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Abstract 

Moisture diffusion measurements were made for coated and uncoated composite 
materials. Two substrates were used: T650/1914-4 (a graphite fiber reinforced thermoset 
epoxy) and AS4/Ultem (a graphite fiber reinforced thermoplastic polymer). The 
specimens were tested uncoated and coated with three polymer coatings-MIL-P-53030 
Primer, Humiseal 2A53, and 2031 Siloxirane. The coatings generally absorbed more 
moisture than the specimens and increased the total moisture absorption for the coated 
parts. For the AS4!Ultem bars, anisotropic diffusion constants were measured, and 
diffusion occurs in the fiber direction three times faster than transverse to the fibers. 
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1. Introduction 

This experimental study investigates the moisture absorption of composite 
material specimens with and without polymeric coatings. The results obtained 
here will be used to establish material diffusion constants and validate moisture 
diffusion models being developed for coated and uncoated composite materials 
[1]. 

2. Materials 

Two types of composite materials were used for this study-T650 graphite fiber 
reinforced 1914-4 epoxy (a thermoset composite system) and AS4 graphite fiber 
reinforced Ultem (a thermoplastic composite system). These materials have been 
investigated in several previous studies on moisture absorption [2, 3]. The 
T650/1914-4 samples were cut from a thin, autoclave-cured four-ply panel. The 
panels were 1.5 in x 2.75 in x 0.02 in; the fibers were lying in the 1.5 in x 2.75 in 
plane so that moisture diffusion would occur primarily in the direction 
transverse to the carbon fibers. The AS4/Ultem samples were manufactured by 
two methods: bars cut from a thick compression-molded panel, and disks cut 
from a composite preform manufactured by compression molding. The bars 
were made with two orientations so that anisotropic diffusion coefficients could 
be measured. They were made in the fiber direction and transverse to the fibers. 
The disks were cut from a preform transverse to the fiber direction so that 
diffusion would be predominately in the fiber direction. 

Three coating materials were investigated-Humiseal 2A53 coating, Siloxirane, 
and an Army CARC MIL-P-53030 primer. The coating materials were sprayed 
onto the test specimens. The coating thicknesses were measured after the 
moisture tests were concluded. The samples were sectioned using a Struers, Inc. 
accutom saw. The freshly cut edge was examined under a Leitz Wild 
stereomacroscope, model 420, at a nominal 320x power. The samples were 
mounted in the staging area of the macroscope using either a putty type material, 
or they were held in place by two plastic blocks such that measurements we.re 
made perpendicular to the cut surface. The samples were photographed at 
intervals of 0.2 in using a Hitachi HVC20 digital camera in conjunction with an 
Oculus-TCI Demonstration Software Program, Version 3.01 by Conco, Inc. 
These photographs were downloaded to a PC with an Ultra Plus II video 
capturing board and stored on the hard drive as a tiff file. Thickness 
measurements were then made using the software, Scion Image, Beta 4.02 by 
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Scion Corp. To correctly analyze these images, the scaling was set 420 pixels to 
equal 1 mm. The distance from the inner edge to the outer edge of the coating 
was measured using a cursor drop function (Figures 1 and 2). In regions where 
the saw pulled composite material into the coating, no measurements were taken 
(Figure 3). A full description of all of the test specimens is given in Table 1. 

Figure 1. Photograph of the T650/1914-4 plate showing the CARC MIL-P-53030 coating 
on both sides of the thin four-ply plate. 

Figure 2. Photograph of the AS4/Ultem bar with the Siloxirane coating on one side. 
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Figure 3. AS4/Ultem bar with the Siloxirane coating on one side showing a region where 
the cutting process pulled the composite material over the coating region. This 
occurred after the moisture test, when specimens were being prepared for 
coating measurements; no measurements were made in this region. 

Table 1. Specimens used in the present study. 

ubsl:rate Diffusion Directi n iation 

0.0007 

0 
0.00125 0.0004. 

3. Experimental Technique 

All of the specimens were thoroughly dried in a vacuum oven prior to testing. 
For testing, all samples were placed in a constant temperature-humidity 
chamber. The samples were evenly distributed in a steel mesh tray to ensure 
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uniform airflow around all specimens. Two test conditions were used: (1) 35 °C 
and 98% relative humidity (RH) and (2) 50 °C and 98% RH. Prior to testing, the 
specimens were weighed daily for the first 10 days of the test and every other 
day until the conclusion of the test. 

4. Results 

The moisture weight gain vs. time for the test specimens are shown graphically 
in Figures 4-8. Diffusion coefficients were calculated for each specimen from 
equation 1, as specified by ASTM Standard D 5229/D5229M-92 [4], 

(1) 

where h is the specimen thickness, Mm is the moisture saturation level, and the 
quantity in the second set of parentheses is the slope of the initial linear region 
on a plot of moisture weight gain vs. the square root of time. This initial linear 
region is normally taken to be 60% of the time required for saturation. Diffusion 
coefficients were calculated for all of the samples, even though they are not really 
appropriate for the coated samples (higher order analysis is necessary for the 
two-part systems and will be described in a subsequent study [5]). For the 
present study, these diffusion constants were calculated simply for comparison 
purposes. The reduced experimental data is listed in Table 2. 

From the results it is important to note the anisotropic nature of diffusion in the 
composite materials. For the uncoated bar specimens, the diffusion rates are on 
the order of three times higher in the fiber direction as opposed to transverse to 
the fibers. This agrees with results found in the general literature [6]. This 
means that moisture will absorb much more quickly in composite structures with 
exposed fiber ends (normal to the surface) than in structures with fibers parallel 
to the surfaces. 

The results reported here should be viewed as laboratory data. The coating 
thickness is relatively thick as compared to the small specimens. The 
experimental results will be used to validate theoretical models in a separate 
study. However, it is interesting to note that the coatings generally increased the 
maximum moisture contents and the diffusion coefficients as compared to the 
uncoated substrates. 
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Figure 4. Moisture absorption in T650/1914-4 plates at 35 °C and 98% RH. Group A had 
the primer coating, and group B had no coating. 
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Figure 5. Moisture absorption in AS4/Ultem disks at 35 oc and 98% RH. Group C had 
no coating, and group D had the primer coating. 
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Moisture Absorption After 18 Days- Plates at 50 2C 
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Figure 6. Moisture absorption in T650/1914-4 plates at 50 °C and 98% RH. Group A had 
the primer coating, and group B had no coating. 
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Figure 7. Moisture absorption in AS4/Ultem disks at 50 °C and 98% RH. Group Chad 
no coating, and group B had the primer coating. 
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Figure 8. Moisture absorption in AS4/Ultem compression molded bars at 50 °C and 98% 
RH. None of the specimens in groups A, B, and Chad diffusion in the fiber 
direction. Group A had no coating, group B had Humiseal 2A53 coating, and 
group C had Siloxirane coating. Groups X, Y, and Z experienced diffusion 
transverse to the fiber direction. Group X had no coating, group Y had 
Humiseal2A53 coating, and group Z had Siloxirane coating. 

5. Conclusions 

Moisture diffusion measurements have been made for coated and uncoated 
composite materials. Two substrates were used: T650/1914-4 (a graphite fiber 
reinforced thermoset epoxy) and AS4/Ultem (a graphite fiber reinforced 
thermoplastic polymer). The specimens were tested uncoated and coated with 
three polymer coatings (MIL-P-53030 Primer, Humiseal 2A53 and 2031 
Siloxirane). The coatings generally increased the total moisture absorption for 
the specimens. For the AS4/Ultem bars, anisotropic diffusion constants were 
measured and diffusion occurs in the fiber direction three times faster than 
transverse to the fibers. 
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Table 2. Testing results. 

No. Maximun\ Effective 
est . f [Spccun n Standard Moistnre [Standard Di fusi n Standard 

Substrate Coating Tempera tuie Spenmens TI11c:kness D (bon Content Deviation Cod& ent Dev:wbon 
fF I "C) {in) (%) (in2/ hr) 

T650/1914-4 Pruner 9S"F 7 2.786£-02 S.S22E-04 0.979 0.119 J .682E-06 3.091E-07 
P lates S"C 
Transverse 
tu Fibers 
1."650/191•1-4 None 95"F 6 2.300E-02 1.30o~E-03 0.906 0.141 3.764£-07 1.269E-07 
PJalcs 35"C 
Transverse 
to Fibers 
AS4/Ultem None gs•F 4 l .OOSE-01 1826£..()3 0.425 0.002 7821E-06 2.341E-06 
Disks Fiber 3s•c 
Direction 
AS4/Ui tem Primer 95 "F 4 1.083E-Ol 2 . .SS7E-04 0.472 0.017 9.972E-06 1.895E-06 
Dis · Fiber 35•c 
Direction 
T650/ 1914-4 Primer 122 "F 4 2.650E-02 l.OOOE-03 1.072 0.004 •1.984£-06 4.731E-07 
Plates SO"C 
Tra v se 
t.oFlbers 
T650/1914-4 None 122 "F iJ 2.150E-02 5.774£-04 1.042 0.022 2.948£-06 2.914E-07 
Plates 50 "C 
Transv r e 
lo Fibers 
AS4/Uitem Pruner 122 "F 4 1.003E-01 "1.708£-03 0.470 0.005 4.860E-05 3.522E-06 
Di k. Fiber so•c 
DirectJon 
A54/ Ullt!lll None 122 "F -1 1 .075E· Ol 2.380E-03 0.516 0.011 6.12lE-05 1 550£.05 
Disks Fiber 50 "C 
Direction 
AS4/Ui tem Nne 122 "F 4 9.725E-02 4.l93E·D3 0.403 0.005 5.0741!-05 2908£-06 
Bars Fiber 50 "C 
Direction 

1 AS4/Ui tem Hum1 al 122"F 4 9.875E-02 9574E-04 0.43.5 0.004 5.503£-05 2.020E-06 
Bars Fib SO "C 
Direction 
A54/ Uitem SUoxirane 122 "F " U l43E-01 2.630E-03 0582 0.006 9.280E-05 9.061E-06 
Bars Fiber SO "C 
Direchon 
AS'I / Uile.m None l 22 6 F 2 I9.650E-02 2.12 lE-03 0.436 0.007 1.686E-OS 2.565E-07 
Bar 50 "C 
Tmi15Verse 
to Fiber~ 
A54/ Ultem Hunuse.JI l22 °F 2 UJ35E-Ol 6.3W£..()3 0.457 0.007 2.195E-05 8.319E-08 
Bars 50° 
Transverse 
to Fibers 
AS4/Uitem Sflo.xiranc 122 "F 2 1.070E· Ol 2.828E-03 0566 0.021 6.138E-05 1.087£-06 
Ba so•c 
Trnn verse 
to Fibers 

8 



.It 

{ 

!<• 

! 

6. References 

1. 

2. 

Newill, J. F., S. H. McKnight, C. P. R. Hoppel, G. R. Cooper, and 
M. S. Berman. "Theoretical Evaluation of Moisture Protection Using 
Coatings." U.S. Army Symposium on Solid Mechanics Proceedings, Myrtle 
Beach, SC, 14 A pril1999. 

Bogetti T. A, C.P.R. Hoppet J. F. Newill, J. Elwood, and J. W. Gillespie, Jr. 
"Moisture Diffusion in a Graphite-Epoxy Composite." Proceedings of the 
American Society for Composites Twelfth Technical Conference, American Society 
for Composites, pp. 1133-1140, 1997. 

3. Hoppel, C. P. R., T. A Bogetti, and J. F. NewilL "Method of Evaluating 
Moisture Diffusion Coefficients for Composite Sabots." ARL-TR-1669, 
U.S. Army Research Laboratory, Aberdeen Proving Ground, MD, April1998. 

4. American Society for Testing and Materials. "Standard Test Method for 
Moisture Absorption Properties and Equilibrium Conditioning of Polymer 
Matrix Composite Materials." ASTM D 5229/D 5229M-92, Philadelphia, P A, 
1992. 

5. Newill,]. F., G. R. Cooper, S. H. McKnight, and C.P.R. HoppeL "Analytical 
Solutions for Coated Substrates Subjected to Transient Boundary 
Conditions." U.S. Army Research Laboratory, Aberdeen Proving Ground, 
MD, to be published. 

6. Rao, R. M. V. G. K., N. Balasubramanian, and M. Chandra. "Factors 
Affecting Moisture Absorbtion in Polymer Composites, Part I: Influence of 
Internal Factors." Environmental Effects on Composite Materials, edited by 
G. S. Springer, vol. 3, pp. 75-88, Lancaster, PA, 1988. 

9 



.. 

INTENTIONALLY LEFT BLANK. 

10 



NO. OF NO. OF 
COPIES ORGANIZATION COPIES ORGANIZATION 

2 DEFENSE TECHNICAL 1 DIRECTOR 
INFORMATION CENTER US ARMY RESEARCH LAB 
DTICDDA AMSRLCIAIR 
8725 JOHN J KINGMAN RD RECORDS MGMT 
STE 0944 2800 POWDER MILL RD 

' 
Ff BEL VOIR VA 22060-6218 ADELPHI MD 20783-1145 

1 HQDA 3 DIRECTOR 
DAMOFDT US ARMY RESEARCH LAB 

!!' 400 ARMY PENTAGON AMSRLCILL 

.. WASHINGTON DC 20310-0460 2800 POWDER MILL RD 
ADELPHI MD 20783-1145 

1 OSD 
OUSD(A&T)/ODDDR&E(R) 1 DIRECTOR 
RJTREW US ARMY RESEARCH LAB 
THE PENTAGON AMSRLCIAP 
WASHINGTON DC 20301-7100 2800 POWDER MILL RD 

ADELPHI MD 20783-1197 
1 DPTY CG FOR RDA 

US ARMY MATERIEL CMD 
AMCRDA ABERDEEN PROVING GROUND 
5001 EISENHOWER AVE 
ALEXANDRIA VA 22333-0001 4 DIRUSARL 

AMSRL CI LP (BLDG 305) 
1 INST FOR ADVNCD TCHNLGY 

THE UNIV OF TEXAS AT AUSTIN 
PO BOX 202797 
AUSTIN TX 78720-2797 

1 DARPA 
BKASPAR 
3701 N FAIRFAX DR 
ARLINGTON VA 22203-1714 

1 US MILITARY ACADEMY 
MATH SCI CTR OF EXCELLENCE 
MADNMATH 
MAJHUBER 
TiiAYERHALL 
WEST POINT NY 10996-1786 

1 DIRECTOR 
US ARMY RESEARCH LAB 
AMSRLD 
DR SMITH 

'!"· 
2800 POWDER MILL RD 
ADELPHI MD 20783·1197 

~ 
1 DIRECTOR 

US ARMY RESEARCH LAB 
AMSRLDD 
2800 POWDER MILL RD 
ADELPHI MD 20783-1197 

11 



NO. OF NO. OF 
COPIES ORGANIZATION COPIES ORGANIZATION . 

I 
1 DIRECllOR 1 COMMANDER 

US ARMY RESEARCH LAB US ARMY ARDEC 
AMSRL.CPCA AMSTAARM 
DSNIDER DDEMELLA 
2800 POWDER MILL RD PICA TINNY ARSENAL NJ 
ADELPH1 MD 20783-1145 07806-5000 

1 OIRECfOR 3 COMMANDER 
US ARMY RESEARCH LAB US ARMY ARDEC 
AMSRL OP SD TA AMSTAARFSA .. 
2800 POWDER MILL RD AWARNASH 
ADELP~I MD 20783-1145 BMACHAK 

MCHIEFA 
3 DIRECfOR PICA TINNY ARSENAL NJ 

US ARMY RESEARCH LAB 07806-5000 
AMSRL OP SD TL 
2800 POWDER MILL RD 2 COMMANDER 
ADELPHI MD 20783-1145 US ARMY ARDEC 

AMSTA AR FSP G 
1 DIRECTOR MSCHIKSNIS 

US ARMY RESEARCH LAB DCARLUCCI 
AMSRL OP SD TP PICA TINNY ARSENAL NJ 
2800 POyYDER MILL RD 07806-5000 
ADELPHI MD 20783-1145 

1 COMMANDER 
1 DIRECTOR US ARMY ARDEC 

DAOAS*RDA AMSTA AR FSP A 
SARDSO, PKISATSKY 
103 ARMY PENTAGON PICA TINNY ARSENAL NJ 
W ASHIN~TON DC 20310-0103 07806-5000 

I 

i 

1 DPTY ASST SECY FOR R&T 2 COMMANDER 
I 

SARDIT
1 

US ARMY ARDEC 
THE PEN!fAGON AMSTA AR CCH C 
RM3EA79 HCHANIN 
WASHINGTON DC 20301-7100 SCHICO 

I 
PICA TINNY ARSENAL NJ 

1 COMMANDER 07806-5000 
US ARM'xj MATERIEL CMD 
AMXMIINT 1 COMMANDER 
5001 EISENHOWER AVE US ARMY ARDEC 
ALEXANDRIA VA 22333-0001 AMSTA AR QAC T 

I 

D RIGOGLIOSO I 
1 COMMAKlDER PICA TINNY ARSENAL NJ 

US ARMY[ARDEC 07806-5000 
"' AMSTAARQACTC 

CPATEL I 1 COMMANDER 
PICA TINNY ARSENAL NJ 

I 
US ARMY ARDEC .. 

07806-5000 AMSTAARSRE "' i DYEE 

I 
PICA TINNY ARSENAL NJ 
07806-5000 

I 

12. 



NO. OF NO. OF 
COPIES ORGANIZATION COPIES ORGANIZATION 

9 COMMANDER 11 PMTMAS 
US ARMY ARDEC SFAE GSSC TMA 
AMSTA AR CCH B RMORRIS 
PDONADIA CKIMKER 
FDONLON DGUZOWICZ 

.. PVALENTI EKOPACZ 
CKNUTSON RROESER 
GEUSTICE RDARCY 
SPATEL RMCDANOLDS 

"' GWAGNECZ LDULISSE 
RSAYER CROLLER 
FCHANG JMCGREEN 
PICA TINNY ARSENAL NJ BPATIER 
07806-5000 PICA TINNY ARSENAL NJ 

07806-5000 
6 COMMANDER 

US ARMY ARDEC 2 PEO FIELD ARTILLERY SYS 
AMSTAARCCL SFAEFASPM 
FPUZYCKI HGOLDMAN 
RMCHUGH T MCWILLIAMS 
DCONWAY PICA TINNY ARSENAL NJ 
E JAROSZEWSKI 07806-5000 
RSCHLENNER 
MCLUNE 1 COMMANDER 
PICA TINNY ARSENAL NJ US ARMY ARDEC 
07806-5000 AMSTAARWEA 

}BRESCIA 
1 COMMANDER PICA TINNY ARSENAL NJ 

US ARMY ARDEC 07806-5000 
AMSTAARWET 
TSACHAR 1 COMMANDER 
BLDG172 US ARMY ARDEC 
PICA TINNY ARSENAL NJ PRODUCTION BASE 
07806-5000 MODERN AerY 

AMSMCPBMK 
1 COMMANDER PICA TINNY ARSENAL NJ 

:US ARMY ARDEC 07806-5000 
AMSTAASF 
PICA TINNY ARSENAL NJ 6 PMSADARM 
07806-5000 SFAEGCSSSD 

COL BELLIS 
1 US ARMY ARDEC MDEVINE 

INTELLIGENCE SPECIALIST RKOWALSKI 
AMSTA AR WEL F WDEMASSI 

;' 
MGUERRIERE }PRITCHARD 
PICA TINNY ARSENAL NJ SHROWNAK 
07806-5000 PICATINNY ARSENALNJ 

"' 07806-5000 
!" 

13 



NO. OF NO. OF 
COPIES ORGANIZATION COPIES QRGANIZATION 

1 COMMANDER 1 COMMANDER 
USARMYTACOM US ARMY TACOM 
PM ABRAMS PM SURVIVABLE SYSTEMS 
SFAEASMAB SFAE GCSS W GSI H 
6501 ELEVEN MILE RD MRYZYI 
WARREN MI 48397-5000 6501 ELEVEN MILE RD 

WARREN MI 48397-5000 
3 COMMANDER 

USARMYTACOM 1 COMMANDER 
PM TACTICAL VEHICLES US ARMY TACOM 

.. 
SFAETVL PMBFV •. 
SFAETVM SFAE GCSS W BV 
SFAETVH SDAVIS 
6501 ELEVEN MILE RD 6501 ELEVEN MILE RD 
WARREN MI 48397-5000 WARREN MI 48397-5000 

I 

1 COMMANDER 1 COMMANDER 
USARMYTACOM US ARMY TACOM 
PMBFVS PM LIGHT TACTICAL VHCLS 
SFAEASMBV AMSTA TRS 
6501 ELEVEN MILE RD A J MILLS MS 209 
WARREN MI 48397-5000 6501 ELEVEN MILE RD 

WARREN MI 48397-5000 
1 COMMANDER 

USARMYTACOM 1 COMMANDER 
PMAFAS US ARMY TACOM 
SFAEASMAF PM GROUND SYSTEMS 
6501 ELEVEN MILE RD INTEGRATION 
WARREN MI 48397-5000 SFAE GCSS W GSI 

RLABATILLE 
1 COMMANDER 6501 ELEVEN MILE RD 

USARMYTACOM WARREN MI 48397-5000 
PMRDT&E 
SF AE GCSS W AB 1 COMMANDER 
JGODELf.. USARMYTACOM 
6501 ELEVEN MILE RD CHIEF ABRAMS TESTING 
WARREN MI 48397-5000 SFAE GCSS W AB QT 

COMMAirDER 
T KRASKIEWICZ 

2 6501 ELEVEN MILE RD 
US ARMY TACOM WARREN MI 48397-5000 
PMSURVSYS 
SFAEASMSS 1 COMMANDER 
TDEAN: US ARMY TACOM 

I 

SFAE GCSS W GSI M AMSTASF 
DCOCHRAN 

I 
WARREN MI 48397-5000 ;: 

6501 ELEVEN MILE RD 
WARREN! MI 48397-5000 1 COMMANDER 

WATERVLIET ARSENAL .. 
! SMCWVQAEQ .,; 

BVANINA 
BLDG44 
WATERVLIET NY 12189-4050 

14 



NO. OF NO. OF 
COPIES ORGANIZATION COPIES ORGANIZATION 

15 COMMANDER 3 ARMOR SCHOOL 
USARMYTACOM ATZKTD 
AMSTATRR RBAUEN 
]CHAPIN }BERG 
R MCCLELLAND APOMEY 
DTHOMAS FT KNOX KY 40121 

I -
]BENNETT 
DHANSEN 2 HQIOCTANK 
AMSTAJSK AMMUNITION TEAM 

.;::.-
SGOODMAN AMSIOSMT 

I 
}FLORENCE RCRAWFORD 

I KIYER WHARRIS 
DTEMPLETON ROCK ISLAND IL 61299-6000 
A SCHUMACHER 
AMSTATRD 1 DIRECTOR 
DOSTBERG US ARMY AM COM 
LHINOJOSA SFAEAVRAMTV 
BRAJU DCALDWELL 
AMSTACSSF BLDG5300 
H HUTCHINSON REDSTONE ARSENAL AL 
FSCHWARZ 35898 
WARREN MI 48397-5000 

2 COMMANDER 
1 COMMANDER US ARMY AM COM 

WATERVLIET ARSENAL AVIATION APPLIED TECH DIR 
SMCWVSPM JSCHUCK 
TMCCLOSKEY FT EUSTIS VA 236()4..5577 
BLDG253 
WATERVLIET NY 12189-4050 1 USARMYCERL 

RLAMPO 
2 TSMABRAMS 2902 NEWMARK DR 

ATZKTS CHAMPAIGN IL 61822 
SJABURG 
W MEINSHAUSEN 4 DIRECTOR 
FT KNOX KY 40121 US ARMY CECOM 

NIGHT VISION & 
11 BENET LABORATORIES ELECTRONIC SENSORS DIR 

AMSTAARCCB AMSEL RD NV CM CCD 
RFISCELLA RADAMS 
GO ANDREA RMCLEAN 
EKATHE A YINGST 
MSCAVULO AMSEL RD NV VISP 
GSPENCER EJACOBS 
PWHEELER 10221 BURBECK RD 
KMINER FT BEL VOIR VA 22060·5806 
J VASILAKIS 
GFRIAR 2 US ARMY CORPS OF ENGINEERS 
RHASENBEIN CERDC 
AMSTACCBR TLIU 
SSOPOK CEWET 
WATERVLIET NY 12189-4050 TTAN 

20 MASS AVE NW 
WASHINGTON DC 20314 

15 



NO. OF NO. OF 
COPIES ORGANIZATION COPIES ORGANIZATION 

3 DARPA 1 OAK RIDGE NATIONAL 
MVANFOSSEN LABORATORY 
SWAX C EBERLE MS 8048 
L CHRISTODOULOU POBOX2009 
3701 N FAIRFAX DR OAK RIDGE TN 37831 
ARLINGTON VA 22203-1714 

1 OAK RIDGE NATIONAL 
2 SERDP PROGRAM OFC LABORATORY 

PMPZ CD WARREN MS 8039 
CPELLERIN POBOX2009 

""; 

BSMITH OAK RIDGE TN 37922 
901 N STUART ST STE 303 

'' ARLINGTON VA 22203 7 NIST 

I 

RPARNAS 
1 FAA JDUNKERS 

MIL HDBK 17 CHAIR M VANLANDINGHAM MS 8621 
LILCEWICZ J CHIN MS 8621 
1601 LIND AVE SW D HUNSTON MS 8543 
ANM11l'iN J MARTIN MS 8621 
RESTON VA 98055 D DUTHINH MS 8611 

US DE~ OF ENERGY 
100 BUREAU DR 

1 GAITHERSBURG MD 20899 
OFC OF ENVIRONMENTAL 

I, 

MANAGEMENT 1 HYDROGEOLOGIC INC 
PRITZCbVAN SERDP ESTCP SPT OFC 
19901 GERMANTOWN RD SWALSH 
GERMAi-rrOWN MD 20874-1928 1155 HERNDON PKWY STE 900 

I HERNDON VA 20170 
1 DIRECT <DR 

LLNL I 3 DIRECTOR 
F ADDESSIO MS B216 SANDIA NATIONAL LABS 

I 

POBOXiJ.633 APPLIED MECHANICS DEPT 
LOS ALAMOS NM 87545 DIV8241 

I 

i JHANDROCK 
5 DIRECTOR YRKAN 

LLNL ]LAUFFER 
R CHRISTENSEN POBOX969 

I 

SDETERESA LIVERMORE CA 94550-0096 
FMAGNESS 
M FINGER MS 313 3 NASA LANGLEY RSCH CTR 
M MURPHY L 282 AMSRLVS 
PO BOX808 WELSER MS 266 
LIVERMORE CA 94550 F BARTLETT JR MS 266 

G FARLEY MS 266 
1 OAK RIDGE NATIONAL HAMPTON VA 23681-0001 

LABORATORY 
RMDAVIS 1 NASA LANGLEY RSCH CTR 
POBOX2008 T GATES MS 188E 
OAK RIDGE TN 37831-6195 HAMPTON VA 23661-3400 

1 USDOT FEDERAL RAILRD 
MFATEHRDV31 
WASHINGTON DC 20590 

18 



NO. OF NO. OF 
COPIES ORGANIZATION COPIES ORGANIZATION 

1 FHWA 1 COMPOSITE MATERIALS INC 
EMUNLEY CRILEY 
6300 GEORGETOWN PIKE 14530 SANSON AVE 
MCLEAN VA 22101 SANTA FE SPRINGS CA 90670 

. 1 CENTRAL INTLLGNC AGNCY 2 COMPOS IX 
OTIWDAGGT DBLAKE 
WLWALTMAN LDIXON 
POBOX1925 120 0 NEILL DR 

"' WASHINGTON DC 20505 HEBRUN OHIO 43025 

I • 1 MARINE CORPS 4 CYTEC FIBERITE 
INTELLIGENCE ACTIVITY RDUNNE 
DKOSITZKE DKOHLI 
3300 RUSSELL RD STE 250 MGILLIO 
QUANTICO VA 22134-5011 RMAYHEW 

1300 REVOLUTION ST 
1 DIRECTOR HAVRE DE GRACE MD 21078 

NATIONAL GRND INTLLGNC CTR 
IANGTMT 2 SIMULA 
220 SEVENTH ST NE JCOLTMAN 
CHARLOTTESVILLE VA RHUYETT 
22902-5396 10016 S 51ST ST 

PHOENIX AZ 85044 
1 DIRECTOR 

DEFENSE INTLLGNC AGNCY 1 SIOUXMFG 
TAS BKRIEL 
KCRELLING POBOX400 
WASHINGTON DC 20310 Ff TOTTEN ND 58335 

1 GRAPHITE MASTERS INC 2 PROTECTION MATERIALS INC 
]WILLIS MMILLER 
3815 MEDFORD ST FCRILLEY 
LOS ANGELES CA 90063-1900 14000 NW 58 CT 

MIAMI LAKES FL 33014 
1 ADVANCED GLASS FIBER YARNS 

TCOLLINS 3 FOSTER MILLER 
281 SPRING RUN LANE STE A JJGASSNER 
DOWNINGTON PA 19335 MROYLANCE 

WZUKAS 
1 COMPOSITE MATERIALS INC 195 BEAR HILL RD 

DSHORTI WALTHAM MA 02354-1196 
1910563 AVE NE 
POBOX25 1 ROM DEVELOPMENT CORP 
ARLINGTON W A 98223 ROMEARA 

.~ 

136 SWINEBURNE ROW 
1 COMPOSITE MATERIALS INC BRICK MARKET PLACE 

RHOLLAND NEWPORT RI 02840 
11JEWELCT 
ORINDA CA 94563 1 0 GARA HESS & EISENHARDT 

MGILLESPIE 
9113 LESAINT DR 
FAIRFIELD OH 45014 

19 



NO. OF I NO. OF 
COPIES ORGNhZATION COPIES ORGANIZATION 

I 

I 

2 TEXTRGN SYSTEMS 1 SAIC 
I 

TFOLTZ MPALMER 
MTREASURE 1410 SPRING HILL RD STE 400 
201 LOWELL ST MSSH45 
WILMINGTON MA 08870-2941 MCLEAN VA 22102 

.·, 

1 JPSGLASS 1 SAIC 
LCARTER G CHRYSSOMALLIS 
POBOX260 3800 W 80TH ST STE 1090 • SLATERRD BLOOMINGTON MN 55431 
SLATER SC 29683 

1 AAI CORPORATION 
2 MILLIKEN RSCH CORP TGSTASTNY 

HKUHN POBOX126 
MMACI:.EOD HUNT VALLEY MD 21030-0126 
POBOX1926 
SPARTANBURG SC 29303 1 APPLIED COMPOSITES 

WGRISCH 
1 CONNE..;\UGHT INDUSTRIES INC 333 NORTH SIXTH ST 

]SANTOS ST CHARLES IL 60174 
POBOX1425 
COVENTRY RI 02816 3 ALLIANT TECHSYSTEMS INC 

}CONDON 
2 BATTELLE NATICK OPNS ELYNAM 

]CONNORS ]GERHARD 
BHALPIN WV0116 STATE RT 956 
209 W CENTRAL ST STE 302 POBOX210 
NATICK MA 01760 ROCKET CENTER WV 

26726-0210 
1 ARMTEC DEFENSE PRODUCfS 

SDYER . 1 CUSTOM ANALYTICAL 
85 901 AVE 53 ENGSYSINC 
POBOXMS A ALEXANDER 
COACHELLA CA 92236 13000 TENSOR LANE NE 

FLINTSTONE MD 21530 
1 GLCCINC 

]RAY 1 OFC DEPUTY UNDER SEC DFNS 
103 TRADE ZONE DR STE 26C }THOMPSON 
WEST COLUMBIA SC 29170 1745 JEFFERSON DAVIS HWY 

CRYSTAL SQ 4 STE 501 
3 PACIFIC NORTHWEST LAB ARLINGTON VA 22202 

MSMITH' 
GVAN~SDALE 1 PROJECTILE TECHNOLOGY INC 
RSHIPPELL 515GILESST 

I 

POBOX999 HAVRE DE GRACE MD 21078 
RICHLAND WA 99352 

I 1 LORAL VOUGHT SYSTEMS ! 

2 AMOCO $RFORMANCE KCOOK 
PRODUC~S 1701 W MARSHALL DR .. 
MMICHNOJR GRAND PRAIRIE TX 75051 
J BANISAWKAS 
4500 MCGINNIS FERRY RD 
ALPHAREjrr A GA 30202-3944 

20 



NO. OF NO. OF 
COPIES ORGANIZATION COPIES ORGANIZATION · 

3 HEXCELINC 1 GKN AEROSPACE 
RBOE DOLDS 
PO BOX18748 15 STERLING DR 
SALT LAKE CITY UT 84118 WALLINGFORD CT 06492 

-· 8 ALLIANT TECHSYSTEMS INC 1 PRATI & WHITNEY 
C CANDLAND MNll 2830 CWATSON 
C AAKHUS MN11 2830 400 MAIN ST MS114 37 
B SEE MNll 2439 EAST HARTFORD CT 06108 

~ N VLAHAKUS MNll 2145 

i • 
R DOHRN MNll 2830 5 SIKORSKY AIRCRAFT 
S HAGLUND MNll 2439 GJACARUSO 
M HISSONG MN11 2830 T CARSTENSAN 
D KAMDAR MNll 2830 BKAY 
600 SECOND ST NE 5 GARBO MS 5330A 
HOPKINS MN 55343-8367 J ADELMANN 

6900MAINST 
5 AEROJET GEN CORP POBOX9729 

DPILLASCH STRATFORD CT 06497-9729 
TCOULTER 
CFLYNN 1 AEROSPACE CORP 
DRUBAREZUL G HAWKINS M4 945 
MGREINER 2350 E EL SEGUNDO BLVD 
1100 WEST HOLL YV ALE ST EL SEGUNDO CA 90245 
AZUSA CA 91702-0296 

2 CYTEC FIBERITE 
1 HERCULES INC MLIN 

HERCULES PLAZA WWEB 
WILMINGTON DE 19894 1440 N KRAEMER BLVD 

ANAHEIM CA 92806 
1 BRIGS COMPANY 

JBACKOFEN 1 HEXCEL 
2668 PETERBOROUGH ST TBITZER 
HERNDON VA 22071-2443 11711 DUBLIN BLVD 

DUBLIN CA 94568 
1 ZERNOW TECHNICAL SERVICES 

LZERNOW 1 BOEING 
425 W BONITA AVE STE 208 RBOHLMANN 
SAN DIMAS CA 91773 PO BOX 516 MC 5021322 

ST LOUIS MO 63166-0516 
2 OLIN CORPORATION 

FLINCHBAUGH DIV 2 BOEING DFNSE & SPACE GP 
ESTEINER W HAMMONDS 4X55 
BSTEWART J RUSSELL S 4X55 
POBOX127 POBOX3707 

,0 

RED LION PA 17356 SEA TILE WA 98124-2207 

1 OLIN CORPORATION 2 BOEING ROTORCRAFT 
LWHTTMORE PMINGURT 
10101 NINTH ST NORTH PHANDEL 
ST PETERSBURG FL 33702 800 B PUTNAM BLVD 

WALLINGFORD PA 19086 

21 



NO. OF NO. OF 
CQPIES ORGANIZATION COPIES QRGANIZATION 

I 

1 BOEING 2 UDLP 
DOUGUAS PRODUCTS DIV R BARRETT MAIL DROP M53 
L J HART SMITH V HORVATICH MAIL DROP M53 
3855 LAKEWOOD BLVD 328 W BROKAW RD 
D8000019 SANTA CLARA CA 95052-0359 
LONG BEACH CA 9084&.0001 

! 3 UDLP 
1 LOCI<:J-$ED MARTIN GROUND SYSTEMS DIVISION 

SREE~ M PEDRAZZI MAIL DROP N09 .. 
86socqBBDR A LEE MAIL DROP Nll 
D 73 62 MZ 0648 M MACLEAN MAIL DROP N06 
MARIE'JiT A GA 30063-0648 1205 COLEMAN AVE 

SANTA CLARA CA 95052 
1 LOCKfiEED MARTIN 

SKUNK WORKS 4 UDLP 
DFORTNEY RBRYNSVOLD 
1011 LOCKHEED WAY P JANKE MS 170 
PALMDALE CA 93599-2502 4800 EAST RIVER RD 

' 
MINNEAPOLIS MN 55421-1498 

1 LOCKHEED MARTIN 
RFIELDS 1 GDLS DIVISION 
1195 IRWIN CT DBARTLE 
WINTER SPRINGS FL 32708 POBOX1901 

WARREN MI 48090 
1 MATERIALS SCIENCES CORP 

BWROSEN 2 GDLS. 
500 OFC CENTER DR STE 250 DREES 
FT WASHINGTON PA 19034 MPASIK 

POBOX2074 
1 NORTHRUP GRUMMAN CORP WARREN MI 48090-2074 

ELECTRONIC SENSORS 
& SYSTEMS DIV 1 GDLS 
E SCHOCH MS V 16 MUSKEGON OPERATIONS 
1745A WNURSERY RD WSOMMERSJR 
LINTHICUM MD 21090 76GE1TYST 

MUSKEGON MI 49442 
2 NORTHROP GRUMMAN 

ENVIRONMENTAL PROGRAMS 1 GENERAL DYNAMICS 
ROSTERMAN AMPHIBIOUS SYS 
AYEN SURVIVABILITY LEAD 
8900 E WASHINGTON BLVD GWALKER 
PICO RIVERA CA 90660 991 ANNAPOLIS WAY 

WOODBRIDGE VA 22191 
1 UDLP 

DMARTIN 6 INST FOR ADVANCED TECH 
POBOX~9 HFAIR 

·..;. 

SANTA QARA CA 95052 I MCNAB 
I 
I PSULUVAN 

1 UDLP I SBLESS ... 
GTHOM~S WREINECKE 
POBOX5

1 

123 CPERSAD 
SANTA CLARA CA 95052 3925 W BRAKER LN STE 400 

I 

AUSTIN TX 78759-5316 
! 

22 



NO. OF NO. OF 
COPIES ORGANIZATION COPIES ORGANIZATION 

2 CIVIL ENGR RSCH FOUNDATION 1 UNIV OF WYOMING 
PRESIDENT DADAMS 
HBERNSTEIN POBOX3295 
R BELLE LARAMIE WY 82071 
101515TH ST NW STE 600 
WASHINGTON DC 20005 2 PENN STATE UNIV 

RMCNITT 
1 ARROW TECH ASSOC CBAKIS 

1233 SHELBURNE RD STE D 8 212 EARTH ENGR SCIENCES BLDG 
SOUTH BURLINGTON VT UNIVERSITY PARK PA 16802 
05403-7700 

1 PENN STATE UNIV 
1 R EICHELBERGER RSENGEL 

CONSULTANT 245 HAMMOND BLDG 
409 W CATHERINE ST UNIVERSITY PARK PA 16801 
BEL AIR MD 21014-3613 

1 PURDUEUNIV 
1 UCLA MANE DEPT ENGR IV SCHOOL OF AERO & ASTRO 

HTHAHN CTSUN 
LOS ANGELES CA 90024-1597 W LAFAYETTE IN 47907-1282 

2 UNIV OF DAYTON 1 STANFORD UNIV 
RESEARCH INST DEPT OF AERONAUTICS 
RYKIM & AEROBALLISTICS 
AKROY STSAI 
300 COLLEGE PARK AVE DURANT BLDG 
DAYTON OH45469-0168 STANFORD CA 94305 

1 MIT 1 UNIV OF DAYTON 
PLAGACE .JMWHITNEY 
77MASSAVE COLLEGE PARK AVE 
CAMBRIDGE MA 01887 DAYTON OH45469-0240 

1 liT RESEARCH CENTER 7 UNIV OF DELAWARE 
DROSE CTR FOR COMPOSITE MTRLS 
201 MILLST JGILLESPIE 
ROME NY 13440-6916 MSANTARE 

GPALMESE 
1 GA TECH RSCH INST SYARLAGADDA 

GA INST OF TCHNLGY SADVANI 
P FRIEDERICH DHEIDER 
ATLANTA GA 30392 DKUKICH 

201 SPENCER LABORATORY 
1 MICHIGAN ST UNIV NEWARK DE 19716 

MSMDEPT 
F· 

RAVERILL 1 DEPT OF MATERIALS 
3515EB SCIENCE & ENGINEERING 
EAST LANSING Ml48824-1226 UNIVERSITY OF ILLINOIS .. AT URBANA CHAMPAIGN 

1 UNIV OF KENTUCKY JECONOMY 
LPENN 1304 WEST GREEN ST 115B 
763 ANDERSON HALL URBANA IL 61801 
LEXINGTON KY 40506-0046 

23 



NO. OF NO. OF 
COPIES ORGANIZATION COPIES ORGANIZATION 

i 

1 NORTH CAROLINA STATE UNIV ABERDEEN PROVING GROUND 
I 

CIVIL ENGINEERING DEPT 
WRASDORF 1 US ARMY MATERIEL 
POBOX7908 SYSTEMS ANALYSIS 
RALEIGH NC 27696-7908 PDIETZ 

THE L'~ OF TEXAS AT AUSTIN 
392 HOPKINS RD -

3 AMXSYTD 
CTR FOR ELECTROMECHANICS APG MD 21005-5071 
JPRI~ .. 
A WALLS 1 DIRECTOR 
J KITZMILLER US ARMY RESEARCH LAB 
10100 BURNET RD AMSRLOPAPL 
AUSTIN TX 78758-4497 APG MD 21005-5066 

3 VA POL YTECHNICAL 106 DIR USARL 
INST &STATE UNIV AMSRLO 
DEPTOFESM AMSRLCIH 
MWHYER WSTUREK 
K REIFSNIDER AMSRLCIS 
RJONES A MARK 
BLACKSBURG VA 24061-0219 AMSRL CS 10 FI 

MADAMSON 
1 UNIV OF MARYLAND AMSRLSLB 

DEPT OF AEROSPACE ENGNRNG ]SMITH 
AJVIZZINI AMSRLSLBA 
COLLEGE PARK MD 20742 AMSRLSLBL 

DBELY 
1 DREXE"j:.. UNIV RHENRY 

ASDWANG AMSRLSLBG 
32ND & CHESTNUT ST AMSRLSLI 
PHILADELPHIAPA 19104 AMSRLWMB 

A HORST 
1 SOUTHWEST RSCH INST ESCHMIDT 

ENGR & MA 11.. SCIENCES DIY AMSRLWMBA 
}RIEGEL FBRANDON 
6220 CULEBRA RD AMSRLWMBC 
PO DRAWER 28510 PPLOSTINS 
SAN ANTONIO TX 78228-0510 DLYON 

]NEWILL 
SWILKERSON 
A ZIELINSKI 

AMSRLWMBD 
BFORCH 

t~. 
RFIFER 
R PESCE RODRIGUEZ 
BRICE -

AMSRLWMBE 
CLEVERITT -" 

DKOOKER 
AMSRLWMBR 

CSHOEMAKER 
]BORNSTEIN 

24 



... 
I 

NO. OF 
COPIES ORGANIZATION 

ABERDEEN PROVING GROUND (CONT) 

AMSRLWMM 
D VIECHNICKI 
GHAGNAUER 
}MCCAULEY 
BTANNER 

AMSRLWMMA 
RSHUFORD 
PTOUCHET 
NBECKTAN 

AMSRLWMMA 
DFLANAGAN 
LGHIORSE 
DHARRIS 
5 MCKNIGHT 
PMOY 
PPATTERSON 
GRODRIGUEZ 
A TEETS 
RYIN 

AMSRLWMMB 
BFINK 
}BENDER 
TBOGEm 
RBOSSOU 
LBURTON 
KBOYD 
SCORNEUSON 
PDEHMER 
RDOOLEY 
WDRYSDALE 
GGAZONAS 
SGHIORSE 
DGRANVILLE 
DHOPKINS 
CHOPPEL 
DHENRY 
RKASTE 
MKLUSEWITZ 
MLEADORE 
RLIEB 
ERIGAS 
JSANDS 
DSPAGNUOLO 
WSPURGEON 
JTZENG 
EWETZEL 

AMSRL WM MB ALC 
AFRYDMAN 

NO. OF 
COPIES ORGANIZATION 

ABERDEEN PROVING GROUND (CONTI 

AMRSLWMMC 
}BEATTY 
ECHIN 
J MONTGOMERY 
AWERECZCAK 
JLASALVIA 
JWELLS 

AMSRLWMMD 
WROY 
SWALSH 

AMSRLWMT 
BBURNS 

AMSRLWMTA 
WGILLICH 
TRAVEL 
JRUNYEON 
MBURKINS 
EHORWATH 
BGOOCH 
WBRUCHEY 

AMSRLWMTC 
RCOATES 

AMSRLWMTD 
ADASGUPTA 
THADUCH 
!MOYNIHAN 
FGREGORY 
ARAJENDRAN 
M RAFTENBERG 
MBOTELER 
T WEERASOORIYA 
DDANDEKAR 
A DIETRICH 

AMSRLWMTE 
ANIILER 
}POWELL 

AMSRLSSSO 
HWALLACE 

AMSRLSSSER 
RCHASE 

AMSRL SS SE OS 
RREYZER 
RATKINSON 

AMSRLSEL 
RWEINRAUB 
JOESMOND 
OWOODBURY 

25 



NO. OF NO. OF 
COPIES ORGANIZATION COPIES ORGANIZATION 

i 
1 LTD r 1 SWISS FEDERAL ARMAMENTS 

RMARTIN WKS 
MERL WLANZ 
TAMWORTHRD ALLMENDSTRASSE 86 
HERTFORD SG13 7DG 3602THUN 
UK SWITZERLAND .• 

1 SMC SCOTLAND 1 ISRAEL INST OF 
PWLAY TECHNOLOGY .. 
DERAROSYIH SBODNER 
ROSYTHROYALDOCKYARD FACULTY OF 
DUNFERMLINE FIFE KY 11 2XR MECHANICAL ENGR 
UK. HAIFA3200 

ISRAEL 
1 CIVIL AVIATION 

ADMINSTRATION 1 DSTO MATERIALS 
TGOTTESMAN RESEARCH LAB 
POBOXS NAVAL PLATFORM 
BEN GURION INTERNL AIRPORT VULNERABILITY 
LOD70150 SHIP STRUCTURES & MTRLS DIV 
ISRAEL NBURMAN 

POBOX 50 
1 AEROSpATIALE ASCOT VALE VICTORIA 

SANDRE AUSTRALIA 3032 
A BTE f:C RTE MD132 
316 ROUrE DE BAYONNE 1 ECOLE ROYAL MILIT AIRE 
TOULOUSE 31060 ECELENS 
FRANCE AVE DE LA RENAISSANCE 30 

1040 BRUXELLE 
3 ORA FORT HALSTEAD BELGIQUE 

PNJONES 
MHINTON 1 DEF RES ESTABLISHMENT 
SEVEN OAKS KENT TN 147BP VALCARTIER 
UK A DUPUIS 

2459 BOULEY ARD PIE XI NORTH 
1 DEFENSE RESEARCH EST AB V ALCARTIER QUEBEC 

VALCARTIER CANADA 
FLESAGE PO BOX 8800 COURCELETTE 
COURCELETTE QUEBEC COA GOA IRQ QUEBEC CANADA 
IRQ CAL'\IADA 

1 INSTITUT FRANCO ALLEMAND 
2 ROYAL MILITARY COLLEGE OF DE RECHERCHES DE SAINT LOUIS 

SOENCE SHRIVENHAM DEMGIRAUD 
DBULMAN 5 RUE DU GENERAL CASSAGNOU 
BLAWTON BOlTE POST ALE 34 

~ 

SWINDON WILTS SN6 SLA F 68301 SAINT LOUIS CEDEX 
UK FRANCE 

ECOLE !POL YTECH 

:;; 

1 1 TNO DEFENSE RESEARCH 
}MANSON IHPASMAN 
DMXLTC POSTBUS 6006 
CH 101S LAUSANNE 2600 JA DELFT 
SWITZ~RLAND THE NETHERLANDS. 

26 



NO. OF 
COPIES ORGANIZATION 

1 TNO PRINS· MAURITS 
LABORATORY 
R I}SSEISTEIN 
LANGE KLEIWEG 137 
POBOX45 
2280 AA RIJSWIJK 
THE NETHERLANDS 

2 FOA NATL DEFENSE RESEARCH 
ESTAB 
DIR DEPT OF WEAPONS & 
PROTECTION 
BJANZON 
RHOLMLIN 
S 172 90 STOCKHOLM 
SWEDEN 

2 DEFENSE TECH & PROC AGENCY 
GROUND 
ICREWTHER 
GENERAL HERZOG HAUS 
3602THUN 
SWITZERLAND 

1 MINISTRY OF DEFENCE 
RAFAEL 
ARMAMENT DEVELOPMENT 
AUTH 
MMAYSELESS 
POBOX2250 
HAIFA31021 
ISRAEL 

1 DYNAMEC RESEARCH AB 
AKEPERSSON 
BOX201 
SE 151 23 SODERT ALJE 
SWEDEN 

1 BHIRSCH 
TACHKEMONY ST 6 
NETAMUA42611 
ISRAEL 

1 DEUTSCHE AEROSPACE AG 
DYNAMICS SYSTEMS 
MHELD 

r. POBOX1340 
D 86523 SCHROBENHAUSEN 
GERMANY 

27 



N 
00 

... 



REPORT DOCUMENTATION PAGE Form Approved 
OMS No. 0704-0188 

P,OIIC "'porting burden for lhl$ collection of infOrmation Is ootlmate<t to -...go 1 hour per 1'851>0.,..., including tna time lOr rev"""lng Instructions, seorenlng oJ<JOting data sourees, 
g<ilhQringand maintaining the data ne<~ded, ond c~g aM teviewlng the coli~ on of lnform.1tlon. Send com .... nts _.-ding tni$ burden ...tlmote or any Olhorupect ofthlo 
collec:tlon of infoflllillion, including s..ggntiOml for mduclnglllis burditn, to Wasnlngton Headquallel'$ Services, Dimctcnht for Information Ol"'f'dlor!$ and Repono, 1215 Jeffttl'll<)n 
O.vio Hinhwa . "ult• 1204 A~inQton VA 22:102-4302. and to he Olllco of Ma.....,"""'"' and Bud-. Pa.,.,. >t1< Roductlon ProH!CII07114.D11181. W-lnctnn. PC ~3. 
1. AGENCY USE ONLY (Leave blank) 12. REPORT DATE 3. REPORT TYPE AND DATES COVERED 

March2001 Final, October 1999- September 2000 
4. TITLE AND SUBTITLE 5. FUNDING NUMBERS 
Moisture Absorption of Coated Composite Materials 622618AH80 

6. AUTI10R(S) 

Melissa A. Klusewitz, Christopher P.R. Hoppel, Steven H. McKnight, 
and James F. Newill 

-~ 

I 

I 

1. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZAllON 
U.S. Army Research Laboratory REPORT NUMBER 

ATIN: AMSRL-WM-MB ARL-MR-508 
Aberdeen Proving Ground, MD 21005+5066 

9. SPONSORING/MONITORING AGENCY NAMES($) AND ADDRESS(ES) 10.SPONSORINGIMONITORING 
AGENCY REPORT NUMBER 

Office of Program Manager- Tank Main Armament Systems 
Picatinny Arsenal, NJ 07806~5000 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION/AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE 
Approved for public release; distribution is unlimited. 

13. ABSTRACT(Maximum 200 words) 

Moisture diffusion measurements were made for coated and uncoated composite materials. Two substrates were 
used: T650!1914-4 (a graphite fiber reinforced thermoset epoxy) and AS4/Ultem (a graphite fiber reinforced 
thermoplastic polymer). The specimens were tested uncoated and coated with three polymer coatings+MIL-P-53030 
Primer, Humiseal 2A53, and 2031 Siloxirane. The coatings generally absorbed more moisture than the specimens and 
increased the total moisture absorption for the coated parts. For the AS4/Ultem bars, anisotropic diffusion constants 
were measured, and diffusion occurs in the fiber direction three times faster than transverse to the fibers. 

14. SUBJECT TERMS 15. NUMBER OF PAGES 

composite, moisture, diffusion, coatings 34 
16. PRICE COOE 

17. SECURITY CLA$$1FICA110N 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICAllON 20. LIMITATION OF ABSTRACT 
OF REPORT OF THIS PAGE OF ABSTRACT 

. UNCLASSIFIED UNCLASSIFIED UNCLASSIFIED UL 

29 
Standard Form 298 (Rev. 2-89) 
Prescribed by ANSI Std. 239-18 298-1 02 



;(, 
·}i 



USER EVALUATION SHEET/CHANGE OF ADDRESS 

This Laboratory undertakes a continuing effort to improve the quality of the reports it publishes. Your comments/answers to 
the items/questions below will aid us in our efforts. 

1. ARL Report Number/ Author ARL-MR-508 (Klusewitz) Date of Report.__:.;;M:;.;;;a;;:.:;rc~h~2..;:;..00;:;..:1:.-___ _ 

2. Date Report 

3. Does this report satisfY a need? (Comment on purpose, related project, or other area of interest for which the report will be 
used.) ____________________________________________________________ __ 

4. Specifically, how is the report being used? (Infonnation source, design data, procedure, source of ideas, etc.) ____ _ 

5. Has the information in this report led to any quantitative savings as far as man-hours or dollars saved, operating costs 
avoided, or efficiencies achieved, etc? If so, please 

6. General Comments. What do you think should be changed to improve future reports? (Indicate changes to organization, 

technical content, format, 

CURRENT 
ADDRESS 

Organization 

Name 

Street or P.O. Box No. 

City, State, Zip Code 

7. If indicating a Change of Address or Address Correction, please provide the Current or Correct address above and the Old or 

Incorrect address below. 

OLD 
ADDRESS 

Organization 

Name 

Street or P.O. Box No. 

City, State, Zip Code 

(Remove this sheet, fold as indicated, tape closed, and mail.) 
(DO NOT STAPLE) 



DEPARTMENTOFTHEARMY 

OFfiCIAL BUSINESS 

BUSINESS REPLY MAIL 
FIRST CLASS PERMIT NO 0001 ,APG,MO 

POSTAGE WILL BE PAID BY ADDRESSEE 

DIRECTOR 
US ARMY RESEARCH LABORATORY 
ATTN AMSRL WM MB 

Ill 

ABERDEEN PROVING GROUND MD 21005-5069 

NO POSTAGE 
NECESSARY 

IF MAILED 
IN THE 

UNITED STATES 

-. 


