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1. PURPCSE. This advisory circular (AC) provides information and gui dance
regardi ng acceptable, but not the only, means of conpliance with Part 23 of
the Federal Aviation Regul ations (FAR) applicable to dynam c testing of
airplane seats. This material is neither mandatory nor regulatory in nature.

2. RELATED REGULATI ONS. Sections 23.562, 23.785, 23.787.

3. RELATED READI NG MATERI AL.

a. Code of Federal Regulations (CFR), 49 CFR 572, Chapter 5,
Subpart B - Ant hroponorphic Test Dunm es (ATD).

b. Aircraft Crash Survival Design Quide, (Volunes 1-V), Simula, Inc.,
USARTL- TR-79- 22( A-E), Applied Technol ogy Laboratory, U S. Arny Research and
Technol ogy Laboratories (AVRADCOM), Fort Eustis, Virginia, 23604, 1980.

c. Coltman, Joseph W, Design and Test Criteria for |Increased Energy-
Absor bi ng Seat Effectiveness, FAA-AM 83-3, Federal Aviation Adm nistration,
March 1983.

d. Injury Oiteria for Human Exposure to I npact , Advisory Grcular 21-22,
Federal Aviation Adm nistration, June 20, 1985.

e. "Mdtor Vehicle Instrument Panel Laboratory |npact Test Procedure -
Head Area - SAE J921b," SAE Recommended Practice, 1979 SAE Handbook, Vol. 2,
pp. 34.133-34.134, Society of Autonotive Engineers, Inc., 1979.

f. "lInstrumentation for |npact Tests - SAE J211b, " SAE Recommended
Practice, 1979 SAE Handbook, Volune 2, pp. 34.117-34.118, Society of
Aut oot i ve Engi neers, Inc., 1979.

4. BACKGROUND.

a. Dynamic Test Methods. This AC focuses on the use of dynamc test
net hods for evaluating the performance of airplane seats, restraint systens,
and related interior systens for denonstrating structural strength and the
ability of those systenms to protect an occupant from serious injuries
sustained in a crash environnment. These methods differ fromstatic test
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net hods, which are limted to denonstrating only the structural strength of the
seat or restraint system This AC describes the dynam c test procedures and

provi des some insight into the |ogic behind these procedures. It also defines the
test facility and equi pnment characteristics necessary for conducting these tests.

b. Standardi zed Test Methods. Dynanmic tests are often acconplished at
facilities other than those of the designer or fabricator of the test article. To
obtain consistent test results, it is necessary to specify the critical test
procedures in detail, and then carefully follow these procedures when conducti ng
the tests. This AC defines certain critical procedures for acconplishing the tests
of the restraint systems and assessing the data obtained fromthe tests. Mny of
t hese procedures are already accepted as standards by governnment and conmercia
test facilities and have been nodified only as necessary for the specific testing
of civil airplane systens.

c. Relation of Dynamic Tests to Design Standards. This AC describes test
procedures which provide a neans of showi ng conpliance with the FAR and are usefu
in assessing the performance of an airplane seat, restraint system and interior
system It is inmpractical to conduct sufficient tests for assessing the
performance of the systemthroughout its entire range of desirabl e performance.

The seat, restraint, and related interior systemshould be designed for the range
of occupants and environnents for which it is expected to perform not just for the
dynam ¢ test conditions described in this AC

5. DEFI NI TI ONS.

a. Dynamcs Terns.

(1) Dynamic Overshoot. The anplification of |oads or accelerations
transmtted to occupants or structure during inpact. This anplification is the
result of the dynam c response of the system Wen dealing with inpact injury
prevention, the occupant should be considered an el ement of the system

(2) Rebound. Rapid return toward the original position upon rel ease, or
rapid reduction of the deformng |oad, usually associated with elastic deformation

(3) Dynam c Response. The notion or other output of a device or system
resulting froma tine varying excitation produced under specified conditions.

b. Seat Design Terns.

(1) Energy-Absorber (Load Limter). A device or structure used to limt
the transmtted load to a preselected level. These devices, also referred to as
energy absorbers or energy attenuators, control load | evels by applying a resistive
force over a deformation distance w thout significant elastic rebound.

(2) Bottom ng. The exhaustion of available stroking distance or
def or mati on acconpani ed by an increase in force, e.g., when a seat stroking in the
vertical direction uses all the available stroking distance or deformation and
i mpacts the floor, or when a soft seat cushi on conpresses against a hard support
structure.
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(3) Seating/Restraint System. A systemthat includes the seat, the
cushions, the safety belt, the shoul der harness (upper torso restraint), and the

attachnment devi ces.

c. Qccupant-related Terns.

(1) Human Body Coordinate System. To hel p define vectors of
di spl acenent, velocity, acceleration, or force relative to the occupant, the
coordi nate systemshown in figure 1 is often used. Al though this coordinate
systemis not universally accepted, it is used in nmuch of the literature

di scussi ng hunman tol erance.
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Figure 1 - TYPICAL HUMAN BODY COORDINATE SYSTEM

(2) Submarining. Rotation of the pelvis under and about the safety belt,

of ten acconpani ed by safety belt slippage up and over the iliac crests. This may
result in undesirable occupant forward notion relative to the seat and in interna

or spinal columm injuries.

6. DYNAM C TEST METHODS AND FACI LI TI ES.

a. General. A mninmumof two dynamc tests are required to assess the
performance of an airplane seat, restraint system and related interior system
The seat, the restraint, and the nearby interior should all function together as a
systemto provide protection to the occupant during a crash. One of the tests
(Test 1) deternmines the protection provided when the crash environnent is such that
a predom nant inpact |oad conponent is directed along the spinal colum of
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the occupant, in conbination with a forward conponent. Protection agai nst spina
injury is inmportant under these conditions, and it nmay be necessary to provide
energy absorbing (load limting) capability in the seat to be able to satisfy the
human injury criteria specified in 8 23.562(c)(7). The other test (Test 2)

eval uates the protection provided in crashes where the predonminant inpact is in the
| ongitudinal direction, in conbination with a |lateral conmponent. Evaluation of
head injury protection is inportant in this test if the head is allowed to strike
sone interior portion of the airplane, or a seat and restraint seat forward of the
occupant. This test is also a significant test of the structural strength of the
system Both tests provide the opportunity for assessing submarining (where the
seat belt slips above the pelvis) and roll out of the torso restraint system (of
particul ar concern with some single diagonal torso restraint belts). Since
external crash forces frequently cause structural deformations, simulated floor or
sidewal | deformation is used to show that the seat can accommobdate the rel ative

def ormati on between the seat and the floor and still function w thout inposing
excessive | oads on the seat, the floor attachment fittings or floor tracks. The
specific test conditions are shown in figure 2.

Illustration shows a Test 1 (§ 23.562(b)(1)) | Test 2 (§ 23.562(b)(2))
forward facing seat.
Dummy inertial load
shown by arrow: -\\J£\~\\\\\
/
X o \
——l- *i0
Crew Passenger Crew Passenger
Min. Vi, fps 31 31 42 42
Max. tr, sec. 0.05 0.06 0.05 0.06
Min. G 19 15 26 21
Deform floor:
degrees roll none none 10 10
degrees pitch required required 10 10
0 tr
0 time ==
deceleration
G - deceleration
‘ measured on test
tr = rise time G fixture or sled near
Vi = Impact Velocity the seat position.

Figure 2 - SEAT/RESTRAINT SYSTEM DYNAMIC TESTS
NORMAL, UTILITY, OR ACROBATIC CATEGORY AIRPLANES
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b. Test Facilities. There are a nunber of test facilities which can be used
to acconplish dynamc testing. These can be grouped into categories based on the
net hod they use to generate the inpact pulse, i.e., accelerators, decelerators, or
i mpact with rebound, and whether the facility is a horizontal (sled) design or a
vertical (droptower) arrangenent. Each of the designs has characteristics which
have advant ages or disadvantages with regard to the dynam c tests discussed in
this AC. One concern is the rapid sequence of acceleration and decel erati on which

nmay take place in the tests. In an airplane crash, the acceleration phase is
al ways gradual, and usually well separated in tinme fromthe decel eration (crash)
phase. In a test, the deceleration always closely follow the acceleration. Wen

assessing the utility of a facility for the specific test procedures outlined in
the recommendations, it is necessary to understand the possi bl e consequences of
this rapid sequence of acceleration and decel erati on.

(1) Deceleration Sled Facilities. In an airplane crash, the inpact takes
pl ace as a deceleration, so |loads are applied nore naturally in test facilities
whi ch create the test inpact pulse as a deceleration. Since it is sinpler to
design test facilities to extract energy rather than to inpart energy in a
control |l ed manner, several different deceleration sled facilities can be found.
The deceleration sled facility at the Federal Aviation Administration's Gvi
Aeronedical Institute (CAM) was used in devel oping the test procedure discussed
inthis AC. The facility perforned satisfactorily in those tests. The
accel eration phase of the test, where sufficient velocity for the test inpact
pul se is acquired, can distort the test results if the acceleration is so high
that the test articles or anthroponorphic test dunmes are noved fromtheir
i ntended pre-test position. This inability to control the initial conditions of
the test would directly affect the test results. This can be avoided by using a
| ower acceleration for a relatively long duration and by providing a coast phase
(in which the acceleration or deceleration is alnost zero) prior to the inpact.
This allows any dynamc oscillation in the test articles or the test dummy, which
m ght be caused by the acceleration, to decay. To guard against errors in data
caused by pre-inpact accelerations, data fromthe electronic test neasurenents
(accel erations, |oads) should be reviewed for the tinme period just before the test
i mpact pul se to make sure all neasurenents are at the baseline (zero) Ievel
Photonetric filmtaken of the test should al so be reviewed to nmake certain that
t he ant hroponorphic test dummes used in the test and the test articles are all in
their proper position prior to the test inmpact pulse. The horizontal test
facility readily accomopdates forward facing seats in both tests discussed in this
AC, but problems can exist in positioning the test dummies in Test 1 if the seat
is arearward facing or side facing seat. |n these cases, the test dumm es tend
to fall out of the seat due to the force of gravity and can be restrained in place
usi ng break-away tape, cords, or strings. Since each installation may present its
own problens, there is no sinple, generally applicable, guidance which can be
given for doing this. However, the sled facility should conduct sone prelimnary
i mpact tests to ensure that the conditions shown in figure 2 can be net and the
results included in the test reports described in paragraph 8  Attention shoul d
be given to positioning the test dumy agai nst the seat back and to proper
positioning of the test dummy's arns and legs. |t may be necessary to build
speci al supports for the break-away restraint so that they do not interfere with
the function of the seat and restraint systemduring the test. Filmtaken of the
test should be reviewed to nake sure that the break-away restraint did break (or
becone slack) in a manner that did not influence the notion of the test dumy or
the test articles.
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(2) Acceleration Sled Facilities. Acceleration sled facilities, usually
based on the HYdraulically controlled Gas Energized (HYCE) accel erator device,
provide the inpact test pulse as a controlled acceleration at the begi nning of the
test. The test itemand the test dummes are installed facing in the opposite
direction fromthe velocity vector, opposite fromthe direction used on a
deceleration facility, to conpensate for the change in direction of the inpact.
There shoul d be no problemwi th the test dunmes or the test itens being out of
position, since there is no sled nmovenent prior to the inpact test pulse. After
the inpact test pulse, when the sled is noving at the maxi mnumtest velocity, it
shoul d be safely brought to a stop. Mst of the facilities of this design have
limted track length available for deceleration, so that the deceleration |evels
can be relatively high and decel erati on may begin i nmedi ately after the inpact test
pul se. Since the maxi mumresponse of the systemusually follows (in tine) the
i mpact test pulse, any sled decel eration which takes place during that response may
affect the response and change the test results. The nagnitude of change depends
on the systembeing tested, so that no general "correction factor" can be
specified. The effect can be mnimzed if the sled is allowed to coast, without
significant deceleration, until the response is conplete. |If the seat or restraint
system experiences a structural failure during the test pul se, the post-inpact
decel eration can increase the damage and perhaps result in failures of unrelated
conponents. This nmay conplicate the determnation of the initial failure nbde and
nmake product inprovenent nore difficult. One other consideration is that the
photonetric fil mcoverage of the response to inpact test pul se should be
acconpl i shed when the sled is noving at near maxi numvelocity. On-board caneras or
a series of track side caneras are usually used to provide filmcoverage of the
test. Since on-board caneras frequently use wide angle lens placed close to the
test itenms, it is necessary to account for the effects of distortion and parall ax
when analyzing the film The acceleration sled facility faces the sane problens in
accommodati ng rearward facing or side facing seats in Test 1, as the decel eration
sled facility, and the corrective action is the same for both facilities.

(3) Inpact-with-Rebound Sled Facilities. One other type of horizontal
test facility used is the "inpact-w th-rebound" sled facility. On this facility,
the i npact takes place as the noving sled contacts a braking systemwhich stores
the energy of the inpact, and then returns the stored energy back to the sled,
causing it to rebound in the opposite direction. This facility has the advant age
over acceleration or deceleration facilities in that only one half of the required
velocity for the inpact would need to be generated by the facility (assum ng 100
percent efficiency). Thus the track |Iength can be shortened and the nethod of
generating velocity is sinplified. The disadvantages of this facility conbine the
probl enms nenti oned above for both accelerator facilities and decel erator
facilities. Since one of the reasons for this type of facility is to allow short
track length to be used, it may be difficult to obtain sufficiently | ow
accel eration just before or after the inpact pulse to resolve data error problens
caused by significant pre-inpact and post-inpact accel erations.

(4) Drop Towers. \Vertical test facilities can include both drop towers
(decel erators) and vertical accelerators. Vertical accelerators which can produce
the | ong duration/displacenment inpact pulse discussed in this AC have not been
general ly available. However, drop towers are one of the easiest facilities to
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build and operate, and are frequently used. In these facilities, the pull of
earth's gravity is used to accelerate the sled to inpact velocity so that the need
for a conpl ex nmechani cal accelerating systemis elimnated. Unfortunately, these
facilities are difficult to use for conducting Test 2, particularly for typica
forward facing seats. In preparing for this test, the seat should be installed at
an angl e such that the anthroponorphic test dunmes tend to fall fromthe seat due
to gravity. The restraint systembeing tested cannot hold the test dunmy agai nst
the seat unless tightened excessively and does not usually |ocate the head, arns,
or legs in their proper position relative to the seat. Design and fabrication of
an auxiliary "break-away" dummy positioning restraint systemjust for this test is
a conplex task. The auxiliary restraint should not only position the test dunmy
agai nst the seat (including naintaining proper seat cushion deflection) during the
pre-rel ease condition of one g, it should also nmaintain the test dummy in that
proper position during the free fall to inpact velocity when the systemis exposed
to zero g, and then it should release the test dummy in a manner which does not
interfere with the test dummy's response to inpact. The usual sequence of one

g/ zero g/inpact, without the possibility of a useful "coast" phase, as done in
hori zontal facilities, causes shifts ininitial conditions for the test inpact
pul se which can affect the response to the inpact. The significance of this
depends on the dynam ¢ characteristics of the systembeing tested, and these are
sel dom known with sufficient accuracy to enable the response to be corrected. In
addition, earth's gravity opposes the final rebound of the test dummes into the
seat back, so that an adequate test of seat back strength and support for the
dumy cannot be obtained. The problens in Test 1, or with rear facing seats in
Test 2, are not as difficult because the seat supports the dummy occupant prior to
the free fall. However, the zero g condition which exists prior to inpact allows
the test dummy to "float" in the seat/restraint system perhaps changing position
and certainly changing the initial inpact conditions. Again, use of an auxiliary
break-away restraint systemto correct these problens is difficult.

c. Test Fixtures. Atest fixture is required to position the test article on
the sled or drop carriage of the test facility and takes the place of the

airplane's floor structure. It holds the attachnent fittings or floor tracks for
the seat, providing the floor and sidewall deformation needed for the test; it
provi des anchorage points, if necessary, for the restraint system; it provides a

floor or footrest for the test dummy; and it positions instrument panels,

bul kheads, or a second row of seats, if required, for successful testing and
otherwi se simulates the airplane for the test. The test fixture is usually
fabricated of heavy structural steel and need not sinulate |ightweight airplane
design or construction. The details of the fixture depend upon the requirements of
the test articles, but sonme capability for providing floor and sidewall deformation
i s needed.

(1) Purpose of Floor Deformation. The purpose of providing floor
deformation for the tests is to denobnstrate that the seat/restraint systemrenains
attached to the airframe and perforns properly even though the airplane and seat
are severely deforned by the forces associated with the crash. Typical design
deficiencies addressed by this test condition include, but are not linmted to, the
fol | owi ng:
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(i) Concentrated | oads may be i nposed on floor tracks by seat
attachment fittings which fit tightly or are clanped to the track and which do not
have sone formof lateral "roll" relief incorporated in their design. These
fittings can concentrate the forces on one lip of the floor track and break the
track or the fitting.

(ii) Simlarly, loads can be concentrated on one edge of a floor track
or fitting having an "I" or "bulb head" cross section and prenmaturely break the
flange or the fitting.

(iii) Detents or pins which lock the seat to the floor track can
becone di sengaged or the nechani smwhich is used to di sengage the detents or pins
can be actuated and rel ease the seat as the seat deforns.

(iv) Seat assenblies which provide an energy absorbi ng system bet ween
a seat "bucket" and a seat frame may not performproperly for a pre-|loaded seat
frame attached to the floor or sidewall. Deformation of the seat frane nmay cause
t he energy absorbers to receive unanticipated | oads or cause excessive friction in
t he gui des between the seat bucket and seat frane to | ock the energy absorber in
pl ace.

(v) Restraint system anchorages attached to the airframe may
experi ence excessive displacenent relative to the seat if the seat deforms during
the test, and such displ acenent nay inhibit proper perfornmance of the
seat/restraint system

(2) Method of Floor Deformation. For the typical seat with four seat |egs
nounted in the airplane on two parallel tracks, the floor deformation test fixture
may consist of two parallel beans, a "pitch beant which pivots about a lateral (y)
axis, and a "roll beanmt which pivots about a longitudinal (x) axis. The beans can
be made of any fairly rigid structural form box, |-beam channel, or other
appropriate cross section. The pitch beam should be capable of rotating in the x-z
pl ane up to + or - 10 degrees relative to the longitudinal (x) axis. The roll beam
shoul d be capable of + or - 10 degrees roll about its own axis. A neans should be
provided to fasten the beans in the deforned positions. The beans shoul d have
provision for installing floor track or other attachnment fittings on their upper
surface in a manner which does not alter the above-floor strength of the track or
fitting. The track or other attachnment fittings should be representative in above-
floor configuration and strength to that which would be used in the airplane.
Structural elenents below the surface of the floor which are not part of the floor
track or fitting need not be included in the installation. The seat should then be
installed on the parallel beans so that the seat rear |eg attachnent point is near
the pitch beamaxis of rotation and the seat positioning pins or |ocks fastened in
the same manner as would be used in the airplane, including the adjustnment of
"anti-rattle" nmechanisns, if provided. The renainder of the test preparations
woul d then be conpleted (dummy installation and positioning, instrunentation
installation, adjustnent and calibration, canera checks, etc.). The "floor
def ormati on" woul d be induced as the final action before the test is acconplished.
The roll beamwoul d be rotated 10 degrees and | ocked in place, and then the pitch
beam woul d be rotated 10 degrees up and locked in place. It is also acceptable to
rotate one track up 5 degrees and one track down for a total of 10 degrees of pitch
deformation. The direction of rotation would be selected to produce the nost
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severe structural loading condition on the seat and floor track or fitting. |If
the seat is fairly flexible, it nmay be possible to rotate the beans by manua
effort, perhaps using renovable pry bars to gain nechanical advantage. However,
rotation of the beans used for testing a stiff seat frane is likely to require
greater effort than can be acconplished manual ly, and the use of renovable
hydraul i ¢ jacks or other devices may be necessary. |If this condition is expected,
provi si on should be nade for appropriate |oading points when designing the
fixture. This condition is nost likely to be encountered when rotating the pitch
beam Appropriate safety provisions should be made to avoid injury to operating
personnel during the deformation process. |If a facility anticipates testing a

wi de range of seat configurations, careful design of the test fixture so that it
can be adjusted to fit the range of seat |eg spacing enables one fixture assenbly
to be used for many tests.

(3) Aternative Configurations. The preceding discussionis for a
floor-track system and describes the fixture and fl oor defornmation procedure which
woul d be used for a typical seat utilizing four seat |egs and four attachments to
the airplane floor. These test procedures are not intended to be restricted only
to those seat configurations, but should be adapted to seats having other designs.
Special test fixtures may be necessary for those different configurations. The
foll owi ng nmethods, while not covering all possible seat designs, provide gui dance
for the nore common alternatives

(i) Airplane seats with three | egs may have one central leg in front
or back of the seat and one |l eg on each side of the seat. The central |eg should
be held in its undeformed position as deformation is applied to the sidel egs.

(ii) Seats which mount solely to a bul khead need not be subject to
the floor or sidewall deformation shown in figure 2 prior to the test. The test
fixture may provide either a rigid bul khead, or hold an actual bul khead panel. If
a rigid bul khead installation is used, the test fixture should transfer |oads to
the seat/restraint systemthrough conmponents equivalent to the attachnent fitting
and surroundi ng bul khead panel which exist in the actual installation

(iii) Seats which are attached to both the floor and a bul khead woul d
be tested on a fixture which positions the bul khead surface in a plane through the
axis of rotation of the pitch beam The bul khead surface shoul d be | ocated
perpendi cul ar to the plane of the floor (the airplane floor surface, if one were
present) in the undeforned conditions, or in a manner which duplicates or
represents the intended installation. Either a rigid bul khead sinmulation or an
actual bul khead panel may be used. |If a rigid bulkhead sinmulation is used, the
test fixture should transfer |loads to the seat/restraint systemthrough conponents
equivalent to the attachnent fitting which would exist in the actual installation
The seats would be attached to the bul khead and the floor in a nanner
representative of the airplane installation, and the floor woul d then be deforned
as described in paragraph 4c(2).

(iv) Seats which are nounted between sidewalls or to the sidewall and
floor of an airplane should be tested in a manner which sinulates airplane
fusel age cross-section deformation (e.g. fromcircular to flattened circular or
el |l i psoi dal shape) during a crash. The test set-up including the brackets should
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simul ate the seat attachnment at the sane |evel above the fixture "floor" that would
represent the installation above the airplane floor. A sidewall bracket should be
| ocated on the roll beam Then, as the beans are rotated to produce the nost
conservative loading condition (sidewall rotates outward by 10 degrees), the

conbi ned angul ar and transl ational deformation sinulates the deformation which nmay
take place in a crash. The floor attachnments should be pitched 10 degreees with
respect to the undeformed floor position

(v) Seats which are cantilevered fromone sidewall w thout connection
to other structure would not be subject to floor warpage or the standard fl oor
deformation prescribed in 8§ 23.562(b)(3). If sidewall deformation is likely,
consi deration should be given to noving the entire sidewall attachnent plane, or
the attachment points, in a nmanner to represent the sidewall deformation if this
woul d generate a condition critical for seat attachnent or seat/restraint system
performance. Either arigid sidewall sinmulation or an actual sidewall panel may be
used. If arigid sidewall simulation is used, the test fixture should transfer
loads to the seat/restraint systemthrough conponents equivalent to the attachnent
fitting and surroundi ng sidewall which would exist in the actual installation

(vi) Miltiple occupant seat assenblies may have nore than two pairs of
legs in sone installations. These assenblies are usually of fairly constant cross
section, so that adequate deformation can be generated if only the outer |eg
assenblies are subject to floor deformation. The inner leg pairs would be
nmai ntained in their normal, undeforned position for the dynam c tests.

(4) Oher Fixture Applications. Test fixtures should provide a flat
footrest for dummies used in tests of passenger seats and seats for crew nmenbers
who are not provided with special footrests or foot operated airplane controls.
The surface of the footrest should be covered with carpet (or other appropriate
material) and be at a position representative of the undeforned floor in the
airplane installation. Test fixtures used for evaluating crew seats which are
normal |y associated with special footrests or foot operated controls should
simulate the position of those conponents. Test fixtures nmay also be required to
provi de guides or anchors for restraint systens or for holding instrument panels or
bul kheads, if necessary, for the planned tests. |[If these provisions are required,
the installation should represent the configuration of the airplane installation
and be of adequate structural strength.

d. Instrunmentation. El ectronic and photographic instrumentati on systens are
used for the tests discussed in this AC. Electronic instrunmentation is used to
neasure accel erations and forces required for verifying the test environment and
for measuring nost of the pass/fail criteria. Photographic instrunentation is used
for docunenting the overall results of the tests, confirmng that the lap safety
belt renmained on the test dummy's pelvis and that the upper torso restraint straps
remai ned on the test dumy's shoul der, and docunenting that the seats did not
deformas a result of the test in a manner which woul d i npede rapid evacuation of
the airplane by the occupants.

(1) Electronic Instrumentation. Electronic instrunmentation should be
acconpl i shed in accordance with the Society of Autonotive Engi neers Recommended
Practice SAE J211, Instrunentation for Inpact Tests. Equivalent instrunentation is

10
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al so acceptable. In this SAE J211 practice, the data channel includes all of the
i nstrumentati on conmponents fromthe transducer through the final data neasurenent,
i ncl udi ng connecting cables and any anal ytical procedures which alter the
nmagni t ude of frequency content of the data. Each dynam c data channel is assigned
a nom nal channel "class" which is equivalent to the high frequency limt for that
channel , based on a constant output/input ratio vs. frequency response plot which
begins at 0.1 Hz (+1/2 to -1/2 db) and extends to the high frequency limt (+1/2
to -1 db). Frequency response characteristics beyond this high frequency limt
are also specified. Wien digitizing data, the sanple rate should be at |east five
times the -3 db cutoff frequency of the pre-sanple analog filters. Since nost
facilities set all pre-sanple analog filters for Channel O ass 1000, and since the
-3 db cutoff frequency for Channel Cass 1000 is 1650 Hz, the mininmumdigital
sanpling rate would be about 8000 sanpl es per second. For the dynamc tests

di scussed in this AC, the dynam c data channels should conmply with the follow ng
channel class characteristics:

(i) Sled or drop tower vehicle accel eration should be neasured in
accordance with the requirements of Channel d ass 60, unless the acceleration is
also integrated to obtain velocity or displacenent, in which case it should be
neasured in accordance with Channel C ass 180 requirenents.

(ii) Belt restraint system|oads should be neasured i n accordance
with the requirenents of Channel O ass 60.

(iii) Anthroponorphic test dummy head accel erations used for
calculating the Head Injury Criterion (H C should be neasured in accordance with
the requirenents of Channel C ass 1000.

(iv) Anthroponorphic test dumry pel vic/lunbar spinal colum force
shoul d be neasured in accordance with the requirements of Channel O ass 60.

(v) The full-scale calibration range for each channel should provide
sufficient dynam c range for the data bei ng nmeasured.

(vi) D gital conversion of anal og data should provi de sanple
resol ution of not |ess than one percent of full-scale input.

(2) Photographic Instrunentation. Photographic instrumentation should be
used to docunent the response of the anthroponorphic test dumm es and the test
speci mens subjected to the dynamc test environnent. Both high speed notion
picture and still systems should be used.

(i) High speed notion picture caneras whi ch provide data used to
cal cul ate di spl acenent or velocity should operate at a nom nal speed of 1000
pi ctures per second. Photoinstrunmentation nmethods should not be used for
neasur enent of acceleration. The |ocations of the cameras and of targets or
targeted nmeasuring points within the field of view should be neasured and
docunented. Targets should be at least 1/100 of the field width covered by the
canmera and shoul d be of contrasting colors or should contrast with their
background. The center of the target should be easily discernible.
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Rectilinearity of the image should be docunented. |If the inage is not rectilinear
appropriate correction factors should be used in the data anal ysis process. A
descri ption of photographic calibration boards or scales within the camera field of
view, the canmera lens focal |ength, and the nmake and nodel of each canera and | ens
shoul d be docunmented for each test. Appropriate digital or serial timng should be
provided on the inmage nedia. A description of the timng signal, the offset of
timng signal to the inmage and the neans of correlating the tine of the inmage with
the time of electronic data should be provided. A rigorous, verified analytica
procedure shoul d be used for data anal ysis.

(ii) Caneras operating at a nomnal rate of 200 pictures per second or
greater can be used to docunent the response of anthroponorphic test dunm es and
test itens if nmeasurements are not required. For exanple, actions such as novenent
of the pelvic restraint systemwebbing (lap safety belt) off of the test dumy's
pel vis or novenent of upper torso restraint webbing off of the test dumy's
shoul der can be observed by docunentation cameras placed to obtain a "best view' of
the anticipated event. These caneras should be provided with appropriate timng
and a neans of correlating the image with the tine of el ectronic data.

(iii) Still inage caneras can be used to docunent the pre-test
installation and the post-test response of the anthroponorphic test dumm es and the
test items. At l|least four pictures should be obtained fromdifferent positions
around the test itens in pre-test and post-test conditions. For the post-test
pi ctures, the upper torso of the test dummes may be rotated to their approximate
upright seated position so that the condition of the restraint systemmay be better
docunented, but no other change to the post-test response of the test itemor
dumm es shoul d be nmade. The pictures should docunent that the seat remai ned
attached at all points of attachnent to the test fixture. Still pictures can also
be used to docunent post-test yielding of the seat for the purpose of show ng that
it would allow the rapid evacuati on of the airplane occupants. The test dummy
occupants should be renmoved fromthe seat in preparation for still pictures used
for that purpose. Targets or an appropriate target grid should be included in such
pi ctures, and the views should be selected so that potential interference with the
evacuati on process can be determ ned.

e. Anthroponorphic Test Dunmmes. The tests discussed in this AC were
devel oped using the anthroponorphic test dumm es specified by the United States
Code of Federal Regulations, Title 49, Part 572 Anthroponorphic Test Dunm es,
Subpart B - 50th Percentile Male, and nodified to allow the measurenent of | unbar
| oads. These "Part 572B" dunm es have been shown to be reliable test devices which
are capabl e of providing reproducible results in repeated testing. However, since
ant hr oponor phic test dummy devel opnent is a continuing process, a provision was
nmade for using "equivalent" test dummes. Dummy types should not be m xed when
conpleting the tests discussed in this AC

(1) Modification for Measuring Pelvis/Lunbar Colum Load. Mst readily
avai |l abl e ant hr oponor phic test dunm es have been devel oped for use in autonobile
testing. As a result, considerable effort has been spent in perfecting their
response and ability to evaluate injury protection in forward, rearward, and
sideward i nmpacts. These characteristics are also inportant in testing systens for
use in civil airplanes, but criteria should be added to account for injuries caused
by inpacts which have a conponent in the vertical direction or by upper torso

12



6/22/89 AC 23.562-1

restraint | oading which produce a downward force conponent on the shoul ders. For
this purpose, a load (force) transducer is inserted into the test dumy's pelvis
just below the lunbar colum. This nodification is shown in figure 3. The

illustration shows a comercially available femur load cell, with end plates
renmoved, whi ch has been adapted to neasure the conpression | oad between the pelvis
and the |unbar spine colum of the test dummy. |In order to maintain the correct

seated height of the test dummy, the load cell is fixed in a rigid cup inserted
into a hole bored in the top surface of the test dummy's pelvis, the top flange of
which is bolted to the pelvis. |f necessary, ballast should be added to the
pelvis to naintain the specified weight of the assenbly. Alternative approaches
to measuring the axial force transmtted to the lunbar spinal colum by the pelvis
are acceptable if the nethod --

(i) Accurately nmeasures the axial force but is insensitive to nonents
and forces other than that being neasured;

(ii) Miintains the intended alignnent of the spinal colum and the
pelvis, the correct seated height, and the correct weight distribution of the test
dumy; and

(iii) Does not alter the other performance characteristics of the test
dumy.

(2) Oher Anthroponorphic Test Dummy Mdifications. Flailing of the
ant hr oponor phic test dummy arns often causes the "clavicle" used in the Part 572B
dumy to break. To reduce the frequency of this failure, the clavicle may be
repl aced by a conmponent having the sane shape but nade of higher strength
material. This may increase the dumy's weight slightly, but is acceptable for
the tests discussed in this AC. Another useful nodification is the use of
"submarining indicators" on the dumy's pelvis. These electronic transducers are
| ocated on the anterior surface of the iliumof the dummy's pelvis w thout
altering its contour and indicate the position of the lap safety belt as it
applies loads to the pelvis. Thus, they can provide a direct record that the lap
safety belt remains on the pelvis during the test, and elimnate the need for
careful review of high-speed canera i mages to nake that determ nation

(3) Equival ent Ant hroponorphic Test Dunm es. The continuing devel opnent
of ant hroponorphic test dunmes for dynam c testing of seating restraint/crash-
injury-protection systens is guided by goals of inproved biofidelity (human-Iike
response to the inpact environnent) and reproducibility of test results. For the
purpose of the tests discussed in this AC, these inproved test dunm es may be used
as an equivalent to the Part 572B ant hroponorphic test dumy if --

(i) They are fabricated in accordance with design and production
speci fications established and published by a regul atory agency which is
responsi ble for crash injury protection systens;

(ii) They are capable of providing data for the neasurenents
di scussed in this AC or of being readily altered to provide the data;

(iii) They have been eval uated by conparison with the Part 572B dumy;
and
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configuration or performance are representative of the occupant of a civi

6/22/89

(iv) Any deviations fromthe Part 572B ant hr oponor phic test dumy

in the inmpact environment discussed in this AC
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This illustration shows an acceptable installation of a
femur load cell (d) at the base of the test dummy's lumbar
spine (a). The load cell is in line with the centerline of
the lumbar spine, and set below the top surface of the
pelvis casting to maintain the seated height of the test
dummy. A rigid adapted cup (e) is fabricated to hold the
load cell and a hole is bored in the test dummy's pelvis to
accept the cup. Clearance should be provided between the
walls of the adapter cup and the load cell and for the wires
leading from the cell. The bottom of the load cell is
bolted to the adapted cup. Adapter plates having similar
hold patterns in their periphery are fabricated for the
lower surface of the lumbar spine (b) and the upper surface
of the load cell (c¢). These plates are fastened to the
lumbar spine and load cell with screws through holes
matching threaded holes in those components, and are then
joined together by bolts through the peripheral holes. The
flange on the adapter cup has a bolt hole pattern which
matches that on the pelvis. The cup is fastened to the
pelvis using screws to the threaded holes in the pelvis.
Spacers (f) may be placed under the flange of the cup to
obtain the specified dummy seating height. Additional
welght should be placed in the cavity below the adapter cup
to compensate for any weight lost because of this
modification. The instrument cavity plug (g) is cut to
provide clearance for the adapter cup and added weight.

Figure 3 - INSTALLATION OF PELVIC-LUMBAR SPINE LOAD CELL
IN PART 572B ANTHROPOMORPHIC TEST DUMMY

ai rpl ane
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(4) Tenperature and Humidity. Since extrenes of tenperature and humdity
can change the perfornmance of anthroponorphic test dummes, the tests discussed in
this AC should be conducted at a tenperature from 66 degrees F to 78 degrees F,
and at a relative humdity from 10 percent to 70 percent. The test dunm es should
have been naintai ned under these conditions for at |east four hours prior to the
test.

f. Test Proposal. A test proposal should be prepared for the tests and
include a selection of the test articles to be used in the tests, determ nation of
the conservative conditions for the tests, and installation of the test articles,

i nstrumentati on and ant hroponorphic test dummies on the test fixture. Additiona
items are al so discussed in paragraph 8. Preparations which pertain to the nornal
operation of the test facility, such as safety provisions and the actual procedure
for acconplishment of the tests, are particular to the test facility and are not

di scussed in this AC.

(1) Selection of Test Articles. Many seat designs conpose a "famly" of

seats which have the sane basic structural design but differ in detail. For
exanpl e, a basic seat frame configuration can allow for several different seat |eg
locations to permt installation in different airplanes. |f these differences are

of such a nature that their effect can be determ ned by rational analysis, then
the anal ysis should determ ne the nost highly stressed ("worst case")
configuration. The nost highly stressed configuration would nornmally be sel ected
for the dynamic tests so that the other configurations may be accepted by
conparison with that configuration. The H C depend on secondary dumy inpact and
are nore dependent on seat pitch than on seat structural stress for a given

"fam |y" of seats, so that the selection of the nost highly stressed seat
structure, the seat location with respect to the structure interior itens, and the
nost critical seat pitch permts these factors to be evaluated in one test under
conditions of Test 2. Critical pelvis/lunbar spinal colum forces are usually
found under the conditions of Test 1. Certain precautions should be used when
enpl oyi ng this approach. For exanpl e:

(i) |If different configurations of the same basic design
incorporated |l oad carrying el enents, especially joints or fasteners, which
differed in detail design, the performance of each detail design should be
denonstrated by a dynamic test or rational analysis considering the dynamc
characteristics of the design. Experience has shown that small differences in
details of the design often cause problens in neeting the test perfornance
criteria.

(ii) The most critical condition should be evaluated in the dynam c
test whether it is the structural strength, retention of the occupant, or the
occupant injury criteria. The test itemshould be representative of the fina
production itemin all structural elenments and should include seat cushions,
arnmrests and arntaps, functioning position adjustnent nechanismand correctly
adj usted breakover (if present), food trays or any other service or accouternent
required by the seat manufacturer or custoner, and any other itenms of nmass which
are carried or positioned by the seat structure such as wei ghts sinulating
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under seat |uggage, fire extinguishers, survival equipnent, etc. |f these itens of
nass are placed in a position which limts the function of an energy absorbing
design concept in the test item they should be of representative shape and
stiffness as well as weight. Alternatively, the seat should contain adequate

design features to preclude underseat baggage fromrestricting the seat

di spl acenent during energy absorption. Except for seats with 2 inches or |ess of
stroki ng, inherent design features should be sufficient to preclude underseat
baggage or any items of nass placed under the seat fromintruding into that limted
stroki ng envel ope.

(2) GQccupant Seat Assenblies. The tests should be planned to achieve
conservative conditions that denonstrate conpliance with the criteria for each test
as shown in figure 2.

(i) For multiple occupant seat assenblies, a rational structura
anal yi s should be used to determ ne the nunber and seat |ocation for the dunmm es,
and the direction for seat yawin Test 2 to provide the nost critical seat
structural stress. This may result in unequally | oaded seat |egs. The seat
def or mati on procedure shoul d be selected to increase the |oad on the highest |oaded
seat leg and to stress the floor track or fitting in the nost severe nmanner

(ii) If a seat has sitting height adjustnment, it should be tested in a
posi tion which nay be used by a 50th percentile male occupant in the airplane
installation and in association with paragraph 6f(3)(v) bel ow

(iii) In sonme cases, it may not be possible to directly obtain or
neasure data for head inmpact during the basic test of the seat and restraint
system The design of the surrounding interior nmay not be known to the designer of
the seat and restraint system or the systemnmay be used in several applications
with different interior configurations. In such cases, it may be necessary to
docunent the head strike path and the velocity along the path. This requires
careful placenent of photoinstrunentation canmeras and | ocation of targets on the
test dummy representing the test dummy's head center of mass so that the necessary
data can be obtained. These data can be used by the interior designer to
denonstrate that head inpact with the interior does not take place, or that any
unavoi dabl e head inpacts occur within the linmts of the HC |f unavoi dabl e head
impact with the interior occurs, the interior should be subject to an inpact test
to ensure that the nmeasured head inpact data does not exceed the H C specified in
§ 23.562(c)(5)(i). This can be done by guiding the center of arigid 6.5 inch
di aneter spherical head form wei ghing 15 pounds al ong the head strike path so that
it contacts the interior at the velocity indicated by the nmeasurenents made in the
seat/restraint systemdynamc test. Acceleroneters |ocated at the center of the
head form woul d provide the data necessary for the H C conputation. If the
interior conmponent that is inpacted by the test dummy has significant inertial
response to the inpact environnent, such as breakover seatbacks or instrunent
panel s designed to nove forward in a crash because of their own inertia, it may be
necessary to eval uate those systems in a dynam c test program which includes the
full dummy occupant/seat/restraint system A suggested head inpact test procedure
is discussed in the Society of Autonotive Engi neers Recommended Practice SAE J921b
Mot or Vehicle Instrunent Panel Laboratory |npact Test Procedure - Head Area
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(3) Use of Anthroponorphic Test Dummies. Anthroponorphic test dunm es
used in the tests discussed in this AC should be naintained to performin
accordance with the requirements described in their specification. Periodic
teardown and inspection of the test dummy should be acconplished to identify and
correct any worn or damaged conponents, and appropriate dumy calibration tests
(as described in the specification) should be acconplished if mmjor conponents are
repl aced. Each test dummy should be clothed in formfitting cotton stretch
garnments with short sleeves and mid-calf |length pants and with shoes (size 11E)
wei ghi ng about 2.5 pounds. The head and face of the test dummy can be dusted with
chalk dust if it is desired to mark head contact areas on seats or other
structure. The friction in linb joints should be set so that they barely restrain
the weight of the Iinb when extended horizontally. The anthroponorphic test dunmy
shoul d be placed in the seat in a uniformmanner so as to obtain reproducible test
results. The test dummy should be placed in a seat in accordance with the
manuf acturer's instructions. Were these instructions are not provided, the
fol |l owi ng gui dance shoul d be used:

(i) The test dummy should be placed in the center of the seat, in as
nearly a symretrical position as possible.

(ii) The test dumy's back shoul d be agai nst the seat back wi thout
clearance. This condition can be achieved if the test dumy's legs are lifted as
it is lowered into the seat. Then, the test dummy is pushed back into the seat
back as it is lowered the |ast few inches into the seat pan. Once all lifting
devi ces have been renoved fromthe test dumy, the dummy shoul d be "rocked"
slightly to settle it in the seat.

(iii) The test dumy's knees shoul d be separated about four inches.

(iv) The test dumy's hands shoul d be placed on the top of its upper

| egs, just behind the knees. |If tests on crew seats are conducted in a nockup
whi ch has airplane controls, the test dumy's hands should be lightly tied to the
controls. If only the seat/restraint systemis tested, the test dumy's hands

shoul d be tied together with a slack cord which provides about 24 inches of
separation before the cord becones tight. This prevents excessive armfl ai
during the test dumy's rebound phase.

(v) Al seat adjustnents and cockpit controls should be in the
design position intended for the 50th percentile nmale occupant. In addition, the
various seat orientation or positions for takeoff and |andi ng should be tested.
Any limtation informati on should be included in the seat installation
instructions to preclude uses that have not been substantiated. For exanple, if
the seat is only tested for aft-facing installations, the installation data
shoul d provide this limtation

(vi) The feet should be in the appropriate position for the type of
seat tested (flat on the floor for a passenger seat, on control pedals or on a
45 degree footrest for flightcrew systens). The feet should be placed so that the
centerlines of the lower |egs are approxi mately parallel, unless the need for
pl acing the feet on airplane controls dictates otherw se.
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(4) Installation of Instrumentation. Professional practice should be
foll owed when installing instrumentation. Care should be taken when installing the
transducers to prevent deformation of the transducer body fromcausing errors in
data. Lead-wires should be routed to avoid entangl ement with the test dummy or
test item and sufficient slack should be provided to allow notion of the test
dummy or test itemw thout breaking the | ead wires or disconnecting the transducer
Cal i bration procedures shoul d consider the effect of |ong transducer |ead-wires.
Head accel eroneters should be installed in the test dutmmy in accordance with the
dumy specification and the instructions of the transducer manufacturer. The |oad
cell between the pelvis and the |unbar spinal colum should be installed in
accordance with the approach shown in figure 3 of this AC, or in a manner which
woul d provi de equival ent dat a.

(i) If an upper torso restraint is used, the tension |oad should be
neasured in a segnment of webbing between the test dummy's shoul ders and the first
contact of the webbing with hard structure (the anchorage point or a webbing
guide). Restraint webbing should not be cut to insert a load cell in series with
t he webbi ng, since that woul d change the characteristics of the restraint system
Load cells are conmercially avail abl e which can be placed over the webbing without
cutting. They should be placed on free webbing and shoul d not contact hard
structure, seat upholstery, or the dummy during the test. They should not be used
on doubl e reeved webbing, nmultiple |ayered webbing, locally stitched webbing, or
fol ded webbing unless it can be denpbnstrated that these conditions do not cause
errors in the data. These |load cells should be calibrated using a | ength of
webbi ng of the type used in the restraint system |If the placenent of the |oad
cell on the webbing causes the restraint systemto sag, the weight of the |oad cel
can be supported by light string or tape which breaks away during the test.

(ii) Loads in restraint systens which attach directly to the test
fixture can be nmeasured by three-axis load cells fixed to the test fixture at the
appropriate location. These comercially available |oad cells neasure the forces
in three orthogonal directions sinmultaneously, so that the direction as well as the
nmagni tude of the force can be determined. |f desired, simlar |oad cells can be
used to neasure forces at other boundaries between the test fixture and the test
item such as the forces transmtted by the |legs of the seat into the floor track
It is possible to use independent, single axis load cells arranged to provide
simlar data, but care should be taken to use |load cells which can withstand
significant cross axis |oading or bending without causing errors in the test data,
or to use careful (often conplex) installations which protect the load cells from
cross axis loading or bending. Since load cells are sensitive to the inertia
forces of their own internal mass and to the mass of fixtures |ocated between them
and the test article as well as to forces applied by the test article, it may be
necessary to conpensate the test data for that inaccuracy if the error is
significant. Data for such conpensation is usually obtained froman additiona
dynam c test that replicates the |load cell installation but does not include the
test item

(5) Restraint System Adjustnent. The restraint system shoul d not be
tighter than is reasonably expected in normal use and any energency | ocki ng devices
(inertiareel) if installed, should not be |ocked prior to the test. Inertia reels
may not be used for sone seats. Autonmatic |ocking retractors should be allowed to
performthe webbing retracti on and autonmatic | ocking function w thout assistance.
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Care should be taken that energency |ocking retractors which are sensitive
to acceleration do not lock prior to the inpact test because of pre-inpact
acceleration applied by the test facility which is not present in an
airplane crash. If "confort zone" retractors are used, they should be

adj usted in accordance with instructions given to the user of the system

I f manual adjustnent of the restraint systemis required, it should be
sufficient to renmove slack in the webbing; but it should not be adjusted
so that it is unduly tight. Since the force required to adjust the length
of the webbing can be as high as 11 pounds, a preload of 12-15 pounds is
comonly recommended. This load is too small to be accurately neasured by
transducers sel ected to neasure the high | oads encountered in the inpact
test, so it should be neasured nmanually as the restraint is being

adj usted. Special gauges are comercially available to assist in this
neasurenent. The prel oad should be checked and adjusted, if necessary,
just prior to the floor deformati on phase of the test.

7. DATA ANALYSI S.

a. General. Al data obtained in the dynam c tests should be reviewed for
errors. Baseline drift, "ringing," and other comon electronic instrunentation
probl enms shoul d be detected and corrected before the tests. Loss of data during
the test is readily observed in a plot of the data vs. tinme and is typically
i ndi cated by sharp discontinuities in the data, often exceeding the anplitude
limts of the data collection system |[If these occur early in the test in
essential data channels, the data should be rejected and the test repeated. |If
they occur late in the test, after the maxi numdata in each channel has been
recorded, the validity of the data should be carefully eval uated; but the maxi mum
val ues of the data may still be acceptable. The H C does not represent sinply a
nmaxi mum dat a val ue but represents an integration of data over a varying tine base
not to exceed 50 m croseconds el apse tine. The head accel erati on neasurenents
used for that computation should not be accepted if errors or |oss of data are
apparent in the data fromany tinme fromthe beginning of the test until test
conpl eti on.

b. Inpact Pul se Shape. Data for evaluating the inpact pul se shape are
obtai ned from an accel eroneter whi ch neasures the accel erations on the test
fixture or sled at the seat location or equivalent location in the direction
parallel to the line of inertial response shown in figure 2 of this AC. The
i mpact pul ses intended for the tests discussed in this AC have a symmetrica
(i soscel es) triangul ar shape. A graphic technique nmay be used to eval uate test
i mpact pul se shapes which are not precise isosceles triangles. The graphic
techni que, which is also simlarly described in the Sinula, Inc., Aircraft Crash
Survival Design Guide, Volume 1, uses the followi ng steps as shown in figure 4:

(1) Locate the calibration baseline (zero g |level).
(2) Determne the peak deceleration ( G) magnitude.
(3) Draw a reference line parallel to the calibration baseline at a

magni tude equal to 10 percent of the peak deceleration ( G). The intersection of
this line with the deceleration-tine trace defines point 1
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Figure 4 - PULSE SHAPE ESTIMATION

(4) Draw a second reference line parallel to the calibration
baseline at a magnitude equal to 90 percent of the peak decel eration
(G). The intersection of this line with the deceleration-tine trace
defines point 2.

(5) Draw a line passing through points 1 and 2.

(6) Draw a line parallel to the calibration baseline, through the
poi nt of peak deceleration (G). The intersection of this line with the
line through points 1 and 2 defines point 3. Point 3 is used to establish
the time to peak deceleration (t3).

(7) The intersection of the line through points 1 and 3 with the
calibration baseline is defined as tinme to. The requirenents for the tine
increment (ts-to) and the acceptable |evels of peak deceleration ( G) for each
test are defined in paragraph 23.562(b).

(i) For each test, the area under the test data plot curve wthin
the rise tinme to peak G G, of the test inpact pulse should represent at
| east one half of the inpact velocity given in figure 2

(8) The peak conpressive |unbar |oad and upper torso harness | oad
nmeasured on the ant hroponorphic test dumry and the peak | oads neasured on the
upper torso restraint during the dynamc tests nmay be reduced by the factor

(G/G) provided:

(i) G is the mninmmpeak deceleration of the sled required in either
§ 23.562(b) (1) or (2) as appropriate;

(ii) G is the measured peak test deceleration of the sled and shoul d be
at |least equal to or greater than G,.
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(iii) (tz-to) is less than or equal to the maximumrise tine all owed by
§ 23.562(b) (1) or (2) as appropriate;

(iv) The test velocity is equal to or greater than that specified in
§ 23.562(b) (1) or (2) as appropriate; and

(v) The tests are conservative.

c. Head Injury Criterion (HC). Data for determning the H C need to be
collected during the tests discussed inthis AConly if the test dummy's head is
exposed to secondary inpact during the test. The H Cis calculated according to
the foll owi ng equation

2.5
HIC = (t2 - tl) (1/(t:2 - tl)) a(t)dt

¢ 1 MAX

Where: t, and t, are any two points in time during
tlge head impact, and a(t) is the resultant
head acceleration (expressed in g's) during
the head impact.

Most facilities can make this conputation if requested. This HCis a method for

defining an acceptable limt, i.e., the maxi num value of the H C should not exceed
1000 with a tine base not to exceed 50 m croseconds, for head inpact against broad
interior surfaces in a crash. It does not consider injuries which can occur from

contact with surfaces having small contact areas or sharp edges, especially if
those surfaces are relatively rigid. These injuries can occur at |ow inpact
velocities, and are often described as "cosnetic" injuries; however, they can

i nvol ve irreversible nerve damage and permanent disfigurenent. Wile there is no
general |y accepted test procedure which can provide quantitative assessnment of
these injuries, a judgnental evaluation of soft tissue injuries can be nade by
assessing tears or cuts in a synthetic skin placed over the test dumy's head or a
head formduring the test. Synthetic skins are discussed in the Society of

Aut onoti ve Engi neers Information Report SAE J202, Synthetic Skins for Autonotive
Testing, 1979 SAE Handbook, Volunme 2, pages 34.108-34.109. The H Cis calcul ated
by conputer based data anal ysis systens. The di scussion which follows outlines
the basic nmethod for conputing the H C, but manual attenpts to use this nethod
with real data are likely to be tedious. The H Cis based on data obtained from
three mutual |y perpendi cul ar acccel eroneters installed in the head of the

ant hr oponor phic test dummy in accordance with the dumy specification. Data from
t hese accel eroneters are obtained using a data systemconform ng to Channel d ass
1000 as described in Society of Autonotive Engi neers Recommended Practice

SAE J211. For the tests discussed in this AC, only the data taken during a
secondary head inpact with the airplane interior should be used to calculate a H C
value. Head inpact is often indicated in the data by a rapid change in the

nmagni tude of the acceleration. Alternately, filmof the test may show head i npact
whi ch can be correlated with the acceleration data by using the tinme base comon
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to both el ectronic and photographic instrunentation, or sinply contact switches on
the inpacted surface can be used to define the initial contact tinme. The magnitude
of the resultant vector acceleration obtained fromthe three acceleroneters is

pl otted against time. Then, beginning at the tinme of initial head contact (t ;) the
average val ue of the resultant acceleration is found for each increasing increnent
of time (tp-ty), by integrating the curve between t; and t, and then dividing the
integral value by the tine (t,-t;). This calculation should use all data points
provi ded by the m ni mum 8000 sanpl es per second digital sampling rate for the
integration. However, the maximzing time intervals need be no nore precise than
0. 001 seconds. The average values are then raised to the 2.5 power and multiplied
by the corresponding increment of time (t,-t;). This procedure is then repeated,
increasing t; by 0.001 seconds for each repetition. The maxi mum val ue of the set

of conmputations which is obtained fromthis procedure is the H C The procedure
may be sinplified by noting that the maxi mum value only occurs in intervals where
the resultant magnitude of acceleration at t; is equal to the resultant nagnitude
of acceleration at t,, and when the average resultant acceleration in that interva
is equal to 5/3 tines the acceleration at t,; or t,., The HHCis usually reported as
t he maxi mum val ue, and the time interval during which the maxi rumval ue occurs is
al so given.

d. Inpact Velocity. Inpact velocity can be obtained by neasurenent of a tine
i nterval and a correspondi ng sl ed displacenent which occurs just before the test
i npact and then dividing the distance by the tinme interval. Wen making such a

conputation, the possible errors of the tinme and displ acenment neasurenents shoul d
be used to calculate a possible velocity measurement error, and the test inpact
vel ocity shoul d exceed the velocity shown in figure 2 by at |least the velocity
neasurenment error. |If the sled is changing accel eration during the i medi ate pre-
i mpact interval, or if the facility produces significant rebound of the sled, the
effective inpact velocity can be deternmined by integrating the plot of sled
acceleration vs. time. |If this nmethod is used, the sled accel eration should be
neasured in accordance with Channel C ass 100 requirenents.

e. Upper Torso Restraint SystemlLoad. The naxinmumload in the upper torso
restrai nt system webbi ng can be obtained directly froma plot or listing of webbing

| oad transducer output. |If a three axis |load transducer, fixed to the test
fixture, is used to obtain these data, the data from each axis should be conbi ned
to provide the resultant vector nmagnitude. |f necessary, corrections should be

nade for the internal mass of the transducer and the fixture weight it supports.
This correction is usually necessary only when the inertial mass or fixture weight
is high or when the correction becones critical to denmonstrate that the
neasurenents fall below the specified limts.

f. Conpressive Load Between the Pelvis and Lunmbar Columm. The maxi num z axis
conpressive | oad between the pelvis and the |unbar colum of the anthroponorphic
test dummy can be obtained directly froma plot or listing of the output of the
| oad transducer at that location. Since nost |load cells indicate tension as well
as conpression, care should be taken that the polarity of the data has been
correctly identified.

22



6/22/89 AC 23.562-1

g. Position of Upper Torso Restraint Straps. Position of the upper torso
restrai nt webbing straps on the anthroponorphic test dumy's shoul ders can be
verified by observation of photonetric or docunentary canera coverage. The
webbi ng should remain on the sloping portion of the test dummy's shoul der unti
the test dummy rebounds after the test inpact and the upper torso restraint straps
are no longer carrying any |load. The webbing straps should not bear on the neck
or side of the head and should not slip to the upper rounded portion of the upper
armduring that tine period.

h. Position of Lap Safety Belt. Position of the |ap safety belt on the
occupant's pelvis can be verified by observation of photonetric or docunentary
canmera coverage. The |lap safety belt should remain on the anthroponorphic test
dumy's pelvis, bearing on or bel ow each prom nence representing the anterior
superior iliac spines, until the test dummy rebounds after the test inpact and the
| ap safety belt becones slack. |If the |ap safety belt does not becone sl ack
t hroughout the test, the belt should maintain the proper position throughout the
test. Movenent of the lap safety belt above the prom nence is usually indicated
by an abrupt displacenment of the belt into the test dumy's soft abdom nal insert
whi ch can be seen by careful observation of photo data froma canera |located to
provide a close view of the belt as it passes over the test dumy's pelvis. Thi s
novenent of the belt is sometines indicated in neasurenents of |ap safety belt
load (if such neasurenments are nmade) by a transient decrease or plateau in the
belt force, as the belt slips over the prom nence, followed by a gradual increase
in belt force as the abdominal insert is |loaded by the belt. Retention of the lap
safety belt can also be verified by " submarining indicators" |ocated on the test
dumy's pelvis wthout changing its essential geonetry. They indicate the
position of the |lap safety belt by producing an electrical signal when they are
under |l oad fromthe belt.

i. Seat Attachment. Documentation that the seat and restraint system has
remai ned attached at all points of attachment should be provided by stil
phot ogr aphs whi ch show the intact system conponents in the |oad path between the
attachment points and the occupant.

j. Seat Deformation. Airplane occupant seats which are evaluated in the
tests discussed in this AC can deformeither due to the action of discrete energy
absorber systens included in the design or due to residual plastic deformation of
their structural conponents. The intent of this paragraph is to obtain
information for the evaluation of a seat or seats in the airplane and to ensure
the enmergency egress standard is nmaintained with deformed seats as the result of
the dynamic tests. |If this defornmation is excessive, it may inpede the airplane
emer gency evacuati on process. Each seat design may differ in this regard and
shoul d be eval uated according to its uni que deformation characteristics. These
deformations fromthe tests should be recorded and included in the test report.

8. TEST REPCORT AND DOCUMENTATI ON.

a. General. Atest plan or proposal, as part of the test report, should be
prepared to specify the seat/restraint systemspecinen, test facility information
test descriptions, and analytical methods to be used. The tests discussed in this
AC shoul d be documented in a test report which describes the test procedures and
results. In addition to the specific contents described i n paragraphs 8b and 8c,
the test report should include the follow ng:
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(1) Facility Data.

(i) The nanme and address of the test facility performng the tests.

(ii) The nanme and tel ephone nunber of the individual at the test
facility responsible for conducting the tests.

(iii) A brief description and/or photograph of each test fixture.

(iv) The date of the last instrunentation systemcalibration and the
nane and tel ephone nunber of the person responsible for instrumentati on system
calibration.

(v) A statenment confirming that the data collection was done in
accordance with the recommendati ons of this AC, or a detailed description of the
actual calibration procedure used and technical analysis show ng equival ence to the
recommendati ons of this AC (reference paragraph 6d(1)).

(vi) Manufacturer, governing specification, serial nunber, and test
wei ght of ant hroponorphic test dunmmes used in the tests, and a description of any
nodi fications or repairs performed on the test dumm es which nay cause themto
deviate fromthe specification

(vii) A description of the photographic-instrumentati on systemused in
the tests (reference paragraph 6d(2)).

(2) Seat/Restraint System Data.

(i) Manufacturer's name and identifying nodel nunbers of the
seat/restraint systemused in the tests, with a brief description of the system
including identification and a functional description of all major conponents and
phot ographs or draw ngs as applicabl e.

(ii) For systems which are not symetrical, an analysis supporting the
sel ection of conservative test conditions used in the tests. The test proposa
submtted for approval is the proper neans to docunent and verify the conservative
test conditions. In addition, the test results refer to the test proposal if
separate fromthe results report.

b. Test Description. The description of the test and how the tests shoul d be
conduct ed shoul d be docunented in sufficient detail in the test proposal or report
so that the tests can be reproduced sinply by follow ng the guidance given in the
test proposal or report. The procedures outlined in this AC can be referenced in
the test plan or report but should be supplemented by such details as are necessary
to describe the unique conditions of the tests. For exanple:

(1) Pertinent dinmensions and other details of the installation which are
not included in the drawings of the test itens should be provided. This can
include footrests, restraint system webbing gui dance and restraint anchorages,
“interior surface" simulations, bul khead or sidewall attachments for seats or
restraints, etc. A so, exanples of the items that will be simulated or duplicated
in the test should be included in the test report.
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(2) Conservative |oading and the required deformations for the test
articles, should be docunented and included in the test report.

(3) Placenent and characteristics of electronic and photographic
i nstrumentation chosen for the test, beyond that infornmation provided by the
facility, should be docunmented. This can include special targets, grids or
marki ng used for netric interpretation of photodocunentati on, and transducers and
data channel characteristics for lap belt |oads, floor reaction forces, or other
neasur enent s beyond those di scussed in this AC

(4) Any unusual or unique activity or event pertinent to conducting the
test shoul d be docunmented. This may include use of special "break away"
restraints or support for the test dunmes, test itens or transducers, operationa
conditions or activities such as del ayed or aborted test procedures, and failures
of test fixtures, instrunentation system conponents or anthroponorphic test
dummi es.

c. Test Report. The docunentation should include the test proposal and
procedures, all test results, analyses, and conclusions. The data should
i nclude charts, listings, and/or tabulated results, and copies of any
phot oi nstrumentati on used to support the results. 1In addition, as a
m nimum the followi ng should be included in the test result section of the
test report.

(1) Inpact pul se shape (reference paragraph 7b).

2) The HICresults for all tests where the test dunm es are exposed to
secondary head inpact with interior conponents (reference paragraph 7c) or head
strike path and velocity data where secondary head inpact is likely but is not
eval uated by the tests (reference paragraph 7c).

(3) Inpact velocity (reference paragraphs 7b(7)(i) and 7d).

(4) Upper torso restraint systemload, if applicable (reference para-
graph 7e).

(5) Conpressive |oad between the pelvis and the |unbar colum (reference
par agraph 7f).

(6) Retention of upper torso restraint straps, if applicable (reference
par agraph 79).

(7) Retention of |lap safety belt (reference paragraph 7h).
(8) Seat attachnment (reference paragraph 7i).

(9) Seat deformation (reference paragraph 7).
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9. COMPUTER MODELS. Several computer-based analytical models have been developed
to represent the seat/restraint/occupant system in a crash. Some of these models
include a seat-occupant model for Part 23 airplanes and also a representation of
the vehicle interior or the complete airplane as well. These models can vary in
complexity from simple spring-mass dynamic models to exceedingly complex models
which can be of help in designing the seat/restraint/interior system. Validation
of these models also varies from no validation at all to complex validation efforts
based on controlled testing and field experience. The use of these models during
the design phase of the seat/restraint/interior systems for civil airplanes is
encouraged. They can be of great assistance in predicting conservative test
conditions, in understanding the performance of systems when used by various sized
occupants, in estimating head strike paths and velocities, and for many other uses
of interest to the designer. However, at the present time, none of these computer
models have been validated to be sufficient alternatives to the dynamic tests
discussed in this AC. The Federal Aviation Administration continues to assess the
performance of dynamic computer-based models, and may issue appropriate advisory
material should any of these computer model/techniques be found to be an acceptable
alternative to the tests discussed in this AC.

j

/
DON C. JACOBSEN
Acting Manager, Small Airplane Directorate
Aircraft Certification Service
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