 Rear Impact

The anterior-posterior center of gravity G-i-.ob

to the rear of the head shall be computed using :»

as described in Part 5.6.1. The angle of hyperen’- “9c0 .

80 degrees and preferably under 60 degrees. The v .icv
head to the rear relative to the torso shall be 1¢=x  an

the angular velocity shall not exceed 50 rad/sec.

<

Comments: A three-fold criteria for head veor vizco -

been recommended which consists of both anguler & Vio-ir -

ponents!® as well as a restriction on relative rot:t oy te

chest.!! Similar values should be obtained for a1l s7. |

components of the head and for all three possibic o -:d

combinations) before any proposed, recommended, ¢ = iutin: -
formance can be regarded as complete. This poinic ous tha »o

Biomechanical research which must be carried out L7070 & -

-

injury criteria can be recommended, but does not dzi ot 7o-

present knowledge in current standards.

5.6.7 Limitation of Body Motions

The motion experienced by the test dummy shall be 3

and restraint system to prevent ejection, contact vith or
contact with potentially injurious vehicle interior conporcns
shall be limited to the inside of a volume defined s 2017

the volume shall be the bottom of the foot well used by th

of the volume shall be defined by any vehicle componenis

the protective elements of the seat and restraint syster:;
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volume shall be defined by vertical surfaces, located four-inches from the
widest part of shoulders of a 95th percentile male dummy positioned as spec-
ified in Part 5.7.4 or vehicle components not associated with the protective
elements of the seat and restraint system, whichever is closer; 4. rear of
the volume shall be four inches behind the surface of the seat back and head-
rest combination; and, 5. top of the volume shall be one inch above the top
of the head of a 95th percentile male dummy positioned as specified in Part
5.7.4. The Tower arms and Tower legs need not remain within this volume.
Comments: This recommendation, specifically designed to Timit occupant
motions to the side, is based on experience with the HSRI integrated seat

restraint system and represents performance which has been demonstrated in

the Taboratory.
5.7 TEST CONDITIONS

5.7.1 General Conditions

The following conditions apply to the frontal, lateral, and rear-end

impact sled tests.

5.7.2 Test Devices

Anthropometric test devices should conform to the size and range of
motion requirement of SAE Recommended Practice J 963, June 1968. The dynamic
structural characteristics of the head and thorax of the test device shall
provide the same mass, damping and stiffnegs characteristics as the human.
Compliance with such requirements shall be demonstrated by comparing the
variation in mechanical impedance over a range of 5 to 3,000 hertz for the

head and chest assemblies with the demonstrated variation of mechanical

65




fmped men for the . . sane v omourey vange. The mechanical o

prdner oo dne oo Sl vl o Team thio human by more than 107

L@y 7 eany T Tt Do sartz renge. The pelvic struziucs
0othn oaLl cova T ; CoooWust o hotics 9, March 10, G270

. PP - e, .Y - <. Lol mgn e - - rna e
Lodvints s ST S R o Stacoeizinis concerning toe Aol

‘ S S0 S in gnusen ©o rprovide size Eng rirls
S A Coovzse T os Thas ls supplementel by o
rebeit oL

-
>
-
f
(73]
[and
=]
s
(@]
O
[N
ow
)
3%}
7}
»
:

4 LN . NN TS P N A R
Choa : S otemednes o 0f the v with values oot

PRI co s s thet e reco o ondnd test dume con

I ! N , e e s an . e 4 ~ Ak -

ARG oo sie el Voo otnst than is pes_1oit
s P P L ol s BRSO g - N A

CUrrent ooy = Cooo s Filterin of date s nacessary to fiiTine s

- -~ A -~ o -

YIAGiT L M UnTE ! t-al o M

Shaldor, ¢ ,oan oo ke, head and neck jJoints shall be set at 1 .
barely vostreinin. vzt L0 o7 the body segment wihon extended herizontzd
Articuiated torse [oinse 50211 not move at a horizentad acceleration lezd -
TG, in the test pr.otion, vt vove at a horizontal acceleration Tcz2d o 2 5 :.

Comrent:  The onlyv funccicn of this recommandation ds to fix curmy nus’-

nd nencs

w

tion prier to the tuzt. The seotings are not based on human data

the recommendation rust be regarded as very preliminary. In order to updst:

66



this recomnendation, it will be necessary to conduct research to define
quantitatively the degree to which an occupant can stiffen himself prior to
or during an actual impact, a factor believed to greatly alter occupant
kinematics.

Joint friction torques are used to approximate a constant torque resist-
ing angular motions at the joints. In human volunteer tests conducted at
Holloman Air Force Basel? the subjects, restrained by a lap belt, sat on an
instrumented seat and pushed as hard as possible on a toeboard instrumented
with triaxial Toad cells. Most subjects voluntarily pdshed with a force suf-
ficient to represent a 20 G torque at the knees. During impact sled tests
involving a variety of restraint systems, subjects initially exerted foot
forces sufficient to represent knee torques far in excess of 1 G. Zesearch
must be conducted on other joints, particularly the hip and neck, to estimatz

joint settings typical of the human case.

5.7.4 Occupant Positioning

Each test device shall be placed in a designated seating position in the
following manner: 1. with the test device in an erect sitting position as
shown in Figure 1 of SAE Recommended Practice J 963, locate the H-peint (SAE
J 826a) on the test device pelvis 5.28 inches from the back reference line
and 3.84 inches above the seat reference line used in Figure 1 of J 963; 2.
center the test device about a vertical plane parallel to the longitudinal
axis of the venicle which passes through the seating reference point; 3. place
the test device's head so that its vertical centerline is perpendicular to
the vehicle's Tongitudinal centerline and in a vertical plane parallel to thz

longitudinal centerline of the vehicle; 4. place the hands on top of the
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thighs with the paims down end with the elbows resting against the seat back
and 25 close to the body 35 nossible for passenger positions; 5. position

th scomant's feet againct the vehicle's toepan or, with the leg cutstretorzs

F 037 to the tibizy 6. the long axis of each foot shall bs parz'-
Toi ethin I5° o a verlics? planz through the Tongitudinal axis of the

verricdey and, 7. scparatc the knezs and ankles such that a six inch wis

[}
(¢¥]

rioid block wiil 3ust fit otween them.
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5.7.5 Trinsdicers
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aco e, or acceleration transducers usss
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Crong the tose shell nob @fTect the motion of the test device during mpace.
(i ressonse of iz date cfchepine ©nd recording system shall be fiat 1 do
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