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1 Scope

This specification describes the electrical, mechanical, operating environment, and verification testing requirements for space-qualified, Coarse Sun Sensor (CSS) for a Goddard Space Flight Center (GSFC) payload, the Solar Dynamics Observatory (SDO). 

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, mechanical, and environmental requirements of the Coarse Sun Sensor 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, 464-ACS-LEGL-0024, 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-ACS-LEGL-0024
	CSS Statement of Work
	5/24/2004

	MIL-STD-462
	Measurement of Electromagnetic Interference Characteristics
	8/20/1999

	NASA-HDBK-4002
	Avoiding Problems Caused by Spacecraft On-Orbit Internal Charging
	2/17/1999


2.2 Reserved

3 Requirements

All of the written requirements in this document must apply at the end of spacecraft (SC) life (EOL), as defined in section 3.5.

3.1 Description

Coarse Sun Sensor (CSS) eyes will be used to provide sun position information as a key part of the SDO attitude control system.

3.2 Component-Specific Functional/Performance Requirements

The CSS system will consist of CSS eyes with a 170 degree full cone angle or 85 degree half cone angle field of view.  The output of each CSS eye will be approximately proportional to the cosine of the angle of the sun with respect to the CSS eye boresight axis.  All of the written requirements in this document will apply at the end of operating life as defined in 3.5.  

3.3 Physical Characteristics

3.3.1 Mass

Total as delivered CSS mass shall be less than or equal to 100 grams.

3.3.2 Reserved

3.3.3 Envelope

The CSS shall occupy a space of less than:



height:
      15.0 mm; (0.59 in.) 

diameter:    30.0 mm; (1.18 in.)

For the purposes of clarifying this requirement, the length and width dimensions define the mounting surface and the height and length dimensions define the connector face.  See Figure 1 below:












W

Mounting face and connector face 

Figure 1:  Envelope Dimension Definitions

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 package will be hard-mounted on a mechanical surface of the spacecraft solar array.  Proper fit/alignment of the CSS to the structure shall be inherent in its design, fabrication, and assembly to the structure, through the use of close dimensional control in the location of mounting holes and the use of correct mounting hardware. The mounting interface shall be defined in the Interface Control Document

3.3.6 External Adjustment

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

3.3.7 Finish

All parts should be passivated and external surfaces on externally mounted components 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

Each unit 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 GSFC COTR.

3.3.9 Reserved

3.4 Electrical Characteristics

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

3.4.1 Power Interface

The CSS eye shall be a current source and shall not require or consume any power.

3.4.1.1 Connectors

Connections shall be made to terminals on the CSS eyes without the use of connectors.

3.4.1.2 Reserved  

3.4.1.3 Output Level

Each CSS eye shall produce a peak output of 450 +/- 50 microamperes corresponding to full solar illumination on the boresight axis.  The boresight axis shall be normal to the mounting surface of the CSS eye.  The current will fall off approximately as the cosine of the sun angle from the boresight axis.  

3.4.1.4 Field of View

Each CSS eye shall be capable be capable of providing an output when the sun is within a conical field of view of at least 170 degree full cone angle about the boresight axis.   

3.4.1.5 Null Accuracy

Maximum output of each CSS eye shall be +/- 1 degree from boresight of eye.

3.4.1.6 Alignment

The boresight axis of the CSS eyes shall be perpendicular to the CSS eye mounting surface within the tolerances listed below:




Placement

2 degrees




Knowledge

1 degree




Stability

1 degree

3.4.1.7 Reserved


3.4.2 Surface/Dielectric Charging Protection

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

3.4.2.1 Surface Conductivity/External Discharge Protection

External surfaces on externally mounted components shall be conductive with a resistivity of less than 109 ohms/sq. and grounded to the Observatory structure, so that charge can bleed from that surface faster than the charge can build up on that surface.

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

The component’s electrical system shall be designed to carry discharge currents and to shield from the electric field from the discharge without any permanent damage to the Observatory.




3.4.3 Reserved

3.5 Life Requirements

3.5.1 Mission Life

Component orbit life shall be five years 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 specified performance) the operational and non-operational environments specified in the following section.

3.6.1 Static Loads

SDO components shall demonstrate the ability to survive interface limit loads of Table 2.  Loads are considered to act in any direction, individually.  Structural analyses 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.

               Table 2: Component Limit Loads 

	            Component


	         Acceptance Level

                     (g)
	      Qualification Level

                   (g)

	      Coarse Sun Sensors
	                     60
	                   75


3.6.2 Vibroacoustic Loads

The CSS shall be capable of withstanding the random vibration levels shown in Table 3 and the sine vibration levels of Table 4, individually applied to three mutually orthogonal axes.  Components which are powered on at launch must meet this requirement when powered.  (NOTE:  the CSS is not powered at launch.)

Table 3: Random Vibration

	FREQUENCY 

(HZ)
	Acceptance 

(Flight) LEVELS 

(g2/Hz)
	Qualification

(PROTOFLIGHT and PROTOTYPE) LEVELS (g2/Hz)

	20
	0.01
	0.02

	20-40
	+7.0 dB/oct
	+7.0 dB/oct

	40-50
	0.5
	1.0

	50-150
	+8.2 dB/oct
	+8.2 dB/oct

	150-400
	1.0
	2.0                      

	400-2000
	-4.3 dB/oct
	-4.3 dB/oct                

	2000
	0.1
	0.2                       

	Overall Grms
	27.5 Grms
	38.9 Grms


Table 4: Sine Sweep Vibration Test Levels 

	Axis
	          Frequency

              (Hz)
	   Acceptance (Flight)

              Level

                (g)
	       Qualification

     (Protoflight and

      Prototype) Level            

                 (g)

	Each Axis

Separately
	              5-20
	                 3
	     3.75

	
	             20-50
	                45
	     56.25


3.6.3 Shock

The CSS may experience the shock environment approaching those shown in Table 5.  An assessment of the CSS shock capability shall be provided.  Assessment may be based on historical test data or analysis.

    Table 5: CSS Maximum Expected Shock Environment (Q=10)

	                           Frequency


	                                   Level

	                              100
	                                   200

	                         100 to 275
	                          +13.0 dB/Octave

	                         275 to 600
	                                 1800 g

	                         600 to 1000
	                           -9.6 dB/Octave

	                            10000
	                                  800g


3.6.4 Acoustic

The CSS will be subjected to acoustic levels at the spacecraft system level testing as defined in Table 6 and must be capable of withstanding the protoflight acoustic environment.    

Table 6: Acoustic Levels 

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

(dB)
	Prototype 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


3.6.5 Thermal

The CSS shall be capable of operation with baseplate temperatures defined in Table 9.  Unless specifically approved by the COTR, the thermal design shall dissipate heat conductively through the mounting interface, which should be assumed to be at the qualification temperatures.

Table 7: Temperature Limits at Mounting Interface

	Condition
	Cold Limit 

(degrees C)
	Hot Limit 

(degrees C)

	Operational Temp   (nominal expected orbital range)
	-120
	+80

	Acceptance Temp  (test temperatures for flight units ) conducted only on flight hardware for which the design has already undergone a Qualification Program.


	-125
	+85

	Qualification Temp (maximum performance limits; test temps for first of multiple flight units if design not previously qualified)
	-130
	+90

	Survival Temp ( each unit must turn on at these extremes but does not have to meet performance requirements)
	-130
	+90


3.6.6 Vacuum

The CSS shall be capable of meeting all performance requirements of section 4.3 at ambient as well as when exposed to a vacuum environment of 1 x 10-5 Torr, or less.

3.6.7 Atomic Oxygen   
Materials used in the construction of the CSS assembly 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 1.40 x 1023 atoms of atomic oxygen per cm2.  The expected atomic oxygen fluence for SDO is 5.96E16 atoms of AO per sq.cm.

3.6.8 Radiation – Total Dose

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 2.

a)
Each component shall be capable of fulfilling their intended application after accumulated exposure based on shielding provided by the contractor as shown in Figure 2.  The contractor must apply a factor of 2 to the values shown in figure 2.  
b)
All linear bipolar components shall be tolerant to the effects of enhanced low dose rates.  Linear bipolar components are of special concern for TID degradation, because they may exhibit enhanced degradation when exposed to the low dose rates typical in space environments—a phenomenon called enhanced low dose rate sensitivity. 

      The Contractor shall verify that the performance of devices (for example, bipolar technologies) susceptible to proton displacement damage is unlikely to be compromised by exposure to an equivalent cumulative fluence of 3E11 10 MeV protons.


Figure 2:  Dose-depth curve for SDO for a 5-year mission in GEO 

(A factor of 2x design margin must be applied to these values)
3.6.8.1 Non-Destructive Single Events Effects

a)
The Contractor shall demonstrate that for non-destructive SEE, such as single event upset (SEU), the minimum LET for each component shall be greater than 37 MeVcm2/mg.

b)
The Contractor must consider that there is no geomagnetic shielding for the SDO SC orbit, and therefore high LET particles are not considered to be attenuated.

c)
If a device is not immune to SEE’s as defined in (a) above, analysis for SEE rates and effects must be performed based on threshold LET of the candidate devices.  Effects due to both the galactic cosmic heavy ion and solar heavy ion environment shall be assessed and approved by the GSFC COTR.

3.6.8.2 Destructive Single Events Effects

The Contractor shall demonstrate that for destructive SEE, such as single event latch-up (SEL), the minimum LET for components shall be 100 MeVcm2/mg. 

Power MOSFET or bipolar transistors must be de-rated into their safe operating areas to prevent single-event gate rupture (SEGR) and single-event burnout (SEB).

[image: image2.wmf]Integral LET Spectra for Galactic Cosmic Rays
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Figure 3:  LET Spectra for Single Event Effects

3.6.9 Humidity

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

3.6.10 Venting

All CSS shall be vented to prevent pressure buildup during the ascent phase of launch.  The CSS shall survive external depressurization from one atm to 10-5 Torr in 30 seconds.

SDO 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.  

3.6.11 Magnetic Dipole

Any component or piece part exceeding 3 Amp m2 dipole moment shall be identified and approved for use by the GSFC COTR.

3.6.12 Contamination Control  

The contractor shall establish cleanliness requirements to minimize performance degradation and delineate the approaches to meet the SDO Project requirements.  

3.6.13 Cleanliness  

All hardware shall be verified to be visibly clean, upon delivery to GSFC.  The CSS components shall be cleaned to 450A per MIL-STD-1246C (Product Cleanliness Levels and Contamination Control).

4 Verification Requirements

The contractor shall conduct a verification program that demonstrates the hardware design is qualified and 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

Verification of requirements based on similarity shall include supporting rationale and documentation and shall be approved by the GSFC COTR

4.2 Analysis

Verification of performance or function through detailed analysis, using all applicable tools and techniques, is acceptable with 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 Failure During Tests

The test shall be stopped if equipment fails during testing in cases where this failure will result in damage to the equipment. Otherwise, the test shall be completed to obtain as much information as possible.  No replacement, adjustment, maintenance, or repairs are authorized during testing. This requirement does not prevent the replacement or adjustment of equipment that has exceeded its design operating life during tests, provided that after such replacement, the equipment is tested as are necessary to assure its proper operation.  A complete record of any exceptions taken to this requirement shall be included in the test report.

4.4.2 Modification of Hardware

Once the formal acceptance test has started, cleaning, adjustment, or modification of test hardware shall not be permitted.

4.4.3 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 CSS to provide assurance that the CSS meets specified performance, functional, environmental, and design requirements.  Each test or demonstration is described below.

a.
Weight and Envelope Measurements

b.
Initial Alignment (if necessary), Performance and Functional Tests
 

c.
Shock Test (if necessary)

d.
Loads Test (Prototype/Protoflight only)

e.
Sine Vibration 

f.
Random Vibration


g.
Thermal Vacuum

h.
Final Alignment (if necessary), Performance and Functional Tests

4.5.1 Weight and Envelope Measurement

Measurement of the weight and envelope of the CSS shall be made to show compliance with specified requirements and provide accurate data for the mass properties control program.  

4.5.2 Performance Tests

The CSS shall be tested to demonstrate compliance with performance requirements, including alignment if necessary.  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 test.  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.  

4.5.3 Reserved

4.5.4 Reserved

4.5.5 Loads Tests

•
Structural design loads per the levels in Table 2 shall be applied to prototype or protoflight hardware.  There is no requirement to strength test flight hardware that has already been strength tested through a prototype or protoflight program (ie, there is no “acceptance level” strength test requirement for flight hardware).
Structural Loads testing can be verified by performing either a fixed frequency Sine Burst test, or a series of static loads pull tests.

No permanent deformation may occur as a result of the loads test, and all applicable alignment requirements must be met following the test.  Components that require alignment will have an alignment check following loads testing.  A performance test will be conducted to verify that no damage occurred due to the loads test.

Components do not have to be powered during static loads tests.

4.5.5.1 Sine Burst

A simple Sine Burst test following 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.

4.5.5.2 Static Pull

Static pull tests are another method to perform loads testing and can be applied at flight interfaces in a static test facility.  The loads can be applied either as component loads applied simultaneously, or the single resultant vector load can be applied to the test point.  Strain gages are generally positioned around the test point to verify deflection predictions from the analytical model. 

Test Duration:  30 seconds

4.5.6 Random Vibration

The CSS shall be subjected to a random vibration test along each axis to the appropriate levels shown in Section 3.6.2.  The test item shall be mounted to the test fixture as it would be mounted to the spacecraft.  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 Test and 2 minutes per axis for Prototype Tests.

4.5.7 Sine Vibration

The CSS shall be subjected to swept sine vibration testing to the appropriate levels in Section 3.6.2.  The sweep rate shall be 4 octaves/minute for Acceptance and Protoflight Tests and 2 octaves/minute for Prototype Tests.

The Signature Sine sweep will be conducted on each component before and after vibration testing in each axis.  This test is a tool to verify no change in structural integrity from testing and to verify the primary resonant frequency meets requirements of section 3.3.4.  Components which are powered on at launch shall meet this requirement when powered.  

4.5.8 Reserved

4.5.9 Thermal Vacuum Test

Each component shall be cycled a total of eight (8) times at the component level.  During these tests, chamber pressure shall be less than 1.33 X 10-3 Pa. (1 X 10-5 torr).     

4.5.9.1 Chamber Pump-Down

During the pump-down, power and RF line voltages will be monitored to demonstrate the absence of corona discharge and multipaction (per paragraph 3.4.10).  Only those items powered during launch will be powered for this test.

4.5.9.2 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.

4.5.9.3 Reserved

4.5.9.4 Thermal Vacuum Test Profile

Number of complete cycles: 


Prototype Unit:
8 full cycles, start and end on hot cycle.  Use Qualification temperatures per Table 7 as the “test temperature.”

Protoflight Unit:
8 full cycles, start and end on hot cycle.  Use Qualification temperatures per Table 7 as the “test temperature.”

Flight / Copy / Spare Unit:
8 full cycles, start and end on hot cycle.  Use Acceptance temperatures per Table 7 as the “test temperature.”

4.5.9.5 Reserved 


Figure 4:  Thermal Vacuum Profile (8 Hot/Cold Cycles  for CSS)



APPENDIX A:  Abbreviations and Acronyms




Al 

          Aluminum




CE

          Conducted Emissions




CS

          Conducted Susceptibility




CSS

          Coarse Sun Sensor




DA 

          Double Amplitude




EEE          
          Electrical, Electronic, and Electromechanical



EMI  

          Electro Magnetic Interference




EOL                          End of Life




GEO                         Geosychronous Orbit




LET

          Linear Energy Transfer




LISN
                      Line Impedance Simulation Network




M ohms                     Mega ohms








RE                             Radiated Emissions




RS

          Radiated Susceptibility









SDO

          Solar Dynamics Observatory




SEB

          Single Event Burnout




SEGR  
          Single Event Gate Rupture




SEE 
                      Single Event Effects




SEU 
                      Single Event Upset




SEM 
                      Scanning Electron Microscope




SOW
                      Statement of Work




SPL
 
          Sound Pressure Level




TID 

          Total Ionizing Dose




UUT

          Unit Under Test







14KHz ( 50MHz





Differential Mode





Common Mode





Components





Instruments





Frequency (Hz)





Bandwidth (Hz) = 5





�





50K





5K





500





0





20





40





140





120





100





80





60





10M





1M





100K





10





100





1k





10K





100M





Goddard Space Flight Center


Greenbelt, Maryland





� EMBED Word.Document.8 \s ���
























































� EMBED Word.Picture.8  ���





Soak at test temperature 4 hours, run performance test








Test Temp








H   


               L                   





Goddard Space Flight Center


Greenbelt, Maryland





� EMBED Word.Picture.8  ���





National Aeronautics and


Space Administration






















































































National Aeronautics and


Space Administration




























































































CHECK WITH THE NGST DATA MANAGEMENT OFFICE 

OR THE CONFIGURATION MANAGEMENT OFFICE

TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.

PAGE  
CHECK THE SDO MIS AT https://sdomis.gsfc.nasa.gov
TO VERIFY THAT THIS IS THE CORRECT VERSION PRIOR TO USE.

_1134370390.doc
[image: image1.wmf]Dose-Depth Curve for GEO


10


 


–


 


4


10


 


0


10


 


1


10


 


2


10


 


3


10


 


4


10


 


5


0


100


200


300


400


500


600


700


800


900


1000


Aluminum Shield Thickness (mils)


Dose (


krad


-


Si


 / 5 


yrs


) 


Trapped Electrons


Solar protons


Total





_995883179.doc
[image: image1.png]






