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M1CS SummaryM1CS Summary

Sensors

Primary Segment AssemblyPrimary Segment Assembly

Primary Mirror

Actuators Segments



M1CS DecompositionM1CS Decomposition 
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M1CS ComponentsM1CS Components

Actuators Distributed Control Electronics
– 1476 for 492 segments 
– 100 spares

1576 total

– 82 Node Boxes 
Insulated and liquid cooled

574 segment cable harnesses– 1576 total

Sensors
– 2772 for 492 segments

– 574 segment cable harnesses 
(492 + 82 segments)

– ~4400 PCB assemblies (printed 
circuit board assemblies)

– 462 for 82 spare segments
– 200 spares
– ~ 3500 total

circuit board assemblies)

–  3500 total

TMT.CTR.PRE.09.138.REL01 4



TMT M1CS Components

Segment 1.4 m

Segment Support
Assembly

Sensor Preamp
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Actuators

3 per segment Drive half Sense halfSensor Control Bd. 5



Keck Analogies to TMTg

Node Boxes

Segment and mirror cell cabling
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Summary of 
A t t d S R i tActuator and Sensor Requirements

Actuators
Mass ≤ 10KgMass ≤ 10Kg
Load (Performance) 0 to 850 N
Range ≥ 5 mm
Noise ≤ 4.4 nm RMS
Peak error ≤ 50 nm
DC Stiffness ≥ 20 N/μm
Stiffness at 1 Hz ≥ 10 N/μm

Power ≤ 1 Watt
Survive -2000 N to +3000 N 3g earthquake survival
D i f 50 lif ti ith t ti i tDesign for 50 year life time with preventative maintenance

Sensors
Edge Sensor Noise (Height) ≤ 2.8 nm√Hz RMS
Edge Sensor Noise (Gap) ≤ 1 μm RMS
Edge Sensor Noise (dihedral angle) ≤ 330 nRad RMSEdge Sensor Noise (dihedral angle)  330 nRad RMS
Quasi Static Mean Sensor Error < ~ 2nm
Non Interlocking
In-plane sensitivities Various
Mass (to be confirmed) ≤ 115 grams
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Dimensions (to be confirmed) 55 mm x 60 mm x 20 mm
Design for 50 year life time with preventative maintenance
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Actuator 1Actuator 1
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Actuator 2
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Actuator 3Actuator 3
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Actuator 
S St t t f W kSummary Statement of Work

Third generation prototype
– Procurement, fabrication, assembly, and test
– 10 to 20 actuators
– Design for manufacturability

To be sed for reliabilit tests– To be used for reliability tests
– To be used for final evaluation
– To be used to evaluate test and quality control equipment and procedures
– Ideally fabricated, assembled, and tested at supplier for production unitsIdeally fabricated, assembled, and tested at supplier for production units

Production build
– Pre-production procurement, fabricate, assembly, test, and evaluate
– Production procurement, fabrication, and assembly
– Acceptance testing
– Repair and test of rejected units
– Quality control

P k d hi– Pack and ship
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Capacitive SensorCapacitive Sensor

Drive Block Sense Block
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Sense BlockSense Block
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Sense Block CoatingSense Block Coating
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Drive BlockDrive Block
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Drive Block CoatingDrive Block Coating

TMT.CTR.PRE.09.138.REL01 16



Sensor
S St t t f W kSummary Statement of Work

Third generation prototype
– Procurement, fabrication, assembly, and test
– 10 to 20 sensors
– Design for manufacturability

To be sed for reliabilit tests– To be used for reliability tests
– To be used for final evaluation
– To be used to evaluate test and quality control equipment and procedures
– Ideally fabricated, assembled, and tested at supplier for production unitsIdeally fabricated, assembled, and tested at supplier for production units

Production build
– Pre-production procurement, fabricate, assembly, test, and evaluate
– Production procurement, fabrication, and assembly
– Acceptance testing
– Repair and test of rejected units
– Quality control

P k d hi– Pack and ship
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Electronics
S St t t f W kSummary Statement of Work

Parts procurement
Printed Circuit Board (PCB) fabrication (bare board)
PCB assembly 
PCB assembly testingPCB assembly testing
Cable harness fabrication and test
Node Box assembly and test
Q lit t lQuality control
Pack and ship

TMT.CTR.PRE.09.138.REL01 18


