Statement of Work and Performance Specification for the CoNNeCT Antenna Gimbal Actuators and Electronic Control Unit
1 Introduction

This Statement of Work (SOW) and Performance Specification define the requirements for the procurement of space-qualified antenna gimbal actuators for the CoNNeCT Project. The CoNNeCT Project is an advanced communications flight project that will demonstrate software-defined radios on an external ISS pallet. The CoNNeCT flight payload will require a gimballed antenna to communicate with the NASA Space Network at both S-band and Ka-band. 

In general, the antenna gimbal actuators, in a biaxial configuration, will be required to enable an S-band medium-gain antenna and Ka-band high-gain antenna to be positioned within +/- 110º of rotation in both azimuth and elevation.  The gimbal actuators will be required to support up to ten pounds of antenna weight both in the powered and unpowered state. The gimbal actuators will also be required to slew at a rate of at least 5º per second at an angular resolution of 0.01º.  Additionally, the gimbal actuators will be required to support S-band and Ka-band rotary joints and microwave coaxial cable and waveguide. The drive electronics and control unit must also be supplied with the actuators.

2 Applicable Documentation

2.1 Government Documentation

MIL-STD-889

Dissimilar Metals
2.2 Non-Government Documentation
Document No. TBD
Gimbal actuator interface control drawing
Document No. TBD
Acceptance test procedures and data sheets
3 Requirements
3.1 Item Definition

The gimbal actuators covered by this specification shall consist of a three-phase stepper motor with independent, redundant windings, and a gear reduction unit to an output flange. The gear reduction unit shall be directly driven by the stepper motor. Redundant encoders shall provide actuator position feedback. 

3.1.1 Interface Definition
Electrical Interfaces
The electrical interfaces shall be as identified in the Interface Control Drawing (ICD).

Mechanical Interfaces

The mechanical interfaces shall be as identified in the ICD.

3.2 Performance Characteristics
3.2.1 Motor

The motor shall be a permanent-magnet, three-phase, DC stepper motor.

3.2.1.1 Winding Resistance

The leg to leg resistance shall be < 40 ohms.

3.2.1.2 Winding Isolation

The motor phases shall have a resistance greater than 100 Mohms between each other with 500 VDC applied

3.2.1.3 Power Rating
The motor shall dissipate ≤10 Watts at 28 VDC.

3.2.1.4 Drive Characteristics
The motor shall be driven by 25 – 31 VDC at a pulse rate of 0 – 1000 pulses per second. The phasing sequence shall be specified in the ICD.

3.2.1.5 Torque Margin
The torque margin shall be a minimum of 100% at -20ºC at 28 VDC.
3.2.1.6 Position Readout Device
The position readout device shall be provided by redundant motor shaft encoders.  The encoders shall provide for angular resolution of position better than 0.001º.
3.2.2 Rotation
3.2.2.1 Step Size

The average output rotation for each step of applied excitation shall be ≤ 0.01º.
3.2.2.2 Slew Rate
The average slew rate shall be ≥ 5º per second.
3.2.2.3 Travel
The gimbal actuators shall be capable of ± 110º of motion in either clockwise or counterclockwise motion.

3.2.2.4 Direction of Rotation
The gimbal actuators shall be capable of directional rotation as determines by the phase sequence supplied in the ICD.

3.2.2.5 Accuracy
Absolute output accuracy shall be within ± 1 step when compared against the number of steps from a reference position and the average step size 3.2.2.1.

3.2.2.6 Repeatability
Output position shall be repeatable in both directions within ± 1 step.
3.2.3 Output Torque
The output torque shall be generated from the stepper motor through a gear reduction unit.

3.2.3.1 Drive Torque
With power applied per 3.2.1.4, the output torque shall be 120 in-lbs minimum.

3.2.3.2 Unpowered Holding Torque
With the winding unpowered, the internal holding torque shall be 50 in-lbs minimum as measured at the output.

3.2.4 Electronic Control Unit
The Electronic Control Unit (ECU) shall provide redundant control and drive signals to the two (2) gimbal actuators to meet 3.2.1.4 and 3.2.1.6. Additionally, the ECU shall be subject to the same construction and material, reliability, documentation, environmental testing, as the gimbal actuators, except as otherwise specified.

3.2.4.1 Weight 
The weight of the ECU shall be ≤ 5 pounds.

3.2.4.2 Step Rate
The ECU shall support a step rate of 0 to 1000 pulses per second.

3.2.4.3 Command Interface
The ECU shall provide a command interface to control the direction and speed of the gimbal actuators. This interface shall be reviewed and approved by NASA GRC.
3.2.4.4 Telemetry Interface
The ECU shall provide a telemetry interface to retrieve the position of the gimbal actuators. This interface shall be reviewed and approved by NASA GRC.

3.2.4.5 Power Rating
The ECU shall dissipate < 5 Watts @ 28 VDC.
3.3 Construction and Material
3.3.1 Dimensions

The gimbal actuators shall meet all dimensional requirements as specified in the ICD.

3.3.2 Weight
The weight per gimbal actuator shall not exceed 5 lbs plus the weight of any external cabling.

3.3.3 Venting
The gimbal actuators shall have filtered vent openings capable of venting internal pressure when exposed to an external pressure drop.
3.3.4 Materials
Only materials with proven flight-heritage that exhibit optimum weight, strength, and outgassing characteristics shall be used. 

3.3.4.1 Dissimilar Materials
MIL-STD-889 shall be used as a guideline to control dissimilar metal combinations.

3.3.5 Workmanship 
The gimbal actuators shall be constructed, finished, and assembled in accordance with this specification and the associated fabrication and design documents. Where specific workmanship criteria are not identified, internal supplier standard workmanship standards shall apply.
3.4 Reliability
The probability of the gimbal actuators operating under the conditions defined shall be no less than 0.97.  For the purposes of analyses, operating life is considered to be two-years with a 100% duty cycle.

3.5 Furnished Design Documentation
The following documentation shall be supplied with the gimbal actuators:

· Interface Control Drawing

· Engineering Parts List

· Materials and Process List

· Acceptance Test Results

3.6 Environmental Conditions
3.6.1 Pressure

The gimbal actuators shall be capable of operating when exposed to a vacuum of 1x10-5 torr. 

3.6.2 Temperature
3.6.2.1 Non-Operating (Survival)

The gimbal actuators shall not suffer any detrimental effects when exposed to temperatures from -25ºC to +70ºC.
3.6.2.2 Operating
The gimbal actuators shall meet all specification requirements when exposed to temperatures from -20ºC to +50ºC.

3.6.3 Vibration
3.6.3.1 Random Vibration

The gimbal actuators shall be capable of withstanding, without suffering any detrimental effects, random vibration consecutively in each of three orthogonal axes. Magnitude and spectrum shall be per Table 1.
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Table I – Random Vibration Test Levels

4 Product Assurance
4.1 General

This section describes the test and inspection required for item verification process. The test and inspection shall be conducted to certify that all requirements of Section 3.0 have been achieved.
4.1.1 Responsibility for Tests
Unless otherwise specified, the gimbal actuator supplier shall be responsible for providing all facilities, provisioning, ancillary equipment, tools, software, test articles, conducting all tests, recording and processing all data necessary to fulfill the test requirements. NASA GRC reserves the right to monitor tests, perform inspections, and review data deemed necessary to ensure that the gimbal actuators conform to prescribed requirements. 
4.1.2 Acceptance Tests
Acceptance tests shall be performed in accordance to the supplier’s acceptance test procedures following review and approval by NASA GRC.

4.1.3 Notification of Tests
The supplier shall notify NASA GRC five-days prior to the start of acceptance testing. In addition, NASA GRC reserves the right to have representatives monitor selected tests.

4.1.4 Non-Conformance Reporting
When a non-conformance occurs during testing, the supplier shall discontinue testing and report the non-conformance to NASA GRC within 48 hours. The supplier shall document all trouble-shooting steps and corrective actions taken.
4.1.5 Inspection
Inspections shall be performed to verify the specification requirements of Section 3.0. Visual and other techniques shall be used to satisfy this requirement. Inspections shall be conducted at points of assemble where each detail can be cleaned and inspected. 

4.2 Testing
4.2.1 Thermal Vacuum Test

Thermal vacuum testing shall consist of one operational and three non-operational thermal cycles at a pressure of 1 x 10-5 torr with a minimum four-hour dwell at each temperature extreme. Temperature shall remain within the specified temperature band for one-hour prior to each dwell cycle. Performance testing shall occur prior to and at the conclusion of thermal vacuum exposure. Temperature transitions shall not exceed 3ºC/minute. Temperature monitoring and control shall be at the gimbal actuator mounting interface.
4.2.2 Random Vibration Test
The gimbal actuators shall be subject to random vibration as specified in Section 3.6.3.1. Duration shall be one-minute per axis.

4.3 Preparation for Delivery
4.3.1 Preservation, Packing and Packaging

Methods of preserving, packing, and packaging shall be selected to ensure maximum life, prevention of damage, deterioration, or corrosion of the item in the package state. 

The gimbal actuators shall be double-bagged within the shipping container. The inner protective bag shall be a polyethylene bag purged with dry, clean nitrogen gas, and heat-sealed to form a leak-tight enclosure. This bag shall be sealed within a second polyethylene bag. 
The shipping container shall be constructed to provide adequate protection during conventional modes of transportation. 

5 Deliverables and Delivery

This section provides a listing of all the deliverable items and their respective delivery dates.
Item





Delivery Date
1.  Two (2) Gimbal Actuators


6 Months ARO

2.  One (1) Electronic Control Unit


6 Months ARO

3.  Two (2) Interface Control Drawings

3 Months ARO

4.  Two (2) Engineering Parts Lists


6 Months ARO

5.  Two (2) Materials and Process Lists

6 Months ARO

6.  Two (2) Acceptance Test Results

6 Months ARO

6 NASA GRC Point of Contact
The NASA GRC Contracting Officer’s Technical Representative shall be:
Richard Kunath

NASA Glenn Research Center

21000 Brookpark Road

Mailstop: 54-8

Cleveland, Ohio  44135

Office Phone:  216-433-6161

Cell Phone:  216-402-7892
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