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Three probes cover the entire Ø 120” (87.24 mm) Field of View.

Each probe is mounted on a 2 degrees of freedom articulated arm composed 
of a crank arm and a lever arm, driven by 2 corresponding rotation motors: The 
crank and lever motors. (See Fig. 1)

Any position in the OSM field of view can be acquired by calculating 
appropriate values for theta and phi, noting that two possible solutions could 
be found due to symmetry.

1) Object Selection Mechanism

1.1) Conceptual design and operation
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Focal Plane

OSM #3

OSM #2

OSM #1

Fig. 2

1.2) Design requirements:

Mechanism Type:          φ/θ

FR-1920 : The 3 PnS WFS's shall be deployable anywhere over the 120" (87.24mm) FoR.

Focal Plane FoV : Ø 5” (3.635mm)

FR-1526 : Acquisition accuracy  >100 mas (0.07mm)

Stability: 5 mas / 3600s (1 μm)

Operating Temperature: -10°C +/- 0.3
FR-512: The optical components of the LGSWFS shall be capable of operation at -5° C.

FR-1908 : PnS LGS WFS channels shall be able to pick off LGS beacons that are separated 
by 10" (from any other LGS sensor pick off) over the field

Fixed 
Probes (x3)
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The crank motor is secured to the Sensor and rotates the crank arm, precisely about the rotation axis of the crank motor referred to as the theta axis. The lever 
arm motor provides the necessary second degree of freedom by rotating the lever arm and all associated optics, about the phi axis.

Each probes are a at a different distance from the Focal plane, 15mm apart, with the closest probe 10 mm upstream from the focal plane. This design allow each 
probe to freely roam the entire field without risk of colliding into an other probe. The fixed 3 probes are located 45mm behind the focal plane. (See Fig. 2) 

Fig. 1
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1.3) Design Overview

OSM # 2 Shown (a1 = -5) 



Optical Layout (Fig. 3) is optimized when the following equations are verified:

1.4.1) a = b & c = d 

1.4.2) a + b = x (c + d)
Keeping the AO Focus away from the Probe mirror (FM1) gives: 

1.4.3) a = a1 + a2
Keeping each Lever arms on a different plane to avoid  collision between each other  gives a different value of a1 for each OSM
The Lever Arm Length previously determined gives:  

1.4.4) Lever Arm length = b + a2 
Replacing 1.4.3 & 1.4.4 in 1.4.1 gives: a = b  a1 + a2 = Lever Arm length - a2
Solving for a2  2a2 = Lever Arm length - a1  a2 = (Lever Arm length - a1 )/2

1.4.5) With a = b = 120, Table 1 gives all the design dimension of the 3 OSMs

1.4) Optical equation applied to the mechanical design
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a b c d

AO 
Focus

Collimator Lens 
(L1)

TT
L2

PO 
Focus

a1 a2

Probe
(FM1)

Lever Arm
Fig. 3

OSM# a1 a2= a - a1 a = b = a1 + a2 Arm = b + a2

I 10 110 120 230

II -5 125 120 245

III -20 140 120 260
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Table 1



1.5) Sizing the Probe to 8mm Diameter
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The Field of View at the Focal Plane is Ø 5” (3.635mm)
The Field of View at the probe is defined by it’s distance from the Focal Plane / f#
The probe Fold Mirror intercept the light beam at a 45 degree angle creating an elliptical projection at a 
distance a1 from the Focal plane. (See Fig. 4)
The minimum diameter of the mirror needs to be larger than the Ellipse Major Diameter.
The Larger Fold mirror will be at the furthest distance from the Focal plane OSM #1 (a1 = -20)

FM1

Probe

Light from Focus

Light to L1Ellipse Minor Diameter:  
d = d at Focus Plan + (a1 / f#) 

= 5 X 0.727 + (20 / 13.66) 
= 3.635 + 1.464

d = 5.10 mm

Ellipse Major Diameter: 
D =  d√2= 5.1√2 
D = 7.21 mm

Each Probe FoV is a potential vignetting of an other probe.

1.5.1) Largest FoV at the Fold Mirror #1 (FM1) is at OSM #1 (a1 = -20) Probe

Ellipse Minor Diameter:  
d = d at Focus Plan + (a1 / f#) 

= 5 X 0.727 + (5 / 13.66) 
= 3.635 + .366

d = 4.00 mm

Ellipse Major Diameter: 
D =  d√2= 4√2 
D = 5.66 mm

1.5.2) Smallest FoV at the Fold Mirror #1 (FM1) is at OSM #2 (a1 = -5) Probe

Ellipse Minor Diameter:  
d = d at Focus Plan + (a1 / f#) 

= 5 X 0.727 + (10 / 13.66) 
= 3.635 + .732

d = 4.37 mm

Ellipse Major Diameter: 
D =  d√2= 4.37√2 
D = 6.18 mm

1.5.3) Medium FoV at the Fold Mirror #1 (FM1) is at OSM #3 (a1 = 10) Probe

12/3/2009 Alex Delacroix

Fig. 4
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1.6.1) Design Features Common to all Probes

• Probe Cross Section

• Base

• Probe Tip

1.6) Probe Design

12/1/2009 Alex Delacroix

Fig. 5

Fig. 6

Fig. 7
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-Mass of the probe w = mg = 0.01 Kg x 9.81 ms-2 = 0.098N

-Moment of Inertia: I = bh3/12 = 4.57 x 7.643/12 = 169.8 mm4

-6061-T6 Module of Elasticity: E = 68,800 N/mm2

-Max Deflection: ν = wL3 / 8EI

ν =0.098 X 1003 / (8 X 68,800 X 169.8) 

ν = 98000/ 93457920 

ν = 0.001mm

Probe Deflection

1.6.2) Probe Deflection, at rest, under it’s own weight: 1µm

• Deflection analyzed on the longest Inclined probe (OSM #2)  

Probe Length

12/1/2009 Alex Delacroix

Fig. 8

Fig. 9

Fig. 10
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OSM #1

OSM #2

OSM #3

1.6.3) Frequency Analysis



1.7) Mass and CG of the Lever Arm Assembly

Total Mass: 1,570 grams ( 15.4N )

CG located at the Axis of rotation, 36 mm above the Lever motor Interface.

Torque at the Lever Rotation Stage Interface: 0.036 X 15.4 = 0.55 Nm
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½ in dia 
Collimator Lens
1 gram

Tip Tilt
PI S-330-2
65 grams

Micro-Switch
Honeywell 8SL125
476 grams

CG Location Lever Arm
926 grams
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Fig. 11



PI M-037.DG Rotation stage

M-037 rotation stages are equipped with ultra-precise worm gear 
drives allowing unlimited rotation in either direction. 
An integrated spring preload eliminates backlash. 
Double-row ball bearings allow zero backlash, high load capacity and 
extremely low wobble. 

Model M-037.DG is closed-loop DC motors with shaft-mounted position 
encoders and precision gearheads providing 3.5 μrad at a design 
resolution of 0.6 μrad.
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1.8) Static load on the lever motor
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Torque FS = 3/0.55 = 5.5

Table 2



1.9) Mass and CG of the OSM #1 Assembly

Total Mass: 3,874 grams (38N)

CG located at the Crank Axis of rotation, 60 mm above the Lever motor Interface.

Torque at the Crank Rotation Stage Interface: 0.060 X 38 = 2.3 Nm
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Lever Arm Assembly
1,570 grams

Lever Adaptor
455 grams

CG Location

Lever Motor
PI M-037.DG

650 grams

Crank Adaptor
435 grams

Counterweight
800 grams

Periscope Assy
60 grams
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Fig. 12



PI M-038.DG Rotation stage

1.10) Static load on the crank stage

Model M-038.DG1 is equipped with a closed-loop DC motor with 
shaft-mounted position encoder and precision gearhead providing 
minimum incremental motion of 3.5 μrad at a design resolution of 0.6 
μrad. 

1412/1/2009 Alex Delacroix

Torque FS = 6/2.3 = 2.6

Table 3
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Position Accuracy at the longest probe: OSM #3, a1 = -20

Lever Arm Length: 260mm
Crank arm Length: 41.8mm

Lever Stage M-037.DG Design resolution: 0.000034°
Crank Stage M-038.DG1 Design resolution : 0.000035°

Lever arm position accuracy: 250mm X tan 0.000034° = 0.00015mm

Crank arm position accuracy: 290mm X tan 0.000035° = 0.00018mm
__________

= 0.00033mm
= 0.00045”

12/2/2009 Alex Delacroix

1.11) Probe Position Accuracy

Fig. 13

Resulting position accuracy at the tip of the probe = 0.00033mm = 0.45 mas

1.12) Probe Position Repeatability
Position Repeatability at the longest probe: OSM #3, a1 = -20

Lever Arm Length: 260mm
Crank arm Length: 41.8mm

Lever Stage M-037.DG Design repeatability: 30 μrad = 0.0017°
Crank Stage M-038.DG1 Design repeatability : 20 μrad = 0.0011°

Lever arm position repeatability: 250mm X tan 0.0017° = 0.007mm
Crank arm position accuracy: 290mm X tan 0.0011° = 0.005mm

__________

= 0.012mm = .016”
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The probe patrolling range is limited by a contact switch (Wobble type) that, in case of software glitch, would trip the stages when 
contacting a track simulating the desired probe range.

12/2/2009 Alex Delacroix

1.13) Probe Patrolling range

Probe at 0° Probe at 45° Probe at 180° Probe randomly across the field 
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2) Laser Guide Star Architecture
2.1) Design requirements

FR-509: The LGSWFS shall support 7 laser guide stars. Of these lasers, one is located at the center of the field of view and the other three are on the vertices of a 
equilateral triangle around the central star. The remaining 3 guide stars can be positioned at random around the field of view.

Dia 120” FoV

OSM #2
OSM #3

Fixed Asterism #1

Fixed Asterism #2

Fixed Asterism #3

Fixed Asterism #4 
(Central)

OSM #1

Translation slides
(Focus)

Mass Estimate: 200Kg
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2.2) Design Overview

Pdf Version

http://www.oir.caltech.edu/twiki_oir/pub/Keck/NGAO/WFS/LGS_rev5.pdf�
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3) Patrolling Asterism (Deployable) 

3.1) Design requirements

-FR-519: The 3 PnS LGSWFS's shall patrol and pick off any LGS in the 120" FoR

Dia 120” FoV

OSM #2

OSM #3

OSM #1
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3.2) Design Overview

Tip Tilt

Collimator Lens

CCD

U Channel 6 x 3 x .125
(Bonnell 103301)

Relay
Collimator Lens

Fold Mirror for 
packaging

http://www.bonlalum.com/Login/SalesEng/SEStandardShapes_display.jsp�
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Square beam 6” x 6” x .125” Thk: 38.7 Lbs  IPN beam 10” x 6” x .25” Thk: 65 Lbs  

Plate 7” x 1” Thk: 62 Lbs  

I-Plate 6” x 0.5” Thk: 35 Lbs  

I-Plate 6” x 0.5” Thk: 51 Lbs  U Channel 6” x .125” Thk: 13 Lbs  

3.3) Stress Analysis of Standard material
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4) Fixed Asterism (Tomography) 
4.1) Design requirements

-FR-1867: There shall be one central LGS WFS and 3 LGS WFS's that are fixed at 10" dia. with equal angular separation.

4.2) Design Overview

3 X Eq. sp. 
@ 120°

10” For

Fixed Asterism #1

Fixed Asterism #2

Fixed Asterism #3

Fixed Asterism #4 
(Central)
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4.3) Peripheral Fixed LGS WFS Design

Tip Tilt

Collimator Lens

CCD
TBD

U Channel 6 x 3 x .125
(Bonnell 103301)

Relay Lens

Collimator Lens

63 x 63 Lenslet

Focusing Lens

Field Stop at Focus

Manual Pitch Control 
Micrometer
Newport HR-13

Manual Yaw Control 
Micrometer
Newport HR-13

U Channel 8 x 3 x .125
(Bonnell 103311)

Gimbals Assy

The fixed probe pick-off the 10” Fov to relay with the downlink tip-tilt mirror at the pupil location. Each Fixed LGS WFS is equipped with yaw and pitch 
motion about the Focus point which along with the downlink TT mirror can be used to align each channel to the incoming beam and keep the lenslet to 
LODM registration.

4.3.1) Overview

http://www.bonlalum.com/Login/SalesEng/SEStandardShapes_display.jsp�
http://search.newport.com/?q=hr-13�
http://search.newport.com/?q=hr-13�
http://search.newport.com/?q=hr-13�
http://search.newport.com/?q=hr-13�
http://www.bonlalum.com/Login/SalesEng/SEStandardShapes_display.jsp�
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Yaw axis track

Compression 
Spring

Pitch Axis 
Shoulder Bolt 
and  bushing

Manual Pitch Control 
Micrometer

Newport HR-13

Manual Yaw Control 
Micrometer
Newport HR-13

-Pitch & Yaw  about the Focus is adjustable using 2 manual Micrometers ,0.5µm Sensitivity, 13mm Travel, 
located 555.8mm (21.88in) away from the Focus, giving  180mas Sensitivity with 84” Travel. 

4.3.2) Pitch & Yaw Adjustment

http://search.newport.com/?q=hr-13�
http://search.newport.com/?q=hr-13�
http://search.newport.com/?q=hr-13�
http://search.newport.com/?q=hr-13�
http://search.newport.com/?q=hr-13�
http://search.newport.com/?q=hr-13�
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Yaw axis 
Gimbals Mechanism

Compression 
Spring

Pitch Axis 
Shoulder Bolt 
and  bushing

Manual Pitch Control 
Micrometer

Newport HR-13

Manual Yaw Control 
Micrometer
Newport HR-13

Field Stop

-The Yaw control Micrometer is maintained in contact with the U-Channel by a 
compression spring guided by a plunger.

-The Pitch Control Micrometer is maintain in contact with the base by gravity.

-The Yaw Axis, running thru the Focus, rotates the Gimbals mechanism thru the 
base of the channel, held by a Bearing Nut. A friction track and bearing should be 
sufficient to achieve the rotation.

-The Pitch Axis, running through the Focus as well, rotates the U-Channel thru the 
Gimbals mechanism by the alignment of 2 opposed shoulder bolts slide fitted with 
press fitted  bushings.

http://search.newport.com/?q=hr-13�
http://search.newport.com/?q=hr-13�
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4.4) Central (On-Axis) Fixed LGS WFS Design

Tip Tilt

Collimator Lens

CCD
TBD

U Channel 6 x 3 x .125
(Bonnell 103301)

Relay Lens

Collimator Lens

63 x 63 Lenslet

Focusing Lens

Field Stop at Focus

Manual Pitch Control 
Micrometer
Newport HR-13

Manual Yaw Control 
Micrometer
Newport HR-13

U Channel 8 x 3 x .125
(Bonnell 103311)

Gimbals Assy

The Central fixed LGS Asterism does not require a probe as it receive straight light from the AO Fov to relay with the downlink tip-tilt mirror at the pupil 
location thru a Packaging Fold Mirror.  The Central Fixed LGS WFS is also equipped with yaw and pitch motion about the Focus point which along with the 
downlink TT mirror can be used to align each channel to the incoming beam and keep the lenslet to LODM registration.

4.4.1) Overview

Fold Mirror

http://www.bonlalum.com/Login/SalesEng/SEStandardShapes_display.jsp�
http://search.newport.com/?q=hr-13�
http://search.newport.com/?q=hr-13�
http://search.newport.com/?q=hr-13�
http://search.newport.com/?q=hr-13�
http://search.newport.com/?q=hr-13�
http://search.newport.com/?q=hr-13�
http://www.bonlalum.com/Login/SalesEng/SEStandardShapes_display.jsp�
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FR-525: The LGSWFS optics shall reimage the DM onto the LGSWFS lenslets to an accuracy of TBD mm in focus.

5) Structure
5.1) Design requirements

The LGS Structure needs to rigidly accommodate with the installation of each 7 
Channels and allow relatively easy access to each optical components for  
Installation, adjustments, replacements and maintenance.  A Honeycomb panel 
Structure would weigh around 100 Kg compared to 250 Kg of plain welded 
Aluminum and would be at least twice as rigid.

5.2) Design Overview

The structure is mounted on three Delron Slides HPRSA4-9FB  rated each 
at 182 Kg for 225mm travel with a .00005mm repeatability and a straight 
line accuracy of .001mm/25mm travel. (See Delron Catalog p. 23) The 
assembly is actuated using the Newport Stage ILS-250CC

http://www.deltron.com/PDFs/Metric_Catalog_10-09.pdf�
http://search.newport.com/?q=*&sku=ILS250CC�
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6) Mechanism motions (FR-540)

-FR-539: The LGSWFS shall have mechanisms controlled by the RTC and/or the supervisory control system to keep each individual LGS WFS in focus

Device
DOF per 

stage
TL DOF Type Axes Range

Accuracy / 
Repeatabil

ity

Tracking 
Device?

Tracking 
Rate

Slew Rate
Control 

Category

LGS WFS 
Unit Focus

1 3 Linear z 10 mm 10 mm Yes 4

LGS WFS 
Unit 

rotation
1 3 Rotational θ 360 deg

0.01 deg 
(36")

Yes 4

LGS WFS 
Pickoff

2 6 Rotational
θ
Φ

360 deg

115 arc-
sec

300 arc-
sec

No 6

LGS WFS 
Assy focus

1 1 Linear z 130 mm 0.5 mm Yes 4

Tip Tilt
Stabilization 

Mirror
2 20 Tip Tilt

0.05
microrad

Yes

TBC

Un-necessary 
See Demo

10 mrad

Would 204mm work?

TBC

These numbers seem quiet large…
We get 0.45mas / 16mas (See P. 15)

Or 0.05mm?205mm
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