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1.0 SIMMARY

The major efforts during this reporting period were in determining the
low=temperature mechanical properties of bladder and seal materials, in
obtaining additional permeability data for bladder materials, and in fab-

ricating the fuel system simulator7

Although Viton and the Viton/ﬁomex composite elastomers became stiff
at -65°F, they did not becowme brittle. The Viton/Nomex construction (US 941)
retained half the elongaglon a; =65°F as compared to room temperature. Based
upon these re:ul:s,rtﬁii‘uatetlal remains the primary chofce for the bladder.
The sinrtleguyr’ﬁ construction (US 566 RL) exhibited greater flexibility,
and will be the backup materifal. :

z

‘Yanaabtllty data was obtained using such larger elastomer surfacz area
test specimns than previously used.: The measured permeability rates of
Shelldyne B through Viton, threugh Viton/ﬂomex, and through Nitrile/hylon

vere all 15 1ow, less than 0.05 nglca /day.

abrication of the fuel system simulator proceeded snihf;ctorily. The
supporting skids were completed, most of the purchased components have been
delivered, and the fuel tank assemolies and the first fuel bladders 2re in

work.
2.6 MECHANICAL mms

_Sinca the"fuel syt:eu simntor mst pcrfom its deltvaty funetion at
" «65°F, tha ‘elastomers used for the budder mcerial md for suls must not

7.
ubri::h at -65°F, and must retain mffici.ent £1exib£11ty to function ia )

""*\»4

m ncceptab le manaer.

'}_j Kit:i.h rubber {s a coyolyner of butuuem and acryloni:rile. As
thc acrylonitrile coutent is decrw«l, the thupcntun ﬂexibili:y of
thl ‘tubber is increased, bdut at the expense of miauuce to oih and fuels
lnd to ehvated :empentureo. Vifh proper conpamding, ni:rﬂc rubbe: reutns
ufﬁehnt fhxibnity ac -65'!’ so that it s eo-aouly used for this lov o




flexibility at -65° and are resistaat to many tucis and orls.®  However,

the silicones and fluorosilicones have much poovrer teasile streapths than

TSN ST e o g ¢ om0

cther clastomers, it Is difffcult to effectively retnforce these rubbers

P because of poor adiesion propertices, and penmeability rates are high.

Viton has outstanding resistance to fuels and oils, and i5 useiul to
extremely high temperatures. 1ts low-temperature properties are uot as
attractive as those of some other clastomers, but Viton, through proper

compounding and component. design, can be used at -65°F,

Time-honored flexibility tests of O-rings 1ndica£c 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 élastomers become hard
and brittle and break and shatter in the flexing test when they reach their
minimum uséble temperature. Vitcn merely becomes stiff. Tests at =65°F
conducted by F. H. Pollard of Republic Aviation Corp. (SAE Journal, May 1959)

resulted in successful sealing by Viton.

General Dynamics concluded that F-111 wing cavity furcl 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 excelleant low-
and high-temperature mechanical properties. The main drawbacks are cold
flow, the necessity for using thin sections to achieve flexibility, re-
latively poor tear resistance, the dtfiiculty in fabricacton ;nd bonding. b$ ;
and high cost. '

Ethylene propylena terpolymet (EPT) has good low-tempera:ure flexi- ,
bility, but it is basically inccmpatible with hydrocarbons. T

In orﬂer to document the low-temperature mechanical properties of the

: & "fecific materials under study in ‘this program, a series of low-temperature

& tests were conducted on US 941 (Vitorn/Nomex construction), US 566 RL :
‘ (Nitrile/Nylon construction), US 3094 (unreinforced Vitom), US 3015 v 4
;(Lnreinforctd FI'T), and Teflon (TFE). The first was a qualitative test ' g
ot iuuexsins:: atrip of ua:erial ‘n n dty ice-ﬁ!l bc:h and attenpttng ‘to




Quantitative tensile tests were performed on these materials as a
function of temperature. Table 2,1 lists the data obtatacd for US 3094
(unreintorced Viton) and for US 3015 (uareinforced EPTY; Tuble 2.2 lists
the data tor US 941 (Vitou/Nerex) and ftor US 566 RL (Nitrile/Nylon); and
Table 2.3 lists data interpolated from values published by the Dutont Compane
tor Tetlon (TFE). [n addition to the measured rupture stress and ropture
strain, Tohles 2,1, 2.2, and 2,3 list the rupture stress reduced to an

arbitrary 73°F reterence temperature according to Smithw:

T
‘ Reduced Rupture Stress = ; X Rupture Stress ]
é . where T = test temperature, °R
? T - reference temperature = 533 °R.

é ‘ The rupture stress is shown as-a function of temperature in Figure ‘2.1,
and the rupture strain 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, coanfirming the quali-
tative bending test previously discussed. Unreinforced Vitcn 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 cme
P brittle at this temperature. The Viton/Nomex composite suffers a sharp drop
5 in elongation btelow -45°F, but there still {s almost half the elongation
- at “65°F that the material has at room temperature. The oae potu: £or ‘the
“f=81ttile[ﬂylon composite confirms tha fact that this couc:tuc:ionvis much
" more flexible than the Viton/Nomex construction at -65'?.

- f

The teduced rupture stress plotted against rupturt atrain ia Figure 2.3

" defines a Smith Failure Envelope for each material. Any combinaticn of o

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

material., Hence, failure will be averted if the conponent design limits
"the strain at a particulat stress to the left oi the cutve. __”
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. The conclusion drawn from these data is that V!ton‘nné Vltonluongx
have umu:ed ftexibﬂity a: -65‘!', but that theu m emh are noc toully




FABLE [,

Tensile Properties of Unreinforeed Materials
at Varying Temperatures,

US 3094 (Viton) US 3015 (EPT) N
Test Rupture |  RuptureStress | Rupture - |, Rupture | Rupture Stress ! Rupture
Tempetature Stress { Reduced to 73°F l Stramn Stress : Reduced to 73'F | Stran
{°F) tos) st tlpercenty | (os) (psd ! (percerts
165 02 a0 | a4 88 e e
a7 404 § 466 2 ; 360 403
— i ;

Average 8 | a2 | 468 85 388 a0z

7 1588 | 1588 | eo8 | 1807 1307 | eas

1535 | 1535 | 60 1807 1807, 687

1508 1,508 NS 1692 1,692 | 608

Average 1544 154 - | 701 | 789 | 1769 | 660

0 2928 | 3399 | 403 2,451 2845 495

2631 | 3,056 384 - | 2381 2764 | 4

i

Awage 2,780 3227 34 | 2418 2805 | 488 :
20 3510 4258 m 2,783 3376 | a4
3,508 4283 | 2o 2,605 3,180 43
' ]
Avrge | 3508 4258 us | 269 3288 a 3

! y 45 3,688 - 4,744 86 234 3634 330

@ : 3,455 4447 w09 | 2847 3,407 319

Average 3.570 4,508 %8 2.738 3520 324

45 3.782 813 4 | 2850 3988 283




TABLE 1.2
Trenstle Properties of Reinforced Materials
at Varyving Temperatures.
US 941 (Viton:Nomer) US 566 B4 (Niteile/Nyton)
Test Rupture Rupture Stress Rupture Rupture 1 Aupture Stress I Rupture
Temperatute Stress Reduced to 73°F Stram Stress | Reduced to 13°F | Stram
) TOCFY {pei} (sl {percent) ] ‘ tos) | tpercent)
- 165 3253 2,770 18 ! i
= 3333 2,840 18 l !
3500 2,990 15 i ‘
Aversge 3362 2.870 17 g i
. 73 4,295 4395 14 |
4124 4,124 17
4,244 4248 W7
: Average 4,254 4254 18 ‘
0 5.263 6,110 -
6,053 7.020 11
5,479 6340 15
Average 5558 6.490 13
P 20 | sem 8,000 10
i . f 63 9410 | 17
! S :
EY. Average T 7183 8,700 14
i
!
48 | 10134 13,020 1
9,698 12,460 14
10,563 13570 14
.} -4
P Avesn | 10,123 13.010 13 } |
SR A - 8 | um 15,900 7 9910 | = 133w 18 S
: : : 10875 14,670 7 10910 14,710 17 N
{ 11,333 15,300 o7 10,091 1Bes | 8
- 1,329 15,300 7 10,304 L 13900 18




TABLE 2.3}

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

Rupture Stress
Temperature Rupture Stress Reduced 1o 73°F Rupture Strain

°F) {psi} {psi) {pevcent)
165 2870 2450 367

73 3,600 3,600 82
N 4,230 4,900 220

-20 4,400 5330 218

45 4,620 5,940 198

65 4,810 6,500 184
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Figure 2.2, Rupture Strain Versus Temperature.
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3.0 PERMEABILITY DATA

in order to gain more accurate data for the rates of Sﬁelldyne H per~
neability through bladder materials, larger tést specimens were prepared
and placed in test February 9, 1970, Each test specimen consisted essentially
of two 6-inch discs uvf clastomer bonded together at the outer c¢dge, with a
bond width of one inch, leaving a 4-inch dlameter cavity. This cavity was
filled with Shelldyne H and the specimen was sealed, Periodic welighings of

each specimen {s 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 V{ton/Nomex construction
(US 941, 0.030 inches thick), and three specimens of Nitrile/Nylon construction
(US 566 R, 0.032 inches thick). 1t should he noted that the Nitrile/Nylon
construction used in these tests has thicker rubber layers than the US566 =L
reported elsewhere, which had an overall thickness of 0.019 {nches. However,
for *he purpcses 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 arz extremely low,

4,0 FABRICATION OF FUEL SYSTEM STMULATOR

During the past month, fabricacion of the fuel syatem simulation was
& major activity. ‘The purchased components have either been received or
are expected shor:iy, exceﬁt for the ﬁutbinevflcume:er which 1is due in April.
Thé'plexiglnjs fuel tank components are in work and due shortly, in suificient
tﬁue to begin checkout testing. Tha steel fuel tank is in work and is ex-
;&cted in April. Major corponents that have been received include the skid
nbuntings and the catch tank. |

During tha past month, the initial order for two VitonINomex (Us 941)
£uel hlldder: vts plnced with Uniroyal, Inc. The design has been modiffed
ﬁd'ptuvide «tx longitudinal reinfo:cing attipu to promo:e the de:tted unie -
orn’ fo!dins cmtiguudon during foel .aqnhm. Hangers will be provided.
’ . u: e'longifuﬂinal fnlding; ’




TABLE 7.1 PERMEABILITY RATES

{Rates are in milligrmslcmzl?.& hours)

S e L T A TS M SO i 0

Pgrmcabili;x Rate

Magexial -
i ~ Viton : o 0.051
Z s 0% 2 C 0.06L
2 Average 0.046 ]
% " Viton/Nomex S ¢ ‘ 0,019
us 951 2 0.027
Average 0.023
! Nitrile/Nylon ' 1 : 0.030
% - 2 0.034" ]
: US 566 R 3 0.017
) % . Aversge 0.027
g




acketpd heat exchanger-bniit by,tvuurjl Applled Science

A vacuumej
“will be used {o this

e e 5 st S

i Laboratories, tor the Alr Force undev nn»thcr.prhuram}

i program for low-temperature condittoning of the fuel, in order to shurten

i
-

the setup time {or low-temperature testing,

5.0 WORK PLAXNED POR FOLLOWING PERIOD T : f

The major aftort will be concerned with the fabrication and in<tallation :
LT ‘

of the fu:l system simularor. Additional fuel bladders will be ordered,

of the US 566 RL construction (Nitrile/tyloa).

-

Other cfforts should include the continuation of long-term stcrability ’
and the preparation of a fuel reprocessing system.

and compatibility testing,

i







