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PAYLOAD FLIGHT HAZARD REPORT a.NO: AMS-02-F06
b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II
d. SUBSYSTEM: Pressure Systems, Magnet e. HAZARD GROUP:  Collision f. DATE: May 22, 2006
i. HAZARD CATASTROPHIC X
g HAZARD TITLE:  Excessive Thrust/Overturning Moments
CATEGORY: CRITICAL

h. APPLICABLE SAFETY REQUIREMENTS:

NSTS 1700.7B, ISS Addendum, 200.1b

j. DESCRIPTION OF HAZARD:

The AMS-02 has the potential due to the presence of stored gases and magnetic fields to

SSRMS).

generate excessive loads on the vehicles (Orbiter, ISS) or robotic manipulators (SRMS,

k. CAUSES

(list)

AN

Planned/Controlled Venting
Inadvertent/Emergency Venting of Gases
Gas Loss by the TRD

Excessive Magnetic Fields

Sloshing of Superfluid Helium

o. APPROVAL PAYLOAD ORGANIZATION

SSP/ISS

PHASE 1

PHASE II

PHASE III
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PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F06
b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II
1. HAZARD CONTROL (CONTROL), m. SAFETY VERIFICATION METHODS (SVM), n. STATUS OF VERIFICATIONS (STATUS) COIEI)"ll?lSQOL

1. CAUSE: Planned/Controlled Venting

1.1 CONTROL: Helium gas is vented from the Cryomagnet system through non-propulsive (24 staggered circumferential
ports) vents. The nominal vent rate is 3.2 liters/min @ STP (approximately 0.6 grams per minute). The non-propulsive
vent path utilized on the ground in conjunction with the vacuum pump is isolated by two valves and limited in flow
potential due to the pump design. These valves will be closed prior to flight (approximately T-9 minutes).

1.1.1 SVM:
1.1.2 SVM:
1.1.3 SVM:
1.1.4 SVM:
1.1.5 SVM:

Review of design for implementation of non-propulsive vents on helium vent paths.

Inspection of as built hardware for implementation of non-propulsive vents on helium vent paths.
Review of design for implementation of valves for propulsive vent path through vent pump.
Inspection for installation of valves to isolate pump vent path

Review of preflight procedures to close valves.

1.1.1 STATUS: Open
1.1.2 STATUS: Open

1.1.3 STATUS: Closed. Memo ESCG-4390-06-SP-MEMO-0004, “Cryosystem External Interfaces” Dated 6
March 2006, from AMS-02 Chief Engineer Chris Tutt.

1.1.4 STATUS: Open
1.1.5 STATUS: Open

1.2 CONTROL: The TRD utilizes a mixing process to establish the working gas for Box C. Should the gas within Box C
be deemed unacceptable for use in the sensing straws, the TRD may release the gas contained within the Box C and
straw manifolds through zero-thrust “T” vents through commanding V4 (a, b) and V18 (a, b) to open.

1.2.1 SVM:

Review of Design for implementation of non-propulsive vents on TRD Box C vents.

1.2.2 SVM: Inspection of as build hardware for implementation of non-propulsive vents on TRD Box C vents.
1.2.1 STATUS: Open
1.2.2 STATUS: Open

2. CAUSE: Inadvertent/Emergency Venting of Gases

8L66Y OSI



PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F06

b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II

2.1 CONTROL: All emergency venting locations connecting to gas sources will be equipped with non-propulsive vents.
Vents will be located and oriented to preclude impingement effects that could result in unbalanced thrusts from the non-
propulsive vents.

2.1.1 SVM: Review of design for implementation of non-propulsive vents on all pressure relief ports.

2.1.2 SVM: Inspection of as built hardware for implementation of non-propulsive vents on all pressure relief
locations.

2.1.1 STATUS: Open
2.1.2 STATUS: Open

€9V

2.2 CONTROL: There are burst discs associated with discrete volumes in the cryomagnet design that may experience
pressure buildup from entrapment of cryogenics that subsequently warm up. These locations are not considered to be flight
concerns as they have a very low thrust potential.

2.2.1 SVM: Analysis of entrapped volume thrust potential and vector.
2.2.2 SVM: ISS acceptance of entrapped volume thrust potential.
2.2.1 STATUS: Open

2.2.1 STATUS: Open

2.3 CONTROL: The Fill and Drain ports on the gas supply tanks (TRD CO2, TRD Xenon, Superfluid Helium, Warm
Helium Gas Supply) will utilize a valve and dual seal caps to preclude a gas release.

2.3.1 SVM: Review of design for implementation of fill and drain port check valves and cap seals.

2.3.2 SVM: Inspection of as built hardware for implementation of fill and drain port check valves and cap seals.
2.3.1 STATUS: Open

2.3.2 STATUS: Open

2.4 CONTROL: GSE Ports on the Cryomagnet System are isolated by dual manual valves to preclude leakage through the
GSE Interfaces. All valves will be closed on the ground prior to launch. The vacuum case GSE interface is only isolated
with a single manual valve, but the vacuum case can not experience a pressure build up without a pressure system failure.

2.4.1 SVM: Review of Design
2.4.2 SVM: Inspection of as built hardware

8L66Y OSI
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PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F06

b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE:

IT

2.4.3 SVM: Inspection to confirm closure of manual valves.

2.4.1 STATUS: Closed. Memo ESCG-4390-06-SP-MEMO-0004, “Cryosystem External Interfaces” Dated 6
March 2006, from AMS-02 Chief Engineer Chris Tutt.

2.4.2 STATUS: Open
2.4.1 STATUS: Open

2.5 CONTROL: TRD GSE interfaces will utilize valves and dual seal caps to preclude a gas release.
2.5.1 SVM: Review of design for implementation of GSE port valves and cap seals.
2.5.2 SVM: Inspection of as built hardware for implementation of GSE valves and cap seals.
2.5.1 STATUS: Open
2.5.2 STATUS: Open

3. CAUSE: Gas Loss by the TRD

3.1 CONTROL: The TRD is could lose up to 7 liters of xenon/carbon dioxide gas mixture a day from its collection of
proportional tube sensors. This gas will permeate through the TRD structure supporting the proportional tubes and

surrounding MLI and exit in a non-propulsive fashion from the multitude of exit paths of the TRD and its surrounding MLI.

3.1.1 SVM: Analysis of design to confirm multi-path diffusion release of TRD leaked gases.
3.1.1 STATUS: Open

4. CAUSE: Excessive Magnetic Fields

4.1 CONTROL: While installed on the ISS, the magnetic field of the AMS-02 will interact with the geomagnetic field of
the Earth and produce a torque to the ISS through the structural interface with the S3 truss. The factors involved in
generating this torque include field strength and area of field. The field strength of the AMS-02 magnetic fields are
insufficient to create hazardous loads or orbit affects, but could have the potential for affecting the microgravity
environment of the ISS. Torquing potential will be shown to be compatible with CMG Momentum Manager (MM)
capabilities to preserve CMG MM operational capabilities.

4.1.1 SVM: Analysis of magnetic torque potential

4.1.2 SVM: Acceptance of calculated torque by ISS Program

8L66Y OSI
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PAYLOAD FLIGHT HAZARD REPORT a. NO: AMS-02-F06

b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02) c. PHASE: II

4.1.3 SVM: Measurement of actual magnetic fields to confirm predicted magnetic fields of AMS-02
4.1.1 STATUS: Closed. Documented in Boeing Memo TM-990018-05, September 29, 1999

4.1.2 STATUS: Closed. Documented in Boeing Memo TM-990018-05, September 29, 1999

4.1.3 STATUS: Open.

4.2 CONTROL: The magnet will not be charged in the Orbiter or on any robotic manipulator. While in the Orbiter the
power from the APCU is not routed to the magnet charging circuits. While on the robotic arms, ISS power feeds will be
selected to power the “B” bus;-. This busthat is unable to charge the magnet, only SSRMS Bus A is capable of supplying
power to the magnet charging circuit. Charging commands will not be sent while the AMS-02 is on the SSRMS and cannot
be received by the AMS-02 as there is no 1553 bus connected through the SSRMS. There are no stored commands present
in AMS-02 computer sSystems_capable of enacting a magnet charge. -+Randomly generated “blind” commands_originating
from within a malfunctioning computer system can not initiate charging as process is operationally complex_and is process
and timing dependent. The superconducting magnet will be discharged prior to any removal from the ISS and handling by
robotic systems. Charging of the magnet to full strength takes approximately 1.5 hours.

4.2.1 SVM: Review of design and as built hardware to confirm magnet cannot be powered while in the Orbiter
payload bay.

4.2.2 SVM: Review of operational procedures to confirm that magnet will not be charged while on the SSRMS
(appropriate power line applied.)

4.2.3 SVM: Review of Design to assure that no command path and command operability exists while on the
SSRMS.

4.2.4 SVM: Review of operational procedure requirements to confirm the magnet will be discharged prior to
removal from the ISS berthing location.

4.2.1 STATUS: Open
4.2.2 STATUS: Open
4.2.3 STATUS: Open
4.2.4 STATUS: Open

5. CAUSE: Sloshing of Superfluid Helium
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PAYLOAD FLIGHT HAZARD REPORT

a. NO:

AMS-02-F06

b. PAYLOAD Alpha Magnetic Spectrometer-02 (AMS-02)

c. PHASE:

IT

5.1 CONTROL: The design of the superfluid helium tank limits the amount of sloshing forces that can develop during
nominal operations of the tank while being handled by the SSRMS as the internal support ribs act as baffles. During
nominal deployment handling the tank is essentially full and sloshing is at a minimum. At end of life the SFHe tank will be

empty, eliminating the sloshing potential.

NOTE: There are no plans to move the AMS-02-befere-end-eflife_once installed on the ISS truss, and in the event that the

AMS-02 is required to be moved-prierte-end-oflife, a specific analysis may be required to establish the potential sloshing

effects based on the load at the time of operation.

NOTE: The suspension straps for the Cryomagnet provide a dampening function minimizing induced loads.
5.1.1 SVM: Review of Mission Profile and Operations to verify no planned SSRMS operations of AMS-02 prior to

end of life.
5.1.1 STATUS: Open

Notes:

8L66Y OSI
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ACRONYMS

°C — degrees Centigrade (Celsius)

mm — millimeter

2
amp-m~ — Amperes per square meter

psi — Pounds per square inch

AMS-02 — Alpha Magnetic Spectrometer - 02

SFHe — Superfluid Helium

APCU - Auxillary Power Control Unit

SRMS - Shuttle Remote Manipulator Mechanism

CAB - Cryomagnet Avionics Box

SSRMS - Space Station Remote Manipulator Mechanism

CMG - Control Moment Gyroscope

STP — Standard Temperature and Pressure

CO, — Carbon Dioxide

SVM - Safety Verification Method

GSE - Ground Support Equipment

TRD — Transition Radiation Detector

He — Helium

TTCS — Tracker Thermal Control System

MDP — Maximum Design Pressure

USS-02 — Unique Support Structure 02

MLI — Multilayer insulation

Xe — Xenon

MM - (CMG) Momentum Manager
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NEED Diagrams showing GSE Vents or Interfaces (with caps.)
NEED Diagrams of Fill and Drain cap with seals (cutaway best) for each application.
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TBS Graphic

Location of Zero Thrust Vents for Cryosystem
(Example)
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TRD Vent Locations on TRD Assembly (Box S and Box C)
and
Example of non propulsive “T” vents used in Box S

8L66Y OSI



JSC 49978

e
A
Y

{sdeD) M2I05 0T PUE 2AJRA HOUD)
URIENTNERLEIN
110d 11 [28Sa A PaZ1Inssald

ot s’
TR

A.6-15



91-9V

Summation of Findings as Documented in Boeing Memo TM 990018-05

To Meet the CMG Momentum Manager
Magnetic Fields for any payload must be less than:

100,000 amp-m” if parallel to the ISS x-axis
40,000 amp-m” if parallel to the ISS y-axis
190,000 amp-m” if parallel to the ISS z-axis

The values of that the AMS-02 generates supplied by Stephen Harrison of Space Cryomagentics Ltd. based on the final configuration
of the superconducting magnet are:

0 amp—m2 if parallel to the ISS x-axis (AMS-02 y-axis)
8,200 amp-m” if parallel to the ISS y-axis (AMS-02 x-axis)
0 amp-m” if parallel to the ISS z-axis (AMS-02 z-axis)
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From: Stephen Harrison [stephenharrison @spacecryo.co.uk]
Sent: Tuesday, March 01, 2005 1:25 AM

To: Hill, Leland D

Cec: Tutt, John C

Subject: RE: Magnetic Field Confirmation

Leland

What | said at KSC was:

We can supply the dipole moments of the magnet based on the finished geometry.

AMS x-axis 8.2 kAm2 (spec <40 kAmZ)
AMS y-axis 0 (spec <100 kAmZ)
AMS z-axis 0 (spec <190 kAmZ)

Here the dipole moment specs are given in terms of the AMS axes, which are the same as the Orbiter axes but different from the ISS axes. We expect the measured values to be
8,200 Am2 along the AMS x-axis, but zero along the other two axes. The other two values (136,000 and 27,200) look like earlier versions of the spec, which has undergone some
evolution over the last 5 years. The spec values | quoted are the same ones you found on the Boeing document.

| hope this makes everything clear.

Steve

From: Hill, Leland D [mailto:Leland.Hill@escg.jacobs.com]

Sent: 28 February 2005 18:57

To: stephenharrison@spacecryo.co.uk

Subject: Magnetic Field Confirmation

| have reviewed a memo from Boeing where the torquing of the AMS-02 and its impact on the ISS CMG momentum manager. The bottom line was a bit vague and | was wondering if
you can confirm.

To summarize,
To Meet the CMG Momentum Manager
Magnetic Fields for any payload must be less than:

100,000 amp-m?® if parallel to the ISS x-axis
40,000 amp—m2 if parallel to the ISS y-axis
190,000 amp-m? if parallel to the ISS z-axis

The pitch put the AMS-02 fields at 136,000 amp—m2 while the cover memo indicated that the number was 27,200 amp—m2 , can you confirm which is the number (or different one) we
expect to be correct when we actually measure the fields?

Leland D. Hill

Hernandez Engineering Inc.

AMS-02 System Safety

Leland.Hill@escg.jacobs.com

281-461-5701 - Office

Mailing Address: 2224 Bay Area Blvd, MC B2SC, Houston TX 77058
Physical Address: 2222 Bay Area Blvd, 2S-817
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(email reformatted for ease of inclusion in this document)
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