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Q.No Solution 

1.a) 

 

Fig a) Spring-mass damper system  b) Free body diagram  

Consider a simple system with a mass that is separated from a wall by a spring and a dashpot.    An 

external force is also shown.  Only horizontal motion and forces are considered. 

Due to the applied force, mass (M) will be displaced by an amount x(t), in the direction of force f(t) as 

shown in fig.  

There are four forces: 

1. An external force - F(t) 

2. A force from the spring.  To determine the direction consider that the position "x" is defined 

positive to the right.  If the mass moves in the positive "x" direction, the spring is compressed and 

exerts a force on the mass.  So there will be a force from the spring, k·x, to the left. 

3. A force from the dashpot.  By an argument similar to that for the spring there will be a force from 

the dashpot, b·v, to the left.   (The velocity, v, is the derivative of x with respect to time.) 

4. Finally, there is the inertial force which is defined to be opposed to the defined direction of 

motion.  This is represented by m.a to the left.   (The acceleration, a, is the second derivative of x 

with respect to time. 

According to Newton’s law of motion, sum of all these forces is equal to zero.

 

Taking Laplace transformation of above equation, 

F(s)  = Ms
2
 X(s) + Bs X(s) + K X(s) 

= X(s) {Ms
2
 + Bs + K} 

    

     
               



 

1.b) a) Open loop systems 

 

An open-loop system (Figure 1.4a) is a system whose input u(t) does not depend on the output y(t) , i.e 

u(t) is not a function of y(t). 

b) Closed loop systems 

A closed-loop system (Figure 1.4b) is a system whose input u(t) depends on the output y(t). 

 

In control systems, the control signal u(t) is not the output of a signal generator, but the output of 

another new additional component that we add to the system under control. This new component is called 

controller (and in special cases regulator or compensator). 

In control systems, the controller is excited by an external signal r(t), which is called the reference 

or command signal. This reference signal r(t) specifies the desired performance (i.e., the desired ouput 

y(t)) of the open- or closed-loop system. That is, in control systems, we aim to design an appropriate 

controller such that the output y(t) follows the command signal r(t) as close as possible. 

 In particular, in open-loop systems the controller is excited only by the reference signal r(t) and it 

is designed such that its output u(t) is the appropriate input signal to the system under control, which in 

turn will produce the desired output y(t). 

 In closed-loop systems, the controller is excited not only by reference signal r(t) but also by the 

output y(t). Therefore, in this case the control signal u(t) depends on both r(t) and y(t). 

Transfer function 

The transfer function of a linear, time-invariant, differential equation system is defined as the ratio 

of the Laplace transform of the output (response function) to the Laplace transform of the input (driving 

function) under the assumption that all initial conditions are zero. 

 

 

 

 



2.a) 

 

 

 

 



 

2.b)  

 

 

 

 

 

 

 

 



 

3.a) Resolvers 

A resolver is another type of analog device whose output is proportional to the angle of a rotating element 

with respect to a fixed element. In its simplest form a resolver has a single winding on its rotor and a pair 

of windings on its stator. The stator windings are 90° apart as shown in Fig. If the rotor-is excited with a 

signal of the type A sin (ωt),  voltage across two stator terminals are given by the expression, 

 

                               Vs2(t) = A sin (ωt) cos θ 

Encoders 

In a typical encoder, there are two sets of photo transmitters and receivers aligned 90º out of phase. This 

phasing provides direct information; i.e, if signal A leads signal B by 90º, the encoder disk is rotating in 

one direction; if B leads A, then it is going in other direction. By counting the pulses and by adding or 

subtracting based on sign, it is possible to use the encoder to provide the position information with respect 

to a known starting location. 

 

 

 

 

 

 



3.b) Power Transmission systems 

Gears: 

  

 

 
 

 

 



4.a) 

 

 

 
 



4.b) 

 

 

 
 



 
 

5.a) 

 

 

 

 

 
 



5.b) Applications of sensors in Robotics 

The major uses of sensors in industrial robotics and other automated manufacturing systems can be 

divided into four basic categories: 

1. Safety monitoring  

2. Interlocks in work cell control 

3. Part inspection for quality control 

4. Determining positions ‘and related information about objects in the robot cell  

Safety Monitoring 

 Certain safety features can be designed into the robot work cell. These include physical barriers to 

limit intrusion into the cell, emergency stop buttons to halt the cell operation and laying out the equipment 

in the cell for maximum safety. The National Bureau of standards defines three levels of safety sensor 

systems in robotics. 

 Level- 1: Perimeter penetration detection 

 Level- 2: Intruder detection inside the work cell 

 Level- 3: Intruder detection in the immediate vicinity of the robot. 

The first level systems are intended to detect that an intruder has crossed the perimeter boundary of the 

work cell without regard to the location of the intruder. Level-2 systems are designed to detect the 

presence of an intruder in the region between the work cell boundary and the limit of the robot work 

volume. Level-3 systems provide intruder detection inside the work volume of the robot. 

Interlocks in work cell control 

 Interlocks are used to coordinate the sequence of activities of the different pieces of equipment in 

the work cell. In the execution of the robot program, there are certain elements of the work cycle whose 

completion must be verified before proceeding with the next element in the cycle. 

Part inspection for quality control 

 Sensors can be used to determine a variety of part quality characteristics. Traditionally, quality 

control has been performed using manual inspection techniques on a statistical sampling basis. The use of 

sensors permits the inspection operation to be performed automatically on a 100 percent basis, in which 

every part is inspected. The limitation on the use of automatic inspection is that the sensor system can 

only inspect for a limited range of part characteristics and defects. For, example, a sensor probe designed 

to measure part length cannot detect flaws in the part surface. 

Determining positions and related information about objects in the robot cell  

 The fourth major use of sensors in robotics is to determine the positions and other information 

about various objects in the work cell (e.g., work parts, fixtures, people, equipment, etc.). In addition to 

positional data about a particular object, other information required to properly execute the work cycle 

might include the object’s orientation, color, size, and other characteristics. Reasons why this kind of data 

would need to be determined during the program execution include: 

 Work part identification. 

 Random position and orientation of parts in the work cell. 

 Accuracy requirements in a given application exceed the inherent capabilities of the robot. 

Feedback information is required to improve the accuracy of the robot’s positioning. 

 An example of workpart identification would be in a work cell in which the robot processes 

several types of workparts, each requiring a different sequence of actions by the robot. Each part 

presented to the robot would have to be properly identified so that the correct subroutine could be called 

for execution. This type of identification problem arises in automobile body spot-welding lines where the 

line is designed to weld several different body styles (e.g., coupes, sedans, wagons). Each welding robot 

along the line must execute the welding cycle for the particular body style at that station. Simple optical 

sensors are typically used to indicate the presence or absence of specific body style features in order to 

make the proper identification. 

 


