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& FOREWORD

As requircd\_gne (1) densified billet out of each‘thirty-sixf('iib) processecd’
is randomly selected and subjected to the Production Lot Sampling Tests
specificd in paragraph 5.2. 3 of the Equipment Test Plan, AVSD-0325-78-CR

: dated 14 March 1979. During this report scveral PLS billets were tested.

3 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

3 Lot 10 and PLS #9 from densification Lot 11. All data has been compiled on

f previously presented Figures 7, 8, and 9 from the Equipment Test Plan, and

1 included hercin as the General Test Report, Production Lot Sampling, in
accordance with CDRI. Sequence Number 081A2,




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 specification requirements,
no changes were made in the test procedures and therc are no anomalies to be
reported.




DATA SUMMARY

PLS #5.

DENSIFICA TION LOT 6




PLS SUMMARY DATA SHEET
TYPE I1 CARBON/CARBON BILLET

BILLET S/N K900046 (PI.S #5)

PREFORM S/N_(P1441A)F 900852

DENSIFICATION LOT(S)_6

BILLET SIZE 8.059 x 3.237 x 3,237

BILLET WEIGHT___2728.1 grams

BULK DENSITY 1.971 ems/cc

RADIOMETRIC DENSITY

EDGE TO CORE RATIO 0.9978
END TO END GRADIENT 0.0008

SIDE TO SIDE GRADIENT_0.015

OPEN POROSITY_ _4.41%

FRACTURES (x) None
& INCLUSIONS (Y) None

VISUAL INSPECTION__ Accept

PREFORM DATA SIMMARY

MISSING/DISPLACED YARN
BUNDLES (2) None

FIBER ORIENTATION L W /In 2°

Z AXIS BENDING None

Z ELEMENT SPACING W/in 4 .005

XY LAYER SPACING W/In +,002

BULK DENSITY 1,081 gsms/cc

DENSITY GRADIENT 0.064 gm/cc
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PLS SUMMARY DATA SHEET
MECHANICAL PROPERTIES - TYPE IT CARBON/CAREON BILLETS

BILLET S/N_K900046 (Pl4-11A) PLS #5

PROPERTY
ULTIMATE TENSILE STRENGTH

X

TENSILE MODULUS

X

COMPRESSIVE YIELD STRENGIH

X

TEST

SPECIMEN

TX-1
TX-2
TX-3
TX-4
TZ-1
TZ~-2

TZ-3

TX-1
TX-2
TX-3
TX-4.
TZ-1
TZ-2

TZ-3

TEST VALUE

27600
33800

30200
32500

26800

28500

13.6

14.5

12,3

11.8

18900
16900

18400 __

REQUIREMENT
(MIN.)

18.2 x 103 PsI

16.5 x 103 Psi

8.5 x 106 psI

9.4 x 106 ps1

‘ 3
15.2 x 10~ PsI

3
11.0 x 10 PSI




PLS SUMMARY DATA SHEET
MECHANICAL PROPERTIES - TYPE JI CARRON/CARBON BILLETS

BILLET S/N_K900046 (Pl4-11A) PLS#5

PROPERTY TEST SPECIMEN  TEST VALUE
COMPRESSIVE MODULUS
X CXx-1 13.8
CX-2 13,0
CX-3 12.4
2 cz-1 10. 6
CZ-2 10.9
cz-3 9.7
45° XY TENSION,.1% OFFSET YIELD
TXY-1 4170
TXY-2 3830
TORSIONAL SHEAR, (2% OFFSET YIELD
TS-1 1000
TS-2 1030

REQUIREMENT
(MIN.)

.11.2 x 10% ps1

8.4 x 10% ps1

3500 psi

950 PSI




PLS SUMMARY DATA SHEET
TYPE 11 CARBON/CARBON BTLLET

THERMAL PROPERTIES

3 BILLET S/NK900046(P1441A)PI.S#5

§ PROPERTY TEST SPECIMEN TEST VALUE REQUIREMIIT
THERMAL EXPANSION " a L/é 20},83,.-1““”
X @ 4000°F TEX-1 ' 3.59 3.2 TO 4.1
TEX-2 3,62
Z @ 4000°F TEZ-1 3.50 3.1 70O 4.1
TEZ-2 3.59
THERMAL CONDUCTIVITY : BTU IN/HR FT2 OF
Z@ S00°F TCZ-1 627 ) 580 - 740
Z @ 1500°F ‘ TC2Z-1 460 ‘ 410 - 520
*’ " X @ 500°F TCX-1 : 901 ) 770 - 1010

X @ 1500°F TCX-1 & 585 . 500 - 655 ’




| DATA SUMMARY
PLS #6

DENSIFICA TION LOT 8

| RO



PLS SUMMARY DATA SHEET

TYVE TIOR3 [CAEO RILET

BILLET S/N A000453 (PLS i6)

PREFORM S/R(P14M06A) 1000952

DENSIFICATION LOT(S)_8

BILLET SIZE 8.063 x 3.211 x 3,237

BILLET WEIGHT_2697.8 grams

BULK DENSITY 1.964 ems/cc

i RADIOMETRIC DENSITY

EDGE TO CORE RATIO__ 0.9959
END TO END GRADIENT _0.0004

SIDE TO SIDE GRADIENT 0.017

OPEN POROSITY 4, 859,

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

VISUAL INSPECTION Accept

PREFORM DATA SINQARY

3 MISSING/DISPLACED YARN
E ¢ BUNDLES (Z) None

FIBER ORIENTATION L W/In 2°

Z AXIS BENDING None 1

Z ELEMENT SPACING__W/In 4,005

XY LAYER SPACING W/In + .002

BULK DENSITY 1,115 oms/cc

DENSITY GRADIENT (MAX) 0.037 vm/cc
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] PLS SUMMARY DATA SHEET
MECHANICAL PROPERTIES - TYPE II CARBON/CARBON WITLETS

BILLET S/N A000453 (P1466A) PLS #6

PROPERTY
ULTIMATE TENSILE STRENGTH

X

TENSILE MODULUS

X

COMPRESSIVE YIELD STRENGTH

X

TEST

SPECIMEN

TX-1
TX-2
TX-3
TX-4
T2-1
TZ-2

TZ-3

TX-1
TX-2
TX-3
TX-4
T2-1
TZ-2

T2-3

cX-1
CX-2
CX-3
Ccz-1

cz-2

Ccz-3

TEST VALUE

DATE  4-15.80

REQUIREMENT
(MIN.)

8.2 x 103 Pl

16.5 x 103 P

8.5 x 100 »sI

9.4 x 106 PSI

3
15.2 » 10 P&l

11.0x103 ©SI E




by

PLS SUMMARY DATA SHEET
"MECHANICAL, PROPERTIES - TYPE JI CARDBON/CARBON BILLETS

BILLET S/NA000453 (PLIG6AYPI.SH6

PROPERTY, TEST SPECIMEN  TEST VALUE
COMPRESSIVE MODULUS
X CX-1 13.9
CX-2 138
CxX-3 14, 4
A cz-1 ‘ 10.1
cz-2 10,9
cz-3 11.1
45° XY TENSION,.1% OFFSET YIELD
TXY-1 4100
. TXY~-2 3700
TORSIONAL SHEAR, ,2% OFFSET YIELD-
TS-1 1430

TS-2

l

1390

REQUIREMENT

(MIN.)

11.2 x 106 ps1

"8.4 x 108 ps1

3500 ps1

950 PS1




PLS SUMMARY DATA SNEET
TYPE 11 CARRON/CARRON BILLET

THERMAL FROPERTIES

BILLET S/ A000453 (P1466AYPLSH6

PROPERTY TEST SPECIMTN TEST VALlLZ RIZOUTHF.‘??_‘E
THERMAL EXPANSION au 20383,.1"” H
X @ 4000°F TEX-1 ' 3, 44 3.2 TO 4.1
TEX-2 3,36 .
[} ‘ Z @ 4000°F TEZ-1 3,44 3.1 10 4.1
F TEZ-2 3,33 |
|
THERMAL CONDUCTIVITY ) BIU IN/HR FT2 OF i
X@ 500°F TCX-1 883 770 to 1010 ’
X@ 1500° TCX-1 610 500 to 655 :
Z@ 500°F TCZ-1 __650 580 to 740
Z @ 1500°F TCZ-1 465 . 410 to 520 |

T




DATA SUMMARY

PLS #7

DENSIFICATION LOT 9




PLS SUNIARY DATA SHELT
TYPE II CARBON/CARBOYM BILLLT

BILLET S/N R000287 (P’1.8 £7)

PREFORM S/N(P1-176B) F900993

DENSIFICATION LOT(S)__9

BILLET SIZE8 127 x 3,240 x 3,240

BILLET WEIGHT 2751, 6 orams

BULK DENSITY 1.970 ems/cc

RADIOMETRIC DENSITY

EDGE TO CORE RATIO__0.9993
END TO END GRADIENT_O. 0016

SIDE TO SIDE GRADIENT_O.020

OPEN POROSITY__4.73%

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

VISUAL INSPECTION Accept

PREFORM DATA SUMMARY

MISSING/DISPLACED YARN
BUNDLES (2) None

FIBER ORIENTATION + W/In 2°

Z AXIS BENDING None

Z ELEMENT SPACING __W/In t+ .005

XY LAYER SPACING_ W /In } .002

BULK DENSITY__ 1,110 cms/cc

DENSITY GRADIENT (MAX) 0.070 pm/cc

s _

N
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) PLS SUMMARY DATA SIUEET L . “e.
MECHARICAL PROPERTIVS - TYPE 11 CARBON/CAREON BILLETS

.
L[]

BILLET S/ B000287 (P1476B) PLS # DAE  5/06/80
TEST ‘ ' REQUIREMENT
PROPERTY SPLCIMEN TEST VALUE (MINY |

-

ULTIMATE TERSILE STRENGTH

X TX-1 _ls.2 . 18.2 x 103 psr

| TX-2 23.6
%3 20.9
-4 i 20.2
oz _ T2-1 22 16.5 x 103 psI
r2-2 23.0
73 23.7

~ TENSILE MODULUS

X .- : CTX-1 12.6 8.5 x 100 vs1
) TX-2 12.1
TX-3 © 12,7
TX-4 .12.8
2 T2-1 11.2 9.4 x 106 psi1
: N
1Z-2 .3
] TZ-3 1.
; "COMPRESSIVE YIELD STRENGTH
' > S _ CX-1 18.5 15.2 x 103 psI
CX-2 19.0 '
- . cx,_3 17.4
z - o cz-1 . 360 1.0 x 103 psI
t .CZ-2 16.2
c7-~3 16.6 .
| ‘o
: . . . .
;
) 4 []




) PLO SGUMUART DATA SHELT :
WECHANTCAL PROPERTIES - TYPE )Y CARLBON/CAREON BILIYTS

.
L]

BILLET S$/n BO00287 (P1476B) PLS #7

. . , REQUIRENENRT
PROPERTY TEST SPECIMEN TEST VALUE (MIN.)
COMPRESSIVE MODULUS
X el 13.2 11.2 x 106 ps1
CX-2 13.9
! cx-3 135 |
2 | cz-1 10.1- 8.4 x 100 ps1
r C2Z-2 12.0
Cz-3 10.8
\ . . ‘
H  45° XY TENSION,.1% OFFSET YIELD
’ TXY-1 4070 3500 PSI
XY-2 3860
TORSIONAL SHEAR, 2% OFFSET YIELD .
TS-1 - 1430 950 PSI
. TS-2 _ 1446
N




FEITITINUIR T 1 o ol ol T, e
TYP 1) CARvORIC RO BTN

TUERMAL PEOLIETTES .
BILLET S/n B000287 (Pl476B) PLS H7
' PROPERTY TEST SPLCIMEM TEST VALUE REQUIRNITINT
' ) : A L/L » 103 1577
THERMAL EXPANSION ' @ 4,000°F

{ X @ 4000°F TEX-1 3.59 3.1 70 4.1
3 TEX-2 . 3.46

2@ 4ooc_>°r TEZ-1 3.20 3.1 70 4.1

' TEZ-2 3.40
TILRMAL CONDUCTIVITY . BTU IN/HR 1:-'1‘2 o
Z @ 500°F TC2Z-1 680 580 - 740
Z @ 1500°F TCZ-1 470 410 - 520
* X @ 500°F TCX-1 900 770 -1010
X @ 150008 TCX-1 601 500 . 655
. ) BN -
~N
LY
[ ]
{
3 .
' ) l)' L}
»
:' ‘“ A). l. .. \ .
yo e R e T -

DI 4Y WP (PO . - = s |l




| . DATA SUMMARY

PLS {8

DENSIFICA TION LOT 10




PLS SUSNATY LArA cRilT - !

. _ TYPE 17 CARBON/CARBOW BILLET

L
a o W R

b BILLET S/N _DBO00GSR (LS 48)

PREFORM S/N (P1487A) F901036

~ DENSIFICATION LOT(S)_10

BILLET S12E 8. 141 x 3, 244 x 3,213

. ? St e .
e et AN s

BILLET WEIGHT 2756.8 grams

BULK DENSITY !.9064 ams/cc

Y —
e s e

RADIOMETRIC DENSITY

EDGE TO CORE RATIOO0. 9984
END TO END GRADIENT_0.0019

SIDE TO SIDE GRADIENT 0,015

OPEN POROSITY 4. 68%

FRACTURES (X) None
& INCLUSIONS (Y)_ Dvone

VISUAL INSPECTION Accent

PREFORM DATA SIDMARY

1 MISSING/DISPLACED YARN
BUNDLES (2) None

o
FIBER ORIENTATION L W/In 2

Z AXIS BENDING None

2 ELEMENT SPACING W/In X . 005

XY LAYER SPACING wW/int 00>

BULK DENSITY 1,116 ems/cc

DENSITY GRADIENT (MAX) _0.068 pm/cc

LN N N e e e R

S ———

S ——
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POTSIP

- PLS
BNCIIRICA PROPIAT

BILLET S/ B0O00G58 (P14874) PLS 8

B N RS - [PRSV

v AN

JITIARY DATA SHUET
e Nl b cAnnYeren rinn e

DATE 5/20/80

TEST : ' REQUIREINT

PROFERYY

VLTIMATE TEISILE STRENGTH

X TX-1 35.0

TERS1LE HODULUS

x - T™x-1 15.4

TEST VALUL ey

18.2 x 103 I'SI

16.5 x 107 psl

8.5 » 105 A

-2 13.9

TX-3 15.1

TX-4 ’ 15.1

‘2 TZ-1 . - 10.5 9.4 % 100 e

32-9 12.9

x2-3 __13.2

COMPRESSIVE YIHLD STRENGTH

N CxX-1 18.8

15.2 x 103 psI

\

CX-2 19.4

cX-3 18.7

Z CzZ-1 . 14.9

11.0 x 103 ps1

i

Ci-2 16.5

c2-3 16.7__

*
]
]




L4 -
| ) SO UM LNV LA

MECHARTCAY, PROPERTIENS = UYL 1 CARLOL/CAIL D BELLYS

BILLET S/11 BOOOGS8(P1487A) I'LS #8 .
PROPERTY PRST SPECIMTN TEST VALUE
COMIRESSIVE MODULUS
X cxel 15.2_
CX-~2 15.0
CX-3 13.2__
Z Cz-} 10.5
cz-2 | 10.3
€z-3 | —10.1

45° XY TENSION,.1% OFFSET YILLD

TXY-1 3910

TXY-2 3710

TORSIONAL SHEAR, (2% OF¥SET YI1ELD
TS-1 : 1230

TS~2 . 1270

REQUIRLIZINT
()

11.2 » 130 psI

8.4 x 100 psy

3500 rsi

950 pSI1




PLE SUITOEY DSTA ST

Gy 1) U O e LT

THERHAYL. PROVERTIES

BILLET S/:1 BO00658 (P1487A) PLS {8

TEST $PECIN

YROPI TEST VALUE

Qezyeisar e seetyv AN o
T, LN .-.-.'.('.s

3 _ X @ 4000°F TEX-1 3.37

TEY-2 3.46

Z @ 4000°F T12-1 3.42

TLZ-2 3.52

THERMAL COLNBUCTIVITY

2@ 500°% TCZ-1 666

2 @ 1500°F ¢z~ 456

"X @ 5000 TCX-1 876

X G 150008 TCX-1 ' 606

‘.

e

'
REQUIRITI
AL/ ]03 JERREeS
@ oAGULTy
3. 7C 4.2
3.1 1O 4.

STU IR/NR ¥t er
580 - 740 ‘
410 - 520
770 -1010

500 - 655




DATA SUMMARY

PLS #7

DENSIFICA TION LOT 11




PLE MUY DATA CIERT

TYULG 1 o enfen

RENAR R AN

BILLET S/NBO00GRR (PIS_#0)

PREFORM S/N P1494A F90l1064

DENSIFICATION LOT(S) 11

BILLET SIZES. 059 x. 3,237 « 3,237

BILLET WEICHT 2731.9 porams

BULK DENSITY_), 071 ems/cc

RADIOMETRIC DENSITY

EDGE TO CORE RaTIOo 09974
END TO EXD GRADIENT _0.0076

SIDE TO SIDE GRADIENT 0.016

OPEN POROSITY 4.42%

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

VISUAL INSPECTION Accept

PREFORM DATA SUMMARY

MISSING/DISPLACED YARN
BUNDLES (2) None

FIBER ORIENTATION L wW/In 2°

Z AX1S BENDING__ None

2 ELEMENT SPACING  W/In X 005

XY LAYER SPACING w/Int L0022

BULK DENSITY _1.102 ems/cc

DENSITY CRADIENT (MAX) 0.029 em/cc
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PLS SUMMARY DATA SHEET

MECHANICAL PROPERTIES -~ TYPE I1 CARRON/CARBON TILLETS

BILLET S/H _BO0O00A88 (P1494A)V1°1.849

PRRE e o e
A

PROPERTY

LRI I

ULTIMATE TENSILE STRENGTH

X

TENSILE MODULUS

X
i
YA
& COMPRESSIVE YIELD STRENGTH
X
A

TEST

SPECIMEN

TX-1
TX=2
TX-3
TX<4
TZ-1
T2-2

T2-3

TX-1
TX-2
TX-3
TX-4
TZ-1
TZ-2

T2-3

CX=-1
CX-2
CX-J

cz-1

TEST VALUL

26.5

15.8
17.3
14.2

15.3

13.3

11.4

18.8

18.0

F

15. 4

DATE_ 6/6/80

REQUIREMENT
{MIN.)

18.2 x 103 Pl

16.5 x 103 Pel

8.5 x 106 »s1

9.4 x 106 PSI

15.2 » 103 Peil

11.0 x 103 PSI




PLS SUMUARY DATA SHENT
.MECHANTCM. PROPERTIES - TYPE_IY CARBOM/CARDON BILLETS

BILLET S/NRBON0ALES (P]aQ1A) P SHY

PROPERTY TEST SPECIMEN

TEST VALUE

COMPRESSIVE MODULUS
X CXx-1

CX-2

CX~3

Z cz-1

Cz-2

CZ~3

45° XY TENSION,.1% OFFSET YIELD
TXY-1

TXY=-2

TORSIONAL SIHEAR, 2% OFFSET YIELD

TS-1

T8-2

1

|

12. 6

l

9.8

l'

10. 1

[
o
P

3670

4080

1130

1130

REQUIREMENT

(MIN.)

11.2 x 106 psi

8.4 x 105 ps1

B T

3500 Ps1

950 PS1




PLS SUIMMARY DATA SHEET

TYPE II CARBON/CARBON BILLET

THERMAL PROPERTIES

BILLET S/u B000088 (1P14944) PLSH9

PROPERTY
THERMAL EXPANSION

X @ 4000°F

Z2 @ 4000°F

THERMAL CONDUCTIVITY
X@ 500°F
X@ 1500°F
| Z@ S00°F

Z @ 1500°F

TEST SPECIMEN

TEX~1
TEX-2
TEZ-1

TEZ-2

TCX-1
TCX-1
TCZ-1

TCZ-1

TEST VALVE

3. 36

l

3.38

l

3.29

F

897
600

670

L

438

REQUIRFTYT

A L/L x 103 1N/1N
@ 4000°F

3.2 T0 4.1

3.1 T0 4.1

BTU IN/HR FT2 ©F
770 to 1010
500 to 655

580 to 710

410 to 520







