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1 GENERAL INFORMATION

1.1 PURPOSE & Scope

This document provides requirements and guidelines for the environmental verification program for the Ice, Cloud, and Land Elevation Satellite-2 (ICESAT-2) observatory, instrument, spacecraft bus, subsystems and components and describes methods for implementing those requirements.  It contains a baseline for demonstrating by test or analysis the satisfactory performance of hardware in the expected mission environments, and that minimum workmanship standards have been met.  It elaborates on those requirements, gives guideline test levels, provides guidance in the choice of test options, and describes acceptable test and analytical methods for implementing the requirements.

For procurement purposes, the instrument is treated as a subsystem and the spacecraft bus is treated as a module. There will be environmental verification plans to address requirements specified within this document at the instrument and observatory levels.  This document, the Environmental Requirement Document (ERD), was created from the MMS environmental requirement document ands is complaint with the General Environmental Verification Specification (GEVS, GSFC-STD-7000), as tailored to create the ICESAT-2 project specific environmental verification requirements, for the ICESAT-2 project.

1.2 APPLICABILITY AND LIMITATIONS

These requirements apply to ICESAT-2 hardware and associated software that is to be launched on an Evolved Expendable Launch Vehicle (EELV).

These requirements apply to all space flight hardware, including interface hardware, which is developed as part of the ICESAT-2 project.  

These Requirements are written in accordance with the current GSFC practice of using a single protoflight observatory to qualify for space flight (see definition of hardware, 1.8). The protoflight verification program, therefore, is given as the nominal test program.

1.3 THE ICESAT-2 VERIFICATION APPROACH

The entire ICESAT-2 observatory instrument, subsystems, and components will be verified under conditions that simulate the launch operations, flight operations and flight environment as realistically as possible.

Units powered on for launch, shall be powered on and their performance monitored during test.  However, it is recognized that there may be unavoidable exceptions, or conditions which make it preferable to perform the verification activities at lower levels of assembly.  For example, testing at lower levels of assembly may be necessary to produce sufficient environmentally induced stresses to uncover design and workmanship flaws.

Environmental verification of hardware is only a portion of the total assurance effort for ICESAT-2, Figure 1 ICESAT-2 Mission interrogation and Test Flow that establishes confidence that the observatory will function correctly and fly a successful mission.  The environmental test program provides confidence that the design will perform when subjected to environments more severe than expected during the mission, and provides environmental stress screening to uncover workmanship defects.
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Figure 2 ICESAT-2 Mission intgration and Test Flow

The total verification process also includes the development of models representing the hardware, tests to verify the adequacy of the models, analyses, alignments, calibrations, functional/performance tests to verify proper operation, and finally end-to-end tests and simulations to show that the total system will perform as specified.  

The level, procedure, and decision criteria for performing any additional tests will be included in the ICESAT-2 system verification plan.

1.4 Use of the Terms “Spacecraft” and “Observatory”

Throughout this document all references to “spacecraft” shall be considered to apply to the ICESat-2 spacecraft bus whether or not the instruments have been integrated with the spacecraft bus.  The term observatory refers to the spacecraft with instruments integrated.

1.5 OTHER ASSURANCE REQUIREMENTS

In addition to the verification program, the assurance effort includes parts and materials selection and control, reliability assessment, quality assurance, software assurance, design reviews, and system safety per the ICESAT-2 Mission Assurance Requirements (MAR).

1.6 RESPONSIBILITY FOR ADMINISTRATION

The responsibility and authority for decisions in waving the requirements rest with the GSFC ICESAT-2 Project Manager.

The requirements thus derived and deviations from the requirements of this document are subject to review and approval by the GSFC ICESAT-2 Project Office.

1.7 CONFIGURATION CONTROL AND DISTRIBUTION

This document is controlled and maintained by the GSFC ICESAT-2 Project Office.  

2 Documents

2.1 APPLICABLE DOCUMENTS

The following documents are needed in formulating the environmental test program.

The Contractor shall use the current version in effect at the time of procurement.

2.1.1 LV User Manual

The most recent version of the launch vehicle user manual and requirements are applicable in accordance with the launch vehicle and can be acquired from the service provider.  Current plans are based on a performance envelope allowing a Taurus-II, EELV or Falcon 9 LV.

2.1.2 Spacecraft Tracking and Data Network Simulation

STDN No. 101.6, Portable Simulation System and Simulations Operation Center Guide for TDRSS & GSTDN, describes the Spacecraft Tracking and Data Network (STDN) and the Tracking and Data Relay Satellite (TDRS)/Ground STDN network simulation programs, and the Simulations Operations Center (SOC).  It also discusses end-to-end simulation techniques. STDN No. 408, TDRS and GSTDN Compatibility Test Van Functional Description and Capabilities, describes the equipment and the compatibility test system.

2.1.3 NASA Standards

The following standards provide supporting information:

a.
NASA-STD 7002, Payload Test Requirements

b.
NASA-STD-7001, Payload Vibroacoustic Test Criteria

c.
NASA-STD-7003, Pyroshock Test Criteria

d.
NASA-HDBK-7004, Force Limited Vibration Testing

e.
NASA-HDBK-7005, Dynamic Environmental Criteria

f.
NASA-STD-5001, Structural Design and Test Factors of Safety for Space Flight Hardware

g.
NASA-STD-5002, Load Analyses of Spacecraft and Observatories

2.1.4 Military Standards for EMC Testing

Pertinent sections of the following standards are needed to conduct the EMC tests:

a.
MIL-STD-461C, Electromagnetic Interference Characteristics Requirements for Equipment.

b.
MIL-STD-462, Electromagnetic Interference Characteristics, Measurement of, as amended by Notice l.

c.
IEEEC63.14, Definitions and Systems of Units, Electromagnetic Interference Technology.

2.1.5 Military Standards for Non-Destructive Evaluation

a.
MIL-HDBK-6870, Inspection Program Requirements, Non-Destructive Testing for Aircraft and Missile Materials and Parts.

b.
NAS-410, Certification and Qualification of Nondestructive Test Personnel.

c. MSFC-STD-1249, Standard NDE Guidelines and Requirements for Fracture Control Programs.

d.
MIL-HDBK-728, Nondestructive Testing.

2.2 GOVERNING DOCUMENTS

The following are higher-level documents.  In cases of conflict between this document and the higher level documents, the higher level documents shall take precedence.

· 42x-RQMT-00XX, ICESAT-2 Mission Requirements Document

· 42x-RQMT-00XX, ICESAT-2 Instrument Mission Assurance Requirements

· 42x-RQMT-00XX, ICESAT-2 Spacecraft Mission Assurance Requirements

· 42x-IRD-XXXX, ICESAT-2 Spacecraft / Instrument Interface Requirements Document

· 42x-IRD-XXXX, ICESAT-2 Launch Vehicle/Spacecraft Interface Requirements Document

· GSFC-XXXXXX,  ICESAT-2 Radiation Environmental Specification, 

· GSFC-XXXXXX, ICESAT-2 Radiation Design Requirement

2.3 REFERENCE DOCUMENTS

The following documents are referenced in this document.  In cases of conflict, this document shall take precedence.

· 42x-SPEC-00xx, ICESAT-2 Electrical Systems Specification  (TBD) (Covers EMI/EMC/Magnetic Specs)

· AFSPCMAN 91-710, “Range Safety User Requirements”

· 42x-PLAN-XXXX, ICESAT-2 Contamination Control Plan

· 42x-PLAN-0xxx, ICESAT-2 Mission System Safety Plan (TBD)
· 42x-PLAN-XXXX, ICESAT-2 Structural Analysis & Test Plan(TBD)
2.4 OTHER Documents

The following documents are for information only and hence do not impose requirements on the ICESAT-2 observatory.
· Atlas V Payload Planners Guide

· Delta IV Payload Planners Guide

· F-9 or T-II UG?

· GSFC-STD-1000, Rules for the Design, Development, Verification, and Operation of Flight Systems

· GSFC-STD-7000, General Environmental Verification Standard (GEVS) for GSFC Flight Programs and Projects

· NASA-STD-7002, Payload Test Requirements

3 ENVIRONMENTAL DESIGN REQUIREMENTS

Environmental design requirements for ICESAT-2 observatory are specified in this section.  Subsections cover requirements at different levels of the observatory as follows:

· Spacecraft components: Section 3.1

· Instrument components: Section 3.2

· Observatory: Section 3.3

· Observatory Stack: Section 3.4

Section 4 covers verification requirements for the different levels of assembly.

3.1 SPACECRAFT COMPONENT REQUIREMENTS

Environmental design requirements for the spacecraft components are specified in this section.  The ICESAT-2 spacecraft components shall be capable meeting their performance requirements after exposure to the environments specified in this section.

3.1.1 Quasi-Static Acceleration

Quasi-static acceleration represents the combination of steady-state accelerations and the low frequency mechanically transmitted dynamic accelerations that occur during launch.

3.1.1.1 Limit Loads

Spacecraft components shall be designed to withstand the quasi-static limit loads defined in the mass-acceleration curve (MAC) shown in Figure 3.1‑1 without damage or degradation of performance.  The breakpoints for the MAC curve are given in Table 3.1‑1.  The design loads shown below will be updated based on the results of coupled loads analysis.  Note that these design limit loads are intended to only cover the low frequency launch environment and must be used in conjunction with the random vibration environments to assess structural margins.
Figure 3.1‑1 – Spacecraft Component Mass Acceleration Curve (MAC)
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1) Components shall designed to show positive margin for limit load using FS=1.25 for yield and FS=1.4 for ultimate

2) Components shall be tested to 1.25 times limit load applied in each of the three mutually perpendicular axis one at a time

3) Linear interpolation may be used between break-points to determine limit load

Table 3.1‑1 – Spacecraft Component Design Loads (Break Points)

	Component 
Mass (Kg)
	Limit Load

(G, Any Direction)

	0.5
	35.9

	1
	35.0

	5
	30.1

	10
	26.5

	20
	22.4

	40
	18.2

	60
	15.9

	80
	14.3

	100
	13.2

	125
	12.1

	150
	11.2

	175
	10.6

	200
	10.0

	225
	9.5


3.1.1.2 Factors of Safety

Positive Margins of Safety shall be demonstrated for all spacecraft structure and components for all yield and ultimate failures using the Factors of Safety (FS) defined in Table 3-1.2.

Table 3.1‑2 – Factors of Safety
	Type of Hardware
	Design Factor of Safety

	
	Yield
	Ultimate

	Tested Flight Structure – metallic
	1.25
	1.4

	Tested Flight Structure – beryllium*
	1.4
	1.6

	Tested Flight Structure – composite*
	N/A
	1.5

	Tested Flight Structure – glass**
	N/A
	3.0

	Pressure Loaded Structure
	1.25
	1.5

	Pressure Lines and Fittings
	1.25
	4.0

	Untested Flight Structure – metallic only*
	2.0
	2.6


· *Beryllium and composite materials cannot be qualified by analysis alone.

· **more complete criteria for glass is found in NASA-STD-5001A
Margin of Safety (MS) is defined as follows:


MS = (Allowable Stress(or Load)/(Applied Limit Stress(or Load) x FS)) –1

Material strengths for pressurized components shall comply with the requirements of AFSPCMAN 91-710, “Range Safety User Requirements”.

3.1.2 Fundamental Frequencies

In order to avoid launch vehicle induced excitation frequencies, the fundamental frequencies of the spacecraft components shall meet the requirements of Table 3.1‑3.  Frequencies will be verified by sine sweep testing.  Any component which fails to meet the specified fundamental frequency must supply a finite element model, correlated to modal survey test results up to 50 Hz, to be used in coupled loads analyses.

Table 3.1‑3.  SC Component Fundamental Frequencies

	Element
	Frequency

	Deck Mounted Components
	> 75 Hz

	Propulsion Tanks
	> 50 Hz

	Antennas
	> 50 Hz

	Solar Panels
	> 50 Hz


3.1.3 Sine Vibration

The spacecraft components shall be designed to the sine vibration levels of Table 3.1‑4 on all three axes.  Input levels may be notched to limit component CG response to the design limit loads specified Paragraph 3.1.1.1.  These levels will be updated using a combination of coupled loads results and base-drive analysis.

Table 3.1‑4.  Sinusoidal Vibration Levels for SC Components

	Test
	Axis
	Frequency (Hz)
	Level (peak)
	Sweep Rate (octaves/min)

	Acceptance
	Thrust
	5 – 20

20 – 50
	0.5 inches D.A.

10.0 g (TBR)
	4

	
	Lateral
	5 – 20

20 – 50
	0.5 inches D.A.

10.0 g (TBR)
	4

	Proto-flight
	Thrust
	5 – 20

20 – 50
	0.63 inches D.A.

12.5 g (TBR)
	4

	
	Lateral
	5 – 20

20 – 50
	0.63 inches D.A.

12.5 g (TBR)
	4

	Qualification
	Thrust
	5 – 20

20 – 50
	0.63 inches D.A.

12.5 g (TBR)
	2

	
	Lateral
	5 – 20

20 – 50
	0.63 inches D.A.

12.5 g (TBR)
	2


3.1.4 Random Vibration

The random vibration environment for the components results from the coupling of structure-borne random vibration with the acoustic noise inside the payload fairing.  The random vibration environment for a given component is a function of its location on the spacecraft.   The following tables provide vibration test levels for spacecraft components weighing less than 50 lbs.  The levels for components weighing more than 50 lbs may be reduced using the methods specified in GEVS.  These levels may be updated based on test data or statistical energy analysis (SEA).

Table 3.1‑5.  Random Vibration Levels for SC Components

	Frequency (Hz)
	Acceptance ASD (G2/Hz)
	Proto-flight ASD (G2/Hz)
	Qualification ASD (G2/Hz)

	20
	0.013 
	0.026 
	0.026 

	20-50
	+6 dB/Octave
	+6 dB/Octave
	+6 dB/Octave

	50-800
	0.08
	0.16
	0.16

	800-2000
	-6 dB/Octave
	-6 dB/Octave
	-6 dB/Octave

	2000
	0.013
	0.026
	0.026

	Overall (Grms)
	10.0
	14.1
	14.1

	Duration (minutes)
	1
	1
	2


3.1.5 Shock

Components shall be designed to withstand the shock spectrum environment shown in Table 3.1‑6 without any damage or degradation of performance.  These shock levels assume that a component is located within 60 cm (2 ft) from a shock source.  The levels given below will be updated once all shock sources have been defined.

Table 3.1‑6 – Shock Response Spectrum (Q = 10)

	Frequency (Hz)
	Acceptance Level (g)
	Protoflight/Qualification (g)

	100
	50
	70

	1000
	1700
	2400

	10000
	1700
	2400


1)  Shock testing performed by firing the actual device shall consist of 2 actuations for protoflight/qualification testing and 1 actuation for acceptance testing.

2)  Simulated shock testing shall be performed to the levels specified in Table 3.1‑6 with 2 tests per axis for qualification testing and 1 test per axis for acceptance/protoflight testing.

All components shall be assessed for damage due to shock based on shock sensitivity or proximity to shock sources.  Components not considered susceptible to the shock environment may have shock testing deferred to the level of assembly that allows for actuation of the actual shock producing device.  Any component considered to be susceptible to the shock environment should have shock testing performed at the component level.

3.1.6 Acoustics

Acoustic noise occurs during launch, at lift-off and in the transonic region.   All external spacecraft components shall be designed to withstand the acoustic loads given in Table 3.3‑3.

3.1.7 Ambient Pressure

The spacecraft components shall be designed to meet all performance requirements while operating over a pressure range of 1.08 x 105 N/m2 (813 Torr) to 1.3 x 10-12 N/m2 (1 x 10-14 Torr) and after exposure to a maximum  depressurization rate of 0.9 psi/s experienced during launch and ascent.  (Note: Tauras-II PDR level is .6 psi/s)

3.1.8 Thermal

Spacecraft components shall be designed for the operational, test, and survival temperature limits given in Section 3.2.9 of the ICESAT-2 Spacecraft Specification (TBR).
3.1.9 Humidity

Spacecraft components shall be capable of meeting all of their performance requirements when exposed to relative humidity levels of 35% to 70%.

3.1.10 Electromagnetic Compatibility

The design of the spacecraft components shall be such that they are electromagnetically compatible with each other and with the external environments encountered during their operation.

3.1.11 Charge Particle Radiation

The natural space radiation environment for the ICESAT-2 mission consists of: (1) trapped particles which include electrons, protons, and heavier ions; (2) particles from solar events (coronal mass ejections and flares); and (3) galactic cosmic ray particles.   All spacecraft components shall be designed to comply with the following requirements:

The ICESAT-2 Radiation Environmental Specification, GSFC-XXXXXX

The ICESAT-2 Radiation Design Requirements, GSFC-XXXXXX

3.2 INSTRUMENT SUITE COMPONENT REQUIREMENTS

Environmental design requirements for the Instrument components are specified in this section.  The ATLAS components shall be capable of meeting their performance requirements after exposure to the environments specified in this section.

3.2.1 Quasi-Static Acceleration

Quasi-static acceleration represents the combination of steady-state accelerations and the low frequency mechanically transmitted dynamic accelerations that occur during launch.

3.2.1.1 Limit Loads

ATLAS components shall be designed to withstand the quasi-static limit loads defined in the mass-acceleration curve (MAC) shown in Figure 3.2‑1 without damage or degradation of performance.  The breakpoints for the MAC curve are given in Table 3.2‑1.  The design loads shown below will be updated based on the results of coupled loads analysis. Note that these design limit loads are intended to only cover the low frequency launch environment and must be used in conjunction with the random vibration environments to assess structural margins.

Figure 3.2‑1 – Instrument Component Mass Acceleration Curve (MAC)
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4) Components shall designed to show positive margin for limit load using FS=1.25 for yield and FS=1.4 for ultimate

5) Components shall be tested to 1.25 times limit load applied in each of the three mutually perpendicular axis one at a time

6) Linear interpolation may be used between break-points to determine limit load

Table 3.2‑1 – Instrument Component Design Loads (Break Points)

	Component 
Mass (Kg)
	Limit Load

(G, Any Direction)

	0.5
	35.9

	1
	35.0

	5
	30.1

	10
	26.5

	20
	22.4

	40
	18.2

	60
	15.9

	80
	14.3

	100
	13.2

	125
	12.1

	150
	11.2

	175
	10.6

	200
	10.0

	225
	9.5


3.2.1.2 Factors of Safety

Positive Margins of Safety shall be demonstrated for all Instrument Suite components for all yield and ultimate failures using the Factors of Safety (FS) defined in Table 3.2‑2.

Table 3.2‑2 – Factors of Safety

	Type of Hardware
	Design Factor of Safety

	
	Yield
	Ultimate

	Tested Flight Structure – metallic
	1.25
	1.4

	Tested Flight Structure – beryllium*
	1.4
	1.6

	Tested Flight Structure – composite*
	N/A
	1.5

	Tested Flight Structure – glass**
	N/A
	3.0

	Pressure Loaded Structure
	1.25
	1.5

	Pressure Lines and Fittings
	1.25
	4.0

	Untested Flight Structure – metallic only*
	2.0
	2.6


· *Beryllium and composite materials cannot be qualified by analysis alone.

· **more complete criteria for glass is found in NASA-STD-5001A
Margin of Safety (MS) is defined as follows:


MS = (Allowable Stress(or Load)/(Applied Limit Stress(or Load) x FS)) –1

3.2.2 Fundamental Frequencies

In order to avoid launch vehicle induced excitation frequencies, the fundamental frequencies of the ATLAS components shall be greater than 75 Hz.  Frequencies will be verified by sine sweep testing.  Any component which fails to meet the specified fundamental frequency must supply a finite element model, correlated to modal survey test results up to 50 Hz, to be used in coupled loads analyses.

3.2.3 Sine Vibration

The ATLAS components shall be designed to the sine vibration levels of Table 3.2‑3.  These levels will be updated using a combination of coupled loads results and base-drive analysis.

Table 3.2‑3.  Sinusoidal Vibration Levels for ATLAS Components

	Test
	Axis
	Frequency (Hz)
	Level (peak)
	Sweep Rate (octaves/min)

	Acceptance
	Thrust
	5 – 20

20 – 50
	0.5 inches D.A.

10.0 g
	4

	
	Lateral
	5 – 20

20 – 50
	0.5 inches D.A.

10.0 g
	4

	Proto-flight
	Thrust
	5 – 20

20 – 50
	0.63 inches D.A.

12.5 g
	4

	
	Lateral
	5 – 20

20 – 50
	0.63 inches D.A.

12.5 g
	4

	Qualification
	Thrust
	5 – 20

20 – 50
	0.63 inches D.A.

12.5 g
	2

	
	Lateral
	5 – 20

20 – 50
	0.63 inches D.A.

12.5 g
	2


Note: These vibration levels apply in the stowed configuration

3.2.4 Random Vibration

The random vibration environment for the components results from the coupling of structure-borne random vibration with the acoustic noise inside the payload fairing.  The random vibration environment for a given component is a function of its location on the observatory.   The following tables provide vibration test levels for ATLAS components. weighing less than 50 lbs.  The levels for ATLAS components weighing more than 50 lbs may be reduced using the methods specified in GEVS.  These levels may be updated based on test data or statistical energy analysis (SEA).

Table 3.2‑4.  Random Vibration Levels for the Insturement Components

	Frequency (Hz)
	Acceptance ASD (G2/Hz)
	Proto-flight ASD (G2/Hz)
	Qualification ASD (G2/Hz)

	20
	0.013 
	0.026 
	0.026 

	20-50
	+6 dB/Octave
	+6 dB/Octave
	+6 dB/Octave

	50-800
	0.08
	0.16
	0.16

	800-2000
	-6 dB/Octave
	-6 dB/Octave
	-6 dB/Octave

	2000
	0.013
	0.026
	0.026

	Overall (Grms)
	10.0
	14.1
	14.1

	Duration (minutes)
	1
	1
	2


3.2.5 Shock

ATLAS Components shall be designed to withstand the shock spectrum environment shown in Table 5.0 without any damage or degradation of performance.  The shock levels given in Table 5.0 assume that a component is located at least 60 cm (2 ft) from a shock source.  The levels given below should be updated once all payload shock sources have been defined.

Table 3.2‑5 – ATLAS Component Shock Response Spectrum (Q = 10) 

	Frequency (Hz)
	Acceptance Level (g)
	Protoflight/Qualification (g)

	100
	50
	70

	1000
	1700
	2400

	10000
	1700
	2400


1)  Shock testing performed by firing the actual device shall consist of 2 actuations for protoflight/qualification testing and 1 actuation for acceptance testing.

2)  Simulated shock testing shall be performed to the levels specified in Table 5.0 with 2 tests per axis for qualification testing and 1 test per axis for acceptance/protoflight testing.

All components shall be assessed for damage due to shock based on shock sensitivity or proximity to shock sources.  Components not considered susceptible to the shock environment may have shock testing deferred to the level of assembly that allows for actuation of the actual shock producing device.  Any component considered to be susceptible to the shock environment should have shock testing performed at the component level.

3.2.6 Acoustics

Acoustic noise occurs during launch, at lift-off and in the transonic region.   All externally mounted ATLAS components shall be designed to withstand the acoustic loads given in Table 3.3‑3.

3.2.7 Ambient Pressure

The ATLAS components shall be designed to meet all performance requirements while operating at pressure levels of 1.33 x 10-3 N/m2 (1 x 10-5 Torr) or less.  The components shall survive exposure to a maximum  depressurization rate of 0.9 psi/s experienced during launch and ascent.  

3.2.8 Thermal

ATLAS components shall be designed for the operational, test, and survival temperature limits given in the Spacecraft to Instrument ICD (TBR Britt). 

The thermal exposure during ascent (Taurus-II) for ATLAS components directly exposed to the LV fairing environment will be exposed to:

Fairing Deployment Constrained to occur after free molecular heating is <1135 w/m2  (0.1 BTU/ft2-sec)

Fairing internal surface temps <121C (250F) through deployment

“Barbeque” Roll Maneuver for spacecraft thermal control after deployment from LV with a nominal roll rate 0.5-1.5 deg/sec

3.2.9 Humidity

The components shall be capable of meeting all of their performance requirements when exposed to relative humidity levels of 35% to 70%.

3.2.10 Electromagnetic Compatibility

The design of the instrument components shall be such that they are electromagnetically compatible with each other and with the external environments encountered during their operation.  Specifically, the components shall meet the emission and susceptibility requirements specified in the ICESAT-2 Electrical Systems Specification TBR.

3.2.11 Charge Particle Radiation

The natural space radiation environment for the ICESAT-2 mission consists of: (1) trapped particles which include electrons, protons, and heavier ions; (2) particles from solar events (coronal mass ejections and flares); and (2) galactic cosmic ray particles.   All ATLAS components shall be designed to comply with the following requirements:

The ICESAT-2 Radiation Environmental Specification, GSFC-XXXXXX

The ICESAT-2 Radiation Design Requirement, GSFC-XXXXXX

3.3 OBSERVATORY REQUIREMENTS

Observatory level environmental design requirements are specified in this section.

3.3.1 Design Load Factors

3.3.1.1 Primary Structure

The primary structure of the observatory shall be designed to >9.1g’s TBR in each axis.  This design load factor includes a rotational acceleration component to account for the effect of rotational acceleration on the observatory.

3.3.1.2 Margin of Safety

Material strengths for observatory primary and secondary structures shall satisfy the design load requirements (limit loads multiplied by the factor of safety) listed in Table 3.3‑1, applied separately in three orthogonal axes.

Table 3.3‑1.  Observatory Design Limit Loads

	Material Strength
	Design Load

	Yield (metal)
	> 1.25 x Limit Load

	Ultimate (metal)
	> 1.4 x Limit Load

	Ultimate(composite)
	> 1.5 x Limit Load


3.3.2 Fundamental Frequencies

In order to avoid launch vehicle induced excitation frequencies, the fundamental frequencies of the observatory structure shall be greater than 35 Hz in all axes.  Secondary structure fundamental frequencies shall be grater than 50 Hz.

3.3.3 Sine Vibration

The ICESAT-2 observatories shall be designed to the sine vibration levels of Table 3.3‑2.  These levels are from the Delta IV Payload Planner’s Guide, and they envelope the Atlas V levels.

Table 3.3‑2.  Observatory Sinusoidal Vibration Levels

	Test
	Axis
	Frequency (Hz)
	Level (peak)
	Sweep Rate (octaves/min)

	Acceptance
	Thrust
	5 – 6.2

6.2 – 50

50 – 100*
	0.5 inches D.A.

1.0 g

1.0 g
	4

	
	Lateral
	5 – 50

50 – 100*
	0.7 g

0.7 g
	4

	Proto-flight
	Thrust
	5 – 7.4

7.4 – 50

50 – 100*
	0.5 inches D.A.

1.4 g

1.4 g
	4

	
	Lateral
	5 – 6.2

6.2 – 50

50 – 100*
	0.5 inches D.A.

1.0 g

1.0 g
	4

	Qualification
	Thrust
	5 – 7.4

7.4 – 50

50 – 100*
	0.5 inches D.A.

1.4 g

1.4 g
	2

	
	Lateral
	5 – 6.2

6.2 – 50

50 – 100*
	0.5 inches D.A.

1.0 g

1.0 g
	2


*Note: The observatory will be analyzed for this environment from 50 to 100 Hz.

These levels will be updated as Coupled Loads Analysis (CLA) data becomes available.  The observatory will be tested for this environment up to 50 Hz and analyzed for this environment from 50 to 100 Hz.  The input levels may be notched to not exceed 1.25 times the design limit loads.

3.3.4 Acoustic Noise

The highest acoustic noise occurs at lift-off and in the transonic region.   The ICESAT-2 observatories shall meet all their performance requirements after being exposed to the acoustic loads given in Table 3.3‑3.

Table 3.3‑3.  Observatory Acoustic Levels 

(Composite with Taurus-II)

	1/3 Octave Band Center Frequency

(Hz)
	Max. Predicted Environment

(dB)
	Proto-flight Test Level

(dB)
	Qualification Test Level

(dB)

	
	126
	129
	129

	
	127
	130
	130

	32
	126
	129
	129

	40
	129
	132
	132

	50
	132
	135
	135

	63
	134
	137
	137

	80
	135
	138
	138

	100
	135.5
	138.5
	138.5

	125
	136
	139
	139

	160
	135
	138
	138

	200
	133
	136
	136

	250
	132
	135
	135

	315
	132
	135
	135

	400
	131
	134
	134

	500
	130
	133
	133

	630
	128.5
	131.5
	131.5

	800
	127
	130
	130

	1000
	124
	127
	127

	1250
	122
	125
	125

	1600
	120.5
	123.5
	123.5

	2000
	121
	124
	124

	2500
	118
	121
	121

	3150
	117.5
	120.5
	120.5

	4000
	115.5
	118.5
	118.5

	5000
	114.5
	117.5
	117.5

	6300
	113.5
	116.5
	116.5

	8000
	114
	117
	117

	10000
	114.5
	117.5
	117.5

	OASPL
	141.2
	144.2
	144.2

	Duration
	60 sec
	60 sec
	120 sec


3.3.5 Shock

High shock levels may be experienced due to observatory events such as separation from the launch vehicle and deployment of solar arrays.  Observatory shock levels are given in the following table.

Table 3.3‑4.  Observatory Shock Levels

	Frequency
	Acceptance Level (G)
	Qualification Level (G)

	100
	150 g
	210

	100 – 800
	+8.7 dB/Octave
	+8.7 dB/Octave

	800 - 8000 
	3000 g
	4200

	8000-10000
	+1.4 dB/Octave
	+1.4 dB/Octave

	10000
	4000 g
	5600


3.3.6 Pressure Profile

The ICESAT-2 observatory shall be designed to withstand a pressure range of 1.08 x 105 N/m2 (813 Torr) to 1.3 x 10-12 N/m2 (1 x 10-14 Torr) and after exposure to a maximum depressurization rate of 0.9 psi/s experienced during launch and ascent. 

3.3.7 Thermal

3.3.7.1 Pre-Launch & Launch Environment

The thermal environment during launch consists of: (a) convection cooling during pre-launch provided by air conditioning within the launch vehicle fairing, (b) radiative environment within the fairing during launch and ascent, (c) radiative and aeroheating environments, after fairing separation, through coast and final stage burn.  Details of these environments are TBD.  The observatories shall be designed to withstand these thermal environments.

3.3.7.2 On-orbit Environment

The natural thermal radiation environment for the ICESAT-2 orbits consists of direct solar radiation, earth reflected solar radiation (albedo), and earth emitted infrared radiation. The flux levels for each of these are given in Table 3.3‑5 (the orbital orientation and thermal properties of a surface must be considered in determining the incident values of thermal radiation).   

Table 3.3‑5.  Environmental Heat Loads

	Environment
	Value
	Notes

	Direct Solar Radiation (W/m2)

Summer Solstice

Equinox

Winter Solstice
	1287

1360

1425
	The spectral distribution of the direct solar radiation shall be as defined in NASA SP-74.

	Earth Albedo

Minimum

Nominal

Maximum
	0.25

0.30

0.40
	

	Earth Infrared Radiation (W/m2)

Minimum

Nominal

Maximum
	227

246

265
	

	Effective Space Sink Temperature (K)
	3.0
	


3.3.8 Humidity

The observatory shall be capable of meeting all of its performance requirements when exposed to relative humidity levels of 35% to 70%.

3.3.9 Electromagnetic Compatibility

The design of the observatory shall be such that it is compatible with all the external radiation environments in which it is expected to be operated.  Specifically, the observatory shall meet the radiated emission and susceptibility requirements of the ICESAT-2 Electrical Systems Specification (TBD).

3.4 OBSERVATORY REQUIREMENTS

Environmental design requirements for the observatory are specified in this section.

3.4.1 Quasi-Static Acceleration

Table 3.4‑1 specifies the quasi-static load factors that occur during launch.  The observatory stack shall be designed to the loads specified in the table.  The axial and lateral loads shall be applied simultaneously.  These design limit load factors are from the Atlas Launch System Mission Planner’s Guide, they envelope the Delta IV Medium-Plus (5m) and Taurus-II design load factors.

Table 3.4‑1.  Observatory Stack Limit Loads

	Axial (G)
	Lateral (G)

	6.5 (compression)
	(0.5

	4.0 3.3 (compression)
	(2.0

	-2.0 (tension)
	(0.6


3.4.2 Fundamental Frequencies

In order to avoid launch vehicle induced excitation frequencies, the fundamental frequencies of the observatory shall be greater than 27 Hz in the thrust axis and greater than 10 Hz in the lateral axes.

3.4.3 Sine Vibration

The observatory shall be designed to the sine vibration levels of Table 3.4‑2.  These levels are from the Delta IV Payload Planner’s Guide, and they envelope the Atlas V levels.

Table 3.4‑2.  Observatory Sinusoidal Vibration Levels

	Axis
	Frequency (Hz)
	Level (peak)
	Sweep Rate (octaves/min)

	Thrust
	5 – 7.4

7.4 – 50

50 – 100*
	0.5 inches D.A.

1.4 g

1.4 g
	4

	Lateral
	5 – 6.2

6.2 – 50

50 – 100*
	0.5 inches D.A.

1.0 g

1.0 g
	4


* Note that the observatory will be analyzed for this environment from 50 to 100 Hz.

These levels will be updated as coupled loads analysis (CLA) data becomes available.  The observatory shall be tested for this environment up to 50 Hz and analyzed for this environment from 50 to 100 Hz.  The above input levels may be notched to not exceed 1.25 times the design limit loads.

3.4.4 Acoustic Noise

The observatory will be exposed to the acoustic loads given in Table 3.3‑3.

3.4.5 Shock

Shock levels at the observatory level are as follows:

Table 3.4‑3.  Observatory Shock Levels

	Frequency
	Level (G)

	100
	150 g

	100 – 800
	+8.7 dB/Octave

	800 - 8000 
	3000 g

	8000-10000
	+1.4 dB/Octave

	10000
	4000 g


3.4.6 Pressure Profile

The observatory shall be designed to withstand a maximum depressurization rate of 0.9 psi/s experienced during launch and ascent.   

3.4.7 Thermal

The thermal environment during launch consists of: (a) convection cooling during pre-launch provided by air conditioning within the launch vehicle fairing, (b) radiative environment within the fairing during launch and ascent, (c) radiative and aeroheating environments, after fairing separation, through coast and final stage burn.  Details of these environments are given in the EELV Payload Planner’s Guide.  The observatories shall be designed to withstand these thermal environments.

3.4.8 Humidity

The observatory shall withstand exposure to relative humidity levels of 35% to 70%.

3.4.9 Electromagnetic Compatibility

The observatory shall not malfunction or suffer degradation of performance when subjected to the radiated electric fields specified in the ICESAT-2 Electrical Systems Specification TBR.

4 ENVIRONMENTAL VERIFICATION REQUIREMENTS

Environmental verification requirements are specified in this section.  Verification is the process by which compliance with the design requirements of Section 3 is demonstrated.   Section 4.1 covers general requirements that apply at all levels.  Subsequent sections cover requirements at different levels of assembly as follows:

· Spacecraft components (Section 4.2)

· Spacecraft bus (Section 4.3)

· Instrument components (Section 4.4)

· Instrument suite (Section 4.5)

· Observatory (Section 4.6)

· Observatory (Section 4.7)

4.1 GENERAL REQUIREMENTS

4.1.1 Verification Methods

Verification may include inspection or analysis as well as environmental, functional, and performance testing.  A preliminary assessment of ICSAT Mission verification requirements is show in Verification Matrix 4.1

4.1.1.1 Inspection

Verification by inspection includes (but is not limited to) visual inspection, simple physical manipulation, gauging, and measurement.

4.1.1.2 Analysis

Verification by analysis shall be used to show design margins and when the particular tests required for verification are impractical, risky, unacceptably long, or prohibitively expensive.  Analysis, including simulations where applicable, shall also be used to guarantee that the ICESAT-2 observatory and its components will perform as expected under worst-case conditions.

4.1.1.3 Test

Verification by test includes, but is not limited to, the evaluation of performance by use of special equipment or instrumentation, simulation techniques, and the application of established principles and procedures to determine compliance with requirements.  Per GEVS Test criteria includes relevant correlation of analysis models, Environmental Analysis and test result analysis.

	Component / Configuration Level
	Comprehensive Functional
	Limited Functional
	Performance Characterization
	Mass & CG
	Static-Equivalent Acceleration              (Sine Burst or Static Pull)
	Modal Survey
	Fundamental Frequency                        (Sine Sweep)
	Sine Vibration
	Random Vibration
	Acoustics
	Pyro Shock
	Ambient Pressure
	Thermal Balance
	Proof Pressure
	Thermal Vacuum
	Deployment
	EMC / EMI
	Radiation
	Magnetics
	Plasma

	Observatory
	T
	T
	T
	T
	A
	A
	T
	T
	 
	T(4)
	T
	A
	T(4)
	 
	T(4)
	T
	T(4)
	 
	(5)
	 

	ATLAS Instrument
	T
	T
	T
	T
	A
	 
	T
	T
	T
	T/A TBR
	 
	A
	T
	 
	T
	 
	T
	 
	 
	 

	Instrument Electronics Module
	T
	T
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	 
	T
	 
	 
	A
	 
	 

	ATLAS Telescope Assembly
	T
	T
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	 
	T
	 
	 
	 
	 
	 

	ATLAS Lasers
	T
	T
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	T
	T
	 
	T
	A
	 
	 

	ATLAS Detector Assemblies
	T
	T
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	 
	T
	 
	T
	A
	 
	? (2)

	Laser Reference System
	T
	T
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	 
	T
	 
	T
	A
	 
	 

	Instrument TCS
	T/A
	 
	T
	T/A
	T
	 
	T
	 
	T
	TBR
	 
	A
	 
	T
	T
	 
	 
	 
	 
	 

	Instrument Mechanisms
	T
	 
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	 
	T
	 
	T
	A
	 
	 

	Instrument Structure
	 
	 
	 
	T/A
	T
	T
	T
	 
	 
	 
	 
	A
	 
	 
	TB
	 
	 
	 
	 
	 

	HVPS
	T
	T
	T
	T/A
	T
	 
	T
	
	T
	 
	 
	A
	 
	 
	T
	 
	T
	A
	 
	? (2)

	ATLAS Harness
	 
	 
	 
	T/A
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	TB
	 
	 
	 
	 
	 

	Integrated Spacecraft
	T
	 T
	T
	T
	A
	 
	A
	 
	T
	T TBR
	 
	A
	T(4)
	 
	T(4)
	T
	T(4)
	 
	 
	 

	Spacecraft Structure
	 
	 
	 
	T/A
	T
	T
	A
	T TBR
	T
	 
	 
	A
	 
	 
	TB
	 
	 
	 
	 
	 

	Telecom System
	T
	T
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	 
	T
	 
	T
	A
	 
	 

	Elect. Power & Dist. Sys.
	T
	T
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	 
	T
	 
	T
	A
	 
	 

	SC C&DH
	T
	T
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	 
	T
	 
	T
	A
	 
	 

	Battery
	T
	 
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	 
	T
	 
	T
	A
	 
	 

	Suns Sensors
	T
	T
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	 
	T
	 
	T
	A
	 
	 

	Star Trackers
	T
	T
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	 
	T
	 
	T
	A
	 
	 

	Gyros
	T
	T
	T
	T/A
	T
	 
	T/A
	 
	T/A
	 
	 
	A
	 
	 
	T
	 
	T
	A
	 
	 

	Reaction Wheel Assemblies
	T
	T
	T
	T/A
	T
	 
	 
	 
	T
	 
	 
	A
	 
	T
	T
	 
	T
	 
	 
	 

	Prop. Tanks, Lines & Fittings
	 
	 
	 
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	T
	TB
	 
	 
	 
	 
	 

	Thrusters
	 
	T
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	 
	T
	 
	 
	 
	 
	 

	Latch Valves
	 
	T
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	 
	T
	 
	 
	 
	 
	 

	Antennas
	T
	 
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	 
	T
	 
	 
	A
	 
	 

	GPS
	T
	T
	T
	T/A
	T
	 
	T
	 
	T
	 
	 
	A
	 
	 
	T
	 
	T
	A
	 
	 

	Solar Panels
	T
	 
	T
	T/A
	T
	TBR
	T/A
	T/A
	T/A
	T
	 
	A
	 
	 
	T
	T
	 
	A
	 
	A

	Spacecraft Harness
	 
	 
	 
	T/A
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	TB
	 
	 
	 
	 
	 


* Performed on the first flight units only
I = Inspection,  A = Analysis,  T = Test,  T/A = Test or Analysis,  TB = Thermal Bake-Out Only, QT=Qualification Testing

	1) Per GEVS Test criteria includes relevant correlation of analysis Models, Env Analysis and Test result analysis

	2) Are these sensitive to plasma or plasma charging?

	3) removed

	4) Can combine Observatory & SC level test  TBR

	5) No Mission Magnetic cleanliness requirement at this time


Table 4.1-1 ICESAT-2 Flight System Verification Matrix

4.1.2 Analyses Requirements

4.1.2.1 Mechanical Analyses

The purpose of the structural analyses is to demonstrate compliance with the mechanical/structural design and test requirements.  Structural analyses verify the structural integrity of the flight hardware by assessing the size and location of applied loads, load paths, and critical failure modes.  All margins of safety shall be verified by a detailed stress analysis that assesses all primary and secondary structure, joints, and fasteners.  For metallic elements whose strengths are to be qualified by analysis (rather than by test), margins of safety shall be 2.0 on yield and 2.6 on ultimate.  Beryllium, glass and composite materials shall not be qualified by analysis alone.

A coupled loads analysis, combining the launch vehicle, spacecraft and instrument, shall be performed to verify positive stress margins at the Observatory, Spacecraft and Instrument levels.  For the purpose of performing coupled loads analysis, a finite element model of the observatory shall be developed (and verified by test) that analytically simulates the mass and stiffness characteristics of the observatory.  The model shall be of sufficient detail to make possible an analysis that defines the observatory modal frequencies and displacements below a specified frequency that is dependent on the fidelity of the launch vehicle finite element model.  The model is then coupled with the model of the launch vehicle and its upper stage propulsion system, and the combined model is used to conduct a coupled loads analysis that considers all launch vehicle flight event-loading conditions.  The results of the coupled loads analysis shall be used to determine a set of limit design loads that are used to evaluate member loads and stresses within the observatory.

4.1.2.2 Electrical Analyses

Electrical analyses (such as worst-case circuit analysis and parts stress analysis) shall be performed to demonstrate that the observatory and its components will meet their performance requirements after exposure to the environmental conditions of Section 3.  These analyses shall be performed in accordance with the requirements of the Spacecraft MAR.

4.1.2.3 Thermal Analyses

Analytical thermal models shall be generated, and using the models, internal device temperatures shall be derived.  The thermal analyses shall demonstrate that parts and materials do not exceed derated temperature limits during the operational and test environment.  Predicted temperatures based on the thermal models shall be compared with measured temperatures obtained during thermal balance testing, and if necessary, the models shall be updated to improve accuracy.

4.1.2.4 Pressure Profile Verification Analyses

Venting analyses shall be performed for applicable flight components (such as thermal blankets and contamination enclosures) susceptible to pressure loadings to verify that positive strength margins exist at loads equal to twice those induced by the maximum pressure differential during launch.  

4.1.2.5 Radiation Analyses

Radiation analysis shall be performed to demonstrate that selected parts and materials can withstand and perform as required when subjected to the ICESAT-2 radiation environment.  Components that use devices with LET thresholds of  12 to 37  MeV-cm2/mg shall be analyzed for destructive and non-destructive events and rates.  Components with device thresholds of  37 to 75  MeV-cm2/mg shall be analyzed for only destructive events and rates.  No analysis is required for components with device thresholds greater than 75  MeV-cm2/mg.

4.1.3 Test Requirements

This section provides general test requirements.   Specific requirements such as test levels, durations, etc. are given in the applicable paragraphs of Sections 4.2 through 4.7.

4.1.3.1 Test Factors and Durations

The following test factors and durations, shown in Table 4.1‑1, shall be used for prototype, protoflight, and flight hardware. The hardware definitions are included in GEVS (GSFC-STD-7000).

Table 4.1‑1 – Test Factors and Durations
	Test
	Qualification
	Protoflight
	Acceptance

	Structural Loads

Level

Duration

Centrifuge

Sine Burst(1)
	1.25 X Limit Load

1 Minute

5 Cycles Full Level
	1.25 X Limit Load

30 Seconds

5 Cycles Full Level
	Limit Load(2)
30 Seconds

5 Cycles Full Level

	Acoustic

Level

Duration
	Limit Level +3dB

2 Minutes
	Limit Level +3dB

1 Minute
	Limit Level

1 Minute

	Random Vibration 

Level

Duration
	Limit Level +3dB

2 Minutes/Axis
	Limit Level +3dB

1 Minute/Axis
	Limit Level

1 Minute/Axis

	Sine Vibration 

Level

Sweep Rate(3)
	1.25 X Limit Level

2 Octaves/Minute/Axis
	1.25 X Limit Level

4 Octaves/Minute/Axis
	Limit Level

4 Octaves/Minute/Axis

	Shock

Actual Device

Simulated


	2 Actuations

1.4 X Limit Level per Axis
	2 Actuations

1.4 X Limit Level per Axis
	1 Actuation

Limit Level Per Axis


(1) Sine burst testing shall be done at a frequency sufficiently below primary resonance as to ensure rigid body motion.

(2) All composite and beryllium structures must be tested to 1.25 x limit loads

(3) Unless otherwise specified these sine sweep rates shall apply

4.1.3.2 Test Tolerances

Tolerances for the various mechanical test parameters are given in Table 4.1‑2.

Table 4.1‑2 – Test Tolerances

	Test
	Test Parameter
	Tolerance

	Acoustics
	Overall Level:
	( 1dB

	
	1/3 Octave Band Frequency:
	

	
	f ( 40 Hz
	+ 3, - 6 dB

	
	40 < f < 3150 Hz
	( 3 dB

	
	f ( 3150 Hz
	+ 3, - 6 dB

	Temperature
	
	( 2 (C

	Humidity
	
	( 5% RH

	Loads
	Steady-State (Acceleration):
	( 5%

	
	Static:
	( 5%

	Mass Properties
	Weight:
	( 0.2%

	
	Center of Gravity:
	( TBD cm

	
	Moments of Inertia
	( TBD %

	Mechanical 
	Response Spectrum:
	+ 25%, - 10%

	Shock
	Time History:
	( 10%

	Pressure
	>1.3 x 104 Pa (> 100 mm Hg):
	( 5%

	
	1.3 x 104 to 1.3 x 102 Pa (100 mm Hg to 1 mm Hg):
	( 10%

	
	1.3 x 102 to 1.3 x 101 Pa (1 mm Hg to 1 micron):
	( 25%

	
	< 1.3 x 101 Pa (< 1 micron):
	( 80%

	Vibration
	Sinusoidal:
	Amplitude
	( 10%

	
	
	Frequency
	( 2%

	
	Random:
	RMS Level
	( 10%

	
	
	Accel. Spectral Density
	( 3 dB


4.1.3.3 Mass Properties Measurement

Measurement of the weight and center of gravity of each flight hardware shall be made to show compliance with requirements and to provide accurate data for the observatory mass properties control program.  Center of gravity at the component level shall be referenced to the component to spacecraft mounting interface.

4.1.3.4 Sine Burst Test

Sine burst test is used to verify the component strength and structural integrity (beryllium and composite materials cannot be qualified by analysis alone).  The test shall be performed in each of three orthogonal component axes.  Test frequency shall be less than one-third of the resonant frequency of the component to avoid dynamic amplification during test.   The test shall be conducted in a stepwise manner starting with lower level sine-bursts that are fractions of the full load.  The number of cycles at maximum level shall be at least 5.

4.1.3.5 Modal Survey

The dynamic characteristics of the ICESAT-2 primary structure shall be verified with a modal survey test.  In order to verify the dynamic characteristics of the system, the configuration for modal survey testing will consist of two observatory structures (one qual, one flight), with instrument and spacecraft component mass mockups, and a mass simulator representing the mass and cg of the remaining two observatories.  The fidelity of the mass simulator will be determined by analysis.   All modes below 50 Hz shall be measured.  The ICESAT-2 finite element model will be correlated up to 50 Hz to the results of this modal test.  Modes containing more than 5% modal effective mass will be correlated to within 5% on frequency.  The test to analysis cross orthogonality matrix shall have at least 0.9’s on the diagonal and no greater than 0.1’s on the off-diagonals for modes with more than 5% modal effective mass. 
4.1.3.6 Sine Survey

A low-level sine sweep is used to determine the modal signature of the flight item.  The purpose of this test is to verify compliance with fundamental frequency requirements.  Test parameters shall be as follows:

· Frequency: 5 – 2000 Hz

· Acceleration: 0.25 g

· Sweep Rate: 2 octaves/minute

This test shall be performed immediately preceding the sine/random vibration tests and shall be repeated after the sine/random vibration tests to verify that the modal signature of the unit under test has not changed beyond established pass/fail criteria.

4.1.3.7 Sine Vibration Test

Sine vibration test is intended to verify workmanship quality and to simulate launch vehicle loading conditions.  The test will consist of a low frequency sine transient or sustained sine environment that would be present in launch by minimum modal frequency in each of three mutually perpendicular axes, one of which is normal to the mounting surface.

For the sine vibration tests, the unit under test shall be attached to the vibration table using the same configuration, attachment points, preloads, and attachment hardware that will be used during launch and flight.  Cross-axis responses of the fixture shall be monitored to preclude unrealistic levels.  During the test, the test input level shall be reduced (notched) at critical frequencies, if required, to limit the  vibration loads and/or acceleration responses to 1.25 times design limit levels.  During the vibration test, the flight unit shall be powered and critical signals monitored and recorded using recording instruments that have a response equal to or greater than the highest frequency of vibration (this requirement applies only to those units that are expected to be powered during launch).

4.1.3.8 Random Vibration Test

Random vibration test is intended to demonstrate workmanship quality and to simulate launch vehicle aerodynamic environmental levels.  Test levels shall be applied in each of three orthogonal axes of the unit under test, one axis being perpendicular to the mounting surface.  During the test, the test input level shall be reduced (notched) at critical frequencies, if required, to limit the random vibration loads and/or acceleration responses to 1.25 times design limit levels.   Notching shall be limited to –12 dB (TBR) of the original input and to a bandwidth of less than 100 Hz (notching beyond these limits will require ICESAT-2 project approval).

For the random vibration test, the unit under test shall be attached to the vibration table using the same configuration, attachment points, preloads, and attachment hardware that will be used during launch and flight.  Cross-axis responses of the fixture shall be monitored to preclude unrealistic levels.  During the vibration test, the flight unit shall be powered and critical signals monitored and recorded using recording instruments that have a response equal to or greater than the highest frequency of vibration (this requirement applies only to those units that are expected to be powered during launch).

4.1.3.9 Acoustic Test

The acoustic test shall be conducted in an area large enough to maintain a uniform sound field at all points surrounding the unit under test.  The sound pressure levels at various frequencies shall be as specified in Paragraph 3.3.4.   During acoustics tests, the flight unit shall be powered and critical signals monitored and recorded using recording instruments that have a response equal to or greater than the highest acoustic frequency (this requirement applies only to those units that are expected to be powered during launch).

4.1.3.10 Proof Pressure Test 

Proof pressure testing is to be performed per the test requirements of AFSPCMAN 91-710, “Range Safety User Requirements” which applies to pressure vessels, lines and fittings.  This mainly covers components on the Propulsion Subsystem such as the propellant tank, pressurant tank, filters, and valves.  The proof pressure test shall verify internal pressure containment to 1.5 times the Maximum Operating Pressure (MOP) per AFSPCMAN 91-710 (except pressurized glass*).  Following the proof pressure test, a leak test shall be performed to verify that the proof pressure test did not damage or degrade the components.

*Proof Pressure testing for pressurized glass components shall be in compliance with NASA-STD-5001A utilizing a test level of 2.0 x MOP.

4.1.3.11 Shock

Shock test is designed to verify that flight hardware will survive expected shock events such as observatory separation, boom deployment, etc.  The shock test is not required if previous qualification data exists or it can be shown by analysis that expected shock levels will not damage the flight unit.
4.1.3.12 Thermal Bake-out

All flight hardware shall undergo thermal bake-out tests to reduce outgassing of contaminants to acceptable levels.  Thermal bake-out may be performed during thermal vacuum testing.  The bake-out shall be performed in a thermal vacuum chamber with a cleanliness class in compliance with the contamination control plan, GSFC 42X-Plan-XXXX, ICESAT-2 Contamination Control Plan.  For each bake-out, QCM (Quartz Crystal Microbalances) shall be used to determine the outgassing rates.

4.1.3.13 Thermal-Vacuum Test

4.1.3.13.1 Thermal Vacuum Test Parameters
Thermal vacuum testing shall be conducted in accordance with the requirements of Table 4.1‑3.

Table 4.1‑3 – Thermal Vacuum Test Parameters

	Parameter
	Component Level
	Observatory Level

	Chamber Pressure After Evacuation
	< 5 x 10-5 Torr
	< 5 x 10-5 Torr

	Number of Cycles
	8
	4

	Acceptance Temperature Limits (beyond operational limits)
	5 (C
	5 (C

	Proto-flight Temperature Limits (beyond operational limits)
	10 (C
	10 (C

	Temperature Rate of Change
	2 – 4 (C per minute
	TBD (C

	Minimum Dwell Time (at cold and hot plateaus)
	4 hrs
	24 hrs

	Cold/Hot Turn On of Components (at cold and hot plateaus)
	Yes
	If applicable

	Total Number of Comprehensive Performance Tests (at least one each at cold and hot plateaus)
	( 2
	( 2


4.1.3.13.2 Component Level Thermal Vacuum Test Profile

Figure 4.1‑1 shows a typical thermal vacuum testing profile for components.


[image: image4.emf]Ambient

Evacuation Bakeout Cycle 2 Cycle 1 Cycle 8

Repressurize

Time

2

1

3

5

4 4

5

5

3

6

4 4 4

4

Cold Soak

Bakeout

Hot Soak

6


1) A CPT shall be performed prior to the start of chamber evacuation.

2) The component shall be powered and critical parameters monitored using the AFT during chamber evacuation. For RF components that are expected to be powered during launch, the absence of corona or multipaction effects shall be verified.

3) Cold-start and hot-start capability shall be demonstrated by performing CPTs at first cold and hot plateaus.

4) During the transition between temperature extremes, the component shall remain powered and its performance shall be monitored and recorded using the AFT.

5) LPTs shall be performed after a soak period at the high/low temperature plateaus during Cycles 2-7.

6) Cold-start and hot-start capability shall be demonstrated again at the eighth cold and hot plateaus.

Figure 4.1‑1 – Typical Component Thermal Vacuum Cycle Profile

4.1.3.13.3 Observatory Level Thermal Vacuum Test Profile

Figure 4.1‑1 shows a typical thermal vacuum testing profile for the observatory.
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1) A CPT shall be performed prior to the start of chamber evacuation.

2) The observatory shall be powered and critical parameters monitored using the AFT during chamber evacuation. For RF components that are expected to be powered during launch, the absence of corona or multipaction effects shall be verified.

3) Cold-start and hot-start capability shall be demonstrated at the first cold and hot plateaus.

4) During the transition between temperature extremes, the observatory shall remain powered and its performance shall be monitored and recorded using the AFT.  Transition from hot to cold may be unpowered if the duration of the transition will be too great.

5) Functional tests shall be performed after a soak period at the high/low temperature plateaus during Cycles 2-7.

Figure 4.1‑2 – Typical Observatory Level Thermal Vacuum Cycle Profile

4.1.3.14 Thermal Cycling Test

Some components (such as solar panels) may require life-cycle thermal testing to qualify the design.  Since it is not practical to perform very large number cycles in vacuum, additional thermal cycling at ambient pressure may be used on qualification units to increase the total number of cycles (prior to ambient-pressure thermal cycling, the units are still required to undergo thermal vacuum cycling as called out in Paragraph 4.1.3.13). Performance tests shall be performed periodically during these cycles to detect problems early.

4.1.3.15 Thermal Balance Test

The objective of the thermal vacuum balance test is to validate thermal design and to validate the thermal models.  Design validation is accomplished by applying design hot-cold operational and safehold environmental conditions and verifying that temperatures stay within required limits while components operate as they would on orbit.

4.1.3.16 Special Tests

The following sections describe special tests that do not flow from the environmental requirements of Section 3.  They are listed here because they may be performed during the environmental test sequence.

4.1.3.16.1 Electromagnetic Compatibility Test

EMC tests comprise emissions and susceptibility tests.  Emissions tests are intended to verify that the component does not generate either conducted or radiated interference that could hinder the operation of other components, and susceptibility tests are intended to verify that the component will operate properly when subjected to conducted or radiated interference from other sources.  EMC tests shall be performed in accordance with the ICESAT-2 Electrical Systems Specification TBR.

4.1.3.16.2 Electrostatic Cleanliness Verification

Electrostatic cleanliness verification is needed to ensure that the surfaces of external components and the exposed surfaces of the observatory as a whole are within their respective allocated surface resistivity requirements.  Electrostatic cleanliness tests shall be performed in accordance with the ICESAT-2 Electromagnetic Cleanliness Control Plan.

4.1.3.16.3 Magnetics

The magnetic tests and analysis are needed to ensure that the spacecraft components and ultimately the observatory as a whole are within their respective allocated magnetic field requirements.  No specific Magnetic test environmental requirements are levied on the ICESAT-2 mission.
4.1.3.16.4 RF Compatibility Tests

The RF communication system of the spacecraft shall be tested to verify compatibility with the ground stations that will be used during the operational life of the mission.  Compatibility tests shall also very compatibility with the SN that will be used during launch, maneuver, and contingency operations. RF Compatibility tests shall be performed in accordance with the ICESAT-2 RF Communications Subsystems Specification.

4.1.3.17 Performance Tests

4.1.3.17.1 Comprehensive Performance Test

The Comprehensive Performance Test (CPT) shall be used to verify full compliance of each flight unit to all of its performance requirements, within the limitations of the environment and facilities.  The CPT shall be designed to verify unit performance in all modes and configurations and under varying input/output conditions.

4.1.3.17.2 Functional Test

The Functional Test (FT), also known as a Limited Performance Test (LPT), is a subset of the Performance Test and is designed to verify functionality of the flight unit under nominal input/output conditions. The FT shall be used to verify unit operation when it is not practical to use the CPT. Typically, it is used to during and after certain environmental tests to demonstrate that the functional capability of the component has not been degraded due to environmental exposure, handling, and transportation.  It is also commonly used during some of the hot and cold plateaus during thermal vacuum testing.

4.1.3.17.3 Abbreviated Functional Test

An Abbreviated Functional Test (AFT) may be used when it is necessary to monitor the performance of the flight unit over a very short period of time. The AFT is typically used when a unit is being subjected to vibration testing.

4.1.4 Test Reviews

4.1.4.1 Pre-Test Reviews

All tests of flight hardware shall be preceded by pre-test reviews wherein readiness of flight hardware, facilities and test equipment, and procedures are verified.  For minor tests, reviews may be conducted by the key test personnel.  For major tests, formal reviews shall be conducted and shall be chaired by the I&T Manager or his designated representative (tests requiring formal reviews shall be designated by the Project Manager).

4.1.4.2 Post-Test Reviews

Following tests of flight hardware, post-test reviews shall be held wherein test data are reviewed to determine conformance with test requirements.

4.1.5 Failure And Retest

When a failure (non-conformance or trend indicating that an out-of-spec condition will result) occurs, determination shall be made as to the feasibility and value of continuing the test to its specified conclusion.  If corrective action is taken, the test shall be repeated to the extent necessary to demonstrate that the test item’s performance is satisfactory.  If corrective action taken as a result of failure affects the validity of previously completed tests (e.g., redesign of a component), prior tests shall be repeated.  If during a test sequence, a test item is operated in excess of design life and wears out or becomes unsuitable for further testing from causes other than deficiencies, a spare shall be substituted, and previously completed tests shall be repeated to the extent necessary.

4.1.6 Documentation

The following procedures and reports are required to conduct the verification program and document the results.

4.1.6.1 Test Procedure

All flight hardware shall be verified and tested using approved test procedures.  The procedure shall contain details such as test descriptions and purposes; configuration of the test article; specific test equipment and fixtures; test parameters, levels and tolerances; identification of hazards and hazardous operations; quality control checkpoints; data sheets; step-by-step (chronological) procedures; pass/fail criteria; and data collection, processing and reporting requirements.  The procedure shall also include test facilities and instrumentation, safety considerations, contamination control, necessary inspections, personnel responsibilities, and the requirements for reports.  All required supporting analysis (such as a notching analysis for a sine vibration test) shall be referenced in the test procedure and a copy shall be attached to the test procedure.

4.1.6.2 Test Report

Official test reports shall be prepared after the completion of key test activities.  For each test activity, the report shall contain, as a minimum, the following:

· Description of test

· Criteria for pass or fail

· Deviations that were taken from the approved test plan/procedures

· Test results, and

· Test data

· Supporting analyses

The as-run test procedures and all test and analysis data shall be retained as official documents by the responsible test organization and provided for review upon request by the ICESAT-2 Project.

4.1.7 Test Facility Requirements

The facilities and test equipment used in conducting tests shall be capable of producing and maintaining the test conditions required with the test specimen installed and operating or not operating as appropriate.  In any major test, facility performance shall be verified prior to the test either by review of its performance during a test that occurred a short time earlier or by conducting a test with a substitute test item.

4.1.8 Contamination Control

Contamination control of flight and test hardware during the verification program shall be in accordance with the requirements of the ICESAT-2 Contamination Control Plan, 4xx-PLAN-XXXX.  Specific requirements for particulate or molecular contamination control shall be included in subsystem/component specifications and test plans/procedures.

4.1.9 Magnetic Cleanliness 

In order to maintain magnetic cleanliness of the observatory during integration and test, extra precautions must be taken to avoid magnetically charging any of the material on the observatory with external equipment that is magnetized.  The I&T process and flow shall ensure that all externally applied fields are low enough to prevent magnetization of any materials on the observatory.

4.1.10 Safety

System safety requirements stipulated in the ICESAT-2 Mission System Safety Plan, 4xx-PLAN-00xx, shall be included as appropriate during the verification program.  Specific measures required to minimize risks to equipment and personnel from hazards shall be included in the verification and test plans and procedures.

4.2 SPACECRAFT SubSystem/COMPONENT VERIFICATION

This section describes the tests and analyses that are required to be performed by the spacecraft components to demonstrate compliance with the requirements of Section 3.1.

4.2.1 Required Tests 

This section provides details on the required tests specified in the 4.1-1 Environmental Verification Matrix Details on the analyses are given in 4.1.2.  The following tests shall be performed on the spacecraft components:

· Mass Properties

· Static Load (structure only)

· Modal Survey (structure only)

· Sine Burst

· Sine Survey

· Sine Vibration

· Random Vibration

· Acoustics (on selected components)

· Proof Pressure (on selected components)

· Shock

· Electromagnetic Compatibility

· Thermal Bake-Out

· Thermal Vacuum

· Thermal Cycling

4.2.1.1 Mass Properties Measurement

Measurement of the weight and center of gravity of each flight component shall be made to show compliance with specified component requirements and provide accurate data for the observatory mass properties control program.  Center of gravity shall be referenced to the component to spacecraft mounting interface.
4.2.1.2 Modal Survey

The dynamic characteristics of the ICESAT-2 primary structure shall be verified with a modal survey test.  In order to verify the dynamic characteristics of the system, the configuration for modal survey testing will consist of two observatory structures (one qual, one flight), with instrument and spacecraft component mass mockups, and a mass simulator representing the mass and cg of the remaining two observatories.  The test shall be performed in accordance with the requirements of Paragraph 4.1.3.5. 

4.2.1.3 Sine Burst Test

A sine burst test shall be used to verify the component strength and structural integrity requirements of Paragraph 3.1.1.  The test shall be performed in each of three orthogonal component axes.  Test levels and durations shall be per Paragraph 4.1.3.4.
4.2.1.4 Sine Survey

The purpose of test is to verify compliance with the component fundamental frequency requirement Paragraph 3.1.2.  Test levels and durations shall be per Paragraph 4.1.3.6.  This test shall be performed immediately preceding the sine/random vibration tests and shall be repeated after the sine/random vibration tests to verify that the modal signature of the component has not changed beyond established pass/fail criteria.

4.2.1.5 Sine Vibration Test

Components shall be subjected to a sine vibration test per the requirements of Paragraph 4.1.3.7.  Levels and durations shall be as specified in Paragraph 3.1.3.

4.2.1.6 Random Vibration Test

Components shall be subjected to a random vibration test per the requirements of Paragraph 4.1.3.8.  Levels and durations shall be as specified in Paragraph 3.1.4.

4.2.1.7 Acoustic Test

Acoustic test shall be performed on the solar panels per the requirements of Paragraph 4.1.3.9.  The sound pressure levels at various frequencies shall be as specified in Paragraph 3.3.4.

4.2.1.8 Proof Pressure Test 

Proof pressure testing is to be performed per the test requirements of 4.1.3.10 on Propulsion Subsystem components such as the propellant tank, pressurant tank, filters, and valves.  Following the proof pressure test, a leak test shall be performed to verify that the proof pressure test did not damage or degrade the components.    

4.2.1.9 Pyro Shock

Component shock environment is given in Paragraph 3.1.5.  The shock test may be waived if previous qualification data exists or it can be shown by analysis that expected shock levels will not damage the component.
4.2.1.10 Electromagnetic Compatibility Test

EMC tests comprise emissions and susceptibility tests.  Conducted emission tests are required to be performed on every flight unit.   All other tests need to be performed only on the first flight unit.  Test limits shall be as specified in the ICESAT-2 Electrical Systems Specification TBR.
4.2.1.11 Magnetics Test

Magnetic field emitted by each component shall be characterized for magnitude and direction at TBD distance from the component.  This Requirement is TBD

4.2.1.12 Thermal Bake-out

Components shall undergo thermal bake-out tests per the requirements of Paragraph 4.1.3.12.  

4.2.1.13 Thermal-Vacuum Test

Thermal vacuum testing shall be conducted in accordance with the requirements of 4.1.3.13.

4.2.1.14 Thermal Cycling Test

In addition to thermal vacuum cycling, life-cycle thermal cycling at ambient pressure, shall be performed on the qualification solar panels.  Performance tests shall be performed periodically during these cycles to detect problems early.

4.2.2 Test Sequence

A typical sequence of testing for spacecraft components is shown in Figure 4.2‑1.  
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Figure 4.2‑1 – Typical SC Component Environmental Test Sequence

4.3 integrated SPACECRAFT BUS VERIFICATION

This section describes the tests that are required to be performed after all the spacecraft components have been integrated into the spacecraft but before instrument integration.  This level of testing is brief as many test will occur at the observatory level and are not included in the flow at this stage.

4.3.1 Required Tests

This section provides details on the required tests specified in the 4.1-1 Environmental Verification Matrix Details on the analyses are given in 4.1.2.  The following tests shall be performed on the spacecraft components:

· Comprehensive Functional

· Limited Functional

· Performance Characterization

· Mass & CG

· Random Vibration

· Deployment

· Acoustics

· Thermal Balance

· Thermal Vacuum

· EMC / EMI

4.3.1.1 Power Bus Characterization

The instrument Suite power interface shall be characterized for power bus noise (voltage ripple and spikes) using simulated instrument loads.

4.4 INSTRUMENT COMPONENT VERIFICATION

This section describes the tests and analyses that are required to be performed at the instrument component level to demonstrate compliance with the requirements of Section 3.2.

4.4.1 Required Tests 

This section provides details on the required tests specified in the 4.1-1 Environmental Verification Matrix Details on the analyses are given in 4.1.2.  The following tests shall be performed on ICESAT-2 instrument components:

· Acoustics

· Ambient Pressure

· Comprehensive Functional

· EMC / EMI

· Fundamental Frequency  (Sine Sweep)

· Limited Functional

· Mass & CG

· Performance Characterization

· Plasma (TBR)

· Proof Pressure

· Random Vibration

· Static-Equivalent Acceleration (Sine Burst or Static Pull)

· Thermal Vacuum

4.4.1.1 Mass Properties Measurement

Measurement of the weight and center of gravity of each flight component shall be made to show compliance with specified component requirements and provide accurate data for the observatory mass properties control program.  Center of gravity shall be referenced to the component to spacecraft mounting interface.

4.4.1.2 Sine Burst Test

A sine burst test shall be used to verify the component strength and structural integrity requirements of Paragraph 3.2.1.  The test shall be performed in each of three orthogonal component axes.  Test levels and durations shall be per Paragraph 4.1.3.4. 

4.4.1.3 Sine Survey

The purpose of test is to verify compliance with the component fundamental frequency requirement Paragraph 3.2.2.  Test levels and durations shall be per Paragraph 4.1.3.6.  This test shall be performed immediately preceding the sine/random vibration tests and shall be repeated after the sine/random vibration tests to verify that the modal signature of the component has not changed beyond established pass/fail criteria.

4.4.1.4 Sine Vibration Verification Test

Components shall be subjected to a sine vibration test per the requirements of Paragraph 4.1.3.7.  Levels and durations shall be as specified in Paragraph 3.2.3.

4.4.1.5 Random Vibration Test

Components shall be subjected to a random vibration test per the requirements of Paragraph 4.1.3.8.  Levels and durations shall be as specified in Paragraph 3.2.4.

4.4.1.6 Acoustic Test

Acoustic test shall be performed on the ATLAS components that are sensitive to the lift-off acoustic environment per the requirements of Paragraph 4.1.3.9.  The sound pressure levels at various frequencies shall be as specified in Paragraph 3.3.4.

4.4.1.7 Shock

Component shock environment is given in Paragraph 3.2.5.  The shock test may be waived if previous qualification data exists or it can be shown by analysis that expected shock levels will not damage the component.
4.4.1.8 Electromagnetic Compatibility Test

EMC tests comprise emissions and susceptibility tests.  Conducted emission tests shall be performed on every flight unit.   All other tests need to be performed only on the first flight unit.   Test limits shall be as specified in the ICESAT-2 Electrical Systems Specification TBR.

4.4.1.9 Magnetics Test

Deleted for ATLAS

4.4.1.10 Thermal Bake-out

Components shall undergo thermal bake-out tests per the requirements of Paragraph 4.1.3.12.  

4.4.1.11 Thermal Balance Test

A thermal vacuum balance test shall be performed on selected ATLAS components to validate the thermal models and the thermal design of the components.

4.4.1.12 Thermal-Vacuum Test

Thermal vacuum testing shall be conducted in accordance with the requirements of 4.1.3.13.

4.4.2 Test Sequence

A typical sequence of testing for spacecraft components is shown in Figure 4.4‑1.
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Figure 4.4‑1 – Typical ATLAS Component Environmental Test Sequence

4.5 Integrated INSTRUMENT VERIFICATION

This section describes the tests that are required to be performed after all the instrument components have been integrated to form the Instrument Suite.   These tests shall be performed before ATLAS integration with the spacecraft bus.

4.5.1 Required Tests

This section provides details on the required tests specified in the 4.1-1 Environmental Verification Matrix Details on the analyses are given in 4.1.2.  The following tests shall be performed on ICESAT-2 Integrated instrument.

· Comprehensive Functional

· Acoustics TBR

· EMC / EMI

· Fundamental Frequency (Sine Sweep)

· Limited Functional

· Mass & CG

· Performance Characterization

· Random Vibration

· Sine Vibration

· Thermal Balance

· Thermal Vacuum

Functional Testing: Both comprehensive and Limited functional testing will be conducted throughout the test program.  Comprehensive Functional Testing will be preformed before and after each tests as appropriate to demonstrate the continued operation of the system.  Limited Functional tests may be developed to focus the functional test on a specific area of operation appropriate to the test being conducted.

4.5.1.1 Electromagnetic Compatibility

Conducted emissions and susceptibility tests shall be performed with a bus power simulator that provided power equivalent to the SC bus power interface (TBR).  Levels are TBD.

4.6 OBSERVATORY VERIFICATION

This section describes the tests and analyses that are required to be performed at the observatory level to demonstrate compliance with the requirements of Section 3.3.

4.6.1 Required Tests

This section provides details on the required tests specified in the 4.1-1 Environmental Verification Matrix Details on the analyses are given in 4.1.2.  The following tests shall be performed on ICESAT-2 Integrated instrument observatory:

No Observatory level or Spacecraft LEVEL leak test exists for the prop system review the need for a full up prop system test.  (Put in Flow at KSC?)

· Acoustics

· Comprehensive Functional
· Limited Functional

· Deployment

· EMC / EMI

· Fundamental Frequency (Sine Sweep)

· Mass & CG

· Performance Characterization

· Pyro Shock

· Sine Vibration

· Thermal Balance

· Thermal Vacuum

4.6.1.1 Mass Properties Measurement

The center of gravity of the observatory shall be measured in the X and Y-axes and will be calculated in the Z-axis.  The moment of inertia shall be measured about the Z-axis and calculated about the X and Y axes.  The mass shall be measured.  The mass properties shall be measured for the un-fueled launch configuration.

4.6.1.2 Static Load

Static load test shall be performed on the qualification structure.

4.6.1.3 Sine Survey

A low-level sine sweep is used to determine the modal signature of the observatory.  The purpose of test is to verify compliance with the component fundamental frequency requirement Paragraph 3.3.2.  Test levels and durations shall be per Paragraph 4.1.3.6.  This test shall be performed immediately preceding the sine/random vibration tests and shall be repeated after the sine/random vibration tests to verify that the modal signature of the observatory has not changed.

4.6.1.4 Sine Sweep Vibration Test

The observatory shall be subjected to a sine vibration test per the requirements of Paragraph 4.1.3.7.  Levels and durations shall be as specified in Paragraph 3.3.3.   The first observatory will be tested to proto-flight levels, and the subsequent observatories to acceptance levels.

4.6.1.5 Shock Test

Shock test is designed to verify that the observatory will survive expected shock events such as observatory separation, boom deployment, etc.  Each observatory shall be subjected to separation shock tests while attached to a flight-type payload attach fitting and separation interface.  The observatory shall be powered-up in the normal launch mode for these tests.   If it is not feasible to apply the shock with a controllable shock-generating device, the test may be performed by initiating the actual device that causes the shock (for example, by firing the separation pyrotechnic devices).

4.6.1.6 Spin Balance Test

A spin balance shall be performed on the observatory in the stowed configuration.  The spin balance test verifies compliance with the center of mass requirements of the launch vehicle.

4.6.1.7 Electromagnetic Compatibility Test

Observatory EMC tests comprise radiated emissions and susceptibility tests.   Test limits shall be as specified in the ICESAT-2 Electrical Systems Specification TBR.

4.6.1.8 Magnetics Test

Magnetic field emitted by the observatory shall be characterized for magnitude and direction at TBD distance from the observatory.  Test limits shall be as specified in the ICESAT-2 Electrical Systems Specification TBR.
4.6.1.9 RF Compatibility Test

The RF Compatibility test demonstrates uplink and downlink compatibility between the ICESAT-2 Observatory and the Ground Network (GN) and the Space Network.  This test needs to be performed on the first observatory only.  

4.6.1.10 Thermal Vacuum Test

Thermal vacuum testing shall be conducted in accordance with the requirements of 4.1.3.13.

4.6.1.11 Thermal Balance Test

A thermal balance test shall be performed to validate the thermal design of the observatory, demonstrating that the thermal control system will perform as required to meet equipment temperature constraints.  In addition, test data will be obtained to correlate or correct analytical model parameters thereby enhancing predictions of thermal performance for all phases of the ICESAT-2 mission.  Thermal balance test shall include hot and cold orbit conditions and spacecraft safe modes.  If the thermal balance test is combined with the thermal vacuum test, it may precede the thermal vacuum test.

4.6.2 Test Sequence

Observatory test sequence shall be as shown in Figure 4.6‑1.  Out of sequence test operations must be approved by the ICESAT-2 Project.
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Figure 4.6‑1 – Typical Observatory Test Sequence

5 NOTES

5.1 Acronyms and Abbreviations

Acronyms and abbreviations are found in, GSFC 4xx-xxxx-xxxx, the ICESAT-2 project Lexicon
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