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FOREWORD

The work described in this report, although performed by ARA, Inc. under

contract to the U. S. Navy, also included the important contributions of the

U. S. A-my Aviation Systems Command and U. S. Navy/Naval Air Development

Center personnel. In particular, Mr. Daniel Sabo was the AVSCOM Project

Engineer who directed the overall effort of the program and was instrumental in

solving many of the interface problems of the crashsurvivable seat with the

aircraft. Mr. Marvin Schulman of the U. S. Navy/NADC, was not only the

principil technical director of the program, but conducted all the dynamic tests

at the NADC sled and drop tower facility. Numerous other personnel at

ARA, Inc., AVSCOM, and NADC, contributed measurably to this program.

Their efforts are appreciated.
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Final Report on

"Armored Crash-Worthy Seat for

Fixed Seat Aircraft"

I SUMMARY

The acce!erations which can occur during crashes of rotary- and light

fixed-wing aircraft have been shown to be injurious or fatal to human occupants.

Under a joint Army and Navy program, ARA., Inc. developed a crash survivable

seat using Government Furnished Equipment in the form of an ormored bucket,

restraint system, and cushions. The seat system was designed to meet as many of

the requirements of MIL-S-58095 (AV) within the physical limitations of existing

space requirements in present helicopters. Based on a maximum of 8 inches of

vertical stroke when the seat is in the lowest position, the seat pan accelerations

were witnin the tolerable decelerations for the 95th percentile crash, that is, a

50 feet per second crash velocity with a triangular deceleration pulse of 48 g's.

The weight penalty of the crashsurvivable armored seat compared to the

existing seat in the UH-1 helicopter, which is limited to crash decelerations of

8 g's, is 7-1/2 pounds. By modification of the present GFE cushion and restraint

system in the UH-1 , this weight penalty could be reduced so that the weight

penalty cue to crashsurvivability is negligible.

In addition to meeting the crashworthiness requirements of MIL-S-58095(AV,,

all of -he required environmental tests were also concluded. The results of all the

environmental tests, which the seat successfully met, ore summarized in this

report.
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ft. I NTROCUC1ON

The IxVact kwccz duo to decielemflem which occtf during a potentially

survlvc-be cr- of rc"zy and iIett-flmd-wing mlllhry alrcroft have oftan boon

fouM to be Injkrlv or fatal to flying pcrsonnel. The Army, Navy and Air

Force have 6cm seekng an attenuation system~ which will limit thcw. Impact

farce to htman tOlmance levels and increcse Ow ch-ance of crceh .urviv•blity.

There era cwa wheor somre seats in military light aircraft and halicoptvm hza•,e

failed In acc ld-sr"ý In which the Integrity of the fusmlage structure which surowilIs

occupants wr;s rmoinvalld. In order to alleviate the forces troncltad to occu-

pants d8ring a crczh, a shocl attenuating soct-occvpont systel is c&led to

be necam~ry.

The Army hei studled previous crczhos and consolidated tha d~1gn critcr~a

of aircr•t structul cmhworthiroms and occu;=nt occeleratlan eivironmant into

the Cuuh Survival Design Guide I1 information pre•nted In this dsign guide

will be uged *t ougut this report. From collected crash dfta, the ntnety-flfi•l

Vercenitio (954h%) crash load was determined. The crash pulse was found to be

closely ap oa•mated by a triangular pulse. The h.-non injury level is in goneral

well below the pIk loads sustained duwing a crcd. Tlhe ability to rcdc. n.w

crash Iced to the hxnwan tolerance level -.dth minimum structural wtloht, cost

and long term relilality are all factors considered important by the Army in

their dign iu•jidti.

7Ve prent report is a summary of the work done under C~otract

N62269-72-C-OW57 in developing an armored energy attenuaxting crewmen seat

for fRxd sent aircmaft. The description of the bucket and frame siuort system

Is given In Section fl. A two-dlmersionzI mcth,=ztlel M*&l for devoicoon.2

tie design and iWathomatical anulysis of the seating system was dsveloped.

-2-



Tha analytical results of the dynamic response to various imwct conditions are

described in Section Ill. The loads obtained from the dynamic analysis were used

to evaluate the stress and size of the frame members. This stress analysis is

presented in Section IV. The next two sections, namely Vard VI describe,

respectively, the results of the developmental dynamic tests and the environmentl

tests of the seat system. Upon comoletion of ARA's test program, prototype units

were delivered to NADC for evaluation. These prototype units incorporated all

structural changes required by the ARA test program. Section ViI describes the

results of the NADC acceptance test.

Ill. GENERAL DESCRIPTION OF SEATING SYSTEM

The assembled configuration of the armored seat and supporting frame

structure is shown in Figures I through 3 and the engineering top assembly drawing

is given in Figure 4, ARA Drawing D-2387. The armored bucket is attached to

the upright frame through a system of six (6) energy absorbers. The energy

absorbers (E. A) are ARA's veloc;ty insensitive TOR-SHOKs which have unique

square wave load-deflection characteristics. During an impact, the stroking

E/A's attenuate the accelerations exoerienced by the pilot. The degree cf

attenuation is determined by the combined mass of the seat bucket and ailot, and

the preset loads in the E1A's. The final E/A loads in the seating system were

determined by the dynamic analysis and a series of dynamic tests.

The purpose of using a shock attenuating seat frame is to limit the maximum

G load experienced by the pilot to within the human maximum allowable level.

In the dynamic ana!ysis, the pilot and the bucket are treated as a single rigid

body and this combined body sustains about half the G load of the inout peak

- 3-
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G In the takulor pd= In tha verttio Impact. The 5th and 9.th percentile

pilot were ued In the dyr.;lc a mlyah ed the 950 piercentile pilot ws wed In

#ae dymmk tests. ince the hu•an bdy cen telcate higher G adu In the

harlaufl drectlon then In the varti! d•rectlen, and the arrawft cah ota

m tha t a reGtar p=& G Imp4zse @)dsts In the vertcal direction, tA* proet

meetIng system Is prImrily detned such that the enerly cbsrbws bring the set

to ret in a contrlled attenuation rate In the case of the mint severe vortlesi

Impct. Reference I ws that the Impact G lozd In horizontal crzhem is wlthn

humaqn Welrance. Thmfwe, the awtto lon system In te horizontal direct on

Is designed to Minimize the strwtst=1 wdIht of the frme system. The dynamic

emIy)si for fth 6drlw•! impzt cana allows for this eptlmimtlon while the

harle+aIl sl•d test •it •the stnctuc'w! Ir •:/ of the not s•-.tem.

Ihe weight of the snt frome, Includin, the F./A's Is appron'matoly 30

powmds, which Is a d~sacr of 25 pm~ over the previoussw pyeno sntlr'g

meat d•signed by ARA, Inc. 121. The €&crd In welcht Is attrIdb to re-

omangInq the F/A's and mcdldfyln the baI freme. The two min vwetial hbes

whicd repreeont the major structural rawbors hove be reduced in heigt from

35,I/2" to 20". The new deden Is much more cammpct ond stlIfer than the

prevlous om, and yet, Is only 7-1/2 p•nds heavier then the n cy-

ebsorbing fmma -nd In cwrent fixed se*t aircraft. The seating syetem Is ploced

on rails with 16-inch ceters, whcch Is c sttlbl with most current fixed seat

efrereft.

The adaptr br6ckets for curront fixod se2t aircraft armred ceramic

buicets have been dus!ned. hJIng the exfsting hole pattern, they aem ued to

mout necesmmy clevlaft end had varo for attaching the Inertia real, seat belt

and E/A m-mbrs. In th event tOt a now L:•t Is fabricaWtd, the hole p:attern

- B-



in the bucket si)ould be modified to eliminate the use of these adapter brackets.

The range of vertical and horizontal smat adjustments which meet the

requirements of KAIlitary Standards MIL-STD-1 333 and MIL-S-58095 (AV) is shown

in Figure 5. Tbe 4-way seat odiustment is for the 5th through 95th percentile

pilot popuktioi. and provides a 5-inch vertical adjustment and a 3-inch fore-and-

aft adjwvtment in increments of 1/2 Inch.

IV. DYNAMIC ANALYSIS

The three most Important degrees of freedom in defining the motion of the

crewmen seat during a symmetric crash are pitching, formrd and vertical move-

ments. They constitute the main limiting factors in determining the E/A stroking

forces. The computor code to analyse this three-dimemlsonal dynamic response

of the seat and pilot has been developed previously by ARA, Inc. under Navy

Contract N00156-71-C-0890. The geometry and loading conditions were assumed

to be symmetric with respect to a plane passing through tha seat's CG and Fore-

and-aft axis. This computer program was used to calculate the Initial value for

the E/A stroking ferces and to locate the optimum F/A positions for the presert

seating system. The dot,-led formulation of this two-dimensional crewman-seat

model is given In Reference 3. The following assumptions are made in the

mathematical nmdl:

(1 The pilot and bucket are treated as a single rigid body.

(2) Elastic deformetion of the seat frame Is small and negligible

when compared to the E/A's stroking distance.

(3) The pilot and the seat system are symmetric with respect to

the vertical plane pawing through the soot's CG and the fore-and-aft

axis.

-9-
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Figure 5. 4-Way Seat Adjustment.
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The faorars which effect the final design of the energy absorbing system

include the Infput pulse, the effective occupant weight, the weight of the movable

part of the sent, the characteristics of the seat cushion, and the evailable stroke

distance. A typical impact pulse used in the dynamic analysis is shown in Figure 6.

The vertical, horizontal, and oblique impact decelerations with magnitudes as

suggested in Reference 1 were performed in the computer simulation when the seat

was at the uppermost position. Table 1 summarizes the ar5ytlcal results obtained

for the displacement and resulting G load experienced by the combined pilot-

seat ma= for three design implt pulses. The 95th percentile pilot was used to

establish the worst impact condition imposed on the sfting system. The pilot-

seat weight conflguretlon is summarized in Table II. It should be noted that the

effective weight of a seated occupant as suggested in Reference 1 has been used

in computing the responses for the vertical impact.

During the study of the motion of the seat, several dynamic character-

istics pertinent to the design of the F/A's were observed for all loading conditions.

The bottom E/A was often in compression during the impact. In order to limit the

arrount of seat pitching and to maintain a minimum clearance between the seat

bottom and 'he supporting frame structure, the bottom E/A was allowed to stroke

in tension only. For the case of vertical impacts, the middle E/A dominates the

energy *bsorbing capability of the system. It was found that the final vertical

displacement or the seat varied approximately linear to the force setting of 'he

Smiddle V/A. If the allowable vertical displacement is known, the force setting

of the F/A can be easily determined. For the present design, the available

maximum vertical stroke distance is approximately 8 to 8.5 inches. For the

horizontal impact, it was observed that the top E/A plays the most imporrcnt

role iwet6Imizing the pitching response of the seot. The force setting of this

-11 -
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Table It. Ptiot-Seot Weight Configuration

Pilot Weight Percentile 95th 5th

Weight of Pilot & iquipmnent, lbs. 211 146

Weight of Bucket, lbs. 127 .. 127

Total Weight, lbs. 338 273

Rotational Inertio, lb. (moss)-In 2  232 199

Effective Weight, lbs. 293 241

Effective Inerttl, lb. (mon)-in 209 183

-14-
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,/A wainu cho mmi such tha the 6maxinmus on•r pitch arile of the not was

limited to 18 dvre".

Thoe ppmtry of the final mtat configuration with F/A's Is 9wn in

Flows 7. The force setting of F/A's and the stroklng responses due to three

design Impact Wlpses are given In Table III. The attenuated G load e)Tmrienced

by he pilot-tt single rigid body with the 5th end 95th percentile pilots for

dcfferent Impacts are sho-- In Figures 8 through 10. The final dsplacemants of

the met for the 95th percentile pilot are shown In Figures 11 through 13. For a

vertical crash puise, Figure 8 shows that the 95th percentile clothed pilot

exainrluences an overage deceleration of 16-1/2 G and the 5th percentile clothed

o~cupent exper'ences approximately a 20 G average deceleration. Thuu tho

pmeeW seating systamn meet: th requirement of Section 6.3.9 of MIL-S-58095 (AV)

for e 5th throgh 95th percentile occupants. FHgur. 14 combines the average

reepem of the present analysis with that of Figure 12 in MIL-S-58095 (AV).

This fgre clearly shows that the occupants do not experience occeleration with

platemis lasting longer anc/or greater In magnitude th= the valuos reqxresnted

by tee naximmum acceptable acceleration duration-magnitude curve given in

Figure 12 of MIL-S-58095 (AV). if a boron carbide bucket had been umeo in this

aralysli such that the bucket weight would have been reduced by 25 pounds, then

the diffrence between the 5th and 95th percentile vertical responses would have

been larger. On that bals, the 5th percentile would hove exceeded the toiermnce

level of MiL-S-5M095 (AV). In order to reduce the response for the 5th percentile,

thna larger strok wmAud be required for the 95th percentile, requiring a hle

in the floor. Thus, the optimum eat Is not necessarily the one with the ligntest

bukert from the stardpoint of eithr stroking rc•uirerments or cost.

-15-
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It Is lmz r•knt to note that the pilot-bucket response curve shown in

Flowe 8 h= th lame m enral shp as the curve of th, optimum energy absorber

reaemsondd In References 4 lnd 5. Due to the transient response of the occupant,

an optimum energy a rber would be required to deflect at a higher force level

early In the Imsect, and then yield at a lower level when occupant constraint

force develop. This is to control the phenomenon known as dynamic overshoot

of the occupant relative to the seat. One of the major anomptions made in

constrvcting the mathematical model In the dynamic analysis was that the pilot

and the bucket were treated as a simple rigid body. If further dynamic analyses

should be required, the mass model should be revised to study the dynamic over-

shoot and to reflect the relative motion which exists between the pilot and the

"seat bucket.

In addition to calculating the dynrmic response of the pilot-soot rigid

body, the computer progran also calculted the dynamic loads applied to the seat

supporting frame during the Impact. It Is these loads that were used to oroiyze

the stresss and to determine the size of the various numbers of the seat frame.

The stress analysis is discussed in the following section.

V. STRESS ANALYSIS

The design loads of the frame members were obtained from the dynamic

analysis described in the previous section. The detailed stress analysis is given

in Appendix A. Unless otherwise stated, a safety factor of 1.5, relative to the

yield strength of the material, was used In designing aol load carrying members

of the supporting frame. This safety factor was chosen becauoe some uncertointy

exists in the pr'dlction of the dynamic loads due to the idoalized assumptiorn

made in the analytical model. in addition, loads used herein reflect only the

-25-



I.

sy~metvlc loh•rd, which mey be inina6sqto when the loads due to coupling

b0ween the symmetric and onti-symnotrIc t-nditlons we introduced. A safety

factor leu th•n 1.5 is accepted In the final design of certain memw r only when

*th loods ars charty definsd or are non-critical.

Except for the slding rails, alloy steel AJSI 4130 heat-treated to an ultimate

streegth of 180,000 psi was used in most of the structural critical parts. For non-

critical parts, low carbon steel 1010 was used. The bottom mils were made of

eluminum alloy 7075-T6 becauee of its excellent machinab•Ifty end IIGht weight.

The design menchancal properties presented In Tabl a 2.3.1.1 (a)and 3. 2.7.0 (f)

of ML Handbook 5 wem used for the materials mentioned above. For steel joints

wilded after hint t•tment, Tab!es 8.2.1.1.2 (a) and (b) of MIL IHndboc. 5

were used for the allemble strength near the weld. For material heat treated

after weldlng, 'ho alloIe strength in the parent metal near a welded joint was

taken to be eqwaý to the allowable strong+ for the material in the hoot-treated

co•d tion.

In s•me c3es whore ML Handbook 5 denotes only the ultimate strengths,

the corresponding yield strengths of AlSI 41 30 as given In Table 2.3. 1. 1. (a) of

the same hancdbcok are used. The yield strength In ihe•r is also aesoed to be

equal to the ultimate strength In shear multiplied by the ratio of yield strength

and ultimate strerTn in tension.

The engineering dat- on the response of the present energy-absorbing

crew so•t system to various types of impact is lImited. In deigning this seat

frame structure, some conservative engineering judgements have been used. As

more of engineering data of the seat becomeos available, it will be possible to

refine the system and use lower factors of safety In its design. This would result

In a lower weight structwre,
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Vi. DEVELOPMENTAL DYNAMIC TESTS

Upon completion of the design, complete seats were fabricated and tested

on the ARA, Inc. drop tower and sled facility. The major accomplshments of this

phase of work were the verification of the structural integrity of the seat frame

and the establishment of the proper E/A loads for meeting the performance speci-

fications of MIL-S-58095 (AV).

A photograph showing the position of the seat and dummy prior to a drop

tower test is given in Figure 15. A 95th percentile male dummy was placed in the

seat and the seat was then positioned in its rearmost horizontal location and its

uppermost vertical location. The uppermost vertical location was chosen as it

results in the maximum loads applied to the seat frame during an impact. All E/A

lengths and the seat's location relative to the floor and frame were measured. The

drop platform was then raised to the desired height and released. The G load on

the seat frame was controlled by four large E/A's positioned at the bottom of the

drop tower. After the impact, the lengths of all E/A's and the relative position

of the seat were again measured. The difference between the initial and final

positions is the motion of the seat.

Two drops were performed, IA and IB. After measuring the final position

of the seat at the end of the test 1A and without repositioning the seat, the

platform was raised again to the desired height and dropped constituting test 1 B.

In the test IA, only one accelerometer was mounted on the platform to record the

impact pulse on the seating frame. An additional accelerometer was mounted on

the bottom panel of the bucket in the test lB. Two switches at 6" apart were

located right near the impact point so that the actual impact speed could be found.

Table IV summarizes the impact and responses. It should be noted that the responses

- 27 -



pp

28

17j



Table IV. Summary of Drop Tests.

Drop______ Tes I A I B J Remarks

el tl ~ .,am830

84 86Measurod Input
Static E/A force In
:Bottom Platform 27I72.

15otto Platform Movement1n1  1.4 1.3

ito.hzlW.ltch, saM. 0.656 1.656

X"-o Sea -icsc- .0.681 "L68 Data Trace Reading

1lRnJt. Pulse Duration, sec. 0.021 0.021

4n._- PulsePeak G 53.0 57.0
'TheoreticalIlmpact Calculated fron-.

Sft/sec -- 21.2 21.4 Drop Height
Calculated from Distance

Actual Impact Speed, ft/sec. 20.4 20.4 iBetween Two Switches
Calculated frn.impacs3pd.

lnut Pulse Average G i 30.2 30.2 & Duration~ of Input Pul m,

,NSRP Displacement,
;Horizontal, in 1.30 0.05
*!NSRP Displacement,
ýVerti~cal,_in 3.50 1.43
I nitialI Thi gh Target
,A~Ie, dog. 6 12 Measured Responses
FTirsl Thigh~ Target

Angedg. 12 17~

KýA Stroke, Top, in 0 0.10

-VA Stroke, Middle, in 3.33 1 ,40

ILE/AStroke, Bottom, In j 0 0
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of the seat in tests IA and 1B are different because their Initial positions are

ltremnt. The structhral intcgrity was maintained during the two €ropi. No

simle structural faWlure w d&toctad. The 4-way seating adjustment functioned

perIly after the tcth.

For harizoatal Impact testing, the soot •as fi.t attached to a specially

A dgne horizontal impact sled. Figure 16 is a photograph showing the crew seat

aetched to the sI•d. For the test, the sled was accelerated to the desired velocity

by p•shing it with a truck. At a distance of 120 feet from the rigid barrier, the

hruck was braked allowing the sled to roll freely the remaining distance into the

barrier. Sled gudance was Frovided by connecting the right front wheel of the

sled to a guidance cabie and a control arm. The G-level to which the seat was

subjected was controlled by six VA'" (ARA's can~tznt force TOR-SHOK energy

absorber) mounted on the front of the sled. As In the drop tests, the seat was

petitioned in Its rearmost horizontal location and its uppermot vertical location.

All F/A lengths and the seat's location relative to the floor and frame were re-

carded before and after the test. The motion of the seat is then the difference

between the Initial and final positions. A 95th percentile male dummy was used to

r44resent the ;ilot. To aid in the interprotation of the Impact, high speed motion

pictures were taken during the test.

A review of the slow motion pictures shows that the Impact speed of the

sled was 53.3 ft/sec. The sled and the seat were subjected to a constant 27.4 G

pulse with a duration of 0.057 seconds. Table V summarizes khe impact and

responses of the seat during the sled test. It was observed that most of the kinetic

eemrgy of the soat was taken out by the top V/A members as expected from the

dynamic analysis. The left side panel of thie bucket be•ýame loose but remaired
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Table V. Summary of Horizontal Sled lest

INPUT

Sled Weight, lb. 2300

! Ipact Speed, ft/sec 53.3_ _

Impact Duration, sec 0.057

•Sled Front /A Force lb 63000

Sled Front ok in 115.9

RESPONSE OF SEAT

Top Left _ _,95_.

E/A Stroke, in _T_.p Right 2.00

ýMddle Left 0.10
' Middle Righti 0.25

!'Lef__t 0 .13

in. Rear Bottom Corner [ RightSVertical Displacement

IRight __ 0.25
in. Left 3.33

Front Bottom Corner3SRiaht 3.45

1 Left 0.30
Horizontal Displacement i Rear Bottom Corner R

in. Right 0.35
eft 0.10

Front Bottom Corner 0._h O __25

L4.9

Thigh Tangent Angle, deg. _Right -5.6 (Pitchdownl
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on the bucket. The fact that the back panel of the bucket bent during the test

indicates that thi pitching of the upper torso due to the flexibility of the harness

restraint system added an angular acceleration to the 27 G horizontal acceleration.

Again, no structural failure In the seat frame was detected and the seat adjustment

mechanisms worked properly after the Impact.

The impact at a speed over the required i ft/sec as stated in Reference I

demonstrated the structural integrity of the crew seat frame. The basic engineering

concept of attenuating the G-load experienced by a pilot during the impacts through

the use of a system of E/A's was verified by this series of vertical and horizontal

impact tests.

ViI. ENVIRONMENTAL TESTS OF SEAT SYSTEM

Prior to the full acceptance of any crashworthy armored fixed seat for in-

stallation in an aircraft, certain environmental tests must be conducted to verify

the adequacy of the sect to those environmental conditions described in

MIL-S-58095(AV)oand MIL-STD-81 08, Notice 1. Based on these two documents

the following environmental tests were conducted:

A. High Temperature Test

B. Low Temperature Test

C. Humidity Test

D. Fungus Test

E. Salt Fog Test

F. Dust Test

G. Vibration Test

The tests were conducted by Ogden Technology Laboratories, Inc. during

a period frzm 19 December 1972 to 23 February 1973. A U. S. Government
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Representative witnessed all the tests. An Ogden prepared rtpcrt, No. F-72683

was submitted to ARk Inc. and a copy of this com,-Aet. repr is provided In

Appendix B. In wuminary, this report states that the seat fhame competed the test

program without visible evidence of any physical damage or deterioration, After

the sect hod experienced all the environmental tests, each TOR-SHOK was

activated individually and the running loads on each wen found to be within

+ 7% of the leods meosuxed originally prior to the environmental tests. Based on

On" measiurements, the seat frame assembly met all requirements of MIL-S-58095(AV)

and MIL-STD-810B, Notice 1. Finally It should be noted that in order to meet

the vibration test requirements, a complete seat assembly using the armored bucket,

and restraint system as well as an anthropormorphic dummy was utilized in the test

to properly simulate the loading conditions on the frame assembly.

Viii. SUMMARY OF NADC ACCEPTANCE TESTS

Crash ;oad tests of pilot and co-pilot models of the crashworthy armored

seot were conducted at the NAVAIRDEVCEN (Naval Air Development Center)

horizontal accelerator and drop tower facilities located at Philadelphia, Pa.

"A 95th percentile ballasted anthropomorphic dummy (Alderson CG95QA)

weighing 213.5 lbs., with flight suit, APH-5 helmet, and shoes, was used for all

tests. The restraint system consisted of a conventional 3 Inch wide lap belt

(Type IV per MIL-W-25361, mndified to facilitate attachment of the belt directly

to the bucket), and 1-23/32 inch wide shoulder straps (Type VIII per MIL-W-4088).

The major modification to the lap belt was the location of the belt length adjusters

near the attachment release bucket at the center of the lap belt.

Monitored data included input acceleration at the drop tower base or sled

deck, input acceleration at the seat mount plat*, triaxial dummy and seat

-34-



accelrations, cnd selected energy attenuation loads."

Dwring the drop tower tests a modification to the upper TOR-SHOKs were

required In order to prevent the seat from bottoming out on the deck. The modifi-

ration consisted of placing "stop" rings on the outer and inner tubes of the

TOR-SHOKs. With this arrangement the upper TOR-SHOKs could not break

loose as was evidenced during Test 1 and Test 2 on the drop tower. Once the rings

were Installed, the two drop tower tests were repeated and the seat operated

properly.

During +a sled tests the rod ends attached to each end of the TOR-SHOK

were falling due to Improper heat-treat of the body portion of the rod end. When

all of the rod ends were replaced with properly heat-treated ball joints, the seat

operated as designed for all of the sled tests.

A summary of the test accelerction data obtained from the drop tower and

sled tests is provided In Table VI. Test Nos. IA and 2A represent the two drop

tower tests with the upper TOR-SHOKs modified with the "stopping"rlngs.

Tests 38 and 4 represent the two sled tests with the added change of replacing

the rod ends on all TOR-SHOKs with properly heat-.t.eated components. Additional

Information is provided in Table VII for the same four tests with respect to the

loads and maximum displacements of the TOR-SHOKs.

The most Impulant acceleration traces are those associated with the

combined angle drop tower test (Test 11A). The acceleration traces for this case

are provided In Figure 17. In addition the associated TOR-SHOK force measure-

ments are provided in Figure 18.

A detailed description of each of the tests has been summarized in a letter

from the Commander, Naval Air Development Center to the Commanding General,

U. S. Army Aviation Systems Command. "Eight dynamic tests of the armored
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crashworthy seat were conducted from 10 April 1973 to 30 May 1973, four tests

on the drop tower and four on the horizontal accelerator. The seat system was to

be qualified in accordance with MIL-S-58095(AV). Two objectives were required

for the dynamic tests: (a) no loss of structural integrity of the seat system, and

(b) limitation of the seat pan acceleration to a value not in excess of human

tolerance to vertical acceleration. " Excerpts of the NADC letter to AVSCOM

concerning the tests are provided herein in order to provide detailed information.

A. Combined Angle Drop Tower Tests (1 and 1A)

Photographs of the installation for this test are shown in Figure 19

prior to impact, and in Figure 20 after impact. "The bucket was tested in the full-

down position and rear most adjustment with respect to the rails. This aft horizontal

position was used for all subsequent tests. To preclude the possibility of complete

breakaway of the side panel armor from the seat system, the following modifica-

tions and precautionary measures were taken for all tested seats: (1) The aft

side panel adjustment hole (position used for all tests) was reamed out to a depth

of 1/4 inch to insure positive locking of the spring-loaded adjustment pin, and

(2) a 3/16 inch hole was drilled in the side panel lip to permit the attachment of

a safety line which would preclude breakaway of the panel but not affect normal

operation."

"Test 1 resulted in stroking and separation of the top pair of TOR-SHOK

E/A's. Separation occurred at the end of the impact pulse and was followed by

impact of the right forward corner of the bucket with the deck. The pitching

motion of the bucket caused the bottom TOR-SHOKs to come in contact with the

horizontal adjustment actuator arm deforming it, however, the seat remained

firmly locked in position at all times. It was concluded that the upper E/A's

required a modification to keep the inner and outer tubes from separating."
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"Test IA a repeat of Test 1, was conducted with modified upper E/A's which

were designed so that they would not separate at the end of stroking"

"The bucket impacted the deck at the right forward corner. Measured

downward deflection of the seat was 6-5/16 inch on the right side and 4-5/8 inch

on the left side. The forward pitching motion of the bucket caused the bottom

TOR-SHOKs to contact and deform the horizontal adjustment actuator arm. The

seat remained firmly locked in position throughout the crash test with the

dummy restrained in the seat. It was concluded that the seat met the intent

of the Test I condition of MIL-S-58095(AV)."

B. Vertical Drop Tower Tests (2 and 2A)

Photographs of the installation for this test are shown in

Figure 21 prior to impact and in Figure 22 after impact. The bucket was tested

in the full-up position and rear most adjustment with respect to the rails. The

vertical input crash pulse simulated !he pulse required in MIL-S-58095(AV).

Test 2 was conducted with a co-pilot model seat using the unmodified

upper TOR-SHOK E/A's. "The test resulted in stroking and separation of the

top and middle pairs of TOR-SHOKs. E/A separation was immeed'otely followed

by bucket impact with the deck."

Test 2A, a repeat of Test 2 was conducted with modified upper E/A's

identical with those used in Test IA.

"Inspection of the seat after the test showed it to be intact and firmly

attached to the floor track. No portion of the seat contacted floor structure

and the dummy was restrained by the shoulder and lap belt. Measured downward

deflection of the seat was 7-9/16 inch on the right side and 8-1/2 inch on the

left side. Because of the large vertical displacement resulting fiom this test

condition, the top TOR-SHOKs made contact with the middle TOR-SHOKs during seat

stroke and were indented. It was concluded that the seat functioned within the

design specifications and withstood the vertical crash pulse, Figure 23."
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C. Combined Angle Sled Tests (3, 3A and 3B)

Photographs of the installation for these tests ore shown in

Figure 24 prior to impact and in Figure 25 after impact. The seat was subjected

to the Test 2 condition of Table iV of MIL-S-58095(AV).

Test 3 and its repeat, Test 3A resulted in the foilure of the bucket

attachments to the TOR-SHOKs. Specifically, the ball joint rod ends failed

because of insufficient heat treatment.

Test 3B was conducted with modified rod ends rated at 11,000 lbs.

"Inspection of the seat after the test disclosed that the port side rail

partially failed in Test 3B just before the end of the input pulse. Analysis

of the data and camera coverage indicated that the threads of the tiedown bolts

were stripp'ed prior to the shear failure of the rail. Inspection of the seat

after the test showed that it was intact and Miill attached to both rails.. The

damaged port side rail warped the seat s' that the right forward corner of the

bucket was tipped toward the deck. The dummy was fully restrained by the shoulder

and lap belts. It was concluded that the seat met the intent of the Test #2

conditions of MIL-S-58095(AV). Figure 26.
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D. Forward Sled Test (4)

Photographs of the iretaliation for this test are shown in

Figure 27 prior to impact and in Figure 28 after impact.

"The seat was subjeclc. 6,- the Test #2 condition of Table IV of

MIL-S-58095(AV). The bucket was tested in the full-up position. Because of

the failure of the rail mount bolts experienced in Test 38, the coarse-threaded

1/4 inch bolts were replaced by MS-20004 allen bolts. Inspection of the system

after the test event showed the seat to be intact with the dummy restrained by the

harness straps. The cantilevering action or the dummy on the forward edge of the

bucket plus the inertia load of the side panel assembly were sufficient to pull out

some bolts retaining the seat back to the right side and rear of the seat pan. Five

bolts along the right inboard side of the seat and six bolts along the bottom of the

seat back pulled out of their topped holes. However, the seat back and side re-

mained attached. It was concluded that the seat met the design specification and

performed satisfactorily, Figure 29." This was the last test conducted by NADC

on this seat program.

In summarizing the NADC acceptance test program, the following

general remarks are provided by the NADC letter report:

"The system was to be evaluated in terms of structural integrity

and the limitation of vertical accelerations on the seat system occupant. Tests

1A, 2A, 3B and 4 all met the criteria for seat structural integrity and dummy

retention.

Al though no test resulted in the breakaway of a component from the

seat system, deceleration of the bucket in Tests 1, 2, 3 and 3B was momentarily

uncontrolled due to previously noted failures. The bucket impacted the deck

in Tests 1, 2, ]A, 3, 3A and 3B. With the exception of Test 2, the bucket

was in the full-down position with an available clearance of 8 inches for
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vertical stroking. Aside from the obvious failures in Tests 1, 2, 3 and 3A, it was

expected that the front corner of the bucket would contact the deck during the

combined angle vertcal drop test. Post experience has shown that the combination

of pitch and roll would cause an asymmetrical loading on the system resulting in the

unequal stroking of the E/A's forcing the front side edge of the seat to tip downward

and sideward. Mabst of the Input energy was dissipated during the movement of the

seat and it had little differential velocity in relation to the deck when it mode

contact. For those tests where the sect contacted the deck the traces indicate a

short duration spike wi th an "overshoot" acceleration. In all cases where it was

concluded that tho sect performed satisfactorily, there was little damage to

the underside d the bucket. Contact of the seat front edge with the dock occurred 1

during Test 3B because of the partial fail ure of the track. As noted previously,

the track failure was attributable to the use of improper tiedown nuts and bolts."

"11Titroughout the test program the side armor panels were retained on the

seat. Although the moveable panel was released from its upper guide brac'.et in

tests 1 A, 2, 3, 33 and 4, restraint was still provided by the panel mount and spring-

loaded adjustment pin. The GEE seat cushions identical to those presently being

used in the Army UH0- helicopter armored ci awmon sect, were used during all

testing. The one piece cushion is constructed from aluminum tubing welded to-

gather to form a frame. Raschel netting Is used as the crewnan support surface.

Inspection of the frame after each test revealed evidence that the dummy'; coccyx

contacted a portion of the tubing after the netting supports Failed. A two piece

cushion has been proposed as a substitute for the GFE cushion. It is constructed

from sheet aluminum bent into seat and back support forms and Is covered with

Raschel netting.



7 7

Measured vertical seat accelerations for the drop tower tests indicate only

marginal compliance with the criteria of ML-S-58095 (AV). Figure 12 J

MIL-S-58M95 (AV) requires the limitation of vertical seat accelerations to 23 G

or less for all durations in excess of .0058 seconds. The longer durations at the 23 G

level for Tests 1A and 2A were apparently caused by th6 "stop" rings in the upper

TOR-SHOKs. Although the now TOR-SHOKs result in higher j oat accelerailos

at the end of the seat displacement, they also provide a more controlled decelera-

tion of the seat since the bucket is always supported, even in the ewent of 100%

utilization of available stroke. Strain gages placed on the TOR-SHOKs to aid in

evaluation of seet system performance gave force readings which were generally

much higher than the preset forces specified in the design. Since deformation of

the TOR-SHOK cylinders was evident in some cases (oil-conning of the TOR-SHOK

end cap, etc.), the force gages will give higher readings than actual due to the

occurrence of some plastic deformation of the TOR-SHOK tubing.

Some additional comments on the performance characteristics of the

crashworthy seat appear warranted. It should be noted that the upper or top

TOR-SHOKs do not stroke but rotate during the initial vertical displacement of

the bucket. Consequently during this period of time the vertical deceleration of

the bucket, as shown in Figure 17, Is wall within the tolerance level specified by

MIL-S-58095 (AV). However since all the energy must be absorbed within 8

inches of vertical displacement, the upper TOR-SHOKs after rotation to the

horizontal position has been completed, then start to stroke, which provides for

an additional component to the bucket vertical deceleration. As the bucket

moves further vertically, the upper TOR-SHOKs have rotated to an almost vertical

p•oition (which contributes even further to the bucket vertical deceleratiot.) and

in addition, due to their small stroking capacity, start to slide the helical wire

-56 o
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elements which further Increases the force level In the upper TOR-SHOKs. These

two combned effcts ca€ase the "bottoming out" effect shown in the vertical seat

pan d€elerauton curve of Figure 17 (first curve). The insose ;n the force level

of the top TOR-SHOKs when the wire is sliding is shown in Figure 16. Also shown

In this figure Is the relative constant values of the middle TOR-SHOKs which do

not experience any appreciable wire sliding. For this impact condition, the bottom

TOft-SHOKs do not experience any appreclable stroking and consequently were not

Instumented. The bottom TOR-SHOKs do stroke when large lateral accelerations

are -experienced by the seat pan.

In order to Insure a soft "bottomin' out" condition of the seat pan in the

vertical direction, the support rings in the uppor or top TOR-SHOKs were a

necessity, due to the very limited available disjlacement of the bucket and the

length of the uppr or top TOR-SHOKs. By uwe of the multiple fovce variation

of the upper or ton TOR-SHOKs and the rotation angle, the vertical deceleration

of the seat pan can be made constant at a tolerable level for most of its travel

but yet re4Wn a soft "bottoming out" condrition, as shown in the first trace of

Figure 17. It should be noted that this trace represents a very severe crash

condi ti on, namely, a 95th percentile crash (50 feet per second) and the relatively

large weight of a 95th percentile pilot. If either or both of these two conditions

are reduced in severity, say a 50th percentile crash and a 50th percentile pilot,

this soft "bottoming out" condition would not exist and the maximum seat pan

decelerations would be well within the tolerable limits specified by MNL-S-

58095 (AV). Based on the maximum available seat displacement of 7-1/2 to 8 -

inches, the present design optimizes the intent of MIL-S-58095 (AV) which

specifically requires a minimum vertical seat pan displacement of 12, and not

7-1/2 to 9 Inches.
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Since the present ARA, Inc. deslgn was tailored to fit existing aircraft

conifluretions as well =wing existing GFE wat components, the performance of

the priwsnt seat In term of tolerable vertical deceleratlons appears to be optimized.

Thw vertical dummy decelerations are largely diclated by not only the

vertloal seat pan deceleratlons but In addition, by the elasticity in the restraint

system. Unfortunately the dummy experiences no vertical deceleration until half

of the Impulse deceleration duration was been experienced (See Figure 17, fourth

curve). This characteristic mearn that the elasticity of the restraint system provides

no restraint initially, but then the restraint system "catches up" with the dummy,

resulting in high vertical deceleration loads. This situation can be alleviated by

relocating the inertia reel to the top of the armored bucket (which reduces the

length of shoulder harness webbing and consequently the stretch of the webbing),

as well as by reducing the stretch of the shoulder harness restraint by stiffer and/

or wider webbing. When these modifications are made In the restraint system,

further improvements In the dummy vertical deceleration will be obtained.

Comparison of restraint effectiveness with an aluminum faced bucket using

aluminum oxide tile, In comparison to the epoxy fiberglass backed boron-carbide

bucket tested In Reference 2, appears warranted. The epoxy fiberglass boron-

crubide bucket was found to be extremely more flexible than the aluminum backed

aluminum oxide mosaic tile GFE bucket. Even after the epoxy fiberglass bucket

was reinforced with additional aluminum brackets, during a forward facing sled

test conducted at the ARA, Inc. facility, the dummy moved forward in the bucket

to a point where he was almost completely out of the sect. Due to the elasticity

of the back of the bucket and the shoulder restraint system, the use of energy

absorber alleviation was meaningless since the restraint system in the forward

direction was co~mpletely Inadequate. The bucket and restraint system elasticity



do owt c&erb enargy, but merely store the energ, and A.*,i release It In the form

of a larp wAbo=W velocity. In order to avoid this situ~tion the elasticity of the

bucket aul thea s6o•dr restralnt must be reduced. Thus the use of the aluminum

backed e 1Jc tile bucket a =ers mandatory for crashworthy dyramic re•pone.

Althou epoxy rGbcgs ceramic tile could be used for the sides and poulby

for the bottom of the bucket It adequate fwtonIng procedures are ued, the manu-

fecturing costs of the aluminum backed bucket Is considerably les than the epoxy

fbe9rglass backed bucket, and therefore, the aluminum backed bucket should be

cons~dered as the most optimum configuration.

Obviously furth Improvements In coAkpt design will allow for better

performance in seat pan decelerctions by parmItting optimum vertical seat pan

dlpcoaments. Improved restraint sy~toms, +•.air optimum location on the bucket,

and stiff seat ba€c buckets will Improve the vc-tical deceleration response of the

occupant. Thus much remains to be donp; however, the present crashworthy armored

flont s*ntrates the enormous improvement In crash survivability that can

be acco.p•i=sho using existing cockpit arrariments and existing, relutively in-

expensive, arnred buckets. This Improvement can be mode at a negligible weight

and eost ponalty over present non-crashworthy fixe steats.
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TESTS AUTHORIZED BY ARA, Inc. Purchase Order No. 2514
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Test Engineer - 13_

Supervisor
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Ouallty Asuac

Government Rep. / - °- :

F-inal Release 5-9-73 1
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Test Report No. F-72683

REPORT SUMMARY SHEET

,mponent/Parts: Program:

!.licopter Seat, Seat Frame _ ____

isembly and Complete Seat
isembly Originators Report No.: F-72683 j
-iginator's Report Title: Test Completed: 2-23-73 : .

Report Completed: 5-10-73
tpct of Environmental Tests __

Test Type: Qualification

*ecifications: A. MIL-S-58095 AV B. MIL-STD-810B, Notice 1

'GH TEMPERATURE TEST - Seat Frame Assembly

ecifications: A. Paragraph 4.5.4.1
B. Method 501, Procedures I and II

st Conditons: I - Exposure to 1601F for 48 hours, operation at1600F, and post-test operation at room ambient :
temperature.

II - Exposure to 3, 12-hour temperature cycles, 120*F
for 6 hours, 1540F for four (4) hours with one
(1) hour transitions; then stabi~ization and oper-
ation at 1606F and post-operation at room ambient.

suits: No indication of malfunction or evidence of damage.

TEMPERATURE TEST - Seat Frame Assembly

acifications: A. Paragraph 4.5.4.2
B. Method 502, Procedure I

;t Conditions: Stabilization for 4 hours and operation at -65"' ani
post operation at room ambient.

"ults: No indic&tion of malfunction or evidence of damage.

IIDITY TEST - Seat Frame Assembly

:cifications: A. Paragraph 4.5.4.3
B. Method 507, Procedure I

t Conditions: Exposure to 95% RH with temperature cycled from 90 to
160 to 900F in 24 hour cycles for 10 cycles, post oper-
ation at room ambient.

ults: No evidence of damage or deterioration.



Test Report No. F-72683 it

REPORT SUMMARY SHEET

FUNGUS TEST - Representative Samples

Sucifications: A. Paragraph 4.5.4.4

Test Conditions: Exposure to 95% RH at 86*F for 28 days after innocu-
lation with specified spore suspension.

Results: No evidence of fungus growth or attack.

SALT FOG TEST - Seat Frame Assembly

!pecifications: A. Paragraph 4.5.4.5
B, Method 509

rest Conditons: Exposure to fog from a 5% solution for 48 hours at 95
OF. Post test operation.

tesults: No evidence of damage or deterioration.

IUST TEST - Seat Frame Assembly

:pecifications: A. Paragraph 4.5.4.6
B. Method 510

est Conditions: Exposure to dust at 0.22 grams/ft 3 and 1740 feet/minute
for 6 hours at 730F and 6 hours at 145OF with 16 hours
at 1454F, no dust, 240 feet/minute air between 6 hour
exposures.

.esults: No visible evidence of damage.

CBRATION TEST - Complete Seat Assembly with anthropormorphic dummy

2ecifications: A. Paragraph 4.5.4.7
B. Method 514, Procedure I, Parts 1, 2, and 3.

!st Conditions: 3 hours of vibration, resonance search, dwell and
cycling in each of three (3) axes, 5 to 500 Hz maxi-
mum of +2.5 g.

;sults: No vi-.sible evidence of damage or deformation.

SUMMARY OF REPORT

Se test item completed the test program without visible evidence of
Vsical damage or deterioration.
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NOTICES

When government drawings, specifications, or other data are
used for any purpose other than in connection with a definitely
related government procurement operation, the United States
Government thereby incurs no responsibility nor any obligation
whatsoever; and the fact that the government may have formulated,
furnished, or in any way supplied the said drawings, specifications,
or other data, is not to be regarded by implication or otherwise
as in any manner licensing the holder or any other person or
ccrporation, or conveying any rights or permission to manufacture,
use, or sell any patented invention that may in any way be related
thereto.
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Test Report No. 7-72683

ADMINISTRATIVE DATA

1. PURPOSE OF TEST: To perform Environmental Tests to deter-
mine the extent of compliance with the
specifications cited below.

2. MANUFACTURER: ARA, Inc.

3. DESCRIPTION OF TEST ITEM: HELICOPTER Seat

4. REFERENCES: MIL-S-58095(AV) and MIL-STD-810B

5. OUANTITY OF TEST ITEMS: One (1) Seat Frame Assembly and one (1)
Completely Assembled Seat

6. SECURITY CLASSIFICATION: Unclassified

7. DATE TESTS COMPLETED: 2-23-73

8. TESTS CONDUCTED BY: Ogden Technology Laboratories, Inc.
1536 East Valencia Drive
Fullerton, California 92631

9. TEST ITEM DISPOSITION: Returned to: ARA, Inc.
2017 West Garvey Avenue
West Covina, Calif. 91790

10. PURCHASE ORDER NUMBER: 2514

11. SOURCE INSPECTION: DCAS QAR, and OTL QA

12. GOVERNmENT CONTRACT NO.: N62269-72-C-0657
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Test Report No. F-72683

FACTUAL DATA

1.0 DESCRIPTION OF TEST APPARATUS

1.1 All quantitative test measurements were made with certified
accurate instruments in current calibration, and all instru-
ments used had a valid calibration sticker attached. All in-
struments were calibrated in accordance with MIL-C-45662A and
MIL-Q-9858A. A list of the test apparatus follows:

1.2 HIGH TEMPERATURE TEST

Leatherman High Temperature Chamber, Controlled by Honeywell
S/N 935809, -100 to +200*F; calibrated at 6 month intervals
due 1-20-73. OTL Control No. 5009

1.3 LOW TEMPERATURE TEST

Conrad High-Low Temperature Chamber, controlled by Honeywell, S/N
948196, -125 to +325 0 F, 1% accuracy; calibrated at 6 month in-
tervals due 2-15-73. OTL Control No. 453

- 1.4 HUMIDITY TEST

Fielden Humidity Chamber, controlled by Honeywell, S/N 954704,
0 to 2000F, 1% accuracy; calibrated at 6 month intervals due
2-22-73. OTL Control Nc. 5275

1.5 FUNGUS TEST

Leatherman Fungus Chamber, 3' x 3' x 3', 0 to 2000F, 1% accuracy
controlled by Honeywell, S/N 844905, calibrated at 6 month intervals
due 5-9-73. OTL Control No. 5006

1.6 SALT FOG TEST

Industrial Filter Salt Spray Chamber, Model 411-1C, S/N 53736,
+1% accuracy, ambient to +1400F, calibrated at 6 month intervals
•ue 1-16-73. OTL Control No. 1853

Sargent Specific Gravity Scale, 1.000 to 1.070; calibration Not
Required. OIL Control No. 67108

LaMotte Chemical Co. Colormatic Comparator, By-Color Reader,
"Calibrated by Manufacturer. OTL Control No. E-2701-5

B-7 -



Test Report No. F-72683

FACTUAL DATA

1.7 DUST TEST

Leatherman Sand and Dust Chamber, 2' x 2' x 2', 0-2000F, 1%
accuracy, 9% RH, controlled by Honeywell, S/N 535807; calibrated
at 6 month intervals due 4-11-73. OTL Control No. 5008

1.8 VIBRATION TEST

Feldmar Stop Watch, Model 601; calibrated at 12 month intervals
due 9-14-73. OTL Control No. 3021

Bruel & Kjaer Automatic Exciter Control, Model 1025; calibrated
at 6 month intervals due 7-26-73. OTL Control No. 1495

Endevco Accelerometer, Model 2242; calibrated at 6 month intervals
due 7-10-73. OTL Control No. 2673

Unholtz-Dickie Amplifier, Model 8 PMCV; calibrated at 6 month
intervals due 3-19-73; OTL Contiol No. 585

Endevco Accelerometer, Model 2245; calibrated at 6 month intervals
due 3-16-73. OTL Control No. 2135

Unholtz-Dickie Amplifier, Model 8 PMC; calibrated at 6 month
intervals due 2-24-73. OTL Control No. 1162

Honeywell X-Y Recorder, Model 320; calibrated at 6 month intervals
due 3-1-73. OTL Control No. 3208

Moseley Log Converter, Model 60D; calibrated at 6 month intervals
due 3-14-73. OTL Control No. 3220

MB Power Amplifier, Model 5140; calibration Not Required

MB Vibration Exciter, Model C-210; calibration Not Required

8- 8 -



Test Report No. F-72683

FACTUAL DATA

2.0 TEST PROCEDURES

2.1 GENERAL

2.1.1 The tests were conducted in strict accordance with MIL-STD-810B
as outlined in MIL-S-58095, Paragraph 4.5.4.1 through 4.5.4.7.
The following discussion is to provide details of the testing and
to assist in the interpretation of the test data.

2.1.2 Only the Seat Frame Assembly was subjected to the Temperature,
Humidity, Salt Fog and Dust Tests. The complete Seat Assembly
was subjected to the Vibration Test. Representative samples
were subjected to the Fungus Test.

2.2 HIGH TEMPERATURE TEST (Method 501 of MIL-STD-810B)

2.2.1 Procedure I - The test item was installed in the test chamber
as shown in Photograph No. I and exposed to a temperature of
160 F for 48 hours.

At the conclusion of the test the unit was operated at 160'F,
the lever was actuated and the spring loading was reset. The
operation was repeated after the unit was returned to room am-
bient temperature.

2.2.2 Procedure II - The test chamber was programmed for the following

temperature cycle:

a. 6 hours at 120*F

b. 120 F to 154*F in one (1) hour

c. 154'F maintained for 4 hours

d. 154"F to 120OF in one (1) hour

The test item was subjected to three (3) consecutive programmed
cycles. At the conclusion of the test the unit was operated at
120'F and again at room ambient temperature.

2.3 LOW TEMPERATURE TEST (Method 502, Procedure I)

2.3.1 The test item was ilstalled in a test chamber and subjected to
- a temperature of -65*F until the unit was completely stabilized,

approximately four (4) hours.

2.3.2 Following stabilization the unit was operated at the low tempera-
ture.

B- 9 -



Test Report No. F-72683

FACTUAL DATA

2.3.3 The test item was then stabilized at room ambient temperature
and operated.

2.4 HUMIDITY TEST (Method 507, Procedure I)

2.4.1 The test chamber was' programmed for the following temperature

cycle with the relative humidity maintained at 95+5 %:

a. Room ambient to 1600F in 2 hours

b. 160OF maintained for 6 hours

c. 160OF gradually to room ambient (68 to 1000F)

2.4.2 The test item was installed in the test chamber and subjected to
10 continuous and consecutive programmed cycles.

2.4.3 At the conclusion of the test the test item was operated and
inspected for evidence of corrosion or deterioration.

2.5 FUNGUS TEST (Method 508)

Representative samples of the Seat Materials were sprayed with
fungus spores and incubated for 28 days. The spore suspension
was prepared, the units were innoculated and inspections were
performed by a Ph. D. Mycologist.

2.6 SALT FOG TEST (Method 509)

2.6.1 The test item was installed in the salt spray test chamber and
subjected to a wet, dense, salt fog from a 5% solution for 48 hours,
additional information was as follows:

Type of Salt: Mortons 999 (99.998 NaCI)
Type of Water: Distilled
pH of Solution: 6.8
S.G. of Solution: 1.040
Chamber Temperature: Maintained at +95OF

2.6.2 At the conclusion of the exposure the test item was removed from
the chamber, salt deposits were washed off with tap water and the
test item was visually examined for deterioration or corrosion.
The test item was then subjected to a Operation Test.

B- 10 -
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FACTUAL DATA

2.7 DUST TEST (Method 510)

2.7.1 The test item was installed in the test chamber as shown in
- Photograph No. 2.

2.7.2 The test chamber was prograrrmed for the following conditions:

Dust Density - 0.22 grams per cubic foot
Air Velocity - 1740 feet per minute
Temperature - 73°F

-- Relatiue Humidity - Less than 22%

The test item was exposed to these conditions for 6 hours.

2.7.3 The chamber was then programmed for the following:

-Dust Density - None, dust turned off
Air Velocity - 240 feet per minute
Temperature - 145"F
Relative Humidity - Less than 10%

These conditions were maintained for 16 hours.

S2.7.4 The conditions of paragraph 2.7.2 were then imposed on the test
item for six (6) hours except that the temperature was maintained
at 145"F.

2.7.5 At the conclusion of the test, the test item was removed from
the chamber. Dust deposits were brushed off, and the test item
was visuall) examined for damage. The test item was then operated.

2.7.6 Following the Dust Test, the Seat Frame Assembly was returned to A
ARA, Inc. for assembly with the Seat for the Vibration Test.

2.8 VIBRATION TflST (Method 514.1, Procedure I, Part 1)

-- 2.8.1 Installation

The Seat Assembly, with an anthropomorphic dummy installed, was
mounted on the head of the vibrator, as shown in Photograph No.
3, for vertical axis vibration.

The assembly was mounted on Team Tables for vibration in the other
two (2) axes as illustrated in Photograph No. 4.

/ •2.8.2 Instrumentation

The control accelerometer was mounted on the test fixture. A
monitor accelerometer was mounted on the bottom of the seat. Both
accelerometers were maintained in the axis of vibration. The out-
puts were recorded on an X-Y recorder as indicated below.

B- 11 -
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FACTUAL DATA

2.8.3 Vibration

The Seat Assembly was subjected to three (3) hours of vibration in
each of three (3) orthogonal axes. Testing consisted of a reson-
ance search, dwell vibration at resonance (as applicable), and
cycling vibration at the following levels:

(Curve M, Figure 514.1-3, reduced 50%)_

Frequency Range (Hz) Levels

5 - 20 0.1 inch da
20 - 33 + 2 g
33 - 500 T 2.5 g

2.8.4 A sunurary of the testing follows:

Axis Test Description Duration (Minutes) Recorded

Vertical Resonance Search & Control and
Cycling 5 - 500 - 5Hz 60 Response

Dwell at 29 Hz 30

Dwell at 34 Hz 30

Dwell at 50 Hz 30

Dwell at 435 Hz 30

Front to Resonance Search 15 Control and
Back Response

Dwell at 43 Hz 30

Cycling 5-500-5 Hz 135 Response, 1
Cycle

Side to Resonance Search 15 Control and
Side Response

Cycling 5-500-5 Hz 165 None

2.8.5 At the conclusion of the tests in each axis, the test item was
visually examined for damage.

2.8.6 At tne conclusion of the test, the test item was returned to APA,
Inc. for final evaluation.

NOTE: Rods were installed on the test item at the beginning
of the testing. These rods were not a part of the
test item, but were installed for information purposes
by ARA, Inc.

B-. 12 -
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FACTUAL DATA

- 3.0 RESULTS OF TESTS

3.1 GENERAL

The test item completed the test program without visible
evidence of physical damage or deterioration.

3.2 HIGH TEMPERATURE

There was no visible evidence of damage resulting from the
exposure, and operation was normal at 160*F. 120 F, and at
room ambient temperatute following the tests.

3.3 LOW TEMPERATURE

The test item operated normally at -656F and at room ambient
following the test. There was no visible evidence of deter-
ioration noted,

- 3.4 HUMIDITY TEST

There was no visible evidence of corrosion or deterioration, and
the test item operated normally, at the conclusion of the test.

3.5 FUNGUS TEST

The three (3) test samples showed no evidence of fungus growth.

3.6 SALT FOG TEST

There was no evidence of corrosion or deterioration, and the
test item operated normally at the conclusion of the test.

3.7 DUST TEST

There was no visible evidence of damage, and operation was normal
at the conclusion of the test.

3.8 VIBRATION TEST

There was no visible evidence of physical damage resulting from
th1e vibration.

B _ 13 -
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FACTUAL DATA

4.0 TEST DATA

4.1 GE'NEEPAi-

All information reccrded on data sheets is reproduced in this
section in the following order:

4.2 HIGH" TXPERATURE TEST

One (1) exposure data sheet fcr Procedure I and one (1) for
Procedure II.

4.3 LOW TS_'PERATCUR

One (1) exposure data sheet.

4.4 HUMI'--TY TEST

One (.) exposure data sheet and a typical 24-hour circulzr chart.

4.5 FUNCUS. TEST

Mycological Report, one (1) page.

4.6 SAi: 7'?c TEST

One (!ý exposure data sheet.

4.7 DUST TZST

One (1) exposure data sheet.

4.8 VIB.U.k:N TEST

One (1) exposure data sheet, a sketch showing test axes design-
ations, and 10 X-Y recordings are presented.

4.9 PHOTOCPRAPHS

Photogzaphs are reproduced at the end of this section, as follows:

No. 1 - Typical Test Chamber Installation
No. 2 - Dust Test Setup

B 14 -
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- 4.9 PHOTOGRAPHS (Continued)

No. 3 - Vertical Axis Vibration Test Setup
No. 4 - Typical Horizontal Axis Test Setup

4.10 TEMPERATURE CHARTS

Temperature chprts will be retained on file at OTL, File No.
F-72683, and can be made available to authorized persons on
request.

B - 15 -
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i, 2o -- 9-4e 2 '_REPEAT CYCLE I

ai L-L 7, •Z2~ 2a.. -- 1-4 __________ ______

I/ .- /, /• - 1- -• - ...
Z2 -- - Y 0

1-4 5 _ _ _ _ _ _ _ _ _ _ _

i7

_ _ .9RO N.j1-4 8 _.

I,&: e_ _ _ _ _ _ ___ 14
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Frank E. Swatek, Ph. D.
Indtatrial 6A Mycological

Consultant
612 STEVELY AVENUE

LONG BEACH j CAUFORN!A q 0 8 15

DATE: 1-17-73

JCB NO. F-72683

CLIENT: Ogden Technology Laboratories, Inc.

ITE4: Three (3) Helicopter Seat Parts (ARA, Inc.)

vEiGATION: Fungus resistance test in accordance with specification.

PROCEDURE: The unit was sprayed with a suspension of visible fungus .pores in

accordance with specification .Mil-STD-810B

Spores from the following fungi were used:

Chaetomiun globosum ATCC 6205
Asergillus ni5r NLabs 386
Aspergillus flavis NLabs 380
Penicilliu= funiculosu-n NLabs 391'
Aspergillus versicolor NLabs 432

The specimen was placed in the test chamber with an inter-nal
temperature of 86 t 4* and a relative humidity of 95% - 5'. This
is accomplished by means of a heater immersed in water within the
chamber which is controlled by a thermocouple placed in the
chamber atnosphere, set to regulate the ambient temperature. At
the end of the 28 day period the unit was visually examined for
the presence of fungus growth and/or material deterioratior..

C0MTROLS: After 14 days all three (3) control material show fungus
growth.

RESULTS: There is no evidence of fungus growth on the external
surfaces of the three (3) test specimens.

Test E ,, ' -

(signature)

B- 21 -



Job NumberZ-'?2 ,e'.

O 1BN TECHNOLOGY LAMOMATORlEng INC. Date .'- 9-7.5-

SALT SPRAY DATA SHEET Page Number

Customer--9 ,e- '
Specimen 5 A'T7- Y4 Part No. Serial No.

Specification No.,d//-57"2K S,/d2H Para. No.

Preparation of Specimen(s)_____

Protective Coating or Covering for Non-Tested Parts_
A/A 7

Vents, Ports, Connectors, etc. Capped: Yes No Remarks

Support Method !22/1Z k / (Tr
Orientation of Specimen(s) _2_ ___ __7_
Solution: Salt .- N20• • (by weight) pH of Solution .

at__2 - °F Specific Gravity of Solution 2../$ -at- OF

Start date and time/-9-23 O•L9 Nozzel Pressure___

Chamber Temperature :2•.- . F Water Column Temperature O• jF

TEST RECORD
(Each 24 Hours)

Collected Solution (Volume)
Elapsed per 80 square centimeters Collected Solution Chamber

T me of Horizontal Surface AreL pH Specific Termp.
(hours) ýmilliliters per hour) Value mGravity_ (*F)

-- 4
Stop date and time!-//-Z? _ Test Duration •hhurs'

Interruptions (explain) esLA41 ' •/,/ 'r/• 4A 2 A-'•.

Results of Teýst .aA AZ,12 b o7b

Photograph taken: Yes

Test nTnchnician T ngi

Inspector (Customer/Gov 't)______

B Assuan2

8_22-



Job NumberL/-Z•jeyh'_

00D8N TECHNOLOOY LASROATORIEU, INC.
Page Number

SAND AND DUST DATA SHEET

S- Customer_,_______ ___

- Specimen ci-. - m engz" Part No. Serial No._______

Specification No.AQfY- 7S 2?,/ 3 Para. No. j,

Preparation of Specimen(s) ___

Protective Covering on Non-Tested Parts 4/Z

Vents, Ports, Connectors, etc. Capped: Yes No Remarks

Support Method A4J5Fi'0/ rn gr F_

Orientation of Specimen(s)___ ___

Chamber Controls: Sand and Dust Density 0.341 Q±. grams/cubic foot
Wind Velocity .J07 -. ,2, 43r --6"oc feet/minute

Relative Humidity < percent

Temperature F3 d /4IF

Elapsed Sand And Dust Air Relative
- Time Density Velocity Humidity

(hours) (grams/cu.ft.) (ft/minute) Temperature (*F) (%)

1/0 7-T 12

Remarks: Ak, AZ . -" .. ,

Interruptions during test (explain): 4AA/IS

Results: Damage or Deformation: Yes NoqZ_ (explain above)
Photograph taken: Yes

Test Technicianj 2_ Test Engineer /1.,14AOA'A•,

Inspector (Customer/Gev'-t)-______

Quta~ity Assuraoce Manager

B- 23 -
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OGDECN TECHNOLOGY CORP.

J /N FEYAK7 Rum No./

CUSTOMER A1 iA T4, 4/aCq,,.r-
SPCCELNONSN_____________ P/N 7),,t~' P.u

ACCC NO ( ,CONTROL ( E-SPONSE ( )
TECHNISCIAN__,t:, AXISLJetr, rULL SCALE "GOR10

SINE(X) RANDOM ()

~Ts.
4+. _-I ý4 T4 + 1--.-

-~~~~ ~ W4a7'r'-!

-4I

J: -

14-+
44

e0

wý:-_ t

------ :

10741 
+

PACE Nio.B 26 REPORT NO. F-72683



OGD~EN TECHNOLOGY CORP,

J AL 2,9 , RUN No. /

CUSTOMER g ,4 IVwc_ 1101 co.'l-o'r DATE L197

&c.ctl. No ~. *COI4TAOL () RESPONSE ()4 osu *TZMa O Strf
TICKNAICSA.___________ AXIS I/9t11- F ULL SCALE a.... a~*G14s____

SINE( 3() RANDOM4( OADE2

r ....... .

44 4- _ .

.0

49

X.g 1177,RCovrNO 728



OCDEN TECHN*OLOGY CORP.

I*'r-L 2 e4 Rum No. 4

CUST04ER ~ A D_________ ATE OZf 197 3

S~CBCN5/ ,P/m D A37-4 ri2z(,0
£CCCL No ,CONTROL *ESPONse W0
TgCWNICIAN_ AXI FULL SCALE 0 c "G ______

S RADO Of .4

4 7

Z- -4. 1- -&-1 j:

al T

7-:3

_7

t ". ----- - .' . .-. .

Tt 7

15 100 00 2ý
FREQUENCY HZ

PAGE wo.B28 REPOsRT NO. F-7268 3



OGDEN TECHNOLOGY CORP.

-j/k- ~-7 2L RUN No--. ý

CUSTOKER '~ ~~DATE 24a( 922

SPEgCIME *Id , P/N T) 22 Y, / I -Z~~
ACCC&. NO *CONTROL () RESPON3SI OA( Nrdn e ~-iý J

1ICHNICIAN AM AMR FULL SCALE~ L: * "G"'RuS____

SNMRANDOM (d ) O$/N7L'-r L3"

44 4 - . -

rz7EBzý:

=--Lý 7:

Ut

-:-I z

: R_7NC 1 Z

7ACw ~ ~ RPR O~~i2

-,4 ----- 'ý4-. I;



OGDEN TECHNOLOGY CORP-.

J /NE7d~2 RUN No.___

CUSTOM1ER ~4(, Jv ~DA TE .2.4I 197-3
SPECIMEN S/N ,P/N_ 1zd 1) 247
ACCEL NO., CONTROL () RESPONSE ( S( ec Aol'2,A Oil- 9
TECHNIrciAN4~.o( AXIS F ULL SCALE G"RNS

SINEN)) RANDC*4 ( )O-y
67 9 02 3 4 5 6769 110 2 3 4 B 4 67590 9 o2

r;: 7:.1......

44
T_______ _1

1 17 +

4 Li4

.L: .L j

1700
rREQUENCY HZ

PAG NO.- -4- R4OTN '2



OG~DEN TECHNOLOGY CORP.

RuN No. 7
CUSTOM.ER 4' TCDATE al-.V 197-3
SPECIMNC 3/m _________,PN 1 7~' ZACCEL NO.~ CONTROL ( R3 RCSPONSC c

TICNICIA.....A..... All. AI5~ rULL SCALE aO "G"RMS

SINERAND4 G ý_ -- tI

4,4

L -11, E

7=0=r

+3T

-7 7

FREQENC -
PAGE~~~~~1 NO81REOTN. -2 8



OGDEN TECHNOLOGY CORP.

j/k ,I.I Rum No. *7
CUST04ER_ _44) .IrNC. fAodr, ,r DATE, -- 21- 197-3
SPECIMEN S/W P/N p i Z/-p e
ACCEL NO 2

. 7T C,CONTAtoL RES 3ES k)ITCCHNICAN ;f,.AXIS....L... FULL SCALE 16 0 ,"G"Rm3
A

. SIE RADOMOGDEN
11 ,6 ?S9 7 S 1 4- 381 4AOO4 ) 0 C

2 3 ~ 6670 10 C

4 -t --777

;. -T-'71

tt-7

44:-
wt

U+

_!T 7

aiQU.C HZ:

PAEN.32RP4 N.-28



r
OGDEN TECHNOLOGY CORP;,

Jim r-2Ak?'- 5  RUN No. . 7

CUSTaKER~~ ,4cq_ Tdt ,cs4,rS DATE - iZ

SPECIMEN S/N , /N bt3)' ,ZZi
ACCCL NO g ~ ,CONTROL () RESPONSE 0/V .907rbsl of SCAT7

TECHNICIAN42j AM 8-4~....... FULL SCALE/~.....,""u____

SN(R&NO C)MvM ~k c~

S4~-~ +4-- -4 -

4 "T -,L.4rj

-. -*n * - ý ý

7-- j1. 4- :

iV~r2.4;.

",z T --

5 1 .2100 1
FRluNC HZ11i i ! i

PAEr.3.RPOTN .- 2 8



OGDEN TECHNOLOGY CORP.

jj4~ ~7~'3Ruw No.J
CUSTOICR dK4A? ~'Zc /4hlczprj,, SIrr, DAE_-& 973
SPECIMEN P/ /Hw 2-3 2'/ D22-
ACCEL NO.-._ CONT5AOI. RespoNSE()
TECNICIAM dXWI AXIS_ , UULL SCAL9_ _/0 "Goastm

0GO

FR4.ENC H1 H4Z1 
-

+A + 1O~3 REOTNO42~



OGDEN TECHNOLOGY CO01P.

,i/ k~~2 t 7 Rum NO.- /0

CUSTOM4ER J4PA q :ic- 
4 ~o.rA DATE t 9-

SPECIMEN 3/N ,2 P/H I 1) %.3 2q f) g z
ACCEL NO 2-_ L CONThtOL () RESPONSE (X) 0. r~ a

TECCNCICSA;j AXIS~J FULL SCALE_____

~~ 7SINE(W RAND04 C 61 QA.

f -f

ti t.. .....
449

l04

- -
FREQUENC;=4

PAEk. 5 RPOTN.-28
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