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FOREWORD

The work described in this report was performed at Hercules Incor-

porated, Allegany Ballistics Laboratory (ABL) in compliarnce with U. S.

Army Missile Comnand Contract DAAHI0-72-c-0829, ABL Authorization Order

255. The final prog--am report covers a work period from May 80 1972

through April 30, 1973. Project Technical Director was Mr. William S.

Crownover, Propulsion Directorate, RDE and MSL, AMSMI-RK, Redstono Arsenal,

Alabama. At ABL,, technical design was by Mr. T. C. White and the program

was conducted and controlled by Mr. Roger J. Dale,
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ABSTRACT

The program goal entailed the design, fabrication, experimental design

verification, manufact:re and delivery of twenty-each fiberglass and PRD-49

Type III three-inch diameter composite rocket motor cases, and the engineering A

documentation developed to support the program. The rocket motor case is for

SMAWT (Short Range Man Portable Anti-Tank Weapons Technology), which includes j
a short burning time, tube launched high acceleration (nigh pressure) weapon.

High specific strength of composites (e.g., compared to maraging steel) pro- i
vides high performance in the form of light weigbt. Each unit is encased in

its own combination storage/launcher container for the tactical environment.

The program thrust was to design optimum (i.e., minimum weight) cases

within the material, dimensional and performance restrictions of MICOM

Technical Requirement No. 1617. dated 15 February 1972. Task I materials

were S904 fiberglass fi':.ment wound composite (MWC) in an ERL 2256/Toox JI

6040 matrix, Task II materials were an advanced organic filament PRD-49

Type III and a compatible matrix to be selected by the contractor. ERL

2256/Tonox 6040 was chosen. Both motor cases wara required to have full-

open aft ends to permit propellant to be cast and case bonded to the case

wall, or the insertion and bonding of a cartridge loaded grain. This pro-

vides the propellant with structural support in high accoleration applications.

The fiberglapp .csl~i consistod of an ioner and outer case. The full-

or"- ._.: end .nar case consists of an alumi.num pole piece and helical IWC

to provide fieward dowe integrity, A nozzle is integrally wound into each

outer case using halical windings to form the throat anW exit cone. Tihe two

slip-fit cases are bonded together using Epon 946.

Uii



The advanced material design features a PR0-49-11I case reinforced with

directional fiberglass cloth in the skirt and aft attach regions. An S904

fiberglass NWC/cloth nozzle is attached to the case with 36 dowel pins in a

two-row staggered rivet pattern. There~ 16 ao forward pole piece, threads

are wound into the NWC andl provide sufficient strength to effect closure

with a threaded plug.

All program oi6jectives were met and the program was successfully con-

cluded within the time span of the contract.

7~4
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- SECTION I

The purpose of this program %oas to design, v'qtv- ari mwanufature

twerty each fiberglass atdPD494112 tilam~ woss a~~l W threc-

ina-h diar-eter roczket rotor cases for delivery to ttO*L Tit 4 in SUpport

of the Short Ling M4au Portable Antt'-Trk Woois T"Ioiuoloy (SIM-AM torar,

'IC Program objectives includd:

ITI
(2) Qp-thlaite desi&n for Minidnr w-wAgit.

(3) Verify desigwa by hydtoburtno--g cases.

tv (4 trpare and issu FialPh Tecitnic-al Report do-avribtuig the-
4ea$irta, rw, m-te-riala actep!tanse proceduxre, cnterItd prQ-

A.paration, coolirta. aul iuspoc~iori results tiwludiAs. dtsk,5ý4on4 I
&o~b
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SECTION II

FIBERGLASS CASE

A. DESIGN

Figures 1, 2, and 3 show the fiberglass case-in-case (CIC) chamber

assembly which meets the design requirements listed in Table I. The inner

shell bas a full-open aft en&4n which a propellant grain may be cast in

place. The outer shell features an integrally wound aft dome, throat and

divergent exit cone reinforced with high angle helix and hoop wir dings.

The long, unsupported forward qkirt is reinforced with 2:1 directional weave ..-

glass cloth (S901-34) to prevent bearing failure during static hydroburst.

Design disclosure consisting cf all pertinent design calculations,

material specifications, drawings, etc., are provided in the appendices.

1. Inner Case

The inner case design progression was based upon hydrotest results

to provide adequate forward dome strength, Design philosophy centered around

the lightest weight structure which would achieve a hydroburst pressure above

11,400 psi. The initial design (Design A, Table II) used four helicals and

one hoop for compaction during cure and the hoop layer was machined after

cure to the proper dtameter. Most of the hoop layer was removed.

Hydrotest of the initial inner case design showed hoop failure of

the inner case at the forward dome/pole-piece area. Helical windings were in-

creased from &our to six, eliminating the failure mode. Two cases were made

2 WM',
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Figure 2.Case-in--Case Components

........

Figure 3. Case-in-Case Pzrtially Assembled
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TABLE I

DESIGN REQUIREMENTS

(technical Requirement No. 1617, 15 Feb. 1972)

A. ROVING M~ATERIAL

1. Casc-in-Case

Oweas Corning Fiberglass HTS-904 finish, continuous 12-end
roving.

2. Adced Material

Dp~ont4:-D-49 Type 111 380 den.L'er, 1'2-end roving

B. RESIN MATRIX

'.Case-in-Case

-tIion Carbide FRL 2256 resin
Uniroyal 'Thnox 6040 crosslinking agent

V;2.. Advanced Material

Contractor to select for compatibility with roving. ERL
2256/Tonix 6040 chosen,

C. DESIGN~ PtdtAMETERS

Payload Weight: 2.95 lbs.
Design Fressure': 1l.4C0 psi(a)
Design Acceleration: 48,500 lbf/buw-Iijut wt.(a)
Static. Thrujt: 32,300 lbf

D. DESIGIN DIMENSI0.'-'v

Irweide Dliam.eter (in,) 2.734 2.73
Maximnum O.D.. (inx.) 3,150 3.150
Titoat Diameter (in..) 1,922 1.Vi22
Tangent-to-ta&ngen, (in.) 5.650 5.30
Skirt-to-tangent (in.) 5.200

(a) Includes 1.5 factor of safety over miaxiim= expected values~.

(b) Forward tangent aA4 to interior usable cylindrizcal length.

5 1



on one teflon coated aluminum mandrel and the fiberglass was machined on

tbe mandrel after cure. The cases were separated at the centerline and

stripped Erom the mendrel using an arbor pres& and tooling designed for

this application.

2. Outer Ljase

Hydrotest result' were also used to ecfect eesign progression for

the outer case. Several problem areas we.-e rectified including bearing and

conipre3sion failure of the skirt, and faxiire of the aft dome at the tangent.

Desigýn philosophy was to achieve maximum fiber strength within the design

constraints by approaching the design burit pressure from below rather than

overdesigning initially and producing a hEavyweight non-optimum configuration.

Table II contains the outer case design progression with the desig-

nated failure modes. Table III contains the final design parameters.

Manufacturing procedure is similar to the inner case,, The only

manufacturing problem encountered was roving slippage due to the small radius

over the nozzle exit plane return block. Roving slippage was eliminated by

using small pins at the circumference, a proven manufacturing method developed

for the Poseidon igniter.

6
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TABLE III

CASE-IN-CASE FINAL DESIGN PARAMETERS

Inner Case

6 - 270 helical layers

1 - 900 hoop layer

(The hoop and part of 2 helicals are machined off the
cylindrical section)

t= 0.047 in.

Helical stress level

Design @ 11,400 psig 245,500 psi

Achieved @ 12,380 psig (max.) 266,600 psi

Outer Case

6 - 420 helical layers

6 - 900 hoop layers

3 - glass cloth layers In skirt region

Stress levels (Hydrotest)
Design Cd Achieved @

1 ,I 400 P qi _F, (psi _ •2 3 80 p al -g -W , 0

Forward Skirt 23,520 25,540
LCylinder Hoop 250,800 380,970
&t Dome 213,620 232,000*

11ni

Total Wo.gh:• 1,41 11,0

*•Fa il Ur



B, UYDROT]EST

Appendix A-6 presents the hydrotest fixture sketches, Table IV pre-

aiints the hydrotest sunmmary for the CIC portion of the program, including

the burst pressures and failure modes. In general, case hydrotest pre-
paraion nvoled poving a sealing mechanism for the case to prevent

weeping of the thin fi~berglass at the extremely high pressures necessar'y

t for hydroburst. Spraylat latex rubber (Spraylat Corp., 1 Park Avenue,

New York, N.Y.), seam sealing compound and Epon 946 were unsuccessful in

preventing weeping. Silica rubber bladders were made using green rubber

and a case mandrel and w'ere successful in preventlii weeping in subsequent

tests,

The hydrotest procedure involved set-up of the caise in the fixf~ure,

attaching high pressure lines, bleeding all air from the syst,, and leak

testing at~ 100 psig. Two'a tchniques were used to achieve high prensure,

tho Sprague pump and Miller IRnm. Ilia Sprague. is a smafl diameter low

capacity air-driven booster pump which 'has a slow rarztion time. The

M1iller Ram is a series of fluid coupled m~ultiplying pistons which has a

fast reaction time whan compared to the Sprague, pump. Past reaction time

Is necosary fov valid testiag of a viotor whose burning time it3 aeasured

AU$ miisieconds. Compos ite strength dogrades with time under atrw- s as

shoton in Figure 4.(12

(1) Outwater, J1. 0., SeoLort, W,. J., "Ott Tito Strength Dogradatiotj of
FilAmnt Wauand Pressure Vaaaoli Subjectffl to a Hictory of Loading"s 1
Contract Noux-3219(O1)(X), 22 April 1965~.

(2) White, T. C., "Fabrication of- Spiralloy Test Tubing, Flat Plateso
and !)evalopmeont anA Fbricaftio of Spirai11oy Motor Cases", CcntraCt.
No. R-6587, HtIIAJL, ABL-TR-70-40 20 Docao~r 1969.



TABUE IV X
- FIBCRGLASSq C10 11DRCOrEST SWOARY

Design & IMax. Press. Time Under :A"Caee S/N Test No. Date Pump Coating (P640; pros$. (sac)Ctien

001 A.1 8/14/72 Millar 8 Spraylat 4810 30 Gnrllaae epn
A.2 8/14/72 Miller 8 Spraylat 489010enrleageweig

A-3 8/14/72 Millcr 8 Spraylat 6060 0.95 Skirt failed in bearin
against fwd plato

B-4 8/24/72 Sprague 8 Spraylat 5594 18 Skirt failed in compression
+ ssc~at forward tangent

02 A-1 8/14/72 Miller 8 Spraylat 4934 4 General leakage, weeping
A-2 8/4/7 Srage Speyat 5170 30 Generial leakage, weeping

A-3 8/24/72 S'pragie 8 Spraylat 5770 39 General leakage, weeping
B4 8/25/'/2 Spragu~e 8 Spraylat 6Z25 6 Skirt failed In compression+ SSC at forward taingent

003 C-1 9/8/72 Sprague 3 coats 7770 47 Weap aft Lyl. section
Epon 946 eft doeni

C-2 9/8/72 Sprague Epon 946 7457 45 weep aft cyl. section &
+ SSCaft Piston. 0-ring and

back.~up ring failed, dam-
aging nozzle 0-ring seal-
ing surface.

C-3 9/27/72 Millor 4970 0.74 5I
c-4 10/17/72 Miller Epon 946 + 8090 1.4 Forward dome failed in -Blad-ot' 1oop around pole piece,

P0le Piece ejected
0)04 C.1 9/27/72 Miller Upon 946 + 9190 1.7 Forward dome failed oroundSpraylat + pole ptvce, pole piaceBladder ejected

D.1 10/11/72 Miller Bladder 841b 2.27 Fallod in hoop it aft
ta'094nt. Slight lugak

*1 I t- lom1/1/72 Miller blIadder 9422 1.09 Failed in hoop A_, ait
anegvnt. uO 14k

0( 11 11/8/72 Hiller Bladdet 9357 .3.8 ulalddt p-4,%hO4 land 1,14kod11/9/72 Miller bladdar 10137 5,3 54,41 ruptured in *lne.
f.3/7 Miller Dl~dr11692 il,4 84rat *t aft tsm~t'nt to

heTi"b to Iuc-~~ --j j *otiu i to 4,41Q

10~0fl Ml1r ld4or IS20 1.9 41044-1 ani foselet 0-ring

##SoI4wto*, teN~b-

;L~2L IJP::) ; ~ 1d~ese Flighily
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S/N 001 (Design A) failed in bearing at the forward plate at 6060 psigo

The failed area was faced off and tbV skirt was reinforced for the forward

3 inches using three layers of S901-34 cloth and S904 roving (Design B).

Epon 826 a-d ZZL-0803 room temperature cure resin was used to prevent having

to remove and reapply the Spraylat coating. S/N 002 was modified in the same

manner. Upon rehydrotest, S/N 001 and 002 both failed in compression in the

outer shell near the forward tangent of the inner shell at 5594 and 6225 psig,

respectively (Figure 5). After failure, the skirt was sectioned and tested

in compression in a Baldwin testing wachine. The unreinforced sacttfn failed

at 15,750 lbs and the reinforced section failed at 37,900 lbst a safety factor

of 1.17 over the required 32,300 lbs.

S/N 003 and 004 (Design C) burst at 8090 psig and 9190 psig, respcctively.

Failure- was characterized iy A probable hoop failure of the fibcrs arouad the

pole piecen, causing tLem to be e•Jected (Figure 6). Dasign ultimate h1elical

.roess of 420,000 psi ^or 5w904 wa reduced 90% (380,000 psi) sa tuad Ln

larger vessels. Stress achieved d'aring the Ltalt wa about 290,700 pst pro-

bsbly due to pole piece woedgi•g. Vx •ativu Qf the skirts #1K! aft dais

show•d uo ovidenc, of inciplent failgro,

SIN 005 3nd 006 W4VQ 10A~fA~t"Od With W~O 441ditIOTIA1 hlica!ls Ove~r th*

•. leagh of 06e case but aw• xuh~itw off tCh cylindric~l AtCtiou fo fitting

do*-0 re f~it ohuis(iue ) I 0 us t 40pi M06o

A2

. . .



Figure 5. S/N 001, and 0-02 Hydrocest
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SVN 007 and 008 Incorporated two additional helicals for the full

length of the unit and extends a skirt hoorp winding to the aft tangent

(Design E). Calculated stress level at the aft dna is 213,600 psi at

burst. S/N 008 vas hydrotest to 9520 psig before the bladder aid nozzle

o-ring failed and the unit explosively decoapresaed. The unit was retested

to 3716 psig where the inner and couter cases separated and the inn=r case

&ww-med, rapidly forward, Izvactins &,o skirt support ring with considerahbl

force.

Upoui disssaemblly and inspoctiou, It vas discerned that the heAl line

did not fail. About =0 of tha inmvsit layer of helicais imm the outer

caea stayed with the inmir case (Figure 6), awl a.sa of the outer boticalo

Inn the inner vase rewaiaad3 '4th the outer case. Thcoa holicAla ware ra-

covad- by asanding aW. tbe cases wet.a rebev~al. Inspection al"O revealed t'.A

vtnflt ctAcks in the £nrAa*- cuan toneard 0o=o0 1800 aart, pxtobably cauwsod by

tthe .M Jir*" a4atst the 014a sOPPOrt. Peaiaro is tc-rVu t to tb*e

dsaage ttust4 Iy exVlastvo doeciatpestmon 0sth first tascý.

The unit 'Was lustriunwtsd Vith UtAWeptn Lntr to datsn1~e WUdt

* ehOrhIAs4s A# a Attictlo of pcex*vnr to asgUs the aenlo O-r4 *"Iato to i

"pWttio at pr*#V-we. 24e tzit Wstid, Ui the toý-nrd dime in OWe ora-WJ

*tra at SamS P*L4.

It, b7d4Wtswt bls~de for Uait $Vs 0>fl paisv# a piroaNr. 1ak tflt

Wafre bsic~z tacte into tho ptnsur tinsel. TUe "a~cuby Vas Po'ettawd

ixthe tiydroteet flxrure with Ak~ tuch asau insert# boovenk the aft

plAtt4W 9tW the* IJUoaS PifUC to tQve the o-Tr114 9"1 foGard, .juo.tt

14--
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and f~xture were instrumented with linear potentiometers to determine the

unit shrinkage and the fixture extension under pressure. Pressure was applied

and a leak was observed at 9357 psig. Pressure was gradual~ly removed, the

unit disassembled and the bladder was examined for possible lea'%ks by pressure

testirg. A small slit was found in an area which appears to have-been pinched.

The bladder was repaired and the unit assembled using .seam sealing com-

pound around the beveled ede of the floating piston and joint between the

piston and nozzle approach section. Pressu:e reacbed 10,137 psig before a

seal ruptured In the high pressure hydruaiic line leading to the case. -Pres-

sura was gradually removed the seal was replaced.

Pressure was applied and reached the equipment limitation in 2.6 seconds,

Pressure remained on the unit for arn. additional 9 seconds when the unit burst

in hooj.p at the outer case aft tangent, propagating into both the dome and

cylindrical section (Figuwe 9). Minimum acceptable burst pressure is llv400

psig, Pressure achieved was 11,692 psig without normalizing. Assuming no

damage from the previous two tests and normalizing the 11.6 second to 0.007

second (Figure 4), the burst pressure is equivalent to about 14,000 psig.

Based upon the above results, production of the twenty delivery units

was initiatý.,d.

S/N 023 was randomly selected from the second set of 10 cases to be

manufactured as a quality check hydroburst. Burst occurred at 12,380 psig,

over 8% above the minimum raquired burst pressure of 11,400 psig (Figure 10).

16
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C. ESfSCONCIZISIONS AND REC=tMfI~AjONS

1. Results and Conclusions

Hercules has successftully designed and manufactured a lightweight

fiberglass three-inch dia~meter rocket motor which meets or exceeds all re-

quirements of TR 1617. Total pressure vessel weight with a stub skirt is

less than 0.8 pounds o" the average, and includes inner case, outer case,

pole piece and bonding resin, The extended length skirt weighs about 0.6

iounds for a total-average unit weight of about 1.4 lbs. 14anufacturitig and

inspection records are pro'vided as appendix A-7, with the weights of the un-

assembled inner and outer cases, and pertinent inspected dimensions.

2. Recommendations

Further reduction in unit weight may be accomplished by judicious

selection of materials for certain design requirements. For example, glass

must be used for the inner case because of the difficulty in machining PR])

to a smooth surface which will slip-fit with the outer case. The weight

difference between the two materials in this small application is ins~igni-

ficant, and the probable expense in developing a machining method is not

justified.

a ~The external case welght,, however, is significantly reduced by using

PR]) and a light-weight resin. Minimum machining is required and is in areas

wrhere surface fln.Ish is not critical, Sheax appears to be a problem with PRI)

thus it is reconuuend&e that directional glass cloth be used as the lateral

skirt rein~forcement rather than PRD on, the outer case.



A calculated weight-breakdown of the combined PRD/glass design is

ccmpared to the -average weights from the all fiberglass design in Table V. -

It is recommended that a program be conducted to design and verify

a fiberglass/PRD-case-in-case unit for a 40% savings in weight.

A second recommendation is to conduct a manufacturing methods study

to determine the most effective and efficient methods of high volume manu-

"facturing rates for the design.

.19
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* TABIL V

COMPOSTE CASE-IN-CASE WEIGHT COMPARISON

Combined
Fiberglass

All Fiberglass and PRD
_lb) (ib)

Pressure Vessel

Inner Case

Polar Adapter 0.0456 --
Fiberglass 0.1731 0.170
Centerport Plug -- 0.005
Resin 0;0547 0.049

0.2734 0.224

Outer Case

Fiber 0.3117 0.182
Resin 0,01984 04094

0.4101 0.276

Total Pressure 0.965 0.513

Vessel

Skirt

Fibe 0.4913 0.282
Cloth 0.0680 0.068
Resin OA¶&46

Total Skirtweight 047144 0.496

Total Unit 1.4109 1.009
weight

20



SECTION III

PRD 49-111 CASE

A. DESIGN

Figures 11 and 12 show the FlU) 49-Ill chamber/nozzle assembly which

meats the design requirements listed in Table 1. Vhe case has a full-open

aft end in which a propellant grain may be cast In place. The case features

no polar adap ter and a glass cloth reinforc ed aft case/nozzle joint. The

$904s cirloth rejaforcediretubirtlas loun-nthreadzls iarte foundweardatel,

Design disclosure for the unit and all pertinent specifications and pro-

~ cedures are provided in the appendices.

1. Case

The tMikt design pro~gression was based upon hydrotaet results to pro-

vide the lightost weight oystm consistent with dasigu roquirements, T'abte Vt.

Table V11 contain~s the ?RD case final design parameters.

Two, uozzlo6 atud dozblar aactlami rerestivnt the aoxzle/caoo joixat,

weeassembled a,.W tested in ashar on a B~aldwin testing mahn, .Ave-rage

faiilure lat4 was 22,000 ls at a cress hwWad *eed oj 0.05 in/ajii. Artici, to

bearing 1o*I on the AV/glaasn doubler by tho pitul at 11,400 psig hydirotoot

pre-sure Is 33,30 psi$, arl 23,500 psi (7014) vas re"a-he Woor~e MmmouI~t accrrd.

F~ailure (aavwimt) wave cIharterizod by rotationi of tho dcul pins andslgh

d'4
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PR]) F=Nl DESY.G PADAETIERiS

S- 420 helical layers
13 - 900 hoop layers
14 - glass cloth reinforcmentL

Case

4 - 15c helical layers
Refer to Table VI, Design B.

Stress levels (hydrotest)

Design @ Achiaved @
11,400 psis 12,250 psig

Forward Dome 304,560 327,250
Fwd Opening (shear) 12,630 13,570
Hoop 320,000 343,840SNoz• e tension 41,450 44,520
Nozzle bearing 37,640 40,440
Static sdirt C0cvproasio"a 19,714 21,180

Stzcttc Skirt Shear Stvcun 2.563 2,750

V _

Wilt
Total W4 .05 )b



bearing failure of the doubler. The pins did not bend. It was anticipated

that the material bihavtor would be socewhat viscoolastic/plastic, permitting

movement at the slower loading rate which may not occur until later at higher

loading rates.

Probla antimaipated in the advaned material design centered aruund

the following:

a. No pole pieces wound in 1/4 NFn threaded opeing.

b. Shear strength of the PRD at the forvard opening,
fo•ward skirt/chamber interface aud in the aft
doublor.

c. Pailvre mechanism of the case/oozzle pin Joint.

"These problms and potential failure mxdies were resolved during hydroburat

design verification and are discuosed in Section Ill-C,

2, Nztzla

* ~The uonle is uhwit in Figusres 11 #And 12, Becataeo of the usfamilikztty

of the effect of wopella•t aOsuet go%"so on the M.) wenrt it to be used for

-= ntng tho not4.,e, $904 fiberglas 4 607%34 glass cloth "t"ro "w.. ..• D .,y

hi sbsticutafd for 00e aikasa at a later. dot,ý-

'Te -*eappraCb0, Oboat, alit tcOe -*4Sdc O41anoM. doubler nOv

groove end dootler *,)ecýl3k on ttv %u&n4re before s6S y
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¾ A

fPR case hydrotest fixtures and procedures were simllat - to those used

{ £for the fiberglass case except for a modified skirt support ring, due to the

much shorter skirt on the PRD case. Forward closure was effected using a 'I

coaan 1/4 NPT pipe plug fitting and teflon tape. No laakage was evar ob-

served through the d;,ne or around the fitting. 1

S/N 001 and 002 both failed in tension at the nozzle/case forward pin

ring. Both cases exhibited leakage between the case and nozzle, past the -

o-ring and back-up ring, and exiting between the two pieces or along the

doca3 pi. The aft cylindrical section also weped water while tiser prossure.

S/N 002 burst at 7985 psig, 70% of destig pressurt. This unit bad nearly 3.7

minutes under prossure in six hydroteats be-fore failure, Table V111. Slight

c..owpvston failure at the skirt forimr4 face ard a imilar failure just aft

ti thea forard skirt in the cylindrical section. both at 4" inluded Angle

of 900. was probably du~o to the uneven load and sharp Ouergy tsde aseath

* ~nozZle 4nd portion of the case tmtwt4 AfL. Slight resin cracking ws noted

SiN W01 erhibittd tIWM1ar okirt¢ ro.prneston ailuure 4t a p Vr uro, of

I ~ S$ p1jand no resin Cracking in 0m fatv.f toad 4e..

I SM, 00)~ 4ZAd O0'ýA ViU~ui Cn f cisvractkon uVro alter&,_ lt~e' Vl, Awl the

4&tt"'4 si..q. de.Itlw #tanec4 were 10tcse to srvtevea lut t & As gn by

g M

t J 'A
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(1) S34-'010 glass cloth was used ratIer than PRD cloth
to increase directional tensile and compressive
strength in the aft case doubler:and forward skirt,
rtespcct ive ly.

(2) Fozzle retaining pin edge distance was increased
from 0.23 inch to 0.62 inch to increase shear dis-
t;Ince.

(3) Distributet hclical layers more uniformly through
the aft doubler.

An additional change was made to determine 'whether the doubling of

clith layers in the forward skirt and aft doubler would significantly affect

tet.f;ile andi compressive strcrtth,.

SIN 003 burst at 12,500 psig, 9.6% over the required minimum of 11,400

psig. Primary,' failkire occurred at the aft ch,•noer/skirt region of a com-

bined hocp,.b.'ri. :, :in -.... ' I ure 13. The outer fibers appeared to

S,..o,, .~ . ;. : ,,o:,'e and retaining pins was causing the

.,r, ..... • n a 2"',". -.. s rt to fail in bearing at the pins,

cau:vrit. thi.. r..,:' , ."~ t- C c' tuner helical fibers appear to have

bic>-Led uithe 1.. te ithe: .t c 61dae to the nozzle being ejected. The for-

ward s'Irt. faili j iic .;l iIc* ,hear between the pressure vessel and skirt

doublcr. T'he for'*ari' cý oi• •as also buckled slightly.

SIN CG4 :ailed at 5,760 psig in initerlaminar shear at the forward end

Dett,,e.en the pressure vessel and skirt windings as; shown in Figure 14. Dome

buckling also occurred. The unit moved forward, breaking the nozzle/hydro-

test piston seal and the bladder ruptured. It is'postulated that S/N 004

would. hve achieved a sqLmilar pressure had the skirt not sheared.

Best Available CopY
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SIN 013 was removed from the production run and hydroburst. The Miller

ram hydrotest equlpmenit malfu cioned, decreasing the pressurization rate

such that the unit achieved 10,540 psig. This hydroburat was accepted by

the Technical Monitor. Failure was identical. to SIN 003,, The threads in

the forward dome showed no evidence of incipient failure.

C. RESULTS, CONCLUSIONS AM REC0O1E1DATI0NS

1. Results and Conclusions

Hercules has success9fully designed and manufactured a lightweight

R PRD.-49 Type III three-inch diameter rocket motor which meets or exceeds all

requirements of TR1617. Total we'ight of the unit is just over 1.0 lb.

Manufacturing and inspection records are provided as Appendix B1-4, with

Y_ weights of the cases and nozzles, and pertinent inspected dimensions.

2. Reco~mweenations

Alternate case/nozzle joint attachment tecliaiques should be examined

to decrease weight and increase effectiveness and simplicity. The skirt/case

shear failure area should be examined to optimize ýhe joint. The wound-in

threads as the forward polar opening showed that this concept is viable and

could be significant in reducing case costs by eliminating the conventional

aluminum pole piece.

The nozzle, which weighs 0.3 lb as glass, could be manufactured

using PRD to obtain nozzle throat erosion data and a weight reduction, to

about 0.2 lb,

4
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FIBERGLASS CASE-IN-CASE DESIGN DISCLOSTURE
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APPENDIX A

FXBERGLASS CASE-IN-CASE DESIGN DISCLOSURE

A-1. Design CalculatLons

A-2. CIC Sketches

A-3. Tooling Sketches

A-4. Material Acceptance SpecifLcations

"A-5. Bonding Procedure

A-6. Hydrotest Tooling and Bladder Mfg.

A-7. 4anuiacturing and Inspection Records
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APPENDIX A-4

MATRIA -ACCEPTANCE SPECIFICATIONS*

N J~f, At prenent there is no speci~fication for PRD 49 Typn III
filamentt or cloth.
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Approved! HS-CP-264

Reinforced Plastics Glass Fi15nirmi
_ ,.Glass Roving, 12-End, Continuous

- - Materials Manual Unit 4 2.7

H{ERCULE2S SPECIFICATiON DATA SbirLT

•1. MATERIAL. GLASS ROViNG , 12-EMb. CONTINUOUS FIL1WMNT, NON-AGING

14. 1 DESgRITION. The glass roving is a low-alkali, magnesia-alumina,
silicate glass coated with a non-4ging sizing of a type compatible
with epoxy resins. The glass roving consists of 12 eads gathered
together in a flat band without twist. The eads are made up of a
parallel arrangement of 204 continuous high-strength filaments
gathered together without twist.

1.2 CLASSIFICATIO•. NA

2. �I�ORMAT.IN AFFECTING PROCUR1,tENT
2.1 SUPPLIER AND LW.ERIAL IDENTIFICATION. Supplier and material

Wentification are provided below:

§2ýj i ur Tae Name Specvmification

Owens Corning
Fiberglas Corp. S-904 Class 1oving Poseidon S/S WS 11895

2.2 PROBLEtMS. (None identified)

3. ACCEPTANCE CRITERIA. (Attached)

4. TESJff HODS. (Attached)

4



iIS-CP-264
Ap,'. 9. 1969

HECLES8SECZICIk N ATADaSUEE

G;ass Roving, 12-End, Continuous Filamut, Non-Aging

The glass roving is a low-alkali, magnesia-alumina, silicate
glass coated with a non-aging sizing of a type compatible with

• ~epoxy resins. The $1ass roving co'|isist of 12 ends gath•ered

together in a flat band without twis. The ends are made up of
a parallel arrangement of 204 continuous high-strnngch filaments
gathered together without twist.

3. ACCE•T.ANCE CRITERIA. Acceptance criteria shall conform to the
following:

3.1 b1se±ial. The supplier shall certify that the glass roving conforms to
3.1.1, 3.1.2, and 3.1.3.

3.1.1 Cntct o. The glass roving shall be a low alkali, magnesia-
alumina, silicate glass coated with a non-aging sizing of a type compatible with
epoxy resins. The ends shall be made up of a parallel arrangement of continuous,
high-strength filaments, fonred simultaneously from a bushing having 204 openings
and gathered together without twist.

3.1.2 Cure. After applying the sizing, the lass shall be cured at a tem-
perature of 129T + 5 cec"igrade (C) for 22 to 26 3/4 hours, including wa••jp
and cooldown periods.

3.1.3 End count. The roving shall consist of exactly 12 ends which have
been gathered in a flat band without tvist.

3.2 Ignitio loss. The average ignition lose for the lot shAll be not less
then 1.30 nor greater than 1.80 percent by weight. The ignition loss for each

4 sample unit (one roving ball) shall be not leas than 1.0 nor greater than 2.25
percent by weight.

3.3 Entra~crsbkcn . The extractable content for each samle unit
shall be nott ices than 85 percent.

3.4 _"±i3tt. The average roving veLght for tho lot shAlt be not less th•a
0.360 nor greater than 0.370 grams (S) per yard (yd). The roving wtight for
-ech sample unit shall be aot less than 0.345 nor greater than 0.385 6 per yd.

3.5 Lot A g4s * Th .ve trage breaking load (load at which fructure
occurs) for etch sample unit shall be not lass than 120 pounds, Vie breaking
load for any individual apecimen shalt be not leo than 110 poutds.

3. 6 jj l qof, geLastcL v The av'trage mrodulu~s of elasticity (ruati of
stress to corresponding strain belot whe proporional litoa) for each sagple
unit sha:4 be not less than 11.5 x I00 pound* per square inch.

3.7 Scrion. The extrac (raT S4e sizing shall be acidic
to broecresol gvoen tudicccor when tested in aceordance with 4.1.

68 t
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3,8 E2rqashi The material shall be untifom in texture and free of
impurities, excesdive broken ends, and other defects that would prevent its use
for the purposk intanded,

4, ýTEST I•M QOS.I Conafoance to ncceptonce criteria shall be deteroined
in accordanco withi the foltowing procedures.

4.1 Vfuai e. gtj.. Visual examination oi each sample niLt shall be
cod4ucted to determine compliance with 3.8.

4.2 Ignition loss. The ignition loss shalt be detennined in accordance
with the following:

a. . Weigh 60 ± 1/3 yd of roving to the ;earest 0.1 milligram (mg) &PA

record as weight A.

b. I•paite the specimena 01815 + 25z C for a minima of 25 minutes.
c. Cool spectmea to roomn temperature in a destccator, the. weigh to

the nearest 0.1 mq, and record is weight B.

d. Calculate percent isaition loss as toll•os:

Percent ignition los•s *0..'
A

-~ Where; A *origiua1 specimen wihý, g

S,* ape~i~ia gkou u•t atter igtzion, a

.ta., Report the Viercent iguftion loss 16r tact; s.ý*le Qait.

C. Report tho avraao fur all sazmPle tbf Uo in thga lit.A

4.3 .- rc~t Ex taactable Contenit Shalt' N, dverained to
accorience Wtih the fol tgo:

*. Wfeigh 30 ± 1/3 yd of wovtN to tbte nwatest 0.1 0ýg. potC4 is*
wa&8ht U

A

C. lsov8 specizw'o from @$tflacti"fl. 41104 to dt-P'4ry ot 41tts Nodt

rosthOtt ?tace in a prs-heet1td OVen aalnta .Od St 759 + 3 C ."Or

d. 'Allw spciM0l to cool to ro," LirtU.e 1'. a A--rrs'-ta.

tie nao~rst 0.1 Q'j-' *Ad r;%.oc as vvIgt - -. ,

a. lgtt* the *ve1rani"" at 81&S* + Z5 C tor ia ofo 4Sn.Mot 2% dswcs

..... .... "
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1. Cool specimen to room tempraturga ist a $esiccaeor', then weigh to the
Q. nearest 0.1 ag., 44d recoid as weight W3 .

Calculate percent extractable Am lot ows

PnCenc axtrsctable content A

N U 3)

'Wheoe to V original weight of specime~n,g

V2  eight of swecimen after extracticon, gA

V3'wetght of 6peciften after ignition, 8 5

h. Rport the percent extractable content Lor each staple unit.

4.4 Weight OhaL be det'jninzted in accrd~ance vith the following:

Where: $a glass v*tzzt atten L~itton, s(fr~o 4.2-0

L l ength of epeciz4a, y4 (f rm 4..2a)

45 f4n 14iBrkin& toed &aiil be. 4rn',ivzie4 to Accdor~ce with
ASTh D 2a434,ý pw~e~dure A. and tno tot1wln8 :

aPrform * ctioen cnaditioniag and testins& at 25 ±0 C Wrs 50 Perceat

b. fwrspregttt he. spvcaxne with rvsin a4nd W~ acvotzaace with tabl# US

Cut, Steeat 29,5csto + Vas y tS

f *gfd 22.3+02

to ±4 P1WCOII8 S 01inuto. at U- 00 . C tollowtd by 12i ±

C.
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d. Discard any breakiSg load results outside speciicaOtion Limits where
rens., centent calculated in accordance with AMt' D 2343-67, is less
than 40 percenc. Repeat test as necessary to provide five valid doete-
minations. If an individual specimen within a sample unit yields a
breaking load value less than 1I0 pounds, tie rezults shall bo checked
far bomogeneity as follows:
1. Subtract the lowest breaking• toad fro• Lhi second lowest breaking

load of the five specimens, Call this i.fference RV

2. Subtract the lovesc brtaking load from the highest breaking load
of five speci•wns. Call this difference R.

- •. 3. Calculot~e the ratio Rti2

4. if 'R A2in less than 0.500, t.he breakir,6 loads are valid, 3nd
the sample Unit Is beyond specification limits. If a~i is
equal to or greater than 0.500, the low breaking loadi is an out-tier and shall be discardŽ, and an addit:inal4 specimen shall _e

broken. The values from the additional sper"-"n and cite reuaintt
l-g four originzl specimens shall be used * noa e the evaluation
for that part1ix:ar ball. No iur•her testr foc outliers ohall be
mue oan the bat!.

4.6 .3 t. Modlus ofeb';attcity sh311 be decermi'ned in
$Iccorsaac; with 4Sb H D 2343•67 usin dat frO,' 4,5 30d gls density provi4aded

by W ... ... .... ... .. 4 S g a p. cubic ....jL~ -~ Ow~$ CO . ............1 i S-. a s $,,, ,, •..

j4.7 st!i t~nxhiwVJ~i;-n', T tic in 4W4 halt b Oeuttf ted inaccordance
w the fOlt oiU4

A. iteapnc solutiao 4isas1v'o 0.1 + 0.0! 1 rmrsl~e n13
U1ilit~ot (MIA) Q4 20 percent ehlachlvtr~uio

Xab. 1 to .15 y'd of rbloss ro'ving t-0 be te;ttd'j iok careful Wo
t~4~otdrt Of 81t s gi s * QC'dc, vinert the j&1eens roving lnokw

a n5e vtd tl~oe 1& d 2~ 1 Jr hkecioc~~n~
Ote (Lask, antd *%kWc to atand for 10 §vutottc Wath Oeewtc~a1 sidn

er. Atter 10 sod 6 droja ofti0 tbg tpln aeluttont tta tVC.S N c hr U*

P tIt tco aWcir ttFmtat~c 8 1,2 Olesva rs
4' U" .t'alus#~ cengut4C wth12
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C!I1PORTING DATA SMtOiY FOR NON-AGING GLý, ROVI'NG

Data No. of lots Average Rane of Data
"Property Source tested result High

End count Owens-Corning 1 12 12 12

Ign,...lon lojs,

% by wt

Lot ave. Owers-Corning 1 1.47 1.47 1.47

Ball ave. Cwens-Corning 1 - 1.05 2.40

Extractable
_ontent, % Owens-Corning 1 94 94 94

Weighr, S/yd
tot ave Owens-Corning 1 0.368 0.368 0.368

Ball ave. Owens-Coý: i. ig 1 - 0.364 0.372

Breaking load, lbs
Ball ave Owens-Corning 1 135 135 135

Individual
specimen Owens-Corning 1 119 119 li9

Modulus of
elasticity, psi Owens-Corning 1 12.5 12.2 12.8

Sizing
Identification Owens-Corning 1 - ColXorms
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i, •• APROVD: " ,....,.,..• Fibro-us Reinforced Compnosites
•.Glass Cloth., Finished (Type 1-341 Cloth
-'j 143 Reversible Weave; Type UI-181
SR Cloth)

S' CPD!ME I..1• 7Materials Manual Units 4.1.1 & 4.1.2

SHMICOWES SPECIFICATIOU DATA. SIEý.T

i. MAtTERIAL. CLH, GLASS, FINISHED

1 .1 DESCRIPTION.

• yeI-Style 341 glass cloth is a reverse-weave fabric made from, con-
- Itinuous-filam~ent rovings made from type E glass (lime-altmina-borosili-

icare). rThe designation 341 indicates the fabric is the reverse weave
Spattern of normal i43 weav(ý. The cloth is coated with a finish corn-

, Pbpatible with epoxy resins.

SType II - Style 181 glass cloth is a 5-counter, 8-harness warp flush
Ssatin weav_ fabric made f.ro•m continuoas-fiament, type W E glass. The
cloth is coated with a finish compatible with epoxy resins.

SCT1.2 CLASSIFICATIFI.T0 NA

2. INFORMATION AFFECTING PROCULEDT.

S2.1. SUPPLIER AND 11ý•TERIAL IDEM-_IFICIATION. aSuppliers and material identifi-
Scation, are provided below:

.TYPE SDPPLIER TRPDE M PROGRAM SPECIFICATION.

I Hess Goldsmith 341 glass cloth Poseidon WS 8020
c'ar) Tchwebdesigtio(n 3 reversible FSwSS
po m weave) 1 oai
tb w e yfinish

1p Hess Goldsmith 181 glass cloth Poseidon WS 80fu

SClark S~hwebel CS, 550 finish Fsiss
clt Hess Goldsmith 181 glass cloth Sprint iie8px szo0

2 J S PP SteveR n Volan A finish

c2.2 PROBLEti ARF•S. (None identified)

t;3. ACCE PT,'NCE CRITERIA. (Attached)

• 4. TEST METHODS- (Attached)•

• NOTES:

EA. Other S ercules prepare A speciflPcatons covering material with similar
I characteristics are as follows:

•: 73
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NS-CP-UQO, Am. 1

TYPE SPECIFICATION PROGRAM SUPPLIE TRADE NAME

I WS 3342 Polaris United Merchants 341 Cloth
Industrial Fabrics

Hess Goldsmith 398 Cloth

J. P. Stevens 341 Cloth

I EPC-133-08-2-5 Minuteman Hess Goldsmith 398 Cloth

I HPC-253-02-2-3 Bi3 Hess Goldsmith 398 Cloth
Volen finish

Coast Mfg. & Supply 341 Cloth
Volan finish

J. P. Stevens 143 Reverse Weave
Volan finish

I HS-259-2-162 X259 (Goddard)-

II HPC-253-02-2-3 BE3 Hess Goldsmith 181 Cloth
Volan finish

Coast Mfg. & Supply 181 Cloth ..
Volan finish

J. P. Stevens 181 Cloth
Volan finish

B. This amendment has been issued solely to record differences contained
in Sprint specification 11181420 for Type II Glass Cloth - Finished.
The Sprint specification contains:

(i) A requirement and test method for chrome finish.

(2) A maximum thickness of 0.012 inches (in lieu of a 0.011-inch
maximum).

(3) An increased amnge in weight per square yard of 8.00 to 9.80
ounces (in lieu of a range of 8.50 to 9.50 ounces).
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IAPPROVED: ISPl1

Fibrous c n,.rceC -. posities

- "Gla3s Cloth, Finished (Type 1-341 Cloth,
143 Reversible Weave; Type II-1i1

_- __" •Cloth)

CPM/•LE j,---f Materials Mactual Units 4.1.1 & 4.1.2
-4

HERCULES SPECIFICATION DATA SHULT

1. KXTERIAL. CLOTH, GL.SS, FINISHED

1.1 DESCRIPTION.

Type I - Style 341 glass cloth is a reverse-weave fabric made from con-
tinuous-filament rovings made from type E glass (lime-alumina-borosili-
cate). The designation 341 indicates the fabric is the reverse weve
pa•ttern of normal 143 weave. The cloth is coated with a finish com-
patible with epoxy resina.

Type II - Style 181 glass cloth is a 5-counter, 8-harness warp flush
satin weave fabric made from-continuous-filament, type E glass. The
cloth is coated with a finish compatible with epoxy resins.

1.2 CLASS IFICATTON. "iA

2. IFORMATION AFFECTING PROCUR,-MNT.

2.1 SUPPLIERS AND MATERIAL IDENTIFICATION. Suppliers and material ideitifi-t
cation arE provided below:

TYPE SUPPLIER TRADE NAME PROGRAM SPECIFICATION

Hess Goldsmith 341 glass cloth Poseidon WS 8020
Clark Schwebel (143 reversible FS/SS

weave) I 550i finish

If Hess Goldsmith 181 glass cloth Poseidon WS 8020
Clark Schwebel CS 550 finish FS/SS

II Hess Goldsmith 181 glass cloth Sprint 1181420
J. 1'. Stevens Volan A finish

2.2 PROBLF, ARP'S. (None idenrified)

3. ACCEPTANCE CRITERIA. (Attached)

4. TEST METH(US. (Attached)

NOT ES:

A. Other Hexcules prepared specifications covering material with similar
characteristics are as follows:
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HERCULES SPECIFICATION DATA SHEET

Cloth, Glass, Finished

Type I - S :yle 341 glass cloth is a reverse-weave fabric made from continuous-
filament rivin-ýmeade from typ4 E glass (lime-alumina-borosilicate). The -
designation 341 indicates the fabric is the reverse weave pattern of normal
143 weave. The cloth is coated with a finish co npatible with epoxy resins.

Type II - Style 18i glass cloth is a 5-cou.ter, 8-harness werp flush satin
weave fabric made from continuous-filament, type E glass. The cloth is coated
with a finish compatible with epoxy resins.

3. ACCEPTANCE CRITERIA.- Acceptance criteria shall conform to the following.

3.1 Materials. The supplier shall certify that the glass cloth was manufac-
tured from continuous-filament, lime-a~.umina-borosilicate (type E) glass yarn;
"that the glass yarn construction is in accordance with table I; and that the glass
cloth was cleaned to remove the oils and binders present on the yarn and then coated
with a high-strength finish compatible with epoxy resins.

Table I. Yarn Construction

Yarn construction*
Glass cloth

Warp Fill

Typ. I ECD 450 1/2 ECE 225 3/2

Type II ECE 225 1/3 ECE 225 1/3

*Glass yarn construction shall be designated in accordance with
ASTM D 578-61.

1.2 Construction and physical properties. Construction and physical pro-
perties shall be in accordance witb table II.

3.3 Workmanship. The finished glass cloth shall have a uniform color. The
.lo't.h shll be clean, evenly woven, and free from any defect that would render
the product unnuitable for the purpose intended.

4. TEST METHODS. Coniormance to acceptance criteria shull be determined in
accordance with the following procedures.

4.1 Visual e:.,amination. The finished glass cloth shall be examined visually
to determine compliance with 3.3.

4.2 Warp and fill. The number of yarns per inch of the warp and fill shall
be determined in accordance with ASTM D 1910-64.
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Table II. Construction anc Physical Properties

Type I (341) Type II (181)
Characteristic Unit

Minimum Maximum Minimum R -•faximum

Warp Yarns/in. i0 32 55 59

Fill Yarns/in. 49 51 52 56

Thickness In. 0.008 0.010 0.008 0.011

Weight Oz/sq yd 8.08 9.12 8.50 9.50

Flexural strength, dry Psi

Warp --- -- 55,000 ---

Fil l. 120,000 ......

Flexural strength, wet Psi
Warp --- 45,000

Fill 100,000 ---

Breaking strength Lb/in. width

Warp direction 35 --- 210 -

Fill dixection 370 --- 195 ---

LJ

4.3 Thickness. Thickness of the glass cloth shall be determined in accord-
ance with ASTM D 579-66.

4.4 Weight. Weight of the glass cloth shall be determined in accordance with
ASTM D 1910-64.

4.5 Flexural strength test, Flexural strength for both wet and dry condi-
. I cioas shall be determined by preparing and t-asting the laminate in accordance with

A3111 D 2403-65 T and one of the following methods:

4.5.1 Method A.

a. ResLn "or the laminate shall be 100 perts by weight (pbw) resii. ,)nfonn-
ing to 1tS-CP-l05, mnied with 29.5 + 0.5 pbw curing agent, conforming to
US -CP-164.

b. Cure the laminate for 120 + 5 minutes (min) at 2000 - 50 Fahrenheit (F)
followed by 240 + 5 m.n at 3200 +5 F.

77
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4;5.2 HathndD.

Ia# Resin far the laminate shall be 100 Ibw resin, conforming to HS-CP-1050
mixed with 19.3±+0.5 pbw curing ageut, conforming to HS-CP-l06.

b. Cure the laminate for 60±+ 5 min at 2500±+ 100 Fahrenheit (F),snd
60 +5 min at 350o~0~ +~ 16

4.6 Brakip strength test. Breaking strength shall be determined in
accordance with ASTH D 579-66 except that method IR-E of ASTM D 1682-64 shall be
used.* The time to break shall be 20 + 10 seconds.

78



HS-C?- 110
15 Novernbcr 1968

= SPECI ICA:ION PROGRAM SUPPLIER TRADE AnE_

I WS 3342 Polaris United Merchants 341 cl,)th
Indus trial Fabrics

Hess Goldsmith 398 cloth

J. P. Stevens 341. clth
H HPC-19,3;08-2-5 Minuteman Hess Goldsmith 398 cluth

I VPC-253-02-2-3 BE3 Hess Goldsmith 398 cloth

Volan finish

Coast Manufacturing 341 cloth
& Supply Volan finish

J. P. Stevens 143 Reverse
-Weave
Volan finish

I 1S-259-2-162 X259 (Goddard)

II H!C-253-02-2-3 BE3 Hess Goldsmith 181 clo0

Volan finish

Coast Manufacturing 181 cloth
& Supply Volan finish

J. P. Stevens 181 cloth
Volan finish
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Physical ?roperties Used in Establishiog Specification Limits (Cont)

- J Range of data
=I. .No. of lots Avaiae -

P.opo-rt) Data source tested Result Low High

Flexural strengtiU, psi Bacchus

Method B (CL)

Dry 2 137,600 122,100 153,100

Wet 2 136,800 130,700 142,900

Sype 11 -I81 cloth Hess Goldsmith 1

Warp, yarn/in. 57 57 37

Fill, yarn/in. 54 54 34

Thickness, in. 0.0087 0.0087 0.0087

Weight, oz/sq yd 8.97 8.97 8.97

Flexural strength, pai

Dry 62,300 62,300 62,300

Wec 58,700 58,700 58,700

Breaking strength,
ib/in, width

Warp direction 229 229 229

Fill direction 197 197 191

I
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SUPPORTING DATA SU1JN.ARY FOR

GLASS CLOTH FINISHED FOR EPOXY RESIN LANINATES

.hysict Properties Uzed in Ejtabli4'hng Spacficati%, Limits
I St

Range of data
No, of lots Average

Property Data source tested Result Low High

Type I - 341 cloth

Warp, yarns/in. Clark Schwabel 5 30 30 30
Hess Goldsmith 33 29 29 29

Fill, yarns/in. Clark Schwabel 5 50 50 50
Hess Goldsmith 33 50 48 51

SThickness, in. Clark Schwabel 7 0.0091 0.0085 0.0098
Hess Goldsmith 33 0.0098 0.0092 0.0107

Weight, oz/sq yd Clark Schwabel 3 8.83 8.71 8.89
Hess Goldsmith '3 8.86 8.12 9.74

Breaking strength, Clark Schwabel

lb/in, width

Warp direction 6 60 37 81

Fill direction 6 554 406 815

Breaking strength, Hess Goldsmith
lb/in, width

_ Warp direction 2 37 36 38

Fill direction 2 410 400 419

Flexural strength, psi Bacchus

M ethod A (Tonox)

Dry 135,900 122,000 154,000

Wet 125,000 104,600 144,100
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PPROVED: HS-CP-139 _______

Reinforced Plastics - Wvezi Glass
[Cloth

CPO/MECloth, Glass, Unfinished (S/34-101)

Materials Manual Unit 4. 1. 3

~P~cI-CATION DPATASHEET

*1. MATERIAL. CLOTHO GLASS, UNFINISHED

1. 1 DESCRIPTION. The material is a plain weave, unfinished glass

g a win the fill-direction and SCG 150 1/2 3. 8S 4. OZ multi-filament yarn
fromlh warp direction as defined in ASTM D 578-61. The yarn is mnade

frmhigh strength continuous glss filaments treated with an epox resin
compatibe sizing.

12 CLASSIFICATION. Not applicable.

:2. RIOMTOIAFE N P.ROCUREME NT.

2.1 -PLESMMTRA IDA1M TOL_. Suppliers and
*material idniiainaeprovided below.

j~jLER IAE _AE PROGRAM jfq&T10

Owens-Corning Fiberglas Unfinished Sprint 11181411X
* Corp). 800 17lth Street, Glass Cloth

N. W. Washington, D. C. 5/34-901
20008

2. 2 ER flZM.S None identified.

3. A&0.j& ,CRI 9A A (Attached)

4 *.* 4. 1x§TMflOD8 (Attached)

*A. The material shall be capable of meeting all the requirements of
this spe ctication for a minitnur FS 52 weeks from date of
mnanufacture when stored below 32 Fahrenheit (F) in the orlginal
unopened containers. Thf, storage ~Iie mnay be extended to 2 years

* - from date of manufacture when stored at It" to 32* V or to 3
years from date of manufacture when stored at 00 :t 10' F in the
orlginal unopened contahwre.
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,areL 14, 196,9

B. A representative samr le of each roll sh~ll be selected for testing.
"The material shall be conditioned In an environment of 700 to
800 F and a maximum relative humidity of 60 percent for a

- minimum of 8 houzs prior to opening the package for sampling.

/

* /

II

I; -

I.

• • •. .. . . . i _ .. .. •o
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HZR"NCULE SPECiFI ATIN AT SHEET

I CLOTH., GLASS, UNFINISHED

The material is a plain weave unfinished glass cloth. The cloth Is
made from SCG 150 2/2 3.88S 4. dz multi-filament yarn In the 1111ll
direction and SCO 150 1/2 3.85 4. OZ multi-filament yarn in the wr
direction as defined in ASTM D)578-61. The yarn, Is made from hi9k
atrength continuous glass fiaments treated-with. an epoxy resin c"'-

3. ACCEPTANCE CRIT IA

3. rh-I adhsc~~gete- The chemical and physicl
*propertks WhallWconormto table11.

Table I. Chemical and physical properties

Thickness, inch 0,017 0.020

Weight, ounces per yard .4 8.

Warn yars per inch 15 1

Fill yarns per Inh 45 j 9

* Fil breaking strength$ pounds 1050

per inch of width- w e

pErct" ecotent of siUW

I Wltloa less, percent 1.00 2.--0

S *

S.2W0-tslThe matefli li erial nfishat ed glaslfothi i the, lt tu .4fe

dieto 0a $lG 151/ ifl a 4.0s W wultd prevent Usarse fo the warp~
Inetion (L dfndi SMD586.Th an snd rm.•h
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4o TEST METHODS shall be in accordance with the following
procedures:thmten Tmd k

4.1 Thickwss, Thickness shall be determined in accordance with
k the methdfor iTwbven'and knitted materials, felts, and nonwovens of

method 5030 of CCC-T-191 except that a minimum of 10 determinations
shall be made from each roll sampled. Report the average of all
determinations for each sample.

4.2 W..eht. Weight shall be determined in accordance with method
5041 of CCC4T-191 except that a minimum of 3 determinations shall be
made on each sample. Report the average of all determinations for each•. sample.

4.3 . Warp yarns per inch shall be determined
Saccordan••ciith-t-5050 of CCC-T-191 except that a minimum of

5 determinations shall be made on each sample. Report the average of
all determinations for each sample.

4.4 Zj11-rn .rJnc•h, Fill yarns per inch shall be determined
in accoztii-&i-itW mefiiti 5050 of CCC-T-191 except that a minimum of
5 determinations shall be made on each sample. Report the average of
all determInaUous for each sample.

il breaYirte ilt breaking strength shal be datercitxLd
4. 5M . CbreW't ethUowtn

(a) Material an equipmnt:

(1) Cardboard: Appro•t•daWly 1 1/2 Wnhs squar
we4aweU0 iWo uzdiid

(2) Adhesive; Epoy rmsin (Epon 826) and diethylwritflamabw

(3) Testing vait~no:A (ltrnt~ron or oq-j~A1O-eat) with tointiium

6sck-'l ranP Of 0 to. 10MO pt'nuft adjUAatabL1 re Of
cross head sopwratloa and sak aiuntas} gr~pso

,7
½; ,

itii mm msi m
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(b) Specimen preparation: Cut a minimum of 5 specimens from
each sample, approximately 3/4 inch Wide by 8 inches long,
with the fill yarns parallel to the 8 inch dimension. batavel
sufficient fill yarns so that the resuln,,g specimen is 25 fill
yarns wide. Prepare sufficient adhesive, by rixing 10 ± 0.'1
parts by weight of diethylenetriamine j'er 100 parts by weight
of epoxy resin, until homogeneous. Place two cardboard
squares for each specimen, with the urninished surface facing
upwards, 3 ± 1/16 inch apart and aligned. Place a specimen
over the cardboard squares so that the specimen is centered.
.~laea approxim-te'y 3 grams of the mi.xed adhesive on the
cardboard. Place a second cardboard square with tho
unfinished surface facing downwards, -dtr ectly over. the,
adhesIve on the specimens, align, and press down lightly.
Place a suitable section of light ga,,ge aluminum over the
"made up specimens. Cure at room temperature for a
minimum of 24 hours taking precautions to protect the
samples from distortion.

(c) Procedure: Set rate of cross head separation of test machine
at 0. 5 inch per minute. Set grips 3 inches apart. Secure
specimens in the grips. Care shall be taken to align the fill
yarns in the direction of the pull. Load specimen to failure.

- ( (d) Calculation:

Fill breaking strength (pounds per inch of width) A B

- , where, A Ibreak load average, pounds
.B = number of fill yarns per inch width

25 = number of fill yarns in specimen

* (e) Report the avernge of all determinations for each sample.

4, 6 Extractable content of sizing. Extractable content of sizing shall
be determined in accordance with the following:

* (a) Procedure* Weigh approximately 10 grams of sample to,
the nearest 0, 1 milligram (mg). Place specimen in a
Soxhlet extraction apparatus and extract with 100 milli-
l.iters of methylene chlorede for a minimum of 2 hours at
approximately 5 cycles per hour. Remove specimen from
the Soxhlat and dry in air (under a fume hood) for a mini-
mum of 1/2 hour. Place in an oven and dry for a mininum

WA 411 -. I.I
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of 1/2 hour at 165' + 50 F. Remove specimen from the ovenand cool in a desiccator to room temperature. Weigh

specimen to nearest 0. 1 mg. Place specimen in a furnace
for a minimum of 1/2 hour at 1150' to 15000 F. Remove
specimen from the furnace and cool in a desiccator to room
temperature. Weigh specimen tu nearest 0. 1 mg.

A-B xl100(b) Calculation: Extractable content of sizing (percent) _C

wherG: A = initial specimen weight, grams
B = specimen weight aiter removal irom

Sthe oven., grams
C specimen weight after ignition, grams

(c) Report the average of a minimum of 2 determinations for each
sample.

4.7 Ignition loss. Ignition loss shall be determined in accorJance
with the-following calculation-

(a) Calculation: Ignition loss (percent) =A-c . 100A

where: a = initial spociroev weight, grams (from 4. 6)
C specimer weight after ignition, grams

(irom 4.6)

(b) Report the average of a minimum of 2 determinations for each
sample.
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APoI-iOVED: HS-CP-105 _

Adhesive, Case Winding Resin

Resin, Epoxy (ERL 2256)

E -Materials Manual Unit 2.3.5

S..HERCULES SPECIFICATION DATA SHEETC

I. MATERA-,L. RESIN, EPOXY

1. 1 DESCRIPTION. The material is a mixture of a diglycidyl ether
of bisphenol A epich'orohydrin type epoxy resin and bis-(2, 3-epoxycyclo-
pentyl)-ether in liquid form.

1.- CLASSIFICATION. Not applicable.

2. INFORMATION AFFECTING PROCUREMENT.

2.1 SUPPLIERS AND MATERIAL IDENTIFICATION. Suppliers and
material identification are provided below:

SUPPLIER TRADE NAME PROGRAM SPCIFICATION

Union Carbide ERL 2256 Sprint 11181401XB
Corporation Poseidon WS 8023

2.2 PROBLEMS. None identified.

3. ACCEPTANCE CRITERIA. (Attached)

4. TEST METHODS. (Attached)

NOTES:

A. Other specifications for ERL 2256 containing similar requirements
are as follows:

SUPPLIER TRADE NAME PROGRAM SPECIFICATION

Union Carbide ERL 2256 Minuteman HPC 133-08-2-3D
Corporation HXS-2-17

BE 3 HPC 253-02-2-4A

B. Viscosity limits o1 5. 0 to 7.0 poises are necessary for the Poseidon
program because of the l1,,g winding time for the Poseidon case.

C. Poseidon specification includes requiremenms and tests (performed
by Bacchus) for working life, tensile strength, and elongation.
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NOTES (cont)
D. Poseidon specificaLion deletes requirement for specific gravity and

determines viscosity by ASTI D 1084-63, Method B.

894
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February 20, 1969

HERCULE'S SPECIFICATION DATA SHEET

RESIN, E POX Y

The material is a mixture of a Llglycidyl ether of bisphenol A epichloro-

hydrin type epoxy resin and bis-(2, 3-epoxsycyclopc-ntyl)-cther in liquid form.

3. ACCEPTANCE CRITERIA

3. 1 Physical and chemocal properties. The physical and chemical
properties shall conform io table I.

Table I. Physical and chemical properties

Values
Property Minimum Maximum

Specific gravity 1.155 1.175

Viscosity, centipoises 500 900
Wcight per epoxy equivalent, 135 145
grams per equivalent

Water content, percent - 0.1

3.2 Workmanshio. The material shall be uniform in texture and free
of impurities or any other defect that would prevent its use for the purpose
intended.

4. TEST METHODS shall be in accordance with the following procedures:

4. 1 jpecific.7KrayLt. Specific gravity shall be determined at 25'°l25°
centigrade(C Win acordance with method A of ASTM L 891-59. Report
the average of a minimum of 2 determinations.

4.2 Viscosity. Viscosity shall be determined in accordance with
ASMA D-TBT5-f--under the following conditions:

(a) Invert the tube until 3 consecutive readings agree within
0. 1 second. This reading shall be reported as the
result.

90
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(b) Report the average of a mininium of 2 determinnation3s inl
cenltij)OISeS.

4. 3 Weale poye~i~ent. Weighft per epoxy equivalent shall
be determined in accordance with the foiiuowing:

(a) Equipment:

(1) IPre ssure bottles, Fischer Scientific Catalogue
number 3- 100, or equivalent.

(2) Canvas or cloth bagrs.

(3) p11 meter Beckman 112, or equivalent.

(b) Rleagents and soluitions:

(1) Methm~ol-potassiurn hydroxide, 0. 2 normal (N),
standardized againist standard hydrochloric acid
or potassium acid phithalatc to bronicresol purple ý
indicator.

(2) Pyridine hydrochloride solution, prepared by either
of the two following methods: *
(a) Dissolve 27. 0 grarns of pyridine hydrochloride

crystals in 3 to 5 milliliters (ail) of water.
Add 500 nil of redistilled or chemically pure
(CP) pyridine and shake 'ý'o mix.

(b) Carefully add 19. 5 ml of reagent grade hydrochloric
acid to 400 nil of redistlilled or C.P pyridinei.
DiluVe to 500 ml with niore pyrldir'e and shake to

(3'. lBroncresol purý)le indicator solution, prepared by
dissolving, 0. 1 grarn of brcrncresol purple indicator
in 100 ml of rnetbanol.

(4) MothUanol, anhydrous.

(5) Pyr~dine, redistilled or CP. ."
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(c) P'-ocediire:. Weigyh Ipproxlniately one graw of sample to ihe
nearest 0. 1 m-illigram, transfer to a pressure bottic af'.d
add (pipatte) 50 in! of pyiridint., hydrochloride solution.
Stopper the bottice arid swirl to effect solution of the sample.
-Prepare a blank' by pipetting 50 nil of pyrlditte hydrochloridec
into a se.-' 2ofd pressure bottle. Place the two bottles in
canvas -bags or wrap In strong, cloth and place in a steani

-or boiling wateýr bath pt 980 20 C for a minimum of
4 hourb. After neatbi~g renicve the bottles from the steam
bath and allow to cool to roomn ton)mpe~rature. (Do not
rem-ove the wrappers from Ushe bottles while they are hot
or attempt to hasten the coolin gy by Winiersing in cold
water.), When the bottles hiave cooled to room temnperature,
loosen the wrappers, uncap the. bottL,,-s s1bwly to re lease
any preossure and the~n remove tne wrappers, Rinse down
the insides of the b~ottles k#ith methanol and then quanti-
tative~y transfer the miaterial from each flask< into a clean
dry beaker. Rinse each flask at least twice, transferring
the r~nsings to the bakers. TIitrate the sam ple and the blank
with 0, 2 N potassium hydroiW. solution to a p1H of 8. 2 ± 0. 05
using a freshly standardized pil meter. Add the titrant at
a mnoderate rate to pH 6, 0 Mhen ~4ropwise to p1H 7. 0' and -
then dropwvise to p11 8.2 i 0. 05 waiting approxiia~tely 5
seconds -tween each drop.

(d) Calculation: Weight per cpoxy equivalent

where: A =sample titration, ml
13= averagez blank titration, nil

W =samnple weight, grams
N = normality of the potassium hydroxide

Solution

(e) Report the aver-age of a mninimum of 2 determinations.

4. 4 N~t r corittnt, Water content shall be determined in accordance
with ASTM R 2O3-ý64_, except the etO nolrtt shall be 10 seconds. Report
the average of a minlimum of 2 dete raiinat ions.

92
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A ih y-j~ e4  Ciirin A-P.' it

AinJ ncý Blenu CLurinZ, ALcnL.

Ja I. ( R I X'I I IICA1 Un i t. 2 -l :~ j

~1C S PECIF I CATION DA TA SITET

1, MIATERIAL. CURING ACENT, Al-11DNE BLENID

1.lDESCRIPTION. Tom%> 6040 is at) epoxy resin curing 3cnit. The mnat~ jil il
* a liquid cut~celc m~ixture of va~rious aromatic amines, cons istin- of 40

percentt rnetapheovlcncdiamirte and 44 percent of an isomecric mixtur- o1:
mthylenedianiline.

~ ~1.2 CLASSIFICATION. INA

2 .IY0RATXO AFFF.CTNO PR'OCU!?!:XFNT

2 ~ ~ ~ AI * '~~NATH"'<AL 111)LN'UIFICAT1I0O. Suppliers and waterial iden-%i -

itiurn are pruvided below;

SUJPPLIER ~ TRAD~E.NX'J PROGRAM S PEC I FICAT ICON

Untroya) , Inc. Tonox 60'+0 Poseidon F/S, S/S WS 8026

2.2 ITML-MiY (Ncono identi fied)

4, TE51T M611101)13 (Ar Uichvd)

*A . Inform-,tiou rvgard lnp Tono., 6040 can also be found in Matvria1 Wit '401
f. 2.3.5 (i:RL 2256 (ihn'i-vt windiop rvsin).

B Posefldun pýdit Bclb pccjrfeatio WSn e026 contains eurt
anGd test miethods for wcrking. life, ter-siit strength and clQ1,,4ton of
m~ixed adlicsive as used in th-it pro~rat-i.
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HERCULES S'rCIF ICATION DATA SHUI-

Curing Agent, ziLue Ble.ond

Tonox 6040 is an epoxy resin cuzing agent. The MaLerial is a liquid eutectic
mixture of various aromatic ..Aines, consisting of 40 percent metaphenylene-
diamine and 44 percent of an isomeric mixture of me=chylenedianiline.

3. ACCEPTANCE CRITERIA. Acceptance criteria shall conform to the following:

3.1 Chemical cTmposion. The chemical composition of the curing agent, es
determined by gas chromatographic analysis, shall be in accordance with table I.

Table I. Chemical Composition

Ing-edient Percent

m- phenylenediamaine 40 + 4

pp' - methylenedianilime 36 4+ 4

Op' . mothylenedianiline 8 4 2

)ther chemicals 21 maximum

3,2 Titratable nIt roKen . Tfteatable nitrogen content of the caring as'ent
Shall be not greactr thau 19.0 nor less than 18.0 pe.rcvnt.

3,3 Moisvr,ý.r. Moisture content of the curing agtjt shall be not greater
than 0.4 percent.

3.4 Workmu•ivnOie. lhe curing agent shall be in a li-quid foim, mzenufacti|rtJ
to assure a uniform product free from imrparities ao4 c mlnawton that would pre-
vent its use for the purpose intended.

4. TES WTH0DS. Conllrfar.nc- ttý Scp~e 1 hall We detcrtdntIC
in accordance with the follouwin proc durie.

4.1 Vqual exsmination- SaMples shall be viltufly aXi4ind to dotom Lov
compliance with 3.4.

4.2 Chtmic•l ' nomstion. 'Me chemical ccmpopltion soall be duterwined in
,ccordanc, w•ith the follo•iJng:

Dual colurfn g ehai•,to~ r.h writh tmevc-ator, qtrgrarnig 2nd
thorpwl, condocti-it',y detector (&ýe• flizo•: i).
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HaMiliton Yicro Syringe 10 microliter (4.-) capacity or equivalcnt..

Reagent Grade :r :Lbnol (NoOll) and Ui-Butyl-1itthalace (DDE')

Metaphenylenedi 1uinc (IIPA) 99 + percent purity

4,4' i1-ethylcned.ani linea (4,4' MDA) 99 4 percent puri ty

Chroiuatograplbic culuran (six feiet of 1/4 incl. stainLess steecl
tubing packed. with 15 percent Ap~ezon L. on 80190 Ana'%rosa ADS).

b. Oeai5.cniin

Coluwn conditions 220o 300o centigrade (C) and hold

a t 10 C/minute.

Detector block temperature 300r C

1;xjcction port tem,.perature 3000 C

Carrier gas IleIi Lm (li1)

Flow rate 70 mil liliter (mll)/MIint~e

Fl lamletit doLUtOC o current i50 tntIiiampures

4Jmpie concentration I 'gram (g) of sainple/5 till M0011

Sample size

c. Pr i~ota of stcmdatvd. WeIgh into a 5 ml voiuatnotric CALZ3sk- 'ApproQf
uately C.4' g of XVDA and 0.4 g of 4.4 ' MIEM. Add suftici(etx DUEP'Anv~d
stafdard to give a fitial cocn~to f40 -ýit!tsriv'4mli r (Mg/etl).
krcccrd tile w4eiht of rheso three t~ oc t')t the necirnit ~takiiiiat

(m;, i dilutettizlasýý to th ~ rk;wl v-.Sactefakvli

C.I.. Atel into Cs 10e

viwt 40 h e i~to t the A~ t vaiieAsndr'tth thQý prVon 0 all f~or M

of the Olre c0;,ýO pcneriA (A of p~ea ara) If the-. keo fir sis ,t
C Ijetna five 5dy. pr~ runi toe stttar otir fthe 0,ecm O o Walt
higher ntb:.A daope atIhae Orsavq~l vth fve- r 5-;l ýv i';crtlo m n to

220 an rU a ý;A vw-~e fa" 20 tc 3(, C ý t Cý 67.-- I w tnr 0 15

At )0_ ;4Lj~ itVO~ - QMll- n.va(wi~ l ~v ,
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f. oqm flo tcrinin io, Infrcrc a 5->&l portion or the srid.Follow L105 Wi~t4
a mtdnirurn of three 5-1A injections:of prepaired omvple. A dup~licate
standard will be run after each group of camiiio injecticons.

g. Calculatiomn foi- stoodurd. Usin~g the chranimtogrwim obtained itor the
standard, calculate the area of the MEDA peak, thi- DflP peak and the

4,4' NP3A peak. Fromi the voighings of the standard f-o'd the vo~ight of
HPDA, weight of !ThP ant! weight vf 4,4' HDA. Knowing the above six
weights ande areas, calculate a factor: for both NPDA and 4.4' IWA ina
the foilowt nnor

lit of MPDA
Wt of inerval standnrd

Factor PIJDA -- e of ILVA

o- rof interntl standar

W t ¾ 44' 1io5

I '. t C, r n15ta A r

Vro of intrnal egotannqk

A. Calclatins foftr4 oampt Uihal b tria;uat3 cand tieaje oCa area fa

the jfollowingpeaks i thern iaaltvtbe cho tograph SH41M DBP 2,tW~4 Val

and. 4,$RDAa . Ca flclaten thr u&lwiea m- ratios*

LFk tMD rao 'M)Aeýa' U

ACiwlr~ea of tkctroofDAde.4ofDE

FidO egto B ege note aap44a-dtovih fsupc

used Ululat tb- prcena-e efe.1-1 O th t~mt i t4
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tb. Glass olcctrwtixk, ati puýrpo0io.

4., lbu fl. 014113a 7rcr 0 ~jar

al Acetic 04iýd, tiacia , Amricun Chemlcfl Socie~ty r.? retyens gradce

b.. Acetic aa1hydr-1du, ALCS recgcsuct gvS2d.

C. POtaasiuz acid phthautao, prirmary 5itAn-dnr'J

C. Perchloric Acid, ACS rcacent grndo.

4.3.1 Perc11c^rlc a-cid' ýýlsutut'On, Kttchi1Ordct 4 Wd soluio&n. 0.1 normal ON)
shall b4 prepdreJ as fokio'w~:

a. Place nipproxilata"qly ZeJC~ MIl of 6laz - tccic 4414 in '. 10OW-ad volwue-
t tric fLaz-..

b. Adi R to It N Z" 7?C pctrccnt Norr3hlorLC OCid OV 1-Q tO It 01 Of 6u4PýCCI
po rchlIodic ac Id and nix.

c. AUA 20 adof 4ce~ttc Z-'uhydrido a14 m~ix,

d. Diutjto to VoQ %ew wisht FdWCle- acfr~ic 4cid 45A wiw..

1~ e.O $zajt theod f ia a wdt~ii&wva oi 8 S*

0.L454 htc bd.ý ofl bitrtPer.uijvl C

#ktAitt Y'o tot 'N" Ofj r!4;4ci".Id4ccTit ic-A'ia heathkr @a-il %ýii 4Pt

Cooo"~ rtw Jn$ Er-k'jdr* inV~O tIl AiccctA 01 Ut-ý tI.Q 14*k 3 .~~~

Ij j,. j C&~': $ ,n

10C~cbt ttC ttAýtf Rf ~uditic ad *& ;WA. p" ý 11

i4 ff¶pC r 4 '4,~E- s1i I j -t gsuu
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k. Normality betueen duplicetc standardization shall not differ Lnore than
0.001.

.4.3.4 Procedure. Titratable nitrogen shall be determined as follows:

*. Weigh a 2- to 4-railliequivalent sample, weighe.d to the nearest 0.) mag,
into a 250-mi beaker.

b. Add 50 to 100 ml glaf:i.al acetic acid and werm the solution, iU necessary,
to completely dissolve the sample.

"c. After the sample has dissolved, let the solution cool to room temperature.

d. Place the electredes in' the solution and titrat• potenciometrically with
the standardized perchloric acid solution.

e. Perform a blank determination.

f. Calculate percent tLitratable nitrogen as follows:

(V V2) (11) (0.014) x 100
Percent titratable nitrogen = -W

where: VI = voLume of perchloric acid solution required •o titrate
the sample, ml

V = volunme of perchloric acid solution required to titrate

the blank, ml

N = normality of the perchioric acid solution

W weight oL-Bple, C

0.014 milliequivalent weight of niti.ogen

4.3.5 Alternate tit-ration.nrocedurc. Alternatively, .the standardization of
the saaMple Litration noay be performed visually using crystal violet indicator pro-
viding that the sample coloration does not interfere with the observation of the
blue-green endpoint. 7he same method shall be uscd for thu st&ndardization as foe
the sample titration. In case of dispute, the potentiome etric titration procedure
shall govern.

4.4 Moisture content. The moisture content shall be detenrined in accord-
ance with ASTM E 203-64. A 15 percent salicylic acid in methanol solvent shall be
ttsed for this determination.

-- ..
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SSUIPPORTING DATA Sb*i.!ARY FOR A-IINE BLEND CURING AGENT

No. of
Proper.y Data lots Avcragc Ran/tt af da'a

_Propr__. source tested result Low 1_ iLh. '

Chemical Composition
m-PDA, percenr Uniroyal 6 40.0 38.1 4 4,9

Hercules/Bacchus 6 41. 39.3 42.7
p,p t -•EA, percent Uniroyal 6 35.6 33.8 36.8iHercules/rBacchus 6 35.1 33.6 36.8

Pop -MDA, percent Uniroyal 6 8.5 7.6 3.8
Hercules/Bacchus 6 8.1 33.6 836

Oth'er, p arcent Uniroyal 6 16.1 13.3 9.4
Hercules/Bacchus 6 15.8 14.9 16.3

Nitrogen, percent Uniroyal 5 18.4 18.2 18.6

Ser-ules/Bacchus H i8.4 18.0 18.7

Moisture, percent Uniroyal 7 0.M Nil 0.2
Hercules/Lacchus 7 0.31 0.21 0.35

100
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APPROVED: HS-CP-102, Amendment I -

General Purpose Adhesive

CPD/ME Materials Manual Unit 2.1.20

HERCULES SPCIFICATION DATA SHEET

1. MATERIAL. ADHESIVE, EPOXY RESIN BASE

1.1 DESCRIPTION. The adhesive consists of two parts; Part A is an epoxy
resin containing a suspensoidal gelling agent (Bentone 27) and a polar
aaent (methanol). Part B is a liquid amine containing an a-celerator.

2. INFORMATION AFFECTING PROCUREMENT

2.1 SUPPLIERS AND MATERIAL IDENTIFICATION. Suppliers and material identi-
fication are provided below:

TRADE NAME PROGRAM SPECIFICATION

Hysol Division EA 946 Sprint 11181310X
The Dexte" Corporation Poseidon WS 8994

Hibex SDS
2.2 PROBLEMS. None idenzified

3. ACCFP".-NC" C,<ITERIA. (Seztions 3.3, 3.4, and 3.5 of attached specificationi: AS-CP-.102, (9/l/67))

Z 4. TESTM'bihOT),q. (Section 4.4 oZ attached specification HS-CP-102, (9/1/67))

NOTES:

A. P.setdon sPecification WS 8994 d.letus requiremeat and test for Flow of
Part A; adds a requirement for Viscosity of Part A tested in accordance
with ASTM D 1084-63, Me-h.d B and idkn,.ified exceptions; and adds
accept.-nce critecia limiting t..b number of foreign particles in Part A
and Part ]•.

B. Amendme•-t I corrects supplier and trade name listed in paragraph 2.1 of
tever nage, identifies Poseidon criteria for ' freign particles in note
A, a.ýd uIds note C.

C. in an effort to cn..ol foreign parti,.les in the meterial, Dexter now
screens both parts of all EA 946 prlduced through a 100 mesh screen

prior to performing acceptancea tests on the material.
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AMOVED: 1S-cP-1oz
eneral I rpose Aa'esive

_______dhesiv-: Epoxy -"..rin Basý

~E.-'O!JLE$ -SPECIFICATICN DATA S~EY?'

1. Y-ATE-RIAL. Adhesive, Epoxy Resin Base

1.1 DESCRIPTION. The arihesiva consists of tw at:Part A is an
epoxy resin contain.ThZ a suspensoida1 ZellinG agent (Bentone 27)1
and a polar a-eat (metha~nol). Part B is a. licluid amine QonteininZ
an accel.erator.

~.IIFOF,*MA.TIGI YF'ýV-T-TI( ý UG ?~C Ij Pý-'?[F

2.1 StjTPLIEPSkD jArjEPA TDENT2IIFICA-TTCN. S.-Dplie s and Mat-:ria1
ident if ica ,ion are provided below:

SUPPLIER TRADE DIPI-E PROGRAM Ck11PION

~3hell Chemical Co. Epon 946 SPRINT I1511X
PolEIDON wvS 8994~

(2.2 1 ROBLE4S kNoe ideatif ied

2 ~~~~3, ACCEPAE MSRA (Sections 3.3 and 3.4 of attace ,ciieto

4. TEST ":SUMS (Section 4.4' off attached speciflcationE-.12 916)

1. Coverpadge prepared to provid.e Materials M~n~Uni.t idenvtllica~ion a-d.
to reflect exceptions conta~ied inPCSEe' -

2. POULCON~ specification WS 899~4 deletes req:-remnet anid test for Flov of
Part A and adds a req~uirement for Viscosity off Fait A tested in accordance
vith AsrI4 D i084-63, Method B and identified exceptions.
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1 september 196?
11ERCULES INCORPORATED

CHEMICAL PROPULSION DIVISION

SPECIFICATION

ADHESIVE, EPOXY RESIN BASE

1. scope

1.1 Sc(.pe. This specification covers one type of adhesive consisting of
an epoxy resin base with an amine curing agent.

1.2 Classification. The material shall be of the following type:

Type I - Epoxy resin with filler

2. APPLICABLE DOCUMENTS

2,1 The following documents of the issue in effect on date of invitation
for bids or request for proposal, form a part of this specificatLon to the
extent specified herein.

STANDARDS

M -ititry

MIL-STD-129 Marking for Shipmrent and Storage

(Copies of specifications, standards, drawings, and publications
required by suppliers in connection with specific procurement
functions should be obtained from the procuring activity or as
directed by the contracting officer.)

2.2 Other publications. The following documents form a part of this
specification to the extent spec.fied herein. U. les.; otherwise indicated, the
issue in effect on date of invitation for bids or request for proposal shall apply.

American Society (or Testing and Materials

ASTM E 203,-64 Water Using Karl Fischer Reagent

ASTM D 638-64T Tensile Propertiei of Plastics

ASTM U 1002-64 Strength Properties of Adhesives
in Shear by Tension Loading
(Metal to metal)

AS'rM D 1652-62T Epoxy Content of Epoxy Resin!;

(Copice of ASTM publications may be obtained from the American
Society foi Testing and Materials, 1916 Race Street, Philadelphia,
Pennsylvania, 19103.)

Aeronautical. M4aterial, Specifications

WMS 3366 Silicone Rubber Compound

(Application for copies should be addret--" lo t.e Society of Auto-
motive Engineers, Inc,,. 485 Lexington Avenue, f-'.iw York, New York, 10017.)
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.REQUIREMNTS

3.1 Material. The adhesive shJ.ll consist of two parts; on epoxy resin
(part A) and a curing ageat (part B) furnished Ln matched lots.

3.1.1 Part A. Part A shall be an epoxy resin containing a suspensoidal
gelling agent (6.3) and a polar agent (6.4).

3.1.2 Part B, Part B shall be a liquid amino containing an accelerator.

3.2 Material muf._icntion. The supplier shall notify the procuring
activity of any change to the material frrmulation or manufacturing processes,
prior to shipping modified material in response to a contract or purchase
order involving this specification.

3.3 Chemical and physical properties. The chemical and physical pro-

perties of the material shall conform to table I.

Table I. Chemical and Physical Properties

Values
In ••,ient s

Property Part A Part bI Mixed Material-Mt i max. -n.'T M7 min. Max.
Flow • ,nch" -- -- 1/16

ziller content. p.ercnt 2.4 4 -. . -- -3-.

eight per epoxy equivalent,
rams per equivalent 340 7 --3

nirtt lo njj _.Let e15.7 18.0r-
oitr conen 0.4 -
ond shear stre j PS 7 1500r -

ensfle stroretj4- j, i -- - 800 -

10ae elonzatio~n. percenti- - 50
ehonge in refractive index,
retween 12 and 192 minutes
ffter mixin& ~- - 0,0045 0.00651

3.4 Workmanship, ViTe material shall be uniform in quatity, free of
impurities or any defect that wouid prevent its use for the purpose intended.

4. QUALITY ASSURANCE PROVISIONS

4.1 Resnsibity for ins ction. Unless otherwise specified in the
contract or purchase order, the supplier is responsible fo- the performance
of all intpection requirements as specified herein. Escept as otherwise
specified, the supplier may utilize hWs own or any other facilities or any
ca,=ercLel laboratory 2cceptable to the piocuring actlvity, The procuring
activity reserves the right to perforni any of the inspections set forth in
the specification wheore uch Lnspections are deemed necessary to ossure
#upplLet and servicas conform to prescribed requirements.

105
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4.2 Lot. A lot of adhesive shall consist of. ma-tchcd lots of part A and
part B with avh part compounded in a single batch without change in process
or uiaterial% aiitl offered for acceptance at one time,

4.3 Snwiiig. A repr:.:sentative sample of each palrt of each lot shall
be selectedi 'fr testing.

4.4 Accpic t cs t s. The following acceptance tests shall be performed
on each lot. Failure of any sample to conform to any reqziremenut of this
specification shall,. be cause for rejection of the lot.

4.4.1 Flow. Flow shall be determined in accordance with the~ following:

(a) Equipment:

(1) Gardner film casting knife, or equivalent approved
by the procuring activity.

(2) Glass platesi conforming to figure 2. Tile test shall
be cignducted In an area free of vibration,

(3) A Nordson or Cardner film C.-ge.

(b) Sample preparat~on: Thoroug'aly mix thl. ingredients in
their origin,1l containers. We~j~h thý, inpredierits Into

aclean w-free container in the ratio of 100 partr by
we ight (phw) of part A to u.5 4 0. 3 pbw o f part. B.
Thoroughily mix the ingrudients unt.1l a uniform bletid Is
oblta ineCd.

(e) rocdure Codit on he ample (approximately '145 grams),

g~lass plotes , and Gordnet film casting, knife to 71 4 2oV.
Mlice t he sauaple onl thle top 'Lille of thle glass PlAte-in the
horizontal position. Wt~e a ripid, tvett drawdown using
the COrdner t ilm csting kd(,preset to give 0,020 *+

0.002 itich 011iekne,1 Of 1dhesiVC Onl tile glag4 platf..
ltmmediately after drawdown, meosure the film thickness in
3 place4 usning a Nor~son or Cordne.r film gage,. Remove
exctsss .dhflve abovo thle top line h and below the bottom
l inti. Plaoe 1 or~i~ll pieces of black thread or brush briatIcs
approximaltely 1/8 Inch loong on the glaan plote is sho-ý.n in
f igure 2, R~ai sc the rgios plntte to the vef ticalI pesition,
(figure 2) 5 to 6 minutecs after completing the dravdloim and
leave ondisturbed for 20 41 minute. Any downwaird mvement
of any of the 3 threads shall be measured and rvcorded as
f lov.

lot-
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(d) Report each %esult from a mitilmurn of I deLerminatLon.

4.4.2 Filler content (part A F•ler ronLent of part A 3hell be
determined in accordance wirh the i 11oiiong:

(a) Procedure: All wei&knags shal1l ne to thr, nearest 0.1 milli-
gram (mg), Weigh p 0,e to 0,8 gran sa-ple intn a previously
tared 50 milliliter (mi) glasn berker. Add 0.35 to 0,40
gram of filter 4iid "6.5) that hnt been previously dried for
approximately 1 hou" %t 140 'o 15QY ýeatlgrade (°C). Add 10
ml of chlorobcnzene ari. stir uantil all lumps are dissolved
ond any suspended matter iL finely dispersed, Transfer the
contents of the beaker into a previously tared medium porosity
sintered glass -rucible. Rinse the beaker twice with 5 m!
portions of chlorobenzene each time acd transfer the washings
to the crucible. Vacuum filter the mixture. Wash the residue
with 40 to 50 ml of chlorobenzene, catching the washings in
the flask. (IRsorve the filtrate for 4,5,3.ý Dry the crucible
and contents for 30 to 40 minutes at 150 + 5 C. Cool In a
desiccator and weigh.

(b) Calculation: Filier content (percent) -

Where: W1- weight of crucible plus residue plus f'lter aid
F - weight of crucible
C - weIght •f filter aid
W w.eight of ampie .

(c) Report the everaoe of a minimum of 2 determinations.

4.4.1 !eight..•e Frox.!lLLtvatk i.rt Wcight per epoxy equi.valent
of part A shall be determined in accordance with AUSTh ) 1652-62T.using the
filtrat# frro the filler ccnteo. test (4.4.2). Report the average of a
mlnimum of 2 deterimla Ions,

4.4.4 (Jrtarbl nitr._gn_(.II)U. Titraitable aitrogen of part B shall
be determined in accordance with the following:

(a) Equipment: The folloAinF, equipment, or its equivalent, shall

(1) Calamel reference electrode.

(2) Glass electrude, all purpase.

(3) Sockmat SeOZOM*ti pit Miuter.
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(b) Aeagenta:

(1) Acetic acid~, glacial, American Chemidcal Society (ACS)

reagent grade,

(2) Acetic anhydride, ACS reagent grade.

(3) Potassium acid ph6*1st~e, primary atandard.

(4) Perehlotric acid, ACS reagent grade.

(c) Perchloric acid solution, 0.1 lPormal

(1) Preparation: Place sppiioxin"~te'y 250 ml of glacial
acetic acid In a 1000 ml volt.~etric flask. Add 8
to 9 ml of 70 percent perchioric acid or 10 to 11 oll
of 60 per~cent pveý!hloric acid and mix. Add 20 ml of
acetic anhydrice and mix. [ilute to volume with gli;-tsl
acetic acid and mix. Stopper the flask and let stand for
a minimum of 6 hours. Weigh 0.45 to 0.50 gratu, to the
nearest 0.1 mg, of %0'ried potassium~ acid phthalate inito a
250 ml beaker. Add 50 to M0 ml of glacial acetic acid,

stir andJ heat gently until all of th'- potnasium scid

wihth orhorcacd Rnablank, deemdt :a

Calulaion Nrmcpoalt of lýer-! ut r c a 'et;iht -OXf.9

Vhere W -weigt ofu~ poasium ptaci ptoltr oe

V, -t~ vorilum tof diperchoicr gcid O.LM)1.t t~at

V2i *n vcsth olume, n v if p rchlrc Wd rey. r to dissve-

N~ralth:Tfe :orlutk gt *M etwon .piie Qvtot) dsIlibtIs~r lw ntdfo oeta 'l
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(a) Titratable nitrogen (percent) - (VI - V2) (N) (0.014) - 100

Where: V volumve of perchiloric acid solution required to
titrate thle sample, ql

V2  volume of erchloric acLd solution required to
titrate the blank, ml

V & normality of the perchlnric acid solution
W a weight of sample0 grams

0.014 a milliequivalent weight of nitrogen

(f) Alternate titration procedure: Alternattvely the standardi-
zotion and the sample titr'ation may be performnd visually

using crystal violet indicator providing that the sample
coloration does not nterfer~e with the observation of the
bliue-green endpoint. In cavve of dispute the potentiotnetric
titration procedure shall govern.

" (g) Report the average of a minimwo of 2 determinatioas.

4.4.5 Moisture.cotnenLfart f ,L, Moisture content of part A nhall bp
determined in accordance with ASTH E 203-64.

446Bond shear st rength. Bond shear strenZth shall bc determined in
accondarce with ASTM, 1) I102-64 under the following conditions:

* (a) The test partw material shall be 4 by 8 inch Alclad 2024-T_3
alnminum alloy 0.064 + 0.00,$ inch thick, i orea *to be
bonded) shall be free Trom surface imperfection*, with the
6 inch rdge milled and deburrrd.

(b) Vapor degreagc the PAnels1 Wth trciottyeOor m-thyl
ethyl kets)ne; or degrease by jptiag with a clean cloth
saturated vith trichloroethylvn. or methytl ethyl ketooe
until i, discoloratian lppearg on the Ciothi, Ocn dry for
* wOlmutnwu of 10 minutes at 150 + 50PT. Refwwe P6twls and
cool to ambient te0;)ctaturq.

(C) Etch the arva to be bonded (or theý *;+tlr paoel) foz 10 to 1Ž
minutkes in A 0slut4nO of 7 vbv of concentraqed stidlric "Nid
(+¶ to 9a1 p*rcent), Z pbv of sod'tv- 4tchrom"I, ed 47 $r .u
of dti~cille$ water. vtaov* Psn'el' (rtoe tho solost"t *Ad

1~.dtaalyrinse vithi rwnin~st tap Voter Ood final rln~e
with dtstilled atr detoiltu- d vflor. lntoveea for vwater WhrVeVe

dufr re~~e~,aMIf wa~ter breakst or -bV rc4 rpa (b)
end4 (C). -Geen drly for 15 to V) nl-ýtx # a.'S:O 4, 54p er 30 to

O ainutes at 115 to 7200V. Ikeeovi patwla avs4 thin to Z0ol
to eiabtoat tonp#atUtae,
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(d) Apply a thin coat of adhe4ive, prepared tin accordance with
4.4.1 (b), no the bondtng surface of each panel. Assemble
the pa-cls $n pairs usiLng an; overlap of 0,5 + 0.05 Inch,

(e) Cure wit'&in 6 hours after ais•smbly 'under 20 to 80 pounds of

weight for 120 + 5 minutes at 200 + 50F.

(i) The spcimenns ,hall "e tested rdthin 6 houte after cure.

(g) The specimens shall bV conditioned fo: 2 to 4 hours at
75 ± 51T and then tested at 75 -f 5%F.

(h) Report the averagc of a itnimum of 5 deteriinations.

4.4.7 Tensile strenjib and ultimate e ig1ton.. Tesile satrength and
;.tioiate elongation shall be determined in accordance with ASTM 63S-64T
"*under the following condittiont:

(a) Test spsc Vst Thall be prsepsred in acrordxtct' vith either
methnod I or Al (4.4.7 1 and 4.4.1.2). In case of dispute,

awuvdtd I shal! govern,

(b) Testing 4f the specIntnws shall be within 24 hours after cure.

(c) The crvuhea sipý.• d ahaII be 0.20 to 0.25 inch per minute.

(d) C;oput' Otiti e elfagation at the puit of rupture of
the spt,.cicwns,

S4.4.7.1 tftchot T

(a) T.he ftold (itxt-e 1) ectar thv tvztitctwt shall thr %Mlct2nC
rv*&ber szt'swlnsnt to A$% 33l44 tbccept 010zttc~ol dty

hear cds~~ce.Co~qC~t *Vt.r sitw hn tc4voatuvr

restaancarrqt!rr t~sh ti nt *ppty.

(bi) The tesxt tei ntnss~aiI'I f-csroer WItht
cyrp- t of ASTH V 638,64T (t/4 lw~h z'r tasdrr). 11hv
PpttV14'h ttchlOwstsl ihail l1 4v .1425 + 0.015 itcth

(4) ~tsuh# rnt:; g~t(6).14bv t~ih:4 Ity ota o e the :i4d OM

Ow"t Wip it plvt A1

rvvOlutilonS pet Qunt t et~W@ttp#4FW i.



(f) Pour the adhesive into the mold carefully, holding the con-
ttiner as rieat to LIc, mold as po.;slblc to *votd aerafpent
of sit.

(g) Remove exces.s adhesive from top of mold by leveling, vith
* trnight edge.

(h) Cure at a temperature of 200 + 50T for 120 4, Witnuttc.

(1) Remove the mld and Its contents from the oven and allo

to cool at ambient temperature to approximately 1500F.
Flex the mold until tept specim-ns release and re"ove
the test specimens from the md~d. Allow the tvat speclooens
to cool to ambient tempezature.

(J) Finish the specimen soffates flat and par111 in cecordance
with the dimensions specified in (b).

4.4.7,2 Me•thod I

(a) Prepare alnd cCnrifugQ thQe adhlive in aCcorCd4oe With
method I

(b) Coat a sheet or plate 0.12$ -- (j.015 Inch In thickness and
of S;:fficitnt levtclt an- width to provide a •pslwetau of 5

(C re fr 120 4. S aLitesi t a tm9crsture of 200 4 VF.

(0) Afte-r eo.erefutly t..-p or swhitdv tho fpcuw rom
the Shtet aplate.

(P) ThVia~ett 4$rtenuxtno uhltl he In *ccor4-ir~ie u4th

sI~ad 4bOS~* sha lk- ~tetn~n In Vitt% a.t.1 (~b ) 0he folh 0nw

$toti 0-0 Aoitreol. Wx4 Aas..rChi ý

tV?&tia'ued COT a t14at*ms of 5 ctistkes.



~~~W'- F-.4-~ F'7- - PT 77-

HS-CP- 102

(c) P'rocedure: Fill the mold with the adhesive mixture and
rel:iove the excess by leveling with a straightedge.
Mnintain the temperature of the mold and adhesive mixture
at 75 + 3c"F. Determine the refractive index at 25 + 0.2 0 C
of the adhesive mixture at 12 ministes from the end of the'

( mix time and again at 192 minutes from tht- end of the mix
time.

(d) :Calculation: Change in refractive Index '~(refractive index
at 192 minutes) - (refractive index at 12 minutes).

(e) Report the avetage of a minimum of 2 determinations.

4.5 jPacýaging aud markin i psjction. The inspector shall ascertain
that the packaging and mar'kit-g conform to the requirements of this spedi-

5. PREPAR~ATION FOR DELIVERY

5.1 Pai~ acki~igzLa n. Packaging aiid packing shall be Level C.

5.1.1 Level C. The adhesive shall be packaged and packed in containers
complying with the rules and regulations applicable to the mode of trans-
portntion. As n minimum, protection shall be such as to prevent deterioratiofl
of the- material during shipment and ensure safe delivery at destination.

- 5.2 Marking. Marking of containers shal.l he in accordance with
V. MIL-STD-129, and shall includ~e, but not be limited to, the following:

(a) Title, nutnher, and revision letter of this specification.

(b) Manufacturer's name.

(c) Material: Part A or Part B.

(d) Lot number of Part A or Part B.

(e) Matched lot number.

()Date of manufacture,

()Contr-ict or purchase order number.

" 1 1 .......
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6. NOTES

6.1 Intended use. The material is intended for use in the manufacture

of rocket motors.

6.2 Ordering data. Procurement documents should specify, but not be
limited to, the following:

(a) Title, numt;er, and revision letter of this specification.

(b) Place of dclivery.

(c) Place of inspection.

(d) Request for test results.

6.3 Gellinf, agent. The suggested gelling agent is Bentone 27 as supplied
by the National Lead Company.

6.4 The polar agent. The suggested polar agent is methanol (nominal, 95
pbw methanol and 5 pbw water).

6.5 Filter aid. Filter aid found satisfactory for this cest is Cellte
as manufactured by Johns-Manville,

6.6 Release agent, Release agent found satisfactory for this tesk. is

DC-33 silicone grease as manufactured by Dow Corning Company.

6.7 Sustedsjp odctcr A suggested product capable of meeting thit
specification is Shell Epon 946 as manufactured by Shell Chemical Company.

6.8 Storage life and conditions. Storage life and conditions are shown

in table II.
Table II. Storage Life and Conditions

Storage Life

'Material (from date of manufacturei Storage Conditions

Resin (Part A) 12 months 0 + 15 0 F in closed con-
tainers in a dry place,

6 months 60-85°F in closed con-
S- ta iners in adr lce _.

12_ __ -i~n cosd ac _
urin agent-- months 60-85 osed con-

S(Part B) tainers in a dry Elice,

tA
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Except as otherwise specified below, this data is the exclusive
property of Hercules Incorporated and may not be disclosed,
duplicated or used by others without the specific authorization
of Hercules Incorporated.
(i) This data, if required to be deliv;ered to the government
by Hercules Incorporated, is furnished to the government with
the rights prescribed in the Aimed Services erocurement
Regulation 9-203(b) "Rights in Technical Data."
(2) These restrictions do not apply to data which is available
to the general public, which is already of written record in the
prospective user's files prior to its receipt through this source,
or which has been lawfully obtained from a third person under
circumstances permitting its disclosure or use.
(3) Hercules Incorporated assumes no responsibility for the
use or application of this data by others, including those
authorized or permitted to use, duplicate, or disclose the data,
in a manner other than specified by Hercules Incorporated, or
as authorized in writing by Hercules Incorporated as a result
of a request from the user.

Custodian: Preparing activity:

Hercules Incorporated Hercules Incorporated
Ailegany Ballistics Laboratory Allegany Ballistics Laboratory
Cumberland, Maryland Cumberland, Maryland
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SILICONE RUBBER MOLD

r A.- -- 91/2

I/4

I.I

NOTE: ALL DIME'NSIONS ARE IN INCHES
AND) AHE AIPPROXIMATE

Figure 1. Mold for Teiisile Spec~imens

w 115
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This end up for test
-Place threads or bristles

Start adhesive

ILinecs on plate

LJ~ This area shall be free of adhesive for test

NOTE: ALL DIMENSI~ONS ARE~ IN !NCHES
AND ARE~ APPROXIMATE

Figure 2, Glass Plate for Flow Test Sbowirng
Rlelative Tocation of Threads for Tlest

116



HS-CP- 102

1970 December 10

SUPPORTING DATA SUMAkRY FOR EPOXY RESIN BASE ADHESIVE

No. of
lots Average Range of data

rPoperty Data source* te,3ted result Low High

Part •A

SFiller content, . Dexter Corp. 12 2.99 2.51 3.41
Shell Chemical 35 2.95 2.50 3.30
iHercules/Bacchus 14 3.08 2.80 3.30

SHerculea/ABL 18 3.04 2.46 3.28

Weight per epoxy Dexter Corp. 12 355 346 367
equiv., grams/ Shell Chemical 35 348 326* 368
equiv. Hercu les/Bacchus 14 358 350 368

Hercules/ABL 19 353 330* 369

Moisture content 7. Dexter Corp. 12 0.18 0.11 0.31
Shell Chemical 33 0.19 0.02 0.39
Hercules/Bacchus 14 0.18 0.10 0.22
Hercules/ABL 18 0.14 0.06 0.30

Part B

Titratable nitrogen, Dexter Corp. 12 16.65 16.21 16.84
7 Shell Chemical 34 16.62 16.30 16.90

Hercules!Bacchus 14 16.36 16.10 16.70
Hercules/ABL 16 16.63 15.98 17.46

Mixed adhesive

Flow, inch (see 3.3) Dexter Corp. - - - -
Shell Chemical 22 Confor Conforms Conforms

Hercules/Bagchus -...

Hercules/ABL 17 Conforms Conforms Conformi

Bond shear strength, Dexter Corp. 12 2836 2120 3700
psi Shell Chemical 2 1560 3750

ltercules/Bacchus 14 2165 1640 3380
Hercules/ABL 16 2102 1156 2949

STensile strength, Dexter Corp. 12 1436 1160 1740
psi Shell Chemical 34 1233 812 1/40

He rcules /B.itchus 14 1,504 1078 2000
Harcules/ABL 17 1237 705 1762

Ultimate elongation, Dexter Corp. 1? 67 51 75
7. Shell Chemical 35 69 51 99

SHercules/Bacchus 14 94 80 It0
lie frcu los/ABL 17 66 50 89

11,7
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1970 December 10

SUPPORTIXG DATA SUAK-LARY [Ol EPOXY RESIN ;ASE ADHESIVE (CONT'D)

___ ___ ___ __ ___ _ -- ~No , of

S!ts iAverage Range oE data
Property Data source tered_ _ _______ Low gh_•

Change in refractive Dexter Corp. 12 0.0055 0.0048 0.0060
index, between 12 Shell Chemical 13 0.0056 O.C'050 0.0062
"after mixing Hercules/ABL 7 0.0054 0.0050 9.0058

*Early specifications for this material allowed a minimum weight per epoxy
equivalent of 320 grams per equivalent. However, due to difficulties
experienced at ABL in using the material, the minimum limit was subsequently
raised to 340 grams per equivalent.

i
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APPENDIX A-5

PROCEDURE FOR BONDING INNER AND) OUTER CASES, CIC DESIGN

Bond one (1) matched inner and outer shell as follows;

1. Buff the inside diameter of the cylinder portion of the outer
tube with emery cloth #150 until the shine is removed. Che,
by shining a flashlight through the nozzle end and observing
through the forward end.

2. Clean surf•.7es to be bonded on both inner and outer shells with
a trichloroethylene dampened clean rag. Wipe dry immediately.

Weight Inne _

Outer

S. Slide the inner shell into the outer shell until it bottoms
out and check the distance of 4.0 + .10 from the pole face to
the fwd fz.-.e of the outer shell. Record. __....

4. Mix a batch of Epon 946 (100 PBW) and 946B (15 PBW). Use
lot . . (946A) and _....... (946B),

5. Paint a heavy coat of adhesive to the buffed surface of the
outer shell I.D.

6. Paint a heavy cvcil: of Fdhesive to the machined O.D. of the
inatchin inner shell, Reamove the temporary label prior to
coating.

7. Paint the k inch machined step st the aft end of the Inner
shell with a heavy coat of adhesive.

8, Slide the inner shell into the outer shell until it bottcms out
and check the dtstance from the pole face to the fiud face of
the outer shell. Cam pre with step 3 and record.

9. If there is no resin be4d around the skirt cavity, plAce resin
there' to a width of 1/8 to 1/4 Inch.

11D. Use Kaure Swvbs only (no thtnners) to Wipe awsy the excess
adhe&ve on thi exposO portion ot the outer shell I.D. and
in the aft 4ome I.0, area.

11.. Wipe away all other *dheow.ve conteminnted surfaces.

12. PIACO a 5 lb. ueight on the pole ,iece.

13. Piece In an oven at 140 * i°F". and curg for 16 houra ainimm
w1hie standing cm the no.Zzle end.

119
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NOTE: Check for adhesive drtps every hour and wipe away as
necessary in the nozzle-dome I.D. area.

14. Weigh unit

1 20



APPENDIX A-6

1MYROEST TOOLING AND) BLADDEIR MANUFACTURE

Buna-S silica rubber is manufactured into a hydrotest bladder using the

following procedure:

1. Set up the Entec machine p'er MSU 10109.

2. Install the PRD case mandrel #720619-1 in the machine using
a 3116 hex drive.

3. Lay up 0.035 buna-S rubbar per Figure 1.

4. Cover rubber with 0.003 nylon film and tape in place. Keep
wrinkles to a minimum.

5. Inistall four (4) balls of scrap glus roving and set tension

to 2 +1I lbs.

6. Wind two (2) dry helicals and = ,, (2) dry 900.

7. Cure fc'r 8 hrs at 300 + 15°F.

8. Strip off dry glaas and film.

i ~9. Raw•,ove linera fro=mandsreIl.

10. A3somble liners per ccasite dwg. and engineering in.trucxitis.

f

i~i1
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APPEWDIX A-7

FIBERGLASS CASE-IN-CASE MANUFACTh'RING AND 1NSPECTION RECORDS
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1< ff#tL

Manufacturing & Iripection Record

3.0 ia.x 1.04Ig.Motor Case

Inner Shell Fabrication

Dwvg, 720531-1 .,-

2z'rt~or-1 Noe1. Windin Pre aration

Machine set up installed. Level wind set to .083 lead. "'. .

Shaft extension 'To 1. R.

Mandrel cleanc-4 properly,.

Pole pieces and 0-rings installed properly,

Roving (S904., 12-end) installed. Lot No. s ---

Roving tension: 1. Al V'~ S.C 3* -7

2~Winding

Resin mixed correctly:

Ingredient Weighit, t. Lot No.

Resin C C____

Catalyst -----

Sequence check off-

L-Aceis resin reuic'ved withoutditrngOmae&

3, m$ar and.-Cure

-Stage: Tim~e Started 2.'. ime Ccu-leiteQg m
Date

Gun: Tim started ______ t v.119 ..

Date4-n taiL > A

• •.,

7¢



4. Mchining and Strin jarto 0

ParamterActuals

SUnits Identiflied $/N /M , SIN

SDimensions Measured l x..X* HLn. Max. Min.

2.834 Dia. Nom. v ,

2.82a + .002S- 002 Dia.

+ .004 - •2.73 ..'00o0 Dia. -X;.1•'7::/ .3yl.• .2.7-3ý

'060 + .010 "c, - - ,

260______ .010 ., .''

6.85 + .03 5Z2 g"
206+ .0002.0 - .002 Dia.

5. V~n~s~nia n;j Pack,,__

Coatine mixed cor-ectly:

we~e i(4tRw- Lot No.,
Adho* I. ye: ,•.---

Th"•i~n*er ' / ""&

C~ure; Time Started -- t

Tim Co~le4.. 441. at v

Dar,

SIN / S/Nt

W3W



.5. Li *�Ma�..ad-?ackd• (co•.)

Clean up work performed sst sfactorcly.

a
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V~nufacturin,3 Inspection Record

3.0 Dia. x 14.04 ,p. Motor Cese

Inner Shell Fabrication

Dwg. 720531-1

S1. ?..ind~ Pre~aration

Machine set up installed. Level wind set to .083 lead.

Shaft extension T. 1. R. . /t . _______

Mandrel cleaned propcrly.

Pole pieces and O.rin:;s installed properly.

Roving (S904, 12-erd) installed. Lot 1O, - .

Roving tension: 1. .2 2 _,

2. VinI ins,

T nzredi c:- tLe 1 2 r5s. ""0.

Resin L .Catalyst •- ICY S(0......• --

5scqkel¢ce O,.•ec%• O[f-

Exes resin r4rv~cd witt-t dtorzin, eor. ar

3.n st rt__

IWc Ti--o St~rrAC'4 abt___

1~4 ire coC-lftr at



4. ACbinhn and stri~o p f

Poramater Actual$

Units Identified SIN aC 0/N j e0

Diensions Mepsuzed ?{ax. min. Mfax. Min.

2.828 ÷ •002

S~~~2.7•34+•00.0002Di&. 2-7 b'3',~~

.060 _ .010

.260 4- .01 3-

6.85 ± .03 _,__ ,z.¢Z4

20 .000 1

C.,itivg vixed corrcctly:

i ~Ad hesivle

Thinner

{.o~

t "~

iz/ ,N!# OF.

Fial _________ ______

SIN r'



l5. F hini• n•nd Peckin-R (Cton.)

clen up work perforred satisfactortly.

Supernhio' Reviev Date

£nglnecr Review Date

i2i



~vvt~&nl.ct tonaRecordt.PU I Ili.0OAI 7. !22 t0 Case
i Xnner Shell Fabrication

I OwS. 720S31-1

'pI Wtnding ?retstrat on

ymachine set up installed. Level wind set to .083 lead.

Shalt extension To I* Re

)Mtadrel cleaned properly.

Welte pieces and 0-rings InStalled Properly.

RovIng ($904, 12-en45 installe4. Lot INO. .2 L.I
&ovtng tension: 1. Lz, .e AZn 3 ______

-~ ~ 2.t'ndn -I

etnci-ned correctly:

!n6eedIeZt jht~ tot \O.

sequence ct-eck off-,

Z-4hs;e: Tize Stare Ttr-4 C-eO1et. $2;

iJ.n. -

C~ire j T:2 .4"x...



I 1a lra nd Strec pp IAc 
u

Units 4e-titfied shn 4 -' Sh/ ,4-#J

Dimensions ?Mes~ured MA, mn a. Mn

2 .82 8 .0 0 Ia
2.73 +. ..0______ ._ __ __

2 .8 0 6 + ,0 0 07 3 • ., . ¢ •

171

*06. .010 ° -i

I to t

+, • I.....
-- lft-- ---

C~a~tT ti~ c Ot1y

C ~ z* Tplottid a

Do t1e

_i., . . . . ... - .

.... .. .



5.ijjjtshng-nd Packin (coat.)

Clesan up vork performed saistaatortly.

Suj~rvsocr Review atcel Dt

tagineer R'iv Lw 7s 2" Dat



Yanufact-rinz t! Tns-.ecticn R~ecord

3,0 Dia. , 24.04 1-. !. otor Case

Inner Se.oll Fabrication

Dwg. 720531-1

Operator .

1. Windinv 1 re.aration

Machine set u.) installed. Level wind set to .033 lead.

Shaft extension T. I. R, . (V .

M :andrel cleaned properly.

Polo pieces and O-rings installed properly,

Rovin, (S904, 12-end) i-stalled. Lot ':o. / .

Rovin, tension: 1. 2. • 3. -,

2. V1ind~-

Resin cixed correctly:

In. e• •..Weicht, c-r., Lot N:o..._L

Resfn C

Catalyz-.

Sequence check o;f:

lx > fx i g -,- 10.

Excess resin reCoved .ithouL distor:in; do.e area,

3. oStaze: 5 L:• stzrte. A5 Tice Colete ,

- 2-

140 .' '
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4.?Achnint an.d Str1int________

Para=eter AcLuals

Units Identified s/u , S/N tO f

Dinensions X!easured .ax. Hin. H". Min.

2.-2 -- -_002

2.828 + .004
.0020 Dia. 73 625i'

.260 .010,

6.8, + .03 -

2.806 + .000" 2.86- .oo2 Dia.

5. •-isbing and Packing

Coating CLxed correctly:
In , edient / Wel ht Lot No.

"dhes ive

Catcly•t .

Thinner

Cure: Tier Started at F.
T"• Corpleted ' St OpF.

Date
Fi~nal /ue/.gh_ _;__,__

141



-- A -..

5. Finishn and-Packinz (cont.)

Clean -.up work perfor-ed ±•.isfactorily.

S 'orvisor Review Date

Engineer Review Date 44-/ Z-

142
I-i

•4z i



Ymtfactrin-z & Insvection Record

3.0 Dis. x 14.041 1!z. ?'4otor Case

Ltnnr Shell Fabrication

Dwg. 720531-1

Operator 1,10,
U WindigPre~aation

IMAchine set up Installed. Level wind set to .083 lead.

Shaft extension. T. 1 t. Re I
lXauftel cleaned properly.

Pole plaices and 0-rings installed properly. I_____

loving (S904. 12-end) installed. Lot No* A4 9

Rtoving tenssion: I.N, ____ 2. _ ____3. _____ ____

Rosin ciixed correctly:

Ifl~defl~Lot No*

Sequ.ence ch'eck off:

3, I'-Ste aid Cure

S-Stsje: Tiz* Started tJj_ Time Co-pl1ste 0"7/

~:e /~ ____70

143

1.r



4. Fhiipin2 and Striv~i ZL 0.Aeratcr N'0.

kit

Units Identified $/ti •0• S/N c/t'c

Dimensions Y!easured VAX. min. Max. Min.

2.828 + .002

+ .004 ;E.7,t Z7,7
2.734

.060 _ .010

.260_± .010 ,,+ -0 10_.___

6.83 + .03 T

2.806 + .000
- .002 D.ia. ".70 y_ "-/ _./ '

~*Finishing an~d Packine

Coating r:xed correctly:

Ingredient Weigh, Lot No.

Adhesive

Th~inner

Cures Time Startedt 2CL at OF.V

Tim .COL.et.. at

DateLL 7L
Final Waigbt (S~ts)

ti. C _ -. -. L;r.J_-

144



Clean up work p arfor-.ed sacisficeorily. D

supervisor Review Date z

tugineer Review ~ #jG~ Date z zzot

145



Septim~ber 27, 1972

M~anufactu~ring &Tns~,ection Recard

3 .0 Me.a x 14.,0-4 1?-. Motor Case

Inner She1l Fabrication

Dwg. 720531-1

"Opra or no.
1. WininePre-mration

Wca-.i.e set up installed. Lev~l wiud set to .083 lead.

Shaft ex#.ension T. I. R., _____._____

Mandrel cleaned properly.

Pole pieces and O-rings installed properly. _*____

Roving (S904, 12-end) 1~utalled. Lot No. _, LI. *.gP •

Roving tension: 1. 2. 3.______

2. Vind.inz

Resin mixed correc.1y:

InmdetWeicht, -9. Lot aoo
Resin

Catalyst

Sequence cleck off,

2zce$s resin rectved without distorting do:e area. _ ___

""-Stage: Time Started Qg/ T3 e Co=ilete i

146 ~_____

Rep du fo



Septesber 27, 1972

4.YAchinin. Erid S~tr-*n~r-Lrac c

IP arameter . ,tdsgul

Units Identified SIIN 0e)

Dimensions Measured Win. Pz . mi n.

2.828 + .002

2.734 

/ 

.004

- - 0 i* 1,2 7- ___ .7ý
.060 ±.010 ____ ____

.260 4~.t10

6.85 + .0o 3

2.8o6 + .000 • 2•
.002 -ia

S. nds1-r2 antd Paeki-m

Ccating mixed correc:ly:

A•it M-- Lot .
Adhesive

Catalyst__2..

Whnuer

Cue:Tlz Started 1 1 at OF

Date / -

147



September 271 1972

S. ]tnsiian akn (cont.)

Moean u*p vogk perforied satisfactorily.

Supervisor Revie e Date

engineer Review Date

14

Aii!



September 27, 1972A

M* Da. x lf 1?. ?Zotor Case

Inner Sittil rr0hr~c:t~o,

Dwg. 720531-1

_ _ _ _ _ _ O perator

1. £~~~'Preiarat ion

)Iachine set up, installed. Level vtrid set to .083 lead.

Shaft extension 1'. I. Rt. .aSZ..n~s...... Z Li.

Mandrel cleaned properly.

Polo pieces and 0-rin~s istualled p~roperly.

Zovin; ($904, 12-cod) installtd, Lot No.,i4

ROvinz. tensIo-n: 1. 5' 2.3 . ~ S

2. Vfidin-

Resin r-ixed correctly:

Catalyst - S

se-quence Cec'c o~fN

Excess rosin rc-.ovet vithout d.1stor:L?.; 4o=e ares.

3.5

1J49



4" ?Machin~n E:nsr!vf"

I
Unt Idenifie

Dimest~sors *Yeasiued Yin.. Yx M i' n.

2.823 + .2 j~ Ži
.002 flu. ý7 '

4.2.734 + .ý
Dia [2, 73 41 , ;r~

.060 .010 u. I____ e7~

#260 -01 Z14 ____0

6.85 + .0(e3It(~9~_
*.0"2 31. s

Cai c-i~xd corroczly:

2:C fI r!I,
"bos ive II

catalys

Curt~~~ ~ ~ ~ 'ri 2 S r. l 0P-

L~~~~~-t I.~.,,..*.e

vin-at cls1*P

w ,W



Septerber 27, 1972j

3. njfljjjjfl'#%dIchtl)-2 (cant.)

Clen* up wiork per!Qr-reC. satistsc-torily.

Suprisor Revie Da ~ o z tZ Z at: .22

Znztneer Revitew Date..

½15



Sept. 27,* '

3.0 D~i. x !t04• t. •':a:cr Case

tnnor?'-el?._Vn•..riezt•on

Dug. 720531-1

Machine set up installed. Level -wind set to .Ot3 lead. ____

Shaft extension T. I. t14  oP .

btiv•el cleaned properly.

Po"c pieces and O-rin-s installed properly.

Rovtnz (S9034" 12-Wn) installiad. Lot 10

Roving tension: 1. 2. ~ 3 3______

Resin aixed crrecttly:

R' ,0,, a I

*ý,t#f

_ht .zz. L . ,.+<..,_... •

Z~ LW

CaT 18CAs I

T. CVtr)rtfVrt
~4ta~z rt~ ~tt~trI ~z •2 TcC4te

½ 4a



Parameated Actual#

Units Identified S/1 6 cufu- SIN a

tinsons Pessurod MA?'X. min. M ~ax. W"n.I _:

2.828 : 002

. .OO bia. 3.754' V 2,7 7 -½

.060 ± .010 ,•', f0.0

- -

.260 ± .010XtC ___

&.$5 ± *03 f rX3Sfr

+.0 t.000

in Pa-a4 nq .in. j- a

o*ttz xod orcy

am,

Cu tre ¶1cc :#'4d O t AJ

U00

5 IN S4H

... *~. Es



Sept* 27, 1972

~;5. Linain~gand Packina cn.

Clean up w.ork performed satisfactorily.

Svpervisor Reviauý __________ Date-02 -

Engineer Review ~ yj~ Date

1541

151A

W ~~~



Sept. 27, 1972

JIanufactturin & Inspection Record

3,.0 D.is. x 14.,0-11 lq.. Motor .Case

Inner SI-et• Fabrication

DwS. 720531-1

1. 11indin Prenaration -t .

Machine set up installed. Level wind set to .083 lead. /C/

Sheft extension T. I. R. .

MIandrel cleaned properly.
Pole pieces and O-rings installed properly. _,

-Roving (S904, 12-end) installed. Lot Nio. .•O L-(. ___,_____.

Roving tension: 1. - 2. _ 3. 7./4 _____,

Resin mixed correctly:

!n~oed ie nt "•eight, Vr.s. Lot No.

Resin too___

Catalyst/ , • O 7

Sequence check off:

Sxi ,,,, ,x ,t._otx ,

Excess resin removed withoit distor:ing do=e area. "

3. B-Sta -e and Cure

Curo'

t1e5

155



4. Machining and Stri in ? 2___n_ ._eraf__ _ _-.--,__ _ _

Parameter Actuals

nits Identified S/N a7 _ _ /

Dimensions Y.easured fmax. in*. Max. Min.

2.828 + "C02S-.002 Dia. 10%-. ;?, "• , 2, r 1 2.2"7

+ .004
S.000 Dia. 7.3 7 730,

,. . .,.-,.,.060 ±.010

.260 + .010

6.85 + .03

•I•2.06+ .000

- .002 ia.

5. Finishing and Packing

Coating rixed correctly:

n~gredient weight, V._3 Lot No.

Catalyst 7 aa'6 6
Thininer ALE_____

Cure: Tic- Started V2 at ,./l/7Z OF.

Time Cozleted .L" at OF.

Date 39,"

Final WeiSht (Qrs.)

SIN I s/,N 3 ,Y

1 56

156



5. 7tnishin_ and Packin, (cont.)

Clean up work performed satisfactorily.

Supervisor Rev ±eu Date ui22

Engineer Review Dai~, A,'..n~ te //I

C ''

I *1

• • 157

1 -- -



Sept. 278 1972

V enufacturin. & Insoection Ptecord

3.0-Die. x 14.0-4 1-z.r~otor Case

Tnner Shell Fabrication

Dvg. 720531-1

S~q
Operator izo.

1. Vindne Prenaration -

)4achinL set up installed, Level wind set to .083 lead. . C.?

Shaft exttnsion T. 1. R,.________ (

Mandrel cleained pro•,-rly.

Pole pieces and O-rings installed properly.

Roving (S904, 12-end) installed. Lot Nto. t. 45.

Roving tension: 1* 2. 2444 3.#

2. tindin z

Resin mixed correctly:

Ingredient 1Veiht, vrs. Lot "o.

Res in

CatalystToyo 0,O_ ___

"Sequence check off:

Excess resin removed without distorting doze area.

3. B-Sta-e en-• C•-Cre

B-Ste:* • %. 'e Stcrted n/Z /S Tire Coplete V -30

"late

Aa 2e



Sept. 27, 1972

4. )VAchinine and St.-mine Operatc :.

>z~i ra=tec IActuals
Units Identified S/,- S/N

Dimensioins Measured max. Hin. Max. Min.

2.828 + .002

2.734
000O2Dia. ;2 7,34 1. r -24 7__7

.060 +.010

#260 -010 J_ , ,-

S.... • ~~6.85 + .o03,7.r"•.;'¢.

+2.806 .000
.0002 . ,i . ___-_" _______/ __

5. rnis-h!nl and Pactdne

Coating cixed correctly:

-- Ingredient Weiht, •-Lot No.

Adhesive , , , ;4(,

Catalyst .. -

C uree. Tic4 Started L at O'"' , F.

Tim•e Corpleted a -- F.o

VIII&l Va:isht (p::s.)

SSx159

r



Sept. 27, 1972

5. Flnishi.z and Packinj (cont.)

A Clean up work perfor--ed satisfactorily.

Supervisor Reviev U 2 a2/./1.-A Date -3 :J -,

Engineer Review .40.________ Date

160

.......... .....



t.9t."2T, 1972

'51A, .7 .e-Manufact,-.rln? &I.nsnection Remcord

3,0 Dnla. x 11.0-1, 17..Yotor C.se

Inner S-ell Tabricacion

Dwg. 720531-1

8.:-t or N:O.
1, 1indin. Preoafarton

liachine set up installed. Level wind set to .083 lead. ' -

Shaft extension T.. R. _ _O_ _____0

fandrel cleaned properly.

Pole pieces end 0-rings installed properly.

Roving (S904, 12-end) installed. Lot No. 4.

Roving tension: 1. .ZL 2. 2-Z 9-5 3. . L)5 1 5

n n-- -

2. tid i

1 css!n. mixed corrccly:

!iredio.-t •Weizht, C-s. Lot 'No.

Recsin 1 e

Pj ISL;

Sequence e1.eck off:

I..cess rcsi- ret:oved vithout distortin; doze area.

B -State: Ti=c Startei / / Tire Co-?lete , -

Date Cc-'_1,tc" _. ..

161



2*erater .I*

4. r'achinins tnd StT1rinv peae? ;o

l Para meter Actal

Units Identified sh/u ;L SIN OA

Dim~ensions )Yeasured F ).8%. XMm. Max. Min.

2.828 + -002 I
274+ .004

2.73427 33
-. 000 Dia. 7 _______ 3______ r 7.______3_

"0260 ±.010

5. Fiishbi'g nnd Packina

Coating~ tixed correctly:

In~redlent w h't, =-~S. o

Adhesive ,i

Catalyst M 1 #3 !

Thinn~er .v,*

Cure: Tim~e Started C7 a t _____

Ti~e Co-pl.eted at1~ t/ .

Date ps-' ~ v:

162



Sopt. 270 1971

3. 1iishILA and Packin (cont),

Clean uip work performed4 satis~factorily.39)

Supervisor Revidew viat

Engineer Reviiew Datef,~a

163



•-•.. • Sept:. 27, 1972

jgactrj~tIns-3ectio~a Rh-:ord

3.0 Da. x 14.0-4 le. Motor Case!

Inner S.ell Febrication

SrDwg. 720531-1

-. 3Jindinv Pre¶ýara•ion

Machine set up installed. Level wind set to .083 lead. "_ __

Shaft extension T. I. *. .. ... R._

M•ndrel cleaned properly

Pole pieces and 0-rings installed properly. If SID

Roving (S904, 12-end) installed. Lot Yo. ,9L ? *

- Rovinp& tension: 1. 2A * 3.

Resin cixed correctly:

Thrred ient Weýh,-rs Lot No.

Resin 2,~ 0

Catalyst -p ?

Sequence chQz;k o f:_*do

Lxcess resin reroved itchouc dstsotztLný Coez area. S4
-•-a

B-Staic: Ti=o Started 04 Tic toCogdeite C.
•' ~t'a:g It '/ - 26J ... ._ •' :

:c• * ÷.• .. • •.

14 &ncc-lete at2



-~pt279 1972

unsta Identified slu03 12O4

DimnsicsLR Feasurei M'Axe lux m in.

23828 +g~ 8 -002?7

2.734 .00 tgDi.a .

6.85 ± .03

+ .0t 0

Coa4cixcd crz'act1l:

- - .. o ID

ST(-4 St~irtd ______at_7Z

Tie orleedat 3

tP4o4l vetsl tips.)_ __

-tu4 -4

0113 40 6

* 44:7f.



110IN"Iffi'sxpt A2-4 Pak972(ou.

Clean up work petforzed satisfactorily.SyJ

SAuAervitior Review - Date

£ncitner Review D______'ate

410ý

Meg



Sept. 27, 1972

A 1.0 tla, X 14.04 17. Yotor Cose

Dvg. 720531-1

Mochino set up installed. Level wind set to .08)-lead. Z7

ShAft extension T. i. R.I Xandret clo~ned properly.

Pole pieces and O-rbingz installed pro~rly.

IRovtng (S904, l2ocni1) installed, L,-n No.

RtOVInZ tensiton. ___.__ 2

gaeSIt nixed corrocdly:

1tmreic~tWelr:. '~'. 1t So

Seiuv~ctv cbr t

iif
1 13



... Sept. 27, 1972

. achni-i" and Stripp.n2 ___ __erater 'o

iramzte Actuale

Untits Identified s/u 0 z."

t! D~insions ?!easured Mdn. Min. Fa in.

2.828 + .002- 002 D~a 2.• -1-:4g7 •F , :

"2.734 + :004 f,- ooc Dia. ;.4J .73• 41 . • •,

.060 ± ý010 • •

.260 " "D , N __-___

6.85 + .03

• 2.806 + .000

5, FninshinT and Pack~inq

Coating cixed correctly:

Catalyst ILI ~

Thinn~er R_ _

Cure: Time Started ______ at OF.__a
/ 4/ 4> •.

Tim~ Co-mpleted at 7 ~ 0 ;'

Date

' sh~l je~ (s•7

S/6 -,8l . 6 g2/ttJ

• • 168



Sept. 279 1972

5. Finisbtn~x and Ped'ing (conit.)

-Clean up work perforz-ed satisfactorily.

Superviso~r Review ___________ Date

.Engineer Review Date4f 0Da7e

16



Sept. 27, 1972

M'nufacturin.&T nsaectin Record "

3.0 Die. x 14.04, 1., Yotor Case

Inner Shell Vabricat-ion

Dwg. 720531-1

pOerator :Zo.

1i. 'cndi,? Prenaration

Machine set up installed. Level wind set to .083 lead.

Shaft extension T. I. R. -7 - _1_2-_•_

)Mandrel cleaned properly.

Pole pieces and 0-rings installed properly. , _ _

Roving (S904, 12-end) installed. Lot No. - / . , "--___"

Roving tension: 1. 2.. 2. . 3. -7 i_""_

Resin mixed correctly:

Ineredient VAeizht, =rs, Lot No.

Resin , ,,: -

Catalyst 7C4'.

Sequence check off:

\O x~ X(XI

Excess resin rev.oved vithout distorting dome area. _ _

3. t.Sta-e Pnd Cure

B-Staic: TL=e Stcrced /' . Tine Co---•ete -

ts:e ,'" '. 73 , __7__;"__-

C 3*: '-< . . .. v- ,,

.

1.70 -
Z5,,, /

I ~ ~ ~ ~ ~ ~ ~ ~~Oo zIIlIIIII iI ill•[LI .. ....



Sept. 27, 1972

4 M ?achinin? and St- n• Oeratr 0.

Parameter / Actuals

Units Identified S/I SIN 028

Diimens ions Heasured ),ax. j 1in. Fx. Min.

M.28 + .002 I_________
2,-2. t .002

274+ .0042.734 :000 Dia.i- oo m•.•,7y v2, 7 3-" 01.7.• .7'--

.060 .- .010 7 i 6 ,.

.260 ± .010 z -e-

6.85 + .03 , _ . _-__

+ .0002..06 na. :z

I5. rinish'-.nz and Pnckfn•z

Coatirng mixed correctly:

I edient 'Weight, t.S. Lot No.

Adhesive 96 _

Catalyst. ----- "

Thinn~er 3"

Cure; Tine Star,'cd at -F. 4,/iL/ >

Time Corpct1 d .c , t e dF..

Da te A___ ___

Final VeiSht (-s.)

171

Reprcoadbced from
besi atnailalabrcopy.



Sept. 271, 1972

5. P11.11;hini and Packint (coat.)

Clean up work perform-ed satisfactorily.

Supervisor Review __________Date /ir i
Engineer Review 1,ý4 todO-~ Date _____

172



Sept. 27, 19•.

Hanufacturin2_& Insnectio~n Record

3._.0 Dia. x 14.0-4 l?. .otor Case

Inner Shell Fabricato.•.

Dwg. 720531-1

Operator No.W.lindinq Pre~aration

Mlachine set up installed. Level wind set to .083 lead.

Shaft extension T. 1. R. 4 1. .

11andrel cleaned properly.

Pole pieces and O-rings installed properly. .. /2<

Rovine (S904., 12-end) installed. Lot No. ,A/L I, -2 5'',.,

= Roving tension: 2.. . ... .... ..3.. .

Fesln mixed correctly:

-In.redient - Weight, c'rs. Lot No.

Resin

Catalyst

Sequerce ckec. off

-L¢coss resin rcr.oved without distortinS do=e area.

B-Stage: Time Stcrted /T O Time Co-.---.)ete ?

v-=e ,/"'/ ' 2 ), "2K

Ti:e Co.-lec:, . at

173



F"
Sept. 27, 1972

i 4. t'•.hnin? en.,- Striton Operater N6

I Parameter Actuals

jUnits Identified S S/N c .7-

Dimensions Measured Max. Yin, Max. Min.

2.828 + .002S..... - ~~~~~.002 Dia. 2T• 222••.;• 2 2

2.734 + .004
- 000 Di. t2Z -_7._____

060 + .010
.260 + .010 e

-____ ,_16.t" ,,_ __,_

6.85 _+ .03 , •7.,'-

2.806 + .000 f___
0 .0.2 via., 2,

5. Finishir.' an, Packin

Coating cixed corroczly:

Ingedfient wcgt -2.Lot '.'0

Adhesive A'¼/A

Catalyst 1f,e 4,7, g ,

Thinner -7 k

Cure: Time Starited 10, ,t / t C OF.
Tinct Corpleted at atOF

4 //
Date _____

F'inal. Veishit p)/

1;4



"Sept. 271, 1972

5. •nishinad Packing (cont:.)

Clean up vork perfor-ed sactl.factorily. -

Supervisor Review Date___________

Engineer Review Date

I. I_



Manufacturing & Inspection Record
3.0 Diu. x 14.04 IS, Motor Ca~se

Outer Shell Fabrication

Dwg. 720531-2

Operator No

1. W.idInn Preparation

Machine set up installed. Level wind set to .250 lead. _T____

Shaft extension T. I. R. Y.0 / 'S i '

o-rings waued only.

Mandrel cleaned properly. " " (

(4) 0-rings and mandrel assembled properly. 71

Roving (5904, 12-end) installed. Lot No. -0. Zl * "_

Rov~ng tension.: 1. 2. ____ 3. -

2. INind in "

Resin mixed correctly:

rn&Eedent Weight- gtns. Lot No.

Resin ____A&_7

Catalyst _________

Fill place in 0.200 wide area ab both ends.

Seq.,ence check off:

Level wind resec to .083 lead.

NOTE: L designotes Label
D JasiLsnates Doitbler

L7• jk , '44•..
174 1



lhroat d wia measurements:

Unit serial No. S/I 1 SIN ICI0, 2.. . .

Before winding __,_ _. /_____________"_

rAfter winding - 2.30 7

Excess resin removed without distorting winding . ' r,/
Doublers wound correctly at eech and

S3...B.Stege and Cure

B- RStget Time Started Time Coepleted 13

Curei Time State ......

Time Completed . at • °F.

Date

4. Machining and Stripping

Parameter Actuals

.Urit 1dentific• iov n SIN c. / s/N 0,1 t

Dimension Measured Max. min. Mlax. Hiu

+ .000

3.150 + 00 j* W4J
01 dia a 10"e.. ... "

3.000 + .010 / d / I i"l./ai,.2
+ .000 sj / c'/2"" .003 da a.

.005
lie

"4 • 3



.perator Lo.,

Coating mixed correctly:

Irnedient M Lot No.

Adhesive

Catalyst

Thinner

Cure: Time Started at F,

Time Complete at

Date'

Clean up work performed setisfactorily.

Final Weight (gins.) "

S/N ! S - 397o

Supervisor Review Da.. . te

Engineer Reviel Date
wa

178



Dwg. 720331-2

1. findinl Pret&,rasorn

Machine set up installed. Level wind set to .250 lead.

Shaft extensLon T. I. R. ,, ,,

O-rings waxed only.

Yandrel cleaned properly. 6' _..

(4) 0-rirgs ••d ..a4 ndrel assembled properly.

Roving (S904, 12-end) installed. Lot No. _ _ f__ -

Roving tension: l./'7-f 2. / 3/

2. li itg

jesin riAed correctly:

Tnntdient Wetýhrt v•r_ Lot 1o.

feteing r/O A zt

Catalyst _______ ___

Fill place In 0.200 wide area at both ed$.

Sequentce c!eck off:

-a-A

Level wind reset to .083 lead. . L 9

NOMr: L des1gnaten Libel
D designates Doubler
C designates Class Cloth

179

pA



Throat d61. mxeasurements:

Unit serial No. sSzNO0&c o

Before winding */,4
I*

After winding 3C 2.S

Excess resin removed without distorting winding

Doublers wound correctly at each end

3. B-$ta~e and Cure

S-Stage: Timz Started OPCnt Time Corpleted.L2 ____

Date 5f-1-

Gyro: Time Started ______ at _ ___ F

Time Co~plcited /6t/( a

A. liachininx aMt Stripping

ntit IdgntLficartion V141 eJSIN c

Dictation roctured min. I'A. Mn- i

MS .000
3.000 ±.020 diL. tc?9v vq o,~ 7r7

÷.005

2.946 ± 90B) 61t.1a

i 'h'~n
mil1• II • I I MII I 1fl1II N l•i m iilllll/• •l N ~ ll lIao / 1 IP



5. fljjshin•
!

Coating mcued correctij:

Adhesivye

IThiner

*Cure: Time Started at V

I ~Ti=e Cocdlete et ____ F.

Cleaet; upu-orkkpertor-cd satisfactorily.

SIN

I.V

I l l ll i I I I I I l lll il I l i l Ill q ll i l Il l lr i llll Ill ll i l ldilI I ••



mA

IVanufEacturl._ npazcz~on ccorý;C- Z/7

3. 0 ~i-

Ou:er -u Fabricacion

g; Opera.tor •:o,1 . Vinding Prenaration

llachine set uo installed. Levcel ,inr ;2t to .250 lead. 3 :"

Snaft extension T. I. -7-

" O-rins -:a.eýd only. TJ

M.!andrel cleaned properly..

(4) 0-rinrs and a-.. sse-b 5' o ___..-_-___

RKvZnUS (S004, 1Z-e.d) Ln.. . tot po.

Roving tension: . A-. 2. .- *

i2. Undin--

Resin cixed correctrv:

IE l-. c 2ient -i Lot No.

Re:3:Zn

Fill place in 0.200 wide acen a- bo,_h ens, -7

Sequence check off:

.0 * 0o; X., : ,.* ( . " , - : _
•:,1 ! -- 7' . . . -:- . . . .. .~ , . . . .. . .;.. . . - .Y

Level 4ina reset tc .083 lead..

NOTE: L designates Label
1D designates Doubler
C designates Class Cloth

182

Reproduce COP,.
bi la '~14bl copy'



Thiroat dia. measurerents: p'trio

Untsr-ial No. s:~_____

Before vinding .iq-9 Z

After tvindin~ - __ _ _ _ _ _ __ _ _ _ _ _ __ __ _ _ _

Excess resin remo~ved vtit:.ou distoria-, tzindi-.v(4

Doublers wound correcti"F at each end ______

W 3. B-Sta-e and Cure

B-Stace: T Stcrted e9 TO-'r'e Corl1eted -- Iete_____

Date_____ _

Cure: T i-me S ar!cd e____ d at

Tim~e Coz1nctaý C" '3 e ______OF.

IDate 7SIS

4. IVa cli-{tv' - d S t -i2:p fl

SUnit I danz Z:i1fci i o r, V f

*3.150 - O~da ,A7

1.922 400 dia.

2L O3 O - ..010 dia, 3 . o Ž 'Y ' ' 9 3 - , 7

+ .00iii1.922

.4



i•!'5. rlnish.inv %yerat or :;o.in, s/ n "'O
Coz i~ =ixed cor cct: CI

jn~-r 'ient: Lot 1,10,______

Adhesive

SCatalyst

Thinner

Cure: Time Star ed atF

Tie 'Co• ee at F.

........................... satis tactor i I .

Final ..eizi:t (s.:;.)

II

• ~Sunzrvisoz- PIovicw- Da,'• a-

* -// r

i'at e

184



October 13, 1972

Manuf'cturln• & Inspection Record

3.0 Dia. x 14.04 !a. aotor Case

Outer Shell Fabrication

L Dwg. 720531-2

arator No.

1. Winding Preparation

Machine set up installed. Level wind set to ,250 lead.

'Shaft extension T. Ii R. O/•-•j /1-5/

0-rings waxed only.

Szmc.'el cleaned properly. 1,00,f

(4) O-i;ngs and mandrel assembled properly.
i ~ ~Roving (S904, 12-end) installed. Lot No. W•L, . "

2. 7._ _ _

' Resin mixed correctiy:

iInzsredtent Weight, ____. _Lot No.

Re _____.__••n_ 7,•__ ___ _

•'. ~Fill place :ia 0.2.00 wide area at. both ends. . ..

k .

ReSequence check offy:
//•

Y X X X 0 q G X OC O C S L 0*D D

Level a reset to .083 lead. %I
NOTE: L designates Label

D) designates Doubler
'& C designates Glass Cloth

1-35



aperator No.

Throat dia. measurements:

Unit serial Nlo. SIN _d, _ SIN 0Q*

fDiu. Before windIng Step 6.1.i7 2- _5

Dia. After winding -a -5L?,

Excess resin removed without distorting winding

Doublers wound correctly at each end f

3. B.-Stage and Cure

B-Stage: Time Started Time Completed

Date _" ,. ,

Curt: Time Started z~~'~ //j0r ~ j,77

Time Completed Z.oOat OF.

Date ____._"_

4. Machining and Stripping

Para.meter Actuals

Ulnit Identification S/N ,oL SIN £"'

Dizwnsion Measured %tax, Hin. fMax. Mint

S3.150 :* g .ooo7
.010 dia. / j 192, / Ž0

-3000 + .010 die. ,/,"J'/, 2 -1 ' • / ,(.7)
,~~~3 /;. . ."... /

•:~ ~ *.3. 000

-• ~+ .005-

186
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5. Lij~hin 2erator No.

Coating mtixed cýjrectly:._

lt',rndient 14eight, 02.______

Adhesive

Catalyst

.Thinner' \ . /-

/0
Cure: Timie Started /a

I, ~0F
Time Complete r at _ _ OF.

'"Date

Clean up work performed satisfactorily.

Final Weight (gns.)

I "'N

Supervisor Review -_ Date

Engineer Review Date .'-'i -
'p'

"1"

I ~187 -

A:..



0ctobar 11, 1972

:'ruzturrln .& I.ectior .,cord

3-0 Di. 1'o t or Cce

Outer Shell Frbricution

Dwg. 720531-2

Operator No.

l:achine set up installed. Level w4d set to .250 lead.3/

Shaft extension T. 1. P. __0/____

O-rinVs vaxad only.

M.andral cleaned properly. *

(4) 0-rincs tnd m.envrel rsse-.;2cd pro?-ýrly.

RovittS (9904, 12-end) ý.natajIle. L0-6 ,0. gA

Roving tension. 1. 2. 3.

.Resin mixed correctly:

Lo:1 .1 -Int ____ t Lot 0

Resin _ _

Catalyst

Fill place in 0.200 wide area at both ends.

Sequence check off:

Level wind rsovt to .083 Iced.

S~~~N(.CTF: L desi;.n, LCs .5e

SD desigLates :;*.abcr

&8B

46 spII avollabl. copy,



""Vhoat dia. r.e&!;.-erants:

Unit serial !.o. SI., O's 00f~I

Die. Before -i-UindL Ste?ý -:ý.117

Dia. After windins _ 4_____ %'1]__4 _ 4

Excess resin rcmoo:ed without distorting ,irdind0

Dloubl~ers wound correctly at each end ____alt __

3 . B-Stia,e and C u.r e

B-Stase: Tim~e Saar-e c rite Cormpletc-d 0 q %'" 7__"___

Date '7.2L 2*.(r

Curc: Tie Started C.. 0. a• t Y 0 pF.

~fr~ c>ctd 'C20 30 OF.

Date 71_
4. " C | .fin er._

4. 1a c,1- nin 0 a -d S tr inpir,

3.150
I Di:'..nzio.r, l' s-e " -. '- ""

dir.

4. C O~ CI1.10dn

2.9JV .+ .010 dUr j,.7 .7-

/ Zs

_ 4"



Coatiti nA.x:ed correctc17:

I d:eien.t V3* Lot ro.

toe

Cico u~ i~cr: en t.ec~ tii~co~i~. -

Cure Tim St/e at

Cla p o u.pofr,.er$o actisiactgily

Supervsr Revio, o *

Date

190



October 13, 1972

Manufacturin- & Inspection Record

3. * iQa.xl14 .04l1.tMotor Case*

Outer Shell Foebricartioa

D~g. 720531-2'

ceratQr No.
1. Winding Prearnt ion

,athine bet up installed. Level wind set to .250 lead.

tShaft extension T. T. R. .

O-rings waxed Wvf.~

Mandrel cleaned properly,

(4) 0-rings and r¶4.vdrcl assembled properly, _ ___

Roving ($904, 12-end) installed. Lot No,9yL• .No.

Roving tensi.on: 1. 2. 3. 2;*

2. WinJIft-

Resin mixed correctlyt

ewu Znie leteiz3, eng.j Lot -No.

~~ I %tes inaC L..

AC ILU2

Fill place In 0.200 vtie arts at both ends.

Sequence Ch~cC off:

-aev vir-. rotset to .083 Wead.

P C-R: L designstep* tatnl

V C designote~s r1h44 Cloth

t 192•?• :-?T••--• ;.: •.



October 13, 1972

Throat dUe. measure•o e sts:

Unit serial R~o. SIN 0// si Y 01[ ~ I Di. before wiading Step 6.1.17
Dia. Aftev winding .

Excess resin veaaved without distorting winding ____ __

Doublers wound correctly a4t each end

3. B-Stas'e and Cure

Tim Started .C2,0 Time Co.l.t.. d ; .. -

Cure:, Ti Started "at z r)

Time Completed ;A/114 at 1'p.

Dat'e //.? 7 ~ r

4. Machining and Strtpptrtg

I l'ratv er :: Actuals

S"- Qo. *i, kf~ .• /,A",-~.* ,'-4..' r t&I.** -- ,*..*.s*t.0 .00 40.

1.92IZ.*C / Z.y 4 i

V /3$j J

_ _ys



October 13, 1972

Coattnt8 mixred correctly.

Ad Sive3.

Catalyst 0~C

K --

ThinnerAjg__

i;a

CClean UP-ii Sark errd sais actorily,

Vt.

r kt Cnpz A Lyka Y

flwtv

r A



December 1, 1972

Manufacturin. & Inspection Record

3.0 Din. x 14.04 l.. Motor Case

Outer Shell Febrication

Dwg. 720531-2

Operator No.
1. Winding Prcreration

)iaAine tet up installed. Level wind set to0 .250 lead. ~/<~

Shaft extension T. 4.. R. /e_____

0-rings waxed only.

M andrel clc--ed properly. .-i r
(4) C-rings and candrel assembled properly. _______

Roving (S904, 12-end) instailed. Lot No.Tj, -Y'

Roving tension: 1..J A 2. < /2. ZL/S._____

2. 1,4!.d.•in

Resin mixed torrectly:

Ingredient WeiLht,.,s. Lot No.

Resin ~____

-Catalyst X":I ~ __ _47.

Fill place in 0.200 v£de area at ýoth ends.

Sequence clecl, offl

C C

level 4ind reset to .083 lead.

LNOTE: IL eesignRtes Label
D designates D.ubler
C desi-ngatea Glass Cloth

194



Throt 8*. ILC Perator INDi ! ~Throat dia. me&.rurcLAnP 0.. •

Unit seriel No. S/l, 6 SIN

Die. Before winding Step 6.1.17 __I 1 ,2,TV

Dia. After winding ., 3 .y__,____

Excess resin removed wichout distorting winding

Double.-s wound correctiy at each end

~-'-" 3. B-Stage and Cure

B-Stage: Time Started /-3'o Tire Co•pleted 5_

Date. /1"!- "'7 t-.- ___

Cure: Time Started / at -'C 0F.

Tiiz ,cc at _1 _-OF.

Date )/- '-Y--. ,.

4..4. 4, achining and Striping

} Actuals

J Unit Identification S/N 3 SiN /

Dirmens ion Yeasured Max., Min. :ex. Min.

+ .000 - _

- .010 dia. .7,/e/ 3., •

.3 /7
3.000 + .010 dia. .

1.922 + .000 & I I3,-q 7

- .003 dia. /.115 i I 1, /zi I, 97',5-

28 + .005
, .002 dia. j7

2.946 + e010 dia.

195
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5, T Onishinc 0_perar No.

Coa,1,ng mixed correctly:

Ingredient wiGh, g.s. Lot o. __ _

Cat. Iyst -

".'7cure: Time started J%2'at f. 0

Time Cohr~pee J6,/-40 (

Date _Z

Clean up work performed Satisfaecorily.

Final Weigh. (Q=s.)

wt. _______ wt. 3i

• I/''/', ,D.ate •

Supervisor Review Date____

Engineer Review DAI t Oae_____

Z4, 19

..,)



C 40
I ~ ~~C'+/o.2. 2<f•

December 1, 1972

Manufacturing &__nspection Record

3.0 Dia. x 14.04 1g. Motor Case

Outer Shell Fabrication

Dw-. 720531-2

Operator No.

1. Winding Preparation

-- chine set up installed. Level wiud set to .250 lead. _ _ _

Shift extension T. I. R. OVA

0-rings waxed only. f_ i _

Mandrel cleaned properly.

(4) O-ri:gs anrd zandrel assembled properly. /

Roving (S904, 12-end) installed. Lot No. (1•/r - jr- '

Roving tension: 1. 7 2. 2-4 D 3. -3 r__.,., _

2. Wirdrin

Resin m•xed correctly:

7!n4edient Weight, h rms. Lot No.

eaksl.t 
/1-1S__, r,'• " --- z•__z .;Ji

Fill pl'-ce in 0. ?00 wide tr-a at botf, ends.

Sequence check off:

Level wind ;:eset to .J83 lead.,

NOTI.: l: designateo Ltbel
D dest&ý.ares Doubler
C designiates Glass Cloth

197



-, '7TAPT"'- M

Operator No.

Throat dio. measurementa:

Unit serial No. SIN . ,SIN M,5- C1

Dia. Before winding Step 6.1.17

Dia. After winding2,_ _ _ _

_fxcess resin removed without distorting winding ___________

Doublers wound correctly at each end

3. B-Stae'e and Cu>..

B-Staga: Tite Started i/00 Time Completed O3V:5'- a. 5_-_ _

Date ;z___I

Cure: Time Started _ 1p at . OF.

Time Comple ted £7Iat -OF.

Date ____

4. M1achining and Stripping

UntParameter SNActuals
UiIdniia io SIa, SI N

Diiiension MIeasured Mlax. Min. 'Mfax. M in.

3.5 + .000 JI

1 010 di-- 3

3.000 + .010dia. J 04~~3 01y~2..

+ .000

- •, /2:: L .- •'Z-;•: 1.92 Mahnn /I Srpp

D~ 00 •en besrd ia. x Yln -7-4-•~n

3.150 ±e0100 27

--in i_____- 
__

4- A 0 5..

198 
i



December 1, 1972

5, Ftni1~i~ Cerat~or No.

Coating mized correctly:

Ingradient Weiggth

Adhestive LL-,TA'c___

T h in n e r _v_"_. ,A ,

'Cure: Time Started at'YO F

Time Corr~lereat ~O.F.

'.. ..Dat c 7e

Il

Clean up wiork performed satisfactorily.

I{

Mial Weig~ht (grms.)

Supervisor Review D __

En~gineer Review :)atelz

.99

.A
S'% •,"i•,•,>> ....., ... ., ... . ! ., .. ....... .. .,. •... ..... .... . .. ...



December 1, 1972

Manufacturing &,Inspoction Record

Outer Shell Fabrication

Dwg.-720531-2

Operator No.

1. Wirding Preparation

Machine set up iastalled. Level wind set to .250 lead.

"Shaft extension T. I. R. .02- 6

O-rings waxed only.

Mandrel cleaned properly.

(4) 0-rings and =ndrel assembled properly.

Roving (S904, 12-end) installed. Lot No., .t 3-" 4,

R.oving tension: 1* . 4 i 2-.~ Z:4-____

2. Winding

Resin mixed correctly:

Ingedient W Lot No.

Resin 2-) L 4 j-Tz

* Fill place in 0.200 wide area at both ends.

Sequence c.ieetk off:

ivel wind reset to .083 lead.

Ms L dettgutes Label
V duLtgnstos Doubler
C desagaces Class Cloth

20-0



Throst da, measurements: 
O-erator No.

Ursit-serial No. SIN C),.7.. SIN .__ /

D1&# Before winding Step -6.1.17 .w...

Dia. After winding -L-e. /--/
Excess reain removed without distorting -inding

Doublers wound .'-rectly at each end
p ~ 7 i~

3. B-Stage 3.nd Cure

13-Stage: Time Started 2I Tim,: Completed Z ,0

Date 7- - _______

Cure: Time S:arted _0Y" at _"_0 0 0F.

. Timc Cx•pleted _'__- _ at .? 0, .

Date -Z-1 ?2.y2

4.. Machining and Stripping

Parameter Acttials

Unit Idcntification SIN Z S/N e

Di•ension Yeasured Max. Min ''Iax. Min.

+ -000
3.150 + .010 dia. ,17. f 6

3.ooo .± ,o1o dia., 3, t •; .7 _ 7, l .;.t . e, f/'

+ .000

+ .005
" .002 di. z 7?-"

,~A,

xi



.ecember 1, 1972

LI -i 22cratr No.

Coating mixed corre•rtly
Weight,_&M, Lot No.

Adhesive C',

Catalyst ____ _

Thl mner o(4~. _ __

Sr 0
Cure: Time Started at F.

Time Complete C'?'c Lt 7--'5 *F.

Date .2 2-Y d~7

Clean up work performed satisfactorily. '

SI.N S; WI• " _

Supervisor Re-....w .- & wa. te . "

.7 r

Enine !Review ~ Date

202
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December 1, 1972

MAnufacturin• .& •Inspection Record

3.0 Dia. x 14.04 la, Motor Case

Out.ir Shell Fabrication

Operator N~o.
I& Winjn Preparation

Machine set up installed. Level wind set to .250 lead.

Sbaif extension T. I. R. 9.. gV

O-rihss waxed -3i-ly.

Mandrel cleaned properly. 0

(4) O-rinc s and mandrel assembled properly. to

Roving (S904, 12-end) insLalled. Lot No. 2.0..

Roving tension: 1. Q 2. 3- 3. -

Resin r Lxed correctly:

Sr.s Lot No.

Redin 2 6ae tohna

Fill pl•ce in 0.200 wido area at both ends.

Sequence ehec1; offt

A-C _ I________ D I

%A*ve, uind rteut ýo .083 lead.

140%i: L duitaine-tes Label
0 dcaign,•teo Doubler

C djsLggn•es Gass ClOth

203



Thr~ d~a4 Meamuement6:z

Unit Serial N~o. 8/?I 0.5 CO N S.

Di,. Before vinding Step 6•1.17

DUa. After VindinL_____

Excess resin removed •ihout distorting winding 1%

Doublers wound correctly at each end 90/16

3 -ts?,e -and Cur

$-Stage: Tim Started T TIme Co.+xtc -4

Date__ _ _ _ _ _

Cure: Time Started at F

Tic* Completed • .__ at 3'

Date .% ZL

4. •se.hinig and Stripping

Parcawtr Actuate

U.ti Identification SIN • S

3.150 + 6000

3.00 '+ .010 dia. I

+ 0

234 .005
2,4 + *010 d1*

.+.Jj•.,,

"204



5. oanising sudCrety

Thnpj~tWigt i Lot No.

Adhesive __ ___

Catalyst __I

Thinner an2

Cue ieStarted 0t F.

Time Complete ,4'/3 at/4 'F

Dat

clean up work performed satisfactorily.

FiL"l Weight (gnt)

~ (tCr19 S/N "sOi

Wit. Vit.

Supervisor Revietw W ~ .. *

t i{ £otbgircr flevit'Dat

>1A
21



December 1. 1972

Manfacturing n ;;tion ecord

3.0 Ds. x14. 04 1j. Mo tor Case

Outer Shell Fabrication

DNg. 720531-2

l W jijfl~n e rst ton

Machine set up installed. Level wind set to .250 lead. /99

6.rzft txtensin T. 1. R. •3_

O-rigsa *-axed only.3 c
Mandrel cleaned "roperly. e z

{4) 0-ritgs-and candrel asserbled properly.

ftovian (S904, 12-end) Installed. Lot No.

kong tension: i. - 2. 3. c2'?

R&stn mixed corrtc8y;

tesin AiBi-i: _ )]•fr ',7f • . J

2-L J- 40l'•ll lb

Vill pac*. i 0.200 wide Are& at. !4th tod. .....:.

souee check ci(t

Laowl wiý&t react f-P *t0&~3 &4

=-M L, t*UqAlfeg Label
ID devigftttfl 0-o:ýblcr
C 4!es$,&iatea Class Cloth

20



Thrott e$L. aes~ureenane:

U~nit serial No. S/flO /sflQNe

Dia. Before winding Step 2.~7. .3A 2  Qg

Dix, After winding c2'3a 12-_ ___ 0__

Ztceee resin removed without distorting idn3

Doublers wogad corre-c-ty at each and

3.S-Sta-e and Curi?

fi-Staýý; Tlime Strarted ttpe CatIttcd 0 l

I.F.

T~tZc:re~c -,at8 Cr OF.

Date _9

4F -Achdntng end, Stritppiný

't 1uLLý,eat In4 SI '1

- 010 4-46.. - j. -I

ta All1



D~cember 1, 1972

Operator No.

Coating mi.xed co~rrectly:

Ingreient Wegt q_ Lot No.

Adhesive _ _ _

Catalys~t_____

Thinner

Cure: Tina Started at .22....'.
T~ime Com~plete -2.'' at /7 P'~ .

Date WWI23_ __ _

-;pn ~ work performed satisfactorily. 39') 0

Final. Weight (gwL.)

Supervisor Rleview Date - 4Z3

Eugineer Review ',Date /¶ 7

208.



December 1, 1971

Manufacturinp & Inspection Record
3.0 Dia. x l4.04 1•. Motor Case

Outer Shell Fabrication

Dug. 720531-2

Operator No.

i. Windina Preparation

Machine set up installed. Level wind set to .250 lead.

Shaft extension T. I. R. o - 0 .

O-rings waxed only.

Mandrel cleaned properly. _-___
(4) O-ri:gs z:•d rzndrel assembled properly. ?3Z-

Roving (S904, 12-end) installed. Lot No. A L- .*2-

Roving tension: 1. 2.~ 3. c .______

Resin mixed correctly:

Lt r-,red ient Welaht. cs. Lot No.

Fil: place i: 0.200 wide area at both ends. 3

Seqoence chetk off:

0 C X X: j, C C3 C~o t c Cx L Io D

Lev~i Iri~d reset to .083 lead. .'

NOTE: L designates Label
D designates Doubler
C designates Glass Cloth

... .. .



D eceaIer .,1972

wO0erator Mi.
Tbroat dLa. measurecenta:

Unit serial No SIN 0) 2. 3 S/N C_7__ ___

Dia. ftfore, vinding Step 6.1.17 .2.
Dia. After wLnding JI___ R___3_ s___

Excess resin rem~oved without distorting windingY

Doublers wound correctly at eac~h end ______

3. t-Stape and Cure

B-Stage: Time Started 2 3 i ~ Time Completed /-

Date 75____

Cure: Time Started _______at F.

Tivie Conpleted * t c 7 F.

Date 7 7 ____

4. lschining and Stripping

Param~eter Actuals

Unit Identification 7, SIN e-'1, SIN e d/

Dim.ensioni Measured Y:aX$ Min. Max. Mn

3.150 + .0C00
- .010 dia. 'T I__Y__7-

3.000 + .010 din..791 ,e I 1 7
+ .000

+ .005

2.946 + 010 dis. ~ ~ ~ 4 ~ ~ 7

210



r JDecem~ber lo 1972

5. ~'Operator No.

Coating =Ue4d corractly:'.

In _edient Loteight__ms__-_LotHo

Adhesive y4 A 410__ iI_____
Catalyst .97,

ThMner 0"3 7PJ ______

Cvze: T:ýe Started /3'~ at )- F

Tim~e Cao--lete I D at 7- .

Date , ,____

clean up work performed satisfactorily.3775

Final Weigh- ('g=-.)

Wt t..

Supervisor Review D~~-sta /~

4'4

Engnee ''114ew 4_ __ __ __w__ _ Da'i'

N I~- ,~ ý k



JDeceb1,l972

anurecturinz & -nspectit Record

3.0 Die. x 14.04 lit. Nqtoz Case

Outer Shell Fabrication

DNa. 720531-2

S44

22ervt~or No.
1. Winding Preparation

Machine set up installed. Level wind set to .250 lead. ___0

Shaft extension Ts 1. R. .. ____

0-rings vwaxed only. . .

Mandrel cleaned properly.

(4) 0-rings an4 mandrel assembled properly.

Roving (S904, 12-end) installed. Lot No. r____ •_.

Roving tension: 1. 2 2. 2. 3. . 3,

2. W~ind-n

Resin mixed correctly:

Th~xedient W2ei ens. Lot No.

Resin 1____ C___

Caui1ys t il P

rill place In 0.200 wide area-at beth enu.._ ___-

Sequtnct ch~ck off:

X -
msvl vind reset to .003 l.ead.

LM des 10ýites Labuel

C 4CS1nates Gas$$ Cloth

I~A

21



Operator Nod
Throat dia. measurements:

Unit serial No. sin 07,!SI

E ~Dia. Before Aunding Step 6.1.17 2Q2.2V
Die. After winding 7.-7 2

Excess resin recaved without distorting winding

Doublers wound correctly at each end

3. B-State and Cure

B-Stage: Tim Started T . time Coop1eted 4/-

Cure: e Started 2 ;.S at •_ _• F.

Tir C~plta ~at O34~ F.
3 0

A Date

4. Paechining and Stripping

Pararveter } Actuals

* Iettýed rax. Min. Fax. Min.j 3 010 d~e, - .

1;9~ - . a . / 1/' < i/ 2 /' : Z/ /2 9

003 dia. f, -0 r /iA 4

2 -4 0GO• din, • + 9;,7

dia.

"213

.7 ( C 4 ~ .A I ½ 7t > t .1 ~" -"



J~I '-9 
717.

Voco**br 1, 1972

$4 ?L ni hlng O er Itor o

COatIng mined corivnetly:

Adb4.sivqt ~

Catalyst JL '
ThiP-4 P-

Tim cotpete at

Cloup work perferimed 98t13fi&Ctorily.

'21

. . .. . . .. .



Derewbmr 1, 1972

)Yaiufteturing-& Insection Record

Ouat 0 Shell Fabri cat ion

Dwgi 720531-2

.Verator No.

Mandre cleane 1roprly

-i- mtndr arsenble broper lFoin (S904 12-kd insaled Lo No.L
Resving ~ tni tao1 .3

Caols 3~ flE-
C 4e s~ ~ C~oL



Decemler 1. 197'

etahr•u dia. weasuremeats:

Unit serial No. SUN • I/1

Dim. Wfore winding Step 6.1.17 ý9 432.25
Die. After winding 3~ 33 2 ~ 31SL___

Efcess resin removed without distorting winding S3 -t

Doublers wound correctly at each end ;5,

3. t-Staqe and Cure

Ji-Stage: Time Started i Time Completed

Cure: Time Started at of'.

Times 14"orpleted at y

Dwate Ll

4. M4achidnin and Stripping

Perawter Actual$

Wnit 14antification S/ /N

Dt•cnsion Keasured Max. min, "Hc. Hin.

3.150 $0 dil i
3.0 .010 dia. 7 4Y,

* 3.0~)O 0-,*
.400 ,d ts.~ W7/ ;

002 a 9d IA /;7,7,(-

~ ~ ~ "I U



Decmber 1, 1972

Coating mixed correctly:

InrEadiert welahto a". Lot No. ______

Adhesive 4204 . ~t

Catalyst ____ ____

* Thinner

Cu~re: Timre Started 4 ~ at ..

Time Comlete ( at .

Date ' "

Clean up work perforwed saties4ctorily.

-li -4 -

SsiN ,'--- '? sIN -f"' _______

.4

"•..'.i _ •:• :'•', ••'•'•..••:;• "u"p",e'"• "ao • .'•:'' •• R e L "- '"'"'W •)'' "•'' ''"'"' •:"• : nate • "



II

Deceme to1 1972

Hauatur~nIe.st. US "on Record

3. 0 D 1 4 x 4 j 1.No tor case

Rutr She~ll abrication

Dwgl 720531-2

1. ~ndng rejgqt ion

Hachine set up Installed. Loivel wiad set to .250 lead.

Shaft extension T. I. f. t?. -- II

O-zings waxed only.

Mandrel cleaned properly. .. t,.

(4). O-rings .nd mndrel assembled propery.

Roving (S904, 12-er4) installed. Lot No. !j.,

ftovias teasion:, 1. 2. /.

Reae t2L0ed correctly:

l,'r• : Yrti die;," Weigh¶' , ev t E i•/ -•• -

at•, y t L destp4tes Lobo.

e•t1 plga 0t d alesat Cloth t

Sak • • •'.- "••'• • •' '.• • •-•. '',oa .... .. ......... ...... 0 --,. a -•'r :,,



December 1, 1972

Throat di€. measurements:

UWit 80e,74 NlO. 8/flS/ Q(

Die. Bt fore wind in& 5Step 6. 1.17 jY '

Die. After winding .3J.JS...

Exces; resin removed without ditorting wWUik.ng A )

Doublers wound correctly at each end

3. D-Sta-e and Cure

B-Stage: Time Started T_ Time Cooleted 2.

Date /-jc-3 .4-

Curat Tim-a Started >Uat OF .

Maet Comrpleted jd CF.'~s o

4. Mlachining and %.>plng

. - - .- a - p
Unit 1.desti fletiton ti 2f /

Uiravrs5ion Vev•sured M.I 10 Max. M i'..

211 Ii i ---.. ote--i" •. 9 "

.0 C . ... ? : /....

Oct!

2 .0 
- 4 -P /- 

- -t-1t- - - a

[211

.. 1.



Um.ber 1. 1972

5, inish tnp o

Coatiag mtxed correctly:

1s±ent Lot -Nd_____

Catalyst 7V(r31l4' tL

Thismer Ale,7r

Cure: Tim~e Started at IV

tins co~lete St

Date a'

Clean up work pcrfor~ed stsct~

Final Weoijit (c~zs.)

Wt. t(2A

~ 4 ~N~rP~vute

7ZtV~a Rv~


