Advanced Transmission Test Stand (ATTS) Statement-Of-Work


1.0  Introduction.
1.1  Overview.

The development of a variable or a two speed gearbox system for rotorcraft aircraft has been identified by industry and NASA as a critical technology need that would greatly advance the U.S. aeronautics industry.  The NASA Glenn Research Center (GRC) has requirements for an advanced transmission testing facility to test experimental variable speed gearbox systems in order to develop this technology.  This procurement is for the design, fabrication, assembly, check-out, and delivery of an Advanced Transmission Test Stand (ATTS).
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 ATTS initial design must accommodate at least three different configurations depending on the test to be performed.  Figure 1 shows these three fundamental configurations.  In all configurations four quadrant motor controls are required to simulate different inertias and torque/speed-timeline profiles.

1.2  Basic Configuration.

The basic configuration consists of two electric motors connected with a shaft, two base plates, and all controls and subsystems associated with the motors.  The basic configuration is the as-delivered state for this procurement of the ATTS.  The basic configuration shall be used for verification testing of the two motors and related components identified in this procurement.  This includes 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.  Either motor may perform as a drive or regenerative brake.
1.3  Aero Configuration.

The aero configuration shall consists of a variable-speed test transmission used in a rotorcraft application.  In this case, one base plate / motor assembly shall be used to simulate a gas turbine engine on the input shaft of the transmission under test.  The other base plate / motor assembly shall be used to simulate the rotor load, inertia, and pitch change loads on the output shaft of the transmission under test.  For the aero configuration, the additional components beyond the basic configuration (the variable-speed test transmission, clutch, inertial wheel, instrumentation torque/speed sensors, etc.) will be added by the government in the future and are not part of this procurement.
1.4  Rover Configuration.

The rover configuration shall consist of a NASA rover vehicle drive system used in space applications.  This drive system has its own electric drive motor, a variable speed gearbox, and a differential gearbox with two outputs.  In this configuration, the ATTS motors both perform as regenerative brakes with a simulated inertia of a moving vehicle.  The rover configuration adds two gear boxes to increase the motor torque at least ten times.  Low speed, high-torque, sensors are added.  The rover differential drive unit is about 10 to 20 hp.  For the rover configuration, the additional components beyond the basic configuration (rover drive system, gearboxes, and sensors) will be added by the government in the future and are not part of this procurement.
2.0  Task 1 - Preliminary Design.

2.1  Overview.

The Contractor shall perform the necessary preliminary design of an Advanced Transmission Test Stand (ATTS).  The design shall be for the basic configuration as described in Section 1.2.  The ATTS shall have the capability of testing a variable-speed transmission for a rotorcraft application (aero configuration, Section 1.3) as well as the capability of testing a rover drive system (rover configuration, Section 1.4).  A detailed conceptual description of the ATTS configuration is shown in Figure 2.  Specific deliverables of this procurement are stated in Table I.  Steady state operating requirements of the systems are given in Table II.  Transient operating requirements are given in Section 2.2 (Figures 3 through 8).  Additional requirements are given in Sections 2.3 through 2.8.

The ATTS shall use two identical electric motors and controllers.  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 shall be dissipated in a load bank.  No power shall be fed back to the main facility power lines.
2.2  Transient Operating Requirements.

2.2.1  Overview.  The ATTS shall be designed for, as a minimum, the six transient test spectrums depicting various transmission speed shifting scenarios as defined in this section.  It is assumed that the system is at some steady state condition, shifting occurs, and then the system is run at some steady state final condition.  The six scenarios presented are for future use in the aero configuration of Section 1.3.
2.2.2  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 Figure 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.  

2.2.3  Constant Torque Shift.  Figures 5 and 6 are similar to the scenarios of sections 2.2.2 except the shifting is performed under constant rotor torque conditions.  Again, the same 5 sec speed shift interval is selected.  

2.2.4  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.

Note, the 5-sec shift time proposed in Figures 3 through 8 is, at this point, somewhat arbitrary.  If this constraint poses a critical problem for motor selection, the Contract may adjust the shift time.  The Contractor shall explain the difference in his statement-of-work, along with strong justification.  This information will then be used in the evaluation of the proposal.

2.3  Facility Power Management and Control Function.

For Sections 2.3 though 2.8, the numbers in parenthesis refer to items in Figure 2 and Table I.

The Contractor shall design the ATTS for use with 480 VAC three phase supply power (1).  The contractor shall specify the current required for operation of the ATTS.  An interrupter (2) shall provide 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.  The power management functions of isolation (3), voltage regulation (4), and rectification (5), shall provide a high voltage (about 500 to 700 VDC) bus (6) for the three phase induction motor controllers (8).  A transient load bank (7) shall dissipate any excess regenerative power and help to stabilize the high voltage DC bus.  The control loop formed by the four quadrant motor controller (8), the induction motor (9) and the torque/speed sensor (10) shall enable full control of the torque and speed time line profiles.  The control loop shall allow 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.

2.4  ATTS Test Bed.

Reference to Figure 2, the ATTS shall be installed on the large base plate ‘B’ (15).  The base plate ‘B’ is not part of this procurement.  It will be purchased and installed by NASA GRC in an existing NASA GRC facility.  Base plate ‘B’ (15) will be 192 inches long x 48 inches wide x 24 inches high.

The Contractor shall furnish the two base plates ‘A’ (14) for installation of the motors (9) and future clutch and flywheel assemblies.  Each base plate ‘A’ (14) shall be 60 inches long x 30 inches wide to accommodate the motors and future assemblies (fly wheels, clutches, gear boxes, torque sensors, etc.) that will be changed to accommodate evolving research objectives.  The plates shall be stiff enough to maintain alignment of all components that are mounted on them.  The three phase induction motors (9) shall be mounted and aligned on the base plates ‘A’ (14) using adjustable support blocks (11), such as wedge support blocks for height and side mount adjustment screws to facilitate alignment of the hardware.  The height of base plate ‘A’ (14) and support blocks shall be designed to raise the center line of the motors, clutch, and flywheel shafts at least 30 inches above base plate ‘B’ (15).

Reference to Figure 2, the current test transmission envelope as defined by the Government is 48 inches long x 30 inches wide.  Test transmission input (12) and output (13) shafts will initially be co-axial and 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 test transmission and the test transmission input (12) and output (13) shafts are not part of this procurement.  However, the Contract shall provide a spacer shaft to connect the two motors for the checkout of the basic configuration.  The spacer shaft shall be 48 inches in length and sized for capacity of 15,000 rpm speed, and 140 lb-ft torque steady state and to safely handle any transient torque overload capabilities for the test stand.
2.5  Motors.

For the aero configuration, one motor (9a) shall be used to simulate a gas turbine engine on the input shaft of the transmission under test.  The other motor (9b) shall be used to simulate the rotor load, inertia, and pitch change loads on the output shaft of the transmission under test.  The steady state motor requirements are given in Table II.  The motors shall be capable of operating in the conditions described in Section 2.2 (Transient Operating Requirements).  It is desired to use off-the-shelf, commercially available motors if possible.  Extensive motor development is not the intent of this procurement.

It is desired that the drive motor (9a) simulate the inertia of a typical turbine engine (~1.6 lbm-ft2, referenced at 15,000 rpm).  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.  A one-way, over-running clutch assembly, typically used in rotorcraft aircraft, will probably be used on the drive side assembly.  The clutch will prevent back driving the motor.  Note the clutch assembly is not part of this procurement.
The motor (9b) shall be used as a regenerative brake 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 2.  Load inertias from 10 to 25 lbm-ft2 (referenced at 15,000 rpm) need to be simulated.  The integrated inertial wheel-shield assembly and motor (9b) are mounted on a second base plate ‘A’ (14) and aligned with the output drive shaft of the transmission under test.  Note the inertia wheel assembly is not part of this procurement.
2.6  Thermal Control.

The Contractor shall determine the thermal requirements for the motors, power management, and controls, and provide any necessary cooling systems (16).  The waste heat from this system (17) and the waste heat from the facility power management and control system (18) shall be transferred through a heat exchanger to either cooling tower water (preferred) or a chilled water system.  Both cooling tower water and/or a chilled water supply can be provided by the Government in the facility.  The nominal cooling tower water conditions are 80 deg F water inlet temperature at 40 psig pressure.  The nominal chilled water conditions are 55 deg F water inlet temperature at 40 psig pressure.
The Contractor shall provide appropriate documentation for all pressurized systems.  The documentation is needed internally within NASA to acquire a safety permit to operate the facility.  The documentation shall include a schematic drawing of the system and all component data sheets, including component description, manufacturer, model, size, working pressures, material, and pressure and temperature ratings.  All relief valves and flexible hoses shall be certified and appropriate documentation shall be provided to the Government.  The pressurized system shall be comprised of all commercially available off-the-shelf components.  No customized welded fittings are allowed.
2.7  Facility Control.

The Contractor shall design a facility control system (19) to control and collect data.  This may consist of a hardwired/fiber optic local area network with distributed instrumentation blocks, direct analog or digital connections, or some combination thereof.   This system provides the user 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.  The operator interface (20) 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, printer, 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.

For personnel safety the operator interface shall be located outside of the test cell.  The distance of wire runs is expected to be about 50 to 100 ft from the ATTS base plate assemblies.  No personnel will be located within the test cell while the ATTS is in operation.

2.8  Emergency Shut Down.

The ATTS shall have a dedicated permissive/shutdown portion of the control system.  This subsystem shall record various parameters from the facility (such as speed, torque, temperature, vibration, etc.) and shall either warn the operator or shut 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 (19) or external to the control.  If part of the facility control (19), the facility control shall be required to also accept external inputs (20) 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 (19), the facility control shall be required to export various facility parameters chosen by the user to the external system.

Operator initiated safe emergency shut down (21) shall spin down rotating components and cut off power to the motors without causing any additional safety or environmental hazards, hardware damage, software failures, or loss of data.  Excess regenerative power shall be dissipated in the transient load bank.  Facility power interruption shall cause the main contactors (2) to open and initiate a safe emergency shut down of all hardware, electrical, and electronic systems.  All computer and control systems shall save experimental, diagnostic, and facility data and shut down software operating systems without damaging the facility software integrity or any hardware.

2.9  Results.

The results of the preliminary design of Task 1 shall be presented to the Government Project Manager for an approval at an informal review to be held at the Contractor's facility prior to initiating the final design effort of Task 2.  The informal review shall include all pertinent data obtained during the preliminary design study, layout drawings of the ATTS, component specification sheets, facility control description, proposed data monitoring, and all necessary instrument specification sheets to substantiate the Contractor's selection.

3.0  Task 2 - Final Design.

After approval of the preliminary design by the Government Project Manager at the end of Task 1, the Contractor shall proceed with the final design, in detail, of all components of the ATTS.  The results of the final design of Task 2 shall be presented to the Government Project Manager for an approval at an Oral Review to be held at the Contractor's facility.  The Oral Review shall cover all the effort conducted in Tasks 1 and 2, including all pertinent data obtained during the preliminary design study, layout drawings of the ATTS, component specification sheets, facility control description, proposed data monitoring, and all necessary instrument specification sheets to substantiate the Contractor's selection.  Thirty days following the Oral Review, the Contractor shall summarize the results, including drawings, in a detailed design report.

4.0  Task 3 - Fabrication and Assembly.

Following the Oral Review of Task 2, the Contractor shall initiate the fabrication, procurement(s), and assembly of the ATTS designed in Task 2.  During the fabrication phase, the Contractor shall also develop a test plan for the check-out/calibration of the ATTS.  The check-out/calibration tests shall be designed to verify the working operation of all ATTS components for the basic configuration of Section 1.2, and demonstrate the integrity of the ATTS run under operating conditions given in Task 1.  The Contractor shall present the test plan to the Government Project Manager for approval.  After approval, the Contractor shall complete all preparation required to perform the check-out/calibration test per the approved test plan.

5.0  Task 4 - Check-Out/Calibration/Delivery.

The Contractor shall perform the check-out/calibration test per the approved test plan of Task 3.  Upon completion of all preliminary testing and 15 days prior to final testing, the Contractor shall inform the Government Project Manager so that he can witness the final testing.  Upon successful completion of the final test, the Contractor shall deliver the ATTS to the Government for final acceptance.

6.0  Task 5 - Support.

Upon delivery of the ATTS, the Contractor shall provide support troubleshooting installation issues.  The Contractor shall provide appropriate documentation supporting the installation of the ATTS, including but not limited to mechanical drawings of the ATTS, solid CAD models used in the design of the ATTS (if available), installation drawings, and electrical drawings with installation and interface interlock logic diagrams.

The Contractor shall provide training to the Government for operation of the ATTS.  The training shall include all aspects required for the operation, control, and fine-tuning of the motors and controllers for both drive and load applications.  The Contract shall provide manuals for operators, including but not limited to graphical user interface usage, operational procedures, recommended operating set points, limits of operations, warnings, software installation procedures, and system backup procedures.

The Contractor shall supply a recommended maintenance plan for the ATTS, including but not limited to special tools, equipment calibration procedures, and human factors for maintenance access, commercial off the shelf replacement parts, suppliers for custom replacement parts, routine maintenance schedule, recommended bolt torques, and diagnostic trees.

	Table I.  ATTS Deliverables.

	
	
	

	Item*
	Description
	Qty Req'd

	2
	Interrupter
	1

	3
	Isolation
	1

	4
	Voltage regulation
	1

	5
	Rectification
	1

	6
	High voltage bus
	1

	7
	Transient load bank
	1

	8
	Motor controller
	2

	9
	Motor
	2

	10
	Torque/speed sensor
	2

	11
	Adjustable support blocks
	2

	n/a
	Motor connection shaft
	1

	14
	Base plate ‘A’
	2

	16
	Cooling system
	1

	19
	Facility control system
	1

	20
	Operator interface
	1

	21
	Emergency shut down
	1

	
	
	

	* Refer to Figure 2 for items.


	Table II.  Steady state motor requirements.

	

	Motor, drive (Item 9a*)
	
	

	Speed, rpm
	15,000
	

	Torque, lb-ft
	70
	

	Power, hp
	200
	

	
	
	

	Motor, power absorber (Item 9b*)
	High speed
	Low speed

	Speed, rpm
	15,000
	7,500

	Torque, lb-ft
	70
	140

	Power, hp
	200
	200

	
	
	

	* Refer to Figure 2 for items.
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Figure 1.  Advanced Transmission Test Stand (ATTS) configurations.
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Figure 2.  Advanced Transmission Test Stand (ATTS) system description.
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b) Transient torque profile.





a) Transient speed profile.





Figure 8. Scenario 6, increase rotor


speed at low torque.
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b) Transient torque profile.





a) Transient speed profile.





Figure 7. Scenario 5, reduce rotor


speed at low torque.
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b) Transient torque profile.





a) Transient speed profile.





Figure 4. Scenario 2, increase rotor 


speed for constant power.
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b) Transient torque profile.





a) Transient speed profile.





Figure 3. Scenario 1, reduce rotor


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


speed for constant torque.








a) Transient speed profile.








b) Transient torque profile.
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Figure 6. Scenario 4, increase rotor 


speed for constant torque.
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