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VERtTICAL. U~?'t3ST SEIIS NUMBER? THREE

I ~INTRODUCTION

The AeroIjet-Gen1e'al Coap-cat-2cmn U. cga,,;cd in th~e developmeont c-of

an armrroed crev. so fo'r Cam Bell 'JH.A ID series haelcopt -r It

Is required that the. armznod see.~t -.3vlupod in thr program. prvt-,ctI the seat occuparet. aga.i.nrt irappc ut least as , weE. asi the stayn&rd

UH. ID .z ev.eat. Tor tihtjWv.j'- cnpace with this requi~rzeut, a

test program. was initiated in Ma~y 1965 -drn, whic~h the armre~rd

seat and1 a standard UPIT ED3 c-Amm v~are xruS-je0t'~dtc cntrc.fIle

vosrtical impucts. oear~~icf t~le vc;--ýtc:xd nceel craticixý

arpplied to Man se~ats and tbeisr occuppta.,s wcre recordd. SP1dy of tha

rectrci-cl.dat na m,-1.q -pi-tuat barim ~or

amoreit@ crew ccv.1 4t- 1 96(i by AvhkAt..'1 S*,.rAtj

ZI MAY 1965
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The re*its of the first series of teats conducted under this program

are presented in AvSER 1leport M65 -Z4, d4 June 1965. The second

test serLes is rep".rt--dn ,IAvSER Report M66-1, 18 January 1966.

TEST OBJECTIVES

The objectives of this test series were:

1. To determine the response of a redesigned armore4 crew seat

under 15G and 5G vertical irip•.c condittono.

Z. To com)pare the respence of the redesigned armnored seat with

the response f r. standard UHA ID crew seat tested in May 1965

under the same conditions.

TEST PROCEDURES

The follw-'Mg proc4dures were folloed to c•r•duct •t•s tot series.

1. The AvSER vertIcA drop to'.-e #.,cflity was mof.filed to

accept the cing.e teot azrticle. This modificationi tncludpd the

addition of bala.vt weigh,. to brfng tho total •i•gL•t of the

drop cage and tact articlot tQ 1, 680 pounds. Thte ballast

ctonpenatted fs. 'Ite w0ight •f the UIT. ID 6a.t and d-.mmiuy

seat acc,.-uitt-cd f-r approrxr'm.t.Ay 137 pouwnd, the dtunmy occupant

186 pouils. awd the drop ca,:A Lu-d b•lIst wetiged 1, 357 pounds.

Z. Intue;'I't;" ""t.~ • .%I the drop cngt-,

. . . . . . . . . . . . . .......... ............. ...........
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3. Two high-mjwed movie. ca12ifurn (500 frnemes per vvcc~ndi were,

--- - insta11Id, -pro 4isi a Ar~ vicv os1 a 44w aI*r- 'edr vf the

seat and4 duirny luru g2'0-s

4. The iarmor.ed ceat mr-4dm=,Ainy ocxupantr~ere fn~vtn!1d ~ithe

drup -C&g4 anid tw J.rep tee-t: vtivit

TEST COND15IT0NL.

The test cuntdition!A opec-die4 yArjt.Ge~ called for vortlca!

imrpac~ts at the fe.110ming Acaced E~n levalv.

.Tet N. 1..150 aehdce-k-re~~ ialf Gine w7&va pulsie,

0. 05 seconid durMatfou

Test No 2 S0 p~ak docelcrtin, h~alf sime wave Lmý0

The acuut.-C irk thle tat: soriwti "Vere 61tt~baxn Xna.tr:xanCMta

Mode;1 AS ucctA;rcrrvmteru. Tim-ve t r &t -. et~ !~roW

which pimi a;I f)qaueoýy %%an'.. twvf2 !5.Ovof200 cyzt'u pn'rt

g~tmoun r:e ~ 1~~ v i ow±tM bi:-vOin .Icti.'



4. Armf.red Sea't 0;.-(up~nt -. Pelvic or~R ij,

S* . Arm oed Seat O~ecupziit - -Head

Electrunic Datta Recrd-ing Syetamn

The incabreenerts li~sted above ~re- reocrded on a MUgasettc, tape

recording syniera. This eyotein utilizes a constalut bam~fdwIdth 1FM/F M

multipleax minat-jlat-In te-chnhjue in which the ana4og signal from the

traneiducer ýs counve rt.%d by .3 -bcarrzimr eocllator hito a h~eqiiency

devlati*6 to 0tr inp.ilt Sik&nal aMnPMit4.d. S8Vci.& Of theise

subicir~e :ý,c',Aa~i a tputs &Yt combined hi a m~ixer aznplifter.

and the raaulthi.-g znpaslite &wgnel in then recorded-oa out track cf

a 14-Atwac1k tipe record,d;. In this taot "iere the data obtatned fro~m

ec;Xi vttt w,.~I recurdIed on c;-,ie truck cof the tape ,cecc~rder.

El ctron!.7 D~ata Prcegoti-g Byatm

Td. data ~r.don the daita reco~rding 3ystem wasn reco-mrad by

playboack mtt.1iltr :-~iwvs V%2 compowite sigzal from each tr~.k of

tbim t,.;tU'71 nadI ;ctJt it I:.cgha ter~~:. of F M disc rim Inatoyti.

Th~aon licyl.rnti L tr utart th~ :n~pusita signal ticvrws

oulicarrier tc devlttcotiv. Th4.,te froquvucy dav~lati~mu ar. thod*

converte~d to an wi0q? aigaud~ wl'Ich iv recor~ded on an oc~ilaogr4,ph

~ 1~ :rj~.tt~tingcit~i g4ph rocov.~dtt VI~m) a'va-.l:1bta an tin

4 . A

____ ____ ____ __ ~~ .. .. ý



Photo~ ~ toT REPRODOUCBLE

Photographic IiA-muantntat!.on was providzd by two rhot oionic, 1 B

16 mrm motion picturs catrwa~as operataing at approtmdnnte1y 500

framesi per secenid. Timing &anrd err'ebtian was provided to aid

in analiyzing thie m-otiomr±; of the seat auld occupanit mizd correlating

this motion viafth th-ý ac'c1 raions men.aured dur24ug each tefst.

TEST RESULTS

Ezanintfem f tv!ravultz of thlet tw&o drop tezt6 lc~aiteb that

thedat frrn hec teoa re compavabloxvih the-data ob* a,: d frwom

seat structure occurred ftrirag the 1 5C toest. This cleftdrmattean

was slight, howev~ir, and did n~ot detracst frorm the protectloa afforded

F the occupant ina tahh4 tc.st tmane. In both te-wtv of thfs &Serive th-s

occuymut remained upright --d wol1 retra~ir.d.

A summary~ ýjf thm dta't~ *L~t.ziuncd $rWOaf t~i ter~!, uri, aln vdhxanvo

of the data frejar t~r erier tosti isi presorxted in. Taeble. I.

Pro- arad jt.ti.ihot. r'rcvphw of Tcst No. I are~ pneoeutrd in

FferojI5 11thmug'h 6. T1Ilttei p!hoto.g:.-nt.r: i#.xe cow, Irtreld tyv~~

bf thL, p=Yr'tt Th o*~I ~riscf Chta.wt

The acelerAtcv.-.-time UtorI-;atf th dt i reo r~tud Avir'.11 thev~ yawwrt.y

1966 test pro,,vram.vpe..ic t~a ~e A. Append-,= B ctaitidns i

acceleram--ter dids.- ?s-crixcd dt~v~the May 11765 verct.



The input. a~ctccratio pulý.(,c ?ca acceitr~.tion) achiev,,ed ill

this test ic x, h to tht 1zrput tclertfon in the !iMay 196~5 IS50

test, so that a compariuou may be raide between the recults uf

thin, test and the earlier onv.

Figure 7 presen~ts superimpoan curves shtwing a-ata obtained

fraom the 15G tects of each test xerieis. Measuirernentc of drop

cvage acetlerait~c. sect accelernztion, and occupatt pelvic

accelerati(;x ai-3 included, to provide direct comparicon of

the resultý. obtafned froma the three tessts.

Thtv arrnorfid výýat r.'cap~nt expertance-d a single accaorlitivn pulse

with ui pezk accelaration of 490 and a mean aecelerattcra bf 310.

Becauc rof the Increased rate of ca."et and the high m-4nmuinm ao)aleratloi,

*this acco1eratimr. evircvnmevt would lilw- y produce a n-)one 3evt-re

effect v~w ;i hzintcccapr~t Vartt tho ocutpant accele:ý vtkIM ex~

W" thv 15S0 tensto lu *a fi-At tin;t e er!.ew~.

(Referewnce accel- Vim,, to-r %-'v vi n riguro 7 and Owe Appendices.I

TEO, ter't prmduý:e~d irnoe d.oranticn of the urmored zeat suppert



for this tect, anld the e.:ipport ttbo ben~it n4r t.ho al-~i cie hf g. hct

expioed vttick.-l pcottlurnaw 'AM bIit et1d;:.ge cz be wcon !n

a~rror parnel mnic, exit of tb-- upp-tr~ i 'm~ in- P1,4e.

Tho riigt forward coriwr o! tba scat pon vi.zv pvamncý-te~tl dell.ktctd

deflected dovwuwai~vrd 13/16 inch. The ehummiy ccC.. I ctdd

do-rward In the seat enough 3/4t to 31 inch to

aippolimately 141 /Z irncham of L~ý- fitz-te 1:p batt. *Thlt. p;-rnaau:n

dovmwariI de4fl"ctfrn , b.aziefichm1 aa an ~i:y ~ reLti

for vorftl,%l imp~cts. 'The 'o.aa-1 ~ki;Wv- c~ th- irni in;&a

bE~~ ~t~c~kd, ~ 20 tl-uvt L:~ y ~ c~' it~c~'



11-v he input A~ eari>;.c ''t Occu- zx pcd . aceei ai-Z~u wa~i

1eIt ,tjp ue r Q; in L ~' th 1, mc , z r c.~ f be :3ttndrIT UH- I D

th Al -Ih tzstv. Thed

as lbut ~ c,:oiiigr via~ - yxgCapacity to

OL-3CUS.'3O0N OF TEST Rj^ULTS.

to thr-, t;-ýs v,ýE2 on 1. T.navw 111'66 ts-.) The f teat

by At~1 the t!h %gi t I,196 u& ils

tO th;vl b~ iy Cý- IJ*-Us,...IDcev ez.
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+1OG DROP CAGE ACCELERATION - VERTICAL

-0G

I O

" ............ IH-I-D Seat- i-21-65

-0G[ -' •rmored Sea -1-27-66

.-30G

+10G -.+IOG.---

I.

-lOG -H-iD Seat 5-21-65
.rmored Sea - 1-11-66

-20G -
S

-30G --.

SEAT OCCUPANT PELVIC ACCELERATION - VERTICAL
+20G - -

0* *do-

+1OG ...

-20G -

.3 0G i / .............. l l c .I 5 -
--.. rored Sca - 1.

,l __ '-_--__ rmored Sex - I- ,'

0 05 .10.15 . 20
TIME (SECONDS)

Figure 7. UH-IB/D Armored Seat Test No. I With
Results of May 1965 and January 11, 1966
Tests Superimposed.

13



ARMORED SEAT OCCUPANT PELVIC ACCEL. VERTICAL

-O+10G'

0

-10G

20G

i ~-30G

-40G.

-50G

ARMORED SEA T OCCU PA.N', HIEAD ACCEL. VERTICAL

S,,

-loc

40C/
-50G .. ...,

0 .65 ,o 05 .2S0

TIME (SECONDS)

I Figure 9. UH-I W)/I ARMORLED) SFAT TEST NO. I
TI1IRD TE:ST SERIES.

S~14



DROP CAGE ACCELERATION VERTICAL
+10G

0•o V •,,
* -10c

-0G

+ 10C3ARMOPEED SEAT ACCEL. VERTICAL (RIGHT)

0,

-10G

u-20Gi

-30G -.

ARMOREJ SEAT ACCE.,, VERTICAL (LEFT)
+10;

-10G
-2o(1

"-30C

-40d!- ._.
0 .05 .1l . 5 Z... o .

.TI ME• (SE.CONi1¶S
Figure 8. 0II-1/,/D AIllN1OI(1I) SE4AT TEST NO. I

TIiIRD) TEST 5'W"EIS.
, 1 5



DROP CAGE ACCELERATION VERTICAL
+1OG

-10G

-20G __,_____

ARMORED SEAT ACCEL. VERTICAT (RIGH.T)+t1OG -.... . .

+10G

-Z0G __ _ . __....

AtMORED SEAT ACCEL. VERTICP L (LEFT)

0- 
-

-20G . .. ' ". .
0 .05 1 .15 .20

TIME (Sl'.CONDS)

Figure 10. UI1-IB/D ARMORED SEAT rEST NO. Z

THIRD TFST SERIES.

16
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ARMORED SEAT OCCUPANT PELVIC ACCEL. VERTICAL

-1 OG

-ZOG

ARMORED SEAT OCCUPANT HEAD ACCEL. VERTICAL
+10G

0

S-10GII
0 .05 .10 .I5 .20

TIME (SECONDS)

Figure 11. UH-IB/D ARMORED SEAT TEST NO. Z
THIIRD TEST SERIES.

I1



APPENDIX A

OSCILLOGRAP11 DATA RECORDED DURING

SECOND TEST SERIES - JANUARY 1966



+20G DROP CAGE ACcET.JERATION - VERTICAL

+10G

10

* -10GI -o20G

S20G . .AARMORED SEAT ACCEL. VERT. (R1GuT

+20G GIT-

I +10G

0 -

-10G

I ii , -2 0 G3

ARMORED SEAT ACCEJ, VERT. (LJ],'T)

S+ lOG

.0_+.IOG ...

-10G

0 .05 .10 .15 .20
TIMY (SIECONDS)

Figure Al. UHf-kn/i ARMOiREDSEAT TEST NO. I

19



ARMORED SEAT OCCUPANT PELVIC ACCEL. -VERT.

+ZOG

+10G

ARMORED SEAT OCCUPANT HEAD ACCEL. -VERT.

+20G

0

TIME (SECONDS)

Figure AZ. U11-11/D ARMORED SEAT TEST NO. I

20



*I

.- 0 DROP CAGE ACCE.L. - VERTICAL

+10G

_20G

ARMORED SE~AT A. VERTC (IGTT
+ZOG

+10G

10G

ARMORED SEAT ACCEL. VERTICAL (LEFT)

+10G

0

-10G

-20G

Figure A3. UII-IfID.ARI41,'ED SEAT TEST NO. 2.a21



+20c ARMORED SEAT OCCUPANT PELVIC ACCEI. - VERTICAL

+10G

0

-10G'

-ZOG

-30G

ARMORED SEAT OCCUPANT HE..`D ACCEL. - VERTICAL+20G.. . .. . ....

+10G

0

-10G

_20G0

3 0

-3G 0 .05 . 10 .15 .z0

TIME (SECONDS)

Figure A4. UH-IB/D ARMORED SEAT TEST NO. 2.

22
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* DROP CACITE AGGELY. -. 1;711TICAL ______

10G

-ZOG -v

-30G~

ARMORED SEAT AGGEL. - VERTICAL (RIGHT)
+20G

110

20G

ARMORED SEAT ACCEL.I-, - VERTICAL_(LFYT)
+10G_ _

0,

-.30G

0 .05 .10 is .ZO
TIME (SXCONDS)

Firairc A5. UlI-1fl/T) A1PMOREI)-, SEAT TEST NO. 3.
23



+0 ARMORED SEAT OCCUPANT PELVIC ACCEL. - VERTICALS+Z0G

+10G

0*

-10G
¶ --O

-30G

-40G

ARMORED $EAT OCCUP"ANT HEAD ACCEL. - VERTICAL
+20c,

+10G

O 06

-.30G

+ uo .1 .1'

o *f

TIME (SECONDS)
Figure A6. UIl-i 11/I) ARMO1IED SEAT TEST NO. 3.
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APPENDIX B

OSCILLOGRAPH DATA RECORDED DURING

FIRST TEST SERIES- MAY 1965



DROP CAGE ACCELERATION - VERTICAL
+20

- 2

+10
, 

1,

+ 0 .,_ _ _ _ _'

-20

UH-1D SEAT ACCELERATION - VERTICAL (LEFT)
+20_

+I0

4-011

0.

-10

UII-ID S.,:AT ACCEIJ:I,;RATION - VERTI]CAL (tU•GIIT)

+20. -

+ 0..%....,.....

05 .10 .15 .20
TIM, (SE.ON !NO),1

1il:ure, 1Hi. WII-I U/i) SE \• TI.I ,T NO. 1.
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UH-ID SEAT OCCUPANT PELVIC ACCEL. - VERT.* +Z0

+10 .... .... _

0

-10

UH-lD SEAT OCCUPANT I-H';:AD ACCEL. - VERT.+20

+10

-0.___"_" 
_ ..____"___-- "

-20 :_ _ _ _ _ _ _ _ _ _ _ _

ARMORED SEAT ACCEL. - VERT. (RIGHT)
+201

SI

+10.

--I t.i
-10

0 .05 .10 .15 .20
TIME (SECONDS)

Fpigre B13Ž. Uli-I)A/I) SE'AT TEST NO. 1,

Z7I



* I
I

+20 ARMORED SEAT ACCEL. -VERT. (LEFT)

+10__ _ _ _ _ _ _ _ _ _

iJ +I0

-10 ______ ______ ______

-20 _ _ _ _ _ _ - _ __ _ _ _ _ _ _ _ _

ARMORED SEAT OCCUPANT PELVIC ACCEL. VERT.

+10 -- _ _ _ _

* I

0 -

* -10

-20

ARMORJi) SEAT OCCUPANlT HEAD ACCEIL. - VERT.r +20 l -

ir

44

+10 .0 15

. .- . .~ .. .... .. -

TIME (WECONDS)
Figure B33. UI I- -SIBI PEAT TEST NO. 1.
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I i

DROP CAGE ACCELERATION - VERTICAL
+20 -..... ... . . -

+10...-

0

-10

UH-I-D SEAT ACCELERATION - VERTICAL (LEFT)
+20 -.

+10

-10

-20 -

-I _UH-I1D SEAT ACC."-IfEPA TION -.Vy.Fi,',TJCit. (j~ll'r)
+20 -. ...

o0
o -o

0 .05 .10 .15 .z0
TIME (:';;:CONDS)

. r UI-I /DS2 AT T'9" NO. Z.

' 29



UII-ID SEAT OCCUPANT PELVIC ACCEL. -VERT.

+20 -

+10-_ _ _

-10 _ _ _ _ _

Wli-ID SEAT OCCUPANT HEAD ACCEL. -VERT.

10

+20*

-10~

o .10

Figure B5~. Ul1IB/)i,* 8fl7AT rx \10 N . Z.

LA



+ RMR0 SEAT ACCETL. -VERTICAL (LEFTr)

* 0

* ~~~-10____ __

-20 ____ _

ARMORF.D SEAT OCCUPANT PELVIC ACCEL. -VERT.

+10

-01. - .o~

-.20 ______

-30 ____ _

-40
0 .05 .10 .15

TIME (SECONDS)

F~igure* B6. U116-1)3/1) SL~AT TEST NO. '
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II

ARMORED SEAT OCCUPANT HEAD ACCEL. - VERT.
+20

+10

*-10

-20 '/ , - . .... . ..

0 .05.05 Z

TIME (SECONDS)

Figure B7. UI-IBiD SEAT TEST NO. Z.
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DROP CAGE, ACCE~LERATION -VERTICAL

+101_ 
_ _ _ _ _ _ __ _ _ _ _ _ _

0 P-01 0

-10_____ 
_

UH-1D) SEAT ACCELERATION - VERTICAL (LEFT)

+10

0 .05 .10 .15 .20
TIME (SECONDS)

Figure B8 UH-l-B/D SEAT TEST NO. 3.



I I i

UH-.ID SEAT ACCELERATION -_VERTICAL (RIGHT)

+10 " . ... i

If
0..

Il ..20

UH-ID SEAT OCCUPANT PELVIC ACCEL. - VERT.

+ 1 0 " '_. -

TIME (SECONDS)
Figure B9. UH-IB/D SEAT TEST NO. 3.

34

. q .



UH-ID SEAT OCCUPANT HEAD ACCEL. -VERT.

+10

*0

-10

-o20 _ _ _I I"
-30 . .

ARMORED SEA'.T ACCL. - VERTICAL (LEFT)
* t +20

+10

0

-10 . .... . . . _

-30 
-

.05 .10 .15 .20
TIME (SECONDS)

Figure B10.., U11-iB/D SEAT TEST NO. 3.
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ARMORED SEAT ACCEL. - VERTICAL (RIGHT)

+10___I+o -

-107
*20

ARMORED SEAT OCCUPANT PELVIC ACCEL. - VERT,
+..20 - - - - - '

* ~+10--

-10 _

-30 _ __"

-40

0 .05 .10 .15 .20
TIME (SECONDS)

Figure J:11I. UIl-IB/D JEAT TEST NO. 3.
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+0ARMORED SEAT OCCUPANT HEAD ACCEL. - VERT.

+10 1

-30

0 .05 .10 .15 .20
STlh\IME (SECONDS)

Figure B12. UH-IB/D SEAT TEST NO. 3.
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