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Introduction

Background

The Engineering Materials and Coatings Branch of the U.S. Army Research
Laboratory (ARL), has actively participated in a continuing co-operative program with
the Fuels Handling Division, currently of the Tank Automotive Research, Development,
and Engineering Center (TARDEC). The primary purpose has been to evaluate the
performance characteristics and specification or purchase description conformance of vari-
ous rubber-based components of field-emplaceable air and land vehicle refueling systems.
Rubber-based components comprising a typical system are rubber-coated fabric fuel stor-
age (pillow) tanks of various sizes, fuel suction and discharge hoses, and 500-gallon
air-droppable fuel drums. Two classes of refueling systems are currently in use, one
designed for service in tropic and temperate environments, and another specifically engi-
neered for Arctic service, the so-called Arctic Fuel System Supply Point (AFSSP) which
provides storage capabilities for the Arctic Forward Area Refueling Equipment system
(AFARE). The AFSSP and AFARE systems are depicted in Figures 1 and 2, respectively.

Through combined contractual and in-house effort, the Engineering Materials and
Coatings Branch developed the end items covered in this report. The branch has also
addressed several fuels handling system-related problems such as developing gaskets for
Arctic hose couplings and ascertaining why fuel spillage promoted a shortening of the
service life of tanks coated with urethanes. The latter is detailed in the Belvoir Research
Development and Engineering Report Number 2519 titled "Extending the Service Life of
Urethane Fuel Tanks." Numerous internal reports have been prepared covering evaluation
of hoses and candidate-coated fabrics for tanks and drums and recommendations for
improving test and evaluation procedures.

Objective

This report covers testing and evaluation of components of an AFARE system
developed for the Fuels Handling Division with all contractual efforts monitored by
Engineered Air Systems Corporation, St. Louis, MO. Supplemental assistance was
provided by Aviation Troop Command (ATCOM) procurement personnel.

The specific system components covered in this evaluation, the relevant specifications,
and the end item fabricators are listed as follows:

"* 3K-, 10K-, and 20K-Gallon Fuel Tanks - MIL-T-531(J fabricated by Bell Avon,

Picayune, MS.

"* 500-Gallon Fuel Drum - MIL-D-53092 fabricated by Amfuel, Magnolia, AR.

"* Collapsible Fuel Hoses - MIL-H-53095 fabricated by Goodyear, St. Alphonse
De Granby, Quebec, Canada, and Gates Rubber Company, Denver, CO.

"* Non-Collapsible Fuel Hoses - MIL-H-53096 fabricated by Goodyear, St. Alphonse
De Granby, Quebec, Canada, and Gates Rubber Company, Denver, CO.

No fuel drums or tanks were submitted for testing, only samples of the materials
from which the items would be fabricated. Lengths of hose in the various sizes required
for system deployment were provided by both Goodyear and Gates.

• • •• i I I I1
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Test Program

Conformance Testing

All testing was conducted according to detailed procedures cited in the drum, tank,
and hose specifications listed above and/or the applicable ASTM or Federal Test Method
Standard 191 test methods.

Supplemental Testing

In-house studies, covered in the report cited above, demonstrated convincingly that
ultra-violet inhibitors and hydrolytic stabilizers incorporated in urethane-coated fabrics
such as that proposed by Bell Avon for tank fabrication may be leached out as a result
of unintentional external surface contact with the contained fuel. This could result in
coated fabric and seam failures; therefore, an extraction/immersion test procedure was
developed to ascertain the likelihood of such an occurrence. The procedure was included
in the MIL-T-53101 tank ,conformance test plan and is detailed as follows:

1. Immerse test specimens in JP-5/JP-8 ST fuel conforming to MIL-T-5624

for seven days at 160OF + 20F.

2. Remove specimens from fuel and blot with paper towels.

3. Place specimens in a vacuum-drying oven for 16 hours + two hours at
120OF at a reduced pressure of 20 in. of Mercury.

4 Immerse specimens in distilled water for the specified period, usually
14 or 42 days at 160OF + 20F.

5. Determine physical properties, as applicable to coating compounds, coated
fabrics, or seams, on the aged specimens.

The above procedure has been proposed as a new procedure to be incorporated in
the tank specification MIL-T-53 101.

ASTM Reference Fuel B was the immersion medium employed by Gates and
Goodyear in hose testing while ARL results were based on JP-5/JP-8 ST.

Test Results

Results of tests conducted on tank and drum materials and actual samples of the
various sizes of collapsible and non-collapsible hoses are summarized in Tables I through
9 as follows:

Table I - Results for Tank Coating Compound

Table 2 - Results for Tank Coated Fabric

Table 3 - Results for Tank Seams
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Table 4 - Results for Tank Bonded Fittings

Table 5 - Results for 500-Gallon Drum

Table 6 - Results for Collapsible Hoses - Gates

Table 7 - Results for Collapsible Hoses - Goodyear

Table 8 - Results for Non-Collapsible Hoses - Gates

Table 9 - Results for Non-Collapsible Hoses - Goodyear

Comparative data was obtained from all suppliers and these results are included in
the above tables.

Discussion of Results

MIL-T-53101 Tank Components

Coating Compound

While the initial tensile strength and elongation of the urethane coating compound is
more than adequate, retention of these properties and volume changes after immersion in
JP-8 and ASTM Fuel B are unfavorable, as annotated in Table 1. The compound failed
to meet volume swell requirements whether exposed to either fuel. After undergoing the
proposed extraction/immersion procedure, the 14-day volume swell and property retention
results were comparable to those for Fuel B immersion, but the 42-day results indicated
possible continued extraction of stabilizers. For unexplained reasons, tensile retention
after 14 days immersion in water was less than that observed after extraction/immersion
for a s',nilar duration but volume swell was lower. The results for 42 days water immer-
sion were inadvertently lost. Limited immersion testing conducted by Bell Avon; tensile
strength retention after Fuel B and water exposure produced higher values than would be
expected.

Bell Avon reported 98% retention of the coating compound's tensile strength after
1500 hours of accelerated weathering. Additionally, favorable results were obtained by
both ARL and Bell Avon relative to washed gum, ozone resistance, and brittleness at
-60 0F. The modulus of rigidity at -60°F (31,823) was indicative of significant stiffening
of the coating compound. This could impact on the ability to readily deploy an AFARE
system.

Coated Fabric

Results for the coated fabric testing, summarized in Table 2, indicate generally
acceptable conformance to the MIL-T-53101 requirements. Of particular note is that
Fuel B diffuses through the material about five times more readily than JP-8. This is
probably due to the higher aromatic content of the former. The breaking strengths ob-
tained in both the warp and fill direction are acceptable for 3K- and 10K-gallon tank
materials, but would not satisfy the 500 lb/in. requirement for the 20K-gallon tank.
Puncture resistance (154 pounds) is adequate for all sizes.



Bell Avon opted to use a single-coated fabric for construction of all tanks regardless
of size. Their data was extracted from a test report provided by Seaman Corporation,
the supplier. Results were comparable with tear and breaking strengths and puncture
resistance values were higher than those reported by ARL. Retention of breaking
strength after weathering and exposure to fungi and diffusion of Fuel B after creasing
and low temperature exposure was also favorable.

Seams

Noticeably poor results were evident for the original group of fabricated seams
subitted by Bell Avon for evaluation. Subsequently, the contractor provided a second
group upon which all results in Table 3 are based. The initial breaking strength for
these seams was adequate for 3K and 10K tank construction but did not conform to the
higher requirement for 20K tanks. The breaking strengths claimed by Bell Avon, using
specimens taken from fabricated 10K and 20K tanks, indicated conformance in all cases.
Direct immersion in JP-8 or water for 14 days produced an apparent increase in bond
strength in the former instance and a slight decrease in the latter. In both cases, confor-
mance to the 20K requirement of 400 lbs/in., minimum, was maintained. JP-8 and Fuel
B extraction/immersion testing for 14 and 42 days produced conformance to all 3K and
10K requirements. Only the 42 day, JP-8-extracted specimens satisfied the 20K require-
ment. Bell Avon reported high but conforming values after Fuel B and water immersion.

Data for seam peel adhesion was satisfactory for almost all configurations tested,
both initially and after fuel immersion. One instance of failure was observed; the chaf-
ing patch after 14 days water immersion. Testing of JP-8 and Fuel B-extracted speci-
mens was restricted to typical seams only. Here, failures were noted for specimens
immersed in water for 14 days; however, subsequent testing after 42 days immersion
evidenced no further loss of adhesion and, thus, conformance to the lower requirement.
Bell Avon reported seam peel failures in four of the five Fuel B exposures of IOK
tank seams and conformance in all other cases.

Performance of both the coated fabric and the seams thereof was generally better than

would have been expected, particularly the poorer results observed for the coating compound.

Bonded Fittings

The U.S. Army Research Laboratory results, cited in Table 4, indicate that the force
required to separate the coated fabric from segments of curved and straight access, and vent
drain fittings, was less than the minimum required by MIL-T-53101. Bell Avon data for
specimens taken from 10K and 20K tanks denote conformance. However, as has been
observed in similar testing of other fuel tank fittings, a strengthening of the metal/coated
fabric bond may occur during periods of immersion in fuels or even water. Thus, the
higher, conforming values after immersion as reported in Table 4 would be considered favor-
able and in all probability are not outliers. Since the number of specimens that can be cut
from a fitting is limited, no testing of extracted/immersed segments was performed. Both
ARL and Bell Avon reported acceptable initial aluminum strip/coated fabric peel adhesion.
Peel adhesion after JP-8 extraction and immersion in distilled water for 14 days was only
6 lbs/in., below the minimum requirement of 20 lbs/in. for all three tank sizes.. This very
limited data is obviously inconclusive; however, based on the positive results obtained in
dead-load and post-immersion testing, bonded fitting performance is considered favorable.
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MIL-0-53092 - 500-Gallon Drum

Except for a low liner hardness, the initial and heat-aged properties of the candidate
500-gallon drum materials were within the limits specified in MIL-D-53092 (see Table 5).
Conforming results were also obtained for fuel and oil immersion and ozone resistance.
Fuel permeability was excessive and considerably greater than that reported by Amfuel, as
was the compression set of the liner. Compression set of the cover material and washed
gum residue were satisfactory and in close agreement with data cited by Amfuel. The
adhesion between cord plies and between the cover and cord plies was adequate initially
and after fuel immersion, but failures were recorded for the liner/cord interface in both
cases. Puncture resistance was not measured due to inability to obtain the proper specimens.

MIL-H-53095 - Collapsible Fuel Hoses

Gates Hoses

Data for the two lots of MIL-H-53095 hose submitted by Gates Rubber Company are
summarized in Table 6. The first lot consisted of only the 1-1/2- and 4-inch sizes while
all requested sizes were included in the second lot. It is assumed that all sizes within a
specific lot were made from the same compounds. The nature of any mixing or fabrica-
tion modifications employed in preparation of the second lot are unknown. Agreement
between ARL and Gates results for initial tensile strength and elongation was generally
good, as was conformance to the specification requirements.

Obviously, no direct comparison can be made between ARL and Gates results for
volume change since Gates data are based on Reference Fuel B rather than JP-8. The
latter fuel is not readily available for use by industry. Tube compounds from both lots
displayed 30% swelling in JP-8 while, as would be expected, corresponding Gates (Fuel
B) values were consistently higher and somewhat more variable (ranging from 42% to
65%). Again, ARL/JP-8 results for volume change of the cover compound are consistent
and within limits while Gates values vary considerably between lots. Propylene oxide,
the base rubber used for the cover, is not a fuel-resistant elastomer, thus explaining the
high swelling in Fuel B as recorded by Gates, particularly for the second lot of hose.

Immersion of the tube and over compounds for 48 hours in either ARL's JP-8 or
Gates' Fuel B produced conformance to elongation retention requirements in all cases.
Retention of tensile strength was inconsistent with failures noted. Instances were ob-
served where better retention was observed for the cover or retention after JP-8 immer-
sion was poorer than that found for exposure to Fuel B. Rather than elucidate, it is
apparent that performance of both the tube and the cover is, at best, marginal.

Assessment of pre- and post-immersion adhesion between layers comprising the hose
structure is complicated by several cited instances of tearing or ply separation during
testing. In most cases, tearing can be attributed to difficulties encountered in initiating
a separation because of the effectiveness of "strike through" during hose fabrication. All
instances of delamination were reported by Gates and occurred between the ply and the
tube after Fuel B immersion. Corresponding ARL/JP-8 results were lower than those
obtained for cover/ply and ply/ply separation. Since it is known that the bonding of two
different elastomeric compounds can be difficult, these adhesion results are considered
fair to good.

7



Fuel-extracted specimens of both the tube and cover materials passed the brittleness
test after exposure at -60 0 F. Gates reported single values for the modulus of elasticity
of the tube and cover; apparently, as determined using specimens taken from test slab
material rather than each hose. Tube moduli recorded by ARL were lower while cover
moduli were higher thai, iose cited by Gates. All ARL and Gates tube modulus values
met the specification requirements. The modulus of all cover specimens taken from the
second lot and tested by ARL exceeded the allowable maximum.

Variations in the washed gum content were recorded by both ARL and Gates for
the different hose sizes evaluated with some failures noted. ARL analysis of a fuel
specimen furnished by Gates produced a conforming value of 5.0 mg/ml. which was
within specification limits. No failures were observed in the remaining qualification tests
conducted, i.e., hose weight and ozone resistance.

Goodyear Hoses

Prototype lengths of all sizes of MIL-H-53095 hoses were provided for evaluation
with ARL results summarized in Table 7. Corresponding Goodyear data consists of a
single composite average for all sizes. Here again, supplier fuel immersion data reflects
performance in Reference Fuel B. Except for a high initial tube elongation reported by
Goodyear, original tensile strength and elongation values are fairly consistent and within
specification limits. Volume change data are somewhat anomalous in that Goodyear re-
ported lower tube swelling in Fuel B than was recorded by ARL using JP-8. ARL data
for swelling of the cover was marginal while the 145% cited by Goodyear appears to be
more than would be expected, even for the higher aromatic content Fuel B.

Retention of tensile strength and elongation after fuel immersion was acceptable for
the tube component. The low (34%) tensile retention reported by Goodyear is again
attributable to the use of Fuel B. Corresponding values for the cover were poor; all
specimens tested did not retain adequate tensile strength, and the decrease in elongation
was rather severe when contrasted with the high initial values.

The problems encountered with the Gates candidate hoses in obtaining valid pre-
and post-immersion adhesion values surfaced again but no incidents of delamination were
reported by ARL or Goodyear. In all cases where values were obtained, they were ac-
ceptable. The only exception was a post-immersion figure of 1.5 pounds for the ply/tube
interface (using Fuel B) noted in the Goodyear data.

The Goodyear hose materials satisfied specification requirements for ozone resistance and
displayed no brittleness at -600 F. Modulus of elasticity of the hose cover after fuel extraction
was within specification limits, while that of the tube slightly exceed the realistic maximum
value of 10,000 psi. Goodyear reported conformance to the heptane-washed gum requirement
of <5 mg/100 ml, but three of the four values obtained by ARL exceeded that limit.

MIL-H-53096 - Noncollapsible Hoses

Gates Hoses

Arctic Forward Area Refueling Equipment requirements for noncollapsible (discharge)
hoses are limited to those of 2, 3, and 6 inches in diameter. Prototype lengths of all three

8



sizes were supplied by Gates for evaluation. ARL and Gates data is contained in Table 8.
Reasonable agreement among reported conforming values for original tensile strength of
the tube and cover was obtained while significant discrepancies were evident in the
corresponding elongation data. ARL recorded lower values for both tube and cover with
several failures noted.

The U.S. Army Research Laboratory volume change data, using JP-8, indicated confor-
mance of both the tube and the cover while Gates values, based on Reference Fuel B,
denoted higher swelling and nonconformance of the cover. Elongation retention after
immersion was satisfactory in all cases. Results for retention of tensile strength were
somewhat anomalous and inconsistent. Tube failures were observed in four of the six
ARL/Gates tests conducted while Gates reported significantly higher cover retention even
though Fuel B was used. Here, only the 6-inch hose cover passed in ARL testing.
Performance of the non-fuel resistant cover was better than expected.

Again, the adhesion results are difficult-to interpret due to incidences of tearing and
delamination, as well as difficulty in removing the wire reinforcement from the 6-inch
hose. In all cases except one (Gates, 6 inch), the reported values, both initially and af-
ter immersion, were acceptable but the ARL result for post-immersion ply/tube adhesion
was marginal.

Both the tube and cover passed all -60OF brittleness tests. Neither ARL or Gates
conducted a separate modulus of elasticity test on this hose with the latter reporting the
same values given for the collapsible hose.

Goodyear Hoses

Data supplied by Goodyear for the noncollapsible hoses again consisted of composite
averages for the three sizes under consideration with Reference Fuel B being used in lieu
of JP-8. ARL results are for the 2- and 3-inch sizes, plus another 3 inch so-called ex-
perimental hose. Initial tensile strength and elongation data evidenced no instances of
non-conformance with the only recorded outlier being the seemingly high 730% cover
elongation claimed by Goodyear. Volume change of the tube was acceptable while that
of the cover was marginal for the 3 inches and beyond the specified limit for all others,
including the single Goodyear value of 145% (Fuel B). Retention of tensile strength of
the tube after JP-8 immersion was favorable in ARL testing and below minimum 40%
according to Goodyear (based on usc of Fuel B). All cover specimens failed this test.
Elongation retention of both the tube and cover was within limits.

Numerous instances of tearing during adhesion testing were recorded. All reported
values were high (30 ppiw) except for failures registered by Goodyear subsequent to fuel
immersion. Assuming that problems encountered were due to strong bonding between
layers, adhesion is considered acceptable.

Low temperature properties; brittleness and modulus of elasticity, were satisfactory
although Goodyear reported a modulus which was more than twice that cited by ARL.
Of the remaining properties evaluated; washed gum, weight, crush resistance and recov-
ery, and ozone resistance, the only failure noted was the low (64%) crush resistance
of the experimental hose.
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Conclusions

MIL-T-53101 Tank Components

Bell Avon's fabric coating compound performed poorly in several of the fuel and
water immersion tests conducted by ARL. Particularly significant is the large decrease in
properties of fuel-extracted specimens after 42 days exposure in JP-8, indicative of suscepti-
bility to leaching out of ultra-violet stabilizers and probable accelerated degradation. This,
combined with excessive stiffening at -60°F, is indicative of, at best, marginal acceptance.

The single-coated fabric proposed by Bell Avon for fabrication of 3K-, 10K-, and
20K-gallon tanks failed to satisfy the breaking strengths requirement for the 20K size in
ARL testing and did not pass the initial Fuel B diffusion test. Conformance to all other
MIL-T-53101 requirements was attained.

As determined by ARL, the Bell Avon-furnished seams failed the 20K-gallon tank
requirements for initial breaking strength, initially, and after the 14 day extraction/immer-
sion procedure. Seam peel values subsequent to similar aging were also below those
cited for all three sizes. However, good performance after the 42-day exposure is indica-
tive of adequate resistance to degradation caused by leaching out of urethane stabilizers.

The U.S. Army Research Laboratory results for initial breaking strength of bonded
fittings were in disagreement with those provided by Bell Avon. Otherwise, except for
a low peel adhesion after the 14 day JP-8 extraction/immersion, all other specification
criteria were satisfied.

500-Gallon Drum

The Amfuel candidate drum material did not satisfy all MIL-D-53092 requirements;
displaying low hardness and high compression set of the liner compound. Additionally,
liner/cord adhesion initially and after JP-8 immersion was poor. Fuel permeability, as
measured by ARL, was excessive and should be checked further before acceptance.

Collapsible Hoses

The fuel resistance and adhesion properties of the Gates hoses were inconsistent with
some failures; particularly of the cover compound observed. Most of the ply adhesion
failures were attributable to tearing rather than weak bonding. Thus, these hoses are
considered marginally acceptable as an AFARE component.

Because of the extremely poor fuel resistance of the cover compound, Goodyear
hoses are not recommended for inclusion in the proposed AFARE system.

Noncollapsible Hoses

Comments regarding the fuel resistance for the Gates' collapsible hoses are also
applicable to these hoses. Ply adhesion, where measurable, was satisfactory. Poor initial
elongation; particularly of the cover, warrants further testing. Over-all performance is
indicative of consideration in the AFARE program.

Again, failure of the cover compound of Goodyear hoses to conform target requirements
for fuel resistance disqualifies them for further consideration as an AFARE component.
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Table 1. MIL-T-53101 - Arctic fuel tank properties of coating compound

PROPERTY MIL-7-53tOf TEST MdETHOD AN.

REDUIREMENTS OR PAR NO. RESULTS

ORIGINAL PROPERTIE

T'ENSIL STRENGTH., PS. 19S0 (MIN) ASTM 0 412 340

ULTMATE ELONGATION. % 3W (MIN) ASTM 0 412

PROPERTIES AFTER IMMERSION IN
,.iP.a 0 1OOF OI 14 OAYS
TENSL STRENGTH RETAINED. % W0% (MINI ASTM 0 471/ F 46

ELONGATION RETAINED. % 6W% (MIN) ASTM 0 412 go

VOLUME SWELL. % 25% (MAX) ASTM 0 471 F 41

PROPERTIES AFTER IMMERSION IN
FUEL B@ lO6F FOR 14 OAYS

TEMStLE STRENGTH RETAINED, % W0% (MIN) ASTM D471/ F 74

ELONGATION RETAINED. % 60% (MIN) ASTM 0 412 106

VOLUME SWELL. % 25% (MAX) ASTM 0 471 F 32

PROPERTIES AFTER JP- EXTRACTION
AND IMMERSION IN WATER@ eOOF FOR
14 DAYS
TENSILE STRENGTH RETAINED. % 75% (MINI ASTM 0 471/ M 74

ELONGATION RETAINED. % 80% (MIN) ASTM 0 412 103
VOLUME SWELL. % t0% (MAX) 4.5.2.22 F 17

42 DAYS
TENSI.E STRENGTH RETAINED. % 70% (MIN) ASTM 0 47t/ F 30

ELONGATION RETAINED. % 75% (MIN) ASTM 0 412 M 72

VOLUME SWELL. % 10% (MAX) 4.5.2.22 F 51

PROPERTIES AFTER IMMERSION IN WATER
0 ie0F PoR:

14 DAYS
TENILE STRENGTH RETAINED. % 75% (MN) . ASTM 0 4711 F 5s
ELONGATION RETAINED. % 10% (MEN) ASTM 0 4*2 101
VOLUME SWELL. % 10% (MAX) 4

42 DAYS
TENSILE STRENGTH RETAINED. % 70% (MIN) ASTM 0 4711 -

ELONGATION RETAINED. % 75% (MEN) ASTM 0412 -

VOLUME SWELL. % to% (MAX)

RESISTANCE TO LIGHT AFTER ASTM 0 750/
1600 HAS ACCEL WEATHERING* ASTM 0 256

10% ELONGATION
TENSILE STRENGTH RETAINED, % W0% (MIN) NO TEST

UEEL CONTAMINATION: JP4
MEPTANE WASNHED QUM, MGiOO-L S (MAX) 4.5.2.1.1 10

OZONE RESISTANCE NO CRACKS ASTM 0 1149 PASS
UNDER 7X TYPE A SPECIMENS

MAGMAICATION

LOW TIEMPUUFIE PROPERTIES
cONoDTONED 64 .M 0 lO40
"% MODULUS OF RIGIDITY t0.o00 PSI ASTM 0 1053 31622

(MAX.) TYPE S SPECIMENS

01INITILENESS NO CRACKING ASYM 0 746 PASS

F , Faju
M

•* ,, deqlI



Table 2. MIL-T-53101 - Arctic fuel tank properties of coated fabric

COATVD FASIIC MIL-T-5301 ASTMI/TS 191 ARL BELL AVON
PROPERTY REQUIREMENTS METHOD OR RESULTS RESULTS

PAR. NO.

3K/M 0K GAL

WEIGHT. (OZ/50 YO) 30 AN. 62 MAX ¶01,8041 3.7 33.4

DIiSoN 1AT!. JP4
PI OZISO FT/4 HA. MAX. .121.121.12 4.5.2.1.5 0.0162

DFRJSION RAM. FUEL-8
FL OZISO FT124 HR, MAX. 121.12112 4.5.2.A5 F 0.2068

TEAR STRENGTH. WARP/PLL
LB.. MINIMUM 25=25/45 191/5134 40W40 62M44

&REA.ING STRENGTH
WAiAP/ILL. LB/iN. MIN 350/050/500 191/5102 * 409/441 744/611

PUNCTURE RESISTANCE
L•s.. MINIMUM 110/110110S 191/5120 154 204

WEATHERING RESISTANCE, 1500 91/580415102
HRS AT 5% ELONG ASTM 0 25•6

SIEAKING STRENGTH RETENTION-
WARP/FILL %. MIN. 80/60/60 90

LOW TEMPERATURE CREASE NO CRACKS 4.5.2.1.5
RESISTANCE OR DELAMINATION
APPEARANCE AFTER UNFOLDING UNDER ?X LENS PASSED PASSED

DIFFUSION RATE. JP4
FL. OZ/S0 FTI24 HAS, MAX 3/.3/.3 45.2.1.2 0.018

DIFFUSION RATE, FUEL 8
FL OZ FT/24 HAS,. MAX 31.3/.3 4.5.2.1.2 - 0.2921

FUNGUS RESISTANCE NO CRACKS. BUSTERS. NO TEST
APPEARANCE OR DELAMINATION 09115762

OF COATING
BREAKING STRENGTH RETAINED
WARP & FILL %. M•N 60/80/80 191/st02 NO TEST g9

BLOCKING SEPARATION IN 4.5.2.16 PASSED PASSED

S SECONOS

COATING ADHESION
INITIAL LB/IN. PiN 20/20/2 4.5.2.17 81 92

4.5.2.17.1

AFTER FUEL IMMERSION. jPa ASTM 0471 (15.2)

FOR 14 DAYS AT 160 F 4.5.2.17
L/IN MIN 10/10/10 4.5.2.17. 48 *37

AFTER FUEL EXTRACTION, JP-s ASTM 0 471 (15.2)
DRIED. AND IMME••ED IN 4.S.2.17
WATER AT S0 F FOPR: 4.5.2.17.1

14 DAYS, L,/IN. MIN 10/10/10 4.5.2.22 28

42 DAYS. LM/N. MIN w"6/ . .i

S. FM 20 K Reqwm pwit
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Table 3. MIL-T-531 01 -Arctic fuel tank Properties of seains

SEMIM..-53101 ASTMAPTIA 161 AM.
04EIMTANSIA&~TS MITI4ON an owITs

"A~ Ism

AFTERM.I F IN JS FO ASTM 0 7S51 M W 4

14V 0A5 10 F VA 3g1fMe40 A~MU 0471 (I&*8 An

AFTE MOMMa N WATER PER
14OATSO IMF *A 2OSI110400 . .. am

AFTER PUS. ETRACTICH. .9.4 ASTM 0 71.1 MP. 8

01-tn. AND INASMON IN hAM 0 471 (15.25
OISTUM WATER Ar 100 F FOR 4f 4.53.15..5

O* AT. LEK1,4 * ~ SM 2m0/U04400 372

42 DAMS LMA. AUM SM 210120040 40

AFTER PUSA6 EXTRACTION4 ASTMd 0751 1AIM. A
0140. MND VAUOM M ASTM 0 171 (15Z8
0(STILSD WATER AT M FO PR:- 4.5.3.. AS.=

m4OATS .2014S. UN SMA 32LOOM1M MI

42 DAYS. WAN. SMA 32LO531450 * 40

OEDO LOINIMMAhSMICE 0.195 M SP.WANQ
UNOIR 600.LEM SINOSS AT 44.3.10

i6s*F FCO HNOURS P so^""14U66

SEA M FULAHOUhI EC A6TM 0 413. MACH. (Th -

IITIAL. LLAN. 1110 SM 30413010 4..3.1143

AFTER WHERISIO M." se ASTM 0 41&. MACH. VAUT All

FOR 14 OATS AT 140 F S M om112 ASTM 0471 OS* 46

LIaw. MIN PP 41.&.1 47
m9 46

AFTER "uSESION FM P aS S 1C *8Th 013.MACH. (ATH 34

FPM 14 OATS At 1IS F SMA =w101 ASM 0 471 (111.9 so

LSM MIN FIN 4.11.116 so

Cp 24

AFTER WATER SMIERSIOM 1C A87(40 413. MACH. 14511 ft

FOR f4 OATS AT 160 P SM ;OA13 ASlM 0 471 (15.2 71

um(5. ON P 41.3116 T3
MIN 74

CID FAMED

AFTER WATER .INASIGN EC A5TU 0 4m3 MACH. MUTH 12

PM A2 OA" AT 10 F SM 11115115 ASTMO04TI1 06Z 54

AFTER .94 EICTRAVCTIN. ASTU 0 413. MACK. MET4.

CRE. MSD NAMISIMN ASTIA 0 471 (15.2
01ISILL WATER AT ISOPF 43.116,413.2.

1O AYS. 1.514. AM SM aw" - 4

a2 OATS. LEM3. km SM ISM1ISIIS is

&WIN M". EXTRACTION AMU40 413. MAC04 VAUTH.
0 160 OMS 6ONM AM *20 471 fI1.M
O0116M WATER AT IMF 41±16. 41Wz
POW.

IA OATS. LESS MIX ISM I31343 is

pofte a '1.134.US S ,111 I

.. POWh &.0 M£ U K Rsqmw~wrue

sm - Tyo 3gm PP . Flom@g Flin CF C446.q Ps"6
EC . &Wckm m HP. wwm neohl
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Table 4 MIL-T-53101 - Arctic fuel tank prop of bonded fitings

FITTING MIL-T-53101 ABTh/rMs 191 ARL

PROPERTY REouiROEMS METHOD OR RESULTS
PAR. NO.

3Kr IOK20K GAL

ALUJMU TO COATED FABRIC AC 4.5.2.20 374

BONO, BREAIONG STRENGTH. VO 4.5.2.20.1 32

INITIAL. LU/IN MIN AS 40/400/S0 " 324

AFTER IMMERSION IN JP-8 AC ASTM 0 471 (15.2) 571

AT 160 F VO 4.5.2.20 458

FOR 14 DAYS. LB/IN, MIN AS 290/2901400 4.5.2.20.1 781

AFTER IMMERSION IN FUEL S AC ASTM 0 471 (15.2) 516

AT 160 F Vo 4.5.2.20 537

FOR 14 DAYS, LIN. MIN AS 290/290/400 4.5.2.20.1 63

AFTER IMMERSION IN WATER AC ASTM 0 471 (15.2) -

AT 160 F VO 4.5.2.20 5*

FOR 14 DAYS. LUIN MIN AS 290/290/400 4.5.2.20.1 524

AFTER IMMERSION IN WATER AC ASTM 0 471 (15.2) 66

AT 160 F VO 4.5.2.20

FOR 42 DAYS, LBAIN, MIN AS 2901290/400 4.5.2.20.1 761

AFTER EXTRACTION IN JP-S,

ORIED, AND IMMERSION IN AC ASTM 0 471 (15.2) -

OiSTILLED WATER @ 160 F VO 4.5.2.20, 4.5.2.20.2

FOR 14 DAYS, LB/IN. MIN AS 325/325/450 4.5.2.22

AC ASTM 0 471 (15.2)

42 DAYS, LB/IN. MIN VO 290/290/400 4.5.2.20.4.5.2.20.2

AS 4.5.±22

DEAD LOAD SHEARIRESISTANCE
UNDOI 60 LU/IN. STRESS AT 4.5.2.19

180 F FOR 8 HOURS 0.125 IN. SUP (MAX) 4.5.2.20.3 PASS

PEEL ADHESION OF ALUMINUM

STRIP TO COATED FABRIC ASTM 0 429. METH> 8

INITIAL. LBIN. MIN 30/30130 4.5.2.21

AFTER IMMERSION IN JP-8 ASTM 0 429, METH. B

FOR 14 DAYS AT I60 F ASTM 0 471 (15.2)

LB/IN. MIN 20/20/20 4.5.2.21 0

AFTER EXTRACTION IN JP-8, ASTM 0 429. METH. B

DRIED. AND IMMERSION '4 ASTM 0 471 (15.2)

DISTILLED WATER AT 160 F 4.5.2.21,4.5.2.22

FOR:

14 DAYS. LB/N. MIN 20n20/20

42 DAYS. L2/I^N MIN 15/15/15 0

* - Fami 20 K RequwemeM
- Failed 3. 10. A 20 K Requiwrmed

AC - Aae Fitlng-Cumd AS Amme FittIng-Straght
VO - Vent Oram Fiting

14



Table 5. MIL-D-53092 - 500-Gallon Drum ARL/AMFUEL Results

TEST PROC. ARL AM.FUEL

PROPERTY REQUIREMENT OR PAR NO. RESULTS RESULTS

TENSILE STRENGTH. COVER. PSI 10whwt ASTM 0 412 1603 1642

ITNSII.E STIRENGTH. UNER PSI 1100 Ma. AST? 0 412 2NO 178

ELONGATION. COVER. % 290 Mim ASTM 0 412 260 325

ELONGATION. LINER % 250 Mi. ASTM 0 412 467 450

HARONESS. COVER PTS W-65 ASTM 0 2240 as w

HARDNESS. LINER. PTS 5545 ASTM 0 2240 50 F 61

HEAT RESISTANCE - 70 HOURS AT 100 C

TENSILE STRENGTH CHANGE, COVER. % .20 Max. ASTM 0 573 2 3

TENSILE STRENGTH CHANGE, LINER. % -20 Max. ASTM 0 573 1 8.1

ELONGATION CHANGE. COVER. % -40 M4x. ASTM 0 573 - -45

ELONGATION CHANGE. LINER. % -40 Max. ASTM 0 573 - .10

HARONESS CHANGE. COVER. PTS 1s Max. ASTM 0 573 - 3

HARDNESS CHANGE. LINER, PTS IS Max. ASTM 0 573 - 7

FUEL IMMERSION - 70 HOURS AT 23 C IN JP4

VOLUME CHANGE. UNER .% so Max. ASTM 0 471 17 (I) 21

OIL IMMERSION -70 HOURS
AT 100 C IN ASTM OIL NO. 3

VOLUME CHANGE. LINER. % 50 max. ASTM 0 471 13 2.3

VOLUME CHANGE. COVER. % 120 Max. ASTM 0 471 66 9.4

OZONE RESISTANCE -7 DAYS

AT 40 C 50mPa AND 20% ELONGATION

LINER No Crackl ASTM 0 1140 PASS PASS

COVER NO Crackcs ASTM O 1149 PASS PASS

FUEL PERMEABUTY.
FL OZISO FTP124 HOURS 1 5 Max. ASTM 08141 24 F 0.78

4.5.2.1,1

COMPRESSION SET

LUNER. % 50%Max. ASTM 0 395 96 F 23

COVER. % 80% Max. ASTM 0 395 39 40.1

4.5.2.1,2

FUEL CONTAMINATION HEPTANE

WASHED EXISTENT GUM. MG/00 ML 7 mg. Max. ASTM 0 3611 0.5 2.2
4.5.2.1.3

ADHESION
BET`EE CORO PLIES. LIIN 10 PPfw Mm ASTM D 751 31 17

BETWEEN LINER AND CORD, ILOAN 10 pmt Mmn. ASTM 0 751 6.5 F 13

UETWEEN COVER AND CORO, LIMN 10 pPfw Mm. ASTM 0 751 20 13

ADHESION AFTER IMMERSION
FOR 70 HOURS AT 23 C IN .1,.4

BETWEEN CORO PIUES. LSIIN s Ppw Mm ASTM 0 751 13

hTWE LONER AND CORO. LUMN S ppm Mm. ASTM 0 751 F F

SEIWEEN COVER AND CORO, LIBiN S ppew Mm ATM 0 751 6

PUNCTURE RESISTANCE-L,. 2w0 •bs. Mm 4.S.2.1.4 367

(1) - Ras fr Ri. Fui 6
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Table 7. MIL-H-53095 - Collapsible hoses ARL/Goodyear results

PROPERTY ARL. Remats Gooayear •e•=,
REQUIREMENTS MIL-H-53005 1.5 2" 3" 4" 2)

PAR. 
NO.

ORIGINAL PROPERTIES
TIENSIUE STRENGTH. PSL

N 12SO psi MIN 4.5.23 3147 2737 3171 3310 3360
COVER 1000 INi MIN 4.5.2L3 If" 1750 1ow 1726 1650

ELONGATION, %
UBE200% MIN 4.5.2.3 410 387 416 399 527

COVER 200% MIN 4.5.2.3 708 663 781 657 730

VOLUME CHANGE. 48 hrs IN JP4. RT
TUBE (1) 60%. MAX 4.5.2.4 36 38 28 29 27
COVE (1) 100%.MAX 4.5.2.4 106 F 99 M 102 M 103 M 145

TENSILE AND ELONGATION
AFTER IMMERSION IN JP-8
FOR 4r8 a@ RT (1)

TENSILE STRENGTH. TUBe. PSI 800ps1/40% 4.5.2.4 1382/44 126/47 1265/41 1603/51 1155/34 F
ELONGATION, TUBE % 100% (MIN) 4.5.2.4 240 254 225 254 260

TENSILE STRENGTH,COVER. PSI (00psI/40% 4.5.2.4 363/22 F 241114 F 146/8 F 259115 F 465125 F
ELONGATION, COVER. PSI 100% (MIN) 4.5.2.4 235 11 111 M 192 163

ORIGINAL ADHESION
BETWEEN COVER AND PLY 10 pp94 4.5.2." (3) (3) (3) (3) 30.2
BETWEEN PLIES 10 pP9w 4.5.2.5 29 29 38 45 44 9
BETWEEN PLY ANO TUBE 10 PPiw 4.5.2.5 (3) 45 65 (3) 50.5

ADHESION AFTER IMMERSION
IN JP-. 44 his. 0 RT (1)

BETWEEN COVER AND PLY 6 Ppp 4.5.2.8 (3) (3) (3) 40 (3)
BETWEEN PLIES 6ppw 4.5.2.6 23 30 26 31 10.6
BETWEEN PLY AND TUBE a plW 4.5.2.6 (3) (3) 24 is 1.5

RITTLENESS. 40 F, AFTER FUEL
EXTRACTION
A) TUBE NONE 4.5.2.7.1 PASS PASS PASS PASS PASS
B) COVER NONE 4.5.2.7.1 PASS PASS PASS PASS PASS

MODULUS OF ELASTICITY, 480 F
AFTER FUEL EXTRACTION
A) TUBE <100,000 psi 4.5.2.7.2 10370 88a8 19264 16425 19650
3) COVER <5.000 pm 45.2.7.2 430 423 597 469 4646

HEPTANE WASHED GUM <Smg/lOOmi 4.5.2.8 7 F 9 F 14 F 5 1 75

WEIGHT, Lbs/Ft 1/1.125/1.75/2.5 - 0.5 0.7 1.0 1.5 -

OZONE RESISTANCE NO CRACXS3 7X 4.5.2.10 PASS PASS PASS PASS
"2 HR.. s0 PPHM

F - FaMk (1) - Goodyew Resulft Based an Fuei a (3) - Specom Tome
M - maqg" (2) - Av',". for Four Sian
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Table 8. MIL-H-53096 - Non-collapsible hoses ARLJGates results

PROPERTY REQUIREMENTS MIL..4-530 2-AAL 2 3,-AL 6.G3L ar
PAR. NO.

0AG34DA PROPERTIES
191 STRENGTH
TUBE. Pa. 1250 Pa. MIN 4.4.2.3 2752 320 2415 2461 1979 2340

Covtpl w000pON MIN 4.4.2.3 1196 1117 1324 l000 M 1521 1335

ELONGATON
TUBl. % 200%. MIN 4.54.3 22 65o 241 621 133 F 673

COVER. % 20O%. MIN 4.5.2.3 142 F 353 187 F 291 S18 F 409

VOLUME CHANGE. AFTER IMMERSION

IN JP4 FOR 70 h, s RT (1)

TUBE. % 00%. MAX 4-5.2.4 31 50 30 49 31 52

COVet.% I(M MAX 4.5.2.4 6a 116 F as 109 F a5 115 F

TENSILE ANO ELONGATION RETENTION

AFTER IMMERSION IN J".- (1)
FOR 70 " 0 RT
TUJ•. TEN. ST./I% RET. 600PS140% 4.5.2.4 1015137 F 855134 F 1050/43 925/37 F 1043150 861 37 F

ELONGATION. % 100% (MIN) 4.5.2.4 320 334 337 300 223 319

COVER, TEN. STRN.% RET. MPOs/40% 4.5.2.z S25/44 F 725/65 574/43 F 628/63 619145 773/58

ELONGATION. % 100% (MIN) 4.5.2.4 1IS 175 161 154 I60 185

O4GN.AL ADHESION
BETWEEN COVER ANO PLY 10 pow 4.5.2.5 25 31 28 33 (3)

BETWEEN PUES 10 pprw 31 63 (2) 40 (3) -

BETEEN PLY ANO TUQE to paw (2) 32 27 24. (3) -

AOHESION AFTER IMMERSION
IN JP4. 70 hr O RT (1)

BETWEEN COVER ANO PLY 6 Ppp 4.5.2.6 25 (2) (2) (2) (3) (2)

ETWEE PULES ppow 25 10 43 16 (3) 16

BETWEEN PLYAN•O lTUE ppow 25 6 m 37 (4) (3) 3 F

8OTTLENESS. -60 F, AFTER FUEL
EXTRACTION
lUll NONE 4.S.2.7.1 PASS PASS PASS PASS PASS PASS

COVER NONE PASS PASS PASS PASS PASS PASS

MODULUS OF ELASTICITY..40 F
AFTER RFEL EXTRACTION

TUNll C100.ooops 4.5.2.7.2 - 42000 - 42000 - 42000

COVER S.ý5000 ps - 330 - 3300 - 3300

HEPTANE WASHED GUM 6nmg100R•W MAX 14 F 2.6 19 F 26 - 2

WEIGHT. Lm"I. i.O/2.7- 1.3 1.25 2.1 2.1 4.6 5.35

CAJ RESISTANCE. 0 upm lmd.. W% f0t1. 0.-. 4.5.2.9 S7 as - 93 -

CPSH RE!COVERY, no mm. ,% 9% o0g. O..0. 4.5.2.9 go t o - 99 g

OZONE iRESISTANCE NO CRACKS 4-..110 PASS PASS PASS PASS PASS PASS

72 HR. s0 PPHM

F. F""s (1). -ouwn nwats aeud an RP. Fue 8 (3) . C*Ad NO Remove W-

M. Mmip (2) - Spocwnm Tle (4). SpC-11nfl O4*ll gd

Is
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Table 9. MIL-H-53096 - Non-collapsible hoses ARL/Goodyear results

PROPERTY MIL-453006 AftL Pmjtg Goooyer Resuts
REOUIREMENTS PAR. NO. 2" 3 E)CP (21

ORIGINAL PROPER•IES

TENSILE STRENGTH

luJl. pv. 1250 Pa. MIN 4.&2.3 3397 2417 4473 3360
COVER. pa. low0Pa. MIN 4.52.3 I1 18tg a1w6 fe0

ELONGATION
1•UE, % 200%, kMiN 4.52.3 2W8 232 4w0 527
COVER, % 200%, MIN 4.5.2.3 2906 226 376 730

VOLUME CHANGE, 70 nirs IN JP-8. RT
TUBES % (I) 60%. MAX 4.5.2.4 25 36 42 27

COVER % (1) 100%, MAX 4.5.2.4 102 M 106 F ¶10 F 145 F

TENSILE AND ELONGATION RETENTION

AFTER IMMERSION IN JP-8
FOR 70 hrws RT

TUBE. TEN. STR.,% RET. (I) 6
Wp3/40% 4.5.2.4 ¶208/47 1306/54 3639/61 1115/34 F

ELONGATION. % (I) 100% (MIN) 4.5.2.4 211 215 267 260

COVER. TEN. STR..% RET. (1) OpmW40% 4.5.2.4 273/16 F 386/19 F 370/20 F 465/25 F
ELONGATION. % (I) 100% (MIN) 4.5.2.4 166 225 220 163

ORIGINAL ADHESION

BETWEEN COVER AND PLY 10 ppow 4..2.5 31 (3) 60 35
BETWEEN PUES (I) I0pp 40 (3) (3) 45
SEkEEN PLY ANO TUBE (1) lopp (3) 44 (3) 43

ADHESION AFTER IMMERSION
IN JP-4. 70 hl . RT

ETWEEN COVER ANO PLY (1) a ppw 4.5.2.6 (3) (3) (3) (3)
BETWEEN PLIES () ppew 41 43 (3) 73
BETWEEN PLY AND TU1E (1) 6 ppw 42 37 (3) 3.2 F

ARITTLENESS, -f F, AFTER FUEL

EXTRACTION
TUBE NONE 4.5.2.7.1 PASS PASS PASS PASS
COVER NONE PASS PASS PASS PASS

MODULWS OF ELASTICITY. -60 F
AFTER FUEL EXTRACTION
"00.E 000 pm 4.5.2.7.2 8740 - 19650

COVER <s.000 psi 383 - - 4646

HEPTANE WASHED GUM 6r m9/100 ml MAX 4.5.2.8 S 5 4 2.5

WEIGHT. LblwFt. 1.312.0/5.75 1.0 1.7 1.3 -

CRUSH RESISTANCE. 6 SPC Iad, % 86% Orig. 0.0. 4.5.2.9 8a 87 64 F 91
CRUSH RECOVERY, no lamd % 6W%, Oft. O..D. 4.5,29 9g go n go

OZONE RESISTANCE NO CRACKS AT 7X 4-5.2.10 PASS PA"S PASS PASS

F- F"ws (1) - G-Oy&O Resine beawl an Fui S (3) - Sp@eGoens Tom, No RamIo.
U. S- umg (2) - Gocdye m R . Avveg. 1m 3 Stm
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