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SUMMARY

The purpose of Phase It of this program was to fabricate a prototype 5,000
barrel collapsible fabric fuel tank from one of the two leading candidate

coated fabrics developed in Phase I. ILC recommended that the tank be

I fabricated from the Hooker CO-AX-5139 polymer coated on the Kevlar base

1fabric.

A The compression rings, handle, chafing patches, suction stub, and other designs

developed during Phase I, along with commercially available hardware, were

incorporated into the fabricated tank. ILC conducted seam testing to deter-

* mine the optimum seam design. The seam selected for most of the unit was a

heat sealed, butted and taped seam using a base fabric inner and outer tape.

The closing seams for the fuel tank were cemented. A contoured corner was

also used for this tank based on computer stress analysis.

The adhesive selected for closing seams bonding handles, load patches, and for

field repair is a solvent MEK based adhesive (Bostik 7376). The adhesive

chosen to bond the urethane to metal is Versilok 201.

The prototype 5,000 barrel tank was shipped in July, 1981 for Army testing in

tropic conditions. ILC recommends that upon successful completion of tropic

testing, the tank be used in an operational exercise which would simulate the

original scenario for which this tank was to be used.
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PREFACE

This report delineates work done under Phase II of Contract

DAAK7O-79-C-0211 for the U. S. Army Mobility Equipment Research and
Development Command, on coated fabrics hardware and assembly tech-

niques for design and fabrication of a lightweight 5,000 barrel

(210,000 gallon) fuel storage tank.
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1.0 INTRODUCTION

The optimum size for a bulk fuel storage tank was determined to be 5,000

barrels in Phase I of the project using operational cost and ease of man-

ufacturing analyses. Only commercial materials were considered in materials

investigation. The three base fabrics that were evaluated are polyester,

nylon and kevlar. The polymers that were evaluated area polyester poly-

urethane and polyether polyurethane. The sixteen laboratory coated samples

composed of varying polymers and base fabrics were fabricated and tested. As

a result, two leading condidates; Hooker CO-AX-5139 on 8.5 oz. kevlar and

Hooker CO-AX-5139 on 13 oz. nylon, were selected for production machinery.

Upon further evaluation, it was determined that the optimum construction was

the Hooker Rucothane CO-AX-5139 polyester coated on 8.5 oz. kevlar.

ILC designed and fabricated high stress compression fittings and validated its

bonding techniques to aluminum fittings. A leak proof suction stub was also

designed. The test results of the 5,000 barrel tank are in Secion 5. This

report describes Phase II of the project which involved the fabrication ar.d

testing of a 5,000 barrel prototype collapsible fuel tank.
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2.0 TANK CONSTRUCTION PROCEDURE DISCUSSION

2.1 SEAMS

One type of seam used on the 5,.0.00 barrel tank is shown in Figure 1. The

width of the tape was determined by the overlap required to produce the

tensile strength of the base fabric. During fabrication of the tank, a

minimum of three samples were made and tested to insure that the seam met

specifications. The samples were taken at the beginning of the workday,

before lunch, and one at day's end. Additionally, if any settings were

touched during the course of production, an additional sample was made and

tested.

1. The dielectric sealing process was performed in accordance with paragraph

3.5.1.1.1 of ILC Technical Proposal (BPN 79-624) to solicitation No.

DAAK7O-79-Q-1809. The seam was made in two passes. The first pass installed

the outside tape and the second pass applies the inside tape.

OUTSIDE TAPE

i 2 1/2

HEAT SEAL - 3/4

BASE MATERIAL

INSIDE TAPE

FIGURE 1 TYPICAL HEAT SEALED SEAM

A second type seam used on the 5000 barrel tank is an adhesive seam which is

shown in Figure 8. A description of cemented seam construction is given in

section 2.4.
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2.2 SUBASSEiBL I ES

2.2.1 Handle

The handle assembly was fabricated as shown in Figure 2 using the Bostik 7376

adhesive, polyester webbing, size FF thread, and tank material. The first

step in assembly is to sew two 24-inch lengths of 6,000 pound tensile poly-

ester webbing together using size FF polyester thread using a box stitch

(5-6 stitches per inch). The box should end 3 inches from either end (see

Figure 3) and an extra row of stitches should be along each end of the box.

The ends of the webbing are then inserted through the outer patch made from

the tank material. The two circular inner patches are then cemented over

the slits insuring the two webbing ends are at a 1800 angle to each other.

A box stitch is then sewn in through the large patch, the webbing and the

inner patch. An extra row of stitches is sewn along the side of the box

facing the slit. At final assembly, the handle is then cemented to the tank.

2.2.2 Label

The label is made by impressing a 20 mil piece of Tuftane 310 with an offset

printing plate which is configured as shown in Figure 4. To make the letters

stand out, a piece of nylon cloth is placed behind the Tuftane at the time of

impression. The letters were then colored in black ink. Once the label has

been made and cemented with Bostik 7376 to the tank at final assembly, the

pertinent information is stamped in black ink on the tank.

2.3 TANK CONSTRUCTION

The first step in construction of the 5,000 barrel tank is initiated by form-

ing end cap subassemblies. This is done by taking three panels, each panel 54

inches wide by 95.244 feet long, and sealing them together lengthwise using

the seam shown in Figure 1. Templates are then laid over the ends of the

fabric to form the cut marks as shown in Figure 5. End A should be heat

sealed to End B and End C heat sealed to End D with the wider seam on the

outside as shown in Figure 6.

Once both end cap subassemblies are formed, 20 panels are be cut, 54 inches

wide by 95.244 feet long. Four quarter panel subassemblies of 5 panels each

are heat sealed together as shown in Figure 6, Section B-3 with the staniarl

ieat seal seam. The access Goor, vent, and drain fitting should be located,

3



FIGURE 2 HANDLE ASSEMBLY

FT'~

FIGURE 3 HANDLE WEBBING ASSEMBLY
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marked, chafing patches and fitting reinforcements cemented to the appropriate

quarter panel using Bostik 7376. The next step is to cement one of the quarter

panels to the end cap, starting at the top center (Figure 7) using the seam

shown in Figure 8 and Bostik 7376. The second center quarter panel should

then be joined to the other side of the end cap, using the adhesive seam as

shown in Figure 9 to form a tank half. The same procedure should be used to

form the other tank half. The final tank assembly is achieved by joining the

two halves together using the adhesive seam in Figure 8. At all locations

where two seams meet, a 3-inch diameter reinforcement patch is cemented to the

tank with Bostik 7376. The twenty-two handles and the label are then cemented

to the tank with Bostik 7376. The final attachment to the tank assembly

(using Versilok 201) should be the oval and round compression fittings whose

cross section is detailed in Figure 11.

2.4 ADHESIVES

One adhesive each was chosen for bonding urethane-to-urethane and urethane-to-

aluminum. The adhesive chosen for bonding urethane-to-urethane was the Bostik

7376. The reason was its superior performance after 14 days in immersion at

160"F in distilled water and reference Fuel 0. Of the twelve adhesives that

were tried, Bostik 7376 with Boscodur Number 4 was the only adhesive that

would take the coating off the base fabric after 42-day immersion. The adhe-

sive is a urethane solvent based adhesive in which the solvent is MEK (methyl-

ethyl ketone). The fumes of the solvent are toxic and flammable and extreme

care must be taken when using the adhesive. The adhesive was to be applied as

follows:

1. Scuff the area to be abraided with emery paper.

2. Apply a single coat of adhesive (Bostik 7376 and Boscodur Number 4 pre-

mixed) with a brush to each piece of material and allow to dry.

3. Apply a second coat of Bostik 7376 as in Step 2 above and allow to dry.

4. Activate the adhesvie by dabbing a cheese cloth in MEK and briefly wiping

the cemented area.

5. Immediately after activating the adhesive with MEK, out the two pieces of

material together and, using a roller, roll the affected material to

insure good bond and eliminate air bubbles.

i5
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1 ,- PANEL 3/RIGHT HO. 14

--ANEL 2/RIGHT HO. 15

* ITEMPLATE FOR ENDS PANEL 1/RIGHT HD.16
A) MARK LEFT HAND PANELS 1 ,2,3
8). MARK RIGHT HAND PANELS 14,15.16

FIGURE 5 END CAP CUT LINES

PANEL 3211 TAPE

3/4 TAPE

BUTT SEAM

ANEL 2SECTION B-B

FIGURE 6 END CAP CLOSE SEAM
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FIGURE 7 FIRST CENTER QUARTER PANEL ASSEMBLY

FIGURE 8 TYPICAL ADHESIVE SEAM

FIGURE 9 TANK HALF BODY ASSEIMBLY
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FIGURE 10 TANK BODY ASSEMBLY

FIGURE 11 COMPRESSION FITTING CROSS SECTION



The adhesive chosen for bonding urethane to aluminum is the Versilok #201 with

Accelerator #4 (Hughson Chemicals Company). Neither of these adhesives are

toxic, but the Accelerator #4 is mildly corrosive and care should be taken in

its storage. This adhesive should be applied as follows:

1. Dry hone the area to be cemented on the metal fitting and scuff the

coated fabric area with emery paper.

2. Apply one coat of accelerator #4 on the aluminum piece to be bonded.

3. Apply one coat of Versilok #201 to urethane material with a brush.

4. Immediately join urethane material to aluminum fixture and clamp them

either by using vise grips or C-clamps.

5. Leave clamped for approximately one hour.

Both adhesives should be applied in the 50°F to 80°F temperature range and no

greater than 60% humidity.

2.5 HARDWARE

The hardware provided with the tank is listed in Table 1. Figures 12, 13 and

14 show three fitting subassemblies. Figure 15 shows each of the fitting

subassemblies' location on the tank.

2.6 EMERGENCY REPAIR KIT

The complete listing of the repair kit components is shown in Table I

2.7 AIR LEAKAGE TEST

An air leakage test was done in accordance with Paragraph 4.6.2 of MIL-T-82123A

(MC) and the 5,000 barrel tank passed the test.

10



FIGURE 12 FILLER DISCHARGE ASSEMBLY
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FIGURE 14 DRAN FITTING ASSEMBLY
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TABLE I HARDWARE PARTS LIST

PART NUMBER MFG. PART NUMBER MANUFACTURER

I. FILLER/DISCHARGE ASSEMBLY

Oval "0" Ring, High Stress 0061-24276-01 ILC

Oval Nut Ring, High Stress 0061-24275-01 ILC
"0" Ring M59021-383 DBR Disbributing

Oval Closure Plate CP24-0062-02 Cast Rite

Gasket Cork CP61-0024 SAS Gasket Supply

Suction Stub. 0061-24170-01 ILC

Coupling Half, Flanged MS27023-19 Evertite

Screw Cap, Hex Head MS90726-63 Century Fastener

Washer, Lock, Stl. Cad. Pltd. MS35338-46 Century Fastener

Washer, Flat Round MS27183-B Century Fastener

Elbow, Female to Male, w/Gasket CP24-0063 Evertite

Dust Cap with Chain MS27028-19 Evertite

Screw Cap, Hex Head MS90725-63 Century Fastener

II. DRAIN FITTING ASSEMBLY

Nut Ring, Round, High Stress 0061-24277-01 ILC

Round "0" Ring Plates, High Stress 0061-24278-01 ILC
Drain Fitting CP24-0020-02 Cast Rite

Tank Chain 0056-24051-01 ILC

Tank Screw 0056-84052-01 ILC

Plug and Chain 0056-24043-01 ILC

Screw Cap, Hex Head MS90725-63 Century Fastener

Washer, Flat Round MS27183-13 Century Fastener

Washer Lock MS35338-46 Century Fastener
"0" Ring MS29513-250 DBR Distributing

..... .. .. .. ... .....5] 11 .. . .... . . ..
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Table I Hardware Parts List - Cont'd

PART NUMBER MFG. PART NUMBER MANUFACTURER

I
III. VENT FITTING ASSEMBLY

Nut Ring, Round, High Stress 0061-24277-01 ILC

Round "0" Ring, High Stress 0061-24278-01 ILC

Coupling Half, Male, Flanged 0056-24064-02 ILC

Coupling Half, Female, Threaded MS27024-11 Evertite

Vent Pipe 0056-24050-01 Euston Steel

Relief Cap with Flame Arrestor CP20-0204 Protecto-Seal

Dust Cap with Chain MS27028-11 Evertite

Screw Cap, Hex Head MS90725-63 Century Fastener

Washer, Flat Round MS27183-13 Century Fastener

Washer Lock MS35338-46 Century Fastener

"0" Rings MS29513-250 DBR Distributing

IV. ACCESSORIES

10-Foot Hose, 6 Feet CP24-0061 Elastofab

Ground Cloth, Polyethlene CP92-0037 Read Plastics

1/2-Inch Rising Stem Gate Valve CP24-0018 Speakman

6-Inch Hanged Gate Valve CP24-0059 Speakman

3/4-Inch Hose, 8 Feet CP24-0015 Elastofab

6-Inch FL A Adaptor CP20o-0300 Evertite

6-Inch FL 3 Adaptor CP20-0301 Evertite

Washer, Flat 3/4-Inch MS27183-23 Century Fastener

3/4-Inch "D" Coupling CP20-0237 Evertite

Btd, 3/4" x 2-1/2" MS90725-192 Century Fastener

Nut, 3/4-Inch MS51967-23 Century Fastener

16
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Table I Hardware Parts List - Cont'd

PART NUMBER MFG. PART NUMBER MANUFACTURER

V. EMERGENCY REPAIR ITEMS

Sealing Clamp, 3" NSN5430-00-766-8229 PM Manufacturing

Sealing Clamp, 5" NSN5430-00-766-8230 PM Manufacturing

Sealing Clamp, 7.5" NSN5430-0-768-0741 PM Manufacturing

Plug, Tapered, Wood, 5" CP20-0205 Halko

Plug, Tapered, Wood, 3" CP20-0206 Halko

Bostik 7376 CP30-0050 Bostik

Boscodur No. 4 CP30-0051 Bostik

Versilok 201 CP30-0037 Hughson Chemical

Accelerator No. 4 CP30-0038 Hughson Chemical

Edgelock CP30-0049 Reeves Brothers

Patch Material ST12P105-02 Reeves Brothers

Roller, Lot 003 CP20-0284 Robbins

Acid Brushes, Lot 008 CP20-0002 Fisher Scientific

MEK, Lot 18 ST72K448-01 Fisher Scientific

Cheese Cloth, Lot 019 CP10-0017 ILC

17



3.0 CONCLUSIONS

The objective of Phase II of contract DAAK7O-79-C-0211 was to answer to

major questions. First, can the 5,000 barrel fuel tank, with its contoured

corners, enormous size and specialized fittings, be manufactured by ILC

Dover? Also, will the coated Kevlar fabric tank, with its comparatively

lighter weight, withstand repeated field handling?

ILC successfully produced the 5,000 barrel tank with all the aforementioned

features. In fact, ILC feels that in a procurement scenario, it could pro-

* duce the tank with either the coated nylon or coated Kevlar fabric.

It is too premature, with existing data, to answer the second question.

The laboratory tests conducted in Phase I indicated that the coated Kevlar

material would withstand repeated hard folds encountered during normal

field operations. It would then seem likely that, barring abnormal or

abusive treatment during shipping, the 5,000 barrel tank should perform

well in the field.

18



4.0 RECOMMENDATIONS

ILC recommends that the 5,000 barrel fuel tank be tested in the tropics to

determine its performance in a field environment. ILC also recommends that

the polyurethane coated Kevlar be evaluated for its respective ease of hand-

ling, durability, deployability and maintainability. ILC also recommends that

the performance of redesigned suction stub be evaluated by the Army. If the

design proves beneficial by use in the field, standardization of all suction

stubs should conform to this design.

ILC finally recanmends that, after successful testing in the tropics, the

5,000 barrel tank actually be used in an operational exercise to simulate the

actual scenario for which the tank is intended.

19



I
5.0 TEST RESULTS

5.1 The majority of material testing for the 5,000 barrel tank was conducted

during Phase I of the program. The results of these tests were presented in

the Phase I program report. Additional material tests were conducted on the
production tank material and seam samples. The data resulting from these

tests are presented in Table 1 and 2 respectively. In addition, the tank was

subjected to a leakage test using a soap solution to detect leaks. This test

was successfully completed prior to shipping the tank.

20



- L >4-J
th

-S-- W 06

~~L c'..-. L.0
. ~ 0 ~~~-e Js~- 0 ) - 3

41 S.. .,
4.)

Eu .
3 a

CD Oj .0 f
-a .. U, C

0. -,I M. M CD4.)L
o A C .D -4 - 0.

- 4-- 0

06 WC 4. 4. e13

U- E/) -~. .
LAL& 0 U

LA. I-A.. CZ
o ~eua I

cc =) 4.E
(A> u0

.4).

0 An

iea . 0 -d 03)

Li. ci O 4)a)-) c

UC > tm C

00C

4.- ~4) M. 4

4.5 06 CA 1

ea-- 4-)

4..0
0. u C CL

C ~ t V.5. a, 0

Eu 3 .0) -)
06 0. 3 1 c X. J)

I1 L.. S-L 0 JL
0u -C 41 4) +J00

LA. 3n4 4L) )4) M "
0. ~ ~ 4 an C , 0)

4-JC 3

0 ) aU **C .) 0 )4.
010 Cc w- -4L -l



iCm
-WCimLO. %0.

-4- - U -

IAj CA - ...

A =\J%0[I S- I-L -4

13 0 0 ~ 4 4-4 (L) .l .

CL. IL R0. vr %

Q-. CL00. 0

o o 0 a

LL
LLI- 'Ul

(.Z :3-

CO,

(A +1 S. - - -
M.~ S.. I l l U

-0-0 0-0-0- 4jr S. a

0w I- 00.f 0C

063 CI CL .- 000 C- 000aS C1
000 00 0c 1=-6

0 1w0. 0 4'j S0L 4 .

I-.8
U,1

-. C C s-Sj C S .L .L

(A s- S- '0 t

>1 C - w- W .s- = C -4)a -L .
ea ?.+ 44- a +.-) eO . 4 -. ) 4- -

4-o I- C- x -x a- 0 C 9 wW 4) dJ) LL) 0L 41 0 Jr

1.43 s 3 *L0 L -J~0

Lol 4J - 0 w 4 1) 4- 8
U)~~A. 3+ .1-. )4.- ) 4

0. )L 0 -OJL '0 22



4 1J

4-A 4- 4-1
0 * -n

>A.
S- to(

10

2 ~4 4-)-. 0

4- 41

Uj 4-

4 CM 41

M 4 .CL l.a >

ul S. 4'.4-

I-J 30- +0c;E
(A ~4 4A' (

g~~-W cA C
4A 0'

w~41

4-' e- '42 4 0

di 0 0 0
oL w. 4- .C 1.

0jLb

(A~N mA A .

C.. C2C



C...)~U . .) * . .

en-r' CV)~ .(= .o cc -4 - -4
-4-40C0 %.D 0 a.

ic U 4)

0-4 -0

cm 1.- -4

cc) 1. 040 -rC.Ln t o k
a.-( 0-) *D . %:r C).

I.- LJ. Q 00 . -4 Ps -Ln A10 Ln Ln LO4 LO) Ln~'.

LLA

'I - 1. r_ .4-

o 0 0 01. .4-
w.). .C w 4J 2 &

I.. ~ 4.- 3

C.) 1 u*c ( 4.0 4. *-0M
a CL 4. mf. c W en0

I.a .C u 04.~.J
-A '4. U C- .- c.4 I- I

2c 4- 0U '
zA 0 20 -. c 0 U

0 0 a I (A 0

C..)) -0 V)4 0l 0. L&- L..n*

Li

-J-

4.

u COLL
c 4) 4.-I.

ea C 4J.) 00
.- ~ )4-1 I

4- I.34-

C tz 4)0 U ISO >0 >n)
1- L4- LC r fa '-C Cto

ea V)I 4-I* 0 4.C%
(a 3: MULea C 41 a - q
3 0 04) I.- m4Ca

Uj L4.4 fa
aC C 4- 1'. (V

In 4. 4-) 4.1 01 L l C0 ..
cm (3) S- C In 0 n (

*.~ S.1 C V)~ CU n

ea CA 4I (3~ W (V (U~-

V) 00,4 010 .)'-1 L
I-- *- o C4-L C o

.U d = *9 *.1 4- ~ .< *-) U
0. U0

4 -  
I.. QU UQ 41 4-

24



U C

c to -o LLU

4=J -H qr (A

Q- CD U- 4--

D - 4-A 0

(UC 0 .00

I. O. 1- . a) L
V)1- 4- 3.4-1 4. 'A

C. C etS.C
u U 0 (a x S

= em c )
cot-f *- ea u )

qx~~ .0(04 S

so CL a) 4-) 0
(A 4-) r_ = $ ea 0

to mU 0 4 U,4-'a 0 (a
=c0CLCOU cu

4- 4) ) CL V)4~~ C r
C. C WC) -,oU~ S.r 3-)Q(

m .~ 4-J W - r &- +
cm . L 'U Z: 0t

V) '4u.4 4- 4- cUS-

O- CO. *=w 4
4-C4J C- U CL0-w>t

V)' I.- (A C 4-- * 4ua A

oo4 4jC .01,0tzO 0 0

*- *.- AUU '-O EC C A4)

LA. C a- t fa.)0
z cu (2) uS- C -' L.

00J L*-. S J0 0Jto
-0.4-.0 +J 41 u (1.) = -4a (

to . O ) U.- .OC c
-r *04I-C a) (u 0 -o4)4

I--- CD- 00 3L (A- 0 ra - 0 4-

C. Co 41 S-"m0 0U 0.0u
LU mC --I W-COf (Ud 4)w

S .-- a W. = -4-) L
LU LL- . 0L 4-J 3: - 0 4) E

'U 'U a. c0

--4 4- - - - U l

U0 4 r- 4.)-w '0~

*0,. %. >-' 'C 0 t w4
kocx if oW4J -.T,

0) P.4 4)' a) C6 C L o V

C A0LAc S- SC- 0 X W-) ( =

o et) t Lfl-J U Lf.a 4-UW .
1 0 'UC 414 0(IC

toC. to4q c . 4-.- -4-) ~ C\
4- S-0 I" ar C) -n M r-

.-. 0v 4 . V e - -

0* Wa. a) C.-.-4

3 r. 4.' W - V) 4. ) "1S
. U1 0 1 V 4, W 0 4-)3U 'o > -4 .

.04'd 4. z Z) 0.
S- 4-'CJL 4 -' a )

L 4- 0-' . V)'U LA .C C (A V) v a

25 U~4- (



.Z 1

00s oO- V)0 CJ CD

0000

0A 0~ CD0 C

0 -0 0*h 00 0

ii" u
ZC CC 0c-'

- x .- C

LAJ 0,-CU
LLJ 0 00 %A0 0'0

0 Ln

0LJ u 0 .. CD 0 CD C)

La.' LO. r, n C, l C

LL. -

to -z 0
0~~0 0-'0 cJ.0 CO L L.0 L. 0 42 U

S-~~ 'oLL

41 CD W 4-J 0 0U, 0 C.4 S-' Q
4.0 -L E U 'a+ .- C)L % 4-1 4- =.
to . aj 4-- 41 C)V) vi (AE+

m4- 00 -.0S0 10IrC, -WC, 4S 04 .- 4-tj 4. 4-) . V- =. +i-4'4 L 4-S.. aU -L.

7Z 4-J cn- S- 4.) .- 0 +1,. 4- a
41 4.C. .L(A OJ..C-C4- L. Q 4- 0 to 0
fa 0E-1 4- L.l~ 0U 0 4-) ). aCL)

0. -~ 3-w=* "..+

Ma 0 C4 'U >J 4
- 0 2 00 Ln wJ .- 0'- -

4- 0:1 4- m. 0. :c't ,

26



CD go

cc 0

-4 4 -4 -4 q
LLO (nC m40 m n n QQ

vi Q 00 0 00 0000 00 000 c c

4-J + CL

~. - -* "04

I-LLJ (A (A 000 0'
"U t.6 CA

t - Li- vi0 A
cc J2.0.0 V% (

kc .0.0

LOU

o cC 0 k 4 4- 4- 
-- S- (L* 0 = 00 '

0 S- 4

a --- 'UC 4- 4.)'

~~0 cn S-. 41 0
LJ- LU. (A~-I~l C'

00 0 U,. .-

'U
I- 4- L 0

AA~~4 V)S )t)a% -
.0 4) S. :O.-LL a c

tot - ea ea0

4114 " o0 a-L ic- L. 0
s-ea 4 0 %0 c LL- c .C 4

.5 4-4I W C i.+jS m N.( 0 C 4 M.J C* 0 .D. 4
ea 0) .3 41 C1 4) w R

-UIn .- ~44) 4 Li- tZ tV 4
InOm SC Mn L. 4 ~

+j4j4 S04 1t C CC'.

In F 0- *' (A- Ez~ to

4J 4-)~ 43'; 44 ;An~~\ *AJ c ).. .u
'U~ L.> uv- IA>* 0 -I. 0 ~ ~ L >3). V3 L.. '

o.l. = C. -U u0

w4-J CI'U - U ~4'U*- '. '40 12 ' 4) 4
'U 'C In 4 .L4v * L. z3 24333j .'& 14 4-4 4) ~ 4 1 ' 4)-' CL %A

4) '- -4)~ UU ). . 4

CL.)

In In In27



APPENDIX "A"

Elastofab Speakman
Oakridge Road 42 Salisbury
Oakridge NJ 07438 Dover DE 19901

Bostik B. F. Goodrich
103 Happer Avenue 500 S. Main Street
Hawthorne NJ 07506 Akron OH 44318

Hughson Chemicals Evertite
2000 W. Grandview Blvd. 254 W. 54th.
Erie PA 16512 New York NY 10019

Century Fastener Cast-Rite Corp.
50-20 Ireland Street 515 East Airline Way
Elmhurst NJ 11379 Gardena CA 90248

Astrup Company Unirubber, Inc.
2937 W. 25th Street 130 A East 35th. Street
Cleveland OH 44113 New York NY 10016

DBR Distributing Company Easton Steel
83 North Main Street P. 0. Box 599
Yardley PA 19067 Easton MD 21601

SAS Gasket and Supply Co. Bronze & Plastic Specialties
275 Adams Blvd. 2025 Inverness Avenue
Farmingdale NY 11735 Baltimore MD 21230

Protecto Seal Company Fisher Scientific

227 Foster Avenue 191 S. Gulph Street
Bensenville IL 60106 King of Prussia PA 19406

PM Manufacturing Halko
P. 0. Box K 500 Duck Creek Road
Eaton Park FL 33840 Clayton DE 19938
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