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INTRODUCTION
This report presents the qualification by similarity of the Sphere, CO2 Storage Filament Wound
PN D4816 for TRD CF4 or CO2 gas supply system to the qualified Accumulator, Helium PN D4633
(ref. 1) and the qualification of its mounting brackets, PN C4847 & C4848, by analysis. This report will
show compliance of the CO2 storage vessel design and its mounting brackets with the Statement of Work

for the TRD 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
D4816 (figure 2-1) , rated at a maximum design pressure, MDP = 3200 psig, and mounted as
shown in D4818 (figure 2-2) is a qualified design by similarity to PN D4683 (figure 2-3). The
vessel PN D4816 is designed as CO2 storage tank at an MDP of 3200 psig. This unit is
identical (except for the mounting boss interface and tube interface) to a Helivm Accumulator
PN D4683 which was designed and qualified to Lockheed Martin’s helium storage requirement
per specification no. 10550300450 (ref. 4), as reported in ARDE’s Fracture & Stress Analysis
Report EG 10214 (ref. 5) and Qualification Test Report EG 10221 (ref. 6).
The vessels PN D4816 and PN D4683 have the same cryoformed CRES 301 liner
design but with different mounting boss interface details, see figure 2-1 and 2-3. PN D4816
and D4683 have exactly the same reinforcing composite matrix, using carbon Toray 1000 fibers
impregnated with resin formulation EPON 9405/Curing Agent W,
In the assembly of the tank and brackets figure 2-2, the mounting brackets are: Fixed
End per PN C4847 (figure 2-4) and Sliding End per PN C4848 (figure ° tion 4.2.3 will
show that these bracket assemblies are structurally adequate to sur .2 26.5 Ib/g load (9.5
1b. tank + 18 Ib CO2) in the TRD CO2 gas supply of AMS - ram.
The qualification by similarity of D4816 to D4¢ .gn is summarized in table 2-1.

Additional evaluations are described in section 4.0.
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Table 2-1 Qualification by Similarity of PN D4816 to PN D4683

Item PN D4816 PN D4683 Qual Remarks

TRD requirements EG 10221 (Ref. ,
‘MDP 3200 psig 3200 psig Similar - Acceptable
Proof 4800 psig 4800 psig Similar - Acceptable
External Leak  1x10 sccs He max. 1x107 sccs He max. D4683 is stringent than D4816-

@ 3200 psig @ 3200 psig Acceptable
Fluid CO2 Helium Acceptable - Cryoformed CRES 301

material is compatible with CO2 as
demonstrated by past space station
application vessel E4282 used on the CO2

portable fire extinguisher.
Interpal Volume 813 cu. in. min. 813 cu. in. min. Similar - Acceptable
Weight 9.5 1b maximum 9.5 1b. maximum Similar - Acceptable
Cleanliness Level 100 Level 100 Similar - Acceptable
Temperature -100° to 150°F -100° to 300°F Acceptable - D4683's operating

temperature condition envelopes D4816 and
also note that autofrettage of both designs
are performed at cryogenic temp.of -320°F

and at 6500 psig.
Random Vib. 8.9 grms at .07 g"2/hz 8.9 grms at .07 g"2/hz Simular - Acceptable
(Axial) (Axial)
4.5 gmms at .02 g”2/hz 4.5 grms at .02 g"2/hz
(Lateral) (Lateral)
First Mode >50Hz Lateral @ 250 Hz Similar - Acceptable
Axial @ 500 hz

Life Cycle 0-3200-0 psi -100 cycles 0-3200-0 psi - 250 cycles D4683 life cycle requirement is
greater than D4816 - Acceptable

Leak Test 1x10°% sccs He max. 1x107 sccs He max. D4683 is stringent than D4816-
@ 3200 psig @ 3200 psig Acceptable
Burst 6400 psig min. 6400 psig . min. Acceptable
Ruptured @ 7600 psi
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External Load/Dynamic Excitation Evaluation
The D4683 vessel was vibration tested in three axes, while pressurized with helium at
3200 psid. Evaluation of vibration response data from the formal D4683 qualification testing
shows that load inputs measured at the tank response accelerometer are greater than the Liftoff
and Load Factors for MS-02 Components, assuming that the TRD gas system uses the vessel
with 18 Ibm of CO,. The D4683 was formally qualified with He gas. At MDP, 3200 psid,
approximately 1 Ibm is contained. Used for the TRD application the vessel contains 18 Ibm of
CO,. The dry mass of the tank is 9.5 Ibm. Thus the load factor scale between the two vessels
under acceleration loading, assuming full mass participation of the contained gas is (18 1b
C02+9.5 Ib Tank+.5 1b margin)/(1+9.5)= 2.67

Axial Axis

The test setup is illustrated in figure 2-6. The response accelerometer is mounted at the
top of the tank. Inline input was 8.94 g, inline at the fixed end as shown by figure 2-7. Inline
tank response was 24 g’s at the 1 sigma level (72 g’s peak in line response.) This translates to a
peak response of 26.9 g’s This is shown in figure 2-8. The use of a response accelerometer can
be non-conservative in assessing the energy transmission into a vessel if there is evidence of
significant contribution of higher order response modes within the response accelerometer
response. In this case there is not evidence of these higher order modes. The response consists of
rigid body and first mode resonance response at just over 850 hz. Thus in the axial axis there 1s
evidence that TRD loads have been enveloped by the prior D4683 testing with helium gas.
Additionally, the vibration testing was run for 15 minutes in this axis. The lo» :- ..iscussed were
applied for a significant number of application cycles given the high patu: quency of the
tank, and the extended duration of the test.
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Lateral Axis
In the lateral axis the test setup was as shown in figure 2-9. The test was run under
average control between C1 and C2. This is shown by figures 2-10, 2-11 and 2-12. Response
under these modest input levels was 9.15 g,., inline at R1, again being composed primarily of a
rigid body mode and a narrow band first mode resonance at 600 hz, figure 2-13. The off axis
response in the 90 opposed lateral axis was 4.3 grms, figure 2-14. Using a root sum square
combination of these two lateral response provides for a
3*(9.15° + 4.39)2/2.67 = 11.36 ¢
peak static equivalent acceleration load for a case of 18 1bm CO, filled TRD vessel at R1. The
rigid body and first mode response have full participation in boss loading developed at the
mount points. Higher order modal response, such as shell modes attenuate and are not
contributors to boss loading. The level measured at R1 1s slightly above load specified for the
application. However, confirmation of loading/load assumptions on this vessel by use of
accelerometers is recommended durcing the acceptance/protoflight vibration of the TRD system.
Analytically there are no issues, as the vessel is robust and reasonably insensitive to loading of
the described magnitude. The limits of prior test demonstration however must not be violated in

order to maintain the qualification by similarity status.

10
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Figure 2-9

PHOTOGRAPH 3: TYPICAL Y AXIS SETUP
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EG 10331, N/C
July 6, 2001
RESULT
The result of evaluation indicates that PN D4816 environment are equal to or less
severe than PN D4683. Vessel PN D4683 was designed as a helium storage and complied with
Lockheed Martin’s specification 10550300450 and MIL-STD-1522A as reported in ARDE’s EG
10214. Vessel PN D4683 was tested and qualified as reported in ARDE’s EG 10221. Design
requirements of D4683 are equal to or greater than the D4816. By virtue of the similarity of the
two designs, PN D4816 is therefore qualified by similarity to the structural and environmental
conditions as specified in PM 10070.
The mounting bracket assemblies C4847 & C4848 are structurally adequate to support

the D4816 CO2 storage vessel for AMS 02 as shown in section 4.2.3.
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4.1

4.1.1

ARDE, INC.
EG 10331, N/C
Tuly 6, 2001

EVALUATION

Fabrication and Design

The fabrication and design of PN D4816 ;cmd PN D4683 are identical with the
exception of final machined boss interface details. The liner and wrap pattern are identical
between the two designs. PN D4816 shares the same liner design with PN D4683 differing only
in boss interface details. PN D4816 and D4683 have the same wrap pattern using Toray T-1000
carbon with EPON 9405/Curing Agent W resin system. The 7600 fsid rupture value of the
D4683 qual vessel provides a significant margin for the D4816.

Materials and Processes

The vessel liners are made of cryoformed CRES 301 of the same material specifications
for all referenced applications. The hydroforming, w)elding, hydrostretching, solution annealing,
and cryogenic stretching are performed using the same tooling. All identified 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 liner)
and postform (post cryo liner) asserblies to verify liner quality.

The composite overwrap for D4816 and D4683 are made of carbon fiber, Toray 1000,
and EPON 9405/Curing Agent W resin system with the same curing cycle. ¥ :.cat winding is
performed by the same vendor Composite Atlantic in Lunenburg, No- ..a, Canada.
Cryogenic re-stretching, final machining, acceptance testing, and cleaning are performed
by ARDE. The D4683 vessel was designed as a helium stora- . the Lockheed Martin’s X-33
program. Other qualified applications of cryoformed CRE: 01 liner are as storage for CO2,

Nitrogen, Air, MMH, MON3 and N204.
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4.1.2

4.1.2.1

4.1.2.2

4.1.2.3

ARDE, INC.
EG 10331, N/C
July 6, 2001

Design
Liner Design

The liner design of PN D4816 and D4683 are identical except for the boss interface.
The 2 tank designs used the same hydroformed head PN C104954. 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
blow-up figure 4-1 for D4816 and figure 4-2 for D4683. Note that the boss to boss shoulder
lengths are the same for the two designs. The boss bearing diameter is equal or larger in the
D4816 than the D4683. By review of the designs, the D4816 boss pressure stresses are less than
the D4683 by virtue of greater cross-sectional area in the bearing diameter section. The
alternating stresses due to environmental loads are the same at the boss flange sections ‘and less
for D4816 at the bearing diameter section (see section 4.2.1). The D4816 tube port is designed
with a factor 4xMDP to satisfy tube interface and factor of saf. - = i - .t for lines and
fittings (see section 4.2.2).
Fiberwrap Design

PN D4816 and D4683 have identical wrap pattern using Toray 1000 fiber with EPON
9405/Curing Agent W resin system. Fiber over-wrapping is performed by the same vendor
Composite Atlantic in Lunenburg, Nova Scotia, Canada.



Figure 4-1 D4816 MOUNTING BOSSES
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4.2

4.2.1

ARDE, INC.
EG 10331, N/C
July 6, 2001
Additional Analyses
The fracture and stress analyses of D4683 is reported in EG 10214. Additional analyses
to fully comply with TRD Gas Supply requirements are shown below with positive margins in
all cases.
Boss Analysis
D4816 Bearing Cross section (figure 4-1) = %/4 (0.7485°2 - .277°2) = .3798 sq. in.
Pressure Stress, 0 = p (b"2+2a"2)/(b"2-a"2) where b = .37425, a = .1385
@ MDP, p = 3200 psi;
o = 3200 (.37425°2+.1385"2)/(.37425"2-.1385"2) = 4215 psi
@ Proof, p = 1.5xMDP = 4800 psi
0 = 4800 (.37425°2+.1385°2)/(.37425°2-.1385"2) = 6323 psi
@ Burst, p = 6400 psi
0 = 6400 (.37425°2+.1385°2)/(.37425°2-.1385"2) = 8430 psi
For CRES 301, Annealed:
Allowable Yield Strength, Fty = 28 ksi
Allowable Ultimate Strength, Ftu =70 ksi
Therefore, margins of safety are:
M.S.y (at proof) = 28/6.3 -1 = 3.44 M.S.u (at burst) = 70/8.4-1 = 7.4
Above margins are large, therefore boss interface is structurally adequate.
Note at the boss flange section, D4683 & D4816 are identical hence the pressure stresses plus

combined with the alternating stresses due to the environmental Joads are also identical.
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4.2.2 Tube Analysis
Stress, 0 = p (b*2+a"2)/(b"2-a"2) where b = .125, a = .085
@ MDP, p = 3200 psi;
o = 3200 (.125°2+.085°2)/(.125°2-.085"2) = 8705 psi
@ Proof, p = 1.5xMDP = 4800 psi
o = 4800 (.125°2+.085"2)/(.125"2-.085°2) = 13057 psi
@ Burst, p = 4.0xMDP =12800 psi
o = 12800 (.125"2+.085~2)/(.125°2-.085"2) = 34819 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) = 28/13.1-1 = 1.14

M.S.u (at burst) = 70/34.8 - 1 = 1.01
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Mounting Bracket Analysis

Finite element analysis performed on the bracket using ABAQUS computer code
showed that the bracket is structurally adequate to support the D4816 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 CO2 gas supply system.

The bracket was analyzed with an equivalent 10g unit load of 28 Ib/g (18 Ib CO2 + 9.5
Ib tank + .5 Ib 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, 6 = 8.37 ksi/10 g x 8.9 grios x 3 = 25 ksi
Lateral Load Stress, 6 = 1.86 ksi/10 g x 8.9 grms ~
Vertical Load Stress, 0 = 2.81 ksi/10 g x 8.9 gr ..o ks
With the Al 7075-T73 bracket material properties at 15¢ - from MIL-HDBK-S, ref. 7, 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 =52/(25x1.1) -1=0.89
MSu=60/(25x1.5) -1 =0.60
Lateral M.S.y =52/(5.5x1.1) -1 =7.60
M.Su=60/(55x1.5) -1=6.27
Vertical M.S.y =52/(8.3x1.1) -1 =4.69

M.Su=60/(83x15) -1=3.82
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HEIM Bearing WE12 static load capacity:
Axial = 7730 Jb
Lateral = 26200 1b
Margins of safety :
Axial M.S. = 7730/(28 x 8.9 grmsx 3x 1.5) -1 = 7.89
Lateral M.S. = 26200/(28 x 8.9 grms x 3 x 1.5/2) -1 = 45.0

Therefore the bracket mounting assembly is adequate to support the D4816 tank loaded with 18

1b of CO2 at the TRD environmental condition.
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