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PREFACE

Under the Microgravity Research, Development, and Operations Contract (MRDOC), the National Aeronautics and Space Administration (NASA) is developing a modular, multi-user experimentation facility for conducting fluid physics and combustion science experiments in the microgravity environment of the International Space Station (ISS).  This facility, called the Fluids and Combustion Facility (FCF), consists of two test platforms: the Fluids Integrated Rack (FIR), and the Combustion Integrated Rack (CIR).  Also included in MRDOC are the required support efforts for Mission Integration and Operations, consisting of the Telescience Support Center (TSC) and Mission Integration and Planning (MIP).  

This document contains the Phase III Flight Safety assessment for the CIR hardware.
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1.0  introduction

1.1 Purpose

This document has been developed to present a Phase III Flight Safety Data Package for the Combustion Integrated Rack. It has been developed in accordance with NSTS/ISS 13830, Payload Safety Review and Data Submittal Requirements; NSTS 1700.7B, Safety Policy and Requirements For Payloads Using the Space Transportation System; and NSTS 1700.7B ISS Addendum, Safety Policy and Requirements for Payloads Using the International Space Station.
1.2 Scope

The scope of this document covers the hardware descriptions, safety assessments, and hazard reports necessary for a Phase III Flight Safety Data Package for the Combustion Integrated Rack (CIR). This document also includes basic descriptions of the Multi-User Droplet Combustion Apparatus (MDCA), which contains the first experiments to be conducted within CIR. The first increment will have only one experiment, Flame Extinguishment Experiment (FLEX) which will be integrated in the CIR rack on orbit.

CIR is one of the two racks, which make up the Fluids and Combustion Facility (FCF). The CIR will operate aboard the International Space Station (ISS) in the U.S. Lab Module. The planned lifetime of the facility is 10 years, extendible to 15 years. During that time several payloads will use the CIR facility. Examples of potential payloads are mentioned in this document in order to clarify how controls might operate or to provide a boundary understanding of the hazard potential. The payloads, although they are considered, are not a part of this Phase III Safety Data Package (SDP). The payloads will have their own SDP. An integrated CIR/MDCA Phase III was held on October 19, 2005 to address the CIR and the MDCA (i.e.; intended experiment gasses, quantities and potential by-products).

The CIR will be launched in the Multi Purpose Logistics Module (MPLM) on the Shuttle and will not be powered during launch or landing phases. For launch the CIR configuration will include the Electrical Power Control Unit, PaRIS, Fuel/Oxidizer Management Assembly, Input/Output Processor, Chamber and a partially populated Optics Bench. The chamber windows, Diagnostics Packages and Experiment payloads will not be installed during launch but will be in placed in equipment stowage compartments in the MPLM. On orbit the rack will be populated with the remaining hardware. The same unpopulated configuration as launch is envisioned for landing.

The CIR will be the first FCF rack flown and it operates without the other racks. The second rack to fly, the Fluids Integrated Rack (FIR), will have some interchangeable items with the CIR, but currently no interfaces with it are envisioned. The focus of this SDP is the ISS mission phase although it will also address the launch and landing mission phases.

1.3 Package Organization

The safety data package for CIR is divided into sections, a description section, a safety assessment, and the hazard reports with associated attachments. The JSC Form 1230 and JSC Form 542B Hazard Reports are located at the end of this document for ease of reference. The JSC Form 1230 covers the standard hazards that are associated with all subsystems. Standard hazards that are subsystem specific are contained in the JSC Form 1230 addendum spreadsheet. This is to make the safety process easier when portions of the CIR are upgraded, a new PI is integrated or maintenance is performed. This will insure that all systems will be updated and reviewed for each new PI. The division of the system into subsystems (sections) is based on separation of hazard types (i.e., sharp edges, electrical shock, touch temperatures, etc.) and discipline (i.e., pressurized systems, electrical, diagnostics, etc). 

The Safety Assessment will discuss the CIR at the rack level, such things as operations, rack level hazards, stowage, and training. Examples of these hazards are EMI, acoustic noise, and materials issues (e.g. Offgassing and flammability). These have system level verifications and the JSC 1230 Form will contain many of these types of hazards. Hazards specific to packages or systems will be included. The associated Hazard Reports will be referenced in the safety assessment. 

The CIR safety process is currently being based on the conceptual FCF safety process outlined below. Prior to CIR/FCF integration, the rack(s) will proceed through the safety process outlined in NSTS 13830. Any unclosed verifications have been transferred to the verification-tracking log, where they will be tracked until acceptable completion.

At any time during the CIR/FCF safety review process, and even after integration of CIR/FCF into station, the rack will be responsible for guiding and supporting its “sub-rack” payloads successfully through the safety process. The current CIR/FCF safety philosophy is presented here highlighting the Multi-User Droplet Combustion Apparatus, MDCA, since it is the first CIR sub-rack payload.

The MDCA hazard assessment (CIR/FCF and MDCA combined effort) has been completed and all hazards are controlled by MDCA or CIR & MDCA. The responsibility for controls is outlined in a CIR to PI ICD. MDCA and CIR have undergone independent Phase II safety reviews. It has been decided that CIR will have independent Phase III safety review. Then an integrated CIR/MDCA review will follow. This is due to the complexity of CIR and the changes which are occurring in the MDCA due to the new space initiative. 

1.4 ISS Interfaces

There are six (6) types of interfaces between ISS and CIR:

· Thermal Interfaces to ISS (cooling water)

· Venting and Gaseous Nitrogen Interfaces to ISS

· Structural Interfaces with ISS

· Power Interfaces to ISS

· Communications Interfaces with ISS
1.4.1 Thermal Interfaces to ISS

The CIR interfaces with the ISS Internal Thermal Control System (ITCS) Moderate Temperature Loop (MTL).  The CIR interfaces with the ISS ITCS MTL supply and return at the rack Utility Interface Panel (UIP).  These services are routed to the Rack Utility Panel (RUP) using the flexible PARIS umbilicals, which are part of and provided as part of PaRIS. 

1.4.2 Venting and Gaseous Nitrogen Interfaces to ISS

The Gas Interface Subsystem (GIS) provides interfaces for access to the ISS provided Gaseous Nitrogen (GN2) and Vacuum Exhaust (VES) services.  Access to these services will be via fluid system Quick Disconnects (QD’s).  An interface panel is located on the side of the rack and the flexible hoses will be used to connect GN2 and VES up to the optics bench.
1.4.3 Structural Interfaces with ISS

The International Standard Payload Rack (ISPR) is an empty shell that houses all of the CIR equipment.  The ISPR provides all of the mechanical interfaces to the US Lab on board the ISS. The CIR will use the ISPR in a four-post configuration so that the maximum free volume is available for science equipment. 

1.4.4 Power Interfaces to ISS

Two connectors in the EPCU provide for the ISS Bus A (120 VDC at 50 Amps) and Bus B (120 VDC at 50 Amps) power input connections.  Although the EPCU is capable of providing bus isolation while using both busses, only one of these busses will be used at a time.  All ISS power to the rack is routed directly to the EPCU via connectors located on the UIP and RUP panels. These interfaces will be discussed more thoroughly in the electrical subsystem sections.

1.4.5 Communications Interfaces with ISS

CIR communication interfaces with the ISS at the UIP. Services are routed through the RUP to the IOP. Communication interfaces include the ISS Low Rate Data Link (LRDL), Medium Rate Data Link (MRDL), High Rate Data Link (HRDL), ISS Video along with analog, and a discrete Interface for Fire Detection and Suppression System (FDSS).
2.0 Documents

This section lists specifications, models, standards, guidelines, handbooks, and other special publications. These documents have been grouped into two categories: applicable documents and reference documents.

2.1 Order of Precedence for Documents

In the event of a conflict between this document and other documents referenced herein, the requirements of NSTS 1700.7B and NSTS 1700.7B ISS Addendum shall apply.  In the event of a conflict between this document and the contract, the contractual requirements shall take precedence over this document. All documents used, applicable or referenced are to be the issues defined in the Configuration Management (CM) contract baseline.  All document changes, issued after baseline establishment, shall be reviewed for impact on scope of work.  If a change to an applicable document is determined to be effective and contractually approved for implementation, the revision status will be updated in the CM contract baseline. The contract revision status of all required documents is available by accessing the CM database. Nothing in this document supersedes applicable laws and regulations unless a specific exemption has been obtained. The documents in these paragraphs are applicable documents for CIR.

2.2 Applicable Documents

The documents in these paragraphs are applicable to the FIR CTU to the extent specified herein.

	ANSI Z136.1-1993
	American National Standard for the Safe Use of Lasers 

	SSP-57217
	FCF-Combustion Integrated Rack Interface Control Document

	MSFC-HDBK-527F
	Materials Selection List for Space Hardware Systems

	MSFC-SPEC-522B
	Design Criteria for Stress Corrosion Cracking

	NASA-STD-5003
	Fracture Control Requirements for Payloads Using the National Space Transportation System

	NASA-STD-6001/NHB 8060.1B
	Flammability, Odor, and Offgassing and Compatibility Requirements and Test Procedures for Materials in Environments that Support Combustion

	NSTS 1700.7B
	Safety Policy and Requirements for Payloads using the Space Transportation System

	NSTS 1700.7B ISS Addendum
	Safety Policy and Requirements for Payloads Using the International Space Station

	NSTS/ISS 13830C
	Payload Safety Review and Data Submittal Requirements for Payloads Using the: -Space Shuttle – International Space Station

	NSTS/ISS 18798B
	Interpretations of NSTS/ISS Payload Safety Requirements

	NSTS-21000-IDD-MDK
	Shuttle/Payload Interface Definition Document for Middeck Payloads

	SSP 30233
	Space Station Requirements for Materials and Processes

	SSP 30237E
	Electromagnetic Emission and Susceptibility Requirements

	SSP 30238D
	Space Station Electromagnetic Techniques, General Vol. 1; vol.2, Requirements and Procedures

	SSP 30240
	Space Station Electrical Grounding Requirements

	SSP 30245E
	Space Station Electrical Bonding Requirements

	SSP 50005/NASA-STD-3000/T
	International Space Station Flight Crew Integration Standard

	SSP 52005 C
	Payloads Flight Equipment Requirements and Guidelines for Safety-Critical Structures International Space Station Program

	SSP 57000 F
	Pressurized Payloads Interface Requirements Document


2.3 Reference Documents

The documents in this paragraph are provided only as reference material for background information and are not imposed as requirements.

	FCF-IDD-CIR
	Combustion Integrated Rack Interface Definition Document Mission Integration and Planning

	FCF-DOC-003C
	Baseline System Description (BCD)

	FCF-SPC-0002
	Prime Item Development Specification - Combustion Integrated Rack

	NPG 7120. 05A, Section 4.5
	Program and Project Management processes and Requirements

	CIR-RPT-0342
	Fracture Control Summary Report

	FCF-PLN-0030
	Fracture Control Plan

	FCF-PLN-0053
	Structural Design and Verification Plan


3.0 FCF Overview and integrated description

3.1 Fluids and Combustion Facility (FCF)

The FCF is a modular, multi-user facility being developed by GRC for permanent installation in the ISS US Lab Module to support micro gravity fluid physics and combustion science.  This facility establishes an initial operational capability for micro gravity fluid physics and combustion science on-board ISS.  The project’s scope is through the design, development, production, deployment and initial operation in ISS. After on-orbit acceptance of the last FCF rack deployed, the FCF Project transitions to a steady-state utilization program.

The FCF system consists of a Flight Segment and a Ground Segment.  The Flight Segment consists of two powered racks and sufficient on-orbit stowage in ISS for FCF and payload hardware.  The two racks are the Combustion Integrated Rack (CIR) and the Fluids Integrated Rack (FIR). The Shared Accommodations Rack (SAR) was descoped.  FCF operates together with payload experiment equipment, ground-based operations facilities and the FCF ground segment to perform fluids and combustion science experiments within available FCF and ISS resources. The Ground Segment is required for operation of the FCF and for successful integration and operation of experiment hardware and software into the FCF Flight Segment.
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FIGURE 1. Fluids Combustion Facility Overview
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Three-Tier Solution for Combustion

3.2 CIR SYSTEM OVERVIEW

Components located in the CIR will consist of two (2) types of hardware; permanent facility hardware, designed to serve multiple Principal Investigators (PI), and PI-specific hardware, designed to be replaced as part of each experiment to be performed.  The CIR design is to be installed in a standard Boeing ISPR.  A folding door is used over the front of the assembled rack.

The CIR is designed to support a wide variety of combustion sciences in space. Solid, liquid and gas fuels are burned in a Chamber. Diagnostics are used to capture important attributes of the combustion event such that scientists may better understand the combustion process.

The CIR primary structural element is the Optics Bench.  Mounted to the Optics Bench will be various facility and PI-specific hardware packages to accomplish the particular experiment requirements. 

Facility hardware will include the following packages:

· 
Combustion Chamber

· 
Optics Bench

· 
Passive Rack Isolation Subsystem (PaRIS)

· 
International Standard Payload Rack (ISPR)

· 
Space Acceleration Measurement System (SAMS)
· 
Rack Doors

· 
Structural Support Hardware and Mechanisms

· 
Fuel/Oxidizer Management System (FOMA)

· 
Gas Supply and Distribution Package (GSDP)

· 
Exhaust Vent Package (EVP)

· 
Gas Chromatograph (GC)

· 
FOMA Control Unit (FCU)

· 
Diagnostics Packages: 

· 
High Bit Depth Multi-spectral Package (HiBMs)

· 
Low Light Level Ultraviolet Package (LLL-UV)

· 
Illumination Package

· 
Image Processing & Storage Unit (IPSU)

· 
Input/Output Package (IOP)

· 
Electrical Power Control Unit (EPCU)

· 
Environmental Control Subsystem (ECS)

· Air Thermal Control unit (ATCU)

· Water Thermal Control System (WTCS)

· Fire Detection and Suppression System (FDSS)

· Gas Interface System (GIS)

PI-Specific Hardware might include:

· 
Components installed individually on the optics bench

· 
Special data acquisition cards installed into the facility computer

· 
PI-specific cameras used instead of facility cameras

· 
PI Avionics Package

· 
Chamber Insert Assembly (CIA).

Note the Mid-Infrared Package (MID-IR), High Frame Rate/High Resolution Package (HFR/HR), Low Light Level Near Infrared Package (LLL-IR), and the Color Package have been descoped. For purposes of this document, only the hazard control interfaces between the CIR and the PI-Specific hardware and software will be discussed in the PI-Specific sections. Each PI will develop their own SDP, which includes a description and hazard assessment of their payload.

3.2.1 CIR Hardware

The CIR is designed to support a wide variety of combustion sciences in space. Solid, liquid and gaseous fuels will be burned in an atmosphere controlled pressure chamber. Scientists will use the available diagnostics to capture important attributes of the combustion event to better understand the process of combustion. 

The CIR was designed for on orbit refurbishment, maintenance and future growth. Maintenance and upgrades will periodically be necessary as components no longer perform desired functions or as new technology develops that greatly enhance the capabilities of the CIR. Packages were designed and divided into units, which break down into easily replaceable ORUs. A flight like Ground Integration Unit (GIU) will be developed and used for verifying future flight hardware and testing equipment spares and upgrades or for potential workarounds during troubleshooting.

The CIR is made up of a gas mixing system called the Fuel/Oxidizer Management Assembly (FOMA) that is used for mixing various fuels, diluents and oxidizers as well as provides for evacuation of acceptable gasses from the chamber into the VES. The FOMA Control Unit (FCU), which is a main processor that receives signal from the ground through the IOP and performs requested functions within the FOMA. A combustion chamber, which is designed as a pressure vessel for containment of the desired combustion event as well as the combustion byproducts. An Optics Bench for mounting optical diagnostics used for viewing and or illuminating the combustion event. The Electrical Power Control Unit (EPCU), which converts  station power into a conditioned electrical power supply and controls individual electrical  power outputs. A Gas Chromatograph (GC), which is capable of sampling the chamber gasses and provide feedback to ground personnel of quantities, amounts. An Environmental Control System (ECS) to dissipate heat and thermally condition the rack atmosphere. 

Control and data storage/transmission are performed in the CIR rack via the Input/Output Processor (IOP), which provides control and communication interfaces. The Station Support Computer (SSC) will be used for crew interface to the IOP. The FOMA, Chamber, VES, and GC are further described in the Pressurized Subsystem Discussion. The Optics Bench, mechanical and structural items are described in the Mechanical and Structural Subsystem Description. FCF standard and mission specific diagnostics equipment, Image Processing and Storage Units (IPSU’s) and the Space Acceleration Measurement System (SAMS TSH-ES) are covered in the Diagnostics Subsystem Description. Electrical items such as the EPCU, IOP, and SSC are covered within the Electrical Subsystem Description. Thermal control, smoke particulate Fire Detection and Suppression System (FDSS) are covered in the Environmental Control Subsystem Description. Software issues will only be covered in the hardware sections that the software resides within.

Integration of all hardware including the Fire Detection and Suppression System are covered in the Integrated Subsystem Description.  The FOMA, Chamber, VES and GC are described in the Pressurized Subsystem Description.  The Optics Bench, mechanical items and structural items are described in the Structural and Mechanical Subsystems. The Diagnostics packages are included in the Diagnostics Subsystem Description. All Electrical components including the EPCU and software commanding are covered in the Electrical Subsystems Description. Thermal control is covered in the Environmental Control Description. 

A description, and safety assessment of Government Furnished Equipment (GFE), such as the Station Support Computer (SSC), will be addressed in the corresponding subsystem of which it is a part. The following hardware is considered GFE:

TABLE I. Government Furnished Hardware

	Hardware Item
	Provider
	Subsystem

	Passive Rack Isolation Subsystem (PaRIS)
	Boeing
	Structural/Mechanical

	Electrical Power Control Unit (EPCU)
	Hamilton-Sundstrand/ NASA Glenn
	Electrical 

	International Standard Payload Rack (ISPR)
	Boeing
	Structural/Mechanical

	Space Acceleration Measurement System (SAMS)
	NASA Glenn
	Structural/Mechanical

	Smoke Detector (Area)
	ISS
	Environmental Control

	Station Support Computer
	ISS
	Electrical

	Water Flow Control Assembly (WFCA)
	Preece
	Environmental Control

	Accumulator
	Boeing
	Environmental Control


3.2.2 CIR Installation and Check-out

The initial responsibilities of the flight crew will require moving the CIR from the MPLM to the U.S. Lab and installation to its permanent location.
Initial set-up of the CIR will involve a member of the flight crew performing a rack rotation, removal of launch attachment fasteners and brackets, installation of Passive Rack Isolation System (PaRIS) hardware, removing the CIR Chamber strut from the rack (FIGURE 3), installing and configuring the CIR diagnostics in accordance with the requirements of the Multi-User Droplet Combustion Apparatus (MDCA) CIA. For initial setup, the crewmember will first be required to follow approved procedures to insure that all power inside the rack has been eliminated before opening the folding doors that cover the CIR in order to gain access to the optics bench where the experiment will be configured. 

3.2.3 CIR Operations Overview

Operation of the CIR will be conducted primarily from the NASA Glenn Research Center (GRC) Tele-science Support Center (TSC).  Remote PI sites may also be equipped to support science operations through the TSC.

The Ground Team at the TSC will monitor facility health and status, and control facility functions.  The PIs will monitor their experiments from the TSC or their remote sites.  Up- linking of new test parameters and commanding operations originate at the TSC and are routed through the Payload Operation and Integration Center (POIC) at MSFC .  The flight crew will not be the primary CIR operator – flight crew will be used for experiment set-up, reconfiguration, maintenance, and troubleshooting.  Downlink data will be stored at the TSC, and distributed to the PI site.  The capability will exist to issue commands to the CIR from an on-orbit laptop computer.

The CIR will limit its use of the flight crew to the following activities:

· CIR installation and visual check-out

· Setup activities required for initial experiment operations such as installing PI hardware.

· Power Up/Power Down

· Reconfiguration/re-verification activities, involving movement of diagnostics to new locations, replenishing consumables, etc.

· Critical Science Operations

Maintenance activities will consist of recalibrating or replacing sensors, replacing filters and conducting scheduled maintenance.

Some possible maintenance items are window change out, replacing and/or recalibrating sensors, and replacing filters.  The Chamber may have the windows changed periodically for optical requirements, analysis has shown the windows have more than adequate life for the life of the CIR on orbit with the appropriate factors of safety. Procedures are in place for removing and installing windows. Cleaning of the Chamber may be necessary periodically due to build up of films of carbon compounds, which are not pulled off during the evacuation process. Cleaning procedures that use acceptable wipes will be generated for cleaning of the Chamber. The windows may be removed for this cleaning.

The following items are currently considered On-Orbit Replaceable Units (ORUs): Diagnostic Packages (consisting of modules which each can be replaced), Image Processing and Storage Unit (IPSU), FOMA Control Unit (FCU), PI specific electronics, Chamber Insert Assemblies (CIA), Gas Bottles, and Adsorber Cartridge. Other items will be removable on orbit, but will not be designed for regular replacement.

Concepts and hardware discussed in this section will be further described in specific sections of this Safety Data Package (SDP).

3.2.3.1 Power Up

Prior to operating, the CIR will be in an un-powered or idle state. Once the CIR has been given the authorization to begin, power will be applied at the ISS interface, which will automatically power up the IOP through the EPCU. The IOP boots up as the bus-master of the CIR 1553 bus, the air thermal control system begins to provide thermal control and the smoke detector is powered to provide fire detection. The IOP completes built in testing and monitors the flight system. Health and Status data is provided to the payload Multiplexer / Demultiplexer (MDM) over the ISS 1553 bus and down linked during this time.  When the ground operations team is ready, they will issue commands through the Payload Operations and Integration Center (POIC) and the Space Station Control Center (SSCC), which will then be up-linked to the CIR IOP. These commands tell the IOP to provide power to the desired systems through the EPCU and ready the systems required for the scheduled science operations. These systems will be the FCU, image processing packages as well as the specific diagnostics needed for the current experiment. When the ground team is satisfied that the facility is operating nominally experiment operations can begin.

3.2.3.2 Generic Experiment Operations

Experiment operations will be closely coordinated between the CIR operations team and the PIs that are operating from a remote site(s) as documented in the CIR to PI Integration Agreements. Commands are physically routed through the POIC at the Marshall Space Flight Center (MSFC) where they are source and destination verified.  Then the commands are sent through the Tracking and Data Relay Satellite System (TDRSS) to the ISS. Once on board, the command goes through the Payload MDM to the CIR IOP.  The IOP may provide an acknowledgment of receipt. The IOP will then begin executing the command and provide status to the ground. Experiment operations proceed in one of several modes.  Droplet combustion experiments are performed primarily in a quiescent chamber environment, although gas flow over the droplet is envisioned for at least some cases. Solid fuel experiments are performed in a small flow tunnel to provide a low flow environment. For those experiments, as the oxygen is consumed by the flame, makeup O2 may be added.  The gaseous fuel experiments may be flowing or quiescent. Experiments with a burner have gas injected from the burner into a quiescent environment. Other gaseous fuel experiments are pre-mixed, where the fuel and oxidizer are thoroughly mixed in the chamber prior to ignition. 

Once the command to begin experiment operations is executed, the Fluid Oxidizer Management Assembly (FOMA) controlled by the FCU will fill the combustion chamber to a predefined pressure and gas mixture. Once the chamber is filled, the experiment is commanded to begin and high-resolution digital data is collected and stored on the Image Processing and Storage Unit (IPSU) as required by the experiment and the particular test point.  Low-resolution data will be down linked over the ISS video system through the CIR video switch and the Common Video Interface Transmitter (CVIT).  This low-resolution data will be used to determine the general status of an experiment.  The high-resolution data is the desired science data.  Data that is in excess of the required health and status data but is required for science and facility operation such as temperature, pressure and GC data would be down linked over the moderate rate link and or the low rate link.  PIs can run single or multiple test points depending on their science objectives and data requirements.

During and after the combustion event, chamber exhaust products will be processed in order to prepare for venting the combustion chamber to space.  Specific processing will be dependent upon the science being conducted as well as the exhaust products. Once processed the exhaust products will be vented in accordance with availability of the ISS vent system.

Once a test point is conducted and the high-resolution digital data stored on the IPSU’s, the CIR will be commanded to transfer the data. This command to transfer the data will cause the IPSU to write the data to the IOP hard drive and wait for the High Rate Link (HRL) availability.  When the HRL becomes available, the data will be written from the IOP hard drive to the High Rate Data Link (HRDL) interface. The maximum rate for this is 30 Mbps. 

Use of the HRL for downlink will be coordinated with the POIC. In general the use of the HRL will be planned in advance based on requirements submitted in the Payload Integration Agreement during the increment tactical planning phase and the weekly planning sessions.  When the timeline indicates that the CIR is to use the HRL, the CIR ground team can verify with the POIC that we are enabled or they can monitor the downlink. 

Once downlink of the science data is initiated, the data is sent to the Payload Data Services System (PDSS) at the POIC through TDRS/White Sands. Processing of the raw telemetry will also be available.  The PDSS will strip out CIR data to be sent to the Tele-science Support Center (TSC) for storage, archiving and distribution to the PI for analysis.  Distribution may be through physical medium or electronic access depending on PI requirements.  If the PI site is set up for tele-science operations (equipped with the necessary communications hardware for high data throughput), the science data can be sent directly to their site.  

Once the PI and the ground team are certain that the data has been received and is verified, the data on the IPSU will be erased.  After the data has been received and analyzed, the PI can plan his next series of test point.  After the data has been received and verified, the CIR can either be shutdown by the CIR ground team or a new series of test points can be initiated. If some additional setup is required, the CIR will be powered down and the desired equipment installed.

The CIR is designed to accommodate planned and contingency maintenance. Planned maintenance will be conducted based on reliability and hardware maintenance analysis conducted during the design phase. Orbital replacement units (ORUs) identified for planned maintenance will be replaced and returned based on their accumulated operating time (including any ground operating time, e.g. burn in and EMI tests). Contingency maintenance will be conducted in response to unanticipated hardware failures and will rely on software and hardware troubleshooting techniques to identify the problem and possible workarounds.
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Removal of CIR Support Strut

Crew access to the internal rack requires switching the EPCU Power Switch and the Rack Power Switch to the OFF position. These procedures will insure that all power to the in the rack has been eliminated and all ISS power to the EPCU has been eliminated. 

Prior to PI-specific experiment installation, the CIR standard diagnostics will be required to be configured. For installation of the equipment on the backside of the optics bench, the crewmember will release the optics bench by depressing the latch holding it to the back of the rack.  The optics bench may then be slid to its forward position and locked in place for easy crew access.  The crewmember may next release the latch holding the bench vertical and rotate the bench to its horizontal position. The crewmember can then unstow and install any or all of the CIR hardware attached to the back of the bench: FCU, PI Avionics Box, IPSU, IPSU-Analog, HiBMS Package, Illumination Package, and an LL-UV Package. The HFR/HR Package and LLL-IR mentioned at Phase II have been deferred and will be developed for later flights. The IPP Package was eliminated. Next PI Specific experiment hardware can be installed such as: HiBMs w/PI Camera (if required), PI Avionics Box connections (as needed), and any umbilicals as determined by approved crew procedures. Following initial configuration of equipment on the rear of the Optics Bench, it can be rotated back to its vertical position and latched in place.

The crewmember will then unstow and install CIR standard diagnostics or any PI specific experiment hardware on the front of the optics bench such as: GC, Adsorber Cartridge, GC check gas bottles, and experiment specific gas bottles. 

The Chamber Insert Assembly can then be retrieved from the stowage area and any initial setup of the CIA would then be accomplished. Once the CIA has been readied for operation the chamber door will be opened through approved crew procedures and the Chamber Insert Assembly (CIA) will be lined up with the slide rails and inserted into the chamber. Umbilicals will be connected to the CIA from connectors on the Interface Resource Ring (IRR) and the Chamber door will be closed and locked as per the approved crew procedures.

The chamber assembly could consist of using a specialized calibration only type CIA or the MDCA CIA could be used for initial set-up and checkout. After installation/attachment of major components to the front of the Optics Bench, front interfaces will be connected, such as gas umbilicals, electrical power, etc., and rough alignment of diagnostics will be performed (precision alignment will be done autonomously from the ground). 

The Optics Bench can then be unlocked from its full forward position and slid back to its operational position at the rear of the rack and the crewmember will close the rack door.

The crew will then follow the approved crew procedures for energizing the rack, which will include placing the Rack Power Switch and the EPCU Power Switch to the ON positions. 

Upon completion of this task and after the IOP has completed its rack initialization stage, the TSC/CIR personnel will complete major hardware checkout for CIR. At this point, commands to experiment initiation can now be accomplished either by the crew using a laptop computer, or from the ground. See the MDCA Experiment Setup Scenario.  See FIGURE 4, FIGURE 5, and FIGURE 6 for additional details for experiment set-up on-orbit.

3.2.3.3 MDCA Experiment Setup Scenario

The Multi-User Droplet Combustion Apparatus (MDCA) is the first scheduled sub-rack payload to be launched and used with the CIR. MDCA has been designed to provide precise placement and ignition of fuel droplets in a micro-gravity environment. The first such experiment will be Flame Extinguishment Experiment (FLEX). 

Once the CIR is powered and operating nominally, the PI will be permitted to perform commanding of experiment specific equipment.  These may be the parameters for a single test point, or a series of test points.

On-orbit operations begin with Experiment Set-Up.  Experiment Set-Up involves configuring both the CIR and MDCA hardware and is considered the deployment of the MDCA hardware.  The following lists the steps in Experiment Set-Up.

· Translate and fold down optics bench.

· Un-stow and install MDCA Avionics Package and diagnostics.

· Fold up Optics Bench.

· Open Combustion Chamber per approved crew procedures.

· Un-stow the MDCA CIA. 

· Un-stow and install initial Fuel Reservoirs.

· Install MDCA CIA.

· Close Combustion Chamber per approved procedures.

· Un-stow and install initial adsorption cartridge & "gas supply" bottles.

See FIGURE 4 for Experiment Set-Up sequence.

3.2.3.4 MDCA Test Operations

On-orbit operations continue with Pre-Test Operations. Pre-Test Operations involve preparing the CIR and MDCA hardware for Test Point Operations.  The following lists the steps in Pre-Test Operations:

Open manual gas valves.

Close CIR door.

Apply power to the CIR and perform CIR self-test.

Perform MDCA hardware/diagnostics checkout and science verification.

Evacuate Combustion Chamber.

See FIGURE 5 for Pre-Test Operations.

Following the Pre-Test Operations are Test Point Operations.  Test Point Operations involve setting test point operating parameters, conducting experiment test points and obtaining both science and experiment health data.  The following lists the steps in Test Point Operations:

· Establish desired Combustion Chamber atmosphere

· Up link test point parameters

· Perform experiment test point operations

· Downlink experiment data to the ground

· Reconfigure test chamber environment

· Repeat Steps as desired

· Power down MDCA and CIR

· De-configure MDCA

See FIGURE 6 for a complete MDCA operations flow including Experiment Set-Up, Pre-Test Operations and Test Point Operations.

At the conclusion of all MDCA testing, the CIA, the Avionics Package and any required diagnostic equipment is removed from CIR and placed into stowage.  During the course of experiment operations, consumables will be changed out.  These consumables include gas supply bottles, Fuel Reservoirs, and Fiber Arms. 

3.2.3.5 Number of MDCA Test Points

The estimated number of test points for the following experiment is based on probabilities of success from previous experience and drop tower testing. FLEX has a test matrix with 189 points in their SRD. .

FLEX requires the following gasses based on 396 test points:

· 15- 2.25 liter Bottles


· 
8 2.25 liter 40% O2 - 60% CO2 bottles

· 
5 2.25 liter 40% O2, 20% CO2, 40% N2 bottles

· 
2 2.25 liter 40% O2 - 60% N2 Bottles

· 6- 3.8 liter Bottles


· 
6 3.8 liter 100% CO2 bottles
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FIGURE 4. CIR-MDCA Set-Up
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FIGURE 5. CIR-MDCA Pre-Test Operations
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FIGURE 6. MDCA Flow Diagram

3.3 Crew Interaction

Expected interaction of the flight crew with the flight hardware requires that the appropriate design and procedural controls be in place to prevent a mishap. While the experiment is designed with sufficient hardware redundancy such that the crew is not needed for real time hazard control, setup operations routinely accomplished on the ground must be rigorously controlled on-orbit due to the potential effect that could result if a mishap were to occur. The crew will be asked to power up and power down the rack by switching the Rack Power Switch and EPCU Power Switch) ON or OFF.

Any color-coded markings will be accompanied by alphanumeric notation. The CIR will be designed such that any required access to the hardware during flight or ground operations can be accomplished with minimum risk to personnel.

The CIR design will not impede emergency IVA egress to the remaining contiguous pressurized volumes.  Crew egress time from experiment apparatus shall be less then 30 seconds. The CIR optics bench will protrude into the aisle when fully rotated to its horizontal position.  However, the protrusion will not impede emergency egress.

Local visual indicators will not be used as the only source of safety monitoring unless the flight crew is actively engaged in payload operations at the visual indicator location.  CIR will use the ISS caution and warning system to notify the crew of an emergency situation.

Payload equipment will not be reconfigured, erected or operated upon in a manner which could present a hazard to the crew, ISS/Orbiter, or which would make it unsuitable for safe return if the item is planned for return.  The payload will not be powered during ascent and descent.

4.0 CIR STRUCTURAL AND MECHANICAL SUBSYSTEMS

4.1 Hardware Description

This section covers the structural and mechanical aspects of the CIR. This includes a description of equipment such as the Rack Door, Optics Bench, structural rack attachments and miscellaneous mechanisms. Ability to remove for stowage or retain for landing will be discussed. Fracture Control and Structural verification are covered for all aspects of the CIR. Chamber and pressure systems are covered in the Pressurized Subsystem Description. The Air Thermal Control Unit (ATCU) and Water Thermal Control System (WTCS) are covered in the Environmental Control Subsystem Description.

4.1.1 Rack Doors 
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It incorporates the following features:

· Allows full or partial access to rack components

· Rack stiffening and load distribution during transport to orbit. 
· Physical barrier providing containment of air thermal control and fire suppression media at the rack frontal boundary

· Attenuation of acoustic emissions from within the Facility Racks

· Designed for maintainability






· Mass of Door Assemblies (Upper and Lower door Assembly together ~ 35 kg)

· 4 captive socket head screws used to secure Doors on-orbit
· Panels replaceable from front of rack
· Rack Door Switch
· Rotational Stops

· Constant force hinges

Both upper and lower doors rotate 92° 
FIGURE 7. Rack Doors
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FIGURE 8. Structural Augmentation to the ISPR During Launch/Landing
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FIGURE 9. Securing Rack Door On Orbit


FIGURE 10. Rack Door Switch  


4.1.2 Optics Bench

The Optics Bench is the primary mounting structure for the diagnostics, the Chamber, the FOMA Controller Unit (FCU) and the FOMA. For launch and landing loads, the Optics bench is mounted to the rack by four brackets that spread the load out to the posts from the four mounting points that directly tie into the bench. The Optics Bench is hollow using both sides as component mounting surfaces with the Combustion Chamber mounted perpendicularly through the center. On the FOMA side of the plate are located the gas supply bottles, mass flow controllers, gas loop filter and Gas Chromatograph. On the diagnostics side of the plate corresponding to the window positions on the Chamber are locations for mounting easily released optics packages, including cameras, lasers, mirrors, optical filters and control electronics. Electrical harnesses are located within the Optics Bench. The Optics Bench/Chamber assembly translates out of the rack and rotates down for accessibility to both sides of the Optics Bench (see FIGURE 19, FIGURE 20, FIGURE 21 and FIGURE 22).

The Optics Bench (shown in FIGURE 11) provides the necessary pass through and interfaces for electrical and cooling connections to the mounted hardware. The Optics Bench also provides mounting for Diagnostic Packages and the Combustion Chamber. The Optics Bench is 865 mm (W) by 1245 mm (L) by 100 mm (D).

Physical Characteristics:

· 
7075-T7351 Aluminum

· 
902mm (W) x 1245 mm (H) x 100 mm (D) (Not including slide rails)

· 
Surface finishes – Electro-less Nickel
· 
4 Point launch restraint w/ 3/8-24 fasteners

· 
Pin restraint for on orbit operation

· 
Thru Bench cooling

· 
Internal stiffening of Bench for FOMA components

· 
2 bay connector Universal Mounting Location (UML)
[image: image6.png]



FIGURE 11. Optics Bench

· For launch loads the Optics Bench is attached to the rack at the four corners of the Optics Bench with (6) 3/8 socket head cap screws at each location.
· On-orbit, 6 pins will restrain the bench, two X pins, two Y pins and 2 Slide pins (pins in the slides). 

· Note the slide assembly also provides structural support (not shown).
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FIGURE 12. Optics Bench Connection Points Both On-Orbit & Launch/Landing
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FIGURE 13. Optics Bench Cooling

The cooling air is routed into the optics plate directly from the Air Thermal Control Unit (ATCU). 
The internal Optics Bench acts as a plenum for cooling components mounted externally. The cooling air then flows directly thru the Image Processing and Storage Unit (IPSU), Diagnostics, Fluid/Oxidizer Management Assembly (FOMA), Principal Investigator (PI) box, FOMA Control Unit (FCU) and Gas Chromatograph (GC). 

Testing conducted on the flight bench has demonstrated that there is uniform airflow thru Unit Mounting Locations (UMLs). 

4.1.3 Air Thermal Control Unit Rack Attachment Bracket

The Air Thermal Control Unit (ATCU) Attachment Bracket (shown in FIGURE 14, FIGURE 15 and FIGURE 16) is used to interface the ATCU with the ISPR posts. A cross member attachment interface for the rack doors are mounted between these brackets. 
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FIGURE 14. ATCU Mounted in the ISPR
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FIGURE 15. ATCU Rack Attachment Bracket
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FIGURE 16. ATCU Mounted to Rack Attachment Bracket

4.1.4 IOP and EPCU Attachment Center Post 

The Center Post (shown in FIGURE 17 and FIGURE 18) provide an attachment point for the Electrical Power Control Unit (EPCU) and the Input/Output Processor (IOP). It provides a mounting structure for the Optics Bench Lower ARIS Pin Mechanism and utilizes existing attachment points on the ISPR.

The left side interfaces with the EPCU and the right side interfaces with the IOP including slides, rear pin receptacles and launch mounting bracket. Besides allowing for attachment of the Optics Bench Lower ARIS Pin Mechanism it provides for even load distribution from the EPCU and IOP to the ISPR posts.
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FIGURE 17. ISPR Center Post
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FIGURE 18. Front/Rear View of Center Post with I/O Processor and EPCU

4.2 Mechanisms

4.2.1 Optics Bench Slide Mechanism

The Optics Bench Slide Mechanism allows for a controlled translation and rotation to provide easy access to the backside of the Optics Bench. The mechanism was specifically designed for CIR due to its greater mass and longer translation requirements; however, the design also accommodates the Fluids Integrated Rack (FIR), The slide mechanism is mounted to the International Standard Payload Rack (ISPR) posts and the lower Optics Bench launch restraint plate and interfaces the Optics Bench at its natural pivot point. A rotational brake is utilized control the rotational deployment of the Optics Bench. Ground Support Equipment (GSE) will be required to rotate the Optics Bench to its horizontal position when on the ground. Ground operations are generally performed with the brake mechanism disengaged to limit wear. Translation of the Optics Bench with the brake disengaged will require the attachment of GSE anti-rotation devices. No extra equipment will be required for on-orbit translation or rotation of the bench. 

The Slide Mechanisms are commercially available bearing assemblies to assure a smooth motion and adequate structural strength. The fabricated interface hardware is made of both stainless steel and aluminum components, which have been optimized for structural strength and weight management.
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FIGURE 19. Optics Bench Slide Mechanism Mounting Locations
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FIGURE 20. Optics Bench Slide Assembly
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FIGURE 21. Optics Bench Rotational Brake

[image: image16.png]



[image: image70.png]data'ddata',proe\67210mera000\67212MELH100.ASM.33+ 444+

*+*Pro/ENGINEER Assembly: 67212MELH100 Re:

Bl Info Vew Uiities Appications Anslysis Window Help

DSEPS de'f'F e Dagams

Huaadoe

“SPPNZM = QPEN PART < OPENASSY = OPENDRAW = INENY = MMENV K2

@ Indicate two locations to define a box for the zoom area.




[image: image71.emf]
FIGURE 22. Optics Bench Rotation and Translation

4.3 PI Specific Equipment

PI specific Equipment is that hardware which the Payload Developer builds for a specific experiment. Some of the equipment may be mounted on the Optics Bench. The main portion of the equipment will be a Chamber Insert Assembly (CIA) which is designed to be inserted into the combustion chamber. The CIA provides the necessary structure for the intrusive diagnostics (i.e. thermocouples, soot collectors etc.), igniters, sample cells, radiometers, flow tunnels, humidity sensors, and interface hardware to the CIR. In general CIA Physical Characteristics are 396 mm (D) x 600 mm (L) maximum. An Electronic Support Package is also provided to house any additional electronics that are required by individual experimenters. The Physical Characteristics are 175 mm (D) x 275 mm (H) x 250 mm (L) maximum. This box will fit on the Optics Bench.

5.0 CIR PRESSURIZED GASEOUS SUBSYSTEMS
The items that constitute the CIR pressurized subsystems are the Combustion Chamber and the Fuel/Oxidizer Management Assembly (FOMA). This section is specific to the gas system. The pressurized thermal control system (water) is covered in section 5. The Combustion Chamber contains the specific experiment and provides all the necessary interfaces (power, data, command and control, water cooling, and gas connections) for the experiment package.  The FOMA, which is comprised of the Gas Supply and Distribution Package (GSDP), the Exhaust Vent Package (EVP), the Gas Chromatograph (GC) and the FOMA Control Unit (FCU), provides gaseous fuels, oxidizers and diluents to Combustion Chamber. In addition, the FOMA provides the interface to the ISS VES and can sample the chamber environment for gas composition.

The gaseous environments are delivered to the Combustion Chamber either in CIR provided bottles or from the ISS Nitrogen supply. CIR and the Principal Investigators (PI) will be co-responsible (per the interface agreement) for providing the charged cylinders and the safety assessment of the gasses contained in the cylinders will be the responsibility of the Principal Investigator (PI).  

The EVP contains an Adsorber Cartridge, which is provided by the CIR, but driven by the specific experiment requirements. The Adsorber Cartridge is used to clean the by-products of combustion to acceptable levels defined by the ISS. The safety assessment for the adsorber cartridge by-products will be the responsibility of the PI.

The FCU is the controller that operates all FOMA components. It is a microprocessor with software written to control FOMA operations.  The CIR Input/Output Processor (IOP) monitors the FCU function and can override and shut down the CIR safely in the event of out-of-range or conflicting commands. The CIR has been designed to accommodate the following types of combustion experiments:

Solid Fuel – The chamber will be filled with a diluent/oxygen blend and an experiment provided solid fuel will be burning. An experiment of this type would be the Solid Surface Combustion Experiment (SSCE) or Flow Enclosure Accommodating Novel Investigations in Combustion of Solids (FEANICS).

Liquid Fuel – The chamber will be filled with a diluent/oxygen blend and an experiment provided liquid fuel will be burned.  Previous/current experiments of this type are Spread Across Liquids (SAL) and Droplet Combustion Experiment (DCE).

Gaseous Fuels – The chamber will be filled with a diluent/oxygen blend and a gaseous fuel will be injected and burned.  Previous/current experiments of this type are Turbulent Gas-Jet Diffusion Flames (TGDF), Smoke Point in Co-flow Experiment (SPICE) and Laminar Soot Processes (LSP). Another variation would be to fill the chamber with a diluent/oxygen/fuel blend and then ignite the mixture. An Experiment of this type would be the Structures of Flameballs at Low Lewis Numbers (SOFBALL).

Flow Through – The nitrogen gas flow to the chamber is approximately equal to the venting of the chamber.. Flow of oxygen into the chamber is not enabled while the chamber is vented. Typically, these types of experiments use solid fuels. One experiments of this type that would use a solid fuel could be the Radiative Transport Controlled Fire (Dartfire). 

The CIR provides experiments with electrical and quick disconnect fluid connections at the Interface Resource Ring (IRR). The chamber door is hinged and has an 8-tab breech device for easy opening and experiment installation and removal.  There are also eight windows, which are removable from inside the chamber. This allows the combustion event view port to be customized, if required, for a given experiment. The Diagnostic Packages can be arranged around the outside of the chamber to capture the experiment activities through any of the 8 window locations.

5.1 Combustion Chamber

The Combustion Chamber is shown in FIGURE 23. It consists of five major components: The window section, the rear end cap, the Interface Resource Ring (IRR), the front end cap, and the breech lock mechanism. The end caps are curved and were designed to approximate a 2:1 ellipse. The chamber is designed to meet requirements of MIL-STD 1522 modified by NSTS 1700.7b. It is mounted such that it passes through the Optics Bench and is attached to the Optics Bench with a bolted flange. The chamber is hard black anodized 7075-T7351 Aluminum to improve wear capability and optimize the environment for optics. Eight replaceable windows are mounted in the window section. The windows are replaceable from inside of the chamber without the need for tools, and are designed with a built in ratchet mechanism to avoid inadvertent release. The replaceable transparent material of the window is currently Sapphire (Al2O3), however the replaceable window materials could be made of other materials, which would be PI specific. The chamber is designed to contain the combustion experiment, the equipment required to generate that experiment, and the gases and pressures that would result from said experiment.

Chamber Physical Characteristics:

· Material: 
7075-T7351 Aluminum

· Internal Dimensions: 
400 mm (ID) x 900 mm (L) (center of end cap to center of end cap)

· CIA useable: 
396 mm (W) x 600 mm (L)

· Internal free volume:
105 liters 

Performance Capabilities include the following:

· Maximum Design Pressure:
931 kPa (135 psia) 

· Window Field of View: 
115 mm

· Orthogonal View:
8

· Seals:
Redundant O-Ring seals (not including instrumentation)

· 8 Fluid Connections:
1 - 
High Pressure Gas
 (SV20)
1 - GC sample port(SV15)


2 - SS Coolant inlet and outlet

1 – Fuel (SV16)

1 – Static Mixer (SV18)
1 – Manual Vent (MV5)

1 – Vent (SV21)

1 – Re-circulation Return (SV19)

· Window Transmission Wavelength:
0.25-5.5 μm

· Instrumentation:
Thermistors, Pressure Transducers and Pressure Switches

· Atmosphere handling:
Inlet and outlet for re-circulation loop Mixing Fan

· Power and Data:

· JCTC1–
Provides 40 pairs of #22 gauge wire between IRR and PI Avionics connector through the Optics Bench

· JCTC2 – 
Provides 27 pairs of #20 wire pairs between IRR and PI Avionics connector through the Optics Bench

· JCTC3– 
Provides 2 Fiber Optic, single-mode 9.0 core/125 Cladding, 2 RG-179 coaxial cables and 5 pairs of #16 gauge wires to the PI Avionics location through the Optics Bench.

· JCTC4 – 
Provides 49 pairs of #22 gauge wire pairs between IRR and PI Avionics connector through the Optics Bench
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FIGURE 23. Combustion Chamber

5.1.1 Chamber Windows

The Diagnostic Packages are arranged around the outside of the Chamber, and are aligned to view the interior of the Chamber through sapphire windows. Eight windows are symmetrically located around the Chamber 45° apart and provide optical access for the Diagnostic Packages. The windows shown in FIGURE 24 are removable from the inside of the Chamber for easy service or change out. This allows the use of alternate window materials with various wavelength transmission characteristics. The baseline window material is Sapphire (Al2O3), which is 8 mm thick. Other possible window materials could include: Fused Silica, ZnSe, or CaF2 dependent on the experiment and requirements. The windows may or may not have an optical coating applied. Coatings could be used to prevent glare and reflection or block out certain wavelengths of light. The windows have redundant seals and a built in ratchet mechanism to prevent inadvertent release. Vacuum grease is applied to the seals during installation by the flight crew. Soft foam covers (not shown) are installed on both sides of the Sapphire material during launch and removed during installation into the chamber.  These covers prevent inadvertent scratching of the frangible material during launch and handling.
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FIGURE 24. Chamber Windows Inserts

5.1.2 Interface Resource Ring (IRR)

The Interface Resource Ring (IRR) shown in FIGURE 25 is the location at which all of the power, data, and fluid connections are made between the CIR and the CIA. The IRR can provide high-pressure gas, mixed gases, fuel, premixed fuel, gaseous oxygen (85% max), gaseous nitrogen, vacuum (VES interface), coolant and power and data connections. Two thermistors, two pressure transducers and one pressure switch are also located on the IRR. The outlets to both the manual vent valve and the solenoid vent valve have filters to prevent inadvertent release of particle into the vent system. All make/break fluid connections are made utilizing quick disconnects. The electrical connections will be made utilizing MIL-C-38999 connectors with back shells.  The IRR feed through connectors have been designed to meet the spacing requirements of NASA-STD 3000 & SSP 50005 and will be capped off when not in use to prevent contamination or leakage.

PI Interfaces to the CIR Fluids Systems via QD’s and specified in the Interface Definition Document (IDD). 
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FIGURE 25. Interface Resource Ring

5.1.3 Chamber Insert Assembly (CIA)

The Chamber Insert Assembly (CIA) (CIA shown is used for the MDCA experiments) is shown in FIGURE 26, fits inside the Chamber. The CIA may or may not have pressurized hardware on it depending on the experiment. The CIA will most likely be exposed to vacuum inside the chamber and the operational pressure in the chamber will be determined by the experiment and CIR constraints.  This section will also address hazards, which are associated with PI specific hardware/operations but are typical for experiments using CIR. They are presented here because CIR will be providing some of the hazard controls and verifications. These hazards will also be addressed in PI specific SDPs where applicable and will be addressed in the CIR/Payload integrated Phase III SDP.


[image: image20.wmf] 


FIGURE 26. MDCA Chamber Insert Assembly

5.1.4 Chamber Door

The Chamber door shown in FIGURE 27 is hinged and has an 8 tab breech device for easy opening and easy CIA installation 

The on-orbit opening procedure for the chamber door is as follows:

1.
Verify with ground that the chamber pressure has equalized with the cabin pressure and is filled with a non-hazardous gas.

2.
Pull the plunger at the lower left hand size of the locking ring on the chamber and turn it a quarter turn to release the locking mechanism for the door.

3.
Turn the lock ring utilizing the blue handle until the lock ring stops.  At this point any remaining pressure in the chamber should be relieved without the lock ring coming to the open position.

4.
Pull the plunger located at the lower right hand of the chamber and rotate a quarter turn.  This will allow you to complete the opening of the chamber.

5.
Turn the lock ring until the tabs of the door are completely in the openings on the lock ring.

1. Rotate the plunger in step 2 a quarter turn to lock the lock ring in place.

This procedure and the hardware lockouts will prevent the chamber from being opened under pressure. Significant delta pressures will also prohibit opening the chamber, as the force required to rotate the lock ring will be beyond the capability of the crew to operate. By test it has been determined that at three psi the force required to open the door is 106 lbs. double the 95 percentile male’s allowable force of 50 lbs.  The lock ring should be able to be rotated under a vacuum, however the chamber door will not be able to be opened under these circumstances because of the force of the vacuum.
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FIGURE 27. Chamber Door

5.2  Fuel/Oxidizer Management Assembly (FOMA)

The FOMA shown in FIGURE 28 and FIGURE 29 provides the desired combustion chamber atmosphere for the Combustion Experiment, venting of the chamber environment and the ability to remove combustion by-products to allowable levels. The FOMA can deliver to the combustion chamber pre-mixed gases and/or provide on-orbit gas blending capability by controlling the gas resources (bottles and/or ISS nitrogen). The FOMA can control the vent flow of gases from the combustion chamber to the ISS Vacuum Exhaust System (VES). The combustion chamber environment can be analyzed for gas composition. The chamber atmosphere, if safe, can be directly vented, or can be passed through a chemical adsorber cartridge to remove undesirable gas species or particles. This clean up loop utilizes two pumps, which can re-circulation the gas from the chamber through the filter adsorber cartridge back to the chamber.

Optics Bench Front View

The FOMA (Fuel/Oxidizer Management Assembly) consists of four primary systems:

1. The Gas Supply and Distribution Package (GSDP)

2. The Exhaust Vent Package (EVP)

3. The Gas Chromatograph (GC) Package

4. The FOMA Controller Unit
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FIGURE 28. FOMA Component Location

Optics Bench Rear View
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FIGURE 29. FOMA Component Locations

5.2.1 Gas Supply and Distribution Package (GSDP)

The GSDP provides measurement and control of the gas resources supplied to the combustion chamber. The GSDP consists of four gas manifolds and interconnecting tube routes to supply the required Combustion Experiment gas resources to the combustion chamber. Two manifolds, the Oxygen and Fuel will be made from stainless steel. The Diluent and Nitrogen manifolds will be made from aluminum.

The Fuel manifold shown in FIGURE 30 controls the gaseous fuel resource to the combustion chamber. The Fuel manifold gas line is directly connected to the chamber to prevent inadvertent mixing of fuel gas with oxidant gas outside of the combustion chamber. The fuel manifold utilizes a Mass Flow Controller (MFC) to control the flow rate of fuel supplied to the chamber. The MFC can provide a maximum of (2) slpm (based on propane (C3H8)) flow. Independent timers prevent the ability to dispense a hazardous amount of fuel to the chamber. The gas in the  bottles is Experiment specific.

A Diluent manifold can supply inert gas types such as N2, He, and CO2, as well as oxidant blends below 30% oxygen, to the chamber. The diluent MFC can provide 30 slpm (based on nitrogen (N2)) flow. Any of the three bottles sizes (3.8, 2.25 and 1.0 liter), with a maximum pressure of 2000 psia (13,891 kPa) can be connected to the diluent manifold. The gas in the bottles is Experiment specific.

An Oxygen gas manifold supplies oxygen/diluent gas blends to the chamber. The oxidant MFC can provide up to 30 slpm (based on nitrogen (N2)) flow.  The oxygen gas concentration is a function of the gas bottle size, as listed below. The oxidant gas in the bottles is Experiment specific.

1 liter bottle provides a maximum of 85% O2, balance diluent at 2000 psia.

2.25 liter bottle provides a maximum of 50% O2, balance diluent at 2000 psia.

3.8 liter bottle provides a maximum of 30% O2, balance diluent at 2000 psia. 

A Nitrogen manifold can supply inert gas types such as N2, He, and CO2, as well as oxidant blends below 30% oxygen, to the chamber.  In addition, this manifold provides the interface for the utilization of the ISS supplied N2. This manifold also can directly route the pressurized gas to the chamber, by-passing the regulator.  The N2 MFC can provide up to 30 slpm (based on nitrogen (N2)) flow. The gas in the bottles is Experiment specific.

All four manifolds utilize pressure regulators to reduce the gas supply bottle pressure to the desired manifold operating pressure. Solenoid valves controlled by pressure switches and the FCU monitoring pressure transducers are utilized to positively shut off gas flows. Check valves prevent back flow. The manifolds are instrumented with pressure transducers, pressure switches and temperature sensors for monitoring their status.  

The GSDP provides partial pressure and dynamic gas blending capability. The outlet gas supply lines from the Diluent, Oxidant, and Nitrogen manifolds are connected together to a static mixer line. The gas flowing through the static mixer line enters into the combustion chamber through an energized normally closed solenoid valve, which provides chamber isolation after the desired chamber gas pressure has been achieved.

Partial pressure gas blending is achieved by programming the manifold(s) to flow inert gas into the evacuated combustion chamber until the desired partial pressure of inert gas is achieved. After appropriate evacuation of the static mixer line, the oxidant manifold is programmed to pressurize the chamber to the desired final pressure.

Dynamic gas mixing is achieved by simultaneously operating the diluent, and or N2 manifolds along with the oxidant manifold. The manifold mass flow rate controllers are programmed for the proper flow rates to yield the desired gas mixture concentrations. Flow rates up to 90 slpm can be supplied, depending on oxygen concentration.
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FIGURE 30. Fuel Manifold Assembly

5.2.2 FOMA Gas Interface Lines

There is a network of rigid tubing, flexible umbilicals, and connectors as shown in FIGURE 31 which links the components of the FOMA, the GC, the Chamber, the PI specific hardware and the station fluid interfaces (Station Gaseous Nitrogen and Vacuum Exhaust). The length and number of lines and fittings has been reduced by the use of manifold blocks. These flow paths are identified on the pneumatic schematic 67212MFSM10001 (Appendix K).
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FIGURE 31. FOMA Gas Interface Lines

5.2.3 Exhaust Vent Package (EVP) 

The EVP provides connection of the combustion chamber to the ISS Vacuum Exhaust System (VES) interface. The EVP utilizes solenoid valves, a pressure regulator, a pressure switch, and a 100 slpm (based on nitrogen) rated Mass Flow Controller shown in FIGURE 32 to control the exhaust vent flow rate and pressures supplied to the ISS VES. The EVP is instrumented with pressure transducers, a dew point sensor, and an oxygen sensor to monitor status of key parameters. The EVP can direct the vent flow rate of gas from the combustion chamber through an adsorber cartridge to remove specific gas species that cannot be directly vented. The adsorber cartridge shown in FIGURE 32 is packed with chemicals and particle filters to remove the undesirable gases or particles generated. The adsorber cartridges contents are Experiment specific.  Typical contents include combinations of silica gel or molecular sieve for adsorbing

water, Lithium Hydroxide (LiOH) for adsorbing acidic by-products (HF, SO2) and activated

charcoal for adsorbing hydrocarbons (un-burnt fuels). The EVP also utilizes two pumps shown in FIGURE 32 and FIGURE 33 that can re-circulate the chamber atmosphere through the adsorber cartridge and returns the clean gasses back into the chamber.
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FIGURE 32.   Exhaust Vent Package Components
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FIGURE 33. Exhaust Vent Package

5.2.4 Gas Chromatograph Package

The Gas Chromatograph Instrument Package (GCIP) will not be launched on the first flight, but is shown here since the hazard reports reference the GCIP (aka GC). The GCIP shown in FIGURE 34 includes a GC with three independent separation columns and detectors.  The GC utilizes two carrier gases, argon and helium, and one check gas, which is experiment specific. The carrier and check gases are stored in replaceable Department Of Transportation (DOT) bottles at 1815 psia.  The bottles are Experiment specific hardware.  The check gas bottle is used to verify the retention times of the desired components to be detected. A sample is pulled from the chamber, mixed with a carrier gas and pulled through an analysis column by internal GC vacuum pumps. The bulk of the carrier gas and sample exits the pumps into the vent line.  A maximum of 15 μL (1.5 x 10-5 liters) of the carrier/sample gas mix is injected onto the column and permeates through column wall and allowed to vent into the rack volume.  The following are examples of compounds that can be detected: N2, O2, CH4, CO, CO2 and C3H8. The time to take and analyze a sample is approximately 330 seconds for a 60 second sample draw.  Typically 3-5 samples would be taken per analysis point.
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FIGURE 34. GCIP Airflow Paths and Component Locations

5.2.5 FOMA Controller Unit (FCU)

The FCU shown in FIGURE 35 is the controller that operates the FOMA.  The FCU is an avionics unit containing a VME backplane, a PowerPC microprocessor with embedded Ethernet controller, a CANBus I/F controller, eight port RS-232 I/F board, digital I/O board, analog I/O, relay control boards, and thermistor monitor board and DC/DC power conversion. The FCU software is written specifically to control the mixing of the gas, filling of the chamber and venting of combustion products.  Although the FCU controls the FOMA, the IOP is the interface between station and ground and also acts as a watchdog for several system functions. Commanding from IOP to the FCU is via SSC or ground. The Principal Investigator Unique Hardware (PIUH) functions are not controlled by the FCU, they are controlled by experiment specific electronic box.  If the experiment requires control of a specific FOMA capability, it must be commanded through the IOP. 
FCU provides the following functions:

· Control of Gas Blending

· Control of Gas Flow

· Control of Safely exhaust gases from the combustion chamber

· Monitoring and storing all pressures, temperatures and mass flow rates

· Control of Gas Chromatograph

· Passing Health and status to the IOP for transmittal to ground
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FIGURE 35. FOMA Control Unit (FCU)
5.2.6 GSDP Bottles

The CIR utilizes pressurized bottles with QD interface for delivery of gases through the GSDP.  All flight bottles are stainless steel certified to the DOT 3A2000 specification and are flight rated for an MDP of 2015 psia. The maximum operating pressure is 1849 psia @ 70 degrees F. Each bottle is proof tested to 3340 psig. There are three bottle sizes that can be used in the CIR manifolds: 1L, 2.25 L, and 3.8 L.  Each bottle consists of a manual valve, QD, a gas cylinder, and a keying plate which insures mating to the correct manifold.  For launch each bottle will be soft stowed with a valve handle cover, and a radial vent cap over the QD.

A burst disc is installed at the bottom of each bottle in order to meet CFR 49 regulations for transportation of the bottle in a pressurized state. The burst disc addresses a rupture hazard caused by a fire during transportation. The burst disc remains installed during flight but is not a required flight hazard control due to other flight controls that make a high temperature excursion a non-credible cause.  The min/max rupture values are selected to meet US 49 CFR 173.301 (f) regulations.
The contents of the bottles are experiment specific, but CIR is responsible for the shipping, launch and on-orbit stowage of the bottles.  All bottle fills are performed per controlled procedures at GRC with verification of fill pressures and verification of contents by gas sample and analysis.
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FIGURE 36. Typical GSDP Bottle

5.2.7 FOMA Cal

The FOMA Calibration Unit is a small light weight ORU assembly calibrated on the ground, launched in stowage and connected to the CIR rack pressurized pneumatic system via a QD on the vent manifold (QD21). The FCU provides 24Vdc power and a RS-232 data interface to the unit. Ground controlled procedures are performed to pressurize the system and correlate pressure data from FOMA Calibration Unit with other FOMA pressure transducers.  Ground analysis of the data provides updated calibration coefficients which can be uplinked to the FCU to complete the system calibration. 

The unit is based on a Spectre Sensors 9000 Series pressure transducer which incorporates both a pressure and temperature sensor and includes an embedded microprocessor for temperature compensation and error correction algorithms.  The embedded microprocessor also performs engineering unit conversion and communicates with the FCU over a dedicated RS-232 I/F.  The unit is designed for a 0-50 psia operating range, with 0.05% accuracy and 0.05% stability over a two year period. The unit is installed in a 135 psia MDP region with a maximum expected operating pressure of 45 psia and a burst rating of greater than 350 psia.
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FIGURE 37. FOMA Cal Unit

6.0 Electrical subsystems

6.1 Power distribution

The CIR Electrical Power Subsystem consists of one Rack Power Switch (RPS) and one Electrical Power Control Unit (EPCU) with associated power feed and distribution umbilicals. This subsystem performs electrical power conditioning, optimized distribution, and fault protection functions associated with the operation of CIR.

6.1.1 EPCU Rack Power Switch Assembly
The EPCU Rack Power Switch Assembly on the CIR contains a Rack Power Switch; an EPCU Power Switch; a set of SSC interfaces (28Vdc power, ethernet, and video); and an independent fire/smoke detector red LED indicator. 
The Rack Power Switch provides a closed circuit between Rack Utility Panel (RUP) J43 pin 19 and J43 pin 20 when the switch is in the UP (OFF) position. The switch position is monitored by an ISS MDM, which applies 120Vdc power to the rack when the Rack Power Switch is in the DOWN (ON) position and removes power when it is the UP (OFF) position. 
The EPCU Power Switch is used to remove 28Vdc internal control power from the EPCU. The EPCU Power Switch has a green LED that is illuminated when the switch is in the ON position. When the EPCU Power Switch is in the OFF position, all the output channels, both 120Vdc and 28Vdc, in the EPCU are disabled. The 120Vdc input from ISS is still present inside the EPCU when the Rack Power Switch is in the DOWN (ON) position.. 
A red LED labeled “Smoke Indication” is also wired to the J43 connector where it receives a signal from ISS in the event of smoke/fire detection.

6.1.2 EPCU Shut-Off Switch Assembly (ESSA)

Deleted.  Functions moved to Rack Power Switch Assembly.

6.1.3 Electrical Power Control Unit (EPCU)

The EPCU provides 3 kW of 120Vdc to 28Vdc bulk power conversion, 6 fault protected power circuits of 120Vdc, 48 fault protected power circuits of 28Vdc, coordinated prioritized load shedding of all power output circuits, power bus transfer capability for all loads, and isolated dynamic power sharing capability between two ISS electrical power buses.  Any combination of two or three converters can be operated to proportionally load share power between input power busses A or B. All power output circuits are configurable by the load for paralleling of power output circuits.  The EPCU is connected to the ISS Thermal Control System (TCS) moderate temperature coolant loop, cooling is controlled by the CIR WTCS (see environmental control subsystem).  A cold plate provides for conductive cooling of all EPCU hardware. The EPCU coolant loop may be connected in series with other thermal loads in the CIR.  All internal temperature, voltage, and current sensor data is communicated to the IOP via a redundant 1553B bus. A two-step command for setting trip priorities, bus allocations, and Flexible Remote Power Controller (FRPC) assembly states are accomplished through the IOP via the 1553B bus.  

Three 120Vdc to 28Vdc converters are connected to a common 28Vdc power bus, which feeds the 28Vdc output FRPCs.  This architecture offers a high level of redundancy and fault tolerance.  Even with the failure of two converters or an input power bus the EPCU can be configured to provide power to critical loads. Each FRPC can be assigned a trip priority so that in the event of a hardware failure, or if ISS reduces the CIR power allocation, load shedding occurs automatically while still remaining within ISS assigned bus power allocations.  The remote ESSA is used to turn the EPCU ON and OFF.  All command, data, and status information is passed through a 1553B interface and control assembly.

All 120Vdc channel A and B power is routed to a FRPCA consisting of fifteen, four ampere, FRPC circuits.  Using a solid-state switch and a mechanical transfer relay, any FRPC in this assembly can hot-switch-transfer between input channels A or B.  The EPCU maintains isolation between the two ISS power busses at all times.  Nine FRPCs are configured to provide three internal 12 ampere circuits for each of the three 1 kW converters.  A block diagram of the EPCU is shown in FIGURE 38.  Six non-isolated 120Vdc FRPC output channels for CIR loads are provided through two rear panel connectors, three channels on each connector.  These output channels can be paralleled to provide 4, 8, or 12-ampere circuits to CIR loads; the 120Vdc outputs in each connector cannot be paralleled with channels in the other connector.

A second FRPCA (48 FRPCs) controls 28Vdc power to each of the 48 output channels. Twelve output connectors contain four channels, each channel capable of providing four amperes. Five programming pins in each connector allow user/facility loads to parallel up to four power circuits, control initial “on/off” state when the EPCU is first turned on, and send a load shut down signal to the EPCU.

The principal performance metrics and specifications associated with the EPCU are:


Nominal Input Voltage:
=120Vdc per SSP 57000


120VDC Output Voltage:
= ISS Power Quality per SSP 57000 and SSP 30482


120VDC Output:
= 6 channels @ 4A maximum


28VDC Output Voltage:
= 281 Vdc


28VDC Output:
=48 channels @ 4A maximum


Conversion Capability:
= 3kW Continuous for 28Vdc


Ripple Voltage
<= 0.5 V (pk-pk)


Transient Output
35-21Vdc


Transient Recovery Time
<= 1.0 mS


Overall Efficiency
>= 93% (50-100% load)

[image: image84.bmp]
FIGURE 38. EPCU Block Diagram

6.1.4 Flexible Remote Power Controller (FRPC)

An FRPC building block is a fundamental power system element used repeatedly throughout the EPCU.  FRPCs are used to control and protect each EPCU output circuit.  The FRPCs are current limiting devices that use a voltage/time trip curve protection method and can be paralleled to attain additional current capacity for loads.

FRPCs are combined into assemblies that include additional circuitry for paralleling of multiple output channels.  Hot-transfer-switching between input power buses is accomplish by first turning off the solid state hybrid, switching the input bus transfer relay, then turning the hybrid switch back on again.  Quick bus transfer occurs in less than about 30ms.  Very brief interruptions of power will not affect the operation of user/facility loads. An FRPCA control and monitoring function maintains proper coordination of parallel FRPC switching between two input power lines.  The EPCU FRPCs use unique current-limiting hybrid devices that have been designed for stable operation when connected in parallel.  

6.1.5 Power Distribution (Harnessing)

Loads are connected to the EPCU using #16 wire in most cases, in several instances AWG #20 is used due to connector size limitations at the load.  Loads located on the Optics Bench are fed by harnessing internal to the Bench, loads external are wired directly to the EPCU.  Two harnesses from the EPCU connect to the Optics Bench to provide power.   In most cases the EPCU provides fault protection and the wire is sized based on current limiting properties of the EPCU output channels.  Wire is derated per NASA TM 102179 and Interpretation Letter TA-92-038 as required in SSP 57000. 

6.2 Command and Control

CIR Command and control consists of a system including the IOP, software running on the IOP, the Space Station Support Computer (SSC), the ground system, the FCU and a PI box. The FCU is discussed in the Pressurized Systems Section and the PI Box is specific to the payload developer. The FCU controls the FOMA system and the PI Box controls the payload developers Chamber Insert. These items are in communication with the IOP for data and command transfer. 

6.2.1 Input Output Processor (IOP)

(Note: Opnom name for crew procedures is FCF Input/Output Processor)

The IOP is the primary controller for the CIR.  The IOP performs command processing, subsystem control, data processing, telemetry processing, health and status monitoring, and time synchronization for the CIR.  The IOP will act as the Bus Master for the Facility Internal 1553B Bus and accepts commands/data as a Remote Terminal on the ISS command and data handling 1553B Bus. 

The IOP performs watchdog operations over other systems within the CIR rack, such as the FCU.  The IOP and FCU operate completely independent of each other, each contains its own single board computer, and specialized software.  Each is powered from different supply channels in the EPCU. Section 6.2.3 provides a discussion of FCU operation with respect to Safety Monitoring and Inhibit Circuitry.

The IOP is also the command and data interface with ISS for the CIR. The ISS interface includes processing commands from the ground and laptop to perform experiment and safing functions as well as data downlink. These interfaces include the MIL-1553B, Ethernet, and High Rate Data Link (HRDL) interfaces.  Video data to be displayed in the SSC video monitor is sent via the 16 x 16 video switch in the  CIR IOP.  Video data to be sent to the ISS video system must come through the CIR IOP Common Video Interface Transmitter (CVIT) to be formatted into Pulse Frequency Modulated (PFM) format.

Remote terminals on the FCF internal 1553B bus include the Electrical Power Control Unit (EPCU).  The IOP commands the EPCU to power on and off CIR loads individually or in any combination. 

The IOP will perform data acquisition of system, environmental and ancillary sensor data to provide rack health and status information.  In addition, the IOP will process and transmit data in support of the combustion science operations including experiment sequencing and control of predetermined functions.

Digital image data received from the Imaging Packages, will be buffered in one 73 GB hard drive located in the  CIR IOP for downlink through the HRDL interface. Safety-related parameters will be provided to the ISS via the 1553B interface as required.  Commands from the crew will be received via Ethernet interface to the Station Support Computer (SSC) onboard the Station, and from the Ground via the Low Rate Data Link (LRDL) interface.

The physical construction of the CIR IOP consists of two (4-slot, 3-slot) VME backplanes mounted in a 4 PU (1 PU = 1.75”) FCF modular drawer, located near the bottom of the CIR:

· VME Backplane #1

· DY-4 SVME-179 SBC

1. DY-4 PMC-601 dual 1553B card

2. Greensprings PMC-Extended CAN-2 card

· 24-port Switch

· VME Backplane #2

· Boeing CVIT (Video interface to station)

· 16x 16 Video Switch Board

· DY-4 SVME 179 SBC 1440
· In addition, the IOP accommodates:

· Power supplies

· Two (2) 9-73 GB hard disk drives 

· EMI filters

· Ethernet mini bridges and transceivers

· 1553B Couplers

· Mega-fan:

· Dim. 127 x 127 x 38 mm
· Max Rpm 3200 RPM

· 150 CFM

· 28Volts

· 15 Watts

6.2.2 Station Support Computer (SSC)

The Station Support Computer (SSC) provides a crew interface to CIR resources for setup and diagnostic functions.  The SSC is a Program provided Commercial Off-the-Shelf (COTS) laptop personal computer that includes:

· IBM 760XD with a 166MHz Pentium processor

· Ethernet interface

· 20 GB hard drive

· 256M memory

· Browser software

The SSC interfaces to the IOP via an Ethernet communications port.  Operator interfaces are loaded from the IOP via the SSCs browser software.

The SSC will be used as a tool to help minimize crew time during the Pre Experiment Phase.  With COTS browser application software, the SSC will interface with the IOP using Embedded Web Technology (EWT) developed for FCF.  The IOP will “push” applications to the SSC for automated experiment diagnostics and verification. The SSC also includes an analog video interface to the IOPs video switch

The SSC will be used to interface with CIR resources in a diagnostic mode in order to diagnose operational anomalies that could occur on orbit.  Although much of this can be done from the ground, the SSC provides an on orbit option.

The SSC could be used to provide a removable media resource.  Science data could be downloaded to a removable hard drive when low bandwidth downlink is not practical.  The hard drive could be returned to the ground during re-supply missions.

6.2.3 CIR Software

The CIR CDMS and Control software supports both facility diagnostics and specific experiment hardware.  CIR software is executed in the IOP, the FCU, and the IPSUs.  The software system will be capable of upgrades using the command uplink channel.

CIR Software is designed to easily interface specific science diagnostics and work in concert with all CIR resources. A multitasking operating system, VxWorks, will be employed to meet the real time requirements for data acquisition and control.  Real time, deterministic response is a design goal.

IPSUsoftware systems are designed to control cameras and are responsible for the collection of image data from their respective cameras.

IOP software systems are designed for Supervisory Control and Data Acquisition (SCADA).  This system interfaces with both CIR and ISS resources.  CIR resource interfaces provide health and status monitoring and some pre-experiment control.  ISS interfaces provide for telemetry and science data downlink as well as command uplink.

6.2.4 Ground Software

The CIR operation is designed to meet safety requirements and be safe without outside monitoring.  The ground crew will monitor telemetry of the engineering data for progress of activities and performance of the flight system for identification of anomalies.. The telemetry will indicate such things as if communication links are down; specified sensors are not providing input and sensors out of range. The ground system will also support command uplink and will have primary responsibility for execution and planning of flight experiment operation. Commands are initiated from the ground software and routed through the POIC for validation and routing for uplink. 

7.0 CIR ENVIRONMENTAL CONTROL SUBSYSTEMS

This section describes the hardware, which makes up the environmental controls. These are the Air Thermal Control Subsystem (ATCS), the Water Thermal Control Subsystem (WTCS), and the Fire Detection and Suppression Subsystem.

7.1 Air Thermal Control Subsystem

The Air Thermal Control Subsystems (ATCS) removes up to 1650 Watts of waste thermal energy generated by Facility systems using the ISPR internal atmosphere as the medium for thermal energy transfer. The Space Station Moderate Temperature Loop (MTL) is used as the sink for rejecting Facility thermal loads to the Space Station Internal Thermal Control System (ITCS). The MTL water is provided via the Water Thermal Control Subsystem. The ATCS provides the Facility with avionics air-cooling at the rack level.

ATCS hardware is located in a dedicated structure at the top of the rack called the Air Thermal Control Unit (ATCU).
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FIGURE 39. ATCU Assembly
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FIGURE 40. ATCU Subassembly

It utilizes two backward curved impellers to drive the air. These fans draw warm air from the rear of the rack and push it through a heat exchanger, filter and into the optics bench. This positively pressurizes the optics bench creating a pressure differential between the inside of the optics plate and the general rack environment. This differential pressure drives the cooling air to cool the heat loads mounted on the optics plate. Strategically placed porting is located in the optics bench for mounting of air-cooled avionics packages.  This porting allows airflow through the package internal components providing convection cooling. The design differential pressure is 0.4” water gage (wg) from the interior of the bench to the rack environment (i.e. across a package).

This design allows hardware designers to take advantage of a “distributed” pressure differential. The hardware designer determines the amount of air-cooling (CFM) required, and designs the package to meet the 0.4” wg at the required CFM.  The need for additional fans, baffles, flow straighteners, etc. is minimized by the distributed nature of the pressure differential. 
Verification of adequate cooling for each component becomes a simple test that is independent of the rest of the system. Each piece of hardware can be mounted on a test stand that establishes its flow impedance.  Since the ATCS has a given capacity the only verification would be to sum up the flow rates of each component and assure that the total flow rate is lower than the system capacity.  This will allow for reconfiguration on orbit without the need for extensive system level ground based testing.

An air-to-water heat exchanger is located inside the ATCU. This heat exchanger transfers thermal energy from the air exiting the package/assembly to the Water Thermal Control Subsystem.  Air exiting the heat exchanger exhausts into the Optics Bench to provide cooling air for the components.

[image: image85.emf]
FIGURE 41. Rack Airflow Design
	Design Point (Air Side of HX)
	

	Power (Watts)
	1500.00

	Temp. Air into HX (F)
	<103.00

	Temp. Air out of HX (F)
	<72.00

	Flow (CFM)
	165.00

	Pressure Drop (In H2))
	0.30

	Effectiveness
	0.82


TABLE II. ATCU HX Cooling Design Point
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FIGURE 42. Heat Exchanger Sub-Assembly

7.2 Water Thermal Control Subsystem (WTCS)

The WTCS provides cooling to the Fluids and Combustion Facility (FCF) equipment by removing the waste thermal energy generated by FCF systems and transferring it to the International Space Station (ISS) Internal Thermal Control System (ITCS) Moderate Temperature Loop (MTL).

Thermal energy is removed directly by contact heat transfer from the equipment to the coldplates located within FCF and indirectly through the ATCU air to water heat exchanger. The water absorbs the heat from the coldplates and the air to water heat exchangers and delivers it to the ISS ITCS MTL.

The WTCS consists primarily of a distributed network of plumbing to carry supply and return flow to and from interfaces with science and non-science packages including the Air Thermal Control Unit (ATCU) air to water heat exchanger. 

The rack interfaces with the ISS ITCS MTL supply and return at the rack Utility Interface Panel (UIP). These services are routed to the Rack Utility Panel (RUP) using flexible ARIS umbilicals, which are provided by the rack Passive Rack Isolation System (PaRIS). Beyond the RUP, separate networks are provided for science hardware and non-science hardware.

The WTCS consists of:

1. The Water Distribution Subsystem, which distributes water to both the Primary and Secondary Loops.

2. The Primary Loop Subsystem, which provides cooling to and includes all non-science hardware.

3. The Secondary Loop Subsystem, which provides cooling to and includes all science hardware. 

4. The Environmental Control System (ECS) Electronics Unit (EEU), which is housed in the Air Thermal Control Unit (ATCU) has a dual role. It provides control between the FCF Input/Output Processor (IOP) and the WTCS hardware. It also provides control for the ATCU hardware. 
5. The Accumulator Subsystem, which absorbs thermal control system pulsations due to temperature fluctuations during launch in the MPLM. It is physically located outside the rack at the RUP and is demated on orbit and replaced for landing.
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FIGURE 43. Water Thermal Control Subsystem (WTCS) 

Science hardware interfaces with the WTCS at the Water Interface Panel (WIP) or the combustion chamber.  The WIP is located at the middle left side of each rack. Flexible umbilicals with Quick Disconnects (QDs) interconnect between the WIP and chamber or science hardware mounted on the optics bench.  

Non-science hardware is plumbed in series in order to conserve ISS ITCS MTL water flow rate. These packages interface to the WTCS through QDs. Electronically operated flow control valves on each loop (Primary and Secondary) provide flexibility to adjust flow rate to match requirements for a variety of configurations and operating modes.

Each WTCS loop is designed to deliver up to 300 lb/h of water flow rate (capable of delivering up to 500 lb/h of water flow rate). The water flow rate is a function of the total power being dissipated by each rack. ISS ITCS MTL requirements dictate the amount of water available. With a combined flow of 600 lbm/hr, the cooling capability for each rack is just over 6 kW.

7.2.1 Water Flow Control Assembly (WFCA)

The WFCA (Part # N1059), which is furnished by the government, was developed by PREECE Inc., per Spec. Control Document (SCD) FCF-SCD-0004.  The components of the WFCA include a flow control valve, flow sensor and flow controller.  The flow control valve is a motor driven device providing a fixed flow resistance at a given position. The valve position is determined through a closed loop control signal generated by the flow controller with feedback provided by the flow sensor. The control set-point is obtained from an interface with the EEU. The controller also provides flow sensor data to the EEU which includes the signal in its telemetry stream to the IOP. The valve position remains fixed when the system is powered off. The flow range of the valve is 25 to 300 lb m/h. 
[image: image87.wmf]
FIGURE 44. Water Flow Control Components

7.2.2 Self-Sealing Fluid Quick Disconnects

They are used to provide component connection, isolation for component maintenance and replacement and rack reconfiguration.  Fluid disconnect halves are self-sealing with virtually no leakage or air inclusion during mate/demate operation.  In the unmated position, pressure caps/plugs are installed to provide redundant seal and protection.

7.2.3 Accumulator

It absorbs thermal control system pulsations due to temperature fluctuations. These are GFE items from Boeing and are the standard accumulators provided for all payloads. They attach to the input of the rack at the RUP. Structurally they attach to the rack. 
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FIGURE 45. Thermal Control Accumulator

7.2.4 Coolant

Made from High Purity (Distilled or De-Ionized) water according to SSP 30573 “Space Station Program Fluid Procurement and Use Control Specification”.
7.3 Fire Detection And Suppression Subsystem (FDSS)

The FDSS senses the presence of particulate products of combustion in the ISPR internal atmosphere and provides an alarm signal to the Space Station.  The FDSS provides accommodation for discharge of fire suppressant from the Space Station Portable Fire Extinguisher (PFE) into the internal volume of each Facility ISPR.

Fire detection is provided by a SPOE area smoke detector.  This is an optical obscurance sensor. The detector senses the particulate products of combustion and provides a fire event signal directly to the Space Station Caution and Warning (C&W) System.  The sensor is mounted near the ATCU inlet in order to provide optimum air sampling.

Upon annunciation of a fire event by the C&W System, a red light emitting diode on the Rack Power Switch (RPS) provides a visual indication to the crew of the fire event location. A crewmember discharges a Space Station Portable Fire Extinguisher (PFE) into a receptacle located on the front face of the rack in which a fire event is indicated. 

The CO2 will displace the oxygen needed to support further combustion. The FDSS will utilize the existing ATCU cooling flow paths  in order to assure quick and complete dispersion of the gaseous CO2 as required by ISS to reduce oxygen concentration to or below 10.5% within 60 seconds. Testing of the CIR rack has been done to prove that the CO2 is distributed according to the requirements. 
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FIGURE 46. Smoke Detection and Suppression

8.0 CIR DIAGNOSTICS SUBSYSTEM

8.1 HARDWARE DESCRIPTION

The diagnostics system is composed of the CIR supplied components that monitor and evaluate the experiment. The diagnostic components are the illumination devices (lasers and associated transmitting components), cameras, optics (lenses, mirrors, prisms and filters), electronics (power supplies. microprocessors, and controllers) and image processing storage devices. There are several Diagnostics that where descoped and may be developed for later use on the CIR. These will be covered in a specific review for the increment they will be used in. 

8.2 Diagnostics

FCF Common Diagnostic Modules:

· Diagnostic Control Module (DCM) - These are always a part of a Diagnostic/Package.

· Image Acquisition Modules (IAMs) - These are always a part of an Imaging Diagnostic/Package.

· Image Processing and Storage Unit (IPSU) 

· Image Processing and Storage Unit (IPSU) – Analog
CIR specific Diagnostics:

· Diagnostic Packages

· High Bit Depth Multispectral Package (HiBMs)

· Low Light Level Ultraviolet Package (LLL-UV)

· Illumination Package

The Diagnostic Packages are mounted on the Optics Bench using common interfaces to permit movement of packages to various window locations for maximum science support flexibility.  ARINC connectors provide for easy electronic, power and avionics connections at the Optics Bench interface, which reduces the need for manual cable reconfiguration. To provide minimum line lengths for EMI isolation, motor control and power conversion electronics are housed within the base of the package in the Diagnostic Control Module (DCM). The design approach emphasizes packaging modularity for operational flexibility and maintainability.  Standardized optical interfaces (referred to as the flange mounts) are used between modules.  These interfaces permit module arrangements to be reconfigured on orbit if required by science.  A latch mechanism, which is activated by a latch tool, is incorporated into the DCM for attachment and removal from the Optics Bench. The High Frame Rate/High Resolution Package (HFR/HR) and Low Light Level Near Infrared Package (LLL-IR) referred to in the Phase II package has been deferred to a future date.

Digital imaging systems are used where feasible to collect and store data of the highest possible fidelity.  Image Processing and Storage Units (IPSU and IPSU-Analog) support the imaging packages.  An optical fiber data link is used between the digital imaging packages and the image processors.  Images are stored on high-density disk drives for later downlink.  Real time video is provided for experiment status monitoring purposes.     

On-orbit change-out supports future growth.  Entire packages can be replaced at the Optics Bench interface.  This permits development and installation of new diagnostics.

Modular design of the packages allows for performance and technology upgrades with minimal up-mass impact.  For example, with modifications, the illumination package could support applications requiring Particle Image Velocimetry (PIV), Schlieren or Interferometry.
8.2.1 
Diagnostic Control Module (DCM)

A Diagnostic Control Module (DCM) provides the control, power, cooling and mechanical alignment interfaces between the remainder of the modules in a diagnostic package and the Optics Bench.  The DCM is designed for all of the Diagnostics Packages with the exception of the Illumination Package that interfaces to an Illumination Control Module and has an Optics Bench interface that is similar to a DCM but uses different internal design characteristics. The DCM is attached to the Optics Bench using a removable Latch Handle that operates the attachment mechanisms.  One handle will support all of the DCMs in the facility. A duct mates with the cooling port at the Universal Mounting Location (UML) site. Direct access to the UML cooling port is provided at the top of the DCM. Alignment pins provide optical system positional repeatability on the Optics Bench. The mechanical interface to the rest of the modules is a kinematic mount that transfers optical system alignment precision from the Optics Bench without introducing stress loads.  There is also provision for conducting analog video (RS170) to the UML. 
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FIGURE 47. Diagnostics Control Module (DCM)

8.2.2 
Image Acquisition Module (IAM)

An Image Acquisition Module (IAM) is used to capture event images provided by a Diagnostic Package optical system. The basic components of an IAM are a camera, a set of supporting electronics, and a mechanical enclosure.

The cameras utilized in the IAMs are modified commercial equipment.  Wherever possible, direct digital imagers have been selected to provide maximum radiometric accuracy in the data.  If the sensor output is not immediately converted to digital form at the sensor chip, the signal is still converted to digital before transmittal to the supporting electronics. Camera selection is based on spectral, sensitivity, resolution and frame rate requirements.

The supporting electronics are basically common in design for all IAMs with camera unique modifications used where needed. These electronics provide power to the camera; provide an interface to the camera that converts the command, control and power connections to a common design; and convert the digital image output data stream(s) to a single serial optical fiber for transmittal to the IPSU.  Including these functions within the IAM is optimum for EMI suppression.  

The commercial camera enclosures are replaced with a unified enclosure that is compatible with the Diagnostic Package modular design approach.  This includes a four-flange interface to the optical system.  In addition to mounting the camera and support electronics PCBs, the enclosure also provides an interface for air-cooling. 
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FIGURE 48. DCM: FCF Diagnostic Architecture













FIGURE 49. Diagnostic Package Layout
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FIGURE 50. Optics Bench (back view)
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FIGURE 51. Diagnostic Package Latch Interface Bracket

8.2.3 High Bit Depth/Multispectral Imaging (HiBMs) Package

The HiBMs Diagnostic Package measures two characteristics of soot producing flames. The soot temperature field is measured using a two-wavelength pyrometry technique. The soot volume fraction is determined by measuring the percentage of laser illumination, from the Illumination Package, that is absorbed by soot in the flame region. The optical hardware consists of spectrally filtered telecentric collection optics and a digital imaging camera. The liquid crystal spectral filter is 10 nm bandpass and can be tuned to any wavelength in the near IR between 650 nm and 1050 nm. Measurements are made at the wavelength of the illumination package and at two wavelengths chosen for soot temperature measurements. 

The camera has a high frame rate, high-resolution digital output. It collects 1024 X 1024 pixel images at 30 frames per second (fps). The camera has wide, 12 bit per pixel, dynamic range. The maximum data rate supported by the direct to disk hardware in the IPSU is 15 fps at full resolution and full 12 bit depth. The camera can be operated at 30 frames per second with 8 bit per pixel dynamic range at full resolution. Binning Mode (2x2) may be selected to reduce data storage requirements and increase frame rate capability.  Binning Mode also increases the overall sensitivity but comes at the expense of lower spatial resolution.  Exposure time is user controlled to match flame brightness.

HiBMs Package Specifications/ Features
· Optical system

Manual aperture adjustment

Numerical Aperture: 0.005 to 0.02

Focus 208 mm from inside surface of chamber window

Field of View: 50 mm square or 90 mm diameter

Resolution: 10 lp/mm maximum (0.05 mm)

· Imager

Programmable Frame Rate: 7.5, 15 or 30 fps

Programmable Exposure Time

Dynamic Range up to 12 bit

· Liquid Crystal Tunable Filter (LCTF)

10 nm FWHM bandpass

650-1050 nm spectral range

1 nm spectral resolution

100 ms switching time between states

FIGURE 52. HiBMs Package

8.2.4 High Frame Rate/High Resolution package (HFR/HR) – DESCOPED
· The HFR/HR Camera has been descoped

8.2.5 The Color Camera - DESCOPED
· The color camera package  has been descoped.  
8.2.6 Mid Infrared Camera - DESCOPED
· A Mid-Infrared Camera Package has been descoped. 

8.2.7 Low Light Level Ultraviolet Package

A Diagnostic Package is provided which produces images of events or objects at low radiance levels.  The Low Light Level Ultraviolet Package consists of a digital monochrome (SMD 1M30) camera modified with an image intensifier, which is coupled to fast numerical aperture optics and provision for spectral filtering of the transmitted illumination. To provide maximum spectral range, including the OH emission line, a Gen II intensifier is coupled to a lens system with high UV transmission characteristics for the LLL-UV Package. The LLL-IR Package has been descoped.
LLL-UV Package Specifications/ Features
•
Optical System

•
FOV:  50 and 80 mm square

•
Resolution (binned): wide field 1.8 lp/mm (0.28 mm); narrow field 4.3 lp/mm (0.12 mm) 

•
Provision for manually inserted filters

•
Providing 310 nm filter with a 10 nm FWHM bandwidth

•
Manual iris

•
Imager
•
Spectral range: 220-850 nm

•
Sensitivity: 5x10E-8 ft. candles (Binned)
•
Gen II Intensifier

•
Gated

•
Frame rate: up to 54 fps
FIGURE 53. Low Level Light - Ultra Violet

(LLL-UV) Package

8.2.8 Illumination Package

The Illumination Package consists of a collimated optical system and a laser diode, which can be used to provide monochromatic background illumination between 650 and 660 nm.

The Illumination Package is used with the laser diode source to provide a uniform illumination background for soot absorption measurements in soot volume fraction applications.  The Laser Diode (LD) may be used as a non-coherent illumination source if operated below the lasing threshold.  For example, illumination output is sufficient to provide saturation signal levels with HiBMs at 30 fps without binning at a numerical aperture of 0.009.  This illumination source can be synchronized with an imaging system if required by the application.  

The laser diode can also be used as the background illumination source for shadowgraph or droplet size measurements with the HiBMs Package. 


Specifications/ Features
· Optical System

· 90 mm diameter collimated beam

· Diffuse Laser Diode Source

· 10 mW coupled power minimum; programmable level

· 60% Illumination field uniformity

· Peak Wavelength: between 650 and 660 nm 

· Spectral Bandwidth: 7 nm maximum at 50% points

· Can be synchronized with the imaging packages

FIGURE 54. Illumination Package

8.2.8.1 Illumination Package – Laser Diode 

Product Specification

Manufacturer: 

Boston Laser Incorporated  

15 Link Drive, Binghamton, NY 13904

General Description –  Two laser diodes are available. One is considered the primary source and the second is a spare source. Both are fiber-coupled and contain a photodiode for optical feedback of power output and a temperature transducer, to be used for diode temperature monitoring. A special application of anti-reflective coating and lenses have been used on the diode-fiber coupling to increase the non-coherent light throughput. 

8.2.8.1.1 Optical Specification

Optical Power: At least 300 mW @ max drive current

Wavelength: 650 to 660 nm

Output beam divergence: 0.37NA

8.2.8.1.2 Fiber Optic

Individual fiber diameter: 200-300 (m.

Fiber bundle diameter: Less than or equal to 800 (m.

Fiber bundle length: 215mm, measured from the housing to the connector tip.

Fiber connector: ST type connector.

Fiber jacket: Teflon

Fiber strain relief: There should be a ½” to ¾” strain relief on the fiber at all times and specifically at the interface with the housing.

8.2.8.1.3 Electrical Specification

Electronics: All electrical leads shall be pigtailed from the housing to a length of a least 300mm. 

Number of leads: 6 total leads.


2 – laser diode power


2 – photodiode


2 – temperature transducer

Wire insulation – Teflon insulation on all leads.

Wire termination – None, leads should have no attached terminals.

8.2.9 Image Processing And Storage Unit (IPSU)

IPSU’s acquire images from, and provide control to, science diagnostic packages via package-dependent digital and analog communications. 

The IPSU controls the illumination package by commands sent over the Ethernet to the boards in the illumination package. The solid-state switches for the laser are on the boards in the illumination package. 

A monitor for visual display of images is not currently envisioned since the CIR is intended to be mostly ground commanded, evaluated and monitored. There is the possibility that the digital images can be displayed on the SSC.

Each IPSU performs the following functions:

· Configure and control one imaging diagnostic package and one illumination package

· Acquire and store digital images from an imaging diagnostic package

· Capture and record ancillary data such as date & time

· Perform post-test data reduction and compression

· Transfer images data and ancillary data to the IOP for down linking

· Provide real-time analog video output

9.0 On-orbit maintenance (deleted)
See section 11.22 On-orbit maintenance assessment
10.0 Government Furnished Equipment

This section will cover the Passive Rack Isolation System (PaRIS), The Space Acceleration and Measurement System Tri-axial Sensor Head Ethernet stand alone (SAMS TSH-ES) and the International Standard Payloads Rack (ISPR). The EPCU is not discussed in this section because it is a very integral part of the Electrical Subsystem, which is discussed in section 7.0.  The ISS Smoke detector is discussed in section 8.3, the ISS computer is discussed in section 7.2.2, the Water Flow Control Assembly (WFCA) is discussed in section 8.2.1 and the Accumulator is discussed in section 8.2.3.

10.1 Passive Rack Isolation System (PaRIS)

PaRIS utilizes eight spring / dampers to isolate the rack from the ISS module structure at frequencies above 0.5 Hz. Unique utility cables and hoses are designated to all PaRIS applications because of the need to isolate the PaRIS carrier from the ISS vehicle structure during operations. The utility services have a service loop between the ISS vehicle interface and the PaRIS host rack to help in removing the force induced by them. The utility umbilical assembly interfaces with the module at the Utility Interface Panel (UIP) connectors as defined in paragraph 3.2.2 of SSP 41002. The design requirements are the same as the standard ISS utility services except for the length to allow for the service loop. The PaRIS to pressurized element interfaces are documented in PaRIS to pressurized Interface Control Document SSP 50251.
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FIGURE 55. PaRIS Isolator Locations 
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FIGURE 56. PaRIS Isolators & Left Front Snubber

10.2 Space Acceleration Measurement System (SAMS)

A SAMS Tri-axial Sensor Head Ethernet stand alone (SAMS TSH-ES) will be launched in stowage and mounted by the crew to the front of the Optics Bench for on-orbit operations. The footprint on the bench will be 3 inches by 3.645 inches. The height is 3.528 inches. It contains accelerometers, electronics and the A/D converters. Power and ethernet data interfaces are provided through an external cable to the IOP. 
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FIGURE 57.  SAMS-TSH-ES
10.3 International Standard Payload Rack (ISPR)

The basic structure of the CIR will be a Dash-4 ISPR modified to accommodate the PaRIS interfaces by Boeing. Boeing is responsible for providing a rack that is certified at initial turnover to GRC. GRC is responsible for maintaining certification on the rack up to the point of turnover for installation in the Multi-Purpose Logistics Module (MPLM).

The International Standard Payload Rack (ISPR) will provide a framework for mounting subsystem packages, and transmit inertial loads generated by these entities during ground, flight, and on-orbit acceleration events to the carrier interface. The six post configuration will be modified to the a four post configuration by GRC in accordance with Boeing provided drawings. These graphite-epoxy and aluminum structures incorporate the following features:

· Mechanical attachments for Standard Payload Outfitting Equipment (SPOE) and Facility-specific assemblies, packages, and components.

· Enclosed volume to contain Air Thermal Control and Fire Suppression Media (when the door is closed).

· Mechanical attachments for the rack carrier (RHA, MPLM, and U.S. Lab) interface hardware.

· Mechanical attachments for the rack PaRIS actuator and sensor hardware.

· Access ports and panels on the rack outer skin to provide access for service on-orbit.

· Electrical grounding and bonding attachments to provide a common electrical ground for all Facility hardware.


FIGURE 58. ISPR 

11.0 Safety Assessment

11.1 CIR Provided Services

The CIR provides a number of hazard control services to the payloads.  TABLE III provides a list of the services and their fault tolerance level. These controls are discussed in detail in the remaining safety assessment. 

TABLE III. Fault Tolerance of CIR Provided Services

	CIR Provided Services
	Hazard Category
	Fault Tolerance Required
	Controls Required
	Fault Tolerance Provided by CIR
	Hazard Report 

	Laser Power Control*
	Catastrophic
	Two fault tolerant
	Three
	Two fault tolerant 
	FCF-C25 controls:

Containment 1.1

Power off 2.1, 2.2 & 2.3 

	Coolant (PI Water) Interface
	Critical (Leakage)
	Single fault tolerant QDs
	Two
	Dual Seal QDs 
	FCF-C08 control 3.1

	Hazardous Fluid/Gas Containment
	Critical (only critical level fuels and by-products are allowed)
	Single fault tolerant
	Two
	Single fault tolerant for “dynamic” seals DFMR for “static” seals 
	FCF-C05  controls: 1.1, 1.2, 1.3 & 1.4

	Gaseous Fuel Flow 
	Catastrophic
	Two fault tolerant
	Three
	Two fault tolerant
	FCF-C07 controls 1.1, 1.2 and 1.3

	Inadvertent Venting 
	Critical other than O2 
	Zero fault tolerant
	One
	Single fault tolerant
	FCF-C28 

	Inadvertent venting of O2
	Catastrophic
	Two fault tolerant
	Three
	Single fault tolerant (flow through)

Two fault tolerant (batch)
	FCF-C28 

	Electrical Power Control
	Catastrophic
	Two fault tolerant
	Three
	Two fault tolerant
	FCF-C24 controls: 1.1., 1.2.& 1.3

	Over Current Protection
	Catastrophic
	DFMR
	DFMR
	DFMR
	FCF-C01 item 11 (MOSFET w. Fuse backup)

	Electrical Bonding and Grounding (120/28V)
	Catastrophic

Critical
	DFMR or

Single fault tolerant
	Two or DFMR
	Single fault tolerant
	# FCF-C24 control 2.3 


DFMR is Design For Minimum Risk and is associated with structural items which cannot be redundant see HR FCF-C10 or leakage of fluid lines with welds, “Static” seals see HR FCF-C08 and bonding per the interpretation letter see HR FCF-C24..

* Level of control depends on classification of laser. 

# CIR provides two bond paths, the nickel plated bench and through the connector. 

11.2 Structural Failure

The CIR is designed to meet the expected launch, on-orbit and return loads. All Flight hardware and flight spares will not fail by ensuring proper launch/landing configuration and load-carrying structures met required factors of safety. See Hazard Report FCF-C17, Structural Failure of CIR for items launched in the rack.  See CIR Hazard Report FCF-C01 for stowed equipment. The Safety Critical Structures Data Package (CIR DOC 3870) has been published which provides a summary of the structural analysis results. The Fracture Control Summary Report (CIR RPT 0342) provides the results of the fracture analysis. 

All of the CIR Structural and Mechanical items from the ISPR down to the Structural Brackets are covered in the Structural Verification Plan. BOEING will provide a separate structural verification plan for the ISPR. 

The CIR will be evaluated for metal fatigue or propagation of inherent cracks/internal flaws to insure compliance with NASA STD-5003, SSP 57000, and NSTS 18798 Interpretation Letters NS2-90-208 / TA-93-037 / MA2-96-174 and MA2-96-190.

Structural Materials were selected in accordance with MSFC-SPEC-522 and SSP 30233 to minimize the possibility of stress corrosion cracking. MUAs will be generated and processed if necessary.

Inspections of structural elements of CIR drawings both design and assembly, and handling procedures insure the proper manufacture, assembly and both ground and on-orbit handling procedures were adhered to.

The Fracture Control Plan (FCF-PLN-0030) covers structural items, pressure systems as well as the mechanisms which are fracture critical. It addresses: structural design and implementation of fracture control; classification of parts and fracture mechanics life analysis; materials selection, control and verification; fabrication and processing; and Quality assurance and non-destructive evaluation. 

Fasteners were selected per the Fastener Control Plan, FCF-PLN-0029 to insure they are only purchased from approved vendors. The plan also addresses testing and traceability of the fasteners. Safety critical fasteners utilize approved secondary locking mechanisms. Vibration testing was accomplished to provide a verification method for approval of flight hardware and test for fastener back out for those fasteners which do not have positive locking. Vibration testing of the Optics Bench, in the launch configuration (i.e., with FOMA and Chamber) was performed per the Vibration Test Plan, FCF-PLN-0021

General Structural Design Information for Launch:

Positive Margin of Safety for Safety Critical Structures 

Rack Natural Frequency will be >= 23.0 hz. (See PIRN 57212-NA-0008C)
Rack Mass will be <= 804 kg (including PARIS)

The configuration of the rack on the ground will be maintained in a configuration management system. A final inspection of the rack will be performed to insure that the rack is in the proper launch configuration. On-orbit, there will be a checklist of safety critical configurations, based on the hazard reports in the specific sections, to track the current configuration. This will also allow the crew to quickly assess if the configuration is safe for them to proceed. This will also apply for landing configurations. 

TABLE IV. Crew Induced Load Exceptions

	Kickoff Load Exceptions for CIR Diagnostics Accepted in PIRN 57217-NA-0010A

	

	Diagnostic Package
	Exception Rationale

	IPSU
	A) Rack is normally in upright position (Deployed only when tendered) - therefore - not exposing diagnostic package

	
	B) Package design to a 50lb. load

	HiBMs
	A) Rack is normally in upright position (Deployed only when tendered) - therefore - not exposing diagnostic package

	
	B) Package design to a 50lb. load. 

	Illumination
	A) Rack is normally in upright position (Deployed only when tendered) - therefore - not exposing diagnostic package

	
	B) Package design to a 50lb. load. 

	LLL UV
	A) Rack is normally in upright position (Deployed only when tendered) - therefore - not exposing diagnostic package


Launch configuration of the CIR rack is to include the ISPR, PaRIS, EPCU, IOP, Combustion Chamber, accumulator, harnesses, the Environmental Control System (ATCU, fluid hoses, WFCA etc.), FDSS, and Doors. The remaining items will be placed in stowage compartments (fracture critical items such as chamber windows and diagnostic packages will be placed in clear plastic bags prior to stowing to insure that if breakage occurs, the fractured items will remain contained).

11.2.1 Structural Failure of Sealed Containers

The CIR contains two sealed containers. One is the Water Flow Control Assembly (WFCA) which is a piece of GFE. The approved analysis is documented in  Preece Inc. report TR-1050 “Depressurization/Repressurization Qualification by Analysis Report for NASA Water FlowControl Assembly Controller Box”, February 28, 2000

The other item is the SAMS TSH-ES unit which is a piece of GFE.  The SAMS TSH-ES unit has been through the safety review process as a stand alone item, therefore the control and verification of its standalone hazards are addressed in that SDP. The SAMS TSH-ES unit has been analyzed in SAMSS ANA 002 and found to be sufficient. The box is a 3.0 by 3.6 by 3.5 inch outside dimensions 60601 T6 aluminum box with air and electronics inside. 
11.2.2 Structural Failure of Vented Containers

Structural Failure of Vented Containers is addressed through analysis to insure container can withstand depressurization/repressurization loads of station and MPLM. It has been determined by analysis that if a volume to vent ratio is less than 2000 where volume is in cubic inches and vent area is in square inches that the differential pressure across the container will be less than 0.01 psi due to depressurization. (0.01 psi is equal to the pressure differential across the lungs when breathing)  Sverdrup letter date March 15, 1995 from Dwaine Griffith to Jack Hengel (MSFC) which describes the use of a program called CHCHVENT for determining the vent area to volume vs delta pressure for the cargo bay accent, cargo bay reentery, and  middeck bailout. (Note depress rate higher than MPLM or ISS). Drawings and all “as-built” flight hardware will be inspected to insure vents are properly sized and volumes are in compliance with the analysis.

The chamber is a pressure vessel on orbit and meets the pressure vessel requirements. For launch the windows are removed and replaced with window covers. One of these covers has a screen over it to allow for depressurization.

See CIR Phase III JSC Form 1230 [FCF-C01]. A table listing all the vented containers is attached to the hazard report. 

For Government Furnished Equipment, GRC will provide compliance certification of all GFE flight hardware.

11.3 Sharp Edges

The CIR is designed to meet the requirements of SSP 50005/NASA-STD-3000 to eliminate sharp edges and pinch points by inspecting detail and assembly drawings for proper notation to break edges.  An inspection of all “as-built” hardware including flight spares and Government Furnished Equipment (GFE) for sharp edges/burrs and a final rack inspection (to include all GFE) to insure that sharp edges and pinch points have been eliminated or covered.  All Flight Spares and flight hardware upgrades will be constructed and inspected to the same level of detail as the original equipment being replaced.  The Human Factors Implementation Team (HFIT) has been a part of the design process and will perform the verifications for this and will generate the appropriate documentation.  

See CIR Phase III JSC Form 1230 [FCF-C01]

For Government Furnished Equipment, GRC will provide compliance certification of all GFE flight hardware.

11.4 Shatterable Material

Shatterable materials within CIR are documented in the CIR Phase III JSC Form 1230 [FCF-C01] applicable subsystem addendum for lenses and LEDs with the exception of the windows. The Chamber windows are covered in FCF-C12.  A table of shatterable materials and rationale for acceptance is attached to the form.  The extent of these is optical glass and LEDs.  Optical glass is vibration tested and stowed in clear plastic bags.  The very small LEDs are vibration tested at flight levels and inspected after test and are not contained. 

The CIR Chamber Window baseline material is Sapphire (Al203) that is 8 mm thick.  The chamber has been hydro tested with blanks substituted for the windows in order to protect the windows from possible water damage.  The windows have been proof pressure tested using dry nitrogen to a value based on the fracture mechanics criteria for the largest allowable crack for 4 times design life. Cycle life on the windows will be tracked to determine when the windows will be replaced from a life standpoint.  All analysis considered worst case loading and stresses.  The analysis using the predicted cycle life indicates that the life of the windows with factors of safety exceed the CIR life. 

The windows will be launched in stowage and installed on-orbit. Soft foam covers are installed on both sides of the Sapphire material during launch. These covers prevent inadvertent scratching of the frangible material during launch and handling during installation.  The covers on the chamber interior side are removed after installation into the chamber. The mechanism for installing the windows will prevent high stress concentrations in the glass by preventing glass to metal contact. The seal material was selected such that it would not bond with the glass. The mechanism for window installation is a ratchet type, which prevents stresses in the glass due to over torque. The mechanism will be Teflon coated to insure smooth operation and prevent the generation of particles. The crew will be trained in the handling of the windows. The windows are recessed in the chamber to prevent inadvertent bumping during CIA installation/removal or while performing chamber maintenance. On-orbit the windows will be contained by the chamber and protective covers for those locations which do not require a diagnostic package installed or contained by the chamber, light shields, and diagnostic package housing for those locations containing a diagnostic package. The soft foam covers on the chamber exterior side of the window will remain in place as a means for beam containment in the chamber for those locations that do not contain a diagnostic package. The foam covers also provide protection to the windows from inadvertent damage during maintenance activities near the chamber windows. All foam covers are removed from the chamber interior..

When the windows reach the end of life or are no longer acceptable for use due to clouding or cleanliness they will be replaced on-orbit. See FCF-C12, Exposure of crew to broken materials (Chamber windows).. The crew will be trained in the procedures for cleaning the chamber windows using a step-by-step operating procedure. Windows will be handled with clean lint free gloves and window optical/cleanliness inspections will be performed after cleaning.

The windows may anti-reflective coating to prevent glare or provide specialized wavelength properties. Other possible window materials could be selected and used by other PIs, however none have been identified and will not be covered in this SDP. PI specific window coatings will be addressed in the Integrated Phase III SDP for each experiment. 

See Hazard Report FCF-C12, Exposure of crew to broken materials (windows). For Government Furnished Equipment, GRC will provide a containment certification of all GFE flight hardware.


FIGURE 59. Chamber Window Dual Seals

11.5 Flammable Material

Materials “A-rated” in a 25% oxygen environment (per MSFC-HDBK-527/JSC 09604F, Materials Selection List for Space Hardware Systems or MAPTIS Database) are selected for experiment hardware to control the flammability hazards. Use of non-“A-rated” materials will require an approved Materials Usage Agreement (MUA) in accordance with MRD-PLN-0008, Materials & Processes Control Plan. Final configuration shall be evaluated in accordance with NSTS 22648, Flammability Configuration Analysis to preclude flammability hazards in all “As-Built” flight hardware.

For Government Furnished Equipment, GRC will provide compliance certification of all GFE flight hardware.

Flammability of materials within the CIR is addressed in the CIR Phase III JSC Form 1230 [FCF-C01].

11.6 Materials Offgassing

CIR is taking a divided approach to offgasing. The flight rack in the launch configuration will be offgass tested. Individual packages which are stowed for launch will be offgas tested separately or in groups. The purpose of this is to allow spares to be qualified and allow multiple packages of one type to be integrated into the CIR on orbit.  The results of the tests will be compiled to prove that the CIR is within acceptable (T<0.5) limits and material selections will insure that particulate generation is minimized. MUAs and MIULs will be generated as required and submitted to NASA GRC for approval in accordance with the Intercenter Agreement.

See CIR Phase III JSC Form 1230 [FCF-C01]

For Government Furnished Equipment, GRC will provide MUAs and MIULs as required for all GFE flight hardware.

11.7 Non-Ionizing Radiation 

11.7.1 Electromagnetic Interference (EMI) 

EMI verifications are covered in the CIR Phase III JSC Form 1230 [FCF-C01]. CIR has been designed per FCF-PLN-0027, which follows the requirements specified in SSP 30237, Space Station Electromagnetic Emission and Susceptibility Requirements and SSP 57000, Interface Requirements Document. Testing will be conducted at the rack level for final acceptance of the CIR. Individual subsystems and flight spares will be tested to determine an EMI signature for comparison with replacement or upgraded equipment. Upgrade configurations will be tested on the Ground Integration Unit (GIU) or analysis based on subsystem/package tests will be used to demonstrate that the system is within specifications.

CIR is testing the rack by itself and with the MDCA qualification unit integrated. MDCA will be tested stand alone also. The results will be compared to determine how a payload is affected by CIR so that future payloads may be tested stand alone and the results analyzed for compliance.

For Government Furnished Equipment, GRC will provide compliance certification that all GFE has passed ICD2-19001, 10.7.3.2.2/SSP 30237 EMI compatibility testing.

11.7.2 Lasers

The Diagnostic Subsystem provides the capability to use a class IIIb Laser as an illumination source for payloads on the optics bench. See hazard report FCF-C25. The laser would be located behind the Optics Bench and the beam is directed through the chamber windows. The laser is fully contained from the front of the rack by the optics bench, chamber door, fiber optic cables and light shields. There is no optical path from the lab module to behind the Optics Bench (where the laser is located). The rack doors have an interlock switch for both upper and lower rack doors that sends a signal to the IOP, which in turn commands the EPCU to cut power to the Universal Mounting Location (UML) that the laser has been connected to [inhibit 1]. Note that this feature can be used to turn of any UML for other purposes.

Two other controls are also used to insure that power to the laser has been eliminated during all maintenance activities.. The [inhibit 1]. Crew procedures instruct the crew to manually switchoff the EPCU power switch which removes control  power to the EPCU internal components and shuts off all EPCU output channels thus power to the rack components has been eliminated [inhibit 2]. Crew procedures instruct also instruct the crew to manually switch off the Rack Power Switch which sends a  signal to turn off the ISS Rack Power Switch (RPC) and shut off the ISS power to the EPCU [inhibit 3]. 

CIR does contain one laser and two diodes which could become lasers. The one laser is the ISS smoke detector which is GFE from Boeing. It is the standard FDSS smoke detector which has not been modified. Allied Signal/Honeywell scattering smoke detector is used in the ISS. The system is designed to alarm based on the magnitude of the scattered light signal. Dust discrimination is based on frequency analysis of the scattered light signal. The near IR laser beam emerges from the enclosure into the top assembly and is reflected by two mirrors (one visible at top right) and is then reflected back to the sensors in the enclosure. One sensor detects the forward scattered light and is referenced by another sensor that looks directly at the incident beam.

CIR has two laser diodes which are not provided enough power to laze. The power supply is settable by software. Only one can be used at a time since the fiber optics cable only has one connection and the other laser is capped. If both diodes were on there would not be sufficient energy to drive them. In the case of a failure the power supply is limited to 1.1 amps which will limit the measured output power to 300 mw. The output of these when they are lasers is 650 nm therefore they are class 3b. See diagrams added to Hazard report FCF-C25.
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FIGURE 60. Laser Inhibits
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FIGURE 61. ISS Smoke Detector

11.8 Batteries 

The Gas Chromatograph (GC) control boards contain two Sanyo CR2450 lithium batteries.  Note the GC will not fly on the first flight. The chemical makeup of the battery consists of lithium for the anode, manganese dioxide for the cathode, and an organic non-aqueous electrolyte. The battery is used in a SRAM back-up application.  The maximum data retention current required by the SRAM is 1uA.  With a nominal capacity of 500mAh, the battery would have a potential life of 57 years.

The lithium battery cell must pass an acceptance test that includes an open circuit voltage, loaded voltage, and leak check as dictated by the Battery Specialists of Johnson Space Center.  The cell has been found to perform acceptably after being subjected to these tests.

Due to the nature of high energy density lithium batteries, protective components have been added to the circuit for safety purposes. (See FIGURE 62) A blocking diode has been incorporated into the circuitry to prevent the main power source from charging the battery.  A resistor has been added to the circuitry to protect the battery against excessive currents if the main power supply or diode experiences a short. 

See hazard Report FCF-C15, Gas Chromatograph Lithium Battery Hazard


FIGURE 62.  Lithium Battery Board Schematic

11.9 Touch Temperature

The CIR is designed to meet the requirements of interpretation letter MA2-95-048, Crew IVA Hazards-Touch Temperature. This has been accomplished by providing an active thermal management system which uses the ISS moderate temperature loop. 

To insure the adequacy, functionality and life of the active thermal management devices reliability and maintainability analysis have been performed (for CIR specific hardware see CIR-ANA- 0004, CIR-ANA- 0072, CIR-ANA- 0073, CIR-ANA-0076 and CIR-ANA-0077, for Common hardware see FCF-ANA-0113, FCF-ANA 0205, and FCF-ANA 0280). From this data, a Limited Life Items List (CIR LST 0048) has been developed and a sparing/replacement philosophy has been identified and implemented.

During operation, the hardware is enclosed within the CIR behind the rack doors. All crew accessible surfaces (rack doors) are designed such that the average front surface temperature (rack doors) are less than 37C (98.6F) and any spot not to exceed 49C (120F) during normal operating parameters will not exceed the maximum touch temperature of 49° C (120° F). They will also not drop below the minimum temperature of –18°C (0° F).  See analysis below and test report CIR TRT 3819 for specific details. 

Internal equipment surfaces have been found by analyses and test not to exceed 49° C (120° F) or drop below the minimum temperature of –18°C (0° F). See test report CIR TRT 3819.

All exposed cabin surfaces will be maintained above the dew point temperatures from 4.4° C (40° F) to 15.6° C (60° C) so as to prevent condensation.

For Government Furnished Equipment, GRC will provide compliance certification of all GFE flight hardware.

All thermal requirements within the CIR are addressed in the CIR Phase III JSC Form 1230 [FCF-C01].

11.9.1 Thermal Analysis of Rack Doors Outer Temperature

The purpose of this section is to document the results of the CIR rack door thermal analysis to show compliance to FCF-SPC-0002A, 3.3.6.2 CIR Front Surface Temperature (or SSP 57000, 4.3.5.1.11 Rack Front Surface Temperature). This section covers the analysis of the CIR front surface temperature performed between March 2001 and June 2001. 

The rack door temperatures shall, as a minimum, meet the requirements stated above. The CIR shall be designed such that the average front surface temperature (rack doors) are less than 37C (98.6F) and any spot not to exceed 49C (120F). 

The rack can be subdivided into rack level components and optics bench assembly components. The rack components include the rack itself and all other components not mounted to the optics bench. 

11.9.1.1 Ambient Conditions

ISS maintains temperatures between 60F and 80F, the temperature will be taken as 80F for this analysis. The wall surface temperature for radiation is also taken at 80F. The air handling system provides an average heat transfer coefficient over the rack surfaces of 1 W/m2 K. 

11.9.1.2 Payload Rack

The payload rack will be placed among other racks in the ISS. Because these other experiment racks in the station may be giving off heat, the amount of heat rejected through the sides and back of the CIR cannot be measured unless a module-level analysis is done. Since this is impractical, the sides and back of the rack are considered adiabatic as suggested by SSP 41002, 3.3.3.5.2. The rack skin is a carbon-epoxy composite that ranges in thickness from 0.075 to 0.252 inches. The conductivity of the skin is 16.0 Btu/hr-ft-F. The emissivity of is taken as 0.9 on both sides.

11.9.1.3 Rack Doors

The rack doors are made from Aluminum 6061-T6 and are painted. The thermal conductivity is 167.47 W/m-K and the thermal emissivity is .045. The doors are 1 cm thick. 

11.9.1.4 Optics Bench

The optics bench is made from polished-nickel plated aluminum. The emissivity of this material is 0.045. There is a small hole for cooling the EPCU power cables on the lower left corner of the optics bench. Using the impedance analysis laid out in FCF-DOC-0117, the flow through this hole can be approximated. The packages are designed with very weak conduction paths from the heat producing elements to the optics bench and the heat generated from the cables inside the optics bench is negligible compared to the cooling capacity. Therefore, the optics bench can be taken as isothermal for this analysis and is maintained at a constant temperature of 80( F.

11.9.1.5 Populated Optics Bench Assembly

The populated optics bench assembly consists of the optics bench and all of the hardware mounted to it. The Optics bench serves as the duct for cooling air from the ATCU and the mounting point for the combustion chamber, gas manifold assemblies and controls, diagnostic assemblies, and Principal Investigator (PI) hardware. There are eight UML’s surrounding the chamber for diagnostic and image processing hardware on the rear of the bench. The location and type of hardware is experiment specific. For this analysis, the layout of experiment c10- SIBAL was chosen because it has high average and peak power demands.

11.9.1.6 Air Thermal Control Unit

The ATCU acts as the air-conditioner for the rack. It draws in warm air from the rack, cools it, and returns it to the packages via the optics bench. The ATCU is capable of forcing 200 cfm through a 0.7 in H2O pressure drop. At this rate, the ATCU will provide 1650 W of cooling.

11.9.1.7 ECS Electronics Unit

The EEU is mounted on the ATCU in the front of the rack and dissipates about 49 W of heat and requires at least 5.15 cfm of cooling air.

11.9.1.8 Fire Detection

The smoke detector is mounted to the upper left side of the rack. It is located in the rear of the rack, just below the ATCU. The smoke detector is modeled as a set of three planar resistances enclosed by a cuboid base, an end cap, and the rack wall. 

11.9.2 Surface Temperature Analysis

11.9.2.1 Rack Operating Conditions

The operating conditions of the rack are experiment specific. The amount of heat that needs to be dissipated depends on the packages being used at the time. From a thermal analysis standpoint, each experiment can be broken into four basic segments: pre-experimental, experimental, post-experimental, and power-off. During pre-experimental portion, the EPCU and FCU are powered up. The chamber is purged and the impurities are baked out of the GC. In the experimental segment, the diagnostic packages are sequentially powered up, the experiment is performed, and the data is transferred from the image processors to the IOP. After that, the chamber is evacuated, the gases analyzed, and the test data downloaded to earth. Finally, all of the equipment can be powered off. The power demands for a typical experiment are laid out in FIGURE 63 which provide the heat generation profile.  The profile shape of this experiment is similar to that of other experiments, but the magnitude of the power values differ. 

11.9.2.2 Pre/ Post Experiment Periods

Because the duration and amount of power dissipated during the pre-and post experimental periods are similar, a single analysis can be performed to determine if the rack meets the specified requirements during these modes of operation. The durations of these periods are long enough to allow the rack to reach steady state. The analysis is done at the maximum power dissipation during these periods with a total flow rate through the ATCU of 152.7 cfm. 

11.9.2.3 Experiment Period

During the experimental period, the PI box, chamber hardware and diagnostic modules are powered on. Because the rack power during this time exceeds the 2000 W steady-state design limit, it is necessary to use a transient model for this period. The flow rates through all the components are the same as during the pre/ post experiment period, but the temperatures of the flow through the powered on components will change. The outlet temperature of the EEU, GCIP, FCU, and IOP is constant at 108 F and the air through the cable cooling hole remains at 80 F. In the actual experiment, the cameras and IPSU’s are turned on one at a time, but they are turned on simultaneously in the model for simplicity. The amount of heat dissipated in the model is more than will be dissipated during the actual experiment.


FIGURE 63. Power Demands for Experiment C-10

11.9.2.4 Thermal Analysis Conclusions

The thermal analysis details can be found in CR verification report CIR VER 1046.  The surface of the rack doors never exceeds 49 degrees C in the worst case (see FIGURE 64). Therefore the crew is not exposed to anything exceeding the touch temperature with the doors closed and the hazard control is to ensure crew wait time for cool down of internal equipment prior to access. During internal access to the rack the analysis shows that only one item exceeds the 49 degrees C, this is the FCU which is 8.5 degrees above the touch temperature and takes approximately 9 minutes to cool to below 49 degrees C with power off and no active cooling. The IAM reaches 49 degrees C and drops below 49 in less than 1 minute. Both of these items are behind the optics bench and the operational time required for access are 15 minutes for opening the rack door and 45 minutes for bench translation. . In addition the open door crew procedure includes an additional15 minute wait time after rack shut down. During nominal operations the rack will be turned off from the ground.

[image: image35.wmf]
FIGURE 64. Rack Door Temperature Worst Case

The CIR rack also implements an automatic shutdown of the rack on detection of loss of cooling. Loss of air cooling is detected by an IOP software monitor for the combination of low ATCU fan speed and low rack air velocity. The combination is used to allow operations to continue in the event of a failed sensor.  Loss of water cooling is detected by a low flow signal from the flow sensor in the rack primary loop. Normal operations can include those with no flow in the science loop and therefore the science loop flow sensor is not used to indicate loss of coolant flow.  

During ground operation the project has experienced binding of the flow sensors which results in loss of signal but does not appreciably impact flow through the loop. To address this concern the CIR plans to perform an on-orbit modification to its flight software registry in the IOP that implements this monitor. The plan is to remove the flow sensor monitor and to implement a monitor of the ATCU air-outlet temperature.  The ATCU air-outlet temperature rises rapidly on loss of coolant flow and will be used as an indirect indication loss of coolant flow. Reference engineering review board FCF-0113
11.10  Electrical Power Distribution

The electrical power distribution system components meet station interface circuit protection requirements of SSP 57000 and payload circuit protection requirements of Interpretation Letter TA092-038. 

All EPCU front panel connectors are 28Vdc.

The EPCU will not pose a risk of being an ignition source. Wire derating, bonding and grounding is included in the design. Choice of insulation use only “A” rated materials to avoid flammability issues. 

Circuit protection devices and wire sizes shall conform to the requirements of the appropriate SSP 57000, Interface Requirements Document, at the payload power distribution interface with ISS. For payload power distribution within the payload, circuit protective devices shall be sized such that steady state currents in excess of those allowed by TM 102179 are precluded.  The current is limited by MOSFETs to 4.6 Adc per RPC channel. In addition there are back up 5 amp fuses in the EPCU which limit current if the MOSFET fails. See CIR-ANA-3656.

See Wire Derating Analysis CIR-ANA-3656. This analysis lists all the electrical drawings. Drawings are attached to Hazard Report FCF-C24.

See CIR Phase III JSC Form 1230 [FCF-C01]

For Government Furnished Equipment, GRC will provide compliance certification of all GFE flight hardware.

11.10.1 Bonding Requirements

Per SSP 57000, CIR is required to meet the bonding requirements of SSP 30245 see Hazard Report FCF-C24 for controls and verification. Drawings and schematics are attached to the hazard report which support this.

Bonding between removable packages that mount on the Optics Bench at UML locations and the Optics Bench will be accomplished using methods defined in Interpretation Letter MA2-99-142.  Even though these packages use less than 30 VDC there are two bonding schemes are used on the Optics Bench. First, a low impedance RF bond is accomplished via electro-less nickel-plated mating surfaces between the package and the Optics Bench. Second, bonding for fault current paths is provided via two #16 AWG wires that are independently connected to the Optics Bench, passed through the UML connector via contacts into the diagnostic or avionic package and are connected to the structure, inside the diagnostic or avionic package. The connector shell itself also provides a fault current path between the package and Optics Bench.  Those packages, which are not removable as a part of normal operation, will have conductive surfaces that are bolted to the Optics Bench. Attachment bolts; nuts, and screws shall be torqued using calibrated equipment and values specified in an assembly procedure. The minimum surface area of the metal to metal contact point (each faying surface) shall be four times the equivalent cross-sectional area of copper wiring necessary to carry the fault current.
 All bond interfaces shall be verified on the ground as part of the verification process.

The Optics Bench will have multiple bond paths to the rack.  First, the braided shield on each of the two power cables between the EPCU and the Optics Bench shall be terminated in 360-degree backshells at both the EPCU and Optics Bench.  Second, a bond strap between the Optics Bench and rack post will also be provided.

Avionics packages not mounted on the Optics Bench shall be bonded to rack conductive structure elements that are attached to the rack post.  Attachment bolts, nuts, and screws shall be torqued using calibrated equipment and values specified in an assembly procedure.

11.10.2 Ignition of Flammable Atmospheres in the Payload Bay

Not Applicable:  The CIR and associated stowage are not powered during orbiter phases.  CIR will be stowed within the MPLM, and not mounted externally in the shuttle bay. 
11.10.3 Power Interruption

All power going to a rack first enters the EPCU through two rear panel connectors.  Four independently fused circuits provide power to four redundant DC/DC converter power supplies (two on each input power bus) for internal EPCU 28Vdc control power.  Turning the ECU power Switch OFF interrupts this 28Vdc control power disabling all the FRPC output channels however ISS provided 120Vdc will still be present internal to the EPCU. The 120 Vdc power to the rack is removed when the Rack Power Switch is in the OFF position or when the RPC is turned off via a MDM command to the RPC.

IOP software control of the EPCU is used to command the ON/OFF state of individual EPCU output channels. The EPCU is controlled and monitored by the IOP through a 1553B redundant interface.  Command, health, and status data is transmitted over the 1553B bus between the EPCU and the IOP.  

On the front panel of the EPCU there are two LEDs, which indicate the presence of voltage on the ISS BUS A, and ISS BUS B 120Vdc feeds.  The Rack Power Switch Assembly also has an LED to indicate if the output channels have been shut off. 

For crew safety, all EPCU front panel connectors are 28Vdc and most loads will operate mainly on 28Vdc. 120 Vdc powers the Smoke Detector, however once connected, it will be very rare that they will need to be demated. CIR procedures dictate that all mate/demate of connectors will be done de-energized.  Only by exception when required by science mission requirements, will 120Vdc from the EPCU rear panel connector be supplied to a load other than the smoke detector. The maximum 120Vdc power capability made available to potential loads is 1440W.

An additional inhibit control of the EPCU output power is possible.  By grounding a control circuit (provided in the EPCU output connector) a user/facility load can remotely turn power off to itself.  This feature allows sensors (over temperature, over pressure, etc.) within user/facility loads to trip the associated EPCU output channel off.

An additional safety interlock will be a rack door limit switch that is connected to the IOP.  If a rack door is opened, the IOP will send a signal to the EPCU to turn off pre-selected channels.  The channels selected will be experiment dependent. 

11.10.4 Electrical Ignition Source (Arcing)

There are no sources for sparks in either the EPCU or the IOP, which could pose a safety hazard in the event of a gas leak within the rack.  The EPCU switches and the relays are all hermetically sealed.

11.10.5 Mating/Demating of Power Connectors

CIR procedures require that no mating/demating of live powered connectors will be accomplished on-orbit.

Per the requirements in NSTS 18798 Interpretation Letter MA2-99-170, the connector design completely shrouds the pin and sockets. This design also insures that the powered side of the connector ends in sockets rather that pins to preclude the possibility of pins shorting and generating molten metal. The design precludes the possibility of mismating connectors by use of keyed connectors to prevent mismating. Payload and on-orbit support equipment, wire harnesses and connectors shall be designed such that no blind mating/demating will be accomplished during payload installation, operation, removal, or maintenance on-orbit. Scoop proof connectors and/or other approved protective features are incorporated to prevent inadvertent shorting. The output capacitance per EPCU channel is negligible in terms of stored capacity (0.01 (F). 

Proper bonding and grounding will be accomplished to avoid the occurrence of electric shock from static buildup per Interpretation Letter MA2-99-142, On Orbit Bonding & Grounding. 

See Hazard Report FCF-C24, Electric Shock.

11.11 Rotating Equipment

CIR Rotating equipment consists of:

· Two 8.5 in. diameter Blower Fans, located on the ATCS (ECS Subsystem are rated at 2500 RPM and are totally contained within the ATCU. All power to the rack will be OFF during any crew access to the rack.

· One 4.9 inch diameter, 24VDC Fan located within the IOP, which is rated at 3500 RPM and is totally contained in the IOP structure. All power to the rack will be OFF during any crew access to the rack.

· One IOP Hard Drive located within the IOP which rotates at 7,200 RPM, is less than 4 inches in diameter and is made of aluminum. 

· Two Rotary Vane Pumps, located in the Exhaust Vent Package (EVP). Which rotate at 4600 RPM and are located behind the optics bench.  These pumps are magnetically coupled and totally sealed.  The pump uses a 28 Vdc brushless type servomotor and the motor housing is made of aluminum.  The pump housing is made of stainless steel and is a minimum of 0.43 inches thick. The vanes and rotor total diameter is 2 inches and are made of carbon composite.  The composite used is compatible with high O2 concentrations and all chemicals expected.  All power to the rack will be OFF during any crew access to the rack.

· The IPSU and IPSU-Analog contain Hard Disk Drive Units. All power to the rack will be OFF during any crew access to the rack.  The hard drives rotate at 15000 rpm and are 4 inches in diameter.  Safety verification analysis document CIR VER 1066 documents a containment analysis which demonstrates that these drives are not an issue.  They contain 227 Joules which is less than the 19310 Joules limit for fracture critical. 

· The chamber-mixing fan is 3.14 inches square and operates on 28 Vdc. The motor fits inside the fan and the fan/motor assembly fits into the shroud. The shroud/housing and fan blades are aluminum. The maximum fan speed is 7500 RPM. 

· The GC (not flying on the first flight) contains 3 diaphragm pumps which are ¾ inch in diameter operate at 2500 RPM are made of steel and are contained in a steel housing.

See CIR Phase III JSC Form 1230 [FCF-C01] subsystem specific addendum. A table of rotating equipment is attached to the hazard report. 

For Government Furnished Equipment, GRC will provide compliance certification of all GFE flight hardware.

11.12 Contingency Return and Emergency Egress

(Rapid Safing)

Emergency crew egress is not a concern when the rack is operating under normal conditions as the crew will not be directly interfacing with the CIR and the doors will be closed. 

The CIR Optics Bench design violates section 3.1.1.7.3 of the IRD REV B, On-Orbit Temporary Protrusions. The Optics Bench will be deployed only while crew attended and meets the human interface requirements for interfaces and operation as defined in SSP 57000. The Optics Bench is quickly restowed and will pose no user interface issues. When the Optics Bench is rotated out, the crew can easily get over or in front of the rack. The rack can also be manually pushed up and in to remove it from the aisle. There are not any crew restraints that would bind a crewmember to the rack, however there are foot restraints on adjoining racks to provide leverage.

See the ISS PIRN # SSP 57217-NA-0001A for the Approved Exception

See the CIR Common JSC Form 1230 [FCF-C01]

For Government Furnished Equipment, GRC will provide compliance certification of all GFE flight hardware.

11.13 Training/ Crew Interaction

In general, training will be performed to familiarize the crew with mechanisms, door use, the optics bench rotation and translation, bottle change out, chamber lid and configuration management of the stowage items. It is assumed that the ISS program provides the procedures and training for handling of a standard rack, unpacking, transport, and installation.

The Structural and Mechanical Subsystem is designed such that any required access to the hardware during flight or ground operations can be accomplished with minimum risk to personnel. Payload equipment shall not be reconfigured, erected, or operated upon in a manner which could present a hazard to the crew, ISS/Orbiter, or which would make it unsuitable for safe return. Should any item of the CIR become stuck or jammed, a specific work-around will need to be created in order to deal with that particular problem. The scope of this SDP is a safety assessment of normal operation and will not attempt to assess all of the various situations that may occur.

The Pressurized Subsystem is designed such that any required access to the hardware during flight or ground operations can be accomplished with minimum risk to personnel. Color-coded markings are accompanied by alphanumeric notation. Knobs and switches are designed to provide enough clearance for crew usage. Chemical Constituencies from solid and liquid fuels that are not carried away in the chamber evacuation may be required to be cleaned from the chamber walls depending on the experiment. Any special procedures or Personal Protection Equipment (PPE) necessary will be provided by the specific experiment and presented as part of the experiment phased review process with an integrated phase III review with CIR. See hazard report FCF-C29 for details of chamber/CIA cleaning needs. 

Payload equipment shall not be reconfigured, erected, or operated upon in a manner which could harm the crew, ISS/Orbiter, or which would make it unsuitable for safe return.

Training will be performed on the Payload Training Center Unit (PTCU) located at the Johnson Research Center (JSC).

11.13.1 Doors

The Rack Doors will be structurally secured to the rack and configured for launch by attaching to the Launch Straps and by installing the Structural Launch Fasteners into the Launch Support Plates and Launch Brackets. The door fastener array will insure that the failure of one fastener will still provide for safe load transmission. Fasteners will be positive locking and will be removed on-orbit. 

The door is segmented into two upper bi-folding sections and two lower bi-folding sections. The top two panels are hinged together with a constant force hinges that allow the panels to fold upward. The lower door sections are identical with the exception that they fold downward. These combined sections extend outward from the rack approximately 18 inches at a maximum 92° angle. 

The fully folded door sections are designed such that it is difficult to pinch fingers, especially without the force of spring loading or the effects of gravity, the crew should be able to maintain control of the mechanism. Stops will be provided to prevent the door from inadvertently opening into the adjacent equipment. Formal crew procedures will be provided for use of the door, including any special procedures for configuration after launch and prior to handling.

The Rack doors will be inspected for sharp edges and pinch points per the CIR Common JSC Form 1230 [FCF-C01]

11.13.2 Stowage

The ISS Inventory Management System (IMS) will be utilized for identification of stowage locations for spent or failed equipment from being mistaken for new or used equipment. All CIR items will be properly tagged per ISS IMS requirements documents.

The FCF project is currently working on the concept of dealing with stowage of items during re-configuration, as stowage space is very limited on ISS.

11.14 Acoustic Noise

The ISPR and Rack Doors provide attenuation of acoustic emissions generated by facility equipment within the CIR. Final acceptance testing has been performed at the rack level with the doors closed since the rack will be operated with the doors closed on orbit. The rack surpassed the limit by 1 dB at 500 Hz. Reference PIRN 57212-NA-0040A.  Items which are ORUs will be tested before integration into the rack to provide a baseline signature.  Replacement ORUs or subsystems will be tested separately to insure that their acoustic signature is less than the original ORU used for the rack level test. Upgrade configurations will be tested on the ground unit or analysis will be used to demonstrate that the system is within specification. 

11.15 Rack Configuration
The configuration of the on-orbit rack will be controlled by an on-orbit configuration drawing maintained in a configuration management system on the ground at the Glenn Research Center (GRC). Operational configuration changes during rack set-up, maintenance and test point specific configurations are made via program controlled crew procedures.  The operational configurations including bottle installations and contents, adsorber installation and contents diagnostic package installations, connecter make/breaks and switch positions are tracked on the ground and maintained in the Configuration Tracking Data System (CTDS) s. To insure that the rack is in the proper configuration for launch an inspection will be performed. See HR FCF-C17.

11.16 Replacements and Upgrades

Flight Spares and Upgrades will undergo equivalent qualification/acceptance testing or analysis as the original equipment being replaced to insure that all safety and integration requirements have been adequately addressed. Many of the items will be tested for comparison to the original which passed flight level tests and had stand alone testing done (EMI, Acoustic noise and Microgravity disturbance are a few of these tests). The GIU may be used in some cases to perform rack level tests on replacements or upgrades to prove they work with in requirement limits.

For Government Furnished Equipment, GRC will provide compliance certification of all GFE flight hardware Spares or upgrades.

11.17 On-Orbit Re-Verification

During the 10-15 year life of the facility, a number of factors will result in the hardware needing re-verification. Such as: recalibration, upgrades, failed components and limited life items change-out. When these occur, it may be necessary to re-verify accuracy of the set point or safety feature per NSTS 1700.7B Paragraph 200 and 201, and NSTS/ISS 18798A Interpretation Letter MA2-98-135, Verification/Re-verification requirements for On-Orbit Payloads. Recalibration items are listed in the Re-verification section of pressurized systems in section 11.20.14. Maintenance items are controlled by approved crew procedures and maintenance hazard assessments. See section 11.22.  A limited life items list has been created for CIR (CIR LST 0048). The ground crew that monitors the subsystem from the GRC Tele-Science Support Center (TSC) will maintain this list. A list of those items needing periodic calibration will also be created and maintained by the ground crew. The ground crew will plan for expected hardware change-out and/or calibration. .

11.18 Pyrotechnic Devices

Not Applicable:  No pyrotechnic devices are used in CIR.

11.19 Fire Detection and Suppression System (FDSS)

During a fire event, power to the CIR is shut down by space station. It is assumed that when power has been removed from the rack, no PI heat generating devices will exist and it is acceptable for the coolant flow to also be shut off.  The fuel in any experiment is limited by hardware controls based on results from a required adiabatic combustion analysis which calculates the amount of fuel to reach the chamber MDP.  Therefore, if a fire event occurs, there are no associated hazards that occur by the elimination of electrical power or coolant flow to the rack.

The implementation of status indicators, visible/audible alarms, process deviations, malfunctions and any other conditions requiring immediate crew interaction is mandatory and will support the U. S. Lab Caution & Warning System.  Those alerts, which are classified as Emergency, Caution & Warning, will be included to detect and monitor hazardous conditions.  This includes the hardware support for the smoke detection and suppression system, including the implementation of smoke detectors and the smoke detection indicator at the ISS specified ISPR location.

11.19.1 Operation

The FDSS smoke detector senses the presence of particulate products in the CIR internal atmosphere and provides an alarm signal to the Space Station Caution and Warning System via an interface at the RUP. The CIR rack door provides a port for discharge of fire suppressant from the Space Station Portable Fire Extinguisher (PFE) into the internal rack volume of the CIR ISPR. 

The principal performance metric associated with the function of this system is the time required to reduce the oxygen concentration in the free volume of the CIR, in which a fire event has occurred to a specified oxygen concentration after discharge of the ISS PFE.

Performance parameters are specified as follows:

· Percent O2 Concentration
<= 10.5%

· Time to Limit Concentration
<= 1.0 Minute

· Smoke Detector Sensitivity
<= 0.5% Per Foot Obscuration

· Minimum Air Flow Velocity @ Sensor
<= 10 Feet / Minute

Smoke detection is performed with the aid of the Air Thermal Control Unit (ATCU) and the Velocity Probe. The ATCU provides forced air-cooling for the CIR component and insures air circulation throughout the rack.  In the event of fire, the circulating air transports smoke particulates through the smoke detector. See FIGURE 66 CIR Airflow Path. The smoke detector is placed within the ISPR near the top, and directly in the air stream outside the ATCS so enough airflow passes by the detector to allow proper working performance. The specified limits are 10-120 fpm according to SSCN 004032 Revision A.  In order to assure that proper air-flow is maintained the Velocity Probe measures the air-stream velocity at the smoke detector inlet and generates an analog signal to the ISS Caution and Warning system via an interface at the RUP. Fire suppression is supplied by standard PFE (manually operated CO2 canisters). Inlet ports on the front rack door allow crew members to connect PFE canisters to the rack.

If an event occurs that triggers the smoke detector, power to the rack is shut off by the ISS, which eliminates a possible ignition source. This will shut down all airflow devices in the rack. The discharge and diffusion of the CO2 into the rack will then be dependent on the charge pressure in the PFE. This has been tested with a box simulating the PI box in CIR and the test met the requirements with the Ground PFE (CIR-TRT-2406).

11.19.2 Fire Detection Hardware

Fire detection is provided by a Standard Payload Outfitting Equipment (SPOE) area smoke detector.  This is an optical obscurance sensor operating on the airflow from the ATCS.  The detector senses the particulate products of combustion and provides a fire event signal directly to the Space Station Caution and Warning (C&W) System.  This sensor is located behind the optics bench near the inlet (prior to the filter) of the fan package at the top of the rack.

Airflow is directed down through the Optics Bench and distributed throughout the rack for forced convection heat exchange and to carry smoke particulate past the resident detector. The air volume of the CIR ISPR is anticipated to be cycled every 30 seconds or less. See Fire Detection and Suppression form. 

11.19.3 Air Velocity Probe

The CIR Air Velocity Probe is an electronic package mounted on the upper inter-costal of the ISPR. The unit utilizes a immersion style flow velocity probe. The probe consists of two sensing elements, a velocity sensor and a temperature sensor that automatically corrects for changes in gas temperature. When power is applied the electronics heat the velocity sensor to a constant temperature differential above the gas temperature and measures the cooling effect of the gas flow. The electrical power required to maintain a constant temperature differential is directly proportional to the gas mass flow rate. Both sensors are reference-grade platinum resistance temperature detectors (RTDs). The platinum RTD wire is wound on a rugged ceramic mandrel for strength and stability. The Velocity Probe obtains 28vdc power from the Environmental Electronics Unit (EEU) and generates a dc signal proportional to the air flow The flow signal is routed through the EEU to the J43 connector on the RUP to the ISS Caution and Warning System.

[image: image36]

FIGURE 65. Location of Smoke Detector


FIGURE 66. CIR Air Flow Path

11.19.4 Fire Suppression Hardware

Upon annunciation of a fire event by the C&W system, a red light emitting diode on the Rack Power Switch (RPS) provides a visual indication to the crew of the fire event location.  A crewmember discharges a Space Station Portable Fire Extinguisher (PFE) into the PFE port located on the front face of the rack in which a fire event is indicated. The CIR ISPR enclosure and the Rack Door inner surfaces serve to contain the fire suppressant medium such that all facility packages, assemblies, and related hardware will be completely surrounded.

11.19.5 FDSS Hardware Interfaces

The smoke detector and the Rack Power Switch (RPS) interface to the Space Station at the User Interface Panel (UIP) using the J43 connector. The smoke detector cable is routed to the detector through the Rack Utility Panel (RUP) using an ARIS umbilical.

The purpose of this section is to document the results of the CIR rack-level flow analysis to show initial compliance to SSP 57000 section 4.3.10.2.1.1.B Smoke Detector (D&I). 

11.20 Pressurized Systems

The Maximum Design Pressure (MDP) regions are determined using NSTS 1700.7B and NSTS 1700.7B ISS Addendum. The MDP shall be based on the highest pressure resulting from the failure of two components (2 fault tolerant). The Chamber MDP is determined by limiting the experimenter to a chamber pressure after adiabatic combustion to 135 psia. The controls in place for over pressurization due to high pressure bottles or ISS N2 limit the pressure to 120 psia. 

11.20.1 Chamber

The Chamber is mounted on the Optics Bench and will be used to contain the combustion process. Windows in the chamber wall enable specialized viewing of the experiment by use of the optical diagnostics and illumination packages. 

Feed through connectors are passed through the IRR provided power and data connections for the CIA. Flow through of the FOMA gasses, and cooling water that are passed from outside of the chamber to the inside is made possible by fittings and quick disconnects.

The Combustion Chamber will be tested according to the hazard report requirements. Chemical corrosion of the chamber will also be considered in the life assessment. Durability of mechanisms will be assessed or tested for a minimum factor of safety of 2 to 1 for life. MIL-STD-83577 will be used as a guideline for design of mechanisms. Mechanisms that perform a safety function (such as pressure relief valves, pressure transducers, seals, etc.) will be certified for the 10 to 15 year project life with a required factor of safety. For items that are not certified for the 10-15 year project life, a log sheet and associated procedures will be implemented to insure that component change-out occurs before the end of life has been reached. The Chamber Door Closing mechanism has been assessed according to NSTS/ISS 18798B Interpretation Letter MA2-00-057 (see CIR VER 1052) the only Chamber mechanism which required analysis. Chamber seals will be tested on a ground unit for life expectancy, chemical degradation resistance (materials compatibility), and durability. The chamber has been designed for easy change-out of the chamber door seals. The seals will be scheduled for change-out based on testing and analysis, with an adequate factor of safety. The On-orbit Leak Integrity Check (OLIC) before toxic test points will insure that seal integrity is not a concern.

See FCF-C06, Inadvertent Release of Chamber Door while Chamber is at High Pressure

The CIR Chamber door has been designed to meet the required factors of safety per MIL-STD 1522. The door mechanism was designed such that it can only be opened or closed one way.  The chamber door provides a locking mechanism and visual indicator that only permits engagement of the lock if the door has been properly closed.  The indicator will provide the crew with a visual verification that the door lock was properly engaged.  The door operates with a self-pressure relieving action that is similar to a pressure cooker.  As the lock ring rotates, the O-Ring seals will gap from the sealing surface of the chamber front end cap, which will allow the internal pressure to bleed-off before the “fingers” that hold the door can fail structurally. Significant delta pressures will also prohibit opening the chamber, as the force required to rotate the lock ring will be beyond the capability of the crew to operate.  By test it has been determined that at three psi the force required to open the door is double the 95 percentile male’s allowable force (106 lbs). At three psi the pressure the door self relieves without the door opening.
11.20.2 MDP Summary

The MDP is based on the highest pressure resulting from the failure of two components (2 fault tolerant). The summary analysis of the FCF CIR FOMA considers the failures of mechanical devices, such as pressure switches and pressure regulators, and electronic control devices controlled by the FCU, such as solenoid valves, pressure transducers and mass flow controllers. The analysis follows. TABLE VI provides a listing by the schematic region and associated MDP and control measures, which are in place to prevent simple overpressurization.

The CIR Pneumatic Schematic is shown on drawing 67212MFSM10001 ( 0) including MDP pressure boundaries is provided. An enhanced Gas Chromatograph Schematic is shown on drawing 67212MFSM10003 (provided as attachment - non-electronic). There are ten unique pressure  regions (as shown in TABLE V) defined on the schematic. They are described in the following sections.  Note for purposes of this document the following nomenclature is used interchangeably

Manifold #1
↔
Diluent Manifold

↔
Diluent/Premix Gas Manifold
Manifold #2
↔
Oxygen Manifold
↔
High Percentage Oxygen Manifold

Manifold #3
↔
Nitrogen Manifold
↔
Nitrogen High Pressure Manifold

Manifold #4
↔
Fuel Manifold
↔
Fuel/Premix Gas Manifold

Maximum Design Pressure (MDP)

	Region
	psia
	kPa

	A
	2015
	13,891

	B
	1815
	12,513

	C
	200
	1,379

	D
	135
	931

	E
	115
	793

	F
	100
	689

	G
	Reserved
	Reserved

	H
	40
	276

	I
	30
	207

	J
	15
	102


Summary of Controls Simple Over-pressurization

	FOMA Region
	MDP
	Control 1
	Control 2
	Control 3

	A
	2015 psia (13,891 kPa)
	Supply Bottles are filled to a maximum pressure of 2000 psig *
	
	

	B
	1815 psia (12,513 kPa)
	Supply Bottles are filled to a maximum pressure of 1800 psig *
	
	

	C
	200 psia

(1,379 kPa)
	ISS provided Nitrogen.  MDP specified in  SSP 57000
	
	

	D (Inlet 1)
	135 psia 

(931 kPa)
	Manifold pressure regulator set to 100 psia (690 kPa) max., or 90 psia (690 kPa)
	FCU/Pressure Transducer/Solenoid Valve.  Maximum pressure

120 psia (827 kPa)
	Pressure Switch/Solenoid Valve. Maximum pressure

115 psia (793 kPa)

	D (Inlet 1)
	135 psia

(931 kPa)
	FCU/Solenoid Valve control
	Self-Sealing quick disconnect, or experiment provided control.
	Maximum allowable experiment volume as related to bottle size

	D (Inlet 2)
	135 psia 

(931 kPa)
	Manifold pressure regulator set to 100 psia (690 kPa) max., or 90 psia (690 kPa)
	FCU/Pressure Transducer/Solenoid Valve.  Maximum pressure

120 psia (827 kPa)
	Pressure Switch/Solenoid Valve. Maximum pressure

115 psia (793 kPa)

	D (Inlet 3)
	135 psia 

(931 kPa)
	Manifold pressure regulator set to 100 psia (690 kPa) max., or 90 psia (690 kPa)
	FCU/Pressure Transducer/Solenoid Valve.  Maximum pressure 

120 psia (827 kPa)
	Pressure Switch/Solenoid Valve. Maximum pressure

115 psia (793 kPa)

	D (Inlet 4)
	135 psia

(931 kPa)
	Maximum allowable experiment volume as related to bottle size 
	FCU/Pressure Transducer/Solenoid Valve.  Maximum pressure

115 psia (793 kPa)
	Pressure Switch/Solenoid Valve. Maximum pressure

115 psia (793 kPa)

	D (Inlet 4)
	135 psia

(931 kPa)
	FCU/Pressure Transducer/Solenoid Valve.  Maximum pressure

115 psia (793 kPa)
	Pressure Switch/Solenoid Valve. Maximum pressure

115 psia (793 kPa)
	Experiment provided over-pressurization control

	D (Inlet 5)
	135 psia

(931 kPa)
	ISS N2 Supply has 1 failure to get the pressure to 200 psia (1379 kPa)
	FCU/Pressure Transducer/Solenoid Valve.  Maximum pressure

115 psia (793 kPa)
	Pressure Switch/Solenoid Valve. Maximum pressure

115 psia (793 kPa)

	D (Outlet

1 – 6)
	135 psia

(931 kPa)
	Manifold pressure regulator set to

100 psia (690 kPa) max.
	FCU/Pressure Transducer/Solenoid Valve. Maximum pressure

115 psia (793 kPa)
	Pressure Switch/Solenoid Valve. Maximum pressure

115 psia (793 kPa)

	E
	115 psia

(763 kPa)
	Pressure Regulator set to 95 psia (655 kPa)
	Pressure Transducer set to

100 psia (690 kPa)
	Pressure Relief Valve set to

115 psia (763 kPa)

	F


	100 psia

(690 kPa)
	Pressure Regulator set to 65 psia (448 kPa)
	Pressure Transducer set to

90 psia (621kPa)
	Pressure Relief Valve set to

110 psia (758 kPa)

	G
	Reserved
	N/A
	N/A
	N/A

	H
	40 psia (276 kPa)
	Pressure regulator set to 36 psia (248 kPa)
	FCU/Pressure Transducer/Solenoid Valve. Maximum pressure

19.7  psia (136 kPa)
	Pressure Switch/Solenoid Valve. Maximum pressure

19.7 psia (136 kPa)

	I
	30 psia

(207 kPa)
	Pressure Regulator set to 15 psia (103 kPa)
	FCU/Pressure Transducer/Solenoid Valve. Maximum pressure

25 psia  (172kPa)
	Pressure Switch/Solenoid Valves. Maximum pressure

30 psia (207 kPa)

	J
	15 psia 

(102 kPa)
	One failure to get the Chamber to 135 psia (931 kPa)
	Pressure Regulator set at 15 psia (102 kPa)
	Second Pressure Regulator set at 15 psia (102 kPa)

	* 
Supply Bottles will be filled with consideration of maximum exposure temperatures during all phases transport/storage.




11.20.2.1 Region A: 2015 psia MDP – Gas Supply and Distribution to Combustion Chamber

Pressurized bottles, GB1, GB2, GB3 and GB7, interface with the supply manifolds (Fuel, Oxygen, Diluent and Nitrogen) and will have a maximum pressure of 2015 psia. (13,893 kPa) The bottles are DOT certified to 2015 psia and are filled to achieve 2015 psia (taking into account worst case temperature rise) to provide for depressurization on the outside of the bottle. These values are tested after bottle fill. All four of the Gas Distribution and Supply Manifolds have identical flow control hardware in this MDP region.  In each of the manifolds, the Pressure Regulator normally reduces the gas supply pressure outlet pressure as follows: Fuel Manifold (PR2) – 90 psia (620.5 kPa), Oxygen (PR1), Diluent (PR3) and Nitrogen Manifolds (PR4) – 100 psia (689.5 kPa).  

Failure of the Pressure Regulator would expose all downstream components to 2015 psia (13,893 kPa).  However, the FOMA Control Unit (FCU) will shut the first downstream solenoid valve (SV4, SV7, SV9, SV12) upon a pressure transducer (PT3, PT6, PT9, PT12) reading of 120 psia (827.4 kPa) or greater.

In the event of a failure in either the pressure transducer or the FCU, the Pressure Switch (PS1, PS2, PS3, PS4) will shut the first downstream solenoid valve independent of the FCU at a pressure of 115 psia. (793 kPa) The Pressure Switch is hard wired between the relays and the solenoid valves.

The Nitrogen Manifold also has the ability to route the gas from either a supply bottle or the ISS GN2 supply system directly to the Combustion Chamber.  If a pressurized bottle (maximum size of 3.8 liters) is used, the 2015 psia (13,893 kPa) gas could be routed directly to the chamber.  Therefore, only the downstream solenoid valves SV28 and SV20, the quick disconnect QD12 and the tubing will be exposed to the MDP of 2015 psia. (13,893 kPa). See 0 67212MFSM10001. 

11.20.2.2  Region B: 1815 psia MDP – Gas Chromatograph Gas Supply

Pressurized bottles, GB4, GB5 and GB6, interface with the Gas Chromatograph (GC) Gas Supply Package manifolds.  These bottles deliver gaseous Argon, Helium and a Check Gas (experiment specific) to the GC Instrumentation Package (GCIP).  The bottle will have a maximum pressure of 1815 psia (12,513 kPa). 

The Helium and Argon supply manifolds have identical flow control hardware in this MDP region.  In each of these manifolds, the Pressure Regulator (PR7, PR8) is set to 95 psia (655 kPa).  

Failure of the Pressure Regulator would expose all downstream components to 1815 psia (12,513 kPa).  However, the FCU will shut the first downstream valve (SV25, SV26) upon a pressure transducer (PT19, PT20) reading of 100 psia (689.5 kPa) or greater.  The Relief Valves (RV1 and RV2, RV3 and RV4) will assure that the downstream solenoid valve (SV25, SV26) will not be exposed to pressures above 115 psia. (793 kPa) (Relief Valve setting)

In the event of a failure in either the pressure transducer or the FCU, the two Relief Valves (RV1 and RV2, RV3 and RV4) set at a maximum pressure of 115 psia (793 kPa), will prevent the high pressure from going further downstream.    

The Check Gas supply manifold has a Pressure Regulator, PR6, set to 65 psia (448 kPa).  Failure of the Pressure Regulator would expose all downstream components to 1815 psia (12,513 kPa).  However the FCU will shut the first downstream valve, SV27 upon a pressure transducer (PT22) reading of 90 psia (620.5 kPa) or greater. The Relief Valves (RV5 and RV6) will assure that the downstream solenoid valve; SV27 will not be exposed to pressures above 110 psia. (758 kPa) (Relief valve setting)

In the event of a failure in either the pressure transducer or the FCU, the two Relief Valves (RV5 and RV6) set at a maximum pressure of 110 psia (758 kPa), will prevent the high pressure from going further downstream.    

11.20.2.3 Region C: 200 psia MDP – ISS Supplied Nitrogen

The MDP of this region is specified in SSP 57000 Paragraph 3.7.1.2. The ISS provides N2 at a nominal pressure between 90-120 psia and provides controls to limit the maximum pressure to 200 psia after two failures. 

11.20.2.4  Region D: 135 psia MDP – Combustion Chamber Inlet 

The highest experiment Combustion Chamber pressure, based on the design requirements specified in FCF-DOC-002 Science Requirement Envelope Document. Typical experiment operations are limited to 3 atmospheres (44.1 psia, 304 kPa).  The following failure/operating scenarios involve gas delivery to the Combustion Chamber.

11.20.2.4.1 Region D (Inlet – 1): High Pressure Bottles – Gas Supplied Through Manifold Control

(Attached to either the Oxygen, Diluent, Nitrogen or Fuel Manifolds)

Each of the Gas Supply and Distribution Manifolds could have a maximum bottle size of 3.8 liters with a maximum pressure of 2015 psia (13,893 kPa) (see 12.20.2.1) . As discussed in the Region A (2015 psia MDP) section, three controls are in place ensuring the high pressure does not go downstream toward the Combustion Chamber. The maximum pressure that could leave the manifold and reach the chamber would be 115 psia (793 kPa), limited by the Pressure Switch (PS1, PS2, PS3, PS4) and failure of the Pressure Regulator.  Since each of these is limited to 115 psi, any combination would reach only 115 psi., which is below the chamber MDP of 135 psia (931 kPa). For historical reasons this region is classified as an MDP of 135 psia and all components are selected to this criteria.
.  

11.20.2.4.2 Region D (Inlet – 2): ISS Supplied Nitrogen - Gas Supplied Through Manifold Control

The Maximum Design Pressure of the ISS Nitrogen system is 200 psia (1,379 kPa) per SSP 57000 Paragraph 3.7.1.2 .  Since the maximum operating pressure of the nitrogen supplied by the ISS is 120 psia (827 kPa), per SSP 57000 Paragraph 3.7.1.1, it will be assumed that at least one failure to the ISS system resulted in the reaching the MDP of 200 psia.  Since the gas is being delivered to the chamber through manifold control, the same over-pressurization controls apply as described for the delivery of gas via high pressure bottles.

11.20.2.4.3   Region D (Inlet – 3): Venting from Static Mixer Manifold

The ability to purge the gas supply manifolds is provided through the Static Mixer Manifold, which is connected to the vent route leading to the ISS VES.  The components of this path will be exposed to the downstream pressures of each of the Oxygen, Diluent and Nitrogen manifolds.  Therefore, the MDP will be 135 psia (931 kPa).

11.20.2.4.4   Region D (Inlet – 4): Nitrogen Manifold Direct to Chamber

Nitrogen Bottle Attached / ISS Disconnected

The Nitrogen/High Pressure Manifold can accept three bottle sizes, 1.0, 2.25 and 3.8 liters, all with a maximum pressure of 2015 psia (13,893 kPa).  The contents of the bottle can be routed directly to the Combustion Chamber via solenoid valve SV28 and SV20.  The Quick Disconnect inside the Combustion Chamber (QD12) on the Interface Resource Ring (IRR) is a self-sealing type quick disconnect.  This will require the connection of the mating half of the quick disconnect to open the flow passage to the chamber.  The above description is a normal operating condition.  The same end condition can be achieved due to the failures of solenoid valves SV28 and SV20 (commanded OPEN by the FCU), failure of the Quick Disconnect seal or failure of an experiment provided control mated to the quick disconnect.. 
The free volume of the chamber (without an experiment) is 105 liters.  The minimum chamber free volume for each bottle size can be determined using the relationship:  P x V (bottle) = P x V (chamber), where P (chamber) = 135 psia (931 kPa).  

The resulting minimum free volumes are:

1.0 Liter Bottle:
15 liters

2.25 Liter Bottle:
34 liters

3.8 Liter Bottle:
57 liters 

Therefore, the maximum allowable experiment volumes (volume of CIA and all hardware in the chamber)are associated with the bottle size attached to the Nitrogen/High Pressure Manifold and are limited as follows: 

1.0 Liter Bottle:
105 – 15 = 90 liters

2.25 Liter Bottle:
105 – 34 = 71 liters

3.8 Liter Bottle:
105 – 57 = 48 liters

If an experiment satisfies the free volume requirements specified above, no additional controls are required.  However, if the above volume restrictions are not met, then the Combustion Chamber is protected from over-pressurization by the following controls: 1) FCU monitors the chamber pressure by Pressure Transducer PT29.  If a pressure above 115 psia (793 kPa) is detected, then the FCU will close Solenoid Valves SV28 and SV20; 2) Pressure Switch PS5 mounted to the chamber IRR set to 115 psia (793 kPa) and will cause SV20, SV18 and SV16 to close;  3) The experiment must provide an adequate control device connected to the quick disconnect to prevent over-pressurization which is in the CIR IDD (see HR FCF-C10 verification 3.8.2).

11.20.2.4.5   Region D (Inlet – 5): ISS Supplied Nitrogen Direct to Chamber

The Maximum Design Pressure of the integrated rack ISS Nitrogen system is 200 psia (1,379 kPa), per SSP 57000 Paragraph 3.7.1.2.  Since the maximum operating pressure of the nitrogen supplied by the ISS is 120 psia (827 kPa), per SSP 57000 Paragraph 3.7.1.1, it will be assumed that at least one failure to the ISS system resulted in the reaching the MDP of 200 psia.  The resulting 2 controls are:  1) FCU monitors the chamber pressure by Pressure Transducer PT29.  If a pressure above 115 psia (793 kPa) is detected, then the FCU will close Solenoid Valves SV28 and SV20; 2) Pressure Switch PS5 mounted to the chamber IRR set to 115 psia (793 kPa) and will cause SV20, SV18 and SV16 to close.

11.20.2.4.6   Region D: Combustion Chamber

The Maximum Design Pressure of the Combustion Chamber is 135 psia (931 kPa).  See Section 11.20.2.1 and other sections of 11.20.4 Over Pressurization for the explanation on how this level was established.

11.20.2.5 Region D: 135 psia MDP – Combustion Chamber Outlet

Systems downstream of the Combustion Chamber will be subjected to the chamber MDP as the worst case driving pressure. The following failure/operating scenarios describe each of the regions.

11.20.2.5.1 Region D (Outlet – 1): GC Sampling Line Leading to the GCIP 

Pressurized gas in the chamber could be routed to the GCIP through solenoid valve SV15.  The 135 psia (931 kPa) gas is prevented from reaching the sensitive GC components by the following controls; 1) Pressure Regulator PR11 is set at 15 psia (102 kPa), 2) RV7 set at 20 psia and 3) Solenoid Valve SV15 must be opened for gas from the chamber to pressurize the GC. This valve is only opened for normal sampling, and will not be opened for elevated pressures.  

11.20.2.5.2 Region D (Outlet – 2): Re-Circulation Loop

The pressurized gas in the chamber can be routed to the Re-Circulation Loop through solenoid valve SV21 on the chamber IRR.  The gas will then pass through the Adsorber Cartridge, Re-Circulation Pumps (PUMP 1 or PUMP 2) and return to the chamber through solenoid valve SV19.  Since this is a closed system, the MDP of the loop will be 135 psia (931 kPa).

The pump maximum differential pressure (at zero flow, F7 clogged) is 4.4 psia and represents a theoretical head pressure on top of the chamber pressure. Chamber pressure at 135 psia is an off-nominal condition that can only be achieved with two failures. A clean up would not be initiated at this point. 

11.20.2.5.3 Region D (Outlet – 3): Direct Venting of Combustion Chamber

The pressurized gas in the chamber can be routed directly to the ISS VES for overboard venting.  When solenoid valve SV24 is closed, the gas bypasses the Adsorber Cartridge and is directed toward the Manual Vent Valve Manifold.  All components leading up to the manual valve MV4 could be exposed to 135 psia (931 kPa).

11.20.2.5.4 Region D (Outlet – 4): Venting of Combustion Chamber Through the Adsorber Cartridge

The pressurized gas in the chamber can be routed through the Adsorber Cartridge (single pass) and then to the ISS VES for overboard venting.  This passage is a combination of the Direct Venting and the Re-Circulation Loop, with the addition of the 3-way solenoid valve SV23.  Since no additional pressure is added in this configuration, the MDP will be 135 psia (931 kPa). 

11.20.2.5.5 Region D (Outlet – 5): Direct Venting Using the Manual Valve By-Pass

The pressurized gas in the chamber can be routed directly to the ISS VES for overboard venting utilizing manual valves in the event of a failure to the solenoid valves or loss of power.  The chamber contents can be evacuated through the 3-way manual valve MV5 directly to the 3-way manual valve MV4.  This situation is considered off-nominal and will rely on the Orifice OR1 and the downstream pressure regulator PR9, set at 36 psia (248 kPa) located in the CIR VES interface to assure that the ISS VES is not over pressurized.  The MDP of this route will be 135 psia (931 kPa).

11.20.2.5.6 Region D (Outlet – 6): Combustion Chamber Manual Valve By-Pass

The 3-way manual valve, MV5, on the combustion chamber can be used to route the gas in the chamber to either the re-circulation loop or the controlled direct vent.  This condition is considered off nominal and will only be used in the event the solenoid valve SV21 has failed closed.  The MDP for this region will be 135 psia (931 kPa).

11.20.2.6 Region E: 115 psia MDP – Gas Chromatograph Carrier Gases (GC will not fly on first flight)

The inlets to the Gas Chromatograph, which accept the two carrier gases (Argon and Helium), could be subjected to a maximum downstream pressure of 115 psia (763 kPa).  This pressure is a result of the controls on the high-pressure bottles (see MDP summary for the 1815 psia regions) and is the setting for the redundant pressure relief valves RV1 and RV2, and RV3 and RV4.  The Pressure Transducers PT19 and PT20 will close the downstream solenoid valves, SV26 and SV25 when a reading of 100 psia (689.5 kPa) or greater is detected. 

The pressurized gas from this region will flow into the Gas Chromatograph columns.  

The pressurized gas from this region will also flow into the Gas Chromatograph vent line.  Pressure Regulator PR10 will reduce the downstream pressure to 15 psia (102 kPa).

11.20.2.7 Region F: 100 psia MDP – Check Gas Supply (GC will not fly on first flight)

The pressure downstream of the Relief Valves RV5 and RV6 on the Check gas Supply Manifold could be 100 psia (690 kPa).  This pressure is the result of the controls on the high-pressure bottle (see MDP summary for the 1815 psia regions) and is the setting for the redundant pressure relief valve RV5 and RV6.  The Pressure Transducer PT22 will close the downstream solenoid valve, SV27 when a reading of 90 psia (620.5 kPa) or greater is detected. This region is limited to the area just after the Pressure Relief Valve and up to the Check Gas inlet pressure regulator PR5 in the GCIP.

11.20.2.8 Region G: 95 psia MDP – GC Vent Line

Deleted.  The GC vent line is included as part of Region I.
11.20.2.9  Region H: 40 psia MDP – ISS VES 

The MDP requirement for the ISS VES is defined in SSP 57000 paragraph 3.6.1.2 as 40 psia (276 kPa).  The controls to prevent over pressurization are: 1)  The Pressure Switch PS7, set at 19.7 psia (136 kPa) will close solenoid valve SV29 if the pressure reading is exceeded;  2) The Pressure Transducer PT31, set to 19.7 psia, will close solenoid valves SV1, SV11, SV24, SV29 and SV34 if the pressure reading is exceeded; 3)  The Pressure Regulator PR9 is set to 36 psia (248 kPa).

In the event that the manual valve by-pass is required to vent the chamber gases, the orifice OR1 and pressure regulator PR9 will regulate the flow to assure that the 40 psia MDP is not exceeded. The orifice is designed for the chamber MDP.  All possible orifice failure modes relate to having a greater restriction (e.g. blockage due to debris), which would reduce the pressure. 

11.20.2.9.1 Region I: 30 psia MDP – Gas Chromatograph Inlet from Check Gas  (GC will not fly on first flight)

The inlets to the Distribution Manifolds A, B and C inside the GCIP could be exposed to a pressure of 30 psia (207 kPa).  The maximum pressure is a result of the pressure switch PS6 setting of 30 psia (207 kPa) downstream of the pressure regulator PR5, which is set at 15 psia (102 kPa).  Pressure Transducer PT23 is set at 25 psia (172 kPa) to act as the third control.  The pressure in the lines leading up to the inlet are controlled and discussed in the MDP summary for Region F and Region J.  

11.20.2.9.2 Region J: 15 psia MDP – Gas Chromatograph Inlet from Chamber  (GC will not fly on first flight)

The region is internal to the Gas Chromatograph defined between pressure regulator PR11 and Check Valve CV3.  It is assumed that one failure has occurred to get the chamber up to its MDP of 135 psia (931 kPa).  The pressure regulator PR11 is set to 15 psia (102 kPa) to protect Pump 3 in the GC. 
11.20.3 Verification Approach for Controls Insure Pressure Integrity

This section describes the general ground verification approach for pressurized systems.  See section 11.20.14 for a discussion of on-orbit re-verification.
11.20.3.1  Region A – 2015 psia (13,891 kPa) MDP

The three controls for each of the Gas Supply and Distribution Manifolds identified in Region A will be verified as follows:

Each manifold will be mounted to the CIR Optics Bench and the electrical connector mated.  The FOMA Control Unit (FCU) will be attached to the CIR Optics Bench and powered on.

Pressure Regulator

· A pressurized gas supply (high purity Nitrogen) will be connected to each of the four manifold quick disconnects.

· All solenoid valves downstream of the pressure regulator will remain closed.

· The FCU will monitor readings from the pressure transducers immediately downstream of the pressure regulator.

· The solenoid valve upstream of the pressure regulator will be commanded OPEN and the pressure will be recorded from the pressure transducer.

Pressure Transducer

· A pressurized gas supply (high purity Nitrogen) will be connected to the calibration port quick disconnects (QD14, QD15, QD16 and QD17).

· All solenoid valves in the manifold and the mass flow controller will be commanded OPEN.

· Once the pressure transducer detects a pressure of 120 psia (827 kPa), the FCU will command all the solenoid valves and the mass flow controller CLOSED.  The valve state can be monitored by the relay status.

Pressure Switch

· Manifolds will connect exactly the same as for the Pressure Transducer verification.

· All the solenoid valves and mass flow controllers on each manifold will be commanded OPEN.  This will allow the flow of gas toward the pressure switch.

· Once the pressure switch detects a pressure of 115 psia (876 kPa), the switch will interrupt power to the solenoid valve upstream of the pressure regulator CLOSED. The pressure switch state can be monitored to verify that power to the valve has been stopped.  Since the FCU has not “failed”, the valve state can be monitored by the relay status.

11.20.3.2  Region B – 1815 psia (12,513 kPa) MDP

The three controls for each of the Gas Chromatograph Gas Supply Manifolds identified in Region B will be verified as follows:

Each manifold will be mounted to the CIR Optics Bench and the electrical connector mated.  The FOMA Control Unit (FCU) will be attached to the CIR Optics Bench and powered on.

Pressure Regulator

· A pressurized gas supply (high purity Nitrogen) will be connected to each of the three manifold quick disconnects.

· All solenoid valves downstream of the pressure regulator will remain closed.

· The FCU will monitor readings from the pressure transducers immediately downstream of the pressure regulator.

· The pressurized gas will be allowed to flow through the manifold by manual control and the pressure will be recorded from the pressure transducer.

Pressure Relief Valves

· There are two pressure relief valves in each manifold.  

· Each of the pressure relief valves will be tested and the proper setting confirmed prior to installation into the manifolds.

· A pressurized gas supply (high purity Nitrogen) will be connected to the calibration port quick disconnects (QD18, QD19, and QD20).

· The pressure will slowly be increased until one of the relief valves pops at 115 psia (793 kPa).

Pressure Transducers

· A pressurized gas supply (high purity Nitrogen) will be connected to the calibration port quick disconnects (QD18, QD19, and QD20).

· The outlet solenoid valves on each manifold (SV25, SV26 and SV27) will be commanded OPEN.

· The pressure will slowly be increased until the pressure transducer reads 100 psia (689.5 kPa).

· The FCU will then command the solenoid valves CLOSED. 

11.20.3.3  Region C – 200 psia (1,379 kPa) MDP

This region will include the Gas Interface Panel components, including the flex hose interface to the Nitrogen Manifold. The pressure will be supplied using the Gas Interface System Test Cart.

11.20.3.4  Region D – 135 psia (931 kPa) MDP

A majority of the FOMA could be exposed to a maximum pressure of 135 psia (931 kPa) as a result of the combustion chamber reaching this pressure.  The chamber and downstream components of the vent path can get to the MDP by the following two scenarios:

1. High-pressure bottles attached to the Nitrogen Manifold and any other supply manifold.

2. High-pressure bottle attached to the Nitrogen Manifold

In either of the chamber pressurization scenarios, the pressure transducers and the pressure switch on the chamber will prevent over pressurization.

Pressure Transducer

· There are four high accuracy pressure transducers mounted to the combustion chamber.  One transducer, PT29, is used to monitor the upper pressure limit.

· A pressurized gas supply (high purity Nitrogen) will be connected to the quick disconnect QD5 on the Manual Vent Valve Manifold.

· The manual valves on the Manual Vent Valve Manifold and the Chamber IRR will be set to the manual by-pass position, thus allowing an open path from the vent quick disconnect to the chamber.

· The solenoid valves SV16, SV18 and SV20 will be commanded OPEN.

· Once the pressure in the chamber reaches 120 psia (827 kPa) the FCU will command all three of the chamber solenoid valves CLOSED.  

· Indication that the valves are closed will be by monitoring the valve relay state and the chamber pressure transducers.

Pressure Switch

· There is one pressure switch mounted to the chamber IRR, set to 115 psia (876 kPa)

· The gas delivery to the chamber will be the same as the pressure transducer verification described above.

· As in the previous test, the chamber IRR mounted gas inlet solenoids (3 total) will be commanded OPEN.

· Once the pressure in the chamber reaches 115 psia (876 kPa), the pressure switch will open all associated relays, thereby closing the solenoid valves.

· Indication that the valves power has been removed will be by monitoring the state of the pressure switch and the chamber pressure transducers.  Since the FCU has not “failed”, the solenoid valve relay states can also be checked.

Pressure Switch

· There is one pressure switch mounted to the chamber IRR, set to 115 psia (876 kPa)

· The gas delivery to the chamber will be the same as the pressure transducer verification described above.

· As in the previous test, the chamber IRR mounted gas inlet solenoids (3 total) will be commanded OPEN.

· Once the pressure in the chamber reaches 115 psia (876 kPa), the pressure switch will remove power from all associated relays, thereby closing the solenoid valves.

· Indication that the valves are closed will be by monitoring the activated state of the pressure switch and the chamber pressure transducers.  Since the FCU has not “failed”, the solenoid valve relay states can also be checked.

11.20.3.5  Region E – 115 psia (793 kPa) MDP

The two pressure relief valves on each of the Helium and Argon Manifolds protect this region. The relief valves are tested at the component level.  Testing of the Relief Valves are covered in Region B above.

11.20.3.6  Region F – 100 psia (758 kPa) MDP

The two pressure relief valves on the Check Gas Manifold protect this region.  The relief valves are tested at the component level.  Testing of the Relief Valves are covered in Region B above. 

11.20.3.7  Region G – 95 psia (655 kPa) MDP

Deleted..

11.20.3.8  Region H – 40 psia (276 kPa) MDP

This region has three controls.

Pressure Transducer

· The Chamber will be pressurized to above 40 psia (276 kPa).

· The Manual Vent Valve Manifold will be closed.

· The solenoid valves leading the exit port of the Vent Manifold shall be commanded OPEN.

· If the pressure inside the manifold reaches 19.7 psia (136 kPa), the FCU will command the exit solenoid valve to CLOSE.

· Monitoring the valve relay state and pressure transducer will provide Indication of valve closure.

Pressure Switch

· The configuration will be the same as for the pressure transducer.

· The pressure transducer/computer/solenoid will be disabled by changing the value in the software registry.

· Once the pressure in the manifold reaches 19.7 psia (136 kPa), the exit solenoid will close.

· Monitoring the pressure switch state and pressure transducer will provide Indication of valve closure because the FCU did not “fail”. Therefore, the solenoid valve relay states can also be checked.

Pressure Regulator

· The pressure regulator will be tested using the Gas Interface System Test Cart.

11.20.3.9  Region I – 30 psia (207 kPa) MDP

This region is protected by the three controls as follows:

Pressure Transducer

· The GCIP pressure regulator will be set to 25 psia (172 kPa) prior to test start.

· High purity nitrogen gas will be connected to the Check Gas Supply inlet.

· The GCIP solenoid valve downstream of the pressure regulator will be commanded OPEN allowing the gas to flow to the GCIP.  

· If pressure exceeds 25psia (172 kPa) the FCU removes power from the solenoid.  

· Indication that the valves are closed will be by monitoring the valve relay state and the chamber pressure transducers.

Pressure Switch

· A pressurized gas supply of high purity nitrogen will be connected to the manifold outlet.

· The pressure transducer trip value must be changed in the software registry.

· The Pressure Regulator PR5 must be set higher than 30 psia (207 kPa).

· Once the pressure reaches 30 psia (207 kPa), the pressure switch will open all associated relays, thereby closing the solenoid valves.

· Indication that the valves are closed will be by monitoring the state of the pressure switch and the chamber pressure transducers.  Since the FCU has not “failed”, the solenoid valve relay states can also be checked. 

Pressure Regulator

· The pressure regulator must be re-set to 15 psia (103 kPa).

· A pressurized gas supply of high purity nitrogen will be connected to the Check Gas Supply inlet.

· The solenoid valve in the GCIP downstream of the pressure regulator will be commanded OPEN allowing the gas to flow to the GCIP.  

· The downstream pressure transducer will confirm the regulator setting.

11.20.3.10 Region J – 15 psia (102 kPa) MDP

This region is protected by these controls:

Pressure Regulators

· A pressurized gas supply of high purity nitrogen will be connected to the GC inlet from the chamber.

· The pressure will be monitored in PT21 inside the GC.

Note GC will not fly on first increment. 

11.20.4 Overpressurization

11.20.4.1   Simple Chamber Overpressurization

The Chamber has been designed for a Maximum Design Pressure of 931 kPa (135 psia).  This is above the maximum pressure resultant from two failures in the FOMA system.  Pressures resultant from adiabatic combustion of fuels in the chamber will not exceed this pressure due to controls, which have been outlined within hazard report FCF-C10, Rupture of pressurized Subsystem. The current PI maximum desired pressure is 3 atm. (5% 320 kPa (46.3 psia). The reason for the additional capability is for off nominal conditions, which are caused by postulated failures or future experiments that may require higher pressures.

Note:
Rupture of the chamber is covered in two separate Hazard Reports:

1. Hazard Report FCF-C10 covers Rupture of Pressurized Systems

2. Hazard Report FCF-C07 covers Adiabatic Combustion Detonation

To control simple over pressurization when filling the chamber from the bottles and/or station nitrogen supply, the software in the FCU commands the solenoid valves to open and shut at specified pressures that have been determined by an approved test point matrix.  A failure of both the regulator and controller/valves is backed up by a third control measure. A pressure transducer / solenoid valve combination is used and will be further discussed in the GPDS portion.  The CIR Chamber has an additional control, a pressure switch, which is a fail-safe measure that cuts power to all solenoids at 876 kPa (115 psia).  Therefore, after two failures, the maximum achievable pressure will be 931 kPa (135 psia). 

The chamber has been hydro tested to 1.5 X MDP with blanks inserted as substitutes for the windows in order to protect the windows from possible water damage.  The windows have been proof pressure tested to a value that is based on the fracture mechanics criteria for the largest allowable crack for four times design life.  The windows will be launched in stowage and installed on orbit.  When the windows reach the end of use life or are no longer acceptable for use, they will be replaced on-orbit.

See Hazard Report FCF-C12.  

11.20.4.2   Simple FOMA Overpressurization

Control measures for overpressurization of the FOMA are demonstrated in FIGURE 67. There are essentially 4 parts to the pressurized subsystem. The GSDP constitutes two of these parts, the high pressure part (limited to 13891 kPa (2015 psia) by bottle pressure) from the supply bottles to the pressure regulators / solenoid valves, and a low pressure part (limited to 689 kPa (100 psia) by the same controls that limit the chamber pressure describe in that portion of the pressurized subsystem) from the solenoids to the chamber. Supply bottles will be checked for fill pressure on the ground prior to stowage when contents are verified by test [see Hazard Report FCF-C04]. Maximum temperature will also be considered for maximum bottle fill pressure. The chamber, which will be operated nominally to a maximum of 3 atm ( 5% 320 kPa (46.3 psia) is a third part of the system, and the Exhaust Vent that is rated to a maximum of 135 psia (931 kPa) maximum at nominal pressure is the fourth part. Gasses can be re-circulated through the Exhaust Vent, Chamber and adsorber cartridge for toxic by-product cleanup prior to venting the system to space. All parts of the system may experience a vacuum.

From the high-pressure part down to the mixing area and chamber there are four types of gasses, separated in to manifolds: The oxygen supply manifold, fuel / premix gas supply manifold, diluent / premix supply manifold and nitrogen supply manifold. The first three are pressurized supply bottles and the fourth is supplied by the ISS nitrogen supply system. The design permits connecting a bottle to the nitrogen supply manifold for special circumstances. Overpressurization controls of the GN2 system are demonstrated in FIGURE 68.

For the experiments that require a diluent / oxidizer environment (such as air) to burn in, the diluent and oxygen / diluent gasses will be delivered to the chamber separately (partial pressure method) or combined (dynamic method). The mixture is regulated with a mass flow controller (MFC). The chamber could have in it a solid before the burn, or a gaseous fuel to be added to burn (like a Bunsen burner) or a liquid fuel to be injected, dispensed, dropped or exposed on a tray and then provided an ignition source for the burn. Another situation would be the addition of fuel to the oxidizer / diluent mix. A fan is provided in the chamber to mix the combination fuel / oxidizer / diluent and then provided an ignition source to burn. Other configurations would premix the fuel / oxidizer / diluent on the ground and fill the chamber on orbit from the bottle with no other mixing or addition of other gasses, then ignited to burn. 

Once the gas has passed the static mixer, the composition is determined by the flow rates of the gasses and the gas in the chamber is determined by the time and flow rate of the gas from each manifold.  Analysis supported with necessary testing will be provided for each experiment to demonstrate that the redundant timer circuits are sufficient hazard controls for excessive pressure and concentration. For example, maximum worst-case flow rate through the fuel supply and the shutoff time for timers as well as the computer/pressure transducer/solenoid reaction time must be assessed.  Another example is the required time for the pressure switch to react and shut the solenoids compared to the pressure ramp up rate.

Note: Rupture of the FOMA supply system and Chamber is covered in Hazard Report FCF-C10, Rupture of Pressurized Systems.

Chemical reaction of fuel and oxygen (Adiabatic Combustion shown in FIGURE 68 is covered in Hazard Report FCF-C07, Adiabatic Combustion Detonation in Combustion Chamber, ruptures chamber.


FIGURE 67. Chamber Overpressurization


FIGURE 68. N2 / Diluent Bottle High Pressure Supply

11.20.4.3 EVP Simple Overpressurization

The EVP is designed to the same MDP as the chamber, 931 kPa (135 psia). Since connections to the EVP are downstream of the three controls for simple overpressurization and combustion occurs in the chamber, there are no different sources of pressurization of the EVP. All sources contain pressure-sensing devices, which protect the EVP when they are connected. 

Note:
Rupture of the FOMA supply system and Chamber is covered in Hazard Report FCF-C10, Rupture of Pressurized Systems.

Chemical reaction of fuel and oxygen (Adiabatic Combustion) is covered in Hazard Report FCF-C07, Adiabatic Combustion Detonation in Combustion Chamber, ruptures chamber.

11.20.4.4 EVP Control of Station Vent Overpressurization

The station vent is limited to 276 kPa (40 psia). The vent is protected by three means:

1. The FCU monitoring the pressure from PT31 and will remove power from solenoid valves in the event the pressure exceeds 19.7 psia (136 kPa).

2. A pressure switch, PS7 acts as a second control. It removes power from a solenoid when a set pressure of 19.7 psia (136 kPa) is reached.

3. Pressure regulator PR9 downstream of the manual valve is set at 36 psia (248 kPa) and is the third control.

Additionally the Mass Flow Controller (MFC) in the EVP is controlled by the FOMA Control Unit (FCU) to control exhaust flow rates to a value that will prevent overpressure. Essentially it causes choked flow in the MFC, which keeps the downstream pressure fixed for a fixed upstream pressure (the chamber MDP assumed to be worst case). The IOP is a watchdog over the FCU. If the FCU does not control the pressure, the IOP will shut down power to the solenoids, safing the system.

11.20.4.5 GC Simple Overpressurization

Note the GC carrier gas manifold and GC Helium and Argon calibration gas manifold are not operated as part of first increment operation of the CIR.
11.20.4.5.1 GC Carrier Gas Supply

The GC has a carrier gas supply that provides two gases for use by the Gas Chromatograph Instrumentation Package (GCIP).  Helium and argon are supplied in 300 mL 12518 kPa (1815 psia) replaceable bottles that are attached to the manifolds by self-sealing quick disconnects.  The bottles are qualified to the DOT specification 3E1800 which qualifies the bottle to 1815 psia.   The maximum pressure to the GCIP is controlled to 792 kPa (115 psia) by two relief valves, or by the pressure regulator, which is set to 655 kPa (95 psia).  The relief valves vent directly to the rack. However, the volume of 36 liters (discharge of one bottle at 1815 psia) is not sufficient to cause asphyxiation.  The US Lab volume is 1.07 x 105 liters (3,800 cubic feet), and assuming the composition is 21% oxygen, there are 2.247 x 104 liters of oxygen.  If the 36 liters from the argon or helium bottle displaced the oxygen gas only, the resulting oxygen concentration would be 20.966%.  If the 36 liters mixed with the US Lab volume increasing the total volume, the corresponding oxygen concentration would be 20.99%.  In either case, the release of argon or helium is not enough to lower the oxygen concentration to 19%.  See Hazard Report FCF-C08, Leakage of CIR Rack Resources.

11.20.4.5.2 Calibration Gas Supply

The GCIP utilizes a gas to provide the user with a means to check the retention times and response factors of components to be analyzed and to periodically check the functionality of the GCIP.  The check gas bottle is a 75 mL 12518 kPa (1815 psia) replaceable bottle qualified to DOT specification 3E1800. The bottle is attached to the manifold by a self-sealing quick disconnect. The pressure is controlled to 758 kPa (110 psia) to the GCIP by a regulator, which is set to 448 kPa (65 psia) and two relief valves, which are set to 758 kPa (100 psia).  The relief valves vent directly to the rack, however, the volume of 9 liters is not sufficient to cause asphyxiation. The US Lab volume is 1.07 x 105 liters (3,800 cubic feet), and assuming the composition is 21% oxygen, there are 2.247 x 104 liters of oxygen.  If the 9 liters from the bottle displaced the oxygen gas only, the resulting oxygen concentration would be 20.99%.  If the 9 liters mixed with the US Lab volume increasing the total volume, the corresponding oxygen concentration would be 20.998%.  In either case, the release of argon or helium is not enough to lower the oxygen concentration to 19%. See Hazard Report FCF-C08, Leakage of CIR Rack Resources.

11.20.4.5.3 Adiabatic Combustion

See FCF-C07, Adiabatic Combustion Ruptures Chamber

Adiabatic combustion of the fuels inside the chamber is a possibility, which is increased by the addition of variable oxygen contents. Adiabatic combustion could cause rapid over pressurization of the chamber by chemical expansion of the gases. The amounts of oxygen, fuel, and diluents are controlled by the mass flow controllers and the fuel delivery is backed up by the timer/solenoid inhibits (See FIGURE 69). Each gas combination will be analyzed to obtain the numbers, which will be input into the controllers, based on the wide open flow capability. The time on each timer is input by the crew and verified on the ground prior to operation. Vacuum switches in the chamber are used to detect a vacuum within the chamber and automatically re-set the timers because it is assumed that if the chamber has a vacuum, the previous fuel/oxygen/diluents loads have been eliminated.

The chamber was hydro tested with blanks inserted as substitutes for the windows in order to protect the windows from possible water damage. The windows was proof pressure tested to a value that is based on the fracture mechanics criteria for the largest allowable crack for four times design life. The windows will be launched in stowage and installed on orbit.  When the windows reach the end of use life or are no longer acceptable for use, they will be replaced on-orbit.

The previous discussion covered CIR control of gaseous fuel adiabatic combustion. If an experiment has its own fuel supply (e.g. bottles on the CIA, solid fuels or liquid fuels) or performs an inverse burn (fuel and diluent in the chamber with oxygen/diluent flowed through the burner) the same dual timers can be used to shut off oxygen/diluent at specified times. 

The CIR Payload IDD (para 11.4.3 )  requires an adiabatic combustion analysis regardless of fuel type used.


FIGURE 69.  Adiabatic Combustion

11.20.5 Valve Timer Circuit

Two independent valve timer circuits, each housed in separate enclosures, are utilized to limit the flow of gas into the chamber in the event of a failure by the FCU, an operational error, or a software error.  The valve timers operate in either the Fuel mode or the Oxygen mode as determined by the position of a manual mode selector switch on the front of the unit. Operationally the two valve timers are set to the same mode.  The timers each control a solenoid valve that is in series with the gas flow from the supply bottle to the chamber. When the Fuel mode is selected solenoid valves SV7 and SV8 are controlled.  When the Oxygen mode is selected solenoid valves SV4 and SV5 are controlled.  When the timer count reaches zero, a relay contact opens interrupting current flow to the controlled solenoid causing the valves to close preventing continued gas flow.  The two independent timers controlling valves in series provides redundancy. FIGURE 70is a block diagram of the timer circuit.

11.20.6 Circuit Overview

Three push-button switches are used as a crew interface for entering the timer start value.  The switch values are read and converted into a simpler format by an 8051-based microcontroller.  The timer actions are based on two active-low, external inputs.  One corresponds to the state of the chamber (vacuum or pressurized) and the other represents the fuel flow command state (off or on).  The first, along with an internal flag, is used to control when the start value is loaded and determine when reset conditions have been met.  The internal flag is kept “low” in the presence of a vacuum, and set “high” when there is pressure in the chamber. The second input is used as a trigger to allow the counting function to take place when fuel is flowing.

The microcontroller also sends out a 7-bit unique pattern on one of its ports, which is decoded by several logic gates.  The end result from the logic gates is a control signal for an electromechanical relay.  The state of the relay controls the solenoid valve (external to the valve timer system) that allows fuel to flow into the chamber.  The microcontroller is also responsible for transmitting the current timer count value to the FCU.


[image: image37]
FIGURE 70.  Valve Timer Block Diagram

11.20.6.1 Logic Decoder

The micro controller uses 7-bits of an 8-bit port to generate a unique pattern for providing the relay control signal.  This unique pattern is the only means of generating a “high” output relay control signal, which moves the relay contacts to the closed position, energizing the fuel valve solenoid.  

The micro controller continuously refreshes this output pattern every 50 mS. Prior to each pattern refresh, the micro controller sets the output pattern to all zeros, which takes 1 S.  A watchdog timer is also monitoring the circuit that generates the output pattern. If this circuit does not reset the watchdog timer every 50 mS, the valve timer will be reset disabling the control relay.  This watchdog circuit is incorporated to provide an added functional check that insures the micro controller is operating properly.  Once the valve timer is reset, a vacuum must be present in the chamber and a new count value loaded before normal operation can continue.

When the FCU receives 28Vdc from the EPCU to turn on, the valve timers are also turned on.  During power-up, the valve timers will reset and initialize themselves.  When the active-low, external input that corresponds to the state of the chamber detects a vacuum, the timers will then load the timer start value as read from the three manual push buttons and also send that value to the FCU.  They will then wait for the other active-low, external input that signals the beginning of fuel flow.  When this is triggered low, the timers will begin counting down, sending the current count every second, from the start value to zero unless stopped.

Stopping the timers can be done by a reset or commanding the solenoid off.  When the solenoid is commanded off, the timer goes into a pause mode holding the last count value.  When the solenoid is commanded back on the timer count will resume from the paused value.  Triggering a reset while the timers are running, or even while paused, is caused by evacuation of the chamber.  However, a vacuum alone is not sufficient to cause a reset.  The chamber must have been pressurized to a detectable level first.

An internal flag is used to help recognize the difference between a vacuum present before the chamber has been pressurized, from one that is present after.  Once the timer has been set, this flag will be set the first time a vacuum is no longer present in the chamber.  After setting this flag, if at any time a vacuum is reintroduced into the chamber, the timers will reset themselves. It is assumed that a vacuum condition in the chamber purges any remaining fuel allowing the timers to be reset in preparation for the next run.

If the timers are allowed to count down to zero, the output bit pattern will be changed to result in an off state at the relay control input, opening the relay and turning the fuel solenoid off.  At this point the only way the counter can be restarted is to evacuate the chamber.  See FIGURE 71 for Valve Timers.


FIGURE 71.  Valve Timers

11.20.7 Leakage

Leakage of inert gases causing asphyxiation, leakage of the vent system and leakage of cooling water hazards are prevented by adequate strength of pressurized lines, redundancy of seals, use of metal seals and seal life analysis. Ground leak tests verify the integrity of the systems. These items are covered in FCF-C08, Leakage of ISS GN2, VES, or Cooling Water Sources.

Leakage of fuels or toxic by-products in the chamber or parts of the by-product wetted system are prevented by adequate strength of pressurized lines, redundancy of seals, use of metal seals and seal life analysis. Ground lead tests and in some cased on orbit leak tests verify the integrity of the systems. These are covered in  FCF-C05, Inadvertent Release of Combustion Byproducts (Toxic).

11.20.7.1 Failure

11.20.7.1.1 Verification of Controls to Prevent Leakage

The toxic region is considered to be anywhere that toxic byproducts could exist. The entire toxic region will be leak checked (On-Orbit Leak Integrity Check) for test points that are considered toxic after any breach in the system (chamber door opening, part replacement etc)

11.20.7.2 Chamber Inlets

(Shown in FIGURE 72):  

It is assumed that byproducts will not be upstream of a two-valve system (it would require two failures to cause this). An example would be SV 20 and CV10. When these solenoids are open gas is flowing in, preventing back flow. Back flow would close the check valve. When they are closed both valves would have to fail (leak) to allow gas to back flow. The fluid connections to these valves are dual seals. The areas covered by this are CV 11/SV19, CV1/SV16, CV 2/SV18, and CV10/SV20.



FIGURE 72. Chamber Inlet Schematic

11.20.7.3 Exhaust/Vent Package

(Shown in FIGURE 73):

The toxic region is considered stopped at the QD6 on the adsorber cartridge. This is due to the fact the cartridge removes the toxic gasses reliably and in the down stream of the cartridge part of the clean up loop (CV11 and SV19 described above) is a solenoid valve/check valve combination to prevent toxic gasses from going back into this region. The adsorber cartridge when removed has manual valves (MV 10 and MV9) and a QD (QD6 and QD 7) to keep anything from leaking from the cartridge and the upstream side has the sealing QD and a solenoid valve (SV24) to stop any gasses. Downstream of the fork in the Exhaust/Vent is solenoid SV11 and SV22. These are the first set of valves. Further down stream SV1/CV12 prevent back flow into the static mixer package vent. The MFC5 and SV34 will prevent further flow to the vent if SV11 should fail. This area will be under negative pressure for venting when the valves are opened. This will prevent leakage out to the cabin.  The area from SV22 into the GC is considered a toxic region and will be addressed later.
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FIGURE 73. Exhaust Vent Package Schematic

11.20.7.4 Gas Chromatograph

(Shown in FIGURE 74):

The helium and argon supply are protected by solenoids SV25 and SV26 respectively. Upstream (towards the supply) is pressurized to 80 psia, which is above the manifold pressure of near atmospheric. They are protected from the down stream vent (attached to SV22 in exhaust vent) by solenoids SV 30 and SV31. Therefore the toxic region is considered from SV 25 and SV 26 into the manifold. The Check gas has CV 4 and SV 27 as well as upstream pressure to stop the gas. Therefore downstream of SV27 could have toxic gasses. This isolates the toxic region in the GC from the chamber to through the GC to the vent and the regions up to the GC supply gasses where analyzed. The region from the regulator PR5 through the GC up to CV 9 will be low pressure due to the regulator protecting it coming from the chamber and CV9 and SV 22 protecting it coming from the exhaust vent. For the supply to the GC from the chamber, the solenoid SV15 has a dual seal connection directly to the chamber and a dual seal downstream in the direction of the GC. 


[image: image39]
FIGURE 74. GC Schematic

If the helium or argon system failed and pressurized this region the amount of toxic gas would be minimal (only the amount in the lines) due to fact the regulator PR5 would stop flow of gasses into this region. Being at low pressure (close to atmospheric) diminishes the risk of leakage. The fact that the sample time is short also reduces the amount of gas that can leak from this region.

11.20.7.5 Manual Vent 

This region can be toxic from the chamber all the way to the manual valve MV4. After MV4 there is vacuum. 

11.20.7.6 Instrumentation

The instrumentation (including the pressure switches) connected directly to the chamber are off the shelf and only have a single seal. These items can be replaced on orbit, but may survive the life of the system without replacement; therefore these are low cycle usage. These will be tested 

as part of OLIC.

TABLE V. Experiment Gas Leakage Hazard Table

Rack Free volume assumed 1 m3
 #
Note the pressure is the maximum bottle pressure

!
All fuels are below ½ of the flammability level, O2 does not appreciably change the flammability limit

+
7 Day  SMAC 

*
Note: The O2 will not be pure, it will be a maximum of 85% O2 with the remainder being one of the inert gasses shown in the table above

	GAS
	#

Pressure (ATM)
	Initial Volume (L)
	Moles
	Mole (g)
	Mass Weight (g)
	Rack Concentration

Mg/m3
	Lab Concentration

Mg/m3
	+

SMAC Mg/m3

	O2   *
	136
	0.0238
	0.132
	32
	4.2
	4200
	60
	N/A

	N2
	136
	0.0280
	0.156
	28
	4.4
	4400
	63
	N/A

	CH4
	136
	0.0280
	0.0156
	16
	1.9
	1900
	27
	3800

	CO2
	56.5
	0.0280
	0.065
	44
	2.86
	2860
	41
	10 mmhg

	SF6
	21.8
	0.0280
	0.025
	146
	3.65
	3650
	52
	N/A

	C2H2
	17
	0.0280
	0.019
	26
	0.0506
	506
	7.2
	530

	C2H4
	81.6
	0.0280
	0.094
	28
	2.62
	2620
	37.4
	340

	C3H6
	8.25
	0.0280
	0.010
	42
	0.42
	4200
	60
	860

	C3H8
	7.5
	0.0280
	0.008
	44
	0.38
	380
	5.4
	900

	H2
	136
	0.0280
	0.156
	2
	0.31
	310
	4.4
	340


11.20.7.7 Seal Leakage

See FCF-C05, Inadvertent Release of By-Products (Toxic)

The chamber is built up of cylindrical sections that are bolted together and each section uses dual face seals as does the windows and rear end cap. 

One of the sections is the IRR.  This ring provides the electrical interface to the CIA as well as water-cooling connections and FOMA output connections.  The Station Nitrogen, Water and Vacuum Exhaust all utilize commercial dual seal fittings.  There are four single seal feed through connectors for power and data. 

The integrity of the chamber will be verified on-orbit by a pressure decay leak test that was initially pioneered for use on CM-1.  The chamber has four pressure transducers and four thermistors, 2 each located on the rear end cap and 2 each located on the IRR that will provide data for the pressure decay leak check. A minimum leak number will be established (for those test points which containment is required), which will contain a factor of safety.  This leak check will insure that each time the chamber is breached (opened) that it properly seals again upon closure before running a toxic test point.

In the event that the chamber must be evacuated and it cannot be accomplished by normal means, the capability exists to perform an emergency evacuation. The crew must turn two  locking three-way valves to the evacuation position. One valve is on the IRR and one valve is on the chamber. This will allow the chamber contents to be evacuated into the station vent system. The ISS must command the ISS vent valve open to actually vent the chamber contents to space. In some cases, the ISS vent valve may already be commanded open due to CIR operations.

11.20.8 Chamber Oxygen Concentration

The oxygen content in the chamber is controlled by the FCU, which commands a mass flow controller that precisely controls the amount of oxygen permitted into the chamber. The chamber is 7071 T351 and 7075-T7352. These have been assessed as nonflammable at 85 percent, oxygen at 135 psia per CIR-DOC-3306 “ Oxygen Hazards Assessment.

See FCF-C04, High Oxygen Concentration Results in Fire

11.20.9 FOMA Oxygen Concentration

11.20.9.1 GSDP High Pressure Portion 

The maximum pressure is 13891 kPa (2015 psia) with 85% O2 limited by the bottle fill pressure, taking into account, maximum temperature. The regulator reduces the pressure to 689 kPa (100 psia). The pressure/switch/solenoid combination will insure the pressure remains below 931 kPa (135 psia) downstream of the solenoid. 


Note: All solenoid valves are closed when not powered.

In addition to the supply bottle pressure and pressure control components, there will be solenoid valves, check valves, filters, pressure transducers, and gauges. This part of the system will be designed using ASTM method of risk reduction:

· 
Minimize severity of the environment

· 
Use of best materials for the environment

A preliminary analysis using the ASTM method has been conducted and the design suggestions made to adopt practices such as slow opening valves, limiting flow capacity such that downstream pressure rates are limited, and minimizing particle impact points. See the Oxygen Compatibility Assessment (Document CIR-DOC-3306 “ Oxygen Hazards Assessment.”)

The high-pressure portion has been designed utilizing specified materials and techniques (suggested by WSTF) for use in high O2 environment (stainless steel lines, Monel Valves, fittings, component bodies and soft goods that are compatible with pure O2 at this pressure). Precision cleaning for oxygen service has been performed for the high O2 concentration area. A control and identification system will be in place on the ground during buildup and on-orbit for maintenance to insure that precision clean components are installed in the O2 system.

11.20.9.2 GSDP and Chamber Lower Pressure Portion

This section consists of a mass flow controller (MFC) for the O2, a MFC for the diluent, a mixer, pressure transducers, solenoid valves, check valves and an aluminum combustion chamber. The downstream section will be constructed from stainless steel and pure O2 compatible softgoods.

Note:
Stainless Steel is not considered flammable at 20 psia in 100 % O2 and the chamber size does not allow for particle impact to be a credible means of ignition. Soft goods are considered flammable at 20 psia in 100% O2. Based on recommendations from WSTF, reduction to a maximum of 85% O2 considerably minimizes the ignition hazards in soft good materials. 

The diluent system will be built to the same material specifications and cleanliness levels as the O2 system. The mixer will be a small tube containing “corkscrew” type baffles to help intermix the different gasses prior to entering the chamber. Check valves are used to prevent fuel and diluent from entering the O2 lines. 

Solid by-products are possible in this combustion chamber. In the initial case of their generation, high O2 should not be a concern since the chamber has been designed for the entire fuel to burn. If the solid by-products could burn, the energy would be less than the total fuel amount. Most of the solid by-products will be evacuated during vent or cleaned up during the cleanup process. Solid by-products, which could buildup on the chamber walls, will not act as a kindling chain for the aluminum chamber wall at O2 concentrations in the 85% range.

The entire oxygen containing region has been assessed and the assessment reviewed by White Sands Test Facility and modifications incorporated to make the system acceptable from an oxygen standpoint. 

11.20.10 FOMA Leakage

11.20.10.1 Fuel

Besides the oxygen issues, the FOMA can leak flammable fuels into the rack area. Limiting the fuel supply controls the hazard and use of metals upstream of the MFC with the MFC and timer/solenoid provides inhibits, which limit the downstream fuel amounts.

For the case of fuel leaking into the rack, the amount of fuel in any one bottle is limited such that if all the fuel leaked into the rack volume, it would still be below the flammability limit. It is assumed that the fuel and rack air will be mixed and that only one bottle at a time leaks due to the fact that the CIR can only accommodate one bottle at a time, with the remaining bottles being placed in stowage. In order to make this assumption, a number of suppositions must be made. All of the fuels identified do not create a toxicity hazard if dissipated into the rack volume. Future fuels will be assessed in the PI specific SDP and will be incorporated into the Payload Integrated Phase III SDP.

If a leak occurs while the rack is un-powered, most fuels over a period of time (hours) will diffuse and mix in zero g, unlike in a gravity environment. This is a good assumption since the leak should be small. In the case where a large leak occurs, diffusion is not realistic, or there was not enough time for diffusion to occur, another control must be in place. The likelihood of a flammable mixture in the immediate vicinity of the fans is unlikely, however, to preclude a fan startup ignition source, the fans are brushless DC motors in metal housings and do not spark. 

 For the case of rack maintenance, the doors will be open and the power off. This will increase the air volume to the front of the rack, which lowers the fuel/air ratio in comparison with the closed rack calculations. The rack will be powered down during maintenance; therefore, there will not be an ignition source. If there were still leakage upon closing the rack, the above case of leakage in a closed and powered down rack being powered up would apply.

The FOMA uses Quick Disconnects (QDs) to change out bottles, which contain the gasses used for mixing. In order to use the QD’s, the pressure must be below 310 kPa (45 psia). During normal bottle change out, the QD will be vented through the combustion chamber to vent the system. The possibility also exists to direct vent the Diluent/Premix, Oxygen and Nitrogen to vent the system but the fuel bottle must be vented through the chamber. In the event of a single failure (regulator or valve failing closed), venting of the QD may not be possible and the system could not be serviced to replace the failed component. A bleed valve is provided in the system next to each QD that will vent the QD to the surrounding rack area. The amount of gas vented would be limited to the volume of the space between the solenoid valve and the manual valve on the bottle. This amount of gasses would be well below the SMAC and flammability limits in the lab. Procedures will be in place to insure that the manual valve to the bottle is closed prior to inserting a new bottle and opening the bottle valve. In summary, the concern of a total bottle leakage would not be sufficient to be a credible hazard for fire, toxicological, asphyxiation or high O2 concentration. See TABLE VII.

11.20.10.2 Increased Oxygen Concentration

The leakage of O2 concentration bottles will cause an increase in the O2 concentration in the rack. Since there are a number of materials available for use in 30% O2 environments, the rack atmosphere will be kept below that value.  The NSTS 22648, “Flammability Configuration Analysis for Spacecraft Applications” is applicable in a 30 % O2 environment.  The bottles will be sized such that the entire O2 bottle contents venting into the rack atmosphere will not be sufficient to raise the O2 concentration above 30%. Localized O2 concentrations will be limited and during operation, the fans will quickly mix the rack atmosphere and during down times, there is no ignition source and gasses will diffuse rapidly. 

11.20.10.3 Oxygen Depletion

For the lab or MPLM, O2 depletion is not a problem. However, an assessment of leakage of the bottles into the stowage rack must be performed because the confined space volume is such that an assessment is necessary.  The diluent bottle leaking and reducing the oxygen in the rack is possible, however during bottle change out or access to the chamber, the crew will only access the front of the rack and will remain in the aisle way. Opening the door will mix the air in the section between the door and the optics bench.  The volume behind the optics bench can be accessed only when the optics bench has been folded out into the aisle. The translation out and the rotation of the bench will mix the air.  See FIGURE 75. The crew will remain outside the rack also.  Station Gaseous Nitrogen (GN2) leakage up to the rack is assumed to be the responsibility of Station. 

In the case of GN2 leakage in the rack, ISS provides two inhibits for leakage as well as a limit of the supply of station nitrogen to a quantity less than the amount required to lower the O2 level in the lab module below 19%. See Hazard Report FCF-C08, Leakage of Pressurized System. 
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FIGURE 75. Translation and Rotation of Bench

11.20.11 EVP Control of Toxic By-Products

During and after burning has taken place in the chamber, there is the possibility of soot and other by-products being present in the chamber gasses and they must be cleaned before venting. A clean-up loop will be used to circulate the gas from the chamber through the absorber filter and back to the chamber or to the vent. The filter contents depend greatly on the experiment and will be discussed in much greater detail in the Payload Phase III SDP. For example: a typical filter would consist of silica gel, lithium hydroxide, and a particulate filter material. Ground testing and analysis will be the primary means of ensuring the gasses are acceptable to vent (including flow thru experiments), however, in some cases it may be desirable to test the gasses with the Gas Chromatograph (GC) prior to venting to insure that gasses to be vented are acceptable. This part of the system is designed with the ability to be easily cleaned or replaced on-orbit due to soot build-up. It is constructed of stainless steel components, lines, and fittings. The soft goods will be compatible with the concentrations of by-products that will be present. The crew will be trained in replacement of filters as part of the FCF training. Specific indicators and tests for filter change out time will be addressed in ground operation procedures.  

To prevent venting of gasses before they have been rendered safe to vent, there are three solenoid valves, which prevent flow from the system. The first valve is in the MFC. Ground testing and analysis will be used to determine acceptability to vent. In off nominal cases, before venting is allowed, the GC data will be down linked and analyzed to determine acceptability to vent. Once ground approval to vent has been obtained commands to two independent processors must be issued in order to execute a vent operation. See section Error! Reference source not found. for a full description of vent controls..

No toxic solid by-products have been identified. For many cases the clean-up loop will be used to filter out any by-products. Evacuating the chamber should remove any loose solid by-products. Periodic maintenance may be required to remove solid by-products that are stuck to the side of the chamber or on the chamber windows. Solid by-products that are currently known do not pose a safety hazard to the crew. Toxic by-products that are identified will be covered in the hazard controls and verifications in the Payload Phase III Flight SDP.

11.20.11.1 EVP Particle and Chemical Hazards

See FCF-05,  Cleanup and/or Inadvertent Release of toxic fuels and combustion by-products (Toxic). Use of LiOH or other hazardous material in the adsorber cartridge will be covered in the hazard controls and verifications in the Integrated Payload Phase III Flight SDP.  The description below discusses particulate control in general. 
The adsorber cartridge can contain any combination of silica gel or molecular sieve for adsorbing water, Lithium Hydroxide (LiOH) for adsorbing acidic by-products (HF, SO2) and activated charcoal for adsorbing hydrocarbons (un-burnt fuels). The possibility exists to use other chemicals for adsorbing specific by-products, however none have been identified at this time. Each end of the adsorber cartridge will have a fine wire mesh screen to prevent particles from escaping, which may be generated by the launch environment. This will prevent the dust from being forced into the chamber by the circulating gas or back flushed by gas into the evacuated chamber. The filter will be vibration tested to insure that the design limits dusting. The system will be evacuated and refilled with non-hazardous gas before opening the chamber. This will remove any LiOH particles that are smaller than the filter screen mesh size.

For adsorber cartridge change-out, the primary control for particle containment is the manual valve at each end of the adsorber cartridge. In the event of a failure to close the valves, the internal fine wire mesh will prevent particles from escaping.

Prototype adsorber cartridges will have been tested on the ground to insure that the amounts and types of by-products can be removed by the adsorber cartridge in the prescribed run times. There will be additional material added to insure an adequate factor of safety. See HR FCF-05.

The clean-up process will be monitored to insure that the gasses in the chamber have been re-circulated through the adsorber cartridge for the appropriate amount of time before the chamber will be permitted to vent to space. The required data demonstrating flow of the gasses to be cleaned, including flow through experiments, will be down linked for evaluation on the ground before providing the commands to vent. The availability of the GC provides an additional means of evaluating the gasses to verify that the chamber atmosphere is acceptable to vent, however this is not the intended function of the GC. Evacuation of the chamber and EVP will be through one path of the EVP, the other evacuation path will provide a vacuum on the fuel/oxidizer/diluent portion of the system.

Procedures have been written to insure that adsorber cartridges will be labeled for when they were installed, and the label will be checked again upon removal from the system. To prevent installing a spent adsorber cartridge back into the system the spent adsorber cartridges will be separated from the fresh adsorber cartridges and marked with a sharpie marker (see HR FCF-C05, 2.1.3 and 2.3.1).

11.20.12 GC Chemical Hazards

Note that the GC will not fly on the first increment. Helium carrier gas flows from the gas supply manifold to the manifold block at 95 psia.  The stream splits, one branch enters the pressure regulator where it is regulated to 48 psia.  The other goes to two of the pilot valves at 95 psia.  The regulated stream splits again to provide the reference and analytical columns with helium.

The argon carrier gas flows from the gas supply manifold to the second manifold block.  The gas is at 95 psia.  As in the helium manifold, the stream splits.  One branch enters the pressure regulator where it is regulated to 48 psia and the other branch goes to two of the pilot valves. The regulated stream splits again to provide the reference and analytical columns with argon.

The sample gas flows from either the chamber (through SV15 and pump3) or the check gas bottle to the GCIP.  The sample is regulated down to 15 psia at PR5.  Pressure transducer 23 and PS6 monitor the gas downstream of the pressure regulator to prevent the gas from entering the manifolds at a pressure greater than 30 psia.  The sample is pulled through the manifolds by the vacuum pumps at an approximate rate of 10 mL/min.  The gas exits the pumps into the vent line. When the pumps turn off, a maximum of 15 (L (1.5 x 10-5 liters) of sample gas are injected onto the columns. The sample gas is mixed with the carrier gas (either helium or argon) as it passes through the analytical column. The gas exits the analytical columns into the cabin nominally. 

Analyzing for a significant leak in the GC when a sample is being drawn by the GCIP, the pumps run for 30-60 seconds and up to 5 samples are taken in one batch.  After the batch is completed the data is downloaded and analyzed before continuing with the experiment.  The pumps will draw 50 mL for a 5 run batch set at 60 seconds.  The level of chemical hazards in the sample is test-point specific depending on the conditions of the experiment.  If 100% of the sample contained chemical hazards and the entire batch leaked out of the system, the resulting combined concentration of the hazards in the US lab would be 0.467 ppm.  (Using the US Lab volume of 1.07 x 105 liters (3,800 cubic feet)).  The concentration of an individual chemical would be less than 0.467 ppm.

The FCU, in a failure mode, could issue repetitive commands to have the Gas Chromatograph take samples from the CIR Test Chamber.  The typical time, controlled by the GC computer, to perform a sample analysis is approximately 5 minutes.  In that time, a maximum sample size of 34 (L could be discharged into the rack (6.8 (L/minute).  

The maximum T value for catastrophic leak levels is 5. Note experiments on CIR are limited to critical tox levels.  A T value less than 1 is considered non-critical.  The T value can be defined as the summation of all ratios of the constituent gases in the cabin divided by the SMAC level for the particular gas. The following analysis will evaluate the GC leak such that a non-critical level (T <1) will not be exceeded.

The CIR Test Chamber has 105 Liters of free volume.  If an experiment insert were to utilize all but 20 Liters, then this amount would be the maximum allowable for a T value of 5 and remain non-catastrophic.  To assure that the T value is less than 1, the allowable amount of gas leaked would be 20 SL / 5 = 4 SL.  Since the GC can only discharge 6.8 (L/minute, it would take 588,235 minutes to reach the level of 4 liters.  Assuming the FCF operates 8 hours per day, this is equivalent to 1,225 operating /days.  It is reasonable to assume that the GC cannot run unattended for this period of time. In addition the valves require carrier gas to operate the valves. Once carrier gas runs out the valves will close. 

There are two possible scenarios, which could occur as a result of the GC failing to control the valves.  Both consider the Pump that draws the sample from the test Chamber operational because it is controlled by the FCU.  In the first scenario, the Pump in the GC is not working, but the GC control assumes that it is working.  In addition, the GC sends a command to close the pilot operated injector valves, which allows the sample to enter the column.  The switching valve is set so only the sample gas goes through without any carrier gas.  In this sequence, there is no differential pressure to drive the sample gas into the cabin (the inlet pressure is regulated to 15 psia).

In the second scenario, it is again assumed that the GC sends a command to close the pilot operated valve.  However, the switching valve is still operating as required, thereby creating a differential pressure with the cabin.  The maximum flow rate under this condition would be the same as described above for the repetitive sample condition, 34 (L.  Therefore, the same rational can be used again for this scenario.

11.20.13 Inadvertent venting of Fuel or High Concentrations of O2
See FCF-C28, Inadvertent Venting of Oxygen or Premixed Gasses through ISS Vent

Safe operations require the venting of gases into the ISS vent system to be below 30% Oxygen and fuel to be blow 80% of its LEL.  Nominal CIR operations may include bottles with oxygen bottles in either Manifold #1(diluent) or (Manifold #2) and bottles with fuel (Manifold #4), and chamber environments up to 85% oxygen and the potential for unburned fuel in the chamber.  
Three possible vent paths are identified as follows (1) the static mixer vent path  which begins at SV14  through SV1, the MFC5 and SV29, (2) the chamber vent path which begins at SV11 or SV23 through MFC5 and SV29 and (3) the manual vent path beginning at MV5 through MV4.
The static mixer and chamber volumes can be in the state where they contain potentially hazardous vent gases or in the state where they are known to contain non-hazardous vent gas. Inadvertent venting of these volumes must be controlled when they contain hazardous vent gases.  Determination of the state of these volumes is made by ground analysis of the preceding operations.  The ground operations team performs a partial pressure analysis based on the known mixture ratios of the bottle contents and the fill pressures from each source as determined from downlink telemetry. Oxygen levels are reduced below the 30% level by diluting the chamber using nitrogen or bottled diluents.  In addition, controls must be established to prevent oxygen or fuel from the source bottles being dumped into the vent during the planned venting operations. 
Two concepts are implemented to prevent inadvertent venting. The first concept is to disallow vent paths from being open simultaneously with the fill paths. The second concept is implement a system state where open valve combinations are allowed based on the defined state. 
Except for the manual vent path all fill paths and all vent paths include a minimum of three solenoid operated valves in series. In order to achieve fault tolerance in the system a combination of software controls implemented in the FCU main processor, inhibits implemented in the FCU CANbus Processor,  IOP monitor of valve positions and inhibits implement in hardware logic are used.  See FIGURE 76 for block diagram of how these are implemented in the system. 

FIGURE 76. FOMA VALVE CONTROL BLOCK DIAGRAM
11.20.13.1 Manual Vent Path

The only function of the manual vent path is to provide the capability for emergency evacuation of the chamber. Venting through this path requires ground approval and the crew to operate two locking three-way valves MV4 and MV5.  No nominal or planned maintenance operations require either valve to be in the vent position.  No additional controls are placed on the path.

11.20.13.2 CANbus States

If a volume of the system is known to contain non-hazardous vent gases then venting is allowed. However if the gas from a connected source bottles is hazardous the fill path from the bottle must be controlled.  This is known as a vent state - venting is allowed and the bottle is inhibited.  When a volume of the system is filled the connected vent paths must be controlled. This is known as a fill state – venting is inhibited and filling is allowed. 
Operationally a single fill state is needed that allows filling from either the fuel bottle or the oxygen bottle with all vent paths inhibited. Venting operations can be either static mixer alone through the static mixer vent path or combinations of chamber and/or static mixer through the chamber vent path. Therefore two vent states are defined the chamber vent state and the static mixer vent state.
FCU CBP Valve Inhibits

( X indicates valve open is disabled)

	Operate Sub-state
	SV3
	SV6
	SV10
	SV11
	SV14
	SV18
	SV23
	SV29

	FCU CBP Idle State
	X
	X
	X
	X
	X
	X
	X
	X

	FCU CBP Chamber Vent State
	X
	X
	X
	
	X
	
	
	

	FCU CBP Fill State
	
	
	
	X
	X
	
	X
	

	FCU CBP Static Mixer Vent State
	X
	
	X
	X
	
	
	X
	


Note:  No FCU CBP inhibits for SV18 or SV29 are required for control of vent gas hazards per hazard report FCF C28. These are for included future capability only

11.20.13.3 H/W inhibits

A hardware implementation in the FCU relay board prevents simultaneously opening the static mixer vent line and either the Manifold #1 (diluent) or Manifold #2 (oxygen).  This interlock is independent of the vent/fill state of this system.  Specifically the hardware interlock between insures that SV1 cannot be energized when either SV3 or SV10 are energized. See FIGURE 77.  Note that the Manifold #4 (fuel) is not directly connected to the static mixer vent path.

FIGURE 77. O2 Venting Hardware Interlock

11.20.13.4 IOP Monitors

The IOP monitors telemetry from the FCU for valve positions that correspond with vent paths open simultaneously with fill paths. These monitors are independent of the vent/fill state of the system.  If the IOP detects that a fill and vent path are open at the same time it issues a command to the FCU to close the valves in both paths. If the valves do not respond too the command the IOP issues a command too the EPCU to remove power from the FCU and forcing all valves to their normally closed state. The table below lists the specific valve position that are monitored by the IOP

IOP Valve position Monitors
	Simultaneous Open
	Function
	Function

	Solenoid
	Solenoid
	
	

	SV4
	SV14
	Manifold#2 (Oxygen) Fill
	Static Mixer Vent

	SV9
	SV14
	Manifold #1 (Dileunt) Fill
	Static Mixer Vent

	SV4
	SV23
	Manifold#2 (Oxygen) Fill
	Chamber Vent

	SV7
	SV11
	Manifold #4 (Fuel) Fill
	Chamber Vent

	SV7
	SV23
	Manifold #4 (Fuel) Fill
	Chamber Vent


11.20.14 Re-Verification of Pressurized Subsystem

Various instruments in the CIR pressurized system are utilized as hazard controls and/or monitors. Verification of these controls is preformed on the ground prior to launch.  In order to maintain these as valid controls the calibration of the instrument must be maintained.  The on-orbit instruments are separated into two groups, those associated with the CIR Baseline configuration and those associated with the GCIP and GC manifolds. The baseline instruments will be subject to recalibration on a continuing basis beginning from the last calibration date prior to launch.  The GCIP is not part of the first increment launch.  The supporting GC manifolds and instruments will not be calibrated until the GCIP is manifested.  The schedule and description of the required calibrations are defined in TABLE VIII and TABLE IX and the following paragraphs.

The primary element supporting pressure system calibration is the FOMA Cal Unit as described in 5.2.7.  The FOMA Cal Unit is an ORU consisting of a high precision pressure transducer that is calibrated on the ground and replaced on orbit as required to support the on-orbit calibration cycle. After installation by the flight crew, the ground performs a sequence of operations to pressurize and depressurized the chamber with the FOMA Cal unit monitoring the pressure.  The correlated data from a set of the flight pressure transducers is sent to the ground via telemetry. The ground then performs an analysis of the data to generate the new calibration coefficients for the transducer set. The calibration coefficients contained in the system registries are updated, released and uplinked to complete the calibration.  Additional transducers in the system are calibrated by a 2 point calibration spanning the operational range of the instruments. The two point calibrations are obtained by equilibrating system elements with chamber pressure and correlating to PT28 or using other know pressure values such as initial bottle pressure, vacuum or ISS cabin ambient.  
Pressure regulators do not support on-orbit set-point adjustment.  The performance of these regulators is monitored by the ground on a regular basis as part the standard health and status monitoring of the rack.  As a minimum the pressure regulator set-points are formally evaluated on a yearly basis when their associated output pressure transducer is calibrated. Note there is no sensor available to monitor the set-point of PR9 which controls the pressure to the VES system.
In general there is no set-point check capability for pressure switches and relief valves due to other on-orbit controls that prevent them from reaching their set-point values. In lieu of traditional periodic testing of these elements the CIR has analyzed and determined that their set-points will be stable over the life of the CIR. This analysis is based on a review of the component materials, compatibility with the gasses utilized in the planned experiments, very low lifetime cycle counts, functional testing and the benign environment in which they operate.  This assessment included evaluations against similar components from previous mission that have been tracked for set-point stability and functionality. These components have completed the full ground verification for set-point and functionality as well as vibration and thermal cycle qualifications. 

TABLE VI. CIR Baseline Configuration Re-verification/Recalibration 
	ID
	Location Description
	Range/Setpt
	Hazard Verifications
	On-orbit Cal
	On-orbit Cal Method
	Reference Standard

	Pressure Transducers

	PT1
	O2 manifold inlet
	3000 psia
	 None
	YEARLY
	2pt, zero-2000 psia span cal
	Bottle/ISS Ambient

	PT2
	O2 manifold PR1 outlet
	3000 psia
	 None
	YEARLY
	2pt, zero-100 psia span cal
	PT28

	PT3
	O2 manifold MFC3 inlet
	500 psia
	FCF-C10: 3.1.1
	YEARLY
	2pt, zero-100 psia span cal
	PT28

	PT4
	Fuel manifold inlet
	3000 psia
	 None
	YEARLY
	2pt, zero-2000 psia span cal
	Bottle/ISS Ambient

	PT5
	Fuel manifold PR1 outlet
	3000 psia
	 None
	YEARLY
	2pt, zero-90 psia span cal
	PT28

	PT6
	Fuel manifold MFC1 inlet
	500 psia
	FCF-C10: 3.1.1
	YEARLY
	2pt, zero-90 psia span cal
	PT28

	PT7
	Diluent manifold inlet
	3000 psia
	 None
	YEARLY
	2pt, zero-2000 psia span cal
	Bottle/ISS Ambient

	PT8
	Diluent manifold PR1 outlet
	3000 psia
	 None
	YEARLY
	2pt, zero-100 psia span cal
	PT28

	PT9
	Diluent manifold MFC2 inlet
	500 psia
	FCF-C10: 3.1.1
	YEARLY
	2pt, zero-100 psia span cal
	PT28

	PT10
	N2 manifold inlet
	3000 psia
	 None
	YEARLY
	2pt, zero-2000 psia span cal
	Bottle/ISS Ambient

	PT11
	N2 manifold PR1 outlet
	3000 psia
	 None
	YEARLY
	2pt, zero-100 psia span cal
	PT28

	PT12
	N2 manifold MFC4 inlet
	500 psia
	FCF-C10: 3.1.1
	YEARLY
	2pt, zero-100 psia span cal
	PT28

	PT13
	Adsorber Cartridge Exit
	150 psia
	FCF-C05: 2.1.2; 
FCF-C28: 3.1.4, 3.2.2
	YEARLY
	Direct Cal with PT Std
	FOMA Cal Unit

	PT15
	Static Mixer to Chamber
	150 psia
	 None
	YEARLY
	2pt, zero-100 psia span cal
	PT28

	PT16
	Chamber Gas Blending
	50 psia
	FCF-C28: 3.2.1
	YEARLY
	Direct Cal with PT Std
	FOMA Cal Unit

	PT17
	Chamber Gas Blending
	50 psia
	FCF-C28: 3.2.1
	YEARLY
	Direct Cal with PT Std
	FOMA Cal Unit

	PT18
	Re-circulation loop return
	150 psia
	 None
	YEARLY
	Direct Cal with PT Std
	FOMA Cal Unit

	PT25
	Fuel Line to chamber
	150 psia
	 None
	YEARLY
	2pt, zero-90 psia span cal
	PT28

	PT28
	Chamber Gas Blending
	50 psia
	FCF-C28: 3.2.1
	YEARLY
	Direct Cal with PT Std
	FOMA Cal Unit

	PT29
	Chamber Watch dog
	150 psia
	FCF-C10: 3.4.1, 3.5.1; 
FCF-C28: 3.2.1
	YEARLY
	Direct Cal with PT Std
	FOMA Cal Unit

	PT30
	Adsorber Cartridge Inlet
	150 psia
	FCF-C05: 2.1.2; 
FCF-C28: 3.1.4, 3.2.2
	YEARLY
	Direct Cal with PT Std
	FOMA Cal Unit

	PT31
	Vent manifold exit
	150 psia
	FCF-C10: 7.1.1
	YEARLY
	Direct Cal with PT Std
	FOMA Cal Unit

	PT32
	Spyder manifold
	150 psia
	 None
	YEARLY
	Direct Cal with PT Std
	FOMA Cal Unit

	PT33
	High Pressure N2 line
	3000 psia
	 None
	YEARLY
	2pt, zero-2000 psia span cal
	PT28

	PT34
	FOMA Cal Unit
	50 psia
	 None
	YEARLY
	REPLACE
	Ground Instrument

	Pressure Switches

	PS1
	O2 Manifold PR1 outlet
	115 psia
	FCF-C10: 3.3.1
	Not required
	Not required
	Not required

	PS2
	Fuel Manifold PR2 outlet
	115 psia
	FCF-C10: 3.3.1
	Not required
	Not required
	Not required

	PS3
	Diluent Manifold PR3 outlet
	115 psia
	FCF-C10: 3.3.1
	Not required
	Not required
	Not required

	PS4
	N2 Manifold PR4 outlet
	115 psia
	FCF-C10: 3.3.1
	Not required
	Not required
	Not required

	PS5
	Chamber 
	115 psia
	FCF-C10: 3.6.1
	Not required
	Not required
	Not required

	PS7
	Vent Manifold outlet
	19.7 psia
	FCF-C10: 7.2.1, 7.2.2, 7.2.3
	Not required
	Not required
	Not required

	PS8
	Chamber Vacuum
	1.9 psia
	 None
	YEARLY
	Drift Check
	PT28

	PS9
	Chamber Vacuum
	1.9 psia
	 None
	YEARLY
	Drift Check
	PT28

	Pressure Switches

	MFC1
	Fuel Manifold
	2 slpm
	FCF-C07: 1.1.1
	YEARLY
	Chamber Rate of Rise
	PT28

	MFC2
	Diluent Manifold
	30 slpm
	FCF-C07: 1.1.1; 
FCF-C28: 3.2.1
	YEARLY
	Chamber Rate of Rise
	PT28

	MFC3
	Oxygen Manifold
	30 slpm
	FCF-C07: 1.1.1
	YEARLY
	Chamber Rate of Rise
	PT28

	MFC4
	Nitrogen Manifold
	30 slpm
	FCF-C07: 1.1.1; 
FCF-C28: 3.2.1
	YEARLY
	Chamber Rate of Rise
	PT28

	MFC5
	Vent Manifold
	100 slpm
	 None
	YEARLY
	Chamber Rate of Rise
	PT28

	Pressure Regulators

	PR-1
	O2 Manifold
	100 psia
	FCF-C10: 3.2.1
	YEARLY
	Drift Check
	PT2 

	PR-2
	Fuel Manifold
	90 psia
	 None
	YEARLY
	Drift Check
	PT5

	PR-3
	Diluent Manifold
	100 psia
	FCF-C10: 3.2.1
	YEARLY
	Drift Check
	PT8

	PR-4
	Nitrogen Manifold
	100 psia
	FCF-C10: 3.2.1
	YEARLY
	Drift Check
	PT11

	PR-9
	GIP VES Regulator
	36psia
	FCF-C10: 6.4.1, 6.4.2, 7.3.1, 7.3.2
	 
	
	 


TABLE VII. CIR GCIP and GC manifold  Re-verifications/Recalibration

	ID
	Location Description
	Range/Setpt
	Hazard Verifications
	On-orbit Cal
	On-orbit Cal Method
	Reference Standard

	Pressure Transducers

	PT14
	GCIP Outlet Pressure
	150 psia
	None
	YEARLY
	 2pt, zero-15 psia span cal
	 PT28

	PT19
	GC Argon PR7 outlet
	150 psia
	FCF-C10: 4.3.1
	YEARLY
	2pt, zero-95 psia span cal
	External, QD20

	PT20
	GC Helium PR8 outlet
	150 psia
	FCF-C10: 4.3.1
	YEARLY
	2pt, zero-95 psia span cal
	External, QD19

	PT21
	GCIP Sample Pressure
	150 psia
	None
	YEARLY
	2pt, zero-15psia span cal
	PT28

	PT22
	GC Cal Gas PR6 outlet
	150 psia
	FCF-C10: 4.3.1
	YEARLY
	2pt, zero-65 psia span cal
	External, QD18

	PT23
	GCIP Sample Regulated Pressure
	150 psia
	FCF-C10: 5.2.1, 5.2.2
	YEARLY
	 2pt, zero-15 psia span cal
	 PT28

	PT24
	GC Cal Gas Bottle
	3000 psia
	None
	YEARLY
	2pt, zero-1800 psia span cal
	Bottle/ISS Ambient

	PT26
	GC Argon Gas Bottle
	3000 psia
	None
	YEARLY
	2pt, zero-1800 psia span cal
	Bottle/ISS Ambient

	PT27
	GC Helium Gas Bottle
	3000 psia
	None
	YEARLY
	2pt, zero-1800 psia span cal
	Bottle/ISS Ambient

	Pressure Switches

	PS6
	GCIP Sample Inlet PS
	30 psia
	FCF-C10: 5.3.1, 5.3.2
	Not Required
	 Not Required
	Not Required 

	Pressure Regulators

	PR-5
	GCIP Sample Inlet Regulator
	15 psia
	FCF-C10: 5.1.1, 5.1.2
	YEARLY
	 Drift Check
	PT23 

	PR-6
	GC Check Gas Manifold
	65 psia
	FCF-C10: 4.1.1
	YEARLY
	Drift Check
	PT22

	PR-7
	GC Argon Manifold
	95 psia
	FCF-C10: 4.1.1
	YEARLY
	Drift Check
	PT19

	PR-8
	GC Helium Manifold
	95 psia
	FCF-C10: 4.1.1
	YEARLY
	Drift Check
	PT20

	PR-10
	GCIP Carrier Gas Regulator
	15 psia
	None
	YEARLY
	Drift Check 
	 PT14

	PR-11
	GCIP Pump Inlet Regulator
	15 psia
	FCF-C10: 5.5.1
	YEARLY
	 Drift Check
	 PT21

	Relief Valves

	RV-1
	GC Helium Manifold
	115 psia
	FCF-C10: 4.2.1
	Not Required
	Not Required
	Not Required

	RV-2
	GC Helium Manifold
	115 psia
	FCF-C10: 4.2.1
	Not Required
	Not Required
	Not Required

	RV-3
	GC Argon Manifold
	115 psia
	FCF-C10: 4.2.1
	Not Required
	Not Required
	Not Required

	RV-4
	GC Argon Manifold
	115 psia
	FCF-C10: 4.2.1
	Not Required
	Not Required
	Not Required

	RV-5
	GC Check Gas Manifold
	110 psia
	FCF-C10: 4.2.1
	Not Required
	Not Required
	Not Required

	RV-6
	GC Check Gas Manifold
	110 psia
	FCF-C10: 4.2.1
	Not Required
	Not Required
	Not Required

	RV-7
	GCIP Pump Inlet
	15 psia
	None
	Not Required
	Not Required
	Not Required


11.20.15 Software 

The CIR Software Development Process is a controlled process to insure that the requirements are incorporated into the software and that the software is configuration controlled. More information on the process may be found in FCF-DOC-0078 (Software Design Document).

11.20.15.1 Crew and Ground-based Commanding

CIR has been set up with ground commanding as the primary method of command with redundant on orbit computers and hardware controlling hazards. No command will be time critical, meaning ground monitoring is not necessary for hazard control so if ground communication is lost, no hazard will be caused. The crew may be called upon in rare occasions to command the CIR.. No hazardous commands have been defined for the CIR. 

The CIR software supports the capability to issue Caution and Warning messages as described below. At this time no CIR software initiated C&W messages have been defined for the CIR. (Analog signals are provided by the Smoke detector and Velocity Probe)
CIR Caution and Warning Requirements:

· All CIR parameters, which have been designated by the Payload Safety Review Panel (PSRP) as “safety-related” will be sent to the C&C (via the rack controller and the Payload Executive Processor (PEP)) for display on PCSs and for downlink to the ground via KU-band.

· PEP (P/L MDM) monitors parameters from the rack(s), which indicate an Emergency, Caution, or Warning (ECW) at the rack level.

· The Rack Health and Status parameters are monitored via the Limit Check Definition Table (LCDT).

· The LCDT is the only direct method for PEP to initiate an ECW event on behalf of the CIR.

· PEP Operational Status (POS) contains 160 ECW bits (1 bit for Emergency, 1 bit for Caution, and 1 bit for Warning for each of 50 locations; 10 spares left over) that go to the C&C at a 1Hz rate.

· When PEP detects an out-of-bounds Rack Health and Status condition in the Limit Check Definition Table LCDT it will set the appropriate ECW bit in the POS.

· The C&C will read the ECW bits in the POS and send out a “pre-canned” message to the PCSs annunciating the condition.

· The CIR monitors its own safety-critical parameters and set its summary C&W word to the appropriate value based upon safety inputs indicating the levels of severity of C&W events, which the payload can generate.

· The rack controller can then monitor its own sub rack payloads' C&W data and set off the appropriate rack level annunciations.  The CIR and FIRs C&W summary word can also be passed to PCS’ on the Payload Local Buses for displays related to complement level C&W isolation processing, and thereby support the isolation of the problem in the rack to the sub rack level.  This approach will also support detection/isolation of sub rack problems for multiple sub rack payloads simultaneously.

As an alternative, the PEP (P/L MDM) can monitor the summary C&W words for the rack controller for each payload and set off the appropriate rack level annunciations, provided the 250 parameter limit check table is not exceeded for the increment.

11.20.16 List of Software Controls for CIR

11.20.16.1 Auto Test Feature (IOP and FCU)

The FOMA Control Unit (FCU) and IOP will perform a system status upon power up to check that valve positions and settings are in agreement with requirements. Note that all solenoids are closed when not powered, therefore if the power is off or fails they will shut, this will stop any gas flow.

11.20.16.2 Chamber O2 limits

The amount of oxygen or fuel in the Chamber is controlled primarily by the FCU Main processor commanding a mass flow controller flow rate and monitoring chamber pressure fills. Firmware in the valve timers provides an interlock with the solenoid valves in the fill paths.
11.20.16.3 Adiabatic Combustion Due to Gas Fuel Flows 

The amount of oxygen or fuel in the Chamber is controlled primarily by the FCU Main processor commanding a mass flow controller flow rate and monitoring chamber pressure fills. Firmware in the valve timers provides an interlock with the solenoid valves fill paths.

11.20.16.4 Chamber Overpressure (Simple)

To control simple overpressurization when filling the Chamber from the bottles and/or station nitrogen supply the software in the FCU commands solenoid valves to open and shut at pressures determined by an approved test point matrix. (Pressure switches and regulators in each supply leg supply mechanical back up of this function).

11.20.16.5 Flow Through Chamber Pressure Control

The FCU controlling the input from the nitrogen mass flow controllers and the exit from the vent mass flow controllers will provide fine control to cause the Chamber pressure to remain constant.

11.20.16.6 Venting

The FCU CANbus processor provides a set of state based valve inhibits that prevent simultaneous opening of the fill and vent paths. The IOP provides a watchdog function monitoring for simultaneous open fill and vent path and issues commands close the valves and or remove power from the FCU.  See section 11.20.13 for a description of these functions. 
The station vent is limited to 276 kPa (40 psia). The vent is protected by three means. One, the mass flow controller (MFC) in the EVP is controlled by the FCU to control the exhaust flow rate to a value, which will prevent overpressure. The third control is the FCU monitoring the pressure and closing an additional solenoid valve in the event of an overpressure. The IOP will monitor the FCU and the pressure. (The mechanical control is a regulator in the vent line).

A pressure transducer monitoring the pressure and shutting solenoids and a pressure switch shutting solenoids provides backup to the regulator. This protects the GC against the Chamber and the calibration gas. [REFER TO Hazard Report FCF-C10]. (Pressure transducers PT 21, PT 22 and PT23)

11.20.16.7 GC Overpressure

The FCU monitors PT 19 and PT 20 in the GC supply to insure that 100 psia is not exceeded. 

11.20.16.8 Cross Opening of Valves

The FCU CANbus processor provides a set of state based valve inhibits that prevent simultaneous opening of the fill and vent paths. The IOP provides a watchdog function monitoring for simultaneous open fill and vent path and issues commands close the valves and or remove power from the FCU.  See section 11.20.13 for a description of these functions..

11.20.16.9 Temperature Monitoring

Electrical items such as the IPSU, IOP and optics will be temperature monitored by the IOP to shut down components if the reach a critical temperature based on manufacturers rated temperatures, not conditions which would cause a hazard, which are higher. Since cooling has been proven to be adequate in the worst case condition ( FCF C01, 10.a.5) and smoke detection is available, the temperature monitoring is not a hazard control.
11.20.16.10 Power On/Off

Software (IOP) control can be used to command off individual EPCU output buses. Hazardous circuits (120 Vdc outputs and lasers) are commanded off when the rack door switch interlock indicates an open door. There are three inhibits on the power during maintenance. 
[REFER TO HR FCF-C25 for laser, FCF-C24 for mate/demate of connectors]

11.20.16.11 Software Registries

Software on CIR contains hard coded information and functions such as how to talk to ISS, how to talk to the EPCU or what data to send out. CIR uses registries to maintain configurable data for the operation of the system. The software uses the registries to determine how to act on data that is read by the software. There are two basic types of registries on CIR, configuration and health & status. 

Configuration registries contain the information on the configuration of the system, for example package locations, IP addresses and CANbus addresses. There may be several configuration registries on the CIR, for example the IOP, and each IPSU. The IPSU registry has no safety data related to software controls of hazards. The IOP registry may contain data related to software hazard controls – specifically the identification of the location of hazardous circuits.. 

The health and status registry is where the error conditions and responses are defined for the CIR signals. These include temperature and pressure limit monitors as well as the detection of specific states such as the combination of open and fill and vent paths. The IOP issues the specified responses after detection of an error condition including commands for a package to go to its off-nominal state, power-off of a circuit or the power-off of the entire rack. Many of the software hazard control are defined in the health and status registry.. 

Registries are a way to change how the software reacts with out changing the code. Registries are controlled in the same manner as software, there must be an ECO to change the registry and there is version control. For registry changes after the CIR is launched the Ground Integration Unit (GIU, a flight like ground unit) may be used to test the registry..

TABLE VIII. Hardware/Software Failures on Flight System

	Hardware
	Failure
	Safety Impact
	Resolution

	ATCU 
	Vibe test failure of fluid line clamp
	Fluid line could have leaked water upon launch into the MPLM
	Test was finished with broken clamp with  no anomalies. Clamp replaced and successfully tested at a rack level test. 

	Rack
	FCU power supply channel in EPCU shut off power at specific frequency. 
	None. During power out all solenoid valves shut.
	Replaced EPCU and retested. 

	Manual Bleed Valves on the 4 Gas Distribution Manifolds and 3 GC Gas Supply Manifolds
	The press pin holding the handle onto the valve backed out slightly, but did not come out all the way.
	Handle could come off, resulting in a loose object inside the rack during ascent.
	The pins were pressed back in to the nominal position and epoxy was added covering the ends.  This will prevent any movement of the pin relative to the handle.

	Vent Manifold Mass Flow Controller electrical connector
	The screw holding the DB9-type connector to the mass flow controller backed out slightly, but did not come out all the way.
	The electrical connector could have come off and impacted the surrounding hardware during ascent.
	Loctite 222MS was applied to the fastener and re-installed.  The fastener was torqued snug.

	Recirculation Pump
	Pump rotating parts began to bind as a result of temperature, causing an increase in current draw
	Increased current could result in overheating and system shut down due to exceeding current limit.
	Pumps were redesigned to add lubricant and the motor magnet was adjusted to eliminate axial loading.  Life testing of the pump has verified method.

	Pressure Switch PS8
	Switch did not work after Thermal Cycle Test, high pressure.
	The switch is used to reset the Valve Timers, which are a control for prevention of adiabatic combustion.
	The switches were sent back to the vendor, which found an error in their assembly instructions.  New switches were delivered tested and have preformed as required.

	Oxygen Sensor
	Oxygen sensor did not detect oxygen levels above 28%.
	Oxygen levels exceeding the ISS vent requirement could result in a fire.


	O2 sensor requires calibration before use. This sensor is longer used as a hazard control

	Rack
	FCU power supply channel in EPCU shut off power at specific frequency. 
	None. During power out all solenoid valves shut.
	Replaced EPCU and retested. 

	Chamber Window Insert
	A small particle of aluminum was trapped between the Strut Plug and the Window Insert in the Chamber.  The particle increased the torque required to remove the Strut Plug by ~100 in-lbs.


	Damage to the Window Insert could prevent proper Chamber Window installation, thereby affecting the seal.
	The trapped aluminum was between the brass spacer ring and the window insert on the chamber.  The spot where it occurred was stoned smooth and then irridited.  This should not happen again as the spacer ring is now Xylan coated stainless steel.  The window does not seal on the surface so impacted.  Even if we had not smoothed out the spot, the window would still have sealed on both seals.  The window insert for launch is screwed in and rotated while being inserted, the windows do not rotated except at the threaded portion.

	Chamber 
	Chamber does not consistently hold pressure at MDP (135 psia).
	None. The chamber consistently holds 120 psia.  Test points are all 3 atm and below, so toxic by-products or fuels would not be near 120 psia.   Also, the chamber always has sealed at 135 when the seals were cleaned and re-lubricated per procedure.
	Chamber seals are sensitive to contamination. Chamber cannot get above 115 psia except by adiabatic combustion which is a short term event.  Crew procedure in place to wipe and lube chamber door seal at each closing operation. 

	IRR coolant QD seal
	Poppet inside QD failed to complete second seal during connection/disconnection of MDCA coolant hose.  
	None.  This has only occurred once.  Configuration of rack was non-flight like.  QD resealed after re-connection of MDCA hose.  First seal was always engaged.
	Maintain flight configuration of flow system 

	WTCS Flow Sensor
	Flow sensor binds resulting in no flow signal
	None. Touch temperature hazard is controlled via crew  wait prior to entering the rack.  
	On-orbit software registry change is planned to remove the flow sensor monitor and replace with a ATCU air outlet temperature monitor


11.21 GFE Safety Assessment

This section contains integrated safety information on GFE. The format for each piece of GFE depends on the method in which the information is conveyed by the government. In some cases there is only ADP information in other cases there are interface documents provided which have the requirements necessary for safe use of the item. 

11.21.1 Passive Rack Isolation System (PaRIS)

The PaRIS system has completed a Phase III safety review independent of CIR. The PaRIS hardware systems are mounted into the host ISPR. The service umbilicals, isolation plate, snubber brackets, eight spring / dampers and ISS structural interface hardware are stowed for launch and installed by the crew on-orbit. Critical PaRIS subsystem units are delivered to orbit and may be replaced on-orbit if any failure occurs on one of the replaceable units. PaRIS is not active from a power standpoint and has no electrical components.

11.21.1.1 PaRIS Structural Failure

It is designed and certified to be compatible with the launch environment and is analyzed by the supplier.  PaRIS mass and CG information from the supplier was used in integrated models for rack loading. PaRIS is not in the primary load path for CIR hardware. 

11.21.1.2 PaRIS Sharp Edges/Corners

The crew will handle the structural elements during installation, normal operations or during flight maintenance. The units will comply with the intent of SSP 50005 including rounding corners to 0.25 inches. Cables and fluid umbilicals will be verified to preclude any sharp edges or rough surfaces. No hooks, cranks, or levers will be involved and sufficient access will be provided.

11.21.1.3 PaRIS Shatterable Material Release

Not Applicable: PaRIS does not contain any shatterable materials.

11.21.1.4 PaRIS Flammability

The PaRIS hardware is accommodated by the ISS systems Fire Detection and Suppression System and all materials are selected in accordance with applicable program requirements and NHB 8060.1 and NSTS 22648.

11.21.1.5 PaRIS Offgassing

Material Offgassing is controlled by selecting low Offgassing materials whenever possible. Testing will be conducted at Marshall Space Flight Center (MSFC) to verify that the actual Offgassing levels of the PaRIS hardware are within acceptable limits.

11.21.1.6 PaRIS Electromagnetic Interference (EMI)

PaRIS is inactive electrically.

11.21.1.7 PaRIS Excessively High Touch Temperatures

PaRIS is inactive and generates heat only from the damping which is insignificant.

11.21.1.8 PaRIS Electrical Power Distribution

PaRIS is inactive electrically. 

11.21.1.9 PaRIS Mating/Demating Electrical Connectors

The mating and demating of electrical connectors is not applicable since PaRIS is not an active system.

11.21.1.10 PaRIS Rapid Safing

Not Applicable: No action required of the crew for rapid safing.

11.21.1.11 PaRIS Limited life Items

There are no limited life items identified for PaRIS. In-flight spares are provisioned for un-anticipated hardware failures to allow for in flight replacement.

11.21.2 SAMS TSH-ES 

A SAMS Tri-axial Sensor Head Ethernet stand alone (SAMS TSH-ES) will be mounted on the front of the Optics Bench for on-orbit operations. SAMS TSH-ES has been assessed from a safety standpoint and has its own hazard reports with requirements to be passed down to the payload using it. The SAMS Agreement and Interface Definition Document (AIDD) for ISS (SAMS-SDP-001 Rev C) provides applicable SAMS verifications which are to be passed on to the integrator. These safety verifications will be listed here organized by the SAMS-SDP-002 Rev  Baseline) hazard reports.  The means by which CIR will address the closure of this safety verification and/or their applicability to CIR will also be presented below.

STD-TSH-ES 10(a).3, AIDD section 3.3.5.1 states “To ensure touch temperature does not exceed 49 C, the TSH-ES shall be mounted on a conductive structure not exceeding 45 C.” 

This is covered as part of hazard report STD FCF-C01  verification  10.a.1, “Thermal analysis shall be performed by FCF(CIR) to insure that touch temperatures are within the acceptable range when the rack is operating under normal conditions.”  The bench has been verified by test (CIR TRT-3819) not to exceed 45 C. 

STD-TSH-ES 11(b).6, AIDD section 3.3.3.5 states “The user shall verify the bonding requirements of SSP 30245 are met between the SAMS hardware (TSH-ES or mounting plate) and the user’s mounting surface if the unit is mounted prior to launch.  This is a safety requirement as defined in Hazard Report STD-TSH-ES 11(b)6.  It is the user’s responsibility to meet and verify this safety requirement”

The CIR VER 1003 will cover this bond test. 

STD-TSH-ES 15(c), AIDD Section 3.3.2.4.3 Mounting Location states “The mounting location and associated flight operations shall be in agreement with all egress requirements per SSP 57000 (req. 3.12.9.12). This is a safety requirement as defined in Hazard Report STD-TSH-ES 15(c).  It is the user’s responsibility to meet and verify this safety requirement.  Refer to section 3.3.7.2 Safety Verification for closure instructions.”
CIR Hazard Report FCF-C17 covers the integrated structural analysis  verification 2.1.1 “A structural analysis shall be performed by FCF(CIR) to demonstrate design meets factors of safety (FS) of 2.0 (for ultimate) and 1.25 (for yield) for shuttle, MPLM, and station.” And  verification 2.1.2
“Analysis of structural design shall be done by FCF(CIR) to demonstrate design meets criteria of NSTS 07700 Vol. XIV, SSP 52005, and NSTS 14046 Rev. E, with positive margins of safety.” The structural analysis report will cover these items. 

TSH-ES-01 1.1.3,  AIDD Section 3.3.5.4 Loads states “The user shall verify that the loads seen by the TSH-ES will not be higher than +/-40g (all three axis simultaneously applied).”

The CIR will launch the TSH-ES in stowage.  

STD-TSH-ES 15(c)  SAMS Project verifies that the requirement to verify that the TSH-ES hardware envelope and planned ISS flight operations do not impede emergency IVA egress to adjacent pressurized volumes is passed to the Integrator through AIDD SAMS-INT-001. The  AIDD Section 3.3.2.4.3 Mounting Location states “The mounting location and associated flight operations shall be in agreement with all egress requirements per SSP 57000 (req. 3.12.9.12). This is a safety requirement as defined in Hazard Report STD-TSH-ES 15(c).  It is the user’s responsibility to meet and verify this safety requirement. “ 

STD FCF- C01  verification  15.c.1 “Design analysis shall be performed by FCF(CIR) for CIR hardware and planned flight operations for compliance to insure that design does not impede IVA emergency egress to adjacent pressurized volumes.” Will insure that analysis is performed.. 

TSH-ES-01 4.3.1  “SAMS Project verifies that the requirement to apply proper torque (20 +/- 1 in-lb + running torque) to all four captive fasteners and to have all four captive fasteners to be engaged is passed to the Integrator through AIDD SAMS-INT-001 to be included in the integrator pre-launch and/or on orbit installation/removal procedures.  The AIDD Section 3.3.2.4.2  Attachment states “For all installation and removal operations involving a TSH-ES, either prior to launch or on-orbit, the user shall include steps utilizing all four captive fasteners for each TSH-ES and applying the proper torque to the captive fasteners.”

FCF-C17 verification 5.1.1”FCF(CIR) SRM&QA shall inspect design procedures to insure that “as-built” flight hardware and flight spares are built, assembled and handled per approved drawings, procedures and parts lists” and  verification 6.1.1
“Inspection FCF(CIR) SRM&QA shall inspect design drawings and as-built flight hardware to insure verifiable locking features have been selected” cover this verification. 

TSH-ES-01 4.3.2 “ SAMS Project verifies that the requirement to use only approved procedures with specifications for the TSH-ES hardware to be returned in a safe stowage configuration is passed to the Integrator through AIDD SAMS-INT-001. The AIDD Section 5.1.6 Stowage Launch & Landing states “If the SAMS TSH-ES is stowed for the return flight, it is the user’s responsibility to ensure a safe stowage configuration, as defined above, by using only approved TSH-ES stowage procedures. This is a safety requirement as defined in Hazard Report TSH-ES-01 4.3.2. “

Return stowage configuration drawing will be reviewed by the CIR project for safe stowage configuration. 
TSH-ES-01  5.1.1.” SAMS Project verifies that the requirement to perform a QA inspection of the flight hardware to ensure self-locking nuts/nut plates for TSH-ES captive fasteners are used if TSH-ES unit is mounted for launch/landing is passed to the Integrator through AIDD SAMS-INT-001.” The AIDD Section 3.3.2.4.2 Attachment states “The user shall provide self-locking nuts/nut plates for the TSH-ES captive fastener mounting if the fasteners are used for securing hardware during Orbiter launch or landing, and verify this by independent inspection.”

 FCF-C17 verification 6.1.1 “FCF(CIR) SRM&QA shall inspect design drawings and as-built flight hardware to insure verifiable locking features have been selected” covers this verification. 

TSH-ES-01 5.2.1 “ SAMS Project verifies that the requirement to verify the integrity of the nuts/nut plates used for TSH-ES captive fasteners if unit is mounted for launch and landing is passed to the Integrator through AIDD SAMS-INT-001.” The AIDD Section 3.3.2.4.2 Attachment states “The user shall provide self-locking nuts/nut plates for the TSH-ES captive fastener mounting if the fasteners are used for securing hardware during Orbiter launch or landing, and verify this by independent inspection.  The user shall perform an analysis, test and/or inspection to verify the integrity of the nuts/nut plates used for the TSH-ES.”

FCF-C17 verification 6.1.1 “FCF(CIR) SRM&QA shall inspect design drawings and as-built flight hardware to insure verifiable locking features have been selected” covers this verification.
11.22 On-Orbit Maintenance Safety Assessment

Scheduled and contingency maintenance activities for the CIR are identified in the following table.

TABLE IX. Maintenance Activities
	Maintenance Operation
	Procedure No.
	Procedure Title
	Maintenance Schedule
	Hazard Assessment

	Remove & Replace Dew Point Sensor Probe
	MGUEFCFCIRN020
	2.020 FCF CIR REMOVE, REPLACE CIR DEW POINT SENSOR PROBE
	Every 2 years for calibration
	Addressed in FCF-C10, 1.4.2 for bleed off of pressure prior to maintenance

	Remove & Replace TSH
	MGUEFCFCIRN090
	2.090 FCF CIR REMOVE, REPLACE TSH
	Every 2 years for calibration
	Addressed in FCF-C17, 6.2.1 for structural failure

	Remove & Replace FOMA Cal Unit
	MGUEFCFCIRN086

MGUEFCFCIRN024
	2.086 FCF CIR REMOVE CIR FOMA CAL UNIT

2.024 FCF CIR INSTALL CIR FOMA CAL UNIT
	Yearly for calibration
	Addressed in FCF-C08, 3.2.1 for inspection of QD prior to mate & FCF-C10, 1.4.2 for bleed off of pressure prior to maintenance

	Remove & Replace Chamber Door Seals
	MGUEFCFCIRN004
	2.004 FCF CIR REMOVE, REPLACE CIR FRONT END CAP SEALS
	5 cycles AND 5 years
	Addressed in FCF-C05, 1.3.2 for inspection and lubrication of seals

	Remove & Replace Chamber Window Seals
	MGUEFCFCIRC002
	4.002 FCF CIR REMOVE, REPLACE CHAMBER WINDOW SEALS
	5 cycles AND 5 years
	Addressed in FCF-C05, 1.3.2 for replacement of seals

	Remove & Replace I/O Processor Hard Disk Drives
	MGUEFCFN013
	2.013 FCF REMOVE, REPLACE FCF I/O PROCESSOR HARD DISK DRIVE
	Upon failure
	No hazard identified

	Remove & Replace Chamber Windows
	MGUEFCFCIRC022
	4.022 FCF CIR REMOVE, REPLACE CIR WINDOW UNCOATED(CIR WINDOW COATED)
	Upon failure
	Addressed in FCF-C05, 1.3.2 for inspection and lubrication of seals and FCF-C12, 3.7.2 for removal of window covers

	Remove & Replace ATCU Lint Screens
	MGUEFCFCIRC008
	4.008 FCF CIR REMOVE, REPLACE CIR ATCU FAN LINT SCREEN
	Upon failure
	No hazard identified

	Remove & Replace ATCU Fan Assembly
	MGUEFCFCIRC026
	4.026 FCF CIR REMOVE, REPLACE CIR ATCU FANS
	Upon failure
	Addressed in FCF-C01, 4.a.5 for sharp edges and FCF-C17, 6.2.1 for structural failure

	Clean Heat Exchanger
	MGUEFCFC007
	4.007 FCF CLEAN ATCU HX
	Upon failure
	No hazard identified

	Remove & Replace DCM
	MGUEFCFCIRC035
	4.035 FCF CIR REMOVE, REPLACE FCF DCM
	Upon failure
	No hazard identified

	Remove & Replace Common IAM
	MGUEFCFCIRC012
	4.012 FCF CIR REMOVE, REPLACE FCF COMMON IAM
	Upon failure
	No hazard identified

	Remove & Replace ISM F/O Cable
	MGUEFCFCIRC006
	4.006 FCF CIR REMOVE, REPLACE CIR ISM F/O CABLE
	Upon failure
	Addressed in FCF-C25, 1.1.2 for installing fiber optic cable

	Clean Chamber
	MGUEFCFCIRC030
	4.030 FCF CIR CLEAN COMBUSTION CHAMBER
	When dirty
	No hazard identified

	Clean Chamber Windows
	MGUEFCFCIRC020
	4.020 FCF CIR CLEAN CHAMBER WINDOWS
	When dirty
	No hazard identified


11.22.1 Safe Access

11.22.1.1 Structural Failure

With respect to crew induced loads, several of the Diagnostics Packages do not meet the 125 lb requirement. An exception has been approved for these. See the PIRN 57217-NA-0010A_CIR Crew Induced Loads. 

Replacement of items including the ATCU Fans and the SAMS TSH require removal of safety critical fasteners. Safety critical fasteners that are removed for maintenance need to insure that locking features are maintained.  See FCF-C17 Structural Failure.  Crew procedures include steps for proper torque values of safety critical fasteners.
11.22.1.2 Sharp Edges

Sharp edges and pinch points will not be a problem during on-orbit maintenance because all sharp edges and pinch point hazards have already been mitigated. However, the heat exchanger has requested and received an exception for sharp edges on the cooling fins, which are necessary for maintaining adequate heat exchange. During on-orbit maintenance of the cooling fins, the crew will be required to lower the ATCU such that the heat exchanger cooling fins are exposed. This must be performed periodically to allow for vacuuming any dirt/dust buildup on the heat exchanger cooling fins. Cleaning of heat exchanger cooling fins will only be accomplished with approved crew procedures and use of an approved long vacuum hose. This will preclude the crew from inadvertent contact with the sharp edges of the cooling fins.

See CIR Hazard Report FCF-C01

11.22.1.3 Shatterable Material

Chamber windows will tracked to insure that windows are replaced prior to exceeding the expected life cycles per the fracture mechanics analysis. The analysis has demonstrated that the projected life of the windows is longer than the life of the rack. The windows may need to be replaced for optical reasons (dirt or need for passing a different wavelength of light). The windows meet the crew induced load requirements and procedures will be created to insure proper on-orbit installation/removal and handling of the windows. Chamber windows will be stowed during launch/landing with soft covers and packed in plastic bags to provide a level of containment from the crew should a window be inadvertently broken.

See Hazard Report FCF-C12, Shatterable Material (Chamber Windows)

Procedures will be created to insure that proper installation/removal, handling and inspection of the Diagnostic Package (Camera) lenses. Cameras will be stowed during launch/landing and packed in clear plastic bags to provide a level of containment from the crew should a camera lens inadvertently break. 

Testing will demonstrate that installation or removal of Diagnostic Packages will not cause damage to chamber windows or camera lenses. Camera lenses and chamber windows are recessed and have common diameters , which prevent inadvertent misalignment of Diagnostic Packages from impacting the Chamber Windows.

See CIR Hazard Report FCF-C01 Diagnostics Addendum

11.22.1.4 Batteries

The batteries in the CIR Gas Chromatograph (GC) are not replaceable on-orbit; the entire GC will be replaced on orbit. GC not launched in first increment. 

There are no credible hazard related issues during on-orbit maintenance.

11.22.1.5 Accessibility

The CIR has been designed for on-orbit refurbishment, maintenance and future growth by ensuring that all hardware meets the spacing requirements of NASA-STD-3000 and SSP 50005, Man Systems Integration Standard (MSIS). This insures that the crew will be able to perform on-orbit maintenance as required. 

11.22.1.6 Touch Temperature

Testing in combination with analysis has shown that components that may exceed touch temperature will cool to acceptable touch levels in less time than is required for crew to access the item. There are no credible hazard related issues during on-orbit maintenance
See Hazard Report FCF-C01

11.22.1.7 Mating / Demating of Powered Connectors

CIR procedures require that no mating/demating of live powered connectors will be accomplished on-orbit.  All maintenance activities require access through the rack doors. Controls are in place per FCF-C24 for the nominal procedures for opening the doors.
Per the requirements in NSTS 18798 Interpretation Letter MA2-99-170, the connector design completely shrouds the pin and sockets. This design also insures that the powered side of the connector ends in sockets rather that pins to preclude the possibility of pins shorting and generating molten metal. The design precludes the possibility of mismating connectors by use of keyed connectors to prevent mismating. Payload and on-orbit support equipment, wire harnesses and connectors shall be designed such that no blind mating/demating will be accomplished during payload installation, operation, removal, or maintenance on-orbit. Scoop proof connectors and/or other approved protective features are incorporated to prevent inadvertent shorting. The output capacitance per EPCU channel is negligible in terms of stored capacity (0.01 (F). 

Proper bonding and grounding will be accomplished to avoid the occurrence of electric shock from static buildup per Interpretation Letter MA2-99-142, On Orbit Bonding & Grounding. 
See Hazard Report FCF-C24, Electric Shock.

11.22.1.8 Stored Energy

The CIR has several places where stored energy could result in crew injury even with the power to the rack being turned off. 

The EPCU could have stored electrical energy in the form of capacitors, which could provide a large enough charge to inadvertently electrocute a crewmember during routine maintenance. To preclude this from happening, all power from the EPCU terminates in Sockets rather than exposed pins and all electrical equipment will be properly bonded and grounded.  

The dew point sensor replacement requires breaking a fitting for pressurized lines. The FOMA Cal Unit replacement requires mate/demate of a QD to the pressurized system. Approved crew procedures will insure that  bleed off of pressurized lines and the inspection of QD prior to mating is performed.  See FCF-C10 and FCF-C08.

11.22.2 Safe for Landing 

Return landing is no longer baselined. There are  components on the rack that may be replaced on orbit and several fasteners are nominally removed from the rack after launch which would need to be replaced before landing. The following is a list of all fasteners which could be removed on orbit and replaced. 

TABLE X. Fasteners Which May Be Removed On Orbit

	SCS#
	Note
	Description
	Interface (Package or Location)
	SCS Location Drawing #
	# of Fasteners in Joint
	Size
	Fracture Mechanics Disposition
	Primary Locking Mech.
	Drawing Specified Torque
	Loc-tite
	Captive
	Min # Req'd

	Chamber
	
	
	
	
	
	
	
	
	
	
	
	

	CCA-4
	
	1/4-28 X 1" SHCS modified captive
	Rear End Cap/Center Plug
	67212MFAH30021
	6 Fasteners/Assy
	1/4
	NFC-1
	Insert, Locking
	50.6-58 in-lbs
	N
	Y
	6

	CCA-6
	
	1/4-28 X 1" SHCS modified captive
	Rear End Cap/Endcap Port Plug
	67212MFAH30005
	4 Fasteners/Assy
	1/4
	NFC-1
	Insert, Locking
	50.6-58 in-lbs
	N
	Y
	4

	FOMA
	
	
	
	
	
	
	
	
	
	
	
	

	SCS#
	Note
	Description
	Interface (Package or Location)
	SCS Location Drawing #
	# of Fasteners in Joint
	Size
	Fracture Mechanics Disposition
	Primary Locking Mech.
	Drawing Specified Torque
	Loc-tite
	Captive
	Min # Req'd

	FOMA-54-1
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Adsorber Bracket, Floating Assembly
	67212MFAM24200
	3 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	3

	FOMA-54-2
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Adsorber Bracket, Fixed Assembly
	67212MFAM24100
	3 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	3

	FOMA-54-3
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Vent Manifold Assembly
	67212MFAM20000
	2 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	2

	FOMA-54-4
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Diluent Manifold Assembly
	67212MFAM12000
	2 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	2

	FOMA-54-5
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Manual Vent Valve Assembly
	67212MFAM22000
	4 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	4

	FOMA-54-6
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Static Mixer Manifold Assembly
	67212MFAM14000
	1 Fasteners/Assy         
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	1

	FOMA-54-7
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Exhaust Manifold Assembly
	67212MFAM21000
	2 Fasteners/Assy                 
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	2

	FOMA-56-1
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Fuel Manifold Assembly
	67212MFAM10000
	4 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	4

	FOMA-56-2
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Manual Vent Valve Assembly
	67212MFAM22000
	4 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	4

	FOMA-56-3
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Adsorber Bracket, Floating Assembly
	67212MFAM24200
	3 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	3

	FOMA-56-4
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Adsorber Bracket, Fixed Assembly
	67212MFAM24100
	3 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	3

	FOMA-56-5
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Vent Manifold Assembly
	67212MFAM20000
	2 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	2

	FOMA-56-6
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Dew Point Sensor Assembly 
	67212MFAM60000
	2 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	2

	FOMA-56-7
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Oxygen Manifold Assembly
	67212MFAM11000
	4 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	4

	FOMA-56-8
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Diluent Manifold Assembly
	67212MFAM12000
	2 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	2

	FOMA-56-9
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Nitrogen Manifold Assembly
	67212MFAM13000
	4 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	4

	FOMA-56-10
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Static Mixer Manifold Assembly
	67212MFAM14000
	2 Fasteners/Assy        
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	2

	FOMA-56-11
	
	Modified Socket Head Cap Screw 0.250-28 UNF-3A Thread
	FOMA/Exhaust Manifold Assembly
	67212MFAM21000
	4 Fasteners/Assy                
	0.25
	NFC-1
	Insert, Locking
	51-58 in-lbs
	N
	Y
	4

	FOMA-58-1
	1
	Modified #10-32 Socket Head Cap Screw
	FOMA/Fuel Manifold Assembly
	67212MFAM10100
	4 Fasteners/Assy
	#10
	NFC-1
	Raw Material
	19-22 in-lbs
	N
	Y
	4

	FOMA-58-2
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/Valve Timer Assembly
	67212MFAM10200
	4 Fasteners/Assy
	#10
	NFC-1
	Insert, Locking
	19.5-23.4 in-lbs
	N
	Y
	4

	FOMA-58-3
	2
	Modified #10-32 Socket Head Cap Screw
	FOMA/Oxygen Manifold Assembly
	67212MFAM10220
	1 Fastener/Assy
	#10
	NFC-1
	Raw Material
	19-22 in-lbs
	N
	Y
	1

	FOMA-58-4
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/Diluent Manifold Assembly
	67212MFAM10220
	1 Fastener/Assy
	#10
	NFC-1
	Insert, Locking
	19-22 in-lbs
	N
	Y
	1

	FOMA-58-5
	3
	Modified #10-32 Socket Head Cap Screw
	FOMA/Oxygen Manifold Assembly
	67212MFAM10210
	1 Fasteners/Assy
	#10
	NFC-1
	Raw Material
	19-22 in-lbs
	N
	Y
	1

	FOMA-58-6
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/Diluent Manifold Assembly
	67212MFAM10210
	1 Fasteners/Assy
	#10
	NFC-1
	Insert, Locking
	19-22 in-lbs
	N
	Y
	1

	FOMA-58-7
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/Nitrogen Manifold Assembly
	67212MFAM10100
	4 Fasteners/Assy
	#10
	NFC-1
	Insert, Locking
	19-22 in-lbs
	N
	Y
	4

	FOMA-58-8
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/Vent Manifold Assembly
	67212MFAM20003
	4 Fasteners/Assy
	#10
	NFC-1
	Insert, Locking
	25-35 in-lbs
	N
	Y
	4

	FOMA-58-9
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/GCIP 
	67212MFAM30170
	1 Fastener/Assy
	#10
	NFC-1
	Insert, Locking
	19.5-23.4 in-lbs
	N
	Y
	1

	FOMA-58-10
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/GCIP
	67212MFAM30172
	1 Fastener/Assy
	#10
	NFC-1
	Insert, Locking
	19.5-23.4 in-lbs
	N
	Y
	1

	FOMA-58-11
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/GC Argon Supply Assembly
	67212MFAM31000
	4 Fasteners/Assy
	#10
	NFC-1
	Insert, Locking
	19.5-23.4 in-lbs
	N
	Y
	4

	FOMA-146a
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/Helium-Argon Assembly
	67212MFAM31005
	4 Fasteners/Assy
	#10
	NFC-1
	Insert, Locking
	19.5-23.4 in-lbs
	N
	Y
	4

	FOMA-58-13
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/Argon Bracket Assembly
	67212MFAM31007
	4 Fasteners/Assy
	#10
	NFC-1
	Insert, Locking
	19.5-23.4 in-lbs
	N
	Y
	4

	FOMA-58-14
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/GC Helium Supply Assembly
	67212MFAM32000
	4 Fasteners/Assy
	#10
	NFC-1
	Insert, Locking
	19.5-23.4 in-lbs
	N
	Y
	4

	FOMA-58-15
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/Helium Test Point
	67212MFAM32011
	2 Fasteners/Assy
	#10
	NFC-1
	Insert, Locking
	19.5-23.4 in-lbs
	N
	Y
	2

	FOMA-58-16
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/GC Check Gas Supply
	67212MFAM33000
	4 Fasteners/Assy
	#10
	NFC-1
	Insert, Locking
	19.5-23.4 in-lbs
	N
	Y
	4

	FOMA-146a
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/Check Gas Bracket, Front, Assembly
	67212MFAM33005
	3 Fasteners/Assy
	#10
	NFC-1
	Insert, Locking
	19.5-23.4 in-lbs
	N
	Y
	3

	FOMA-58-18
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/Check Gas Bracket, Rear, Assembly
	67212MFAM33007
	4 Fasteners/Assy
	#10
	NFC-1
	Insert, Locking
	19.5-23.4 in-lbs
	N
	Y
	4

	FOMA-58-19
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/Oxygen Sensor Assembly
	67212MFAM61000
	4 Fasteners/Assy
	#10
	NFC-1
	Insert, Locking
	19.5-23.4 in-lbs
	N
	Y
	4

	FOMA-61-1
	2
	Modified #10-32 Socket Head Cap Screw
	FOMA/Mass Flow Controller Assembly, Fuel
	67212MFAM10210
	1 Fastener/Assy
	#10
	NFC-1
	Raw Material
	19-22 in-lbs
	N
	Y
	1

	FOMA-61-2
	2
	Modified #10-32 Socket Head Cap Screw
	FOMA/Mass Flow Controller Assembly, Oxygen
	67212MFAM10210
	1 Fastener/Assy
	#10
	NFC-1
	Raw Material
	19-22 in-lbs
	N
	Y
	1

	FOMA-61-3
	2
	Modified #10-32 Socket Head Cap Screw
	FOMA/Mass Flow Controller Assembly, Fuel
	67212MFAM10220
	1 Fastener/Assy
	#10
	NFC-1
	Raw Material
	19-22 in-lbs
	N
	Y
	1

	FOMA-61-4
	2
	Modified #10-32 Socket Head Cap Screw
	FOMA/Mass Flow Controller Assembly, Oxygen
	67212MFAM10220
	1 Fastener/Assy
	#10
	NFC-1
	Raw Material
	19-22 in-lbs
	N
	Y
	1

	FOMA-61-5
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/Mass Flow Controller Assembly, Nitrogen
	67212MFAM12120
	1 Fastener/Assy
	#10
	NFC-1
	Insert, Locking
	19-22 in-lbs
	N
	Y
	1

	FOMA-61-6
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/Mass Flow Controller Assembly, Diluent
	67212MFAM12120
	1 Fastener/Assy
	#10
	NFC-1
	Insert, Locking
	19-22 in-lbs
	N
	Y
	1

	FOMA-61-7
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/Mass Flow Controller Assembly, Nitrogen
	67212MFAM12110
	1 Fastener/Assy
	#10
	NFC-1
	Insert, Locking
	19-22 in-lbs
	N
	Y
	1

	FOMA-61-8
	
	Modified #10-32 Socket Head Cap Screw
	FOMA/Mass Flow Controller Assembly, Diluent
	67212MFAM12110
	1 Fastener/Assy
	#10
	NFC-1
	Insert, Locking
	19-22 in-lbs
	N
	Y
	1

	ATCU
	
	
	
	
	
	
	
	
	
	
	
	

	ATCU-653
	
	#10-32
	CIR ATCU/ Fan Assembly Captive
	67211MFAD11089
	4 Fasteners
	#10
	NFC-1
	Insert, Locking
	SNUG
	N
	Y
	All

	ATCU-667
	
	1/4 - 28 X 0.75"
	CIR ATCU/ EEU Launch
	67211MFAD11000
	2 Fasteners
	0.25
	LFRC
	Insert, Locking
	25-30 in-lbs
	N
	N
	All

	ATCU-668
	
	#10-32 X 0.875"
	CIR ATCU/Filter Box
	67211MFAD11000
	4 Fasteners
	#10
	LFRC
	Insert, Locking
	19.5-23.4 in-lbs
	N
	Y
	All

	ECS
	
	
	
	
	
	
	
	
	
	
	
	

	E38
	
	#8-32 Captive
	WIP/GIP Enclosure to WIP/GIP - CIR
	67211MFAD20045 (WIP)          67211MFAD30211 (GIP)
	8 Fasteners/Assy
	#8
	NFC-1
	Insert, Locking
	13-15.6 in-lbs
	N
	Y
	8

	EPCU Switch
	
	
	
	
	
	
	
	
	
	
	

	RPS-002
	
	Modified #10-32, 
	EPCU/Rack Power Switch Assembly to Rack Posts
	67211MFAB60020
	4 Fasteners/Assy
	0.125 min dia
	NFC-1
	Insert
	20-24 in-lbs
	N
	Y
	4

	IOP
	
	
	
	
	
	
	
	
	
	
	
	

	IOP-32
	
	0.190-32 SPRING LOADED CAPTIVE FASTENER
	IOP Brackets to Rails
	67211MFAB10300
	4 Fasteners/Assy
	#10
	NFC-1
	Insert, Locking
	20-24 in-lbs
	N
	Y
	NA

	EPCU
	
	
	
	
	
	
	
	
	
	
	
	

	EPCU-8a
	
	Captive Screw High Profile, Spring Loaded 0.250-28 UNF-3A, A286
	EPCU Bracket to Rails
	67211MFAG40012
	4 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	
	N
	Y
	4

	EPCU-8b
	
	Captive Screw High Profile, Spring Loaded 0.250-28 UNF-3A, A286
	EPCU Bracket to Rails
	67211MFAG40014
	4 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	
	N
	Y
	4

	EA
	
	
	
	
	
	
	
	 
	
	
	
	

	EA-10805
	
	0.25-28 UNF-3A Captive Screw
	EA/Strut/IC
	67212MFAH11000
	4 Fasteners/Assy
	0.25
	NFC-1
	Insert, Locking
	65-75 in-lbs
	N
	Y
	4


1
HOLDS QD MOUNTING PLATE TO MANIFOLD 

FC:

Fracture Critical

2
HOLDS MFC TO MANIFOLD 





LRFC:
Low Risk Fracture Component

3
HOLD PRESSURE REGULATOR TO MANIFOLD 

NFC-1:
Fail-Safe

4
HOLD BOTTLE BRACKET TO MANIFOLD 


NFC-2:
Contained

5
HOLDS OUTLET PORST TO PUMP HOUSING 


NFC-3:
Restrained

6
HOLDS MFC SUPPORT BRACKET TO MFC 


NFC-4:
Low Mass

7
HOLDS LEMO BRACKETS TO MANIFOLD

8
HOLDS VALVE BODY TO VALVE CARTRIDGE

9
HOLDS BOTTLE GUIDE PLATE TO BOTTLE

10
HOLDS BOTTLE KEYING PLATE TO BOTTLE BRACKET

11
HOLDS VALVE TO MANIFOLD

APPENDIX A Chamber Mounted Hardware MDP Chart (DELETED)

Table deleted. See Appendix E, Hazard Report FCF-C10 Rupture of Pressurized System for the Chamber Mounted Hardware MDP table. 
APPENDIX B Other FOMA pressurized components MDP Chart (DELETED)
Table deleted. See Appendix E, Hazard Report FCF-C10 Rupture of Pressurized System for the Other FOMA Pressurized Components Hardware MDP table. 

APPENDIX C Environmental control system mdp chart (dELETED)
Table deleted. See Appendix E, Hazard Report FCF-C10 Rupture of Pressurized System for the Environmental Control System MDP table. 

APPENDIX D Hazard Report Status

TABLE XI. Phase 0/1 Hazard Report Status, December 1, 1998

(Hazard Reports Presented)
	Number
	Title
	Status
	Comments

	Form 1230 
	STD CIR Integrated
	Approved
	3.3.1 out of board

	FCF-C01
	Acoustic Noise
	Deleted
	3.3.2

	FCF-C02
	Exposure of Station to Excessive Levels of EMI Radiation
	Approved/ mods
	3.3.3

	Form 1230 
	STD CIR Pressurized
	Approved/ mods
	3.3.4

	FCF-C03
	Inadvertent Propulsive Leak of the Gas Bottle
	Approved/ mods
	3.3.5

	FCF-C04
	High Oxygen Concentration
	Approved/ mods
	3.3.6

	FCF-C05
	Release of Combustion By-products
	Open
	3.3.7

	FCF-C06
	Inadvertent Release of Chamber Lid
	Approved/ mods
	3.3.8

	FCF-C07
	Adiabatic Combustion Ruptures Chamber
	Approved/mods
	3.3.9

	FCF-C08
	Oxygen/Fuel Leakage into Rack
	Approved/ mods
	3.3.10

	FCF-C09
	Oxygen Depletion
	Approved/ mods
	3.3.11

	FCF-C10
	Overpressurization from Pressure Source
	Open
	3.3.12 combine w/ FCF-C11

	FCF-C11
	Rupture of Pressurized Subsystem
	Approved/ mods
	3.3.14 combine w/ FCF-C10

	FCF-C12
	Exposure of Crew to Broken Materials (Windows)
	Approved/ mods
	3.3.15

	FCF-C13
	Release of LiOH
	Approved/ mods
	3.3.16

	FCF-C14
	Bottle Interchange Hazard
	Approved/ mods
	3.3.17

	FCF-C15
	Explosion of Lithium Battery
	Approved/mods
	3.3.18

	Form 1230 
	STD CIR Structural
	Approved/ mods
	3.3.19

	FCF-C16
	Moving Mass Hazard
	Deleted
	3.3.20

	FCF-C17
	Structural Failure of CIR Hardware
	Approved/ mods
	3.3.21

	FCF-C18
	Launch/Landing Configuration
	Approved/ mods
	3.3.22

	Form 1230 
	STD CIR ECS
	Approved/mods
	3.3.23

	FCF-C19
	Leakage/Rupture of the Water Cooling System
	Approved/ mods
	3.3.24

	FCF-C20
	Loss of Cooling
	Deleted
	3.3.25

	FCF-C21
	Excessive Touch Temperature
	Approved
	3.3.26

	FCF-C22
	Rotating Equipment
	Approved/ mods
	3.3.27

	(FCF-C24)
	Electrical Shock
	Approved/mods
	3.3.28

	Form 1230 
	STD CIR Electrical
	Approved/ mods
	3.3.29

	FCF-C23
	Electrical Connector Mating/Demating On Orbit
	Approved/ mods
	3.3.30

	FCF-C24
	Reserved – Transferred to Electrical Shock
	N/A
	3.3.31

	Form 1230 
	STD CIR Diagnostics
	Approved/ mods
	3.3.32

	FCF-C25
	Exposure of Crew to Non-ionizing Radiation (Laser)
	Approved/ mods
	3.3.33

	(FCF-C28)
	Inadvertent Venting of Gases through ISS Vent
	Approved/ mods
	3.3.13

	FCF-Ex01
	Igniter System Hazards
	Deleted
	3.3.34


TABLE XII. Delta Phase 0/1 Hazard Report Status, March 4, 1999

(Hazard Reports Presented)
	Number
	Title
	Status
	Comments

	FCF-C05
	Release of Combustion By-Products (Toxic)
	Approved/mods
	3.2.1

	FCF-C10
	Overpressurization from Pressure Source (Bottles or Station N2 Supply)
	Approved/mods
	3.2.2


TABLE XIII. Phase II Hazard Report Status, October 3, 2001

(Hazard Reports Presented)
	Number
	Title
	Status
	Comments

	CIR-C01
	Form 1230, Flight Payload Standardized Hazard Control Report (
	Approved/mods
	2.9.1



	FCF-C03
	Propulsive Leak from Supply Gas Bottle
	Approved/mods
	2.9.2

	FCF-C04
	High Oxygen Concentration
	Approved/mods
	2.9.3

	FCF-C05
	Release of Combustion By-products
	Approved/mods
	2.9.4

	FCF-C06
	Inadvertent Release of Chamber Door
	Approved/mods
	2.9.5

	FCF-C07
	Adiabatic Combustion
	Approved/mods
	2.9.6

	FCF-C08
	Leakage in CIR Rack
	Approved/mods
	2.9.7

	FCF-C10
	Rupture of Pressurized Components
	Approved/mods
	2.9.8

	FCF-C12
	Exposure of Crew to Broken Materials
	Approved/mods
	2.9.9

	FCF-C13
	Release of LiOH
	Approved
	2.9.10

	FCF-C15
	GC Battery
	Approved/mods
	2.9.11

	FCF-C17
	Structural Failure of CIR
	Approved/mods
	2.9.12

	FCF-C24
	Electrical Shock
	Approved/mods
	2.9.13

	FCF-C25
	Laser
	Approved/mods
	2.9.14

	FCF-C28
	Inadvertent Venting of Gases into CIR
	Approved/mods
	2.9.15


TABLE XIV. Phase II Hazard Reports Deleted, Combined, Transferred

	Hazard Report No.
	Hazard Report Title and Status
	Comments*

	JSC 1230
	Common Subsystem 1230 forms – STD CIR Integrated, STD CIR Pressurized, STD CIR Structural, STD CIR ECS, STD CIR Electrical, STD CIR Diagnostics.

All Subsystem Specific JSC Form 1230 Forms were deleted and incorporated into an addendum spreadsheet to the JSC Form 1230.
	Per PSRP FIR Phase 1 Recommendation: 

	FCF-C02
	Exposure of Station to Excessive Levels of EMI Radiation. 

Deleted HR &Transferred to JSC Form 1230
	Per PSRP FIR Phase 1 Recommendation

	FCF-C09
	Oxygen Depletion
Deleted Combined with FCF-C08
	Per PSRP FIR Phase 1 Recommendation

	FCF-C11
	Rupture of Pressurized Subsystem
Deleted Combined with FCF-C10
	JSC PO Agreement 4.14 

	FCF-C14
	Bottle Interchange Hazard
Deleted 
	Non-Credible Hazard

	FCF-C16
	Moving Mass Hazard
Deleted & Pinch Point Reference on 1230
	Non credible Hazard

	FCF-C18
	Launch/Landing Configuration
Deleted & Combined with FCF-C17
	Per PSRP FIR Phase 1 Recommendation

	FCF-C19
	Leakage/Rupture of the Water Cooling System
Deleted & Combined with FCF-C08

(Leakage)/Combined with FCF-C10 (Rupture)
	Per PSRP FIR Phase 1 Recommendation

	FCF-C20
	Loss of Cooling
Deleted & Transferred to JSC Form 1230 (Touch Temperature)
	Per PSRP FIR Phase 1 Recommendation

	FCF-C21
	Excessive Touch Temperature
Deleted

Transferred to JSC Form 1230 (Touch Temperature)
	Per PSRP FIR Phase 1 Recommendation

	FCF-C22
	Rotating Equipment
Deleted & Transferred to JSC Form 1230 (Rotating Equipment)
	Per PSRP FIR Phase Recommendation

	FCF-C23
	Electrical Connector Mating/Demating On Orbit
Deleted & Transferred to FCF-C24, electrical shock

(Mating/Demating of Powered Connectors)
	Per PSRP FIR Phase 1 Recommendation

	FCF-C28
	Inadvertent Venting of Gases through ISS Vent
Added at Phase II 
	Approval deferred pending modification

	FCF-Ex01
	Igniter System Hazards
Deleted
	Phase 0/1 Recommendation


*Changes from the Phase0/1 Safety Review were incorporated as a result of PSRP comments and requests that were incorporated at the Fluids Integrated Rack Safety Review that was held at JSC in January 2001.
TABLE XV. CIR TIM #1 Hazard Report Status, May 14, 2002

(Hazard Reports Presented)
	Number
	Title
	Status
	Comments

	CIR-C29
	Prevention of Toxic Byproducts Exposure to Crew During Chamber Operations
	Approved w/mods
	2.2


TABLE XVI. CIR TIM #2 Hazard Report Status, April 1, 2003

(Hazard Reports Presented)
	Number
	Title
	Status
	Comments

	CIR-C01
	1230 Form
	App w/mods
	2.1

	FCF-C03
	Inadvertent Propulsive Leak from Supply Gas Bottle:
	App w/mods
	2.2

	FCF-C04
	High Oxygen Concentration Results in Fire:
	App w/mods
	2.3

	FCF-C05
	Cleanup and/or Inadvertent Release of Toxic Fuels and Combustion By-products (Toxic):
	App w/mods
	2.4

	FCF-C06
	Inadvertent Release of Chamber Door While Chamber is at High Pressure
	App w/mods
	2.5

	FCF-C07
	Adiabatic Combustion Ruptures the Chamber Walls, Causing Damage to Station and/or Injury to Crew
	App w/mods
	2.6

	FCF-C08
	Leakage of Pressurized System
	Withheld pending updates
	2.7

	FCF-C10
	Rupture of Pressurized System
	App w/mods
	2.8

	FCF-C12
	Exposure of Crew to Broken Materials (Chamber Window):
	App w/mods
	2.9

	FCF-C13
	Release of Lithium Hydroxide (LiOH) into Habitable Volume
	App w/mods
	2.10

	FCF-C15
	Gas Chromatograph Lithium Battery Hazard
	App w/mods
	2.11

	FCF-C17
	Structural Failure of CIR
	App w/mods
	2.12

	FCF-C24
	Electrical Shock
	App w/mods
	2.13

	FCF-C25
	Exposure of Crew To Non-Ionizing Radiation (Laser):
	App w/mods
	2.14

	FCF-C28
	Inadvertent Venting of Oxygen or Premixed Gasses through ISS Vent
	App w/mods
	2.15

	FCF-C29
	Prevention of Toxic Byproducts Exposure to Crew During Chamber Operations
	App w/mods
	2.16


CIR FICS TIM Hazard Report Status, July 22, 2003

No Hazard report discussion.

TABLE XVII. CIR TIM Hazard Report Status, February 3, 2005

(Hazard Reports Presented)

	Number
	Title
	Status*
	Comments

	STD-FCF-C01
	Form 1230, Flight Payload Standardized Hazard Control Report
	Not Applicable
	2.4.1

	FCF-C03
	Inadvertent Propulsive Leak From Supply Gas Bottle
	Not Applicable
	2.4.2

	FCF-C04
	High Oxygen Concentration Results in Fire
	Not Applicable
	2.4.3

	FCF-C05
	Cleanup and/or Inadvertent Release of Toxic Fuels and Combustion Byproducts (Toxic)
	Not Applicable
	2.4.4

	FCF-C06
	Inadvertent Release of Chamber Door While Chamber Is at High Pressure
	Not Applicable
	2.4.5

	FCF-C07
	Adiabatic Combustion Ruptures the Chamber Walls, Causing Damage to Station and/or Injury to Crew
	Not Applicable
	2.4.6

	FCF-C08
	Leakage of Pressurized System
	Not Applicable
	2.4.7

	FCF-C10
	Rupture of Pressurized Systems
	Not Applicable
	2.4.8

	FCF-C12
	Exposure of Crew to Broken Materials (Chamber Window)
	Not Applicable
	2.4.9

	FCF-C13
	Release of Lithium Hydroxide (LiOH) into Habitable Volume
	Not Applicable
	2.4.10

	FCF-C15
	Gas Chromatograph Lithium Battery Hazard
	Not Applicable
	2.4.11

	FCF-C17
	Structural Failure of CIR
	Not Applicable
	2.4.12

	FCF-C24
	Electrical Shock
	Not Applicable
	2.4.13

	FCF-C25
	Exposure of Crew to Non-Ionizing Radiation (Laser)
	Not Applicable
	2.4.14

	FCF-C28
	Inadvertent Venting of Oxygen or Premixed Gasses through ISS Vent
	Not Applicable
	2.4.15

	FCF-C29
	Prevention of Toxic Byproducts Exposure to Crew during Chamber Operations
	Not Applicable
	2.4.16


* All HR changes described below (additions, deletions, and modifications) will be rolled into the next Phase package (Phase III).

TABLE XVIII. Phase III Hazard Report Status, July 19, 2005

(Hazard Reports Presented)

	Number
	Title
	Status
	Comments

	FCF- FDS01
	Form 1428, Fire Detection and Suppression Reporting Form
	Approved
	2.6.1

	CIR-C01
	Form 1230, Flight Payload Standardized Hazard Control Report
	Approved/mods
	2.7.1

	FCF-C03
	Propulsive Leak from Supply Gas Bottle
	Approved/mods
	2.7.2

	FCF-C04
	High Oxygen Concentration
	Approved/mods
	2.7.3

	FCF-C05
	Release of Combustion By-products
	Approved/mods
	2.7.4

	FCF-C06
	Inadvertent Release of Chamber Door
	Approved/mods
	2.7.5

	FCF-C07
	Adiabatic Combustion
	Approved/mods
	2.7.6

	FCF-C08
	Leakage in CIR Rack
	Deferred
	2.7.7

	FCF-C10
	Rupture of Pressurized Components
	Approved/mods
	2.7.8

	FCF-C12
	Exposure of Crew to Broken Materials
	Deferred
	2.7.9

	FCF-C13
	Release of LiOH
	Transferred
	2.7.10

	FCF-C15
	GC Battery
	Transferred
	2.7.11

	FCF-C17
	Structural Failure of CIR
	Deferred
	2.7.12

	FCF-C24
	Electrical Shock
	Approved/mods
	2.7.13

	FCF-C25
	Laser
	Approved/mods
	2.7.14

	FCF-C28
	Inadvertent Venting of Gases into CIR
	Approved/mods
	2.7.15

	FCF-C29
	Prevention of Toxic Byproducts Exposure to Crew During Chamber Operations
	Transferred
	2.7.16


CIR Soot Telecon Hazard Report Status, August 22, 2005

No Hazard report discussion.

TABLE XIX. CIR/FIR NCR Hazard Report Status, September 15, 2005

Hazard report discussion: References were made to HRs FCF-C08 and FCF-F03, since both were deferred at Phase III pending submission of a QD NCR for each.  The PSRP directed the PO to update these two HRs, including an adequate verification section for each, and to re-submit them for signature at the MDCA/CIR Integrated Review.
TABLE XX. CIR/MDCA Integrated Phase III Review Hazard Report Changes, October 19, 2005

	Number
	Title
	Status
	Comments

	
	Form 1428, Fire Detection and Suppression Reporting Form
	Approved
	2.25.1

	FCF MDCA-01
	Release of Adsorber Cartridge Contents into Habitable Volume
	Approved/mods
	2.26.1

	FCF MDCA-02
	Prevention of Toxic Byproducts Exposure to Crew During Chamber Operations
	Approved/mods
	2.26.2

	FCF-C07
	Adiabatic Combustion
	Approved/mods
	2.27.1

	FCF-C08
	(CIR) Leakage in CIR Rack
	Deferred
	2.27.2

	FCF-C12
	Exposure of Crew to Broken Materials
	Approved/mods
	2.27.3

	FCF-C17
	Structural Failure of CIR
	Deferred
	2.27.4

	FCF-F02
	Structural Failure of FIR
	Deferred
	2.27.4

	FCF-F03
	(FIR) Leakage of Pressurized Systems
	Deferred
	2.27.2


TABLE XXI. CIR Post Phase III TIM Hazard Report Status, June 26, 2007

	Number
	Title
	Status
	Comments

	-----
	Form 1230, Flight Payload Standardized Hazard Control Report
	Not discussed
	-----

	-----
	Form 1428, Fire Detection and Suppression Reporting Form
	Not discussed
	-----

	FCF-C05
	Inadvertent Release of Toxic Fuels and Combustion By-Products (Toxic)
	Approved/mods
	2.2.1

	FCF-C08
	Leakage of Pressurized System
	Approved/mods
	2.2.2

	FCF-C28
	Inadvertent Venting of Oxygen or Premixed Gases through ISS
	Approved/mods
	2.2.3


TABLE XXII. CIR Post Phase III TIM Hazard Report Status, June 26, 2008

	Number
	Title
	Status
	Comments

	----------
	Form 1230, Flight Payload Standardized Hazard Control Report
	N/A
	-----------

	-----------
	Form 1428, Fire Detection and Suppression Reporting Form
	N/A
	-----------

	FCF-C03
	Inadvertent Propulsive Leak From Supply Gas Bottle
	Approved/Mods
	2.4.1

	FCF-C08
	Leakage of Pressurized Systems
	Approved/Mods
	2.4.2

	FCF-C10
	Rupture of Pressurized System
	Approved/Mods
	2.4.3

	FCF-C17
	Structural Failure
	Discussed
	2.4.4


CIR Delta Phase III Safety Assessment for Launch and Stowage for 30 Progress, July 25, 2008

The PSRP held an out of board review of the safety assessment for four CIR gas bottles to be transported aboard 30P.  There was no hazard report discussion.  The relevant hazard reports were modified and approved during the Post Phase III TIM on June 26, 2008.  Approval was given to send the transportation safety assessment data to the Russia Space Agency, RSC-E.

Out of Board Approval of FCF-C08, August 14, 2008.

Updates to FCF-C08, Leakage of Pressurized System, were approved out of board by the PSRP.  This approval was based on the CIR Post Phase III TIM on June 26, 2008.  Changes were made to verifications 3.3.1 and 3.3.2 to satisfy ECLSS requirements.
CIR Post Phase III TIM, September 25, 2008
No change to hazard reports.  A TIM was held to discuss a potential change to the Touch Temperature verification 10.a.7 on the CIR 1230 form, STD-FCF-C01 and FIR 1230 form, FCF-F01.  The water flow sensor was used as part of the control to have the rack shutdown automatically if no water flow was detected.  However, the FIR rack experienced several false shutdowns due to problems with the water flow sensor.  CIR and FIR decided to use alternate parameters for determining no water flow.  The PSRP decided to leave the hazard report as written.
Out of Board Approval of FCF-C24, FCF-C25, FCF-F05, FCF-F06, September 25, 2008

Updates to FCF-C24 (and FCF-F05) Electrical Shock, FCF-C25 (and FCF-F06) Exposure of Crew to Non-Ionizing Radiation were approved out of board by the PSRP.  Updates were made to the hazard reports to have the crew check with the ground (POIC) to ensure power to a rack is off rather than making a visual check with an ISS laptop.
APPENDIX E Hazard reports And fire detecTION/suppression Form

JSC Form 1230

STD FCF-C01 Standard hazards

Subsystem Specific Addendum

JSC Form 542B

FCF-C03 - Inadvertent Propulsive Leak From Supply Gas Bottle

FCF-C04 - High Oxygen Concentration results in fire

FCF-C05 - Cleanup and/or Inadvertent Release of toxic fuels and combustion by-products

FCF-C06 - Inadvertent release of chamber door while chamber is at high pressure

FCF-C07 - Adiabatic Combustion ruptures the chamber walls, causing damage to station and/or injury to crew

FCF-C08 - Leakage of Pressurized System

FCF-C10 - Rupture of Pressurized Systems

FCF-C12 - Exposure of crew to broken materials (Chamber Window)

FCF-C13 - Release of Lithium Hydroxide (LiOH) into habitable volume – This hazard transferred to CIR/MDCA integrated hazard report FCF-MDCA-01.

FCF-C15 - Gas Chromatograph Lithium Battery Hazard – not for first flight

FCF-C17 - Structural Failure of CIR 

FCF-C24 - Electrical Shock

FCF-C25 - Exposure Of Crew To Non-Ionizing Radiation (Laser) – not for first flight

FCF-C28 - Inadvertent Venting of Oxygen or Premixed Gasses through ISS Vent

FCF-C29 – Prevention of Toxic Byproducts Exposure to Crew During Chamber Operations –  This hazard transferred to CIR/MDCA integrated hazard report FCF-MDCA-02.

JSC Form 1428

FCF-CIR-FDS0 – Fire Detection Suppression Form 

Integrated Hazard Reports

FCF-MDCA-01 – Release of Adsorber Cartridge contents into habitable volume

FCF-MDCA-02 – Prevention of Toxic Byproducts Exposure to Crew During Chamber Operations

E.1 CIR Phase III Hazard Reports

The information in this appendix is available from Configuration Management on either the PDF version of this document or with the original paper copy.

E.2 Fire Detection Suppression Form

The information in this appendix is available from Configuration Management on either the PDF version of this document or with the original paper copy.

E.3 CIR MDCA Integrated Hazard Reports
The information in this appendix is available from Configuration Management on either the PDF version of this document or with the original paper copy.

E.4 CIR Crew Operations Hazard Control Matrix
	HR#, Cause#, Control #
	HR Title
	Cause 


	Crew Operations Control

	STD-FCF-C01

#10

#10.a.3
	Standard Hazards

Touch Temperature
	Crew contact with surface temperature greater than 490C
	Crew procedure includes wait times after rack power is removed and before the rack doors are opened, to allow for hardware cool down to below touch temperatures.

MGUEFCFCIRN001 FCF Open Upper, Lower Rack doors 

	FCF-C03

#1

#1.4.
	Inadvertent Propulsive Leak From Supply Gas Bottle
	Inadvertent opening of manual valve or improper handling during transit from stowage to the experiment.
	Installation and maintenance procedures will require proper handling of supply gas bottle and manual valve, proper removal of QD dust cover, proper attachment method to the QD, and proper attachment of bottle into bottle holder.

MGUEFCFCIRN041 FCF CIR Install CIR Manifold Bottle

MGUEFCFCIRN045 FCF CIR

Remove CIR Manifold Bottle

MGUEFCFCIRN043 CIR Operate

Manual Vent Valve

MGUEFCFCIRN049 FCF CIR Install GC Supply Bottle

MGUEFCFCIRN052 FCF CIR

Remove GC supply Bottle

	FCF-C04
#5

#5.2
	High Oxygen Concentration Results in Fire (Materials Compatibility of O2 wetted components and system)
	Bottle mix-up allows high oxygen concentration into non-oxygen compatible supply, which ignites and causes fire/explosion.
	Bottles and key receptacles will be color-coded and labeled based on bottle content and system type.

MGUEFCFN041 FCF CIR Install CIR Manifold Bottle

	FCF-C05
#1

#1.3
	Inadvertent Release of Toxic Fuels and Combustion By-Products (Toxic)
	For high cycle make/break seals (chamber door and window to chamber interface) dual seals shall be used and appropriately maintained.
	Crew procedures will provide steps for on-orbit inspection and replacement of chamber door and window seals prior to end of useable life with adequate margins.
MGUEFCFCIRN004 FCF CIR Remove, Replace CIR Front End Cap Seals.

MGUEFCFCIRN009 FCF CIR close combustion chamber front end cap

MGUEFCFCIRN014 FCF CIR Install CIR Window Uncoated (CIR Window Coated)

MGUEFCFCIRN015 FCF CIR Remove CIR Window Uncoated (CIR Window Coated)

	FCF-C05

#2

#2.3
	Inadvertent Release of Toxic Fuels and Combustion By-Products (Toxic)
	Inadvertent release of toxic atmospheres or failure of Filter Canisters due to wrong filter material, improper installation or removal, or filter reaches end of life.
	Crew procedures will describe proper steps for installation and removal of filter canisters to prevent inadvertent release.

MGUEFCFCIRN040 FCF CIR Remove CIR Adsorber Cartridge

	FCF-C05

#2

#2.5
	Inadvertent Release of Toxic Fuels and Combustion By-Products (Toxic)
	Inadvertent release of toxic atmospheres or failure of Filter Canisters due to wrong filter material, improper installation or removal, or filter reaches end of life.
	Crew must check with the ground to ensure removal of toxic test points prior to accessing chamber.
MGUEFCFCIRN008 FCF CIR Open Combustion Chamber Front End Cap

	FCF-C05

#2

#2.6
	Inadvertent Release of Toxic Fuels and Combustion By-Products (Toxic)
	Inadvertent release of toxic atmospheres or failure of Filter Canisters due to wrong filter material, improper installation or removal, or filter reaches end of life.
	Front panel placards will alert the crew when potentially toxic test points are being used or produced. Crew procedures will provide steps for appropriate placard use.
MGUEFCFCIRN008 FCF CIR Open Combustion Chamber Front End Cap

	FCF-C05

#2

#2.7
	Inadvertent Release of Toxic Fuels and Combustion By-Products (Toxic)
	Inadvertent release of toxic atmospheres or failure of Filter Canisters due to wrong filter material, improper installation or removal, or filter reaches end of life.
	Crew procedures will provide steps for opening the chamber door. Opening of the chamber door will require the crew to manually lift two separate locking pins.
MGUEFCFCIRN008 FCF CIR Open Combustion Chamber Front End Cap

	FCF-C05

#3

#3.1
	Inadvertent Release of Toxic Fuels and Combustion By-Products (Toxic)
	Inadvertent opening of chamber releasing toxic atmospheres or particulate.
	Steps in crew procedures will be in place to prevent inadvertent opening of chamber releasing toxic atmospheres or particulate.
MGUEFCFCIRN008 FCF CIR Open Combustion Chamber Front End Cap

	FCF-C06

#1

#1.4
	Inadvertent Release of Chamber Door While Chamber is at High Pressure
	Improper closure of chamber door. (Critical)
	Crew procedures will provide steps for proper operation of chamber door to ensure proper closure and locking including the use of a visual indicator.  
MGUEFCFCIRN009 FCF CIR Close Combustion Chamber Front End 

	FCF-C06

#3

#3.2
	Inadvertent Release of Chamber Door While Chamber is at High Pressure
	Crew attempts to open chamber door before internal pressure has been relieved. (Catastrophic)
	The crew must contact the ground before opening the chamber door to ensure the door is safe to open.

MGUEFCFCIRN008 FCF CIR Open Combustion Chamber Front End Cap

	FCF-C07

#1

#1.2
	Adiabatic Combustion Ruptures the Chamber Walls, Causing Damage to Station and/or Injury to Crew
	Failure of system allows excess pressurized fuel and/or oxygen into chamber or improper timer setup.
	Flight procedures will provide steps for setup of primary timer.  Timer is in place to limit fuel flow into chamber.
MGUEFCFCIRN042 FCF CIR Set Valve Timers

	FCF-C07

#1

#1.3
	Adiabatic Combustion Ruptures the Chamber Walls, Causing Damage to Station and/or Injury to Crew
	Failure of system allows excess pressurized fuel and/or oxygen into chamber or improper timer setup.
	Flight procedures will provide steps for setup of redundant timer. 2nd timer is in place to limit fuel flow into chamber and prevent over pressurization and subsequent rupture of chamber walls.
MGUEFCFCIRN042 FCF CIR Set Valve Timers

	FCF-C08

#1

#1.3
	Leakage of Pressurized System
	Improper design or assembly causes system leakage.
	Crew procedures will provide steps for the proper 

installation of accumulators prior to launch/landing. This will insure that no over pressurization occurs in the cooling loop, causing the system components to leak.

MGUEFCFN006 FCF Disconnect CIR or FIR Accumulator

MGUEFCFN019 FCF Connect CIR or FIR Accumulator

	FCF-C08

#1

#1.4
	Leakage of Pressurized System
	Improper design or assembly causes system leakage.
	Crew procedures will provide steps for the proper on-orbit assembly of pressurized system components to avoid system leakage.
MGUEFCFCIRN041 FCF CIR Install CIR Manifold Bottle

MGUEFCFCIRN045 FCF CIR Remove CIR Manifold Bottle

MGUEFCFCIRN049 FCF CIR Install

GC Supply Bottle

MGUEFCFCIRN052 FCF CIR

Remove GC Supply Bottle

MGUEFCFCIRN039 FCF CIR Install CIR Adsorber Cartridge

FCF CIR Remove CIR Adsorber Cartridge

MGUEFCFCIRN024 FCF CIR Install FOMA CAL Unit

MGUEFCFCIRN086 FCF CIR Remove FOMA Cal Unit

MGUEFCFCIRN068 FCF CIR Mate WIP Hoses

MGUEFCFCIRN069 FCF CIR Mate GIP Hoses

FCF CIR De-Mate WIP Hoses

FCF CIR De-Mate GIP Hoses

MGUEFCFCIRN070 FCF CIR Translate In Optics  

Bench

MGUEFCFCIRN001 FCF CIR Translate Out Optics Bench

	FCF-C08

#3

#3.2
	Leakage of Pressurized System
	A seal in the pressurized system fails due to mis-mating, contamination, or seal design, and causes leakage in the pressurized system.
	Crew checks QD mating surfaces for debris or damage.
Crew procedures will provide steps for the proper on-orbit assembly of pressurized system components to avoid system leakage.

MGUEFCFCIRN041 FCF CIR Install CIR Manifold Bottle

MGUEFCFCIRN045 FCF CIR Remove CIR Manifold Bottle

MGUEFCFCIRN049 FCF CIR Install

GC Supply Bottle

MGUEFCFCIRN052 FCF CIR

Remove GC Supply Bottle

MGUEFCFCIRN039 FCF CIR Install CIR Adsorber Cartridge

FCF CIR Remove CIR Adsorber Cartridge

MGUEFCFCIRN024 FCF CIR Install FOMA CAL Unit

MGUEFCFCIRN086 FCF CIR Remove FOMA Cal Unit

MGUEFCFCIRN068 FCF CIR Mate WIP Hoses

MGUEFCFCIRN069 FCF CIR Mate GIP Hoses

FCF CIR De-Mate WIP Hoses

FCF CIR De-Mate GIP Hoses

MGUEFCFCIRN070 FCF CIR Translate In Optics  

Bench

MGUEFCFCIRN001 FCF CIR Translate Out Optics Bench

	FCF-C08

#3

#3.3
	Leakage of Pressurized System
	A seal in the pressurized system fails due to mis-mating, contamination, or seal design, and causes leakage in the pressurized system.
	Crew procedure prevents crew access to any GN2 pocket behind or inside the rack per B17-159. Note the potential for access to GN2 pockets occurs only during operations that require the crew to place their head past the boundary of the rack doors, and inside the rack volume.  Crew is instructed to install portable fans in the rack before carrying out procedures.
MGUEFCFC007 FCF Clean ATCU HX

MGUEFCFC011 FCF Remove, Replace ATCU Fan 

MGUEFCFC012 FCF Remove, Replace ATCU Fan Lint



	FCF-C10

#1

#1.3
	Rupture of Pressurized Systems
	Improper design, maintenance or ISS system over pressurization (GN2, cooling water) causes rupture of system hardware.
	Crew procedures will provide steps for the proper installation of accumulators prior to launch/landing. This will insure that no over pressurization occurs in the cooling loop, causing the system components to leak.
MGUEFCFN019 FCF Connect CIR or FIR Accumulator

MGUEFCFN006 FCF Disconnect CIR or FIR Accumulator

	FCF-C10

#1

#1.4
	Rupture of Pressurized Systems
	Improper design, maintenance or ISS system over pressurization (GN2, cooling water) causes rupture of system hardware.
	Crew procedures will provide steps for the proper on-orbit assembly of pressurized system components.  Crew maintenance procedures provide steps for the bleed off of pressure prior to system maintenance.
MGUEFCFCIRN041 FCF CIR Install CIR Manifold Bottle

MGUEFCFCIRN045 FCF CIR Remove CIR Manifold Bottle

MGUEFCFCIRN049 FCF CIR Install

GC Supply Bottle

MGUEFCFCIRN052 FCF CIR

Remove GC Supply Bottle

MGUEFCFCIRN039 FCF CIR Install CIR Adsorber Cartridge

FCF CIR Remove CIR Adsorber Cartridge

MGUEFCFCIRN024 FCF CIR Install FOMA CAL Unit

MGUEFCFCIRN086 FCF CIR Remove FOMA Cal Unit

MGUEFCFCIRN068 FCF CIR Mate WIP Hoses

MGUEFCFCIRN069 FCF CIR Mate GIP Hoses

FCF CIR De-Mate WIP Hoses

FCF CIR De-Mate GIP Hoses

MGUEFCFCIRN070 FCF CIR Translate In Optics  

Bench

MGUEFCFCIRN001 FCF CIR Translate Out Optics Bench

	FCF-C10

#6

#6.1
	Rupture of Pressurized Systems
	ISS vent system is over pressurized by manual CIR venting of pressurized gasses above 40 psia.
	Crew procedures will provide steps for the proper use of two independent manual valves (MV4 and MV5). The valves must be opened to permit venting of the chamber.
FCF Vent CIR Combustion Chamber

	FCF-C10

#6

#6.3
	Rupture of Pressurized Systems
	ISS vent system is over pressurized by manual CIR venting of pressurized gasses above 40 psia.
	Crew procedures will contain a warning, which requires monitoring via ISS computer of ISS vent valve to assure it is open when a manual vent is initiated.
FCF Vent CIR Combustion Chamber

	FCF-C12

#3

#3.7
	Exposure of Crew to Broken Materials (Chamber Window)
	Contact with windows due to operational activities during optics bench re-configuration and window installation/removal.
	Crew installation and maintenance procedures will provide the proper steps for removing or installing protective coverings on chamber windows.
MGUEFCFCIRN014 FCF CIR Begin Installing Chamber Windows After Launch

FCF CIR Remove, Replace Chamber Windows

	FCF-C12

#3

#3.8
	Exposure of Crew to Broken Materials (Chamber Window)
	Contact with windows due to operational activities during optics bench re-configuration and window installation/removal.
	Crew installation and maintenance procedures will provide steps for checking for the removal of the foam window covers after window installation.

MGUEFCFCIRN014 FCF CIR Begin Installing Chamber Windows After Launch

FCF CIR Remove, Replace Chamber Windows

	FCF-C17

#1
#1.1
	Structural Failure of CIR
	Rack Assembly is not properly configured for launch or landing.
	Crew procedures will include a rack assembly landing configuration procedure. This will provide steps to insure that it is configured properly to withstand landing loads.
MGUEFCFN087 FCF CIR Install Decommission Hardware.

NOTE: The CIR rack is not expected to be returned once it is installed on ISS.

	FCF-C17

#2

#2.1
	Structural Failure of CIR
	Structural elements lack structural strength to withstand ground handling, launch, landing and emergency landing loads, and on-orbit environments (including kick loads).
	Crew maintenance procedures will provide steps for the crew to observe caution around non-kick load rated ORU’s.

MGUEFCFCIRN002 FCF CIR Rotate Optics Bench

	FCF-C17

#5

#5.2
	Structural Failure of CIR
	Structural elements improperly manufactured, assembled, or improper handling causes structural failure to CIR.
	Crew procedures will provide proper torque values for safety critical fasteners of CIR structural elements so as not to cause damage and structural failure.


	FCF-C17

#6

#6.2
	Structural Failure of CIR
	Safety critical fasteners that require installation on-orbit shall be installed using approved flight crew procedures.
	Crew installation procedures will provide steps for the proper on-orbit assembly of CIR structural elements. This will insure that there is no damage that may lead to structural failure.



	FCF-C24

#1

#1.1
	Electrical Shock
	Mating or Demating of energized connectors could result in crew contact with, and subsequent shorting of, active pins, resulting in crew injury or death.
	Crew procedures will include steps for switching off the EPCU Shutoff Switch (ESSA) and verifying the green LED power indicator is off prior to actuation of the RPS.  Steps are incorporated into the Open Rack door procedure.

MGUEFCFN001 FCF Open Upper, Lower Rack Doors.

	FCF-C24

#1

#1.2
	Electrical Shock
	Mating or Demating of energized connectors could result in crew contact with, and subsequent shorting of, active pins, resulting in crew injury or death.
	Crew procedures will include steps for switching off the RPS and verifying with the ground (POIC) that power is removed to the rack.  Steps are incorporated into the Open Rack door procedure.

MGUEFCFN001 FCF Open Upper, Lower Rack Doors.

	FCF-C24

#2

#2.3
	Electrical Shock
	Electrical equipment shall be designed to provide adequate bonding and grounding per SSP 30245, SSP 30240 and NSTS 18798B, Interpretation Letter MA2-99-142, On-Orbit Bonding and Grounding to prevent contact of voltages exceeding 32 Vdc and all crew installation and maintenance shall be performed in an un-powered state.
	Crew installation and maintenance procedures will clarify that all installation and on-orbit maintenance will be performed with CIR in an un-powered state.  Steps are incorporated into the Open Rack door procedure.

MGUEFCFN001 FCF Open Upper, Lower Rack Doors.

	FCF-C25

#1
#1.1
	Exposure of Crew to Non-Ionizing Radiation (LASER)
	Crew exposure to reflected or direct laser or laser diode beam during experiment operation due to a loss of beam containment
	Crew procedures will provide steps for installing the shielded fiber optic laser cable and window covers where no diagnostics package exists.


	FCF-C25

#2

#2.2
	Exposure of Crew to Non-Ionizing Radiation (LASER)
	Loss of beam containment due to reconfiguration operations.
	Crew maintenance procedures will include steps for switching off the EPCU Shutoff Switch (ESSA) and verifying the green LED power indicator is off prior to actuation of the RPS.
MGUEFCFN001 FCF Open Upper, Lower Rack Doors.

	FCF-C25

#2

#2.3
	Exposure of Crew to Non-Ionizing Radiation (LASER)
	Loss of beam containment due to reconfiguration operations.
	Crew procedures will include steps for switching off the RPS and verifying with the ground (POIC) that power is removed to the rack.  Steps are incorporated into the Open Rack door procedure.
MGUEFCFN001 FCF Open Upper, Lower Rack Doors.

	FCF-C28

#4

#4.2
	Inadvertent Venting of High Oxygen, Premixed Gasses or Fuel through ISS Vent
	Failure of adsorber cartridge due to wrong adsorber material, improper installation or removal, or the adsorber cartridge is used beyond its rated life.
	Crew procedures will provide steps for installation, removal upon end of life and marking spent canisters. These steps will prevent failure of filter canisters due to improper installation or filter reaching end of life.
MGUEFCFCIRN039 FCF CIR Install CIR Adsorber Cartridge 

MGUEFCFCIRN040 FCF CIR Remove CIR Adsorber Cartridge


APPENDIX F Action Items and Agreements from Phase II, Phase II TIM #1, Phase II TIM #2 and Phase II TIM #3

CIR Phase 0/I Agreements, December 1, 1998
4.0  AGREEMENTS

4.1 The PO agreed to clearly identify the appropriate verification for each subsystem and to separate the specific verifications for each subsystem’s hardware and not “group” verifications together.
4.2 The PO agreed to examine testing scenarios of components for EMI noise compliance.
4.3 The PO agreed to write a unique HR on electrical shock for Phase II.
4.4 The PO agreed to adjust the attachments to HR Form 1230 STD-CIR-Pressurized to include more details for the Phase II FSR.

4.5 The PO will address gas purity controls and back flow of oxygen into fuel lines at the Phase II FSR.

4.6 The PO agreed to provide long-term effects of leak rates and the qualification plan on static and dynamic seals for Phase II.

4.7 The PO agreed to address the issue of microliters of toxic gas released not being a credible hazard at Phase II.

4.8 The PO agreed to reassess the use welds of instead of fittings to minimize the number of fittings and static seals in the pressurized lines.

4.9 The PO also agreed to reassess the use of alternatives to lockwire on the lines to hold them in place. 

4.10 The PO agreed to explain the crew procedure for operating the chamber door for Phase II.

4.11 The PO agreed to provide more details and a schematic on the timers/computers that limit fuel flow for Phase II. 

4.12 The PO agreed to work with ECLSS personnel to assess the effects of sulphur hexachloride on ECLSS air revitalization.

4.13 The PO agreed to provide more details on microliter worst-case leakage into the cabin in the design for Phase II.

4.14 The PO agreed to combine HR FCF-C10 with FCF-C11 and re-submit for out-of-board review and approval.

4.15 The PO agreed to document the critical nature of the ISS-provided vent valve service as one of the required three hazard controls.

4.16 The PO agreed to provide JSC/OZ with a list of possible gases that may be vented from CIR into the ISS vacuum vent system.

4.17 The PO agreed to provide an explanation of the independence of the IOC and FCU computers.

4.18 The PO agreed to provide control diagrams of the solenoid controls on the CIR vent system. 

4.19 The PO agreed to divide up HR FCF-C11 hazard controls and verifications more consistently for tracking purposes for Phase II. 

4.20 The PO agreed to perform analysis of the window inserts to the combustion chamber for backing off and possibly redesign the handles with a lock tab.

4.21 The PO agreed to more details of camera installation precluding glass damage of the chamber windows at Phase II.

4.22 The PO agreed to identify fracture critical mechanisms for Phase II.

4.23 The PO agreed to perform an analysis of the thermal sink of the Optics bench when QDs are disconnected. 

4.24 The PO agreed to perform analysis to determine if there is a hazard other than touch temperature with loss of cooling and will associate this with the appropriate hazard. 

4.25 The PO agreed to provide the plan/schematic for bonding/grounding implementation at Phase II.
4.26 The PO agreed to develop a generic HR on inhibits for safety critical services provided to experiment clients.

4.27 The PO agreed to document the FDS implementation approach (use of PFEs on open doors) in the Phase II SDP.

TABLE XXIII. CIR Phase 0/I Action Items

	AI
	Action
	Date Due

	1

Assigned to: LeRC/R. Zurawski
HR: FCF-C04
	Identify any on-orbit cleaning requirements of the oxidizing loop.
	Phase II

	2

Assigned to: LeRC/R. Zurawski 

HR: FCF-C05
	Prepare rationale for acceptance of the seal approach for the combustion chamber door, windows, and mechanical fittings (address backoff provisions).
	February 1999


CIR Delta Phase I Agreements, March 4, 1999
4.0  AGREEMENTS

4.1 JSC/OZ agreed to determine how the ISS provides positive indication to the PO that the ISS vent system is properly operating and ready for use.
TABLE XXIV. CIR Delta Phase I Action Items

	AI#
	Action
	Status

	2 (12/3/99)

Assigned to: LeRC/R. Zurawski 

HR: FCF-C05
	Prepare rationale for acceptance of the seal approach for the combustion chamber door, windows, and mechanical fittings (address backoff provisions).
	Closed  March 4, 1999


3.1 Response to AI 2: The chamber design will use dual seals for areas where regular mate/demate activities will occur (i.e., the windows and the chamber door), and in other areas (between chamber sections and in non-removable sections of the windows). The PO developed a Fittings Certification Plan to qualify those fittings that are either never broken or have the potential to be broken infrequently on orbit and contain a single seal. The Combustion Chamber windows seals will be replaced on the order of tens of times, while the door will be opened hundreds of times. When the windows are replaced, the on-orbit make/break seals will also be replaced. 

CIR Phase II Agreements, October 3, 2001
3.1 The PO agreed to provide pressure system venting schematics of several venting situations (four modes), including specific gases and flow paths, for Phase III. These have been generated and are incorporated in the SDP see the HR FCF-C28. 
3.2 JSC/OZ2/J. Temple agreed to provide the PO with a Safety Review Panel (SRP) point of contact for safety data on the ARIS payload to the PO. 

3.3 The PO agreed to attach a list of all shatterable materials (other than the sapphire windows) to HR FCF-C01 for Phase III.  List has been attached to the hazard report FCF-C01.
3.4 The PO agreed to provide the details of protection/safe handling of the gas bottles with HR FCF-C03 at Phase III. The crew procedures will contain specific requirements to maintain control of the bottle at all times by keeping at least one hand on the bottle assembly at all times when not secured in stowage or secured in the rack. The procedures will also have instructions to keep the valve handle covers on the bottles until the bottles have been installed in the rack. There will be a warning that the bottles are pressurized and could become a projectile hazard. When this agreement was made we did not have the covers. This addition reduces the hazard by preventing turning of the hand valve. 

[image: image41.emf]
3.5 The PO agreed to analyze soot release compatibility with the rack smoke detector for Phase III. The rack smoke detector is off during crew activities in the rack including opening of the chamber. This would preclude direct aspiration of loose soot into the detector. The chamber is cleaned up by recirculation and evacuation before opening for soot experiments. The recirculation would pull the particles out of the air. The evacuation process will further draw soot out of the chamber, leaving only sticky particles. This means that what is left would not be airborne but stuck to the equipment. This is typically difficult to dislodge and could only be where contact with the surface was made. Since the total amount of soot produced is limited, the clean up process removes most of it, and the surface area it is spread over is large there will not be much to remove. That which was removed would then reattach to the rack surface. The ISS smoke detectors are capable of detecting larger particles and are tripped at 2 mg/m cubed. 
3.6 The PO agreed to fully describe the fault tolerance approach to each of the experiment operational phases in HR FCF-C08 for Phase III. JSC/EP4 pointed out that this PO uses a combination of fault tolerance and Design For Minimum Risk (DFMR), and the PSRP usually prefers either fault tolerance or DFMR but not both.  The words in the original Hazard Report contained the phrase “ Design for minimum risk controlled by two fault tolerance design”. This has been removed since it does not apply.  The approach taken to prevent a leakage hazard has two parts. Part one is design for minimum risk. This is accomplished by using standard fluid system design and verification techniques which are factors of safety, vibration testing, leak testing, use of standard assembly procedures and materials selection. These are part of Hazard Controls 1 and 3 which are applicable to all fluid systems (ISS N2, VES, VRS, FOMA system, and the water cooling). This is applicable to all phases of operation. For the case of ISS N2, VES, VRS, and Water Cooling dual seal QDs (they are required) are used in addition to the above techniques for all phases of operation. This is Hazard Control 2. While this is fault tolerant, it is a required feature. Note there is an exception for one N2 QD to be single seal.  Hazard Control 4 is part of the Design for minimum risk approach in that it is not a redundant control, but part of keeping Hazard Controls 1 and 2 valid by not over stressing the water cooling system by over filling or causing corrosion by using the wrong fluid. Part 2 could be considered fault tolerance for leakage of experiment fluids and only applies when certain experiment fluids are present. These are high concentration oxygen bottles, diluent bottles, and fuel bottles. This includes hazard controls 5, 6,7, and 8. The approach is to limit the amount of these fluids on orbit so that if they do leak they are not a hazard (do not exceed SMAC, Oxygen concentration for flammability and do not lower the oxygen limit for crew habitation).   
3.7 The PO agreed to provide an Operations Control list for the Payload Operations Integration Center (POIC) associated with HR FCF-C10 for Phase III. See attachment to HR FCF-C10  for a list of Operations Controls. Discussion of the plumbing fault tolerance and interfaces to Station led the PO to agree to provide an Operations Control list for the Payload Operations Integration Center (POIC) for Phase III
3.8 The PO agreed to reference document titles in the procedures associated with HR FCF-C10 for Phase III. See attachment to HR FCF-C10.
3.9 The PO agreed to include documentation of the cargo integration ICD, the Payload Integration Revision Notice that covers launch configuration, and crew procedures to return the hardware to launch configuration with HR FCF-C17 for Phase III.  The launch and landing configurations are the same and are in drawing 67212MFAH00005 and will be submitted for use at KSC and for landing. 
3.10 The PO agreed to document the robustness of the specific slide mechanism components for IVA kickloads in HR FCF-C17 for Phase III. This is part of the stress analysis documentation referred to in closing the FCF-C17 verifications. . 

3.11 The PO agreed to provide an explanation of the interaction between the software logic and the hardware integrated flow/flight control schematic attached to HR FCF-C28 for Phase III.  This explanation has been added to the section on venting controls in the safety assessment. 
TABLE XXV. Action Items from Phase II 

	AI
	Action
	Date Due

	1

Assigned to: GRC/M. O’Toole 

HR: unique
	Develop a unique HR to address chamber clean-up and maintenance to preclude soot contamination of the crew cabin, including use of alcohol wipes, and schedule a TIM to discuss this new HR with the PSRP. 
	Date: 2/15/02

Mandatory Reviewer(s): PSRP

	2

Assigned to: GRC/M. O’Toole 

HR: FCF-C08
	Assess the hazard potential of any water flow through the adsorber cartridge.
	Date: 2/15/02

Mandatory Reviewer(s): PSRP

	3

Assigned to: GRC/M. O’Toole

HR: FCF-C10
	Provide a detailed discussion of the pressure system active components (solenoid valves, pressure relief valves, regulators) life-cycle and replacement/reverification plan.
	Date: Phase III

Mandatory Reviewer(s): PSRP


CIR TIM#1 Agreements, May 14, 2002
3.1 The PO agreed to provide an updated HR FCF-C29 that includes control 1.4 addressing crew procedures to control particulate contamination at Phase III.  (See section 2.2.)
TABLE XXVI. CIR TIM#1 Action Items
	AI#
	Action
	Status

	1

Assigned to: GRC/M. O’Toole

10/4/2001

HR: New


	Develop a unique hazard report to address chamber clean-up and maintenance to preclude soot contamination of the crew cabin, including use of alcohol wipes, and schedule a TIM to discuss this new hazard report with the PSRP.
	Due: 2/15/02

Closed at this TIM.

	2

Assigned to: GRC/M. O’Toole

10/4/2001

HR: FCF-C08
	Assess the hazard potential of any water flow through the adsorber cartridge.
	Due: 2/15/02

Closed at this TIM.

	3

Assigned to: GRC/M. O’Toole

10/4/2001

HR: FCF-C10
	Provide a detailed discussion of the pressure system active components (solenoid valves, pressure relief valves, regulators) life cycle and replacement/reverification plan.
	Due: 

Phase III

Open.


CIR TIM#2 Agreements, April 1, 2003
3.1 The PO agreed to return to the original design on the PTs and to verify that the PTs on the schematics accurately reflect the design.  (See section 2.6.)

3.2 The PO agreed to submit a Non-compliance Report if the ISS Program will not accept the use of single-sealed QDs.  (See section 2.6.)

TABLE XXVII. CIR TIM#2 Previous Action Items Status

	AI#
	Action
	Status

	1

Assigned to: GRC/M. O’Toole

10/4/2001

HR: New
	Develop a unique hazard report to address chamber clean-up and maintenance to preclude soot contamination of the crew cabin, including use of alcohol wipes, and schedule a TIM to discuss this new hazard report with the PSRP.
	Closed at 

5-14-02 TIM.

	2

Assigned to: GRC/M. O’Toole

10/4/2001

HR: FCF-C08
	Assess the hazard potential of any water flow through the adsorber cartridge.
	Closed at 

5-14-02 TIM.

	3

Assigned to: GRC/M. O’Toole

10/4/2001

HR: FCF-C10
	Provide a detailed discussion of the pressure system active components (solenoid valves, pressure relief valves, regulators) life cycle and replacement/reverification plan.
	Due: 

Phase III

Open.

	4

Assigned to:

GRC/T. F. O’Malley 

TIM 2, 4/1/2003


	Provide a matrix identifying which Orbital Replacement Units (ORUs) for CIR contain safety critical fasteners, the minimum number of fasteners required, and their correlating torque values.
(Mandatory Reviewers: PSRP)

	DUE PHASE III


Response to Action Item 3. The pressure system active components are addressed in Reliability report CIR ANA-0072 for failure rates and life cycles are addressed in CIR LST 0048 (Limited Life Items List). The Solenoid valves and pressure transducer cycle life is greater than 1 million cycles. 1 million cycles would be166 cycles per day for the life of the CIR (16.5  years) . The system is only operated 8 hours a day and 8 fill/vent cycles would be difficult to fit in 8 hours. At the request of ISS to extend calibration times, relief valves, regulators and pressure transducers and pressure switches are part of a time study to provide calibration periods. This requires time to proved history.  In addition, the FOMA Instrument Calibration System (FICS) has been developed to test the relief valves, regulators, pressure transducers and pressure switches on orbit at intervals which come from this study.   
Response to Action Item 4.    The Launch/Landing drawing 67212MFAH00005 and the Ground Configuration drawing 67212MFAH00001 contain the fasteners and there torque values for launch and landing. Fasteners are addressed in the response to the mechanical interpretation letter and include a table with a listing of the “on orbit” fasteners that the crew must operate, the minimum number of those fasteners required and their torque values. This has been added to the hazard report FCF-C17 (SVM 1.1.4) and table is table XI in the safety assessment section 11.22. 

TABLE XXVIII. CIR TIM#2 Action Items 

	AI
	Action
	Date Due

	1

Assigned to: 

GRC/T. F. O’Malley


	Provide a matrix identifying which Orbital Replacement Units (ORUs) for CIR contain safety critical fasteners, the minimum number of fasteners required, and their correlating torque values.
	Date: 

Phase III

Mandatory Reviewers:

PSRP

	2

(Internal AI # 03-04)

Assigned to:

JSC/NC/J. A. Steils
	Document the rationale for control of hazards associated with leakage in the ISS GN2 pressure systems.
	Date:

April 30, 2003

Mandatory Reviewers:

PSRP


CIR FICS TIM Agreements, July 22, 2003

1.4 Conclusion:  No agreements or Action Items (AIs) resulted from this meeting.  Hazard Reports (HRs) were not discussed

CIR TIM Agreements February 3, 2005
3.1 The PO agreed to ascertain the volume in the flexhose line (connected to the single-seal QD), as well as the qualified life of the QDs, and to add this information to the NCR, CIR-QD-01. This information can be found in the NCR in the appendices.   

3.2 The PO agreed to write an NCR describing the acceptance rationale for the use of the Parker Symmetric QDs. The Parker QDs are going to be sent back to the manufacturer for rework so this will not apply.

3.3 The PO agreed to stipulate, in Hazard Control 2.1 of HR FCF-C03, that a Materials Usage Agreement (MUA) shall be submitted to JSC/Materials for review and approval. 

3.4 The PO agreed to explain how proper pressure is maintained within the CIR (and how overpressurization is avoided) in the Safety Data Package (SDP) for Phase III. This information may be found in the pressurized systems section of the safety assessment. 

3.5 The PO agreed to add a flow chart to the Fracture Control Plan (FCP) and HR describing how the proof testing of the sapphire glass windows was done, due at Phase III. This has been emailed to JSC and attached to the hazard report.

CIR TIM Action Items

The PSRP assigned no previous AIs to this payload associated with these issues.

CIR Phase III Agreements, July 19, 2005

3.1 The PO agreed to provide the Materials Usage Agreement (MUA) for the ATCU side plates to JSC/Materials.

3.2 The PO agreed to submit a photograph of the area that includes the lock wire for review.
3.3 The PO agreed to attach the comments from WSTF on the compatibility testing to the HR FCF-C04 High Oxygen Concentration.
3.4 The PO agrees to test the O2 sensor’s sensitivity to temperature to determine the pressure curve is affected by changes in temperature.

3.5 The PO agreed to reflect the change in the pH compatibility and adjust the projected life of the cold plates in the SDP.
3.6 The PO agreed to update the Shatterable Materials table for HR CIR-C01 to list that the Light Emitting Diodes (LEDs) are made of plastic.
3.7 The PO agreed to define in the CIR IDD the parameters used to analyze the maximum ration amounts of fuel, O2, and/or diluent for each fuel mixture to preclude inadvertent expansion of gases exceeding 135 psia caused by adiabatic combustion, detonation, or deflagration and ensure that the analysis is included in the integrated HRs.
3.8 The PO agreed to outline the process for evaluating the methodology used to determine the hazard potential of combustion.
3.9 The PO agreed to remove the operations control attachment from this HR and include it in the SDP.
3.10 The PO agreed to gain MSWG approval of any fasteners that do not include back off prevention.
3.11 The PO agreed to update the HR to state that all fasteners must be installed for return.
3.12 The PO agreed to update the operations control matrix in the SDP.
3.13 The PO agreed to assess the approach used to limit exposure to residual matter in the chamber with the Environmental Control and Life Support System (ECLSS) Working Group and JSC/Toxicology.
TABLE XXIX. CIR Phase III Previous Action Items Status
	AI#
	Action
	Status

	P1-01
Assigned to: LeRC/R. Zurawski

HR: FCF-C04
	Identify any on-orbit cleaning requirements of the oxidizer gas supply.
	(DUE Phase II)
CLOSED at Phase II FSR on 10/3-4/01

	P1-02

Assigned to: LeRC/R. Zurawski

HR: FCF-C05
	Prepare rationale for acceptance of the seal approach for the combustion chamber door, windows, and mechanical fittings (address backoff provisions).
	(CLOSED at Delta Phase I FSR on 3/4/99)

	P2-01

Assigned to: GRC/M. O'Toole

HR: Unique
	Develop a unique HR to address chamber clean-up and maintenance to preclude soot contamination of the crew cabin, including use of alcohol wipes, and schedule a TIM to discuss this new HR with the PSRP.
	CLOSED at Safety TIM on 5/14/02
(Mandatory Reviewer(s): PSRP)

	P2-02

Assigned to: GRC/M. O’Toole

HR: FCF-C08
	Assess the hazard potential of any water flow through the adsorber cartridge.
	(Mandatory Reviewer(s): PSRP)
CLOSED at Safety TIM on 5/14/02

	P2-03

Assigned to: GRC/M. O’Toole

HR: FCF-C10
	Provide a detailed discussion of the pressure system active components (solenoid valves, pressure relief valves, regulators) life-cycle and replacement/reverification plan. 
	CLOSED

(Mandatory Reviewer(s): PSRP)
DUE PHASE III

	TIM2-01

Assigned to: GRC/T. F. O'Malley
	Provide a matrix identifying which Orbital Replacement Units (ORUs) for CIR contain safety critical fasteners, the minimum number of fasteners required, and their correlating torque values.
	CLOSED

(Mandatory Reviewers: PSRP)
DUE PHASE III


Status Explanation

AI P2-03: The PO explained that the FICS is used to address the concern outlined in this AI; however, the FICS is not manifested at this time. The PSRP closed this AI.

AI 4 TIM2-01: The PSRP explained that all fasteners must be installed for return and that the documentation called for in this AI is not needed in this case. The PSRP closed this AI
TABLE XXX. CIR Phase III Action Items 
	AI
	Action
	Date Due

	1

Assigned to: GRC/B. Finley 

HR: FCF-03
	To create a table listing the CIR items requiring re-verifications, including on-orbit re-verifications, that specifies the ground and on-orbit procedures as an appendix to the SDP.
	Date: 8/31/2005

Mandatory Reviewer(s): PSRP

	2 

Assigned to: GRC/M. O’Toole 

HR: FCF-C12

	To determine the feasibility of performing the inspection procedures called for in HR FCF-C12 section 3.8.2, or if a protective cover should be installed on the sapphire windows to control the hazards associated with flaws created on the surface of the windows during installation. 
	Date: 8/31/2005

Mandatory Reviewer(s): PSRP

	3 

Assigned to: GRC/B. Das 

HR: FCF-C17
	To determine the structural capabilities of the drawer slide mechanism and drawer stops and establish a plan to rework the hardware as necessary to meet requirements.
	Date: 8/31/2005

Mandatory Reviewer(s): PSRP and MSWG and JSC/Structures


CIR Soot Telecon, August 22, 2005

No agreements.

TABLE XXXI. CIR Soot Telecon Action Items
	Item

No.
	Action Item 

Description
	Responsible Individual(s)
	Target

Date

	1
	Determine what limits would have to be imposed on the soot produced by CIR to ensure that the ISS smoke detector is not set off when the CIR Combustion Chamber Door is opened.
	John Granahan
	09/05/05

	2
	Determine what the nominal particulate size in the cabin on ISS to compare to the particulate produced by CIR.
	John Granahan
	09/05/05

	3
	Send the ECLS team test data defining the particulate created by the first experiment on CIR.
	Lowell Wolfe
	09/05/05


CIR/FIR NCR Agreements, September 15, 2005

No formal agreements were made at this meeting.
2.9  Concluding Remarks:  It was the consensus of the Panel that the PRACA information be attached to the NCRs, so the PO agreed to attach PRACA #3408 to the FIR and CIR QD NCRs.  The PSRP approved both NCRs for signature.  Boeing/J. Durham (Payload Integration Manager) will now send them to the Safety and Mission Assurance Panel (SMAP) and the Daily Space Station Review (DSSR).

Integrated MDCA/CIR Phase III Agreements October 19, 2005

3.1 The PO presented the table to the panel for review. The PO agreed to include the table in the next edition of the SDP.
3.2 The PO agreed to attach the updated Critical Fastener letter submitted by the MSWG to HR FCF-C17
TABLE XXXII. Integrated MDCA/CIR Phase III Previous Action Item Status
	AI#
	Action
	Status

	MDCA P1-01
Assigned: 4/12/2000

GRC/C. Myhre

Due: 4/1/2003
	Evaluate the feasibility of providing a protective cover for the replaceable indexing fiber.
	CLOSED at Phase II FSR on 4/2-3/03

	MDCA P2-01

Assigned: 4/2/2003

GRC/C. Myhre

Due: 5/2/2003
	Submit the list of operations hazard controls as required for Phase II.
(Mandatory Reviewer: DA8/USA/D. Knutson)

	CLOSED per NC4-03-181 ltr dtd 7/17/03

	MDCA P2-02

Assigned: 4/2/2003

GRC/C. Myhre

Due: 6/2/2003
	Identify the appropriate reverification of all safety control items (e.g. pressure switch). Re: HR: MDCA-F002
(Mandatory Reviewer: EP4/W. Manha)
	CLOSED per NC4-03-181 ltr dtd 7/17/03

	CIR P1-01
Assigned to: LeRC/R. Zurawski

HR: FCF-C04
(DUE Phase II)
	Identify any on-orbit cleaning requirements of the oxidizer gas supply.
	CLOSED at Phase II FSR on 10/3-4/01

	CIR P1-02

Assigned to: LeRC/R. Zurawski

HR: FCF-C05
	Prepare rationale for acceptance of the seal approach for the combustion chamber door, windows, and mechanical fittings (address backoff provisions).
	CLOSED at Delta Phase I FSR on 3/4/99

	CIR P2-01

Assigned to: GRC/M. O'Toole

HR: Unique
	Develop a unique HR to address chamber clean-up and maintenance to preclude soot contamination of the crew cabin, including use of alcohol wipes, and schedule a TIM to discuss this new HR with the PSRP.
	CLOSED at Safety TIM on 5/14/02
(Mandatory Reviewer(s): PSRP)

	CIR P2-02

Assigned to: GRC/M. O’Toole

HR: FCF-C08
	Assess the hazard potential of any water flow through the adsorber cartridge.
	CLOSED at Safety TIM on 5/14/02
(Mandatory Reviewer(s): PSRP)

	CIR P2-03

Assigned to: GRC/M. O’Toole

HR: FCF-C10
DUE PHASE III
	Provide a detailed discussion of the pressure system active components (solenoid valves, pressure relief valves, regulators) life-cycle and replacement/reverification plan. 
	CLOSED

(Mandatory Reviewer(s): PSRP)


	CIR TIM2-01

Assigned to: GRC/T. F. O'Malley
DUE PHASE III
	Provide a matrix identifying which Orbital Replacement Units (ORUs) for CIR contain safety critical fasteners, the minimum number of fasteners required, and their correlating torque values.
	CLOSED

(Mandatory Reviewers: PSRP)


	CIR P3-01 
Assigned to: GRC/B. Finley 8/31/2005

Re: HR: FCF-03
	To create a table listing the CIR items requiring re-verifications, including on-orbit re-verifications, that specifies the ground and on-orbit procedures as an appendix to the SDP.
	CLOSED at Phase III  Safety Review, 7/19/2005

(Mandatory Reviewer(s): PSRP)

	CIR P3-02, 7/19/2005

Assigned to:GRC/M. O’Toole

Due: 8/31/2005

Re: HR: FCF-C12
	To determine the feasibility of performing the inspection procedures called for in HR FCF-C12 section 3.8.2, or if a protective cover should be installed on the sapphire windows to control the hazards associated with flaws created on the surface of the windows during installation.
	CLOSED at MDCA/CIR Integrated FSR held on 10/18-19/05 (Mandatory Reviewer(s): PSRP)

	CIR P3-03, 7/19/2005 Assigned to: GRC/B. Das

Due: 8/31/2005

Re: HR: FCF-C17

	To determine the structural capabilities of the drawer slide mechanism and drawer stops and establish a plan to rework the hardware as necessary to meet requirements.
	CLOSED at MDCA/CIR Integrated FSR held on 10/18-19/05 (Mandatory Reviewer(s): PSRP and MSWG and JSC/Structures)

	CIR TIM2-01, 4/1/2003 
Assigned to: GRC/T. F. O'Malley 

Due: 7/20/2005
	Provide a matrix identifying which Orbital Replacement Units (ORUs) for CIR contain safety critical fasteners, the minimum number of fasteners required, and their correlating torque values.
	CLOSED at MDCA/CIR Integrated FSR held on 10/18-19/05(Mandatory Reviewers: PSRP)

	FIR P2-01
Assigned to: F. Gati 9/8/2002

HR: FCF-F02
	Submit and obtain approval of the revised Structural Verification Plan.
	CLOSED II   Safety Review, 8/7/2002

(Mandatory Reviewers: JSC SWG)

	FIR P3-01
Assigned to:GRC/B. Das 8/31/2005

HR: FCF-F02
	Determine the structural capabilities of the drawer slide mechanism and drawer stops and establish a plan to rework the hardware as necessary to meet requirements.
	CLOSED at MDCA/CIR Integrated FSR held on 10/18-19/05
(Mandatory Reviewers: PSRP and MSWG and JSC Structures)


Integrated MDCA/CIR Phase III Action Items
1.4 Conclusion: Two agreements and no action items resulted from this meeting. Two integrated Hazard Reports (HRs) were signed and approved for Phase III, two CIR HRs were signed and approved for Phase III, one CIR HR and one FIR HR remain open pending final approval of the QD NCRs, and one CIR HR and one FIR HR remain open pending the submittal of the fasteners table and the Mechanical Systems Working Group (MSWG) letter. This meeting completed the Phase III MDCA/CIR Integrated FSR.
Note: FCF-C08 was approved on November 16, 2005 and FCF-C17 was approved on October 19, 2005 with the MSWG memo.

Post Phase III TIM Agreements June 26, 2007
1.4 Conclusion: No agreements and no action items resulted from this meeting. All three HRs were signed and approved for Phase III and NCR CIR-QD-01 was withdrawn. This meeting completed the Phase III FSR.

Note: FCF-C05, FCF-C08 and FCF-C28 were updated and approved at the TIM.

CIR Post Phase III TIM, June 26, 2008

1.4 Conclusion: No agreements and no AIs resulted from this meeting. Two hazard reports (HRs) were signed and approved during the TIM, and 1 HR remains open pending correction and updates.  Direction for closure of the VTL items was provided as required by the Payload Organization. This meeting completes the Post Phase III TIM.
Note: FCF-C03, FCF-C10, and FCF-C17 were approved during the TIM.  FCF-C08 was approved on August 14, 2008.

CIR Delta Phase III Safety Assessment for Launch and Stowage for 30 Progress, July 25, 2008

The PSRP held an out of board review of the safety assessment for four CIR gas bottles to be transported aboard 30P.  There was no hazard report discussion.  The relevant hazard reports were modified and approved during the Post Phase III TIM on June 26, 2008.  Approval was given to send the transportation safety assessment data to the Russia Space Agency, RSC-E.

Out of Board Approval of FCF-C08, August 14, 2008.

Updates to FCF-C08, Leakage of Pressurized System, were approved out of board by the PSRP.  This approval was based on the CIR Post Phase III TIM on June 26, 2008.  Changes were made to verifications 3.3.1 and 3.3.2 to satisfy ECLSS requirements.

CIR Post Phase III TIM, September 25, 2008

No change to hazard reports.  One action item.  A TIM was held to discuss a potential change to the Touch Temperature verification 10.a.7 on the CIR 1230 form, STD-FCF-C01 and FIR 1230 form, FCF-F01.  The water flow sensor was used as part of the control to have the rack shutdown automatically if no water flow was detected.  However, the FIR rack experienced several false shutdowns due to problems with the water flow sensor.  CIR and FIR decided to use alternate parameters for determining no water flow.  The PSRP decided to leave the hazard report as written.

CIR responded to the action item on September 29, 2008.  The PSRP asked what the fifteen minute waiting period before opening the rack doors was based on, and to re-verify the cool down periods for the items that exceeded touch temperature (FCU for CIR and White Light Module for FIR).  They wanted to know if these items and cool down periods represented the worst case of no air or water flow.  CIR re-evaluated the analyses and thermal tests and confirmed that the cool down periods for the FCU and White Light were correct and represented the worst case touch temperatures under worst case conditions.  As of the update of this safety package, an approval of the action item is expected, but has not yet been received.
Out of Board Approval of FCF-C24, FCF-C25, FCF-F05, FCF-F06, September 25, 2008

Updates to FCF-C24 (and FCF-F05) Electrical Shock, FCF-C25 (and FCF-F06) Exposure of Crew to Non-Ionizing Radiation were approved out of board by the PSRP.  Updates were made to the hazard reports to have the crew check with the ground (POIC) to ensure power to a rack is off rather than making a visual check with an ISS laptop.

APPENDIX G NCr’s
G.1 NCR-CIR-QD-01 (DELETED)

NCR CIR-QD-01 was deleted per the memo below:

G.2 NCR CIR-QD-02
The information in this appendix is available from Configuration Management on either the PDF version of this document or with the original paper copy.
APPENDIX H Verification Tracking Log (VTL)

The CIR VerificationTracking Log and the integrated CIR / MDCA Verification Tracking Log are submitted under separate cover. 
APPENDIX I Acronyms and Abbreviations

This appendix lists the acronyms and abbreviations used in this document.

AC
Assembly Complete

ARIS 
Active Rack Isolation System

ATCS 
Air Thermal Control System

ATCU 
Air Thermal Control Unit

BSD 
Baseline System Description

C&C 
Command and Control

C&DH 
Command and Data Handling

CAM 
Centrifuge Accommodations Module

CBT 
Computer Based Training

CDMS 
Command and Data Management Subsystem

CEM 
Combustion Experiment Management

CIDS 
Critical Item Development Specification

CIR 
Combustion Integrated Rack

CM
Combustion Module (in reference to Combustion Module-I)

CM
Compliance Matrix

COR
Communication Outage Recorder

COUP
Consolidated Operations and Utilization Plan

CP
Chamber Package

CTB
Collapsible Transfer Bags

CVIT
Common Video Interface Transmitter

DARTFire
Diffusing & Radiative Transport Controlled Fire

DCE
Droplet Combustion Experiment

E&TS
Engineering & Technical Services Directorate

ECS
Environmental Control System

EHS
Enhanced HOSC System

ELV
Expendable Launch Vehicle

EM
Engineering Model

EMC
Electromagnetic Compatibility

EMCS
Enhanced Mission Communications System

EMI
Electromagnetic Interference

EMS
Experiment Mounting Structure

EP
Experiment Package

EPCU
Electrical Power Control Unit

EPS
Electrical Power System

ESP
Electronic Support Package

EVA
Extravehicular Activity

EVP
Exhaust Vent Package

EWT
Embedded Web Technology

FCB
Functional Cargo Block

FCF
Fluids and Combustion Facility

FCU
FOMA Control Unit

FDSS
Fire Detection and Suppression System

FEA
Fluids Experiment Assembly

FIR
Fluids Integrated Rack

FOMA
Fuel/Oxidizer Management Assembly

FRBP
Fluids Rotating Bench Package

FRPC
Flexible Remote Power Controller

FSAP
Fluids Science Avionics Package

GC
Gas Chromatograph

GDP
Gas Delivery Package

GIS 
Gas Interface System

GIU
Ground Integration Unit

GPVP
Generic Payload Verification Plan

GRC
Glenn Research Center

GSE
Ground Support Equipment

GUI
Graphical User Interfaces

HFR
High Frame Rate

HiBMs
High Bit Depth/Multispectral

HOSC
Huntsville Operations Support Center

HR
High Resolution

HRDL
High Rate Data Link

HRFM
High Rate Frame Multiplexer

HRL
High Rate Link

HX
Heat Exchanger

ICD
Interface Control Document

IDD
Interface Definition Document

IDRD
Increment Definition Requirements Document

IOP (IOP)
Input/Output Processor. Note: In the official opnom and crew procedures, the IOP is designated as Input/Output Processor.
IPMM
Integrated Payload Mission Model

IPP
Image Processing Package IPP (descoped)

IPSU
Image Processing and Storage Units

IRD
Interface Requirements Document

IRR
Interface Resource Ring

ISPR
International Standard Payload Rack

ISS
International Space Station

ISSP
International Space Station Program

ISSPO
International Space Station Payloads Office

ISWG
Increment Science Working Group

ITCS
Internal Thermal Control System

ITCS
ISS Thermal Control System

JSC
Johnson Space Center

LASX
US Lab ISPR Locations (Starboard)

LeRC
Lewis Research Center

LLL
Low Light Level

LSA
Logistics Support Analysis

MDM
Multiplexer/Demultiplexer

MER
Mission Evaluation Request

MIT
Mission Integration Team

MPLM
Multi Purpose Logistics Module

MRDL
Medium Rate Data Link

MRL
Moderate Rate Link

MRPO
Microgravity Research Program Office

MSAD
Microgravity Science and Applications Division

MSD
Microgravity Sciences Division

MSFC
Marshall Space Flight Center

MTA
Maintenance Task Analysis

MTL
Moderate Temperature Loop

NISN
NASA Integrated Services Network

NRA
NASA Research Announcement

NTSC
National Television System Committee, of the Electronics Industries Association

ORU
Orbital Replacement Unit

OSE&MA
Office of Safety, Environmental and Mission Assurance

OSTP
Onboard Short Term Plan

OZ2
ISS PO Mission Integration and Planning

OZ3
ISS PO Hardware and Software Engineering Integration

PCS
Physics Of Colloids in Space

PDC
Payload Development Center

PDR
Preliminary Design Review

PDSS
Payload Data Services Systems

PEHG
Payload Ethernet Hub Gateway

PFE
Portable Fire Extinguisher

PhaSE
Physics of Colloids in Space

PI
Principal Investigator

PIA
Payload Integration Agreement

PIDS
Prime Item Development Specification

PIV
Particle Image Velocimetry

PO
Payloads Office/Project Office

POIC
Payload Operations and Integration Center

PP
Project Plan

PPS
Payload Planning System

PPWG
Payload Planning Working Group

PRCU
Payload Rack Checkout Unit

PSF
Power Systems Facility

PSRP
Payload Safety Review Panel

PTC
Payload Training Center

PTCS
Payload Test and Checkout System

PU
4-41 Drawer

PUP
Partner Utilization Plan

PVP
Payload Verification Plan

QA
Quality Assurance

QD
Quick Disconnect

R&M
Reliability and Maintainability

RAID
Redundant Array of Independent Disks

RF
Risk Factor

RFCA
Rack Flow Control Assembly

RHA
Rack Handling Adapter

RUP
Rack Utility Panel

RMO
Research Management Office

RPS
Rack Power Switch

RSP
Re-supply Stowage Platform

RSR
Re-supply Stowage Rack

RVE
Equivalent to 1m3
SAL
Spread Across Liquids

SAMS
Space Acceleration Measurement System

SAR
Shared Accommodations Rack

SARGE
Standard Assurance Requirements and Guidelines for Experiments

SBC
Single Board Computer

SDP
Safety Data Package

SDPSP
Shared Data Post-Processing/Storage Package

SEIRD
Support Equipment Item Requirements and Description

SOS
Science Operations Site

SRD
Science Requirements Documents

SRED
Science Requirements Envelope Document

SSCC
Space Station Control Center

SSCE
Solid Surface Combustion Experiment

SSPF
Space Station Processing Facility

STDCE
Surface Tension Driven Convection Experiment

STEP
Suitcase Test Environment for Payloads

STP
Short Term Plan

STS
Space Transportation System

TBD
To Be Determined

TBR
To Be Resolved

TCS
Thermal Control System

TDRSS
Tracking and Data Relay Satellite System

TEC
Thermo Electric Coolers

TGDF
Turbulent Gas-Jet Diffusion Flames

TreK
Telescience Resource Kit

TSC
Telescience Support Center

UIP
Utility Interface Panel

UML
Universal Mounting Location

US Lab
United States Laboratory Module

Vdc
Volts Direct Current

VES
Vacuum Exhaust System

VRS
Vacuum Resource Service

VRS
Vacuum Resource System

WIP
Water Interface Panel

WTCS
Water Thermal Control System

ZSR
Zero-G Stowage Rack

(L
Micro Liter

(S
Micro Second

APPENDIX J Terminology
This appendix provides some basic definitions of FCF/CIR specific terminology contained within this document.

Facility Payload – Facility payload is a term used to describe equipment, which forms an ISS research facility, in which other payloads can be placed in order to conduct investigations.

Payload Equipment – Payload equipment is a general term referring to all payload project provided equipment and consumables. It may include science equipment built via NASA’s NRA process and other equipment built outside of NASA’s NRA process (commercial, non-NASA government, and international).

Payload Developer (Payload Development Team) (PD) – The Payload Developer is the team responsible for developing the payload equipment.

PI Specific Equipment – PI Specific Equipment is a subset of Payload Equipment, resulting from the NASA NRA process. It is all of the hardware and software provided/developed by the Payload Developer responsible for the accomplishment of a PI’s experiment (e.g. the DCE-2 project team). If the equipment is used again, it may be referred to by a different term depending on whom the equipment is turned over to, FCF or another Payload Developer.

Logistics – Logistics includes all equipment and consumables, FCF or Payload, required to be transported or stowed prior to use.

Integrated Configuration – The integrated configuration is the configuration of the FCF equipment and payload equipment required to complete a certain set of science or investigations.

FCF Standard Equipment - FCF Standard Equipment is all of the hardware and software provided/developed by the FCF project team to support the accomplishment of multiple PI experiments.

Mission Specific Equipment – Mission Specific Equipment is all of the hardware and software provided/developed by the FCF project team to support the accomplishment of a PI’s experiment or grouped set of PI experiments. If it remains on orbit following its first use, it becomes part of the FCF Standard Equipment.

FCF Configurable Equipment – FCF Configurable Equipment is all of the FCF standard equipment that is intended to be re-configured to support the needs of a PI’s experiment.

FCF Spares – Those spares, provided by the FCF project that replaces failed FCF standard or mission specific equipment.

FCF Consumables – FCF Consumables are those provided by the FCF project.

PI Consumables (Payload Consumables) – PI Consumables are those provided by the Payload Developer responsible for the accomplishment of a PI’s experiment.

Interface Resource Ring (IRR) - The section of the combustion Chamber where standard electrical and fluid connections can be established from equipment internal to the Chamber to equipment external to the Chamber.

Chamber Insert Assembly - Configured equipment placed inside the combustion Chamber to perform an experiment. Usually consists of an experiment mounting structure and internal apparatus. It can either be a combination of FCF and Payload Developer provided, or entirely payload developer provided.

Internal Apparatus(IA) - All equipment and components mounted to an experiment mounting structure to accomplish a specific science investigation. The IA is Payload Developer provided.

Note: hardware or software can replace equipment to be more specific in usage situations for any of these definitions. 
APPENDIX K Reference Drawings

The information in this appendix is available from Configuration Management on either the PDF version of this document or with the original paper copy.
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- Upper duct assembly-


purpose is to evenly distribute the air through the core of the heat exchange
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- Lower duct assembly.
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UML – 28Vdc, data, cooling air 





Captive fasteners, 2 per panel. 4 total.





Upper/lower door launch straps removed on-orbit





Structural launch fasteners removed on-orbit, Plugs installed


2 groups of 4 fasteners per panel. 32 total.
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2) CANBus processor inhibits TTL outputs signals via logic gates (subset of FOMA valves).





1) FCU MP controls valves position via command to TTL outputs (all valves)





4) IOP MP monitors valve position telemetry and controls 28 VDC power from EPCU





3) Relay board implements h/w interlocks. SV1, SV3, SV10 (circuit not shown)
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