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The ID31 Micro Station

Translation Stage
−5 mm < Ty < 5 mm

Sample Interface

Sample Environment
1 kg < M < 50 kg

Tilt Stage
−3° < θy < 3°

Spindle
1 rpm < θ̇z < 60 rpm

Center of gravity
compensation system

Long Stroke Hexapod
−10 mm < Txyz < 10 mm

−3° < θxyz < 3°

Frame fixed
on the granite

X-ray

≈ 1 m
≈ 1 m

x

z

y

Objective: Position samples along complex trajectories with high precision
Stacked Positioning Stages: ≈ 10µm precision limited by stages vibrations, thermal
effects, ground motion, . . .
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Introduction - The Nano Active Stabilization System
Objective: Improve the position accuracy from ≈ 10µm down to ≈ 10nm
Design approach: “Model based design” (extensive use of models and test benches)

ID31 Micro-Station
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2 Plateforms
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- Actuators
- Sensors
- Flexible Joints
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The Nano-Hexapod - Why such mechanical architecture?
• Why stewart architecture

• 6 DoF to control / 6 actuators
• Only flexible elements

• no backlash
• no play

• How it is working
• Jacobian matrix both for actuation and sensing

• Forward / Inverse kinematics : meaning. Easy to compute for small displacements
� Schematic of Stewart platform

Top flexible Joint

Amplified
Piezoelectric

Actuator

Encoder

Ruler support

Top plate

Bottom plate

Strut

Bot Flexible Joint

95mm
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Stewart Platforms Architecture

figs/stewart_schematic.pdf

Fig.: Geometry of a Stewart Platform

Advantages

• Compact
• Allows 6dof motion
• Can be “monolithic”

Definition of the Geomtry

• ai: position of the attachment
points on the fixed base
• bi: position of moving

attachment points
• li: length of each limb
• ŝi: unit vector representing the
direction of each limb
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Stewart Platform Architecture - Kinematics
• L = [l1, l2, . . . , l6]T : vector of actuated joint coordinates
• X =

[
AP ,A ŝ

]T
: vector of platform motion variables

X Inverse Kinematics−−−−−−−−−−−→
Simple

L

L Forward Kinematics−−−−−−−−−−−→
Complex

X

For small displacements: Jacobian matrix

J =



ŝT
1 (b1 × ŝ1)T

ŝT
2 (b2 × ŝ2)T

ŝT
3 (b3 × ŝ3)T

ŝT
4 (b4 × ŝ4)T

ŝT
5 (b5 × ŝ5)T

ŝT
6 (b6 × ŝ6)T


δL = JδX
δX = J−1δL

As an example, for the Nano-Hexapod:

J =



0.69 −0.38 0.61 −0.13 −0.10 0.08
−0.69 −0.38 0.61 −0.13 0.10 −0.08
−0.02 0.80 0.61 0.15 −0.06 0.08

0.68 −0.41 0.61 −0.02 −0.16 −0.08
−0.68 −0.41 0.61 −0.02 0.16 0.08

0.02 0.80 0.61 0.15 0.06 −0.08


, J−1 =



0.84 −0.84 −1.00 −0.15 0.15 1.00
0.66 0.66 0.39 −1.06 −1.06 0.39
0.27 0.27 0.27 0.27 0.27 0.27
−4.51 −4.51 0.12 4.39 4.39 0.12

2.46 −2.46 −5.14 −2.67 2.67 5.14
1.96 −1.96 1.96 −1.96 1.96 −1.96


� Control architecture in the frame of the legs with the Jacobian matrix
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Control Challenges - Analogy
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Overview of the Mechatronic Approach - Model Based Design

Dynamical Models / Simulations / Control

µ Station

Disturbances

ν Hexapod

Mech. DesignInstrumentation FEM

Assembly

Test Benches

Implementation

Multiple Stages
Complex Dynamics

Solid Bodies

Ground Motion
Vibrations
Pos. Errors

Concepts (Soft, Stiff)
Geometry
Sensors

Sensors
Amplifiers
Actuators

Geometry
Part Optimization

Integration

Flexible joints
APA
Plates

Mounting Tools:
Struts

Nano-Hexapod

Instrumentation
APA, Struts
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Measurements
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