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SHORT QUESTIONS WITH SOLUTIONS 

Q1. Differentiate between pneumatic and hydraulic actuators: 
Answer 
*** 

Paeumatic ActuatorsS HydraulicActuators 
. Operating pressure is low. Operating pressure is high.
2 In this system, there is no need of return t requires retim pipes, as water is the working mednm. 

pipes as air is the working medium.

These are fire and explosion proof. These are not fire and explosioa proof. 
4. Accuracy is poor at low velocities. 4. Accuracy is satisfactory at all velocities 

Output power is less. Output power is high. 
Q2. What are the advantages and disadvantages of electric actuators? 
Answer : 

u-11, Set-1,N 
Adrantages of Electric Actuators 

t provides better accuracy and repeatability for eleuric drives. 

2. Electaic motors are more compact and requires lessioor area. 
. It can be used to operate linear joints 
Disadvantages of Electrie Actuators 

1 Power or speed of electric system is less, comparedto hydranlic system. 
It requires an actuating system such.as D.C stepping moior or D.C servo motor. 

The cost of electric motor is more compared to hydiaulic system. 
What are the advantages of A.C tachometerover D.C tachometer?

2. 

03. 

Answer : 
Now-11, Set 3, 07¢)} Model Paeper 0vie The various advantages ofA.C tachometer over D. tachométer are, 

ituses a filter, which eliminates the residual ripplespaused in the ouipu 
2 t avoids friction, as it has no wiping contacts. Aisoit does not require a brush. 

1. 

3. Less moment of Inertia. 

Effective measurement of angular velocity, since it ilises a synchronous detector 5. Cost ofA.C tachometer is less as compared to D.C ucbometer. 

4 

6. Radionoise is reducéd. 
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ROBOTICS IJNTU-KAKINADA]N UNIT-6 Actuators, Feedback Components and Applications 
6.2 

In triangulation, a light ray is projectcd on the objcct, 

which illustratcs the object and 1orms a spol on it. This spot is 

then seen by a device called as rccciver. The triangles formed 

befween the object, light source and receiver determines the 

What is the outpu value of an atole asi 

Q11. 
Q4. What are the drawbacks of incremental encodérs? if the shaft ang 

has 10 tracks? 
is 1 radian and tke Answer 

Incremental encoder consists ofa glass disk marked wittaltemating transparcni and opaque stripes aligned radialy, wtich 

are-highly sensitive to light sourcc. 
Ánsver 

range. 

Drawbacks of Incremental Encoders 

is not possible to know the orientation of object in asolute terms. 

2. tis dismcuh to know the position of object with respedi to starting po[tion. 
The resolution is independent of the number of tracks. 

Thc output is pulse train, whose frequency and speed hay vary abrupt 
Q5. What is control system? What are the diferen types of control systems ? 

In lapsed time method, a transmitter scnds the signal, 

which gets bounced on contact with the object. This bounced 

signal is then received by a receiver. Thus, thc range is 

determined by half the distance traveled by a signal. 

ne reso:ulion 2" = i024- 
. 

1 revoiution = 27 radians 

Q9. What are the basic rules ahd procedures 
followed in the use of robots in assembly? 

'Output- 
27 

62.97 

Q12. What is the resolution in degrees cd en r Answer ApriMay-13, Set-1, 05| odei Paper-ii, 01{e}j 

Answer 
A control system is a systematic arrangement of physigai components integrated in such a way, as to command, direct or 

reguiate tself or another system. 

Examples are automobile driving system, robot operatipn, dielogical system of human body, ciectric heater, speed contro! 

with 8 track$? 

The basic nules and procedures followed in the use of 
Answer 

Tobots in asscmbling arc as follows, 
The number of increTCS per EOHST Ease of Assembly 

system, etc. Where, 
The parts required for assembling the product should be 

selected such that, they can be easity assembled. 
Thc two types of control systems are 

n= Number of trzcks on de 
. Open-loop control system (non-feedback control syste) 

n-8 
2 Closed-loop control systems (eedback control system Feeding and Orientation 

06. Differentiate between tactile and non-tactile sensors. increr The design of parts must be simple, so that fceding and 

onientation for autonated assembly are easily achievable. Resolution Answer:

Tactile Sensors Non-tactile Sensors Design for Grippers 2=2 
Tactile sensors are zhe contact type sensors, used 

for detecting the position of an object. 

requires object to be directly in contact with 

Non-tactile sensors are the non-contact type sensOrs, 

used for monaioring an object. 

It can be operated from a specified distance i.c., away 

from an object. 

A suitable grnpping device should be designed for ease 

of assembly. In assembly operation. compliance is an important 

property ior the design of grippers. The fingers which are to 
be designed must be eticient and manageable io overcome 
any vanations in the size and shape of the workpieces to be 

256 

2. The angular width of each contrl 

sensors for recording a parameter, 360 36 
Tactie sensors measures force, torque, Non-tactile sensors mezsures or monitors the 

256 assembled 
displacement, etc. induction, reficction. image sensing, etc. 

Switch sensors, slip sensors, touch sensors are Proximity sensors, magnctic sensors,capacitive Q10. At time t, the excitation voltage to a resolver =i.4062. 

examples of tactle sensos. 

Q7. Distinguish between proximity and tactile sersors used in cobotic applications. 

Answer: 

is 24 V and the voltage across the two pairs ofQ13. At time t the excitation voitage to a res 
stator terminals are 17 V and -17 V. What is the 

shaft angle? 

Sensors are cxampies of non-tacüle sensors. 

24 V. The shaft angie is 60°. What is the ou 

signal from the resolver? 
[Dec-14,(ROS), Q5{a} { Model Papet-u, 01{c} 

Answer: 

Proximity Sensors Tactile Sensors Model Paper-V. Q14 Answer 

It is a contact type of sensor. 
it gives inormation of the objeci, which is in contact 

with the manipulator. 

Ard sin7V) 

24V 
If may bc a non-contact or contactt of sensor. Given that, 

2 1 gives information about presence of object near 
the manipuktox. 

Excitation voltage to a resoiver= 2 

3. is ased to determine speed, distance, proximity and3. 
to detect metal surfaces, etc. 

It is used to determine force, displacement and other 
additional features of object like shape, size, Shaf angk. 8=60 

material, etc. 

Different types of tactile sensors are microswitches, 

LVDT. pressure sensors, piezoelectric crystals, etc. 
Qutput sigmals from he zesoiver is e 0 

twO pairs of stator terrainals given as folos 
. 45° or 135° 4. Differet types of proximity sensors are optical scrisos. 

nductive sensors, capacitive sensors, eddy curren 

Sersors, ec. 

s. These sensor finds is application in safety systems, 
autouobiles, coaveyor systems, machine monitoring 

systems, etc. 
Q8. Write short notes on range sensors 

And, 
sA sin (a) sin 

These sensors finds its application in security system 
manufacture of �utomobiles parts, lamination of 

batteries, etc. 

it cos7vy 

Are cos 24 V sA sin (r) cos 8 

=24sin 60° = 20.78 V 

Ks24cos 60° = 12V 
Ansrer: 

Range sensors are on-cotact type of sensors and arealso called as range finders. It is used in robots, to detemine the 
large istances, surface features of objects and for detection oobstacles. The working of these sensors is based on light, signals 

font tansmitter and ultasoaics. Tbe rwo different aethods d measurement are triengilation and lapsed time 
=135 or 225° 

The shaft angle must be 135°. 
took for the SlA GRoUP LOGO on the TTLE COVER beforeyóu buy 3 SPECTRUM ALLAN-ONE JOURNAL FOR ENGINEERING STUDENTS-
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ROBOTICs [UNTU-KAKINADAJ 

PART-B 
ESSAY CUESTIONS WITH saLUTiONS 

UNIT-6 Actuators; Feedback Components and Appications Q16. Describe the working of hydraulic actuator Answer 

65 

6. ACTUATORS PNEUMATIC AND HYDRAULIC Nov-10,Set-1, Q7 ****** 

QExpiain the term "Robot actuation" and feedback components. 
4cndator, im which hydraulic energy is used to ipart motion is called as hydraulic actuatór. These achiators are use 

g peed and large forces are desirable. The flaid the hydrauic actuator is highly incompressible, asa result of whicha 
pressure is instantaneously transmitted to the menper attached to it. It consists of à servo valve or pilot vakie which is 
deed as the heart ofa hydraulic actuator. This valve iacapable of producing an oil fow, proportional to the cuent supplicd 
y servo amplifier, which enables the piston to move in therylinder, producing linear or rotary displacement. Hydraulic actuatos 
are of two types, 

. 

swer: 

i rTs to proitcIng pnysica! changes such as linear and angular displaçements, which is obtained' with the help a actaoE. Acaali s 2 ev*e, WHicn provides the acual motive force for the robot joints and it can also modulate the rate i.e Asriled wi: 1e Cisplacenents change. Actuators are driven by one of the following three sources and it Pressur is:d id ibydraulix fiuid) 
npressed r (poeumatc air) 

iiTic:. 
Con a'is rübti 2anipuiatcr requires the application of 1he control theory to a mechanical subsystem. hu foiowing aae the Giifereni types of devices used in a robot control system. 

Model Paper-4, Q5tD) 

( Linear or two stage fow actuator 

(i) Rotary àchuator or hydraulic motor. 
Working ofa Two Stage Flow Control Servo Vaive 

consists of a small D.C permanent-magnet torque notor and a defiector jet hydraulic amplifier, intended to produce the 

nouon in the piston cyinder arrangement by proper contr of the fluid. When curent fiows, the armature rotates in clockwise 
or counter clockwise direction and alters the position of thedeflector accordingly. This causes the pressurized fuid to ente eithe 
tne rgnt or let hand side of the cylinder and results in presure difference, that finally moves thoe mass attäched to te piston 

Fluid in 

t On sensus Feedback 
components 

Fhid out Control action 
Pver iransi13 5ON deVIces components Cylinder 

,i nd velocity sensors are used in robotics as feedback devices, while actuators and power tranatmission devices 2re used t áccipisti the contro! acludns indicated by conroller. Feedback components ensurés the robof sysiem tor proper caio 2nputalor during the motion n workspace. 
15. What are the different types of actuators used for robots? Enumerate the advantages and disadvantages 

Mass, M 
of preumatic actiators. 

Answer 
Model Paper-, Q5(b) 

ypes of ActL3tors 
ar:s 2 device. which provides the actual rmotive force for the robot joints. Actuators are driven by different power 

s aTCes i .. eiecriuTy, pressurized hydraulic iid or compressed air. They produces physical changes such as linear and angular 
displaetTS aTKi also readuiale the rate and power associated with changes in displacements. There are three types of aciuators. 

ilidraü:ic acluators 
Pr.eumati actuators 
icclric iroto. 

Hydrauic Actuator 

Fad.git PrOm servo id in 

vave Cylmder 

Mass, M 

A actuaer, werein hydraulic energy is used to impart motion is called as hydraulic actuator. This actuator can produce 
arge sorce or Lorque lo drive the manipilator joints, without the use of reduction gearing and can be casily applied for robotic 

5i0 Cn:rol. 

i)Paeumátic ACTuator 
Prcumaric actuator is powered by moving Huid (i.e., compressed air). It uses the force of air applied to a piston, which is 

uecied te spool. The working pressure is relatively low as compared to hydraulic actuator. 

ii) Electrie Motor 

Figure: Cylinder-Piston Arangement in Hydraulic Actuator Q17. What are the advantages and disadvantagespf hydraulic actuators? 
Answer : 

Nov-11, Set4, Q7(6}1 Model Paper-,5(aN Advantages of Hydraulic Actuators 

Hydraulic actuators produces extremely large forces. 

They enable precise controB of low speeds. 
3 Frequent stopping, starting and reversing ofmotion cabe.obtained, by a single 4-way,3-positiondirection coptrol valve. 

1. 

Electric motor is a widely used actuator, as it provides excellent controlability with minimurn maintenance required. Most 

COminat use o! eiecirie motors are D.C. servomotors, stepper motors andAC. servomotors. 

Advauiages of Pueumatic Actuators It is possible to obtain controlled or variable torques. i is eficient for small robois, which possess less degrees ot freedom. 

can be used to operate rolational joints. 
i 14) Power is easily available. 

Disadvantages of Paeumatic Acruators 

5. Easy to produce, transmit, store, Tegulate and control, the power. 
Possible to produce high power and for�e ampliñcation i.e., more mechanical advantage: Distribution and division of hydraulic power is easiernd simple, as compared to other achzators. Safe, compact and adaptabl� to other foms of powe. e Udtc actuators cannot be used for heavy iads. 

1 hey are not suitable for heavy duty applicatuons., 

it) They are imited to low pressure operations only. 
tw ese acarators are not much reliable, as compared to Qther actuators. 

Mainienance of precision parts is very difficult, when they are exposed to polluted énvironments. 

. 

9 Frictional forces are much less as compared to amechanical system. 10. Nomechanical balancing problem involvedin these aquators. 11. High eficiency of power transmission. 
12 Generates uniform, smooth and stepless motions iwith igh'accuracy and precision. 00k. for theSiA-ROUP LOGO onth�.ITLEcOVER"beforeyo buy. 
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UNIT-6 Actuators, Feedback Components and Applications 
ROBOTICS LJNTY-KAKINADAI 

6.6 The emperical relations which help in decidiog the type of actuator are, 
. ": 

Disadvantages of Hydraulic Actuators 

Hydraulic actuator necds large infrastructure like high gressure pumps, tank, distribution pipe iines, etc. 

More chances of hydraulic fAuid leakage, which is undefirable in a working environment 

Rust, corrosion and dirt problems reduces the long-un perations. 
Hydraulic oils may pose fre hazards 

5: More maintenaricérequireinents. 
Vibrations may occur, due to the high pressure operations. 

Manufacturing cost of hydraulic system is high, since, arts requirc high degree of precision machining. 

Hydraulic power is not réadily available, as compared t clectric power, etc. 

Hydraulic oil characteristics changes with temperatureariations. 

10. Hydraulic oil cauSes coTOSion of metal components. 
Q18Describe about the pheumatic actuators. 

Answer 
Paeumatic Actuators 

Pneumatic actuator is a power device, used to drive theobot arms, by' means of compressed air as working medium. Ihis 

type of actuator is applied to gripper for opening and closing ofjvs. Pneumatic actuator operates in the range of 0.1 - 0.12 klb/n* 

The schematic diagram of preumatic actuator control ait is shown in figure (1), 

Actuator velocity in terms of input power, 

. 

. 

5. Where. 

V- Velocity of ffuid 

-Flow rate of fuid. 

2. Forcc in terms of input power, 

F 8. A 

9. Where, 
p-uid pressure 

4 - Area of piston. 
Nov-11, Set-3, Q7() 

Also, the above cmpirical relations can be used to predict the paylozd carried by rosot at given spes 
a19. What are the advantages of using pneumatic drives in the robots? Discuss the diferet e 

pneumatic drives used in the robot[ with the help of neat sketches. 

Answer 

Advantages of Pneumatic Drives 

Pneumatic drives are reliable, as they possess less moving pars 

Components of these drives are readily available and air exists abundantly. 

Compressed zir can be handied easily and stored for long duration. 
Pressurc auz 

These drives are very quick in operation and aliows fast running cycles. 

Low maintenance cost. 
SccocanN 

fiker 
Dryes Compresscar Pressurc 

Couao) . t can be empioycd in explosive areas atd in wet conditions. 
regaar 

vave The design is compact and simple. Hence, they are suitabie for small robots. 
Power can be easily available for providing transiational movement of sliding joints. 
Since, the working medium is air, the robots are free from coTOsion and dust: 

fiter 
9. 

10. These drives are aiso used to operate rotary actuators for rotational joints. 
Types of Pneumatic Drives Figure (1: Pneumae Actuatór Controi Uait 

Air is passed through primary filter to remove the dun particies present in air. This filtered air enters into compressoz, 

where the pressure of air mereases. The high pressured air is hen stored in the tank and it js made to pass through dryer, which 

reduces the moisture content.of ai. From the' dryer; high pressure air enters into the achiator through secondary. flter, pressure 

régnlator and controj valve. 

-Where, 

0 Secondary flter is used to minimize the impurtes of air 

( Pressure regulator is provided with a gauge to mkasure and contoi the pressure of air. 

(ii) Control valve is used 1o coatrol the direction of Ruid fow. 

Compressor plays a significant role in the control unif of pneumatic actuator, as the reciprocating motion of the piston, 

is obrained by the effect of compressed air Pneumatic achuathr utises the compressedair for áctuatiog the lineàr joint of robot 

ams: Cylinder type pneumatic actuator is shown in figure (2 

The different types of paeumatic drives used in the robots are. 

(1) Pneumatic diaphragm actuator

(1) Electro-pneumatic actuator. 
Pneumatic Diapbragm Actuator 

Pressur gauge 

Pressure 
Control 
vave Tegaator 

Working fiuid 
pOrt 

Cylinder Ftcr Dryer 

Pap 

Piston rod 
Tan 

Actuator 
."2 

igore7: yder Iyoe Atteater. . Figure: Paeuriatic Diaphragin Actuator 
SIA GROUF 
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6.8 ROBOTICS UNTU-KAKINADAJ' UNIT-6 Actuators, Feedback Componerts and pplications 
Z0. A doubie acting-hydraulic rotary vane of bucket actuator is used for a twist joint in a robot. The outer 

and inner radius of the vane is 2.5 mm aid 0.75 mm respectively. Thickness of the vane is 0.2 mm Tne 
nydraulic power source can generate u�to 1000 kg/mm of pressure to delivery to the: cylinder at the 

rate of 100 mm/min, determine the anglar velocity and torque generated by the actuator. Also, find 
the power developed by the hydraulic adtuafor. 

Figure illusirates the schematic diagram of pneumaic diaphragm actuator. These are employed i many industries and in 
auwnobiles for exteust gas turbo chargers. These actuators are used due to the following reasons, 

iS very strong and reliable. 

i: heap end sinple in construction. 

in) Reduces the problem of material compatibility with dry air. Answer: ApraMay-13, Set-1 23 

Given that, iv Minimizes fire risk 

Inner radius of vane, r=0.75 mmn 

Outer radius of vane, R =2.5 mm 

Thickness of vane, =0.2 mm 
Discharge rate, Q= 100 mm/min = i.667mm'sec 

Pressure, P = i000 ky/mm 
Angular velocity, 

Working 

The pneumatic diaphragm essentialy comprises ofa diaphragm with the pressure regulator on one side and an atmospnenc 
esure valye on the other side. The diaphragm is generally made of rubber and is placed between the centre of the two steel 

iss. The control part of the diaphragm gives motion to the shafi, which acts on a valve. The diaphragm acts against a return 
spring which closes or opens, depending upon the working pressure at outlet. The displacement of the actuator oceurs, when 

cylinder and diaphragm changes the exiernal force on the shaft. A position controller is required to control the negatuve erecis 

th2t insiuences the precision ot positionin 

Electro-pneumatic Actuator 

Electro-pneunatic actuator is a combination of pneumatic system and electrical system, employed for sequepcing and 

controiling applications. The common components involved in electro-paeumatic systems are, 

20 

2x1667) 
C(2.5)-(0.75) )x0,2 

. Actuators and Control Elements 
2.931 radisec 

The torque developed is given by, This includes pacurmatic cylinders, solenoid operated directional controB valves, motors, etc. 

Energy Supplying Elements . 

TP(R?-) This includes compressor to proVIde compressed air and a power supply, which may be A.C or D.Csoure. 

Input Elemients =(1000 x 9.81) x 0.2 (2.5¥ - (0.7) 

This comprises of proximity.sensors, push buttons, limit switches and other switches or contactors. 

. Processing Elementss = 5579.438 N-mm 

T=5.579 N-m 
Power developed by hydraulic actuator is given ! 

This includes solenoid actuated DC valves, pneurnatic or electric converters, relays and logic elements 

Working 

AA P Pp 1000 

(1000 x9.81)x(1.667)2 P,=* 1000 
Single acting eyinder 

P16.353 w 

www 
62 2 ELECTRIc ACTUATORS AN 

O 
021. Explain electric and stepper motor actuatdrs. 
Auswer 

Solknoid valve 

Electric actuator is a device, which uses electricalenergy, to irmpart motion. Electrical actuator system has the following subsystems, 
Switching Devices 

(a). Mechanical Switches 
(i) 
() Relays. 

(b) Solid State Switches 

1. 
Figure: Electro-pneumatic Äctuating System 

The abovc tigure shows the dizect control of a single acting cylinder, by using an electro-pneumatic system. A single 

achng cylnder is cotrolled by a 3/2 solenoid operated valve. Initially, on pressing the push button P. the piston rod moves in 

e cylinder by the actuation of solenoid valve. As long as the button is pressed, the compressed ar is sugplied to the cylinder. 

the push button is relcased, the piston returns back to its initial position. The left out air in the cylinder is exbausted from port 3 too 

the aumosphere. 

Solenoids 

. 

Diodes 

(i) Thyristors 
(üi) Transistors. 

Advantages of Electro-pneumatic Actuationr 

This system possess many advantages such as, 

lt can iransuit signals to a, larger distances without any leakage or losses. 
All the valves in the system can be controlied elccrically 

e time taken between transmission and reception of signal is minimised with the aid of electro-poeumatics 

2. Drive Sýstemus 
(a) D.Cnotors 
6)Stepper motors and A.C motors 
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ROBOTICS (UNTU-KÄKINADA. 
UNIT-6 Actuators, Feedback Components and Applications 

6.10 

6.1 
Fccdback 

Drs on of tasks 

(a)D.CMotors 

Work Modcl 

D.C motors are straight forward o interface and controi. AC motors and stepper motors" are ranely used, because A.C 

motors are dificult to control and stepper motors have lovtorque capability. Steppcr motor cannot be uscd or Cartesian 

space trajeclory racking operations, 

Conpkx 
Tass 

Sumpe 

Stepper Motors 
Task 

The stepper motor is a digitsl device which converts eledtrical pulses into proportionate mcchanical movement. It is a 

pemanent magnet or variable reluctance D.C motor. {t mves in accuratc cqual angular increments, known As "steps in 

response to the application of digital pulses to an electric ive circuit. The number and rate of pulses control the position 

and speed of the motor shaft. 

Ecmentai 
Mo«c 

Stepper motors are maruf�chured with steps per revolutioh of 12, 24, 72, 144, 180 and 200 resulting în shaft increments 

of 30°, 15, S°, 2.5.2° and 1.8° per step. It is used in digielly controlled position control system in open loop mode. The 

input command is in the form of a train of pulses to tun a haft through a specified angle. It is either bipolar or unipolar. In 

bipolar, two power sources required whereas in unipolar �ingle power sorce used. Stepper motor pYoduces less ihan one 

horse power bencc, they arc used ir iow-power position cchtrol applications. This motor consists ofa sioted stalor having 

muitipoic multi-phasC winding and a rotor structure caing no winding. The rotors may be of the pemanent magnet or 

variable reluctance type. This motor operate with an cxteruaB drive logic cincuit. When a train of pulse is applied to tne 

input of the drive circuil, the circuit supplies currents to he stator windings of the motor to make the axis of the air-gap 

ield around in coincidence wih the input pulses. The roter follows the axis of the air-gap magnetic field by virtue of the 

permancnt magnet torqve or the reluctance torque depending upon the pulse rate and load torque. 

1raecton 
Dnves 

X.y,2 

Jont 
Coord inate 

Transfomation 

EnvronnEN 

Advantages 

High compatibility with digital systems. 

Figure: Hierarchy of Robot 

The organized hierarchy of robot is examined with the help of a vision robot. As shown in figure, the coæplex esi 

divided into simplc tasks. A simple task consists of load which is hirther divided into clemental move and grasp. This eieme2 

move is divided again in x, }, z trajectory piuitives as actuon commands. Ihe commands are then transformed into acnuzt 

commands as 6, 8, 9, coordinates. Finally, the signals are sent by means.of positional and vclocity servo of respective jou 

axes of robot. 

Q23. What do you mean by linear stepper motor? Explain. 

(i) No sensors are needed for position and specd sensing. 

(iti) It can be readily interfaccd with microprocessor.. 

iv) Rotaion can be possible in both directions. 

Applications 

Positioning of print heads. 
Answer: 

) Pens in X-Y plotters. 
Linear stepper motor is designed with a fiat surface, as shown in figure below, which causes its motion aloag the straught 

ine. 

Cii) Recording heads ia computer disc drives. Focr 

(iv) Paper feed motors in type writers and printers.. 
PaTe 

(v) Positioning of work tables and tools in NC machine tool 
eE» idns 

(vi) Employed to perfom functions like metering, mixing, citting, blending, stirring, etc. 

Q22. Distinguish 
behveen servo and non-servo. robofs. What is the hierarchy of control for servo robots? 

L ApiMay-13, Set-2. Q1 Model Paper-1, O4(a} 

*.. 

Answer: 
Difference between Servo and Non-servo Robots 

Non-serve Robots 

Servo Robots 

1.FIt is an opën loop system, as it does not allow feedback. 

These robots are also known as limited sequence or 

fixed-stop robots. 

L in lsy 

1. It is a closcd loop system, as it allows feedback. 
H 

2. The movement is limited in these type of robóts. 

It is a motion control system, which can detect 

and compensate errors 

3. t responds to complex programs. 

4. It has wide range of capabilities 

5. It is relatively expensive. 

6. Ithas low precision and reliability 

Figure: Linear Stepper Motor 
The basic components of a linear stepper motor are as follows, 

3 It responds only to simple prôgrams. 

4 Tt is capable of operating at higher �peeds, 

s It is relatively inexpenSve. 

It has high precision and reliability. * 

1. Fixed stator i.e., platea 
2. Movable amature i.c., forcer.

lhe platen is the fixed part of motor, which consists of large nunber of teeth and its length determncs 
of fo 

a motor can trave. The forcer is on the top of the platen of lincar stepper motor and has a movable armature consisni 
pole pieces with 3 tooths on each pole, The pitch of teeth is in accordance with the teeth of the platen. i n 2n do not come in contact with cach other, due to the use of mechanical roller bearings. The bearnngs preve the forcer above the platen with an air gap. 

The controller of robot can açcommodate the täsks and simplify the task into subtasks in a hierarchical system: 

*"* .. Hierarchy of Sérvo Robots 

Contac he 

SPECTRGM ALL-IN-ONE JoURRAL FOR ENG*HEER!NG STUDENTS 
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ROBOTICS [JNTU-KAKINADA] 

When the currert is passed through the coils of the forcer (i.e., armature), its magnetic field changes and causes the forcer 
to move n lincar path by the movemeni ot set oi tooth with respect to next set above the platen. The direction of motion of the orcer is reversed, when the curtent supply is reversed. If the current flow is stopped, the forcer tends to align with the desired 

UNIT-6 Actuators, Feedback Components and pplications 
eleetric When an clectric current flows through the amature windings, the magnetic field' is induced in it.This inducec eld she held, which is set up by the permanent maenes. The difference in magnetic field produces a torque on the rotor The 

torque produced by the rotor will be constant throughout the rotation, since, the field strength depends on tihe unclion of curent. The torque of the D.C servo motor is given as 
tooth. 

Thus. the notor moves amoothly in either forward (or) reversed direction, depending upon the pattern of energizing and 
de-energizing of the field coils in the linear stepper by the motor controller. 
Q24. Explain about A.C servo motor. 

Where, 

1orgue produced. 
Anature curent 

Answer 

A.C Servo Motor Kn Motor's torque constant 

Q26. Differentiate stepper motor and D.C motpr drives of a robot? AC servomotor is &ssentially a two phase induction motor, except with variation in the constructionaB features of the 
rotor, which is of drag cup type. If possess low incrtia and good accelerating characteristics and hence, mostly preferred for iow 
power appications. 

AC servomoior is shown in figure. It has two windings i.e. control and reference winding. The control voltage Pc1s given 

Answer 
MayiJune-14, Set-140Ter 

he comparison between stepper motor and D.motor drives is as rollows, 

Stepper Motor D.C Motor Drives 
as input volage to the control winding through the amplifier. The fixed voltage V,is given to the reference winding. The phase 
diference berweea the fixed voltuge and the control voitage is 90. The torque f i developed, due to the control voltage. 
and are the moment of ineria of the motor and coefficient of friction respectively. The output is the angular displacememt 

of the motor and o, is the corresponding angular velocity. 

A Sepper mortor is an electromechanical device hich AD.Cmotor drive is an electromechanical device, 
actuates a continuous step movements of shaftsn 
response to continuous input pulse. 

2. Stepper motor is a form of synchronous machin 
These motors are designed with multipole, multipase 3. Electrical D.C motor consists of stator (sta�ionary part) 
stator windings. 

which converts electrical energy into mechanica! 

energy. 
2. D.C motor is a form of D.C machine. 

xed 

voiage 
and rotor (rotating part). 

In this motor, stator is a type of permanent magnet. 
4.In this motor, rotor is a type of permanent magri 
5. Stepper mo�ors rotates with known angle of 

rotation cailled as 'step angles. 
D.C motors rotates vith constant speed at varying 
load. 

Reference 
T Winding 

Variable They require microprocessor cireuit for rotation 
7. Power to weight ratio is Bow 

8. It is used in roboTs, when small amçunt of poweand8It is used in robots, when uniíorm torque is nceded 
torques are needed. 

o C 6.| They require electric current for roiatüonal movemeni. 
COBtro C 

votage 
7. Power to.weight ratio is high. 

(outpun) 

9. Stepper motors are rarely used in industrial robors." 
Q27. Compare stepper motor with an A.C servmotor.in respect of torque and speed characteristics. 

9.1-D.C mnotors are oftenly used in industrial robots. 
Control wmdmg 

AnSWer : 

Figure: A.C Servomotor Representation 
Stepper Motor 

. Torque-speed characteristics of a stepper motor i 

A.C Servomotor Q25. Explain the working principle of D.C servo motor. 

Torque-speed characteristics of an A.C servomotor is 
linear, as shown in figurc,Answer non-linear, as shown in figure, 

D.C Servo Motor Y 

D.C motors wbich are used in servo systens are calied D.C servo motors. It is essentially an ordinary D.C motor except 

wih few varñaions in its constructional features. 

The D.C servo motors are used when quick response to control signals and high starting torque is required. The figure 

shows the layout of D.C servo motor. 

Torqe Torque 

Speed ()- 
Figure: Torque-speed Characteristics

Working Principle Speed (N) 

Figure: Torque-speed Characteristics 
The torque incr�ases or decreases linearly with 

AParaareni mgnet 
(sator) 

2.As the speed ot the motor incTeases, the torque 
significantly decrease. 

3. Torque to inerti� ratio i_ low. 
4. It is suitable only at low speed torque. 
5 It has low output power relative to motor size and weight. 
6. Noise is produced, when motor runs at moderate ot high speeds. 
7. It cannot accelerate the loads abruptly. 8. It does not require any feedback device. 

2. 

Tespect to speed 
5. Torque to inertia ratio is high. 

It is suitabie for both low and high speed torque. 
5. It has high output power-relative to miotor size and 

weight. 
6 

4. 

(rotor) 

No noise is produced 

7. It can accelerate the loads �brupty. 
8.It requires feedback devices such as encoders, resolvers, etg 

Figure 
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6. The standard servo is used to produce a correctyve piani inpiit depending on the tracking eror

The bandwidth of fecd forward servo is smal. whereas standard servo bandwidth is largc, 

Example for feed forward servo is siepper motor and for standard servo is D.C (fieid controlled -

Feced forward servo can function at low frequencies also, 

Feed forvard servos arc used in accelerometers for running disk drives and iDVD. camera. recordcrs retn. e. 

UNIT-6 Actuators, 
Feedback Components and Applications 

or 

ROBOTICs (JNTU-KAKINADA] 
6.14 

Q28. Distinguish between D,C shunt motor and D.C eries tmotor. 

Answer : 

9. D.C Series Motor 

t.In a D.C series motor. the fipid winding is connected 

an series with the armathure. 

2.The circuit representation of a D.C scries motor is 

shown in the following figure. 

D.C Shont Motor 

1. In a D.C shunt motor, the field winding is 

connected in parallel with the armature. 

10 
standard scrvos are no suitable for these applications. 

11. Standard servo is ideal for roboties and basic movements. 

2. The circuii representation of a D.C shunt 
motor is shoun in the following figure. 

Standard servo can hoid any position over a 180° range. 

Standard servo is a digital servo excepi for a microprocessor, which analyscs the incoming receiver siunal... 

the motor. 

12 

13. 

14 Potentiomcter is an essential elemcnt in standard servo.- 

Q30. Distinguish between hydraulic actuators and stepper motors used joint actuation in robots 

Nov-10 
Answer 

Electrical Drives 
Hydraulic Driv�s 

1.Hydraulic drives obtain their power from pressurized|. ElectricaB drives obtain their power from eectnicin 

fiuid. 
These are úsed for robots of all sizes. 

These are used for Jarge robots that are 

employed to move heavy loads. 

These possess high positional stiffness and have 
highest power to weight ratio. They also provide 
greater.specd and strength. 

4. No need of any reduction gears. 

5. High maintenance. 

6. There is a chance of fluid leakage, thus not fit 

for clean room application. 
7. Occupies considerable amount of ffoor space. 

These drives can be used to achuate either rotational 

joints or linear joints. 

igure: D.C Series Motor 
Figure: D.t Shurt Motor. 

3.} The voltage and cuTent equations are, The voltage and cument equations are, 
These possess excellent controllability and precisica . 

Armature current = Series ficld current= Line curren, 
Armature current. , -1 

4.Reduction gears are used. 

5. Low or negligible maintenance. 
6. No leakage, thus, better for ctean room applizahon 

Where, I Line current. 

Terminal votage, V=F *LR*R,) 
sh shunt field curent 

Terminal voltage, V=E+R 
7 Occupies less floor space. Series field winding consists of few tums of thick wire 

having low resistance, due to which, it carries full 

armature cuTent. 

S. Series motors are also knowTI as vanable specd moiors 

as the torque developed varies inverscly with the speed i.e., 

Sbunt field winding consists of large number of 

8 These drives can be used to actuate both rotationai 
tams of thin wire having bigh resistance due to 

which it carrics a small current. 

5. Shunt molors are also known as constant speed 

motors. as the torque developed is dircctly 

proportional to speed ie. 

and linear joints. 

Q31. Stäte some advantages of hydraulic power compared with D.C electrical servos with respect to Usage 

in robotic systems. 

Answer: 

The advantages of hydraulic power when compared with D.C electrical servos are as follows, 

Hydraulic power possess high positional stifness. 
Power to weight ratio is high ánd provides greater specd and strength. 
Hydraulic system can be used to actuate either rotational joints or linear joints. 

T T«N 

Starting torque is high. 

Starting torque is low 
5. 7. Serics motors cannot be started without load. 

Shunt motors can þe started on no-load. 

8. D.C shunt motors are used in centrifugal pumps,8.D.C series motors are used in traction work, driving 

reciprocating purmps, fans, blowers, eic. 

Accuracy of the hydraulic power is more. 
hoist trains, excavators, cranes, etc 5. It produces higb pressures, torque and inertia. 

There is no generation of spark in hydraulic system. Mayl June-14, Set-1, 02(b) It provides 2 wide range of operational apecds. 
8. Heavy loads are moved rapidly and in a precisely controlled manner. s.wat are the different fypes of electric actuators used in robots? Explain their relative aava Answer : 

Q29. What is the difference between standard servand feed forward servo? 

. 

Answer . 
A servo is a small device that ha_ ain output shafi, which can be positioned to speciñc angular positions by sending the 

servo a coded signal. As long as the coded signal exists on the hput lne, the servo will maintain the angular position of the shaf 

As the coded signal changes, the angular position of the.shatchanges. Generaly, servos are used in robots to position the 'end 

effector. It draws power proportional to the mechanical load. 

The feed farward servo.is uscd to reduce response tim of controi. 

Standard servo systems are reactive and they._u�ier lagbetween the command and actual positions.. 

Feed forward servo provide velocity gain to the positin loop ofthe servo system.. 

PID (Proportional- Integral - Derivative) gain is essejitial in case of standard servo. 

The foed forward servo (open l0op) is the simplest cntrol servo, if. the input-output relation of the systeim is èxactly 

Nov.-11, Set:2,0 

Types of Electric Actuators 

Electric actuators are classified into three types. They are, . D.C servo motor 
2. AC servo motor 

epper motor. 
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ROBOTICs (JNTU-KAKINADAI Relative Advantages of Different Types of Actuators 
Relative ad1 antages of ditferent types of actuators are as follows, 

UNIT-6 Actuators, Feedback Components and Applications 6.17 Q34. Apermanent magnet DC motor is coupledoa load through a gearbox. If the polar moments of inertia of the rotor and load are J, and phe gearbox has a N:M reduction from the mÇtor to the load, the motor has a starting torqu T and a nooad speednax and the load torque is 
proportional to its speed (T= kou): 

i is easy to interface and control a D.C motor. 

) . Uniforn torque rating for a D.C motor. 
D 0tors are simple and highly reliable. 
D.C motors provide higher power to weiget ratio and have high acceleration. A.C. moiorS uses neiüher a conmutator nora drush. 
in AC motors. rotational movement is possible in reverse direction also. Better heat disc1pation capacity in case of A.C motors 
Nomiral sperd is kept constant inA.C motors. 

(a) What is the maximum acceleration thathe 35 motor can produce in the load? 

. 

Q35. if a linear stepper has a pitch of 0.040 mm and 
micro stepping is used to divide this distance 
into 400 micro steps (ie., one micro step moves the motor 0.0001 mm), what pulse frequency must be applied to the motor to achieve 
velocities from 0 to 60 mm/s? 

(b) What is the steady state speed of the mdtor and the load? Stepper motors are extensively employed in robotic devices. 
Stepper motors are highly cormpatible with sensing systems. 

(c) How long will it take for the system to reach 
a steady state speed? 

. 

Stepper motors provide a rotational movement in accurate equal angular increments. 
12 No sensor is required for position and speed seasing in stepper motors. Q33. For each of the following applications, what is a good choice for the type of electric motor used? Justify your choice. 

Answer Answer: ApriMay-13, Set-203 AgriMay-13, Set-3,0 

Given that4 Given that, 

Pitch, P 0.04 mm 
Polar moment of inertia of rotor= J, 
Polar moment of inertia of lo¡d= 

(a) Robot am joint Steps, N-400 (b) Ceiling fan 
(e) NC milling machine 
(h) Disk drive motor 

(c) Electric trolley 

() Electric crane 
(i) Windshield wiper motor 

() Clothes dryer 

(d) Circular saw Resolution, R= 0.0001 mn 
(g) Disk drive head actuator Speed reduction= M:M Velocity, -60 mms 
) Industrial conveyor motor (k} Washing machine Staring torque = 7, The degree of step angle is grven as 

4 300 xR P 
Answer Speed at no-load = 

ApriVMay-13, Set+-3, Q3 max 

Load torque, =ko S1. No. Applicatio» 
(a)| Robot arm joint 

Type of Motor Selected Characteristics 
This type of motors are called control motors, 

as it controls the variables such as mechanical 

position, velocity and acceleration. 

(a) The maximum acceleration occuring at the stareng S60 x0.000 Servo motor 
torque is given by. 0.04 

4-0.9 
(b)Ceiling fan AC induction motor This type of motor startS up éasily from rest Number of step angles, N= 400 steps Where, 

and there is no need of any auxiliary motor. 

It has high starting torque. Also, cán sustain 
The pulse count is given by, 

() Electric trolley DC series motor 
NX360 

ds 
high loads at low speeds. () The torque at the motor is given by, = 

(c)Circular saw AC induction motor. It does not require brushes during normal 
Where, - Number ofrevoutions =I, 

nunning condition. Thus, frictional losses are 
x 360 

. n 0.9 reduced. 

T r7-1 U.9 

t can contol the variables such as mechanical 

position, time derivatives, etc. 
(e) NC milling machine Servo motor 

- 400 pulses 

The torque on motor is also given by, Tbe pitch, P=0.04 mm movement roaies tbe shafñi by 
one revolution. The movement for 60 mm/s velocity is given Eleciric cran� DC series motor 

It is used in low-power position control 
applications. 
Itis preíerable, as it maintains constant speed. 

It is desired, as it maintains constánt speeds 

( Disk drive head actuato Stepper motor 2) 
nax 

60 
N0.04 (c)Equating (1) and (2), 

Disk drive motor Syuchronous motor 

Windshield Wiper oiotor DC motor. - 1500 rps 

with varying lo�d. The pulse frequency is given as, 
AC induction motor ) Industrial conveyor 

n Rs motor 
It is de_ired due to its reliability, low, cost, 

rugged constrction and negligible maintenánce 
AC moto 1500 

0.0025 
Washing machine 

R950.0s 
Clothes dryer AC moto = 600 x 10 pulses/sec 
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UNIT-6 Actuators, Feedback Components ard Appications 

ROBOTICS UNTU-KAKINADAJ 
When speed of rotation. = 509 7p.m 

Back emi. e,KC 
Q36. AD.C servo motor is used to actuate speed of robot joint. It has torque constant of 10 mm-kglA and

voltage constant of 12 VIKr/min (1 Kr/min= 1004r/min). The armature resistance is 2.5. At a particular 
moment during the robot cycie, the joint is notmoving and a voitage of 25 V is applied to the motor, 

le) Determine torque of the motor immediatey after the voltage is applied. 

(b) As the motor accelerates, the effect of bagkemf is to reduce the torque. Detemine the back emf 

and coresponding torque at 250 r.p.m an 500 r.p.m. 

(c) Sketcha graph between the torque and te speed. 

2 i StK 

6 

Torquc, 7 

0.0981x(25 -6) 

2.5 
ApriVMay-13, Set4, Q3 

Answer 0.746 N-m 
Give that, 

(c) Graph detween Torque and Speed 
Torque constant, K, = 10 mm-kg'A 

10 x9.81x 10A-mm 

0.0981 N-m/'A 

Volage constant, K, = 12 VKr/nin 

12 10 Ktp.m 
Armature resistance, R. 2.5 Q 

Intial voltage, V= 25V 

(a) Torque after Voltage is Applied 

The torque applied is given by equation as, 
20 300 400 500 

TK Sperd (p. 
Figure: Torque Vs Speed 

6.3 FEEDsACK COMPONENTSPOSITION SENSORSPOTENTIOMETERS, RESOLVERS 

ENCODERS VELOCITY SENSORS 
Q37. Classify the various feedback devices used in robotics. 

Answer 
Initially speed of rotation, =0 

Sensors acts as feedback devices to control the actions of the manipulator arm and an end efector. 

Various feedback devices are ciassified into two typés. They are, 

Tactile sensors or contact type robotic sensors. It includes. 

1. Force sensors 

0.0981x25 2. Position sensors 
2.5 3. orque sensors 

4 Touch sensors. T0.981 N-m 

Non-tactile sensors or non-contact type robotic sensors. It inciudes, 
1. Proximity sensor 

l. 

(b) Back ermf and Torques at 250 rp.m and 500 r.p.m 

When speed of rotation; co - 250 tp.m 
) Cortact proximily Sensor 
i) Non-contact proximity sensor Back emf, e,=K.0 

(a) OpticaB proximity sensor 
b) Ultasonic proximity sensor 
(c) Capacitive sensor 
(d) Fibre optic scanning sensors 

= 12 x 10 x.250 

=3V 

Torque, (e) Hali-efect sensors 
( Inducive sensors 0.0981x(25-) 
(g) Pueumatic.sensos 
b) Scanning laser sensors

Electro-optica! sensors. 
Range inaging sensor 

2.5

2. = 0.863 

T0.863 N-m 
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6.20 ROBOTICS JNTU-KAKINADA] UNIT-6-Actuators, Feedback Components and pplications 6:21 

038. Using block diagrams differentiate between a closed-Hoop and an open-ioop robot control operation 
with details of the actuator, encoders and type of actuator, motion control signals. 

Let, 

k=Proportional gaia 
Auswer 

k Integral ain 
A control system is an aTangeinent of physical components connected or related in such a manner as to command, direct 

oI regulate itseli or another system. A control system consists of following elements, k,=Tachometer gain. 
Veocity 

) Controlled variabie 
po fnpit (i) Command Net SKral 

(iii) Reference input torqe ampg 
Ters 

(iv) Actuating signai 

() Disturbance votag constant 

(vi) System eror TachomekeT 
(elpcdy leedback) 

(vii) Feedback element, ete. 

Control system are two types. They are, 
lccder 

Open-loop conrol system posz eedbéck) 

2. Closed-loop control sysem. Figure (2k ock Diagram of a Robot Joint 

The implementation of the controller is done byicroprocessor. It reads he value of velociry and position from feedb 
devices and compare it with desired pararmeter. The errd signal is multiplied with integrator and proportional gainsto geveralea 
command sigoal for power amplifier which drives the ectric motor. The quantity of load may change daring worksing cycleTe 
microprocessor performs computations in support of cantrol function, to determine the appropriate value of damping consnt 

for change in-load mass. 
a39. Explain the principle used in the following sensors, 

(a) Acoustic sensors 

(6) Prenumatic sensors 

Differences between Opeu-loop and Closed-loop Control Systems 

The diflerences between an open-loop robot control system and closed-loop robot control sysiem are, 
Open-loop Robot Control System Closed-loop Robot Control System 

Lonroi Oupu 
Systera 

Acruatn 

signal 

ConrolOutput 
System 

Fecdback 
Element 

p Controer 
-

The changes in ourput due to external disturbances.2.. The changes in output due to extermal çisturbances 

are not corrected automaticaily. 

(c) Force or torque sensors. 
are corrected automatically.

Answer :. dcdel PapeigEO)

Inaccura:e and unreliable. 3. Accurate and reliable. 
(a) Acoustic Sensors 

Simple and economicai. 4.Complex and costlier. 
Greater etiorts are required to design a stable system. 

6. Feedback devices are essential. 

Error detector is necessary. 

Reducéd effect of non-linearities. 

Acoustic sensors utiizes the principle of derecting the distance of the target by using speed of sound in a medium. These 
Sensors emts acoustic waves, which reaches the targetnd reffects back to the sensors. The system then measures the time fot 
the eco to return to the sensor and calculates the disace of the target by using the speed of echo in the medium. The gure 
shows a typical echomode acoustic sensor. 

5. They are generally stable. 

6. Absence of feedback devices. 

7. Error detector is absent. 

Highly effected by non-linearities. 
codsoS 

FiguTe (1) shows a block diagram of a control system for one-joint robot manipulator. 

Eror 
--~--***=-~* 

detecio 
CooeT 21* Ouput 

coaan 
(Toprocessor coroo 

Fecdback 
-cemcnis 

Figure: Typic Echomode Acaustic Sensor 

Figure 1) (b Pneumatic Sensors 

The input command is the defined position, to which the joint is directed to move. The output váriable is the actual position 

of the joint: Thè computatiónal functions of the jöint controler is camied out by a microprocessor (shown by dotted line). The 

figure (2) _hows actuators, encoders, motion control signa, etc. The load due to gavity acting on the arm by*W and is opposing 

the torque generated by the motor. The term,iS The total ineria or 1he.system Kg-m) which includes nertia of gears, armature, 

arm and load P-1-D (Proportional-Integral-Derivative) control is used for the joint, although the controleritselfis only a P-L 

Ontroler Damping is controlled by adjusting the gain ot jachometer. 

Pneumatic sensors utilises the compressed air fonsensing the object. Low pressure air is allowed to pass through a por which is in' front of the sensor. The air escapes freely frqm the ourput port, if there is no object.-1f an objectis placed nearte $ensor, the air from output port cannot escape freely thus| more pressure is developed in the port. The measurement ot pressure developed is carrieg out by using the senso. The amountof pressure increased depends on the distance between the sensor and object. 
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ROBOTICs [JNTU-KAKINADAJ UNIT-6 Actuators, Feedback Components and Applications 
0.23 

Potentiometer 

It is a simplest device that can be used to measure position. "Potenhometer is an analog device, wh 

proportional to the position (angular or linear) of a wiper. Tney may' be either linear or angular tvoe 
device, whose otpul vol'ag Air outlet Object 

VO00DOTOD00D0O000- Low air pressure Inle 
Figure: Paeumatic Sensors 

Resistive 

eknert (R) 
Force or Torque Sensors 

Force or torque sensors are based on the principBe of strain|gauge. When a force is applied on a strain gauge, it resulls in 
changing the resistance of it. The amount of change depends on tHeforce applied. 

The'hgure shows a wrist force sensor utilising strain gauge The sensor consists of nwo anular rings i.e., inner and outer rings, which are connccled to the wTiSt and end-effoctor cnd. The uges are mounted as eight pairs on the cross of the rings. The 

strain gauges are connected in the fom of wheat stone bridge. The is a galvanometer cornected, which shows the potential of the scnsor. As the force is applied on wrist, it changes the resistance at one end of ring. This change results in current ffow and 

leads to the movement of the necdle of galvanometer. 
Thus, the sensor detects the forces and moments along thethrce principle directions. 

(c) 

Figure (1: Linear Wire Wound Potentiometer 

Resstve 
cemen (R) 

Sliding 
Coact 

Strain gauges 
Rim connected- 

** 

to wrist deflection 
bars 

.. 

Figure (2: Rotary Wire Wound Potentiometer 

Potentiometer is used in robots to monitor either angular position of a revolute joint.or lincar position of a prismatic jei 

Above figures show linear and rotary wirc wound potentiometers. By applying a D.C voltage ( across the eat 
resistance KR, thé voltage out is proportional to the linear or rotary distance of sliding contact or "wiper" from relerence pur Force 

A'. a Wrist Force rque Sensor 

Mathematically, Votn * 

Where,-Resistance of coil between the wiper and the reference. 
Q41. Write short notes on resolvers. 
Answer Nov-10, Sel-4, 07a)| Nosel Paeri Biay 

Resolver' is a robotic sensory device, which is analogical in nature. It is an internal state sensor, whose outpl 1s propt 
to the angle of a rotating element with respect to a fixcd element poiat. It is a form of 'synchro' in which, the stalu 
Windings oE the resolver are displaced mechanically at 90° to each other. It consists a single rotor and two SuaO 

shown in figure below. 

b) Wheat Stine Bridge 

Figure: Force orTorce Sensor 
Rotory Stalo«| V 

40. Explain about position sensors. 

Answer 
In most cases of robotics, a primary interest is to control thposition of the arm. There is a large variety of devices available 

for sensing position such as potentiometers, reso]vers and encoders. Sensor-is a transduoer used to make a measurement. 

of physical variable. The position sensor is used to knowithe posthon of each joint and end efector, The movemeht of 

joint can be either linear or aingular, depending on the ty of obot. 

There are two types of position senisors. They are, 

().Absolute position sensor 

(ii) Increméntal position aehsor i : 

The common type of position sensor is potentiometer. 

*. 

. .' **. Stator 

Figure: Electrical Cireuit of a Resolver 
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6.24 6.25 
ROBOTICS fJNTU-KAKINADA] UNIT-6 Actuators, Feedback Components and Apications 

Characteristics 

consists of deves used to measure position, velocity and acceleration of robot joints or end effector. ihe resover converts available A.C signal into a digital form. 
t'rackirg Synehro-t0-Dgiial (SD), converts available signal into a velocity output. 

10 ight sources 
and dete tors 

Cn eSed *s a servo sysiem. 

It einiras the *parate input and output transfomers. 
Foutput 

it ean eused as an incremental encode 
A resolver prOduces iorque output. 

E signals 

perfornms ail the synchronous unctions. 
Q42. What are the different types of optical encoders? Explain them briefily. 
Answer Shaft 

Nov.-11, Set4, Q7(a) Disc Optical Encoders 

0pilcai ercocers arë the devices commonly used as sensors, which converts the linear or angular displacemenis into algiai Figure (a: bsolute Optical Encoder 

sgals 

They arc grouped into nwo categories, Shaft 
Absolute encoders. 

2 Incremental encoders. 

Absolute Encoders Motor 
ese are used to asense actual position with respect to fixed frame of reference. For each increased value of resolution, ditierent output digital signal is obtained. 
The constructional details of absolute encoders are, 

They comprises of multiple track light source, a multi-track receiver and multi-track rotary disc. The tracks on the disc 
are in the form of circular slots and radial sectors to produce the digttal signals. 

Conditioning Photo 
electronic detector 

LED 
The LED-photodiode pairs, depending on the number of tracks, are provided around the tracks, to avoid the signal 

11 

:13ttrtercrCE. Figure b Incremental EMcoder 
)he slots of traeks are of transpareat and opaque, represented with codes 1 'and 0 respectively. Thus, the output digial 

Q43. Explain about construction and working o absolute encoders. 

Answer s 

Absolute encoders consists ofa photo transmiterphoto receiver and a rotating disc,connected to the motor sia~t T 

disc is divided with opaque and transparent slots, which aje known as tracks. Both these slots are arranged aliernately, such that 

the outpur generated by the encoder resulis in a binary code. Tracks are surrounded with LED pairs to avoid the urbulencein 

the signals:" 

signal obtained is a binary code signal. 

(iv) Number of bits in the binary code= Number of tracks on disc. 
ExampleAn absolute encoder has 9 tracks on disc. 

Nov-11. Se2. 07( 

Therefore, it has 9 bits in its binary code. 

Nunber ot positions that can be detected -29 = $12 

Resolution of encoder51 =0.7 000 
( They are also called absolute transducers, which enables the position to be sensed directly. 

(vi The pain problem with the absolute encoders is that, the output values rapidly changes, during power-off conditions 

Incremental Encoders 001 110 

These are used to sense the acnual position with respect to the previous position. For each increased value of resolution, 
Same output signal is obrained. Output 

The construction details of incremental encoders are, 

These encoders comprises of a dise, encoder shaft and motor. The disc and motor are connected by means of shaft. 

The disc is coated such that, it has altermate transparent and opaque siots. When the dise is roated, the light is transmitted. 
to the sensor through transparent slots and thus, output signals are produced. 

(n) These signals are then transnitted to the counter, to kniow the number of pulses or signals obtained, which results in the 
determination of total angle of rotation of the shaft. 

(iv) The resoluion of incremental encoder is 

101 
010 

Vanous light sources 

Light detectors 
Encoder 

sbaft 
011 

Disc 100 

360 Basic resolution 
Where, Figure (1: Absolute Encoder Figure (2: Ahsolute Encaders with 3-bits 

m-Number of sectors an disc (each sector is half transpar�nt and half opaque), 

Generally, an incremental encoder consists of 2500 sectors on its disc and with basic resoBution of 0.144. The resolution

and accuracy can be improved by using multüplier circuits and many other techniques.
Exanple: If he incremented signal facteg is *4, hen the gesehution of encoder is 0.036 

The above figure (2) shows a3 bit disc in whicb, tnsparency is tiken as '1' and opequeness as '0. The number of tragks 
or channels on the disc are samè as the number of bits onlthe code, which is proportional to the angle made by the shaft. As the 

tracks are equalto bits,resolution of thi_ ençoder depend on the number of tracks marked on the disc. 
* 

xample, number of uracks- 8, then number of bis wil also be éqyal to.8°. 
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. Number of increments/positions that can be detecte per revolution=2 
ROBOTICs [JNTU-KAKINADAJ UNIT-6 Actuators, Feedback Components and Applications 

When the object rotates, the armature also revoives in the magnetic held oí the permanent 
net. As he ame 2 

made up ofa conducting material. its rolation resuits in the generation of e.m.i.he cuTent flowing in 

ng 
tih 

coi! votme:ar. n 
Trough commutator and brushes and thus. volíage is generated. which can be mcasured using a movins IS C 
of a short circuit, the current frorm the generator is imiied by a serICS resistarce. 

The voltage generated is proporional to the speed of the pbjcci and the directon ef rolation is detomined tonm 

256 
3k0 And resolution or angular width of cach increment=-
256 

1.40° the output voltage. 
Hencc. anguiar dispacement is mcasured directly from ihe encoder.": Q44. Explain the velocity sensors. 

The figure below shows a D.C achogenerator, 

Answer: -Commuta!c? 

Nov-10. Set-A, 07(2J) Velociy sensor is a device used in control system of aobot as feedback of velocity information. Example of velocity 
N okneter 

sensor is a D.C tachometer 

A tachometer is essentially an A.C generator providing an output voltage proportional to the angular velocity of the ar- mature. It is described by the relation, 
Brushes Sees 

Resistancec 
Figure: D.C Tachometer Generator 

Where, 

V)-Output votage of the tachometer (Volrs) A.C Tachometer Generator 
&) - Tachometer constant (Volt rad/sec) The problems associated with commutator, as in D.C tachomcters, are not present in A.C tachometes. heuase te 

is wound on the stator and the magnet is allowed to rotate. ihe rotating magnet can be either an electromagnctl or peme 

magnet. 
The machine whose angular speed is to be measured is coneected to the rotating magmet. When the magsaet ict:2 

fux lines are cutby the stationary coil and thus, according to the electromagnetic induction iaw an e.m.f is inducd in t. 

coil. The amplitude or fiequency of the induced voltage gives the measure oi specd as both the paraueters are prope.ta 

speed of rotation. 

-Angular velocity (rad/sec). 

Tachometer is usced to provide velocity information to ticontroller. This can be used for performing veiocity control of 
a deviceor in many cases, to increase the value ofk, (gain constnt) in the system, there by improving he stability of the system 
and its rèsponse to disturbances. 

The circuit shown below is used, when it is required to measure spced in tefms of amplitzde of induced velage 
voltage generated by A.C tachometer gencrator is rectified and smoothened, bcfore it is measured by moving coid volim: 

D:C tachometer providesa voltage output proportional to phe armature rotational velocity (analog device function, whereas 

digital D:C tachometer provides a pulse train output ofa fre|uehcý proportional to the angulät ivelocity. 
Q45. Describe briefiy about tachometers. 
Answer 

Tachometcr is a speed measuring device. It is broadly clssified into two types. They àre, 

Electrical Tachometers 
i) Tachogenerators 

Speed to be 

Measured. Rectifer 
Nov-10, Se+-1, 07(¢)} Model PapëriV, Q7(a) Movng Co 

Volunter 

Permancnt Magnet 
AC Geneator (i) Contactless tachometer 

(i) Drag cup tachometer 

Civ) Commutated capacitor taçhometer. 

Mechanical Tachometers 

) Vibrating reed tachometer 

(i) Centrifugal force tachometer 

(ii) Slipping clutçh tachometer 

iv) Hand speed indicator.: 

Among the above listed tächometers, most widely used tchomèter is described below, 

Tachogenerators 
Tachogenerators are classifñed intö two types, 

(. D.C tachometer generator 
i) A:Ctachometer generator. 

JSmoothing Circuit 

Figure: A.C: Tachometer Generator A6. What are the characteristics of a D.C tachometer? 
Answer 

The following are the characteristics of a D.C achometer, It enables feedback information in a robo�ic control system. 
( ts output voltage is proportional to the rate of change of angular displacement of motor armanire sid 

k, 
. 

It consists ofa pérmanent imagnet and a small armature.The armatire is placed betvéen the poles óf the magnet: The 

objcct ivhose angular.specd orvelocity to be measpred,is copid to the armature. . i;. 

(i) It is capable of performing velocity controi function. iv) it helps in improving the stability of the system. (V)It has characteristic of anaiog device function. 
(vi) It has a digital equivalent measuring characteristic. 
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6.28 

Q47. Exptain the working of any two proximity sensors. 
ROBOTICs (JNTU-KAKINADAI 

UNIT-6 Actuators, Feedback Components and Aplications Anser 
A simple type of ron-contact proximity sensor is hown 

in figure (2). It operation is based on the principie of retipction 
ignt rom an object. An optica! proximity sersor compises a 

source of tigh: i.e., LED and a detector (usualy photoiode). 
Lnese are hied symneincal towards one anotter ad are 

Separated at a distance of about 8 io 10 mm. The ligh raysS 

coming from the source and detector, intersects on thesame 
plane in the form of iong cone like volume, which defines 
the sensor field operation. The cones of light is refected 
and intersected by a reflective surface. Thus, the refñtctive 

Surtace is iBeninated by the source and seen by the refeiver 
SAmulcaneously. Proximity can also be monitored in veral 
directions sueh as beneath and ahead of robot's hand, ismanyQ49. A certain potentiometer is to be usedas 
sensos are usad and are placed on a robotic gripper. 

ProinY SCRstrN 
Area. A d¥ 

ProNit sensors of exieTnal stale sensors uS:aliy have a binary output and is used to determine the presence of an object 
w ithr apestiei disiance ot inteTvai. Prox!mty sensors can be classilied as follows, Cortact prONIty sersors 0.25 

3 Contact rod prOxim:ty sensor =0.049 m 
Aor-cont:t proximity Sensors Assume, Young's moduus, E = 30 x 10° Nmm~F 

a Opticai proxim sensors 
GF .Ox0.049 x30 x105 

S00x120 Capacitve sensOrS 
c Fidre optic scarning sensors 

Haii-efiect senSOS 
=0.245 

the feedback device to indicate position of 
the output link of a rotational robot joint 
The excitation voltage of the potentiometet 
equals 15 V and the total wiper travei of the 
potentiometer is 320, the wiper arm is directy 
connected to the rotational joint so that the 

given rotation of the joint coresponds to an 
equal rotation of the wiper arm 

*}inactive sensors 
Eddy curreni sensors A graph is ploned to show the variation berwe the 

object distance fron the receiver and a photo detector vglage. ig eunaiic sensors

() Scanning iaser Sensors. 
Contact Proximity Seasors 

(aContact Rod Proximity Sensor 
(a) Determine the voltage constant of the 

potentiometer. 
(b) The robot joint is actuated to a cerain 

angle, causing the wiper position to be 33 
Defermine the resuting output voitage ci 
the potentiometer 

Vots 

fmger 

Dstance 
ontact rod 

Figure (33 
Q48. A new experimental strain gauge is mounted 

on a 0.25 mm diameter steel bar-in thexia 

direction. The gauge has a measured resistence 
of 120 Q and when the bar is loaded with 540 kg 

in tension, the gauge resistance increases by 
0.01 What is the gauge factor of the gaige? 

(c) Enanotheractuation ofthe joint, the resuiting

output voltage of the potentiometer is 3.75 
V.Detemine the coTesponding anguía 
position of the wiper and the output ink 

ensor 

(mondormng 
eemem) 

Figure (1: Contact Rod Proximity Sensor 
Answer.: A Stpie Eype of contact prox1mity sensor is showa in +gure (). t essenüally compnses of a rod, which protrudes fron. 

2 end ad a moTtoring component (i.e. Switch to change the posiion of an objec:), located inside the boy of sensor. The 

oiong component can also be placed anywhere on robot's arn or wrist Initialy, due to mmovement ofa robotic manipuiatos, 

rod comes in contact with an object or obstacle, by which the sensor becomes active. Thi resalts in change of state of switch 

GEven that, 
Excitation voBtage, F = !5V 

Total angle 320° AnswerT ApriAtay-13, Se2. Q 

Given that, Voltage constant of the potentione 
= 15/320 46.37 aViieg 

For the wiper position of 3S° carput voBtage 

3 46.87¥1000 1.7$10 V 
For the ouput voltage of porentüemeter ie, 3 

e, ONOFF) and is monizorad by robot's input or ourput intertace, to periom required operation or task 
Diameter of steel bar, d -0.25 mm 

Ttus type ofseasors, enabies the sensing of obstacie and object simultaneously. However, contact proximity sensor cannot 

e any normaion zbout the nznure or shape of either object.or obstacle. But the use of arays with this type of devices furnish 

some deee of objecT recognition 

Resistance, R= 120 2 

Load, P S00 kg 

Change in resistance, AR =0.01 Q 
2SonContact Proximity Sensors 

The gauge factor is given by, angular position of ouput înk, 
a Oprical Proximity Sensor 320/15)3.73 = $0° 

AR Il1nuinator cane 

vo kun 

Sinc, the output ink and wiper are rethy connecred 

the angular posidon wl be srae for the bot~à 
Q50. Find the output vottage ofa potentiometer with 

the foliowing characteristics,

Also detemine the voltage constant (K) ofthe 
PA 

Trensmiter kas 

Light source 

GF= 
But, 

Strain, s = aE 

AR 
Sersitn 

GF=A 
--Detactor 

(pbotodiode) 

The excitation votage = 12V, total wiper travel 
330, wiper position= 56. 

Answer >Detctar cane Nox-11, Ses. Q7(a 
Given tha, 

Excitaion voltage 12 v 
Total wiper Tavel =330 
Wiper position= s6° 

Target objcct 

Figure 12 Optical Proximity Sensor 
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6.30 ROBOTICS (JNTU-KAKINADAJ UNIT-6 Actuators, Feedback Components and Applicatiorns 

No1. Se:3. 03 PeeH Voltage constant of the potentiometer. 

Exciialionvol1age 
Total wiper iravel 

Minimum Distance Travel Q54. Discuss the material transfer applications of robot. 

ln pick-and-place operation, the robot pickups the part at onc locaion 3rd 
hoves i lo another locaion. Ths 

to the robot by mechanical feeding device or belt conveyor ina kn0wn iocatiOn 
and orientation. A simoie li ci 

Siop ihe component to allow the part to be gripped by robo. The robe 
then moveS 2nd position the part a: 2 dasi 

5 sad 

orientation of the part remains unchanged during the travelling. 
the besic operalicn is shOWn in figure In this car 

involved, one dogrec of freedom is required !o iii component rom piesup poi 
d put K Cown at the drcp-onoit d 

DOF 1s necded to move the part between these two positzons. 
In $Oie cases. a reonentation of thc comeo 

during the move period. 

The distance iravelled by the parts in the matersal 

handing operation should be minimum. 
Answer 

12 K 33 
Robot Work-Volume 

The amount of work caried out by the robot shoukd not 

exceed the specified limit. 
K, = 0.0363 Videg 

Outpet voltage of the potertiometer, 
atu(iper position) * K. 

56 x 0.0363 

Robot Weight Capacity tions. n some cases. a reonentatioa or re componen: is 2tcomshss 

Robots should be specifed with sufficient ioad camying 
capacity, to ensure thet capacity limii does not exceed. 

Accuracy and Repeatability 

Outgomg b*t 

ConvcyC 

High accuracy is requirèd in the pick and placc 
operations of matcrials, Thereforc, robots must be buili 

with high accuracy. 

Machine Optimum Utilisation 

op2.0S6 V 

Q51. An incremental optical encoder gives 360 

puises per revolution. Clock pulses at a 

repetition rate of five pulses per.second are 
available for starting and stopping a counter. 

What is the maximum angular velocity that can 

be measured, if the capacity of the counter is 

1024 (decimal)? 

For an application to be efective, it is necessary that all 

the cquipments in the cell should be used at optimum 
ievel. In order to ensure the optimum utilisation of 

machine, the robots should work efiectiveiy. 

Robot 
Componenis-

(i) Robot Configuration, DOF's, Control, etc 

Maximum degree of freedom's are Tequired in the 

aPplications of machine loading. ín the operaticn of 

palletizing and picking parts from conveyors, thC 

requirements for control are more complicated. 

53. Describe the material handling operations. 

nswer 
Material handling opèretions involve usage of robots io 

Answer 
Given that 

Output of incremenlai optical encoder, 
Feed Pckup 

360 puises/revolution 
Clock pulse rate =5 puises/second 

Capacity of counter 1024 decimal (esoluãon lines) 

ie., the disc of i0 tracks and number of positions dé- Incornung bcR 

ove the parts from and to the machine and to load or unload 

e parts fYon the machine. The three main operations are, 

Machine Load or Unload 

While dong operation onaproducton machine, the loading 

of raw materials and unloading of finished products is done by 

pbots. This reduces the human effort and ensures minimum 

astage of ime. For example, in case of machining operation, 

e job to be machined is fixed in the machine and the +nal part is 

lected by the robot afer complction of finishing operations. 

Machine Loading 

CoDveyo tected is 
2i0 !024 Figure: Pick-and-place 0peration 

n material transíer application of robot. pa!lets are used for matcrial handling and siorage. Large cumber ot cotR 

are placed on a pallet, instead of handiing individual cartons. The pailets are moved mechanically with1n the manufactung pa 
or warehouse, by tork i1tt trucks or Conveyors. The only handiing of the individuaB cartons arises, when toe comporeni a 
onto the pallet or when it is removed from the paliet. The loading of cartons onto pallets is typically a heavy *ora prrE 

narualy by unskilled fabour. A typical pallet coniguration is shown in figure below. Each carton is placed at a di~etent i 
on the pallet, the varnation in carton location is in three dimensions. The pallets are usualBy stacked oa top of each other m j 3 

s shown in figure. 

The encoder resoluãon, 

S 0,352 
1024. 1024 

The maximum angular velocity that can be measurcd, 

1024 
360 

= 14.22 rev/sec 

14.22x 
0.352 180° In this operation, the robot only loads the raw' materials 

fpr machinng, while the înished parts are collected by scparate 

arangements. 
Example: Presswork operation, in which dhe parts to be 

=0.71 rad/sec 

64MATERIAL HANDLING, LOADING AND 
UNLOADINGPR0CESS 

essed are loaded by the programmed ropot and the pressed 

rts are collected sepaatcly. 

Machine Unloading 

In this operation, the raw materials are loaded by some 

temal sources and inished parts are unloaded by a robot. 

Example: Die casting and plastic moulding. 

In order to improve the producion rafes, the robot 

Cartons 

052. Whatare the general 
considerations in selecting 

a robot for material handling? 
MaytJune-14, Set:2, Q8{a) 

Answer 
The general considerations to be followed in selecting 

Tobot for material transfer operation are as follows, 

Part Positioning and Orientation 

In application of parts handling, the parts should be" OOUse 
s developed, in which, a production 

introduced to the robots in a specifñed position and 

orieutation. 

Gripper Design 
For the pick and place operation, distinguíshed end- 

cffecdors should be dësigned. 

nachine, robot, etc., are locared. Tbese workhouses are 

désigned separately for difierent operations, Some are designed 

sich that, same identical parts are produced, while in some 

torkhouses, different ypes of models on diferent machines 

afdifferent times are produced. In both cases, robot plays a key 

rle in loading or unloading the parts. 

Palet 
Figure: A Typical Palíet Configuration 

The robot is to be programmed to perform desired motion pattern in palletizng operdno to identify carton locations and their delivery point. Depalletizing operation is the reversc O pa removes cartons iroin a pallet and places them onto a,conveyor or other Jocation. 

,Sensors te ircorporzir 

Jletizing, in which, the re 

^.**"*: 
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633 6.52 ROBOTICS UNTU-KAKINADAJ UNIT. Actuators, Feedback Components andApplications 
Accurate welding results 13 conservation of matertals. 

Welding is reliabie and repgetabie with high preciaion. 

Welding can be carrnied out in harmfsl environineg 

Rorotic welding reduces the cost O 2bour and inerases 

the safety 

Qs5. What are the desirabie teatures of a robot 
for successiul machine tool load. 

spplication? 

9. Use of robots increases the flexibility of the system and (i) Precision Motion Requirements unload 
Quaity of the job depends to a larger exte on the 4. 

accuracy and repeatability. Therefore, these requiremebts which 

vary according to size and industrial practice should e cearly| 
defined, that helps in the selection of most appropriafe robot. 

iv) Interface Capabilíties 

Robot must possess sufficient control capailities to Q60. What are the desired capabilrues and features 
work with different equipments in the cell. The contraler must 

coordinate speed and path with parameters of weldiri sach as 

wire feed rate and power level. 

reduces the material handling costs. 
10. They are effectively used for palletizing. loading and 5. 

Answer Nov.-10. Set-1, 08(b) 
The desirabie features of a robot for successtul machine 

:oo loed or unload applicalions are as follows. 
) Dual Gripper 

t allows the robot to handle the raw material and finished 
work pars sicnultaneously, due to which the production cycle 

unloading of iregular or complex parts. 
Q57. Discuss the application of robots in plastic. 

moulding operation. f robots in spot welding? Explain. 

Answer Answer 

Robots are used in plastic injection moulding machines for mass production. The igure below shows the plastic mould- 
ng operation with incorporation of robot. 

Following are the capabilities and teanres of obors to 

(V Programming 
Ihe robot should be programmed careully for 

Pertortn spor welding. 

continuous arc welding along paths with iregular shaps, weave t should have enough payioad capacity o manpyte 

pattern, etc. 
Q59. What is spot welding? Describe brigfly the 2. 

operations involved in robotic spot elding. 
What are the advantages of roboticelding 3. 

over manual welding. 

(i) Degrecs of freedom 

to manipulate and position the part in the machine tool, 
robot requres more number of degrees of freedom of the arm the welding zin lor uhe applicatiOn 

1 should be able to position and orent the wekdingin 
oer surfaces of the product tha are di+eult to eaci 

It should have increased number of degrees of Teedom 

thet help D carrying oui the proCESs WIh ca a 

Capacity of conToller memory mst be arge epn 
to store many pasitioning steps reqired in tbe welding 

process. 

TS. 

() Good Repeatability 

To position the part in:o chuck or other work holding 
devices, robot requires comparatively high level of precision. 

iv) Palletizing and Depalletizing Capabilities 

The use pfrobot is to place the raw work parts on pallets 
palletizing) and move it to the work celB and then remove the 
work parts +rom pallet (depalletizing). The robots controller and 

programning capabilhtes must be suficien to accomplish the 

specthed task. 

DepoLtion 

Answer: 

.The welding, which involves fusion of tw metals 

through electrodes or weldèng guns is known as spot;velding. 

n spot welding, fusion is obtained by generating hat at the 
desired point, through electrod�s. The electrodes are supplied 
with curtent for specific dåration of time, depending on the 

metal thickness. 

With change of models, robots raust be able to swoach 
from one welding sequence to oher 

sobr 

Spot welding by robots ieads te inproved procutqnaiy 
in the fom of more consistent and beite: repearD

locations of the welds. 

Figure: Plastic Moulding Operation 
() Programming Features 

The usc of robots allows several programming featureswhose applied capacity is in tonnes. They remove the nanners, 
n machinung applications. in batch production of different sprues and eject the próducts fYom the mould of plastic injection 

parts, the change over of set up is required from batch to batch. 

This change over causes the change in robot program among 

Plastic moulding robot is of large servo ransverse type, 
Aroboic spot welding consists of a robouc maipulator, 

welding gun, controller and power sources. The majipulator 

with several number of degrees of freedom is util};ed. The 

welding gun is situated on the robot wrist in connectíon with 

cortrollers and power sources. The rwo metal pieces are placed on the work tab|e. Then,8. 

squeezing of metal surfaces between the electrodes i carried 
by generating heat for specific time. Thus, wefding iskdone by 

application of load and heat on the metal surfaces. The robotQ61. Explain the advantages of using cobots in arc 
then releases the metal surfaces after welding operat?n 

t leads to improved safety due to the atserce oEhunan 

in the work environsnent, thus preventing hazardsiike 
electrical shocks and burns. 

machine, which are in line automatically. The benehis are 

reduced labour requirement and increased output leading to 

It gives better cortrgl over the pro
uctioa process,
leading to improvement in areas I:ke prodectiO 

scheduling and in-proOCeSs inventory coneo 

lower unit costs. different batches. Thus, the robot must have high storage 
mcdium like disks, tapes, etc., for storing and changing arge 
mumber of programs in berween batches. Robot requires type. Lineartobos are mounted on esther the fied or moving 
anoner programming feature for machining i.e., it must.be able.plate and with the main axis of the robotat 90° to the moulding 

to accept programs for tooi or pallet changes 
Q56. Whatis therole of robots in loading and unloading? 4NS. ansveTse mouned robots allow part removalat the front

Answer 
. Robots are used for oading raw materials and unloading 

finished products in manufacturing process. 

The robot may be- linear (cartesian) or articulated am 

machine axis (ransverse) or in line with the moulding machine welding operations. 

or rear of the machine, while longitudinal robots allow parts to 
be deposited at the end of the machine. 

6sPonaNb cONTINU 

Answer 
Arc welding is a continuous welding procesS, inwichà 

iong weld joints with air tighi seal is maintained in betrwentue 
two pieces of metal beingjoined. The process uses an eiectsode 

n the form of rod'or wire ot meai to suppiy ihe high eleçm 

currenr needed tor establishing the arc. 

-Soints 

Arm 
2. increases Tthe rate of production and minimizes the idle 

NDNSC 
Robots are highly efficient, while working in hazardous Q58. What are the features of robots in arc welding? 
tine. 

pper elecrode A continuous path servo conrolle� robot that s Qen 

specifically designed for single application is used. The parsto 

be welded are positioned and held in place, the 3-dimensienal 
patn can De pre-taugnt ang nO External Sensors may becuged 
The position sensor is placed in rort o? the welding tool,which 

provides information coni
erning regulanlies n the weldR 

For wide joints, the robot is programmed to produce a veave 
type of motOn, which ensures that weld covers the entire ap 
The workspace of the welding robot shouid be large enough 
to accommodate size of the parts to be welded. A SDOE 

manipulator caa weld påane parts, whiie 6-DOFs are required 
for welding complex contours. The robotic welder contiis 

Eficient and accurate welding can be achieved y using| the arc tirme effectively, which defines the weld strength The 

Cgtroller 
environments. Explain. 
The parts are loaded with high accuracy, thereby 
elimirating human errors: 

Lowe ,Answer: 
End- 

efectorS 
Robos are also used for loading of tools, special fixtures 

or attachments, etc. on a machine. 

Handling of parts in a work cell, containing multupie 

Folowing are the features of robots in arc iwelding, 

Work Envelope and Degrees of Freedom 

Work envelope of robot must take into consideration, 
the size of the parts bcing welded and space required for the 
manipulation of welding torch. Generally, an arc welding 

sup ply 

machine tools. 

The robor is used to load the fnished product into an 1obot requires five to six degrees of frecdom. Lesser degrees 

inspection gauge for quality inspection. 

The parts are loaded on functional testers, which ) Motion Control System 

Figure: Robotic Spot Welding 
Advantages of Robotic Welding Over Manual Welling 

Robotic welding consumes less time than manual 
welding. Hence, the work can be performed qickly. 

of frecdom attects the notion capabilnty of dhe manipulator. 

I. 

Robots should be able to produce smooth continuou_ 
measures the respoases of system to, certan coptrolled motion required in arc welding to maintain uniformity of the . 

obotic welding. 
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inpuss. welding seam." following are the advantages of robotic welding. 
. 
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)Good quality of weld product ROBOTICs IJNTU-KAKINADAJ UNIT-6 Actuators, Feedback Components and Applications 
ii) Improved safety aspects in working environment 5. H:gher product:vity (a)In electric drive, generaly spark is produced, which may 

ignite ihe paint fumes. (ii) Better control over welding process . ImprOved saiety 2d Guaity of »oi iv) Higher productivity (b) In prcunatic drive, the motions gencrated are too eratie 
or unconroilable. wh:ch is unacceptabie for spray 

coating applications. 

7. Process ratioraization 
(Optimum ustiisation of elecurodes 

(vi). Elimination of hurman errors cic. 
Q62. Explain the robotiç non-contact arc welding senso system. 

Recuced direci iabOur costs etc. 1) Manual Lead through Programming 
Q66. Discuss the applications of robots ins assembly operations. 

Manual iead through programming is considered as the 

most suitable method for tcaching the robot. in which the robot 
arm is moved manualiy in the desired motion patierms, with the 

heip ol skiled human operator. While programming the zobot, 

a teach arm may be used instead ofactuai robo. as actuai robot 

1S hcavier and possess difñcuities in manipulating smoothly. 

n avomzz 

Answc 
hese sensor systems are classified as, 

Answer : No. Se:.CEia}iNce Ses Nov-11. Set-2. 03(b) 

(i) Arc sessing systems Assembiy is deñned as htting hho o és parts together. to torm anew subassembly. Assemt consists of the sequeniiai additionot compoaents to Eta to creatc a more complex subasse.mbly or a compet m 

(i) Machine vision systems. 
(iv) Multiple Program Storage 

Arc sensing systens, also.called as through-the-arc systems is based on scedback measurements. These fecdback measurements car be of current (constant voltage welding) or the totage (conatant curent weiding). 
The use of robot in spray-coating applications, reçuires 

multiple programs storage for different styies of spraying and 

it also requires the capability to quickiy access the program for 

current parn. Robot requires iarge meinor o SE P assembly operations. ASsembly operations are dni for differert styles of spraying._ 

Fastening operation using screws. muts boRs, s Robot is programmed to perform a wave pattern. This wavinmotion can be inierpreted as vertical and cross seam position 
nveis. etc. and insertions of shafts in hoes a of the welding torch. Adaptive positioning of the torch is done by the controller, by regulating the ar
 length (constant current systems). when it encounters the irregular edges or geps. 

crs 
basic types, 

Machinc vision system consists of a vision camera in ord to view the weld path. This camera is mounted near the welding torch. Robot must be programmed for the desired welding ath. Two approaches i.e., aingle pass system and double pass Ssysiems arc followcd Generally, single pass system detecas and corects the variatiors in the *eiding seam in just one welding pass. Double pass system initially do a high speed scan of the sear to record any deviations from the programmed path. In the 

second pass, welding is performcd ater analysis of the deviations the controler 
Q63. Discuss the problems for robots in arc welding. 

Q65. Explain how the robot is used for spray painting 

applications. 1) Parts mating 

Answer Nov-10, Set:-2. Q8{6) (ii) Parts joining. 

Industrial robots are used to perform spray painting to 

avoid hazards to humans like fumes, mist in air, noise from 
nozzle, îre hazards and cancer hazards, etc. In robot spray 
painting operations, the spray gun is the robot's cnd-effcctor. 
Robots employed for this purpose arc capable of perfosming 
both straight line and continuous path motions. Programming a 

spray paintüng robot is perfomed by a highBy skilled operator. 
The spray painting application does not require the use of 

in parts mating, Wo or nore paris are ru 
contact with each other, whie in parts jonng. tao cr Bz 

parts are mated and then additional steps are zcoptes i e 

that the parts wil remain in contact with each cther. Answer 
Problems of robots in arc welding 

It becomes imore dificult to weld components involving lare amouni of variations. 

1f the variation is in the dimensjons of the parts, the path tope followed changes stightly from one part to the other. 

Example: Peg-in-hole assembly tasks 

There are hwo basic assembly system ceoabgzaiss 
a single workstation and a series of workstations (an 28es 

line). Combiuations of these wo basic types are also psoe 

externa! sensors. 

Variation in the edges and surfaces of the parts to be weldedi.c., iregular cdges lead to emors in gaps between the parts. 

Robots in arc welding do not have the sensing capability, �kill.and judgement when compared to a human welder in 

compensating the above variations. 

The design for robotic assembiy depends en te ss 

of the product. The design considerations a 
Problems occur in positioning the robot while perfoning arvelding in confined areas ike areas inside pressure vessels, 

ship hulls, ec. 

Spray-gn 
[End-cffector) 

() Ease of assembly 

(i) Feeding and orientation. 

Demand for skill and judgement îrom the robot is difficult t fiul6l. 
he compliance of the gripper is he most Bg 

Oery in the asscmbly operation There e sutt 

robots for assembly operations, 

777777 

Q64. What are the requirements of the robot for spray-cpating applications? 
Objcct 

MaylJune-14. Set-1, Q8a) 

Answer Figure: Spray Painting 
The following are the requirements of a robot for spray-coafng applications, (a) Cartesian robots (Gantry robos 

Advantages of using Robots in Spray Painting 
Contizuous Path Contro (b), Revolute robots ("PUMA" okos) 

1. Consistency in operation 
Róbot requires large number of degrees of freedom for its nipulator a0d it'should possess the capability for following 

a continuous path to perforn smooth movement of spray painting, pctter than a human operator. (c)SCARA" robots. 
2. Less energy con_umption Cartesian Robots (Cautry Robots 

Hydraulic Drhve 
In spray-coating applications, hydraulic drive is mostly empioyed, vhen compár�d to electric drive and pneumatic drive. Optimum use of påint material 

Ihey are suitable for sinple assembiyo 

ave high accuracy 
and repeatability. 

Ihee n 

gppers ith 2 to 3 degrees of treeo 
SIA GROUP 

4 Higher product quality due to the following reasons, 
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ROBOTICs (JNTU-KAKINADA] (b) Revolute Robots 

They are suitable for moderate assembly tasks. PUMA (Programmable Universal Machine for ASSembly) ype robots (high leve! language robots) VAL anid VAL Ii or V have 6-DOF's. They have two coordinate systems, i) Tooi coordinate system 

(1) World coordinate system. 
SCARA" Robots 

SCARA robots are highly accurate and precise machines, which bas direct drive motors Tor allowing high speed, backlash free, fast and accurate assembling of parts. 
Q67. Discuss the single' station robotic assembly.system. 
Answer 

la singie station robotic assembly system, ail the parts that are required to complete the desired assermbily are presented 
to the robot at a single work station. All the parts mating and joining tasks for the asembly are accomplished at the single 

workstation. A single-station robotic assembiy system woultbe used for low and medium volume work, in which, limited number 
of assembl tasks and parts are to be handled. 

Assembiy fxuue 

Parts feeders 

PuTs feedèrs 

Press- 

Robot 

Grippers 
Figure: Single Station Robotic Assembly System 

The single work station configuration is not very fast, even for assemblies of relatively low complexity. The production 

rate of the work station is inversely proportional to the number of parts in the assembly. Larger number of parts assembly-by 

one gripper is difñcult to design. Thís system is economícal, for low-volurne automated production. Some disadvantages-like 

changing grippers during the work cycle and reorienting the parts, results in loss of time. 

Q68. Discuss the robotic series assembiy system. 

Answer 

Assembly robots are used in expanded production capabilities in the manufacaunng systems, Robots save the workers 

from tedious and dul assembly line jobs and increase production, and savings in the process. 

Assembly line constitutes the series assembly syst�m, which is used in many medum and high producion assembly areas, 

such as automobiles, household appliances, small power tools, etc. It consists of a senies of work �tations at which, only a few 

operations are performed on the produçt at each station. Each station works on difterent products, and the products are gradualy. 

built up, as they move down the line. The prodüction rate for this type of system ís higher than the single atation system. The 

work stations are handied by robots instead of humans in in-line conñguration 

consistingcomponents ike rear end bel, ont end' bel, rotor, stator, two brushes, Fwo bearings, vo screws 

ii : n he TTiF COVER befóre vOT buy 

Following fgure sbóws a series of assembly systems employed for motor assembly job:Anassembly.of an electric motor 
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