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NOTICE

This report was prepared as an account of Government-sponsored
work, Neither the United States, nor the National Aeronautics and
Space Administration (NASA), nor any person acting on behalf of
NASA:

A.) Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the'use of any information, apparatus,
method, or process disclosed in this report may not
infringe privately-owned rights; or

B.) Assumes any liabilities with respect to the use of,. or
for damages resulting from the use of, any information,
apparatus, method or process disclosed in this report.

Ag used shove, "person acting on behalf of NASA" includes any
employee or contractor of NASBA, or employee of such contraector,
to the extent that such employee or contractor of NASA or employee
of such contractor prepares, disseminates, or provides access to
any information pursuant to his employment or contract with NASA,
or his employment with such contractor.

Requests for copies of this report should be referred to

National Aeronautics and Space Administration
Scientific and Technical Information Facility
P.0O, Box 33

College Park, Md 20740
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FOREWORD

The research and development work described herein was conducted by
Thiokol Chemical Corporation under NASA Contract NAS3-10288. The work was
done under the management of the NASA Project Manager, Mr. J. J. Notardonato,
NASA-Lewis Research Center.

This program was conducted at the Wasatch Division under the management
of Mr. E. L. Bennion with Mr. E. L. Gray as the project engineer. Principal
investigators were Mr. J. R. Mathis and Mr. R. C. Laramee. Motor manufactur-
ing was supervised by Mr. L. S. Jones.

The program final report consists of two volumes. Volume I contains the
text and Volume II the illustrations and tables as referenced in the text.
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ABSTRACT

The object of this program was to investigate and evaluate low cost materials
and processes applicable to full sized nozzles for 260 in. solid rockets.

Over 20 materials were subjected to increasingly severe tests, consisting
of mechanical, physical, and thermal properties and evaluation in nozzles of three
different sizes, ranging in throat diameter from 0.34 to 8.1 inches. Resulting data
were analyzed, and the better performing materials were employed in the design
and performance prediction of four full sized nozzles for 260 in. solid rockets.

Conclusions are that acceptable full sized nozzles can be fabricated at sub-
stantially lower cost than those produced in the past.
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TABLE 1
VENDORS CONTACTED

Armour Coated Products and Adhesives Co.
Standard Insulation Division
Saugus, California

Coast Manufacturing and Supply Co.
Livermore, California

Hooker Chemical Corporation
Durez Plastics Division
Los Angeles, California

Fiberite Corporation
Orange, California

Whittaker Corporation
Narmco Materials Division
Costa Mesa, California

Raybestos-Manhattan, Inc.
Manheim, Pennsylvania

- u.s. Polymeric, Inc.

Santa Ana, California

Ferro Corporation
Cordo Division
Culver City, California

Johns-Manville Sales Corporation
Aerospace Products Dept
Los Angeles, California

Mimesota Mining and Mfg Co.
St. Paul, Minnesota

IIT Research Institute
Chicago, Tllinois



TABLE 2

CANDIDATE NOZZLE MATERIALS

MECH. PROPERTIES POTENTIAL
FAMILY DESIGNATION  SUPPLIER  MATERIAL DESCRIPTION AT 15°F PROCESSING INFORMATION  FIRING EXPERIENCE  COST AND AVAIL USE REMARKS
1
LOW COST  LECM-2610* THIOKOL  GRAPHITE POWDER TENSILE 2,900 PS| COMPRESSION MOLD U-379 MOTOR 0.54/L8 THROAT ~ LOW MATERIALS COST
CARBONA- PHENOLIC, MOLDING ELONGATION 0.23% AT1,000PSI AND300°F  EXIT CONE 0,14 milsfsec INLET WITH EXCELLENT
CEOUS COMPOUND COMPRES 51 VE 12, 000 PSi THROAT 0.2 muls/sec  DEV. MATERIAL EXITCONE  EROSION RESISTANCE
GRAPHITE PARTICLES 75%  DENSITY 1.7 GM/CC ADAPTER mllstsec EASILY
SC-1008 RESIN 25%  COMP, MOD, 45X 10°PSI 2. CHAR MOTOR PRODUCED
THERMAL COND, (Dg +3.8)
0.41 BTUIFT-HR°F THROAT * 0 milsfsec
PWD EXIT CONE
{1 milsfsec}
LOW COST  LCCM-4L13* THIOKOL  GRAPHITE PARTICLE- TENS).E 440 PS| TROWEL AND CURE 1, TU<379 MOTOR 0.5018 BACKUP  LOW MATERIAL COST
CARBONA- NBR PHENOLIC ELONGATION 5.2% AT15 PSI AND 170°F ADAPTER 3.9 milsfsec INLET AP RELATIVELY FLEX|BLE
CEOUS CASTING COMPOUND COMPRESSIVE, ULT, 2. CHAR MOTOR DEV. MATERIAL EXTENSIVE CURING
GRAPHITE PARTICLES 75% 130 PSI INLET « 3 milsisc EASILY PRODUCED FACILITIES NOT REQ'D
SC-I0BRESIN  12.5%  MODULUS 6.7 X 163 PSI BACKUP-OK
HITCO 158 12.5%  DENSITY 1.3 GM/CC
THERMAL COND.
0.66 BTUIFT. -HR. °F
LOW COST  LCCM-4120+ THIOKOL  GRAPHITE PARTICLE~ TENSILE 2,300 PSI CAST AND CURE ATISPSI 1, TU-379 MOTOR 0.501L8 THROAT  LOW MATERIAL COST
CARBONA- PHENOLIC CASTING OR ELONGATION 0 15% AND 170°F THROAT 0.6 milsisec EXITCONE  CURING FACILITIES
CEOUS MOLDING COMPOUND COMPRESSIVE, ULT. EXIT-CONE 0.2 milsfsec  DEV. MATERIAL INLEY NOT REQ'D.
- GRAPHITE PARTICLES 5% 8,200 PS! 2, CHAR MOTOR EASILY PRODUCED POTENTIALLY A
DUREZ 10694 25%  MODULUS 4.6 X 105 BACKUP-OK 600D THROAT
RESIN DENSTTY 1.6 GM/CC AFTEXIT = 0.5 mils/sec MATERIAL
THERMAL COND. EXIT CONE * 1.5 mils/sec
0 89 BTUIFT, HR. °F
LOW COST  LCCM-{Relnforcedr  THIOKOL  GRAPHITE PARTICLE- 1.00-10.001L8 RELATIVELY LOW
CARBONA- ) PHENOLIC +ASBESTOS, EASILY PRODUCED MATERIALS COST
cEoUS GLASS, RAYON, OR OFF=THE-SHELF WITH 1MPROVED
CARBON F1BERS RAW MATERIALS MECH, PROPERTIES,
HANDLING AND
CURING CHARACTER-
1STICS RELATIVELY
SIMPLE.
LOW COST  LECM- THIOKOL  GRAPHITE PARTICLE- 0.75-1.50/L8 LOW COST,
CARBONA-  (Microbaltoon} PHENOLIG+GLASS, SILICA EASILY PRODUCED LOW DENSITY
CEOUS OR PHENOLIC OFF-THE-SHELF
MICROBALLOONS RAW MATERIALS
LOWCOST D1 ATLANTIC  COKE FILLED-ACID COMPRESSIVE, ULT. AFRPLMOTORS - PER-  UNKNOWN BACKUP  POTENTIALLY A GOOD
CARBONA- RESEARCH ~ CATALYZED FURFURYL 10,000 51 FORMED ADEQUATELY BACKUP MATERIAL,
CEOUS CORP. ALCOHOL CASTING COMP. (REPORT NO. AFRPL- LONG, SLOW CURC
UNGROUND COKE 49, 2% TR-66-111) Y

GROUND COKE 16, 4%
PETROLEUM COKE 16,4%
BINDER 18%

SHATERTALS RECOMMENDED FOR USE LN EVALUATION PHASE OF PROGRAM



TABLE 2, -Continued

CANDIDATE NOZZLE MATERIALS

MECH, PROPERTIES
AT 15°F

POTENTIAL
USE

FAMILY DESIGNATION  SUPPLIER  MATERIAL DESCRIPTION PROCESSING INFORMATION  FIRING EXPERIENCE COST AND AVAIL, REMARKS
LOW COST ~ SP-8050° ARMOUR  CARBON CLOTH-PHENOLIC  COMPRESSIVE, ULT. TAPE WRAP AND HYDRO-  NOMAD NOZZLE PRO-  17.00-18,50/LB FWDEXIT A GOOD PERFORMER
CARBON COATED (-2 IS DOUBLE THICKNESS) 34,500 PS CLAVE CURE AT 325FAND  GRAM-AFTER Ist COMMERCIALLY CONE OR  ATRELATIVELY LOW
CLOTH SP-8050-2  PRODUCTS EVERCOATEC-201 33% MOD, 2.4 X 106 PS| 2504PS| SEVEN FIRINGS, AVAILABLE THROAT  COST
BINDER TENSHLE, ULT. 9,100 PS! $P-8050 RECOMMEND- EXTENSION

MOD, 2.5 X 106 PS| €D FOR THROAT THROAT
SPECIFIC GRAVITY 1.47 EXTENSION (FWD
EXIT CONE)
EROSION = 1.7 mils/sec
CHAR = 6.8 milsfsec
LOW COST ~ 4C-1031 COASTMFG  CARBON CLOTH-PHENOLIC  SPECIFIC GRAVITY TAPEWRAP AND AUTO-  NOMAD NOZZLEPRO- 20 50/LB ENTRANCE
CARBON AND SUPPLY RESIN 33% 1.455 SPECIFIC HEAT ~ CLAVE CURE AT 325°F GRAM-RECOMMENDED  COMMERCIALLY CAP OR INLET
CLOTH co. REINFORCEMENT 57-61% 0.2406 AT 100°C AND 200PSI FORENTRANCE CAP  AVAILABLE
BINDER FILLER  6-10% 0.2622 AT 200°C OR THROAT INLET
TENSILE, ULT. EROSION = 7.1 milsfsec
18,000 PS1 CHAR = 7.9 milsfsec
MOD, 2.3 X 108 PSI
COMPRESSIVE, ULT.
38,000 S|
LOW COST ~ FM-5059 u.s, CARBON CLOTH-PHENOLIC  COMPRESSIVE, ULT. DIE MOLD AT 325°F AND  NOMAD NOZZIE PRO-  17.12LB ENTRANCE  REQUIRES RELATIVELY
CARBON POLYMERIC 28,000 PS| 500 PSI ADAPTABLETO  GRAM-RECOMMENDED  COMMERCIALLY cAP HIGH PRESSURE CURE
CLOTH MOD, 2,3 X 106 PSi HYDROCLAVE FOR ENTRANCE CAP ~ AVAILABLE
BINDER TENSILE, ULT. EROSION = 3.7 mlisfsec
3,700 PS1 CHAR = 7.9 milsfsec
10D, 1.57 X 106 PSI
SPECIFIC GRAVITY 1.48
SPECIFIC HEAT-
0.2035 AT100°C
0 3276 AT 200°C
LOW COST  WB-G217*  FERRO CORP. CARBON CLOTH-PHENOLIC  COMPRESSIVE, ULT. TAPE WRAP AND HYDRO-  NOMAD NOZZLE PRO-  20.97ILB THROAT OR
CARBON CORDO DIV. 27,000 P CLAVE CURE AT 300°F AND  GRAM-RECOMMENDED  COMMERCIALLY INCET
CLOTH MOD. 1,99 X 106 PS[ 250 PS! FOR THROAT AVAILABLE
BINDER TENSILE, ULT. THROAT:
7,700 PS! EROSION = 6.4 mils/sec
MOD, 1.99 X 10 PSI CHAR = 7.6 milsfsec
SPECIFIC GRAVITY 141 ;
SPECIFIC HEAT: EROSION ~ 10,2 milsfsec
0,2222 AT 100°C CHAR = 5,5 milsfsec
0 2472 AT 200°C

LOW COST  MXC-198*  FIBERITE  CARBON CLOTH-EPOXY TAPE WRAP-VACUUM BAG  NO FIRING EXPER. 21.50LB THROATOR  VERY LOW PRESSURE
CARBON CORP. NOVOLAC CURE NEW MATERIAL INLET CURING SYSTEM
CLOTH NO PRODUCTION REQUIRING ONLY
BINDER PROBLEMS VACCUM BAG AND

FORESEEN OVEN, HAS GOOD
POTENTIAL

LOWCOST MXC-1600  FIBERITE  CARBON CLOTH-PHENOLIC TAPE WRAP NO FIRING EXPER. 17.50L8 ENTRANCE  DOUBLE THICKNESS
CARBON . CORP. {DOUBLE THICKNESS NEW MATERIAL CAP, INLET TAPE RESULTING IN
CLOTH Ich THROAT LOW FAB, TIME.

BINDER



CANDIDATE NOZZLE MATERIALS

TABLE 2. ~ContInued

MECH. PROPERTIES POTENTIAL
FAMILY DESIGNATION  SUPPLIER _ MATERIAL DESCRIPTION AT I5°F PROCESSING INFORMATION  FIRING EXPERIENCE COST AND AVAIL, USE REMARKS
Low COST  D-13 ATLANTIC  COKE FILLED-ACID CATA- AFRPL MOTORS - IN UNKNOWN INLET MAY REQUIRE
CARBONA- RESEARCH  LYZED FURFURYL ALCOHOL CONCLUSIVE RESULTS ADDITIONAL
CEOUS CORP. CASTING COMPOUND DEVELOPMENTS
UNGROUND COKE 49.8%
GROUND COKE 16, 6%
PETROLEUM COKE 16.6%
BINDER 17.0%
FIBER MXC-113* FIBERITE ~ CARBON FIBER PAPER COMPRESSIVE, ULT, TAPE WRAP AND CURE IN  NOMAD NOZZLE NO. 4- 14,50 /LB BACKUP LOWER COST, LOWER
PAPER {MXC-313) CORP. PHENOLIC 10,600 PSI HYDROCLAVE OR AUTO- ENTRANCE CAP-AC- COMMERCIALLY FWDEXIT  DENSITY, LOWER
PHENOLIC TENSILE, ULT, 7,900 S| CLAVE AS LOW AS 25 PSI.  CEPTABLE PERFORM- AVAILABLE CONE INLET FA8 COSTS, DENSITY
MOD. 0,94 X I(JAd Ps| DENSITY CONTROLLED BY ~ ANCE-8 7 mlis/sec MAY BE VARIED SOMEWHAT.
ELONGATION 0.96% TAPE TENSION, HEAD TU-379 1.4 mils/sec SOME DEV. OF FAB,
FLEXURAL, ULT. PRESSURE AND CURE NOMAD NO. 1,3.4 milsfsec TECHNIQUES REQ'D, GOOD
12,400 PSE PRESSURE NOMAD NO. 6,13 milsisec POTENTIAL
SPECIFIC GRAVITY 1,05
FIBER MXS-113+ FIBERITE  SILICA FIBER PAPER SAME AS FOR MXC-113 47518 BACKUP SAME AS FOR MXC-113
PAPER {MXS-313} CORR PHENOLIC COMMERCIALLY AFTEXIT
PHENOLIC AVAILABLE CONE
FIBER MXA-113* FIBERITE  ASBESTOS FIBER PAPER SAME AS FOR MXC-113 . 80ILB BACKUP SAME AS FOR MXC-113
PAPER (MXA-313) CORP, PHENOLIC COMMERCIALLY AFTEXIT
PHENOLIC AVAILABLE CONE
FIBER MXCS-313 FIBERITE ~ CARBON-SILICA FIBER SAME AS FOR MXC-113 9.75/LB EXITCONE  SAME AS FOR MXC-113.
PAPER CORP. PAPER PHENOLIC COMMERCIALLY INTENDED TO BE USED IN TRAN-
PHENOLIC AVAILABLE SITION AREA FROM
HIGH EROS1ON
{MXC-113) TO LOW EROSION
MXS-113) AREAS OF EXIT
CONE. COST SAVINGS WOULD
RESULT.
FIBER MXSA-313 FIBERITE  SILICA-ASBESTOS FIBER SAME AS FOR MXxC-113 3.25/LB EXITCONE  SAME AS FOR MXC-113,
PAPER CORP, PAPER PHENOLIC COMMERCIALLY INTENDED T0 BE USED LN TRAN-
PHENOLIC AVAILABLE SITION AREA FROM MEDIUM

£ROSION {MXS-113) TO LOW
EROSION {MSA-113) AREAS OF
EXIT CONE, COST SAVINGS
WOULD RESULT  ENTIRE

113 AND 313 SERIES FEATURE
TAPERED DENSITY" CAPABIL-
ITY INEXIT CONE,



TABLE 2. -Continued

CANDIDATE NOZZLE MATERIALS

MECH, PROPERTIES POTENTIAL
FAMILY DESIGNATION  SUPPLIER  MATERIAL DESCRIPTION AT T5°F PROCESSING INFORMATION FIRING EXPERIENCE  COST AND AVAIL. USE REMARKS
LOW COST  FM-5511 u.s. CARBON CLOTH-PHENOLIC  TENSILE, ULT, TAPE WRAP AND CURE AT NO FIRING EXPER, 20,0018 INLET, FWD
CARBON POLYMERIC 14,000 PS| 325°F AND 1, 000 PS1 COMMERCIALLY EXIT CONE,
CLOTH MOD. 1.9 X 106 pSi AVAILABLE THROAT
BINDER COMPRESSIVE, ULT. EXTENS 10N
18,000 PSI
MOD, 1.5 X 10° psi
FLEXURAL, ULT,
23,500 PS1
MOD. 1.6 X 100 PS|
SPECIFIC GRAVITY, 1.51
LOW COST  4C-1831 COAST MFG. CARBON CLOTH-PHENOLIC  TENSILE, ULT, TAPE WRAP AND CURE AT~ NOMAD NOZZLE NO. 4 20,50/L8 INLET, FWD  DOUBLE THICKNESS
CARBON AND SUPPLY {DOUBLE THICKNESS 22,500 S| 350°F AND 250 PSI THROATEXTENSION ~ COMMERCIALLY EXITCONE, FABRIC PROVIDES
CLOTH MOD, 1.7 X 106 ps1 EROSION » 5.3 milsisec  AVAILABLE THROAT  DECREASED WRAP
BINDER RESIN COMPRESSVE, ULT, CHAR = 2.9 milsfsec EXTENSION  TIME
REINFORCEMENT Tan 31,000 PS
FILER 6-10% SPECIFIC GRAYITY, 1,35
SPECIFIC HEAT,
0,384 AT 200°C
THERMAL DIFFUSIVITY-
0.0038 AT R.T.
0.0048 AT 100“8 AND 200°C
LOW COST ~ 4C-1686° COAST MFG, CARBON CLOTH-POLY - TENSILE, ULT. TAPE WRAP AND CURE AT NOMAD NOZZLE NO. 11- 20.60/LB INIET, WD POTENTIAL IMPROVE-
CARBON AND SUPPLY PHENYLENE 25,000 PS1 350°F AND 250 P THROAT COMMERCIALLY EXIT CONE,  MENT IN PERFOR~
Lo 3% MOD, 2.5 X 109 PSI AVAILABLE THROAT, ~ MANCE THROUGH
BINDER REINFORCEMENT 57-61%  COMPRESSIVE, ULT. THROAT  SUPERIOR CHAR
FILLER  6-10% 30,000 PS1 EXTENSION, CHARACTERISTICS
SPECIFIC GRAVITY, 1,40 cAP OF POLYPHENYLENE
LOW COST  FM-5072 Lo* CARBON CLOTH-PHENOLIC  COMPRESSIVE, ULT.  TAPEWRAP AND CUREAT  NOMAD NOZZLENO 3 23.250LB THROAT,
CARBON FOLYMERIC with Silica Microballoonsl 16,400 PS1 300°F AND 200PSI MAX  (THROATEXTENSION)  COMMERCIALLY THROAT
CLOTH MOD, 1.39 X 106 PS( EROSION = 2mils/sec  AVAILABLE EXTENSION
BINDER TENSILE, ULT, CHAR = 5,7 misfsec ENTRANCE
7,800 PS1 NOMAD NOZZLE NO. 6 CAP
MOD, 1,96 X 106 PSI (INLE)
SPECIFIC GRAVITY, 1.31 EROSION = 14,5 milsisec
SPECIFIC HEAT, CHAR = 4.8 mils/sec
0.2219
THERMAL DIFFUSIVITY
ATR.T.:
0,0026 cm2/ sec
LOW COST 4037 NARMCO  CARBON CLOTH-PHENOLIC COMPRESSIVE ULT,  TAPEWRAP AND CUREAT  NO FIRING EXPERIENCE INLET, AVAILABLE IN SINGLE
CARBON RESIN (NARMCO 506) 32,000 300°350°F AND 200 THROAT,  OR DOUBLE THICKNESS
CLO™ REINFORCEMENT TENSILE, . 1,000 S| THROAT  TAPE
BINDER FILLER 8% 17,000 P EXTENS 0N
FLEXURE, ULT.
30,000 PS1

MOD, 2.5 X 108 PSI
SPECIFIC HEAT, 0.25
SPECIFIC GRAVITY, 1.48



TABLE 2, -Continued
. CANDIDATE NOZZLE MATERIALS

WECH, PROPERTIES POTENTIAL
FAMILY SUPPLIER__ MATERIAL BESCRIPTION ATI5°F FIRING COSTANDAVAIL _ USE  REMARKS
LOWCOST  MX-2600-96  FIBERITE  SILICA CLOTH-PHENOLIC  SPECIFIC HEAT TAPE WRAP AND KYDRO-  NOMAD NOZZLES NO 2, 5.20LB AFTEXIT  DOUBLE THICK-
SILICA CORP, {DOUBLE THICKNESS 0.2181 AT 10°C CLAVE CURE AT 325°F AT 3, 6, USED AS THROAT  COMMERGIALLY CONE, NESS TAPE PRO-
cloT FABRICH OZBATINC . L000PSI OVERWRAP. NO COM- "AVAILABLE BACKUP  VIDES DECREASED
BINDER DENSITY, 1 60 G/CM MENTS MADE ON PER- AB, TINE.
FORMANCE, ASSUMED 70
BE 600D
LOW COST ~ MXS-198+ FIBERITE  SILICA CLOTH-EPOXY TAPEWRAP ANDGVEN  NO FIRING EXPER. 6,101L8 NEW MATERIAL AT et wm.cune IN
SILICA CORP.  NOVOLAC CURE AT 15 PS1 80 PRODUCTION
clom PROBLEMS ANHCWATED VACUUM o
BINDER PRESSURE-VERY
LOW COST PROC-
£sS
LOWCOST  SP-B030-96*  ARMOUR  SILICA CLOTH-PHENOLIC TAPEWRAP AND CUREAT  NOMAD NOZZLE PRO-  4.T5IL8 AFTEXIT  LOWER RAW
SILICA {DOUBLE THICKNESS 300°F AND 225 PSI GRAMNOZZLENO. 1 COMMERCIALLY CORE, MATERIAL
ClotH FABRIC) THROATAPPROACH  AVAILABLE THROAT  COST DOUBLE
BINDER <8 SINGLE THICKNESS COMPRESSIVE, ULT. Em(lgus 6‘{', snl\HsIsec APPROACH  THICKKES S Tape
FABRIC 2,000951 .5 milsfsec PROVIDES
M('m e X106 ps1 NOZZIE NO. 2, THROAT DECREASED FABRI-
S AP CATION TINE
10 Yrad EROSION 4.8 mils/sec
MOD, 2.43 X 109 S| R e
SPECIFIC GRAVITY 1 70 RS ION (S 2030~
@)
EROSION 5.7 milsfsec
CHAR 2.4 milsisec
LOW COST  FMSSMLD LS. SILICA CLOTH-PHENOLIC  SPECIFIC GRAVITY, 1,00 TAPEWRAP AND CURE AT “SPECIFIC
SILICA POLYMERIC WITH MICROBALLOONS TENSIE, UL, 30°F AND 200 PS| HAX MAY BE VARIED
cloT ADDED ,500 PS| FROM 0,80 1,20
BINDER MOD. 115 X 106 pS1
COMPRESSIVE, ULT.
18,000 P51
MDD, 1,15 X 108 pS|
FLEXURAL, ULT
9,000 S}
400, 112X 106 p 51
LOWCOST 455132 “COAST MEG™ STLICA CLOTH-PHENOLIC  TENSILE, ULT, TAPEWRAP AND CURE AT
SILICA AND SUPPLY {DOUBLE THICKNESS 15,000 PS| 300°F AND 250 PSH 5.101L8 AFTEXIT DOUBLE THICK-
CloTH FABRIC) #0D, 2.2 100 pS1 COMMERCIALLY CONE,
BINDER RESIN COMPRESSIVE, ULT. AVAILABLE BACKUP TAPE PROVIDES
REINFORCEMENT 20,000 S| CREASE
FILLER SPECIFIC GRAVITY, L.70 APPROACH BAORiCATION
TINE
LOW COST  45-5186° COAST MFG, SILIGA CLOTH-POLYPHENYL~ TENSILE, ULT, TAPEWRAP 5,258 AFTEXIT  POTENT
SILICA AND SUPPLY ENE {DOUBLE THICKNESS 16, 00F5 COMMERCIALLY CONE IMPROVED PER-
CLom FABRIC) 7X106psl AILABLE
BINDER COMPRESSIVE uLr. THROUGH SUPERI-
20,000 QR CHAR CHARAC-
SPECIFIC GRAVITY, 1 70 TERISTICS OF
POLYPHENYLENE
SYSTEM
LOW COST 4065+ NARMCO  SILICA CLOTH-NBR PHE-  COMPRESSIVE, ULT,  TAPEWRAP AND CURE AT COMMERCIALLY BACKUP  LIGHTWEIGHT
SiLICA HOLIC WITH ORGANIC 2,100PS1 325°F AND 15 PSE AVAILABLE MATERIAL REQUIR
CLOH SPHERES) TENSILE, ULT. 1NG ONLY VACUUM
BINDER BAG CURE

2,000 PS1

FLEXURE, ULT,

SPECIFIC GRAVITY, 0.65
SPECIFIC HEAT, 0 30



TABLE 2, -Continued

CANDIDATE NOZZLE MATERIALS

- MECH. PROPERTIES POTENTIAL
FAMILY  DESIGNATION SUPPLIER _ MATERIAL DESCRIPTION AT 15 PROCESSING INFORMATION  FIRING EXPERIENCE  COST AND AVAIL, USE REMARKS
ASBESTOS  MXA-6012* FIBERITE  ASBESTOS-PHENOLIC COMPRESSIVE, UIT. TP WRAP-CURE AT 200F NOMAD NOZZLE PRO-  L.85ILB EXITCONE, RELATIVELY THICK
BINDER CORP, (CROCIDOLITE) 2,00PS51 ¢ AND 225 P51 GRAM-NOZZIENO, 1 COMMERCIALLY OVERWRAP TAPE (0.614-0 015)
MOD. 1.1 X109 PS TTRONT OVERWRRP AVAILABLE ALLOWS FOR LOWER
TENSILE, ULT. - NO PERFORMANCE APPROACH  WRAP TINE
10,000 PSI DATA NOZZIE NO, 2-
MOD. 150 X106 st EXIT EXTENSION
SPECIFIC GRAVITY, 1.60 EROSION, 6.2 mils/sec
SPECIFIC HEAT CHAR, 1.7 milsfsec
0.2181 AT100°C NOZZLES NO. 3 AND 4~
02838 AT 200°C THROAT APPROACH
THERMAL DIFFUSIVITY- EROSION, 5.1 AND 5.7
0 013 AT 100°C AT 200°C mllslsec
CHAR, BAND 2.1 milsfsec
ASBESTOS  MXA-198 FIBERITE  ASBESTOS FABRIC-EPOXY TAPEWRAP AND CURE  NO FIRING EXPERIENCE 2. 00/LB NEW AFTEXIT  VERY LOW COST
BINDER CORP, NOVOLAC UNDER VACUUM BAG IN MATERIAL, NO CONE, OVER- FACILITIES REQ'D
OVEN PRODUCTIONPRO-  WRAP,  VACUUM BAG AND
BLEMS ANTICIPATED  THROAT  OVEN
APPROACH
ASBESTOS  WBC-7201 CORDO DIV, ASBESTOS-PHENOLIC AFTEXIT
BINDER FERRO CORP, WITH SILICA MICRO- CONE,
BALLOONS) OVERWRAP
ASBESTOS  FM-5525 ASBESTOS-PHENOLIC COMPRESSIVE, ULT.  TAPEWRAP-CURE AT300°F NOMAD NOZZLE PRO-  2,00ILB AFTEXIT
BINDER PoLiHeRIC. (CROGIDOLITE 100881 o AND 230 PS| GRAM-SATISFAGTORY  COMMERCIALLY CONE,
MOD, 1.55 X 100 PSI PERFORMANCE AVAILABLE OVERWRAP
TENSILE, ULT. NOZZLE NO. 3-EXIT EXTEN-
16,00 BS| SION
MOD 2,88 X 106 PSI EROSION, 6. mlisfsec
SPECIFIC GRAVITY, 1.68 CHAR, 1.5 milsisec
SPECIFIC HEAT: NOZZLE NO. 4, THROAT
0.2163 AT 100°C OVERWRAP NO DATA
0.25%3 AT 200°C REPORTED
ASBESTOS  AA-6385° COAST NiFG. ASBESTOS-POLYPHENYLENE COMPRESSIVE, UL TAPE WRAP-CURE AT 325°F  TU-379, RESULTS 3,501LB AFTEXIT
BINDER AND SUPPLY il Ceramlc Mlcraballnons) 23,000 AND 25 PS} INCONCLUS IVE COMMERCIALLY CONE,
rznsu.s ULT AVAILABLE OVERWRAP
REINFORCEMENT 50%,  6,400PSI
MOD. 1.06 X 10° PS1
ELONGATION, 0.8%
FLEXURAL, ULT.
17,800 Pl
SPECIFIC GRAVITY, L.40
ASBESTOS  22-RPD RAYBESTOS CHRYSONILE ASBESTOS-  TENSILE, ULT. TAPE WRAP AND CURE AT 4,258 BACKUP
BINDER MANHATTAN PHENOLLC (wth Coramic 13,200 851 300°F AND 50 PSI COMMERCIALLY
Filler) MOD, 2.15 X 100 PSI AVAILABLE
HEXURE, L.
15,700
MOD, 178X106PSI
COMPRESSION, ULT.
6,800 PSI
ASBESTOS  23-RPD® MOD, 1.28 X 106 PSI
BINDER SPECIFIC GRAVITY, L.11
ASBESTOS  MICROBESTOS DS JOHNS-  CHRYSOTILE ASBESTOS- TAPE WRAP AND CURE AT  NO FIRING EXPERIENCE 4 25/LB BACKUP
BINDER  -PHENOLIC® MANVILLE  PHENOLIC (With Cork 300°F AND 50 PSI COMMERGIALLY
ASBESTOS- IFiller) AVAILABLE
IMPREG-
NATOR NOT

YET KNOWN



CANDIDATE NOZiE MATERIALS

TABLE 2, -Continued

MECH, PROPERTIES POTENTIAL
FAMILY DESIGNATION _ SUPPLIER  MATERIAL DESCRIPTION AT 75°F PROCESSING INFORMATION FIRING EXPERIENCE __ COST AND AVAIL, USE REMARKS
PAPER  SMS-2L THIOKOL  KRAFT PAPER-PHENOLIC comnessxve ULT.  TAPEWRAP-CURE AT3Z5°F TU-379, RESULTS 120118 BACKUP  LOW COST, WILL REQUIRE
BINDER AND 25 PS INCONCLUS IVE COMMERCIALLY SOME DEVELOPMENT OF FAS,
TERSILE, uu AVAILABLE TECHNIQUES. APPARENT
22,000 LOW CHAR STRENGTH
MOD, 166X106PS!
ELONGATION, 1.9%
FLEXURAL, UL,
21,000 PST
SPECIFIC GRAVITY, 1.2
PAPER M2z U.S. KRAFTCREPE PAPER- SPECIFIC HEAT. TAPE WRAP AND CURE AT NOMAD NOZZIENO. 7 2.001L8 BACKUP,
BINDER POLYMERIC PHENOL} 0,372 AT 200°C 325°F AND 150 S THROAT APPROACH  COMMERCIALLY THROAT
SPECIFIC GRAVITY, 1,33 EROSION, 2.9 millsfsec  AVAILABLE APPROACH
TENSILE, ULT, CHAR, 2.4 milsisec
7,400 PS|
MOD, 09X106FSI
FLEXURAL, ULT.
11,400 PS|
MOD, 0.94% 10 ps)
PAPER  MXP-1 FIBERITE  KRAFT PAPER-PHENOLIC TAPE WRAP BACKUP
BINDER CORP,
OTHER V-4 GENERAL ASBESIOS AND SILICA LAYUP AND CURE INOVEN NOMAD NOZZLENO, 5-  3.19/L8 THROAT
SYSTEMS TIREAND  FILLE] AT300°F UNDER VACUUM  THROAT APPROACH  COMMERCIALLY APPROACH
RUBBER EROSION, 14,1 milsfsoc  AVAILABLE
CHAR, 0,1 mllsisec
FIRED IN FULL SPEC-
TRUM OF THIOKOL
MOTORS, NORMALLY
AS CASE INSULATION,
PERFORMANCE HAS
GENERALLY BEEN GOOD,
KE-18¢ FIBERITE  CANVAS DUCK-PHENOLIC COMPRESSIVE, ULT.  TAPEWRAP AND CURE AT NOWAD KOZZIE N0, 6~ 1,50ALE THROAT
CORP. 0,300 P 300°F AND 225 PSI EXIT EXTENSION COMMERCIALLY APPROACH
MOD, ns1xm ps| EROSION, Smils/sec  AVAILABLE EXIT
) UL CHAR, 3 milslsec EXTENSION
8,200 P NOMAD NOZZLE NO. 8, BACKUP

MOD, 0, 73x10°Ps|
SPECIFIC GRAVITY, 1,33
SPECIFIC HEAT,

0.3443 AT 100°C

0.3642 AT 200°C

EXIT CONE

EROSION, 12 mils/sec
{AFY OF THROAT)
CHAR, 1.7 mils/sec
NOMAD NOZZLE NO. 8,
THROAT APPROACH
EROSION, 4.7 milsisec
CHAR, 4.7 milsisec



Material

LCCM=-2610
LCCM-4113
LCCM-4120

LCCM-
_ (reinforced)

MXC-113
MXS-113
MXC~-198
MXA-6012
KF-418
MXS-198
SP-8030-48
SP-8030-96
SP-8050
4C-1636
45-5186
4A-6385

FM-5072LD

FM~-5272
4065

23-RPD
WB-8217
WB-7605

TABLE 3

THIOKOL MATERIAL RECOMMENDATIONS

Zype
Graphite particle phenolic
Graphite particle' NBR phenolic
Graphite particle phenolic

Graphite particle phenolic,
reinforced )

Carbon fiberpaper phenolic
Silica fiberpaper phenolic
Carbon cloth epoxy novolac
Crocidolite asbestos phenolic
Canvas phenolic

Silica cloth epoxy novolac
Silica cloth phenolic
Heavyweight silica cloth phenolic
Carbon cloth phenolic

Carbon cloth polyphenylene
Silica cloth polyphenylene

Asbestos polyphenylene
(ceramic microballoons)

Carbon cloth phenolic
(silica microballoons)

Crepe paper phenolic

Silica cloth NBR phenolic
(silica microballoons)

Cork/asbestos phenolic
Carbon cloth phenolic
Microbestos DS phenolic

Supplier

Thiokol Chemical Corporation
Thiokol Chemical Corporation
Thiokol Chemical Corporation
Thiokol Chemical Corporation

Fiberite Corporation
Fiberite Corporation
Fiberite Corporation
Fiberite Corporation
Fiberite Corporation
Fiberite Corporation
Armour Coated Products
Armour Coated Products
Armour Coated Products
Coast Mfg & Supply
Coast Mfg & Supply
Coast Mfg & Supply

U.S. Polymeric

U.S. Polymeric

Narmco Materials

Raybestos-Manhattan, Inc
Western Backing

Western Backing/
Johns-Manville



Material

MXC-313

SP-8050

WB-8217

MXA-6012

FM~5272

KF-418

TABLE 4

MATERIALS SELECTED FOR SUBSCALE EVALUATION

Type

Carbon fibertape
phenolic

Carbon cloth
-phenolic

Carbon cloth
phenolic

Asbestos phenolic

Kraft crepe paper
phenolic

Canvas phenolic

Nozzles No.

10

Nomad

1,4,5,6

Supplier

Fiberite Corporation
Armour Coated Products
Western Backing

Fiberite

U.S. Polymeric

Fiberite Corporation



TENSILE SPECIMEN

0.250
+0.015

SAW CUTS
(SEE NOTES)

NOTES:
1. BSAW CUTS MUST BE PARALLEL WITHIN 0.030
2. DEPTH OF SAW CUTS SHALL BE 1/2 LAMINATE
THICKNESS (0. 005, -0).

24535-16

Figure 1 . Tensile and Interlaminar Shear Specimens
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NOTE: MARK ARRbWS AS INDICATED

24535-2 "

Compression TestrSpecimen Cutting Pattern and Configuration

Figure 2 .
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TABLE 5

PHYSICAL AND MECHANICAL PROPERTIES

Physical and
Mechanical Properties LCCM-2610 LCCM-4113 LCCM-4120

THIOKOL LOW COST CARBONACEOUS MATERIALS

Tensile Strength (psi)

1. Room Temperature

Ultimate 2,900 450 2,300
2. 300°F, Ultimate 1,700 80 800
3. 600°F, Ultimate * 350 150

Compressive Strength (psi)

. 1. Room Temperature

Ultimate 12,000 130 8,200
2. 300°F, Ultimate 5,000 30 2,000
3. 600°F, Ultimate 2,800 800 6,700
Hardness, Shore "D" 81 55 70
Specific Gravity 1.8 1.6 1.5

*Specimens fractured due to excessive gripping pressure.

13



PHYSICAL AND MECHANICAL PROPERTIES

Physical and

Mechanical Properties

TABLE. 5.. - Continued

MXA-313

FIBERITE FIBER PAPER PHENOLIC MATERIALS

Tensile Strength (psi)
A, Parallel

1. Room Temperature, Ultimate
Room Temperature, Modulus

2. 800°F, Ultimate
3. 600°F, Ultimate

B. Perpendicular

1. Room Temperature, Ultimate
Room Temperature, Modulus

2. 3800°F, Ultimate
3. 600°F, Ultimate

Compressive Strength (psi)
A. Parallel

1, Room Temperature, Ultimate

@.. 200°F, Ultimate
3. 600°F, Ullimate

B. Perpendicular

1. Room Temperature, Ultimate

2. 300°F, Ultimate
3. 600°F, Ultimate

Interlaminar Shear (psi)
A. Parallel

1. Room Temperature, Ultimate

2. 300°F, Ultimate
3. 600°F, Ultimate

B. Perpendicular

1. Room Temperature, Ultimate

2. 300°F, Ultimate
3. 600°F, Ultimate

Hardness, Shore D

Specific Gravity -

14

17,100
3.19 x 106
9,900
1,900

15,200

2.79 x 106

10,800
1,800

18,500
14,050
8,700

17,300
13,750
8,000

1,270
1,000
850

;330
940
780

93

1.6

MXS-313

6,700
1.31 x 106
4,800
2,600

4,100
0.81 x 108
2,500
2,200

9,600
7,900
3,900

5,500
4,700
2,000

390
310
150

260
220
220

66

0.8



gl

TABLE §

PHYSICAL AND MECHANICAL PROPERTIES OF LOW COST CARBON CLOTH MATERIALS

us Western
Supplier Fiberite Coast Coast Polymerie Armour Backing
Physical and
Mechanical Properties MXC-198 401686 402530 FM50721D SP8057 WB8251
Tensile Strength (psi)
A, Parallel
1. Room Temperature, Ultimate 8,900 18,300 7,600 9,000 6,500 9,000
Room Temperature, Modulus 1,40 x 108 1.86 x 108 2.53 x 108 1.29 x 108 1.9 x 108 2.54 x 108
2. 300°F, Ultimate 5,100 12,500 3,100 5,600 4,900 5,100
8. 600°F, Ultimate 3,400 10,400 4,500 4,700 4,300 4,400
B. Perpendicular .
1. Room Temperature, Ultimate 9,100 13,600 6,200 4,700 4,900 7,000
Room Temperature, Modulus 1.23 x 108 1.66 x 108 3.30 x 106 1,57 x 108 1.28 x 106 3,15 x 10°
2. 800°F, Ultimate 6,100 10,600 3,800 4,500 4,000 3,900
3. 600°F, Ultimate 2,800 13,800 1,900 3,400 3,900 2,900
Compressive Strength (psi)
A, Parallel
1. Room Temperature, Ultimate 31,100 13,000 28,100 20,500 28,600 30,200
2. 300°F, Ultimate 18,800 10,900 23,500 8,300 9,200 25,900
3. 600°F, Uliimate 4,000 7,200 8,000 6,100 4,800 5,900
B. Perpendicular
1, Room Temperature, Ultimate 18,900 14,400 23,900 16,900 217,000 26,700
2. 300°F, Ultimate 11,000 12,100, 18,600 6,200 8,300 22,900
3. 600°F, Ulhmate 2,500 7,300 5,700 4,900 4,800 4,500
Interlaminar Shear (psi}
A, Parallel
1., Room Temperature, Ultimate 780 1,270 760 290 560 650
2. 300°F, Ultimate 570 950 420 580 590 570
3. 600°F, Ultimate 280 880 290 430 N7A 430
B. Perpendicular .
1. Room Temperature, Ultimate 720 1,040 460 870 460 470
2. 800°F, Ultimate 540 870 390 610 580 500
3. 600°F, Ultimate 150 960 210 380 360 370
Hardness, Shore D 84 85 95 91 38 95

Specific Gravity L1 1.8 1.5 1,2 1.4 1.5



PHYSICAL AND MECHANICAL PROPERTIES OF LOW COST SILICA CLOTH MATERIALS

Supplier
Physical and

Mechanical Properties

Tensile Strength-(psi)
A, Parallel

1. Room Temperature,‘lﬂtimate
Room Temperature, Modulus

2. 300°F, Ultimate
3. 600°F, Ultimate

B. Perpendicular

1. Room Temperature, Ultimate
Room Temperature, Modulus

2. 3800°F, Ultimate
3. 600°F, Ultimate

Compressive Strength (psi)
A. Parallel

1. Room Temperature, Ultimate

2. 3800°F, Ultimate -
3. 600°F, Ultimate

B. Perpendicular

1. Room Temperature, Ultimate

2. 300°F, Ultimate
8. 600°F, Uliimate

Interlaminar Shear (psi)
A, Parallel

1. Room Temperature, Ultimate

2. 300°F, Ultimate
3. 600°F, Ultimate

B. Perpendicular
1. Room Temperature
2. 300°F Ultimate _
3. 600°F, Ultimate
Hardness, Shore D

Specific Gravity

TABLE 7

Fiberite

MXS-198

10,000

2.61x 106
4,500
2,000

9,900

2.01 x 106
4,300
2,800

34,600
9,900
3,600

24,000
7,800
2,100

1,250
640
200

760
690
.250

88

16

doast

485186

10,800

2.37 x 106

10,100
8,300

10,900

1.63 x 106
8,700
5,100

13,600
12,200
10,000

12,900
10,400
8,400

1,060
650
850

590
550
550

92

1.7

Armour,

SP-8030~96

6,200
2.67 x 108

4,500

6,400

4,200
1.79 x 106
4,400
2,800

23,100
22,900
10,300

27,900
18,100
8,100

600
550
610

390
510
490

94

1.6

Narmeo

4065

6,100
0.89 x 10%
2,800
2,200

4,100

0.40 x 108
1,600
1,300

6,700
1,200
980

4,200

620

590
300
180

460
240
110

88



PHYSICAL AND MECHANICAL PROPERTIES OF LOW COST

Supplier

Physical and

TABLE 8-

ASBESTOS AND PAPER MATERIALS

Mechanical Properties

Tensile Strength (psi)
A. Parailel
1. Room Temperature,
Room Temperature,
2. 300°F, Ultimate
8. -600°F, Ultimate

B. Perpendicular
1. Room Temperature,
Room Temperature,
2. 300°F, Ultimate
8. 600°F, Ultimate

Compressive Strength (psi)
A, Parallel
1. Room Temperature,
2. 300°F, Ultimate
3. 600°F, Ultimate

B. Perpendicular
1. Room Temperature,
2. 300°F, Ultimate
3. 600°F, Ultimate

Interlaminar Shear (psi)

A, Parallel
1. Room Temperature,
2. 300°F, Ultimate
3. 600°F, Ultimate

B. Perpendicular
1. Room Temperature,
2. 300°F, Ultimate
3. 600°F, Ultimate
Hardness, Shore D

Specific Gravity

Ultimate
Modulus

Ultimate
Modulus

Ultimate

Ultimate

Ultimate

Ultimate

Coast Raybestos
4A6385 23-RPD

17,200 19,700

2.60 x 10 2.99 x 10°
18,100 15,200
11, 600 8,900
10,500 10, 800

1.89 x 108 1.76 x 108
6, 600 11,100
7,300 7,300
17, 600 15, 500
12, 300 8,300
10, 600 3,400
17, 600 13,900
12,100 7,700
9,200 2,700
1,190 1,700
1,100 1,090
880 1,000
780 1,070
670 720
620 640
92 88
1.4 1.5

17

Panelyte

SMS-21

12,700

1.52 x 10°
6,000
3,500

12,100
1.38x 10
6,200
3,000

6

23, 400
12,000
2, 800

22, 400
9, 000
1, 800

760
560
300

630
530
330

93

1.3
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Figure 3 . TU-379 Materials Sc:reening Motor




61

4.47

,———— — % — ——
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24535-18

Figure 4 . TU-379 Nozzie




10.

11,

12,

13.

14,

15.

16.

7,

18.

SUMMARY OF FABRICATION CONDITIONS

Material

MXA-313
(Asbestos fiberpaper)

MXS-313
(Silica fiberpaper)

MXC-198
(Carbon epoxy novolac)

MXS-198
(Silica epoxy novolac)

FM-5072LD
(Carbon phenolic)

4065
{Bilica NBR phenolic)

SP-8030-96
(Silica phenohc)

SP-8057
{Carbon phenolic)

4C-1686
{Carbon polyphenylene)

4C-2530
{Avceram phenolic)

45-5186
(Silica polyphenylene)

4A-6385
{Asbestos polyphenylene)

WB-8251
(Avceram phenolic)

23-RPD
(Asbestos/cork phenolic)

SMS-21
{Paper phenohc)

LCCM-2610
{Graphite phenolic)

LCCM-4120
(Graphite phenolic)

LCCM—4113
{Graphite NER phenolic)

TU-379 NOZZLE COMPONENTS

Curing Conditions

109 psi {autoclave) and 320°F

100 psi (autoclave) and 320°F

18 psi (vacuum bag) and 310°F

13 psi (vacuum bag) and 310°F

200 psi (autoclave) and 325°F

200 ps1 {autoclave) and 310°F

115 psi (autoclave) and 320°F

200 psi (autoclave) and 320°F

200 psi {autoclave} and 320°F

200 psi (autoclave) and 320°F

200 psi (autoclave) and 320°F

115 psi (autoclave) and 320°F

200 psi (autoclave} and 320°F

225 psi (autoclave) and 300°F

225 psi (autoclave) and 320°F

1,000 psi (press) and 300°F

13 psi (vacuum bag) and 300°F

200 ps1 (autoclave} and 300°F



MATERIAL

EROSION RATE, MIL/SEC

1. STA1
2. STA 8
3. STA 9
4, MAXIMUM, STA

CHAR RATE (TYPICAL), MIL/SEC
1.

2.

MOTOR DATA
1. Pyax
2. Pave
3.t

GAS FLOW ——————=

ERRERERERER

RN

1234567 818171615141312 11109
STATIONS

(EQUALLY SPACED AT 0.1 IN, INTERVALS)

Figure 5, TU-379 Inlet Cone Erosion and Char Profile
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MATERIAL

EROSION RATE, MIL/SEC

1.
2.
3.
4.

STA 1

STA 7

STA 14
MAXIMUM, STA

CHAR RATE (TYPICAL), MIL/SEC

1.
2.

STA
STA

MOTOR DATA

1.
2.
3.

Pyax
Pava

%

GAS FLOW —— 5

NEEEEERRENNRR
123456178.91011121314
STATIONS
(EQUALLY SPACED AT 0.1 IN, INTERVALS)

Figure 6. TU-379 Exit Cone Erosion and Char Profile
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LCCM-2610

Figure 7. Fired TU-379 Nozzle Sections, Low Cost Carbonaceous Materials
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Figure 8. Fired TU-379 Nozzle Sections, Carbon Cloth Reinforced Materials




9%

WB-8251

Figure 9. Fired TU-379 Nozzle Sections,

Aveeram C/S Cloth Reinforced Materials
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Figure 10, Fired TU-379 Nozzle Sections Silica Cloth Reinforced Materials




MXA-313 4A-6385

82

SMS-21

Figure 11, Fired TU-379 Nozzle Sections, Asbestos and Paper Reinforced Materials
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Material

LCCM-2610

LCCM-4120

SP-8057

4C1686

WB-8251

MXCS~198

SP-8030-96 or
SP-8030-48

MXS-198

23 RPD

4085

Vendor

‘Fhaokol

Thiokol

Armour

Coast

Cordo

Fiberite

Armour

Fiberité

Raybestos~
Manhatian

Narmco

TABLE 11

General Description

Graphite particle - pheuolic
molding compound

Graphite particle -~ phenolic
castable compound

Pluton H-1 fabric in
EC-201 phenolie resin

GS-CC2 ecarbon fabric in
polyphenylene resin

Avceram C/S in
‘WB-2233 phenolic resin

Avceram C/S1n
epoxy - novolac resin

C-100-86 Silica or
C-100-48 Silica

C-100-96 Silica

Asbestos mat with cork
filler and phenolic resin
C-100~-20 Silica fabric,
phenolic meroballoon filled,
phenolic modified nifrile

MATERIALS RECOMMENDED FOR FURTHER EVALUATION

Cost

8/

0.75

0.75

15.00

20,860

12.97

4,90

6.10

4.25

18.08

Remarks

Excellent erosion resistance, very low cost,
demonstrated suceessfully in char motor nozzles
(D =3.81in,) and Stage IT Minuteman nozzle
(D =8.5 in.).

Good erosion resistance as demonstrated in the
exit cones of char nozzles (Dr =3.8 in.) and Stage
II Minuteman nozzle {Dyp =8.5 in.). Material can
be cast in place and ocured at low pressurs (15 psi},
and is very low in cost.

Good erosion resistance that is comparable to the
best carbon fabric - phenolic materials. Material
has a 50 percent resin content; and therefore, a
relatively low cost for this class of material.

Good erosion resistance, and reasonable cost
for this type of material.

Erosion resistance is comparable to carbon -
phenolic materials, Has lower price than carbon-
phenolic materials. Has lower thermal conductivity
than carbon - phenolic materials.

This material has not been tested but {s recommended
b of its p i Avceram rein~
forcement hag shown excellent results in both this
program and the Nomad program. Avceram per=
formance is similar to that of carbon cloth but is
lower in cost. Epoxy novolac resins have performed
well in the Nomad program. They have the advantage
of being cured at low pressure; therefore, Thiokol
recommends that lower cost Aveceram be combined
with low pressure curing epoxy novolac resin.

Good performing low cost silica ~ phenolic. Canbe
wrapped fully in double thick , reducing
fabrication costs.

Adequate erosion resistance, Can be fabricated
at low presaures, reducing facility requirements
and fabrication costs.

Excellent backup material. Has good char properties,
Good erosion r for asbestos - phenol.

Low density material. Would make a good backup
insulation material because of its low density.



PRECEDING:PAGE BLANK NOT:FILKED.

TABLE 12

TU-379 MOTOR TERIAL PERFORMANCE

o iBERS : é) ® Cg O é) i | . Material Erosion Factors : i e

*Qorr Fastor
Hozzle atarial and Motor _— i i
AVE @ Propal- f Web @ Ercalon Press. Corr Hozzla Eroalon Erosion Eroslon to Avg Timas
Web  Throat lant Bura Factor to Avg Press, Contoar Propelinnt Propellant Nozslo of all the Motors
Suation L&) Stawen 3(B) Statton 8@ Station 1@ Station 7(E) Statontd B Pressure Diamotor Grain  Propellant  Nozsle Nozzle Time bE all the Motors and Erosion Dia & Shape Graln Formulation Type and all of
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55.67 IN,

-

15,84 1IN,

INLET MATERIAL ——

THROAT D,

o L

7.0 IN,

85. 47 IN,

EXIT MATERIAL

=174
MATERIAL o 14t

\\_ IGNITER BAG ASSEMBLY

UNCURED
END BURNING

13,52 IN, DIa
DESIGN 1 DESIGN I
PMAX = 500 PSIA PMAX = 1,000 PSIA
?MIN = 315 PSIA PMIN = 100 PSIA
P = 400 PSIA PAVG = 400 PSIA

T = 36 8EC

Dp = LTAMN.

T, = 38 8EC

D, = L411IN,
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Figure 12.

TU-622 Materials Evaluation Motor
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RUBBER
INLET

THROAT MATERIAL

INLET MATERIAL

1.74 OR 1,41 IN, DIA

17-1/2 DEG

5.10 IN,
DIA

EXIT MATERIAL
/;LY
45 DEG PLY

PLY 0 DEG
90 DEG
R~
[ \\ i
PLUG [ STEEL SHELL (U-9188) ~ PLUG

-+ PRESSURE TAP

{2 REQUIRED 180 DEG APART)

EXPANSION RATIO 8:1

NOTE: ALL BILLETS TO BE RADIOGRAPHICALLY INSPECTED.

24535-7

Figure 13. TU-622 Materials Evaluation Nozzle




1.

2,

Material

4C-1686

WB-8251

SMS-21

SP-8030-96

SP-8057

LCCM-2610

TABLE 13

TU-622 NOZZLE COMPONENT CURE SUMMARY

Component
Inlet

Throat

Exit cone

Inlet

Throat
Exit cone
Inlet

Throat

Ext cone
Inlet
Throat
Exit cone
Inlet
Throat
Exit cone
Inlet

Throat

Exit cone

Cure
Apply 225 psi. Cure 2.5 hr at 180°F, 2.5 hr at 210°F, 2.5 hr at 240°F,
2.5 hr at 270°F, 2.5 hr at 300°F, and 6 hr at 350°F. Cool wnder
pressure to 150°F,
Same as for inlet.
Stage 1 hr at 180°F under vacuum, Apply 225 psi. Cure 2.5 hr at 200°F,
2.25 hr at 240°F, 2.25 hr at 270°F, 2 hr at 300°F, 2.5 hr at 350°F. Cool
under pressure and vacuum to 160°F,
Debulk 2 hr at 170°F and 225 psi. Cool to 100°F under pressure.
Additional plies added. Apply 225 ps1. Cure 4 hr at 170°F, 4 hr at
200°F, 4 hr at 230°F, 3 hr at 265°F, and 6 hr at 300°F. Cool under
pressure to 160°F,
Same as for inlet.
Apply vacuum and 225 psi. Cure 1.5 hr at 180°F, 1,5 hr at 200°F, 8 hr
at 225°F, 3 hr at 250°F, and 6 hr at 310°F. Cool under vacuum and
pressure to 140°F.

Apply 225 ps1. Cure 1 hr at 180°F, 2 hr at 250°F, 6 hr at 320°F. Cool
under pressure to 160°F.

Same as for inlet.

Apply vacuum and 225 psi. Cure 2 hr at 180°F, 2 hr at 250°F, and 6 hr
at 310°F. Cool under pressure to 160°F.

Apply 225 psi. Cure 2.5 hr at 200°F, 2.5 hr at 250°F, and 6 hr at 310°F.
Cool under pressure to 160°F.

Same as for inlet,
Apply vacuum and 225 psi, Cure 1.5 hr at 180°F, 1.5 hr at 200°F, 3 hr
at 225°F, 3 hr at 250°F, and 6 hr at 310°F. Cool under vacuum and
pressure fo 140°F,

Apply 225 psi. Cure 1 hr at 180°F, 1 hr at 210°F, 2 hr at 240°F, 2 hr at
275°F, and 5 hr at 310°F. Cool under pressure to 150°F.

Same as for mnlet
Apply vacuum and stage 0.5 hr at 180°F. Apply 225 psi. Cure 2 hr at
180°F, 2 hr at 210°F, 2 hr at 240°F, 2 hr at 275°F, and 4.5 hr at 310°F,

Cool under vacuum and pressure to 150°F.

Debulk ;.t 170°F and 1,000 psi as required. Cure 8 hr at 325°F and 1, 000
psi. Cool under pressure to 170°F.

Cure 6 hr at 300°F and 1,000 psi.

Same as for throat.
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TABLE 13. ~Continued

TU-622 NOZZLE COMPONENT CURE SUMMARY

Material Component Cure

7. LCCM-~4120 Inlet Apply vacuum, Cure 8hr at 310°F,
Throat Same as for inlet.
Exit cone Same as for inlet.

8. 23-RPD: Inlet Debulk extensively at 180°F and 150 psi. Apply 225 psi. Cure 2 hr at

200°F, 2 hr at 250°F, and 6 hr at 310°F. Cool under pressure to 150°F.

Throat Same as for inlet.
Exit cone Stage under vacuum 2 hr at 180°F., Apply 225 psi. Cure 2'hr at 180°F,

2 hr at 250°F, 3 hr at 275°F, and 6 hr at 300°F. Cool under vacuum and
pressure to 140°F.

9, MXS-198 Inlet Debulk 2 hr-at 180°F and 140 psi. Remove pressure. Apply vacuum,
Cure 2 hr at 175°F, 4 hr at 210°F, 4 hr at 240°F, and 9 hr at 325°F.
Cool under vacuum to 160°F.

Throat Same as for inlet.

Exit cone Apply vacuum, Cure 3 hr-at 180°F, 4 hr at 210°F, 4 hr at 240°F, and
9 hr at 325°F. Cool under vacuum to 180°F,

10, MXCS-198 Inlet Debulk 2 hr at 180°F and 140 psi. Remove pressure. Apply vacuum bag.
Apply vacuum:» Cure 2 hr at 180°F, 4 hr at 210°F, 4 hr at 240°F, and
9 hr at 325°F. Cool under vacuum to 160°F.

Throat. Same as for inlet.

Exit cone Apply vacuum. Cure 3 hr at 180°F, 4 hr at 210°F, 4 hr at 240°F, and
9 hr at 325°F. Cool under vacuum to 180°F,
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Nogzle and
Material

“SK-41798-01

{LCCM~2610}

SK-41798-02
(4C-1686)

SK-41798-03
{WB-8250)

SK-41798-04
{8P-8057)

SK-41798-05
MXCS~198)

SK-41798-06

(LOCM-£120)

SK-41798-07
(SP-8030-96)

SK-41798-08
(MX5~198)

Component

Inlet

‘Throat
Exit cone
Inlet
Throat

Exit cone

Inlet

Throat

Exit cone

Inlet

Throat

Exit cone
Inlet

Throat

Exit cone

Inlet
Throat
Exit cone
Inlet
Throat
Exit cone
Inlet
Throat

Exit cone

TABLE 14

FABRICATION PROBLEM SUMMARY

TU~622 NOZZLE ASSEMBIIES

Problem Solution
None
None
None
None
None
None
delaminations over Machined off del

half the length of-the billet.

Several large delaminations
which could not be machined
out.

Severe cracks and delamina-
tions throughout,

Billet fabricated too shovt,
No additional material on
hand.

Oriented 45 deg upstream.

None

None

Threat d 22 hined

d area. Added
new plies and cured to 2 longer cure cycle.

Serapped part, Remade with fresh material
and longer cure cycle.

Serapped part, Insufficient time left to
reorder material, Substituted segmented
LCCM-2626 exit cone.

Added plies of §P~8030-96 o one end and
eured, Machined so that SP-8030-96 was
Iocated at exireme forward end.

Used ag is.

d to a different contour.

too big.

Extengive cracks and
delaminations,

Nene
Neone

None

None
None

None

None

mning to throat i 2

Scrapped part. Insufficient time left to
reorder i d ted
LLCCM~2610 exit cone.

A onh

d and installed throat insert {2 pieces)

left resin starved areas, Con~

tinued machining unfil such

areas were eliminated, resulting
in too large a throai diameter.

As molded paxt had several

large resin starved areas, which
delaminated extensively during

machining.

37

of standard silica phenolic material
{MX-~2600).

Scrapped part, Insufficient time left to
reorder material, Substituted LCCM-2626
exit cone.



10,

Nozzle and
Material

SK~41798-09
(23-RPD)

SK-41798-10
(SMS-21)

Inlet
Throat

Exit cone

TABLE 14. -Continued

FABRICATION PROBLEM SUMMARY
TU-~622 NOZZLE ASSEMBLIES

Solution
None
None
Shrank more durmg cure than Added graphite sleeve.

expected, resulting in too
small an OD.

None
None

None

38
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Figure 14, TU-622 Segmented LCCM-2626 Exit Cone (View A)




Figure 15. Forward End TU-622 Test Nozzle,
LCCM-2610 (Graphite Phenolic)
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Figure 16. Aft End TU-622 Test Nozzle, LCCM-2610 (Graphite Phenolic)
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Figure 17. Forward End TU-622 Test Nozzle,
4C-1686 (Carbon Cloth Polyphenylene)
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Figure 18. Aft End TU-622 Test Nozzle,
4C-1686 (Carbon Cloth Polyphenylene)
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Figure 19. Forward End TU-622 Test Nozzle, WB-8251 (Avceram C/S-Phenolic)
Inlet and Throat, LCCM=2610 Dry (Graphite-Phenolic) Segmented Exit Cone




Figure 20, Aft End TU-622 Test Nozzle, WB-8251 (Avceram C/S-Phenolic) Inlet
and Throat, LCCM-2610 Dry (Graphite-Phenolic) Segmented Exit Cone




Figure 21, Forward End TU-622 Test Nozzle,
SP-8057 (Pluton H-1 Phenolic)
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Figure 22, Aft End TU-622 Test Nozzle,
SP-8057 (Pluton H-1 Phenolic)
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Figure 23, TForward End TU-622 Test Nozzle, MXCS-198 (Aveeram C/S-Epoxy Novolac
Inlet and Throat, LCCM-2610 (Graphite-Phenolic) Segmented Exit Cone
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Figure 24. Aft End TU-622 Test Nozzle, MXCS-198 (Aveeram C/S Epoxy Novolac)
Inlet and Throat, LCCM-2610 (Graphite-Phenolic) Segmented Exit Cone




Figure 25, Forward End TU-622 Test Nozzle
LCCM-4120 (Graphite Phenolic)

50




TPTPU g pepnyugigng
s| lﬂ! "“tlo"

Figure 26. Afl End TU-622 Test Nozzle,
LCCM-4120 (Graphite Phenolic)
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Figure 27, Forward End TU-622 Test Nozzle,
SP-8030-96 (Silica Cloth Phenolic)
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Figure 28. Aft End TU-622 Test Nozzle,
SP-R030-96 (Silica Cloth Phenolic)
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Figure 29, Forward End TU-622 Test Nozzle, MXS-198 (Silica-Epoxy Novolac) Inlet,
Silica-Phenolic Split Throat, LCCM=-2610 Dry (Graphite-Phenolic) Exit Cone J



Figure 30. Aft End TU-622 Test Nozzle, MXS-198 (Silica-Epoxy Novolac) Inlet,
Silica-Phenolic Split Throat, LCCM-2610 Dry (Graphite-Phenolic) Exit Cone




Figure 31, Forward End TU-622 Test Nozzle, 23-RPD (Cork Asbestos-Phenolic)



Figure 32,

Aft End TU-622 Test Nozzle, 23-RPD (Cork Asbestos-Phenolic)




Figure 33.

Forward End TU-622 Test Nozzle, SMS-21 (Paper-Phenolic)




Figure 34,

Aft End TU-622 Test Nozzle, SMS-21 (Paper-Phenolic)




WEH TIME AVG PRESSUHE
IME

WED TI
TEST MATERIAL
AVO BALLISTIC EROSION

= 2.15 MILE/SEC

AVG INITIAL THROAT DIAMETER - 1.T40 IN,
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Figure 33,  TU=422, 81 Motar Pressure-Time Recond
WEB TIME AVG PRESSURK - 458 PSIA
WEN TIME = 3.4 BEQ
TEST MATERIAL = 4C-1086
AVO BALLISTIC ERCSION - 3,28 MILS/SEC
AVO INITIAL THROAT DIAMETER - 1,740 IN,
AVO FINAL THROAT IAMETER - L350 IN.
C]
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£ ﬁx\"‘““‘\-._
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Figure 36, TU-#22.02 Motor Pressure-Time Record

24535-51
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http:TI-622.02

CHAMBER PRESSURE (PSIA)

CHAMBER PRESSURE (PSIA)}

TEST MATERIAL

INLET, THROAT - WB-g251
EXIT - LCCM-2610X SEGMENTED
WEB TIME - 39.4 5EC

AVG WEB PRESSURE - 313.9 PSIA

AVG INITIAL THROAT DIAMETER - 1744 IN,

AVG FINAL THROAT DIAMETER - 2.2488 IN,

AVG BALLETIC EROSION RATE - 6,363 MILS/SEC

o0
600
400 h‘\._
‘-ﬁh—-"“"———_.__
— |
200
.
. Vi
o 10 w 30 a0 50
TIME SEC)
Flgure 37 . TU-622.03 Motor Pressure-Time Record
WEB TIME AVG PRESSURE = 397 PSIA
WEB TIME - 35.3 SEC
TEST MATERIAL - SP-8057
AVG BALLISTIC EROSION = 4,03 MILS/BEC

AVG INITIAL THROAT DIAMETER - 1.740 IN,
AVG FINAL THROAT DIAMETER - 2,066 [N,

—
L] 1] 19 15 0 5 kL 35 0
TIME SEC)

Flgure 33 . TU-822.04 Motor Pressure-Time Record

24535-53
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http:TU-MI.04
http:TU-NI.03

CESUHE (PSIAY

CHAMBER PR

CHAMBER PRESSURE (PSIA)

TEST MATERIAL

WEB TIME

AV WEB PRESSURE

AVG INITIAL THROAT DIAMETER
AVG FIKAL THROAT DIAMETER
AVG BALLISTIC ERDSION RATE

w00

400

LCCM=2610 SEGMENTED

TU-822. 05 Motor Pressure-Time Record

06 Motor Pressure-Time Record

24538-01




CHAMBER PRESSURE (PSIA)

SIA)

R PRESSURE

=
=
(7]

1,000

1,000

o0

WEB TIME AVG PRESSURE - 371 PSIA
WEB TIME - 3.9 8EC
TEST MATERIAL = SP-8020-5¢

AVG BALLISTIC EROSION - 13,3 MILS/SEC
AVG INITIAL THROAT DIAMETER - 1415
AVG FINAL THROAT DIAMETER - 2

N\
N

Figure 41 . TU-622,07 Mikor Pres

TEST MATERIAL
INLET = MXSC-108
= LCCM-2610X

ASTRO 0 P

MODIFIED CONTOUR

WEB TIME :

AVG WED PRESSURF >

AV INITIAL TUROAT DIAMETER -

*AVG FINAL THROAT DIAMETER -
*AVG BALLISTIC EROSION HATE -

2.0
11. 84 MILS/SEC

20 2
TIME [SEC)

ro=Time Recomt

AVG APPARENT EROSION RATE =13, 20 B MILS/SEC
(sn.lr:a EROSION n.\-rs)

AVERAGE DIA » £.435
*THROAT ACTUALLY MOVED AFT OUT OF THE
SILICA INTO THE LCCM MATERIAL AND SMALL-
EST DIAMETER MEASURED HERE WAS 2,13,

Figure 43 . TU-a22.

TIME (BEC)
8 Motor Pressure-Time Record




TEST MATERIAL i

WEB TIME =
AVG WED PRESSURE -
AVG INITIAL THROAT DIAMETER ~
AVG FINAL THROAT DIAMETER = 42
AVG BALLISTIC EROSION RATE = 14,702 MIL&/SEC
1,000

w I\

PN

=
E

CHAMBER

TIME {8EC)

Ui Midor Pressure-Time Jecand

Figure 43 .

TEST MATERIAL -

WEN TIME E
AVG WED PRESSURE -
AVG INTTIAL THROAT INAMETER -
AVG FISAL THROAT DIAMETER -
AVG HALLISTIC ERUSION RATE -

1,080

00

AR

CHAMBER PRESSURE (PEIA)
2

TIME (SEC)

Figure 44 . TU=-G22. 10 Motar Pressure=Time Record
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Figure 45,

Sectioned TU-622 Test Nozzle, LCCM-2610 (Graphite Phenolic)
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Figure 46, Sectioned TU-622 Test Nozzle, 4C-1686 (Carbon Cloth Polyphenylene)




Figure 47, Sectioned TU-622 Test Nozzle, WB-8251 (Aveeram C/S-Phenolic)
Inlet and Throat, LCCM-2626 Dry (Graphite-Phenolic) Segmented Exit Cone




Figure 48, Sectioned TU-622 Test Nozzle, SP-8057 (Pluton H-1 Phenolic)
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Figure 49, Sectioned TU-622 Test Nozzle, MXCS-198 (Avceram C/S-Epoxy Novolac)
Inlet and Throat, LCCM-2610 (Graphite-Phenolic) Segmented Exit Cone




Figure 50, Sectioned TU-622 Test Nozzle, LCCM-4120 (Graphite Phenolic)



FLOW

71

=96 (Silica Cloth Phenolic)

SP-8030

"

-622 Test Nozzle

51, Sectioned TU

Figure
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Figure 52, Sectioned TU-622 Test Nozzle, MXS-198 (Silica-Epoxy Novolac) Inlet,
Silica-Phenolic Split Throat, LCCM-2626 Dry (Graphite-Phenolic) Exit Cone
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Figure 53. Sectioned TU-622 Test Nozzle, 23-RPD (Asbestos Cork-Phenolic)




Figure 54, Sectioned TU-622 Test Nozzle, SMS-21 (Paper-Phenolic)
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Figure 55. TU-622 Nozzle Cross Section



TABLE 15

TU-622 NOZZLE DATA, LCCM-2610

STATION CONTOUR MATERIAL| CHAR |EROSION RATE
NO, INITIAL | EROSION CHAR LOSS DEPTH | (MILS/SEC)
26 2.35 2.38 1.86 +0.03 0.49 5
25 2.50 | 2.54 2.08 +0.04 0.42 +
24 2,66 2,70 2,25 40,04 0.41 +
23 2,79 2.85 2,46 +0.08 0.33 +
22 2.98 3.00 2.58 40,02 0.40 +
21 | 3.4 3.16 2,68 40,02 0.46 +
20 3.30 3.33 2.82 +0.03 0.48 £
19 3.46 | 3.44 2.92 0,02 0,54 0.60
18 3.60 3.60 2.96 0,00 0,64 0,00
17 3.78 3.70 3,02 0.08 0,76 2,40
16 3.89 3.76 3.08 0.13 | 0.88 3.91
15 3.90 3.76 3.08 0.14 0.82 4.22
14 3.87 3.77 3.08 010 | 0.9 3.01
13 3.84 3,72 3.04 0.12 '0.80 3.61
12 3.80 3.68 3,04 0.12 0.76 3,61
11 3.74 3.62 3.00 0.12 0,74 3.61
10 3.66 3.56 2,94 0.10 0,72 3.01
9 3.58 3.50 | 2.86 0,08 0.72 2.40
8 3.48 3.40 2.78 0.08 0.70 2,40
7 3.36 3.28 2.70 0,08 0.66 2,40
6 3.24 3.16 2.56 0.08 068 2.40
5 311 3.08 2,42 0,03 0.69 0.90
’ 4 2.94 2.92 2,20 0.02 0.74 0.60
3 2.79 2.76 1.96 0.03 0,83 0,90
2 2.45 2,44 1.60 0,01 .0.85 0.30
1 1.96 2,00 - 1,20- b +0.04 -] -0.7 +
[ 1.46 1,46 0,90 0.00 | o.56 0.00
LEGEND BURMING TIME 83,2 SEC
PREFIRING SURFACE
——~ — POSTFIRING SURFACE, _
INSULATION
EXIT CONE

INLET INSULATION

INSULATION
;
| T 1 11§ 11 vt
0 1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
. STATION,

24535-22
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TABLE 18

"TU-622 NOZZLE DATA, 4C~1886

| STATION | CONTOUR MATERIAL| CHAR |EROSION RATE
NO. INITIAL | EROSION CHAR L0SS | DEPTH (MILS/SEC),
26 2.35 | 2.40 2.10 +0. 05 0.25 +
25 2.50 2.54 2.27 40, 04 0.23 +
24 2,66 2.74 2,50 +0, 08 0.16 +

| 23 2,79 2,86 2,62 +0, 07 0.17 +
22 2,98 3.04 2.74 +0, 06 0.24 +
21 3.14 3.20 2.90 +0, 06 0.24 +
20 3.30 3.31 _ 3,04 +0. 01 0.26 +
19 3.46 3.48 3,16 | +0.02. 0.30 +
18 3.60 3.60 3.26 0.00 0.34 0.00
17 3.78 2,70 3.34 0.08 0.44 2.39 X
16 3.89 3.74 3.40 0.15 0.49 4.49
5 3.90 3.74 3.46 0.16 0.44 4,79
14 3.87 3,72 3.46 0.15 0.41 4.49
13 3.84 3,70 3.4¢4 | 0.14 0.40_ 4,19

, 12 3.80 3,66 3.40 0.14 . 0.40 4.19
13- 3.74 3.64 3.32 0.10 0,42 2,99
10 3.66 3.58 3.24 0.08 0.42 .2.39
9 3.58 3.50 3.10 0.08 0.48 2.39
8 3,48 3.38 3.04 0.10 0.44 2.99
ki 3.36 3,30 3.00 0.06 0.36 1,79
6 3.24 _ 3,19 2.80 0.05 0.44 1.50
5 3.11 3.06 ' 2.66 0.05 0.45 1,50
4 2,94 2,92 2,50 0,02 0.44 0.60
3 2,79 2,16 2.34 0.03 0.45 0.90
2 2.45 2,58 2.10 +0, 13 0.35 +
1 1.96 2,06 1.79 +0,10 0.26 -

’ 0 1.46 - — — — —
LEGEND BURNING TIME 33.4 SEC

PREFIRING SURFACE

wn e wem — POSTFIRING.SURFACE
—— -— CHAR DEPTH

THROAT
INSULATION

PLY -t~ 0 DEG

INLET
INSULATION 90 DEG

EXIT CONE
INSULATION

1T 11 11t I 1Tt |

1 U
0 1 2 3.4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
STATION
24535-23




TABLE 17

TU-622 NOZZLE DATA, WB-8251 INLET AND THROAT, LCCM-2626 DRY SEGMENT EXIT

STATION CONTOUR MATERIAL| CHAR |{EROSION RATE
NO. INITIAL | EROSION | CHAR LOSS DEPTH | (MILS/SEC)
26 2.35 2.40 — +0.05 — +
25 2.50 2,54 — +0.04 — +
24 2,66 2.70 - +0.04 — +
23 2.79 2.88 — 40.09 - +
22 2,98 3.08 — +0,10 o +
21 3.14 3,19 — +0.05 — +
20 3,30 3.34 — 0. 04 — +
19 3.46 3.48 - 40,02 — +
18 3.60 3.56 — 0.04 — -

1% 3.78 3.61 3.36 0.17 0.42 4.31
16 3.89 3.62 3.40 0.27 0.49 6.85
15 3.90 3.58 3.40 0.32 0.50 8.12
14 3.87 3.56 3.38 0.31 0.49 7.87
13. 3.84 3.54 3.34 0.30 0.50 7,61
12 3.80 3.49 3.30 0.31 0.50 7.86
1 3.74 3.43 3.24 0.31 0.50 7.8 |
10 3.66 3.38 3.10 0.28 0.56 711
9 3.58 3.32 3.04 0.26 0.5¢ 6.60
8 3.48 3.22 2.95 0.26 0.52 6.60
7 3.36 3.10 2.84 0.26 0.52 6.60
6 3.24 3,00 2,72 0.24 0.52 6.09 |
5 3,11 2.84 2.60 027 | o1 6.85
4 2.94 2.76 2.46 0.18 0.48 4.57
3 2.79 2.64 2.30 0.15 0.49 3.81
2 2.45 2.3¢ 1.98 0.11 0.47 2.79
1 1.96 1.86 1.52 0.10 0.44 2.54
0 1.46 - - - - -
; BURNING TIME 39,4 SEC
LEGEND
PREFIRING SURFACE
— — — . POSTFIRING SURFACE
— .— CHAR DEPTH
pry | ;rb?sjttj(;i?mo;s o
INSULATION . EXIT CONE

INSULATION

90 DEG

Frrr1rrrirrrrrrrrinrrr

7 8 9 10 11 12 13 14°15 16 17 18 19 20 21 22. 23 24 25 26 27
STATION -

|
6
24585~ 29.
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TABLE 18

TU-622 NOZZLE DATA, SP-8057

STATION CONTOUR MATERIAL{ OHAR |EROSIOR'RATE
xo, INITIAL | EROSION | CHAR LOss DEPTH MILS/SEC
26 2.35 2.42 2.24 +0.07. | .1 .
25 2.50 2,60 2:42 «0.10. [ 0,08 + -
24 2.66 2.7 2.54 0,10, 1 012 =
23 2.79 {290 2.64 #0.11 ~ 0.15 +
22 2,98 3.04 2.78 .08 0.20 + -
21 3.14 3.20 2.96 +0..06. 0.18 +
20 . 3.30 . 3,82 3,08 +9.02 0.24 +
19 _ 346 | 3.4 3.16 0.04 0.30 1.13
18 __3.60 3.58 | 3.26 0.02 L 0.3 0.57
17 3.78 2,70 3.38 0.08 0.40 2.27
18, 3.89 3,70 3.42 0,18 9.47 5.38
15 3.90 3.66 3.40 0.24 © 0,56 6.80
1 5.87 3.64 3.38 0.23 .49 .52
L 18 3.84 3.60 3.86 0.24 0.48 -6.80
2 280 [ 358 3.30 0.22 .50 6.23
11 3.74 ) 3.50 3.20 0.24 0.54 *6.80
0 - 3.66 | 34 3.96 0.24 .60 * 6.80
3 3.58 3.40 3.00 0.18 0.58 5.10
8 3.48 3.32 2.92 0.16 0.56_ |  4.53
7 3.36 3.24 2,86 0.12 0.50 3.40
s 3.24 3.10 2,72 0.14 0.52 2.97
5 3,11 3.00 2,60 0.11 0.51 3.12
4 2,94 2.82 2.40 6.12 0.54 3.40
3 2,79 2.70 2.28 0.09 0.51 2.55
2 2.45 2.42 1.90 0.83 8.55 0.85 :
1 1.96 1.86 1.42 0.10 0.54 2.83 -
W) 1.46 - - — - -
LEGEND BURNING TIME 35, 3 SEC
PREFIRING SURFACE
. we——— POSTFIRING SURFACE

o

e i S|

. PLY

o -w—CHAR DEPTH

45'DEG .
, THROAT INSULATION EXIT CONE INSULATION
INLE
T INSULATION96 DEG PLY 0 DEG
T T T T 1T T Trir1rrrrrrrryr o
0 1 2 8 4 5 6 T 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27
STATION 24535-50

Vil



TABLE 19

TU-622 NOZZLE DATA, MXCS-188 INLET AND THROAT, LCCM-2610 WET SEGMENT EXIT

POSTFIRING SURFACE
CHAR DEPTH -

INSULATION ,

STATION CONTOUR MATERIAL{ CHAR | EROSION RATE
NO. INITIAL | EROSION CHAR L0SS DEPTH | (MILS/SEC) |-
28 2.35 2.8 — +0, 03 - +
25 -1 250 2.5¢ - 40,04 - +
24 2,87 2.70 - +0,03 - +
23 2,82 2.86 - 40,04 - +
22 2.98 3,02 . 30,04 - +
21 3.12 3,18 - +0, 06 - +
20 3,28 3.36 - +0,08 - +
18 3,43 3.50 - 40,07 — +
18 3.58 3.57 3.16 0.01 0.42 . 0.26
17 5,75 3.62 3.24 0.13 0.51 3.46
16 3.86 3.65 3,38 0.21 0.48 5.59
15 3.86 3,62 3.38 0.24 0.48 6,39
4 3.85 3.62 3.38 0.23 0.49 6.12
13 3.80 3,58 3,82 0.22 0,48 5.86
12 3.72 3.52 3.25 0,20 0.47 5.83
11 3.63 3.46 3.16 0.17 0.47 4.53
10 3,52 3,38 3.04 0,14 0,48 3.73
9 3.40 3.36 .| 2.98 . 0,02 0.42 1.06
8 3.27 3,30 2.90 40,08 . 0.37 *
7 216 | 3.22 2.80 +0.06 0.36 +
[ 3,06 3.12 2.74 +0. 06 0,32 *
5 2.95 3.90 2.56 +0,05 0.39 +
4 2.84 2.84 2.42 0.00 0.42 0.00
3 2.66 2,71 2.20 +0.05 0.46 +
2 2,36 2,39 1.82 40,03 0,54 +
1 1.97 1.2 1.34 0,02 0.60 0.53
0 1.44 1.40 . 1.00 9,04 0.44 1,08
: BURNING TIME  37.55
PREFIRING SURFACE

EXIT CONE
INSULATION

I

STATION

[

P

R

b
9 10 13 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

24535~21
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TABLE 20

TU-622 NOZZLE DATA, LCCM~4120

STATION CONTOUR MATERIAL] CHAR |EROSION RATE
NO. INITIAL EROSION CHAR LOSS DEPTH (MILS/SEC)
26 2.35 - 1.80 - 0.55 —
25 2.50 2.24 1.0 - .60 -

24 2.66 2.60 2.19 .06 Q.56 1.70
23 2.79 2 89 2.32 +0.01 0.47 +
22 2.98 3 00 2.50 40,02 .48 4
21 3.4 3.16 2.66 +0.02 0.48 +
20 3 30 3.30 | 278 0.00 054 0.00
19 3.46 3.42 2 90 204 0.58 138
18 3,60 3.58 3 04 0..02. .56 0,58
17 3.78 3.70 3.12 008 0.66 2.28
18 3.89 374 3.14 9.15 0.75 425
15 3.90 372 3.20 0.18 070 5.10
1 3.87 3.70 3.10 0.7 011 48
13 3.8¢ 3.64 3.04 0.20 0.80 5.66
12 3.80 3.60 2.94 0.20 086 5 66
1 3.74 3.52 2.80 0.22 0.94 6.23
10 3.66 3.48 - 9.18 - 5.10
3 358 3.44 - 0.14 - 3 96
8 3.48 3.36 - 012 - 3.40
7 3.36 3328 - 0.10 - 2.8
g 324 14 = 0,10 — 2,83
5 3.11 3.04 - 007 - 198
4 2.94 2.92 - o 02 - .56
3 2.79 2.74 N 0.05 -— 1.4
2 2.45 2 18 - 40 01 - +
1 + 98 PR - 40,04 . +
[ 1.46 146 | - 0,00 - 0.00
LEGEND BURNING TIME 35.3 SEC
PREFIRING SURFACE
e em . POSTFIRING SURFACE
—— - CHAR DEPTH

- . L=
EXIT CONE INSULATION ™

THROAT INSULATION

INLET INSULATION

T r Tl T T T T T
9 01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

STATION 2453526
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TABLE 21

TU-622 NOZZLE DATA, SP-8030-96

STATION | . CONTOUR MATERIAL| CHAR |EROSION RATE
NO. INITIAL | EROSION CHAR LOSS DEPTH (MILS/SEQ)
26 2.32 2.32 2.10 0.00 0.22 0.00
25 2.48 2,48 2.30 0.60 0.18 0.00
24 2.64 2.62 2.44 0.02 0.20 0.527
; 23 2.80 2.80 2. 60 0.00 0.20 0.00
22 2.96 2.92 2.74 0.04 0.22 1.05
21 3.12 3.04 2.88 0.08 0.24 2.11
20 3.28 3.16 3.00 0.12: 0.28 3,16
19 3.44 3.28 3.12 0.18 0.32 4.22
18 3.60 3.40 3.22 0.20 0.38 5.27
17 3.75 3.46 3.34 0.29 0.41 7.65
16 3.92 3.50 3.38 0.42 0.54 11.08
15 4.06 3.46 3,34 0.72 0,60 15.82
14 4,07 3.44 3.34 0.63 0,73 16.62
13 4,04 3.40 3.30 0.64 0.74 16.88
12 4,00 3.38 3.26 0.62 0.74 16. 36
11 3.98 3.34 3.22 0.64 - 0.76 16.88
10 3.90 3.30 3,18 0.60 0.72 15.83
9 3.84 3.26 3.12 0.58 0.72 15. 30 .
8 3.76 3.22 3.08 0.54 0.68 14.25
7 3.66 3.16 3.00 0.50 0.66 13.19
6 3.56 3.10 2.92 0.46 0.64 12,13
5 3.44 3,02 2.84 0.42 0.60 11.08
4 3.30 2.84 2.64 0,48 0.68 12.13
3 2.98 2.52 2,30 0. 46 0.68 12,13
2 2.46 2.12 1.82 0.34 0.64 8.97
1 1.96 162 1.44 0.34 0,54 8.97
) 0 1.44 1.16 1.00 0,28 0,44 7.38
LEGEND BURNING TIME 37.9 SEC
PREFIRING SURFACE
— ——~— POSTFIRING SURFACE
—— == CHAR DEPTH p—
" -
s
INLET INSULATION PLY ~——>0DEG
' INSULATION 5 DEG -EXIT CONE
90 DEG INSULATION
e S O Y O T O O I Y N O Y I T O I N O
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

STATION

24535-25
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TABLE 22

‘TU-622 NOZZLE DATA, MXS~198 INLET, SILICA SEGMENTED THROAT, LCCM~2626 DRY EXIT

STATION . CONIOUR MATERIAL| CHAR |EROSION RATE
NO. INTIAL | EROSION | CHAR L0ss | DEPTH | (MyLs/sEC)
25 2.48 2.50 - 0.0 - +
25 2.4 2,56 - 0,02 - +
24 2,79 2.80 ol +0, 01 _— +
23 2.9 3,00 — 005 — -
22 3.10 3.18 o 49,06 - +
21 3.2 3,30 - +0.05 - +
20 3.40 3,46 - 40.08 - +
19 3,55 3,58 — 40,03 - +
18 3.7 3.50 3.3 0.21 0.37 5.4
17 3.86 3.50 3.38 0.36 0.48 9.35
16 4,01 3.50 3.35 0.51 0.65 13,24
15 4,90 3.46 3.32 0.54 0.68 1.0
14 3.95 .41 3.30 0.54 0.65 14.0
13 3,90 3.36 5,24 0.54 0.74 14,0
12 3.84 3.32 3.20 c.52 0.54 13.50
1 3,75 3.2 3.08 0.51 0.67 1324
10 3,64 3.13 2,99 0.51 0.65 13.24

9 3.56 3.08 2,90 0.46 0,64 -~ uwm
8 3.46 2,99 2.8 0.47 0.62 12.20
7 3.36 2,01 2.74 0.45 0.62 11.68
5 8.2¢ 2.8 2,64 0,40 0.60 10.39
5 3.11 2.74 2.56 0.3 0.55 9.61
4 291 2.6 2.62 0.33 0.35 8.57
3 2.30 2.46 2.24 0.34 0.56 8.83
2 2.42 2.18 1.90 0.23 0.52 5.97
1 L9 1.80 1.48 011 0.43 2.85
0 142 1.20 102 0.22 0.40 5.71
’ BURNING TIME 38.5 SEC
LEGEND

PREFIRING SURFACE
e e POSTFIRING SURFACE

MX-2600 SILH
' c4 ASTROLITE 1401F SILICA MOLDING

/ 45 DEQ

THROAT
INLET 90 DEG INSULATION

TWSULATION MXS-198 SILICA INSULATION

MXS5-198 SILICA ¢
LCCM-2626 DRY N

I T T O Rt S T i T Ty M T R Sy TRt A S

0 1 2 38 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
STATION

2453528
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TABLE 23

TU-622 NOZZLE DATA, 23~-RPD

STATION ' CONTOQUR MATERIAL] CHAR _|EROSION RATE
NO. INITIAL | EROSION CHAR LOSS DEPTH :{ MILS/SEC
26 232 | 2.4 2,32 40,14 0.00- + .

25 2.49° 2.62 2.46 +0.18 0.03 +

24 2.64 2.78 2.62 40,12 | o002 +

23 2.80 2,90 - 2,76 50,10 1 0.08 + -
22 2.96 3.80 2,90 ] +0.04 0,86 +

21 3.11 3.10 3.94 - .01 .87 . 0.24

" 20 32 3.18 3,12 -0z | .16 2.95
19 ) 344 3.24 3.20 .| 0:20 0.24 4.92
18 3,60 3.28 3.24 0.32 0.36 7.88
17 378 3.38 3.30: 0.46 0.46 9.85
16 3.92 3.42 3.36 0.50 0.56 12,31
15 4.06 349 2,36 0,64 2,60 15,76
1 4.05 3.40 3.36 0,65 0.69 16.00
18 4,04 _3.38 3.32 0,66 0.62 16.25
12 4.00 -3.34 3.28 - 0,66 ._0.72 - 16.25
11 .96 1 3.3 3.2z 0.64 0.74 15.76
0 3.89 3.28 3.18 661 1. 071 1502

9 3.8 3.20 © 312 0.62 S 0.70 . .15.27
8 3,74 3,16 3,04 0.58 0,70 14.28 .
7 3.66 2.08 3.00 9.58 9,65 14.28 ‘
6 3.58 3,06 2,98 0,48 0.61 12,1
.5 3.42 2.96_ 2.87 0.46 0.65 11.33
4 3.28 2,80 2,72 0.48 | 0.56 11.82
3 3.92 2,54 2,42 I 0.38 8.50 9.35
2 2.41 251 W Q.31 0,43 7.63
1 1.90 1.72 1.58 0,18 | 0.32 4.43
o  l. 143 21,88 M £.35 - 8.62 ]
LEGEND BURNING TIME 40.6 SEC
- PREFIRING SURFACE
— — e POSTFIRING SURFACE
. —— -~ CHAR DEPTH o de e = =

T ., Py
PLY /:5 DEG
90 DEG THROAT INSULATION EXIT CONE INSULATION

INLET INSULATION PLY wst——m= (0 DEG

I T N T TN O O T M A T O T I A

| ]
3 4 5 6 7 8 910 11 12 13 M4 15 16 17 18 19 20 21 22 23 24 25 26 27
i . STATION 24535-24
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TABLE 24

TU-622 NOZZLE DATA, SMS-21

STATION CONTOUR MATERIAL; CHAR EROSION RATE.
NO, INITIAL ERQSION CHAR LOsS DEPTH MILS/SEC
26 2.32 2.06 2.00 0.26 0.32 6.60
25 2.49 2.14 2.08 0.35 0.31 8.8%
24 2.64 2,28 2.19 0.36 0.45 $.15

23 2,80 2,42 | 2.32 0.38 0.48 .68
22 2.96 2,58 2.50 0.38 0.46 9.66
21 3.11 2.72 2.64 0.39 0.47 9.91
20 3.28 2,90 2.82 .38 0.48 8.88
19 3.44 3.:04 2.96 0.40 -0.48 10.16
18 3.50 3,20 3.08 .40 8.52 10.16
17 3.78 3.20 3.198 0.56 0.66 14.23
16, 3.92 3,30 3.18 .62 0.74 15.75
15 4.06 3.3 3.23 .72 0.83 i8.28
14 4.05 3,42 3.32 Q.63 0.73 16.00
13 4,04 3,49 3.34 0.55 0.70 13.97
12 4.00 3,49 3.30 8.51 .70 12.96
11 3.96 3.45 3.25 9.51 0.71 12.96
ig 3.89 3.40 3.22 8.49 0.67 12.45

9 3.82 3.32 3.14 0.50 0.68 12. 70
8 3.74 3.26 3.10 0.48 0.64 12.20
1 3.66 3.20 3.08 9.48 6.58 11.63
6 '3.58 3.10 2.98 0.45 0.57 11,43
5 3.42 3,00 2.90 .42 0.52 10.67
4 3.28 2,80 2.80 0.38 0.48 9.686
3 2.92 2,58 2.50 0.34 0.42 8.64
2 2,431 2.20 T 2.02 0.21 0.38 5.34

1.90 1.78 1.62 Q.12 0.28 3.05
0 1.43 1.38 1.22 8.05 02.23 1.27
LEGEND

—mew— PREFIRING SURFACE

— e POSTFIRING SURFACE

~— — ESTIMATED SURFACE
el

‘THROAT INSULATION
PLY
45 DEG

INLET INSULATION

BURNING TIME 39. 35 SEC

e —

PLY 0 DEG
R et

EXIT CONE INSULATION

[ I N D T B B
0 12 3 4 5 6 7 8 9 10

i

Prr ot b

STATION

|

Py

11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27

24535-27
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Figure 56 . TU-622 Motor Convective Heat Transfer
Coefficient. vs Axial Location, Carbonaceous Materials
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Figure 60. TU-622 Motor Ervsion Performance, 4C-1686
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Figure 66, TU-622 Motor Erosion Performance , MXCS-198 (Avceram C/S Cloth Epoxy Novolac)
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TABLE 26

" TU-622 HIGH C/0 RATIO MATERIAL PERFORMANCE

Material Erosion Performance
at Predicted Erosion Rate of

7.0 mils/sec Material Cure Cycle. )
Theoretical Line Actual Line  Pressure Temperature Reinforcement Reinforcement and
Material (mils/sec) ~- (mils/sec) (psi) (°F) . _Resin Ratio Resin Type
LCCM-=2610 7.00 3.40 1,000 315 + 10 3/1 ,‘ Graphite particle
- and phenolic
LCCM-4120 7.00 5,30 15 315 + 10 3/1 Graphite particle
. ’ and phenolic
4C-1686 7.00 3.00 225 350 + 5 1.44/1 Carbon cloth and
’ polyphenylene
SP-8057 7.00 7:00 225 315 + 10 0.96/1 Carbon cloth and
phenolic
WB-8251 7.00 7.5 225 315 + 10 1.56/1 Carbon-silica cloth
Est. and phenolic
MXCS8+198 7.00 6.4 15 -315,+ 10 1.08/1 Carbon-silica cloth
Est. and epoxy novolac
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TOTAL HEAT FLUX, QT (Btu/SQ FT-SEC)
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Figure 67, TU-622 Material Test Motor Total Heat Flux vs Axial Location
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Figure -68. TU-379 Material Screening Motor Total
Heat Flux vs Axial Location (Silica Material)
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Figure 69-' TU-379 Material Screening Motor, Total Heat Flux
-, vs Axial Location (Paper Material) .
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TOTAL HEAT FLUX QT (BTU/SQ FT ~ SEC)
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Figure “70. TU-379 Material Screemng Motor Total
Heat Flux vs Axial Location (Asbestos Material)
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Figure 7I, Erosion Performance Line for Low C/O Ratio Material
(Silica SP-8030-96)
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.Figure 72, TU-379 Motor Erosion Performance,
SP-8030-96 (Silica Cloth Phenolic)
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Figure 77. TU-622 Motor Erosion Porformance, SMS-21 (Kraft Paper Phenolic)
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S0T

Material

SP-8030-96
MXS-198
MX-2600
23-RPD

SMS~-21

TABLE 27

TU-622 LOW C/0 RATIO MATERIAL PERFORMANCE AT THE THROAT

Erosion Performance

Total Heat
Flux QT

525

N/A

565

725

1,450

Actual

(mils/sec)

16.5

N/A

i7.0

13.3

Reinforcement/
Resin Ratio

Reinforcement and.Resin Type

2.57/1

2.22/1

N/A

1,70/1

N/A

Double thick silica cloth and phenolic
Silica cloth and epoxy novolac

Silica clo.th and phenolic

Asbestos cork filled mat and phenolic

Paper mat and phenolic
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Figure 79, Mechahical Properties vs Temperature,
WRB-8251 (Avceram C/S Cloth Phenolic}
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F1gure 80 Mechamcal Propertles vs Temperature,

LCCM 4120 (Graphite Particle Phenohc} ‘
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Flgure 81 Mechamcal Properties vs Tenmperature,

LCCM-2610 (Graphité Particle Phenolic)
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Figure 82. Mechanical Properties vs Temperature,
‘SMS-21 (Kraft Paper Phenolic)
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Figure 85. Mechanical Properties vs Temperature,
4€-1686 (Carbon Cloth Polyphenylene)
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Figure 86. Mechanical E’roperﬁies vs Temperature,
MXS-198 (Siliéa Cloth Epoxy Novolac)

113




ULTIMATE STRESS (PSI)

O  ULTIMATE TENSILE STRENGTH (WARP DIRECTION)

% ULTIMATE TENSILE STRENGTH (FILL DmECTIbN)

o] ‘ULTIMATE COMPRESSIVE STRENGTH (WARP DIRECTION)
A ULTIMATE COMPRESSIVE STRENGTH (FILL DIRECTION)
D ULTIMATE INTERLAMINAR SHEAR STRENGTH

.

28,000
P AVERAGED VALUES ARE SHOWN EXCEPT WHERE NOTED,
DASH LINES ARE EXTRAPOLATED TO APPROXIMATE
FUSION TEMPERATURE.
REF AFRPL TR-67-310 "EVALUATION OF LOW COST
24,000 MATERIALS AND MANUFACTURING PROCESSES FOR
’ B\ LARGE SOLID ROCKETS. "
a
20,000 A\ ;
16, 000
12, 000
;
370 MINIMUM (FILL DIRECTION)
640 MAXIMUM (WARP DIRECTION)
8,000 + + 1+
Q ® 510 MINIMUM (FILL DIRECTION)
552 MAXIMUM (WARP-DIRECTION)
4,000 | ’
439 MINIMUM (FILL D}:RECTION)
615 MAXIMUM (\VARP DIRECTION)
PO L S UG it
0 1,000 2,000 3,000 4,000 5,000 6,000

TEMPERATURE (°F)

24535-43

Figure 87, Mechamcal Propertles vs Temperature,
SP-8030-96 (Silica Cloth Phenolic)
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TABLE 28

HIGH TEMPERATURE COMPRESSION TESTS

Test Ultimate Test Ultimate
Temperature Compression Temperature Compression
Material (°F) (psi) Material (°F) (psi)
SP-8030-96 1,930-1,950 2,120 LCCM-2626 1,930-1,950 3,620
(Heavyweight 1,930-1, 950 2,920 (Graphite particle 1,930-1,950 3,600
silica fabric . 1,930-1,950 3,120 phenolic) 1,930~1,950 3,520
phenolic) Avg 2,720 Avg 3,580
1,250 3,175 1,200 1,180
1,225 4,490 1,225 3,600
1,200 2,870 1,250 1, 380
Avg 3,510 Avg 2,050
23-RPD 1,950 2,590 LCCM-4120 1,900-1, 950 1,910
(Cork filled 1,950 2,105 (Graphite particle 1,900-1,950 2,550
asbestos 1,005 phenolic) Avg 2,230
phenolic) Avg 1,900 1,220 2,350
1,250 1,855 1,200 2,875
1,250 2,075 Avg 2,360
1,225 Ave i 332 KF-418 1,950 Burned out
? (Canvas cloth 1,250 260 Prior to
4C -1686 1,950 1,575 phenolic) burnout
(Carbon fabric 1,950 1,875
polyphenylene) 1,950 . 1,735
Avg 1,730
1,200 2,770
1,200 2, 350
1,200 2,885

Avg 2,670



TABLE 29

THERMAL CONDUCTIVITYO];F NOZZLE M'ATERIALS

Thermal Conductivity (Btu/in. y/(sq ft/sec/F)

Material 32°F 207°F
23-RPD 2.39x 107% 2.05 x 10™%
2.18x 1074 2.056 x 10~4
Avg 2.29 x 1074 * 2,05 x 10~4
4C-1686 4,96 x 104 4,44 x 1074
5.18 x 10~4 4,30 x 1074
Avg 5.07x 104 4,37 x 1074
SP-8030-96 3.60 x 10~4 2.31x 1074
3.31x 104 2.46 x 104
Avg 3.46x 104 2.38 x 104
SP-8057 © 4.51x 1074 4,24 x 1074
4.61x 1074 4.37 x 1074
Avg  4.56 x 10-4 4.32 x 104
LCCM-2626 10.62 x 1074 11.41 x 104
10.70 x 10~% 12,23 x 104
Avg 10.66 x 104 11.82 x 104

116



TABLE 30

SPECIFIC HEAT OF NOZZLE MATERIALS

Specific Heat (Btu/lb/°F)

Material 32°F 144°F 200°F 300°F 600°F * 900°F*
23-RPD 0.383 0.296 0.294 0.316 0.351 0.358
0.385 0.290 0.298 0. 320 0.345 0.368

Avg 0.384 0.293 0.296 0.318 0..348 0.363

4C -1686 0.303 0.253 0.244 0.274 0.325 0.376
0.306  0.260 . 244 0.273 0. 325 377
Avg 0.304 0.256 0.244 0.274 0.325 0.377

(=1
<o

SP-8030-96 0.319 0.222 0.223 0.248 0.279 0.303
0.311 0.218 0.217 0.248 0.277 0.307
Avg 0.315 0.220 0.220 0.248 0.278 0.305

SP-8057 0. 326 0. 300 0.297 0.336 0.354 0.388
0. 329 0.306 0.298 0. 340 0.358 0.364
Avg 0.328 0.303 0.296 0.338 0. 356 0.376

LCCM-2626 0. 300 0.215 '0.235 0.259 0.317 0.352
.214 .234 0.273 . 319 357
Avg 0.296 0.215 0.235 0.266 0.318 0..355

<
Do
=g
1
[}
(=4
(=3
(=]

*Samples exhibited significant weight loss at600°and 900°F. The sample weight
used to calculate the specific heat was the weight after heating to these
temperatures.
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Figure 88. Carbon Polyphenylene 4C~1686,
Coefficient of Thermal Expansion vs Temperature
(with Lamina Laboratory Virgin Material)

118

3,000

2453565



COEFFICIENT OF THERMAL EXPANSION
(IN, /IN, -°F x 10~6)

16

14

12

o

| \
G

0 ’ 1,000 2,000 3,000

TEMPERATURE (°F)

24535-76

Figure 89. Carbon Phenolic SP-8057,
Coefficient of Thermal Expansion vs Temperature
(with Lamina Laboratory Virgin Material)
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Figure 90. Graphite Particle Phenolic LCCM~-2626,
Coefficient of Thermal Expansion vs Temperature

(with Lamina Laboratory Virgin Material)
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Figure 91. Silica Phenolic SP-8030-96,
Coefficient of Thermal Expansion vs Temperature
- (with Lamina Laboratory Virgin Material)
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Figure. 92. Asbestos Phenolic 23-RPD,
Coefficient of Thermal Expansion vs Temperature
(with Lamina Laboratory Virgin Material)
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TABLE 31

LIST OF MATERIAL CANDIDATES FOR THE . SUBSCALE NOZZLE TASK

Specific Raw Material Cost

Number. Family Materfal Vendor_ General Desoription Gravity ($/ib)

1 LCCM LCCM-2626 Thiokol Graphite particle - phenolie molding compound 1.8 0,75

2 LCCM~-4120 Thiokol Graphite particle - phenolic casting compound L5 0,75

3 Carbon rofnforced 8SP-8057 Armour Pluton-H fabric~ EC-201 phenolic 1.4 15,00

4 4C1686 Coast GS-CC2 carbon l‘nhrlc-poly?hnnylene 1,3 20,60

5 sP-8050" Armour CCA-1 carbon~EC-201 phenolic 1.44 10.‘;)0

6 we-8217" Cordo Carbon fabrio~ WB:‘ZZBH phenolic 1.42 20.97

7 Mx-4026" Flberite Carbon fabric - phenolic 1.40 18,00

8 Avceram reinforced WB-8251 Cordo Avceram C/8 - WB-2233 phenolic 1.5 12,97
9 chs-wsb Fiberite Aveeram C/8 ~ epoxy rovolac - -

10 Silica reinforced SP-8030-96 Armour €-100-96 silica fabric-EC~201 16 4,90

phenolic resin
11 MXS-198 Fiberite C-100-96 Bilica fabrio-epoxy noveolac 1.5 8.10
12 Asbestos reinforced 23-RPD Raybestos— Cork filled asbestos phonolic 1.5 4,25
Manhattan
13 Mxa-6012> Fiberite Crocidolite asbestos 1.81 1.85
14 Cotton or paper KF-418" Fiberite Canvas duct~SC-1008 phenolic 1.36 1.50
refnforcement
15 FM—EZ72‘l US Polymeric Kraft crepe paper-USP 100 phenolic 1,34 2.00
16 sMs-21 ‘Thioko} Paper phenolic 1.3 1,20

AMatorials preselected for subscale evaluation’by NASA and ThiokoL Chemionl Cozporation.
bMaterlsls not tested
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Figure 93. Subscale Nozzle Test Motor Assembly
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TABLE 32

SUBSCALE NOZZLE MATERIALS TEST LOCATION

BUBSCALE NOZZLE

DESIGN T

8.12 Doy

txy,28 (=LC

€=1,31

SUBSCALE NOZZLE

DESIGN I
NO, 1,3, 4, AND 6 NO. SAND 5
TESTED MATERIALS .
NOZZLE '
« NOZZLE NO, DESIGN A B C D E P G H 1 J
1 X, FM~5272 WB-8317 WB-8217 MX~4326 SP-g0s50 KF-418 MXA-6012 MXA-6012
PAFER CARBON CARBON CARBON CARBON - CANVAS — ASBESTOS ABBESTOS
* PHENOLI PHENOLIC PHENOLIC PHENOLIC PHENQLIC PHENOLIC PHENOLIC PHENOLIC
2 n MXA-0012 401686 401686 LOCM-2626 LCCM-2626X LCCM-2626X LCCM-2626X FM~5063 1681 GLASS 23~-RPD
ASBESTOS CARBON CARBON GRAPHITE GRAPHITE GRAPHITE GRAPHITE CARBON PHENOLIC ASBESTOS
PHENOLIC roLY- POLY- PARTICLE PARTICLE PARTICLE PARTICLE BHENOLIC CORK
PHERYLENE PHENYLENE FHENOLIC PKENOLEPG PHENOLIG PgENOLIC D PHENOLIC
3 I 23-RPD SP-8057 SP-8057 SP-8050 SP-8057 8P-8030.96 23“RPD FM-5272
ASBESTOS CARBOR CARBON CARBON CARBON - BILICA - ASBESTOS PAPER
CORK PHENOLIC PHENOLIC PHENOLIC PHENOLIC PHENOLIC CORK PHENOLIC
PHENOLIC PHENOLIC
4 I KF-418 KF-418 SP-3030-28 SP-8030-95 23-RPD MXS-198 BF-418 SP-8030-98
CANVAS CANVAS SILICA SILICA ASBESTOS SILICA CANVAS BILICA
PHENOLIC PHENOLIC PHENOLIC PHENOLIC CORK. - EPOXY - PHENOLIC PHENOLIC
PHENOLIC NOVOLAC
5 jid KF-418 SP-8030-86 LOCCM~2828 LOCM-2626 TOCM-2626X LCCM~-4120 LCOCM-4126 Kir«418 1581 GLASS 23~RPD
CANVAS SILICA GRAPHITE GRAPHITE GRAPHITE GRAPHITE GRAPHITE CANVAS PHENOLI ASBESTOS
PHENOLIC PHENOLIC PARTICLE PARTICLE PARTICLE PARTICLE PARTICLE PHENOLIC CORK
PHENOLIC PHENOILXC‘:“ PHENOLIC PHENOLIC PHENOLIC PHENOLIC
6 1 5P-8030-96 FM-5272 $P-8030-96 SP-3057 KF~418 FM-5272 FM-6272 KF-418
SILICA PAPER SHJICA CARBON CANVAS — PAPER — PAPER CARVAS
PHENOLIC PHENCGLIC PHENOLIC PHENOLIC PHENCLIC PHENOLIC PHENOLEC PHENOLIC

24535-63
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Figure 96. Subscale Nozzle Convective Heat Transfer Coefficient (Carbonaceous Material)
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Figure 97. Subscale Nozzle No. 1 Thermal Gradient Planes




TEMPERATURE ( F)

CARBON CLOTH PHENOLIC :M¥%~4926: (45 DEG TO PLY)

. “ N .-
| EROSION ~ . __CHAR HEAT VIRGIY ASBESTQSI
I h . EFFECTED "PHENOL.
7,000 : MXA-6012
' B (ACROSS
o PLY)
. 6,000 .
- 4
' ASBESTOS
CARBON CLOTH PHENOLIC PHENOLIC
.
5,000 . ’
. | ‘
! ;
4,000 ( . :
' 3
. . \
'
3,000 \ 5
—4 ss C —|60'sE
- ,,_ 0 SEC
2,000
3 \
4 "\ N .
1,000 . ) .
n I
! \
0 .

0 0.2 0.4 0,6 0.8 1.0t i.2 14 136 . 1.8 2.0 2.2 2.4 2.6

-
DISTANCE FROM-ORIGINAL SURFACE (IN.)

24535-61

Figure 98. Nozzle No. 1 Thermal Gradient, Throat Section No. 5
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Comgo}lent and Materials

Exit Cone Assembly
8P-8050
KF-418
MXA-6012

Throat Billet
MX-4926

Throat Backup
MXA-6012

Inlet Ring Billet
WB-8217

Nose Ring Billet
WB-8217

Backside Insulation Billet
FM-5272

TABLE 33

NOZZLE NO. 1 COMPONENT FABRICATION

Fabrication Method

Tape wrap halfway up cone mandrel with 6 in. SP-8050 tape,
switch to 6 in, KF-418 tape, and complete wrapping of cone.
Autoclave cure. Overwrap full length of cone with 1 1/2 m.
MXA-6012 tape. Autoclave cure.

Cut 900 "coolie hat'" plies. Install in compression tool,
debulking as required. Install male punch and press cure.

Tape wrap cylindrical mandrel with 5 in. MXA~6012 tape.
Autoclave cure.

Cut 130 deg ply patterns. Install in mold, butting ply ends
together, Debulk as required. Install male punch and
press cure,

Tape wrap 5 in. WB-8217 on cylindrical mandrel, debulking
asg required. Autoclave cure.

Tape wrap full length of cone mandrel with 6 n, FM-5272
tape. Overwrap full length with 3 i, FM-5272 tape. Auto-
clave cure.

Cure

Cure No. 1, Apply vacuum and 225 psi positive pressure.
Cure 1 hr at 200°F, 1 hr at 250°F, 6 hr at 300°F. Cool to
150° F under pressure.

Cure No. 2. Apply vacuum and stage 3 hr at 180°F. Apply
235 psi 1/2 hr at 200°F, Cure 1/2 hr at 225°F, 1hr at 250°F,
1 hr at 275°F, 4 br at 300°F. Cool to 150° F under pressure.

Apply 225 pst (calculated). Cure 2 hr at 200°F, 2 hr at 250°F,
6 hr at 320°F. Cool to 150° F under pressure.

Apply vacuum and stage 3 hr at 180°F; apply 225 psi. Cure

1/2 hr at 200°F, 1/2 hr at 225°F, 1 hr at 250°T, 4 hr at 300°F.
Cool to 150°F under pressure.

. Apply 225 psi (calculated), Cure 1 hr at 200°F, 1hr at 250°F,

3 hr at 300°F, Cool to 150° F under pressure.

Apply vacuum and 225 psi positive pressure. Cure 1 hrat
200°TF, 1 hrat 250°F, 6 hr at 300°F. Cool to 150°F undexr
pressure.

Apply vacuum and 225 psi; stage 3 hr at 180°F, Cure 1-1/2 hr
at 250°F, 6 hr at 310°F. Remove from mandrel while hot
(180°-200° F).
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Component and Materials

Exit Cone Assembly
LCCM-2626
Glass-Phenolic Tape

Throat Billet
LCCM-2626

Throat Backup Billet
23-RPD

Inlet Ring Billet
4C~1686

Nose Riig Billet
4C-1686

Backside Liner Billet
MXA-6012

TABLE 34

NOZZLE NO, 2 COMPONENT FABRICATION

Tabrication Method

Compression mold billets of LCCM-2626. Machine nto
segments. Bond segments together on mandrel and overwrap
with glass phenolic tape. Autoclave cure. Machine tiers and
agsemble together.

Add molding compound to compression tool, mstall male
punch and press cure.

Tape wrap cylmdrical mandrel with 5 . 23-RPD tape.

Autoclave cure.

Cut 130 deg ply patterns Install in mold, butting ply ends
together. Install male punch and press cure.

Tape wrap cylindrical mandrel with 5 in. tape. Autoclave
cure.

Make two full -length wraps of conical mandrel with 5 m. tape.

Autoclave cure, :

Cure

Cure No. 1 - LCCM-2626. Load tool with calculated quantity
of molding compound. Apply 200 tons pressure. Cure 10 hy
at 325°F,

Cure No, 2 - Overwrap. Apply vacuum and 225 psi autoclave
pressure. Cure 2 hr at 200°F, 2 hr at 250°F, 4 hr at 310°F,
Cool under vacuum and pressure to 150°F.

Apply 1,000 psi. Cure 6 hr at 325°F.

Apply vacuum and stage 2 hr at 180°F; apply 225 psi. Cure .
2 hr at 180°F, 2 hr at 240°T, 2 hr at 270°F, 3 hr at 310°F,
Cool to 150°F under vacuum and pressure.

Apply 225 psi. Cure 2 hr at 180°F, 2 hr at 210°F, 2 hr at
240°F, 2 hr at 270°F, 2 hr at 300°F, 5 hr at 350°F. Cool to
160° F under pressure,

Apply 225 psi. Cure 2 hr at 180°F, 2 hr at 210°F, 2hrat .
240°F, 2 hr at 270°F, 2 hr at 300°F, 4 hr at.350°F. Cool
under vacuum and pressure to 160°F.

Apply vacuum, stage 3 hr at i80°F, apply 225 psi. Cure 2 hr
at 200°F, 2 hr at 225°F, 2 hr at 250°F, 2brat 275°F, 6 hr at
310°F. Cool under vacuum and pressure to 150° F,
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Component and Materials

Exit Cone Assembly
SP-8057 Forward
SP-8030-96 Aft
23-RPD Overwrap

Throat Insert Billet
SP-8050

Throat Backup Billet
FM-5272

* Tnlet Ring Billet
SP-8057

Backs:de Liner Billet
23-RPD

Nose Ring Billet
SP-8057

TABLE 35

NOZZLE NO. 3 COMPONENT FABRICATION

“Fabrication Method

Wrap forward portion of conical mandrel with 6 in. SP-8057
tape. Wrap aft portion with 6 in, SP-8030~-96 tape, Autoclave
cure. Overwrap cone with 2-1/2 in. 23-RPD tape. Autoclave
cure.

Hand layup "coolie bat" method. Cut required number of plies.
Install in compression tool with 45 deg starter ring in bottom.
Debulk, Install male punch and press cure.

Tape wrap on cylindrical mandrel with § in. tape. Install
vacuum bag and autoclave cure.

Cut required number of plies. Hand layup mold. Debulk
as required. Install male punch and press cure.

Tape wrap full length of comcal mandrel with 5 in. 23-RPD
tape, stage. Overwrap full length of cone with 5 in. 23-RPD.
tape. Autoclave cure.

Tape wrap 5 in. SP-8057 on cylindrical mandrel, debulking
as required. Autoclave cure.

Cure

Cure No. 1. Apply vacuum and 225 psi. Cure 2 hr at 180°F,
2 hr at 200°F, 3 hr at 225°F, 3 hr at 250°F, 3 hr at 275°F,
6 hr 310°F. Cool under pressure to 150°F at a rate not to
exceed 25° F per 1/2 hr.

Cure No. 2. Apply vacuum and stage 3 hr at 180°F. Apply
225 psi. Cure 3 hr at 250°F, 6 hr at 310°F. Cool as in No. 1.

Apply 225 psi (calculated). Cure 2 hr at 200°F, 2 hrat 250°F,
6 hr at 320°F. Cool to 150° ¥ under pressure.

Apply vacuum and 225 psi. Cure 1 hr at 180°F, 2 hr at 250°F,
4 hr at 310°F. Cool to 200°F and remove from mandrel while
hot. . .

Apply 225 psi (caleulated), Cure 2 hr at 180°F, 2 hr at 250°F,
2 hr at 275°F, 4 hr at 810°F. Cool to 160° F or lower under
pregsure.

Stage 1st wrap under vacuum for 3 hr at 180°F. After 2nd
wrap (overwrap) stage as for nose ring billet below. Apply
225 psi. Cure 2 hr at 200°T, 2 hr at 250°F, 6 hr at 310°F.
Cool to 150°F or lower under pressure.

Apply vacuum and 225 psi. Cure 2 hr at 180°F, 2 hr at 210°F,
2 hr at 240°F, 2 hr at 270°F, 4 hr at 300°F. Cool to 160°F
or lower under pressure.



2y

Component and Materials

Exit Cone Assembly
23-RPD Forward
MX8-198 aft
KIF-418 Overwrap

Throat Billet
SP-8030~96

Throat Baclup
SP-8030~06

Inlet Billet
SP-8030-88

HNose Billet
K -418

Baokside Liner
KT -418

TABLE 36

NOZZLE NO, 4 COMPONENT FABRICATION SUMMARY

Fabrieation Method

Wrap forward portion of conical mandrel with 6 in, 28-RPD
tape. Cure No. 1. Wrap aft portion with § in. MXS~198 taps.
Cure No. 2. Overwrap entire cone with 2-1/2 In. KF-418
tape. Cure No. 3.

Hand layup "eoolie hat' method, Cut required number of plies,
Install in compression tool with 45 deg starter ring in bottom,
Debulk, install male punch, and press cure,

Tape wrap on ¢yhndrical mandrel with 5 in, tape. Autoclave

cure,

Cut required number of plies, Hand layup in mold, Debulk,
Install male punch and press cure,

Tape wrap 5 ih. tape on cylindrical mandrel, Debulk as
requived, Cure in autoclave,

Tape wrap over confoal mandrel with 5 in. tape. Stage.
Overwrap staged part with 5 in, tape. Autoclave cure,

Cure

Cure No. 1. Stage 3 hr at 180°F under vacuum, Apply
225 psi, Cure 2 hr at 200°F, 2 hr at 250°F, 6 hr at 310°F,
Cool to 160°F or lowsx,

Cure No, 2. Vacuum bag only, Cure 2 hr at 180°F, 2 hr at
200°F, 8 hr at 250°F, 3 hr at 275°F, ¢ hr at 310°F. Coolio
180°F at 25°F per hour,

Cure No, 3, Apply vacuum znd 225 psi. Cure 2 hr 8 200°F,
2 hrat 250°F, 2 hr at 276°F, 6 hr at 310°F. Cool to 150°F
at 25° F per hr.

Apply 225 psi. Cure 2 b at 200°F, 2 hr at 250°F, 2 hr at
275°F, 6 hr at 310°F. Cool to 160°F at 30°T per hr under
pressure.

Apply vacuum and 225 psi, Cure 1 hr at 180°F, 2 hr at 200°F,
2 hr at 275°F, 4 hr at 310°F. Cool under pressure to 160°F
at 30°F per hour.

Apply 225 psi, Cure 2 hr at 180°F, 2 hr at 250°F, 2 hr at
275°F, 4 hr at 310°F. Cool undex pressure to 150°F at 30°F
per hour,

Apply vacuumm and 225 psi. Cure 2 hr at 200°F, 2 hr at 225°F,
2 hr at 250°F, 2 hr at 275°F, 4 hr at 310°F, Cool under pres-
sure {o 160°F,

Apply vactum and 225 pst, Cure 2 hr at 200°F, 2 hr at 225°F,
2 hr at 250°F, 8 hr at 275°F, 6 hr at 310°F. Cool under
pressure to 1807F.
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Component and Materials

Exit Cone Assembly
LOCM-2626
LCCM~4120
KF-418
Glass Phenolic

Throat Agsembly
LCCM-2626
23~RPD

Inlet Ring Billet
LOCM-2626

Nose Ring Billet
SP-8030-96

Packside Liner Billet

TABLE 37

NOZZLE NO, § COMPONENT FABRICATION SUMMARY

Fabrication Method

Compression mold billets of LCCM-2628 and LCCM~4120.

" Machine OD, Install on mandrel and overwrap with glass

phenolic tape, Autoclave cure. Machine tiers and assemble,
Tape wrap KF-418 tape on mandrel. Autoclave cure.
Machine and install into steel nozzle shell,

Compression mold LOCM-2626 billet. Machme into four
segments, Install segments on mandrel and overwrap with
23-RPD. Autoclave cure,

Compression mold LOCM~2626.

Tape wrap cylndrical mandrel with 5 in. tape, Autoclave
cure,

Make two full length wraps of conical mandrel with 5 in,
tape. Autoclave cure.,

Cure

Cure No. 1 - LOCM-2626, Load compression tool with
material, Cure 24 hr at 325°F and 850 psi.

Cure No. 2 - LCCM-4120, Cast material into mold, Vacuum
bag. Cure 2 hr at 325°F and 1 atmosphere pressure.

Cure No. 3 - Overwrap, Apply vacuum and 225 pst. Cure
2 hr at 200°F, 2 hr at 225°F, 3 hr at 250°F, 8 hr at 275°F,
& hr at 3310°F. Cool under pressure to 160°F,

Cure No, 4 - KF»418 Rmng, Apply vacuum and 225 psi.
Cure 2 hr at 200°F, 2 hr ot 225°F, 2 hr at 250°F, 2hrat

275°F, 4 hr at 310°F, Cool under pressure o 180°F,

Cure No. 1 - LCCM-2628, Load compression tool with
material, Cure 12 br at 825 and 1,000 psi.

Cure No. 2 ~Overwrap, Apply vacuum bag and 225 psi.
Cure L hr at 180°F and 3 br at 300°F. Cool under pressure
to 200°F,

Load tool with material and apply 1,000 psi, Cure 2hr at
250°F, 2 br at 275°F, 8 hr at 310°F,

Apply vacuum and 225 psi. Cure 2 hr at 180°F, 2hr at
225°F, 3 hr at 2360°F, 3 br at 275°F, Ghr al 310°F, Cool
under vacwum and pressure to 150°F.

Apply vacuum and 225 pst, Cure 2 hr at 180°F, 2 hr at 200°F,
3 hr at 225°F, 3 hr at 250°F, 8 hr at 275°F, 6 hr at 810°F,
Cool to 150°F.
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Component and Materials

Exit Cone Assembly
KF-418, Forward
FM-~5272, Aft
FM-5272, Over

Throat Billet
SP-8057

Throat Backup
KF-418

Inlet Ring Billet
SP-8030-96

Nose Ring Billet
FM-5272

. Backside Liner Billet

SP-8030-96

TABLE 38

NOZZLE NO. 6 COMPONENT FABRICATION SUMMARY

Fabrication Method

Tape wrap forward portion, Tape wrap aft portion, Autoclave
cure, Machine OD, Overwrap entire cone. Autoclave cure,
Machmne and mstall,

Hand layup "coolie hat" method, Cut required number of plies,
Install in compression tool with 45 deg starter ring, Debulk.
Install male punch and press cure.

Tape wrap on cylindrical mandrel with 5 1n, tape, Autoclave
cure,

Cut required number of plies, Hand layup in mold, Debulk,
Install male punch and press cure.

‘Tape wrap 5 in, tape on cylindrical mandrel, Autoclave cure,

Tape wrap over conical mandrel with 5 in. tape. Stage, Over-
wrap with additional 5 in. tape. Autoclave cure.

Cure

Cure No, 1. Apply vacuum and 225 psi, Cure 2 hr at 200°F,
2 hr at 225°F, 2 hr at 250°F, 2 hr at 275°F, 8 hr at 310°F,
Cool under pressure to 180°F,

Cure No, 2 - Overwrap, Apply vacuum and 225 psi, Cure
2 hr at 200°F, 2 hr at 250°F, 2 hr at 275°F, 6 hr at 310°F.
Cool under pressure to 150°F,

Apply 225 psi. Cure 2 hr at 200°F, 2 hr at 250°F, 2 hr at
275°F, 6 hr at 310°F, Cool under pressure to 160°F,

Apply vacuum and 225 psi. Cure 1 hr at 180°F, 2 hr at 200°F,
2 hr at 240°F, 2 hr at 275°F, 4 hr at 310°F, Cool under
pressure to 160°F,

Apply 225 psi. Cure 2 hr at 180°F, 2 hr at 250°F, 2 br at
275°F, 4 hr at 310°F, Cool under pressure to 160°F at a
rate of 30°F/hr,

Apply vacuum and 225 psi. Cure 2 hr at 180°F, 2 hr at 225°F,
2 hr at 275°F, 6 hr at 310°F, Cool under pressure to 180°F,
Remove part immedxately while at 180°F,

Apply vacuum and 225 psi. Cure 2 hr at 180°F, 2 hr at
200°F, 8 hr at 225°F, 3 hr at 250°F, 3 hr at 275°F, 6 hr
at 310°F. Cool under pressure to 150°F.



Component

Exit cone
Throat

Throat backup
Inlat

Nose

Backside liner

Exit cone
Throat

‘Throat backup
Inlet

Nose

PBackside liner

Exit cone
Throat

Throat backup
Inlet

Nose

Backside liner

Exit cone
Throat

Throat backup
Inlet

Nose

Backside liner

Exit cone

Throat

Throat backup
Inlet

Nose

Backside liner

Exit cone
Throat

Throat backup
Inlet

HNose

Backside liner

TABLE 39

COMPONENT RADIOGRAPHIC INSPECTION RESULTS

Discrepancy Disposition

None

Several delaminations Removed during final machining
Folds and resin rich areas, 1 metallic inclusion Use as is

None

N small delaminati 2 inclusi Removed during {inel machining
None

Not inspected
None
None
None
None
Nonse

None
None
None
None
None
None

None

Small voids near OD, 1 inclusion Removed during final machining
None

None

None

Several small voids Use as is

Retalner ring - None
Aft, mid and fwd rings not inspected

Emall high density inclusion throughout Use as is, typical of material
Not inspected (not fabricated as separate part)

Small high density inclusions throughout Use as is, typical of material
None

None

None

None

Numerous delaminations and separations Use as is

Surface porosity Use as is

Small delamination near OD Use as is

None Use ns is
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Figure 101. Nozzle No. 1 Exit Cone Assembly
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Figure 102, Nozzle No. 1 Throat and Backup Assembly
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Figure 103. Nozzle No. 1 Inlet Ring
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Figure 104, Nozzle No. 1 Nose
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Figure 105, Nozzle No. 1 Backside Insulation
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Figure 106, Nozzle No. 1 Final Assembly (View A)



Figure 107.

0N/
l0-gGg 1-N*

Nozzle No. 1 Final Assembly (View B)
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Figure 108,

Nozzle No. 3 (View A)




Figure 109, Nozzle No. 3 (View B)




Figure 110. Nozzle No. 3 (View C)




Figure 111, Nozzle No. 4 (View A)
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Figure 112, Nozzle No. 4 (View B)
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Figure 113, Nozzle No. 4 (View C)




Figure 114. Nozzle No. 4 (View D)
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Figure 115, Nozzle No. 6 Before Test (View A)
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Figure 116, Nozzle No. 6 Before Test (View B)
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Figure 117. Nozzle No. 6 Before Test (View C)
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Nozzle No. 6 Before Test (View D)

Figure 118,




POT

Figure 119,

Nozzle No. 6 Before Test (View E)
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Nozzle

TABLE 40

FINAL ASSEMBLY DISCREPANCIES,SUBSCALE NOZZLES

Discrepancy

0D of exit cone overwrap ¥y W
undersize condition.

Gap between throat and exit cone up to 0, 087 in. wide.

Gap between exit cone segments up to 0, 015 in, wide.
Print specified 0 - 0, 005,

Groove gouged around aft part of throat during final machining,
0,080 in. deep by 0,250 in, wide.

Backside liner hined Incorrectly, proper fit
to steel shell and to other components,

During cure of exit cone liner, forward portion debulked
excessively, When skim cut, part was 0,20 in, thinner than
specified,

Inner surface of aft exit cone was rough and nonuniform
after cure.

kside liner hined (ncorrectly, g improper fit
to steel shell,

Gap between throat segments up to 0, 015 in. wide,
Print specified 0 - 0, 005,

Backside liner intentionally shifted 0.10 in. forward
during final fitting,

To insure proper fit, exit cone was shifted forward 0,10 in, ,
resulting in a 0,10 in, gap between exit cone and steel alt
retalner plate,

Disposition

Trowelled UF-1155 (silica filled epoxy polynmide) on cone,
cured, and remachined to print.

Filled in with UF-1120 (asbestos filled epoxy polysulfide),

Used as is.

Hand sanded to blend in smoothly with exit cone,

R hined. Resulted in d in part thick of
1/8 In. and large gap between part and steel shell ot aft end
by bolt flange. Gap was filled In with UF-1120 (asbestos
filled epoxy polysulfide),

Increased thickness of overwrap by 0.20 inch,

Sand blasted and applied epoxy polysulfide smoother compound.
Remachined. Resulted in decrease in part thickness of

1/8 in, Used as is.

Used as is.

Used as is,

Used as is,
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Figure 120,
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Figure 121,

Nozzle No, 2 Four Mating Exit Cone Segments




Figure 122, Nozzle No. 2 Four Mating Exit Cone Segments
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Figure 123,

Nozzle No, 2 Exit Cone Segments on Tape Wrapped Mandrel
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Nozzle No. 2 Installation of Mandrel Prior to Tape Wrap

Figure 124,
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Figure 125, Nozzle No. 2 Tape Wrapping Segments (View A)
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Figure 126, Nozzle No, 2 Tape Wrapping Segments (View B)
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Figure 127,

Nozzle No. 2 Cured Middle Segmented Tier




Figure 128, Nozzle No. 2 Assembled Exit Cone Tiers




Figure 129,

Nozzle No

. 2 Installed Segmented Exit Cone
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Figure 130. Nozzle No. 2 Segmented Exit Cone




Figure 131, Nozzle No. 2 Nose and Throat View




Figure 132, Nozzle No. 2 (View A)
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Figure 133, Nozzle No, 2 (View B)
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Figure 134. Nozzle No, 5
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Figure 135. Nozzle No. 5 Tiered Exit Cone (View A)
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Figure 136, Nozzle No, 5 Tiered Exit Cone (View B)
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Figure 137. Nozzle No. 5 Nose Inlet and Segmented Throat (View A)
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Figure 138, Nozzle No. 5 Nose Inlet and Segmented Throat (View B)
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Figure 139. TU-622 Material Performance Curve, 4C-1686 (Carbon Cloth)
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Figure 140, TU-622 Material Performance Curve, SP-8030-96 (Silica)
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Figure 141. Subscale Nozzle Convective Heat Transfer Coefficient, Carbonaceous Material
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Figure 142. Subscale Nozzle Total Heat Flux, Asbestos Material
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Figure 143. Subscale Nozzie Total Heat Flux, Siljca Material
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Figure 144. Subscale Nozzle Total Heat Flux, Canvas and Paper Material




TABLE 41

PREDICTED VERSUS ACTUAL EROSION RATE

Subscale Predicted Actual Allowable Erosion Factor Increase
Nozzle Area Erosion Erosion Actual B. R. Factoz;/ Nozzle Type Heat Sink Total
Material Location Rate {(Mils/Sec) Rate (Mils/Sec) Predicted E- R. Factor X Pactor =  Factor
1.CCM~2626 Throat (#2) 3.00 8.52 2.84 1.50 2.26 8.38
Graphite
Particle Inlet {#5) 3.50 8.57 2.45 1.50 2,28 3.38
1,000 psi
Cure Throat #6) 3.60 $.94 3.31 1.50 2.28 3.38
LCCM~2626X Forward Exit (#2) 1.80 8.50 4,72 1.00 2.25 2.25
Graphite .
Particle Middle Exit (#2) 0.65 5.70 8.77 1.00 2.25 2,25
850 psi Cure
Aft Exit (#2) 0.18 ~2.90 ~16.11 1.00 2.25 2.25
Forward Exit (#5) . 1.80 18.33 10.18 1,00 2,25 2.25
ok .
© :23-RED Submerged Liner #1) 10.00 6.40 0.64 1.00 1.00 1.00
Asbestos
Forward Exit (#4) 6. 70 18.02 2.69 1.00 1.00 1.00
SP-8030-96 Aft Exit (#3) .70 2,13 3.04 1.00 1.0¢ 1.00
NOTE: 1. X Exosion Rate Factor is 1.00 or greater, the Actual Erosion 18 higher than

Predicted Erosion.

2. ¥ Erosion Rate Factor is under 1.00 or 2 minus number, the Actual Ercsion is
lower than Predicted Erosjon.



mn+___‘__> AFT

INLET THROAT A EXIT
I R
sraTion STALION 8.12DIA |
13,50 DIA | & |
€=2,77 €=10
STATION
DESIGN I
23.48 DIA
STATION €=84
< /ns-m
STATION TION
NO SCALE
NOTES: 1. AXIAL LOCATION ON NOZZLE IN INCHES IS 1/2 OF STATION

(CIRCLED) NUMBER, ZERO REFERENCE IS AT THE THROAT.
NUMBERS FORWARD OF THROAT ARE NEGATIVE. NUMBERS
AFT OF THROAT ARE POSITIVE

2. PROPELLANT BLOWING COEFFICIENT (B) = 0.098

ACTUAL TEST
PREDICTED [EROSION RATE
EROSION RATE (BETWEEN STAR-
AXIAL SUBSCALE AERODYNAMIC PARAMETERS FROM TU=622' POINT AND
LENGTH b/ep hfep &) 12,000 T MATERWL DESIGN  |STAR VALLEY
STATION @m.) o K CURVES (MILS/SEC) (MILS/SEC)
B @ +1.50 - - 760 (NOT TESTED IN TU-622) 2.46
-6 @ -3.00 0.205 2.73 - 1.40
- © -3.00 ~0.700 9.33 - 10.90
o @ 0 0,600 8.07 - 8.09
= @® +2.50 0.288 2,78 - 3.16
432 © ) 416.00 - - 240 (NOT TESTED IN TU-522) 1.05
24535-57

Figure 145.
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Nozzle No. 1 Material Performance Evaluation
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WLET Tx‘nom EXIT
STATION |
150 0m lsmamon (oo PR
€=2.77 G5 =19 DESIGN T
STATION
STATION
23.48 DIA
€ =84
40
NO SCALE
NOTES: 1. AXIAL LOCATION ONNOZZLE IN INCHES IS 1/2 OF STATION
(CIRCLED) NUMBER. ZERO REFERENCE IS AT THE THROAT.
NUMBERS FORWARD OF THROAT ARE NEGATIVE, NUMBERS
AFT OF THROAT ARE POSITIVE,
2. PROPELLANT BLOWING COEFFICIENT {g) = 0.098
3. MINUS {-) SIGNINDICATES WALL THICKNESS INCREASED
ACTUAL TEST
PREDICTED EROSION RATE
EROSION RATE FROM BETWEEN STAR-
AXIAL SUBSCALE AERODYNAMIC PARAMETERS TU~622 MATERTAL POINT AND
IENGTH bfes  _b/ep (£112.080 BT DESIGN CURVES STAR VALLEY
STATION an) » QHILS/SEC) GATLS/SEC)
2@ 1,50 - - 515 {NOT TESTED IN TU~652) 1,74
o)) ~3.00 0.205 2.98 - 1.40 2.95
-6 © ~3,00 0,700 10.12 - 4,50 8,35
e @ s 0.500 6.32 - 5.00 8.52
@ 43,00 9,355 a7z — 1,80 8,50
+26 ® 18,00 0,122 1.28 - 0,65 570
8 @ 419,00 0,075 179 - 0.18 -2.90°
" 24535458

Figure 146. Nozzle No. 2 Material Performance Evaluation
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INLET THROAT ¢ EXT
staTioN 8.12DIA
18.50 DIA l
gt €=10
STATION
DESIGN I
23,48 DIA
€=8.4
G
STATION STATION
NO SCALE
NOTES: 1. AXIAL LOCATION ON NOZZLE IN INCHES IS 1/2 OF STATION
(CIRCLED) NUMBER. ZERO REFERENCE NUMBER IS AT THE THROAT..
NUMBERS FORWARD OF THROAT ARE NEGATIVE, NUMBERS
AFT OF THROAT ARE POSITIVE.
2. PROPELLANT BLOWING COEFFICIENT (§) =0.098 .
! R "ACTUAL TEST
) PREDICTED [EROSION RATE
- EROSION RATE FROM [BETWEEN STAR-
AXIAL SUBSCALE AERODYNAMIC PARAMETERS TU-622 MATERIAL POINT AND
LENGTH ep co (B) 12, 000 QT DESIGN CURVES  |STAR VALLEY
STATION (L) [ - (MILS/SEC) (MILS/SEC)
3@ +1.50 — - 515 10.00 6.40
- @ -3.00 0.205 - 2.75 - 2.5 4.44
-s© -3.00 0.700 9.41 - 9,41 11.03
(o) [ 0,600 7.88 - @VOT TESTED IN TU-622) 2.78
% ® 43.00 0.360 4.88 - 4.84 4.09
438 @ 418,00 - - 22 0.70 2,13 .
24535-56

Figure 147, Nozzle No: 3 Material Performance Evaluation
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FWD . ___i_ —mn AFT

INLET THROAT ¢ EXTT
sTamion sraTion % DB
13,50 DIA 5 @
€=2.97 £=1.0
STATION
ST 7% DESIGN 1
SP-8030-9t 23,48 DIA
m@ > (1_5 3RS €=8.4
P-5030-95 (23 STATION
BESTO!
KF-418 ® &
QANvas K¥-438 ——
STy CARVAS MX5-198 e
- > ® SIIcA = ~
< @
sTATION  srATIoN
s
NOSCAIE
HOYES 1. AXIAL LOCATION ON NOZZLE IN INCHES 1 1/2 OF STATION
(CERCLED) NUMBER. ZERO REFERENCE NUMBER IS AT THE THROAT,
NUMBERS FORWARD OF THROAT ARE NEGATIVE, NUMBERS
AFT OF THROAT ARE POSIFIVE.
2. PROPELLANT BLOWING COEFFICIENT (') = 0,098
8. INLET C EROSION PATTERN WAS LESS IN THRER OTHER SIMILAR PLANES
ACTUAL TEST
PREDICTED EROSION RATE
EROSION RATE FROM |BETWEEN STAR-
AXIAL SUBSCALE AERODYNAMIC PARAMETERS TU-622 MATERIAL POINT AND
LENGTH b/op  b/ep {8 12,000 Qr DESIGN CURVES  |STAR VALLEY
STATION N E QMILS/SEC) MIES/SECY
26 . .58 - - 50 (NOT TESTED IN TU-622)  4.43
-5 @ ~2.50 — - T 84 OT TESTED ¥ TU-622)] s.02
-5 ~2:50 - - 592 1850 ¢ 27.87
o [ - - 450 14.00 18.85
@ +3.00 —_ — 345 6.70 18.02
e - 419,00 - - 17 1.80 196

24835-54

Figure 148. Nozzle No. 4 Material Performance Evaluation
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INLET THROAT EXIX
STATION oo 1oy 8+12 PIA
13.50 DIA _
€=2,77 P=112 (':TA'HON
DESIGN Tt
STATION
@z ' 23.48 DIA
€=814
<) @)
STATION  STATION
NO SCALE
NOTESz 1. AXIAL LOCATION ON NOZZLE IN INCHES IS 1/2 OF STATION
(CIRCLED) NUMBER, ZERO REFERENCE NUMBER IS AT THE THROAT.
NUMBERS FORWARD OF THROAT ARE NEGATIVE, NUMBERS
AFT OF THROAT ARE POSITIVE.
2. PROPELLANT BLOWING COEFFICIENT (g) = 0.098
T ACTUAL TEST
PREDICTED EROSION RATE
N EROSION RATE FROM |BETWEEN STAR-
AXIAL w&mwx&ms TU-622 MATERIAL POINT AND
LENGTH bfep  h/cp (8) 12,000 Sr DESIGN CURVES STAR VALLEY
STATION ) P (MILS/SEC) MILS/SEC
2@ 41.50 - - 660 (NOT TESTED IN TU-622) 3.59
-5 -2.50 - - 225 7.10 10.62
--© ~3.00 0,700 7.33 - 3,50 8.57
i
'@ ] 0.600 6.30 - 3.00 9.9¢
+% @ +3.00 0.358 3.76 - 1,80 18.33
426 ® +13.00 0.120 1.51 - 1.15 3.37
+32 ® +16.00 0,095 1.20 - 0.85 0.51
24535~ 51

Figure 149. Nozzle No. 5 Material Performance Evaluation
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FWD 4———l—> AFT

INLET THROAT Q EXIT
lsTATION graTioN 8412 DA
13.50 DIA | - D) l
€ =277 P =87.4|¢=1.0
1B/CU F STATION
DESIGN T
SP-8057
© KF-418
CARBON™.__ CANVAS STATION 23_'48 D&
~ @ € =8.4

SP-8030-96
SILICA
@ @
STATION STAT
NO SCALE
NOTES:

1, AXJAT. LOCATION ON NOZZLE IN INCHES IS 1/2.0F STATION
(CIRCLED) NUMBER, ZERO REFERENCE NUMBER IS AT THE THBOAT.
NUMBERS FORWARD OF THROAT ARE NEGATIVE. NUMBERS
AFT OF THROAT ARE POSITIVE.

2 PROPELLANT BLOWING COEFFICIENT () = 0.098.

ACTUAL TEST
PREDICTED [EROSION RATE
EROSION RATE FROM BETWEEN STAR-
AXIAL SUBSCALE AERODYNAMIC PABAMETERS TUS622:MATERIAL POINT AND
LENGTH hfep  h/ep () 12,000 ar DESIGNCURVES  {STAR VALLEY
STATION (N.) o (MILS/SEC) {MILS/SEC)
@ 41,50 - - 155 . 485 6,06
-2.50 - -~ 225 (MOT TESTED IN TU-622) 5.83 EST
- © -3.00 - - 575 18.00 23.00
H@® 0 0.60 8.09 - 8.09 9.40
12 ® 46,00 - - 640 OT TESTED IN TU-622)|  17.18
€2 ® +16.00 - - 240 (NOT TESTED IN TU-622) 5.50
24535-55

Figure 150. Nozzle No. 6 Material Performance Evaluation
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Figure 151. TU-622 Pre and Post-Test Evaluation




66T

Figure 152, Subscale Nozzle-Closure Assembly
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Figure 153, Subscale Motor and Test Stand
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Figure 153. Subscale Motor and Test Stand




Motor No.

202
en

£LS‘I.amdard base nozzle

TABLE 42

SUBSCALE MOTOR PERFORMANCE

Nozzle Throat Material

MX-4926 ::zu'l:brma
LCCM-2626 graphite particle
SP-8050 carbon

SP-8030-96 silica

LCCM-2626 graphite particle
segmented

SP-8057 carbon

Avg Web Pressure
sia

471
466
476
384

446

446

Web Time
sec

56.8

57.5

56.2

61.0




£0%

CHAMBER PRESSURE [PSIA)

JPEIA = 13,4 PSI+ PSIG
MAX PSIA = 510 + 13.4 = 523.4

400

200

7

200

S\ww

24535-28

Figure 155. Pressure Time Envelope for Six Subscale Motor Firings
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Figure 156. Subscale Nozzle No. 1 Submerged Liner and Nose
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Figure 157, Subscale Nozzle No. 1 Nose, Inlet, and Throat




Figure 158, Subscale Nozzle No. 1 Exit Cone
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Figure 159. Nozzle No, 1 Sectioned at Propellant Star Valley
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Figure 160, Nozzle No. 1 Submerged Liners Sectioned at Plane 2-3
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TABLE 43

NOZZLE NO. 1 POST-TEST INSPECTION

Ablative Liner

OD Submerged Liner
FM-5272 paper

Nose
WB-8217 carbon

Inlet
WB-8217 carbon

Throat
MX-4926 carbon

Forward exit
SP-8050

Aft exit
KF-418 canvas

Insulation Liner

Exit Cone Insulation
MXA-6012 asbestos

Inlet - Throat Insulation
MXA-6012 asbhestos

215

Comments

Ply delaminations
Low uniform erosion
Very weak char layer
Good performance

Local spalling and cracks

Local gouging and ply delaminations
Low uniform erosion

Good performance

Ply delaminations

Low uniform erosion
Light surface spall
Excellent performance

Ply delaminations
Low uniform erosion
Excellent performance

Ply delaminations
Low uniform erosion
Excellent performance

Weak char layer

Ply delaminations
Small local gouging
Very good performance

Comments
Local ply delaminations
Satisfactory performance

Local ply delaminations
Satisfactory performance



Figure 165. Subscale Nozzle No. 2 Submerged Liner and Nose
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Figure 166.

Subscale Nozzle No. 2 Nose, Inlet, and Throat




Figure 167. Subscale Nozzle No. 2 Exit Cone




Figure 168.

Subscale Nozzle No. 2 Aft Exit Cone




Figure 169,

AFT EXIT LINER
FOUR SEGMENT

Sectioned Nozzle No. 2 Exit Cone

N6G654
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Figure 170. Sectioned Nozzle No. 2 Submerged Liners




r 1 - -H'“x__“__
‘ WEB TIME 57.4 SEC

T %
. TMEGAT  ASSEMELY ! Exit__CONE  LINER.

s T o1

STATRM = MET LN

Seleiale s

Dk Chee Cean 2 Bare Sovwe i a
T-Medd Merta, CHet Conod M BE

| ; \
4;;:;4‘.'-.-=1

L

2

-

2 dbcen Sraven +1 Meurrs (nier Lues)
o Cig (nasr Pusn)




£2%
HEREA !iz;s P

PO

T A

e ”_,_,,-_,_—,.-
Bazlren, o XX

39 L e ST B D]

B (4,),——‘0"‘“—' o 59

[0 O 0’)/9 2o G ad)|

550 (6 1)

FiEm s
o 50 (&-705 RS
S E AT e S ]

D35 @ 5% "“ﬁ.m

RO

mﬁ@mm .j;

L
R
S

[

i

i

|

i

|

serseenon

3
WES THE 574 ‘ssc ]

3,1,.-:,. o .,‘) et e

T esze

w-—wf—"@:‘w

o-zu lx_.g)____...-———;u t;m)

Sursnee losy no .
Disassensey

L FERTERAL

- B O T e msen
r——
3 T ]

70 53 (5- e 02—

ozs_(ned
28 L8

N Wy
bt e

X ...._Ozﬂh‘&l(mw»»~ PR

P e P
SPTRIPS-T—

1o 90 igun.

[bren =" o s
TR
j_va)ts' - o r e

D et m?m or s Shod
....-Mn'm; chht covtn sor 2. Joeud

FELLETEL. nmm.f.s ﬁ{:f/ e
_ﬂmwcxu,awzmm. - Sinned
2 BB ENT ot e -+ e

Figure 172,

e R

Nozzle No. 2 Erosion-Char Profile (Propellant Star Valley)

__,.MEMBW e SR CONE LINERL .,

g STt ! T seenon




vee

e

s
e
<,

ER

S

k;},

=5

los
Ar

. oF NotuE £ElosRE |

.

5

i

reant L
DiSassensLy

AT Sh Bor Lo S, Uitter
N
"Pi;A's,é i imeozu A .

e

N L,
3 PN

o

Fionre 173.

. MOE @ L I INLET _BING EXIL CONE_ LINER . .t
27 Ui BBy g | 047 L) BB ) oo g KN | 4T secron
“foas Gay e r] P00 30 = Tt . ] '
o1 QB i | ees el T — Teqwied] - T oo )
P E—— ey T e oo i i T
[om Gr "% | s, e g L L N T i :
oot eat) D ) B T joastem ey |y : °
. T e )~ T |, i
i P
. 23
2’ .
1
A
(A
o =" -E
e Um" e Nores - . A
T — =
= e @ o <t Diprl an e Showe Fox FibtL
= - TR AL CHAL Quioisr  BE Seen) wan
= E¥E otservimis i
AT Horre Disfssond . .
e e e Exo3e0 ams'.w) T
SO S . |pem Lware o
o e e o ciig  femel |
pepn e ) !
ot e M - 3. ADDCO SAnms HAHE . .
Nevaie, ool L B . Rk
NEdD a ] om = P e . - R
LR Chma R 2

Nozzle No. 2 Frosion—-Char Profile (Retween Praoneilant. Starnoint and Star Vallav)



§2%

NASA ~SUBSCALE ™2 PrASE I

: ' - 7 -
o
B I NI At L A
R l WEB TIME 57.47 SEC!
(AT o MELLIR. NOSE ARG ' HLET R . e THAOAT _ ASSEMELY ; EXY CONE. LINER_ .

- i . P ATrarcnon 8
hed . . 1 . i o Rl v
" - f ‘ b
- A :
- N - iy
' R t. i &
-- . EI w
pros-0— . . e 2
- - . - . - . B
- . ; . . . - v @ =
[ - N ) . N P - R .. £R0 3
Lt ey Rarg &
R B - R . P . G T o
- e — R ; ] — X
4 - ! . ~ae oo - hid e, G2 )
- 2. - g W
o PR . L I 1 3
AP .. . . . "o = 51

- . . R Iy .
. L1MOED to clee Dgemson Rers g M 15 &

. . - . afne - AeE St Mereede i hii i LX) R

e me mmwrn et e - PN - Qouid S BE-SLN i hiad 54 56 ‘ol 1

4o @ve ISR bk B o i, oz, .

A e Buos w2ttt b I ik ki © ..

e & v~} SR, izl 1E s .

00 uackasty V. SRexns s . N P 5% (e Rare
. > : ] Ly 24
Iy . 13 f3z] 22 Tz

e - 23} £ T,

N v,-‘x:.v":.' P . . ceel 9% =5

B RGP - T et

: b 7 95,3

Figure 174,

Nozzle No. 2 Maximum Exit Erosion



933

A

RN IO
x"'fhﬁ,g“ LA

ek eat .

WEB TIME 574 SEC \

THROAT. ASSEMBLY EXIT. CONE.  LINER _ .

B0t SOCTRNY

. e =

i
S

. 7B
S “" %4
(T S
R il
S

ThE

R

R A
‘{j_g,»"k U TR N DRI
s

g e,

X SOV S

.-fr-,;%%
N At R



S e
Lo

2 S s B
ER
.

L2z

Mereride ot

. o 2 dweo Jmmest b2, 4 3

o a THICENESS, INRREASE

¢ et

H

s 3

oG

R

S r 2

Hos

2 udiomte

ATTIRE 3

'y

o

2

Wl

i

- e

[

O bl

Lras

Figure 176. Nozzle No. 2 Nominal Exit Erosion




PREGEDING PAGE BLANK NOT FILMED.

LTI
n{;mussmmv

T-2626

NOSE. TG
... 4CIG86"

A3
S o,
- Seennik

B -2

ir ) PR e s

15 ey A P

]

148

| 5207 an] S SL—7< 3a] A1) e
2 e e bt S8 as| 2B%Tiz
R T B o BT
S ae] TE—bad| 28 282578

S -gerl

-A

FPOSNIT ST PN

PR

PLANE Z-5 -
e e
s 29 el B
e 9i70| 3P—dgy|
S 5] 2
¢ . k]
73 - M
o : e
o . .
932 _ .
’ ’ ) EEN - 15
- T - b TR : A
P H ~ eesiow Depr Y oms: > ;’:55 JT_MM . el
. 1] e e TS e -
e : (o EEII. B R T i
’:rxfzﬁsw:- {Sﬂfﬂjm S . o - char! 2. M0 CHAn DEPTES 0% BATS starn’ /' e Sl . H
¥ Tlosunc | el -Clasves oo X . x - - oeprv - /v;;lall‘&zif:i: szr.aw - s Ty . ~ (
- : o . co- | ¢. Aboco Smmams : obseiwanm ﬂ%‘mi‘@?ﬁ.?’; k]
: : ©od i 8 o 15 (Incr Gien) 3 3060 Smms 427 4 (Ewor Couc ) i e R &
o N o INLET-THROAT PUANE 1DEWpErATION _,,/ —_/ ~ -~ ,9{/’ =32 % |r
: Plwe 12 ~ Popettanr Smn huey a8 Ay &3
” e ' Plane I3 ~Fu/¢bwr!mn.famr il 7‘ :
! -7 ) ) PLane 23 ~ INBETWEER PeepellasT " ; P e
. . n LN Srar VhuLey ano SR Foinr

'

Figure 177.

Erosion-Char Rate Summary

2

EOL

[

Nozzle No. 2 Three Plane

29
OUDOUT.ERAME >



BRECEDING .PAGE. BLANK, NOT. FILMED.

TABLE 44

NOZZLE NO. 2 POST-TEST INSPECTION

Ablative Liner

OD Submerged
MXA-6012 asbestos

Nose
4C-1686 carbon polyphenylene

Inlet
4C-1686 carbon polyphenylene

Throat
LCCM-2626 graphite particle
phenolic

Forward Exit
LCCM~-2626X graphite particle
phenolic segmented

Middle Exit
LCCM-2626X graphite particle
phenolic segmented

Aft Exit
LCCM-2626X graphite particle
phenolic segmented

Insulation Liner
Exit Cone Insulation
1581 glass phenolic

Inlet-Throat Insulation
23-RPD asbestos phenolic

231

Comments

Ply delaminations
Uniform erosion
Good performance

Ply delaminations
Uniform erosion
Local gouging
Good performance

Ply delaminations
Uniform erosion
Good performance

Uniform erosion
Local spalling
Internal delaminations

. Very good performance

Nonuniform erosion i
Spalled and gouged areas
Internal delamination
Segmented joint O.K,
Fair performance

Spalled and gouged area
Nonuniform erosion
Internal delaminations
Segmented joints O.K.
Fair performance

Spalled and gouged areas
Nonuniform erosion
Internal delaminations
Segmented joints O. K.,
Fair performance

Comments

No delaminations
Very satisfactory performance

No delaminations
Very satisfactory performance
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Figure 178, Partial Motor Thrust vs Time, Nozzles No. 2 and 3
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Nozzle No. 3 Submerged Liner and Nose

Figure 179.




Figure 180. Nozzle No. 3 Nose, Inlet, and Throat




Figure 181, Nozzle No. 3 Exit Cone (View A)




Figure 182. Nozzle No. 3 Exit Cone (View B)
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Figure 183. Sectioned Nozzle No. 3 Submerged Liners




Figure 184, Sectioned Nozzle No. 3 Exit Cone




682

S oy
A

BT P T pen s
SEERGER NZAE e e L o

S S0msone s puase 11

N

M, Tipteied vy

NI NN
A bt P SR o - . .
L Y . St e
5 ov VB g ') . -y " ’
F o, P
7 L Ay
F K T2
e T
B
o] Ths
¥
AR A
S5 e A
R 3
& e\ a
AR Od i
. ” by

N

| R T 5o b ”

T R e XIS CONE: UNEE 1 o
(208 Q%) o . I

SBh: (5 ca] 0

B0 SECTRN | %, 45T shefion;
i R

i

e

G ONS

gty

¥ e T
ot (oo TEE non i i

N ——— ) i g
2T i T . Sxiers i o ! AEd

D T
~ 7 °".°;:"‘“ e L

oa BB v

AT

o "' U IR e F— =
o - S
e ; QT EIRN L eel) 7
. VAT IR o i T
e e e OIS ) Sis o arES i TRl . 2 . Ve SAER
e et 3 - PHICENESS, . A . et M
et e e ] M B

P e

L oemi (’.em:

ks 9¢£7./E'x;;caye) —_
Rimisn 59 e 495 frtar GRsen,

N . R

g
ity
Foinyow
",é‘%\tﬂ P S
[k erivrragn S NPIRE YLNCOCP N R o PRI N 3%
s@-ﬂ%:, LN ,;-:m:ws;;? 7 - K3 AN T PRI P
R R R e BT A B 7 R R A e S

", ,5""‘-*::;" 3
e T e
A AT

Figure 185. Nozzle No. 3 Erosion-Char Profile (Propellant Starpoint)



073

ot OR B
TR

o0 o HE ) " .
1 v v
. |
. t
1
|
i
g ' Co-
Vi i
. A .
R 1
4. p .
i , : = .
h \ .
H bl 1 . .
H ] ] T ' -
PSR (AR R .
'

B T

B ) : WEB TIME 56,2 SEC Y

— NOSE_ N INLET _RING o _vemoay pssewey_ | exr_ cowe umer ' f .. -
Jes (use)_ = T DT a—— ol oo | AT Soon b

" oas BT B B YA ous e lizod) )

t
Foze-tz 9, 585 (Re)fo 65 (159 Ea— 735 (16 21)| 3
v.m(:z;)_—é’ T T e TN " T ST :
. P ) -
i
'
¢

R | oo S5 TS 7 (03] 0 a5 (58 5 hCTR] .

N e i T CIU ALY R - - -2 .
'.o.zn-aaDF ~£—~ - s . Q-z,
B N—— Garc e : -

] K : : 3 o
T ey o
a4 (an ) 23
[ ‘r5
! “vh
¢
H +7l8L B ‘
. 38| 0200 7o, B
! . +q [PIBE,
VoTES® H 10| 018 B g
1 400 Sprmms #7414, 427 15 Exr cove D
w -
2. Copnscreo Sru. 2l Erpsim-Ciar A onguamm +] s 5 i
3. MuS(E) SIGR 1D (CATES WaLL p (1) =il -
THICKNESS INCREASE - e
4 EMM) — +e | 0ot — G4 — "
pegnt | Rate _1 +oloef - &y |1k
CHAL ' CHA) 1] oaa = Wvﬂ
- et \ -oard Py
d M msum/dj)’ o
__5 CHAVGED 16W Sramon #9110 {juter Livek) . . LB s
. L & Aboeo Srnon U thee tis_(iuter Loy . Foy 177 o2 e |+ 4
A A Y ol "mve eaq
~e

Figure 186. Nozzle No. 3 Erosion-Char Profile (Propellant Star Valley)



524

| NASA SSUBSCMATE PHASETE . SRERED ozl Lo

B

. 53 ' Y
ERTRLD y . - ' » .

PLANE 1-2 Sk

: ™ e -

©o > THROAT_ASSENBLY L EXITECONE LR
) R R o R

L

v
Gz en

0458 44 53]
o SEGrIY__

RN T R
ey . | @ S8 G, Z AN
L e i . T o et S
o EniT) o s GGG ] , 8 . R pee u:_‘(»&fz) . o
EEEEeee—nal | EEE—

L oNeEs S -

. o h Awss Snds ¥o %, Rk Prry e G

e Qﬂkq‘mtﬁ:a? 226 ot pensurenen
: %

ia:_'osw(&&amo

oéprn \ Rare L~ nh -

E oGl (awz e e
Depni {4,

Mmos (). Som amap ionTms
fme e THEEKNESS, it crEs5e . i
) 0 f2 Q) ‘6 g

- 5. Chp Sigi2 0 Ssarions b I Y T
e e e ?‘?:""‘:'“f'jr‘“/—-::m"z' N

Figure 187. Nozzle No. 3 Erosion~Char Profile (Between Propellant Starpoint and Star Valley)



R
58057
* [CARen-Prenstic

PREGEDING;PAGE BLANK .NOT FILMED

N
T IMLE B TUME 5 SEC

HASA —SUBSCALE|

. _ T cone

RS

R RO A A

e T —
BILICA PHEROTIC

W
RGeS
e ey

7
7o
12815941

2955 Gs

1572 BL

17 43|

gl
e 103 e | 0 32 g 55] 120

iZot’

503 s

L 11:56 26"

1.5,

6 of

1158 WoE 74,

| 2257,

1§ 66

11.53

1637

EEE L

2 097837

L3855

G258
301

067 = 10 €
1961 a3 YTy

PUARE 1-2

T
s
{Z8agor]

“PLANE 2-3.

P

e
i P )

589
3.9l s

L 774

732

iy
141555

78,

| 22276

534 270

747}’

TB25%o

498y

Y78 %,

ichTES _with ThEkwass Tuckase

CHAR DEPTH -

£ _IDENTIFICH TTONS
FROPELLANT  STAR POINT

\PROPEUANE SmR. VALLEY

(5 ST 9 Heo 15

NP

Figure 188.

WAkt £ 22w ET CenE

TH.BE TWEEN PROPELLANT STAR POINT 4

STA. 26T CH AR MERSURE 11E1T]
'(/A{AEr'

1014
8 &
80t

=
1017 as
10432

590 |7
15,66
1387
13 34"
1Z 09

zt

77.08
6 55
T5es |

(23

Nozzle No. 3 Three Plane Erosion-Char Rate Summary

243



PRECEDING PAGE.BLANK NUI ik

TABLE 45

NOZZLE NO. 3 POST-TEST INSPECTION

Ablative Liner
OD Submerged
23-RPD asbestos

Nose
SP-8057 carbon

Inlet
SP-8057 carbon

Throat
SP-8050 carbon

Forward Exit
SP-8057 carbon

Aft Exit
SP-8030-96 silica
Insulation Liner

Exit Insulation
23-RPD asbestos

Inlet-Throat Insulation
FM-5272 paper

Comments

Uniform erosion
Axial surface wrinkles
Very good performance

Ply delaminations
Uniform erosion

Axial eracks

Local spalling and gouging
Good performance

Local gouging and delaminations
Uniform erosion
Very good performance

Uniform erosion
Ply delamination
Excellent performance

Ply delaminations

Low uniform erosion
Very good performance
Interface delamination
Uniform erosion

Very good performance

Comments

No delaminations
Very satisfactory performance

Localized delaminations
Adequate performance
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Figure 189. Nozzle No. 4 Submerged Liner
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Figure 190. Nozzle No. 4 Submerged Liner. Nose, Inlet. and Throat
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Figure 191, Nozzle No. 4 Nose and Inlet
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Figure 192,

Nozzle No. 4 Exit Cone

AFT EXIT
P | MXS-198 (SILICA
s | EPOXY NOVOLAC) |




Figure 193.

Sectioned Nozzle No. 4 Submerged and Exit Cone Liners
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TABLE 46

NOT. FILMED:

NOZZLE NO. 4 POST-TEST INSPECTION

Ablative Liner

OD Submerged
KF-418 canvas phenolic

Nose
KF-418 canvas phenolic

Inlet
SP-8030-96 silica phenolic

Throat
SP-8030-96 silica phenolic

Forward Exit
23-RPD asbestos phenolic

Aft Exit
MXS-198 silica epoxy novolac

Insulation Liner

Exit Insulation
KF-418 canvas phenolic

Inlet-Throat Insulation
SP-8030-96 silica phenolic

257

Comments

Structural integrity
Uniform erosion

Weak char layer

Very good performance

Local high erosion
Localized gouge and spalling
Weak char layer

Structural integrity

Fair to good performance

Local high erosion

Local gouge

Structural integrity

Fair to good performance

Local spalling and gouge
High uniform erosion
Structural integrity
Good performance

Liner lost
High uniform erosion
Poor performance

Interface spalling and gouge
Ply delamination

Uniform erosion

Good performance

Comments

Local loss of insulation
No delaminations
Very satisfactory

No delaminations
Very satisfactory
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Figure 198, Partial Motor Pressure and Thruét, Nozzle No. 4




TABLE 47

NOZZLE NO. 4 FORWARD EXIT CONE TAG END TEST RESULTS

(23-RPD)
Compression, Ult
(psi) Density (gm/cc)
Tag End Control Tag End Control
== . 1.59 =
12,425 - 1.60 =
12,675 == 1.60 =
13,250 13,650 1.63 -
13,325 14,100 1.63 =
Avg 12,020 13,875 1.61 1.50
Acetone Extraction Residual Volatiles
Avg of 5 specimens (%) 2,30 3.33
Range of 5 specimens (%) 1.88 - 3.03 3.25 - 3.40

bo
en
L=
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LCCM-2626 '
GRAPHITE PARTICLE
(OVERWRAPPED WITH
GLASS CLOTH PHENOLIC)

INLET
= LCCM-2626 )
| (GRAPHITE PARTICLE)

Figure 199. Nozzle No. 5 Submerged Liners
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Figure 200.

Nozzle No. 5 Nose, Inlet, and Throat




Figure 201.

Nozzle No. 5 Exit Cone
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Figure 202.

Sectioned Nozzle No.

5 Submerged Liners




Figure 203. Sectioned Nozzle No. 5 Exit Cone Liners
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Figure 204, Nozzle No. 5 Erosion-Char Profile (Propellant Starpoint)
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TABLE 48 -

NOZZLE NO, 5 POST-TEST INSPECTION

Ablative Liner

OD Submerged Liner
KF-418 canvas phenolic

Nose
SP-8030-96 silica phenolic

Inlet
LCCM-2626 graphite particle
phenolic

Throat
LCCM-2626 graphite particle
phenolic

Forward Exit Cone
LCCM-2626X graphite particle
phenolic

Middle Exit Cone .
LCCM~4120 graphite particle
phenolic

Aft Exit Cone
LCCM-~4120 graphite particle
phenolic

Insulation Liner

Exit Cone Insulation
1581 glass phenolic

Inlet-Throat Insulation
23-RPD asbestos phenolic

271

Comments

Uniform erosion
Weak char layer
Structural integrity
Good performance

Local high erosion
Ply delaminations
Structural integrity
Good performance

Low uniform erosion
Delaminations and cracks
Local spalling

Good performance

Uniform erosion

Internal delaminations
Local spalling

Fair to good performance

High nonuniform erosion
Spalling and gouging
Internal delaminations
Liner lost locally

Poor to fair performance

Interface gouging and spalling
Low uniform erosion
Delaminations and cracks
Fair to good performance

Low uniform erosion
Delaminations and cracks
Good performance

Comments

No delaminations
Prevented loss of steel shell
Very satisfactory

Local delaminations
Satisfactory
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Figure 208, Throat Ring Segment Orientation to Propellant Grain
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Figure 209. Nozzle No. 5 Exit Cone with Steel Shell Exposed
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Figure 210,

Nozzle No. 5 Motor Performance




Figure 211. Middle Exit Cone Liner OD Surface
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Figure 212,

Nozzle No. 6 Submerged Liner and Nose
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Figure 213, Nozzle No. 6 Submerged Liners
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Figure 215. Nozzle No. 6 Exit Cone




Figure 216. Sectioned Nozzle No. 6 Submerged and Exit Cone Liners
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Figure 216. Sectioned Nozzle No. 6 Submerged and Exit Cone Liners
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TABLE 49

NOZZLE NO. 6 POST-TEST INSPECTION

Ablative Liner
OD Submerged
SP-8030~-96 silica

‘Nose
FM-5272 paper

Inlet
SP-8030-96 silica

Throat
SP-8057 carbon

Forward Exit
KF-418 canvas

Aft Exit
FM-5272 paper

Insulation Liner

Exit Cone Insulation
FM-5272 paper

Inlet-Throat Insulation
K¥F-418 canvas

Comments

Local delaminations
Uniform erosion
Good performance

Local high erosion

Very weak char

Local delamination and spalling
Fair to good performance

Local high erosion
Structural integrity

Good performance

Uniform erosion

Local delaminations and surface pitt

Excellent performance

Ply delamination

High uniform erosion
Irregular erosion surface
Good performance

Uniform erosion
Irregular very weak char
Local delaminations
Good performance

Comments

Local delaminations and cracks
Adequate performance

No delaminations:
Very satisfactory performance
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SUBSCALE MATERIAL COMPONENT PERFORMANCE RATING

TABLE 50

Raw
Ablative Linera Insulative Linors Material
Submerged Forward Aft Ext Cono Tnlet Throat Cast
Materia} Linor Nose Inlot Throat Exit Exit Insulation 71
Carhonaceous
.t Tapo Wrapped
WB-8217 (Std) Good (1)* Excellent (1) 20.97
MX-4926 (5td) Excellont (1) 18,00
SP-8050 {td) Excellont (8) Excollent (1) 16.50
SP-8057 Good (3) Very Good (3) Excellent (6) Very Good (3) 15.00
4C-1686 Good (2) Gaod {2) B 20,60
Motded .
LCCM-2626 Good (5) “Fair to Good {5) . 0.7
Very Good @)
LCCM-2626X Poor to Fair (5)+* Fuir (2)%* 0.75
Fair (2)**
LCCM-4120 Good (5) 0.75
Low Carbonaceous or
Non-Carbonaceous
Tape Wrappod
KF-418 §td Goad (5) Fair to Good (4) Good (6) Vary Good (1) Very Very 1.50
Canvas Very Gaod (2) Satisfactory (4) | Satfsfactory (6)
FM-5272 Std Good (1) Fair to Good {5) Good (8) Adequate (6)4* Adequate (3)F* 2,00
‘Paper
23-RPD Asbostos Very Good (3} Poor (4)** Very Satisfactory (5) 4.25
Cork Satisirctory (3} Very
Satisfactory (2)
MXA-6012 Asbostos | Good (2) R Satisfactory (1} Satisfactory (1) 1.85
SP-8030-96 Good (6) Good (5) Good (6) Good (3} Very Good (3) Vory 4,50
Silica . Fair to Good {4) . Sttafactory (4)
MXS-198 Silica Good @) ) 6,10
1681 - Glass Very (2) 2,82
MXB-600% Satisfactory (5)

*() indicates subscale test numbor,
**Nozzlo material arens were eliminated as unaceeptable.,
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TABLE 51

RECOMMENDED NOZZLE MATERJIAL AREA LOCATION FOR 260 IN, NOZZLE

Ablatve Liners

Insulation Liners

Submerged Linex Nose Inlet Throat Forward Exit (Aft Exit Exit Cone Throat Tnlet
@ © ® ©® ®@ @
1, FM-5272 paper ‘WB-8217 carbon ‘WB-8217 carbon MX-4926 carbon SP-8050 carban KF-418 canvas MXB-6001 glass 23-RPD asbestos
2. MXA-GOIZ. ashestos 4C-1686 carbon 4C-1686 carbon LCCM-2626 SP-8057 carbon SP-8030 silica KF-418 canvas KF-418 canvas KF-418 canvas
graphite particle
3, 23~RPD ashestos 8P-8057 carbon SP-8057 carbon SP-8050 carbon KF-418 asbestos MXS-198 silica 23-RPD ashestos [ 23-RPD ashestos MXA-6012 asbestos
4. KF-418 canvas KF-418 canvas SP-8030 silica SP-8030 silica LCCM-~4120 MXA-6012 ashestos MXA-6012 nshestos SP-8030-96 silica
. graphite particle
5. SP-8030-96 silica FM-5272 paper LCCM-2626 SP-8057 carbon FM-5272 paper SP-8030-98 silica
graphite particle
8, SP-8030 silica
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TABLE 52

COMPARISON OF MATERIAL PROPERTIES AND FABRICATION TECHNIQUES WITH MATERIAL TEST PERFORMANCE

Matertal Materlal Post-Test
Thermal Test

Materlal Fabrlcation Technique Speetfic Gravity Ut Compresaton® Conducttvity® k Exoaion Rate (mile/ace) Integrity
Thyoat Aven (Stlica and Carbonaceous Mator(als) Statton 0.0
MX-4926 (Std) Carbon Tape wrap - cured (225 pst - 300°F) 1.40 36,000 0.483 8.09 Very good
5P-8050 Caxbon Tapo wrap - cured (226 psi - 300° F) 144 34,546 0.951 9.78 Excellent
LCCM-2626 Graphite paxticlo Molded - cured (1,000 pal - 325° F) 1.80 12,000 0.320 8.70 Very good, good
SP-8057 Carbon Tape wrap - eured (226 paf - 320° F) 1.40 28,000 0.130 o5 Excellent
$P-8030 Silica Tape wrap ~ cured (225 paf « 310°T) 1.60 23,100 0.100 18.85 Excellent
OD Submerged Area (Silion, Asbestos, Convas and Paper Matorlale) Station 6 0
5P-8030 Silica Tape wrap - citred (226 pot = 310°F) 1.60 " 23,100 0.100 6.18 Good
KF-418 Canvas Tape wrap - cured (226 pal - 300° ¥) 1.35 22,812 0.159 3.93/6.85 Excellent, excellent
23-RED Asbeatos Tape wrap - cured (225 psi ~ 310° F) 1.50 15,500 0,069 498 Excellent
FM-5212 {Std) Pupor Tape wrap - cured (226 psl - 300°F) L34 24,370 0.230 2,46 Falr to good
MXA-6012 Asbestos Tape wrap - cured (225 pal - 300° F) 161 22,219 0,077 5.22 Good
Aft Bit Cone (Sitics, Gaavas, Papor, and G Statfon +2.0
LCCM-2626X Graphita partiole Molded - eured (850 psi - 325° F) NA NA NA 16.20 Fatr
LOCM-4120 Graphlto particle Molded ~ cured (15 psl - 325° F) 1.50 8,200 0.886 . 0.8 Fate
5P-8030 Silica Tape weap - cured (226 pal - 310°F) 1.60 23,100 0.100 3.55 Very good
KF-418 (Std) Canvas Tage wrap - cured (226 pal - 300° F) 135 22,812 0.159 175 Goad
FM-5272 Papor Tape wrap - cured (226 pat - 810°F) 134 24,370 0.230 5.50 Good
MXS-198 Stltca Tape weap - cured (1 pst - 310° F) 1.50 84,600 Na 4.0 Vexy good
2With lamina warp direction or grain (psi) room temperature. References: Mt;terluls scrcening section of this report.
Pacross lamtna (=%~ room temperatura. AFRPL~TR-67-310 - "Evaluation of Low Cost Materlals and Manufacturing

Processes for Large Solid Rocket Motors"

AFML~TR-65-138 ~ "Thermal-Mechanical Properties of Five Ablative
Reinforced Plasties from Room Temperature to 760" F"

AFRPL - Contract AF 04(611)~11417 - of Castable C
Materiala for Solid Rocket Nozzles"




162

TABLE 53

SUMMARY OF FABRICATION CONDITIONS
TAPE WRAPPED COMPONENTS

Preheat Billet . Maximum Cure

Temperature ° Head . Temperature Maximum, Cure Temperature
Material {°F) Pressure (Ib/in.) {'F) " Stage Pressure (psi) (°F)
SP-8030-96 100-=125 240-300 100-110 No 225 310
SP-8050 100-125 300 100-125 No 225" 300
MX-4926 100-125 300 100-125 No 225 320
WB-8217 100-125 300 100-125 No 225 300
SP-8057 225-275 © 200-300 125-155 No 225 300
4C~1686 150-200 © 240-300 60-110 No 225 350
23-RPD 150-200 160-240 40-50- Yes 225 310
FM-5272 270-290 . 200-300 T 110-120 No 225 310
KF-418 175-250 260—280 ’ - 85~120 No 225 310
MXA-6012 125-160 180-300 2150—'70 Yes 225 310
MXS-198 80-120 200-300 80-110 No 13 (1'Atmosphere) 310



TABLE 54

MATERIAL PERFORMANCE AND PREDICTION ANALYSIS

1. Preliminary Material Selection

Fourteenmaterials rated by erosion, char, specific giavity and cost/1b,

Four 260 in. low cost material nozzle matrices of best ranked subscale
materials.

2. Material Performance Graphs

Thirteen materials erosion-char rates plotted vs subscale wall.
Heat transfer coefficient (h/ep) or total wall fiux (Qm)

Material design lines drawn.

3. Preliminary 260 in. Nozzle Design

A standard material nozzle (computer designed).
Aerodynamic flow analysis for h/cp and Q.

Four low cost material nozzle matrices erosion (char rates predicted and
scale factors calculated).

Four low cost material nozzles computer designed, drawn, and weighted.
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MATERIAL PERFORMANCE SUBSCALE NO4ZLE
MAXIMUM EROSION-CHAR RATES (UNCORRECTED)

€62

Inlet Liner A Nose B Inlot _C Throat D Exit Cone E
+6 +1 -3 -8 -8 ~4 -3 0 k] +5 +12 +20 T+32 4
Material . Forward | Forward | Forward Middle| Aft Aft
1. Carbondceons )
WB-8217 (Standard) ) )
MX-4926 (Standard) |
SP-8050 (Standard) __3.69 | LS8 4 _ 07 __ |
13,02 9,32 8 09
LOCM-2626
LCCM-2626 N : ;
LCOM-2626X B | 1 1 B.80P_]
. [
LCCM-2626% i Matertal
. Lost
LCCM-4120 Materlal
- - Lost
SP-8057 T L 444 § 12,00 1200 1250 |_a.se | ses_ f _ sex | 24 LT Loz _ |
.89 15. 66 16.87 15.75 14,20 11,18 9,96 9.25 6.94
4C-1686 L _97_| _s70 |
12,770 17,40 . _
2. Low Carbonaceous
Noncarboraceous P
SP-8030-96 |__618 | 8.75_ | | _22.80 _
.52 7| 10.81 25,41
SP-8030-98 | 10,79 _ 3195 _| _18.85 _ | _13,93_ | | .85 _|_ 1.42 |
12.85 38,77 20.16 16,23 6.76 5,69
KF-418 (Standard) 3.9 | s.25 |
B . . T6.88 8.52 N . .
KF-418 (Standard) 6.85 [ 5.48 | _ 8.68 18 _ | 1062 _{ 175 | 140 __
. I~ ;7|7 85T 11,15 40 11.30 4.3 452
23-RPD 4.98 7.47 [T 14,42 | Material Material R
‘ [~ 5.63 7] "8T8™ . . 15,57 Lost . Lost
FM-5272 (Standard) 2.468 | 2.81° | ) | .50 | _s.08_ |
527 G.68 . B _ |68 3.60
MXA-6012 |_ 522 | s |
6,96 | 06T | -
MX8-198 ’ : .

Char thickness cannot be scen.
Blndicatos segmented ring.

CChar layer thickness estimated.
dChar lost in nozzle disassembly.

NOTES: 1. Input data for cost merit rating (CMR) index.
2. Erosfon-char design curves.

Erogion Rate (mils/sec)
- fac

EROSION

CHAR
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TABLE 56

SUBMERGED LINER MATERIAL EVALUATION

Average Average
Corrected Corrected Raw
Erosion Char Specific Material
Motor Rate Rate Gravity Cost CMR
Material Testéd No. (mils/sec) (mils/sec) P _($/1b) Index
1. SP-8030-96
Silica (Standard) 6 7.90 2.85 1.60 4.90 105
2. KF-418 Canvas 4, 5 6. 00 2.86 1.35 1.50 24
8. 23-RPD Asbestos 3 6.13 0.72 1.50 4.25 56
4. FM-5272 Paper | 2.64 3.34 1.34 2.00 22
5. MXA-6012 2 7.36 1.55 1.61 1.85 34

NOTES:
1. Erosion rate factor of safety = 1.25
Char rate factor of safety = 1.50

2. Typical CMR index value calculation:
[2. 64 (1.25) +(3.34) (L. 50)]‘ 1.34 (2.00)

Lowest CMR index mimber is best.

= 22 CMR for FM-5272
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TABLE 57

NOSE MATERIAL EVALUATION

Motor
Material Tested No.
1. FM-5272 Paper 8
2. XKF-418 Canvas 4
3. B8P-8030-96 Bilica 5
4., 4C-1686 Carbon 2
5. 8P-8057 Carbon 3
6. WB-8217 Carbon 1
(Standard)
NOTES:

1. Erosion rate factor of safety

Char rate factor of safety

Average Average
Corrected Corrected Raw
Erosion Char Specific Material
Rate Rate Gravity Cost CMR
(mils/sec) (mils/sec) P ($/1b) Index
17,29 1.68 1.34 2.00 68
21.27 1.95 1.85 1.50 63
16.317 2.27 1.80 " 4.90 192
9.40 5. 77 1.30 20.60 501
8. 27 4.05 1.40 15, 00 324
6.42 7.39 1.42 20. 97 482

1.375
1.00

2. Assume paper char layer thickness {t = 0,10 in.)

3. Typical CMR index value calculation:
[9.4 (1.375) +5.77 (1. 00)] 1.30 (20.60) = 501 CMR for 4C-~1686

Lowest CMR index number best.
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TABLE 58

INLET MATERIAL EVALUATION

Average Average
Corrected Corrected Raw
Erosion Char Specific Material
Motor Rate Rate Gravity Cost CMR
Material Tested No. {mils/sec) (mils/sec) 4 _($/1b) Index Rank
1. SP—86'_30-96 Silica 4, 6 28.05 1.77 1.60 4.90 344 2
2. 4C-1686 Carbon 2 9.14 8.10 1.30 20.60 584 4
3. 8P-8057.Carbon 3 12,80 3.87 1.40 15,00 484 3
4. LCCM-2626 Graphite 5 14.17 12,59 1.80 0.75 46 1
Partiéle ' .
5. WB-8217 Carbon 1 10. 99 5.45 1.42 20.97 653 ==
(Standaxd)
NOTES:

1. Char thickness for LCCM-2626 was assumed to be 0,75 in. (from TU-622 test data).

2. Erosion rate factor of safety = 1.5
Char rate factor of safety =10

3. Typical CMR index value calculation:
[12. 80 (1.50) -+ 3.87 (L. 00)] 1.40 (15.00) = 484 CMR for SP-8057

Lowest CMR index number is best.
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Material Tested

1. SP-8030-96 Silica

2. SP-8057 Carbon

3. LCCM-2626 Graphite
Particle

4. SP-8050 Carbon

5, MX-4926 Carbon
(Standard)

NOTES:

1. Char thickness for LOCM-2626 was assumed to be 0.75 in. (based on TU-622 test data).

TABLE 59

THROAT MATERIAL EVALUATION

Average Average
Corrected Corrected Raw
Erosion Char Specific Material
Motor Rate Rate Gravity Cost CMR
No. {mils/sec) (mils/sec) [ ($/1b) Index
4 21.32 1.51 1. 60 4.90 263
8 9.79 4.40 1.40 15. 00 401
2,5 11.07 12.79 1.80 0.75 40
3 8.95 6,29 1.44 18,50 469
1 7.38 6.92 1.40 23. 00 579

2. ZErosion rate factor of safety = 1.50

Char rate factor of safety

= 1,00

3. Typical CMR indéx value calculation:
[21.32 (1.50) +1.51 (1. 00)] 1. 60 (4. 90) = 263 CMR for §P~8030
Lowest CMR index number is best,



863

TABLE 60

FORWARD EXIT MATERIAL EVALUATION

Average Average
Corrected Corrected Raw
Erosion Char Specific Material
' Motor Rate . . Rate Gravity Cost CMR
... Material Tested No. (mils/sec) (mils/sec) P T ($/1b) Index Rank
1. 23-RPD Asbestos 4 Material Lost During Test - o
3, KF-418 Canvas 8 12.24 1.63 1.35 " 1.50 34 1
3. SP-8057 Caibon 3 2.61 6.17 1.40 15. 00 198 2
4. LCCM-2626X 5 Material Lost Locally During Test -
‘Graphite Particle ce
5. LCoM-2626% 2 15.74 8. Géb 1.80 0.75 38 -2
Qraphgte Particle i
8.15 1.44 16,50 253 3

6. SP-8050 Carbon 1 1.99 |

(Standard)

AMaterial LCCM~2626X needs further processing development to be applied onthis area.
bGhaxr depth thickness was assumed to be 0.50 in. for LCCM=-2626X,

NOTES:
1. Erosion rate factor of safety = 1.25
Char rate factor of safety =1.00

2. Typical CMR index value calculation:

[(12.24) 1.25 +1.63 (L. 00)] 1.35 (1.50) = 34 CMR for KF-418
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TABLE 61

AFT EXIT MATERIAL EVALUATION

Average Average
Corrected Corrected Raw
Erosion Char Specific Material
Motor Rate Rate Gravity Cost CMR
Material Tested No. {mils/sec) {mils/sec) 4 ($/1b) Index Rank
1, MXS-198 Silica 4 2.93 4, 66 1.50 6.10 76 4
2. FM-5272 Paper [ 4,55 .88 1.34 2.00 17 2
3. KF-418 Canvas 1 1.57 3.08 1.85 - 1.50 10 1
(Standaid) .
4. SP-8030-96 Silica 3 2.48 3. 83 1,60 4,90 54 3
5, LCCM~4120 Graphite 5 0. 54 8. 399‘ 1.50 0.75 10 1
Particle
8. LCCM~2626X Graphite 2 11.12 8, 60% 1.80 0.78 30 -b
Particle

aChar depth thickness agsumed to be 0.50 in. for LCCM-2626X and LCCM~4120.
aterial needs further improvement before it can be used for aft exif cone.

NOTES:
1, Erosion rate factor of safety = 1.25
Char rate factor of safety =1.00

2. Typical CMR index value caleulation:
[2.48 (1.25) +3.83 (L. 00)] (1. 60) (4.90) = 54 CMR for SP~803-96

Lowest CMR index number is best.
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Rating

First

Second
Third

Fourth

" Submerged

Liner Nose
FM-~5272 KF-418
Paper Canvas
K¥-418 FM-5272
Canvas Paper’
'MXA-6012  SP-8030-96
Asbestos . Silica
23-RPD SP-8057
Asbestos Carbon

aOnly three materials qualified.

TABLE 62

Inlet

LCCM-2626
Graphite Particle

SP-8030-96
Silica

SP-8057 Carbon

4C-1686 Carbon

‘SUBSCALE MATERIAL COST RATING

Throat

LCCM-2626
Graphite Particle

SP—SO&O -96
Silica

SP-8057 'Carbor}

'SP-8050 Carbon

Forward
Exit

KF-418 Canvas

SP-8057 Carbon

SP-8050 Carbon

Aft Exit

KF-418 Canvas

L CCM-4120
Graphite Particle

FM-5272 Paper
SP-8030-96
Silica

MXS-198 Silica
Epoxy Novolac
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TABLE 63

260 IN. FOUR NOZZLE ABLATIVE MATERIAL MATRIX

Low Cost Submerged
Material Nozzle Liner Nosge Inlet
1 FM-5272 WB-8217 WB-8217
Paper (1) Carbon Carbon
2 KF-418 KF-418 LCCM-2626

Canvas (2} Canvas (1) Graphite Particle (1)

3 23~-RPD FM-5272 SP-8030-96
Ashestos (8) Paper (2) Silica (2)

4 MXA-6012 SP-8057 SP-8057
Aghestos (4 Caybon {3 Carbon (3

NOTE: Numbers in parentheses indicate subscale material cost rating

Throat

MX-4926
Carbon

LCCM-2626
(1
SP-8030-96
Silica (2)

SP-8050

. Carbon (4

Forward

Exit- Aft Exit
SP-8050 Kr-418
Carbon (3) Canvas (1)
SP-8057 LOCM-4120
Carbon {2) Graphite

Particle (1)

K¥-418 FM-5272
Canvas (1) Paper (2)
SP-8050 MXS-198
Carbon (3) Silica {4



Subscale Nozzle
Material

1581 glass phenolic
MXB-6001

KF-418 canvas
phenolic

23-RPD asbestos
phenolic

MXA-6012 ashestos

phenolic

FM-5272 paper
phenolic

KF-418 canvas
phenolic

23-RPD asbestos
phenelic

MX-6012 asbestos
phenolic

SP-8030-96 silica
phenolic

FM-5272 paper
phenolic

TABLE 64

INSULATIVE LINER EVALUATION,

(Ib/euin,) x ($/1b) =
Exit Cone Backup Insulation

0,073 3.50
0,049 1.50
0.054 4,25
0.058 1.85
0.048 12,00

Throat«Ir;let Insulation

0.049 150
0.054 4,25
0,058 11.85
0.057 4,90
0,048 2.00

(cR)

0.26

0.07

0.23

0.11

0.10

0.07

0,23

0,11

aMaterial eliminated from consideration because of only adequate

structural integrity.
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NOTES .
Cy DATA SHOWED HIGH EROSION DUE
TO SP-8030-96/SILICA MATERIAL
INTERFAGE ON NOZZLE NO. 5.
LCCM-2626 GRAPHITE PARTICLE

1.

TESTED AT C ON SUBSCALE NOZZLE c
NO. 5 AND AT D ON SUBSCALE 2

NOZZLES 2 AND 5,

FOR CHAR DESIGN LINE, USE TU-622 SP-8030

CHAR RATES.

Z 1
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ERQSION RATE, H/CP (8) 12,000 (MILS/SEC)

-

14

SILICA [l — ASSUMED SEPARATED

/ FLOW AREA
/- /\_
S

AFT CASE

24535-64

Figure 221. LCCM-2626 Erosion Performance Curve
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O PROPELLANT STARPOINT
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EROSION RATE, H/CP (8) 12,000 {(MILS/SEC)
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j—— %
/

s FLOW AREA
/<
S AFT CASE

NOTES:

1. *THIS AREA WAS NOT PLOTTED BECAUSE IT WAS NEXT TO LCCM-2626X
WHICH ERODED OUT IN THE FORWARD EXIT CONE,

2. LCCM-4120 GRAPHITE PARTICLE WAS TESTED IN SUBSCALE NOZZLE NO. 5.

3. TU-622 CHAR RATES SHOULD BE USED FOR CHAR DESIGN LINE,

14

ASSUMED SEPARATED

24535-82

Figure 222. LCCM-4120 Erosion Performance Curve
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O  PROPELLANT STARPOINT

24

22

20

i8 =

18 . £
YSUBSC"LE DESIGN LINE

114

i2

10

AND TU-622 DATA

]c & QJ
/0,8’ 5 L~ THEORETICAL
8

EROSION RATE (MILS/SEC)

B &E|

- -
I>U
(x]
fo} uird N
S
%Y//
ap

2 N .
loB

o 2 4 8 8 16 i2 4

EROSION RATE, H/CP (8) 12,000 {MILS/SEC)
P

£ S ¥
NOTE: §P-8057 CARBON TESTED AT B, G, .,_,m~ T
AND E IN SUBSCALE NOZZLE NO. 3 !
AND AT D IN SUBSCALE NOZZLE

NO, 6.

A
ASSUMED SEPARATED
S FLOW AREA
f -
S AFT CASE

2453572

Figure 223. SP-8057 Erosion Performance Curve
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I
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=
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NOTE: SP-8057. CARBON TESTED AT B, = A¥T CASE
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NO. 3 AND AT D IN SUBSCALE"
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24535-78

JFigure 224. SP-8057 Char Performance Curve -

306



© PROPELLANT STAR VALLEY
A BETWEEN PROPELLANT STAR VALLEY AND STARPOINT
O PROPELLANT STARPOINT
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NOTE: SP-8050 CARBON TESTED AT D
IN SUBSCALE NOZZLE NO. 3
AND AT E IN SUBSCALE NOZZLE
NO. 1.

24535-87

Figure 225. SP-8050 Erosion Performance Curve
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24535-86

s, R . g .
" Figure 226. SP-8050 Char Performance Curve
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Figure 227. WB-8217 Erosion Performance Curve

309



{1 PROPELLANT STAR VALLEY
' & BETWEEN-PROPELLANT STAR VALLEY AND STARPOINT
O PROPELLANT STARPOINT

2
22 y
20
T
5 1 jm) =
14 -
g 12 | [n) /A/\
| AE A v
[ . .
§ L lams % . SUBSCALE DESIGN LINE ¢
5 4 © o
o 8 .
o ’ i
. ¢ lLLo . !
/ \
4 -
.
<0 o - -
0 2 4 6 8 10 12 1
EROSION RATE, H/CP (8) 12, 000 (MILS/SEC)
P
a/\
.
| e——Z— ASSUMED SEPARATED
: NOTE: WB-§217 CARBON TESTED AT r FLOW AREA
: B AND C IN SUBSCALE NOZZLE e '

NO. 1. A¥T CASE

! . 24535-88

. Figure 228. WB-8217. Char Performance Curve
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- _ . [ — %
NOTE: MX-4926 CARBON TESTED AT D 1 — ASSUMED SEPARATED
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24535-91

Figure 229. ‘MX-4926 Erosion Performance Curve,
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24535-80

Figure 280. -MX-4926 Char Performance Curve
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& BETWEEN PROPELLANT STAR VALLEY AND STARPOINT
O PROPELLANT STARPOINT
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NOTES
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Figure 231. 4(-1686 Erosion Performance Curve
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O | PROPELLANT STARPOINT

24 -
o N T N N
22 1 l —"
FOR B, AREA ONLY . ,
1 1 - 1
.20 + ; t =
- | SUBSCALE DESIGN LINE ~_| 3
1 &
8 1“ - S
2 . ©
g - L ] pd 8
o
& Ll Gah R -
: g Al ,
< 1 L Elgo Al . A
& 105 ] ;
g 5N .
5 8 7 NAF T
. / & . ‘
o f— _ .
. 4 ; = T T
2 R e e -
0 S '
0 2 4 6 8 10 12 14

By e—
] e——<_ ASSUMED SEPARATEP

/ FLOW AREA .
/- & . . ©as
s AFT CASE

NOTES: ’ R
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Figure 282. 4C-1686 Char Performance Curve
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NOTES:
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GAS FLOW.

E DATA SHOWED HIGH EROSION, WHICH MAY
BE DUE TO INTERFACE WITH CARBON SP-8057
THROAT MATERIAL.

KF-418 CANVAS TESTED AT A AND B IN B,
SUBSCALE NOZZLE NO. 4, AT E IN NO. 6,
AND AT F IN NO, 1. :
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/
/.
L /K_A'FT CASE .

24535-84

Figure 233. KF-418 Exosion Performance Curve
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STAR GRAIN GAS FLOW,

2. E DATA SHOWED HIGH EROSION, WHICH
MAY BE DUE TO INTERFACE WITH ~
SP-8057 CARBON THROAT.
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NOZZLE NO. 4, AT E IN.NO. 6, AND AT
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Figure '234. KF-418 -Char Performance Curve
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24585-92

Figure 235, FM-5272 Erosion Performance Curve
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Figufe 236. FM-5272'Char Performance Curve
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NOTES

1. G, DATA AT INLET SHOWED LOCAL HIGH EROSION ON ONE TEST
DUE TO PROPELLANT STAR GRAIN GAS FLOW.

2. SP-8030-96 SILICA TESTED AT A
IN SUBSCALE NO. 6, AT B.IM [N
SUBSCALE NO. 5, AT C N 5UB-
SCALE NO. ¢4 AND 6, AT D.IN
SUBSCALE NO. 4, AND AT F IN
SUBSCALE NO. 3.
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24535-95

Figure 237. SP-8030-96 Erosion Performance Curve
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Figure 238. SP-8030-96 Char Performance Curve
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24535-71

Figure 239, MXS-198 Erosion Performance Curve
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Figure 240.. MXS-198 Char Performance Curyve.

322




] PROPELLANT §TAR VALLEY
& BETWEEN PROPELLANT STAR VALLEY AND STARPOINT
O  PROPELLANT STARPOINT

50
40 -
[5)
&1
2
é 30 =L
&
o
3 20
3 /
& ’ I~~~} TU-622" AND SUBSCALE
= / DESIGN LINE
10 TS
o/
¢ 2 4 & 8 1 12 14 16 18 20 22
TOTAL HEAT FLUX, QT (BTU/SQ FT-SEC x10-)
NOTES

1. E DATA WAS NOT PLOTTED BECAUSE IT DID NOT SURVIVE MOTOR FIRING,
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Figure 241. 23.RPD Erosion Performance Curve
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SURVIVE MOTOR FIRING,

2. 23-RPD ASBESTOS WAS TESTED AT A IN SUBSCALE NO. 3 AND AT EIN
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/ e FLOW AREA
L=\
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24535-74

Figure 242. 23-RPD Char Performance Curve
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Figure 243, MXA-6012 Erosion Performance Curve
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‘Figure 244. MXA-6012 Char Performance Curve
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Figure 245. Major Computer Subroutines and Flow Path
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Figure 246. Modifying Nozzle Design on Graphic Display Console
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L4, T 8.7%0 28 2.08 36 1.25 1,00 C.C 0.0 1.00 4 0.257 0.
IS(EXITY __ _11.00C 231. mc 147 756 3.285_ L1425 1,00 u.0 0.0 1,00 Q195 0,0  Q.195 0.257__
. L SL_ _ 1.254 21.046 45:889 1.551 104,25 1,25 1.0 4.60 0,640 1,00 0.952 2.160 1,752 0.257
~ DEFINI TION GF SYNMBOLS .
aDST  BUUNDARY' STATION SYMBOL FSC FACTCR UF SAFETVrCHAR
L. INST__INTERMEDIATE _STATION SYMBUL . __ _ _ ____.. . JTLC. . _CHARR C_L(NES} IN) . _—
EPS EXPANSION AATI10 AT STATION TLV KNESS AT ENC OF FIRING [t
A AXIAL_DISTANCE OUWNSTREAM OF THROAT (1M} TL TOTAL LINER THICKNESS AT IGNITION, TLE ¢ TLC + TLV,(IN) -
R RADIUS FROM AXTS (IN) TBU REGUTILED BACKUP TNSULATION THICKNESS (IN)
N UMBER .. . A BOUNDARY MATCH FLAG [ 1 REQUIRES MATCHING OF TTOT ON EACH SIOE} .
PS PRESSURE TBH EXTRA BACKUP NECESSARY FOR MATCH QF TET (IN)
s F:\qgu OF SAFETY, EROSION I e Tora KU NESS, YRU 4 TBM, (IN) e R
HOD ERGS TGN RATE MULT iPLIER TTof 1074 BACKUP THlCKhESSESy TUV Tey 1107
. ALCT  ERDSION RATE Of LINER  (MILS PER SEC} \QI, L NUMBER UF EPS , NUMBERS ARF SEQUENTIAL FROM LEFT TO RIGHT

TLE ° EROOED LINER THICKWESS (IN}

SPLI ILTNE FLANGE 4R INJEGTCR STATIDN IN EXIT o

—— SOME VALUES IN TABLE ARE NJT OPTIGNAL INPUT,SCE DIAGRA'I lN USERS MANUAL FOR THIS NOZZLE DESIGNA
NGTE-- IF XDOT 1S INPUT AT THMPOAT,XDUT AT EACH STATION WILL CUANGE 8Y THC RATIO (XEOT THRECAT INPUT/XDUY THROAT CALCULATEDT

- A EXCEPT AT STATIONS WwHGRE X£OT

ALSO INPUT. USE OD TO CHANGE THRCAT_XDQI ONLY.,

RECEL

gve 39¥¢ o

L
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TABLE 66

COMPUTER OUTPUT, LINER WEIGHT

BASE

ULATIOK DES g_c_n

TLERFIFICATT

(PAGE 2] MATERIALS WEIGHT SUKMARY, AND_ THROAT INSERT GLOMETR

MO wCTGHY SF INSULATION SECTIONS SuTwEEN STATIONS

3

SELTICN  LINER LINER BAGRU2 T BACKUP TOTAL L NUMSER
e .. MATSRUAL _ ADISHT __ MAYERIAL _ WEIGHT _ SECTION  ©F LINER
L8 €otE L8 WEIGHT CavE
TP T T 27T T T e06.55T T T T TTew0” T 20035 LT 782
“lon-ate Tt 7 RATERCH 3 ey 1165.9¢ L 717

7 L7te.72 37 1444, 95 321,68 L 727

T 2293005 T 3413744 L7327
TWR-aLe ke 109024 © 516,07 L 742 MATERIAL CODES ARE ICENTIFIED IN INSULATION
“8ON14UP 7 3 1.7l 7275.43 L 147 PATERIALS TABLE AT BCTTCH OF PAGE

BETUI Y AR F TN T I LF

VIRGIN DENSITY  CHAR DENSITY L NUMBER OF
t

[ NAME LB/IN##3) {LB/INe* 3} ViRe DENS.
- 1 TUekapHiTe CLOTH PHENDLIE * 70 7 T o eaTe [T L “NUMBERS IN ALL THHEE
2__ SILICA CLOTH PHENGLIC | .0,0509 L 755 N . L
37 "GLASS CLOTH PRENOLIT 0.0538 Lo7el TABLES ARE CCNSECUTIVE
.4 FIGH DENSITY GRAPHITE . .- 0.0, L_ 703 _
5 CBYRCLYTIC GRRPHITE 6.0 L 765 FRCM LEFT TO RIGHT
. 6. _TUNGSTEN 0 [
77 "CARBON CLOTH PRENGLIC 0.0376 L 7eS
8 ASBESTOS CLOTH PHENGLIC VL0524 L7
9 FILLED BUNA RUBBER 2.0230 L7713
10 F1BRUUS GRAPHITEC COMPPSITE 9.0 L 715
il FORDUS TUNGSTEN 7.0 Lo
__l2 e e - e e 00 L1
13 9.0 L 781
Y 2.0 L 743
15 0.0 L85
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BASE

HULZLE STRUCTURAL DESTGN  {PATE 1} 2INGS, SHELLS, AID SCECIAL STATINNS

STeUCTURAL ?1NGS

SAFETY  AATCRIAL

X 10 k_T0 X1AL
e . RACTEGR CODE CENTRUID LENTROID LENGTh
€N} (§L) LN}
¥ T fo2s T2 7 T 21,9687 753,342 17h4d
. FIXED EXTEASION L2520 . _z5.090 48,875  24.32)
STRUCTURAL SHFLLS . . o B
SARETY HATERTAL "X UPSTREA%  X,004NSTREAH
e . SHLLL, .. BACTDR_ COOE_____ ENO _ _, _END .
(ETATION~TO-STATTON) CIN] (N
. WS 7-9 2 . #.08 21.046
ws 9-12 2 21.046 170,243
R FUSTE 6 176,243 en BBL G40
SPECIAL STRUCTURAL STATLINS .
STATION X FROM RADIUS TG_ _ L NUMSER | | .
TARDAT LINER SURFACE OF £
. LN - . ,
L9 45,889 Lol —
12 96,822 L 933

TABLE 67

MATERIAL CCOES REFER TO STRUCTURAL MATERIALS TABLE ON NEXT PAGE
e e AR SRR ERLNETER T 2 VAL TR AL AR WL

. BASE

(PAGE, 20 ST

STRUCTURAL HATERIALS

DENSITY HEOULUS CESIGN
COBE . NAME_ e o s STRENGTH
(L37TNEx3)  (psDy (PST)
T 7D TPARAGTRNG STEEL” 2879 27000900, 215000,
2 180,00% ULTIHATE SICEL 9.2830  29¢00390. 150090 ,
3 90,000 ULTIMATC ST<&L G.2830 2960000C. 99000,
. & EAL=4V TITANIUA G.160y | 15500%0C. 160000 .
5 IT5-T652 ALUMINUM d.1uln 10550006, 70000,
& STRUCTURAL FIBLRSLASS 9.07C0 460C0C, 520094
7 BERYLLIUM D.0660 42500000 40000.
_ 8 MOLYJCENUM, £.3c80  4703060C. 90060,
9 COLUABIUN L3100 15000900, 40050,
16 204 STAINLLSS STEEL 0.2660  28007090. 1250€0,
11 17-7 PH STEEL .2760 29026200, 1709304
2 . U 1Y) 9, 9.
3 3.0 o [N
14 . i 9.6 3o 0.
13 2.0 . 0.
lo 9,0 . o,
T 2.0 ve C.
T 1a  RLEX1BLE SRAL ELASTUMER dovaty ST Bhu. ESHEAR)
HUITYLCMB PATERTALS  ~
19 RuskYToMs Coay 20,0938
A FLAB LOE0 17 OE3[0RaTe WHeCYE 03 TN STRUCTURAL SdELL Edotl
COEEVRLYE TARLE] o AUy OF SACTLS
R i YA FRLTTS fs L 1on3 .
LUtke AZNLYCI ' TaCThe e L1iay

_STEEL STRUCTURE WEIGHTS

PADEAL AEIGHT  HMINIMUM L NUMBER
THICKHESS THICKNESS OF SAFEIY _ . . .. . . u. . .
(IN) (LB} {IN) FACTOR
2.757 486 .59 .36 L 787
0.648 _ _ 1399.98 0,20, L 803
THICKNESS — THICKNESS  WEEIGHT  MINIMUM ~ L NOWBER ™" )
UPSTREAM_ DOWNSIPLAN | . THICKNESS . _OF SAFETY_ -
CIN) (N} (sl (IN) FACTOR
D.t448 0. 446 £66,71 C.100
€.236 0.219 4598.96 G+ 100
~Re232 0 L8190 )5
COVMPRESS IVE POISSONS L NUMBER
YIELO STRENGTH  RATIO LOF DENSTTY . oeeeem
{Psi)

N - - _.SL_NUMBERS ARE __
2C00C0, .30 L 935 CONS ECUT IVE FROM
173000, 0,30 L 940 LEFT 10 RIGHT) ... .
700C0. Q.30 L 945
155608, 0.31 L 950 L
6396C. 0,33 L Qs
45000. 0. 25, L 960 e = e
30000 . 0,30 L 965
G000C. 0.30 L 970 . e e
400C0. 0. 3¢ L 975
5500C. . 0,36 L 980 .
750004 0,30 L 985

n, ,0.0 L 95D - e e e v e e

0. h 0 L 995

0. 0.0 L 1000 - -

0. 2.0 L 1005

c. 2. L 1010 R ——— -

0. 0.0 L 1015
---------- meie 004998 L 1n20 ° °

L lcel

Ju Poivigut PaGE

(290
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CONVECTIVE HEAT TRANSFER COEFICIENT (/ép)

INLET THROAT FORWARD AFT
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Figure 248. 260 In. Convective Heat Transfer Coefficient vs Axial Location (Carbonaceous Wall)
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TOTAL HEAT FLUX, Qp (BTU/SQ FT SEC)
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Figure 249.

260 In. Total Heat Flux vs Axial Location (Asbestos Wall)
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TOTAL HEAT FLUX,QF (BTU/5Q FT-S§C)
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:Figure 250. 260 In. Total Heat

Flux vs Axial Location (Silica Wall)
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TOTAL HEAT FLUX, Q, (BTU/SQ FI-SEC)
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Figure 251. 260 In. Total Heat Flux vs Axial Location (Paper-Canvas Wall)
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Submerged Laner
Erosion
Rate

(mils/sec)

Char Rate
{mils/sec)

FM-5272
7.0 2.8
MXA-6012
18.7 2.5

TABLE 68

260 IN. LOW'COST MATERIAL EROSION-CHAR RATES ,

Nose Inlet Ring . Throat
Erosion Erosion Erosion
Rate Char Rate Rate Char Rate Rate Char Rate
(mils/sec) (mils/sec) (mils/sec) (mils/sec) (mils/sec) (mils/sec)
FM-5272 §P-8030-96 SP-8030-96
33.2 1.30 29.7 3.3 27.0 3.0
KF-418
37.0 3.7
SP-8057 LCCM-2626
14.2 5.4 15.10 13.04
LCCM-2626 SP-8050
16.2 12,85 10.68 7.67
SP-8057 WEB-8217 MX-4926
14.20 v 5.40 11.58 4.42 10.92 4.38
wB-8217
11.56 4. 44

Forward Exit Cone
Erosion
Rate
(mils/sec)

Char Rate
{mils/sec)

KF-418
28.5 3.5

SP-8057

11.85 5.75

SP-8050

9.59 7.91

— Aft Bxit Cone

Erosion
Rate Char Rate
(mils/sec)  (mils/sec)
MXS-198
8.5 5.2
FM-5272
4.0 0.50
KF-418
2,75 2.75
LCCM-4120
0 8.56 ,
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TABLE 69

260 IN, NOZZLE AND COMPONENT WEIGHT SUMMARY

Structure Steel Weights {1h)

Standard Base Line T.ow Cost Low Cost Low Cost Low Cost
Location Nozazle Materal Nozzle No. 1 Material Nozzle No. 2 Material Nozzle No, 3 Material NozzleNo, 4
9 Flange Steel 487 527 538 609 551
$-7 Throat Steel 1,820 1,887 1,422 1,422 1,401
7-9 Forward Exit Steel 667 676 693 720 877
§-12 4,998 5,022 5,058 5,088 5,027
12-15 Sandwich Aft Exit _1.810 L1t 1,818 1,799 _1,815
Subtotal 9, 363 9,428 9, 53¢ 9, 835 9,471
Liner~-Reinforced Plastic Weights (1b)
Liner Backup Liner Backup Liner Backup Lines Backup Liner Backuy
Submerged Liner  1~2 317 g 383 ¢ 515 0 665 ¢ 812 0
Nose 34 1,108 9 1,961 ¢ 4, 552 1] 8,681 ¢ 2, 167 9
Inlet 45 1,777 1,445 1,940 1, 305 3,626 430 3, 140 518 2,092 863
Throat B 1,120 2,294 1,148 2,367 2, 455 1,148 2,541 1,831 1, 336 1,597
Forward Exit 714 6,569 1, 227 6,952 1,201 7,26 1,014 12, 344 922 7, 549 845
Aft Exit 14-15 Le1 3,168 3,409 5,201 6,388 2,480 24837 8,764 6,094 2,330
Subtotal 62 2,768 0,088 34,369 2,918
Total Nozzle
Weight 32, 878 35, 180 89,594 44, 004 35,388

NOTE: Of the five designs, the Standard Base Iine Nozzle and Nozzle
No. 1 recewved the greatest level of design offort.

‘3w LON SINYId AOV4IDNIaIDINE



TABLE 70

COST/PERFORMANCE EFFECTIVENESS OF FIVE FULL SCALE NOZZLE ASSEMBLY DESIéNS

Nozzle Total Cost ) Total Weight
Design. ($) (1b)
Standard 1,296,807 32,875

(Baseline)

Nozzle 1 1,183,888 35,190

Nozzle 2 933,972 39, 594
. Nozzle 3 863.635 44,004
[
* Nozzle 4 1,179, 795 35,389

Cost/Lb

39.45

33.64

23.59

19.63

33.34

Cost Change

& . B

Weight Change

)

Cost/Performance
Index

100.00

96.39
88.00
88.83

96.38



I. COST
A. MATERIALS (Table 72)
B. NOZZLE SHELL
9, 352 Ib Machined Steel at $20.00/1b
C. LABOR
33,000 hr at $10.00/ht
D. MATERIALS CONTINGENGY FOR HYDROCLAVE
CURE (10%)
E. FACILITIES
Hydroclave $2,000,000.00
Tape Wrapper 275,000.00
Total $2,275,000.00
Amortized at six nozzles p’ér year for 5 yr
F. TOOLING AND HANDLING EQUIPMENT
Tape Wrap Mandrels (4) $382,353.00
Handling and Insp Equip - _382,353.00
Total ' $7647706.00
Amortized at six nozzles per year for 5 yr
G. BURDEN
H. GRAND TOTAL
I. WEIGHT
A. STEEL
B. PLASTIC

TABLE 71

STANDARD BASELINE NOZZLE

TOTAL NOZZLE WEIGHT

349

$- 345,184.00
$, 187/060.00

$ " 330,000.00

$ 34,518.00

$. 175,800.00

$  25,500.00
$ 299,263.00
$1,296,807.00

9,352 1b
23,523 1b
32,875 1b


http:1,296,807.00
http:299,263.00
http:25,500.00
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http:75,800.00
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TABLE 72

NASA 260 IN. NOZZLE COST EFFECTIVENESS

(Standard Nozzle)
Nozzle Total Material Required
Location Description (incl scrap factor)? Total Cost
SubmergedOD  Liner MX-2600 Warp 412 1b at $6.50/1b $ 2,680
Nose Liner MX-4926 Warp 1,438 1b at $19.00/1b 27,332
Tnlet Liner MX-4926 Warp 2,310 1o at $19.00/1b 43,890
Backup MXB-6001 Warp 1,878 1b at $3.50/1b é, 573
Throat Liner MX-4926 Bias 1,624 I at $21.00/b 34,104
Backup MX-2600 Warp 529 Ib at $6.50)1b 3,438
Backup MXB-6001 Warp 2,453 lb at $3.50/1b 8,586
Fwd Exit Liner M'X-49,26 Warp 8,540 Ib at $19.00/1b 162, 260
Backup MXB-6001 Warp 1,595 Ib at $3.50/1b 5,583
Aft Exit Liner MX-2600 Warp 5,994 1b at $6.50/1b 38,961
Backup - MXB-6001 Warp 4,118 1b at $3.50/1b 14,413

$345,184

2gcrap factor is 30% for warp tape, 45% for bias tape

350
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A,

B. NOZZLE SHELL
9,423 1b Machined Steel at $20. 00/1b
C. LABOR
30, 000 hr at $10, 00/hr
D. FACILITIES
Autoclave $1,000, 000. 00
Tape Wrapper 275, 000,00
Total $1,275,000, 00
Amortized at 6 nozzles per year for 5 yr
E, TOOLING AND HANDLING EQUIPMENT
Tape Wrap Mandrels (4) $382, 353, 00
Handling and Insp Equip 382, 353, 00
Total $764,706. 00
Amortized at 6 nozzles per year for 5 yr
F. BURDEN
G. GRAND TOTAL
II, WEIGHT
A, STEEL STRUCTURE WEIGHT
B. PLASTIC WEIGHT

TABLE 73

MATERIALS (Table 74)

TOTAL NOZZLE WEIGHT

351 .

NOZZLE NO. 1 COST AND WEIGHT BREAKDOWN

$ 3854,223.00

$ 188,460, 00

$ 300,000.00

$  42,500.00

$ 25,500, 00
$ 273,205, 00
$1, 183, 888, 00

9,423 1b
25,406 1b
35,190 1b


http:183,888.00
http:273,205.00
http:25,500.00
http:764,706.00
http:382,353.00
http:382,353.00
http:42,500.00
http:1,275,000.00
http:275,000.00
http:1,000,000.00
http:300,000.00
http:188,460.00
http:354,223.00

Nozzle
Location

TABLE 74

"'NASA 260 IN, NOZZLE COST EFFECTIVENESS

Description

Submerged OD Liner

Nose

Inlet

Throat

Fwd Exit

Aft Exit

Liner
Liner
Backup
Liner
Backup
Backup
Liner
Backup
Liner

Backup

{Low Cost Nozzle No. 1)

Total Material Required
(incl serap facton)®

FM-5272 Warp 498 Ib at $2. 00/1b

WB-8217 Warp 2,549 Ib at $20, 97/1b
WB-8217 Warp 2,522 Ib at $20.97/1b
MXB-600% Warp 1,697 1b at $3.50/1b

MX~4926 Bias 1,662 Ib at $21,00/1b

‘MX-2600 Warp 819 Ib at $6.50/1b

MIXB-6001 Warp 2, 258 Ib at $3. 50/Ib
SP~8050 Warp 9,038 1b at $17,.50/1b
MXB-6001 Warp 1,561 1b at $3.50/1b
KF~418 Warp 4,432 1b at $1, 35/1b

MXB-6001 Warp 6,631 b at $3.50/1b

4Scrap factor is 30% forwarptape, 45% for bias tape

352

Total Cost

$ 996,00
53,453, 00
52,886.00

5,959,50
34,902, 00
5,323,50
7,908, 00
158,165, 00
5,463, 50
5,583.00

23, 208,50

$354, 223, 00



TABLE 75

NOZZLE NO, 2 COST AND WEIGHT BREAKDOWN
(Segmented)

I, COST
A. MATERIAILS (Table 76)
B. NOZZLE SHELL
9,530 1b Net Machined Steel at $20. 00/1b
C. LABOR
30,000 hr at $10, 00/hr
D. FACILITIES

Autoclave $1,000,000. 00
Tape Wrapper 275, 000. 00
Total $1,275,000. 00

Amortized at 6 nozzles per year for 5 yr

E. TOOLING AND HANDLING EQUIPMENT

Tape Wrap Mandrels (3) $286, 764. 00
Segmented Molds (8) 80,000. 00
Handling and Insp Equip 382,353, 00

Total $749,117, 00

Amortized at 6 nozzles per year for 5 yr
F, BURDEN
G. GRAND TOTAL

II. WEIGHT
A, STEEL STRUCTURE WEIGHT
B. PLASTIC WEIGHT
TOTAL NOZZLE WEIGHT

353

$160, 370. 00
$190, 600. 00

$300, 000. 00

$ 42,500, 00

$ 24, 970. 00
$215, 532, 00
$933, 972. 00

9,530 1b
30, 064 1b
39,594 1b


http:933,972.00
http:215,532.00
http:24,970.00
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http:160,370.00

Nozzle
Location

TABLE 76

NASA 260 IN, NOZZLE COST EFFECTIVENESS

Description

Submerged OD Liner

Nose

Inlet

Throat

Fwd Exit

Aft Exit

Liner
Liner
Backup
Liner
Backup
Backup
Liner
Backup
Liner

Backup

(Low Cost Nozzle No. 2)

Total Material Required
(incl scrap factor)@

KF-418 Warp 670 1b at $1. 35/Ib
KF-418 Warp 5,918 1b at $1, 35/Ib
LOCM-2626 3,807 Ib at $0.75/1b
KF-418 Warp 559 b at $1. 35/1b
LCCM-2626 2,578 Ib at $0. 75/1b
KF-418 Warp 615 b at $1, 35/Ib
KF-418 Warp 1,031 1b at $1. 35/1b
SP-8057 Warp 9,459 Ib at $.14. 00/1b
KF-418 Warp 1,318 Ib at $1. 35/1b
LCCM-4120 6, 917 Ib at $0. 75/1b

KF-418 Warp 3,198 1b at $1. 35/1b

Total Cost

$ 905,00
7, 989. 00
2,855. 00

755. 00
1,934, 00
830..00
1,392.00
132, 426. 00
1,779.00

5,188.00

4,317, 00

$160, 370. 00

2Scrap factor is 30% for warp tape, 45% for bias tape, 5% for molding compounds

354



TABLE 77

NOZZLE NO, 3 COST AND WEIGHT BREAKDOWN

I. COST

A, MATERIALS (Table 78) $103,635, 00
B. NOZZLE SHELL

9,635 1b Net Machined Steel at $20. 00/1b $192,700. 00
C. LABOR

30,000 hr at $10. 00/hr $300, 000. 00
D. FACILITIES

Autoclave $1, 000, 000. 00

Tape Wrapper 275, 000. 00

Total $1, 275,000, 00
Amortized at 6 nozzles per year for 5 yr $ 42,500, 00

E. TOOLING AND HANDLING EQUIPMENT
Tape Wrap Mandrels (4) $382, 353. 00

Handling and Insp Equip 382, 353, 00

Total $764, 706, 00
Amortized at 6 nozzles per year for 5 yr i $ 25,500,00
F, BURDEN . $199, 300. 00
G. GRAND TOTAL $863, 635, 00

. WEIGHT

A, STEEL STRUCTURE WEIGHT 9,635 Ib
B. PLASTIC WEIGHT 34,369 1o
TOTAL NOZZLE WEIGHT 44,004 Ib

355
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Nozzle
Location

':[‘ABLE 78

NABA 260 IN. NbZZLE COST EFFECTIVENESS

Description

Submerged OD Liner

Nose

Inlet

Throat

Fwd Exit

Aft Exit

Liner
Liner
Backup
Liner
Backup
Backup
Liner
Backup
Liner

Backup

{Low Cost Nozzle No. 3)

Total Material Required
(incl scrap factor)®

23-RPD Warp 865 Ib at $4.25/b
FM~5272 Warp 4,785 1b at $2. 00/Ib
SP-8030-96 Warp 4, 082 Ib at $4.90/1b
KF-418 Warp 673 1b at $1.35/1b
SP-8030-96 Bias 3,684 1b at $6. 90/1b
KF-418 Warp 615 Ib at $1.35/1b°
KF~418 Warp 1,42‘19 1b at $1.35/1b
KF-418 Warp 16, 047 Ib at $1,35/Ib
KF-418 1,199 Ib at $1.35/1b

FM-5272 Warp 3, 202 1b at $2..00/1b

KF-418 Warp 8,793 Ib at $1.35/1b

28crap factor is 30% for warp tape, 45% for bias tape

356

Total Cost

$ 3,676.00
9,570.00
20, 002, 00
908, 00
25,420, 00
830,00

1, 634,00
21,700, 00
1,619.00

6,404.00

11,871.00

$103,635., 00
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I. COSsT
A, MATERIALS (Table 80)
B. NOZZLE SHELL
9,471 b Net Macﬁined Steel at $20. 00/1b
C. LABOR
30,000 hr at $10, 00/hr
D. FACILITIES
Autoclave $1,000,000. 00
Tape Wrapper 275,000, 00
Total $1, 275,000, 00
Amortized at 6 nozzles per year for 5 yr
.E. TOOLING AND HANDLING EQUIPMENT
Tape Wrap Mandrels (4) $382, 353,00
Handling and Insp Equip 382, 353. 00
Total $764, 706. 00
Amortized at 6 nozzles per year for 5 yr
F. BURDEN
. GRAND TOTAL
I, " WEIGHT
A, STRUCTURE STEEL WEIGHT
B, PLASTIC WEIGHT

TABLE 79

NOZZLE NO. 4 COST AND WEIGHT BREAKDOWN

TOTAL NOZZLE WEIGHT

357

$ - 351,653.00

$ 189,420.00

$ 300,000.00

$  42,500,00

$  25,600.00
$ 272 722.00
$1.179,795. 00

9,471 Ib
25, 918 1b
35,389 1b


http:179,795.00
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TABLE 80

NASA 260 IN, NOZZLE COST EFFECTIVENESS

Nozzle

Location Description

Submerged  Liner
oD

Nose Liner

Inlet Liner
Backl}p

Throat Liner
Backup
Backup

Fwd Exit Liner
Backup
Aft Exit Liner

Backup

(Low Cost Nozzle No. 4)

Total Material Required
(incl scrap facton)®

MXA-6012 Warp 1, 056 b at $1..85/1b
SP-8057 Warp 3,120 1b at $14. 00/1b

SP-8057 Warp 2,720 Ib at $1fl..00/1b

"KF-418 Warp 1,122 1b at $1.35/1b

SP-8050 Bias 1,937 lb at $19.50/1b
KF-418 Warp 615 1b at $1.35/1b
KF-418 Warp 1,615 1b at $1.35/Ib
SP-8050 Warp 9, 814 1b at $17.50/1b
KF-418 Warp 1,099 1b at $1.35/Ib
MXS-198 Warp 7, 922 1b at $6.10/1b

KF-418 Warp 3,029 Ib at $1.35/1b

4 Scrap factor is 30% for warp tape, 45% for bias tape

358

Total Cost

$ 1,954,00
43,680. 00
38,080. 00
1,515.00
37,772. 00
830. 00
2,180, 00
171,745. 00
1,484, 00

. 48,.324,00

4,089. 00

$351, 653, 00
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