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1.0 Introduction

1.1 Purpose

This Requirements Document is a supporting document to the Acoustics Research Laboratory Quiet Flow Facility Microphone Array Positioning System Project for Bldg. 1208 Project Management Plan.

1.2 Scope

The purpose of this project is to integrate an articulated industrial robot into the test environment of the Quiet Flow Facility (located in building 1208). The articulated industrial robot will be used to very accurately position measurement instrumentation on spherical surfaces around the test section of the facility. The instruments that the robot will need to position are either a 33-channel microphone array weighing approximately 4.5 kg or a 49-channel microphone array weighing approximately 9 kg. In the future, however, this robot will also be required to position much heavier instrumentation up to 55 kg.

2.0 Project Objectives

The fundamental purpose of this project is to increase testing capabilities by permitting noise (and flow) measurements for larger test models and for a wider range of test set up. The mounting of the microphone array on the proposed Robotic assembly will also decrease the vibration input from the tunnel structure due to tunnel flow.

This Project design shall take the Government supplied Robotic Assembly and install it into the Quiet Flow Facility (QFF). The design shall include 

· GFE Kawasaki ZX 130 L Robot.

· Precision transverse rail system (7th axis)

· End-Effector 

· Electrical power 

· Controls 

· A PC based LABVIEW interface

· Controls for personnel and equipment safety

· Collision avoidance 

· 7 axis Robotic Assembly operational control system to be “stand alone”

The QFF is a 20-foot x 30-foot x 30-foot high, specially configured room located inside Bldg. 1208. The QFF is an open jet anechoic facility designed to create interaction of airflows with aircraft components (jet nozzle exhausts) and other support equipment to produce radiated noise. The QFF test environment is specifically designed for studying radiated noise and its reduction or elimination. The test facility uses a 2’ x 3’ rectangular nozzle that produces Mach numbers up to 0.17. The test models are supported above the nozzle by two side-plates that are mounted on the short sides of the nozzle. A directional microphone array is used to measure the far field acoustics. A 300 Hz to 70 kHz frequency range is of interest. Flow measurements are performed using Particle Image Velocimetry, hot wire, etc. 

To acoustically isolate it from the rest of the building structure, the QFF is mounted on

springs and is constructed with double walls with a three-foot air space between them. This space serves as a plenum chamber for introducing makeup air used to stabilize ambient pressure inside the QFF test area during operation of the nozzle. The makeup air flows from a roof vent, and is induced into the plenum by either the ΔP from nozzle operations or by Vent Fan 1. Makeup air enters the QFF test area through vents below the floor. 

The QFF walls and ceiling are lined with three-foot deep, fiberglass, wedge-shaped acoustic absorbers. The floor is a raised steel grid that is covered (during testing) with polyurethane foam absorbers to create a minimum echo environment for acoustic tests.

A 4-foot diameter, circular test nozzle extends vertically through the floor into the QFF at a point 10 feet from the nearest wall. The nozzle directs flow vertically into the test area.

Several smaller test nozzles also can be adapted to the 4-foot nozzle. The 2’x3’ rectangular nozzle is currently mounted in the test chamber. Airflow to the nozzle is generated by operation of the fan in the Blower House and is supplied through a large underground duct called the Low Pressure Tunnel. A fan eductor system in the ceiling of the QFF removes air and exhausts it to the atmosphere through a roof vent. 

Access into the QFF is through a set of inner and outer, acoustic and pressure-tight doors.

3.0 Customer Definition and Advocacy

Over the past 30 years, the QFF has been heavily utilized in support of a number of programs concerning airframe noise. It is expected to remain a key part of future noise programs. The QFF presently supports Quiet Aircraft Technology (QAT) program research. The importance of noise reduction and the unique quality of the QFF will result in future noise studies in either rotorcraft or Personal Air Vehicles (PAVs) programs.
4.0 System Requirements

4.1
Present Acoustical Noise Test Facility Operating Parameters

Test Gas:






Air

Maximum mass flow rate:




90 lbs/sec for a 2’ by 3’ nozzle

Air supply:






.36 psig

Air Mach number:





.17 Mach

Testing Modes:





Jet flow

4.2 Design Conditions 

A Government furnished vibration and structural analysis package will be supplied to the Contractor for the characteristics of the tunnel structure due to tunnel nozzle airflow. This vibration and structural analysis calculations package will be used to design the Microphone Array Positioning System and its interface with the facility’s multiple floor structure. There will be new floor grating replacement/modification on the first level of the Test Chamber. Old nozzle structural elements shall be removed/modified as needed and floating floor penetrations will be patched. The existing 350-psi air piping will be removed and capped at the first floor wall. New Robotic Assembly structural supports with floor penetrations will be designed to be pressure sealed and vibration isolated. The basement plenum ceiling will be evaluated for loading capacity to support the Robotic Assembly support system.

4.2.1 Additional Design criteria and analysis calculations will be generated and documented to determine Static loads as well as inertia and moment loads for the Robotic Assembly and its support structural system at building 1208. The design shall consist of the following items.

1.
Design criteria and analysis calculations to determine the velocity, inertia, and moments producing loads on the Plenum Ceiling (floor of the test section).

2.
Design criteria and analysis calculations to determine the number of structural supports to handle the loads for the Robotic structural assembly.

3.
Design criteria and analysis calculations to determine the support footer pad requirements and number for the Robotic Assembly structure and the load capacity of the Plenum ceiling.

4.
Design criteria and analysis calculations to determine the size of the support legs for the Robotic Assembly Structure.

5
Design criteria and analysis calculations to determine the rail support size for the transverse mechanism for the Robotic Assembly.

6.
Design criteria and analysis calculations to determine the Transverse traveling rail-mounting loads for static and moment loads.
	SECTION
	DIAMETER
	CROSS SECTION
	LENGTH   
	VOLUME

	 
	IN
	AREA – SQ. FT
	FT
	CU. FT

	KAWASAKI ROBOT BASE (GFE)
	41
	NA
	NA
	NA

	TRAVERSE RAIL
	NA
	NA
	33
	NA

	TEST CHAMBER 
	NA
	NA
	 30X20(*)
	NA

	FLOATING FLOOR TO GRATING
	NA
	NA
	5
	NA

	GRATING TO DOUBLE DOORS
	NA
	NA
	6
	NA

	MESH WALL TO FARTHREST RAIL
	NA
	NA
	5
	NA

	RAIL TO RAIL
	NA
	NA
	3
	NA

	WALL TO CENTER OF NOZZLE
	NA
	NA
	10.29
	NA

	DIAMETER OF MEASURED SPHERE
	60 & 72
	NA
	NA
	NA

	TOTAL
	 
	 
	 
	NA


  (GFE) Government Furnished Equipment  

  (*)  Accounts for 3 feet thick acoustic treatment applied on each wall

4.2.2 The Design and Analysis package shall provide details for the modifications below:

The Bldg. 1208 QFF test chamber will have modifications (see Figures 2, 3, and 4) to accommodate the precision transverse rail system that supports and provides the seventh axis motion for the Robotic Assembly. The modifications shall allow the Robotic Assembly to be stored at the end of the new 33-foot transverse rail system. In the stored position the test section-grating floor shall be made to allow personnel to have access to the test model and work over top the transverse rail system. The modifications shall not allow excessive loads on the plenum ceiling below the test section-floating floor. 

The system shall be designed with an End-Effector to position either a Small Aperture Directional Array (SADA) (see Figures 5 and 6 and Drawing SK-1079768) or a Large Aperture Directional Array (LADA) (see Figure 7) to survey the acoustics of a research model. The SADA consist of 33 microphones projecting from an acoustically treated frame. It weighs approximately 4.5 kg and is no more than 10” in diameter. Similarly, the LADA consist of 49 microphones. It weighs approximately 9 kg and is no more than 34” in diameter. The End-Effector shall be required to interface the microphone array to the Kawasaki ZX 130 L Robot. The system must be capable of positioning the SADA or the LADA on a partial spherical surface (measurement surface) subject to the following conditions (see Figures 8 through 11B):

1. The radius of the sphere (measurement surface) can be either 5 feet or 6 feet.

2. The coordinates (Xs, Ys, Zs) of the center OS of the sphere are such that 18”<Xs<48”,  -18”<Ys<18”, -12”<Zs<12”, where (Xs, Ys, Zs) are defined in the following Cartesian coordinate system (Tunnel Coordinates. See figures 10 and 10A): 

a. Origin, OT, is the center of the exit plane of the nozzle.

b. Z: lies in the nozzle exit plane; positive toward the control room.

c. X: lies in the vertical plane; positive upwards.

d. Y: completes a right-handed coordinate system. 

The required partial spherical surface (measurement surface) is shown in the figures 8 and 9 for the case where the sphere is 5’ in radius and also in figures 8 and 9 for the case where the sphere is 6’ in radius. In these figures, the sphere is shown centered at OS (Xs=39.5”, Ys=0, Zs=-5.25”). Referring to Figure 11A, the points on the sphere where the microphone array will be positioned are located at (R, (, () where, using the model coordinate system, R =5’ or 6’; and ( and ( take the discrete values indicated in Figure 11B.
1. The axis of the array (axis normal to the face of the array and originating from the center of the array) must point to the center of the sphere at all points. The accuracy required is ( 0.12º for the total 7 axis.

2.
The array must maintain orientation at all points. The AA centerline of the array (Figure 7) must lie on a line of longitude of the spherical measurement surface (lines on the measurement surface of constant ( as shown in Figure 11B).
3. The arm (including the End-Effector and the microphone array) shall not enter in contact with

a.
Test Chamber walls, floor, or ceiling.

b.
Test Section nozzle, walls, or braces.

c.
Test Section flow jet.

4. The back face of the array must be at least 18” (45 cm) from any part of the robot arm  (when End-Effector is used. This would help in minimizing noise reflection from the robot structure).

5. Movement of the robot along the 7th axis (rails) should be kept to a minimum (i.e., it would be preferred that the robot only had to be placed at, for example, 2 different known locations along the 7th axis to position the microphone array at all test points on the measurement surface. This would allow the user to verify (and if necessary adjust) the position of the robot base).

6. When positioning the microphone array on the measurement surface, the base of the robot should be located along the 7th axis the furthest away from the nozzle to minimize noise reflection from the robot structure.

7. Rails (7th axis) used to position the robot lie no closer to the test section than illustrated in the attached figures.

8. The robot must fit within the dimensions as shown in the attached figures.
9. The payload will vary from 4.5 kg for the SADA (use of a End-Effector) to up to 55 kg for other instrumentation.

10. The position of the microphone array (or of other instrumentation carried by the arm) should be controlled via a PC based LABVIEW interface.

The coordinate systems shall have the following attributes:

Tunnel Coordinates (Cartesian, (OT, X, Y, Z)) see Figures 10 and 10A
1.
Origin is the center of the exit plane of the nozzle.

2.
Z: lies in the nozzle exit plane, positive toward the control room.

3.
X: lies in the vertical plane, positive upwards.

4.
Y: completes a right-handed coordinate system.

Model coordinates (OS, R, (, () see Figures 11A & 11B
1.
Origin: OS 


For the default model coordinate system, OS is located at         

X= 39.5” 

Y= 0

Z= –5.25” 

2.
R is equal to either 5’ or 6’

3. 
( is measured in the (Oi,i=1-7, X, Z) planes

a.
0 = vertical

b.
+ = Clockwise from +x to -z

4. 
( is measured in the (OS, Y, Z) plane

c.
0 = +z axis

d.
+ = Clockwise from +z to +y

The control design shall provide for collision avoidance of the microphone array with the research model and the Robotic Assembly with test section walls, floor, and model support. The controls shall provide for limited/restricted personnel access to test chamber when the Robotic Assembly is powered up. The controls shall provide for the manual input of microphone array positions via the Kawasaki tethered remote programming and control pendent, and for menu driven motion profiles though control PLC/PC. All control functions, interlocks, and collision avoidance limits shall be provided.

4.2.3 System Reference Datum

In order to establish a single fixed reference point to index facility and robot geometry, a System Reference Datum (SRD) shall be established and integrated into the Microphone Array Positioning System. The SRD will be used to coordinate and locate the various physical dimensional geometries required for the Microphone Array Positioning System. These include and are not limited to, Robotic movement and programming, planned test spherical coordinates, Model reference geometry and dimensional data inputs for facility test operations and setups.

The SRD shall be installed and located on a line perpendicular to the linear rail system, which intersects the outer surface of the nozzle base (see Figure 12). It shall be attached and secure to the base steel support ring and its target surface shall be flush with the floor grating. The target shall be of sufficient size and visibility to allow dimensional measurements from its location. 

Once installed, the SDR location shall be verified to establish a true datum location in the facility. A reference drawing shall be established and included as a part of the final drawing package for the Microphone Array Positioning System.

5.0 Software Requirements

5.1 Software Organization

The Robotic Assembly control system shall have at less three separate but concurrent software programs. They are the facility Safety, Robotic Assembly collision avoidance, and Robotic Assembly operational software. These shall be sequenced in the order indicated above and each shall not be activated until the previous one has been completed. 

5.1.1 Facility Safety Software

The Safety software shall contain sequence, timing, interlocks, and limits switches to ensure that personnel are out of the test chamber and equipment is secure before the Robot Assembly is moved though automated controls. In this mode the pendant shall be capable of moving the Robot Assembly manually for position scheduling. This is used as a programming tool for automated positioning for testing.

5.1.2 Robotic Collision Avoidance Software

The robot arm, end effector arrays, cables, wire trays or any part of the Robotic Assembly doing storage, movement, or operational profiling shall not contact the following regions:

1.
Test Chamber walls, floor, or ceiling.

2.
Test Section nozzle, walls, or braces.

3.
Test Section flow jet.

5.1.3 Robotic Operational Software

The operator shall be able to:

1.
Operate the position system software from a PC using a LABVIEW interface.

2. Define an end effector in coordinates relative to the wrist where the end effector attaches.

3. Command the robot to position the microphone array at “manually taught” locations (i.e., locations that the operator taught the robot using the pendant in teaching mode).

4. Command robot to position the microphone array at any test point on a programmed (menu driven) measurement surface (spheres). 

5. When positioning the microphone array on the programmed spherical measurement surfaces, the operator he shall be able to:

a.  
Choose the radius of the measurement surface (i.e., 5 feet or 6 feet).

b.
Define the coordinates (Xs, Ys, Zs) of the center of the measurement surface (see section 4 for the definition of (Xs, Ys, Zs) in the Tunnel Coordinate System).

c.
View table listing programmed test point locations on chosen measurement surface. Each point# is listed with its corresponding (r,(,() spherical coordinates with respect to (Xs, Ys, Zs).

6. The robot will generate a signal when it has achieved the new location each time a new location is commanded. The robot signal shall return the new coordinates (as measured) once the new position is achieved. The returned information shall be the actual coordinates.

5.1.4 Sequence of Operation

Once the robot positions the microphone array at a requested test point, the following sequence of operation must follow:

1. 
The robot applies its brakes to the servomotors.

2. 
The operator receives signal that robot has reached requested location.

3. 
The power to the servomotors is cut off 

4.  
Acoustic data acquisition begins and ceases.

5. 
The operator signals the robot to go to next point.

6. 
The power to the servomotor is cut back on. The robot releases its brakes and positions microphone array on next requested point.

7. 
Repeat steps (1) though (6) until all desired point locations have been reached.

8. 
Command robot to retreat to its store location and shut down.

6.0 Codes, Standards, and Requirements

The project design shall be in accordance with the latest codes, standards, and requirements for the following:

NASA Safety Regulations Covering Pressurized Systems, LHB 1710.40

American Society of Mechanical Engineers (ASME) Boiler & Pressure Vessel Code

American Institute for Steel Construction (AISC)

American National Standards Institute (ANSI)

American Society for Testing and Materials (ASTM)

American Welding Society (AWS)

Pipe Fabrication Institute (PFI)

Institute of Electrical and Electronic Engineers (IEEE)

National Electrical Manufacturers Association (NEMA)

National Electric Code (NEC) 

7.0 Acceptance criteria

Acceptance criteria will be the result of shakedown testing that confirms the operational parameters are met, as specified above.  Acceptance of accuracy and repeatability will be based on meeting the contract specifications.

8.0 References

References shall be made to existing applicable facility Baseline Drawings, Safety Analysis Reports and Standard Operating Procedures, as listed under Effort Code 22.

9.0                                              Drawings

To obtain drawings for this requirement, contact Terri D. Williams, Contracting Officer at Terri.D.Williams@nasa.gov for an electronic copy.  All e-mail requests shall include the name of a point of contact and the full business address for the company.
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