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AN ARMORED CREW SEAT DROP TEST PROGRAM

CONDUCTED FOR BELL HELICOPTER COMPANY

{Purchace Orxder No. 386351})

GENERAL

S arr

'An armored crew seat has been developed by Bell Helicopter Company,

for the UH-1B/D serxies helicopter. This seat is required (o provide
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occupant protection, vnder impact conditions, at least equnal to the pro.
tection afforded by the standard UH-1B/ID crew seat. To demonatrate
that the armored seat meets this requirement, a test program was
planneé to subject one of the developmental armored seats and a stand-. : j
: ard UH- 1D seat to simuliancous impacts and com:pare the dynamic
regponses of the seat-occupant systems. Particular attention wae B
" directed toward evaluation of the vertical energy absozrbing maechanism

provided in the new seat.

This testing program was conducted by Aviation Safety Eagineering and
Reeearch {AVEER) Divicion of the Flight Sufety Foundation, Incorporated,

at the Dear Valley Tost Facility located 27 miles north of Phoenix, Arizon-

TEST OBJECTIVES

The objectives of this test program were:




1. To determine the dynamic response of the seat structure- occupant

systera under impact conditions

2. To evaluate the energy absorption mechanism of the scats ander

dynanmiic conditions

3. To determine the maximem vertical strengta of the new armored

seat.

TEST PROCEDURES

The following procedures ware followed in conducting this test program.
1., The veriical drop tower facility at AvSER wes raodified to accept

the two teot articles.

4. Accelerometers were installed on tha two seats, in the anthropomosrphic
dummy seat occupants, and on the drop tower cage, to measure

vertical accalerations.

3. Calculations were made to determnine the area and thickne.s of paper
honeycomb reynired to decelerate the drop toswer cage as desived,
Preliminary calibration drop teeis were -onducied to insure that * ¢

required test accelerations were met.

4. High speed camerais were installed to provide 90 degres front and

45 degree side views of tha seat/dumray dynamice during the tests.

5. Seats and dummy occuparis were inctalled in the drop cage. aund the

drop teots ware conducted,
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TEST CONDITIONS
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The test conditions gpecified by Bell Helicopter Company were as followa:

Test No.

Test No.,
ri;'

Teet No,
i »

Tesat No.
{ Tegt No.
| ‘

Teat No.

Test No.

1 - 5G peak acceleration, half sire wave pulee, 0,05 second

duration,

2 - 160G peak

duration.

3 - 15C peak

duration.

& ~ 15G peat

duration,

5 - 15G paak

daraticn,

6 - 25G peck

duration,

7 - 45G peak

duration.

acceleration,

acceleration,

acce'eration,

acceleration,

accaelaration,

acceleration,

TEST INSTRUMENTATION

! Transducers

Model AS5.

half sine wave pulse, 0,05

half sine wave puize, 0.05

half sine wave pulse, 0.05

half sine wave pulse, 0.05

balf slue wave pulse, 0.05

half sine wave pulae, 0,05

second

second

]
[ &

second

aacend

sacond

second

The accelerometers used in this test program were Statham Instrumenis

Thia is a str-in gage type tantrument providing a {froquency




response in excess of 200 cpa. Instrurnents were {nstalled in the following

locations, tv measure vertical acceleration.

1. Asrmored seat frarac
2. rrmored scat accupant peivis
3, Armored seat cecupant heal
4. UH.1B/D geat bucket

5, UH.1B/D geat occupani pelvis
6. UH-1B/D eest occupant head

7. Drop tower cage (No, 1)

8. Drop tower cage (No. 2)

Data Recordin;: Syste: .

The measureiaunts listed above were recorded an & magnetic tape data
recorder., Two rec- sd:ng tvacks were ueed with four measu.‘cemeutg

on ezch track, A CEC 5.)24% direct write oscillogruph wac used during

the calibration drop tests to record cage acceleration, All accelerometors

used in thiy teot program were checked for 2ccuracy during the test cali.

brstivan rans.

Data Procesoing Systera

g'
PORAPHCINFIpUPIATIA - PRPELCIF VAL o9

s The date recorded during thig fest prograxa wag recovered using a tepe

playback muachine and a serive of {reanoncy diserirairators to yeparate

the data. 7The geparate chrrenols of data ware thon recorded uaiug s
ovcillograph pleiter,  The rusulting dnta o prousntcd ay analog tr-vus of

vartieal cceeleration. ia G'e, versun {ime, in coconds, .
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TEST RESULTS

General ,

The seven drop tests were cenducted in the planeced segnence. and tae input
acceleration level achieved ta cach test wae saliciaciory. The armored
crewr saat and the seal support curucture ramained in good conditlon throughwi;
out ?hg test peries, aithough several minor paris were dameaged during the

tests. The effscts of thece myinor parts deformalicns and {atlures will be

discuasad helow.

The insirumentation cystem functioned propexr’y for all tosts, providing
accurats data which allews a geod comparison betwaen the recionse of the
occupant in the armored seant and the cecupant in the standard U« 1D net

geat.
A summary of the data obtained from these tecis ic presented in Table I.

Pro toot and post test phutographe are prencated in Figures 1 throush 9,
These photogravhis are consldored typical of the comnlete serice. The

accelaeration - time cota recorded duriny this test program are pregsuated

~ in the Appendi=.

Date Analysis - Tcet No. 1 (5G)
Test nvmber one wag conducted with the armr:. ved zent buchket o the lowast

verticel ﬂijua?mcat pasition, The drop finlere wao roleasad fxary e height




of vne feot mecsured from the boltom of the four. iuch thick honeycomb

L]

pad used to provida the desired drop fluture aceeleratioa pulce, o that
fultiol irapsct velocity was & feor por cecond, The drop flztuve accelex-
ation cihdeved wos similar $o 8 half sine wave pulse of anprochmately $G
mm:}z.nuan cad 50 railiiceconds duratien, imnmaodiatelr foliowed by a trl.
angular ccive of 9G maniraum and apprerimately €0 miliisecoads. Meao
accaleveticon during these palsee was wypratimately 804G (reference Figure
1, Appendinl. Im responsa to (s faput anseleration, the standexd UH-1D
occupant pely’c faccieration was aleo G peak and approximetely 58 mean,
while ¢he axraored ot occupant paivic zoeeleration was 10G peak and
appraniractely 7G mean, highar nelvic aceeleraton was anticipated

for the remorved sagl ceenpant at thig oooelevction lavel (ned sraxyy levely
since wud - these covditione the honoveomnb etcr gy 2boovber acte an g
solld bir-k and {{ "8 dammray is allowad to contant e eolid lowear ceat

bectat while the cteadayd UH- 1D dommy is maore gradazlly decelerntcd

by the net zeoat,

The 2rtnared nedt wan not d-reagad Ly tals tect. end tho emergy tbcovber didd
not atvo'te The reat ected as & golid, ron eseryy (hoording sent, as it

wau suppaced to o,

Dare Aqitenia . Tes o, o G
For toot roanbt v s the deop fivivre wae releascd from a height of

four S0l vroviains fudoilind dpact velnetiy of 16 (oot per second.




The drop finture was relecaced frora a height of nine feet, and impacted
with a vertical velocity ol 24 feet per second.  The vame enerpgy absorbing
waneyeorab eylindaer was used for this {est as was voed for teects one and

Pl

twre. Araw tlie oLt tho oo was fotnd to hias e moved downward on the

cuzioy nbhaeebing column 5/16 inch,

Drop cage acccleration for this test wae 4G peak and 15C mean, with a

-

v

pulse ukape which eppruiimated a hall sine wave. Urder t acceleration
the vnoet of avmicred cent occupant pelvic acceleration lagged the: oanset of
drop capge acceleraiion by appyaiinately 30 mliliceconds, Peak armored
seat ecccupant peivie acoeleration was approximntely 400G, while the standasd
seat voenpont was seljected to & maximum pelvie coceloraticn of 233G, The
a2t aceslerstione were neaxrly the game in Loth cases, 226 for (he armorad

seat ocupant against 28G for the standard ceat occupant. Rale of enset

2y ocaupact was again higher than for

»
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the standasd rent veonpans,

Daca An~ipeiz - Test No. 4 (16G)
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Teat nucabaes fouy wos contusied endey the garae conditions ap test thres.

A AFerant enersy abworblng wylinder was used Jor this test, with lower

r\

static erusbing wtooreth thau the eylinder used for tecte 1, 2, ond 3
ireforence Table 14, Inth’ ftoes, as in tuat three, the crmored seat

cccunast sulvio accelarail. oo was roore sovere thaa the standard



The teet was conducted with (he armored geat bonel ot i its Jowent verticsd

adjusiment poeition.,  Peak Jdrop cape cccelerarion was 704G and the mean 1
sveeleration wau 100G The annorved acef socunant again experlenced i

hipghcy pelvic acceloration han Qe stevdard TH-LD ncat oscupont, with
eak acccelerat on of 350 ard & mean a. coleralloy o MG, asainst standard
(S

seat ceorpart pelvic acceleretions of 22G poelk and MG weua (vreferene

Liguwve 2, Appendix!,

The cyiindrical heneyesmb cnerpy cheorder wag cruched appruximately

174 inch during this hmpact, but & d mat clizminora high seenpant aceelera
tiops, X ie oigeificont to matice thot the vuset of arrsored ezt ccoupard

poleic naorleration lagred the dused of dvon cuge asculesat’»n by approst
mately 36 tailliseronde while the onaset of sie: davd gozi wcenpsat aceeler:
ation lagaed by oo’y appeastrestoly 10 milaczondr, Shoee o arawed rew
vertical eoergy obsorbing mcchan’ gio oporated at o high hivel of fosce

the large timic lag Lefore accupict accetovalion bugin vevalied in a bist

rata ui oncel of acceloration for the azcupasy, which ia upde: irabic,

Thera wan ns notizenble atrecturel dmg spe ef the nesnored g0t in thig

teat,’

Data Analyais - Test Nu. 3 \1 G

o S an cmens B e e N AR - e S v s

Test nraaber (rce war conduct~d with the cramaved soos buslet ta tia

Jowest certical adinebines ponl T, as wrn Cune Teor obe anml ar Lo .




The drop fixture was releaced from a beight of nine feet, and impacted
with a vertical velocity ol 24 feot per sccoud. The saime energy absoxbing
noneyeoin® cylindaer was used for this {est as was vsed for tects one aad

toru. Aftey thie faot the oot was fououd to hasve moved downward on the

enesr;y obzorbing column 5/16 inch.

Drop cage acceleratinan for this test wae 4G peak and 15G mean, with a
pulse shape which approiinted a hall sine wave. Undez this acceleration
the onoet of armared seat occupant peivic acceleration lagged the onget of
drop cage acceleration by approximately 30 miiliseconds, Peak armored
seat occupant peivie acselecation was approximately 404G, while the standerd
seat pucnpent vas sebjented o a meximum pelvic acceloration of 23G. The
maan accalerstong were nearly (oe same in both cases, 22G for the armored
seat occupent against 231G for the standard seat occupant. Rate of onset

of accelazatic. for the wromored sozt ocaupaet was again higher than for

the giancard et veonpant,

Data Anrlysis - Test No. 4 (153G

Test nuenher foue wes conguesad endex the same ~onditions ag test three
A difierunt energy absorbing cylieder wae used for Gde test, with laower
static crushing steorgth thaw the cylnder used fuy tests 3, 2, ond 3

(reforence Tahle 4. iathi feet, as Ian tust three, (e zrmored seat

cccuptr polvie aceelaration was mese severe than the standard
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an aluminurn tube was placed ir che energy absorbing mechaulsm instead

of an energy absorbing cylinder. In addition, the standard UH-1D crew seat
was damaged by previous tests to such av extent that it no longer could
provide data foir a fair comparison between occupant responses, Thers-

forc, measurements ~° 1t occupant response wero not taken in this test,

The mazimum drop cage acceleration foz this test was Z0G and mean
ce, ¢ accelergtion was 15G, Under these input acceleration conditions
ths armored seat occupant acceleration was 59G peak with a mean accel-
eration of 33G. The shape and intensity of this acceleration pulce cleosely
resembled the armored seat occupant pelvie acceleration pulses obtained

from the earlier 150 tests, tests thres and four.

in this test the vertical seat adjustment locking pin was sheared. It was
improperly installed, ard did aot extend fully iato the adjustment huia,
Conseguently, the impact force was concentrated cr a portion of the pin
which was tapered and did not develop fell gﬁln shear strength. There

was co other failure of the seatl or supporting structure during this test.

Data Analysis - Tast No, 6 (25G)

For test pumber six the d.op fiuture was releaced from a height of 25 feet,

impacting swith a vertical velocity of 40 feet per second.

Before this test the vertical adjustment luclk pin was repaired and an

erergy absorbing honcycomb cylinder was installed in the energy absorbing

10




mechanisam (reference Table II}). The seat was placed in a vertical

position approximately half way between its lowest and highest positions.

The energy absorber allowed the seat to move downward 2 7/16 inches

during this impact and 8o rebound occurred, Even go, the armored

seat occupant acceleration was approzimately 63G maximum and 50G

mean, for a drop cage acceleration of 46G maximum and 25G mean,

The vertical adjustment lock pia did not fail under this loading. Pins
used ¢ bold vibration isclating springs In place inside the seat bucket
vertical support tubes ware driven up inside the upper sliding fittinge
attaching the seat bucket to the ver .al support tubes, however. It
appears that this significantly increased the friction in thege fittings and
increased the force level at which the seat bucket would move down
along the vertical support tubss, wkich inpreased occupant acceleration
to 68G's. As in earlier tests, there was no damage of the "primary"

seat structure.

Dxta Anslysis - Taest No. 7 (40G)
Test number seven was conducted nnder the most severe conditions of
thie t;st serias. The test fixture was released from a height of 34 feet

3 inches and attained an initial impact velocity of 46 fecet per secord.

No repairs of the vibration isolating system were attempted prior to
thie test. The energy absorbing honeycomb cylinder was replaced, however,

and the seat was agaia placed in an intermediate vertical position.

11




During the impact which reeulted from this & 'p the peak cage acceleration
wes »7G and the mean cage acceleration was 38G. The occupant experi-
enced 83G peak acceleration with a mean acceleration of 43G. The

snergy absorbing honeycomb was crushed 2 1/16 inches.

During this test the vibration isolator spring holding pins were driven
further into the sliding fittings, as discussed earlier, In additicn, the
vertical lock pin wes sheared again, this time through a full pin diamater;
Sorme twisting of the seat structure occurred during this test, apparently -

dae to ylolding of the simulated {loor structure.

DISCUSSION OF TEST RESULTS

In no case during this teat series did the armored crew seat used provide
an acceleration environment less severe than the envi;onmsnt provided
by the standard UH-1D crew geat. From this standpoint this seat ie
irferior to the standard UH-1D svat, However, the strength of thf;a seat
and the method of attachment of its res?- iint harness combine to provide
good occupant restraint ander all the conditions experienced in this test
program:. The standard UK-1D zeat deforms under the loads encountered
in these tests to such an extent that its floor mounted lap belt is in effect
pulled up toward its occupan‘t"s chest. The loss of proper restraint which
occurs dus to this allows the occupant to submarine and causes a loss of

occupant protection in the staudard peat, This submarining action is even

more severe under comblned vertical and longitudinal loading.

12
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Overall, the occupant protection afforded by this armored seat at
acceleration levele up to 15G's is considered to be approximately equivalent
to the protection offered by the standard UH- 1D crew seat. At input
accelerations above 15G, no comparison ig made, because the standard
seat deforms eo much a8 to loge a large portion of its protective capa-

bility.

Incorporation of a vertical adjustment locking pin which vieidly signals
when it is properly inserted into the adjustment hole would serve to
preclude premature pin shearing failures such a8 occurred in test five

of thia series,

The datz obtained from thege tests indicats that the vertical energy
absorbing mecha‘.nis'm used in this seat did not operate efifectively, even
though honeycomb crushing did cccur in the enexgy absorber. This is
gshown by the high occupant acceleration levels which were encountered.
One possible cause of this situation is a difference between the static
crushing strength of the horeycomb cylindars, used fur enorgy absorbers,
and the crushing strenéthe vnder dynamic conditicns. , It is recommended
that this possibility be investigated by dynwmlc crushing tesis of both bare
honeycomb cylinders of knewn static sirength and honeycomb cylinders
installed inside housings such as are to be used on se~ts. In this way

the static crushing strrength of the crushable saaterial may be optimized.




TABLE !

SUMMARY OF ACCELERATION DATA AND IMPACT CONDITIONS

Teat Numter

Location of

Acceleration {G's)

and Conditicun Traneducer Mean Peak
Test 1v Drop fixture 5G 9G
Drop height 1 {t. Standard UH- 1D seat _
Impact velocity 8 ft/sec. Seat frame 5G 9G
Passenger pelvic 5G 9G
Passenger head - 4G 8G
UH-1B/D armored seat .
Seat bucket 6G 11G
. Pasgenge. polvie 7G 10G
“Passenger head G 12G
Teat 2 Drop fixtare 10C 20G
Drop beight 1 {t, »Standi.~d UH- 1D seat '
Impact velocity 16 ft/eec. . Seat frame 10G 20G
S -Passenger pelvic - 14G 22G
Passenger head - 15G 23G
. UH-1B/D armored soat
" 'Seat bucket 13G 43G
Passengér pelvic . 20G 35G
Pasesenpger head - 20G 38G
Test 3/ Drop fixture 18G 24G
Drop height 9 ft.” ' Standard UH-1D seat
Impact velocity 24 ft/cec Seat frame I15G 31G
' - " Passeager pelvic 21G 33G
Pagsanger head 23G 40G
.~ UH-1B/D armore? geat
Seat bucket 16G 41G
Pasoenger pelvic 722G 40G
Prosenger head 25G 52G
Test 4 ° Drop fixture 15G 25G
Drop height 9 ft. Stapdard UH-1D seat
Impact velocity 24 ft/eec. Seat frame 16G 38QG
Pasaenger pelvic 21G 33G
Pasgenger hoad 20G 35G
UH- 1./ armored sec®
Seat bucket 17G I8G
Passenger pelvic 25G 51G
Pascenger head 19G 40G

14




TABLE ¥

STATIC CRUSHING STREMGTHS OF ALUMINUM HONEYCOMB
CYLINDIERS USED FOR INDEVIDULL TRESTS OF THIS SFRILS

Henceycomb Cylivder Used and |

Test Stetic Compressive Strength |
1
2 ffl 4550 1b Average crashing strength
3
4 2 3830 1b Averapge crughing stremgth
5 #3 Alwminum tube cormprescion block - Solid
6 4 4510 1b Maximurn cyrushiug strength
7 45 4220 Ib Maximwm cruching strength

16




Figure 1. View Showing Armored Seat and Occupant in a
Typical Pre Crash Position,
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Figure 2. Dyop Fixture with Scata and Occupanta in
Posltion Just Pricr o Release {Typical)
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Figure 3. Typical View of Jiandard JH- 1D Beat and
Occapant Fallow ig an ¥ntermediate fcceleration
Level Test.
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Figure 4. Typlcal View of Arracred Seat and Occupaut
Following sa Intonredinte Acccleration level
Teel.




Figura 5. 'Tyrical ‘'ront Vicw Showing Both Seais and
Occnpanls Foliowing an Iniermediave Acceleration
Level Tost,

Tigove 6, Post Teut View Showing
Extent of Vertical
Deformation of the
‘zgndord UH«1D Scat
Under Condiddons
Encountared in thic
Taot Serice.
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Figure 7. Post Crarh View of
\ Armored Scat zna

S IO Occupant FFollawing
o the 40G Accelervation
o Level Test.
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LACCELERATION DATA
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Figure 1. - Acceleration Data - Test No. 1.
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Figurc 2. - Acceleration Data - Test No, 2.
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. Figure 2 Cont'd. - Acceleration Data - Test No. 2.
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| ARMORED SEAT OCCUPANT PELVIC ACCEL, - VERT.
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+104-DROP CAGE ACCELERATION - VERTICAL
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Figure 3. - Acceleration Data - Test No, 3.
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