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1. =E. This advisory circular describes a range of impact tram tiich 
slay be to establish bases tir acceptance levels or performance criteria in 
the evaluation of occupant survivability tiaracteristics in civil aircraft. 

PELXl!ED FEDERAL AVIATION RBGUL?QIONS (FAR) SECTIONS. Sections 23.561, 
ii 163 25 561 23 563 25 /I35 25.801, 25.803, 27.561, 27.785, 27.801, 29.561, 
29:563: 29:785: 29:SOl: md 291803. 

3. I3xmED REmnaG MP3ERIa. 

Aircraft Crash Survival Desiqn Guide: (Volumes I-V): Simla, Inc.; 
USA&-T%79-22(*-E); 1980; Applied Technology Laboratory, U.S. &my &search 
and Technology Laboratories (AVRPSOOM ), Fbrt Eustis, Virginia 23604. 

b. Bioastronautics Data Book; FASA SP-3006; 1973; Wational Aeronautics and 
Space Administration (NASA), Washington, D.C. 20546. 

Pennsylvania 15096. 

d. Whole Body Tolerance to Irrpact with Lap Belt-Only Restraint; 
Laananen, an; TI-t53a May 1983 t i Simla, Inc., Tknpe, Arizona 85282. 

Cw RV Memo andum Wo. AK-119-83-7; August 31, 1983; Protection and 
SurviGal L&rato&, Civil Aemnedical Institute, Mike whey Aeronautical 
Center, Federal Aviation ministration, oklahom City, alaham 73125. 

f. Hman Sunrival in Aircraft Bmerqencies; Yost, C.A.; Oetes, R.W.; 
January 1969; National Aemnautics and Space Administration, Washington, D.C. 
20546. 

Proceedings of the Stamp Car Crash Conference; (published annually since 
1966'& th SAE under various SP numbers); Society of htmtive Engineers, 
Warrendale: Pennsylvania 15096. 
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h. Impulse Analysis of Airplane Crash Data-with Consideration Given ,to 
Heuman Tolerance; Huey D; Carden (NASA Imgley); SAE 830748; April 1983; 
Society of Autcmtive Engineers, Warrendale, Pennsylvania 15096. 

I 

Note: Initial inquiries for any reading material in this paragraph may be 
directed to the address in the qrplicable subparagraph. 

4. BACKGFQUND. The scientific study of hman exposure ti impact began ddng 
World War II when ejection seats were developed for high-speed aircraft. The 
work of Geertz and Puff in Germany developed basic criteria which are still in 
use today for evaluating seat and restraint ~rfomance. After the wzir# * 
work was expanded by Stapp and &her scientists wxking primarily for the U.S.A. 
military services. Eiband provided aconcise sumnary of this early-r& The 
concern for autambile crash safety &ich developed &ring the 1950's ti 1960's 
resulted in a great expansion of studies to increase isqact injury protection 
offered to a civil population. &idelines for the qplication of these studies’ 
findings to &my helicopters is found in the Aircraft Crash Survival Design 
Guide; and for automobiles, in Mriaus Society of mtomotive Engineers dcmmwents 
an3 in the Federal Motor Vehicle Safety Standards. The hvelopnents can also be 
followed in the Proceedings of the Stamp Car Crash Conferences, published 
annually by the Society of Autanotive Engineers since 1966. 

5. DEFINITICWS. 

a. Human Tolerance. fjhole body hman to1 erance limits result from tests 
with mluntary human subjects who are exposed bo increasingly severe inpacts 
while being held & a specific seat and restraint system; The level of the 
inpcts is increased mtil a subject feels that further tests would Ix 
unacceptable. Injury is seldan the endpoint for such tests, but trihen hijury 
occurs it is often accidental and has always been minor in mture. ‘Iblerance 
limits fmn such testing have limited general application tir systems intended 
to protect hmms against serious injury OT death for they represent a 
voluntarily accepted impact level md rot an impact level representative of 
serious injury or death. 

b: Injury criteria describe the trauma limits of I; jury CrgiaAmnts. 
irrdivldua human These are nore generally applicable bo a 
variety of impact injury protection system designs. To mide data for 
protection against serious injury or death, biological surrogates are med 
instead of human subjects in tests: hcwever,, correlation of data~btween the 
biological surrogates and living humans is difficult. Moreaver, Sor erraluating 
the performance of a protection system, an mthppomrphic test device (RID) 
may be used instead of a biological surrogate, and the RID is only a rudimentary 
representationof the hmnlmdy. Xqact injury criteria sharld &expressed in 
parameters which can bemasured on an #PD. 

Anthropmmphic Test Device (TXJ!D). ZhRlDisaduranyumdinplaceofa 
hman. for evaluation of inpact injury protection system. While many &my ’ 
types have been manufacturd, the only standardized adult size Xl?U generally 
available in the U.S.A. is the one described by 49 CFR 572. This device, 
camonly called the Part 572 dm, provides only qproximte amelations with 
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humans, and considerable resources are being expended to develop better AID%. 
Impact injury criteria determined using biological surrogates should be 
expressed in parameters kich aan be measured on an AID. 

6. DISCUSSION. 

a. Goals. 

(1) The goal of this advisory circular is to prwide guidance regarding 
useful human impact m]ury data tiich may be used to establish bases fir 
acceptance levels a performance criteria in the evaluation of occupant 
sunrivability characteristics in civil aircraft. The human impact injury data 
provided herein areneither design criteria nor design goals, for it should be 
accepted that ect InJUry protection is a systems consideration with the human 
occupant as only cne element in the system. Aircraft designs that absorb impact 
energy, help control the impact environment, maintain adequate living space, 
provide egress pathways for rapid evacuation, and use fire resistant systems to 
provide adequate time for egress, crontribute math to occupant survivability. 
The occupant protection system elements (such as occupant/seat restraints, 
eguipnent, and furnishings) which are closest to an occupant, play a nmjor role 
in injury protection, It is the proper interaction of all these and related 
elements tiich should be addressed tD provide iqrownt in occupant protection 
against injury. 

(2) The: ,goal of arry impact. injury protection system should be TV reduce 
the level of injury insofar as possible; from fatal to nonlife threatening, to 
serious, tD minor, tD mne. Ihe extent tp tiich progress can be made along that 
chain depends cn many factors: 

(i) Personal characteristics (age, sex, physical condition) of the 
occupant influence the ability bo withstand the force of impact; 

(ii) Wstraint system &sign &tails govern the placement of loads 
on the bcdy at locations and at levels *ere loads can be nest readily taken: 

(iii) Orientation of the Lnpact vector relative to the occupant 
governs &ich coqonents of the body are nest highly stresti; 

( iv) A seat, which can prwide distribution of lo& over the m 
arrd absorption of energy, may reduce W stress in the q; 

(v) If the -t/seat restraint does mt preclude secondary 
impact of M occupant with the interior of a passenger oanpartment, then the 
ability of the cabin interior to distribute the impact load Over the bdy 
segments and absorb energy influences the stress in the w fraa secondary 
inpact; and 

(vi) Finally, the daracteristin ob the inpact @se, a.& as 
inpact *locity and the “shape” of the time history of the accleleration 
(including &ration, maxixum levels, effective onset rate, etc.), influence tk 
stress in the body. 
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b. Khole Body Ixrpact Tolerance. 

6120185 

(1) Considering the many factors influencing the ability of a system 
to protect against impact injury, any sirrple statement of tolerance should be 
heavily anditioned. Eibard, in 1959, attexpted to mile a spry of the 
knowledge existing at that time relative to W tolerance to impact zmd 
attempted to present it in a sinple form. He &ose to represent each test 
result as a point on a log-log plot of acceleration vs. duration. The value of 
acceleration (or c&Aeration) chosen for this point ms the maxinunn 
acceleration measured in the test, and the duration ms the &ration of that 
maximum acceleration. This *roach was effective at that time because xost of 
the test data was cbtained for ejection seat tests, tiere the acmleration @se 
was roughly trapezoidal in &ape, ti oould be tiirly represented ty duration 
and mgnitude of the maxirmm acceleration; however, if the pulse shape deviates 
significantly fran a trapezoidal or square shape, this mthod becunes 
ineffective. For example, the triangular pulse shape of ten recarmended as 
representative of aircraft crash deceleration mid rot even ear on a log-log 
plot since the peak deceleration has no duration. Also, a deceleration pulse 
with a superixposed &ort &ration spike wMlld be daracterized w the anplitude 
and duration of the peak acceleration of the spike, and all other 
characteristics, such s *locity &ange or energy, mid be ignored. Indeed, 
such a pulse muld -pear to be IIO different than a pulse m only of the 
spike. 

(2) This advisory circular will retain the log-log format, but will 
interpret the data according ti a rrrethti recently used by the Army in evaluating 
energ$ absorbing seat perfo&ancle. This method’iasures; and plots, the - 
duration of all acceleration levels tiich war in the acceleration pulse of 
the test. Thus the test is represented as a curve, rather than just a single 
point on the log-log plot. A series of tests will appear as a family of curves, 
and the tangent to those curves represents an envelope of the maximum 
acceleration asrd &ration of maxirmm accleleration to Rich a human was exposed 
in the test sries. mile this provides a more universal means of including a 
variety of pulse shapes, it cannot mnsider all of the factors previously 
mentioned. Also, since it retains the log-log tolerance format originally 
proposed by Eiband, it suffers from the same possible misinterpretation that any 
test or crash, &ich aan be plotted within the toleranca arve, is tolerable 
without regard to \Ilelocity cirange. I 

(3) The voluntary exposure areas of Figures 1 through 4 represent the 
acceleration levels and &rations tiich have been tolerated bv volunteer hrnran 
subjects llsing the restraint ooncept indicated. The areas titled “low 
probability of life threatening in jury” in Figures 2 and 4 represent accidental 
exposure of humns &id3 resulted in reversible injuries. 

c. Impact In jury’ Criteria. Of n~re importance 60r evaluating the 
performance of impact Injury protection systems are measurements which can be 
made during testing. Historically, measurements of acceleration have been 
used as impact injury criteria, but these measurements have only been made 
popular @ the ready availability of accelerometers rather than the significance 
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of acceleration as a factor in injury. In short duration accelerations, such as 
occur in ixpacts (less than 0.02 seconds, for exarrple), the injury limit is body 
structural, and this limit mid be expressed better in terms of stress or 
strain. In any event, it should be vlderstood that there are 110 universally 
accepted handbook values for impact injury criteria in the sense that there are 
handbook values for the properties of materi& wed in the construction of 
aircraft. Injury is a progressive occurrence* and the rate of pogression 
varies with a number of factors &ich have not yet been carpletely tierstood. 
Also, impact injury criteria are mt design criteria in the Snse that they can 
be used &ring the design of ar aircraft in the same manner as the paperties of' 
materials are used. Instead, su& injury criteria should be viewed as test 
measurements*idr canbe used tidetermine if an impact protectionsystem is 
likely to have achieved w level of success. If aminiarmm levelof~otection 
has been established by regulatory requirements, as has been generated either by 
the rulemaking process for the zutaaotive industry or by military specifications 
for defense suppliers, then the criteria and rnethcds of den-onstrating oonpliance 
with those criteria are defined. In the absence of such a definitive process, 
the responsibility for the selection of injury criteria pertinent to a 
particular elication ard for the develapnent of appropriate &st procedures to 
demonstrate that the injury criteria have been net falls on the manufacturer of 
the system. Tb assist in this effort, the tillowing subparagraphs SumMrize 
sane of the m3re important concepts Sor injury criteria *ich rray,depending an 
the application, be of importance in the develaptrent of impact injury protection 
systems for civil aircraft. Other ancepts, as ~11 = arguments Sor'ad 
against rrPst of the aDncepts presented here, can be found in the literature. 

(1) Head In'u 
d' 

Injuries to the head can be fractures or 
concussions. e ne anian of injury *pends on the energy of the impact, the 
rotational and translational -nt of the head relative tD the body, the 
characteristics of the impacted surface (area, shape, ti load distribution 
properties, for example), and the site and direction of the M (force) vector 
relative ty3 the head; The Wayne State University Concussion Tolerance Cunre 
(EUCTC), proposed by Lissner, et al., in1960, forms the basis forntcurrent 
head injury criteria. Gadd devised a weighted iaqulse criterion todefinea 
Severity Index (GSI) to represent the SUCK:, so #at a GSI less than 1000 
represented the limit for skull fracture fran localized @acts against a brd 
surface, and a GSI less than I.500 represented a concussion injury limit tir 
distributed OT mn-coJltact blows t9 the head. An alternate representation of 
the kGUCX, suggested by Versace, led to the Head Injury Criterion (HIC) 
specified in Federal Motor Vehicle Safety Standard (FWSS) No. 208. The HIC 
requires a Rleasurement in g's ob the resultant acceleration at the center of 
mass of the head to be inserted into the follcrwing quation: 

I 

HIC = ’ (t2 4) a (t) dt 1 
2.5 

I I < 1000 
, max 

where a(t) is the time history of the acceleration at the omter of mass of the 
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head measured with a system having a frequency response of 1000 Hx, tl and 
t2 are the initial and final times (seconds) during a @se interval, and a 
value of 1000 is the limit for head injury. Although dually rot specified in 
the criterion, this limit is xost useful with @se intervals not greater than 
0.05 seconds. 

( 2) Chest In’ury. l -. Upper torso injuries include both skeletal ad 
soft tissue injury met Neathery suggested that chest deflection ShaJed 
good correlation with blunt frontal ixpacts and recarmended a sternal *flection 
limit of 75 mn for representing severe, r0nlife threatening, &est injury Sor a 
45 year old mid-sized male. The primary problem with a deflection masurement 
is in making a single measumnt *ich is descriptive of the mlex thorax 
behavior lx&r all conditions of ixpact. The same woblem exists with a single 
acceleration measurement, such as ti in limits tiich state “. ..shall rot 
exceed 60 g’s except for intervals hose armulative duration is rrot xore than 3 
millisetis,” and is oonpounded & the diffimlty of correlating an 
acceleration measurement with injury. Eppinger suggested an alternate, easily 
measured criteria, shoulder belt load, as a means of predicting tboracic 
fractures in cadaver tests (with consideration of cadaver eight and age at 
death). He suggested that a 5.8 to 6.7 kilo newtoIls (kN)upper borsodiagonal 
belt force muld produce the minisnxn average mxnber of fractures in the 
autanobile fatality population in a 13.4 x&e&second (m/s) frontal crash with 
a prticular belt restraint system. This approach is aonditioti & the 
understanding that belt loads are also strongly influenced @ belt -try, a 
factor rot represented in the analysis. E 

(3) Abduninal Injury. The clinical literature provides extensive 
documentation of the serious, life threatening injuries &ich can result &an 
blunt abdcaninal trauma; hover, the research acccsplished to date tD define 
abdaninal injury criteria has teen limited, and c1D pactical criteria kve 
evolved. Thus, considering the potential severity of abdaninal loading, the 
only suitable recunne ndation is to avoid applying loads to the &daren. In 
particular, a safety belt &ould be designed 90 that it &es not slip fran the 
pelvis to the abdanen. 

(4) Leg Injury. 

(i) Early studies by Patrick, et al., CLsed tilmed cadavers with 
head, chest, ad knees striking lightly padded load -11s during sled tests. 
They concluded thataload of 6.2kNrepresented aconservativevalue for 
overall injury threshold for the patella-femur-pelvis ccqlex. More recent 
studies by Melvin, et al., using unembalmed cadavers and an impactor with 25 xra 
of energy absorbing padding, indicated a threshold of fracture of 13.3 kN, with 
a threshold impactor xomentum of 180-220 Ns necessary to cause fracture. The 
current limit specified in FMVSS 208 is l0 kN which is suggested as being 
appropriate criteria in aircraft. l%ese studies cmcerned inpacts *i& were 
essentially in line with the m. 

(ii) Concentrated loading of the patella by impactors having 
circular M ring &apes less than 16 xrr~ in diameter demonstrated failures BS low 
as 2.5 kN, with patella damage varying dramatically with impact \Felocity. 

L 
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(iii ) Transverse loading of the lower leq was reported by Young to 
result in tibia fracture at force levels frun 4.45 to 6.67 kN. Kramer, et al., 
found a 50 percent fracture limit of the lower leq to lie between 3;3 and 
4.4 kN, depending on the diameter of the iqacting cylinder. 

( 5) Spinal Injury. 

(i) Damaqe to the wxtebral u~lram, particularly to the wr 
lunbar and lower thoracic seqments, occurs frequently where severe impact SOme 
is directed parallel to the spine. Stech and Payhe mdeled this impact as a 
single lmped-mass, damped-spring system, assming that the total body mass 
which acts on the vertebrae to cause injury can be represented & xIe rigid 
mass. The rrodel is uzd to predict the maximum deformation and the associated 
force of the spring (representing the wrtebral mlum) for zm input 
acceleratiorrtime history measured cm the structural seat pan of an ejection 
seat. The injury criterion which results is called the Dynamic Response Index 
(ml. IX1 limits for uniaxial spinal oarpression fractures of military aircrew 
have been suggested as follckts: 

DRI = 18.0 ixplies less than 5 percent risk of in jury 
DFU = 20.4 in-plies less than 20 percent risk of in jury 
DRI - 23 .O inplies greater than 50 percent risk of in jury 

While the DRI has been successfully -ed for several military proqrams, these 
program have also used ~11 designed restraint system to avoid bending loads 
on the spinal column &ich are mt always possible in civil systems. Mormver, 
few civil aircraft seats have -11 defined structural seat +ns m *ich 
respresentative accelerations can be measured. In an attempt to overcane these 
problems, Chandler conducted tests wing a r&if ied Part 572 #pD with a load 
cell inserted into the pelvis at the base of the rubber “lumbar” cylinder of the 
dw- He found that, mder a variety of test conditions with a military type 
seat, a pelvic qression load of 6.7 kN correlated with a DFU of 19, 
indicating a low to mderate risk of injury. Since lo&s fran the restraint 
system which would cause spinal oppression would nest likely be reflected in an 
increased pelvic load, this nreasurement may have mre general application and is 
suggested for me in aircraft. 

(ii) Models *ich are, in effect, limited to one injury indicator 
for spinal aolurm injury moot predict the amplex stress distribution trhich 
exists in this qlex structure. Several sore sophisticated n0dels have been 
suggested, but there is 110 general mnsus of nore representative injury 
criteria. In any event, the masuremnts &ich can be made during a test will 
probably limit any proposed criteria tD wial and shear loads and nrwnents and 
torque in practice. 

d. IWtraint Effectiveness and Other Criteria. There are several &her 
criteria for effective protection against qct injury *ich cannot be defined 
by wrnerical limits. hong the mre important of these zce: 
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(1) Restraint systems should be designed to encourage frequent aatd 
proper use b occupants. Restraints &ich are coxplex, Lnccmfortable, or duly 
restrictive to normal cperational functions of the occupant are mlikely to be 
successful. 

(2) Restraints should fit the size range of occupants that are likely 
to use the system. Misfit restraint systems can cause injury: for example, a 
diagonal belt &ich bears against the side of the head can Fomote neck injury 
if vertical impact takes place; a diagonal belt which passes below the center of 
mass of the upper torso-head-neck complex may allow the torso to mtate out of 
the restraint and increase the potential of either impact with the aircraft 
interior or injury from spinal column torque, etc. 

(3) Rqstraints should apely loads to the my areas Irost able ti 
withstand the loads (i.e., pelvis cx shoulders), and should not mwe ftaTl thbSe 
areas during the -ct. 

'(4) Seats and restraints should distribute their load over a mximum 
body contact area to reduce concentrated load on the m. 

(5) 
distribution 
segments. 

.Seat and restraint systems' should provide as rmch vriform load 
to the body as possible to limit relative displawnt of the w 

(6) Elasticity of elements in the restraint and seat allows body 
motion and can increase impact severity. For example, long lengths of restraint 
webbing stretch nore than short ebbing lengths and allow more occupant notion. 

e. Accepted Injury Criteria. The following documents contain injury 
criteria‘and test procedures which have been accepted by user groups and have 
served as guidance for establishing similar criteria for civil aircraft crash 
injury protection systems: 

(1) Federal Motor Vehicle Safety Standard.No. 201, Occupant 
protection in interior impact (49 CFR 571.201), contains criteria tir head 
impact with instrument panels and seat backs. 

(2) Federal Motor Vehicle Safety Standard No. 202, Head restraints 
(49 CFR 571.202), contains criteria for bead restraints intended b reduce neck 
injury in rear-end allisions, and may be appliqable to rear facing seat, head 
rest design in aircraft. 

(3) Federal Motor Vehicle Safety Standard No. 203, Impact wotection 
for the driver frcm the steering control system (49 CFR 571.203), contains 
criteria to minimize chest, neck, md facial injuries resulting from impact with 
the steering control. 

(4) F&era1 mtor Vehicle _SafetyStanda@ No. 208, Occupant crash 
protection (49 CFR 571.208), contains criteria for the he", thorax, and wr 
legs to minimize injury in an kltomobile crash. 

23 
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(5) Military Specification 58095(AV), 
Crashworthy, Non-Ejection, Aircrew Seat System (MIGS-58095(AV)), contains 

General Specification for 
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specifications for~limiting spinal injury-created try dole bdy vertical 
acceleration. 

f. Suggested Num&ical Values for Aircraft Use. The following subparagraphs 
slnmarize the impact injury data that are suggested herein fix w in assessing 
the performance of impact injury protection systems in civil aircraft, and these 
data are rrot to be considered as regulatory criteria. It is not intended that 
all of the suggested performance criteria should be wed in every case to assess 
each impact injury protection system. When regulatory requirements are 
established, specific performance criteria will be defined within the rule. In 
such oses, the regulatory criteria take precedent- Wer anything presented in 
this advisory circular. In the absence of a definitive regulatory requirement 
though, a renufacturer &culd select appropriate perforce criteria, develop 
appropriate test procedures for the particular application, and *mxstrate that 
the selected performance criteria have been mat. 

(1) Whole bdy iqxct tolerance - 

0) - G, (20point restraint) Figure 1 

(ii) + GZ (2-point restraint) Figure 2 

(iii) - Gy (20point restraint) Figure 3 

(iv) - G, (3-point restraint) Figure 4 

(2) Head injury - HIC < 1000 (t2-tl < 0.05 se&s) 

(3) Chest injury - Diagonal shoulder belt load - 7.8 kN (1750 lb.) 

(4) Abdaninal injury - No qantitative data suggested. 

(5) Leg injury - 

(i) In line with femur - 10 kN (2250 lbs.) 

(ii) Patella (concentrated load) - 2.5 kN (560 lbs.) 

(iii) Transverse (lower leg) - 4.45 kN (1000 lbs.) 

(6) Spinal injury - Wlvic oorrpression lo& - 6.7 kN (1500 lbs.) 

Director of Airworthiness 
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