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1. INTRODUCTIOXN

On all new automobiles manufactured for sale in the United
States since January 1, 1969, head restraint protection for occupants
at each outboard front seating position has been reguired by law.
FIMVSS 202 directs that during a half-sine acceleration pulse of 8
to 9.6 G amplitude erd 80 to 95 msec duration, the rearward rotation
of the nhead relative to the torso sha]l be Timited to 45 degrees by
the action of the head restraint.
Current head-restraint systems to meet this requircment are
generally-of two types: fixed extensions of the seat-back, or a separate -
head cushion, adjustsble for neight, attached to the seat back. Such
Fystems, however, can restrict rearward visibility for some drivers,
and, if not adjusted properly (referring to the height-adjusta ble type),
will not provide effective protection. For these reasons, the concept
of a deploying head-restraint is attractive; such a system wou]d:remain
out of sight in the sceat-back until required then deploy rapidly to the
proper position in tne event of rear-end impoct. ?
Under HHTSA Contract FH-11-7612 (1 July 1970 - 30 June 1871), the
Highway Safety Research Institute at the University of ichigan developed
and tested two automatically deploying head restraint systems -- one
an inflating-bag system, the other a rigid slidina panel svstem -- and

!
concludad that danloy /ab" E head restraints are technically feas1b]e and that

r

they can provide a genera] level of periormance better than gonventional
[

fixed head restraints, '




Of the two types tested, the inflating system exhibited several
advantages over the rigid system:

1. more ccmpact packaging,

2. lower inertia during deployment,

3. greatér potential for contact-surface shaping,

4, ability to expand fore and aft while deploying vertically.

These advzntages vere somewhat offset, however, by two related
structural probleins: provision for adequate foreand aft stiffness, and
for oblique-impact protection. Regarding the first problem, the final
ceport on this earlier study indicated that "...bag type inflatable
. head res%réints vere found to require a r{gid rotating flap...

to provide necessary stiffness." As can be seen in Figure 1, such

4

J reiating flap or comparable externad machanical suppori couid pose
8 serious threat of injury to a vehicle occupant who was out of p%sition
(i. e., close to, or on top of, the support) at the instant of de}loyment.
The oblique-irpact situation -- which is, again, a "stiffnéss” oﬁ support
problem -- was recognized but not investigated in depth in this earlier
W

stuady. '

The final report’qn Contract FH-11-7612, reccamendad severel areas
for further study, including:

a) developmont of totally inflating systems with self-contained

fore-and-aft stiffnass, and x
1

b) developient of optimum head restraint shapes for oblique as well

as direct rear end impacts. ]

H
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Contract HS-031-2-281 has been a program to extend and further
develop the concept of the inflating head restraint system, with special
emphasis on the two technical problems described above. In a series
of related tasks, HSRI undertook:

1. Definition of the dimensional constraints and performance

requiremants of head-restraint structures and inflator devices.

2. LEvalvaticn of proposed head-restraint/inflator concepts and
selection of "candidate systems" for study.

3. Design and construction of an integral seat/head-restraint/
inflator system, for use in an impact-sled test program at
HSRI and in a series of real-vehicle barrier and car-to-car
crash tests at Dynamic Science in Phoenix, Arizona.

4, Dorfermancs of comparative prototyrc testing on the “candidate
systems," than final performance testing of the system judged
best at the conclusion of such development tests.

Following sections of the report describe in detail the way each

of these tasks were carried out.
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2. CONCLUSIONS AND RECOMMENDATIONS

This study has demonstrated the technical feasibility of a deployable

inflating head restraint that requires no external support for fore-
and-aft stiffness. Of three "candidate systems" studied, the HSRI/
UniRoyal prototype described in Section 4.3 best met the following
criteria:
« minimization of head displacement and acceleration (both
Tinear and angular)
« mininization of relative head/torso motion
- compact storage in a realistic seat structure
« rapid inflation, but with minimun hazard to occupants in
atypical as well as normal positicon, both during & crash and
during inadvertant actuation.
« simplicity of construction
The system was subjected to 16 impact-sled tests and to 4 vehicle
crash tests, in simulations equivaient to car-to-car rear end impacts
of 40, 60 and 80 mph. The performance of the head restraint in one
such sled test, A-626, indicates how effectively it reduces the head/
neck hyperextensicn ("whiplash") that characterizes rear-impact
kinematics:

« 95th percentile male dummy, lap belted

40 mph/32 G direct rear impact

« deployment time 32 msec

maximum head/neck extension 10 1/4°

peak haad A-P acceleration 71 G



« ramping and rebound moderate

« stowage volure 20" x 4" x 1",

Head-restraint effectiveness must be evaluated in combination
with the seat structure to which it mounts, since dynamic performance
depends upon the degree to which the load/deflection characteristics
of the two are matched. Elastic deformation or energy storage in
‘the seat, or relative rotion between seat-back and head-restraint,
will amplify the prodblems of extension, ramping and rebound. For
this reason, a very strong and rigid seat was designed and built in
parallel with hzad-restraint development. The approach taken in this
“study of rear-impact kinematics was that the occupant "ride down"
the crash pulse; no attempt was made to absorb kinetic energy by
#11owing plestic deformation of seat/head-restraint comnonents. This

latter approach might be worth stucy, but caution is recommended;

!
’

Energy ebsorption must involve both the seat and the head

.
restraint; otherwise, undesirable differential motion béfween head
and torso can result, as test Z-140 made clear., The head-restréint
mounting platform defermed 39° (plastically) while the seat remgined
rigid, Ramping was noderate and rebound severe, and extension was
close to 30°. A more acceptable approach to energy absorption might
involve crushable foam behind the seat-back and possibly within the
head-resiraint mountincg structure, "matched" to maintain torso/head
geomelry during deforma%ion. )
Alternatively, the seat-back could incorporate a "plaztic hinge"
at the point where it joins the seat-pan. This would absorﬁ occupant
Kinetic energy, vul would aiso create probliess of occupant ;dmping and

rear-passenger-cempaitment intrusion,

6
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Finally, seat-to-floor mounting is important in the "crash energy
management" scheme also, as seen in the vehicle crash tests in Phoenix.
Despite a rigid seat structure and head-restraint mount, rebound was
a definite problem, primarily due to elastic deformation of the vehicle
floor below and behind the test seat.

Protection against cblique recr impact was a design cbjective in
this study, and both the Goodrich and Gooayzar prototypes incorporated
side-panels or projections for this purpose in their original designs.
Both units, however, failed under dynamic test, due not to head loading

but to material failure ceused by thes stress of rapid inflation., Keither

~ could be evaluated in an oblique impact situation,

The HSRI/UniRoyal was tested twice in 30° oblique 40 mph impact

a -
1

simulations - - once in thc basic configuration (no side paneis) in a
car, once in the Mod 1 configuraticn (with side panels) on the impact
sled. Performance was good in both cases (5° maximum extension, 49 G
peak head A-P acceleraticn), but further tests are recommended before
conclusions about oblique crash performance can be made with real
confidence, Bag shaping was attenpted in fabricating the Mod 1 unit,
but this concept could be explered further. Also, the side Toad straps
might be moditied to share more of the load ¢enerated by oblique impact.
Other refinements in design could reduce the phenciencn of "bag
slap" encounteored in several deploying tests. Contact between the
head and bag, after impact but before complete bag deploywent, gives the
back of the head a "slap" that shews up as a sharp spike on the head

accelerometer trace. Two possible solutions are:



« modification of the inflator to "soften" or "flatten" the

initial portion of the pressure-time profile;

« modification of the air-bag -- built-in lezkage, or "blow-

out" patches -- to reduce the stiffness caused by initial high
pressure,

Both types of modification were attempted -- use of a "choke plate"
on the inflater to reduce flow, and deliberate "controlled leakage"
assembly of the air-bag -- and both helped reduce bag slap. Further
study of the problem, and exploration of othker possible solutions would

“be helpful.

Another parameter that caused some inii{ial conceyn vas angular
head acceleration, which, in test A-626, for exarmnle, reached 4190
rad/secz at the time of maximum head extension (57 msec after inpact).
Closer analysis revealed, however, that a similar high angular head
acceleration also occurred early in the crach pulse (5520 rad/sec2 at
33 wsec for A-626) due to the onset of durmy head deceleration. Thus,
the head restraint did not generate the high angular acceleration, but
“returned" the input it received as the head roved into the bag. Values
of peak anguler head acceleration are roted in Table 2 for a number
of other tests; sowe discussion of these results is warranted.

First, these angular accelerations were covputed directly from
Visicorder traces of the two head S-I accelercieters, not from
photcratric film analysis as is more typical. (The latter techniqueusually

employs smoothing of any peaks in angular acceleration.) In recent work



by T. D. Clarke, et. al. (1971) with human volunteers, and by Clemens
and Burow (1972) with cadaver preparations, the same accelerometer-
trace analysis method was used; similar values for peak head angular
acceleration were obtained.
Second, the HSRI neck (see Section 6.1) used for these tests
is much less stiff than a conventional rubber dumay neck, and offers
less resisiance to motien at the startrof the crash pulse and at
the time of maximum head cxtension. This more human like characteristic of
the neck coupled with the severe "square wave" nature of the crash pulse used
in the sled test program (see Figure51 for example) would explain,
at least in part, the rather high angular head accelerations noted. )
Since this was primarily a feasibility study, "product development"
prpb]ems -- packagina, protection Trom the elements, crash sensor
integration and the like -- were recognized but not explored in any
detail. Effort was concentrated on designing a compact funct1onaﬁ
prototype systen, integrated into a seat structure for repeatab1ef
test purpcses. f
It should be noted ithat the failure of the other two prototyges
was due essentially to materials problems; investigation of improved
bladder materials and fébrication metnods might be worth consideration.
More complete dynamic testing of the two systems -- which did incorporate

some sound dasgin approaghes to the head-restraint probiem -- could then

¢
'

be conducted.



3. DEFINITION OF HEAD RESTRAINT SYSTEM REQUIREMENTS

The goal in this phase of the program was to define the dimensional
constraints and performance requirements of head restraint structures
and inflator devices. (Definition of a seat structure into which the
head restraint and inflator could be integrated was the subject of a
separate task, described in Szction 5,)

3.1 HEAD RESTRRINT GLLTETRY AND PERFORMARCE

AN

Based on a careful revic of the work carried out under Contract
FH-11-7612 -~ computer simulaticns of occupant motion and head restraint
-effectiveness (using the HSRI {uo dimensionz1 crash victim computer model),
plus extensive sled tests cf inflating head restraints -- requirements
for hcad-restraint gecuetry and performance were definad.  (Appendix A).

This specificalion sheet vas discussed with the B. F. Goodrich
Research Center (Brecksville, Ohio), Goodycer Aerospace Corp. (Akron,
Ohio), and UniRoyal, Inc. (Misnzwaka, Indiara); all three organizations
had previously expressed intercsi in workine with HSRI to investigate
the concept of the denloyable head restraint. (The prototvpe test units
proposed and built by each firm are described in Section 4 of this report.)
3.2 INFLATOR DEVICE PERFORVANLCE

In conjunction with tha decision to limit the scope of this program
to inflating head-restraint, a srecificatior sheet defining inflator
geometry and perfermance (Appendix A) was drawn up. Two inflator systems

were considered for possible use

10



The first was the "Safe-T-Flate" unit from 01in Corp. (Marion,
11linois), developed for use with a steeéing-whee] air-bag system. The
rechargeable 13 cubic-inch cylinder (see Figure 2) operates on the
augmented air principle:

« prior to testing, the bottle is charged to sbout 20C0 psi

with comnressed air.

« upon actuclicon, an electric squib ignites the pyrotechnic portion

of the inflator.

« pyrotechnic pressure builds up until a rupture disc fails, allowing

the hot gas to enter the chamber containing the compreséed air.

. tﬁé—compressed air heats up and pregsure rises until a second

rupture disc fails, allowing the air/gas mixture to enter the

[e3)

| recty

int bas

.

Also considered was a gas generator system developed by Rockét
Research Corp. (Redmond, Mashington). The unit is basically a smé]]
modified solid-fuel rocket motor whose exhaust gas, coo]éd by thé
evaporation of Freon, could be ducted into the reétraint bag to ¢chieve
‘nflation. |

For several raasohs, HSRI chose to use the 01in system for use through-
out the program:

« successful use in the test prograns of Contract FH-11-7612,

« well estzblisned procedures for shipmant, recharge and return,

]

 uncertain cost anc availability of the RRC system,

1

. . . . . . . f
« Tittle information available on autemotive applicationt of the

RRC system,

11
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« questionable acceptability of possible toxic gas generation

with the RRC system.

13
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4. EVALUATION OF PROFOSED HEAD-RESTRAINT/INFLATOR CONHCEPTS AND SELECTION

OF CANDIDATE HEAD RESTRAINT SYSTEMS

This task involved oreliminary evaluation of three head-restraint
concepts proposed in response to the specifications described earlier,
and indicated that all three of the prototype units deserved more
thorcugh develcprient testing et HSRI.

Each of the systems underwent modifications in the course of
developirent, and these are described in Section 4.4, In this
section, however, only the original prototypes are déscribed, to
“indicate tha starting points for subsequent developrent work.

The "design goal" in each case, to repeat, was a self-supporting

inflating head restraint that satisfied the reguiraents speiiea out
in Appendix A,
4.1 THE B. F. GOODRICH PROTQTYPE

Goodrich devised a "curved-tube" structure similar in construction
to a segment of fire hose; i.e., a tube of rubber bladcer material
enclosed within a tubular sheath of coarse-vioven abrasion-resistant
fabric (the deflated bladder and the fabric sheath having the same
nominal diamater and length).

To achieve shaping, tnhe fabric tube incorporated adjustable cables
to control the curve and shape of the sheath as the rubber bladder
within expanced upon inflation. Figure 3 illustrates the final shape

taken by the curved tube with the bladder inflated to 10 - 15 psi.

14
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Note also the straiaht tubular segment that forms the head contact
surface. Although Goodrich first suggested that a conventional small
air-cushion could bé used as the head-contact surface, it proved to
be very difficult to position and restrain an elliptical or cylindrical
bag between the vertical "legs" of the curved tube.

This basic prototype was not cesigned for use with an inflator.

The ends of both the curved and the straight segments were clamped shut;
tire valves in each segmant allowed preinflation to any desired level
for sled testing. While the ends of the curved segment were bolted to

a mounting plate on the ﬁop of thg ggat—back, ?he clamped ends‘pf_thg
straight segment were unrestrained. Sections of rope (replaced later by
seat-belt webbing) were used, however, to hold the straight tube in
place behina the curved segment.

As may be seen in Figure 3, the unit was designad to provide
resistance to direct-rearward and oblique-rearward loading in two
ways. Under direct loading, the curved segment "works against" the
straight segmant to resist rearward motion; note also that the forward
projection of the curved-tube's vertical legs helps "pocket" the shoulders
to prevent excursion over the head-restraint. In the case of oblique
loading, the same forward projections would help to catch the head and
prevent excessive sideways twisting of the head and neck.

The results of tests on this system -- and on modificd versions

of it -- are described in Section 6,

16



4.2 THE GOODYEAR AIRMAT PROTOTYPE

In the late stages of Contract FH-11-7612, Goodyear Aerospace
suggested the possiblie application of their unusual drop-veave
structure called "Airmat" to the inflating head restraint investigation.
Time limitations made it impossible to develop the Airmat structure
to any degree under that earlier contract, but the concept was examined
closely in tha course of ihis program. |

Figure 4 shows such a drecp-veave material in unfinished form. The
basis for its unusual mzcnanical properties is the three-dimensional mannrer
. in which it is woven. The tightly woven upper and lcwer surfaces form
fabric faces, while the drcp-woven threads tie the two surfaces together,
llhen the fabric faces ere then sealed or ccated to provide an air-tight
system, the resulting inflatable structure is 1puch stiffer in bending
than a simple bag-like inflatable, due to the three-dimensional nature
of the drop-ieave. A head restraint of such material would provide its
oun fore-and-aft stitfness, making external mechanical support unnecessary,

Airmat was most easily fabricated and readily available in flat
planar form, and so the basic Goodyear prototype was constructed frem
three such panels (see Figure 5). A vertical rear panel 18 inches wide,
11 inches high, and 4 inches thick was joined with two perpendicular side
panels 5 1/2 inches wide, 11 inches high and 4 inches thick to form al-

i

shaped structure with the "open side" forward. (A11 three sections were

connected interrally to form an integral pressure-tight structure.)
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As delivered for initial tests, the rear Airmat panel included
a tire-valve inlet for pre-inflated tests; in addition, the panel
incorporated a flanﬁed fabric inlet tube -- sealed internally, to
be opened when ready for dynamic inflation tests -- by which an
inflator could be interfaced to the unit. A membrane of coated fabric
was bonded across the side panels and the rear panel to create a
recessed head-contact cushien with its own pre-inflation inlet valve.
The Airmat structure was mounted to a baseplate in such a way
that the inflator flance and inlet valve on the bottom surface of the
rear panel passed through the baseplate; 10-inch-wide fabric panels bonded
to the front and back faces of the rear Airmat panel tied the structure to
the baseplate. .
The tesu program run on the Goodyear Mrmat system is described in

Section 6,
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4.3 THE HSRI/UNIRCYAL PROTOTYPE

The deployable head-restraint studied in most detail under Contract
FH-11-7612 was a neoprene-coated nylon bag supplied by UniRoyal, Inc.,
inflated by an 0lin "Safe-T-Flate" inflator. The same basic system was
developed further under this program, in an effort to do away with the
external mechanical support found to be necessary in that earlier
investigation,

HSRI constructed the basic prototype (Figure 6 ) using a coated
fabric bag of elliptical cross-section (10 inches high, 8 inches deep),

18 inches wide. Identical hole patterns in the bottom of the bag and
in a rectangular metal baseplate provided an inlet port for the 0lin
inflator that mounted beneath the baseplate and discharged upward
through the baseplate and into the bag.

To provide resistance to rearward loading, a fibérg]ass-reinforced
vinyl hood 18 inches wide was fastened to the front and rear of the
baseplate; the length of the hood was adjustable, so that when the bag
within was inflated, the hood was pulled taut. Rearward loads applied
to the hood/beg were transmitted, in part, to the baseplate and seat
structure by the hood.

Additional "lcad sharing" was provided by a load-strap (seat-
belt webbing 2 inches wide, about 10 feet long) sewn across the top
rear of the hood, then attached at its ends to the ed¢es of the seat
pan. The belt segments running parallel to the sides of the seat also
help to keep the occupant in the seat during an oblique impact situation.

Tests run on the HSRI/UniRoyal prototype are described in, Section

21
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4.4 HEAD RESTRAINT MODIFICATIONS

In the course of the development test program, changes were made
to all three basic head-restraint prototypes to improve performance.
This section of the report describes the "Mod 1," "Mod 2" and "Hod 3"
configurations of each prototype, corresponding to the notation used

in the narrative test summaries of Section 6.3 and in Table 1.

4,4,1 Goodrich Prototyne

A) Mod 1 Configuration (Figure 7 )
« A single 5-foot segment of -sheath-enclosed bladder ---varicus
types of rubber were tried as bladdar material -~ replaced the
two separate seoments in the bas{c nrolotype.
« At one end of the baseplate, both ends of the tube/sheath
rere clamped in place; at the other end, a pass-through clamp
held the tube/sheath in position but allowed air to pass from the
front (curved) to the rear (straight) section.
« A large (1" ID) inlet port replaced the tire-valve inlet on
the curved (forward) saction of the {ube/sheath; a2 3-foot length
of 1" ID tubing connected the head-restraint inlet to the outlet
of the 01in inflator (which was meunted low on the side of the test
seat structure). An inlet-port adapter valve was used for
pre-inflation tests.
« A sport seguent of seal-belt webbing held the rear (straight)
section of tube/sheath in place behind the front (curved) secticn

'
to form a head-contact surface.



Pass-Under /

Clamp
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B.F. GOODRICK PROTOTYPE MOD | CONFIGURATION
(Single tube)

FIGURE 7 2
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B) Mod 2 Configuration (Figure 8 )

« The 1" ID inlet port was moved so that inflowing gas entered
not throuch the sidewall (perpendicular to the centerline) of
the tube/sheath, but through one of the clamped-down ends of
the tube/sheath (coaxial with the tube centerline). A segment
of inner tube was used as a bladder,

« This unit undarwent only cne test -- a vehicle/barrier crash
test at Dynamic Science -- which proved unsuccessful due to

bladder failure and inflator misfire.

C) Mod 3 Configuration (Figure9 )

« The large 1" ID inlet port on the Mod 1 and Mod 2 units

was eliminated. |

« The wenter of the rear (straighl) *ube/sheatn scgient was
clamped to the baseplate, and a pattern of iniet holes was
cut through the sidewall of the tube/sheath in the clamp area.
» The 0Tin inflator was again mounted belcs the baseplate, to

discharge upward through the baseplate, through the sidewall

hole pattern, and directly into the head restraint.
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4.4.2 Goodyear Prototyoe
A) Mod 1 Configuration (Figure 10)

» The head-éushion membrane was removed, and the two separate
hold-down panels on the rear Airmat segment were replaced with
a single hold-dcun panel of fiberglass-reinforced vinyl --
bonded to the back face of the Airmat, passing over its top
and down its front face -- to provide better mounting to the
baseplate.
« A separate hecad-cushion bag of coated fabric (10 inches wide,
12_inches high, } inches ?hiqk) Was atﬁached to the frppt_ho}d-
dovn panel to provide a mere compliant head-contact surface,
+ Tvo three-inch-wide straps of the same reinforced vinyl were
addec to the front faces of the side panels and tied into the
seat to increase resistance to rearward loading.
« For test A-620 only, the unit was adapted for use with the 0lin
inflator; this involved closing the pre-inflation inlet valves
and cpening the fabric-flange inlet at the base of the rear

Airmat panel (see the end of Section 4.2).
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4.4,3 HSRI/UniRoyal Prototype

A) Mod 1 Configuration (Figure 11)
+ Side-panels (approximately 5 inches long, 10 inches high and
4 inciies thick) of the same coated-nylon fabric were hended to
each end of a simple elliptical bag to form an integral inflatable
structure. The panels were added to provide oblique-imgact pro-
tection.
« The configuration of the vinyl hood, the load straps and the
inflator inlet were identical to th2 "basic" prototype. The

load straps were adjusted to hold the side-panels in positicn

when inflated (extending forward and slightly dewnward).



Left and Right Side Panels

integral with Elliptical Air Bag

Load Straps
(Left and Right)

4 /
) &/\ /1:»‘ Hood Aitachment/

\" Adjusimont Bar
( Front and Rear)

Inflator

HSRI/ZUNIROYAL PROTOTYPE MOD | CONFIGURATICON.
FIGURE II.
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5. SEAT/HEAD RESTRAINT DESIGN

Head-restraint design requires that certain assumptions be made
about tha geomatrical relationship between occupant ﬁead/neck, seat-
back, and head-vestraint. And in a test program to evaluate head
restraints, this geometrical relationship must be incorporated into
a streng test platform that can previde repeatable, reliable information
about dynemic systeam performance. For this reason, HSRI undertook the
design and consi»uction of a seat structure in parallel with its study
of head-restraint concepts.

The seat structures used in this program (for sled tests and for
vehicle crash tests) were based on seat designs develceped at HSRI during
an Tar]ier DOT-sponsored program on integrated restraint systems. One-
inch-sodare stec) tubing vieided into the configurations shown in Figures 1217

t

provided a seat structure much stronger and more rigid than a con?entiona]
automobile seat. Thin sheet metal, then a panel of 0.75 igch p]ywoéd
was attached to the seat pan and seat back, to provide a mounting gurface
for seat cushions. The cushions vere composites of.quarter-inch pzywood,
one-inch Ensolite AH enercy-absorbing foam (made by UniRoyal), and 1.5
inch polyfoam sponge rubﬁer Tor comforty the cushions were upholstered
with navgahyde vinyl,
The methed used to mount the head-restraint to the seat varied
on each of the three seats’ On the two seats used for sled testing

and vehicle crash testing (see Figures 12-15), a removable metal plate was

bolted to the top of the seat-back; the head-restraint system a{tached to
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the top, the inflator to the bottom of the plate. (For.tests on the
Goodrich tMod 1 and Mod 2 units, the inflator mounted on the side of

the seat; see Figure 7.) On the final or finished seat (Figures 16-17),
the head restraint mcunting platform was a permanent integral part of

the seat back structure.
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6. DEVELOPMENT AND TESTING OF HEAD RESTRAINT PROTOTYPES

The purpose of the development, testing and demonstration program
was to evaluate and compare the performance and characteristics of the
three prototype units described in Section 4. The majority of this
work was carried out at the HSRI Impact Sled Facility (Figure 18),
although important real-vehicle crash testing was done also, at Dynamic
Science in Phoenix, Arizona.

The nominal square-vave sled pulses used to simulate impact were
30 mph/20 G and 40 mph/40 G, although 20 mph/20 G, and 40 mph/éO G

“pulses were also used in the final performance sled test series.
Typical acceleration/time profiles for these pulses are shown in Figure
1%. Also shoun is the deceleration pulse from a 60-mph car-to-car

crash test (261-9) conducted at Dynamic Science as part of this program.
|
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Sled Test Z-147
(40 mph, 40 g)

40 - —— ——Sled Test Z-146
(30 mph, 20 g)

————— Car Crash Test 2G1-9
(60 mph, Car-to-car)
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Time (msec)

SLED AMD CRASH TEST ACCELERATION PULSES.
FIGURE 19,
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6.1 SLED TEST EQUIPHENT AND INSTRUMENTATION

Three sizes of anthropometric dummies were used in the sled test
program: Sierra No. 292-835 95th percentile male, weight 217 1bs.,
standing height 73.3 inches, erect sitting height 37.75 1inches;
Sierra No. 292-850 50th percentile male, weight 166 1bs., standing
height 68.5 inches, sitting height 35,75 inches; and Sierra No.
532-805 5th percentile female, weight 106 1bs., standing height 59.8
inches, sitting height 30.75 inches. A dummy neck (see Figure 20)
developed by HSRI (Mzlvin, 1972) and described in detail at the 16th
Stapp Conference was used for all sled tests except A-623 through
A-625 and A-630, In these tests (with the 5th percentile female dummy)
a‘standard Sierra rubber neck was used.

| In a1l sled tests with the male dummies, two biaxial acceler?meter
packs were mounted in the head to scnse A-P and S-I acceleration ?—

one pack forward of the head CG, the other to the rear (see Figuﬁe 21 ).
The female dumnmy head was fitted with a single triaxial acce1ero$ater
pack located to the rear of the CG (sece Figure 21 ). Setra Modef 111
accelerometers were used for all sled tests.

The specifications and calibration procedures for tha Setra
accelercraters, the sled accelerometer and the signal conditicning/
recording equipment are given in Appendix B.

The photographic céyerage of each test consisted of highxspeed 16 mm
movies (side view), a Gréph~cbek sequence cemera (side view) %or
imrediate photographic evaluation, and before and after-test still

photogranhs of the test set up. The high specd movies were . ade with
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Photosonics cameras and in some cases a Hi-Cam camera with nominal
frame rates of 1000 fps.

In those tests which required dynamic deployment, detonation of the
inflator was accomplished by a set of electrical contacts that were
actuated as the sled passed by them. The placement of the contacts was
adjustable so that the timing of the detcnation could be selected at
any point during the sled pulse. The bag pressure readout in these
tests was accomplished using a strainjéaged diaphragm type pressure
transducer designed by Eaton and built in-house at HSRI. 1In all

tests the durmy was held in place by a lap restraint belt or rope.

" 6.2 SLED-TEST DATA HANDLING AND ANALYSIS
The data from the dumny accelerometers vas recorded directly on

magLetic tape (Honeywell Izdal 7600 tape recorder) and a filtered
! !

version (Burr-Brown filters, SAE J211 channel class 180) was recordéd

on a Honeywell Fodel 1612 Visicorder Tight beam oscillograph., The i
Visicorder traces were used for determination of peak acce]eration;!]inear
head and chest accelerations were measured directly, while angu]ar;Bead
acceleration was computed for certain tests from the difference befween
the two S-I head acce1erémeter traces. (Angular acceleration was

proportional to this difference, since the two S-1 accelerometers

were parallel and were a known fixed distance apart.)

\ !

k
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Maximum extension angle was determined photometrically, using
two targets on the dummy -- one on the side.of the head, the other on
an angle plate bolted to the upper torso at the base of the neck. (In
some tests, the torso target was affixed to the dummy shoulder.)
Calculation of maximum extension angle was carried out in the following
way.

1. Before impact, head and torso target angles were measured
relative to the horizontal. If the head target angle was less than
the torso targel angle, the difference between the two ("offset") was

noted for use in step 3 below. If the head angle was greater than the

torso angle, the difference in angle. was disregarded and step 2 yielded

the maximum extension angle.

2. At the point of maximum rearward head rotation, the difference
between head target angle and torso target angle was measured.

3. If applicable, the head/torso "offset" computed in step 1
was subtracted from the step 2 calculation to yield maximum offset
angle, (Without this adjustment, any initial rearviard offset of the
head relative to the torso would be attributed incorrectly to the

deflection of the head restraint.)

For tests A-626 through A-629, an attempt was made to make
dummy posture more 1ifelike; by inserting a wedge between the top
of the torso and the base of the neck to tilt the head forward 15° from
its ncrmal position. (This "slouch" would be due to combined curvature

of the Tumbar and cervical spine in a human; since the dummy lumbar
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spine could not be "adjusted," however, all the offset was introduced
at the base of the dummy neck.)

This change increased head offset -- distance between head and
bag surface -- and thereby increased the force oxerted on the head
restraint; the fu}ther the head from the bag before impact, the greater
its kinetic energy when it contacts the bag. Tests A-626, -628 and -629

were "worst case" tests for the head restraint in this regard.

6.3 SLED TEST RESULTS
The results of the sled crash simulations are presented in this

~report in three forms: a descriptive summary of each test, a numerical
summary table of pertinent data, and, in the case of particularly
impbrtant tests, Graphchek sequence photographs and accelerometer traces.

| The summary of the numerical data for each test is found in Table
1. The descriptive summaries of each test follow belew, Detailed
analysis of particularly pertinent tests results is found TnSecti{n 7

of the report. f
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TABLE 2
TYPICAL ANGULAR HEAD ACCELERATIONS

ANGULAR HEAD ACCELERATIOCN

REARLARD ACCELERATION AT FORMARD ACCELERATION AT
TEST INITIATION OF HEAD #OTION MAXTIAUM HEAD,EXTENSION
(rad/sec? © msec) (rad/sec” @ msec)
2141 - 3230 @ 36.3 + 4540 @ 48
2143 - 1390 6 36.3 + 3110 @ 56.9
7146 - 5270 8 40.7 + 1190 @ 59
A615 . 2010 @ 37.5 + 1340 @ 55
616 - 2920 8 25 + 5030 @ 43.8
AG18 ~ 3240 @ 25.6 *‘_4780 @ 55.7
- D626 - 5520 6 33.1 + 4190 @ 57

627 - 3580 @ 43.8 . + 9570 @ 76.9
A623 - 3710 @ 36.9 t+ 4160 6 61.9
629 - 2630 0@ 35 + 4210 € 63.2

-+

T \«}\_
4 |
2
TIME

&

=

[s 48
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TEST Z-126 Qut-of-position occupant test, 50th percentile male dummy
A simple UniRoyal bag (no hood or straps) was mounted and folded in

place on the head-restraint platform, and the dummy was seated and lap-

belted with his head back, resting on the folded bag. The inflator

was charged to 2000 psi. Bag deployment threw the dummy forward and

slightly upward, imparting a 99.5 G resultant head acceleration for

10 msec (HIC 907.1).

SLED TEST 7-120 30 mph, 22 G peak pulse, rear impact, 50th percentile
male dummy, lap-belt restraint
The basic HSRI/UniRoyal prototype (see Section 4.3 and Figure 6)
was preinflated to 5.5 psi. Head/neck extenszicn was almost negligible
(2r); ramping and rebound were only minor to moderate. Comparison
of{this test with Z-129 indicates how much the load-straps contribute
to the fore-and-aft stiffness of the HSRI/UniRoyal system. f

: |

SLED TEST Z-129 30 mph, 22 G peak pulse, rear impact,‘SOth pefcenti]e

male dummy, lap-belt restraint. ;

The same HSRI/UniRoyal head restraint was set up as in Z-128, with
only one change: the ﬁy]on load straps were disconnected from the seat-
pan and teped out of the way, to evaluate hov much of the head-]éad they
carried in test Z-128. Head/neck extension increased to about 20°;
both ramping and reboundivere moderate to severe. The inflated bag

1\

acted like a spring, roteting backward under load, then returning all

its stored energy to the head during rebound. [
t
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SLED TEST Z-13¢9 40 mph, 46 G peak pulse, rear impact, 50th percentile

male dummy, rope lap restraint
The basic HSRI/UniRoyal system -- with load straps attached to
the upper sides of the seat frame (see Figure 6 ) -- was preinflated
to 7.0 psi. Due to inadequate installation of cables that hold the dummy
in the seat during sled acceleration, the dumny was badly out of position
at impact. The results of the test are invalid; test

7-140 is a repeat of Z-139.

SLED TEST Z-140 40 mph, 45 G peak pulse, rear impact, 50th percentile

male dummy, lap-belt restraint

Repeat of 7-139, but with preinflation pressure of 5.0 instead of
7&0 psi. (Hote that the load-straps were acain attached to the upper
seat frame.) On impact, the dummy underwent moderate ramping, moying
backward and upward into the bag. Rebound was severe, as the in{]ated
bag acted 1ike a spring, absorbing enargy as it rotated then retJrning

i
i

it during dummy rebound. ;
Although Table 1 shows maximum head/neck extension of 43 1/2%, a

major part of this rotation was traced to plastic deformation of the

head-restraint mounting platform, which rotated downward about §9° during

impact. The platform was repaired and strengthened, for use in later tests.
Attaching the Tecad straps high on the seat increased the stiffness

of the simple bag/hood s?stem, but it was obvious that the straps could be

more effective if their attachment points were lower down anq further forward

on the seat frame. Test Z-141 demonstrated the results of sxch a

change in attachment points. b
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SLED TEST 7-141 40 mph, 44 G peak pulse, rear impact, 50th percentile

male dummy, lep belt restraint
The basic HSRI/UniRoyal system -- with load straps bolted to the
sides of ihe seat-pan (cee Figure 6 ) -- was preinflated to 7.0 psi for
comparison witﬁ test Z-140. The change in belt attachment point was
a definite improvement, as dummy ramping was very minor and rebound
only miror to moderate. The increased bag pressure also contributed to

system stiffn=ss. ['axirum head extension was 25.5° @ 57 mcec.

SLED TEST 7-142 30 mph, 22.4 G peak pulse, rear impact, 50th percentile

- male dummy, lap-belt restraint -
In this first test of the basic Goodrich prototype (sce the description
1% Section 4.1, and Figure 5), the curved-tube section was preinflated to
10 psi and the straicht tube section to 8 psi. Both had natural-rubber
;
bladders. i
The position of the dummy's head with respect to thehead re%traint
was less than optimal, in this and in several other tests. The neck
was not stiff enough to prevent the head from tipping backward {ﬁ vhat was
judgad en abnormal pesture; the head was against the head restraint even
before imnact,
Ramping was minor and rebound moderate, but the 52° extension angle
was considered excessiv?. Tre head restraint was mounted tooy]ow,

and inflation pressure vas not high encugh to resist rearward loading

effectively. Both problems were corrected for test Z-143. [

)
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SLED TEST Z-143 30 mph, 21.6 G peak pulse, rear impact, 50th percentile

male dummy, lap-belt restraint
For this re-run of Z-142, the basic Goodrich prototype was raised
1 3/8 inches to improve head/head-restraint contact geometry, and both
tube sections (natural rubber bladders) were inflated to 15 psi to

increase stiffness.

Dummy pesition was again siightly unusual, with head tipped back and
in contact with the head-restraint at impact., Hevertheless, the maximum
extension angle vas only 30 1/2° (compared to 52° in Z-142); ramping

was well controlied, and rebound minor to moderate.

SLED TEST 7-146 30 mph, 21.2 G peak pulse, rear impact, 50Lh percentile
male dummy, lap~belt restraint

The basic HSRI/UniRoyal systemn -- with load straps belted low on the
seat-pan (Figure 6 ) -- was deployed using the 01in inflator, charged to
2000 psi (compressed air). The inflator fived 5 msec after impact, and
the bag was fully inflated 29 msec efter impact. The dummy head/neck
underwent no measurablz extension; upon moving backward into the head
restraint, the head wenl immediately into moderate flexion. Ramping and
rebound were very well controlled., Bag slap generated a 46 G head A-P

acceleration € 7 msec after impact.
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SLED TEST Z-147 40 mph, 42 G peak pulse, rear impact, 50th percentile

male dummy, lap-belt restraint

The sane HSRI/UniRoyal basic prototype was tested in this 40 mph
test as was run in test Z-146 (30 mph). Head-restraint gecmetry and inflator
pressure vere the same as Z-146; the inflator fired 6 msec after impact,
and the bag was fully inflated 28 msec after inpact. As in Z-146, there
was no measurcble head/nzck extension, the nead immediately going into
flexion; this was bacause the bag was slightly further forward than
usual, and because the bag was still in the final stages of inflation
~when contacted by the hend (bag "slap"). The shoulders were well pocketed,

which minimized ramping; rebound was minor. Bag slap spike: 95 G @ 22 msec.

AL{D TEST 7-140 40 moh, 43.2 G peak nulse, rear imnact, 50th percentle
M-t 1L

male dummy, lap-belt restraint ;

i
The first sled test of the Goodycar Airmat structure (basic c¢on-
. !
figuration, as describad in Section 4.2 and in Figure 5) was a preinflated .

1

test. Airmat pressure was 15 psi, head-cusnion pressure & psi.I;The
mounting platform was raised 1 3/8 inches to improve head/head—gestraint
contact ceometry. Head loading, hcuever, caused failure of the front hold-
dean clarp on the Airmat structure; this allowed the headurestr;int to
rotate rearward, which in turn permitted the duimy neck to contact the
front edge of the head-vestraint mounting platform. Although. head/neck
extension was limited td about 28°, the results of this test werz in-

conclusive, [

{
’



SLED TEST A-614 30 mph (nominal), 20 G peak pulse (nominal), rear

impact, 50th percentiie male dummy, lap-belt
. restraint

This preinflated test of the Mod 1 Goodyear Airmat system (see
Section 4.4.2 and Figure 10 ) was made to evaluate the performance of a
stronger mounting structure. Instrumentation failure, however, caused
the loss of both the sled deceleration and sled velocity pulses, making
accurate analysis difficult. Films showed head-restraint performance to
be quite acceptable, however, limiting head/neck extension to 10 1/4°
at 59 msec. The head-restraint stored (then returned) some energy
as it deflected under lead, but did not cause a rebound problem. - Rebound
was minor, with some very mild flexion as the dummy moved away from the
seat back and head restraint. Ramping wés very well controlled; the
forward-projecting side-panels of the head restraint quickly caught the

durmy shoulders as he began to move upward.

58




SLED TEST A-615 30 mph,23.2 G peak pulse, rear impact, 50th percentile

male dummny, lap-belt restraint
This was a repeat of A-614 with the preinflated Mod 1 Goodyear head
restrainl (three front tie-down panels and a separate head-cushion bag).
The Airmat structure was pressurized to 15 psi, the head-cushion to 2 psi.
The changes made to the mounting structure (see test Z-148 and Figure 10)
strenathened the uait consideradly; maximum head/neck extension was only
8 1/2°. Rampinrg wvas very slight, as the side-panels pocketed the

shoulders; rebound was moderate.,

CSLED TEST A-616 40 mph, 44 G peak pulse, rear impact, 50th percentile

male duivy, lap-belt restraint
The Mod 1 Goodyear system was evaluated in a "worst case" 40mph/40 G
test in tha preinfleted condition (15 psi i1 the Airmat, 3 psi in the head-
cushion bag). Maxiwum extension of 25° occurred 49 msec after impact.
The entire Airmat structure did rotate sligntly rearward, then returned its
stored enzrgy to the head during rebound. Ramping was minor to moderate,

rebeund moderate,
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SLED TEST A-617 30 mph, 22.4 G peak pulse, rear impact, 50th

percentile male durmy, lap-belt restraint

The Mod 1 Goodrich unit with a natural rubber bladder (see Section
4,4.1 and Figure 7 ) was tested in the preinflated mode at 15 psi,
with the mounting platform raised 1 3/8 inches for better head-contact.
The time base was not recorded, but acceleration data and film
analysis was still useful. Faximum extension was limited to 17 3/4°,
and vaoning was minor as the shou!de}s were viell-pocketed by the curved-
tube section of the nead-restraint. Rebound was moderate; the head

restraint deflected elastically under icad, storing energy as it rotated

- rearward, then returning the energy to the head as the load decreased.

This vias even more of a problem in test A-618.

I

%LED TEST A-518 40 nph, 44 G peax pulse, rear impact, 50th percen-

y
}
i
{

tile male dummy, lap-belt restraint,

This was another preinflated test (15 psi) of the Mod 1 Goédrich
|
unit, sct up and mounted as it was for test A-617. Bladder material

was natural rubber. Maximun head/neck extension of 43 1/2° occurred
at 50 msec, and while remping was relatively minor, rebound vas moderate
to severe. As in test A-617, the head-restraint did not previde

sufficient rearvard stiffness to be effective, It acted as something

"

of an "air spring," storing enercy as it deflected under load, then

throwing the head forward as it returned to its original position.

]

/

!
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SLED TEST A-619 40 mph, 40 G peak pulse, rear impact, 50th percentile

ma]e dummy, lap-belt restraint
The Mod 1 Goodrich system was set up for a deploying test with the
01in inflator (crarged to 1850 psi). The bladder (natural rubber)
failed at and near the inlet port when the inflator fired; the nature
of the failure -~ a "shattering" of the rubber -- suggests that the

rapid gas inflow created extremely high local stresses in the bladder.

SLED TEST A-620 30 mph, 21 G peak pulse, rear impact, 50th percentile

male dummy, lap~belt restraint

This was the only deploying test run with the Goodvear Airmat head-
restraint. Section 4.4.2 describes the Mgd 1 unit, which, for this test
incorporated changes to permit use of the system with the 01in inflator.
The head-restraint deployed and began to take shape following inflator
firing, but as internal pressure increazed, cne or more of the drop-
weave fibers ruptured, triggering the failure of the other dron-weave
threads as they tried to pick up the lead. This progressive failure then
allowed the front fabric panel of the Airmat to bulge and stretch to the

point where it tore, causing massive failure of the head-restraint.

SLED TEST A-621 30 mph, 20.56 peak pulse, rear impact, 50th percentile

male dummy, lap-belt restraint

The Mod 3 Goodrich prototype (with the inflator inlet changes de-

scribed in Section 4.4.1and Figure 9 ) was evaluated in a dynamic deployment

test using the 01in inflator charged to 1750 psi. A special tubular
bladder was used in this unit, made by UniRoyal from the Same neoprene-
coated nylon material they used to make the elliptical bags used in the
HSRI/UniRoyal head-restraint.

Inflator discharge again caused bladder failure around the inlet

novt yaalae v dha fagt inconclusive.
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SLED TEST A-622 40 wmph, 133 G peak pulse, 30° obiique rear impact,

50th percentile male dummy, lap-belt restraint

The Mod 1 HSRI/UniRoyal prototype -- same as the basic unit except
for the addition of side panels for oblique-impact protection -- was
tested dynamically with the 0lin inflator (charged to 1900 psi).

The durmy was tipped slightly to one side before impact, but not
to such a dzgree as to corpromise the test. The inflator fired 5 msec
after impact, and the bag was fully deployed 19 msec after impact; the
load straps did keep the side panels in good position to arrest side-
ways motion,

At impact, the dummy did rctate about a vertical axis as he trans-
lated backward into the seat, so that the side as well as the back of
his nzad and neck contzcted the hoad vestraint, Neck tuist, however,
was not serious. There was no head contact with side panels or Toad
straps; the dummy stayed in the center of the seat, although he did
tip to one side during rebound. The left leg flailed outward during
rebound, and the left hip did contect the left load strap; the right
shoulder also contacted the right load strap late in the rebound
phase. Ramping was very well controlled, and rebound was only moderate.

Maximum extension was estimated at 5°.
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FIRAL PoarononanCE SLED TESTS

Sled test A-623 through A-G30 were conducted as final performance
tests of the basic HSRI/UniRoyal system (with load straps fastened to
the sides of the seat pan). For this test series, three atypical
square-wave sled pulses were used, at the suggestion of DOT and as
described in DOT report HS-810-197.

Performance of a 4000 1b., car with a modified "fixed force" rear
end (one that collapses contrellably when subjected to 120,000 1b, of
force) striking a fixed flat barrier was simulated by sled pulses of
20 ph/20 G ana 40 mph /30 G.

Performance of a full-size current production car striking a fixed

flat barrier (rear impact) was simulated by a sled pulse of 30 mph/20 G.

SLED TEST A-623 40 mph 30 G peak pulse, rear impéct, 5th pefcenti]e

female dummy, lap-belt restraint

The basic HSRI/UniRoyal system was set up (lcad straps bolted to the

sides of the crgtonan)y the inflator vwas oL rged to 2000 psi (air). The
standard Sierra rubber neck was used with the female dummy, not the HSRI-
developed neck described ecarlier (see Figure 20). Also, only one tri-
axial acceleromzter pack was used in the duminy head instead of the usual
four accelercraters (i packs, AP and SI accelercmeters in each pack).

Bag "slap!

generated a peak head acceleration spike of 68 G @ 22 msec.
There was no extension as the head went immediately into flexion upon
contact with the still deploying bag. The inflator fired 15 msec after
impact; the bag was fully deployed 24 msec after impact. Ramping was very

well controlled and rebound was minor.
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SLED TEST A-624 30 mph, 22 G peak pulse, rear impact, 5th percentile

female dummy, lap-belt restraint

This was the secend final performance test of the basic HSRI/Uni-
Royal system, Dumry cenfiguration and inflator pressure were the same as
A-623. Although head-restraint set-up was nominally the same also,
it was ohserved in test films that the inflated bag vas slightiy further
forvard in this test than in A-623. This agyravated the bag slap
phencmenon, which cenerated a 102 G head A-F acceleration spike 28
msec after impact.

The inflator fired 15 msec after impacl; the baé was fully deployed
429 msec afler impact. As in A-623, there ves no measurable head/neck

extension; the dummy moved backiard into the seat, and as the head and
- dela A L

s male At L N L - e b e aade o [P I3 RPN e PRI 4o~
neck convaceal tng bag, theé head went into oderave flexioh. Rebound aill

ramping viere minor. The HIC value calculated for this test was 560.3.
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SLED TEST A-625 20 mph, 21.5 G peak pulse, rear impact, 5th per-

centile female durmy, lap belt restraint.

The third final performance test of the HSRI/UniRoyal system was
run with the same dumwy configuration and inflator pressure as in
A-623. The inflator fired 14 msec after impact; the bag was fully
deployed 30 msec after impact.

Thare was no measurable head/nack extension as the dummy trans-
Teted backward into the head-restraint and seat-back, only very minor
flexion. Ranping was negligible, but rebound was judged moderate, as
the dummy bent forwarc about 45° at the waist with both legs pointing

_straight outward (parallel to the sled track).

The front panel of the vinyl hcod pulled loose from its attach-
ment bar as the dummy noved into the head-rostraint; the hood did not
tear, but pulled cut {vom under ils clamping bar due to incorrect in-
stallation. This alloved the Toad strap to slip downward on the back
the inflated bag. The female durmy head contacts the bag low on the
front face, however, so tne load strap still worked well in resisting

rearward notion.

of




S VA U USRS DD R O T e + st sskie

SLED TEST A-626 40 mph, 32 G peak pulse, 95th percentile male
dummy, lap belt restraint
For the fourth final performance test of the HSRI/UniRoyal system,

several changas were made to the inflator, the bag, and the dummy

A choke plate was installed on the inflator cap to reduce the
outlet flow arca and therchy slow down the bag inflation (see Figure 2 ).
Also, the bag itself was installed without using any sealant material
at the bag/mounting plate/inflator interface; the goal in allowing the
system to be sTightly "leaky" was, again, to reduce air bag pressure
and thereby reduce, if possible, the bag "slap" encountered in -
tests A-623, 624 and 625.

In an 1ot to improve the seatod posture of the test dumay, a
metal vedge was installed at the base of the neck, tilting the head and
neck forward about 15° . The resulting "slouch" was a much move realistic
approximation of human sezted posture, although it did increase head/
head-restraint offset distance. '

The inflator fired 13 nmsec after impact, and the bag was fully
deployed 32 msec after impact. The modifications described earlier did
allow  33° maxioun head/neck extensicen (at 59 msec), and did reduce
the bag slap severity. tHovever, the dummy did ranp upwanrd moderately as
his head contacted the bag hich on its front surfece, Rebound was
roderate; the duivy bent forvard at the waist as his knees came upward,

causing head/knee contact.
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SLED TEST A-627 30 mph, 24 G peak pulse, 95th percentile male

dummy, lap belt restraint

This was a bageline test to determine dummy kinematics during a
rear impact with no head restraint. The final design seat was used
for the first time, with a one-inch-thick slab of polystyrene foam
installed behind the seat-back cushion to refine head/head-restraint
geometry. The HSRI/UniRoyal head restraint was mounted but not
deployed during the test. The "neck wedge" described for test A-626
was also used in this test.

Ramping was modera?e to sevgfe,_and head[neck extension reacted
92° at 81 msec as the back of the dummy head contacted the surface of

the head-restraint mounting platform. Rebound was rmoderate to severe.

SLED TEST A-628 30 mph, 23 G peak pulse, 95th percentile male

dummy, lap belt restraint

This test was run under the same conditions as A-627, except
that the HSRI/Unifoyal head restraint was deployed. The inflator
fired at 11 nsec after impact, and the bag was fully inflated at 29
msec.

Although the tall 95th male dummy does load the bag high on its
front surface, the bag "fitted" well behind head and neck and did
pocket the shoulders. The side Toad-straps also helped keep ramping
roderate., Maximum head/neck extensicn of 32 1/2° occurred at 67
msec after impact. Rebound was moderate.

The increased head/nzad-restraint offset caused by the installation
of the wedge at the base of the nock, contributed to the higher than

expected extension and to the subsequent roderate rebound.
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SLED TEST A-629 20 mph, 22.5 G peak pulse, rear impact, 95th per-

centile male dummy, lap-belt restraint

The basic HSRI/UniFoyal system was set up as it was for test A-627,
incorperating the same modifications to bag, inflator and dummy neck
as described in the summary of that test. The final-design seat with
a one-inch-thick polystyrene foam panel behind the seat-back cushion
vas used for this test and for A-630.

The inflator firad 11 msec after impact; the bag was fully deployed
27 msec after impact. Although the bag "fit" well in the "hollow" of
the neck just above the shoulders, the tall 95th perﬁenti]e male
dursy did load the bag higher on its front surface than either the
50th or 5th percentile dumny., Ramning was very well controlled;

Maxivas extension { 42°) sccurved at 66 isec after fmpact.

Rebound was mincr to moderate; the dummy bent forward at the
waist end the head undervent moderate flexion, chin almost striking
chest. The knees cawe upward, but there wasao contact with the head
until very late in the rebound as the dummy bent far forward.

Maximum left side belt loed of 830 1b. occurred about 54 msec after

jmoact.
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SLED TEST A-630 30 mph, 23.5 G peak pulse, rear impact, 5th percen-

tile female dummy, lap-belt restraint

This was a rerun of A-624, to evaluate changes made to the bag
and inflator (ses A-626) to reduce bag "slap" encountered in A-624, 625
and 626, The standard Sierra rubber neck was used, as well as the final-
design seat with the extra polystyrene seat-back panel.

Inflator actuation occurred 16 msec after impact; the bag was fully
deployed 29 msec after impact., Dummy kinematics were virtually ideal.
There was no noticeable ramping and no measurable extension as the
dummy translated into the seat-back and head restraint with onTy very
minor flexion of the head. Maximum side belt Toad of 1040 1bs. was
indicated at 37 msec after impact. Rebound was very minor as the dummy
s1id forvara (n the seat-pan cushion in almost perfect translation. The
dumny did bend forward very slightly at the waist, late in the pulse

as she reached the limit of travel allowed by the lap-belt,
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6.4 VEHICLE CRASH TEST EQUIPMENT AND INSTRUMENTATION

To evaluate head-restraint performance in a crash environment more
realistic than could be simulated on the impact sled, HSRI collaborated
with Dynamic Science (Phoenix, Arizona) on a series of five real-vehicle
crash tests being run as part of their study of vehicle crashworthiness.
Figure 22 describes the nature of each test.

In each test, a seat/head-restraint system and an unrestrained Alderson
VIP 50th percentile male dupry vere installed in the right-front seating
position of the impzct vehicle. The dummy had an inverted General lMotors
rubber neck, and was instrumented with one triaxial accelerometer in the
head (at the CG) and a second in the thorax.. Vehicle instruments (Figure 23)
included accelerometers on the floor of the car (triaxisl) and on the bottom
of the seat-pan (biaxial: AP and SI). High-sneed film coverage was provided

l
by on-board, track-side hand-held, overhead and under-vehicle movie camaras.
r
f

A bumper-mounted contact switch triggered the head-restraint inflator at impact.
In tests 261-4, -5 and -6, the jmpact vehicle was brought up té speed

(on its own wheels) by an engine-driven cable system. In test 261-8,

however, thz car was mounted 30° off center on a set of dolly whee]ﬁ. For

the final test, 261-9, the stationary impact vehicle was struck from bhehind

by a specially-desianed striker vehicle with a modified front-end structure,
The impact vehicle in each test incorporated a modified rear-end

structure (see Figure 24), stiffer than that found in conventional cars.

Hithout describing the modifications in detail, it can be said that the
controlled-collapse structure generated occumant-compartment accrlerations
somewhat greater in magnitude than would occur in an equiva]ent;speed crash
of a cenventional car and somewhat Tower than would be generate in an

equivalent sled test.
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6.5 VEHICLE CRASH TEST RESULTS
The resulis of each vehicle crash test are described in the

narrative summaries that follow, and in the numerical summary of Table

In addition, the more significant of the tests are describzd in detail

in Section 7.3.2, Discussion of Test Results.

POEHIX TEST 261-4 (28 July 1972)
40.4 mph, direct rear impact, 58 G peak occupant compartment
pulse, 50th percentile male dummy, no restraint belts, basic HSRI/
UniRoyal head restraint.
Although it was possible to determine via film analysis that
bag deployment took 18 msec, crash debris obscured the cemera field
to such a degree that reasurement of head/nuck extension was impossible.
At impact, the floor of the car deforined in such a way that the
rear legs of the test scat moved downward, tilting the seat backward
an estimated 15°. As this occurred, the dummy loaded the seat-back
and head-restraint, disappearing from camera view as debris filled
the car. The nead-restraint deployed fully and apparently functioned
vell to limit extension; it is probable, however, that the backward
tilt of the seat allowed the dummy to ramp uzward more than he
norrally would.
After impact, the dummy remaired in the secat, but tilted to his
lTeft at the waist, then slid forward sufficiently to contact the dash-

board with his knees and possibly with his head. He then moved back

into the seat and came to rest twisted to the left and bent slightly

at the waist. /
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PHOENIY TEST 261-5 (5 September 1972)

39.7 mph, direct rear impact, 42 G peak occupant compartment
pulse, 50th percentile male dummy, no head restraint.

The Goodrich Med 2 prototype was to be evaluated in this test,
however, the first test-run was aborted before impact. Immediately
after the abort, the inflator fired accidentally and tore the head-
restraint bladder (a szgment of auto tire inner-tube). Since neither
a preinflated or deploying test could be run, a "baseline" test was
then conducted.  Seat and dummy remained in the car, and the head
restraint was left in its stowed position.

The dumuy undervent severe whip]ash,'as head/neck extension
reached 106° at about 98 msec after impact. As in all the vehicle

erash tests, the seat itself tilted vearward (anproximately 13° in

¢ ;
this case) under the stress of dumny loading and vehicle floor de-
formation. In this test, the seat did not return to its originaj
orientation; it was still tilted backward 5° after the ﬂnbact. %his
partially-elastic seat deformation contributed to the severe rebound
problem (see below). '
Following the wivinlash sequence, the durmy rebounded urward and
slightly foryvard out of the seat, his motion aggravated by the severe
vertical oscillations of the vehicle as it moved avay from the barrier.

He uncerwent minor flexion just before contacting the roof with the top

part of the forehead. '

Dropping back down into the seat, he sat almost upright/ for a

rovent, tipped slichtly forvrard; then began to fall backwar and to

¥
the left bending at the waist.




Figure 29,

Figure 30,

Vehicle 261~5: Pre~Imnact,

Vehicle 261-5: Post-Impact.
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Figure 32, Dummy 261-5: Post-Impact.




The torso then twisted to the left, and, pivoting in the seat on his
left hip, the dummy fell into a horizental position, his head approx-

imately where the driver's seat-pan would be. He rolled onto his face,

and came to rest in this position.

PHOENIX TEST 261-6 (17 October 1972)

39.6 mph, direct rear impact, 30 G peak occupant compartment
pulse, 50th percentile male dummy, HSRI/UniRoyal head restraint.

This test was a failure for two reasons. The inflator failed to fire
due to incorrect squib installation, and the seat tore loose from the

© fleor during fwpact due to inadequate mounting. Mo useful data was

obtaired.
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PHOENIX TEST 261-8 (18 November 1972)

39.3 mph, 30° oblique rear impact, 19 G peak occupant compart-
ment pulse, 50th percentile male dummy, HSRI/UniRoyal head restraint.

This test was run to evaluate the performance of the basic HSRI/
UniRoyal system in obligue impact; sct-up was the same as for test 261-4,
The inflator fired 10 msec after impact, and the bag was fully deployed
24 msec after impact. As the dummy moved into the bag, there was
no measurable extension, but there was slight flexion. Immediately,
however, the head turned tc the left and rolled backward slightly, with
the left side of the head in contact with the bag.

As the torso turned to the léft; the Teft arm and shoulder went
under the left load strap, allowing the side of the face to contact

At the same .ime the knees cawme up, and

the upper pat of the sirap.
the left thich swung into centact with the left load strap (lower part).
In a ramping motion that was aggravated by the vertical oscillations
of the car as it left the barrier, the dumny rose about 6 inches off
the seat, knees 1ioving upward; the position of the left shoulder --
under the load strap -- prevented excessive upward excursion.

As in test 261-4, deformation cf the vehicle floor caused the
rear of the seat to drop dewnward at impact, resulting in a rearward
seat rotation cf about 10° that also aggravated ramping and rebound.

The dummy slid back down into the seat, bending forward and
leaning to the leit at the waist. He came to rest sitting on the
left-front corner of the seat-pan, tilted backward and to the left,
with left shoulder and left side of hoad acainst scat-back and head-

restraint respoclively,
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PHOENIX TEST 261-9 (11 December 1972)

60.9 mph, car-to-car direct rear impact 40 G peak occupant

compartment pulse, 50th percentile male dummy, basic HSRI/UniRoyal

head restraint.

Vehicle set-up and nead-restraint installation was the same

as for

test 261-4, The test vehicle was not crashed into the barrier, but

vas struck frem behind (while at rest) by a bogey vehicle with a

specially desicried enarcy absorbing front end.
F N C; ) J

The inflator fired approximately 8 msec after impact; the bag was

fully deployed 23 msec after impact. The seat rotated about 10°

rearvard,

“but ramping was very well controlled as the Toad straps and bag pocketed

the shoulders. There was some initial minor flexion as the head
contacted th2 bay, but exiencien hzcame apnavent ac the hoad and
loaded the bag,  Maximum extension (approximately 12°) occurred
70 msec after impact. Debris made it difficult to determine the

time and magnitude of extension.

first

Test filims showed the deployed bag to be tilted slightly forward

of its optimum position, and this may have contributed to the severe

rebound that occurred. A second factor, however, was also important.

The test seat eformad elastically (10° rearvard rotaticn) during impact,

storing then "feeding back" into the dummy some of the dummy's kinetic

energy. The nature of this seat/head-restraint contribution to rebound

is discussed in Section 7.3.2.
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The dummy did rebound severely, bending forward slightly at the
waist, sliding forward to the front edge of the seat, striking and
cracking the windshield with his forehead. His chest appeared to
strike the dash. Moving backward into the seat, the dummy assumed a
nearly upright positicn, then tipped to the left, striking the steering

wheel rim vith the left side of his head.
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7. DISCUSSION OF TEST RESULTS

This section discusses and analyzes in detail those parts of the
development and testing program that were of special significance
in the evaluation of deployable head restraint concepts and in the
selection of the best of the systems studied.

To illustrate the injury hazard posed by rear-end impact without
head-restraint, to quantify the parameters involved, data from sled test
A-627 and from vehicle crash-test 261-5 is useful. As the sequence photo-
graphs of Figure 43 show, head/ncck extension in test A-627 (30 mph/24 G)
“was severe (92° at 81 msec), accompanied by a peak head angular
acceleration of 9570 red/sec?, It should b2 noted, too, that extension

LIV R 1
N e Ay dee s N
Huo Tart e

in this case by hoad contact vith the stowed head-iesiraint
and its mounting plate, wnich also caused the very high angular acceleration
(Table 2).
In vehicle crash test 261-5 (40 mph/42 G), extension reached 106°
as the unrestrained duiny also underwent considerable ramping. (It
was not possible to determine head angular acceleration.) As noted
in the narrative summary for this test (Section 6.5), rebound was
also severe; the dummy struck both the roof of the car and the dash.
Dumay kinermatics, degree of head/neck extension, and rebound for
these two lests can be compared to those cbserved in sled tests at

conparable speeds and decelerations.
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7.1 B.F. GOODRICH HEAD RESTRAINT

The Goodrich system underwent six sled-tests (four pre-inflated, two
deploying) and one vehicle crash-test (deploying). Pre-inflated tests
(Z-142, -143) of the basic unit determined the mounting geometry and
inflation pressure required for adequate fore-and-aft stiffness. The
results of Z-143 (30 wh/21.6 G) are presented in Figures 46 and 47 ;
ramping and rebeund were well controlled, and rearward extension was
limited to 30.5°. It was apparent, however, that the system tended
to deform elastically under load, storing energy as it rotated rearward,

then feeding it back into the head and thereby causing a rebound problem.
This was verified in later lests at higher speeds,

In a series of three sled-tests, the Mod 1 configuration was
evaluated, A-617 end A-618 were preinflaicd tests; the results of
A-618 (40 mph/44 G) are representative of system performance, and are
described in Figures 43 and 49 , Although the head-restraint was
pressurized to 20 psi and was raised to improve head-contact geometry,
extension still reached 43.5° as the head-restraint deflected rearvard
under load. Also, the head saw a peak A-P acceleration of 110 G at the
sam2 time that maxisum extension occurred. These events, coupled with
the severe rebound that followed indicated again the seriousness of the
energy-storing "air-spring" characteristics of the Goodrich system.

For comparison, tuo deploying tests of the Mod 2 system were
atternted: sled-test A-619 and vehicle crash-tests 261-5. Although
the inlet-port configurations and bladder materials were different for

the two tests - Mod 1/natural rubber, and liod 2/ inner-tube rubber,
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respectively -- the stress of dynamic inflation caused bladder failure
in both cases.

The Mod 3 unit with a neoprene-coated nylon bladder was tested
in deploying sled-run A-621, and again, bladder failure at and near
the inlet made the test unsuccessful. (Bladder material for this test
was identical to that used to construct the HSRI/UniRoyal air-bag,
described in Section 4.3; ceometry was, of course, different.)

The major insufficiencies of the Goodrich unit were its elastic
load-deilection characteristics and its bladder material problem.
It was not possible to pursue solutions to these problems and at -
the same time to develop the HSRI/UniRoyal prototype, which appeared - -
to offer substantially better performance at Tower "cost" in time
and develorrent effort, The preblans do nét appear to be insoluble,
and might be worth further study , as the Goodrich unit offered a relatively
simple, low cost approach to obtaining inflatable structures with complex

shapes.




7.2 GOODYEAR AIRMAT HEAD RESTRAINT

The Goodyear prototype was subjected to five sled tests:
four preinflated, one deploying. In test Z-148, the first preinflated
evaluation, mounting design on the basic system was found to be in-
adequate; this problem proved to be one of the major deficiencies of
the system. Figures s5pand 51 illustrate the results of Z-148
(40 mph/ 43.2 G), in which the front tie-down clamp failed under load,
allowing the head restraint to rotate rearward. Although extension was
limited to 28°, the dummy neck did contact the front edge of the mounting
platform, rendering the test inconclusive. |

The Mod 1 prototype.incorporaiedhé strongér front ho]d-doﬁﬁ V
mechanism (see Figure 10 ) that improved head-restraint performance
in tne next ¢ uence of preinf]aéed tests: A~614, -615 and -616.

In a 30 mph/ 23.2 G test (A-615), extension was limited to 8.5°,
and remping was well-controlled by the forward-projecting Airmat
side-panels; Figures 52 and 53 describe the test results.

A-616 was a more severe 40 mph/4&4 G test of the system, and again
extension (25° maximum) and ramping were well-controlled (see Figure 54 );
it appeared, however, that the system was almost too stiff. As
Figure 55 shows, a 90 G head A-P acceleration spike occurred 43 msec
after impact, despite the separate 3 psi head-cushion bag installed
specifically to "soften" head contact with the 15 psi Airmat,

In preparation for possible dynamic testina in Phoenix in
Septerber 1972, the bod 1 unit was adapted for use with the 0lin
inflator, and a ceploying test, A-620, was run at 30 mph/2% G, The

stress of rapid inflation ruptured the rear Airmat panel, in a
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progressive failure that Goodyear described this way (following post-
test analysis):
« one or more of the dropweave threads failed in tension during
the initial pressure spike, due most likely to an error made
during fabrication -~ incomplete bonding, or perhaps excessive
use of bonding material in laying up the dropweaves
« other drep threads tried to take up the load from the failed
fibers, and vere overstressed to the point where they began
to fail or pull out from the fabric panels to which they were
attached;
« the fabric parels began to bulge as pressure increased and more
| drop threads failed, finally, overexpanding until the front panel
tore across its front face; the rip also extenced into tne.1nboard
valls of both Airmat side-panels. ;

The inherent stiffress of the Airmat head-restraint -- a res%]t
of the dropueave constructien plus ine very thick coating of sealant
applicd to the fabric panels -- appeared to be the cause of sevefal
problens encountered 1p development testing. Stowing the unit even in
its ceflated state was difficult. In addition, the inflated system
(see the narrative sunmary of A-616 and the d1scusswon above) was
almost board-like in its stiffness and non-compliance under head loading.
And finally, the 1n3bili;y of the system to "give" or stretch ﬂnder the

pressure surge of dynamic inflation contributed to its failure in test

A-620. j
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Although HSRI contemplated redesign of the Airmat system in
collaboration with Goodyear after test A-620, the time and cost
involved in such an effort proved to be beyond the scope of contract

HS-031-2-281.
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7.3 HSRI/UNKIROYAL HEAD RESTRAINT

The HSRI/UniRoyal system was the most extensively tested of the
head-restraint prototypes, undergoing a total of sixteen sled tests
(five preinflated, eleven deploying) and four vehicle crash tests
(all deploying).
7.3.1. Initial Sled Tests

The first test, Z-126, was an investigation of inTlation dynamics
and of the eficct of rapid bag deployment on an out-of-positicn occupant.
Seated as shoun in Figure 56, the 50th percentile male dummy received a
99.5 G head accaleration spike as the bag inflated, correspending to
a HIC of 907;1. Although c]o%e to thc injury t tolerance limit, this
index was considered acceptable.

A scquens. of five preinflatcd tests on Lhe basic prototyne (ses

ection 4.3 and Figure 6) established mounting geometry and demonstrated
the ability of the systen to carry head Toads in 30 mph/20 G and 40 mph/
30 G rear impacts. A comparison of tests Z-128 and 7-129 indicates

the significant contribution to fore-and-aft stiffness made by the side
load straps; head/ neck cxtension was reduced frem 20° to about 2° by
adding lead straps and attaching thom Tow on the seat-frame to the sides
of the seat pan (sce Table 1 and Ficure 6).

Figures 57 and 58 shaow the results of Z-141, a 40 nph/44 G
"worst case" test with lozd-straps in place and bag preinflated to 7 psi.
Extension was limited to 25.57, and both rawping and rebound were vell
contrelled, The only cause for concern was the rather high head A-P
pcceloration peak of 92,5 G that occurred about 2 msec befare maximum

extension. This peak was attributed not to bag/head contact but to

@
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angular head acceleration, which reached a maximum of 4540 rad/sec? also

at about 6 msec before maximum extension (48 msec after impact). The

nature of this head angular acceleration is discussed in more detail

in Section 2, and is presented in both schematic and tabular form in Table 2,
Two deploying sled tests, Z-146 and Z-147 were then run with the

HSRI/UniRoyal system and the Olin inflator in preparation for vehicle crash

testing in Phoenix. The results of Z-146 (30 mph/21.2 G) are shown in

‘

Figures 5

J

L

i and 603 although there was no measurable head/neck extension
in Z-146, the hzad did go into Tlexion as it made contact with the
deploying bag, generating a peak head A-P acceleration of about 50 G.
Ramping and rebound were well controlled.

[This phencmencn of bag "slap" -- contacl between the rearvard-moving
head and the depnloying bzg that causes sharp head-acceleration spikes --
was the only eignificant problem in later depioying sled-tosts of the
HSRI/UniRcyal system, including the final development test series (A-623
through A-630). Resulls of these later tests. the severity of the bag slap
in each test, and the changes made to reduce the severity are all described
later in this section.]

7.3.2 Vehicle Crash Tests

In cenjuncticen with Dynamic Science, in Phoenix,Arizona, the HSRI/
UniRoyal systen was evaluated in four vehicle crash tests. (Vehicle
preparaticn is described in Secticn 6.4.) Test 261-6 yielded no useful
data, not because of head-restraint failure but because of inflator malfunction
and inadeguate seat installation. Hovever, tests 261-4,.8 and-9 provided
valuable comparative data on head-restraint perferrance in real vehicle
voersus sled-test impacts, and on the differences between the types of de-

ceieration pulses gencrated in each case,
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« In all three tests, the inflator was triggered by a rear-bumper
contact switch, and the bag was fully deployed within 15 to 24 msec.
In a typical sled tést, bag deployment was not complete until 28 or
30 msec after impact.

. Occupant-compartment deceleration pulses were less severe (lower
average magnitude, with "ramp-type" onset) than sled deceleration pulses
for equivaleni-speed imnacts. For example, compare the occupant
ceapartment trece of Figure 61 (261-4/40 mph barrier impact/58 G peak)
with the sled pulse of Figure 75 (A-626/40 mph/30 G) or of Figure 58
(Z-141/40 w3h/40 G).,

« In every vehicle crash test, the test seat undervent sig-
nificant rearvard rotation (10—]5°) as the flcor of the car deformed
at impact. f.is deformation end scat rotaticn was elastic in nature,
and did contribute to the head-acceleration and rebound problems noted
in tests 261-5 and 261-9.

« It should be noted that the durmies in the crash-test vehicles
were unrestrained (no lap or torso belts), while sled-test dummies
were lap-belied in every case.

In both 261-4 (dirccl rear impact) and 261-8 (30° oblique rear
impact), the head restraint effectively Timited extension and ramping.
esultant head zccelereticn was cbout 45 G for 261-4 and about 60 G
for 201-8. Rebecund vas more severe than expected, due privarily to
the elastic seat deforration and to the non-use of restraint belts

on tha test dummies, as noted above.
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In test 261-9, extension was more severe (12°), but still well below the
45° 1imit considered dangerous; ramping was well-controlled by the bag

and the side load straps. Rebound was quite severe, however, and was
accompanies by an 80 G resultant head acceleration spike just as the

durmy head left the bag and went into flexion at about 100 msec after
bogay impact. DBoth preblems were the result of the head being thrown
forward rather shovply after tha extension phase, and it is felt that

two fectors coubined to cause this sharp forward motion. These factors --

seat rotation with respect to vehicle interior, and head-restraint rotation

~with respect to the test sest -- are shown graphically in Figures 64 and 65.

First, the seat deformation problem described carlier was quite
apparent in this test, and is shown as a plot of seat-back angle versus
t]me from impact. Seat back angle was defined as the angle bOtvoen the
seat back and a nen-moving reference plane on the interior passeﬁger-
side door, measured photometrically from a Dynamic Science test fi]m.

Second, the anale betwean the deployed head-restraint bag aéd the
seat-back frame s measured from the same film and plctted on tie same
time base., A vertical line indicates the time at wthich the dursy's head
left the bag and entered the rebound phase (approxirately 100 msec).

It would appoar that botn scat and head-restraint bag fed energy
back into the head of the duray after deforming (elastically) rearward
at impact., The heed aCC°]LYGL‘Cﬂ spike is clearly not the résu]t of
contact batween head and brg, head and seat or head and veh1c‘o

interior, but rather the result of high head angular acceleration as

the hcad (and seat and head restraint) stopped rotating
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backward and started rotating forward. The fact that the head under-
went moderate flexion as it left the bag would tend to confirm this
hypothesis.

7.3.3 0blique Impact Tests

An attempp was made to modify the HSRI/UniRoyal system to improve
oblique-impact performance, by adding integral side-panels to the simple
elliptical bag and using the side Toad-straps to hold the panels in
position during inflation. Test A-622 was a 40 mph/33 G deploying
sled-run, 30° ¢dlique rear impact with this modificd system; results
are shoun in Ficures 66 and 67. This test was run after 261-8, in which

“the uimodifisd HSRI/UniRoyal system performed very well in a 30°
oblicue harrier crash (see the test summary in Section 6.3). Although
p?rformance of the modified system was very good also {5° extension,
Well-controllec ramping, moderate rebeund, 50 G maximum resultant head

acceleration), the added side panels were difficult to stow compaﬁt]y

1
l
7.3.4 Final Performance Sled Tests . |

and tended to slip out from under the side load straps. .

The last sequence of tests in the program (A-623 through A—;30)
consisted of four deploying sled tests with the 5th percentile female
and three with the 95tﬁ percentile male. (A-627 was a baseline test
with no head resiraint, described at the beginning of Section 7.) As
hoted in Section 6.3 just before the summary of test A-623, three
slightly different s]ed;pu1ses were used for these final perfdrmance

tests, at the suggestion of DOT.
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FIGURE 67,
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In terms of limitation of head/neck extension and control of ramping
and rebound, head-restraint performance throughout the series was very
good (see Figures 68f79). There was, for example, no measurable extension
in any of the four tests with the 5th percentile female (see Table 1).
Extension for the 95th male did reach 50° in test A-629, but the
comparatively large maximum extension angles noted for test A-626, -628
and =629 can be attributed mainly to dunmy geometry. First, the 95th
male is the tallest of the three dumnies used in the program (see Section
6.1), and his riore massive head contacts the head-restraint higher than
do the heads of the 5th female or 50th male. Thercefore, a greater rearward
Toading moment is applied to the head restraint for, say, a 30 G/95th male
test than for a 30 G/5th female test or a 30 G/50th male test.

Secondly, noticeable "slouch" or forward tilting of the head was
introduced for tests A-626, -628 and -629 (as noted in the summary for
A-626, Section 6.3). This increased initial offset allowed the head to
achieve a higner velocity, and therefore higher kinetic energy, before
contacting the head restraint; in attempting to dissipate or manage this
extra kinelic energy, the head restraint would undergo more rearwvard
rotation than it would if pre-impact head offset were smaller.

The most tmportant cournarison to be made in the final performance
lest series is between tests A-624 and A-630, both 30 mph/20 G impacts
with the 5th percentile fenale. Such a comparison 11]us£rates the
effectiveness of the modifications to bag and inflator to reduce bag
slap, since A-024 evaluated a "tight" HSRI/UniRoyal system (well-sealed

bag, unmodified inflator) and A-630 evaluated a "controlled leakage"
v
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VISICORDEZR TRACES FOR SLED TEST A-623 ,
(388 MPH REAR IMPACT, HSRIZUNIROYAL HEAD R_.STRAINT)

FIGURE 69. -
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HSRI/UniRoyal system (less well-sealed bag and choked-flow inflator, as
noted in test summary A-626, Section 6.3):

For test A-624 (Figures 70, 71), bag contact'caused a bag-slap
spike of 102 G, moderate flexion, and minor but noticeable rebound; a
HIC value of 560.3 was calculated. In A-630 (Figures 78, 79), dummy
motion was almost purely translational, with no ramping or upward rebound.
There was a bag-slap spike of 90.5 G, but barely ncticeable flexion.
Fore inportant, tne HIC for A-630 was only 380,09, I£ is felt that
performance of the HSRI/UniRoyal head restraint in test A-630 would
have been even better if it had been possible to position the 5th female
“dumny head more realistically (slouched or tipped forward slightly) as was
done for tests A-626, -628 and -629 with the.95th male dummy.

This final tast series reconfirmed the consistent porformance of the
HSRT Uni/Royal head restraint in earlier test -- rapid inflation,
repeatable deployirent geometry, compact stowage and excellent load/deflection
characteristics. It also made clear, however, the compromises and
tradeoffs involved in designing a head-restraint gystem to adequately
protect a large male and a sinail female vehicle occupant. A system that
is large aﬁd stiff enough, and that deploys fast enough, to protect the
Tormer can conceivably create bag siap for the latter. (Note, however,
that this bag slap phenoincnon is directly related to the pre-impact
orientation of the head; if the head is tipped or sleuched slightly --
a huran-like posture not easily achieved with test dumnies -- bag slap does
not occur, )

The solution would seem to requive simultancous "optimization" of

i
head acceleration and head/neck extiension -- that is, reduce the stiffness
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VISICORDER TRACES FOR SLED TEST A-624
(29.2 1PH REAR [MMPACT, HSRIZUNIROYAL HEAD RESTRAINT)

FIGURE 7I.
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of the system and thereby reduce head-acceleration spikes at contact, at
the "cost" of allowing some controlled heéd/neck extension. Such
optimization of the HSRI/UniRoyal head restraint could probably be
accomplished by incorporating blow-out ports in the air-bag, and by
modifying the inflator system to produce a "ramp-type" bag pressure
versus time profile instead of the triangular profile now produced

(see Figure €0). idore rcalistic simulation of occupant slouch would

also yield a more realistic indication of head restraint performance.
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FIGURE 73.
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FIGURE 77.
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APPLIDIX A

PRELININARY SPECIFICATICHS FOR
INFLATABLE HZAD RESTRAIHTS
AKD INFLATOR DEVICES
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INFLATING HEAD RESTRAINT SYSTEM
SPECIFICATIONS FOR INFLATABLE STRUCTURE

Envelope (Maximum bimensions)

- Stored 18" wide x 8" deep x 1" high

- Inflated 18" wide x 12" deep x 11" high

Volume

- Inflated 2376 in3 (1.375 ft3) max

Pressure/Ti:2 Profile

- Dynamic Inflation 0-10 psig in 20 msec

- Static Leakege hold 10 fg.] psig for 30 minutes

Static Load/Dallection

Kien loaded as shovn in Figure 1, maximum angular rotation of the major

axis o i inileting structure shall not exceed 20° fran vertical.

Inflator Interface

Inflating structure shall interface with the gas-discharge baseplate

of the Olin Inflator bottle as shown in Figure 2.

Inflated Shape

In designing the shape of the forward (head-contact) surface of the
inflating structure, consideration shall be given to minimizing:

a. Hyperexiension (excessive vearward rotation relative to the torso)

of the head and neck;

b, "Ramping," or upwerd moticn of the torso parallel to the seat back;

¢. Side-lo-side rotation and translation of the head; and,

d. Forward rebound after impact.
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INFLATING HEAD RESTRAINT SYSTEM
SPECIFICATICHS FOR INFLATOR DEVICE

1. Dimensions
- Unit size and weight shall be minimized, consistent with safety
and reliability considerations. (Guideline: unit should mount to the

1

sest back structure of an automobile seat.)

2. Inflaticn Poriorrance -
- Unit ch: 17 inflate a structure of 1.375 ft3 (max) to 10 psig

i& psig in 20 1sec.

-Inflation roise shall not exceed 150 dB in amplitude, 20 msec

dl. dion during inflation.
1
]

4, Geporal .
b
f

~ Unit shall be a "one-shot" device, requiring replacement or re-
charge after each use. ‘. f
|

- Unit should be designad to minimize accidental actuation a d to

discotrage tamnering.



APPENDIX B

SLED TEST EQUIPNENT SPECIFICATICHS AiD
CALIBRATION PROCEDURES
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A. Equipment Specifications
Transducers

1. Setra Model III Accelerometer (Dummy)
Type: Variable capacitance sensor with pulse width modulation.
Reange: =250 G, =500 G
Sensitivity: 6 nv/G, 3 mv/G
Frequency Response: 0 to 1800 hz, 0 to 2500 hz
Natural Freauency: 2600 hz, 3600 hz

2. Statham Model P0STC-100-352 Accelerometer (Sled)
Type: Temperature compensated, unboundad strain gauge
Range: =100 G
Natural Freqency: 1800 Hz

Damping: 0.7 (:0.1) of critical room tomperature

3. Lebow todel 3377 Palt Load Cell
Type: Strain gauge
Range: 3500 pounds, with 505 overload capacity
Sensitivity: 2.2500 mv/V/3500 pounds

4. HSRJ Pressure Transducer
Type: Strain gauced diephivagm using Micromeasuremants
EA-06-455-05-350 Strain Gauge
Range: 0-30 psi

Signal Conditioners
1. Setra S$CM-1 Signal Conditioner
Type: Solid siste, direct coupled, differential input and
output, cperational auplifier and regulated transducer
excitation.
Gain: .01 to 2.5
D.C. Gain Linearity: Better than 20.1% of full s§a1e

Frequency Respanse: 0 to 20 KHz
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2. Honeywell todel 120 D.C. Amplifier
Type: Solid state, direct coupled, wideband differential
Gain: 10 - 1000
D.C. Gain linearity: better than +0.2% of full scale
D.C. Gain accuracy, calibrated gain renges: better than #0.5%
Frequency Response: 2% D.C. to 10 KHz

3. Honeywell liodel 105 Bridge Balance (Gauge Control) Unit
Frequency Response: =0C to 10 KHz within 20,59

Recorders
1. Hongyell Model 1612 Visicorder Light-Beam Oscillograph

Galvancwaler response:

M~3300 (15 clannels): 15%, 0 to 2000 Hz
M-1650 ( 4 choumels): =57, O to 1000 iz
M-1000 ( 1 chanral ) 25%, 0 to 600 Hz

2. Honeywall iodal 7630 .M, Tape Recorder/Reproducer
Tape speads: 1 7/8 to 120 ips
Frequency vresponse:  =1.0 db 0 - 10000 Hz (at rccording speed
used - 30 ips)
Harmonic distortion: 1.2%

3. CEC Medel VR-3300 F.H. Tape Recordoer
.Tape speeds: 1 7/8 to 60 dips
Frequency response:  :0.5 db 0 - 10000 Yz (at recording speed
used - 30 ips)
Harronic distortion: 1.5

B. Calibration Procedures

Transducers: Thne calibration sensitivities of the transducers are
checked to insure that there has been no appreciable deviation from

manufacturar's spacitiod sonsitivity,
/



1.

Setra Model 111 Accelerometer

The sensitivity of the Setra 111 Accelerometer is checked

by mounting the accelerometer on a centrifuge and measuring

the output at various steps of centrifuge speed. A synchronous
drive in the centrifuge gives a known rotational speed which,
conbinad with the arm length, gives a known acceleration.
Measuring the output voltage from the accelerometer at various
known accelerations gives a deterimination of the accelerometer
sensitivily.

Statham I'odel ASYTC Accelercneter

This strain-gsuce accelercomster, used te monitor sled deceleration,
is calibreted by ccrparing its output with that of an NBS-
traceable standard accelerometer. The two acceleromeiers are
mounted piggy-back on a common carrier block and impacted.

Their ovtputs are displaved, via the sled urhilical and the

$ig.ai conditioning systea, on the oscillegraph, The

excitation voltege of the Stathem is adjusted until its output
agrees with thz standard accelercmeier, This excitation voltage
beccmos the starderd for subsequent use of the accelerometer,

Lebow Secat--Belt Loxd Cells

Calibration sensitivity of these load cells is checked by
applying a known lcad to a Tength of seat-belt naterial on
which the cell is mounted. The output signal is compared with
that obiainzd when a shunt resistor is paralleled with one

leg of the trensducer's bridge. The vesistor value is that
which has bean spscified by the manufacturer to produce a
transducer cutput equal to ihe output produced by a known Toad.




Calibration ~ Signal Conditioning/Recording Systems

1.

Setra Accelercieter Channels

Application of the 6 VDC accelerometer excitation voltage

to the calibration terminal of the Model 111 accelerometer
internally switchas a shunt resistance into the accelerometer
circuit and produces a known calibration signal (DC) on

the transducer output terminals. Knowing the transducer
sensitivity, an eguivalent acceleration (nominally 20% of
F.S.) required to produce this same output voltage under
dynamic conditions cen be deternined. The calibration signal
is epplicd to tne input of the signal conditionar and the gain
is adjusted to produce an ouiput signal with the desired
scale facter (1 volt = 50 G's). '

Strain-Cauce Transducer Chaunels

Calibraiion of strain-gauge channzls is accomplished by
introducing shunt resistors across one leg of the bridge of
L Transducers in guestion, and checking the excitation
required to produce the galvancmeter deflection desired.

A significant chengz in tha required excitation for any
traasducer weuld indicate the need to check the calibration
sensitivity of the transducer, or otherwise determine the
cause of the chance. .

For the Statham accelercmeter channel, the calibration
resistors are the internal "Cal 1" and "Cal II" calibration
resistors of tne Honeywell 105 gauge unit, and their correspon-
dingy G-value and calvanomcter deflection were determined at
the time of calibration of the transducer itself.

In the case of the Lehow Lelt load cells, a 60 K-oha resistor
is intreduced in the transducer cable parallel to one leg of
the tronsaucer bridee, and whose corresponding belt lead value
was specified by tne manufacturer,

1567



The pressure transducer channel is calibrated directly

by applying a known pressure (10 psi) to the transducer
and adjusting the transducer excitation voltage from the
Honeywell 105 gauge unit to produce an output voltage from
the Honerwell 120 amplifier with the desired scale factor.
(v = 10 psi).

3. Tape Recorder
Calibration of the iape recorder is accemplished by
adjusting its inout attenuators to cbtain a 407 carrier
frequency deviation vhen a calibrated 3 volt source is
applied to the tape inputs. i
NOTE: Calibration of the signal conditioning equipment,
oscillograph, and top units is done routinely for each sled
test. ’

C. Dala vispioy and Processing Egquipmen

Data is rccordad on tape during a sled test at 30 ips

tape speed, To ootain the proper frequency response from
the strip chart recorder the tape speed is reduced to

1 7/8 ips for cata output. The cata channels desired for
disploy are filtered according to the SAE 0211 specification.

1.7 Gould Brush 230 Recorder
Type: 6 channal strip chart recorder
Functicn: Plots data channels pre-recorded on tape.

2. Rurr-Broun Filter 5703-LP4L-2000/16
Type: Fixed filter w 230 Hz cut-off
Function: Filter rav data from tape for input to strip
chart recorder,
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Krohn-Hite 3750 Filter

Type: Variable filter with cut-off 0 - 20 KHz and roll-off
rate 6 - 24 dB/octave.

Function: Filter raw data from tape for input to strip

chart recorder.

Themas 1710 Impact Computer

Type: Analog ccaputer

Function: Computed resultent and Severity Index of biaxial
or triaxial acceleration data for input to strip
chart recorder or digitizer,

Themas 1720 Recording Analog Digitizer

Type:  A/D cenverter with memory unit to store data and
encoder for output to standard teletype.

Function: Dicilize anzalog data from tape or Imprci Computer

for input to teletype.




