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LESSONS TIME TABLE (pls. take note)

28/11 h9/12- mech components 1 (3h)
4/12 h9/12  mech components 2 (3h)
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16/12 h 9/12 (in TLR)  - mech technologies tlr
workshop
18/12 h9/12- robotic (3h) TO BE REARRANGED
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POWER TRANSMISSION

Mechanical load characterization



The apparatus load can be divided into two classes:

Dissipative load when energy supplied
by the actuator is used to provide work e.g. 
tool machining like turning, milling etc. or 
lost for friction compensation e.g. industrial
mixers or fans, rail drive, lifting.

Inertial load when energy supplied by
the actuator is used to accelerate and/or to
brake the load e.g. robots, high speed
automatic positioning devices, metropolitan
wheel drive





DYNAMIC LOAD CHARACTERIZATION

ITALIANO!



VERY SLOW DYNAMIC :     J dω/dt << Cv + Ca + Cc

SLOW DYNAMIC :     J dω/dt < Cv + Ca + Cc

FAST DYNAMIC :     J dω/dt > Cv + Ca + Cc

VERY FAST DYNAMIC :     J dω/dt >> Cv + Ca + Cc



ACTUATORS

what does it mean?

How many different kind of actuator can you remember?



ACTUATORS
(first approximation list)

ELECTRIC ACTUATORS

PNEUMATIC ACTUATORS

HYDRAULIC ACTUATORS

… 



ACTUATORS



Each actuator has its own characteristic

POWER



The choice between different option is not 
always unique



ELECTRIC ACTUATORS 

Electro magnetic principia (Lorentz
Law)



ELECTRIC ACTUATORS (both linear and 
rotational)

AC motor

DC brushed motor 

Stepper motor

Brushless motor

Torque and linear motors



AC motor

Through electromagnetic 
induction, the rotating magnetic
field induces a current in the 
conductors in the rotor, which in 
turn sets up a counterbalancing
magnetic field that causes the 
rotor to turn in the direction the 
field is rotating 



AC motor speed

The nominal synchronous speed is obtained by

Ns = 120F / p

where
Ns = Synchronous speed, in revolutions per minute 
F = AC power frequency 
p = Number of poles per phase winding 



AC motor speed

Actual RPM for an induction motor will be less than this 
calculated synchronous speed by an amount known as slip
that increases with the torque produced. With no load the 
speed will be very close to synchronous. When loaded, 
standard motors have between 2-3% slip

As an example, a typical four-pole motor running on 50 Hz 
might have a nameplate rating of 1430 RPM at full load, while 
its calculated speed is 1500.



AC motor control 

The state of the art in the AC motor control is the digital 
inverter

Standard inverters may control the AC ref frequency, 
controlling consequently the speed of the motor.
The resulting characteristic of the motor is linear. The torque 
decrease linearly with the speed.



AC motor control 

Vectorial inverters lead to a flat characteristics with constant 
power over the full speed range.

AC motor can be controlled by an inverter either in open or 
closed loop adding an external sensor that close the speed 
loop.

Nominal open loop speed tolerance on vectorial inverter may 
be lower than 2%.



AC motor range – 2 
poles

NB:  power is traditionally fraction of HP, ref size is 0.75 kW=1HP



AC motor range 4,6 
poles..



AC motor PROS/CONS

PROS:
Widely used industrially
No commutation
If required flexible control is available
Rugged
Wide range (<0.1 W:>> 1kW)

CONS:
NO POSITION LOOP IS POSSIBLE
Low dynamics
Low torque/weight ratio



DC brushed motor

General principia: static magnet and rotating coils
Coil commutation with “brushes”



DC brushed motor:
Wound field DC motor (magnet replaced by coils: magnetic

field strenght controlled by fixed coil currents )

Universal motor ( wound fieldAC operated brushed motor, 

low cost- only copper no magnets)

Low inertia small size motor (small power high efficency

high speed motors)





Low inertia small size DC motor
(exploded view)

…



Take care: low inertia means low mass: low thermal
inertia..It’s really easy to get too hot!.. Take a look at 
continuous performances vs. peak performances !!



..some equations about the fundamental
electic motor (valid for both DC brushed and 

brushless)..



The first term is the voltage required to give the required
torque

The second term is the voltage rise for the back EMF





Faulhaber DC brushed motor range (good for robotics)



..some relevant data..

Check out:
Nominal torque is 50%
peak torque

On bigger motor same 
kind ratio may be 1/5!

Remember nominal 
speed..we will discuss 

motor is not always the 
limiting element of the 
chain



..some industrial
sizes..



DC brushed motor PROS/CONS

PROS:
DC driven
Easy to control (mechanical commutation)
Wide range (<0.1 W:>> 1kW)

CONS:
Brushes wear out
Mechanical commutation may be critical
Limits in high speed (..low inertia rotors availables
on low power motors..)
High power motors require wound field motor 
(cannot have HUGE magnets!)



Stepper Motor 

An internal rotor containing 
permanent magnets or a 
large iron core with salient 
poles is controlled by a set 
of external windings that 
are switched electronically



The control is generally made in open loop

Closed loop generally exists as option.

Linear version with thread integrated in the rotor and translating screw (or
screw integrated in the rotor and traslating nut)

Interesting solutions with motor unit with embedded control board

Sophisticate driver monitors the winding current to sense the right step 
commutation (if a “step” is missed the control compensates)



..some stepper examples..



small size (NEMA 14)

Torque decreases with speed, slope is 
function of winding voltage.
Speed in steps per second (200 step per 
turn)



BIG size (NEMA 42)

Same FRAME (frontal dimension,
rotor diameter)
Several stack length
(we will see that this is typical for 
most motors)



Changing the connection beteween coils 
change the motor characteristic



Stepper motor PROS/CONS

PROS:
For low power low cost application good for simple
position control: motor is controlled in steps (angle);
Ideally direct drive;
With embedded control may be a simple and cheap 
solution for small positioning units.

CONS:
At high dynamics or for unexpected 
overload may “loose the step” without
noticing (this may be avoided adding closed loop

control)



Brushless Motor

In a brushless motor the 
field of the stator is
commutated
electronically to follow
the position of the rotor



Brushless Motor

Using high efficency magnet in 
the rotor high power density 
may be reached

In some application the magnetic rotor
may be external to an internal fixed
coil group (eg. direct drive wheel with
magnet on wheel and coils on hub)



Brushless Motor

Brushless have several advantages over conventional motors:
Higher efficiency than  AC motors. 

Without commutation that wear out, the life of a brushless 
motor can be significantly longer compared to a DC motor 
using brushes
(Commutation also tends to cause a great deal of electrical 
and RF noise);



Brushless Motor

The commutation feedback may be done using:

A set of hall sensors that detect the magnetic poles of the 
rotor (see next lesson about sensors);

Another feedback device as a Resolver or an Encoder coupled 
to the rotor shaft (see next lesson about sensors);

The back EMF of the winding (sensor-less)



..again the same equations about the 
(brushless) electic motor..



The first term is the voltage required to give the required
torque

The second term is the voltage rise for the back EMF





A brushless motor



A brushless motor (iCub) – FRAMELESS

For a given diameter 6 different lenghts



SOME EXAMPLES NOW…



For each motor different electric 
characteristic are available



Low inertia brushless from faulhaber..



Typical industrial range..

Generally industrial range motors are defined in terms of nominal 
torque at nominal speed  (look at the flange sizes)



Brushless motor PROS/CONS

PROS:
High performance 
High efficency

CONS:
Higher cost
Requires commutation control



Torque motorsA torque motor is generically
defined as a motor optimized
to give high torques at low
speed with low cog

Torque motor can be both
brushed or brushless





Increasing the number of phases from 2 to 3 
decrease the torque ripple form 17% to 7% of 
nominal torque

In a torque motor the number of poles per phase
can be tipically 12 or 16 with <1% of torque
ripple



SOME EXAMPLES NOW…
As example the icub motor has 8 pole 
pairs and the torque ripple is typically 
about 2% of nominal torque..



Advantage of the torque motor is that it can 
DIRECT DRIVE the load with no need of 
mechanical reduction

High torques generally requires high current and 
high weight (strong magnet and lot of copper!)

Direct drive motor are tipically used where high 
precison high control bandwith with no backlash
is required

Altought the efficency is high direct drive motors
are generally liquid cooled..



Direct drive two axis stabilized platform for traking (military 
application – exploded view of a brushed DC torque motor)



Typical torque motor (ETEL)



Some reference data

Check difference between dry 
and liquid cooled performances



A linear motor is a torque motor that is opened
and flattened (!)

Main advantage of the linear motor is that most
of the actuation are linear

As other torque motors linear motors are 
generally high power..

Linear motor



Linear motor ref. data Thrust/weight ratio 10:20

Thrust/weight ratio 20:100



(fine ! )


