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h. ImpRle> Anallysis of Airplane Crash Data with Consideration Gven to

Hiunan v3 ec; Huey D, Cardem (NASA LangleyJ, m’o&f’”' 1983;
OCi ety 0 andt e Engi neers, wareasddkrs,Pennsyl vani a15096.

Note: Initial inquiries for any reading material in this paragraph may be
— directed to the address in the applicabl e sSbaaaayesgbh.

4. BACKGROUND. The scientific study of human exposure tb inpact began during
WaRITEiE: I When ej ection seats were devel oped for high-speed aircraft. The
work of Geektz and Rufff i n devel oped basic criterra whicdh are still in
use today for evaluating seat and restraint performance. After the war, the
work was expanded by Stapp and other scientists working rpnmarlly for the U S A
mlitary services. Fiiband provi ded a ooadise summary of this early wetk. The
concern for automobile crash safety which devel oped during the 1950"s and 1980%
resulted in a great exPansl on of studies to increase inpact injury Erot ection
offered to a civil population. Quidelines for the application of these studies'
findings to &nmy heliembwens is found in the Aircraft Crash Survival Design

Qui de; and for automobiles, in various Society of Automotive Engineers documents
and in the Federal Mtor Vehicle Safety Standards. The devellopments can also be
fol lowed i n the Proceedings of the Stapp Car Crash Cohfereness, publiished

annual 'y by the Soci ety of Astombtirg Engi neers since 1966.

5. DEFI NI TI ONS.

a. Human Tol erance. Wol e meaghuman tolleramee | imts result fromtests
with voluntary human subfieets ¢h6 are exposed to6 i ncreasingly severe inpacts
while being held by a specific seat and restraint system, Thelevel of the
impactsi s increased until a subject feels thatfurther tests wolld be
unacceptable. Injury is selldem the endpoint for such tests, but when fhjuey
occurs it is often accidental and has always been minor in nature. fTblevanice
limts fomm such testing have |imted general application for systems intended
to protect humans against serious injuryor death for they represent a
voluntarily accepted inpact level and tet an inpact |evel representative of
serious injury or death,

b Injury Qriteria. Injury criteria describe the trauma limts of
i ndi vi dual” human kody cpmeonérss. Mosse ar e mBre general |y pppl headle bo a
variety of i@edt injury protection systemdesigns. To provide data for
protection against serious injury or death, biological surrogates are osed
Instead of human subjects in tests; however, correlation of data between the
bi ol ogi cal surrogates and living humans is difficult. Mreover, for evaluating
the performnce of aProt ection system, an anthropowihic t@kdalevive (D)
may be used instead of a biological surrogate, and the palp isonly a rudimentary
representation of the human body. Inpact injury criteria should be expressed in
paraneters which can be nmeasured on an Rr.

human for evaluation of 1 mpact mjury protection systems. Wi le many

types have been manufactured, the only standardized adult size rp generally
available in the U S A isthe one described bg 49 CFR 572. Thi s deviice,
canmoh)y cal | ed the Part 572 dusimy, provi des only agpxdwimite cortelations Wit h

c. Anthroponorphic Test Device (RFD). AnRMDi S a dummy used in glace of a
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humans, and consi derabl e resources are bei n? expended tB devel op better Xb's.
Impact injury criteria determned using biological surrogates should be
expressed in paraneters which cmbe measured on an RID.

60 DI SCUSSI ON.

a. (oals.

(1)) The%l of this advisory-circul ar isto provide gui dance regarding
usef ul hﬁmmlza jtry dat a whidh nay e used to est abl i sh bases for
acceptance | evel s a pertormance criteria in the evaluation of occupant

s umir b iliitty daasstesr ddiesi nci vil aircraft. The human impact injury data
provided herein are neither design criteria nor design goals, for it should be
accepted that impact injury protection 1is a siisterrs oconsideration with the human
occupant as only ne elenment in the system rcraft designs that absorb inpact
ener gy, hel p eeAteoll the i npact environment, maintain adequate |iving spaee,
provide egress pathways for rapid evacuation, and use fire resistant s){st ens tb
provi de adgyadte tine for egress) contribute misch to occupant survivability.

The occupant protection system elements (such as occupant/seat restraints,
equipmant, and f ur ni shi n%s) whi ch are cl osest to an eseupanit, pl ay amajorrole
In injury protection. It is the proper interaction of all these and peEited
ellemarits &b izh shoul d be addr essed to pidvide i nprovenment in occupant protection
against 1njury.

$2) Thee gosll of liftset | injury protection system shoul d be & reduce
the I evel of TAjUEYy TNSOTar as possible; from fatal to nonlife threatening, bo
serious, td mnor, to fyyme. The ekt tb whieh progress can be mate al ong t hat
chai n depends aamany factors:

_ (ti)) Per sonal ;hwﬁﬁj'ﬁdméa%e, sex, physical eonditiiem) of t he
occupant influence the ability to withstand the fotee of “i npact;

(i1) Restraint system design details govern the placement of |oads
on the body at 1eeatiens and atlevels where loads canbemstt readi |y taken;

~(ii1) Oientation of the inpact vector relative k8 the occupant
g Whi ch axtssiesits of t he body ar e fiost hi ghl y stressed,;

(i v? A seat, @hidh e&an provide distribution of |oad 6ret the body
and absorption of enetdyy, may reduce the stress in the body;

, (v) If the occuRan_t/sea,t restraint does mt preclude secondary
inpact of an occupant with the interior of apassenger conpartnent, then the
ability of the cabin interior to distribute thellnPact load Bwer the body

segnent's and absorb energy influences the stress in the body from secomdary

img@att; and

_ (vi) Finally, the Haracteristics of the impact pulse, such as
imsedt vel ocity and the *“shape™ ef the time history of the ammdbavatibon
(including duration, mexiftm levels,effective onset rate, etc.), influence the
stress in the body,.
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b. Wholle Blsdly | npact Tol erance.

(1)) Consiideriing t he mamyfactors influencing the ability ofa system
to protect against inpact injury, anysinple statement of tolerance should be
heavi | y con@itbmesd. Eibaindi, i n 1959, atteuitedl t 0 apille a summary of the
kndwadge existing at that tine relative tB human tol erance tmimpact and
attebted to present it in a sinple fom. He &use to represent each Wt
result as a point on a log-l1og plot of acceleration vs. duration. The value of
accellenaition (or decellensitiom) chosen for this point wds the maimom
accel eration nmssured in the test, and the duration was the duration of that
maxi num accel eration. This approach was effective at that tine because mest of
the test data was ebeaires for ejection seat tests, waete the accel eration (e
was roughly trapezoidal in &s, and ooulld be fairly reBresenitesi ky duration
ari d magnitude of t he mekimumaccel eration; however, if the pul se shape devi at es
significantly froma trapemidal or square shape, this nethod becemes
ineffective. ~ For exanple, the triangular pul se shape often resanntizd as
representative of aircraft crash deceleration weuld not even appeatr on a | 0g-10g
plot since the peak deceleration has smduration. Also, a deceleration pulse
wi th a superinposed short duration spi ke wolld be aasvatterdized K t he ampl itude
and duration of the peak acceleration of the spike, and all other
characteristics, such as velocity & or energy, weldld B i gnored. Indeed,
SU.Ckh a pul se wbdlc acpear to be mndifferent than a pulse somased only of the
spi ke.

_ (2) Thi s advi sor’\[ circular will retainthe Io?-l o]g format, but willl
interpret the actorlling to a - y USEd by the Amy n eval uating
energy absorbing seat performance. This nethod nessusss, and plots, the
duration of all acceleration |evels whieh appear in the accel eration pul se of
the test. Thus, the test is represented asacunwe,rather thanjustasingle
point on the log-log plot. A series of tests will appear as a famly of curves,
and the tangent to those aimes represents an envel ope oft he mackimom

accel eration and duration of maximumaccel eration to &hiich a human was exposed
inthetest series. while this provides a mre anisreal neans of including a
variety of pullse shapes, it cannot emssidier al | of the factors previ OUSIF/
mentioned. Al S0, since it retains the log-log tolerance format original %
proposed ¥y Eibandi, it suffers fromthe same psssitle msinterpretation that any
test or crash, #hizh can be plotted within the tol erance eurve, i S tblerable
without regard toe velocity change. |,

(3) The vol untary espasiee areas of Figures 1 through 4 represent the
accel eration | evel's and duratTons WiAch nave een tol erat ed by volunteer human
subtects using the restraint omespit i ndicated. The areas titled "low
probability of |ife threatening injury’ in Figures 2 and 4 represent accidental
exposure of humans which resulted in reversible injuries.

¢. Inpact Injury Criteria. GF me inportance for evaluating the
per f ormance of 1 npact injuryprotection systens are nassusamits W&h can be
made during testing. Historically, measuremmits of acceleratiion have been
used as inpact injurycriteria, but these messussiits have onl y been wmate
popul ar by the ready availability of ameletieress rather than the significance
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of acceleration as a factor in injury. In short duration accelerations, such as
occur in inpacts LI, ess than 0.02 seconds, for exanple), the injury limt is body
structural, and this limt wuxh be expressed better in ternms of Stress f
strain. In any event, it should be understood that there are nd universally
accepted handbook valuesfor inpact injury criteria in the sense that there are
handbook val ues for the properties of miterialle used' in the corsstuation of
aircraft. Injury is a progressive occurrence, and the tate of B ioh
varies with a nunber of factors which have not gt been eamplletely under st ood.
Al'so, inpact injury criteria are not design criteria in the sense that they can
be used during the design of an aircraft inthe same marrasr as the tties Of'
materials are used. Instead, such injury criteria should be viewed as test
measur enent s Whilich can be used t 0 determine i f an i npact pebesdtiam systemis.
likely tB have achieved some | evel of success. [f a nininumlevel of protection
has been established by regulatory requirements} as has been generated either by
the rul emaking process for the autonotive |ndustrY or by mlitary specifications.
for defense suppliers, thenthecriteriaandnethods of demsstedtirg camplliance
with those criteria are defined. In the absence of such adefinitive process,
the [es?onm bility for the selection of fjury criteria pertinent b3 a

particul ar application and for the deeBdpmart of appropriate test procedures o
denonstrate that the injury criteria have been wet falls on the manufacturer of
the system 6 assist inthis effort, the follow ng subparagraphs sumatiize
Stdie of the mBre i nportant concepts bk injury criteria whieh may, depending on
the application, be of |n'Portance I n the devellepmesit of | npact injury protection
systens for civil aircraft. Other avsesits, as whlll as ar gunent s and

agai nst mmdt of the coteppts presented here, can be &bud in the literature.

(1) FHead Injury. Injuries to the head can he fractures or
concussi ons. ml'mél‘ﬁ%nn' of |Jnj ury depends an the energy of the |eracth t he
e

rotational and translational maetent of the head relative &b the body, t
characteristics of the inpacted surface (area, shape, and load distribution
properties, for exanple), and the site and direction of the load (force) vector
relative tb the head. The Wayhe State Universi tTy Concussi on Tol erance Curve
(WK ), pr oposed wytissner) et al., in 1888, forms the basis B fmbst current
head imjurg criteria. Gadd devised a weighted inpulse criterion t6 define a
Severity | ndex 1@8!;)) to represent the @BIKMCG, 86 that a GSk | ess t han 1000
represented the [init for skull fracture fromlocalized inpacts agairgit a hard
surface, and a GBI | ess than 1500 represented a concussion injurylimt 56
?IflStbgK]g'%ed or ma-ec&mt s bym TB(tjhfakfeﬁdHeAg IaI t ernatO?, trepr,eserz;iﬂaitd on of

e MRS, suggest e e, e e Head I njur iterion )
specified In egderal Mtor Vehicle Safety Standard (FivSS) No. 20&. The HIC
requires a nEasuedstt in g's of the resultant acceleration at the center of
mass Of the head tD be inserted into the follow ng equation:

t, 2.5

1
HIC = (t% t) a(t) dt << 1000
2 1 max

where a(t) is the time history of the acceleration at the eentee of mass of the
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head meassired with a systemhaving a frequency response of 1000 Hz, t} and

tQ‘ are the initial and final times (seconds) duringa pulse interval, and a
value of 1000 is the limt for head injury. = Although usually nat specifiedin
the criterion, this limitis mst useful with pulse intervals not greater than
0.05 senunds.

' (2) Gge i Upper torso injuries include both skeletal &nd
soft tissue M&s Eiea]thery suggested that éhestdef | ecti on showed
?ood eortelation with blunt frontal inpacts and recamiended a sternal deflection

imt of 75 i for represenhgg{esevere, fohl i@ t hr eat eni nP, chest injury for a
45 year ol d md-sized male. primary problemwth a deflection measurenent
IS i n nddkirgy a Si ngl e masswesmit Whi ch s descriptive of the easpllex t horax
behavior under abli conditions of inpact. The same problemexists with a single
accel erat i on mezaswenent, Such as used inlimts &ixh state *...shall not
exceed 60 g's except for interval s Wese cunul ative duration is nat mere t han 3
mlliseconds," andis egoahael by the difficulty of eortelating an .
accel eration fassnesent Wi th in jury. Eppﬁngersug?estedl analternate, easily
measured criteria, shoulder belt |oad, as a means of predicting thetaeie
fractures in cadaver tests (wth oossitmidion of cadaver mght and age at
deat h). He suggested that a 5.8 to 6.7 kil o newtons pn?) upper toeso di agonal
belt Torce ol f)_roduce the mnimmaverage nunbet of fractures, in the
autonobile fatality population in a 13.4 meters//secord (m/s)f rontal crashwith
a particular belt restraint system Whis approach | S aseditieied by t he
understanding that belt loads are al so strongly influenced by bel{ geonétyy, a
factor not represented in the analysis.

(3) Abdominal Injury. The clinical [iterature provides extensive
documentation of the serious, lifethreateninginjuries whieh can result fum
bl unt abdexninall tradma; however, the research acconplished td date tb define
abdomirall i_?ﬁrycn teria has bppn limted, and Hp practical criteria have
evol ved. us, considering the pbestiall severity of abasmivedl loading,the
only suitable recomimendatiion i s to avoid applgg n% | oads to the akomen. | n
particular, a safety kel shsulld be designed 88 that it does st slip fred t he
pelvis to the atfidmen.

(4@ Leg Injury.

(Eng) Early studies by Patrick, et al., used embalsed cadavers with
head, chest, and kees striking 1ightly padded |oad cells duringsled tests.
They eswcliuded t hat a | oad of 6.2 kNTepresented a oosssmadtive val ue for

overal | injury threshold for the patella-fenur-pelvis esnpllex. Mre recent
studi es by mbmiin, et aloQ usi né; unenbalmed cadavers and an mworwithzsm
of enerﬂy absorbing padding, indicated a threshold of fracture of 13.3 ja¥, with
a threshol d impaetor nfsndritum of 1807220 Ns necessary to cause fracture. The
current linit specified in PSS 208 i s 10 kN which i's suggested as being
appropriate criteria in aircraft. These studies comsamied i npacts whicheare
essentially in line with the femur.

. (11) Concentrated | oadi ng of the patelila by impactors havi ng
circular or ring shapes | ess than 16 samin dianeter demonstrated failures as |ow
as 2.5 kN, wit h patellia danage varying dramatical ly wi th i mpact veDe¢ity.
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~ (iii) Transverse | oadi nP of the lower Ieg was reported by Young1 tb
result intibiafracture at force level s from4.45 t o 6.67 kN. Kramer, et al .,
found a 50 percent fracture limt of the ower legto |ie between 3.3 and

4.4 kN, depending on the diameter of the inpacting cylimder.

(5) Spinal Injury.

(i) Damage to t he vertebral cdlumn, particwladly to the gppar
| umbar and | ower theraeie segments, occurs frequently where severe inpact foee
is directed parallel t6 the spine. Stech and Payne reeiieled this i npact as a
single lunped-mass, danped-spring system assumng that the total body mass
whi ch acts on the vertebrae: to cause injury can be represented by me rigid
mss. The todel i s used to predict the maximuniddfommition and t he associated
force of the sprmg,(representmg the vertebral colum) for an input
acceleration-tinme history nessured oA the structural seat pan of an ejection
seat. The in u_rr criterion Wit results is called the Dynam ¢ Response | ndex
(mBwy. BRrlinmtsfor uniaxial spinal ewspression fractures of mlitary aircrew
have heen suggested as fol | ows:

DRI = 18.0 inplies less than 5 percent risk of’ in jury
DRI = 20.4 inplies |ess than 2 gercent risk of injury
DRT = 23.0 i nplies greatdk than 50 percent risk of injury

Wi le the BRI has been successfully used for several military prograrrs, t hese
programs have also used well designed restraint systems t6 avoid bending | oads
on the spinal column thich are not always possible in civil systens. MoreOver,
fewcivil aircraft seats have well defined structural seat g&ss ea which

3 tatiive accel erations can be massuedi. | n anh attenpt to weenmme t hese
probl ens, Chandl er aoodiedted t ests using a nedtified Part 572 MW t h a Lloadl
cell inserted into the pelvis at the base of the rubber Quonibar® cylinder of t he
dumny. He found that, under a variety of test conditions with a mlitary type
seat, a pel vi c oompessiion | oad of 6.7 kN correlated with a DRr of 19,
indicating a | owto nodetate risk of injury. Since | oads feem the restraint
syst emwhi ch weuld cause spi nal tomesssisioh Wolld fdst | i kely be reflected in an
increased pelvic load, this fssun-enait gy have moare general applicationandis
suggested for use in aircraft.

(ii) Model s shicthare, in effect, [imted to ene injury indicator
for spinal colum injury cannot predict the e« stress distribution which
existsinthis ex structure. Several fore sophisticated ibddls have been
suggested, but there is hy general consensus of mdxe representative injury
criteria. Inanyevent, the fneasurewnts whlich can % mable during a test wll
probably limt any proposed criteria bo axial and shear |oads and momesits and
torque in practice.

- d. Restraint Efffecitiiperess &nd O her Criteria. There are several other
eliiterria Bdr €171 €CL1 Ve protection agednst Lmpact Lnjury khieh €annot be def i ned
by numerical linmits. hhong the mpre i nportant of these are:
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(1) IRexsidt sysagmnshoul d be desi gned to encourage frequent and
proper use by occupants. ReStraints which are amppdex, unconfortable, or unduly
rMﬂv t 0 nofiml epextaitosredl functions of the occupant are unlikely tb be
8 D.

(2) Restraints should fit the size range of occupants that are |ikely
to use the sysfem MESEGE restralnt systens can cause injumy; for exanple, a
di agonal belt thiieh bears against the side of the head can pronote neck injury
i f vertical inpact takes place; a diagonal belt &idh passes bel ow the center of
mass of the ugger torso-head- neck asnpliex may alllew the torso tb rotate out of
the restraint-and increase the potential of either inpact with the aircraft
interior or injury frem spinal colum torque, etc.

. (3) Restraints shéutdvabply | oads to the body areas mat ablle to
withstand the TaA&= (i.¢., pelvis Of andhii@esg), and shoul d nak rowe from t hose
areas during the inpact.

(4) Seats and restraints shoul d distribute their |oad over a neximum
body contact area to reduce concenirated |oad ea the body.

~ (9) Seat_and restraint systens shoul d provide as mieh ghifiosn | oad
d|str|tbut|on t0 the DBy as passible to linit relative displacement of the body
segnents.

. (8) Elasticity of elements in the restraint and seat allows body
motion and can__y__l_| ncrease rnpact severity. FPor exanple, long lengths of relegsint
webbi ng stretch msre t han short webbting | engt hs and al | ow nor e &tpparit fibt doh.,

~e. Accerkel InjumyCriteria. The fblhewing document s eontaiin i nj urK
criteria and test procedures whieh have been accepted by user groups and have
served as guidance for establishing simlar criteria fot civil aircraft crash
injury protection systens:

(1) Federal Motor Vehijefle Safety Stamdrnd Mo. 201, Cccupant
protection in interror rnpact (49 CPR 571.201), oontaims-crlteriafor head

Impact with instrument panels and seat backs.

(2) Federal Mtor Vehicle Safety Standard No. 202, Head restraints
(49 CFR 571.202)),, chitiains editdred tar nead restrai nts 1 ntended to reduce neck
injury in rear-end collisions, and may be applicable to rear facing seat, head
rest design in aircraft.

(3)) Federal Mtor Vehicle Safety Standard No. 203, | npact protection
for the driver Ecom the STEErT ng aomtradl SyStem (49 CFR 67112283), contains
criteria 6 mnimze chest, neck, and facial injuries resulting (rommpact with
the steering apitmdl.

~ (4) Féaswsl Motor Vehicle Safety Standard No. 208, Cccupant crash
PrOt ection (49 TFR 571.208), coRtadans CTILeria 1ol the head, Nhérax;,, ad dper

egs to mnimze injury in an automobile crash.
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(5) M1itary Seédifdaatimm 58095(AY) , General Specification for
Crashwor t hy, Nor-Ejection, Zatew Seal Syst em (M IS-5B809R (A ) ), cvbtea s
speclifictations for limting spinal injury created by Wudle mwjy verti cal
accel eration.

£. Suggested NumBricsil Val ues for Aircraft Use. The folloimg Subparagraphs
summarize {he | npact injury data that are suggested herein for use in assessing
the perfornance of impact injuryprotection sysiess i n civiill airenaifit, and tieesé
data are rot to be amssiliered as regulatory criteria. It is tot intended that
all of the suggested performance criteria shoul d be used in every case to assess
each inpact injury protection system. Wen (e(ful atory requirements are
establ i shed, specific performance criteria will be defined within the rule. In
such cases, theregulatory criteri a take Fteeedeﬁnu uver anything presented in
this advisory circular. In the &ssee of a definitive regulatory requirenent
though, a nanheadtirer shoul d sel ect appropriate performance criteria, devel op
approfiriaitee test procedures for the particular application, and demmsitraite t hat
t he s&lected peffsmmmee criteri a have ket net.

2y .
© (1) Wole body inpact tol erance —

(i) - & (20poiint restraint) Figure 1
(ii) + Gz (a-point restraint) Figure 2
(ifi) -} (2-poiint restraint) Figure 3
(iv) = & (36poiintt restraint) Figure 4
(2) Head injury — HEC < 1000 (t3-th < 0.05 seabids)
(3) Chest inijury — Diagonal shoul der belt load - 7.8 ki (1750 Lbs.)
(4) Abdomi nal injury — No waahtiedtive data suggested.
(5) Leg injury —
(i) Inline with femur - 10 jai (2250 1bs.)
(i1) Patelila (concentrated | oad) - 2.5 kN (560 1bs.)

(iii) Transverse (lower |eg) - 4.45 kN (1000 1bs.)

(6) Spinal injury — pelvic conpression load - 6.7 kN (1500 1bs.)

. Foileconer

eph A. Ponteesivo ,
puty Director of Airworthiness
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1. HIRBCBE. This advisory circular describes a range of inpact trauma which
n&§ e to establish bases for acceptance | evels or performance criteria in
the eval uation of occupant survivability dasesdtsdisttiies in civil aircraft.

2. RELATED FEDERAL AVKIATTON wms FAR! SECTI ONS. Secti ons 23.581,
2 , 21.78%5, 27.800, 29.561,

3.: -~ ° L ~v e . L [ .
29.563, 20.785, 20.800, and 29.80%. @ .
31 RELXTEBDREADINGMVWRERRAAL .

a. _Arcraft Grash Survival Design Qui de Vol umes |-V); Simdla, Inc.;
USAHE,TfR-TPI22 CAER) ; 1980 ; Apa ied Technol ogy Laboratory, U.S. Aﬁw&wm
and Te&md;nmy Laborat ori es (GVBASAOH) , FoHt Eustns,, Vi rgini a 23604.

b. Bloastranautics Data Book; NASA SP-30@%; 1973; Nati onal Aeronautics and
Spacekainfinrdstaat Doh ( NASA) , VAshi ngt on, D.C. 20546.

¢. Human Tolerance to Inpact Conditions as Related to Mtor Vehicle Design;
SAE 588%; Apri11 1 QW,;_TI_W_WOCI €Ly Ol RAiwmbtirve ENgl NEer s (SAE), Varrendale,

Pennsyl vani a150%&.
d. Whole Body Tol erance to |Inpact with Lap Belt-an-lly,Restrai nt;
Laan&esh, D.H; TEWIVTE‘E?W'SWH&, TNC., Tenpe, RrzzomaboZs2.
e.. Human Exposure to |Inpact with Two Point (La%ng) and Three Poi nt
Lt-T&hd D agonal_snoul der_Bel 1) Restra| i b% ,
9 ; August

«; Menmorandum No. s Prot ect I on and

g
Survi val Labor at ory, Gvil Asreeddtedl I nstitute, M ke Monheomey Aer onauti cal
Center, Federal Aviation Administration, Oklahoma Cty, Oklahoma 7312%.

f.  Human Seewiivali n Aircraft Energencies; Yost, C.A.; Cates, RW.;
Jzanuary 1989; Nai1 onal Aeronautics and oSpace Administration, Washington, D.C.

g. Proceedings of the Stapp Car Crash Conference; (published annually since
1966 By The SAE under vari ous SP nUMDErs), Socl ety ol Mhedmitive Engi neers,
Warrendal e, Pennsyl vani a 1509.




