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I.  PURPOSE ) : T

This report covers the design and structural requirements of a thinwall
lightweight field and mobile shelter capable of transport by truck, cargo,

3/4 ton, 4 X‘4, M-37, and by fixed or rotary wing aircraft.

Request for Quotation for research and déve]opment of two (2) lightweigﬁﬁ
thinwall field and mobile shelters was rcceived by the Aerospace Divisiéﬁ of
Twin InduStries Corporation, Buffalo, New York, from the Signal Corps Procure-
ment Agency. The shelter to be designed and tested to mect the requiremapfs
of a shelter of less weight and more structural durability as a rcplaccfeﬁt

for the S-153 and S-144 type shelters which were at that time operational.

The nomenclature S-318() /G Shelter LElectrical LEquipment was assigned to

new design, The physical appcarance of the S-318 is illustrated on Enclosurc
o ' A

#I"lo R » . . V \\

|
Prelininary conferences which subsequently resulted in preliminary ideas a&@ ;
designs were submitted to the Signal Corps for evaluation and comment, With
past experience in design and development in the shelter industry, Twin
Industries was able to submit » workable plan at reasonavle costs, As a
result, in June of 1962 Twin Industries reccived a purchase order for rescarch

‘

and development of a lightweight thinwall field and mobile shelter,

A mecting of Twin Industries Engineering personnel and representatives ‘of the
Government was arranged to discuss design requircments of this shelter in
detail, Comparisons were made to its counterrart, the $-153 and 5-144 shelter,
as an aid in accomplishing the desired end product, Accordingly, Twin éngineors
started preliminnry designing and testing to properly cveluate and scloct
materials that would conform te the rigid requirements of the $-318 concept.

Subsequently, preliminary design cnpinecring wés concluded and released to

-l-




applicable in-plant departuwents for analytical review relative teo required

processes, methods, procurement, manfacturing and quality assurance,

The Flanning Department cstablished method procedures and manufacturing
operations, Time estimates werc initiated to establish schedules covering

procurement,detail fabrication and asscmbly,

Procurement Department reviewed engineering data to confirm material reauire-

ments based on type, size and quantity, DPriority rating was established on

purchased items of a special nature where long lcad time became apparent,

Quality Assursnce was advised through the medin of rclerscd enpincering datn
»of the specifications governing all phases of the proicct, Raw stock, nur-
chased partskand various items rcquiring certification were closely insnccted
to insure conformance to specifications and drawings os npnlicnblc.‘ Duality
Assurance was also responsible for nll phases of tests necessary to establish
that all materials conformed to the requircments as set forth, Test reports
were maintained for record purpeses and any subscouent review necessary. All
materials, purcﬁnsed parts, fabricated parts or otherwise werc inspeeted and
approved prior to releasc to manufacturine departwents,- The manufacturine
departments had been alerted through the mcdia of conferences and preliminary
engineering infovuatim., Materials for detail fabrication, subeasscubly aud
major assembly had been previously vrocured through similar medin, betail
fabrication and assembly was controlled throuph process planning operations

and by Quality assurance procodures.

At this point, lisison engincoring wos utilized to coordinate fabrication
activities with onginecring drawinps and chanécs. It v'ns the responsibility

of the.Engincoring Dopartment te corefully chock and apnrave the final stapes

of fabrication of nll parts. Dravings wore kept up-te-dote, whereby reflect-
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Wirh the fabrircation process completed, the parts were again cheo =d by
(uality Control for conformance to drawvings as well as to standn..i acceptabla

manufacturing precedures, before final assembly or installation, All parts

werc then installed and assembled to drawing requircments. liai-cn Engincer-

ing was present to correct any area that was mis-matched oy disc-opant, The

drawings were than up-datcd before finalization for release to tho Signal Corps,

1

With the shelter completely assembled and painted, Quality Contre! inspected

the conpleted item, checking all extcrior and interior dimension:s for correct
fit, hordware, and final weipght, to insure the shelter was i.. conformance to

the requirements set forth,

The shelter was readied fer shipment to its destination by whatever mode of

transportation acceptahle to the Signal Corns,

tngineering prepared a running set of drawings ta the Jignal cores for cheeiing,

revisions, comments, and/or accentance, Any check prints returns ! for additiens,

deletions, ete., were forwarded to the Fneincering Department, “he yevie:ons
s » { §

were incorporated and o fina! submission was made,

All tests were conducted by the nrecuring asency, The second shelter fabrica-

N

tion was delayed, pending the test results of the first shelter,

In January of 1963, the 5-318 Shelter Program was transferred to win Tndustyies
Corporation, Snecial Products Ivision, Sayre, Pennsylvania, At this time |
reqdcst for rusdesipn of :hc second N=318 Shelter, which wag elanatfied ns on
Advanced Precurement Medel #1, was received by the Specinl Products Pivision of

Twin Industrics Corporation. Thc Statement of Work included re-desion, fabrica-

-3q
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tion and tests..‘Thé same phasecs of operation‘apblicd to this procurement

-~ of the‘contract as did the first procurement, with one major exception.

Qﬁality Control, in addition to its other fc>gonsihi]itics, was toiinitiate“‘
First Arficlc fest'Procedures to ipsurc nll.rcquircménts set forth in the
appligablc specificﬁtioné‘and requirements wefc met, They established
scheduling of many tests and test facilities,whethgf within the facility

of Twin Industries or subcontracted . to another fucility capable of méeting
thg test reqﬁirements. The completed shelter was tested in accordance with
all,requiremenfsrset forfh by the Signal Corps. All tests were witncsécd hy'
a Governmeﬁt representative and wefe certified as complying to the require-»
jments'set forth, Failures were rejected, the discrepancy noted, repaired/

approved in preparation for a re-test,
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II. - ABSTPACT

The receipt of the purchase order in June of 1962 initiated the basic
design, plenning, material purchase, quality cnntrol,,nnd manufacturing
of a thinwall, lightwcight ficld and mchile shelter capable of being

transported by a 5#37 truck and by fixed or rotary wing aircraft.

The desiéﬁ5and manufacture of the shelter begnn in June of 1962 and
proceeded through its scheduled phases of construction to May of 1963;
During its initialvdesign stagcs, many problems arose in material
selection and performance tests, Forming and spot welding of material

to be used Qas, and still is, véry critical, Hoiding—the weighf to the
requircd 300 pounds was an impossibility ‘due to skin splicés, doubler
strips;'excc§§ive'adhesive,:senler, and paint; nnd door hardware weight
increase, all ofvwhich were nect anticipated at the hcginning of the
contract, The shéﬁk mounts design, although workable, created problems -
which had to be contended with, With all unforescen probler arcas, a
great amount of time was consumed than originally expected, Mﬁtcrinl‘
procurement delays addcd to the continual daily problems encountered,

The sheet stock in phrticulnr was cnntiﬁunl]y unavailable, When the
shelter was completed, it was submitted te the Signal Corps for cvaluation
and testing, Twin Industrics representatives were not present for any of
the tests conducted. The tests were conducted by the Equipment Fvaluation
Bronch of the Lquipment Division in August of 1963, At the completion of
the tests, it was the opinion of the testing loboratories that the shelter

did not meet the requirements sct forth by the Covernment,

The following January, 1964, an order was rcceived for the re-design and




manufacture of the second $-318 Shelter., The shelter was re-designed
using additional strength in the arcas of failure resulting from the
. Signal Corps tests, DNesign changes accertable to the Signal Corps

‘Agency were incorporated.

At this timc, Quality Control assumed responsibility for condncting and
scheculing of the required tests., The S$-318 Shelter, with one heavily
damaged wall resulting from vehicle and tailread transportation tests,

was rcmeved from test schedule and repaired. The repair was unacceptable

to the Signal Corps Apency; thercfore, a new wall had to be fabricated
before tests continucd, The Sheiter agpin,‘és an original fabrication,
hadréo’bc re-tested te the schedule of the Government, - Unon completion
Jand acceptanﬁe, the shelter wassshipped'and the.drawings completed for
;final‘Subhission. Through'design?and fab:ibation of»twé (2) 5-318 Shclters,
changes which will impfove the shelter are still being pfocéssed, tested,
and investigated. Since the dcvelnpmcht stages of this new sheitér to
the present time, thirty (30) productien units have hceh made, four (4)
of which were modificd, The end result is a shelter of a more substantial
structurc, meeting all the rcquircmonis of the original specification with
the exception of target weigh; which had increasod from 300 pounds to

415 pounds,




ITI,  CONFERENCES

June 1262

ncp;egéntatives of the Twin Industrics Corpbrntinn anteene Sipnal furps
Agcﬂéy net at‘Fort:Nonmouthbto diSCUSS fhe lightweight, thinwall shelter
design program, Twin Industries was informed that, cv o aid in th-ir
required desiggf test reports for the §-153 Shelter would he furnished,

which at that £iﬁggwhskundcrgoing tests, | |

The RFI shielding broblcm‘wns mentioned that, although the final tests wo}c
to be conducted at Fort Monmouth, it may be possible thot preliminory tours
“could be pcffqrmcd at TMin Industries by Signal Corps nersennel with ne
vexpénse;tb;Twin.Industrics. The Signal Corﬁs Agency stntudrthnt a}l‘jhvrmnl
barrier appliéatibﬁsfcould be plaéed whéré 1w1n'[ndustrics decided it vould |
be Lest and wheré_it was compatible with»tho desigpn, Submission of thf
designs and étrcés anolysis was mentionced as items to-be supplied to the

Signal Corps{ Mention was made that the design poal of three hundred (500)

pounds be accomplished and, at the same time, be of the best posSiblc dedipn,

November 19062

Representatives of Twin Industries Corporation agnin met: with roprcscntntivbs
of the‘Signnl Corps Apcncy at Fort Monmouth, Design noints of the liphtweight,
thinwall shelter were discussod, The lqngitddinnl mcmborsfin the ceiline and
floor were not whnt'tho Sipnnl Coprps cxpoctud} however, the Sipgnal Corps

statod thoy would investipate the situntion further to estabiish if it would

bo nccoptable, The Sinnni Corps nlse requested further investigation of tho

shock skid.l They woro plonsed with the nttenuntion fipures, but cxpressed
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concern 6ver the height, The 51, specification called for a héight of 2"
and our proposed skid With no load, had a 2;6"‘height. The rcasoﬁ for the
critical height requirement was to insurc that the shéltcr when mounted on
an M-37 truck aﬁd loaded pboard‘an aircraft, the cverall height rcqu@rcmcnt
ﬁwould not be tight. jAt tiis time, exomination of the $-153 which had nnder-
gone tests was pdséiblg. Tt was noted by Twin Industries representative
that a member in the wall had collapsed with the first festband with ench
succeeding test increased the amount of buckling, ctc., The lifting eye,
when tested, failed completely and had been pulled off the shelter., After
viewing these discrepant arcas on‘thc $-153, Twin Industries was shle to

incorporate and increase the structure to avoid similar problems, .

Normally; loose equipment: and lifting §1ings should be considered aéipart

‘,of the shclfer»weiéht, but\in fhc contract thescfiteﬁs wou1d not hé (onsidurcd
bart of the weight; Réqucst.ﬁés‘madc thaf one li%fing cycbcaSting as used on
Twin Industries S-144‘Sheitef‘be forwarded for evaluation, In regard fh T
shielding; it was suggested Twin Industries contact Lmerson and Cuming in
regard to Eccoshield which is a roem cure sealer that has“a high conductivity,
The proﬂudt had been investigated by the Signal Corps RF group and found to

be on¢ of the~best materials available,

‘ém
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e A T L

v, . FACTUAL DATA’
PART #1-
Request for Quotatlon for rescarch and devclopmcnt of tWO (2) llvhtleght

th1nwa11 field and mobile shelters was received from thc 51gnu1 Forps

Procurement Offlcc by the Acroqpacc Division of I»ln Industries Cornorntlon,

Buffalo, New York, As-a direct result of design and cost~ana1y51s, a purchasc

order was received shortly thcreafter.,

Preliminary conferences held at Fort Monmouth, New Jersey, established in

detail exactly what was to be cxpected from this new shcltcr. As an nidfohjy.

o comparlsons were made to the $-153 and S- 144 Qholtcrs, both of wh:ch wore'

operat1onalvat,thc-t1me. It was-the intention of the Q1pna1 Corp% to havo'k- -

developed, a S-318()/G Shelter to rcplape both the &-153,and S-144 both of
which were larger and weighed too much for the applications deSiréd'ﬁy :heA

Government,

The new cbnfiguration 15 light in weight, compact and stfucthrallyistroﬁg.~

EncloSure #1-1 indicates the proposed shape and size of the $-318 Shelter,

‘Statement of Work for the research and development of the $-318 consisted of:

Services and materials for o scheduled eighteen (18) months and a desipn plah

to conform to dimensions ns indicatod on Enclosure #le1 , Aluminum structural"
L ]

membors wefe to be incorporated as follows:
a, At all corners
b, Adincent to the door
¢, All locations as shown on linclosure #le)

The shelter shall be couplotely of sondwich construction with nluhinum skidé

riveted or welded to the outer faces of the structural membors and riveted or

ST
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bonded to the inner faces. If rivets are employcd on the inner skins, thicy

shall be countersunk. Trim angles may be employed on interior corners, but

- shall bc‘fiuéﬁrwith‘thc-inher‘skihé; A1l 5pnccs‘bvrwéen innc; nnd outer
?s‘urf-accs ofkwé‘lls,' foof ‘nnd‘flo_or shall be filled with foam-tyne core n‘.ntcrfnl,
bonded 1n place, There shall bc a nii‘nimumk numlu#fn('\hént _(*nnkductin';-*p‘:\ths~\
from‘insidea;hcrshéitcr to the outside. To this end, there shall be insﬁlnt-

ing strips between the inner skins and all structural members.

The roof shiall be designed to support a snow load and ice lead of forty (40) -
pounds per square foot and shall be capable of being watked on by military
_personnel wearing-heavy field shocs, Thc roof shall be capable of wiphﬁ1nndihy 

~ the impact of the lifting sling dropping on it from its fully extended height.,

;1h¢‘rodf Sball,cbntuin'ong;(l);sprihg‘loadcd haﬁd'holdAlncutcd‘pnc (n Tnnt,

. from the rpdf\bdgc centered on the folding steps,

1he shelter thll be cqulpped w1th two (2) doorq one’ thhln thv nthér Whl(h :
‘shall be centrally lncatcd in. thc rear wal].» Fh~ -mallor uCLtlﬁn shall hu
» capable of belng opened wathout drnnplng,thc toilpate nf the tranSPnrtlnp
-vohlcle when the thltcr is mountcd in a (arro Truck M. 37, Both socrlans,nf
.therdoor shall‘opanoutwurd~ and shall 1nc1udc prov1s10nq for hnldlnp 1ho |

~doors at the 100 deprec position, Door latches of the dend bolt type shall

,bé provided ind bnfh sgction$ shnll have simultancous 1ntching>nt thrcd (3)
: points. The:door latches shnil‘bc simple and cnsy‘to operate under all
‘ -; R - condition;, but sha'l prohibit htciddntnlkopcning~whon~thc shoitor~is huinu
- trunsportcd or roughly handled iﬁ any manner,  The door shall have conplete
gasketing ndoquatc to moct climatic conditions amd flotntion roqunrcmcnta
‘rnch door shall be sufficiently stronp to support 150 pounds nppllod at the
moximum distance from the hinge line, The door locks shall he contained in

g f - the door handles and shall be releasable from the inside witheut the uso of

n2e
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a key. Locks»and‘keys shnli\hc coded 11700,

The shelter shall be quipped with four (4) lifting eyes, onc nt‘énch‘uppdr

. corner, forzhoisting the loaded shelter with crénes,~f0r helicenter pick-up
and transport, and to tie down the shelter in a M.37 Truck. The inside

" clearance of each iiftgng‘eyc-shall be three (3) inches, The 1ifting eyes -

shall not protrude on the sides: or the top‘of the shelter. ‘The lifting cyc
assembly shall be attached by bolts to permit replacement without damaging

, fhe shelter,

Two (2) skids, two (é) inéhes in hcighf, shall be mounted longitudinal on
the ﬁnhersurfécé of the shelter.'kTthC skids shnilrpermit.fho shelter, with
a full paylond. to be towed for limited d1stance% over rouyh tcxrnxn. Thc
'des1gn of the sklds ehall bc compat1ble w1th thu load1ng requ1remcnts of
5the L-119 A1rcraft and M 37 Truck Thcsc sk1dq shall be compat1hlc 1n desxgn
‘ w1th the requ1rements for tow1ng eycs. The skids»shall cxert bcnring*pressurcs’
nokgreater than 6 psi when the shelter is loadcd Qith a'lzdokhound payload and
resting on a lcvel surface. The skids shall be bapébl§ of supporting the
entire weight of the loaded shclter at any point along thcir length when thc
shelter is balanced on a two-inch dlamcter pipc placed under the sklds.‘ The
skids shall be at;aéhed to the $helter by bolts to permit replacement without

damaging the shelter,

Two (2) towing eyes shall be provided on cach cnd of the shelter, They shall

bekattached to the shelter itself (not to tho skids) and shall be conveniently

fiocated for towing the shelter over rough terrain and for loading and unloading
from a Type C-119 Aircrnft and Type M 37 Truck. Inside dinmctor of the oyes
shall be 1-1/2 inches, The towing oyes shall not protrudo on the sidcs or

~ bottom of the shelter, The towing eye assombly shall be attached by bolts to

.3.
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permit replacement without damage to the shelter,

 Two;(2) récesﬁed folding steps fo provide access to fhé roof shall be in- -
- stalled at the‘right rear cornei above the tﬁilgate. They‘shall be

Eberhard Part Nq.71-575709'qs manufactured byiEbefhard‘Manufactﬁring Co.,

oriéqual. _Thé Sféps shall withstand a\lbad of‘400 pounds. applied to-the

outer section,

~ The wall and fioor structural members shall be capable ofkserving as sﬁpports
| for the equipmentkinstalled iﬁ the shelter, Their désign shall be such that
~ 5/16 inch diameter steel rivnuts, or equal,kServing as the attachment points
kfof‘the equipmént, can be inétailcd in them on the inner Qa]l'anq'fioor ﬁnd
“such that’iﬁey cén,withstnhd the dynamic loads imposed On‘thbﬁ through thc:
Z»riéndté, _Théi} séctiqn;thickneés; plus‘hcaﬁ b“Tri°;s,5hd,;n"§? Skin‘ghj¢k;
- néss,ShaJI.be'gugh that one>grip léngth riant>céﬁ'bc utilizeq throﬁghoqt

the shelter,

, A~combination,iift and tic-down assembly shall be provided for lifting the

shelter and for tieing it down in a M-37 Truck.

Nardware:for the shelter, consistinp of such items: as door handles, shall be
. operablo by personncl wearing artic-type gloves. The large mittencd hnhd is
defined as the human hand size extended 1/2 inch in all directions. All

locks, latches, hinges, as well as other hardware used in the construction

of the shelter, shall be treated to prevent corrosion,

The shelter shall be given a protective finish, This includes finish of

hardware such as handles, hinges, screws, ete,, and necessary toucheup aftor
'mountinx. The final paint film on exterior surfnces and the door interier

shall be semi-gloss enamel, color OD,
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The interior surfaces shall be light grcen semi-gloss cnamel, cxcept for

the floor which shall be lusterless ocean gray.

Wherever practicable, parts and asscmblies shall be so mounted that idcnti-
fication markings will be readily visible with.miﬁimum dis—assémbly of the
cquipmehf, A data plate reflecting requirements fof air trnnéportntion
shall be provided, The shelter shall also be provided with a namcp?atc.
Wall floor and roof mountiﬁg members shall he prqpcrly identified with
markings on the interior walls of the shelter insordcr to provide iocntinn'

“information for mounting cquipment.

Based on the réquircments as indicated under Statenent of Work, Article 1,

of the governing contract the following'shnll be submitted:
~ One (1) Preliminary Test Model

One (1)  Engineering Test Model

“One (1) Set of Preliminary Manufnctuiers Drawings

' (Non=Reproducible Type) covering Preliminary
Test Model .

One (1) Set of Manufacturers Drawings
(Reproducible Type) covering linpinecring
Test Model

Monthly Reports and Final Report

Investigations and tests werc proposed to establish suitable materinls which
would meet requirements set forth, ,
W

Sandwich pnnél samples were fabricated and pancl bow tests were conducted

using a variety of foam core and density. (See Enclosure # IV-1 )

Styrofoam 2-pound density was sclected due to its grodter compressability,
} load éarryinz advantages which is roquired hecausc of thin skin materin)
P ~and to keep the weight to a minimum,
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Sample strips of aluminum alloy were made and spotwelded togethcr\ns'shnwn‘
on Enclosure #_1V-2 . Alloy 7075-Té Alclad was seleécted because of its

high strength physical properties.

Extensive research had been initiated into the development of a shock skid

vhich would meet the critical requirements set forth, Thesc requircments

are: Material which would absorb shock, have cxcellent load-bearing capacity, .
deflectior, aud 100% reset, Urcthane elastomcrs were selected to mect thesc g g
requirements, Size, shape and durometer had to be determined before tests

could be scheduled.

A preliminary weight analysis was cstablished., (Scc Enclosure # IV-3 )

At this time, total estimated weight was approximately 298.6 pounds;

approximately 1.4 pounds under the requested 300 pounds.

A preliminary stress analysis was forwarded for evaluation and comments,

(See Enclosure # IV-4 ) This analysis depicted specified loads on the
roof, floor, end panels and spoecial consideration to the cantilcvered shelf BN
assembly, which absorbs a great deal of the applied londs of thc cquinment

that may be mounted on the seat, ‘ !{ 

From June until August of 1962, preliminary desipns and tests were centinually
being advanced, On September 1, 1962, the first of a preliminary sct of
drawings consisting of the comploted shelter assembly, detnils of the walls,
door, and skids, was submitted by Twin Industries Corporation to the Sipnal Corps
for review and comment, The scheduled delivory of the first unit could not be

mot, resulting in the Go_v-mnnt granting an oxtension to Jonuary 31, 1963.

In October of 1962, the following information resulted in extonsive investiga-
tion and research of a shock design:




A molded urethane elastic tube (Dunlop trade name "Duthane'") enclosed in
a telescoping skid channel indicated good promise for acceptabtle shock re-

duction at recasonable wcight and production cost,

lightweight shelter requirements specify two (2) skids along thc 74" shelter
-length, Allowing 2" for ramp slope at cach skid end, we arrived at an

cffective length of 140" of shock absorbing tube for the shelter,

The requirements further specify a shelter empty weight of 300 pounds maximum,
plus a payload of 1200 pounds, totaling 1500 pounds., The result is a static

load of 10.7 pounds per linear inch of shock absorbing tube,

In the skid samples made fér static and dynamic tests, m&ldgd huthane tubing,
96 durometer (Shore A), 2.5 inches outside dianeter, ,25" wail thickness,
molded in 12" lengths, were used, This tube, when placed leﬁgthwisc in the
skid, necessitates a 2.5" squarc cross section of the skid channel in the
static load position. Sample #1 of Enclosure # IV-6 shows the tuLc S0
"arranged, Static test cure, Enclosurc # IV-7 shows satisfactory load and
deflection values for such a skid, Ilowever, requircments specify a shid
height of 2", The width of skid is not given, but scaling of Signal Corps
drawing indicated a width of 3" was desired. We noted it was not advisable
to place a 2.5" diameter tube in a 2 x 3 incﬁ channel, and rccommended the
use of a 2,5" square skid channel or place 8 tube of 2" diameter 552&51 the

skid channel as approximately shown in Samplc #2 of Fnclosure # IV-6 .,

Static test results, depicted in Lnclosure # IV-7 , shows thnf for}tubinp

of equal diameter and total length, a loss of 50% of load bearing capacity
results when a tube is placed across the skid centerline, It was notod if n
2.5" skid height was not acceptable, experimentation with a 2" diameter tube
placed either along the skid centerline in twin fashion or across the centerline

was to be applied,
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Two (2) pieces of test Sample #1 (See Enclosure # IV-6 ) were drop tested
to determine the amount of deflection and general performance. The test.
result is shown on Enclosure # IV-8 , Recorded values are for the corner
wh! ch indicated the most skid deflection on an average of two (2) drops per
each drup height, Dis-assembly and inspection of the samples on complétion
of 36 drops dzsclosed no damage except for a slight galling of the rubbing
surfaces uf the alum1num channels, This condition is undesxrqble because it
slows recovery to full skid height after impact, Teflon spraying of rubbing -

surfaces or formica rubbing strips will correct this condition,

To assure continued progress, the follewing action was required:
Procure four (4) channels of impact measuring equipment,

Obtain a fu1f§set of basic drop test data on a S-144
Shelter loaded to 1500 pounds,

Produce one (1) set of shock skids, with provision for
drop test with Duthane tube in either the "in line" or
“across'" directiaen.

.
Repeat basic drop tests on a S-144 Shclter loaded to 1500
pounds with one (1) set of shock skids with provision for
test with Duthane tube in either the "in line" or "across"
direction,
Conduct tests on @ 2 x 3 inch skid cross section if a
2,5 x 2,5 inch skid is not ncccptable.

In December.of 1962, review of Twin Industries' desipn was approved by the
Signal Corps with exception to the lonpitudinal structurals which could bo
utilized providing additional testing could substantiate that the design
would stand up under loads fequired by the racks in the shelter,

MY
Skids were spproved with exception to the height. 2-inch height was again

!
stated as s rigid requirement, In addition, drain holes were to he added to

relieve water that could be trapped during fording ‘tests,
!

In December ot’xsbz. procuremont of materinls and fabrieation pennn.\ At this




time, it wos obvicus that the delivery date of January 31, 1963, could not
be met. An cxtension to March 13, 1963, was requested, The request was

granted on January 9, 1963,

In January of 1963, material such as extrusions and premium sheet, which
have a long lead time on delivery, were not being received., In addition,

a definite date of receipt could not he given,

It was noted engincering completion depends on procurement and fabrication,
Without final fabrication and assembly it is impossible for Ingincering to
“release finalized dJrawings as they are dependent upon conformity between

the finished product and completed cengincering data,

At this time, another cxtension was requested duc to uncxpected delays in
raw material procurement, The request was grantad by the Signal Corps,

extending the date to April 12, 1965,

Prior to the above datc, most delays and problems were primarily due to
procurement of material, In April of 1963, difficulties in bonding were
encountered, making delivery impossible. One pancl which had been fabricated
was unsuitable for actual use on thc shelter; therefore, anothicr had to be
fabricated. The rejected pancl was used for static load tests, (Sce
Enelosure # IV-Y ), As this vas construed as o technical difficulty, which
doos not warrant an cxtension iﬁ delivery, it was Twin Industries' responsi-
bility to statc that this type of construction wns noew and required complete
research and development, It was not possible to accurately predict all
potential problem arcas, As au cxample, the amcunt of rescurch and develop-
ment work which was donc on thie shock skids alone was over and above contractunl
requirements, It was the ain of Twin Industries to construct a shelter which

would favorably pass nll test requirements and be acceptacle to the specifica-

l-g-




tions and standards of the Signal Corps Agency. To accomplish this, additional
effort and expenditures by Twin Industries was to be expected, At this point,

random thoughts for improvements were also being noted, which included:

Floor and Step-Wall Assembly - This part takes most of the drop test abuse,

Skin and structure must match perfectly before spotwelding because load must
be taken by both at the same time. Our present design (all tyﬁcs) calls for
a brake-formed outer skin and internal structurc welded at the corners. Since
such details cannot be made to zero tolerances to get the perfect match neces-

sary to take the load, the skin will wrinkle along cdpes and corners on iwpact,

Production adjustment must be provided to obtain the necessary match,

Spot Welding - Sound spots of adequate diamcter and proper spacing are an
absolute necessity, In addition, the flatness of a thin gage skin mﬁst not

be destroyed in spot welding., The spot welding on this shclter is very unsatis-
factory as evidenced by the many spots which "popped" during shelter asscembly
and had to be repaired with rivets, This itom may cause secrious trouble on
test, Up-dating of spotweld cquipment and procedure, and stricter quality

control, is necessary.

Panel Bond Assemblies - Uniform wall thickness, straightness, flatness and

adhesive soundness is important on any shelter panel and most important on
lightweight construction, A pancl with ,016 shin cannot be assembled in the
same manner as one with a ,040 skin, The following peints should be adhered to:

a. Skins must be flat, Dents, wrinkles, bulges and oil cans
must not be toleratod.

b, Internal details, such as foam corc, structural members, and
insulating strips, must be of matching uni form thickness,

¢, Foam cores must fill their rospective areas compl-tely, 1f
they do not, adhesive will fill the veid, adding «icessive
woight,

d. Adhesive must be applicd enly to the surfaces to be honded,
Adhesive must be applicd to form n film of even thickness.

=10~
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C. Flat and rigid overlay plates must be¢ used when bonding ponels
with skin of less than 032 thickness, Stepped structures,
such as the floor and shelf assembly, require a rigid and
accurate form to nest the outer skin,

f.  Framed openings for doors, windows, cte¢, must be held to size
and location with braces or plates,

g. - Bonding pressurc must be applied cvenly over the entire area
of overlay plates, If vacuuw is used, it must liec prevented
from getting between skins and overlays,
Skin Splices - Skin splices cannot be avoided on most shelters, especially
on skins which comc in comparatively small sheet sizes only, A good splice
must be strong, tight, light, practical to male, and neat in appearance.
‘Spotwelded overlap, used on this joh, is not adcquate., The "folded semn"

approach should be investigated,

Foam Core Data>- Foam core data is far too meager, unrcliable and spread 6v¢r
too many pieces of advertising literaturc to!bc.of much usc to the desipner,
The laboratory should re-test the characteristics given by foam manufacturers
for some of the most common types used, and issuc onc composite data sheet

for ready use,

Rivets - The shear strength of a riveted joint is weakened when a thin gage
skin is deformed during the process of making the rivet head, This is
especially true when the design calls for a rivet hcad to be made on the side
of the thin sheet such as joinipg the outer skin (,016) to the endband (,125),
A drill will not give a hole of’sntisfactnry diameter and roundness in light
gage sheet, necessitating the use of drill-reamer combination tools on light-
weight construction, In addition, it is nccessary to spotweld doubler strips

along thin page skin edges which are to be riveted.

Threaded Blind Inserts = A rivnut will provide adequate holding power and

torque resistance when it is installed in solid wetal in accordance with in-
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stallation instructions, l!llowever, when installed in a sandwich structure,

the holding power is marginal or inadequate when standard installation
instructions are used insofar as drill sizc and prip>lcnyth is c%nccrdcd.
A drill which produces 2 satisfactory hole in solid metal will produce a
sloppy hole in a sandwich structurc., During instnllntion of the insert

in such a hole, the rivnut will first expand to fill the hole and the
remaining length will be too short to form a head of adequate diamcter mnd

flatness,

Since the severity of the above condition is in direct preportion to the
softness of the rlywood strip and thinness of skin, the hole size (not drild
size) and grip length of a rivnut should be stated on cach drawing, In
drilling insert heles through sandwich structures, a covbination drill-reamer

tool should apain be considered,

The merits of inserts other than rivnuts must continue to be investipated,
Shur-lok Fasteners Commany representatives have an exnerimental insort‘
(sL-81 series) with a knife thread on its outer diameter, This inscrt cmn
be screwed into the undersize hole of o sandwich structure similar te o
scelf-tapping screw, Their test report shows a null-out power of 2600, 2700

and 2800 pounds on a typical shelter sandwich structure,

Southco Fasteners Company represcntatives have also submitted cxperimental

inscerts for test.

It was expressed at this time that it would be worthwhile to encournge their

cfforts by duplicate testing mnd evaluntion,

Incorporation of improvements as supeested would result in a hetter and nore

econoni cal product,




The first shelter was completed and shipped to the Signal Corps on

May 2, 1963, On May 3, 1963 one (1) set of prcliminary manufacturing
drawings were submitted, It was the responsibility of the Signal Corps

to test and evaluate the shclter construction, During thésc tests,

Twin Industries' personnel were not present, The tests were conducted

from May to August of 1963 by the Signal Corps Equipment Evaluation

Branch. Results of tests conducted by the Signal Corps were indicated.

on the enclosed LEDT Dﬁté Sheets (Lnclosure # [V-11 ) submitted by the
Bquipment Evaluationlsranch to Twin Industrics Corporation upon rcquest,
Also forwérded wcrcvphotographs of failinp arcas resultinpg from railroad =

humping tests,

It should be noted that prior to completion of the lightweight shelter,

a weight comparison analysis was made, as werc conter nf_gfnvitics. Our
weight analysis indicated a wcight~chpty of 323.4 pounds, including 18 pounds
excess for shock skids and 5.4 pounds excess for lonuftudinnl hat scctions,

Both of these items were not a part of the oripinal 300-pound estimnte,

As shown on [nclosure # 1V-10 , the actual weight is 342 pounds, or 18,0
pounds over the calculated analysis, The additional weight was due to a
combination of the following:

a, Increase in side pancl skin thickness because desired
thickness was not readily available,

b. Skin splices were nocessary becousce sheots of sufficient
size woroe not readily available,

¢, Stress analysis indicated the need for coubler strips nlong
some of the thin page skin edges to give more hold to rivots,

d. Door hinges and latches weigh more than catnlog weiphts,

o. The use of adhesive, scaler and print wns excessive,




The hoist sling, payload mounting rails and dummy payload was not included

in the shelter weight,

The Lightweight Shelter Status as of May 22, 1963 was as follows:

3.

bn

C.

€.

Test Shelter No, 1 and one (1) set of preliminary manufacturs
ing drawings was shipped to Fort Monwouth May 3, 1963,

Signal Corps estimatcd 120 days to test Shelter No. 1,
Twin Industries was to provide test assistonce as re-
quested and eliminate possible failures by re-design and
repair until tests werc successfully complceted, As of the
date of the status, Twin Industries rcceived no request
for test assistance.

Upon acceptance of Shelter No, 1, Twin Industries was to
make a set of final manufacturing drawings and produce
Shelter No, 2 to thosc drawings, Shelter No, 2 was alse

to be tested at Fort Monmouth., Signal Corps cstimated a
30-day test period. Twin Industries was also to provide

test assistance as requested, and maks re-designs and repairs
as necessary, Upon completion, Twin Industries was to fumish
a complete up-to-date set of manufacturing drawings,

Twin Industries was to furnish nine (9) propress reports and
one (1) final report. Four (4) progress reports were sub-
nitted, and the remainder were not requircd,

The number and spread of engineering hours required to
complete the program depended upon the success and duration
of the test program controlled by the Signal Corps., The
following is a rough enginecring hour cstimate depending on
the above conditions:

1. Shelter No. 1 Testliaison, Re-design, Repair 240 hrs,
2, Tinal Manufacturing Drawings 200 hrs.
3. Shelter No, 2 Manufacturing Linison 80 hrs.

4, Shelter No, 2 Test lLiaison, Re-desipn, Repair 120 hrs,

5. Up-date Final Manufacturing Drawings 80 hrs,
6. DPrepare Reports 60 hrs,
TOTAL 780 hrs,

-14.
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SIDE FACING IMPACTING FORCE,

|
(

i

ENLARGED VIEW OF + 7IRE 0 QUOWIk: DAMACE T0 WELD POIhTﬂ ON LEFT
REAR OF SHELTER,

-

2 -




Fie, 5 CLEARANCE AREA AT TOP OF SHELTER LARGE DOQR WIDENED AS RESULT OF
R.R, HUMPING TEST.

Fic., 6 DAMAGE TO SHELTER FRONT EMD, AREAS "3* AND "2", AS RESULT Ot R.R,
HUMPING TEST WITH SHELTER POSITIONED LATERALLY ON FLATCAR,

M=-63-742
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EDT DATA SHEET

ITEM UNDER TEST ' (XE- ), SER. NO.
|____OHELTER, THNWALL, LIGHTWE (GHY _—
PART OF ‘OR USED WITH = (XE- ), SER. NO.

em—

’

IDENTIFICATION

Sce- 4366 (5 Dec 61)

TESTING ACTIVITY

EQuUIP., EVvAL. BR.

TYPE OF TEST

ForRD/~ &

Wﬂwz4 &3
-;R‘S‘ULTS'

/1.0 REQUIREMENT s P 3.2.6

ﬂmww RRM'&Z’
M#&M

M 4‘:‘:;
S e o
247 325% .

3{;&
«J..,.«..r % Jﬁ%

TESTED BY TEST COMPLE
EQUIPMENT COMPLIED L —m

= meed ISSUE DATE

EQUIPMENT DID NOT COMPLY x

[P Y}

Page /" of -~ of Appendin i
SELAA Fom 1008 (Mool o6 PUSU-S84Y. Whish mas bs e AtmpsFt s, NIMON 142443
- e - o - ey,




S e

ANCLTE-/7-7

.
- FOT DATA “HEET

Fﬁ EWLNSYR TEST (XE- ). SER. NO.

: SHELTER, THINWALL LIGNTWEIGHY _—— T
TPART OF OF USED wiTH (XE- ), SER. NO.

'DENTIFICATION

X A 435 ¢ (5 pec 6 1)
fESTiNGACTIVITY E.;_-,zU/P, E‘V,QL“ Bﬁ?a

ForRD/~ &
/.0 REQUIREMENT ;3. 26

TYPE OF TESY

i.o PROCEDUVR . ¢ ng. 4. /. 5 AM‘{
‘ TRy frediing Tt s i Mofore and o
, ,&@@MM;@R P ", sl £ “

4.0 RFSULTS*

frod ZoaTo amd R.R..Lus
Tt e ety onhiod; g
anidilid e hollr L 5 S0

’6' ﬁ%g&ﬁﬂf T the

i IEWST_EO BY TEST COMPLE
EQUIPMENT COMPLIED Lo A ﬂ c .ML

N , . "2 ISSUE DAT
WITNESSED av € DATE

r
EQUIPMENT DID NOT OMPLY x i ” P [Poge /o; of Appandhx |
g

?.JL.::)F‘". 1008 m-m » RO BRA S whi

Atnege 't Mo u\h N N H)Ml
A,




£M4m~//-8

EDT DATA SHEET

ITEM UNDER TEST (XE- ), SER.NO.
SHECTER 1/ WAL LIGﬂT WeleHr _ — —
PART OF ‘OR USED WITH (XE- ), SER. NO.

{ TESTING ACTIVITY

IDENT!FICATION

sce <4366 (5" pec 6 /)

EQUIP E vAL. BR. "

TYPE OF TEST !
TRANSPORTABILITY , VEHICULAR

1.0 REQUIREMENT : F 3.27./

R.D. PRoOcEDURE ;' P 4.9.10

3.0 RESVLTS  : 4 qu Ao g
W/&J L »wéz '//‘ﬂww Tt c,Mo-a
/° Croed c‘m;ay Mo, MQD@L
Mwmmwmw 2

ks ot

' ~ |TesTED BY TEST cam'z\eno ]
EQUIPMENT COMPLIED X A p G‘ |

s [N wvmcwem § ISSUE DATE

au bLY WITNESSED BY . )
EQUIPMENT DID NOT COM } " :
€ W_b M“ ‘ Poge / of /ol Appvcn‘&n’ i
A b P, i, NTVON EVTAGSA

- -

%!Ju:)"m JERIS fiippsmewa B AR, which miy b veed yredd saimuares
N

[—— s v - - = - - . - o e e . st At —t




ENCLTZ /-3

EDT DATA SHEET

1)
i
{ 'TEM UNDLR TEST . (XE- ), SER. NO.
| SHEC TER ), THINWHALL , LISHTWEIGHN T  —~— -—
PART OF/OR USED WITH (XE- ), SER. NO.

.,

IDENTIFICATION

SCi - 4366 (spe<ér)

TESTING ACTIVITY EQUIP &VAL. 8R.
TYPE OF TEST FL AT b/?O y-J

/.0 REQUIREMENTS 22 3. 222

2.0 PRéCEDUXE‘: P 4.43 | mw

1.
ﬁgg
|
|

A ~ _|esveoey | TEeT = z
EQUIPMENT COMPLIED - US}! ‘L R pe
. . ! _ -..__..."‘.s
EQUIPMENT DID NOT COMPLY m"z‘!’?“ BY 1SVE DATE
m— 'u.u.-(......-»..;;-. IR VPCN;"M.I‘ °‘%'!M:' !
?!‘I;::’loh 1008 (Replaces FEM <S030, which mes 4o woed sat)l nkﬂutud) Army-¥t n;‘.u..wu.x. NJMON 183A

P can s




R R w-nﬁ?u! P RIS T P

&
: EQ" SHELTE R f"”‘ oy TemT O URGF RATE 2 dues e

rnws s f‘-J

COMTINUED

7.0 ,‘35";,{):. s

' . f\'ﬂ 45—9@&&"(’ RPN f‘*{f ’M"}er ff ‘“Mw“l‘/ /M ;

- B oL
4

/Z;ﬁy- a/ﬁ é;_‘ 4 C:" L ‘,“""""” PN i

ﬁ’;\/’/_Q Y = AL ?,'x/;‘«%'\ﬁ’f* Qa,«wv?{ o"v-z;-: £ A.‘ ﬂ:‘-ﬁﬁ s
AL

e ot Fo R e il

-

R e R A i
b
-
I

o 2y g

e D - ——n
Vo e, P e ‘G)*MA.W P S
¢ 2 At I‘
. > g :

- ; i
. Z, UWM
) i ;L/"zu-ulé’ \,&f’ FpAE . O -AM,\@ 27 ~—€-
) ' !
i 7 Y
o etV ,/Jl-v-ﬁw{. s ’
i y/
' R «ooetlama,
d .“_r_ :‘/% . :')"C"" «ﬁ-"t}" PR S 14"&“"? M
. AR Lo, 8 c,tju- '
|
i
:‘ t
i
! '
1
;
:

| i
! i
. . ‘
|

B
m—— e o —— .

PAGE 2 OF 2 OF Appendix
- - o - - e @
war Fr v
:.Qv':‘gi g_:“ UU) 1 W& o md ettt g e ot s Y Vb S AN RO .
' j




£07 LATA SKEET ‘ o =

L U —

TR U D¥R Toid {<r. ) SER NO.
f*;.g,; FES T K L LisdTWEIGHT  ——
PR x TG USEDR waiE ' $13 } SER NO.

oo = e et RSSO A

R e ——

STENTTC T 0N - 4
?‘ Sc‘(»~436;é(5‘0£‘c6/)
ERULP. EVSE. &P

RoeT Ay tomw AL  DRIP

TESTING ACTIVITY

CTYPE OF TEST

L0 AERUIREENT F 3 R72

a0 PrROCEPURE + B G449

7.0 RESULTS - WAk . /&f;ﬂ‘u}(z
Al Doy e e,

. ﬁ J\A/(M&M AM% aéd‘m;gﬁ'

aids

x M W&WIM ,aﬁww

d’)"# wﬂ s .z.(f

m«/‘" m%% ,;& -f,‘-“w“/

M

s e o b

TESTED BY “ TESYS?YPL‘”

U)/?ELR, D{, , -
- o © . JIGSUE DATE
WITN!-SSE'D 8y bt o e+ it

. ) - 2 - i
‘Leouwms 4T DID NOT COMPLY >( ,7-;7 M Foow froge of o ;,-.,s..-au i

Emnwmr cowueu f- ,

C o aELRa Harm ' fwa) AF b A fouth, O TdUN TS 2AKA
‘ WY Paplag v FWNCRBEY, w BB may B wovd URtl] exhugisie , : ‘ o N ]




A change orees Co o the ipitis! ocrntract wos recolved by Lo dorteocts Denoart-
ment of the Specirl Products ivision in ionnary of 1904, Tt entailed

specification changes and nedifications.

tn December 12, 1963, a cost and price analysis amendment was submitted os

indicated on Enclosure # JV-2-1

The Advanced Development Model No, 1 contract and specifications were
reviewed and Engineering initiated design changes as agreed upon by Signal
Corps and Twin Industries. The changes consisted of:

Solid one-piecc skids in place of shock typc skids to be
3" wide x 2" high to catch ribs of M-37 Truck,

Overall height cxtension of 6",

A weight increase to approximately 400 pounds.
Extrusion material could be increased to 1/8" thickness, f
Locking mechanism to be within the deor handle itsclf,
Skin material to be 7075-T6,

Corc material to be UB 150,

Hat and extrusion material 6061-T6 - 7078-TC,

Gussets under the shelf, providing they misscd the wheel
wells,

Door height increcase,
Step and handles located to curbside wall and close to
the corner,
Tests were conducted to evaluate and decide what waterial woul! Lest he !
suited for fabrication and asserbly, and alse give the best all-areund

strongth requirement needed,  (Sce Inclosure # 0 [Vela2 - [Va2-4 )

.l




By physical inspection and evaluatien, cortain clunres arpeared te he
andatory, such as:

Sandwich parcl comstruction for additionnl strencth to better
withstand solar loads and inscrt pulls,

Skids be relocated and widened to accommedate the ribs of the
Va37 Truck,

Interlock features werc requircd in the roof to decrease
notential pull-away or drop of the side member due to rough
handling or testing. The interlock features would also tend
to increase the overall rigidity of the shelter and distribute
shock to the floor and skids,
Gusset reinforcement under the shelf in the event of internal
support failure,
With the design changes and previous failures in mind, and the material
selected, Twin Industries started procurement, planning and fabricoation,

Preliminary design prints were completed and rcleasced before the end of

March, 1964, iabrication commenced the beginning of April,

A problem encountercd during fabrication coused some concern, but was solved
with a minimum amount of time lost., The door cnd extrusions (Sec Paclosure
¥ [V-2-5 ) introduced a compression problem, [t was necessary to adapt
the door extrusion in such a way so as to pive maximum weather and PFL senl.
This was a.complished by desipning a Shur-Loc extrus..r »b: (L would vive an
interlock cffect, With the two expnsed tips depressing deep inte the PFI
mesh and silicone rubler, therctore eapanding the silicone up and proung the

extrusion, making it weather=tielt, the problen vas eliminated,

Formine 7075-T6 aluminum stock ix very difficult due to constant recurrenee

-

of stretch cracks and tears because of the poor foraing auality of the materin)
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acoordance with acoento Lo onanutactuaring e iuien
The deor handles and lecks originally agrecd upon were naderuate for the

shelter security ond were not sturdy cnounn fer the door loching devices,

{Sec Enclosurc #

The gussets were eliminated in lieu of interior supports, [t was Twin
Industries' intention to use the gusscts only in the cvent of internal faillure

of the structural support due to testing,

The handhold located on the roof was put in line with a stiffener plate for

added mounting strength,

buring the engincering and planning stages of the Advance Procurement Model #1,
Twin Industries received an order for four (4) additional $-318 Shelters,
These were manufacturced and shipped, waiving tests, Because of engincering

changes incorporated during the mapufacture of these units (#2 - #5) the shelter

weight remained at 415 pounds,

oy

Upun completion of the assembled shelter on May 12, 1964, the shelter was fer-

warded to Bell Aerosystems in Buftale, New York, fe  tests on May 13, 1964,

‘The shelter was scheduled to underro the following tests:

a. Moisture Pesistance

b, iluat Transfer

¢, High Temperature Test and Materials
d. lLow Temperature

¢, Airtiphtness Test

f.  REL Shiclding Test

Mnisture Resistance = The sheltur was required to bhe canabile of withstanling

rclative humidity up to v0% for an indefinite neriod of time ard exposure at




the Srelvdr,
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v i, e SRR S S CrLDrCe anpenner by, e test was Concictod

in an ouxiliary nouleted s % 160 x 507 chasbery refrigerated by a 700 cubic

tfeot Bowser tonperature aititude chorteor.  As the tost chonber vas creled

to -40°F, the pcoer was incrensed to clectrical vesistanc heat source to
. . N O . . . ~ - . .

obtain the required 100°F minimum temperoture Jdifferential. No [lysical

signs of deterioration were noted.

liigh Temperature - the shelter, with doors clesed, shall be nlaced in a

chamber with air wointeioed ot 120°F to 125°F0 The ovr shall be recirculated
with o velocity ned excegding seven miles per hour an the vicinmity of the
shelter,  After the outside shefter shin has stabidized between }20°F and
Y, the deors and thelr binges ond latehes shall operate frecly, Tle full
solar lomd shell then be applied to the voof,  1F the end or stde walls ore
corstructed of diftferent omresitios, trpe, o Jenslty ot core matorial than
the rooi, eoch different wall shall alzo Fe subiected to the full load simul-
tancous iy w1tk the rool or In o separate oveling, dhe selar lead shall be
applied as rapidly as possible usine at leest tventy-etpht pusbor (00013,
S30=volt bulbs (s nede vy Gob,, Sylvonio, or connly per panel,  lhe bulns
shall be arranged 1o four rows of soven buths cock, er more as required, and
suall eperate within 1o peveent of therr pated veltorer e olor Toad shall
be applied o serted f Your Benrn cftor ol vortions of the outirde shan of

+

tho ynhcl bodng testeo Save preodhicd o rogernture PN T S, Arer

conpletion of the four-nour sefor ad, the aty tempersture <hall be raised

i
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The aboye cyele shall be repocted taror tuaes,  Thore shpil he ne cove

srowth, delemination, buctling, or Joeterieoration o struclurs! strencth durir

as o oresult of tie above testirg,

The above test wias cenducied Jdune b, 108 apd June 7, 1964, The results were

satisfactory.

Low Temeerature - The closed sheiter was subjccted to three (3) cycles of

low temperatures. The doors, latchoes and hinges were to operate frocly when
tested, The shelter wos nlaced in the 700 cubic oot Bowscer tewmperature
chamwber. The test wrs conducted with thivty (50) thermocouples installed on
the shelter and ten {(10) imstalled te sensure v fouperature inside the
shelter,  here wos o dinraee o copre naterial and no delaminations, buckline
or Jdotertoeration of the st tural strenpth of the shelter as o opesult of this

test.

Artightness - The shelter von mirorpeht to the eotent o ovescdusl 2iy pressure

of not less than o/d inel =0 HO0 resained in the <heltoyr four (4) minutes
after initial air pressure of =170 inches of woter ed been developed therein,
with the deor closed, and without the tie of additionod sealine Jevices,  The

shelter was nlaced in the 700 eubic oot Bovser temperature chorber,

REL Shreldies Test - Thrs tont v condeeted otoa Joter dote when the ohelter

wis repaired and ressubritted ter Sarther tests,




Lpon completien of the test schedule at Bell Acrosystems, the shelter was
returnece to Twin Industrices for additional test requivements which were

scheduled as follows:

Simulated Payload - Instuallation of test weichts to simuloate a payload con-
Y § P

dition, The weights were distributed over an area within the shelter to

equal a 1200 pound poayload as indicated on Enclosure # 1V-2-7

vunson Road Test - The shelter was subjccted to the following road test .-on-

ducted at Twin Industrics Test Course., The shelter mouited on a truck, 3/4 ton,
, Series M-37, was transported ten (10) times over the tfolleving sectiens

of the Munson test coursc in the following order and at the indicated speeds:

a. Course Washbeard (6" waves spaced 6' apart) 5 mph
b, Belgian Block 20 mph
c. Radinl Washbeard (2" - 4" waves) 15 MPit
d. Spaced Buuns (4" - " woves) 20 mph
¢. Any Short Sections between the Above 20 uph

The tests were run at b, 10, 15 and 20 mph; ten (103 laps cach at eoch of the
indicated speeds,  Cne (1) lap is defined as traversing the course in both

directions,

The shelter was cheched feour (4) times durine the test,  Two (1) small delomin-
ations Jevelened; ope in the Trent woll nepr the floer riser curlside corvner

ag one runnling olong Yleer riscer curbside in the rear panel,

Patdrosd Hunp Test - The shelter wes teaded in o vonner normally used for shinr-

rent on o railread flat cory The (ost wps conducted on o flat streteh of teack,
ACTCH, 008 pound car trave bty ot 9 oepho vas depacted,  The test ear coupled te
e other cors,  These core swere stotionar: with the heabes off, Vour (1)

iepacts vere pertorced; oo (O witie tia shebte e penitrosed tonpgi Gadina by 1

the ot car and e 12) nevitioned Btereolly, e direetion of daeh Pt

i

vk selected Ly 'Je Geverament. U Plechies o ticdeae vhited be b the s oy
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in nlace were torn loose by the impact, the test was to be repeated,. The

result of the impacts is as follows:

a. Impact #1 - 10,3 mph - Froent
No visible damage to the shelter,

L., TImpact #2 - 8,6 mph - Reary
Delaiination of the inside skin rear panel hetween deor
frane and voadside wull was noted,

c. Impact #3 - 9,7 mph - Curbside

Two (2) of the four [4) tiedown asscrblies broke during

impact due to failure of bolt in turnbuckle asscmbly, one

of which cut a 1-1/4" tecar through the outside skin of the
~curbside pancl., The weld joint of the lower curbside door
frame corner cracked, causing an approximate ,125 separation

at thae comer and buckling of the outside skin of the rear

end nanel, 7wo (2) broken spotwelds in the arca of the lower
door hinge previously reported as Joose, incrcased considerably,
Small cracks apneared in welded corner joints,

d. Impact #4 - 8,5 mph - Roadside
No further damage was noted to the shelter as a result of
this impact.

After careful evaluation, it was decided that the damape which occurred
during the second and third railroad impact could be attributed to
unsatisfactory welding and that the failurc of the lower deor frame to
absorb the load caused considerable damge to the rear panel,

The addition of a reinforcement to strengtlen the door frame was necessary
before re-testing of the shelter. The fix involved refasteninp the
inner skin with rivets in the area of the fix,

e, Impact #5 « 8,5 mph - Poadside

Inspection of the shelter showed no further damape to the shelter
as a result of the test,

f. Impact #6 - 7.8 mph ~ Curbhside
o —— .
This impact had to be re-run because the speed was considercd to
be too' slow,

g. Impact #7 - &.5 mph - Curbside
Inspection of the shelter showed no further damape to the shelter
as 2 result of the test,

Slins Dyop Test - Tae shelter was suspended aporoximately 1/2 inch frem the

ground by means of the lifting sling assembly at ite fully extended beipht,  The




sling assembly and shelter werc dropped in frecfall seo that the assenmbily
strikes the roof of the sbh iter. The test was repeated five (5) times
with no visible damage to the roof of the shelter other than sling indenta-

tions,

Skid Bearing Test - The sheiter was balpnced om a two-inch pipe along the

full length of the skid., No domage wns noted os a result of the test,

Three-Point Support - Para. 4.3.3.5, The shelter was supported on three (3)

corners by 6 x 6 wood blocks, The doors opened and closed frcely while

shclter was supportcd in position.

Flat Dron - Para. 4.3.3.6, The shelter was raised eighteen (18) inches above
a concrete pad (measurcd from the bottom of the skid) and allowed to fall
freely with skids impacting inte the concrete. There was no damape as a

result of the test.

Rotational brop - Para, 4,3.3.7. The shelter was placed on a hard concrete

pad with a 4 x 4 inch menber along ene cdge under the skid,  The eppesite
cdpe was raisced to o height of ciphteen (18) inches (as measured from the
bottom of the shid) and allowed to fall {reely enteo the concrete, The test
was performed once on each bottom vdge for 5 total of four (4) dreps, Thore

was no damage as a result of this test,

Towing = Para, 4,3,3.8, The shelter wos towed fny‘u minieum of 1400 feet in

cach direction (front & rear) on the shids at o speed of five (5) niles per

hour over rough terrnin,  As o part of the towing test, feur (4) right anple

turns were made} the turns vere mnde vith the initial pesition of the lontitudinal
axis of the shelter perpendicular teo the truck, and the towing cye of the truck

directly in linc with the leading edee of the shelter,  The pull was nade on




one (1) towing eyc of the shelter, with no doamage to the shelter as o

result of the test.

Lifting - The shelter with an additional 2600 pounds to the 1200 pound load,
uniformally distributed over the floor, was suspended by the four (4) lifting
eyes for a period of thirty (30) minutes, There was no undue distortion or

damage to the shelter as a result of this test,

peep Fording - This test was startcd and stopped because of excessive leakagpe
around the door gasket duc to our inability to adiust the required compressa-

bility between the rubber and RF gaskets,

At this point, Twin Industries was instructed by the Cont.acting Cfficer's
Technical Representative, in a letter, (Sece Enclosure # 1V-2-8 ) to stop
tests on the model and incorporate a new docr end ponel that included o1l

requested design changes, then re-test the shelter to specified tests,

As directed by the letter from the Contracting 0fficer, all tests were
stopped. The shelter rear wall was removed, A new wall was fabricated and
installed., The raw edge around the inner door frame wns riveted, This
course of action was taken in order to climinate delamination initinted in
that arca, lLiut section structurals were added hetween shelf and door,

_Doubler plate was added on hinge side of the door,

After ausembly of the wall section, the completed shelter was re=scheduled

for re~test in the order submitted by the Signal Corps Apency as indicated

on knclosure # IV-2-8 , Two (2) delaminations existed inside the sheiter
AR ———

before resuming the tests, but did not enlorpe during the test,

Water Iigptness Tost = The surface of the shelter was snrayed with water

] t

A i £y 3 4 ‘
from nozzles (Model 6298Q) mnnwfacturod by Spraying Systemt Co., Rellwand,

]
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I1linois) or equal, The uozzles operated at forty (40) pounds per square
inch, Dynamic pressure measured adjacent to the nozzles, werc approximately
nineteen inches (19") from the shelter, and pointed directly at the shelter
panel under test, and located in a pattern to provide uniform coverage of
the panel under test. Ninc (9) nozzles were used for cach end panel and for
each side or roof panel, All five (5) expcsed panels were tested for

forty (40) minutes eaEh. More than one panel may be tested at a time if so
desired, and Twin Industries took advantage of this exception and tested all
panels at onc time. No additiomal coulking, taping, ctc. was used during
this test., The shelter was dry and indicated no evidence of leakage as a

result of this test,

Deep Fording - The shelter, secured by its tiedowns to a suitable platform
serving as the sinking device, was submerged for a period of one (1) hour

in water to a depth of thirty (30) inches above the bottom of the skids, No
special fording kits, or additional caulking, taping, etc., was uscd in the
performance of the test, The shelter was dry and indicoted no evidence nf

leakage as a result of the test,

Vehicular Transport - The shelter was rounted on o 3/4 ton 4 x &4 M=37 Truch

ond was transported over o 350 feot appreoved obstacle course.  The tests
were run at 5 onph, 10 mph, 15 mph and 20 mph,  Ten (10) laps were completed
at cach separate speed, (Onc lap is defined as traversing the course in
both directions)., The shelter showed no evidence of damppe ns o vesult of

this test.

Poilrond Transport - The condijtions eof the pre-test vere bdenticenl to the

previeus, The following is the results:
J

Impact 1 - Daor Ind =(9.37 uph !

The upper enclosure nlflcs wrinkled just forward of the costirns

]
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both road and curb sides, This was believed to be due to the
shortening of the lifting eye castings which have been lengthened
since the test,

Buckled outside ckin slightly in the area between legs of the hat
section running along shelf area, on the door end panel running
both sides of the door.

Outside skin broke loose at edge of door jam approximately 2.0
due to two (2) rivets missing in this area,

Impact #2 - Curbsidc - 11,16 mph

Engineer failed toc stop locomotive in time, whereby engine and
loaded gondola car impacted test cor with shclter aboard at
11,16 mph, The total impact weight was 403,300 pounds,

Inside skin along Jdoor jam broke loose in a small area. There
was no further damage as a result of Impact #2,

Impact #3 - Roadside - 8,63 mph

There was no furthcr damage as a result of Impact #3,

Flat Drop Test - The same conditions and requirements were met as in the

previous flat drop test. The sheltcer showed no evidence of damapc as a

result of the test,

Potational Drop - The samc conditions and requircments werc met as in the

nrevious rotational drop test, The shelter showed no evidence of damage os

a result of the test, .

Wator Tightness Test - The sielter was placed in the rain chamber for a

peviod of sixty (60) minutcs as in the ‘irst previous test, At the completion
of the test, approximntely two (2) ounces of water was notod on the floor of
the shelter near the door npening, The remaining surface of the shelter

romained dry thrcughecut th.o test,

Docp Fording ‘iest - The s.elter was ret.ined to the doep fording tank for
sixty (60) minutes as in tic first prev ous test, At the complotion of this

test, the inside of the slelter remrin.d (ry.

.“.




Shielding - The shelter was to be designed to provide an attenuation of
at least 60db to electric and magnetic fields and to plane waves in the

frequency range from 0,15 to 10,000 MC with the doors closed.

The shelter initially failed the RFI tests becausc silicone rubber adhesive
was discovered between the monel mesh and the aluminum extrusion; therefore,
insulating the required conductive centact for proper RFI, In the final
tests, the gasket was removed and the adhesive cleaned out., Steel wool
(which cannot be uscd as a gasket) was used only to demonstrate that if a
satisfactory PRIl gasket material and applications had been applied, the

shelter probably would have passed the test,

The Advanced Development Model #1, after repairs and retesting, weighed
442 pounds, This increase can be attributed to the replacement of the new
door end panel, Additional adhesive and sealer was used in manufacturing

and assembly of the wall,

With the test completion and final acceptance of the $-318 Shelter, prepara-
tions were made for shipment in accordance with an acceptable mode of trans-

portation.

Engincering proceeded to up-datce fer final releasc, the drawing affected by
changes resultine from testing and re-testing.  The new changes which resulted

from failure through testing were incorperated inte the new door end pancl,

To strenptienload bearing capacity of the main deor, a backeup strip of

aluminun was incerpornted behind the hinge,

A hat section structural was added to the deor end wall between the deor
frame and cuter walls, thus decrcasing shifting noment of the shelf portion

of the shelter,

| z- |
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‘ The door handles were changed to a heavier type handle which incorporates
an oater lock with an cmergency release hasp operable from the inside of

the shelter. The hasp was used on the auxiliary door only. There was no

requirement for a hasp on the main door because, in the event the shelter
was loaded aboard a truck with the tailgate up, the door cven though
unlecked, could not be opened. The usc of an outside heavy duty lock was
intended to discourage breaking and entering of the shelter by picking the

lock which previously had been incorporated in the door handle,

The exposed cdge of the inner skin around the periphery of the door was

riveted to insurc decrcase of delaminations caused by rough handling.

With the incorporation of all enginecring changes in design, a complete set
of reproducible drawings were reviewed, checked and re-submitted to
Twin Industries for incorporation of changes to the originals, The drawings
were reviscd in accordance to the marked prints and re-submitted to

Signal Corps Agency as final,

In September, 1964, the completed shelter was shipped to Clifton, New Jersey,

for further development with equipment installation,

| ‘. -13-
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December 12, 1963

U. 3. Army Materiel Supply Agency
Fort Monmouth Procurement Office
rort Mionrmouth, New Jersey

Attention: Mr, Frank Cavallere, Contract Specialist
SELMA/FMB 1b2R

Subject: Crder #00120-FPM-62-81
Contract DA=36-039-SC-00814

Reference: Amendment to ltem #4

Gentlemen:

In conjunction with meetings and discussions held at your facility
with our Mr. Dalber, we wish to 'submit our cost and price analysis supplying
an Advanced Engineering Model per SCL~4366B and is restricted to Item #4
only. All other items of this contract rexein as is,

Labor: '
Fabrication 420 hra.)_ @ $1.68 $ 810.60
Inspection 25 hrs. ———t802D S 868,55

Cverhead '1,2268.10
Material 904,02

Eogloeetlali n 8w hr-). @849
Drafting 480 hrs.) .
2,931, 60

Overhead - Q@ 6% | 1,758, 86
Material | 125.00

35.00
33.70
42,00

$ 8,417. 20
378, 73

$ 8,796.C7
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U.-S. Army Matertel Supply Ageasy — =2« December 12, 1063
Total Cost $ §,796,07
Profit 879, 01
SELLING PRICE LESS TESTINC $ 9,675,068
Testing Cost 17,522, 29
TOTAL SELLING PRICE (Itam #4) $27,197, 97

It must be noted that above testing cost has been reduced by $4, 300
from previous verbal quote due to the receipt of a firm quote for the Munson Road
Taest from Aberdeen Froving Grouads.

As also distussed, pleass find an alternate proposal offermg a eimulated
Munson Road Test s avallatie il our facility for a nominal amount. This
alternate proposal further decrsases the cost to the Government of an additional
$3,0M0, 00 in the high and low temperature tests,

* Where origlnally i waa our lntention to perform the Solar Load Test
in six () cycles and Low Temperature Tasts to Mil Std 169 in three (3) cycles
{steps 5 through 10}, we are now coing to perform the Solar Load Test in three
{3) cycles and l.ow Temperaturs Tasts as stated above.

Total doilar value of our ellernate propossl would be ag llows:
Selling Frice L.ess Testing $ 9,675.68
Alternate Testing Cost 13,311,229
S { : § gz, 986, 90

If our alternate proposal is acceptable and Twin Industries is to per=
{form the Munson Road Test at this faciiity, & Goverament Furnish Truck is
required.
Thank you fur your patisncs in this matter.
Very truly yours,

i Q. ~ala

Poter A, LaCesa

Contracts Manager
SPECIAL PRODUCTS DIVISION
PAL/mar
CS»12+25-033
|
bee: Messrs. E. M Daiber ¥~ - E. Summers’

. Hesburgh (Nrsv M. Scalise
Jc"xr‘ T Leo \

|
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ENCLIZZ-8 ee . /W’h :
HEADQUARTERS <. Qs

UNITED STATES ARMY ELECTRONICS COMMAND

UNITED STATES ARMY ELECTRONICS LABORATORIES
FORT MONMOUTH, NEW JERSEY 07703

tN REPLY REFER TO:

AMSEL.RO (D0

5635 12 977 06 8- JUL 1964

The Wheela‘:éagator Corporation - RECEIVE D

P, 0. Box '

Sayre, Pennsylvania JUL -9 1954

Attention: Mr, IaCesa, Contracts ﬁa:iager o P.-” t‘};‘!:a_g'E_SA
APLCIAL PRODUCTS ::,.,,“

Gentlemen: o ,

These laboratories have reviewed the progress of the acceptance tests of

Shelter, Electrical Equipment S=318( )/G being developed by yowr company under
Contract D36-039 SC=9081L, v

It 1s the opinlon of these Iaboratorles that the shelter does not meet the .-
requirements of Specification SCI=4366B in that: ‘

a, During the vehicular transport test the immer skin of the door-end
panel delaminated above the shelf on the curbside,

b. During the railroad transport test the welds at the top and bottm
of both wall members adjacent to the door cracked, and the lower end of the curbe
side member was considerably displaced from its original location,

. The £ix vhich was subsequently made to the damaged wall members appeared to
have corrected the mechanical deficiency, However, the patched shelter no longer
meets the specification requirements in that rivets were employed to refasten the
inner skin in the vicinity of the fix, Therefore in view of the fact that the
wall members adjacent to the door could not be properly welded and since we have
no assurence that the bonded but wriveted would pass the tests, we must
ask that the shelter be retested in its final design state.

You are therefore instrusted to:
8¢ Stop tests on the Md.l submitted, ‘ ENCINEERING

b. Provide a shelter with a door—end panel KGR LN A2 B changes
Mmmtob.mummmmocmﬁfzﬁ uding

f
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NCLTZE-8

~ ANSEL-RD=GDO | 8. JuL 154

5635 12 977 06
Contract DA36-039 SC-9081);

weight reduction items, In so dolng you are authorized to employ mechanical
fasteners on the immer skin raw edges of the doors only. ‘

¢s Conduct the following tests on the shelter in the order given:
/(fg Watertightness (paragraph Le3.2.2)

.A2) Deep Fording (paragraph 4.3.3.10)

&%) Vehicular Transport (paragraph L.3.3.1)

/éﬁ) Railroad Transport (paragraph L.3.3.2)

A£5) Flat Drop (paragraph L.3.3.6)

A6) Rotational Drops (paragraph Le3.3.7)

A1) Vatertightness (paragraph L.3.2.2)

rfag Deep Fording (paragraph lLe3.3.10) ‘
9) Shielding Effectiveness (paragraph Le3.6)

y you are requested to inform the Contracting Officer as to the esti

Finally
- mated completion date of the above and to keep these laboratories informed as to
the progress of the a bove and as to the scheduling of the above tests,

This lstter shall not be construed as authorising a change in comtrect price,
quantity, quality, or delivery schedule,

Very truly yours,

Nt

CHARLES A, ZEIAITES
Contracting Officer's
Techniocal Representative




v, CONCLUSIONS

The advent of the 5-318 Shelter was well reccived as a challenpe with ne

immediate area of serious problems,
The intent of the engineers responsible for development was mainly two-fold:

Weight - To be compact in size and weioh as little as design
would allow.
Strength - Dependent upon waight to supply as much strength in

the critical usable area as design would allew,

The skids proved to be a wmajor problem and investigation of material and

shock function design was laborious. Using circular clastomers designed

for special shock loading made height requirement more than the requircment
would allow. During actual test, cvidence of hottoming and jamminp of skid
éncascment posed additional problems before attempting a prodnction run,

The rccommendation to remain with a solid type skid proved to be an immediate
answer to additional design time that would be required for extensive investi-

gation of shock skids,

The initial weight requircment was 300 pounds, but was progressively increascd
to 430 pounds, Throughout the manufacture and assembly of the component parts
of the shelter, material weight accummulation was next te impossible te contrel,
Adhesive, scaler and paint applications werc proven te be the most difficult to
control, Added splices and back-up strips necessary for the strength require-
ment also added to the overall weirht, The final S-31R8 Shelter does not exceed
415 pounds, as previously stated, Additionn] structurcs and/or madifications
can be incorporated without appreciable weirht increase ever the 430 pound

roquirement,

—
]
—
]
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With the manufacture and assembly of five (5) S-318 Shelters, Twin Industries’
knowledge of fabrication and assembly increased, Each shelter reflected

excellent workmanship aiud conformance to acceptable manufacturing procedures,

Wall members offered adequate support, but spot weiding was not acceptable

and proof of this was established during railroad tests, Through testing of

various materials and spots, more shear and tensile loads were established,

In order to maintain this desired effect, rigid inspection was impesed on

e e

T P AR

the linc to insure that spot welders maintaincd their equipment and standard

for better spot control,

RFI applications werc carefully analyzed and production procedures established

to insure excellent shielding be puaranteed. RFI shielding of shelters had

reached a point where it became imparative to control the amount of leakage
into and out of an enclosure, Many new and valued tips on_effcctivc shielding
wﬁs established after the initial tests, Itemized procedures have, and still
are, being investigafed to instruct and control applications of shiclding on

a production basis.

 Material selection became troublesome duc to the fact that almost every specimen
tested resulted in cither greater shear or tensile, but never both at the same
time. ‘ihese variatioﬁs hampered designability. Conformity snd interchanpe-
'nbiliiiito the oxtent of covering all critically londed arens properly with one

type‘6f uateria1. was the foremost theught throughout production,




VI. IDENTIFICATION OF PERSONNEL

Personrel associated with the Thinwall-Lightweight Shelter Project

| currently iden.ified as the 5-318()/G Field and Mobile Shelter:

! William E. Ciccarelli = Chief Enginecer
: Twin Industries Corp. at Buffalo, N, Y
' February 19€. - .June 1962

Rouert F, Geiger - Director of Ingineering
Twin Industries Corp. at Buffale, N, Y,
June 1962 - June 1963 .

Donald J, Cline - Chief Engineer
Twin Industries Corp. at Buffalo, N. Y.
June 1962 - November 1962

Frank Lakowitz - Project Engincer
Twin Industries Corp. at Buffalo, N, Y.
Aupust 1962 « Junc 1963

lichael E. Daiber - Fngincering Manager
Twin Industries Corp., Special

Products Division, Sayre, Penna,

June 1963 - January 1964

James Woodend - Enginecring Manngper
Twin Industries Corp,, Special
Products Division, Sayre, Penna,

| Janunry 1964 - DPresent

Edmund R, Moore - Engineer

‘ Twin Industries Corp., Specinl
Products Division, Sayre, Penna,
January 1964 - Drosent

Benjamin Mavpermm - Engincor
Twin Industrics Corp,, Special
Products Division, Sayre, Pemnp,
January 1964 - \May 1904




VII.  OVERALL CONCLUSIONS

Enginecring, upon‘receipt of the initial order, carefully investigated all
areas surrounding the design, selection of material and fabrication., Due to
this shelter being the first of its kind and as an eventual replacement for
the S-153 and S;144 Shelters, it was the intent of the Engineering DNepartment
to produce a design which wonld be capable of meeting all standards and tests

required of this new design,

The provlems that resulted from one point of work to another were dealt with
to achieve the best possible solution, from a labor standpoint as well as

time standpoint. Constant supervision of the Engineering Department cnabled
other departments to coordinate more frecly to accomplish the required results.

The only lost part of the first shelter was witncssing the final test results.

By the time the contract was transferred to Sayre, the ku. wledge gained from
the first Development Medel was of great value, The questionable arcas result-
ing from the tests of the first shelter were revised extensively to meet the

rigid test requirements set forth,

Through closc coordination with Engineering, Quality Control became more in-
volved regarding the tests and accoptance, After witnessing the tests and
their results, Inginccring then become more familinr with specific problem
areas such as the door end failurc and RFI application and were able to satis-

factoriiy re~-design and elimtnote future failure of thesc areas,

Quality Contrcl, through the initial manufacturing ond nssombly of the first
5-318, established @ great deal of information that would reflect on all future

units, Although Quality Control was not reprosonted for the tests of the $-318,

el




they did maintain a high standard of quality on all parts manufactured, fabri-

cated, purchased and assembled,

When Quality Control assumed responsibility for iesting of the shelter, no

details or effort was spared to insure the shelter would mect the design re-
quirements, All test data was, and still is, being evaluated for additional.

improvement to the shelter for future procurements,

With the completion of the contract evaluations on tests, manufacturing proced-
ures, coordination between service departments and Quality Control were analyzed

and revised to include more flexibility and smoother activity flow,

It is evident with the accomplishment of the S-318 Shelter design and revised
company procedures, the capabilities of Twin Industries as a shelter manufacturcr

are second to none,




VIII. RECOMMENDATIONS

The unstable properties of 7075-T6 aluminum sheets are erratic and difficult

to work due to the thin gage of the méterial. Spot welding must be closely
supervised in order to control for burn, adhesion, nugget areas, and the
walking of material as welding progresses. Going to.a slightiy larger spot
granted an additional 40 psi which can be appreciated in this type of structure,
Closer inspection of the welding of the door frame, jam, floor and shelf
framework, to insure proper penetration of all welds, leaving weld head on

the part, where possible, rather than grinding, would add a small amount to

the total weight of the shelter, but the end result would bc an increasc in

strength,

Because of the design and shape of the door and jam extrusieons, silicone
bronze or some other agent should be used to dissipate intense heat during

welding to reduce crcepage and warpage of the frames,

Material 7075-T6 forming qualities are not ideal, Forming on this material is
difficult and extreme caution and carc is recommended to avoid stretch cracks
and tears due to poor elongation and forming quolitics, Rigid inspection is

important in order to mainto'n a high degree of quality,

Application procedures and Quality Control standards should be initiated prior
to fabrication regarding proper shiclding methods, 'hen using VX secam caulking
cvormound, which is applied by a spatula, consistency is hard to maintain,

VY caulking compound is cquivalent to VX, but has the capabilities of heing
applicd through a tube by Land or air pressure, thus tending to give density

consistency for better shicldinp propertics. Application proccdures should




|
include correct application of RFI duo-gasketing, The gasket should be previ-
ously coated with an adhesive rather than applying adhesive at installation,
By doing this, it would not be so easy to run adhesive onto the mesh part of

the gasket, therefore, breaking continuity, between surfaces.

A more flexible specification should be initiated to eclaborate on the different
frequency spectrums involved in testing. MIL-STD-285 is the only suitable
applicable specification available, but its primary use is for screening room
in which there is a decisive difference in materials and their shielding proper-

ties as compared to a shelter,

Incorporation of a more suitable gasket mesh for shielding is desirable., Monel
is fine in a medium frequency range, but would not be able to pass a . 14KC or
1KMC requirement without extensive alteration to the shelter, Tin is very fine

but does not have the corrosion resistane qualities of monel,

Resistance seam welding is recommended on attachment of outside skin edges to
the extrusions. This would reduce minute cracks which are areaway for frequen-

cies to escape into or out of,

Lifting casting length increase which would add another structural pick-up

point would increase the overall strength of the shelter,

With the revision of core material, it is recommen-ied that D300 series from
Dow Chemical be used in place of Zerocell., This newly developed core material
has a 2 to 5 pound density; average of 3.3.pound density, It can maintain a

minimum of 200 psi.
To insure proper squarencss and flatness, bonded panels requirc that:

1, Skins must be flat; donts, wrinkles, bulges and oil cans
must not be tolerated.




2. Internal details, such as foam core structural members and
insulating strips, must be of matching uniform thickness,

3. Foam core must fill their respective areas completely.
If not, adhesive will, thus increasing the overall weight,

4, Adhesive must be applied only to the bonding areas in
uniform film of even thickness,

5. Flat, rigid overlay plates must be used when bonding, in
order to cover the entire surface which is being bonded,
Step structures, such as the shelf and floor asscmbly,
require a rigid and accurate form to nest outer skins,

6. Braces should be used when framing door, windows, access
ranel, and openings,

N

7. Bonding pressure must be appliéd evenly over the entire
area of overlay plates,

Metalizing through flame spray may be an answer to increased RFI control,
Shielding effectiveness, as well as weight, application methods, and cost

estimates, are currently under investigation,

A more suitable method of bonding the feam into the hiorizontal hat sections

in the door and front end pancls is alse under investigation,




