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Motivations — Miniaturization L

Robotic microassembly approach chosen

Smartphone Video projector Watch

9 mirror pixels

1,310,720 mirror pixels

OCT probe with micromirror (1280 x 1024)

Digital Micromiror Device (DMD)
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Fabrication of 3D hybrid MOEMS

Library of Basic Micro-Optical components

Micromirror Microapertures Microlens
A
1350 pm
Mechanical snap Protruding
connector with springs V-grooves
(DRIE) (DRIE)
Silicon baseplate !

Sillons en V

Substrate
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en V inversé
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Microscale specificities L

« Predominance of contact and surface forces (pull-off force)
« High dynamics of microsystems

« Lack of suitable sensors (resolution, range, multi-DoF, etc)
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Integrate force
measurement inside

microgripper
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Pull-off force Small free size for sensor integration High dynamics of microsystems
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Chosen approach

Automated robotic
microassembly of complex
systems

Integrate force sensors
into microgripper

1

Complex behavior not known —>» Model of the microgripper

No interaction force model  ———

>

Contact transition difficult, Hybrid force/position :
pull-off force > - Microassembly strategy
Automated
Microassembly
Incertitudes, nonlinearity Sliding Mggﬁtgg?pedance
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Microassembly of
complex systems

Integrate force

sensors into
microgripper
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Ll
Model of the TSFM [T-MECH2015, AIM2014]

Microassembly of

complex systems Model of the TSFM Location of micropart y,
* Nonlinear and dynamic model l
» Contact/no contact transition > End-effect iti
Integrate force Model of na-eftector position yc
sensors into —_
microgripper Input voltage U the TSFM o
—> Gripping force F,

E
\Vacuum grippe A0
Model of the e o 100 Separatio
microgripper ; of contact
S0 Contact
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yorid , ) Voltage (V)
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Videos/Handling_release.avi

Automated microassembly

Microassembly of
complex systems

l

1. Picking up the holder
Integ rate f ez and positioning
sensors into
microgripper

3 main microassembly tasks:
Grasping

3. Guidingofthehoder ~ © UIAING

(fine positioning)

Microgripper S S ; L R e I easin g

4. Releasing of snap
connector (fixing)

2. Inserting the holder
into the baseplate

Model of the e |
microgripper ’

.......... Perform precise positioning
..... “ Stability of the grasp
Hybrid baseplate Control the dynamics of interaction

force/position
control

5. Moving back the
microgripper

. Hybrid force/position control

Sliding Mode

Impedance
Control
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Hybrid force/position control [T-ASE2015, 2013] %

Microassembly of - e
complex systems Hybrid force/position control
l » S selection matrix for position controlled axis, I-S for force controlled axis
« PCL is position control law and is PID
Integrate force
sensors into « FCL s sliding mode impedance control to control the dynamics of the interaction
microgripper

Grasp/release tasks

Micrdgrippers
: fingers (F
MOdel Of the : Microgripper. —»Fg g L ( g1
microgripper oS S o8 : and F'gz)

/

Hybrid
force/position
control

estfi(;ilzscor y ] —— i S u b S t r a.t e

Slldlng Mode P G u1d1ngta5k ..........................................

Impedance ' ‘
C%ntrol Hybrid force/position control Robot NanoCube 3-DOF
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l
Sliding Mode Impedance Control [T-ASE2015]° &%

Sliding surface

Microassembly of

complex systems Obiectives:
Vojeclives.
l « SMC: Nonlinear, stable and robust control

Integrate force « Impedance: Control the dynamics of interaction /

sensors into /
microgripper i

Initial condiftions / -
Model of the SMIC: ‘

microgripper _ _
* The mechanical impedance:

p force error er
displacement error e,

Chosen force control scheme

Hybrid « A dynamic relation is set: ’)
force/position M, (5, — o — —V)=F —
ar =9 +Dg r =) +Ka Oy =) =F —-F & Hﬂ u ﬁsmm "
sillie « The impedance is: e % Hant
Z:MdSZ+DdS+Kd @‘{‘C -m
+ Sliding surface chosen according to impedance parameter b Parameier g

Estimation |

Sliding Mode i
Impedance ke

Control
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Experimental results for the assembly

Grasp : Guiding Release
3N | lfr
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Contact 1 Time (s)
. Contact force estimation
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100
Grasp Guiding Release
A
2 50
o /
Automated microassembly:
GO 1 2 3 4 5 6 L.
Time (s) Automated grasp/release within 20 ms
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. — Automated guiding task with misalignment for guiding speed
E N along X axis up to 5 mm/s
3. NS
® 40 e e Nanometer positioning
% 1 23 4 5 6 Strategy and control adapted to microscale specificities
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Conclusion and perspectives OO0 ey

New microgripper with sensorized end-effectors

Dynamic nonlinear model

Propose a microassembly strategy and control adapted to microscale specificities
Successful robotic microassembly with high dynamic capabillities

. Holder with

) hybrid integrated

o [ glass microlens
g |

Protrusion
V-grooves
compatible to
guiding rail

A

+ f Holder with
Ruler //' b silicon
: MICromirror
etched into
the baseplate

’ of baseplate

’ : v '/"/.

Perspectives

Microsystems (improved performances, new class of assembled)
Towards dexterous and multi-DoF microassembly
Towards start up to commercialize force sensors
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