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INITRODUCILO±I

The use of energy-absorbing strut— like devices to absorb energy for such

applications as troop or passenger seats in helicopters or light fixed—wing aircraft
is we ll known. For such types of seats, the stroking loads in the struts ore

• re lativel y low (approximatel y 1000 to 1500 pounds) when compared to armored
crew seats, since the weight of the seat is insignificant w hen compared to the

occupant’s wei ght. On this basis, the strut—like energy—absorbing devices can be
fabricated from readily avai lable aluminum tubing, suc h as 6061-16. One type of
cyc lic strain device which ARA, Inc. has devel oped and applied successfull y to
many shock load applicati ons is an energy— absorbing rolling helix called the
TOR—SHOK . This device, when used with the aluminum tubing, offers si gnUicant
weight savings when compared to conventional high—streng th steel tubing and
wires which are used for crashworthy armored crew seats.

T he purpose of this study was to determine the feasibilit y of a lightweight
aluminum rolling helix strut. Struts were fabricated and tested. The test results
demonstrated that aluminum struts operated satisfactori ly, even after exposure
to an envi ronment specified by Military Standord 81 OB. The description of the
aluminum wire selection testing and an evaluation of the struts are provided in the
next sect ions.
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BRIEF REVI EW OF IMPACT ATTENUATOR DE\~1CES

Most impact devices or energy attenuators are commonl y one—t ime devices

such as fragmenting tubes, crus hable materials , and deformable structures. All of

these devices use the energy that is available from unidirectional straining of the

mate rial , which usuall y occurs at local ized porti ons of the niaterial. If the same

mater ial can be cyclicall y stra ined to fai l ure, much larger energy levels of ab-

sorpt ion are avai lable. An examp le of the comparison of specific energy absorp-

tion for unidirectional and cyclic strai n to failure is show n in Fi gure 1. Speci fic

Energy Absorption (SEA, which is measured in foot pounds of energy absorbed per

pound of device wei ght) is a common parameter for comparing impact-type energy

absorbers. As shown in Figure 1, when the mater ial is repeatedly stressed sli ghtl y

beyond its yield point and back, including stress in the opposite direction, the

cycle may be repeated many times before failure . Empirical ly, for N cycles , the

specific energy absorption, SEA is approxi matel y VTT’x SEA for unidirectional

stra ining to fai lure.

Using onl y the working elements of vari ous impact devices, a comparison of

the energy—absorption capability of various devices for crashworthiness is shown in

Fi gure 2. 1 This fi gure clearl y demonstrates the increased capabilit y of the cyclic

stra fling devices over the other devi ces which make use of the unidirectiona l

stra ining to failure. The final SEA val ue depends on the additiona l structure

necessary to transmit the forces from the working elements . Since these external

1 E. W. Schrader , Torus Absorbs Impact Energy, Design News, Volume 20,

Number 23, November 10, 1965.
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mechan sms may vary widel y among dif ferent devices, as wel l  as for a given

device, dupending on the particular structural requirements , a meaningful com—

parison is difficult to establish , Howev er, by mani pulation of the working elements

in relati on to the surrounding structural components , very efficient cycl ic straining

devices can be manufactured. One type of cycUc strain device which ARA, Inc.

has developed and applied successfull y to many shock load app lications is the

roll ing helix. A brief descri ption of this device is provided as fol lows:

T he rolling helix is designed to attenuate motion and forces in a linear direc-

tion through the use of a strut—like device . The attenuator cons ists of a helical

coil of metal wire l ocated between two cy l inders . Each toro da l element in the

coil starts to roll when impact occurs , w hich causes cyclic tension— to—compress ion

plast ic deformation stresses in the outer fibers of each toroidat element . During

impact , the two cy linders experience reI~ t ive motion but remain intact , that is ,

they do not deform plast icall y. The two cy l inders transmi t the impact forces into

the toro idal elements of the helical coil and exert suff icient compressive forces

on each toroidal element to force the elements to roll rather than slide between

the two cy linders . This energy absorber, unl ike the other types wh ich rel y on one-

time unidirectiona l straining to failure , can be checked out even if used onl y as a
one— time device. This device is relativel y simp le to manufacture. The critical

factor is the establishment of the proper tolerances between the diameter of the

helical v,ire worki ng element and the annul us between the two tubes. The device

operates in tension or compress ion, is relativel y s imple to reset , and has a negli-

gible velocit y and temperature sensitivit y. An examp le of control led tests on

th is device over a wide range of velocit ies and temperatures is its app l ication to

the interpanel crew escape system for the space shuttle. 2 The devices are used

2 B. Ma zelsk y, Certification of TOR—S HOK Cabl e Assem bl y Interpanel Crew

Escape System, ARA Report No. 1 78, December 30, 1 976.

9



on each interpanel to ensure proper dep loyment of the inteipanel prior to

emergency egress of both crewmen.
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The al uminum alloy TOR-SHOK . .
a Energy Absorber manufactured by Rod End Bearing

a ARA, Inc., W est Covina, CA, NMB, ART—4E— CR
L or an equivalent energy absorber, Jam Nut 5/16-24 ~~~~~~~ ‘~~~~‘

must meet the following spec if i— UNF, Right Hand Thread
cations:
A. The attenuation forc e must be •

1 360 lb. with a maximum of Outer Tube Assy —“~~~

± 10% varia tion. ARA P/N C2796- 1
• B. The energy absorber must work

in tension and compression.
• C. The energy absorber must be

L 
- 

reusable to check loads for
qualit y assurance. 

r 
• I

D. The energy absorber must use Aluminum Alloy —~ “
~~ 2-2 ,

the principle of a cyclic Wire
stra in device.

1 E. The maximum outside diameter
must be equal to or less than a1 .375inches.

F. The energy absorber must
stroke a minimum of 8.38 inches N-. 0
when loaded in tension . ~~~~ -_. rdc\J c’J

The wire used as the working element I
in the ARA, Inc. Energy Absorber is “ I
approximatel y .030 inch diameter;
this diameter varies with the annular a
space available. Between 32 and d
36 wraps of wire are used . o

Follow ing assembl y, the energy
absorber is sealed at both rod end
bear ings and at the faying area 1_
between the inner and outer tube -

,

assemb lies, the seal ing compound Inner Tube Assy — -- “

used is Part No. 3C408 B 1/2 of ARA P/N C2796 2
the Churchill Chemical Co. , a

Los Angeles, CA. After sealing, Jam Nut 5/16— 24 ..~~~~~~

the assembl y receives one coat of UNF, Left Hand Thread ~~~
zinc chromate primer and a finish ; ,

a 

~~~~~~~~~~~~~~ 
gray cellulose- n

~~~~~~~ _ CR a

Fi gure 3. Aluminum Alloy TOR-S HOK.
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GENERAL DESCRIPTION

In accordance with Army Contract DAAJO2—75—C—001 5 requirements, ARA,

Inc. proceeded to desi gn a lightweight rol ling hel ix energy-absorbing leg, for

crashworth y hel icopter troop seats , made of aluminum and which met the fol low ing

• requirements:

The energy absorber strut must have a maximum length of 21 .40 inches with

a strok ing length of 8.375 inches; stroking shall occur at a limit load of 1 360

pounds. The total wei ght of the device must not exceed nine (9) ounces, not

including the ball joints.

As noted in Figure 3, the energy absorber is comp letel y sealed at each end

around the stem of the ball joints and locking nuts, as well as at the faying area

between the inner and outer tubes . This sealing procedure assures that no contami-

mants reach the interior of the energy absorber.

The basic problem in the successfu l operation of the energy absorber shown in

Fi gure 3 was the determination of an aluminum alloy wire capable of providing a

constant force over the required stroking length. All the other parameters , such as

wa ll thicknesses and the aluminum alloy of the tubing, were already know n prior
to this program.

The tubes are made from 6061-16 alloy aluminum tubing, which is readil y

available. The wall thickness is a nomina l .035 inch and requires a wire diameter

of approximatel y .030 inch. Thus, the ma jor portion of this investigation was

the select ion of the aluminum al loy wire capable of providing the required



r

strok ing distances for the energy absorber. A typical app lication of an energy—

absorbing leg for a troop seat is show n in Figure 4.

4

5

3 ReilI y, Mason J., CRASHWORTHY TROOP SEAT INVESTIGATION , Boeing
Vertol Company, USAAMRDL- TR- 74-93, U.S. Army Air Mobilit y Research

and Development Laboratory, Fort Eustis , Virginia, December 1974,
AD A007090
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Figure 4. Typ ical Troop Seat Utilizing Energy-Absorbing Legs.
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T ES T I N G  FOR SE L ECT I ON OF VARIOU S AL UM iN U M  ALLOY WIRES

The aluminum alloy wire s that were tested to ascertain adequate performance
for the energy- absorbing helical coi l were: 6061-H13, 2024-Hi 3, 2024- T4, and

5056— H38. The tubing used for all the energy absorbers was af luminum alloy
6061— 16. The tubes were anodi zed in accordance with MIL-A-8625, Type 1.
Each energy absorber was manufactured, assembled and tested identicall y for each
of the helical coil wire types. Each device was stroked in tension staticall y on a
Tinius—Olsen test machine. The results of the tests for each aluminum helical coi l
w ire assembl y are provided as fol lows:

1. Al uminum Alloy Wire 6061-Hi 3

The initial breakout load was 1 340 pounds of force. This load was
maintained for approximatel y one (1) inch of stroke; beyond that point, the load
steadil y increased, so that after two (2) inches of stroke the load had climbed to
3000 pounds and the test was stopped . X- ray examination of the energy absorber
revealed numerous broken wires and showed that many portions of the broken wire

sect ions had overlapped themselves , caus ing the large increase in stroking force.
This test indicated that the aluminum alloy wire 606 i—H13 was considered unaccep t-
able because onl y one (1) inch of constant force stroke could be maintained .

Although cycl ic straini ng of the wire exists during its assembl y, it should be noted
that one (1) inch of usable stroke represents approximatel y ten (1 0) strain cycles
on the hel ical coi l wire .

2. Al uminum A Hoy Wi re 2024-H13
The initial breakout load was 1 390 pounds of force. This load was

re lati vel y constant for approximate ly three (3) inches of stroke. Beyond this point,
the load steadil y increased until it reached 2800 pounds of force , wh ich occurred
at five (5) inches of stroking distance. At this point, the test was stopped. X—ray 



examination of the devi ce revealed the same condition of the helical wire that was
noted for the previous test. This aluminum alloy wi re was also considered unaccept—

• able. Onl y three (3) inches of constant force stroke could be maintained . This

stroking distance represents approximatel y thirty (30) strain cycles on the helical
• 

• coi l wire, which does not includ e the cycling required to assemble the device.

3. Al uminum Alloy Wire 2O24-T4

The initial breakout load was 1 360 pounds of force. This load was

relat ivel y constant for approximatel y seven (7) inches of stroke. Beyond thi s point,

and up to the last 1—1/2 inches of stroke, the load steadil y decreased and reached

a fina l value of 1100 pounds of force at 8—1/2 inches of stroke. This assemb ly was

pulled apart and visual examination indicated numerous broken wires in the

hel ical coil. This aluminum alloy wire was also considered unacceptable due to

its inadequate fati gue life. Onl y seve n (7) inches of constant force could be

ma intained. This stroking distance, neglect ing the initial strain cycles on the

helical coi l wire.

4. Al uminum Alloy Wire 5056-H38

The initial breakout load was 1 360 pounds of force . This load was

re lat ivel y constant throughout the entire 8—1/2 inches of stroke , exce pt for a sli ght
• reduction of thirt y (30) pounds in force wh ich occurred at the very end of the stroke.

Th is device was disassembled and visua l examination revealed no defects in the
w ire or the tubing. Detailed examination of the helical coi l indicated no visual

si gns of fati gue, crac ks, or breaks.

Based on these tests , the 5056- 1138 aluminum alloy wire was selected

for the helical coi l energy—aSsorbing element in the additional test assemblies

described in the next section. The results of the preliminary tests conducted herein
indicate the adequacy of the 505&-H38 aluminum alloy wire to provide , at a

minimum, a strok e of 8-1 2 inches.

- 1_~
_
~

_
~__•_•_~• • • •~~~~~~~-~~~~~~~~~~~~~~~~~~~~~~
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STATIC TESTING OF THE ALUMINUM ENERGY ABSORBER

Using the combination of anodi zed alumi num alloy 6061-16 tubing and

aluminum alloy 5056-1138 wire, nine (9) energy absorbers were manufactured in

accordance with the requirements listed in Fi gure 3. Three (3) of the energy

absorbers were staticall y tested by ARA, Inc. Two (2) energy absorbers were

sub jected to environmenta l testing in accordance w ith MIL—STD—8 10B. One (1)
• of the two (2) environmentall y teste d units (Serial No. 102) was also staticall y

tested at ARA, Inc.; the other unit (Serial No. 1 04) was submitted to and tested

by the Eustis Directorate , U.S. Army Air Mobilit y Research and Devel opment

Laboratory. In addition, three units were also supp l ied to the Eustis Directorate

for further test eval uation.

Duri ng the assem bl y of all of the energy absorbers, the force to stroke the

tubes was monitored continuousl y. Pri or to fi nal weldi ng of the end cap on the

larger diameter tube, eac h device was stroked approximatel y 1/2 inch to verify

the load. In addition, each device was X-rayed to verif y the condition and

locat ion of the helical coil wire with respect to the tubes . No defects were pound

on any of the devices fabricated . The three (3) energy absorbers that were not

subjected to the environmental testing were staticall y tested on a Tini us— Olsen
• machine to determine the force—stroke characteristics. The rate of load application

on the links- Olsen machine was four (4) inches per minute. The resul ts of these

stat ic tests are summarized in Figure 5 and are described herein. The serial numbers

of the three (3) energy absorbers that were not subjected to the environmental tests

are Serial No. 101, Serial No. 103, and Serial No. 109.

Upon complet ion of the static testi ng, each energy absorber was disassembled

and no defects were noted in the wi re or in the tubing. Detailed examination of

17
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the hel ical coi l indicated that there were no fractures , breaks or imperfections in
the length of the helical coil wire.

1. Serial No. 101
The test on the Tinius—Olsen revealed that the initial breakout force

was 1 320 pounds . This force was maintained for 7- 1/2 inches of stroke and during

the last 1-1/2 inches, the load reduced sli ghtl y by approximate ly s ixt y (60) pounds

to a load value of 1260 pounds.

2. Serial No. 103
The results of the static test are provided in Figure 5; the initial

breakout force was 1 340 pounds. For approximatel y 5—1/2 inches of stroke the

force level was 1 360 pounds, which corresponds to the nominal desi gn load. For
the remaining three (3) inches, the locid decreased sli ghtl y to a final value of

approximate ly 1 300 pounds.

3. 5erial No. 109
The device was tested in a similar fashion, and the initial breakout

a force was approximatel y 1 360 pounds. This force was reduced sli ghtl y as stroking

occurre d and at five (5) inches to 8—1/2 inches the load decreased still further to

1240 pounds, wh ich occurred at the end of the stroking distance of 8— 1/2 inches.

4. As noted previousl y, Iwo (2) energy absorbers were subjected to the

environmental test of MIL— STD-810B. Serial No. 104 was delivered to the Eustis

Directorate, USAAMRDL, for testing of this energy absorber. Serial No. 102 was

sta ticall y tested at ARA , Inc., and the results of this test are summarized as follows:

Serial No. 102
Prior to detailed X—ra y inspection, the energy absorber was visuall y

19
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inspected externa lly to determine the condition of the device. Detailed exam-

ination indicated that there were no surface defects on the paint and the seals

were completel y intact . An X-ray inspection confirmed that no internal defects

ex isted. The helical coil wire remained intact and its location was identica l to

I’ that measured pr ior to the environmental tests . Based on this inspection, it

appeared that the environmental tests hod no effect on the condition of the energy

absorber. However, to further establish its condition, a stat ic test to determine

the load—stroke curve was conducted. The resul ts of this static tes t for Serial No.

102 are summari zed in Figure 5 for comparison with the other three (3) energy

absorbers that were not env ironmentall y tested. For Serial No. 102 , the initial

breakout force was approximatel y 1 380 pounds. After the breakout force, the

energy absorber varied at a load level of approximatel y 1 350 pounds for a stro king

distance up to approximate ly seven (7) inches. From that point on to the final

strok ing distance of 8— 1/2 inches, there was a sl ight decay in the load of approx-

imatel y fifty (50) pounds during the las t portion of the stroke. Upon comp let ion of

the static test , the unit was disassembled , and as noted for the previous devices

that were tested , there were no defects in the tube or the helical coi l w ire.

Detailed examination of the data presented in Figure 5 indicates that the alumi-

num energy absorber with the aluminum al loy 5056- H38 wire provides a relativel y

constant nominal load of 1360 pounds for a stroke of 8—1/2 inches. This device

can be manufactured wi thin a load tolerance of .± 10 percent. The resul ts of these

tests also indicate that the environmental conditions as defined by M!L-STD—8 10B

have no measurable effect on the performance of the energy absorber. The onl y

dev iation of the force—s troke curves noted throughout the entire static test program

was the sli ght decay of the force level as the energy absorber was extended in

length to its maximum limits. This sli ght decay is attributed to the fact that the

energy absorber was assembled with the two (2) tubes initial ly in their maximum

extended position . Thus , during assembly, the wire had subj ected both tubes to a
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stress level which sli ghtl y y ielded the tubes, res ulting in a reduction of compression
force on the wire when the tubes were once again in the same extended positions
during the strok ing condition. This sli ght decay in force level can be eliminated
by loading the energy absorber from the rearward position, wh ich would, however ,
require the welding of the end cap on the larger diameter tube after the loading
process is comp leted. In order to provide adequate streng th for the end cap when
wel ded in the non—heat treated condition, 5086—H38 aluminum alloy should be used
for the end cap . This material has sufficient strength character istics to retain
structura l integri ty without the need of heat treating the tube and the end cap
after we lding. If the end cap is we lded after the wire has been assembled in the
tubes, the assembl y cannot be heat treate d without destroy ing the load—stroke
c haracteristics of the device.

All of the static testing conducted at ARA, Inc . was w itnessed by United
States Government representatives from the Defe nse Contract Administrative Services
Region. A descri ption of the environmental tests , and the resul ts, are provided in
Appendix A. These tests were also witnessed and verifi ed by Quality Representa-
t ives from the Defense Contract Administrative Services Region.

The verifi cation of a desi gn by submission to MIL— STD—8 10B environmental
tests may not be adequate with respect to the vibration environment. The vibration
test required by th is standard is a test for a resonance search, frequency cycling
(only three (3) hours), and a resonant dwe ll (onl y three (3) minutes for each of
four (4) frequencies). An assessment of the abilit y of the rolling helix strut to
perform its intended function after being subjected to environmental conditions,
including lengthy exposure (5000 or more hours) to in—fl i ght loads and vibrati ons,
should be ascertained . This determination can best be accomp lished by insta lling
those devices in operational aircraft , and measur ing the load—stroke characteristics
after being exposed to a number of flight hours. Such an investi gation is beyond
the scope of this program.
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Three (3) of the energy absorbers delivered to the Eustis Directorate were
dynamicall y tested. Two (2) of the devices (Serial Numbers 106 and 107), which

had not been subjected to MIL—STD—8 10B environmental testing, were installed in

the crashworth y troop seat shown in Figure 4, which, in turn, was installed on a

vibration table. A sandbag wei ghing 1 50 pounds was strapped in the seat , and
the seat was subjected too ±. 0.5G, 19.1—Hz sinusoidal vibratory pulse for 832

hours . This vibration environment was selected as being a representative heli-

copter cabin inf light vibration environment. After 832 hours, both of these energy
absorbers and energy absorber (Serial Number 104) were stroked in tension at a
head rate of 5. 2 ft/sec . The resulti ng load—stroke curves for the three devices

are show n in Fi gure 6. The three energy absorbers behaved similarl y. However ,

the load—stroke curves for these devices differed in three (3) respects from those

show n in Figure 5:

1. A ‘sp ike ’ occurred at the initiation of stroking.

2. The strok ing load after this spike was lower than that show n in Fi gure 5,

and
3. The stroking load after the sp ike was more constant than the stroking

loads shown in Figure 5.

The spike, which is show n for each of the attenuators in Figure 6, does exist

but did not show up due to the inertia of the recording system used in measuring

the load—stroke static test curves of Figure 5. The spike is of a very short duration

and is due to the preset of the wire. This initial deformation of the wire quickl y

disappears when stroking occurs. The variation of the stroking loads after the

sp ike between the units show n in Figures 5 and 6 are very small and are due to

manufacturing variations. For examp le, the units in Figure 6 were made after the

units of Figure 5 were fabricated . The sli ght decay of the load with stroke is due

to the minute yielding of the tubes during the loading process. This sli ght decay
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can be eliminated by loadi ng the tubes from the rearward position so thot during

strok ing virgin tube material is used to cause the rolling forces on the helical

wire.
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COMPARISON OF SPECIFIC ENERG’( ABSORPTI ON FQR

ALUMINUM AND STEEL ROLLING—HELIX ENERGY ABSORBERS

One of the primary purposes of th is stud y was to establish the feasibilit y of a a

light and effic ient energy- absorbing strut for a crashworth y troop seat . In order to

define more specificall y the eff iciency of the strut , a comparison was made of the

SEA capabilities of the aluminum strut and the value that would be obtained if the
strut was made entire ly of stee l instead of aluminum . As noted prev iousl y, if t he

load requirements of the energy absorber are relativel y low , then the streng th-to—

wei ght rat io of aluminum tubing, such as 6061 -16, may be adequate. However ,
when the load requirements of the energ y absorber are high, as wou ld be the case

for an armored crew seat , then a higher streng th— to— wei ght ratio for the tubing

woul d be required, necess itating the use of materials such as 41 30 steel , heat

treate d to a tensile strength of approximatel y 180,000 pounds per square inc h.
For this case, the force level of the energy absorber should be increased from a

troop seat value of 1 360 pounds to approximatel y 3000 pounds , w hich is a repre-

sentat ive force level for the rolling helix struts used on the armored crashworth y
crew seat presentl y installed on the Bell Helicopter Textron Model 214A Aircraft .

In order to make a meaningful comparison of the SEA for the aluminum and

steel struts , the following assumptions were made:

1. The stroking force of the aluminum rolling helix strut is 1 360 pounds ,

wh ile the stroking force for the steel rolling helix strut is 3000 pounds .

2. The length, diameter , and wall thickness of the aluminum and steel

tubing should be identical , in order to establish the same plast ic strain on the
heUcal coil wire for both the aluminum and steel wire.
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3. For calculating the SEA values, the configurati on described in Figure 3

was used.

The fi rst comparison was made for the working el ements only; that is ,
the SEA was computed for the helical coil 5056- 1138 aluminum alloy and stainless

steel 300 series wires. In order to establish an equitable stroking distance, a
value of ten (1 0) inches was used for both cases. For the aluminum wire, approx—

• imatel y 32 coils are required to obtain a stroking force of 1360 pounds, white for

the sta inless steel wire, thirty (30) coils are required to obtain a stroking force

of 3000 pounds.

The SEA for the aluminum wire working elements was calculated

to be:

1 25,089 foot—pounds
(SEA) . pound —

Al (wi res onl y)

The SEA for the stainless steel wi re working elements was calculated

to be:

94,051 foot—pounds
(SEA) . poundSteel (wires onl y) =

Next, the SEA for the tota l energy—absorbing struts were calculated,
based on the assump tions previousl y noted.

The SEA for the aluminum strut was calculated to be:

(SEA) = 
1 , 983 foot—pounds

Al Strut pound 
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The SEA for the steel strut was calculated to be:

‘SEA’ — 1 ,54-3 foot—pounds
/ Steel Strut 

— pound

Comparison of the calculations indicate tha t for the configurations considered,
the aluminum strut is superior, even though the force used for the steel confi gura-
tion was 3000 pounds. If the steel strut force was 1 360 pounds, as would be the

- case for the troop seat application, the comparison with the aluminum strut would
• be even more dramatic. However, as noted previousl y, when higher force levels

are required, such as on the armored crew seats, the strength—to —we ight ratio of
the 606 1—T6 aluminum tubing would be inadequate, and the steel tubi ng would
be required.

Additional research conducted by ARA, Inc . on the stee l strut has indicated
that the tubing diameters show n in Fi gure 3 for the aluminum configuration may
not be opt imum for the steel strut to obtain a maximum SEA value. A new steel
strut has been fabricated and tested using 1—1/8-inch-diameter material for the
outer tube and 1—inch diameter material for the inner tube. This confi gurat ion

has reduced the weight of the device , and has required less coils to obtain a load
of 3000 pounds, result ing in more space for stroking distance, based on a fixed
length of tubing.
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CO ST S

-
~ One of the requirements of this study was to provide a cost estimate of the

-
~~~ alum inum rolling hel ix strut in a quantit y of 1000. It was estimated that based
• on a normal manufacturing burden rate, the aluminum strut could be built for
• 

. approximate ly $100. This unit would also include the ball joints at each end
and the jam nuts . It should be noted that this price is predicated on material

- 

and labor costs using 1976 dol lars. The prices are contingent on the fact that
the strut will be made in accordance wi th Figure 3. If the more expensive end
cap using 5086—1138 series al uminum is used, and a stopping ring is welded on
the outer tube (at the opposite end of the end cap), the price of $100 per unit
woul d be increased approximatel y ten (10) percent. The requirement for these
additional features would depend to a large extent on the acceptabilit y of the
toad variation tolerances, as well as on the particular application of the strut
to the crashworthy troop seat. 
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CONCLUSIONS AND RECOMMENDATIONS

• T his report covers a feasibilit y investigat ion of selecting aluminum alloy wires

required to manufacture an al uminum strut for use in crashworthy troop seats . This

• investi gat ion indicated that the most compatible aluminum wire to be used for the
• 6061- To aluminum tubing is the 5056—H38 seri es al umi num wire . By properly

anodizing and sealing the aluminum tubing, the strut, after being subjected to the

environmental tests as dictated by MIL- STD—8 10 B, performed the same as those

struts which were not subjected to the environmental tests. As a resul t of this
• 

• study program, the obj ective of determining the feasibility of the aluminum strut

was c learl y estab lished .

The specific energy absorption of the al uminum strut is very competitive with

the steel strut as used in crew crashworthy seats . Si nce the troop seats require
• longer struts at much lower force levels than the crew seats, the aluminum strut

is recommended for the troop seat since its efficiency would be much greater

than the steel strut. For shorter length struts at high loads, the strength—to—we ight

of the steel tubes is structural ly more efficient than the aluminum tubing.

• The cost of the aluminum struts will vary due to detailed methods of fabrication

and application to the particular troop sea t detail design. Based on 1 976 dollars,

the price of the unit (in quantities of 1000) would be approximatel y $100 which

woul d incl ude all end fittings, sealants , coatings, paint, etc., and qualit y control

procedures such as X— ray documentation and load—stroke curves.

The results of the AMRDL vibration tests indicate that the units tested did not

vary appreciabl y in load stroke characteristics from those that were or were not

exposed to the environmental tests of MIL- STD—810 B.
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The major difference in load—stroke curve measurements between the static
and dynamic tests of the units were associated with an initial spike . This spike

does exist and was recorded in the dynamic tests; the inertia of the recording

• system in the static tests prevented the accurate measurement of the sp ike.

-

• 
The use of attenuators in crashworthy troop sea ts presents a new set of corn—

• ponents that cannot be eva luated for reliability and maintainability by only
meet ing the requirements of M(L— STD—810. Additional service testing must be

accomplished together with devel oping service manuals to ensure proper functioning
• of the attenuators during a crash.
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APPENDIX A
Q UALIFICATION TEST REPORT ON TOR-SHOK S

Part Number C-2795

Two (2) struts , Part Number C—2795, Serial Numbers 102 and 104, were
subjected to the fol lowing Qualification Tests performed in accordance with

Military Standard 810B:

Ref. Method
Test Title M1L-STD-8 10B

High— Temperature Test 501, Procedures I and II
Low- Temperature Test 502
Humidit y Test 507, Procedure II
Sa lt Fog Test 509
Dust Test 510

Vibration Test -, 514.1 , Procedure 1

High- Temperature Tes t

Procedure 1. The specimens were installed in the temperature chamber.

The internal temperature was raised to 77°C (1 70°F) and held for 48 hours .

T he test chamber temperature was reduced to 51 . 7°C (1 25°F) and mai n-
ta ined for 1 .5 hours .

Procedure II. The specimens were installed in the temperature chamber,
and the temperature was increased to 49°C (1 20°F) and maintained for six (6) hours.

The temperature was then raised to 68°C (1 54°F) and maintained for
f ive (5) hours .
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The temperature was then reduced to 49°C (1 20°F) wit hin one (1) hour.

The preceding three (3) steps were repeated two (2) more times, for a

tota l of three (3) 12—hour cycles.

Chamber temperature was stabilized at 52°C (1 25°F). Then the specimens

• 
- were reduced to ambient temperature and inspected for damage.

Results: There was no visua ! evidence of damage to either specimen

as a resu lt of the high—temperature test .

Low- Temperature Test

The specimens were installed in the temperature chamber. The internal

chamber temperature was reduced to —5 1 °C (—60°F) and held for one (1) hour .

The chamber temperature was then raised to -34°C (-40°F) and hel d for

1.5 hours.

Then the specimens were returned to ambient temperatures and inspected

for damage.

Resu lts: There was no visual evidence of deformation or damage to

eit her specimen as a resul t of the low—temperature test.

Humidity Test 
‘

The specimens were replaced in a humidity chamber and subjected t~

five (5) conti nuous 48—hour cycles in accordance with Fi gure 507— 2 of MIL—STD—

810B.
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Results: There was no visual evidence of deformation or damage to
either specimen.

• Salt Fog Test

The specimens were installed in the test chamber and subjected to 48
hours of salt fog exposure with a 5% salt solution.

Chamber temperature was maintained at 95°F. Solution pH was 6.8.
Results: There was no visual evidence of corrosion of the speci mens.

Dust Test

The specimens were suspended in the dust chamber, and the interna l
temperature was set for 23°C (73°F) with a relative humidity of less than 22%.

Air velocit y was set for 1750 t 250 fpm with a dust concentra tion of
0. 3 t 0.2 gram per cubic foot . These conditions were maintained for six (6)
hours.

At the end of the 6-hour period, the dust feed was stopped and the air
veloc ity was reduced to 300 ~ - 200 fpm. Temperature was increased to 63°C
(1 45°F) and relative humidit y lowered to 10%. These conditions were maintained
overnight.

The air velocit y was then increased to 1 750 fpm with a dust concentration
of 0.3 gram per cubic foot . Temperature was held at 63°C (145°F). These condi-
tions were ma intained for six (6) hours.

The chamber was reduced to ambient tempera t ure. Excessive dust was
brushed from the specimens.

Results: There was no visual evidence of damage to either Specimen.
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~j~ration Test

The specimens were installed on an elecfrodynamic shaker by their normal

mounting means. They were subjected to the following vibration tests in each of

the three (3) mutuall y perpendicular axes .
Resonant Search. The specimens were subjected to a logarithmic sweep

• of approximately 0. 8 octave per minute from 5 to 500 Hz as follows:

Frequency (H~~ Vibration LeveL

5 to 20 0.1 inch double amp litude

20 to 33 2.O g peak

33 to 52 0.036 inch double amplitude

52 to 500 5.O g peak

Resonant Dwell. The resonant frequencies of the specimens were selected

from the search X-Y pl ots. The most severe resonant points were selected (up to

four), and a 30—minute dwell was performed at each resonance in each axis.

Frequency Cycling . The specimens were subjected to logarithmic

frequency cycling from 5 to 500 Hz. at approximately 0.8 octave per minute.

The sweep rate was such that the total cycling was accomplished in 15 minutes.

The total vibration time in each axis was three (3) hours. This includes the search,

dwel l , and cycling times.

Res:~~~ There was no visua l evidence of damage or deformation to either

specimen.
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