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A DIVISION OF GENERAL DYNAMICS CORPORATION MODEL F P/ 13F 1)0- --
(FORT WORTH) DATE 24 112nY 19"26

M'A:;',i:kT L1- P .TOKOTJ `IT" TTBPPTR - PlUTEý ", : Ir, AT77 "TT7T.i 'PP -

P'C1 TT'TWT~~' L f'M~ 'TLIIG -TT2,,TING OF -

7T:( mot~hodsn of senl~lnr, !-.hn ½ ntersr,] P"1tnnks, on the R-58 q]ir-

plrnne !nr.1.de tl-ho 11 oc of ponvI 1 P ½*Altheur-h nrefnbriontod

fi~llotq hnov he-n ,,,icd oxtei-olv-i y in lphoro 1;ory ten'ts for 5-58 fiole]

okdesirn -ndl lvvo proVeýd ~nt~oe rycor't' in of the ixproe'ts

'Nnot known *The p~iro nos of !his tent roqiuest 1, twofold : ()T

1etor~ne he ponerien f Thiok-ol "7,T" nrefrsbriented filletspr

P''-7-0),-4 ; rlt-d (2) t~o rro)pno I newv procurem..ont sronificrtion in order

*0 inc ro thoý qu,'J ty of' "':` T'hiokol fi~llet.- olitninod.

All tpntinr- woo- nýone us~nn prorfohri-eoted TJhiolnol ",1T" filletrs

r-eceived from Iminel Eng-ineerinfg ond Development Co. Thec terts wiere

ruin in accordnnco "4lth t~ie procedures of Convnir Specificntion.

F!.:cP1OO34*which included tests for specific gr-nvlty, linenr thormnl

chonrge, Teol strenrth, flexibility, hnrdneqs, tensile streng-th qnd

elon[gotion, fluid resgintonce, corrosive nction, Pnd thermsl1 flow.

Ench of t~he sbove listed properties lins boon obtqined on Tre

prefebricpted fillets rnd nre believed to be repro-ontntive of whnt

rmny be expected of Thiokol ",ST" fillets. lBnsecl on the results of

these tests., v sluns hnve been reconmmended for v proposed new procure-

ment specificntion.

*See Supplemental Pages S-1 through S-8.
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A DIVISION OF GENERAL DYNAMICS CORPORATION MODEL .... 17''- PI
(FORT WORTH) DATE 24 y :;:j ]9,

?¶ *q'T7ERI 'T,-'T'HIOKOTJ " 'T"' TPT'{,PR - PRPF AT<JI T IC ^T•T FTVTJ -

FOR IPWG T, };7T 7T T! N TEHAT,ING - TE TING OF -

OBJECT:

To detormine the prom.,rtien of Thiokol "ST" prefobricrnted fillets

mnnuf ncturd by Immel Enf7ineorin- snd Development Comnnny in niccordnnco

with proposed SpeoIficntIon FMS-0034.

DE2CRIPTION OF rT'T7I.LS:

Althoug-h F7,,S-0034 requests rubmittsl of four different shppos of

fillets, nll testing wen cnrried out using, the Tyne A or tensile sheet

type fillehts. The Type A Theets uised for pdheson tests were molded

by the vendor In r'clds ':;hich ]h] been srnd blhqt-od on one side. Phe fots

used for tonsile tests xvoro znooth on both sids.

T77npe A Fillet MR tornils Vendor

Thiokol "ST" Immnl Engineering & Development
Compn~rq
301 South Enst 14th Street
Gr-nd Prnirle, Texes

Testing MnterinIs

2024 Clrd Aluminum Alloy QQ-A-362a
EC 1373 Senlnnt Minnesotn Mining nnd Mnnufnctur-

ing Compnny
Detroit 2, Michigqn

Wlipe-Off Nnphthp * CVAC 14-074360

Phosphoric Acid Clenner (A-3)* FMS-0034

Snythetic Sen Water* FMS-0034

Type III H-lydrocnrbon Test .,LIL-11-3136
Fluid
(70/30: Iso-oc ton e/toluene)

*See Supplemental Pages S-1 through S-8.

UTILITY REPORT SHEET Department 6
FWP 1072-8-54
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(FORT WORTH) DATE... Z'1

-,IlTiI (!Conv-ir 'pcIfcntior1

I "",ON:

A nnw;v coincept; (f In10totr,, fh'l- ln, rioni !:-i b-r hnnn incorpors tod

Into WTe on1-n (,f thio 1B-58 riv~ iv ni -orne-pt nrlcfs inin )-L'

c-xtpnrnp1-tyr~e Io n n r-ont,r'n-0r4W ~on1'unln thnt h'-s

1)(-n. is(d on Arv 0 irTpl)nfl!,i. 1!, inr boil OV(d tm profpbricnted

f'lllntr of Thlnlkol "')T" ruflor i2nr)l j- ndv'ntfc' In thoe

extern ý1 'in riq " I' r'i1 'd~-o r .rn ':r-or W hnf f 13 l-tri

.ild lr)-,-n from pi"ytye(P))ni 't.[o,,ir ntoitnr- hns been

done , durin)7 R-58 fuel tnnk r~olei;-n ruloon 'iho niie o~f Thiokol

"11T" prof nbricn toc fillnt's . 1Ho~vever, cert.- n rof tlholr properties,

suich ns tens;ile sti'enrnth, elonr t-,ion, etc. -re not 1knovm * Th e

p~irposeo of thl.n on; tes ii to do tc:r!-;Ine the pro ocr' tins of Thi okol "ST"

prefshricnted fillet-i, rndA nine, to preptoro nnew. procumrement snoci-

ficntion to insoro the quonlity of fillets obtpined from vendors.q

The filleots iined for tentli- or ere )I] submitted by Irimel

Enfrineerinp, nnd Developmeint Compnny. The no weare chioýýn bee euse

they were rendily 9vei:lnble In sufficient qunnti-ty to cprry out P

UTILITY RE.PORT SHEET 
Dprmn
FWP 1072-8-



PA6F 4C 0 N V A I R
A DIVISION OF GENERAL DYNAMICS CORPORATION MOO' 13/R J-5 F3
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fulJ. test program. All tests were run in sccordnnce with procedures

set forth in Cc-nvpirts proposed Specification FMS-0034. However, the

property values ns stipulpted theaein were not necessarily used as

a basis for pansing or filirngu the mnterinl. After each test, the

fillet was examined to determine whether or not its condition was

.such as could be tolerated on the B-58 nirplnne. If so, a specifi-

cation value was recommended based on the actual result obtained on

that test.

In this manner the properties of Immel prefabricated Thiokol "ST"

fillets have been determined. These properties are believed to be

representative of what mny be expected of "ST" fillets in general.

Therefore, the values obtained hAve been used as the basis for

recommending a new procurement specificntion.

CONC,, SION:

The physical properties of Immel prefabricated Thiokol "ST"

fillets were determined. Results are reported in this report and

should serve as a basis for revising Specification FMS-0034.

UTILITY RIPORT SHEET
r FWP 1072---54
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A DIVISION OF GENERAL DYNAMICS CORPORATION MODEL, B/7B-8
(FORT WORTH) DATL 24 Mn 19b6

TABLE I

TEST DATA ON TYPE A PREFABRICATED FILLETS OF THIOKOL "ST"

FMS-0034 Renults Recommended

Test Requirement Obtained Requirements

Specific Gravity 1.55 (mnx.) 2A5 1.55 (mAx.)

Linear Thermnl Change, in. +0.05 0.01 +0.05

Peel Strength, lb./in.
Before Fuel + Hot Air** 40* Pass 40*
After Fuel + Hot Air** 40* Pass 40*

Low Temp. Flexibility (-650 F)
Before Fuel + Hot Air** No Cracking, Psss No Cracklng,

Checking., or Loss Checking, or Loam
of Adhesion of Adhesion

After Fuel +Hot Air ** No Craclking, Pass No Cracking,
Checking, or Loss Checking, or Lors
of Adhesion of Adhesion

Room Temp. Flexibility
Before Fuel+ Hot Air** No Crncking, Pass No Crncking,

Checking, or Loss Checking, or Loss
of Adhesion of Adhesion

After Fuel + Hot Air** No Crncking, Pass No Crncking,
Checking, or Loss Checking, or Loss
of Adhesion of Adhesion

Hardness, Shore A 50 5 (inst.)
Room Temp. (Control) 45-(6 sec.) 66 67 + 7(inst. ailr)
After 10 min. at 260OF Control _+20% 59 ConTrol 430%
After 168 hrs. at 260°F Control ;20% 52 Control 730%

Tensile Strength, psi
As Received 1200 (min.) 825 750 (min.)
After 720 hrs. in Type III 1200 420% 430 300 (min.)
After 168 hra. at 260°F 1200 +20% 300 300 (min.)
After Fuel + Hot Air * 1200 150% 525 750 +50%

UTILITY Wpm SHEET
P~wpton0fl4 dJ
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(FORT WORTH) DATE 24 TIny 1956

TABLE I (Cont'1)

F?,1-0034 Re -,11S. ts Recomrond ed
Tes t Regore ment Obtpined Renuaroment

Plon ' i-tion, Percent
As Received 250 (min.) 185 180 (min.)
After 720 hrs. in Type II 250 +20% .25 125 (min.)
Arfter 168 hrs. nt 2600 P 250 Z20% 190 125 (mini.)
After Fuel + Hot Air** 250 Z50% 160 180 +50%

Corrosive Action No Pitting, Ppss No Pitting,
Roughening Rourhening of
of Aluminum; Aluminum; No
No Scaly Oxide in Scnly Oxide in
Fluid: No Lo5sof Fluld; No Loss
Adhesion, Soften- of Ardhesion,
ing, Blistering Softening,

Blistering

Thermnl Flow, In. Elong.
After 24 hrs. at 140°F 0.03 (max.) 0.00 0.03 (mnx.)
After 24 hrs. et 200°F 0.03 (mex.) 0.00 0.03 (mnx.)
After 24 hrs. st 260OF 0.03 (msx.) 0.00 0.03 (mnx.)

*If ndhesive feilure between fillet and seslint or cohesive fsilure
of fillet occurs, the force.required to cnise such failure shpll not
be less thnn 40 lbs./in.

**The term "Fuel + Hot Air" refers to immersion in MIL-H-3136, Type III
fuel for 168 hours at 1400F, followed by exposure to air at 260 F for
72 hours.

UTILITY $MiORT SHE!?nt
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SUPPLEMENTAL INFORMATION

General Dynamics/Fort Worth (Convair) Specification FMS-0034 is
referenced in this report for performance requirements, specimen
preparation and testing procedures. The referenced requirements
and procedures are as follows:

A. Requirements

1. Specific Gravity

The specific gravity of the cured prefabricated fillet
material shall not exceed 1.55 when tested in accordance
with Para. D.2

2. Linear Thermal Change

Fillets shall not expand or contract from the edge of the
aluminum panel more than 0.05 inch when tested in accord-
ance with Para. D.3. Fillet shall not buckle during the
test.

3. Peel Strength

If adhesive failure between fillet and sealant or cohesive
failure of the fillet occurs when tested in accordance with
Para. D.4, the force required to cause such failures shall
not be less than 40 pounds per inch.

4. Flexibility

Fillets shall not crack, check or lose adhesion when
tested at standard conditions and at -65 0 F + 0 -2 0 F in
accordance with Pars. D.5.

5. Hardness

Initial Shore A Durometer hardness shall be 50 + 5 (instant-
aneous' and 45 + 5 (after 30 seconds). After tFsting in
accordance with-Para. D.6, fillet shall not blister nor
change more than 20 percent from the initial hardness.

6. Tensile Strength and Elongation

Initial properties shall be:
Ultimate Tensile Strength - 1200 psi (min)

Ultimate Elongation = 250 percent (min)

After testing in accordance with Para. D.7, the ultimate
tensile strength and elongation shall not change more than
20 percent from the initial values.

UTILITY REPORT SHEET OIPAWTMRNT 6
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7. Fluid Resistance

Test per Para. D.8. Hardness, tensile strength and elonga-
tion shall not change more than 50 percent from the values
recorded before testing.

8. Corrosive Action

Test per Para. D.9. PIllets shall not cause pitting or
roughening of the aluminum, nor cause scaly oxide deposits
in the fluid. Fillets shall not show evidence of loss of
adhesion, softening, or blistering.

9. Thermal Flow

Test per Para. D.10. Fillet shall not elongate more than
0.03 inch and shall not decrease in length when tested up
to 26OOF.

B. Test Conditions

The term "standard conditions" means a temperature of 75 + 50 F
and a relative humidity of 50 + 5 percent.

C. Test Specimens

The test specimens shall be made from heat molded Thiokol ST
elastomer and shall be of the configuration shown in Figure 1
of this supplement.

D. Test Methods

1. Preparation of Test Specimens

a. Test Panel Cleaning

Test panels of 2024 clad aluminum (QQ-A-362) shall be
cleaned as follows:

(1) Clean with wipe-off naphtha (Table I) and wipe dry.
(2) Apply diluted phosphoric acid cleaner (seven parts

distilled water to one part cleaner) per Table Il.

(3) Before the cleaner dries, wipe the panel clean with
distilled water.

(4) Dry the panel at 1600F for 30 minutes.

b. Fillet Cleaning

Wipe the fillet with phosphoric acid cleaner (diluted
as above) and wipe dry with clean cheesecloth.

UDTILITY REPOKT SHEET O&PARTMaNy 6

PWP* Io02.4.1t
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GENERAL MYNAMICS PvON-r WOWRTH MOD1E B.m-rA

DATE 27 June lQ6P

TABLE I

Wipe-Off Naphtha

Ingredient Specification Percent by Weight

Solvent P-S-661A BE.0
Aliphatic Petroleum Naphtha TT-N-95 10.0
Butyl Alcohol TT-B-846 10.0

TABLE II

Phosphoric Acid
Cleaner

Ingredient Specification Percent by Weight
(+ i?)

Phosphoric Acid O-P-313 (Class A) T2.O
Citric Acid USP 16.0
Synthetic Soap Triton X-lO0* 8.0
Methyl Ethyl Ketone TT-M-261 12.0
Distilled Water Commercial Grade 52.0

X Manufactured by Rohm and Haas Co.

c. Application of Sealant

Apply a sealant costing 1/64 inch thick over the bonding area

of the cleaned test panels.

d. Application of Fillets

Press fillets in place, using normal hand pressure. Do not
touch fillets with bare hands. Cover the fillets with a
smooth coat of sealant. Feather edges of sealant to the
test panels. Cure per manufacturer's instructions.

2. Specific Gravity

Testing to be performed in accordance with ASTM Standard
D-792-50.

3. Linear Thermal Change

Bond a 6 1/4 by 5/16 inch strip of fillet material to a 6 by 1
by 0.064 inch aluminum panel. Trim ends of the fillet strip
flush with the aluminum panel after the sealant has cured. Place
the uncoated side of the panel towards an infra-red heater with
a thermocouple wire in the center of the fillet strip at the
metal surface. Raise the temperature from room temperature to
300OF at a rate of 30 F per second and maintain the 300OF tempera-
ture for 10 minutes. Expansion or contraction shall not exceed

UTILITY REPORT SHEIT OSPAIRTMKINT
=wp 10712-191
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the limits of Para. A.2.

4. Peel Strength

Prepare two test specimens in accordance with Para. D.l. Bond
an 8 by 1 inch strip of fillet material to an 8 by 1 by 0.040
inch aluminum panel. Attach the fillet strip so that one end
is one inch from the end of the test panel. This will allow
a fillet overhang of one inch at the other end of the panel.
At the overhand end, the fillet shall be unattached to the
panel for one inch. After curing, pull the fillet at right
angles to the panel at a jaw separation rate of two inches
per minute. The force required to pull the fillet from the
panel shall meet the requirements of Para. A. 3.

5. Flexibility

Prepare two test specimens in accordance with Para. D.l.
Bond a 4 by 1 inch strip of fillet material to a 6 by 1 by 0.032
inch aluminum panel, leaving one inch of bare metal at each end
of the panel. Expose one test panel to a temperature of -65OF
+0-20 F, then test at -65 0 F in the flexibility jig shown in
Figure 2 of this supplement. Bend the other panel around a
1/8 inch mandrel at standard conditions. Tested as outlined
above, the fillet material shall meet the requirements of
Para. A.4.

6. Hardness

Measure instantaneous and 30-second hardness of the fillet
material, using a Shore A Durometer. To assure accurate read-
ings, use as many layers of fillet material as is required to
build up to a 1/4 inch minimum thickness.

Measure hardness at:

a. Standard conditions

b. After 10 minutes exposure to 260°F

c. After 168 hours exposure to 260OF

When tested under these conditions, the fillet material shall
meet the requirements of Para. A.5.

7. Tensile Strength and Elongation

Cut nine tensile coupons from the fillet material, using the

die and procedure in ASTM Standard D-412-51T. The tensile
coupons shall be tested in a tensile machine with a jaw
separation rate of 2 inches per minute. Three of the tensile
coupons shall be tested under each of the following conditions:

UTILITY REPORT SHEET CIKPARTM9N? 0
IWVW 1072-9-.01
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a. At standard conditions

b. At standard conditions after immersion for 720 hours at
140OF in fluid conforming to MILTi-H-3136, Type III

c. At standard conditions after exposure to 260OF for 168
hours.

Tested under these conditions, the fillet material shall
meet the requirements of Para. A.6.

8. Fluid Resistance

Immerse fillet material samples, as required for the following
tests, in test fluid conforming to MIL-H-3136, Type III, for
168 hours, expose to air at 260OF for 72 hours, and then pro-
ceed with the following tests:

a. Peel Strength

Test per Para. D.4. Specimens shall meet the requirements
of Para. A.3.

b. Hardness

Test per Para. D.6. Specimcns shall meet the requirements
of Para. A.5.

o. Tensile Strength and Elongation

Test per Para. D.7. Specimens shall meet the requirements
of Para. A.6.

d... Flexibility

Test per Para. D.5. Specimens shall meet the requirements
of Para. A.4.

9. Corrosive Action

Immerse a peel strength test specimen vertically in a covered
glass vessel containing a two-layer liquid consisting of
synthetic sea water (Table III) and test fluid conforming to
MIL-H-3136, Type III, so that two inches of the specimen is
in contact with each liquid and two inches is exposed to the
air-vapor mixture. Maintain the specimen in the two-layer
liquid at a temperature of 140OF for 20 days. Remove from
the liquid and immediately examine the specimen for compliance
with the requirements of Para. A.8.

UTILITY AIPORT $Miff ODPANTMhNT
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TABLE III

SYNTHETIC SEA WATER

WEIGHT
INGREDIENT GRAMS PER LITER OF DISTILLED

WATER

Sodium Chloride (NaCi) 25.0

Magnesium Chloride (MgCl 2 - 6H2 0) 11.0

Calcium Chloride (CaCI 2 - 2H2 0) 1.0

Anhydrous Sodium Sulfate (NaS0 4 ) 4.0

10. Thermal Flow

Benchmark the throats of six tensile strength specimens. Mount
the specimens vertically in pairs with one end clamped to a
smoothibar. Expose the specimens to the following temperatures,
two to each temperature for 24 hours:

a. 140°F

b. 200 F

c. 260°F

The specimens shall then meet the requirements of Para. A.9.

UTILITY R•FORT 5M111?T DIOPANTMCNTo
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FIGURE 1.
Fillet Material Specimen
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