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ABSTRACT

A series of organic polymers , compos i tes, and polymeric foams have
been investigated in terms of the Oxygen Index Method (ASTI4-2863-74). The
change in oxygen index as a function of tenperature was determined for each
material between ambient and 300 C and data plotted to prepare a te~~era-
ture index profile.
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I NTRODUCT ION

Organic materials of present or potential military significance , by the very
nature of their end use in military hardware , must be capable of resistance to a
flammability threat of a greater or lescer degree. These materiz4s should be se-
lected to minimize hazards to personnel and optimize equipment survivability . It
is , therefore, of interest and benefit to the Army to employ a flammability test
method which is reliable and relatively uncomplicated to evaluate the flammability
characteristics of polymeric materials .

Until reccnt ly, the only rapid, ur’omplicatcd methods of evaluating the flam-
inability of polymers were the so-called “bunsen burner tests” which were not always
reliable. However, the oxygen index flammability test introduced by Feninore and
Martin 1 in 1966, and the extension of this method to materials at elevated tempera-
ture as reported by Routley2 in 1973, has increased the reliability factor td thout
undue complicat ion.

The method of Fenimore and Martin defines the oxygen index n of a material as
the percentage concentration of oxygen in an oxygen-nitrogen mixture which will just
sustain equilibrium burning conditions, i.e., the heat produced by combustion of the
sample balances the heat loss to the surroundings. It is the lowest concentration
of oxygen which will support combustion , and is calculated from the equation:

n = 02/02 + N2

where n = oxygen index, 02 = oxygen concentration, N2 = nitrogen concentration.

Routley employed the oxygen index method to investigate the flammability be-
havior of materials and concluded that the method was of value in discriminating
between materials in terms of flammability behavior. However, he discovered anoma-
b us behavior in working with materials having an oxygen index above 20.8 (the oxy-
gen concentration of air) which would not be expected to burn in normal atmosphere.
Routley found that materials with an oxygen index of 27 or 28 would often burn in
air and he attributed this behavior to thermal or geometric considerations.

In an effort to evaluate flammability behavior at temperatures above ambient,
Routley determined the oxygen index in a heated oxygen-nitrogen atmosphere and
found that he could ignite and burn most materials at progressively lower oxygen
concentrations as the temperature of the surrounding atmosphere increased. He
defined “temperature index” as that temperature where the curve of a materiaP s
temperature dependence of oxygen index intercepts an oxygen concentration of 20.8.
This is also referred to as Tox-21. Thus, the utility of the oxygen index test
was extended in terms of evaluating the flammability behavior of materials, but at
the same time the reliability of the test was brought into question.

It would seem that in the interest of evolving a test method which produces a
numerical value, or rating, of flammability the use of the temperature dependence

I. I I  NIMORI . C. I’ . . and MARliN, F. J. Candle.Type Tct: Jor F’l4mniabiligy of Polymers. Modern Plastics, v. ~~ , no.3 . November
19. 6 . p. 14 1.

2. ROIITLFY , A. I. Development of the Oxygen Index Concept for the Assessment of the flammability Characteristics of Materials.
Central Dockyard Laboratory, H. M. Dockyard , Portsmouth , England , CDC 5/ 73 , November 1973.
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curve has been overlooked. If this curve is  consi-~ red a profile of material flam-
mability behavior it could yield useful inforniatio.s y means of which the ~~.a~tma-
bility response of organic polymers could be evaluated .

Investigation has shown that although two materials have similar oxygen index
values at 25 C, the shape, or profile, of the temperature dependenc..~ curve may -c

quite different for each type of material. Thus , a polymer t.ith accel l ablo ~ lam-
inability characteristics at ambient temperature could become a ha:ard at in elevated
temperature a~, for example, in the presence of a fire situat i on , althoug h it may
not be the initial source of the fire.

With these factors in mind the objective of the project reported herein ~~~~
been to evaluate the oxygen index and temperature index methods to determine their
utility for the assessment of flammability behavior of pol~mcric material s of in-
terest to the Army . Answers to the following questions were sought:

a. In routine operation can the oxygen index test truly differentiate betwe en
polymer classes?

b . Can the oxygen index test be applied by the Army to speci fi cations for
procurement of polymeric materials?

c . Does the temperature index test afford a more reliable picture of flam-
mability behavior and, if so, could it be employed to better advantage than the
oxygen index test in military specificat ions?

E XPE RI MENTAL

Ins trumentati on

The first phase of the program was directed toward either the fabrication of
the required apparatus or the acquisition of a commercial unit which wouJil accom-
plish the desired testing. A commercial instrument (Michigan Chemical Company ,
Oxygen Index Smoke Densitometer, Model 1300) was obtained . The instrument is sche-
matically described in Figure 1. In essence, the apparatus consists of gac flo~
meters for the introduction of oxygen and nitrogen , in known amount and at a con-
trolled flow rate, into a pyrex column . The premixed gases are passed through a
bed of inert material to insure complete mixing and uniformity of the gaseous
atmosphere.

In the elevated temperature mode required for temperature indexing, the gas
stream is warmed by an electrically heated coil at the base of the column . The
temperature level and rate of heating are regulated by a voltage controller and
the temperature is monitored by an external digital temperature indicator (Doric,
Model 412, Temperature Trendicator) employing an iron-constantan thermocouple,
capable of ±0.1 C resolution. The apparatus was modified to permit the intrmduc-
tion of laboratory air from a compressed air line which was reduced to 20 psi deliv-
ery pressure to conserve oxygen and nitrogen supplies while protecting the heating
coil with a constant flow of gas during periods of heating and cooling.

2 
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Test Procedure

Oxygen index values for the various -

samples examined were determined at am- ‘ I

bient (25 C) temperature according to
the criteria set fort h in ASTM-D 2863-74 -

“Flammability of Plastics Using the Oxy- I -. Cv~~NOem

gen Index Method” . Temperature index ...~~ ~~~~~~~~~~~~values w ere determined by applying the
same criteria to samples placed in an .

oxygen-nitrogen environment at tempera- * .

tures of 100, 200 , and 300 C. The val- ~~~~~~~~ ~- ..— • t ’ ’t~~’
ues of oxygen index thus obtained over
the range from ambient to 300 C were ~upr~ :
graphed versus temperature to obtain
the temperature dependence of oxygen
index or the so-called “temperature
index profi1e~ . Racu~a,os •IGU~ A IO5

RESULTS AND DISCUSSION ~~~=,  
‘ ..i I s

— ”

VA~ V t - *’~J. ~A LV t

Polymer specimens selected for test- •— .~~~ ,.t ..~~ ~~~~ i~-

ing were of four types : SILTEa

a. unfilled solid polymers; O1~’(~~ I. ‘*~~ .~~s

b. solid polymers filled with short
glass or carbon fibers;

c. composite materials composed of Figure 1. Schematic of apperatus.
a resin matrix and fiber
reinfor ~ement; andd. polymeric foams .

The samples here selected to represent general classes of polymeric materials
having present or potential interest to the Army in end-item applications .

Initial oxygen index determinations were made with poly(methylmethacrylate)
having an oxygen index of 17.3 ±0.2, which has been accepted as a secondary stan-
dard to insure that the apparatus was operating properly. This experiment was fol-
lowed by determination of the oxygen index of a polysulfone sample at 25 to 300 C.
Based upon 40 separate determinations it was concluded that the oxygen index value
could be determined within ±1.0% oxygen. A similar experiment was carried out with
an epoxy/glass composite material since the presence of a filler material can result
in erratic burning of the sample , and once again the oxygen index value could be
determined within 1.0% oxygen.

The results of these experiments indicate that with proper attention to de-
tail, materials can be evaluated with a reasonable degree of precision . However,
it should be remembered that such factors as individual sample uniformity , composi-
tion, char formation, evolution of gaseous components, etc., may alter the behavior
of a sample under examination, and the accuracy of the results. (The occurrence of
molten dripping during the test is a specific example of behavior which can give
extremely misleading values of oxygen index.)

3 
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Unfilled Polymers

The results shown in Table 1 and Figure 2 represent the behavior of a series
of polyamide (nylon) resins. The chemical formulae of the repeat units are shown
to illustrate structural similarity . Except in the case of Nylon 12, the simple
oxygen index value (data at 25 C only) indicates little difference in fla abllity
behavior. On the other hand, the data obtained by temperature indexing ftom .~~~ to

Table 1 . TEI ~ ERA TURE DEPENDENCE OF OXYG L N INDEX
FOR POL Y ANIDE RESINS

Temp ~C Nylon 6/6 Nylon 6/10 Ny lon 6 Nylon 11 Nylon 12
25 31.2 32.6 31.13 32.8 36.2
100 30.0 30.0 213.9 28.8 29.5
200 20.3 27.8 26.2 24.1 28.3
300 17.9 22. 4 20.2 17 .5 20.3

Ny lon 6/6 (-NH-C H2 )~-NH-C0(CH2 LC0-)~Nylon 6/10 (-NH-(CH 2)~-NH-C0(CH~ )3 C0-]flflylon 6 [-NH(CH 2)5—CO-]~Nylon 11 (-NH(CH2) 1O CO—]~Nylon 12 [-NH(CK 2)11C0—J~

NyI~~
3 5 -  0 6 6

o 6~lO

• 11

£ 12

3 0 -

C

25

Figure 2. Temperature dependence
of oxygen index.
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300 C indicates tL t t  each of ‘ : ese mat er ia ls responds in a different ~auuer as the
the rm~i1 cnv ir . f l I : ie t i t  is changed . .\lthough \ y l on  1~ has the most acceptable value
-it  .~~~ C , it is  no longer the be i se lec t ion  300 C . nor is ~ylon (‘/6 , with the
lowest va lue at ambient temperatuvt , the 1ea~ t acceptable at 300 C.

rable 2 ~ind Figure 3 pr~ -~~m tt the results .~: - t ~ ined !rJm: . polymers of different
~ule~ ui~ r structure and il!u~;tra ’e T h u  C t t t ~Lt  of temperature dependence of oxygen
index versus chemica l com posi t iou . These polyme rs possess similar oxygen index
val ues at  dS C but the~ do t behave s imilarly in their response between ~ and
300 C. The results of tempe rature
indexing shows that polypropylene 

~~~~ ~~. r[~;~ ~~~~~~~~~ VC PE~I~~ ICi OF 0X’- .~ N INDE X
and \ylon 11 have si nil - ir re~- utise s . LFF[C1 OF C~ EMICAt ~TPUCTURLthat the phenolic resin has severa l PO ly~~ m~~.“crossover15’ points , and that the Phenolic ~~~~~~~~~~

bis— (phenoxy)phosphazeue S huws ti~~ 
Temp 4C P.P. ~~ 1cn 11 Resm ’- phc s~m.1z(~~ :

least tendency toward ignition and 25 31 .8 32.13 35.7 32.0
burning from amb i ent to 200 C with
quite acceptable behavior from 200 300 17. 1 17. 5 24 .5 23.9
to 300 C. The data thus obtained
on unfilled organic polymer speci 

-

___________________________________
nens indicates that the temperature
index profile is a more informative 3T —

measure of flammabilit y behavior 0 P rcpyieneilsojciici

than the single oxygen index deter-
minat ion at ambient temperature .

0 Phenolic Res in

Fi I led Polymers • Polylbis ~~~~~~ pbosp~azeneI

The results presented in 
—

Table 3 and Figure 4 consider the
effect of filler on the f lammahil- 

-

ity of polymeric materials. Two
polymers were filled with carbon —

fiber at equal levels , but they re-
sponded differently to a combustion
situation. The bisphenol-\ poly-
sulfone tends to be somewhat more 3 —
flame res istant with increased load-
ing, while polyphenylen e sulf ide
rema ins essen ti a l ly  uncha nged wit h
up to 30% loading. Two other poly-
mers , a polyurethane and a styrene-
acrylonitrile copolymer , were glass
filled at the 40% level. The filler ~ —

Figu re 3. Temperature dependence of
oxygen index versus chemica l structure.

I ~ I
0 100 300

1+ ~~r a t i r p  ~~~ C

5 
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alters the flammability character of each polymer but in the case of the copolymer
it does so in a manner which would not have been predicted from the data at am-
bient temperature.

These results further illustrate that the temperature index profile gives a
more complete and at times unexpected in-~~çL into flammability of organic materials.

Composite Materials

Data obtained by application of the temperature indexing concept to composite
materials consisting of epoxy resin matrices and various fibers is shown in Table 4
and Figure 5. Composites a and d are commercial materials while composites b and c

Tab le 3 . TEl.~~ERA.T uRE DEPENDE~1CL VERSUS LOADING

Tenç (a~ (b) (c) (dl
(deg C) 0% 20.. 30% 0:; 20 30 0% 40% 0% 40%

25 29.6 33.4 35.5 42.9 4 1.1 41.6 22.2 20. 4 18.2 19.3
100 30.7 31.9 34.6 4 1.7 40.3 40.7 20.7 18.2 17.0 18.2
200 27 .0 31.9 33.3 41.0 39.8 40.1 19.0 18.2 17 .0 16.6
300 26.7 29.4 30.0 40.5 39 .7 40.0 18.6 1 5 J ~ 16.2 16.2

(a) Bisohenol A polysulfone • Carbon fiber

(b )  Polypheny lene su1f~de - Carbon fiber
(c) Pol yurethane — Glass fiber
(d) Styrene acrylonitrile Glass f’ber

__________________________________________ 
—________________________________

45k— Polypflenylene Su~tide-Ca rbon F Ibe r 0 Sfyr~*4 AcryIonltriIe.GIas~Fiber

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I
Polysulfone-Ca rbon Fiber 24r PoiyureThafle.GIas~ Fber

100 200 300 0 iSO 200 300
Tenperature , deg C temperature. deg C

Figure 4. Temperature dependence versus loading.

_ 
-~ 
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were prepared in-house from commer-
cial components. In this experiment
it is possible to detect Tox-21 which
Routlev refers to as the material’s Table 4. TEMPERATUR E DEPENDENCE OFtemperature index, thus indicating COMPOSITE MAT ERIALS
the temperature at which the sample (p~~y Novolac Epoxy Resin
would combust in air. Although the Glass  wynol’ Carbontemperature index profile affords an Temp F i ber Fiber Keviar 49 Ftber
overall indication of the behavior (deg C) (a) (b) (c) (d)
of an organic material at elevated 25 41.2 22.0 26. 4 24 .7
temperature , the Tox-2 l value could 100 39.2 20.8 25.3 23.2

200 26.2 18.2 24.4 18 5be used to “merit rate” materials 
~~ 23. 1 17 .3 19.1 18.0

at temperatures above ambient. The ‘Tradem~
4
~ ~.rer1car Kynol . ~~~~problem at this time is that within ni aga ra Fal ls , New York 14302

the use limits of presently available tra demark E .  I.  hj Por t . ~~~~
apparatus many polymers, especially . . i1r~ington. Delaware ~~~~
those in the high performance class ,
do not drop sufficiently to detec t
a value of Tox-2 l. In this respect ,
as well as the earlier comments con-
cernimg temperature indexing, the

o Epox y Novolac -Glass Fibertemperature dependence profile is a
more informative measure of materials ~ — A Epoxy Noxolac -Phenolic Fiber
response above ambient temperature.

O Epoxy Resin -Aram id Fiber

Polymeric Foams —
Resin <i~ on Fiber

The data presented in Table 5
and Figure 6 are the results of tern- —

perture index experiments with or-
ganic materials used in st ructura l
foam applications. The urethane and
methacrylimide foams are in commer-
cial use while the poly(benzimidazole) ~ 

—

and carbon fiber-reinforced polyimide ;
foams are of an experimental or de- ~~ -velopmental nature, being intended
for high performance applications .
As the use of foam materials increases ,
data such as this will become vital -

in assessing high temperature perfor-
mance in response to a flammability
threat . 21

19 —

Figure 5. Temperature dependence
• of composite materials.
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I I

0 100 200 300
Temperature. deg C

7

_ _  _ _ _ _  _ _ _ _  ---~~~~~~~~~~~~~~~~~~~~~ - -~~~~~~~~



Table 5. TEI’~ERATURL DEPENDENCE OF
POLYI’(RIC FOAM MATERIAL S

Oxyge n Index
(a) (b) Cc) (dl

Carbon Fiber-
Tee~ Methacryl- Poly(benz- Reinforced

(deg C) Urethane imtde imldazole) Polylande
25 22.5 22.0 63.6 59.5

100 21.0 17.9 62.0 54 .7
200 18.0 16.2 6 1.7 54 .5
300 16.4 14.0 61.7 51.9

CONCLIJSI ONS

At the initiation of this project it was intended that the oxygen index test
and its extension to include the temperature index concept be evaluated in terms
of the questions set forth in the Introduction of this report. Having applied
the test procedure to several materials which are representative of those of
interest to the Army , our results indicate the following.

a. The oxygen index test can generally be relied upon to give a first-order
approximation of polymer flammability. It cannot, by itself, differentiate classes
of polymers.

b. Because the oxygen index test is essential ly a single point measurement
it would have limited utility as a military specification parameter, and should
not be appl ied as such . Our data indicate that the values obtained at ambient
temperature are not generally indicative of flaimnability behavior as the tempera-
ture of the sample environment is changed .

c. Incorporation of the temperature index procedure does present a more
reliable picture of polymer flammability behavior since it cons iders the response
of the material under test to an elevated temperature environment. Data points
can be obtained at any desired interval and in most cases a value for Tox-2l can
be determined . With respect to military specifications it would seem that a Tox-21
value should be an included parameter. As more data become available one may find
that the temperature index profile is characteristic of the polymer class; however ,
further investigation on this point is required .

Over the course of th is study it has become evident that certain changes
in apparatus design would be advisable.

a. The heat control system for elevated temperature work would be more re-
liable if a proportional controll er were used to cycle only a small percen tage
of the thermal load and better maintain the working temperature in th~ sample
chamber.

b. The upper temperature limit of the apparatus should be extended tc’ permit
more complete evaluation of new high performance materials.

8 
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c. A reliable instrumental method for sensing the oxygen concentration in
the oxygen-nitrogen atmosphere , replacing the present flow meter system, should
be incorporated into the apparatus. This would eliminate the necessity for the
usual flow rate/gas volume conversion curves necessary with flow meters, and would
eliminate the necessity for gauge recalibration at six-month intervals. Such a
system would a~so reduce the time spent in calculating test results since the oxy-
gen concentration, i.e., the oxygen index, would be determined directly.

(Author ’s Note: A commercial oxygen index/temperature index apparatus which
incorporates most of the improvements suggested above has become available in the
United Kingdom during the term of this project.)

~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ - - — ~ — -~~~ -~~ - M



DISTRIBUTIOM List

So •~f No. of
Copies To

2 “e’ a i s  and Ceramics information Center . Batte lle Columbus Co,iriander. Edqewood Arsen al . Edgeinood , Mary land 21010
Laborator i es , 505 King Ouen~ e . CO1,.eebus . Ohio 43201 1 AIIM: SAR(A-TSP

1 SAREA .QAE
12 :y’r,ardor~ J r n ~ i Documentation Center , Cameron Station , 1 SAREA .QAI

~~~~~~~ 5, S~ l 0  ~~~~~ ~t’ret . Ale xandria . rqinia 22314 1 SAREA—QAP
1 SAREA-QA IP

C,ff ’c~ i~~J of Research and Development , Depar tment of
O n - . - ~~ ‘~ rqt oi , D. C. 20310 Coi,r’ander. U. ~~. Ar ,’y Fore ign Science ard Teoenol ~~jy Center ,

0 ’ ’. C°DP[S 220 7th Street . M - . Charlottesv i ll e , , ‘ r - ~ir ,~ ‘29C l
1 A~ T’d: 08551-SD?

- -~ r~,ndi. ’- OrmJ Research Off i ce , P . 0. Bon 12211 , Research
North Caro lina 27709 Coawnander . Frani fo r i Arsenal . Phila d elph ia . Penno ivar a 1 i~137

1 A TTN : SA RFA- P3300
r i - i - inn , U. S. A r v  ‘a ter a Development and Readiness I SARFA :2500

- r o d , 5(~ i C :e~~ o~ e’ Ov e ru e . A levandr ia , V irg in ia 22333 1 sARFA-Ql000
1 .~~~ ‘, 

- ?PC- .A 2 SAR FA-02l00
2 l~~ A-E 1 SAR FA-N3100-202- ’ 

- 
ur . C .  ~~Hra n

2 VC ~~ -P 1 SARFA -Q 6120- 64-1 , W . ¶.‘ebe- C
Mr . P • Zentner 1 5APFA -Q6130-54-l . Mr . C .  ‘, r .  ~z

1 VC V L 1 SARFA-A2 000
1 ~PEDE - F1 2 SARFA-F6000
1 DRCOE -F I CAPfA _ L 3r Y , ‘~r 3. r~~ , r , .

1 DRCRP-OIP
1 C oee,andpr . Har ry  Diaiimnd Laborator ies. 2800 Powde r Mi l l Road.

• ; i o o e r , Id. S. Arry Electroni cs Research and A del p hi , Mary land 20783
e lc I re rt  C - m a : :, Fort Monriouth . Sew Jersey 07703 2 AIIM : DRXDO-E DE

2 0 T’i : DRSEL-C B
1 RSEL - °P-PO Coeriander , Picatinny Ar senal . ver , Sn, er.ey 07801
1 ISEL-W1 4 1 AIIM : SARPA- RT-5
1 flRSE L~RD~C,T I S A P P A - i 4 f . Mr 14 )e ’ iz
I D P S E L - P V - C 1 A P P A - ~ C~~, Mr • I . H

1 ~A P PA . , (;, Hr A C lear
Coomander , U. S. Army Missile Researc h and Development 1 SARPA- ND 1 . Mr 0. tn
orrra nd . Redstone Arsenal . Alaban~ 35809 1 SAR PA -FR- M -~- , A . U A r t a l ~ rr , h1i~ 7f

2 .0115: 25i’ ’.~ r BL D , Redstone Scient ific information Center
D ’dOMI-VSM , Mr . C. J. Wheelahan Comander . Rock Island Arsenal , - - .  i s l a nd , :i li no i s ~1Cci

I rv uI~w~s . Hr 14. 1. Lawson 1 AIIM : SARRI—L . Dr . oi~ e hr i~~ ’ ’

2 P S M I - Q  1 SARR 1-LEQ
1 RSM I- M 2 SARR1- LRM

CoTlander , U. S. Army Mobility Equipment Research and Director , U. S. Arm y Product ion Iiu - r i  A qeni ~~, ~~~~~ is land
Development Command , 4300 Goodfellow Boulevard . St. Louis , Arsenal . Rock Island , Illinoi s l 1 2 i~~
MiSS ou ri 63120 1 ATTh : DROOL-MT

1 All’.: EIRSME-Q
1 DRSME-OP Coiimiander , U. S. A rmy Aeronautical Depot w e r a ns n .e ”t er ,

DRSME QR Corpus Christi • Texas 78419
1 DRSME-QE 1 AIIM: SSMAC-Q
1 DRSME-M

DRSME-P Commander , U. S. Army Amm unition Procurement and Suppl y A gency.
DR SME-R .io liet . il l inc i s 60436

2 AIIM: SHOAl-C
Commander, U. S. A rmy Armame nt Research and Development
Command , Rock Island , Illinois 61201 2 Commander . U. S. Army Mobil ity E auipment Research and

1 AIIM : DRSAR-SC , Dr . C. M . Hudson Development Conriand , Fort Bel voir , V i r gi n i a 22060
DRSAR-PPW-PB . Mr . Francis A . Walter 1 AIIM : Technical Documents Center , Bld s 315

2 Technical Library 1 DRXFB-P
1 DROFB-M

2 Conerander . U. S. Army Mat ick Research and Development I DRXFB- X
Conriand , Kansas Street , Natick , Massac husetts 01 760 1 DRXFB- A

I AIIM : DRXPIM-QE 1 DRXFB
1 DRXNM- GE 1 DRDFB—B

1 DRXFB-H
Convnander , U. S. Army Tan k-Automotive Research and 1 DRXFB-J
Development Coonnand , 28251 ‘di n Dyke Avenue , Warren . 1 DRA FB-F
M r r b r 2., r 48090 1 DRXFB-MM

1 Al .’, rRD YA_ RX MT Mr J. Dudzinskt 1 ORX FB-Q
DROIA-RXMT . Mr . F . Lemmer 1 DRUFB-QQ
ORDTA- PXMT , Mr . W . Wulf 1 DR UFR-QE . Mr . Jaco b 4. . ‘far z v

I DR0TA-RC,D, Mr . 0. Renius 1 DR XFB-MW . Dr . J . U. fiord
2 DROIA-Q EE , Mr . P. Duika

2 Commander . Watervi iet Arsenal . Wate rvl i el , New i nn 12189
Comma nder , U. S. Army Test and Evaluation Coiivnand , Aberdeen 1 AIIM : SARWV -QA , Mr . 3. Miller
° ‘o v r n q Ground , Maryland 21005 1 SARWV .-QA , Q u a i l -  Assurance f4 ~~ ,.

2 A l ’ S :  DRSTE-TA-A
Commander , Ann iston Army Depot , A r n , c l o n . ulabama 36202

Commander , Aberdeen Proving Ground , Maryland 21005 1 AIIM: AM UAN -QA
• 1 AIIM: STEAP-MT . Mr. 3. M. McK inley

STEAP—IL Commander , Atl anta A m y  Depot . - n - i irk , Georg ia 30050

~.~~~~~~cjJiN:

AMXAl .CSO . -

L - ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _  _ _



• is,, - 4

c c  ‘ - so le - .

,ri-~~r l,. r , n ‘ t n n i , ” - , , Am — 4 :eoot . Cnambr r ,l~~, - ; ,  ‘ ~~~~~~~~ , ‘ - I . ’ ..‘ a A mey ,n~~~~l , ‘ ,‘ a l a , ~~~~ 
•.,: ,a. a ‘““

• rn . ,~~
, i ‘ 7201 O’ ’, OH, ’ -

I .:‘—, .0M1:i r -
na ’ ‘ ‘ . ,. l A r . , .0CC :! , I - n ’ .’ , ‘ a

- a r  , i - - i . -n . ,~ - ,~~ ‘ 4 T -blu e ’ * r as t  A~~ , Depot , Le.inqton .
.0 ‘ ~ - ‘ma~~in. . ....5~ a 0n ” -~~~~~. ; ’ , .~.’ r” ‘- . .‘ -  . ‘ 97838

I 0’ ’’, L w .  .0

Co,i an- 1,.r . ‘, e ,  ~ur-be.’iaei A mrr i Depot . New Iur’rte n and , I C r c ~ , ii~ nra - •,.~ ‘ : wedyon ’. • -e 0art,’v~nI ‘ l~ ‘,a. 
1~ l ’ ’ ? ~ wa, rr n :t . , D. ~..  r r.

I .: 

- I n p .  e~~~~r~~—m,
-n , ~~~~~ Cnn , Depot , Pueblo, Colorado 81001 wv ..’ r ’ . rq t  . , i . C.

1 .0’ ’ .‘ ‘
‘.daa~ n- .~ d.(’ y~ 

ry t~r ,, .os ’ rr 4 tum . U . C. ~{ ) .04L
‘ri ,r.”j, r , Red ri ve n A ,nr , Depot, Tevarkana . Tevas 7’,50, . 3 n ri ’ . :  - i, V i : ’

.uri .arder . ,.n, r~’’ ? r . - ,rlcç,e.e ,’ D i v i s i e , .. r ’ ; : . F ,’’~~rI ‘rr ’r- ,iir rlen , Sa cramento Arr’ v Depot , Sacramento , 0 , r  . rc , ’  Ira ’ r , OhIo . 0 . 0  :r
i 1  ‘‘c r . r ,  Q ’y~~1 2 A T ’S . A’i.(

I :.~~~ ‘ i O _ ~ 4 I Gil” ,. ‘5 “. tar i’, ,c l-~~~rn~ ,

- ‘ n - d r - I n . , va rn a  Lrr- 1 Depot , Savanna . iIl in o i~ 510 74 Lo~~ander . U. 5. 0. ” , A , r a t i o n  Research and ~-..‘ Inpm-r-t
1 ~ .r),.riar~~, -

. i. ,,ç , “lusovn r 63lb ’~ 
-

- r e  4 - 1 . - n . ,‘n-,.r - ,~ A n”j  Depot , Romulus . New York 1454 1
I •:~~~~. .

~~t . . 0 . :  I S P:AO-A- L
I .k’~A V-L ~

- - :r,,’ rI,., , OracLe l.rrr: Depot, Lathrop , California 95330 SR$Ay.A -LV
1 :‘~~‘, ~~~~~~~~ -: 1 SRSA V.A-V

- ‘r- ,,’ I.- .- . Si enna Army Depot , Ilerlong , California 96113 Director , Army Mater ia ls And !4eclanics Research Center .
I 0”s o .~ O i ~ 0 Watertown , Massac husetts 02172

2 AIIM: DRAMR-PL
I ORXMR-AG
2 Author s

— 
. ~~~~~~ _ .



— - ---~~~~~-- --~~~~~ - ‘ -  - --

>.
a

V
(#9 W

• W I
W~~_.

o U. ~~U. —

z
L Uw O

1~~~~

UJ~~~I- ui
<C,

LU

0—  -J
~~ uJ —

C,,
C,,

uJ UJ
-I
C.,

‘~~~LUZ i.. 0
Ui

cnW

I—
Cl) — Ui

LU
I- >- U

I

>.
~~~~~

~~
I- LU (“4

<‘0  g~w ça)-~~ LUx ”~~ z
0 1 9  ~~
I~~ U~~Z !~~~ ‘C
LU

I

_
i 

,

j 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . . ~~~~..   -~~~~~~~~~~~~ . . . . .


