STATEMENT OF WORK

NASA  LANGLEY  RESEARCH  CENTER

DESIGN,  DEVELOPMENT,  DOCUMENTATION  &  FABRICATION

OF  ROTORCRAFT  CONTROL  SYSTEM

1.0  INTRODUCTION

 The NASA Langley research Center (LaRC) has been engaged in rotorcraft wind-tunnel testing for a number of years. Rotorcraft wind-tunnel testing involves operating scale-model rotors under hover and forward-flight conditions.  Rotating rotor blades experience flapping with respect to the rotor shaft with fundamental modes occurring once per revolution. Control of rotorcraft models requires monitoring and actuation of pitch control for the rotor blades. This is necessary both to set test conditions and for safety-of-flight.  Setting a rotorcraft flight condition requires the ability to establish accurate once per revolution pitch control with electro-mechanical actuators operating on the rotor system swash plate.   Accurate and timely display of the rotor conditions to an operator is necessary for the safe and efficient operation of the model during a test.  Currently, the NASA Langley 14X22 wind-tunnel two-meter rotor test stand (2MRTS) system uses an electro-mechanical actuator system which is controlled using a UNIX based software system implemented with the C computer language.  Both the software and hardware elements of this system are at the end of their useful life.  The purpose of this effort is to acquire a modern control system with sustainable hardware and software.


1.1  SCOPE

This Solicitation describes the process by which the contractor-Government team shall design, develop, fabricate and document a rotor control system for the NASA Langley 14X22 wind-tunnel two-meter rotor test stand (2MRTS).  

1.2 GENERAL  DESCRIPTION

The contractor shall design, develop, document and fabricate the hardware and software for a rotor control system for the 2MRTS test stand.  The flight control system shall be capable of taking collective and cyclic control inputs from an operator control console and transforming them into a set of control signals to individual actuators on the rotor system.  The system shall also be capable of providing the operator with cues, which will allow him to direct the control system to a desired state of rotor flapping with respect to the rotor shaft.  

The work required is divided into two phases, Phase I and Phase II.  Phase I shall be conducted during the base period of the purchase order.  Line item 1001 applies to Phase I.  Phase II shall be conducted during the option period of the purchase order.  Line item 2001 applies to Phase II. Phase II shall be executed at the Government's option based upon performance during Phase I and availability of funds

Phase I
The contractor shall review an existing draft SOW for the system and propose improvements and/or modifications if necessary. After the improvements are reviewed and agreed to by the Government the contractor shall design, document and fabricate the system hardware based on the requirements of the agreed to SOW.
 

Phase II

The contractor shall design, document and implement the control system software and conduct a full integration of the system.

Section 3.0 below outlines general requirements of the system to be used as a guide in developing a response to this solicitation. Final details of the system design shall be decided after the review process described in Phase I.
2.0 INFORMATION PROVIDED

Included with this statement of work are the following documents provided for reference:

1. Original control system documentation:

i. Hardware Technical Description For The Rotor Control System

ii. Software Top Level Design For The 2-Meter Rotor Test System

iii. Software Detailed Design For The 2-Meter Rotor Test System

iv. Maxon Motors catalog spec sheet for actuator motors.

2. Pre-design study conducted by in-house contractor:

i. Study Report for the 14X22-Foot Subsonic Tunnel Rotor Control System Replacement

3. Supporting Documents:

i. Draft Statement of Work for Control System

ii. Draft Software Maintenance Plan

iii. Rotorcraft Control System Test Procedures.

4. Description of the U.S. Army Small-Scale 2-Meter Rotor Test System NASA TM 87762

5. NASA Software procedures:

i. Software Planning, Development, Acquisition, Maintenance, and Operations, LMS-CP-5528

ii. Software Configuration Management Planning for Low-, High-, and Critical-Control  Software, LMS-CP-5529

3.0 GENERAL DISCUSSION OF REQUIREMENTS

An operator console is required for operation of the rotorcraft model.  The console should centralize control and monitoring of the parameters critical to establishing a particular flight condition for the current two-meter rotor test stand (2MRTS).  The console should contain the following;

1. 
Operator input controllers by keyboard-mouse and joystick; collective pitch, cyclic pitch (lateral and longitudinal), and an auxiliary control (tail rotor, yaw control or other optional control).

2.  
Display of the above control settings by 21-inch (at least) CRT display.

3.  Actuator status monitoring display; percent actuation stroke, limit indication, fault indication.  (Three primary swash plate actuators, one auxiliary optional actuator)

4.  Manual control mode for direct control of cyclic and collective below the control system software level, at the model interface unit level; Override, direct control of individual actuators if needed.

5.  Display of blade first harmonic flapping motion.

6.  A bi-directional ethernet interface which allows the wind tunnel data system computer to interrogate the console for control positions, control system status, and faults.  The bi-directional interface needs to allow up to four parameters to be passed from the wind-tunnel data system to the control console, to be displayed as simple digital readings.  Examples of  desired parameters are rotor CL and shaft angle.

The flight control system must be capable of taking collective and cyclic control inputs from the control console and transforming them into a set of control signals to the individual actuators. The system shall also be capable of providing the operator with cues which will allow him to direct the control system to a desired state of  rotor flapping with respect to the rotor shaft.  The flight control system needs to warn the operator if the control positions are not being passed to the wind tunnel data system. 

Another requirement for the control system is the identification and alleviation of control system faults.  If an actuator fails to drive or fails to stop driving or drives in the wrong direction, the results could be serious.  Means of detecting these types of faults must be reliable.  Prevention of overdrive must be automatic, and a "Fail Safe" mode is required.  

Operator station.  

At this station the operator has control of the rotor controls.  Primary control inputs are:  collective blade pitch, longitudinal blade cyclic pitch, lateral blade cyclic pitch, and optionally auxiliary control (tail rotor collective pitch or other auxiliary control function).  Secondary control inputs are direct actuation of the swash plate actuators.  At the operator station several displays are required: 

1. A flight director showing graphically the rotor system orientation, an actuator display showing the positions of each of the actuators, 

2. A display of the harmonic components for rotor flapping and optionally other rotor parameters.  

3. A graphical user interface (GUI) based on LabVIEW RT (Real Time) or equivalent software running under Windows NT 4.0 or equivalently stable operating system.  

Actuator servo controllers.  

Each actuator servo system will be served by an independent servo controller.  This controller will monitor the position of the actuator, test for travel limits, control the speed of the actuator travel, and provide the drive signals to the actuator motor.  This controller will maintain actuator position for varying load conditions.  

Actuators.  

Each actuator will consist of a drive motor, position feedback encoder and gear head.  In addition to the internally installed position encoder, there is also an externally mounted liner variable differential transducer (LVDT) position sensor.  The actual extension, drive force, and drive rate will depend on the specifics of the helicopter model.  

Harmonic Resolver.  

This harmonic resolver will take an analog signal from a hall effect sensor and a once per revolution pulse from the rotor system and determine the steady value (mean) and the two first harmonic components (sine and cosine of azimuth).  

Control display and monitoring processor.  

A processor system will be required to:

1. Read the inputs from the operator.

2. Determine the positions required for each actuator.

3. Send setpoint information to each servo controller.

4. Interrogate each servo processor for fault conditions.

5. Communicate with host computer.  Data from control state and status will be sent up and requirements for new state will be read.  Additional cueing data for the system operator may be passed to the computer for display.     

6. Display a flight director consisting of vertical tape displays of Longitudinal Cyclic, Collective, and Longitudinal Flapping data.  Lateral Cyclic and Lateral Flapping needs to be depicted on horizontal tape displays.  In addition to the tape displays, an x-y display of Longitudinal & Lateral Flapping, and Longitudinal & Lateral Cyclic needs to be available.  Each type of display (tape or x-y plot) needs to be put on the screen alone or both display types together on one screen.

Displays.  

The flight director and monitor displays should be integrated into a flight control station for the system operator.

Fail Safe, Fail Gracefully Features.  

Where appropriate, measures should be taken to insure fail safe and graceful failure modes while in operation, such as:

1. Optically isolated computer ports where noise and stray pulses may cause computer upset.

2. Watch-dog software latch so that a Windows operating system crash can not lock out the manual control mode.  An alarm should also be given on a Windows crash.

3. Actuator limit indicators that are active at all times, using the LVDT sensors.  

4. Provision for separate, independent display of flapping on O-scope.

Reference one details the design of the current control system hardware and their interface specifications.

4.0 Statement of Work

Phase I

1. The contractor shall review the provided draft SOW (ref 3(i)) for the system and propose improvements and\or corrections to this document.

2. The contractor and Government  shall conduct a preliminary design review (PDR)within 30 days of the start of work to finalize details of a detailed statement of work for hardware design. 

3. Upon Government approval of the detailed hardware design, the contractor shall acquire parts, assemble, document   and deliver the control system hardware within the time frame agreed to at the PDR (~ 6 months).

4. The contractor shall prepare a proposal for the second phase of the project to include the development, documentation and implementation of all requisite control system software.  The proposal shall also include a systems integration plan, which will include both a software and hardware verification plan. The contractor should note that the software for this system has been deemed "High Control" under the LaRC Software Configuration Management Plan.

Phase II

1. A Statement of Work for Phase II shall be incorporated into the purchase order when the first option is exercised.

5.0 Key Personnel

The following positions are considered Key Personnel:

1. Project Manager

2. Senior Software Designer

The contractor shall not, except for extreme circumstances, be permitted to substitute Key Personnel within the first 120 days of performance.  Thereafter, substitutions shall be approved by the Contracting Officer.  Proposed substitutions for Key Personnel shall have, at least, the same level of qualifications and experience as the incumbent (i.e. if the incumbent has 6 years of experience with control system software, the proposed substitutes shall also have 6 years of experience with control system software instead of the mandated minimum of 5 years).

6.0  DELIVERABLE  ITEMS

Phase I

1. SOW review document to be presented at the PDR

2. A completely assembled control system console.

3. All requisite hardware documentation for the control system.

4. A proposal for phase 2 of the effort to include a systems integration and verification plan

Phase II

1. A list complete list of deliverables of shall be incorporated into the purchase order when the first option is exercised.  

7.0  PLACE  OF  DELIVERY

The contractor shall ship all deliverable hardware items to the following address:

NASA-Langley Research Center

Building 1212, Rotor Test Cell

Attention:  Henry E. Jones

Hampton, VA  23681-0286

Documentation requirements shall be forwarded to:

NASA-Langley Research Center

MS 286

Attention: Henry E. Jones

Hampton, VA 23681-0286

8.0 GOVERNMENT FURNISHED ITEMS
In addition to the items listed in section 2.0 of this SOW, the Government is prepared to offer an all-metal cabinet to house the operator console hardware in, if it is compatible with the contractor's hardware.  
