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CM FOREWORD

This document is a Solar Dynamics Observatory Project controlled document.  Changes to this document require prior approval of the SDO Project CCB Chairperson.  Proposed changes shall be submitted to the SDO Project Configuration Management Office (CMO), along with supportive material justifying the proposed change.  

Questions or comments concerning this document should be addressed to:

SDO Configuration Management Office

Mail Stop 464

Goddard Space Flight Center

Greenbelt, Maryland  20771
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1 Scope

This specification describes the electrical and RF, mechanical, operating environment, and verification testing requirements for the space-qualified High Gain Antennas (HGAs) for a Goddard Space Flight Center (GSFC) payload, the Solar Dynamics Observatory (SDO). 

Each HGA also includes a feed horn assembly, which will be provided as Government Furnished Equipment (GFE).
2 Documentation and Definitions

2.1 Applicable Documents

The following documents and drawings in effect on the day this specification was signed shall apply to the fabrication and to the electrical and RF, mechanical, and environmental requirements of the HGA to the extent specified herein.  In the event of conflict between this specification and any referenced document, this specification will govern, with the exception of the Statement of Work (SOW), 464-COMM-LEGL-0053, in which case the SOW takes precedence.

The following is a list of the applicable specifications and publications.

Table 1:  List of Documents

	DOCUMENT NUMBER
	TITLE
	Revision/Date

	464-COMM-LEGL-0053
	High Gain Antenna Statement of Work
	Rev -

	Drawing GE2062595
	HGAS ICD
	Rev -

	Drawing GE2063089
	Antenna Bracket
	Rev -

	Drawing GD2072506
	Feed Horn Assembly
	Rev -


2.2 SDO Ka-band Transmit System

2.2.1 System Overview

The SDO Ka-band Subsystem is a fully redundant Ka-band transmit system consisting of two Ka-band modulators, two Ka-band Power Amplifiers, two High Gain Antennas (HGAs), and a passive RF network including WR-34 waveguide and a waveguide transfer switch.  The Ka-band Subsystem interfaces with the C&DH subsystem (high rate data, command, and telemetry), Power subsystem (DC power), and Mechanisms (High Gain Antenna System or HGAS).  A block diagram of the Ka-band Subsystem is shown in Figure 1. 
*I channel data leads Q channel data, so input to a QPSK modulator results in an OQPSK signal

Figure 1:  Ka-band Subsystem Block Diagram

2.2.2 HGA Overview

Each HGA will be deployed on a boom and pointed with an elevation-over-azimuth gimbal to provide a hemispherical pointing capability, such that the two antennas can provide a communications link over all look angles, excluding spacecraft blockages.
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Figure 2:  SDO Spacecraft with two HGAs

The SDO HGA is an axially symmetric dual reflector antenna in a Cassegrain configuration, thus using a primary and secondary reflector, with supporting struts.  A conical corrugated feed horn is mounted at the base of the primary reflector.  Energy fed to the horn radiates to the secondary reflector which illuminates the primary reflector.  The main radiation beam of the antenna is then formed predominantly by the energy distribution on the primary reflector, plus spillover from the reflectors. 

2.2.3 HGA Reflector Shaping

The reflectors are specially shaped to maximize the gain of the antenna.  The feed horn location and its diameter, plus the diameter of the secondary reflector, are optimized to minimize losses due to spillover and blockage.  The feed horn diameter is always constrained such that it does not create more blockage than the secondary reflector.

The shaping of the secondary accomplishes two tasks.  Most importantly, the energy from the feed is distributed uniformly throughout the primary reflector.  This increases the illumination efficiency while minimizing spillover past the primary reflector.  Secondly, close-in energy is directed away from the feed horn to improve the energy utilization and ensure a good match at the horn interface.

Shaping of the secondary reflector changes the phase length of each path.  Therefore, the primary is shaped to equalize the path lengths to ensure a collimated radiation beam.
3 Requirements

All of the written requirements in this document must apply over all environmental conditions, such that it survives the launch environment and performs as specified while in orbit until the end of spacecraft life (EOL), as defined in section 3.5.

3.1 Description

Each HGA is comprised of:  (1) a reflector assembly, which includes a primary reflector and a secondary reflector, supported by nominally three struts; and, (2) a feed horn assembly (supplied as GFE), which includes a conical corrugated feed horn and a representative mass mounted at the waveguide input port.  The entire HGA assembly shall be mounted to a common interface mounting plate.

3.2 Functional/Performance Requirements

In the requirements below, the functioning surface of the reflectors refers to the side which receives the downlink RF energy. For the primary reflector, this refers to the face pointing towards the secondary, and for the secondary reflector, this refers to the face pointing towards the primary and feed horn.

3.2.1 HGA Coordinate System

The origin of the HGA coordinate system is defined by the center of the aperture of the feed horn assembly, at its predicted average, not necessarily ambient, temperature.  The positive z-axis extends perpendicular from the feed horn aperture towards the ideal center of the secondary reflector.

3.2.2 Reflectors

3.2.2.1 Diameters

The nominal diameter of the primary reflector shall be 75 cm. The nominal diameter of the secondary reflector shall be 13 cm.

3.2.2.2 Shape

The shape of the primary and secondary reflector’s functioning surface shall be rotationally symmetric. The precise shape shall meet the following spline curves specified in Table 2 and 3, respectively, as represented in the HGA coordinate system.

Table 2:  Spline Curve Coefficients for Primary Reflector Surface
	             Coefficients of 3rd deg polynomial defined in interval [Xa,Xb] by
	 

	              P(x)={[c3*(x-Xa)+c2]*(x-Xa)+c1}*(x-Xa)+c0


	
	 

	Xa
	Xb
	c0
	c1
	c2
	c3

	0.00000
	6.32962
	-11.48480000
	0.00000000
	0.00000000
	0.00000000

	6.32962
	8.93974
	-11.48480000
	0.16086017
	0.01043958
	0.00016666

	8.93974
	14.76580
	-10.99085000
	0.21876361
	0.01174462
	0.00000391

	14.76580
	23.28310
	-9.31690000
	0.35601124
	0.01181292
	-0.00001053

	23.28310
	31.19330
	-5.43419000
	0.55494816
	0.01154389
	-0.00004605

	31.19330
	35.49900
	-0.34491500
	0.72893321
	0.01045114
	-0.00014353

	35.49900
	37.50000
	2.97595000
	0.81094952
	0.00859717
	-0.00101300


Table 3:  Spline Curve Coefficients for Secondary Reflector Surface

	             Coefficients of 3rd deg polynomial defined in interval [Xa,Xb] by

	              S(x)={[c3*(x-Xa)+c2]*(x-Xa)+c1}*(x-Xa)+c0


	 

	Xa
	Xb
	c0
	c1
	c2
	c3

	0.00000
	0.45064
	7.54169000
	0.16073402
	-0.01335153
	0.09121842

	0.45064
	1.10408
	7.61976000
	0.20427392
	0.10996902
	-0.00741579

	1.10408
	1.82643
	7.79812600
	0.33849058
	0.09543174
	-0.02410348

	1.82643
	2.78006
	8.08334500
	0.43862999
	0.04319829
	-0.01205049

	2.78006
	4.54054
	8.53047000
	0.48814383
	0.00872315
	-0.00343882

	4.54054
	6.50000
	9.39811000
	0.48688398
	-0.00943878
	-0.00101014


The primary reflector surface shall stay constant, creating a flat surface, within a radius of 6.32 cm. A portion of this central surface shall be removed to accommodate the feed horn assembly.

A plot of the two reflector spline curves is shown in Figure 3 for reference.
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Figure 3:  Reflector Surfaces, Plot of Splines

3.2.2.3 Surface Accuracy

The on-orbit shape of the functioning surfaces of the HGA reflector assembly shall be maintained to an rms error of no more than 0.10 mm.  (As with all requirements, this includes under all conditions: manufacturing error, after exposure to all launch environments, during distortions due to temperature extremes, during thermal distortions due to predicted temperature gradients, etc.) The rms calculation shall be weighted equally throughout the reflector surface on an area basis and use enough data points to ensure that any error is within this specification limit.
3.2.3 Feed Horn Assembly

The GFE feed horn assembly, as defined in drawing GD2072506, shall be mounted as part of the HGA such that all performance requirements are still satisfied over all conditions.  The waveguide interface orientation and location shall meet the requirements in the HGAS ICD, drawing GE2062595. Both the flange and the inner waveguide orientation shall be matched.

At its predicted average temperature, the aperture of the feed horn shall be located at the origin of the HGA coordinate system, as defined in section 3.2.1. The assembly shall be centered about the negative z-axis.
To properly locate the aperture of the horn with respect to the mounting interface, modifications to the feed horn flange location may be proposed; however, their implementation must be approved by the NASA/GSFC COTR.
3.2.4 Struts

Three triangular wedge-shaped struts shall be used to support the secondary reflector above the primary reflector.  Each strut shall extend to the outer edge of the primary reflector.  The physical structure of the struts shall not block more than 1% of the projected area of the primary reflector unblocked by the secondary reflector; thus, there is more design freedom in strut height than in width.  To minimize the diffraction, the wedge vertex line shall face the primary reflector.

The structural interface to the primary reflector shall remain within the envelope requirements, noting the three provisions for these attachments.

Alternate designs may be proposed to improve the reflector assembly’s mechanical performance; however, their implementation must be approved pending an RF performance analysis impact performed by the NASA/GSFC COTR.

3.2.5 Alignment Accuracy

The nominal position of the reflectors, with respect to the feed horn aperture origin, in the HGA coordinate system, shall remain within 0.20 cm in translation with respect to their ideal locations. As measured from each component’s z-axis, the primary shall maintain its rotational alignment to within 0.05 deg, and the secondary and feed horn to within 0.02 deg.

3.2.6 Mechanical Interface

The HGA shall have a common mounting interface plate as defined in drawing GE2062595. Provisions shall be made to properly accommodate the GFE feed horn assembly, in addition to any thermally compliant interface, such as flexures and stand-offs.

The HGA will bolt to the spacecraft gimbal’s antenna bracket as shown in drawing GE2062595.

3.3 Physical Characteristics

3.3.1 Mass

Total as delivered HGA mass, including the GFE feed assembly and mounting interface plate, shall be less than or equal to 4.0 kg.

3.3.2 Center of Mass and Inertial Moment

The center of mass shall be no greater than 15 cm from the interface mounting plane.  The center of mass shall be aligned with the center of the interface mounting plate to within 1 cm.  The actual center of mass shall be determined to within ±2.5 mm relative to the mounting interface.

The moment of inertia about the centerline shall not exceed 435 gm-m2, and about the normal to the centerline it shall not exceed 320 gm-m2. All inertias shall be calculated with respect to the HGA mounting interface plate.

3.3.3 Envelope

The HGA shall occupy a space within the allocation, when the mounting plate is properly located at the interface plane, as specified in drawing GE2062595.

3.3.4 Minimum Resonant Frequency

The unit shall have a minimum structural fundamental frequency of 50 Hz at fixed base.  Flexures are considered as part of the component.  This requirement shall be verified by test during structural sine sweep testing.

3.3.5 Mounting

The HGA will be hard-mounted to the gimbal antenna bracket, as specified in drawings GE2062595 and GE2063089.  Proper fit/alignment of the HGA to the bracket shall be inherent in its design, fabrication, and assembly to the bracket, through the use of matched tooling and/or close dimensional control in the location of mounting holes and the use of correct mounting hardware.  The mounting interface shall be defined by the Interface Control Document.
3.3.6 External Adjustment

The HGA shall be designed so that no external adjustments are required after start of acceptance or qualification testing.

3.3.7 Finish

All surfaces and bonds on the HGA shall be conductive as defined in paragraph 3.4.6 (surface conductivity).  Aluminum parts shall be finished with iridite per MIL-C-5541, Class 3.  Titanium surfaces shall be finished per AMS 2488.
3.3.8 Identification and Marking

The HGA shall be permanently marked with the part number and a unique sequential serial number in the area designated on the interface control drawing in a manner to be approved by the NASA/GSFC COTR.

3.3.9 


3.4 Electrical Characteristics

The electrical interface configuration shall meet the overall requirements of this specification.

3.4.1 Reserved

3.4.2 Reserved

3.4.3 

3.4.4 Reserved

3.4.5 

3.4.6 Reserved

3.4.7 

3.4.8 Grounding

The HGA’s ground connection shall be made through its mounting interface plate.

3.4.9 Surface/Dielectric Charging Protection

The component shall meet the following requirements in order to survive the GTO/GEO charging environment.

3.4.9.1 Surface Conductivity/External Discharge Protection

All external surfaces on HGA shall be conductive with a resistivity of less than 109 ohms/sq. and grounded to the mounting interface plate, so that charge can bleed from that surface faster than the charge can build up on that surface.

The HGA shall be designed to prevent discharges on the external surfaces from permanently damaging spacecraft components or upsetting data collection.

3.4.9.2 

3.4.10 

3.4.11 

3.4.12 

3.4.13 

3.5 Life Requirements

3.5.1 Mission Life

Component orbit life shall be five years minimum as defined herein.

3.5.2 Shelf Life

The component shall not suffer any degradation in performance when stored for ten years when packaged using agreed-to procedures.

3.6 Environmental Requirements

The component shall be designed to withstand (without degradation of the structure or specified performance) the operational and non-operational environments specified in the following sections.

3.6.1 Static Loads

The HGA shall demonstrate the ability to survive interface limit loads of 40 g’s vector in any direction.  Loads are considered to act in any direction, individually.  Structural analyses for metallic parts shall be performed to show positive margins of safety using a factor of 1.25X with regard to yield and 1.4X with regard to ultimate material strength.  Structural analyses for composite parts shall be performed to show positive margins of safety using a factor of 1.5X with regard to ultimate material strength.
3.6.2 Dynamic Loads
3.6.2.1 Random Vibration Loads


The HGA shall be capable of withstanding the random vibration levels shown in Table 4 individually applied to three mutually orthogonal axes.

Table 4:  Random Vibration Test Levels

	Frequency

(Hz)
	Acceptance Levels

for Flight Unit

(g2/Hz)
	Qualification Levels

for Protoflight Unit

(g2/Hz)

	20
	.013
	0.026

	20-50
	+6dB/oct
	+6dB/oct

	50-800
	.08
	0.16

	800-2000
	-6dB/oct
	-6dB/oct

	2000
	.013
	0.026

	Overall Grms
	10.0 Grms
	14.1 Grms


3.6.2.2 Sine Vibration Loads

The HGA shall be capable of withstanding the sine vibration levels shown in Table 5 individually applied to three mutually orthogonal axes.

Table 5:  Sine Sweep Vibration Test Levels 

	Axis
	Frequency (Hz)
	Acceptance Levels

for Flight Unit
	Qualification Levels

for Protoflight Unit

	All
	5 to 20

20 to 25

25 to 50
	7 g

15 g

24 g
	8.75 g

18.75 g

30 g


3.6.3 Reserved

3.6.4 



	
	

	


	
	
	


3.6.5 Acoustic

3.6.6 The HGA will be exposed to acoustic environments at the spacecraft system level testing and in launch.  The HGA shall be capable of withstanding the protoflight acoustic environment defined in 
Table 6. 

Table 6:  Acoustic Levels 

	1/3 Oct. Center Freq. (Hz)
	Acceptance SPL

(dB)
	Protoflight Qualification SPL

(dB)

	32
	119.5
	122.5

	40
	125.0
	128.0

	50
	125.2
	128.2

	63
	126.3
	129.3

	80
	128.0
	131.0

	100
	129.0
	             132.0

	125
	130.5
	133.5

	160
	131.0
	134.0

	200
	132.0
	135.0

	250
	131.5
	134.5

	315
	131.0
	134.0

	400
	130.5
	133.5

	500
	130.0
	133.0

	630
	128.5
	131.5

	800
	127.0
	130.0

	1000
	124.0
	127.0

	1250
	122.0
	125.0

	1600
	120.5
	123.5

	2000
	121.0
	124.0

	2500
	118.0
	121.0

	3150
	117.5
	120.5

	4000
	115.5
	118.5

	5000
	114.5
	117.5

	6300
	113.5
	116.5

	8000
	114.0
	117.0

	10000
	114.5
	117.5

	OASPL
	141.3
	144.3


3.6.7 Thermal

The antenna shall be capable of functioning within specification with the following thermal conditions, including all resulting gradient effects:

1. Hot operational case:   Steady state, Antenna radiating to deep space (-273C) and with a solar loading of 1419 watts/m2 at any orientation (front, back, side, etc...).

2. Cold operational case:  Steady state, Antenna radiating to deep space (-273C) and with a solar loading of 1287 watts/m2 at any orientation (front, back, side, etc...).

3. Eclipse case: 72 minute transient condition with no solar loading, after the cold operational case, and return to the hot operational case. The eclipse case can be considered a non-operating condition for survival, such that performance may be degraded during and for up to one hour after exiting the eclipsed state, provided specified performance is regained after this time period.
The thermal conductance of the HGA through the mounting interface plate shall be less than 0.03 W/C.  The isolation can be verified by analysis or test.
3.6.8 Vacuum

The HGA shall be capable of meeting all performance requirements at ambient as well as when exposed to a vacuum environment of 1 x 10-5 Torr, or less.

3.6.9 Atomic Oxygen   

Materials used in the construction of the HGA shall not generate contamination products resulting from the interaction with an atomic oxygen environment.  All operational requirements shall be satisfied during exposure to an atomic oxygen environment of 300 km perigee of transfer orbit for two weeks.  Surfaces in the velocity vector will be subjected to 5.96 x 1016 atoms of atomic oxygen per cm2.

3.6.10 Radiation

The proposed SDO spacecraft will be positioned in geosynchronous orbit.   The total ionizing dose (TID) of radiation is not likely to exceed the values shown in Figure 4.

The HGA shall be capable of fulfilling its intended application after accumulated exposure as shown in Figure 4.  No shielding shall be assumed for the HGA.  The contractor must apply a factor of 2 to the values shown.  


Figure 4:  Dose-depth curve for SDO for a 5-year mission in GEO 

(A factor of 2x design margin must be applied to these values) 

3.6.11 Humidity

The HGA shall be capable of meeting the requirements herein during and after exposure to 20 to 70% relative humidity for 2 years.

3.6.12 External Depressurization

The HGA shall survive external depressurization from one atm to 10-5 Torr in 30 seconds, including the effect on any entrapped volumes.

3.6.13 

Components not having a minimum of 0.25 square inches of vent area for each cubic foot volume, shall demonstrate the ability to survive the venting rate. If analysis is required, the venting analysis must indicate a positive structural margin at loads equal to the maximum expected pressure differential during launch, with a Factor of Safety of 2.0 applied to the loads.  

3.6.14 Magnetic Dipole

Any component or piece part exceeding 3 Amp-m2 dipole moment shall be identified and approved for its use by the NASA/GSFC COTR.  This requirement may be satisfied by analysis.
If a magnetics test is performed, the test should occur after vibration testing.  This is because magnetic fields induced by the vibration lab may reside in the component following the vibration test sequence.
3.6.15 

4 Verification Requirements

The contractor shall conduct a verification program that demonstrates the hardware design meets all requirements contained in this document.  The contractor shall provide a verification matrix defining the method of verification for each specific requirement of this document.  Verification methods include inspection, analysis, test or a combination of these techniques.

4.1 Inspection

Verification by inspection includes visual inspection of the physical hardware, a physical measurement of a property of the hardware, or the documentation search demonstrating hardware of an identical design has demonstrated fulfillment of a requirement.

4.1.1 Visual Inspection

Visual inspection of the physical hardware by a customer appointed qualified inspector.

4.1.2 Physical Measurement

Physical measurement of hardware property (i.e. mass, dimensions, etc.) demonstrating the hardware meets specific requirement.

4.1.3 Documentation Search (Similarity)
Verification of requirements based on similarity shall include supporting rationale and documentation and shall be approved by the NASA/GSFC COTR.

4.2 Analysis

Verification of performance or function through detailed analysis, using all applicable tools and techniques, is acceptable with NASA/GSFC COTR approval.

4.3 Test

Represents a detailed test of performance and/or functionality throughout a properly configured test setup where all critical data taken during the test period is captured for review.

Performance parameter measurements shall be taken to establish a baseline that can be used to assure that there are no data trends established in successive tests that indicate a constant degradation of performance within specification limits that could result in unacceptable performance in flight.

4.4 Test Restrictions

4.4.1 Anomaly During Tests

Testing shall be halted (as appropriate) if an anomaly occurs during testing to prevent potential damage to hardware and to preserve the failure configuration. Anomaly investigations should be conducted in accordance with manufacturer’s approved procedure(s). 
4.4.2 Modification of Hardware

Once the formal test program has started, adjustment or modification of protoflight or flight hardware shall not be permitted unless fully documented and approved prior to execution.
4.4.3 

4.4.4 

4.4.5 Re-Test Requirements

If any event, including test failure, requires that a component be disassembled and reassembled, then all tests performed prior to the event must be considered for repeat.  If the unit has multiple copies of the same build, then all units must be examined to determine if the problem is common.  If all copies require disassembly for repair, then each must receive the same test sequence.

4.5 Required Verification Methods

The following measurements, tests, environments, and inspections are required for each HGA to provide assurance that the HGA meets specified performance, functional, environmental, and design requirements.  Each test or demonstration is described below.

a. Weight and Envelope Measurements

b. Initial Alignment Inspection
c. Performance and Functional Tests


d. Loads Verification
e. Random Vibration Test

f. Sine Vibration Test
g. 
h. Acoustics Test

i. Thermal Vacuum Test
j. Final Alignment Verification

k. Performance and Functional Tests

4.5.1 Weight and Envelope Measurements
Measurement of the weight, envelope, and mounting interface of the HGA shall be made to show compliance with requirements in sections 3.3.1, 3.3.2, 3.3.3, and 3.3.5 and provide accurate data for the mass properties control program. The center of mass location and moments of inertia may be determined by calculation.
4.5.2 Alignment Knowledge
The initial alignment of the HGA’s reflectors and feed horn assembly shall be confirmed through measurement to meet the requirements of this document before the test program commences.
4.5.3 Performance Tests

The HGA shall be tested to demonstrate compliance with performance requirements using photogrammetric techniques to confirm shape, surface accuracy, and alignment, and other industry-standard material test techniques to ensure the structural integrity of the unit.  

4.5.4 

Performance Tests are detailed functional tests conducted under conditions of varying internal and external parameters with emphasis on all possible modes of operation for the component.  A Performance Test shall be conducted at the beginning and end of each acceptance/qualification test program, and during the thermal vacuum test as specified in 4.5.11.
Functional Tests are abbreviated Performance Tests done periodically during or following the component environmental testing in order to show that changes or degradation to the component have not resulted from environmental exposure, handling, transporting, or faulty installation.  

4.5.5 Reserved

4.5.6 Reserved


4.5.7 Loads Verification
Structural analyses shall be performed to show positive margins of safety under acceptance (flight) level loads using a factor of 1.25X with regard to yield and 1.4X with regard to ultimate material strength for metallic materials and a factor of 1.5X with regard to ultimate material strength for composite materials.

Load testing that demonstrates the hardware design meets the requirements of section 3.6.1 shall be performed on protoflight hardware.  There is no requirement to strength test flight hardware that has already been strength tested through a protoflight program (ie, there is no “acceptance level” strength test requirement for flight hardware).   The exceptions to this are:

· Nonmetallic composite structure must be proof tested to 1.25X limit load

· Bonded structural joints must be proof tested to 1.25X limit load

Structural Loads testing can be verified by performing either a fixed frequency Sine Burst test or a series of pull tests.

No permanent deformation may occur as a result of the loads test.  Following the loads test, a performance test shall be conducted to verify that no damage occurred due to the loads test, and that the performance requirements (shape, surface accuracy, alignment, etc.) of this document are still satisfied.




4.5.7.1 Sine Burst

A Sine Burst test in conjunction with the random vibration test in each axis is a convenient method to conduct a structural loads test.  This test applies a ramped sine input at a sufficiently low frequency such that the test item moves as a rigid body.  An analysis is required to show that a base drive Sine Burst test will not cause over-test or under-test in some areas of the structure.

Duration:  5 cycles of full level amplitude.




4.5.7.2 Static Pull

Static pull tests are another method to perform loads testing.  Pull vectors and forces must be designed to obtain stresses predicted under qualification loading.  Strain gages are generally positioned around the test point to verify deflection predictions from the analytical model. 

Test Duration:  30 seconds

4.5.8 Signature Sine Sweep Measurement

The HGA shall be subjected to low level (signature) swept sine vibration before and after each sine burst, random vibration, sine vibration test or shock test (if simulated on a shaker table).  This test is a tool to verify no change in structural integrity from testing (requirement from Section 3.6) by comparing pre and post resonance frequencies and amplitudes.

The signature sweep may also be used to verify the primary resonant frequency requirements of section 3.3.4.

4.5.9 Random Vibration Test

The HGA shall be subjected to a random vibration test along each axis to the appropriate levels shown in Section 3.6.2.1, mounted to the test fixture as it would be mounted for flight.  A functional test shall be performed before the start of testing and after a test in each axis.

Prior to the test, a survey of the test fixture/exciter combination will be performed to evaluate the fixture dynamics and the proposed choice of control accelerometers.

The duration for the test shall be 1 minute per axis for Acceptance and Protoflight Tests.


4.5.10 Sine Vibration Tests
The HGA shall be subjected to swept sine vibration testing to the appropriate levels in Section 3.6.2.2, mounted to the test fixture as it would be mounted for flight. The sweep rate shall be 4 octaves/minute for Acceptance and Protoflight Tests.

4.5.11 Acoustics Test

The HGA shall be subjected to an Acoustics test to verify the requirements specified in section 3.6.4 for a duration of 1 minute for Acceptance and Protoflight Tests.
4.5.12 Thermal Vacuum Test

The HGA shall be thermal cycled a total of eight (8) times at a pressure less than 1.33 X 10-3 Pa. (1 X 10-5 torr). The HGA shall be mounted in flight configuration with its interface plate, but thermally isolated from the test stand. 

Each cycle shall duplicate the analysis conditions of section 3.6.5 and repeat the following steps:

· Hot operational case, with a 4 hour soak; followed by,
· Cold operational case, with a 2 hour soak; followed by,
· Transition to Eclipse case over the specified 72 minutes, no soak; and repeat.
The operating conditions are defined as 5 C beyond the predicted temperature extremes.  Testing on the Protoflight Unit shall exceed these operating extremes by an additional 10 C (for a total of 15 C beyond predictions).  Testing on the Flight Units shall exceed the operating extremes by an additional 5 C (for a total of 10 C beyond predictions).  (All changes are defined such that the cold temperatures are decreased, and the hot temperatures are increased.)
The two worst case predicted solar angle conditions shall be used during the test. For example, the first four hot/cold operational cases may have the “sun on dish edge” and the remaining four may have the “sun on dish face.”  This can be created using an approved method, such as a solar simulator or controllable heaters.

During each soak a functional performance test of photogrammetry shall be performed to verify proper operation.

4.5.12.1 Reserved

4.5.12.2 Temperature Transitions

Transitions from cold to hot conditions increase contamination hazards because material that has accreted on the chamber walls may evaporate and deposit on the relatively cool test item.  Transitions will be conducted at rates sufficiently slow to prevent that from occurring.  Testing shall start with a hot soak and end with a hot soak to minimize this risk.

4.5.12.3 Reserved

4.5.12.4 Reserved

4.5.12.5 

4.5.12.6 Bakeout

After completion of the thermal vacuum test, the HGA shall be baked-out prior to final delivery to GSFC.  The bake-out performance shall be measured using a temperature-controlled Quartz Crystal Microbalance (TQCM) at chamber pressures below 10-5 torr.  The bake-out / outgassing certification shall be performed at the HGA maximum on-orbit temperature and the TQCM shall be controlled at –40 °C or lower throughout the test to measure total outgassing of Volatile Outgassed Condensables (VOC’s), without influence of water vapor condensation.  The bake-out / outgassing certification test shall be deemed successful when the outgassing rates are 8 x 10-10g/s or below per hour for 5 consecutive hours.   The following test data shall be collected and delivered to GSFC:  chamber configuration, TQCM reading (taken as a minimum every 0.5 hours), hardware temperature, chamber/ shroud temperature, TQCM temperature, and pressure.

If the contractor’s vacuum chamber uses a shroud to elevate and sustain an item’s temperature for bake-out, background TQCM measurements must be conducted before the bake-out with chamber in bake-out configuration in order to determine flight hardware contribution.  Provision must be made to measure effectiveness of pump system.  The value of a chamber’s exit conductance is generally much lower than the rating of its pump alone.  This is necessary to relate TQCM deposition rates to source outgassing rates

If the contractor uses a bake-out box, the chamber should feature a shroud held at temperatures below the TQCM reading so as not to interfere with it, otherwise the bake-out box should feature a coldplate near the bake-out box vent to collect contaminants that would otherwise interfere with the TQCM readings.  In such cases, knowledge of the chamber pump effectiveness is not necessary.
4.5.13 

4.5.14 


APPENDIX A:  Abbreviations and Acronyms

COTR
Contracting Officer’s Technical Representative

DA
Double Amplitude

EOL
End of Life

GEO
Geosynchronous Orbit

GFE
Government Furnished Equipment

HGA
High Gain Antenna

HGAS
High Gain Antenna System

Hz
Hertz

SDO
Solar Dynamics Observatory

SEM
Scanning Electron Microscope

SOW
Statement of Work

SPL
Sound Pressure Level

TID
Total Ionizing Dose
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