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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. Army Aviation Systems Command and U. S. Navy/Naval Air Development
Center personnel. In particdlar, 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
airc.raff. Mr. Marvin Schulman of the U. 5. Navy/NADC,. was not only the
principal technical director of the program, but conducted all the dynamic rests
at the NADC sled and drop tower facility.A Numérous 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"

! SUMMARY _ ,

The accelerations 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 progrem, ARA, Inc. developed a crash survi.voble
seat using Government Furnished Equipment in the form of an armored bucket,
restraint sys?e. n, and cushions. The seat system was designed to meet as many of
the requirements of MIL-5-58095 (AV) within the physical limitations of existing
space requirements in present helicopters, Bosed 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 tricngular deceleration pulsé of 48 g's.

The weight penalty of the crashsurvivable armored seat compared to the
eﬁsfi ng 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 ond restraint
system in the UH-1, this weight penalty could be reduced so that the we:ghr
penalfy due to croshsurvivability is negligible,

In oddition to meeting the croshworrhmess requlremenfs of MIL-5-58095(AV,,
all of the required environmental tests were also concluded. The results of all the
environmental tests, which the seat suc.cessfully’ met, are summarized in this

report,




n INTROSUCTION

The lmpost forces duo to decel erations which occur during a patantially
suvivelde croch of rotary end light-fixed-wing militery aircroft have often bsen
found to be injuricus or fatal to flying peronnel. The Army, Navy ond Alr
Force hove besn secking an attenvation system which wAll limlt these Impact
forces to human lolasance levels and Increuss the chance of crash swrvivability.
There ara cases whars some ssaty in milltary light clreraft ond helicoptors hove
failed In accldante In which the Integrity of the fuseloge structire which surounids
occupants was meintained. In order to olleviste the forcas traremitted to occu-
ponts dwing a cresh, a sheck attenusting séﬁ—mcmﬁf system Is conslidorast to
be necessury. '

The Army ha studled provious erashes and consolidated the delga criterls
of oirereft struchaal creshworthiness and ctcupont occeleratien enviroamant into
the Crach Survival Design Guide 1. Informaticn presanted In this design guide
will be uzed throughout this repert. From collected crosh data, the ninoty=fifth
parcontiie (95:h%) crosh lood was determined. Tha crash pulss wes found 10 be
elosely approximated by ¢ Meﬁgular puise., The humen injury level s in genercl
weil balow the pock loads sustained during @ cr@h. The ebility to reduce me
crash loud to the human tolerance leve! with minlmum structural weight, cost
and leng term rellahility are oll factors consldered important by the Army in
their dealgn guide,

The present regort is @ summary of the werk done under Contract
N62249-72-C-0457 in daveloping an armored enargy cttenuoting crewmen seat
for fixed scat eircraft. The description of the bucket ard frame sugpert system
Is given In Sectien il. A two-dimersionsl mathamatiosl medel for daveloning

the deslgn and mathematical anulysls of the seating system was daveleped,

Ca2-




The analytical results of the dynamic response to various impict conditions are
described in Section 11l. The loads obtained from the dyramic 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 V ard VI describe,
respectively, the results of the developmental dynamic tests and the enviro;wmenhl
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.

. GENERAL DESCRIPTION OF SEATING SYSTEM

The assembled configuration of the armored seat und supporting frame
structure is shown in Figures 1 through 3 ond the engineering top assembly drawing
is given in Figure 4, ARA Drowing 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 velocity insensitive TOR-SHOKs which have unique
square wave load-deflection characteristics. During an impact, the stroking
E/A's attenuate the accelerations experienced by the pilot. The de.gree cf
attenuation is determined by the combinad mass of the seat bucket and vilot, and
the preset loads in the E/A'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 iz to limit the maximum
G load experienced by the pilot to within the human maximum allowable level,
In the dynamic ancalysis, the pilot and the bucket are treated os a single rigid

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

R




Figure 1, Seat S

de View
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Figure 2, Seat Rear View
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G In ths trienguler pulaa In the verties! Impoct, The Sth and 95th percontile
pliot were wed In tha dyesmlc enalydls Gnd the 93th porcentile pliot wes used In
tha dynam:lc tests.  Sinco the human bedy can telerate higher G leads In the
herizzntal Slrestion than In the vertica! direstion, and the elreraft erush data
shous that o grestor peck G Impulse exfsts In the vertical dirscton, the prosent
ssating system Is primarily desigrod such that the energy cheorbers bring the seat
o rcit in a contrc!led ottenuation rate In the caze of the mest severe verticsl

" Impact. Referonce | shows that the Impact G load In horlzontel crashes fs with'n
humon folcrance, Therofers, the ettenvation system In tha horlzontal direciion
s dasigned to minimize the structural walght of the freme system. The dynomic
onalysls for the herlzordal Impset €xs0 allows for this eptimizmtion while the
herizontal sled test ebitontiates the structural Intesliy of the sat system,

The wolght of the scat frems, Including the E/A's Is approximately 30
peunds, which Is o decramse of 25 pouads over the previows enwgy-gMonuatirg
sast designed by ARA, Inc. ). The docrazzs In welght is attibuted to re-
arrenging the E/A's and Mfyfng the back frame. The two maln vertical hbes
which reprazent the major structural mambeors hove been reduced in helght from
35-1/2" 10 20", The new dedgn Is muzh mero compact end stii¥er then the
previows onz, and yot, Is enly 7-1/2 pounds hezvier than the ron=-encrgy-

" abserbling frome wed in current fixed seat alrercft, Ths seating tystom s p%med
on rails with 16~inch canters, which Is cempstible with mest cirrent fixed seat
aircraft,

The edapter brackets for cumrsat fixed scat elreraft ormered ceremic
buchkets have been dasigned. Using the existing hole pattern, they arc wed to
meunt necassery clevises end hordware for attaching the Inertie reel, seat balt
and E/A membors. In the event that @ now buckst Is fabricsted, the lw!cimnam'




.,

in the bucket souid be modified to eliminate tho use of thass adapter brackets,

The range of vertical and horizontal seat adjusiments which meet the
requirements of Military Standards MIL-STD-1333 ond MIL-S$-58095 (AV) is shown
in Figus 5. The 4-way seat adjustment Is for th Sth through 95th percentile
pilot population and provides o 5-inch vertical edjustmaent and a 3-inch fore-and-
oft adjustment in Ineremants of 1/2 inch,

v, DYNAMIC ANALYSIS

The three mest Important degrees of freedom in defining the mation of the
crewmen ssat during a symmetric crash are pitching, formard and vertical move- |
ments. They corstitute the main limiting factors In determining the E/A stroking
forces. The computer code to analyze N' three-dimensional dynamic resporse
of the seat ard pllot has been developed previowly by ARA, Inc. under Navy
Contract NU0156-71-C-0890. The geometry and laading conditions were assumed
to be symmatric with respect to a plane passing through tha seat's CG end ‘ore-
and-aft axis. This computer program was used to calculate the initial value for
the E/A stroking ferces and to locate the op?fmum E/A pesitions for the presact |
seating system, The daicilad formulation of this two-dimensional crewman-seat
model {s givon In Reference 3. The followling azsumptions are made in ths
mathematical meda!: ’

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

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

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

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

the vertical plona paming through the seat's CG and the fore-and-oft

©axls,




i
i
i
I

i
!
i o !
|
i

( SNRP )

— e - e | we

- Figwe 5. 4-Way Seat Adjustment,
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The fartors which effect the final design of the enargy absorbing sysrem
include the Ing-ut pulse, the effactive occupant weight, the weight of the moveble
part of the seat, the characteristics of the seat cushion, and the evoilable stroke
distance. A typical impact pulse used in the dynamic analysls is shown in Figure 6.
The vertical, horizontal, and oblique impact decelerations with magnltudes as
suggested In Reference 1 were perfbrmod in tha computer simulation when the seat
was of the uppermost position. Takle 1 summarizes the onglytical results obtoined
for the diwlaceﬁenf and resulting G load experienced by the combined pilot-
seat moass for threa design impuct pulses. The 95th perc;ntile pilot was used to
establish the worst impact condition impotsd on tho sesting system. The pilot-
seat welght configurgition is summarized in Table Il. It should be noted that the
effective weight of a seated occupont ¢.:s suggosted in Reference 1 has been used
in computing the responses for the vertical impact.

During the study of thé motion of the ;eof, several dynamic character-
istics pertinent to the design of the £/A's were observed for all loading conditions.
The bottom E/A was often in compression during the impact. 1In order to limit the
amount of seat pitching and to maintain @ minimum clearance between the seat
bottom and the supporting frame structure, the bottom E/A was ollowed to stroke
in tension enly. For the case of vertical impacts, the middle E/A dominates the
energy absorbing capability of the system. [t was found that the final vertical
displacement of the seat varied approximately linear to the force setting of *he
middle E/A, If the allowable vertical displacement is known, the force setting
of the E/A can bs easily determined. For the present design, the availabie
maximum vertical stroke distance is approximately 8 to 8.5 inches. For rhe
horizontal impact, it wos observed that the top £/A pleys the most important

role in efnimizing the pitching response of the ssat. The force setiing of this

-]] -
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Figure 6. Typical Impact Pulse
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Teble I1. PtlorSeot Weight Configuretion

Pilot Welight Percantile 95th 5th !
Weight of Pilot & Bquipment, Ibs. an 146 |
Weight of Bucket, [bs. 127 - _1_2_7______;
Total Welght, tbs. 338 273 !
Rotationol Inertia, Ib. (mess)-in2 232 199 j
Effective Weight, lbs. 293 24 JE
Effective Inertio, Ib. (moss)—in2 209 i ,‘83 J

e 14-
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E/A wes 50 chason such that the maximum angidar pltch angle of the seor wos
limited to 18 dogreas.

Tho geemstry of the final seat configuretion with E/A's ta éhown in
Figure 7. Tha farce satting of E/A's and the streking n;pom due to three
design Impuet pulses are given in Table Iil. The attenvated G locd experienced
by the pllot~so1t single rigid body with the 5th end 95th percentile pliots for
diffarent Impacts are shov-= In Figures 8 trough 10. The final displacements of
the seat for the 95th percentile pliot are shown in Figures 11 through 13. For o
veortical eresh.pudu, Figure 8 shows that tha 95th percentile clothed gllot
erperiences an averags deceleration of 16-1/2 G and the 5th percentile ciothed
oceupen! expariences approximately @ 20 G average deceleration. Thug, tho
present secting system meets the requirement of Section 6.3.9 of MIL-5-58095 (AV)
for the Sth thwough 95th percaentile occupants. Figurr 14 cﬁmbincs the average
respemsss of the present analysis with that of Figure 12 in MIL-5-58095 (AV').
This figure clearly shows that the occupants do not experience ocedderation with |
plateaus Imting longer and/or greater In magnitude thor the values represented
by the mexdmum ecceptabie occeleration duration-magnitude curve given in
Figure 12 of MIL-S-58095 {AV). If g boron carbide bucket had been e in this
aralysis such that the bucke?t weight would have besn reduced by 25 pounds, than
the difference batwean the 5th and 95th percentile vertical responses would have
been larger. On that bosls, the 5th percentile would have exceeded the toierance
level of MiL-5-58095 (AV). In order to reduce the response for the 5th psrcentile,
then a lerger strcke wauld be requ!md:For the 95th parcentile, requiring a hole

in the floor. Thus, the cptimum cegt s not mcasﬁrﬂy the one with the ligntest

bugket from the standpeint of either stroking requirements or cost.
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Figure 11. Seat Displacement in Vertical Impact = 95th Percentile.
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It Is Imgeriant to note that the pllot-bucket resporse curve shown in
Figure 8 haa thw seme genaral shape as the curve of the optimum energy absorber
resgmmendad In Roferences 4 and 5. Due to the trensient response of the occupant,
an optimum encrgy absorber would be required to deflect ot a higher force iavel
sorly In the imwct, ond then jlcld at o lower level when occupant comfmllnf
force develogs. This is to control the phenomenon known as dynamic overshoot
of the occupant relctive to the seat. One of the major assemptions made in
congtructing the m%mﬂccl model In the dynoﬁslc analysis wml that the pilot
and the bucket warae treated as a simple. rigid body. If further dynamic analyses
should be required, the moss mods! should be revised to study the dymamic over-
shoot and to reflect the relative motion which exists between the pilot and the
seat bucke!?.

In odditien to calculating the dynomic response of the pilot-seot rigid
body, the computer program also calculated the dynamic loods applied to the seat
supporting frome during the Impact, It Is thess loads that were used to arciyze
the stresses and to determine the size of the various numbers of the seat frame.

The strazs analysis is discussed in the foll&ing section,

V. STRESS ANALYSIS

The design locds éf the frame members were obtained from the dynamic
analysis described in the previous section. The detolled stress onalysls is given
in Appendix A, Unlass otherwise stated, a safety factor of 1.5, relative to the
yleld strength of the material, was used in designing all load corrying members
of the supporting frame. This safety foctor was chosen becawse some uncertainty
exists In the predietion of the dynamic loads due to the Idealized assumptions

made in the analytlical model. In oddition, loads used herein reflect only the
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symmetric loading, which may ba iradeguate whon the leads due to cougling
betwesn the symmetrlc and enti-symmetrle canditions ere Infreduced. A safety
fector lexs then 1.5 is occeptod in the Rinal dasign of certain members only whan
the locds ore claarly defined or are non~critical,

Except for the sliding rails, alloy stecl AIS! 4130 heat-treatad to an ultimate
strength of 180,000 psl wes used in most of the structural critical ports. Fer non-
critical parts, low corbon stecl 1018 was wed. The bottom rells ware made of
aluminum clloy 7075-T6 because of I1s excallent machinablilty end light welght.
The design m@chcmlcal properties prasentsd In Tables 2,3,1.1 () and 3,2.7.0 (f)
of MIL Handbook 5 were wed for the matericls mentioned above. For stes! joints
waldod after heat treptmont, Tebles 8.2.1.1.2 (a) and (b) of MIL Mandbeck 5
were used for the ellcwable strength near the weld. For material heat treated
after welding, 1he dlowsble strength in the parent metal near a welded joint was
foken to be squa to the allewable strength fer the moterlal in the heattreated
condition.

In some coses whare MIL Handbook 5 denotes only the ul‘imate strengths,
the corresponding yleld strengths of ‘AISI 4] 30 as glven in Table 2.3. 1.1 (o) of
the same handbook are used. The yleld strength in shear is also csscmad to be
aqual to the ultimate strength in shear multipiied by the ratio of yleld strength
and ultimate strength in tension.

The engirearing dato on the response of the present energy-absorbing
crew soat system to varlous typss of impact is limited. In designing this seat
frame structure, some consarvative enginesring judgements have been used. As
more of engineering data of the seat becomes avallable, it will be possible 1o

refine the system and use iower factors of safety in Its design. This would result

In g lower waight structure,
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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 accomplishments of this
phase of work were the verification of the structural integrity of the seat frame
ond 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 sect wos then posiﬁqned in its rearmost horizontal location and its
uppermost vertical location. The uppermost vertical location was chosen as it
results in the moximum loads applied to the sect 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 releosed. 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 ogain measured. The difference between the initial and final
positions is the motion of the seat.

Two dn‘aps were performed, 1A and 1B, After measuring the final position
of the seat at the‘end of the test 1A and without repositioning the seat, the
glatform was raised cgain to the desired height and dropped constituting test 1B.
In the test 1A, 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 1B. Two switches ot 4" apert were
located right near the impact point so that the actual impact speed could be found.

Table 1V summarizas the impact and responses. |t should be noted that the responses
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Tabls IV, Summary of Drop Tests.

Drop Test 1A 1B Remarks
[Drop Welght, b, 830 O ;
i .
{ i
dn.. . 84 8 Measured Input 5
Static E/A force in | pe '
‘Bottom Platform , lby 7200 | 27200 ;
‘ f s §
Bottom Platform Movement,in! 1.4 = 1,3 P e e
Time to First Switch, sec. 0.656 0.656 ,
,IimamSmondS\mtchrm. f- g.681 ; _0.681 ' Data Trace Reading
| | !
ilnpur Pulse Du‘aﬁon, sec. | 0.021 | 0,021 |
; : i
linuskc: Pulse Peak G, ©s3.0 . 5.0 | )
{Theoretical Impac'r ' Calculated fron.
L_geed fi/sec , 21.2 21.4 __ Drop Height
' | f to
Aol gt Spost e, W4 w4 oot D
; : " Calculated fm. impactSpd.
{lnsut Pulse Average G bo30.2 0.2 &Durahan oﬂupu_t Pn{ls'o‘
‘NSRP Dlsplocemem‘,
;Horizontal, in .13 . 005 |
INSRP Displacement, ‘
Vemcal, in 3.50 1.43 .
initial Thigh Target ‘
'Agsle, deg. \ 6 . 12 . Measured Responses
{Firal Thigh Target
{Angle, deg. L ¥ A
;QA Stroke, Top, in 0 0.10
'_F,LA Stroke, Middle, in . 3,33 140 |
. " |
: QE,/A Stroke, Bottom, in i 0 0




“ the sear in tests 1A and 1B are different becawe their initial positions are
&ferent. The structurel Integrity was malntained during the two dropi. No
simple structural follure wes datected. The 4-way seating adjustment functioned
praperly cfter the tests,

For horizontal Impoct testing, the seat wos fiict attached to a specially
éigned horizontal Impact sled. Figure 16 is o photograph showing the crew seat
attached to the sigd. For the test, the sl§d was acccleratad to the desired velocity
by pushing it with a truck. At a distance of 120 feat frorr.r the rigid berrier, the
truck wes broked allowing the sled to roll freely the remeining distance into the
berrier. Sled guldance was provided by conracting the right front wheel of the
sled to a guidanee cabie and a control arm.  The G-level to which the seat was
subjected was controlied by six E/A's [ARA's censtant forca TOR-SHOK energy
abeorber) mounted on the front of tha sled. As in the drop tests, the seat was
poelfioned in its rearmeat horizontal location and its uppermost vertica! location.
All E/A lengths and the seat's locction relative to the floor and frame were re-
corded 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
represent the viiot, To aid in the interpratation of the impact, high speed motion
pictures wers taken during the test. |

A review of the slow motion pictures shows thet the impact speed of the
sled wos 53.3 ft/sec. The sied and the seat were whijected fo o comstont 27.4 G
pulse with a duration of 0.057 seconds. Table V summari zes the impoct ond
responses of the sest during tha sled test, |t was observed that most of the kinatic
energy of the saat wos taken out by the top E/A members as expected from the

dynemic analysis. The left side panal of the bucket beceme locse but rcm&ined
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Table V. Summary of Horizontal Sled Test

_ . JNPUT - .
Sled Weight, 1b. 2300
;l_rggacf Speed, R/sec 53.3 o
Eimpacr Duration, sec : 0057 ‘
¢ o4
t H
| ‘ ;
. Sled Front E/A Force, Ib o ;o ]
. Sled Front E/A Stroke, in 15.9
p_._._......-.: [T SR ‘ = = DI e e ey
. RESPONSE OF SEAT
, TopLeft (1,95 |
; E/A Stroke, in | Top Right | 2.00 J
! .
; Mdd‘e Left | 0,30 ]
i S Middlie Right| 0.25 _
| * lteft |03
. Rear Bottom Corner |
I Vertical Displacement | Right 0.25
{ in. ILeft 3.3 ]
{ Front Bottom Corner|
L , Right 3.45 _
, _ | et Lo
; Horlz?:.fcl Displacement dpoq; Bofforﬁ Corner Right 0.35 )
Left 0.10 ]
Fr?_r?LBptfom Corner_ﬁghf 0.25 -
: Left 149 ]
! Thigh Tangent Angle, 'deg.__— Right -5.6 (Pitchdown)
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on the bucket. The fact that the back pane! of the bucket bent during the test
indicates that the pltching of the uppsr torso due to the flexibility of the harness
restraint system edded an angular acceleration tc the 27 G horizontal acceleration.
Again, no structural fallure in the seat frame wos detected and the seat odjustment
mechanisms worked properly after the impact.

The impact at a speed over the required 5 ft/sec as stated in Reference 1
demonstrated the structural im‘ogritly of the crew seot 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 horizontel

impact tesfs.

Vij,  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 fo verify
the adequacy of the seat to those environmental conditions described in
MIL-S-58095(AV)and MIL-STD-8108, 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 tram 19 December 1972 to 23 February 1973, A U. S. Government
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Representativa witnezsed all the tests, An Ogden prepared rspcrt, No. F-72683
was submitted to ARA, inc, and a copy of this comlete repert is provided In
Appendix B. In summary, this report states that the seat frams completed the test
program without visible evidence of any physical damage or deterloration. After
the seat had experiencad oll the environmentol tests, sach TOR-SHOK was
activated individually and the running locds on each wese found to be within

¥ 7% of the loeds measured originally prior to the snvironmental tests. Based on
these measurements, the seat frame assembly met all requirements of MIL-S-58095(AV)
and MIL-STD-8108, Notice 1. Finally it should be noted that in order to meet
tha vibration test raquirements, a complete seat assembly using the armorad bucket,
ond restraint system as well as an anthropormorphic dummy was utilized in the test

to propsrly simulate the leading conditions on the frame ossembly.

VIll, SUMMARY OF NADC ACCEPTANCE TESTS

Crash ioad tests of pilot and co-pilot models of the crashworthy armored
seat were conducted at the NAVAIRDEVCEN (Naval Air Development Center)
hori zontal accelerator and drop tower facilities locoted at Philadelphia, Pa.

"A 95th percentile ballasted anthropomorphic dummy (Alderson CGP5QA}
weighing 213.5 Ibs,, with flight suit, APH-5 helmet, and shoes, was used for all
tests. The resiraint system corsisted of a conventional 3 inch wide lap belt
(Type IV per MIL-W-25361, medified to facilitate attachment of the belt directly
to the bucket), and 1-23/32 inch wide shoulder straps (Type VIl 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 beit.

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

deck, input acceleration at the seat mount plats, triaxal dummy and seat

- 34-



accelorations, cnd selected energy attenuation loads, "

Dwring the drop "omf tects a modification to the upper TOR-SHOKs were
re;quirod in ordar to prevent the seat from bottoming out on the deck. The modifi-
m‘ﬁon 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
|.oosc os 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 opsrated
' ptop«ly.

During the sled tosts the rod ends attached to each end of the TOR-SHOK
wers falling due to improper heat-treat of the body pertion 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 tasts,

A wm‘mnry' of the test accelerction dara obtained from the drop tower and
sled tests is provided in Table VI. Test Nos. 1A and 2A represent the two drop
tower tests with the upper TOR-SHOKs modified with the "stopping”rings.

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

the rod ends on all TOR-SHOKSs with properly heat=treated components. Addifional
Information is provided in Table VI| for the same four tests w!fh respact to the

loads and maximum displacements of the TOR-SHOKSs.

The most Impastant acceleration traces are those associated with the
combined angle drop tower test (Test #1A). 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 dstuiled description of each of the fosfs has been summarized in a [etter
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-5-58095(AV). Two objectives were required
for the dynamic tests: (a) no loss of structural integrity of thé seat systam, 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 attackment 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
heri zontal adjustment actuator arm deforming it, however, the seat remained
firmly locked in position at all times. It wos concluded that the upper E/A's

required a modification to keep the inner and outer tubes from separating. "

B

s e e



Figure 19. Combined Angle Drop Tower Test
onfiguration Prior to Impact




Figure 20. Combined An?le Drop Tower Test
ter Impact

Configurution A
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“Tkesf 1A 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 1 condition of MIL- S—58095(/l\V). "

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 the pulse required in MIL-5-58095(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 immeciately followed
by bucket impact with the deck."

Test 2A, a repeat of Test 2 was conducted with medified upper E/A’s
identical with those used in Test 1A.

“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 contaét with the middle TOR-SHOKs during seat
stroke and wére inden}éd. it was ;oncl uded that the seat functioned within the

design specifications and withstood the vertical crash pulse, Figure 23."
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Figure 21, Vertical Drop Tower Test Configuration
Prior to Impact




I

Figure 22. Vertical Drop Tower Test
Configuration After Ypact
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Figure 25%.

Combined Angle Sled Test Configuration
After Impact
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C. Combined Angle Sled Tests (3, 3A ond 3B}
Photographs of the installation for these tests are shown in
Figure 24 prior to impact ond in Figure 25 after impact, The seat was subjected
to the Test 2 condition of Table iV of MIL-5-58095(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. A

Test 3B was conducted with modified rod ends rated ot 11,000 1bs.
"Inspection of the seat ofter 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 stripped piior o the shear foilure of the rail. Inspection of the seat
after the test showed thot it was intact and siill attached to both rails. The
damaged port side rail warped the seat so that the right forward corner of the
bucket was tipped toward the deck. The dummy was fully restrained by the shoulder
and lop belts. [t was concluded that the seat met the intent of the Test #2

conditions of MIL-5-58095(AV). Figure 26."
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D. Forward Sled Test (4)

Photographs of the installation for this test are shown in
Figure 27 prior to impact and in Figure 28 after impact.

“The seat was subjecicd s the Test #2 condition of Table 1V of
MIL-5-58095(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.aHen bolts. Inspection of the system
after tﬁe test event showed the seat to be intact with the dummy restrained by the
harness straps. The cantilevering action of 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 tapped holes. However, the seat back and side re~
moined 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 ond 4 all met the criteria for seat siructural integrity and dummy
retention. |

 Although 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
inTests1, 2, 1A, 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 buckat would contact the deck during the
combined engle vertical drop test. Past experience has shown that the combination

of pitch and roll would cause an asymmetrical leading on the system resulting In the
unaqual stroking of the E/A's forcing the front side edge of the seat to tip downward
and sideward. Mnst of the Input energy was diulpated ddrlng the movemant of the
seat and it had little differential velocity in relation to the deck when it made
contact. For those tests where the seat contacted the deck the traces Indicate a
short duration spike wi th an "overshoot" acceleration. In oll cases where it was
concludad that the seat performed satisfactorlly, there was little damage to

the underside cf the bucket. Contact of the seat front edge with the deck occurred
during Test 3B because of the partial failure of the track. Al noted previously,

the track filure wes attributable to the use of improper fiédown nufs and bolis. "

" Throughout the tast program the sida armor panels were retsined on the
seat, Although the moveable parel was releazed from its upper guide braci-et in
tests 1A, 2, 3, 33 end 4, restraint was still provided by the panef mount and spring-
lcaded edjustmant pin. The GFE seat cushions identical o those presently being
used in the Army UH-1 helicopter armored ci awman seat, were used during ail
tuﬂﬁg. The one plece cushion is constructed from aluminum tubing welded to~
gather to form a frame. Raschel netting is used as the crewnan support surfoce.
Irspection of the frame ofter each test revealed evidence that the dummy's cocecyx
contacted ¢ portion of the fublng after the netting supports falled. A two piece
cushion has been proposad as a substitute for the GFE cushion. It Is constructed
from shest aluminum bent into seat and back support forms and Is covered with

Raschel netting. ¥
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Measured vertical seat accelorations for the drop tower tests indicata only

marginal compliance with the criteria of MIL-5-58095 (AV), Figure 12 uf
MIL-S-58095 (AV) requires the limitation of vertical seat accelerations to 23 G

or less for all durations In excess of . 0058 seconds, The longer durctions at the 23 G
level for Tests 1 A and 2A wara apparently caused by the "stop" rings In the upper
TOR~-SHOKs, Altﬁouqh the mew TOR-SHOKs result in higher s 3at accelerations

ot the end of the seat displacement, thay also provide o more controlled dscelera-
tion of the seaut since the bucket is always supported, even iﬁ the event of 100%
utilization of aveilable stroke. Strain gages placed on the TOR-SHOKs to aid in
ewcluation of seat system parformance gave force readings which were generally
much higher than the preset forces specified in the design. Since deformation of
the TOR-SHOK cylinders was evidant in some cases (oil-canning of the TOR-SHOK
end cap, etc.), tha 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 chc;ucteri:rics of the
crashworthy seat cppear warranted. It should be noted that the upper or top
TOR-SHOKs do not stroke but rotate during the initial vertical displacamernt of
the bucket. Comsequently 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 gll, the energy must be absorbed within 8
inches of vertica! displacement, the upper TOR-SHOK: efter rotation to the
hori zontal position has been completed, then start to stroke, which providas for
an additional component to the bucket ertical deceleration. As the bucket
moves fwrh;r vertically, the upper TOR- SHOKs have rotated to an almost vertical
position (which contributes even further to the bucket vertical deceleratior.) and

in addition, due to their small stroking capacity, start to slide the helical wire
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elements which further increases the force level in the upper TOR-SHOKs, These
two comblned effocts cc&.;ao the "bottoming out" effact shown in the vertical seat
pon daceleration curve of Figure 17 (first curve). Tha incrsese in 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

TOR-SHOKs do not exparience any appreciabie stroking and consequently were not
instrumented. Tha bottom TOR-SHOKs do stroke when large lateral accel erations
are axp«!énced by the seat pan, _

In order to irsure @ soft "bottomine out" condition of the seat pan in the
vertical direction, the support rings in the upper or top TOR-SHOKSs were o
necessity, due to the vary limited available displacement of the bucket and the
length of the upper or top TOR-SHOKs., By use of the multiple force variation
of the upper or ton TOR-SHOKSs and the rototion angle, the v&tical deceleration
of the seat pan can be made constant at @ toieroble level for most of its travel
but yet reteln a soft "bottoming out" conditicn, as shown in the first trace of
Figure 17. 1t should be noted that this trace represents a very severe crash
condition, namely, a 95th percentile crash (50 foef per sacond) and the relctively
large welght of a 95th percentile pilot. If either or both of these two conditions
are reduced in severity, say a 50th percentile crash and o 50th percentile pilot,
this soft “"bottoming out" condition would not exist and the maximum seat pan
decelerations would be well within the tolerable limits spaclfiod by Mﬂ.—S-

53095 (AV). Based on the maximum avallable sest displacement of 7-1/2 1o 8
inches, the piescn? dasign optimizes the Intent of MIL-S-58095 (AV) which
specifically requires o minimum vertical seat pan displacement of 12, and nct

 7-1/2 to 8 inches.

r.
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Since the present ARA, Inc. detign was tailored to fit existing aircraft
configuretions as well as wing existing GFE seat components, the performance of
the prazont seat in terna of tolerable vertical decelerations appears to be aptimized.

The vertical dummy decel erations are largely dictated by not only the
vertical seat pan decelerations but In addition, by the elasticity in the restraint
system. Unfortunately the dummy experiences no vertical dccol?raﬂon until half
of the impulse doc‘clmﬂ.on duration was boen experienced (See Figure 17, fourth
curve). This cheracteristic mears that the elasticity of the restraint system provides
no restraint inftially, . 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 rasl 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 th.e dummy vertical deceleration will be ocbteined.

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 Refersnce 2, appears warranted. The epoxy fiberglass boron-
carbids bucket was found to be extremely m&e flexdble than the aluminum backed
aluminum oxdde mosale tile GFE bucket. Even after the epoxy fiberglass bucket
wos reinforced with additional aluminum brackets, during a forward facing sled

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

" to a point where he was almost completely out of the seat. 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 restralnt system in the forward

direction was conpletsly inadaquate. The bucket and restraint system elasticity
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do ot ebsarb enargy, but meroly store the energy and ite1 relaase it In the form
of o largs rebound velecity. In order to avold this sitwtion the elasticity of the
bucket aid the shoulder restraint must be reduced. Thus the use of tha aluminum

backad ceremic fle bucket apnears mandatory for crashworthy dynemic respoma.

Although epony fibergles coremic tla could be used for the sfdes and poasibly
for the bottem of the bucke? 1§ adequals fustenlng procedures are wed, the manu-
fectwing costs of tha aluminum backed bucket Is considerably fess than the epoxy
fiberglass backed bucket, and therefora, the aluminum backed bucket shouid be
corgldered as the mest eptlmum configuration, .
Obviously further improvemants In cockglt design will allow for batter |
perfarmance in seat poan decelerctions by parmltting optimum vertical seat pan
displacements, Improved restralnt systems, thalr optimum location on the bucket,
ard stiff seat back buckets will Improve the vertical deceleration respoms of the
eceipant, Thus much' remains to be done; however, the present crashworthy armored

t domonstrates the enormous Improvement in crash survivablilivy that con
be accomplished uing existing cockplt arrengomaents and existing, relutively in-

| expensive, ormared buckets, This improvement can be mode at a negligible weight

and cost penalty over present non-creshworthy fixed seats.

#
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APPENDIX A

STRESS ANALYSIS OF
SEAT FRAME COMPONENTS
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APPENDIX B

REPORT OF ENVIRONMENTAL TESTS ON
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Test Report No. P~-72683

UNIVERSAL REPORT NO,

ORIGINATORS REPORT NO, F-72683

REVISION

REFORT OF
ENVIRONMENTAL TESTS
ON
ARA, INC. HELICOPTER SEAT

TESTS PERFORMED BY Ogden Technology Laboratories, Inc.

TESTS AUTHORIZED By ARA, Inc., Purchase Order No. 2514

CONTRACT NUMBER N62269~72-C-0657

DATE SIGNATURE

Tests Initiated - {12-19-72

Tests Completed 2-23-73

Report Written By 5/.. J0- 73 /7 // -
. /;/)///% a,/é"lzz
Test Engineer & -10-73 (/;%‘ ‘”V(%‘,.
=

Supervisor

Supervisor S-/0-773 ﬁé 4%»;4"

Qualitf Assurance. S jo-3 /j/g,{/j/ /m‘//..c/_,_@%
Government Rep. F/dr73 : ﬂ%é 4%*;‘ —_— 23

Final Release 5~9~73
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Test Report No. P-72683

REPORT SUMMARY SHEET

. »mponent/Parts: Program:

- alicopter Seat, Seat Frame

3sembly and Complete Seat

38embly Originators Report No.: F-72683

tiginator's Report Title: Test Completed: 2-23-73
Report Completed: 5-10-73

tpcrt of Environmental Tests

Test Type: Qualificaéion

- recifications: 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 160°F for 48 hours, operation at
160°F, and post-test operation at room ambient
temperature.

II - Exposure to 3, l2-hour temperature cycles, 120°F
for 6 hours, 154°F for four (4) hours with one
{1) hour transitions; then stabi.ization and oper-
ation at 160°F and post-operation at room ambien%.

- sults: No indication of malfunction or evidence of damage.

‘N TEMPERATURE TEST - Seat Frame Assembly

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

-3t Conditions: Stabilization for 4 hours and operatlon at -65°F anl

post operation at room ambient.

sults: No indication of malfunction or evidence of damage.

{IDITY TEST - Seat Frame Assembly

icifications: A. Paragraph 4.5.4.3
- B. Method 507, Procedure I

-t Conditions:

u Exposure to 95% RH with temperatu*e cycled from 90 to

160 to 90°F in 24 hour cycles for 10 cycles, post oper-
ation at room ambient.

ults: No evidence of damage or deterioration.

e
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Test Report No. F-72683

REPORT SUMMARY SHEET

FUNGUS TEST ~ Representative Samples

Specifications:

Test Conditions:

Results:

A. Paragraph 4.5.4.4
B. Method 508

Exposure to 95% RH at B6°F for 28 days after innocu-
lation with specified spore suspension.

No evidence of fungus growth or attack.

SALT FOG TEST - Seat Frame Assembly

Specifications:

fest Conditons:

!esulti:

A. Paragraph 4.5.4.5
B, Method 509

Exposure to fog from a 5% solution for 48 hours at 95
°F. Post test operation.

No evidence of damage or deterioration.

ST TEST -~ Seat Frame Assembly

pecifications:

est Conditions:

esults:

A. Paragraph 4.5.4.6
B. Method 510

Exposure to duét at 0.22 grams/ft3 and 1740 feet/minute
for 6 hours at 73°F and 6 hours at 145°F with 16 hours

at 145*F, no dust, 240 feet/minute air between 6 hour
exposures.

No visible evidence of damage.

[BRATION TEST - Complete Seat Assembly with anthropormorphic dummy

lecifications:

18t Conditions:

:sults:

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

3 hours of vibration, resonance search, dwell and

cycling in each of three (3) axes, 5 to 500 Hz maxi-
mun of +2.5 g.

No visible evidence of demage or deformation.

SUMMARY QOF REPORT

item completed the test program without visible evidence of
. ysical damage or deterioration. '
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NOTICES

when government drawings, specifications, or other data are
used for any purpcse 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. P-72683

ADMINISTRATIVE DATA

PURPOSE OF TEST:

" MANUFACTURER:

DESCRIPTION OF TEST ITEM:

REFERENCES :

QUANTITY OF TEST ITEMS:

SECURITY CLASSIFICATION:

DATE TESTS COMPLETED:

TESTS CONDUCTED BY:

TEST ITEM DISPOSITION:

PURCHASE ORDER NUMBER:

SOURCE INSPECTION:

GOVERNMENT CONTRACT NO.:

To perform Environmental Tests to deter-
mine the extent of compliance with the
specifications cited below.

ARA, Inc.
HELICOPTER Seat
MIL-S~58095(AV) and MIL~STD-810B

One (1) Seat Frame Assembly and one (1)
Completely Assembled Seat

Unclassgified
2-23-73

Ogden Technology Laboratories, Inc.
1536 East Valencia Drive
Fullerton, California 92631

Returned to: ARA, Inc. :
2017 West Garvey Avenue
West Covina, Calif. 91790

DCAS QAR, and OTL QA

' N62269-72-C-0657
B-6 -




1.0
1.1

1.2

1.4

Test Report No. F-72683

FACTUAL DATA

DESCRIPTION OF TEST APPARATUS

All quantitative test measurements were made with certified

accurate instruments in current calibration, and all instru-
ments used had a valid calibration sticker attacheé. Aall in-
struments were calibrated in accordance with MIL-C-45662A and

MIL-Q-9858A. A list of the test apparatus follows:

HIGH TEMPERATURE TEST

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

LOW TEMPERATURE TEST

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

HUMIDITY TEST.

Fielden Humidity Chamber, controlled by Honeywell, S/N 954704,
0 to 200°F, 1% accuracy; calibrated at 6 month intervals due
2-22~73. OTL Control Nc. 5275

- FUNGUS TEST

Ieatherman Fungus Chamber, 3' x 3' x 3', 0 to 200°F, 1% accuracy

controlled by Honeywell, S/N 844905, callbrated at 6 month intervals
due 5-9-73. OTL Control No. 5006

SALT FOG TEST

Industrial Filter Salt Spray Chamber, Model 41l1l-1C, S/ﬁ 53736,
+1% accuracy, ambient to +140¢F, calibrated at 6 month 1ntervals
due 1-16-73. OTL Control No. 1853

Sargent Spe"lflc Gravity Scale, 1.000 to 1 070; callbratlon Not
Required. 1L Control No. 67108

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

| B-7 -



1.7

Test Report No. F-72683

FACTUAL DATA

DUST TEST

Leatherman Sand and Dust Chamber, 2' x 2' x 2', 0-200°F, 12
accuracy, 9% RH, controlled by Honeywell, S/N §35807; calibrated
at 6 month intervals due 4-11~73. OTL Control Ko. 5008

"VIBRATION TEST - -

Peldmar StopIWatch, Model 601; calibrated at 12 month intervals
due 9-14~73, OTL Control No. 3021

Bruel & Kjaer Automatic Exciter Control, Model 1025; caiibrated
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 montn
intervals due 3-19-73; OTL Continl No. 585

Endevco Accelercmeter, Model 2245; calibrated at 6 month interxrvals
due 3-16-73. OTL Contrel 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 Ne. 3220

MB Power Amplifier, Model 5140; calibration Not Required

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

B~ 8 -
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Test Report No. P-72683

FACTUAL DATH

2.0 TEST PROCEDURES

2.1 GENERAL

2.1.1 The tests were conducted in strict accordance with MIL-S5TD-£10B
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 EIGH 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. 1 and exposed to a temperature of
160° F for 48 hours.

At the conclusion of the test the unit was operated at 160’?,
the lever was actuated and the spring loading was reset. The

cperation 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
¢. 154’F maintained for 4 hours
d. 154°F to 120°F in one (1) hour
The test item was subjected to three (3) éonsecutlve programmed

cvcles. 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 1xstagled in a test chamber and subiected to

a2 temperature of -65°F until the unit was completely stablllzed
approximately four (4) hours.

2.3.2 Following stablllzatlon the unit was operaged at the low tempera-
' ture. ‘

B-9 -




2.3.3

2.4
2.4.1

2.‘.2

2.4.3

2.5

2.6
2.6.1

2.6.2

Test Report No. F-72683

FACTUAL DATA

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

HUMIDITY TEST (Method 507, Procedure 1)

The test chamber was' programmed for the following temperature
cycle with the relative humidity maintained at 95+5 %:

a. Room ambient to 160°F in 2 hours
b, 160°F maintained for 6 hours
€. 1l60°F gradually to room ambient (68 to 100°F)

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

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

FUNGUS TEST (Method 508)

Representative samples of the Seatr 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.

SALT FOG TEST (Method 509)

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 NacCl)
Type of Water: Distilled :

pH of Solution: 6.8

S.G. of Solution: 1.040

Chamber Temperature: Maintained at +95°F

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 =~




2.7
2.7.1

2.7.2

2.7.3

2.7.4

2.7-5'

2.7.6

2.8
2.8.1

© 2.8.2

Test Report No. F-72683

FACTUAL DATA

DUST TEST (Method 510)

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

The test chamber was programmed for the following conditions:

Dust Density
Alr Velocity
Temperature
"Relative Humidity

0.22 grams per cubic foot
1740 feet per minute

73°F

Less than 22%

The test item was exposed to these conditions for 6 hours.
The chamber was then programmed for the following:

Dust Density

Air Velocity
Temperature
Relative Humidity

‘None, dust turned off
240 feet per nminute
145°F
Less than 10%

These conditions were maintained for 16 hours.

The conditions of paragraph 2.7.2 were then imposed on the test

item f9t six (6) hours except that the temperature was maintained
at 145" F.

At the conclusion of the test, the test item was removed from
the chamber. Dust deposits were krushed off, and the test item
was visually examined for damage. The test item was then operated.

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

VIBRATION TEST (Method 514.1, Prccedure I, Part 1)

Instéllation

The Seat Assembly, with an anthropomorphic dummy installed, was
mounted on the head of the vibratoer, 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.

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.

o B-11 -
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2.8.3

2.8.4

2.8.5

2.8.6

Test Report No. F-72683

FACTUAL DATA

Vibration

Tﬁe Seat Assembly was subjected to three (3) hours of vibratiorn in
each of three (3) orthogonal axes. Testing consisted of a rescn-
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) Levele
5 - 20 0.1 inch da
20 - 33 +2g
33 - 500 +2.5g

A summary of the testing follows:

Axis Test Description Duration (Minutes) Recorded

Vertical Resonance Search g Control anad
Cycling S ~ 500 - SHz 60 Response
Dwell at 29 Hz 30 - - -
Dwell at 34 Hz 30 0209000 eeee= - -
Dwell at 50 Hz 30 0000 e eee - ==
Dwell at 435 Hz : 30 T e e e - o= -

Pront to Resonance Search 15 Control and

Back , Response
Dwell at 43 Hz 300 3000 eee- - -
Cycling 5-500-5 Hz ' 135 Response, 1

\ ‘ Cycle

Side %o Resonance Search 15 Control and

side Response
Cycling 5-500-5 Hz 165 None

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

At tne conclusicn of the test, the test item was returned to AFRA,
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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3.0

3.1

3.2

3.3

3.6

3.7

3.8

Test Report No. P-72683

FACTUAL DATA

RESULTS OF TESTS

GENERAL

The test item completed the test program without wisible
evidence of physical damage or deterioratiom.

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 foliowing the tests.

LOW TEMPERATURE

The test item operated normally at -65°F and at room ambient

following the test. There was no visible evidence of deter-
ioration noted, )

EUMIDITY TEST

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

FUNGUS TEST

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

SALT FOG TEST

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

DUST TEST

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

VIBRATION TEST

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

8 .13 -




4.0

4.2

4.5

4.7

Test Report No. F-72683

FACTUAL DATA

TEST JATA

GELERAL

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

HIGH TMPERATURE TEST

One (.) exposure data sheet fcr Procedure I and cne (1) £cr
Procedure II.

LOW TIXPERATURZ

One (.) expocsure data sheet.

HUMILZTY TEST

One (.) exposure data sheet and a tysical 24-hour circulcar chart.

One (., exposure data sheet.

DUST TZIST

One {;) exposure data sheet.

VIBERATION TEST

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

- PHOTOCGRAPHS

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

No. 1 - Typical Test Chamber Installation
No., 2 - Dust Test Secup

B. 14 -




4.9

4.10

Test Report No., F~72683

FACTUAL DATA

PROTOGRAPHS {(Continued)

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

TEMPERATURE CHARTS

- -

Temperature charts will be retained on file at OTL, File No.

F-72683, and can be made available to authorized persons on
request.
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Frank E. Swatek, Ph.D.
Industrial & Mycological
Consultant

812 STEVELY AVENUE
LONG BEACH , . CALIFORNIA 90815

DATE: 1-17-73

JCB NO. F-72683

CLIENT: Ogden Technology Laboratories, Inc.

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

INVESTIGATION: Fungus resistance test in accordance with specification.

PROCEDURE: The unit was sprayed with a suspension of viable fungus .pores in
accordance with specification  M{1-STD-B10B - .

Spores from the following fungl were used:

Chaetomiun globosum ATCC 6205
Aspergillus niger NiLabs 386
Aspergillus flavus Nlabs 380
Penicilliun funiculesum NLabs 391
Aspergillus versicolor NLabs 432

The specimen was placed in the test chamber with an intermal
temperature of 86 * 4° and a relative humidity of 95% X 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 atmosphere, set to regulate the ambient temperature. At
the end of the 28 day period the unit was visually examired for
the presence of fungus growth and/or material deterioration.

CONTROLS: After 14 days all three (3) control material show fungus
growth,

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

Ry

-

V% ///;;/
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Job Number £ 22/ 2.F

’ g
OODEN TECHNOLOGY LABORATORIES, INC. Date /- P~ 77

SALT SPRAY DATA SHEET Page Numker

Customer____/2 /0, /?

Specimen 5’5,4)’ ﬁs‘su Part No. Serial No,
Specification No, M{Z,EZZZ ALY 5, Para. No,
Prepara_tion of Specimen(s) A7

¥

Protective Coating or Covering for Non-Tested Parts_

A7 .
Vents, Ports, Connectors, etc. Cappcd: Yes_ __ No___ _Remarks
AL
Support Method__ ANerfor o1
Orientation of Spec.men(s) V=37
Solution: Salt__ o~ % Hy0_ s~ % (by weight) pH of Solution__ &,
at__ 25— °F Specific Gravity of Solution /42«2 at G °F
Start date and time/l9-23 2020 Nozzel Pressure 7
Chamber Temperature 98" °F Water Column Temperature_ /29 °F

TEST RECORD
{Each 24 Hours)

Collected Solution (Volume)

Blapsed per 80 square centimeters Collected Solution Chamber
Time of Horizontal Surface &Area pH Specific Terp. -
" {hours) umilliliters per houx) Value mGravity C’F)

24 RIEDFY:. » &.8 Leto 32y

g b2 128 &8 Loto 957 \_X
: ' \/.\
%

Stop date and time=/-2F 2900 Test Duration P hours

Interruptions (explain)mﬁlffc’/( E2ch D};&uf

Results of Tast = - - - -
LrposoprE ~ Creanriey ON

7
Photograph taken: Yes No__ ¢~
Test Technxc;anm . Test Engineg‘ p.-( £’

Inspector {(Customer/Gov't)

/

; . OS%F
%Q/,“zc ML S SAN
uzlity Assurance Mapage?l
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Job Number £ 224 5 2
- : Date_ /-//-2.3

OOGOEN TECHNOLOAY LABORATORIED, ING,

: : Page Number
-

SAND AND DUST DATA SHEET
Customer vﬁfﬂ

- Specimen ,5-5&2 Qﬁf_‘(f L Part No, _Serial No,

Specification No.g#2/- STP 5/0 B Para, No, J./
Preparation of Specimen(s) .Y/ 4

Protective Covering on Non-Tested Parts Y/

- 'Vents, Ports, Connectors, etc. Capped: Yes No Remar.ks

A

Support Method MU, (CREBTE
Orientation of Specimen(s) Mo >

Chamber Controls: Sand and Dust Density_o.3% 0.2, grams/cubic foot

Wind Velocity /73222240 ,M *+ 200 feet/minute
Relative Humidity < 22 ;: S(Q percent

Temperature_ 2.3 6‘/9.7

,—. t
Elapsed Sand And Dust Air Relative
- Time Density Velocity : Humidity
{hours) (grams/cu,ft,) (ft/minute) Temperature (°F (%)
& .22 LY _zz
- Lo 20 L#3"
b 22 L2540 /437
: : ’
Remarks: = = =
Interruptions during test (explain):____4/HA/E
= Oresarion O,
Results: Damage or Deformation: Yes No 2~ (explain above)
- Photograph taken: Yes_J N ,. '
Test Technician . ;(&2 Test Engineer j/;mmwz—
- Inspector (Customer/G&v't) ~
- . ez
. b e I </
~ ‘ Quatity Assuraace Men

nager
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