500 Walnut Streef
Norwood, NJ 07643

Frederic J. Eppling  (617) 253-2389/8332 August 30, 2001
Bidg 44, Rm 109

Massachusetts institute of Technology

77 Massachusetts Ave.

Cambridge, MA 02139

Subject: EG 10330 Rev NC and EG 10331 Rev NC

Reference: P.0O. 4500302925

Dear Mr. eppling:

Enclosed for MIT's review and approval please find three copies each of ARDE’s Qualification-By-
Similarity Reports for the Xenon (EG 10330 Rev NC) and CO, (EG 10331 Rev NC) Storage
Vessels under referenced purchase order.

Should you have any questions with respect to the foregoing, don’t hesitate to call the undersigned
at (201) 784-9880. ‘
Very truly yours,

ARDE Inc.

A

Thomas VanFossen
Contracts Manager
Cc: RW, KS, J/N: 39001



PREPARED BY:

<

Aris Escalona

ARDE, INC.
EG 10330, N/C
July 6, 2001

QUALIFICATION BY SIMILARITY REPORT

OF

- SPHERE, XENON STORAGE FILAMENT WOUND

PN D4815 TO PN D4636
FOR

TRD GAS SUPPLY SYSTEM

SUBMITTED TO:
Massachusetts Institute of Technology
Laboratory for Nuclear Science
51 Vassar St.

Cambridge, Massachusetts 02139

%/ / Kirk Speddon, Eng) eering
&4 W,

T. Van Fossen, Program Management

ARDE, INC.
500 Walnut Street
Norwood, NJ 07648



: TITLE: QUALIFICATION BY SIMILARITY REPORT FORM NO.: | QS 05022

ARDE, INC. | OF SPHERE, CO2 STORAGE FILAMENT WOUND | DATE: 9 JULY 2001

PN D4816 TO PN D4683 FOR TRD GAS SUPPLY

SYSTEM v

DOCUMENT NO.: EG 10330 REVISION: | A

ENGINEERING CHANGE RECORD
APPROVALS

Chg | Page | index Description Date | Engr | QA | Mfg | Prog
NC All N/A

INTIALRELEASE £ 2/ 04F




PARAGRAPH

1.0

2.0

3.0

4.0

4.1
4.1.1
4.1.2
4.1.2.1
4.1.2.2
4.1.2.3
4.2

5.0

FIGURE

2-1
2-2
2-3
2-4
2-5
2-6
2-7
2-8
2-9
2-10

TABLE OF CONTENTS

TITLE

INTRODUCTION
DISCUSSION

RESULTS

EVALUATION
FABRICATION AND DESIGN
MATERIALS AND PROCESSES
DESIGN

LINER DESIGN

BOSS DESIGN

FIBERWRAP DESIGN
ADDITIONAL ANALYSIS
REFERENCES

LIST OF TABLES

QUALIFICATION BY SIMILARITY OF D4815 TO D4636
LIST OF FIGURES
TITLE

SPHERE, XENON STORAGE FILAMENT WOUND, PN D43815
XENON TANK MOUNTING ASSEMBLY, PN D4817

SPHERE, XENON STORAGE FILAMENT WOUND, PN D4636
BRACKET ASSEMBLY, FIXED END, C4844 '
BRACKET ASSEMBLY, SLIDING END, C4845
ACCELEROMETER MOUNT LOCATION

D4636 X-AXIS VIBRATION

D4636 X-AXIS VIBRATION

D4636 Z-AXIS VIBRATION

D4636 Z- RANDOM LATERAL LIMIT, R3Z

ARDE, INC.
EG 10330, N/C
July 6, 2001

TS

24

"R R

26
22
26
29
36



ARDE, INC.
EG 10330, N/C

July 6, 2001

FIGURE TITLE PAGE
2-11 D4636 Z- RANDOM LATERAL LIMIT, R4Z 16
2-12 D4636 Z- RANDOM LATERAL LIMIT, R3X 17
2-13 D4636 Z- RANDOM LATERAL LIMIT, R4X 18
2-14 D4636 Z- RANDOM LATERAL RESPONSE, R7 19
2-15 DA4636 X- RANDOM AXIAL LIMIT, R3X 20
2-16 D4636 X- RANDOM AXIAL LIMIT, R4X 21
217 D4636 X- RANDOM AXIAL RESPONSE, R5X 22
2-18 D4636 X- RANDOM AXIAL RESPONSE, R6X 23

4-1 BOSS INTERFACE, D4815 27
42 : BOSS INTERFACE, D4636 28
43 BRACKET AT 10G AXIAL (1280 LB) 33

44 BRACKET AT 10G LATERAL (1280/2 = 640 LB) 34

4-5 BRACKET AT 10G VERTICAL (1280/2 = 640 LB) 35

i




1.0

ARDE, INC.
EG 10330, N/C
July 6, 2001
INTRODUCTION
This report presents the qualification by similarity of the Sphere, Xenon Storage Filament
Wound PN D4815 for TRD xenon gas supply system to the qualified Sphere, Xenon Storage Filament
Wound PN D4636 (ref. 1). This report will show compliance of the xenon storage vessel design and its

mounting brackets with the Statement of Work for the TDS Gas Supply System of Alpha Magnetic

Spectrometer (AMS 02) program per PM 10070 (ref.2) and MIL-STD-1522A (ref.3).
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DISCUSSION
The purpose of this report is to show that the overwrapped pressurant tank design
D4815 (figure 2-1) , rated at a maximum design pressure, MDP = 3000 psig, and mounted as
shown in D4817 (figure 2-2) is a qualified design by similarity to PN D4636 (figure 2-3). The
derivative vessel PN D4815 is designed for xenon storage tank at an MDP of 3000 psig with
mount interface points compatible with the MIT TRD Gas Supply System. This unit is identical
(except for the mounting boss interface and provision of 1/4e CRES 304L port interfaces) to
flight qualified xenon storage tank, PN D4636, which was designed and qualified to the
International Space Station’s (ISS) xenon storage requiremeﬁt per Rockwell International
specification no. 7RC2849 (ref. 4). This qualification heritage is reported in ARDE’s Fracture
& Stress Analyses Report EG 10158 (ref. 5) and Qualification Test Report EG 10210 (ref. 6).
The vessels PN D4815 and PN D4636 have the same cryoformed CRES 301 liner
design but provide different mounting boss interface details, see figure 2-1 and 2-3. The
D4815 mounting reduces external loading from the interfaces used on D4636. PN D4815 and
D4636 have exactly the same reinforcing composite matrix, using carbon Toray 1000 fibers
impregnated with ARDE HARF 53 resin. Both the Toray T-1000 fiber and the HARF 53 resin
are extensively characterized with a significant application base in space flight programs,
including numerous manned spaceflight applications.
In the assembly of the tank and brackets figure 2-2, the mounting brackets are the
Bracket Assembly, Fixed End per PN C4844 (figure 2-4) & Bracket Assembly, Sliding End per
PN (4845 (figure 2-5). Section 4.2.3 will show that these bracket assemblies are structurally
adequate to support the 126 1b/g load (17 Ib. tank + 109 1b xenon) of the TRD xenon gas
supply of AMS 02 program.
The qualification by similarity of D4815 to D4636 design is summarized in table 2-1.

Additional evaluations are described in section 4.0.
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-$- J Figure 2-4

i &

O

¥ C4844

\©@
>
6. NYLON BAG, PURGE WITH NITROGEN, SEAL ASSEMBLY.
5.  CLEAN ASSEMBLY PER SN-C-0005, VISIBLY CLEAN LEVEL 2.
4, ITEMS #4 & #5 (WASHERS) SHALL BE PASSIVATED PER AES 254
PRIOR TO ASSEMBLY.
[3>> APPLY TORQUE AT 35-40 IN.~LB., TO THE SCREWS AT 18"
CLOCKING SEQUENCE.
2. PRESS FIT BEARING INTO BRACKET BORE.
| f [T> IDENTIFY PER AES 601, METHOD D.
Bl H HoTES;
Al L i
I ]
716 NAS1351NI-16H} SCREW, SOC. HD. CAP[A286 4}&1'0'-32 X 1.0 LG,
715 91812A227|LOCK WASHER, #10[CRES 316 :
7.1 4 90107A011]WASHER, FLAT #10 ICRES 300
3 BAN--19448 BEARING NCONEL SOUTHWEST PRODUCTS
2 8105567 |RETAINER, FIXED END
1 1 D105565 [BRACKET, FIXED END
ITEN | CODE | PART OR NONENCLATURE
@TY REGD PER DASH #3] NO. | IDENT [IDENTIFYING NO, 0 DESCHIPTIGN MATERIAL SPECIFICATION
PARTS LIST
s R - LI =0 ARDE, INC.
b X = 030, JX = £010 NORWOOD, N.J,
L ik Ml [ e T
AL Sl i mﬂi:u_w STRESY ENGR BRACKET ASSEMBLY
PLENENTS PROG. ENG'R
W‘;!WG PER NG YI45N-1922 Fl X ED EN D
WELD SYNBOLS PER ANS AZ 4 NATL ENG'R
SURFACE. ROUGHNESY SYMBQLS PER [
AL Traed e 13 pr— SIZE | CAGE CODE
NEXT ASSEMBLY o € 105980 C4844
D4817 - SCALE 1:1 | UNTT WT TswEer 1 OF 1

4 3 * 2 [ J/N 33001 1
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Figure 2-5

6. NYLON BAG, PURGE WITH NITROGEN, SEAL ASSEMBLY.
5.  CLEAN ASSEMBLY PER SN—C—000S5, VISIBLY CLEAN LEVEL 2.

p \
4, [EMS #4 & #5 (WASHERS) SHALL BE PASSIVATED PER AES 254
a PRIOR TO ASSEMBLY. .
]

i D APPLY TORQUE AT 35--40 IN.-LB. 7O THE SCREWS AT 180
‘ ’ CLOCKING SEQUENCE.
’ 2. PRESS FIT BEARING INTO BRACKET BORE.
l N ' D IDENTIFY PER AES 601, METHOD D,
i ' i s
1 i L
| |
81 6 NAS1351N3-16H[ SCREW, SOC. HD. CAP|A286 #10—-32 X 1.0 _LG.
81 5 91812A227|LOCK_WASHER, #10]|CRES 316
81 4 S0107A01 1{WASHER, FLAT #10 |CRES 300
3 BAN-—19446 BEARING INCONEL| SOUTHWEST PRODUCTS
2 B105568 |RETAINER, SLIDING END
1 D105566 |BRACKET, SLIDING END j
M| co PART O NCLATURE
TV REGD PER DASH Fo. T | R [mENTIFYING Mol OR DESCRIPTION HATERIAL SPECIFICATION
PARTS LIST
T T S [ r_JRveljon/o ARDE, INC.
T 0, X1 = 4010 bl : NORWOOD, N.J.
b e
! ':’Hﬂ'm B PROG. ENGR
Mmmo::ﬂ NS Y14.58-1382 WATL. VR SLI D | N G EN D
WELD SYNECLS PER AWS AL4
SURFACE ROUGHNESS SYNRLS PER NFG
N s 128 SIZE | GAGE CODE
NEXT ASSEMBLY v ::_:ﬂu C {05980 C4845
D481 7 SCALE 1:1 | UNT WT |sHEET 1 OF 1

4 3 4 2 | J/N 38001 1
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Test

MDP
Proof

External Leak
Fluid

Internal Volume
Weight

Cleanliness

Temperature

Random Vib.
First Mode

Life Cycle

Burst

ARDE, INC.
EG 10330, N/C
July 6, 2001

Table 2-1 Qualification by Similarity of PN D4815 to PN D4636

PN D4815

TRD reguirements
3000 psig

4500 psig

1x10” sccs He max.
@ 3000 psig

Xenon

1680 cu. in. min.
17.0 1b maximum
Level 100 A

-100° to 150°F

8.9 grms at .08 g"2/hz

>50 Hz

0-3000-0 psi -100 cycles

2xMDP=6000 psig

PN D4636 Qual Remarks

EG 10210 (Ref. 6

3000 psig Similar - Acceptable

4892 psig/5 minutes D4636 exceeded D481S5 -
Acceptable

1x107 sccs He max. D4636 is stringent than D4815-

@ 3000 psig Acceptable

Xenon Similar - Acceptable

1680 cu. in. min.

17.0 1b. maximum

Level 25 A
-65° to 150°F

8.9 grms at .08 g

Lateral @ 150 Hz

Axial @ 200 Hz
0-5180-0 psi - 52
0-3000-0 psi - 24

9368 psi - no rupture
Ruptured @ 12500 psi

Similar - Acceptable

Similar - Acceptable

Similar - Acceptable

Similar - Acceptable - note that autofrettage
of both designs are performed at cryogenic
temperature of -320°F and 7250 psig. The
HAREF 53 resin has a dry Tg of 277°F and a
wet Tg of 255°F. Other ARDE
applications utilizing the materials at higher
stress levels are qualified for 200°F max
service temperature. -

“2/hz  Similar - Acceptable
Similar - Acceptable

cycles Although the D4636 was tested for
cycles a total of 76 cycles (less than the
100 cycles MDP D4815 requirement), the
fatigue damage from the higher pressure is
worst in D4636 than D4815 as analyzed in
section 4.2.2, therefore D4815 is adequate.
Since D4636 ruptured @
4.1xMDP, D4815 design is
therefore adequate
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Evaluation of vibration response data from the formal D4636 qualification testing
shows that vibration inputs measured at the tank bosses aré well in excess of Liftoff and Load
Factors for MS-02 Components.
Figure 2.6 shows the accelerometer mount location for the vibration testing performed
on the D4636 vessel. The input levels specified for the D4636 qualification were applied on the
vibration table baseplate. The tank was tested with the flight support brackets from the prior
application. The transmissibility of these customer supplied pedestal mounting bracket
contributed significantly to the loads into the vessel in qualification. This is strong justification
for the bracket design shown in section 4.2.3, which will provide significantly less amplification
under the dynamic excitation environments, particularly in the damaging low/mid frequency
regime. This mount bracket change will reduce the loading on the tank and TRD structure for

the TRD application. Test photographs are shown in figures 2-7 through 2-9.

Axial Axis

The R3 accelerometer was mounted adjacent the fixed end boss of the D4646. The R4
accelerometer was mounted adjacent to the slide end boss. Inline input was 19.2 g, «nd 15.1
€. inline at the fixed and slide end in the axial vibration test This is shown : ire 2-10 and
2-11. Cross talk was extremely high at 15.8 and 17.5 grms at fixed ar - end, illustrating
the compliance in the mount brackets, as shown in 2-12 and 2-17 s tank response was 28.9
g’s at the 1 sigma level (86.7 g’s peak in line response.) T* ~iiown in figure 2-14. All

values in this axis are well in excess of the TRD load sp+  .m.



ARDE, INC.
EG 10330, N/C
Tuly 6, 2001
Lateral Axis
In the Z axis the fixed end showed more reasonable coupling to baseplate, the slide end
however has high dynamic amplification, associated high local rotational compliance of the
mount bracket and the use of an elastomeric o-ring on the boss used for axial slide
accommodation between the bracket and tank. Much of the energy at the slide end is associated
with the high frequency rotational response mode of the bracket, see figures 2-15 and 2-16.
Tank response in the lateral mode exhibits classical single DOF behavior with a uqmistakable
first resonance at just over 100 hz. Response at the top and side of the tank, measured at 27.4
and 19 g, (82.2 and 57 g peak), figure 2-17 and 2-18 are also well in excess of TRD load

requirements.

10
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Random Limit Channel
ARDE 41211 00B

Z LAT. QUAL MODEL ( dB

Figure 2-10
g 2/Hz R3z
100.
Chan. No. 7
Chan. Type : W T
DOF o 144
10 AWF © 5
Level : 0. dB
Resolution : 4. Hz
1. = Ctrl Strat.: Average
T
f\ Eng. Unit : g
[\ I,
/| | AMS (act.) : 19.2088 g
L )
-10 A== t o E——
! A i #—F—H Contr. Mode: Closed loop
| | 1AL 1 1
\ pJ " f f' -- Time on act. level --
ﬂﬂ \ Elapsed : 0:03: 00
.010 7 ﬁ i Remaining 0: 00: 00
i |
1] --- Time total ---
v Elapsed : . 0:06: 35
.0010 Remaining 0: 00: 00
Date : 7.17.1997
18; 36: 31
1.E-04
20. 40. 60. 100. 200 . 400. 600. 1000. 2000.
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Random Limit Channel
ARDE 41211 0DB
Z LAT. GUAL MODEL O dB Figure 2-11
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Chan. No. : 11
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Level : 0. dB
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Random Limit Channel
ARDE 41211 0DB
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Random Limit Channel

ARDE 41211 0DB

Z LAT. GUAL MODEL O dB Figure 2-13
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Random Limit Channel
ARDE 41211 0DB
Fi -
Z LAT. QUAL MODEL O dB igure 2-14
9°2/Hz 7 TANG.
100.
Chan. No. 4
[f\\ Chan. Type : W T
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—
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// \\ Resolution : 4. Hz
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\
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Random Limit Channel
ARDE 41211 00B
Figure 2-15
X AXIAL QUAL MODEL
9"2/Hz 3y
10.
Chan. No. =]
A Chan. Type : W T
/\ DOF . 144
1. j % AWF .5
1
% Level : 0. dB
l : Resolution . 4. Hz
A1 h
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1
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Random | Limit Channel
ARDE 41211 00B
X AXIAL QUAL MODEL Figul‘e 2-16
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n DOF T 144
1 ! {fhm:AWF © 5
1 i :
.:'I y
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-- Time on act. level --
Elapsed : 0:03: 00
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Random Limit Channel
ARDE 41211 0DB
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Random Limit Channel
ARDE 41211 0DB
Figure 2-18
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DOF 144
0. A
Tt AWF o}
1
= -
i Level 0. dB
I \ Resolution : 4. Hz
1. 1 ;ﬁ h Ctrl Strat.: Average
i 1 T
/) 1 ]
F “ 1’ Eng. Unit g
\ |
\ AMS f{act.) : 18.0805 g
| <1l \
.10 : 7 = it
+ + ¢ Contr. Mode: Closed loop
// 1 [ 1
| i} -- Time on act. level --
h, 4
\ h‘ Elapsed 0: 03: 00
.010 1 i T T
% /‘ 1 'x‘ Remaining 0: 00: 00
\ “V” l‘
- | --- Time total ---
\\ Elapsed 0:07:17
.0010 T ’q Remaining 0: 00: 00
1
n
v Date 7.18.1997
18: 34: 02
1.E-04
20. 40. BO. 100. 200. 400. 600. 1000. 2000.
Hz T

Z 2



3.0

ARDE, INC.
EG 10330, N/C
July 6, 2001

RESULTS

The result of evaluation indicates that PN D4815 environments are equal or less severe
than the D4636 environments. Vessel PN D4636 was designed as a xenon storage and complied
with Rockwell specification TRC2849 for ISS, and MIL-STD-1522A as repo;ted in ARDE’s EG
10158. Vessel PN D4636 was tested and qualified as reported in ARDE’s EG 10210. Design
requirements of D4636 are equal to or greater than the D4815. By virtue of the similarity of the
two designs, PN D4815 is therefore qualified to the structural and environmental conditions as
specified in PM 10070.

The mounting bracket assemblies C4844 & C4845 are also structurally adequate to

support the D4815 xenon storage vessel for AMS 02 as shown in section 4.2.3.
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4.1

4.1.1

ARDE, INC.
EG 10330, N/C
July 6, 2001

EVALUATION

Fabrication and Design

The fabrication and design of PN D4815 and PN D4636 are identical with the
exception of final machined boss interface details. The liner and wrap pattern are identical
between the two designs. PN D4815 shares the same liner desigﬂ with PN D4636 differing only
in boss interface details. PN D4815 and D4636 have the same wrap pattern using Toray T-1000
carbon with HARF 53 resin system. The 12500 psid rupture value of the D4636 vessel is a
reliable indicator of the nominal rupture value for the D4815.

Materials and Processes

The vessel liners are made of cryoformed CRES 301 of the same material specifications
for all referenced applications. The hydroforming, welding, hydrostretching, solution
annealing, and cryogenic stretching are performed using the same tooling. All identiﬁéd
operations are performed by ARDE except hydroforming which is subcontracted. Radiography
and fluorescent penetrant inspections are also performed by ARDE to the preform (pre cryo
liher) and postform (post cryo liner) assemblies to veﬁfy liner quality.

The composite overwrap for D4815 and D4636 are made of carbon fiber, Toray 1000,
and HARF 53 resin system with the same curing cycle. Filament winding is performed by the
same vendor Composite Atlantic in Lunenberg, Canada. Cryogenic re-stretching (autofrettage),
final machining, acceptance testing, and final cleaning are performed by ARDE. The D4636

vessel was designed as xenon storage for the International Space Station program.
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4.1.2.2

4.1.2.3

ARDE, INC.
EG 10330, N/C
July 6, 2001

Design
Liner Design

The liner design of PN D4815 and D4636 are identical except for the boss interface.
The D4815 boss design eliminates a boss barrel EB weld, which was in the envifonmental load
path and replaces it with a 4/1 orbital tube weld to provide the required 1/4" diameter port
interfaces. The 2 tank designs used the same hydroformed head PN C105415. The same
hydrostretch die and cryostretch die are used to make the postform liner for the 2 tank designs.
Therefore, all liner membrane dimensions are equivalent which result in the same liner material
physical properties.
Boss Design

The final boss configurations at the final level of the two designs are shown in the
blown-up figure 4-1 for D4815 and figure 4-2 for D4636. Note that the boss to boss shoulder
lengths and load lines are the same for the two designs or improved on D4815. The D4815 has
1/4" tube ports while D4636 has a 0.50¢ ID special port. By analysis, the D4815 boss bearing
area has large margin from yielding due to proof pressure & large margin from rupture to
burst pressure (see section 4.2.1). The alternating stresses due to environmental loads are the
sa@e at the boss flange sections for D4815 & D4636 since the two are identical in this area. The
D4815 tube port is designed with a factor 4xMDP to satisfy tube interface and factor of safety
requirement for lines and fittings (see section 4.2.2).
Fiberwrap Design

PN D4815 and D4636 have identical wrap pattern using Toray 1000 fiber with HARF
53 resin system. Fiber over-wrapping is performed by the same vendor, Composite Atlantic, in

Lunenburg, Nova Scotia, Canada.
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Figure 4-1 D4815 MOUNTING BOSSES
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Figure 4-2 D4636 MOUNTING BOSSES
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4.2.1

ARDE, INC.
EG 10330, N/C
July 6, 2001
Additional Analyses
The fracture and stress analyses of D4636 is reported in EG 10158. Additional analyses
to fully comply with TRD Xenon Gas Supply requirements of AMS 02 are shown below with
positive margins in all cases.
Boss Analysis
D4815 Bearing Cross section (figure 4-1) = 7/4 (1.1875°2 - .38"2) = .994 sq. in.
Pressure Stress, 0 = p (b"2+a"2)/(b"2-a"2) where b = .59375, a = .19
@ MDP, p = 3000 psi;
o = 3000 (.59375°2+.19°2)/(.59375°2-.19"2) = 3684 psi
@ Proof, p = 1.5xMDP = 4500 psi
0 = 4500 (.59375°2+.192)/(.59375°2-.19"2) = 5527 psi
@ Burst, p = 6000 psi
o = 6000 (.59375"2+.19°2)/(.59375"2-.19"2) = 7368 psi
For CRES 301, Annealed:
Aliowable Yield Strength, Fty = 28 ksi
Allowable Ultimate Strength, Ftu =70 ksi
Therefore, margins of safety are:
M.S.y (at proof) = 28/3.7-1 = 6.57 M.S.u (at burst) = 70/7.4-1 = 8.4
Above margins are large, theréfore boss interface is structurally adequate.
Note at the boss flange section, D4636 & D4815 are identical hence the pressure stresses plus

combined with the alternating stresses due to the environmental loads are also identical.
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4.2.3

ARDE, INC.
EG 10330, N/C
July 6, 2001
Tube Analysis
Stress, 6 = p (b*2+a"2)/(b"2-a"2) where b = .125, a = .085
@ MDP, p = 3000 psi;
o = 3000 (.125“2+.085‘2)/(.125;2-.085‘2) = 8161 psi
@ Proof, p = 1.5xMDP = 4500 psi
o = 4500 (.125°2+.085"2)/(.125°2-.085"2) = 12241 psi
@ Burst, p = 4,0xMDP =12000 psi
o = 12000 (.125°2+.085"2)/(.125"2-.085"2) = 32644 psi
For CRES 304L, Annealed Tubing:
Allowable Yield Strength, Fty = 28 ksi
Allowable Ultimate Strength, Ftu =70 ksi

Therefore, margins of safety are:

M.S.y (at proof) = 28/12.2-1 =129 MSu(@atburst)y =7 " » -1 = 1.14
Fatigue Analysis
Requirements : 1 Proof + 100 MDP x factor of 4 = - -+ MDP

From EG 10158, section 4.4.2:

@ Proof, ga/ou = .45, life Ni = 40000 c:

@ MDP, ga/ou = .26 , life Ni = infir .28

Cumulative Damage, U = Zni/Ni = 0000 + 400/infinity = .0001

M.S. = .8/.0001 - 1 = very large
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4.2.4 Mounting Bracket Analysis

Finite element analysis performed on the bracket using ABAQUS computer ‘code
showed that the bracket‘ is structurally adequate to support the D4815 tank in the AMS 02 launch
environment. Both brackets are identical in shape but only one (fixed end) supports the full axial
load and the two share the lateral load. Hence, only the fixed end bracket was evaluated for the
TRD xenon gas supply system.

The bracket was analyzed with an equivalent 10g unit load of 128 Ib/g (109 1b xenon +
17 Ib tank + 2 1b miscellaneous) in axial, lateral, and vertical directions. The unit load applied
in lateral and vertical directions are half of the total load since each bracket supports half of the
load. Von mises stress contour plots from each case at 10 g unit load are shown in figures 4-3,

4-4, & 4-5. At a 3 sigma peak of the random vibration spectrum, the stress responses on the

bracket .are:
Axial Load Stress, 0 = 8.9 ksi/10 g x 8.9 grms x 3 = 24 ksi
Lateral Load Stress, 0 = 11.4 ksi/10 g x 8.9 grms x 3 = 30.4 ksi
Vertical Load Stress, 0 = 4.6 ksi/10 g x 8.9 grms x 3 = 12.3 ksi
With the Al 7075-T73 bracket material properties at 150°F from MIL-HDBK-5, ref.8, at:
Fty = 54 x .96 = 52 ksi
Ftu = 65 x .92 = 60 ksi
Margins of safety at 1.1 factor for yield and 1.5 for ultimate:
Axial M.S.y=152/(24x1.1) -1=0.97
M.Su=60/(24x1.5) -1 = 0.67
Lateral M.S.y =52/(30.4x1.1) -1 = 0.57
M.S.u=60/(30.4x1.5) -1 =0.31
Vertical M.S.y =52/(123x1.1) -1 =2.29

M.S.u=60/(12.3x1.5) -1=2.25
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South West Bearing BAN 19446 static load capacity:
Axial = 7500 Ib
Lateral = 78000 1b
Margins of safety :
Axial M.S. = 7500/(128 x 8.9 grmsx3x 1.5) -1 = .46
Lateral M.S. = 78000/(128 x 8.9 grms x 3 x 1.5/2) - 1 = 29.0
Therefore the bracket mounting assembly is adequate to support the D4815 tank loaded with 109

1b of Xenon at the TRD environmental condition.
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Figure 4-3 BRACKET AT 10G AXIAL (1280 LBS)
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Figure 4-5 BRACKET AT 10G VERTICAL (1280/2 = 640 LBS)
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