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1.0 BCD INTRODUCTION 
This section describes the purpose, scope, and format of this Baseline Concept Description (BCD) document. It also explains the relationship between this and other key Advanced Combustion via Microgravity Experiments (ACME) Project documents.

1.1 BCD Purpose 

The BCD provides a description of the Advanced Combustion via Microgravity Experiments (ACME) system in an easily understood format of illustration and narrative.  It is used by all the team members working on the Project as a communication tool, and it is used for briefings, studies, and cost estimates.

The ACME system described in the BCD is a response to the requirements stated in the ACME Science Requirements Document (SRD), <TBD 01-01>, and includes hardware concepts for the four gaseous fuel experiments initially selected for flight.  Based on these experiment hardware concepts, it provides a description of the primary system functions, and concepts for deployment, operations, support, manufacturing, and verification.
The BCD is a living document.  As the ACME concept evolves, the BCD will be updated to reflect the latest design and planning.  The BCD will evolve, in parallel with system development, into a more complete, formal document called the Baseline System Description (BSD).  After the BSD is baselined, it will replace the BCD.
1.2 BCD Scope 

The BCD covers the entire ACME system and the four initial gaseous fuel experiments for its entire life cycle. All flight and ground hardware, software, operations, and support concepts are included.  The life cycle extends to ultimate decommissioning and disposal.

1.3 BCD Format 

The format of alternating pages of narrative and illustration was originally developed by the US Air Force. It was found that ‘traditional’ documents did not convey information accurately to the broad spectrum of users, and this was causing cost overruns and non​responsive technical performance. The BCD format was found to substantially improve communication, thereby lowering cost while increasing performance of completed systems.

This section further describes the relationships among four key ACME documents that are of general interest.

1.3.1 Science Requirements Document 

The ACME Science Requirements Document (SRD) is written by the Project Scientist (PS) and contains the scientific requirements placed on ACME.  The ACME SDR is a compilation of requirements from each of the independent experiment SRD’s; these experiments together make ACME, as further detailed in section 2.0.  The Project must meet these requirements within limits imposed by the technology state-of-the-art, ISS resource constraints, NASA funding constraints, and other relevant constraints.

The facing figure illustrates the BCD Relationship to other Key ACME Documents.

Advanced Combustion via Microgravity Experiments (ACME)
Relationship of Key ACME Documents
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FIGURE 1. Key Documents Relationship
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1.3.2 Compliance Matrix 

The Requirements Compliance Matrix (RCM) Document, ACME-DOC-002, is a ‘check list’, which corresponds to science requirements in the SRD and engineering concepts within the BCD.  It is used to assure that requirements have been captured by the ACME design and identifies areas of concern early, where engineering solutions may have undesirable impacts on project cost and schedule.  The Requirements Compliance Matrix will be maintained through the Preliminary Design Review (PDR) and will reflect compliance of design requirements found in the Engineering Requirements Document.

1.3.3 Systems Engineering Management Plan 

The ACME Systems Engineering Management Plan (SEMP), ACME-PLN-002, describes the overall technical management and integration activities for the Design, Development, Test, and Evaluation (DDT&E) of the ACME Project deemed necessary to accomplish the performance goals, cost requirements and schedule requirements levied on the ACME technical engineering team by the ACME Project Office.  The SEMP provides the framework for realization of the element products contained in the Contract Statement of Work (CSOW) and the Work Breakdown Structure (WBS) model that meet the entry and success criteria of the applicable project life-cycle phases and provides management with necessary information for making decisions.

1.3.4 Engineering Requirements Document 

The ACME Engineering Requirements establish the performance, design, test, manufacture and acceptance requirements for the Flight System.  The requirements within the Engineering Requirements Document (ERD), ACME-REQ-001, are distilled from all parent requirements and represent only the applicable requirements to the ACME Flight System (FS).  Further, derived requirements evolve to support the FS.

2.0 ACME OVERVIEW 
ACME is a mini-facility designed to accommodate Principle Investigators (PI) interested in studying various aspects of gaseous combustion in a microgravity environment.  The ACME is composed of reusable hardware that will accommodate different combustion experiments.  This will minimize upmass, cost, and time by using common hardware and software.  ACME will be integrated into the Fluids and Combustion Facility’s (FCF) Combustion Integrated Rack (CIR) onboard the International Space Station (ISS).  Currently, there are four experiments which have been selected to use the ACME: (1) Spherical Flame (s-Flame) experiment, (2) Flame Design experiment, (3) Coflow Laminar Diffusion Flame (CLD Flame) experiment, and (4) Electric-Field Effects on Laminar Diffusion Flames (E-Field Flames) experiment.

The core elements of gaseous combustion are included in the ACME design as a basis for current and future gaseous combustion studies.  These elements are establishment of gas flow through various exchangeable burner tips, ignition of gas and use of appropriate diagnostic measurement devices.  The four identified experiments, and any future experiments, use these core elements to build a unique set of requirements for the study of various phenomena distinctive to gaseous combustion.
The facing figure illustrates the First Four ACME Science Experiments, 
Advanced Combustion via Microgravity Experiments (ACME)
Four Initial Science Experiments
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FIGURE 2. Four Initial Science Experiments

Each PI may have unique hardware and special needs to perform their experiment effectively that will need to fit within the existing ACME System.
The next few pages summarize the ACME hardware and software, operations and support concepts.

2.1 ACME Hardware and Software 

The defined hardware and software are for use in all phases of the Project (preflight, during flight operations and post flight).  For ease of discussion, ACME is designated a complete system with the Flight and Ground Segments called out as primary sub-systems.

2.1.1 Flight Segment

The Flight Segment is defined as the development of all hardware and software elements that are intended for launch or could be (i.e. flight spares) launched to the ISS.
The ACME Flight System consists of the Chamber Insert Assembly (CIA) System, Diagnostics System, and Avionics Package System (housing the flight software).  The CIA System contains hardware for accomplishing the core capabilities of the ACME Mission, an Engineering Operations Analog Camera Package, as well as diagnostic devices.  The current ACME Diagnostics System consists of a Science Data Color Camera Package, an Illumination Package, a Photomultiplier Tube (PMT) Package, and a Radiometer Package.  The main computer and electronics are housed in the Avionics Package.  The ACME software provides control of the ACME hardware and PI specific diagnostic equipment within the CIA.  See section 4.1 for further details of the Flight System.
2.1.2 Ground Segment

The Ground Segment is defined as the development of all hardware and software elements that are not intended for launch and will not be launched to the ISS.  The Ground System supports the Flight System before, during and after flight. The Ground System is comprised of the following elements: 

Trainer: Flight-like design and interfaces 

TSC (Telescience Support Center):  Operations center for on-orbit ISS science missions
GSE and GIU: Supports Flight Systems Carrier interface testing and verification 

Data Storage/Mission Operations:  A portion of the ACME data will be sent to Earth in real time (versus recording on permanent media for later return from ISS). The Telescience Support Center (TSC) will receive and record all ACME data including Carrier, Payload and science data.  See section 4.2 for further details of the Ground System.
The facing page illustrates the Flight Segment Development FBD
Advanced Combustion via Microgravity Experiments (ACME)
Flight Segment Development Concept
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FIGURE 3. Flight System Development FBD

2.2 ACME Mission Sequence

The ACME Flight Operations concept is driven by the need to conserve upmass, crew time, combustion resources, and maximize flexibility for the benefit of the crew and the experiment.  The mission sequence given below is a highly simplified version, but it illustrates key points.

Preflight / Prelaunch:

During Prelaunch, mission planning and crew training occurs as well as development of Flight & Ground Systems hardware.

Launch:

ACME has no activities planned for ascent; the ACME System will be in stowage during launch and landing.
On-Orbit ISS:

The crew removes ACME hardware from stowage and configures CIR for ACME operations.  See section 5.9 for more detail.
On-Earth - Glenn Research Center (GRC) TSC:

The GRC Telescience Support Center; the Operations Staff operates experiments remotely requiring minimal crew time.  The TSC archives the data.  The ACME staff analyzes data, typically between data points.  PIs direct operations staff to take actions to maximize scientific productivity.

Post-Flight:

At Post-Flight, data analysis will continue. The PIs will receive any additional data products required by the SRD and prepare an experiment operations summary report.

2.3 ACME Support Concept

The ACME Engineering Integrated Product Team (IPT) is responsible for the success of the ACME Mission.  This section deals with the support and facilities available to help accomplish the Mission.

The science staff is composed of a Combustion Science Scientists, Project Scientists, and Science Support Staff.  The engineering staff has key members from the MDCA precursor experiment and various engineering disciplines with microgravity and or combustion experience.
The facing page illustrates the Organization Support Structure FBD
Advanced Combustion via Microgravity Experiments (ACME)
Organizational Support Structure Concept
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Organization Support Structure FBD

3.0 ACME REQUIREMENTS 
ACME will meet all requirements within limits imposed by technology, ISS resource constraints and budget constraints.  The requirements are derived or imposed directly from all applicable program and technical sources.  The ACME ERD will ensure that requirements are quantifiable, verifiable, and specific consisting of a compilation of four sets of requirement types:  Science, Carrier, Derived, and Safety requirements.
3.1 Science Requirements 

The Science Requirements Document (SRD) is defined in section 1.3.1 of this document.  The SRD defines the scientific requirements required of the Project.  The SRD is filtered through an analysis and logical decomposition into realizable Engineering Requirements.

3.2 Carrier Requirements 

The ISS certifies pressurized payloads to be integrated with the ISS upon compliance with the design, interface and verification requirements contained in the Pressurized Payloads Interface Requirements Document (IRD), SSP 57000.

The Fluids and Combustion Facility Payload Interface Definition Document (IDD) defines the interfaces that the FCF System provides for use by the PIs including SSP 57000.

The Advanced Combustion via Microgravity Experiments (ACME) Integration Agreement (IA), FCF-IA-MV-ACME, and the CIR to ACME Interface Control Document, FCF-ICD-CIR-ACME, define requirements for ACME with respect to all carriers (i.e. CIR, ISS, launch vehicle, etc.) and is provided to ACME by those carriers.

3.3 Derived/Operational Requirements 

Derived Requirements are handled in the ERD and stem from the requirements analysis and flow-down of the Science Requirements.

3.4 Safety Requirements 

The safety requirements, in the ERD, are completely derived as a result of ACME Flight and Ground Safety Reviews.

The facing figure illustrates the ACME Requirements Flow 
Advanced Combustion via Microgravity Experiments (ACME)
Requirements Flow Concept
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FIGURE 4. ACME Requirements FBD

4.0 ACME SYSTEMS DESCRIPTION 
The initial four ACME experiments will be conducted inside the combustion chamber of the Combustion Integrated Rack (CIR) which is a part of the Fluids and Combustion Facility (FCF).  ACME is responsible for the Principle Investigator’s (PI) specific Chamber Insert Assembly (CIA), Avionics Package (AVP), Color Camera Package, and Operating Software.

4.1 Flight System 

The ACME Flight System consists of the Payload and the Flight Software.

4.1.1 Payload 

The ACME Payload is comprised of the Principle Investigator’s (PI) specific Chamber Insert Assembly (CIA), Avionics Package (AVP), and Diagnostic Package.
4.1.1.1 Chamber Insert Assembly 

The ACME CIA provides all necessary hardware and interfaces to perform PI science on one platform.   The available interfaces are the CIR Water Thermal Cooling System (WTCS), and the CIR Fuel/Oxidizer Management Assembly (FOMA).  Most experimental functions occur within the CIA structure and the associated systems are found on the CIA.  The CIA consists of the following major systems; an Experiment Mounting Structure (EMS) and the core capabilities detailed in section 2.0.  Subsystems include the Gas Flow System, Gas Burner System, Ignition System, Analog Camera System, Illumination System, Diagnostic System, Measurement System, E-Field System and Cooling System.

4.1.1.1.1 Experiment Mounting Structure

The EMS provides the main structure for the CIA and acts as the primary mechanical interface with the CIR combustion chamber.  It consists of two endplates, support structure and, if necessary, removable shrouds to protect the CIA during crew activity.
The facing page illustrates the ACME CIA System Functional FBD.
Advanced Combustion via Microgravity Experiments (ACME)
CIA Concept
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CIA System Functional FBD

4.1.1.1.2 Gas Flow System 

There is a reconfigurable flow system on the CIA that is auxiliary to the CIR FOMA.  Gases are received from FOMA via quick disconnects on the Interface Resource Ring (IRR).  The flow from the FOMA Nitrogen Manifold is directed through a high pressure solenoid valve, a pressure regulator, and a pressure switch that are identical to components on the Nitrogen Manifold.  These components allow bottled gases other than station nitrogen to utilize the station nitrogen bypass path by replacing the safety controls that are on the Nitrogen Manifold that the bypass path removes from the system.

Three bypass solenoid valves allow the three FOMA gases to be vented directly to the chamber, bypassing the flow restrictions of the Mass Flow Controllers for faster chamber filling.   These valves are 7000 series Skinner solenoid valves and Lisk solenoid coils, which have been verified and are used on FOMA.

The gas flows then are directed through three (3) interchangeable mass flow controllers (MFCs).  These Hastings HFC-D-302 series MFCs are replaced as experiments require.  A range of MFCs with different Flow Rates will be provided to meet the various experiment specific flow requirements.

The MFC exit ports are connected to a series of six (6) Skinner valves and Lisk coils that direct the gases to the burner outlet in whatever configuration the experiment requires.  There are two gas flow outlets to accommodate co-flow experiments.

A total of ten (10) solenoid valves are in the gas flow system.

Pressure transducers monitor the pressure in each of the gas flow outlets.

4.1.1.1.3 Gas Burner System 

The burner system consists of three different types of exchangeable burners made from varying inner and outer diameter stainless steel tubing supported by an insulating ceramic base when the burners are used for E-Field experiments.  

The Burner types are:

· .250, .375 and .500 inch diameter spherical burners for S-Flame and Flame Design

· 0.8, 1.2, 1.6, 2.0, 2.4, 3.1 and 3.6 mm outer diameter gas-jet burners for E-Field

· 2.4 mm outer diameter inner tube and 25 mm outer diameter outer tube co-flow burner for E-Field, Flame Design and CLD Flame.

Each burner tip is smooth and without burs or sharp edges to aid in the gas deployment.  The burners are mounted with a coupling that allows exchangeability of the burners and maintains the precise alignment of the system.  Metered gas to the burner is routed via the flow system at precise flow rates.

The burners will have a thermocouple attached, on the sphere for spherical burners, at the tip for gas jet burners, or on the inner tube for co-flow burners, to measure burner temperature.

The facing page illustrates the ACME Flow and Burner Systems’. Functional FBDs
Advanced Combustion via Microgravity Experiments (ACME)
Flow and Burner Systems Concept
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FIGURE 5. Flow System Functional FBD
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FIGURE 6. Burner System Functional FBD

4.1.1.1.4 Ignition System 

The Ignition System will reuse the design of the MDCA igniter, including the hot wire igniter circuitry and the type of motor used by MDCA.  

The ignition system consists of a hot wire igniter, controlled by an Ultramotion brand linear stepper motor, encoder and home switch.  The igniter tip is mounted to an insulating ceramic structure and is replaceable on the CIA.  The ceramic igniter sleeve has two pins that mate with two sockets on the igniter mounting interface.  This interface is fixed to the igniter motor, which moves the igniter into the deployment area linearly in precise steps, and quickly retracts the igniter after ignition.

4.1.1.1.5 Analog Camera System

The Analog Camera System will be provided, internal to the combustion chamber, primarily as a near real-time visual aid to engineering for hardware operation monitoring and troubleshooting.  In addition, this view will provide a near real-time “look” into the chamber for science throughout the flame combustion event.

The Analog Camera System consists of an off-the-shelf, single CCD (½” format) color camera with an analog video output and standard 30 Hz frame rate.  The analog video output will be routed to the CIR IRR and out to the ISS via the CIR provided analog video path.  The camera will receive its power from the relay board hardware, which in turn is powered from the AVP.  The camera will also have RS-232 capability in order to provide control of basic camera parameters (i.e. shutter speed, white balance, gain) via the AVP.  A fixed lens will be attached (via CS-mount interface) to provide at least a 90 mm FOV of the flame region.  In order to accommodate the CIA volume restrictions, a fixed 45° turning mirror will be incorporated into the system.

4.1.1.1.6 Illumination System

The Illumination System consists of an array of high intensity, white light LEDs that receive power from the relay board hardware which in turn is powered from the AVP.  The illumination system intensity will be variable to avoid saturation of diagnostics.  This illumination system is provided to support the Analog Camera System.

4.1.1.1.7 Diagnostic System

Two of the diagnostic systems, the Photomultiplier Tube Modules (PMTs) and the Radiometers are also located on the Insert.  These systems will be discussed in detail in section 4.1.1.3.  

The facing page illustrates the Ignition and Illumination Systems’ Functional FBDs.

Advanced Combustion via Microgravity Experiments (ACME)
Ignition and Illumination Systems Concept
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FIGURE 7. Igniter System Functional FBD
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FIGURE 8. Illumination System Functional FBD

4.1.1.1.8 Measurement System 

The ACME measurement system encompasses the measurement subsystems involved in detection and measurement of the experiments with the exception of diagnostic systems discussed in section 4.1.1.3 and CIR-provided diagnostic systems.  

The following sensors are part of the Measurement system:

· An array of Far Field Thermocouples, at ranges of 40mm, 50mm, 60mm, 100mm and 200mm from the center of the window axes, installed in a rake that will be removable during E-Field experiments.

· A Thin Fiber Pyrometry (TFP) Array mounted to a translating motor to move the array into and out of the flame.  The translating motor will be an Ultramotion brand linear stepper motor and encoder, similar to that used for the ignitor.  The Array will be stowed out of the combustion area during E-Field testing, or when the Array is not required, but will not be removed from the chamber.

· An Entran Pressure Transducer that, when used in conjunction with the Pressure Transducers mounted in the Gas Flow System, will provide differential pressure measuring ability without the need to sync data with the CIR.

4.1.1.1.9 E-Field System 

The E-Field system consists of a two High Voltage (HV) sources (one of negative and one of  positive polarity), a passive network, a mesh electrode, and an insulated burner electrically connected to the returns of the HV supplies which in turn are connected to their supply returns and hence to the single point chassis ground.  The mesh electrode is mounted to an insulating ceramic structure.  The ceramic structure provides insulation such that the nearest metallic object to the mesh electrode is the burner tip. This structure is mounted to the CIA in discrete locations to set its distance from the burner to precise dimensions based on burner type and experiment configuration.  The mesh electrode assembly is removable for stowage when E-Field experiments are not being performed.  

A single wire connects the Mesh Electrode to a passive network that serves to superimpose the two supplies to the mesh such that by varying the respective supplies’ magnitudes a negative and positive voltage is obtained without the need of mechanical type of high voltage switching mechanism.  
4.1.1.1.10 Cooling System 

If cooling is required, ACME will use one or two cold plates mounted to the Experiment Mounting Structure interfacing with the CIR Water Thermal Control System (WTCS). The hardware to accommodate this is identical to that used on MDCA. This system will only be utilized if a future, not yet performed thermal analysis warrants its necessity.

The facing page illustrates the Measurement and E-Field Systems’ Functional FBDs
Advanced Combustion via Microgravity Experiments (ACME)
Measurement and E-Field Systems Concept
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FIGURE 9. Measurement  System Functional FBD
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FIGURE 10. BCD

4.1.1.2 ACME Avionics 

The Avionics Package (AVP) provides the processing power and control interface hardware for controlling the CIA and the diagnostic equipment.  All avionics interface boards are planned to be housed in a PC-104 bus interface board stack and are discussed below.

4.1.1.2.1 Avionics Box

The Avionics Box will house the main electronics for the ACME hardware and will be mounted at the CIR PIL (PI location)

4.1.1.2.2 Interconnections

· Avionics Package blind-mates to Optics Bench; no external cables.

4.1.1.2.3 PC/104 Stack

The PC/104-Plus stack in the AVP consists of:

· Lippert Cool RoadRunner-945GSE

· RTD Dual Gigabit Ethernet Module

· MEI 104/DSP Motion Control Board

· RTD 83W PC/104 Power Supply

The PC/104 stack provides the necessary processing and interface hardware for the ACME Software to fulfill its requirements (see Flight Software section).

4.1.1.2.4 Color Camera Storage Unit
The ACME Color Camera data is stored on a hard drive in the AVP.  The hard drive will be designed to be removable.  The current hard drive is a Western Digital Enterprise VelociRSaptor 10,000 RPM 300GB SATAII drive.
ACME Avionics Package:
· Processor runs ACME software

· ACME CIA mechanisms, diagnostic operating parameters

· Sequencing of CIR FOMA, IPSU, & diagnostics

· Monitors Health and Status Data of ACME hardware

CIR Input/Output Processor (IOP):
· Controls data downlink/uplink and EPCU power output

· Provides interface to CIR diagnostics, image processor and storage units, and FOMA Control Unit

4.1.1.2.5 Power Control & Distribution

CIR Electrical Power Control Unit (EPCU):
· Provides four 28V, 8 amp circuits to ACME Avionics Package.

Avionics Package Power:

· DC-DC converters output other necessary voltages for Avionics Package and CIA Mechanisms.

· Linear regulation circuitry provides filtering and voltages to mass flow controllers.
The facing page illustrates the AVP System Functional FBD
Advanced Combustion via Microgravity Experiments (ACME)
Avionics Package System Concept
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FIGURE 11. AVP System Functional FBD

4.1.1.3 Diagnostics Packages
ACME Diagnostics refers to the acquisition of all imaging and optical based information relating to science for each of the ACME experiments.

A majority of the diagnostic hardware will be CIR provided and is already in use on the ISS.  Some additional upgraded elements to various CIR diagnostic packages will be provided by ACME.  ACME will also provide its own diagnostics systems to augment the CIR provided capabilities.

4.1.1.3.1 CIR Diagnostics Packages

CIR HiBMs Package:
ACME will supply the CIR High Bit-depth Multi-Spectral (HiBMs) Package with a 90 mm FOV Relay Lens (replaces the current 50 mm Relay). This lens will be used in the original CIR HiBMs Package for soot volume fraction (SVF) measurement in conjunction with the CIR Illumination Package as a backlight.  This view will concurrently provide Thin Filament Pyrometry (TFP) measurements with the backlight powered off briefly.

Note:  The CIR HiBMs -2 Package will subsequently be used for Soot Temperature Pyrometry (STP) with the existing 50 mm FOV Relay Lens (replaces the current 30 mm Relay) and Liquid Crystal Tunable Filter (LCTF).

CIR LLL-UV Package:
ACME will supply the CIR Low Light Level Ultraviolet (LLL-UV) Package with an 80 mm FOV Relay Lens, replacing the current 50 mm Relay. This package will continue to be used to isolate the specific OH* (310 nm) band in order to image the OH* radical distribution of the combustion flame zone.

4.1.1.3.2 ACME Color Camera Package

ACME will utilize a Color Camera Package, based on an Allied Vision (formerly ProSilica) single CCD (2/3” format) 1.4 megapixel color camera with Gig-E output and 30 Hz frame rate, to provide color imaging of gas burns.  This camera is based on the Sony ICX-285 progressive scan CCD that has the highest blue sensitivity commercially available in its class.

The ACME Color Camera Package will be located outside the CIR Chamber, at one of the Universal Mounting Locations (UMLs) on the CIR Optics Bench. Each UML is aligned with a 90 mm diameter Sapphire Chamber Window.

The camera will receive its power from the AVP and the camera control capabilities via the Cube.  The output images will be routed, via Gig-E interface cable, directly to the ACME AVP where the images will be stored. The images will then be both transferred to the CIR IOP and subsequently downlinked to the ground at a later time.

A modified Navitar 7000 zoom lens will be attached (via C-mount interface) providing a 6:1 zoom range to accommodate FOVs between approximately 25 – 120 mm along the long axis of the flame region.  Factory designed stepper motors will be incorporated into the Navitar 7000 lens in order to provide control capability for the zoom and iris functions.  In order to accommodate the CIR volume envelope restrictions, a fixed 45° turning mirror will be incorporated into the package as well.

The facing page illustrates the Main Computer, PC 104 Concept Functional FBD.
Advanced Combustion via Microgravity Experiments (ACME)
Main Computer Hardware Concept
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FIGURE 12. Main Computer PC 104 SBC

4.1.1.3.3 ACME Radiometers Package

All ACME experiments will use Radiometers to provide a relative measure of broadband flame radiative emissions over the wavelength range of 0.2 (m – 11 (m.

An array of 5 Radiometers will be mounted orthogonal to the chamber axis and will measure the thermal radiation that is transmitted from the combustion event at various locations along the flame axis.  This array will be comprised of the same type of detector, a thin film based thermopile that exhibits higher sensitivity and increased signal-to-noise ratio.

In addition a single Radiometer will be angled to at least 60° in order to measure the radiative emissions downstream of the burners. This detector will be based on a silicon thermopile that has response times typically 2x that of the thin film type, but sacrifice a bit of sensitivity.

ACME Radiometers will be based on thermopile detectors manufactured by Dexter Research, a vendor used extensively by GRC combustion experiments.  All data output will be handled by the Cube.

4.1.1.3.4 ACME PMT Package

All ACME experiments will use Photomultiplier Tube (PMT) Modules in order to provide both chemiluminescent emission measurements as well as flame detection and extinction determination.

ACME will employ 3 PMT Modules to provide emission feedback on both broadband emissions over the wavelength range of 300 nm – 650 nm, as well as 2 narrow emission bands: 310 nm, & 431 nm, corresponding to OH* and CH* radicals respectively.

The ACME PMT Package will consist of 3 of the same Hamamatsu PMT Module. These modules include the PMT itself, as well as electronics for internal voltage conversion and low noise amplification, all housed in a single package.  Additional filters will be required for the 2 PMT modules used for narrowband emissions.  Hamamatsu has interchangeable filter blocks that are compatible with their PMT Modules.

The PMT Modules will be powered from the Relay Board, which receives its power from the AVP.  All data and control capabilities will be via the Cube.

The facing page illustrates the Optics Bench Diagnostic Placement
Advanced Combustion via Microgravity Experiments (ACME)
CIR Diagnostics Placement Concept
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FIGURE 13. Optic Bench Diagnostic Placement

4.1.2 ACME Software 

The ACME Computer Software Configuration Items (CSCIs) provide total control of the ACME hardware and PI specific diagnostic equipment.  The software provides ground control of all aspects for experiment operation and communication between the ACME processor and the IOP.  The ACME software will interface with CIR controls to utilize CIR diagnostics in obtaining data for the experiments.

ACME has two major software components, flight and ground software.

4.1.2.1 Flight System Software

The ACME Main Processor (AMP) CSCI is the flight software contained in the ACME Avionics Package (AVP).   The AMP CSCI will be a microcontroller-based system which performs the following main functions:

· Interface to the CIR IOP and IPSUs

· Control of the CIA hardware, including flow system, ignition system, E-Field, and all measurement and diagnostic hardware (via the PowerDNA Cube in the CIA)

· Handling command and control from the ground, including experiment sequencing

· Reporting telemetry to the ground at 1Hz

· Image and non-image diagnostic data capture, storage, and transfer to the ground via the CIR IOP

· Health and status monitoring and reporting

4.1.2.2 Ground System Software

The ACME Ground Software (AGS) CSCI is the ground software whose purpose is to collect and analyze on-orbit data at the GRC Telescience Support Center (TSC).  The AGS CSCI will provide a Payload Developer (PD) at the TSC the following capabilities:

· Connection to the TSC system network

· Transmission of commands to the AMP

· Construction and transmission of sequences of events to the AMP to execute (an experiment sequence). 

· Reception and display of telemetry from the AMP

The facing page illustrates the Software System Functional FBD.

Advanced Combustion via Microgravity Experiments (ACME)
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FIGURE 14. Software System Functional FBD

BCD

4.2 Ground System 

The ACME Ground System provides 1) limited capability to simulate and troubleshoot on-orbit operations 2) crew and ground training, 3) carrier integration and interface verification, 4) those functions necessary to perform on-orbit mission operations, 5) support data transmittal in near real time.  The Ground System is comprised of:

· Training Simulator 

· Ground Integration and Test Hardware/ Software 

· Ground Support Equipment (GSE)

· Ground Integration Unit (GIU)) 

4.2.1 Training Simulator 

The Trainer is a model developed and built separately from the Flight System.  It will contain practical interfaces required specifically for flight and ground training and operations necessary for removal and replacement of hardware as well as follow-on PI integration activities.  The Trainer will be used to train the flight crews for on-orbit installation, operation, and removal of the Flight System.  The Trainer Unit, when appropriate, will also be for preliminary interface verification, carrier operations and certifications.

4.2.2 Ground Integration and Test Hardware/Software 

The ACME Ground Integration and Test Hardware/Software is the comprehensive set of non-flight equipment required to test, operate, transport, support/suspend, maintain or store ACME hardware/software in a controlled, desired manner.

4.2.2.1 Ground Support Equipment

The ACME Ground Support Equipment (GSE) is controlled and certified safe to operate/transport by appropriate ZIN personnel.  All hardware/software that interfaces with flight hardware/software, carrier hardware/software or heritage hardware/software is controlled.

4.2.2.2 Ground Integration Unit

The ACME Ground Integration Unit (GIU), an exact replica of the ACME Flight System, will be developed and fabricated by the ACME Team.  Testing will be performed by associated ACME Subject Matter Experts (SMEs) to test functionality and integration activities associated with the GIU and/or component, subsystem and system requirements to validate the final design.

ACME will coordinate with CIR’s GIU schedule for integrated testing with CIR hardware systems.

The facing page illustrates a trainer concept 

Advanced Combustion via Microgravity Experiments (ACME)
Typical Trainer Concept
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5.0 ACME INTEGRATION & OPERATION 
Payload integration is dictated by the Fluid and Combustion Facility (FCF) and outlined in the ACME Integration Agreement Main Volume, FCF-IA-MV-ACME.  This Project will follow the Carrier requirements for integration, interface definition, safety, verification, training and operations.  This section defines the Project integration needs process.  The use of “L-#” is in reference to “Launch minus months.

5.1 Integration/Utilization Schedule 

The Utilization Schedule provides guidelines for Project and Integration planning and will be coordinated with the Carrier throughout the integration process.  The CIR/ACME Utilization Schedule, which is referenced throughout the CIR/ACME Integration Agreement, is negotiated between the ACME Project Team and the FCF Utilization Team.  It identifies planning, integration, and operation milestones (such as reviews, resource requirements, document deliverables, testing, verification and data submittals for the ISS Program) required for manifesting and operating the payload on a particular increment.  The CIR/ACME Utilization Schedule will be maintained by the FCF Integration Team.

5.2 Carrier Agreements/Documentation

The ACME Project and the CIR formalize agreements concerning resource allocations, stowage requirements/constraints and related information in the Integration Agreement (IA).  Payload interfaces are documented and baselined in the ICD.  Both hardware and software are covered in the ICD and its corresponding compliance matrix.  Verification Requirements Data Sheets (VRDS or VDS) will be written for each requirement reflecting the pass/fail criteria and verification will be done in accordance with the Payload Verification Plan (PVP).  A verification matrix will be created and completed showing that the Payload is tested and ready to fly.  The FCF-PVP-CIR-ACME is developed based on the CIR Generic Payload Verification Plan (GPVP), FCF-GPVP-CIR.  ACME verifications will be rolled up with other CIR verifications for presentation to the ISS and the Johnson Space Center (JSC) Payload Safety review Panel.

5.3 Carrier Reviews 

The Project will support all required Carrier reviews. The reviews facilitate the transfer of data and information.  Reviews include Technical Interchange Meetings (TIM), CIR/ACME Integrated phase III Fight Safety Review, Operations Readiness Review, Flight Readiness Review (FRR), other reviews as necessary, and Turnover.

The facing page illustrates the Carrier Agreements/Docs Flow

Advanced Combustion via Microgravity Experiments (ACME)
FCF-CIR/ACME Integration Verification Documentation Flow
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FIGURE 15. Integrated Verification Documentation Flow
5.4 Safety 

Completion of the NASA Safety Certification Process assures that the Payload will not harm the flight crews or carriers and ground crew/hardware.  The NASA phased safety review process requires a Phase 0/I, II and III Ground & Flight review.  A Safety Data Package or Safety Compliance Data Package is required at each review.  Project input is required at each review with review emphasis changing to integrated Carrier/Payload configuration with Project maturation. 

5.5 Hardware Integration 

The ACME Project will support the physical integration of the Payload hardware and software for flight.  The Project will provide all inputs needed to develop procedures for testing, calibrating, servicing, maintaining and handling the Payload.  The Project will also conduct or participate in operations involving the Payload/Carrier interface testing and verification. 

5.6 On-Orbit Stowage 

The Project will work with FCF/CIR to define, request and provide stowage for the on-orbit hardware when not integrated into the CIR working volume.

5.7 Training 

5.7.1 Ground Training

The ACME hardware and software is handled and operated primarily by ACME personnel however, there will be occasion when FCF/CIR and Kennedy Space Center (KSC) ground crews will be required to interface with ACME hardware and software.  Ground training is therefore required and will be performed according to the requirements and schedule delineated by the Carrier and KSC as they become necessary.  It is expected that the ground crews will handle ACME Ground Support Equipment (GSE), Ground Integration Unit (GIU), Crew Trainers, and Flight Hardware and Software.

5.7.2 Flight Training 

The ACME hardware and software will be handled and operated by the flight crews.  All crew-training requirements for procedures, materials and hardware/software, and requirements for instruction will be provided according to the schedule delineated by the Carrier and Crew Office and included in the ACME Utilization Schedule.  It is expected that the crews will handle the crew trainers and flight hardware.  Flight hardware is detailed in Section 4.1.

5.8 Operations and Telepresence 

The on-orbit hardware/software will be operated remotely by the ACME Operations Team at the Glenn Research Center (GRC) Telescience Support Center (TSC).  Upon a timelined commanding window, approved commands will be issued through the Marshall Space Flight Center (MSFC) point of contact for upload to the ISS.  Health and status response from the on-orbit payload will be received in real time.  Data packets with sampled test data will be received every five minutes and evaluated for correctness. 

5.8.1 On-Orbit Crew Handling 

The on-orbit crew will transfer the hardware to on-orbit stowage for deployment at a later time.
The facing page illustrates on-orbit crew handling and operations
Advanced Combustion via Microgravity Experiments (ACME)
Typical On-Orbit Handling, Installation & Operations
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FIGURE 16. On-Orbit Handling, Installation & Operations
5.8.2 Ground Operations 

The ACME Ground Operations consist of all activities required to support integration of ACME into Ground-based systems.  These activities include the Ground Operations Crews handling ACME Ground Support Equipment (GSE), Ground Integration Unit (GIU), Crew Training Simulator, and development and coordination of on-orbit procedures.
The ACME Systems Team coordinates the execution of any procedure or testing required for setup, installation or checkout of the ACME using the Ground Integration Unit, if needed.

5.9 Typical On-Orbit Operation 

In order for ACME experiments to be executed in the CIR, the ACME must first be installed.  This begins with the rack door being opened and the Optics Bench pins being retracted.  When completed, the crew, using the powered screwdriver, will translate the Optics Bench out of the rack and fold the Bench down.

Once the Bench is folded down, the CIR provided or PI specific diagnostics can be installed along with any unique electronics.  Once the equipment is installed, the Optics Bench will be folded up and translated into the rack.

With the Optics Bench in the rack, the crew will open the Chamber and install the ACME CIA.  No tools are required to install the new equipment.  With the PI Specific Hardware installed, the Chamber is closed and new, CIR procured and assembled, gas bottles and exhaust filters (adsorbers) will be installed.

The following section outlines the typical steps involved in operating the on-orbit payload. 

5.9.1 Initialization and Functional Checkout 

Initialization and Checkout activate the experiment hardware and ensure that the system is operating nominally.  This is particularly important after launch and setup.  During this phase, each element of the instrument is exercised and observed for proper operation.

After the CIA is installed in the CIR, experiment operations can begin.

5.9.2 Typical Experiment Flow 

The execution of a test point or set of test points begins with the crew opening the rack door to open the required gas supply manual valves.  The door is then closed and power is enabled at the rack interface.  When the power is enabled and the CIR computer initializes, the ATCU (Air Thermal Control Unit) starts up and the CIR undergoes a self-test.  Required commands can be sent to the CIR from the ground operators or by the crew using the laptop, Station Support Computer.  When the self-test is completed, the Chamber is evacuated and filled with nitrogen to test for leaks.  When the leak check is finished, the nitrogen will be vented and the FOMA will be commanded to fill the chamber with the desired mix of gases.  When the chamber contents meet the required levels, the test point can be run and data downlinked.

After the test is completed the chamber contents will be analyzed and processed in order to vent to space.  While this is taking place, the high-resolution video images will be downlinked for analysis.

The facing page illustrates On-Orbit Con-Ops & Experiment FBD

Advanced Combustion via Microgravity Experiments (ACME)
Typical On-Orbit Con-Ops & Experiment Flow
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FIGURE 17. On-Orbit Con-Ops & Experimentation Flow
5.9.3 Telemetry of Science Data

Telescience provides ground operators and Principal Investigators with the ground facilities and operations capabilities required for training, simulating, and supporting a mission.  The concept of Telescience is a result of NASA’s vision to provide worldwide distributed ISS ground operations that will enable payload developers and scientists to control and monitor their on-board payloads from any location.
The facing page illustrates telemetry of PI science data.FBD

Advanced Combustion via Microgravity Experiments (ACME)
Telescience – Telemetry of Science Data Concept

[image: image23]
FIGURE 18. Telemetry of Science Data FBD
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