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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 Ni.val Weapons Center (NWC), China Lake, California, under Navy 
Contract N00123-7^357 and supported by the Naval Air Systems Command under 
AirTask A3303300/008B/4F31334300. 

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 
G. W. LEONARD. Head 
Propulsion Development Department 
1 October 1976 

Under authority of 
G. L. HOLLINGSWORTH 

Technical Director 

NWC Technical Publication 5835 

Published by      Technical Information Department 

Collation       .'.'.'.  • Cover' m leaves 

First printing 220 imnumbered copies 
•ecESio« iv 

j mis 
alt 

HNMKOmCEO 
iUSTIfiCAIIOH 

»mil Sictiw  □ 
lull Section     A« ^ 

a 

IT  

DISmiBHTIOMMIUIIUTY CM£S 

,  »k   "jjjC ni/ä~mtW 

M 
r- ^   .   .■ 



Wmf »w^i.Mi.jL.  mmu. 

■     ..-.-■   :,■.-;-'■.    ■       .:■ ■      ■ 

UNCLASSIFIED 
FlCATlON OF   T"HI$ p"*OE fWWI  "*"' g"""1^ 

REPORT DOCUMENTATION PAGE 
READ INSTRUCTIONS 

BEFORE COMPLETING FORM 
t OOVT   »CCESSION NO.    3     PEClPlENT'S C*T*LOG NUMBER 

lBEgÜ,ff''",ff'*''tWiUP|* 
Final   /^C 

aramiitir. flt 

«      CONTRACT  OR  GRANT  NUMBERffJ 

%     PERPORM1NO ORGANIZATION  NAME  AND  ADDRESS 
Chemical Systems Division 
United Technologies Corp. 

Sunnyvale. CA   94086 

10.    PROGRAM  ELEMENT. PROJECT    TASK, 
AREA »   WORK  UNIT NUMBERS 

(-. 

AREA a  WU«PV  u^i .   .'.«m- 

.irTask A.333>^00/008B/43.133ffcoO 

M     CONTROLLING OFFICE NAME  AND  ADDRESS 

Naval Weapons Center 

Chma Lake. CA   93555 

T^^^^ff^^^^^ mi BBi » 

57 

i      ^      ^  

/  ^fegg f ML.—U» 
210 M'^P-J     / 

I   1  <S.    SECURITY CLASS. fo< (h<«*Wnil)|        I» j       I 

I      UNCLASSIFIED t L-1. j 

IS«.    DECLASSIFICATION' DOWNGRADING 
SCHEDULE 

16    DISTRIBUTION STATEMENT fof IM» Report) 

I      Distribution limited to U.S. Government agencies only; test 
.— "WorraH  tn the N. 

and evaluation; 10 September 1976. 

Other requests for this document must 
be referred to the Naval Weapons Center 

rzUM 
17.    DISTRIBUT 

I I».    SUPPLEMENTARY NOTES 

19.   KEY WORDS rContfnu« on r*v*ra< mid» II n*c*> 

Fuel Tank 
Bladder 
Positive Expulsion 

Design to Cost 

Low Cost LUVV   v^wav 
BSTRACT (Conllnu» on raver» aid« 1/ nece»»«ry and laenllly by block numbar) 

See reverse side of this form. 

_D      FORM      -j^yj EDITION OF  I NOV 6S IS OBSOLETE 
W        I  JAN 73 4fn   010J-014-6601  ! SECURITY 

Sqiqtbl 

mm^äimM^^ ...:., .-,.1.  ... ^ —.^-..^^ ,jA.>-> J 



^^_-____-_____-_-__. ^p—PI^PPI —  -v. if.iwwawi^|iilijJHl[i,jlllipillip||IUipH^^ m 

^*™—. 

UNCLASSIFIED 
A-umTV  CL*SSIFIC*TION OF  THIS PAOe'Wi»" »•<• Enlmttd) 

(Ui Generic Ordnance Ramjet tngine (GORJL) Fuel Tank, Final 

Report, ay T. C. Warren, Chemical Systems Division. China Lake, Calif., 
NWCOctj^er im. 210 pp. fNWC TH 5835, publication UNCLASSIFIED.) 

(U) This report discusses the design, analysis, labrieation, testing, and 
delivery of positive expulsion fuel tank .ssemblies for the generic ordnance 
ramjet engine (GORJE). The program was conducted in two phases: Phase I 
Task I encompassed the design and analysis of a lank assembly satisfying the 
basic GORJE requirements. This assembly consisted of a 4130 steel tank with 
a reinforced elastomeru 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 11 involved the fabrication 

and test of one ground test tank with a spare collector pipe and six expulsion 
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. 

(U) This program was concluded with a detailed manufacturing cost 
analysis of the tank assembly in quantities up to 2,000 units. 
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NOMENCLATURE 

-1 Lift curve slope for forebody (radians) 
Diameter of body (feet) 
Force (pounds) 
Ratio of £E/d 
Altitude (feet) 
Length of body (feet) 
Mach number 
Maximum dynamic pressure (pounds/square feet) 
Forebody cross-sectional area at station 0 
Forebody cross-sectional area (square feet) 
Forebody length (feet) 
Location of moment center (feet) 
Forebody length at station 0 (feet) 
Volume of body (cubic inches) 
Axial stress (psi) 
Hoop stress (psi) 
Radial stress   (psi) 

Subscripts / 

su 
tu 
ty 

Ultimate compression 
Tensile ultimate 
Tensile yield 
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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 II consisted of manufacture, test, and delivery of four flight test 

assemblies. 

The program began on 10 July 1974 and was completed on 31 December 
1975.  This report describes the program design activities during that 

period. 

The 47.5-pound ground test unit design described in this report, 
which was fabricated and delivered under Phase I, Task 2, is identical 
to the flight test unit design that was fabricated and delivered during 

Phase II of this program. 

This final report covers the design, analysis, and manufacturing 
of the tanks, testing conditions and results, and the final manufac- 

turing cost analysis. 

«. vwmmmmi 
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FUEL TANK DESIGN OBJECTIVES 

The primary  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 stn'Ctural  analysis,   and 
a manufacturing cost analysi   .     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 unit3)   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 weight versus  cost.    The  cost analysis 
employed design-to-cost  information. 

,    , _^ ____^^^^_ 
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GORJE FUEL TANK ASSEMBLY DESIGN DESCRIPTION 

TANK ASSEMBLY 

The GORJE fuel tank assembly (CSD drawing No. C11225) consists of 
four major subassemblies: (1) tank pressure case and structure, (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. 

Figure 3-1 is 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 requirementö and constraints 
specified in the GORJE Fuel Tank Assembly Data Package (Appendix A). 
The design-to-cost disciplines were implemented by appointing a compo- 
nent cost targeting board which established baseline component cost 
estimates in coordination with the cost engineering team. These esti- 
mates were used during the integrated trade studies of candidate designs. 

Two basic design approaches were investigated. The first approach 
allowed the pressure tank to share the captive flight 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. 

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. 

^__^ ,           ^ ,   ;      : ,  , .     ■ ,      ... !; .   ,    _ -  ,    , ;, :,. .     ;  , ; ;:   ,„. , ',...,,:. 
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FIG. 3-2.  Fuel Tank Assembly 
with Bladder and Collector Pipe Installed. 

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

FIG. 3-5.  Fuel Tank Assembly Showing Suspension Lugs 
in Retracted Position. 
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Design Description 

The GORJE fuel tank assembly is shown in Appendix B, Fig. B-l. 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-dlameter 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. 

I1- 

TABLE  3-1.     Requirements  and Constraints. 

Envelope constraints NWC Drawing No.   SK45760004 

Fuel volume,  lb 75  (minimum) 

Weight,   lb 44 (maximum)   flight production design 

   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 

    1.15 on yield 

Pressure, psi 

Proof 450 

Yield 475 

Ultimate 550 

Temperature, 0F 

Storage -45 to 140 

Flight   550 (internal) 

U 

i 
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The conical forebody is a 0.062-lrich-thick roll and welded frustum 
of a right circular cone.  It provides the necessary transition between 
the 10-lnch-OD forward closure attach skirt and the 12-inch-OD tank 
cylindrical centerbody. 

The centerbody is a two-piece cylinder consisting of a 0.062-lnch- 
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 wtids 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 treated to 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-strength 
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, 
of the UK back into the airstream. 

This prevents rorotation 

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 torqve). 

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 lip. 

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

13 
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FUEL EXPULSION 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 

installation 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 pi.pe 
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.  Thj.s 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-l in Appendix B. The attach bolts are installed from 
outside of the tank, pass through the collector pipe 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 
0-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. 

* 
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FIG. 3-7.  Expanded Bladder Assembly 
as Attached to Collector Pipe. 
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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 (Flg. B-l, 
Appendix B), The bladder flange is attached to the collector pipe with 
12 4-40 screws.  The bladder flsnge 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 140CF is less than 1 psia. The bladder is designed to be 
supported by the pressure case Including areas of cable raceways, stlffener 
ring, and strongback.  Therefore, negligible stresses will be induced 
during storage. 

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.) 

: 

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 folding 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 TII-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 
ETC 17-4, a nitrlie/nylon laminate, as the bladder material.  It is a 
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composite construction consisting of an 0.003~inch film of nylon sand- 
wiched between single layers of nltrile 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 

The GORJE fuel tank collector pipe assembly contains the tank pres- 
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. 

Design 

The collector pipe assembly was designed to meet the requirements 

of Appendix A.  The corresponding CSD design is shown In Fig. B-ll 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 

The structural analysis of the collector pipe is an integral part 
of the analysis of the tank as a whole. The loads and failure modes 
considered for the collector pipe are stress and buckling forces due to 
inertial forces, and sloshing and bending stresses at the bolted flange. 
The modeling of the collector pipe in the general models of the assembled 
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. 

17 

 ; :_  :,..,..,._....! .......I ,. ..J.,..j,..1,1..,.,...V .,.-..;. ..£;.::.... ...^aaiaiM.:»' ^f^'&^^k 



nmmmmmmun.9i\\\m   \m*m^*m*mmmm 

NWC   TP  5835 

FIG.   3-8.     Fuel Collector  Pipec 



, fm», 

wmum*-'' .m mW.!«., i junnisp  "■'" ^wjji'i^mg/mifjmmwf': 

NWC  TP  5835 

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) Lank 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. 

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. 

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- 
sity curve given in the tank specification. 

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

The critical load on the fuel tank is generally the ultimate inter- 
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 
buckling have been calculated to be low enough to give high margins of 
safety for this potential failure mode. 

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. 

19 
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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 Safetv 

Pc = 550 psi Basic case wall Hoop 62,500 90,000 0.44 

T = 550°F Forward dome Plate 
bending 

61,000 90,000 0.47 

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 lb 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 lb stress 

Shell Hoop 
bending 

157,000 See case 
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 lb stress 

Cylinder Axial 
stress 

86,000 95,000 0.44 

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 bending 

Shell Axial 45,000 95,000 1.1 
Forward ring Bending 70,000 140,000 1.0 
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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-cycled   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: 

6.._  = -0.0355  inch   (dynamic result) 140 

'140 6,,„ = -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  theee  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  thi?  condition. 

Materials 

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 will reduce  the allowable 
strength  to 95% of room temperature values  in accordance with MIL-HNBK- 
5B.     The  following room temperature  strength levels were used: 

21 

^^^A^MifajA«^^!^ .   j ggi ^^.^^titMgmmääiääiiä i.rmiüäm: 



■ 

mmmsmmmi*' 

NWC TP 5835 

I* -^ 

o — 
<c 

? z 
fc   LU ^ s 2 >- a. Jf UJ 

si 
i 

^ g R 
1— 

< 
i— 

i 

TT «9 uTN a 

ei 

< 
a: 
| 

T 
wi o <r o 

o — 

< 
o 
—i 

O 
< 

G 
—1 X 

°s 
—i 

<  .1 

"■ n 
o —i < U- 

Lr\ ^ 
2 _j ^ a. J- 3 1/1 UJ t— n 
O  UJ i/i o or *r —  — I^J < L^. 
uo >- Of n 
iU S . 
a 

**-     INI 

00 — 
B —'S 

so     -Ü 
-   < S ~ 3 T " 0! 

•H 
Vi 
9) 
U 

~ ro 
03 

m 

— ICC- 

Qi 
.r 

5 o 
ig 
Hü O 
< -j 

v^   N 

l-H 

IOS- 

_)-l_l-,_h-^_|_l_(._(4 

pr> 
C\J 

2 
4-1 

S 
4.1 

n 
>^ 

t/2 

c I 
m 
a I 
0) 3 

^r 

O 
M 

> 

22 

a^^.-^ ^ _...,_...   ^^„...„^^^„^^^   _..._      ..   ._,.    _      ..^  L_____ .    : ■ , .■■■    ,-.i..;.,^-. .^.-.v-:. 



'        1        " ™^'^m^mßmmmmmmmmgr-™*~-^~   «^ imwmmm ■j*r>' ' ^^w»^wWijlw.tilijWJw 

NWC  TP  5835 

M 

<     o 
o 
Q-      "T 
oo i/i 

0.010 

0.005 

0.001 

3.2 RMS G 

20 FREQUENCY, Hz 

CAPTIVE FLIGHT VI BRATION TEST 

DURATION:   IHR 

M 

o 
(fe 

>- 

< a: 
i— o 
■ ■ i 

to 

0.440 

0.100 

0.010 

0.005 

0.001 

3 db/OCTAVE 

20  220 1,220 

FREQUENCY, Hz 

FREE FUGHT VI BRATION TEST 

NOTE:  EJECT LAUNCH TEST DURATION:  IMIN 

PuLSE:  Fit) = (10,000 LB) SIN [(-^)tl 

t IN MSEC 
0 < t < 60 MSEC 

2,000 

2,000 

FIG. 4-2.  Captive Flight and Free Flight Vibration Tests, 

23 

immmmimammäuäimäm ^...^Maa 



■■'■■'•' "-"■—" ■-"-"••-:—■»"*""?»« mipiPiiHPip, "•        ■■'...jj^wamw^sw*»-"* UPSPSKW!?! 

NWC  TP  5835 

to 

o 

a 
H 

01 
3 

W 

pi 

I 

^3 
> 
I       I 

e o a. 
E 
o 

| fill 
•-     o    »-     o <     u.     <     u. 

l>    l> C OC     OC     DC IC   IOC 

< 
> 

<t 
< 
CD 
cc 

■g re 
O 

re 

■a   2 

•D .r   1 
o   2 ;"    ö    V-T    ^    w    -'    ro ill1!*!! 0>3_m    O    CO.» 

^ -S, 2 .2   »   '0 — — »•fifflll 
ooavcaoo 
X_l_l><>-(-t- 

I 
Si   ä 

E 
o 
E 
Ol 
c 
2 re > 

c   c^ c   a «n. Q-   Q-  a.  S   2 

X   >-   N X   >-   N 
Q.ZZZ<CDQ.aQ. 

>-   N 

4)   « f-  f\(  7  i?   4IO 

O   O  O   3   3   =)   O i 0> m At «0 /I OB S  — oooooo 

l/i   4} ^  3 4) I/« 9 I 

'00»f*-(y r* m Q- r\i O-  o 
h-  -j i~-   o D xi ö * — 

3   KV « i/\ K» !» LT  ■« 

OOOOOOOOf-C^f-O'DOOO   O 
i  ^   « ip f*^ i/l  -t f 

i       ii       •   •   • 
a •off- ««a- «(rfMirsiPinniiner^^r^a-oooo« 

■   * i  i 

IT om ooinoi/tm oi/tooipoui oiroinoirot/t» 

■      ■ I      I      llllllll 

rurxjfVfuiMrxinjruoimfvrxinjrw'vruv o » oo- oo- o« 

o « » »«-«a — a a- ««9 •- • < » •*» 9fM9ni9AicrAiKt 
till III    I   ^»^ rt#i*»fMrt*MK» i 

o ooooooooooooooooooooooo*^ 
o ooooooooooooooooooooooort 
O OOOOOOOOOOOOOOOOOOOOOOOK 

0900000000000000000000009 
o ooooooooooooooooooooaoo^ 
o oooooooooooooooooooooooo 
99999999999V999999999i9ai79> 

•  • I  I •  I I  I ■   I I   • 

rAi'>HtftfOi'irom^K>Mm(«if'iP'iK)aifUAjru(M<vrunj 0 

•   I  I   •  I  I  ■  ■ I  I  I 
ItriPlPtT-l/llPl/ttT-O 

• *niPtr»ri/»ini/tin i 
iiiiiiii 

o oo  oooooooooooooooo«-, OOOO-C 

O   OO   COO   r>C0900000000COOOOO^« 

O   SO   OOOCOOOOOOOOOOOOOOOOOCT' 

o  oooooooooooooooooooooooo- 

IT t^kntPt/^irir^i/vtriPirtrtriPL/tooooooooir 

tn mi/^t/tin(/\ini^iririrmiri/tminknirtmtr4/>trtomhr 

• iii       iiiiiiiiiiiti 

j% rftmtm^i/tinini/ttrtrirmtnminuntnmmt/ttniPinkr 

M  -* •-  •-• ni Ai «V «\| Kt Kl t i99 9«intntrtn«-«<«<o'>j 

^r^^Mm^rtiüifir- ----■■--iiarrrmiiTfriiitfrlMiiiili^ ■' ■■■-irrtiM 



" mmm^ im^s^w"'-"- 

■    ■ ■■     ■ .   . 

.... ■ ■ ■ :; ■ 

NWC TP 5835 

c 
0 ö 

I 

S3 
H 

^^l 4DOO ««— OK»?*-« 

mt^KIKtt^pt«»   *^i  »    «   — ® »^   C' 
NM       ^       « « -v -u _«       ^ ru -7 -^ 7 

J^» 5    -y   AJ  -^   -^   ^   'NJ 

? — Ä 
»^ « r\| 
•*» ^ ry (\J OJ — /\j ^ -• f\j 

^u 

4>«0K04}tt«*^Kf4)*^A00OOOO0O9   0<9 
o- O       O -O 9 (V O 
•- o      ^* t/t a ru K) 
«9 r-  « O   4J f^ 

ry o nj o jt4l(Db/tr'irhtAr»^(P'M9 

ry *M ^ h» « » 

A9  —  C» a   —^,4)^—.i/N'V'-.fVf'— «r   — =» *   « «  « 3  **» O  <^ qi   4»9  c r*l  0*t00ft0r0f\i9r>jm  9  rMt/irVO1  fXJ » 

i***o       •  ^ M      «j —■      «fifUMVPorvMoerJCr»       i   — AJ wn fv —      4}fx>'9j^r«'Arfi9i       f\J-«       i   --• ry ^r »o ^ •  - 
*  « «^ «   -.   3 ( » « ^. « p^ a — a -«stroi/ta 

A     A    Bdl      A    ferf«    A«    tf>K    Al    /-*»     a   4*     -   |A     A jios «i#.«if\jo'V*ao'A*«i^> © "n «j o <y o — 

• »irh>e»«ph9Ktnjin«H^r\i     'v -^ r> ry 
lilliii 

'M —  I r-'«0(rotr4}r>««'^rUt9'\ir09Lrif\l>tV   ^ rt ru —- | -♦ fy 
• I • I « • • • »I — llllll 

— ii       §      —i      i      --■-*i-*i-«i)rinirinr\i—«M — aa««     "     -»•# i *• i      —     « — » « i i« -^ «o 
■ i iiiiiiiiiiiiiiii •• tiiti 

r^ C ry »^   «twr>>«r'>iM*lO'nj9ryr>-Sra«ionjK>fyft^  »Kl-»4/^«^^)'y'y'y'%jr\lfrtj'\t'\jiM*V'M(N|fy«MiM'\j»oO 

I     •    _   ■    w !«■■•• I |K1!»^J»— ■y^-'v^p^^r^-.fV-.-u lilt ||||r\fKI(M 
II II llllllllllllllll III 

* rt « «"t-O  «PO^«^^«^ 
rur^niM^»      o a  • ff 

— fM Mf^M^^jK«               l*^'*!               »*1 

II            II 
« qra«9i*-f*r-f*-r*r* 

a » ry »»»»ff'M'M'^'Ni'^''« 
O  O (C ooooo«««»«« 
1^ f^ « »^^»»«««««o 
O   Ö   « 
I   I I I  I  I 

OOao««*«.«»-« — — — '- — — 

r\l*trMK\Ktr\jitf>u«-*r\i«<rMfv*.ry 
III! III! 

rysS«KX«OC30StC99D«C 

I   I   I   I   I    I    I 

o o 
IM   O 
ru o 

43  •• 

o o 

o o 
o o 
o o 

O O 3 
3 O O 
O O O 

O O 
o o 
o o 

o o o c o 
o o o o o 
o o o o o 

o o o 
o a o 
o a o 
a « a 

i   i 

o o 
o o 

•    I 

o o o o o 
o o o o o 
o o o o o 
9  9 9  4 3 

o o o o o o 
o o o o o o 
o o o o o o 
r«. N- r> r^ t^- r^- 
III 

o o o o o o 
o o o o o o 
o o o o o o 
9  9  9   9  9  9 

I    I I    I 

•"«ao**MMM*«0000000*«tf^KtK)fnKimr«1999   9   9   99   9*^f#t>l^^f^'f^'t(V'yrUrUrV|IMn«(\J999 

«OK1«4}4)4)4)t^M^r^rO^Klf^l    I    I    I    I    I     I    |(\J'\]njr\jr\|MfV'\jX><O(C(O«C«>a099999999 
•    ■ lllll llllllllllllllll 

OOiT  ■£ i}.OOairi/ttr-4-**--«99 99-C «««ITiPirvtOinJ^tTJ^r 
~04)r^«4)4>4)«r»r^r^trj>>bniricc<S(0tt9999oooory',\jtM<M^ 
r\l<^aD9-o-9'njnj««DcO'A^'^^9 999 ««■OAO'V-ffff ryryiMrvi' 
— —I I I I— — I I l-«*'*'»«9999'C«««9999-04}««' 
II II llllllllllllllllllll 

> tT tT tf * « « « 
< IT tn IT 
• I/» IT 1/* 

I I I 

• lllllllllll lllllll 

£0£4>X £ ■0X*Xi,*ÜX'X'\J'\l'\l'\i'\J'>i'\inj3OCO0OOOOOOOOCOOOOO -co«« 
— ^ -y „ 

9 » V ff 

c c « « 

I I llll*.M*.Mvu„_M ill« 
■ III 

.oooooooooooc. osoaooo 

I 

tT kP in iT 

cr o o- a- 1 o o c C; 00000 a 9,9L<7,99,0,O«-0<4)4}-C   C-Oi-flOOXXXeCtCD—   oooooo 

lllllllllllllll 

tri/>triririrj^oco aooooooc oooooLriU^irtr>mirirtriririrtniri/*j>iroo o 

lllllll llllllll 

1  i  1   1 1  1  •  1 

i/im (P IT 

•    •llllllllllllllllllll! till lllllll 

'\i'\j9nir\ifv'WAi9«99999iriiri/iirtPiPintr' 

1   I   «  1   1  1   '   f   1   1   I   '   1   (   f   1   1   I   I 

m — •MMryfyAi'yKt^rnKi 9 99 9 toirtl/t 

25 

iW ■' ÄJitBiÜ- j. A^-Jni-ti 
..     ■■ ■•■' -   ' -■        m •* 



1 wmmmmmmmm mmmKm!mmm*mm 

■■  ' "      ■ ■     ■ -        ■    , . 

NWC  TP  5835 

■ 

i 

i 

I 

c 
Q 

I 

H 
J 
CO 
< 

OOOOOOOOf oo onjoooos ooooooooooooojttf1 o o o o 

r^ 9 f^ ^ "^ •*      •* 

9 ■©» -©»^-o^otOr^iTf*?» omr-  — odi« o^iM^r — —»«;«^  -^^ «-a -•« 

»■Oai^a -* -* »• — f^mfVj   —   ^-o^-y j^    3   Xi  fXj   —   « aj^tfiPOI^IXJpO 

Oi/trvj^<NJ''l'--K>O0f^<0O3   Or^^iTfXjtJ.pCitD   O«  -•*  9  — POO  aOK>— »*»•« 

^OJ^f^i/>'^"^oK>(t^iotr^oooooor:>ooaDXacoooo—^«OIT^I/»!^ 

■jf-»f^«)o**iA — — — — 00a> *f*-ir»»o«^« 

njr^o^- o rw » nio3K 3f 
• •« ir -* * » « cr o« 

^r^«^««««4) — — — —-AJ 

f*1» ^ KO (^   O O   O70 

«o AJ »o ^  ot>   Owao 

o c tr> 
to in a 

»A A* -^ 

<o c — 
— Xi  ^ 
tt «3 » 

• 
hTOI/IOi/tO- «»«-««-4«» 
r- i/» r- ir» ^ -O        -A       KliTtrAiT? 

I    •    •    I     I ■ ■ 

oa o » o « »■- «^>r^s^>cr\f 
— IT—ift-'a»  ^»■'*»«.»A«»9 
f\19fM9(\t*AOKtO   ■   r*   I   r^9 

t  ■  I  «  I      I      I 

i       -« i ^ i  •« t •        •        • 

•^ »  —        « « tflfl 
-•   ■    — I »   PA a 

ftj • i jy 
-* «  O 

f» in K» »A o K 
r\» » r\j m s 9 
r*- r^ ^- H> A* « 
o * <o -•       I 

O  ■« O  •-« (A •-• 
in »A m «n Ai m 
ic <r « « r» « 
Al — I    * r- « 
•    I 

9 tn 9 r- <o F- 
lp o t/i o (ft o 
O 60 O —»A -* 
tit IT iA Al «« Aj 

3 fA ••• tA «« 
l^ h/> O tT S 
r» o a o (T 
*■ IP fA fA M 

»A m f*- »p ^- 
Al 4) «A  4> tA 
^-  PA «  tA W 
o- a U^ * r. 

«  O (T  O » 
(A «« t/t  >M U\ 
rA »  — »  •« 

llllllllllfl 

^- « A* 
» « Al 
IT |A»A 

»A Al #A *A 9 >A 
»*• Al P» (/* O m 
O Kt O -• » •-« 
Al •« Al rA lA PA 

9 tn <« tO « 
O 4> -* -C *• 
» r*> IO r> in 
fA «« Ol •« f\l 

o O O 
o o o 
o o o 
^ r^ r*- 

o o o 
o o o 
o o o 
9 9 9 

o o 
O 9 
O O 

fA £ 
r* Ai 
Al — 

►A « 
»^ Al 
A* — 

% mm       m 

■G  FA 
Al r* 
— Al 
«1 I 

■O PA 
Al ^■ 
-* Al 
— I 

O O 
a o 
o o o o 

9 9 I 

O O t 

I  ■ i 
I PA PA « « 
III! 

fi <D (O flO * 83  ® 
■    9  9  9  9  9   9 

^>        ^>fA *#«        9009009 
M        WM ^        A|PAf\|lAPAAl 
• * I    •    •    I 

AlAlAlA|AJf\|r\|rx«000000 
00000   000   OOOOOO 
* « 0 0   «x»(D»»'h-»»f^r** 
««pApA^^jfrfii^mtnAiAiintn 

0   0   — 
« 9  Al 
0 9  Al 
PA Al — • » » « 
0  0 0 
o o r- 
a » IT 
Al Al PA 

lOOOOOOOO 

Al Al Al 
4> Al « 
Al »Al 
lit 

<0 0  « 
0 0 0 
P- K. P* 
m PA PA 

•o o 

Al Al Al Al 
« Al 0 Al 
Al -« Ai  -. 

0  0  0  0 
0 0 0 0 

Iflllllll 

AlAlAIAlAlOO   OOOOOC»a-»,0-  »  9>9>0LP-'la-Ph>r«P^r>-tk-P^PApAfArAiApApAfA 
9ininmiP — — — •■-' — —  — OOOO  O  oo  OPAPAIAPAPAPAPAPA99  99  9  9  9« 

999900000000'ApApAPAi^l«^^)rAI    I    I    ■    t    •    I    lAlAJAIAIAlAIAIAl 
llllllllll«! •••••••• 

*• — 9  9   _    ^ 
0 0 0 0 9 v J~:i -^ s* vj tj »^ «<• ■»* i-^:i f« 
999900009'90'0-AlAlAlAI 
9999000099990000 
■    lllllllllllllll 

inintntntn00<c£o=iootntntn(r-«MV<«« 
0000 000000000px-^^KtnLnlptn 
j^iPlTXfcTO'OO-O-  AJAIAJAl0000PApOpnm 
*ririr»niri   i   11— — — —i   ■   i   i  — ^, „ ^. 
■   ■■■■ ■■■■ ■... 

9 900 £0Ln(ntrtrirkntrtn 
1009   9   99   OOOOAJAIAIAI 

•     I    t    •     •    ■    •     I    I     I    •    ■    I     •    •     I    I     I     |     ,     |    i     |     «    |     !     a    *    i    |    •    ■     |     |     |     •    • 

OOOOO000004}00'C00££x£C0000C000AIAIAlAIAIAIAlAI 

Cl 9 O O ' MHM*4.'\j<MAlAJAir\.<vrvi< 
•    •    •    • ■    I    •    •   . 

I    ■    I    I 

OOOOOOO,9^7   9?9000X0xX   SAlAIAI'VAlAiAlAI' 

oooooff'»(»-»o,ff'»<^>(^*cy-ai y OP» 0 ü O0£00000000000 

coooomirmiriTii^iPiriirirmir^iji^fiinoooooooooooooooo 

<«0000'O00 
■   •   1   t   •   1   •  1 

— «C00  — —  — — — — — '•■O00ÖO00C^«—^ — , 
llll— — — — — — — — 

•  I  ■ I  I  •  •   I 

if\ifttf>if>tf\if\]tyif*i/\tf\j^if\\r\\s\j\\jr\tr\ij^ intntAirtDirinininiPiOkrintnin ^ininiA 

iitiiiiiitii»iiBi>7Tttsfittiitiiii»ii 
ininintni/tiniPinmtnLntriALntnirtni/tinintriftirtPtrtnintnt/^kPirtiririri^inir 

ti 11 ' 1 '»' i»' 1 t 1* 1 iTT^ITT^IT iTi * i 1  t'TT 

in0000AiAiAiAiAiAiAiA)99«99900ininiri/iirirtinir««««<o4)'A0 

26 

l-a—■,—I..W..-I.. 

^"■''«'"«»WIWWWpMPWi^^ 



"u*mm§ ■-ry.-s c;nr/] 
■   ■ 

■■■■■■ ■ ■■■■-■■ ■ ::-.-. 

NWC  TP  5835 

Part 
Drawing 
Number 

Ftu. 
psl x 103 ^•3 psl x 10 

F 
su, 

psi x 103 

Ftu 
at 550oF, 
psl x 103 

Lug C11207 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.     For 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 Pressurize!.     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 verified by the STAGS analysis 
to be appreciably less. 

The aft closure-to-collector pipe flange joint was analyzed using 
the LI65ZZZ 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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FIG.   4-3.     STAGS Model. 
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FIG. 4-4.  STAGS Model B Cylindrical Section. 

28 

♦ 

„■.■,:■., ^...^ .^.—^-^ 



m^m^m^wm^^"^^wi^w^^war"' ' ■J^g^mm •' ■■-■'"^ "-■':";r--"vv ■'■■:'"■■ 

■ 

NWC TP  5835 

• 

8,0 

7.0 

6.0 

.   5.0 
as 

2   4.0 
o < 
Of 

3.0 

2.0 

1.0 

0.0 

- ■ i     i 
NODE POINTS » 
STRONGBACK ♦ 

^ 

i^^*5^"'^ 

L-^»^ 

T^v 
/ 
/^ | N 

/ * 

/ \ 

1 ; 
ijj 

1 /SY 
[1/  IM 

MMETR 
POSED 

^ »THETA 
SYMMETRY > 

IMPOSED 
 i 

Nn 
0.0     0.1      2.0      3.0      4.0      5.0      6.0      7.0       8.0      9.0      10.0     11.0   12.0 

RADIUS,IN. 
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FIG.  4-6.    Forward Closure. 
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FIG.   4-7.     Aft Closure. 
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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 
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- 
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. 

Main Ring.  The main ring was preliminary-sized using NASA TN 929* 
for a circular shell supported frame.  The uncertainty in this method is 
estimating the relative stiffness (term d) of the shell. A best guess 
for d of 500 gave a ring stress of 54,000 psi because of an 11,000-pound 
brace load.  However, a d of 10 would give a stress of 120,000 psi.  A 
STAGS run was made applying a forward brace load of 11,000 pounds. Because 
of symmetry specified at the boundary of 0 and 180 degrees, these results 
are for worst case loading of both forward brace loads, or 11,000 pounds. 
The ring deflection and stress are shown in Figs. 4-9 and 4-10. The 
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. 
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FIG.   4-9.     Ring Displacement. 
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FIG.   4-10.     Ring Stress. 
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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, indicates there is no great discontinuity in replacements.  Minor 
plastic redistribution would allow rotation at the juncture, thus 
removing 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 ci-ltical load on the attachment flanges is the requirement of a 
moment of 110,000 in-lb that results from the ejection load.  The captive 
flight loads give smaller end moments.  A moment of 165,000 in-lb 
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-lb 
and there were no unexpected stresses. 
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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: 

1. The end sections of the tank were modeled with rectangular 
and triangular plate sections. 

2. The longitudinal sections of the tank were modeled with rec- 
tangular plates. 

3. The fluid was modeled by use of solids having a high bulk 
.nodulus (simulating incompressibilit>) . 

4. The longitudinal stiffeners (longeron) and the forward ring 
were modeled with offset beams. These beams are not shown in 
the computer drawings. 

iois^^ 
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A number of NASTRAN drawings of various sections of the structural 
model were drawn primarily to check for errors In the model.  However, 
these drawings provide a vivid picture of the structural model of the 
(half) tank.  Figs. 4-15 through 4-17 show the front, side, and rear ele- 
vations, respectively, of the outer shell of the tauK.  Figs. 4-18 
through 4-25 show the sections comprised of solid elements used to model 
the fluid of the half-filled tank.  These sections are shown as ortho- 
graphic views.  In some studies, these fluid sections were omitted from 
the model. A listing of the NASTRAN bulk data (Table 4-3) identifies 
the elements and the nodal points of the drawings and the structural model 

This model was used for two types of studies:  (1) dynamic response 
of the tank to an ejection load and (2) frequency-modal analysis of the 
tank structure.  In both of these studies, the fluid elements were 
removed from the tank so that the results pertain to an empty tank. The 
inertlal effect of the missile sections forward and aft of the tank was 
incorporated into this model. 

Dynamic Analysis of the Ejection Load 

The NASTRAN model was primarily used to study dynamic loads.  The 
direct integration method (AFP DISP 9) was used to study the response to 
the dynamic ejection load.  This load is characterized in the specifications; 

F (t) = (10,000 lb)/sin (jrt/60)/    0 <t <60 
F (t) = 0 t > 60 

where the time (t) is in msec. 

With reference to Fig. 4-16 of the structural model, the ejection 
load was applied as a vertical load on point 140 of the model.  The tank 
was supported on very soft springs at two points (5 and 185) in the ver- 
tical direction only. 

The radial displacement of the shell centerline is given under point 
of application of the load.  The maximum value shown on this plot is 
slightly less than that obtained from a shell static analysis. 

It should be noted that the displacements and stress distribution 
followed the applied load in form. As could be shown by a frequency- 
modal analysis of the tank, the frequencies are in such a range that 
excitation of the tank would not be expected. 

In Fig. 4-2b, the radial displacement of the point under the load 
is plotted versus time.  In Fig. 4-27, a plot of the maximum (and minimum) 
stress in the beam reinforcement (strongback) section of the tank is 
plotted versus time.  These stresses occur in extreme fibers of the beams. 
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1- 

FIG. 4-15.  Vibration Study of GORJE Tank - Modes 
of Half-Filled Tank, Undeformed Shape (Forward Dome). 
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FIG.  4-17.    Vibration Study of GORJE Tank - Modes of 
Half-Filled Tank,  Undeformed Shape  (Aft Dome). 
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FIG. 4-18.  Vibration Study of GORJE Tank - Modes 
of Half-Filled Tank, Undeformed Shape (First Fluid Section). 

FIG. 4-19.  Vibration Study of GORJE Tank - Modes 
of Half-Filled Tank, Undeformed Shape (Second Fluid Section) 
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FIG. 4-20. Vibration Study of GOBJE Tank - Modes of 
Half-Filled Tank, Undeformed Shape (Third Fluid Section). 
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FIG. 4-21, Vibration Study of GORJE Tank - Modes of 
Half-Filled Tank, Undeformed Shape (Fourth Fluid Section) 
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FIG. 4-22. Vibration Study of GORJE Tank - Modes of 
Half-Filled Tank, Undeformed Shape (Fifth Fluid Section), 

195 

230 

FIG. 4-23. Vibration Study of GORJE Tank - Modes of 
Half-Filled Tank, Undeformed Shape (Sixth Fluid Section) 
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FIG. 4-24.     Vibration Study of GORJE  Tank - Modes of 
Half-Filled Tank,   Undeformed Shape   (Seventh Fluid Section) 

'285 

FIG. 4-25.  Vibration Study of GORJE Tank - Modes of 
Half-Filled Tank, Undeformed Shape (Eighth Fluid Section) 

43 

f^iitfiSiiiSiiii 'iitliiiMiTiiiiiiltri • •'" 
iiui^.:.... 



^ ■■'■■'  ^         :;-..„       v-    ;:,,-:    ■.     -,■-,-■ 

NWC  TP  5835 

u.uo 

0 05 

NASTRAN R 

(GRID POINT 140) 
i            i 

ESULTS 

• 

-  0.04 
m 

h- 
LU 

I   0.03 
Q. 

Q   0 02 

V 

\ 

< 

^   0.01 

0 

-n m 

/ 

> " 

> 

/ \ 

0 0.01       0.02       0.03      0.04      0.05 

TIME , SEC 

0.06 

FIG.  4-26.     Dynamic Ejection Load,  Displacement 
Under Point of Load. 

44 

i^iäyMkß.^.;   ^flT^/iit^^im^MlM^'rlllliiiiiillt 



■         iiHM.L.ipu.uiiuii.i  WlipMljllppiH ' jpnpjiiiiii.iiLi lliilip. 

m-^^:^,.;^p:>r:,^::.^ 

NWC  TV  5835 

C3 
i—* 

X 

a. 
m 

LU 

to 

LU 
CO 

50 

40 

30 

20 

10 

0 

-10 

-20 

-30 

-40 

-50 

-60 

NA STRAN RESULT S 

/ 

/ ^\ 

\ TENSION 

/ 
\ 

/ 
\ 

/ 
\ 

\ / 

\ / 

\ 
< 

1 / 

\ 
COMPR ISSION / 

\ v y ' 

V. *y 

0       0.01    0.02    0.03    0.04    0.05   0.06 

TIME, SEC 

FIG. 4-27.  Dynamic Ejection Load, Maximum 
Stress in Beam Strongback. 

45 

^,B^ ■■~.l.^^^....^ :.. ^^^^^äM^..     _ _ _.._   ■ mi ■iii.ian imiiii t\ik •inlÜfliTiiiria 



^^^PPPSi ^^^ff^^-   ■■:-■ llll|lli!llllll]jllJ,JIII|JIIIIJIIlilJIL|iJJ|(l|iP I.' I J     I "-»»L,.l.J1...rl..l,.luu.a,l 

NWC TP 5835 

FL1GHTWEIGHT TANK ANALYSIS 

The 44-pound flightweight design has been checked for the captive 
flight loads using the same STAGS computer program model as that used on 
the flight test design.  The captive flight loads were the critical loads 
on the hardware.  The reduced basic case wall thickness and reduced strong- 
back cross section increased the strongback deflections and stresses by 
25%.  Specifically, the maximum radial deflection of the strongback under 
the 10,000-pound ejection load increased from 0.083 inch for the produc- 
tion design to 0.102 inch for the flight design. The maximum strongback 
axial stress of 90,000 psi for the production model increased to 
114,000 psi. These results still give the required 1.15 safety factor 
on yield and there is a minimum margin of safety on ultimate load of 0.16. 
The basic case wall stresses were increased by approximately 9% and the 
minimum margin of safety remained positive. 

The pressurized loading condition was analyzed for the flight design 
thickness on a final finite element computer run as shown by Fig. 4-8. 
A STAGS run was made to check the stress developed at the strongback- 
to-aft closure attachment weld because of pressure loading.  The result- 
ing maximum stress in the case wall was 31,000 psi, giving a high margin 

of safety. 

Hence, this analysis shows that the weight reductions for the flight- 

weight design did not make a significant reduction in structural capa- 
bility from the production model. 
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TANK MANUFACTURING 

The GORJE  fuel  tank assembly  manufacturing plan used  for  fabrica- 
tion of the ground test and flight test units is described in this 
section. 

Fabrication materials and processes  for  the ground  test  and  flight 
test   tanks are described in Table  5-1.     A flow chart of manufacturing 
and assembly operations  is  shown  in Fig.   5-1.    Photographs of  the  tank 
structure  during fabrication are  presented in Figs.   5-2  and  5~^.    A 
further  description is  detailed below. 

GROUND TEST UNIT AND FLIGHT TEST MANUFACTURING 

Tank Structure 

The  ground  test and  flight   test  tanks were manufactured in-house 
using  the CSD manufacturing  facilities  located at Coyote and Sunnyvale, 
California.    Raw materials  used for fabrication were procured  from cer- 
tified suppliers.     The  forward closure  (C11202)   and the aft  closure 
(C11201)  were machined from 4130 plate per MIL-S-6758  (condition A) 
because  the schedule  did not permit procurement of  forgings   for  these 
components.     The parts were  rough machined on a  tracer lathe,  stress 
relieved,  100% magnetic particle  inspected,  and machined  to  final con- 
tour.    The instrumentation mounting bosses were   GTA fusion fillet 
welded  to  the forward closure using a locating jig.    The aft  closure 
was heat  treated per MIL-H-6875   to  140,000/160,000 psi. 

The forward conical  shell   (C11209)  was  roll  formed from 0.060-inch 
thick 4130 sheet per MIL-S-18729   (normalized),  GTA fusion seam welded, 
stress  relieved,   100% magnetic particle inspected,  and  final machined 
to print. 

The cylindrical shell   (C11206)  was manufactured using  the same 
processes  as  the  conical shell  from 0.060 and 0.090-inch  thick 4130  steel 
per MIL-S-18729  (normalized).     The 0.090-inch sheet is  used in the zone 
adjacent  to  the longeron  to provide a  transition between the nominal 
0.060-inch shell and the  thicker longeron. 

The longeron  (C11204)  was  rough machined from annealed 4130 steel 
plate per MIL-S-18729,  heat  treated per MIL-H-6875  to  140,000/160,000 psi, 
100% magnetic particle inspected,   and final machined.     The  forward sway 
brace  ring (C11203)  was  rough machined from annealed 4130 steel plate 
per MIL-S-18729,  heat  treated  to 140,000/160,000 psi per MIL-H-6875, 
magnetic particle inspected,  and  final machined  to drawing requirements. 

The remaining fuel  tank components   (excluding fuel collector pipe 
and suspension lug details)    were  the electrical raceway conduits (C11274) . 
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3.       Subasserably A  (above)  was  GTA  fusion  girth welded  to subassem- 
bly B   (above)   at   the  cylindrical shell/aft   closure  interface, 
and between   the  cylindrical  shell and  the  longeron.     The con- 
duit  tubes were  also  fillet welded at  the  forward  closure  inter- 
face.     These welding operations  are  shown in process  in Fig.   5-2. 
Stress   relief  and  100% magnetic  particle  inspection of  the 
completed   tank weldment was  conducted subsequent   to  completion 
of all welding operations.     The  completed weldment is shown 
in Fig.   5-3(C). 

The  tank weldment  assembly was  final machined  to incorporate  the 
bolt hole patterns  on each  closure,   the  aft  closure   flange  interface   for 
the  collector pipe assembly,   and  the  final  details  on   the  forward closure 
instrumentation mounting bosses.     Final  tank assembly  operations  con- 
sisted of degreasing,   cleaning,  hydrotest,  and inspection. 

The  tank suspension  lug assembly  consists  of  lug,   shaft,  sleeve, 
torsion spring,   lock spring,   retainers,   and attach bolts and washers. 
These  components  in  the assembled configuration are  shown  in Fig.   3-5. 
The C11207  lug was machined  from a standard 1,000-pound stores  suspension 
lug,   43A0 steel  forging per MIL-S-5000  (normalized).     After machining, 
the  lug was heat  treated per MIL-H-6875  to  180,000/200,000 psi  ultimate, 
magnetic particle  inspected,  and cadmium plated.     The  suspension lug 
shaft   (C11218) was machined from 4340 steel bar per MIL-S-5000  (normalized), 
heat  treated per MIL-H-6875  to 180,000/200,000 psi  ultimate,  magnetic 
particle inspected,   and  cadmium plated.     The sleeve   (C11217)  was machined 
from ASTM A-513 mild steel  tubing and cadmium plated.     The  torsion 
spring was manufactured  from ASTM A-228 phosphate  coated steel wire by a 
spring subcontractor.     The  flat lock spring  (C11216)  was  manufactured 
from 17-7 PH steel plate per MIL-S-25043  (annealed)   and heat  treated  to 
condition C950 per MIL-H-6875 by a spring subcontractor.     The lug 
retainers were machined  from 4130 steel plate per MIL-S-18729   (normalized), 
heat  treated per MIL-H-6875  to  140,000/160,000 psi  ultimate,  magnetic 
particle  inspected,   and cadmium plated per QQ-P-416. 

Expulsion Bladder 

Fabrication of  the bladder is  displayed in  the  flow diagram 
(Fig.   5-4).     The mandrel washout plaster  is  prepared with a  contour 
simulating the inside configuration of the bladder.     Two plies of the 
nitrile-coated nylon  fabric are vulcanized  to  the  forward and aft bladder 
flanges between  the main attach rings and compression ring.     These bonded 
plies are separated during vulcanization so  that  the main body plies may 
be interlocked with  them during layup of  the bladder. 

These  forward and aft  flanges with bonded flaps  are  fitted to each 
end of the washout mandrel and the mandrel surface   (excluding flanges) 
is  coated with a  release agent.    The  fittings  are prepared and cleaned 
to  facilitate bonding  to  the bladder.     Before being applied  to  the 
mandrel,   the nylon fabric is swab coated with a thin film of uncured 
nitrile rubber.     Patterns  of  the fabric are  cut  to  shape  from the sheet 
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FIG. 5-4.  Bladder Fabrication Flow Sheet. 

stock, including the stiffener ring and strongback depressions in the 
mandrel and the main body of the bladder.  The patterns at the dome 
areas are shaped to interlock for added strength.  The cut p?tterns are 
overlapped a minimum of 1 inch and held in place with a nitrile con- 
version adhesive.  The mandrel is fully covered with one ply of the 
coated fabric and coated with the adhesive conversion coating. After the 
adhesive sets, nylon is swabbed onto the entire surface to a minimum 
3-mil thickness.  Adhesive is again applied and a second layer of 
fabric applied in the same manner as was the first layer, except that 
the joint areas are staggered.  The longitudinal strips and reinforcements 
are then applied to complete the assembly. 

Curing is accomplished in a steam autoclave at about 60 psi, 290oF 
for 3 hours.  The plaster mandrel is then washed out for removal from 
the bladder. 

Collector Pipe 

The collector pipe assembly was designed to use standard off-the- 
shelf materials and components to provide low cost processing and minimum 
lead time procurement.  Fabrication and operations were coordinated among 
CSD Manufacturing, Quality Control, and Vendor Liaison departments to 
assure conformance to design requirements within required delivery 
schedules. 

The collector pipe assembly (see Appendix B, Fig. B-ll) consists 
of (1) the collector pipe, (2) gas generator housing, (3) mounting 
flange, and (4) forward annulus.  The fabrication approach for these 
components for the ground test unit and flight test units is discussed 
below. 
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l'       Outer Pipe.     Standard weld drawn  tubing of  304SS   3-inch OD by 
0.065-inch wall,  was procured in accordance with MIL-T-8506.     The 
tubing was  cut   to  length,   the ends  faced,   drilled as necessary with 
3/16-inch-diaraeter holes  through  the wall,   cleaned,   and stored  for 
subsequent assembly. 

2. Gas  Generator Housing.     Standard weld  drawn  tubing of  304SS 
2-5/8-inch OD by 0.049-inch wall, was procured in accordance with 
MIL-T-8506.     The  tubing was  cut  to  length,   the ends  faced,   then 
cleaned,  and stored  for later assembly. 

3. Mounting Flange.     The mounting flange was machined  to drawing 
configuration  from  3/4-inch-thick  304SS  plate  stock.     The mounting 
flange hole  pattern was  drilled using  the  same master pattern as  for 
the aft  closure of  the  fuel  tank.     The  flange was  then  cleaned and 
stored for later assembly. 

4. Closures.     The annulus  closure was machined  from 3-1/8-inch OD 
by 2-3/8-inch  ID  304SS  tubing.     The gas generator closure was 
machined  from 3-inch-diameter bar stock parted in  lengths of  1/2-inch. 
The standoff was  integral with  the  closure. 

The collector pipe assembly  sequence Is  shown in the flow chart of Fig. 
5-5.     Basically,   the assembly  is  a weldment  of  the previously described 
subcomponents.     All welds were X-rayed,   fluorescent penetrant  iiuspected, 
and  leak  checked  to ensure a  100% seal. 

PRODUCTION TANK MANUFACTURING 

Manufacturing options  considered for  the production tank configura- 
tion are  listed in Table  5-2.     Design changes   to  the ground  test  unit/ 
flight  test  unit  configuration required  to meet   the  flightweight pro- 
duction goal of  A4 pounds  are  listed in Table  5-3. 

Bladder 

Expulsion bladder fabrication requires the same steps for develop- 
ment as for production; only the methods employed differ.  Fabric pat- 
terns are hand cut for small quantities whereas automated die cutting 
is used in production lots.  In production, the application of the nitrile 
to the nylon is automated. Multiple mandrels are processed for pro- 
duction.  The hand layup is one constraint; however, it is required in 
production as well as in development, although jigs and fixtures are used 
extensively on production to reduce handling time. 

Tank Structure 

0&i»m 

Fabrication materials and fabrication processes for the production 
tank are described in Fig. 5-6 and in Table 5-4.  Some of the processes 
recommended for production were eliminated during fabrication of the 
ground test unit and the flight test unit because of the prohibitive 
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TABLE 5-2.    Manufacturing Options  for Production Tank Configuration, 

Part Number 

C11206 
Shell,   cylindrical 

C11201 
Closure, aft 

C11203 
Ring,  forward 

01120^ 
Longeron 

C11202 Closure,  forward 
C11209 Shell,   conical 

Manufacturing Options 

Roll and weld sneet 
Power (shear)spin cylinder 
Machined seamless  or mechanical tubing 
Machined forging 

Machined from forged bar (round) 
Closed die forged and machined 
Either the first option or the second with roll 

and weld skirt 
Casting 

Weldment (plate) 
Forging (die or ring) 
Extrusion (flash welded ring or doubler) 
Rolled bar (flash weldad ring or doubler) 
Casting 

Weldment 
Forging (die) 
Casting 
Powder Metallurgy 

Forged head and skirt welded to roll and weld cone 
Manual spun head and cone welded to skirt 
Head and skirt machined from plate welded to 

roll and weld cone 
Hydroformed head and cone welded to skirt 
Deep drawn head and cone welded to skirt 
Power (shear) spun using die forged or machined 

preform (no welds) 
Casting 
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TABLE 5-3. GORJE Weight Summaryi 

Component 

Ground Test 
Unit/Flight 

Test Unit, lb 
(Estimated) 

Flight 
Production, 

lb Remarks 

Longeron (C11204) 7.8 7.29 Add holes along neutral 
axis 

Ring (C11203) 4.5 3.67 Asymmetrical casting 

Closure, forward 
(C11202) 

6.7 6.27 Reduce wall thickness 

Closure, aft 
(C11201) 

10.8 10.1 Reduce wall thickness 

Cylinder (C11206) 

Conical (C11209) 
14.7 12.8 Reduce thickness to 0.05 in. 

Suspension lug 
components 

2.0 2.0 Minimum weight design 

Conduits (C11214) 1.0 1.0 Fixed by NWC requirement 

Total (actual) 47.5 44.0 

I! 
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TABLE 5-4. Material and Processes, GORJE Fuel Tank Production Unit. 

Part Ho. XtM Natarlal Fabrication Proccsa 

CU207 Lu, «340 ataal forging 
Mtt-S-SOOO (norwllzad) 

Machine; heat treat per KEL- 
H-6875  to  180,000/200,000 pal 
ultlMte; MPI,   cadnlua plate. 

C11218 Shaft 4340 bar par MIL-S-5000 
or 4130 bar. MIL-S-6758 
(nonallzad) 

Machine;  heat  treat per MIL- 
H-6875 to  180,000/200,000 pal 
ultimate;  rtPI;   cadmium plate, 
QQ-P-416. 

C11217 Slaav« ASTM A-S13 (typ« S) 
(C1010/1020 «lid ataal 
tubing) 

Machine length,  cadmium plate 
QQ-P-416. 

CU215 Spring,  torsion ASTH A-228 ataal wlra 
phosphat« coatad 

Outalde procurement par print. 

C11216 Spring, lock 17-7 PH ahaat par MIL- 
»-25043 (aanaalad) 

Outside procurement per print. 

CU208 Ratalnar 4130 ataal plata par 
NIL-8-18729 (amiaalad 
or aonallcad) 

Mschlna; heat treat per MIL- 
»-«87$ to 140.000/160.000 pal 
nltlaate; MPI; cadalw plate. 
qQ-P-416. 

C11210 Collactor plpa aaaaafcly 
(-11-01. -12-01. «ad 
-13-01 closuraa) 
(-14-01, -1S-01 
tubing) 

304 atalnlaaa ataal 
Plata QQ-S-766 
304 atalnlaaa ataal 
Mbtag 
KIL-T-8S06 

tough aaehlna closure and tubing 
details; GTA fusion welds;  fluor- 
escent penetrant Inspect welds/ 
final machine to print. 

C11202 Cloaur«. forward 4130 ataal plata NIL-S- 
18729 (aanaalad) 
4130 ataal forging KIL- 
S-6758 (annaalad) 

tough machine dome forging and 
flange; GTA fusion weld;  final 
machine. 
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TABLE 5-4.     (Contd.) 

Patt Ho. ItM Matarial fabrication Proceaa 

C11209/ 
C11206 

Shell conical/ 
cylindrical 

4130 ateel plate 
MIL-S-18729 (nonallxad) 

Sheet blank trl—ad to alae; 
roll and weld; epin to shape; 
trla; ehe« «ill; final machine 
to print. 

C11201 Cloaure, aft 4130 ateel plate MIL-S- 
18729 (annealed) 
4130 ateel forglag MIL- 
S-6758 (annealed) 

flange; OTA fusion weld; heat 
treat par MIL-H-6875 to 140,000/ 
130,000. pel ultiaate; final 
■achlna to print. 

011204 Longaron 4130 forging MIL- - 
(aimealad) 

4130 powder aetallugy 
foraad pocket 

lough aachlue longeron forging; 
CIA weld punch load webe; CTA 
weld pocket; heat treat per KU.- 
■-687S to 140,000/160,000 pel 
ultleat«; final aachine to print. 

C11203 Ring, toward 4330 ateel casting 
M1L-S-15083; heat 
treated per l)lL-»-M7S 
to 140/130 kal ultl- 
■eta 

Final aachine to print. 

C11214 Conduit, tub« 4130 ateel tubing per 
MIL-T-673« 

Outside procurcaent to trla 
length; fora contour to print. 

C11224 Waldacnt, fuel tank 
(-01-01 aaaeably) 

Aa deacrlbcd in part nLabera 
brlow: 

C11204 longeron 
C11201 cloaure, aft 
C11203 ring, forward 
011206 ahell, conical 
C11207 ahell, cylindrical 

CtA fusion weld (fillet) C11204 
longeron to C11203 forward ring 
and CtA butt weld aft cloaure 
to longeron; aaaeäble two each 
C11214 conduit»; fUlet weld 
to aft closure to aake aft 
tank subaaaeably; 100Z KPI. 
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TABLE 5-4.     (Contd.) 

CII224. conld. 
CU202 closun,  forward 
C11214 conduit,  tuba GTA fualon    girth weld C11206/ 

CU207 ahall,  conical/cylind- 
rical,  to C11202 forward 
cloaura to uk«  forward tank 
■ubaaaaibly. 

Aaaanble forward tank aub- 
aaaaably and aft tank aub- 
aasaobly; CIA fusion wald longi- 
tudinal and girth »ean»;   flllat 
wald conduit tubes. 

Strass-ralUf C1122* fual tank 
walttaarat; 100Z MPI walda. 

Clean; degreaa«; aachine final 
cloaura Interface diaaeter and 
bolt hole detalla; hydrotast. 

cost  of  tooling  for  these processes.     The significant material  changes 
recommended  for production  lots,  nominally  in excess of 500 units,   are 
as  follows:   (1)   closures  fabricated from a net  forged dome with a 
welded  flange;   (2)   tank shell   (conical and cylindrical section)   shear 
spun as  a single  detail and chemically milled to achieve  the 0.090 
to 0.060  transition in  the area of  the  longeron;   (3)  a cast  variable 
cross-section sway brace ring;  and   (4)   a forged or extruded longeron 
with welded load webs and welded powder metallurgy formed lug pockets. 
These processes,  particularly  the  chemical milling and the powder metal- 
lurgy-formed  lug pockets,  will  require  some  additional development. 

The production  collector pipe will be  fabricated from 304  stainless 
steel   tubing.     The outer pipe will be machined from 3.0-inch CD by 
0.035-inch wall  tubing and  the  gas  generator housing  (inner pipe)   from 
2.625-inch CD by 0.049-inch wall  tubing. 

The  collector pipe mounting  flange  (C11210-11-01)  and gas  generator 
forward clsoure   (C11210-12-01) will be machined from either  casting or 
forging stock instead of plate  to minimize machining requirements.     The 
annulus  closure (C11210-13-01)  will be machined from 3 1/8-inch CD by 
2   3/8-inch  ID  tubing.    All other manufacturing operations will be  the 
same  as  used  for  the  flight  test  collector pipe  fabrication. 

PRODUCTION TANK MANUFACTURING COST ANALYSIS 

A manufacturing cost analysis was  conducted for the production 
tank  configuration. 

Expulsion Bladder 

Subcontract manufacturing costs were acquired for manufacture of 
the nylon reinforced nitrile expulsion bladder.     Cost  tradeoffs were 
made  for  the following design deletions. 
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1. Removal of external strips   that assist  in bladder venting. 
The bladder can probably be used minus venting strips without 
causing a performance  penalty. 

2. Removal of  the circumferential depression used to  accommodate 
the sway brace  ring and  the  longitudinal depression used  to 
accommodate  the longeron and raceway tubes.    Development  testing 
has  indicated that  the bladder will probably bridge  these areas 
without  failure during  flight  loads.     However,  a  3%   to  5% 
decrease in volumetric efficiency  can be expected. 

3. Removal  of metallic polar fittings.     The metallic polar 
fittings  could be replaced with  fittings  used to sandwich 
the bladder  to  the collector pipe during assembly;  however, 
a decrease in reliability  in regard to a potential leakage 
at  the polar interface  can be expected. 

A cost summary  for  the baseline bladder and the three options  is 
shown  in Table  5-5. 

Tank Metal Structure 

The manufacturing cost  analysis  for the metal tank structure and 
collector pipe is presented in Tables 5-6 through 5-27. 

Cost  trades were made in  the following areas: 

Forward Closure.    A comparison of Tables 5-6 and 5-7  shows  that 
the  forged closure with welded ring is  a lower cost manufacturing 
approach  than a one-piece  forged ring closure. 

TABLE 5-5.    Bladder Cost Summary  (Including Tooling). 

Bladder 
No. of JJnlts (Cost/Unit) $ 

Configuration 500 1,000 2,000 

Baseline bladder   710 680 673 

No venting strips  695 665 658 

No depressions   682 652 645 

No polar fitting   625 595 588 

All deletions included . . 582 552 545 
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Aft Closure. A comparison of Tables 5-8 and 5-9 shows that a 
forged aft closure with welded flange is a lower cost manufacturing 
approach than a one-piece forged ring closure. 

Longeron.  A comparison of Tables 5-10 and 5-11 shows that a 
forged bar longeron with welded powder metallurgy pocket is a lower 
cost manufacturing approach than a longeron machined from bar stock, 
ev?n though the initial tooling cost is much higher. 

Sway Brace Ring. A comparison of Tables 5-12 aid 5-13 shows that 
a cast and heat treated sway brace ring is a lower cost manufacturing 
approach than a forged ring. 

Tank Skin.  Four approaches were analyzed for the tank skin 
fabrication, as shown in Tables 5-14 through 5-17: 

1. Spun section with chemical milled stiffener 
2. Spun section with welded stiffener 
3. Rolled and welded section with welded stiffener 
4. Rolled and welded section with chemical mill stiffner 

The spun section with chemical milled stiffener is the lowest cost 
manufacturing approach for 500 or more units.  The spun section with 
welded stiffener section is less expensive for 50 or less units. 

Miscellaneous Hardware. Costs per tank for miscellaneous hard- 
ware including suspension lugs are presented in Table 5-18. 

Forward, Aft, and Final Assembly Weldments.  Unit costs for forward, 
aft, and final assembly weldments are shown in Tables 5-19 through 5-21. 

Final Machining.  Final machining unit costs are shown in Table 5-22. 

Collector Pipe. Manufacturing costs for the collector pipe are 
shown in Table 5-23. 

Tooling.  The unit tooling costs for the tank and collector pipe 
are summarized in Table 5-24. These costs are detailed in previous 
tables. 

Tank Manufacturing Materials and Labor. A summary of tank unit 
material and labor requirements is presented in Table 5-25. The labor 
requirements, converted into dollars at $25/hour for manufacturing and 
$30/hour for engineering and quality support, are summarized in 
Table 5-26. 

Total unit costs including labor, materials, and tooling are pre- 
sented in Table 5-27. 

64 

^"^"^^ ^^i^^^a^i..^..,.—^. ....;.,.. .._■■:.„■■...,.^:^ 



^^mmmmmmmmmmimmmmi^mi. "^$m.  r'T-'*mmm$$$mmmß*?*%^' 

,,,-■'.. ...        ■■ ■ ■  ■        ■ .■■:■■■---- ■    ■■      ■     ■ ■■■■ ■   ■ ....... ■ 
.        ... ..:.. .... ■ ■     '     .     . 

NWC  TP  5835 

Tank Assembly Cost.    Total  tank assembly  unit  costs  including 
the baseline bladder configuration  and  collector pipe are as  follows, 

No.   of  Units 50 

Assembly  unit  cost,   $ 5,767 

500 

2,576 

1,000 

2,247 

2,000 

1,943 

These  costs  represent a 44-pound  tank, with a  76-pound TH-Dimer  fuel 
capacity. 

The effect of  tank weight on  cost  has been analyzed for the  follow- 
ing conditions: 

1. 
2. 
3. 

4. 

Use of 1020 mild steel for the tank shell 
Use of 1020 mild steel for the complete tank assembly 
Use of net forged closures and longeion wlr.h no contour finish 
machining 

Use  of  constant cylindrical  shell  thickness  in conjunction with 
2   above. 

All of  these changes will result  in a weight increase over the 
baseline  design.     Lighter tank configurations were not analyzed because 
the baseline  design incorporates  all  practical approaches to weight 
reduction without  the use of exotic materials  or manufacturing processes 
with attendant  large  increase in manufacturing  costs. 

Use of  the 1020 mild steel  for  the  tank shell will result in a  10% 
increase  in  tank weight with a negligible decrease in materials and 
manufacturing costs. 

Use  of  the  1020 mild steel  for  the complete tank assembly will 
increase   tank weight over 100% with a reduction in manufacturing  cost 
of less   than  10%. 

Use of 4130 steel forward and aft closures and longeron in the net 
forged condition will result in a tank weight increase of over 50% with 
less  than a  10%  reduction in manufacturing  costs. 

Use of a constant  tank shell  thickness   (no chemical milling)  will 
result  in a  tank weight  increase of  15%   to 20% with a manufacturing cost 
reduction of  less  than 2%. 

Examination of  these options  shows  that  the possible methods  of 
manufacturing  cost reduction are not worth  the weight penalty. 

An increase  in  tank volume over  the baseline  design can be achieved 
by increasing  the ellipse ratio of  the closures.     The maximum possible 
volume increase with flat closuxes will result in a volume increase of 
less  than 3% with a negligible cost increase; however, a large increase in 
tank weight will result.     The baseline design is  considered optimum from 
the cost versus volume standpoint.     The effect of bladder volume versus 
cost is discussed at the beginning of this section. 
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TABLE 5-24.  Tooling Costs 

-^ 

Tooling 

Forward closure   
Aft closure   
Longeron  
Ring  
Skin (50 units)   
Skin (500 to 2000 units) 
Miscellaneous hardware 
Forward assembly  .... 
Aft assembly    
Final assembly  
Final machine ( 50 to 
1,000 units)    
Final machine (2,000 
units)  
Collector pipe  

Totals for 50 units 
Totals for 500 units 
Totals for 1,000 units 
Totals for 2,000 units 

Tooling support, $ 

Manufacturing support at 
40% fabrication hours . 
Tool design at 100% 
fabrication hours . . . 
QC at. 20% fabrication hours 

Total 
Cost,  $ 

Tooling unit cost 

Fabricated at $25/hr 
Support at $30/hr 
Tool design at $30/hr 
QC at $30/hr  

Totals   

10,400 
9,700 

21,600 
6, yio 

10,450 
19,700 
2,250 

750 
800 
800 

8,650 

12,300 
3,425 

75,215 
84,465 
84,465 
88,115 

50 

580 

1,449 
290 

724.50 
348.00 
869.40 
174.00 

2,115.90 

Purchased 
Tooling 
Cost, $ 

6,500 
5.800 

20,000 
5,490 
1,200 
1,200 

38,990 
38,990 
38,990 
38,990 

Fabricated 
Tooling 
Cost, $ 

3,900 
3,900 
1,600 

900 
9,250 
18,500 
2,250 

750 
800 
800 

8,650 

12,300 
3,425 

36,225 
45,475 
45,475 
49,125 

No. of Units 

500 

728 

1,819 
364 

90.95 
43.68 

109.14 
21.84 

265.61 

1,000 

728 

Fabricated 
Tooling 

Cost, hr 

156 
156 
64 
36 

370 
74C 
90 
30 
32 

346 

492 
137 

1,449 
1,819 
1,819 
1,965 

1,819 1,965 
364 393 

45.46 24.56 
21.84 11.79 
54.57 29.48 
10 92 5.90 

132.79 71.73 

2,000 

786 
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TABLE 5-25.  Fabrication Labor and Materials, 

II    I 

Fabrication labor, hr 

Forward closure .... 
Aft '. losure  
Longeron   
Ring  
Skin  
Miscellaneous hardware . 
Forward assembly .... 
Aft assembly   
Final assembly   
Final machining .... 
Collector pipe   

No. of Units 

Manufacturing support , $ 
at 40% fabrication hours. 
QC at 20% fabrication 

hours , 

Materialj $ 

Forward closure    
Aft closure    
Longeron  
Ring  
Skin  
Miscellaneous hardware.   . 
Forward assembly  
Aft assembly  
Final assembly  
Final machining    
Collector pipe      

Totals  

50 

3.32 
3.32 
2.74 
0.28 
1.10 
3.32 
0.83 
1.10 
1.38 

11.04 
10.48 
38.91 

15.56 

7.78 

47.56 
62.89 
51.00 

138.60 
30.00 
8.15 

10.00 
15.90 

364.1 

500 

2.33 
2.33 
1.94 
0.19 
0.78 
2.38 
0.58 
0.78 
0.97 
7.78 
7.39 

27.40 

10.96 

5.48 

43.59 
60.14 
51.00 

125.70 
30.00 
8.15 

10.00 
15.90 

344.48 

1,000 

2.10 
2.10 
1.75 
0.18 
0.70 
2.90 
0.52 
0.70 
0.87 
7.00 
6.65 

24.67 

9.87 

4.93 

41.75 
58.34 
51.00 

119.70 
30.00 
8.15 

10.00 
15.90 

334.84 

2,000 

1.89 
1.89 
1.57 
0.16 
0.63 
1.89 
0.47 
0.63 
0.79 
6.30 
5.98 

22.20 

8.88 

4.44 

40.00 
55.00 
51.00 
114.00 
30.00 
8.15 

10.00 
15.90 
324.05 
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TABLE 3-26. Fabrication Costs. 

Fabrication cost at $25/hr 
Forward closure 
Aft closure . . 
Longeron . . . 
Ring 
Skin 
Miscellaneous hardware 
Forward assembly  . » 
Aft assembly 
Final assembly 
Final machining 
Collector pipe 

Total . . . 

. $ 

Fabrication support, y 
Manufacturing support at $30/hr 
QC at $30/hr .....   

50 

83.00 
83.00 
68.50 
7.00 

27.59 
83.00 
20.75 
27.50 
34,49 

275.88 
346.47 
1057.18 

466.80 
233.40 

No. of Units 
500 

58.30 
58.30 
48.60 
4,85 
19.44 
58.30 
14.50 
19.44 
24.26 

194.41 
184.69 
685.09 

328.80 
164.40 

1,000 

52.50 
52.50 
43.75 
4,38 
17.50 
5:.. 50 
13,00 
17.49 
21.87 

174.97 
166.22 
616.68 

296.10 
148,05 

2,000 

47,24 
47,24 
39,36 
3,93 

15.75 
47.24 
11.75 
15.75 
19.68 

157.47 
149.60 
555.01 

266.40 
133.20 

TABLE 5-27. Fabrication Summary. 

Fabrication unit labor, hr 
Tooling fabrication ..„.,. 
Tooling support   
Tool design   
Tooling QC   
Fabrication , , 
Fabrication support   
Fabrication QC   

Totals   
Fabrication unit cost, $ 

Tooling fabrication   
Tooling purification. . . , . . 
Tool design ..,,,..,., 
Tool QC  
Material  . . . 
Fabrication   
Fabrication support   
Fabrication QC  
Tool fabrication support. . . . 

Totals   . 

50 

28.98 
11.60 
28.98 
5.80 

38.91 
15.56 
7.78 

137.61 

724.50 
779.80 
869.40 

. 174.00 
364.10 

1,057.18 
466.80 
233.40 
348.00 

5,017.18 

No. of Units 
500 

3.64 
1.46 
3.64 
0.73 
27.40 
10.96 
5.48 

53.31 

90.95 
77.98 
109,14 
21.84 
344.48 
685.09 
328.80 
164.40 
43.68 

1,866.36 

1,000        2,000 

1.82 
0.73 
1.82 
0.37 

24.67 
9.87 
4.93 

44.21 

45.46 
38.99 
54.57 
10.92 

334.84 
616.68 
296.10 
148.05 
21.84 

1,567.45 

0.98 
0.39 
0,98 
0.20 

22.20 
8.88 
4.44 

38.07 

24,56 
19.50 
29.48 
5.40 

324.05 
555.01 
266.40 
133.20 
11.79 

1,369.89 
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TESTING AND RESULTS 

This section presents the testing conditions and results for the 
GORJE tank ground test and flight test units, including bladder devel- 
opment expulsion tests. 

The bladder expulsion test procedures and data sheets, and the 
fuel tank assembly, test, and packing procedures and information are 
presented as Appendices D and E. 

The test logs for the ground test tank (S/N 001), flight test 
tanks (S/N 002 through 005), the spare collector pipe (S/N 002S) bladder 
(S/N 007S), and the test bladders are shown in Appendix F. 

BLADDER EVALUATION TESTS 

The bladder design verification tests were conducted with two 
tank assemblies. A plexiglass tank was used for the functional fit, 
expulsion efficiency, lifo cycle expulsion, and leak tests.  The 
ground test tank was used for high pressure expulsion efficiency 
tests and verification of fuel capacity requirements. 

The bladder assemblies successfully achieved the test objectives 
and satisfied the requirements. 
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Each bladder assembly was procesoed per the leak test and installa- 
tion procedure (Table 6-1) and recorded on the data sheet in Appendix F. 
Two bladder assemblies were also processed per the bladder expulsion test 
procedure (Table 6-2) and recorded on the data sheet shown below. 

BLADDER EXPULSION TEST DATA SHEET 

Test data 

Bladder S/N 

Bladder expulsion cycle 

Bladder expulsion pressure 

Bladder expulsion time 

Pretest expulsion tank empty weight 

Expulsion tank loaded weight 

Fuel weight 

Expelled tank weight 

Expelled fuel weight 

Expulsion efficienty 

Bladder post-test leakage rate 

Bladder visual condition 

Remarks regarding test procedure 
i 

The bladder assembly was visually examined to assure that there 
were no cracks, delaminatlons, punctures, or discrepancies before leak 
check testing. 

Fig. 6-1 bhows the bladder, with collector pipe, prior to installa- 
tion into the tank. The basic bladder configuration, as installed in the 
transparent plexiglass tank before expulsion, is shown in Fig. 6-2. The 
folding characteristics of the ' ^dder are shown in Fig. 6-3. 

I 

Test Equipment 

Plexiglass test tank/ground test tank 

GN. bottle 

Vacuum pump 

Valves and gages 

L 
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lABLh 6-1.  bladder Assembly Leak Test and 
Installation Procedure. 

Leak Check bladder Assembly, P/N C11193-01-Ü1 

1. Clean ü-rings (4) and O-ring surfaces with a lint-free 
clotn.  Lubricate with grease per MIL-G-4343. 

2. Install ü-rings P/N 2-U37, 2-Ü42, 2-248 to collector pipe 
and ü-ring 2-131 to bladder assembly. 

3. Install bladder assembly to collector pipe assembly P/N 
C1121U-U1-01.  (Note:  On bolt hole pattern of collector 
pipe aft flange, one hole is offset for alignment of 
bladder to collector pipe.) 

4. Install No. 4-30 screws with lock-o-seal P/N 800-530-2, 
Parker Seal Co., on aft flange.  (Lock-o-seal will 
self-center under screw head with gentle pressure.)  Torque 
to 10 to 12 inch-pounds. 

5. Install hydrostatic test fill plug P/N C11223-11-01 (or NwC 

supplied fuel controller) in aft flange.  Secure with 
retaining ring, P/N N50Ü0-250, Waldes Truarc. 

6. Collapse the bladder by hand for ease of installation into 
the fuel tank.  Avoid sharp objects to prevent puncture. 

7. Before installation, visually inspect the inside of the fuel 
tank for cleanliness. 

' 

3.  Caution:  Align the longitudinal indentation of the bladder 
to IDC of the fuel tank.  Slowly insert the collapsed 
bladder into the fuel tank and secure wi ;h 1/4-28 flat head 
screws through collector pipe flange into tank flange. 
Torque screws to 70 to 90 inch-pounds. 

9.   Install a pressure gage and a flow control valve on the 
hydrotest fill port and a pressure-vacuum gage and a flow 
control valve on forward dome for backside pressure and 
vacuum. 

10. Pressurize backside of bladder with GN2 to 40 psig for 2 to 
4 minutes to bleed excess air.  Close valves on fill port; 
hold for 5 minutes; check gage for pressure cnange.  When 
pressure gage on fill port shows zero pressure, bladder 
shows no leaks and is satisfactory. 

11. Alternate leak test method:  after pressurizing backside, 

connect a line on fill port and put line in a beaker of 
water anJ check for gas bubble.  No bubbles indicate 
satisfactory bladder. 
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TABLE 6-1.  (Contd.) 

Positioning of Bladder in the Fuel Tank 

1. Uitii bladder in the collapsed state, fill the bladder with 
2U to 3U pounds of fluid and cap off end. 

2. with aft end up, slosh fluid around for 30 seconds, then 
invert (forward end up) and slosh fluid around for another 
3Ü seconds. 

3. Place fuel tank in the horizontal position and expel tuid 
by pressurizing the backside to 40 psig with GN2.  Hold 
until air is expelled.  Disconnect GN2 line. 

4. Connect vacuum line to backside and evacuate to 26 to 30 
inches of mercury and close valve.  Bladder positioning is 
complete. 
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TABLE 6-2.  Bladder Expulsion Test Procedure. 

1. Install, leak check and position bladder. 

2. For plexiglass tank, inspect bladder *or proper setting on longeron 
and forward ring. 

3. Fill bladder as follows: 

A. Vertical test position (Fig. 6-A). 

1. Pull vacuum from backside of bladder.  Check for proper 
contact with case. 

2. Fill with H„0 (approximately 90-3/4 pounds); pull vacuum 
while filling to eliminate folds. 

B. Horizontal test position (Fig. 6-5.). 

1. All valves in OFF position. 

2. Open valves No. 2 and 3. 

3. Start vacuum pump and evacuate backside to 28 inches of Hg. 

4. Open valve No. A and equalize the vacuum on both sides of 
bladder. 

5. Close valve No. 4. 

6. Open valve No. 5 and fill with fluid. 

4. Expel H-O with GN2 at 25 to 40 pslg. 

5. Weigh for weight expulsion and record on data sheet. 

6. For recycle of test, add 20 to 25 poun is H„0 and pull a vacuum. 

7. Cap H90 port and invert case, slosh H„0 to reposition bladder in 
case. 

8. Set upright again, pull vacuum, and fill bladder with H„0 (repeat 
steps 3 through 5). 

9. Perform leak test on bladder after every third expulsion test 
pressurize backside and check H_0 inlet for a 
bladder with gage and check for pressure drop 
pressurize backside and check H_0 inlet for air leak or pressurize 
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FIG.   6-1.     Bladder with  Collector Pipe  Installed, 
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FIG.   6-2.     Basic Bladder Configuration, 
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FIG. 6-3.  Bladder Folding Characteristics, 
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FIG. 6-A.    Bladder Expulsion Test  (Vertical). 
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Test Results 

Leak Test, The bladders were leak checked with GN„ at a minimum of 
15 psig in accordance with the leak test and Installation procedure. 
Two bladders were sent back to the manufacturer for repairs. Both 
bladders had blisters on the outer surface which were only noticeable 
after evacuation of the volume between the tank and bladder.  The blisters 
were formed because the cosmetic coating was applied to the surface after 
it was wiped with a volatile cleaner and the trapped volatiles expanded 
during the leak test. One bladder had a leak; it was repaired by the 
manufacturer.  After repairs, all bladders were satisfactory. 

Expulsion Performance. Proper positioning of the bladder is 
important to maximize the amount of fuel it can hold. The expulsion of 
fuel contained was near 100%, but due to positioning of the bladder in 
the tank, amounts of fuel contained in the bladder varied from 85 to 88 
pounds of H~0 (74.9 to 77.6 pounds of TH-Dimer equivalent). See Tables 
6-3 and 6-4. 

m  I 
I 

TABLE 6-3.  Bladder Expulsion Test, S/N 001. 

Cycle 
No. 

Expulsion 
Pressure, 
psig 

Expelled H2O 
Weight, lb 

Equipment 
TH-Dimer 

Weight, lb 

:..VV. 

Remarks 

1 25 86.2 76 Vertical position 
test (VPT) 

2 25 86.5 
■■■ 

76.2 VPT 

3 30 88.0 77.6 VPT 

4 35 88.0 77.6 VPT 

5 30 88.0 77.6 VPT 

6 30 88.0 77.6 VPT 

7 30 88.0 77.6 VPT 

8 27 88.0 77.6 VPT 

9 37 88.0 77.6 VPT 

10 35 88.0 77.6 VPT 

11 35 88.0 77.6 VPT 

12 35 88.2 77.7 VPT 

13 400a 85.0 74.9 Horizontal position 
test (HPT) 

98 



NWG TP 5835 

TABLE 6-4. Bladder Expulsion Test, S/N 004. 

Cycle 
No 

Expulsion 
Pressure, 

psig 
Expelled H90 
Weight, lhl 

Equivalent 
TH-Mmer 

Weight, lb Remarks 

1 

2 

30 

30 

88.0 

87.9 

77.6 

77.5 

Vertical test 
position (VTP); 
positioned bladder 
VPT 

3 40 88.0 77.6 VPT 

4 39 87.9 77.5 VPT 

5 39 88.0 77.6 VPT 

6 38 88.0 77.6 VPT;positioned 
bladder 

: 
Not positioned 
end-to-end 

7 40 86.2 76 VPT 

8 40 84.5 74.5 VPT; not positioned; 
no vacuum pulled 
prior to filling 

9 39 85.5 75.4 VPT; not positioned 

10 38 84.8 74.7 VPT; not positioned 

11 37 84.6 74.6 VPT; not positioned 

12 30 87.6 77.2 HPT;positioned 
bladder 

13 60a 84.7 74.7 HPT leaked at 
50 psig; water 
trapped between ; 
tank and bladder 

, Expulsion test conducted with ground test fuel tank. 
Upon examination of the bladder, a metal chip was found which 

had punctured the bladder. The tank was recleaned and bladder S/N 001 
was tested with success.  Bladder S/N 004 was patched and re-leak tested 
with satisfactory results. 
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The multiple cycle  tests were conducted on the two bladders used for 
expulsion testing.     The maximum theoretical  internal  capacity of  the tank 
(excluding bladder) was  80.59 pounds of TH-Dimer.     Therefore,   the internal 
volumetric efficiency based on Tables  6-3 and 6-4 data was estimated at 
96.3% with no ullage.    Ullage requirements  for the vehicle mission have 
not been specified. 

During the first test  in the ground test unit,   the bladder was damaged 
by a metal  chip,  causing a leak.    The bladder was patched and tested again 
with satisfactory results. 

Expulsion Life  Cycle.     Two bladders  were  expelled a total of  18 
tlfflws each with nö-äppärent deleterious  effects.     Life expectancy with 
cold gas  should be at  least  25  cycles. 

Bladder  Expulsion Pressuie Logs.     No measurable pressure drop was 
observecTduring expulsion  testing.     A 3-   to  5-psi  drop was measured 
between GN„   inlet  pressure  and  fuel outlet   line  pressure;  however,   this 
loss was primarily caused by the 1/4-inch discharge  line. 

TANK TESTS 

The fuel tank and collector pipe were subjected to structural testing 
and successfully achieved test objectives and satisfied requirements. 
The ground test tank and collector pipe were used in the bladder expul- 
sion test and the fuel expulsion efficiency test.  The collector pipe 
and bladder, as assembled in the tank, are shown in Fig. 6-6. 

y- 

proc|f Pressure Test 

The  fuel  tank was  tested  to  the  requirements  of hydrostatic  test 
assembly D/N C11223 and Operations  and Quality  Record Procedure 1002 
(Appendix D) .     See Fig.   6-7  for  the hydrotest  schematic.     The tank was 
filled with water  and water soluble  oil  and pressurized with GN«. 

The  collector pipe was  tested  to  the requirements  of hydrostatic 
test assembly  C11222  and Operations  and Quality Record Procedure 1003 
(Appendix D) .     See Fig.   6-8 for  the hydrotest schematic.     The collector 
pipe was  filled with water and water  soluble oil  and pressurized with 
GN0.        / * 
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FIG. 6-6.  Collector Pipe and Bladder Assembled 
in Ground Test Tank. 

ON/OFF 
VALVE   (/ 

Ä 
GN„ 

-Ä- 
,PRESSURE 

GAGE 

H20 

FILL 

VENT 
VALVE 

TANK • 

COLLECTOR 
PIPE' 

X* Ä 
GN„ 

ON/OFF 
VALVE 0 PRESSURE H20 

% 

GAGE FILL 

Ij-Äl 
VENT 
VALVE 

I 
I 
COLLECTOR- 
PIPE 

FIG. 6-7.  Fuel Tank Test. FIG. 6-8.  Collector Pipe Test. 
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GORJE FUEL TANK SUSPENSION LUG STRUCTURE TEST 

SCOPE 

The test report covers testing of the proposed GORJE tank, suspen- 
sion lug and shaft to the ultimate load conditions for captive flight. 

OBJECTIVE 

1 
I 
■'--. 

m :. 
-.■;■■ 

The objective of the  test was  to verify  the structural adequacy of 
the proposed design. 

PROCEDURE 

Two test units were fabricated as  follows: 

The suspension lug was machined from a standard 1,000-pound store 
lug forging (P/N 1252628), 

The machined lug was heat treated to 180,000 psi minimum ultimate 
tensile strength. 

The shaft was fabricated from 4340 steel per MIL-S-5000 and heat 
treated to 180,000 psi minimum ultimate  tensile strength. 

A test fixture was  fabricated from 140,000 psi minimum ultimate 
tensile strength material.    The  test fixture was designed to simulate 
the side wall configuration of the GORJE  tank longerca in the area of 
the lug recess. 

All components  used are shown in Fig.   7-1.     The assembled test unit 
is shown m Fig.   7-2.     The  unit was  tested in CSD's Tinius-Olsen 300,000- 
pound tensile  test fixture   (Fig.   7-3)  as  follows: 

1. Each unit was  taken to limit load  (11,000 pounds)   for two cycles. 
Load was  relaxed to a no-load condition between cycles. 

2. Units were subsequently subjected to ultimate load (16,500 pounds) 
monitoring load versus deflection using an electronic deflecto- 
meter with readout printed by an XY recorder. 

RESULTS 1 

The test results  confirmed the structural capability of   the two 
units  to withstand ultimate load conditions for captive flight.    Figure 
7-4 shows the load versus deflection curves  for both units.     (NOTE: 
Deflection is  for total  test setup;   therefore, no deflection scale is 
shown on Fig.   7-4.)   Visual examination of all components after test con- 
firmed  that no permanent deformation occurred. 

102 

 ;.. ■,:.;;■,..._     .     SiM^äSiÄSsÄi.iöiM^ 







■.«!- 

NWC TP 5835 :i 
^ 

i 
i 
r— o- 

S 
Q£ 

^t LU 
r^ OQ 

1—4 g „ O 
ft o 
LU 

P" LU 
»— P= 
o CSJ 

Q 
■ ■ i 

d 
H- 
co >- 
LU p«-^ 

1— ■ 

i—t 

9 

3) 
\ 

O" \ 

\ 

^ 

"-i 
— L^ 

— i~~ w 
o 
CD 

in 
CM 

o o 
csT 
CM 

o o o 
«k o 

o 

m 

o o 
ir\ 

o 
8    ^ 
irv CVJ 

ai'avoi 

o 

oo 

LU a: a. 
o 

so o 

< in 3 

en 

CM 

> 
M 

U 
ä 
o 

•H 
4-1 
CJ 
OJ 
H 
4-! 
a) o 

w 
M 

> 

o 

I 

ü 
H 
CM 

105 

-"'■, 



.^i^^WMH^i^.^^^W^^^'U^^ 
.^.^^^ 

: 

NWC Ü 5335 

CONCLUSIONS 

Based on the test results of the two units which had been randomly 
selected from a 20-unit lot, machined to the proposed design configura- 
tion and heat treated per drawing requirement, it is concluded that the 
proposed design will meet   all program requirements. 
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Appendix A 

GORJE FUEL TANK ASSEMBLY DATA PACKAGE 

GORJE FUEL MANAGEMENT SYSTEM 

Baseline Design 

See Fig. A-l. 

Theory of Operation 

Pressurization Subsystem.  The pressurization subsystem is a nozzleless 
cool gas generator L ^sed in the centrally mounted collector pipe assembly. 
The gas exhausts through holes in the collector pipe assembly mounting 
boss at the forward end of the fuel tank. Pressure is regulated by a 
relief valve. 

Expulsion Device.  The expulsion device is nominally an elastomeric 
bladder attached to the collector pipe assembly at the tank ends.  Gases 
from the gas generator collapse the bladder forcing fuel through holes 
in the collector pipe and down the annular gap Between the collector pipe 
and gas generator housing to the fnel controller. 

Fuel Controller.  The fuel controller is an altitude scheduled, 
bellows activated, cavitating venturi valve.  Fuel from the collector 
pipe enters the fuel controller through radial holes and exits through 
the aft tank closure to a normally closed explosive valve. As the fuel 
controller is normally open, the tank is filled back through the fuel 
controller. A fill vent is also provided in the fuel controller. 

GORJE FUEL TANK ASSEMBLY BASELINE DESIGN AND REQUIREMENTS 

Fuel Tank 

See Fig. A-2.  Structural design criteria are shown on Fig. A-3. 

Collector Pipe 

See Fig. A-4. 

Bladder 

Requirements. ' 

1.  The bladder will be compatible with the following environment 
at a pressure of 450 psig and a temperature of 550°F: 

-4 
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Gas Generator Mole Gas Generator Mole 
Exhaust  Products Fraction Exhaust  Products Fraction 

FeO 0.00020 c 0.06364   | 
H2O 0.11542 N2 0.06140   j 
H2 0.30088 FeCl2 0.00040   1 
CO 0.21137 CH4 0.03306 

!             CO2 0.11358 COS 0.00023 
HC1 0.07883 H2S 0.02094    1 

The bladder functions properly in this environment for 120 sec 
(maximum fuel expulsion cycle). 

The bladder will be compatible with ramjet  fuel TH Dimer, 
MIL-F-82522A,   to ensure proper functioning after a storage 
period of  5 years.     Compatibility  includes minimal structural 
degradation,  bladder swell,   fuel permeation,   and  fuel 
contamination. 

3 
The assembly will expel a minimum of 1.3475  ft    of fuel after 
a storage period of  5 years.     The bladder will contain suf- 
ficient ullage  to prevent structural  failure of  the assembly 
over a fuel storage  temperature  range, of -40oF  to  140oF. 
Expulsion efficiency is  determined as outlined in  this  appendix. 

TESTING 

NWC Testing 

The GORJE  fuel  tank assembly will be tested at NWC as  listed in this 
subsection.     Test  conditions  are  to be  considered as  design requirements 
which the full assemblies must meet before acceptance. 

Vibration and  Impact Testing.     See Fig. A-5. 

Vehicle Ground Test.    A  semi-freejet  test of  a prototype flight  test 
vehicle using flight-type components  in the ground  test unit will be 
conducted.     The proper  functioning of  the fuel  tank assembly will be 
determined at  that  time. 

Contractor Testing 

Tank Structural Testing.    Each  tank will be subjected to a proof 
pressure test at 450 psi internal pressure.     A leakage test also will be 
conducted at 450 psi  internal pressure.     The leakage rate will not exceed 
2 psi/rain with air  as   the working fluid for  the baseline bladder design. 
If the  contractor proposes  an expulsion device  that permits  fuel  to 
contact  the  tank walls,   the leakage rate will not be discernible over a 
period of 120 seconds  at 450 psi internal pressure with TH Dimer as  the 
working fluid. 
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FIG. A-5.  Captive and Free Flight Vibration Tests, 
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Expulsion Testing.     NWC will supply  the  contractor with a  flight- 
type  tuel controller for use in  the expulsion testing.    The bladder 
design will be  tested  to  confirm structural integrity,  proper  functioning, 
and cycle life at pressurization gas conditions of 450 pel,   550oF.    The 
contractor will estimate   the cycle life of the bladder  under  flight 
conditions.     Total  expulsion  efficiency of  the flight  design will be 
determined experimentally on  the following basis: 

1. Loading Efficiency -  theoretical fuel volume less inerts and 
voids.    The bladder and bladder mounts will be considered inerts, 
However,   the  volume occupied within  the  3-inch-diameter col- 
lector pipe assembly and corresponding tank mounting cup will 
not be considered as  theoretically available  fuel volume. 

2. Expulsion Efficiency - fuel expelled divided by fuel loaded. 

3. Permeability and leakage loss for 5 year storage - need only be 
documented. 

m 

Total Expulsion Efficiency (%) - fuel expelled divided by 
(theoretical fuel volume) times 100 minus percentage of perme- 
ability and leakage. 

Pressure loss from the gas pressurization inlet to fuel controller 
cavity will not exceed 40 psi at 400 psl pressurization and maximum fuel 
flow rate (nominally 3.2 pounds/second TH Dimer with the tank at a 
0-degree flight path angle.  The fuel controller will incorporate a 
pressure tap for this purpose. 

t 

4 
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Appendix B 

GORJE  FUEL TANK DRAWING LIST 
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-BOSS PER MSSS«»*"»-«! 
2 PL/kCES  18Cf AP*,RT 

VHSBSSS / 

/ 

..ISO   Ot*.   ■— 

Z.TSO    DIA 
SAS1C 

23 /-SEE DETAIL A1^ 
■;-vo I«  j—     / 

Z.3t.C> P 

DETAIL A^J        R^F 

KJOTGS 
I.   UMLESS OTHERWiSB SPEClFieD'- ReMOVi| 

RADII TO BE ,020 WA.V. 
E.   HYDROSTATIC TEST TO  IOO PSIGiS PSSOj-J: 

t TOB MIMUTES. LKAKAGB  RATE  5MA.U- ^iO* 
.       MORE THAW iP^iiG PER WIWUTE. 

/i\ APPLY ATHIW COATIHG OF ITEM   t4- TO-t-^ji 
UWDER HEAD.SMAUK AUD THSEAD3, PRIOR T(f 
RlCATihJ&^LEAW THREADS TO   REMOVE'*« 
PARTICLES. 

^ IWSPECT AMD CLeA.KJ   O-RIKJG, O-Rl WG  op 
AMD SEAL-IKIG SURFACES WITH A LIWT-r^ 
CLOTH. 

5.   ALL TGSTIUG TO BB PQRPORWED IU  A VfcAT^ 
ATT'TUDE   UUi-ESS  A UTC APPROVED^ "'" 
IS USEO TO  EulMlWATE   EVJTRAPPED Aif 
iWTME HORIZONTAL  POSlTlOW. 

I*   USE  HYDROSTATIC TEST  FLUID OF  ZO PAB3| 
AWDOME PART  «WATER SOLUBLE Oll_.  AU1? 
TEST   FLUIDS   WAV  &E USED  IF PRIOR AB» 
OFUTC  15 OBTAIWED. 

7.    APTER   HVDROaTATlC TEST, AuL.  COMPÖH 
SHALL BE  CLEAVjED, OEaR£ASSO,tMS-ii 
AMD SWAUL HAVE A TMlW COATimG OFW 

.        WE  OIL AfPLlED, 
/% PARKER SEAL  CO., O-SEAL. D1 V- OF" PARK.««! 

1FIW  CORP. CULVER CITV,CAL IF. (.OR  AP|» 
A       EQUIV.-) 
^ TORQUe  ITEM=1 TO lO-lZ IKJ.LBS  PER  «BÖlö 
A       SHOWW  (1st VltW   ft-B. 

/P^DOW CORM1MG  CHEMlCAUCO.,  f-llDuAubB 
AtOR APPROVED  eClUW.1) 

METAL STAMP  PART  WO. ■«'.TH   Vi  IWCH  Hl^ 
ACTERS APPROX ÄS SHOWW. 

MJDA 

; 

VIEW B-B 
TORQiJC  SSQUEUCE; 1,7,4,10, 
1,6,S,II.5,■»,{.»!£ 

SCALE: MONK 

FIG.  B-19.    Hydrostatic Test Assembly, 
Collector Pipe. 
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-BOSS PER MS3i(.4<»-(. 
I PLkCSa ISCf «.PHRT 

SEE DETAIL A'' 

j^g^i 
DETAI 

NOTES 
1,   UWUESS OTWeRWlSttSPEClPlffD-. BBWOVE   AUU 

BURRS, e.RB^KSH^RP EDGES .OOS-.OIO.P ILLET 
MADU TO BE ,OZO Uf.V. 

t.   HYDRpSTATiC TEST TO  lODpSlöi'i PSIG POR 
t TO 3 MlKlUTS», L.EAKAGC  RATE SHALL MOT   BC 

-        WORE THAW  Z P51G PER MINJUTE. 
>% APPUY ATUIW COATING OF ITEM   I* TO  ITEM % 

UWDER HBAD.SHAKJK AUD TMREADS.PRIOR TO UUB- 
RlCATlMQi.CLeAKt THREADS TO  REMOVE   FOBElQW 

^lUSPECT AWD  OLBAKJ   O-RtKJC, O-RIWCJ G.HOOVE 
AWD SEAX-IWG  SURFACES WITH A UIWT   PREE 
CLOTH. 

5.   ALL TESTIWS TO BC PERFORWED IW A VSRTl CAL, 
ATTITUDE   UULSSS A UTC APPROVED   METHOD 
IS USED TO EUIMIÜATE.  EMTRAPPED AlR V/HEW 
IW-tWEf MORISOWTAL  POSlTlOW. 

te   U^E  HYDROSTATIC TEST FLUID OF  ZO PARTS WATER 
AWDOWE PART WATER SOLUBLE OIU.   ALTKRUATC 
TEST   FLUIPS   MAV  &E USED  IF PRIOR APPROVAL 
OF UTC   IS DBTAltiSD. 

7.    AFTER   HYDROSTATIC TEST, ALU COMPOWE.WT* 
SHALL BE  CLEAWBD, DEGREASeDjlWSPE.C'TED 
AWD SMALL MAVB A TMIVJ COATtWG  OF  F>ROTECT- 

A        IVS OIL  APPLlSD. 
^PARKER  SEAL  CO., O-SSAL DIV. OF PARKER  HAWW- 

IPIW  CORP. CULVER CITV.CAL IF. i.OR   sOpROvED 
A       EQUIV.-) 
^ TORQUE  ITEM ^  TO  iO-it IW.LRS  PER  SCC^UewCC 

/c\ DOW CDRWING.  CV-iEMtCAL CO., MIDLAWD, MICH. 
A     COR APPROVED  eQ.ülV,V 

METAL %TAMP PART  KIO. ^\TW   ^6  IWCH   HIGW  CHAR- 
ACTERS APPROK  AS  SHOWW. 

fr NR 
  rWSEAO COUPOUUD PEO MIL-T-WM / 1« 

AA UR 111« DC-11 e>BE*.se / 13 

/ 12 

A f »3»« £Ä O-PIUG   ^&UMA-M) X II 

11 WASHER,TUT,STL, UO <t S12t 5? 10 

It — SC REW.CkP.SOCKET HD. STL, 5^ 9 

/ 8 

/ 1 

1 -M-OI CIOIO-CIOSO STSEL }{ h 

1 CII5IÖ 
■Ol-Ol COLLECTOH PIPE »SSEMBLY % 5 

/ 4 

/ 3 

/ I 

CONflS 1 ASSSMBL.V */ 1 

■w jsi« n-t •» 

i-19.    Hydrostatic Test Assembly, 
Collector Pipe. 
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SEE DETA 

4-*0UtJC-3B THRU 

LA« 

DETWL ITEM "» 

^ i 
.fell C 

DETAIL A^ 

,K>0—I     f— 

'y_L 
V 

^■10UNC-16' .15 DP- 
(OtJOT BREfcK THRU 

4-40UUC-aBTHRU 
H PLACES   BfciEOOJ 
12 PLKCES tq SP 

DETAIL   (TEM 6 

zrf=r010" 

DETAIL ITEM   10 m 

^ 

DETAIL   ITEM}; 
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15.   E-LUORSSCCWT WET  COMTIMUOl'S   M^QUCTIC   PABTT- 
ICtB   njsPBCT pew Mfl--r-i»ftVB  A,LL   6XT&B.IOR 
•JURF^ces  B^CEPT SUftPCWBlOW   l-UCfc CAVITIES 
lOOV. A.FTBP»   wYOnoaTATiC TEST, CONC6NTKAT- 
tDW AMD  VsaCOSlTV   OP   SUSPSWSIOU SMALl-   BK 
VJtTHlW THE UlMITS OF   PARA 5.1.1, MBTUOD  OP 
WAGWETlZ-ATlOW OPTIOWAU.   WO CRACKS OR D19- 
COWTlUUlTie^. AtLOWCO. 

TENA 14- &UAt-*- UAVE A MiKi OP ifaOOOO 

VIEVVB-BE 
TORQUE 5EQUEUCE-. 1,7,4,10, 

TORQUE  SEQUEUCEi 1,5, 3,7, 

aCALG-- kJOWE 

MOTES: 
f.   UULSSS OTHCBWISE SPCClFlEDi »BWOVB AUU. 

BURH^l »REAK "SHARP EDGfiS ,OOS - ,010. 
FlULCT   RADII TO AS ,010  MAX. 

Z. HYDROOTAT1C TEST TO *SO P»>G±ID PS1G FOR 
ISTOSO ÄBCOWDSL L£A^AOe   BATH ÄMA.)_l,  WOT 

A       ftC MORE THAU   1 PS1Q  PER  MIWUTE. 
^ APPLY A TH1W COATltJG OF   ITEM ZB TO  BOLTS. 

tUMDER HCAD.^HAWK AWDTUBEAO^.TWRCADKD 
HOLES, AWD FACtS OF WASHER. PRIOR TO  LUB- 
RlCATlWG.CLEAW THREADS  TO REMOVE   FOR- 

A      C16I*J PARTICL-C*. 
^tUSPECT fcUD CLEAW O-BIUGS.O-RlUG GROOVE» 

AMD SEALIMG SURFACerS WITH A LIWT FREE 
CLOTH.  LUBRICATE  VJ1TW A THI W COATIWG OF 
ITEW ZT 

6,   ALL TCSTIWG TOBB PBRFOHMBD   IWAVERTICAU 
ATTITUDE   UULC5S A UTC   APPROVED METHOD 
»15 USmO TO   EHMIMATE   EWTRAPP-ED AIR WHEW 
IW THE MORIT-OWTAL   POSITIOW. 

fa.  USE WYPROBTATIO  TEST   FLUlO OF ZO  PABTÄ 
WATER AWD OWE PART WATER   SOLUBLE Ol U. 
ALTERWATE  TEST  FLUIDS  MAY AE USED   IP 
PRIOR APPROVAL OP UTC  IS   OBTAIWEC 

1. AFTER  HYDROSTATIC TEST, ALL COWPOWENTS 
%MAUL BE CLEAWED, DEQREASEiD, IW3PGCTED 
APOD ^.HALL WAVE   A THlW COAT I W G OF PROTGCT- 
IVE OIL APPLIED. 

/gl. PARKER SEAL CO-, O-SEAL  D1V  OF  PARKER 
HAMWlFlK) CORP,, CULVER CITY, CALIF.  I, O R 

A       APPROVGO EQJJIVV 
^TORQUE  ITEK* H   To   lO-lt m. LBS  PER SB- 

QUEWCE  &HOWW IK) VIEW   B-B, 
/%DOW CORM1WG   CHEMICAL CO., M IDLAW D, MICH. 

.        I.OR APPROVED  GGLUIVI. 
/K TORQUE  ITEM Ito TO BO -iOO 1W.LB      PER aEQUEWCE 
A       SHOWW  IW VIEW C-C. 
/a\ TORQUE  ITEM  IS TQ    Zi-*0  IN-L»    , 
^•MALOES KOHIWOOR IMC. LOWS TSLAKID CITY, N.Y. 
.       (.OR APPROVED ECl.UlV.> 

^METAL  STAMP PART   WO- WITH   'lb 1WCH  HIGH CHAR- 
ACTERS APPRO*. AS SHOWW. 

FIG.  B-2C.    Hydrostatic Test Assembly, 
Fuel Tank. 
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Appendix C 

AERODYNAMIC LOADS  FOR GORJE 

A complete structural analysis  of the GORJE fuel  tank assembly is 
necessary  to determine the aerodynamic loads exerted on  the fuel tank 
which result  from aerodynamic  forces  on the forebody and the afterbody. 
In particular,   the force and moment at both the forward and aft attach 
skirts is  required.     The aerodynamic loads are a function of  the angle of 
attack which the vehicle experiences  during captive  flight on the launch 
aircraft.    A method for determining the angle of attack is given in 
MIL-A-8591D dated 2 January 1968.     However,  examination of  the recommended 
formulas  for Points 2 and 6   (see Fig.   11 of MIL~A8591D)   reveals   that effec- 
tive angles of attack of  48.3 and 43.6  degrees  could be expected at a flight 
condition of M = 0.8,  H = 5,000  ft  (q =  788 Ib/ft2).     These angles of 
attack are  considered to be unrealistically large and the loads  calculated 
using  these values would not be appropriate.    Discussion with NWC  confirmed 
that MIL-A-8591D gives  unrealistic angles of attack and it was agreed that 
the angle of attack should be limited to 20 degrees.    An angle of attack 
of 20  degrees is  in the range where nonlinear aerodynamic effects  could 
be expected.     However,   it  is  assumed that linear aerodynamics will predict 
forces which are slightly higher  than would occur and are therefore con- 
servative for structural load purposes. 

The value of Ci^  for the forebody is estimated using t.he method of 
DATCOM,  section 4.2.1.1a,   following  the example shown: 

d    = 10 in.  = 0.833 ft 

£B = 80 in.   = 6.67 ft 

f    = £B/d = 6.67/0.833 = 8.01 

VB =  l/3ff  (2.5)2 4.5 + l/37f (ä.252 + 2.52 + 3.25 x 2.5)  5 

+ l/3ir  (4.82 + 3.252 + 4.8 x 3.25)   13 

+ 1/377  (52 + 4.82 + 5 x 4.8)  9.5 

+ | (10)2 48 

= 29.4 + 130.5 + 669.5 + 716.3 + 3769.9 

= 5315.6 in3 

All figure numbars, section numbers, and nomenclature referenced in 
this appendix are taken from R. D. Finck, USAF Stability and Control 
DATCOM, October 1960 (Rev. January 1974), Flight Control Division, 
Air Force Flight Dynamics Laboratory, Wright-Patterson Air Force Base, 
Ohio. 
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NWC TP  5835 

« 3.076 ftJ 

= 80  in = 6.67 ft 

= 1.0 

_S = 0.905 from Fig.   4. 2.1.1-20b 

O^-iq)  =0.91 from Fig.   4.2.1.1-20a 

So = I  (10)2 " 78,54 in2 = 0•545  ft: 

VB 
2/3 

■•a 

= 3.0762/3 = 2.116 ft2 

^  (Kz-K^   S0      2(.91)   .545 

VB
2/3 2.116 

= 0.469/radian   (based on Vn
2/3) 

s 

CL a = 0.469 x 
2.116 

.545 

= 1.82/radian   (based on S ) 

Mote   that slender body  theory would give CLa = 2/radian.     The control 

H 

surfaces (or wings) with the hinge point at Station 78 are allowed to 
deflect freely during captive flight and therefore will produce no lift. 
It is further assumed that, since these surfaces will align themselves 
with the local flow direction, there will be no downwash to affect the 
lift of the forebody or afterbody.  Consequently, the value of CLa for 

the forebody is: 

= 1.82/radian (based on So) 

If 

The value of CL for the afterbody will be difficult to determine 
because no method is"available for a body of noncircular cross section. 
The lift of the inlet ducts cannot be treated in any straightforward 
iranner.  For lack of a precise method, it will be assumed that the inlet 
ducts produce the same lift as a low aspect ratio wing.  However, it can 
be shown that the lift of the afterbody will be greater if the effect 
of the inlet ducts is neglected.  This is because, by including the inlet 
ducts as an equivalent wing surface ahead of the fins, the aspect ratio 
of the combination is lower with a corresponding reduction in lift.  There- 
fore, it will be assumed that the afterbody lift can be estimated by 
assuming the fin leading edge extends to the body. The method for 
calculating the lift of the wing-body combination follows the DATCOM 

method. 

143 

istmzmmm^'>mmmmmii>!mii^llUll^ßif 

V..»V;.. ».,... t w,;.,^ ,w:-....;.^ ., .    ..,- ■   --.....   ..:...^.-..J;,-.-:;^v...i..,.^l^J.^^«J. 



...       .,:     ,     ,;:   .   ,    ■      ,        .,    ,,.    .   ..._ .        ■   .._    ...     ,. .... , 

::^-, 
i.iy^ö^Hi-üi^.v;^! (■.■:■;--;: ■■.■■-,:■■. 

NWC TP  5835 

WB N + ^(B)  + KB(W) (CLa)e SW 

Since   the nose  lilt has been included as  a  forebody  force,  % = 0.   (The 
values  of %(B)   an-:, KB(W)  are  found  in Fig.   4.3.1.2-10,   Appendix II   .) 

The value for (cVi 

f- if =0.375 

KWCB)  •fKB(W)   = l'33 +0-57 " ^^ 

is found in DATCOM. 

A m —— = 0  97 

^C/2 = 30v 

(M£b)A=0 «1.0 from Fig.   4.1.3.2-43a 

(M£b)A = 1.0  from Fig.   4.1.3.2-43b 

A 
K [(Mi--n2Ac/2]

% = f#(. 2  ^ 577Z)     = 0.560 

a 
= 1.55 

(^a)   = ^^ X *97 = ;L*50 

Se = 2 x 10 x 8 + 12.7 x 10 = 287 in2 = 1.99 ft2 

(CL  )      = [o + l,90l  1.50 -^||- =  10.4/radian (based on S0) 
WB 

(CL  )    = 10.4/radian  (based on S0) 

The value of Cj,,    for the  forebody will be  calculated using  the method 
in section 4.2.2.1 of DATCOM.     The  local body  cross sectional area is 
required. 
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Station 
Diameter, 

in. 
s , ft2 

X x,  ft 

0 0 0 0 

4.5 5.0 0.136 0.375 

9.5 6.5 0.230 0.792 

22.5 9.6 0.503 1.875 

32.0 10.0 0.545 2.667 

80.0 10.0 0.545 6.667 

This is plotted in Fig. C-l, from which dS/dx can be determined. 

Station 

0 - 4.5 

4.5 - 22.5 

22.5 - 32.0 

32.0 - 80.0 

dSx/dx, ft 

0.363 

0.245 

0.053 

0.0 

h i. 

0.6 

0.5 

0.4 

,x 0.3 

0.2 

0.1 

■ ■4-7- ——[  —v- 

'r ' ■       :   :       1    ■■+      1 
.     i. . .- /I !  -■■t-rd H-J 

../     4-:. ■"'"t 1  ■^ 1        .'            !   .■ 

/ 
. . J.J::;. . 

■               ■       ;               i              1 ..;;:.|.r 

/ ^   j   i j            i            1           ;            ' 

L  ■ _/__ 

/ 

f:  ■ri"" ::t.L  ■ ,4,: j   j   ; ;.!.   1 
 ■  '  :  i    . 1...:..   ... i    J     i. .. J 

i / 
■'■■ 

.     1     L   ' _:_ 1 i i   _ 
/ 1 J i      : 

j f '.t.._ , Ji; 
:-.'--■ 

__L.. 
; ■ j ' :   !       1       1. 

;. 

/ 

i . : 
i 

._„ .:■..!,   ! "r i : ■ ■ ! 

/ 
\ '     1 1;. ..;; , ' 

--■■>-T-. -r - 
'I ■    'l    ;    ^ :. 1 :: 

1/ -■j 
.-L ,..P: 

■—■ r   ! , j .!■ ,: 
■ i 

0 l ■■ l J I 

FT 

\ ' [ >,:.     , ■   . 5 7 

FIG.    C-l.   Forebody Cross  Sectional Area Distribution. 
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The pitching moment curve slope,  0™,   is1found from 

2   (Kz-K!)   fx0 dSx 

"m. a 

1x0 a^ 
IJ*  (xm-x)dx/radian 

I 

t 

where x    is location of moment center, 
m 

Piecewise Integration of Equation For C mc 

Station Ax (dSx/dx)Ax 
X (Xm-x) 

(dSx/dx)(xm-x) Ax 

0 -    4.5 0.375 0.136 0.187 6.48 0.881 

4.5 - 22.5 1.500 0.36H 1.125 5.54 2.039 

22.5 - 32.0 0.792 0.042 2.667 4.00 0.168 

32.0 - 80.0 4.000 0.0 - - 0.0 

3.088 

Note x    at station 80.0 m 

dS 
2   -r-S (Xm-x) Ax *= 3.088 ft3 

dx 
x=o 

2( 9n 
^oc = 3076    3'088 " 1'827/radian (based on VB) 

3.076 
C-    = 1.827 x 'm a 0.545 x 6.667 = 1.55 

(cm  )    ~ 1.55/radian (based on S0,  I = 6.667 ft) 

The pitching moment curve slope for the afterbody is also difficult to 
determine since no method is available for noncircular bodies.    In keeping 
with the assumptions made for calculating CL«,  it will be assumed that 
only the fin is effective and the DATCOM method will be used to determine 
the center of pressure. 

' \ 
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va.c. lCre/N L« 

va.c. X 

N 
CL. 

a.c. 

'JWW(B) "aW(B)  \ Cr CL 

^«N + CLaW(B) 
+ CLaB(w) 

e /B(W)  aB(W) 

As before, the lift of the nose is iacluded as a forebody force and CL 
«N 

= 0, 

^^(B)  " KW(B>   (CL«)e ST 

^«BCW)  " KB(W)   (%)e S 

The values of K^gj and KB^ are found  in Fig.  4.3.1.2-10 of Appendix II. 

^OWCB)  S51-33   (1-50) ^Hs  = 7.28 

^LOBCW)  =0.57  (1.50)1^=3.12 

X 
The value of f   a'c 

-re /W(B) 
is found from Fig.   4.1^4.2-22; 

X=!20r7 = 0-386 

^    -/TTZ _    .6 
tan ALE      tan 52°        1.2799 = 0.46 

A tanALE = «^ x 1.2799 = 1.24 

^=0.3=^ 
Cr \Cre7w(B) 
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The value of I. a'cl 

e /B(W) 
is found as outlined in Step 6 of Appendix   IV. 

d 
b 

A-.S2 x 

12 
« -=> ss 0  6 

20        * 

» 56° 

0.97 - 0.58 

For |JAe >4#0 

Cre yscw) 

For /JA«. » 0 and Figure 4.3.2.l-36b 

20 - 12 
4 " 2 x 20.7 

■ f + tan 56' [0.35] =0. 35 

4  [Ae  (l + Xe)  tan ALE] - \ [o-.97(1.386> tan 52°] 0.43 

a.c. 
Cr, 

- 0.21 
e /B(W) 

Interpolating gives 

e /B(W) 

The center of pressure can now be calculated 

x' 
Z***- - 0 +0-3 x  7.28 + 0.23 x 3.12 _ n ,_Q 

'^e 0 + 7.28 + 3.12 
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The pitching moment curve slope  for a moment  center located at station 

111.125  is 

r       tv        y^    10 r. JL ^ § -4- 0-279 x 20.7 _ c -. 1 

(Cma)a 

5.11/radian (based on S0, ^ = 6.667 ft) 

The aerodynamic forces and moments can now be calculated. The maximum 

aerodynamic loads are given below: 

Point 

2 or 6 

LfJ lb 

273 

Mf, ft-lb 

1549 

L , lb 
a' 

1559 

M , ^t-lb 
a 

5106 

NOTE: L is the lift in lb normal to wind direction. 
M is the moment in ft-lb. 
f » forward, 
a = aft. 

It must be remembered that the aerodynamic loads given above are the 
.aximurn values.  Since the values for as can be zero, it ^J ^f 
that the aerodynamic loads can also be zero.  The use of these loads in 
the structural analysis must consider the possibility of zero values and, 
thereforerselection of the worst case will be made during that analysxs. 

The values of CLa and C^ are applicable to all points on the load 
diaeram  Should it be necessary to evaluate loads at points other than 
2 or 6!"it is only necessary to determine the new value of as and evaluate 

the corresponding forces and moments. 
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GORJE FUEL TANK ASSEMBLY 
(O&QR No.   1001) 
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NWC TP 5835 

OPERATI ONS AND OUALI TV RECORD 
[x]0aC» □<></««£ ORDER D iDR PtAN D OW? 

BEL. «0. 

1001 
PART   NO, 

C11225-01-02 
ti.hlitlfi'.J,     s    .    _   OATt 

Fuel Tank Assembly GORJE 
vfö t N G I ti £ t « ^l J.l«^~—t. * ' E 

T. C.  Warren'/'-'->>■ 
CON'IGU«ATIGN AUTHOPITV 

OPEB. 
NO. 

.nsnvA 
SERfAL    NO. 

NEXT ASSY-EKD ITEM 

Final 
CHANGE   ORDER   RECORO 

OPERATIONS 

GENERAL INSTRUCTIONS 

A. 

B. 

This O&QR provides the documentation for the assembly of a GORJE 
tank assembly (€11225-01-02) for delivery to NWC. 

Applicable Documents 

Required ECOs 

Drawings ECOs 

C11225 Rev A Fuel Tank Assembly GORJE 

Information 

Drawings 

C11222 N/C 

C11223 N/C 

UTC-567 

Hydrostatic Test Assembly Collector Pipe 

Hydrostatic Test Assembly Fuel Tank 

Packaging Data Card (PDC) Form 2518 

All operations performed per this O&QR shall be performed within 
the scope of the UTC Safety Manual. 

All parts,  components and materials shall have evidence of Quality 
Acceptance prior to issue. 

Operator, Area Supervisor, or Quality Assurance, as applicable, 
shall stamp those operations indicated in the COMPL. STAMP or 
OPS.  VER. columns. 

Complete history sheet as applicable. 

Upon completion of this O&QR,  submit planning package to 
Acceptance Center. 

UTC 3409A  (11/67) 
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NWC TP 5835 

is-   I 

OPERATIONS AND QUALITY RECORD 

CONTINUATION SHEET 

OPER. 
NO. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

PART NO. 

C11225 

BEt.NO. 

1001 
PAGE   2 

OF   ^_ 
PLAN REV, 

N/C 

OPERATIONS 

Obtain parts and materials listed on configured parts list from stores. 

Verify that each part and material received is as specified, has a re- 
corded QA document number (status tag No., log No.,  as required) and 
has no damaged parts.    Record all serial numbers, lot numbers and 
status tag numbers on configured parts list. 

Inspect all expulsion tank parts for handling damage; e.g.,  O-ring 
sealing surfaces, tank I.D. 

Visually inspect bladder assembly (C11193) for any evidence of 
handling damage. 

Assemble two attach lugs per drawing C11225 using Items 10,   11,   12, 
13,   14,   15,   16, 28, 29 and 32. 

Assemble collector pipe (C11210) to fuel tank (C11224) with screws. 
Item 27 of drawing C11225, for shipping only.    Tighten screws 
finger tight. 

Identify fuel tank assembly P/N Cl 1225-01-02,  and applicable serial 
number per Note 1 of drawing C11225. 

Draw the following items from stores and package in kit form for 
shipment to customer. 

Description 

Bladder Assembly 
Ring Retainer 
Screws 
Cotter Pin 
Streamer Assembly 
O-ring 
O-ring 
O-ring 
Lock-O-Seal 

QC verify identification and accountability. 

Deliver all components to Shipping Department for packaging in 
accordance with packaging data card 2518. 

Forward this O&QR to accept^ncp r^nf^r |  

Print C11225 

Qty Item No. 

1 7 
1 18 

24 26 
2 33 
2 34 
1 40 
1 41 
1 42 

12 43 

COMPL. 
STAMP 

UTC 3409E (7/72) 
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NWC TP 5835 

OPERATIONS AND QUALITY RECORD REL. NO. PAGE  3            1 

CONFIGURED PARTS LIST 1001 OF    3 

!pART NO. TITLE QTV. SERIAL NO. PLAN REV 

C11225-01-02 Fuel Tank Assembly GORJE 

QTV. PART NO.                                   1 PART NAME                       i 
DWG/SPEC. NO. 
AND HEVISiON ! 

ENGINEERING 
CHANGE ORDERS | 

SERIAL NO. OR] 
QC TRACE NO.  | 

OPS. 
VEH.       | 

1 011224-01-02                   i Tank, Fuel 

I C11210-01-01 Collector Pipe Assy 

2 C11208-02-01 Retainer, Lug 

2 C11207-01-01 Lug, Suspension 

2 C11218-01-01 Shaft 

2 C11217-01-01 Sleeve 

2 C11208-01-01 Retainer, Lug 

2 C11215-01-01 Spring. Helical, 
Torsion 

2 C11216-01-02 Spring, Flat 

8 

•: 

SCR, CAP, SCH,  STL 
BLK Oxide, Flat 82° 
CSD, 1/4-28 UNF-2A x 
.50 Lg. '■'''.       '/:/.' 

2 ; SCR, CAP,  Button Hd, 
STL BLK Oxide,  10-32 
TJNF-2A x  .31 Lg. 

4 Screw Cap, Button Hd. 
STL, BLK Oxide 
6-32 UNC-2A x 25 Lg, 

2 MS27183-8 Washer, Flat, Round, 
STL. 

AR , Grease per MIL-G-4343 
or equiva. 

AR Thread compound 
lubricant 

-    ■ 

UTC 31090 (7/72) 
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FUEL TANK HYDROSTATIC TEST ASSEMBLY 
(O&QR No.   1002) 
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NWC TP 5835 

OPERATI ONS AND OUALI TY RECORD 
[x]oaOR Q CHANGE ORDER O I OR PLAN CD OWR 

(EL. NQ. 

1003 
PART    NO. 

C11222 
PLANNE« J<^7 '       DATE 

J. Sakol t-W** 

Hydrostatic Test Assy - Collector Pipe 
«"Ä 

CONf ! GUR At I Of. AUTHORITY 

T. C. Warren  ^^ 
DATE^AUii.. 

g. Higgs «^V^ 

SEH)AL    NO. 

NEXT    ASSY-END    ITEM 

Final 
CHANGE    DROtn    «ECORO 

OPER. 
NO. OPERATIONS 

GENERAL INSTRUCTIOiff 

A. This O&QR provides the docunentation for the hydrostatic test of a 
collector pipe assembly (C11210-01-01), 

B. Applicable Documents 

Required EGQs 

Drawings ECOs 

C11222 N/C Hydrostatic Test Assembly Collector Pipe 

C. All operations performed per this O&QR shall be performed within the 
scope of the UTC Safety Manual. 

D. All parts, components and materials shall have evidence of Quality 
Acceptance prior to issue. 

E. Operator, Area Supervisor, or Quality Assurance, as applicable, 
shall stamp those operations indicated in the COMPL, STAMP or 
OPS. VER.  columns. 

F. Complete history sheet as applicable. 

G. Upon completion of this O&QR,  submit planning package to 
Acceptance Center. 

UTC 3409A  (11/67) 

PLAN   REV- 

N/C 

COMPL. 
STAMP 
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NWC TP 5835 

OPERATIONS AND QUAUTY RECORD 
CONTINUATION SHEET 

OPEH. 
NO. 

10 

20 

30 

40 

SO 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

PART NO. 

C11223 

«EL. NO. 

1002 
PAGE      2 

OF    A 

OPERATIONS 

Obtain parts and materials listed on configured parts list from stores. 

Verify that each part and material received is as specified, has a 
recorded QA document number (status tag, no., log no., as required) and 
has no damaged parts.    Record all serial numbers,  lot mnnbers and 
status tag numbers on configured parts list. 

Visually inspect o-ring surfaces for signs of abrasion, cuts, or other 
defects. 

Visually inspect all o-ring mating surfaces.    Nicks, scratches, pits and 
tool marks are not allowed. v* 

Clean and lubricant all o-rings and o-ring surfaces with a thin coat of 
Parker o-ring lube or equivalent. 

Clean all screws and bolts of foreign material and apply a thin coat of 
lubricant. 

All items assembled per drawing C11223. 

Assemble item 10 to item 7 finger tight.    Plug port in item 7 to be leak- 
proof.    Install into item 6 using iters 19 and 22, 

Assemble item 8 to item 6 using items 17 and 20.    Torque Item 17 to 
10-12  in.  lb. 

Assemble item 6 collector pipe C11210-01-01 tc item 5 fuel tank 
C11224-01-02 with items 16, 21.    Torque item 16 to 100-120 in. lb. 

Install items 9 to fuel tank C11224-01-02 using item 15 torque to 
23-30 in.  lb. 

Fill tank with hydrostatic test fluid per C11223 note 6, 

Insert one AN-6 plug into on item 9 port. 

Connect pressure line to fuel tank to second item 9 port (pressure line 
to have manual cut-off valve). 

Position valve in off position. 

Place fuel tank in proof testing box.    Connect pressure line to inside of 
thru-bulkhead fitting in box. 

Connect GN2 bottle line to outside of testing box thru bulkhead fitting. 

Turn cut-off valve to "on" position. 

Increase pressure to 450 psig ± 10 psig for 15 to 30 seconds. 

COMPL. 
STAMP 

UTC 3409E (7/72) 
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NWC TP 5833 

*» 

OPERATIONS AND QUALITY RECORD REL. NO. 

1002 
PACT    3 

OF    4 
CONTINUATION SHEET PART NO. 

G11223 
PLAN REV. 

OPER, 
NO. OPERATIONS 

COMPL. 
STAMP 

200 Leakage rate shall not be more than 2 psig per minute. 

210 QA verify 

220 Shut off pressure. ' 

230 Reduce pressure. 

240 Disassemble. 

250 Clean on dry components. ; ■"    ... ' 

260 Deliver to Development Center. 

270 MPI per Note 15 Dwg CO 1223. 

280 Return to Sunnyvale. 
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NWC TP 5835 

OPERATIONS AND QUALITY RECORD 
CONFIGURED PARTS LIST 

HEL. NO. PAGE   4         | 

OF      4 

PART NO. 

C11223 
TITLE 

Fuel Tank - r^Di^VffttiL %T bK i 
QTY.                  1 SERIAL NO. PLAN BEV^ 

QTV. PART NO.                                ] PART NAME DWG/SPEC. NoTI 
AND REVISION 

ENGINEERKVG 
CHANGE ORDERS | 

SERIAL NO  OR 
QC TRACE NO, 

OPS          i 
VER.       1 

1 C11224-01-02 Fuel Tank 
^ 

1 C11210-01-01 Collector Pipe .' ;J 

1 C11223-11-01 

1 C11223-12-01 :■              ■, 

1 C11223-13-01 :. ■               '■    ■. - 

1 C11223-14-01 

1 AN 932-3 Pipe Plug 

8 Screw, Soc Hd Cap, 
1/4-28 UNF-2A x .62 
Lg. 

4 Screw, Soc Hd Cap 
10-32 ÜNF-2A x .43 
Lg. 

12 Screw, Soc Hd Cap 
4- 40 UNC-3A x .50 
Lg. 

8 Washer, Flat, Stl , 
1/4" Horn. 1 

1 N5000-250 Retaining Ring 

12 800-530-2 Lock-0-Seal 

1 2-248 O-Ring i 

1 2-037 O-Ring '     '    ' 

2 2-014 O-Rlng 

Ua DC-11 Grease or Equiv. 

AR 

:         "'I 

Thread Compound 
Lubricant 

'■ 

# 

UTC 3409D (7/72) 
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COLLECTOR PIPE HYDROSTATIC TEST ASSEMBLY 
(O&QR No.   1003) 
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NWC TP 5835 

OPERATIONS AND QUALI TV RECORD 
0OaQR □CHANGE ORDER ClDRPLAN D cm 

rÄi4^6- 

PART    NO. 

C11223-01-01 
Q*»if*j/'-n ' 

Hydroatatic Test Assy - Fuel Tank 
ENGINEER/^„';   „ 

Warren v-i-H X. C. 
CONFIGURATION    AUTHORITY 

OPER. 
NO. 

^err^t^f y^Mgfes BATE 

R.'HlBgS      ay*f/rr 

"EL. NO, 

SERI AL    NO. 

NEXT    ASSY-END    IVEM 

Final 
CHANGE ORDER RECORD 

OPERATIONS 

GENERAt IKSTRHCTIOHS 

A. This OfiftR provides the documentation for the hydrostatic test of a 
fuel tank (C11224-01-01). 

B. Applicable Documents 

Required ECOs 

No.  18873 

C11223 N/C Hydrostatic Test Assembly Fuel Tank 

C. All operations performed per this O&QR shall be performed within 
the scope of the UTC Safety Manual. 

D. All parts, components and materia!^ shall have evidence of Quality 
Acceptance prior to issue. 

E. Operator, Area Supervisor, or Quality assurance, as applicable, shall 
stamp those operations indicated in the COMPL. S1ÄMP or OPS. VER. 
columns. 

F. Complete history sheet as applicable. 

G. Upon completion of this O&QR, submit planning package to Acceptance 
Center. 

PLAN   REV- 

N/C 

COMPL. 
STAMP 

UTC 3409A (11/67) 
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NWC TP 5835 

f 

a; 

OPERATIONS AND QUALITY RECORD 

CONTINUATION SHEET 

OPEB. 
NO. 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

BEL. NO, 

1003 
PAOE3 

OF ; : 

OPEBATIDNS 

Obtain parts and materials listed on configured parts list from stores. 

Verify that each part and material received Is as specified, has a 
recorded QA document number (status tag. no., log no., as required) and 
has no damaged parts. Record all serial numbers, lot numbers and 
status tag numbers on configured parts list. 

Visually Inspect o-rlng surfaces for signs of abrasion, cuts, or other 
defects. 

Visually Inspect all o-rlng mating surfaces, Nicks, scratches, pits and 
tool marks are not allowed. 

Clean and lubricate all o-rlngs and o-rlng surfaces with a thin coat of 
Parker o-rlng lube or equivalent. 

Clean all screws and bolts of foreign material and apply a thin coat of 
lubricant. 

AH items assembled per drawing C11222. 

Assemble item 6 to item 5 using Items 9, 10 and 11. Torque item 9 to 
10-12 in. lb. 

Fill item 5, collector pipe, thru port of item 6 with hydrostatic fluid 
per note 6. 

Plug one port of item 6 with plug AN-6 and connect pressure line to 
second port pressure line to have manual cut-off valve. 

Position valve In off position. 

Place collector pipe in proof testing box. Connect pressure line to 
inside of thru-bulWiead fitting in box. 

Connect GN2 bottle line to outside of proof testing box thru-bulkhead 
fitting. 

Turn cut-off valve to "on" position 

Ii.crease pressure to 100 psig ± 5 psig for 2 to 3 minutes. Leakage rate 
shall not be more than 2 psig per minute. 

QA verify 

Shut off pressure. 

Reduce pressure. 

Disassemble, clean and dry components. Apply thin coating of protective 
oil. 

UTC 3409E (7/?2l 

COMPL. 
STAMP 

; 
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NWC TP 5835 

OPERATIONS AND QUALITY RECORD 
CONFIGURED PARTS LIST 
PART NO. 

011222 

1 

1 

12 

12 

1 

AR 

AR 

C11210-01-01 

C11222-11-01 

2-141 

DC-11 

PAHT NAME 

Collector Pipe Assy 

Adapter 

Screw, Soc Hd. Cap, 
40 UNC-3A x .50 Lg. 

Washer Flat, Nom. 
No,  4 

O-Rlng 

Grease or Equiv. 

Thread Compound 
Lubricant 

DWG/SPEC. NO.     ENGINEERING SEHIALNO. OR 
AND REVISION     CHANGE ORDERS     QC TRACE NO. 

REL.NO, 

SEHIALNO. 

PAGE      3 

OF    a 

OPS. 
VEH, 

$0* 

UTC 3409D (7/72) 
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Appendix E 

FUEL TANK ASSEMBLY PACKAGING DATA CARD 
(PDC 2518) 

M^jaM^SMMtiMiiSMigaii Mäi-^MMM 

■    ., ■ ■■.    ■      ■■ ■ . 

UIKU 

163 

0.:.^::/.-.^,-^i^/.^V^.^r^^v.3-.L 

I 
N..;^v^:^y^tf^^^ "   ■"■■■■   ■ 



rt ■ v^™ ä*i ;tliWi-"'liÄ'^ f.iW*.vii:.i! i? W: 

NWC TP 5835 

< < 
ss 

o 
M, 

> 
a 
0 O 

V 

0 r u o 

< 
u. 

u 
LÜ < 
in as 

; r T 

o 

«a 
o 

3a 

s 
Ü 

I 

o 

<_) 

8 rf c * 

.•0.5 

i 

4bf! 

z 

V 

Sfe 

< 

i59|og 
u 1 t/> U du    - 

>- _ 
S o 

< > 7 

GS9 -ox u0 

iM: 

si t 

I i =: 
II s til 

111-. 

Ill 

—it 

X W  l>» 

IZZ 
S-cz 

si; 

5§ä 

2 a 

H 

w 

3 V O  * 
t-i C S M 

p ^ s; DO 
M H ^ o o « z; < S a 
OS < i^ o < 

s^ 
M « 

< W M 

a B 
3 

o w 

Kl O t" < 
M ns 05 
£2 O' , < w en W 
3 Ed W O 3 n H a w |A, 
x u 
SO "U w 2 0!! S E z < « H 
en     -EM; 
o S 5 en I 
O B 2 U M 
j fi ^ S 3 

w H H 
M 5 S 
^OT l-l u 

H W 25 
i* z & n 
« 53 w a- 

M u to in o i 
U M S td 

w |J (b s W M o m W M » 
a  w Q a iJ Ei M z j nj s o- < KJ 5 S w 

a <; 
Id 

I 
§ 

S O 

u u e y z; S eu w 
<' »s M 

- «5 

M 

hM >^ l-H WJ ' P < o w 
: m 'z ULS o X 
: m M x ►-= H 

CO o 

H 9« 

S 
., ffc o 

co S o s«: 
PJ o u. 

O H &< W 
w CO l > 
en S w M 
H pd en H 
b < < 
o o W > u pe as •< O p 
.  S CO 
< M < M Z 

* H 
M Si 

o u 
U ft- 

164 



■,,.,■,....■ 

wf;s^;|ö^^ift?;c^^;:-r^r;^ 

..„..:;.:,.i:,.l^..:.v-.;-v^«w-: 
- 

NWC TP 5835 

f 

o 
oc 
ex 
o 

C^^i 

ä 

z o 

i., 

s 2 
O M 
J EU o S 

^ u 

X w 

&3 

2 
8 *^  1 >< r-s •D 
tn T> •o 
W) •D < < 6 

IA ti *—» y*. *• t 
61 ■ü •o ,.? o 
esi » •o T5 o z 
r-4 (b < < SS 
r-l *   1 
U n • «a 
^ M 

| s w a z i   -c s OS o 1     ^ H ^J     w PM u 

165 

(.■ iW,j?      .   . ' ■ a«>aira5W!W«s«w^w«»w^^ "."'-" "' 

^^^£^.^^M£i^:^£i^ 



■-"■■ .-:-- ■ - ™™^.^. 

w^.:mftm?>m8$^^lm 

NWC TP 5835 

m   i 
Appendix  F 

TANK AND BLADDER TEST LOGS 
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NWC TP 5835 

TEST RESULTS 

GORJE TANK AS SEMBLY  ;. 

:: 

2art Number 

C11225-01-01 

C11225-01-01 

C11225-01-02 

C11225-01-02 

C11225-01-02 

Serial Number 

001 

002 

003 

004 

005 

Page Numbers 

171 to 178 

179 to 186 

187 to 193 

194 to 200 

201 to 213 

167 
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NWC TP 5835 

CONFIGURATION SWMARY  / DSTAXLED PARTS  LIST 

Co-.r..'.or^nt 

GOIUE Tank Assembly 

Fuel Tank 

Colloctor Pipe 

Bladder Assembly 

Lug,  Suspension 

Sleeve 

Shaft 

Retainer,  Lug 

Spring, Helical, 
Torsion 

Spring,  Flac 

.Ring,   Retainer 

Part No. Serial No. 

C11225-01-01 001 

C11224-01-01 001 

C11210-01-01 001 

C11193-01-01 003 

C11207-01-01 N/A 

C11217-01-01 N/A 

C11218-01-01 N/A 

011208-01-01 N/A 

C11215-Ö1-01 N/A 

C11216-01-01 N/A 

011219-01-01 N/A 

Dwg Rev. A-oplicabltj EGO'S 

N/C , None 

A None 

A 18851,   16569 

A None 

N/C None 

N/C None 
1 

N/C None 

A 
m 

None 

N/C None 

N/C None 

N/C None 

168 
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NWC TP 5835 

CHRONOLOGY OF MANTFAC-fURING HTSTOBY 

Event 

1. Corapletion Date of Fuel Tank 

2. Acceptance Date of Fuel Bladder 

3. Completion Date of Collector Pipe 

4. Hydrotest Date of Collector Pipe 

5. Hydrotest Date of Fuel Tank 

6. GORJE Tank, Assembly Acceptance Date 

(DD-250 Sign-off) 



NWC TP 5835 

GORJE FUEL TANK 

BLADDER LEAK TEST & FUNCTIONAL FIT DATA SHEET 

2516-003 

Contract N00123-74-C-1337 

UTC Project No. 2516 

BLADDER ASSEMBLY P/N Cl 1193-01-01 

1. Bladder S/K 

2. Bladder Weight 

3. Bladder Test Date 

A. Test Conductor 

5. Bladder Test Tank 

6. Bladder Fitup 

7. Leak Test Gas 

8. Bladder Side Pressurized 

9. Bladder Lea!: Test Preesure 

10. Bladder Leakas» Rate 

11. Nur.bor of Bladder Expulsion Cycles 

12. Test Conductor Sisnature 

13. Q.A. Observer Signature 

14. APPRO Observer Signature 

CC  *> 

3 . 0 L- ^5 

\ll^ ll v 

3' SAKc 1 
.■-■v:;.^ ■;■-;.'■:: '    ., " 

'-  |P\ 

0 Acceptable   Q Unacceptable 

<^%^'>. ________ 

|Vj Interior QJ Exterior 

^„ 7- Ni o M r^_ 

NO'MxH 

■-•   " / 

(' Mti)' 

J if Ju -^ /?- fc/m^ ~ 
' iiA ~ji^} 

psl 

psi/mln 
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NWC TP 5835 

HYDROSTATIC TEST REPORT / WEIGHT SUMMARY 

Part No. C11223-01-01 

Serial No.   001 

Date  22jan75 

This is to certify that the above Fuel Tank was hydrostatic tested in 
accordance with the requirements of UTG drawing C11223, and was found 
to be acceptable to United Technology Center. 

o 
Tank Weicht (without bladder and 
collector pipe - must be 51 lbs 
maximum)      ,v 

48.0 lbs 

•3 
a 

f 

*. 

^ 
(UTC Quality Assurance) 
Tif V'■£»■' 
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NWC TP 5835 

GORJE FUEL TANK COLLECTOR 

PIPE HYDROTEST DATA SHEET 

2516-001 

Contract N00123-74-C-1337 

UTC Project No. 2516 

PROOF TEST COLLECTOR PIPE ASSEMBLY 

P/N C11210-01-01 Per UTC D/N C11222 

1, Collector Pipe S/N 

2, Collector Pipe Weight 

3, Collector Pipe Capacity 

4, Test Date 

5, Test Conductor 

6, Test Location 

7, Test Fluid 

8, Test Pressurant 

9, Proof Test Pressure 

'0, Proof Test Pressure Duration 

.1. Leakage Rate 

"2. Test Conductor Signature 

-5» -K?? Inspection Results 

A, Q.A. Observe Signature 

.'J, AFPRO Observe Signature 

O0| 

iAil 

/-22'7J' 

J,S/l^r 

Cb<J v^ 

/ 0 0 

■</.^M 
Skz£ ZMJI 

/ 

lbs 

in3 

psi 

1 min 

psi/min 

{'sStCi.^fr- *-riU * 

"^^//^y^^   >y.r.>'"? ^' *■''* 
s-'t-FC- 

'■>*>•'>*•• | 

-y ~rrrrn>:: ^V> y 3 

• I 

A> 
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NWC TP 5835 

GORJE FUEL TANK 

HYDRDTEST DATA SHEET 

2516-002 

Contract N00123-74-C-1337 

UTC Project No. 2516 

PROOF TEST FUEL IANK P/N C11224-01 01 

per UTC Hydrostatic Test Assembly D/N C11223 

o 

l TU (_o GS 

1. Tank S/N 

2. Tank Weight (^ 

3. Test Date 

4. Te s t C onductoi: 

5. Test Location 

6. Test Fluid 

7. tank Capacity 

8. Test Pressurant 

9. Proof Test Pressure 

10, Proof Test Pressure Duration 

11, Leakage Rate 

12, MPI Inspection Results 

13, Q.A. Observe Signature 

14, APPRO Observe Signature. 

^7) 
<^>o / 

Pi 
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lbs 
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/ 

Ca 

-> -^/^ -3 ß&w^  ^ 

^ 

3o S^c 

psi 
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NWC  TP  5835 

NOT REPORT 

GORJE Fuel Tank 

Part No.     C11225-01-01 

Serial No.       QQl     ■ 

■11 t-m 

Date 23Jan75 

This Fuel Tank was magnetic particle inspected in accordance with 
drawing note A of drawing C11224 before hydrostatic test, and per 
drawing note 13 of drawing C11223 after hydrostatic test, and was 
found to be acceptable to United Technology Center. 

All other miscellaneous components which are part of the assembled .- 
Fuel Tank were examined by c'DT in accordance with the applicable 
drawings, and were found to ve  acceptable to United Technology Cer.te: 

'/tj/rj- 
(L'TC Quality Assurance) 
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NWC TP 5835 

S/Xs^ TNTKRFAr.E FEATURE REPORT 

Inspection Points 

o Forward Skirt Inspection 

o Aft Skirt Inspection 

o Forward Dome Boss to Bladder Fittina 

o Aft Dome Boss to Collector Pipe 

o Bladder to Tank Assembly 

o Attach Lugs to Tank Longeron 

Results 

Acceptable to drill jig 

Acceptable to drill jig 

Functional 'I-14-   .• .cable 

Functional fit acceptable 

Functional fit acceptable 

Functional fit acceptable 

:•.:) 
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CONFIGURATION SUMMARY  / DETAILED PARTS LIST 

Component 

GORJE Tank Assembly 

Fuel Tank 

Collector Pipe 

Bladder Assembly 

Lug, Suspension 

Sleeve 

Shaft 

Retainer,  Lug 
Retainer,  Lug 
Spring, Helical, 
Torsion 

Spring, Flat 

Ring, Retainer 

Part No. 

C11225-01-01 

C11224-01-02 

C11210-01-01 

C11193-01-01 

C11207-01-01 

C11217-01-01 

C11218-01-01 

C11208-01-01 
C11208-02-01 
C11215-01-01 

C11216-01-C2 

Cl1219-01-01 

Serial No. 

002 

002   ■ 

005 

008 

N/A 

N/A 

N/A 

N/A 
N/A 
N/A 

N/A     ■; 

N/A 

Dwg.Rev. 

A 

B 

A 

A 

N/C 

N/C 

N/C 

A 
A 
N/C 

A 

N/C 

Applicable ECO's 

None 

18969,   18987 

18851,   18869 

None 

Norse 

None 

None 

None 
None 
None 

None 

None 

i   i 
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CHRONOLOGY OF MANUFACTURING HISTORY 

Fuel Tank Serial No. 

Event 

1. Completion Date of Fuel Tank 

2. Acceptance Date of Fuel Bladder 

3. Completion Date of Collector Pipe 

4. Hydrotest Date of Collector Pipe 

5. Hydrotest Date of Fuel Tank 

6. GOBJE Tank Assembly Acceptance Date 
(DD-250 Sign-off) 

Date 

1/21/75 

4/16/75 

4/7/75 

4/11/75 

4/16/75 

4/24/75 
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NWC TP 5835 

GORJE FUEL TANK 

BLADDER LEAK TEST & FITOCTIONAL Fn DATA SHEET 

2516-003 

Contract N00123-74-C-1337 

UTC Project No.    2516 

:,::!. •::■:,,; 

BftSj* 

V 

BLADDER ASSEMBLY P/N C11193-01-01 

1. Bladder S/N 

2. Bladder Weight 

3. Bladder Test Date 

4. Test Conductor 

5. Bladder Test Tank 

6. Bladder Fitup 

7. Leak Test Gas 

8. Bladder Side Pressurized 

9. Bladder Leak Test Pressure 

10. Bladder Leakage Rate 

11. Number of Bladder Expulsion Cycles 

12. Test Conductor Signature 

13. Q.A. Observer Signature. 

14. AFPRO Observer Signature 

o^B 

2kl: 
0^Acceptable   IJ unacceptable 

Q^l  
□ Interior [j£| Exterior 

30   "       UoU> AT  t^" psi 

kj&Ufa » psi/min 

11■■    . ^——»»■in j   i i^r« [■^^■■■■^^■■■III ii»j»fci WN  ■ !■>■■■■ ..'■ 

^i* 
<^ri ag1 

£^sf'*-;*/&   . ■ &y     fCs, £*.*-,/„  fr**-* ■' ■■"*- **■ -'J's ) 

^rw^V^ 
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NWC TP 5835 

HYDROSTATIC TEST REPORT / WEIGHT STIMMARY 

Part No.    C11223-01-01 

Serial No.        002 

Date     22 Apr 75 

This is to certify that the above Fuel Tank was hydrostatic tested in 
accordance with the requirements of UTC drawing C11223, and was found 
to be acceptable  to United Technology Center. 

Tank Weight   (without bladder and 
collector pipe  - must be 51 lbs 
maximum) 

47.8 lbs 

o 

-ss- St y/-?^ 
(UTC Quality Assurance) 



ippt^s^^p^fF^""      ■     :■■-,'-^immfm^-' ■ ■ 

.,;....,„   .^...■.v^:.-:.,..r.. ,....■=,. ■:■.;:.■„,:..v-^-L 

WC TP 5835 

GORJE FUEL TANK COLUECTOR 

PIPE HYDROTFST DATA SHEET 

2516-001 

Contract N00123-74-C-1337 

UTC Project No. 2516 

PROOF TEST COLLECTOR PIPE ASSEMBLY 

P/N C11210-01-01 Per UTC D/N C11222 

■: 

1. Collector Pipe S/N 

2. Collector Pipe Weight 

3. Collector Pipe Capacity 

4. Test Date 

5. Test Conductor 

6. Test Location 

7. Test Fluid 

8. Test Pressurant 

9. Proof Test Pressure 

10. Proof Test Pressure Duration 

11. Leakage Rate 

12. Test Conductor Signature 

13. NDT Inspection Results 

1^» Q.A, Observe Signature 

15. AFPRO Observe Signature 

OO-iT 

LflU&g lbs 

in" 

CiS ■Sfer- 

jaa 
2^. 

psi 

min 

G 
^S^^s^j, 

psi/min 

**? ^cyrvjrs ̂?i "9 rr y 

-Z^^SS^-r Tr U i.r 

/%£   - 
<!>-.*-*, y - 

' 

mmmmMmmmm 
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NWC TP 5835 

GOPJE FtfEL TANK 

HYDROTESI DATA SHEET 

2516-002 

Contract N00123-74-C-1337 

I3TC Project No. 2516 

PROOF TEST FIEL TANK P/N C11224-01-01 

per UTC Hydrostatic Test Assembly D/N C11223 

1. Tank S/N 

2. Tank Weight 

3. Test Date 

» 
4. Test Conductor 

5. Test Location 

0 6. Test Fluid 

7. Tank Capacity 

8. Test Pressurant 

9. Proof Test Pressure 

10. Proof Test Pressure Duration 

1 11. Leakage Rate 

: 
12. MPI Inspection Results 

13. Q.A, Observe Signature 

1A. AFPRO Observe Signature. 

*"    EäUW^JT To   "Ti.SZ Vo<L   OF 

i        Tu   i   n^i 

*• 
Ibs 

4-   /d,   -   jjV 

QCS^ &»*s>k 

^^J 

-«—.—u_ ^■■»    mmmmmm*   n      mi   —m *     |    »»V 

€u^: 
46^ 

Ü^."£ 

psi 

min 

psi/min 
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NWC TP 5835 

NDT REPORT 

GORJE Fuel Tank 

Part No.    C11225-01-01 

Serial No.      002 

Date 4/18/75 

This Fuel Tank was magnetic particle inspected in accordance with 
drawing note 4 of drawing C11224 before hydrostatic test, and per 
drawing note 15 of drawing C11223 after hydrostatic test, and was 
found to be acceptable to United Technology Center. 

All other miscellaneous components which are part of the assembled 
Fuel Tank were examined by NDT in accordance with the applicable 
drawings, and were found to be acceptable to United Technology Center. 

sfSZsS"-? j rzr 
(UTC Quality Assurance) 
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NWC TP 5835 

3 INTERFACE FEATURE REPORT 

Inspection Points 

o Forward Skirt Inspection 

o Aft Skirl Inspection 

o Forward Dome Boss to Bladder Fitting 

o Aft Dome Boss to Collector Pipe 

o Bladder to Tank Assembly 

o Attach Lugs to Tank Longeron 

Results 

Acceptable to drill jig 

Acceptable to drill jig 

Functional fit acceptable 

Functional fit acceptable 

Functional fit acceptable 

Functional fit acceptable 

O 
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NWC TP 5835 

CONFTGURATTOM SU>WiRY  / DETAILKD PARTS LIST 

Component Part No. 

C11225-01-02 

Serial Ho. 

003 

Dug Rev.      i 

A 

applicable ECO's 

GORJE Tank Assembly None 

Fuel Tank C1122A-01-02 003 B 19378 

Collector Pipe C11210-01-01 003 A    . 18851,  18869, 
18875 

Bladder Assembly C11193-01-01 010 A None 

Lug, Suspension C11207-01-01 N/A N/C None 

Sleeve C11217-01-01 N/A N/C None 

Shaft C11218-01-01 N/A N/C None 

Retainer, Lug C11208-01-01 N/A A None 

Retainer, Lug C11208-02-01 N/A A None 

Spring, Helical, 
Torsion 

C11215-01-01 N/A N/C None 

Spring, Flat C11216-01-02 N/A A None 

Ring, Retainer C11219-01-01 N/A N/C None 

184 
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NWC TP 5835 

CHROWOLOGY OF MANUFACTURING HISTORY 

r 

fuel Tank Serial No. 003 

Event 

1, Completion Date of Fuel Tank 

2, Acceptance Date of Fuel Bladder 

3, Completion Date of Collector Pipe 

4, Hydrotest Date of Collector Pipe 

5, Hydrotest Date of Fuel Tank 

6, GORJE Tank Assembly Acceptance Date 
(DD-250 Sign-Off) 

Date 

8-8->75 

4-18-75 

- 
5-28-75 

9-5-75 

9-8-75 
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NWC TP 5835 

HYDROSTATIC TEST REPORT  / WEIGHT SUMMARY 

,' 

Pitt No.      C11223-01-01 

Serial No.      003  

Date      9»a-75 

This Is to certify that the above Fuel Tank was hydrostatic tested In 
accordance with the requirements of CSD drawing C11223, and was found 
to be acceptable to Chemical Systems Division of United Technologies. 

Tank Weight (without bladder and 
collector pipe - must be 51 lbs 
maximum) 

4A.5      lbs 

~7r,//n 22~Z ~    ^^c^-o- 
(CSD Quality Assurance) 
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GORJE FUEL TANK COLLECTOR 

PIPE HYDROTEST DATA SKKET 

2516-001 

Contract N00123-74-C-1337 

ITEC Project No. 2516 

PROOF TEST COUECTOR PIPE ASSEMBLY 

P/N C11210-01-01 Per UTC D/N C11222 

1. Collector Pipe S/N 

2. Collector Pipe Weight 

3. Collector Pipe Capacity 

4. Test Date 

5. Test Conductor 

6. Test Location 

7. Test Fluid 

8. Test Preasurant 

9. Proof Test Pressure 

10. Proof Test Pressure Duration 

11. Leakage Rate 

12. Test Conductor Signature 

"• NDT Inspection Rssults 

^*» Q.A, Observe Signature 

15. APPRO Observe Signature 

•3 
?,?<p 
44 

sv 

lbs 

in3 

/o<A 

^t.s,-?^c,z: 

f. ^y./S'T- 

•V 'A. 

psi 

min 

psi/min 
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NWC TP 5835 

GORJE FUEL TANK 

HYDRDTEST DATA SHEET 

2516-002 

Contract N00123-74-C-1337 

IfEC Project No. 2516 

PROOF TfST FUEL TANK P/N C1122A-01-01 

per UTC Hydrostatic Test Assembly D/N C11223 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

Tank S/N 

Tank Weight 

Test Date 

Test Conductor 

Test Location 

Test Fluid 

Tank Capacity 

Test Pressurant 

Proof Test Pressure 

Proof Test Pressure Duration 

Leakage Rate 

MPI Inspection Results 

Q.A. Observe Signature 

APPRO Observe Signature. 
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NWC TP 5835 

NDT REPORT 

GORJE Fuel Tank 

Part No.        C11225-01-02 

Serial No.        003 

Date        9-18-75 

n 

This Fuel Tank was magnetic particle inspected in accordance with drawing 
note 4 of drawing C11224 before hydrostatic test, and per drawing note 15 
of drawing C11223 after hydrostatic test, and was found to be acceptable 
to Chemical Systems Division of United Technologies. 

All other miscellaneous components which are part of the assembled Fuel 
Tank were examined by NDT in accordance with the applicable drawings, and 
were found to be acceptable to Chemical Systems Division of United 
Technologies. 

(CSD Quality Assurance) 
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NWC TP 5835 

INTERFACE FEATURE REPORT 

i.iiiir.mmmnTr- ■ 

Inspection Points 

o Forward Skirt Inspection 

o Aft Skirt Inspection 

o Fcxvard Dome Boss  to Bladder Fitting 

o Aft Dome Buss to Collector Pipe 

o Bladder to Tank Assembly 

o Attach Lugs to Tank Longeron 

Results 

Acceptable to drill jig 

Acceptable to drill jig 

Functional fit acceptable 

Functional fit acceptable 

Functional fit accepcable 

Functional fit acceptable 
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NWC TP 5835 

CONFia'RATTON SU>MARY / DETAILED PARTS LIST 

■; 

Component Part No/ 

C11225-01-02 

Serial No. 

004 

Dwg Rev.       Apnl tcable ECO's 

GORJE Tank Assembly A None 

Fuel Tank C11224-O1-02 004 B 1S378 

Collector Pipe 

Bladder Assembly 

C11210-01-01 

C11193-01-01 

004 

on 
• 

* 

18851,  18869, 
18875 
None 

Lug, Suspension C11207-O1-01 N/A a/\i None 

Sleeve C11217-01-01 N/A N/C None 

Shaft C11218-01-01 N/A N/C None 

Retainer, Lug C11208-01-01 N/A A None 

Retainer, Lug 011208-02-01 N/A A None 

Spring, Eelical, 
Torsion 

C11215-01-01 

• 

N/A N/C None 

Spring, Flat 011216-01-02 N/A A None 

Ring, Retainer C11219-01-01 N/A N/C None 
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NWC TP 5835 

CHRONOLOGY OF MANUFACTURING HISTORY 

Fuel Tank Serial No.        004 

Event 

1. Coo? let ion Date of Fuel Tank 

2. Acceptance Date of Fuel Bladder 

3. Completion Date of Collector Pipe 

4V Hydrotest Date of Collector Pipe 

5« Eydrotest Date of Fuel Tank 

6. GORJE Tank Assembly Acceptance Date 
(DD-250 Sign-Off) 

Date 

8-8-75 

4-18-75 

5-28-75 

9-5-75 

9-8-75 * 
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NWC TP 5835 

!•■"   'ViV^'^ 

HYDROSTATIC TEST REPORT / WEIGHT SUMMARY 

Fart No.  €11223-01-01 

Serial No.   004 

Date   9-8-75 

This Is to certify that the above Fuel Tank was hydrostatic tested in 
accordance with the requirements of CSD drawing C11223, and was found 
to be acceptable to Chemical Systems Division of United Technologies. 

Tank Weight (without bladder and 
collector pipe - must be 51 lbs 
maximum) 

Md   £* 

•» 

m   ■■■ 

'~~r 3^ ¥**/* 7" J 
(CSD Quality Assurance) 

193 

»mmmmmmmmmmmmmHHk*. 



NWC TP  5835 

GORJE FUEL TANK COLLECTOR 

PIPE HYDROTEST DATA SHEET 

2516-001 

Contract N00123-74-C-1337 

UTC Project No. 2516 

PROOF TEST COLLECTOR PIPE ASSEMBLY 

P/N C11210-01-01 Per UTC D/N C11222 

^^ppppPfP!^.^f^p^^S^?|S 

u 

1. Collector Pipe S/N 

2. Collector Pipe Weight 

3. Collector Pipe Capacity 

4. Test Date 

5. Test Conductor 

6. Test Location 

7. Test Fluid 

8. Test Pressurant 

9. Proof Test Pressure (/OOfti*N 

10. Proof Test Pressure Duration 

11. Leakage Rate 

12. Test Conductor Signature 

13. NDT Inspection Results 

14. Q#A. Observe Signature 

15. APPRO Observe Signature 

ST 
[OjJ±¥i lbs 

M/A 
ZjzjrdUL 

J. s. SA^y 
\l 

[Oju  

MoOE: 

vhzL 
/X/Olf        S^ri^tfCs+s?? t,<~ 

-^ ̂ ^ y/^ j7~- 

'V. '//9 

in3 

»• 

psi 

min 

psi/tnin 

1 

-*      1 
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NWC TP  5835 

GORJE FUEL TANK 

HYDRDTEST DATA SHEET 

2516-002 

Contract N00123-74-C-1337 

UIC Project No. 2516 

PROOF TEST FUEL TANK P/N C11224-01-01 

per UTC Hydrostatic Test Assembly D/N C11223 

1. Tank S/N 

2. Tank Weight 

3. Test Date 

A. Test Conductor 

5. Test Location 

6. Test Fluid 

7. Tank Capacity 

8. Test Pressurant 

9. Proof Test Pressure 

10. Proof Test Pressure Duration 

11. Leakage Rate 

12. MPI Inspection Results 

13. Q.A. Observe Signature 

14. APPRO Observe Signature, 

£ 
Ma. 

ik 

lbs 

%^L2£ 
/ 

'So C'L. 

t.'yfo 

6/7 
^ro 
//. 

in- 

psi 

mm 

-v 
psi/min 

vr* 

"A  

L 
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NWC TP 5835 

NDT REPORT 
r 

« 

GORJE Fuel Tank 

1      I 

Part No.        C11225-01-02 

Serial No.        004  

Date  9-18-75 

I 

This Fuel Tank was magnetic particle inspected in accordance with drawing 
note 4 of drawing C11224 before hydrostatic test, and per drawing note 15 
of drawing C11223 after hydrostatic test, and was round to be acceptable 
to Chemical Systems Division of United Technologies. 

All other miscellaneous components which are part of 'h* f *f bl*^L, 
Tank were examined by NDT in accordance with the applicable drawings, and 
were found to be acceptable to Chemical Systems Division of United 

Technologies, 

■■ 

(CSD Quality Assurance) 

196 

.fMWMWWM 

>Bftllr'«*ilMiimt^ViiL^!Ja^^..-.»i.-,8^ .«aaMtlAaiOaiaaa 
.■■■'<■•••{>.'. ■..■.■'-■,- >:j! ; 

ia.^am.:..li.is^.,^ 
■        ■ ■■   ■   ■' ' -: ■ ■ ■    ■   -       .■-     ■ ■    ■.-. ■- Hmy^i^äijgM^ 

—-—— 



WV. '»I.1''l^lilBWililliWIiii'11. "" •~I",-u«W>p|PP#WW)«**'" ^'■'■mam^m .^mwfs. f^^;^v^r^/^;l'^^v-f^:. 

■■.■■-, -^.        --: 

NWC TP 5835 

INTERFACE FEATURE REPORT 

Inspection Points 

o Forward Skirt Inspection 

o Aft Skirt Inspection 

o Forward Dome Boss to Bladder Fitting 

o Aft Dome Boss to Collector Pipe 

o Bladder to Tank Assembly 

o Attach Lugs to Tank Longeron 

Results 

Acceptable to drill jig 
* 

Acceptable to drill jig 

Functional fit acceptable 

Functional fit acceptable 

Functional fit acceptable 

Functional fit acceptable 
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NWC TP  5835 

CONFICTF^TION SUMMARY   / DETAILED PARTS LIST 

Component 

GORJE Tank Assembly 

Part No/ Serial No. 

005 

Dvg Rev.      / 

A 

applicable ECO's 

• 
€11225-01-02 None 

• 

Fuel Tank C11224-01-02 005 3 19378 

Collector Pipe €11210-01-01 006 A 18851, 18869, 
18875 

Bladder Assembly €11193-01-01 012 A None 

tug. Suspension €11207-01-01 N/A N/C None 

Sleeve C11217-01-01 N/A N/C None 

Shaft €11218-01-01 N/A N/C None 

Retainer, Lug €11208-01-01 * 
N/A A None 

Retainer, Lug €11208-02-01 N/A A • 
None 

Spring, Helical, 
Torsion 

€11215-01-01 N/A N/C None 

Spring, Flat €11216-01-02 N/A A None 

Ring, Retainer €11219-01-01 N/A N/C None 
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NWC TP 5835 

CHRONOLOGY OF MANUFACTURING HISTORY 

Fuel Tank Serial No.        005 

Event Date 

1, Coopletion Date of Fuel Tank 

2, Acceptance Date of Fuel Bladder 

3, Completion Date of Collector Pipe 

4, Hydrotest Date of Collector Pipe 

5, Hydrotest Date of Fuel Tank 

6, GORJE Tank Assembly Acceptance Date 
(DD-250 Sign-Off) ' 

8-8-75 

4-21-75 

5-28-75 

9-5-75 

9-8-75 

9-Zjb~?5 

J 
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NWC TP  5835 

HYDROSTATIC TEST REPORT / WEIGHT SUMMARY 

Part No.      C11223-01-01 

I 

Serial No.      005 

Date      9-8-75 

This is to certify that the above Fuel Tank was hydrostatic tested in 
accordance with the requirements of CSD drawing C11223, and was found 
to be acceptable to Chemical Systems Division of United Technologies, 

Tank Weight  (without bladder and 
collector pipe - must be 51 lbs 
maximum) 

44.7  lbs 

.■'■' 

"TVytS'^ 
(CSD Quality Assurance) 
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NWC IT 5835 

GORJE FUEL TANK COUJECTOR 

PIPE HYDROTEST DATA SHEET 

2516-001 

Contract: N00123-74-C-1337 

UTC Project No. 2516 

PROOF TEST CCLLECTOR 

P/N 011210-01-01 Per 

PIPE ASSEMBLY 

UTC D/N C11222 

1. Collector Pipe S/N 

2. Collector Pipe Weight 

3. Collector Pipe Capacity 

4. Test Date 

5. Test Conductor 

6. Test Location 

7. Test Fluid 

8. Test Pressurant 

9. Proof Test Pressure 

10. Proof Test Pressure Duration 

11. Leakage Rate 

12. Test Conductor Signature 

13. KDT Inspection Results 

M. Q,A. Observe Signature 

15. AFPR0 Observe Signature 

6 
/oof 

/J/Zh 

J-S. S4a>f 

lbs 

in3 

/oo  psi 

-Z's-s mm 

AJO/JC 

—w 
pai/min 

£1Z£ 

€fyk 

■ 

ia^a^.^i^feaaaiiite. 
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NWC TP 5835 

GOSJE FUEL TANK 

.     .     HYDRDTEST DATA SHEET 

2516-002 

Contrac- U00l22-li*-C-M27 

UTC Project Ho. 2516 

PROOF TEST FirSL TANK P/N C1122 4-01-01 

per UTC Hydrostatic Test Assembly D/N C11223 

1. Tank S/N 

2. Tank Weight 

3. Test Date 

4. Test Conductor 

5. Test Location 

6. Test Fluid 

7. Tank Capacity 

8. Test Pressurant 

9. Proof Test Pressure 

10. Proof Test Pressure Duration 

11. Leakage Rate 

12« MPI Inspection Results 

13, Q.A, Observe Signature 

14. APPRO Observe Signature. 
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NWC  TP 5835 

HOT REPORT 

GORJE Fuel Tank 

Part No.        C11225-01-02 

Serial No.     005 

Date  9-18-75 

* 

This Fuel Tank was magnetic particle  Inspected in accordance with drawing 
note 4 of drawing C11224 before hydrostatic test, and per drawing note 15 
of drawing C11223 after hydrostatic test, and was found  to be acceptable 
to Chemical Systems Division of United Technologies. 

All other miscellaneous components which are part of the assembled Fuel 
Tank were examined by NDT in accordance with the applicable drawings, and 
were found to be acceptable  to Chemical Systems Division of United 
Technologies. 

(CSD Quality Assurance)   °"~~~"^""" 
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NWC TP 5835 

.INTERFACE FFATTIPP  pr.rnr^ 

.f 

Inapectlon Points 

o Forward Skirt Inspection 

o Aft Skirt Inspection 

o Forward Dome Boss to Bladder Fitting 

o Aft Dome Boss to Collector Pipe 

o Bladder to Tank Assembly 

o Attach Lugs to Tank Longeron 

Results 

Acceptable to drill jig 

Acceptable to drill jig 

Functional fit acceptable 

Functional fit acceptable 

Functional fit acceptable 

Functional fit acceptable 
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NWC TP 5835 

GORJE FUEL TANK 

BLADDER LEAK TEST & FUNCTIONAL FIT DATA SHEET 

2515-003 

Contract N00123-74-C-1337 

UTC Project No.    2516 

BLADDER ASSEH3LY P/N Cl 1193-01-01 

1. Bladder S/N 

2. Bladder Weight 

3. Bladder Test Date 

4. Test Conductor 

5. Bladder Test Tank 

6. Bladder Fitup 

7. Leak Test Gas 

8. Bladder Side Pressurized 

9. Bladder Leak Test Pressure 

10. Bladder Leakage Rate 

11. Number of Bladder Expulsion Cycles 

12. Test Conductor Signature 

13. Q.A.  Observer Signature 

14. AFPR0 Observer Signature 

QVZ 
^,-7 

A- I/-? 
T T; *,'     v*-- ; ;•' .,. 

^ 

i 

.- e 

(21 Acceptable D Unacceptable 

f"l Interior 

-   - \ iC 

Exterior 

psi 

\\ '':" ■ psi/min 

\'~ - - *•      v 
i.«- f«« ■ 
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NWC TP 5835 

GORJE FUEL TANK 

BLADDER LEAK TEST & FUNCTIONAL FIT DATA SHEET 

2516-003 

Contract N00123-74-C-1337 

UTC Project No.  2516 

BLADDER ASSEMBLY P/N Cl1193-01-01 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

U. 

12. 

13. 

14. 

:, 

Bladder S/N 

Bladder Weight 

Bladder Test Date 

Test Conductor 

Bladder Test Tank 

Bladder Fitup 

Leak Test Gas 

Bladder Side Pressurized 

Bladder Leak Test Pressure 

Bladder Leakage Rate 

Number of Bladder Expulsion Cycles 

Test Conductor Signature 

Q.A. Observer Signature 

APPRO Observer Signature 

ag>4~. 

3, z* i\'3 
4 - -IB -15" 

"7r;-( .'■~~ 

" '   r  
\ .•'■■< v. "'.        /?t. tb 

[y\ Acceptable   {_] Unacceptable 

OMl  
i 

|   | Interior J<] Exterior 

/PC"- fsr 

A]v>>\ ■ 

■•r-   ■■\^  i , ■             ., , 

psi 

psi/min 
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NWC TP 5835 

COBJE FUEL TANK 

BLADDER LEAK TEST & FUNCTIONAL PIT DATA SHEET 

2516-003 

Contract KD0123-74-C-1337 

DTC ProJ«ct No.    2516 

BLADDER ASSEMBLY P/H 011193-01-01 

1,. SUdder S/N 

2. Bladder Weight 

3. Bladder Test Date 

4. Test Conductor 

5. Bladder Test Tank 

6. iiladder Fitup 

7. Leak Teat Gas 

8. Bladder bide Pressurized 

9. Bladder heak Teat Pressure 

10. Bladder LcsUage Rate 

11. I,'u!ubcr of Bladder impulsion Cycles 

12. Test Conductor Signature 

13. Q.A. Ci-servcr £i:;nature 

14. ÄSTÄ0 Observer Ki^nature 

OO ^ ^ 

3o    .)ArO  ~J *? 

IS, ^ >ACo \ 

LJ Acceptable       [_J Unacceptable 

 ^Oy  

LJ Interior           [^J Exterior 

 4o psi 

JA;   PS i pai/ain 

Ni ,0, zad&i 
s 
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NWC TP 5835 

GORJi: FUT.L TA-X 

H^DDER LEAK TEST & FUNCTIO.V.L i-'IT DATA SJEST 

2516-003 

Contract K00l2.''-7^-C-1337 

UTC Project No.     2516 

BLADDER ASSEMBLY P/H CU193-01-C] 

1. Bladder S/K 

2. Bladder Weight 

3. Bladder Test Date 

4. Test Conductor 

5. Bladder Test Tank 

6. Bladder Iitup 

7. Leak Test Gas 

8. Bladder Side Pressurized 

9. Bladder Leak Test Pressure 

10. Bladder Leakage Rate 

11. Number of Bladder Expulsion Cycles 

12. Test Conductor Signature 

13. Q.A. Observer Signature 

14. APPRO Observer Signature 

oc n <...: 

»i 1 2 S 

A. v \ * n • / 

(2 Acceptable        ![ Unacceptable 

^jA,  
/ 

I   I Interior [_j'Exterior 

I \ 
\ v.: 

psi 

psi/tiiin 
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MWC TP 5835 

GCSUE tVSL lAIflC 

BLADDER LEAS TEST fc iXliCTlOtAL FIT CATA SICET 

2516-OD3 

Contract KUOU3«74-C*t337 

ÜTC Project Ko.    2516 

£L/U;r^i A£££i2LY P/N Cl 1193-01-01 

Juiiiiii«inpiiu,Rilr   i    jiy^yiji^iiiippiiii»-. 

1. Z Udder S/M 

2. Bladder Wöijht 

3. it^lacdcr Test Date 

4. TeBt CÄiductor 

5. lUaddsr lost XanU 

w, Llr.c^oc Fituy 

7, Leal-. Tast CJS 

8, Claddiic Lide Piressurised 

y. iilacder Lea.i Tost i'rescure 

lJ. Llücder Lei.cdj.e ilato 

11, liu^Lcr o£ lilarff'cc jiKT^uleion Cycles 

12, lest Con&ictoj; 5i .hatui-e 

13. Q,A, £a«i«ever äljnÄtört 

14. <tl?3l0 uliservcr tljiiature 

5   f^B   7^' 

>.    S,S^CM 

[3 AccftjiU&l«      D tTuaccepöilde 

□ Liter lor Rf.:. L^rior 

/ 7 ps /       i£a: 2 o 
^  . 

•^i 

psi/.iLa 
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NWC TP 5835 

G01UE FUEL TANK 

BLADDER LEAK TEST & FUNCTIONAL FIT DATA SHEET 

2516-003 

Contract 800123-74-0-1337 

UTC Project No. 2516 

BLADDER ASSEMBLY P/N C11193-01-G1 

1. Bladder S/N 

2. Bladder Weight 

3. Bladder Test Date 

4. Tes.t Conductor 

5. Bladder Test Tank 

6. Bladder Ficap 

7. Leak Test Gas 

8. Bladder Side Pressurized 

9. Bladder Leak Test Pressure 

10. Bladder Leakage Rate 

11. Number of Bladder Expulsion Cycles 

12. Test Conductor Signature 

13. Q.A. Observer Signature 

14. APPRO Observer Signature 

I   I 

O&Q 
>■;■ -- u:-. 

4.~igjr7V 
^£3>^ 

0 Acceptable   [j Unacceptable 

 c •' j I  

Q Interior    j^ Exterior 
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INITIAL DISTRIBUTION 

13 Naval Air Systems Command 
A1R-03B(1) 
AIR-03P2(1) 
AIR-30212(2) 
AlR-320C,W.Volz(i) 
AIR-330F(1) 
AIR-503 (1) 
AIR-503E (1) 
AIR-5108(1) 
AIR-5109(1) 
AIR-5203(1) 
AIR-5351(1) 
AIR-5366(r) 

3 Chief of Naval Material 
MAT-030B (1) 
MAT-032(1) 
NSP-27 (1) 

2 Naval Sea Systems Command 
SEA-0332 (1) 
SEA-04H (1) 

1 Air Test and Evaluation Squadron 5 (LT Karl Kail) 
1 Naval Ammunition Depot, Hawthorne (Code 05, Robert Dempsey) 
1 Naval Explosive Ordnance Disposal Facility, Indian Head 
1 Naval Intelligence Support Center (OOXA.CDR Jack Darnell) 
1 Naval Ship Research and Development Center, Bethesda (Code 166, John F. Talbot) 
1 Naval Surface Weapons Center, White Oak (Code 312^. C. Ragsdale) 
1 Naval Undersea Center, San Diego (Code 133) 
1 Naval Intelligence Support Center Liaison Officer (LNN) 
1 Army Armament Command, Rock Island Arsenal (AMSAR-SF) 
1 Army Missile Command, Research and Development Directorate, Redstone Arsenal 

(AMSMI-RK, Dr. R. G. Rhoades) 
4 Picatinny Arsenal (SMD, Concepts Branch) 
3 Air Force Systems Command, Andrews Air Force Base 

DLFP(l) 
DLW(l) 
SDW(l) 

5 Air Force Armament Laboratory, Eglin Air Force Base 
DLD(l) 
DLJW(l) 
DLO (1) 
DLQ (1) 
DLR(l) 

1 Foreign Technology Division, Wright-Patterson Air Force Base (Code PDXA, James Woodard) 
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5 Wright-Patterson Air Force Base 
AFAPL 

RJA(l) 
RJT(l) 

STINSO (1) 
XRDP(l) 

XRHP(l) 
1 Defense Advanced Research Projects Agency, Arlington 
2 Defense Documentation Center 
1 Explosives Safety Board {6-A-145) 
1 Applied Physics Laboratory, JHU, Laurel, Md. (W. B. Shippen) 
1 Beech Aircraft Corporation, Whichita, Kan. 
1 Convair Division of General Dynamics, San Diego, Calif. 
1 Grumman Aerospace Corporation, Bethpage, N.Y. 
1 Honeywell Inc., Systems & Research Division, Minneapolis, Minn. 
1 Hughes Aircraft Company, Culver City, Calif. 
1 Hughes Aircraft Company, Missiles Systems Division, Canoga Park, Calif. 
! McDonnell Douglas Corporation, St. Louis, Mo. (Astronautics, A. N. Thomas) 
1 Marquardt Corporation, Van Nuys, Calif. 
1 North American Rockwell Corporation, Columbus, Ohio (K. C. Wykes) 
1 Purdue University, School of Mechanical Engineering, Lafayette, Ind. (Cecil F. Warner) 
1 Ryan Aeronautical Company, San Diego, Calif. 
I The Boeing Company, Seattle, Wash. 
1 The Martin Company, Orlando, Fla. 
1 United Aircraft Corporation, East Hartford, Conn. (Research Laboratories, R. L. O'Brien) 

101 Chemical Propulsion Mailing List No. 271 dated October 1975, including Categories 1,2,3,4,5 
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