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What is an Actuator? 

❑ Actuators are devices used to produce action or motion. 

❑ It is operated by a source of energy (mainly electrical signal, air ,fluids) and converts 

that energy into motion. 

❑ Actuator is a mechanism by which a control system acts upon environment. 

❑ Actuator’s output is usually Mechanical i.e. linear displacement or velocity. 

Actuator Function Diagram



Actuator Types? 

Actuators

Types of 
Motion

Linear Rotary

Types of 
Medium 

Hydraulic Pneumatics Electrical

DC AC



Actuators Power-to-weight Ratio



Operational Efficiency and Energy Conversion (Hydraulic System)



Analysis of  Electric Motors

 Electric Motors convert electrical power to mechanical 
power.

Electric Motor

Electrical Power

I, V

Mechanical Power

F, v or T, w

I : Current 

V: Voltage

F: Force 

v: Velocity
T: Torque 

w: Angular Velocity

Electrical Power = I*V 

Mechanical Power = F*v  for linear motor

       = T*  for rotary motor  



Electric Motors

Electrical Power = I*V 

Mechanical Power = F*v  for linear motor

       = T*  for rotary motor  

Electrical Power Mechanical Power

I : Current 

V: Voltage

F: Force 

v: Velocity
T: Torque 

w: Angular Velocity

Electric Motors convert electrical power to mechanical power.



Operational Efficiency and Energy Conversion (Electrical Motor Actuation 

System)





Data Sheet and Operating Ranges 









Operation Ranges



Operation Ranges



Thermal motor data



Cooling Fan



Mechanical Motor Data



What is servomotor?

A servomotor is a rotary actuator or linear actuator that allows for precise control of angular or linear position, 

velocity and acceleration. It consists of a suitable motor coupled to a sensor for position feedback.



Operating Modes (Four Quadrant)



Actuator sizing



Types of Motion and Motion Conversion

Linear and Angular Motion

The linear motion induced in a rigid object is governed by Newton’s second law of motion

F = ma

F is the resultant of all forces acting on the object, m is the mass of the object and a is the 

resulting linear acceleration.

The constant force F produces a constant acceleration a and moves the object of mass m a 

certain distance s according to

s =1/2 at2

s is the displacement and t is the time

Thus, the time required to move mass m through distance s by means of a constant force F 

is given by Fmst 2=



For angular motion, Newton’s law reads

T is the resultant of all torques acting on a mass rotating about a fixed axis, J is the moment 

of inertia of the mass about its axis of rotation and is the angular acceleration

and the angular displacement equation analogous to that of linear motion is  =1/2 at2

  is the angular displacement.

Solving for t yields .

..

JT =

TJt 2=

..







Motion Profile



S-curve Velocity Profile
Trapezoidal Velocity Profile



Example:

Consider a rotary motion axis driven by an electric servo motor. The rotary load is 

directly connected to the motor shaft without any gear reducer (Fig. 1). The rotary load is 

a solid cylindrical shape made of steel material, d=75mm, l=50mm, ρ=7800kg/m3.The 

desired motion of the load is a periodic motion (Fig. 2). 

 

 
Fig. (1)   

Fig.(2) 
 



Example Cont.:

The total distance to be traveled is 1/4 of a revolution. The period of motion is tcyc=250 msec., 

and dwell portion of it is tdw=100 msec., and the remaining part of the cycle time is equally 

divided between acceleration, constant speed and deceleration periods, ta=tr=td=50 msec. 

Determine the required motor size for this application.
 

 
Fig. (1)   

Fig.(2) 
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Actuator Sizing Algorithm:
1. Define the geometric relationship between the actuator and load. In other words, select 

the type of motion transmission mechanism between the motor and load (N=reduction ratio).

2. Define the inertia and torque\force characteristics of the load and transmission mechanisms, 

i.e. define the inertia of the tool as well as the inertia of the gear reducer 

mechanisms (Jl, Tl).

3. Define the desired cyclic motion profile in the load speed versus time (θ'l(t)).

4. Using the reflection equations developed above, calculate the reflected load inertia and 

torque/force (Jeff, Teff) that will effectively act on the actuator shaft as well as the desired 

motion at the actuator shaft (θ'm(t)).

5. Guess a actuator/motor inertia from an available list (catalog) (or make the first calculation 

with zero motor inertia assumption), and calculate the torque history, Tm(t), for the desired 

motion cycle. Then calculate the peak torque and RMS torque from Tm(t).



Actuator Sizing Algorithm Cont.:
6. Check if the actuator size meets the required performance in terms of peak and RMS torque, 

and maximum speed capacity (Tp, Trms, θ'max). If the above selected actuator/motor from the 

available list does not meet the requirements (i.e. too small or too large), repeat the 

previous step by selecting a different motor. It should be noted that if a stepper motor is 

used, the torque capacity of the stepper motor is rated only in terms of the continuous 

rating, not peak. Therefore, the required peak and RMS torque must be smaller than the 

continuous torque capacity of the step motor.

7. Most servo motor continuous torque capacity rating is given for 25oC ambient 

temperature is different than 25oC, the continuous (RMS) torque capacity of the motor 

should be de-rated using the following equation for a temperature,
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Solution:

1) Determine the Net inertia:

     

where: 

           Jtotal=the total inertia reflected on the motor axis.

         Jeff=the load inertias reflected on the motor shaft➔

          Jm=the motor rotor inertia.
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The one-to-one is considered the optimal match (an ideal case), where the motor drives a purely inertia 

load and this inertia ratio results in minimum heating of the motor. Let us assume that we will pick a motor 

which has a  rotor inertia same as the load so that there is an ideal load and motor inertia match. 

2.0012.0 mkgJJ effm ==

2.0024.0 mkgJJJ effmtotal =+=

2) Determine the Net torque:

  

where:

         Ttotal(t)=the total torque.

        Tm(t)=the torque generated by the motor.

        TR(t)=the resistive load torques on the system, where TR(t) represent the sum of all external torques. If the 

load torque is in the direction of assisting the motion, it will be negative, and net result will be the addition of 

two torques. The TR(t) may include friction (Tf), gravity (Tg), and process related torque and forces (i.e. an 

assembly application may required the mechanism to provide a desired force pressure (TR).

)()()()( tTtTtTtT Rmtotal −==



0)( =tTR

)()( tTtT mtotal =

3) Fundamental Equations for torque calculation:

The torque and motion relationship is:

The required torque to move the load through the desired cyclic motion given in the figure can be calculated if 

the value of      calculated.

= TJ total


meffm TJJ =+ )(


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4) Define the desired cyclic motion profile in the form of load (motor) speed versus time:

From the desired motion profile specification, we can determine the velocity and acceleration of the actuator 

can be deliver using the kinematic relations.

where:

         ta=acceleration mode time.

         tr=constant speed mode time.

         td=deceleration speed mode time.

.sec50
3

100250
mttt dra =
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Acceleration 

diagram
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5) Calculate the maximum speed           required to define this profile from the motor:

From displacement motion profile:

note that:

From velocity motion profile:
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6) Calculate the angular acceleration :

Note that:

From velocity motion profile:
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Acceleration 

diagram
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7) Use Fundamental equation for torque calculation at each mode:

meffm TJJ =+ )(

mNJJT aeffmma
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The torque diagram profile is shown in Fig

8) The Peak torque (maximum torque):

Hence, the peak torque requirement is
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9) Trms= root mean square torque over entire cycle:

From torque diagram:

where : TH=holding torque required in dwell mode=0

Therefore, a motor which has rotor inertia of about 0.0012 kg.m2, maximum speed capability of 15.7 rad/sec(150 rpm)or 

better, peak and RMS torque rating in the range of 0.7536 N.m and 0.4766 N.m range would be sufficient for the task
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Mechanisms and Drives





Rotating mass driven through a gear reduction.

Taking gear 1 as a free body gives

The equivalent moment of inertia as



How to calculate equivalent inertia?







Conversion of Rotary to Linear Motion

1. Rack and pinion drives,

2. Power (lead) screws,

3. Linkages.

Conversely, if the rack is the driver, then the moment of inertia J1 attached  

to the pinion shaft must be reflected back to the rack, and the equivalent 

linear inertia as felt by the pinion driving the rack is

If the load attached to the rack has mass m, then, total 

equivalent moment of inertia equals







Backdrivability (Passive behavior)

𝜼𝒃𝒂𝒄𝒌−𝒅𝒓𝒊𝒗𝒆 = 𝟐 −
𝟏

𝜼𝒇𝐨𝐫𝐰𝐚𝐫𝐝
 

Where:

ηback-drive , back-driving or reverse efficiency.

ηforward , driving or forward efficiency.



Backdrivability (Passive behavior)

https://youtu.be/wgs1eCOf6ag?t=95

https://youtu.be/wgs1eCOf6ag?t=95
https://youtu.be/wgs1eCOf6ag?t=95
https://youtu.be/wgs1eCOf6ag?t=95
https://youtu.be/wgs1eCOf6ag?t=95
https://youtu.be/wgs1eCOf6ag?t=95
https://youtu.be/wgs1eCOf6ag?t=95


Robotic system actuation system



Servomotor with Electromagnetic Brake



Servomotor with Electromagnetic Brake



Servomotor with Electromagnetic Brake



Cascade Control Structure of High Performance DC Servo System



Block Diagram of AC Servo System



Questions

Thank You
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