ESCG-6100-13-S&EH-DOC-0067
JSC 66528

National Aeronautics and
Space Administration

Lyndon B. Johnson Space Center

2101 NASA Road 1
Houston, Texas 77058-3696

TO: NE141/Executive Officer, Payload Safety Review Panel
FROM: NASA Project Manager, Alpha Magnetic Spectrometer-02 (AMS-02)

SUBJECT: Phase I/II/Ill Flight Safety Data Package (FSDP) for the AMS-02 Multi-Insulation Layer (MLI)
Blanket

Enclosed is the final copy of the phase I/1I/lll FSDP for the AMS-02 MLI Blanket. This safety package overs
launch,stowage, and installation.

If you have any further questions regarding this package, please contact Eric Harvey at 281-461-5509.

2 B
-’ —
12 A G-FEB-201
Phil Mott Date
JETS AMS-02 Project Manager

/
. ///57/&(_’ (0 - Feb Aoy

Trenf Martin Date
NASA AMS-02 Project Manager

Enclosure



ESCG-6100-13-S&EH-DOC-0067
JSC 66528

Flight Safety Data Package (FSDP) for the Alpha
Magnetic Spectrometer-02 (AMS-02) Multi-Layer
Insulation (MLI) Blanket

International Space Station Program
Phase /Il

ESCG-6100-13-S&EH-DOC-0067
JSC 66528
February 2014

Verify this is the correct version before use

Suitable for Internal NASA and IP Release

SUITABLE FOR INTERNAL NASA AND IP RELEASE

This publication does not contain information which falls under the purview of the U.S. Munitions List (USML),
as defined in the International Traffic in Arms Regulations (ITAR), 22 CFR 120-130, and is not export
controlled. This publication does not contain information within the purview of the Export Administration
Regulation (EAR), 15 CFR 730-744, and is not export controlled. This publication is not intended for distribution
outside of the NASA and International Partner communities. Release to the public requires approval through the
appropriate NASA Release Process (e.g., FOIA, NASA STI, etc.).

National Aeronautics and
Space Administration

Lyndon B. Johnson Space Center
Houston, Texas 77058




ESCG-6100-13-S&EH-DOC-0067
JSC 66528

NASA - LYNDON B. JOHNSON SPACE CENTER
HOUSTON, TEXAS

Phase I/lI/111

Flight Safety Data Package (FSDP) for the Alpha Magnetic
Spectrometer-02 (AMS-02) Multi-Layer Insulation (MLI) Blanket

February 2014
Prepared by:

L Ky o o foc /Y

7
Eric Harvey, JETS Systems Safety and R&M Engineer

Approved by:

;‘ =< __— ; i 2/¢/1 4

Greg To ni JETS Safety &Environmental Health

— 7
75;/ .,/70#7 (o -FEB -2014

Phil Mott, JETS AMS-02 Project Manager

//’-’ /I/f\\r—» Sy - e -2 )y

Trent Martin, NASA AMS-02 Project Manager

Suitable for Internal NASA and IP Release
Use or disclosure of information contained on this page is subject to the restrictions on the title page of this document

Page iii of 66



ESCG-6100-13-S&EH-DOC-0067

JSC 66528
DOCUMENT CHANGE LOG
Superseded by Supersedes Document Number: ESCG-6100-13-S&EH-DOC-
0067/ JSC 66528
Document Title:  Flight Safety Data Package (FSDP) for the Alpha Magnetic Spectrometer-02 (AMS-02)
Multi-Layer Insulation (MLI) Blanket
Revision/Change Date
Identifier Incorporated Description Pages Affected
Eric Harvey February Baseline release All

2014

JSC Form 28 (Dec 95) (MS Word Dec 95) Page 1 of 1

Suitable for Internal NASA and IP Release

Use or disclosure of information contained on this page is subject to the restrictions on the title page of this document

Page iv of 66



ESCG-6100-13-S&EH-DOC-0067

JSC 66528
TABLE OF CONTENTS
1 PURPOSE ......coiiiicceiiieeerrsssessnssssssesssssessse s s sas s s s s s e s sa s s s s nssa s s e s e s e s anssnennssenensansesennnannsssnansans 7
2 T 020 | = P 7
3 BACKGROUND/MISSION SCENARIO........ooeviriiiiiiccniiniceneeneeeniinssisinnsnnnsseesssscsinnnens 7
3.1 BACKGROUND sissssssssinsvasssissosiseinaiaiissssishsssisrseisstinnsasussassssensadVininasensiveds il sosssvinbunaosis 7
3.2 MISSION SCENARIO ....ceuueneerrrnrssrensennnnnsssnsssssssssssssssssssssssssssssssssassssssassssssssnneesssnennnnsnenss 7
4 PAYLOAD OVERVIEW.........coueeeeececeeriicineennenc s menesnsssssessssnssssssssssnsessesssssssnmnsnennnssnss 8
5 MAINTENANCE HAZARD ASSESSMENT ..........ccoocoeicinscennens s 13
5.1 GENERAL PROCEDURES ......ccetieieerssssssssnssssssssssessnsssssssssssssnsmmessisssesssstsnenssisssssssssssssns 14
5.2 SAFE ACCESS....cceirremmnnsserirrrnnnnsssssssssinmmannssssssssemmsssssssssssmmnemnnsssnsssssssessssssnasssansnnsssss 16
5.3 MODIFICATION OF EXISTING SAFETY FEATURES ...ccicevastsssssssmsessssssssssssssssnsssnsnssssnsssnnanas 18
54 REVERIFICATION OF SAFETY CRITICAL FEATURES ..cccuiiiimmmsmismmnsmsnssssnnsssssssssnsnssnnsssssnsnss 18
6 SAFETY DISCUSSION iisesisssissississsssissssisssssiisesssciiivoribiimmpunsissisnsassneiassdubnsiasiissvss 18
6.1 FLAMMABLE MATERIALS sisiinisssssasasssssusssssssisssosssissasessisssosisnrvueiosnsmsanssvasuiiiosavivonivonts 18
6.2 MATERIALS OFFGASSING.....cievtiariraassrssseerersnnmermnnmmmmmmmssssssssmssssnsssnssssssssansnnnsssssssssnnnes 19
6.3 MECHANICAL HAZARDS (SHARP EDGES) .....ccuuuseststnisisssesssassssssnsnsnssssessssssssnssssssasnssans 19
6.4 TOUCH TEMPERATURE ssssiisssisssssuissuissussnsviiossboissnssbassnansssianiansasiioionsaiiisonecisinesanuioninis 19
6.5 STRUCTURAL FAILURE ....cccceeessssmmmsmsssssnsnnsssssssssssrssssssssssssssssssssssssssssssssssssssssnsnsnssnnses 19
6.6 RELEASE OF STORED ENERGY (ELECTROSTATIC DISCHARGE (ESD))........ccoeeiiiiiiiinnns 20
6.7 FAILURE OF SAFETY CRITICAL FASTENERS ....ccccuuussmmsmsessesssssssmsmasssessssssssnssssensnnsssssnnses 20
6.8 ENTANGLEMENT/INADVERTANT RELEASE OF HARDWARE .....cceuucrerteessesmnsnssinerssmnnsnnnenns 20
6.9 MATERIALS INCOMPATIBILITY IN AN EVA ENVRIONMENT ........ccceeeeumsmmmsmssnnrnnsssssssnsnnanss 20
APPENDIX A: ACRONYM LIST iiimninsesesussssisssissuisssssisisoasisvabeivisianiavusasrsivissvimssvosvisons 21
APPENDIX B: REFERENCE DOCUMENTS...........ccciiremmeininimmennessessseeessnnensss s 23
APPENDIX C: HAZARD REPORTS ......coociircsciininiisinisnensnssasssssssssssnsssssssssssssssssssnssssnssns 25
APPENDIX D: SAFETY CERTIFICATE.........cco it 64
LIST OF FIGURES

Figure 3.2-1: Approximate Location of the New MLI Blanket.............cccceveriirereerinnennnnaes 8

Figure 4-1: Prototype of the AMS-02 MLI Blanket on Neutral Buoyancy Lab (NBL)
MOCK-UD usiisiiissssusiinsisissisvississssnsaiasssnssirimmismmiimmmseaiieis s tessiesssiiassiotessisns nass svasisass 9
Figure 4-2: Bonding Cable for AMS-02 MLI Blanket.......ccccccoriimmmmmmiiiiiininiinmanecniinnnnnn 10
Figure 4-3: Location of Fayed Holes .......cccccccciiiiiiininiiiiiiiiiiiiniinee et 1
Figure 4-4: Picture of Pip Pin Retention Block with Pip Pins .......cccocciiiiniiniiiiiiciinnns 12
Figure 4-5: Picture of Pip Pin Retention Block Installed During NBL Run ................ 13

Figure 5-1: Picture Prototype Blanket Showing Strap Locations (Letters Seen on
2] F Ta TGy O o] 3 1= - 14
Figure 5-2: Attach Point A...........cciiiiiiimiiiiisnmennssssisss s msesessssssssssnasnns 15
Figure 5-3: Attach Point C.iscuinimuinsusisisississistsiontismasabioiisseusmeissssinsiosss 15
Figure 5-4: Attach Point D (As Seen on NBL MOCK-UP).....ccccsuemrmeiririinciinnmnnnnnnienennnine 16

Suitable for Internal NASA and IP Release

Use or disclosure of information contained on this page is subject to the restrictions on the title page of this document

Page v of 66



ESCG-6100-13-S&EH-DOC-0067
JSC 66528

Figure 5.2-1: Location of PVGF Ground Strap with Clearance Between AMS-02

Structure and PVGF ..........cccooiiiitiimeeiesesrrisemnssssssssisismmmsssssssimenses s s 17
Figure 5.2-2: Position of Hook Attach Point, Strap Cam Buckle, and PVGF Ground
SErAP .peerencensnrosssonanesanssnsesssnssensestysnesssatonspssinssissssississssansunssusssnnanssenssnnssoresnvanssssssesssnnnnss 18
TABLE OF TABLES
Table 4-1: List of AMS-02 MLI Blanket GFE..........ccccceimmrimininninnnnnnniinsssssmnsenn, 10

Suitable for Internal NASA and IP Release

Use or disclosure of information contained on this page is subject to the restrictions on the title page of this document

Page vi of 66



3.1

3.2

ESCG-6100-13-S&EH-DOC-0067
JSC 66528

PURPOSE

The purpose of this Flight Safety Data Package (FSDP) is to provide a Phase [/Il/III
safety assessment of the Alpha Magnetic Spectrometer-02 (AMS-02) Multi-Layer
Insulation (MLI) Blanket (SEG39138350-301) and to demonstrate compliance with the
International Space Station (ISS) safety requirements found in SSP 51700, Payload
Safety Policy and Requirements for the International Space Station.

SCOPE

The Phase |l safety assessment covers the launch, stowage, and contingency
installation of the AMS-02 MLI Blanket.

BACKGROUND/MISSION SCENARIO

The following sections provide information pertinent to the safety assessment. Section
3.1 provides the background as to why the additional MLI blanket is needed. Section
3.2 outlines the mission scenario.

BACKGROUND

The Transition Radiation Detector (TRD) Gas Pump has a lower operating/destructive
limit of 5°C, which is driven by some of its internal components. There is a requirement
that it be turned on before it reaches this lower limit so that it remains warm enough to
operate properly. The pump has a 3 year operational life due to the constraints of AMS-
02’s original superconducting magnet, but AMS wants to extend the life of the pump to
15-20 years so that it can operate for the duration of AMS-02’s life on ISS. This requires
that the pump not be turned on as frequently as it is now so it can meet this new,
extended operational life. Also, running the pump degrades science so AMS would like
to only run it during TRD refill operations. Currently, the S-1 Radiator is positioned to
allow AMS to remain above the pump’s operational temperature, except for short
durations during vehicle docking, reboosts, etc., which can be successfully handled by
AMS. Due to the aging mechanisms on the ISS, it is possible that the starboard
Thermal Radiator Rotary Joint (TRRJ) could fail resulting in afailure angle potentially
detrimental to AMS. It could be up to 2 or more months for a repair during which time
the TRD pump would run continuously, degrading science and shortening the pump
life (and AMS operational life as a result).

MISSION SCENARIO

In order to maintain the pump above its operational temperature, the project has
decided to use an MLI blanket, installed on the port side of AMS, to help insulate it
(Figure 3.2-1). This will keep the TRD pump warm enough during those times this
portion of AMS experiences the coldest temperatures on orbit, which are when the ISS
beta angle is less than -45 degrees, greater than 45 degrees and between -20 and +20
degrees. Once the radiator joint is repaired, the blanket will remain installed on AMS.
Analysis has shown that the blanket will not be detrimental to AMS hardware. If for
some reason real time data indicates the blanket adversely affects temperatures on
AMS, removal of the blanket is an option to prevent damage. NBL runs have shown
that EVA removal of the blanket is feasible and acceptable by the crew.

The AMS-02 MLI Blanket is scheduled to launch on ATV-5. Once the launch vehicle
docks to the ISS, the blanket will be stowed (either IVA or EVA depending on storage
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availability) onboard the station until its Extravehicular Activity (EVA) deployment is
deemed necessary.

.......

B = ;

Figure 3.2-1: Approximate Location of the New MLI Blanket
4 PAYLOAD OVERVIEW

The AMS-02 MLI Blanket (Dimensions 139.4 in. x 53.6 in. overall; Figure 4-1) to be
flown up will be of similar construction as those already covering other parts of the
AMS-02. The layers of the blanket are as follows (in the order from the side that is
facing toward space to the layer facing the AMS-02):

¢ Beta Cloth

¢ Aluminized Kapton

e 10 layers of Aluminized Mylar (each layer separated by scrim)
e Beta Cloth
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One Large Crew Hook (SEG33108084-301), three Large French Hooks
(SDG33113537-805), and four Cam Buckles (SED33104182-303) will be used to
secure the blanket to the AMS-02. The hooks and cam buckles are certified
Government Furnished Equipment (GFE, see Table 4-1) and will be used within their
specified limits. The straps attaching the hooks to the blanket are made of 1.25 in. wide
beta glass webbing. Straps of the same material have been used in the construction
of EVA bags that are used on the ISS. There are also several handling loops on the
blanket that allow the crew to more easily maneuver it during deployment on the AMS-
02.

Table 4-1: List of AMS-02 MLI Blanket GFE

Part Name Part Number GCAR Number
Cam Buckle SED33104182-303 G6000
Large Crew Hook SEG33108084-301 G1912A
Large French Hook SDG33113537-805 G1940B

Two bonding cables (Figure 4-1) will be attached to the blanket to create a class S
bond with the AMS-02 superstructure—both on the wake side. Each cable will be
insulated and wrapped with glass tape. At the end of each cable is a pip pin (P/N
57591) that will be placed in a previously fayed hole on the port lower trunnion beam
(Figure 4-2). The cables and pip pins will be stowed in a pouch built into the blanket to
keep them secure. In order to prevent Foreign Object Damage (FOD) due to the
unlikely event of pip pin structural failure, both pins will be tethered to the blanket.
There is also a small stainless steel retention block that will house the pins after they
are inserted into their respective holes (Figures 4-3 through 4-5). The block will capture
any FOD from the lower part of the pins in case they fail. The Pip Pin Retention Block
is also tethered and grounded to the blanket.

Figure 4-2: Bonding Cable for AMS-02 MLI Blanket
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Port Debris
Shield

Lower
Trunnion
Beam

Grounding
Patches

Figure 4-3: Location of Fayed Holes
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Figure 4-5: Picture of Pip Pin Retention Block Installed During NBL Run

The AMS-02 MLI Blanket will be packed in a Crew Transfer Bag (CTB) for launch and
subsequent stowage on ISS. The dimensions of the CTB are 28.5in. x 16.25 in. x 18.5
in. with a mass of approximately 12 Ib (including the packed MLI blanket). There is the
possibility that the blanket will be stowed EVA at a predetermined site. The place and
configuration are still under discussion.

5 MAINTENANCE HAZARD ASSESSMENT

The maintenance assessment for the AMS-02 MLI Blanket is based on interpretation
letter MA2-00-038, Interpretation of On-Orbit Maintenance. A general overview of
deploying the blanket is provided followed by a safety assessment per the
interpretation letter. Any identified hazards are also discussed in section 6.0 of this
package.

Suitable for Internal NASA and IP Release
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5.1 GENERAL PROCEDURES

Two EVA crewmen are needed to deploy the AMS-02 MLI Blanket onto the inboard
side of AMS. One will be free floating (designated EV1) while the other will be on the
Space Station Remote Manipulator System (SSRMS, designated EV2). Prior to the
EVA, all high voltage items will be powered off as a precaution.

EV1 will translate to AMS with the blanket tethered to him. He will unstrap two Velcro
straps on the blanket so it can be deployed with EV2 holding the blanket during
deployment. Strap A will be hooked up to the handrail near the PVGF/trunnion pin
(Figures 5-1 and 5-2). EV1 will then translate nadir while unfolding the blanket,
attaching the hook on strap B to a handrail (Figure 5-1).

After straps A and B are secured to AMS, EV2 will translate aft on the SSRMS,
unfolding the blanket as he moves. When completed, he will hook strap C in a hole on
the trunnion scuff plate (Figures 5-1 and 5-3). Then he will wrap strap D (Figures 5-1
and 5-4) around a beam on AMS and attach its hook to a tether point on the strap.
After the straps are secured, he will secure the blanket’s bonding cables via pip pins
and pip pin block (Figure 4-5). The pins will be inserted through two holes that have
been previously fayed before launch. Finally, both crewmen will use cam buckles to
center the blanket.

T e

g Attaches to handrail . T =
"h behind PDGF I - B Attaches to trunnion
| = y s

scuff plate
'}-?L 3

Attaches to handralil

Figure 5-1: Picture Prototype Blanket Showing Strap Locations (Letters Seen
on Blanket Corners)
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Ram Upper Attach Point
r7 Preference to avold contact —
ip" Carbon Fiber Tracker Radiator Strut

) e, S

Figure 5-2: Attach Point A

Wake Upper Attach Point

Large Craw Hook SEG38100034-301
1.73" hook opening, seuft plate web
thickness €1.28"

-

Figure 5-3: Attach Point C
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Figure 5-4: Attach Point D (As Seen on NBL Mock-up)
5.2 SAFE ACCESS

Installation of the AMS-02 MLI Blanket does not require the crew to access electrical
boxes or other confined spaces that could present an electrical, touch temperature, or
sharp edge hazard. The Cam Buckles, Large Crew Hooks, and Large French Hooks
have been reviewed and certified for EVA use per the GCARs listed in Table 4-1 and
do not present entrapment hazards. EVA crewmen do not have to reach into confined
areas of AMS and risk becoming snagged or entrapped while attaching the blanket to
AMS. This includes the Star Tracker unit, which has been designated as a No Touch
Area (NTA) in OCAD 67862 due to its baffles being sharp edge hazards. EVA crewmen
would have to deliberately reach into the Star Tracker to come in contact with the baffle.

Magnetic field strength at the outer surface of the Vacuum Case, likewise, was deemed
insufficient to create an entrapment hazard (Refer to hazard report AMS-02-F14,
Cause 8). Magnetic fields were assessed to ensure that they would not adversely affect
the U.S. EVA suit, the Russian Orlan suit, or robotic operations (Refer to AMS-02-F07,
Cause 1).

None of the exposed areas on the wake side of the AMS constitute a touch temperature
hazard. Review of on orbit video also revealed no sharp edge hazards as a result of
micrometeoroid damage.

Suitable for Internal NASA and IP Release
Use or disclosure of information contained on this page is subject to the restrictions on the title page of this document

Page 16 of 66



ESCG-6100-13-S&EH-DOC-0067
JSC 66528

One exception to the sharp edge assessment is the grounding strap for the Power and
Video Grapple Fixture (PVGF), which is ISS hardware. The edges of the grounding
strap measure 0.007 in. thick, which requires them to be rolled or curled to prevent a
sharp edge hazard. This was not done, so there is a potential sharp edge hazard for
the EVA crewman installing the blanket (NSTS 07700, Vol X1V, Appendix 7, Table 11.2-
11a requires an edge less than 0.02 in. to be rolled or curled). The control for the sharp
edge hazard has been documented in hazard report AMS-BLKT-001, cause 1, control
1.3.

Figure 5.2-1: Location of PVGF Ground Strap with Clearance Between AMS-02
Structure and PVGF
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| Cam buckle for
| strap adjustment

Approximate location on
sharp edge
hazard behind the PVGF

Figure 5.2-2: Position of Hook Attach Point, Strap Cam Buckle, and PVGF
Ground Strap

MODIFICATION OF EXISTING SAFETY FEATURES

Existing safety features on AMS-02 will not be modified before, during, or after EVA
operations to attach the blanket. There are no impacts to the baseline AMS-02 hazard
reports.

REVERIFICATION OF SAFETY CRITICAL FEATURES

None of the existing controls on AMS-02 will need to be reverified. The bonding paths
on the AMS-02 MLI Blanket will be confirmed by continuity checks conducted on the
ground before launch. The ISS crew will need to verify that the blanket’s bonding paths
have been established while on orbit and document the same by video or still
photography.

6 SAFETY DISCUSSION

6.1

The safety assessment was conducted using SSP 51700 as the baseline safety
requirements document for payloads. The assessment covers the AMS-02 MLI Blanket
for launch, IVA stowage, and installation.

FLAMMABLE MATERIALS

The AMS-02 MLI Blanket is made of A-rated materials selected from the Materials and
Processes Technical Information System (MAPTIS) in order to control flammability.
The flammable materials hazard is covered in hazard report STD-AMS02-BLKT-
Launch, section 1.

Suitable for Internal NASA and IP Release

Use or disclosure of information contained on this page is subject to the restrictions on the title page of this document

Page 18 of 66



6.2

6.3

6.4

6.5

ESCG-6100-13-S&EH-DOC-0067
JSC 66528

MATERIALS OFFGASSING

The AMS-02 MLI Blanket has undergone an offgassing evaluation per MAPTIS.
Offgassing is covered in hazard report STD-AMS02-BLKT, section 2.

MECHANICAL HAZARDS (SHARP EDGES)

The AMS-02 MLI Blanket will meet the intent of SSP 51700, 3.22.1 for sharp edges in
an Intravehicular Activity (IVA) environment. The sharp edge hazard for IVA is covered
in hazard report STD-AMS02-BLKT, section 3.

The AMS-02 MLI Blanket will meet the EVA sharp edge requirements found in NSTS
07700, Vol. X1V, App. 7, Table I1.2-lla. The control for the PVGF ground strap has been
documented in hazard report AMS-BLKT-001, cause 1, control 1.3.

ToucH TEMPERATURE

The AMS-02 MLI! Blanket does not contain any heat generating components and
cannot exceed high or low IVA touch temperature limits. IVA touch temperature is
covered in hazard report STD-AMS02-BLKT, section 4.

The AMS-02 MLI Blanket is constructed of materials that will not violate touch
temperature requirements as listed in NSTS 07700, Vol. XIV, 11.2.8 (235°F to -118°F
up to 0.5 minutes, 145°F to -45°F for greater than 0.5 minutes). The touch temperature
hazard cause for EVA is covered in AMS-BLKT-001.

STRUCTURAL FAILURE

The AMS-02 MLI Blanket will meet the applicable requirements found in SSP 50835
for weight and center of gravity. Structural failure is covered in hazard report STD-
AMSO02-BLKT, section 15.

After the blanket is attached to AMS, the EVA crewmen will take up the slack on each
of the four hook straps by means of cam buckles in order to center it. They will not be
imparting significant loads on any of the attachment points. Please refer to ESCG-
4005-05-AMS-0039-A Revised Strength and Stability Assessment of the Alpha
Magnetic Spectrometer-02 (AMS-02), Vacuum Case, Payload Attach System (PAS),
STS and ISS Integration Hardware and X-Structure Components for the structural
analysis of the Scuff Plate and Trunnion Beam. The EVA handrails being used as
attach points (SEG33106347-811 for attach point B, SEG33106347-813 for attach
point A) are covered in GCAR G5577A. The blanket itself, along with the GFE used in
its design, is designed to handle a crew handling load of 45 ib (Refer to AMS-BLKT-
001, Cause 5).

Pip pin failure was a source of concern raised at the AMS-02 MLI Blanket PSRP TIM
in January 2013. FOD from a failed pin could cause damage to the ISS and/or result
in injury to an EVA crewmen. In order to mitigate this hazard, a stainless steel block
was designed to contain parts of the lower pins (including pip pin retention balls). The
upper parts of the pins are retained via a tether which is secured to the blanket. This
hazard cause is covered in hazard report AMS-BLKT-001.

There was also a concern raised at the TIM that the pip pins were safety critical since
they were responsible for creating a bond path for the blanket. This would have
required involvement from the Mechanical Systems Working Group (MSWG). In order
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to determine fault tolerance, the MSWG asked AMS to talk with the chairman of the
Electromagnetic Effects Panel (EMEP). The chairman informed the project, after
review of the blanket’s design, there is no hazard from electrostatic discharge since
the metalized layers of the blanket are completely enclosed by beta cloth. Because of
this, the pip pins are not considered safety critical.

RELEASE OF STORED ENERGY (ELECTROSTATIC DISCHARGE (ESD))

The metalized layers of the AMS-02 MLI Blanket are enclosed in beta cloth which limits
the build-up of an electric charge. It also minimizes a discharge that would affect an
EVA crewmember and/or hardware. Additionally, the blanket has two bonding cables
that are fastened to the AMS-02 superstructure by means of pip pins inserted into
previously fayed holes. The ESD hazard cause is covered in AMS-BLKT-001.

FAILURE OF SAFETY CRITICAL FASTENERS

There is one safety critical fastener on the blanket that attaches the Pip Pin Retention
Block to its grounding wire. The fastener will be torqued per its design drawings and
have a verifiable secondary locking feature (friction patch) to prevent backout. This
hazard cause is covered in hazard report AMS-BLKT-001.

ENTANGLEMENT/INADVERTANT RELEASE OF HARDWARE

Entanglement/inadvertant release of hardware is controlled through proper packing of
the blanket as well as crew procedure inputs that direct the crew to deploy the blanket
in a certain manner. A related hazard cause that would cause an inadvertant release
of hardware would be incompatibility of blanket materials in the EVA environment. This
is controlled through proper material selection for construction of the blanket. This
hazard cause is covered in hazard report AMS-BLKT-001.

MATERIALS INCOMPATIBILITY IN AN EVA ENVRIONMENT

All materials for the AMS-02 MLI Blanket were selected in accordance with the
requirements specified in MSFC-HDBK-527/JSC09604 and MSFC-STD.3029A. This
hazard cause is covered in hazrd report AMS-BLKT-001.

Suitable for Internal NASA and IP Release

Use or disclosure of information contained on this page is subject to the restrictions on the title page of this document

Page 20 of 66



ESCG-6100-13-S&EH-DOC-0067
JSC 66528

APPENDIX A: ACRONYM LIST

Suitable for Internal NASA and IP Release
Use or disclosure of information contained on this page is subject to the restrictions on the title page of this document

Page 21 of 66



ACRONYM
AMS-02
CTB
EMEP
ESD
EVA
FOD
FSDP
GCAR
ICD
ISS
IVA
MAPTIS
MLI
MSWG
NBL
NTA
PO
PSRP
PVGF
SSRMS
TRD
TRRJ

ESCG-6100-13-S&EH-DOC-0067
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DEFINITION
Alpha Magnetic Spectrometer-02
Crew Transfer Bag
Electromagnetic Effects Panel (EMEP)
Electrostatic Discharge
Extravehicular Activity
Foreign Object Damage
Flight Safety Data Package
Government Certification Approval Request
Interface Control Document
International Space Station
Intravehicular Activity
Materials and Processes Technical Information System
Multi-Layer Insulation
Mechanical Systems Working Group
Neutral Buoyancy Lab
No Touch Area
Payload Organization
Payload Safety Review Panel
Power and Video Grapple Fixture
Space Station Remote Manipulator System
Transition Radiation Detector

Thermal Radiator Rotary Joint
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Number
JSC 65095

MA2-00-038
MSFC-HDBK-527/JSC
09604

MSFC-SPEC-522
NSTS-18798

NSTS-STD-3000
SSP 50005

SSP 30245

SSP 30599

SSP 50492

SSP 50835

SSP 51700

SSP 52005

ESCG-6100-13-S&EH-DOC-0067
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Title
Multi-Layer Insulation for the Alpha Magnetic
Spectrometer Requirements

Interpretation of On-Orbit Maintenance
Materials Selection List for Space Hardware Systems

Materials Selection List for Space Hardware Systems

Interpretations of NSTS/ISS Payload Safety
Requirements

Man-Systems Integration Standards
International Space Station Flight Crew Integration
Standard

Space Station Electrical Bonding Requirements

Safety Review Process, International Space Station
Program

General International Space Station On-Orbit
Requirements for Non-pressurized Support Equipment

ISS Pressurized Volume Hardware Common Interface
Requirements/International Space Station

Payload Safety Policy and Requirements for the
International Space Station

International Space Station Flight Crew Integration
Standard

Suitable for Internal NASA and IP Release

Use or disclosure of information contained on this page is subject to the restrictions on the title page of this document

Page 24 of 66



ESCG-6100-13-S&EH-DOC-0067
JSC 66528

APPENDIX C: HAZARD REPORTS

Suitable for Internal NASA and IP Release
Use or disclosure of information contained on this page is subject to the restrictions on the title page of this document

Page 25 of 66



99 0 9Z abed
0} Joalgns si| abed

SuonoLI)Sal BY) q 1 SIY} UO pauIBJUOD uoHe
9sSed|9Yy dl pue YSVYN Jeusdlu| 1o} a|qeyng

a 10 9L009-0LS VSYN Jod Bunse; Amgewwery (9
€07 1LVIN ‘ 3 qg.unw
e : uawbes/ssa00.d sjUSEW di digedydde
uonedyIa) |oAuUo) Injdely pue sfeusiew OST '€1/02/1 L Peso|D N : o= o5r 180 wewssesse Ayqewwed (i
-ss8004d s{eualew d| ajgedlidde Jo S| dYIN WoJj pajosjes ) T
alj) jey) Sjuewndop UoHEIYIPSY) |o[UCD aumdel4 pue Sjeusiey OSIr "Bl

(/N Jojue ‘alempiey siy) Joj ejqedyddy joN H) ‘[ddy
*SALV.LS ONV ‘JONIUIITY 'OHLIN NOLLVIIZRIEA | N

| ISYHd
QeQ einEub|S SURN PeUEd AL3IVS SSI e)eQ ‘einjeubls ‘SWRN Peulld NOILVZINVOHO JUVMONVH TVACUIIY
b
pun Wb (10e-0s£8£16£938) A|quiessy vueig SWY
(S)IT1MHIA 3 (oygeondde g ‘(spequinu ped epnpu) IWYN IRNVMANVH ‘a
¥10Z Arenuer ]

DING-Z0SAY -a1s
¥ISNNN_V

3iva 3 3SVHd '8 L¥Od3N QUVZVH G3ZICHVANVLS INVMANVH LHOIM SSI

82599 IS
12900-000-H3®S-€1-0019-9083



99 Jo 2z obed

juswnaop siy) jo abed apiy 8y} UO SuondLISAl 8y) 0} Joelgns si abed siy) UO PBUIBIUOD UOIIBWIOUI JO INSO|ISIP JO SN

ases|ay d| Pue YSYN [eulaju| Joj ajqenns

odey prezer] enbun e saunbai asn YA 6ION

(LOO-DITE-SV W PRJSAOD 3Je SpJEZBY [ediueyoel YAT :3I0N)

"CHYO/LL

uo penosdde sem Sd1 "2 dois ‘LYDOZE L VT SdL "SL/EL/LL PESOD
L'Z2E '00L1S

dSS Jo WU B8y} §}98W }) ULYUOD 0) AiGUISSSE [euy) Jo uohdedsu] Z'e's

:uopeogpeds Jusubes

"‘6200-OW3N-dIVS-£1-L 1L3r-S13r Jequinu owew (= di 10 Kayes BupesuBua ueuny ZL'9CE '1200S JSS (9

‘.suojeoyLeA ubjseq Jexuelg SWY. ‘'owew S13r "€L/12/01 ‘PesoD
"L'CZE '00LLS dSS Yum edueidwicd aunsus 0} SBUMBID JO MOIASY |'B'C

UORIMKUA Jowo) pue s88p3] deys |°ZZ°¢ ‘002LS dSS (B

BuWoNO) B} )0 BJ0W JO BUO JO WK K
IWSIEAS pue peoiied

("% ‘sunod yound ‘sebpe dieys)
mal) yA| o1 Anfu) Buenen
SpIEZeH feomyden “p

'€0-PL-TLVI
UOREdYRISD [0AUCD BuneL PUE SIeUaleIN DST EL/0Z/) | POSOI)

‘uonenieas BuisseByo ue suoBiepun Ajnysseoons sey jueig NN
CO-SWYV ey 18y} uoRedyia) joauoY ainjoel4 PUE sjeuslely oS eg

‘L0089
-QLS-VSYN 2d sprse pajquesse o gse) BusseBiyo (g

‘uogeoypads Juswbes/ssaoold sieysjew
dl 8iqeoydde Jo 511 Jyiy ued ucgeneas BusseSyo (e

Bunong) a1 J0 .0 20 BUO KB

:weysis pue peopeg Bupeselyo - sjeueieyy 2
SSUPeULISIOPUN b1l | (10c-0se8c16£938) AIquessy eyuelg Sy
(S)31DIHIA 3 (onqeondde ;) (s)sequinu yed spapul) JYN FIVMAQNVYH q
¥10Z Adenuep i La-ZoSKY -als
3lva o 3SVHd ‘8§ UIGWNN 'V LY¥0dIN QUVZVH GIZIGNVANYLS FUVMAUYH LHOITY SSI
82599 OSr

12900-000-H3®S-€1-0019-9083




jusawnaop siy} jo abed ap) ay} uo

99 Jo 8¢ abed

suonouysal ayy o) yoalgns

s1 obed siy) UO PBUILIUOD UOHBWIOU] JO BINSOJOSIP 1O 3S()

aseo|9y dI Pue YSYN [eusaju| Joj 3jqejns

uojjeoyuen Ui seauepeedxe (jueweesy uoyelesdiepyBuuoye]) il
pencJdde (jeusd S1o68y3 IgeuBewondeis) JINI/SS] ife Airoeds ejoN

enbiun & esn SieyWISURY Yyum 8rempIBY JO uoyelpes Bujzjuol 04 :3joN

"$30UN0S uojiejped
aneutewonssle SABY JOU SB0P 19vueg [BULBU ] Z0-SINY Y1 "V/N

uofpos

‘wodes prezey

wogesyneds wewbes 41 (o

Anapeduwiod speuBeLi0ge)3
10} AUeWeINbeY UOIRS 20eds £H20E JSS WOBN (9

Suswamnbay Aqpdsasns pue ucissIwa
200UBRUIIORES UORES BOBdS JEZOE |SS NS (@ »Eua._wa,mm, i %ﬁﬂﬂ.ﬂuﬁ
:Kdde ymg yre ooy (Buzuor-uoN) uogapey
:WRNEAS PUR peoKed opeuSewonoex *Q

podey prezely enbjun a8 seanbes asn YA :6}oN (m]

JuewnoBye

ue se (s)ipuejew ojqaIaneys Jo (s)einBy pus Bupsi © apnpul SjoN | o

‘uogoedsul Ens 1s9)-jsod/sieas| Wiy
18158 UORIQA B passed aARy SiEUSIRW Sqeepeys (2

86N LY 10U UBLM

peujnuod 10 sBains pagsiaxd ) peoeyd ase swe)|

“98N Uj UBUM MBI OL) AQ posyuadne pus ‘(Sus| eyeusd

2 S8 ons) passeods ‘(emnesesd Bjiep OU) peesals

~UOU BJB SJBMIEY LIJED MAD 0 RJUSUOIWN0 PUeIBW
9iqiBuByY 100 10 ("0 ‘asmyy ‘sesue) o)) ssef popdo  (q

“pejRIsqy Jou ese seppied soflie) 10 Uil

o Max
0S 12U YoNs peUIRIIOD Bse SEEGIeW Bjqelansys iy (B oy Aunfu Busnes RuewBey
Teweiew siqesoeys asey jou s80p 1IUBIE TN 20-SINV SUL YN Aydde 1oy ne seepy | 280UEL JO oW OS Burseejas
1wsks pue peoked [eueIBy expieneys "G
|
ameadwa yona Bupeeaxs Jo eiqedestn s| ubisaq
] Juawefeusw BULS BARDE OU LW sweleAs Jod (g

sy

eunesadwie} yonao yA| Mo| Jo By pasoxe jouues pue sjusuodwos |

Supeseuat jeay Aue ureoo 10U $80p JedUEl 1IN Z0-SNV oYL W/N

“SYuy) asqrIedwel Yono
pasoxa jou 0] ubisep Jueisio] Jine; SiuIs @ SWBUOO
ubiseq JuewaBeusw [EULALY) BAJE M SWBAE 04 (2

‘wopedypads woudes Ji Jo
£'9'0 ‘50005 JSS Wewesmbas aneeduwss YoNoy wA| 100N Ainlu) maun Ut Buginsey

“welsks pue peoiey | VAI umeiedwe] yonoy *4,

(Loc-0558¢16£938) A|qWessy wyuelg SHY

Ssi/peujuueepun 364
(8)3191H3A 3 (erqwoyde  ‘(sisequinu ped spnpu) JNYN INVMANYH °Q
¥10Z Arenuep ] 11} DINS-ZOSWV -aLs
31lva 9 3SVHd ‘g H3IEWNNN Vv L¥0d3YN QUVZVH 3ZIGNVYANYLS FHYMONYH LHDIT4 SSI
82599 OSr

4900-000-H3?S-£1-0019-

9083




99 Jo 6 dbed

yuawnoop siy} jo abed apy 8y} uo suondLysal ay) o) Jaefgns si ebed S|y} UO PIUIBJUOD UOHBWLIOUL JO BINSO|ISIP

asea|ay d| Pue YSVYN [euiaju| Jo} s|qepns

10 @s

‘o8N
8J0Jaq UOISIaA 01100 8y} S) 8y} (AL LOZ/SLIY) 8 AeY £0-dT SSI

"Se|JaNEq 8ABY JOU 880p INUEIG [T ZO-SINV 9L VN

‘E0~d3 SSI
(s)uway peuldiis uO paBINOIOP Bq [lBYS SOPSREY/SIeD

WOW UB Ul peyeds Juswesmbe)
dl juesanbe Jo suewesmbey Asyes LeRsg aloNeA
aoedg pemeasd £8202- IS Jed [eapun-ucu 5) Aeneg

‘WelsAS pue peoiied

(psezey Aoy
‘ay ‘wng “poys) Anfu mer
Busnes aunje 3 Aisies g

*IS/69O SN0y el 0} pajoSsp
6q pinoys suonsenyd) ‘pepeeu sy podes prezey enbiun B jew
jou ese s)uewesnbes esioN asnduy 10 ‘GOr ‘Auipny uLely §i ‘aJoN

‘peoifed e s11ojuelg TN Z0-SV 9YL 'V/N

2865040 O] SR UI PRIUSWINOOD 8} BouBkdwod peoKey

TEETL'E QU vowwo) Geg0S JSS (9
S18AB| PUNOS JUSRHULIBIY
ONY
VEEZLE QY
UOWWOD GEB0S JSS PUB Z9°ZE 'LZ00S JSS (8
S19AB| PUNOS SNONURUOY)
Jeew (340 ‘349 '09) weudnbe pejeBsiui-uoN

: UOREOYPRSdS Wawibes d) JO 1'¢TE 'S 'S000S JSS pue
L'9'ZE ‘12008 dSS Hoq Ul (SoMpow SOSN) SPAS| punos
SNoNURUOD Keew wewdnba payesBaguy Buipnpu; WsAS

suuers pue

suogNE 10e1ep 0F AYjIqeu; Jo
30UBlaeL] UOHBIUNULALOD
way yeep/Aniuy

Ma0 Jo ofewep Bupsay

Buisnes emsodx] esI0N |

‘wodeu plezey
anbiun & uo pejIBWINIOP 6q HEYSs S00Z-H'954Z ISNY Pue
2002- 16612

ISNV Bugoesw  pue gg ‘NE ‘WZ ‘Wi Ssep je Bugeiedo siese] ajoN
Weunpoeys ue se (s)jeeys Bjep s88B] JeMJOBINUBLL OY) opnpuy (ejoN

“Wodas prezey anbiun & asn byl Juaseyoduy Aysusiy ybpy 104 ejoN

UGROBJeT
JBInJBdsS S JO BAUNOS JOSE] & MBIA O PISN 8 PINGD
18R SS1 preoq uo wewdinbe uopeoubew eagdo
SAPNOU| UDRRIBPISUAD SiSAjeue UeZBY R0 Aus u] (D

'200Z-1'9EL2

ISNV U pougap s (Ian) amsodye ejusspuusd

WNUWIDEW oY) PeeOX@ JOU jJeys 0MN0s 1688|

J0j U8 8 JSqAUB UMD BL) UO 10 8AD §JeqUIBLLIMEID
SS1 3y e '3 ‘eoueipel)) 10 ‘H ‘emsodxs weps eyl  (q

{sunos
ou} Je paIncoaw $8) £002-1'951Z ISNV W pouyap
S8 ‘15e| Z $38(D 10/DUB | SSEYD B SE SB peyssery (e

. o> <60 Adde 181 e o8y Maly
£18s5€] sAeY Jou P Iuetg N 20-SWV o4l Y/N ‘WRISAS PUB propEy 0} Ainfu) Bursneo suese z
U — | (L0£-0s£8£16€938) AIquessy }P)uElg SWY
(S)31DIH3A 3 (spqaopdde j ‘(s)requmu ped epnpu) SWNVN JUVYMANYH "a
¥10Z Arenuep m IIG-Z0SWY -al1s
3iva o 3dSVHd '8 HIEWNN v LY0dI QNVZYH Q3ZIQUVANVYLS NVYMANYH LHOI4 1533
82599 OSr

2900-00Q-H3'®S-€1-0019-9083




99 Jo ¢ obed

juswinoop s1y) Jo abed afy1} 8y} UO SUONOL)SAL BY) 0} Joalgns si abed SIY) UO PSUIBIUOD UOHEBWIOUI JO DINSO|ISIP IO

9se9|9Y dI PUe YSVN [euaju| 1o} 9|qe)ing

esn

“ode piezey enbiun @ UO PajUBLINDOP 64 jfeys ejeliep/ejeul
VAT J0 ‘Y59 UBY) 161866 SaLNd ‘AZE en0qe SeBBYOA (8JoN

JUBLLYIBJIR UR SB SI0JO8ULI0D
Bunewap/Suijew 104 weubelp Suipunosb pue Buipuoq apnpuj JoN

‘pasnbes SpQiyu weaHsdn pue (Jus.und pue sbejjon weagsdn
wnuwirxew ajesipu)

840}00UUOD Pasamod POIBLISH/POIBL MBI JO IS 8y} 6pNpU| ajoN

100~ DA18-SNY
uodeu prezey Ul peJeAco 8J8 19yue|q SY) Joj siuswauinbas Gulpuog
*SJUBUOJLIOD [EDM}I0]0 BARY JOU SOO0D 19yuelg | TN Z0-SINY YL 'W/N

‘SPTOE dSS pue OFZ0E dSS
Jod sueusaxnbes BujpunosB pue Bujpuoq steel (9

anNv

(AZe uey soyeast ou ebeyon

WA uedo pue Juaund weegsdn ejgel|EAR WNWIXEW

VSO UBY) S89| pue Ve UBky 109eaib ‘Ao yAI “e')
021-66-ZvIN 1509| 68 jo euswo | ydesbesed ep seep  (q

UOONY

* (Jueuno ussagsdn s|gEgEAR

whwpew Y 0) [nbe JO UBY) SS8) pue "S38| JO AZE)
0L1-86-ZV JaRe] jO Bueld samdd Mo) aup stespy (@

Kidde 1e\p |e SIeeN
1WeIsAS pue peoyied

Wwawdnbe EALI0e
[EJRUD-8]] JO -LDIES|W SS|

0] eBewep 10 (oW usowWw

40 uonsisueb 0} enp Ainfu
ma1 Buignes sioppauLOD
Jemod Bugeweq/buen -z |

‘podas
puBzeyYy enbun e UO PEJUBLINIOP 64 [jetys SHOA 2§ 8AO]E SeBajjoA ajoN

Juewyoeys ue se sweibejp
Buipuno. pue Sufpuoq ‘Buizis eam ‘vogoeosd §NaRd epnpu| aJoN

“100- I 189SV
uodes prezey Ul paJeacd aue 19xuE|q 8y} Joj sjuatwalinbas Buipuog
"WoJsAS [Boi08(e UE 8ABY JOU SI0P 19NUelg | N ZO0-SIWV 9YL 'V/N

"S¥Z0E 4SS pue

OvZOE dSS Jed suewesnbes Buipunas pue Bupuoq

pue ‘Bg0-Z8-Y. J8N8) Jo QUSWeINbE LOFej0Nd YNaRD

‘ : uopesypeds wewbes d|

40 00| empow ajgecydde ‘000.S JdSS 10 Nuewesnbes

Bums sum pus uogdaaid NP SoR)EIL LOAMS EIBEIN
1881 uo pasamod suempuey 04 (B

Aode e ye Qoo
WaysAg pue peojied

Juswidinbe Eagoee
0} ebwep 10 Anfu) mauo

Bursnes Jemod [eougoet3 * | |,

‘Wodas prezey enbsun e seqnbas ssopoedes wnfeiue) Jo esMN :6jON

‘PoyIaW uojedyiian e se peuisojied eq jleys uohredsu;
1BNSiA pus 156} feuoROUrY B ‘Buels Sy S1eaW Joyoeded oy} jj ‘ejoN

*8.0}0BUED BABY J0U SBOP 18YUBIG I ZO-SINY YL 'V/N

‘pennbey 8 £0-43° 551

Pue Lodey prezen enbiun B 10 SA0GR Y10q S9SN
Sijogoep aA0000(e 0ol Yy sugypeded  (q

10 gio}peded POSEG-LINLYY JO JBWWASE (B
epnoU| JoU S80p JEMPIRY SPIRZRY PIEpUES JopUY)
‘wayshg pue peoyed

$30|Aap ebeunis Aseue
$e pesn miojpede) ") |,

. —— (108-0558516503S) A|quessy j9)us|g SV
(S)310IH3A 3 (orqeopdde j) “(slequunu ped epnjour) JNVN FVVYMANVYH g
¥10Z Arenuep 1] LDG-Z0SWY ~al1s
3iva o 3SVHd 9 YIAWNNN 'V LHOdIN QUVZVH 03ZIGNVANYLS JUVYMANYH LHOIT4 SSI
82599 IS

£900-000-H3'®S-€1-0019-92S3




99 Jo L€ abed

juswnoop siy) jo abed 8113 8y} UO SUONDIIISAL AY) 0) Joalqns s) abed siY) UC PeuUleIUOD UCHIBULIOJU] JO 2INSOJISIP

asea|ay d| Pue YSYN [eusdlu| Joj s|qejns

10 8s()

‘spueAs Bujpeo)
1e91dA} O BuRSS] JO/pLRR JUSLISSESSE BRI YIUNG] SpNIOU] BJON

‘pesnbe. si podes prezey aenbun e pajunolu Agesmongs j ejoN

‘€1/SL/1L | POIEP .UONEdYUBA OO Pue WBIOM 1IjuBIE SWV.
‘GE00-OWIN-dIVS-E1-1 13M-SL3r OWSN ZO-SWV 'ci/8L/LL pesoD | B

"SE806 dSS sed sjueweunbes
©9 pue Y} Biem s3eew 19jUeg [N Z0-SINY 8l Sseinsue uojoedsu) "Bg)

’ :aq1 weieanbe
JO '68806 JSS ‘8004 ISS U PRUYSP S8 LIMBIADUNS
o) AUewnbas exqediidde syl jsow of peubeq

‘WweleAg pue peoyiey

((nsly
J0 seesyd ye sq) susLIaINbe:
Doy oyl Yy Aduroo jeniu wely)

ampe; pIpPUS "Gl

VA3
peiojdep s| il jiun SS) L0 PAMOIE 3q || I93UBIE | TN Z0-SWV L V/N

TLIZTVICE VALTLOEE 1200048 (@
98°,8'50005 a8S (@

s ed vogegsUR pUe MOY JRY 10

uogeoypeds wewbes 4 s Aduso o peulisep aUempaH
JweeAg

sownioA pezunesad wede(pe Buisewss
2y ) ssaube YA| ousBeum epeduy jou seop uissq

peoyied

sijed uogejsues)
U Qoualapel) *p |,

Juewysene ue se Juewdnbe Bugeos jo Bulsy epnouy 6jON

"Wwowdinba Gugelos aaByY Jou s80P INUBKE TN ZO-SWYEUL VN | O

(sBupsy 39 'O "IN :erdwie3)
pegRR0 AEsMNsnpuUl B SQOM PUR pegpoLILN
§) ANSOPUSRIMENGS SAN( eI Py Jendwo) (0

- o)

SUORIPUCD B U}
peads (wdi) @nujw 108 SUOHIYOASS DDA 0 JaBuep
uj (seyouy g) wnu OZ peex® Jou 9e0p ped Bugeoy  (q

"SoNYIqudno JUSUAIRIUCO SNONQO S2Y unsopuy (v

uogesypeds wowbos
di 20 (3 10 (q Jou® pue (@ eew weusdnbe Bupeyoy
‘waysAs pus peoped

Amfur mauo Gupnes
Wewdinb3 Sugmoy "¢ |

(105-0sc8c166036) A|quIessy Jeyunig SWY

ssi/peujuusjepun Wby4
(S)T10IH3A "3 (ergeayade 4 ‘(shequinu 1ed epnpuwr) JNYN INVYMANVH 'Q
10z Aenuep (1]} DING-Z0sSKvY 41s
3lva D JSVHd ‘8§ YIANNN 'V JAO4TY QRIVZVH Q3ZIQUVANY LS VYMANVYH LHOINL $81
8¢G99 OSr

2900-00Q-H3'®S-€1-0019-90S3




99 Jo g¢ abed

juswnaop siyj o abed apy ay) uo suondLsal ayj 0} Joafqns si ebed siy) UO PauIEIUOD UOIJBWLIOLUI JO BINSO|ISIP JO SN

aseajay di Pue YSYN [euisiu] 1o} a|qejns

N X S°1 01198 Jooxd e ased yun by
yoese BUE (sreq ¢'9 "ewd 0OL) UNE L8'9 UBL) 858] INY
O {sseq 'L ‘eysd Z2) use &L vewy Jeeesl Jow ue erey (e
4O
"dan X 5Z © ubmep
o 10} J0¥0a) AySyes Wwnwiuuw Bupmous 1535 Jo sekeue
PUE (sseq 09 ‘®18d 00) URS |8'0 UBY) 998) INq
a ‘(s:q 5°) "v1ed 22) wie ' uewn Jeesb Jaw veeary  (p
Wewosye ue I8 (S)eujeIUcO PejRes 6L Jo Bugsy & BpnpUy GON o (aueq g “eysd ZZ)
| SesRUdSOUNE 6" |, Jo aunssaud )P wnwpRW BaseH (9
"SISUIEILCO Pofees BABY JOU 990D JONUEIS ITH Z0-SINV OUL 'VIN Lo g g s
any
-aunssaid o enp Aieue paugys Jo
O (spunod-100) OvZ'PL) SBINOT DLE'61 UBY S631 URRWOD  (q
‘BOULILGNS SNOPIEZEY)
O -uou e BuuE)uoo JauRLoo Wwopusdepy ‘auiseeg (B
saso @
w (q pue (e Yy egdwos eq isnw 18N SJBUIBILIOD PeEBS SJ8UjBMOD pejBeS
usiw pue E)ﬂ& §0 enge4 [ednonns .@ F
(Log-0sceE166D38) AIQUIDSSY 1) URIG SNV
SSypeuluuespun B4
(8)3101H3A 3 (orgeagads 4 ‘(spequinu ped epnou)) JINYN SUVYMANYH "G
¥10zZ Asenuep n DINg-zoswv 41s
31va 'O SSVHd '8 AIGWNNAN vV LY0d3H QAVYZVH QIZIQAVANV.LS VMAYYH LHOINS SSI
82699 OSr

4900-000-H3®S-€1-00L9-92S3




juswinoop siyy Jo abed 831} 8Y) UO SUONDLIISAI BY) O} 308

99 Jo ¢¢ abed

[qns s1 abed siyj UO pPauILIUOD UCHELLIOJU] JO BINSOD

aseajoy di Pue YSVYN [eussju] Joj sjqepns

SIp

10 9s()

SR UB $¥ (SLOWMUO00 Pojuan 8y Jo Bugsy © epnpu 180N

‘SJBUIRILIOOD PAJUSA ABY JOU $20P 1eUBIE TN Z0-SNVSUL'VIN | O

(zu1) Do Juaa Rﬁubmv RN
(cu1) aumjon jousaguf

EoSNWA

5 ff (gm0t vav iea eaonE
{gluo) eunjoA Pussyy

20 peuyep 81 pguesmyp amesox (ped 100) Jeqmiu
1°0 @ J04 (HATIV) OBBY JUOA SWIOBYT] LANUIXRHY ‘SJON

{pred 1,0°0) SAUSILIP SIBQIHW £°0 LBy sxeaud
ou jo Bupeo; anssad BRUAISED © U K)Nse) By
OGEI 858 JUBA BAROGLS C} SLUNIOA Uil UB B3PIl {2

: aauadi
we(eainbe ey 10 ‘GEB0s dSS "900LS 4SS
‘0009 dSS U SWRJ UopezinssaudaluoREZUNSSRIdP
1suiele pessasse Ueyn Speo| aunsseud

0§ G'L JO SO WNWRAW © UeluELI 0} peze e ueA  (q

"9 Mpusddy ‘0109-%EAH-VSYN U punoj
6q UBo jaguejod ABrBUE PaJOIS S JO LORRINOIBD ‘I0ON

(VA3 ioj peen you) aunje)
(shuan Jo Juana ayt U eunsseud o) enp Afueue peucts
10 (spunod-1004 £90'E) SO ZGL 'y uey 883 UMU0) (B

Bupnoyio; ey Jo SO JsEE|

1e AQ peypes Se Sumioa BuipUNCANS G JO UOREZNSSaLda)
10 UORBZLNGSRICEP JO WBAD BL 8 DIEZRY B @BaLD Jou

I pUB pB[BSS AJRUOHUBIL] 10U BJE PUE SSUNEODUS PEUBA
‘weisAs pue peofied

* ALH Aq umoy
speukad [euses 0} pejdde 6q
10U R0yS LUSWRNbI G1 1 810N

SIGUIEIIOD) PEIUOA
40 esnge] pRINONS * J |

(10¢-0sc9€16£938) A|qussy Wuelg SNV

SSypeuluue@pun Wby
(S)T10IH3A 3 (eiqeogdde i ‘(shequinu ped epnpw) YN TUVMAIVYH d
10z Aenuep n IMTS-Z0SWNVY -A1S
31va o 3ASVHd '8 UFENNN VY LH0dIN QUVZYH QIAZIQUVANVYLS RIVMAAYH LHOITd SSt
82599 JSr

4900-00Q0-H3?S-€1-001L9-90S3




ESCG-6100-13-S&EH-DOC-0067

JSC 66528
PAYLOAD HAZARD REPORT 8. NO: AMS-BLKT-001

o. PAYLOAD: AMS-02 MLI| Blanket ¢. PHASE:

v
d. SUBSYSTEM: . HAZARD GROUP: 1. DATE:
AMS-02 MLI Blanket EVA/Human Factors Januery 2014
. HAZARD TITLE: i. HAZARD CATEGORY
EVA Hazards [X] catastROPHIC

[7] CRmcAL

h. APPLICABLE SAFETY REQUIREMENTS:
SSP 51700, 3.1.1.2, 3.1.2, 3.18
NSTS 07700, Volume XIV, App. 7
SSP 30245, 3.2.1.3.1,3.2.1.36

] DESCRIPTION OF HAZARD:
EVA hazards related to the AMS MLI Blanket and its installation could result in injury or death to
EVA crewmembers and/or damage to the ISS.

k. HAZARD CAUSES:
1. Mechanical hazards including sharp edges and pinch points

2. EVA touch temperatures

3. Release of stored energy (Electrostatic Discharge (ESD))

4. Foreign Object Damage (FOD) due to pip pin failure and/or safety critical fastener failure
5. Entanglement/entrapment or inadvertant release of hardware

6. Materials incompatibility in an EVA environment

I. HAZARD CONTROLS:
See Attached Pages

["m. SAFETY VERIFICATION METHODS:
See Attached Pages

n. STATUS OF VERIFICATION:
See Attached Pages

0. APPROVAL PAYLOAD ORGANIZATION SSP/ISS

PHASE |

PHASE I

PHASE Il X m\ )-Xy-H % C gﬁ-.? 02/03/14

JSC Form 542B (Rev November 22, 1969) (MS Word September 1987)
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PAYLOAD HAZARD REPORT CONTINUATION SHEET . NO: AMS-BLKT-001

b. PavLoan: AMS-02 MLI Blanket e PHASE: Uil

k. HAZARD CAUSES:

1. Mechanical hazards including sharp edges and pinch points

L HAZARD CONTROLS:
1.1. The AMS-02 Thermal Blanket will be designed and built to comply with the sharp edge
requirements found in NSTS 07700, Vol. XIV, App. 7, Table I1.2-lla.

1.2. The Large Crew Hook, Large French Hooks, and Cam Buckles are certified for EVA and will be
used within their specifications. Part and GCAR numbers are as follows:

“Part Name Part Number GCAR Number
Cam Buckle SED33104182-303 G6000
Large Crew Hook SEG33108084-301 G1912A
Large French Hook | SDG33113537-805 G1940B

1.3. The ground strap for the PVGF (ISS program hardware) violates the sharp edge requirements
found in NSTS 07700, Vol. XIV, App. 7, Table Il 2-lla. The edge of the ground strap, which
measures 0.007 in., was required to be rolled or curled. OCAD AMSBLKT001-1-3 establishes a No
Touch Area around the PVGF ground strap.

m. SAFETY VERIFICATION METHODS:
1.1.1. Review of design drawings to ensure the AMS-02 MLI Blanket will be built according to NSTS
07700, Vol. XIV, App. 7, Table lI-2-lla.

1-1-2_ Inspection of as-built hardware to ensure the AMS-02 MLI Blanket has been built to design
drawings.

1.2.1. Review of design drawings to ensure the AMS-02 MLI Blanket will be built using the above
listed GFE.

1.2.2 Inspection of as-built hardware to ensure the AMS-02 MLI Blanket has been built to design
drawings.

1.3.1. Approval of OCAD AMSBLKT001-1-3.

n STATUS OF VERIRICATION:

1.1.1 Closed, 10/21/13. JETS memo, “AMS Blanket Design Verifications”, memo number
JETS-JE11-13-SAIP-MEMO-0029.

112 Closed, 11/18/13. JETS memo “AMS Blanket Final Assembly Verification”, memo
number JETS-JE11-13-SAIP-MEMO-0038.

121 Closed, 10/21/13. JETS memo, “AMS Blanket Design Venfications”, memo number

JETS-JE11-13-SAIP-MEMO-0029.

Suitable for Internal NASA and IP Release

Use or disclosure of information contained on this page is subject to the restrictions on the title page of this document

Page 35 of 66



ESCG-6100-13-S&EH-DOC-0067

JSC 66528
122 Closed, 11/18/13. JETS memo "AMS Blanket Final Assembly Verification”, memo
number JETS-JE11-13-SAIP-MEMO-0038.
13.1. Closed, 01/29/14. Email from Erin Cook, JSC-OCAD-Admin stating that OCAD

AMSBLKT001-1-3 (ID number 122568) has been approved.

JSC Form 5428 (Rev November 22, 1099) (MS Word Septemnber 1007)
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PAYLOAD HAZARD REPORT CONTINUATION SHEET a. NO: AMS-8LKT-001

b. PAYLOAD: AMS-02 MLI Blanket c. PHASE: Al

k. HAZARD CAUSES:
2. EVA touch temperatures

1. HAZARD CONTROLS:
2.1. The AMS-02 MLI Blanket is constructed of materials that will not violate touch temperature

requirements as listed in SSP 57003 (236°F to -180°F up to 0.5 minutes).

m. SAFETY VERIFICATION METHODS:
2.1.1. Thermal analysis for the AMS-02 MLI Blanket will demonstrate compliance with SSP 57003.

[ 0. STATUS OF VERIFICATION:
21.1. Closed, 01/29/14, JETS memo JETS-JE33-14-TAED-DOC-0063, “EVA Touch

Temperature Analysis for AMS Blanket Assembly”

JSC Form 3428 (Rev November 22, 1999 (M5 Ward Septamber 1997) 1
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PAYLOAD HAZARD REPORT CONTINUATION SHEET a. NO: AMS-BLKT-001

b. PAYLOAD: AMS-02 MLI Blanket . PHASE: it

k. HAZARD CAUSES:

3. Release of stored energy (Electrostatic Discharge (ESD))

I. HAZARD CONTROLS:
3.1. The AMS-02 MLI Blanket's metalized layers are enclosed in beta cioth, limiting the buildup of a
charge as well as minimizing a discharge that would affect an EVA crewmember and/or hardware

(Refer to Attachment 1).

3.2, The AMS-02 MLI Blanket has two properly sized, insulated bonding cables with pip pins that will
be inserted into two fayed holes in the AMS-02 structure creating an S-type bond (Refer to
Attachment 2).

m. SAFETY VERIFICATION METHODS:
3.1.1. Review of design drawings will ensure that the AMS-02 MLI Blanket's metalized layers are

enciosed in beta cloth.

3.1.2. Inspection of the as-built hardware will ensure the AMS-02 MLI Blanket has been built
according to design drawings.

3.2.1. Review of design drawings will ensure that the AMS-02 MLI Blanket has two properly sized,
insulated bonding cables with pip pins.

3.2.2. Inspection of the as-built hardware will ensure the AMS-02 MLI Blanket has been built
according to design drawings.

3.2.3. Continuity checks performed on the grounding cables ensure they have been propery
installed on the AMS-02 ML Blanket to prevent ESD. Grounding cable bonds are verified to Class S
for the blanket on flight-like AMS-02 hardware.

n. STATUS OF VERIFICATION:

3.1.1. Closed, 10/21/13. JETS memo, "AMS Blanket Design Verifications”, memo number
JETS-JE11-13-SAIP-MEMO-0029.

3.1.2. Closed, 11/18/13. JETS memo “AMS Blanket Final Assembly Verification®, memo
number JETS-JE11-13-SAIP-MEMO-0038.

3.21. Closed, 10/21/13. JETS memo, "AMS Blanket Design Verifications”, memo number
JETS-JE11-13-SAIP-MEMO-0029.

3.2.2 Closed, 11/18/13. JETS memo "AMS Blanket Final Assembly Verification”, memo
number JETS-JE11-13-SAIP-MEMO-0038.

3.23. Closed, 11/13/13. TPS #2A1320041, steps 2-6. TPS approved on 11/04/13.

JSC Form 8428 (Rev November 22, 1080) (MS Word September 1997}
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PAYLOAD HAZARD REPORT CONTINUATION SHEET a. NO: AMS-BLKT-001

». PAYLOAD: AMS-02 MLI Blanket o. PHASE: IMAN

k. HAZARD CAUSES:
4. Foreign Object Damage (FOD) due to pip pin failure and/or safety critical fastener fallure

). HAZARD CONTROLS:
4.1. The pip pins will be enclosed by stainless steel pip pin retention block in order to contain any

pieces of the lower part of the pins due to structural failure.

4.2. The pip pins will be connected by tathers to the blanket which will prevent the upper part of the
pins from contacting the ISS or EVA crewman.

4.3. The fastener that holds the pip pin retention block to its cable will be torqued according to its
design drawing specification (refer to SDG391383560-301) and have a friction patch to pravent back-
out. The other end of the cable Is riveted to the blanket. (Refer to Attachment 3, at the end of this
hazard report, showing location of fastener and rivet.)

4.4. The safely critical fastener is greater than size 8 and, therefore, follows the JSC Fastener
Integrity Testing Program (JPR 8730.2).

m. SAFETY VERIFICATION METHODS:
4.1.1. Review of design drawings will confirm pip pin retention block has been included to prevent
pip pin fragments from becoming FOD,

4.1.2. Inspection of as-built hardware will confirm the pip pin retention block has been buiit to design
drawings.

4.2.1. Review of design drawings will confirm that each pip pin is connected to a tether.

4.2.2. Inspection of as-built hardware will confirm that each pip pin has been connected to a tether.
4.3.1. Review of design to ensure proven back-off prevention (torque and friction patch).

4.3.2. Inspection of back-off prevention to design drawing ensure proper implementation.

4.4.1, JSC Recsiving Inspection and Test Facility (RITF) report.

n, STATUS OF VERIFICATION:

41.1. Closed, 10/21/13. JETS memo, “AMS Blanket Design Verifications®, memo number
JETS-JE11-13-SAIP-MEMO-0029.

41.2 Closed, 11/13/13. Leech Industries, Inc. Inspection Report, Job #M244190 dated
08/26/13.

Suitable for Internal NASA and IP Release
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4.41.

ESCG-6100-13-S&EH-DOC-0067
JSC 66528

Closed, 10/21/13. JETS memo, "AMS Blanket Design Verifications”, memo number
JETS-JE11-13-SAIP-MEMO-0029.

Closed, 11/18/13. JETS memo “AMS Blanket Plp Pin Tether Verification", memo
number JETS-JE11-13-SAIP-MEMO-0036.

Closed, 10/21/13. JETS memo, “AMS Blanket Design Verifications®, memo number
JETS-JE11-13-SAIP-MEMO-0029.

Closed, 11/18/13. JETS memo “AMS Blanket Bolt Back Off Prevention Verification®,
memo number JETS-JE 1 1-13-SAIP-MEMO-0037.

Closed, 11/18/13. JSC RITF Material Test Report #060228 date completed

JSC Form 5428 (Rev November 22, 1969) (MS Word Seplember 1987)
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JSC 66528
PAYLOAD HAZARD REPORT CONTINUATION SHEET a. NO: AMS-BLKT-001
b. PAYLOAD: AMS-02 MLI Blanket . PHASE: i

k. HAZARD CAUSES:
5. Entanglement/entrapment or inadvertant release of hardware

1. HAZARD CONTROLS:
5.1. The AMS MLI Blanket is folded and strapped when launched. It will remain in this configuration until the
EVA crewmen must unstrap It for depioyment.

5.2. Fhe-EVA-crowmen ill. deale
PSRP review on 11/21/13.

5.3. All hooks (with the exception of hook *A” which is used to connect the blanket to an EVA crewman for
translation), the pip pins, and the Pip Pin Retention Block are secured in pockets sewn into the blanket to
prevent inadvertent relsase of hardware (Note: Refer to attachment 4, crew consensus report).

5.4. The Large Crew Hook, Large French Hooks, and Cam Buckles are certified for EVA and will be used
within their specifications, which is more than adequate to handie the crew handling load of 45 Ibf as taken
from SSP 57003, Table 3.1.1.2.6-1. Part and GCAR numbers are as follows:

Part Name Part Number GCAR Number
Cam Buckle “SED33104182-303 G6000
Large Crew Hook SEG33108084-301 ~ G1912A
Large French Hook | SDG33113537-805 G1940B

5.5. The stitch design strength of 338 Ibs exceeds the crew handling load of 45 Ibf as taken from SSP 57003,
Table 3.1.1.2.6-1.

5.6. The AMS ML Blanket will be temporarily stowed EVA next to AMS-02 on its keel. The means of securing
the blanket to the truss include the French Hook from side A" of the blanket and a Russian wire tie wrap.
Because of the risk of catastrophic hazard, the MLI Blanket will follow the guidelines for establishing hazard
controls in a low risk area per Appendix A of NCR-1SS-193-R4. The guidelines include:

1. A tie-down plan- The plan includes using the French hook from side A of the MLI Blanket pius a
Russian wire tie wrap. The hock and tie wrap will secure the blanket to the AMS keel.

2. Yerification that on-orbit loads do not exceed the tether's load capability-As stated in controls
5.4 and 5.5, the hook and stitching for the blanket exceeds the crew handling load of 45 Ibf, which is the
worst load that the blanket will see on orbit. The Russlan le-wraps have been usad on various other
EVA hardware to secure it to 1SS and will be capable of keeping the blanket on the AMS keel

3. Perform a safety assessment to ensure no critical hardware could be impacted by the
ORU/hardware should it break free and be constrained only by Its tethers-The AMS MLI Blanket Is
restrained by a French hook and Russian wire tie. It will be installed on a handrail located on the AMS
keel. If the wire tie were to fall, there Is no safety critical hardware either on AMS or the ISS Truss that
can be impacted by the blanket when it restrained only by its hook..

4. |dentify the “Keep Out Zone” to reduce potential for high EVA induced loade-The AMS MLI
Blanket will be temporarily stowed away from EVA translation paths.

Suitable for Internal NASA and IP Release
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"m. SAFETY VERIFICATION METHODS:
5.1.1, Review of the AMS-02 MLI Blanket packing configuration to design drawing prior to launch to ensure It is
securely foided and strapped to prevent entanglement/entrapment during EVA.

5.1.2 Review of Crew Consensus Report on the AMS-02 MLI Blanket to confirm the crew office has reviewed
the packed configuration and that it will not cause a hazard during transiation to AMS-02.

5.2.1 Deleted

5.3.1. Raview of design drawings will ensure the inclusion of pockets to securely stow hooks, pip pins, and the
retention block in the design to prevent inadvertent release of hardware.

5.3.2. Inspection of as-built hardware to design drawings will ensure that pockets have been sewn into the
AMS-02 ML| Blanket to secure hooks, pip pins, and the retention block.

5.3.3 Crew consensus report documents that the stowage of the blanket siraps (including hooks), pip pins, and
the pip pin retention block is acceptable by CB.

5.4.1. GCARs G8000, G1912A, and G1940B document the loads the listed GFE can handle.

5.5.1. A pull test provides data on the failure of the stitch design at 338 Ibs during a pull test using the same
material layout as the flight article MLI blanket {Beta Cloth, Aluminized Kapton, 10 layers of aluminized Mytar,
Beta Cloth).

5.8.1. AMS-02 memo documenting compllance with NCR-ISS-183-R4 Appendix A for a low risk area.

n. STATUS ! ;
5.1.1. Closed, 11/18/13. JETS memo "AMS Blanket Configuration Review’, memo number JETS-JE11-

13-SAIP-MEMO-0039.

512 Closed, 11/25/13. Letter CB-13-025, “Alpha Magnetic Spectrometer (AMS) Blanket and Common
Communications Visiting Vehicle (C2V2) Antenna Boom Neutral Buoyancy Laboratory (NBL)
Testing Crew Consensus Report.

5.2.1. Deleted
53.1, Closed, 10/21/13. JETS memo, "AMS Blanket Design Verifications®, memo number JETS-JE11-13-
SAIP-MEMO-0029.

8.3.2. Closed, 11/18/13. JETS memo "AMS Blanket Final Assembly Verification®, memo number JETS-
JE11-13-SAIP-MEMO-0038.

5.3.3. Closed, 11/25/13. Letter CB-13-025, “Alpha Magnetic Spectrometer (AMS) Blanket and Common
Communications Visiting Vehicle (C2V2) Antenna Boom Neutral Buoyancy Laboratory (NBL)
Testing Crew Consensus Report.

5.4.1, Closed, 11/25/13. GCARs G6000, G1912A, and G19408

5.5.1. Closed, 01/14/14. JETS memo, “AMS Blanket Pull Test Verification®, JETS-JE11-14-SAIP-MEMO-
0057.

§.6.1. Closed, 01/21/14. JETS memo, “AMS Blanket Temp Stow on Keel', JETS —JE11-14-SAIP-MEMO-

Jscrmuza(nwimbuzznm)mswmim
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JSC 66528

PAYLOAD HAZARD REPORT CONTINUATION SHEET

a NO: AMS-BLKT-001

b. PATLOAD: AMS-02 MLI Blanket

c. PHASE: L1iAN

k. HAZARD CAUSES:
6. Materiais incompatibility in an EVA environment.

I. HAZARD CONTROLS:

6.1. All materials are selected in accordance with the requirements specified In MSFC-HDBK-

527/4SC09604 and MSFC-STD.3029A.

m. SAFETY VERIFICATION METHODS:

6.1.1. JSC Materials and Fracture Control Certification demonstrates compllance with applicable

documents.

n. STATUS OF VERIFICATION:

8.1.1. Closed, 11/20/13. JSC Materials and Fracture Control Certification MATL-14-03.

JSC Form 5428 (Rev November 22. 1999) (MS Word September 1097)
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Attachment 1 for Control 3.1 and for Grounding Cables
Being Placed on Same Side of the AMS-02 Blanket
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If understand the blanket design comectly, the metallized layers are all enclosed in beta
cloth. This limits the charging of the blanket metallized layers and subsequently,
minimizes the potential for discharging those layers to crew or hardware. If the
metallized layers are not completely enclosed, then It becomes a critical hazard.

From: Harvey, Eric K [mailto:Eric,Harvev®escg,jacobs.com]

Sent: Thursday, March 28, 2013 3:05 PM

To: Mccollum, Matthew B, (MSFC-ES42); Ross, Stuart B, (JSC-ES)[Jacobs Technology)
Subject: FW: AMS02-SDP-MLI-PhITI-PSRP.docx

Hi Matt and Stuart,

Matt, after talking with Stuart | think we are both trying to figure out how you arrived at
your answer t0 my question below. Is your answer (that ESD in our case Is neither
critical nor catastrophic) based on the fact that we have adequate controls in place (l.e.
the bonding cables) to prevent a hazard or is it bacause, even without the ground
cables, there Is no hazard at all?

Given that, | found the following requirement in SSP 30245, Paragraph 3.2.1.3.1 (Class
S bond requirement):

All isolated structural conducting items having an arca greater than 100 square centimeters
which carry fluids in motion. or otherwise are subject to frictional charging or plasmo-induced
clurent flow or chaging. shall have a mechanically secure conducting connection to conductive
structure.  The resistance of the counection shall be less than | ohm. See appendix C &
(EMECB TIA-0012, EMECB TIA-0015, EMECB TIA-0017, EMECE TIA-0018,

exception
EMECB TIA-0032, EMECB TIA-0076. EMECB TIA-0078, and EMECB TIA-0099) w this

| also looked up paragraph 3.2.1.3.6 (Multilayer Insulation):

Couductive layers shall be bonded together in at least two locations. The bonding resistance
from those locations to structure shall be less than one ohm. See appendix C for exception
(EMECR TIA-0120) to this paragraph.

Given that our blanket has overall dimensions of 130 In. x 54 in., it would seem the
requirement applies to us. It also seems to imply that due to the size of the blanket ESD
Is a hazard of some sort. | also remember you asking questions about the material of
the blanket, which | am guessing factors Into this, too. The question is, if we didn't have
the grounding cables in place, do we have a hazard? If so, Is it critical or catastrophic?

Eric

Enie X, Hanvey
NASA/JSC-ESCQG Jacobs
Syatems Safety Engineer
Ph: 281-461-3509
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Prom: Ross, Stuart 8

Sent: Wednesday, March 27, 2013 5:14 PM

To: Mccollum, Matthew B. (MSFC-ES42); Harvey, Eric K
Ce: Mott, Phillip 8

Subject: RE: AMS02-SDP-MLI-PhIII-PSRP.docx

Matt,

We were under the impression that the biankst had enough surface area to build up a
large enough charge to be a catastrophic hazard.

Do you have an analysis that shows otherwise?
Thank you,
Stuart

Stuart Ross

JSC/ESS/MSWG Mechanical Systerns Sagety
ESCG-Jeoobe

281461-5710

Siuart.Ross@escq jacobs.com

From: Mccollum, Matthew B. (MSFC-ES42) (mailto;matt.mecollum@nasa.gov]
Sent: Wednesday, March 27, 2013 4:14 PM

To! Harvey, Eric K
Cc: Mott, Phillip B; Ross, Stuart B
Subject: RE: AMS02-SDP-MLI-PhIII-PSRP.docx

Neither a critical nor catastrophic hazard.

From: Harvey, Eric K [ N

Sent: Wednesday, March 27, 2013 9:19 AM

To: Mccollum, Matthew B. (MSFC-ES42)

Cc: Mott, Phillip B. (JSC-EA2)(Jacobs Technology]; Ross, Stuart B. (JSC-ES)[Jacobs Technology]
Subject: RE: AMS02-SDP-MLI-PhIII-PSRP.docx

HI Matt,
Are you also saying that it isn't a catastrophic hazard?
Eric

NASA/JSC-ESCQG Jecobs
Systema Safety
Ph: 281-461-5509
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From: Mccollum, Matthew B. (MSFC-ES42) (mailto:matt. mecollum@nasa.gov)
Sent: Tuesday, March 26, 2013 4:35 PM

To: Harvey, Eric K

Subject: RE: AMS02-SDP-MLI-PhIII-PSRP.dook

Erc,

it Is not a critical hazard.

Matt

From: Harvey, Eric K 2

Sent: Tuesday, March 26, 2013 4:24 PM
To: Mocolium, Matthew B. (MSFC-ES42)
Subject: AMS02-SDP-MLI-PhIII-PSRP.doox
Hi Matt,

Here is a copy of the AMS-02 MLI blanket SDP (draft). On page 8, there is a picture that
shows you the size of the blanket relative to AMS. There will be two ground straps with
pip pins. The pins will be inserted on the same side, creating a ground path between the
AMS structure and the blanket.

The MSWG representative at the meeting was wondering if ESD was considered a
critical or catastrophic hazard, which is what led me to write you to find out. He needs to
know so he can determine fault tolerance for the MSWG.

Thanks for your help, Matt.

Eric

Suitable for Internal NASA and IP Release

Use or disclosure of information contained on this page is subject to the restrictions on the title page of this document

Page 47 of 66



ESCG-6100-13-S&EH-DOC-0067
JSC 66528

Great - thanks Matt.

Regards,
Tim

Timothy J. Urban

AMS-02 Project Office / Flight Operations Liaison
Work: 281-244-8152

Cell: 713-213-8468

From;: Mocollum, Matthew B. (MSFC-ES42)
Sent: Tuesday, January 21, 2014 1:14 PM
To: RAFFOUL, GEORGE (JSC-OA)[THE BOEING COMPANY]; URBAN, TIMOTHY ). (JSC-EA321)[Jacobs

Technology, Inc.)

Cc: Martin, Trent D. (JSC-EA321); Boliweg, Kenneth (JSC-EA321); Mott, Phillip B; Fohey, Michael F
(Michael.Fohey@jacobs.com); Harvey, Eric K. (JSC-EA2)[Jacobs Technology, Inc.]

Subject: RE: AMS EVA Installed thermal blanket grounding approach

George,
| concur.
Matt

From: Raffoul, George W [mailto:George. W Raffoul@boeing.com]

Sent: Monday, January 20, 2014 5:17 PM

To: URBAN, TIMOTHY J. (JSC-EA321)[Jacobs Technology, Inc.}; Mccollum, Matthew B. (MSFC-ES42)
Cc: Martin, Trent D. (JSC-EA321); Bollweg, Kenneth (JSC-EA321); Mott, Phillip B; Fohey, Michael F
(Michael.Fohey@jacobs.com); Harvey, Eric K. (JSC-EA2)[Jacobs Technology, Inc.]

Subject: RE: AMS EVA installed thermal blanket grounding approach

Tirm:

| just reviewed today the briefing you presented to the PSRP and dated 11/21/13. My
answer to your question regarding “Concurrence with the Design Approach of Using
Two Ground Wires on the Same Side of the Blanket” ls given below:

The area of the blanket is 48 Square Feet, or 4.48 Square Meters. We have previously
approved blankets with areas as large as 10 square meters that are external to the ISS
with only 2 jumpers Installed. Since the AMS-02 blanket is about half of the 10 square
meter area, it means one grounding jJumper would be sufficient to drain the electrostatic
charge that might bulld up on it. Therefore, your design of having both grounding
Jumpers emanate from essentially 2 neighboring points on the same side of the blanket
is adequate for static bonding of the blanket.

Matt McCollum, | am sure, will respond if he has a different perspective on this.

Thanksl
George Raffoul
EMEP Panel Co-Chair
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281-226-8530 (O)

From: URBAN, TIMOTHY J. (JSC-EA321){Jacobs Technology, Inc.] (maito:tmothy.Luban@nasa.gov)
Sent: Thursday, January 09, 2014 10:42 AM

To! EXI-McCollum, Matt

Cc: Martin, Trent D. (JSC-EA321); Boliweg, Kenneth (JSC-EA321); Mott, Phillip 8; Fohey, Michael F
(Michael. Fohey@facobs.com); Raffoul, George W; Harvey, Eric K. (1SC-EA2){Jacobs Technology, Inc.]
Subject: AMS EVA installed thermal blanket grounding approach

Matt,

Over the course of the last year |'ve spoken with you and Dr. Raffoul several times re:
the design approach we've adopted for grounding the AMS EVA installed thermal
blanket, which is approximately 48 sq. ft. in size, MLI design with Beta cloth on both
sides. Due to concems from the Payload Safety Review Panel re: the pip pins we're
using to attach the ground wires to the faying surface on AMS, both ground wires were
moved to the same side of the blanket and use the same faying surface, so that the pin
parts could be contained by a retention device, should they fall apart (a concem that
was worked by Phil Mott with the mechanism folks of the PSRP).

| have attached the OPS presentation that was made to the PSRP in November, to
provide you with the design and installation concepts. The PSRP asked that we ask for
your EMEP formal concurrence with the design approach of using two ground wires on
the same side of the blanket.

Please let me know if you have any further questions or concerns. | appreciate your
time and cooperation.

Regards,

Tim

Timothy J. Urban

AMS-02 Project Office / Flight Operations Lisison

Barrios Technology / JETS, MS JEO4

Work: 281-244-8152

Coll: 713-213-0400
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Attachment 2 for Control 3.2
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No TIA, all approved.

Timothy J. Urban

AMS-02 Project Office / Flight Operations Liaison
Work: 281-244-8152

Cell: 713-213-8468

-—-Original Message—

From: Harvey, Eric K [maltto:Eric.Harvey.cir@lacobs.com)

Sent: Thursday, December 12, 2013 12:05 PM

To: URBAN, TIMOTHY J. (JSC-EA321)[Jacobs Technalogy, Inc.]; Mott, Phillip B
Subject: RE: AMS EVA MLI Blanket ground wires

HI Tim,

Was there ever a TIA written up for this? | don't think there was, but the email below seems to indicate
that our set up had to be reviewed by the EME team. Was there ever a determination by them one way
or the other.

Eric

Eric K. Harvey

NASA/ISC

JETS Contract {Basrios Technology)
Systems Safety Engineer

Ph: 281-461-5509

~——Original Message--—

From: URBAN, TIMOTHY J. (JSC-EA321){1acobs Technology, Inc.] [mallto:timothy.j.urbandPoase.gov]
Sent: Thursdsy, December 12, 2013 11:58 AM

To: Mott, Phililp 8; Harvey, Eric K

Subject: RE: AMS EVA ML Blanket ground wires

Never mind....

Timothy J. Urban
AMS-02 Project Office / Flight Operations Lisison Barrios Technology, JETS, MS JES4

Work: 281-244-8152
Cell: 713-213-8468

From: Mott, Phillip B [Phillip.Mott@jacobs.com)

Sent: Thursday, December 12, 2013 10:57 AM

To: Harvey, Eric K. (ISC-EA2){Jacobs Technology, Inc.]; URBAN, TIMOTHY J. {ISC-EA321)(Jacobs
Technology, Inc.)

Subject: FW: AMS EVA MU Blanket ground wires

Just found this one.
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Phil Mott
281-461-5712 office
832-654-4505 cell

From: URBAN, TIMOTHY J. (ISC-EA321){Jacobs Technology] (mailto:timothy.Lurban®nasa.gov
Sent: Thursday, February 14, 2013 1:35 PM

To: Martin, Trent D. (ISC-EA321); Bollweg, Kenneth (/SC-EA321); Fohey, Michael F; Clark, Craig S; Ju,
Hsing R; Mott, Phillip B; Schaefbauer, Mark; Urban, Kase C

Cc: Zegelaar, Bridget R, (1SC-0Z611); MILEY, ROBERT R. (ISC-OZ)[BOEING)

Subject: AMS EVA MLI Blanket ground wires

| spoke with Dr. George Raffoul {Boeing Electromagnetic Effects [EME] team) re: locating both ground
wires on the same side of the blanket.

He says that this meets the grounding requirement. But (and there's always a but) he asked that |
prepare a brief presentation detalling the grounding technique / design for the EME team to determine
If it needs to go to the panel for processing a TIA (1 don't think we'll need a TIA) - no problem preparing

the summary presentation.
Mark, Kase - | think this makes the build simpler.

Regards,

Tim

Timothy J. Urban

AMS-02 Project Office / Flight Operations Lialson Barrlos Technology Engineering and Sciénce Contract
Group, MS JES4

Work: 281-244-8152

Cell: 713-213-8468

NOTICE - This communication may contain confidential and privileged information that s for the sole
use of the intended reciplent. Any viewing, copying or distribution of, or reliance on this message by
unintended reclpients is strictly prohibited. If you have received this message in error, please notify us
Immediately by replying to the message and deleting it from your computer.

NOTICE - This communication may contain confidential and privileged Information that Is for the sole
use of the Intended recipient. Any viewing, copying or distribution of, or reliance on this message by
unintended reclplents Is strictly prohibited. If you have received this message In error, please notify us
immediately by replying to the message and deleting it from your computer.
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Attachment 3 for Control 4.3
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Figure 1: Plcture of Pip Pin Retention Block Showing Location of Fastener and
Rivet
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Attachment 4 for Control 5.3
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Lyndon B. Johiison Space Ceater

2101 NASA Parkway
Houston, Texas T7058-1496

Jume 17, 2013
mansima CB-13-025

TO XA/ Lead, Extravelucular Actovity Flhight Manageneol Group
FROM:  CB/Chief Extravelsoular Activity Brench

Viutng Vehucle (C2V2) Anteass Boom Neutral Buoyancy Laborsiory (NBL)
Testing Crew Comsensan Report

Siommary: An NSL developeent test sertes was performed on May 13 and 14, 2013, ®»
evaluate imstall of an AMS Thermal blawket and C2¥2 Antersa boom operations.

Several tasks were evahmted dunng thes bahing senes  The evalnabon results are docamented
0 the enclosed table A bnned descrphion of the magor obyectives s gven below:

AMS Thermal Bianket - The AMS thermal blanket mstalls on the m-board face of AMS with
sirags mad buciles buall o the blasket whach aftach 10 exsting stichure oa AMS. The
current plen n 50 lausch the banket, but coly matal) the blaaket f revpuired

CIV2 Antenna Booms - There ae two antenan boous whach will be intalled on S and P3
This test wars 0 evahinte trnsfer of the boom through the jomil aslock A secondary
objective win am svahustion of mstall osto S3 wd P

The astronaut test subjects partcypatng m the NBL evalustions are buted below

Androw ) Feuel Thothy L. Kupra
Jack D Frscher Stamley G Love

lﬂ“:“h““t. Burbenk (281) 244-8689 or
Oncar § ot (281) 48340612

Smeerely.
Ortpomal sipmed by
Dasiel C. Burbesk
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The fellowing svalution rutings were wsed 10 sesems the EVA basdware md taics in this teot:

Catagesy . Description
ACCEPTAILE Devign changss me 80t requised, aithough recommendations mey
[7V] be insheded v Emprove bandware opemtions.
UNACCEPTABLE | Du&.?npnn-bd. m-“mﬁfﬂﬂl
wy or high Aidelity hardware is required to verify adequacy of design
changes.
UNACCEPTABLE 3 Design shanges are raquzived. Ra-testing required fo veridy
Qan adoquasy of deaign chengee.
No coaw consensus can be scached due 1 inadequate herdware
INCONCLUSIVE Gdelhy, inappeaprinte tyat conditions or envirenment, ov
m insefficient sumber of tost subjests ased. Re-testing will be
roquised vmlews specifiad etherwise.
Asvenmym List
AMS Alpha Magnetic Spoctrometer
BRT Body Restraint Tether
ava Common Communication R Vislting Vebicless
BMU Extravehicular Mobility
BVA Bhra Vehicular Activity
MLI Muiti-Layer Insulation
NBL Neutral Buoyancy Laborstory
[, Push ia Place
[ ] Port Truss Segmeat 3
SSRMS  Space Station Remote Manipulator Systesn
v} Starbosrd Truss Segment 3
wIr Worksite Interfece
19 One Gravity
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For NBL testing the AMS biasket Wa 10lded accosdion myie

such that i would deploy parailel 1o the AMS leng «xis. The
blamket was then folded over again 10 cresss e esaily
mmagssble size which could be carried by BRT.

Lung wire-ties were used 40 restrain the bismint for Gunslesicn.
The AMS bisnkst chesid be bounsbed in this esnfigamtion
wich wiro-thes instalied

Astrossut Oflce should by presems for Gl loxach
[

5, Tha tagrel sowage pocksts for the
bleaket straps, grouading PP pins and e
PIP pin restradet block was Accepeabiie.

i wowegd ‘corner C Wl
meodified to be o hinged pocket restrained with velcro. This
chenge wes baved on crew comments provided durlag 1-0
evalostion. The NIIL weted configuration for this pockat sad
all was

B Deninica of G AMS thhst wes
ovainssed with 00 erowmanther fee fNont
nd the scond SSAMS basod. This
methed was found Acsaptable.

Instaiiation was ulse svainsted with et
avemenbars fres flont sl fend

for some cases it may be prefersbis (o e the
SSRMS 10 provids s stsble werksite st comer C. The
remalning thres cornem A, B aad D ean be completed by the
free Nost crewmesmbar,

Thave is et 2 handrall path Gem corner A 1 C or Gamn snrasr
B 1o D bixt theve is enongh sdequste srcture to provide s
acoepiable ransistion pazh to all worksltes. Based on NBL
testing ead review of fight photos tresiation slon g th paths
identified in Figure 2 would be Acceptable. Installstion of &
fairbond using a0 odjustable tether is recomsendad prior 1o

"+ Tstall of &l 4 coret STRpe (A, B, C B4
D) was Asseptable.

tranalation across
mmﬁ:sn-—c-
wadified (o he 8 chown In Figares ¢ ead 3. This

wedifisation was based on evow comments durlng 1-0
svalustien. Tits madificasion grastly shnplified swilatien 2
cormer C and wes fomand

Instalietion 58 comevs A, § mad D wes alse (ound Accoptuble
with sa

d Tstallation of the twe grounding PIP pias
end the PIP pin retsstion block (Pigares 7,
8,9, 18 mnd 11) was Acenpubls.

o were [ ]
MLI tont assembly. The tent assembly was repleced for NBL
:‘:”"‘*-'— EVA friendly roteaticn

Kdos 0004 1o ba given to the AME designen and project for
it timely efforts o incorpenits crow comments ed to

©. Partial Installation of the Blmkst by

‘somes D wes siaight frausd wilh 60

removal of strap D and tie back wes lasoen.

1%&“&; To sssist provest
ramevel and tle beok of supe D end B wme billowing additions] wire-ties were installed wlong the edige

| Acvepmtie Setwacn comers A 204 C.

Page20ld Enclosurs
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Evalustion was performed using the P3 Astmas Bosm

configuration as shown in Flgure 12. The NBL mockup
included & load sllevistor s 2 wesst cave tsat configaretion.

The 83 Antenns Boom Is besically the same sonfigarusion but

with ¢ arech sheveer engh (Pigare 13). A fsture 1! b plamned
10 evalunte sisteck eperations with both the 53 mud P Axtees
Batme.

b Crew Intion, with the PJ A
Boam restvainnd by BRT wwa

The Boom wes positioned parsiie] 15 G evemeubem body
with the near the crewesembers

b. inssall of e P3 Antonns
WE |7 wes Ascoptble.

“h_ﬁu“mmmhﬂ
Awmmﬂ_nhmnuu
lsnve room for e MU

<. Install of the P Anstans Boom (w0 the 5)
WIF |3 was lnsonchusive.

At the time of ] s ot
avaliable. Puture testing ls plasned with & £3 boom mockug
which is curvently in constrection.

Instalistion of the P sntenna at the S3 WIF |3 nite was
performed to detormine if there are any major issue. [t does
00t appear that there will be mry isswes, but testing with a
correct 5 Boom will need 10 be performed.

A loager handruil should be mstalled in place of the current
short handrail on the $3 Boom. A longer handrell will provide
room for the BRT jaws and still leave room for grasping by the

EMU glove.

Page 3 of'2 Gasler
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Figure 1 - AMS Thermal Blanket Coverage Area

Figwe 1 - AMS witheut Thermal Slenhste
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Pgure 3 - NBL Moskup with AMS blanket
Sorep wraps sround Strap wraps around
ftnt and staches %0 trunnion and
ook attaches 20 hook

Wgwe 4 - Comner € wp View

Fgure 5 - Comnar C Scuf? Plate Attachment
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Agure 6 - Comer O Astadhmant

Rgure 7 - Grounding Ovarview
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Flgure 9 - PIP FMin Retention Black Figure 18 - 1P Pin Rstention Black Sowage

Figure 11 - WP Pin Aetontion Bleck Installed
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APPENDIX D: SAFETY CERTIFICATE
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FLIGHT SAFETY CERTIFICATE
o 7if30

ATV-5/NASA/TR10PZ/AMSBLKT-1

Document Refersnce Number Dooument TRI® Date
| E8CG-6100-13-88EH- “Phaee VI Fight Gafely Data Packege (FSDP) for the AMS-02 Muft- July 2013
DOC-0007 Insulation Layer (ML1) Blanket

Function/How it works:

The AMS-02 ML Blanket will eventuslly be used (o help insulsts the iIndoard side of tha AMS-02, including the TRD pump.
ConetructionMateriale:

The AMS-02 MLI Blanket is made of Beta Cloth, Aluminized Kapton, and Aluminized Mylar. Attached to $ bisnket are one
Large Crew Hook (SEG33108084-301, GCAR G1912A), three Large French Hooks (8DG33113837-808, GCAR G18408),
four Cam Buckies (SED33104182-303, GCAR G6000), and two bonding cables with pip pins. The Crew Hooks, French Hooks
and Cam Buckles are prevously certified Govemment Fumished Equipment (GFE).

Traneporiation Configuration:

The AMS-02 MLI Blankst will be soft-stowed in & Crew Transfer Bag (CT8) for leunch.

Siowage Configuration:

The AMS-02 MLI Blanket wiil be soft-slowed aboard the IS5 in @ CTB untll i i cisared for dapioyment on the AMS-02.
Mase/Uimensions:

1&;)& (8.8 kg)'130.0 In. (330.2 cm) x 54.0 In. (1372 cm) (unfoided); 16.0 In. (40.8 cm) x 125 In. (31.8 om) x §.0 In, (12.7
cm) (foided)

Permanent Magnet Dats (W appiiceble):

There are 0o permanent magnets In the AMS-02 MLI Blanket.

Hazardous Material Summary (Blologicsl/Toxioology retinge, lonizing radistion sources, sic., I applicable):

There are no hazardous materials in the AMS-02 MLI Blanket.

Suis Dosign Life (Experiments oniyl*:

End of (89 {ife.

Sefe Operational Life (Experiments only)™:

End of ISS (ife.

* Por C 3% n0ID3 wilfsn SSP G021, ecton 3,08 1,8 andior 555 51700, secion 3.1 3. Nariesrs imnsponied on Dragen o Cygnus
shad be ™ CoraiSans a8 noled within the ouren revision of SSP S0E35, ‘153 Pressusiced Volana H Eommon \-tarta

Faguirements Docoment.”
= G0 lorm Insbruelions (1IB_DE_S0BA) R ad@iional imfsrmatien en determining sl DsslgVOperationsl 8.

20f2

153 _OB_%06 (lnitial Relewav June/2012)
Previous Bditions Ate Obsolete. Varify carvect version.
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