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SECTION 1. BACKGROUND

The Army began using collapsible fuel tanks in quantity during World War II. A system was needed
to temporarily hold fuel being off-loaded at the front until its use, and a rubber-coated tank was
simpler to set up than a bolted steel tank. These early tanks were built along the same lines as a
bias ply tire with multiple plies vulcanized into a fuel resistant rubber liner. They were very bulky
and hard to handle by today's standards, but the military found the system more desirable than the
previously used bolted steel tanks.

2 e

During the Vietnam war, weaknesses became evident in the tank design. The empty tank's weight
and size made if very difficult to transport into the field. Its black color did not blend into the
background and, by absorbing the sunlight, caused the fuel to overheat. A new type of holding tank
was needed with the following requirements: lightweight for easy transport to forward areas and a
light color that would blend into the environment. Longevity was not a consideration. The new
tank was constructed of a single ply fabric coated with either a nitrile or a thermosetting urethane.
The coated fabric was seamed together, forming a pillow-shaped tank that was easily transportable
and capable of storing fuel for short periods of time. The tank was still considered an expendable
item during tactical maneuvers.

In today's austere fiscal atmosphere, items having the price tags of collapsible tanks the are
unexpendable. The Army’s current direction is toward a lightweight fuel tank having a 20-year shelf
life and a 5-year service life. Except for a major material shift to thermoplastic urethanes, no major
changes to the tank's design are planned. The new material must better withstand the effects of the
elements and abuse.

A problem with trying to improve the material used in collapsible tanks was the unavailability of
long term field data; therefore, laboratory data needed to be generated to prove a material's worth.
In storage, factors degrading the tank are moisture, ozone, and abrasion as the tank is shifted around
in the box. In service, the major factors affecting the tank are ultraviolet light and abrasion from
movement while the tank is being set up. This report deals with the abrasion of the urethane in a
stressed condition caused by folding the tank for storage or dragging an empty tank over the ground
in such a way as to abrade the corners.
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SECTION II. INVESTIGATION

Current specifications for collapsible tanks do not include an abrasion requireinent because the
standard tests used in the rubber industry are unreliable indicators of field performance. The mode
of abrasion failure in the field is stressed abrasion. Stressed abrasion occurs when the outer coating
of the material is under a tensile load induced by a fold or a compound fold of the tank.

MECHANICS OF ABRASION

Abrasion is defined as "the wear of a material due to the effect of friction.”* When two materials
come into contact with each other, they plastically deform and some atoms from the material come
into close enough proximity of each other to form atomic bonds. In the formula

F =f*N,

Where F = Friction
N = Normal Force .
f = coefficient of friction

The coefficient of friction is caused by these atomic bonds. This is the reason that the coefficient of
static friction is higher than the coefficient of sliding fricdion—more bonds form when a body is at
rest. Wear caused by atomic bonding is known as adhesive wear. Another type of wear,
mechanical abrasion, is caused by a rough surface cutting into a material and tearing pieces out.

In urethanes, adhesive abrasion occurs when the adhesive force between adjoining materials is
stronger than the chemical bond in the polymer chain. When an atom is removed through this
process, the chain is weakened and wear occurs more rapidly. When a urethane is under a tensile
stress, the chemical bonds are spread out and adhesive wear can occur with less of an atomic force
applied (see Figures 1 and 2). For the same reason, mechanical friction occurs more readily when
the urethane is under a tensile stress.

TEST APPARATUS

For this test, an apparatus was designed and made that placed the urethane under a constant and
reproducible stress. Because putting material into a compound fold configuration would make the
test dependent on the thickness of the material, this solution was unacceptable. Instead, a Taber
Abrader was modified to accept a platten that would be adjustable for height in the center with a
ring on the outside edge to clamp the material down (Figure 3). In use, the material would be placed

*McClintock, Frank A. and Argon, Ali S., Mechanical Behavior of Materials, Addison-Wesley Publication Company, Reading MA,
1966.
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on the platten with the center ring in the down position. After the material is secured to the outer
ring, the center section would be raised to a height of 1/4 inch. The vertical distance between the
edge of the center section and the outer ring is 1/2 inch, giving the material a bend of -30° from the
horizontal position (Figure 4). A ceramic abrader wheel (Figure 3) Calibrade H-18 manufactured by
Taber Instruments was mounted onto a swivel arm so that the edge of the wheel would ride on the
crease created by the platten at an angle of 10° from the horizontal plane. The sample was then
subjected to a nuinber of cycles sufficient to expose the base fabric. The ceramic wheel was
resurfaced every S00 cycles to minimize error associated with clogging or a worn surface. A
standard Taber Abrader was used to gather information about the abrasion characteristics of an
unstressed sample from each material.

URETHANE ¥

ATOMS /

ABRASION SURFACE ATOMIC BONDS
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Figure 1. Urethane Unstressed
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Figure 2. Urethane Stressed
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Figure 4. Taber Wheels

A 97 P he ] WY L% 7% e D] W W WL Ry W R L T A T P _..... \
R O MO i D e T o "‘ AR I *‘h:};. PR I o, SARY "‘i h:.j}' '.4 a® i’:‘;ﬁ,&. .A..x. .u&, '\‘.’\i\r‘ ]



MATERIALS

Four different materials were chosen to demonstrate that a stressed fabric abrasion test is possible.
All of the materials are either now being used in the manufacture of collapsible tanks or are

proposed materials.

Material #1 is a nitrile coated nylon 0.68mm thick currently being used to manufacture a
lightweight water tank.

Material #2 is a thermoplastic urethane coated nylon 1.10mm thick currently being used to
manufacture pillow tanks.

Material #3 is a different thermoplastic urethane coated nylon that is 1.22mm thick. It has been
recommended as an alternate material in the ma .ufacture of pillow tanks.

Material #4 is not a urethane, and the chemical composition is unknown. It is a thermoplastic
coating material over a polyester fabric currently being considered for use in berm-liner
procurements.

Each of these materials was tested in both the stressed and the unstressed configuration. The results
are tabulated in the following table.

ABRASION TO FABRIC EXPOSURE

STRESSED/ COATING
MATERIAL TABER STRESS TABER THICKNESS CYCLESMM  CYCLES/MM

CYCLES CYCLES RATIO MM UNSTRESSED  STRESSED :
#1 1,000 129 1.75 0.254 3.937 508 EE
#2 100,000* 1,978 50.65* 3.048 32,808*
#3 100,000* 2,046 48.88* 3.046 32,830* 672
#4 1,100 600 18.33 3.302 333 182

* Estimated minimum
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SECTION III. DISCUSSION

Because of the difference in the thickness of the materials, a direct comparison of the absolute
values of the data was meaningless. Taking the ratio of the Taber results over the stressed abrasion
results yielded a dimensionless number used to directly compare the fabrics to one another. The
thickness of each coating material was also determined and the cycles/mm were calculated for both
the stressed and unstressed abrasion conditions.

The low ratio for material #1 (7.75) was not unexpected because nitriles do not seem to abrade more
on the creases in the field. Also, the Taber Abrader results for this material were quite low.

The 100,000 cycle estimate for the Taber Abrader on materials #2 and #3 was necessary because all
the wear on these samples occurred within the first 5,000 cycles. The wheels on the Taber Abrader
were cleaned, but the abrasion did not increase.

The very high ratios in the urethane samples showed that the materials were very susceptible to
stress abrasion and that normal unstressed abrasion tests would show these materials to be very good
at abrasion resistance. The cycles/mm in the stressed configuration showed that urethanes did not
exhibit a better stress abrasion resistance than nitrile when subjected to stress. In the field, the
urethane tanks would be more susceptible to abrasion failure at the seams.

The low value for material #4 (18.33) demonstrated that the urethanes did not succumb to stressed
abrasion because of the inherent nature of thermoplastics. This material, a thermoplastic, did not
exhibit the drastic change in abrasion due to stress that the urethanes exhibited.

SECTION IV. CONCLUSIONS

The test apparatus looks very promising. It showed that urethanes are inherently susceptible to
stress abrasion and that the test method as designed will work. The apparatus needs to be modified
to permit the use of two serrated Taber wheels instead of the one ceramic wheel. This would
eliminate some of the error inherent in the machine due to the fact that the ceramic wheel clogs.

Field data must be collected and compared to the laboratory results of all the tanks in the Army's
inventory so a minimum ratio number can be established for inclusion into the pertinent military
specifications. This is becoming more and more important as the military continues to request tanks
having a longer life.

RV Y, iy A -

P PR P e A R W D R NI R L A RO A
RO O A S, Ve P YR AT i Pt M A YA -\E\

'8

Lo S0 % B 4

AT _a_s e -
£

e )



DISTRIBUTION FOR REPORT NO. 2469

DEPARTMENT OF DEFENSE

1  Director, Technical Information
Defense Advanced Research Projects
Agency
1400 Wilson Blvd.
Arlington, VA 22209

1 Director
Defense Nuclear Agency
ATTN: TITL
Washington, DC 20305

2  Defense Technical Information Center
Cameron Station
ATTN: DTIC-FDAC
Alexandria, VA 22304-6145

DEPARTMENT OF THE ARMY

1 HQDA (DAMA-AOA-M)
Washington, DC 20310

1 HQDA (DALO-TSM)
Washington, DC 20310

1 HQDA (DAEN-RDL)
Washington, DC 20314

1 HQDA (DAEN-MPE-T)
Washington, DC 20314

1  Commander
US Armmy Missile Research & Development
Command
ATTN: AMSMI-PR
Redstone Arsenal, AL 35809

1 Director
Army Materials and Mechanics Research
Center
ATTN: AMXMR-RL Technical Library
Watertown, MA 02172-0001

1

—

Commander

Chemical Research R&D Center
ATTN: SMCCR-SPS (Tech Library)
Aberdeen Proving Ground, MD 21005

Commander

US Army Aberdeen Proving Ground
ATTN: STEAP-MT-U (GE Branch)
Aberdeen Proving Ground, MD 21005

Director

US Army Materiel Systems Analysis Agency
ATTN: AMXSY-MP

Aberdeen Proving Ground, MD 21005-5071

Director

US Ballistics Research Laboratory

ATTN: AMXBR-OD-ST (STINFO)
Aberdeen Proving Ground, MD 21005-5066

Director
US Army Engineer Waterways Eperiment
Station
ATTN: Chief, Library Branch
Technical Information Center
Vicksburg, MS 39180

Commander

US Army Armament Research &
Development Command

ATTN: SMCAR-TSS

Dover, NJ 07801-5001

Commander

US Army Troop Support & Aviation
Materiel Readiness Command

ATTN: DRSTS-MES (1)

4300 Goodfellow Blvd.

St. Louis, MO 63120

Director

Petrol & Fld Svc Dept

US Army Quartermaster School
Fort Lee, VA 23801

é

II‘
VXXARA



p

P

-----

US Army Tank Automotive Command
ATTN: DRSTA-TSL
Warren, MI 48090

US Armmy Laboratory Command
ATTN: M. Levy SLCMT-MN
Materials Technology Laboratory
Watertown, MA 02172-0001

US Army Laboratory Command
ATTN: J. Wells SLCMT-MCZ
Materials Technology Laboratory
Watertown, MA 02172-0001

Commander

US Ammy Electronics Research &
Development Command

ATTN: DELSD-L

Fort Monmouth, NJ 07703-5301

President * -

US Armmy Aviation Test Board
ATTN: STEBG-PO

Fort Rucker, AL 36360

US Amy Aviation School Library
PO Drawer O
Fort Rucker, AL 36360

HQ 193D Infantry Brigade (Panama)
ATTN: AFZU-FE
APO Miami 34004

Special Forces Detachment, Europe
ATTN: PBO
APO New York 09050

Engineer Representative

USA Research & Standardization Group
(Europe)

Box 65

FPO 09510

Commander

Rock Island Arsenal

ATTN: SARRI-LPL

Rock Island, IL 61299-7300

VATV A g ol
AT
-

VIR et WA

A e T TR o)
L
'
g,

1 HQDA -3
ODCSLOG X
DALO-TSE p
Room 1E588, Pentagon :'
Washington, DC 20310-0561 .

1 Plastics Technical Evaluation Center E
ARRADCOM, Bldg 3401
Dover, NJ 07801 %

1 Commandant .t
US Army Engineer School >3
ATZA-CDD )
Fort Belvoir, VA 22060 "

1 US Army AMCCOM ¢
ATTN: Joseph Menke A
1032 N. Thomwood ',::
Davenport, IA 52804 )

)

1 Commander ; ]
Headquarters, 39th Engineer Bn (Cbt) y
Fort Devens, MA 01433 W,

.,

1 President :‘

US Army Airbome, Communications & N

Electronics =3

ATTN: STEBF-ABTD N

Fort Bragg, NC 28307 S
[

1 President e
US Army Armor and Engineer Board -
ATTN: ATZK-AE-PD-E o
Fort Knox, KY 40121-5470 e

1 Director '7
ATTN: STSTO-TPP S
Tobyhanna Army Depot =
Tobyhanna, PA 18466-5097 s

1 Commander and Director Y
USA FESA R
ATTN: FESA-TS .
Fort Belvoir, VA 22060 o

: 1
. ‘.‘
o
10 f
)
w%) N SN ST N e e e ,-,;-.'_;::’

ARt R L Rt D UG L U PN Sttt L A 1 oA R S AL A e/ S ol e el o

AN

-------



1 HQ, USAEUR & Seventh Army 1
Deputy Chief of Staff, Engineer
ATTN: AEAEN-MT-P
APO New York 09403

1 Director

! US Army TRADOC

) Systerus Analysis Activity

' ATTN: ATAA-SL (Tech Lib)

White Sands Missile Range, NM 88002 1

BELVOIR RD&E CENTER

1 Commander STRBE-Z
N Deputy Commander STRBE-ZD
Technical Director STRBE-ZT 1
Assoc Tech Dir (E&A) STRBE-ZTE
k) Assoc Tech Dir (R&D) STRBE-ZTR
Executive Officer STRBE-ZX
Sergeant Major STRBE-ZM 3
Advanced Systems Concept Dir STRBE-H- - -
Program Planning Div STRBE-HP
; Foreign Intelligence Div STRBE-HF
" Systems and Concepts Div STRBE-HC 1
STRBE-V
STRBE-VU
Tech Reports Ofc STRBE-BPG
Security Ofc (for liaison officers) STRBE-S 3
Tech Lib STRBE-BT
Public Affairs Ofc STRBE-I
Ofc of Chief Counsel STRBE-L
STRBE-FSH

w

N e D)WW —

US Naval Oceanographic Office
Navy Library/NSTL Station
Bay St. Louis, MO 39522

Library (Code LOSA)

Civil Engineering Laboratory

Naval Construction Battalion Center
Port Hueneme, CA 93043

Director

Earth Physics Program
Code 464

Office of Naval Research
Arlington, VA 22217

Naval Training Equipment Center
ATTN: Technical Library
Orlando, FL 32813

Naval Sea Systems Command
ATTN: P. Schaeider PMS377J1
Wasington, DC 20362-5101

Naval Air Development Center
ATTN: V. S. Agarwala, Code 6062
Warminster, PA 18974

David W. Taylor Naval Research Center
ATTN: A. G. S. Morton

Code 2813
Annapolis, MD 21402

DEPARTMENT OF THE AIR FORCE

y DEPARTMENT OF THE NAVY
1
‘ . 1  Director
p Physics Program (421)
Office of Naval Research 1
Arlington, VA 22217

2 Commander
Naval Facilities Engineering Command 1
Department of the Navy
ATTN: Code 032-B
062
200 Stovall Street
Alexandria, VA 22332

-

11

. - -

LR R |

W, l'a"'o,." AN A A, 'u ,l.t tl.l w3 N ' .C ' .!~- AW, ‘ '

W
L33 O 08

HQ USAF/RDPT
ATTN: Commander
Washington, DC 20330
HQ USAF/PREEU
Chief, Utilities Branch
Washington, DC 20330

HQ Air Force Engineering & Services Ctr
Technical Library FL7050
Tyndall AFB, FL 32403

O P T T T R N TG S T T T 0 )
A DB S A S N R B AR

I N R



Y S o "y e ate” . g
SV ATV e U TN TR T L AN e 74 U WM O/ W4 A 9100907 5 gt ) TR O O A WO R Sgv

Warner Robins Air Logistics Center
WR-ALC/MMEM
Wamer-Robins AFB, GA 31098

]
&
1 US Air Force 1)
<
“

1  Chief, Lubrications Branch N
Fuels & Lubrications Div ¢
ATTN: AFWAL/POSL N
Wright-Patterson AFB, OH 45433 N

£

¥ 1
IS W Ve =

AP LiL

TN Y PTYTY WY
XIS

L™

ENTRIN

- aw g

o 8 ARy

-

. 2
]
.

)

T4

P
ryd
e e Sy ww

-"IY;” s A

=
=X




