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

1155 DEFENSE PENTAGON
WASHINGTON, DC 20301-1155

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 MDR Case 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, or john.smith@osdj.ic.gov.

George R. Sturgis
Deputy Chief, Records and Declassification

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




p 9905990

DEFENSE DOCUMENTATION CENTER

FOR

SCIENTIFIC AND TECHNICAL INFORMATION
CAMERON STATION, ALEXANDRIA. VIRGINIA

‘ Office of the Secretary of Defense 5 USqSS eE Department of the Navy
Chicf, RED, ESD, WHS = 4 DON/AA DRMD
Date: 03 Q¢+ 20\S Authority: EO 13526 Date: 1 04 s Authority: EO 13526
Declassify: K Deny in Full: Declassify: _x _Deny in Full;
Declassify in Part: Declassify in Part: R
Reason: Reason:
. MDR: \3% -M-270)\ MDR__ 20§’ -M- 000)
DECLASSIFIED IN FULL
Authority: E0 13526

DEPARTMENT OF ENERGY DECLASSIFICATION REVIEW

Chief, Records & Declass Diiy, WS

Date: OCT 0 2 2015  review Date-_1OTT7/T3__ | DETERMINATION(CIRCLE NUVBER(S)
Pl - = CLASSIFICATION RETAINED i
¥: A CLASSIFICATION CHANGED T NSI
Name: .L. Shankle CONTAINSNO DOE CLAGSIFIEDINFG
2% Raview Date: __10/30/2013 _[%. COORDINATEWITH:
et DD |5 CLASSIFICATION CANCELED
x2 D Eivozinsky |0 CLASSIFIEDINFO BRACKETED
Name: c Y__|7. OTHER (SPECIFYY;

—RESFREFE—DATA
SECRET
| Rl
[3-M-5370]




NOTICE: When government oxr other drawings, speci-
fications or other data are used for any puxpose
other than in connection with a definitely related
government procurement operation, the U. 8.
Government thereby incurs no responsibility, nor any
obligation whatsoever; and the fact that the Govern-
ment may have formulated, furnished, or in any wey
supplied the said drawings, specifications, or other
data 1s not tc be regarded by implication or other-
wise as in any manner licensing the huider or any
other person or corporation, or conveylng any rlghts
or permission to manufacture, use or sell any
patented invention that may in any way be related
thereto.

NOTICE:

TEIS DOCUMENT CONTALNS INFORMATTON
AFFECTING THE NATIONAL DEFENSE OF
THF UNITED STATES WITHIN THE MEAN-
1ING OF THE ESFIONAGE LAWS, TITIE 18,
U.S.C., SECTIONS /93 and T94. THE
TRANSMISSION OR THE REVELATION OF
ITS CONTENTS IN ANY MANNER TO AN
UNAUTHORIZED PERSCN IS PROHIBITED

BY LAW.




nr -y
;'\'."'D ..

CLECE

N
\

CATAL

HAC AR

—STERE RESFRHCHD-BATA
SEOMICENERCT ACTOF ~T9s%

ASD-TDR-63-277

e z' E’ !i () !i lEl ‘]

(UNCLASSIFIED TITLE)
NUCLEAR RAMJET PROPULSION SYSTEM
APPLIED RESEARCH AND ADVANCED TEGCHNOLOGY
(PROJECT PLUTO)

5 VOLUME IV
! PROPULSION SYSTEM DESIGN AND STRUCTURAL ANALYSIS

-

_w} TECHNICAL DOCUMENTARY REPORT ASD-TDR -63-277, VOLUME V

Wright-FPatterscn Air Force Base, Ohio

Project No. 655A Tasks Nos. 1 and 5

{Prepared under Coniract AF 33(657) -8123
by The Marquardt Corporation, Van Nuys, Cahifornia
Agthor: R D, Grossman)

il 0 1854

n‘.
Bk
[ A3E,

- SECREF-RESTRICHD-BATA 63 ASKM .36
B L e .

T TTYOR B

oy 15 February 1963
Directorate of Aeromechanics QEGMSSWIED il FULL i
Propulsion Labouratory Authonty: EO 13526 )
Aeronautical Systems Division Chief,Records&Decaassﬂ%WﬂﬂS
Air Force Systems Ccmmand Date: 0CT 02 2016 2



MAC AST3

llPOll__Go_Oé____

NOTICES

GRS LR AT

fic Encrgy Act
ients 1 any manner to

of 1954. Tte transmittal or thc_discTiwmm
an unauthorized peree 5 prohibited by law.

When US Government drawings, specifications, or other de
any purpose other than a definitely related government procui
the government thereby incurs no responsibility nor any oblig
and the fact that the government may have formulated, furnist
supplied the said drawings, specificaetions, or other data is

by implicetion or otherwise, as in asny manner licensing the ¥
person or corporation, or conveying any rights or permission

use, or sell any patented invention that may in any way be re

. are used for
1ent operation,
.1on whateoever;
.y Or in any way
»t to be regarded
der or any other
» manufacture,
ted thereto.

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

utical Systems
contractural

DEGLASSIFIED I FULL
Authority: E0 13526

Chief, Records & Declass Diy,
Date: OCT 0 2 2015 W




aile

MAC A472

UNCLASSIFIED
ASD-TDR=63-277, Vol. IV

(3]
[

nonr_s?fb_.__

FOREWORD

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

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

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

Velume T: Summary

Volume II; Propulsion System Performance and Ac

Volune III: Propulsion System Controle

Volume JV:  Propulsion System Design and Structh

Volume V: Propulsion System Test Planning and
Facility Studies

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

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

SUMMARY

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

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

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

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

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

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

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

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

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

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

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

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

2.1 General Discussion

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

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

reliable

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

2.2 Missicn Parameters

2.2.1 Contractual Requirements

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

o Minimum range 11,000 nautical miles

Maximum payload 10,000 pounds

2.2.2 Flight Capability

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

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

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

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

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

SECRET RESFRASIED-DATA

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

Structur: design will
ain the min-

the mater-

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

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

Day Condition Operational Phase Altitude Mach Nec

_, (feet)

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

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

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

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

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

on pneumatic components.

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

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

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

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

2.95.1

2.5.2

Operational Phages

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

B2

2.

3.
b,
5.
6.

Reference Axes

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

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

Ground handling
Boost
a. Buraout (launch to burnout)

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

High altitude crulse
Letdown
Low altitude (penetratien) cruise

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

(2) moments, angule accelerations,

A 4

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

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

2.6.1.3 Deeign Limit Load Factors for Reactor

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

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

presented in Table V for the reactor end stations.

2.6.3.4 Design Limit Ground Handling Inertial Factors

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

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

2.6.2 Vibration Fnvironment

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

2.T.1 Design Factors and Mactors of Gatety

Multiplying numeris=al factors vsed in the stru

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

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

2.7.1.2 Factors of Safety

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

2.7.1.3 Limit Loads

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

2.7.1.% Design Load

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

2.7.1.5 Use of Factors

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

2.8 Margins_of Safety

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

( Allowable Stresses

Margin of Safety =
Limit Stresses X factor

2.9 Limits of Btructural Deformation

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

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

stem performe
factors are
re difficplt

e possibility

¢ of the load
design condi-

8 specified

ds and/or
or factors of

sppropriate
allovable
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ed with time
manoe ard may

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

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

2.10.1 Choice of Material

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

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

2.10.2 Over Aging and Cyelic Ioeding

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

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

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

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

5.1 Design
3.1.1 Discussion

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

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

3.1.2 Boundary layer Alr Bleed

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

B85 Bypass_Doors

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

3.1.h Spike Translation

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

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

.embly stert-

- Bngine bBta-
the vehicle

+ shear pin con~

couple between

. the structur~

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

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

., and shock

ike must move
ion at higher
he two compres-
e fomrard to
ary layer bleed
igncd to retract
« n3 determined
o tramslate,

y of translat-
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The spike translation mechanism ig designed t¢ >perate

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

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

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

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

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

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

Beilee/): Weights and Centerr of Gravity

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

3.2 Structural Analysis

3.2.1 Discussion

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

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

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

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

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

The following nomenclature is used in the gtrv

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

3ike trana-

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

2 ligted in

! the in-
d 19).

: primary
:id suffi-

subjected

regime
w 1.0°

sea
.teh
ients

it with
iml

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

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

Alloweble crippling stress, psi

3.2.2 Cowl Iip

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

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

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

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

Loading Pexr Inch of

AP Length Circumflerence

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

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

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

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

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

SECRET RESHRGHEDD AT
© O A el T Ll

. 1000 fect
cOWl stresses
of this anal~

for an axi-~

¢ for an 8d-
:B).

‘ind the av-
L loading

) 1s now
itlons thet
de and speed.

ard losding

e outward
alue and that
ee loadings
cture then ap-

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

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

= 5000 + 11,000 = 16,000 pei

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

£("s") 5000 ~ 10,500 = =~5500 pai

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

f n, =
(R e 3.94 0.631

5000 - 3080 = +1920 psj

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

3.2.2.2 Circumferential Location 90°

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

= 45000 ~ 12,000 = ~TOOO psi

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

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

£("a") = = 45000 +3370 = +83T0 psi

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

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

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

Bending Moment: 1989 inch-pounds

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

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

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

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

and longi winal compres-

sion on ¢ :side surface)

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

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

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

3.2.2.5 Margins of Safety

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

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

3.2.2.6 Circumferential Rending and Tension, Lc tion 0°

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

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

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

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

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

effective = 0.057 +

B/t = 200 . 236

0,084

1

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

(Reference 6, Teble B 5.2)

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

=1.25 x 5500

3.2.2.7 Circumferential Bending and Tension, Location

3.2.2.8

3.2.2.9

Temperature teken as 1100°F; materisl Rene' L1

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

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

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

105,000 x 0.8%

MS = r-;b-—-*-~——- -1 = +0,56

45,800 x 1.25 2

Bummary Note

Bince the above calculations were made there h

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

gages will not apprecisbly affect the above analysis,

SECREFRESHRETH=Brirr -
SRLNAE— ENFRC A0,

n):

143

8,400 pui

1= 1.85

-1 =175

5

aken as

been a
6 in

- 1k -
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5.2,3 Diffuser Skin

3.2.3.) Bursting Effects

This applies to the Innei of double skin

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

Presgure outside = 15 psi; P =3 psi

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

b
Moterial: Renc' U1

Joint Allowable:

M = el82200
1.1 x 68,750

HT t 0.10

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

1

3.2.% Tioed Pathe of Unsymmetrical Airloasds

= 68,750 1

= -+ 0.03

3.2.4.1 Loeds Normal to Centerline of Jplke

ghown in Figure 24.

f = -l— & -——-—Ll»6 :d
n a 30,48

cone, is conservatively assumed to be zero.

The spike geometry and lcads normel to tl center are

The relation of cone length to diameter :

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

1,51

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

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

ac, u
—= = 1.85 rad
del

1

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

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

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

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

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

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

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

[

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

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

3.2.4.2 Cowl and Innerbody Unsymmetrical Losdings

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

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

SECRET REGRR=-GFER-BATA
LR gty
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37,600 (127.86 + 32.60 + 39.06 - 10.4) - 10,8L0 (127.86 + 3¢

50) - 87,200

“EE 127.86

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

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

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

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

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

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

reactions

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

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

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

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

Load at any station (Lrom moment) is then

_ 5,372,200 x'

- = 28r 1
P 18,867 7 x

© The caleulation for this load is summarized in

SECREFRESIRICIEDDAFA
e e e e bk

- 17 =

Jmponents

1y in pre-
any one

mponents

.ieal

id and the

ipression

0 1bs

3h)

2,200 in-1lbs

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

tions.

353129 = TU52 1bs/each

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

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

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

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

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

2 18 broken
The pres-
symnety feal

ag 62 ine
:alculations

5 load 18 one

)0 1be

ure between
Hght 18 5.0

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

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

The effect of inlet forward load on the v

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

below.

Figure 31 shuws the fitting. Calculatior

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

Point P 18 the centroid of the vertical r

29 ynd Table XII) that must rerist this moment.

The lead at any station due to the applie

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

This example is evaluated in Table XIV.

3.2.4.3 Summary Tables of Attachment Reactions

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

Following the nomenclature of Figurc 18,

Loeds marked with an asterisk would act o

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

(k) and (1).

3.2.5

strut

The forward lond is 148,760 1bs from the

diffuser douwle wall for a normal cruising condition (Page

1load on each 1s:

There are three struts to carry this shea

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

GG ol i

re is then:
ng torward)

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

are presented

he inlet is:

ctions (Figure

momenl is then

e reactions

the aft por-
ritting points

nerbudy to the

load, so the

- 19 -
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Redial reactions induced at spar stations (B | and (F-F)
are:
’*_9_;52_2‘);6,_@ = 10,020 lbs total in radis directlion
These reactions are spportioncd between innex and outer
support rings in inverse proportion to the ring radii cubed for pre .minery de-
sign purposes (see Pigure 32). NOTE: Short time maneuver loads f1 o the inner-
body could produce loads of
~204, 400
-IES,TEO
or 1,38 times the ebove values (see Pars. 3.2.5.2).
%.2,5.1 Struts (Normal Symmetricel Loads Alone)
Load on struts from supporting rings are show in Figure
33.
3.2.5.2 Speclal Load Conditions Wherein Shock Has Mcv L Forward
From Its Normse). Location
With the shock moved well forward, the aft 1< .8 on the
spike is et 40,000 lbs. Using thc normsl cruising pressures for th fixed por-
tion of the innerbody, the minimum forward load of ihe entire innexr dy is now
estimated as follows:
Minimum Forvard Loed = ~148,760 + 4360 + 40,000 = ~1C 000 lbs
(Reference Page
With the shuck moved well aft, the spike forw d loed has
been estimated at 60,000 lbs. Using the normal cruleing pressures r the fixed
portion of the .lnnerbody, the meximum forward load of the innerbody £ estimated
as follows:
Maximum Forward Load = -148,760 + 4360 - 60,000 = -20k OO0 1bs

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

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

.e condition

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

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

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

.anc rotated

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

= 40,000 + 47,700 - 59,800 = +27,90¢

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

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

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

3.2,6,1 Steady State Long Time Loads

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

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

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

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

3,2.6.2 Short Time Maneuver Loads

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

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

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

3.,2.6,5 Stresses and Margins

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

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

06)

bs

itruts
rrvative
;0 £ind
tort time

bs (Fig-
we cons
: one

leulated
,750 x
da are
b8, which
loadings

vertical

alculated

ic load-
s of

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

hour exposure at 1J00°F.

o 3.e7

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

percent yield stress at 1100°P:

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

I.B. Skin near Flange rbo

ylelding commences.

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

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

Me -92,060 x 1.84
I 3.27

3.27

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

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

M3 on Yield

MS Against Faillure =
1.25 (51,800)

SEERET RESTRHGEEB=DArrr

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

N 105 ¥ 000 .

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

mple

Ample

ression)

4 (Tension)

fety factor to
ure. BShort time
oceur when

.45

+0,62

t
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3.2.7 Innerbody Skin

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

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

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

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

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

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

Shear buckling forward of Section (F-F):

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

Maximum shear on side

v oo 21,090
7E ° FPr 5 x0.15 - D0 mi

To eacimale ciitical shear buckling, see Refi ence 10.

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

-3
c
—

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

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

The margin of safety against shear buckling : adequate.

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

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

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

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

p' = pressure of collapse from external

1/4
1 51._2_/

1-92 ,°

= 0.807 % ( n“ha

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

485 ~ = 1 = +0.30

M8 =
1.10 x 338

3.2.7.2 ghear Buelking of Skins between Sections

pressure intro-
400 psias with
1 (see Refer-

eagure

pela

of 10 percent

+F) and (E-E)

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

0

= 39,000 psi

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

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

, g

2 |
B = (0.10E%)+5E(§) I -»o.s(%j

213.2.7 is
msverse shear
5 x 2100 =
ragraph 3.2.7

ractor of 10
safety is:

)le

- 25 -

B P,

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

{F-F] =

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

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

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

7.7 x 11.5 1 - 0.5° 11.5°

= 341 psi

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

341
1.10 x 296

MS = -1 = +0.05

3.2.7.4 Innerbody Intermediate Freames

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

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

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

o 12..28°

3810 1bs per ir

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

= -——5§—19—-—- -l +O.3’I
1.25 x 2280

L O -

*Reference 5, Page 306, Table XVI, Cond. @, Support 31

SEERET RRSHRGERR=Didse
T
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The eritical loads (Figure 41) en this pi occur at the
meximum forward load condition of the :l.nner'body--Paragraph 3.2, 2 (~204, 400
1bs) and the lateral losd of the yaw condition--Figuce o7 (44,4 1bs). There

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

At Section (A-A) turough the pin there wi  be both bend- : ,l
ing and shear. i

Bending is

206,000 1bs x 0.70 inches = 144,000  ~1bs

Section (A-A) Moment of Inertis is

o' xe.gst

= 2.82% qnep
6l 6l ehes

Me 144,000 x 1.375

fy, = — = 70,200

b I 2.60 70, p
S 206,000 x %

f 2= m Al S - 3,700 i

8(ay) & 77 x 2.7 2100 B

Muterial: Rene' 43

Short time 0.2 percent yield at 1100°F is

105,000 psi

Bhort time ultimate stress at 1100°F 1s

152,000 pst

RAC 46D
- g
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ASD-TDR-63-277, Vol. IV

RO LR iy v sar 600

Long time (10 hours) 0.2 percent yleld at 110( ' ig

92,000 psi

MS (short time yield) = = 105,090 0 . & +0.36

M5 (short time ultimate) =

Ms (long time yield) =

1.10 x 70,200

— 222,000 4 o Lo.7h
1.25 x 70,200

22,000 =1 = + 68

1.10 x 70,200 x (£42.800),
206,000
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145,800 Normgl Operating d
*(2 ,000) IRt 8 rating Loa

Mex

Imum Short Time Load (See Page )
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4,0 SUBSONIC DIFFUSER AND REACTOR CONTR(
SUPPORT STRUCTURE

4.1 Design
k1.1 Discussion

For purposes of this report, the subsonic
fined as that part of the propulsion system between Fugelage St
1 end 2) and the front face of the remctor. The reactor comtrc
ture 1s defined as the components within the subsonie diffvier
methanical linkage between the reactor control rods and the act
the structure needed to support this linkage and the rods.

Dezsign of the subsonic diftuser, which (f
view of the propulsicn system) is a pressure duct, is limited t
dynamic lines. These lines are defined to permit optimum perfc
propulsion system with the smallest poseible duct size. Mechar
tural design of the duct 1s the responsibility of the airframe
gamich as the duet 1s an integral part of the airframec.

The design of the reactor control rod act
ated linkage, and support structure is & more complex problem f
manufacturer than is the subsonic diffuser. For the former, it
obtain reguirements from the remctor company, geometric and env
tations from the airframe company, end inputs from the propulsi
trols group, and to integrate all these into a well-designed st

Listed below are the factors that have be
this desig:::

1. stroke: epproximatély 40 inchee

2. Temperature: 1070°-1200°F

3. Rate of travel: Full stroke in 0.75
4. Minimum pussage blockege

5. Meximum axisl g load: 25 g

6. Maximum radial g load: 4.5-0.25g

7. Accessibility

8. FPriction load between control rods a
9. Alr drag lceds in rods

10. Air drag loeds in the support mechan

SECRET S ReG Dl
ol NG G B x ik

{iffuser is de-
1on 660 {Figures
support struc-
st make up the
tor ms well as

m the point of
defining aero-
wnce of the o
al and struc-

nufacturer, in-

tors, asgoci-
the engine

8 neceseary to

‘onaental limi-
system con-

ctural system.

congsidered in

conds

reactor tubea

m
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1l. Limiting deflectlons of supports, rods,

12. Vibration of supports and control rods Q
D.A. Frequency, 0-3000 cps

13. Reliebility

14, Bumber, types, erd position of control r
12 shim and 2 vernier

In designing this portion of the system sever
have been studied. The design as shown in Figure 2 has been congid
promiging from the point of view that it presents the smallest bloc
diffuser and prcvides the best accessibility to the sctuator.

In the matter of mechanical and structural fu
sir motor, gear box, eand control valve are positioned om the outsid
of the duct to afford greater accessibility for maintenance and to .
blockage in the duct.

A rack end pinion type drive unit is located -
support strut. The unit is driven by the motor through a shaft the
inside the strut. The rack is attached to a spider fitting, which :
four control rods from the reactor, at the downstream end of the ra
tachment of the control rod to the gpider fitting may be either Iix
quick-discommect type with menual or remote handling features. Mov:
rack translates the spider fitting along a guide shaft that is supp
tween the main support and the aft support.. The guide shaft also &
housing for the feedback transducer, which is geared down and opera
main rack. When moving upstream, the rack is housed and guided in :
is supported between the main support and the forward support.

Figure 2 doea not reflect any method of attacl
tween the supports and the duct. Becumuse of differential thermal e:
these points will, of necessity, be a slip-fit type of conmection.

A detalled design study and subseguent structi
alas of this ares must be accomplished before a final declsjon can b
the best system. However, before this study cen be accomplished an

trol syatem study must be made that will more accruately define the
of this structure.

hoi.p Weights apd Centers of Gravity

Weights and centers of gravity for the reacto:
rod support structure and actuation mechanism are shown in Table XID

b2 Preliminary Analysis of Control Rod Support Structure

bh.2,1 Loada

Welight of control rod = 5.7 1lbs

-

SECRET-RESRRLCLE DAdbie
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§,2,1.1

h.2.1.2

the duct wall.

A

weight of rack (estimated} = 1 in.f x 50
denaity = 15 lbs

Weight of spider fitting (estimated) =
Estimated average thickmess = 3 inches
Weight 27°13.6 x 3 x 0.3 = 12.25 1bs

Aerodynamic Drag Load Per Strut = 422 1b

Total load per strut (incrtia) = (4) (5.
50 1bs

Strut Design Load

Loed et the 6g boost condition = (6) (5)

The twelve coasrse control rods are actua

four and are reacted by three struts as shown in Figure 42. U
mal expension, the struts are fixed at the center and have a s

P1=P2=P5

By (o, 1R
Assume struts fixed &

Assume only shear loa
Rl) Ra, R3 at the duc

Pl = Rl ete

Pl = 722 1ba

Moment = T22 (24 - 65} = 12,620 in-1bs (max)

According to Reference 5 and Figure 43:

I = ctTJ.‘s
XX

L
D

D, = 1.90 - 0.05 ~ 1.4%

N
n
1‘-' d
d

255 = 3.8

n. long x 0.3

6 in.2 blockage

+ 1% + 12.25 =

22 = 722 1be
d in groups of

allow for ther-
ding support at

centerline.

carried thru
wall

.n..-._.-..—-. -y
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critical, then:

¢ = 0.20

Yl = 49,09% Ly

I = (0.2) (0.05) (5.20)° = 1.408 1,

yl = (0.4909) (5.20) = 2.55

C = 2.55+ 0.025 = 2.58

o = (12,620)(2.58) /1.4%08 = 23,200 ps compression

Ty = {12,620)(2.67)/1.L408 = 24,000 ps temsion

Fpy = 37,000 psi at 1200°F
Fpy = 75,000 psi at 1200°F
E =22 x 200 st 1200°F

Using 19-9 DX materisl and assuming that bue ing is not

MS = (37,000/24,000) -1 = + 0.54 tensi
h,2.2 Deflection Check of Strub
g Ry R, = Py = 722 Ibs
= AL ’
E
' , L
A a = 605
65"
1L I = 1..08
E = 22 x 106
h.2.2.1 Deflection at PT A Duc to R
P12 ;
Y1 = 3ET i
4.2,2.2 Deflection at PP A Due Lo Py
P 2 )
1 =@z Ged-e)
SEEREY Sbbhihalil DAl

PO O TS
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4.2.2.3 Totel Deflection at PT A = ¥y - ¥2
Vl'ye=3%:-(2£3—3a2£+a5)
2
- i (2)(24)7 - (3)(6.5)2 (24)  (6.5)

(6)(22)(10)6 1.k08

¥y = ¥p = 0.097 in, = Mex Deflection
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5.0 REACTOR SUPFORT SYSTEM

5.1 Side Support System Design

During FY 1962 attention has been centered on tic minim:
the lateral support annulus dime..sion in the intercst of increasing s
namic perfo.mance of the overall Pluto syster.

The analytic optimizetion of tﬁe iaterel support annulu:
on an assumed dynamic model {see Section 5.2.2) and consists of the «
tion of botl. the radial spring rate and the suppert spring configurat
spring ra“e is optimized to give a minimum required energy storage ii
tem for the specified design criteria., The spring configuration was
to achieve a maximum of strain energy storage in the spring for a mi
of spring material. A detailed descriplieon of this work may be Toun
5.2.3.

The nuclear reactor core and its reflectors consist of :
of approximately 450,000 hexagonal ceramic tubes measuring 0.297 incl
the flats and 2.0 to 4.0 inches in length.. The tubes are stacked en
form contiuucus tubes epproximtely 62.0 inches in length,and these :
assembled side to side to torm a right circular cylinder 53.25 inche:
The reactor cylinder is aligned axially in the airframe duct.

The core assembly is clamped into the desired cylindrice
and is supported to the airframe by the lateral support system. The
design concept consists of a series of close fitting, curved pressure
vhich form zn expandable shell around the core. They are compressed
the core by radially orientated springs, which in turn bear against «
ic cylindrical shell that encleses the entire core, pressure pad, anc
assembly.

The pressure pads are supported in radial plancs by the
and in tangential and meridicnal directions by radially oriented pin-
connections to the pressure chell.

Authority: E0 13526
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The pressure shell, ‘= {urn is supported tnngentially by means of
a longitudinal tongue and groove rua:l system, which allcws radial gre th of the
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 s cing sys-
tem must be so designed that response of the reuactor tc vibratien loe 5 from
the airframe will not be excessive.
Weights and centers of gravity sre shown in Table XX.
5.1.1 Side Support Sysiem Function
The reactor latersl éﬁpport structure must be ¢ xble of
(1) insuring an adeguate clampirg pressure on the reactor matrix, (2) iccommo-
dating severe relative thermal expansicsn betwoen the matrix and the ¢ waining
AN MAE DA G
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shell, {3) limiting the transverse deflection of the core from inert: end vi-

bration loasds, and (4) permitting the reactor to be handled as & com
bly.

A compressive force must be exerted on the tub:
all times to prevent excessive digstortion of the tube bundle or gros:
tion of tubes. The necessity for this compressive force arises from
tural and sercdynamic considerations. Separation induces adverse lo
the support system; and tube misalignment, with resulting flow block:
be caused by both distortion end separation.

A severe differentisl thermal expansion existo
the reactor an! the surrounding structure; i.e., the reactor, at 250
mally expands into 1ts supporting shell, which is at approximately 1!

'he side support system mugt furnish adequate :
the reactor when it is subjected to lsteral inertia loads. The reac:
support springe, being essentially a spring-mass system, are sensiti
tion loeds. The support system must prevent the occurrence of exces:
response from this type ot loeds input.

The system should be designed in a way that pe:
handling of the reactor as an entity. BSuch a design will ease grounc
and reactor-~vehicle assembly problems.

The above requiremsnts must be met while maint:
structural integrity of the ceramic tubcs. In addition, the structw
side support system should be contained in as small en annulus &8 por
thereby assuring as high & degree of performance as possible for the
vehicle syshem.

5.1.2 Side Support Annulus Thickness to Vehicle Drag

ate assem~

matrix at
sepera-
oth struc-
paths in
2, could

io vibra-
ve reactor

its the
aandling

ning the
of the

ible,

agine=-

amparison

Since the drag of the vehicle is approximately
al to the cross sectional area, a 1/8-inch reduction in redius will :
1 percent reductlon in dreg; i.e., reducing the side support annulus
to 1,0 inches will result in & ! percent reduction in vehicle drag.
sidering the low thrust-to-drag margins associated with nuclear ramj:
imately 10 percent), it is extremely important to minimize the side
rHulus dimension.

5.1.3 Reduction in Annulus Width

Considerable effort was expended in 1962 to mi
annulus width, pointing towerd a target of 1.0 inches. The results ¢
trated in Figure 44, which depicts the reduction in ennulus width vs
the years 196} and 1962. The reduction was achicved through optimiz
the spring rule and the spring used in the side support system., Seel
contains & detailed deseraption of this work.
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5.1.4 Design Side Support System

Ihe resulting side support system is show:
C), Figure U5. The system consiste of four main components: s
pad, (expansion ped) radisl spring, pressure shell, and the sup

The spring pressure pad trensmits radial
the reactor and the spring system. It aids in distributing the
spring losds into the radial reflector, It also carries tangem
due to friction between the pad and reactor, into the support r:

The spring provides o compressive load du.
dling and flight, contains reactor thermal and inertial movemem
fers resuliing loads to the spring presgurs shell.

The spring pressure shell reacts {he then
loads and shears the reactour inertis loads to the support rails.
algo helps isolate reactor axlal movements from those of the aia
isolation 13 accomplished by slicing the shell into short axial
that a minimum of the friction loed resulting from reactor movet
transferred to the alrframe structure. The support reils transi
ertia loads from the spring pressure shell to the structure of t

5.1.5 Operating and Installation Requirements

Assumed criterie are outlined for the side
tem using eilther tangentially or radially oriented springs. Fig
show temperatures assumed for structural anaslysis., Table XXI p2
ative differential thermel expansion that occurs during the sysi
Table XXII summarizes the thermal and inertiel conditions used 1
ysis. In addition to the above, the folluwing general criteria
met.,

1. Maximum permitted reactor lateral det
0.100 inches. This requirement arise
siderationo of tie rod-to-core intert

2. No finite separation between the reac
the support system is permitted for ¢
condition; i.e., the support system n
main in contact with the reflector at

5.1.5.1 Assumptions

1. The structural shell surrounding the
maeins circular.

2. The tube maitrix bLehaves a8 a rigld cy

5. The side support structure can be int
a single elastic constent or spring r

tr Bection (0-
1g pressure
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18 between
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11 shear lcads
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4. Only the translational mode of the reactor s of
interest.
5. Only frictiovn-~induced slip demping is pres ¢&.
6, The dynamic input is a sinusoldal, undampe
motion with a frequency of 9.5 cps and a p k
1oad of 7g (see Note 1).
7. Average coefficient of friction on the ref ctor-

put is random,
dlscrete freguency.

5.2

Side Support System Analysis

Note 1. The major vibration loads input to the upport
system occur as a result of fuselage responae, during the lov altitud cruilse
phase of flight to free flight conditions. These conditions are terr n avoid-
ance, atmospheric gusts, and stores clection. Fuselage response to t rain
avoidance 1s an approximate sinusoidal low frequency motion. That du to stcres
ejection is sinusoidal but highly damped (5-second duration), while t gust in-
These three fuselsge repsponses combine Into a Tg peak oud al a
The input used in analysis is conservatively ass ed tu be
a Tg reak, slnuscidal, steady state vibration, oceurring at the 9.5-c  fusclage
frequency.

support system interface is equal to 0.30.

J.2,1

Nomenclature

A

=
20
[}

= Amplification factor (dynamic deflectio static
deflection)

Magnitude of driving load (lbs/ina

inertia load factor (g)
= Reactor weight (185 lbs/in&)

= Apparent load on springs (1lbs/in)

Il

¥riction damping load (1bs/in,)

Reflector--support system interface fri ion
coefficient

Outer radius of reflector (in.)

]

« Reactor preload pressure (psi)

n

Change in reactor pressure due to diffe ntial
thermal espansion (psi)

Change in reactor maxlmum pressure due
inertia lead (pzi)

i
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= Static reactor pressure after diff: =ntial
thermal expansion {psi)

Py
Z&ST Differentisl thermal expansion {in
AS 1 = Reactor deflection from inertia lo  (ing)
By
kg
n
g

1

Reactor dynamic and statbic pressur (psi)

I

Driving frequency (cps)

"

= Resonant freguency of reactor spri: -mass
gystem (cps)

= Gravity constant (386.4 in/sec?)

Kz = Bupport syctem integrated spring r e
(los/1in,/1n.)
k, = Support system radial spring rate | a1/1ing)

B = Bpring matertal elastic moduli (pa

Ty = Maximum tepnslle loed in tengential pring
systema (1bs/iny, )

k, = Circumferential epring rate (1bs/L: /ing)

V, = Volume of spring element {in?)

1 = 8pring element length (in)

;9 = Ratio of distance from end of sprir to load
point to spring length

np = Number of springs in parallel

ng = Number of springs in aeries

71 = Surface efficiency of the spring

g~ = Allowable stress of the spring matc ial (psi)

b = Ratio ot end thickness to center t} :kness of

the spring

<

Structural efficiency of the aprin

Subscripts
r = Redisl

2 = Transverse

a = Axial

“SECRET RESHRAGLRD=pirF

MAC AST3
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o initiel or preload cornditions

c = circumferential direction
Superscripts

c = low altitude cruise conditions
b = boost-transition conditions

5.2,2 Dynemice Model and Optimum Spring Rate

5.2.2.1 Dypamice Model

A dynamic analysis of the reactor and support s .tem,
based on an idealized fluid cylinder vibrating in an elsstic medium, ference
L, has shown that appreciable excitation of distortional modes of the .ube ma-
trix is unlikely in the frequency range uf interest (5-30 cps). Howe r, & low '
frequency resonance could exist corresponding to the rigid-body trans tion
mode of the matrix. This mode occurs at the system fundamental frequ wcy, which
is determined by the mass of the reasctor and the spring constant of t wside '
support structure.

The result of the above dynamic anelysis and co dideration
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 model is a single-degree-of-freedom, slip-damped syste

The radiel end taengential configurations are sh n sche-
matically in Figure 48, Figure 49 shows the idemlized dynamics model 1th ex~
plarnatory details.

Loed on the reector mass is
V, = An¥ (1)

The solublon to the amplification factor, A, is ell
known, Reference 12, page 437 gives

4
1l - (W%’L
A= = (2)
SR i
where
K
l 4/ =z .
T, = |7 {3)

- Lo -
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The ebove equation for amplification fectc raepresents an
approximate solution of the model. A plot of the exact sclutior »f A ve. f/fn
with F/P es a parameter, msy be found on page 438 of Reference 1.

The assumption that the tube matrix reflec ; as a rigid
cylinder permits the molution of the reactor pressure distridbuti 1 from a shate
ic balance of the load. A deflection of the oylindricol matrix 1 amount A T
(see Figure 50) results in a distribution of deflection given by

ASQ = ASI coe © (L)
So

A Pe = API cog @ (5)
where

Dp = v, AE; (6)

ASI defined in Figure 50

The differential force d¥; along the axis ¢ displacement

is given by

av, = ApIRcoeegdG (n

Summing thia forece over the periphery gives

77}

2
o I Ap Reos®aae = 77n \p, (8)

2

or

SECRELRESRIGHE-DATA

- U] -




JEGLﬁSSiFiEn IN FULL
Authority: E013

%‘;%?f Rﬁwdatzﬁneclass@mwm@

s o T - i

ASD-TDR-63-277, Vol. IV meo, 6003

The integrated spring rate, Kz , Follows from thie

v
2
K, = =7Ter

Ag;

The friction force is derived in e similer manne:
incrementel friction force opposing the inertia force is

aF = llpseinaede

Integration over the periphery gives

277

2 -
F‘= jo [ p, Reinf @d 8 = b AR pg

5.2.2.2 Optimum Spring Rate

For the spring configuretions suitable for the le
support structure the volume of materiel required is directly proportic
the meaximum value of elastic strain energy that the springs must absort
a spring with the following characteristic

pm -~

ky _SP_
r

P

Sr

the energy stored is

2 2
We - 1l/2p §p=1Rp /K,

Thus 3 the volume of spring materisl reguired is
tional to the parameter py~/k,.. Since the springs constitute an apprec
portion of the sidc support sbructure, and since the volume of the rema
structural material is approximately proportional to the maximum spring

SECRERRESFRCTIDDAT
y

MAC A2

(10)

The

(11)

(12)

ral
d to
For

(13)

por-

ble

ing
oad,
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the lesst meximum velue of p,°/k, Will also result in vary m
size of the entire support struc ure. The design procedure ¢
based on this criterion.

The cbjective of the design 18 to limi:
reactor inertisl deflection ( A£.) to a given megnitude by i
paremeters that will result in thé lesst value of pmg/kr. by
8 glven spring rate the static pressure ps, which is

1s adjusted so that the friction demping force is of sufficie
reactor deflection to 0.10 inches. By following the sbove m
ent spring rates (kr), & minimun velue of p. /kr is found,
associated with reactors may be used for deaign. The result:
zation procedure, for the design criterie used,; are presentec
This indicates that the optimum spring rates are 181 psifin.,
tems) and 140,000 Ibs/in.g/in..  (for tengential systems). 3
respond to criteria based on the boost-transition designh cont
portion of each curve regults from the satisfaction of the se
meat (Paragraph 5.1.5.3) st initial boost condition.

5.2.53  Structural

2.2.5.1 Spring Materiml Optimization

In the previpus section, the spring rat
sulting in & minimur radisl dimension for the side support st
spring that furnishes this rate must be as efficient as possi
tionel dimensionel losses are minimized.

The strain energy capability of the spr
by

2 -
W =g fyroav-LE g (L

e

where
a - hending stress

Q':n = meximum allowable stress

¥ This spring rate corresponds to 197 psi/inch in terms of an
spring rate.

rly the genimun
seribed below ia

the value of the
lection of the
3 means that with

(14)

t value Lo limit
redure for differs
3 gpring rate

of such a minimi~
in Figure 5L,

.for redial sys-
g6 rates cor-
sion. The linear
aration require~

wes fixed, re-
wture. The
. 80 that addi-

1£ cen be expressed

Saw (15)

:quivalent redisl
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This may also be expressed by

2
W, = Y (126)
2R
vhere
Y - ;,1; T (%)2 av (17)

in wnich ‘7” is called the structural efficiency of the spring., It ma: be seen
that 1f QO is equal to U m throughout the spring metcrial, them 100 : rcent
efficiency 18 reslized. For bending beams, which have good spatial e: iciency,
the maximun efficlency 18 realized when the stress distribution over - 2 length
of the beam 18 constant. This stress distribution 1s approximately r¢ lizcd by
& two-point loaded beam with tapered ends:

‘ Bl l 85 AL Sty

- J

/'-’1 lT
T Linear Taper

AL D

The moment distributiom is

with the resulting stress distribution as

T

M

- 4 -

. .
R e T ——
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The thickness varietion, which results
stress ocase, i1s setually perebolic. However, a parsbolic tep
achieve practically in thin sheet, so a linear taper is used
Using Equation 16, the volume of the spring materisl may be e

Vs né‘;é’—mz Pme/kr

since W 1s proportional to Fme/kr’ The parameter /| is the &
of the spring; i.e., the spring reacts & load of lp/n . T
spring is

Vo = BL (to + ty) + t5 L(1 - 28

The structural efficiency 1s evaluated from the integral in E

Y. L 1-28( -1
3 1-8Q0-1)

vhere

o
i

L « fnp -t (w
(1-b)3 [ 2

With Bquations 18, 19, and 20, the required total spring thicl

2
E__Pm 1

T Mok Y [1-80-

The spring length, ,Z , may be determined from the spring rate
spring beam dimensions, and is
P

E ny, Ny (318 Pn

YTnus, for given values of the parameters
thickness of material required and its associated length cant
Equations 22 and 23.

t

. Tin. . 12

The sabove design procedure was carried c
in the spring preeent2d in Figure 45. The spring has the foll
tions:

, m
SO RS AT Or = iy

RAC ASTD

the constant

is difficult to
an approximaetion.
ressed as

(18)

fece efficiency
volume of the

(19)

ation 17 and 18

(20)

ia-b)] (21)

288 18

a (22)

:quired and the

(23)

she minimum
determined from

, and resulted
riug specifica~

- 55 -
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Radial free height = 0.857 inches

Radial installed height = 0.807 inches

Spring length = L.450 inches

Distance to load point = 1.556 inches

Element meximum thickness = 0.092 inches

BEnd thickness (linear taper) = 0.046 inches
Bpring rate = 188 pei/in.r (co1d)

Bpring rete = 181 pei/in,., (380°)

Spring rate = 150 psi/in., (1400°)

Maximum stress = 109 ksi (boost~trangition)
Steady state stress = 37.3 ksi (cruise)

Meximum reactor pressure = T0.7 psi (boost-t: 1sition)
Steady etate reactor pressure = 25.8 psi (erxt ie)
Preload remctor pressure = 9.4 psi (cold)

Preload spring deflection = 0.050 inches

5.2.3.2 Compornent Analysis

5.2.%5.2.1 Jpring Pressure Shell

Although 1t is desirable to hold this shell .o the min~

imum thickness possible, the redundancy of the shell geometry makee :his diffi-
cult to achieve analytically. The following analysie conservativel assumes
thet each circumflerential web and a portion of the shell-in combine .on- act as
a ring (see Figure 52). If the web-ghell combination is sufficlent - stiff, the
equivaient ring will be losded in hoop tension.

Shell loads are critical at boost-transitic condition:
Maximum pressure = T70.7 psi
400°PF

Bhell tempersture

Rene' 41

Shell material

Material sllowable

4

120 Ksi

-
«

SECREFRESTFR-GHED-BrA
ST SOl

- 4 -
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Shell point loads:

P = 1/h 222 27,4 (70.7) = 190 1be/ir

LSl e @t e o S ere sttt e e

Moment of inertia of Section (A-~A):

Inp = 0.00610 inh

Assume ring lcaded at 32 equidistant poi & and deter-
mine deflection from Reference % (Case 9, page 158):

= 0 !
Smax 0.0094 inches

Deflection is small.

Hoop tensiuvn analysis:
Diameter = 55,19 in.
Ref'lector diameter = 53.25 in.

Egquivelent ring pressure:

Prq = -g%—'—i—';TO.T = 68.2 psi

Hoop Stress = gw = 15 Xs
1.25
120 -

M8 (Hoop Tension) = ————— «1
( S n) 1.1 x 15 =

-

=

Length between rails - I55.29 10.6 .n.

Rail width = 1.25 in.
Beam length = 10.6 = 1.25 = 9.35 .
Load/section = 68.2 x 10.6 = T2k &/ing

Load on web = 68.2 x 9.35 = 638 1 [in,

- 47 -
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The difference is carried as 2 shear in the

T2h - 638 = 86 1bs/ing

all web

I SR et an e -
) [

43 1bs/in_

T 43 1bs/ing

638 lbs/inaf

Tl lT #@[ﬁ

—

72k 1bs/ing

|

(I

1,25 ——
0.125
| —
=

Mo _ 682 (1.25)?

8 A = 13.3 in-1b/ n

Assume & stress comcentration factor of b

£, = p O 2hx 133 20.4 Kai
2 (0.125)2
£, - Lpr _ bx68.2 x 27.5 = 60.21 |
t 0.125
fiotal = 0.4 +60.2 = B0.6 Kst
MS (Bending + Tension) = ——-]-2—9——-——— =1 0,35
1.1 x 80.6
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5.2.3.2,2 Spring Pressure Pad

5.2.3.2.2.1 Ped Lug Bending
boam:

Maximum Pressure

n

T0.7 psi

Pad Temperature 1400°F

8

Pad Material

Rene' k1

Allowable

1

120 Ksi

.10

= e

3 3
P

1
= = 164 in-1bs n
My > ( oL ) g

6M 6 x 16L

= " & 8.5]{1
® " oo 10K

M5 (Berd) = —120 - —
1.1 x 98.5

duced by reector movements end is a maximum ou the side pads.

dition,
Pressure = 25,6 psi

Lug Temperature = 1500°F (Assumed)

SECRET vt hB=Prdie

MAC AGIS

The pad lugs react the friction losd - at is pro-

Conservatively analyze the pad as a p saure loaded

Pad lug bending is «=ritical at the st = ejection con-

_J‘9..
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Allowadble = 95 Ksi
Lugs are 3.3 inches on center

J JE R - 26.63 in.

f,ﬁa qRsine6 d e
9

e= [{psing
So: o,
£=/2UpRsin20de
8 c

101.%
= (0.3)(25.6)(26.62) f°8 e gin® 6 4 ©

= 189 x 0.393 - 7Th.1 1bs/in,

— 0.14*— th.1 1bs/in,

“SECREL ittt
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M= 0.b1 x 7h.L w 30,4 in-Ybs/ing
M = 30.4 in=1bs/in x 3.3 iny/lug = 1 in-lbs/lug
7 = Eﬂgg’ﬁ [ (0.625)- (0.375)"] 0.0208 1n.>
= o = poaasy - 1.8 Kt

MS (Bend)# T"l—q%-)r-g -1 = High

Front Bupport Structural Criteria
5.3.1

\J
W

Discussion of Axiel Support System

Axlally directed air and inertial forces .
upon the ssgsembly of hexagonal ceramic tubes comprising the rea
acted by bearing on metal base plates that bear against flanges
tubes extending through the core. These tubes esre attached to .
located foxward of the core and act as tension bLles. The grid
the airframe at 1ts periphery.

This exial support syetem provides for a «
mal expansion between the ceramic core and the metal structure!
springs located on the tubes between the core and the grid.

During assembly, tube lengths are adjuste
clemp the core against the aprings and Lhe aprings against the ,
ing spring deflection preload compresses the core agalnst the a
and prevents forward movement.

Forward growlh of ithe core due to differe:
further deflects the springe and lncremses the spring aft~direc
Elastic and plastic stresp-induced elongations of the iie tubes
lieve the spring deflection.

The net force exerted by the springs upon
ceed forward-directed core louds if core forward motlon is to be

Forward-direcled londing on the reactor ct
mentarily during several flight phases,

Immedintely after rocket booster burnout,
tor of «0,32 g 1is attained., The net force, however, 1is less ti
eft~directed air drag (Refer to Figure 53).

During unstoart-restart conditiona, the air
actor core becomes negligible while that on the airfremc {5 unag
of the core will force it forward egalnat the springe.

S AR e

bting aftward

or core are re-
n metal tie
structural grid
connected to

fferential ther-
means of up. .

nechanically to
id. The result-
face plates

inl expansion
i preload.
artially re-

i1e core must oxe
srevented.
2 may occur moe

inertia fac~
r that of the

-

trag on the rc-
wied., Inertia
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5.3.1.2 Discussion of Axisl Dynamic Loading Conditions

To obtain ineight into the expected dynamic les
full scale reactor; a one-third scale engine was tested during Octobe
Data from the testa were extrapolasted to0 the full scale gystem 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 originseting 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 fachtor of one~third
since the test reactor was full length, the time 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 times were also corrccted for sonic velocity differences betwe
scale condition Ty of 1570°R and test data temperature of 900°R. Th

0
sult of the scale and temperature corrections was an expanding of the
of both front and rcar response curves by a factor of:

I .
Full Scele o - 1/3 Scale - 2.5

1/5 Scale o - Full Scale

but maintaining the releative lag through the corc.

Egquivalent full scale pregsgsure levels were obta
ratioing steady state values recordcd 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 sca
assumed to remain constant throughout the transient.

Typical one~third scale data corrected to full .
ditions are presented in Figure 54. The corrected dats are also pres
Figure 55 in terms of /\ P across the full scale core during unstart °
The effect of such & /\ P change on rcactor drag load was evaluated °
the steedy state /A P was equivalent to the full scale steady state &
56) and that drag remained proportional to /NP ihroughout the transie

Based on these assumptions, Figure 57 was prepa
considered representative of the change in full scale reactor drag lo
out the unstart transient. The curve is presented s & series of stx:
as used to simplify the mathematical analysis. The effects of a hot .
preasure response vere not considered, and friction in the side suppo:
was neglected. The loads of this curve were then incorporated into t)
tial equation of motion for the reactor to determine their effects. ¢
5.3.2 presenis the derivation of the equations used in this analysis,
with sample calculations. Figures 58 and 59 present the calculated d.
and velocities of the reamctor over the tlime period of the unstart tra

TR M o iy
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Thie analysis indicates that th2 reactor
loads and tren abrupt relosds 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 rodn returns the reactor slightly past zero deflect

In flight, however, an unstarted inlet 1
drag sharply, Therefore, upon inlet unstart in flight, the e
Jeet not only to forward forces arising from abrupt changes in
the propulsion system, but also, since {he rcactor motion iz u
forward direction, to the relative deceleration of the vehicle
the resctor. Figurc 55 presents the estimated reactor drag lo
ing an unstart transient thal i3 accompanied by additive 3g ve
A deceleration of 3g was selected as repreaentative of a sever
condition. In the preparation of Figure 5% it wac agsumed tha
forward load was applied prior to timz = O and displaced the t
from that of Figure 57. The 3g load remained congtant over th
tion of the unetart transient (to t = 0.045) and did not affec
dissipated es reload (end restart) oceurred. ''he deceleration
assumed to oceur linearly over the flilat portion at the bottom
curve (time = 0,045 to time = 0.057). Offsetting the reloead s
that of Figure 57) was accomplished to compensate ror pressure
throuwgh the diffuscr. The amount of offset and the ratc of de
decrease were arbitrarily selected to simplify the straight 1i
the drag load curve.

In relation to the Og drag load curve (F
53 1s, therefore, lowered by a factor of 3 times the reactor m
t = 0.015 gseconds but with the same slope, and shows immediate
stey time at minimum load. From time = 0,057 seconds on, Figu
identical, ainece gll dececleration loads are assumed to have di
hicle reacceleration loads were not considerecd.

A mathematical analysis similar to that «
ground test (Og) condition was conducted for the flight condit:
5.5.2 presents sample calculations of reactor motion under the
of Figure 53. Figures 60 and Al present the calculated result:
and velocities of the reactor. As shown by these figures, the
displacement and velocities increases considerably uver that ol
ground test conditions. A maximum separation from the hase bl
folloved by rapid oscillatory separation at high velocities is
though these motion charecteristics do not appear to overstres:
appears prcbable that ceramic damage would result from such im;

IV vhould be noted that the forward react
not considered in thie gnalysils due to their relatively low sp
1be/in. /in. (Reference 13). Redesign of the forward spring sy:
ably overcome the predicted forward deflection. It is recomme:
design be investigated.

grelvas forward
the lcad change
are marginally
icv energy stored
n (Figure 58).

reases vehicle
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estricted in the
ith respect to
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5.5.2 Dynamic Analysis

2.3.2.1 Derivation of Equations for Reactor Dynamic Loeé \nalysis

kx e

tie rod
counter force

Reactor Mass

~———p X positive

For the above system

ax?

m == = P(t) - kx
at

or

dCx

=2 +_}E..x =_1.F(t)
d_t2 n mn

To solve per Reference 14 let
Assume

then dx

and

m -~y F(t)

drag load
variatior
during ur .art

(24)

(26)

AL AL R 081 1+ m———— e mn

1
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Substituting in Equation (26)
Rt k Rt
i e 5 = ¢
1/2
Xk .
R = % (- F) [
|
and Xy, becomes
( k)1/21 ot k12
X = o elE + o, I OMEE (27)
l
Assume 1/m F (t) can be expressed as & + bt
and let
X = A+ Bt = X
then
% = B % = 0
dat
Then Equation {25) can be expressed as
Sa v L o2 a4 owe
A s %/m B = /(/ﬂl
and
X = x5 + x
1/2
TR RETRA .
X = ¢ & + ¢y m -n;t (28)

which can alsc be expressed as

/2

1/2
X = (cl + ap) cos (Lm) t o+ (cl + cQ)i 8in (--)

SEGRE] REGTRIOMEDrkioly
e A e

+ﬁ t (29)
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Differentiating Fquation (28)
1/2 1/2
/2 (k /
dx k (%) 1t - (%) it b
NN (SRl '921(—) (- ™) e (30)
or
1/2 1/2 1/2
dx k kK
w = ¢t (7;) [cos (-—) t + 1 sin (Er)
[
x.1/2 k.1/2 1/2 b

(2 (B2 - st (DY ol GO

Equations (29) and (30) define the displacement nd ve-
locity of the reactor during an unstart trensient. ¢y and ep can be . aluated
from known conditions et time = O; however, x must be positive et t = . Values
of & and b can be determined from test data by defining the unotart t nsient
in terms of successive straight lines (Figure 57).

The value of m wags taken as 11,400 1bs from Ref. ence 13,
and the steady state load, et Mach 3, 1000-foot altitvde, ANA Hot Day, rom Fig-
ure 56.

The tie rod strein under this load was computed rom an
effective area and weighted modulus of elesticity for the 81 Reme' hl nd 40
R235 tie rods. A tie rod temperature of 1300°F wes assumed (Referene: 1). Rod
length was teken as 80 inches. The initial steady state deflection w  there-
fore:

6
= L ) 80 éa 3,000) p—
EA (no. of rods) 24.5 x 10° (0.095) (121)
The tle rod spring constant, %k, was therefore
F 263,000
K = — = —5%575— =3.5% 100 1bs/in.
5.3.2.2 Sample Celculations of Reactor Displacement end =locity

Changes During Unstart-Ground Teat

For conditions at t = 0 (Figure 57)

dx
= 0. e
X a7%o at 0

RSN R TN e

I, WHS
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the first straight line segment can be expressed as

g + bt N )
S Gl Rl

therefore,

e = 8,990 b = ~-190,000

elao, -
k
T = 118,500

1)1/2

G = 34k

at t = 0, Equation (28) and (30) become

8
X = c1+c2+-l7rn

ax x /2 12 b
d—t =] cl i (Tﬂ‘) - 32 i (E—‘) + m
Solving for ¢y and cp and substituting
- 1.61 - 1.61

€1 5.881 ‘2 =881

Since all constants are now known, x arx 1x/dt can now be

determined for témes up to 0.045 seconds:
o, + ey =0 (el - ce) 1 = 0.0047

% = 0.0047 ain 344 t + 0.075 ~ 1.61 t

_— 3hh 1t =3
B -dgowne g ouwne

- W .

1t
- 1.6)

- 57 =

J
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Solviag 2+ v - U.045,

x = 0.005 inches
a d

A —%‘ = -3,20 inches/sec
Thus, the tie rods have relaxed from 0.075 to 0.003 and the rea: or is moving
forwaxd at 3.2 inches/sec. Each straight line scgment of Figur 57 is treated

similarly, and &, b, ¢, apd ¢p ure reevaluated each time. For aose line seg-
%y reverses direction, the time of zero vi oecity is de-

ments where the veloei
termined and the maximum (or minimum) displacement is determine

5,3.2.,3 BSemple Calculations for Reactor Displocem L and Velocity

Changesa During Unstart-Flight Operation

It was assumed that the application of the sg
to time = 0 (Figure 53) did not change the resctor motion charac »ri

time = O from the characteristics under ground test conditions | .e., x = 0.075
and dx/dt = 0). This assumption was made to simplify the analy: 3 and was Jus~

tified because the change in initial drag load was relatively si 11,

load prior
stics at

and its

effect on initiel displecement snd velocity would also be relat: :1y small,

Therefore, at t = O,

x = 0.075
and

ax

& = @

8olving for the constants &, b, cj, and ¢p as in Parsgreph 5.5.: 2,

a = 17770

b = «190,000
1.61 + %3.26 1
Cl A e
688 1

o = 12 1.61 + 3.26 1
2 688 1

Solving Bquations {29) and (31) with the known congiaals at t = .0

x = -0.016 inches

and
%‘% n =3.76 inches/aec
SECRET HESFREGH Do

2

T
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Thus, the reactor has separated fi'om the base plate and has f¢ ard momentum.
To evaluate reactor motion over the next straight line segment new eguations
must be derived since the constants can not be evaluated for > iegative. Under
& negative 15 k = 0 and the equations are invalid. For x = ne¢ tive a%t &t = 0,

Equation (25) becomes
2
X o Lr(w
dt m
Expressing 1/m I (t) as a + bk,
2
g-—:,’__f = g8+ bt
dt
Integrating for dx/dt and x,
ax at -rlt2+c1 (32)
at 2
x:é’-t2+-2-t3+clt+c2 (33)

Att=0,

R L] Cl = -3.76

X = e = =-0,016
From Figure 52,

a = =834

¢ = 96,000
Equation (33) is solved for the time at which x returns to zex Equations (32)
and (33) are only valid uptoe this time after which Bquations { 3) through (31

must be used, since k is again the factor.

Setting Equation (33) equal to O and sol ng for t,

0 = -h17t% + 16,000 t° -3.76 t - 0.016

t = 0.033

SEEREF RESTRIGHED-BATA
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Therefore, after time 0,045 + 0.03% = 0.078 of gure 53
Equaticns(32) ant (33) no lunger apply for the straight line segment ‘om t =
0.045 vo t = 0,090, The segment from ¢t = 0.078 to t = 0,090 is evalt «d as
before using Equations (28) through (31).

The remaining line segments of Figure 53 are ev .uated
similarly. Equations (32) and (33) are applied whenever x is negativ at the
ptart of a line segment. PFor all line segments times of maximum and .nimum ve-
locity are determined to define completely the behavior over the unst 't tren-
sient.

530S Structural Summary

According to Reference 13 (page ITI-29), data f ' the
standard tie rod springs are as follows:

Material Ihconel X Ineonel X

Number. of springs. ' $ 103
Outside Diameter, inches .75
Inside Dimmeter, inches 1.32
Spring censtunt, 1bs/in.

at 1100°F 45
Free length, inches L.h
Bottom~out length, inches 2.9
Asgembly prc-load, 1lbs 55.97

There are 121 tie rods, and the total reactor w ght sup-
ported is approximately 11,500 lbs, Assuming the tubes ere equally 1 ded,
%—’2—1-50-9 = 95 1bs/tube dead weight loading (1.0g)}.

Thus, a 1.0g forward inertia load would exceed e 55.97~
1b preload by 39.05 lbs and would deflect the spring 0.87 inches. Bu . move-
ment cannot be tolersted.

If loeded after the core and support structure wve reached
stabilized temperature levels and all differential expansion has occu ed, the
additional preload due to thc core expansion spring deflection will b available.
Totel epring travel can be only 4.4 « 2.9 = 1.5 inches and spring loa is then
1.5 x i5 = 67.5 1bs. Gince thls value is less than the 99 lbs/tube 1 4, for-
ward movement would still ocecur.

The present spring system appears unsetisfactor for the
unstart condition. Bince the present load data are of a preliminery ture,
spring redesign should be deleyed until final load studies are availa e.

“SEGRETRESTRCTR-DATA .
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5.3.4 Cconelusions and Recommendaticms

1. Rsactor dansge due to forwerd loasdin
ing ground testing of a full seale Pluto engine if inlet unstae
scale engine dynamic cvaluations should be conducted with a du
to any hot core testing.

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

5. Additionel dynmmic loed evaluation s
lished with the finalized one~third scale inlet configuration
effects of inlei "hard start” (restart with bypass doors close
mine possible change in the load characteristics with increasc
tion. These tests should be performed at design and off-desig

5.4 Side Support System Test

54,1 Discussion

An extensive spring evaluation test prog
reactor side support system was continued during 1962. Seven
tiome {Reference 15) were to be investigated to support earlie
sign studies:;

1. 8plit cylindrical tube
2. Solid cylindrical tube
3, Modified Belleville

4, Buggy (elliptical)

S. ‘Torsion bar

6. Corrugated

T+ Plate

Test programs for evalusting the perform
corrugated and flat ribbed plate springs {all fabricated from
terial) were conducted in the pust (Reference 16). Because in
Belleville spring exhibited the most desirable high temperatur
from the stendpoints of losd~-deflection and permanent set, ini
tests were directed toward the evaluation of Belleville spring
modifications intended to reduce initial permanent set and to
rying cepacity. Belleville springs of R-235 alloy material we
emphasis to this work. Subsequently, concerted analytical ana
spring Torms listed above indicated their potential was inferi
ville spring regarding functional requirements.
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Concurrent with the above work, analysis was b
new typge of spring, embodying ihe aspects of & tapered curved beam a
apceifically to minimize the lateral support anmnulus dimension., A @
program was formulated to evaluate the mechenical performance of thi
type under expected operating conditions.

5.4,2 High Temperature Springs

5.4.2.1 Belleville Spring

A theoretical enalysis of the stress profile o
ville spring {Reference 17) shows that very high stress concentratic
at the inner diameter edges, the higher strcss being at the convex e
sequcntly, the actual stresses occurring at both inmer diameter edge
exceed the allowable yjeld stress of the spring material and are res
for the pormanent set (locel edge meteriel plastic yield) during ini
deflection operation.

Tt was agsumed that, if the rather sharp Ilnner
edges were modilfied, high stresses would be decreased resulting in r
permanent set and a more uniform stress distribution across the spri
ticular attiention was given to the alleviation of atress concentrati
ploying full edge radii.

The test items were conventional form Bellevil
of R-235 materiel with an optimum solution heat treatment. Nominal
were 0,100-inch meterial, 2.000-inch 0.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 thc spring deflection capability, and & loed 1i
position) of 1800 pounds (Reference 18). Several aprings were modif
rounding the inside edges. Full edge radii of 1/64, 1/32, and 1/26
inch were used on either or both edges. Figure 62 cshows some typica
that were tested. A spring containing 1/16~inch full redii on both
ameter edges is presented in Figure 63.

The gpring resesrch effort entriled compressiv
losd-deflection tests, which were conducted in a Baldwin Universael T
at arbient and elevated temperatures. Appropriatc spring holding fi
AL thermocouples, and Brown temperature recording equipment were use

Single spring specimens of each of the convent
modified configurations were tested with and without strain gages at
temperature. A nonstrain gaged single spring setup is shown in Figu
loading method shown in the figure 18 referred to ms flat plate load.
nonatrain gaged springs were firgt preset by defleetion Lu Lhe flat
and then subjected to a load-deflection test to 8570 of the maximum
for three cycles to establish the spring rate.

In order to determine the apriung stress profili
fied spring and one cowventional spring (sorings identical in physic:
gion except immer diameter edge moaificalion’ wirz iaghtrumented with
gngee and tested. SR-4 type A~1Y gages were~ janatallza ou Hotrn oubsi
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side spring surfaces at mirror view loeations equally speced (
fashion as shown in Figure 65, The spiral method of gage plas
average radial-wise straln coverage and also facilitiated atte
trical leeds. The astual tegt setup for these tests is shown
details of the "house~of-cards" type of test arrangement are ¢
A cone pointed ram was used to prevent damage to gages (a8 op}
plate) and yet produce effective flat plate loeding. In gene:
deflection procedure for gaged asprings duplicaled the above m
gaged springs.

In addition to the single spring tests,
with 10-spring series stacks of conventional springs were coné
stack loed-deflection rate was determined et emhient temperati
deflection-loed relaxation characteristics at 85 percent of tl
tion capability were evaluasted at 1400°F. Ectups of apring sl
bient and elevated temperature teasts are shown in Figures 68 ¢
tively.

The average permanent set of a single o«
at initial deflection to flat position was epproximately 32 pc
iginal coned height (nominal, 0.030 inches). No diffarences i
were observed between the conventional and any modified spring
ure 70.

The spring rate for the conventional for
ear up to 85 percent of deflection capability, and the load 11
mately 1845 pounds ag roted in Figure 7L. These data verify t
{Reference 18),

For comparative purposes, one conventior
spring vas tested at the same conditions es had been applied t
Renc' 41 alloy spring of near jdentical physical dimensions (t
Pigure 72 indicates that the Rene' )il spring underwent a perms
42 percent of the R-235 spring set at the comparable deflectic
Figure T3 the Rene' 41 apring exhibits approximately 12 percer
carrying capacity at 85 percent of the spring deflection capat

An increase in load carrying capability
springs tested with a radius on the outer I.D, edge (Figure T
that had the greatesi increase was the one with a 1/16 inch re
figure, s spring with the above outer edge conditions ehows ar
percent in load capacity over that of the conventionsl spring
cent level of deflection capability. The increase in load cag
dicted from the formulae in Reference 17 and is the result of
permitting & shorter couple moment arm around the spring centr
schemgtically in Figure 75. Corresponding load-deflection dat
figure verificd this mechenicel phenomenon. Also it will de n
thet no significant performance effects resulted Lrum uprings
only the innexr I.D.edge as compared with the conventional sprin
tion to incereesing spring load capacity, rounded T.D, edger gh
crease spring performence and integrity under a high temperatv
load environmént.
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Strain gages were installed on two nearly ide:
springs, on one conventional spring (No. 29), and on one modified s;
25) having 1/16-inch full radius on both I.D, edges (Figure 65). A
were positioned to record strains in the tengentisl directiomn. Iém
ing point for both springs was eccomplished by a cone pointed ram (}
Strain results were obtained for presetting and preset spring comdii
ing deflention to the flat position. These strain results were com
stress values and are plotted in Figure T6.

In general, the rather comsistent strain data
that high locel compressive stress at thc conmventional spring outer
wag considerably reduced with & full rounded edge. The penalty for
stress improvement was menifested in an inereage of the remaining s
profile as compared to that of the conventional spring. Trend of ti
spring stress date here suggests that & "tesr drop” form of edge roi
reduce the developed stresses in the outer portion of the profile. ¥
al stresses, although slightly lower, are in good agreement with the
gtresses calculated from the formulee in Refersnce 17.

The load-deflection rate for a preset 10-spri:
gtack of conventional form springs was found to be in close sgreeme:r
rate of & single spring when tested at both ambient and elevated ter
i.e., the deflection capebility is ten times that of s single eprimg
same load. At 1%00°F the stack load is a maximum of 83 percent of t
ponding load at ambient temperature as shown in Filgure T7. The rate
wes predicted and 1s attributeble to the reduction of materisl modul
elasticity at slevated temperature.

Loed loss of a preset lO-spring series stack ¢
stant deflection at 85 percent of the stack deflection capability at
is presented in Figure 78. The test dets show an approximate linesa:
rate of 3 percent per hour.

5.4,2,1.1 Conelusions

1. Of the modified Belleville springs teste
witn o 1/16~inch radiue on the outer I.D. edge was found to have the
increase in losd-carrying capablility.

2. Creep test results indicate that a const
ation rate of mpproximately 3 percent per hour was obtained. Extray
this to 10 hours will give a total lifetime reduction of 30 percent,
excessive. 'The results indicate that redesign of the Belleville gpr
quired to reduce the lifetime relaxation rate.

%. No future testing i{s contemplated for tt

ville spring st Marquardi. The curved plate spring appears more att
from the standpoint of reducing the leteral support ennulus.
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5.4.2.2 Tapered Curved Plate Springs

The springs presently under development
lateral side support of the Pluto reacter are lineer rate, tagp
prlete spring stacks conslsting of two sets of parallel spring
in series. Single 1.0 inch wide spring leaves and an agsenmble
in Figure 79. The spring material is Rene' #1 with an optimur
treatment.

The spring leef 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 hed a n
inch deflection capability, with a rated loed of 366 pounds pe
width.

Spring tests at ambient temperature were
Universal Tester ss shown in Figure 80. A dial gage was used
spring defleetion, and the resdouts of multiple SRY type A-18
a spring leaf were monitored by an SR-) strain indicator. Regp
strain gege locetions are shown schematically in Figure 81.

The setup used for high temperature test
Temperature Test Machine 13 shown in Figure 82. This setup in
spring stack holding apperatus, 12=-inch Hevi~Duty split tube f
thermocouples, Brown temperature recorder, Baldwin loed cell,
eter, and ‘antomatic load programming equipment.

Spring stack load rate was established
width stacks under conditions of static compressive load-deflec
ambient and 1400°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 simulatéd Pluto
tory at 1400°F for a period in excess of 10 hours. A diagram

~1leed schedule is presented in Figure 83.

5.%.2.3 High Temperature Spring Test Results

Significant results of the spring tests .

1. Ambient temperature load-deflection
stecke 1 inch and 2 inches in width indicaete an averege data s
cent as shown in Figure 8B4, These spring stacks, in addition

. stack, exhibited an averuge of 2% percent greater spring rate °

ed rate based 02 nominal spring dimensions. Stack permanent s
percent of stack initial deflection capability. Strain gage &
that permanent sets were caused by stress concentrations near °
load points. The test spring rate of & l-inch stack was 3.4 p
than the calculated spring rate of the subject stack baged on :
slona.
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2. Lonzitudinal materisl strains of single ¢
Ieaves verified the sxistence of stress concentrations around the 1
load points as snown in Pigures 85 and 86, Comparison of transver:
data prepented in Figures 87 and 88 shows that spring edge area st:
es with increased spring width (tendency of spring edge to turn in
rpring 9ide containing longitudinal tension etrain).

3. Evaluation of spring rate for l-inch amd
spring stacks et 1M00°F (Figure 84) produced data consistent with i
creaged mwaberisl modulus of elasticity for the test temperature.

4. Bpring stacke, 2 inches in width tested ¢
ror 10 hours under cyclic load«deflection conditions (Figure 83) e:
foliowing uniformly increasing materiel creep:

Sector
Total
A B (o} Creey
(in,) (in.) {1in.,}

Stack 8/N 2 0.022  0.006 © 0.02¢
Stack S/8 L 0.024 0.011 © 0.03¢
These material deformations are attributed primarily to stress cont

5. Ambient temperatuxe recalibrations of sp
tested at elevaled temperatures produced rates nearly identical to
al ambient rates for respective stacks.

Conclugione from the significant test resulte
above are as follows:

1. Tests indicate that springs cen be desigr
22 percent confidence in the predicted spring rate, based on nomins
dimeasions. This percentage should improve as spring tolerances ar

2. Maximum devistion in the predicted vs. ex
strains was 25 percent. This deviation is probably due to the stra
tration caused by the spring loeding beosesa.

3. Cyclic, 10~hour creep testing indicated @
laxation of 0,035 inches in apring-free height. This means a rela:
L,1 percent based on a nominal spring-free height of 0.857 inches.
although based on only two spring tests, should be well within Plut
support design reyulrements.

4. Puture spring tests should be pointed tow
ing cont'idence in the total relaxation that *he scring wil! underge
leztea to the Pluto flight loads environment.
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5.4.3 Engine-Airframe Luteral Attachment Tegt:

-Phages I and IT

5.4.3.,1 Discussion

During the second quarter of 1962, expe
tests were conducted to0 evaluate the characteristics of a pro
alrframe latersl supporl system. The history and reaults of
contained in Reference 19.

The vbJective of the tcats was to evalw
integrity, the responese medes, and the spring system characte
crogs gection of the engine~side support system in a vibratio
vated temperature environment.

The full scale side support epeclmen te:
a tangentisl {(to core) corrugated spring array coupled to a t:
suspending a simulated corxe within an outer ring (see Figure !

Resulls of the above test were compared
dynamic responses as derived from a model analysis compiled i
conclusive correlation was evident due to (1) the inflexibili
side support assembly and (2) only one possible core preloed |
tude. In addition, many difficulties occurred with the major.
strumentation at elevated tempermture. Analysis indicated the
tion of & generalized test specimen at ambient temperature.

A second full scale engine-side support
somewhaet similer to the basic geometry of the first item, was
tested during the lest quarter of 1962. The primary test obje
to bracket the dynamic test conditions used in the first test
the basic dynamic response of the core matrix with variasble s:
loads.

The results of the asecond test are repo:
20.

5.4.3.2 Thase I Test

The test item congisted of a full scale
tion of the side support system linking a simulated reactor cc
ring. The core outside dlameter was 5%.25 inchez, the outer 3
eter was 61.50 inches, and the thickness of the assembled unit

The principal componentg ¢f the side suj
expension shells and Lracks, curved linear rate corrugated sp
tainer ~hells, and rails (s shown In Figure 97). All suppori
fabricated from Rene' 41 alloy. On assembly, the nominal spri
load was approximately 200 pounds per spring, resulting in an
sure of 16 psi.

-SEERET
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aron,

. 5. Core regsonant conditions in the ran
for two horizontel in-line accelerometers asre indiceted by th
Figures 98 and 99, which are typical of 211 the data listed 1
Apperently, these resonant date are in good agreement with th
frequency delermined from calculations (Reference %) consider
mede for the core. Corresponding sine wave acceleration data
end 99) indicating core and outer ring dynamlc responses are
XXIV and XXV.

6. No change in amplificetion factor w
tween ambient end 1300°F testing.

T. Thase angle and g level relationshi
tal in-line accelerometers (Figure 98) indicated & core disto
opposed to rigid bedy mode) in the order of 0.02 inches for t.
frequency band.

8. Flat random excitation data paralle
deta in thet discrete resonant frequencies were not eminent &
or high temperatures.

9, Post~test load~-deflection celibrati:
showed no change from the pre-~test calibrations.

10, Btructurel integrity of the side su
maintained throughout the test.

Conclusions that may be drawn from the
marized ag follows:

1. Apparently, binding of the railetrac
primarily responsible for erratic dynemlc response of the cor
ring (etetic tests provided an indicetion of irregular core pe
tion distributions),

2. Results of the static g level tecets
predicted, s sinusoidal core pressure distribution was exhibit
matrix when the inertizl loading exceeded the core friction.

3, Verticel response of the bottom of +
98) compared with horizontal dynemic input indicates distortic
of the core.

5.4.3.3 Phase II Test

5.1.3.3.1 Teat Hardware Design and Description

Test hardware was designed and fabric:
tion airframe lateral support dynamic reesponse test {slice ter
components of this hardwere are the reactor core matriz, euppc
spring support assemblies. The configuration as skown iz Flig
inches wide and simulates s section through the reactor airfre

SEERET REGFRHETFED-DAe
R A A —
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reasctur core matrix consists of approximately 78,000 hexagonal steati 2 tubes
(0.3005 inches scross flats), 36 peripheral shims, 107 tie rod tubes, ind 1k
control rod tubes. The outside diameter of the assembled core matrir (e 55.250 i
inches. The core matrix is compressed radially by a series of 18 pa¢ :egments '
that form a cylindricel shell around the periphery. There is no phy: :al con-
nection between these pad segments; however, the compressive force i: jroduced
in the core matrix, through the pad segments, by 2 series of preloade s&pring
asserblies. Radlally outward, the spring loads are reacted by a rig! support
ring that simulates the sirframe structure. A track and rall type c¢ iection !
is provided between cach pad segment and the support ring to react t! shear
loads. Seventy-two spring sssemblies are used for the entire test f£i sure,
furnishing a spring rate of 150 psi/in. Four spring assemblies are r inted be-
tween each pad segment and the support ring. The spring assembly cor ists of
a 5.00-inch 0,D, primary coil spring, a 1.00~inch 0.D. coil spring d¢ ener,
and & spring guide. Provisions are made for edjustment of the spring loads
during various test setups. All metel parts sre fabricated from mil¢ ileel ex-
cept the ceramic hexagonal tubes and the springs, which are chorme~ve 1dium.

e

The assembled test item is presented in Figure 101l. Totul weight of s test
item was approximately 3400 pounds.

5.4.3.3.2 Dynemic Tests

Ambient tempersture dynamic tests wers conduc !4 on a
28,000 force-pound MB Electrodynamic Shaker Model C210 at a fecility itaide
Marguardt. Desired vertical vibration (Figurc 102) wes oblmined in e lition :
to imposed g loads on the test item at the expected flight msgnitude pproxi-
mately 8g). The €210 control system is similer to that of the C100. )

A typical instrumentation setup ia shown in & ematic
form in Figure 103. SR-4 Type A-7 strain gagee on epring colls were :ilized
as prime instrumentation regarding core dynamic displacement. Accele meters
and linear motion transducers gerved as backup instrumentation to the train

gages,

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

Preload g

{psi) Input
5 0.5, 2,3
15 2, 4, 6
30 3,6, 8

Results of the static and dynamic tests are s wmarized
as follows:

~SECRET REGFRAGFED=DATA
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1. Information on dynamié responses of a sim
core matrix to vibration losds was obtained during the subject test m

2. Displacement data imllcated that the core
responded dynamically as a right-circuler cylinmder at the first resom:
quency. Exemples of core displacements for several runs are shown in
104, ’

3. At the second resonant freguency, the com
ed dynamically in elliptical form. Core modes at the first and seconc
frequencies for Run 4 are presented in Figure 105.

L. These core mode shapes are in good agreem
theory as presented in Reference 4. i

5. The freguencies at which the first and se«
occurred were higher than predicted by a factor of 2. This is thoughi
due to an increase in the theoretical integrated spring rate caused b
ical binding at the reactor periphery.

6. Maximum ccore displacements relative to the
ring frame occurred at the 6g input force level and 15-psi core prelos
displacements were approximately 0.100 inches around the bottom vertic
terline and approximately 0.030 inches around each end of the horizont

"terline 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 displacer

8. The first resonant frequency of the core 3
and displacement decreases with an increase in core preload pressure ¢
in Figure 106.

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

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

1. The analysis for the theoretical dynamic n
core deformation as presented in Reference 4 were substantisted to a T
gree by test results for first end second resonent frequencies.

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

3. Core eeparation can be prevented with prop
ues of core pressures during high g load inputs.
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4. Por any core preload, core digplacement creases
approximately in proportion %o increases in input force levels.

5. Steatite tube damage was not detrimental o the ap-
eration aspcets of the test item.
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6.0 EXIT NOZZLE
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The exit nozzle 1s a convergent-divergent ejec
that extends from Engine Station 565:470 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 nrzz
locking ring, and split ring retainer. The exit nozzle attach ring
ring are full-threaded, American Standard stub 29° Acme screw thread
inch lead and l-inch pitch. The split rfng retainer is assembled tc¢
ing ring with a series of 3/8-inch diameter bolts. When fully assen
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 circumf'erence to minimize thermal stress, thin sections t
gamma heat generation, uniform circumferential load distribution the
Jjoint structural efficiency, and a single joining member {lock ring)
uptimum quick-disconnect potential.

The nozzle is designed to provide for radial e

* thermal expansion between the nozzle outer shell, nozzle liner, and

expansion pads. The aft face of the aft series of reactor circumfer
expansion pads (s flanged to nest into a radial slip joint in a supr
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 axielly. The liner is attached to the nozzle ou
at the throat area by eight pylons, equally spaced about its circumf

The exit area between the nozzle outer shell a
nozzle shroud is designed to provide 'a constant annular ares in orde
boattall drag may be minimized. The exit nozzle is designed to inco
Rene' 41 material throughout.

Weights and Centers of Gravity

6.1.2

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

6.1.3 Design Data
6.1.3.1 Operationcl Zcte

Critical operational phases for the exit nozzl

cur during high altitude cruise and low altitude cruise. Critical p
ing and temperature environments occur during the following flight o
High Altitgde Cruise: Mach 3.9 at 35,000

cn an ICAO Standarx
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Low Altitude Cruise: Mach 3.22 at 1000 ‘eet on
an ICAO Standerd ¥y

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

6.1.3.2 Configuration

Radiel and exial coordinates defining the co iguration
of the verious components comprising the exit nozzle system are pr ented in
Figures 11l and 115.

6.2 Structurgl Analysis

6.2.1 Nozzle Forward Cylinder and Convergent Cope ‘rimary
Shell)

6.2.1.1 Discussion

The ring assembly by which the nozzle is att hed to the
airframe extends aft to Nozzle Station 1l.7 (E.S. 577.170) and is sentially
a right ciroular cylinder. The cylindricel shell portion of the ¢ t extends
to Nozzle Station 13.7 (E.S, 579.170) where a 3 1/2-inch redius tr sition
knuckle Joins the cylinder to a comvergent circular cone. Thims co is in
turn connected to the small end of & diverging cone by a double cu e transi-
tion section which forms the nozzle throsat.

From the nozzle forward station to approxima 1ly 10.0
inches aft of the minimum diameter section of the throat the net p seure 4if-
ferential between the nozzle inner and outer surfaces is intermsl, cting out-
ward radially. This bursting pressure decreases with distance fro the for-
wvard end.

Because hoop tension varies dircctly with bo  pressure
and cylinder radius, the requirement for wall thickness also decre es with
distance from the forvard end.

Further, because joints are required at inte ections
of the cylinders, cones, end transition knuckles, & saving in stru wral weight
mey be achicved by progressively reducing gages at these points. . ial ...
stresses are small compared to hoop stresmes.

6.2.1.2 Qperating Condition

Critical operation vccurs during low altitud coruise et
Mach 3.22 and 1000 feet on an ICAQ Standerd Day. Pressure end tem rature pro-
files for this phase of operation are presented in Figures 108 apd 12.

The shell temperature is nearly conatant, va ing from a
high of 1225°F to a low of 1215°F.
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6.2.1.3 Materiel Properties

The nozzle material is Rene' 41 gheet, solutic heat-
treated at 1975°F for 30 minutes, water quenched, eged at 1650°F for + hours,
and air cooled.

At 1225°F:

Fy = 106,000 ‘psi (Yield Stress)
Yy .

n

F 160,000 psi (Ultimate Stress)

tu :
P

Stress Rupture: 1 hr > 100,000; 10 hrs > L00,000;

" 100 hrs = 100,000 psi

6.2.1.4 Analytical Factors

Désign Factor = 1.15

Factor of Safety 1.29

Weld Efficiency = 85 percent

6.2.1.5 Anelysis for Hoop Tension Loading

_._RpB PR
L m=e e 28 t =&

t required = DR

Since the opersting temperature is relatively w for
this material creep and stress, rupture for the life involved is not :riticel.
The design will be based upon yield stress which will be modified by : 1.15
design factor and an 85 percent weld efficiency factor.

Fo = 106,000 psi
y
106,000 x 0.85
1.15 '

Neaf{on [t rage

treq. = ?57%56

Required material thicknesses are shown in Tab : XXVII.
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Minimum Margin of Safety (eee Figure 116):

At Station 24, t rqd = 0.0765 and t spec  led = 0.08

¥ = 0—%9{%5 -1 = +0.05

6.2.1.6 Anelysis for Transverse and Axisl Ioeding

6.2.1.6.1 Discussion

Axial ptresses resulting from axisl drag ar from trana-
verse bending are rarely critical for an exit nozzle structure. H¢ » tension

or compression lecading producing circumferentisl and radiel stresse govern the
gage requirements and are not additive to axial stresses.

6.2.1.6.2 Axial Drag Force

Critical lcading occurs at Mach 3.22 end 1C ) feet o2
an ICAO Standard Dey. P = 367,438-1b limit (Reference; Figure 111)

6.2.1.6.3 Inertis Factors

Referzring to deslign criteria inertia factor specified
in Table IV for weapons ejecticn in low eltitude cruiss,

_ +8.50
g % 1a7
and
0.3
By -0

6.2.1.6.4 Weight and Center of Gravity

The total weight of the nozzle and shroud & embly is
1054 1b and the center of gravity is at Nozzle Btation 28.75 (E.B. 14.22)

6.2,1.6,5 Axial and Shear Stresses

Critical lomdings ere:

Poytuy = 567,438 + 1100 x 0.3 = 367,768

M, = 48.5x1100x30 = 280,500

v, = 8.5 x 1100 = 9350 1b
~SECREFRESTRTCTES-DRTA
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Assume these loads act on the 0.093. age shell.
g = 28.06 in.
R, = 28.06 + 9—'-322 = 28.1065 a.
P
£ = M £ = axial
b Tt b K
£, = .V
£ Tr t
By = 200200 = 1220 psia
VT x 28.1065% x 0.093
£, = 320 = 1142 pai
T x 28.1065 x 0.093
£y, = 367,768 22,250 psi

MAC ACR3

x2 x 28,1065 x 0.093
Combined axial stress = 22,250 + 220 = 23,470 psi

Shear = 1142 psi

6.2.1.6.6 Analysis Factors

Design = 1l.15

Factor of safety = 1.25
Weld factor = 0.85

M8 (CGombined Bending and Axlal)

& 1062000 X 0.82 . 30
23,470 x 1.15 E
M5 (Ultimate Shear)

x 0.6 = 0.6 x 160,00(
u

By 5 = 96,000 pai

_ 96,000 x 0.85
W o= g Leb -l - M

A

g T
. et -
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6.2.2 Cone-~Cylinder and Cone-Cone Intersections

6.2.2.1 General Discussion

The change of slope in the shell membranes at a ¢ .e-
cylinder intersecticn produces large localized stresses. .

The requirsd thickness ¢f the transition sections ay be
determined from Formula 3 of Para. UA-4(d), Page 111 of Reference 21:

PIM
2 SE - {0.2P

or ; - DEGLASSIFIED IN FULL
- Ruthority: E013526
p =258t  Chief, Records & Declass Div, WHS

t =

IM + 0.2t -
vhere Date: 0CT 0 2 2015
M = L/ (3 +1/r)
.P = Internal pressure, psi (use 100 psi as conservative average)

t = Material thickness

S = 3aximum allowable working stress, psi

E = Lowest efficiency of Joint: 80% (Refer to Para. UW-12, Referencc 21)
L = Inside spherical or crown radius, inches (16.485 in.)
r = Inside knuckle redius, inches (21.48 in.)

Knuckle

\| 7 Line of a closed vessel

(Reference: Figure UA-4 (3), Pege 110 of. Reference P1)
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The sctual exi” saw.e Is as follows:

A - Cone Knuckle B
Throat

¥ouckle :

e

Horz. G,

17.577T R

Right Cireular —p
Cylinder
Straight Section

Exit Horz. q_,'

A A

Section A conforms to code shape, but Sec

versed in that the section representing the head is smaller rat
than the cone. The theory still applies, however, since the cc
small and the transition fairly Flat.

6.2.2.2 Nozzle Throat
M= 1/% (3 q/ )
= 14 (2 ’I/.&é-’-‘
/(5 21. 4

= 1/4 (3 + 0.875)

t = FLM
ZEE+P (N~

- 100 x 16.4
(28 x 5.85! 1C

21.48 R 1598
e

= 106’000 psi end
factor of 1,15

2
5« 2000 . o,
16.075 R i

1598
e, & .1-.'5'—)(_9:)&2",00' 5T

ALt

[es]
bt

1598

Sta 41446
sta b1.ghk2

s s d

The gage chosen for the convergent cone and t~e¢ faroat 1«
divergent aft cone is 0.063 inches.

ST e o

0

on B 18 re-
r than larger
: angle is

= T07,577 = 0.010 in.

i enes. The

- 79 -
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By proportion, 9(-‘)%?;— x 147,372 = 25,200 psi. At the throet where Ry : 16.1

inches, the bending moment is approximetely 225 1b x 8.5 gs x 32 in. = 1,200
in/1b (assume acting at joint with aft cone)

__M N 61,200
T ITreet 77 x (16.1)2 x 0.063

Ty 1,195 pet

Tne axisl drag is 33,650 1b.

5, 33,650 .
ift 2 x 16.1 x'0.063 165600/ 51

£y, + £, = 17,800 psi

Transition stress + fy + f, = 25,200 + 17,8¢C

43,000 psi

Ft, = 106,000 psi and 29‘1&5;0_’5‘_0.§ 73,700 31
B

_ 13,700 _ _
MS —m 1 = +0.7)

Rotes: 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 ccnical portion is « ter-
oined by Formula 4 in Section UG-32-g of Reference 21:

FDy
"2cos L (SE ~ 0.6 P)

~T . 2%, cosol = 0.866 ail 2 coi - 1.732

= e DECLASSIFIED IN FULL
P = 200 pst (assumed ° Aythority: £Q 13526
. T Chief, Records & Declass Biv, WHS
e Bate: OCT 0 2 2015
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req.

M

6.2.2,4 Porward Cylinder - Convergent Cone Inters :tion

n

106,000 / 1,15 = $2,000

- 200 x 18 . 3600
1,732 (92,000 x 0.8 = 0.6 x 200)  L.732 x 73,480

0.0284

= %‘&5'1 = +1.82

1

Refer to Reference 21, Section UA-k-d, Ec tion 3.

Forward Cylinder

Knuckle

- Convergent Cone

P . S,
28E-~-0. P
M o= 1/4 (3 4v )
L 0.1 -
2 - PSiEmet M
L = 30.1 ;
to Horiz g of Exit .I_:_ = 2.655
M o= /4 (3+2 35
= 1.4%09
P T 200 psi
E = 0.8
§ = 106,000/1. ' = 92,000
. 200 x 30.1 x 1.h409 ” 8500 = 3% . 0.0918
{2 x 92,000 x 0.8} - (0.2 x 200) ~ 1HKT7,000 - 40  1%6,5 ! ‘
MS = mc.)éoa -1 = +0.38
SECRET REGFRPCFEDOAPA
o> = e o T T
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6.2,3 Divergent Exit Cone

6.2.3.1 QGeneral Discussion

The exit internal pressure decreases rapidl
forward cylinder, and approximately 10 inches aft of the nozzle t
less than that of the annulus. Most of the divergent cone sectio
ed to collapsing preesure. ‘

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 flexural rigidi
combination must equal thet of the minimum momolithic shell that -
the required pressure.

As the shell thickness decreases, the requi
of the rings incremses., The optimum combination for minimum we.g
determined by trial. Preliminary calculations indicabte that & O.t
proaches the optimum requirement.

In the following analyses a 0.063 gage of R
be analyzed without stiffensre to determine the strength of the s;

The material to be used is Rene' 41 sheet, :
treated at the mill and solution heat-trested by Marquardt at 197
utes), water-quenched, aged at 1650°F (4 hours), and then air coo

6.2.3.3 Pressure and Temperature Data

Operation in low altitude cruise phase at M
1000 feet on an ICAO Standard Day produces critical pressure temp
ing (see Figures 108 and 112)., Pressure amd temperature data fol

Engine Station
613.412 623.416 633.416 63.L16 €55.416 662

Annulus
Pressure {psia) 60.22 60.22 60.22 60.22 60,22 59

Nozzle Internal

Pressure (peia) 109.00 60.22 37.75 28,50 23,90 20
Nozzle Ap

{psi) +4B.75 el -22.49  -31.72  -36.72 -38
Nozzle Internal :

Radius (1in.) 15.656 17.80 20,41 22.75 2446 26
Nozzle

Temperature (°F) 1220 1225 1230 1245 1280 155
The shell axial length is 39.05 inches.

af't of the
oat becomes
is subject~

rnal col-
xternal

of the

11 support

4 welght
nust be
3 gage ap-

a' 41 will
11 alone.

lution heat-
F (30 min-
3.

h 3.22 and
slure losd~
'8

[ 668.070
) 14.00
Y 1945
> +5.75
L 27.25%
1450
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6.2.3.4 Analysis of Ring~8tiffened Cone for Exte mal Pressure

The methods employed in Reference 22 for
collapsing pressure of thin-walled cylinders with ring stiffer
ployed to determine the size and location of rings required.

The shell is assumed to be divided into
shells whose lengths are the distence between rings. This ass
well and 18 conservative for e conical shell.

6.2.3.4.1 Ring at Station 660f520 "

The height of the ring to be used must
the ring will interfere with the cooling ennulus airflow.

Shell inner radius == 26.18 inches

Differential pressurs for Mach 3.22 at
ICAO Standerd Day = =39.,22 psi

Bhell temperature = 1325°F
E of Rene' k1 ¥2u.3 x 10°

The height of a stiffening ring is lim
inches by the annulug airflow requirements.

6.2.3.4.1.1 Ring Section Properties

""ﬁ' 1.0

‘etermining the
3 will be em-

series of short
iption appliss

e limited or

000 feet on

.ed to 1.0
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Assume effective shell width acting with ring as

30 t = 1.89 inches.

Item Area ¥ AYq AYlE Tox
1 0.0572 0.9426 0.0538 ' 0.0507 0.0003
2 0.0kb22 0.532 0.021L5  0.011k2 0.000982
3 0.02106  0.10653  0.0022%  0.0002385  0.00006
4 0.0636 0.103 0.00656. 0.000676 0.000034
5 0.1190 0.0315 0.0037é .© 0.0001182  0.0000396
0.30306 0.08781  0.0631527  0.001hk156
¥ = 0.08781/0.30306 = 0.29 in.
I = 0.0631527 + 0.0014156 - 0.29 x 0.0878L
0.0392 in®

6.2.3.4.1.2 Required Flexural Rigidity

For the case of a ring-stiffened cylinder, re 21 to
Section IV, Page 56, of Reference 23, The shell is assumed divided int a
series of short shells whose lengths are the distances between rings. 1e
flexural rigidity, EIg, of the combined ring stiffener and shell requir 1 to
prevent collapsing from an external pressure is:
Wy D Lg
Bl & g
where
Is = Hequired moment of inertia of stiffener and effective width of shell
E = Modulus of elasticity of material = 24.3 x 106
D = Cylinder outer dimmeter = 52.u486 in.
L = Ring spacing
ws = Meximum allowable unit pressure = 39.22 psi
For Stetion 660.320, the ring is placed close .0 the
thickened throat section. iced

The adjoining ring forward on the shell is s
6.0 inches away.

SECREF RESHR-GHED-BATA
oM N A At S
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T, = 1350°F and & = 2h.3 x 106
D3 = 14%4,000
%9.22 x 144,000 L,

= = 0.0392
24 x 24,3 x 106 .

LB = ]4005 ino
req. )

Since the shell width between the nc :le and the
ring is small, the stiffening effect on the shell is greater i in if sn equal
spacing were used on both sides. A ring spacing of six inche: is therefore
utilized to the next forward ring.

n
~

Spacing to thickened aft section .47 - 660.320
=: 15
Spacing to forward ring = 6.00
Average spacing = 4.05 in.
Since a high mergin of safety was ot iined on the
thickened aft section, the shell ie fully effective over the ¢ ice to the ring
at Station 660.320, and the section is sufficlent.

6.2.3.4.2 Ring at Shell Station 651.320

Shell I.R. = 25.20 in.

O.R. = 25.263 in.
0.D. = 50.526 in.
Ap =60.22 - 23,5 = 36.72 psi
T = 1285°F (Use 1300°F)
E =25 x 100
L, = 6.0 3
ISre(p B 56.5 izg.—ia?iﬁx 6.( ) 0.0h75 1n.h

A ring section similar to that used at jtation 660.320
will be utilized with an over-all height of 1.5 inches and mat :ial gage ot
0.063. An effective shell skin width of 2.5 inches is assumeé

SECREF bR PEREririk
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Item Arse Y Ay, . Ayp Tox
1 0,0433 1.5460 0.0670 0.1033 0.0002;
2 0.0668 0.7505 0.05025  0.0377 0.0062¢
5 0.01579 0.14967 0.00236 0.000354 0.0000}
Y 0.0512 0.0945 0.00483 0.000L56 0.0000. 35
5 0.1575 0.0315 0.00496  0.0001562  0.0000! 2

0.33459 0.129%0  0.1419666  0.0086 15

§ =0.1294/0.33459 = 0.3875 in.
I, = 0.1%19666 + 0.00661915 - (0.3875 x 0.1 %)
= 0.11B49 in.*
I, = 0.1185 > 0,0475 required for 6.0 in. 8] :ing;

thersfore, space 3rd ring at 8.0 incher from
this (second) ring.

; 0.1185
WS = Gons £ 15 Tt 099

6.2.3.4%.3 Ring at Shell Station 646.320

T = 1252°PF
Inner radius = 23.69; outer = 23.75; 0.D. = [.50
Exit pressure = + 27 psia
Annulus pressure = = 60,22
Ap=-33.22 pet
E of Rene' 1 = 25.5 x 20° at 1250°F
I = 0.1185 in.b

_ 0:1185 x 2k x 25.5 x 106 _ "

33.22 x 47,5

For Ly = 8.0 in.
2 o 3322 24750 x 8
Teq 2k x 25.5 x 10°

Lareq

= 0,0463 < 0.1184

0.1184%
MS = ZOWE % Toas - + =t 1.0

Space next ring at 10 inches.
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6.2.3.4.4 Ring at Shell Station 636.320

Exit pressure = + 34 psia
Annulus Pressure = - 60.22 psia
Dp = - 26.20

Inner radius = 21.32; outer

21.383;
= 1235°F (Use 1250)
E = 25.5 x 100

3
L2622 x W2 77 x 10

Breq o) x 95.5 x 10°
Section properties of 1 1/8 inch ring

= 0.0335 1

T = 0.0453 in." with 2.35 in. effect

I = 0.0453 > 0.0335 req.
0.0453

" 0.0335 x L.25
6.2,3.4.5 ghell Stations 623.416 to 636.%20

1=+ 0,085

At Station 623.h116 10 inches aft of th
annulus end exit preasures belance and the cylinder is subject
al pressure.

At Station 635,416, 10 inches further
pel exists. A ring is located at Station 636.320. The aversg

ia .(L’.'_.?_zl = 12.63 psi. The average radius is }-6-92%»*'—?-9—6
The length is 10 inches.

By the method of Reference 22,
D 2 (18.35 + 0.063) _ 36.826

g = 0.063 0.065
L 10
¥ " Bt 0»
K > 200

1A 5 0.063 \3 _
wc = L5l5 x 10V x 200 x (337853) =

No rings are required in this area.

25.5
M8 = gy iEs -l =+ 0.61
SECRER
]

D. = L2.766

4

" 0.063 gage:

‘e shell

throat, the

. t0 zero radi-~

't a Ap of 23.22

shell pressure
= 18.35 in.

5 pei > 12.61

- 25.33 psi
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6.2.3.5 Stiffening Angles--8tiffening Crippling Stres: X

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

o 05 6Material i8 Rene® 41 sheet of 0.08 gage; tempe tture is
1400°F; E = 24.0 x 109,

Material treatment is solution heat treat at 1 °5°F for
30 minutes, water quench, age at 1650°F for 4 hours AC.

Fe, = 118,000 psi
Fa
Fgo = r——-JLTT-B for individual engle sect ins
(b*/t) T Equation 15, page 229 of £~
erence 23.
where
Fcy = Compressive yleld streas
E = Young's modulus in compression
b'/t= Equivalent b/t = %2
Ce = Edge support coefficient
C, = 0.316 for 2 edges free
= 0.342 for 1 edge free
a 0.366 for no edge free
e
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The weighted crippling stress for stiffer 5 consisting
of several equivalent angle sections is:

F = =i (crippling loeds of ungles)
Ce < (aress of angles)

'\/F'c'y-E'r— /118,000 x 24,8 x 100

Reference 23, jage 229

= /2,820,000, 000 = 530,000
Item 1 Fg = 0:316 x 550;?2‘; = lg'.]igoo = 76,700 psi
(2.83)
Tten 2 T, - 0.366 x 530,000 _ 191»;%00 = 54,000 psi
(v.55) 7 >
Ttem 3 Po, - 42000 _ 294,000 _ 5 005 py

6.90’75 k.5

(76,700 x 0.454) + (54,000 x 0.727) + (43,0 1 x 1.105)
(0.454 + 0.727 + 1.105)

¥o combined =
c

_ 34,800 + 39,300 + 47,500 _ 121,600
2.286 T R2.286

= 53,000 psi
Area of ring and skin at Station 660.320 0.303 T
p = - 39.22 psi
Ring epacing = 6.0 in.
P = PRS =39.22 x 26,18 x 6 = 6130 1

P/A = $130_ 20,200 psi
0.303
Mg = —22000 5 .4a.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.
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€.2.3.6 Exit Nozzle Divergent Cone-~Trensverse and Ax 1 Loading
The cone 1s loaded transversely and axially b inerties
forces and axially by pressure fovces. 8ince the cone acts as & va able sec-
tion cantilever beam wlth the reduced ares forward, the criticel se ion ocecurs
at the forward end station where the shell gage changes from 0.08 t 0.063
(station 623,L16).
6.2.3.6,1 Axial Atr Loed
Maximum axial air loced occurs in low aititu cruise at
Mach 3.22 and 1000 feet on an ICAD Standard Day. The total aft axi . losd -
33,650 pounds.
6.2.3.6.2 Dead Weight and Center of Oravity
The welght of the divergent cone aft of the .ozzle
throat minimun diameter area at Engine Stetion 613.417 is =223.6 1 (total
agsembly weight). The assenbly cemter of gravity is located 32.6 1 hes aft of
the throat. The weight of the 0.08-inch section 1s =2 38,1 lbs, an its CG ia
5.8 inches aft of the throat.
6.2.3,6.5 Wei ht and CG of 0.063~in. Section Aft of 6 tion
5.
W =223.6 - 38,1 = 185.5 1bs
cg = £223.6 x 32.6) - (38.1 x 5.8) _ 7680 - 21.
. 185.5 185,
=ho.,2 1
Arm to Station 520.412 = 40.2 - 10 = 30.2 1
M = 185.5 x 30.2 = 5600 in.~1bs (dead weig )
¥V = 185.5 1lvs
612.3.6,4 TInertis Lomd Factors
The critical combined y-z load factor actin at the
migsile center of gravity is - 5.0 g. A conservative velue of 10 acting on
the exit nozzle is assumed for this analysis.
6.2.3.6.5 Transverse Shear and Bending et Station 623 16
The bending stress at a section in & right rcular

cylinder is:
M
UER

fb =,

SEGRE RESRRLLIEN DAdlee
R INIRGY SRR o)
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For a truncated cone, fy. = fy, Sec £ where & 15 the
angle hetween the axial center line and meridion&l lineg int shell. Assum-
ing a stralght surface between throat and exit,

1 1
8ec A = = = 1.02
’6) Cos & 0.98190

R at Station 623.416 =5 17.5 inches

M M

77 x 35= x 0.063 EIE

&y
£, = 0.00i22 M

For a 1.0 g inertia fbl = 0.00422 x 5 0 = 23.6 psi
10 g = 236 poi

The transverss shear stress at Statio 623.416 is:

£y, = e
0
where
v = v. Mtanl
1 r
for L g
v, = 185.5 - 2600 x 0.19287 . 15,5 . 61.7 = 123.8 1bs
17.5
1, - 123.8 = 35.7 psl for 1.0 g

77 x 17.5 x 0.063
= 357 pei for 10 g

6.2.3.6.6 Axial Alr Load Stress

Total air load at throat - 33,650 1bs  Since the sec-
tion ie obviously over strength, assume the same loed at Stat n 623.416,

Section area = (2 x 17.963)77 x 0.063 7.05 in.2
P/A = 33,620 _ 4780 psi
7.05
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6.2.3.6.7 Combined Axial Stress
Conservatively utilizing en inertia loed facto of 10.0
g, the full cone drag load, end a design factor of 1.15, the design 111 t stress
hE:H
£, = (236 + 4780) (1.15) = 5770 pet
6.2.3.6.8 Materiasl Properties
The temperature at Shell Station 623.416 iz 12' °F, and
the Fty of Rene' 41 sheet is 107,500 psi.
Assuming a weld joint efficiency of 85 percent
Fgy = 150,000 psi
Assuming
Fsu =16.03 F‘tu’
B 75,000 pei
6.2,3.6.9 Margins of Bafety
MS Combined Tension Yield = 220290 % 0.83 o py
5770
_ 150,000 x 0.85
MS Combined Tension Ultimate = 5016 x 1.25 + High
MS Ultimate Shear = 222200.%0:83 1  yioy
35T x 1.823
Note: Londs utilized in this analysis of comb: 2d ax~
ial~-transverse, while not the true velues, were obviously conservative, ind in
view of the high margins obtained are deemed sufficient.
£.2.3.7 Extt End Doubler Ring
6.2.3.7.1 Discussion
» From Exit Btation 662.L470 to the af't end at St: ion
668.070, & 1/h-inch thick plate ring is utilized to stiffen the unsmppc sed
open end of the 0.063 gage conical shell (Figure 117), A similar ring 3 pro-
vided on the airframe shell thst enclogses the nozzle.
The snnulus formed between thege shells is8 uti. :zed as
& cooling air duct. The shells converge toward the open end, and by t¢t =ring
the end portions of the stiffening ringes a convergent-divergent cooling air ex-

haust nozizle is formed.
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6.2.3.7.2 Presgure Loading

The divergent cone is subjected to a
lapeing pressure differential. The critical pressure-temper
occurs Juring low altitude eruise on an ICAO Standard Day nt
feet. Pressure profiles for the operation gre presented in
fellowing are data frum these curves;

Exit Station
662. k70 665.470  666.97

wronr 6003

1et external col-
;ure eombination
fach 3.22 and 1000
.gure 110. The

668.070

Annulue pressure, psla -59.0 ~54.7 -48,=
Nozzle pressure,. psia +20.2 +20.0 +20.C
Ap on nozzle -38.8 34,7 -28.5

The axlol forces acting on this smal
ligible,
6.2.3.7.3 Temperature

The temperature through the shell th
uniform. The temperature profile for Mach 3.22 at 1000 feet
grd Day is presented es Figure 112. Vsalues for the ring are

Exit Station
662.470 665,470 666.97

-1%.00
+19.75
+ 5.75

section are neg-

kness is assumed
n an ICAO Stand-
8 follows:

668.070

Temperature, °F 1350 1392 1425
6.2.3.7.4 Material

The material iz Rene' 41 plete, mill
ess~treated as follows:

Solution heat-treat at 1975°F (30 mi
guench; age at 1650°F (4 hours); air

6.2.3.7.5 Analysis by Methol of Reference 2k

In this report Domnel's equation for
cylindrical shells in torsion 1s applicd to find the critica
other loeding conditioms for cylinders with simply supported

1450

nnealed and proc-

tes); water
ool.

he eguilibrium cof
stresses under
dges.
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6.2,3.7.6 Critical Buekling Stress for Uniform External ‘egsure

Pressure spplied to entire outer suwrface radis y; ends
open; edges simply supported.

Solve for nondimensionel buckling parameter,
2
2 = %E vl - /(_E
Obtain buckling constant,
t 12
Yyt & G

Solve for t’y

Values apply where n = 1 < 2

= critical compressive hoop stras

D = plate flexural stiffness/wnit length = — ¥
12 - 2
Aspunms
A= 03
t = Oa25 in.
L = 6.0 in.
r = 26.9 in. (average)
E = at 1375°F (average) = 2%.3 x 105
6 3
D = 2k.3 x 10° x (0.25) = 34,700
12 (1 - 0.328)
7 = 1-,‘75-9-&%1-5)- J(1-0.39)= 5.09
2T AZ = ._9-?)5;5 x 0,951 = 102.2
From Figure 1 of Reference 24:
By, @ My
ky 4.7 4.7 x 34 00 72
b L - =
Yer (2L (o0:25 x 62 ) 0.25x 6
D72’]  ‘3h,700 x 772
= 178,000 pai

e ienin o e

- o &
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For £, (hoop compression), assume avexr
55 psil over ring width.

£, = 2% "2—-—2:6' = 5770 pet
o

Design factor = 1.15

Factor of safety = 1.25

M5 (U2timste) = 2102090 i | g
3770 x 1.25

6.2.3.7.7 Analysis by Mcthod of Reference 5

Refer to Reference 5, page 270, Case 1
This theory applies to a more concentrated lcading than the ac
A conservative assumption will be uwsed in which the entire pre:
the ring is concentrated at the end.

Then:

-2V
Me.xse =—2;'-QAR

Vo, = transverse shear normal to wall

I
A "V':e-tee

R

Re = R = mean radius of shell

Poieson's ratio = 0.3

RN

<+
L

0.25 in.

8, = hoop stress

[

~\[3 G- o.fz
A= 26.92 x 0.25

2,71 1/4 1/%
- (E:sté) = (0.6)
= 0.88
V, = p (assume 35 psi.average for 1.(

-2 x 33
82 = 0.25 x 0.88 x 26-9 = 6620 ps:

Station 662.470 to 668.070 = 5.6 incher

SECRET RESERHGFED-DATA
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e pressure of

Teble YIII.
al case involved.
ure acting on

1bs/in.)

Lnch width)
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If it is assumed that the entire load 15  ncentrated
at the end:
Vo = 5.6 x 35 x 85 = 5.6 x 6620 = 37,000 1
Fty of Rene' k4l at 1450°F = 127,000 psi { r stock)
Design factor = 1,15
M9 (Yield) = 127,000 »1 = +1.98
37,000 x 1.15
6.2.4  Bjector Shroud (Nozzle Inner Liner)
6.2.4.1 Discussion
The innexr liner acts as a seconl nozzle and xtends aft
to the exit nozzle throat. It serves as a heat shield between th exheust fllow

and the primary nozzle. Airflow from the lateral support ennulus
tween these exit nozzle shells and used for nozzle cooling.

Exit nozzle exhaust flow pressure is less t
the cooling annulus. The shroud is subjected to = ccllapsing pre

Radial components of pressure loadings are
in the shroud. Axial components are tranaferred to the exit nozz
throat by means of radially oriented pin and socket supports. Ax
forces are reected similarly. The shroud acts as & simply suppor
transfer radial Inertie loeds tb.the exit throat and the sirframe
tor aft end.

6.2.4.1.1 Method of Analysis
Analysis of the cylindrical and conical s
on the methodas of Referance 22 previously utilized in Section 6.2
vergent cone Bft section of the exit nozzle.

6.2.4.1.2 Operetional Regimes, Pressure and Tempera

Critical pressure and tempersture regimes
low eltitude crulse cperstion at Mech 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 materisl used is Rene' 41 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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Temf)gﬁture Fty x 1079 E x 106

1350
1400
1450
1500
1550

Assume

Fe

Y

F

Su

104.8 25
102 ay.3
99 23
96 21.5
93 19.5

= F

ty
= 0.6 Fe,

6.2.4.2 Analysis of Forward Cylinder

The forward 22.25 inches of the liner it 1 right circular
cylinder with an I.D. of 53.5 inches, The cpen end 1s stiffer | by a heavy
doubler ring and is simply supported in the radial direction t the flange of
the support ring attached to the airframe. The liner ring sli :8 inside this
ring and is unrestrained in the axial direction.

Critical operation occurs in low altituc cruise at Mach
3.22 and 1,000 feet on an ICAO Standard Day. The net differer .al pressure be-
tween the inner and outer shall surfaces is compressive and v: .es from 66 psi
at the forward end to 26 psi at the aft end.

Utilizing the methods of Reference 22:

106 pei.

i}

22.25 in.

26.75 tn.

22:25 . 0.853
26.75

53.50 in.

The average shell temperature is 1350°F @4 E is 25 x
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3 kit
t -.I.).{: _1'(_ t/D {t/D) (pgi)
0.065 850 220 0.001178 1.65"7  B8.95
0,080 667 190 0.001k93 3.34°  15.85
0.093 5716 175 0.001735 5.23°9  22.95
0.109 490 160 0.0020k  9.45°9  37.80
0.125 128 1450  0.00234 1.285'8 45.10
0.156 33 135 0.00202 2.58 8.2
0.1875 285 130 0.0035L 4.32-8 1%0.5
The forward edge of the shell aft to Stetion 8.47 is
0.1875 gage material. Ring grooves are machined in thie area to pr ‘ide a
pressure seal, but the majority of the section is full thickness.
Maximum p = 66.0 pei at the forward end
Ms (¢t = 0.1875) = T - 1 = 0.70
66 x 1.25
The shell is spin-formed and is assumed taper . in
thicknesa from 0.1875 at Station 568.47 to 0.125 at Station 580.47, here p =
31 pel and We = 45.10 psi
M3 (t = 0.125) = -—115‘—19—--1-+o.16
31 x 1.25 :
6.2.4.3 Apalyeis of Aft Cone (Convergent)
Anolysis metheds are those utilized in the st y of the
exit shell (Refer to Paragraghs 6.2.1 and 6.2.3).
L = 18.0 inches
R fwd = 27.5 inches; r aft = 18.25 inches; erage r =
23.0 inches
Average temperature = 1450°P
E of Rene' U4l = 23 x 106 pai
L/R = B . o8
23
SECRET-REGHR-GFE-BATA
b taa ALl 2 o )
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3 W
t 2/_1-: -x_ +/D (t/D) ( A

0.065 T30 225 0.00137 2.5670 13.
0.080 575 200 0.00173 5.1779 25.8
0.093 1495 185 0.00202 8.22~9 35.0
0.109 ez 175 0.00237 1.33°8 53.5
0.125 318 160 o0.00212 2.01°8 74

At the forward end, p = 27 psi and R =
At the aft end, p = 4h.3 and R = 18.27

For a 23-inch average R, W, = Th4 psil fo

We for R = 27.75 on the forward cylinde
MS (forvard end) = —2:20 5 .
27 x 1.25

At the aft end the radius of 18.25 will
We than the TL.0 psi for the aversge R = 23,0 inches. The W,
inches in the throat area is greater then 100 psi. The 0.125
is deemed satisfactory.

¥ = iL. -1 = +0.33
kh.3 x 1.25

6.2.b.4 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 ghell radius 1s emall, end the average radius is 16.(
imum collapsing pressure is 140 psi at the threat mid-point a
zero at the open end (see Figure 118).

Utilizing the method of Reference 22,
10 '

/R = & 0.625

Assume t = 0.109 in.,

2 -~
D/t = —L. = K= 22
/ 1109 s 2

t = 1550°F meximum and E = 19-5.X 108

& - OB - 5.97 x 1078
=225x185x106x597x10-8-

*_SEGRET RESFRTOTFED-DATA
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a 1/8-inch gage.
= 45,10 pei.
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2y with the con-
aches. The vari-
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Using t = 0.125,
2.0 ~
p/t = 22 - 2%, k T 210
/ 0.125 !
t/0% = 5.93 x 2078
W, = 210 x19.5 x 10% x 5.95 x 1078 - 243 p
- 2k
Mg e —22 g . + 0.39
140 x 1.25¢ :
6.2.5  Amalysis of Exit Nozzle Attach Joint
' 6.2.5.1 General Discussion
The exit nozzle 1s cantilevered from the airfr # at the
aft face of the reactor where it is attached by a quick disconnectin ring
Joint consisting of an ajirframe ring, an exit nozzle ring, a locking ‘'ing, and
‘a split ring retainer (see Figure 107).
The exit nozzle and locking ring are threaded. The re-
tainer ring is fastened to the locking ring with 3/B-inch diameter s ar bolts.
The attach ring is subjected to (1) the axial + r loed
and irertia forces acting on the exit nozzle assembly, (2) a differe: ial ailr
pressure between its clrcumferential surfaces, and (3) the transvers: shear
and bending moments of the inertial loads on the nozzle. ’
6.2.5.1.1 Design Loeds

Critical pressures and temperatures occur du: ng low
altitude cruise operation at Mach 3.22 and 1000 feet on an ICAO Stem¢ rd Day.

The net axial drag force acting on the nozzlt assembly,
nozzle and liner, at the attach joint is 367,38 pounds {1ltimit).

The nozzle assembly we? ht is 1054 pounds, ar the in-
ertial loed factors are gy = 0, g, = 8.5, g, - 1.0.

The airframe annulus pressure is 60.22 psim, nd the
eit-liner annulus pressure i{s 320 psia at Station 565.47 and 305 psit 1t the
Joint of center line station. For analysis, a uniform differential ¢ 250 psi
and net axial losd of 375,000 pounds are conservetively assumed.

6.2.5.1.2 Temperatures

A uniform tempersture of 1L4OO°F is assumed fc  the en-
tire attach structure with no variation ruroughput the length or radi L thick-
ness. .

- 100 -
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6.2.5.1.3 Material
The material 1s Rene' k1 fabrication, }
19T5°F for 1/2 hour, water quenched, aged at 1650°F for 4 hours
The rings are nzchined from forged rings.
For 1400°F, the materlal properties are

Fy

- 130,000 psi
Fg, = 100,000 psi
E =2bx 106
0.2% plastic creep in 10 hrs = 68,000
1% creep, 10 hrs = 85,000 psi

6.2,5.2 Analysis of Vehicle Coupling

The open end cylinder with its integrel f
ed to a uniformly distridbuted axial load, applied in bearing tc
to a uniform internal (bursting) pressure. The egsumed couplir
lugtrated in Figure 119. A method for analyzing such a structu
in Reference 5, Case 16, Table XIII, page 263, and is applied 1
tions which follow:

Vo = transverse ghear normal to wall, 1
M, = bending moment, uniform along cire
in.~1b/1ineer in.

p = unit pressure, psi (250 psi)

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

a = median diameter of vessel, in. (58

b = median diameter of flange, in. {59

h = Cflange thickness, in. (0.75 in.)

P = tensile force, 1b. (375,000 lb.)

£ = Yat , (4.688 n.)

d = flange outer diameter, in. (59.%0

sy = meridional membrane stress

5, = meridional bending slress
R g

\t-treated =at
and air cooled.

18 follows;

xnge 1s subject-
he flanse, and
geometry 1s {1-
is prasented
the caleulas~
linear in.

ference,

25 in.)

75 in.}

.
—
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8, = hoop membrane stress

sel = hoop bending stress

3 ran? . ngl
p, - 2038+ 58T) oy gey 1b/in.

1 h3 (de | 5-2)

3
T, = 2R L 1ge -2 0.2 (B -e?) = 01033 /in.
p (a2 - g?) 3 2

3
(£? - zhe t3) (t +0.2325 £t) p - 2T, (h + 0.5377 £) P

= = =12 31 1b/in.
1.86 £t + T, I? (2 + 0,116 £ t;) + 1.6103 th + 0.866 £

3
W2 Ty + 1,86 £5) Vg + htpP = 0.5 tp (£2 = n t
M, = St ) Vo it ple-%h = 710.95  .-1b/in.
‘ 1.5Th - 3.46Y4 ¢

The maximum axial stress in the cylinder is:
6M° P
S (cylinder) = - 4 —=— = 84,500 pai
(ey ) Tt = ’ P8

100,000
MS (cylinder) = ——=—"2—— -1 = +0.03
1.15 x 84,500

The maximum radisl stress in the flange is:
6 Vo .
Sg (flange) = v (M, - 1/2v,) + e 8161 pei

The maximum tangential stress in the flange is

. 6 L 0.8 2
Sy, {f1ange) =3 (Mo -3 Voh) + m ac (=15 M + 7.5 WV, + 1. 2 Plogé&

b he
2 + 0447 P (b - &B) + -;;;3'1‘1 (Vg + hp) = 11,84 pat
MS (flange) = —100,000 = High

1.19 x 11,840

"SECRET RESTRICTED-BATA
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6.2.5.3 Retaining Ring and Bolts

120.

Load/bolt = 375,000/140 = 2680 1bs/lmt,
6.2.5.3.1 Bolt Shear
A = 0.7854 (0.375)2 = 0.1102 in.2
£y = 2680/0.1102 = 24,300 psi
Fg, = 0.6 x 130,000 = 78,000 pei

MS (shear) = 0 e 1.56
24,300 x 1.25

6.2.5.3.2 Bolt Bearing on Retainer

A =0.15 x 0.375 = 0.056% in.?
£y = 2680/0.0563 = 47,600 psi

Fory = Pty {conservative) = 130,000 psi
Me = —22%000 4, . 48
k7,600 x 1.25

6.2.5.3.3 Bolt Coupling Losding

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
agsumed to be reacted by a couple acting between the bolt cente.
bearing of the retainer on the lock ring.

Moment Arm = 0.25 inches

Load/bolt = 2680 1bs; moment = 2680 x O

Couple = % - 13%0 in.-lbs
Bolt inner dia. = 0.3179; A = 0.079 1n.t
Fy = 1340/0.079 = 17,000 psi
S L R
17,000 x 1.15
3
g SECRET it Dapiede
D aician o T T [T

The retaining ring 1s segmented and 1s bo
ring by 140 3/B-inch stud bolts. Retaining ring geometry ls sh n in Figure

ed to the lock

Total nozzle assembly axial load = 375,00 1lbsg

ag to the
shell (Fig-
ring 1is

ine and the

3 = 670 1bs;

- 103 -

o emt i cae sy e s e e




MAC AL

DEGLASSIFIED I FULL

Rathority: E0 13526

ch[ef,? cords & Declass Div, WHS
Date: 0CT .0 2 2015

. .
i e T e e
ASD-TPR-B3-277, Vol, IV

6.2.5.3.4 Berding of Retainer Ring

0.D, of lock ring = 60.9 in.; clrcumferenct
140 bolta are specified.

Perimeter of retainer ring at mid heignt =

lgé 1.33 in./bolt.

Assuming & cross sectional area 1.0l inches
as & beam ln simple bending,

68 _ 6 x 2680 x 0.251

f =
ba? 1.0 x (0.4)2

n

= 25,300 psi

100, 000
P Lindnrt I AN
MS = 357300 x 1,15 "L =+ 244

6.2.5.3.5 Ring Shear-Out
Area = 0.31 x 0.4/2 = 0,124 1n.2
P/A = 2680/0,124 = 21,620 pei
Fg, = 78,000 psi

8,000
M3 = 37,820 x 1.25 "+ =119

6.2.5.4 Analysis of Lock Ring (Figure 122)

Assume each thread reacts one half of the 37¢
1imit axial load. The loed per inch of thread at the pitch diemete

000
N x o875 x 2

At Section A-A, essuming a 1.0-inch circumfe:
of shell and thread acting as a beam,

P = 1000 1b/in.

M = 1000 x 0.437% = 437.5 in.-1b

1 - L2(0M5 4 oncn5 4n,k

12

. B37.5 x 0.2075 _
v 5700555 15,250 psi

AP ETTRRTY RO i

= 193.5 in.;

36 in.;

vide to act

J00-pound
is:

1tiel width
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Axisl stress = 253990 _ 1gag psy

1 x 0.415

Total stress

i

15,250 + 4820 = 20,070 m .

M5 (yleld) = 100,000 =1 = 4 3.3%
20,070 x 1.15

MS (10-hr creep of 1%) = 85000 2.67

20,070 x 1.15

6.2.5.4.1 Thread Shear at Pitch Diemeter

Area = 0.50 in.R2 _
Fg, = 0.6 Fi, = 78,000 psi !

P = 1000 Ibs; FB=(—])‘9?=2000951

18,000 . _
M8 = T35 x pooo ~- - Hien

6.2.5.4.2 Amnlyais of Lock Ring as a Cylinder

Due to the high margins obtained in a (milar analy~
8is of the airframe portion of the attach assembly and the ma; Lns obtained in
the preceding analyses of the lock ring, no further investige! m is deemed
necessary.

6.2.5.4.3 Bending on Lock Ring--Section B-B

Assuming l/lho x circumference-wide st ip as a beam,

M= 0,54 x 2680 = 1450 in.-1bs

2
s W = 0.0135 1n Y

12

f = 1450 x 0.273 29,600 psi

0.0155

2680

Axial stress :- m = 5020 pB!

£y, + £y = 29,600 + 5020 = 31,620 pei !

100,000
MS (Yield) = =l &1 - + 1.5 .
( ) 5!4,6?.0 x 1.15 .

M8 (10=hr. creep of 1.0%) - 377‘6215)"‘22% 5 -l=+ 1.14
SECRET RESFRGFEDDvirTie
SRRyt oo
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6.2.5.4.4 Analysis--Exit Nozzle Attach Ring

A section of this ring is shown in Figure 3.

6.2.5.4.5 Stress at Section A-A

Load per inch on each thread is:

375,000
P= = 995 1bs/in.
(3.18) (59.647) (2) e/ta

M= (0.458) (995) a 450 in.-1bs/in.
= M = 0.00697 in M (assuming 1.0-in.

12 wide sect n)
f(total) < { 450) (0-2185) ” 375,000 =1 7920 psi
0.00637 (3.14) (58.77) 0.L37

100,000
M8 = 1.150x2 7o ©L = Hien
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7.0 MODELS

Direct-Connect Aerodynamic Coupling

7T.1.2 Design

The direct-connect aercdynamic coupling !
contract period is a modification of the test hardware used in
dynamic coupling tests (eee Figures 124-128).

To evaluate simulated reactor airflow di:
control red and actuator assembly and front support asssmbly w
aimulate geometrically the Flight engine hardware and to creat:
possible the blockage and airflow distribution anticipated in
A trensition plate and exit plate wcre designed with approxima
static pressure pickups for use at the aft reactor face during
resulte are reported in Volume II.

T2 One~Third Scale Free Jet Model

7.2.1 Deslgn

The 1/3 scale free jet model shown in Fi
the basic bhardware from the direct-connect aerocdynamic couplin
i.e., the reactor section, exit nozzle, exit nozzle spacers, al
mentation scctions.

Figures 130 to 142 show engine componentt
stages of fabrication. The new hardware that was designed and
cluded e free Jet inlet with translating centerbody spike and )
sonic diffuser section and transleting exit nozzle plug. The |
of the inlet nozzle and centerbody are reduced trom the flight
ing factor of 0.3625, which produces an inlet cowl diameter of
inlet spike i1s translated by means of u hydraulic actuator thal
gelde the centerbody structure. This actuator operates on 1000
sure and 1s cepable of translating the splke 2.5 inches at the
inches per second working against a locad of 3000 pounda.

Two by-pass doors are located on the exte
inlet structure near the aft end of the centerbody, one door o
the horizontal centerline. Each door has an open area of 18.8
A hydraulic actuator for each door is mounted externally and 1i:
sitioning the doors from full open to full closed within two s«

The exit nozzle plug is positioned at th«
exit nozzle throat amd is contoured for s lincar area variatio
tion. The plug is translated by means of a hydreulic actuator,
of translating the plug 18 inches againat & 2500-pound load at
inch per second.

rdvare for this
he 1961 aero~

ribution, a

¢ degigned to
a8 nearly as

e flight engine.
ly 50 total and
ssting. Test

re 129 utilizes
test hardware;
certain instru-

in varioug
abricated in-
pass doora, sBube
smetric lines
ngine by a scal-
4 inches. The
{8 mounted in-
3i supply pres-
ite of 0.25

1l wall of the
2ach side of
mare inches.
repable of po~
onda .

enter of the
luring transla-
vhich is capable
e rate of one
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The reactor section wags modified to allow fox
expansion of the reactor core when tested with 4U50°F inlet air. A3
expansion vas contained by use of a spring-loaded ring mounted at 1t
face of the reactor. Radial thermal expansion was contained by use
loeded straps around the periphery of the core matrix. ALl the bat
ente for this engine were fabricated from mild steel and 4130 stee)
sults are reported in Volume II.
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16.

17.

18.

19.

20.

2l.

22.

23.

2h.

"Annual Report for 1961, Nuclear Ramjet Propulsion System, F
The Marquerdt Corporation, 30 January 1962, Marquardt Report
RESFRTIEEE~PATR, Reg. 22,395

"The Uniform-Section Disk Spring”, Americen Scciety of Meche
1936. ASME, New York, Vol. 58, No. 6.

"Handbook of Mechanicel. Spring Design", Assocluted 8pring Cc
Bristol, Comn., 1951.

"Test Report, Reactor 8ide Support System", The Marquardt Cc
1 June 1962, Marquardt Report S-276, DROHREA-RESFRECIER-DATS,

"Engine~Airframe Leteral Attachment Test (Phase IT)," The Ms
poration, 31 January 1962, Marquardt Repart 5960,
“BADA, Reg. 23,066, .

"Rules for Construction of Unfired Pressure Vessels", Americ
Mechanicel Engineers, 1959, ASME Boiler and Pressure Vesscl
VIII.

"A Study of the Collepsing Pressures of Thin-Waelled Cylinder
I1linois Institute of Technology, Bulletin 329.

"Phe Ultimate Strength of Aluminum-Alloy Formed Structurael 8
pression”, Robert A. Needham, Journal of Aeronaubical Scienc
21, No. 4, p. 217.

“A Simplified Method of Elastic-Stebililty Ana.lyaié for Thin

Shells", S. B, Batdorf, National Advisory Committee for Aerc
NACA Technical Report 87L.
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TABLE T
TABLE OF WEIGHTS AND CENTERS OF GRAVITY FOR MASO-XCB FROM 3IQN S8YSTEM
Item Weight Fing: 2 Station
(1b) 2.6,
MAS0-XCB Preopulsion System 16,456 7
Inlet 2,717 170
Diffuser Duct* 919 105
Reactor Control Rod Support Mechanism 297 441
Reactor and Support System 11,468 33
Bxhuust Nozgzle 1,054 594
¥ To be furnished by manufacturer

Rathority: £0 13526

Chief, Recoryds & Declass Diw, WHS
2 2015

Date: 0CT
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bake: OCT 0 2 2015

I
i
: ~SEGRET-RESHRGHEB-DATI™ 6003 .
. FOPT O ENETET WOt onh e
ASD-TDR=63-277, Vol. iy e )
e
TABLE IT 3,
MARGINS OF SAFETY '
t
Itenm Type of Stress argin i
Cawl T
Ingide skin Tension 1.75
Outside skin Tension 4.06
Inside akin Compreasion 3.82
Leeding edge Compresaion 1.67
Skin (near leeding edge) Bending 0.56
Diffuser Skin
Long time "limit" load lioop tension 0.03 :
Short time "wltimste" lond Hoop tension 0.26
Innerbody Support Ring
Long time "limit" 1oad Compression nple
Long time "ultimete" loed Compression tple
Short time "limit" loed Comprees ion 0.85
Short time "ultimate"” load Compression 0.62
Innerbody Skin
Short time "1limit" load Compression 0.30
Short time "limit" load Shear iple
Long time "ultimete" load Compression 0.05
Thrust Pitting (Pin
Short time "1imit" lced Bending 0.36
Long time "limit" lcad Bending 0.68
Short time "ultimate" losd Bending 0.74 )
Reactor Support :
Pressure shell Hoop tension .gh
Shell web Bending 0.35 a
Pressure pad Bending 0.11 .
Pressure pad lug Bending .gh -
SECREF-RESTRH-CTED-DivFhe
PPEH SR TRt e
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© ORI A ek iy won 6002
A80-TDR-83-277, Vol, IV . Gl
TABLE, I (Continued)
Item Type of Stress Margin

Exit Nozzle
Forward cylinder

Hoop tension

M imum = + Q.05

Forward cylinder Combined bending and axial +28.33
Forward cylinder Shear High
Throat Combined bending end axial + .52
Forward cone Combined bending and axial + 1.8
Cone~Cylinder Intersection Combined bending and axial + 0.38
Aft Cone
station 636.32 Collapsing 1 0.085
Station 623.41 to 636.32 Collapsing + 0,61
Bending and Axial High
Shear High
Aft Doubler Collapsing High
Shroud
Forward gylinder Collapsing + 0.70
Station 15 Collapsing + 0.16
Cone Collapsing + 0,33
Throat Collapsing + 0.39
~SECRET RBSTRH-EFED-DAcFA
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TABLE ITI

- INERTIAL LOAD FACTORS

= . Launch Conditions Low Level Ver Head Higk&d

s At Burnou_t At Beparation | Maximum Cruise |[EJjection Aé;iis ee
Altitwde 12,500 21,500 . 1000 1000 10,000 30,000
Mach Number 2.25 2,95 2.90 3.0 2.9 3.5
Day Condition| Hot ‘Kot Hot Cold Hot Colda
g + 6.0 + 0 +0 + 0 +0 + 0.10
x =0 - 0.32 -03 | -03 | -0.3 -
8y + 1.0 + 1.0 + 1.0 + 1.0 + 0.25 + 1.0
8, ) o + 4,25 + h.a5) +2.8 + 1.9

- 2025 - 2-25 - 018 - 0
W, + 0,12 0 + 0.5 | +0.50] + 0.50 + 0.50
W, 1 0.25 + 0.25 +0.50] +0.25 0 + 0.50
DEGLASSIFIED IN FULL
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TABLE V

VERTICAL LOAD FACTORS

. | Low Level Low Level
Parameters Maximumn Warheed
Maneuver Bjection
Altitude 1000 1000
Mach . Number 2.9 2.9
Day Conditions Hot Hot
8, + 0.3 + 0.3
8y 1 L5 + 1.5
g, + 4.5 “
- 2,5

* Values of g for weapons ejection at the reactor
endp are as?follews:

Forward End A4 End

F.S. 882.4 F.S. 938.5
8, = + D.77 g, =+ 6.68

DECLASSIFIED IN FULL

Rathority: EQ 13526 i
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MAC ACD

TABLE VI
GROUND HANDLING LOAD FACTORS

Parameter Hoist Transport Erectio:
8x + 0.25 t 5.0 + 1.0
gy + 0.25 + 0.05 +0
g, + 2.67 2.0 +2,0
-0 - 1.0 - 1.0
-
DEGCLASSIFIED IN FULL

Rathority: E013526
Chief, Records & Declass Biv, WHS
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<SECREY RESTRICHED-DAHe

4 - 117 -

TN ENERG e T P etronr. 6003




BAC AR

WO TN LT O 600
ASD-TDR-63-277, Vol. 1V o 8003
TABLE VII

ANALYTICAL DESIGN FACTORS AND FACTORS OF SAFETY

A. For temperature regimes in which time and materisl creep are ne;

lgible factors|

2 AT Material Mechanical Multiply 18 Factor
e e Sl EnEe, Strenmgth Property Desian safety
Single (uniaxial) (tension, Yield or proportionel limit § 1.10 --
compression, ete.)
Combined stresses blaxial, Yield or proportional limit { 1.15 -
or triasxial
Single or combined Short time ultimate - 1.25
B. For temperature regimes in which time is a major factor
Single Uniaxisl steady etate creep | 1.10 -
Conbined Uniaxial steady state creep { 1l.15 --
for type of stress involved
Single or combined Creep rupture for type of - 1.25
streass involved
Single or combined Fatigue for type of stress -- 1.25

and losd~temperature pattern
involved

DEGLASSIFIED IN FULL
Authority: E0 13526
Chief, Records & Declass Div, WHS
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TARLE VIII
WEIGHTS AND CENTERS OF GRAVITY FOR AXISYMMETRIC  LET

woto | S st i
{1bs)

Inlet Assembly 2717, 1. 169.9
Noee Cone (Movable parts) 145.9 88.7
Innerbody ~ Rings 132.8 130.6
Innerbody - Bkins 219.4 137.0
Outer Btructure - Rings 333.7 192.1
Outer Structure - Skins 920.0 194.8
Longerons 251.1 1464
Attach Struts 369.2 221.0
Actuating Mechanism 345,0 111.6

DEGLASSIFIED IN FULL
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0CT 0 2 2015 ~SECREFRESFRIGHEB-BATA 6
PP N ER AR TS PN
ASD-TOR-63-277, Vol 1V won—222
TARLE X
MOMENIS FROM AIR LOAD
1 2 3 b 5 6
X Moment Moment Combined
Location from from Moment of sin +20 sin x-M
(degrees) Loading I Loading IX I end IT
Centerline
0 + 13250 - 26500 - 13250 o] 0
10 + 12650 - 25400 - 12750 0.17 - kL5500
20 + 10500 - 21000 - 10500 0.34h - 72000
30 + 7350 ~ 14650 - 7300 0.5¢C - 73000
4o + 2820 - 5610 - 2790 0.64 - 35900
50 -~ 1910 + 3810 + 1900 0.76 + 29100
60 - 6650 + 13320 + 6580 0.86 +114000
70 - 10850 + 21600 + 10750 0.9} +202000
80 - 13640 + 27200 + 13560 0.98 +276000
Side
90 - 14500 + 89000 + 14500 1.00 +290000
100 - 136L0 + 27200 + 13560 0.98 +276000
110 - 10850 + 21600 + 10750 0.94 +202000
120 - 6650 + 13320 + 6580 0.86 +114000
130 - 1910 + 3810 + 1900 0.76 + 29100
140 - 2820 - 5610 - 2790 0.64 = 35900
150 + 7350 - 1L650 - T300 0.50 - 73000
160 + 10500 - 21000 - 10500 0.34 - T2000
170 + 12650 - 25400 - 12750 0.17 - b4500
Centerline
180 + 13250 - 26500 - 13250 o] 0
Z.1,900, 000
Units
Notes:
Columns 2 and 3 derived from Reference 5 (Case 27 data with = 77/2).

MAC ASDY

Column 2 based on + 492 lbs/in. maximum Einward)
Column 3 based on - 984 lbs/in. meximum (outward)

{+) moments place compression on outside of ring.

Columns 2 &nd 3 integrate to transverse loads of 30,900 lba,
total trensverse load of 46,350, Radial deflection, &, of po
abive to a line joilning points at x = 90° and x = 270° is:

A . 1,900,000 1,900,000

E I © 22.7 x 10% x 0.651

= 0,152 in

5,450 1bs or a
t at x = 0 rel-
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“SECREFRESTRICTED-BATA

: AT EENERSYAE T OF 9t y oxr. 6003
ASD-TOR=63-277, Vol. Iy .

TABLE XI
TORQUE LOADS AT VARIOUS SECTIONS

Distance from o <
Bection |Centerline to fitting| ¥ Ratio] Torque Torg
y ¥2/1534
_ (in.-1bs)

A=A 22.5 506 | 0.330 | ©370,000| 370 00
B~B 21.76 k12 | 0.308 345,000 715 00
c-C 18.24 333 | 0.217 245,000 958 00
D=D 12.40 154 | 0.100 112,000 | 1,070 Q0
E-E 8.30 69 | 0.045 50,000 | 1,120 00
1534 | 1.000 | 1,120,000 | 8ee N e

Note: These values utilized for plot (Figure 27) of torques

be sustained by inlet 1tself.

DECLASSIFIED I
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monS003

TABLE XIT

SHEARS, MOMENTS, AND TORQUSS FRCM Z DIRECTION COMPON

1 2 3 4
x to x' from
Yocation | Section A-A | Centroid to (x')a Losd a Joint
Section
A-A ) + 77.30 5,980 22,
B-B - 26.90 + 50.40 2,5%0 14,
c-C = 33.20 + 25.80 566 6,
D-D - 95.50 - 18.20 3L - 5
E-E -127.86 - 50.56 2,550 - 14,
F-P ~160.46 - 85.16 6,900 - 23,
-4k .22 (+) is aft 18,867 | (+) ¢
centroid
DECLASSIFIED IN FULL
Authority: E0 13528
Ghief, Records & Declass Div, WIS
Date: OCT 0 2 2015
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o S S NERG SLT O 15ah aeroar 6003
ASD-TDR-63-272, Yal. 1V T
TABLE X1IX
PRESSURE CALCUIATIONS
Segment large Small Aversge Forward [Aftward
Station Location Areg g Ar Load Load Description
(1n.%) (1n- ) (psi) {1v) (1b)
~37.7 to =15 12Y o] 35-62 = 27| 3,350 {xe
.15 to O 53 14 | us-62 = ~20| 6,580 4
0 to 5 610 | 43 |1l0-62 = +48 7,540 | 1thout
5 to 8.4 | 660 | 610 [110-62 = +48 2,00 | Xirt
8.4 to 18.7 730 €39 110-62 = +48 | 4,370
Outer pike
8.4 .to 18.7 730 €39 6262 = 0 0 Kirt
1nner
18.7 to 22.4 €39 566 110-62 = +48 | 3,500
22,4 to 39.06 | 566 453 | 311-62 = 249 | 28,100 ixed Part
39.06 to TL.66 453 206 311-62 = 249 | 56,500 of
T1.66 to 89.96 | 226 0 |311-62 = 249 | 56,300 nner Body
0 to 5.0 1210 1150 110-62 = 48| 2,880
5 to 13.2 1210 1112 110-62 = 48 4,700 nner Skin
15.2 to 22.1 1112 1010 110-62 = 48 4,900 of
22.h to 39.06 [1010 966 311-62 = 249 10,940 cuble Wall
39.06 to T1.66 966 880 311-62 = 249 21,400 oW IARE
71.66 to 89.96 880 855 311-62 = 249 6,220
0 to 5.0 1278 1150 31-62 = -31| 3,970 uter Surface
of
ouble Wall
NOTE: These symmetrical lceds are base loads on which the loads Tigures
25 to 29 and Tables XI and XII are superposed to obtain an nsymmet-

rical load pattern.
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ASD-TDR-63-277, Vol, 1V g
TABLE XIV
JOINT LOADS
1 2 3 4 5
, X %' from Centroid p P
Location | Section A=A to Section {z') Lot at Joint
A-A 0 +77.30 5,980 15,000
B-B -26.90 +50.450 2,540 9,790
c-C -53.50 +235.80 566 4,610
D-D ~95.50 -18.20 331 3,530
E-B -127.86 «50.56 2,550 9,800
FrF =160.46 -85.16 6,900 6,120
R (+) 18 aft 18,867 (+ tension
of centrofd
S x ~h6l, 22

&

6

= =T7.5 ipches

DEulASS!FJED INFULL
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TABLE XVI
SYMMETRICAL LOAD PORTION OF STEADY STATE FLIGHT CONDITION RING [OMENTS
Symmetrical Losd Portion
® ¢ C1 Cy, Total ME -
P at 0° P at 120° P at 240° c
(in- 8)
0 - 0.24 - 0,025 - 0.025 - 0.190 - 17 ©0
15 - 0.12 0.065 - 0.015 -0.010 | - € 10
30 - 0.02 0,090 - 0.050 + 0.020
45 0.05 0.100 - 0.072 + 0.078
60 0.088 0.088 - 0.075 +0.101 ] + 9 %
75 0.10 0.050 - 0.072 + 0.078
80 0.090 - 0.020 - 0.050 + 0.020
105 0.005 - 0,220 - 0.015 - 0.070
120 0.025 - 0.240 + 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 0.050 + 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 0.090 - 0,020 + 0.020
225 - 0.015 0.065 - 0,120 - 0.070
240 0.025 0.025 - 0.24 - 0.190 - 17T 00
255 0.065 | - 0.015 - 0.12 - 0.070
270 0.090 - 0.050 - 0.02 + 0.020
285 0.100 - 0,072 0.05 + 0,078
300 0.088 ~ 0.075 0.088 + 0.101 + 9 50
315 0.050 - 0.072 0,100 + 0.078
330 - 0,020 - 0.050 0,090 + 0,020
345 - 0.120 - 0.015 0.065 - 0.070 - 6 10
360 = 0.240 0.025 0.025 - 0,190 | - 17 00
Notes:

Coefficient C1 is from Keference 9; (+) moment is compres
on outside; PR = 8500 x 10.79 = 91,600 {frcm Table XI
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TABLE XVII
STEADY STATE FLIGHT CONDITION RING MOMEM‘S
Unsymmetrical Symmetrical mbined
¢ P Sul; 0° C1PR LE 3
(in-1bs) (1n~1bs) n-1bs)
0 - 0.2% - 9,710 - 17,400 27,110
15 - 0.12 - 4,860 - 6,410 11,270
30 - 0.02
L5 0.05
60 0.088 + 3,560 + 9,250 12,810
75 0.100
90 0.090
205 0.065
120 0.025 + 1,012 - 17,400 16,388
135 - 0.015
150 - 0.050
165 - 0.072
180 - 0.075 - 3,040 + 9,250 6,210
195 = 0.072
210 - 0.050
223 - 0.015
240 0.025 + 1,012 - 17,400 16,388
255 0.065
270 0.0%90
285 0.100
300 0,088 + 3,560 + 9,250 12,810
315 0.050
330 - 0.020
345 - 0.120 - 4,860 - 6,410 11,270
360 - 0.240 - 9,710 - 17,400 27,110
Notes: Coefficlent C; is from Reference 9; (+) mc ant is
comprecssion on outside. For unsymmetrica. portion
of moments, PR is 3,760 x 10.79 = 40,500 ( :2e Figure
37). Moments for symmetrical portion of ° 3ids are
carried over from Table XVI. d
Ptk g J
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TABLE XVIII i
RING MOMENTS FROM SHORT TIME MANEUVER LOADS I'
Symmetrical Unsymmetrical Comb -t-i_-
¢ Total Moment Total Mcment Mome :
C1 {in<1bs)} C1 (in-1bs) {in-1 1)
0}~ 0.190 - 23,960 - 0.24 - 68,100 - 92, S_o-1
15 { - 0.070 - 8,810 - 0.12 - 34,050 - 42, 0 3
20 |+ 0.020 - 0.02 o
¥5 |+ 0.078 0.05 '
60 |+ 0.101 + 12,700 0.088 + 25,000 + 3T, 0
75 | + 0.078 0.100
80 | + 0.020 0.090
105 | - 0.070 0.065
120 | - 0.190 - 23,960 0.025 | + 17,100 - 16, ©
125 | - 0.070 - 0.015
160 | + 0.020 - 0.050
165 | + 0 078 - U.072
180 | + 0.101 + 12,700 - 0.075 - 21,300 -8, 0
195 | + 0.078 - 0.072
210 | + 0.020 - 0.050
225 | - 0.070 - 0.015
240 | - 0.190 | - 23,960 0025 | + 7,100 | - 16, ©
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 | + 0.078 0.050
330 | + 0.020 - 0.020 i
345 | - 0.070 + 8,810 - 0.120 - 34,050 - k2, 0
360 | - 0.190 - 23,960 | - 0.240 | - 68,100 | - 92, o_]
Notes: Data are from Tuble XVI; (+) moment is compressio 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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ASD-TOR-63-277, Vol. IV

Rl

«« TABLE XIX

WEIGHT AND CENI'ERS OF GRAVITY FOR CONTROL ROD SUPPCRT STRUCTU!
AND ACTUATION DECHANISM

Item Welght Engine Station C
Assembly Totel 2977 422.4 Hot* L4l.: Cold
(a) Front Support ""9-7 393. 4
(b) Main Support Assembly g‘%B.O 419.8
(c¢) Vernier Rod Strut Assemblies '9.h k19 8
(d) Motors and Servo Valves 90.0 419.8
(e) Linear Transducers + Housing 10.0 419.8
(f) Torque Drive Shaft + Gears 3.2 319.8
iy (g) Rack Guide Tubes 24.0 422.6
: {(n) Aft Support Structure 11.5 466.6
(,j‘) Drive Racks 75.0 396.6 Hot Uu36.6 old
(k) Spider Fittings 36.9 423.6 Hot 146%.6 old

* "Hot refers to an operating power reactor condition; "Cold"
refers t0 a zero power reactor condition.
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won 5003

TABLE XX

WEBIGHTS AND CENTERS OF GRAVITY FOR REACTOR AND SUPPORT 8Y EM

Iten Welght Engine Station C
(1vs)
Reactor and Support System 11,468 533.940
Core and Reflector 7,569 537.0L6
Tie Rods ho2 531,203
Retainer Assembly 228 509.563
Base Blocks 520 565.408
Grid 900 501.186
Lateral Support Structure 1,593 5%6.870
Axial Support Structure 256 501.186
DECLASSIFIED IN FULL
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ASD-TDR-63-277, Vol. IV e —
TABLE XXI
THERMAL EXPANSTON OF TANGENTIALLY AND RADIALLY ORIENTED RINGS
Ex nasion (radial)
Core) = 23.625 in.
R (Reflector) = 26.625 in.
R (Pressure Shell) = 28.125 in
Rerctor Epd of Boost (60 sec) Steady Stat Crulse (300 sec)
Component | Material | Temp. F | Coef/Exp. AR Temp.°F | Cc /Exp "AR
Core Fueled 2570 | 5.65 x 1076 | 0.3345 | 2510 | 5. x 1070 0.3345
BeO
Zone 1 Unfueled | * 0.00h6 | 1890 | 5. x 10°6] 0.0046
BeO
Zone 2 Unfueled 0.0066 | 1490 | 4. x 2070 0.0066
BeO
Zone 3 Unfueled 0.0091 ] 1390 | k4. x 10-0{ 0.0091
BeO
TOPAL 0.3548 0.3548
Tangential
System
Exp. 6
Shell Rene' 41 360 | 6.8 x 107© [0.05e5| 1500 [ 8. x 1076| 0.322
Radial 6
Diff. Rene' 1 360 | 6.8 x 100 | 0.302 1500 | 8. x 10-6] 0.033
Diam. 6 )
DIff Rene' k1 360 | 6.8 x 106 | 0.604 1500 { 8. x10°0]|0.066 |
Clre. 6
Diff. Rene' 4l 360 | 6.8 x 106 | 1.895 1500 | 8. x 10°°{ 0.207
Rudial ’
System
Pressure
Shell Rene' k1| 300 | 6.8 x 10°6 | 0.0439 | 1200 { 7. x 1076] 0.248
Redial
Dife. 0.311 0.107
* Reflector expansion assumed the same as cruise.
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Camars oy e
. w600
ASD-TDR-63~-277, Vol. 1V
TABLE XXIX
SUMMARY OF CRITERIA
{Inertia Load Pactors l'aken from Section 2.0)
Relative Thermal
Expansion
Inertia
Spring Radial | Tangential Load
Eosmtibon Temperature | System | System Factor Type of 1 4
(°F) (1n.) (1n.) (&)
Ground
Bandling 70 0 0 3.75 Static *
Boost, T0 C 0 3.00 (RMS) | Random vi ation
Boost
Transition 380 0.311 0.302 3.00 (RMS) | Random vi ation
2.25 Staticx
High Altitude 1400 0.107 0.033 2.25 (RM5) | Random vi =ation
Cruise h,16 Static*
Low Altitude T 1400 0.107 0.033 2.25 (RMS) | Random vi ation
Cruise 5.95 Static*
7.0 (Peax) | Sinusoida vibra-
tion at 9 cps
* Conservatively assumed static.
Authority: E0 13526
Chief, Records & Declass Div, WHS
Date: 0CT 0 2 7915
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—ATOULL - SN ALT O 4Gk

ASD-TDR-63-277, VYol. IV ron 6003___
TABLE XXV
ACCELEROMETER RESPONSE
(Run No. 4)
e regerss g

(cps)

A-10 A3 [ Ak [ A5 [A-6 [Aa-7 (A8 [a-9 &-11
12 0.55% | L.70% | o* -- 1.5% | - 0.3 }o.8 0.8
15 0.65% 2.1 | 0.3* | 0.26%] 1.85¢% | -- 0.9 1.1 1.8
20 0.7 {2.3 | 0.85%] 0.60%] 2,0% | -« 1.6 |11 1.3
25 0.85% | 2.30% | 0.85%| O Lkx| 2,0% | «- 0.88 |1.2 1.3
30 1.0% |2.05%| 0.65%| 0.52¢| 1.9% | -« 1.0 [1.6 1.2
35 1.20% | 1.75% ] 0.hko¥| - Z70% | -a 1.0 |12 2.0
Lo 1.25% | 1.65*| 0.30%| =« 1.70% | «~ 0.75 {1.0 L.2
8o .5 {20 }1.2 |15 {2.0 |16 |10 2.0 2.0
Lo 1.7 |30 |0 1.8 (2.5 |2.4 |2.0 |2.0 2.5
200 2.5 |3.2 4.0 | 2.0 |35 |30 |-~ 3.8 2.5
2% }2.3 |ko |3.6 |2.0 [3.0 |35 |-~ 3.5 -
320 |2.2 |38 |12 |20 {25 [25 (-~ |24 Lo
koo 2.2 2.5 [o0.80 1.0 [20 [0.B0 {25 [1.0 ). 50
440 .7 |30 }o0.80 {070 |12 [0.5 |10 |1.0 ).60
500 1.5 |e.6 [1.8 |¢c.60}1.0 [0.70]0.5 |2.0 )
* Frequency analyzed.
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TABLE XXV
Acmxfgouimﬁ{i ige);mnsx.
Frig_ﬁgﬁcy ;;;;t Response gpyg
(cps)
A-10 | A-3 Ak A-5 A-8 9
12 [~0.95* | 2.2% - - s=
15 1.0% | 2.h5x 0.5 0.2 0.8 6
20 1.0¢ | 2,65% -- = =
25 1.0% | 2.75%] 2.0 0.8 0.5 ]
30 1.1% | 2.70¢| 2.2 2.0 1.0 8
33 l.2% 2.65%f - == ]
Lo 1.5% | 2.50%| 2.5 140 1.0 0
8o 3.0 -- 3.0 1.0 155 0
140 3.0 - 3.0 2.5 2.5 0
200 3.1 5.5 3.0 2.5 - 7
250 2.9 -- 2.5 I - 0
320 2.7 - 3.0 1.0 0.5 5
400 2.0 -- 3.0 0.8 1.0 5
) 157 - 1:0 1.0 1.0 3
500 2.0 h.5 1.5 1.5 1.0 0
* Frequency analyzed.
DECLASSIFIED IN FULL
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ASD-TDR-63-277, Vol. IV ey e i
TABLE XO(VI
WEIGHTS AND CENTERS OF GRAVITY FOR EJECTOR EXHAUST NOZZ
Item Weight Engine Staet .n—
(10}
o

Exhaust Nozzle Assembly 1054 594.2
Primary Shell 370.9 618.9
Secondary Shell 239.5 587.7
Lock Ring 178.4 568.1
Attech Ring 162.1 571.0
Ring Assenmbly - Expansion 41.0 565.8
Stiffener Ring - Aft 9.1 660.3
Stiffener Ring - Forward 8.4 654.3
stiffener Ring - Intermediate 7.9 6L4b.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 (B required) 11.8 613.9
Fitting -~ Inner (8 required) 1.1 663.4

DECLASSIFIED IN FULL
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SECREF RESTRETER-BAFA=

. WG EAGN G mpayte o
ASD-TDR-63-277, Vol. IV R
TABLE XXVII

REQUIRED MATERTAL THICKNESS

Station | Retes | Dbertort| Ap | (Ap .

. (in,) (psia) (psi) Zinog
0 28.06 320 260 | 0.093 g
5 28.06 300 2ho 0.08¢
10 28.06 292 232 0,083
15 28.06 288 208 0.081
20 28.06 286 226 . 0.08%
2p ‘. 27.80 284 22 0.076
24 26.70 283 203 0.07¢
26 25.50 282 222 0.07¢
28 ak.ho 280 220 0.06¢
30 23.20 279 219 0.06k
32 22.10 err 217 0.061
3h 21.00 275 215 0.057
36 19.90 273 213 0.05k
38 18.70 270 210 0.05¢
ho 17.70 266 206 0.0k¢
b2 16.90 262 202 0.0k?
4 16.40 258 198 0.0M
6 16.20 254 194 0.04C
48 16.10 248 188 0.03{
52 16,40 T 7 0.002 t...J

* Alrframe cooling esnnulus pressure profile assums
uniform at 60 psia (Figure 110).

SECREF RESTMRIGHEDpATR
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TABLE XXVIIT

SHROUD FRESSURE AND 'I.‘EMP'ERATURE_ DATA
(Low Altitude Cruise st Mach 5.22 and 1,000 £t, ICAO Stendard D

Chief, Records & Declass Div, WHS
Date: et 0 2 2095

Engine Inner Outer |
Station Burface Surface Pressure Temperature
(psia) (°F)

0 320 254 66 B
570.470 300 254 46 1350 |
575,470 | 296 254 58 1350 ;
585.470 286 258 28 1355 i
587.24 284 258 26 1360 I
590, 470 283 256 27 1380 :
595.470 279 252 27 1420 '
600,470 | 274 2k 33 1465 |
605,037 267 216 51 1520 '
611.289 254 126 128 1550 l
613.413 2lg 109 140 1550 I
615.87 160 90 70 1490 %
616.969 81 81 ) - .

=)
DECLASSIFIED IN FULL
Authority: EQ 13526
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APPENDIX A

—~GHASFHIER-MATERIALS STUDIES

Cyclic Stress Studles on Rene' 41

To evaluate the behavior of Rene' 41 under conditions -
operation, creep gpecimens of 0,050 in. thick sheet were subjected -
tensile stresses at 1400°F in accordance with the stress-time .profi
in Figure A-1. The results of defcrmations produced by cyclic leoad
parison with deformations produced on control specimens subJected t.
erd creep test at the scme temperature, subjected to a constant str
Ksi and for the same total time are presented in Table A-I. A comp
rasulte between test end control specimens shows that cycled specim
ted less by a factor 1/4 to 1/9, indicating strengthening occurred
of this particular cyelic test. Standard tensile tests were also p
8 strain rate of 0.001 in./in./sec &t 1400°F, the principle strain
elic’ testing. The results of these tensile tests are compared in Te
Cycled specimens show tensile values intermediate to noneycled and
ed specimens; the creep tested specimeng having the highest tensile

Table A~IIT and Figure A-2 present results of creep-ru
performed on control specimens at 1LO0°F under a 52 Ksi stress. Th
tion in 10 hours was spproximately 0.2% much higher than the cycled
Tensile tests were also performed at 14OD°F under stress rates whic
strein rates of 0.001, 0.01, and 0.1 in./in./sec. The results of t
are presented in Teble A-IV and Figures A-3 and A-4. As expected,
time tensile properties increased with the strain rate.

The strengthening effect shown by these eyclic tests m
to a combination of additional precipitsation and/or sclid solution |
stimulated by repeated sirains,at the temperature of tecting. Cone
additional testing will be needed to resolve the effects to be expe
service cycles. A program of cyclic testing of Rene' Ll and the ot
should be undertaken to study the effects of iemperature and stress
precipitation and nonprecipitation hardening alloys.
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TABIE A-I
CREEP OF RENE' 41 DURING CYCLIC TESTIRG

Specimens - Stapndard, 0.050 in. thick sheet

Creesp Measurements - Betore end after cyclic testing.
Specimens at room temperature.
Seribe marks messured with
Guertner toolmaker's microscope

Heating - Resistance
Length (Inches) | Chenge in Length| Ple :ic Deformation
Specimen In 2 Inches In ¢ inch Gage Length
Number | Before Cyecling | After Cycling (in.) (%)

a-1 - 1.9978 2 -

G-3 1.9990 2.0008 0.0018 0.09

G-13 1.9988 1.9993 0.0005 0.03

G=1h 1.9999 2.0012 0.0013 0.07

CREEP OF RENE' 41 DURING STATIC TESTING

Loaed, Temperature, - Load - 52,000 pasi, conatant
ard Time - Some temperature es above
« time 5 hours

Length (Inches) Change in Length | Ple :ic Deformation
Specimen In 2 Inches In £ .nch Gege length
Number | Before Cycling | After Cycling (in.) (%)
G-10 1.9980 2.0068 0.0088 0.4k
G-11 1.9990 2,0079 0.0086 0.43
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