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FOREWORD

T'hie report was prepared by The Marquardt Corpor:
Calif ornia, on Air Force Contract AF 33(657)-8123, under Task
of Project No. 6554, "Nuclear Ramjet Propuision Systems Reses)
ogy". The work was administered under the direction of the P
atory (Directorate of peromechanics), Aeronautical Systems Div
Latham was Pruject Engineer for the Laboratory.

The studies presented here were performed during
icd 1 January-31 December 1962. The Marquerdt Corpcration act
dex the direction of A. 0. Mooneyham, Senior Projecl Engineer.
utors were J. G. Bendot, Aercthermodynsmics; R. D. Grossman, ]
ment; R. K. Nuno, Controls.

This report is the finsl technical summary repord
the work on Contract AF 33(657)-8123. The contractor's report
Marquurdt Report 6003. The volumcc of thic report arc as fol:

Velume T: Summary

Volume II; Propulsion System Performance and Ac

Volune III: Propulsion System Controle

Volume JV:  Propulsion System Design and Structh

Volume V: Propulsion System Test Planning and
Facility Studies

Volume VI: Btructural Materials Investigations
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0C DOC 75.
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1 and Techhol-
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'his volume contains the repults ot design, structurcs and maler-
ials studies and structurcs component testing of a nuclear propulsis  system in
support of the Pluto reactor program. These studies include design  oncepts,
structural analysis of sleudy stule and dynamic loads, material eva. atiom, and

recommendced dynamic and structural test peograms. The metheds of a
have been outlined in each case for reference.
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REPORY,

SUMMARY

The mechanical and structural design effort during
period (1 Janvary 1962 through 31 December 1962) has been direc
design of a flight Lype propulsion system, designated the MASO-
corpcrates a reactor reflecting Uory IIC reactor technology. F
been expended in deaign and fabrication of development test haa
ponent testing.

Design layouts have been completed for the MASO-X(C
tem in sddition to the major components thet make up the enbire
the inlet and diffuser duct, ejector exhaust nozzle, reactor cc
port system, reactor lateral end axial support structure, inletl
tion and bypuss door mechanicm and exhaust nozzle attachment.

Design and fabrication have been completed for the
and free Jet aserodynamic coupling test hardware, engine airfran
ment test hardwarc, and rcactor lateral support spring test haa

Test outlincs and test results for the aerodynamic
are reported in Volume II of this report.

DEGLASSIFIED IN FULL
Authority: E0 13526
Chief, Records & Declass Div, WHS

Date: 0CT 0 2 2015

shis contract
@ towards the
‘B, which in-
‘ort hus ulso
rare for come

Propgulsion Sys-
iystem; namely,
ol rode sup-
iplke transla-

lirect -connect
lateral attach-
are.

:oupling tests

- iv -




MAC ACD

ASD-TDR-63-277, Vel. 1V

UNCLASSIFIED

Page devermines © D6 llnelmm
Reviewed m

IAWEOW&
Datte: ey 2 2015

v o 6005

CONTENTS
Section Page
1.0 INTRODUCTION. « « v v v v . 1
2.0 PROPULSION SYSYFM DESIGN CRITERIA . . 5 3
2.1 QGeneral Discuesicn + . « + v 4 4 ¢ . . 3
2.2 Mission Parameters . . . . . . . o . . E all o 3 3
2.2,1 Contractual Requirements. . . . . . 3
2.2.2 Flight Capability . . . . . . . 3
2.5 Typical Mission Profiles . . . P ; . E h
2.4 Flight Envelopes « « « + « v o o s « o o q - b
2.5 Nemenclature . « » « « v ¢ ¢ « o 3 3
2.5.1 Operatinpnal Phases. . . . . ., : 5
2.5.2 Reterence Axes. . . +. « ¢« + « . . 0 mg 5
2.6 Basic Operational Factors. . . « + « « .+ . . ] 6
2.6.1 Inerbtial Load Fectors . . . . . . r B 6
2.6.2 Vibration Environment . 6
2.7 Anelytical Factors . . - . + . . . . . 6
2.7.1 Design Factors and Factors of Safety. . . . . 6
2.8 Margins of Safety. . « + « . . " ., . N, T
2.9 Limits of Structural Deformation N .. . 0 J 7
2.10 Materisls and Material Propertiea. : o 8
.]0,1 Cheiee of Material. . . . ; T . . 8
2.10.2 Over Aging and Cyclie [.c»ading .. . ; 8
2.11 Design Parametars. « « o o o« 0 0 o4 0 0 4 . .. 8
5.0 INLEFT & ¢ v o v 6 v o o o 0 o o 5 o o o o & oo O o 9
5.1 DEEIED « v v v v b e e e e e e e e e e e e e .8
3.,1.1 Discussion. . . . I Ve Q
5.1.2 Boupdury Layer Air Blegd . o_g 9
3.1.5 Bypass Dours. . . . R ' . 9
%.1.4 Spike Transltion. . . - o R .. 9
3.1.5 Weighis and Centers o' Gr zwlty . g 10
5.2 Structural Analysis. . . . . . . .. 10
5.2.1 DiBcusBIOl. « + v 4 0 . e .. .. . o)
H.r.P Cew) Tip. . 1y
3.0.3 mfﬁmpr fkin . . . o » 15
UNCLASSIFI[D
- v -




Pagaﬁexemmtﬂmw
?I?WEON;VGG 3.5 |
UNCLASSIFIED aprorr_6003
ASD-TDR-63~277, Vol. IV
CONTENTS {Continged)
Section Page
5.2.4  Load Paths cf Unsymmetrical Airloads. . Jrwy 15
3.2, Strut . . . . .. . 5 3 I 19
3.2.6 Tnnerbody Ring at Soctlon (P F) I EEE . 122
3.2.7 Tnnerbody SKIN- « + o v o v 4 0 4 s 4 0 e e . 24
5.2.8 Thrust Fitting. « « -« v v o o« 4 o o+ & o 12 27
k.0 SUBSCONIC DIFFUSER AND REACTOR CONIROI, SUPPORT STRUCTUL 20
il Desdgnn g o rm R I E JE WMEPgEREE™ B 29
.1.1 Diseussion, . . . . . . A ... 29
4.1.2 Weights and Centers of Gravity I EE 30
4.2  Preliminary Analysis of Control. Rod Support Stru wre . . 30
h,2.1 Toads . . . I SR RS s w130
h.2.2 Deflection Check of Strut Sl e . 32
5.0 REACTOR SUPTORT SYSTEMe o + o ¢ v v v o 40 o o o s 35
5.1 Side Support System Design. . . . . « .+ .« . . 3 o 1BD
5.1.1 Side Support System Functicn. . . . s E s B39
5.1.2 Side Support Annulus Thickneas to Vehic]
Drag Comparison . . « « « » . o .. 36
5.1.3 Reduction in Anpulus Widih. . . . . .« . . . 36
5.1.4 Design Side Support System. . . . . . . . . . . 3T
5.1:5 Operating and Installation Requirements 3 q 1 37
5,2 8ide Support Syslem Analysis. . . . . . . 38
5.2.1  Nomenclature. « . « o« + o o . 58
5.2.2 Dynamics Model and Optimum oprin@ Rate. T}
5.2.3  Structural. . . 4 v o 4 e e e e e e e 3 W3 :
.3 iront Support Structural Criteria . . . . . . . SEL I i
5.3.1 Discusesion of Axial Su;mort System. . . A 2
95.3.2 Dynamic Analysis. . . . . My B . . uh
5.5.%  Slructural Summary. . . . S @ 3 ; 60
5.5.%  Conclusions and Recmmhwmlailunb e ae o .. 6
5.1 8ide Support System Teel. . . . o . . ... . 6
5.1 DISCUASION. + v ¢ ¢ 4 v v e e e . . . 6
5.4.2  High Temperature Sprines. . : B (Y i
5.01.3 Engine-Airlrans Taleral Aitachment Te bn
Phases Tand IF . . . . . . . . . .. % 67
g
<
(%]
b UNGLASSIFIED
-yl -




RAC A673

ASD-TDR-63-277, Vol.

v

UNCLASSIFIED

worr_8005

Section

6.0

6.1  Design. .

.

0\0\:.

1.
.1,
21

S

CONTENTS {Continued)

BXIT NOZZLE o v v v v o v v 4 o o v o o o o o o s o o o s

Digcussion- « . + . ¢ o v o . 4. o ..
Weights und Centers of Gravity. . . . . .
Deslgn Data « ¢« « ¢ v o v v v v v o v o

6.2  Structural ANALYSIS . . + . v 4 s v e v w e e e

6.2.1

6.2.2
6.2.3
6.2.4
6.2.5

MODELS. . .

Nozzle Foxwanrd Cylinder and Convergenl Cone
{Primary Shell) . . . .

Cone~Cylirder and Cone-Cone Tntcrucotion.
Divergent Exit Cone . . . A
Rjcctor Shroud (Nozzle Inner Liner) .
Analysis of Exit Noxzle Attach Jo1nt. . .

T.1 Direct-Connect Aerodynamic Coupling . « . o . . . .

T.1.1

Declgn. . - « « & v & v & v o o .

T.2  Onc~Thind Scale Free Jet Model, « « ¢ v v o 4+ 4 o

2l Desigew B BEE BE B - E BE CEENE
REFERENCES. i - Il Mo - s B o |
APPENDIX A-~Clacsit'ied Materdals Qtudies. . . . . . . . .
DISTRIBUTION. o . v v v v v o v v v e o o o o o v o 0 o s

Pageaetmmsmwmw

INME0 1355, Soonds

Date: 0CT 0 2 2015

UNCLASSIFIED

5
(]

™

h
82
96

200

W07

107

107

107

107

109

300

511

- wil -




MAC ASD2

DEGLASSIFIED IN FULL.
Authority: EQ 13526 -
Chief, Records & Declass Div, WHS

Date: 0CT 0 2 2015

SEGRE RESFRICTEDBATA
ASD-TDR-63=277, Vol. iV s —
ILLUSTRATIONS
Figure Page
1. Master Layout - Pluto Propulsion System - MASO-XCB. . . e w1l
2, Inatallation - Pluto Propulsion System - MASO-XCB . . .+ . « . . 1h3
S Typical Mission Profile for 11,000 Nautical Milcs (ICA
Standaxd Day) . . . . .+ . . ..‘.......,.....1119
b, Typical Micsion Profile For 11,000 Naulical Miles (ANA
Hob Day). . + o « « . + & ................Lh6
5 Typical Mission Profile for 11,000 Naulical Miler (ANA
Cold DBY) « v v v v v v e e e e e e e e e e e e e e e e e e
6. Fstimted Operating ]"nveane for Mnrqu-\rdf Mrdel M850O- B Ramjet
(ICAD standard Day) . . N O 1 11
T. Polimated Operating Envelope for Marquardi Model MASO- B Remjet
(ANA HOL DEY) o v o v 4 ¢ 4 o 4 4 o 2 o o s s o 6 0 o 4 « o o . 149
8. Estimt'lted Operating Envelope for Marquardt Model MASO- B Ramjet
(ANA Cold Day)s o v v ¢ 4 v o o v 0w v o v w o o0 oow .. 150°
9. Typlcal Pluto Boost Trajectery. . . . . .+ v + + o . B i
10. MAS0-XCB Propulsion System Net Flow Areas . . . . . . e e oo 15
1. .Internnl Engine Parameters f;vr Design Point Operation P
12, MA50-XCB Propulsion System Auxiliary Alr Requircments s BEED B DT
13. Deaign Iuyoulb -~ Inlet and Duet Lincs. . o v v o o 0 A b 3
14, Design Layout - Inlet and Duct Lines. . . . . . . . , . [ 1]
13, Design Iayout - Axisymmetric Inlet. o . . . . . . . . . . ... 163
16. Design Leyout - Axisymmetriec Inlel. . . « 4 & o o o 0+ o o .« 169
17. Design Layout - Axisymmetrie Tnlet. « « « o« ¢ v o o v« 4 o+ . 167
18. Sketch of Inlet Acsembly for Tnlct Structural Amslysis . . . . . 169
19. Sketeh of Spike and Inner-Body for Inlcd, Straciurs?) Ane gsis. . . 170
20, MASQO=YCA Inlet-DifMucer Stelic Peessursy o 0 0 o . . S e . . 171
2. Varying Tressures on Inside wnd Guveiae Tio und Cowl 8§ Coces o 0 172

.

- viil .




M| e AR WIS TRA TP PL TP PR T -

BAC AR

DECLASSIFIED IN FULL.
Authority: E0 13526 %
Chief, Records & Declass Diy, WHS

Date: (T 0 2 2015

SEGRER RESPRIGFER=Eriine
ASD-TOR-63-277, Vol. IV on_5003___

JILLUS TRA'LIONS (Centinued)
22. Three Loadings for Analysis Structure « o v v ¢ o v o ¢ 0 L 173
23, Sketch of Cowl Lip for Inlet Structural Anelysis. . . . . . . . L4
24, Spike Geometry. . . . . . . P
25, Cowl and Tnnerbody Unsymmetrical Foadings « . - ¢ « . » . . . . 176
26. Cowl and Imncrbody Load Paths (Unsymmetrical Toadings). N
27. Unsymmetricel Alr Load Distribution . « « o « ¢ o ¢« v o . . . . 178
28, Shears, Moments, and Torques from Y Directfon . . . . . . . . . 179
29, Shears and Moments from 2 Direction Components. . . . . . . . . 180
30. Geometry and Pressures for Inlet Structuxal Anelysis. . . . . 181
31, Derived Load Distribution on Fittings .« . + ¢ « ¢« ¢ v o « « . & 182
32, Longitudinal Section Through Typical Strmt, . . . . ., . . C. 183
33, Tosd on Struts from Supporting Rings. . . + ¢ « o « » « « . . 184
A, Loads on Strut Spars from Unsymmetrical Loads . « « + . . . . . 185
35, Vert.cal ant Horizontal Loads on Strut Spurs. . . . » . . . . 186
36. T.oad Paths trom Spike and Drive Mechanism to Fixed Innevrhot . 187
37. Tnnerbody RIng 108dS. + o « o o « o o o o v o o o o = o o . . 188
18, Symmetrical and Unsymmetrical Loedings. . . . o0 189
9. Ring Scetion Properties . . . . . 190
40, Ring Sectiom Propertiee . . . . . o MO N o B N . 191
L. Thrust Fitting Loads. 3 s N T, 0y g ! 192
ha, EBrubBe v 0 v 0 v e e el e e e e e e e e e e e e e . 193
W3, Strut Cross Section . ;e 3 e 3 EE aEmemm - 39h
b, Design Progress on Reactor Side Suppert Structure . . . . . . 195
h3, Design Layout - Resctor Instullatlem. . . . . . . . . . .., . 197

%

o jx .




uthori
Chief, Rigcnms&l)ecaass@n%wsﬂs

Date: oc1 0 2 2015

~SECRET- REGFRMGHEE-DATE
TS,

ASD-~TOR-63=277, Vol. IV

ILLUSTRATIONS (Continued)

Figure Page
6. Assumed Side Support Temperatures (ANA Hot Day) . » .+ « « « 199
k. Assumed Side Reflector Temperature Distribution . . . . . . . 200
48. Schemstic of Radilsl and Tengential Support Structure: . . . . . 201
kg, Dynamic Sysbem Modele + « « o 4 ¢ « v o o o « s o o v e e e s 202

50, Pressure Distxibution . . . . . . . . oo o, . e ... 203

51. Required Erergy Storage for ILateral Bupport System. v e e . 20h
e, Typlcal Section of Web-Shell Combination. . . . . . c e e e 205
55. Estimated Full Scale Reactor Drag loed Variation Dur:

Unstart Transient Flight Operation. « « « + « + o e s 1 . . 206
5k, Estimated Pressure Transient on Full Scale Reactor D¢ Ing

UngEativeal T, k s O Lok e o . % ol B s D T T 207
95. Estimated Differentiel Pressure Variestion on Full Sct 2

Reactor During Unstart, . . . . . . . . . o8 B e o v o« 208
56. Reactor Drag, 1,000-Ft ALtitude « +« « « 4 v 4 o v 0 o s v o s+ 209
57. Estimated Full Scale Remctor Dreg Loed Variation Dur 3

Unstart Transient Ground Test Only. + + + + o « o e e 210
58. Estimated Reactor Displacement During Unstart Transic ¢

Ground Test Only--Mach 3, 1000-Fi Altitude, ANA Hol 1 y . . . . 211

9. Estimated Reactor Veloeity During Unstart Transieni ¢ ound
Test Only-~--Mach 3, 1l000-~-Ft Altitude, ANA Hot Day. . c e 0. 212

60. Estimated Reactor Displacement During Unstart Transic . -
Flight Operation with 3 g Vehicle Deceleration - Macl 3,
JO00-Ft Altitude, ANA Hot Day . . . « v + ¢« o + . e e e v s 213

61. Estimated Reactor Velocity During Unstert Transient « #light
Operation with 3g Vehicle Deceleration ~ Mach 3, 10X ot

monrﬂ__

MAC Ad2

Altitude,ANAHOtDay--------------- R 214
62, Belleville Springs--R-235 Material. - « « » = v « v+ o « « . 215
63. Belleville Spring~-R-235 Material (1/16 in. Full Red 3 Bobh
I.D. BEdges) . . - . « . . -3 1
SEGRET RS2l iBabAA
e

g DL P




ey st

W U X0,

DEGLASSIFIED I FULL
Ruthority: EQ 13526

Chief, Records

Date: 0CT 0 2 2015

MAC 2403

T

& Declass lnw,,W&ﬁS

6003

ASD-TDR=63-277, Vol. IV W=t

ILLUSTRATIONS (Continued)

Figure Page
64, Teut Setup for Single Belleville Spring--R~235 Material . . 217
65. Strain Cages Installed cn Inner and Outer Radius of liodifle

Belleville Spring (1/16~in. Full Redius Both I.D. Edges)--

R-255Mﬂ'bc‘!‘1nl.............,..-.-... -218
66. Setup for Tert of Single Belleville Spring with Strain Gage

InstalIed « & v v v b e e e e e e e s e e e e e 219
67. Teat Setup for Strain Gaged Belleville Springs

(R-235 MBLErIal)e & 4 v 4 4 o ¢ 4 o o 4 4 4 e 4 e 4 e e . . 220
68. Test Setup for lb-Sprmg Series Stack of Belleville Springs

®~235 Material. . . . . 221
69. Partial Setup for 14O0°T Test of 120~Spring Series Stack of

Belleville Springs--R-235 Malerial. . . « « « « « o . . . 222
T0. Permanent. Set ve. Deflection During Precetting of Single

‘ Belleville Springs (R-235 A110¥)¢ + « + ¢ o o o v o + s o & 223

T1. toad ve. Deflection: Vo. 11, No 109, and Nu. 111 Single

Belleville Springs (R-235 A2loy). -+ v « v ¢ v o v o o 22)
2. Permanent Sct vs. Defleclion Durmg Ptcuotting of "‘ing]c

Belleville Springs. . . . . . ol J Mo o . 225
H3n Load va. Deflection for E>ing].e Belleville Gprings

{R-235 Allcy) . . Mol 13: 226
Th. Totd i Deflechicn Cer Siagle Belleville Springs (R-235

Alloy)~-Ambient Temperabure « « o« « « v 4 v 4 v b e 04 b a22f
75. Load vs. Defleclion: No. 95 Gelleville Spring-~-—l/16-1n Ful

Redius Both I.D. Edpee (R~235 Alluy). . . . : . 228
€. Btreoy vise Spring Radial Width -Belleville Springr No. 29 a

No. 25 (R-235 Muterlal, Ambieni Temperalure; Flui Plate

Loading).................. 229
. Lead vis. Deflention: No. 1 und No. W 10-Gpring Seriles Stack

of Belleville Springs (R-235 A1cy) « « v+ + v v o o v s 250
¥8. TLoad Lese ve. Pime ab Cconstanl Soering LDelleciion: No. I jo-

Spring Seriee Stack of Bellevilic Aprings (R-235 Alloy) . . 251
79. Tapered Curved Plate Springs-~lcete’ Ml Aldey. . . . 252




- et s

MAC A6P

DECLASSIFIED I FULL
Ruthority: EQ 13525 '
cmef Records & Daclass Div, WS

Bate: 0cT 0°2 2015

SECRET-RESTRGEFEERDTS
" T TIREY U Ty
6003
ASD-TDR-63-277, Vol. IV : B
ILLUSTRATIONS {Continued)

Figure Pa'ge
99. Core Nynamic Response (Run No. 20), « v v & ¢ v @ o v o = o . D92
100. Leteral Attoch Assembly-Engine-Afirframe « « « ¢« + ¢« ¢« « o o g 255
101. Tept Item for Engine~Airframe Lateral Attachment Test

(Phase TI): + o o ¢ o o ¢ 4t o v 4 o v v o s o s e e s e . 255

102. Vibration Test Sctup for Engine-Airframe Iateral. Attachment

Test {(Phase II) « « v v o v 4 v v o v v o o o & S - 51
103. Instrumentation Requirements for REnglne-Airframe Laieral
Attachment Test (Phase TI}. « ¢ ¢« ¢ o v v o v v o 4 o o v s . 857

10k, Spring Displacement ve. Frequency (15 psi Core Preload) . . . 258
105.. Core Deflection Pattern, Run 4. + « ¢ « ¢ & « v o o = « « & . 259
106. Spring Displacement vo. Frequency (6g Foree Input). . . . . . 260
107, Design Layout -~ Propulsion System Exit Nozgle . . . . . . . 261
108, Wall Pressure Distribution for MASO-XCB Ejector Nozzle

' (Altitvde = 10,000 Feet)}. . . . . . . . . . W nkmaEn 263
109. Wall Pressure Distribution for MADO-XCD Ejector Nozzle

(Altitude = 35,000 Feet). . « + « « « o « ¢+ o o o o o « o« o 26k

110. Lecal Wall Pressure Distribution in Exhaust Region of Airfra

Cooling Flow: MASO-XCB Sjector Nozzle « « v « v v o« o 4 o . 065

111, MAS0~-XCR Ejector Nozzle Axial Loads {(Drag). « « « « « v « . . 266

1i2. Estlmated Temperature Distribution for MASO-XCR }:,,jectcr

Nozzle(jeaM)......... ..... . -
11%. Estimated Temperature Distribution for MASO-XDB Bjector

Nozzle {390 M ) v v v v v o o ot = o o o = « o s o v v o - . 268
114. MAS0-XCB Ejector Nozzle Contours (Baced on 0.125 in. Nozzle

Liner Thickness). + « v o + + + 4 ¢ 4 4 s 4 e 4 e e e e . 269

115. MASQ-XCB BEjector Nozzle Liner Exit Deteils. . . . . . . " 270

116. Nozzle Load PAarameters. » « - « o « 4 « o « o o = o o « o« o . 2L

117. Doubler Ring. . . « « . « v & v v v o ¢ v o ¢ o o o 2

SECRET- KESH--EHE-BATA

- xii1 -

.
LR

il




o0

DECLASSIFIED INFULL
Ruthority: EQ 13526
Chief, Recmrds&ﬂeclassmw,,WBﬂ@

Date: 0CT 0 2 2015

ASD-TDR=63-277, Vol. IV _ won £ ___
ILLUSTRATIONS (Continued)

Figure Page
118. Iiner Load Parameters . - o « v « v o « o s o = o o 0« o o o« 23
119. Assumed Coupling Geometry « » + v v v « 4 v o b e s . e s e . 2Th
120. Retaining Ring Geomebry « + v ¢« & v v ¢ v v v o v 4 W 275
121. Alrframe Fitting Shell-. . « v ¢ ¢ o 4 ¢« o v 4 ¢ 5 4 e 276
122, Tock RINE . + o v ¢ v ¢ ¢ o o v v 0 ¢ e 0 o o v s o 0 o s e 21
125, Exit Nozzle Attach Ripg . . . . . . O =Y (o)
12k,  Testing of Aerodynamic Coupling with 1/3 Seale anine

(Phase I - Direct Connect Test) . . . c .. 279
125, Aft Transition Section for Aerodynamic Coupling Test. T Y @ 280

126. Buildup of Simulated Reactor Segment for Aerodynamic ( ipling
Test (CLOBEUDP) s « o 4 o o o o o o s s o o ¢ s o o o+ o« o o . 281

127. Front Support Section of Aerodynamic Coupling (Lookiry
FOrward)e v o v o v b v b e e e e e e e e e e e e e e e .. 282

128. Aft End of Simulated Reactor Segment (Viewed Up Exit 1 :zle). . . 283

129. Engine Assembly Aerodynumic Coupling Free Jet Teet. . . . . . 285
130. Cowl Agsembly for Free Jet Aerodynamic Coupling Test. 3 e 1287
131. Spike Adapber for Free Jet Aerodynamic Coupling Test. . . . . 288

132, Display of Components for Free Jet Aerodynamic Coupiir Test. . 289

135, Closeup of Components for Free Jet Aercdynamic Couplii Test. . 290

154, Spike Actuator and Hosing Netails for Free Jet Aercdy umic

Coupling Test « « ¢ ¢ v ¢ ¢ v ¢ ¢ ¢ o s v o o s s s 0+ s e« 2991
135. Spilke Actuator snd Housing Assembly for Free Jet Acvrod 1amic

Coupling Test « - & v ¢« v ¢ v 4 o s o o o o o s 2 = . c s .. 292
146. Simulated Reactor and Housing for Free Jel Aerodynemic

Coupling Test . . . . . oo ol - BN B o . .. 293

137, Test Item Assembly (Axial Load Spring Retention) for I :e Jel
Aerodynamic Coupling Test - « « o o « o o « = & - 4 . e ... 29Y

E




MAC ASTY

“SECRET RESTRYCTIEDDRTA®
e o MER S AR S

. 600
ASD-TDR-63-277, Vol, 1V ... w 0003
ILLUSTRATIONS (Continued)

Figure Page
138. Centerbody and Tnlet Duct for Free Jet Aerodynemic

COupLINg TeBE v o o v o v o v o 0 0 0t v e e e e 295
139. Centerbody and Inlet Duct Assembly for Free Jet Aerodynamic

Coupling Test - » v v v v+ v v 4 e e e e e e e e e e e 296
140. Exposed Inlet Assemhly for Free Jet Aerodynamic Coupling Test 297
141, Inlet Assembly for Free Jet Aerodynamic Coupling Test {Three

Quarter VISw) « v v v s o 4 e a b e e e et e e e e e e e 298
142, Setup of Pluto Propulsion System Model for Free Jet

Aercdynamic Coupling Test . . . . & & v v ¢ o 4 & v 4 4 o 4 299
A-1l. Stress-Time Profile for Reme' U1, v v v v v ¢ v o o o o v o & 305
A-2. Creep of Rene' L) Sheet (1UY00°F; 52 K81). o « o » o o ¢ o o 306
A3, Ultimate Tensile Strength and Yield Strength of Rene' 41 Shee

at Selected Strain Rates. « . . . « + ¢« ¢ v ¢ 0 o v o L. 307
A-h, Young's W alus and Percent Elongation of Rene' 41 Sheet at

Selected ocrain Rates « . .+ ¢« ¢« ¢ . .. .. o v e 308

Authority: EQ 13526
Chief, Rgcoma& Declass Biv, WHS
pate: UCT 0.2 2015




MAC AT

Page detenmuas to b Unclassified
Reviewed RDD, WHS
IAW EC 13526, n35

Date: oc1 0 2 2015

AT

ASD-TDR-63-~277, Vol. IV

Teble

IT
III

VI1

VIIT

11
XI1
XIII

Iy

XVI

XVIiI
XVIII

X

XXT

XXII

XXIT1

UNCLASSIFIED aevomr 500
TABILES
Page
Table of Welghts snd Centers of Gravity for MAS0-XCB
Propulsicn System . . ¢« « © ¢ « ¢ 4 ¢ ¢« ¢ o ¢ + . . omeme o o 113

Marging of Safety o v o v ¢ v ¢« v o 4 o o o o o o e o .. . 122

Tnertlul Load FRCEOZS . & « o + v o 4 o o o o o o o 4 v o s o 11k
Inexrtie Load Factors Flighl Maneuver Conditions . . Coe e e s 115
Vertical Load Factors + o « « o v o o o s o o o 0 v« 0 o . . 116
Ground Handling Loed ¥actort. « o o o o o o o s o o s B [ o AT

Anelytical Design Factors and Factors of Safety . . e v« .. 118
Weights and Centers of Gravity for Axisymmetric Inlei . . . . . 119
Section Properties and Locations for Calculation of ¢ ress. . . 120
Moments from Air Boad . « « v v v v v o v v v e 0 0 o e e e s 12
Torque Loads at Various Sectioms. + +» « o v ¢ o v o« v o & « o 122
Shears, Moments, and Torques from Z Direction Compont 5. . . . 123
Pressure Celculations « + o « ¢+ 4 s ¢ ¢ o 0 @ o 0 e . os 0. . 120
JoInt Loads « v v 0 v v s e s e b e v b e e s e e s e e s e s 125

Attachment Reactions from Airloads for the Unsymmetr:t ul
Conditdon « « v 4 v v 4 v e e e e e e e e e s e e e s e . s 126

Bymmetrical Load Portion of Steady State Flight Condi ion
Ring Moments. . + « « « ¢ v o o o o e R R e R, . 0128

Bteady Otate Flight Condition Ring Momeuts. . . . . . Coe e . 129
Ring Moments from Shcrt Time Maneuver Loeds . . . . . . . . . . 130

Weight and Centers of Gravity for Control Rod Support
Structure and Actuator Mechanism. . « . . . . . . . e 10 ome Sl

Weights and Centers of Gravity for Reactor and Suppor System . 132

Thermal Expansion of Tangeni;ially and Radially Orient !

SPPINES « 4 ¢ 0 v o o e s s e e 8 e e st e e e e . ups D3
Summary of Criteria . . . . . . . . . . DS - - s e e . 13h
fable of Dynemic Test Runs, "Nominal Cunditicas™. . . s e e e 155

..+ UNCLASSIFIED

- Xvi -

ERO

md




UNCLASS! FIED o 5003

ASD-TDR-63-277, Vol , IV -

MAC A}

TABLES (Continued)

Table Page
XK1V Accelerometer Response, Run No. 4 . . . . . . . . .« . . ., 136
Xy Accelerometer Response, Run No. 10. « o v v « 0 v 0 o v 0 0 o 137

XXVI Weights and Centers of Gravity for Ejector Exhaust Nopzle . . 138

XXVII Required Materiasl Thickness . « + - ¢« ¢« ¢ ¢ ¢ o o . - « . . - 139
XXVIIT Shroud Pressure and Temperature Data. . » « o « o ¢ o o+ o o 140
A-1 Creep of Rene' Ll During Cyclic Testing . . . . « . . . . . 301

A-IT Tensile Propertics of Rene' Il Sheet After Cyelic Testing . . 307
A-IIT Creep-Rupture of Renc' 41 Sheet Control Specimens . . . . . . 303

A-TV Tensilc Properties of Rene' L) Sheet at Selected Strain Ra s . 30h

Page determinas to be Unclassified
Reviewed ROD, WHS

IAW EO 13528, 35

Date: 0CT 0 2 2p15

UNCLASSIFIED

- xvil -




MAC ASXX

DEGLASSIFIED INFULL -+
Authority: E013526 -
Chief, Recnr&s & Declass biv, WHS
oate: 0T 0°3 201

~SECRET REGTRE-GTED=RhEh

B e e
ASD-TDR~63-277, Vol. IV

wronr_6003

1.0 INTRODUCTION

The model MASO-XCB nuclear ramjet propulsion syste
Figures 1 and 2 consists of a variable geometry supersonic inle
fied isentropic spike, a subsonic diffuser incorporating a ver:
a nuclear reactor similar in construction to the Tory IIC reac
ted control system, and a convergent-divergent ejector type ex

'he inlet, which is an underslung, axisymmetrie,
compression type, has a translating centerbody spike with a msa:
seven inches. The apike actuation mechanism is honsed within
structure and 1s air-operated. Alr is supplied to the actugto
loceted in the centerbody structure. The bypass doors are loc:
1ty of the aft centerbody s Liucture ard are an integral purt o
inlet structure.

The subsonic diffuser duct, from afi of the super:
fronl fuce of the reaclor, is an integral part of the missile ¢

The nuclear reactor is composed of g meries of in
elements that make up the fueled core and front rear and redial
reactor is maintained in the form of a right circular cylinder
spring-loaded expsnsion shell peds. A series of axial tie tube
through the reactor) collect all aft directional loads through
pletes and transfer them to a Lront support struclure. All ax:
upon the reactor are transferred to the airframe through a eghet
in the vicinity of the front support structure.

The reactor control rod tranelating mechanisms are
of the front support structure and housed within the inlet duct
actvators are mounted in the annulus between Uhe diffuser duct
airframe.

The exhaust nozzle, is a convergent~divergent ejec
Tixed primory and sccondary nozzle flow areas. Thin desien emj
ent~divergent cuter shell with an inner shell in the convergent
The annulus between the inner and outer sheli 1is slzed such the
ing aiv (sccondary flow) cools the comvergenl portion of the nc
convect.ion. The divergent portion of the nozzle 15 then filmec
issuing from the annular passege Just aft of ihe thrcat.

The welghts and centers of gravity for the MAS0-XC
ents are shown in Table I. Margins of safely are presented in

Manuseript released by The Marquardi Ccorporetion on L5 Fetruary
cation as an ASD Technical)l Documentary Report.
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2.0 PROPULSION SYSTEM DESIGN CRITERIA

2.1 General Discussion

tem designed for high speed flight must be placed on lightweight a
structure, which will provide the necessary performance.
determine the shape and size of individual structural members to ot
imum weight of these structures. Design criteria are concerned wit the data
assoclated with the operational life, the associated loads, temper: ures, and
times at load and temperature.  Also included will be nomenclature

factors for use in analysis together with the physical properties ¢
ials used in fabrication.

reliable

nd design
Such data are presented in the pages fol owing.

2.2 Missicn Parameters

2.2.1 Contractual Requirements

Reference 1, Paragraph 1.1, to be used as a basis for propulsion sy tem design:

o Minimum range 11,000 nautical miles

Maximum payload 10,000 pounds

2.2.2 Flight Capability

High altitude cruise at 35,000 feet at Mach 2 ) to Lk.0:

Minimum {ime k.0 hours
~Maximum time 7.0 hours
Penetration at 500 to 1000 feet at Mach 2.8 t 7.0
Minimum time 2.0 hours
Maximum time %.0 hou.s
Component design lifetime to be adequate for pgh relia-
bility in performing above maximum requirements.
The Pluto propulsicn system is designated .u. wroguardi
Model MAS0-XCA Nuclear Ramjet Engine. Operating envelopes for this 'ngine are
presented in Reference 2. The envelope limits are associated with «+ mtrol and

actuator requirements end structural limitations of materials. Due o the es-
tablishmeat of temperature and pressure limitations (inlet air tota tempera-
ture of 1070°F and diffuser exit pressure of 420 psia), the system . mld oper-
ate at Mach 3.2, Sea Level, on an ICAO Standard Day.

This point pli es the sys-
tem 1n the most severe steady state operating ccndition (exceeding f

e require-
ments stated above) and should be taren as the structural design po. t.

SECRET RESFRASIED-DATA

Particular emphasis for efficient operation of any pr¢ ulsion sys-

Structur: design will
ain the min-

the mater-

The following typical mission parameters are pecified in
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2.3 Typical Mission Profiles

Vehicle total misnion flight profiles used by Marquardt > ICAO
Standerd and ANA 421 Hot and Cold Deys, and presented in Figures 3, ! and 5,
are reproduced for reference fraom Ling-~TemcoO~Vought data presented ir leference
3, and again in Reference 4. Critical Mach number ve. altitude combi ilions
from these curves are as follows:

Day Condition Operational Phase Altitude Mach Nec

_, (feet)

ANA h21 High Altitude Cruise 52,000 3.55
Hot Day Low Altitude Cruise 1,000 2.92
ANA k21 High Altitude Cruise 35,000 4.0
Cold Day Low Altitude Cruise 1,000 31
ICAO High Altitude Cruise 35,000 3.8
Std Day Low Altitude Cruisc 1,000 3.1

A typical regime represents a flight ot 11,000 nautical (les in
epproximately 310 minutes. These regimes consist of launch end rockc boost to
high altitude, steady state cruise at bigh altitude for approximately i-2/3
hours, letdown to low altitude in approximately 2.0 minutes, and otec s state
cruise to target for the balance of flight, approximately 1-1/% hourc During
eruise phagses intermittent maneuver anmd gust loadings will occur.

Contractual requirements of Section 2.2.0 specify a more 'ritiecal
design 1life of 10 hours. The flight =ivelope (Figure 6) for ICAC Ste lard Dey
specifies a more severe low altitude crulse combination of Mach 3.2 & Sea Level.
2.4 Flight Envelopes

The preliminary Pluto propulslon system operating cnvelc s for the
Model MASC-XCB Nuclear Ramjet for ICAO Standaxdi and ANA h21 Hot and ¢ .4 days
were presented in Reference 2 and ave reproduced in Figures 6, T, and 3. A typ-
jcal boost trajectory is shown in Figure 9. Idmits for these envelor : arae as
follows:

1, Mach 2.0 lower limit Is esteblished by operation re; .rements

on pneumatic components.

2. Upper altitude limit is establirhed as the line of ¢ istant

diffuser exil pressure of 5 psis (assures required to 1
pneumatic pressure ratio) up to 50,000 feet.

5. Mach number and eltitude requiremcrt iz set elthor t ram

air total temperature of 1070"F or a diffusexr duct t .al
pressure of %20 psia.
SFCRIT Reepeigbi e voe
ST TR TR ity
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2.5 Nomenclature

2.95.1

2.5.2

Operational Phages

As an aid to systematic aenelyses, propose typical mis-
slle mission profiles are divided into a series of operatcional 1ases. These
phases which are studied separately for individuval msximum loac 1gs and collec~
tively for lifetime loading effects, are the fullowing:

B2

2.

3.
b,
5.
6.

Reference Axes

The following reference axes notations we : used in the
analyses: (1) loads, linesr accelerations, and dimensions posit ‘e when acting
aft, up, and to the left (viewed from aftj;

and angular velocities about references axes follow the "left r <" rule:

Ground handling
Boost
a. Buraout (launch to burnout)

b. Beparation (booster scparation t¢ lgh altitude
cruise)

High altitude crulse
Letdown
Low altitude (penetratien) cruise

Weapons delivery (ejection of multipl stores during
finel phase of low altitude rlight)

(2) moments, angule accelerations,

A 4

+X 5 ey
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2.6 Basic Operational Factors
2.6.1 Inertial Load Factors
2.6.1.1 Flight Msneuver Factors ul Missile Center of ( avity
The inertial lcad factors precented in Table . [ repre-
pent the translational acceleration at the vehicle center of gravit: and are
reproduced from data presented by Ling-Temco-Vought in Reference 3. 3lotation-
al accelerations Wy and W, are referenced to the vehicle center of | avity.
Dynamic load shears and moments for ejection « multiple
warheads must be added to the static rigid body shears and moments ¢ rived from
these load factors.
2.6.1.2 Flight #aneuver Fransiationsl Inertial Load F: sors at
Centers of Gravity cf Individusl Componente
The component inertial loads shown In Table I' vere cal-

culated from data presented in Reference 3 (Figure 18).

2.6.1.3 Deeign Limit Load Factors for Reactor

The following inertial factors (Figure 19 of 1 ‘erence 3)
represent the combined inertial effects of both translational and r¢

ational
acceleration acting at the reactor center of gravilty at vehicle Fuse ige Sta-
tion 8i2.48, The vertical load “actors for the case of weapons eJec .on are

presented in Table V for the reactor end stations.

2.6.3.4 Design Limit Ground Handling Inertial Factors

Ghe following factors (Table VI) are in terms ' transla-

l:.iona].)a.cceleration at the missile center of gravity (refer to Refer iwce 3, Fig-
ure 20). }

2.6.2 Vibration Fnvironment

1. leunch-Boost Average 3.0g RM3 in % .0 2000 ep:
ail directions (180ab)
2. Cruise (Boundary Average 2,25 g in € .0 2000 cps
Layer Noise) 0l direclions{16Mkb)
2.7 Analytical Factors

2.T.1 Design Factors and Mactors of Gatety

Multiplying numeris=al factors vsed in the stru

ural en-
alysias design of structural components are classed as "Design Facior and "Tac.
tors of Safety" (Table VII).
. k]
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2.7.1.1 Design Factors

Structural deformstions glter propulsion
ance and, 1if excessive, mey result in functional failure. Desi
utilized to provide greater assurunce ageinst deformations that
to prediet with confidence.

2.7.1.2 Factors of Safety

Factours of Safety are utilized to reduce
of catastrophic structural failure, such as buckling or rupture

2.7.1.3 Limit Loads

A limit loed is defined as the maximum va
to which a structural member will be subjected during a critica
tion.

2.7.1.% Design Load

A design load is a 1imit lcad increased b
Design ¥actor of Factor of Safety.

2.7.1.5 Use of Factors

To avoid confusion, the limit values of 1
stresses shall be utilized in all calculations and design facto
safety applied only in the calculation of margins of safety.

2.8 Margins_of Safety

Calculated values of 1imit stresses increased by t
multiplying design or sefety factor are compared to the pertine
mechanicel strength properties and margins of safety derived as

( Allowable Stresses

Margin of Safety =
Limit Stresses X factor

2.9 Limits of Btructural Deformation

Material strain within the elastic action range ra
preduct function, but additional progressive deformation associ
and temperaturc will progressively alter propulsion system perf
result in system malfunction.

For a given functional design the cbject of atruet
iy to determine the amounts of deformatior thal can be tolerate
oive functional loss and then to provide the minimur weight str
accompllish these requirements.

stem performe
factors are
re difficplt

e possibility

¢ of the load
design condi-

8 specified

ds and/or
or factors of

sppropriate
allovable
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ed with time
manoe ard may

al design, then,
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Deformation limits vary between indiviGual structural : mponents,
depending upon their function in the system and the interaction bet en com~
ponents.

Allowsble limite of deformation are specified in the s arate an-
alyses of individual components presented in later sections of this eport.
2.10 Materiels and Material Properties

2.10.1 Choice of Material

A study of available materiels suitsble for h h tempera-
ture operation indicates that nickel bese alloys are the most sulta e for the
current load, time, and enviromment operationsl requirements of the luto pro-
pulsion system.

Rene' 41, a precipitation=hardened type of ni- el base
alloy, the strength of which is developed by verious sclution and & ng heat
treatments, appears to be more attractive for use in the present th =1l envie
ronment. However, if the thermal enviromment should become less se re, then
15-7PH may be considered.

2.10.2 Over Aging and Cyelic Ioeding

Long 1ife at temperatures approaching the pre. pitation
heat treatment range may result in excessive overaging and lower st e&s rupture
life. In addition, the low cycle~high stress ievel) fatigue life der 2eses rap-
idly st temperatures near the precipitstion trestment range.

Since the operaticunal temperatures of the inl structures
are in the 1000°F range, the chosen material should be investigated or cyclic
loading.

2.11 Design Parameters
Engine design parameters are shown in Figures 10, 11, : 1 12 pre-

serting net flow areas, Mach numbers, temperalurez, pressures, and i
requirements.
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3,0 INLET

5.1 Design
3.1.1 Discussion

Design layouts have been completed for tk
Basic 1lines are shown in Flgures 13 and 14, and structural fran
translation mechanism, and the bypass door aclustion mechanism
Figures 15, 10, and 1T, respectively.

The inlet 1s & complcte, self'-contained @
ing at Engine Station 49.318 (ab tip of spikes end terminating
tion 286.936. The inlet assembly is attached to the underside
by bolts through oversized holes for vertical lozds only and by
nection for forward and aft loads. Bide loadd are resicted by
the shear pin connection and six shear pins esqually spaced arot
al ring at Engine Station 286.936.

3.1.2 Boundary layer Alr Bleed

Provision for efficiently discharging inl
er blecd air is mede by ducting the air through the two lower o
annulus between the inner and outer shells of the inlet diffuse
boundary layer blced exits axially downstream through a stepped

B85 Bypass_Doors

Bypass doors are used to control the airf
tor. Due to the control package, the doors are located in the
of the supersonic inlet diffuser where the nuclear heat generat
low and space restriction for the actustor mechanism is less se
ara of the verticelly hinged, counterbalanced shutter type, mot
sldes of the inlet on the inlet horizontal centerline. The doc
to operate at a maximum pressure differential of 420 psi at des
gre capable of opening end reclosing wlthin three secords when
that the inlet restart during low altitude cruise. The doors a
means of a top crank operated from a single pneumetic actuator,
synchronigetion.

3.1.h Spike Translation

The inlet must be cvepable of start, reste
positioning at Mach nutbers bulow and auove design point. The
forward to start or restart the inlet and mugt retract for operx
Mach number. At reduced Mach numbers the intersecticn point of
sion shocke moves forward, and it is necessary to cxtend the sgp
kecp these shocks positioned properly on the centerbody and bou
forvard of this intersection point. The transleting spike is a4
1.00 inch and cxtend 6.00 inches foraurd from the design positi
by eritical operation at Mach 2.8. Also, ihe opike ie designed
under normal operation, at one inck per second with the capabil
ing 7.C0 laches in tnree seconds.

hasic inlet.
1g, the spike
‘¢ shown in

.embly stert-

- Bngine bBta-
the vehicle

+ shear pin con~

couple between

. the structur~

; boundary ley-
‘uts into the
such that the
mtlet.

W to the reac-
tbaonic section
n rates are
re. The doors
«cd on both
are designed
n point, and
. 15 reguired
rotated by
herehy ineuring

., and shock

ike must move
ion at higher
he two compres-
e fomrard to
ary layer bleed
igncd to retract
« n3 determined
o tramslate,
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The spike translation mechanism ig designed t¢ >perate

sgalnsl a meximum apike load of 58,000 pounds., A modified pneumatic zeer mo-

tor with servo valve (input speed: 1200 rpm; output speed: 8.2 rpm) -~ives a

cone drive worm gear (30:1 reduction), which drives a 19-tooth pinic , which

drives two racks (3 1/2 diametral pitch teeth with effective face w: .h of four

inches) that are attached to the inlet apike, thercby providing for
lation.

The centerbody spike is mounted to a gulde syt
consists of four one-inch rods {equally spaced circumferentially abc
dially located 5.25 inches from the inlet horizental centerline) anc
guide bushings affixed teo the infernal centerbody structure. Axial
vesisted by the actuation mechenism, anmd the side lowds are resisted
guide system.

Beilee/): Weights and Centerr of Gravity

Weights anmd centers of gravity for the inlet ¢
Table VIII.

3.2 Structural Analysis

3.2.1 Discussion

wne following preliminsry structural anelysis
let is concerned primarily with major structural items, (Figurcs 18
It has been found that in most cases the inertia forces counteract 1
alr loeds and are smpll in magnitude. It hae therefore been congilds
clently accurate to omit them from this analysis.

It has been assumed that the structure has bee
to three possible conditions:

1. A steady state, long time {10 hours) fligt
near sea level with air entering the inlet
pitceh angle.

2. A shart time flight regime (3 minutes) nee
level with air entering the inlet at 6.0°
angle and 3.6% yaw angle; this regime repr
& "pull-up" condition.

3. A short time flight regime similer to (2)
shock outside the cowl producing abnormal
loads on the spike ibaelf.

The following nomenclature is used in the gtrv

alysis;:
F = Stress, psi
A p = Pressure differentisl, psi
i = Moment of inertia. :Lnh
AT RSty v

3ike trana-

:m, which
s and ra-
oller
nds are
iy the

2 ligted in

! the in-
d 19).

: primary
:id suffi-

subjected

regime
w 1.0°

sea
.teh
ients

it with
iml

urgl an-
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b = Width of sectior, in.
t = Thickness, in.

F
cr
M.S. = Margin-of-safety

Alloweble crippling stress, psi

3.2.2 Cowl Iip

The pressures for & condition of Wech 3.0
from datae given in Figure 20 are combined as follows to determin
and deflections, as these were the only date available at the (i
ysis.

Pregsures on inocide and outside 1ip surfac
al length of 4.8 inches are shown in Figure 21 (Sketch A).

Pressures on inalde and outeide cowl surfa
ditionel axial length of 8.4 inches are shown in Figure 21 (Sket

These pressures are averaged ss follows tc
erage pressure on the whole 13.2 inches of axial length and a to
per inch of circumterence as shown in Figure 21 (8ketch Q).

Loading Pexr Inch of

AP Length Circumflerence

{psi) (inches) {1b/inch)

-37 (4.8) -~ 177.5 Skcteh
~96 (8.h) - 806.0 Sketch
-Th.5  (13.2) - 983.5

The foregoing loadlng of Figure 21 (Sketich
broken into three portions to represent unsymmetrical loading cc
could result from pitch or yaw angles of attack at the same alti

It is assumed in this analysis that the ou
on the windward side drops to one-half its original value, that
loeding on the leeward side could increase to twice its original
the loadings on the neutral sides would remain wmchanged. The ¢
which will Le superimposed one on another for anulysis of the st
pear in Pigure 22.

Streceec duc to hoop tensilon amd bending a
the 0° and the 90° locations. Section propertics and locations
et are calculated are shown in Teble IX and Flgure 23. Momente

SECRET RESHRGHEDD AT
© O A el T Ll

. 1000 fect
cOWl stresses
of this anal~

for an axi-~

¢ for an 8d-
:B).

‘ind the av-
L loading

) 1s now
itlons thet
de and speed.

ard losding

e outward
alue and that
ee loadings
cture then ap-

combined at
whlch stress-
e from Teblc X.
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3.2.2.1 Circumferential Location O°

L] w.n non 4 a -17 3 "0- 5
£ ("e", "g", or "n"} = Py m +3415 = + 8h3f9ﬁ0+-2“-- O"%——-—éjl o

= 5000 + 11,000 = 16,000 pei

., 98k x20 ~13,250(0.5¢Q) 5
%,94 0.631

£("s") 5000 ~ 10,500 = =~5500 pai

984 x 20 _ -13,250(0.147) _

f n, =
(R e 3.94 0.631

5000 - 3080 = +1920 psj

gy = + 284220, 213,250(0:067) _ 5 . 22,400 = 17,400 81
3.94 0.631

3.2.2.2 Circumferential Location 90°

A R Ma 984 x 20 . 1k4,500(~-0.522"
£("", "g", or "n") = F + ==+ +
i B Bl 1 3.9 0.631

= 45000 ~ 12,000 = ~TOOO psi

g("g") = + 284 2 20, 14,500(0.30) | ,s5000 + 11,500 = +16,500 i
3,94 0.651

L 98 x 20 . 14,500(0.147)
3,91 0.651

£("a") = = 45000 +3370 = +83T0 psi

, 984 x 20  14,500(1.067)
3.94 0.631

f( "l") Be = +5000 + gll,ﬁoo = +29,50C 81

3.2.2.5 Longltudinel Lip Bending at Station 6.92 (Holl 7 Section)

Bending Moment: 1989 inch-pounds

0.062 #'.'.I;IZ [ e T
Tntercostals as

Radial direction: required R—b“ 0.76
Cireunferential direction 0.062 =7 7 o1 [ e _l_.
— -
SECRETRESTRIEF DDA
B e arai AL L

.- 12 =~
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I = {0.062 x 1.0 x 0.34%92)2 = 0.01¢ ' in*

f’)J e yg— o 19390%%‘-242 = 15,800 pr  (longltudinal
- i tension ¢ 1nside surface

and longi winal compres-

sion on ¢ :side surface)

3.2.2.4 Longitudinal Iip Berding at Station 5. (Solid Section).

Depth is O.40 inch. Take circumferenti . dimension as
1.00 inch, moment s 925 inch-pounds:

£ = .’.41‘_3 - 995"6, 34,700 psi
1.0 x 0407

3.2.2.5 Margins of Safety

The stresses of Para. 3.2.2.1, 3.2.2.2, md 3.2.2.3 gre
all considered as "short time" stresses occurring during a me uver and/or
gust. TFor the purpose of design conservatism, the above stre 1es are ralsed
by the factor of 1.25 end compared with meterisl yield strese @ for short times.
At local poinis where buckling is not & problem, the operatir stresses are

reised by the factor of 1,10 and comparei with the materfal y :14 stresces~-
short time.

3.2.2.6 Circumferential Rending and Tension, Lc tion 0°

Temperature taken as 1100°F; material F ie' hl:

Tension on outside: MS = i10P5000 -1l = 4,25
+16)000 X 102

Tension at splice: Ms = 202000 x0. 1 4 ) 06
+ 16,000 x 1.

Compressicn on inside: MS = e sl05, 006 -1l =~ 3.Rp
~1,00 x 1 5 ‘
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Compression on leading edge {tangentisl direct

Take b = 2.00 1in., take t
(0.25-0.057) = 0.0846 in.

effective = 0.057 +

B/t = 200 . 236

0,084

1

0.452 ¥ (t)a 0.452 x 22.7 x 10° (——31 yope
- B p) =0.452 x T x 23, =

(Reference 6, Teble B 5.2)

MS c..;:@"h_oo_...-]_a 1.67

=1.25 x 5500

3.2.2.7 Circumferential Bending and Tension, Location

3.2.2.8

3.2.2.9

Temperature teken as 1100°F; materisl Rene' L1

Tension on inside surface: MS = E025000
+1.25 x 29,500

M . +105,000 x 0.8
Tension at splice: M e b e
2 " ¥ 1.10 x 29,50

Longitudinal Bending Stress at Location 0°
Temperature taken as 1100°F; material Rene' hl
Compreseion on outside surface from Para. 3.2..
There is a weld splice, so efficiency of joint
0.85: .

105,000 x 0.8%

MS = r-;b-—-*-~——- -1 = +0,56

45,800 x 1.25 2

Bummary Note

Bince the above calculations were made there h

slight modification of skin gages; however, 1t is believed that chan

gages will not apprecisbly affect the above analysis,

SECREFRESHRETH=Brirr -
SRLNAE— ENFRC A0,

n):

143

8,400 pui

1= 1.85

-1 =175

5

aken as

been a
6 in

- 1k -
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5.2,3 Diffuser Skin

3.2.3.) Bursting Effects

This applies to the Innei of double skin

R = 17.88 inches; design pressure inside 40O psi
(maximum which would occur locally betwe. frames)

Presgure outside = 15 psi; P =3 psi

By conventional formuls for bursting of : cylinder,
- BxR _ 385 x 17,88

b
Moterial: Renc' U1

Joint Allowable:

M = el82200
1.1 x 68,750

HT t 0.10

10 hours, 0.2% creep = 0.85 x 92,000 = Ti 100 psi

1

3.2.% Tioed Pathe of Unsymmetrical Airloasds

= 68,750 1

= -+ 0.03

3.2.4.1 Loeds Normal to Centerline of Jplke

ghown in Figure 24.

f = -l— & -——-—Ll»6 :d
n a 30,48

cone, is conservatively assumed to be zero.

The spike geometry and lcads normel to tl center are

The relation of cone length to diameter :

Although data are not availsble for value of f_ down to
1.51 {Reference T, Tables I and II), it is conservalive to use 12 shortes! cone
fn = 3.0, to arrive at normel force derivetives and centers of rcasure. The
value of 1‘&, ihe ratio of length to diameter for the cylinder ¢ meiream of the

1,51

T T JC
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From Reference 7 {Table I), with fa,=30ad f =0,

the change in normal force coefficient, Cp» with angle of attack, o using
the second order expansion method, is

ac, u
—= = 1.85 rad
del

1

From Teble II, £ = 3.0, fy = O, chld = 2.00 ( :eond

order expansion method), This places Center of Pressure at 2/3 the d tance
from the tip to the base of the £ = 3.0 cone.

At sea level and Mach 3 conditions, the dynamic messure,
q, is

E 2 1.1 , 2
= o 2ettd . 0° = 93,
q QPQMo P x b7 x 3.0 93.4 ¢

The normal force on the cone = Cn q 8 <, wher S is the
cross~sectional area of the cone base, and & is the angle of attack . radians.

Teke 5 = (77) (30.48%)/ 4 = 731 1n.2

Using the coefficient Cp of the preceding page (tiplied
by 1.23 to cover diserepancies that may exist between the theoreticel one and
the actual spike, the normal force per degree angle of atteck is esti .ted to be:

[

Fy = 1.25 x 1.B3 x 93.4 x 731 x -5—,?——3-%71‘-3& ~« 2730 1bs/deg

The fore ard aft center-of-pressure location fc this load
will be teken at 60 percent of the distance from the tip to the base compared
to the 67 percent for an f; = 3.0 cone.

3.2.4.2 Cowl and Innerbody Unsymmetrical Losdings

The loads of Figure 25 appear in plan view in F ure 26
along with moment load calculatians.

Design conditlions selected (see Figure 27) are i« 6°
pitch angle of attack for the inlet relative to entering air and 3.6° ngle of
yaw for the inlet relative to entering eir.

SECRET REGRR=-GFER-BATA
LR gty

- 16 -
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37,600 (127.86 + 32.60 + 39.06 - 10.4) - 10,8L0 (127.86 + 3¢

50) - 87,200

“EE 127.86

= (7,500,000 - 1,740,000 ~ 87,200) 127.86 = Lk, 400 1bs.

Shears, moments, and torgues from Y direction
only are shown in Figure 28. ‘

The torgues are considered as rcacted by the t
portion to the distence from the centerline to the fitting squired s
station. Such reaction distributions arg tabulated in Table XI.

Shedars, momente, and torques {rom Z direction
only are calculated belew, and the results are shown in Figure 29.

Distance from (A-2) to centroid of group is

2%5 = EQ%;EE = =77.% inches = centroid P of ve

reactions

Loads of Figure 29 are transposed to the centr
moment distributed out to the various reaction points as

n‘xl
P, = wnere minus belew indicates c
) 2 at joint
£ (x")
& (vertical lcad) = 62,800 - 18,080 = ki,

£ (moment about P) = 62,800 (199.52 « 77.3 -
- 145,200 - 18,080 (199.
T7.5 - 39.06)

< MP = + 7,020,060 - 145,200 - 1,502,000 = 9,

Load at any station (Lrom moment) is then

_ 5,372,200 x'

- = 28r 1
P 18,867 7 x

© The caleulation for this load is summarized in

SECREFRESIRICIEDDAFA
e e e e bk

- 17 =

Jmponents

1y in pre-
any one

mponents

.ieal

id and the

ipression

0 1bs

3h)

2,200 in-1lbs

able XII.
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The verticel load is divided egually among : 2 six ste-

tions.

353129 = TU52 1bs/each

To determine fore and aft loads, the struct
into segments and the radii and pressures of Figure 30 are appliec
sures given in Flgure 30 represent the symmetrical portion of the
load system used for analysis of the cowl lip.

The inside pressure of the imnerbody iz take
stead of 110 to cbtain conservative panel pressures. The pressure
appear in Table XIII.

Loads of Table XIII are now summarized (& p:
acting aft):

Spike lese skirt:
+754%0. + 2400 - 3350 -~ 6580 = +10 lbs
Splke ineluding skirt attached to it;
+10 - ¥370 = -U360 1bs
Fixed part of innerboldy complete:
~3500 - 28,100 - 56,600 -~ 56,300 = 14k,
Complete innerbody, including spike:
=14%,%00 « 4360 = 148,760 1bs
There will also be a drag on the wedge struc
the inlet and the vehicle. The half angle ie 8°, and the average
inches. The base width at Section A-A of Figure 18 is %0 inches.
From Reference B, the pressure ratio across
sional shock at Mach 3.0 for a half angle of 8° is p/p, = 1.80, sc
level conditions the pressure behind the shock 1s 1.B0 x 1h.7 = 2€
pressure is considered conetant from the cntering edge back to Sec

ure 18). The inside pressure will be considered as enbient, 14.7
present such that totel drag for the wsdge siructure aft to Sectic

2 18 broken
The pres-
symnety feal

ag 62 ine
:alculations

5 load 18 one

)0 1be

ure between
Hght 18 5.0

two-dimen~
;hat at sea
) psia. This
.on A=A (Fig-
1a, for the
A-A becomes

(50 in. x 5 in.) (26.5 - 1b.7)} = (2%0) (11.€ = 2950 1lbe
q (ref. only) = %c‘ P0M02 = l%'l' x BT x3.0 =93.} ps!]
S il vy
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Axial losd from the inlet and wedge struc
= 148,760 + 2950 = ~ 145,810 1bs (ac

The effect of inlet forward load on the v

al the inlet vehicle joint is now considered. The anelysis 15
presented in Figurc 29. However, in this case, the couple whic
tically at the six fittings, results from axiasl loading on the
the vertlcal centerline of Section E-E.

below.

Figure 31 shuws the fitting. Calculatior

The couple resulting from torward load on
145,810 x 25.08 = 3,560,000 in./1bs

Point P 18 the centroid of the vertical r

29 ynd Table XII) that must rerist this moment.

The lead at any station due to the applie

3,660,000 x'
o 22860,000 x' '
16867 194.0 x

This example is evaluated in Table XIV.

3.2.4.3 Summary Tables of Attachment Reactions

from wirloads of the unsymmetricel condition are listed in Tabl XV.

Following the nomenclature of Figurc 18,

Loeds marked with an asterisk would act o

tion of the split frame at Section (A~A), rather than dircetly

(k) and (1).

3.2.5

strut

The forward lond is 148,760 1bs from the

diffuser douwle wall for a normal cruising condition (Page

1load on each 1s:

There are three struts to carry this shea

48,160
_1.5%.!_1 = 1,500 1bs

GG ol i

re is then:
ng torward)

‘ticel fitting
milar to that
is reected ver-
‘ag fitting at

are presented

he inlet is:

ctions (Figure

momenl is then

e reactions

the aft por-
ritting points

nerbudy to the

load, so the

- 19 -




by

MAC A3

DEGLASSIFIED IN FULL

Ruthority:
Chief, Rggcmds&neclassmwms .

E0 13526

Date: ocT 0 9 2015

. 6003
ASD-TOR-83-277, Vol V. ik
Redial reactions induced at spar stations (B | and (F-F)
are:
’*_9_;52_2‘);6,_@ = 10,020 lbs total in radis directlion
These reactions are spportioncd between innex and outer
support rings in inverse proportion to the ring radii cubed for pre .minery de-
sign purposes (see Pigure 32). NOTE: Short time maneuver loads f1 o the inner-
body could produce loads of
~204, 400
-IES,TEO
or 1,38 times the ebove values (see Pars. 3.2.5.2).
%.2,5.1 Struts (Normal Symmetricel Loads Alone)
Load on struts from supporting rings are show in Figure
33.
3.2.5.2 Speclal Load Conditions Wherein Shock Has Mcv L Forward
From Its Normse). Location
With the shock moved well forward, the aft 1< .8 on the
spike is et 40,000 lbs. Using thc normsl cruising pressures for th fixed por-
tion of the innerbody, the minimum forward load of ihe entire innexr dy is now
estimated as follows:
Minimum Forvard Loed = ~148,760 + 4360 + 40,000 = ~1C 000 lbs
(Reference Page
With the shuck moved well aft, the spike forw d loed has
been estimated at 60,000 lbs. Using the normal cruleing pressures r the fixed
portion of the .lnnerbody, the meximum forward load of the innerbody £ estimated
as follows:
Maximum Forward Load = -148,760 + 4360 - 60,000 = -20k OO0 1bs

The above may bc compared with the normsl cru
forward load:

Normal Forward Load = -144,4GO -~ 4360 = -148,760 1bs (

.e condition

ge
3.2.5.3 Loads on gStrut Spars from Ungymmeirical Loade Jormal tc
the Centerline
The total loads from the srike and the fixed rtion of

tke innerbedy, as shown cn Figure 26, are the reeultant losds on a
3c® 58* from a vertical plane.

'SEG'R& .”s' Imﬁ . - F
=3 SR G SRS D O Rl

.anc rotated

.20 -
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T 64,000 8,100 (2
X - Direction Reaction "R" + "S" = 600,000 x § + éiifgﬁ' - E;"'iiéi

= 40,000 + 47,700 - 59,800 = +27,90¢

Ioad "R" = ILoad on "8" = ﬂlg—@ 13,950 1bs Tension on Joint

%.2.6 Innerbody Ring at Section (F-F)

The innerbody rings, the diffuser ring, and the
form a redundant system of loed paths. However, a simplified and cor
set of lopds on the innerbody ring of Section (F-F) has been employed
the maximum bending moment. The ring is subjected to both transient
and steady state long time losds.

3.2,6,1 Steady State Long Time Loads

The innerbody forward lomd ie taken ap -148,7T6C
ures 32 and 33)., The loads normal to the centerline of the irnerbody

sidered the same as those for the 1° angle of attack condition which
aixth of thoce in Figure 36.

Steady State Flight Condition Ring Moments are
in Tabels XVI and XVII.

For the unsymmetricel portion of moments, PR is
10.79 = 40,500 (eee Figure 37). Moments for symmetrical portion of 1
carried over from preceding page.

3,2.6.2 Short Time Maneuver Loads

The innerbody forward load is teken as ~204,000
is 1.38 times normal thrust (see Figure 32 end Paragraph 3.2.5.2). 1T
then appear as shown in Figure 38,

The unsymmetrical load is taken as 7/6 times th
loed shown in Figure 36.

Ring moments from short time maneuver losds are
in Table XVIII, and ring section properties are calculated in Figure

3.,2.6,5 Stresses and Margins

Using the ring scction properties and the lwo b
ing condition ring moments determined in the previous pagee, the mrg

safety of this ring are calculated as follows (Material is Rene' k1):

06)

bs

itruts
rrvative
;0 £ind
tort time

bs (Fig-
we cons
: one

leulated
,750 x
da are
b8, which
loadings

vertical

alculated

ic load-
s of

e - BarEa
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Steady State - Long Time Loading:
_Mc _ -27,100 x 1.84 _
Free Flange fbi S o = =15,250 psi {C pression)
I.B. Skin near Flange f, = =2L,10 (-1:49) | 110,000 1 (Temsion)

hour exposure at 1J00°F.

o 3.e7

It is proposed to maintain © 10 percent
material yield and a 25 percent safety factor to structural fa
allowable i3 taken as the stress level to forece a yield of 0.2
The ultimate alloweble is teken &8 t

percent yield stress at 1100°P:

Free Flange fbi == a2 = 5] ,800 psi (Co

I.B. Skin near Flange rbo

ylelding commences.

M3 on Yield =0e 009 — -
1.10 (-15,250)
MS on Pailure = —0200

1.25 (-15,250)
Short Time Maneuver Loading:

Me -92,060 x 1.84
I 3.27

3.27

It 1is propused to maintain a 10 percent
material yield and a 25 percent safely factor Lo structiural fa
yleld is employed here for the allowable, because buckling cou

~105,000
1..10 (51,800)

M3 on Yield

MS Against Faillure =
1.25 (51,800)

SEERET RESTRHGEEB=DArrr

_ =92,060 (~1.45) _ +40,800

N 105 ¥ 000 .

fety factor to
ure. The yileld
ercent with 25«
short time 0.2

mple

Ample

ression)

4 (Tension)

fety factor to
ure. BShort time
oceur when

.45

+0,62

t

Ny

W
1
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3.2.7 Innerbody Skin

At Section (F-F) of Figure 26, the following .re the
loads across the section:

Shear forwerd of section: 21,090 1lbs (transv 'se)

Moment &t section: 169,400 in.-lbs :

Shear aft of section: 169,400/32.6 = %,200 1  (trans-
verse)

Normal shear flow to each longeron from inne ody thrust
is 49,500/32.6 - 1520 1lbs/in. (see Figure 32).

Normal shear flow to each longeron from shor time thrust
with shock in sbuormasl position on the spike is 1.38 x 1520 = 2100 bs/in. (see
Figure 37).

Shear buckling forward of Section (F-F):

Panel width, 5.00 inches; radius, 12.5 inche
t, 0.125 in.

Maximum shear on side

v oo 21,090
7E ° FPr 5 x0.15 - D0 mi

To eacimale ciitical shear buckling, see Refi ence 10.

(0.10E) + 5E (&)2 {1 +0.8 (%)2]} 0.75

-3
c
—

6, 0.125 6 o.1252[ g_;ﬂ .
(0.10 x 22.5 x 10° x 12_.5)+5x22x10 (21 Y [1+0 (5 0.75

= (221 500) + 3980 [15.1] 0-75 = 62)000 pS'.l

The margin of safety against shear buckling : adequate.

h = 5%/&
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53.2.7.1 Collapse of Skin between Frame Supporst . st Forwurd of
Section (F-F)
Normal pressurces are 511 pai outside and 2 psi inside

(Figure 30). However, to account for possible higher values o
duced by angles of attack and yaw, & maximum cutsidc pressure

62 psia ingide will be employed here. Therefore, A P = 338

ence 11, Page 30€, able XVI, Cond. §, Support 31):

p' = pressure of collapse from external

1/4
1 51._2_/

1-92 ,°

= 0.807 % ( n“ha

It is proposed to maintain a safety fact
on the peak short tfme operating pressure:

485 ~ = 1 = +0.30

M8 =
1.10 x 338

3.2.7.2 ghear Buelking of Skins between Sections

pressure intro-
400 psias with
1 (see Refer-

eagure

pela

of 10 percent

+F) and (E-E)

Losding (short time maximum) Ffrom Paragn
2100 1b/in. to allow for uneven distributions plus shenr from -
{skin chear to each side of strut is taken at 75 percent, or O
1575 1b/in. To estimate critical shear buckling stress as in )
(except frame spacing is 7.7 und R is.11.50 in.):

0

= 39,000 psi

Since it 1s proposed to maintain a safet;
percent for this shori time buckling shear ctress, the margin ¢

Mg e LBLOO g ST.000
1.10 x (2L 12,860
0.125

, g

2 |
B = (0.10E%)+5E(§) I -»o.s(%j

213.2.7 is
msverse shear
5 x 2100 =
ragraph 3.2.7

ractor of 10
safety is:

)le

- 25 -

B P,

- ey
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5.2.7.5 Collapse of Skin Between Frame Supporte Aft of 3ection

{F-F] =

Design pressure, with some allowence For asymr :ry at
angles of attack, is taken as

1.15 x 311 = 358
AP = 358 - 62 = 296 pai

6 2 PReYL
p' % = 0.807 x 225 %10 x0.125 (L )3 0,129

7.7 x 11.5 1 - 0.5° 11.5°

= 341 psi

Proposed extra margin between operating load € 1 buckling
failure is 10 percent.

341
1.10 x 296

MS = -1 = +0.05

3.2.7.4 Innerbody Intermediate Freames

Aft of Section (F-F) of Figure 19, the penel £ 1cing 18
7.7 inches. Maximum differential pressure is 358 - 62 = 296 psi, I ding on
one ring per inch of 1its circumference is 296 x 7.7 = 2280 1bs per 1 :h, The
elastic stability capacity of the ring is computed following Referer

+ 11, Page
295, Tuble XV, Cose 12, The section properties appear in Figure N0,

o JEI .. 2 x@E3x lO6 x 0.081LT

o 12..28°

3810 1bs per ir

It is proposed to keep a 25 percent extra fact * against
such a collapse; therefore,

= -——5§—19—-—- -l +O.3’I
1.25 x 2280

L O -

*Reference 5, Page 306, Table XVI, Cond. @, Support 31
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The eritical loads (Figure 41) en this pi occur at the
meximum f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>