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3-25-2008


Date: 3-25-2008
Points of Contact (POC)

Mark D. Poljak, MS 86-15
1.0 Communications/Questions

THIS IS A REQUEST FOR INFORMATION (RFI) ONLY.  THIS IS NOT A NOTICE OF SOLICIATION.  

The government requests information from industry to assist in estimating the cost of designing, constructing and delivering an advanced transmission facility for testing experimental, rotorcraft, variable speed transmissions and secondarily for the testing of lunar rover vehicle drive/transmission systems.  This work is funded by the NASA aeronautics subsonic rotary wing program. 
Phone inquiries on general questions related to the RFI are welcome, but specific technical questions must be submitted either by hard copy or in a digital format by email.  RFI responses are requested no later than COB April 11, 2008.  It is anticipated that a request for proposal (RFP) will be released no later than May 14, 2008.
2.0 Introduction

A significant operational need exists for both civilian and military transportation over a 500 mile range from small airports.   Tilt wing prop-rotor aircraft combine the vertical take-off capability of a helicopter with the higher cruise speed of a fixed wing aircraft, and are well suited to this application.  The aerodynamics of high-speed rotary wing aircraft are benefited by reducing rotor RPM in high speed cruise flight.  Tilt wing rotor aircraft presently use conventional aircraft transmissions with fixed gear ratios and rely on changing turbine engine speed.  Currently, turbine engine speed can be varied about 15%, but for maximum effectiveness a two-to-one speed change is required.  
The development of a continuously variable or a two speed gearbox system for prop-rotor aircraft has been identified by industry and NASA as a critical technology need that would greatly advance the U.S. aeronautics industry.  An advanced transmission testing facility is needed to test experimental variable speed gearbox systems in order to develop this technology.
3.0 Background Information
3.1 Rotorcraft Transmission
It is desired to operate experimental transmissions under conditions that would simulate a realistic aircraft environment.   Generally, a one tenth scale experimental transmission is used to reduce development costs and provide a realistic transmission load that can be extrapolated up to the target horsepower.

For a tilt wing, prop-rotor aircraft, a 5000 hp turbine engine speed is about 15000 rpm max.  This translates to facility requirements of 7500 to 15000 rpm with a constant 500 hp and constant torque from 0 to 7500 rpm.  Additionally, the ability to simulate turbine engine inertia at the transmission input and rotor inertia at the transmission output shaft is desirable.   As the transmission is shifted, simulation of loads caused by prop-rotor pitch changes will be required.   All simulated load profiles and input/output shaft inertias are scaled to the advanced transmission facility horsepower rating.
3.2 Lunar Rover
A secondary requirement for testing low speed rover vehicle transmissions is also desired.  The higher torque and lower speed would be accomplished by the addition of gearbox(s) placed in the power train at a later time, hence, the need for a constant input torque from 0 to 7500 rpm.

3.3 General
An informal survey of available technology was performed over a period of several months.  The use of standard 3600 rpm motors and a speed increaser were investigated in conjunction with conventional dynamometer technologies such as water brake, air turbines, eddy current brake, and the like.  The introduction of additional high speed gearboxes presented their own set of problems and costs.  These components did not appear to offer a system with the desired output load profile controls, response time, and flexibility for research and testing experimental transmission designs.  

While exact budgetary numbers are not available, the cost is expected to be in the range of $450K to $750K.  Although 500 hp is a desired target, systems down to 200 hp are also considered viable, but limiting.  With this background in mind the following system concept description was developed for discussion purposes.

4.0 Advanced Transmission Facility (ATF) System Description (Figure 1)
4.1 Overview
This section gives a description of an anticipated Advanced Transmission Facility (ATF) as envisioned by NASA.  The final definition of such a facility is still under investigation.  This description is meant to stimulate interest from potential vendors as well as help NASA gain insight into what is available from the vendors for the available funding resources.  Throughout this description, numeric references within parentheses are associated with numeric references in Figure 1.  The Advanced Transmission Facility (ATF) will use two electric motors.  Each motor can be used as either a drive or a regenerative load.  The torque-speed time line for each motor is controlled independently to load test transmissions of various gear ratios.  Any regenerative power can be fed back to the drive motor through a high voltage DC power bus.  Any net regenerative power exceeding the required drive power and system losses is dissipated in a load bank.  No power is fed back to the main facility power lines.  The following configuration is based on the assumption that the input motor inertia may be much greater than a turbine engine and the output motor inertia may be less than the rotor inertia that needs to be simulated.  This may change as new information is received.
4.2 Facility Power Management and Control Function
4.2.1 Facility 480 VAC three phase power (1) is supplied to the advanced transmission facility (ATF).  An interrupter (2) provides isolation in case of facility power failure or power interruption and is a last resort emergency shut down in extreme cases of control system failure.
4.2.2 The power management functions of isolation (3), voltage regulation (4), and rectification (5), provide a high voltage (500 to 700 VDC) bus (6) for the motor controllers (8).
4.2.3 A transient load bank (7) dissipates any excess regenerative power and helps to stabilize the high voltage DC bus.

4.2.4 The control loop formed by the four quadrant motor controller (8), the motor (9) and the torque/speed sensor (10) enable full control of the torque and speed time line profiles.  The control loop allows simulation of a range of inertia values.   This range is limited by the physical rotor inertia of the motor, motor horsepower, and the motor/controller overload capability.  For research purposes it is desirable to make this operational envelope as large as possible.
4.3 ATF Test Bed-Basic Aero Configuration 
4.3.1 For now, the test transmission envelope is defined as 2 ft x 2 ft on the ends and 4 ft long.  Test transmission input (12) and output (13) shafts shall initially be assumed to be aligned.  Future experimental transmissions may have parallel shaft center lines with up to 18 inches of offset.  Test transmission flanges may be spaced up to 48 inches apart.  The height of base plate (A) and support blocks is designed to raise the center line of the motors, clutch, and flywheel shafts about 30 inches above base plate (B).  However, the height of base plate (A) should be about 20 inches or low enough to allow clearance for aligning the motor shafts with clutch, flywheel, or gear box assemblies using adjustable height support blocks.  Each base plate (A) is 60 inches long x 30 inches wide to accommodate the motors and additional intermediate assemblies (fly wheels, clutches, gear boxes, torque sensors, etc.) that will be changed to accommodate evolving research objectives.  The plates must be stiff enough to maintain alignment of all components that are mounted on them.  
4.3.2 It is desired that the drive motor (9a), 200 to 500 hp, simulate the inertia of a typical turbine engine (~1.6 lbm-ft^2, referenced at 15,000 rpm).  A one-way, over-running clutch assembly, typically used in rotorcraft aircraft will be used on the drive side assembly.  The clutch prevents back driving the motor. The drive motor (9a) and clutch assembly are mounted and aligned on a base plate (A) using adjustable support blocks (11).  Due to the high operating speed, critical alignment and balancing needs to be considered.  If the motor (9a) inertia is greater than a turbine engine of the same horsepower, simulation of smaller inertia values will require transient overload capacity in the motor and controller.  Some compromise of the simulation operational envelope may be necessary.
4.3.3 The motor (9b) is used as a regenerative brake (200 to 500 hp) to provide a load to the transmission.  It is anticipated that the motor (9b) inertia will be less than a typical rotorcraft/tilt-rotor.  Hence, the addition of the inertial wheel assembly is shown in Figure 1. A range of load inertias, from 10 to 25 lbm-ft^2 (referenced at 15,000 rpm), needs to be simulated.  The integrated inertial wheel-shield assembly and motor (9b) are mounted on a second base plate (A) and aligned with the output drive shaft of the transmission under test.
4.3.4 Interface (11) must facilitate the easy alignment of hardware using adjustable wedge support blocks, side mount adjustment screws and a laser alignment tool.
4.3.5 The large base plate (B) will be purchased and installed by NASA GRC in an existing NASA GRC facility.  Base plate (B) will be 192 inches long x 48 inches wide x 24 inches high.
4.4 Thermal Control
4.4.1 A thermal control system (15) may be required for chilled water, oil, or air to operate the ATF.  The waste heat (16) from this system may be transferred to the lab air environment or through an outside heat exchanger.

4.4.2 Waste heat (17) from the power management and control unit may be transferred to the lab environment or an outside heat exchanger.

4.4.3 The ATF thermal load should not exceed the thermal capacity of the lab air conditioning system, or the cost of additional lab cooling capacity should be evaluated.
4.5 Facility Control
4.5.1 A computer system (21) will be used to control and collect data for the facility.   This may consist of a hardwired/fiber optic local area network with distributed instrumentation blocks, direct analog or digital connections or some combination thereof (18).   This system provides the transmission I/O interface for coordination of transmission shifting with drive/load motor torque-speed transition profiles. The facility control system coordinates the motor controller torque-speed profiles and transmission shift points for a given test operating spectrum.
4.5.2 The operator interface (22) offers a simple means of entering coordinated motor controller torque-speed profiles and transmission shift points for various operating spectrum.  The use of an Excel spread sheet and a graphical interface are two possible methods for inputting data.  One or more monitors, keyboard, and mouse may be used for this interface.  The interface may also include a control panel of switches, rheostats, panel meters, scopes, etc. for setting and monitoring other parameters.
4.5.3 For personnel safety the operator interface will be located outside of the test cell.  The distance of wire runs is expected to be about 50 to 100 ft from the ATF base plate assemblies.  No personnel will be located within the test cell while the ATF is in operation.
4.6 Test Article Instrumentation
This instrumentation collects test article (19) data that can be used for general analysis of the transmission under test.  For example oil pressure, oil temperature, coolant flow, etc.  This data is not essential for the safe operation of the facility but may be desired for long duration endurance tests in future research.
4.7 Facility Instrumentation

This instrumentation collects facility (20) data that can be used for general health monitoring of the facility.  For example coolant pressure, lubrication temperature, coolant flow, cabinet air temperature, etc.  This data can be used for health monitoring, maintenance, and diagnostics of the facility equipment.  This data is not essential for the safe operation of the facility but may be desired for routine facility maintenance.

4.8 Emergency Shut Down

4.8.1 It is required that the ATF have a dedicated permissive/shutdown portion of the control system.  This subsystem will record various parameters from the facility (such as speed, torque, temperature, vibration, etc.) and either warns the operator or shuts down the facility based on a parameter exceeding a predefined limit.  It is under investigation as to whether this permissive/shutdown portion is part of the facility control (21) or external to the control.  If part of the facility control (21), the facility control shall be required to also accept external inputs (22) from the user (i.e., parameters such as test transmission vibration or temperature that are not part of the typical facility parameters).  If the permissive/shutdown portion is external to the facility control (21), the facility control shall be required to export various facility parameters chosen by the user to the external system.

4.8.3 Operator initiated emergency shut down (23) gracefully spins down rotating components and cuts off power to the motors.  Excess regenerative power is dissipated in the transient load bank.
4.8.4 Facility power interruption shall cause the main contactors (2) to open and initiate a graceful shut down of all hardware, electrical, and electronic systems.  All computer and control systems shall save experimental and facility data and shut down software operating systems without damaging the facility software integrity or any hardware.
4.9 Data Item Description (24)
4.9.1 Manuals for operators shall explain the graphical user interface, operational procedure, recommended operating set points, limits of operations, warnings, software installation procedures, system backup procedures, etc.
4.9.2 Manuals for maintenance personnel shall have schematics, piping diagrams, recommended bolt torques, interlock logic diagrams, diagnostic trees, etc.

4.9.3 Documentation shall have equipment suppliers for replacement parts, parts specification, design intent descriptions, specifications for custom parts or assemblies, etc. 

4.9.4 Any drawings produced during the building of the facility hardware and fabrication shall be delivered with the hardware.
4.9.5 Any CAD models that were produced in the course of designing and building the facility hardware shall be delivered with the hardware.
4.9.6 Software description and source code, operating system, and application disks and manuals shall be delivered with the hardware.
4.10 ATF Environment
4.10.1 The ATF will be located in an existing test cell within the Engine Research Building (ERB).  Base plate (B) is provided by NASA GRC.  Base plate (B) will be 16 ft. long x 4 ft. wide x 2 ft. high.  It will be mounted on a floor plate support by a concrete foundation (14).
4.10.2 An existing electric breaker panel is available and is wired to provide 480 VAC.  
4.10.3 Access doorways may be changed to accommodate installation of the ATF.
4.10.4 Air conditioning cooling and chilled water are available.
4.10.5 A basement area with indirect access is available for locating some portions of the ATF system.
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Figure 1 Advanced Transmission Facility (ATF) System Description

5.0 ATF Configurations (Figure 2)

5.1 Overview
Throughout the ATF research life cycle it is anticipated that a wide range of transmission types and experiments will have to be accommodated.  While all potential tests are not known, the ATF initial design must accommodate at least three different configurations depending on the test to be performed.  Figure 2 shows these three fundamental configurations.  In all configurations four quadrant motor controls are required to simulate different inertias and torque/speed-timeline profiles.
5.2 Basic Configuration
The basic configuration is used for verification testing of all components and systems identified in Figure 1.  This includes the facility power management and control, motors, base plate interfaces, thermal control systems, facility control, operator interface, emergency shut down modes, training, manuals, and all documentation.  The verification test shaft couples the two motors together to test the overall system functions and performance over the entire envelope of motor torque, speed, and acceleration.  For example, closed loop regenerative controls, rapid regenerative braking of both motors to test high voltage power bus stability and the transient load bank performance are typical verification tests.  The ease of mounting shaft alignment tools and aligning the motor and test shaft will be evaluated.  This configuration is the as-delivered state for the initial procurement phase of the ATF.  Either motor may perform as a drive or regenerative brake.
5.3 Aero Configuration
For the aero configuration other hardware (i.e. clutch, inertial wheel, instrumentation torque/speed sensors, etc.) will be added as required for testing experimental prop-rotor transmissions with variable gear ratios.   This additional hardware will be supplied by the government.  In this case one base plate motor assembly will be used to simulate a gas turbine engine on the input shaft of the transmission under test.  The other base plate motor assembly will be used to simulate the prop-rotor load, inertia, and pitch change loads on the output shaft of the transmission under test.  Testing variable gear ratio rotor wing transmissions is the primary objective of this facility.
5.4 Rover Configuration
The rover configuration adds two gear boxes to increase the motor torque at least ten times.  The rover differential drive unit is about 10 to 20 hp.  In this configuration the ATF motors both perform as regenerative brakes with a simulated inertia of a moving vehicle.  Low speed, high-torque, sensors are added.  While this is not the primary mission of the AFT it is considered a desirable secondary goal that adds value and operational flexibility.

[image: image2.emf]
Figure 2 Advanced Transmission Facility (ATF) Configurations

6.0 Proposed Test Operating Spectrums Scaled for 200 hp
6.1 Overview
Presented in this section are six proposed test spectrums depicting various transmission speed shifting scenarios scaled for 200 hp.  It is assumed that the system is at some steady state condition, before shifting occurs, then the system is run at some steady state final condition.  The steady state requirements for the motors are given in Table I.  It should be noted that proposed tests in this facility are not targeted for a specific application at this time.  Exact shift profiles have not been defined, are unique to specific aircraft/system configurations, and involve a complete aircraft system evaluation in their definition.  Thus, the scenarios presented here are estimates of what may be required in the future.  The goal is to determine their effect in the definition of the test facility motor requirements, as well as gain insight into what is feasible and affordable.

	Table I.  Steady state motor requirements.

	

	Motor, drive
	
	

	Speed, rpm
	15,000
	

	Torque, lb-ft
	70
	

	Power, hp
	200
	

	
	
	

	Motor, power absorber
	High speed
	Low speed

	Speed, rpm
	15,000
	7,500

	Torque, lb-ft
	70
	140

	Power, hp
	200
	200

	
	
	


The following curves are not based on any current aircraft system requirement, but just on the simple torque-inertia relationship:
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Where:

T = acceleration torque (lb-ft)

I = inertia of the load (in-lb-s2)

(N = speed change (rpm)

t = transient shift time (sec)

Example:

Defining I = 6 in-lb-s2 (typical inertia of a rotor in the 200-hp class, scaled to 15,000 rpm), (N = 7,500 rpm, and t = 5 seconds gives an acceleration torque of about 78 ft-lb.
6.2 Constant Power Shift
Figures 3 and 4 present a shifting scenario for reducing the rotor speed and increasing the rotor speed under constant power conditions.  In Fig. 3, the rotor speed is reduced by a factor of two from 15,000 to 7,500 rpm, while the rotor torque is increased by a factor of two (70 to 140 lb-ft) to maintain constant power.  The shift period is defined as 5 seconds.  
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6.3 Constant Torque Shift
Figures 5 and 6 are similar to the previous scenarios except the shifting is performed under constant rotor torque conditions.  Again, the same 5 sec speed shift interval is selected.  
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6.4 Reduced Torque Shift
Figures 7 and 8 give scenarios where the shifting is done at significant reduced torque conditions.  These conditions would occur where transmission designs would prohibit shifting under load, such as when clutch wear is significant.  The reduced torque conditions are arbitrarily defined at 5 to 10 lb-ft torque load.
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7.0 Request for information
7.1 Overview
The following prioritized list may be used as a guide in responding to this RFI.  NASA GRC would appreciate any information pertaining to some or all of these areas.  The vendor should limit their written response to about 20 single sided pages.  In addition, existing published company documents or papers pertinent to these areas may be included.   Respondent should give consideration to a balanced focused presentation rather than shear quantity of data.
7.2 Feasibility of Technical Requirements
7.2.1 Please provide feedback/responses on the ability to meet the requirements of the ATF as outlined in this request for information.
7.2.2 Vendor feedback will enable NASA GRC and the vendor to evaluate how many potential changes would have to be made to the ATF requirements to meet the research goals and objectives within the given constraints.
7.3 Delivery Requirements

7.3.1 NASA GRC would like the delivery of the basic advanced transmission facility within about 30 weeks after award of a contract or by December 31, 2008.  Consideration will be given to extending the delivery date about 6 months, if cost can be contained within reasonable limits and a significant gain in the ATF performance acquired.

7.3.2 Delivery should include the lead time to conduct an acceptance and verification test on the ATF system.

7.3.3 NASA GRC requests vendor feedback on feasibility of meeting delivery requirements.
7.4 Pricing Estimates

7.4.1 Provide to NASA GRC a rough order of magnitude (ROM) price for the ATF.
7.4.2 All prices should include conducting an acceptance and verification test on the ATF, shipping costs, and any special tooling required to service/operate the ATF.
7.4.3 If time permits during the RFI process, NASA GRC would like the vendor to supply the cost estimate of different ATF horsepower ratings and overload capabilities.
7.5 Additional Information requested as part of the RFI

7.5.1 The vendor should supply examples and references of closed loop, two motor dynamometer transmission test facilities, within the range of 200 to 1000 hp that they have designed, built, and delivered.
7.5.2 The vendor should supply examples and references of their experience delivering high speed motor systems operating at about 15000 rpm at 200 to 1000 hp.
7.5.3 NASA GRC would like vendor to supply general pros and cons of the competing technologies that could be used to meet the ATF requirements. This will be used to weigh the possible higher cost and associated benefits of alternate systems.
7.5.4 NASA GRC would like vendor to supply a development concept based on their experience/expertise.  Discuss any partnerships, suppliers, and commercial off the shelf hardware/software systems that are needed to provide a turn-key ATF.
7.5.5 Address any safety issues, concerns, and standards that should be applied.   Provide recommendations on how to manage these in the ATF design.  This includes noise mitigation, waste products disposal, oils or chemical emission from the ATF, rotating machinery shields, electrical isolation and the like.  
7.5.6 Training is dependent on the facility design.  NASA GRC would like vendor to supply what training would be required for the ATF.
7.5.7 NASA GRC would like vendor to supply a maintenance concept for the ATF including special tools, equipment calibration procedures, human factors for maintenance access, commercial off the shelf replacement parts, suppliers for custom replacement parts, routine maintenance schedule, etc.
7.5.8 Vendor should list any critical issues, technologies, unknowns, and concerns.
5 sec shift





5 sec shift





b) Transient torque profile.





a) Transient speed profile.
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Figure 7. Scenario 5, reduce rotor
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Figure 4. Scenario 2, increase rotor 


speed for constant power.
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Figure 3. Scenario 1, reduce rotor


speed for constant power.
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Figure 5. Scenario 3, reduce rotor
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Figure 6. Scenario 4, increase rotor 


speed for constant torque.
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