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Date: 23-Jan-18 CR Number: CR-0127 (Harris CR 2018-09, 2018-10, 
2018-11, 2018-012)  

Requestor: Walter Hahn Needed By: 22-Feb-18  

Subsystem: M2 Cell Assembly 

WBS: 4.6.2 

Title: LTS-107 Administrative Correction to Test Environment Conditions 

Reason for Change Request 
(Check All That Apply by Double-Clicking on the Box) 

Technical Change Schedule Change Budget Change 
 Requirement change only 
 ICD change only 
 New work scope 
 Adjustment or correction to details 
 Other:  

 Milestone Change 
 Proposed re-baseline of detailed 
activities 
 Slip in schedule:  
 Gain in schedule:  
 Other: TBD 

 Transfer of budget from one WBS     
Element to another 
 Transfer of budget to contingency 
 Request budget from contingency 
 Adjustment of budget  
 Cost increase: $ 
 Cost decrease: $ 

Administrative Change 
 Administrative change only 

Description:  Was Harris CR-2018-09 

The following change corrects a typographical error in section 3.6.2 of LTS-107.  The intent of the 
requirement was to specify a tolerance on the peak-to-valley mean mirror temperature, however the 
wording reads “peak to value”. 

In the tables below, wording highlighted in RED is to be removed, and wording highlighted in BLUE is 
to be added.  There is no intent to change the font or font color of any wording in the requirements 
document. 

 

3.6.2      Test Environmental Conditions - OK 

was 
For the Final Acceptance Tests, the mirror shall be tested at a mean mirror temperature of 21±2 ° C 
with a peak to value maximum temperature difference no greater than 0.5° C spanning the entire 
mirror. 

is 
For the Final Acceptance Tests, the mirror shall be tested at a mean mirror temperature of 21±2 ° C 
with a peak to valley maximum temperature difference no greater than 0.5° C spanning the entire 
mirror. 

 

Rationale:  Administrative change to correct typographic error 
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Was Harris CR-2018-10 

Several verification methods for LTS-107 have been updated to reflect 1) methods actually used for 
completed verifications, and 2) revised methods resulting from the maturation of the verification plan. 
These changes necessitate a revision to the verification matrix provided in section 4 of the LTS-107 
requirements document. 

The following rationale was used to assign the revised methods: 

• The sum of methods in child sections (e.g. §3.2.5.1 and §3.2.5.2) will satisfy the methods for the 
parent section (e.g. §3.2.5). 

• The sum of methods for multiple requirements in the same section (e.g. §3.2.1) will satisfy the 
methods identified for that section. 

• Methods for sections/sub-sections not explicitly listed (e.g. §3.5.1 vs. §3.5) are not restricted. 
• Sections listed that have no verifiable requirements (e.g. §3.8.2) are removed from the RVM 

 
• Unless otherwise noted: 

o Qualitative measurements will be verified via Inspection (I) 
o Locations or geometries will be verified via Inspection (I)  
o Test methods or parameters will be verified via Test (T) 
o Design requirements will be verified via Analysis (A) 

• Parent requirements are not verified; subsequent child requirements are verified. 
 
 
 
 

In the table below, wording highlighted in RED is to be removed, and wording highlighted in BLUE is to 
be added.  There is no intent to change the font or font color of any wording in the requirements 
document. 

 

 4 Quality Assurance 

was 

The following methods shall be used to verify the design and performances of the M2 Cell Assembly 

 

M2 FABRICATION VERIFICATON MATRIX 

REQUIREMENT  INSPECTION ANALYSIS TEST DEMO 
3.2.1 Mirror Support Pad Geometry  X X X  
3.2.2 Mirror Support Pads Design  X X X  
3.2.3 Mirror Support Pad Finish  X    
3.2.4 Axial Support Pad Load Capacity  X X X  
3.2.5 Tangential Support Pad Load Capacity  X X X  
3.3 Mirror Safety Stress Limit   X   
3.4.1 Surface Equation   X   
3.4.2 Radius of Curvature   X X  
3.4.3 Conic Constant   X X  
3.4.4 Aspheric Terms   X X  
3.4.5 Clear Apertures   X X  
3.4.6.1 Optical Surface Wedge  X X   
3.4.6.2 Optical Surface Centration  X X   
3.5.2 Wavefront Structure Function   X X  
3.5.3 Measurement Resolution   X X  
3.5.4 Surface Figure Accuracy   X X  
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3.5.5 Microroughness  X    
3.5.6 Scratches  X    
3.6.1 Support During Testing  X  X  
3.6.2 Test Environmental Conditions  X    
3.6.3 Laser Tracker Fiducials  X X X X 
3.7 Non-Optical Surface Treatments  X    
3.8.1 Mass Budget  X    
3.8.2 Operational Lifetime  X X   
3.8.3 Environmental Conditions   X X  
3.8.4 Mirror Pad Bonding Material  X X   
3.9.1 M2 Mirror Lifter  X X X X 

 

is 

The following methods shall be used to verify the design and performances of the M2 Cell Assembly 

 

M2 FABRICATION VERIFICATON MATRIX 

REQUIREMENT  INSPECTION ANALYSIS TEST DEMO 
3.2.1 Mirror Support Pad Geometry  X X X  
3.2.2 Mirror Support Pads Design  X X   
3.2.3 Mirror Support Pad Finish  X    
3.2.4 Axial Support Pad Load Capacity   X X  
3.2.5 Tangential Support Pad Load Capacity   X X  
3.3 Mirror Safety Stress Limit   X   
3.4.1 Surface Equation      
3.4.2 Radius of Curvature    X  
3.4.3 Conic Constant    X  
3.4.4 Aspheric Terms   X X  
3.4.5 Clear Apertures    X  
3.4.6.1 Optical Surface Wedge  X X   
3.4.6.2 Optical Surface Centration    X  
3.5.2 Wavefront Structure Function   X X  
3.5.3 Measurement Resolution   X X  
3.5.4 Surface Figure Accuracy   X X  
3.5.5 Microroughness  X    
3.5.6 Scratches  X    
3.6.1 Support During Testing  X  X  
3.6.2 Test Environmental Conditions  X    
3.6.3 Laser Tracker Fiducials  X X X  
3.7 Non-Optical Surface Treatments  X X X  
3.8.1 Mass Budget  X    
3.8.2 Operational Lifetime      
3.8.3 Environmental Conditions   X   
3.8.4 Mirror Pad Bonding Material  X    
3.9.1 M2 Mirror Lifter  X   X 

 

 

 

(Was Harris CR-2018-11)  
Harris will utilize a revised set of support and large-scale correction forces to compensate for mirror 
weight and residual factory surface error under test conditions. This change in forces was implemented in 
order to reduce the amount of ion figuring necessary to meet optical requirements. This minimizes the risk 
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of removal-based surface errors (micro-roughness, swirly), as well as minimizing fabrication schedule.  
There is no negative impact on the surface quality of the M2 mirror during operation. 

These revised forces have been developed in conjunction with and approval from LSST. The 
modifications are reflected in the changes to several requirements in LTS-107. In the tables below, 
wording highlighted in RED is to be removed, and wording highlighted in BLUE is to be added.  There is 
no intent to change the font or font color of any wording in the requirements document. 
 

3.5.4.2 Large Scale Errors - OK 

was 

Specification: Correction force up to ±22.5 N from any axial actuator may be applied to correct large-
scale figure errors. 

Discussion: Mirror bending modes and correctability shall be reviewed during the Optical Fabrication 
and Test Readiness Review defined Section 4.3.3 in the LSST M2 Optical Fabrication SOW Document 
(LTS-191). Low-order bending modes shall be ignored up to the amplitudes determined to be feasible 
in the correctability analysis. The level of large-scale correction shall be determined by limiting the 
correction forces to ±22.5 N of force from any of the axial actuators. 

is 

Specification:  The total force magnitude at any actuator shall not exceed 305 N (68.6 lbf) for any 
telescope elevation angle in the range of 0 to 90 degrees (horizon pointing to zenith pointing).   

Discussion: Total force at any elevation angle is the sum of: the portion of mirror weight carried by the 
axial actuators at that angle, gravity-induced-figure-error correction forces, and factory (large scale 
static) error correction forces. 

Mirror bending modes and correctability will be reviewed during the Optical Fabrication and Test 
Readiness Review defined Section 4.3.3 in the LSST M2 Optical Fabrication SOW Document (LTS-
191). Low-order bending modes will be ignored up to the amplitudes determined to be feasible in the 
correctability analysis. The level of large-scale correction will be constrained by limiting total operating 
force magnitude (including weight, gravity-induced error, and static residual error) to 305 N of force 
over 0 to 90 degrees telescope elevation.  

Rationale:  The original requirement limited only the magnitude of force used for large scale factory error 
correction. This revised requirement sets force limits on the actuators in terms of the sum of weight 
support, gravity induced figure error correction, and large-scale factory error correction.  The sum of 
these forces at any elevation angel will not exceed the overall force budget of 305 N. It is expected that the 
sum of large-scale factory error correction and weight support forces will be reported through test, and 
the addition of gravity induced figure error correction forces will be applied via analysis. 
 

3.6.1      Support during Testing – follow up with Doug. I think it is ok since these are forces we 
defined for optical fab and testing.  

was 
The mirror shall be supported during optical fabrication and testing as defined in Table 3 and shall be 
evenly distributed between the pads (±2 N). 
 

Ring Radial Position 
[m] № of Supports Support Force 

[N] 
1 1.002 18 191 
2 1.284 24 218 
3 1.601 30 218 

Table 3: Axial Support System Configuration 
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is 
The nominal support forces, independent of large-scale factory correction forces, shall be reported for 
the three rings of axial actuators described below in Table 3 
 

Ring Radial Position 
[m] № of Supports 

1 1.002 18 
2 1.284 24 
3 1.601 30 
Table 3.  Axial Support System Configuration 

 
 
Rationale:  The nominal weight-support force, independent of the static large-scale factory correction 
force, will be reported to LSST. These values may be useful for system-level force calibrations.  The 
expected support forces are 254.1 N (Ring 1, radial position 1.002 m, 18 supports), 230.5 N (Ring 2, 
radial position 1.284 m, 24 supports), and 190.4 N (Ring 3, radial position 1.601 m, 30 supports). 

 

 

 

 

 

 

 

 
Description Was Harris CR-2018-12 

The items identified below represent requirements in LTS-107 that are either 1) unverifiable due to lack of 
specificity or impracticality or 2) redundant with other requirements with no added value from duplicate 
verification.  Harris will not verify any requirements listed in this CR. 

In the tables below, wording highlighted in RED is to be removed, and wording highlighted in BLUE is 
to be added.  There is no intent to change the font or font color of any wording in the requirements 
document. 

 

3.2 Mirror Support Pads 

was 

The M2 substrate shall be supported on discrete axial and tangential supports connected through pads 
bonded to the glass substrate as defined in this section. 

is 

The M2 substrate will be supported on discrete axial and tangential supports connected through pads 
bonded to the glass substrate as defined in this section. 

Rationale: Redundant with sections that follow; will not be verified. 
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3.4.3  Conic Constant 

was 

Discussion: The conic constant sign convention shall never change given the orientation of the 
mirror coordinate system. 

is 

Discussion: The conic constant sign convention will never change given the orientation of the mirror 
coordinate system. 

Rationale:  No specific requirement to verify. 

 

3.5 Mirror Optical Polishing 

Was 

The front convex surface shall be optically polished to meet the following specifications: 

Is 

The front convex surface will be optically polished to meet the following specifications: 

Rationale:  Redundant with sections that follow; will not be verified. 

 

3.5.1  Polish Area 

was 

Discussion: The surface quality requirements (for final acceptance) shall be measured in the areas 
defined by the Clear Aperture regions listed in Table 4. 

is 

Discussion: The surface quality requirements (for final acceptance) will be measured in the areas 
defined by the Clear Aperture regions listed in Table 4. 

Rationale:  Redundant with the clear aperture call-outs in requirements that follow; will not be verified. 

 

3.5.4.2  Large Scale Errors  

was 

Low-order bending modes shall be ignored up to the amplitudes determined to be feasible in the 
correctability analysis. 

is 

Low-order bending modes will be ignored up to the amplitudes determined to be feasible in the 
correctability analysis. 

Rationale:  Redundant with surface figure accuracy requirements in section 3.5.4 of LTS-107; will not be 
verified  
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3.5.7  Surface Damage 

was 

Specification: Chips or other damage to the glass surface shall be immediately reported to LSST and 
all work shall stop. 

Is 

Specification: Chips or other damage to the glass surface will be immediately reported to LSST and 
all work shall stop. 

Rationale:  Response to hardware damage is outlined in the program Quality Plan.  This requirement is 
not verifiable unless surface damage is encountered during processing by Harris.  Not verifiable as 
written. 

 

3.5.7  Surface Damage 

was 

The Contractor shall submit a non-conformance report and initiate a thorough inspection of the 
damaged area for review and remedy.  

is 

The Contractor will submit a non-conformance report and initiate a thorough inspection of the 
damaged area for review and remedy.  

Rationale:  Response to hardware damage is outlined in the program Quality Plan.  This requirement is 
not verifiable unless surface damage is encountered during processing by Harris.  Not verifiable as 
written. 

3.6.1  Support During Testing 

was 

Discussion: For final testing the mirror weight shall be supported only by the pads for the axial 
mounts. 

is 

Discussion: For final testing the mirror weight will be supported only by the pads for the axial 
mounts. 

Rationale:  No specific requirement to verify. 

 

3.7 Mirror Non-Optical Surface Conditions 

was 

The non-optical surface conditions shall be maintained as defined in the M2 Substrate Blank 
Drawing, Document-4573. 

is 

DELETED 
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Rationale: The Harris process does not interact with the non-optical surface.  Harris does not intend to 
perform an inspection of the non-optical surface prior to shipment. This requirement will not be verified. 

 

 

3.7 Mirror Non-Optical Surface Conditions 

Was 

The following additional specifications shall be met:   

Is 

The following additional specifications will be met:   

Rationale: Redundant with sections that follow; will not be verified. 

 

3.8.2  Operational Lifetime 

Was 

The M2 mirror is expected to last the entire life of the telescope and shall be designed to the same 30 
year lifetime. 

Is 

The M2 mirror is expected to last the entire life of the telescope and will be designed to the same 30 
year lifetime. 

Rationale:  Unverifiable without performing an accelerated life test on the M2 Mirror, which is 
impractical.  Mirror blank is CFE; Harris process does not affect lifetime of the material.  Will not be 
verified. 

 

3.8.4  Mirror Pad Bonding Material 

Was 

Quality assurance and verification of the requirements in this Specification shall be made using the 
guidelines described in this Section. 

Is 

Quality assurance and verification of the requirements in this Specification will be made using the 
guidelines described in this Section. 

Rationale:  Redundant with sections that follow; will not be verified. 
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