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APPLIED TECHNOLOGY LABORATORY POSITION STATEMENT

This report was prepared by the Boeing Vertol Company, a division of the Boeing Com-

- ' pany, under the terms of Contract DAAJ02-74-C-0036. The objective of this effort was

" : to demanstrata the validity and practicality of a proposed draft military specification for
hellcopter troop/passenger seats, This was achleved by the design, fabrication, component
testing, static testing, and dynamic testing of lightweight forward- and aft-facing troop

- seats. The proposed draft military spaecification contained in this report has yet to be

. coordinated, finalized, and published. Once published and implemented, howaver, the
crashworthy troop/passenger seat military specification wlill ensure that the passergers of

future Army troop transport helicopters will be afforded a higher probability of survival
during a crash impact.
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This réport has been reviewed by this Laboratory and is considered to be technically

i sound, The technical manager for this pragram was Mr, Geroge T. Singley, |11, Structures
' Technical Area, Technology Applications Division.
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20. ABSTRACT (continued).

Crashworthy troop seats fabricated under a previous contract
were modified, with new components developed during component
testing. Additional meats were fabricated for static testing
in various crash impact attitudes. A total of six static tests,
including two retests required as a result of minor failures,
were performed by Dynamic Science as a subcontractor. Analysis
of the test results showed that the forward- and aft-facing seat '
configurationas were highly successful in meeting the test objec-
tives in all attitudea, with the exception of the lateral load-
ing,—~ A failure occurred at a lateral loading value which was
ju:;/hnder the test load objective. Minor modifications would .
permiit meeting the test objective.
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INTRODUCTION .

BACKGROUND

The poor crash impact performance of helicopter troop seats :
designed to current military specifications was revealed by !
the U.S., Army in the early 1960's through accident investiga- |
tions, full-scale crash tests, and critical review of the k
applicable specifications. It was discovered that numerous iW

|

|

i

6t —

troop seat occupants were being injured during moderate
impacts bhecause of inadequate upper torso restraint, and
inadequate seat strength. The ultimate load reguirement
amounted to approximately 8C vertically on the seat pan,
3G on the back and 1C side loading. There were no significant

T U

means of vertical crash~force attenuation, and testing ‘3«%
criteria and methods were inadequate. Crashworthiness desiygn ’jﬁ&
criteria for improved troop seat design were developed and | %
published in TCREC Technical 'Report 62-79 (Reference 1). i by
Several experimental troop seat concepts designed in accor- LT
dance with these criteria were subsequently developed and 1

tested as described in TRECOM Technical Reports 63-62
(Reference 2) and 65-6 (Reference 3). These efforts (1)
demonstrated that the TCREC TR 62-79 crashworthiness design
criteria are technically attainable, and (2) led to the
inclusion of these criteria in USAAVLABS TR 67-22 (Reference
4), "Crash Survival Design Guide".

Development of crashworthy trovop seats has continued at a slow
pace because of the furmidable list of requirements which the
seats must meet. Some of those requirements are as follows:

ITurnbow, J.W., et al., CRASH INJURY EVALUATION, Aviation
Crash Injury Research, Phoenix, Arizona; TCREC Technical
Report 62~79, U.S8. Army Transportation Research Command,
fort Eustis, Virginia, November 1962.

2Turnbow, J.W., et al., CRASH INJURY EVALUATION, DYNAMIC TEST
OF AN EXPERIMENTAL TROOP SEAT INSTALLATION IN AN H-21 lELI-

COPTER, Aviation Safety Engineering and Research, Phoenix,

Arizona; TRECOM Technical Report 63-62, U.S. Army Transporta-
tion Research Command, Fort Eustis, Virginia, November 1963.

3Weinberg, L.W.T., CRASHWORTHINESS EVALUATION OF AN ENERGY-
ABSORPTION EXPERIMENTAIL TROOP SEAT CONCEPT, Aviation Safety
Engineering and KResearch, Phoenix, Arizona; USATRECOM Tech-
inical Report 65=6, U.S. Army Transportation Research Command,
Fort Bustis, Virginia, February 1965, AD 614582,

4Turnbow, J.W., et al., CRASH SURVIVAIL DESIGN GUIDE, Aviation
Safety Engineering and Research, Phoenix, Arizona; USAAVLABS
Technical Report 67-22, U.S. Army Aviation Materiel Labora-
tories, Port Eustis, Virginia, December 1967, AD 656621.
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Low cost and weight, high strength, stowability in a small
space, rapid removal and folding, adjustability for tronps
with and without field equipment, adequate support for
shoulder restraint, operational simplicity for troops
unfamiliar with restraint devices, clear seat area for
rapid ingress and egress, stabilized stroking under all
impact attitudes, energy—attenuating devices which are
reliable, repeatable, and not affected by environmental
conditions, and are adaptable to the wide range of troop
and equipment welghts,

A crashworthy troop seat was selected from a number of pro-
posed concepts and was developed to meet the above require-
ments. This development and operational suitability evalua-
tion is discussed in USAAMRDL-TR-74=-93 (Reference SL.

Structural strength and crash impact energy attenuation features
remained to be evaluated and are the subject of this report.

.

PROGRAM OBJECTIVES

The crashworthy troop seat testing program principal objectives
were as follows:

e Determine satisfactory functioning and strength

of critical components such as energy=attenuating
devices.

® Determine seat system stability and strength during
crash impact loading and stroking.

® Determine seat's capabillity of attenuating crash impact
on ocgcupant.,

® Substantiate or revise a proposed Seat, Helicopter,
Troop Military Specification based on test data.

SCOPE

The crashworthy troop seat testing program was divided into
the following tasks:

Task I - System analysis and component testing

Task II - Static testing and analysis

Task III -  Dynamic testing and analysis

5ileilly, M.J., CRASHWORTHY TROOP SEAT INVESTIGATION, Boeing
Vertol Company, Philadelphia, Pennsylvania; USAAMRDL Technical
Report 74-93, Eustis Directorate, U.S. Army Air Mobility
Research and Development Laboratory, Fort Eustis, Virginia,
December 1974, AD AQ07090.
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CRASHWORTHY TROOP SEAT TESTING - TASK I

TASK I - REQUIREMENTS

The required Task I effort was as follows:

1. Review troop seat designs performed under Contract
DAAJ02-72-C~0077 (Reference 5) and identify components
requiring design refinements.

2., Survey restrailnt systems (using commercially avail-
able components),

3. Prepare test plan for component tests.
4, Test components.
5. PFinalize detail design to comply with test results,

6., Analytically verify design to assure that it complies
with environmental, strength, crash~force attenuation,
and other performance reguirements of the draft
Military Specification, Seat, Helicopter, Troop.

7. Establish test plan for static tests.
BEach of these areas is discussed in the above order.

REVIEW AND IDENTIFICATION OF REFINEMENTS

Drawings and analysis of the crashworthy forward-facing troop
seat developed under USAAMRDL Contract DAAJ02=72-C=00Q7 were
reviewed to determine the adequacy of the troop seat for

static and dynamic testing. Detailed stress analysis had been

conducted on the principal seat structure and the seat was

built in accordance with this analysis (Figure l). Therefore,

the seatr was assumed to be capable of withstanding the tests.
A preliminary analysis had been performed on the small compo-
nents, such as toggle latches and floor quick-disconnects. A
detailed analysis was not performed as it would have been
complex, and individual tests of the components were deter-
mined to be the least expensive approa:h. The restraint
system was adequate for the mock=-up demonstrations (FPigure 1)
but did not meet the static and dynamic test requirements.
Therefore, design of a new restraint system of adequate
strength was necessary, using available components.

The headrests on the troop seats used for mock-up demonstra-
tion were of thin plywood and had to be replaced for the
rearward dynamic loading condition. The foam pads used were
soft and required replacement with an energy absorbing
material,
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i The mock=-up seat drawings showed only a forward-facing

configuration. Modifications to the drawings were necessary
to add details for an aft-facing seat confiquration. Forward-
facing seats can be converted to aft=facing seats by adding a ‘
bracket on the seat pan rear tube and by connecting the :
diagonal strut at the back of the seat instead of the front,.
Floor quick-disconnects used at the back of seats are also
required at the front of aft-facing seats to permit the
diagonal strut to be connected to the floor. Front diagonal
cables require connection to the attenuator strut quick-dis-
connecting rather than to the individual disconnects used on
forward-facing seats,
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RESTRAINT SYSTEM

A survey was made of available off~the-shelf restraint system
components and materials which would meet the strength and
elongation requirements of the draft Military Specification, 3
Seat, Helloopter, Troop. The buckle is the principal 2t
component of the gystem. A buckle with a minimum of four ‘3
connecting points is required. Two attachments are for the n
two lapbelt ends and the other two are for the double Shoulder pr
gtraps. Design load requirements on the buckle are 4000 1lb
of tension on the lapbelt conneotions and simultaneous loading
of 4000 lb on each of the shoulder strap connections. The
only available buckle purporting to meet these reguirements
was a s8lide release buckle.

An available polyester webbing that meets the laphelt and shoul-
. der harness requirement of 5 percent maximum elongation at

i 4000-1b design load tensile strength was found. The webbing

; was 2 in, wide, 0.065 in. thick, had a 9024~1b minimum breaking
! strength, and was developed for the auto industry. Commercially L
: available shoulder harness reels at 2000~1b design load were .
found which adequately met the dynamic test loads.,

TEST PLAN - COMPONENT TEST
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A test plan for static-testing components of the troop seat
was prepared and is attached as Appendix A. The plan ;
discusses testing of 1l components separately or in combina- ol
tion with other components. The following components are g
included in the test: : g

1. Seat-tensioning turnbuckle Q
2. BSeat-tensioning toggle latch
3. Vertical energy attentuator (wire-banding) |

4. Front diagonal energy=-attenuating cable
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5. Front quick-disconnect (floor attachment)

6. Front floor quick-disconnect stud

7. Dlagonal stabilizing strut energy attentuator

8. Back quick-disconnect (floor attachment)

A

9. Back floor gquick-disconnect stud

eI

o 10. Vertical hold-down energy-attenuating cable

11, U-bracket and back quick-disconnect (floor attachment)

a
i | COMPONENT TESTING ' |

‘i

Testing was performed in accordance with the procedure b
described in the test plan (Appendix A). As a result of ’ﬁ
problems encountered, some retests were necessary. The [
tests performed were as followas: :

Test 1 L

b o

o A combination of components was used in Test 1. These }ﬁ

' components consisted of a seat-tensioning turnbuckle, a e

seat-tensioning toggle latch, and a vertical energy C

attenuator. Adapters were made for installing the assembly |

in the Instron tenaile test machine (Figure 2). A tension f;
|

load was applied to the specimen in stepped increments and

; ; inspections for deformation were made. The test was
L stopped when deformation of the toggle latch occurted

o (Figure 3). A maximum load of 1300 1b was recorded. :
- There was no stroking of the wire-bending attenuator, -
bi' The design stroking load is 1020 1b. ;

i A second run was made, testing only the wire-bending

attenuator. The peak starting load was recorded as )
1555 1b, with a running load of 1400 lb (Figure 4). It !
- was evident that the wire size was too large, so a new
/ wire was fabricated using 0.100~in. diameter wire. . 3

: A third run was made using only the wire-bending
{ attenuator. The design stroking load of 1020 1b was
almost exactly achieved, varying plus and minus 10 1lb

% from a 1030-1b mean (Figure 4).

The fourth run was '.nde using the 0.100~in, diameter wira- !
{ bending attenuator in an assembly with the turnbuckle :

, and medifiled toggle latch., The stroking force varied only Co
i slightly from the 1020~1b design load line, with fluctua- :

tions of plus and minus 5 1lb., No deformation of the P
toggle latch occurred (Figure 4). g

16 j
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Test 2

Components included in Test 2 were the front diagonal
energy-attenuating cable, floor quick~disconnect fitting,
and floor guick-disconnect stud. The test specimen was
installed in the Instron tensile test machine, using
adapters to orient the end fittings as installed on the
seat (Fligure 5). The assembly was pulled at a rate of
10 in.per minute with stops made at intervals to inspect
for deformations. A curvilinear force deflection curve
characteristic of tensile yielding materials, was produced
with an average force level approximately on the design
force level of 1650 lb (Figure 6). The cable broke at
2000 1b after stroking 6 in. (Figure 7)., This would
permit an B~in. lateral seat stroke, which is more

than the lateral stroke needed. All of the remaining
componants in the assembly withstood the 2000~lb load
without deformation.

Test 3

The telescoping-tube rolling helical-wire energy
attenuator was tested in conjunction with the floor gquick=~
disconnect fitting and the floor guick-disconnect stud.
The attenuator was constructed using 6061 aluminum tubing
and 2024 aluminum wire. The assembly was placed in the
Ingtron tensile test machine (Figure 8). Adapters were
used to hold the quick-disconnect fitting in the same
orientation as used for the troop seat installation
(Pigure 9).

The deslgn stroking load for the attenuator is 1360 1lb.
Tenslle loading was applied to the attenuator in stepped
increments until the load reached 1940 1b. At this load,
the end fitting pulled out due to a weld fallure (Figures
lo0and 11). The attenuator stroked only 0.63 in.

A second attenuator unit was tested and required a 3500~
b force to cause 1l in. of stroke. After stroking 2 in.,
the force required to pull the attenuator dropped rapidly
until it reached zero load at 9 in., of stroke (Figure 10).
The wire was exposed in this test and showed signs of
being fused together (Figure 12), Rolling of the helical
wire element did not occur as intended.

The floor gquick-disconnect fitting and floor stud with=
stood the 3500-1b load without deformation. This load is
250 percent of design load. A third attenuator unit was
tested and 1t failed in the same manner as the first aftor
reaching a load of 3250 1lb. 'The unit had stroked 3 in. at
the point of faillure (Figure 10).
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Floor quick=disconnect and
diagonal cable (pre-test).
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Figure ll. Unit 1 (post~test).
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The units were returned to the vendor for redesign and 17
new units were returned. These new units were the same
as the first, except that a stainless steel helical wire
was used in place of the aluminum wire,

A test was conducted on a new unit and it failed to reach o
the design stroking load of 1360 lb. It peaked at 1090 i
lb and rapidly fell to 800 lb at l-in. stroke, and to 450 L
lb at 7-in. stroke (Figure 13). Seven tests were conducted li
on the new units and a wide range of irregular patterns
were produced, none reaching the design stroking load
requirements (Figure 13).

Cause for the faillure of the units to perform properly

was lnvestigated., It was observed that the surface of the
outer tubes had ripples around their circumference and it
was agsumed that these were in the area of the helical
wire. PFrom this, it was concluded that the wire was
causing the aluminum tube to cold-flow. Pressure between
the wire and the inner and outer tubes was relieved by the
cold flowing. The wire was captured in the grooves, and

1 when load was applied to the units, the wire slid and did
: not roll as intended. Relief of pressure on the wire and
the cold~flow grooves resulted in low resistance to load-
ing and produced irregular load/deflection patterns.

A new attenuator was designed and fabricated and develop-
mental tests were performed. Thias new configuration

. consists of a telescoping-tube strut with a wire=bending
o element inside the tube; detalls are discussed below.

- The initial tensile test produced a flat force deflection A
curve, but the strokiny load was 30 percent below the a
a design load (Figure 14). Redesigns were made to the wire=-

| bending element, to increase the bend angle of the wire. A |
: second unit was tested in tension and the force deflection ,
: curve values were within design tolerances (Figure 14). i
’ Compression tests were conducted on the unit and the force i
i» level dropped approximately 20 percent. The unitlwas i
5 again recycled in a tenaion modg and the force level of

‘ the compression mode was maintained (Figure 14).

f Testing of the first twe units was accomplished without a
% wire terminal fitting at the end of the strut. The wire

i ends were clamped in the test machine for the tests. A i
¢ method for terminating the wires had not been determined i
3 at the time of testing. ;
|

a Individual tests were made of two terminal types. The

i first type attached the wires by swaging, and when tested,
] the wires pulled out at 50 percent of design load. The

| second type attached the wires by pinning; details are
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described below. This unit was tested in destruction and
satisfactorily reached 200 percent of design load (Filgure

15) »

A third energy-attenuator test specimen was fabricated,
incorporating the pinned-type wire termination. Tests
were performed eon this unit and function and force/
deflection results were satisfactory (Figure 14).

Test 4

The l/8-in.~-diameter vertical hold-down cable was tested in
conjunction with the U-bracket, floor quick-disconnect
fitting, and floor stud. The test specimen was installed
in the Instron tensile test machine,using adapters to
hold the end fittings in the same orientation as the
fittings for the troop seat installation (Flgure 16).

The design load for the assembly is 1020 lb, The tensile
load of the machine was increased until a load of 650 1lb
was reached, At this point, the cable pulled out of the
swaged fitting., The test was repeated two more times and
in each case, the cable pulled out at approximately the
same load (Figure 17).

Methods of preventing the cable from pulling out were
invegtigated and tests were made. The first method tried
was to flare the end of the cable protruding through the
fitting and to apply a lead/tin solder. The cable again
pulled out at a slightly higher load. Silver solder was
applied to the flared cable end and the assembly was
tested. The cable did not pull out of the fitting while
the design load of 1020 lb was applied. Loading was
inoreased until the cable broke at a load of 1980 lb: the
rated minimum breaking strength of the cable is 2000 1lb.
This is approximately 200 percent of design load. All of
the remaining components in the assembly withstood the
load without deformation. 'The method of swaging the end
fitting to the cable was investigated and found to be
faulty. Procedures were corrected and further tests
proved the swaged configuration to be satisfactory.

DETAIL DESIGN FINALIZATION

Components determined by the test to need design modifications
were as follows:

l. Vertical wire~bending energy attenuator

2. Toggle latch
3. Diagonal-strut energy attenuator
4, Vertlcal hold-down cablae
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Figure 16, Quick=-disconnect and hold-down cable.

Figure 17.

FFailed hold=down cable.
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VERTICAL WIRE-~BENDING ENERGY ATTENUATOR

The stroking load for the initial wire-bending energy
attenuator in the first test was found to be in excess of the
desired value, causing deformation of the attachment compn=-
nents. To reduce the load, the wire size was reduced to
0.100 in. Improvements were iade in the end of the wire by
changing from an inverted U shape to an inverted V shape to
improve attachment to the toggle latch. The initial configu-
ration required threading through holes in the toggle latch.
The revised configuration permits a simple pin attachment.
The test of the revised unit proved to be satisfactory.

'TOGGLE LATCH

Deformation of the toggle latch experienced during testing
necessitated its being stiffened. The channel-shaped latch
was reinforced by adding another channel section to form a
box. The hinge ears on the original channel, which deformed
in the test, were doubled in thickness by the added channel,
Heat treatment of the 4130 steel used for the channels to
160KSI further improved the strength. Attachment of the

wire=bending attenuator to the latch was improved by the new
box configuration.

VERTICAL HOLD-~-DOWN CABLE

Attachment of the swaged fitting to the vertical hold-down
cable falled to hold at the required load during testing.
Silver-soldering the cable to the fitting proved to be
satisfactory for meeting the load requirements but required
special procedures during fabrication. High heat is needed
to apply the silver solder to the cable, and heat anneals
the cable, reducing its strength. Procedures for cooling
the cable during soldering were required.

A decision was made that the best approach was to improve
the swaging technique and to proof-test the cable assembly
aftar swaging. Subsequent cable assemblies were fabricated
using the improved swaging techniques, and proof tests to
1100 1b were made; this load is slightly greater than the
design load.

DIAGONAL=-STRUT ENERGY ATTENUATOR

The telescoping-tube energy attenuator using the rolling
helical wire principal was found to be unsatisfactory during
component testing. A substitute attenuator was developed
which uses a wire-bending principle similar to that used in
the vertical attenuator.
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Wire~bending attenuators huave been found by Boeing tests to
be predictable, reliable, and free of environmental problems.
The one disadvantage of the wire-bending attenuator i1s that
it cannot take compression. The problem then was tu develop
an attenuator which will function in tension or compression
while the wire=-bending element operates in tension.

An attenuator was developed whlch uses telescoping aluminum
tubes similar to the attenuator it replaced. A cap is
placed on the inner end of the inner tube (Figure 18).
Mugic wire of 0.100 in, diameter, in the shape of a hairpin
is looped through the cap, and the two free ends are secured
to a stud in the outer end of the inner tube. A trolley
consisting of three rollers sandwiched between two plates
bends the wire as it moves back and forth on the wire. The
trolley is pinned to the outer tube and a slot is provided
in the inner tube to allow the tiolley to move relative to
the inner tube (Figure 19).

Beveral methods of attaching the wire to the end stud were
consldered. The ends of the wire were roughened and then
swaged in the fitting. Tests proved this method to be un-
satisfactory. An Electroline wedge gripper was considered
but was rejected due to size and weight. A third approach
wae to use the same study fitting used for swaging, but to
pin the wires to the fitting, A hole was drilled between the
two wire insert holes and the wires were notched. A pin was
ingerted in the hole to retain the wires (Figure 15). Tests
to destruction were made and failure occurred at 200 percent
of deeign load.

ANALYTICAL VERIFICATION OF DESIGN

The troop seat design was reviewed to determine its compliance
with environmental requirements, maintainability, reliability,
and other performance requirements of the draft Military
Specification; Seat, Hellicopter, Troop. (See Recommendations
section of thils report on p.138 )

Environmental Evaluation

An evaluation was made of the ability of the troop seat design
to comply with the environmental requirements of the Military
Specification; Seat, Helicopter, Troop, as detalled in the
environmental test methods of MIL-STD-810., The following
environmental factors were evaluated:

6MIL—STD-BlO, Military Standards, Environmental Test

Methods .,
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; 1. Temperature--The seat system was reviewed to deter-
K mine whether materials and construction would with-
i stand nonoperating exposure as well as deliver

: sptcified performance when subjected to the high

i and low temperature specified in Environmental Test i
Method 501, Procedures I and II, and Method 502 of 4
MIL-STD~810. The following conditions can be exper- :
ienced at high temperatures, according to the test »
procedures: i%

¢ Permanent setting of packings and gaskets.

|
e Binding of parts in complex constructions, due i
to differential expansion of disusimilar metals, '

e Digcoloration, cracking, bulging, checking, or gf
crazing of rubber, plastic, or plywood parts. '

e Partial melting and adhering of sealing strips. !i

None of the materials or oconditions are present in
the troop seat design. The materials and construc- |
tion used are not expected to be affected by the ’i
o high temperatures. Of the materials used, polyester '
- fabric and webbing are the materials most sensitive

|

|

‘ to heat; however, they withstand heat in excess of :
b the test temperatures during theo dyeing process !
| without being affected. |
|

|

Conditions which could be experienced at low temper=~
atures, such as differential contraction of metal
parts, loss of resillency of packings and gaskets,
and congealing of lubricants would not be experienced
. on the troop seat hecause thase materials are not o
present. 'The materials used in the troop seat will .
not be affected by the low temperatures.

[ 2, Bunshine~-~The materials used in the troop seat system
were reviewed with regard to degradation by sunshine
. ag specified in Method 505, Procedure I, of MIL~STD=-
810, Polyester fabric and webbing used in the seat
cover, support webbing and restraint aystem are the
materials most likely to be affected by sunshine.

Some fading of color can be expected; the degree of

! fading depends upon the color selected. Some material
\ degradation would occur over the normal service life

; of the fabric and webbing, but sufficient safety

& margins are designed into the material so that aystem \
\ ' safety would not be compromised. The seat fabric has a )
| strength of 700 lb. per in., for a 300-percent satety 3
factor. The seat pan support webbing has a strength of )
30,000 lb., allowing a 700-percent satety factor, ;
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4.

5.

6.

7.

Humidity--The materials used in the troop seat system
were reviewed to determine their resistance to the
effects of exposure to a warm, highly humid atmosphere
such as that specified in Environmental Test Method
507 of MIL-STD-810. Hydroscopic materials are gener-
ally sensitive to humidity. Moisture penetration can
result in corrosion or swelling, which destroys
mechanical properties. Hydroscoplc materials other
than the seat fabric and webbing, are not used in the
troop seat. The polyester fabric and webbing will
withstand humidity for prolonged periods without
deterioration or loss of strength. Other seat
materials do not appear to be sensitive to humidity.

Fungus=--The troop seat materials were reviewed to
etermine if any contained nutrients to fungus. None
of the materials listed in Environmental Test Method
508 of MIL-STD-810 are used in the seat construction
and none of the materials used are suspected of con-
taining fungus nutrients.

galt Fog~=-Many of the materials used in the construc-
tlon of the troop seat are subject to corrosion when

exposed to salt fog such as that specified in Environ-
mental Test Method 509 of MIL-8TD-810, However, these
materials are adequately treated and painted to resist
the effects of salt fog,

Dust=--The abhility of the troop sesat system to operate
when subjected to a dust environment, such as that
specified in Environmental Test Method 510 of MIL-
STD=810, was reviewed., Mechanical operation of the
seat is required only during a crash impact. At that
time, the smeat must move freely in the direction of
the impact and be restrained by the load-limiting,
extending energy attenuators. Moving parts consist
of rod end bearings and energy attenuators. The
vielding cable and wire-bending encrgy attenuator
would not be affected by a coating of dust particles.
The telescoping tube~type energy attenuator and the
rod end bearinygs could be slightly affected by dust
and dirt; however, these components are sealed to
prevent entry of dust particles.

Vibration~~The troop seat system was reviewed for
areas which may be subject to fatigue, faillure, or
malfunction as a result of vibration similar to that
gpecified in Vibration Test Method 514, Procedure I
(Parts 1, 2, and 3), of MIL-8TD-810. One area of the
seat which was suspected of being critical under
vibration was the point where the vertical energy
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attenuator wire was threaded through the thin channel
section of the toggle latch. This area was redesigned
and the potential vibration condition removed. One
other area suspect of being a problem was the rolling
helical wire cnergy attenuator. This device consists
of telescoping aluminum tubes with wire wrapped
between the tubes. It is possible that vibration
will cause the wire to peen ridges inside the tube;
and the result would be that the wiro would not roll
as designed for energy attenuatioun. This device,
however, did not function properly as an energy
attenuator, 80 an alternate design was rocommended,

8. Mechanical Shock=--The troop secat system was reviewed
for areas which could fail if subjected to the
mechanical shock environment normally encountered
in handling and transportation. The environment
specified in Shock Test Method 516 of MIL-STD~-810
was considered. The seat is dasigned to withstand
crash impact loads and when the seat is packaged for
shipment in acvcordance with the troop seat military
gpecification, it can be expected to withstand drops
of the severity specified.

MAINTAINABILITY ANALYSIS

Review of the details and inastallation procedure for the
crashworthy troop seat reveals no major maintenance problems.
Standard hardware ig used at attachment points and no special
tools are regquired for maintenance. The seat design employs
quick-disconnect devices at key attaching points which permit
rapid and efficient seat removal or stowage by one man (Refer-
ence 5). Replaceable components (energy attenuators, cables,
headrests, and seat fabric) are accessible and replaceable

at organizational level.

RELTABILITY ANALYSIS

The crashworthy troop seat is similar to a crashworthy
gunner's seat assemhly, which was subjected to an analysis of
agssembly and component failure modes and their effects., Fach
mode of failure was evaluated to determine its critlcality
with respect to safety, migsion accomplishment, component
removal, or corrective maintenance demand. These data were
documented on Fallure Mode Effects and Criticality Analysis
formg (FMECA) in Reference 7.

7Railly, M.J., Crashworthy Hellcopter Gunner's Seat Investiga-
tion, Boeing Vertol Company, Philadelphia, Penna.: USAAMRDL
Technical Report 74-98, Bustis Directorate, U.8. Army Alr
Mobility Research und Development Laboratory, Fort Eustis,
virginia, January 1975, AD A005563.
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I The crashworthy troop seat assembly i1s expected to have 0,030
¢ failures per 1,000 component hours. However, most of these

¢ fallures are expected to be caused by abuse and handling

v during seat removal, s.orage, and installation, and would be
: repaired belore use by troops or before the assembly was

! required to operate in a crash.

Strength

A stress and load analysis was performed for the troop seat
and 1s discussed in Reference 5. This data, in conjunction
with the component tests and modifications discussed in this
report, was considered to be sufficient to verify that the
troop seat had sufficient strength to undergo static testing.,

TASK I SUMMARY

In the performance of component testing, several deficiencies
in the design of seat components were determined. Redesign
of the malfunctioning components and retesting resolved these
deficiencies, Basic seat structure was analyzed through load
and stress analvsis, The operational suitability of the seat
construction and its materials was assessed by further analy-
sis.

On the basls of these tests and analyses, the crashworthy
troop seat was anticipated to function as required in a crash
environment and was considered to be ready for verification
of these functions by static testing.
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CRASHWORTHY TROOP SEAT TESTING = TASK IT

TASK II - REQUIREMENTS

The required Task II effort was as follows:

e The fabrication, modification, and assembly of forward-
and aft~facing seat systems in accordance with the
approved detail design developed in Task I.

® The preparation of seat system and test fixtures to
perform static testing in accordance with the approved
static test plan (Appendix B).

@ The performance of static tests on seat systems in
accordance with the approved static test plan.

® The analysis of data obtailned in static tests and
verification of the capability of the forward- and
aft-facing seat systems tested to meet the static
performance criteria contained in paragraph 4.5.3.1
of the proposed Military Specification, Seat, Heli-
copter, Troop.

e The performance of detalled redesign of those troop
seat system components that fail to meet the static
test requirements of paragraph 4.5.3.1 of the speci-
fication.

¢ The preparation of a test plan for dynamic testing
forward- and aft~-facing seat systems in accordance
with the specification (Appendix C).

Each of these areas is discussed in this report in the order
listed above.

FABRICATION AND MODIFICATION OF SEAT SYSTEMS

The crashworthy troop seat test specimens re- ‘uved for this
test program are forward- and aft-facing con..gyurations. The
basliec forward-facing seat concept was developed under Contract
DAAJ02-72~C~0077 (Reference 5). This concept required modifi-~
cation, and a similar rear-facing seat configuration was
developed. Both types of seats are similar in construction.
The seat plan, constructed of tubing and covered with fabric,
is suspended in a cantilever fashion (Figure 1l). The back,

a tubular compression member in combpination with a webbing
tension member, forms a truss which supports the seat pan.

A fabric auxiliary back is provided along the plane of the
tengion webbing. A flap in the auxiliary back is removable,
uncovering a pocket which will accommodate a combat pack.
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The seat pan is maintained in a near level attitude during
stroking by the cantilever suspension system. Stability in
the longitudinal direction is maintained by energy attenuator
struts attached diagonally from the front of the seat pan to
the floor on forward~facing seats, and reversed on aft-facing
seats. These struts are free to rotate downward without
stroking during vertical crash impact conditions. Lateral
stability is accomplished by crossed cables at the front and
back of the seat.

Energy attenuation is provided in the vertical, forward, and
lateral directions. A compact wire-bending energy attenuator
is used for vertical impact loads. The seat is capable of
stroking vertically 14-1/2 in. Longitudinal attenuation is
accomplished during forward crash impact by the combined
action of the vertical attenuators and the diagonal strut
attenuators under the seat.

These tubular diagonal strut attenuators incorporate a wire-
bending roller system inside telescoping tubes. The load=-
limiting effect is produced by wire bending and unbending as
it pagses over rollers. This device is capable of tension or
compression loading. Lateral=-impact '~=da are attenuated by
the crossed cables, which yield under crash loads permitting
6 in. lateral seat stroke. Seat freedom of movement in all
three axes is permitted during a c¢rash by ball-type rod end
bearings which attach the stabilizing struts to the seat pan.
The attenuating struts and energy-attenuating cables are per-
mitted to rotate at the floor by the four guick-disvonnect
fittings attached to the floor studs.

Lap belt anchor fittings are connected to the seat pan tube
on both sides of the seat. Two shoulder harness reels, per-
mitting full and independent strap retraction, are attached
to the tubular seat back. Guides are provided to position
the ghoulder straps. A low-elongation polyester webbing is
used as the strap material.

A total of ten seats, five forward~facing and five aft-facing,
were required for this program., One of the seats was allocated
to an aircraft crash test procram (Reference 8), five for

static testing, and four for dynamic testing. Eight seats,
fabricated during the program described in Reference 5,were
capable of being modified to meet the static test requirements.
Modifications were required, as a result of component testing

eSingley, G, T, III, "Full Scale Crash Testing of a CH~47C
Helicopter", AHS Paper No. 1084, presented at 32nd Annual
National Forum of the American Helicopter Society, Washing-
ton, D.C., 10=12 May 1976,
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conducted in Task I, to replace parts known not to meet the
strength requirements when the seats were used as mock=-ups, X
and for conversion to the aft-facing seat configuration. The ‘
changes made to the seats are as follows:

e Convert two 2-man seats to four l-man seats. '

® Convert three forward-facing seats to aft-facing
seats. E

e Replace mock-up restraint systems with adequate-
strength restraint systems using low-elongation
polyester,

e PFabricate new fabric assemblies using polyaster
fabric to replace the nylon fabric used on the
mock=up seats.

e Fabricate two new aft~facing seats.

o TFabricate new parts for the toggle latch,

ﬁ". ® Rework existing parts of the toggle latch and
reassemble,

|

I |

'f' : e Fabricate vertical wire-bending attenuators having :

1 ' a new configuration. |
i :

L e Pabricate tubular diagonal-strut attenuators con- ~+
o forming to the deslign developed in Task I.

f-f ® Rework and proof-test vertical hold-down ocables.

STATIC TEST PREPARATION

A test fixture was designed and fabricated to support the
seat test specimens as they would be supported in the air-
craft (Pigure 20). The fixture was designed to support the
seat under test load application without deflecting., Pro-
! visions were made for floor attachments and ceiling attach=-
- ments, The floor attachments were mountcd on members which
¥

gould be warped to produce a l0-degree pitch on one side and i
- a 10-degree roll on the other side. Standard floor stud , .C
a pans were used at the floor to which the floor quick-disconnect
o attachments could be connected.

The test fixture was designed to be adaptable for use in |
testing forward- or aft-facing seats and to orient the seats Sl
. for the various angles of impact force application. The Cl
| test fixture was qulckly adaptable to installation of the .
forward- or aft~facing seats. Force application angles

| Rt 42
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Btatic test fixture.
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were variable by horizontal rotation of the fixture or by
tilting the complete fixture, or a combination of both.

STATIC TEST REQUIREMENTS

The forward-facing seats were required to be subjected to
forward and combined forward, lateral, and vertical loading.
Tests were performed in accordance with the approved test
plan (Appendix B). The sixth seat, a forward-facing seat,
was tested with successful results in the CH-47C crash test
performed jointly by the Eustis Directorate, NASA-Langley
Research Center, and Boeing Vertol (Reference 8).

STATIC TESTS AND DATA ANALYSIS

A total of six static tests were performed using five seats.
Four tests were performed using a forward-facing seat con-
figuration and two tests were performed using an aft-facing

seat configuration. Some retesting was necessitated by com-
ponent failures.

Test 1 - Forward-Facing Seat, Forward lLoad

A forward-facing seat configuration was installed in the test
fixture, suspended hy two wire~bending energy attenuators at

the celling and connected by four quick-disconnect studs to
the floor (Figure 21).

The floor studs, mounted in standard recessed floor pans, were
attached to a floor-warping device which was actuated before
testing (Figure 22). The test fixture was actuated from a
flat floor configuration (Figure 23) to a l0-degree pitch-up
on one side and a l0-degree roll on the other (Figure 24).

A 95th percentile aluminum body block was installed in the
seat and restrained by a four-point lapbelt shoulder harness
system (Figure 20). Seat loading was accomplished by attach-
ing a cable between the body block and a hydraulic cylinder.
The cable was attached to a fitting on the body block at the
repregentative center of gravity of a 95th percentile occu=~
pant. A 50-foot-long cable was used to minimize the load
application angle change as the seat stroked vertically
(Pigure 20), A minimum loading of 15G was to be applied.

Loading was applied gradually io the body block by the hy-
draulic cylinder., Force versus deflection was recorded by
the instrumentation. Excessive deformation began at about
60 percent of design load and the curve moved into the un-
acceptable base area »f the Military Specification force

deflection curve (Figure 25). The excessive deflection wan
attributed to the yielding of the anchor plates attaching
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the seat pan support straps to the seat back and to an under-
gtrength vertical energy attenuator. Fallure of the anchor
fittings on both sides of the Beat ogcurred at 90 percent of
design load (Figure 25).

Stress concentration through the slotted area caused tensile
yielding of the material adjacent to the slot (Figure 26).
Failure of the strap attachment caused the front of the seat
pan to drop approximately 20 degrees. Further dropping was
prevented by shoulder straps and the lapbelt attachment to
the seat pan (Figure 27).

The seat was undamaged as a result of the anchor fitting fail-
ure. The anchor fittings were replaced with strengthened
parts, and the 0.100-in.-dlameter wire elements in the vertical
attenuators (which had stroked 3.5 inh.) were replaced with
0,110«in.~diameter wire to increase the stroking load. A retest
was scheduled for the following day.

Test 1A - Forward-Facing Seat, Forward Load

The modified seat was installed in the test fixture in a
manner simllar to that in Test 1. Load was applled to the
body block by the hydraulic cylinder., Loading was increased
gradually and 135 percent of the design atroking was reached.
The force~deflaction curve remained inside the boundaries of
the military mpecification limitations. A failure occurred
after 4.5 in., of longitudinal deformation and was within 8
percent of the acceptable failure line (Figure 28),

Pallure occurred at the lapbelt attachment to the side of the
seat pan. A long, unsuitable bolt had been substituted for
the original lapbelt attachment bolt to permit installation
of a strain-gaged adapter fitting (Figure 29)., The adapter
was placed on the threaded portion of the bolt and the bolt
failed through the threads. All of the load shifted to the
remaining lapbelt slde, causing the seat to rack (Figure 30).
This caused the diagonal altenuator strut to be torn from the
seat pan attachment (Figure 31), and cracks to occur in the
seat back tubes (Figure 32).

The vertical attenuators stroked 4.3 in. before faillure
occurred., No stroking of the diagonal~strut attenuators
was measured.,

Although this test resulted in faillure, it was determined
that the vertical attenuator stroking load was satisfactory,
while the diagonal-strut attenuator stroking load should be
reduced. Tests were conducted on the struts to verify the
1,300~1b. design load and they checked out within tolerance.
Stroking load was reduced by dismassenbling the units and
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elongating the holes in the plates which support the trolley
rollers, Offsetting the rollers in this manner reduces the
bend angle of the wire as it passes over the rollers., The
load was reduced to 1,100 1lb.

Test 1B - Porward-Facing Seat, Forward Load

A second retest was conducted, using a seat which had been
desgignated for aft-facing three-axis combined loading. The
forward- facing test was considered to be more critical than
the aft acing test because three aft-facing seat tests were
to bhe performed, compared to only two forward-faclng seat
tests, The a=->t was modified to convert it to a forward-
facing seat and Lo install new vertical and diagonal=-gtrut
energy attenuators having the revised stroking load values.

The modified seat was installed in the test firture in a
manner similar to that in Test 1. Load was applied to the
dummy. Some difficulty was experienced with a faulty toggle
latch; the latch was replaced and the test continued.

The vertical attenuators begarn stroking first, as anticipated,
duz to the bowstring effect. As the angle of the atten-atore
increased because of seat back movement, the forward load re-
quired to cause the vertical attenuators to stroke also in-
creased. The forward load increased until the stroking lecad
threshold of the diagonal=-strut attenuators was reached. At
this poi +, the seat was in balance and both the upper and
lower 2% »nuators were stroking. The force deflecticn curve
produced the action of the attenuators was witlin the
limits of the curve upeciiiled in the propnsed Military Speci-
fication, Seat, Helicopter, Troop (Figure 33). The G level
increased gradually until the seat displaced forward approxi-
mately 3 in. At this point, a constant level of 18G was
maintained as the seat stroked forward the remainder of the
required 10 in., at which point the test was stopped.

The instrumentation recorded loads in the lapbelt, shoulder
straps, and vertical and diagonal energy attenuators and load
applicator. 8String potentiometers measured deflections of
the seat in the vertical and longitudinal directions and was
used along with the applicator load to produce Lthe curve in
Figure 33,

Restraint system loads were divided fairly equally between
each shoulder strap and each side of the lapbelt (Figure 34),
Data on the shoulder strap load was lost at the 1300-1b level.
Loead data on the vertical attenuators was not reliable due
to bending of the fittings to which the strain gages were
attached. Diagonal-strut attenuators were designed to stroke
at 1100 1lb. The instrumentation data showed the load to rise
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to approximately that level, at which point the attenuators
began stroking. This relieved the load on the hydraulic
actuator and momentarily caused the load curve to drop, pro-
ducing a false reading which would not exist under a dynamic
situation.

After the test, a visual inspection of the seat was made.
There were no failures of the seat structure or fabric
(Figure 35). Some deformation was observed in the seat pan
slde tubes which had howed up 0.5 in. in the center (Figure
36)., The vertical attenuators were found to have stroked
6.75 in. (FPligure 37) and the diagonal-strut attenuators
stroked 3,62 in. (Figure 38).

The test conclusions are that the results were highly success-
ful in meeting all toast ohjectives.

Tegt 2 - Forward Load on Aft-Facing Seat

An aft-facing seat configuration was installed in the test
fixture, suspended by the two wire=-bending attenuators at the
celling and connected to the floor quick-disconnect studs at
four places (Figure 39)., The test fixture had been rotated
180 degrees from the Test 1 position. The diagonal-strut
attenuators had been reworked to reduce the stroking load

to 1,000 1lb, 100 1lb below the attenuators used in Test 1B,

A 95th percentile aluminum body block was installed in the
seat and restrained by a four-point lapbelt shoulder harnezs
system (Figure 39). The restraint system was not instrumented
because the loading was toward the seat back and the restaint
system recelved no load., 8eat loading was accomplished by
attaching a cable between the body block and a hydraulic
cylinder. The load was applied effectively through the

center of gravity of the body block by using a cable loop
attached to fittings at each side of the body block (Figure
39). A minimum loading of 15G was to be applied.

Loading was applied gradually to the body block by the hydrau-
lic cylinder., Porce versus deflection was recorded by the
instrumentation. 1Initial application of the load caused the
seat to deflect backwards with little resistance, because the
attachment of the toggle latch to the ceiling was at the same
angle with the back as for forward-facing seats. This deflec~
tion caused an intrusion inte the base area of the force
deflection curve (Figure 40)., As the angle of the toggle
latch reversed, seat deflection decreased until a 10G force
was applied, raising the curve out of the base area.
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The initial deflection due to toggle-~latch reversal also caused
the angle of the diagonal attenuator strut to decrease in rela-~
tion to the floor. The reduced angle, and the fact that the
attenuator stroking load had been reduced below that of the
Test 1B attenuatorsg, caused premature stroking. This again
caused a second slight intrusion into the base area to the
extent of approximately 2G (Figure 40). The force/deflection
curve soon rose out of the base area and above the minimum
failure area line. The test was stopped when ll in. of deflec=
tion had occurred,

An ingpection of the seat was made after the test, No struc-
tural or fabric failures were found (Figure 4l). Upper atten~
uators were found to have stroked 7 in. (Figure 42), and the
diagonal=strut attenuator astroked 6.4 in. (Figure 43).

The test conclusions are that the results ware satisfactory.
Improvements can be achieved by relocating the upper seat
attachments for aft-facing seats to reduce the initial de-
flection, In addition, the diagonal-strut stroking load
should be maintained at the same level as that used in Test
1B, This will ralse the load deflection curve sufficiently
to prevent intrusion of the bhase area.

Test 3 - Aft-Facing Seats, Lateral Load

An aft-facing seat configuration was installed in the test
fixture, oriented 90 degrees to the pull foree. The seat was
suspended from the ceiling support beam by two wire-bending
attenuators and was connected to the floor quick-disconnect
studs at four places (Figure 44). The load was transferred
through the body block to the restraint system attached at

the side of the seat and at the top of the seat back. A mini-
mam loading of 10G was to be applied.

Loading was applied gradually by the hydraulic c¢ylinder. Force
versus deflection was recorded by the instrumentation. The
force was increased until 86 percent of the design stroking
load was reachad. At this point, the woelded connection of

the tubing at the front corner of the seat pan falled (Figures
45 and 46). A soft weldable aluminum alloy tubing had been
used in the construction of the seat pan, which contributed

to the fallure and allowed deformation of the seat, causing
gome intrusion into the base curve area (Pigure 47).

The production version of the seat described in Reference 5
uses high~strength aluminum tubing and a forged aluminum corner
fitting which 18 mechanically fastened. Such construction
would be more rigid than the test model and would withstand
higher loads. The intrusion of the force deflection curve

into the base area close to the basge curve and the occurrence
of fallure at 86 percent of design stroking load indicates
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that a small increase in stiffness-and strength would put the
force deflection curve Iinto the acceptable area.

The instrumentation recorded lateral and vertical deflections

of 2.5 in, at the time of failure. The excessive vertical de-
flection was due to ylelding of the soft seat pan tube at the
point where the deflection potentiometer was attached. Measure-
mant of the vertical energy attenuators showed them to have
stroked 0.5 in, The front dliagonal cable had stroked 0,75 in.
and the rear dlagonal cable 1.2 in. Strain gage data from the
attenuators was not realiable. Instrumentation data on lapbelt
and shoulder harness loads shows a maximum of 1,050 lb on the
%g?belt and 1,550 lb on the loaded left shoulder strap (Figure

The test conclusions are that with minor improvements, the seat
will meet the requirements for lateral loading, The seat rea-
mained stable during the loading sequence., There was no ten-
dency for the seat to rotate or twist. All attenuators regquired
to stroke were stroking at the time of fallure. The forcoe
deflection curve and load at the time of failure were
sufficiently olose to the test objectives so that a slight
increase in seat pan rigidity and strength will allow these
objectivas to be met.

Test 4 - Forward-Facing Seat, Conbined Loading

A forward-facing seat was installed in the test fixture whlch
was pltched up and yawed to simulate a three-axis crash load
gondition (FPigqure 49). The minimum loading to be applied was
14,56 downward, 15G forward, and 9G lateral., The seat was
attached to the test fixture in the same manner as previous
tests.,

A 95th percentile aluminum body block was placed in the seat

and restrained by a four~point lapbelt shoulder harness system.
The seat wan loaded by applying a load to the body block through
a looped cable attached to fittings on each side of the body
block (Figure 49). A resultant of the forward, lateral, and
down loads was applied through the center of ¢gravity of the

body block. A minimum leoading of 5,000 lb was to be applied.

Loading was applied gradually by a hydraulic cylinder. TForce
veraus deflection was recorded by the instrumentation (figure
50). The minimum design load was reached at 5 in. of forward
deflection. The load continued to climb to 6,200 1b when the
test was stopped at the point of 10 in. of deflection along
the load axis. Most of the deflection was a result of the
vertical attenuator stroking (Figure 51) and rotation of the
diagonal=-strut attenuators (Figure 52). The seat moved down~
ward 6,3 in., forward 9 in., and laterally 4 in. Strain=gaged
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data from the attenuators was not reliable, Data on the lap~
belt shoulder strap shows a maximum load of 1,250 lb in the
lapbelt and 1,505 1lb in the left shoulder strap (Figure 53).
Data on the right strap did not record.

Inspection of the seat showed that there were no structural P
failures or excessive deformations (Figure 51). The vertical
attenuators were measured and had stroked 7.25 in. The 3
diagonal=-strut attenuators were measured; the right attenuator A

had stroked 0.25 in. in compression and the left 0.75 in, in
tension,

The test conclusions are that the seat functioned satisfactorily .
and met all of the test objectives. Deflections at various N

o force levels were considered to be well within reasonable limits Y
oy for a troop seat,

SEAT DETAIL REDESIGN

In the performance of the statilic tests, some of the seat detall ]5

- components were found to be unsatisfactory and some redesign E}
L‘ was necegsary. ltems requiring design modifications were as V}
o follows: 1

|
! :
g,{ e The support strap-to-seat anchor fitting. E:
! e The vertical attenuator wire.

i

A ® 'The diagonal strut attenuator. s

i | : ‘:‘

% i e The seat pan corner connection. ﬁ
( The anchor fitting was redesigned by increasing the gaye from 4
¢ 0.063 to 0.080, and the area for inserting the strap was 3
F changed from a slot to a triangular hole. The triangular hole .S
3 eliminates the stress concentration occurring at the ends of :
e the slots.

i The wire gage of the vertical attenuator was changed from ]
‘ 0.100 to 0.110 to increase the gtroking load to 1450 1lb and
thereby raise the load deflection curve out of the base area, 4

i The diagonal-gtrut attenuator stroking load was reduced from by
| 1,300 1b to 1,100 lb to lower the stroking load and produce a
; balance with the vertical atternuator load., This reduction

2. permits longitudinal stroking at a point just above the base !
area curve,

The seat pan corner cvonnection design used for the test seats A
was necessitated because of cost and leadtime. A mechanically g
connected corner, using high=-strength aluminum tubing as
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designed for the production version of the seat, is the pre-
ferred method. However, time and budget did not permit use of
this design on the test articles, and a welded joint was
employed, using softer weldahle tubing. Design modifications
for the seats to be dynamic-tested consisted of the addition
of 0.125=in.~thick aluminum straps added to the inside and
outside of the scat pan corncrs.

TASK 11 SUMMARY

Analysis of the static test data shows that the seat functioned
properly in the direction of the predominant impact attitudes
under forward and combined vertical, forward, and lateral load-~
ings, Difficulty was experienced with the pure lateral load

: condition, missing the test objectives by a small margin, Re=-
placement of the goft weldable tubing with a higher-strength
tubing and the use of a mechanical joint at the corner of the
seat pan would provide the adequate strength and rigidity
needed to meet the test objectives. Such a design was pre-
sented in Reference 5 for a production version of the seat,
but a long leadtime was needed and the coat of the corner

- fitting forging used was too expensive in small guantities

| for the test articles.

W
Eki In the aft-facing seat test, some minor intrusion of the force
! deflection curve into the bage area was experienced. Illowever, -
';‘ a mincr intrusion into the base area 1ls not ag coritical for a L
" troop seat as it 1s for a pillot seat. A pillot lg limited in !
1 forward stroking, due to the necesgsity for clearance from the P
control molumn and instrument panel, Troop seat installations :
generally have more forward clearance with hard structurc than |
pilot seats. When this 1g the case intrusion into the basc '%
area ig acceptable as long as the energy represented by the 3
; area of the intrusion is accounted for by additional strokiug. o
Additional stroking allowances have already been made i1 thoe ]
! draft Military Specification, Seat, Helicopter, Troop, to allow ;
s for the higher flexibility of a troop seat and to pormit some A
3 intrusion into the base arvea.

; ' The results of the static test indicate that with the minor :
v modifications of the attenuator load sottings, and with re- g
d deslgned strap anchor fittings installed on the seat, the R
3 crashworthy troop seat test articles will function as required )
A : in a crash environment. The gtatic test and analysis show
‘ that the seats were ready for vaerification of their crash- 5
worthiness Ffunctions by dynamic testing.

73

T S

A g e e T A i i b bt TUIn T TAVTES S BT LR 0 Gt b 0

F

£
E-
E




-#__*
RERD=S

RE S RRTIPLE SIS

: y
H
A
X 4
§ CRASHWORTHY TROOP SEAT TESTING - TASK TII ’#
i )
¥ TASK III REQUIREMENTS
!
? Dynamic testing of a minimum of two aft-facing and twe forward-
; facing seats was required. The required effort under Task ILIL |
was as follows: \E
® The fabrication, modification, and assembly of forward- Iﬁ
and aft~-facing seat systems, in accordance with the |
approved detail design developed in Task I and the re- o
finements determined to be necessary as a result of i
Task II static testing. :q
® The preparation of seat system and test fixtures to d
perform dynamic testing in accordance with the approved ﬁ
dynamic test plan (Appendix C). K
i

: e The performance of dynamic tests on seat systems ln
L accordance with the approved dynamic test plan.

&
3
)

L. ® The analysls of data obtained in dynamic tests for the
i purpose of verifying the adequacy and feasibility of
the design criteria contained in the proposed Military
Speclfication; Seat, Helicopter, Troop, and Chapters 3

and 4 of Reference 9, Those redquirements and/on

criteria that were insuffilcient to insure troop seat

occupant protection throughout the 95th percentile

‘ survivable accident were to be identified, as well as

, those requirements and/or criteris that exceed the

| strength or performance criterla necessary to provide

: troop seat occupant protection during the 95th per=
centile survivable aircraft accident, or which, ’
because of practical considerations, are provaen too i
stringent to be feasibly met by curient technology.

i PN
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® Criteria and requirements contained in the proposed :

Military Specification; Scat, Helicopter, Troop, and :
‘ Reference 9 were to be substantiated, or changes |
1 shall be recommended,

! Fach of these areas 1s discussed in thise report in the order 5
i ligted above. ;

:. i
i !
g‘ 9CRASH SURVIVAL DESIGN GUIDE, Dynamic Science; USAAMRDL Tech= E
i nical Report 71-22, FRustis Directorate, U, 8. Army Air S
B Mobllity Rescarch and Development Laboratory, [Fort Bustid, !
1 Virglnia, October 1971, AD 733358,
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FABRICATION ANT MODIFICATION OF SEAT SYSTEMS

As a result of static testing, the four remaining seats were
modified to eliminate the deficiencies found during Task II.
The following modifications were made:

1. Replace the vertical wire~bending attenuators, usging
larger diameter wire for a higher load setting of
1,450 1b each.

2. Rework the diagonal tubular wire~bending attenuators
to reduce the load setting to 1,100 lb each.

3. Reinforce the seat pan front corners.

4. Replace the anchor flttings for attachment of the
seat pan support strap to the seat back.

5. Reinforce the hinge fittings for attachment of the
diagonal-astrut attenuator to the seat pan.

These modifications were accomplished and the seats were
readied for dynamic testing, Strain gages were added to the
diagonal energy-attenuating cable fork fittings, and to the
rod end fittings at the end of the tubular attenuators,

DYNAMIC TEST PREPARATION

Dynamic tests were performed at the FAA Civil Aeromedical
Institute (CAMI), Oklahoma City, Oklahoma. A horizontal track
was used to simulate both horizontal and vertic¢al crash impacts,
The CAMI test track is an impact test device capable of pro-
ducing a controlled deceleration pulse variable from 0.4 to

60 0's. The device consists of a wheeled test sled which
moves along two horizontal rails, an accelerating device, and
a sled braking device. The sled is a flat topped vehicle upon
which the test specimen is mounted. By use of adapters the
test specimen can be mounted in a variety of orientations
relative to the impact force vector,

Sled velocity is provided by a Newtonian acceleration system
connected through a cable to the sled. This system acceler=-
ates the sled at a constant ¢ level to the deslred impact
veloclty over a maximum distance of 68 fert. The sled then
coasts freely for 10 feet and is then decelerated by a metal
deforming brake system. The deceleration force is produced
when the sled contacts wires wnich pass over the rails and
through brake units on either side of the rails. As the
wires pass through the brake units, they are plastically de=-
formed by being bent over a series of rollers. This plastic
deformation produces a tension force in each wire which is
transmitted to the sled. Wire size and the deforming bends
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which it undergoes were selected to generate a nominal 2500

lb force to extend each wire. The braking system accommodates
a total of 20 wires, providing an impact force capability of
50,000 1b.

The sled deceleration time history is controlled cover a wide
range of onset rates, G levels, and stopping by selection of
the number and location of the decelerating wires in conjunc-
tion with control of sled velocity and weight,

Deceleration onset rate can be controlled for 22 feet of brak-
ing distance. Total braking distance may be varied from 4
inches to 22 feet, depending on sled velocity and G level.
Sled maximum velocity for a 300~lb test specimen is 70 feet
per sgcond and for a 2,500-1b test specimen 1s 45 feet per
second.

To simulate vertical impacts, the test fixture was prepared

to support the seat with a simulated floor and celling. The
geat was oriented for impact with 30-degree pitch and l0-degree
roll, to provide a force with combined vertical, horizontal,
and lateral components (Appendix C). The fixture was then
rotated backwards 90 degrees and placed on the horizontally
moving sled.

A similar fixture was used for horizontal impacts with a
lateral component. The fixture was mounted upright and
positioned at a 30-degree yvaw angle.

The sled was accelerated, through a series of cables and
pulleys, by a lead weight which fell into a container of sand.
Elevation of the welght was accomplished by pulling the sled
back along the track to a latch mechanism, which was released
at the time of the test.

Electronic Instrumentation

The electronic instrumentation asystem of the CAMI test track
18 designed for maximum versatility and reliability under the
deceleration forces encountered during impact tests. Special
provisions have been made for the use of bridge type trans-
ducers. This type transducer has proven to be useful and
reliable for measuring strain, acceleration, pressure, force
loading and low fregquency vibrations.

Signals are transmitted from sled-borne transducers to track=-
slde signal conditioners through an umbilical cable attached
at one end of the sled and which travels with the sled as it
moves down the track. These signal conditlons provide excita-
tion to the transducers (3=10 Vdc), amplify the signal, allow
low-pass filltering when desired and provide a resistance shunt
calibration for each transducer through the entire data
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recording system. Fillter classes used during the tests are
shown in Table 1,

Outputs from the signal conditioners modulate subcarrier oscil-
lators of a high=-frequency constant band width multiplexer
system. The composite output from the multiplexer system is
recorded on wide band magnetic tape, The magnetic tape is
reproduced through appropriate discriminators and displayed
onh an oscillograph recorder for quick look analysis. As
required, portions of these data are then reproduced from the
magnetic tape-discriminator combination into a high-speed
multi=-channel analog to digital converter system and placed
in a computer compatible form on high density digital tape.
Routine reduction of the impact data provides tabular output
and scaled plots versus time of acceleration, vector sum
acceleration, velocity and displacement for further analysis.

Impact Porce Process

The impact process is composed of two basic assembly language
routines, one COBOL program and one FORTRAN program, The
Force/load process is made up of the same basic and COBOL pro-
grams plus a separate FORTRAN program. The processes are run
separately, depending on the type of input received, and are
capable of handling multiple reels of input. The processes
perform the following data handling and computational functions:

1, Converts the binary code from the analog to digital
equipment to an IBM code,

2, Calibrates the data based on the mean of the high
anhd low calibration records.

3. Converts the digitizer counts to G's,

4. Selects the starting point on the data tape by finding
the two steps in the velocity channel,

5. Digitally filters the selected channels of data.

6. Applies a five point moving average smoothing process
to the selected data channels,

7. Computes the vector sum of the X, Y, and 2 data
channels.

8. Determines maximum values and their time of occurrence.

9., Computes the first integral (velocity) of carriage 2
data.
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TABLE 1. INSTRUMENTATION
F
Fllter iz
Tagt Data Type Range class I;
|
Series 1 Chest CEC 250 ¢ 180 D il
Series 2 Pelvis CEC 250 G 180 D 'g
Floor CEC 250 @ 60 D p,
Pan Entran 100 @ 60 D R
Belts Lebow 3500 1lb 4KHz A )
Strains Custom Custom 4KH, A ' {8
q
Series 3 Chest CEC 100 @ 180 A 4
Pelvis Entran 100 ¢ 180 A g
Floor CEC 250. G 60 A ki
Pan Entran 100 @ 60 A |
Belts Lebow 3500 1b 4KHg A T
Strains Custom Custom 4XHy p !
W
a
4
3
65
NOTES : ’ ‘1
1
CEC - 4-202-0001 t s
Entran - EGA-160F=-100D-SL
Lebow =~ 3419 :
custom ~ supplied with seat ,
Filter class is to SAE~J21lb analog or ditigal as E
indicated. :
j
w
)
5
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10, Computes the second integral (displacement) of
carriage 2 data.

11. Builds a graph tape with control information values
to produce point plots.

DYNAMIC TESTING

Test Requlrements

All tests were to be performed in accordance with the dynamic
test plan (Appendix C). The test requirement for a forward-
facing seat was a combined downward, forward, and lateral
loading, with an impact at 50 fps and a pulse peak of 48 G.
In addition, a forward-facing scat was to be tested in a for-
ward direction with a lateral component., Impact velcclty was
to be 50 fps with a pulse peak of 24 G,

An aft-facing seat was to be tested for combined downward,
backward, and lateral loading, with impact at 50 fps and a
pulse peak of 48 G . Also, an aft-facing seat was to be tested
in a backward direction with a lateral compohent. Impact
velocity was to be 50 fps with a pulse peak of 24a.

Test 1 = Forward-Facing Seat, Three=Axig Loadilig

A forward-facing seat was installed in the dynamic test fix-
ture and a 95th percentile dummy wilth equipment, welghing a
total of 243 lb, was strapped into the seat (Figure 54). "The
seat was oriented to gimulate 30~degree pitch down and 10=
degree roll., The sled was accelerated horizontally to simu-
late a vertical drop and impacted the barrier at 49,34 fps,

A visual ilngpection of the seat after the test revealed no
seat structure or fabric fallures (Figure 55), Both vertical
attenuators had stroked 10.75 in, The right diagonal=-strut
tubular attenuator was found to have a dent in it resulting
from striking a bolt head on the floor. This indicated that
the seat had bottomed out on the floor.

The 1input pulse to the seat was recorded by accelorometers
installed on the sled. As the sled impacted the barrier and
decelerated, the deceleration level was measured in tho
direction of impact, Accelerometers on the sled measured

the force in @ while a timing device measured the sled velocity
at the time of lmpact. The G force was plotted with respect

to time (Figure 56). A time bage of 063 sacond and a velocity
of 49.34 fps were recorded, both reasonably close to thoe spoci-
fied .065 second and 50 fps veloclity. & peak ¢ value of 48 G
wag specified, however, this is a theoretival value. Only thoe
maximum G, which was 45 ¢, ls rccorded and plotted, while tho
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peak ¢ must be calculated. Knowing the velocity and the time
base, which are recorded by instrumentation, the theoretical
peak G can be detcrmined as follows:

x . .2V
32.2 @G pk ~ ¥ ‘
:
f = ‘:‘j
G ox = 48.64 l%
B The peak G is superimposed over the recorded pulse data (Figure i
¥ 56) . ) ; ;ig
_ff Instrumentation data showed that maximum loads and attenuator ‘ﬁ
i strokes recorded were as follows: Ly
i . 4
Ne Ingtrumented Item Maximum Load-Lb  Stroke-In. ;
avi Right lapbelt 400 - é'ﬁ
i Left lapbelt 400 - L
- Right shoulder strap 700 - o
e Left shoulder strap 400 - -
A Front diagonal cable 0 0 .
Hﬁ Rear diagonal cable 0 0 e
¥ Right dliagonal strut 400 0 .
f@ : Left diagonal strut 500 0 L
k& ! Right celling attenuator - 10.8 ;1§
i} : Left celling attenuator - 10.8 .-
iy [
o An analysis of instrumentation data verified that therc was C -
ﬁg residual energy in the seat at the time the seat reached max- b
'ﬁ. imum stroking distance. Although the seat 1s theoretically
% capable of stroking 14.5 in., downward deflection of the front
Wf of the seat pan contributed to premature bottoming of the )
uh seat. Deflection was a result of seat pan support webbing :

stretch. However, had the full 14.5-in. stroke boen uscd,
there would have been excessive energy left, as shown by the <
peak of 67 G in the vertical direction registered on the :
pelvis when the seat hottomed (Figure 57). An inltial over-
shoot condition is shown in Figure 57 with the acceleration
on the dummy rising to 21 &. This condition is attributed . A
primarily to two factors. First is the characteristic higher )
initial force required to start attenuvator stroking and
secondly is the manner in which the seat was tested. Vortical
impact was simulated by laying the seat back and performing K
the test on a horizontal track. The initial 1 & furce of the i
dummy &dgainst the seat pan was not present and additional
acceleratior of the dummy into the scat pan resulted at impact,
the horizontal test (Test 3A which will be digcussed lator)

was conducted in a normal attitude and no overshoot condition i
was raecorded on the polvis,
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After the initial overshoot condition, the pulse dropped off

and stabilized at a plateau of 14 G before the seat bottomed.
This plateau was a little high for a 95th percentile equipped
occupant., A 14.5 g plateau is the design goal for a 50th per-
centile equipped occupant having a vertical effective weight

of 160.7 1lb. Using direct ratio, the G levels can be deter-
mined for 95th and 5th percentile clothed and equipped troops
with vertical effective weights of 197.2 and 136,7 1lh respec-
tively (lable 2). G levels of 12 and 17 ¢ can be expacted on
95th and 5th percentile equipped occupants respectively if the
attenuating system produces 14.5 G on a 50th percentile equipped
occupant. Likewise 22,5 G could be expected on a 5th percentile
occupant without equipment. With an average peak acceleration
of 12 ¢ on a 95th percentile occupant, a theoretical stroke
requirement for the seat-man~sled system can be determined

for the required 50 fps impact condition as follows:

=2 4= 2 = 38,82 in,

This stroke is at 100-percent efficiency. Efficiency of the
sled attenuation system can ke determined by comparing the
actual and theoretical stroking distances. In thlsg comparison,
Table 3 shows an 82-percent efficiency. An efficilency of
approximately 80 percent can be expected for the seat, and a
required seat stroke for 12 G on a 95th percentile occupant
would be 24.25 in. (Table 3).

The seat bottomed out after the sled came to rest, therefores
the full sled deceleration distance of 23.5 in. is effective
in seat deceleration. Adding the seat stroke of ll in., a
total of 34.5 in. of the required 47.76 in. was attained. A
minimum of 13.26 in. additional strcke would be needed to
prevent seat bottoming.

The test conclugion reached is that the range ol 5th through
95th percentile troops can not be fully protected while meeting
the present test requirements and limitations. These require-
ments and limitations are for impact at 50 fps with an impulse
of 48 G, a time base of .065 second, seat stroke limited to
that available with a 17 in. seat height and G level limited
to 14.5 ¢ on a 50th percentile occupant., One or more of these
factors must be changed to permit successful test results.
Seat helght can not be increased above the 17 in. test seat
height, dus to the head clearance limitations in UTTAS~type
alreraft., This gave a maximum of 14.5 in. stroke on the test
seat, G level on the occupant can nolt be increased without
expecting some Injury to occur to lighter weight occupants.
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TABLE 2. OCCUPANT WEIGHTS
L 95th 50th 5th
o Item Percentile Percentile Percentile
wt~1b wt=1b wt~1b
Troop 201.9 156.3 126.3
weight
(Reference 10)
Clothing* 7.0 7.0 7.0
Equipment 33.3 33,3 33.3
Total 242.2 196.6 166.6
weight
Vertical
effactive 163.9 127 .4 103.4
welght
clothed
3 Vertical
3 affaective 197.2 160.7 136,7
- welght
i : equipped
.
f
% *Includes 4,0 1lb for boots
A
e
3 1OTHE BODY SIZE OF SOLDIERS~-U,S, ARMY ANTHROPOMETRY-1966,
‘ USANL Technical Report 72-51-CE, U.S8. Army Natick Laboratories,
' Natlick, Massachusetts, December 1971, AD 743465.
85
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A reduction of the impulse requirement is the least complex
solution. This ¢an be accomplished by reducing the impact
velocity or by reducing the impulse to the seat by relying on
the aircraft to absorb more of the energy. Newly required
energy absorbing landing gear will permit the aircraft to
absorb more energy. If the requirement for 50 £ps impact
veloclty is maintained, the peak @ to the seat must be reduced
from 48 to 34 G, Thisg is necessary while limiting G level on
the 95th percentile equipped occupant to 12 ¢ and limiting
seat stroke to the avallable 14.5 in., (Table 3). Reduction

of the impact velocity to 38 fps would be required if additional

energy could not be absorbed by the aircraft. This is the
maximum velocity that can be tolerated if G level on the 95th
percentile occupant 1s limited to 12 G and seat stroke is
limited to 14.5 in. (Table 3). A higher impact velocity or

a higher peak ¢ could be tolerated, without the geat bottoming,
with an equipped 95th percentile troop, or without the non=-
equipped 5th percentile troop exceeding 23 g, if the 50th
percentile occupant acceleration were raised from 14.5 to 16 g¢.

N"est 2 - Aft-FPacing Seat, Three~-Axls Loading

An aft-facing seat was installed in the test fixture and a
95th percentile dummy without combat pack weighing 220 1b was
strapped into the seat face down (Figure 58). The seat was
pitched back 30 degrees and rolled 10 degrees., 'The sled was
accelerated horizontally to simulate a vertical drop, and im=-
pacted the barrier at 49.44 fps.

A vigual inspection of the seat after the test revealed no
gtructure or fabric fallures (Figure 59). Both vertical
attenuators had stroked 14.87 in. (Figure 60). The diagonal=-
strut attenuators stroked 0.3 in. in tension (Figure 61).

There wasg no physilcal evidence of the seat having bottomed out,
but the length of the stroked vertical attenuators indicated
that bottoming must have occurred.

Instrumentation data showed that the maximum loads and atton-
uator strokes recorded were as follows:

Instrumented Maximum load=1b Stroke=in.
Right lapbelt 400 -
Left lapbelt 400 -
Right shoulder strap 80 -
Left shoulder strap 80 -
Front diagonal cable - 0

Rear diagonal cable 250 0
Right diagonal strut 1000 .
Left diagonal strut 1100 )

Y
oY

Right ceillng attenuator - |
Left celling attenuator - 1
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Analysis of instrumentation data showed that the seat bottomed
out at 98 milliseconds (Figure 62). An overshoot reaching 78 G
occurred, Before bottoming, an initial overshoot occurred which |
reached 24 G. This overshoot can be attributed to several
factors. One 1s the characteristic higher initial force
required to start attenuator stroking. Another is the manner
of testing where vertical impact is simulated on a horizontal
track by rotating the seat 90 degrees, In this installation
the dummy is slung from the seat and does not rest firmly on |
the seat pan at 1 G, Impact accelerated the dummy into the ,
gseat pan contributing to the overshoot condition. Another con- -
tributing factor to overshoot was the slippage of the hook and : s
pile tape securing the black flap. This slippage of the hook D
allowed the dummy to accelerate before bottoming into the combat \
pack pouch. : '

s U nostois

Sled velocity recorded at impact was 49.44 fps. Oscillograph

data showed a pulse width of .060 second and a maximum of 50 G. D
L Peak ¢ was calculated to be 51.2 ¢ (Iigure 63). Thig was 3.2 G L
§‘~ above the 48 G specified. L

i The gled decelerated over a distance of 23.5 in. The total
- stroke, ilncluding seat sgtroke, was 38.2 in, A seat stroke of .}
24.25 in. would be needed to prevent seat bottoming at this RS
impact velocity while maintaining the desired l2 G accelera= f
Fg : tion for a 95th percentile occupant (Table 3).

Lo |
b Tegt 1L and Test 2 had simllar crash impact requirements and

B both seats bottomed out during the tests. The test conclusion

9 reached is that the crash impulse wasg too great for the seat .
Y gtroke available. The seats are designed for stroking ver- .,
: tically with a 50th percentile occupant during a vertical k
8 impact at 42 fps. However, under the combined condition a 1
95%th percentile dummy is used and the impact velocity reguire-
ment is increased to 50 fps., This 18 not compatible with the
vertical design requirement.

et e

S s

Test 3 - Forward-Facing Seat, Porward Yaw Loading

A forward~facing seat was installed on the test sled and
oriented in a 30-degree yawed positlion, A 95th percentile
dummy with combat equipment was strapped into the seat and
weighed a total of 24s 1b (Figure 64). The sled way acceler- :
ated horizontally and impacted the barrier at 50 fps.

e e

, Shortly after impact, the lapbelt buckle falled, releasing the
{ right lapbelt half and causing the dummy to be unrestrained.

) The shoulder atraps remained attached and the full weight of
the dummy was taken by the shoulder straps. This excoesgive
load gaused tho seat back to boend at the point wheroe the

strap loud was reacted (Figure 6%). The dummy remainoed ticd
to tho seat by the shoulder strapg and the loft half of the B
lapbelt; however, the dummy rotated as it left Lhe seat, ]

e
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Instrumentation data showed that the maximum loads and atten-
uator strokes recorded were as follows:

Instrumented item Maximum load-1lb Stroke-in,

. Right lapbelt 740 (failed) -
Left lapbelt 2400 -
¢ Right shoulder strap 2000 -
i Left Shoulder strap 1100 ~
i Front diagonal cable 1400 .3

' Rear diagonal cable 600 1.8
] Right diagonal strut 700 0
W Left diagonal strut 1300 .8
b Right ceiling attenuator - 8.9

f Left ceilling attenuator - 6.7

i Although the accelerations recorded on the dummy were well
. within tolerance limits, the data 1s not reliable due to the
rotations which occurred after lapbelt separation.

The conclusion reached after analysis of the test data is that
the seat was functioning properly up to the point of lapbelt
‘ buckle failure. The attenuators were stroking as required and
" dummy accelerations were within tolerance.

Test 4 = Rear-Pacing Seat, Forward Yaw Loading

A rearward-facing seat was installed on the test sled and
oriented in a 30~degree yawed posltion, A 53th percentile
dummy with combat equipment was strapped into the geat; it
welghed a total of 243 lb (Figure 66). The sled was acceler-
ated horizontally and impacted the barrier at 50 fps.

After impact, a sequence of fallures occurred. The dummy con=-
tacted the seat pan support strap attachment, sghearing the
gshoet metal bracket. This allowed the dummy to penetrate the
seat back support and contact the tubular back frame. A
failure then occurred at the upper right corner of the seat
back where the intersecting tubes are welded (Figure 67).
Although the seat was extoensively damaged, the dummy remained
regtrained by the seat,

Review of the acceleration data shows that in spite of tho
geat damage, the dummy received a relatively smooth ride down
and acceleraLions about all axes were within tolerance limits.
Howevaer, the data wag unreliable duc to dummy rotation.

Other instrumentation data showed the maximum loads and
attoenuator strokes to be as follows:s
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Post-test 4 — Seat back faiiure. .
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Instrumented item Maximum load~lb Stroke~in,

(Not instrumented)

Right lapbelt
(Not instrumented)

Left lapbelt

Right shoulder strap 250

Left shoulder strap ~ 3000

Front diagonal cable 2000 .9
Rear diagonal cable - 1.2
Right diagonal strut 1100 4.9
Left diagonal strut 1100 3.9
Right ceiling attenuator - 4.7
Left celling attenuator _ - 3.4

FIRST SERIES DYNAMIC TEST SUMMARY

The conclusions reached after performing dynamic Tests 1
through 4 were that some structural modiflcations of the seats
were necesgary and a revision to the dynamic test impulse re-
gquirements should be made., Improvements to the seat structure
were neaded to reduce the deflection of the seat pan relative
to the seat back. Improvements of the seat back design were
required to prevent failure as a result of forward loading on
rear-facing seats. An improved lapbelt buckle was also needed.
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DYNAMIC TESTING AND ANALYSIS (SECOND SERILS)

Additional dynamic testing was required with modified seats
and revised dynamic impulse requirements. The following struc-
tural modifications were made to the seats.

1. Raplace the welded tubing seat back assembly with
higher strength tubing, using mechanical joints.

2. Move the seat pan support point 1 in. further forward
on the seat to reduce the moment arm.

3. Replace the seat pan support strap with stronger
webbing.

4. Replace t*e geat pan support attachment sheet metal
bracket with a round bar loop fitting.

5. Replace the seat pan welded corner fittings with one=
piece formed tubing.

6. Replace the lapbelt buckle with simulated buckle using
two aluminum plates bolted together to connect strap
ends.

Revisions to the dynamic test requirements were as follows:
1., Change the predominantly vertical three-axis impact

velocity requirement from 50 fps to 42 f£ps, the same
as the pure vertical impact velocity requirement,

2, Change the occupant weight requirement for predominantly
vertical impact from 95th percentile with full combat
equipment to 95th percentile with no equipment, or 50th
percentile with full equipment.

3. Forward impact velocity and occupant weight should
remain the same.

Six modified and refurbished seats were sent to the FAA (CAMI),
Oklahoma City, for the second series of dynamic tests. The
four test conditions of the firet test series were repeated
with slight variations. Velocity for the predominantly verti-
cal three-axis impact condition was reduced from 50 to 42 fps
and no equipment was included with the 95th percentile dummy.
No changes were made in impact acceleration, velocity, or
dummy and equipment weight for the forward impact tests.

The sequence with which the second series of dynamic testa
were conducted was not the same as the first series. Dilscus-
sions on the second series of tests will be presented in the
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order that they were performed. However, the test number will
be the same for similar tests of hoth series; a letter suffix
designates the repeat of a given test.

Test lA - Forward-Facing Seat, Three-Axis Loading

A modified forward-facing seat was installed in the dynamic
test fixture in a manner similar to dynamic Test 1. A 95th
percentile clothed dummy with no equipment and weighing 212
lb was restrained in the seat (Figure 68). The seat was
oriented to simulate 30-degree pitch down and l0-degree roll,
then was rotated back 90 degree s0 that a vertical drop could
be simulated on the horizontal accelerator sled. A velocity
of 41.9 fps was achieved at the time of impact.

A visual inspection of the seat made after the test revealed
no structural damage (Figure 69). There was no indication
that the seat had bottomed out, and a review of the motion
plcture £ilm verified this fact, ''he increased strength of
the modified seat pan suppo-t strap reduced elongation and
eliminated pltch-down of the seat pan, which contributed to
bottoming in the previous test, Both vertical attenuators
had stroked: the right 9.5 in. and the left 10 in. Since
this was a predominantly vertical impact, the diagonal-strut
attenuators under the seat were not required to stroke.

Review of the instrumentation data showed that the crash im=-
pulse at the floor was a maximum of 40 G and the triangular
peak G was calculated to be 44.9 G over a time base of .058
gecond as a result of a 41.9-fps impact velocity (Figure 70).
Accelerometers in the chest and pelvis recorded accelerations
about three axles, The more critical acceleration in the
vertical axis showed a sBine wave curve with an initial over-
shoot peak of 24 G recorded at the dummy's chest (Figure 71).
A second overshoot occurred reachingy a peak of 32 G, The first
overshoot 1s attributed to the manner of testing which simu-
lated a vertical impact by using a horizontal track. Initial
impact resulted in acceleration of the dummy against the seat
pan. The characteri:tics higher initial force required to
start attenuator stroking also contributed to the overshoot.
The second overshoot was attributed to slippage of the hook
and pile tape, fastening the seat back flap, which allowed
the dummy to contact the rear seat pan tube denting it.

Other peak forces recorded were as follows:

Lapbelt ~ 780 1b
Right shoulder strap =~ 380 1lb
Left shoulder strap ~ 400 1b
Right diagonal strut =~ 430 1b
Left diagonal strut - 650 1b
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Pre~test 1A = Three-axis loading.
Post-test - Three-axis loading.

Pigure €8,
Figure 69.
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The test conclusions are that the seat functioned as intended,
but overshoot accelerations were excessive, Some refinements

could be made, however, to reduce overshoout by attenuator and
back flap modifications,

Test 3A -~ Forward~Facing Seat - Forward Yaw Loading

A modified forward-facing seat was installed on the test sled
and oriented in a 30~degree yawed position. A 95th paercentile
dummy with combat equipment was strapped into the geat; it
weighed a total of 243 1b (Figure 72)., The sled w&. ~nceler-
ated horizontally and impacted the barrier at 49.5 fr..

A visual inspection of the seat was made after the test and no
structural or fabrioc damage was detected (Figure 73), A review
of the motion picture film showed that the dummy was rctainad
in a proper position throughout the seat stroking sequence,

The scat deflected 30 degrees to the left from its original
yawed position to align itself in the direction of impact.
Swivel fittings at the point of attachment to the floor

allowed the seat to realign itself,

All of the attenuators intended to stroke did stroke. The left
and right upper attenuators stroked 6,8 and 6,5 in,, respec-
tively (Figure 74), The left and right diagonal=-strut attenu=-
ators stroked 3,4 and 6,4 in., respectively (Figure 75).

A review of the instrumentation data showed that the crash
impulse measured at the floor was a maximum of 19 G with the
peak G calculated to be 23.6 G for a time base of .130 second
(PFigure 76), Plateau peak accelerations measured on the dummy
were well within limits, The accelerations in the frontward
direction (x axis) were 15 G on the pelvis and approximately
15 G on the chest with a maximum peak of 23 G recorded (Figure
77). The accelerations to the side (y axis) were 7 and 10 G
on the pelvis and chest, respectively. Vertical accelerations
(z axis) were 12 and 10 G on the pelvis and chest, respectively
(Figure 78),

Other peak forces recorded were as follows:

Right laphelt - 2450 1lb
Left lapbelt - 1400 1b
Right shoulder strap = 1300 1lb
Left shoulder strap ~ 1320 1b
Right diagonal strut - 830 1lb
Left diagonal strut - 760 1b
Rear diagonal cable - 4C0 1b
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FPigure 72, Pre-test 3A - Forward yaw loading,

Figure 73, Post-test 3A - Forward yaw loading. .
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Figure 74. Stroked vertical attenuators.

Flgure 75. Stroked diagonal=-strut attenuators.
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The test conzlusions are that the seat system functioned as
required, All attenuators reguired to stroke did stroke and
reduced the accelerations on the 95th percentile cccupant to
well within the desired limits. Extrapolation of the data in-
dicates that a S5th percentile occupant would not exceed the
human tolerance limits,

Tesgt 4A - Aft~-Facing Seat, Forward Yaw Loading

A modified rearward~faclng seat was installed on the kest sled
and oriented in a 30~degree yaw position. A 95th percenti’
dunmy with combat egquipment was strapped into the seat; it
weighed a total of 243 lb (Figure 79). The sled was accele -
ated horizontally and impacted the barrier at 48.5 fps.

A visual inspection of the seat was made after the test and no-
structural or fabric damage was detected (Figure 80)., However,
the front diagonal cable anchor pulled out due to the use of a
sheay nut rather than a tension nut., A review of the motion
picture film showed that the dummy was retained in a proper
position throughout the seat stroking sequence. The only
gxception was the right arm flailing and contacting the seat
ack.

Orientation of the seat changed 'during the stroke sequence

frem the 30-degree yawed position to approximately a 45~degree
position., This was attributed to the center of gravity of the
dummy being off center and behind the seat, which tended to
cause s.ne rotation of the seat away from an alignment position.
This tendency is a reversal of the forward-facing seat, which
tends to align itself. Loss of the diagonal cable also con-
tributed to the additional seat rotation.

All of the attenuators intended to stroke did stroke. The left
and right upper attenuators stroked 4.3 and 5.5 in., respective-
ly. The left and right dlagonal~strut attenuators stroked 6

in. and 8 in., respectively (Figure 81).

A review of the instrumentation data showed that the crash im-
pulse measured at tlie floor was a maximum of 27 G, The calcu-
lated triangular peak was 26.2 G for a time base of ,115 second
(Figure 82). Accelerations measured on the dunmy were well
within limite. Chest accelerations were 21, 10, and 12 G in
the x, y, and z axes, respectively (Figure 83). Similar levels
were recorded at the pelvis.

Forces recorded on the restraint system were negligible due to
the dummy being forced into the seat back. Peak forces of
1000 and 1100 1lb were recorded on the left and right diagonal=-
gstrut attenuators, respectively.

107

v
R
Ze
2
i
.i
0
1

ot

e sy %

ety ;Ih—.: -

e :‘:.é;\_“_




e TR T RO TR R R IR AL TR R IR T AN L TR p me e

108

Pre=test 4A - Forward yaw loading.
Post=-test 4A ~ Forward yaw loading.

Figure 79.
Flgure 80,




Pigure 81. Upper and lower stroked attenuators.
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Figure 83. Test 4A « Vertical, longitudinal and
lateral acceleration, dummy chest.
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The test conclusions are that the seat system functioned as
required. All attenuators required to stroke did stroke and
reduced the accelerationa on the 95th percentile occupant to
well within the desired limits, These acceleration levels can
be extrapolated to show that accelerations on a 5th percentile
occupant would also be within limits. Replacement of the
diagonal cable anchor fitting nut will prevent pullout,

Test 2A - Aft-Facing Seat, Three-Axis loading

A modified aft-facing meat was installed in the test fixture
and a 95th percentile dummy without combat pack, weighing 220
lb, was strapped into the meat face down (ligure B4). The seat
wag pitched back 30 degrees and rolled 10 degrees. The sled
was accelerated horizontally to simulate a vertical drop and
impacted the bharrier at 42.3 fps.

A visual inspection of tha seat after the test revealed no
structure or fabric damage (Figure 85)., Both vertical atten=
uators had stroked 1l in. (Figure 86). The diagonal-strut
attenuators did not stroke; thay are not intended to stroke
in predominantly vertical impacts. There was no physical
evidence of the seat having bottomed, and review of the motion
picture fllm showed that the seat had approximately 2.5 in. of
;iditional stroke remaining before making contact with the
oor.,

A review of the instrumentation data showad thet the crash im-
pulse acceleration was higher than desired, but the time base
was shorter., A maximum of 45 G was recorded and the peak G
calculated was 52,5 G for a time base of .050 second (Figure
87). Vertical accelerations recorded on the dummy's chest
showed an initial overshoot of 25 G which was attributed to
the manner of testing and the characteristic higher initial
force raquired for attenuator stroking (Figure B88)., The dummy
wag suspended from the seat face down to simulate vertical
acceleration by using a horizontal test track. Looseness of
the dummy in the seat caused higher accelerations as the dummy
contacted the seat pan at impuct. Vertical accelerations at
the chest dropped to a plateau of 12 G after the initial over-
shoot. LlLongitudinal accelerations on the chest were within
limits, with a plateau at approximately 14 G and a maximum
peak recorded of 23 G (Figure 88). Accelerations raecorded

on the pelvis were lower than the chest accelerations.,

Forces recorded on the restraint system were negligible due to
the rear-facing orientation. Maximum peak forces recorded on
the left and right diagonal=-atrut attenuators were 750 and
1000 1b, respectively.
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Figure 84.
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Pre-test 2A = Three~axis loading.
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Pogt-test 2A = Three-axis loading.
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Stroked vertical attenuators.
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The test conclusions are that the seat functioned as required,
After the initial overshoot, a vertical acceleration plateau
level of 12 G was establirhed which is the desired level for a
95th percentile occupant. The initial overshoot of 25 G was
excessive but was atributed to the test method and the attenu-
ator characteristic which can be improved.

Test 2B - Aft-Facing Seat, Three-Axis Loading

The same seat used in Test 2A was used for Test 2B. Only the
vertical energy-attenuator wires were replaced. A 50th per=
centile dummy without equipment or c¢lothing and weighing 170
lb wam strapped into the peat face down (Figure B9). The
relationship of the meat to the impact plane was 30 degrees of
plitch back and 10 degrees of roll. The geat was accelerated
on the sled horizontally, simulating a vertical drcp. Impact
velocity was 42.2 fps.

A visual inspection of the seat after the tast revealed no
structure or fabric damage (Figure 50). The right and left
vertical attenuators had stroked 1l and 10.4 in., respectively.
There was no physical evidence of the seat having bottomed,

and review of the motion picture f£ilm showed that the seat had
approximately 2.5 in, of additional stroke available before
making contact with the floor.

A review of the instrumentation data showed that the maximum
impact acceleration recorded was 48 G. The caleculated peak
acceleration was 52.4 G for a time base of ,050 mecond (Figure
91). Vertical and longitudinal accelerations racorded on the
dummy showed two periods of overshoot. Vertical accelerations
reached 25 G and 45 G on the chest reapectively for the first
and second overshoot pariod. Longitudinal accelerations
measured at the chest were 15 G and 33 G respectively for the
first and second periods (Figure 92). Acceleration levels
recorded at the pelvis were similar to the chest accelerations.
The firmt overshoot condition was attributed to simulating
vertical impact on a horizontal track and to the characteris-
tic prestroking peak in the force deflection curve of the
vartical enargy attenuators. The sharp drop and rise toward
the end of the curve is attributed to the dummy penetrating
into the combat pack pouch as a result of the pouch cover

hook and pile famtener slipping. This penetration allowed
dummy contact with the rear seat pan tube which bant the tube,
After the overshoot conditions, vertical acceleration
ptabilized at the deaired 14.5 G required for a 50th percentile
occupant.,

Forces recorded on the restraint system were negligible due
to the rear-facing orientation, Maximum peak forcem of 750
and 1000 lb were recorded on the left and right diagonal-
strut attenuators, respectively.
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SECOND DYNAMIC TEST SERIES SUMMARY

Conclusions reached after completing the second series of
dynamic tests were that all seats functioned properly, all
attenuators stroked as required, seat integrity was maintained
and the dummy was restrained in the seats in a proper attitude.
Some difficulty was experienced with overshoot conditions in
the predominantly vertical impact tests. 'These overshoot con-
ditions were attributed to three factors:

1, The method of testing simulated vertical impact by
rotating the seat 90 degrees and accelerating the
test specimens on a horizontal track. This pro=-
cedure required slinging the dummy from the seat back ;
or laying the dummy on the seat back, creating loosa-
ness bhetween the dummy and the seat pan. Impact
caused additional accelaration of the dummy into the

seat pan.

2, The characteristic higher initial force required to
gtart attenuator stroking also attributed to the

R o

bbbt s e S e e T

%! initial overshoot condition.

I

fi 3. The seat back flap, used when a combat pack wag not

I worn, was secured with hook and pile tupe which

g slipped under load, allowing dummy penetration into the '

@l combat pack pouch. GContact with the rear seat pan tube .ﬁ

b | resulted due to this condition causing a second over=- )

P shoot spike. ’E
Acceleration level plateaus achieved between and after the over- l%
shoot conditions were within the specified levels for the Y5th g@

§

and 50th percentile occupants tested and can he expected to be
: within the specified tolerances for a 5th percentile occupant.
; Nvershont conditions can be minimized hy improved designs of

¥ the attenuators and seat back flap attachments, Use of a

‘ vertical drop tower facility would minimize the overshoot con-
dition experienced as A result of simulating vertical drops on

a horizontal track.

The assembly drawing for the seat, as modified for these tests,
L is attached at the end of the report (Page 201). The total
welight for the seat system, as modified, using quick=-fix methods,

' ' wag 17.2 lb. Of this welght, tha restraint system weighed
. 2.2 lb. Weight of the seat and restraint system can be reduced
below 15 1lb by design optimization and material selecticn.
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DYNAMIC TESTING AND ANALYSIS (THIRD SERIES)

Recommendations were made that the two remaining seats not
tested be used for a third series of dynamic tests. The
principal objective was to reduce the initial acceleration
peak recorded on the dummy in the vertical axis. Design
modifications were made to the vertical energy-attenuator

wire to change from the configuration which had the wire
tangent to both rollers, to a configuration which has a

slack loop between the firast and second roller. This arrange-
ment would permit the attenuator to start strokirg at a lower
load, thereby eliminating the initial starting peak.

A new attenuator wire configuration was designed with a slack
loop before the wire passes over the second roller (Figure
93)., Pull tests were conducted on the new configuration and
compared with similar tests on the old configuration wire.

As anticipated, the initial peak in the force deflection
curve, produced by the original wire, was eliminated (Figure
94). Additional tests were run using the old wire confige~
uration to determine the effect of various lubricants on the
wire. No change in the force levels were noted as a result of
applying various lubricants (Figure 95).

™wo seats were modified with the newly-configured upper atten~
uator wire. These seats were sent to the FAA (CAMI), Oklahoma
City, for the third series of dynamic tests,

The test objective was to determine the effect of the new
vertical energy attenuator on reducing the initial peak
vartical acceleration on the occupant., Vertical, three-axis
impact conditions were repeated for a forward-facing and an
aft-facing seat. The test impulse objectlve was a 42~-fps
impact velocity with an acceleration of 48 G and a time base
of .054 seconds. A 50th percentile clothed dummy with full
combat eguipment was used. The same test number used on
similar previous tests will be used for the test discussion;
a letter suffix designates the repeats of a given test.

Test 2C = Aft-Facing Seat, Three-Axis Loading

Tha same seat used in Test 2A and 2B was used for Test 2C;
only the vertical energy-attenuator wires were replaced., A
50th percentile dummy with equipment and clothing and weigh-
ing 204 1lb. was strapped into the seat face down (Figure 96).
The relationship of the seat to the impact plane was 30
degrees of pitch and 10 degrees of roll, The seat was
accelerated on the sled horizontally, simulating a vertical
drop. The impact velocity was 49.04 fps, 7 fps above the
desired velocity of 42 fps.
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A visual inspection of the seat made after the test revealed

. no structure or fabric damage (Figuze 37). A slight deforma-

tion of the rear seat pan tube was noted and was attributed
to the combat pack, lcaded with lead bars wrapped in cloth,
accelerating downward and striking the tube. The right and
left vertical attenuators had stroked 11.7 and 12.1 in.
respectively. There was no physical evidence of the seat
having bottomed, and review of the motlon pioture f£ilm
showed that the seat had approximately 1.5 in. of additional
stroke avallable before making contact with the floor,

A review of the instrumentation data showed that the impact
acceleration was higher than desired, This resulted in the
seat stroking a greater distance than anticipated,

The maximum impact acceleration recorded on the sled was

46.4 G, The calculated paak acceleration was 60,9 G for the
time base of ,050 sacond (Figure 98) ., Vertlical acceleration
levelns recorded on the dummy's chest and pelvis showed two
overshoot periods (Figures 99 and 100), However, the first
overshoot period was modified by the effect of the new con-
figuration attenuator, A peak of 19 G was recorded on the
chest, then leveled off before reaching a peak of 25 G,

This peak is attributed to the acceleration of the dummy
against the seat pan dus to the method of simulating vertical
drop on a horizontal track. The second overshoot condition
was attributed to the combat equipment (lead plates in the
ammunition pouches and a lead-packed combat pack) bottoming
on the dummy and seat pan. Accelsrations in the x axis
(reazward) produced minor peaks and valleys about the average
peak acceleration and can be attributed to the elasticity

of the fabrice seat back as the dummy bottomed against the
back., However, the maximum peak of 25 G recorded was waell
within human tolerance limits (Figure 99).

Foroes recorded on the restraint l{ltem were naegligible due
to the rear-facing orilentation., Diagonal-strut forces both
peaked at 1000 lb, the left strut stroking 0.6 in. and the
right strut 0,1 in,

Test conclusions are that the objectives for the new vertical
attenuator wera met. The new attenuator configuration
reduced the initial acceleration peak on the dummy in the
vertioal direction when compared with Figures 88 and 92,

The seat functionad as required, stroking, maintaining ics
integrity and restraining the dummy in proper attitude,
Attenuation acceptability was inconclusive duas to the two
overshoot periods.
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Test 1B - Forward-Facing Seat, Three Axis Loading

A modified fcrward-facing smeat with new configuration vertical
attenuators waw installed in the dynamic test fixture in a
manner similar to Tests 1 and l1A. A 50th percentile clothed
dummy with combat equipment weighing 204 1b was restrained

in the seat (Figure l10l)., The seat was orlented to asimulate
30 degrees pitoh down and 10 degrees of roll, then was

rotated back 90 degreas a0 that a vertical drop could be
simulated on the horirontal accelerator aled, The sled was
accelerated and a velooity of 46.6 fps was achieved at the
time of impact. This was 4.6 fps above the dasired 42 Ips,

A visual inspection of the seat after the test revealed that
the vertical energy attenuators had atroked only 6,1 in,;

a minimum stroke of 1l in. had been anticipated (Figure 102).
The rear tube of the meat pan had been bowsd downward 2,8

in., at the center (Figure 102), The cause of the minimum
stroke was initially attributed to much of the energy baing
abacrbed b{ deformatinn of the rear tuba. However, review
of the motion picture £ilm revealed the cause of the minimal
ptroke, Vertical imgnct was simulated using a horizontal
accelexrator by rotating the seat 50 degrees onto its back,
The legas of the dummy were held up by light string) during
impact the string broke, allowing the legs to fall down under
the seat, thereby preventing the seat from fully stroking,
The impact of the front of the seat pan on the calves of the
dummy's legs was evidenced by marks (Figure 103), No other
damage was detected on the seat structure or fabric,

A review of the instrumentation data showed that the maximum
impact acceleration reccrded on the sled was 46 G. The
calculated peak accelaration was 54.2 G for the time base of
.052 second (Figure 104). Accelerations measured on the
chest and pelvis showed the effectiveness of the new vertical
attenuator configuration. The initial acceleration overshoots
experienced on previous vertical impact tests was reduced to
a plateau which did not exceed 17 G on both the pelvis and
chest (Figure 1053). BSubsequant overshoot occurred on the
pelvis and chest reaching peaks of 36 G and 28 G respactively.
These accelerations were attributed to impact of the seat pan
with the dummy's legs, Restraint systen foroces were minimal
due to the predominantly vertical impact, and diagonal-strut
forces did not reach the stroking threshold load because of
the seat interference with the dummy's leys.

The test conclusion reached was that the principal objective,
determining the effect of the new attenuator configuration,
was acoomplished, 1Initial peak accelerations were flattened
as required during the initial stroking period, and this data
was not affected by the subsequent seat contact with the
dummy's legs,
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5'; Figure 10l. Pre-test 1B « Three-axis loading.

Figure 102. Post-test 1B ~ Three-axis loading.
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CONC LUS TONS

The crashworthy troop seat testing program demonstrated that

a light weight troop seat can be designed to reduce 95th per-
gentile crash accelerations to within human tolerances. These
seats and res:raint systems welghed 17 lb and design opti~-
mization should reduce the weight to below 15 lb. The seat
withstood dynamic test loadings without failure or defdrmation
£o an extent that would jeopardize the integrity of the seat,
or would preclude retention of the occupant. Table 4 shows

a summary of test results,

Overshoot excursions to 25G were recorded on predominantly
vertical impact tests 2A and 2B using 95th and 50th percentile
dummies. Dynamic Response Index (DRI) was 8 for the 95th and
19.4 for the 50th percentile dummy, giving a spinal injury
probability of zero and 10 percent respectively (Reference 9,
Figure 1~12), A 5th percentile dummy was not tested but an
18.96 plateau can be aexpected by extrapolating from the 1.2 and
14.5G of tests 2A and 2B. A reasonable DRI can be axpected
because overshoot levels were similar regardless of dqummy size.
Overshoot spikes can be reduced by refinement of seat design
and testing procedures. In general, excursions above the
specified plateau levels, which are within the time and accel-
eration limits for ejection meat design of the Elband curve

in TR71-22 (Reference 9), are acceptable.

Revisions to the testing criteria were required to permit
successful conclusion of the test program. The criteria
require the seat to be designed for a 50th percentile occu-
pant who should not exceed an acceleration of 14.5 + 1G in a
vertical direction under a 42-fps impact, with a peak pulse

of 48G. The critaria also require the seat to be dezigned

for a predominantly vertical impact with forward and lateral
components and impact velocity of 50 fps with a 95th percentile
occupant. These requirements arwe not conpatible with a ceil-
ing=-suspended seat, which will align itself along the resultant
path and will stroke at the vertical impact setting. Insuf-
ficient stroking distance wae available in the 17-in.-high
geat. It was necessary to change thr redominantly vertical
impact requirements to agree with the pure vertical impact
requirements, in order to prevent seat bottoming. Similar
results can be achieved by maintaining the 50=~fps impact
velocity and reduecing the acceleration from 48G to 34G. This
pulse ie attainable in aircraft designed with crashworthy

landing gear.
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The maximum loads recorded on the restraint systems, during
normal tests wera 2,450 1lb on the lapbelt and 1,320 1b on
the shoulder strap (Table 4)., The draft Military Specifica-
tion, 3eat, Helicopter, Troop, specifies a design load of
4,000 b on each strap. These loads are necessary to allow
for a margin of safety and for reduction in strength due to
aging. Ultimate strengths of 6,000 lb are established in
the specification, primarily to obtain minimum elongation.

Component tests, static tests and dynamic tests were per-

formed during seat development., Fach was found to be

necessary and cost effective in the orderly process of :

seat development, : !

RECOMMENDATIONS

A requirement of the crashworthy troop seat testing program
was for the contractor to recommend appropriate modifications
to the proposed draft specification MIL=-8~XXXX(AV), Seat,
Helicopter, Troop, and USAAMRDL TR 71~22, Crash Survival
De:ign Guide. Recommended modifications to theme documents
follow,

DRAFT TROOP SEAT MILITARY SPECIFICATION CHANGE RECOMMENDATION

Changes were recommended to the draft specification titled
MIL~8-XXXX(AV), Seat, Helicopter, Troop by AVSCOM, USAARL,
USAAMRDL, and Boalng Vertol. These comments have been
compiled and the original draft specification rewritten
accordingly. The recommended reorganization of the specif-
ication and tha' numerous comments prohibited use of the
normal procedure .of cross hatching deleted itema and under-
lining added items. The specification has been reproduced
in tha modified form. 4

The specification as presented, is still in a preliminary
status and remains to be coordinated and finalized before :
it is officlally released. . 9
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MIL-S=-XXXX (AV)

MILITARY SPECIFICATION |
SEATS, HELICOFTER CABIN, CRASHWORTHY b

e e

GENERAL SPECIFICATION FOR

1. SCOPE . S

1.1 This specification establishes the design requirements

for lightweight folding, crashworthy seats for use by troops/ § i
v - passengers in helicopters. '

C i e e e e

l.2 Classification. Seats shall be of the following types,
classes, and slzes as spacified (see 6.5):

_ Type 1 Pasgenger
4
%= f Type 2 Troop
3 : Class A Forward=-facing
f!
b : Class B Aft-facing
%i Class C Side-facing
b
;; Size I One man seat
o Size II Two man seat
f Size III Three man seat
! Size 1V Four man seat

2. APPLICABLE DOCUMENTS

e Y

2.1 The following documents of the issue in effect on the
date of the invitation for bids or request for proposal form
a part of the specification to the extent specified herein.

e e S
SRS PP T L FEREC YL

%‘ . SPECIFICATION '
| Federal

: V=1=295 Thread, Nylon :

4 QQ-P=-416 Plating, Cadmium (Electrodeposited)

- QQ-2-235 Zinec Coating, Electrodeposited, Require- ‘

ments for

: : 139
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PPP~B=601

PPP=-B=621

PPP-B~636
Military

MIL=-P~-116
MIL-D~-1000

MIL=C=7219
MIL-A-8625

MIL-R-8236
MIL-W=-8604

MIL=F=8905
MIL=W=25361
STANDARDS
Federal

FED-8TD~505
FED=-STD=751

Military
MIL=-8TD=22
MIL=-8TD=129
MIL-8TD=130
MIL-8TD=143

MIL=-8TD=471
MIL~-8TD-785

MIL-8TD=-B810
MIL-8TD=-831
MIL-STD=-B889
MIL-8TD-1186
MIL-8TD-1261

MIL=-8TD=1290

Boxes, Wood, Cleated-Plywood
Boxes, Wood, Nalled and Lock=-Corner
Boxes, Fiberboard

Preservation, Methods of

Drawings, Engineering and Associated
Lists '

Cloth, Duck, Nylon, Parachute Packs

Anodic Coatings, for Aluminum and

Aluminum Alloys

Real, Shoulder Harness, Inertia Lock

gclding of Aluminum Alloys: Process
or ,

Adapter, Tie Down, Alrcraft Floor

Webbing, Textile, Polyester, Low
Elongation

Colors
Stitches,Seams, and Stitchings

Wald=Joint Designs

Marking for Shipment and Storage
Identification Marking of US
Military Property

Specifications and Standards, Order
of Precedence for the Selaction of
Maintainability Demonstration
Raliability Program for Systems and
Equipment Development and Production
Environmental Test Methods

Test Reports, Preparation of
Dissimilar Metals

Cushioning, Anchoring, Bracing,
Blooking, and Waterproofing) with
Appropriate Test Methods

Welding Procedures for Constructional
Sheets

Light Fixed- and Rotary=Wing Aircraft
Crashworthiness
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PUBLICATION

MILITARY HANDBOOK

GF

b | MIL-HKBK=5  Metallic Materials and Elements
3 for Aerospace Vehicle Structures
*1 REPORTS
‘F!.
il USAAMRDL
J. TR 71=22 Crash Survival Deaign Guide
U.8. ARMY
3 Natick Labs
TR 72=-51-CE The Body Size of Soldiers

(Copies of specifications, standards, publications, and
reports required by suppliers in connection with specific
procurement functions should be obtained from the procuring
activity or as directed by the contracting officer.)

i 3. REQUIREMENTS

3.1 Specification sheats. Tha individual item requirements
shall Ee as specified herein and in accordance with the

| applicable specification sheaets. In the event of any conflict
| batween reguirements of this specification and the specif-
t

R SR A

R

T

ication sheet, the latter shall govern,

Rig iy

3.2 First article. Unless otherwise specified, the seat
furnished under this specification shall be a product which

: has been inspected and has passed the first article inspection ‘
y of 4.4. .

4 3.3 Design chracteristics. The seat shall accommodate the

2 speci¥ied type of occupant in the quantities identified for

3 each respective size and orientation (see 1.2)., The size l

: seat ls the preferred configuration in order to avoid

3 situations where the anergy absorbers of a multi-unit seat

‘ are rendered ineffective due to less than full occupancy. To
the maximum extent practical, seat classes (see 1.2) shall

be interchangeable to enhance standardization. Seating

should be aft-facing whenever operational requirements permit.

Forward-facing is the next preference. Seating shall not

be side-facing unless absolutely necessary for operational

considerations. It is desirable that all seats face in the

same direction so that the seat backs protect occupants from

loose equipment which can become flying projectiles during

crash impact. i
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3.3.1 Seating surface. The seat bottom and back shall be
designed For comfort and durability. Seat bottoms made of
fabric shall be provided with means of tightening to
compensate for sagging in use. Sufficient clearance hetween
fabric backs and bottoms shall be provided to preclude body
contact with seat structure when subjected to the specified
loads (see 3.6), Headrests may be provided to prevent
contact between occupant's head and seat structure. To
accommodate back and butt packs, that troops may be wearing,
the backs of Type 2 seats shall be convartible without tools,
to provide the recess shown in Figure 1. Maximum time to
convert elther way shall not exceed 10 ssconds, and both
back supports shall meet the strength reguirements.

3,3,2 Crash resistance. Ths meat shall prevent the 5th
through 95Eh percentile occupnits (see 6.,3,1) from exper-
iencing vertical decelerations in excess of human tolerance
(see Flgure 2) during crash pulses of the severity shown in
Figure 3 and not experience structural fallure, Enorgy shall
be absorbed in the vertical axis by load=limiting devicaes.
The energy-absorption stroke shall be the maximum attainable
in the space between the seat bottom and the aircraft floor.
In any case, not less than 14 inches of vertical stroking
distance shall be provided when measured at the cccupant's
centar of gravity. The seat and restraint shall minimize
gogug?nt submarining (see 6.3.5) and dynamic overshoot (see

3.3, Seat attachment. Acceptable means of attaching seats
tgit?o cablin interiocr are ranked below in order of desir-
ability:

1. Suspended from the ceiling with attenuators, and
wall stabilized.

2. Suspended from the celling with attenuators, and
floor stabilized,

3, Wall mounted with attenuators.
4. Plcocor mounted with attenuators.

5., Ceiling and floor mounted (vertical energy attenu=-
ators above and below seat).

3.3.3.1 Attachment distortion. Seat attachments shall be
capable oF accommodating crash induced cabin distortion
consisting of four inch vertical displacement and a 10° mis-
alignment of any attachment.
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TEST CONDITIONS AND SEAT ORIENTATION

| TEST 1 ~ mEsT 2 ‘
DOWNWARD, FORWARD, AND FORWARD AND LATERAL LOADS

LATERAL LOADS

T DUNMY INERTIR
r tonn, |

f

DUMMY
INBRTIA

. ‘LOAD
10
-l
7 Y
TEST PULSE @QUIRED *
-34 G --24G

AV = 80 FPS AV = 50 Fp8

0.091 8rcC 0,130 BEC

< FEAK G

PEAK Qromm -
*'he rive tine for
the triangular
pulses may vary
batween the two
values illustrated,

TIME 'PIME i

Plgure 3, Dynamic test requiroments.
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3.3.4 Beat folding & stowing. Seats shall be so designed
that they may be quickly removed or folded and secured. Tools
shall not be required,

3.3.4,1 Seat disconnect time., The time for disconnecting

each Size I seal (one-man seat) by one man shall not exceed
20 seconds. The time for disconnacting multi-unit seats by
on-bman shall not exceed 20 seconds multiplied by the mize

numbez,

3.3,4,2 rolding and stowage. Each seat shall ke capable of
being folded, laowoa, and secured or unatowed gquickly and
sasily by one man in a period not to exceed 20 seconds
multiplied by the seat size number.

3,3.5 Obstrudtions, BSeat suspension or mounting shall not
interfe¥e With rapid ingress or egress. Braces, legs, cables,
straps, and other structures shall be designed to prevent
snagging or tripping. Loops shall not be formed when the
restraint system is in the unbuckled position,

3.3,6 Qooupant restraint., The seats shall have an integral
restraint system w .ap belt and self-retracting and self-
1ocking shoulder harness for each seating position, The
restraint shall be comfortable, light in weight, and easy

for the occupant to put on and remove, Reduotion in support
of the oococupant shall not occur due to stroking of the energy
absorbers or deformation of the seat. BStrap slippage shall
be prevented by proper dasign of adjusters and webbing
material selection,

3.3.6.) Lap belt. The lap belt anchorage gaometry shall be
as shown on Figure 4, The lap balt anchor fittings shall be
attached to the stroking portion of the seat and shall he
capable of displacing plus or minus 30 dngreal vertically.
These fittings shall also be capable of withstanding lateral
loads when the webbing is pulling at an angle of plus or
minus 60 degrses to the normal plane of the fitting. Lap
belt retractors mag be used in lieu of adjustors. In any
avent, lap belts shall be prevented from falling behind or
balow the seat. IMlexlble standups shall be provided at the
lap balt anchor pointe to project the lap belt upward and
forward 3 inches for easy reach., Retractors or adjustors
shall not be located over hard points of the occupant's
skeletal structure, The force required to adjust the webbing
length shall not exceed 3 lbm and it shall be possible for
the seated occoupant to easily adjust with elther hand. If
ratractors are used, they shall not pull with more than 3 lbs
force, and shall ratchet in increments not to excead 0.5 in,
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Pigure 4, Lapbelt anchorage geometry.
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3.3,6,2 Shoulder straps. Forward facing seats shall be
provided with the double shoulder strap configuration shown
in Figure 5. For aft and side facing seats, the diagonal
shoulder strap configuratlion shown in Figure 6 shall be
used. Shoulder harness anchorage geometry shall conform to
Figure 7. The anchorage or guide at the top of the seat
shall not permit more than 0.5 inch lateral movemant of the

‘strap at this point. Distance between the inner edges of

the shoulder straps at the seat back shall be within 3 to 5
inches., Flexible guides shall be p “vided on the seat back
as shown on Figure 7 to project the shou.der strap fittings

“up and forward o. the seat back for easy reach,

3,3.6.3 Inertia resl., Shoulder strap inertia reel or reels
shall ba provided which pull with not more than 3 lbs force
and will fully retract the shoulder strap or straps to
shoulder haight in the guides dewcribed above. The reel
shall be of a type which remains locked after it locks up
initially, as per the locking requirements stated in
MIL-R=-8236 and must bu manually reset by a device on the
re¢l. The reel shall be located on the seat close to the
shouldayr strap guide point at the back of the mseat to
minimize strap elongation,

3,3.6.4 Restraint buckle., The restraint harness buckle

shall be of the quick-release type and require intentional
motion by the ovoupant to activate it. The buckle shall be
capable of being operated with a gloved hand as well as with
one finger of either hand while tensior equal to tha occou=
pant's welght is supported by the harness. The force required
to release it normally, as well as post crash and under the
previous condition, shall not be less than 15 pounds nor more
than 25 pounds., The buckla shall be of a lift lever release
configuration, Lap belt and shoulder strap fittings shall

bLe ejected simultaneously when the lever is lifted, even

when there is no load on the restraint straps, The lap belt
shall be capable of connection without connecting the shoulder
straps. The release buckle shall be guarded tg prevent
jamming of the mechanism by c¢lothing or equipmunt worn by the
seat occupant causing inadvertent releasa.

3.4 Conatruction.

3,4.1 Critical members. All critical compressive structural
menbers shall be fabricated from ductile materials having a
charactaeristic value of not less than 5 percent alongation.
All critival tsnsile and bending members shall be capable of
elongating a minimum of 10 percent prior to failure.
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system contiguration,

Shoulder Strap Reel
Shoulder Strap
Buckle Link

Buckle

Lapbelt

Figure 5, Forward- and aft~facing seat restraint
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1, Shoulder Strap Reel

2, fhoulder Strap
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SIDE VIEW FORCE DIAGRAM
RIGHT
(TORSO CARRIES ONLY A PORTION OF SHOULDER STRAP LOAD)

4 o/—- SHOULDER STRAP GUIDE

SHOULDER
RAP LOAD

- Figure 7. Shoulder harness anchorage geometry.
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3.4.2 Dissimilar metals, Unless components are sultably
protected against electrolytic corrosion, contact between
dissimilar metals shall not be used where it is feasible to
avoid it., Dissimilar metals are defined in MIL-STD-889.

3.4.3 Castings, Castings used in the seat shall conform to
MIL=C=6 .

3.4.4 Heat treatment. Heat treatment of aluminum and steel
parts shall conform to MIL-H~6088 and MIL-H-6875, respectively.

3.4.5 Structural connections, Safety factors shall be 5

percent and 10 percenE ¥or shear and tensile bolts, respect- ‘ j
ively. Bolts less than 0.25 inch in §iameter shall not be

used in tensile applications. Riveted joints shall be

designed in acwordance with MIL-HKBK-5, Welding shall be in

accordance with MIL-W=6873, MIL-W-8604, MIL-W~45204, MIL-STD=22,

and MIL-STD~1261.

3.4.6 Joining and Fastening. Fittings and joints requiring
disassenbly for maintenance shall be bolted. All thread and
stitohes used for sewiny seat back and seat hottom shall be
in accordance with V=T=295 and FED-8TD-751, Type 301,
respectively.

3.4,7 8tandard parts. MS or AN standard parts shall be
used wherever they are suitable for the purpose,

3.4.8 Restraint construotion.

3.4.8.1 BStitch pattern and cord size, 8titoh pattern and
cord size shall sustair a minimum of 100 pounds per inch of

stitch length, and shall comply with Figure 8,

3.4.8.2 wWrap radius. The wrap radius shall be the radius
of the fittIng over which the strap is wrapped at buckles
and anchorages, as shown on Figure 5. The strap wrap radius
shall be not less than 0.062 inch.

3.4.8,3 Hardware-to=-strap folds. Figure 10illustrates a
recommended method to reduce the weight and size of attach-
ment fittings by folding the strap at anchorage buckle
fittings.

3.4,8.4 BSurface roughness of fittings. PFittings in contact
with the Btraps uEaIE Rave a maximum surface roughneass of

RMS=32.,
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Figure 9. Wrap radius for webbing joints.
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Figure 10. Webbing fold at metal hardware attachment.
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3.5 Weight. The complete seat of each size, including the
restraint shall not exceed the welghts tabulated below:

Size of Seat Welght (lb)
P I 15
N II 30
i 5_ Il 45
?" : v €0

' requirements are based on the 95th percentile clothed and
' equipped occupant welght of 242 1lbs (see Table 1), plus the

El : 3.6 Structural atrength and deformation. Longitudinal

?) ot lateral,” and upward seat atructural strength and deform;tion
|
i

waight of the seat. Downward seat structural strength and

R LN I N W N

g ' deformation requirements are based on the effective
p : weight of the 50th percentile clothed and equipped occupant, :
i : plus the weight of that portion of the wseat which must stroke o
b : during vertical crash force attenuation., Table 1 lists the ; j
& . applicable weights. ! ;
& | TABLE 1. SEAT DESIGN AND STATIC TEST REQUIREMENTS ’ :
Iy }
: ) Test | Loading Direction with Weight (1b) | ' :
) | ¥e Respect to Aircraft axes | 08 Factor N upane| Deformation i
. ' . i
§ 1l Forward Sea Fig., 1llTotal 242|See Figure 11 K
; 2 Aftward 126 Minimum|Total 242|No Raqmt, : t
- 3 Lateral, b See Fig, 12 {Total 242|5ee Figure 12 | i
! 4 Downward 14,5416 Stroking| d |See Figure 13
L portioti i
F 5 Upward 86 Minimum |Total 242|No Raegmt. '
: 6 Combined Forward, 14,5+1G Stroking] d |S8se Figure 13

Dovnward, and portion

Lateral, c,

(Sea Fig.3, teast 1)

Notes

a, One airoraft attachment shall be deformed vertically
four inches and angularly ten degrees, prior to load appli=-
cation in each test.

b, The lateral loads shall be applied in the direction
which is most critical. In the case of symmetrical seats,
the loading direction im optional.

¢. The forward and lateral loads shall be applied prior
to the downward load application if distortions could impede
vertical stroking.

- d, 127 1b for Type 1 and 161 1lb for Type 2,
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3.6,1 Forward load. The seat shall have a statlc forward
load deflection curve measured along the longitudinal (roll)
axis of the aircraft which rises to the left and above the
base area and extends into the acceptable seat fallure area
shown on Figure 11.

3.6,2 Aftward load, The seat strength shall be not less
than 123 (see 6.5.4) for aftward loads measured along the
longitudinal (roll) axis of the alroraft,

3,6,3 Lateral load. The seat shall have a static lateral
ioad de¥loction curve measured along the lateral (pltoh)
axis of the airoraft which rises to the left and above the
base curve and extends into the acceptable seat fallure
area shown on Figure 12,

3.6.4 Downward load. Human tolerance to vertical impact
limits the allowable forces along the vertical axis of the
aircraft and necessitates energy attenuation. The seat shall
have a downward load~deflection curve measured along the
vertical (yaw) axis which falls within the acceptable area

on Figure 13.

After the seat has stroked through the available stroking
distance, the seat bottom shall be supported on the floox,

3,6,5 Upward load. The seat strength upwards shall not be '
less than BG parallel to the vertical axis.

3,6,6 Restraint design loads. BStrength and elongation
properties o e restra shall conform to Table 2.

TABLE 2. RESTRAINT LOAD =~ ELONGATION REQUIREMENTS

Minimum Maximum Minimum
Strap Elongation at| Design Breaking
Width Minimum Design Load lLoad Strength
Use (in+0.10) | Thickneass (percent) (1b) (1b)
Lapbalt 2,25 045 7.5 4,000 6,000
Double or T
Single
Shoulder
Each
NOTE: All loads are applied in straight tension
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Figure 12. Lateral seat load and deformation requirements.
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3.7 Materials. When specifications and standards are not
speci¥ically designated, selaction of matorials and procegses
shall be in accordance with MIL=-STD-143. Materials that are
nutrients for fungl shall not be used when it is feasible to
avoid them; where used and not hermatically sealed, they
shall be treated with a fungicidal agent,

3.7.1 Pplammability and Toxigity., Materials which support a
salf~sustainad com%unEIon and materials which, when burned
or egpoued to high temperaturee give off toxic fumes, shall
not ha used.

3,8 Reliabllity. Bxcept for fabriu parts, the minimum life
of all meat abﬁ%oncntl Eubjnctad to normal wear and tear
shall be 5,000 hours of aircraft operation and 5,000 adjust~
ments. Deterioration and wear of fabric parts shall be
limited so as to meet minimum strength raguirements after
five years of use, and possoss unlimited shelf life,

3.9 Maintainabi;itﬁ. The seat shall regquire no schedulad
maintenancs other an the replacement of fabrie couponents.
The mean time to xrepair for both scheduled and unscheduled
maintenance shall be less than .2 manhours.

3.9.1 Interchangeability and re 1aﬁcabilit . Darts and
assamblies © sha. e interchangeable or replace-
able in accordance with MIL-1-83%00,

3.9.2 Tools. Maintanance operations shall not reguire
uncommon tools or special aequipment.

3.10 Environmental Resistance. The seat with restraint
system shall De capable of operating and of maeting the
structural requirements of 4,6.2 after exposure to the
following conditions.

3,10,1 Temperatura. The seat shall deliver the specified
operational and crashworthiness performenca when subjected
to the 4.6,4.1 and 4.6,4,2 temperature tests,

3,10,2 Sunshine. All nonfabrio materlals shall rhow no
avidence of any degrading effect when subjected tn the
4,6.4,3 sunshine test.

3,10.3 Humidity. The seat shall withstand the humidity
test spaci¥ied ¥n 4.6.4.4.

3,10.4 Fungus, If any material utilized in the construction
of the seat Is suspacted to be a nutrient to fungi, the

material shall show no deterioration when mubjected to fungus
tests in accordance with 4.6.4.5,
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3,10,5 sSalt fog., All materials used in the construction of
the seat sphall withstand the ealt fog test of 4.6.4.6.

3,10.6 Dust. The seat shall be capable of satisfactory
operation after axposure to the dust test specified in m6.4.7.\

3,10,7 Vibration., The seat shall he capable of aatiltaahorﬁ
operation after being subjected to the vibration tests of
4,6,4,8, The ocnupied and unoccupied seat shall be free of

.resonance within the freguency range of the alroraft in which
it will be used and no amplification shall ocour.

3,11 System Safaty. Maximum effectiveness and conservation
of Army resources dictate a need for early identification,
evaluation, and correction of system hazards. A system
safety program shall be established by the contractor in
accordanco with MIL-81D=832 and implemented as directed by
the proouring activity. The gnal of the program shall be to
insure that tha optimum degres of froedom from hazard is
effectively designed into the seat system,

3,12 Dimensions, Seats shall ccmily with the dimensions
shown in Figure l. Unless othurwise specified, a tolerance
of +1/16 inch will be allowad for seat overall dimensions,
ResEraint system webbing dimensions shall compli with Table
2 and Figures 5 and 6. Tlie seat package, whaen it is in the
stowed position, shall be held to a minimum size, not to
exceed a thiokness of six inches.

3.13 Finigh.

3.13,1 Burface roughness., All exterior surfaces of the
seat and restralnt shall be free from both charp edges and
gorners, or ani other projections that could scratch the
hands or clothing of the occupant.

3.13.,2 Pinishes. Aluminum alloy parts shall be anodized
with MIL=A-BEZ5, Type IX., Magnesium alloy parts shall be
treated in accordance with MIL~M=3171. Corrosive steel part:
shall be elther cadmium-plated in accordance with QQ-P-416,
zinc-plated in accordance with QQ-2-325, or chrome-plated in
accordance with QQ-C-320,

3,13,3 Paint. The paint finish shall consist of one coat of
zino=chromate primer conforming to MIL-P-858%5, followed by
two coats of enamel conforming to TI-E~4B9,

3,13.4 Color, Thea saat and restraint color shall be in

accordanca with the cabin color scheme specified for the
airecraft in which the meat will be used,
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3,14 Identification of product.

3.14.1 8Seat identification. A nameplate, permanently and
legibly ¥IITed In with the following information, shall be
‘ securely attached to a permanent portion of the seat in a
o ; position capable of being read after the seat is installed.
L ?arking shall be in accordance with MIL-8TD-130 in 1/8 inch
b - etters, :

L : Seat, Helicopter, Cabin

. : _ Type (I or II as applicable)

b - Class (A,B, or C, as applicable)

o : Size (I, II, III, or IV as applicable)

o Specification MIL=8=XXXX/X (AV)

i National Stock No. '
i Manufacturer and Code

Contract or Order No,

Serial Number

.8, Property

3,14.2 Restraint identification. Each indiVidually“raplace-
able strAp shall have a permanent label attached. Each label -
shall contain the following informationi C

National Stook Number
Manufacturar and Code
Part nunmber !
Data of manu¥acture
- Retirament date
b v Serial Number

¢ 3,14,3 Warnins marking. The following warning shall be s
i stenclle n 1, noh letters on the front of the seat back: A
- WARNING
DO NOT STOW =

EQUIPMENT '
UNDER SEAT

s

3.15 Workmanlhig. The seat, including all parts, shall be k
constructed an inished in a thoroughly workmanlike manner.

Particular attention shall be given to neatness and thorough-
ness of welding, riveting, machine-screw assemblies, and
painting; freedom of parts from burrs and sharp edges;
avoidance of unraveled edges of cloth; and straightness of
stitched seams.

TR I
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4., QUALITY ASSURANCE PROVISIONS

4.1 Responslbility for inspection. Unless otherwise speci-
fied in the contract or purchase order, the supplier is
responsikle for the performance of all inspection require-
ments as specified herein. Except as otherwise specified

in tha contract or order, the supplier may use his own or
any other facilities suitable for the performance of the
inspection requirements specified herein, unless disapproved
by the Government. The Government reserves the right to
perform any of the inspaections set forth in the specification
where such iremections are deemed necessary to assure that
supplies ani services conform to prescribed requirements,

4.2 Classification of inspections. The inspection require=-
ments spec a erein are classified as follows:

1, Firat article inspection (see 4.4)
2, Quality conforimance inspection (see 4.5)

4.3 1Inspaction conditions, Unless otherwise specified, all
inspiczions 8hall be performed under ambient environmental
cnoditions.,

4.4 PFirmt Article Inspection., The first article inapection
tests shall consist of & the tests specified under 4.6.
Four seats of each type, class, and aize are required for
these tests, as a minimum,

4.5 Quality conformance inspections. Quality conformance
tests ®hAall consist of the Following:

1. Visual examination
2. Tunctlonal test

4.5.1 vVisual examination. Sampling shall be in accordance
with M1E=8TD=-105, Inspectlon Level II, for the critical
defects listed in Table 3, and Inspection Level I, for the
minor defects. The acceptable guality levels are 1.5 and
2.5, respectively.
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TABLE 3.

CLASSIFICATION OF DEFECTS FOR

VISUAL EXAMINATION OF THE SEAT

CRITICAL

MINOR

5

Dimensions not within
specified tolerances

Material imperfections

Surfaces~-misaligned or
containing cracks, nicks,
or other flaws

Any component missing,
malformed, f£ractured, or
otherwise damaged

Incorrect asmembling or
improper positioning of
components

Any component loose or
otherwise not securely
retained

Any functioning part that
works with difficulty

Faulty workmanship or
other irregularities

201.

202,

203,

204,

205.

Seat Marking - missing,
insufficient, incorrect,
illegible, or not

~ permanent

Saal color not as
specified

Defective extericur and
interior markings on
packaging

Nonconforming packaging
materials

Inadequate packaging
workmanship

4.5.2

Functional tests.

SBeateg, in the guantities specified
below, shall be subjected to the dynamic tests of 4.6.2.2:

(a) Two meat systemg from each lot of 200, or
fraction thereof, of each type, class, and

size

(b) Three seat systems from each lot of 500, or
fraction thereof above 500, of each type,

class, and mize

(c) One seat system from each additional lot of
500, or fraction thareof above 500 of each
type, claes, and size.
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4.5.3 Lot. An inspection lot shall consist of seats manu-
factured under essentially the same conditions and from
essentlally the same materials and components.

4.6 Methods of examinatlon and test.

———

4,6,1 Fit, Punction, and Design conformance examination.
RepreSenEatIve seats of the required type(s), class(es), and
size(s) shall be furnished and installed in the applicable
alrcraft, The seats shall then be inspected for conformance
to 3.3, 3.4, 3.5, 3.7, 3.9, 3.11, 3.12, 3.13, and 3.14.
Occupants representing 5th and 95th percentile passengers or
troops, as applicable with and without combat assault equip-
ment, shall be used to demonstrate satisfactory restraint
system use, seat accommodations, and lack of encumbrances
during ingress and egress. Occupants shall wear warm-weather,
intermediate~weather, and cold-weather clothing for each of
the demonstrations. For troops, medium rucksacks and hutt
packs, with combat assault loads, shall be demonstrated.
Ingress, hookup, and egress shall be timed for each combin-
ation of clothing, equipment, and personnel percentile. Times
for seat installation, dlsconnect, folding, and stowage shall
also be measured.

4,6,2 BStructural tests. Each seat of the required type,
class, and size shall be tested as a complete unit and shall
be mounted in a suitable fixture by using tha normal seat
systam to alrcraft structure tiedowns, The fixture shall be
repraesentative of the aircraft's surromnding structure and
spring rates. Additionally, for the static tests, attach-
ments shall be distorted per 3.3.3.,1 prior to load application.
The seat shall then be subjected to, and satisfactorily with=
stand the loads specified in 4,6.2,1 and 4.6.2.2.

4,6,2.,1 Static tests. The occupant restraint shall be

tested with the rest of the seat during the static tests
specified in Table 1. In addition, the lap belt and shoulder
harness shall be statically tested separately to determine
compliance with Table 2, thereby insuring that all components
poesess the required elongation and strength margin. The
static test loads shall be applied where shown con Pigure 14
through a body block which is contoured as shown. The body
block shall include representations of the neck, the shoulders,
and the upper legs.

The load shall be applied while the load-deformation perform=
ance of the seat is recorded. Deflection shall be measured
from the seat puan (see Figures 11 and 12), and from the
occupant CuU for vertical., Total static test load to be
applied, for all directions, shall be determined by multiply-
ing the required design load factor (G) specified in Table i
by the sum of the occupant and eguipment weight plus the
welght of the seat.
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b NOTE: ALL DIMENSIONS ARE
l. IN INCHES.,

STATIC LOAD
APPLICATION
POINT

FORWARD

Lorol— o
3.0 RADIUS (TYP) REFERENCE L3.0 RADIUS
POINT 6.0+0.5

Flgure 14. Static load ajpolication point and critical
dumnmy pelvis geometry.
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4.6.2,2 Dynamic tests, Dynamic first article tests of the

seat shall be conducted to the conditions apecified in Figure

3, and the seat shall evidence no loss of structural integrity.

Dynamic sampling (quality conformance) tests of the seat shall

be conducted in accordance with Test I only. The energy

absorption mechanism shall limit the acceleration measured on

_ the seat pan to a value which stays within the acceptable

5o pulse duration of Figure 12, Excursions above the 15,5G

3 plateau level for ahort durations not to exceed 10 milliseccnds
and accelerations not to exceed 10G are permissible as long ase
the ejection seat design limits in USAAMRDL TR 71-22 Eiband
curve are not exceeded. A 55th percentile clothed and equipped
anthropomorphic dummy occupant of 242 lbs shall be used to

, simulate seat occupant for Test 2 of Figure 3 and a 50th

percentile clothed and equipped anthropomorphic dummy occupant

of 197 lbs ashall be used for Test 1 of Figure 3. The 50th

percentile dummy shall be in accordance with NHTSA FMVS8S=-208

and Part 572.

4.6.3 PReliability tests. Components mubject to motion, such
as fold hinges ans balt buckles shall be subjected to cycling
tests t¢o demonstrate conformance to 3.8,

4,6,4 Environmental tests. At least one meat shall be sub-
jected To each of the following environmental tests in the
order listed. Upon completion of environmental tests, the
seat shall be examined for operational capability and sub-
jacted to and pass Test I of Figure 3. One additional energy
attenuating device of each type used on the seat shall be
environmentally tested and stroked after testing to verify
functional force-deflection values.

4.6,.4.1 High Temperature, High-temperature tests shall be ]
conducted 1in accordance with Method 501, Procedures I and II 5
of MIL=-8TD=810. .

4.6.4,2 Low Temperature. Low~temperature tests shall be :
conductad in accordance with method 502 of MIL-STD-810. The ;
test temperature shall be =65 degrees F. !

4.6.4,3 Sunshine. Sunshine tests shall be conducted in
accordance with Procedure 1 of Method 505 of MIL-STD=-810.

4,6,4,4 Humidity. Humidity tests shall be conducted in
accordance with %ethod 507 of MIL-STD=~810.

4.6.4.5 Fungus. If any material utilized in the construction
of the seat system is suspected to be a nutrient to fungi,

the material shall be tested in accordance with Method 508

of MIL~-STD=-B10,
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4,6.4.6 Salt fog. Salt fog tests shall be conducted in
accordance with Method 509 of MIL-STD~8L0.

4,6.4.7 Dust. The seat system shall be subjected to the
dust test specified in MIL-STD=-810,

4,6,4,8 Vibration., Vibration tests lhall'ba condﬁcted in
accordance with Method 514, Procedure I (parts 1, 2, and 3),
of MIL-8TD=-810.

4.6.4.9 Mud. All mechanical joints and enexgy attentuators
shall be coated with mud and the seat muat operate before
and after it has dried,

5. PACKAGING

5.1 Preservation and packaging. Pregervation and packaging
shall be Level R or &, aA lpecifiad (mae 6.2).

5.1.1 Level A. Each meat shall be preserved and packaged

in accordance witli MIL=P-116, Mathod III, in a weather=-
resistant container conforming to PPP=B-=636.

5.1.2 Level C. Each seat shall be preserved and packaged in
a manner that will afford adequate protection against corro-
sion, deterioration, and physical damage during shipment

from the supply source to the first receiving activity for
immediate use. This leval may conform to the supplier's
cormercial practice, provided the latter meets the require-
ments of this level,

5.2 Packing., Packing shall be level A, B, or C, as 8peci~
fied Tsee 6.2). r

5.2.1 Level A, Seats preserved and packaged as specified

in 5.1.T shall be packed in overseas-type shipping containers
conforming to PP~B~-60l or PPP-B~621. As far as praocticable,
shipping containers shall be of uniform shape, size, and
minimum cube and tare consiastent with the protection required,
and contain identical quantities., The gross wailght of each
shipping container shall not exceed the weight limitation of
the specification, Containers shall be closed and strapped
in accordance with the above specifications and appendicies
thereto,

5.2.2 Level B. Seats preserved and packaged as specified
in 5.,1.T shall not be overboxed for domestic shipments. The
container, closed and strapped in accordance with the appli-
cable appendix of the container specification, shall be the
shipping container.

168




-
Eit

G B BB Ba © ke semiasn fa dvs by et Wt s g sare ey 1 R R VR I
L
4
)

5.2.3 Level C., Seats shall be packed in a mannar that will
afford adequate protection at the lowest rate against damage
during direct domestic shipment from the supply source to
the first receiving activity and are destined for immediate
use at that activiiy. This level shall conform to applic-
; able carrier rules and regulations and may be the supplier's
: commercial practice, provided the latter meets the regquire-
= ments of this lavel,

5.3 Physical protection. Cushioning, blocking, and bracing

' shall be in accordance with MIL-8TD-1186, except for domestic \
shipments., Waterproofing requirements for cushioning ;
materials and containsrs shall be waived when presarvation,

' packaging, and packing designed for immediate umse of the
item, or when drop teats of MIL-P~l1l6 are applicable. _ .

T

5.4 Marking. Interior packages and exterior shipping con-
tainers lElEl be marked in accordance with MIL-8TD=-129.

6. NOTES
6.1 Intended use. 'The seats covered by this speclfication
ara intended Yor use by troops and passengers in helicopters,

and to provide crash survival for most of these ocoupants in
the majority of crashes.

th

6.2 Ordering data. Provurement documents should specify
following!

(a) Title, number, and date of this specification.
(b) Type, class, and size of seat required (see 1l.2).

6.3 Definitions. For the purpose of this mpecification,
the following definitions apply.

6.3.1 Anthropometric data, U,8., Army Natick Labs Report
72=51=CE IHAIE be referred to as a source document for
anthorpometric data on troops/passengers.

6.3,2 Oooupant weights and equipmant. Unless othsrwise
specifiad, the occupant and equipment weights in able 4
ara applicable for design and test considerations.

e e T e T
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I TABLE 4., OCCUPANT WEIGHTS

95th 50th 5th
Item Percentile Percentile Percentile
wt-1lb wt=-1b wt-1b

Troop

Welght 201.9 156.3 126.3
L-‘----_‘.".“ ------nl---.---‘------------\.---*Ii---ﬂ-----------.

Clething 3.0 3.0 3,0
(Less Boots)

Boots | 4.0 4.0 4,0

Equipment 33.3 33.3 33,3
--u--mn---mu-Luhn---nnnmmu‘----nnm-——--n—n---—ﬂ—---w-—~----—----

ot 242,2 196.6 166.6
--—--n--u----P------uun-——-—-nu-—---—----—----- . AR DA D S Y S 0 6B D

Verticil

Eff

hesone o 163.9 127.4 103.4

Clothed

Vgrticgl

heine " 197.2 160.7 136.7

Equipped

6.3.3 Effective welght of occupant.

Tha effective weight

of a seated occupant 1h the vertical direction is the sum
of the following quantities: 80 percent of the occupant's
body weight, 80 percent of the weight of the occupant's
olothing lesa boots, and 100 percent of the weight of any
equipment carried totally on the oc rupant's body above knee

level.
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6.3,4 G, The term G is the ratioc of a particular accelar-
ation to the acceleration due to gravitational attraction
at sea level; therefore, 10G represents an acceleration of
321.7 feet/second/second,
6.3.5 Occupant submarining. In a crash with high vertical
Ll and longltusInaI forceas (measured along the seat longitudinal
p axis) present, the rastrained body will tend to sink down
ol into the seat first and then almost simultanecusly be forced
e forward, If the seat is provided with an improperly designed
L restraint or seat cushion, the inertia load of the hips and :
il thighs will pull the lower torso under the laphelt during ;
a9 the crash sequence. This pheanomenon is referred to as :
sl ocoupant submarining. |
Bl '
il ! 6.3.6 Dynamic overshoot. Dynamic overshoot exists when the
b seated occupant recelves an amplification of the accelerative
el force applied toc the seat. A loose or highly elastic mystenm,
% j or highly elastic cushion, can facilitate dynamic overshoot.
fl
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Mocdifications were recocmmended to USAAMRDL TR 71=-22, '"Crash
Survival Design Guide"., The affected paragraphs of TR 71-22
have been reproduced, and the recommended changes are noted
X by crosshatching (////) portions deleted and underlining (_...)
S portions added,

3.3,2,1 The same percentile range of occu ant sizes should be
conlidorod for troop seat dolign. ﬁﬁfﬁ EIALBYLE NS LA

KLIKEIE LA £Ad ﬂdi gr B L¥dgp ilﬁd/ tﬁd LypLed2ly XKddd
dldﬁﬁtﬁd Mid sedivedry WAXEKLLBAN 28X YAedpd MYgdid ¥k dens
SAGHAL 3iss B SKARSAT.T8DGR.0L 9leshing and egyipment. is ®

- used by _tyoops_than viakoxs °92-!9§te-~§ id_be_de-

s1qned_fe_secefnadst foEhama saztacicaes S5th parcantile
ocaupant oons

dered hoavily cIot nd and equipped,
while the 5th percentile occupant should be considered lightly
alothed and squipped. Hasdd ogr de¥d deriniyidd L Hefdxdriden

zz il 22, It is nen-:aalanagig‘.b yeve te.ga-i p.a_grash=
smng-uﬁ to_pceommodate_t éiswy q@mmt
fe gan_ eusxéea § Lroops, A -e_- ence_Ioad weighs™
ezs _30_ eeu-é-- weufa E--cs-rIe- Eae-;ucfnack with
& nglee e8EEvang !:amea-_ a_depth os.sue--ssuipmfnﬁ is 17
gneﬁ s.2nd ganno £_Ba_ Bssgpge geé.wlt reasonable ~e=§
eas- . ua smg 5--£em°xe§ and" Eleee -on_Ehe_%lcor,
na ! e.IE ted se.8cg podations 595 £ e-eIa .
T H "”““""E Srgaes ‘%’If D - e aated troos fh
%jm Eraggigupcr ﬁuigmﬁgiibl report 72=51= cg and USAAMRDL TR=7
are:!
2§tb Eg;ggng;lg ilh}
Man 13249 291,49 j
Clothing 32 3.0 f
Boots 4.0 ;
BLOLABLLNE WhRY #i8 <:> ;
Helmat with Liner 3,0 i
Ed L pridri e 2147
FLRYIA PREK WLER Bledping wed
Combat Assault Pack and Equipment
Rot_Inclading RiZle 1242 33.3
28841 245.2

172




5th Percentile (1b)

Man Y2440 126.3

Clothing 248 3.0

Boots 4.0

Helmet —340 —
13348 136.3

' (Ravise Figure 3,23)
' Revise the force deflection curve of Figure 3.23B creating
' new figure which agrees with Figure )l of the draft Military (3 )
Specification Seat, Hellcopter, Troop and increamse the
stroking distance from 6 to 12 inches,

3,3.4 LATERAL STRENGTH AND DEFORMATION REQUIREMENTS

The lateral load and deformation requirements fou.forward=.and <:>
aft=facing.nente are presented in Figure 3-24 for the 95th
percentile accident (see Table 1=II in Chapter 1l). Two curves

are presented, One is for rotary-wing aircraft and the cocke-

pits of large fixed=-wing aircraft., The other is for light
fixed=wing aircraft and cabins of large fixed-wing aircraft,

The deflections are to be measured at the neutral seat refer-

ence point, Occupant weight should be as stated in paragraph

3.3,1, cantrnlhd-dntnmninn-:n:-liic-:n log.aedta.aball.be @
logressed_frow.tba_4.lochen_mbown_to. 5. ihches.

(Revise Figure 3=24)
Revise Figure 3~24 to make two figures, one for crew seats (:)
and one for troop/passangar seats, Ravise the force deflec-
tion curve for troop/passenger seati to agree with Figure 2
of the draft Troop Seat Military Specification and increase
the stroking distance from 4 to 6 inches. ;

3.5.2 SEAT QOMPONENT ATTACHMENT

Since components that break free during a crash can become
lethal weapons, it is recommended that attachment astrengths
be consistent with those spacified for ancillary aquipment.
Btatie attachment strengths for components, e.g., armored
panels, should therefore be as follows:

Downward: 3i5a

Upward: 15¢

Forward: 356
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Aftward: 15G6

Lateral: 20G
These criteria may be somewhat conservative for load=limlted
seats. However, load limiting is mandatory in thes vertical (:)
direction only. XA Xighy #2 ﬁhl ﬁﬁﬁﬂﬂﬁill Klilid/ Ld mirmrgin

Pa812 IERIL DAY 5. sDe, eemtd S0, the dizpokicnd. hAL Beve. .

RATIONALE FOR CHANGES TO USAAMRDL TR 71~22 '

YLy srdnts BYd Idli re ¥d iﬁd#t ZLdd/ Tnggo oros these_loads
l

l. To limit the range of eguipmenit for which troop meats should
be designed. The large rucksack with Lincloe frame iz 17
inches deep, which is excessive for the seat depth limita-
tions and cabin space specified by the using agencies.

2, The weight of the 95th percentile troop has inorsased 5.9
pounds, per Natick Labs Raport 72-51-CE., Troop eguipment
welght for combat assault operations is reduced 20 pounds,
which included the weight of the sleeping bag and protec=
tive vest (not umed on combat assault operations) and the
M=16 rifle, which is not effective on meat load.

3, The force deflaction curve, for troop/passenger seats in
Flgure 3=23 is not attainable becauss 5f the flexibility
of these seats, Increased deformation should be permitted
because thase ssats do not have the control column and
gnltrument pansl clearance restrictions that crew seats

ave.

4, The lateral deformation curve, Figure 3=-24, is not appli~-
cable to side-facing seaty due to lower lateral human
tolarance,

5. The force deflection curve for troop/passenger saats in
Figure 3,24 is not attainable because of the flexibility
of these seats,

6. Daslgn for loads considerably above the load-limited loadwm
on lightwaight troop seats impomses a severe walyht penalty.

7. Vertical static load requirements considerably above the
load=limited load on all seats are unneceamarily costly in
welght if the seat bhottoms out on the floor before the
energy attenuator bottoms,

8. Seats not subject to vertical binding due to horizontal
distortion should not be subjected to any unnecessary test.
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TABLE 3-II. SEAT DESIGN AND GBTATIC TEST REQUIREMENTS F

Test | Loading Direction
Ref With Respect to Deformation
No ., Fuselaga Floor Load Required Requirementa®
1 Forward Ses Figure 3«23 Ses Figure 3-23
2 Aftward 123 Minimum _ No Raguirament
3 Lateral® See FPigure 3-24 Sue Pigure 3«24
4 Downward/
Crew Beat 14,5 1,004/ See Paragraph
Troop Seat 14.5 * 1.06d 3.3,8,1
5 Upward 8G Minimum No Requirenent
6 Forward°'£ See Figure 3-23¢C See Figure 3-23
Downward/ ‘
Com- Crew Seat 4.5 - 2.06
hined Troop Seat 14.8 * 2,00 Same as Test 4
Lateral® 9G Minimum No Requiraments

BThe aircraft floor or sidewall should be deformed in the
Rz and gz planas, as detailed in paragraph 3.2.4.4 and in
Figure 3-27, simultanecusly with the G loads spsnified.

Brhe lateral loade should be applied in the direstion whieh.

is most critical. In the came of symmetrical meats, the
loading direction is optional,

®In the event that no load=-limiting device is used in the
forward direction, a 200 load for cabin seats and a 253G
load for craw seats may be used for this combined loading.

drf more than one load-limiter metting is provided, aach
should he tested.

esubsegquent to the stroking of the vertical energy-absorbin%

devica, tha beat should carry a yariigal static lead

of 250, based on the effective welght of the 95th parcen=-
tile occupant plus seat and equipment, without loss of
attachment to tha basic structurel/ a¥cept.wheu.tbe.seat

pac.la.rasting.qu-the_£floor. Plastic deformation is
acceptable in this test,

fT7he forward and lateral loads should bhe applied prior to
the downward load applicationd qu.Bestd.suploylog.vertigal

Q)

glide_tubea.or.guided-wbich.could.diatort.and.cauga.bioudings
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APPENDIX A

CRASHWORTHY TROOP SEAT TESTING
COMPONENT TEST PLAN

1. INTRODUCTION

The crashworthy troop seat test program includes component
teasts, static tests and dynamic tests. This test plan covexs
tha testing of seat components which can be static tested
separately fxom the basic seat structure, Tests will be
conducted in the Instron tensile testing machine which has a
capacity of 10,000 1b., The machine produces a printout

of load versus deflection,

Four component test set-ups will be made, Three of the set~-
ups will test a number of components in series with energy
attenuators, The load, therefore, will ba limited to the
stroxing load of the attenuators. Datermination of excessive
: deformation of components or their failure before reaching
T ' the stroking load will be the prinecipal purpose of the test.
. A Verification of the attenuators' stroking load will also be

= accomplished. The fourth test setup will not include an
b | ansrgy attenuator and therefore will not be load limited.
E | ' The floor attachment quick disconnect, which will be one of
o ' the components in the setup, will be tested to destruction.

\.

; 3. STATEMENT OF WORK
1‘ B

;

L

Perform tensile load texting on crashworthy trxoop seat com-
K ponents as followd:

Test 1 = In this test, the wire-bending energy attenua-
[ tor used for vertical impact load limiting will be

- tested. Also in series with the attenuator are tha

: turnbuckle for coarse seat adjustment and the overcenter
i toggle latech for finml seat adjuntment, tensioning, and
X locking. Thume series of components will be installed

4 in the Instron test machine by the use of adaptar plataes
, (Pigure A-1)., The load will be applied in increments of
1 300 Jb, with the machlne being stopped afier sach incre=
K- ment and any deformation noted. ZLoads will be increased
d until the energy attanuator begins stroking. The

Y stroking will be allowed to continue until the limit of |
: the attenuator length or machine pull distance limit is ]
reached,
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r.ca FIXTURE
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! ADAPTER PLATE
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TURNBUCKLE
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TOGGLE LATCH
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% SCALE

Figure 2-1, Vertleal energy attenuator aml toggle latch test
specimen.
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i Test 2 - The lateral energy-attenuator cable and front
;h floor quick-disconnect fitting and stud will be the

ﬂk specimens of this test, The floor attachment stud and

r pan fitting will be mounted in the Instron tensile

&%, tester at an angle to simulate the normal relationship
ﬁﬂ of the cable with the floor (Figure A-2), Adapters attach

_ the test specimen to the machine., Loads will be applied
| in incremente of 300 lb, with the machine being
stopped at each increment and any deformation noted.
' Loads will be increased until the energy attenuator
begins stroking., The stroking will be allowed to con~-
] tinue until the ultimate of the attenuator or the machine
pull distance lin:t 1ls reached,

.

-

Test 3 - The longitudinal energy attenuator (E/A) and

back floor quick-disconnect fitting and stud will be

the specimens of this test, The floor attachment stud

and pan fitting will be mounted in the Inatron tensile

tester at an angle to simulate the normal angle of the

attenuator strut with the floor (Figure A=-3). Adapters

attach the test specimen to the machine, Loads will

be applied in increments of 300 lb, with the machine

: being stopped at each increment and any deformation noted.

! Loads will be increased until the E/A strut begins strok-

| ing. The stroking will be allowed to continue until the
1imit of the E/A length or the machine pull distance
limit is reached,

b

X

[

il

Taest 4 - The vertical holddown cable and back floor
quick-disconnect fitting and stud will be the aspecimens
of this test. Although the gquick disconnect fitting ia
subject to test in Test No, 3, that test applies a pre-
dominant shear load on the floor stud. Test No., 4 applies
a tension load on the stud and the loads will not be
limited by an energy attenuator, The holddown cable is
of high-strength low-elongation material, and minimum
elongation or stroking will hbe experierced. The test
specimen will be mounted in the Instron test machine in a
manner similar to Tests 2 and 3 (Figure A-4). Loads will
be applied in increments of 300 lb, with the machine
being stopped at each increment and any deformation noted,
Loads will be increased until failure occurs.

178

FP IR DL T LI T T et L nd S (e i i ie b et gieditonty g e e £ Aast o s e 5 SR NG e




|

!
F__l_-J__."”,TNSTRON TEST FIXTURE

I’ n

L

Ml 4 )

ADAPTER PLATE

| LATERAL

gf”""‘E/A CABLE

FLOOR PAN

FLOOR STUD QUICK= .
DISCONNECT FITTING (FRONT)
ADAPTER

INSTRON
TEST
FIXTURE

9

SCALE

=

S I T A S Y TP TSNP T S

Figure A-2, Lateral energy attenuator and floor stud
guick~-disconnect test specimen.
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| INSTRON TEST FIXTURE
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ADAPTER PLATE

\LONGI’I‘UDINAL

él ENERGY ATTENUATOR
- g

FLOOR STUD QUICK=
, DISCONNECT FITTING (BACK)

a SR s S e e =
y/

‘d

N FLOOR PAN

ADAPTER

. INSTRON TEST FIXTURE !

3 vl %- SCALE

Figure A-2?., Longitudinal energy attenuator and floor stud
quick-disconnect test specimen,
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INSTRON TEST FIXTURE

== ADAPTER PLATE

VERTICAL HOLDDOWN CABLE

FLOOR STUD QUICK=-
DISCONNECT FITTING (BACK)

FLOOR PAN

INSTRON TEST

n

Figure A~4. Vertical holddown cable and quick~dimconnect test
specimen.,
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Test Record -~ A force deflection curve printout will be

produced for each of the four tests. The machine speed

will be set at 10 in. per minute and the paper speed

set at 10 in. per minute, Still photographs will be

made for each specimen in the machine before and after

testing., Failed parts will be disassermbled and photo-
-, : graphed.
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AFPENDIX B
STATIC TEST PLAN
CRASHWORTHY 'TROOP SEAT
INTRODUCTION

Contract DAAJ02~74~C~0036 has been awarded to The Boeing Com=-
pany to design, build and test forward~ and aft-facing crash-
worthy troop seats. Component teste, static tests and dynamic
tests will be performed. This document mets forth a test plan
to static-test the troop seats under simulated crash loads and
to determine energy attenuator function and seat integrity.
Five static test setups will be made, twoc for the forward-
facing seat and three for the aft-facing seat,

STATEMENT OF WORK

Static test of the ocrashworthy troop seats shall consist of
the following tasks: )

l, Design and fabrication of a test fixture ‘
2., Seat installation

3, Loading and lnstrumentation

4. Btatic tasting

5. Photographic c¢overage

6. Data of instrumentation recordings

TEST FIXTURE DESIGN AND FABRICATIOQN

A test fixture shall be designed and fabricated which will
support the test specimens in the same geometric manner as it
would be in the alrcraft (Figure B-l). The fixture shall be
capable of supporting the seat, without deflecting, while
loads are applied as specitied in the test section. Floor-
connection pans and ceiling-attachment brackets shall be bolted 1
to the test fixture so that meat quick-disconnect fittings can
be used to rapidly install or remove the seat from the fixture.
The floor-attachment pans shall be installed in a manner so
that floor warpage can be demonstrated (Figure B=2). The
ceiling bracket shall be pin~jointed to permit lateral rota=-
tion (Figure B=3),

S Temr D e Al
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TEST FIXTURE CEILING FITTING

1.25 (MAX) -
50 DIA

ﬁ'ré EYE 250 = (

P
-187 DIA SUGGESTED
HOLE STRAIN GAGE
LOCATION

-

SCAT TURNBUCKLE
CEILING CONNECTION

Nota: Diwmensions are in inches

Figure B-2. Ceiling connection fitting,.
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Figure B~3, [I'loor warpage requirement.
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Tha test f£ixture shall be designed to permit a minimum seat
displacement of 12 in. laterally and 24 in. frontward or back-
ward without contacting the fixture.

The same test fixture shall be adaptable for the five test
conditions. A minimum preparation shall be required to con-
vert the fixture from one test condition to another.

SEAT IASTALLATION

The seat shall be installed in the test fixture as in the alr-
craft (Figure B-l). The floor fittings and ceiling-connaction
locations are interchangeable for forward- or aft-facing seats.
The procedure for seat installation is as Ffollows:

l. Attach turnbuckles at top of seat to ceiling brackets,

2. Release toggle latches at turnbuckles.

3. Attach quick-disconnect fittings at front of seat to
floor studs,

4., Attach quick-disconnect fittings at back of seat to
floor studs.

5., Close toiglo latches at ceiling.

6. If seat im out of adjustment, open toggle latches,
adjust turnbuckles, and close toggle latches.

7. Install safety pin through toggle latch,

LOADING AND INSTRUMENTATION

The specified load shall be applied to the body block at one
point. Load direction specified shall not vary more than +5
degrees as the seat strokes. A load cell shall be provided
in the load applicator, and the output shall be capable of
being used to produce a curve showing force in pounds versus
defled¢tion in inches. TInstrumentation shall be installed on
the seat in the following locations:

l. sStrain gages on the celling connection fittings of
the test fixture (two places) (Figure B-3).

2. Tensiometer attmched to one lapbelt strap.

3, Tenslometer attached to both shoulder mtraps.

4, Strain gage attached to the eyebolt at the end of the
dlagonal=-strut energy attenuator (two places),

5., Strain gages attached to the front and back diagonal
cable fork fittings (load-carrying cable on combined
and side~loading teast only).

6. Load cell attached to each side of seat at lapbelt
attichment fittings and lapbelt attached to load
cells,.
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This instrumentation shall produce a force output in pounds
whlch can be plotted versus deflection in inches. Strain-
gaged seat components shall hot be reused for subseguent
tests,

STATIC TESTING

Five atatic tests shall be performed using a Government~
furnished body block. Prior to the load application in each
test the floor warpage provisions shall be operated to the

‘ extent shown in Pigure B=-2, and shall remain in this position
. ‘ for the tast. Each static test shall be performed as follows,
o using a new seat:

1

Test 1 = Forward=Facing Seat, Forward Loading

A load shall be applied at the center of gravity of the
body block, in a forward direction and parallel to the
floor. Loading shall bhe applied in a continuous manner.
The seat shall bhe photographed from a fixed position at
increments during the deformation. Some stroking of the
calling attenuators at low loads is antlcipated due to
the bowstring effect. As the angle of the attenuator
with the ceiling decreases, the stroking will decrease
until a stable position is reached and the lower,
diagonal attenuators under the seat pan begin stroking.
When the lowar attenuators begin stroking, loading is to
ke continued until the seat pan has moved 10 in. in a
forward direction., Applied load is approximately 3870
1b minimum force, which is 15 ¢ multiplied by 258 lb, the
95th percentile fully~equipped troop walght plus meat
weight. Force versus deflecvtion shall be raecorded
during seat stroking.

Test 2 =~ rorward=racing Seat, Three-Axis Loading

The resultant of the threea-axis loading shall be applied 3
to the body block at the center of gravity. The angle i
of the resultant load shall be detormined by using the
following load vactors:

14.5 3 Downward X 177* = 2567 lb ]
15 @ Forward X 258%* = 3870 1b )

9 G Lateral X 258%% = 2322 1b !

i

* 50th percentile fully equipped troop eaffective vertical i
welght pluer 14 lb effective seat welght.

**95th percentile fully equipped troop weight plus 14 1b
affactive meat weight,
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Loading shall be applied in a continuouas manner. The
seat shall be photographed from a fixed position at
increments during deformation. When the loading reaches
5000 1k (the approximate resultant load), loeding is

to be continued until the aseat has stroked 10 in. in

the forward direction or has gontacted the floor.

Force versus defleation shall be recorded during seat

stxoking.
f: Test 3 - Aft-Facing Seat ree-Axis Loa

The resultant of the three-axis loading shall be

- applied to the body block at the center of gravity.
= . The angle of the resultant load shall be determined
L by using the following load veqtors:

| 14.5 G Downward X 177 = 2567 1lb
' 1% @ Rearward X 258 = 3870 1lb
9 @G Lateral X 258 = 2322 lb

0o The same conditions applying to Test 2 shall apply

g to this test., This test shall be given the lowest
priority, due to its similarity to Test 2, and shall
i be deleted in the event of failure during Test 1 or
i Test 2. If fallure occurs in Test 1 or Test 2, the
: seat designated for Test 3 shall be modified as
necessary and a retest of Test 1 or Test 2 shall be
parformed.,

é Test - Aft=Pag Seat, Rearward Loading

A load shall be applied at the center of gravity of
the body block, in a rearward direction of the seat
and parallel to the floor. Loading shall be applied
in a continuous manner. The meat shall be photographed A
from a fixed position at increments during deformation. 1
; Some stroking of the ceilinyg attenuators at low loads
2 is anticipated due to the bowstring effect. As the
j angle of the attenuator with the celling decreases, the
( stroking will decrease until a stable position is
reached and the lowaer, diagonal attenuators under the
seat pan hegin stroking. when the lower attenuators
begin stroking, loading is to be continued until the
neat pan has moved 10 in. in a rearward direction,
Minimum load is approximately 3070 1b, which is 15 G
multiplied by 258 1lb, the 95th percentile fully
equipped troop weight plus seat weight. Force varsus
deflection shall be recorded during seat astroking.
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Test 5 ~ Aft-Facing Seat, Lateral Loading

A load shall he applied at the center of gravity of

the body block, in a lateral direction and parallel

to the floor. Loading shall be applied in a continuvous
manner. The seat shall be photographed from a fixed -
‘position at increments during the deformation. It is ;%
anticipated that the celling attenuators will stroke ‘
first due to the bowstring effect, Stability is
reached as the angle of the attenuator with the ceiling ,
decreases. When the lower attenuators begin stroking, ly
loading is to be continued until the seat pan has moved ‘
laterally 6 in. Minimum load is approximately 28580 1b,
which is 10 G multiplied by 258 lb, the 95th percentile
fully equipped troop weight plus seat welght., Foxrce
Iarlul deflection shall be recorded during seat strok=-

ng.

PHOTOGRAPHIC COVERAGE

o=
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Photographs shall be taken before and after each tast. Five
pre-test photographs shall be taken showing the complete
saat in the test fixture, The photographs ahall inoclude a
frontal, side, rear, and three-guarter view, and a view
showing the load applicator attachmant to the body block.

A minimun of four pomt-test photographs shall be taken and
shall include front, rear;, side, and three=guarter view,
Additional photographs shall be taken as necemsary to show
failed componants or excessive deformation. Photographs :
during deformation shall be taken as appropriate. o
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DATA

The dats output of all instrumentation used shall be pro-
vided. The data shall be in the form of graphs showing
force versus deflection, ©Deflection shall be measured from

the seat pan.
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APPENDIX C
DYNAMIC TEST PLAN
CRASHWORTHY TROOP SEAT
INTRODUCTION

Contract DAAJ02-74-C~0036 has been awarded to The Boeing
Company to design, build, and test forward- and aft-facing
crashworthy troop seats, Component tests, static tests, and
dynamic tests will be performed. This document sets forth a
test plan to dynamic-test the troop seats under crash impact S
conditions to dstermine energy attenuation and seat integrity. o
' Four dynamic test setups will be made, two for the forward-
facing seat, and two for the aft-facing seat.

STATEMENT OF WORK

Dynamic testing of the crashworthy troop seats shall consist
of the following tasks:

1. Design and fabrication of a dynamic test fixture
Seat installation

Loading and instrumentation

Dynamic testing

Photographic coverage

Instrumentation data acquisgition

o sWN
e o s & @

TEST FIXTURE DESIGN AND FABRICATION

A test fixture shall be designed and fabricated which will
support the test specimens in the same geometric manner as it o
would be in the aircraft (Figure C=-1), The fixture shall be b
capable of supporting the seat, without deforming during dy- :#
namic load application as specified in the test section. '
Floor~-connection pans and ceiling-attachment brackets shall :
be bolted to the test fixture so that seat quick-disconnect '
fittings can be used to rapidly install or remove the seat !
from the fixture. The ceiling bracket shall be pin=jointed ;
to permit lateral rotation (Figure C-2).

The test fixture shall be designed to permit a minimum seat o
displacement of 12 in. laterally and 24 in. frontward or :
backward without contacting the fixture. Adequate c'earance

for dummy limb flailing shall be provided.

It is desirable that the same test fixture be adaptable for
the four test conditions, A minimum preparation shall be
raquired to coavert the fixture from one test condition to
another.
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TEST FPIXTURE CEILING FITTING

w]
I
/_

| _

«50 DIA l

_ ';gZEDIA SUGGESTED
3 STRAIN GAGE
3 LOCATION
1

b SEAT TURNBUCKLE
: CEILING CONNECTION

Note: Dimensions are in inches.

P

Q'l Figure c-2. Celling connection f£itting.
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SEAT INSTALLATION

The seat shall be installed in the test fixture as in the air-
craft (Figure C~l1). The floor fittings and ceiling connection
locations are interchangeable for forward- or aft-facing seats.
The procedure for seat installation is as follows:

1, Attach turnbuckles at top of seat to ceiling
brackats.

2, Release toggle latches at turnbuckles.

3, Attach qulck-disconnect fittings at front of
peat to floor studs.

4. Attach quick-disconnect fittings at back of
peat to floor studs,

5, Close toggle latches at ceiling,

6. If seat 1s out of adjustment, open toggle latches,
adjust turnbuckles, and close toggle latches.

7. Install safety pin through toggle latch.

LOADING AND INSTRUMENTATION

Each seat shall be loaded with a 95th percentile anthropomorphic
dummy weighted to a total welght of 209 1lb, including clothing
and boots. The dummy shall be wearing a combat assault pack

a?d equigment (supplied by Boeing) which will weigh a total

of 29.8 1lb.

The dummy shall be instrumented with a three-axis accelerometer.
Strain gages shall be placed on test components and the test
fixture as specified for each test condition, the output of
which shall show force in lb versus time. The accelerometer
output shall show acceleration (G) versus time, Instrumenta-
tion shall be installed in the following locations for all
tests except as noted:

Strain gages on the celling connection fittings

of the test fixture, two places (Figure C-2).
Tensiometer attached to one lapbelt strap

(Tests 1 and 2).

Tenslometer attached to both shoulder straps

(Tests 1 and 2),

Strain gage attached to the eye bolt at the end of
the diagonal-strut energy attenuator, two places
(Tests 1 and 3).,

Strain gages attached to the front and back diagonal
cable fork fittings (load carrying cable)

(Tests 2 and 4).

Accelerometer (three=-axis) attached to the test
fixture at floor level (two required).

Accelerometer (three-axis) in chest cavity of dummy.
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DYNAMIC TESTING

Four dynamic tests shall be performed using anthropomorphic
dummies with equipment. Each dynamic test shall be performed
as folluws:

Test 1 - Forward-Facing Seat, Downward, Forward, and lateral
Loads

The seat shall be installed in the vertical drop test fixture
and oriented as shown in Figure C-~3, A 95th percentile dummy,
weighted as specified and wearing combat assault equipment,
shall be placed in the seat.

The seat shall be impact tested at a vertical velocity of 50
fps. A triangular impact pulse shall be produced with a
duration and peak acceleration as shown in Figure (-3,

Test 2 = Forward-Facing Seat, Forward, and Lateral Loads

The seat shall be installed in the horizontal accelerator test

fixture and oricnted am shown in Figure C-4., A 95th percentile

dummy, welghted as specified and wearing combat assault equip-
ment, shall be placed in the seat,

The seat system shall be impact tested at a horizontal velocity
of 50 fpa. A triangular impact pulse shall be produced with a
duration and peak acceleration asg shown in Figure C-d¢.

Tegt 3 = Aft~Facing Seat, Downward, PForward, and Lateral Loads

The seat shall be installed in the vertical drop test fixture
and oriented as shown in Figure C-5., A 95th percentile dummy,
welghted as specified and wearing combat assault equipment,
shall be placed in the seat. '

The seat system shall be impact tested at a vertical velocity
of 50 fps., A triangular impact pulse shall be produced with
a duration and peak acceleration as shown in Figure (=5,

Test 4 - Aft-Facing Seat, Forward, and Lateral Loads

The seat shall be installed in the horizontal accelerator test
fixture and oriented as shown in Pigure C~6. A 95th percentile
dummy, weighted as mpecified and wearing combat assault eguip-
ment, shall be placed in the seat.

The seat system shall be impact tested at a horizontal velocity

of 50 fps. A triangular impact pulse shall be produced with a
duratlon and peak acceleration as shown in Figure C-6.
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: TEST 1
! DOWNWARD, FORWARD, AND -
LATERAL LOADS :

DUMMY INERTIA
r LoAD, _‘

}

TRERCRTITY

o
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FRT TSy

LS sE et

AV = 50 FPS !

0.065 SEC

e R T

4 PEAK. G PEAK Guw— :

: The rise time for

- the triangular ;
-' pulses may vary TIME TIME

- between the two - =0 0,8t =] ,
- values illustrated, ‘<—t—-—>l ':—-—1-_

4t

—

-

e

Figure C-3. Impact pulse and seat orientation, test 1.
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| TEST 2
B FORWARD AND LATERAL LOADS

—24G
AV = 50 FPS

0.130 SEC x

‘ <PEAK. G PEAK G—

] The rise time for /R /\\ ;
- the triangular ‘ '
1 \ pulses may vary TIME / PIME 1

- between the two =0, 4t 0.8 = 1
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Figure ¢c-4 . Impact pulse and seat orientation, test 2.
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TEST 3
DOWNWARD, FORWARD, AND
LATERAL LOADS

DUMMY INERTIA —
LOAD y)

10°
iy
& - 480G
i
2 AV = 50 FPS
- 0.065 SEC
b ;r

<—PEAK, G PEAK G—

X The rise time for

1 the triangular ' )
- pulses may vary TIME TIME | !
between the two »L_k-o 4t 0,8t | 3
values illustrated ':—-——-t 1

' e e —

Figure c-5. Impact pulse and seat orientation, test 3.
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TEST 4
FORWARD AND LATERAL LOADS

: DUMMY
! INERTIA
g LOAD
|
L Il :

|
H —24G ,
& AV = 50 FPS L
! .
= 0.130 SEC 1
= ?g
,@ 5
: J
: .

L ad

The rise time for
the triangular
pulses may vary
betwaen the two

3 valuas i1llustrated,.

PEAK G-— | !
TIME TIME -

e

Figure C~6., Impact pulse and seat orientation, test 4.
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PHOTOGRAPHIC COVERAGE

Pliotographs shall be taken before and after each test, Pour
pre-test photogyraphs shall be taken showing the complete seat
in the test fixture. The photographs shall include a frontal,
slde, rear, and three-guarter view. A minimum of four post-
test photographs shall be taken and shall include frontal,
rear, side, and three-quarter view, Additional photographs

shall be taken as necesgsary to show failed components or
deformation.

High~speed color motilon pictures (400 frames per second) shall
be made of each dynamic test. Thres cameras shall be used
providing full coverage of the front, back, and side of each

seat. Redundant cameras shall ba used for front and aide
coverage.

DATA

The data output of all instrumentation used shall be provided.
The data shall be in the form of graphs showing force versus
time or acceleration versus time. Deflection of attenuators
shall be measured after each test. Test data shall be dis-
played in a form showing the degree of compliance with the
dynamic test criteria, paragraph 4.5.3.2 of the draft Military
Specification, Seat, Helicopter, Troop (USAAMRDL-TR-74-93),
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