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The Ø 5” (3.635 mm) probe covers the entire Ø 120” (87.24 mm) Field of View.

The 2 degrees of freedom probe arm consists of 2 individual arms:  A crank arm and a lever arm, driven by 2 corresponding rotation motors: The crank 
and lever motors. 

Any position in the OSM field of view can be acquired by calculating appropriate values for theta and phi, noting that due to a mirror reflection there are 
always 2 possible solutions.

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.

1.1 Basic Design requirements:

Mechanism Type:          φ/θ

Patrolled Field: Ø 120” (87.24mm)

Probe FoV: Ø 5” (3.635mm)

Acquisition accuracy:  40 mas (30μm)

Stability: 5 mas / 3600s (1 μm)

Position knowledge:       < 1 μm (TBC)

Minimum Incremental motion: TBD

Operating Temperature: -10°C +/- 0.3

Note: Separation is a distance determined by the 
Lever Arm motor envelope to clear the Field of view 
at any angle of Crank rotation.

φ

θ

1.2 Position Accuracy
Probe Position within the field shall be measured according to the level of desired accuracy: Direct or indirect.
Indirect measurement:
Total Position Accuracy of 30μm at the furthest position across the 144mm field requires a minimum crank rotation accuracy of:
sin α = 30μm / 144 mm  α = 0.012° = .012 π / 180 = .00021 rad = 210 μrad
And the 100 mm lever arm motor is 60 % longer than the 40mm Crank arm 
Crank motor rotation accuracy: 210 μrad x 60% = 126 μrad
Lever motor rotation accuracy: 210 μrad x 40% = 84 μrad

1. Conceptual design and operation

2



2.1 Arm fully extended Equation:

2.1.1)  Using 40 mm separation for the PI  M-038 and M-037

Lever Arm + Crank Arm + 1.8175 Probe = 87.24 Fov + 40 Separation + Crank Arm

Lever Arm + 1.8175= 87.24 + 40    Lever Arm = 125.42 mm

2.1.2) Using 63.5 mm separation for the Newport URS75B

Lever Arm + 1.8175 = 87.24 + 63.5   Lever Arm = 148.9225 mm

2.2.3) Using a 200mm Lever Arm, separation = Crank Arm + Fov = need to be:

200 + 1.8175 = 87.24 + Separation  Separation = 114.5775 mm

2.2.4) Using a 230mm Lever Arm, separation need to be:

230 + 1.8175 = 87.24 + Separation  Separation = 144.5775 mm

2.2.1) Using 40 mm separation for the PI  M-038 and M-037

Lever Arm - Crank Arm = Separation + Crank Arm + Probe 

Crank Arm = 41.30 mm

2.2.2) Using 63.5 mm separation for the Newport URS75B

148.9225 - Crank Arm = 63.5 + Crank Arm + 1.8175 

Crank Arm = 41.8025 mm

2.2.3) Using a 200 mm Lever Arm and 114.5775 mm Separation

200 - Crank Arm = 114.5775 + Crank Arm + 1.8175 

Crank Arm = 41.8025 mm

2.2 Arm fully retracted Equation:

2. Arms Size Equation
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Optical Layout is optimized when the following equations are verified:
3.1) a = b = c = d 

3.2) a + b = x (c + d)

Keeping the AO Focus away from the Probe mirror (FM1) gives: 
3.3) 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:  
3.4) Lever Arm length = b + a2 
Replacing 3.3 & 3.4 in 3.1 gives: a = b  a1 + a2 = Lever Arm length - a2
Solving for a2  2a2 = Lever Arm length - a1  a2 = (Lever Arm length - a1 )/2

3. Optical Equation
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a b c d

AO 
Focus

Collimator Lens 
(L1)

TT
L2

PO 
Focus

a1 a2

Probe
(FM1)

Lever Arm

Using  a 250mm Lever Arm , would give the following results :

a1 = 10 mm for OSM #1  10 + 2 a2 = 250  2a2 = 250 - 10  a2 = 120
a1 = -5 mm for OSM #2    -5 + 2 a2 = 250  2a2 = 250 + 5  a2 = 127.5
a1 = -20 mm for OSM #3 -20 + 2a2 = 250  2a2 = 250 + 20 a2 = 135

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

I 10 120 130 260

II -5 127.5 122.5 245

III -20 135 115 230



4. Lever Arm Design
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OSM #3 
(a1 = -20)

Using a Lens holder imposes increasing the arm length to 
avoid eventual vignetting of the FoV

OSM #2 
(a1 = -5)

OSM #2 
(a1 = 10)
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Crank Motor 
Newport URS75CC(1.7 Kg)

Tip/Tilt Mirror
PI S-334 (.065 Kg)

Preliminary Design With Newport Stages

Probe 

5 axis Collimator Lens 
Holder (Newport LPV-1) Lever Arm

FM1
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Lever Adaptor 
counterweight 

Crank Adaptor

Lever Motor 
Newport URS75CC(1.7 Kg)
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Crank & Lever Motor @ 0° : Probe at 0° (Probe Fully Retracted)

Crank Stage (Fix)



Crank @ 90° CW & Lever Motor @ 90° CCW° : Probe  at 90° CW
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Crank Stage (Fix)



Crank @ 180° CW & Lever Motor @ 180° CCW° : Probe  Fully Extended
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Crank Stage (Fix)

Conclusion: 
The whole 120” field can be covered using  180° Rotation for each stages!...



LOWFS OSM Assy shown at various probe position
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OSM #1
(Fully Extended)

OSM #2
(Mid-Field)

OSM #3 
(Fully Retracted)



LOWFS OSM Assy shown at various probe position
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OSM #1
(Mid Field)

OSM #2
(Fully Extended)

OSM #3 
(Fully Retracted)

Lever Arm Swing 
range of motion



Lever Arm CG Location

The Lever Arm Assembly shall be designed to locate its CG as close as possible to the Lever Motor Axis φ
Balancing  the Lever Arm about its CG will facilitate the Lever motor control and stability at full stop.
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Crank Arm Assy CG Location
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The Crank Arm Assembly shall be designed to locate its CG as close as possible to the Crank Motor Axis θ

Balancing  the Lever Arm about its CG will facilitate the Crank motor control and stability at full stop.



Max Cantilever Torque and Deflection

φ

158.5 Kg

49 mm

8.5 Kg = 85 N

85N X .049m = 4.165 Nm

Deflection per manufacturer: 
30µrad / Nm

30µrad  X 4.165Nm = 125 µrad

Probe Deflection:

295mm x sin125µrad = .0368 mm 

125 µrad

295 mm

.0368 mm



5. Servo Motors Vs Stepper Motors

Motion 
Characteristics Servo Motors Stepper Motors

High Torque, Low 
Speed

Can be considered if cost/ complexity is not an 
issue.

Continuous duty applications requiring high 
torque and low speed.

High Torque and 
high speed (>2000 
rpm)

Continuous duty applications requiring high torque 
and high speed. 
DC servomotor can deliver greater continuous 
shaft power at high speeds compared to steppers. 
High speed up to 12000 rpm is possible. 
AC servo motors can handle higher current surges 
compared to DC servos. 
Can get lot stronger AC servo compared to either 
DC servo or DC stepper.

If speeds are less than 2000 rpm stepper 
may be economical. 
Stepper becomes bulky at high torque.

Short, Rapid 
Repetitive Moves

Use servo if need high dynamic requirements. Stepper will offer more economic solution 
when requirements are more modest.

Positioning 
Applications

Servo can handle effectively when load is mostly 
inertia instead of friction. The ability to overdrive 
servo motor in intermittent duty allows a smaller 
motor to be used. If positioning is critical in 
micron level use servo.

Use stepper motor if torque is lower than 
500 oz-in, less 2000 rpm, low to medium 
acceleration rates.

Applications in 
Hazardous 
Environments

Use brushless servo motor. Use step motor.

Low Speed, High 
Smoothness

Use DC servo. Use microstepping.

Control Method Closed loop. Preferred to be used in open loop 
applications.
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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.

Model M-037.2S models feature a cost-effective directdrive,
2-phase stepper motor, providing very smooth operation
and a resolution of 5.45 μrad at a minimum incremental
motion of 21 μm.

6. Potential Lever Motor
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PI M-038.DG Rotation stage

7. Potential Crank Motor

Model M-038.DG1 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.

Model M-038.2S1 models feature a cost-effective directdrive, 2-phase stepper motor, 
providing very smooth operation and a resolution of 5.45 μrad at a minimum 
incremental motion of 21 μm.

ActiveDrive™

Model M-038.PD is equipped with the highly efficient Active Drive™ direct drive and 
reaches velocities up to 45°/s. The ActiveDrive™ design, developed by PI, features a 
high-efficiency PWM (pulse width modulation) servo-amplifier mounted side-by-side 
with the DC motor and offers several advantages: Increased efficiency, by eliminating 
power losses between the amplifier and motor. Reduced cost of ownership and 
improved reliability, because no external driver is required Elimination of PWM 
amplifier noise radiation, by mounting the amplifier and motor together in a single, 
electrically shielded case
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Other Possible Crank motor: M-06X.DG Rotation stage
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Newport URS Series Precision Rotation Stages

8. Potential Crank & Lever Motor
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Specifications URS75BPP URS75BCC M-037.DG M-038.DG1
Typ. Guaranteed Typ. Guaranteed 

Motor Type Stepper DC servo DC servo DC servo

Feedback None Worm mounted encoder Shaft mounted encoder Shaft mounted encoder

Worm Gear Ratio 1:90 1:90 180:1 176:1

Sensor Resolution (cts/rev) None 8000 2000 2000

Resolution (°) 0.0002 0.0005 0.00003 .000003

Minimum Incremental Motion (°) 0.0002 0.002 .0002 .0002

Uni-directional Repeatability (°) 0.001 0.002 0.001 0.002 .0017 .0011

Reversal Value (Hysteresis) (°) 0.006      0.01 0.002 0.004 .01 .01

Absolute Accuracy (°) 0.016 0.030 0.012 0.023 TBD TBD

Maximum Speed (°/s) 40 80 6 6

Wobble (µrad) 20 50 20 50 <150 <75

Eccentricity (µm) 3 3 TBD TBD

Max Axial Load (N) 200 200 300 400

Max  CW Torque (CCW) 0.5 (0.5) 0.5 (0.5) 1 (0.5) 2 (0.8)

Max Cantilever Torque (Nm) 5 5 6 6

Mass (N) 17 17 6.5 12.5

MTBF at 25% load and 
with a 30% duty cycle 20,000 h 20,000 h TBD TBD

Integrated limit switch Adjustable Adjustable No No

Price $2940 $3436 $4178 $4724

9. Comparison between Potential Stages.
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Mass on Lever motor:  Tip Tilt Mirror (0.065 Kg) + TT Mirror Housing (0.100  Kg) + Probe Assy (0.120 Kg) + Collimator Assy (0.01 Kg) = 0.295 Kg

Mass on crank motor:  

Mass on lever motor +Crank Adaptor (0.100 Kg) + Lever Adaptor (0.100 Kg) + Periscope Assy( 0.015 Kg) + Counterweight (1 Kg) + Lever Motor  = 1.215 Kg + Lever Motor 

Distance  between Crank Motor and center of Mass installed on Crank motor: 40mm

1) Using the PI Motors as follow: M-038.DG1 as Crank Motor and the M-037.DG as the Lever motor:

Mass on Crank motor:  1.215 Kg + 0.65 Kg  = 2 Kg (20N)

Cantilever Torque at Crank motor: 0.04m X 20  =  0.8 Nm

2) Using the URS75BCC Newport Motor for both Crank and Lever motor:

Mass on Crank motor:  1.215 Kg + 1.7 Kg  = 3 Kg (30N)

Cantilever Torque at Crank motor: 0.04m X 30  =  1.2 Nm

Off Center Load: Q < 200 / (1 + 40/25) = 77 N 

CONCLUSION: The Newport URS75BCC is cheaper and faster than the PI Stages and comparatively as accurate.

The Newport URS75BCC is a bigger stage than the PI Stage: The Arm length will have to be proportionally longer.

Comparison between Potential Stages.
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Lever Arm + Crank Arm + Probe = Fov + Separation + Crank Arm

Lever Arm + 1.8175 = 87.24 + 63.5  

 Lever Arm = 148.9225 mm

Lever Arm - Crank Arm = Separation + Crank Arm + Probe

148.9225 - Crank Arm = 63.5 + Crank Arm + 1.8175 

 Crank Arm = 41.8025 mm



10. Potential Tip / Tilt Mirror

PI S-334 Miniature Piezo Fast Steering Tip/Tilt-Mirror 
up to 120 mrad Deflection
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Potential Tip / Tilt Mirror
PI S-330-2XX Miniature Piezo Fast Steering Tip/Tilt-Mirror
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Sensors

Anti-Collision System
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Not necessary any more as the probes will 
now be roaming on different planes



Remaining work to be done

-Analyze Tip/Tilt Mirror Vibrations and Impact on Probe stabilization.
- System rigidity Analysis

Questions:
-Probe position Accuracy: 40 (KAON 562) or 70 mas (Contour)
- Minimum Incremental motion ?
- Max Wobble?
- Position Stability (5 mas / 3600 s) TBC
- TT Requirements (Deflection, response, resolution,…)
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Rejected Lever Motors
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Rejected Crank Motors
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