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V04: Rendering Technology 

 

 

Human Machine Interaction Display & Actuator 

Technologies 

Display & Actuator 

Technologies 

   

 

What’s an actuator? 

- actuator is a mechanical device, which converts 

energy into some kind of motion and/or force 

- actuator is an electrical device that produce or trigger 

a physical or physiological response by stimulating the body’s musculature 

or nerves 

Actuation Principles (right) 

- different actuation principle to translate energy into force &/or motion 

- principles (right): chemical, hydraulic, pneumatic, electromechanical 

(AC/DC motor, voice coil stepper motor, solenoid → to reduce forces)… 

 

 

1. electromagnetic actuator 

1.1. DC Motor (DC= Direct Current); “Gleichstrommotor” 

Principle 

- if we have a current and a magnet field we get a force: 

F=I X B 

B: magnetic vector (middle finger); I: current vector (index 

finger), F: force (thumb) 

- magnetic force produces a torque which lead to a rotation 

of the loop 

▪ as long force in same direction NOT changes of direction (loop stay over) 

▪ to move the loop in the other direction we need to switch the current through a 

commutator 

▪ commutator → change direction of the current → change direction of force 

- force produced on a current carrying conductor placed in a magnetic field: AC and DC 

motors. → using electromechanical principles 

 

1.1.1. Components of brushed DC motors 

Rotator coil that carries (porta) the current attached to the rotating shaft (rotor), 

which is divided into electrically isolated areas  

Commutator electrical contacts on the rotating shaft that are contacted by brushes to 

deliver and control the direction of current through the armature windings 



Giovanna Pedroni FS2021 - Biomechatronics – V04  

  2 

 

 

 

 

 

➔ this components are only of DC motors: other motors have different arrangements 

1.1.2. DC Motor Equation 

 

 

kM = torque coefficient / kf = friction coefficient 

 

circuit has different properties: electrical resistance, 

inductance 

movement is inducing current that procue force 

again movement 

 

current is not constant: change with the time 

KVL = sum of all voltage is “zero” → be careful that 

the polariy of voltage is right at each singular 

component 

sum of Ingoing current = sum of OUTgoing current 

- first node: iM (IN) = iR (OUT) 

- second node: iR = iL 

- third node: iL = iE 

 

equation is a linear representation of the physics 

behind 

 

- speed is constant 

- current is constant 

Brushes conductive brushes provide stationary electrical contact to the moving 

commutator 

Stator stationary outer housing: permanent magnet 
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➔ only one variable: omega 

(torque is a function of 

omega) 

 

 

 

 

1.1.3. Brushed vs Brushless DC motors 

 Brushed 

 

Brushless 

 

Principle generates torque from DC power using a 

mechanical commutator with brushes (= 

spazzola), stationary magnet(s) & rotating 

electrical magnet(s) / coils 

rotating permanent magnet and 

stationary electrical magnets on the 

motor housing (to avoid brushes) → 

principle of stator and rotor is inverted 

electronic commutation system → NO 

needing brushes 

Advantages cheap, reliable, simple to control motor 

speed 

longer life span, little/no maintenance, less 

friction, more efficient/speed 

Disadvantages friction (due to brushes) → abuse, 

maintenance (commutator), low life span 

higher costs, higher inertia bc permanent 

magnet is rotating 

The stator is the stationary part of the machine, whereas the rotor is the movable part of the machine 
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1.2. Stepper motors (Brushless motor) 

- structure 

o permanent magnet in the rotor (brushless motor) 

o electromagnet at the stator which is switched by electronic 

commutator 

o stator: multiple "toothed" electromagnets 

- characteristic 

o we have a kind of teeth → even rotor and stator not touch each other we 

get a stepwise change of angles by switching the magnetic activity 

between coil and stator the rotori s just moving little step → increment of 

only 1° or 2° 

o → very good if we want a motion of only some degrees with defined angles 

- motion 

o moves in accurate angular increments (steps) 

o rotates in both directions 

- can sustain a holding torque at zero speed (without power) 

- rotor: gear-shaped permanent magnet poles 

- low rotor inertia → faster dynamic response 

 

 

1.3. AC Motors (AC = Alternating Current) (Electromagnetic actuator) 
Two different versions 

Version A (simple, less common) 

need to transport current into rotating coil → needing of brushes → switching of current 

sign is done by the change of the field of the current → polarity of current in shanging 

over time 

- stator: permanent magnet 

- rotor: alternating current (AC) in rotating coil, contact via brushes 

- NO commutator required 

Version B (more common) 

- stator: rotating magnetic field generated by supplying the coils 

of stationary stator with AC 

- rotator: torque generated by the rotor interaction with the rotating 

magnetic field of the stator 

Synchronous vs Asynchrnous AC Motor 

SYNCHRONOUS ASYNCHRNOUS 
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stator coil current varies in a sinusoidal pattern, 

yields a rotating magnetic field → magnetization 

is changing 

rotor has constant magnetization (permanent 

magnet or electromagnet with external power 

source) => motion of magnetic field is 

synchronous to the movement of the motor (AC 

current) 

- Time1: coil A → max current at the 

beginning → current changes in sinusoidal 

way 

- Time 2: at same position we have high 

current and high magnetization → rotor 

attracted 

- Time 3: current and magnetization getting 

less → movement again 

Principle 

- only stator is AC powered → INTernal part 

is not powered 

- NO external AC power source for rotor 

required, thus NO mechanical commutation 

required 

- electric current in the rotor (“squirrel-

cage”) needed to produce torque is 

induced by electromagnetic induction 

from the magnetic field of the stator winding 

→ rotor experienced an induction of current 

in order to perform movement 

- stator field is faster than rotor 

(asynchronous) 

Information: most common, also called induction 

Motor 

 

 

 

1.4. Other examples of AC motors 

Linear Motor External rotor universal motors 

stator coils and “rotor” coils (or 

permanent rotor magnets) are 

placed in a linear arrangement 

- rotor placed outside 

- stationary inside 

- rotation of the outer part 

around the internal stator 

 

Can operate on either AC or DC 

power brushed DC motor both 

wound and supplied from 

external source 

Advantages: high starting 

torque, wide speed range, simple 

control; 

Disadvantages: brushes & 

commutators, acoustic noise, 

requires maintenance 

-  

External Rotor: DC vs AC Motors 

DC Motor DC Motor 

usually simple current control complex current control 
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speed and torque depend mainly on motor 

voltage VM 

speed depends on current frequency and number 

of poles 

speed depends on external load speed quite constant: NOT depend so much on 

load 

 

General Properties of electromagnetic actuators 

- Advantages: quiet, clean, low to medium power to weight ratio, easy design, control and installation, 

in general cheap 

- Disadvantages: can have friction due to brushes and bearing, eddy currents diminished torque 

 

 

2. Pneumatic Actuators 

Principle 

- compressed air/fluid is used to move linear or rotary unit (piston) 

o taking a reservoir and pumping air 

o oil CANNOT be compressed → using a compressor which pump 

liquid with high compression from location A to location B 

- valves are used to control the air/fluid flux through the actuator and 

generate the force F 

 

Single vs Double Acting Cylinder 

  

spring allows piston to return back to original place - 2 valves entering 2 separates chamber 

- fluid move where the pression is higher 

- NO spring 

 

Examples 

A. Pneumatic Artificial Muscle (PAM) 

- elastic chamber filled with air → higher volume → 

- shape changing → shortening → force providing → similar to a muscle 

- rubber bladder, scissor weave mesh 

- only contraction forces  

- pairs agonist/antagonist 

- light weight: high force-to-weight ratio 

 

B. Powered Leg Press Allegro 
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- two separated pneumatic muscle (cylynders) inserted below sit → moving lever arm to reduce force 

of foot → legs trained in a very fast way 

- Allegro: functions with pneumatic muscles 

- difference risp a leg press → force production with a very high speed, two separated pneumatic 

muscle 

 

Characteristics of pneumatic actuators 

- Advantages: simple, long distance to endeffector, high power density (power to weight ratio at end-

effector), lightweight, easy maintenance, fast, cheap, safe, reliable 

- Disadvantages: air leakage, less accurate, friction, limited bandwidth, difficult to control 

- Typical property: compliance → safe (good), accuracy is limited (bad) → can be good or bad 

 

 

3. Hydraulic Actuators 

Principle 

- hydraulic fluid (typically oil) is pressurized by a power plant 

(compressor) 

- controlled by servo-valves 

- delivered to rotary or linear actuators 

- analogous to mechanical leverage 

 

Characteristics 

- Advantages: long distance to endeffector, high power density (power to weight ratio at end-effector), 

large payload (potentially dangerous), high position accuracy 

- Disadvantages: leakage results in hygienic problems, high inertia in case of long hoses (→ slow), 

complex structure, difficult to control, expensive (more than pneumatic bc more components needed) 

- Typical Property: high output stiffness → high accuracy (good) if system has an error (bad)  → can 

be good or bad 

 

 

4. Rheological Fluids 

Principle 

- little particles placed in a fluid with high viscosity → application of an electric or a magnetic 

field with high strength → changes of orientation of particles → changes of viscosity of 

liquid layer between two plates → changes of damping forces 

- viscosity changes due to electric/magnetic field acting on micron-sized electric or magnetic 

particles 

- change from liquid into solid state within milliseconds 

- Advantages: convenient, small 

- Disadvantage: limited bandwidths, only variable damping rather than active force, large 

fields required, still under development 

- ! just changes a passive property of the system → NO active force production 

Example: Magneto-Rheological Displays 

hands inserted into liquid → changes of magnetic field surrounding liquid → changes of viscosity (application 

in haptic displays) 
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5. Thermomechanical Actuators 

Principle of Shape Memory Alloys (SMA) 

- unique class of metal alloys that can be stable in two different phases 

- two stable phases: high-temperature phase (austenite) and low-temperature phase (martensite) 

- state change (deformation) due to temperature change 

- Advantage: high power to weight ratio 

- Disadvantages: low speed, limited bandwidth, cooling difficulties 

 

 

6. Pizoelectric / Ultrasonic Actuator 

Piezoelectric Actuator 

- since they have high frequency above perceivable range they are also 

called ultrasonic actuator 

- applied voltage (electric field) generates strains and deformations in a 

piezoelectric material → rotor movement 

- bimorph (two layers with different motion directions: extension vs. 

contraction) 

Ultrasonic Motor 

- uses resonance to amplify the vibration of the stator in contact with the rotor 

- operates at frequencies up to 50 MHz, vibrations of only a few nanometers in 

magnitude 

Advantage 

- can be fabricated without metal => MRI compatible 

- works at high frequency => high response rate, high accurate, little latency 

Disadvantages 

- require high electrical fields (around 2500 V/mm) 

- piezoelectric ceramics show hysteresis, thus closed-loop control for accurate positioning required; 

- limited speed & bandwidth 

- usually not backdrivable (bc two moving parts are in mechanical contact) → negative in rehabilitation 

S. 50: exercise of piezoelectric actuation 

 

7. Electroactive polymers 

Principle 

- requires dielectric elastomer with elastic electrodes on both sides and 

high electric fields 

- significant change of shape or size of a polymer in response to the 

application of an electrical field (typically 1 kV) 

- undergoes a large amount of deformation (up to a 380% strain) while sustaining large forces 

- characteristics similar to that of biological muscles 

- Advantages: compared to SMAs higher response speeds, lower densities and improved resilience 

- Disadvantages: requires high electric fields, limited speed and band width 
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8. Mechanical chain 

GEAR 

- Properties 

o torque/force transmission 

o change speed, torque, and direction of a power source 

o gear ratio when there is a transmission of force from 

one axis to the other 

 

Types 

- spur, helical, internal and external spur, worm, crown, bevel… 

- axis can be perpendicular, parallel, not intersecting… 

- belt drive vs pulley drive 

 

CLUTCH 

Properties: 

- mechanical element to transmit power and motion from on 

component to another 

- allows slip and/or bending (piegatura) of shaft 

- different types can be used to control transmission in amount and 

over time: 

- Multiple plate, wet/dry, centrifugal, cone clutch, torque limiter, non-slip 

clutch 

 

 

9. Kinematics 

Robotic primitives 

revolute joints (angles to express position of joints) & prismatic 

joints (translational) 

What’s Kinematics? 

- about geometries and movements 

- masses/forces are not relevant (kinetics) 

- describe relative motion of (coupled) rigid bodies 

- describe movement by generalized coordinates (# of generalized coordinates = degrees of 

freedom) 

DOF (Degree of Freedom) 

- # of independent movements an object can make with respect to a coordinate system 
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- Example 1: an object has 6 DOF in space (3 rotations, 3 translations) 

- Example 2: position of a point in a plane can be described by x and y coordinate or angle and 

distance (2 DOF) 

 

Serial linkage 

- Forward kinematics: 

• given: joint angles and position of the motors 

• to be found: end-effector position and orientation 

• 𝑥𝑡𝑖𝑝 = 𝐿1 cos(𝜃1) + 𝐿2cos (𝜃1 + 𝜃2)  

• 𝑦𝑡𝑖𝑝 = 𝐿1 𝑠𝑖𝑛(𝜃1) + 𝐿2𝑠𝑖𝑛 (𝜃1 + 𝜃2) 

- Inverse kinematics: 

• given: desired end-effec  tor position and orientation 

• to be found: underlying joint angles, position of the motors 

• is often ill-posed (undetermined due to redundancy) 

• Problems:  

➢ redundancy: it’s possible that # of joints > # of DOF 

➢ 4 links in planar space: infinite number of solutions 

➢ null spaces exists 

 

Kinematic structures 

 

 

 

 

 

 

 

10. Exoskeleton vs. Endeffector-based 

How mechanical structure can be connected to a human subject: exoskeleton vs endeffector approaches 

10.1. Exoskeleton 

- mobile machine consisting of an outer framework worn by a 

person and powered by a system of motors that delivers at least 

part of the energy for limb movement 

- alignment of robotic and human joints 

- Problem 

o difficult alignment of the human and the robotic joint → 

joints need to be aligned correctly, otherwise it can be 

dangerous for the patient! 

o mechanical axis NOT correspond to technical axis 
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10.2. Endeffector-based 

- endeffector of robot connected to the human 

- robotic prolongation of the human that interacts with the 

environment 

- Problem:  

o posture of human NOT fully determined bc needed 

many DOF 

o difficult control of complex and easy movements → no knowledge of posture of patient! 

 

 

10.3. About exercise 

 

➔ if speed increases → torque that motor is able to provide decreases 

 

 

 

 


