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FOREWORD
This report describes work conducted during the period July 1974 to January
1976 on the design, analysis, fabrication, testing and delivery of positive expulsion fuel
tank assemblies for the generic ordnance ramjet engine (GORJE). This effort was
sponsored by the Naval Weapons Center (NWC), China Lake, California, under Navy
Contract N00123-7477357 and supported by the Naval Air Systems Command under
AirTask A3303300/008B/4F3133430G0.

B. Waldon was the Navy Technical Coordinator and has reviewed this report for
technical accuracy.

This report is released for information at the working level and does not
necessarily reflect the views of NWC,

Released by Under authority of
G. W. LEONARD, Head G. L. HOLLINGSWORTH

Propulsion Development Department Technical Director
1 October 1976

NWC Technical Publication 5835

| T ) e S SN Technical Information Department
Co.lation TS N AL SRS B P 5 b g e e 0, o
First printing = TR e T R g e 12205 uhah gl apeR-0eh ey

I accession e

i Miite Section [

I Butl Section W/

UNANNOUNCED s

SUSTIFICATION ...

By

DISTRIGUTION /AYAILABILITY CODES

Oist._ AYAIL and)or SPEGIAL

Bk

= ‘,/-.’-“ ._

T i




UNC LASS\F\ED

lCATlON OF 7H|5 PAGE When Dlla Fnund)

.'LI:L.EI ™ Ci

READ INSTRUCTIONS

EPORT DOCUMENTATION PAGE

BEFORE COMPLETING F ORM

MM

Rk 835 ,

W

T2 GOVY ACCESSION NO.

3. RECIPIENT'S CATALOG NUMBER

 Fu A

L

GENERIC QF-‘L‘.IT HANCE Fl.A'-.

=
I-LH'L Tn'\.r

\JET ﬂJ;'“wll;iull‘-L'E
GORJE! | \

" Final

Julg Q74-dan“ W76

9

gy T i)

T {./ Narrien

8. CONTRACT 91“ GRANT NUMBER(s)
NOO123-740367 . .

»

9 PEQFORIMNG ORGANIZATION NAME AND ADDRESS
Chemical Systems Division
Urited Technologies Corp.

Sunnyvale, CA 94086

10. PRoGnAM ELEMENT.PROJECT TASK
REA & woRK UNIT NUMBERS

21334500

11, CONTROQOLLUING OFFICE NAME AND ADDRESS
Nava! Weapons Center
China Lake, CA 93555

210

15, SECURITY CLASS. (ot this

UNCLASSIFIED

1Se. DECL ASSIFlCATION/DOWNGRADING
SCHEDULE

T DISTRIBUTION STATEMENT (of this Report)

Distribution limited to U.S. Government agencies only:

Other requests for this document must be referred t

o the Naval Weapons Center.

test and evaluation; 10 September 1976.

3133%/

20, 11 difterent lrom }}"nru

SUPPLEMENTARY NOTES

L

18.

T KEY WORDS (Continue on reveras aide
Fuel Tank
Bladder
Positive Expulsion
Design to Cost
Low Cost

il necessary and Identily by block number)

20. ABSTRACT (Continue on reverss alde

See reverse side of this form.

1 necessary and identity b

y block number)

DD kN7 1473

/N 0102-014~6601 !

EDITION OF 1| NOV 6815 OBSOLETE

UNCLASSIFIED
E (When Data Entarsd)

SECURITY CL ASSIFICATION OF THIS PAG

B9/ 947

L




3 N F

UNCLASSIFIED

% L UIHITY CLASSIFICATION OF THIS PAGE(When Dets Entered)

4
B ]
(U} Generic Ordnance Ramjet Engine {GORJE) Fuel Tank, Final ’
Report, T. C. Warren, Chemical Systems Division. China Lake, Calif., . 1
NWC, Ocigper 1976. 210 pp. (NWC TP 3833, publication UNCLASSIFIED.)
(U) This report discusses the design, analysis, fabrication, testing, and A

delivery of positive expulsion fuel tank cssemblies for the generic ordnance
ramjet engine (GORJE). The program was conducted in two phases: Phase |
Task | encompassed the design and analysis cf a tank assembl; sutisfying the
basic GORJE requirements. This assembly consisted of a 41 30 steel tank with
a reinforced elastomeric positive expulsion bladder that contains the ramjet
fuel and collapses around a central collector pipe that houses the fuel delivery
gas generator and flow control valve, Phase I Task Il involved the fabrication -
and test of one ground test tank with a spare collector pipe and six expulsion 4
bladders. This ground test tank was delivered to NWC for testing purposes.
(U) Phase II involved the fabrication, checkout, and delivery of four
flight test units to NWC for use in the GORJE flight test program. k|
(U) This program was concluded with a detailed manufacturing cost 9
analysis of the tank assembly in quantities up to 2,000 units.
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1
INTRODUCTION

This program was conducted to analyze, design, manufacture,

test, document, and deliver five Generic Ordnance Ramjet Engine (GORJE)
fuel tank assemblies including fuel tank, containment and expulsion
device (bladder), and collector pipe assembly.

The program was divided into two phases, Phase I included as con-
current tasks: (1) analysis and design of fuel tank assemblies; and

(2) design, manufacture, test, and delivery of one ground test unit,
Phase 11 consisted of manufacture, test, and delivery of four flight test

assemblies,

n on 10 July 1974 and was completed on 31 December

The program bega
design activities during that

1975. This report describes the program
period.
round test unit design described in this report,

der Phase I, Task 2, is identical
fabricated and delivered during

The 47.5-pound
which was fabricated and delivered un
to the flight test unit design that was

Phase II of this program.

analysis, and manufacturing
ts, and the final manufac-

This final report covers the design,
of the tanks, testing conditions and resul

turing cost analysis.
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2
FUEL TANK DESIGN OBJECTIVES

The primarv design objective was to design and analyze GORJE fuel tank
assemblies which satisfied requirements and constraints specified in the
Appendix A data package.

This report contains a design description, a strnctural analysis, and
a manufacturing cost analys?!.. The complete preferred design description
includes engineering drawings, method of manufacture, rationale for the
design of all components, materials, weight estimates, fuel volume esti-
mates, and expulsion efficiency estimates.

A detailed structural analysis of the fuel tank was conducted. A
detailed manufacturing cost analysis (up to 2,000 units) includes
the following cost comparisons used to arrive at the preferred design:
(1) bladder cost versus expulsion efficiency (2) tank internal volume
versus tank cost and (3) tank welght versus cost. The cost analysis
employed design-to-cost information.

T ——"
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1 GORJE FUEL TANK ASSEMBLY DESIGN DESCRIPTION

v TANK ASSEMBLY

%%s

T The GORJE fuel tank assembly (CSD drawing No. C11225) consists of

b four major subassemblies: (1) tank pressure case and struct:re, (2) remov-
able suspension lug assembly, (3) reinforced elastomeric expulsion
bladder, and (4) fuel collector pipe.

The same tank assembly design was used for both the ground test unit
and the four flight test units. This configuration, excluding bladder
and collector pipe, weighs 47.5 pounds compared to a ground test unit
maximum allowable weight of 51 pounds and a flightweight design goal of
44 pounds. The proposed methods of reducing the current 47.5-pound tank
to the &44-pound flightweight production configuration are discussed in
this section.

e e ad i

Figure 3-1 1is a complete block diagram for the tank assembly,
Assembly and component drawings are presented in Appendix B.

. Photographs of the ground test unit tank are shown in Figs. 3-2 ;
through 3-5, %

Tank Structure (Design Approach)

Detailed trade studies were conducted which resulted in selection :
of a baseline design that meets all NWC requirements and constraints
specified in the GORJE Fuel Tank Assembly Data Package (Appendix A). i
The design-to-cost disciplines were implemented by appointing a compo- 4
nent cost targeting board which established baseline component cost 4
estimates in coordination with the cost engineering team. These esti-
mates were used during the integrated trade studies of candidate designs.

b TR s

Two basic design approaches were investigated, The first approach
allowed the pressure tank to share the captive Zlight and ejection loads
with the suspension lug attach support structure. The second approach
was to separate the fuel tank into two structural elements: (1) a pres-
sure vessel to provide the required volume and support for the bladder,
and (2) a suspension lug attach structure to react captive and ejection
loads.

G

g 'M‘%ﬁ{ri i i :

The latter approach resulted in a lower weight and lower cost
design. Further weight reductions that were investigated are possible
at increased costs. The key design features of the fuel tank structure
include: (1) low cost 4130 steel components, (2) roll and weld construc-
tion, (3) separate structural components for reacting concentrated loads,
and (4) removable suspension lug assemblies,

S A Y Pl o
s Sl gl
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FIG, 3-2. Fuel Tank Assembly

with Bladder and Collector Pipe Installed.

BIG: 3-3:

Fuel Tank Assembly Showing Forward Closure.




FIG, 3-4.
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Fuel Tank Showing Internal Sway Brace Ring and Longeron,

FIG, 3~-5. Fuel Tank Assembly Showing Suspension Lugs

in Retracted Position.

10
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Design Description

The GORJE fuel tank assembly is shown in Appendix B, Fig. B-1, This
configuration meets all requirements shown in Table 3-1,

FUEL TANK CASE

The tank is a five-component weldment consisting of forward and
aft closures, two-piece cylindrical center section, and a conical fore-
body. The tank case functions to provide the required internal volume
and to support the fuel bladder. In addition, both closures have skirt
flanges which include provisions for all specified attachments. Two
0.63~inch~diameter raceway tubes penetrate the closures and pass through
the tank interior to connect the skirt areas. The forward closure has
an internal boss which provides lateral support for the forward end of
the collector pipe assembly and contains vent holes through which the
expulsion gas is admitted to the space between the tank interior and
bladder to initiate bladder collapse. The forward closure also has seven
externally mounted bosses which provide attachment for flight instrumen-
tation. The closure also has three ports in the center for the gas
generator igniter, pressure relief valve, and instrumentation.

TABLE 3-1. Requirements and Constraints,

Envelope constraints. . . . . . . NWC Drawing No. SK45760004
Fuel volume, 1b . o+ « « « « « + o 75 (minimum)
Weight, 1b, 4 ¢« « « « &+ + o & « « 44 (maximum) flight production design

&t e ¢« s e o s o« « s o+ 51 (maximum) ground test design
External loads. . . « « « « +» « ., Fig. A-3 of Appendix A
Vibration . . . . . . . . . . + . Fig. A-3 of Appendix A

Factor of safety

All point loads. . . « . « . 1.5 on ultimate

e s+ ¢ s+ s o « 1.15 on yield

Pressure, psi

Proofe . « « &« « & « o « o o 450

Yield, + + ¢ o « o o o » o « 475

Ultimate « « + o o o « o & « 550
Temperature, °F

Storage. « « o « « o » » « . =45 to 140

Flight « « ¢« ¢ ¢« « « « « +» o 550 (internal)
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The conical forebody is a 0.062-inch-thick roll and welded frustum
of a right circular cone. It provides the necessary transition between
the 10-inch-0D forward closure attach skirt and the 12-inch-0OD tank
cylindrical centerbody.

The centerbody is a two-piece cylinder consisting of a 0.062-inch-
thick roll-formed cylindrical section 315 degrees in arc length into
which a thickened (0.093-inch) roll-formed section with an arc length
of 45 degrees has been inserted. Two longitudinal wecids attach the two
pieces to form the complete cylinder. The thickened skin section was
added to provide the required stress distribution in the cylinder in the
area of attachment to the longeron assembly. The thickened skin has a
cutout into which the longeron is welded at final assembly.

The aft closure is welded to the cylindrical centerbody to complete
the tank. The closure includes an integral skirt with attachment provi-
sion and an opening and attachment bolt hole pattern for securing the
aft end of the collector pipe/bladder assembly. The Y joint of the
closure acts as a part of the structure which reacts the concentrated
loads introduced by the aft sway brace units. The closure has slots and
holes in the skirt for tank fill, vent valves, and fuel transfer lines.

All components of the tank case are fabricated from 4130A steel per
MIL-S-18729. The forward closure is annealed, the conical and cylindri-
cal shells are normalized, and the aft closure is heat treateda tu 140,000
to 160,000 psi minimum ultimate tensile strength.

To minimize overall costs, the suspension lug, sway brace, and
ejection concentrated loads on the tank are carried by a reinforcement
structure which acts independently from the basic case wall. The struc-
ture includes a forward sway brace stiffener ring, longeron, and an aft
sway brace stiffener ring, which consists of the thickened area of the
aft closure Y joint,

The support ring and longeron include webs at load application
points to react concentrated loads. The longeron also includes integral
suspension lug housings. U-shaped cross sections are selected for both
units to give structural efficiency in bending while minimizing fabrica-
tion cost and weight.

SUSPENSION LUGS

Replaceable retracting suspension lugs are housed in the longeron.
(See Fig. 3-6.) The lugs are forged of 4340 stee’ and machined. The
force required to restore each of the vehicle attachment lugs to its
recessed position during vehicle flight is provided by a high-strergth
steel torsion spring. Each spring exerts a torque of 28 inch-pounds
when the lug is rotated for attachment of the vehicle to the aircraft.
This torque is sufficient to overcome frictional drag and inertial
forces acting on the lug and will rotate the lug into the recess provided
in the longeron. Once down, the lug is secured in position by a flat
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SUSPENSION LUG
RETENTION SPRING

ADJUSTING
SCREW

FIG. 3-6. Suspension Lug Retention System.

steel spring which engages the lug crossbar. This prevents rerotation
of the lug back into the airstream.

The adjustment of the flat spring is performed by loosening the
adjustment screw and shifting the flat spring until contact is made with
the lug with interference of 0.03 to 0.06 inch. This approach (low-
torque torsion spring, securing spring) was selected because it was
found to be impractical to design a spring to meet the alternative
requirement (250 inch-pounds of torque).

A pullpin is also provided which passes through the strongback wall
and into the lug to hold the lug in the upright position during mounting
on the aircraft. This pin is removed following mounting.

The suspension lug subassembly, consisting of lug, shaft, sleeve,
and spring, can easily be removed for maintenance and/or replacement,
The two retainer plates are unbolted and the lug assembly is slid out of
the slots in the pocket sidewall,

The lug shaft has flats which interface with the top lip on the
slot. This feature provides added bearing area on the shaft and increased

shear area to the slot 1lip.

The shaft sleeve stabilizes the torsion spring in the loaded position.

A
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FUEL EXPULSTION BLADDER ASSEMBLY

The tank requires a bladder to ensure positive fuel expulsion for
all attitudes and operational environments and to separate the expulsion
gas from the fuel, A reinforced elastomeric bladder which collapses
around the fuel collector pipe is the baseline design for this application.

Bladder Design

Design considerations for the positive expulsion bladder were as
follows: (1) low cost, (2) reliability, (3) expulsion efficiency,
(4) weight and volume, (5) compatibility with the propellant (long term
storage), (6) permeability, (7) low temperature and high temperature
operating characteristics, (8) multiple cycle life, and (9) ease of
jnstallation in tank assembly.

Design Approach

The baseline bladder design is shown in Appendix B, Fig. B-2, and
a photograph of the expanded bladder attached to the collector pipe is
shown in Fig. 3-7. The bladder provides multiple cycle capability to
permit expulsion testing for acceptance and for demonstration of relia-

bility for single cycle use,

Evaluation of the design requirements led to the selection of a
nylon fabric reinforced nitrile laminate elastomer bladder (Goodyear
BTC 17-4). The propellant is contained within the bladder and discharged
through the collector pipe as the bladder collapses around the pipe
during expulsion. The bladder is attached at each end of the collector
pipe by metallic rings vulcanized to the ends of the bladder. The
bladder is contoured to assume the internal shape of the pressure vessel.
Depressions are incorporated in the structure to accommodate the strong-
back, electrical raceways and sway brace stiffener ring which protrude

into the tank., This geometry minimizes membrane bridging and reduces
bladder stresses. Basic thickness of the bladder is 0,020 inch. External
strips are located at 60~degree intervals on the bladder exterior so

that the bladder can be fully expanded in the pressure case without air
entrapment between case and bladder. Reinforcement is added at the
attach rings located at the bladder poles to accommodate  the higher

stress loads.

The aft end bladder flange consists of the bladder vulcanized
between two stainless steel compression rings. This flange is bolted
to the aft flange of the fuel collector pipe assembly with 12 4-40 screws,
as shown in Fig. B-1 in Appendix B. The attach bolts are installed from
outside of the tank, pass through the collector plpe flange, and screw
into the outer compression collar. Leakage from either the bladder
interior to exterior or through the flange bolt holes is prevented by
O-ring seals on both the inner edge of the bladder flange and under the
flange bolt heads. The nonuniform spacing of the bolt hole pattern keeps
the bladder in position so its shape conforms with the tank interior

configuration.

A5
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FIG, 3-7. Expanded Bladder Assembly
as Attached to Collector Pipe.

15
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The bladder forward end flange consists of the bladder vulcanized :
between two stainless steel compression rings using the same technique
applied to the aft flange. The outer compression ring slides over the
forward end of the fuel collector pipe and is sealed by an O-ring com-
pressed between the bladder flange ID and collector pipe OD (Fig. B-1,
Appendix B). The bladder flange is attached to the collector pipe with
12 4-40 screws, The bladder flzange also fits over the collar inside the
tank forward closure to prevent lateral movement of the bladder/
collector pipe assembly when installed in the tank,

Bladder Analysis

The stresses resulting from bladder operation with the baseline
design can be placed in the following categories: (1) internal load caused
by propellant vapor pressure. (2) internal load caused by axial and lateral
acceleration and vibration, (3) stresses caused by bridging when the
bladder is partially empty and sloshing occurs, and (4) stresses caused
by small radius bladder folding at low temperature.

The maximum internal bladder pressure caused by propellant vapor
pressure at 140°F is less than 1 psia, The bladder is designed to be
supported by the pressure case including areas of cable raceways, stiffener
ring, and strongback. Therefore, negligible stresses will be induced
during storage,

Nl VP L gt T SO g L F

Vibration is not expected to cause appreciable loads in the bladder ¢
because frequencies are above 20 Hz and high frequencies will not cause
damaging propellant sloshing. Captive flight may induce accelerations
as high as 15 g, resulting in sloshing pressures as high as 15 psi
axially and 6.5 psi radially, These pressures are not excessive even if
the bladder fails to match the contour of the tank interior and localized
bridging occurs. (Subsequent testing of bladders pressurized to 50 psi
internally with the cavity between bladder and case vented resulted in
no damage to the bladder, even when the bladder was incorrectly posi-
tioned in the case.)

il i S UL il eV MR Bt e i S |l

Maximum bladder membrane bending occurs in the folds during hard
collapse expulsion (maximum AP) and at the poles where the bladder is
attached to the collector pipes. The bladder material selected precludes
a fclding problem and reinforcement is used at the polar bosses where
failures were initially experienced during bladder development on other
programs. The polar compression collars are contoured to prevent a
sharp fold at points of attachment.

Bladder Material Selection

The requirements of the GORJE bladder present an extension of cur-
rent technology with TH-Dimer fuel and elastomer bladders with respect
to expulsion gas temperatures, operational pressures, and configuration. -
A review of available data supported the initial selection of Goodyear
BTC 17-4, a nitrile/nylon laminate, as the bladder material. It is a

16
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composite construction consisting of an 0,003-inch film of nylon sand-
wiched between single layers of nitrile coated, 2-ounce nylon fabric.
The nylon is the impermeable barrier to the fuel and the fabric contri-
butes to the structural, handling, and bonding characteristics of the
bladder.

COLLECTOR PIPE ASSEMBLY i

The GORJE fuel tank collector pipe assembly contains the tank pres- 3
surization gas generator and fuel controller. It also serves as the

attachment point for the positive expulsion bladder, collects the fuel
through radial holes, and delivers it to the fuel controller. 3

.Design

The collector pipe assembly was designed to meet the requirements

of Appendix A. The corresponding CSD design is shown in Fig. B-11 of
Appendix B. The assembly, including bladder flanges, was fabricated of
CRES 304. The aft flange was designed to fit a 5-inch-diameter opening

in the end of the fuel tank. This opening is controlled by the space
required for bladder installation. (The bladder attachment was described
earlier in this section). Internal geometry of the collector pipe will
accept the gas generator and fuel controller valve assemblies. The ground
test unit collector pipe is shown in Fig. 3-8.

; Structural Analysis F
!;1% The structural analysis of the collector pipe is an integral part k-
- of the analysis of the tank as a whole. The loads and failure modes 3
i e considered for the collector pipe are stress and buckling forces due to -
¢ o inertial forces, and sloshing and bending stresses at the bolted flange. 4
Y The modeling of the collector pipe in the general models of the assembled a‘

tank is in sufficient detail to give accurate solutions for stresses and
displacements. The solutions for stresses and displacements, therefore,
come from the solutions for the assembled tank.
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FIG, 3-8. Fuel Collector Pipe.
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4
STRUCTURAL ANALYSIS

The structural analysis of the GORJE fuel tank is divided in three
parts: (1) the static analysis of the flight test (47.5-pound) tank for
inertial loads, flight loads, and internal pressure; (2) a dynamic analy-
sis of the flight test tank to predict the response of the tank to the
transient eject load and to predict the factor of safety of the tank when
vibration tested as part of the assembled vehicle; and (3) an analysis
of the design changes required to result in a flightweight production
tank.

e

This report summarizes the analysis of the flight test tank and that
portion of the dynamic analysis pertaining to the response of the tank
to the eject load. As part of the structural analysis, extensive calcu-
lation was done of air loads and all the possible inertial loads contained
in specification MIL-A-8591D were investigated. This report also con-
tains a summary of the load calculations.

T T T Ny T ey

The flightweight tank is a design by modification of the flight test
tank. The computer models were modified accordingly and the stresses
evaluated. Also, the NASTRAN model of the tank used for dynamic analysis
was used to determine the response of the tank to the power spectral den-
E sity curve given in the tank specification.

The configuration of the tank used in the structural analysis models
is shown in Fig. B-1 of Appendix B.

STATIC ANALYSIS (FLIGHT TEST TANK)

The computer analyses and the manual calculations show that after
the required safety factor has been applied to the loads, all parts of
the fuel tank and support lugs have positive margins of safety. A summary
of the critical failure modes and the associated margins of safety is
given in Table 4-1.

‘4 The critical load on the fuel tank is generally the ultimate inter-

9 nal pressure of 550 psi, but both the eject load and a captive flight
load, which result in a 16,500-pound ultimate lug load, produce high
bending stresses in the strongback adjacent to the shell.

. Axial forces in the bottom of the tank shell which might cause 9
buckling have been calculated to be low enough to give high margins of 23
safety for this potential failure mode. 4

Skin buckling in the vicinity of the strongback because of internal
heating by the pressurizing gas is absent because the internal pressure
will result in a net tensile stress field in this area.
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TABLE 4-1. Summary of Flight Test
Model Margins of Safety

Allowable | Margin
Stress, Stress, of
Load Area Mode psi psi Safety
PC = 550 psi Basic case wall| Hoop 62,500 90,000 | 0.44
T = 550°F Forward dome Plate 61,000 90,000 |0.47
bending
Aft dome Hoop 62,000 90,000 | 0.45
Longitudinal Hoop 62,500 83,000 |0.32
weld
Lug load = Lug pin Shear 71,700 109,000 {0.53
16,500 1b Lug pin Bearing 82,500 287,000 | 2.4
Longeron Shear 33,400 95,000 1.7
Ejection Strongback Bending 134,000 140,000 | 0.07
load = Shell Axial 30,000 95,000 2.1
15,000 1b stress
Shell Hoop 157,000 See case
bending subsection
Forward ring Bending 83,000 140,000 0.7
Two forward Forward ring Bending 83,000 140,000 0.7
brace loads = Cone Axial 73,000 95,000 0.3
16,500 1b stress
' Cylinder Axial 86,000 95,000 | 0.44
stress
Cylinder Hoop 80,000 95,000 |[0.19
Point 2 loads Strongback Bending 130,000 140,000 0.08
x 1.5 safety Shell Hoop 79,000 95,000 0.2
factor tending
Shell Axial 45,000 95,000 1.1
Forward ring Bending 70,000 140,000 1.0

20
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One of the principal benefits obtained from the use of the three-
dimensional structural analysis program, STAGS, was that the tank shell
augments the stiffness of the strength of the strongback, thereby per-
mitting design of a minimum weight structure.

The calculated margins of safety for the support lugs have already
been verified by component ultimate loads tests.

DYNAMIC ANALYSIS

The NASTRAN analysis for the dynamic ejection load indicated there
was no dynamic amplification of the load over application as a static
load. The natural frequencies of the tank are larger than the frequency
of the (one~cycle) dynamic load so that the structure is able to follow
the load in time. This allowed the stress analysis to be performed by the
static shell analysis code (STAGS). The NASTRAN dynamic results for dis-
placement under point of application of the load with corresponding static
(NASTRAN) results are:

5140

]

-0.0355 inch (dynamic result)

)

140 -0.0374 inch (static result).

STATIC ANALYSIS

Loads

A summary of the structural loads as defined in the GORJE statement
of work in Appendix A can be seen in Fig. 4-1 and 4-2.

Since thece requirements did not specify the end reaction or how the
lug and brace loads were to be reacted, the inertial and air loads were
evaluated in accordance with MIL-A-8591D. The various load combinations
are presented in Table 4-2 and air loads used and methods of calculations
are presented in Appendix C. The two points indicated by arrows on
Table 4-2 were considered worst case and the two combined load conditions
applied to the analysis model.

The material degradation because of the free flight temperature will
only affect the pressurized loading condition. The reduced allowable
strengths for the material were used for this condition.

&

iy

The material used for the structural members was 4130 steel heat
treated to various levels in accordance with the drawing requirements.
The free flight internal temperature of 550°F wil) reduce the allowable
strength to 95% of room temperature values in accordance with MIL-HNBK-
5B. The following room temperature strength levels were used:

P Ry
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T _ 3.2RNS G
2 FREQUENCY, Hz 2,000
CAPTIVE FLIGHT VI BRATION TEST
DURATION: 1HR
| |
— [
3 dbIOCTAVE—"|
: |
l I
| |
| |
| |
26 220 1,220 2,000

FREQUENCY, Hz
FREE FLIGHT VIBRATION TEST

NOTE: EJECT LAUNCH TEST DURATION: 1 MIN
PULSE: F (t) = (10,000 LB) SIN [(—"-) t]

t IN MSEC

60

0<t = 60MSEC

FIG.4-2., Captive Flight and Free Flight Vibration Tests.
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F F F Teu
Drawing tu, ty, su, at 550°F,
Part Number psi x 103 psi x 103psi x 103 psi x 10
Lug Cl11207 180 163 108 171
Longeron C11204 150 132 90 142
Forward
closure C11202 95 75 57 90
Tank shell | C11206 95 75 57 90
Aft closure| C11201 150 132 90 142
Ring C11203 150 132 90 142
Cone C11027 95 75 57 90

Method of Analysis and Results

The production model was checked for: (1) internal pressure of 550
psi; (2) ejection load of 10,000 pounds in either location; (3) both
forward brace loads being 11,000 pounds; and (4) Point 2 captive flight
inertia and air load from Table 4-2,.

These are the worst case loading conditions and the margins from
these runs are large enough so that the other load conditions need only
be checked on the flight model. TFor a summary of the safety. margins
see Table 4-1.

The STAGS analysis used two models, a 180-degree model for symmetric
loads and a 360-degree model for the nonsymmetric Point 2 loading. The
models are otherwise identical. The axial profile is shown in Fig. 4-3 -
and a typical cross section is shown in Figs. 4-4 and 4-5.

Three preliminary sizing and model checkout runs were made which
varied the model density, method of modeling the strongback and shell
buildup, and strongback inertia. These runs substantiated the model's
adequacy. The results of these preliminary runs are on file but have
not been presented because they are not directly comparable and there is
no substantial difference from the final results which are presented here
(e.g., maximum strongback radial deflection under ejection load of 0.083,
0.074, and 0.087 inch as compared to a final design value of 0.084 inch).

Closure and Case Pressurized. The end closures were analyzed using
the CSD finite element computer program LI65ZZZ. The model, boundary
condition, and results are shown in Figs. 4-6 and 4-7. The loading used
was the ultimate internal pressure of 550 psi. The closure stress for
the captive flight loading conditions was verificd by the STAGS analysis
to be appreciably less.

The aft closure-to-collector pipe flange joint was analyzed using
the L165Z2ZZ finite element program., The finite element model is presented
in Fig. 4-8. Both the hydrotest and the flight loading conditions. were
used. The hydrotest condition provided the most severe loading condition.
The interface on the model between the two flanges contained a thin row of
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b elements. The bolt element was given a modulus which gives it the same
spring rate as the bolts. The bearing element was hydrostatic to elimin-

. ate any shear restraint. The other interface elements were given a very
. low modulus (10). Although an early run used a bearing element at the

| outside diameter of the flange, the results were tension in the bearing

i element and compression in the bolt element. Thus, the model was changed

; to a bearing element at the inside diameter of the flange. The aft clo-

1 sure flange tended to rotate and the collector pipe flange restrained

: the rotation of the closure, resulting in a bolt load which was three

times the blowout load.

TG

Main Ring. The main ring was preliminary-sized using NASA TN 929*
; for a circular shell supported frame. The uncertainty in this method is
g estimating the relative stiffness (term d) of the shell. A best guess
4 for d of 500 gave a ring stress of 54,000 psi because of an 11,000-pound
i brace load. However, a d of 10 would give a stress of 120,000 psi. A
i STAGS run was made applying a forward brace load of 11,000 pounds. Because
£ of symmetry specified at. the boundary of O and 180 degrees, these results
1 are for worst case loading of both forward brace loads, or 11,000 pounds.
f The ring deflection and stress are shown in Figs. 4-9 and 4-10. The
3 maximum stress in the ring as a result of the ejection load was also
. 54,000 psi, as shown by Fig. 4-11.

* Analysis of Circular Shell Supported Frames, NASA Technical Note No.
929, May 1944,

P 160.0 l , - T |
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| -80.0
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4 ; FIG. 4-9. Ring Displacement.
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FIG. 4-11. Ring Stress Station 90.
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Longeron. The longeron was checked by STAGS analysis for the
ejection load in its allowable location and the forward lug load.

Preliminary manual calculations for a simple beam showed the worst
case loading for moment in the longeron to be an ejection load of 10,000
pounds at Station 96. The STAGS results have shown that the support
provided by the skin makes the stress and deflection relatively independent
of the load location. A comparison of longeron radial deformation for
the ejection load at Stations 96 and 103 is shown in Fig. 4-12. The stress
and deformation patterns for the loading at Station 103 are similar and
only slightly less than those for loading at Station 96.

Since completion of the analysis, the Station 96 location has been
dropped and the ejection load will only be applied at Station 103. The
tables of safety reflect the values for Station 103.

The maximum stress for the ejection load of 10,000 pounds was 90,000
psi. The Point 2 flight loading gave a maximum longeron stress of
87,000 psi. These are all elastic stresses at the surface; plastic capa-
bilities would provide greater margins.

Case. For the captive flight load, the membrane stress levels in
the basic shell wall are all very low (i.e., 25,000 psi or less). There
is no problem with the ultimate safety factor. However, there are small
localized areas with high bending stress which cannot theoretically meet
the required safety factor upon yield. Under the ejection load, at the
junction of the shell to the strongback, the STAGS program predicts a
large moment in the shell because the strongback does not rotate. Com-
patibility of rotation causes a high bending stress in the shell as
shown by Fig. 4-13. Examination of the displacements, as shown in Fig.
4-14, indircates there is no great discontinuity in replacements. Minor
plastic redistribution would allow rotation at the juncture, thus
rcmoving the moment. This is not a moment that must be carried by the
shell but one that results because of the compatibility of rotation
requirement that has been imposed by the computer program.

The lug loading was in the opposite direction and the maximum
stress was only 53,000 psi at the juncture for the Point 2 loading
condition.

These stress levels are not realistic for design of the structure and
have been presented only for completeness of the report.

The critical load on the attachment flanges is the requirement of a
moment of 110,000 in-1b that results from the ejection load. The captive
flight loads give smaller end moments. A moment of 165,000 in-1b
ultimate distributed as a cosine variation results in a maximum axial
line load of 1,460 pounds/inch ultimate. This gives a maximum bolt load
of 1,955 pounds and shell stress of 29,000 psi. Conformation has been
made with the STAGS analysis, which applied end moments of 72,000 in-1b
and there were no unexpected stresses.
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Lugs
The lugs were analyzed by manual calculation and the critical margin
was a 0.5 margin on pin shear. A lug and retention system model has
since been tested to an ultimate loading of 16,500 pounds with no visible
yielding.
DYNAMIC ANALYSIS

NASTRAN Dynamic Model

A NASTRAN model of the GORJE tank was constructed mainly to study
the natural modes of vibration and dynamic response of the tank. The
problem was run on a CDC 6600 using a MacNeal Schwendler version of
NASTRAN (MSC=-20). As the tank is symmetrical about a vertical plane
through the center, the cyclic symmetry option was used.

The various model elements are described as follows:
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