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1.  Scope

This specification defines the performance and design requirements for the manufacture, test, and delivery for a stepper motor driven linear actuator manufactured by MPC Products Corporation for Spectrum Astro to be used on the High Energy Solar Spectroscopic Imager (HESSI) Program. 

2.  APPLICABLE DOCUMENTS

The following documents shall form a part of this document to the extent specified herein and as common practice for spaceborne equipment.  The revision in effect shall be the most recently dated version of this specification unless otherwise specified in the statement of work or contract.  In case of conflict between the requirements of this specification and any referenced document, the requirements of this specification shall govern.

2.1 Military Specifications and Standards

a.
MIL-STD-202
Test Methods For Electronic and Electric Component Parts

b.
MIL-W-22759
Wire, Electrical, Fluoropolymer-Insulated, Copper or Copper Alloy

c.
MIL-I-45208
Inspection System Requirements

2.2 Spectrum Astro, Inc. Drawings

a. CID-209857
HESSI, CID, Linear Actuator, IAD

3.  REQUIREMENTS

3.1 Item Definition

The stepper motor driven linear actuator covered by this specification shall consist of a redundant, two phase stepper motor, an 8:1 planetary gear set with an output shaft that is threaded to 3/8-20 and a corresponding 3/8-20 ball nut assembly.  The stepper motor shall have an exposed armature shaft to which a rotary potentiometer shall be attached.  The potentiometer shall be purchased and integrated by Spectrum Astro, Inc.

3.1.1 Electrical Interfaces

The electrical interface shall be as specified in CID-209857.  The motor shall be interfaced with a 4-phase discrete controller.  Vendor to provide description of pulse profile, voltage, and timing requirements.

3.1.2 Mechanical Interfaces

The Mechanical interfaces shall be as specified in CID-209857.

3.1.3 Assembly Weight

The overall weight of an integrated assembly shall not exceed 1.5 lbs.

3.1.4 Vacuum Capability

The materials used and the method of fabrication shall be consistent with the requirements to achieve a reliable operation and nondegradation of the actuator/motor components at high vacuum levels (10-6 torr).  Materials selected shall have a total mass loss of less than 1% and a collected volatile condensable of less than 0.1%.  Materials not meeting this requirement may be baked out in a thermal vacuum chamber to achieve the desired limits upon approval by Spectrum Astro, Inc. 

3.1.5 Lubricants

Braycote 601 is the only approved lubricant for the motor bearings.  Uses of other lubricants require prior approval. 

3.1.6 Assembly Fasteners

All fasteners shall have NASA approved locking features.

3.1.7 Nameplate and Product Marking

The actuator shall be identified with a nameplate that shall include but is not limited to the following information:

a.
Item nomenclature

b.
Part Number, Revision and Serial Number

c.
Date of Manufacture

d.
Cage Code

Nameplate location shall be approximately as shown on drawing CID-209857.

3.2 Performance Characteristics

The actuator shall be designed to operate in both 1g and 0g environments and under the following nominal operating conditions.

Nominal Operating Pressure: 1 ATM to 10-7 torr 

Nominal Operating Voltage: 28 +6/-4 Vdc at the motor lead wires 

Nominal Operating Temperature: –40C to +50C.

(Storage or Non-Operating Temperature:  -60C to +70C)

3.2.1 Powered Extension or Retraction Force

The actuator shall achieve an extension or retraction force of 100-lb. minimum, at minimum nominal operating temperature (+50C) and minimum operating voltage (24 Vdc), net of any drag or brake torque/forces. 

3.2.2 Unpowered Holding Force

With no power applied to the motor, the actuator shall linearly restrain a force at the ball nut of 30-lbs. minimum at any position within the rated stroke.  The holding force shall not be affected by temperature and shall not exhibit a cogging action.  This holding force can be the sum of all forces due to friction, stiction, motor back EMF, ball screw friction, and the actual brake itself. 

3.3 Motor Characteristics

The motor shall be a permanent magnet, two-phase dc stepper motor.

3.3.1 Motor Windings

Motor windings shall be dual wound with Teflon insulated separating windings qualified to MIL-S-22432.

3.3.2 Winding Resistance

Winding resistance shall be 149 to 183  at 25 C.

3.3.3 Insulation Resistance

Insulation resistance between any lead wire and any point on the outside of the stator core shall be greater than 100 megaohms when tested in accordance with MIL-STD-202, Method 302, Test Condition B (with lead wires connected together).  Test results shall be included in the Final Data Package.

3.3.4 Dielectric Strength

Winding dielectric shall be capable of withstanding voltages of 250 VAC maximum with no flashover, sparkover, or dielectric breakdown.  Each unit shall be tested for dielectric strength in accordance with MIL-STD-202, Method 301, with lead wires connected together.  Test results shall be included in the Final Data Package.

3.3.5 Motor Bearings

Motor bearings shall be ABEC-7 with Braycote 601 lubrication.

3.3.6 Motor Lead Wires

Motor lead wires shall be 36 inches minimum, 24 AWG with Teflon insulation per MIL-W-22759/11.

3.3.7 Power Consumption

Steady state power consumption is estimated to be 4.7 watts per phase at 28 Vdc.

3.4 Drive Characteristics

The motor shall be capable of being driven by 24 to 32 Vdc at 0-100 pulses per second 

3.4.1 Single Step Size

Each step results in 15rotation of the motor armature, and 0.00026” of travel of the ball nut.

3.5 Ball Screw Assembly Design

The ball screw assembly shall be designed to withstand 5,000 actuation cycles.  One cycle is defined as one full extension and one full retraction.

3.5.1 Full Travel Stroke

The full travel stroke of the ball nut assembly shall be two inches.

4.  QUALITY ASSURANCE PROVISIONS

4.1 General

This section describes the tests and inspection required to certify that the critical requirements from Section 3 have been met.  MPC shall conform to MIL-I-45208, Inspection System Requirements.  Parts and materials shall be chosen from experience on previous space hardware, whenever possible.  Selection of parts and materials shall emphasize proven performance, minimum contamination potential and suitability for 2-year storage and 3-year lifetime.  Materials will be procured from qualified suppliers and shall be inspected to assure that they meet the applicable specifications in this document.  Parts and materials used in space flight hardware should be qualified for flight use whenever possible.

4.1.1 Parts, Materials, and Processes List

The supplier shall prepare and maintain an "As-Built" parts list for all assemblies and components.  This parts list shall include all parts and materials, by generic part number used in space flight hardware.  The "As-Built" parts list shall be maintained for all deliverable flight hardware.  The "As-Built" lists shall be maintained on file by the supplier and delivered as part of the Acceptance Data Package.

4.1.2 Limited Shelf Life Materials

The supplier shall mark all limited life materials that degrade with age to indicate the date critical life was initiated and when it will be expended.  Expired material shall not be used.

4.1.3 Raw Materials

Purchased raw materials used in deliverable hardware shall be tested to verify conformance to applicable specifications.  Manufacturer's test reports are acceptable.  Test reports shall be traceable to the material tested.  The supplier shall maintain the reports on file for Spectrum Astro, Inc. review upon request.

4.1.4 Mechanical Parts Selection

Mechanical parts shall be based on similar applications on prior space flight programs whenever possible.  Selection shall emphasize proven performance, minimum contamination potential and suitability for the expected life of each component as stated in the Product Function Specification.  Major factors such as outgassing, flammability, aging, stability, corrosion, and electrical properties of materials shall be considered.  New design mechanical parts shall be analyzed and/or tested to ensure adequate performance.

4.1.5 Prohibited Materials

The following materials shall not be used:

a.
Cadmium, magnesium, zinc or selenium, except internal to hermetically sealed devices.

b.
Unalloyed tin

c.
Corrosive solder fluxes, unless detailed cleaning procedures are specified, along with appropriate verification methods to insure removal of residual contaminants

d.
Mercury and compounds of mercury

e.
Materials that exhibit or are known to exhibit natural radioactivity such as uranium, potassium, radium, thorium, and/or any alloys thereof

4.1.6 Dissimilar Metals 

Isolative surface treatment and finishes shall be employed when dissimilar metals are used in conjunction with each other.

4.1.7 Government-Industry Data Exchange Program Alerts

Government-Industry Data Exchange Program (GIDEP) alerts are issued by Government contractors to document potential part, material or design problems discovered with Government qualified parts or materials.  GIDEP alerts submitted by Spectrum Astro, Inc. shall be reviewed by the seller for potential impact or non-applicability to their product.  Any alert determined to have potential impact on their product shall be addressed in a formal response to Spectrum Astro, Inc. indicating impact and recommended resolution.  The seller shall respond to all GIDEP inquiries from Spectrum Astro, Inc.

4.1.8 Failure Reporting, Failure Analysis and Corrective Action

The seller shall have a formal closed-loop problem/failure reporting system.  Failures occurring during qualification, protoflight and acceptance testing shall be reported to Spectrum Astro, Inc. within 48 hours of occurrence, including the type of failure, the suspected cause and the proposed failure analysis.  The seller shall document each functional failure encountered during acceptance and qualification testing (including returned items) on a Problem Failure Report (PFR).  Upon completion, the PFR shall be submitted to Spectrum Astro, Inc. for review.  The PFR shall describe (as a minimum):

a.
The type or nature of the failure, including identification of the failed item.

b.
Type of test and environmental conditions at the time of the failure.

c.
The symptoms and cause, including potential impact on other hardware/software.

d.
Analysis and verification approach, and the results.

e.
Any rework or retest performed.

f.
Final disposition and corrective action.

4.1.9 Parts Failure Analysis

Part failures that occur during or after protoflight or acceptance testing shall be subjected to failure analysis to determine the cause of the failure.

4.1.10 Workmanship and Soldering

Workmanship shall be of the highest standards in accordance with written procedures.  Particular attention shall be accorded to the quality of workmanship of soldering, welding, wiring, plating, painting, and marking of parts and assemblies.  Soldering shall meet the requirements NHB5300.4(3A-2) as a minimum.  NHB5300.4(3A-2) requirements may be tailored by MPC and submitted to Spectrum Astro, Inc. for approval.

4.2 Responsibilities for Tests

MPC shall be responsible for providing all facilities and personnel, conducting the tests and recording and processing all data necessary to fulfill the test requirements.  Spectrum Astro, Inc. reserves the rights to monitor tests, perform inspections, and review data deemed necessary to assure that the actuators conform to the prescribed requirements. 

4.3 Testing Requirements

Each assembly shall undergo protoflight testing to verify performance requirements have been met.  This testing shall include a baseline functional test (Sec 4.3.1) at ambient temperature, a vibration test (Sec 4.3.2), a thermal cycle test (Sec 4.3.3) with abbreviated functional tests, and a post environmental functional test (Sec 4.3.1).  The baseline functional test shall be compared with the post environmental functional test to look for trends or degradation that might affect the life of the actuator.

NOTE

The functional testing specified in this section satisfies the burn-in requirement of 5% of the total expected service life cycles.

4.3.1 Functional Test

The functional test shall verify the following performance characteristics of the linear actuator assembly:

Powered Extension and Retraction Force  - Sec 3.2.1

Unpowered Holding Force  - Sec 3.2.2 

Winding Resistance  - Sec 3.3.2

Insulation Resistance  - Sec 3.3.3

Dielectric Strength  - Sec 3.3.4

Baseline Functional Test success criteria: The baseline functional test shall be deemed successful provided the performance characteristics data has been collected and recorded, and the data indicates the actuator has met the requirements specified in Sections 3.2.1, 3.2.2, 3.3.2, 3.3.3, 3.3.4.

Post Environment Functional success criteria: The post environment functional test shall be deemed successful provided the performance characteristics data has been collected and recorded, and the data indicates the actuator has met the requirements specified in Sections 3.2.1, 3.2.2, 3.3.2, 3.3.3, 3.3.4, and there is no significant change of performance characteristic from the Baseline Functional Test that would indicate a degradation that might effect the life of the actuator.

4.3.2 Random Vibration Test

The vibration test shall expose each actuator assembly to the random vibration profile shown in Table 4-1.  This vibration spectrum shall be applied for 60 seconds along each of the motor assembly’s three orthogonal axis, where one of the axis is in the direction of the ball screw longitudinal axis, and one is in parallel to the trunnion’s long axis.  A calibrated control accelerometer shall be used and the output signal shall be recorded continuously during the test.  Power spectral density plots of the random vibration will be made and included in the qualification/acceptance test reports delivered with the test item.

Table 4-1.  Random Vibration Levels

CONDITIONS FOR ALL AXIS
FREQUENCY

RANGE (Hz) 
PSD LEVEL

(g2/Hz)
ACCELERATION

(g)
DURATION

(sec/axis)

PROTOFLIGHT
20

20 – 50

50 – 800

800 – 2000

2000
0.026

+6 dB/oct

0.16

-6 dB/oct

0.026
14.1 Grms
60 sec

4.3.3 Thermal Cycle Test

The thermal cycle test shall expose the actuators to the thermal environment defined in Figure 4-1 and Table 4-2.  Transitions between temperature extremes shall be at an average rate of 3C per minute (air temperature), with the temperature rate maintained at all times during the transition between 2°C per minute and 4°C per minute.

The functional tests preformed during the thermal cycle profile shall verify the following performance characteristics:

Powered Extension and Retraction Force  - Sec 3.2.1

Unpowered Holding Force  - Sec 3.2.2 
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Figure 4-1.  Thermal Cycling Profile

Table 4-2.  Thermal Cycling Test Temperatures

Protoflight
Survival

Min.
Max
Min.
Max

-45°C
55°C
-60°C
70°C

4.4 Documentation

Final data package shall include as a minimum:

a.
A certificate of compliance that indicates acceptance of the deliverable hardware to the requirements of the subcontract by MPC responsible Quality Assurance Engineer or Manager

b.
The “As-Built” parts list of the delivered assembly

c.
All non-conforming material reports including rework and repair process planning 

d.
All data recorded during the part processing

e.
All data collected during verification testing

f. The final test report that compares the baseline functional test to the post environmental functional test, and specifically points out trends or degradation, or lack there of, that might affect the life of the actuator

g. Engineering summary, including operating time, mass and power levels of the delivered assembly.
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