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CBK task in e.Deorbit Wﬂ.

consolidation phase

Task: to develop and verify by simulation a cartesian force/torque
compliant control for the robotic arm during the clamping
operation.
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Interaction control

Robotic interaction control

Passive interaction Active interaction
control control

/\ Compliant control
Direct force / Indirect force \

control control
Position ‘ /\
control Hybrid Impedance Admitance
control control control

On the basis of Interaction control classification proposed in [1]
[1] L. Villani and J. De Schutter, “Force control,” in Handbook of Robotics, B. Siciliano and O. Khatib,
Eds. Berlin, Germany: Springer, ch. 7, 2008. 2



Impedance control

In impedance control, manipulator’s }_-(_F(exteman
end efferctor is controlled in such a
way that it reacts to external forces as .

if it was a mechanical system with L = F (external)
defined mass, stiffness and damping. J

K

ZszFext—ch—szMjc'

X
pa—

where: M — Mass,
B — Damping coefficient,
K — Stiffness coefficient.




Impedance control 7\

The desired behaviour of the system when subjected to external
forces and moments :

Md(Xa — Xd) + Bd(Xa — Xd) + Kd(Xa — Xd) = —Foxt
Thus, linear and angular accelerations are calculated as following:

Xo=Xg—M7* [Ba(Xa — Xa) + Ka(Xg — Xg) + Foxt]

where, X = [v w]7, the linear and angular velocities of the end
effector.

F,.; external forces and moments



Compliant control 7\
input/output 1

End-effector trajectory .
determined from the relative
: position and orientation of
the clamp with respect to LAR
' (from Visual Servoing) i

___________________________________________

Xd Xqg Xa Fext
X =Xg . . . T |

. 7 4 i '
L + robotic
—M;l [ By(x, — xq) ... ] ﬁ f Ji Controller H o

+Kd(xa - xd) + Fext




Compliant control
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Simulation Tool 1/2

Compliant Control simulator (CCsim) is used to perform
numerical simulations and to verify the compliant control

CCsim is based on the "Simulation tool for space robotics". This
tool is under development at CBK PAN since 2009 and was used
in several projects for simulations of the final phase of orbital
rendezvous manoeuvre.

In 2016 it was cross-checked with the GMV simulator in the
frame of the ESA ORCO project.

The tool is based on SimMechanics model of a chaser satellite
equipped with a manipulator (SimMechanics is software based
on the Simscape, the platform product for the MATLAB Simulink).

Dedicated Matlab functions are used for postprocessing and
analysis of the simulation results.







Difference between angle deflection [degree]

Manipulator flexibility 7\
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Results of analysis based on mathematical models performed

for a simplified case:

* influence of the elasticity in joints is much more significant

then influence of the elasticity in links,

* elasticity in links can be neglected.
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Deflection of the second link of the manipulator
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Position y [m]

Position y [m]

Development of a 2D contact

model (e.Deorbit Phase B1)

Position x [m] Position x [m]

SIM1 2D Adams model

5rp3 Time= 1.0000 Frame=0201

Time: 0.00 [s] Time: 2.70 [5]
0.04 0.05 :
0.02 ’
T . ------
T — O —
0.02feeel A TN £
' =
0.04 " 2
7
g
-0.06 & 005
-0.08
0.1 -
i 0.1 :
0.1 0.08 0 0.05 01 01 005 0 0.05 0.1
Pasition x [m] Pasition x [m]
Time: 3.38 [s] Time: 30.00 [s]
0.06
0.06
0.04
/ 0.04
0.02 ) _
E 0.02
0 -
5 0
0.02 a
£ .02
0.04
-0.04
-0.06
-0.06
-0.08 :
01 -0.05 0 0.05 0.1 0.1 -0.05 0 0.05 01

Position y [m]

SIM2 2D simulation tool model

SIM2: Time: 0.00 [s]

0.06
004
0.02

0.02

004 }--=mconef-e-

-0.06
-0.08

Energy [J]

0.1
01

Position x [m]

7\
A

-w W

300¢

250

SIM1
SIM2

200 {]

150 l

" [\

4 4.5

Time [s]

5.5

11



3D contact model
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Animation module
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Monte Carlo 7 N\

Numerical simulations are being performed with the modified and
upgraded , Simulation tool for space robotics” to verify the
proposed cartesian 6DOF comliant control.

e To test the proposed compliant control for a wide range of
parameters and initial conditions,

* to estimate forces and torques induced by the motion of the
robotic arm when the gripper is attached to LAR,

* toidentify parameters that have the most significant influence
on the overall performance of the compliant control,

* to find a set of initial conditions and parameters for which the
maneuver can be performed with a defined safety margin.
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Air-bearing microgravity
simulator at CBK PAN

| [Parameter [ Link1 __|Link2 __

Mass [kg] 4.5 1.5
Moment of inertia [kg-m?]  0.32 0.049
\‘;‘\SV“‘*’" Ca’“erjﬁg Length [m] 0.619 0.6
Joint type rotational rotational
table \y = F _—— NUmber of thrusters 4 modules
— X 2 thrusters
Thrust [N] 0.846
Working medium Nitrogen

Nominal chamber pressure [bar] 10

I Mass flow rate [g/s] 1.575
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actuator module
(cold gas thrusters)

chaser GNC

target object mock-up (LAR)

gripper mock-up




Air-bearing microgravity
simulator at CBK PAN

Source:
'duo3d.com

Source:

Elastic joint
stereolabs.com




Thank you for your attention!
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