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FOREWORD

As requiredyne (1) dcnsificd billet out of each'lhi-rty-tix-(36) processed
is randomly selected and subjected to the Production Lot Sampling Tests
specified in paragraph 5. 2. 3 of the Equipment Test Plan, AVSD-0325-78-CR
dated 14 March 1979. During this report several PLS billets were tested.
These are as follows: PLS #5 from densification Lot 6, PLS,6 from densifi-
cation Lot 8, PLS #7 from densification Lot 9, PLS #8 from densification
Lot 10 and PLS 49 from densification Lot 1I. All data has been compiled on
previously presented Figures 7, 8, and 9 from the Equipment Test Plan, and
included herein as the General Test Report, Production Lot Sampling, in
accordance with CDRL Sequence Number 081A2.
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SUMMARY OF TEST RESULTS

During this reporting period a change in the requirements for Thermal

Conductivity and Torsional Shear were incorporated by Change Order P00009

to Contract F04704-78-C-0036.

All of the PLS test results obtained were within speciiication requirements,
no changes were made in the test procedures and there are no anomalies to be

reported.



DA T-A SUMMA RY

PLS # 5.

DENSIFIGATION LOT 6



1VLS SUMN"ARY D)ATA SHT Ii
TYPE 11 CARRON/CARBON BILLEl-T

BILLET S/N 1<900046 (PI'S #5)

PREFORM S/N (P1441,AF900852

DENSIFICATION LOT(S) 6

BILLET SIZE 8. 059 x 3. 237 x 3. 237

BILLET WEIGHT- 2728. 1 grams

BULK DENSITY 1.971 gins/cc

RADIOMETRIC DENSITY

EDGE TO CORE RATIO- 0. 9978

END TO END GRADIENT 0. 0008

j SIDE TO SIDE GRADIENT 0. 015

OPEN POROS ITY_ 4. 41 %

FRACTURES (X) Nonc
& INCLUSIONS (Y) None

VISUAL INSPECTION Accept __________

PREFORM DATA SUMMARY

HISSING/DISPLACED YARIN
BUNDLES (Z) None

FIBER ORIENTATION _L IV/Tn 2c)

Z AXIS BENDING None

Z ELEMENF\T SPACING IT, 4- _001

XY LAYER SPAC ING Jjlri4- . )02

BULK DENSI TY__L.0814gni s /c

DENSITY GRADIENT o. o64.gin./c~c



7Z

V) 00 -:J

EU C
'4.

U))

C> _4 Ln o

.- flJx

0
i~P-4

Cf) C)

cn

V)) < " (L )C

E-4 tZ4-40~

0 fn p C

o ) ;r_ OD.) N

E-4 H

<. Cc UU
:.a [44 OU in-) 0-

F4.

P- C) C r4-



PLS SUMMARY DATA SHEET
M.ClIANICAL PROPERTIES - TYPE IT CARBON/CAR!,'N BILLETS

BILLET S/N K900046 (P14.I1A) PLS #5

TEST REQU IREMET-
PROPERTY SPECI1'FN TEST VALUE --(MIN.)

ULTIMATE TENSILE STRENGTH

3x TX-i 27600 18.2 x 10 PSI

TX-2 33800

TX-3 30200

TX-4 32500

3
Z TZ-1 2 16.5 x 10 PSI

TZ-2 26800

TZ-3 28500

TENSILE MODULUS

X TX-i 15.0 8.5 x 106 PSI

TX-2 13.6

TX-3 15.1

TX-4. 14.5

z TZ-i 12.3 9.4 x 106 PSI

TZ-2 11.8

TZ-3 11.8

COMPRESSIVE YIELD STRENGTfH

X cx-1 loo 15. 2 x 103 PSI

CX-2 i89oo

CX-3 18400

z CZ-1 16900 11.0 x 103 PSI

CZ-2 18400

CZ-3

kk£



PLS SUMMARY DATA SlIE.'T
MECHANICAL PROPERTIES - TYPE 71 CARBOJNCAR3O' BILLETS

BILLET S/N 1 900046 (P1441A) PLS#5

REQUIRE!I'.T
PROPERTY TEST SPECIMN TEST VALUE (MIN.)

COMPRESSIVE MODULUS

x cx-i 13.8 11.2 x 106 PSI

CX-2 13.0

CX-3 12.4

z CZ-1 10.6 8.4 x 106 PSI

CZ-2 10.9

CZ-3 9.7

450 XY TENSION,.l% OFFSET YIELD

TXY-1 4170 3500 PSI

TXY-2

TORSIONAL SHEAR, ,27. OFFSET YIELD

TS-1 1000 950 PSI

TS-2 1030

iI
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PLS SUMIARY DATA SHEET

TYPE 11 CARBON/CARoN BIl1.!:T

THERMAL PROPERTIES

BILLET S/NK9OO46(Pl44lA)PLSll5

PROPERTY TEST SPECINJN TEST VALUE IP.":7",
6 L/L x 103 IN/IN

THEPMAL EXPANSION @ 400001

X @ 4000°F TEX-1 3.59 3.2 TO 4.1

TEX-2 3.62

Z @ 40000F TEZ-1 3.50 3.1 TO 4.1

TEZ-2 59

THERMAL CONDUCTIVITY BTU IN/IR FT 2 OF

Z @ 500'F TCZ-1 627 580 - 740

Z @ 1500°F TCZ-1 460 410 - 520

X @ 500OF TCX-1 901 770 - 1010

X @ 1500OF TCX-1 585 500 - 655

lli111 I 11 I , , , ,, , ,, 'I[now - - 2



* DATA SUMMARY

PLS 116

DENSIFICATION LOT 8



PLS SUMMARY DATA SHEET

BILLET S/N A000453 (PLS #6)

PREFORII S/,(P-(,(-,A) F0952

DENSIFICATION LOT(S) 8

BILLET SIZE 8. 063 x 3. 211 x 3.237

BILLET WEIGI 2697.8 -rianm

BULK DENSITY 1.964 rims/cc

RADIOXTRIC DENSITY

EDGE TO CORE RATIO 0. 9959

END TO END GRADIENT 0. 0004

SIDE TO SIDE GRADIEN T 0.017

OPEN POROSITY 4 Sc0,

FRACTURES (X) None
& INCLUSIONS (Y) None. .

VISUAL INSPECTION A ccept __

PREFORM DATA SUMMARY

MISSIING/DISPLACED YALN
BUNDLES (Z) None

FIBER ORIENTATION -L W/In 20

Z AXIS BENDING None

Z ELE1E;NT SPACIl;G WIIn 4- . 005

XY LAYER SPACING W /In + .00 2

BULK DENSITY 1. 115 v) './c

DENSITY GRADIENT (M!AX) 0. 037 i/cc
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PLS SU- RY DATA SIELT
HECIANICAL PROPERTIES - TYPE II CATf1Hl0/CARBOJ 11T.TI.ETS

BILLET S/N A000.|53 (P1,6A) PLS 1/6 DATE 4-15-80

TEST REQU I RE.- hT

PROPERTY SPECIlfEN TEST VALUE

ULTIMATE TENSILE STRENGTHl
3

X TX-1 21.1 18.2 x 10 t}U

TX-2 21 4

TX-3 23.7

TX-4 24.3

Z TZ-1 25.1 16.5 x103 PEI

TZ-2 22.4

TZ-3 21.1

TENSILE MODULUS

X TX-i 1 8.5 x 106 ?SI

TX-2 I

TX-3 13.4

TX-4 13.0

Z TZ-1 11.9 9.4 x 106 PSI

TZ-2 12.9

TZ-3 12.8

COMPPESSIVT YIELD STRENGTH
3

X CX-I 19, 2 15.7 Z" 10 IPEI

CX-2 16.3

CX-3 17.6

Z CZ-1 15, 3 1l.O 0 10 3 Psi

CZ-2 15. .

CZ-3



PLS SUMARY DATA SHEET
HMEClfA,-,CAT. PROPERTIES - TYPE IT CARflON/CAR13ON BILLEFTS

BILLL-T S/N,,AOOO4%l~ (11TAP~

REQU IREMNT

PROPERTY TEST SPECIM'EN TEST VALUE QT.

COMPRESSIV MODULUS

x cx-1 13.9 11.2 x 106 PSI

CX-2 1-

CX-3 1

Z CZ-1 10. 1 8.4 x 106 PSI

CZ-2

CZ-3 11.1

450 )X TENSION,.l7. OFFSET YIELD

TXY-1 .4 100 3500 PSI

TXYf-2 3700

TORSIONAL SHEAR, .2% OFFSET YIELD

TS-1 1430 950 PSI

TS-2 1390



PLS SuMMARY DATA SHEET
TYPE II CARBONCARO? BILLET

THERmaL PROPERTIES

BILLET S/N A000453 (PI46(,A)FTS;,

PROPERTY TEST SPrCI'.-,N TEST VALUE

TJIER2IAL EXPANSION O L/L x 103 IN'l/I;
@ 4000OF

X @ 4000OF TEX-1 3.44 3.2 TO 4.1

TEX-2 3.36

Z @ 4000*F TEZ-1 3._!4 3.1 TO 4.1

TEZ-2 3.33

TIERIAL CONDUIVITY BTU IN/11R FT2 OF

X@ 500F TCX-1 883 770 to 1010

X@ 1500°F TCX-1 610 500 to 655

Z@ 500°F TCZ-1 650 580 to 740

2 @ 1500°F TCZ-1 465- -.. 410 to 520



DATA SUMMARY

PLS #7

DENSIFICATION LOT 9



M S .. Y DATA .1ii::I:T
TYPE I CARBO/CABo.BI.ET

BILLET SIN .000287 (L.S 117)

PREFORH S/N (P-T74f) F900993

DENSIFICATION LOT(S) 9

BILLET SIZES. 127 x 3. 240 x 3. 240

BILLET WEIGHT 27r.. 6 *~

BULK DENSITY 1.970 g__ms/cc

RADIOM TRIC DENSITY

EDGE TO CORE RATIO 0.9993

END TO END GRADIENT 0. 0046

SIDE TO SIDE GRADIENT 0.020

OPEN POROSITY 4.73%

FRACTURES (X) None
& INCLUSIONS (Y) None

VISUAL INSPECTION Accept

PREFORM DATA SUr%2!ARY

MISSING/DISPLACED YARN
BUNDLES (Z) None

FIBER ORIENTATION -L IV/In 20

Z AXIS BENDING None

Z ELEmENT SPACING \V/In ..005

XY LAYER SPACING W/In + OOZ

BULK DENSITY 1. 11O 4ries/cc

DENSITY GRADIENT (MAX) 0.070 gm/cc

~i
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1)'LS SLUINARY DA.TA S'l!' . rT
W;ClIANICA. ITMP".!MES - TYPr 11 CAI1;0:1/c'A~uIZ. Tr II.:

JDILLET SI- B000287 (P1476D) PLS 11,7 DAv17, 5/06/80

TEST REQU IRMcTEN
rROPEM sTV SCIMN TEST V'MXE (I.

ULTIMATE IE;:SILE STRENGTH(

X T- 18.2 .18.2 ,~103 P.j

TX-2 23.6

TX-3 20.9

TX-4 20.2

TZ-1 2.165x 103 PSI

*TZ-2 23.0

TZ-3 23.7

TENSILE 1.ODULUS

x . TX-1 12.6 8.5 x106 PSI

TX-2 12.1

TX-3 12.7

TX-Ia .12.8

z TZ111.2 94x 106 PSI
N

TZ-2 11.3

TZ-3 11.9

CO.MiPltESSIVE YIELD STRENGTH

x Cx-1 18.5 15.2 x 103 PSI

*CX-2 19.0.

*CX-3 17.4

2 CZ-1 16.5 11. 0x1031 I

.CZ-2 16.2

CZ-3 16.6



DATA-
MICIIANICAI. rRP OIWII ' TYPE 11I CAEIO/~~l~flL.T

.ILLET S/11 1000287 (P1476.,) P-i 47

iF.EQtl I Il*.: I T
?ROPflpITY TEST SPECIMN TEST VAI.IE (I..)

COMPRESS IVE MODULUS

x CX-1 13.2 11.2 Y 106 PSI

CX-2 13.9

CX-3 13.5

SCZ-1 10.1" 8.4 X106 PSI

CZ-2 12.0

CZ-3 10.8

450 XY TENSIOX,.11 OFFSET YIELD

TXY-1 4070 3500 PSI

TXY-2 3860

TORSIONAL SHEAR, ,2-" OFFSET YIELD

TS-1 1430" 950 PSI

*TS-2 1440

N

.-
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i T P I: Ii A ('.P P: n i .:S 1

B)ILLET S/11 B000287 (P1476D) PLS 47

PROPERTY TEST SPECIMNY' TEST VALUE L. l] .

: ' L/l, x 10 3 ],''

TIHEiUAL EXPANSION @ 400o -

X @ 4000°F TEX-1 3.59 3.1 To 4.1

TEX-2 3.46

z Q 4000 F TEZ-1 3.20 3.3 TO 4.1

TLZ-2' 3.40

STIlUM2J. CON<DUCTIVITY BTU IN/IIR FT2 OF:

Z @ 500'F TCZ-1 680 580 - 740

Z @ 1500'F TCZ-1 470 410 - 520

X @ 500 0F TCX-1 900 770 -1010

X @ 1500°F TCX-1 .601 500 - 655

N

e 0.

., "". . . - . . . . .""I.

- - - - - - -- - - - . . . . .



DATA SUMMARY

PLS 118

DENSIFIGATION LOT 10



TYPE I7 CARBO1/CAI0itoN 1;11.L0

BILLET sIN hooh06,*8 (1t.S !19)

PREFORM SIN (P1187A) 1'901036

DENSIFICATION LOT(S) 10

BILLET SIZE 8. 141 x 3. 2-14 x 3. ?-13

BILLET WEIGljT 2756.8 grams

BULK DENSITY 1.96.I c/c

RADIOMETRIC DENSITY

EDGE TO CORE RATIO0. 9 84

END TO END GRADIENT 0. 0010

SIDE TO SIDE GRADIEN'T 0.015

OPEN POROSITY 4. 68%

FRACTURES (X) None
& INCLUSIONS (Y) Fone

VISUAL INSPECTION Accent

PREFORM DATA SUn!ARY

HISSING/DISPLACED YARN

BUNDLES (Z) None
0

FIBER ORIENTATION -L W/In 2

Z AXIS BENDING . None

Z ELEMENT SPACING W/In -. 005

XY LAYER SPACING \VITn + 
- 002

BULK DENSITY 1. 116 -rs/cC

DENSITY GRADIENT (MAX) 0.068 g/,nlcc
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B)I.E1:T 110 P00658 (P1.87,\)PS'8 rLTE !!820/ 0..

TEST ,I.Q, I
IP', PTY SPIEC] NEN TEST VAI T . .

ULTWTJF TI:;SILE ST.CNC'r

X TX-1 35.0 18.2 x 15 i1s

TX-2 33.4

TX- 3 34.8

TX-4 32.4

z TZ-1 27.1 16.5 x I01 PI

TZ-2 24.,3

TZ-3 24.7

TENS1LE XO:)ULVS

X TX-i 15.4 8.5 > 106 :SI

TX-2 13.9

TX-3 15.1

TX-4 15.1

TZ-1 10.5 9. x }6

TZ- 2 12.9

TZ-3 13.2

CO'IESSIVl: Y7.1.1.1) STRENGTH

X cX-1 18.8 15.2 x jo3 PSI

CX-2 19.4

CX-3 18.7

z CZ-1 14.9 11.0 x 103 PSI

CZ-2 16.5

CZ-3 16.7

..



BILLET S/11 -1W00658(1PV.87A,%)__I'LS q

)TROPITITY ITST SPITI l:N T):!ST VA.LW._______

x CX- . 15.2 11. 2 1: i)6 S

CX-2 15.0

CX-3 13.2

Z CZ- 1 10.5 F,. l x 106 pS

CZ-2 10.3

CZ- 3 10.1

45' ).Y TFhNSION', . 1Z OFSET YJl;LD 30 s

T).-2 3710

T0IRSIONAL SHEAR, 2Z. OFFSET YIELD

TS-1 1230 950 PSI

TS-2 1270



ILLE:T S/a B000658 (11187A) ITS '.8

ITjION "llT TE~ST5;iC: TE'ST VATTF UVLH2

x azoo-r3.37 3.3 JO /..I

Ti;)- 2 3.46

z o 400X(' 'ITZ-1 3.42 3. 1 TO0 .

TUIZ-2 3.52

i:i;LCC ~U C T1Y

z C' 500'r TCZ- 1 666 50- 7/i?

z . 1500'r TCZ-J. 456 43.0 - 520

x cd5000Y rCX.-1 876 770 -3010

x o 1500F TCX-1 606 500 - 655



DATA SUMMARY

PLS i17

DENSIFICATION LOT 11



i! PT.r l '!"",."7 PATA rv!rr.T

B IL L E T S I N 1l 6 o a ( , I j. r ..

7

PREFO-at SIN P1 .19 .A 1")0 10 6.

DENSIFICATION LOT(S)_I1

BILLET SIZES8.9 x 3 237 17 3 37

BILLET wEicirr 2731.9 p rams

BULK DENSITY 1 , 7.n t

RADIOXETRIC DENSITY

EDGE TO CORE RATIO 0. 9974

END TO END GRADIE ." 0. 0076

SIDE TO SIDE GRADIENT 0.016

OPEN POROSITY 4. 42%

FRACTURES (X) None
& INCLUSIONS (Y) None

VISUAL INSPECTION Accept

PREFORM DATA SU,ARY

HISSING/DISPLACED YARN
BUNDLES (Z) None

FIBER ORIENTATION I W/In 20

Z AXIS BENDING None

Z ELEMENT SPACING W/In -. 005

XY LAYER SPACING W/I1 +- . 002

BULK DENSITY I 10.o I,-/-

DENSITY GRADIENT (MAX) 0. 029 pm/cc
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rLs SUHMARY DATA 511EET "CMECHAICAL PR0PrRTIES - TYPE~ II CA!MON N CA n l T,LTS

BLL.ET SINl B000688 (Pl49-4A)PT.S/I DATE 6/6/80

TEST REQURE--r
PROPFR'r? SPECIN TEST VATME i

UiLTIIATE TENSILE STRENGTH

X TX-i 3 3.. 1 8 .Z2x 10O P5-j

TX-2 35.7

TX-3 31.7

TX-4 35. 5

Z TZ-1 25.7 16 03ps

TZ-2 26. 5

TZ-3 23. 1

TEN~SILE MODULUS

x TX-i 15.8 8.5 x 106 :',sj

TX-2 17.3

TX-3 14.2

TX-4 15.3

Z TZ-1 39.4 x106 pSI

TZ-2 13.3

TZ-3 11.4

C0OiPRESSI VE YIELD STREN'GTl

x .CX-i 18.8 15.?Z y 10 v

CX-2 18.0

CX-3 1.

z cz-1 15.4 11. 0 03 P~SI

cz-2 16.4

CZ-3 15.7



PaS SU'l'Aw: DAT'A Si:r
kfFCCUANTCAT. PROP!ERTTES - TYPE It CAPB~O1N/CARI BILLETS

BILLET S/U -i3onfl',88 (PI.4')IAI PT c;Igo

REQUIRM>ENT
RPTYTEST SPECIM,? TE ST VALUE (m 1',.)

CO%,jpRESSIjVE MO0DULUS

X CX-l -1,511.2 x106 PSI

CX-2 1-

CX-3 12.6

z Cz-l .9.8 8.4 x106 pS,

CZ-2 10. 1

CZ-3 10. 1

450 XY TENSION1,27 OFFSET YIELD)

rX-i1 3670 3500 PSI

TX--2 4080

TORSIONAL SHEAR, .2% OFFSET YIELD

TS-1 1130 950 PSI

TS-2 1130



PLS SUI.ZARY DATA SHEET

TYPE II CARPON/CARBN ILI.I

TERK\L PROPERTIES

BILLET S/: B00C(SB (Pl.19.A) PLS! 9

PROPEIlTY TEST SPECin.N TEST ',EIr r o!'T r r.%

L/L x 103 ININ
TIIEFIAL EXPANSION @ 4000OF

X Q 4000°F TEX-1 3.36 3.2 TO 4.1

TEX-2 3.38

z @ 4000oF TEZ-1 3.29 3.1 TO 4.1

TEZ-2 3.36

THEPlMAL CONDUCTIVITY BTU IN/HR FT2 OF

X@ 500°F TCX-I 1. 897 _ 770 to 1010

X@ 1500 0 F TCX-1 600 500 to 655

Z@ 500OF TCZ-1 670 580 to 740

2 @ 1500°F TCZ-1 438 410 to 520

* t
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