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FOREWORD

This report consists of a load and stress analysis of the QRC-335A pod.

The analysis described was performed by the Westinghouse Defense and Space

Center, Aerospace Division, Baltimore, Maryland, in accordance with The

requirements of Air Force Contract No. F33657-67-C-OV94.

Effort was devoted to the analysis from 1 March 1967 to 1 May 1967.

Effort was devoted to Revision A from 26 June 1967 to 30 June 1967, Effort

was devoted to Revision R from 20 November 1967 to 12 January 1968. Effort

was devoted to Revision C from 1 May 1968 to 10 November 1968.

This repert contains no classified information extracted from other cla~si-

fied documents.
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ABSTRACT

This report presents the results of a load and stress analysis made on the
pr'r•mry structure of the QRC-335Akpod. The methods of stress analysis
stem largely from previous tests and analyses made on virtually identical
rstiacLures. The McDonnell Company furnished load data which was reduced
to establish the flight loads for the QRC-160-8 pod on the F-4C pylon at
EL = 81.50 inches, and the Sparrow III 6B installed semisubmerged in
t-e forward fuselage of the F-4C aircraft. The analysis shows that adequate
margins of safety were obtained for these loads. Considering growth poten-
tial, some higher loads, called #integration loads, 0 have been included to
depict the worst case that would be encountered on the F- 11 IA, F-4C, and
F-105 aircraft. These loads have also been used to calculate the margins of
safety which were fodnd to be adequate. Because of conservation in the
weight calculations, load analysis, and stress analysis, the margins of safety
are likewise conservative.

AQCCSSIoN for
NTIS . -,

SNAN NO I ý Iir r r,

L A

lii .....



TABLE OF CONTENTS

Paize

SUNMARY ................................................................. xvii

SECTION I INTRODUCTION ................................................ 1

1.1 Purpose and Scope of Report ................... ........... 1

1.2 Background - Previous Analyses ................................

1.3 Revisions ....... .. . ................ ..... 2

1.3.1 Revision A .................................... . ........ ..... . 2

21.3.2 Revision B .......................... ....... ........... . 2

1.3.3 Revision C 3.................. ... 3

1.4 Structural Description and Features ........................... 3

1.4.1 Configuration with RAW (Pylon Mounted) ....................... 3

1.4.2 Configuration without RATG (Missile Well Installation) ........ 5

1.4.3 Internal Features 5.............. 5

* 1.4.4 Summary of Inertial and Geometric Parameters ........ 7

1.5 Analytical Approach ............. 9

1.5.1 Lug Stress ............ .......... ....... 10

• 1.5.2 Joint Stress ............. I......

1.5.3 Skin Stress ...... ,.......... 12

1.6 Definition of Critical Locations .. 14

SECTION II EXTERNAL .iADS ........................ ................... . 17

2.1 Aircraft and Mounting Racks ...................... 17

2.2 External load Conditions ....... .... . ........... 18

2.3 Configurations and Load Cases .............. ...... ...... ... 21

2.4 Derivation of Loads Based on QRC-160-8 Data .................. 25

••2.4,1 Side-Area Effects on Load Equations .................. ....... 25

iv



TABLE OF CONTENTS (Continued)

Page

2.4.2 Frontal-Area Effects on Load Equations ........................ 26

2.4.3 Example Using QRC-160-8 Date ................................... 27

2.5 Derivation of Loads Based on Sparrow Data ..................... 28

2.5.1 Load Condition 8, Missile Well Jettison ....................... 28

2.5.2 Load Conditions 15 to 18, Missile Well Flight Loads ........... 28

2.5.2.1 Missile Well Mounting Geometry ................................ 29

2.5.2.2 Comparison of Configuratdorwof QRC-335A and the Sparrow ....... 31

2.5.2.3 Equations for Converting Missile Well Load Data ............... 32

S•2.5.2.4 Example ....................................................... 32

2.6 Net Resultant Loads ................. ....................... 34

SECTION III LM3 STRESSES 36......................................... 36

3.1 Methods of Analysis ............... ...................... 36

3.2 Mounting Dimensions ............... ........ 36

3.3 Lug and Sway Brace Reactions ................ 36

3.4 Margins of Safety for Lugs . ......... . ....................... 38

3.4.1 Lugs for Bomb Racks .......... 38

3.4.2 Lugs for Sparrow Launcher ..................................... 43

3.4.2.1 Button ........ ......444*44*.*4444l 4...4..4... 43
::;,3.4•.2.2i B t H ok ............ ,........................,...................... 43

•'.3.5 Lug Fasteners .... o*#...... 00 .... 8

3.5.1 Example of Lug Screw Margins .................................. 56

SECTION IV INTERNAL BENDINo MC24ENT AND MATICINS AT JOINTS ................ 57

4.1 Methods of Analysis ............................ . ...... 57

4.2 External Load Distributions and Internal Shear Moment
Distribution ........... 57



* i

TABLE OF CONTENTS (Continued)

Page

"4.2.1 Shear Loads ........... ............... 58

4.2.2 Bending Moments ........ . ....... . ......... ........ . 58

4... .3 Data for Joints ....... ..... 67

4.4 Moment Capabilities of Joints .....................,too....... 67

4.5 Margins of Safety of Joints ....................... 67

SECTION V SKIN STRESSES ........... *............ ......... 75

5.1 Methods of Analysis ...................................... 75

5.2 Margins of Safety for Skin Locations ........................ 76
1

SECTION VI SPECIAL CONSIDERATIONS ......................... .......... 77

SECTION VII CONCLUSIONS ................................................. 78

SECTION VIII VIBRATION TEST DESCRIPTION AM RESULTS ... .......... 80

8.1 Test Conditions ..................... ....... ... .... . 80

8.2 Resonances and Amplifications (Z Axis)........ 82

8.3 Test Results (Y Axis) ................... ... ..... .... 83

8.4 Conclusions ......... . ...... ........ 85

APE~XI WEIGHT AND BAILkNCE ...................... .......... 8

APPENDIX II QRC-160-8 MAD DATA .,-......... ....................... . 89

"APPENDIX III SPARROW III 6B LOADS FORWARD FUSi ,iSTALL\TION ....... 90

APPENDIX IV MATERIAL PROPERTIES ........ ...... ...... . 92

APPENDIX V EQUATIONS FOR CALCULATINr MO,,NT CAPABILITIES OF POD
JOIN'IS ........................................... 93

APPENDIX VI EQUATIONS FOR CAWUtTI• MARGIN OF SAFETY OF WOD SKIN ... 107

WRERENCES ............................... 1.15

vi



LIST OF ILLUSTRATIONS

rPage

1 QOC-335A Configuration for Mounting on MAU-12B/A Rack ...... 4

2 QRC-335 Pod Configuration for Mounting on Sparrow
Launcher .... .. ... . ......... . ... .. 6

3 Adapter Module Structure .................... ......... 8

4 Location of Critical Points ....... 15

5 Geometry for Hook, Button, and Sway Braces ...................... 30

6 Rotation of Coordinate System .............................. 33.

7 Button Side Load .............. 4.......4.... 44
ii 8 Lug Dimensions .......... 53

9 First Kinor Failure: Cracked Rib of Adapter Casting ....... 84

10 Second Kinor Failure; Sheared and Loosened Rivets Tying
!k: ft Ring to Casting .............. 84

--1 Typical Impulse for Jettison from Sparrow Launcher ......... 91

A A Typical Joint ............................................ 93

vi

at



LIST OF TABLES

TablePage

I Critical Margins of Safety for QRC-335 & Gen. .................. xix
II Critical Margins of Safety for QRC-335 in Missile Well ......... xx

III Inertial and Geometric Parameters of QRC-335A Pod .............. 9

IV Description of Load Conditions and Aircraft Manuevers .......... 19

V Aerodynamic Loads and Load Factors for QRC-335A & Gen ....... 22

VI Aerodynamic Loads and Load Factors for QRC-33•A in Missile

Well ........ 2.3

VII Weounting Configurations ................. .............. . ........ 2.4

VIII Missile Well Sway Brace Angles ............................... 31

1K Net Resultant Limit Loads ........ ... 35

"X Mounting Configurations and Pod Parameters .................... 37

'XI Lug Reactions (Limit Loads) 39

XII Lug Reactions (Ultimate Loads)... .O 40

XIII Lug Data .................... .... ....... ....... ..... . 411

XIV Margins of Safety for All Data Points for Critical Case E 17 ... 49

"Lug Screw Pattern Dimensions................................... 54

"XVI Lug Screw Coefficients " ... . . . .. ......... *.......... . 55

XVII Shear and Moment Distribution for Case A2 .......... 59

XVIII Horizontal Shear at Joints (Limit Loads) ...................... 1

XIX Vertical Shear at Joints (Limit Loads) ......................... 62

Xl Total Shear at Joints (Limit Loads) ............................ 63

XXI Horizontal Bending Moment at Joints (Limit Loads) ........... 64

LXXII Vertical Bending Moment at Joints (Limit Loada) .............. 65

,I= Total Bending Moment at Joints (Limit Loads) .................. 66

viii



LIST OF TABLES (Continued)

Table Page

XXIV Dimensional Data for Rivets and Rings-General .................. 68

XXV Dimensional Data for Rivets-Horizontal ....................... 69

XXVI Dimensional Data for Rivets-Vertical .......................... 70

XXVII Ring Data ............. ............................. 71

j XXVIII Moment Capabilities of Joints for QRC-335A & Gen ............... 72

XXIX Moment Capabilities of Joints for QRC-335A in Missile Well 73

3 XXX Weight and Balance Data, X-Axis for QRC-335A Pod with
Generator ............................. . ............ . 87

" XXXI Weight and Balance Data, X-Axis, for QRC-335A Pod without
Generator ................................ ...... ........ . 87

X•XII Weight and Balance Results ..................... ..... 88

XXXIII Material Streigths ............................................. * 2

A CTAU, Skin Stress Coefficients ...... ..... 112

B GOUT, Skin Stress Coefficients ...................... 113

C CIN, Skin Stress Coefficients .................................. .14

dt



LIST OF SYMBOLS

Symbol Mai nt
A,

2A function of neutral axis position in.

A•b bearing area of rivet in. 2

A net skin tension area per inch of in.
t • circumference

A2  cross section area of skin in.2

A3  cross section area of hardback in. 2

A cross section area of longeron in.2

BM bending moment in.-lb.

Bx divior of Rx for lug screw stress in. 2

B divisor of R for lug screw strav., in. 2
. y Y

B divisor of R for lug screw stress in. 2

C lug height to point that reacts axial loads in.
above surface described by R

CIN stress difference coefficient (inside of skin) stress/load

COUT stress difference coefficient (outside of skin) atress/load

CTAU longitudinal shear-stress coefficient etres/load

CTU degradation factor for ultimate
strength at elevated temperature

CTY degradation factor for yield
strength at elevated temperature

iC1 correction factor for plane stress

C correction factor for bending stress -
2

D aerodynamic drag lb.

D nominal rivet diameter in.r
D average distance of screws from N. A. in.

d infinitesimal circumferential length in.circ

dxi x distance of i bolt from edge of lug in.th

!!x
ii 'I



$ ~LIST OF SYMBOIS (Continued)

Symbl MeningUnits

d y distance of it bolt from edge of lug in.

E modulus of elasticity lb/in2

vertical distance from pod e.g. to in.
origin of R

2FFU room temperature ultimate strength lb/in.

2FFY room temperature yield strength lb/in

FT stress or load at a point In the pod various

Fbr allowable bearing stress in skinlbn

Fb bearing ultimate strength lb/i2

Fbearing yield strength lb/in2
Fbry

2Fmodulus of rupture lb/inbu.

F compressive yield strength lb/in2

2F shear ultizate strent lb/insu
.2F tensile ultimate strength lbinFi. tu
.2Ftensile yield strength lb/inty

r strain required ia plantic to produce
a, fringe (photoelAstic)

0 ~diotance from nose to pod center n

14 lug height to point that reacto side lo.ads In.

above surface d&-ined by R

HI distance from pod surface to surface described in.
byR

r depth of countersink on 3crews or rivets in.
.4

Iarea or mass moment ofý inertia in.

I:(d2 2  in.

I' d)j in. 2

i subscript to dertote a component of
load such as vertical force, aide force,
jitching moment, $to.



LIST OF LI.{$OLS (Continued)

Symbol Meaning Units

J subscript to denote a criti'cal stress area -

K a scale factor

KEY correction factor to make computed yield
strength agree with test results

KEU correction factor to make computed
ultimate strength agree with test results

L general - load component such as side

force, pitching moment, etc.

L specific - aerodynamic lift lb.

LA aft lug distance from c. g. in.

IAB aft sway brace distance from c.g. in.

IF forward lug distance from c. g. in.

LPB forward sway brace distance from c.g. in.

M Mach no. --

MaU margin of safety, ultimate load, room temp.

IIUT margin of safety, ultimate losd, elevated temp.

MY margin of safety, limit load, room temp.

MSYT margin of safety, Limit load, elevated temp. -

Mu ultimate bemling moment in-lb.

total moment n- nod ahnuit roil axis (thru e.g.), in-lb.
01- ~~+ bc,%& k.o pýr

total moment on pod about pitch axis (thru c.g.) in-lb.
Y' nost up

H total momert on vA-d about yaw axis (thru e.g.) in-lb.
4 ose to eort

N fringe order (photoelastic)

N ntber of screws at a joint

Nt axial force per inch of circumference ib/in.

N number of rows of rivets

wi



LIST OF SYMBOLS (Continued)

Meabing units

N aircraft vertical acceleration, + up g's

n. axial load factor, + aft g's

5 ny lateral load factor, + port gts
4y

vertical load factors, + up gts

n pitching load factor, + nose up rad/sec2

yawing load factor, + nose to port rad/sec2

Fm aerodynamic pitching moment about in-lb.
geometric center, + nose up

.PM' aerodynamic pitching moment about in-lb.
original reference point, + nose up

PSX fore and aft load that would yield lug lb.

PSY side load that would yield lug lb.

PSZ vertical load that would yield lug lb.

P bearing force of a rivet lb.
Pbr
P compressive reaction at V-band clamp lb.
r

P shear load capability of rivets lb.

P shear load capability of screws lb.

P ultimate failure load of lug lb.

total axial load on pod at c.g.,+ aft lb.

P total side load on pod at c.g., - port lb.

yd

P total vertical load on pod at c.g., i up lb.

p roll velocity deg/sec

roll acceleration rad/sec2

ratio of skin moment of inertia to -
total moment of inertia (about N.A.)

Xiii!

4-.i



LIST OF Sj _ ntnLS L p i)

Symbol Unit

Q2 skin moment of inertia about center.lins in4

4Q horizontal moment of inertia of hardback in

Q4  horizontal moment of inertia of longeron in4

Q vertical mement of inertia of hardback in4
about pod center

vzr'vical moment of inertia of longeron in 4

about pd, cnter

R length of norm-. line from sway brace contact in
point to intera.sotion with vertical center.Lne
(equals pod radius wh. no sway brace pad
is uood)

""-RM aerodynamic rollinV moment about c.g. in-lb

Rb av.-sss ratio of btlding stress in button -

R R radius to contact of ring and clamp in.

R radius to shear interface(rivets) in.

Rt stress ratio of tensile stress in button

R overall- stress ratio in button -
U2.t

RX axial lug reaction lb.

R side lug reaction lb.

R vertical lug reaction lb.

y lug reactions rotated to coordinate system lb
RI thr-u center of book bolts

r, radius of button shank in

S aerodynamic side force lb.

SFU ultimate safety factor (1.50) -

SFY yield safety factor (1.15) -

SUmIN summation of stress differences at lb/in
.-, a point on inside surface of skin

Xiv



LIST OF SYNOLS (9ontinued)

Meanir, uit

SUM)UT si.1ution of stress difference at lb/in2

a point on outside of skin

2
SUMTAU sunmmation of shear stresses at a point lb/in

Sspacing of rivets .atfradedin.

S21 length of negligi~ble mass at fraft end in.

Tthickness of root of ring or clamp in.

T thickcness of skin in.

U distance from point of contact to neutral in.
axis in root of ring or clamp

W weight of pod lb.

U.W maimum value of W or W lb/in.

Wr longitudinal force per i.nck. of circumf rnce lb/in.
r in ring

W wgltu~dinaI force per inch of circumifer'ence in lb/in.
joint

X distance along centerline of pod in.

Xdistance f~rom center to neutral axis of joint in.

X distanco from aft edge of lu.g to foQrward
corner bolt .01.

xx dist~arne from R point of action to L-I.
centro.6-d of bolt f.&ttern

vertical distance along shank of button in.

vertical distance of hardback centroid in.

Zvertical distance ot longaron centroici in.
troa pod centerline

Y aerodyiu-mio side f orce at gomst~i'i center, t o lb.
port

IM erodyiiamic yawiag )-uent, about in-lb.
ge~t'ivc center, + X'rO4s V) tOZ

'1 .



LIST OF SYNBOLS (Continued)

Syol Meanin_ _ Units

Yr vertical distance of point above bottom in.

Y distance of point on pod from neutral axis in.

distance from left edge of lug to a right in.
corner bolt

y y distance from R point of action to in.
centroid of bolt ý,attern

z vertical distance of R above pod 3urface in.
y

vertical distance of R above pod surface in.
'2 x

direction of principal strain

Poiss;n'ts ratio -

angular location of a point on pod skin deg

k):

ixii



N SUMMARY

2 External loads for the QRC-135A mounted on the F-4C (or RF-4C) ,F-105I,and

F-1lU aircraft are used for this stress analysis From these loads. 18 distinct

load conditions exist as follows:

Load Conditions 1 to 6 are flight loads on the F-bC ,F-105.,and F-111

pylons rer reference •.

Load condition7 is a Jettison load for worst case of F-4, F-105,or F-ill

pylon per reference 2.

Load Condition 8 is the Jettison load from the Sparrow Launcher in the

missile well of the F-4C.

Load Condition 9 to 14 ax-e flight loads on the RF-4C inboard pylon derived

from McDonnell data on the QRC-160-8.

Load Conditions 15 to 18 are flight loads in the F-4C missile well derived

from Snarrow loads.

1i?* For each load condition. one or more mounting configurations are involved.

Each mounting configuration renresents a narticular suspension lug and particular

geometric dimensions. Each mounting configuration is lettered to avoid confusion

with load conditions. The combination of one mounting configuration with one load

condition forms a load case. For example case B 3 is type B mounting configuration

with load condition 3. There are a total of 30 applicable cases.

Because each load condition Is comprised of 11 components (6 aerodynamic plus 5

J inerLial) and a mounting configuration is comuprised of several different pieces of.

hardware and a number of dimensions- it is generally true that one load case is

critical at one location on the Dod and other load cases are critical at other

locations on the nod. Iherefore all load cases have been considered at each

Dossible critical location.
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There are three general types of structural failure possible on this pod.

They are:

1) failure of the suspension lug or its attaching screws.

2) failure of the V-band clamps, the clamp rings, or their attachment to

the monocoque shell.

3) failure of the monocoque shell°

¶ A computer routine was used to calculate the margin of safety for each of these

types of failures for every possible failure location and for each load case.

The resulting critical margins of safety (those less than 0.6) are listed in

tables I and II.

Table I lists the critical margins for all load conditions with the pod on

pylons. Only the QRC-335A with a ram air turbine generator was considered,

because the loads are considerably less when the QRC-335A is flown without the

generator. Because the QRC-335A uses a structure that was designed for longer

pods, the margins of safety for all pylon load oases other than G-7 (jettison)

are greater than 0.6 and thus do not appear in the table I. The jettison load

causes fairly low margins, because the relatively low weight of the QRC-335A

makes the acceleration due to the fixed jettison force very high. All of the

critical stresses in table I are at the clamp rings or their attachment to the

•"-- shell.

Table II lists the critical margins for all load conditions with the

QRC-335A mounted in the F-4C missile well, In these cases, there is no ram air

turbine generator because there is insufficient clearance for the turbine

blades. In these conditions only load case E 17 caused margins less than 0.6.

All of the critical margins in table II are at the forward lug (called button)

or its attaching screws.
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TABLE I

CRITICAL MARGINS OF SAFETY FOR QRC335 +GEN,

CONUITION TYPE LOCATION MOS,
G 7 MSY 25 BEAR. -,013
6 7 MSYT 25 BEAR. *.043

G I MUT 2,,5 EAAR, 5 66

G 7 "SY 26 SHEAR ,.142
G 7 MSYT 26 SHEAR .398
G 7 NSU 26 SHEAR o4,2

Qi 7 MSUlT 26 SHEAR ,390
G 7 MSY 26 BS AR, -,163
6M 7 ISYT 26 BEAR, W6198iG 7 MSU 26 BEAR , $•410
G• 7 MSUT 26 8 EA R, $31 1

Y 1 MSU 29 SHEAR .268
MG I SYT 29 SHEAk .230;t"iG I HSU 29 SHEAR 0268

• :114 5 Y TS I 2 9 S H E A R , 3

Q. 7 MSY 30 AsHING 4 9
G" 7 MSYT 30 A # 1NG ,0 05
G / MSU 30 ARING .598
G 7 MSUT 30 AeKING .502
GC MSY 31 SHEAR o01q

G I MSYT 31 SHEAR - .017
C. 7 MSU .31 SHEAR ,0114
G I .MSUf 31 SMEAR -,0117
(3 7 MSY 31 BEAR. 400S
6 I- MSYT 31 BEAR9 -*026

.I MSUT 31 BLAR , ob66

Note: i. Critical margins of safety are considered
here to be those lees than 0.600.

2. No margins of eafety appear for flight loads*
because they are all higher than 0.600,

. All negative margins of safety in abovt table are
not significant since they are for jettison,
where yielding is allowed.

xi"



TABLE 11

I CRITICAL MARGINS OF SAFETY FOR QRC335 9WELL

1CONDITION TYPE LOCATION MIS,
E17 MSY 41. U-UT.A. .002
E17 MSYT 41 BUT.A. -.028
E17 MSU 41 BUTsA, .054
E17 MSUr 41 BUT.A. 4023
E17 MSY 41i F*LUG *477
E17 VISYT 41 F.LUG .433
E17 MSU 43 F.LSC .365
El1 7 NUT 43 F.L.SC ,324

F 1.Critical margins of safety here are oonsidered
to be those less then 0.600.



The meaning of "¶TY1E" in these tables is as follows:

14Y is a margin of safety calculated to check that yie Wing does not occur

at limit load using a factor of safety of 1.15.

MSU is a margin of safety calculated to check that rupture does not occur at

ultimate load (1.5 times limit load except for jettison where ultimate load was

taken as 1.15 times the load based on actual jettison force.)

} MSYT and MSUT are the same as M$Y and MSU respectively but using material

4 properties after exposure to 2500 F for 10,000 hours.

I As explained in the footnote to table I,yielding during jettison is immaterial,

so all entries of 14SY or MSYT ir Table I can be ignored. Therefore, the only

pertinent negative margins are rivet shear at location 31 for case G 7 where MSUT

- .017 and the button stress for case B 17 where MSYT - .028. Because all

assumptions through-out this analysis are conservative, these margins of safety

are considered acceptable.

/'-
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SECTION I

~?,
IN TRODUC TION

4 ~1.1 PUROSE ANhD SCOPE OF REPORT

This report is being submitted in accordance with the requirenents of

Air Force Contract No. F3357-67-C-0994. It consists of a load and stress

anialysis or the primary structure of the QRC-335A pod for carriage on the

MAU-12 B/A bomb rack and on the Sparrow launcher. The zod configuration

includes a RATG (ram-air turbine generator) for carriage on the bomb rack.

but excludes the RAM1 for carriage on the Sparrow launcher. The loads

are derived from loads on similar stores carried on the F-4C aircraft at the

forward fuselage missile station and at the inboard wing pylon. In addition.

the strength of the nod for carriage on any other aircraft is considered by

analyzing it for "integration loads," which are severe load conditions repre-

senting critical loads on various high-performance aircraft. The resulting

margins of safety are tabulated for all of the load conditions, for strengths at

room temperature and elevated temperature (2500 F exposure for 10,000

hours).

1.2 BACKCROUND-PREVIOUS ANALYSES

The structure of the QRC-345A pd is very similar to that used on various

ECM Dodo made oreviously including the multi-purpose 669A pod. QRC-249A. and

QRC-272 (T). The orincival module (see figuro I for identification of modules)

is the same, except that the forward ring attachment has additional rivets and a

gondola radome has been added. Since this section carries the lug and sway-brace

reactions and the highest bending moments, it is the major structural member.

Extensive tests and analysis using photoelastic coatings and strain gages have

been done on the principal modules of other ECM pods-. the data is summarised in



reference 1. Results of these analyses are used in this report. Other major

changes are the use of a casting to replace the wrap-around skin, longeron, and

one end ring of the orevious service-module riveted assembly- also, the forward

end of the heat sink is attached to the service module instead of the principal

module. A detailed description of the structure is given in Section I and the

stress analysis methods are given in Sections III, IV. and V.

1.3 REVISIONS

1.3.1 REVISION A

The original report contained several errors, the major one being a sign

error in the equations translating the load coordinate system for the Sparrow-

derived loads which invalidated all subsequent results based on that data (all

data on the E cases). This revision corrects the errors and contains supple-

.J mentary explanations of the methods used for the load analysis.

1.3.2 REVISION B

Since the last publication of this report, an ECP has authorized several

additional equipments to the pod. Furthermore. some prelimin&ry vibration

tests have been made as a proof test of the primary structure. Revision B

accounts for the effects of the additional equipments on the stress analysis

and incorporates the results of the vibration tests. The equipments added by

the ECP are:

* O.S. Generator

* Oscillator

* Ramn Generator

Three board9 indA 4 oackagts in orinted circuit rack

* Delay Power Sunply

* Door in ada&ter

The original weight allowance for the heat sink assembly was generous enough

so that with these additional items its actual weight still falls within the 135.5

2



pounds of the original estimate. Therefore, no revision to the load analysis

is necessitated. The door in the adapter is nonstructural and this was also

anticipated in the original stress analysis so that no change to the analysis is

required for this item. Therefore, this revision does not change any of the

previous results but merely incorporates the vibration test results in Section

VIII which is a new section.

1.3.3 Revision C The entire report has been rearranged to show each type of

analysis completely in its own section. The method for computing joint

capabilities has been included. Sample calculations have been included in each

section for added clarity. Other minor corrections have been made throughout

I • the report.

1.4 STRUCTURAL DF.SCRIPTION AND FEATURES

1.4.1 Configuration With RATG (Pylon ?bunted)

The pod shown in figure 1 is composed of five individual sections or modules:

a nose module, utility module (RATG), adapter, principal module, and tail module.
Adjacent modules are Joined by V-band clamps. The pod is mounted on the aircraft

by two lugs which engage the hooks of the aircraft' suspension rack. The sway

braces of the rack bear against the upper sides of the principal module to resist

side loads. To mate with some racks, sway brace pads are attached to the pod

since the sway brace bolts weve nort designed for an external store with a

diameter as small as 10 inches. For the standard lugs, hole patterns have been

provided in the hardback of the principal module to allow lug locations at 2-inch

intervals.

Each V-band clamp is made of two semicircular halves joined by four bolts.

"The clamp is machined from a forged ring of 17-4 PH stainless steel, and the

inner surfaces of the V-groove are coated with a dry lubricant.

The mounting lugs are machined from a fcrging of 4340 3-teel. The forging

3
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is then heat-treated and cadmium-plated.

The sway brace pads are machined from aluminum and given a hard anodize

finish.

1.4.2 Configuration Without RATG (Missile Well Installation)

The pod shown in figure 2 is of the same configuration, but has no RATG.

The pod is to be used in this confLgua-tion (exoept for mounting hardware)

wherever aircraft electrical power i5 available. The pod is expected to be

used initially in this configurdicrn on the Aero 27 centerZne rack of the F-4C

and on the Sparrow launcher in the forward fuselage of the F-4C. Lack of blade

clearance precludes the use of the generator at these loc-itl1ns.

For installaticn on the Sparrow laucher, the convential lugs are re-

placed by a button forward and a hook aft as shown in figure 2. A special sway

brace pad is used at the forward braces. The aft sway-brace pad -s part of the

hook. This suspension hardware is attached to the pod in the same manner at the

standard lugs. The button and hook are made of AISI 4340 alloy steel.

1.4.3 Internal Features

All of the sections hame a semimonocoque str.acture, For reUiforcenint the
S• principa module has a internsl hardback at the top to vithis and lug and sway-

brace reactions and a longaron at the bottom to withstanUd cradling loads. The
Shardba• and longeron provide additional stiffness and strength for bending in

the vertlcal plamie and also fnaction as slide rails for the electronic chassis.

The hardback and longeron are f4stened to tha inside of the skin by iountorsunk

screws, and this assembly is at'ached by a bolted ad4 riveted lap joint to the

end rings wlL,-h engage the V-band clamp3.

The end rings serve to maintain the roundness of the pod cross section,, to

facilitate mating with the V-band couplings, and to support the aft end of the

chasis. The skin in conjunctioa '4th the circumferential stiffsenrers provides

4'S
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beam strength to withstand the shear and bending moments in the horizontal and

vertical planes. In additions, the skin provides environmental protection and

gives an aerodynamic shape t!. the pod.

The skin of all sections except the radomes is 202--T3 aluminimwu 0.10-

inch `h. ck in the principal module and 0.125 -inch thick in adapter module.

The und rings are machined from forged 17-4 PH stainless steel fcr heavilyI loaded joints and from 2024-T4 aluminum plate f)r lightly loaded joints. The

hardback and longeron are machined from 2024-T4 aluminum bar stock.

The adapter module (figure 3) consists of a casting with the skin nd an

aft ring riveted to it. The sikin is 2024-T3 aluminum and the ring is 17-4 PH

steel. The casting consists of two heavy end rings joined by five longitud-ia~l
members and is made of A-36 aluminum alloy. The forward ring _- machined to

mate witil the V-band clamp and is an integral par.v of the casting. On the right-

hand side there is a nonstructural 150-degree cutout in the skin where there

are two access doors, On the same side at the bottom is another nonstructural

hinged cover which servos as a relief valve for excessive internal pressure.

The forward end of the heat sink is bolted to the casting' s top and bottom

3longitudinal member.-.

1.4.4 SUMMARY OF INERTIAL AND GEMMETRICAL Parameters

The inertial and geometrical parameters for the twa pod oonfigurations

are given in able III. These values are conservatively based on the ma=dmum

V -!. i estimated w-ights of equipment; actual weights will probably be slightly less.

Values are for pods with eight pounds of water in the heat sinks but w#thout

mounting hardware. (The mounting hardware depends on the particular instal-

lation.)

5-
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TABLE III

INERTIAL AND GEOMETRICAL PARAMETERS OFp QR-335A POD

--- 1------

Parameter Value With RATG Value Without RATG

Tlength (in) 114.3 100.0

Diameter (in) 10 10

Weight (Ib) 306.7 231.5

CG (station) 52.54 47.83

Pitching Mom. of Inertia 2149000 121,000

(J.b-in2 )

1.5 ANALYTICAL APPROACH

In secticon II the external loads that the pod must withstand will be

determined. 18 distinct load conditions will be defined. Bach load condition

is composed of 11 components (three aerodynamic forces, three aerodynamic

moments, three linear accelerations, and two angular accelerations). Because

one component is largest for one condition and another component is largest

for soma different load condition, it is not obvious by inspection which load

condition is most critical. Furthermore, one load condition may be critical at

soame location, such as the lugs, while a different load condition may be critical

at another location such as the joints. Because of the large number of combina-

tions of loads and possible failure locations, a computer routine has been used

to calculate the margins of safety at each possible failure location for each

load condition.

9



The possible failure locations divide into three general types, each with

its own particular method of analysis. These three types of failures and their

methods of analysis are described in the following paragraphs.

1.5.1 LUG STRESSES

•I ý-AThe aerodynamic components of a load condition and the in'rtiai components

of a load condition are combined as described in KIL-A-8591 to form a net

resultant load composed of three mutually perpendicular forces acting at the pod

c.g. plus three mutually perpendicular moments acting at the pod c.g. Lug and

sway brace reactions were calculated using the net resultant loads and the

equations in MIL-A-8591. Each lug reaction is composed of three orthogonal

components. By analysis or test (depending upon the lug) the strength of the

lug to resist each of these components J .3 known. The combined effect of the

three components of the lug reaction has been calculated by using stress ratio.

For instance, if a-particular ultimate load causes a vertical lug force that is

50% of the vertical lug strength, plus a side lug forces that is 10% of the

sidewards lug strength, plus a foft,.and aft lug force that is 10% of the axial

lug strength, stress ratio indicates that the lug is stressed to 50 + 10 + 10=

70% of its capability, or that the margin of safety is 100% / 70% -I: 0.43.

This is a conservative assumption, because the three components of the lug

reaction will not all have maximum stress points that coincide.

A.other margin of' safety calculation that depends.upon the lug reaction is

the stress in the screws that attach the lugs to the pod. These screws are

arranged around the lug in such a manner that there is always one corner screw

that is put in tension by each of the components of the lug reaction. Axial

and lateral forces load the screw by trying to tip the lug about the opposite

edge. Therefore, the procedure is to find the maximum screw tension due to each

10Il
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component alone and to add all three maximum tensions to find the total maximum

scre•. tension. This is compared to the actual screw strength to arrive at the

margin of safety for the lug screws. Shear stress in the screws, caused by

axial and lateral loads, can be neglected because it it relatively small and it

is critical at a different location than the screw tension.

Lug and sway brace reactions and the resulting margins of safety for the

lugs and lug screws are described in more detail in section III of this analysis.

Sway brace reactions are included in section iii for reference purposes only.

Stresses in the pod structure caused by the concentrated lug and sway brace

reactions are calculated directly from the excternal pod loads by a semi-empirical

method that is described in paragraph 1.5-3.

1.5.2 Joint Stresses

The pod is composed of several sections or modules as shown in figures 1

and 2. The modules are held together by V-band clamps that engage a grooved ring

on the end of each module. In generaleach ring is a separate part that is

riveted and/or screwed to the tubular module shell. Therefore, the internal

bending moment at each joint could cause failure by any one of the following

methods:

1) failure of the V-band clamp at its root

2) failure of either ring at its root

3) shearing of the rivets attaching either ring to its module

4) tearing of the skin of either module

5) bearing failure of either module skin at the rivets and/or screws.

The various rings are not identical. They are fabricated from different

materials with different root thicknesses and different rivet spacings depending

upon the design requirements of each location. Consequently, a generalized

derivation has been used for calculating the margin of safety for these five

T.n



possible failures at each joint. The generalized derivation is presented L.

A • appendix V.

The procedure for calculating the margins of safety at joints is e5. follows:

1) The vertical and horizontal component of the internal bending moment

is calculated for each joint and for each load case.

2) Using the equations in appendix V and the appropriate material and

geometric data, the moment capability of each joint is computed for both

horizontal moments and vertical moment's., Actually, both the moment that will

cause yielding and the moment thaj will cause rupture are caloulated.

3) The moment capabilities for yield and for rupture are compared with the

actual moments due to limit and ultimate loads respectively to determine the

margins of safety. The computer does this for all five possible methods of

failure. W1ichever produces the lowest margin of safety is obviously the actual

failure mode for that joint.

The internal bending moments, the appropriate material and geometric data

and the resulting margins of safety for the joints are preaented in detail in

section 1V of this analysis.

1.5.3 Skin Stresses

The principal module of this pod has a relAtively thick skin (0.100 inch)

plus a curved hardback whose thickness varies with circumferential angle. As a

result, the stress distribution caused by the concentrated loads at the lugs

and sway braces is very complex, Attempts to calculate the pod strength by

classical methods have predicted strengths in the order of 10% of that
•;-.1I

demonstrated in static teses Therefore, an elaborate test was conducted, as

described in reference 1, to establish a semi-empirical method for calculating

.1. the margin of safety of the skin stresses in the vicinity of the lugs and sway

braces due to any combination of external lcads.

12



The test consisted of mapping the skin stresses in a pod of the 669A type

(the QRC-335A principal module structure is identical) by a photo-elastic

technique. The ten most critical locations were found, and the stresses at each

critical location were measured separately for measured magnitudes of:

Si) positive vertical force

2) negative vertical force

3) positive pitchlng moment

3) negative pitching moment

5) positive side force

6) positive yawing moment

Both positive and negative vertical loads had to be measured, because the

loading shifts from lugs to sway braces or vice versa. For side loads and

yawing moment, no negative magnitudes were required, because there is symmetry

with respect to these loads. Axial loads and rolling moments were not tested

because they were very small for 669A pods. However, their principal effect

has been included in the skin calculatIons by finding the equivalent pitching

moment or side force respectively, where equivalent, means that load which would

produce the same sway brace reactions.

From the test data, coefficients were calculated for the shear stress, the

circumferential bending stress at the outside of the skin, and the

circumferential bending stress at the inside of the skin for each load component
and for each of the ten critical locations, The load components consist of the

six forces and moments listed above plus the symmetrical values for negative side

force and for negative yawing moment 0  Thusfor each location, there are 24

coefficients, each of which is the magnitude of one of the three stresses caused

by a unit force or a unit moment 0

These coefficients are used to compute margins of safety for the skin

13



stresses by the methods defined in appendix VI. BasEcally, it consists of

determining the eight load components for each load case. Four of these

components will be zero. For instance, if there is a positive vertical force,

then the negative vertical force is treated as zero. Each component times the

corresponding coefficient for a particular critical location givee a stress at

that location due to that component. All stresses of the same type (for a given

location) are algebraically added to give the total shear stress, the total

outside bending stress, and the total inside bending stress. Max shear stress

failure theory is then uaed to compute a resultzant outside stress and a

resultant inside stress. These are compared with the material strength to

calculate the margins of safety.

1.6 DEFINITION OF CRITICAL LOCATIONS

Although there are only three general types of possible failure, each type

could occur at a number of locations. Consequently, there are quite a few

critical locations as shown in figure 4. As will be further defined in the

next section, there are several posaible configurations of the QRC-335A depending

upon what aircraft is carrying it and where it is located on the aircraft.

Figure 4 shows the two most important configur&tions and all others represent

only minor modifications of these two configurations.

The following system is used in identifying critical points.

Points Ui to 20 are critical skin stress locations

Points 23 to 40 are joint stress locations

Points 41 to 44 are lug and lug screw locations.

Regardless of the configuration, a point number always has the same meaning.

For instance, point 31 always means the forward ring on the principal module, and

point 43 always means the screws that attach the forward lug. For different

configurations, the actual location of a particular point number may change.

14

ii...



TAIL

'TAtL

PRINC 5 w

SWAX-RAC.E

LUG

PRLNC A - t ~W

SERVA5

GEN A

NOWE
.J1

15u ,K.VlZ~~>U *''..;5



I Therefore, whenever possible,. tables of results will indicate both the point
number and its station. The station number is the distance in inches of the
particular poi,-t from the tip of the nose of the pod.

VI
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SECTION II

EXTERNAL LOADS

2.1 AIRCRAFT AND MOUNTING RACKS

The QRC-335A pod can be carried at any of several locations on a variety

-of aircraft.

On the F-4C the pod would be used as follows.

A. If aircraft electrical power is available, a pod configuration

similar to figure 2 (100 inch length and 231.5 pounds weight) could be carried

at the following locations.

AERO 27 rack at centerline station.

Sparrow launcher at right forward missile well.

MAU-12 B/A rack at any pylon.

B. If aircraft electrical power is not available, a pod configuration

with Ram Air Turbine Generator similar to figure 1 (114 inch length and 306.7

pounds weight) could be carried at the following locations.

MAU-12 B/A rack at any pylon.

The AERO-27 rack has mounting geometry very similar to that of the HAU-12 B/A.

Loads for the shorter and lighter pod configuration without RATG will be less

than those for the pod with RATG. Therefore, analysis for the pod with RATX on

"the MAU-12 B/A pylon will be sufficient for all cases except the Sparrow

launcher which has completely different mounting geometry.

On the RF-4C the mounting locations are the same as on the F-4C except that

the missile well location is not available. Aerodynamic loads and inertial loads

on the RF-4C are identical to those on the F-4C, so no additional analysis is

needed for the RF-4C.

iOn the F-105B the pod can only be carried on the wing pylors. These

17



pylons have a Republic rack with 14 inch mounting centers. For this analysis it

is assuaed that the mounting geometry is equivalent to that of the MAU-12 B/A

using 14 inch mounting centers. Because the F-105 loads are low compared with

W those for the F-4C and the F-111, the minor differences in sway brace locations

are not critical.

On the F-lIA the pod can be carried on any of the pivoted pylons.

Normally, pylons number 3 and 6 are wired for ECM pods. These pylons have

MAU-12 B/A racks.

2.2 EXTERNAL LOAD CONDITIONS

The 18 load conditions listed in table IV are the critical load conditions

for the various aircraft and locations on the aircraft. These loads have been

derived from the following sources.

Load Conditions 1 to 7 - "Integration loads" for 669A pods from reference 3.

These are six of the most critical flight loads for pods on pylons on

the F-4C, F-105B and F-l1lA aircraft plus the most severe jettison

load on these aircraft. These are the same loads as those analyzed in

reference 1, except that the length of the QRC 335A with RATG (114

inches) causes it to be in the intermediate length (100 to 130 inches).

Reference 3 lists the aerodynamic and inertial loads for these seven

conditions for short, intermediate and long pods of the 669A type.

The data for load conditions 1 to 7 was taken directly from this

source without modifications.

1. I Condition 8 - Jettison from sparrow launcher. Data for this load

, condition was i~rived from the impulse curve supplied by McDonnell

Aircraft Co. The impulse curve is shown in figure 11 in appendix III.

Load Conditions 9 to 14 - Flight loads with pod on inboard pylon of r -4C

aircraft based on McDonnell data for QRC-60O-8. These loads have been

A is
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TABLE IV

DESCRIPTION OF LOAD CONDITIONS AND AIRCRAFT MANEUVERS

Load Aircraft Maneuver
Condition

1 Loads at station I 9 on F-lIlA for case 2, figure 7 of MIL-A-
8591 (reference3)

2 Loads at station 189 on F-111A for case 6, figure 7 of MIL-A-
8591 (reference 3 )

3 Loads at station 189 on F-IlIA for case 3, figure 7 of MIL-A-
8591 (reference 3)

4 Loads at station 13Z. 5 on F-4C for symmetrical pullout: M=1. 57,
altitude = Z0,000 ft, n. 6.5, p 0, P 0 (reference 3)

5 Loads at station 132. 5 on F-4C for steady negative roll: M=0. 8,
altitude Z0,000 ft, nz = 5. 7, p 2 267 deg/sec, 1 = 0 (reference 3)

6 Loads at station 170 on F- 105B for symmetrical pushover: M=1. 7,
altitude = 35,000 ft (reference 3)

7 Jettison load

8 Loads due to jettison from Sparrow launcher semisubmerged in
F-4C fuselage

9 Loads at station 81.50 RF-4C for symmetrical pushover: M= , 6,
altitude 20,000 ft, N -3.0, p = 0, p0 = 0

10 Loads at station 81.50 on RF-4C for steady positive roll: M=0. 8.
altitude 1 10,000 it, Nz = 4.8. p = ZOO deg/see, 0

11 Loads at station 81.5 un RF-4C for symmetrical pushover; M=1. 13
altitude t 0, N =-3.0, p = 0, =0

z

1z Loads at station 81.5 on RF-4C for symmetrical pushover: M=1. 68
altitude = Z0,000 ft, N -3.0, p = 0, • = 0

13 Loads at station 81.5 on RF-4C for steady positive roll: M=1. 68,
altitude = 20,000 ft, N 4.8, p 69 deg/sec, 0

14 Loads at station 81.5 on RF-4C for steady positive roll; M=1. 6,
altitude 20,000 ft, N= 4.6, p 75 deg/se c. 0

15 Loads at Sparrow launcher semisubmerged in F-4C fuselage for
symmetrical pullout: M 0.64, N2  8.5, altitude 0, p 0,

1  0

19
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TABLE Iv (Continued)

Load Aircraft Maneuver
Condition

16 Loads at Sparrow launcher semisubmerged in F-4C fuselage for
symmetrical pushovr: M =. 92, altitude 40,000 ft, N = 3.0,
Sp= 0, 0

17 Loads at Sparrow launcher semisubmerged In F-4C fuselage for
steady positive roll: M= 0.76, altitude = 10, 000 it, N = 6.6,
p = 260 deg/sec, 0 = Z

18 Loads at Sparrow launcher semisubmerged in F-4C fuselage for
steady positive roll: M 1.82, altitude 40,000 ft, N -1 .0,

. -11 • . - " '

Note: Load factor, N , is at aircraft CG.
2
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included in case the rolling moment due to the receive antenna

radome causes loads more critical than the "integi.-ation loads" which

did not include a rolling moment. Use of the QRC-160 data in appendix

"II requires scaling changes as described in section 2.4.

Load Conditions 15 to 18 - Flight loads with pod in missile well of F-4C

aircraft based on McDonnell data for Sparrow missile, These loads

have been included because the semi-submerged location plus extremely

different mounting, makes these load conditions differ completely

from installationts on pylons. "se of the Spa.row_ data in appendix III

requires scaling changes plus a rotation of reference axes as described

in section 2.5.

The aerodynamic forces and moments and the inertial load factors for those

load conditions that apply to wing pylons are given in table V. The entries for

the first seven load conditions are directly from reference 3, and the entri es

for the last six load conditions are derived from the data in appendix II per the

equations in section 2.4.

The aerodynamic forces and moments and the inertial load factor for those

load cunditions that apply to the F-4C missile well ýnstallation are given in

table V1. These loads are derived from the data in appendix IYI per the equations

of section 2.5.N~..
2.3 CONFIGURATIONS AND LOAD CASES

Each load condition has one or more mounting configurations associated with

t it. For instance, load conditions on pylons using the HAU'.22 B/A must consider
r :.using either the 14 inch or the 30 inch hook spacring. These mounting configu-

rations have been lettered for identification as shown in table VII. Each

X. configuration has a definite pod weight associated with it: 231.5 pounds if

21



TABIE V

AERODYNAMIC LOADS aLIMIT LOADSw FOR QRC335 *GEN#

NO* D 5 L. PM YN RM
S 500 31,250 -662, 812000 18930, 0,

2 500. 332So -682. $4200, 18930, 0.
50 1'4530 3445v o765O, -'4000. 0.

'4 17. 1'YO2046 W10660# 95300. 0
5 3 9.Z$e 17800, *195$0. 0
47704 *Z$2 44. 561009 5'4'40,0

7 00 a.a 0.! 0-0 0
9 -- 577o -292t -1195. -33000, -6'$S0* 0418,

t015 A8412 A.Q LI6 2693. 1
116406 61460, -920. "'42'4UU9 -15850, %7 10t

1. 14 282# *1025P -35100, -3330, .'4170
13 41. 1715, -245. -35100, 3500. 25226

577v 1578. -239. -33700* 3260. 23109
NL

LOAD FACTORS FOR QR~C335 *GEN# -LIMIT LOADS

NO, NY NZ NTHETA NPSJ SF0
I1 2.00 1.050 t.50 4.600 too 1*S0

2 2.00 7.50 -6100u 4s00 to0 1.50
3 2000 -1.050 600o -6000 *OU 1.050

Al4 .00 .00 -6,50 .00 .00 1,50
5 $00 8.55 -8 1J .00 .00 1.50

a .8 00 2,50 .00 .00 1.50
7.0.0 52. 17 OQ too.0 1.15

9 00 GO0 3,100 000 t0o 1.50
I0OU0 1644 -,6 t38 .00 .00 1 i.5

II 00 .00 3.00 00 000t0 1.050
SOO .0000 3.00 goo g0o 1.50

13 .0004 -.5 -'4,98 .00 .00 15
0' 00 9~4 -5.02 .00 10 150U

Notei: A U symbols are defined in the is..t of Symbols.
14Wd factora n,,are at pod CG.
Aergdynamic loads are at gooetric center of pod.

22
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TABLE VI

LOAD FACTORS FOR QRC335 IWELL -LIMIT LOADS

INXP NY NZ NTHErA NPSI SFU8 .0 .00 21960 -24a0o0 1.15
15 .00 5.13 -6,81 .00 Soo 1950
16 Soo m1,81 2.40 I00 .00 1*b0
17 .00 4,97 -6,35 .UO .00 1.50
18 .00 -1.83 M,46 .00 .00 1,50

AERODYNAMIC LOWiS -LIMIT LOADS- FOR QRC335 IWELLL

NO. D* L PM YN RM
0. 00 06o, 0, 0. us

15 33. -1302o 154,. 5899. 25940. -5S467,
16 87. 465t -318, 2305, -12672* 1020.
17 27, -2462, -i330. 14752s 272 -15953.
18 100, 1413, 773. -11922. -24406. 920o.l

'23
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without RATG and 306.7 pounds if with RATG. Each configuration also has

definite lug and sway brace parameters as will be indicated in later tables.

Each valid combination of a mounting configuration and a load condition

forms a load case. Thus load case B3 is mounting condition B with load condi-

tion 3. There are 30 load cases that must be investigated. In general, all

30 load cases will have different lug reactions and stress distributions because

of the differences in external loads and/or mounting dimensions.

2.4 DERIVATION OF LOADS BASED ON QRC-160-8 DATA

Load conditions 9 to 14 have been derived from the load data on the QRC-160

-8 (appendix II) using the principles established in appendix 1 of reference 1,

except that the effect of the receive antenna radome or gondola has been

compared to the effect of the blade antennas of the QRC-160-8 to arrive at

appropriate scaling factors. McDonnell's sign convention for loads is the same

as that employed in this report when the pod is mounted on the left wing.

The QRC-160-8 pod is 10 inches in diameter, 105 inches long, weighs 300 pounds,

and has four "blades" projecting from the bottom as shown in Appendix II. The

QRC-335A w4th the generator is 10 inches in diameter, 114 inches long, weighs

306.7 pounds, and has a gondola and some small absorber shields projecting from

the bottom as shown in figure 1. To estimate the effect of these projected areas

on airloads, the geometries are considered as follows. Primed variables refer

.*-to the QRC-160-8 and unprimed variables refer to the QRC-335A. All conversion

equations have a factor of 2/3 to change the ultimate loads (given in appendix

II) to limit loads.

2.4.1 Side-Area Effects on Load Equations

The side area of projections for the QRC-160-8 is:

A' 2 (1.4 x 3.6 + 8.9 x 4.4) 2 88.28 in 2
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The ar~ea moment below the pod centerline is

=I2 (1.4 x 3.6) (5 + 1.4/2) + 2 (8-9 x4-4) (5 + 8.9/2) =619.5 in 3

The corresponding values for the QRC-335A neglecting the sm~all shield absorbers

and considering only the gondola is

A =4.5 (10) 45i 2

The area moment below the pod centerline is:

Based onthese values the following conclusions are made:

to ngettedifference for side airloe.1s. Therefore, the side and

nomlairloads are given, by

L 2/3 L' x Length Ratio =2/3 L' (1-14/105)

S =2/3 St (L14/l05)

(2) Since the first moment of area is approxtmately twice as large for the

QRC-160-8 projections,, it is reaumonable to use of the.QRC-160-8

rolling moment for the QIRC-.335A,.

(3) Since the projections for bot~h pods are near the center, they will have

little effect of yawing. Therefore,. the yawing moment for the QRC-

335A~io give.;i by:

YM =2/3 n~l (u44lW

The length ratio raised to the 1.8 powe.i' is the scaling method for moments used

in appendix 1 of referince 1.

2.4p Fr-ontalA~rEaffeets on-Load Eayltikags

The frontal area of the QXRC-l60-8 projection is given by

At 8.9 (1.8) = ,6 in 2

The frontal area of the QR-335A projection is given by

A =4.5 (7.0) =32 in 2
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The frontal area for the basic 10-inch diameter is

Therefore, the drag force on the QRC-335A given by

D =2/3 Dt ( 785 6 )

The effect of these projections on the pitching moment is estimated by

considering the product of' the aerodyiuanic pressure and the first moment of

area of the projection. The area moment of~ the gondola is

32 (5 + 2) =224 in2

The area moment of the QRC-160-8 projections is

16 (5 + 445) =15, in 2

For a drag force of 800 pounds, the additional negative pitching moment for the

QRC-335A is

(so8 ) (22.4- 151)

FM 620 in-lb ultimate

This is only about 1 percent of the maximum~ negative pitching moment

(-54,810 in-.lb) on the QRC-160-8 so it can be neglected. Therefore, the

pitching moment is given by

alI 2/3 rMI (114/l05) l8

* -2.4.3 _Rmle Using-,QRC-160-8 Data

I~wA condition 9 .is derived from the first column of the load data in

appendix 11, load condition 10 is derived from the -second columnn in appendix II.,

aec.

* As an example,, the loads for load condition 9 us~ig the first column of'

M~cDonnell data are computed as follows:
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S '1/3 (-390) (114/105) =-282 l-b

L 2/3 (-1650) (114/105) -1194 lb

PM~ 2/3 (-42570) (1/5) -- 32908 in-lb

= / -8350) (114/105) -- 65inl

* D 2/3 (740) (1-17) 5771b

NZ =2/3 (1350/300) 3 918
NY 0

NX 0

RM = 2/3 ()(-1255) =-418 in-lb

2.5 DERIVATION OF LOADS BASED ON SPAFRROW DATAL 2.5.1 Load Condition 8. Missile-Well Jettison

When the pod is carried in .the missile wel~l, the maximum Jettison forces

per the McDonnell data., figure 11 in appendix III are:

1100 lbs at forwa.rd ejector (14 inches in front of pod e.g.)

3600 lbs at aft ejector (30 inches behind pod e.g..)

The total vertical force is 4700 l1,s, so the vertical acceleration is

S=4700 =20.3 g.

231.5

The value of 21.6 g in table VI was based on an earlier weight estimate and is

conservative. These two forces have a comnbined moment abouA, the pod c.g. of

1100 (14) -3600 (30) =15400-108,000 -92600 indlbs.

The pitching moment of inertia of this configuration is 121,000 lb in 2 or 314 lb.

±n~sec, 2. Therefore the an~gular acceleration will be

q N/I = -92600/314 =-295 rad/sec 2

2.5.2 Load Condition 15 to-18. tisaile Well F'light Loads

Data for flight loads for the Sparrow III 6B missile installed in the

forward fuselage of the F-4C was submitted to Westinghouse by the McDonnell
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SCompany ancl i reproduced in appendix III of this report. The Westinghouse

computer routine uses a sign connection per MIL-A-8591, but the McDonnell data

j uses a sign coavention that is positive for outboard directions. The QRC-335A

is to be carried in the right forward missile well, so it is necessary to reverse

the signs of side forces, yawing moments and rolling moments in the McDonnell

data to gct it to correspond to MIL-A-8591. The computer routine is also based

on using limit loads (plus appropriate safety factor) so the McDonnell data

which is ultimate loads must be multiplied by 2/30 A further complication is

introduced by the fact that the data must be rotated through an angle of 370

because the mounting is not symmetrical with respect to aircraft vertical.

This rotation will be explained in the following section.

2.5o2.1 Missile Well Mounting Geometry

When mounted in the missile well, the QRC-335A has special adapters that

make it equivalent to a Sparrow missile. Instead of a forward lug, there is

a knob that is called the button. Instead of an aft lug, there is projection

called the hook. Screws in the aircraft fuselage bear on the pod in a manner

similar to sway braces and hereafter these screws will be called sway braces. A

cross section at the forward sway braces, the button, and the hook/aft sway

braces (same Station) are shown in figure 5.

It is desired to define loads that can be analyzed by the equations of

MIL-A-8591. This requires that Z direction forces lie in a plane containing

the lugs and the pod canterline, Howesver, inspection of figure 5 shows that the

plane through the pod centerline and parallel to the aircraft vertical plane

contains neither the hook nor the button. Actual3q, both the hook and the

button are at different angles from the vertical, Aa a consequence a new coordi-

nate system will be defined for purposes of applying MIL-A-8591 equations. This

new coordinate system will be rotated from aircraft vertical by an angle that is
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Figure 5 G*=6.ti'y for Hook, Button, and Sway Braces

30



half way between the angle of the button and the angle of the hook. Thus the

angular rotation is

= 2 370 CcW looking forward.

The sway brace angles are not symmetrical as assumed in MIL-A-8591. Their

angles in both the aircraft coordinate system and in the new coordinate system

are listed in table VIII.

TABLE VIII
MISSILE W7ELI SWAY BRACE ANGLES

Angle. From Aircraft Angle From New Median Angle
Position Vertical (Looking Fwd) direction (looking Fwd) New Coordinates

Left - d 61.5 CCW 24.5 CCW
30 COW

Left -Aft 72 COW 35 COW

Right - Fwd, 28.5 OW 55.5 OW
58 CW

Right Aft. 33.5 CW 60.5 oil

To be conservative, the average of the left sway brace angles (in the new

coordinate system) will be used for all sway brace when applying MIL-A-8591

equations.

2.5.2.2 Comparison of Configurations of QRC-335A and the Sparroiv

{ The Sparrow has a large fin and its c.g. is aft oA centeýr. Its dI:'ýet -

approximate 8 inches in diameter and 144 inches long. The ORC-335A has no fina,

but it has a radome gondola near the center. Its c.g. is near center and it is

10 inches in diameter and 100 inches long. Because of the difficulty in

extrapolating the Sparrow airloads to the QRC-335A, the airloads were assumed

equal in both cases. Since the Sparrow is much longer and has large rin area,
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these airloads should be conservative for the QRC-335A. The inertial loads were

assumed to be at the same g level &a for the Sparrow, so they were obtained by

dividi~ng the given inertial load by the Sparrow weight of 455 pounds.

2.5.2.3 Equations for Converting Missile Well Load Data

The equations for obtain:ing the limit airloads fromn the McDonnell-furnished

ultimate airloads are as follows, where the primed symbols refer to Sparrow data_

(aircraft co~ordinates) and the unprimed m'imbols refer to QRC-335A data (new

coordinate system). The factor 2/3 accounts for the chang'2 from ultimate 1oads

to limit loadsý. Faference to figure 6 will aid in seeing the origin of the

signs and trigonometric functions. A similar diagram could be made for pitching

and yawing moments oi, the aq..ations can be darived from the equations for L and S

by substituting PH4 for L and Y' -for S.

`b~23 ('cos 9 S sin 0)

S ~2/3 4 cos 0- L' sin 0)

PM 2/3 (PMV co,! -YMI sin 9)

DI 2/3 ( -,v.os 0 ' Il sin 0)

NZ 2/3 (NZI cos E) NP~ sin 0)

NY 2/3 -~( cos 0- NZI sin 0)

D2/.1 (Dt)

RM'-2/3 (-RX')

2.5..4 Zxaple

Load condition 15 corresponds to tho first column of the McDonnel~l data,

-load cond~ition~ 16 corroitponds to the second column, otý

Aa ail example, '%ihe loaas for load condition 15 are comput.ed as follows:

S ~2/3 ( ?420 cooe370 -l360sin 370 -1~302 lb

L '2/3 ( 1360 cos 370 -1410 sin 37 0 ) 154 lb

PM 2/3 -16350 coo 370 -(~.36400) sinl 370)10 5899 in-lb
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YM = 2/3 [ -(-36400) cos 37o (-16350) sin 370 25940 in-lb
D =2/3 2 o] =33 lb

NZ 2/3 [-5820/455 cos 370 - 01. 8 1o g's

NY = 2/3 C0 - -582o/455 sin 370 = 5.13 g's

RM = 2/ý3 [-8200] = -5467 in-lb

The converted data for all missile well flight loads are listed in table VI.

2.6 Net Resultant Loads

The aerodynamic loads and inertial load factors from tables V and VI havw

been combined in table IX tc. form the net resultant loads. Sign conyention and

equations for this combination are per MIL-A-8591o Thus

.Px=D+W (Nx) etc.

Thi.s table shows the net resultant load for each appliable load case

(mounting configuration plus load condition) because these are the data that

will be needed for fui: her stress analysis. For missile well load cases, the

coordinate system has been rotated as explained in section 2.5, so this data is

appropriate for MIL-A-8591 type of analy6is. Vales of weight and moments of

inertia for combining the inertial load factors are those given in table III.

For M ; and M z there is an additional term because lift aad side force are

given at the pod center rather than at the c.g. Therefore,

My PM -(G-C.G.ý) *L +I (H

;A- . . . . . . ... . . .

M .. .. .. .. .. .... . . . .. . . . . .. . .. S.I..N
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TABI• "IX

QRC335 *GENo NET RESULTANT LIMIT LOAOS

load Case PX py PZ My MZ MA
A I 1.113 3785 -48 8sez9 3936 LA 2 1113 5625 -27al 88829 31436 UA 3 1113 -1912 2339 -80626 2771
A ' 467 1490 02199 -9699 88357 UA 5 83 3317 -2140 1620z -22178 UA 6 1015 214I 102 -53UO0 6568 U1 1113 3785 -44U8 88829 3436 u2 1 1113 S625 -2721 88829 3436 U

3 1113 -1912 2339 -80626 2771
8 4 467 1490 -2199 -9699 88357 U

"5 83 3317 -210 16202 -22778 U
8 6 1015 -241 102 -5300o 6568C 9 577 -291 -274 -27430 -5088
c, 1 125 234S -2706 IU175 -2553 26gjCI. 60 -4880 -38112 -13570 -jugC12 616 -281 -10.4 -30323 -201 416
C13 616 1537 -1794 -33850 -4491 22Cl ' 577 1'12 -1778 -32585 -4092 23!jU 9 571 -291 -274 -27'3o -508
010 125 2345 -27U6 10175 -a553
S011 640 -488 0 -38112 -13570 UU 12 616 -281 -104 -30323 UISU013 616 1537 -17914 -33850 -41491 45e
0 14+ 577 1 q a -1779 -32585 -4092(i 7 0 16001 U U u

Q RC,335 'WELL NET RESULTANT LIMIT LCADS

Ioad Caae PX Py PZ MY ..ZA
E1,33 - -1422 5565 287b6 -b4uE16 87 46 2995 -13686 1tj2ElO 27 -1310 -2799 17b36 3813b -9-'E18 100 989 6t7 -Ia59A -27471 V!UjF 8 0 0 5000 -93958

Note: Reoultant loada are at pod e.g.
USigS amc per MIL..&-8591. C

JT.ML -l-11 bb IT F~rjC

U 1 35

i ,. 
, .,
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SECTION III

LUG STRESSES

3.1 METHODS OF ANALYSIS

Lug and sway brace reactions ware computad for all of the -ases indicated

in table IX using the equations in MIL-A-859l (reference 2)0 Stress ratio was

used to find the combined effect of the three -omponents of the reaction at

each lug~. The combined stress ratio was then used to compute the margin of

safety for each lug for all. load cases. The lug raacti~ons art also used compute

the tension and margin of safety for the most heavily loadad lug attaching screw.

Again, this is dona for both lugs and for all lzading cases.

3.2 Mounting Dimensions

The mounting dimensions needed for the MIL-l.-859l calcul.ation axe givesn in

table X. The symbols are as similar as poss'ble to the symbols in MIL-59

The dimension Hf1 is not needed for lW, rtact-o cliaios but it is nooded

later for calculating the maxi.mum screw tension.

3.3 LUG AND SWAY B3RACE REACTIONS

Lug and sway brace reactiors vzýe cumputed for all of the c&sses inuicated in

table IX using the equations in 11.A-8591 kirteaerece 2)9 = expt fcr tJhe

fol~lowing modifi~cations.

(1).* Yawing mni~ent was assumad to be ree.ýted half by hoizontuC. eocinporntes

of 4"ay brace reactions and half by hoe-7onta. forces on the 2.ug8. It

is statically, indeterminate how the yawing =motxt di-vide5 betweien the

lugs~ ~ ~ ~~- &n wybacs h truictiuz' test program &-c.ference 1)

indicated that the half-and-hal1f assumnption is morg e al1o ~han

the assumption in KIh-A-8591L

(2). Rolling moment, Ibx, w-as added to the equationa. It wuas asaiuaad t4.ý'

the rolling moment dividea between the two lugs in the rutio of
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TuRL X
M~OUNTING CONFIGURATIONS AND POD PAllAMETERS

(.IGNF. LF LA LF8 LAB8 BA
A -.22 14.22 2978 17.22 35.00 35#0U
u~ -.27 30.22 -5#22 25.22 28,00 28,00U
L -.22 1'4.22 2.78 17.22 35.00 36.00
u 5078 Z'h022 s78 19.22 28s00 28,00

1.30 16,70 4.30 1.70 l00 t0o

CUNF* C E H NJ
A 1 07U -.19 1.'40 b.U a .00

b 204UC -2.39 2010 7s80 .60
C 1.*70 .19 1 $40 6.00 .001D 0 -2.39 2.10I 7.s80 U .60

*00. .19 600 6e0u .00

CONE. LF LA LF13 LAB UF B
E -8,09 3i.0 09 16.69 33.09 W 0 00 13U 1 0
F 14.09 31.81 .14*09 31,81 .00 .00

CONI-, C E H Rr
E. -.10 1.65 .94 4.00 090

F -.11. 1965 .94 4,OU *90
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the lug distances from the C.G. in the same manner as side force

divides between the lugs.

With respect to the option on dividing Px between the lugs, it was assumed

that Px divides in the ratio of 2.1 between the more loaded lug and the less load

lug respectively.

The lug and sway brace reactions for limit loads and for ultimate loads are

given in tables XI and XII. As explained previously, for the missile well cases,

configurations E and F, the forward lug refers to the button, and the aft lug

refers to the hook. For missile well cases, the Z direction is 370 from aircraft

vertical. load case B2, an "integration load" for the F-L1A, results in the

highest lug and sway brace reaction for pylon installations. Load case E17

results in the highest lug and sway brace reactions for the missile well

insta•lation.

3.4 VIRGINS OF SAFETY FOR LUGS

3.4.1 Lus for Bomb RaOks

The two lugs that are used on all racks except the Sparrow launcher are:

a small lug (113-S6-4836) and a large lug (113-36-2324). Stress ratio was used

to determine the combined effect of axial,lateral, and vertical reactions on the

I.. •. lug. This implies that the ratio of the combined load maximum stress to the

yield strength of the material is the simmation of the ratios of each reaction

component divided by the load in that dW rection that would cause yielding by

* .I itself. This is conservative because it assumes that the maximum stress point is

coincident for all reaction components.

Ile lug strengths for the three directions are given i table XIII, where

PS.X,PSY, and PSZ are the loads, in the 1, Y or Z direction that will cause the

start of yielding. RUP is the lowest ratio of the load that will cause rupture

* 38
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to the load that wil~l cause yielding. For conftigu~rations AC, and G (where

small lug is used), PSX and PSZ and RUP were determined by static tests. All

other numbers in tabl~e XIII were calculated from the lug dimension. The large

lug is very similar to the lug of figure 2 in MIL-A-859L.

For yield margin of safety, the total stress ratio is

FTi=d

PSX PSY PSZ

where

=x limit load axi~al force on jth lug
= ii odsd freo t u

limit load vieria force on jth lug

1*The yield margin of safety then is

SFY ieldsafetyfatr 15

The ultimate mairgin of safety i hsoalsrs rtoi

Fi ju1155FFt

MSU TU

Ft 1.54 F

For........... marin after...po.ur.to.hig..............'her.13.a..................o



As an example, consider the forward lug point 41 iii case B2.

FTj_4 + 1-14241 + 9015
19100 6000

= .039 + .162 + .150 .351

MSY =1 1 = 2.4.8 -1 = 1.48

L115 (G351)

MSU = -1 - 2.85-1 1.85

MSYT= .7 -1 2.40-1 = 1.40

1.5 (.351)

MSUT 11 2.76-1 = 1.76-1.5 (.351)

Margins of safety for forward and aft lugs appear in summary tables as

location or pint number 41 and 42 respectively.

3.4.2 Li•s. for Sparrow launcher

The lugs for the missile well installation are: a button (Westinghouse

. No. 6..S5-9110) used as the forward lug and a hook (Westinghouse No. 6-S6-9075)
used as the aft lug. The launcher is constructed in such a manner that only the

hook can carry axial loads. Therefore RFX is zero in tables XI and XII for

all missile well load cases, Because it is a critical design element, the button

"has been analyzed more exactly than the conventional lugs.

3.4.2.1 Button

A: The button used as the forward attachment for installation in the Sparrow

missile well is shown in figure 7. It is machined from a 4340 steel plate, and

is attached to the pod by six screws just as the lugs are.

The point of maximum stress in the Sparrow type button for combined vertical

and lateral reactions is dependent on the ratio of the reaction. It

is also dependent on the shape of the shank as it is broader at the base than it

' I
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is at the top. If tke verticaJ reaction predominates, a stress concentration

factor of 1.5 should be used due to the abrupt change in cross section imme-

diately under the head. The critical stress will be just under the head. If

the lateral load predominates, the critical stress area will be further down the

shank and the stress concentration factor therefore will not apply.

For these reasons, the margin of safety is computed at two points on the

button: (41 BUT.A) on the shank where the stress is primarily caused by lateral

forces, and (41F. LUG) just under the head where there is no bending bux the

stress concentration factor must be used.

By inspection of table XI, the worst case is E17 since both Ryj and R arezj

maximum. The maximum stress is determined by calculating the stress at various

cross sections as follows:

= P + Mc

ft RZ + -

r2  ¶ r 3

For E17

Rz = 13100 lb.

Ry =-5616 lb.

The contact force Ryj is displaced toward the bottom of the clevis due to

deflection of the button and deformation of the clevis. If h is the length of

the effective contact area, the effective force will be .22 - h/2 from the

bottom of the head as shown in figure 7.

"h is given by

F bd h 1.15 (Ry)

h (1.15) 5610 (Fbry for 4340 is 268000 psi per Nil
t268000)(.5OO) Handbook 5)

* < 'h %8 .048inches

-. |~

* *i* ~ Ail



Thus the effective force Ry acta .20 fromthe bottom of the head.a

function of1'

DirctBanding Maximnum
Strss~1d~Stress (fStress (i

2
x, l 1/T r.3_____ ____

___ 1, f____ d + f'

.12 .25 .195 81.5 66.,700 54,,600 121,300

.16 .253 .20i 78 65,900 11,400 137,000

.20 .258 .209 74 62,800 83,300 146,100

.22 .264 .217 71 60.,600 86,800 147,400

.24 .269 .227 65 58.,000 88.,700 1.46,700

.28 .285 .255 55 51,,900 87,400 139,000

The mainadm= stress occurs at x .22

From the table of Ma.terial1 Strengths., Table UUXI-:

Fty 170,000 psi.

F t - 1880,000 psi

The margini of sa.fety for yield~in~g at room, temperature is

MS~Y Ft -
1.15f

I4S (1-l%1479400) -

46



M~Y Q002

If perfect plastic behavior were attained in bending., the ultimate bendin~g
moment is given by

U~Ft
M4 (1 aU

Even though~ 4340 steel of this temptr Is tough (45% reduction of area for

this teanper for round specimens in tension), a reduced factor of' 1.15 instead of
1.7 will be used to be conserva~tive.

.5 (Ftl M

ty

1.5 (18_)

x 1.65, mU y

This is equ~ivalent to saying that1 the mnodulus of rupture, Fbis

Fbu 1.5 Ft

F 282),000 p~i

For combined tension and banding for ul.timate load&.add the stress ratios:

Rult 1.5 f 41. 5 fb

188,000 282,,000

R .484 + .6

4~7



II .946
4.. Ult

DOU .054

Derating the strengths to 97% of room temperature strength for the higher

service temperatures gives

J MSYT = .028

MSUT = .023

NOTE: All margins would be positive if the larger sway brace angles on the

outboard side were included in the lug reaction calculations.

These margins are ahownm in table MI as point 41 BUT.A. Table XIV, which

shows all. the margins of safety for the worst load case (E17), also shows that

the margins at the stress concentration just under the button head (41 F .2.)are

much higher than at the critical location (41 BUT A).

3.4.2.2 Hook

* The hook used as the a~ft ittachment for installation in the Sparrow missile

well is show~n in Figure a. This hook is m~ade, of the same material as the button,

but has heavier sect-ions3 and much lower loadv', so t-he margins of safety are very

high (6000+). Therefore a detai'led analysis is not presented here. The

strengths given in Table XIII weediedbanalyi simil;3t ta o h

button.

3.5 UXG FASTENRS5

The lugs are attached to the hardback of the pd vas high-srengt acrews

and solid-w~all inserts in the~ hardback. The irserts are weaker than the Screws;

thus,, the margrins of safety for pulling off the lugs are based on the insert

strength. All of the inserts are of the same strength, except for one of a

different type at t%,he ttB" end. Th±.s one is so~ewiat weaker so that an insert-
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TABLE XIV
MARGINS OF SAFETY FOR ALL DATA POINTS FOR CRITICAL

CASE E17

POINT X FT MSY MSU MSYT mSuf
11 OUTS* 60.2 7270.99 7,434 9o586 6,422 7,4b9
IlINSIUE 60.2 7340,93 7,353 9.485 6,351 7*3ba

1Z OUTS. 60.2 15822,41 2.876 39865 29411 2*892
*12INSIDE 60.2 15633.81 2o922 39923 2o452 2.9-59
13 OUTS. b6,5 5569.10 10,011 129821 8o690 10.057
13INSIDE 63.5 6092,98 9.064 11,633 7.857 9.olb
14 OUTS. 63.5 18978.15 2,231 3,056 1,843 2.24b
14INSIDE 6.3.5 19057s56 2.218 3.039 1 .. 2
lb OUTS. 7i,2 14576.85 3.2ut 4.280 2,702 3*2Ž
15INSIDE 72.2 20824.89 1.945 2o696 1.591 1.957
lb OUTS. 72.2 11226.54 4,462 5,856 3,807 4od
1bINSIDE 72o2 16508.82 2,714 3.662 2,2b9 2.7.3u
17 OUTS. 79,0 . 13708.14 3,473 4.615 2.937 3o492
171NSIDE 79.0 20159o86 2,04.2 2,818 1.677 2,05+
lb OUTS. 79.0 15860.48 2o866 3,853 2o4U2 20882
1bINSIDE 79,0 20247.46 2.029 2o801 1.665 2.0U4
19 OUTS. 79,5 18188.46 2,371 3.232 19967 2*3d5
1lNSIDE 79.5 24793,68 1.473 2.104 1,176 1.484
2u OUTS. 79,5 12920.91 3.746 49957 3.176 3,7oo
2UINSIDE 79.5 16809.35 2,648 3.579 2.210 2.60.
23 SHEAR 16.1 688.90 78.309 59.804 75,930 57.99u
24 BEAR. lb,1 688.90 106,220 136.744 103,003 127,10,

23 TEAR. lb.1 688.90 498.520 573.448 438.578 4bb.5.9
24F.RING 17.5 975968 41,660 38,247 36,540 32.7te
24V-BAND 17,5 975.68 450,517 369.036 423,426 34b.864
24A.RING 17.5 975.68 198,340 206.409 184.386 171.149
2u SHEAR jt.9 1313.04 661.2b2 506.727 641.385 491.49b
26 bEAR. 18.9 1313.04 661.252 50.6.727 641,365 471.1odo
2b TEAR. 18.9 1313.04 184o431 191.936 162.179 155934#.3
29 SHEAR 26.1 3845.35 31,182 239673 30,216 22.9i3
29 BEAR. 2u.1 3845.35 57.974 74,763 56.205 69.4t)U
29 TEAR. 2b.1 3845.35 206.244 237.331 181.375 19.6oý
3UF.RING 27.5 4492.41. 97,162 79,447 91.272 74.62U
3UV-BAND 27.5 4492.41 97.062 79.366 91,179 74.544
3hARING 27.5 4492.41 34,445 28.049 32*319 2b.3Ub
31 SHEAR 28.9 5189.81 21,612 169336 20.934 Ib,81o
31 BEAR. 28.9 5189.81 21,414 27.795 20.742 25.78u
31 TEAR. 28.9 5189.81 93.117 107.235 81,8.23 b558

3e SHEAR 80,6 3901.88 67.790 51,739 65.726 b0.157
3k BEAR. 80.6 3901.88 126o562 162.878 122.736 150l&Ou'
32 TEAR. 80,6 3901o88 100,303 115.498 88,147 92.19V
39F.RING 82.5 2356.73 228,505 187.089 214,735 175.804
39V-BAND 82,5 2356.73 185,927 152.194 1.74.711 143.00a
39ARING 8i.5 2356973 16,661 15,248 149542 12*97.
4U SHEAR 83.9 1848o23 28,561 21e664 27,b75 2Ueq8
40 BEAR. 83.9 1848.23 38,965 50,342 37,766 46,74b
40 TEAR. 83.9 1848.23 185.190 213s118 162.847 170.295
41BUT.A. 5599 1.04 ,002 .054 .- 028 .024
41 FLUG 55,9 .59 .477 s868 9433 $812
42 A-LUG 8U.9 .14 5,429 11*075 5,236 10.71.5
43FLSC 55,9 4053.15 ,781 9365 .727 .324
;44ALSC 80.9 1268o29 4,691 3e363 4.520 S,23•"
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strength value is used which conservatively averages both types.

For bolt tension induced by loads on large and small lugs assume:

1) Only 5 bolts are effective for direct vertical load because of non-

uniform loading of bolts. This is substantiated by Limited tests.

2) Anble of bolts from center of pattern (120 max,) is negligible so that

reaction loads induced at bolts are tension loads and X and Yt reaction

loads are shear loads where Z is parallel to center bolts and Y is per-

Pendicular to X and Z.o

3) The moment about one edge of the lug due to external horizontal loads

causes the lug to pivot about that edge (i.e. lug and hardback are rigid

compared with elasticity of bolts). Therefore the bolt load is pro-

portional to its distance from the pivotirng edge. Also,preload does not

add to induced bolt load so it is conservative to neglect preload.

Based on these assumptions the highest loaded bolt will always be a corner bolt.

Note that the weakest element to the insert rather than the bolt even when the

bolts are carrying the shear load induced by the maximum lateral and axial lug

forces, so it is not necessary to consider bolt shear loads, since the margins

of safety are based on insert pull-out.

For the hook, (the aft "lugg" of the missile well installation),the reaction

..leads aa-s at an angle Q(measured clockwise looking aft) from the center of the

oolt pattern. The "lug" reactions ara given for the X,Y,Z coordinate system so

that the components in the X,Y' ,/' coordinate system must be used to resolve the

load on the "lug" bolts. Ihe Z' and Y' components are:
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R R cosQ9 + R sin 9zz yLRR cosQ + R sin Qy y z

The load on the corner bolt is by superposition the svim. of the loads

due to the forces ,Z Il and R-.The bolt loads due to all of the lug

reactions are:

FT (R cos 9 + R sin 9) L/15 + + Y '
z y

*+ (R cos Q R sin Q) 1x ~2 X
y z

xcs xx Cos 9-Oy i
FT_ + /Cos 9 + yycos 9~ si~

y x

+ R sn9 t xx sin 9 +__ _ ~ ysin 9+ Zlycot*.

y x

+ R ()
Q Q3-5-a

'where idistance fromi the Z' component of the lug reaction to the centroid

of the bolt pattern.

x distance from the aft edge to the forward corner bolt (or vice

versa because of pattern symnmetry),

ydistance from the Z' cnponent of the lug reaction to the centroid

of the bolt pattern.

y distance from the left edge to the right corner bolt (or vice versa

because of pattern syimiotrY).

y

Av distance of the ith bolt from the aft (or forward) edge
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of the lug.

I' dx 4i

d =distance of the ith bolt from the left (or right) edge of the
4i

lug.

Z Ii+Hl

R, R R lug reactions limit load per table XI

Thpse equations are derived for any of the lugs or the button or the hook.

A sketch of each lug is shown in figure 8

Equation 3.5-1 can be rewritten as

FT R +R
i.B x ý/+ R /

z

The vulues of B, B and B can be calculated from equation 3.5-1 andx y z

the gecmetrio data in Table XV. The values for Bly B, and B~ for each lug are

listed at the bottom of that table. Table XVI gives the values of 11 B and

Bwihich are appropriate for each mounting configuration.

Once the maxim=m screw tension FT is known for the jth lug, the margin of

safety is calculated as follows:

14SY FFY -

FFU -

1.5 (rT)

1T CTY)

IMUT = u(c)
1.5 OFT) -
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TABLE MV

'WHC3.T5 +CiNs LUG SCREW DATA

FORW*ARD LUG AF~T LUG

A 5-.00 6011 8.78 6*LJO 6 al1 8.78

8 5,100 3.'46 '4.55 5.00 3.'46 45

C 5 " O 61,11 a8*78 $*Do 6 * 1 8,78

-I -1.00 -1.O0 -1.00 -1 .00 -1.0 *Do 000

QRC335 'WELL. LUG SCREW DATA

FORWARD LUG AFT LUG

tCONF. f3X 8Y by Z iX b

E 4*54 3.57 4,81 1.1-3 11.22 1.5L4

F -1.00 -1.00 -1.00 -1.00 -1.00 -1.00

Lug Screw Coefficients

-55



where

FFY = FFU = screw and insert tonsils load capability -

8300 lb

SFY = yield saf ety factor 1.15

CTY C TtI temperature degradation factor = .97

3.5.2. Lample of Lug Screw X ardns

As an example, the lu~g screw margins will be calculated for load case E17

point 43, forward lug screws (Button screws). From table XI,

R 0X

R = -5616
y

R = 13100

From tables XVI

B 3.57x

B 4.81
y

B = 4,53

Therefore

FT_ 0 + -5616 + 13100
3574.81 4.53

= 0 + 1166 + 28W 4053

8300 15-1 1.78-1 .78
I -T5 (053)

~su 8300

1 0300 L27~) .32

1.5 (4053)

These magnim 4ýgree with the computer answers in table XIV.
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SECTION IV

INTERNAL BENDING MCKNT AND MARGINS AT JOINTS

4.1 METHOD OF ANALYSIS

Failure of a joint by rivet (or screw) shear, rivet bearing, skin tearing

or failure of the ring or V-band clamp by the stresses at the root of the groove

are all calculated based on the internal bending moment i at the joint. Internal

shear forces produce negligible stress at the joints. Therefore, the bending

moment at each joint for each load case is computed and tabulated. From

geometric data on each joint, such as rivet diameter and spacing, the bending

moment required to yield and tho bending moment required to rupture each joint

by each of the various possible methods is calculated using the equations

derived in appendix V. The actual bending moments at the joints and their

bending moment capabilities are computed for both the vertical plane and the

horizontal plane. Margins of safety are then computed by camparing the vector

sum of the horizontal bending moment and vertical bending moment to the lesser

of the horizontal or vertical moment capability.

4.2 EXTERNAL LAD DISTRIBUTIONS AND INTRNAL SHEAR-ROMENT DISTRIBUTIONS.

Aside fron the local distortions, the pod acts as a biazm, the length of

the beam being the length of tha pod and the stiffness being determined by the

I of the cross section. Hence, it is advisable to construct shear and mment

diagrams to determine where the maximum loads occur. This requires additional

inputs concerning the distribution of mass and aerodynamic forces.

For computation purposes, it has been assumed that the muss distribution

forward of the CG is constant and that the mass distribution aft of the CG is

also constant but of a different amplitude. The amplitudes of the two sections

were selected such that their CG and moment of inertia equal that estimated for
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the pod as given in appendix I.

Aerodynamic forces are assumed to be sine wave distributions with a wave-

length equal to twice the pod length. Aerodynamic moments are assumed to be

sine wave distributions with a wave-length equal to the pod length.

Using these distributions, each of the basic loads from tables V and VI

was calculated as a distributed load, and all were summed to give a horizontal

load distribution and a vertical load distribution. Each of these distributions

was integrated, with appropriate jumps at each sway brace or lug for the

component of the concentrated force, to give the horizontal and vertical shear

distributions.

The shear diagrams were integrated to produce the horizontal and vertical

bending moment distributions. A typical shear and bending moment distribution

is given in table XVII for case A2.

4.2.1 Shear Loadk

Shear loads at critical locations are listed in tables XVIII, XIX, and XX

for each load case. The largest shear occurs in load case G7, the Jettison load,

at the jettison foot. The largest shear for a flight load occurs for load case

El7, an F-4 forward fuselage installation load. These values are for limit loads.

For ultimate loads all values are 50 percent greater except for jettison cases F8

and G7 where a smaller factor of safety (1.15) is appropriate.

4.2.2 BendIng Moments

IBending moments at critical locations are listed in tables XXI, XLMI and

"aIII for each load case. The largest moment occurs in load case G7, the jettison

load. The largest moment for a flight load occurs for load case El7. This case

is for a pod mounted at the forward missile station of the F-4C. These values

are for limit loads. For ultimate loads all values are 50 percent greater,

except for jettison as explained above.
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TABLE XVIII

QRC335 *GEN*HORIZONTAL SHEAR (LIMIT LOAOS)

STA, FOR MAX JOINTI JOINT2 JOINT3 JOINT4
load Case MAX VALUE Xu 17,5 XA 31.8 Xm $1.s8 X& 96.8

A 1 49 1833 307 919 1442 -145
A 2 $9 2794 Sol 1'136 2189 -256
A 3 '$9 -857 -145 -430 -672 96
A 4 53 -4357 4910 1245 182 574
A 5 70 -1322 242 663 985 -27U
A 6 67 -252 7 13 a 314
d 1 58 -23a83 307 919 1'$'$Z14
d 2 $8 -3506 501 1438 2189 -256
U 3 58 1097 -145 -'430 -672 96
.u 4 78 -3135 1O 1Z'$ 1825 27 4

5 b8 -1473 2142 663 985 -27U
"3 6 18 -100 7 13 8 3 4
C 9 53 312 -'0 -117 -179 -7
(i. iO so -1168 180 533 835 -112
C 1 1 53 742 -86 -249 -374 -31
C 12 53 175 -27 -8$ w131 -4
C50 -858 91 292 484 -73
CI4 50 -787 86 269 '45 -61
'" 9 52 25' -'$0 -117 -179 -7
u o a$6 968 180 533 835 -112
.OiI 52 5149 J86 -219 -374 -31

012 52 174 -Z7 -84 -131 4
u 13 51 660 91 292 484 -73
L)OHt b1 606 8a4 269 4145 -67
S1 51 0 0 0 0 u

SRL335 'WELLHORIZONTAL SHEAR (LIMIT LOADS$

STA, FOR MAX jOINTI JOINT2 JOINT3
Load Caae MAX VALUE X= 17,5 A= 27,5 Xz 82.5

E15 81 -1490 179 363 147
E16 81 491 -81 -167 -70
E17 81 -3687 127 230 272
E18 81 23614 -'76 -137 -204
F8 10 0 0 0

61
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TABLE f

QRIC336 *GEN#VERTICAL SHEAR iLIMIT LPOAOSI

STAv FOR MAX ~JO1NTI JOINTZ 1JOINT3 .JOIN T 4
Load Case MAX VALUE Xx 1195 Xx 31B e s Xw41.o8 Xw 96.8

A 62 -5'4614 -69 -284 -*1473 562
A2 52 -4762 as 191 210 '$81

A 3 70 3683 -60 .1814 -222 -'431
A 4$ 52 -0263 4240 -708 -10214 9-1
A 5 62 -140114 -174$ .144 e6147 196
A 4 713 2632 w [44 -'4781 699 -219

1 5 3 7001 08Y -2614 -1473 582
8 2 53 9087 so69 210 4s8I
8 3 68 3832 -10 -1844 -0222 -437

d 4 63 7789 -260 -.70 -10214 91II -liii
161 -166 w478-11l

ST1e FOR MAX6 -300T -622 -1164 T3

u 9 4 1852 -933 -292 1428 -1
50 16673 31 -222 -422 2917

#47 2293 -5113 -392 -895 .
S 47 81 430 -19 1-273 -14362f

u 3 7 338 304 -636 - 1 G 6"2

0................8..............



.1 QRC33S i-GENo TOTAL SHEAR tLIMIT LOADS)

" $STA* FOR MAX JOINTI JOINTZ JOINT3 JOINT4

Load Ca•e MAX VALUE X 17,5 Xv 31o8 Xw '41 8 XQ 96.8

A 1 5 5607 320 962 IE18 60U

A 2 50 7002 509 11451 2199 54!

A 3 70 3591 147 '469 709 C4'48

A 4 52 6375 512 1433 2093 28Y

A S 52 4102 299 80 1179 334

A a 70 2633 167 479 700 222

13 1 53 7081 320 942 1518 600

u 2 53 9228 $09 1451 2199 S 45

d. 3 $ 3688 167 '469 709 4148

ti 4 t3 7803 512 11433 2093 289

3 5 6 49514 299 805 1179 334

d 6 78 1690 167 '479 700 222

C 9 •3 1655 103 316 493 III

c I i2 146,05 287 816 .12,1 217

(1S1 2 192 1443 84 36 166

C12 53 1664 97 297 458 12Y

" 13 52 3775 .11 809 1303 79

C 14 52 3560 313 64 ý246 71

u 9 '47 1536 101 316 493 111

'47 3919 287 816 1241 211

) Il '41 2299 [43 '4 22 636 166

' 12 47 1433 17 297 '450 129

UI1 '7 34$85 320 j99 1303 9

S1'4 47 3278 a 6 1266 1

6 316 1683 lib 114 6'49'4 958

QR143b '1,EL.L TUTAL SHEAk (LIMIT LOADS)

STA. FOR NAX JOINTI JOINT2 .JOiNT3

Lead Ca-,e M4AX VALUE x= l7.5 X= 27.5 X= 826.5

L1 Z48 224 A&5204
f. 1 492 97 199 72

El7 6 7203 223 4L1 399

Ej8 31 4121 79 141 234

F 8 80 2320 563 93 896
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I..B
TABL, XXI

QRC3356 GENeHORIZONTAL MOMENT (LIMIT LCAQ5)

STA, FOR MAX )J01NTI JOINTZ 4J0INT3 JOINT4
WA Load Case MAX VALUE XI 1796 Xw 31.o8 Xw q4Io Xg 96.8

A 1 50 35211 1730 10243 22011 70",
A 2 50 54127 2B61 16162 34259 !147
A 3 s0 -16460 -778 P4790 -10289 -"49
A 's 60 qS932 2639 1's4455 278 7 r 1673
A 5 5u 24592 96'S 71414 15629 1200
A • 70 o2826 '42 189 300 -205$:• a 47PO2 1736 10243 2017814

S2 58 71751 2561 1-66 34259 1147If3 58 22200 -778 -4790 -10229 -049U•. d • a 553!4 2639 |q 970 -1673
s" b a 33776 964 71416 15629 12UU

c 9 60 -44 56 -241 -13q9 -2842 49
LC1I bO0 20'400 974 5932 12748 586

I so -9339 -518 -2872 -6003 197
12 50 -3225 -168 -951 -2031

Q I 156t 570 3188 7047 46
1.4 6 1 10636 525 2932 6481 427

u 9 52 -4377 -2141 -1349 -2842 49
uno 52 168 974 5932 127,48 s85

u 2 -$9-1 51 -2872 -6003 197
u i 52 -3298 -166 -951 -2031 .18

u 13 52 12-al 570 318a 70U47 46
U14 11783 525 2932 648 1 $427

5 ) 62 0 0 0 0 0

OQRC335 '*ELLHOkIZONTAL MOMENT (LIMIT LOADS)

STA, FOR MAX JOINT! JOINT2 JOINT3

LOzi cazo MAX VALUE X= 17.5 Xz 27,5 X= 82,5
L15 56 30819 864 3604 -1130
E16 56 -9189 -418 -1676 518
E17 56 79154 570 2416 01870
Ela 56 -49390 -398 -1507 1318
F 5 56 o 0 o0 0
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TABLE I

41

QJRCJ35 +GLNTOTAL MOMENT (LIMIT LOAUS)

STA. FOR M,.,X JOINTI JOINTa dJINT3 JOINTs
Load Case MAX VALUE Xa 17 S Xm 31.8 Xs '1.i8 X" 96.8

A 1 67 59'12 1739 1058c- 22877 3009
A 2 67 54793 2682 16396 314621 28 (
A 3 70 35882 !102 5q63 11387 2336
A '1 53 63740 2899 16573 34261 ý.£9
A b 53 46912 1134 9037. 18929 1432
A 6 63 26933 11'1 5639 11S72 1226

58 '18683 1739 10583 22877 3002
S2 58 83797 2682 16396 34621 281u

bi 3 63 24452 1102 5963 11387 233b
4 9 53 624)1 2899 16573 39261 1689
5 53 37 717 1134 9037 18929 1432

6 6 53 28089 1141 56.34 11572 1226
C 9 53 18965 768 3628 7682 534L1O 63 90a0 1377 9132 19389 986
LII S3 23909 995 14902 10220 862
C12 b3 18135 739 3q26 7215 631
L I j b 63 466b2 1662 10201 21169 62U
C14 t3 '19963 1613 9996 20619 576
J) Y7 14603 768 3628 7682 539
lIQ 47 26826 1377 9132 19389 9b6
USI '7 17889 995 '4902 10220 862
U12 41 14339 739 3426 7215 637
U123 7 32662 1662 10201 21169 62U
0 14 47 31652 1613 9946 20619 5/6
,J 7 61 176632 7153 51962 106505 316U

QRC435 'tELLTOTAL MOMENI (LIMIT LUADS)

STA, FOR MAX JOINTI JOINT2 JOINT3
Load Case IvAX VALUE X= 17.5 X= 27,5 X= 82,5

E15 56 51369 995 4460 1245
E16 56 9200 467 1956 524
E17 56 173519 976 4492 2357
E18 56 93069 415 1553 1495
F 8 57 18448 645 172 2958
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4.3 DATA FOR JOINTS

The geometric and material data needed for calculating the bending

moment that would yield or rupture the joints per the methods of appendix V is

given in tables XXIV, XXV, XXVI and XXVII.

4.4 MOMENT CAPABILITIES OF JOINTS

The internal bending moment that would yield or rupture (ultimate failure)

each joint by each possible failure method is given in tables XXVIII and XXIX.

Values are included for both the horizontal and vertical direction. All bending

moments are in kilo-inch-pounds0

4.5 MARGINS OF SAFETY OF JOINTS

The margins of safety at each joint for each load case were calculated by

the following equations:

FFY
SF1 (FTj)

MSU. FFU-
3J

1.5 (FT )

FFY (CTY)
ýMYT I L

SF1 (FTM)

MSUT FFU (FTu)

where

FFY1 lesser of "HOR.YLED'" or "VERT. YIELD" from moment capability

table for jth joint and failure method.

FFU lesser of "HOR. ULT." or "VJRT. ULT." from moment capability

table for jth joint and failure method.

SFY = yield safety factrez 1.15
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TABLE XXIV

Dll'NSIONU~ DATA FOR RIVETS AND RINGS

IQRC335 +GEN, RIVET DATA -GNER~AL

SKI(N 5 K IN MI jV ET RI 1V Er h L ALU HV L f LAN I 04,
NO. STA. L UC MATL* T HIC K D IA. R 0W OP Tti ýiT K L ur, JEh A T 1 iv.i

*23 16.s NUSL. 3-ALUM. slu0 .180 1 solo 9J6# 1.uou
25 18o9 GENsA '$-ALUM* s.0le .190 1 .060 2126. 1.UOLJ
26 30,'4 GEN#8 'i-ALUMs .183 .2$0 1 .09u 36d2t s YU U
28 33.2 SERv#A 4-ALUM. .125 .125 1 su'sO !)3u. 1.uou
29 '40,'4 SEfNVod 3-ALUM. .125 .125 1 .00su b3ue 1.u~u
it 4~3*2 PRIN*A 3-ALUM. *100 e125 1 OU'40 5 3 u. 1.uUIu
32 9449 PR I N *b 3-ALUMe .I0 .) a125 3 0q IOQ b.u. uuu
'HJ 98.2 T A IL 3-ALUM. .100 18 1J6 I0 a .UOU

LON6./HAR0, SCRE* DIA.= .19 U

O RC335 'ELL RI<VET [JAIA -GLNERAL

SKIN SKIiý RIVLT RIVET H IL AL) 'ýIvtit iv j
NO. 51A, LOC~ , ATL. THICK DIA. ROWS LEP[TH Jf(Lb4U T rI OLtb I 114b
23 b16, O NOSE 3-ALUM. .10 .bU 1 10 965t). 1'ouG
28 18s9 SLHV.A 3-ALUM. .125 .125 1 .040 b~u. 1.0Uuu
29 26,1 SE, 15 12 V .8 3-ALUM. .15 15 0' b60. 1.0UUuj
3t. 28.9 PRIN.A 3-ALUM. 10U .12ý5 1 .040 b~0. L.Uuu
32 80,6 PFkIN,8 3-ALUM. .100 .125. 3 .040 54iU. .L.uou
40 83,9 TAIL 3-ALUM. .100 .160 1 solo 9-5b. 1.000

LLONG,/HARD. SCREW DIA.= .19U

rHIS pAGE IS BEST qUALITY PRACTICABIIR
2au~ OO~y 1U(Q1SH4i To D.Do
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I: TABLE XXV

V (RC33t) .'.EN# R4VFT OATA - tURIZONTAL

NqA. RIVET No. SCOs b~t
NU* STA. LUC# Post WS SP~ACING~ 5CkEW 01ST. ýTNl,~iitTm
.23 16.01 NOsE 2650U 1 00uu 1 560 U .00 U.

25 18.9 GEN.A 2.500 1.000u 3* 414 U .00 0.I
2 6 30.'i G EN ,6 2.500 4.0000 5.,130 u .0 0.Uu
28 3 3. SERVeA 2.500 14.000 1.*600 0 .00 U0.
29 4I0,4 SEV~ 2.50Ui .500 0780 U .00 it.
*31 493.2 P RI N *A 2.500 .5 1 .'12U 2.& # e~t
32 944,9 PR I N # d 1,00 .u 635 .5860 27 1.45b 16ytj,
40' 98.2 TAIL 2.50U 1.000 105.60 0 4Ou U

PC (C365 vvELL 'IMET DATA -HOK1IONlAL

N.A. RIVET rNO. ýJCRN~ SC~o
0, S TA.9 LjC. F-os. US SPACING~ SCREW L)IS I S THLiGrTh

23 1641 NOSE 2.500 1.000 1.6 0 00u U,
~8 18.#9 SERV. , 2500 100(IO 1 .600 0 .00 U,
29 26, 1 S~ikV 6 e d5u .50 U *780 0 Ou U .

P.31 k8* Pkiiti&A 2.b 0 .51 *bb 42U 11 e.a Žo9 b.
32 6 0 , PR It, 0 1.000 .635 .56U 27 1.5b 209b.

40 f1Q3,9 TAIL 2-1500 1.000 1.560 0 .00 U.
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TABLE XXV

~ VERTICAL

23 L6 j NOSE 
Qs 

NO,6 i i
2 

5 0d~ (jN. S P A C IN 
b .OL w C

26 30 9 GEN .,A. O J.0j0 c SCREW)23 3 2 SE IR I.A 2 . O 0. O U 3 
#UU29 '~~ SEN'V.d .24 sou -0U

3 2Q U 5 3 4 2 u u 
i .

TAIL
S ~~f T 4 .L L6C 

C ) I S~~9j 
27.. 

2.eu I. vg0

23 1 'ý40j 2tpus. 1.56 I L No.Ac2 114; c

I- ou-iki



TABLE XXViI

4aJRC336 *bENs RING DATA
NO. STA. LUC# MATERIAL RRTO U mL
Z'4 17.t NUSL 7-ALUM. ''.660 oelb .X7 43ju21 17,s GEN,A 4'-ALUM, '4, 66. 9215 o277 .,'u• 27 319S GEN,0 "tALUM, 4e6 0.15 02177 83

27 31.8 SERV#A 6-ALUM, '4,660 .360 .350 #330
30 41.d SERVY I-STEEL 4,722 .22D .3oZ b36030 41td PRINA I-STEEL '46722 ,12U ,292 ,36U
419 96,6 PR IN.* I-SrEEL '4.722 ,250 ,351 .36U
43' 96.0 TAIL 6-ALUM. 4,660 .915 .227 .330S99 41 ob V-dAND I-STEEL£ '1 ,,722a ,1U ,198 , -,u

• NkC33b 'VELL RING OATA
* NO, STA. LOC, MATERIAL RR TO U* 24 17.5 NOSE 7-ALUM. 4,66U o115 227

R7 17,5 SERV.A 6-ALUM. 4,660 ,360 ,353 ,360
30 27.b SERV.3 I-STEEL 4,722 ,220 ,342 .5u
30 27.: PRINA I-STEEL 4,722 .120 .292 '3uO39 82,b PRIN. I-STEEL 4,7,2 .25U .357 3ut)39 82,b TAIL 7-ALUM. 4,6b0 .115 ,227 *3au99 27.o V-8ANU 1-STEEL 4,722 .170 .198 .3uu

THIS PAGE IS B3&ST QUALITY FR&(,r1B.R1
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QRC335 *GEN, MOMENT CAPA3IL1TY wRZVkT SHEAR~

NO. STAt LOCo '$Qh*YIEt.. HOR.sJLTo VEftT#YZELD VEINT.ILT,

231 OE62.8 6208 6 29q8 6

26 C33 30GLN,~ MOMEN 75s2I1I -54 75&2BEfI

29 16.1 NSEvo '42#3 1112.3 8'420 1,42.3

31 '4 3 2P RI N oA 174.' o 9 Q7, 1353.8 3
32 9qs9PRIN*S 3602. 3S9,1 b$50 142.
'40 96*2 TAIL 62846 12.# 8i. 6'92 s

QRC335 +GELt'J MOJMENT C.APA61ITY SKINT BAR1N6

NO, STA, Luce HOR4I'YELD HOH.LILT* VERT.YIEL) VNT*'IUL1.23 16 1 NOSE 8495. 14 21, 8496,1 694.w625 18.9GEN*A 1126018 113, to2, ~ 133
26 3UNGLN.8 3* 720010805 434. IUUU
26 33s2SERVsA 280,0o 380.09c I'40940 lK29 '40.4SERVsb 916.6 14374.7 916.5s43
31 4J.t2PRIN*A 61.731 82906 613,1 2247.
31 9'4.9PRINod 526'4. 9681. 64874.020
40 98o2 TAIL 8496. 1493. 3q9576.,

QR~C335 +GEN, MOMENT CAPAbIL1TY SK INGS~kN4

14a5N O.s HrA. YLOC, YIE&LT# Mot LT,YIL MOM#LT
2 6 NS 17.6 NOS 59746 9507*4o

2b 1'/.SGENA 2226 33b 2226.73f
27 3tGt3 72000~ 160.5o 12025.7jj
2b272ER% Z1BSERV. 225.3 90449.6 ~

30 41.8PRRINA 56*7842.6 b1ts5,7,
3239?PI~ 9,P1N54a 62.06 67ssU.9lo
4U9 96 .8 TAIL 38,* 536 3597.90

99 '1.8V8NOSE 6406. 5741.



TABLE XXIX

0iRC323ý 'WVELL NmoMEN1 CAPAB3ILI1lY -RIVEr SHLAI(

WO. STA. LUC, HOR.YIELD HOR.ULT. VtýRTYIELu V~tf I Lh.T
2.3 lbot jOSL 62,8 b2*6 b2*828~ 1'J. 9SERvA 11,100O 1000.0 1000.0 ouuO.u
29 2U.lSERV~d 142,3 142,3 142.3 142.6

312.PIiA17kk,9 174.9 1.35.0 1,35u32 80.bPRN1N. 308.7 308,7 5b5,7 bb.40 83.9 TAIL.6* 62.8 52,8 66

wkC~~ 'ELL MOMiviT LVA8ABLITY -RVrBAI~

NO. STA. LOUC. HOIR.YIELD H-iR.ULT, VERT.,'IELU vLtRT.ULI..
23 Io. I NOSE 84,9 14+2.J f34,9 12
2b lb.-)SERV.J4% 1000,0 3~u.00, 1000,0 ijuulu
29 20,ISERVed 260*6 24078 4257.u
31 2 6 o P; N ,A 173.4 290*b 133.8
5 r 3 U a 1-1 I ,J i 72,4 959.1 848,7 12.

1+0 Q.9 TAIL 834.9 142,3 84,914

%MC-3iý '.4LLL E"W:'lENT CAPA8ILIFY SKIN TEA4(NuJ

14O, STA, LUC* IhjNoYIELD 110R.ULT, VERT.YIELu v~i~ui23 1c.1 'JOSE -595.7 593.6 695,7 b9 3.u2e 10 - 9SV.A 80.0 380.0 '4U4.0 4429 20olSFkV.d 916.5 1374.7 916.5 1.514. 131 26 ,9Pli IN. A 561.7 842,b 59108 U3732 8U.bPRIr,i b4!34b 681.8 674.0 1U1ulu
4(i 84.9 rAIL .59b.7 593.6 3595,7

;QRC335 '.vELL MUi',LNT CAPAUI..L11Y OF IkING!3

NO, STA. LOC, YILLLJ MOIA ULI. MOM-
24 17,5 NOSE 47s9 57,4
27 17*5SERV,A 223.7 303.5
30l 27*5EkVsd 507,1 542.1
30 27.5PRINeA 1833.1 195.7
39 82,5PRIN.E 622.0 664,9
39 82.5 TAIL 47.9 57.4
99 27*5V-bN 5blbb 541*b
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FT~ vector sum of actual. horizontal bending moment and vertical

bending moment for limit load at jth joint. (Total Moment per

table XXIII).

CTY temperature derating facto~r for yield stress per table XxXIII,

appendix IV depe4ding upon appropriate'material.

CTU temperature derating faotor for ultimate stress per table )=II

appendix IV depending upon appropriate material.

I ~Margins of safety f'or joints appear in table XIV for a typical load case

Iand in sumimary tables I and ILI for locations whose pumbers are 23) to 40

I inclusivel.y.
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SECTION V

SKIN STRESSES

5.1 METHODS OF ANALYSIS

The concentrated forces at the sway braces cause high local stress areas.

At these areas the stress caused by tangential bending (distortion of cross-

sectional shape) is much higher than the stress caused by simple beam bending

stresses (axial). This local stress is very complex because of the changing

thickness of the re-inforcing hardback. All attempts to calculate the local

stress have resulted in very poor correlation with test results. Consequently,

the test described in reference 1 was conducted to establish a semi-empirical

method for calcu.eating the local skin stresses.

The referenced test used a 669A pod structure that was covered with a

photoelastic coating that enabled measurement of the maximum shear stress and

its orientation at any point on the surface of the pod skin. The test started

vith a survey that located the ten most critical spots on the pod skin. Some of

these locations were most critical for pitching moments, some for side force etc.

Consequently, it is not possible to define the most critical location until an

actual load condition is defined.

The test then proceeded to meaure the stress at each critical location for

unit load components of:

1) positive yawing moment

2) negative yawing moment

3) positive side force

4) negative side force

5) posi tive vertical force

6) negative vertical force

7) positive pitching moment

8) negative pitching moment
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In general the internal stress distribution is entirely different for positive

and negative loads components so the distinction shown above is necessary.

By means of equations derived in reference 1, the data was reduced to the

shear stress and tangential bending stress at each location for each load

component. This data reduction includes the effects of simple beam bending

stress. The data reduction also calculates the tangential stress at the inside

of the skin, because this is sometimes more critical than the stress at the

outside of the skin. Because these stresses are computed for a unit load

component, they are called stress coefficients. The stress due to an actual

load component is the product of the corresponding coefficient and the magnitude

of the load component. For combinod loads, it is assumed that shear stresses

add algebraically and that tangential stresses add algebraically.

These stress coefficients and the detail procedure for using them to

calculate skin stresses is given in appendix VI.

5.2 MARGINS OF SAFETY FOR SKIN LOCATIONS

The net resultant limit loads, table IX, were used with the equations in

appendix Vl to calculate the margins of safety for each of the ten critical skin

locations and for each load case. Both the margin of safety at the outside of

the skin and at the inside of the skin were calculated. These critical skin

locations are points 11 to 20 inclusive in table XlV. None of the skin locations

had any margins less than 0.6, so no skin locations appear in the summary tables

I and II.
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SECTION VI

SPECIAL CONSIDERATIONS

The only significant difference in construction of the QRC-335A structure

and the earlier 669A structure, is in the construction of the adapter modules.

A careful check was made to determine that the joint strengths for the adapter.

are really the most critical stress in the adapter for static loads. This was

found to be true, so this report, which includes critical lug stresses, critical

joint stresses, and critical skin stresses, includes all critical stress

locations.

..... ....
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Three mounting cofgrtoshv enstudied: one wiha RATG and with

a tirdwitouta RTG ndwith l~ugs to mate with the Sparrow launcher. Each

coniguatin as tudedfor yielding and rupture corresponding to room

temperature strength and elevated tanperature strength. TIwelve flight loads

were considered for each of the first two configurations and four flight loads

for the last. Furthexmore jettison loads were considered for all configu~ra-

tions. Because of the quantity of computations, the matrix multiplication

and margin of safety computations were done by computer.

The critical margins of safety for the configurations with a I'LkTG for

all loads are given in Table I. For the configuration without the RA'W'

critical margins are given in Table 11

The critical margins of safety list-ed ina tables I and II were

arbitrarily selected to be those loss than 0.6. Since there we.- no margins

less than 0.6 for the flight loads for the configuration with generator,

only the jettison case G7 appears in the Tble. Of the negative magins

of safety, all but one are irralevant since they are for yielding, which is

permissable for jettison. The one remaining negative margin (-l.7ý~ at location

31) is for the elevated t'emnperature condition. A more accuratVe anjal~ysis would

undoubtedly make this positive because of the various simplifying conservative

as=Wz~tioris used hare; e.g., 1) the jettison force was assirned to act at the

c.g. whereas figure 1 shows it to act considerably, behind the c.g. thus

reducing the ben~ding moment at location 31; 2) the pod is assumed t~ be at, an

elevated tmiperature corresponding to supersonic I'light whereas jettison

would only oc.cur in subsonic flight.
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For carriage on the Sparrow launcher on the F-4C, the lowest margin is

-0.028. This value occurs for yielding, at elevated temperatures, of the

button which serves as the for-ard lug. For room temperature ihe margin is

0.002 for yielding. This button is heavily loaded because, even though the

335A pod is lighter than the Sparrow, its CG is further forward. For this

critical flight load, the margins of safety for all points are given in

Table XWr

This one negative Margin would be positive if the larger swaybrace

angles on the. outboard side were used in the analysis of the lug reactions,

because the large yawing moment and side load are really reacted by the

outboard sway brace for this load. However, IRIL-A-8591 does not have

equations for unequal sway brace angles on left and right sides so the

smaller angle was used to be conservative.
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SECTION VIII

VIBRATION 'TEST DESCRIPTION AND RESULTS

8. 1 TEST CONDITIONS

The pod is required by contract to meet the vibration levels specified in

MIL-STD-810. The vibration environment for cycling is defined by this

specification as follows:

Frequency (Hz) Amplitude

5-14 0. 10 inches D, A.

14-23 1. Og

Z -52 0. 036 inches D. A.

52-500 5g

For resonance dwells, the amplitude -if vibration is specified to be one-half

of these levels for equipment the size of the pod.

The vibration tests conducted were design evaluation tests, not qualifica-

tion tests, so that the MIL.-STD-80 test was used merely as a guide and

'modifications to it were made based on engineering judgment. Information

from the McDonnell--Douglas Company indicated that vibration levels for the

F-4C may be higher than thuse ot MIL-STD-810. Because of this and because

casting fomed part of the major structure, it seemed that higher input

levels should be applied. The following levels were used in the test for both

cycling and resonance dwells with some exceptions, described later, such

are when the exciter had insufficient power.

Frequency (Hz) Amplitude

5-14 0. 10 inches D. A.

14-23 1. Og

23-74 0.036 inches D.A.

74-500 log's

S.v, -



without visible damageo

8.2 RESONANCES AND AMPLIFICATIONS (z AXIS)

In the Z-axis, there are three principal resonant frequencies: 50 Hz,

80 Hz, and 150 Hzo At the two higher frequencies, the exciter had insufficient

power

(Continued on next page)
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to apply the full level of 10 g's and thus delivered inputs of 8 g's at 80 Hz

and 7 g's at 150 Hz. Three acceleromneters were placed on the pod structure

along the length; one at each end of the principal module and one on the dummy

generator. The input level and the highest unfiltered output level of the three

S•accelerometers for each resonant frequency are tabulated below:

" Input (g's) Output (g's) Resonant Frequency (Hz)

•:4.5 35 50
-. 8 30 80
l~i7 40 150

•<i Several minor failures occurred in the course of the first resonance dwell
•, of vertical vibration: (1) one rib of the adapter casting cracked (see figure 9 );

:- (2) several rivets tying the aft ring to the casting loosened and one sheared
•il (see figurel0); and (3) the screws tying the lower forward end of the heat sink

• to the adapter failed. The following design changes were made to improve
i) the strength of these items: (1) the rib of the casting was given a larger

S~cross section and its corner fillet radius was changed from a machined

•,: one-sixteenth-inch radius to an as-cast one-quarter-inch radius; (2) the

•-. rivets in the aft ring were changed from 1/8-inch to 5/32-inch diameter;
i•.. and (3) the screws in the heat sink corner bracket were changed from number

* lots to 1/4-inch diameter. After the changes, the vertical vibration test

•.: was begun anew and completed without failure.
i•! 8.3 TEST RESULTS (Y AXIS)

•.i•.The Y-axis test was begun and the major resonances were found to be at
,-.•:.•:30, 65, and 150 Hz. The full input specified was applied at all resonance

dwells and cycling was completed with no failures. The resonance dwell at
i~ij•30 Hz produced one minor failure: one of the two bolts tying down the lower
,. forwvard end of the heat sink sheared. This is not part of the major structure

o.•i~:,since the heat sink was still contained within the pod. The pdsrie

the other two resonance dwells without failure.

• • 8 3

- -



Figure 9 First Minor Failure: Cracked Rib of Adapter Casting

'ri <W

Figure 10 Second Minor Failure: Sheared and Loosened Rivets
Tying Aft Ring to Casting
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8.4 CONCLUSIONS

All of the failures occurred in the adapter section, which can be attributed

to very high amplifications of the heat sink (which is mounted at one end to

the adapter) and to torsional oscillations of the generator. The subsequent

modifications in this area (the redesigned casting, the larger rivets, and

larger bolts holding the heat sink) allowed the major structure to survive all

of the tests made thereafter. These changes were such as to increase the

strength of those items; therefore, the tables of joint strength and margins of

safety for the static load analysis are somewhat conservative for these items.

It is noteworthy that even when failures occurred, they were not immediately

obvious in that the resonant frequency showed little or no noticeable shift.

This indicates the high degree of redundancy of the structure which is very

desirable for a structure which is apt to receive battle damage in service

and yet should continue to carry the load. The levels of vibration at the res-

onance dwells, where the most damage typically occurs, were between two

and four times the levels specified in MIL-STD-810, and the completion of

these tests without damage to the primary structure is thus good proof of

its adequate strength.

bii:
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APPENDIX I

WEIGHT AND BALANCE

A computer program was set up to calculate the moments of inertia about

the three axes and the position of the CG. Tables XXIV and XXV list the

x-axis data for pods with and without generators. This data, with similar y-

and z-a~xis data, was used in the equations shown below to calculate the mo-

ments of inertia and CG with respect to all three axes. The results are given

in table XXVI.

zc (W X)

c

E - (W Y)
c

2 zW W(y C ) + W(z -c

y c 0

I Wx X~) + W (y -r + M Iz C 0z



"APPENDIX I

TABLE XXX

WEIGHT AND BALANCE DATA, X-AXIS, FOR
QRC-335A POD WITH GENERATOR

Item 01(ib) (in) (lb-in2)

Nose Antenna. Mod 17 12.2 160

V-Clamp 3.2 17.5 77

RATG 72 26.6 1048

V-Clamp 3.7 31.8 77

Heat Sink Assy 135.5 59.8 1230

V-Clamp 3.2 41.8 77

Principal Structure 56.5 70.1 1110

V-Clamp 3. Z 96.8 77

Tail Antennua Mod 12.9 102.4 153

Total 306.7 4009

TABLE XXI

WEIGHT AND BALANCE DATA, X-AXIS, FOR
QRC-335A POD WITHOUT GENERATOR

SW X I
Itern

(Ib) (in) (lb-in2 )

Nose Antenna Mod 17 12.2 160

V-Clamp 3,2 17.5 77

Heat Sink Assy 135.5 45.5 1230

V-Clamp 33.2 27.5 77

Principal Structure ai. 5  55.8 1110

V-Clamp 3.2 82.5 77

Tail Antena Mod 12.9 86. 1 153

Total 231.5 2884

NOTE. Mountihg Equipment: lugs, sway brace pads, etc are not included
in the above tables since the equipment varies according to the par-
ticular Instolation. The figures for the.heat sink assembly do in-
clude an allowance of 8 pounds of water in the heat sink,
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APPEN~DIX I

TABLE )OOII

WEIGHT AND BALANCE RESULTS

Paramneter IPod With RATG Pod Without RATG

xc (in from nose) 52.54 47.83

-7 (in from CL) 0.101 0. 134

i(in from CL) 0.186 0.246

I(lb- in? about CG) 5, 064 2, 983
.2

I (lb-in aboutCOG) 213,906 120,728
y2
I in(lb-i about CG) 213,542 120,366z

W (ib) 306. 7 231.5



t APPENDIX II

Q1~c-16o..8 Load Data*

*2

C 0 m N -L a %t

co

'0 D4mN.0 cU

m0 00 'o 000f)0 0 0 0 Ln U0 0

U) cc , ,C% r

0; 00 0 0L

E rO0 Ln 0L0 OOOLrAOVmOr

V 0 r

coI 00

v: 0 0000' ' ~0d0 00 0

-M a, LnI IONw

0 -. N C N &N f- a

0 0

N 0cc'' rd A-

Q0 0

0o o 6
' 0

U -4

0 'a~

>4 0o .5

V ý U *0 M 0 c: t

0 ~~ ~ 0*~ tot)to-

89



APPENDIX III

SPARROW III 6B LOADS FORWARD FUSELAGE INSTALLATION*

Configuration Semisubmerged in Fuselage

Condition

Mach 0.64 1.92 0.76 1.82

Altitude (ft) SL 40000 10000 40000

Maneuver Symm Symrn SRP SRP

n (gt s) 8.5 -3.0 6.6 -1.0

p (deg/sec) 0.0 0.0 260 114

P(rad/sec) 0.0 0. 0 0. 0 0. 0

Loads

Vertical

Airload 1360 -800 630 -350

Inertial Load -5820 2050 -5500 500

Net Load -4460 1250 -4870 150

Pitching Moment -16350 14200 -11930 7750

Side

Airload 1420 -270 4150 -2390

Inertial Load " 0 0 -100 1190

Net Load 1420 -270 4050 -1200

Yawing Moment -36400 13100 -52600 40000

Rolling Moment 8200 -1530 23940 -13800

Axial Load 50 130 40 150

NOTE: 1. Ultimate values are shown,
2. Loads are in pounds, moments are in inch-pounds about weapon CG.
3. Positive directions are:

Loads: Up, outboard and aft.
Moments: Nose up, nose outboard or top inboard about

missile CG.
4. Inertial Loads based on weight 455 pounds.

*Load Data Furnished by McDonnefl Company
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APPENDIX V

EQUATIONS FOR CALCULATING MOMENT CAPABILITIES OF
POD JOINTS

V-BAND CLAM? AND RINGS

Sections of the pod, called modules, are joined together by V-Band

clamps. A typical joint is illustrated in figure A. Befor3 yield stresses

are reached, the V-band clamp will elastically spread to allow a

- slight separation of the rings on the tension side. In addition., the ring

itself will have aome elastic distortion on the tension side. On the com-

pression side, however, the rings are in simple compression and the V-band

clamp is unloaded. As a consequence the spring constant on the compression

side is far greater than the spring constant on the tension side, and the

neutral axis is very close to the compression edge. This is rather

analogous to a composite beam with one material having a modulus of elas-

ticity much greater than the other. The neutral axis then moves from the

rcenter towards the side of the beam with the higher modulus of elasticity.

IWA R~N P 6A CA

- A TYPICAL JOINT

Figure A
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The actual strain and force distributions around the Joint will be

approximately as shown below:

Physical Join,- Strain Force

Diagram Per Unit Length

For computational pin-poses, the force diagram will be assumed to be equiva-

lent - diagram shown below (i.e. the neutral axis all the way to the

edge). The validity of this assumption has been Proven in tests as will

be described later.

Yr

SLet
W r longitudinal force per inch of circumference (tension)

r =&ngle between horizontal axis and radius to a point on

circmdXerence.

W inaxizmm value of W
m r

Rr = radius to effective contact between clamp and ring

Vr
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1 Yr vertical distance of point above bottom

r[ Pr =total compression force

At any point, the diagram shows that

W W (1 + sino)/2

For equilibrium of axial forces Pr must equal the integration of the

tension distribution so,

P 2 Rwr r~r fr m
The mathematical model would indicate that Pr is a point load and thus

the compressive stress would theoretically be infinite. Actually, of

course, the neutral axis is raised slightly so that Pr is distributed over

a small part of the circumference. Suppose, for example, that Pwere

distributed over a three inch length of circumference (this would corres-

* pond to less than .25 inch shift in neutral axis). Then the compressive

force per inch of circumference would be #IR ar__• m .9 times as great

3.0
as the maximum tensile force per inch of circumference. However, the

actual stress involved is lower on the compression side, because there is

* no bending stress within the ring. This internal bending moment causes

* •stresses far greater than the direct tension and compression forces, so

the stresses due to P are lower. The internal beoding stiresses will be
r

derived below.

If _P ib included, the moment of the force distribution is the wame

about any &xis. Therefore, for convenience it will be computed about the

neutral axis (bottom of the figure) where Pr adds nothing to the Moment.
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Integrating the tensile force distribution gives

i=

2f Wr Yr

2/ Wr Rr (I+ siz R d

:,r

3± Vo~r Wm

The moment calculated by intograting the longitudinal forces around

the circumference is numerically equal to the berding moment caused by the

external pod forces. In fact, the above equation can be solved for Wm

as a function of BM(bending moment). However, the computer program used for

thia re- rt does not compute margins of safety by comparing actual stress

with yield or ultinate stress. Instead it computes the bending moment that

would initiate yielding and the bending moment that would cause rupture.

" h-se moment capabilities are then compared with the actual

bending moments to c.'lcu'ase the margins of safety (using appropriate

factors of safety). The re~ulting margins of safety are exactly the same

with either approach.

in order to define the maximum. bending moment capability, it is neces-

sary to calculate the limiting value for W . Consider a slice of the
m

joint at the top of thi ring -a shown bulow,

•'"- - - -

~ ~ *'/-PANP czAMP

V -.
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Symbols have been chosen so that the equations apply to either the V-band

clamp or the ring. The critical bending stress occurs at the root of

the clamp or ring (where it is broken in the diagram), because W has
m

a moment arm, U, about this section.

Considering a short section of the clamp or ring that is dl long

circumferentially (perpendicular to the paper), the maximum longitudinal

stress at the root is the direct tension plus the tensile beam stress.

The direct tensile stress is
•?; 2o

S =W dl =W dl = W T nT/Tm M m 0 rXo 0o/
dA To dl

The bending stress is

S2  - Y/i (W L) (To/2) (To dV12)

-6W U dl 6W/2

T2  dl
0

So the total longitudinal stress is
sL (T +U)/T 2

m 0 0

The flange of the clamp or ring prevents strain in a tangential

* direction. Because of Poisson's ratio, the ring would shrink tangentially

if unrestrained. Therefore, a tangential strese is pood4ced equwl to

Using the maximum shear theory of failure

Ft sL S T = i(l-P) (T0 6U)/

where F = tensile strength of material (yield or ultimate).
t

Therefore

W T2 Ft_ _-0 0t
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Substituting in the equation for bending moment gives the moment capability

of the clamp or ring as

7 r o t . for yield strength
1-At) (T -6U)

or

BM = 31,Rr r Ftu for ultimate strength

2(1-q) (TF + 6U)

As an example, consider the V-band clamp. Under load, the angle of

the clamp will become larger, moving the effective point of pressure towards

the outside of the ring. Assuming that the effective contact point is all

the way to the o.d. of the ring gives

Rr 4.74 inch

To 0.17 inch

U 0.18 inch

S=0.36

Ft 145,000 psi

Then

BM(yield) 3( (+5..17 14s000) 556,000 in-lb.

The value of the bending moment to cause yield as caluclated from strain

gage measurements during a static test of a 669A pod is 506,000 in-lb.

Thus it appears that the effective contact point is not quite all the

way out to the o.d. of the ring.

It is found that a value for Rr of 4.722 and a corresponding value

for U of 0.198 causes the equation for BM to agree with the experimental

data. Therefore, wherever the rings are steel, R is assumed to be 4.722

inch. Wherever the rings are aluminum, the lower modulus of elasticity of
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the ring will make it deflect as much or more than the V-band clamp,, so

in those locations the nominal midpoint (4,66 inch) of the contact area

has been used for Rr

>1r

(j
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RIVETED JOINTS

As shown in figure A, the rings ere fastened to the pod skin and hardback

by means of rivets or screws. Obvioucly, the skin is most likely to fail where it is

weakened by rivet holes. There is also a possibility of the rivets failing. There-

fore margins of safety are calculated based on skin tearing at the rivets, shearing

of the rivets (or screws), and bearing failure at the rivets (or screws).

Rivet Shear

The following derivation represents the moment capability of a riveted

.joint as a function of the rivet shear stress. The derivation assumes a uniform

rivet spacing. In practice this is not always true, so the capability in the verti-

cal direction in calculated separately from the capability in the horizontal direction.

In both cases, the rivet (or screw) size and spacing at the greatest distance from

the neutral axis are used in the equations, because the rivet spacing near the neutral

axis has very little effect. Because of the type of construction of the pod, the

neutral axis will not coincide with the geometrical axis of the cylinder as shown be-

low.

Let

X8 distance from the cylinder axis to the neutral axis

P1  imaginary concen-.rated load to balance axial forces

W the longitudinal force per inch of circumference

* W the maximum value of W

5 radius to shear interface

angle between horizontal axis and radius to a point on circumference
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-- . ', "Actual

Assumed Distribution of
Distribution Forces per

'of Forces per Inch of Circum-
Inch of Circumference ference

rw

At any point on the circumference

'X R
w w,W -Xs + P .

The force P. is included to balance out the longitudinal forces. It is

a reasonable approximation to the nonlinear distribution of longitudinal forces.

This non linearity is caused partially by the end effects from the unsymmetrical

forces at the V-band clamp and partially by the ridge on the rings that bears against

the skin and helps to carry compressive loads. Moments can be calculated about

any axis since there is no net force, so it is convenient to take moments about P1 "

Therefore

B14 2 w ( I +s

:: " W 2X s + R 2

2fWa sinr~ I8  + i R

/ X +R

W R 2 X s + Ra

~'w r2/ X + R
""Letting2Xs R /

[ililA j)i 2•A

Gives

P14 Wm A(J

Wm is equal to the rivet (or ewatVW shear strength, P., divided by the rivet spacing,
Sc, so the moment based on enearing of a sing3row of rivets is

cI
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For most of the joints the neutral axis is assumed to be at X5 R /2.

This is based on the fact that elasticity of the V-band clamp permits the module

rings to separate slightly except for a small zone on the compression side. Thus at

the middle of the V-band clamp X nearly equals Rs. Far away from the V-band clamp

X6 0 for a symentrical shell. Thus the assumption is that the end effect hfs

diminished by fifty percent at the location of the rivets. An exception to this rule

is the principal module. In the vertical direction, X for the principal module
a

is assumed to be 4 inches, because the massive hardback causes X to be above center

even where there is no end effect. At the "B" end of the piincipal module, where

there are three rows of rivets, the horizontal value for X is assumed to be 1.0

inch, because there is more distance for end effects to disappear. These assumptions

have been partially verified in static tests of other 669A pods.

The principal module has an additional complication due to the hardback

and longeron. The bending moment is shared by tha skin, hardback and longeron by

the ratio of their moments of inertia about the neutral axis. Thus twD bending

moment capabilities can be calculated: Mf the moment to fail the rivets (or screws)

between the ring and the skin, and 'Nh the moment to fail the screws between the

ring and the hardback or longeron. The lesser of Bk and Bh is tabulated as the

joint strength. Because the screw spacing is irregular, their actual shear streigth

times their average distance from the neutral axis is used. The equations for BK

and BM are as follows:
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Let

2 =skin moment of inertia about centerline - 39 in4

Q 3 horizontal moment of inertia of hardback 18 in4

Q = horizontal moment of inertia of longeron = .4 in4

Q = vertical moment of inertia of hardback about Pod Center 82 in 4

5
Q vertical moment of inertia of longeron about Pod Center - 20.3 in4

1., 2j AA - cross section area of skin a 3.1 in2
A = cross section area of hardback 4 4.84 in2
3

2A = cross section area of longeron 1 in
4

XI vertical distance of hardback centroid from centerline 3.98 in.

X2 vertical distance of longeron centroid from centerline 4.62 in.

The moments of inertia must be translated to the neutral axis for any given X

(in the vertical direction X is towards the hardback). If Q is the ratio of

skin moment of inertia (about N.A.) to the total moment of inertia (about N.A.)

and subscript 1 refers to horizontal direction and subscript 2 refers to vertical

direction, then

Q. (1) 9 Q2+A2 x~ Cl)2
6,+Q 4-Q4 -A X (1) '+A x (1) -+A X()342 s3 4

(2)Qj+AOX (2)2

Q24'ý5 %+A2 tIX.(2'..A (22IXB(2 ) X (2)] +A4 [~ 2 3 2+ (2)]

Letting Nw be the nuber of rows of rivets, the moment capability for

rivet shear at the skin is
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N 0 AP (j)A(j)

QS Q) so (jt T

A j 1 or 2 for horizontal or -ertical

If N is the number of acrewb per row attaching the hardback and longeron,

P is the shear strength of the scews, and D is their average distance from the
as a

neutral axis, the moment capability for "rivet shear' of the screws between the ring

and the hardback/longeron is

N P8 D (j)
Bn(h* (P)

Rivet BegEjin

The moment capability for rivet bearing is analogous to the calculations

for rivet shear. Thus

~b WmA )
and W ~PM bi7

and P F Abr br b

The bearing area, Ab, is caiculated as

T5  r/2) Dr

This assumes that the countersunk head is only half as effective in carrying beariag

loads as the shank. Thus the moment for a single row of rivets is

:t (a) -Cd ,br(k) (T - Hr/2) Dr A (j)/s (0)

J 1 or 2 for horizontal or vertical

-k index for skin material

where C derating f ctor in cases where edge distance is less than twice rivet

diameter

104



Fb (I) - allowable bearing stress of skin

Ts akin thickness

Hr head depth of rivet

D diameter of rivetr

A ( f) unotion of X as before

Sc rivet spacing

P maximum bearing force for one rivet

Ab • beairng area for one rivet

For the principal module, moment capability for bearing in the skin and for

bearing in the hardback/longeron are both calculated in a manner similar to that 'for

rivet shear. Thus
.c ~Iua C df,,br(k) (T -'r/2)DA (DA

SFor the bearing arem of this e CV in the hardback and longeron, the bearing area is aasued

to be D , where DVw screw dia, so

v abr ()aw 0.Q
Bih() I- Q8 (J)

; kinThe moment capability for skin tearing is also analogo"s to the calculation

for rivet shear. It is based on the cuetceey asseuption of a uniform stress distribu-

tion acros the net area of the akin at the rieted section.
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E. (j) Nt A(J)/Q0 (J)
t~ty

and N= F A

and AT = (T - Dr/S (J))- Dr (T 3 Hr/2) D/S (t acr~r/2 SC ) r/ rc

where
At the net area per unit length of circumference

Nt = force in tension per unit length of circtmference

tyi~i Fty yield or ultim~ate tensile strength of skin

Thus

N )k() =FFty (T +Hr )Dr/Sc (J) A (J)/Q, (J)
ty 2
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APPENDIX VI

EQUA(CIONS FOR CALTjTATING MAPIIN OF SAFETY OF POD SKIN

The Westinghouse St:'uct"- Tent Programias described in reference 1,

produed three sets of coefficients for computing the critical stresses in the

skin of 669A type of pods. These coefficients, called CTAU, COUT, and CIN are

given in Tables A, B, and C. For a given combined load case, the maximum shear

stress, FTj, at each critical location is computed as follows:

where

CTAUij longitudinal shear stress coefficient for ith load cmponent

th
and j location from table A.

COUT = '-fficient for difference between circumferential and axial

th th
stresses. for ith load component and j location on outside

of kin from table B.

CIN*. coefficient for difference between circumferential and ayial

th thstresses for i load component and hj location on inside of

skin from table C.
5n t

FT twice the maximum shaar stress at j location caused by the

total combined load. (Twice the shear stress is used because

this is the number that must be compared with the tensile

yield and ultimate strength,)

SUMOUT. = (COUT) Li3 {.I ji

SUMIN Z (cIN. )L~

SUMTAU = t (CTAUJ,) L

At the outside of the skin,

IFT4  (SUMOUT )2 ~ sMru)2,•[ FT " = S " (SMTAUj
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and at the inside of the skin,

FT -- (SUMIN )2 + (SI•TAU )2

Li is a vector that i. generated from the net resultant loads for each case as

follows:

L(1) MZ/10 if MZ is positive, otherwise L(l) 0

L(2) = -NiO if MZ in negative. otherwise L(2) 0

L(3) + +Xi' if PY + •X is positive, otherwise L(3) 0

U ~~L(4) = / X
+R+103 if PY + MX is negative, otherwise L(4) = 0

R+H

/L(5) PZ/I if PZ is positive, otherwise L(5) = 0

L(6) PZ/IO3 if PZ is negative, otherwise L(6) 0

L(7) MY-.fI+.+E) PX if positive, otherwise L(7) 0

1oý

L(8) (=,F+C+E)PX-MY if positive, otherwise L(8) = 0

The test that was used to obtain the empirical coefficients did not

include loads corresponding to Px and Mx. However, an inspection of the
!•-•:li•IMIL-A-8591 equations shows that AMxA+H) affects the lug and sway brace reactions

i!;terms Ji the above equations account for the effect of P and •.• on the concen-

trated forces at the lugs and way braces. The only tfing neglected, then, is the

uniformly distributed stress due to 1x or I&. This is negligible. For example,

the maximum Px for the QRC-335A is 1113 lbs. Since the cross section area of the

skin iv 3.1 in2, the uniform cotapresive stress due to P is 1113/3.1 m 360

psi. This is considerably less tharn 1% of the yield strength of the skin.

The factors of i10 or 0Q in the denominators of L, were used in the defini-

tlons of the coefficients to make the coefficients convenient sized numbers.
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For room temperature strength, the margin of safety at each point is

calculated by

MSY KEY (FFY) -1 for yield strength eq. VI-I
SFY (FT

and

SUK (FF1) -1 for ultimate strength eq. VI-2
j SS! (F

2 For the elevated temperature atrength, the margin of safety at each point

is calculated by

MSYT - KEY (FFY ) (CTY) -1 fo;' yield strength eq. VI-3

A::i --'SFU (FT )

and'

MSUT KEU (FFU) (CTU) -1 for ultimate strength eq. VI-4

SFU (FT)

where

FFY room temperature tensile yield strength (43,000 psi for skin)

FFU. room temperature tensile ultimate strength (64,500 psi for skin)

SFY yield safety factor 1i15

SFU1 ultimate safety factor 1.50

Cfl degradation facitor 4?r yield strength at elevated tcoperature3

CTU degradation factor for ultimate strength at elevated temperatures

SEY empirical corxelation faotor for visible yielding based on rup-

ture test 1.64 lor the skin

KEU empi•,i& A correlation factor for rupture based on rupture test

1.78 for th6 skin
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5 Typical Skin Stress Analysis

Consider the maxim=m shear stress at point 13, an area near the forward

sway brace of the QRC-335, for load case A2. The net resultant loads for

this case are:

PX = 1113 b.

j PY = 5625 lb.

PZ -2721 lb.

MY = 88829 in-lb.

MZ = 3436 in-lb.

M •0 in.-l.

y5625 + 0 5625 lb.

R+H

M - (m+C+E) P 88829 -(5+l.7-.19)111.3 81579 in-lb.

Therefore the Li vector for case A2 is

.03436
0

* 5.625
L = 0

0
2.721

.81599
0'1

For point 13, the corresponding row of COUT is -1224, -447, -3912, 1530

-.849,256, -9452, 4539

The matrix multiplication indicates that

SUMOUT -1224(.03436)-447(0)-39•2(5.625 )+1530(0)-849(0)+256(2.721)
-9452(.81579)+4539(O) -29062 psi

The corresponding row of CLN is

4126, -2491,4 225, - ,44 944, -359, 9833, -5059

The matrix multiplication gives
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SWMIN = 4162(.03436)-2491(0)+4225(5.625)-18"(0)+944(0)

13

-359(2o721)+9833( .81579)-5059(0) - 30953 psi

The corresponding row of CTAU is

-530, 170, 0, -499, -277, 695, 0, 17161

The matrix multiplication gives

SUXTAU 13  = -530(o03436)+170(0)+O(5.625)-499(0)-227(O)+695(2.721)

+O0(81579)+1716(0) 1873 psi

At the outside FT13  s -(-2906Z + (1873)2 = 29123 psi

At the inside FT1 3 inside • (30953)2 + (iM3)2 = 31013 psi

Therefore,

KMSY1 = KEY(FFY) -1 = 1,6&(43000)(.) -1 .9771n1 SFY(FT13 ins) 1.15 (31013)

MSU13n = UFFU -1 =1.78(6450) -1 1.482
insns SF(F. 50(31013)

1FCT3 ins) 1.15 (31013)

MSUT KEU(FFU)(CTU) -1 1.786&500)(.&0) -1 .985

SF(S

13 ins) 1.50(31013)

..... .. ..
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This table is the sa .o'as that speoified in MV4-MV19-810 below 5?21Z. Aboire

that frequency, the vibration level is higher and becomes twice the amplitude

above "41iz for frequeiicy suvepso For reson•sce dvells, the Input level waB

tvice the level ipecified by MIL-STD-81O for io''V freqdeiMcles and four times

the level at high frequencies.

The test method specified by MIL-STD-Jil for quulification tests entails

3 houz'• of vibration for each of three axes, and these three hours are divided

into half-hour dwells at major resonances with the ramainder of the time cycýling

over the specified range of frequencies. because of fixture limitaLions, vibra-

tion tests could only be conducted for tw axes: the Y (side-to-side) axis and

the Z (vcrtical) axis, Thus, the time of vibration for each axis was increabed

to 4,5 hours to give the &ame total time for the vibration test. The config-

uration tested ws that shown in Fig. 1, because, being the lougest and heavieut

configura•tion, it is the most higahly tressed, Furthermore, the adupter ca•ting

could be checked in this conflguration,

Rxwiinrtion of the input and output vibration levels, monitored by accelero-

meters, sholed th;rt the responiio of the structure wae ar 'm sinusoidal, When

the output was filterd with a 10 ZIz bundposa filter, the amplitude wa typically

only about one-half to one-fourth of the unfilterod rue|ponise indicat.ing that

miany 1Agher harmonics were excited, At smoe frequencies, the foi-cc feedbac). of

the structure wa no 1rcit as to make it impoouible !'or the cmchine to arply the

ull iltcndct'd level, It asn also difficult at times to'define p~recisely "-k res-

onant frequeun-y Lecaut;e of tht complex mode ulwpeo and the deree t; off.t-nx

respoiue. This io due pt~wtly to the method of support using rtuuy vh'e, vieh

lift off tne suxl'ace under ae'ere responaes, in part to the hIe.*& rink whirl is

stmi-fltuttlng In the ahell, aud in part to t ht torsional reuponce of the structure

to tranuAlutiotual inpxt•. lBecause of these diffieultleso, an analytical approach@ I'
to the fatigut wnlysic Aecomva Impractical, and the design of the primary stru:-

ture lo prov'n by haviwk it survive the very severe vibration endurance test
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