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%%i%%I~*The major efforts during this reporting period were in determininsK the

low-temperature mnechanical properties of bladder and seal materials, in

obtaining additional rermeability data for bladder materials, and in fab-

ricating the fuel system siiauiator.

Although Viton and the Viton/Noniex composite elastomers became stiff

at -65*F, they did not become brittle. The VitonINoniex construction (LIS 941)

retained half the elongattoni at -65*F as compared to room temperature. Based

upon these resultsctIfis material remains the primary choice for the bladder.

The Nitrile~wlin construction (US 566 RL) exhibited greater flexibility,

and will,-be' the backup material.

'V~ermeability data was obtained using much larger elastomer surfaca area

test specimens than previously used.! The measured permeability rates of

Shelldyne H through Viton,_th1rem1 Viton/ilomex, and through Nitrile/Nylon

vere 11 ýTGY less than 0.05 mg/cm /day.

Yabrication of the. fuel system simulator proceeded satisfactorily. The

supporting skids were completed, most of the purchased components have been

delivered,, and the fuel tank assemialies and the first fuel bladders are in

work.

2.G OW~!4P~Y1~EMECHANICAL PRODPERTIES

Since the fuel system simulator must perform its delivery'function atR 45o7, the. alstomers used for the bladder material and for seals must not
embrittle at -65*F, and must retain sufficient flexibility to function in

an acceptable manner.

Itierubber is a copolymer of butadiene and acirylonitrile. As

the acrylonitrile content is decreased, the low-temperature flexibility of

the rubber is, increased, but at the expense of resistance to ails and fuels

end to elevated temperatures.. Will proper compounding, nitrile rubber retains

sufficient flexibility at 457F so that it is c toly used for this low

:temperature bervice 6

4. -silto rubber possesses -xetu eiteto temperatureetrms

~, ~iertursforsustained periods -
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i lx 1bi L Ity at -6i auid a re req is tant t o m-iny t i c Is and o s.- Ho'wever.

te biIlicones and fluort'si11icuu.es have much poorer tens ile ;t~rerii'th. thain

other elastcimers * it is difficult to effectivelv retitorce these r'zbbet3a

because of poor adhesion properties. and pivnneability rates aire high.

VIton has outstandins, res istance to fuels, and oi Jz , aind i:i useiul to

extremely high temnperatures. Its low-ttvmperature prope~rties are no~t as

attractive as those of some other elastomers, but Viton, through proper

compounding and component design, can be used at -b5*r.

Time-honored flexibility tests of 0-rings indicate a minimum usable

temperature of -40 to -50'F for Viton. However, these tests are based on

the ease of flexing over a given size mandrel. Most elastomers becomie hard

and brittle and break and shatter in the flexing test when the'y reach their

minimum usable temperature. Vitc~n merely becomes stiff. Tests at -65*F

conducted by F. HI. Pollard of Republic Aviation Corp. (SAE Jo-arnal, May 1959)

resulted in successful sealing by Viton.

General Dynamics concluded that F-111 wing cavity fu.'A cells made

of Viton materials were good for severe flexing and wrinkling in the

-35*F to -40*F range and for moderate flexing ac -65*F.

Teflon, in addition to its inert character, possesses excellent low-

and high-temperature mechanical properzies. The main drawbacks are cold

flow, the necessity for using thin sections to achieve flexibility, re-

*latively poor tear resistance, the difficulty in fabrication and bonding,

* and high cost.

Ethylene propylene terpolymer (EPT) has good low-temperature flexi-
bility,, but it is baa ically incompatible with hydrocarbons.

In order to document the low-temperature mechanical properties of the
specific materials under study in this program, a series of low-temperature

tests were conducted on US 941 (VitomiNomex construction), US5 566 RL
.-. (Nitrile/Nylota construction), US 3094 (unreinforced Viton), US 3015

(ureinforced. NFl and Teflon (TFE). The f irst was a qualitative test
iwh~evsiný.'A strip of material Ira a dry let-=Z bath and attempting to

b.athe ntrip, 18 upjon £tsel~a 45 *Fr the N itr Nylou and the Tef lon
eifon"Sd C siwscisfl~yl but tbe Zn,, -the Viton and tte Viton/Nomexm *j

-A _6 .4 :five
~~~v c*ct. .6F s ateraial wer beat double without cracking.

ýrPareer S64l LCempany-.**

~2

_-4' 7.

4. ¾ ''



Quantita~tive tellsile txsts were performed on these materials ii a

funcetion of tetnpt'rature. raihie 2.1 l1 t, the daita obftaiviwd for US 301A

kunreinfrced V iton) itid for US 3015 (unre inforced EPT) ; Table~ 2.2 lists

the data t or US 941 V i tonijNcriex) and 1.,,r US 566 KL (N it r ilt-Ny i n). anti

Table 2.3 l ists daitai nterpo lated from. vt Ities pibl ished bY Lit, I[i1.nit Cav.

for Tet ioi kTFE) . III addit ion to Lilt, meaisured rupture it resis and r-:pturf.

strain. ~es21 2.2, and 2.3 list the rupture stress reduced tos an

arbitrary 73*F reference temperature accurding to Snitlh*:
T

Reduced Rupture Stress X Rupture Stress

where T= test temperature, OR

T reference temperaturv 533 *R.

0h u t r t e s i h w s a f n t o f t m e a u e i i u e 2 1

adthe rupture strass is shown~ as a function of temperature in Figure -2.2,

Figure 2.2 shows that both ethylene propylene terpolymer (EPT) and Teflon

retain well over 100 per cent elongation at -65*F, confirmsing the quali-

tative beading test previously discussed. Unreinforced Viten loses elonga-

tion rapidly at lower temperatures, but there is still 30 per cent elongation

at -65"F. This data confirms the fact that Viton stiffens but does not cm-

brittle at this temperature. The Viton/Nownex composite suffers a sharp drop

in elongation below -45*F, but there still is almost half the elongation

at -65*F that the material has at room temperature. The one point for the

Nitrilei/tylon composite confirms thelfact that this construction is much

more flexible than the Viton/Nomex: construction at 45FV.

The reduced rupture stress plotted against rupture strain in Figure 2.3

defines a Smith Failure Envelope for each material. Any comibination of

stress and strain to the right of each curve results in a failure of the

material. Hence, failure will be averted if the component design limits

K the strain at a particular stress to the left of the cur"e&

.The conclusion drawn from these data is that Mano and VitonlRomex

have limited flexibility at 465", but that the*se atertia ýare not. totally

' .,brittle so that they could be useful in the proper ce igattam. Teflon,,

-' ~ Ktte beradEThv rae flfitibility ýthaqayltoq~S, at

-*To -1.. Smith,!t~Ut:zimt-*,Tens ile' Properties of I astomers. ItComparison
of~ailure- nvlopes for Unfilled Vlaizate,", .J pple bss

to,171;27351 (an. ý1964).
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'Tensilu Properties ofi Unrerirloret-d Mate:rsals,

at Varyvint 'rtem~peraktures.

US 3094 (Vitoil US 3015 IEPT)
Test Rupture ! Rupture Stri'ms Rupture .Rupture Ruptute Stres=,s I Rugnurlt

Temperature Stress Reduceed to 71'F I Straon Stress Reduced to 73'F S I um,
lOF) (psi) (M. I (percent! (psi Ippsl lperm -I

165 492 420 471 488 416 401
474 404 466 422 360 403

+ -

Avervie 483 412 468 455 388 402

73 I'm8 1,58w 698 1,807 1.307 m8
1.535 1,535 690 1,807 1.807 687
1,608 1,508 732 1.692 1,692 608

Average 1,!A4 4 707 :,769 1769 I 660

0 2983,399 403 2,45 1 2,848 495
2613,055 364 2,381 ~ 2,540

A.,uajoe 2.780 3.227 S 2,1Vf48

.20 3.510 4.258 231 2.783 3,376 444
3I506 4=253 2GO 2,605 3,160 423

Avwe 3I50M 4256 246 2,694 3281 434

-45 3.688 4,744 86 2,324 3,4 330
3,455 4,447 .09 2.547 3,407 319

Avwage 3.570 4O596 98 2.738 3.520 324

S3.72 5,113 24 2.950 3,988 2
3.760 5.064 35 2=993 4,047 240

Avwrag 3.776M k.m96 30 2,972 4,018 264

- -a

'" -, . - : - .

9' 9 9 ,9 99 - " 9 - .. . -
9

, 9: • -. . 9-99.. . , - : .... 9o ..... , *9
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TABLE'Z.

Trnsile Properties of Heinlorced Materials
at Varying Temnperature's.

US941 4Yitm;Nunwv! I 6 I(ibeNkn

T,.st Rupture 1  upur, I,,"~ lluwui - u tVriiRuotu i nl Rpurv
Temperatt, Stres Reduced to 13"F Strain Stress Reduced to 73'F Strasn

il (Psi Im (percent) (pwu) f piuj l perceml

165 3,2M3 2.770 18
3.3M3 2.840 18

3-sw 2.990 i

Averag 3,362 2,870 17i

73 4.,n5 4,395 14
4.124 4,124 17

Aeae 4.244 4,244 1

Avr" 4.254 i 4-254 i

0 5.263 8,110 -

8,053 7.020 11
5,470 8,340 i5

Average 5.5"8 6.490 13

Ave" 7.183 __ ._00 14___ __ _

_ _S _1 4 _ _= _ _

91s12,460 14

105313,570 14

Avmp 10.123 13,010 13

45 68 11,78 15.fl 7 9,910 13,30 is
10*875 14*70 7 10"10 14.710 17
11=33 15=30 7 10m09 13A60 is

- ve-*-

-A 7.~ -01 13Wi

-. -7



I U IS, 2.3

Tensile Properties of Teflon (TFE) at Varying
Temperatures (Calculated from Data in
December 1964 Issue of the Journal of Teflon).

Temnperature Rupture Stres Reduced to 73OF Rupture Strain

165 2.870 2,450 387

73 3.6w 3600 28

0 4=23 4,900 230

-20 4,400 5,330 215

.45 4,520 5.94 196

-65 4.810 km50 184
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3.0 PVEF.ABtLlTY DATA

In order to gain more accurate data for the rates of Slielldyne It per-
ueability through bladder material1s, larger test specimens were~ prepared

and placed In test February 9, 1970. Each test specimen consisted essentially

of two 6-inch discs of elastmni~er bonded together at the outer edge, -ith a

bond width of one inch, !caving a 4-inch diameter cavity. This cavity was

filled with Shelidyne It and the specimen was sealed. Periodic weighings of

each specimen is the measure of fuei permeability.

Seven specimens in all were prepared. There were two specimens of

Viton (US 3094: 0.054 inches thick), two specimens of Viton/Nomemx conlstruction
(US 941, 0.030 inches thick), and three specimens of Nitrile/Nylon construction

(WS 566 R, 0.032 inches thick). It should ýe notcd that the Nitrile/N4ylon

c~onstruction used in these tests has thicker rubber layers than the US566ftL

reported elsewhere, which had an overall thickness of 0.019 inches. However,

for 'he purposes of measuring permeability rates, the nylon film barrier

(which offers the controlling mass transfer resistance) is Identical in the

two constructions, so that the permeability data obtained is applicable to

either construction.

The data obtained for the first 21 days is listed in Table 3.1. It is

apparent that all, of the permeability rates measured ara extremely loei.

4.0 FABRICATION OF FUEL SYSTEM SIMULATOR

1Dxring the past month,.fabrication of the fuel system simulation was
ja major activity. The purchased components have either been received or

are expected shortly, except for the turbine flowmeter which is due in April.

[The plexiglass fuel tank components are in work and due shortly, In sufficient
time to begin checkout testing. Tha steel fuel tank is in work and is ex-

;ttted in April. Major com'ponents that have been received include the skid

zmnntings and the catch tank.

Duigthe past month, the initial order for two Viton/Nomex (US 941)
fuel bladders wan placed with Uniroyal, Inc. The design has been modified

to provide six-longitudinal reinforcing strips to promote the desired uni-

foia -folding configuration during fuel exyltlion. Hangers will be provided

on toe faor; lgiuinal folding.

:77
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A

TABLE 3.1 "I'EmMILITY RATES

(R~ates are in milligr-t?-s/Cy 2/124 hours')

tateilSetn PermeabiuLtv !ate

Mion 10.051

US 309t# 
0 .041

Average 0.046

Viton/Nomex~ 
0.019

US 941 2 0.027

Average 0.023

Nitri-le/tNylof 1. 0.030

2 0.034'

US 566 R 3 0.017

aAverage 
0.027

1'-''
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A vacuui- jackct,.d licit exchanger bd.slt 1- ~ei Appiled Scince*

Laboratories, fo.r the Air foc underv in..thvr .pr*0graMi. %4d11 be uised in this

program for loiw-teinperaturL' conditioning (it thc fuel, in order to shorten~

the setup tire for It-w-temrperature teesting.

5.0 IWVRK PLANNED FOR FOiLLOWING PIRTOn

The mlajor zifort. will be coucerned with the fabrication and Lvi-:allation

of the fuel system simulajtor. Additional fuel bladders *will be ordered,

of the US 566 RL construction (Nitrl.ic/N4ylon)Y.

Other efforts should include the cont'.nuitiofl of long-term stcrabiity

and comipatibility testing, and the preparatiffl of a fuel reprocessing sys~tin.

4.4-
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