
The Black Vault
The Black Vault is the largest online Freedom of Information Act (FOIA)
document clearinghouse in the world.  The research efforts here are
responsible for the declassification of hundreds of thousands of pages

released by the U.S. Government & Military.

Discover the Truth at: http://www.theblackvault.com

This document is made available through the declassification efforts 
and research of John Greenewald, Jr., creator of: 

http://www.theblackvault.com


UNCLASSIFIED 
 

AD NUMBER 
AD350590 

CLASSIFICATION CHANGES 
TO: UNCLASSIFIED 
FROM:           SECRET//RESTRICTED DATA 

LIMITATION CHANGES 
TO: 
Approved for public release; distribution is 
unlimited. 

FROM: 
Distribution authorized to U.S. Gov't. agencies 
and their contractors; 
Administrative/Operational Use; FEB 1963. Other 
requests shall be referred to Aeronautical 
Systems Division, ATTN: Propulsion Laboratory, 
Wright-Patterson AFB, OH 45433. Restricted 
Data. 

AUTHORITY 
OSD/WHS memo dtd 17 Mar 2016; OSD/WHS memo dtd 
17 Mar 2016 

 

THIS PAGE IS UNCLASSIFIED 



DEPARTMENT OF DEFENSE 
WASHINGTON HEADQUARTERS SERVICES 

1 1 55 DEFENSE PENTAGON 
WASHINGTON, DC 20301-1 155 

MAR 1 7 2016 

MEMORANDUM FOR DEFENSE TECHNICAL INFORMATION CENTER 
(ATTN: DTIC-OQ INFORMATION SECURITY) 

8725 JOHN J. KINGMAN ROAD, SUITE 0944 
FORT BELVOIR, VA 22060-6218 

SUBJECT: OSD MDRCase 13-M-3701 

We have reviewed the attached document in consultation with the Department of Energy, 

Department of the Navy, and Department of the Air Force and have declassified it in full. If you 

have any questions please contact Mr. John D. Smith by phone at 571-372-0482 or by email at 

john.d.smith887.civ@mail.mil, john.d.smith887.civ@mail.smil.mil, orjohn.smith@osdj.ic.gov. 

George R. Sturgis 
Deputy Chief, Records and Declassification 
Division 

Attachments: 
1. MDR request w/ document list 
2. Document 2 

#% 
W 



AD 

nrSTMCTCD DATA 

35 0590 

DEFENSE DOCUMENTATION CENTER 
FOR 

SCIENTIFIC AND TECHNICAL INFORMATION 
CAMERON STATION, ALEXANDRIA. VIRGINIA 

Office of the Secretary of Defense   -> ^S-SSä- 
Chief, KBD.'EST). WHS + 
Date: C&. C>C-Y  5&NS Authority: EO 13526 
Declassify:     "A Deny in Full: ( 
Declassify in Part:  
Reason: _ 
MDR: V>>   -M- 23SÜ 

I Department of the Navy 
DON/AADRMD 
Date: i^*^ Authority: EO 13526 
Declassify:   %  Deny in Full:  
Declassify in Part:. 
Reason: 
MDR 

Authority: EO 13526 
Chief, Reconls&Oeclassi 

i: OCT 0 2 2015 
DEPARTMENT OF ENERGY DECLASSIFICATION REVIEW 

10/17/13 1iT Review Date 
Aithority: 
Name: 

HDC     gDD 
L. Shankle 

10/30/2013 

D ETERMINATI0 N (Cl RCLE N UM8 BT81 
i CLASSIFICATION RETAINED       MOI 
^CLASSIFICATION CHANGED TO: Nol 

2" Review Date:. 
Authority: DD 
Name: S. FivOZinsky 

CONTONTNO'DOECLASSIFiEDINFO 
COORDINATEWrTH:. 

,5. CIäSTFTCäTION'CANCELED 
|E. CLASSIFIED INFO BRACKETED 
7. OTHER (SPECIFY): 

RESTRICTED  DATA- 

|3-M-^0/ 



NOTICE: When government or other drawings, speci- 
fications or other data are used for any purpose 
other than In connection with a definitely related 
government procurement operation, the U. S. 
Government thereby incurs no responsibility, nor any 
obligation whatsoever; and the fact that the Govern- 
ment may have formulated, furnished, or in any way 
supplied the said drawings, specifications, or other 
data is not to be regarded by implication or other- 
wise as in any manner licensing the hoider or any 
other person or corporation, or conveying any rights 
or permission to manufacture, use or sell any 
patented invention that may in any way be related 
thereto. 

NOTICE: 

THIS DOCUMENT CONTAINS INFORMATION 

AFFECTING THE NATIONAL DEFENSE OF 

THE UNITED STATES WITHTiN THE MEAN- 

ING OF THE ESPIONAGE LAWS, TITLE 18, 

U.S.C., SECTIONS 793 and 79^. THE 

TRANSMISSION OR THE REVELATION OF 

ITS CONTENTS IN ANY MANNER TO AN 

UNAUTHORIZED PERSON IS PROHIBITED 

BY LAW. 

"in i ii i - n fn ifniriiiliiil 
Reviewed Cfttef.«oa WHS 

DateOCT 0.2 2015 



2 

-SEeffEnBECTIGTCP DATA 
«MUHIL BMKGl ALI uriü?* 

ASD-TDR-63-277 
Volume IV 350590 

r" 

(UNCLASSIFIED TITLE) 
NUCLEAR RAMJET PROPULSION SYSTEM 

APPLIED RESEARCH AND ADVANCED TECHNOLOGY 
(PROJECT PLUTO) 

VOLUME IV 
PROPULSION SYSTEM DESIGN AND STRUCTURAL ANALYSIS 

.'^TECHNICAL DOCUMENTARY REPORT ASD-TDR-63-277,   VOLUME    V 

15 February 1963 

Directorate of Aeromechanics 
Propulsion Laboratory 

Aeronautical Systems Division 
Air Force Systems   Command 

Wright-Patterson Air Force Base, Ohio 

Authority: E01352S, 
Chief. toFds& Dec \mi 
Dates on 0 2 2015 

Project No    655A.   Tasks Nos.   I   and 5 

(Prepared under Contract AF 33(657) -8123 
by The Marquardt Corporation,   Van Nuys,   California 

Author:   R    D.  Grossman) 

'Mi  * & 

\\\r, 

3 
U ATOMIC tuiMM AU or n/9* 

6i AS KM-3 6 

-r-T rmw: !8~ 



iipom. 6003 

1 

NOTICES 

BMl    rlr.oii.nnf-     nnnfnfrtg     y*a R | r | r. t o(<    data   BS    defined    -tn 
of 195'l-     Its tranamttta)  or the dTaTTrflTfrr' yf  III i  II nl i ill 
an tmauthortagiL, irr    II pföEIbiteä hy Jaw. 

When US Ooverntnent drawings, specifications, or other els 
any purpose other than a definitely related government proem 
the government thereby incurs no responsibility nor any obllf 
and the fact that the government may have formulated, furnlsfr 
supplied the said drawings, specifications, or other data is 
by implication or otherwise, as in any manner licensing the I 
person or corporation, or conveying any rights or permission 
use,   or sell any patented invention that may in any way be r« 

Copies of this report should not be returned to the Aerc 
Division unless return is required by security consideration 
obligation,  or notice on a specific document. 

1c Energy Act 
any manner to 

L are used for 
lent operation, 
.ion whatsoever; 
.,  or In any way 
>t to be regarded 
.der or any other 
> manufacture, 
ted thereto. 

.utical Systems 
contractual 

mmmma 
Authority: EO 23523 
Chief, RecsrdsS DecSassik lit 
Date; OCT 0 2 2015 



UNCLASSIFIED 

ASD~TPft-frJ-277. Vgl. IV 
It'OtT, 

<1 

6003, 

FOREWORD 

This report was prepared by The Marquardt Corpon 
California, on Air Force Contract AF 33(657)-8123, under Task 
of Project Mo. 655A, "Nuclear Ramjet Propulsion Systems Reaeaj 
ogy". The work was administered under the direction of the K 
atory (Directorate of Aeromechanics), Aeronautical Systems M^ 
Latham was Project Engineer for the Laboratory. 

The studies presented here were performed during 
led 1 January-31 December 1962. The Marquardt Corporation ad 
der the direction of A. 0. Mooneyham, Senior Project Engineer 
utors were J. G. Bendot, Aerothermodynami.es; B. D. Grossman, ] 
ment; R. K. Kuno, Controls. 
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This report is the final technical summary repor1   ind concludes 
the work on Contract AF 33(657)-8l23.    The contractor's repori   number is 
Marquardt Report 6003.    The volumes of thin report arc as foi:    /c: 

Volume T: Summary 

Volume II: Propulsion System Performance and A<   ^thermodynamics 

Volume III: Propulsion System Controls 

Volume IV: Propulsion System Design and Struoti    ll Analysis 

Volume Vl Propulsion System Test Planning and     found Test 
Facility Studies 

Volume VI:       Structural Materials  Investigations 
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ABSTRACT 

(This abstract IBVIJLIJIT lud fHPOTTO) 

This volu/re contains tht raoult« of design, structures 
ialfl studies and structures component tenting or a nuclear projjulsii 
support of the Pluto reactor program. The Be studies Include dcnlßii 
structural analysis of fiteady »tut« and dynamic loads> material eva 
recommended dynamic and structural, test prqjraaa. The methods Of ai 
have been outlined in each case for referenco. 
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SUMMARY 

The mechanical and structural design effort during ,bis contract 
period (l January 1962 through 31 December 1962) has been direc id towardc the 
design of a flight type propulsion system, deeignated the MA50- 'B, which in- 
corporates a reactor reflecting O.'ory IIC reactor technology. I 'ort has alBo 
been expended in design and fabrication of development test haj .'are for com- 
ponent testing. 

Design layouts have been completed for the MA50-XC Propulsion Sys- 
tem in addition to the major components that make up the entire ;yßtem; namely, 
the inlet and diffuser duct, ejector exhaust nozzle, reactor cc ,rol rods sup- 
port system,  reactor lateral and axial support structure,  inlei ipikc transla- 
tion and bypass door mechanicm and eKhaust nozzle attachment, 

Design and fabrication have been completed for the Urect-connect 
and free jet aerodynamic coupling test hardware, engine alrfran lateral attach- 
ment test hardware,   and reactor lateral suppoi-t spring test hm fare. 

Teat outlines and test results for the aerodynamic -oupling tests 
are reported  in Volume II of this report. 
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1.0   INTRODUCTION 

The model MA50-XCB nuclear ramjet propulsion systt 
Figures 1 and 2 consists of a variable geometry supersonic inl< 
fied isentropic spike, a subsonic diffuser incorporating a var 
a nuclear reactor similar in construction to the Tory IIC reac 
ted control system, and a convergent-divergent ejector type ex) 

The inlet, which is an under-slung, axisymntetrlc, t 
compression type, has a translating centerbody spike with a raa: 
seven Inches. The spike actuation mechanism i6 housed within ■ 
structure and is air-operated. Air is supplied to the actuatoJ 
located in the centerbody structure. The bypaas doors are loci 
Ity of the aft centerbody t iructure and are an integral part oi 
inlet structure. 

as shown in 
with a medi- 
ale area bypass, 
r with Integra- 
nt nozr.le. 

ternal-internal 
aum travel of 
9 centerbody 
through a slot 
id  in the viein- 
the supersonic 

The subsonic diffuser duct, from «ft of the supsn 
front Ca.w  of the reactor, is an integral part of the missile * 

The nuclear reactor is composed of a series of lnc 
elements that make up the fueled core and front rear and radia." 
reactor is maintained in the form of a right circular cylinder 
spring-loaded expansion shell pads. A series of axial tie tubs 
through the reactor) collect all aft directional loads through 
plateß and transfer them to a front supjiorl structure. All ax: 
upon the reactor are transferred to the airframe through a she« 
In the vicinity of the front support structure. 

The reactor control rod translating mechanisms are 
of the front support structure and housed within the inlet dud 
actuator's are mounted in the annulus between the diffuser duct 
airframe. 

The exhaust nozzle, is a convergent "divergent ejec 
fixed primary and secondary nozzle flow areas. Thin design emj 
ent'divergent outer shell with an inner shell in the convergent 
The annulus between the inner and outer shell is sized such the 
ing air (secondary flow) cools the convergent portion of the nc 
convection. The divergent portion of the nozzle *K then film-c 
issuing from the annular passage just aft of the threat. 

The weights and centers of gravity for the MA50-XC 
ents are shown in Table I. Margins of safety are presented in 

lie inlet to the 
rframe structure. 

/Idual ceramic 
reflectors. The 
!  a series of 
(which paBS 
iar bearing 
I load» Imposed 
ring located 

lounted forward 
Control rod 

id the missile 

ir type with 
>yn a converg- 
lection only, 
the  engine cool" 
ile by forced 
)led by tho a:tr 

and its compon- 
iMe II. 

i 
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2. 0   PROPULSION SYSTEM DESIGN CRITERIA 

2.1 General Discussion 

Particular emphasis for efficient operation of any pre 
tern designed for high speed flight must be placed on lightweight ai 
structure, which will provide the necessary performance. Structure 
determine the shape and size of individual' structural members to ol 
imum weight of these structures. Design criteria are concerned wii 
associated with the operational life, the associated loads, temper« 
times at load and temperature. Also included will be nomenclature 
factors for use in analysis together with the physical properties c 
ials used in fabrication. Such data are presented in the pages fo! 

ulsion sys- 
reliable 
design will 
ain the min- 
the data 

ures, and 
nd design 
the mater- 

owing. 

2,2 Mission Parameters 

2.2.1       Contractual Requirements 

The following typical mission parameters are    pecified in 
Reference 1,  Paragraph 1.1,  to be used as a basis for propulsion sj   tern design: 

Minimum range 11,000 nautical miles 

2-2.2 

Maximum payload 10,000 pounds 

Flight Capability 

High altitude cruise at 35,000 feet at Mach 3 3 to h.0: 

Minimum time k.O  hours 

Maximum time 7-0 hours 

Penetration at 500 to IOOO feet at Mach 2.0 t .',.0: 

Minimum time 2.0 hours 

Maximum time .0 hou.'i 

Component design lifetime to be adequate for 
bility in performing above maximum requirements. 

The Pluto propulsion system is designated >.«« 
Model MA50-XCA Nuclear Ramjet Engine. Operating envelopes for thin 
presented in Reference 2. The envelope limits are associated with 
actuator requirements and structural limitations of materials. Due 
tablishment of temperature and pressure limitations (inlet air tota 
ture of 1070°F and diffuser exit pressure'of Jt20 psia), the system • 
ate at Mach 3.2, Sea Level, on an ICA0 Standard Day. This point, pli 
tem in the most severe steady state operating condition (exceeding ( 
ments stated above) and should be taken as th» structural design po: 

gh  relia- 

Lrquardt 
ngine are 
mtrol and 
0 the ec- 
tsmpera- 
iu.ld Oper- 
as  the  eys 
e  requiror 
t. 
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2-3 Typical Mission Profiles 

Vehicle total mission flight profiles used by Marquardt 
Standard and AHA 1(21 Hot and Cold Days, and presented in Figures 3, i 
are reproduced for reference from Ling-Tameo-Vought data presented ir 
3, and again in Reference k.    Critical Mach number vs. altitude ccmbJ 
from these curves are as follows: 

Day Condition 

ANA 421 
Hot Day 

ANA hSl 

Cold Day 

ICAO 

Std Day 

Operational Phase Altitude 
 ,_ (feet) 

Wgh Altitude Cruise .12,000 
Lov Altitude Cruise 1,000 

High Altitude Cruisie 5:3,000 
Low Altitude Cruise 1,000 

High Altitude Cruise 35,000 

Low Altitude Cruise 1,000 

Mach Nc 

3.55 

2.92 

4.0 

3.1 

3.8 

3.1 

A typical regime represents a flight of 11.,000 nautical 
approximately 310 minutes. These regimes conßist of launch and rocKc 
high altitude, steady state cruise at high altitude for approximately 
hours, letdown to low altitude in approximately 2.0 minutes, and otec 
cruise to target for the balance of flight, approximately 1-1/3 hourc 
cruise phases intermittent maneuver and gust loadings will occur. 

Contractual requirements of Section 2.P.0 specify a more 
design life of 10 hours. The flight envelope (Figure 6) for ICAO Ste 
specifies a more severe low altitude cruise combination of Mach 3.2 < 

2.1* 

The preliminary Pluto propulsion system operating cnvelc 
Model MA50-XC.B Nuclear Ramjet for ICAO "standard and ANA '(21 Hot and C 
were presented in Reference 2 and are reproduced in Figures 6, 1, and 
ical boost trajectory is shown in Figure 9- Limits for these enveloj 
follows: 

1. Mach 2.0 lower limit J,e established by operation req 
on pneumatic components. 

la not either t 
air total temperature of 1070"F or a diffuser duct t 
pressure of 420 peia. 

teener mm IGT m mm 
«mini L, iirui m 

.. t. 

+9* 

m. 6003 

JT rcAo 
and 5, 
ieference 
it ions 

Lies in 
boost to 
i-2/3 
f state 

During 

critical 
lard Day 
Sea Level. 

\B for the 
-d days 
i.    A fcyp- 
1 are as 

.rements 

2.    Upper altitude limit is established as the line of c   istant 
diffuser exit pressure of hj psia (assures required      to 1 
pneumatic pressure ratio) up to 50,000 feet. 

ram 
.ai. 
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8.5 Nomenclature 

2.5«J       Operational phases 

As an aid to systematic analyses,   propose typical mis- 
sile mission profiles are divided Into a aeries of operational lases.    These 
phases which are studied separately for individual maximum loac igs and collec- 
tively for lifetime loading effects,  are the following: 

1. Ground handling 

2. Boost 

a. Burnout (launch to burnout) 

b. Separation (booster separation tc   ilgh altitude 
cruise) 

3 •    High altit'jde cruise 

k,    Letdown 

5. Low altitude (penetration) ci-uiSe 

6. Weapons delivery (ejection of multip]    stores during 
final phase of low altitude flight) 

2.5-2        Reference Axes 

The following reference axes notations we i ußed in the 
analyses:  (l) loads,  linear accelerations,  and dimensions posit e when acting 
aft,  up, and to the left (viewed from aft)j (2) moments, angule accelerations, 
and angular velocities about references axes follow the  "left Y id" rule: 

* +x 
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2.6       Basic Operational Factors 

2.6.1   Inertlal Load Factors 

2.6.1.1 Flight Maneuver Factors at Missile Center of I 

The inertial load factors preeented in Table ! 
sent the translations! acceleration at the vehicle center of gravit: 
reproduced from data presented by Ling-Temco-Vought in Reference 3. 
al accelerations W and Wz are referenced to the vehicle center of i 

Dynamic load shears and moments for ejection < 
warheads must he added to the static rigid body shears and moments ( 
these load factors. 

ivity 

I repre- 
jnd are 
dotation- 
ivity. 

multiple 
rived from 

2.6.1.2    Flight- Maneuver 'franc latjonal Inertial Load Ft ^oro at 
Centers of Gravity of Individual Components 

Die component inertial loada shewn in Table B 
culated from data presented in Reference 3 (Figure 18). 

2.6.1.3 Design Limit Load Factors for Reactor 

The following inertial factors (Figure 19 of I 
represent the combined inertial effects of both t..*anßlational and re 
acceleration acting at the realtor center of gravity at vehicle Fust 
tion 842.48. The vertical load Vactors for the case of weapons ejec 
presented in Table V for the reactor end stations. 

2.6.1.4 Design Limit Ground Handling Inertial Factors 

The following factors (Table VI) are in terms 
tion&l acceleration at. the missile center of gravity (refer to Refei 
ure 20). 

2.6.2   Vibration Environment 

1. Launch-Boost Average 3-Og RMfl :in I 
ail directionu (l80dn) 

2.7 

2.    Cruise (Boundary     Average 2,25 g In 
Layer Noise) all directions'l61kVb) 

Analytical Factors 

3.7*1       Design Factors and Factors uf tiat'ety 

fere cal- 

Terence 3) 
itional 
ige Sta- 
.on are 

' transla- 
te 3,  Fig- 

,o 2000 cp: 

.o 2000 cps 

Multiplying numeric-al factors used in the stri. 
alysis design of structural components are classed as "Design Factor 
tors  of Safety"  (Table VIl). 

&€e^a-ficDTnieTEej pj'f?A- 

ural an- 
und "Fac- 
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2.7.1.1 Design Factors 

Structural deformations alter propulsion 
ance and, If excessive, nay result In functional failure. Deal 
utilized to provide greater assurance against deformations that 
to predict with confidence. 

2.7.1.2 Factors of Safety 

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

2.7.1.3 limit Loads 

stem perform- 
factors are 

re difficult 

e possibility 

A limit load is defined a» the maximum va 
to which a structural member will be subjected during a critlca 
tion. 

2.7.1.'» Design Load 

A design load Is a limit load increased b 
Design Factor of Factor of Safety. 

2.7.1-5 Use of Factors 

To avoid confusion, the limit values of 1 
streBees 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 limit stresses increased by t 
multiplying design or safety factor are compared to the pertine 
mechanical strength properties and margins of safety derived as 

e of the load, 
design condi- 

a specified 

ds and/or 
or factors of 

appropriate 
allowable 
ollows: 

Margin of Safety 
,    Allowable Stresses 
Limit Stresses X factor' -) .00 

1 
i 

2.9 Limits of Structural Deformation 

Material strain within the elastic action range ra ly affects end 
product function, but additional progressive deformation associ ed with time 
and temperature will progressively alter propulsion system perf raanoe and .may 
result in system malfunction. 

For a given functional design the object of struct al design, then, 
is to determine the amounts of deformation that ear: be tolerate' without exces- 
oive functional loss and then to provide the minimum veight str tuns that will 
accomplish these requirements. 

.sEeftgraeswicrcp PATA 
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Deformation limits vary between individual structural 1 'aponents, 
depending upon their function in the system and the interaction bet en com- 
ponents . 

Allowable limits of deformation are specified in the s arate an- 
alyses of individual components presented in later sections of this eport. 

2.10       Materials and Material | Properties 

2.10.1 Choice of Material 

A study of available materials suitable for h h tempera- 
ture operation indicates that nickel base alloys are the most suite e for the 
current load, time, and environment operational 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 various solution and a n« heat 
treatments, appears to be more attractive for use in the present fcb nal envi- 
ronment. However, if the thermal environment should become less se- re, then 
15-7PH may be considered. 

2.10.2 Over Aging; and Cyclic loading 

Long life at temperatures approaching the pre. pitatlon 
heat treatment range may result in excessive overaging and lower st. ss rupture 
life. In addition, the low cycle-high stress level fatigue life de. jases rap- 
idly at temporatures near the precipitation treatment range. 

Since the operational temperatures of the lnl> 
are in the 1000°F range, the chosen material should be investigated 
loading. 

structures 
or cyclic 

.11 Desigp Parameters 

Engine design parameters are shown in Figures 10, 11, 1 3 12 pre- 
senting net flow areas, Mach numbers, temperatures, pressures, and 1 xiliary air 
requirements. 
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3,0   INLET 

3.1 Peslffl 

3.1.1 Die cues Ion 

C 

o 
3 

Design layouts have been completed for ti basic Inlet. 
Basic lines are shown in Figures 13 and li»,  and structural fran ig,  the spike 
translation mechanism, and the bypass door actuation mechanism « shown in 
Figures 15,  16, and 17, respectively. 

e/nbly start- 
engine Kta- 
the vehicle 

1 shear pin con- 
couple between 

. the structur- 

The inlet Is a complete,  self-contained e 
ing at Engine Station !+9-5's8 (at tip of spike) and terminating 
tion 286 9J56.    The inlet assembly is attached to the underside 
by bolts through oversized holes for vertical loads only and bj 
nection for forward and aft loads.    Side loads are resisted by 
the shear pin connection and six shear pins equally spaced arot 
al ring at Engine Station 286.956. 

3»1<2       Boundary layer Air Bleed 

Provision for efficiently discharging inJ . boundary lay- 
er bleed air is made by ducting the air through the two lower s 'uts into the 
annulus between the inner and outer shells of the inlet diffuse such that the 
boundary layer bleed exits axially downstream through a stepped mtlet. 

3.1.3 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 actuator mechanism is less se 
are of the vertically hinged, counterbalanced shutter type, mou 
sides of the inlet on the inlet horizontal centerline. The doc 
to operate at a maximum pressure differential of '420 psi at des 
are capable of opening and rec.loslng within three seconds when 
that the inlet restart during low altitude cruise. Hie doors a 
means of a top crank operated from a single x>neumatic actuator, 
synchronization. 

3.I.I1        Spike Translation 

The inlet must be capable of start, reete 
positioning at Mach numbers below and above design point. The 
forward to start or restart the inlet and must retract for open 
Mach number. At reduced Mach numbers the intersection point of 
sion shocks moves forward, and it is necessary to extend the sf 
keep these shocks positioned properly on the centerbody and bou 
forward of this Intersection point. The translating spike is d 
1.00 inch and extend 6.00 inches forward from the design poslti 
by critical operation at Mach 2.8. Also, the spike is designed 
under normal operation, at one inch per second with the capabil 
ing T.CO inches  in three seconds. 

ÄeftHjjMgjni proajiWi» 
»iiiMiug WHtnmiiyHiT fin -im 

iw to the reac- 
ibsonic section 
in rates are 
re.    The doors 
•cd on both 

are designed 
n point,  and 
. is required 

rotated by 
hereby insuring 

, and shook 
dkc must move 
ion at higher 
ha two compres- 
e forward to 
airy layer bleed 
igncd to retract 

1 ns  determined 
o translate, 
y of tranßlüt" 
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The spike translation mechanism is designed t< operate 
against a maximum spike load of 58,000 pounds,    A modified pneumatii jear mo- 
tor with servo valve {input speed: 1200 rpm; output speed; 8.2 rpm) "iveB a 
cone drive worm gear (30:1 reduction), which drives a 19-toofch 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 spike, thereby providing for 3ike trans- 
lation. 

The centerbody spike is mounted to a guide syi am, which 
consists of four one-inch rods (equally spaced clreuraferentially abc ; and ra- 
dially located 5.25 inches from the inlet horiaontal centerline) anc roller 
guide bushings affixed to the internal centerbody structure.   Axial. Jade are 
resisted by the actuation mechanism, and the side loads are resisted iy the 
guide system. 

3.1.5       Weights and Center^ of Gravity 

Weights awl centers of gravity for the inlet 1 ; listed in 
Table VIII. 

5-2 Structural Analysis 

3.2.1   Discusa ion 

„he following preliminary structural analysis 
let ia concerned primarily with major structural items, (Figures 18 
It has been found that in most cases the inertia forces counteract i 
air loads and are small in magnitude. It has therefore been considt 
ciently accurate to omit them from this analysis. 

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

' the in- 
id 19). 
; primary 
:d suffi- 

eubjected 

alyais: 

1. A steady state, long time (10 hours) flig* regime 
near sea level with air entering the inlet it 1.0" 
pitch angle. 

2. A short time flight regime (3 minutes) net sea 
level with air entering the inlet at 6.0° .tch 
angle and 3.6'  yaw angle; thle regime repi :onto 
a "pull-up" condition. 

3. A short time flight regime similar to (2) it with 
shock outside the cowl producing abnormal :ial 
loads on the spike itself. 

The following nomenclature is used in the strv. ural ari- 

F       =    Stress,  psi 
^ p   =    Pressure differential, psi 

8 
u 
3 

I       ■   Moment  of Inertia.,  in 

SCCRETtieflTRlCTEP PWi'i 
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3-2.2 

■    Width of section,  In. 

-   Thickness,  In. 

=   Allowable crippling stress, psl 

Margin-of-Bfll'ety 

Cowl Lip 

t 

F 
er 

M.S. « 

The pressures for a condition of Mach 3.0 1000 feet 
from data given in Figure 20 are combined ae follows to determln cowl stresses 
and deflections, a£ these were the only data available at the ti of this anal- 
ysie. 

Pressures on inoide and outside lip surfac for an axi- 
al length of !*.8 inches are shown in Figure 21 (sketch A). 

Preusures on inside and outoide cowl smrfa ti for an ad- 
ditional axial length of 8.!* inches are shown in Figure 21 (Sket : B). 

These pressures are averaged as follows to ind the av- 
erage pressure on the whole 13.2 inches of axial length and a to .1 loading 
per inch of circumference as shown in Figure 21 (Sketch C). 

AP   Length 
(pel)  (inches) 

-37     (lf.8) 

-96     (8.'t) 

-7^5 (13.2) 

Loading Per Inch of 
Circumference 
(lb/inch) 

- 177-5 

- 806.0 

- 983.5 

Sketch    . 

Sketch    1 

The foregoing leading of Figure 21 (Sketch )  is now 
broken into three portions to represent unsymraetrieal loading cc itions that 
could result from pitch or yaw angles of attack at the same alti de and npeed. 

It is assumed m this analysis that the ou ard loading 
on the windward side drops to one-half its original value, that 
loading on the leeward side could increase to twice itts original 
the loadings on the neutral ßideß would remain unchanged.    The t 
which will be uuperimposed  one on another for analysis   of the st 
pear in Figure 22. 

Strecsec due to hoop tension ar/1 banding a 
the 0° and the 90° locations.    Section properties and locations 
ee are calculated are shown in Table IX and Figur«? 23.    Moments 

e outward 
aliie and that 
«o loading« 
cture then ap- 

eombined at 
which atress- 

e from Table X. 
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3.2.2.1    Circumferential Location 0° 

i <v, V, « v, .,,.,. t f. *ÄL^. IS M£2 ! 

■ 5000 + 11,000 - 16,000 pei 

f( V') = + 281JL20 + -13,g50(0.g<j) m 5000 „ = 

3.9lt 0.631 

f(V) . + 2ÖÜJL22 + -i3,ggo(o.i47) „ .    8o „ 
5-91» O.631 

f( v) m + 28i^20 + z&SZ&m . 5000 - 22,1,00 - -17, to   »1 
3.91) 0,631 

3-2.2.2    Circumferential Location 90° 

f(v, V. « V) = ** ,  * ^ - ♦ ^^-22 ♦ ^i?oo{-o.gea; 
Ji,i*     1 3.94 0.631 

■ +5000 - 12,000 = "7000 psl 

f( V-) - + 2MJL^2 + 1^500,(0-30? . +5000 + U/500 . +l6j500    „ 
3.91» 0.631 

Kv») - + SSL*JS + ,^.L?y>(9.;iM . +5ooo 4.3370 - +837o psi 
3.9*1 0.631 

f( »x») „ + 28ÜJL20 + 1^500(1.067) „ +5000 + ?Itj500 „ +g9>50C   Ml 

3.91t O.631 

3.2.2.3   Longitudinal Lip Bending at Station 6.9g jjjjgjJ   ? Section) 

Bending Moment:  1989 inch-pounds 

0.062 «r - p—    -j  

■—rr Inf.ercor.taln an   - 
required Radial direction;- x. 

Circumferential direction 7 
0.062 ="" r 

r 
0.76 

' ! I 
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I     - (O.O62 x 1.0 x 0.3Jl92}fi   ■   0.01! ' in'* 

-        m. 1989x0.349 1.. a~, /,      .J. JJ    , 
b    " T   "       001512          '"'      ^80° ** (longitudinal 

* '                tension c inside surface 
and longj idinal compres- 
sion on 1 .3ide surface) 

3.2.2.4   Longitudinal Lip Bending at Station 5.C (Solid Section) 

Depth is O.'tO inch.    Take cireumferentj . dimension as 
1.00 inch, moment as 925 inch-pounds: 

jf      =   i2ü Md 
1 

925 x 6 

1.0 x o4o: 2 
34,700 jpsi 

3-2.2.5   Margins of Safety 

The stresses of Para. 3.2.2.1, 3.2.2.2, md 3.2.2.3 ore 
all considered as  "short time" stresses occurring during a m ravsr and/or 
gust.    For the purpose of design conservatism, the above stre ;es are raised 
by the factor of 1.25 and compared with material yield strese 1 for short times. 
At local points where buckling is not a problem,  the operatir stresses are 
raised by the factor of 1.10 and compared with the material j .'Id stresses— 
short time. 

3.2.2.6   Circumferential Bending and Tension, Lr. ttlon 0° 

Temperature taken as 1100°F; material T ie'  41: 

Tension on outside: MS 
+105,000 

+ .1.6,000 X .1. 
4.25 

Tension at splice:  MS « Ü2^000-*-0- 
+ 16,000 x 1. 

4.06 

-105 Q0r 

Compression on inside:  KS " ■ ■ "—-    - -1 -  5.82 
-17,400 x  .1     5 

3 
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Compression on leading edge (tangential direct    n): 

Take b = 2.00 In., take t_„.  ....      as 0.057 +      lUj 
' effective 

(0.25-0.057) m 0.081*6 In. 

b/t - A- - 23.6 
0.08« 

t 6      i       2 
F     = 0.1*52 I (p    m 0.1*52 x 22.7 x 10   Vrj—g)    ■   8,1*00 pal 

(Reference 6, Table B 5.2) 

M6   .      ■*/*»       ,1=1,67 

-1.25 x 5500 

5.2.2.7 Circumferential Bending and Tension^ Location • ^ 

Temperature taken as 1100°F; material Rene1 hi 

Tension on inside surface: 
4105,000 

+1.25 x 29,500 
1 - 1.85 

Tension at splice: »>    +105/000 x °"8    •.     1 v* MS ■ 1——^ —   -1 ■ 1.75 
+ 1.10 x 29,50' 

3.2.2.8    Longitudinal Bending Stress at location 0" 

Temperature taken as 1100°Fj material Rene' 1*1 

Compression on outside surface from Para. 3-2.:   5 

There ie a weld splice, BO efficiency of joint    aken QB 

0.85: 

1*5,800 x 1.25 
+0,56 

3.2.2.9 Summary Note 

Since the above calculations were made there hi  been a 
slight modification of skin gages; however, it is believed that chan, B In 
gages will not appreciably affect the above analysis. 

sccncT'ncoTnioTmPrtTi»- 
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3.2.3 Diffuser Skin 

3.8.3.1   Bursting Effects 

This applies to the innei of double sJcin 

R ■ 17-88 Inches; design pressure inside      too psl 
(maximum which would occur locally betwe-     frames) 

Pressure outside » 35 psi;        P - 3'     pel 

By conventional formula for bursting of .   cylinder, 

,PJLB ^85, 17.88 s 

HT t 0.10 

Material:    Rene'  'U 

Joint Allowable: 

10 hours, 0.2$ creep - 0.85 x 92,000 ■ 7<   1C0 psi 

78,100 
+ 0.03 

shown in Figure £h. 

1.1 x 68,750 

3.2.If       Load Paths of Unsymmetrical Airloads 

3.2.fKl    Load3 Normal to Center line of 3plke 

The spike geometry and leads normal to tl     center are 

The relation of cone length to diameter : 

1.51 t    .. JL       ^.i 
n     "    d 30.48 

Although data are not available for valu<     of f   down to 
1.51 (Reference 7> Tables I and II),  it is conservative to use ie shortest cone 
fn - 3.0, to arrive at normal force derivatives and centers of "cssure.    The 
value of X ,  the ratio of length to diameter for the cylinder c ncurtmNUR Of the 
cone,  is conservatively assumed to be ::ero. 

5 
.iMrirnv nrr rr irn 
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From Reference 7 (Table I),  with f    = 3-0 and t     = 0, 
the change in normal force coefficient, Cn, with angle of attack, ©d      using 
the second order expansion method,  is 

dcn .1 
—■ - 1.83 rad x 

d«: 

From Table II, f   » 3.0, t& m 0, X   /d - 2.00 (   :cond 
order expansion method).    This places Center of Pressure at 2/3 the d   :tance 
from the tip to the base of the fn = 3.0 cone. 

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

2     oo x 14.7 x 3.0   " 93.i» t 

The normal force on the cone ■ Cn q S °C , whar    S is the 
cross-sectional area of the cone base, and «C ia the angle of attack     i radians. 

Take s   =    (7T) (30.!f82)/ k =■ 731 in.9 

Using the coefficient Cn of the preceding page     atiplled 
by 1.83 to cover discrepancies that may exist between the theoretical    one and 
the actual spike, the normal force per degree angle of attack is eati   .tud to be; 

FK   =   1.25 x 1.83 x 93-k x 731 x ffra^gg   -   2730 lbs/dee   e 

The fore and aft center-of-presaure location fc this load 
will be taken at 60 percent of the distance from the tip to the base compared 
to the 67 percent for an fn = 3-0 cone. 

3-2.4.2    Cowl and Innerbody Unsymmetrlcal Loadings 

The loadc of Figure 23 appear in plan view in F   ;ure 26 
along with moment load calculations. 

Design conditions selected (see Figure 27) are     v 6° 
pitch angle of attack for the inlet relative to entering air and 3,6°    ngle of 
yaw for the inlet relative to enteririg air. 

•sEefterticoTfl ICTCP DATA 
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= 37,600 (127.86 + J2.60 + 39-06 - io.it) - 10,810 (127-86 + yc  So) - 87,200 

"™ 127-86 

= (7,500,000 - 1,7^0,000 - 87,200)   127-86 ■ kk,kOO  lbs. 

Shears, moments, and torques from Y direction jmponentc 
only are shown in Figure 28. 

The torques are considered as reacted by the t iy in pro- 
portion to the distance from the centerline to the fitting squared f.    any uns 
station. Such reaction distributions are tabulated in Table XI. 

Shears, moments, and torques from Z direction wnpononte 
only are calculated below, and the results are shown in Figure 29- 

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

%.x      hbk 22 
~7T~ 

= —o~~— = "77-3 inches ~ centroid P of ve   .ical 
reactions 

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

mx' 
Pz where minus belcv indicates c ipression 

£(x')2    at Jolnt 

£  (vertical load)    »    62,800 - l8,08o    *    hh,    >0  Ibn 

£. (moment about P) n 62,800 (199-52 -  77-3 -  >.'0 

- 1^5,200 - l8,080 (199-    ' - 

77-3 - 39.06) 

£ M    - + 7,020,000 -  1^5,200 -  1,502,000 = 5,     2,200 in-lbs 
P 

Load at any station (from moment)  is then 

18,867 

The calculation for this lend is summarized in able XII. 

sfeft£H?rsTPfrrmrMT* 
i i mm» rnenav ITBT of t^ 
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The vertical load  is divided equally among ' 3 six sta- 
tionG. 

—j~— =   7*152 lbe/each 

To determine fore and aft loads, the structi i is broken 
into segments and the radii and pressures of Figure 30 are appliet The pres- 
sures given in Figure $0 represent the symmetrical portion of the nsymmetx jcal 
load system used for analysis of the cowl lip. 

The inside pressure of the innerbody is takf as 62 in- 
stead of 110 to obtain conservative panel pressures.    The pressure lalculations 
appear in Table XIII. 

acting aft): 
Loads of Table XIII are now summarized (a p.   s  load is one 

Spike lees ekirt: 

+751)0 + fiiiOO - 3350 - 6580 = +10 lbs 

Spike including skirt attached to it; 

+10 - 1*370 = -**36o lbs 

Fixed part  of innerbody complete: 

-35OO - 28,100 - 56,600 - 56,300 = Ikh,    )0 lbs 

Complete innerbody,  including spike: 

-1>4M00 ~ "»360 «■ lW,760 lbs 

There Mill also be a drag on the wedge struc    ire between 
the inlet and the vehicle.    The half angle is 8°, and the average     light is 5-0 
inches.    The base width at Section A-A of Figure 18 is 50 inches. 

From Reference 8, the pressure ratio across two-dimen- 
sional shock at Mach 3.0 for a half angle of 8° is p/p0 «• I.80,  sc ,hat at sea 
level conditions the pressure behind the shock is 1.80 x lit.7 = 2f > psia. This 
pressure ia considered constant from the entering edge bock to Sec on A-A (Fig- 
ure 18).    The inside pressure will be considered as ambient, 14.7 ;ia,  for the 
present such that total drag for the wedge structure aft to Sectit A-A beoones 

(50 in. x 5 in.) (26.5 - lU.7) » (850) (li.f    « 2950 lbe 

q. (ref.  only) - ^ PyM0
2 -• -^p x lU.7 x 3-C    = 93-^ psJ 

«win in BSSHSfB or »OJ'I 
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Axial load from the Inlet and wedge struc 

- 1W,760 + 2950 = - 11+5,810 lbs (ac 

The effect of inlet forward load on the v 
at the inlet vehicle joint is now considered.    The analysis is 
presented in Figure 29-    However,  in this case, the couple whic 
tically at the six fittings, results from axial loading on the 
the vertical centerline of Section E-1S. 

ire is then: 

ng forward) 

•tical fitting 
tnllar to that 
io reacted ver- 

mag fitting at 

■below. 
Figure J51 shows the fitting.    Calculatior are presented 

The couple resulting fron forward load OB he inlet is: 

1115,810 x 25-08 u 3,660,000 in./IDS 

Point P is the ccntrold of the vertical r .ctions (Figure 
29 and Table XIl) that must  realst this moment. 

The load at any station due to the upplie moment is then 

This example is evaluated in Table XIV. 

5-2.h.5    Summary Tables  of Attachment Reactions 

Following the nomenclature of Figure l8, 
from airloads of the unsymmetrical condition are listed in Tabl 

Loads marked with an asterisk would act o 
tion of the split frame at Section (A~A),  rather than directly 
(k) and (l). 

e reactions 
XV. 

the aft por- 
l'itting points 

5.2-5 Strut 

The forward load is 1^8,760 u>B from the 
diffuser double wall for a normal cruising condition (Page 

load on each is; 

nerbody to the 

There are three struts to carry this shea    load,  so the 

148,760 
3 

'i9,l')0J lbs 

19 
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Radial reactions Induced at spar stations (K>   I and (F-F) 

49,500 x 6.6 
32.5 *■ 10,020 lbs total In radii    direction 

These reactions are apportioned between innen 
support ringe in inverse proportion to the ring radii cubed for pre 
sign purposes (see Figure 32). NOTE: Short time maneuver loads f: 
body could produce loads of 

-20MO0 
-1UJJ760 

or 1,38 times the above values (see Para. 3-2.5.2). 

3.2.5'1    Struts (Normal Symmetrical Loads Alone) 

Load on struts from supporting rings are shov 

ind outer 
„minary de- 
Q the inner- 

33. 

3.2.5.2    Special Load Conditions Wherein Shock Has Mov 
From Its Normal Location 

With the shook moved well forward, the aft lc 
spike is at 4o,000 lbs. Using the normal cruising pressures for th 
tion of the innerbody, the minimum forward load of the entire innei 
estimated as follows: 

Minimum Forward Load -148,760 + 436O + 40,000 = -1C 
(Reference Page 

With the shuck moved well aft,  the spike for« 
been estimated at 60,000 lbs.    Using the normal cruising pressures 
portion of the ^nneroody,  the maximum forward load of the innerbody 
aa follows: 

Maximum Forward Load = -148,760 + 43&0 - 60,000 =  -204 

The above may be compared with the normal cru 
forward  load: 

Normal Forward Load ■» -1411.400 - 4360 ■ -148,760 lbs ( 

3.2.5.3   Loads, on Strut Spars from Unsymmetrloal Loads 
the Centerline 

The total loads from the spike and the fixed 
tie innerbedy, as shown on Figure 26, are the resultant loads on a 
3C° 56'   from a vertical plane. 

 ^m+*»a\r[\i)i m^ ar .IIQ^I  

-go- 

to Figure 

I Forward 

.s on the 
fixed por- 
jdy is now 

000 lbs 

■d load has 
* the fixed 
E estimated 

00 lbs 

e condition 

formal tr- 

irtlco of 
.ana rotated 
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X - Direction Reaction V * "S" - 600,000 x |   ♦ ^000 - JSuSBJl   & 
3 11.02 11.t 

Load "R"   »   Load on "Ö"   =   SU222 
2 

« 1)0,000 + 1)7,700 - 59>8C0 » +27,90C 

13,950 lbs Tension on Joint 

.bs 

5.2.6       Innerbody Ring at Section (F-F) 

The innerbody rings,   the diffuser ring,  and the :truta 
form a redundant system of load paths.    However, a simplified and cor >rvative 
set of loads on the innerbody ring of Section (F-F) has been employed ;o find 
the maximum bending moment.    The ring is subjected to both transient lort time 
and steady state long time loads. 

3.2.6.1 Steady State Long Time Loads 

The innerbody forward load lfl taken aa -148,76c .ba (Fig- 
ures ^2 and 33).    The loads normal to the centerline of the inserbodi in con- 
sidered the same an tJios«; for the 1° angle of attack condition which i ope 
sixth of those in Figure 36. 

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

For the unsymmetrical portion of moments, PR is ,700 x 
10.79 ■ *)0,500 {see Figure 37). Moments for symmetrical portion of 1 da are 
carried over from preceding page. 

3.2.6.2 Short Time Maneuver Loads 

The innerbody forward load is taken as -£.'04,000 bs, which 
is 1.38 times normal thrust (see Figure 32 and Paragraph 3-2.5.2). T loadings 
then appear as shown in Figure ^8, 

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

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

3.2.6.3 Stresses and Margins 

Using the ring ecction properties and the two b    lc load- 
ing condition ring moments determined in the previous pages,,  the marg    s of 
safety of this ring are calculated as follows (Material is Rene'  1)1): 

u 
3 

-SeCftEFftCflWIQTL"DPMft 
., itTHilJI FIJI*' »'I1 I'll) I 111   MI'IL- 
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Free Flange f.     = ~ 

Steady State - Long Time Loading 

Mc _ -87,100 x l.Qh 
3.27 

= -15,250 psi (C ipreaeion) 

Z.B. Skin near Flange f, = ,"27r110 hl'W  .-= +12.000  1 (Tension) 
°o     3-27 

It is proposed to maintain a 10 percent fety factor to 
material yield and a 25 percent safety factor to structural fa ure. The yield 
allowable is taken as the stress level to force a yield of 0.2 ercent with 25" 
hour exposure at 1300°F. The ultimate allowable ie taken ae t short time 0.2 
percent yield stress at 1100°P: 

s 
1 

MS on Yield 

on Failure = 

-92,000 

1.10 (-15,250) 
m  1 =  mple 

-105,000 

1.25 (-15,250) 
1 =  Ample 

Short Tims Maneuver Loading: 

Free Flange ty,   -—■ - -92,0&) x 1.814 _ 51j8oo pai (co   reeeJon) 
H     I 3.27 

r.B.  Skin near Flange fb    = ■l?g>gPP-A.".1,,'t3) „ +1+0,800      1 (Tension) 
0      3-27 

It is proposed to maintain a 10 percent fety factor to 
material yield and a 25 percent safety factor to structural fa ure. Short time 
yield is employed here for the allowable, because buckling cou  occur when 
yielding commences. 

M3 on Yield -105,000 

1.10 (51,800) 

MS Against Failure -105,000 

1.9? (51,800) 

.«5 

1       +0.62 
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3-2-7        Innerbody Skin 

At Section (F-F) of Figure 26,  the following    re the 
loads aero3S  the section: 

Shear forward of section: 21,090 lbs (tranev    se) 

Moment at section:  169,1(00 in.-lbs 

Shear aft of section:  169,1*00/32.6 - 5,200 1      (trans- 
verse) 

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

Normal shear flow to each longeron from shor time thrust 
with shock In abnormal position on the spike is I.3Ö x 1520 - 2100 to/in. (see 
Figure 37)• 

Shear buckling forward of Section (F-F) I 

Panel width, 5-00 inches; radius,  12-5 inche 
t,  0.125 in. 

Maximum shear on aide 

21,090 1*300 psl 
TTHt    "    Tf x 12.5 x 0.125 

'So esciiiKiLt critical shear buckling,   see Ref    ence  10. 

To   .-   {(0.10 K# + 5E (|)' l + 0.8 (f) 0-75 

[(0.10 x 22.5 X 10* X Ägg) ♦ 5 x S> ■ 106 (^S-5)2 [l . 0      (f^i 

15-lj 

0-75 

(22,500)  + 3980 0.75 - 62,000 pal 

The margin of safety against shear buckling :     adequate, 
h = 5.9H    _ 

fl m 21.0 

■SEeflCnRCOTMCTEP DATA 
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5-2.7-1   Collapse of Skin "between Frame Supporst i at. Forward! of 
Section (F-F)               ~      '                      ' " ' '     "~~ 

Normal pressures are 311 pel. outside and 2 psi inside 
(Figure 30).    However, to account for possible higher values o pressure intro- 
duced by angles of attack and yaw,  a maximum outside pressure !»00 psts. with 
62 psia inside will he employed here.    Therefore,     AP - 358 i (see Refer- 
ence 11,  Page 306., U'able XVI,  Cond. Q,  Support 31): 

p'  ■ pressure of collapse from external      eesure 

l/k       ,. 
= O.807 — 

lr 
l.*a     r2 

n k&    peia 

It is proposed to maintain a safety fact      of 10 percent 
on the peak short tfme operating pressure• 

1*85 

1.10 x 338 
1 =  1-O.3O 

3.S.7-2    Shear Buclking of Skins between Sections ?'-F) and (E-E) 

Loading (short time msjeimum) from Paragrj 1 3-2.7 is 
2100 lb/in- to allow for uneven distributions plus shear from ■ »averse shear 
(skin shear to each side of strut is taken at 75 percent,   or 0 5 x 2100 = 
1575 lb/in.    To estimate critical shear buckling ßtress as in J ragrnph 3.2.7 
(except frame spacing is 7.7 and R is 11.50 In.): 

TQ   m i(o.lOfi|) + 513 (J)       II t 0.8 ( 0-75 

-   39,000 psi 

Since it is proposed to maintain a safety   factor of 10 
percent for this short time buckling shear stress,  the margin c     safety is: 

MS J7,ooo a_ 37,ooo 

10.155' 

1 - /    5le 
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3-2.7-5    Collapse of Skin Between Frame Supports. Aft 01   Section 

Design pressure, with some allowrnce 3?or asymt   ;ry at 
angles of attack,  is taken as 

1.15 x 311 = 358 

A P    "   358-62    a    296 pal 

P' * ■ 0.807 x  g2-5* 10, «,9-lg5a 

7-7 x 11.5 

1      ^3     0.1252 

1 - 0.3? 11.52 

l/l 
1 341 poi 

failure is 10 percent. 
Proposed extra margin between operating load (   t buckling 

MS    = 3*H 
1.10 x 296 

-1    =    + 0.05 

3.2.7.^ Innerbody Intermediate Krames 

Aft of Section (F-F) of Figure \$,  the panel £ icing is 
7-7 inches. Maximum differential pressure 13 358 - 62 = 296 psi. I idlng on 
one ring per inch of its circumference is 296 x 7.7 ■= 2280 lbs per i :h. The 
elastic stability capacity of the ring is computed following Referer 1  11, Page 
295, Table XV, Case 12. The section properties appear in Figure >i0. 

3 EI      3 X   22.5 X 10° X 0.08l7     ,Onn it. p' = ■   ■■ ■    =  -     = 38IO lbs per ir. 
R5 11.28s 

It is proposed to Keep a 25 percent extra fact ■ aRainst 
such a collapse; therefore, 

MS 
3810 

1.25 x 2280 
-1 -; + O-3'i 

♦Reference 5, Page 306, Table XVI, Cond. Q,  Support 31 
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3.P.8 MpjBt fitting 

maximum forward load cSltSn of thf   ^ SSSf kl)  °n tMs **    occur at the 
lbs) and the lateral load of the™    ^^f^y-Paragraph 3-2.    2 (-204,400 
will also be a wj£ drag S SJML!

aB*ltl0B-P1»W0 ^ f*M      lbs). There 

Total load  = -204,400 + 2950 - -201,450 1 

ing and shear. At SeCUon (*"A)  throuS^'the pi„ there «      be both bend- 

Bending is 

206,000 urn x 0.70 inches - 144,000     ~iba 

Section (A-A) Moment of inertia is 

gV .   7/jf 2.751* 
64 64 

8.82^ inches 

A  „ MB     144,000 x 1.375 
I 2.82 

70,200 p 

f .-§... 206,00Q x 4      .. 
e(av) "A   

aVx 2.752 " 54,7t» » 

Material: Hens' 4l 

Short time 0.2 percent yield at 1100'F is 

105,000 pel 

Short time ultimate stress at UOO'F ia 

152,000 psi 

seeftfwrrTmnrimTft 
-"mir nirnnr mi» UH^»» 
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Long time (10 hours) 0.2 percent yield at HOC   ? ie 

92,000 pel 

MS (short time yield) = i£2tS2g. ,     - 1   =    +0.36 
1.10 x 70,200 

(ahort time ultimate)  = ü£2'QQ-0 1    =    +0.71» 
1.25 x 70,200 

MS (long time yield) 92,000 

1.10 x 70,200 x $£*£§=)* 
206,0OO; 

1   -   4   £8 

Authority: EO13526 
Chief, R@cords&DeclassDiv,WHf 
Date; 

OCT 0 2 2C15 

8 

a 

, m5..tt00.        Normal Operating Load  , 
*■ 206,000'' s Hatl° Maximum Short Time Load (See ^se 

SfiGRHJCOTniCTEDDATA 
 mmmumß"-'-*" T mum' 
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4.0   SUBSONIC DIFFUSER AND REACTOR CONTRC 
SUPPORT STRUCTURE 

Design 

k.l.l       Discusaion 

! 

For purposes of thie report, the subsonic 
fined as that part of the propulsion system between Fuselage St 
1 and s) and the front face of the reactor. The reactor oontrc 
tore is defined as the components within the subsonic diffuser 
mechanical linkage between the reactor control roda and the ad 
the structure needed to support thie linkage and the reds. 

DsBign of the subsonic diffuser, which (t 
view of the propulsion system) is a pressure duct, is limited t 
dynamic lines. These lines are defined to permit optimum perfc 
propulsf.on system with the smallest possible duct size. Mechar 
tural design of the duct is the responsibility of the airframe 
asmuch as the duct is an integral part of the airframe. 

The design of the reactor control rod act 
atad linkage, and support structure is a more complex problem f 
manufacturer than is the subsonic diffuser. For the former, it 
obtain requirements from the reactor company, geometric .md env 
tat ions from the airframe company, and inputs from the propulsi 
trole group, and to integrate all these into a well-designed at 

I iffuser is de- 
ion 660 {Figures 
support strue- 
tat make up the 
itor as well as 

>m the point of 
defining aero- 
lauce of the 
al and struc- 
nufacturer, in- 

.tore, aseoci- 
the engine 

a necessary to 
•onraental limi- 

system con- 
ctural system. 

this deslg;:; 
Listed below are the factors that have be      considered in 

1. Stroke: approximately !»0'inches 

S. Temperature:   107O°-12O0°F 

3. Rate of travel: Pull stroke in 0.75     conds 

l|i Minimum passage blockage 

5. Maximum axial g load: 25 g 

6. Maximum radial g load: ^.5-0.256 

7. Accessibility 

8. Friction load between control rods a      reactor tubes 

9. Air drag loads in rods 

10. Air drag loads In the support mechan    a 
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11. Limiting deflectIOIIB of supports, rods,  d duct 

12. Vibration of supports and control rods 0 j6 inches 
D.A. Frequency, 0-3000 cpe 

13- Reliability 

14. Dumber, types, and position of control r s: 
12 shim and 3 vernier 

In designing this portion of the system sever- approaches 
have been studied. The deeign as shown in Figure 2 has been consid cd most 
promising from the point of view that it presents the smallest bloc, ge in the 
diffuser and provides the best accessibility to the actuator. 

In the matter of mechanical and structural fu tions, the 
air motor, gear box, and control valve are positioned on the outsid' periphery 
of the duct to afford greater accessibility for maintenance and to . duce flow 
blockage in the duct. 

A rack and pinion type drive unit is located the main 
support strut. The unit is driven by the motor through a Bhaft tha- is located 
inside the strut. The rack is attached to a spider fitting, which ; ike  up 
four control rodB from the reactor, at the downstream end of the ra. . The at- 
tachment of the control rod to the spider fitting may be either i'l* or a 
quick-disconnect type with manual or remote handling features. Movi snt of the 
rack translates the spider fitting along a guide shaft that' is supp ted be- 
tween the main support and the aft support.' The guide shaft also a< 3 as a 
housing for the feedback transducer, which is geared down and opera- 3 off the 
main rack. When moving upstream, the rack Is housed and guided in 1 tube that 
is supported between the main support and the forward support. 

Figure 2 does not reflect any method of attac) 
tween the supports and the duct. Because of differential thermal e: 
these points will, of necessity, be a slip-fit type of connection. 

A detailed design study and subsequent structi 
Bia of this area must be accomplished before a final decision can b( 
the best system. However, before this study can be accomplished an 
trol system study must be made that will more accruately define the 
of this structure. 

it.1.2   Weights and Centers of Gravity 

Weights and centers of gravity for the reactoj :ontrol 
rod support structure and actuation mechanism are shown in Table XIJ 

jnt be- 
incion, 

il analy- 
nade as to 
/erall con- 
jquirements 

h.S Preliminary Analysis of Control Rod Support Structure 

4.2.1   Loads 

s 
Ü 

Weight of control rod = 5-7 lbs 

-HIM(i wiLiuji ULI1 ur jgg 
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Weight of rack (estimated) « 1 In.2 x 50 
density = 15 lbs 

Weight of spider fitting (estimated) = 1 

Estimated average thickness ■ 3 inches 

Weight ^13.6 x 3 x 0.3 ■ 12.25 lbs 

•».2.1.1   Aerodynamic Drag Load Per Strut = 1*22 lb 

Total load per strut (inertia) ■ (k) (5« 
50 lbs 

'1.2.1.2   Strut Design Load 

Load at the 6g boost condition = (6) (5) 

The twelve coarse control rods are actua 
four and are reacted by three struts as shown in Figure kZ. T 
mal expansion, the struts are fixed at the center and have a s 
the duct wall. 

n-  long x 0.3 

6 in." blockage 

+ 15 + 12.25 ■ 

|J22 " 722 lbs 

d In groupfl of 
allow for ther- 
ding support at 

Strut 

pl ■ P2 " P3 

Rl ■ R2 " E3 
Assume struts fixed a centerline. 

Assume only shear loa 

RJ.J ^2' R3 at the du0 
carried thru 

wall 

P, = R-^ etc 

722 lba 

Moment ■ 722 (sft - 65) = 12,620 in-lbs (max) 

According to Reference 5 and Figure !)3: 

I .3 m ctL-' 

-t (3) 

I.5O   -   0.05   r-   1.Ü5 

- 31 - 



DECLASSIFIED IN FULL 
Authority.- EO13526 
Chief, Records&Declassf 

'• OCT 0 2 2m 

ASD-TPB-63-277,  Vol.   IV 

stem *mmmm+m* 
•iron. 6003 

Cx = 0.20 

Y ■ U9.O99& Lx 

I ■ (0.2) (0.05) (5.20)3 = 1.1»08 in. 

5Tj ■ (0.1*909) (5-20) - 2.55 

C = 2.55 + 0.025 = 2.58 

be (l2,62O)(2.58)/l.l*08 = 23,200 pa    compression 

critical, then: 

fbT =    (12,620)(2.67)/1.1*08 M 214,000 ps    tension 

Using 19-9 DX material and assuming that buc    ing 1B not 

Fn ■ 37,000 psi at 1200°P 

PTu ■ 75,000 pal at 1200'F 

E      ■ 22 x 10    at 1200°F 

MS    = (37,000/2l),000)  -1 = + 0.51» tensi 

!(,2,2        Deflection Check of Strut 

Bi 

■ 2ft.'" 

*W 
-JA 

R    - P.L = 722 lbs 

X -   SA 

a   ■   6.5 

r   =   l.l»08 

E = 22 x 10c 

'1.2.2.1 Deflection at FT A Due to H 

*1 331 

'4.2.2.2    Deflection at FT A Due to V-, 

*i  "  SU  0 a^ " a^ 

•5ECRCT 
W—US» 
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k.S.3.3    Total Daflection at FT A ■ y,  - y2 

 722_ 

(6)(22)(l0)6 1MB 
(2)(2't)5 - (3)(6.5)2 (210      (6.5)5 

yl " y2 c 0,09T in' B ^ Deflection 
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5.0   REACTOR SUPPORTSYSTKM 

Side Support System Design 
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During FY 1962 attention has been centered on the minim; atlon of 
the lateral support annulus dimK;sion in the interest of increasing 1 e aerody- 
namic performance of the overall Pluto system. 

The analytic optimization of the lateral support annulu: is based 
on an assumed dynamic model (see Section 5*2.2) and consists of the i timiza- 
tion of botl: the radial spring rate and the' support spring configurai on. The 
spring rate is optimized to give a minimum required energy storage ii the sys- 
tem for the specified design criteria. The .spring configuration was elected 
to achieve a maximum of strain energy storage in the spring for a mi) mum volume 
of spring material. A detailed descriotion of this work may be foun< in Section 
5,20. 

The nuclear reactor core and its reflectors consist of 1 assembly 
of approximately ^50,000 hexagonal ceramic tubes measuring 0.297 inc) s across 
the flats and 2.0 to h.O  inches in length.. The tubes are stacked enc to end to 
form continuous tubes approximately 62.0 Inches in length,and these : turn arc 
assembled side to side to form a right circular cylinder 53-25 inche: in diam- 
eter. The reactor cylinder is aligned axially in the airframe duct. 

The core assembly is clamped into the desired cylindric* shape 
and is supported to the airframe by the lateral support system. The resent 
design concept consists of a series of close fitting, curved pressure pads, 
which form an expandable shell around trie core. They are compressed gainst 
the core by radially orientated springs, which in turn bear against 1 monolith- 
ic cylindrical shell that encloses the entire core, pressure pad, anc spring 
assembly. 

The pressure pads are supported in radial planes by the prings 
and in tangential and meridional directions by radially oriented pin- rld-cocket 
connections to the pressure shell. 

The pressure shell, 'v.  1 urn is supported tnngentially faj means of 
a longitudinal tongue and groove rail system, which allows radial gr< bh of Lhe 
shell with relation to the airframe. 

The reactor tube matrix and spring support system are es .-ntially 
a spring mass system, which is sensitive to vibration loading. The f ring sys- 
+<="T! must be so designed that response of the reactor to vibration loc 3 from 
the airframe will not be excessive. 

Weights and centers of gravity are shown in Table- XX. 

5-1.1   Side Support Syq.tcm Function  m 

The reactor lateral support structure must bo e pable of 
(l) insuring an adequate clamping pre-SGure on the reactor matrix, (2) iccommo- 
dating severe relative thermal expansion between the matrix and the c itaining 

S€€RiIfiCFTRlCTrn nnTfli 
*T8nio iiiinov mr or uirpi   

iH WHS 
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shell, (5) limiting the transverse deflection of the core from inert': 
bration loads, and (<+) permitting the reactor to be handled as a com; 
bly. 

A compressive force must be exerted on the tub« 
all times to prevent excessive distortion of the tube bundle or groai 
tion of tubes. The necessity for this compressive force arises from 
tural and aerodynamic considerations. Separation induces adverse loi 
the support system; and tube misalignment, with resulting flow blocki 
be cauBed by both distortion and separation. 

A severe differential thermal expansion exists 
the reactor and. the surrounding structure; I.e., the reactor, at 250i 
mally expands into its supporting shell, vhich is at approximately i; 

The side support system must furnish adequate i 
the reactor when it is subjected to lateral inertia loads. The reac" 
support springs, being essentially a spring-masB system, are sensitiv 
tion loads. The support system must prevent the occurrence of exceei 
response from this type of loads input. 

The system should be designed in a way thai pe: 
handling of the reactor as an entity. Such a design will ease groun< 
and reactor-vehicle assembly problems. 

The above requirements must be met while maint) 
structural integrity of the ceramic tubes. In addition, the Btructu: 
side support system should be contained in as small an annulus as poi 
thereby assuring as high a degree of performance as possible for the 
vehicle system. 

and vi- 
3te  aQBem- 

rcatrix at 
jepara- 
ath struc- 
paths in 

2,  could 

stween 
?,  ther- 

pport to 
r and the 
t.o vibra- 

te reactor 

Its the 
handling 

ning the 
of the 

ible, 
ngine- 

5.1-2        Side Support Annulus Thickness to Vehicle Drag    jmparison 

Since the drag of th<? vehicle is approximately 
al to the cross sectional area, a 1/8-inch reduction in radius will < 
1 percent reduction in drag,* i.e., reducing the side support annulus 
to 1.0 inches will result in a h percent reduction in vehicle drag, 
sidering the low thrust-to-drag margins associated with nuclear ramji 
imatcly 10 percent), it is extremely important to minimize the side > 
riulus dimension. 

5.1.3 Reduction in Annulus Width 

Considerable effort was expended in I962 to mil 
annulus width, pointing toward a target of 1.0 inches. The results ( 
trated in Figure hk, vhich depicts the reduction in annulus width vs 
the years 196l and 1962. The reduction was achieved through optlmiz« 
the spring rate and the spring used in the side support system, Seci 
contains a detailed description of this work. 

-SEeftfffiESTS 

roportion- 
lievs a 
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5.1.4   Design Side Support System 

The resulting side support system Is show 
C), Figure 1(5. The system consists of four main components: apj 
pad, (expansion pad) radial spring, pressure shell, and the supj 

The spring pressure pad transmits radial ; 
the reactor and the spring system. It aids in distributing the 
spring loads into the radial reflector. It also carries tangem 
due to friction between the pad and reactor, into the support n 

The spring provides a compressive load du: 
dling and flight, contains reactor thermal and incrtlal movetnem 
fers resulting loads to the spring pressure shell. 

The spring pressure shell reacts the then 
loads and shears the reactor inertia loads to the support rails, 
also helps isolate reactor BXial movements from those of the aii 
isolation is accomplished by slicing the shell into short- axial 
that a minimum of the friction load resulting from reactor mover 
transferred to the slrframe structure. The support rails transl 
ertia loads from the spring pressure shell to the structure of 1 

5-1.5   Operating and Installation Requirements 

Assumed criteria are outlined for the Bid« 
tem using either tangentially or radially oriented springs. Fij 
show temperatures assumed for structural analysis. Table XXI pi 
ative differential thermal expansion that occurs during the sysi 
Table XXII summarizes the thermal and inertial conditions used 1 
ysis. In addition to the above, the following general criteria 
met. 

MWHJBS3 

in Section (C- 
ig pressure 
rt rails. 

ids between 
jncentrated 
il shear loads 
Ls. 

ig ground han- 
.  and trens- 

L expansion 
This shell 

rame. This 
;etions so 
it will be 
• reactor ln- 
• alrframe. 

lupport sys- 
*es k6 and hf 
icnt6 the rel- 
i lifetime. 
• design anal- 
ist also be 

1. Maximum permitted reactor lateral del ;ction ■= 
0.100 inches.    This requirement arise from con- 
siderations of tie rod-to-oore Inter! "ence. 

2. No finite separation between the reac >r and 
the support system is permitted for c. ' design 
condition; i.e., the support system n t re» 
main in contact with the reflector at ill times. 

5-1.5-1   Assumptions 

The structural shell surrounding the 
mains circular. 

actor re- 

2.  The tube matrix "behaves as a rigid cj nder. 

,6.      The side support structure can be int ;rated into 
a single elastic constant or spring r «. 

■SEeftff-nrcTnicM.n_ 
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Only the translational mode of the reactor 
interest. 

s of 

5- 

6. 

7- 

Onl,y friction-induced slip damping is pres t. 

The dynamic input is a sinusoidal, undampe 
motion with e frequency of 9-5 cpß and a p 1? 
load of 7g (see Note l). 

Average coefficient of friction on the ref 
support system interface is equal to 0.30. 

Note l. The major vibration loads input to the 
system occur as a result of fuselage response, during the low altitud 
phase of flight to free flight conditions. These conditions are terr 
ance, atmospheric gusts, and stores ejection. Fuselage response to t 
avoidance is an approximate sinusoidal low frequency motion. That du 
ejection is sinusoidal but highly damped (5-seeond duration), while t 
put Is random. These three fuselage responses combine Into ä 7g peak 
discrete frequency. The input used in analysis is conservatively RBB 
a 7g peak, sinusoidal, steady state vibration, occurring at the 9.5-c 
frequency. 

ctor- 

upport 
cruise 
n avoid- 
rain 
to stores 
gust ln- 
uad at a 
ed  to be 
fuselage 

5-2 Side Support System Analysis 

3.2.1  Nomenclature 

A ■ Amplification factor (dynamic deflectlo 
deflection) 

P 
0 

= Magnitude of driving load (lbs/in 

n « Inertia load factor (g) 

W > Reactor weight (183 lbs/in0) 

vz - Apparent load on springs (lbs/in^) 

F - Friction damping load (lbs/ina) 

u B Reflector—support system interface fri 
coefficient 

R a Outer radius of reflector (in.) 

Po 
= .Reactor preload pressure (psi) 

APT ■ 
Change  in reactor pressure due to ulffe 
thermal expansion (psi) 

Ati ■ Change  in reactor maximum pressure due 
inertia load (pti) 

< m 

static 

ion 

ntial 
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f 

Mi 

.1 

JS 

1 
cr 
b 

V 

Static reactor pressure after dif¥< 
thermal expansion (pßi) 
Differential thermal expansion (in 

Reactor deflection from inertia la 

=   Reactor dynamic and static pressur. 

=   Driving frequency (cpe) 

■ Resonant frequency of reactor spri- 
system (cps) 

«    Gravity constant (386.4 in/ßec^) 

=    Support syctem integrated spring tfi 
(Ibs/injin,.) 

- Support system radial spring rate i 

«■    Spring material elastic moduli (ps 

=   Maxi twin CenBile load in tangential 
systems (lbs/inr ) 

=   Circumferential spring rate (lbs/ii 

= Volume of spring element (in^) 

■ Spring element length (in) 

■ Ratio of distance from end of epri: 
point to spring length 

- Number of springs in parallel 

=   Number of springs in series 

=   Surface efficiency of the spring 

=   Allowable stress of the spring mate 

=   Ratio of end thickness to center t) 
the spring 

M90IT. 
bOOJ 

sntial 

(1%) 

(psl) 

Si/lBj.) 

par-lag 

fin,.) 

to load 

Lai (p3i) 

;Kness of 

Structural efficiency of the ftjrrin; 

Subscripts 

r       =   Radial 

z        =   Transverse 

a       ■   Axial 

-Sf6KSTftfeSTRIGTEPP,Wr iiinnay Aft'i" or i ui 
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o        =    Initial or preload conditions 

c        =    circumferential direction 

Superscripts 

c       ■-    low altitude cruise conditions 

b        ■   boost-transition conditions 

5-2.2        Dynamics Model and Optimum Spring Rate 

5.2.2.1    Dynamics Model 

A dynamic analysis   of the reactor and support s tern, 
baaed on an idealized fluid cylinder vibrating in an elastic medium, ference 
k, has shown that appreciable excitation of distortlonal modes of the ube ma- 
trix is unlikely in the frequency range of interest (5-30 cps).    Howe r, a low 
frequency resonance could exist corresponding to the rigid-body trans tion 
mode of the matrix.    This mode occurs at the system fundamental frequ icy, which 
Is determined by the mass of the reactor and the spring constant of t aide 
support structure. 

The result of the above dynamic analysis and co lderation 
of the inertia load inputs suggests a simple dynamics model on which e prelim- 
inary dynamic analysis of various lateral support structure configura ons will 
be based.    The nodel is a single-degree-of-freedom,  slip-damped syste 

The radial and tangential configurations are sh n sche- 
matically in Figure h&. Figure \9 shows the idealized dynamics model lt,h ex- 
planatory details. 

Load on the reactor mass io 

V     ■>  ABH z (1) 

The solution to the amplification factor, A,  Is    ell 
known.    Reference 12,  page ^37 gives 

i - f2/fn
2 

Vhere 

f        --1-A 

"MIUI'lll! LimilU  Mil  II    l-9»t 

(2) 

(3) 

w 
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The above equation for amplification factc represents an 
approximate solution of the model. A plot of the exact aolutior if A vs. f/fn 
with P/pQ as a parameter, may be found on page 208 of Reference !. 

The assumption that the tube matrix reflec I as a rigid 
cylinder permits the solution of the reactor pressure distribute 1 from a stat- 
ic balance of the load. A deflection of the cylindrical matrix i amount <6§ j 
(see Figure 50) results in a distribution of deflection given bj 

So 

A $ü  ■  AST cos e (*) 

A pe   =   Apj cos 9 (5) 

where 

APl - *r ASr (6) 

A §   defined in figure 50 

is given by 
The differential force dV^ along the axis c displacement 

A       2 
dv, « Z\ pT n cos e d 

Bumming this force over the periphery gives 

(7) 

tff* 2 
v    =  /     APT R cos   e d e   = Tfn  \p (8) 

z o I I 

AP   -   ik *l 77^ 
(9) 

«IIUI'IIT'LIHLHUI  J1LI   W   gjjj 
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The integrated spring rate, K^,  follows from thi£ 

\    - AS, 
7Tn k (10) 

The friction force is derived in a similar mann«      The 
incremental friction force opposing the Inertia force is 

OF    =   // Pa sin    9 d 9 

Integration over the periphery gives 

:n) 

27T 
P   -   /        H p„ H sin2 9 d 9    *    l)/iRpa (12) 

5-2.2.2   Optimum Spring Babe 

For the spring configurations suitable for the le ;ral 
support structure the volume of material required is directly proportic il to 
the maximum value of elastic strain energy that the springs must absort For 
a spring with the following characteristic 

the energy stored is 

we2' ^P.Sr^A (13) 

Thus. the volume of spring material required is p •por- 
tional to the parameter p^ /kr. Since the springs r.'utisti.tute an appree ble 
portion of the side support structure, and since the volume of f;he rema lng 
structural material is approximately proportional to the maximum spring oad, 

- he - 
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the least maximum value of p^Ay will also result In very n< rly ths liiinitaum 
size of the entire support structure.    Wie deBlgn procedure c scribed below is 
based on this criterion. 

The objective of the design Is to llmi- the value of the 
reactor inertial deflection ( A cT ) to a given magnitude by i Lection of the 
parameters that will result in the least value of {^ Ar*   K 3 mean8 that wltn 

a given spring rate the static pressure ps, which is 

Po + .Hj. 

Is adjusted so that the friction damping force is of auffiel« 
reactor deflection to 0.10 inchee. By following the above p: 
ent spring rates (kr), a minimum value of Pm

2Ar is found. 1 
associated with reactors may be used for design. The result« 
zation procedure, for the design criteria used, are presentee 
This indicates that the optimum spring rates are 181 psi/in.., 
terns) and ii»0,000 lbs/in.a/in.c* (for tangential systems), 1 
respond to criteria based on the boost-transition design cone 
portion of each curve results from the satisfaction of the s« 
ment (Paragraph 5.1.5.3) at initial boost condition. 

(1*) 

b value to limit 
aedure for differ- 
i  spring rate 
3f such a minimi- 
ln Figure 51. 
,'for radial Bys- 
388 rates eor- 
;ion. The linear 
iration require- 

5-2.3 Structural 

5.2.3-1 Spring Material Optimization 

In the previpus section, the spring rat was fixed, re- 
sulting in a minimum radial dimension for the side support st icture. The 
spring that furnishes this rate must be ae efficient as poasJ „e so that addi- 
tional dimensional losses are minimized. 

by 

where 

cr 

The strain energy capability of the spi   ig can be expressed 

1.   /v^edv = ^/v(X   '41 (15) 

= bending stress 

H maximum allowable stress 

* This spring rate corresponds to 197 psi/lnch in terms of an equivalent radial 
spring rate. 

•sgencrfiDSTnioTCD DATA •vr <wwr w 
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This may also be expressed by 

2E 
(16) 

where 

f -i '»** « (17) 

in which V4' iß called the structural efficiency of the spring.    It ma; be seen 
that if CT"is equal to [Tin throughout the spring material, then 100 ; rcent 
efficiency iß realized.    For bending beams, which have good spatial e: iciency, 
the maximum efficiency is realized when the stress distribution over ■ J length 
of the beam is constant.    This stress distribution is approximately r< Lized by 
a two-point loaded beam with tapered ends: 

1 

*0 

1 
ßJL 

I 

«  

——-—"i k"   *""' 

t   x — 
Linear Taper 
 » 

i 

The moment distributicn is 

M 

-¥ t 

with the resulting stress distribution as 

<£ 
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The thickness variation, which results tne constant 
stress ease, is actually parabolic. However, a parabolic tap is difficult to 
achieve practically in thin sheet, so a linear taper is used an approximation. 
Using Equation l6, the volume of the spring material may be e reseed as 

V. I 
^f. Pm2Ar (18) 

since W Is proportional to p /kj,. The parameter T\  ia the w face efficiency 

of the spring;  i.e., the spring reacts a load of jLp/7]  . Th volume of the 
spring is 

V0 • #• <t0 + tj_) ♦ t0/(l-2^ (19) 

Th« structural efficiency is evaluated from the integral in E> ation 17 and is 

|J        JL.    1 - 2#(1 - D) 
7        3    1- £ (1 -b) 

where 

„ „ —A-_ [. /n b - A (i-b; :u-b)] 

With Equations 18, 19,  and 20,  the required total spring thic)   ;es is 

(20) 

(21) 

t ■ % 

7/ <Tma kr f  [l-/8(l -    )] 
(22) 

The spring length, X i  may be determined from the spring rate squired and the 
spring beam dimensions, and is 

■>    fih ^)l/2 
n
P   ns     3/?Pffi 

(23) 

■i'ttus, for given values of the parameters ;he minimum 
thickness of material required and its associated length can I determined from 
Equations 22 and 23- 

The above design procedure was carried c , and resulted 
in the spring presented in Figure klJ>.    The spring has the fol] zing specifica- 
tions: 

■SECROHlCOTflIOTP PAT* 

-5 



DECLASKüINFULk. 
Mhor% EO13526 
Chief, Reconlsfi Declass^kl 
ms: öd ö 2 2m 

as 

3EgRH-^C0TH10TCD DAT* 

ASD-TDR-63-?77. Vol.   IV VOfT. 6003 

5 

Radial free height = 0.857 inches 

Radial installed height ■ 0.807 inches 

Spring length = k.li50 inches 

Distance to load point = 1-556 inches 

Element maximum thickness = 0.092 inches 

End thickness (linear taper) = O.OWi inches 

Spring rate - 188 pai/in.r (cold) 

Spring rate - l8l psi/in.r (3&0°) 

Spring rate ■ XJJO psi/in.y (ltoO") 

Maximum stress = 109 ksl (boost-transition) 

Steady state stress = 37-3 ksi (cruise) 

Maximum reactor pressure e 70.7 psi (boost-tj   isition) 

Steady state reactor pressure = 25.8 psi (cri   ie) 

Preload reactor pressure = 9.4 psi (cold) 

Preload spring deflection ■ 0,050 inches 

5.2.3.2    Component Analysis 

5.2.3.2.1   Spring Pressure Shell 

Although it is desirable to hold this shel] .0 the min- 
imum thickness possible,  the redundancy of the shell geometry makee ;his diffi- 
cult to achieve analytically.    The following analysis conservative! assumes 
that each circumferential web and a portion of the shell-in combine .on- act as 
a ring (see Figure 52).    If the veb-shell combination is sufficient ' stiff, the 
equivalent ring will be loaded in hoop tension. 

Shell loads are critical at boost-transltic    condition: 

Maximum pressure       ^    70,7 psi 

Shell temperature      -    !i00oP 

Shell material =   Kene' hi 

Material allowable   «■   120 Ksi 

SCCftET'fiEfrTniOTrDDATA 
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Shell point loads: 

P = l/i* ^2 27.^ (?0.7)  = 190 Iba/ir 
3T.3 

Moment of inertia of Section (A-A): 

IM --■   O.O0610 in1* 

Assume ring loaded at 32 equidistant poj   .6 and deter- 
mine deflection from Heference 5 (Case 9, page 15b): 

S -   O.OO9I1 incbeo 
max 

Deflection ie email. 

Hoop tension analysis: 

Diameter   =   55.19 in. 

Reflector diameter   ■   53-25 In- 

Equivalent ring pressure: 

i - 

s 

%!Q =   «a 70.7   -   68.2 psi 
55.19 

Hoop Stress    =   w8,2. x g7,^° =    15 Ks 
1.25 

IPO 
MS (Hoop Tension) •= ——  -1    -   fl   & 

1.1 x 15     - ä 

7T55.19     /• Length between rails - ■,, fest - 10.6 .n. 
16 

Rail width = 1.25 In. 

Beam length = 10.6 * 1.25 " 9.35 ■- 

Load/section ■--   68.2 x 10.6   ■• 724 '&/ina 

Load on web ■> 68.2 x 9-35 » 638 1 /in^ 

sccmrnrtTnicniPPAT* 
»FT 
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43 .l.bs/ina 

The difference is carried as a shear in the atl web 

724 - 630 = 86  lbs/in« ,  . , 
' a 43 lbs/ina 

638 lbs/ina 7 

-1.25- 
O.125 

M „ W1 68.2 U.25)2 

T    =    8^   "    «.3 in-lb/ 

Assume a stress concentration factor of 4; 

■f     -   L §H        g4 x 13.3 , 
*b   "    4 To   =   -7- "—   =   20.4 Kei 

t* (0.125)2 

f     .   iE   «    4 x 68.2 x 27.59 
0.125 

60.2 1    i 

total -   20.4 + 60.2    =    80.6 Ksi 

IPO 
(Benaing + Tension)  •-    — -.1.      )-0.?5 

1.1 x 80.6 
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beam: 

5.2.5.2,2   Spring presaure Pad 

5.a.?.2.2.1   Pad Lug Bending 

Conservatively analyze the pad as ap    ssure loaded 

Maxlraura Preseure 

Pad Temperature 

Pad Material 

Allowable 

TO.7 pal 

l4O0*F 

Rene' 4l 

120 Ksi 

iy^ T 
.10 

I« /1—►«—4 
4-0.7& 

5.24 

10.1 

V--*«^ i) = l64 in-lbe    n. 
12  '   12 -  lj 

__     6M    6 x 164     n~ _ „ . 0— _ _ „ _ m 98,5 Kel 

fcd      (O.IO)^ 

MS (Bend) ■ —— . 1   -   +0. 
1.1 x 98.^ 

The pad lugs react the friction load      sit is pro- 
duced by reactor movements and ie a maximum on the side pads. 

dltion. 
Pad lug bending Is ---rltical at the st<   s ejection con- 

Precioure  - 23.6 psi 

Lug Temperature  »•  J500°F (Assumed) 

SEffiENKOTm SEEP DATA 
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Allowable = 95 Ksi 

Lugs are 3-3 inches on center 

B - 26.63 in. 

So: 

q. R sin S   IQ 

K 

f - / 2    g. R sin 9 d « 
91 

<1 ■ 11 p sin 9 

a 
f^Z/üpR sin2 9 d © 

el 
1 m   *^ ° 

■ (0.3)(23.6)(26.62) /     '     sin2 No 
28.8* 

» 189 x 0.393  '■ fk.l lbo/:lnn 

c: 
—^o.*n 

L 
H 1 

> 

ffc.l lbs/in 

■s£€ittincgTf]i era?, DATA? 
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K - O.Jfl x 74.1 » SO.lt in-lhs/i.nB 

M ■ jSO.il Jn-lbs/in   x 3.3 ina/lug - 1      In-lbs/lug 

rr 
* ' 61» x 0.313 Uo.t 

•f        M 100 
b B   7,   K 0.0208 

.625)"- (Ö.373)* 

-- i».8 Ksi 

0.0208 in. 

MS (Benfl-)* 
__25 
1.1 x O 1    •   High 

5-3 Front Support Structural Criteria 

5-3.1       Discussion of Axial Support System 

Axially directed air and i.nertial forces ting aftward 
upon the assembly of hexagonal ceramic- tubes comprising the rea or core are re- 
acted by bearing on metal base plates that bear againat flanges a metal tie 
tubes extending through the core.    These tubas are attached to structural grid 
located forward of the core and act as tension ties.    The grid connected to 
the airfraroe at Its periphery. 

This axial support system provides for a < fferential ther- 
mal expansion between the ceramic core and ths metal structure 1 means of i:»>- . 
springs located on the tubes between the core and the grid. 

During assembly, tube lengths are adjustei nechanically to 
clamp the core against the springs and the springs against the , Id.    The result- 
ing spring deflection preload compresses the core against the a: face plates 
and prevents forward movement. 

Forward growth of the core due to d If fere; Ißl expansion 
further deflects the springs and .Increases the spring aft-direc 1 preload. 
Elastic and plastic stress-induced elongations of the tie tubes irtially re- 
lieve the spring deflection. 

The net force exerted by the springs upon le core must ex- 
ceed forward-directed core loads if core forward motion is to b< prevented. 

Forward-directed loading on the reactor ci s may occur mo- 
mentarily during several flight phases. 

Immediately after rocket booster burnout, i inertia fac- 
tor of -0.32 g   is attained.    The net force,  however,  is less t? I that of the 
aft-directed air drag (Hefer to Figure 53). 

During unstart-reotrart condttiorvi, the ait (rag on the .re- 
actor core becomes negligible while that on f;he airVr°.mc- lr> UDRJ ictpd. Inertia 
of the core will force it forward against the springn. 

•SECRET HCDTniSTCD11 DATA 
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5-3-1.2    Discussion of Axial Dynamic Loading Conditions 

To obtain insight into the expected dynamic loa 
full scale reactor, a one-third scale engine was tested during Octobe 
Data from the testa were extrapolated to the full, scale system at con' 
Mach 3, an altitude of 1,000 feet,  and ANA Hot Day temperature. 

Time response was corrected for full scale diff 
and temperature differences. Since the full scale diffuser is three 
er, the time for a pressure disturbance originating at the inlet to r 
reactor is three times as great and, hence, pressure response data ob 
the one-third scale system should be reduced by a factor of one-third 
since the. test reactor was full length, the tine for propagation of p 
disturbances through the reactor remains the same between the one-thi 
and neglecting the effects of the nozzle. Both the fore and aft pres 
sponse timeG were also corrected for sonic velocity differences betwe 
scale condition Tn,   of 1570°R and test data temperature of 9O0°R.    Th 

0 
suit of the scale and temperature corrections was an expanding of the 
of both front and rear response curves by a factor of; 

Full Scale 
l/j5   Scale 

TT| o - l/3 Scale 

^o-F 
- 2.3 

Pull Scale 

but maintaining the relative lag through the core. 

Equivalent full scale pressure levels were obta 
ratioing steady state values recorded for one-third scale system test, 
prior to inlet unstart to those given in Reference 13 for Mach 3.0» A 
and 1,000 feet. The pressure ratios from one-third scale to full sea 
assumed to remain constant throughout the transient. 

Typical one-third scale data corrected to full , 
ditions are presented in Figure 5k. The corrected data are also pres< 
Figure 55 in terms of AP across the full scale core during unstart 
The effect of such a *£\ P change on reactor drag load was evaluated ' 
the steady state A P was equivalent to the full scale steady state d: 
%} and that drag remained proportional to  AP throughout the translei 

Based on these assumptions, Figure 57 was prepa. 
considered representative of the change in full scale reactor drag la 
out the unstart transient. The curve is presented as a series of str.- 
as user* to simplify the mathematical analysis. The effects of a hot 1 
pressure response were not considered, and friction in the side suppo 
was neglected. The loade of this curve were then incorporated into t! 
tlal equation of motion for the reactor to determine their effects. ! 
5.3-2 presents the derivation of the equations used in this analysis, 
with sample calculations. Figures 58 and 59 present the calculated d. 
and velocities of the reactor over the time period of the unstart trai 

•sccnff-nccTn 1 CTCD DATA 
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Thia analysis indicates that the reactor 
loads and t*en abrupt reloads during the unstart transient. F 
shown in Figure 57 for ground test operation, the forward load 
sufficient to cause separation from the base block in that ela 
in the tie redo returns the reactor slightly past zero deflect 

In flight, however, an unst&rted inlet 1 
drag sharply. Therefore, upon inlet unstart in flight, the re 
ject not only to forward forces arising from abrupt changes in 
the propulsion system, but also, since the. reactor motion is u 
forward direction, to the relative deceleration of the vehicle 
the reactor. Figure 55 presents the estimated reactor drag lo 
ing an unstart transient thai is accompanied by additive 3g ve 
A deceleration of 5S was selected as representative of s sever 
condition. In the preparation of Figure 55 it wac aeauraed tha 
forward load was applied prior to tint's = 0 and displaced the t 
from that of Figure 57- The 3g load remained constant over th 
tion of the unstart transient (to t - 0.0l)5) and did not affec 
dissipated as reload (and restart) occurred. The deceleration 
assumed to occur linearly over the flat portion at the bottom 
curve (time - 0.0l»5 to time ■ 0.057). Offsetting the reload s 
that of Figure 57) was accomplished to compensate for pressure 
through the diffuser- The amount of offset and the rote of de 
decrease vere arbitrarily selected to simplify the straight 11 
the drag load curve. 

In relation to the Og drag load curve (F 
53 Is, therefore, lowered by a factor of 3 times the reactor m 
t = 0.0'(5 seconds but with the same slope, and shows immediate 
stay time at minimum load. From time = 0.057 seconds on, Flgu 
identical, since all deceleration loads are assumed to have dii 
hide reacceleration loads were not considered. 

e..'&iv5s forward 
the lead change 

are marginally 
ic energy stored 
n (Figure 58). 

reases vehicle 
tor becomes sub» 
ass flow through 
estrieted in the 
ith respect to 
variation dur- 

cle deceleration, 
inflight drag 
the 3g additive 
e ■ 0 drag level 
unloading por- 
the rate, but 
pad decrease was 
the Og drag 

rt time (from 
ulae travel time 
leration load 
construction of 

ure 57),  Figure 
3 from t ■ O to 
=Ioad with no 
s 57 and 53 are 
ipated and ve- 

A mathematical analysis similar to that i 
ground test (Og) condition wais conducted for the flight condit: 
5-3.2 presents sample calculations of reactor motion under the 
of Figure 53. Figures 60 and 6l present the calculated result; 
and velocities of the reactor. As shown by these figures, the 
displacement and velocities increases considerably over that ol 
ground test conditions. A maximum separation from the base bli 
followed by rapid oscillatory separation at high velocities is 
though these motion characteristics do not appear to overstresi 
appears probable that ceramic damage would result from ouch im; 

It ohould be noted that the forward reac* 
not considered in this analysis due to their relatively low sp- 
lbs/in./in. (Reference 13). Redesign of the forward spring sy: 
ably overcome the predicted forward deflection, It Is reoommei 
design be investigated. 

«iucted for the 
n.    Section 
oad variation 
t displacements 
sverity of the 
lined under 
K of 0.127 inches 
odicated. Al- 
thc tie rods,  it 
rt  load cycling. 

r «prings were 
ig constant (^5 
;m could prob- 
3d that such re- 

tnn.iu nmyt ifniiTi.in   r).]ii 
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2-5 .2   Dynamic Analysis 

5-3-2.1 Derivation of Equations for Reactor Dynamic Loac Uialyale 

KY   4       -.,. 
m 

tie rod 
counter force Reactor Mass 

drag load 
>F(t)   varlatlor 

during ur ,art 

Assume 

then 

and 

-+ x  positive 

For the above system 

dv2 
«~ = F (t) - kx 

dt2 

d^x 

dt2 
x = -i- F (t) 

To solve per Reference Ik let 

d2x k 

d^    +    T    *    E    ° 

Ht 

dt - Re 

d2X 

dt« 

Et 
s   e 

■CCCRrjOCQTRIOTCPOATA 
jgj ilff IP  1Q3 'I 
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(25) 

(26) 
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and xj, becomes 

Substituting in Equation (26) 
■t 

/.   ■   -   +(-JL)l/8 

Assume l/m F (t) can be expressed as a + bt 

and let 

x - A + Bt = x0 

then 

dt^ 
dt 

Mien Equation (25) can be expressed aa 

and 

— A    +    — Bt    =    a    +    bt 

A    =    a/k/m B   =   b/k/m 

x    "    xl    +    *2 

1/2 1/2 

wotrjfoq; 

k/ia        :/ni 

which can also be expressed as 

3 

.1/2 

(27) 

1/2 
=    (cL ♦ eg) cos (i)      t + (c1+ c2)iain(i)V2t +-   •♦-*-*    (29) 

•S£6R6T« 
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Differentiating Equation (28) 

St -   °xi<T>     e%1 ^x/"  (4) 

or 

dx 1/3 

dt " gl* {~> 

i <-*)1/2 

v Vte t 1/2 
0O8 (Jt)     t + l «in (£■)       t 

,k,l/2. 
1 aiB (^)l/2t + ^ (31) 

Kquations (29) and (30) define the displacement nd ve- 
locity of the reactor during an unetart transient,    c^ and eg can he aluated 
from known conditions at time = 0; however;  x must be positive at t = . Values 
of a and b can be determined from test data by defining the unetart t neient 
in terms of successive straight lines (Figure 57). 

The value of in was taken as 11,400 lbs from Ref> ence 13, 
and the steady state load, at Mach 3,1000-foot altitude, ANA Hot Day, rora Fig- 
ure 56. 

The tie rod strain under this load was computed rom an 
effective area and weighted modulus of elasticity for the 8l Rene'  hi nd 40 
R235 tie rods.    A tie rod temperature of 1300°F was assumed (Beferenc L).    Bod 
length was taken as 80 inches.    The initial steady state deflection vi there- 
fore! 

i F 80 (263,000) 
= 0.075 ii 

EA (no.  of rods) 2^.5 x 10° (O.095)  (121) 

The tie rod spring constant, k, was therefore 

*   =   f   =   %7T   ^.5*10^    lWl„. 

5.5.2.2    Sample Calculations of Reactor Displacement and    aloclty 
Changes During Unstart-Ground Test 

For conditions at t = O    (Figure 57) 

x    =    0.075 ~    ■    O dx 
dt 

•seeflg.fli:oT.mafED DATA 
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the first straight line segment can be expressed as 

therefore, 

also. 

*4-*  - 4r  i (t) 

a   -   8,900       b   =   -190,000 

■=■   -   118,500 ra 

<i>1/!»^ 
at t « 0, Equation (28) and (JO) become 

X      =      C,   +   Co   + 1 + C2 + k7S 

K = Cl i (-)     - c2 i (r)     ♦ ^ 

Solving for c^ and c2 and substituting 

1.6l 
OSTi 

1.61 
oTBBT 

Since all constants are now known,  x ant   ix/dt can new be 
determined for tidies up to 0.01+5 seconds: 

C   + c2 - 0       (Cj^ - c2)  i = 0.00^7 

x - O.OOVr sin 3Mt t + 0.075 - 1.6l t 

dx 
dt 

\ 

sjgjft; (3^ i) Ö. - 5^ (5M i) fi_ - 1.61 

^s--«*a*vjBü«;f.w 

- 5T - 
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.-Solving a-   x,   - O.O1^/ 

and 

x   =   0.003 inches 

dx 
5£ = -3-20 inches/sec 

Thus, the tie rods have relaxed from 0.075 to 0.003 and the reai sr is moving 
forward at 3»2 inchee/sec.    Each straight line segment of Figun 5? is treated 
similarly, and a,  b,  CT_,  and c2 "Z* reevaluated each time.    For nose line seg- 
ments where the velocity reverses direction, the time of zero V' oclty is de- 
termined and the maximum (or minimum) displacement Is determine» 

5.3.2.3   Sample Calculations for Reactor DlBplacenn   i and Velocity 
Changes During Unstart-Flight Operation 

It was assumed that the application of thi 5g load prior 
to time ■ 0 (Figure 53) did not change the reactor motion chara< Jrietics at 
time = 0 from the characteristics under ground test conditions I .e., x = 0.075 
and dx/dt = 0).    This assumption was made to simplify the analyt a and was Jus- 
tified because the change in Initial drag load was relatively st 11, and its 
effect on Initial displacement and velocity would also be relat: ;ly small. 

Therefore,  at t = 0, 

x   =   0.075 

and 

S£  =' o dt u 

Solving for the constants a, b, c^, and c2 as in Paragraph 5-3-l   i> 

a r- 7770 

tj ^ -190,000 

S* 
1.61 + 3.26 i 

Bl 688 i 

= - 1.61 + 3.26 i 
Cy 

68ft 1 

Solving Equations (29) and (3l) with the known cons:,-i.ni:i <it t 

x    -    -0.016 inches 

.0!+5, 

! 
a 

and 
dx ■re    ~    -3-7& inches/aec 

•SEGRgflESTniOKDDATA 
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Thus, the reactor has separated from the base plate and has ft rard momentum. 
To evaluate reactor motion over the next straight line segmeni new equations 
must be derived since the constants can not be evaluated for 3 legative. Under 
a negative x. k « 0 and the equations are invalid. For x ■ m ttive ai t = 0, 
Equation (25} becomes 

dfx 

dt2 

Expressing l/m F (t) as a + bt; 

dts 

F(t) 

a + bt 

Integrating for dx/dt and x, 

&   -    at ♦ i t2 + e, dt 2 x (32) 

£.  t2  + j.   t3   +   Oj   t   +   Cg (35) 

At t = 0, 

dx 
dt -3.76 

From Figure 52, 

x   =    cc -O.OI6 

a 

c 

-85 Jt 

96,000 

Equation (33)  ie solved for the time at which x .returns to ssej        Equations (32) 
and (33) are only valid up to' this time after which Equations (   I) through (31) 
must be used, since k ie again the factor. 

Setting Equation (3i) equal to 0 and so}   jig for t, 

0   =    -417 tS   +    16,000 t3 -3.76 t - 0.016 

t   =   O.O35 

6 
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Therefore, after time 0.0^ + 0.033 ■ 0.078 of gure 
Aquations(32) and (33) no longer apply for the straight line segment 'om t ■ 
0.01*5 vo t = 0.090.    The segment from t ■ O.078 to t = O.O90 is evalt ed ae 
before using Equations (28) through (31). 

53 

.uated 
at the 
nimum ve- 
•t tran- 

the 

The remaining line segments of Figure 53 are ev 
similarly. Equations (32) and (33) are applied whenever x is negativ 
start of a line segment. Tor  all line segments times of maximum and 
loeity are determined, to define completely the behavior over the unst 
Blent. 

5.3.3   Structural Summary 

According to Reference 13 (page III-29), data f 
standard tie rod springe are as follows; 

Material Inconel X    Inconel X 

Number, of springs. 1      .'103 

Outside Diameter, inches    1,75 

Inside Diameter, inches    1.32 

Spring constant, lbs/in. 
at 1100°P     1*5 

Free length,  inches h.h 

Bottom-out length,  inches        2.9 

Assembly pre-load,  lbs 55-97 

There are 121 tie rods, and the total reactor w   .ght sup- 
ported is approximately 11,500 lbs.    Assuming the tubes are equally 1   ded, 

i^222   =   95 lbs/tube dead weight loading (l.Og). 

Thus, a l.Og forward inertia load would exceed     « 55.97- 
1b preload by 39^03  lbs and would deflect the spring O.87 inches.    Su      move- 
ment cannot be tolerated. 

If loaded after the core and support structure ve reached 
stabilized temperature levels and all differential expansion has occu ed,  the 
additional preload due to the core expansion spring deflection will b available. 
Total spring travel can be only h.k - 2.9 ■ 1«5 inches and spring loa lu then 
1.5 x H5 = 67.5 lbs-    Gince this value is less than the 95 lbs/tube 1 d, for- 
ward movement would still occur. 

The present spring system appears unsatisfactor    far the 
unstart condition.    Since the present load data are of a preliminary     ture, 
spring redesign should be delayed until final load studies are availa    e. 
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5.5. k Conclusions and itecommendatloüki 

1. Reactor damage due to forward loadin 
tng ground testing of a full scale Pluto engine If inlet unsta 
scale engine dynamic evaluations should be conducted with a du 
to any hot core testing. 

2. Definite forward loadings are predic 
inlet unstart in flight due to the additional forward loads re 
loss and drag Increase. Modifications to the existing Tory II 
system are indicated. 

3. Additional dynamic load evaluation 0 
lished with the finalized one-third scale inlet configuration 
effects of inlcL   "hard start" (restart with bypass doorc close 
mine possible change in the load characteristics with increase 
tion.    These teats should be performed at design and off-desig 

may occur dur- 
occurfl,    Full 

y reactor prior 

(I to accompany 
Hing from thrust 
front Gupport 

uld be accomp» 
ascertain the 
und to deter- 
Inlet contrac- 
Mach numbers. 

5.1» Side Support System Test 

5.4.1  DlBcussion 

An extensive spring evaluation test prog m for the Pluto 
reactor side support system was continued during 1962. Seven ring configura- 
tions (Reference 15) were to be investigated to support earlie preliminary de- 
sign studies; 

1. Split cylindrical tube 

2. Solid cylindrical tube 

3. Modified Belleville 

k. Buggy (elliptical) 

5. Torsion bar 

6. Corrugated 

7. Plate 

Test programs for evaluating the perform 
corrugated and flat ribbed plate springs (all fabricated from 
terial) were conducted in the past (Reference 16). Because in 
Belleville spring exhibited the most desirable high temperatur 
from the standpoints of load-deflection and permanent set, tnl 
teats were directed toward the evaluation of Belleville spring 
modifications intended to reduce initial permanent set and to 
rying capacity. Belleville springe of R-235 alloy material we 
emphasis to this work. Subsequently* concerted analytical ana 
spring forms listed above Indicated their potential was infer! 
ville spring regarding functional requirements. 

StffiTnCDTfllOTCD DATA 
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Concurrent with the above work, analysis was to 
new type of spring, emtoodying the aspects of a tapered curved beam a 
specifically to minimize the lateral support annulus dimension. A d 
program was formulated to evaluate the mechanical performance of thi 
type under expected operating conditions. 

5A.2        High Temperature Springs 

5.4.2.1    Belleville Spring 

A theoretical analysis of the stress profile o 
ville spring (Reference 17) shows that very high stress concentratic 
at the inner diameter edges, the higher stress being at the convex e 
sequently, the actual stresses occurring at tooth inner diameter edge 
exceed the allowable yield stress of the spring material and are res 
for the permanent set (local edge material plastic yield) during ini 
deflection operation. 

It WHS assumed that, if the rather sharp inner 
edges were modified, high stresses would toe decreased resulting in r 
permanent set and a more uniform stress distribution across the spri 
ticular attention was given to the alleviation of stress concentrati 
ploying full edge radii. 

The test items were conventional form Bellevil 
of R-2.35 material with an optimum solution heat treatment.    Nominal 
were O.lOO-lncb. material, 2.000-inch O.D.,  0.875-inch I.D.,  and 0.05 
coned height.    These springs were designed with a linear load rate t 
mately 85 percent of the spring deflection capability, and a load It 
position)  of lßOO pounde (Reference l8).    Several springs were modif 
rounding the inside edges.    Pull edge radii of l/64,  l/32, and l/l6 
inch were used on either or both edges.    Figure 62 shows some typica 
that were tested.    A spring containing l/l6~inch full radii on both 
atneter edges is presented in Figure 65. 

OUT, 
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The spring research effort entailed compres3iv 3latic 
losd-deflection teats, which were conducted in a Baldwin Universal 35 t Machine 
at ambient and elevated temperatures.    Appropriate spring holding fi ures, CH- 
AT, thermocouples,  and Brown temperature recording equipment were use< 

Single spring specimens of each of the convent nal and 
modified configurations were tested with and without strain gages at mbient 
temperature.    A nonetrain gaged single spring setup is shown in Figu 6k, Tlie 
loading methed shown in the figure is referred to as flat plate load g.    The 
nonetrain gaged spr-tngn were first preset by deflection tu the flat sltion, 
and then subjected to a load-deflection test to 8570 of the maximum flection 
for three cycles to establish the spring rate. 

In order to determine the spring stress profii' one modi- 
fied spring and one cou'/entional spring (springs  identical  in physici dimen- 
sion except inner diameter edge mofttrio.ltJon'  w;r"i lflatru<M..i*.ed with train 
g?iges and tested.    SR-k type A-19 gages wer=- installed no notr. outsi« and in- 

I ■JTIDIW lli'LU'l1 M\T Pf  \m\t 
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side spring surfaces at mirror view lcicationa equally spaced ( 
fashion ae shown in Figure 65. The spiral method of gage pla< 
average radial-wise strain coverage and also faeilitiated atts 
trical leads. The actual test setup for these teste is shown 
details of the "house-of-cards" type of test arrangement are t 
A cone pointed ram was used to prevent, damage to gages (as opj 
plate) and yet produce effective flat plate loading. In gene) 
deflection procedure f.ir gaged spring duplicated the above pa 
gaged springs. 

In addition to the single spring tests, 
with 10-epring series stacks of conventional springs were cone 
stack, load-deflect ion rate was determined at ambient temperati 
deflection-load relaxation characteristics at 85 percent of tl 
tion capability were evaluated at lkQO*i?. Setups of spring tti 
blent and elevated temperature tests are shown In Figures 68 i 
tively. 

The average permanent set of a single c< 
at initial deflection to flat position was approximately 32 pe 
iginal coned height (nominal, O.05O inches). No differences J 
were observed between the conventional and any modified sprint 
ure 70. 

The spring rate for the conventional foi 
ear up to 85 percent of deflection capability, and the load 11 
raately 181*5 pounds as noted in Figure 71. These data verify t 
(Reference 18). 

For comparative purposes, one conventior 
spring was tested at the same conditions as had been applied t 
Rene' 1*1 alloy spring of near identical physical dimensions (t 
Figure 72 indicates that the Hene' 1*1 spring underwent a perms 
l»2 percent of the B-235 spring set at the comparable deflectIc 
Figure 73 the Rene' kl spring exhibits approximately 12 pereer 
carrying capacity at 85 percent of the spring deflection capat 

An increaoe in load carrying capability 
springe tested with a radius on the outer I.D. edge (Figure jl 
that had the greatest increase was the one with a l/l6 inch re 
figure,  a spring with the above outer edge conditions shows ar 
percent in load capacity over that of the conventional spring 
cent level of deflection capability.    The increase in load caj 
dieted from the formulae in Reference 17 and is the result of 
permitting a shorter couple moment arm around the spring cent* 
schematically in Figure 75.    Corresponding load-deflection dat 
figure verified this mechanical phenomenon.    Also it will be s 
that no significant performance effects resulted from uprlnga 
only the inner I.D. edge aB compared with the conventional sprin 
tion to increasing spring load capacity,   rounded I.D.  edges ah 
crease spring performance and integrity under a high temperatu 
load environment. 
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Strain gages were installed on two neeucly idei 
Gprings, on one conventional spring (No. 29), and. on one modified sj 
25) having l/l6-inch full radius on both I.D. edges (Figure 65). A: 
were positioned to record strains In the tangential direction. Id«) 
lng point for both springs was accomplished by a cone pointed ram (j 
Strain results were obtained for presetting and preset spring condil 
lng deflection to the flat position. These etrain results were con; 
stress values and are plotted In Figure f6. 

In general, the rather consistent strain data 
that high local compressive stress at the conventional spring outer 
was considerably reduced with a full rounded edge. The penalty for 
stress improvement was manifested in an increase of the remaining sj 
profile as compared to that of the conventional spring. Trend of tl 
spring stress data here suggests that a "tear drop" form of edge roi 
reduce the developed stresses in the outer portion of the profile. 1 
al stresses, although slightly lower, are in good agreement with th« 
stresses calculated from the formulae In Reference 17. 

The load-deflection rate for a preset 10-sprii 
stack of conventional form BpringB was found to be In close agreeraei 
rate of a single spring when tested at both ambient and elevated ter 
i.e., the deflection capability Is ten times that of a single sprint 
same load. At l400°F the stack load is a maximum of 83 percent of i 
ponding load at ambient temperature BB shown in Figure 77. The ratt 
was predicted and is attributable to the reduction of material modul 
elasticity at elevated temperature. 

toad loss of a preset 10-spring series stack c 
stant deflection at 85 percent of the stack deflection capability at 
is presented in Figure 78. The test, data show an approximate lineai 
rate of 3 percent per hour. 

5.^«2.1.1   Conclusions 

1. Of the modified Belleville springs teste 
witji a l/l6-inch radius on the outer I.D. edge was found to have the 
increase in load-carrying capability. 

2. Creep test results indicate that a const 
atlon rate of approximately J percent per hour was obtained. Extraj 
this to 10 hours will give a total lifetime reduction of 30 percent, 
excessive. The results indicate that redesign of the Belleville spt 
quired to reduce the lifetime relaxation rate. 

3. No future tenting Is contemplated for tl 
ville spring at Marquardt. The curved plate spring appears more att 
from the standpoint of reducing the lateral support annulus. 
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5.4.2.2    Tapered Curved Plate Springs 

The spring presently under development 
lateral side support of the Pluto reactor are linear rate, taj 
plate spring stacks consisting of two sets of parallel spring 
in series.    Single 1.0 inch vide spring leaves and an assemble 
in Figure 79-    The spring material is Rene' '»1 with an optimurt 
treatment. 

The spring leaf is normally 4.450 inches 
widths of 1 inch, 2 inches,  and 4 inches.    The nominal height 
stack of any width is 0.750 inches.   Each spring stack had a o 
ineh deflection capability, with a rated load of $66 pounds pe 
width. 

Marguardt for 
ed, curved 
aves stacked 
stack are shown 
olution heat 

n length with 
a spring 

itnal 0.375- 
inch of spring 

Spring tests at ambient temperature were 
Universal Tester as shown in Figure 80.    A dial gage was used 
spring deflection,  and the readouts of multiple SR4 type A-18 
a spring leaf were monitored hy an SR-4 3train indicator.    Rep 
strain gage locations are shown schematically in Figure 81. 

The setup used for high temperature test 
Temperature Test Machine is shown in Figure 82.    This setup in 
spring stack holding apparatus,  12-inch Hevi-Duty split tube f 
thermocouples, Brown temperature recorder,  Baldwin load cell, 
eter, and   automatic   load programming equipment. 

Spring stack load rate was established f 
width stacks under conditions of static compressive load-defle 
ambient and l400°F. The magnitudes and effects of transverse 
termined for single spring leaves of each width. Dynamic perf 
vestigated under a cyclic load traverse over a simulated Pluto 
tory at l400°F for a period in excess of 10 hours. A diagram 
•load schedule is presented in Figure 83. 

5.4.2.3    High Temperature Spring Test Reaults 

Significant results of the spring tests 

1.    Ambient temperature load-deflection 
stacks 1 inch and 2 inches in width indicate an average data e 
cent as shown in Figure 84.    These spring stacks, in addition 
stack,  exhibited an average of 24 percent greater spring rate 
ed rate hased 0:1 nominal spring dimensions.    Stack permanent si 
percent of stack initial deflection capability.    Strain gage d 
that permanent sets were caused by stress concentrations near 
load points.    The test spring rate of a 1-inch stack was 3.4 p 
than the calculated spring rate of the subject stack based on ■■ 
Bions. 
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2. Longitudinal material strains of single i 
I-eavei.- verified tüi existence of stress concentrations around the i 
load points as inown In Figures 85 and 86. Comparison of transven 
äata presented in Figures 87 and 88 shows that spring edge area stj 
es with increased spring width (tendency of spring edge to turn in 
i-pring side containing longitudinal tension strain). 

J. Evaluation of spring rate for 1-lneh and 
spring stacks at 1400°F (Figure 81») produced data consistent with 1 
creased material modulus of elasticity for the test temperature. 

*»OiT, 6005 

ring 
I-span 
strain 

Ln increae- 
ward 

•inch 
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- 

k.    Spring stacks, 2 inches in width tested 1     l400°F 
for 10 hours under cyclic load-deflection conditions (Figure 83) e;   .bited the 
following uniformly increasing material creep: 

s 

Sector 

Tota] 
A B C Creej 

(in.)        (in.)          (in.; 

Stack S/W 2    0.022        0.006      0 0.026 

Stack S/N h   0.02lj        0.011     0 0.035 

These material deformations are attributed primarily to stress cone   ltrations. 

5. Ambient temperature re calibrations of spi ig stacks 
tested at elevated temperatures produced rates nearly Identical to ie initi- 
al ambient rates for respective stacks. 

above are as follows: 
Conclusions from the significant test results   .iated 

1. Tests indicate that sprlngB can be desigr 1 with a 
22  p?rcent confidence in the predicted spring rate, based on nomins spring 
diwe.isions.    This percentage should Improve as spring tolerances ar reduced. 

2. Maximum deviation in the predicted vs. ex irimental 
strains was 25 percent. This deviation is probably due to the strs 1 concen- 
tration caused by the spring loading bosses. 

j5.    Cyclic,  10-hour creep testing indicated a otal re- 
laxation of 0.035 inches in spring-free height.    This means a rela.i ion of 
t.l percent based on a nominal spring-free height of 0,857 inches. his value 
although based on only two spring tests, should be well within Plut lateral 
support design reguirements. 

It.    Future spring tests should be pointed tow ■d increas- 
ing confidence in the total relaxation that  J:.ho spring wi3'.'. undorgr, 'hon sub- 
'■»cten to the Pluto flight loads environment. 
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5-^.5        Engine-Alrframe Lt'.tg.raX Attachment Test, -phases I and II 

5.^-3.1   Discussion 

During the second quarter of li?62, expe mental vibratory 
tests were conducted to evaluate the characteristics of a pro sed engine- 
alrframe lateral support system.    The history and results of ■ ese tests are 
contained in Reference 19. 

The objective of the teote was to evalu< 
integrity, the response modes, and the spring system characte 
cross section of the engine-side support system in a vibratio: 
vated temperature environment. 

The full scale side support specimen be: 
a tangential (to core) corrugated spring array coupled to a t: 
suspending a simulated core within an outer ring (see Figure I 

Results of the above test were compared 
dynamic responses as derived from a model analysis compiled i) 
conclusive correlation was evident due to (l) the inflexiblli' 
side support assembly and (2) only one possible core preload i 
tude. In addition, many difficulties occurred with the major 
strumentation at elevated temperature. Analysis Indicated the 
tion of a generalized test specimen at ambient temperature. 

A second full scale engine-side support 
somewhat similar to the basic geometry of the first item, was 
tested during the last quarter of 1962. The primary test obj< 
to bracket the dynamic test conditions used in the first test 
the basic dynamic response of the core matrix with variable s: 
loads. 

e the assembly 
sties of a 360" 
loads and de- 

ed consisted of 
ok-rall system 
). 

ith the predicted 
Reference k.  In- 
of the core- 

prings) magni- 
t of dynamic in- 
sed for evalua- 

jnfiguration, 
äsigned and 
sives here were 
ad to evaluate 
j spring pre- 

The results cf the second test are reDo;   a& In Reference 
20. 

5. ^.3.2   Phase I 'feat 

The test item consisted of a full scale i0° cross sec- 
tion of the side support system linking a simulated reactor ct 1 and outer 
ring.    The core outside diameter was 53-25 inches,  the outer 3 ig inner diam- 
eter was 6I.50 inches, and the thickness of the assembled unii ms 10 inches. 

The principal components cf the side su] 
expansion uhells and LraokG, curved linear rate corrugated spi 
tainer shells, and rails (as shewn in Figure 9'J) • All support 
fabricated from Rene' hi alloy. On assembly, the noml:-jal spr:' 
load was approximately 900 poundn per npring, resulting in an 
sure of 16 psi. 

H't system were 
igs, spring re- 
jcmponents were 
3 coppressive 
'erage jure pre:*- 

I 
5 
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5- Core resonant conditions in the ran 
for two horizontal in-Xins accelerometers are indicated by th 
Figures 98 and 99, which are typical of all the data listed i 
Apparently, these resonant data are in good agreement with th 
frequency determined from calculations (Reference k) consider 
made for the core. Corresponding sine wave acceleration date, 
and 99) indicating core and outer ring dynamic responses are 
XXIV and XXV, 

6. Wo change in amplification factor » 
tween ambient and 1300°F testing. 

7. Phase angle and g level relationshi 
tal in-line accelerometers (Figure 98) indicated a core disto 
opposed to rigid body mode) in the order of 0.02 inches for t. 
frequency hand. 

8. Flat random excitation data paralle 
data in that discrete resonant frequencies were not eminent a 
or high temperatures. 

of SO to 96  cps 
data plots in 
Table XXIII. 
21-cps resonant 
g a rigid body 
for Figures 98 
sted in Tables 

indicated be- 

between horizon- 
ional mode (as 
10 to 1*0 cps 

1 the sine wave 
either ambient 

9.    Post-test load-deflection calibrati'     of springs 
showed no change from the pre-test calibrations. 

10.    Structural integrity of the side su    :>rt system was 
maintained throughout the test. 

Conclusions that may be drawn from the      jults are sum- 
marized as follows i 

1.    Apparently, binding of the rail-trai assemblies was 
primarily responsible for erratic dynamic response of the cor< relative to the 
ring (static test6 provided an indication of irregular core p< Lpheral fric- 
tion distributions). 

2. Results of the static g level tests 
predicted, a sinusoidal core pressure distribution was exhibii 
matrix when the inertial loading exceeded the core friction. 

3. Vertical response of the bottom of 1 
98) compared with horizontal dynamic input indicates distortii 
of the core. 

idicate that, as 
i by the core 

i core (Figure 
il "breathing" 

5.1*.3.3    Phase II Test 

5,J(.3-3-1   Test Hardware Design and Description 

Test hardware was designed and fabric?    :d for the reac- 
tion airframe lateral support dynamic response test (slice ter   '.    The major 
components of this hsidware are the reactor core matrix, eupp<    . ring, and 

100 is 10 
structure. The 

spring support assemblies 
inches wide and simulates 

.    The configuration an sfaovo la Fig» 
a section through the reactor airfr« 
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reactor core matrix consists of approximately 78,000 hexagonal steatj 
(0.3005 inches across flats), }6 peripheral shims, 107 tie rod tubes, 
control rod tubes. The outside diameter of the assembled core matrl: 
inches. The core matrix is compressed radially by a series of 18 pax 
that form a cylindrical shell around the periphery. There is no phyt 
nection between these pad segments; however, the compressive force is 
in the core matrix, through the pad segments, by a aeries of preloade 
assemblies. Radially outward, the spring loads are reacted by a rigi 
ring that simulates the airframa structure. A track and rail type cc 
is provided between each pad segment and the support ring to react \\ 
loads. Seventy-two spring assemblies are used for the entire test fj 
furnishing a spring rate of 150 psi/in. Four spring assemblies are a 
tween each pad segment and the support ring. The spring assembly cor 
a 3.00-inch O.D, primary coil spring, a 1.00-inch O.D. coil spring &t 
and a spring guide. Provisions are made for adjustment of the sprtnf 
during various test setups. All metal parts are fabricated from mile 
cept the ceramic hexagonal tubes and the springs, which are chorme-v£ 

5 tubes 
ind Ik 
is 53-250 
segments 
:al con- 
produced 
spring 
support 

lection 
shear 

;ure, 
inted he- 
ists of 
jener, 
Loads 
iteel ex- 
id ium. 

The assembled test item is presented in Figure 101. 
item was approximately 3^00 pounds. 

5.^.3-3'S   Dynamic Tests 

Ambient temperature dynamic tests were conduc 
28,000 force-pound MB Electrodynamic Shaker Model C210 at a facility 
Marquardt.    Desired vertical vibration (Figure 102) was obtained in e 
to imposed g loads on the test item at the expected flight magnitude 
mately 8g).    The C210 control system is similar to that of the C10O. 

A typical instrumentation Betup is shown in i 
form in Figure 103-    SH-1! Type A-7 strain gages on spring coils were 
as prime instrumentation regarding core dynamic displacement.    Accele 
and linear motion transducers served as backup instrumentation to the 
gages. 

Total weight of     lis test 

id on a 
itside 
lition 
ipproxi» 

letnatic 
ilized 
Meters 
it rain 

Dy- All tests were performed at ambient temperate 
namic conditions for nine scheduled runs entailed sine wave sweeps of    :on- 
trolled discrete frequencies through the range of 5 to 300 to 5 cps a    0.5 to 
8g.    Three core preload pressures of 5,   15,  and 30 psi were utilized      th g 
inputs as follows: 

Preload 

JjESiL 
5 

15 
30 

g 
Input 

0.5, 2,3 
2, h, 6 
3, 6, 8 

as follows: 
Results of the static and dynamic tests are s    imarized 
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1. Information on dynamic responses of a sitm 
core matrix to vibration loads was obtained during the subject test pa 

2- Displacement data indicated that the core 
responded dynamically as a right-circular cylinder at the first reson« 
quency. Examples of core displacements for several runs are shown in 
104. 

3. At the second resonant frequency, the con 
ed dynamically in elliptical form. Core modes at the first and seconc 
frequencies for Run U are presented in Figure 105. 

h. These core mode shapes are in good agreem» 
theory as presented in Reference U. 

5- The frequencies at which the first and se< 
occurred were higher than predicted by a factor of a. This is thoughi 
due to an increase in the theoretical integrated spring rate caused b; 
ical binding at the reactor periphery. 

6. Maximum core displacements relative to tht 
ring frame occurred at the 6g input force level and 15-psi core prelos 
displacements were approximately 0.100 inches around the bottom vertit 
terllne and approximately 0.030 inches around each end of the horizon! 
'terllne for the first and second mode conditions, respectively. 

7. Apparent core separations observed during 
core preload and 3g input run were not reflected in the core displaceti 

8. The first resonant frequency of the core j 
and displacement decreases with an increase in core preload pressure £ 
in Figure 106. 

9. Steatite hexagonal tube damage was slight 
significant. No other apparent structural damage to the test item occ 
during the test program. 

5 

ated 
gram. 

atrix 
t fre- 
igure 

respond- 
resonant 

t with 

nd modes 
to be 
mechan- 

outer 
. The 
1 cen- 
1 cen- 

He 5 psi 
Ot data. 

:reases 
shown 

ad in- 
rred 

marized as follows: 
Conclusions that may be drawn from the results  re sum- 

1. The analysis for the theoretical dynamic D 
core deformation as presented in Reference h were substantiated to a > 
gree by test results for first and second resonant frequencies. 

2. At input frequencies above approximately 1 
core responses were negligible for all conditions tested. 

3. Core separation can be prevented with prop 
ues of core pressures during high g load inputs. 

les of 
?h de- 

) cps, 

val- 

•SECRETftCSTRICTTO EAT* 
iAT8Hig CIOQV MT 9f Wg*j 

- 71 - 

DEGUlSSfFiEDINFuU 
Authority: £013526 
Chief, Records^ DecSasÄf 1 
Dato: OCT 0 2 2015 



flS>TDR-63"277, Vol.  IV 

•Sf6ftHJte9TR[0TCD DAM 
6003 

l». For any core preload, core displacement  creases 
approximately In proportion to Increases in input force levels. 

5- Steatite tube damage was not detrimental o the op- 
eration aspects of the test item- 

DECLARED UUP. 
Authority: EO13526,    n. nBmnffl Chief,Records&DecBass©ifpKI 
m* OCT 0 2 2015 

"szemmmvm DATA 

72 



i 

•SECRET nCDTRl CTO) DATA 
wem a mmm ww w ipg'i 

ASP-TDR-63-277. Vo|.   IV 
»oir. 6003 

6.0   EXIT NOZZLE 

6.1 Design 

6.1.1        Dtscussion 

Authority: E013526 

The exit nozzle Is a convergent-divergent ejec 
that extends from Engine Station 565.VfO to Engine Station 668.070, 
in Figure 107- The nozzle is cantilevered from and attached to the 
near the aft face of the reactor. The nozzle-to-vehicle attach Joir 
quick-disconnect type, which consists of the vehicle ring, exit nr?2 
locking ring, and split ring retainer. The exit nozzle attach ring 
ring are full-threaded, American Standard stub 29c Acme screw thread 
inch lead and 1-inch pitch. The split rfng retainer is assembled tc 
ing ring with a series of 3/8-inch diameter bolts. When fully assert 
labryrinth type seal is made between the airframe ring and the exit 
attach ring. This joint design has the advantages of uniform distri 
around the circumference to minimize thermal stress, thin sections t 
gamma heat generation, uniform circumferential load distribution the 
joint structural efficiency, and a single joining member (lock ring) 
optimum quick-disconnect potential. 

The nozzle is designed to provide for radial 8 
thermal expansion between the nozzle outer shell, nozzle liner, and 
expansion pads. The aft face of the aft series of reactor clrcumfer 
expansion pads Is flanged to nest into a radial slip joint in a supp 
thereby allowing radial thermal expansion of the reactor. The nozzl 
forms a slip joint with the inside diameter of the support ring that 
the liner to expand axially. The liner is attached to the nozzle ou 
at the throat area by eight pylons, equally spaced about its clrcumf 

The exit area between the nozzle outer shell a 
nozzle shroud is designed to provide a constant annular area in orde 
boattail drag may be minimized. The exit nozzle is designed to Inco 
Rene' 1*1 material throughout. 

6.1.2   Weights and Centers of Gravity 

Weights and centers of gravity for the ejector 
nozzle are shown in Table XXVI. 

6.I.3   Design Data 

6.1.3-1 Operational 

or type 
5 shown 
Lrframe 
is a 

3 ring, 
id locking 
, with 2<- 
the lock- 
Led, a 
3?.zle 
ited mass 
reduce 
increases 
;hat has 

1 axial 
;actor 
rtial 
-t ring, 
liner 
LIIOWS 
;r shell 
*ence- 

I the exit 
that 
>orate 

ixhaust 

B! 

Critical operational phases for the exit nozzl1   system oc- 
cur during high altitude cruise and low altitude cruise.    Critical p:   ssure load- 
ing and temperature environments occur during the following flight 0.   rations: 

High Altitude Cruise: Mach 3-9 at 35,000    eet 
en an ICAO Standan   Day 

—ftTOHto Boar ACT or-ip^ 
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Low Altitude Cruise: Mach ?.22 at 1000 eet on 
an ICAO Standard .y 

Pressure and temperature profiles for these  «rational 
regimes are presented in Figures 108 to 113. 

6.1.3,2 Configuration 

Radial and axial coordinates defining the co iguration 
of the various components comprising the exit nozzle system are pr ented in 
Figures 11^ and 115. 

6.2 Structural Analysis 

Nozzle Forward Cylinder and Convergent Cone 
Shell) 

The ring assembly by which the nozzle is att 
airframe extends aft to Nozzle Station 11.7 (E.S. 577-170) and is 
a right circular cylinder. The cylindrical shell portion of the e 
to Nozzle Station 13.7 (E.S. 579-170) where a 3 l/2-inch radius tr 
knuckle joins the cylinder to a convergent circular cone. ThiB co 
turn connected to the small end of a diverging cone by a double cu 
tion section which forms the nozzle throat. 

From the nozzle forward station to approxima 
Inches aft of the minimum diameter section of the throat the net p 
ferential between the nozzle inner and outer surfaces is internal, 
ward radially. This bursting pressure decreases with distance fro 
ward end. 

Because hoop tension varies directly with bo 
and cylinder radius, the requirement for wall thickness also decre 
distance from the forward end. 

Further, because joints are required at inte 
of the cylinders, cones, and transition knuckles, a saving in stru 
may be achieved by progressively reducing gages at these points, 
stresses are small compared to hoop stresses. 

rimary 

hed to the 
sentially 
t extends 
sition 
is in 

e trans I- 

ly 10.0 
ssure dif- 
cting out- 
the for- 

prOBsure 
es with 

ections 
ural weight 
ial :. • 

6.2.1.2    QperatinB Condition 

Critical operation occurs during low altitudi 3ruise at 
Mach 3-22 and 1000 feet on an ICAO Standard Day.    Pressure and tern rature pro- 
files for this phase of operation are presented In Figures  108 and 12. 

The shell temperature ia nearly constant, va 
high of 1225"F to a low of 1215°F. 
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6.2.1.3 Material Properties 

The nozzle material is Rene' Ul sheet, solutic heat- 
treated at 1975°F for 30 minutes, water quenched, aged at l650°F foi t hours, 
and air cooled. 

At 1225°F: 

F*      «*   106,000 psi (Yield Stress) 
y 

F+     ~   160,000 psi (Ultimate Stress) 
u 

i    ; 

Stress Rupture: 1 hr > 100,000; 10 hrs > LOO,000; 
100 hrs = 100,000 psi 

6.3.1.!* Analytical Factors 

Design Factor   = 1.15 

Factor of Safety =1.25 

Weld Efficiency = 85 percent 

6.2.1.5 Analysis for Hoop Tension Loading 

t g R   and t - £-5 r    1.0 x t  am    Z    -    f 

t required . £J 
Ft 

Since the operating temperature is relatively >w for 
this material creep and stre66, rupture for the life involved is not ;ritical. 
The design will be based upon yield stress which will be modified by 1 1.15 
design factor and an 85 percent weld efficiency factor. 

Fx.  = 106,000 psi 

^ , P4- 106,000 X 0.85     „o e™ 
1.15 

req.    78,500 

Required material thicknesses are shown in Tab •  XXVIT. 

5 
w 
3 
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Minimum Margin of Safety (see Figure ll6); 

At Station 2k, t rqd = 0.0765 and. t spec   ."led = 0.08 

m 0,06 
0.0765   _1 +O.05 

6.2.1.6   Analysis for TranBverae and Axial Loading 

6.2.1.6.1 PisCUBS ion 

Aasial stresses resulting from axial drag ai from trans- 
verse bending are rarely critical for an exit nozzle structure. He > tension 
or compression loading producing circumferential and radial stresse govern the 
gage requirements and are not additive to axial stresses. 

6.2.1.6.2 Axial Drag Force 

Critical loading occurs at Mach 3-22 and 1C   > feet on 
an ICAO Standard Day.    P = 367,438-lb limit (Reference: Figure 111) 

6.2.1.6.3 Inertia Factors 
■^.—    i 

Referring to design criteria inertia factoi    specified 
in Table IV for weapons ejection in low altitude cruise, 

+8.50 
Sz   =    -1.17 

and 

+0.3 
eX _  O 

6.2.1.6.i*    Weight and Center of Gravity 

The total weight of the nozzle and shroud a    embly is 
105*4 lb and the center of gravity is at Nozzle Station 28.75 (E.B.      4.22) 

6.2.1.6,5   Axial and Shear Stresses 

Critical loadings are: 

axial 367^38 + 1100 X 0.3 = 367,768 

My. =    +8.5 x 1100 x 30        - 280,500 

V- =      8.5 x 1100 = 9350 lb 

1 
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Assume these loads act on the 0,093' sge shell. 

Hj = 88.06 in. 

R = 28.06 + 2i225 = 28.1065 a, 
p 

*.     8   ~     axial 

f  «   v ß   »V t 

ft,    =         280>?Q°      .    1220 psia 
Tx 28.1065^ x O.O93 

-2550. 
Tx. 28.IO65 x 0.093 

367,768 

Lite pal 

22,250 pel 
JTx 2 x 28.1065 x 0.093 

Combined axial atreee = 22,250 +    220 «= 23,470 psl 

Shear   =    Ute psl 

6.2.1.6.6 Analysis Factors 

Design = 1.15 

Factor of safety ■ 1.25 

Weld, factor = 0.85 

MS (Combined Bending and Axial) 

,_ 106,000 x 0.85 MS    =   —* c   =    + 2.33 
23,470 x 1.15 

MS (Ultimate Shear) 

F       -   Fx 0.6 = 0,6 x 160,00C    =   96,000 pal 

96,000 x 0.85     . „.  , 
m   ~     ll't2 x 1.25   " X        Higt 

^[CniTBCSTfllGTnD PAW 
I'ifiiii» uueua'i1 ntx SP gg 
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6.2.2 

6.2.2.1 

Cone-Cylinder and Cone -Cone Intersections 

General Discussion 

The change of slope In the shell membranes 
cylinder intersection produces large localized stresses. 

at a c 

The required thickness of the transition sr. 
determined from Formula 3 of Para. UA-l+(d), Page 111 of Reference 

c-tions 
21; 

6003 

ay be 

PIM 
2 SE - i0.2P 

or 

P    = 2 SE t 
EM + 0.2t 

Authority: EO13526 

D** OCT 0 2 2m where 

M « l/l* (3 + L/r) 

„ P = Internal pressure, psi (use 100 psi as conservative average) 

t ■ Material thickness 

S = Maximum allowable working stress, psi 

E = Lowest efficiency of Joint: 8C$ (Refer to Para. UW-12, Reference 

L = Inside spherical or crown radius, inches (16,1+85 in.) 

r = Inside knuckle radius, inches (21.48 in.) 

a) 

Knuckle 

/ Line of a closed vessel 

(Reference: Figure UA-U (3), Page 110 of Reference Pi) 
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The actual exit eiia.-ä is as followsj 

A - Cone -Knuckle 

Hora. 

Throat 
Knuckle , 

a 
^V Ar 

Section A conforms to code shape, hut Bee on B is re- 
versed In that the section representing the head la smaller rat or than larger 
than the cone. The theory still applies, however, since the cc i angle is 
small and the transition fairly flat. 

6.2.2.2 Hozzle Throat 

17-577 E 

Throat 
Knuckle 

Right Circular- 
Cylinder 

Straight Section 

= iA C5 + iSS '■) 

= lA (3 + 0.875) 0.97 

 FLM 
" 2 S K + P (M - 2j 

100 x 16.h i x 0.97 
" ("2 s x o.BoJ ic (0.97 - 0.2) 

1598 

16.075 R 

~ 1.6 s + 77 

S * 106,000 psi and      design 
factor of 1,1^ 

106,000 
s "      1.14      =   92,    O 

* req'  s 1.6 x 92,000 + 

Aft 
1598 

Ttffa = 0.010    in. 

Exit Horz. (J, 
J      g 
TO CO 

The gage chosen for the convergent cone and ry.t. enroat   L: 
divergent aft cone la 0.06.3 inches. 

- 79 - 
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By proportion, °^^gf   x   1^7,372 = 25,200 psi.    At the throat where Rj   = l6.1 

inches, the bending moment is approximately 225 lb x 8.5 gs x 32 in.  =    1,200 
in/lb (assume acting at Joint vith aft cone) 

fv   = 
M 6l,200 

b ' TTr21     rr* (i6.i)2 x 0.063 
=    1,195 psi 

The axial drag is 33>650 lb. 

33,650 
t 2 x 16.1 y O.063 

£fb + ft - 17,800 psi 

l6,600 psi 

Transition stress + f,   + f.   = 25,200 + 17,8C    = 

1*3,000 psi 

Pt    = 106,000 psi and .10^000 * 0-8 « 73,70c.   *i 
V 1.15 

Notes:    1.    This analysis  is conservative; the un 'orm 
pressure of 100 psi is greater than t -. ac- 
tual average pressure,  and the axial >ad 
effect was included in the original s .u- 
tion for t reqd. 

2.    For an analysis of bursting hoop stre 
refer to Para. 6.2.1. 

6.2.2.3    Convergent Cone 

The required thickness of the conical portion is <    ter- 
mined by Formula k in Section UG-32-g of Reference 21: 

H>1 

2 cos oC (S E - 0.6 P) 

■~'~ TC>0 

COG cC  - 0.866 ar»l 2 COL   - 1-732 

E   = 0.80 

P    ■ 200 psi (assumed 

DJL ■ l8.0 inches 

! 
i 
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S    =   106,000/1.15 - 98.000 

200 x 18 ?6oo 
re^'       1.732 (9^,000 x 0.8 - 0.6 x 200)        L.738 x T>,k80 

-    0.0284 

« ■ ö?§Sro -L ■ +1-82 

6.2.2.4 Forward Cylinder - Convergent cone Intert :tlon 

Refer to Beference 21, Section UA-4-d, Ec it Ion 3. 

Forward Cylinder 

.Knuckle 

L = 30.1 
to Horlz g of Exit 

t ■> 

MS 

200 x 50.1 x 1.1)09 

Convergent Cone 

t   ■   * ELM 
2 8 E - 0.    P 

M   ■    l/k (3 + V   IJt) 

*§&-< *> 

/F- 2.635 

M   = l/k (3 + £   '35) 

- 1.409 

P  "?* 200 pel 

E   = 0.8 

S   = 106,000/1.   ■   =   92,000 

-§5X_ 
(2 x 92,000 x 0.8)   - (0.2 x 200)  = 147,000 - 40 

0.08 

-m ; = °-05'f8 

I 
"I 
3 
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6.2,5       Plvergent Exit Gone 

6.2.3.1 general Discussion 

The exit Internal pressure decreases rapid! 
forward cylinder, and approximately 10 inches art of the nozzle t 
leas than that of the annulus. Most of the divergent cone sectio 
ed to collapsing pressure. 

6.2.3.2 Design of Cone 

The weight of a cylinder subjected to an ex 
lapsing pressure may be minimized by stiffening a thin shell with 
rings that hold the shell essentially round. The flaxural rigidi 
combination must equal that of the minimum momolithlc shell that ■ 
the required pressure. 

As the shell thickness decreases, the requi 
of the rings increases. The optimum combination for minimum wexg: 
determined by trial. Preliminary calculations indicate that a O.i 
proaches the optimum requirement. 

In the following analyses a O.063 gage of R' 
be analyzed without stiffeners to determine the strength of the s: 

The material to be used is Rene' 4l sheet, 1 
treated at the mill and solution heat-treated by Marquardt at 1971 
utes), water-quenched, aged at l650°P (4 hours), and tnen air coo 

6.2.3'3    Pressure and Temperature Data 

Operation in low altitude cruise phnse ut. Mi 
1000 feet on an 1CA0 Standard Pay produces critical pressure temp> 
ing (see Figures 108 and 112).    Pressure and temperature data foil 

Engine Station 
6lj■ jflg   623.^16   633.4lfi   6k3.hl6   653• kl6   662 

aft of the 
oat becomes 
is subject- 

rnal col- 
xternal 
of the 

11 support 

i weight 
must be 

3 gage ap- 

3'   41 will 
11 alone. 

lution heat- 
r (30 min- 
i. 

Annulus 
Pressure (psia)      60.22 

Nozzle Internal 
Pressure (psia)    IO9.O0 

Nozzle Ap 
(psi) 

Nozzle Internal 
Radius (in.) 

+WJ.75 

15.656 

60.22 

60.22 

0 

17.80 

60.22 

37. T5 

-22.^9 

20.41 

60.22 

28.50 

-31.72 

22.75 

60.22 

23.50 

-36.72 

24.46 

Nozzle 
Temperature (°F)   1220 1225 1230 1245 1280 

The shell axial length is 39-05 inches- 

59 

20 

-38. 

26 

155C 

-SE€ftErnCOTniGTiB DAT* 
rtil'lllli- lilUM Mil W   JJ*- 

ft 3-22 and 
sdure load- 
fft 

I 668.070 

) 14.00 

) 19-75 

3 +5-75 

1 27-259 

1450 
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6.2.3.1)   Analysis of Ring-Stiffened Cone for Exte   ial Pressure 

The methods employed In Reference 22 foi   :etermining the 
collapsing pressure of thin-walled cylinders with ring stiffen   <a will Be em- 
ployed to determine the size and location of rings required. 

The shell ie assumed to be divided into     series of short 
shells whose lengths are the distance between rings.    This ass   iption applies 
well and is conservative for a conical shell. 

6.2.3.1«.1   Ring at Station 66Q.3SO    « 

The height of the ring to be used must   >e limited or 
the ring will interfere with the cooling annulus airflow. 

Shell inner radius *■ 26. l8 inches 

Differential pressure for Mach 3-22 at   .000 feet on 
ICAO Standard Day = -39.22 psi 

Shell temperature ■ 1325°F 

E of Rene1  1*1 ~Sk.J> x 106 

The height of a stiffening ring is lim    ed to 1.0 
inches by the annulus airflow requirements. 

6.2.3.4,1.1   Ring Section Properties 

-S€€RCTinrOTnii?TOiDiftT»¥ 
Ha BE 
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30 t m 1.89 Inches. 

Item Area 

Assume effective shell width acting with rin$   as 

2 
*L AY, AY-, uox 

1 0.05T2 0.91+26 0.0533 0.0507 0.0003 

2 0.0422 0.532 0.0211-5 0.0111*2 0.000982 

3 0.02106 0.10653 O.OO22V 0.0002385 0.00006 

4 O.0636 0.103 O.OO656 O.OOO676 0.00003k 

5 0.1190 0.0315 
f 

O.OO376 0.0001182 O.OOOO396 

0.30506 O.O8T8I 0.0631527 0.0014156 

y = O.O8781/O.30306 = 0.29 in- 

I - 0.0631527 + 0.0014156 - 0.29 x 0.08781 

. 0.0392 in2* 

6.2.3.4.1.2 Required Flexural Rigidity 

For the case of a ring-stiffened cylinder, rt sr  to 
Section IV, Page 36, of Reference 23. The shell is assumed divided int a 
series of short shells whose lengths are the distances between rings. ie 
flexural rigidity, Els, of the combined ring stiffener and shell requii 1 to 
prevent collapsing from an external pressure is: 

El, 
ws D

3
 LS 

—2l— 

where 

Is = Required moment of inertia of stiffener and effective width of shell 

E = Modulus of elasticity of material = 24.3 x 10^ 

D - Cylinder outer diameter = 52.486 in. 

Ls ■ Ring spacing 

» = Maximum allowable unit pressure = 39-22 psi 

For Station 660.320, the ring is placed close o the 
thickened throat section. The adjoining ring forward on the shell" is s teed 
6.0  inches away. 

3 
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T3 ■ 1350°P and E = 2ft.? x 106 

D? = li»lt,000 

39.22 x 144,000 Ik 
■g— =    0.0392 

24 x ?4.3 x 10 

LQ = 4.05 in. Brcq. 

Since the shell width between the nc lie and the 
ring is small, the stiffening effect on the Bhell is greater 1 m if an equal 
spacing were used on both sides.    A ring spacing of six inchei Is therefore 
utilized to the next forward ring. 

Spacing to thickened aft section = (   l.ky - 660.320 

Spacing to forward ring - 6.00 

Average spacing =* 4.05 in« 

Since a high margin of safety was a\ 
thickened aft section, the shell is fully effective over the s 
at Station 660.320, and the section is sufficient. 

6.2.3«'♦•fl   King at Shell Station 651.320 

Shell I.R. = 25-20 In. 

O.R. = 25.263  in. 

O.D. = 50.526 in. 

£ p = 60.22 - 23-5 - 36.72 psi 

T = 1285°F (Use 1300°F) 

E - 25 x 10^ 

L. - 6.0 * 

13 

lined on the 
ice to the ring 

req. 
36.7g x 50.526    x 6.C 

24 x 25 x 106 

A ring section similar to that used at 
will be utilized with an over-all height of 1.5 inches and mat 
O.063.    An effective shell skin width of 2.5 inches is aseumec 

= 0.0475 in. 

Station 660.320 
•lai gage of 

sag sassa SB -1  "'' 
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Item Area *1 **! *fe "•OK 

1 0,0433 1.5469 O.O670 0.1033 0.0002: 

2 0.0668 0.7505 0.05025 0.0377 0.0062! 

3 0.01579 0.14967 O.OO236 0.OOO351* 0.0000' 

4 0.0512 0.09<+5 O.OO483 O.000456 O.OOOO: ?5 

5 0.1575 

0.33459 

O.0315 0.00496 

O.129W 

0.OOOI562 

0.1419666 

O.OOOO; 2 

0.0066: 1-5 

f   = 0.1294/0.33459 ■ O.3Q75 In. 

Ix = 0.l4l9666 + O.OO661915 - (O.3875 x 0.1;   0 
= 0.11849 in.1* 

Ix = 0.1185 > 0,0475 required for 6.0 in. sj   ;ingj 
therefore, space 3rd ring at 8.0 lnchei   from 
this {second) ring. 

6.2,3.4.3   Ring at Shell station 646.320 

T = 1252 °F 

Inner radius = 23-69; outer » 23<75j O.D.  =    f.50 

Exit pressure «= + 27 psia 

Aönulufi pressure ■ » 60.22 

A P = - 33.22 pel 

B of Rene'  41 =■ 25.5 x 106 at 1250°F 

I = 0.1185 in.1* 

- 0-1185 x 24 x 25.5 x 106 

req 33.22 x 47.5^ 

For L8 ■ 8.0 in. 
B   33-g2 x 47-53 x 8 

Sreq 24 x 25-5 x 106 

MS = 
0.1184 

o".0463 x 1.25 

= 20.4 

0.0463 < 0.1184 

4 1.0 

i 1 

Space next ring at 10 inches. 

a! •£€€&! nCOTRlQTID DATA 
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6.2.5.h.h    Ring at Shell Station 636.320 

Exit pressure = + Jli paia 

Annuius Pressure = - 60.22 psia 

.Ap = - 26.22 

Inner radius = 21.32;  outer = 21-383; 

T = 1235°F (Use 1250) 

E = 25.5 x 106 

D.   = te.766 

26.22 x '(2.77    * 10 
= 0.0335 i 

rel 2h x 25-5 x 10 
Section properties of 1 1/8 inch ring 

I « 0.01(53 In.'1 with 2.35 in. effect 

' O.063 gage: 

e shell 

I = 0.01(53 > O.0335 reu 

0.0U53 
MB = 1 * + 0.085 

0.0335 x 1.25 

6.2.3-^.5   Shell Stations 623-^ to 636.320 

At Station 623.'il6 10 inches aft of til 
annuius and exit pressures balance and the cylinder is subject 
al press lira. 

At Station 633.I116,  10 inches further 
psi exists.    A ring is located at Station 636.32O.    The averag 

The average radius is    ■ ■'■ - y ■   B * 

throat,  the 
. to zero radi- 

't a  4p of 2?.22 
shell pressure 

= 18.35 in. 

The length is 10 inches. 

By the method of Reference 22, 

D_ 2 (18.35 +0.063)      36.826 
t     " 0.063 "    O.063    = 

10 
I8.1I43 0.55 

K      >    200 

Wc    .   25.5 x Ufix 200 x (fg2|L)5 

Wo rings are required in this area. 
Ms ■ irgj^rar -1 ■+ °-61 

^eRSMiTniCTEB DATA 

.5 psi > 12.61 

23-33 psi 
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6.2.J.5   Stiffening Angles—Stiff aninfi Crippling Streat 

Analysis by the methods given in Reference 23.    Refer to 
Figure 11, page 228 of Reference 23 for equivalent sections. 

0.18 B 

Material Is Hene'  111 sheet of 0.08 gage; tempe   iture is 
l^OO'Fj E - 24.8 x 10°. 

Material treatment is solution heat treat at 3   '50F for 
30 minutes, water quench, age at l650°F for h hours Ac. 

FCv = 118,000 pel 

(b'A) 
0.75 

where 

for individual angle sect ma 
Equation 15, page 229 of if- 
erence 23- 

Fc    = Compressive yield stress 

E     = Young's modulus in compression 

b'/t* Equivalent b/t a + b 
2 t 

Ce ■ Edge support coefficient 
C  = O.316 for 2 edges free 

= 0.3^2 for 1 edge free 

= O.366 for no edge free 

SECKCTflCMniOTCD DI'ITI'I 
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The weighted crippling stress for stiffer :e  consisting 
of several equivalent angle sections is: 

_   _ "2- (crippling loads of angles) 
c°       £(areas of angles) 

VPCT^=  V118,000 x 24.8 x"l06 

Reference 23,   »ge 229 

= -y/S, 820,000,000 =    530,000 

rteffl IF.-- °-?16 x V0'000   -   &.'000 = 76,700 psi 

ltem 2 9    . P.?« x 530,000   = Ä222 = psi 

0.75 ^-6 

Item 

C*.55) 

3  F    .  iSÜzOOO  .   154,000   m   k3i000 psl 

6.9' 0.75 4.5 

Fc    coriblned = (7^,700 x 0.454) 4 (34,000 x 0.727)  ♦ CS.C   > x 1.105) 
Cc (0.454 + 0.727 + 1.105) 

54,^00 ^ 59,3p0 * 47,500   _   181,600 
2.286 2.286 

■ 53,000 psi 

Area of ring and skin at Station 660.320     0.303 in.' 

p   =    - 39-22 psi 

Ring spacing ■ 6.0 in. 

P   =   p RS = 39.22 x 26.18 x 6 =■■ 6130 1 

P/A =   £i29_ = 20,200 psi 
0.303 

55,000 1 = + 1.09 
20,200 X 1.25 

Rings at other stations are of smaller di    eter and arc 
less heavily loaded;  they are,  therefore,  satisfactory by compa    son. 

i 
39 - 
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6,2.3.6   Exit Nozzle Divergent Cone—Trans verBe ami Ax   .1 loading 

The cone is loaded, transversely and axlally b Inertia 
forces and axlally by pressure forces.    Since the cone acts as a va able sec- 
tion cantilever beam with the reduced area forward, the critical se ion occurs 
at the forward end station where the shell gage changes from 0.08 t 0.063 
(Station 623. ta/$). 

6.2.3.6.1 Axial Air Load 

Maximum axial air load occurs In low altitu     cruise at 
Mach 3.22 and 1000 feet on an ICAO standard Day.    The total aft axi     load - 
33,650 pounds. 

6.2.3.6.2 Dead Weight and Center of gravity 

The weight of the divergent cone aft of the ozzle 
throat minimum diameter area at Engine Station 613.1(17 is Ä223-6 1     (total 
assembly weight).    The assembly center of gravity is located 32.6 1 ties aft of 
the throat.    The weight of the 0.08-inch section is JtJ38.1 lbs, an its CG is 
5.8 inches aft of the throat, 

6.2.3.6.3 Weight and CG of 0.063-ln, Section Aft of 6   tion 
623T416 

W   = 223.6 - 38.I = 185.5 lbs 

rr     .(223.6 x 32.6) - (38.1 x 5-8)      768O -    21 
BW* 185.5 * ~ 185.    "-" 

- 40.2 i 

Arm to 8tatlon 520,412 = 40.2 - 10 = 30.2 i 

M   = 185.5 x 30.2 = 5600 in.-lbs (dead weig    ) 

V   -    185.5 lbs 

Ö12.3.6.4    Inertia Load Factors 

The critical combined y-z load factor actin    at the 
missile center of gravity is  -^5'0 g.    A conservative value of 10      acting on 
the exit nozzle is assumed for this analysis. 

6.2.3.6.5   Transverse Shear and Bending at Station 623    16 

The bending stress at a section in a right     rcular 
cylinder is: 

7TA 
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For a truncated cone, fj, ■ f^ Sec ft where ^ is the 
angle between the axial center line and meridional lines in t shell. Assum- 
ing a straight surface between throat and exit, 

ß = 10°55'. 

Sec ß  = •  = 1.02 
cos^? O.98190 

R at Station 623.1+16 "Z> 17-5 inches 

M M 

77 x 35s x O.063 Site 

ft,,    =   0.00J422 M 
1 

For a 1.0 g inertia fb    = 0.00422 x 5    0 = 23.6 psi 

10 8 ■ 236 pai 

The transverss shear stress at Static 623.'llö is: 

Vl 
7Trt 

where 

for 1 g 

V - . M tan ß 

v. = 185.5 - ggg-8 gaiSSa   =   185.5 - 61.7 = 123.8 lb, 
17.5 

,   _ 123.8  

ffx 17.5 x O.063 
35-7 pai for 1.0 g 

= 557 P»J. for 10 B 

6.2.3.6.6    Axial Air Load Stress 

Total air load at throat - 33*650 lbs      Since the sec- 
tion is obviously over strength, assume the same load at Stat   n 623.'»lö. 

Section area = (2 x if .j6l)7f x O.O63      7.05 in.2 

P/A   =   33,650 r   i,78o pBi 

7.05 
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6.2.3.6.7    Combined Axial St res s 

Conservatively utilizing an inertia load facto   of 10.0 
g,  the full cone drag load, and a deeign factor of 1.15,  the design lii   t stress 
is; 

ft   =   (236 + 1*780) (1.15) - 5T70 pel 

6.2.3-6.8   Material Properties 

The temperature at Shell Station 623-^16 is 12.'   "T, and 
the Ft    of Rene'  hi sheet is 107,500 pel. 

Assuming a weld joint efficiency of 85 percent 

Ptu - 150,000 pal 

Assuming 

Fsu = °-5 *tu' 

Psu = 75,000 psi 

6.2,3.6.9   Margina of Safety 

MS Combined Tension Yield = ,107,500 X.0.85 ^ x 

5770 
High 

MS Combined Tension Ultimate 150,000 x 0.85 
5016 x 1.25 

-   H High 

MS Ultimate Shear = P'000 * 0lS?, . 1 + High 
357 x 1.25 

Note; Loads utilized in this analysis of comb: id ax- 
ial-transverse, while not the true values, were obviously conservative, ind in 
view of the high margins obtained are deemed sufficient. 

6.2.3.7   Exit End Doubler Bing 

6.2.3.7.1   Discussion 

From Exit Station 66s.^70 to the aft end at St( Ion 
668.070, a 1/4-inch thick plate ring is utilized to stiffen the unsuppi ;ed 
open end of the O.O63 gage conical shell (Figure 117).    A similar ring i pro- 
vided on the airframe shell that encloses the nozzle. 

The annulus formed between these shells is uti: ied as 
a cooling air duct.    The shells converge toward the open end, and by ti sring 
the end portions of the stiffening rings a convergent-divergent coollnj ilr ex- 
haust nozzle is formed. 

SCCrcCTftfrOTlllGTCDDATA' 
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6.2.3.7-2    Pressure Loading 

The divergent cone is subjected to a 
lapsing pressure differential.    The critical preSBure-tempei 
occure during low altitude cruise on an ICAO Standard Day at 
feet.    Pressure profiles for the operation are presented in 
following are data from these curves; 

let external eol- 
.ure combination 
lach 3.22 and 100O 
.gure 110.    The 

Annulue pressure, psia 

Nozzle pressure,  psia 

Ap on nozzle 

Exit Station 

662.470    66^.470     666,. 9,7 

-59.O        -5^.7        -W.5 

+20.8 +20.0 +20.C 

-38.8 -34.7 -28.5 

ligible. 
The axial forces acting on this omal 

6.2.3-7.3   Temperature 

The temperature through the shell th 
uniform. The temperature profile for Mach 3.22 at 1000 feet 
ard Day is presented as Figure 112.    Values for the ring are 

668.070 

-14.00 

+19-75 

+ 5-75 

section are neg- 

kness is assumed 
•n an ICAO Stand- 
s follows: 

Bxit Station 

662.470      665.470      666.97      668.070 

Temperature, °F 1350 1392 1425 1450 

6.2,3.7.4    Material 

The material i3 Rene'  4l plate, mill    nnealed and proc- 
ess-treated aB follows: 

Solution heat-treat at 1975°F (30 mi 
quench; age at l650°F (4 hours); air 

6.2.3.7.5   Analysis by Method of Reference g4 

In this report Donnel's equation for 
cylindrical ohcllc in torsion io applied to find the critica 
other loading conditions for cylinders with simply supported 

tes); water 
ool. 

he equilibrium of 
stresses under 
dges. 

! 
3 ■sfieRernumiciLu mm 

<wuinrLULiiiji I'IU'I gags* 
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6.2.3.7.6   Critic»! Buoklinp Stress for Uniform External     gssure 

Pressure applied to entire outer Burface radle   y; ends 
open; edges simply supported. 

Solve for nondimensional buckling parameter, 

S gvT 
Obtain buckling constant, 

v ■ <v $£ 
Solve for f   ■ critical compressive hoop stres 

Values apply where n » I < S 

D ■ plate flexural stiffnees/unit length 0 
12 

Assume 

A =  o-3 
t - 0.25 in. 

L = 6.0 in. 

r ■ 26.9 in.  (average) 

S - at 1375'F (average) = 2k.} x 106 

D  =  ek.p x io* x (q.a5)3   m  3l)>700 

12 (1 - 0.J«) 

z   ■   (2o-.9i6(0-g5)   V (1 ■ °'32)= 5-°5 

r/W 1 -/C2    -   ^2 x 0.951 = 102.2 
0.2? 

From Figure 1 of Eeference 21*: 

ky = 1..7 

/ 0.25 x 6$      ) 
5^700 x   TT'd 

n h.l x 3U    0Oflrg 

0.25 x   6 
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3> psi over ring width, 
J'or f    (hoop compression); assume aver;   e pressure of 

f     ■   2ZJ5 „?.g.-.g = 377o psi 
0.25 

Design factor » 1.15 

Factor of safety = 1-25 

MS (Ultimate) 
178,000 

1 = Hig 
3770 x 1.25 

6,2.3.7.7 Analysis by Method of Reference 5 

Refer to Reference 5, page 270., Case 1 Table XIII. 
This theory applies to a more concentrated loading than the ac al case involved. 
A conservative assumption will be used in which the entire pre. ure acting on 
the ring Is concentrated at the end. 

Then: 

Max a  - -~a A R 

V0   »   transverse shear normal to wall    lbs/in.) 

A m Lzjül 
R2

2 t2 

a 

R_    =    R   =    mean radius of shell 

fl.    -    Poisoon'e ratio 

t      ■    0.25 In. 

s      =    hoop stress 

X     V? (1- 0-32) 
Y26.92 x 0.25 

0.3 

=   0.88 

(0.6) 
x/h 

V0    ■    p (assume 35 psi average for l.(    Lnch width) 

Station 662.kJO to 668.0?0 » 5.6 inchci 

•SEeftff «COTRI0TCD-DATA 
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If It is assumed that the entire load is      ncentrated 
at the end: 

V0 ■ 5.6 x 35 x s2 = 5.6 x 6620 = 37,000  i 

Ft of Rene' 1*1 at 11*50"? = 127,000 psi ( 

Design factor = 1.15 

r stock) 

MS (Yield) 127,000 -1 + 1.98 
37,000 x 1.15 

6.2-4  Elector Shroud (Kozzle Inner Liner) 

6.2.^.1 Discussion 

The inner liner acts as a second nozzle and 
to the exit nozzle throat. It serve» as a heat shield between th 
and the primary nozzle. Airflow from the lateral support annulus 
tween these exit nozzle shells and used for nozzle cooling. 

Exit nozzle exhaust flov pressure is less t: 
the cooling annulus. The shroud is subjected to a collapsing pre 

Radial components of pressure loadings are 
in the shroud. Axial components are transferred to the exit nozz 
throat by means of radially oriented pin and socket supports. Ax 
forces are reacted similarly. The shroud acts as a simply euppor 
transfer radial inertia loads to the exit throat and the airframe 
tor aft end. 

6.2.4.1.1 Method of AnalyslB 

Analysis of the cylindrical and conical s 
on the methods of Reference 22 previously utilized in Section 6.2 
vergent cone aft section of the exit nozzle. 

xtends aft 
exhaust flow 
s ducted be» 

n that in 
ure. 

acted with- 
at the 

1 inertial 
i beam to 
t the reac- 

11s is based 
for the di- 

6.2.4.1.2 Operational Regimes, Pressure and Tempera re 

Critical pressure and temperature regimes 
low altitude cruise operation at Mach 3.22 and 1,000 feet on an I 
Day. 

Data related to this operational phase of 
are presented in Figure 108 and in Table XXVII. 

6.2.4.1.3 Materials 

The material used is Rene' 4l sheet stock 
solution heat treated at 1975"F for 30 minutes, water quenched, a 
for 4 hours, and air cooled.    The following strength values apply 
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li 

Temperature 

Assume 

npera 

«50 

ltoo 

1^50 

1500 

1550 

yty x lo"-3 

104.8 

10a 

99 

96 

93 

E x 10" 

25 

21*.3 

23 

21.5 

19.5 

=   F+ 

F„      =   0.6 Ft 

6.2.4.2   Analysis of forward Cylinder 

Hie forward 22.25 inches of the liner it 
cylinder with an I.D. of 53-5 inches. The open end is stiff ei 
doubler ring and ia simply supported in the radial direction 1; 
the support ring attached to the airframe. 3!he liner ring sli 
ring and is unrestrained in the axial direction. 

i right circular 
L by a heavy 
the flange of 

äs inside this 

Critical operation occurs in low altltuc cruise at Mach 
3.22 and 1,000 feet on an ICA0 Standard Day.    The net differei .al pressure be- 
tween the inner and outer shell surfaces is compreesive and vi .es from 66 psi 
at the forward end to 26 psi at the aft end. 

Utilizing the methods of Reference 22: 

L       =   22.25 in. 

H    ' =   26.75 in. 

L/R   =  2i£2   =   0.833 
26.75 

D       =   53-50 in. 

The average shell temperature is 1350*F     id B is 25 x 
106 psi. 
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p/t t/D (t/E)3 Wc 

8.95 

15.85 

22.95 

37.80 

49.10 

8U.2 

1A0.5 

The forward edge of the shell aft to Station     18- 47 is 
0.1875 gage material.    Rin« grooves are machined in this area to pr   Ide a 
pressure sealj but the majority of the section is full thickness. 

0.063 850 220 0.001178 1.63-9 

0.080 667 190 O.001493 3.34-9 

0.093 576 175 0.001735 5.23-9 

0.109 1+90 160 0.00201+ 9.45-9 

0.125 1*28 lto 0.0023^ 1.285"! 

0.156 3't3 135 0.00292 2.5-8 

O.1875 285 130 0.00351 lt.32-8 

Maximum p = 66.0 psi at the forward end 

0.70 MS (t = 0.1875)  ■      lk°'^      - 1 
66 x 1.25 

The shell is spin-formed and is assumed taper      in 
thickness from O.1875 at Station 568.47 to 0.125 at Station 580.47,    here p = 
31 psi and Wc = 4-5.10 psi 

MS (t - 0.125) 
1*5.10 1 - + 0.16 

31 x 1.25 

6.2.4.3 Analysis of Aft Cone (convergent) 

Analysis methods are those utilized In the st y of the 
exit shell (Refer to Paragraphs 6.2.1 and 6.2.5). 

L   » 18.0 inches 

K fwd = 27.5 inches; r aft = 18.25 Inches;  erage r = 

23.0 inches 

Average temperature = 1450°F 

E of Rene' hi  = 25 x 10^ psi 

L/R = I§ e 0.782 
23 

5CCRCT fiCOTfllOTCD DATA 
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D/t t/D (t/D)3 

(PBi 
0.063 750 225 0.00137 2.58-9 13.1) 

0.080 575 200 0.00173 5.I7-9 23.8 

O.O93 495 185 0.00202 8.22-9 35.0 

0.109 te2 175 0.00237 I.33-8 53.5 

0.125     378      l60      0.00272     2.01 •8 ^ 

At the forward end,  p = 27 pel and R = 

At the aft end,  p = kk.J and R = 18.27 

For a 23-inch average R, Wc = "fk psi fo 

W0 for R = 27-75 on the forward cyllnde 

MS (forward end) ■    ^'10 1   =   + i 
27 x 1.25 

At the aft end the radius of 18.25 will 
Wc fhnn the 7**-0 psi for the average R ■ 23.0 inches. The Wc 
inches In the throat area is greater than 100 psi. The 0.125 
Is deemed satisfactory. 

.75 inches. 

chee. 

a l/8-inch gage. 

= ^5.10 psi. 

333 

rovide a higher 
alue for R = l6.0 
age,  therefore, 

M9 Jk - 1 4 0.33 
hk.3 x 1.25 

6.2.4.1* Analysis of Throat (Aft End) 

The axial length from the point of tang. 
vergent conical shell to the open aft end Is approximately 10 
ation In shell radius is small, and the average radius is l6.t 
imum collapsing pressure is IkO psi at the throat mid-point ai 
zero at the open end (see Figure llß). 

Utilizing the method of Reference 22, 

L/H = ~   = 0.625 
16 

Assume t ■ 0.109 In-, 

2y with the con- 
riches. The vari- 
lnchee. The max- 
decreaees to 

D/t 
1109 

293, K=    225 

I 

t = 1550°F maximum and E = 19.5 x 106 

W„ 225 x l8.5 x lot» x 3.97 x 10-8 = 

Ji minimum 

31.5 psi > lUO psi 
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Using t = 0.125, 

D/t 2£^L = 256, K ~ 210 
0.125 

t/l>3 

Wc 

MS 

5-93 x 10 -8 

210 x 19.5 x 106 x 5-95 x 10"8 2)4? P 

2U3 
- 1 + 0.39 

11*0 x 1.25 I 
6.2.5   Analysis of Exit Nozzle Attach Joint 

6.2.5*1 General Discussion 

The exit nozzle Is cantilevered from the airfr 
aft face of the reactor where It is attached by a quick disconnectin 
joint consisting of an airframe ring, an exit nozzle ring, a locking 
a split ring retainer (see Figure 107). 

The exit nozzle and locking ring are threaded. 
tainer ring is fastened to the locking ring with 3/8-inch diameter e. 

The attach ring is subjected to (l) the axial i 
and inertia forces acting on the exit nozzle assembly, (2) a differe. 
pressure between its circumferential surfaces, and (3) the transverse 
and bending moments of the inertial loads on the nozzle. 

6.2.5.1.1 Design Loads, 

Critical pressures and temperatures occur du: 
altitude cruise operation at Mach 3.22 and 1000 feet on an ICAO Stanc 

The net axial drag force acting on the nozzl« 
nozzle and liner, at the attach joint is 367,':38 pounds (limit). 

The nozzle assembly we'.jht is 1051» pounds, ai 
ertial load factors are gx = 0,  g 8-5, gy  - i.O. 

The airframe annulus pressure is 60.22 psia, 
acit-liner annulus pressure is 320 psia at Station 565.1+7 and 305 psit 
joint of center line station.    For analysis, a uniform differential c 
and net axial load of 375,000 pounds are conservatively assumed. 

6.2.5-1.2 Temperatures 

A uniform temperature of lltOO'F 16 assumed fc 
tire attach structure with no variation uiroughput the length or radi 
ness. 
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6.2.5.1.3   Material 

The material la Rene'  kl fabrication, 1   it-treated at 
1975"? for 1/2 hour, water ijuenched,  aged at 1650°F for 1* hour«    and air cooled. 
The rings are machined from forged rings. 

For lkOO'F,  the material properties are   is follows: 

?t    = 150,000 psi 

Ft    = 100,000 psi 

E      = 21* x 10° 

0.2$ plastic creep in 10 hre = 68,000 j   . 

Vf> creep, 10 hre = 85,000 pel 

6.a.5-2   Analysis of Vehicle Coupling 

The open end cylinder with its integral 1 .nge is subject- 
ed to a uniformly distributed axial load, applied in bearing tc he flanse, and 
to a uniform internal (bursting) pressure.    The assuoBd couplir: geometry is il- 
lustrated in Figure 119.    A method for analyzing such a struott      is presented 
in Reference 5, Case 16, Table XIII,  page 263,  and is applied 1 the calcula- 
tions which follow.: 

V     =    transverse shear normal to wall,  1    linear in. 

M0   =■   bending moment, uniform along circ   ference, 
in.-lb/linear in. 

p = unit pressure,  psi (250 psi) 

t » wall thickness,  in.  (0.375 in.) 

a = median diameter of vessel,  in. (58   25 in.) 

b = median diameter of flange,  in.  {59    75 in.) 

h ■ flange thickness,   in.  (0.75 in.) 

P - tensile force,  lb.  (375,000 lb.) 

f = \Tat    , (I4.688 in.) 

d = flange outer diameter, in. (59-50  .) 

B-, = meridional membrane stress 

s, = meridional bending stress 

^£CÄff-WS5 
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Sg = hoop membrane stress 

sJ- -   hoop bending stress 

■  . *\(?*l t f ) . 33.86H Ih/in. 
L   h* (d2 - a2) 

Tp   -   ,,,l?,:g..t    jL logp _£.   + 0.1 (b2 - a2)    =   0.1033      /in. 
h? (d2 - a2)    ? 

3 
(f2 " ST *l) (* + 0.2325 ft) p - 2TP (h + 0.5377 f) P 

1.86 ft + T, L2 (2 + 0.116 | tx) + 1.6103 fh + 0.866 f2 
■12.   31 lb/in. 

(h2 Tx + 1.86 ft) V0 + htpP - 0.5 tp (f2 - £• t, 
MO   =   i i 2 £ f_i SL_i   . 710.93     .-ib/m. 

1-5 I h - }-h6k t 

The. maximum axial stress in the cylinder is: 

S (cylinder) = JZ + ■ £  - 84,500 psi 
t«   TTat 

MS (cylinder) 100,000 
1.15 x 84,500 

- 1 - + 0.03 

The maximum radial stress in the flange is; 

Sj, (flange) = \ (M - 1/2 V . ) + ^2 + p = 816 psi 
h2 oh'  h 

The maximum tangential stress in the flange is 

St (flange) - L  (M0 - \ VQh) * 
0.8 

h2 » o  2 oh'  h3(d2 . a2) d
2 (-15 M + 7.5 hV0 + 1.- JP log e 

| + O.M? tP (bS - a2) + -2£ 1 (V + hp) = 11,840 psi 

MS (flange) l00>000 

1.15 x 11,840 
High 
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6.9.5.3   detaining Ring and Bolts 

The retaining ring is segmented and is bo   ed to the lock 
ring by l'+0 3/6-inch stud bolts.    Retaining ring geometry is sh    n in Figure 
120. 

Total nozzle assembly axial load = 375,00    lbs 

Load/bolt = 375,000/HtO = 2680 lbs/lrat. 

6.2.5.3-1   Bolt ahear 

A = 0.7851» (0.375)2 = 0.1102 in.2 

fs = f?68o/o.ll02 = 2*1,300 pel 

F, «11 

MS (shear) 

0.6 x 130,000 = 78,000 psi 

78OO -1 = + 1.56 
214,300 x. 1.25 

6.2.5-3.2 Bolt Bearing on Retainer 

A = 0.15 x 0.375 - O.O563 in.s 

fbr = 268O/O.0563  = 47,600 psi 

Fbru = Ft    (conservative)  ■ 130,000 psi 

MB-.     ^Q0°       -  1    -    t LIB 
1+7,600 x 1.25 

6.2-5.3-3 Bolt Coupling Loading 

The axial load transfers from the lock 
bolt, and thence through the retainer ring to the vehicle fitti. 
ure 121). The moment occasioned by load transfer in the retain. 
assumed to be reacted by a couple acting between the bolt cent« lne and the 
bearing of the retainer on the lock ring- 

Moment Arm =0.25 inches 

Load/bolt ■ 2680 lbsj moment ■ 2680 x 0 ? = 670 lbs; 

670 

ag to the 
shell (Fig- 
ring is 

Couple 
O.50 

- 13TO in.-lbs 

Bolt inner dia. = 0-3179; A = 0.079 in- 

13W/0.O79 = 17,000 psi 

MS 100,000 
17,000 x 1.15 

1    =    High 

* 
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6.2.5.3.1*   Bending of Retainer Ring 

O.D,  of lock ring = 60.9 In.; circutaferencs   « 193 >5 in.; 
lto 'bolts are specified. 

Perimeter of retainer ring at mid height =    36 In.; 

•IÜ = 1.33 in./bolt. 

Assuming a cross sectional area 1.01 inche*   fide to act 
as a beam in simple tending, 

t   m   ML  m 6 x 2680 x 0.251 = 25>300 pal 

bdc 1.0 x (0.1«)s 

100.000 
m "   25,300 x 1.15 -1 " + 2-J,It 

6.2.3.3-5   Ring Shear-Out 

Area = 0.31 x O.U/2 = 0.124 in.2 

P/A = 2680/0,121» = 21,620 psi 

FSu = 78,000 psi 

78,000 
m =   21,620 x 1.25 -1 ■ + L'9 

6.2.5.1+   Analysis of Lock Ring (Figure lag) 

Assume each thread reacts one half of the 37;   )00-pound 
limit axial load.    The load per Inch of thread at the pitch dlamete    is: 

*  "     yrx7^°S75 x 2 - 100° "'A*. 

At Section A-A, assuming a 1.0-inch circumfei   vtial width 
of shell and thread acting as a beam, 

M   =    1000 x 0.1(375 = M37-5 in.-lb 

I   .   1 * (o-1*^?3   . 0.00595 1».* 

i 
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Axial stress -    -2 x 100°    = 4820 psi 
1 x O.lH.5 

Total stress = 15,250 + ^820 >= 20,070 pi 

MS (yield) =    .  J-P0*000 1 - + 3.33 
20,070 x 1.15 

MS (10-hr creep of 15t) ^000        a g 6? 
20,070 x 1.15 

6.2.5.it.1   Thread Shear at Pitch Diameter 

Area =0.50 In-2 

PSu = 0.6 Ftu = 78,000 psi 

P ■- 1000 lbs; FK - ^222 = 2000 pal E      0.5 

76,000       , 
MSsr.g?x2000 -1 " Hlßh 

6.2.5.^.2   Analysis of Lock Ring as a Cylinder 

Due to the high margins obtained In a tmllar analy- 
sis of the alrframe portion of the attach assembly and the maa Lns obtained In 
the preceding analyses of the lock ring,  no further investigai in ie deemed 
necessary. 

6.2.5.1*-3    Bending on Lock King—Section B-B 

Assuming l/lbO x circumference-wide si    Lp as a beam, 

M - 0,5k x 2680 = 1>150 in.-lbs 

I ■ °-9T° ^(0-»)g . 0.0135 in." 

Axial stress  =- ,   jrffl ^ ■„,,    = hoso ps' 
0.97 x O.55        ^      v 

fb + ft = 29,600 + 5020 - 3'i,620 psi 

MB (yield) .—^2*222— -i. + i.5 
5^,620 K 1.15 

MS (10-hr.  creep vC 1.0«  =•  j^tjoffi]    3 *J = + l* 
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6.2.5.4.4 Analysis—Exit Npazle Attach Ring 

A section of this ring is shown in Figure 

6.2.5.4.5 Stress at Section A-A 

Load per inch on each thread, is: 

P = ,?7fr°oo = 995 lbs/in. 
(5.14) (59-647) (2) 

M - (O.458) (995) = 450 in.-Ibe/in. 

j n 1-0 l&pSl    = 0.OO697 In.* (assuming     1.0-in. 
wide sect   n) 

f<totaD - üaa (°-218^ + —572,000 m 1 7S0 psl 
0.00697 (3.1k) (58.77) 0.437 

,», 100,000 ,      „. . 
m = 1.15 x'18,720 _1 = Hish 
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7.0   MODELS 

7-1 Dlrect-Connect Aerodynamic Coupling 

7.1.1       Design 

The direet-connect aerodynamic coupling ] 
contract period is a modification of the test hardware used in 
dynamic coupling tests (see Figuren 124-128). 

To evaluate simulated reactor airflow dii 
control rod and actuator assembly and front support assembly wi 
simulate geometrically the flight engine hardware and to creati 
possible the blockage and airflow distribution anticipated in 
A transition plate and exit plate were designed with approxima' 
static pressure pickups for use at the a:ft reactor face during 
results are reported in Volume II. 

7.2 One-Third Scale Free Jet Model 

7.2.1   Design 

The 1/3 scale free Jet model shown in Fii 
the basic hardware from the direet-connect aerodynamic couplini 
i.e., the reactor section, exit pozzle, exit nozzle spacers, 01 
mentation sections. 

Figures 130 to 1^2 show engine component! 
stages of fabrication. The new hardware that was designed Bnd 
eluded a free jet inlet with translating centerbody spike and 1 
sonic diffuser section and translating exit nozzle plug. The , 
of the inlet nozzle and centerbody are reduced from the flight 
ing factor of 0.3625, which produces an inlet cowl diameter of 
inlet spike is translated by means of a hydraulic actuator thai 
side the centerbody structure. This actuator operates on 1OO0 
sure and is capable of translating the spike 2.5 inches at the 
inches per second working against a load of 3000 pounds. 

Two by-pass doors are located on the ext< 
inlet structure near the aft end of ^he centerbody, one door 01 
the horizontal centerllne. Each door has an open area of 18-8 
A hydraulic actuator for each door is mounted externally and it 
sitioning the doors from full open to full closed within two 8f 

The exit nozzle plug is positioned at 6h< 
exit nozzle throat and is contoured for a linear area variatioi 
tion. The plug is translated by means of a hydraulic actuator, 
of translating the plug 18 inches against a 2500-pound load at 
inch per second. 
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The reactor section was modified to allow fat ;hermal 
expansion of the reactor core when tested with h^O'T inlet air.    A: il thermal 
expansion vas contained by use of a spring-loaded ring mounted at 1 : forward 
face of the reactor.    Radial thermal expansion was contained by use jf spring- 
loaded Btraps around the periphery of the core matrix.   All the has : compon- 
ents for this engine were fabricated from mild Bteel and M30 stee] Test re- 
sults are reported in Volume II. 
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TABLE  I 

TABLE OF WEIGHTS AM) CENTERS OF GRAVITY FOR MA50-XCB FROH   3IQM SYSTEM 

Item Weight 
(lb) 

Fing    ; Station 
;.o. 

MA50-XCB Propulsion System l6rk^C -•77 

Inlet 2,717 LTO 

Diffuser Duct* 919 +05 

Reactor Control Rod Support Mechanism 297 Ml 

Reactor and Support System 11,1(68 %5 

Exhaust Nuzzle L,09* 391» 

*   To be furnished by manufacturer 

Authority: EO13526 
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TABLE II 
! 
1 
1 

MARGIBS OF SAFETY 

Item Type of Stress irgin 
i 

Ccvl 

Inside skin                  Tension 1-75 

Outside skin             '  Tension 4.06 

Inside skin                 Compression 3.88 

Leading edge                 Compression X.tST 

Skin (near leading edge)         Bending O.56 

Diffuser Skin 

Long time "limit" load Hoop tension 0.03 

Short time "ultimate" load Hoop tension 0.26 

Innerbody Support Ring 

Long time "limit" load Compression nple 

Long time "ultimate" load Compression aple 

Short time "limit" load Compression O.85 

Short time "ultimate" load Compression 0.62 
i 

Innerbody Skin              1 

Short time "limit" load         Compression 0.30 

Short time "limit" load Shear lple 

Long time "ultimate" load Compression O-05 

Thrust Fitting (Pin) 

Short time "limit" load Bending O.36 

Long time "limit" load Bending 0.68 

Short time "ultimate" load Bending 0.7lt 

Reactor Support 

Pressure shell Hoop tension .gh 
Shell web Bending 0.35 
Pressure pad Bending 0.11 

Pressure pad lug Bending .gh 
- 

«frFPßPX« ^>LLrl\Lr 

. 
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TABIfl II (Continued) 

Item 

Exit Nozzle 

Forward cylinder 

Forward cylinder 

Forward cylinder 

Throat 

Forward cone 

Cone-Cylinder Intersection 

Aft Cone 

Station 656.32 

Station 623.ill to 636.32 

Aft Doubler 

Shroud 

Forward cylinder 

Station 15 

Cone 

Throat 

Type of Stress 

Hoop tension 

Combined bending and axial 

Shear 

Combined bending and axial 

Combined bending and axial 

Combined bending and axial 

Collapsing 

Collapsing 

Bending and Axial 

Shear 

Collapsing 

Collapsing 

Collapsing 

Collapsing 

Collapsing 

m—rit~ iiiEHi'1' I'IDT gr tpj¥ 
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6003 

Margin 

U    imum = + 0.05 

+ 2.33 

High 

+ 1.32 

+ I.82 

+ O.38 

-1 0.085 

+ O.61 

High 

High 

High 

+ 0.70 

+ O.16 

+ 0.33 

+ 0.39 
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TABLE III 

INERTIAL LOAD FACTORS 

Parameter 
Launch Conditions Low Level 

Maximum Cruise 
War Head 

At Burnout At Separation Ejection 

Altitude 12,500 21,500  . 1000 1000 10,000 

Mach Number 2.25 2.95 2.90 3.0 2.9 

Day Condition Hot Hot Hot Cold Hot 

«X + 6.0 
- 0 

+ 0 
- 0.32 

+ 0 
- 0.3 

+ 0 
- 0.3 

+ 0 
- 0.3 

gy + 1.0 + 1.0 + 1.0 + 1.0 1 0.25 

sz 0 0 + 4.25 
- 2.25 

+ 4.25 
- 2.25 

+ 2.8 
. 0.8 

w 
y 

+ 0.12 0 + 0.50 + 0.50 + 0.50 

w 
B 

+ 0.25 + 0.25 + 0.50 + 0.25 0 

DECLASSIFIED IN FULL 
Aathority: E013526 
Chief, Records^ Mass Wf Si 
Date: OCT 0 2 2015 

0*T. 6OO3 

High 
Altitude 

Cruise 

30,000 

3-5 

Cold 

+ 0.10 

t 1.0 

+ 1.5 
- 0 

i 0.50 

+ 0.50 
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TABLE V 

VERTICAL LOAD FACTORS 

Parameters 
Low Level 
Maximum 
Maneuver 

Low Level 
Warhead 
Ejection 

Altitude 1000 1000 

Mach Number 2.9 2.9 

Day Conditions Hot Hot 

«X 
+ 0.5 + O.J 

*? i 1.3 t  1.3 

«z + 4.5 

- 2.5 
# 

* Values of g for weapons ejection at tbe reactor 
ende are as follows: 

Forward End 

F.8. 882.4 

gz = + 5-77 

. Aft Bnd_ ■■>■■■ 1   ■   1 ,——^fc. 

F.8. 938.5 

gz = + 6.68 
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TABUS VI 

GFOUND HANDLING LOAD FACTOfiS 

Parameter Hoist Transport Erect lo: 

ex + 0.25 i 5.0 ± 1.0 

8y + 0.25 + 0.05 + 0 

es + £.67 + 2.0 + 2.0 
- 0 - 1.0 - 1.0 
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TABLE VII 

ANALYTICAL DESIGN FACTORS AND FACTORS OP SAFETY 

A. For temperature regimes in which time and material creep are ne; iglble factors 

•Type of Limit Stregs 

Single (uniaxial) (tension, 
compression, etc.) 

Combined stresses biaxial, 
or triaxial 

Single or combined 

Material Mechanical 
Strength Property 

Yield or proportional limit 

Yield or proportional limit 

Short time ultimate 

Mult iplj ig Factor 

Design 

1.10 

1.15 

B.    For temperature regimes in which time is a major factor 

Single 

Combined 

Single or combined 

Single or combined 

Uniaxial steady state creep 

Uniaxial steady state creep 
for type of stress involved 

Creep rupture for type of 
stress involved 

Fatigue for type of stress 
and load-temperature pattern 
involved 

1.10 

1.15 

UECLASSliFiBLNFUU 
Authority.- EO13526 
Chief, Records& Declass u 
IÄ:   OCT 0,2 2015 
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WEIGHTS AND CBNTEHS OF GRAVITY FOR AXISYMMETRIC  LET 

Weight 
(lbs) 

Center of     avlty 
Engine St    ion 

Inlet Assembly 2717-1 169.9 

Nose Cone (Movable parts) 1^.9 88.7 

Innerbody - Rings 152-8 130.6 

Innerbody - Skins 219.^ 137.0 

Outer Structure - Rings 333-7 192.1 

Outer Structure - Skins 920.0 191*.6 

Longerons 251.1 11*6.1* 

Attach Struts 369.2 221.0 

Actuating Mechanism 3^5-0 111.6 
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TABLE X 

1 
( 
I 

MOMENTS FROM AIR LOAD 1 ! 
1 2 3 4 5 6                     ! 

X Moment Moment Combined 
Location from from Moment of ein +20 ain x-M 
(degrees) Loading I Loading II I and II 

Centerline 
0 + 13250 - 26500 - 13250 0 0 

10 + I2650 - 25400 - 12750 0.17 - 44500 
20 + 10500 - 21000 - 1O5O0 0.34 - 72000 
30 +   7350 -  IU65O -    7300 0.5C - 73000 
4o +   8820 -    5610 -    2790 0.61) - 359OO 
50 -    1910 +    3810 +    1900 O.76 + 29100                  ! 
60 -   6650 + 13320 +   6580 0.86 +114000                  ' 
70 - 10850 + 21600 + 10750 0.94 +202000 
80 - 1361*0 + 27200 + I356O O.98 +276OCO 

Side 
90 - 14500 + 29000 + 11*500 1.00 +29O00O 

100 - 13640 + 27200 + 13560 O.98 +276000 
110 - 10850 + 21600 + 10750 0.94 +202000 
120 -    6650 + 13320 +   6560 0.86 +114000 
230 -   1910 +   3810 +   1900 0.76 + 29100                 : 
i4o -    SÖ20 -   5610 -   2790 0.61+ - 35900 
150 +    7350 - 1^650 -   7300 0.50 - 73000                     i 
160 + 10500 - 21000 - 10500 0.34 -  72000 
170 + 12650 - 25400 - 12750 0.17 -  4450O 

Centerline 
180 + 13250 - 26500 - 13250 0 0 

£1,900,000                     ■ 
Units 

Notes: 
Columns 2 and 3 derived from Reference 5 (Case 27 data with 

Column 2 based on + 492 lbs/in.  maximum !inward) 
Column 3 based on - 904 lbB/in. maximum (outvard) 

(+) moments place compression on outside of ring. 

Columns 2 and 3 integrate to transverse loads of 30,900 lbs, 
total transverse load of 46,350. Radial deflection, A, of po 
ative to a line joining points at x = 90* and x = 270°  is: 

rr/s), 

5,450 lbs or a 
t at x = 0 rel- 

A 1,900,000 
E I 

1,900,000  
22.7 x 106 x O.63I 

0,152 in. 
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TASLE XI 

TORQUE LOADS AT VARIOUS SECTIONS 

Section 
Distance from 

Centerltne to fitting 
y 

Ratio Torque 

(in.-lbs) 

£ 
Torq 

A-A 

B-B 

C-C 

D-D 

E-E 

22.5 

21.76 

18.24 

8.30 

506 

1*72 

533 

151* 

69 

0.330 

0.308 

O.217 

O.10O 

0.0^3 

370,000 

3**5,000 

243,000 

112,000 

50,000 

370 00 

715 00 

958 00 

1,070 00 

1,120 30 

1531* 1.000 1,120,000 See N    e 

Note:    These values utilized for plot (Figure 27) of torques 
be sustained by inlet itself. 
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TABLE XII 

SHEARB,  MOMENTS,   AND TORQUES FROM Z DIRECTION COMPON    TS 

.1 

Location 

A-A 

B-B 

C-C 

D-D 

E-E 

F-F 

x to 
Section A-A 

0 

- 26.90 

- 53-50 

- 92-50 

-127-86 

-l60.fc6 

-k6h.SS 

x' from 
Centroid to 

Section 

+ 7700 

+ 50.1*0 

+ 2).80 

- 18.20 

- 50.56 

- 83.16 

(+) ie aft 
centroid 

(*') >\2 

5,980 

2,5^0 

566 

331 

2,550 

6,900 

18,867 

Load a    Joint 

22, 0 

lh, 0 

6, 0 

- 5, 0 

- lh, 0 

- 23, 0 

(+> t 
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TABLE XIII 

PRESSURE CALCULATIONS 

Segment 
Station Location 

•37.7 to -15 
-15      to     0 

0      to      5 

5     to     8.U 

8.1» to   18.7 
Outer 

8.4 to  18.7 
Inner 

l8.7 to    22.it 

22.it to   39-06 

39.06 to 71.66 

71-66 to 89.96 

0        to   5.0 

5       to 13.2 

13.2    to 22.4 
22.lt    to 39.06 

39.06 to 71.66 

71.66 to 89.96 

to   5.0 

Large 
Area 

(in.5) 

124 

610 

660 

730 

730 

639 
566 

453 
226 

1210 

1210 

1112 

1010 

966 

880 

1278 

Small 
Area 

0 

1214 

453 
610 

639 

639 

566 

*53 

226 

0 

1150 

1112 

1010 
966 

880 

855 

1150 

X 

Average 
AP 

(pel) 

35-62 = -27 
142-62 = -20 

.110-62 = +48 

110-62 - +48 

110-62 = +48 

62-62 ■ 

HO-62 

311-62 

311-62 

311-62 

+48 

2>»9 

249 

249 

110-62 

110-62 

110-62 

311-62 

311-62 

311-62 

48 

48 

48 

249 

249 

249 

31-62 -31 

Forward 
Load 
(lb) 

3,350 
6,580 

4,370 

3,500 

28,100 

56,500 

56,300 

2,880 

3,970 

Aftward 
Load 
(lb) 

7,5*0 

2,400 

4,700 

4,900 

10,940 

21,400 

6,220 

Description 

pike 

ithout 

kirt 

pike 

kirt 

Ixed Part 

of 
nner Body 

nner Skin 

of 

ouble Wall 

owling 

uter Surface 
of 

ouble Wall 

MOTS:    These symmetrical loads are base loads on which the loads 
25 to 29 and Tables XI and XII are superposed to obtain an 
rical load pattern. 

Figures 
neymmet- 

Authority: £013528 
Llt^ 
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TABLE XIV 

JOINT LOADS 

1 2 3 it 

Location Section A-A 
x' from Centrold 

to Section (*')2 L01 

A-A 

B-B 

c-c 

D-D 

E-E 

0 

-26.90 

-53.5O 

-127-86 

-l6o.i»6 

+7700 

+50.1*0 

+23.80 

-18.20 

-50.56 

-83.16 

5,980 

2,540 

566 

331 

2,550 

6,900 

~k6k.22 (+)  is aft 
of centrold 

18,867 (< 

6 
->\6k.22 

hoi     at Joint 

L5,000 

9,790 

11,610 

3,530 

9,800 

16,120 

tension 

-    -77.3 inches 

set* 

s 
3 

-STCRDT'RCSTniOTCDDATA 

- 125 



DECLASSIFIED fNFUU 
Authonsy: £013526 

ASD-T0R~63-'277. Vol.  IV 

w+w or IDS'* weir. 6005 

x 

a; 
s 
v 

§ 

w 

a 
JJ5 
•H   O 
En PH 

CVJ 

s- 

o 

1 

N 

B 

11 

M 

CVI 

IS 
CO 

VO 

CO 

co" 
.-I 

VO SS? o\ 
ft vg IR 

VO 
n •\ ♦» 

1 1 + 

o o 

o o 

vo q cu g 
0\0 

I II 
1 

II VO 
■  II 

^vg 
ITv       O 

5 r co 

a T 

irv  »o 

0R0 
11  11  11 

NNW 

ONCO H 
Si Cvl rA 

So a) bo 
•H Tl -rl 
f*4 PH P=i 

Q 
VO H 
CM O 
OMO 

9 1,8 
vo 

II    •   1 
vo 

^H  II 

CO'I' O 
•>       O 

HOOD worn 

irvlR m 
O I o 

II   II   II 

O\C0 H 
C\J cv) 10 
C)    -D   fl) 

10     ir\ 
vo + vo 

I      II    rA 

II CO 

.-^-tf    II 
mcvi 

arii rlOlf\ 

o 
ft 

<M 
if\ 11 irv 
VO       VO 

I CO H 

II ^t    I 

£''' 
a: 

1 

ir\ cu ir\ 
OHO 

11  11   11 

CO CO CO 

O\c0  H 
CVJ CM r^ 

'a- 

o 
R 
? 

m H <A 

ciYd 
11 11 11 

co isi co 

gsco H 
cvi cvi rrt 

o> a) 

3) §) lü      Q § S>     oo5 
I*« (*( ßn 

■H 
fa fa  -*< 

•H -rl ■ 
P«l PN |i< 

i 
♦o 

vO   II O 
l<"\ K\ 
tr\CQ OJ 

'vd   + 

II    tf\   II 

VO ovo 
I   Ö-3- 

in*-vin 
o ex o 

11  11 11 
WHN 

Q1CO i-l 
cvl cvi cry 

u in 11 Eii 
•H p "H 
fa     fa    fa 

OJ 

0 'S 
V 
o 

•P 

s 
•P 

5 
a; ä 

•H 
4H £ 

III 

■SEGftEHWSFKICTED DAT* 
—iillJllirLW-Mll 'MLI  OF   IJJ* 

- laß - 

°- 

o 
VD 
VD 

vocg o 

R .Si 
< io + 
ii I! 

P83 
VO ÖvQ 

irv cvi m 

o 1 o 

II  II  II 

Nl CO N 

CVI CM |T\ 

H   li   ü 

•H -H -H 
ht h PK 

a 

CVI 

+ 

o 

o 
cvi 

vp + ir\ 
-*     3* m II eg 
+ 5K + 
II 

K- 
KV   II 

'I 
ITMTMA 

■ J-     • 
OlAO 

II    II    II 

t\I CO tj 

O>C0 H 
CVI CVI KV 

at)*) 

•rt   »1 .H 
&i TTJ bj 



DECLASSIFIED IN FULL 
Authority: EO13526 
Chief, Reronfs&DeclassDfyWHS 
Date:   OCT 0 2 2015 

ASD-Tim-63-277, Vol.   IV 

SUCnCTflCSTRICTCDPATA 
ATftMir cMfnrv m nr HIT 

•MOW, 6003 

a 
S 

o 

i 

•P   C 
P  .ri 
■H    O 

0\ 00 CO 
TA Q\ u-\ 
J- C* IT, 

■l •% o 
SI uj 

+ + + 

CO 

+ 

o 

* 00 

CO 

+ 

o 
CVI 

■^ II 
vn     IA 
3 ^-^ o> 

ii 

avo os 
«O h- 

IA (ALA 

ö Vd 
II  II  II 

SI N N 
o\co H 
CVI CVI >A 

a> p m 

■H 'H .H 

o 

k 
% 
■A 
•P 

i 
* 

<5jco     o 
^r—     cvi 

cy t-oco 

S + fL 
lA 

II    II  t-   II 
*—.»—x ||   <A 

^8 + c--* o 
H r-i   «o 
+   + IT) 5 

LAIATA d" .   .   . t- 
O O O fA 

II  II  II   II 

>< si eg si 

ONONHoO 
CVI CVI AA cv» 

a) D a> <u iili So to eso ao 
•H -H «H   -H 
CK EM (K PH 

i 
•H 
O 

< 

a 
o 

:oo 
CVI I 

o 

O    MA   - 
CJ t-   «CO 

8 + ^. 

-—v~"        IA 

VO IA" 8* 
rlHIIVO 
+   + ri O 

(A in in o 
ooom 

H    II    II    II 

I- 0\HcO 
CVI CVI fA. CVI 

a> u D 0 

iii§ ISO  to U  «) 
w -Sf ;H -3 
fc,  [K fa  b 

)fi 
3 

ä 
■H 
CO 

i 

•A 
-7 

08 

3 H 
I + 

II II 

!H H 

fc-H 
CVI IA 

ID   <U 

■rT  «H 
Ii. fa 

h 

■P 
•P   Ö 

B 
U 

IA 

fA 

II 
m 

ro 

n 

o 
OJ 
o 
p 

1 
o 
Ü 

r-t 

(A 
•H 

0 

01 

-SEeftEHlCSTfllCTCD DATA 

-  127 



DECLASSIFIED IN FUJI 
Authority.- EO13526 

" OCT 0 2 2015 

ASD-TDR-61-277. Vol.   IV 
,.*»,   6003 

TABLE XVI 

SYMMETRICAL LOAD PORTION OP STEADY STATE FLIGHT CONDITION RING   lOMEHK 

e 

Symmetrical Load Portion 

Cl 
P at 0° 

Cl 
P at 120" 

Cl , 
P at 2to° 

Total MI    ■ 
Ci   : 

(in-    «} 

0 - 0.24 - 0.025 - 0.025 - 0.190 -  17    '00 

15 - 0.12 O.O65 - 0.015 - 0.070 -   6   10 

30 - 0.02 0.090 - 0.050 + 0.020 

*5 0.05 0.100 - 0.072 + O.O78 

6o 0.088 0.088 - 0.075 + 0.101 +    9    50 

75 0.10 0.050 - 0.072 + 0.078 

80 0.090 - 0.020 - 0.050 + 0.020 

105 0.005 - 0.120 - 0.015 - 0.070 

120 0.025 - o.2to + 0.025 - 0.190 - 17  00 

125 - 0.015 - 0.120 + 0.065 - 0.070 

160 - 0.050 - 0.020 + 0.090 + 0.020 

165 - 0.072 O.O5O 4 0.100 + 0.078 

180 - 0.075 0.088 + 0.088 + 0.101 +   9   50 

195 - 0.072 0.100 + 0.050 + 0.078 

210 - 0.050 O.09O - 0.020 + 0.020 , 

225 - 0.015 0.065 - 0.120 - 0.070 
2»t0 0.025 0.025 - 0.24 - 0.190 - 17   00 

255 0.065 - 0.015 - 0.12 - 0.070 
270 O.090 - 0.050 - 0.02 + 0.020 
285 0.100 - O.O72 0.05 + 0.078 

500 0.088 - 0.075 O.088 + 0.101 +   9   50     • 

315 0.050 - 0.072 0.100 + 0.078 

530 - 0.020 - 0.050 0.090 + 0.020 

?Jt5 - 0.120 - 0.015 O.O65 - O.O7O -   6   10 

360 - 0.24O 0.025       1        0.025 - 0.190 - 17   00 

Notes: 
Coefficient Ci 
on outside; PR 

IB from Reference 9J (+) moment is compres    on 
- 8500 x 10.79 = 91,600 (from Table XI) 

! 
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TABLE XVII 

STBAUf* STATE FLIGHT CONDITION RING MOMENTS 

Unsymmetrical Symmetrical 

t 
Cl 

P at 0° 
Mp   , 
CjJPR 

(ln-lb«) 

Mp 

(in-Ibs) 

0 - 0.24 - 9,710 - 17,400 

15 - 0.12 - 4,860 -   6,410 

30 - 0.02 

1*5 0.05 
60 0.088 + 3,560 +   9,250 
75 0.100 

90 O.O9O 

105 O.O65 
120 O.O25 + 1,012 - 17,400 

135 - 0.015 

150 - 0.050 

165 - 0.072 

180 - 0.075 - 5,o4o +   9,250 

195 - O.O72 

210 - 0.050 

225 - 0.015 

240 0.025 +  1,012 - 17,400 

255 0.065 
270 O.O9O 

285 0.100 

300 0.088 + 3,560 +   9,250 

315 0.050 

330 - 0.020 

345 - 0.120 -  4,860 -   6,410 
360 

—  
- 0.240 - 9,710 - 17,400 

Notes: Coefficient C^ is from Reference 9; (+) rn( 
compression on outside. For unaymmetrlca: 
of moments, PR is 3,760 x 10-79 » 40,500 ( 
37)- Moments for symmetrical portion of '. 
carried over from Table XVI. 

■ iiTijiHMM'ir VBUITOTJKW 
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iiroer, 6003 

■mbined 

n-lbs) 

27,110 

11,270 

12,810 

16,388 

6,210 

16,588 

12,810 

11,270 

?7,H0 

snt is 
portion 
ae Figure 
id 3 are 
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1 

TABIE XVIII 

1 
t 

i 
! 

RING MOMENTS PROM SHORT TIME MANEUVER WADS 
1 
i 

0 

Symmetrical Unsymraetrical Corobi   ;d 

Total Moment Total Moment Moms   ; 
Ci (in-; lbs) Cl (in-lbs) (in-3   0 

0 - O.190 - 23,960 - 0.24 - 68,100 - 92,   iO 

15 - O.070 - a,810 - 0.12 - 3^,050 - 42,   iO 1 

30 + 0.020 - 0.02 

>»5 + 0.078 0.05 

60 + 0.101 + 12,700 0.088 + 25,000 + 37,    »0 

75 + 0.078 0.100 

80 + 0.020 0.090 

105 - 0.070 O.O65 

120 - 0.190 - 23,960 0.025 +    7,100 - 16,   .0 

125 - O.07O - 0.015 
160 + 0.020 - 0.050 

165 + 0 078 - 0.072 ■ 

180 + 0.101 + 12,700 - 0.075 - 21,300 -    0,    <0 

195 + 0.078 - 0.072 

210 + 0.020 - 0.050 

225 - 0.070 - 0,015 . 

2to - 0.190 - 23,960 0.025 +    7,100 - 16,   0 

255 - 0.070 0.065 

270 + 0.020 0.090 

285 + 0.078 0.100 

300 + 0.101 + 12,700 0.088 + 25,000 + 37,    0 

315 + O.O78 O.05O 

330 + 0.020 -  0.020 

345 - 0.070 +    8,810 - 0.120 - 34,050 - 42,    0 
360 - 0.190 - 23,960 - 0.21*0 - 68,100 - 92,     0 

Notes :    Data are from Table XVI;  (+) m oment  1B cuntj oresBio    on 
outside for symmetrical portion PR = 11,698 x 10. 
126,000;  for unsymmetrical portion PR « 26,320 x      .79 
= 284,000. 
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■■•• TABLE XIX 

WEIGHT AND CENTERS OF GRAVITY FOR CONTROL ROD SUPPORT STRUCTU] 
AND ACTUATION MECHANISM 

_ .                         ... 
Item Weight Engine Station C 

Assembly Total 297.7 1*22.It Hot* 1*1*1.:   Cold 

(a) Front Support 9-7 393-^ 

(b) Main Support Assembly 1 28-0 hig.e 

(c) Vernier Rod Strut Assemblies 9-»t 1*19 8 

(d) Motors and Servo Valves 90.0 it 19.8 

(e) Linear Transducers + Housing 10.0 M9.8 

(f) Torque Drive Shaft + Gears 3-2 M9.8 

(g) Rack Guide Tubes Slj.O 1*22.6 

(h) Aft Support Structure 11-5 1*66.6 

ii) Drive Racks 75.0 396.6 Hot 1*36.6    old 

(k) Spider Fittings 36.9 1*23.6 Hot 1*63.6    old 

 j 

* "Hot refers to an operating power reactor condition; "Cold" 
refers to a zero power reactor condition- 

DECLASSIFIED IMU 
Authority.- E01352S 
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TABU: xx 

WEIGHTS AMD CEHTERS OF GRAVITY FOR REACTOR AWD SUPPORT 8Y EM 

Item Weight 
(lba) 

Engine Station C 

Reactor and Support System 11,1*68 533 ^O 

Core and Reflector 7,569 537-OU6 

Tie Rods »102 531.203 

Retainer Assembly 228 509.563 

Base Blocks 520 565.I4O8 

Grid 900 501.186 

Lateral Support Structure 1,593 536.870 

Axial Support Structure 256 501.186 

DECLASSIFIED IN FÜLL 
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TABLE XXI 

THERMAL EXPANSION OP TANGENTIALLY AND RADIALLY ORIENTED 

Expansion (radial) 
R (Core) = 23-625 in. 
R (Reflector) ■ 26.625 in. 
R (Presßure Shell) - 98.125 in 

Reactor 
Component Material 

End of Boost (60 sec) Steady Stat 
Temp."f" Coef/Exp. AB Temp. °F Co 

Core Fueled 
BeO 

2570 5.65 x 10-6 0.33^5 2570 5. 

Zone 1 Unfueled 
BeO 

* O.OOJ16 1890 5. 

Zone 2 Unfueled 
BeO 

O.0066 11*90 1*. 

Zone 3 Unfueled 
BeO 

0.0091 1390 1*. 

TOTAL 0.35^8 

Tangential 
System 

Exp. 
Shell Rene1   1*1 360 6.8 x 10"6 

0.0525 1500 8. 

Radial 
Diff. Rene'   kl 360 6.8 x 10-6 O.300 1500 8. 

Diam. 
Dtt* Rene'  1*1 360 6.8 x 10-6 0.6o4 1500 8. 

Circ. 
Diff. Rene'  kl 360 6.8 x 10-6 1.895 1500 8- 

Radial 
Syetem 

Pressure 
Shell Rene'  1*1 300 6.8 x 10"6 

0.0439 1200 7- 
Radial 
Diff. 0.311 

*    Reflecto r expansio n assumed 

-5£C 

the same as cruise. 

-J-. 
*- 

unu 6003 

RINGS 

Cruise (300 sec) 
/Exp AR 

x 10"6 0.35*5 

x 10-6 0.001*6 

x 10-6 0.0066 

X 10"6 
0.0091 

0.35'<8 

x 10"6 0.322 

x 10-6 0.033 

x 10-6 0.066 

x 10"6 0.207 

x 10"6 0.2*18 

0.107 
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TABLE XXII 

SUMMARY OF CRITERIA 

(inertia Load Factors Taken from Section 2.0) 

Condition 

Ground 
Handling 

Boost 

Boost 
Transition 

High Altitude 
Cruise 

Low Altitude 
Cruise 

Spring 
Temperature 

FT) 

Relative Thermal 
Expansion 

70 

70 

380 

11*00 

11*00 

Radial 
System 
(in.) 

0 

0 

0.311 

0.107 

0.107 

Tangential 
System 
(in.) 

0 

0 

0.302 

0.033 

0.053 

Inertia 
Load 

Factor 
(l) 

3-75 

3.00 (RMS) 

3.00 (RMS) 
2-23 

2.25 (RMS) 
4,16 

2.25 (RMS) 
5-95 
7-0 (Peak) 

Type of I    d 

Static * 

Random vi    ation 

Random vi    ation 
Static- 

Random vl    ation 
Static* 

Random vi ation 
Static* 
Sinusoids vibra- 
tion at 9      cps 

*    Conservatively assumed static. 
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TABLE XXIV 

ACCELEROMETER RESPONSE 
(Hun No. h) 

6003 

Input 
Frequency 

(cps) 

Input 

SRMS 
Response ggg 

A-10 A-3 A-h A-5 A-6 A-7 A-8 A-9 

12 0.55* 1.70* 0* -- 1.5* — 0.3 0.8 

15 O.65* 2.1 0.3* 0.26* I.85* — 0.9 1.1 

20 0.75» 2.3 0.85* 0.60* 2.0* -- 1.6 1.1 

25 0.85* 2.30* 0.85* 0.44* 2.0* — 0.88 1.2 

30 1.0* 2.05* 0.65* O.52* 1.9* -- 1.0 1.6 

35 1.20» 1.73» 0.1(0* -- 1.70* — 1.0 1.2 

1*0 1.25* 1.65* 0.30* — 1.70* — 0.75 1.0 

00 1.3 2.0 1.2 1.5 2.0 1.6 1.0 ' 2.0 

140 1.7 3.0 0 1.8 2.5 2.1) 2.0 2.0 

200 2.5 3.2 4.0 2.0 3-5 3.0 -- 3-8 

250 2.3 h.o 3.6 2.0 3.0 3.5 — 3-5 

320 2.2 3.8 1.2 2.0 2.5 2.5 — 2.4 

too 2.2 2.5 O.80 1.0 1.0 0.80 2.5 1.0 

«rtc 1.7 3.0 0.80 0.70 1.2 0.50 1.0 1.0 

500 1.5 2.6 1.8 0.60 1.0 0.70 0.50 2.0 

A-ll 

0.8 

1.8 

1.3 

1.3 

L.2 

2.0 

1.2 

2.0 

3.5 

?-5 

L.O 

).50 

).60 

) 

Frequency analyzed. 
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ASD-TDR-63-277. Vol. IV 
«KXl. 6003 

TABLE XXV 

ACCEIiEROMETER RESPONSE. 
(Run BO. 10) 

i 

Input 
Frequency 

(ops) 

Input 

BRMS 
Response gj^jg 

A-10 A-3 A-k A-5 A-8 

12 -O.95* 2.2* -- — — 

15 1.0* 2.1*5* 0.5 0.2 0.8 

20 1.0* 2.65* .- — — 

25 1.0* 2.75* 2.0 0.8 0.5 

30 1.1* 2.7O* 2.2 2.0 1.0 

35 1.2* 2.65* -» — -- 

Uo 1.5* 2.50* 2.5 1.0 1.0 

80 3.0 ~ 3.0 1.0 1.5 

11*0 3-0 — 3.0 2.5 2.5 

200 3.1 5-5 3.0 2.5 .*. 

250 2.9 — 2.5 1.7 ... 

320 2.7 ... 3.0 1.0 0.5 

too 2.0 — 3.0 0.8 1.0 

Wo 1.7 •va» 1.0 1.0 1.0 

500 2.0 4.5 1.5 1.5 1.0 

*    Frequency analyzed. 

•'I 

8 

0 

0 

0 

7 

0 

5 

5 

5 

0 
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TABIE XXVT 

WEIGHTS AND CENTERS OF GRAVITY FOR EJECTOR EXHAUST NOZZ 

Item Weight 
(It) 

Engine Stat 

Exhaust Wozzle Assembly 1054 594.2 

Primary Shell 370.9 618.9 

Secondary Shell 239-5 587.7 

Lock Ring 178.4 568.1 

Attach Ring l6s. 1 571.0 

Ring Assembly - Expansion 41.0 565.8 

Stiffener Ring - Aft 9.1 660.3 

Stlffener Ring - Forward 8.4 654.3 

Stiffener Ring - Intermediate 7-9 646.3 

Stiffener Ring - Intermediate 6.1 636.3 

Drag Brace (12 required) 8.7 573.9 

Pylon (8 required) 9.0 613.3 

Support Doubler (8 required) 11.8 613.9 

Fitting - Inner (8 required) l.l 663.4 

DECLASSIFIED IN FULL 
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TABI£ XXVII 

REQUIRED MATKRIAL THICKNESS 

1 
i 

Exit 
Station 

Internal 
Radius 

(in,) 

Nozzle 
Interior* 

(psia) (pal) 

t read 

(Art 
78.0c 
(in.) 

0 28.06 320 260 0.093 

5 28.06 300 240 0.086 

10 28.06 292 232 0.083 

15 28.06 288 228 0.081 

20 28.06 286 226 0.08C 

22 27-80 284 224 0.079 

2*1 26.70 283 223 O.076 

26 25.50 282 222 0.07' 

28 24.4o 280 220 0.066 

30 23.20 279 219 0.061J 

32 22.10 277 217 O.06] 

5* 21-00 275 215 0.057 

36 19-90 273 213 0.051! 

38 18.70 270 210 0.05c 

40 17.70 266 206 0.046 

42 16.90 262 202 o.o4; 

«rt 16. to 258 198 0.04] 

46 16.20 254 19k 0.04C 

48 16.10 248 l88 0.03t 

52 16.1*0 77 17 0.00; 

*    Airfrsme cooling annulus pressure profile assum? 
uniform at 60 psia (figure no). 

6£eft£f nCOTftlOUD OATj^ 
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TABLE XXVIII 

SHROUD PRESSURE AND TEMPERATURE DATA 

(Low Altitude Cruise at Mach 5-22 and  1,000 ft,   ICAO Standard D 

Engine 
Station 

Inner 
Surface 

Outer 
Surface Pressure 

(psia) 
Temperature 

0 320 254 66 1350 

570.1*70 300 254 46 1350      1 

575.470 296 254 58 1350 

585-^70 286 258 28 1355 

587.24 284 258 26 1360 

590.470 283 256 27 1380 

595-470 279 252 27 1420 

600.470 274 241 3? 1465         | 

605.057 267 216 51 1520 

611.289 254 126 128 1550 

615.413 249 109 140 1550 

615.87 160 90 70 1490 

616.969 81 81 0 — 
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APPENDIX A 

-OLASOiriEP .MATERIALS STUDIES 

Cyclic Stress Studies an Rene' kl 

To evaluate the "behavior of Rene' ^1 under conditions   cyclic 
operation, creep specimens of 0.050 in. thick sheet were subjected   cyclic 
tensile stresses at ltoD'F Is accordance vita the etress-time.profl  shown 
in Figure A-l. The results of deformations produced by cyclic load g in com- 
parison with deformations produced on control specimens subjected t a stand- 
ard creep teat at the seme temperature, subjected to a constant str 3 of 52 
Ksi and for the same total time are presented in Table A-1. A camp ison of 
results between test and control specimens shows that cycled specim- i elonga- 
ted lees by a factor l/k to l/9, indicating strengthening occurred i  a result 
of this particular cyclic test. Standard tensile tests were also p formed at 
a strain rate of 0.001 in./in./sec at l40O°F, the principle strain te of cy- 
clic'testing. The results of these tensile tests are compared in Ta' e A-II. 
Cycled specimens show tensile values intermediate to noncycled and eep teBt- 
ed specimens; the creep tested specimens having the highest tensile alues. 

Table A-III and Figure A-2 present results of creep-ru ure tests 
performed on control specimens at lltOO'F under a 52 Ksi Btress. Th r elonga- 
tion in 1Q hours was approximately 0.2$ much higher than the cycled pecimens. 
Tensile tests were also performed at ll*00°F under stress rates vhic produced 
strain rates of 0.001, 0.01, and 0,1 in./in./see. The results of t: ae tests 
are presented in Table A-IV and Figures A-3 and A-h.    As expected, e short 
time tensile properties increased with the strain rate. 

The strengthening effect shown by these cyclic tests m be due 
to a combination of additional precipitation and/or solid solution > chanisms 
stimulated by repeated strains,at the temperature of testing. Cons erable 
additional testing will be needed to resolve the effects to be expe ed from 
service cycles. A program of cyclic testing of Rene' hi and the ot r alloys 
should be undertaken to 6tudy the effects of temperature and stress /cling on 
precipitation and nonprecipitation hardening alloys. 
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TABIE A-1 

CHEEP OP REHE'  kl DURING CYCLIC TESTING 

Specimens - Standard, 0.050 in. thick sheet 
Creep Meaaurements - Before and after cyclic testing. 

Specimens at room temperature. 
Scrioe marKs measured with 
Gaertner toolmaker's microscope 

Heating - Resistance 

Specimen 
Number 

Length (Inches) Change in Length 
In 2 Inches 

(in.) 

PlE 
In £ 

Before Cycling After Cycling 

0-1 — 1.9978 ~ 

S-3 1.9990 2.0008 0.0018 

G-13 1.9988 1-9993 0.0005 

G-lU 1.9999 2.0012 0.0013 

CREEP OF RENE'   hi. DURING STATIC TESTING 

Load, Temperature,  - Load - 52,000 pal,  constant 
and Time - Same temperature as above 

- time 5 hours 

Length (Inches) Change in Length Pie 
Specimen 
Number 

In £ 
Before Cycling After Cycling (in.) 

G-10 I.9980 2.0068 0.0088 

G-ll 1-9990 2.0079 0.0086 
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0.09 

0.03 
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;ic Deformation 
:nch Gage Length 
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