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FOREWORD 

This report was prepared by the Boeing Commercial Airplane Company, 
Seattle, Washington, under Contract NASl-15148. It is the tenth 
quarterly technical progress report covering work performed between 
1 December 1980 and 28 February 1981. The program is sponsored by 
the National Aeronautics and Space Administration, Langley Research 
Center. Mr. Andrew J. Chapman and Mr. Ronald K. Clark are the NASA 
Technical Representatives. 

This contract is being perfor~ed by the Advanced Structural 
Concepts organization. Key personnel associated with the program 
during the reporting period and their area of responsibility are: 

J. E. McCarty --Program Manager 

D. J. Hoffman --Technical Leader 

M. N. Gibbins --Analysis 

M. W. Ledbury --Materials 

R. T. Cook --Quality Assurance 

J. S. Chen --Chemical Analysis 
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ENVIRONMENTAL EXPOSURE EFFECTS ON 
COMPOSITE MATERIALS 

FOR COMMERCIAl AIRCRAFT 

D.J. HOFFMAN 
BOEING COMMERCIAL AIRPLANE COMPANY 

1.0 SUMMARY AND PROGRAM STATUS 

This period's activities were highlighted by continued long term 
and accelerated lab exposure testing, and by completion of all 
fabrication tasks on the optional material systems, AS1/350l-6 and 
Kevlar 49/F161-188. Initial baseline testing was performed on the 
two optional n;aterial systems. 

Long term exposur~ specimens have now been returned from three of 
the four ground rack sites and from two of the three aircraft 
locations. Test data from specimens returned from Dryden after 2 
years exposure do not indicate continuing trends of strength reduc
tiofl from the 1 year data. Test data from specimens returned from 
the Wellington, New Zealand ground rack and on Air New Zealand 
aricraft after 1 year e~posure show strength changes fairly typical 
of other locations. 

Additional accelerated laboratory test data has also been collected 
including 2 Year Time Alone, 1 Year Weatherometer, and 6 Month 
Ground-Air-Ground Cycling. 

Activities during the next quarter will include receipt and test 
of: Honolulu 2 year ground rack specimens, Aloha Airlines 2 year 
flight specimens, Dallas 1 year ground rack specimens, and South
west Airlines 1 year flight specimens. Initial deployment should 
also occur for the optional material long term specimens. 
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2.0 INTRODUCTION 

The introduction of any new material system into commercial air
ct'aft structure requires that an information data base be available 
to the designer in such a form that he can accept the material as a 
viable alternate to the current material system in use. Composite 
material components on aircraft in scheduled commercial service 
have demonstrated a viable level of confidence in current design 
and fabrication h;~thods. In spite of this, the long term durability 
of composites exposed to actual aircraft operational environments 
represents a significant unknown in assessing the risk level for a 
production commitment to primary aircraft structure. 

This contract will focus on expanding the data base for composite 
materials' properties as they are affected by the environments en
countered in operating conditions, both ~n flight and at ground 
terminals. It is well known that absorbed moisture will degrade the 
mechanical properties of graphite/epoxy laminates at elevated temp
eratures. Since aircraft components are frequently exposed to 
atomospheric moisture, rain, and accumulated water, quantitive data 
are required showing the amount of fluids ab~orbed und~~ various 
environmental conditions. In addition, accelerated laboratu~y test 
techniques must be developed that are reliably capable of 
predicting long term behavior. The study will include a task to 
develop an accelerated environmental exposure testing procedure and 
to correlate all experimental results and compare with analytical 
results to establish the level of confidence for predicting com
posite material properties. 

The overall p~ogram has a duration of approximately 11 years and is 
performed in tht~e tasks as follows: 

• Task I - Flight Exposure 

• Task II - Ground Based Exposure 

• Task III - Accelerated Environmental Effects and Data Cor
relation 

Among the parameters to be investigated are: geographic location, 
flight profi les, solar heating effects, ultraviolet degradation, 
retrieval times, specimen types, test temperatures, and others. 
The experimental program includes in-flight and ground exposures of 
up to 10 years and will obtain mechanical, physical, and chemical 
data from about 17,000 specimens. A complete description of the 
program content was given in the first Quarterly Report (Reference 
1). Other repor~s (References 2-9) have covered progress to date. 
The overall program is summarized schematically in Figure 2-1. The 
program schedule is shown in Figure 2-2. 
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ENVIRONMENTAL EXPOSURE EFFECTS ON 
COMPOSITE MATERIALS FOR COMMERICAL 

TRANSPORT AIRCRAFT 

• FIVE MATERIAL SYSTEMS 
• LONG TERM GROUND & FLIGHT EXPOSURE DATA 
• ACCELERATED LABORATORY DATA 
• DURABILITY MODEL & ACCELERATED TEST PROCEDURES 

TASK I FLIGHT EXPOSURE 

• CONFIDENCE THROUGH 
LONG TERM EXPOSURE DATA 

• INTERIOR AND EXTERIOR 
EXPOSURE ON THREE DIFFERENT 
AIRLINES FOR TIMES liP TO 
TEN YEARS 

• OVER 5300 SPECIMENS 

TASK II GROUND EXPOSURE 

• CONFIDENCE THROUGH 
LONG TERM EXPOSURE DATA 

• SOLAR AND NONSOLAR 
EXPOSURE AT FOUR 
DIFFERENT GROUND 
STATIONS FOR TIMES UP 
TO TEN YEARS 

• OVER 5300 SPECIMENS 

TASK III ACCELERATED ENVIRONMENTAL 
EFFECTS AND DATA CORRELATION 

• BASELINE TESTING 

• ACCELERATED TESTS TO LOOK 
AT THE EfFECTS OF TIME, 
TEMPERATURE, STRESS, 
MOISTIJRE, WEATHEROMETER, 
AND GROUND-AIR-GROUND 
SIMULATION 

• OVER 4300 SPECIMENS 

• ANALYTICAL MODEL FOR 
DURABILITY PREDICTION 

• RECOMMENDED ACCELERATED 
TEST PROCEDURES FOR 
EVALUATING ENVIRONMENTAL 
RESISTANCE 

F;gure 2-1. Prograln Content 
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3.0 DESIGN 
No tasks currently active. 

4.0 FABRICATION 

~uring the original f~brication effort of AS1/3501-6 specimens, a 
short fall in finished flexure and zero degree ~ompression speci
mens was experienced. Since the original batch of material was 
believed to be exha~~ted, another batch of material was ordered to 
make up the deficienc.y. Receiving ins~ection was performed accor
ding to BMS 8-212. and results appear in Table 4-1. In the medn 
time, a quantity of the original material batch was found and the 
amount .. as determined to be sufficient to f4bricate the needed 
number of flexure specimens. Therefore, one panel was fabricated 
from the new batch for compression !tpecimens, and one panel was 
fabricated from tne original batch for flexure specimens. 

Remaining tasks on the optional material specimen fabrication are: 
final weights for the 49/F161-l88 tension specimens, and dimensions 
and painting of the make-up AS1/350l-5 compression specimens. 

Fabrication of the stressed tension specimen f1xtur~s has begun. 
Two hundred nine feet of 2 inch 0.0. titanium tubing has been 
received sufficient to fabricate 230 tension tubes. F~brication of 
other hardware associated with the tension tubes has also begun. 
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5.0 TEST 

Progress in the area of test during this reporting period was high
lighted by conti~ued Task 1, Task 11 and Task III post expo~ure 
residual strength testing. Exposures for all three tasks arp. 
continuing. 

5.1 LONG TERM EXPOSURE AND TESTING 

Nominal two year ground rack specimens were withdrawn from Dryden 
Flight Research Center and returned to Boeing on October 14, 1980, 
nominal one year ground rack specimens were withdrawn from 
Wellington, New Zealand ~nd returned on November 24,1980, and 
nominal one year f1 ight specimens were withdrawn from Air New 
Zealand aircraft number ZKNAJ and reoturned on November 25, 1980. 
Receipt of the two year exposure specimens from Honolulu and Aloha 
Airlines is expected soon. A sunmary of the long ter:n specimen 
exposure status is shown in Table 5-1. 

All received specimens, fbtures, and panels had a moderate to 
fairly heavy surface dust film. Items heavily coated with dust were 
photographed as received. Figure 5-1 shows a non-solar 2 year 
exposure panel from from Dryden. Surface cleaning was accomplished 
primarily with a dry cloth occasionally dampened with methel-ethel
key tone (MEK). Exterior flight specimen~ from Air New Zealand were 
covered fairly heavily with carbon dust (shown in Figure 5-2) which 
was completely removed to visual inspection with the MEK. After 
thOt'ough cleaning, shear exposure, flexure, and tension specimens 
were removed from the fixtures and weighted on a Mettler ~nalytic 
balance to an accuracy of 0.7 mg. Flex~re and tension specimeris 
were submitted directly to test. ~ompression specimens were stored 
in sealed containers until they could be tested in the Celanese 
compression fixture. Shear exposure specimens were ~ut into three 
short beanl shear spec. imens each, and these were subm~tted to test. 
Shear exposure dryout specimens wer~ placed in a 160 F dryout oven 
for the standard 90 day dryout period. 

Physical and mechanical property test results are shown in Tables 
5-2 to 5-8. All values shown art.\':or a single specimen except for 
the shear exposure (SE) srecimens which are an average of 3 SBS 
specimens as described in the preceeding paragraph. Summaries of 
the strength and weight change data appear in Tables 5-9 to 5-15. 
The strength results generallv represent the average of 3 speicmens 
each, and the weiqh chdnge i' he average measurements of all speci
mens of a particular configur~ti()n. An exception is found in Table 
5-9 for 5208 room temper~ture +45 tension spe~imens. A test machine 
malf~nct;on caused the data to be lost for one of these specimens. 
so the reported strength is the average of two tests. 
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Table 5-1. Long Term Speci.en Exposure Data 

SERIES NAME INSTALLATION ESTIMATED EXPOSURE AS OF FEBRUARY 28, 1981 lD 
DATE 

CALENDAR TIME FLIGHT HOURS FLIGHT CYCLES 

Task I . 
Aloha - 3 Year 3-14-80 351 1642 
Aloha - 2 Year 2-14-79 745 3716 
Aloha - 10 Year 2-16-79 743 TBD @) 

ANZ - 3 Year 1-15-81 44 195 
ANZ - 2 Year 8-15-79 563 3148 
ANZ - 10 Year 7-2-79 607 3321 

Southwest - 1 Year 2-15-80 CD 379 3594 
Southwest - 2 Year 2-27-80 367 3520 
Southwest - 10 Year 6-22-80 251 2414 

Task II 
NASA Dryden 12-6-78 [D 755 
Honolulu 2-9-79 689 
Wellington 7-4-79 545 
Dallas 4-18-80 316 

(j) 

[D 
Median date for installation of exterior and interior specimens. 

IT> 

[9 

Rack Stored in Unheated Warehouse at Hugh L. Dryden Flight Research 
Center from 10-30-79 to Date of Installation. 

Flight data based on Actuals through February 28, 1981 and Historical 
Utilization Data. 

Specimens tran~ferred to second aircraft due to sale of initial aircraft. 

4490 
11036 

TBD 

266 
4298 
4581 

4766 
4852 
3246 

I 

I 
I 

I 
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Fi gure 5-1. Dryden, 2 ear Ground E posure Panel, on-Solar 

Fi e 5-2. 
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Table 5-2 Phys1cal and Mechanical Test Results, Dryden 2 Year Solar Specimens 

INITIAL 'NITIAL UPOIED FINAL DRY UL TlIlATE 
IDUTIFrIIlG LAIII.UE U.,NUE DRY DRY SPECI.U SPECI.U FAILUILE TEiT 
CHARACTEILS TH ICUESS WIDTH LAMINATE SPECIIiU WillHT ra!IHT LOAD TEMPEIA TUllE 

liN. liN. WillHT WEI8HT 1811A11) 1/8UII) IPOUID. IF. ""All, IIIlAIi. 

AlEES02 1 .0815 .2518 l.aU4 1.5111 1 .517' 521.00 70.0 
ASEEl02 2 .0117 .2472 1.321& 1.4110 1.411a 415 .ao 110.0 
AFLES02 1 .0'13 .48" 1.7552 2.0144 2.0085 15a.25 70.0 
AFLES02 2 .0110 .41" 1.110' 2.0325 2.0254 14'.00 70.0 
AFLES02 a .0112 .4 .. 1 1.1113 2.0451 2.040' 151.75 70.0 
AFLEI02 4 .0111 .4IU 1.7487 2.020' 2.0UO 141.75 110.0 
AFLESOI 5 .01" .4143 1.7512 2.0Ul 2.0013 U7.2I 110.0 
AFLESOI I .01" .4173 1.1155 2.0al7 2.0an U5.7I 110.0 
U4ES02 1 .0423 1.0035 '.0314 10."21 10.1441 70.0 
U4E102 2 .0421 1.0021 '.0554 10.1'" 10.ea15 1085 .00 70.0 
AUES02 a .0421 1.0021 8.0"8 11.0011 10.8U4 1112 .00 70.0 
U4ES02 4 .0437 ... ea '.15" 10.7471 10.1058 'U.OO 110.0 
U4ES02 5 .0430 ... 17 • .0431 10.1111 10.11" 100.00 110.0 
U4ES02 I .0421 ... 17 • .1411 

10 .... 0 10 .ea75 122 .00 110.0 
llEES02 1 .1021 .2411 l.al32 1.5004 1.5001 421.10 70.0 
ISEES02 2 .1014 .2450 1.3111 1.5115 1.5114 21,.ao 110.0 
IFLES02 1 .0133 .4175 1.1131 1."00 1. na1 142.75 70.0 

...... IfLEI02 2 .0140 .4ISS 1.1782 1."12 1.'SSI 144.75 70.0 
0 IFLESe2 3 .0130 .4154 1.1137 1."12 1 .• 542 UI.50 70.0 

IFLES02 4 .0140 .4 .. 0 1.'14' 1.8131 1.8571 15.75 110.0 
IFLES02 5 .OU5 .4145 1 ..... 1 ..... 1."" 108.25 110.0 
IFLES02 I .0131 .4130 1.1614 1.8141 1.8515 ".25 "0.0 
IUES02 1 .0413 1.0021 '.1133 11.1170 11.1314 IUS .00 70.0 
IUES02 2 .0411 1.0042 '.n3~ 11.1205 11.5124 1320.00 70.0 
1T4ES02 3 .0415 .8142 • .5240 11.180' 11.1111 UI •. OO 70.0 
1T4ES02 4 .0455 ... 47 • .5105 11.3210 11.3050 1010.00 110.0 
1T4ES02 5 .0411 .• no 8.5757 11.5113 11.4"5 UOI.OO 110.0 
1T4ES02 I .04'0 1.0020 '.IUl 11.5443 11.5112 1010.00 110.0 
ClEES02 1 .1081 .2417 1.4101 1.I2n 1.3114 518.70 70.0 
ClEES02 2 .110' .2411 1.4170 1.1140 1 .1547 a14.ao 110.0 
CFLEi02 1 .0113 .5010 1.1114 2.0130 2.01ea 15'.00 70.0 
CFLES02 2 .0148 .4.12 1.7211 2.0015 2.0014 U7.00 70.0 
CFLES02 3 .0 .. 0 .4 .. 1 1.7"2 2.0'" 2.0117 14'.00 70.0 
CFLES02 4 .0141 .4158 1."00 1.8751 1.1101 UI.OO "0.0 
CFLEI02 5 .0115 .5004 1.1172 2.0525 2.0412 14'.00 110.0 
CFLEI02 II .011' .4 .. 4 1 .• 044 2.0748 2.0111 150.00 1'0.0 
CUES02 1 .0411 1 .0011 .... 27 11.82n 11. IOU 1117.00 70.0 
CUES02 2 .0412 1.0032 8.un 11.8754 11.8410 1111.00 70.0 
CT4ES02 3 .0475 1.0022 '.8111 11.8111 11 . leal 1114.00 70.0 
CUES02 4 .0415 1.0001 8.1017 11.1112 11.73" 10'0.01) tao.O 
CUESOI 5 .0 .. 1 1.0023 • .• 121 11.7443 11.7115 10.0.00 180. {I 
CUES02 , .0474 1.0041 8.1744 11.8102 11. .. 25 1010.00 110.'" 



Table 5-3 Physical and Mechanical Test Results, D~den 2 Year Non-Solar Spec;mens 
IIilITIAL I III ITIAL EXPOSED F IIilAL OIlY ULT lUTE 

IDUTlF"la UIiIIiATE UlUlATE DIIY DIY SPECIIiU SPECI.I FAILURE TEST 
CHARACTERS TH I euESS .,DTH UIIIIIIAlE SPEC I liEN WElaHT WEIIHT LOAD TEIIPERATUIIE 

" Nt "It HlaHT HlaHT laUll1 1111 All I IPOUIDI IFI 
lallAlit I allAlI) 

UEEN02 I .0'" .2413 I. SOOt 1.4585 1.4100 451.00 70.0 
AlEE loa a .0177 .2417 I.Use 1.4111 1.413' all.70 110.0 
AFLEN02 1 .015' .4171 1.7121 2.0'13 2.0431 141.71 70.0 
AFLEN02 2 .0.72 .4.77 1.71'7 2.0510 2.0411 144.71 70.0 
AFLEN02 a .0'" .411' 1.7557 2.0531 2.0471 142.21 70.0 
AFLEl02 4 .0115 .4.13 1.7122 2.0155 1.0417 142.25 110.0 
AFLEIII02 5 .0'" .4'''' 1.7154 2.0431 2.0417 151.00 "0.0 
AFLEIII02 • .OS71 .4.11 1.71" 2.0512 2.0414 14'.25 110.0 
Al4EN02 1 .0454 ..... 2'.0140 25.7742 1001.00 110.0 
AT4n02 2 .0451 .... 5 25.713' 2 •. 0410 I2S .00 110.0 
Al4EN02 a .0453 ... 85 11.0471 21.017' 100.00 110.0 
AconOI 1 .1000 .2453 1010.00 72.0 
ACOEN02 2 .Olt7 .2415 1170.00 72.0 
ACOEN02 a .IOS1 .2470 4110.00 72.0 
ACOEN02 • .1054 .2413 a7l0.00 "0.0 
Acon02 5 .0.14 .2451 4000.00 1'0.0 
ACOEN02 • .Olt2 .un 3410.00 110.0 
ISEEIII02 1 .1045 .2500 1.1115 I.U33 1.5UI '11.10 70.0 
ISEEIII02 2 .1031 .2485 l.a142 1.5U' 1.5111 274.70 110.0 

...- IFLEIII02 1 .0.12 .4170 t .• 734 1. ,U. 1.'770 UI.50 70.0 

...- IFLU02 2 .0UI .4taO 1.1511 1."17 1."'7 131.SO 70.0 
IFLEIII02 a .OUI .4140 1.'5Ia 1.'137 1 ..... 12'.10 70.0 
IFLEIII02 4 .OUI .4850 1."17 1.1671 1."17 111.10 "0.0 
IFLEIII02 5 .0140 .4'U 1.'700 1.1744 1 .... , 101.25 110.0 
IFLEIII02 • .0135 .4 .. 0 1 .• ua 1.'U2 1 .... a 111.25 "0.0 
IUU02 1 .0410 1.0047 25.5120 21.5734 1".00 110.0 
lun02 2 .0441 1 .0081 25.a711 25.UOS 1040.00 110.0 
IUEN02 a .OU' 1.0017 25.513' 25.5411 110.00 110.0 
ICOEN02 1 .1010 .2512 5"0.00 72.0 
Icon02 2 .1021 .2507 1120.00 72.0 
Icon02 3 .1007 .2473 1110.00 71.0 
Icon02 4 .1021 .2508 1100.00 "0.0 
Icon02 5 .1043 .2501 nlO.oo 110.0 
ICOU02 I .1100 .2511 a7l0.00 110.0 
CSEEI02 1 .1Ota .2411 1. SOU 1.1755 1.1770 saO.IO 70.0 
CSEEN02 2 .1117 .24" 1. $III 1.7011 1.7120 400.SO 110.0 
CFLEN02 1 .0167 .4115 1.7701 2.0441 2.0413 117.50 70.0 
CFLEN02 2 .015' .4115 1.74'0 2.0211 2.02U 141.00 70.0 
CFLEN02 a .011' .4110 1.7UI 2.0477 2.0440 nl.25 70.0 
CFUN02 4 .0.51 .4857 1.7411 2.0311 2.0114 14S.IO "0.0 
CFLEIII02 5 .0110 .4113 1.7571 2.0420 2.0114 140.10 110.0 
CFLEIII02 • .01" .411' 1.7137 2.0100 2.0111 US.2I 110.0 
CT4EN02 1 .0414 1.0031 21.420' 21.4121 1270.00 "0.0 
CUII02 2 .0471 1.0021 It. 5422 21.5174 1240.00 1'0.0 
CUII02 3 .0470 1.0027 21.n14 21.nn 1010.00 110.0 
CCOII02 1 .1055 .251' 1120.00 72.0 
ceOll02 2 .1054 .2501 Ino.oo 72.0 
CCOII02 a .1048 .2511 1710.00 72.0 
ceOEN02 • .10" .2507 4"0.00 110.0 
CCOII02 5 .1021 .2513 1210.00 110.0 
ceOEN02 • .10" .2515 5040.00 "0.0 

l1li. -.-
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Tab~e 5-~ Physical and Mechanical Test Results. Wellington 1 Year Solar Specimens 

INITIAL INIT IAL EXPOSED F INU DRY ULTIMATE 
IDENT IFY INI LAlli NATE LAlli NATE DIIY DRY SPEC I liEN SPEC I liEN FAILURE TEST 
C"AIlACTEIlS T"ICUESS W'DT" LAlli NATE SPECIIiEN WE liNT WEIIHT LOAD TEMPEIlATURE 

.. N. tiN. WEIIHT WEIIHT (11lA1i. (IRAII. IPOUNDI IF. 
(IRAII) (IRAII) 

UEDS01 1 .0.13 .2527 1.3787 1.5050 1.5511 411.00 72.0 
ASEDS01 2 .0 .. 0 .2417 1.2107 1.4102 1.45U Ul.00 110.0 
AFLDIOI 1 .Ooi1l .4.72 1.7725 2.0Ut 2.0417 151.71 72.0 
AFLDSOI 2 .Oll! .4 .. 0 1. 7711 2.0452 2.0511 141.50 72.0 
AFLOSOI 3 .0153 .417t 1 .7583 2.0201 2.0UI 137.71 72.0 
AFLDS01 4 .0113 .... 75 1.7515 2.01" 2.0324 125.00 110.0 
AFLDSOI 5 .0172 .... 71 1.77U 2. )373 2.0502 131.50 110.0 
AFLDSOI I .0151 .4160 1.7577 2.0242 2.0U2 lU.50 110.0 
AUDSOI 1 .C4n ... 15 .... 54 " .0137 11.1571 1145.00 72.0 
AUDSOt 2 .0453 ... 71 1.70ot 11.0147 11 .1570 1110.00 72.0 
AUDSOI 3 .0452 1.0031 •. Iln 11.0130 " .onl 1175 .00 72.0 
AT4DSOI 4 .0451 1.0011 1.5107 11.0110 11. 1114 10'0.00 110.0 
AT4DSOI 5 .0450 1.0023 11.1171 11.3157 1'.U32 1021.00 110.0 
AT4DSOI I .0457 1.0001 1.1010 11.2112 11.3580 10'0.00 110.0 
ISEDSOI 1 .1021 .2410 I.U72 1.4t10 1.5041 atl.00 72.0 
ISEDSOI 2 .10U .2414 1.4000 1 .5355 1.5417 213.00 110.0 ..... IFLDSOI 1 .0135 .... 11 1.1557 1 1'04 1.1174 135.00 72.0 

N IFLDSOI 2 .0140 .... 12 I.UIS 1.1115 1.1112 122.20 72.0 
IFLDSOI 3 .0135 .4855 1.1670 l.to14 1.1111 nl.oo 72.0 
IFLOSO' 4 .0121 .... 72 1.1344 1."72 1.1152 ".10 110.0 
IFLDSOI 5 .0140 .... 21 1.'511 I. lOIS 1.117' 71.10 110.0 
IFLDSOI I .0131 .4114 1.13011 , .1717 1.1131 .... 00 110.0 
IUDSOI 1 .0432 .nn 1.3121 10.4715 10.5117 1300.00 72.0 
IT4DSOI 2 .0441 1.0005 •. 3117 10.5702 10.1111 12".00 72.0 
IUDSOI 3 .0440 ... 14 1.30U 10.450' 10.4115 uas.OO 72.0 
IUDSOI 4 .04at 1.0021) '.30100 10.5451 10.5155 110.00 110.0 
IUDSO' 5 .OU' ... 10 '.2114 'O.U7I '0.4311 1010 .00 110.0 
1T4DSOI I .04at 1.0003 1.3101 10.4142 10.5010 110.00 110.0 
CIEDSOl 1 .1101 .2410 1.5225 1.1310 1 ... n 514.00 72.0 
CIEDSOl 2 .1132 .2415 1.5483 1."51 1. 7037 310.00 110.0 
CFLDSOI 1 .0'" .5003 1.71" 2.0582 2.0115 112.20 72.0 
CFLDIOI Z .0155 .5007 l.n .. 2. OSlO 2.0702 U'.20 72.0 
CFLDSOI 3 .0112 ....... 1.770' 2.0277 2.0374 14'.20 72.0 
CFLDSOI 4 .0151 ...... 1.7170 2.0011 2.0130 111.50 110.0 
CFLDSOI 5 .0171 ...... 1.1111 2.0507 2.0U7 124.20 "0.0 
CFLDSOI I .0111 .4113 1.7172 2.0201 2.0323 UO.20 110.' 
CT4DSOI 1 .0450 1.0021 1.1017 10. lOll 1O.IU' UU.OO 72.0 
CUDSOI 2 .0 .... 1.0010 10.0774 1'.0nl 11.1285 1210.00 72.0 
CT4DSOI 3 .0471 1.0003 10.1755 11.11" 11.2458 1210.00 72.0 
CUDSOI 4 .0411 1.0000 10.2151 11.3211 1'.UI1 12aO.OO 110.0 
CUDSOI 5 .0411 1.0012 10.2517 11.2171 1'.34t1 1115.00 110.' 
CUDSOI I .0410 1.0023 '.8541 1O."U 10.1311 1110.00 110.0 



Table 5-5 Physical and Mechanical Test Results, Wellington 1 Year Non-Solar Specimens 
INITIAL INITIAL EXPOSED FIlIAL DRY ULTIMATE 

IDUTIFYING LAMINATE LAMINATE DRY DIlY SPECIMEN SPEC I MEN FAILUIE TEST 
CHARACTERS THICUESS WIDTH LAMINATE SPECIMEN WElaHT WElaHT LOAD TEMPUATURE 

II N I II N I WEIGHT WEIGHT 111lA1i1 lallAlI) IPOUIID) IF' 
laRAMI lalllMI 

AlEDN01 1 .onl .1411 1.U24 1.41" 1.500S 443.00 72.0 
AlEDII01 2 .1015 .2411 1.3831 1.5477 1.5517 a ... oo 110.0 
AFLDN01 , .01" .4123 1.7151 2.0132 2.0251 141.50 72.0 
AFLDII01 2 .0147 ... 11 1.7431 1.tl07 2.0022 145.00 72.0 
AFlON01 3 .01S0 .41" 1 .7512 2.0001 2.0143 13'.00 72.0 
AnDN01 4 .OU3 .5004 1.7147 2.0241 2.0355 127.21 110.0 
AFlON01 5 .01S1 .4170 1.7111 2.0034 2.0110 127.50 110.0 
AFlON01 I .0173 .5005 1.7155 2.0342 2.0417 123.50 110.0 
AT4DN01 , .CU5 1.0001 21 .2045 25.2115 1120.00 110.0 
AT4DNO' 2 .0441 1.0014 25 .0712 25.1322 1010.00 110.0 
AT4DII01 3 .0453 1.0003 25.0371 25 .104' 1010.00 110.0 
ACODNO' , .1011 .2524 5450.00 72.0 
ACODN01 2 .1011 .1413 1130.00 72.0 
ACODN01 3 .1025 .2512 '150.00 72.0 
ACODN01 4 .1040 .1415 2130.00 110.0 
ACODN01 5 .0115 .1417 UIO.OO 110.0 
ACODN01 I .1004 .un 2110.00 110.0 
IIEDN01 1 .1025 .1410 1.3100 1.5U' 1.5205 310.00 72.0 - IIEDN01 2 .1013 .2512 1.421S 1.5774 1.5140 212.00 110.0 

w InDN01 1 .0132 .4151 1.1411 1.'050 1 .• 125 131.20 72.0 
InDN01 2 .0131 .4151 1.1571 1.IU1 1 .• 21. 132.00 72.0 
IFLDN01 3 .0133 .4112 1.'210 1 .• 15. 1 .• 72. 112 .20 72.0 
IFLDN01 4 .0130 .4110 1.1114 1.1101 1 .• 112 ".00 110.0 
InDN01 5 .0130 .4153 1.6555 1 .... 0 1.1072 11.00 "0.0 
InDN01 I .0131 .4110 1 ..... 1.1202 1.1212 85.20 110.0 
I14DN01 1 .0465 1.0013 25.1711 11.0250 1012.00 110.0 
1T4DN01 2 .0410 .1112 25.2131 25 .2773 1010.00 "0.0 
1l4DN01 3 .0410 1 .0020 25 .1011 25 .1457 1010.00 "0.0 
leODII01 1 .1011 .2510 1130.00 72.0 
ICODN01 2 .1032 .14" 1100.00 72.0 
ICODII01 3 .1001 .2501 Ino.oo 72.0 
ICODN01 4 .1041 .1413 n.o.oo "0.0 
ICODII01 5 .1OS1 .2510 3110.00 110.0 
BCODN01 I .1052 .2501 U'O.OO 110.0 
CIEDN01 1 .1010 .2414 1.4121 1.8UO 1.1413 410.00 72.0 
CSEDN01 2 .1011 .2505 1.50" 1.844' 1.1S14 au.oo 110.0 
cnDN01 1 .0'" .4114 1.7327 1.'751 1 .... 5 140.10 72.0 
cnDN01 2 .0.74 .417' 1."04 2.0522 2.013' 113.20 72.0 
cnDN01 3 .0170 .4111 1.1111 2.0Sl0 2.0'14 147.00 72.0 
cnDN01 4 .01S0 .4117 1.7412 1.tln 2.004' 122.10 110.0 
CFlON01 5 .0144 .4111 1.7437 1 .... ' 1.1105 113.10 110.0 
CFlON01 I .0111 .4'" 1.7125 2.0011 2.0174 130.10 110.0 
C14DN01 1 .0450 1.0037 25.05" 25 .1214 1110.00 110.0 
CT4DN01 2 .0414 1.0011 25 .154' 25 .2111 1UO.OO 110.0 
C14DN01 3 .OUI 1.0005 25.1113 25 .2432 1070.00 110.0 
CCODII01 1 .1011 .2531 .uo.OO 72.0 
CCODN01 2 .0110 .2413 8250.00 72.0 
CCODN01 3 .0114 .141' 1170.00 72.0 
CCODN01 4 .1042 .2501 ."0.00 110.0 
CCODN01 5 .1031 .2501 ."0.00 110.0 
CCODN01 8 .1014 .2511 1120.00 110.0 

--
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I DENTI FY I Ha 
CHARACTERS 

ASEFSOI 1 
ASEFSOI 2 
AFLFSOI 1 
AFLFSOI 2 
AFLFSOI 3 
AFLFSOI 4 
AFLFSOI 5 
AFLFSOI 8 
AUFSOI 1 
AT4FSOI 2 
ISEFSOI 1 
ISEFSOI 2 
IFLFSOI 1 
IFLFSOI 2 
IFLFSOI 3 
IFLFSOI 4 
IFLFSOI 5 
IFLFSO - ~ 

CSEFSOl 
CSEFSOI l 
CFLFSOI 1 
CFLFSOI 2 
CFLFS01 3 
CFLFSOI 4 
CFLFSO. 5 
CFLFSOI a 
Cf4FSOl 1 
Cf4FSOl 2 

Table 5-6 Physical and Mechanical Test Results, Air New Zealand 1 Year Solar Specimens 

INITIAL INITIAL EXPOSED F I HAL DRY UL TlIUTE 
LAMINATE LAMINATE DRY DIU SPECIMEN SPECIMEN FAILURE TEST 
THICKNESS WIDTH LAMINATE SPECIMEN WIIQHT WEI8HT LOAD TEMPERA TUR~ 
flNI IINI WEI8HT WEI8HT .allAIII ,aRAM' (POUND I 'FI 

CaRAM) CORAM) 

.0813 .2458 1.3183 I.U45 1.412' 4U.00 72.0 

.0150 .2513 1.3012 1.4151 1.4ns a ... oo 180.0 

.OU5 .4 .. 4 1.7713 2.0277 2.0420 142.75 72.0 

.0110 .5004 1.7511 1.1110 2.0112 111.71 72.0 

.OUI .4171 1.7788 2.0140 2.0281 111.00 72.0 

.oesa .411' 1.7541 1.11" 2.0051 112.75 110.0 

.0110 .4148 1.7511 1.1104 2.00U 12'.50 110.0 

.OU7 .4151 1.7771 2.0103 2.0232 130.25 110.0 

.0452 1.0021 1.7454 11.8121 11.1271 1130.00 110.0 

.0450 1.0003 8.anl 11.5532 11.5731 1015.00 110.0 

.1010 .2453 1.3114 1.4881 1.4140 III .00 72.0 

.1051 .2417 1.8127 1.5112 1.5452 110.00 110.0 

.0121 .4130 1.1413 1.1140 1.'703 127.20 72.0 

.0a32 .4115 1.1718 1.80SS 1.1127 UO.20 72.0 

.0830 .4140 1 ..... 1.1272 1.IUO 12'.20 72.0 

.oau .4143 1.8U8 1."57 I.U" 11.20 110.0 

.0831 .4135 1.8872 1.8120 1.8182 '7.20 110.0 

.0145 .4175 1.8141 1.IUl 1.1287 '8.50 110.0 

.1051 .2410 1.4347 1.5114 1. stl4 410.00 72.0 

.1108 .2417 1.5041 1.1511 1.8871 as'.OO 110.0 

.0844 .4112 1. 7372 1.1507 1.1111 U4.50 72.0 

.0115 .4 .. 8 1. lOll 2.0314 2.0471 111.10 72.0 

.0832 .4UI 1. aUl I.UI7 1.1014 U8.00 72.0 

.0178 .4111 1 .1200 2.0314 2.0413 12'.20 110.0 

.oes3 .4111 1.7802 1.1741 1."44 121.00 110.0 

.0 .. 1 .5004 1. lOtS 2.0281 2.031t 131.00 110.0 

.0412 1.0021 1.7885 11.2001 11.2511 1250.00 110.0 

.0 .. 80 1.0030 1 •• tS8 11.3128 11.4483 1250.00 110.0 
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Table 5-7 Physical and Mechanical Tp.st Results, Air New Zealand 1 Year Non-Solar Specimens 

INITIAL I N IT II.L EXPOSED FINAL DRY ULTIMATE 
IDENTIFYING UMINATE LAlli NATE Din DRY SPECIMEN SPEC 1.11 FAILURE TEST 
CHARACTE~S 'H ICUESS WID'H LAMINATE SPECIMEN WElaHT WElaH' LOAD TEMPERATURE 

IINI I lin WE laMT WElaHT I aRAil I I aRAil I (POUID' 'FI 
(aRAMI (allAMI 

lSEfNG1 1 .0 .. 1 .14" 1.3221 1.4711 1.4107 455 .00 72.0 
ASEn01 2 .0132 .u .. 1.212S 1.4211 1.4312 311.00 110.0 
AnFI01 1 .01S1 .... 13 1.1n2 1 ..... 1.'134 142.00 72.0 
AnFN01 2 .01S2 .4112 1.1521 1.1145 1."51 143.15 72.0 
Ann01 S .01S1 .4113 1.11" 1.'150 2.0014 145.25 72.0 
AHn01 4 .01S1 .4 .. 1 1.1104 2.0004 2.0145 115.21 110.0 
AFLFI01 5 .01SS ...... 1.7"S 2.0025 2 .0110 111.50 110.0 
AnFII01 • .0 .. 5 .4110 1.1121 2.0111 2.0S12 US.75 110.0 
AT4n01 1 .0 .. 1 1.0005 '.5121 n.4117 10.4110 1020.00 110.0 
AT4F101 2 .045S 1.000S ..... 0 n.ul1 1O.ltlU "5.00 110.0 
ISEFI01 1 .1001 .2431 1.3124 1.4412 1.45~3 S".OO 72.0 
ISEFI01 2 .1020 .1454 1.310S 1.1317 1.UU 227.00 110.0 
IFLFl01 1 .0112 .4.n 1 .1111 1.1703 1.'111 UI.OO 72.0 
InFl01 2 .0135 .... 13 1."13 1 .... 1 1.1S04 U5.20 72.0 
InFI01 S .0131 .... 55 1 ..... 1.1514 1.'121 111.50 72.0 
InFl01 4 .0121 .4 .. 0 1.1131 1 .• 120 1.1310 111 .50 110.0 
InFlOl 5 .0130 .41e0 1.1004 1.'US 1 .... 0 104.10 110.0 
InFII01 • .0131 .4150 1."OS 1.1411 1.1414 101 .20 110.0 

...... ClEfll01 1 .1111 .24" 1.517S 1.1412 1 .• nl 501.00 72.0 
U'1 eSEn01 2 .1111 .1411 1.5273 1."11 1 .... 5 SU.OO 110.0 

enFl01 1 .onl .411S 1.1211 2.0114 2.0135 141.50 72.0 
enFII01 2 .0144 .... 12 1.1S'0 1."00 1 .... 4 U'.OO 72.0 
enFII01 S .011S .4 .. 0 1.1,.0 2.0411 2.0n4 110.50 72.0 
ennOl 4 .onl .4"S 1.1315 2 .0151 2.0111 US.OO 110.0 
cnn01 5 .014' .4'" 1.7551 1.1111 1 ... n 117 .00 110.0 
enFN01 • .0.11 .4 .. 1 1.125' 2.0414 2.0'02 U1.50 110.0 
cunOl 1 .0411 .1111 10.1428 l'.nu 11.4525 1140.00 110.0 
cun01 2 .0411 1.0015 10.0411 l'.2U' 11.2121 1245.00 110.0 



Table 5-8 Physical and Mechanical Test Results, Air New Zealand 1 Year Interior Specimens 

INITIAL INITIAL ElPOSED FIliAL DIY ULTIMATE 
IDUT IFY ING LAIiINUE LAlli NATE DIY DRY SPEC I liEN SPEC I liEN FAILURE TEST 
CHARACTERS THICUESS WIDTH LAlli NATE SPEC I liEN WElaHT WE la"T LOAD TEMPERATURE 

IINI III .. WEIGHT WEIGHT (GIAIiI (GIAIiI IPOUIDl (F' 
(allAliI IIUIII 

ASEFIOI 1 . '~17 .2410 1.4217 1.5175 1.5731 51'.00 72.0 
ASEFIOI 2 .0 .... .1502 1.31"0 1 .• 141 I.U07 aOI.oo no.o 
AFLFIOI 1 .01S0 .... 13 1. n •• 1.1713 1."54 , .... 00 72,0 
AFLFIOI 2 .O.IS .U75 1.7717 1 ..... 1."71 "1.75 72.0 
AFLF 101 a .01S' ... 151 1.7547 1.'U2 1 ... n 1 ..... 75 72.0 
AFLFI 01 .. .01S1 ... n. 1.7544 1 .• 12. 1 ... al 112.10 no.o 
AFLFIOI I .0117 .4 .. 0 1.7131 1 ..... 2.0051 UI.IO no.o 
AFLFIOI • .0.52 ... 135 1.7155 1 .... 22 1.1511 101.20 no.o 
AT .. FIOI 1 .0411 1.0011 1."72 10.1725 10.5171 1115.00 72.0 
AUF 01 2 .0411 1.0000 ', .. 02 10."71 10 ... 10. 1110.00 72.0 
AUF 01 a .042a 1.0001 '.020' 10."13 10.5410 1170.00 72.0 
AUF 01 .. .0450 1.00al '.SlOl 10.4501 10.5150 III.GO 110.0 
AUF Gl 5 .0 ..... 1.0015 ..... 02 10 .... 31 10."U IIS.OO 110.0 
AUF 01 • • 0 ..... ..... •. U ... 10.4152 10.711a "1.00 110.0 
AUF 01 7 .0 ..... 1.0027 24. 17 IS 24.1314 UIO.OO 110.0 
Al4F 01 I .0 .... 5 1.0011 24.7113 24 .... 27 .n.oo 110.0 
AUF 01 • .0 ...... 1.0031 24.742' 24.71'" In.oo no.o 
ACOF 01 1 .100" .2415 '010.00 n.o - ACOF 01 2 .1010 .2470 nlo.oo 72.0 C7'I ACOF 01 a .1011 . 24 IS 5210.00 n.o 
ACOF 01 4 .1Oao .2411 1170.00 110.0 
ACOF 01 5 .1024 .250' 1110.00 110.0 
AeOF 01 • .1041 .24ta 1710.00 110.0 
ISEF 01 1 .1011 .2441 1.3124 1 ..... , 1 ... n4 "15.00 72.0 
ISEF 01 2 .1011 .2411 l.a721 l.un 1.5254 IU.OO 110.0 
IFLF 01 1 .0130 . 4.11 1 ..... 1.1511 1 .• 55 • 111.50 72.0 
IFLF 01 2 .0"" • 4.12 1 ..... 1 .... 74 1.'515 111.50 72.0 
IFLF 01 3 .0130 ... no 1 ...... 1 .• 21. 1.'127 112.10 72.0 
IFLF 01 4 .OUI .4175 1.'173 1 .... 0 .. 1 .• Ul U".70 110.0 
IFLF 01 5 .0 ... 0 .... 45 1 ...... 1.'Ul 1. nl2 UI.IO '''.0 
IFLF 01 • .OUO .... 70 1 .• 71 • t •• 455 1.1512 ".00 110.0 
IUF 01 1 .0437 1.000' '.2822 10 .• 750 10.7UI UII.OO n.G 
1T4F 01 2 .0"" 1.00ao '.110' 10 .• 14. 10.712' 1110.00 72.0 
IUF 01 a .0 .... 2 1.0041 '.ll5a 10 ... n 10.1311 1210.00 72.0 
IT .. F 01 4 .0 .... 2 '.0020 '.1555 10.5212 10.57"0 UIO.OO 110.0 
IUF 01 5 .04U 1.00 .... '.20" 10.1117 10.'217 110.00 110.0 
IUF 01 • .0437 ... n '.2117 10.5154 10.1S71 110.00 no.o 
IUF 01 7 .0430 1.0022 24 ....... 24.UII 170.00 110.0 
IUF 01 I .0427 1.0011 24.1117 24.1517 110.00 no.o 
IUF 01 • .042' 1.0022 24.4017 24.4425 110.00 no.o 
leOF 01 1 .1011 .2417 ,uo.OO 72.0 
leOF 01 2 .1001 .2415 1110.00 72.0 
ICOF 01 I .104' .2411 "10.00 72.0 
leOF 01 4 • 10U .2517 a ...... n •. o 
ICOF 01 5 .1105 .2510 4110.0' 110.0 
ICOF 01 • • UIO .2411 ~tI •. o • 110.0 



Table 5-8 Physical and Mechanical Test Results. Air New Zealand 1 Year Interior Specimens (Concluded) 

INITIAL INITIAL EXPOSED FIN~L DIlY ULT IIIATE 
IDENTIFYING UMINATE UMINATE DRY DIlY SPEC IMEII SPECIMEN FAILURE TEST 
CHARACTERS THICKNESS WIDTH UMINATE SPECIMEN WE laHT WEIGHT LOAD TEMPERATURE 

II NI II NI WEI8HT WEI8HT (8RAIU laRAM. IPOUID. IF. 
laRAM. (aRAIU 

CIEFIOI 1 .1100 .U" 1.4134 1.IU5 1.IUl 5U.00 72.0 
CSEFIOI I .1101 .UI2 1.4101 1.1721 1.1112 317.00 no.o 
eFLFIOl 1 .0113 .5011 1.1304 2.01U 2.0711 158.10 72.0 
CFLF 101 ~ .0171 .4111 1.7711 2.0031 2.015S 154.50 72.0 
CFLFIOI S .0117 .5001 1.7151 2.0111 2.0212 145.50 72.0 
CFLFIOI 4 .0112 .5007 1.1311 2.0705 2.0105 145.20 no.o 
CFLFIOI 5 .0111 .4117 1.7510 2.0201 I.OSOI 120.20 110.0 
CFLF 101 I .0'" .5001 I.U14 2.0511 1.0112 121.20 110.0 
CUF 101 1 .OUO 1.0040 1.IUl 11.2712 11 . S270 1210.00 72.0 
CUFIOI 2 .OUS 1.00U '.Inl 11.2210 11.2152 1210.00 72.0 
CT4FIOI S .0455 1.0020 1.1311 11.2135 11.3407 UOO.OO 72.0 
CT4FIOI 4 .0415 1.0015 '.In. 11.4031 11.4517 1250.00 110.0 
CT4FI01 5 .0470 1.0011 10.1313 11.1205 11 •• 715 1220.00 110.0 
CUFI01 I .OUI 1.00U 1.7421 11.2175 11.2711 1110.00 110.0 
CUFIOI 7 .0413 1.0001 21 .110' 21 .n., 1140.00 110.0 

...... CT4FIOI I .0451 .... , 21.2'" 25.3241 lUO.OO 110.0 

...... CT.,IOI • .0410 1.0005 u.2In 25.1471 1010.00 110.0 
eeOF 101 1 .1041 .2511 5710.00 72.0 
ceOFIOl 2 .10n .2111 lsaO.OO 72.0 
ceOFIOl s .1031 .2113 Ino.oo 72.0 
CCOFIOI 4 .1071 .2132 4"0.00 110.0 
ceOFIOl 5 .1014 .2501 4720.00 110.0 
ceOFI01 • .1041 .2501 4200.00 110.0 



Table 5-9. Results Su.aary. Dryden ~1nal 2 Year Solar 5pec1.ens 

PROPERTY 

Room Temperature 
Residual 
Strength 
Data 
(% of Baseline)** 

Elevated 
Temperature 
Residual 
Strength 
data 
(% of Baseline)** 

SPECIMEN 
CONFIGURATION 

SBS 
Flexure 
+45 Tension 

SBS 
Flexure 
+45 Tension 

MATERIAL SYSTEM 
5208 

101.4 
107.8 
111.9 t 

104.6 
108.4 
97.0 

5209 

94.4 
111.1 
112.7 

87.2 
92.6 
93.5 

934 

93.4 
100.2 
109.1 

86.0 
102.7 
97.0 

~9ht Change I SBS +0.0069 +0.0101 +0.0733 
Data I Flexure -0.3282 -0.2471 -0.2471 
Percent Gain + , +45 Tension -0.3181 -0.2283 -0.2230 

Percent Loss __ - --J.---.. -----'------~---~----_t 
~Average of two measurements 

1----------____________________ " _________ ~ 

Notes: 

* 
** 

These specimens exposed for 715 days. 
Residual strength data base on baseline tests at the respective 
temperatures. 
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Table 5-1.0. Results S ... ry. Dryden binal 2 Year Non Solar SpeciEns· 

" 

SPECIMEN MATERIAL SYSTEM 
PROPERTY CONF I GURA TI ON 5208 5209 

Room Temperature SBS 91.7 95.2 
Residual Flexure 102.3 106.9 
Strength 
Data 
(% of Caseline)** 

Elevated SBS 

I 
99.4 86.3 

Temperature Fle);:ure 112.3 103.5 
Residual ~trrssed 106.8 89.5 
Strength !Ill' Te,..!~ ion 
Data 
(% of Baseline)** 

1 ------ -

Weight Change SBS +0.1122 -0.0064 
Data Fl~xure -0.4743 -0.2587 
Percent Gain + Stresse!i -0.0089 -0.2274 
Percent Loss - j-.. ~ 

1----. ___ 

Notes: 

* 
** 

These specimens exposed for 715 days. 
Residual strength data base on baseline tests at the respective 
temperatures. 
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934 

94.6 
102.0 

86.0 
106.4 
108.3 

+0.1091 
-0.1844 
-0.0474 
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Table 5-11. Results S-ry. Wellington, New Zealand 1 Year Solar Spect.ns· 

SPECIMEN 
PROPERTY CONFIGURATION 

--. -
Room Ten~-::i'ature SBS 
Residual Flexure 
Strength !45 Tension 
Data 
(% of Baseline)·· 

Elevated SBS 
Temperature Flexure 
Residual !45 Tension 
Strength 
data 
(% of Baseline)·· 

------
W~ight Change SBS 
Data Flexure 
Percent Gain + :!.45 Tension 
Percent Loss -

.-

----------
Notes: 

I 
I 

MATER I AL SV S._TT-EM,,--_""%"r]~ 
5209 5208 I -

94.2 87.9 90.8 
102.8 100.7 104.7 
112.2 118.5 118.4 

--------- -
81.8 

-----:-:-1 
67.0 74.6 

101.6 78.2 91.1 
118.7 88.1 109.5 

------ .-

.65 .39 .51 

.68 .38 .56 

.64 .39 .49 

... -.--~-

-.-- --. 

• 
** 

These specimens exposed fer 508 days. 
Residual strength data base on baseline tests at the respective 
temperatures. 
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Table 5-12. Results Su..ary. Welltngton. lew Zealand 1 Year Non Solar Spect .. ns· 

PROPERTY r SPEC-I--M-E.-N----T"" MATERIAL SYSTEM I 
CONF I GURAT ION 1----=5~20:::':8:---'-T..;..;.,,;~-=5":':20:-:9~'r----934l 

Room Temperature 
R!sidual 
Strength 
Data 
(S of Baseline)·· 

Elevated 
Temperature 
Residual 
Strength 
Data 
(S of Baseline)·· 

I 

SBS 
Flexure 

SBS 
Flexure 
Stressed 
+45 Tension i 

! I 
i I 

86.6 
106.2 

88.1 
96.8 

125.4 

87.0 
98.9 

69.9 
78.Y 
87.0 

87.8 
93.8 

73.4 
92.~ 

105.7 

.... 1 -!-~-~~-;-;-~ c-;-;n-! ;-e-:--:_-__ -Ji1:_~._:_~~_i_on_l-.-__ -_--_-_ -:-iO-~ J ____ :_:_~ ~ ___ :i_-t---i 

1.------_._----------------_._-----------_ .... 
Notes: 

• *. 
These specimens exposed for 507 days • 
Residual strength dat4 base on b~seline tests at the respective 
temperatures. 
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Table 5-13. Results SUMmary, A1r New Zealand 1 Year Solar Spec 1 mens. 

SPECIMEN MATERIAl. SYSTEM 
PROPERTY CONFI GURA TI ON 5208 !;209 

Room Temperature SBS 92.6 8'7.4 
Residual Flexure 104.2 102.2 
Strength 
Data 
~f Baseline)"· 

Elevated SBS 93.2 73.1 
Temperature Flexure 96.8 80.4 
Residual +45 Tension 124.8 -
Strength 
Data 
(% of Baseline)** 

Weight Change SBS .58 .54 
Data Flexure .65 .36 
Percent Gain + Stressed .15 -
Percent Loss - +45 Tension 

--Notes: 

* 
** 

These specimens exposed for 516 days, 2681 flight hours. 
Residual strength data base on baseline tests at the respective 
temperatures. 
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934 

90.6 
101. 7 

77.7 
93.9 

117.3 

.58 

.52 

.49 

.-



Tables 5-14. Results Summary, Air New Zealand 1 Year Non Solar SpeciMen· 

PROPERTY 

Room Temperature 
Residual 
Strength 
Data 
(% of Baseline)** 

. _---

Elevated 
Temoerature 
Residual 
Strength 
Data 
(% of Baseline)** 

Weight Change 
Data 
Percent Gain + 
Percent Loss -

Notes: 

-

SPECI 
CONFI 

------

SBS 
Flexu 

-- .. 

SBS 
Flexu 

ME 
GU 

re 

+45 T 
rc 
en 

-

SBS 
Flexu 
+45 T 

-

re 
en 

N MATERIAL SYSTEM 
RATION 5208 5209 
_._---

90.3 85.6 
105.7 104.7 

.. - ---.-

89.0 73.8 
103.4 99.7 

sion 114.2 -

----

.60 .36 

.66 .28 
sion .64 -

I 
I 

- .- -_. --- - ." .. _- - ----.--

* 
** 

These specimens exposed for 516 days, 2681 flight hours. 
Residual strength data base on baseline tests at the respective 
temperatures. 
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934 

88.2 
98.8 

75.9 
94.9 

112.6 

.55 

.49 

.57 



Table 5-15. Results Su.mary. Air New Zealand 1 Year Interior Specimen.* 

SPECIMEN MATER I AL SY STEM 
PROPERTY CONFIGURATION 5208 5209 

Room Temperature SBS 95.5 102.8 
Residual Flexure 107.4 106.7 
Strength +45 Tension I 118.9 120.5 
Data 
(% of Baseline)** 

Elevated SBS 76.1 71.7 
Temperature Flexure 99.1 96.4 
Residual +45 Tension 102.6 83.3 
Strength Stressed 110.1 87.4 
Datd +45 Tension 
(% of Baseline)** 

Weight Change SBS .43 .35 
Data Flexure .50 .25 
Percent Gain + Tension .41 .37 
Percent Loss - Stressed .55 .40 

+45 Tension 

Notes: 

* 
** 

These specimens exposed for 516 days, 2681 flight hours. 
Residual strength data base on baseline tests at the respective 
temperatures. 
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934 

94.7 
101.5 
123.4 

77 .9 
90.5 

113.7 
105.9 

.49 

.49 

.50 

.56 

.-



5.2 LABORATORY EXPOSURE AND TESTING 

5.2.1 WEATHEROMETER TESTING 

Results for the one year exposure Weatherometer flexure specimens 
are presentsd in Table 5-16. Residual strength measurements were 
made at 180 F for all three materials and at room temperature for 
T300/5208. The room temperature testing shows a five percent 
strength decrease for the unpai nted specimen~ and a ten percent 
decrease for the painted specimens. The 180 F testing shows no 
appreciable strength decrease or strength increase except for the 
unpainted T300/5208 which decreased about seven percent. No clear 
trertds are discernible from the results at this time since the 
specimen types showing strertgth reductions after 6 months exposure 
were not the same as the specimen types showing strength reductions 
after one year exposure. The residual glass transJtion tempera
tures (Tg) expN,rienced a 150F decrease for 5208, a 16 F decrease for 
5209, and a 16 F d~crease for 934. Some trends may be emerging here 
as Tgs for the 350 F cure ~stems are showing a steady decrease from 
6 month testi"g. The 250 F cure system (5209), however, showed a 
slight increase after 6 month Weatherometer exposure. Trends in Tg 
testing results may show a need for additional concentrated efforts 
in this area. 

5.2.2 TIME ALONE TESTING 

In order to provide additional data on time alone exposure effects 
the specimens originally designated and stored for 10 Year Time 
Alone exposure were redesigned as 2 Year Time Alone specimens. The 
actual time period of exposure was measured from the actual date of 
laminate fabrication and differs slightly for each material type. 
The specimens were weighed immediately upon removal from their 
sealed stora~~ containers and submitted to test. Results for the 2 
year specimens appear in Table 5-17. Strength and weight change 
trends for 1 and 2 year specimens are plotted in Figures 5-3, 5-4, 
and 5-5. 

To replace the 10 year Time Along Specimens, specimens which had 
been fabricated in excess of those originally required were removed 
fron storage, weighed, dimensionally measured, appropriately 
labeled, and stored in containers partially filled with indicator 
desicant. The 10 year Time Alone period will be measured from the 
date of laminate fabrication. The desicant will be replaced from 
time to time as required. 

Time Alone Specimens were also storee in sealed containers for the 
optional material systems AS1/3501-6 and 49/FI61-188. 
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Table 5-16. Weatherometer 1 Year NoIinal Exposure 

Residual Flexure Strengths and Glass Transition Temperatures 

Material Strengths, Percent Glass Transition Temp. (oF) 

Room 1800 1 Year Change from 
Temperature Baseline 

5208 Painted 89.9 115.5 398 -19 

Unpainted 94.4 92.6 405 -12 

5209 Painted 117.3 241 -21 

Unpainted 103.0 250 -12 

934 Painted 108.7 386 -15 

Unpainted 99.6 384 -17 

Residual strength data reported as a percent of baseline strength at the 
respective temperatures. 
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Table 5-17. 2 Year Tile Alone Residual Strength and Weight Change Results 

kT 1800 Weight 

SBS 

5208 99.6 96.2 -.103 

5209 93.6 94.9 -.026 

934 96.6 87.3 -.248 

Flexure 

5208 96.5 97.7 -.141 

5209 97.7 102.2 -.093 

934 103.0 98.6 -.222 

Residual strength data reported as a percent of baseline strength at the 
respected temperature. 
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5.2.3 COMPRESSIO~ TESTING 

After the start of the program there was some discussion among NASA 
and Soeing personnel on the best choice for a compression testing 
fixture. Two fixtures were under consideration: the Celanese 
fixture and the IITRI fixture. Testing was performed at Boeing for 
comparing performance of the two fixtures. Several graphite/epoxy 
specimens had back-to-back strain gages mounted to the specimen 
surface. Load/strain curves generated during test showed that the 
Celdnese fixture produced somewhat less bending in the specimen 
than the IITRI fixture produced. There was also some concern that 
the al ignment pins in the Celanese fixture might be carrying some of 
the load during test. Therefore, back-to-back strain gages were 
mounted to the pins, and testing results showed that ~he pins were 
supporting no more than 48 lbs of the load at specimen fracture. 
Finally. since the Boeing material testing labs have access to a 
Celanese fixture, but not an IITRI fixture, and no particular ad
vantage could be found with the IITRI fixture, the decision was made 
to use the Celanese fixture for all further compression testing on 
this contract. 

5.2.4 WEBBER CHAMBER 

An area of concern that has developed duri ng the course of 1 ab 
exposure and testing is the performance of the simulated ground
air-ground cycling chamber. Reliab'j lity of this facility has been 
poor, averaging less than 50% for ~he last several months. This 
test facility .is relatively complex and, as such, is more prone to 
breakdown than a simple facility such as a humidity cabinet. The 
original Task III test plans incorporated a range of test facility 
complexity. 

The purpose of the simulated ground-air-ground cycling chamber was 
to evaluate the freeze thaw cycle experienced by most aircraft 
during normal operation. When it runs, the chamber is believed to 
do an effective job simulating this environment. The real problem 
is "at the low efficiency of the chamber but the non-standard envir
onment that the specimens experience when the chamber malfunctions. 
It a relay sticks on the cold portion of the cycle the specimens may 
remain IIf"ozen" for one or more days. Since the original 10 minute 
hold at cold temperatures was arbitrary, injecting a longer hold 
does not invaliate the test. If a relay sticks at elevated tempera
tures, th~ specimens may actually experience temperatures above 
that seen in service. This may make any subseGuent test values 
invalid. 

Testing of one year specimens from Hawaii and from New Zealand d;d 
not show an effect due to the freeze thaw experienced by the air
craft specimens when compared to ground rack specimens. Also, the 
first set of specimens withdrawn from the simulation chamber 
(Figure 5-18) did not show strength reductions beyond that 
expected from moisture content alone. Current plans are to test a 
second set of simulation chamber specimens and then make a decision 
regarding continued lab t~sting of this nature. 
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Table 5-18. 6 Month G-A-G Residual Strength Results 

Test Temp. R.T. 

SBS 

5208 88.4 79.3 

5209 79.9 61.7 

934 86. 1 67.3 

Flexure 

5208 80.4 83.4 

5209 83. 1 72.6 

934 87.9 79.9 

Residual strength data reported as a percent of baseline strength 
at the respective temperature. 
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