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Robotic actuation system

Gravitational
Torque

Shoulder Joint (Axis 2)
Actuator Cross-Section

6DoF -axis
Industrial Robots

Payload

Encoder—  Spring-Applied  Seryo Motor  Planetary Gearbox —
Position ~ Electromagnetic (Rotor & Stator) Torque Amplification
Feedback Brake (Fail-Safe)

J /
/ - a / V Out‘[j)(l);tn}\xus

l\\\ \“"

Should.er Joint

i (VAN \j’

Gravity Force N ' —

(Fg =X g) Encoder - a
Position
Feedback

Sorin-Applied Servo Motor Planetary
ring-Applie
In 6DOF industrial robots, shoulder and el- Elgctrgma%%etic PR Torqu%e:\ilrw?gl)i(f;:ation

bow joints experience the highest gravitational
torque from payloads. Integrated spring-app-
lied electromagnetic brakes ensure fail-safe
locking during power loss, preventing collapse
------- and maintaining positional stability.

Brake (Fail-Safe)

High Load
Vertical Axis




Servomotor with Electromagnetic Brake

Servomotor Internal Structure and Operating Sequence
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. Apply electrical signal to disengage the brake.
2. Send control signal to motor.

3. Torque passes through gearbox.

4. Output motion delivered at shaft.




Cascade Control Structure of High Performance DC Servo System
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Robot control

Control problem: definition of the input signals for the joints (e.g. torques or actuator
input voltages) in order to achieve a predefined behavior for the manipulator.

The achievable performances can be very different because of:

@ The many control techniques available to solve such a problem
@ The hardware used to implement the control algorithms

@ The mechanical configuration of the robot (anthropomorphic, cartesian, ...)

The robot performances are mainly influenced by the mechanical design and by the
actuation system. For example:

@ The cartesian configuration decouples the dynamics of the joints;

@ DC motor with gearboxes have a linear dynamics that results “decoupled” from the
non-linear dynamics of the robot. However, gearboxes usually introduce non linear
effects such as dead-zones, friction, elasticity, ...;

@ Direct Drive motors on one hand ensure better performances and do not introduce
non-linearities in the transmission chain; on the other hand a more relevant dynamic
coupling between joints is present, and the (nonlinear) load dynamics is directly
applied to the actuators without reduction effects.



Robot control

Control problems:

@ Control of the robot’s motion (position control schemes);
@ joint-space control

@ workspace control.

@ Control of the interaction with the workspace (force control schemes).

Control schemes:

@ Decentralized (or independent) control schemes (SISO)
@ Centralized control schemes (MIMO).

Dynamic model of a manipulator:

M(q)d + C(q.4)4 + Dg + g(q) = 7 +J" (q)F,

Control problem: define the generalized forces 7 to be applied to the joints in order to
obtain a desired trajectory qq(t).



o Robot Position Control

@ Introduction

@ Decentralized position control
@ Cascade Control
@ Position feedback
@ Position and velocity feedback
@ Position, velocity and acceleration feedback
@ Feed-forward control

@ Centralized position control
@ PD controller with gravity compensation
@ Inverse dynamics control



Joint space control

Consideration #1

dm Tm q T
Actuator —— Gearbox |—»  Joint

Actuators:  positions qm(t), torques Tm(t);
Gearboxes: reduction ratio K,:

Joints: positions q(t), generalized forces T(t);

Krq=dnm Tm = Kr_l'r

K, is a diagonal matrix with elements > 1.



Joint space control

Consideration #?2

The diagonal of the matrix M(q) is composed by two kinds of elements

@ Inertia terms that do not depend on the robot’s configuration
@ Terms that depend on the robot’s configuration.

Therefore: )
M(q) = M + AM(q)

where M is a diagonal matrix with constant elements (i.e. the mean values of the
joints inertia). From the robot dynamic model it follows

Tm = (K, 'MKH)dm + D@ + d
where
D, =K DK !

Is the matrix collecting the motors friction coefficients, and
d = (K, 'AM(Q)K )dm + (K7 1C(a, q)K M )am + K 'g(q)

Is a term that can be considered as a disturbance.



Joint space control
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Questions

Thank You
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