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[bookmark: _Toc104877634]Specifications Overview

[bookmark: _Toc104877635]Scope of the Document

This document contains the specifications and design requirements for the Gemini Observatory 1-meter light-weighted hyperbolic secondary mirror (M2).  The M2 will replace the secondary mirror that is currently in use at the Gemini North telescope on Mauna Kea.  Drawings and specifications for the M2 and relevant mechanical fixtures are referenced in this document.

[bookmark: _Toc104877636]Related Documents

The following documents are reference documents that contain information that is applicable to the design and fabrication of the M2.
· SPEC-0001 Gemini Light-weighted Mirror Requirements
· SPEC-0002 Gemini M2-4 Mechanical Design Drawing
· SPEC-0003 Gemini M2-4 3-D model.stp

[bookmark: _Toc104877637]Verification Methods

All verification activities are the responsibility of the Contractor; i.e., the Contractor shall be solely responsible for providing any and all test equipment, analyses, inspections, and other means necessary to verify that the specifications and requirements have been met.
Examples of verification methods include:
Design Review. Verification by design review shall mean that the Contractor demonstrates to NOIRLab during the appropriate design review that the equipment shall meet the specification by way of its intrinsic layout and configuration.
Analysis. Verification by analysis shall mean that the Contractor analytically demonstrates that the design meets the specification. Such analyses may include finite element methods, ray-tracing analysis, closed form analyses, etc. All analyses shall be provided to NOIRLab in written report form, in electronic (e.g., MS Word or pdf) format.
Inspection. Verification by inspection shall mean that the Contractor demonstrates to NOIRLab personnel that the specification has been achieved on the as-built equipment during factory acceptance testing.
Test. Verification by test and/or measurement shall mean that the Contractor empirically demonstrates that the as-built equipment meets the specification. Testing may be required in the factory during factory acceptance testing.
At a minimum, the specification compliance matrix provided by the Contractor as part of the Work shall use the verification method(s) listed in each of the requirements below.
All analyses, test results (with test error analysis), and other verification reports shall be provided to NOIRLab in written report form and in electronic (e.g., PDF, Matlab, FITS, HDF5, Microsoft Word or Excel) format. For each Test method used for acceptance testing, the Contractor shall perform a test error analysis. All potential errors affecting the measurement shall be listed and their influence on the test results evaluated. The required measurement value shall be adjusted so that the Test shall yield a 99% or greater certainty that the specification has been met after taking the test error analysis into account.
[bookmark: _Toc104877638]Specifications for the M2

The M2 shall meet the following performance specifications.
	Requirement
	Required value

	External Diameter
	< 1024

	External cone angle
	> 1 deg

	Central hole diameter
	> 167.8mm

	Internal cone angle
	> 2 deg

	Mirror thickness
	< 158 mm

	Weight with mirror mounts
	≤ 55 kg

	Distance between center of gravity and rotation center
	< 1 mm around x axis

	
	< 1 mm around yaxis

	
	< 1 mm around z axis 

	Moment of inertia
	< 3.5 kg m^2

	Material
	Zerodur or low CTE equivalent

	CTE uniformity
	< 0.02 PPM per deg C at 0 C

	CTE
	< 0.1 PPM per deg C ar 0 C

	Elastic Modulus of material
	> 90 GPA at 0 C

	Minimum Shear modulus of material
	> 35 Gpa at 0 C

	Thermal conductivity
	> 1.6 W/mK at 0 C

	Clear aperture of outer diameter
	> 1022 mm

	Clear aperture of inner diameter
	< 169 mm

	Chamfers
	< 0.5 mm

	Equation
	Convex hyperboloidal

	Conic Constant
	-1.6129 ± 0.001

	Paraxial radius of curvature
	-4193.069 ± 5 mm

	Position of vertex wrt interfaces
	φ/2 ± 0.5 mm

	Tilt of vertex wrt interfaces
	< ± 5 arcminutes

	Decenter of optical axis
	< 1 mm

	Surface roughness
	< 20 Å rms

	Surface imperfections
	< 1 per 5 mm^2 area

	
	Maximum of 20 mm^2 allowed for summation of all defective areas

	Low Spatial frequency wavefront aberrations (Z4 to Z10, Z16 &Z17)
	< 100 nm rms

	
	< 1200 nm PTV

	Surface figure accuracy @ 2200 nm
	EE50 < 0.067 arc seconds

	
	EE85 < 0.207 arc seconds

	Surface figure accuracy @ 550 nm
	EE80 < 0.10 arc seconds

	Coating
	None

	Aperture size and resolution of interferometer
	Impact on EE < 1%



The Contractor shall be responsible for performing an HF etch of appropriate parts of the light-weighted mirror.  Gemini Observatory will provide the HF etching procedure, should the Contractor require it.
Gemini Observatory shall provide all necessary mechanical support fixtures for the M2.  The Contractor will be responsible for bonding mechanical supports, and for assembling necessary mechanical fixtures prior to shipment.
[bookmark: _Toc104877639]Environmental Conditions

The M2 shall be able to meet all operations conditions at 14,000 feet elevation on Mauna Kea. The M2 shall be able to survive transport conditions necessary for shipment from the Contractor to Hilo, Hawaii and from the Hilo, Hawaii base facility to the summit of Mauna Kea.

[bookmark: _Toc104877640]Mauna Kea Operating Environment

The M2 will meet optical requirements during at regular operating temperatures between -10⁰C and +10⁰C. The M2 will be able to withstand wind gusts up to 22 m/s, with gusts of up to 28 m/s.  The M2 will be able to withstand relative humidity conditions between 0% and 70%.  The M2 shall withstand shock of up to 8G, in the event of an earthquake.

[bookmark: _Toc104877641]Transportation Environment

The Contractor will be responsible for the design and fabrication of the shipping container.
The M2 shall survive shipping by air, land, or sea without incurring any damage.  
The M2 will survive shipping and storage inside of a shipping container that may be exposed to humidity of up to 100%.
The M2 shall survive shipping and storage conditions in a temperature range of -20⁰C to +50⁰C.
The M2 shall survive shock and vibration during shipping of up to 10G in any direction.
The M2 shall be shipped with shock indicators (impact indicators) on the exterior of the shipping container that indicate if the container has undergone shock greater than the designed survivability.
The shipping container for the M2 should be designed to be reusable if possible.
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