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	M. Close
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CR 16 2509

	D
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	(1) Corrected ENV.3.6 Operational Environment Gravity Vectors Z axis gravity component limits to Z axis -1g to 1g, as defined using Optical Support Structure Coordinate System.
(2) Corrected some verification methods to utilize a more rigorous verification approach.
	06 August 2018
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[bookmark: _Toc521402899]Description
This document defines the Gemini environmental requirements for instruments and components during transportation, on-site handling and storage, and operations. 

The Instrument as it is referred to below, shall include the set of components and ancillary equipment necessary to mount and operate the instrument on the ISS. This includes subsystems, enclosures, frames, weights, coolant, connectors, cabling, etc. 

[bookmark: _Toc521402900]Acronyms and Abbreviations
[bookmark: _GoBack]DMT		Document Management Tool (Gemini’s Docushare-based document repository)
GHOST	Gemini High Resolution Optical Spectrograph
GPI		Gemini Planet Imager
ISS		Instrument Support Structure
PSD		Power Spectral Density

[bookmark: _Toc521402901]References
	Document Number
	Document Name

	DMT Link
	GHOST Memo – Dome Temp Rate of Change

	DMT Link
	New Instrument Arrivals (DMT collection) (only has GPI right now)

	Wiki Link
	Gemini Development Instrument Procurement Manual (Internal Wiki)

	DMT Link
	ISS Vibration Mitigation (DMT collection)






[bookmark: _Toc521402902]Transport Environment
The instrument builder is responsible for ensuring the packaged instrument is not damaged during transport. It is acceptable for the packaged instrument to be in a disassembled state and for a moderate level of work to be needed at both ends of the shipping process
(disassembly, packing, unpacking, assembly, etc.).

[bookmark: h.23ckvvd][bookmark: _Toc319840449]Shall not be damaged means that the instrument performance, functionality, and physical state shall not be altered, after repeated cycles of these conditions. 

[bookmark: _Toc521402903]Transport Environment Requirements
[bookmark: _Toc521402904]Transport Environment Altitude
The packaged instrument shall not be damaged by exposure to altitudes from sea level to 15500m.
Rationale: Project range of altitudes (and corresponding altitudes) that the packaged instrument may be exposed to during transport in unpressurized cargo holds. 
Suggested Verification: Analysis
[bookmark: _Toc521402905]Transport Environment Temperature
The packaged instrument shall not be damaged by exposure to temperatures from -33°C to +71°C. 
Rationale: Projected temperature range that could be experienced by packaged instrument during transport. 
Suggested Verification: Analysis
[bookmark: _Toc521402906]Transport Environment Temperature Shock
The packaged instrument shall not be damaged by exposure to temperature shock of 35°C.
Rationale: Projected maximum temperature shock that could be experienced by packaged instrument during transport. 
Suggested Verification: Analysis
[bookmark: _Toc521402907]Transport Environment Humidity
The packaged instrument shall not be damaged by exposure to relative humidity from 0 to 100% including condensation. 
Rationale: Projected range of humidity that the packaged instrument may be exposed to during transport. 
Suggested Verification: Analysis
[bookmark: _Toc521402908]Transport Environment Wind Speed
The packaged instrument shall not be damaged by exposure to wind speeds up to 67m/s. 
Rationale: Projected maximum wind speed that the packaged instrument may be exposed during transport, such as when being transported on exposed truck beds. 
Suggested Verification: Analysis
[bookmark: _Toc521402909]Transport Environment Orientation
The packaged instrument shall not be damaged by exposure to any orientation with respect to gravity.
Rationale: The packaged instrument may be exposed to any orientation during transport. 
Suggested Verification: Analysis
[bookmark: _Toc521402910]Transport Environment Vibration
The packaged instrument shall not be damaged by exposure to vibrations having PSD 0.15 g2/Hz 10 – 40 Hz.  
Rationale: The packaged instrument may be exposed to vibrations during transport. The value given here is the vibrations recorded by GPI transport sensors.
Suggested Verification: Analysis
[bookmark: _Toc521402911]Transport Environment Shock
The packaged instrument shall not be damaged by exposure to shocks of peak acceleration of 15g on all axes.
Rationale: The packaged instrument may be exposed to vibrations during transport. The value given here is the vibrations recorded by GPI transport sensors.
[bookmark: h.svzmv43km3xz]Suggested Verification: Analysis
[bookmark: _Toc521402912]Transport Environment Cleaniness
The packaged instrument shall not be damaged by exposure to windblown dust, sand and insects.
Rationale: The packaged instrument may be exposed to windblown objects during transport. 
Suggested Verification: Test

[bookmark: _Toc521402913]Observatory Storage and Handling Environments
The instrument builder is responsible for ensuring the instrument shall not be damaged due to exposure to the Gemini environments. Possible storage environments include the Engineering Lab at the Base Facility, the Engineering Lab at the summit, the Pier Lab at the summit, the dome floor at the summit and mounted on the Instrument Support Structure (ISS). Possible handling environments include movement related to installation on ISS or removal from ISS, and movement between storage locations.

Shall not be damaged means that the instrument performance, functionality, and physical state shall not be altered, after repeated cycles of these conditions.

[bookmark: _Toc521402914]Observatory Environment Requirements
[bookmark: _Toc521402915]Storage Environment Altitude
The instrument shall not be damaged by exposure to altitudes from sea level to 4300m.
Rationale: Range of altitude including both sites. 
Suggested Verification: Analysis
[bookmark: _Toc521402916]Storage Environment Temperature
The instrument shall not be damaged by exposure to temperatures from -15°C to +25°C. 
Rationale: Range of temperature measured including both sites. 
Suggested Verification: Analysis
[bookmark: _Toc521402917]Storage Environment Temperature Step
The instrument shall not be damaged by exposure to temperature step of up to 25°C. 
Rationale: Maximum temperature step measured including both sites. 
Suggested Verification: Analysis
[bookmark: _Toc521402918]Storage Environment Humidity
The instrument shall not be damaged by exposure to relative humidity from 0 to 100% including condensation. 
Rationale: Range of humidity measured including both sites.
Suggested Verification: Analysis
[bookmark: _Toc521402919]Storage Environment Wind Speed
The instrument shall not be damaged by exposure to wind speeds from 0 to 33m/s. 
Rationale: Range of wind speeds measured including both sites.
Suggested Verification: Analysis
[bookmark: _Toc521402920]Storage Environment Orientation
The instrument shall not be damaged by exposure to any orientation with respect to gravity.
Rationale: During handling and storage the instrument may be exposed to any orientation. 
Suggested Verification: Analysis
[bookmark: _Toc521402921]Storage Environment Vibration
The instrument shall not be damaged by exposure to vibrations having PSD 0.0008g2/Hz @ 20 to 1000Hz in any axis.
Rationale: Vibration projected to be experienced during handling or storage, with value drawn from IAW MIL-STD-810E, July ‘89 section 514.4-39. 
Suggested Verification: Analysis
[bookmark: _Toc521402922]Storage Environment Shock
The instrument shall not be damaged by exposure to shocks of peak acceleration of 10g on all axes.
Rationale: Vibration projected to be experienced during handling or storage.
Suggested Verification: Analysis
[bookmark: _Toc521402923]Storage Environment Seismic Base Acceleration
The instrument shall not be damaged by exposure to shocks of peak acceleration of 0.4g @ 0.5Hz to 100Hz in any axis.
Rationale: Acceleration projected when earthquake occurs and instrument is in storage.
Suggested Verification: Analysis
[bookmark: _Toc521402924]Storage Environment Acceleration at Cassegrain Rotator
The instrument shall not be damaged by exposure to shocks of peak acceleration of 2.0g @ 0.5Hz to 100Hz in any axis.
Rationale: Acceleration projected when earthquake occurs and instrument is mounted on ISS.
Suggested Verification: Analysis, Test
[bookmark: _Toc521402925]Storage Environment Cleanliness
The instrument shall not be damaged by exposure to wind-blown dust, sand and insects.
Rationale: The instrument may be exposed to windblown objects during storage and handling. 
Suggested Verification: Test
[bookmark: _Toc521402926]Storage Environment Ambient Light
The instrument shall not be damaged by exposure to light conditions ranging from total darkness (night time observing conditions) to laboratory lighting conditions.
Rationale: The instrument may experience a wide range of lighting conditions during storage.
Suggested Verification: Analysis


[bookmark: _Toc521402927]Gemini Operational Environment
The instrument builder is responsible for ensuring the ISS-mounted instrument shall perform to specification in the full range of operational environment conditions within the Gemini dome. 

[bookmark: h.3as4poj]Performing to specification is defined as meeting the instrument science and other performance requirements, during and after repeated cycles of these conditions. 

[bookmark: _Toc521402928]Operational Environment Requirements
[bookmark: _Toc521402929]Operational Environment Altitude
The instrument shall perform to specification at altitudes from 2700m to 4200m.
Rationale: Altitudes of the summits of each site. 
Suggested Verification: Analysis, Test
[bookmark: _Toc521402930]Operational Environment Temperature
The instrument shall perform to specification at temperatures from -15°C to +25°C. 
Rationale: Range of temperature measured including both sites. 
Suggested Verification: Analysis, Test
[bookmark: _Toc521402931]Operational Environment Temperature Rate of Change
The instrument shall perform to specification at temperature rate of change up to +/-1.3°C/hr.
Rationale: Maximum rate of change measured, to 95th percentile, including both sites. 
Suggested Verification: Analysis, Test
[bookmark: _Toc521402932]Operational Environment Humidity
The instrument shall perform to specification at relative humidity from 0 to 90% including condensation. 
Rationale: Range of humidity measured including both sites. Condensation has been recorded at Gemini South during summer months.
Suggested Verification: Analysis
[bookmark: _Toc521402933]Operational Environment Wind Speed
The instrument shall perform to specification at wind speeds from 0 to 5m/s. 
Rationale: Range of wind speeds measured including both sites.
Suggested Verification: Analysis
[bookmark: _Toc521402934]Operational Environment Gravity Vectors
The instrument shall perform to specification through the range of possible gravity vectors:
	Gravity component limits
using Optical Support Structure Coordinate System
(components vary continuously and in discrete steps)
	X axis +/-1g

	
	Y axis +/-1g

	
	Z axis -1g to 1g


Rationale: The instrument shall be exposed to a range of orientations and gravity vectors during telescope operations.
Suggested Verification: Analysis, Test
[bookmark: _Toc521402935]Operational Environment Vibration
The instrument shall perform to specification within a vibration environment to be defined during the early Design Phase. 
Rationale: The Gemini telescopes are not a vibration free environment. It is a complex problem to directly quantify the range of vibrations that an instrument may experience. To address vibration issues, during the early design stages of ISS-mounted instruments, Gemini mechanical engineers will work closely with the instrument build team to provide information and access to Gemini vibration and FEA data, analysis and reports. The end goal will be to determine the vibration constraints for the instrument.
Suggested Verification: Test

[bookmark: _Toc521402936]Environmental Sensors
[bookmark: _Toc319840450][bookmark: _Toc521402937]Transport Sensors
The instrument shall have sensors sufficient to characterize and monitor the transport environment experienced. These may include orientation and vibration sensors as deemed necessary.
Rationale: Upon delivery, the instrument sensor data will be reviewed to see if any out of tolerance conditions were experienced, and to perform additional actions if warranted.
Suggested Verification: Analysis 
[bookmark: h.206ipza][bookmark: _Toc319840453][bookmark: _Toc521402938]Instrument Environmental Sensors
The instrument shall have sensors sufficient to characterize and monitor the instrument internal environment. These may include temperature, pressure, humidity, vibration as deemed necessary.
Rationale: Continuous awareness of the instrument internal environment is important for instrument safety.
Suggested Verification: Inspection, Test
[bookmark: h.o3u9wtvc59z][bookmark: _Toc319840454][bookmark: _Toc521402939]Instrument Service Sensors
The instrument shall have sensors sufficient to monitor instrument systems services and perform diagnostics. These may include temperature, pressure, leaks, and flow rate sensors as deemed necessary.
Rationale: Continuous awareness of the instrument service usage is important for instrument safety.
Suggested Verification: Inspection, Test




[bookmark: _Toc521402940]
 Appendix A: Original Ambient Air Temperature Data from 1990’s
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