Poeumatic Actuators .

Hydraulic Actuators

1. | Operating pressure is low.

~

In this system, there is no need of return
pipes as air is the working medium.
These are fire and explosion proof.

)

4. | Accuracyis poor'at low velocities.

N

Output power is less.

Operating pressure is high. ’ Z
hreqmrcsrcaxnp'pcs,asmzcrmh:workmgmdhm.

{ 3. | These are not fire and explosion proof.
4.1 Accuracyis misfaam'y at all velocities.
1. Oulput power is high.

Q2. What are the advamgs and d:sadvantage'k of electric ac:tuators"

Answer :

Advantages of Electric Actuators

L
2.

-
J.

1t provides better accuracy and repeatability for eledric dﬁves. . o
Electric motors are more compact 2nd requires hmﬁoor area.

It can be used to operate linear joints.

Disadvantages of Electric Actuators

1.

Power or speed of electric system is fess, compared hydrailic system.

2. Itrequires an actuating system suc!Las D.C steppm’ motor or D.C servo motor. -
3. The cost of electric motor is more compared to hy, ulic systcm.
Q3. What are the advantages of AC tachometel;over D.C tachometer” :
Answer : c {Nov-11, Set-3, Q7(c) | Mocet Paper, Qiick
. The various advamaoes of A.C tachomcter mch( taéhométcrare, ' e
L lLusesaﬁltcr whwhchmnmzuﬂ\emdmlnpplwmusedmmcompm )
2. [tavozdsﬁ}ctlon,asnhasnompmgwmzctsAlso ndomno_treqlmea.lxush,' ’
3 “Less moment of Inertia. - ' K
- 4. ,. Effective measurement of angular ve'locity since it ilises a synchronous de}éqo’n
S. - CostofA.C tachometer is less as compaxcd toD. C chometer. .
6. " Radionoise is reduced. ) S N ' o 2
. SPECTROM 7 u-umg;gggm,mmﬁnqz;ﬂ STUDENTS' ———SIA GROUP &
!
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6.2 . " ROBOTICS [UNTU-KAKINADA] ' UNIT-6 Actuators Feedback Components and Applications 4
' i ; d on the object, § Q11. Whati
Q4. What are the drawbacks of incremental encodgrs? i . In triangulation, a fight ray is projecte ) is the output v,
: : i which illustrates the object and forms a spol on it. This spot is if the shaft angle I:‘;"i' Ofam
Answer 3 : . then seen by a device called as receiver. The triangles formed fias 10 tracks? Tadian 20d 1,
Jncremental encoder consists of a glass disk marked witff alternating transparent and opaque stripes aligned radially, which between the object. light sourcé and receiver determines the
arc-highly sensitive to light source. : rangs. Answer :
Drav.l?acks of Incremental Encoders In lapsed time method. 2 transmitter scnds the sxgnal The resolution = 2 - 1.
1. Tt is not possible to know the orientation of ob;ecl in arqlulc terms. which gets bounced on contact with the object. This bounced < =024 :
2 dtis difficult 10 know the position of object with respedt-to starting position. signal is then received by a receiver. Thus. the range is ! revoistion = 27 ragipns "
3. Theresolution is indcpendent of the number of tracks. determined by half the distance travelled by 2 signal. - o ;
4. The output is pulse train, whose frequency and speed }my vary abl’.lp.x\« Q9. What are the basic rules ahd procedures = Cutput = 2;" = 16297
Q5. What is control system? What are the differen} types of control systems? ’ followed in the use of robots in assembly? otz .
Answer : : ' . Answer : [AoriMzy-43, Set%, O5 | Modsi Paper-i, Q1(elj rvvnhﬁtslst:::k;e:oluﬁon in degrees 5.,
‘A control system is a systematic arrangemem of physidai comporicms integrated in such away. as to command, direct or The basic rules and procedures followed in the use of Answer : )
gulate kselfor 2o system. ’ robots in asscmbling are as follows, y . ot
Examples are automobﬂe driving system, robot opcranbn dxalocxcal system of human body, electric heater, speed contro} - . The number of incremenss 1
: Ease of Assembly ents
system, exc. < - Where
The two types of conirol systems are, ‘ ’ The parts required for assembling the product should be =
1. Open-loop control system (non-feedback controlsyste] 1;) - _ selected such that, they can be easily assembled. ‘ n = Number of tracks on £-
2 ‘Closed-loop control systems (feedback control systems). - : o Feeding and Orientation ’ o =8 =
Q6. Differentiate between tactile and non-tactile sgnsors. a The design of parts must be simple, so that feeding and _ Increments 28
Answer : . orientation for automated assembly are easily achievable. "~ Resolution
i - Tactile Sensors Non-tactile Sensors : Desxvn for anpers sy
71, | Tactile sensors are the contact type sensors, used  § 1. | Non-tactile sensors are the non-contact type sersors, . et 3
i for detecting the position of an object. used for mm-lonnn an object. A suitable gripping device should be designed for ease =256
i : ; 3 o . of assembly. In assembly operation, compliance is an imporiant
S : 1t requires object to be directly in contact with 2. |.ltcanbe o’rerah.d &ou? aspecified distancei.e., away - property for the design of grippers. The fingers which are fo The angular width of each
(5 sensors ﬁ)rrwmdmgépmmete; ) from an ob,lfcl _ be designed must be efficient and manageable to overcome 05 360
i 3. ) Tactile sensors measures force, torque, 3. | Non-tactile sensors measures or monitors the B any varations in the size and shape of the workpieces to be = ).,s -2 _"
i displacement, etc. ] induction, reficction. image sensing, efc. assembled. : . = 236
! i B h - 245 - A o)
: 4, | Swich sensors, slip sensors, touch sensors are 4. | Proximity sensors, magnctic sensors,.capacitive . - Q10. At tume ', the excitation voltage to a resolver = LA00Z.
| examples of tactile sensors. g sensors are cxamples of non-tactile sensors. ‘St:: V and the voltage across the two pairs of | Q13. At time t the excitation voitage 237
stator
Q7. Dlstmgwsh between proxnmrty and‘tacﬁle sersors used in tobotic applications. shaft at:;’:fa!s are 17V and 17 V. What is the 2‘.1 V. The shaft angle is 6,,0 SRS
Answer : [Dez 14, (ROS), Q5(a) | Mode! Papec-ll, Q1(c]] signal from the resolver’
‘Proximity Seasors Tactile Sensors HSWeE, 2 Modei Paper-IV, Q1(f) | Answer : NaT T T

1. | It mzy be 2 non-contact or contact type of sensor. 1. It is a contact type of seasor. ' A€ sin 17V X Given that.

2. | It gves infarmation about presence of object pear [ | 2. it gives information of the object, which is in contact : ’ 24V . . .
1he manipulzior with the manipulator. Excitation voltage 10 a resot

3. | It is used to determine speed, distance, proximity andf | 3. It is used to determine force, disp]accmcnt and other T e (17 \

1o detect mesal surfaces, etc. ] additional features of object like shape, size, sin { : .
: 2% J Shaft angle. 3= &
material, etc. ) -

4. | Different types of proximity sensors are optical scnisa fs,| 4. Different types of tactile Sensors are microswitches, . =45° o1 135° Qutput signals from the fesof ver s .
inductive sensors, czpacitive sensors, eddy current LVDT. pressure sensors, piezoelectric crystals, etc. And, - two pairs of stator terrinals gives as Soliows.
-$ensors, 21C. s

5. | These sensor finds iis anplwmon in safety systems, | {5. | Thesesensors finds its application in security system | - 17V Vs, = A sin(@)sn®
automobiles, coaveyor syst:ms, machine momtonno manufactare of automobiles parts, lamination of Arc cos - B }cos
Systems, eic. : batteries; efc. _ 24V N ) = A sin (@) cos

Qs. -Wnteshoﬁnoﬁaonmngesensors 5 : ) : _ S . "S=‘.’4sm60°‘7C By
7 B 7 ) H
Answer : . - . ‘cos“‘( 22 ] : ¥, =24c0s60° =12V H
Range sensors are pon-comiact type of sensors and ardalso called as range finders. It is used jin robots, to determine the .
large Gistances, surface features of objects and for detection of F obstacles. The working of these sensors is based on light, signals * . =135°or 225° :
ﬁwummmmmmmdmmmmtucmzngmaﬁon;ndlgpqedﬁme. :
. e s ' . Thesbaﬂanglemustbemso
“Lodk for the 566 B onithe TITLECOVER beforégoubuy <+ i735%
Lok for the SIA GROUP LOGC :{)} , o / sm:mun AILLN-ONE JOORNAL: FOR er{smssmne sraogm-s si1A GROUF
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ROBOTICS [JNTU-KAKINADA)

. ‘E A“TUATORS

PNE ’MATEC AND HYDR ULI'
Q14 Expiain the term “"Robot actuation” )

and feedback components

Aaswer

roducing physical changes such as linear and angular dxsplacemems which is obta;
s device, which provides the actual motive force for the robot joints and it can also
he dl\ph\. ements change. Actuators are dnven by one of the:followil ing
deid dhyvdraulic fluid)

@r {pneumalic air)

Model Paper-, Q8(b}
ined with the help

modulate the rate
three sources and it

 MBNPUIRGT requires the application of 1

he control theory to a mechanical subsvstem
ate the different types of devices used in a'ro!

bot control system.

Feedback
ETTINAN 3 sensors components
Whitors Control action
<f wanstission devices | components

d vetociy sensors

are used in robotics as feedback devices, _while actuators and power transmission devices
wmphish the control actions indicated by controller. Feedback components ensures the robot system for proper
or during the motion in workspace.
re the different types of actuators used for robots? Enumerate the advanta
of pneumatic actuators.

Answer :

ges and disadvantages

+ Model Paper-l, Q5(b)
Types of Actustors

¢. which provides the actual rotive force for the robot joints. Actuators are driven by different power
. oressurized hydraulic fiuid or compressed air. They produces physical changes such as linear and angular
-ll\n moduiate the rate and power associated with changes in dxsplacemenb There are thnze types of actuators.

O actuatony
inotor
Actuaror

T, wherein hydraulic energy is used to impart motion is cal]ed as hydraullc actuator. This actuator can pro;l:ce
Tque o drive the manipulator joints, without the use of reduction gearing and can be easily applied for robotic

i i i i i which is
reumanc actuator is powered by moving fiuid (i.e., compressed air). It uses the force of air applied to a piston, wh
o spoot. The working pressure is relatively low as compared to hydraulic actuator.
Clectric Motor

-Cir

. : ili i nim intenance required. Most
ic motor is 2 widely used actuator, as it provides excellent controllability Wlﬂt! minimurn mainten q
BTSN g 2 .C. servomotors.
commarn use ¢f clectric motors are D.C. servomotors, stepper motors and AV,C S
Advartages of Pnenmatic Actuators

L [ 1s eflicient for small robots, which possess less degrees of freedom.
"t licen be used to operate rotational joints.

sty Power s easily evailable.

Disadvznrages of Poeumafic Actuators :

i Preumatic actuators cannot be used for heavy Joads.

(1) They are not suitable for heavy duty applications., -

(i) They are jimited to low pressure operations only.

(iv) These actuators are not much reliable, as compared to otber actuato:s S ][uzed_euvuonmcnb
(v)  Maintenance 01 pn.c1sxon parts is very dnﬁicult, when Lhey are cxpose to poi

" Answer :

UNIT:6 Actuators: Feedback Components and App*@aﬁons

Answer :

where high speed and large forces are desirable. The fluid ih
considered as the heart of a hydraulic actuator. This valve it
are of two types, .
. (i)  Linear or two stage flow actuator  * o

(i) Rotary actuator or hydraulic motor.
Workmg of a Two Stage Flow Coatrol Servo Vaive

Tt consists of a small D.C pennanent-ma@et torquz notor and 2 deflector jet hydraulic amplifier, intended to produce

motion in the piston cylinder arrangement by proper contrdj

or counter clockwise. direction and alters the position of the deflector accordingly. This causes the prcssurized :eu:dtt o t;mz;;x:.
the right or lefi hand side of the cylinder and results in prespure dxfferepce, that finally moves thc mass anzc othe pi

Q16. Describe the working of hydraulu: actuato;.,

An actuator, in' which hydmuhc etiergy is used to infpart motion is called as hydraulic actuator. Thesé actuators are useg,

applied pressure is instantaneously transmitied to the memper attached to it. It consists of z servo valve.or pilot valve; which,

capable of producing an oil flow, pfopomonﬂ to the. currcnt suppli
by aservo amplifier, which enablcs the piston to move in theeylinder, producing linear or rotary displace

the hydraulic actuator is highly incompressible; as-a result of whi

nt. Hydraulic actuat

o

of the fluid. When current ﬂows, the armature rotates. in clockwise

¢ Fhid i e R TADOR s
' ;'I H Cylinder R
F!uld Bt Erom servo Fliid in N
' vaive ! Cylinder
L e
. . -
5 .
Mass, M E

Figure: Cylinder-Piston Arfangement in I(ydraulic I_(_ctqa_tn'r

Q17. What are the advantages and disadvantage's

Advantag&s of Hydraulic Actuators

1. Hydraulic actuators produces extremely laxge forces.

2. They enable precise control of low speeds.
3. i F requent stoppm& stamng and revets;ng of motxon cay
4. It is possible to.obtain controlled or vanable torques.
S.-  Easy to produce, transmit, store, revulate and control,
6. Possible to produce high power and force amplificatio
7. Distribution and division of hydraulic power is easxe:
8. Safe, compact and adaptable to other forms of powet.
9. Frictional forces are much less as- compared to amegchy

- 10. No mechamcal balancing problem mvolved in thm ai
1.

ngh eﬁclcncy of power uansm:ssxon. .
12- o Gencmes umform, smooth and steplm motxons w:th

bf hydraulic actuators?

[Nov-11, Set4, Q7(b) | Modet Paper-i, Q5(a)f

e power.
h i.e., more meclia:!_i_ml advanmge;_
od simple, as compared to other actuators.

 SPECTRUM au.-mot.is ioamm. FOR: zmmeaum =
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Dmdmnges of Hydraulic Actuators

More chances of hydraulic fluid lcakage, which is undef
Rus, corrosion and dirt problems reduces the long-rus
Hydraulic oils may pose fire hazards::

= Morc maintenaricé requm:ments

R R R i

Hydraulic oil characteristics changes with temperature
10.  Hydraulic oil causes corrosion of metal componeats.

Hydraulic actuator needs large infrastructure like high gressure pumps, tank, distribution pipe iincs, etc.

Vibrations may occur, due {0 the high’ pressurc operatiop
Manufecturing cost of hydraulic sysicm is high, since. f
Hydraulic power is not réadily available, as compared &

Srable in a working environment.
perations;

N

is.
farts requirc high degree of precnsxon nachxmna
5 clectric power, etc.

_fanat:ons.

. 018 Qescribe about the pneumat«c actuators.

i 'rm-1'1. Set3,Q7(9)

e e DY

- YNIT=6 Actuators, Feedback Components and Applications

The emperical celations which help in deciding the type of actuator are,

1. Actuator velocity in terms of input power, : ~—
- ~
V= g
A
Wherz.

¥ - Velocity of fluid
Q- Flow rate of fluid.

2. Force in terms of inpat power, ~
=2
. A
Where,

— Fluid pressure

A - Area of pision.

Also, the 2bove empirica! relations can be used 1o predict the payload carried by robot at siver
Y 050t 2t give

Answa :
PnemmncActuamxs T e - : Q19. What " S o0 spesd
2 . f are the advantages of using pneumatic drives in the robots? Dj "
. ;- : ) SCus: e
Pheumatic actuator is 2 powcr dc\ncc, used to drive the obot arms, by means ofcompacssed air as workmo medxumrTms prieumatic drives used in the robots with the help of neat sketches S the different .
type of actuator is applied to gripper for openmz and closimg of j3 as Pneumnatic actuator operates in the range of 0.1 —0.12 kibfir?. Answer .
Tbe schematic diagram of pneumatic actuator control L:,; is shown in figure (1), . Advantages of Pneumatic Drives
%;&’ I Pneumatic drives are reliable, as they possess Jess moving paris.
t P o 2. Components of these drives are readily available and air exists zbundantly.
R S 4 L/‘ 3. Compressed zir can be handled easily and stored for long duration.
[ PE— f
[ 1 :: ::: ; :]—l 4. These drives are very quick in operation and allows fast running cycles.
) : 5. Low maintenance cost
Pmsu:c ; Sooodary St
Coarol regabitor fiker L) Compressx 6.  Itcan be employed in explosive ar oW o
e mployed in explosive areas ard in wet conditions.
. Srkoary 7. The design is compact and simple. Hence, they are suitabie for small robots.
fibe & P ower can be easily available for providing transiational movement of slicing jorts.
* Az 9. Since, the working medium s ai, the robots are free from corrosion aad dust:
3 - . 10.  These drives are aiso used to operate mm actuators for rotational joints.
Figare (1} Pneumaf c Actoator Controi Unit : Types of Pnenmatic Drives
Airis passcd ﬂirough primary filter to remove the du 1 particles present in air. This filtered air enters mio cOMPpressor, The different types of paeumatic-drives-usedin
where the pressure of zir increases. The high pressured air is hen stored in the tank and itjs made to pass through dryer, which () Pneumasic diz m o es-used in the robots are.
reduces the moisture content of air. From the dryer, hxgh pressure ais enters mto the acf tualor thxough sccondary ﬁJtcr, pressu:e B 2p : gm actaor
régalztor and contro] valve. e . @) vlfc-tw_:.meumanc actuator.
. Where, v . . : () Pneumatic Diapbragm Actuator
® Swondzry filter is used to minimize the impurm:s of air. = "r':ssx:e gauge
(i) Pressure regulator is provided with a gzuge to mfeasure and oontro] the pressure of air. W !
*(iii) Control valve is used 1o control the direction of fluid fiow. / »\\
‘Comptm playsa s:gmﬁcant role in. the control unif  of preumatic 2 acmzior as the recmromnna monon of the. piston, AN
is. obﬁneﬂby the effect of compressed air Poetmatic achuzl :r wtiiises the oomnressed 3ir for Fctuating the linear joint of robot L T . ’
arms: Cylinder type pneumatic actuator is shown in figure (23 ¥ N : Contol P’;"lsﬁ“’ \ / ‘~ '
f : o regulator \ /
' Working fluid : yake V N
KA
F:kc.r Dryer  (X)
Pz
—
| Tk —
Frgure: Pnemmm Dnaphragm Amtﬂf =
: GROVF

— _ __SIA



6.8 ROBOTICS [JNTU-KAKINADA]

Feure illustrates the schematic diagram of pneumatic diaphragm actuator. These are employed in-many industries and in
sutomobiles for exhaust gas turbo chargers. These actuators are used due to the following reasons,
s

Gy tis very strong and reliable.

{13 Cheap and simple in construction.

1) Reduces the problem of material compatibility with dry air.

(v Mimmizes fire risk.
Working

The preumatic diaphragra essentially comprises of a diaphragm with the pressure regulator on one side and an atmospheric

sure valye on the other side. The diaphragm is generally made of rubber and is placed between the centre of the two steel
;cs. The conwol pant of the diaphragm gives motion to the shafi, which acts on a valve. The diaphragm acts against a returm
sprine which closes or opens, depending upon the working pressure at outlet. The displacement of the actuator occurs, when
-vlinder and diaphragm changes the exiernal force on the shaft. A position controller is required 1o control the negative effects
that infiuences the precision of positioning. :

(i)  Electro-pneumatic Actuator

Electro-pneurnatic actuator is a combination of pncumatic system and electrical system, employed for sequencing and
-antroiling applications. The common components involved in electro-pneumatic systems are, )
1. Actuators and Control Elements

This includes paeumatic cylinders, solencid operated directional contro! valves, motors, ete.

~

Energy Supplying Elements
This includes compressor to provide compressed air and 2 power supply, which may be A.C or D.C-source.

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

4. Processing Elements
This includes solenoid actuated DC valves, pncu:hati,c or electric converters, relays and fogic elements.

Working

Y ;
Single acting ¢ylinder

~—> Solenoid valve

Figure: Electro-pneumatic Actuating System .
The above figure shows the direct control of a single acx_i?g cylinder, by using an~ elacuo—pneut;‘nati'c systerz, A img}e
acting cylinder is controlled by a 3/2 solenoid operated valve. lnmally_, on pressing the push button If‘, ¢ piston [31 mor e;em
Lbe cvlinder by the actuation of solenoid valve. As long as the button is pressed, the (.:O.IDPIESSC(% air is supplxp‘d wﬁ e cy! m3 tr.
Ifthe push button is relcased, the piston returns back to its iniﬁal position. The left out air in the.cylinder is exhamw..l om port 3 to
the atmosphere. . . .
Advantages of Electro-pneumatic Actuation
This system possess many advantages such as, .
It can transmit signals'to a larger distances without any leakage or losses. Lo . .
All the valves in the system can be controlied Elcct%:ica]}y. . ; .

W

| is minimised with the aid of

UNIT-6 Actuators, Feedback Components and Applications

Q20. A double acting-hydraulic rotary vane ofl bucket actuator is used for a twist joint in a robot. The
and inner radius of the vane is 2.5 mm ard 0.75 mm respectively. Thickness-of the vane is 0.2 mm.
hydraulic power source can generate ugto 1000 kg/mm? of pressure to delivery to the:cylinder
rate of 100 mm%¥min, determine the angjlar velocity and torqde generated by the actuator. Also,
the power developed by the hydraulic agtuafor. :

Answer : - ;
Given that,
Inner radius of vane, » = 0.75 mm
Quter radius of vane, R =2.5 mm
Thickness of vane, 7= 0.2 mm
- Discharge rate, @ = 100 mm*/min = 1.667,nm*/sec
. Pressure, P, = 1000 k&/mm?
Apgular velocity,
k 20
&=y, ) ] PR
(2x1.667) '
= (257 - (0.75)2)x0.2

ApriMay-13, Se!

®=

LW =2.951 rad/sec
The’torque developed is given by, ~
1

T== PL(RP-r)

- %(moo ¥9.81) x 0.2 (2,57 - (0.74)

=5579.438 N-mm
T=5579N-m
Power developed by hydraulic actuator is given by,
PQ ‘
o= 1000
P = (1000 x9.81)x(1.667)
-0 1000

16.353 W

Q21. Explain electric and stepper motor actuatdrs.

Answer :

subéy5[l:$sc;tx1c actuator is a device, which uses electricalpnergy, to. @pm gxotion. _Elecu’icél actuator system has the folio

1. Switching Devices

(a). Mechanical Switches
(1) Solenoids = T -

(i) Relays. - . -
(b) Solid State Switches . I . ~

() . Diodes i SN :

() Thyristors . -

@) Tramsistors. .. .. ... . )

-2.."" Drive Systems = . : B : T . -
@ _ D.Cmotors- N _ . _ - o ) .. = T i

.(6) ., Stepper motors and A.C midtois L ' oL

Cw

. The time taken between transmission and recep! ! of signal

“Lobk for the SLA GROUP LOGO

- SPECTRGM ALLAN-ONE JOURNAL FOR ENGINE




6.10 'ROBOTICS [UNTU-KAKINADA] ; UNIT-6 Actuators, Feedback Components and Applications
"{a) D.CMotors . - ) ) Fccd‘bnck Drision of tasks ——— -..,ff' i
. . . ] . ’ 3 A Warkt Model o
D.C motors are streight forward 1o interface and control. § A.C motors and stepper motors” ace rarely used, because A.C ! n— Conplen |
N " . t vl npkex |
. maotors are difiicult to control and stepper motors have lowf torque capability. Stepper motor cannat be used for.Cartesian | VEION g " I;(Tk |
space trajectory tracking operations. " & » : f . - \ | g
@) Stepper Motors \ Gomed : . . [ “sompr: |
N . . N R i ; e ?' < 7 Task
The stepper motor is a digital device which converts eledirical pulses into proportionate mechanical movement. It is 8 B § l T: |
permanent magoet o »jmablc reluctance D.C motor. It mdves in accurate cqual angular increments, Kknown as ‘steps” in ( 3 P S
response to the application of digital pulses to 2n ¢lectric drive cireuit. The number and rate of pulses control the position 7 P B e y} Erementn:|
and spead of the moter shaft. . . g 2 | Move
Stepper motors are manufactured with steps per revolutioh of 12. 24, 72. 144, 180 and 200'résulting in skaft increments AR J
of30°, 15°, 5°,2.8°, 2% and 1.8° per step. [t is used indigirlly controlled position control system in open loop mode. The H Trajectory
input command is in the form of & teain of pulses to tum a shaft through a specified angle. It is either bipolar or unipolar. In 2 m:n:( “;cs i
bipolar, two power sources required. whereas in unipolar fingle powes sousce used. Stepper motor produces Jess than one 2 T
horse power hence, they are used in Jow-power position cgptrol applicatians. This motor consists of a slotied stator having - T Tom |
multipoic multi-phasc winding and a rotor structure carry ng no winding. The rotors may be of the psrmanent magnet of | > e—-—»‘ Coordimate |
variable reluctance type. This motor operate with an exig :val drive logic circuit. When a train of pulse is applied to the L ‘ ‘ I Transformation |
input of the drive circuit, the circuil supplies currents to the stator windings of the motor to make the axis of the air-gap T : 8.9
Seld zround in coincidence with the input pulses. The rotfr follows the axis of the air-gap magnetic field by virtue ofthe . I
- I
|

p—
Epvironment <7

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 ir figure, the comples iz
Canht extesh

(ii)  No sensors are feeded for position and speed sensing. . .
;- ‘ divided 'mFo_simplc tgslfs. A simple task consists of load which is further divided into elemental move and grasp. This eiemez::
. move is divided again in x, ¥, 2 trajectory primitives as action commands. The commands are then transfon;ed m'fo:m .
commands as 8;, 6,, 9; coordlpates. Finally, the signals are sent by means.of positional and velocity servo of rcspecli\; jor

. permancnl magpet torque of the reluctance torque depending upon the pulse rate and Joad terque.

~

(@) lrean be readily interfaced with MIiCrOprocessor. -

in both djrections.
axes of robot.

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

) Gv) Rotation can be possible
Applications )
@) Positioning of print heads.

@) . Pensin X-Y plofiers.

inear stepper motor 1S d esiened with a flat surface, as shown in figure below, which causes 1ts motion zloag the straizy

@ii) Recording heads in computer disc drives. o ) e,
(iv) - Paper feed motors in type writers and printers. . . » ] | .
v) " Positioning of work tables and tools in NC machiné toolj. ' .
(vi) Em loved 10 perform functions like metering, mixing, ¢ itxing, blending. snmng,. etc. N L
Qz2. Distinguish between servo and non-servo.robo : . What is the hierarchy of control for servo robots?
' ’ P N Al 1 [A;riVMai-Hs. Set-2, Q1 | Model Paper-ti, Q4(aj}
Difference between Servo and Non-servo Robots PRI ‘ "
Servo Robots 4k Non—s'{r?" _R"tf'?: o eedback . / //] / I}{;__ -
T 1 ) 7 jack, | 1.f1tis an open loop system, s it' does ot allow feedback. ) Ny : ! o
Tt is 2 closcd loop system 25 it allows feedback. These robots are also known & fimited sequence OF 1__ T m ﬁnv-:;:??_ B ‘/Z 4//1‘\
) fixed-stop robots. ‘ ) . . g . - ] X l;T & : LA \:I'\_‘m-_ Y. ‘-'\;‘;—‘ .
e nent is limited i e of obdis. : = ' + i i
Tt is a motion control system; which can detect 24 The mgvcmen,t is limited in these typ . | ] “'l- v "
' ‘ : igure:
aid compensate €rrors- . R The basic components of a li gure: Linear Stepper Motor
. 3}t It responds only to simple programs. o p of  liaear stepper motor aze 25 foll
Tt responds to complex programs. - ; A ;o L L Fixed sutori : s,
i ities. 4}l Ttiscapable of operating 2l higher speeds. ) rie., platen
It has wide range of capabilities. h p o ‘ ; ok . 2. Movable amature i.c., forcer.
» i . 5§ Itis relatively inexpensive- S : ., :
e ot It has high P"”i;i“ and celability. v | a moto;'n1 c:nptl:;m;ls = l?xed part of motor, which consists of 1 : . ] s
Tt has o precision and reiabilry G = pole pleces it 3 oot caer oo Of he platen of tnear ;:gbe; sor sz o ol i
. - ! . ) . 00 eac] le. . - r motor and has a moval ¢ armaturc copsisg 5
| meﬁ@y‘d o RObo*‘s wotste i [’.;!i'fy the task into subtasks in 2 him;ehiél ws{erﬁi . fl? I}Ot come in contact with cach s;; Etlllec}z::}}::,_f,:zem is in accordance with the teeth of the platen. Th; forcer and the ol
e, - B i b2 DO 2 N ' O 5 e i y . ! ¥
The controller of robot ca0 accomimodate — — B : = Eq:r :;;oyf the platent with an air gap. of mechanical roller bearings. The bearings prevent the ontact and
: c PECTRUN GLLN-ONE JOQRNAL FOR ENGIREE - 5 )
T GEIFONE JOGRUAL FOR ENGIHEERING STUDENTS —gip arove &




6.12 ROBOTICS [UNTU-KAKINADA]

When the current is passed through the coils of the forcer (i.e., armature),
to move 1n linear path by the movement of set of tooth with respect 1o next set
forcer 1s reversed, when the current supply is reve

its magnetic field changes and causes the forcer
above the platen. The direction of motion of the
rsed. If the current flow is stopped, the forcer tends to align with the desired
10010 :
Thus, the motor moves smoothly in either forward (or) reversed d
de-energizing of the field coils in the linear stepper by the motor control

Q24. Explain about A.C servo motor.

irection, depending upon the pattern of energizing and
ler.

. Answer :

A.C Servo Motor

A.C servomotor is essentially a two phase induction motor, except with variation in the constructional features of the

rotor, which is of drag cup type. ki possess low incrtia and good accelerating characteristics and hence, mostly preferred for fow
power applications. :

A.C servomotor is shown in figure. [t has two windings i.c. control and reference winding. The control voltage ¥ is given
as input voltage 1o the conwrol winding through the amplifier. The fixed voltage ¥/ is given to the reference winding. The phase
difference between the fixed voltage and the control voltage is 90°. The torque T, is developed, dug to the control voltage. J,.
and B are the moment of inertia of the motor and coefficient of friction respectively. The output 6,_ is the angular displacement
of the motor and ®,_ is the corresponding angular velocity.

- Fixed
l v, voltage
. ﬁ ) g
i I | L Reference -
i | o winding
Verable || j = e
or v~
control ll' l \ 8 I B
~vohage | 1 ‘ (outpu)
L . dlf ’
s Conmol winding

_Figure: A.C Servomotor Representation .

Q25. E_pr;in the working principle of D.C servo motor.
Answer :
D.C Servo Motor 4 . N [
D.C motoss which are used in servo systems are called D.C servo motors. It is essentially an ordinary DC motor excep!
with few variations in its constructional features. ¥ _ ) .
The D.C servo motors are usedwhen quick response to control signals and high starting torque 1s required. The figure
e D.C serv : .
shows the Jayout of D.C servo motor.
"Working Principle

2. | As the speed of the motor increases, the torque 2. The torque increases or decreases linearly with .
- | significantly decreases. ’ ’ respect 1o speed.
3. | Torque to inertia ratio is low. 3. | Torque to inertia ratio is high. s
43 Itis suitable only at lo“{ speed torque. 4. | Itis suitable for both low and high speed torque.
5. | It has low output power relative to motor size and} 5. "} Ithas high output power-relative to motar size and
. weight. ) i ” i ’ Fo R E
. 'ght. weight. - - .
6. | Noise is produced, when 10101 runs at moderate o 6.+ | No noise is produced.
- | high speeds. - T -
7..| It cannot aéce_lgmte the [oads abruptly. 7. | It can accelerate the loads abruptly.
- - 8. |1t doe_s not require any feigbqu device. 3. Y Y

UNIT-6 _Actuators, Feedback Components-and \'ppﬁcau‘ons s

When an clectric current flows through the agmature windings, the magnetic field"is induced in it. This induc
Opposes the field, which is set up by the permanent mapnets. The difference in magnetic field produces 2 torque on the rot
torque produced by the rotor will be constant throughapit the rotation, since, the field strength depends on the function of ¢

The torque of the D.C senvo motor is given as;
TGO =k I
Where,
7,, - Torque produced.
I, ~ Armature current.
k,, ~ Motor’s torque constant.

s 7

Q26. Differentiate stepper motor and D.C mofor drives of 2 robot?

Answer :

The comparison between stepper motor and D.

motor drives is as follows,

MayiJune-i4, Ser

Stepper Motor ’

"'D.C Motor Drives

1.1 A stepper motor is an electromechanical device yhich
acruates a continuous step movements of shafts
response 1o continuous input pulse.

2. Stepper motor is a form of synchronous machici.
3. | These miotors are designed with multipole, multip}ase
stator windings. R
4.1 In this motor, rotor is a type of permanent magrit.
3. | Stepper mofors rotates with known angle of '
"| rotation cailed as ‘step angles’.
6. | They require microprocessor circuit for rotation’

7.1 Power to weight ratio is low. '

Itis used in robots, when small amount of powefand
torques are needed.

9. | Stepper motors are rarely used in industrial robol 5.

A D.C motor drive is an electromechanical device,
‘which converts electrical energy into mechanica!
energy. : .

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

Electrical D.C motor consists of stator (stationary part)
and rotor (rotating part). .

In this motor, stator is a type of permanent magner.

D.C motors rotates with constant speed at varying
load.

They require electric current for rotational movement.
Power to.weight ratio is high.
It is used in robots, when uniform torque is needed.

-D.C motors are oftenly used in industrial robots.

Apswer : ’

Q27. Compare stepper motor with an A.C servipmotor in respect of torque and speed characteristics.

Stepper Motor

A.C Servomotor

1. | Torque-speed characieristics of a stepper motor i
non-linear, as shown in figure,
v .

A
Torque
[ey]
X
Speed (N) >

Figure: Torque-speed Characteristics

Toréue-spéed characteristics of an A.C servomotor is
linear, as shown in figure, ’ :
v

t

Speed (N) >
Figure: Torque-speed Characteristics

L SR TRy o by
- - ~ E fhe TTLE COVER“beforé you bu A
ook for tné SIA GROUP L0Go B IO

'SPECTRUM ALL-AN-ONE JOURNAL FOR ENGINEER)?

- It requires feedback devices such as encoders, resolvers;
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6.14 : ' UNIT-6 Actuators, Feedback Components and Applications
: : ROBOTICS [JNTU'KAKINADA] 6 . The standard serve is-used to produce a corrective plant input depending on the tracking error -
Q28. Distinguish between D.C shunt motor and D. C deries motor. 7' The bandwidth of fecd forward servo is small. whereas standerd servo bandwidth s large.
" Answer : 8- * Example for fecd forward servo is SIpper motor and for standard servo is D.C (fieid controlled) o0
D.C Shant Motor D.C Series Motor /9. Feed forward serve can function at low fi requencies also;
1.1 In 2 D.C shunt motor, the field winding is t. | {Tn a D.C scries motor. the figid winding is connected 10.  Feed forward servos arc used in acccleromelex;s t;r (::;wm disk drives and DVD. camera. recorders respec, i :
connecied in parailel with the armature. in series with the armature. 3 standard scrvos are not suftable for these appica . E
-2.| The circuit representation of 2 D.C shunt 2. | IThe circuit representation of a D.C scries motor is ¥ 11, Standard servois ideal for robotics and basic mo;(:n'cn
motor is shown in the following figure. - shown in the following figure. 3 12. - Standard servo can hoid any position over 2 t 20gc. ' 4 . 2
Gh -~ L ’ : Iy . " 13, Standard servo is a digital servo except for 2 microprocessor. which analyses the incoming receiver signals aze Z
] - . e Sty ?
‘ ' 3 4 the motor. B
= I, . T ! ’ : 14.  Potentiomeler is an essential element in standaid servo.
2 RS - ¢ la ! Q30. Distinguish between hydraulic actuators and stepper motors used joint actuation in r o
= 3 g obots.
- =1
g @ v 3 A% . Answer : el
=1 = -—
77} - 4 A ) ) Hydraulic Drives Electrical Drives
2 s : — Le : S . 1. | Hydraulic drives obtain their power from pressurized | 1. Electrical drives obtain their power fmn; eieciﬁi
Figure: D.C Shunt Motor. - Figure: D.C Series Motor ' : fluid. v -'
- . . : i - . . 2.{ These are used for Jarge robots that are 2. | These are iised for robots of all s
3.| The voltage an‘d current equations are, . 3. | | The voltage anq current equations 2re, employed to move heavy loads. , ¢ izes.
Armature current, [, =1 ~1g, Armature current = Series field current = Line current, 3. | These possess high positional stiffness and have 3. | These possess excellent controliability and precis
\Where, I, ~ Line current _ : a L=l =] highest power to weight ratio. They also provide > ane precisiea
‘ L v 2 se . ) s ; | greater speed and strength.
I,,, - shunt field current =" . Terminal voltage, V= E, + LR, + Ryo)- T ‘; :? need of any reduction gears. 4. | Reduction gears are used.
auy . i 6- 'n:gh malnl;nanye. . 5. | Low or negligible maintenance.
inal vi F=E, - . 6. ere is a i : g
Tgmxnal voltage, V=Ep+1, R . | for clelasn roo:: :e Ohi‘:l’d leakage, thus not fit 6. | No leakage, thus, better for clean room appliczton
4.| Sbunt field winding consists of large number of 4. | Series ﬁeld winding consists of few lums of thick wire ] o pp on. T
tarns of thin wire having bigh resistance dueto |- having low resistance, due 1o which, it carries full ; e coupies considerable amount of floor space. 7. } Occupies less floor space.
O - R 8. | These drives can be used to actuate either rotationa} 8. {7 i
which it carrics a small curtent. armature cun'em. . . foiiits or lineay joits: ona . icst’. drives can be used to actuate both rotationzi i
5. | Shunt motors are also known as conmnt speed | 5- Series motors are also known as variable specd motors it - and linear joints.

. . . State some advanta i . g —
motors. as the torque dcveloped is dn’cctlv asthe torque developed vmes imverscly with the speed L. v in robotic systems. ges of hydraulic power compared with D.C electrical servos with respect to usiqe
proportional to speedies . S : o . Answer : .

: i 1 .
. HEEN Tox — The ad
TeN i . N . . . e advantages of hydraulic power
) ’ I, Hydraulic power posst: power when compared with D.C electrical servos are as follows,
6.| Starting torque is low. 6. |fi Starting torque is high. 5 it possess high positional stiffness.
7.| Shunt motors can be started on no—load 7. ’ Serics motors cannot be started without load . M o weight ratio is high and provides greater speed and s‘n.ngth
. . 5
5.| D.C shunt motors are used in centrifugal pumps, | - 8: ‘ D.C series motors are used in traction W vork. driving 4 Ay ulic system can be used to actuate en:her rotational joints or linear joints.
. . C in
| reciprocating pumps, fans, blowers, eic. o | hoist trains, excavalors. crancs, etc. 5. It °1:dacy of the hydraulic power is more. | J
- . produces hig]
Q29. What is the difference between standard servq and feed_ forward servo? & Thercis oo :h .prc.ssures__ torque and inertia.
Answer : k : fMay/June-14. Set-1, Q2(b) 7 It provid generation of spark in hydraulic system.
‘A servo is a small device that has‘an output Shﬂ-ﬁ. h can be P°Slt1°n¢d 1o spec1.ﬁc angular posmons by sendmg the 8. - provides 2 wide range of operational Specds
servo a coded signal. As long as the coded signal exists on! the hput line, the servo will maintain the angular position of the shaft. Heavy loads are moved rapidly and in
As the: codedstgml changes, the angular position of the. nhangts Generally, servos are used’in robots to posmon the’ cnd Q32. What are the diff erent ty a precnselv controlled manner. ~
effector. It draws power propomonal 1o the mechanical load. : . N Answer pes of electric actuators used in robots? Explain their relative advantages:
‘1. Thefeed forward servo-is used.to reduce response tim of control. Types of El 2.
2. ‘Standard servo systems are reacn\'c and-they.suffer 1 between ‘the command and actual gosmons - o 5 ectric Acfuators Nov.-11, Set-
N “Feed forward servo prov:de velocity gain to the posm ]oop of the servosystem. 4 - R - ectric actuators are classified into ﬂm
P t Denvanve)g:mxs hélmcaseofstandard servo. : L 1. DCservom "YPCS They ar
4. /PID (Proportions! - - Integral - e ~ ; otor
s, rward servo (opm loop) is the snnplm <f mxol servo, if the mput-ompm mlatlon of th tem is exactly’ ) 2. A.Cservo motor ;
> o ... 3 Steppermotor.

; 'srmun ALLAN-ONE ' e : ,
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6.16 . R j e p
- : OBOTICS - ;i J
Relative Advantages of Different Types of Actuators - fUNTU KAKINAD_A] UNIT-6 Actuators, Feedback Components and Apglications £
Relative advaniages of different types of actators are as follows, ' Q34. A permanent magnet DG motor is coupled fo a o NY T
1 it 15 s2sv to interface 2nd control 2 D.C motor. S i load through a gearbox. If the polar momdhts o, —} +— (=T
N Uniforta torque rating for a D.C L of inertia of the rotor and load are J,and J,the M) o, -
S stng fora D.C motor. . gearbox has a N:M reduction from the mdtor
3 D.C motors are simple and highly reliable. ) ) - to the load, the motor has a starting torqug T, b ~ - . _ s
. . 4 - i 2
: 12.C mozors provide higher power to Weight rano and have hioh acceleration : a?: ao:?-ioal‘i e epomeand he load torqup is ) {27+ T
A C motors uses neither a commutator nor @ drush il . ‘ proportional to its speed (T, = ka): t’ M (S,
i A C motore rrariis ) . o E (a) Whatis the maximum acceleration thatthe - -
6. inAL motors. rotational movement is possible in reverse direction also. motor can produce in the load? g Q3. If a linear stepper has a pitch of 0.040 mm an
Better heat discipation capacity in case of A.C motors, ' i |y micro stepping is used to divide this distancs
Q Normiral speed is kept constant in'A.C motore : i _ : (b) Whatis the steady state speed of the mfor. into 400 micro steps (i.e., one micro step moves
) Stepoe . e N ) ) Coe ’ and the load? . the motor 0.0001 mm), what pulse frequendi
STEPPLT MOLOFS are ef‘tns“‘ﬂ) employed in zobotic devices. (c) How longwill ittake for the system to redch must be applied to the motor to achievi
i0. Stepper motors are highly compatible with sensing systems. a steady state speed? : velocities from 0 to 60 mm/s? ’
1 Stepper motors provide a rotational movemsnt in accurate equal angular increments. Answer : Ap,,-,,May.{s Setdjqs | Amswer : Agrifiay-13, Set-3,
12 No semsor is required for position and speed seusing in stepper motors. Given that, Given that,
Q33. For each of the following applications, what s a good choice for the type of electric motor used? Justify . o Pitch, £ = 0.04 mm
your choice. . Polar moment of inertia of rotor = J, ) Steps, N = 400
(2) Robot arm joint {b) Ceiling fan (c) Electric trolley Polar moment of inertia of load =, Resoluwion, R = 0.0001 mm
(d) Circular saw (e} NC milling machine (f) Electric crane Speed reduction =¥ : M Velocity, V= 60 mm/s
(9) Disk dri.ve head actuator  {h) Disk drive motor (i) Windshield wiper motor Starting torque =7, ‘ The degree of step anglle is given as,
(i) Industrial conveyor motor (k) Washing machine (1) Clothes dryer. ‘ . Speed at no-load = & 360X R,
. ! -
Answer : . ApriliMay-13, Set-3, Q3. max . . Ag= T
. — T Load torque, T, = kw. .
| SLNo. Application Type of Motor Selected Characteristics . ‘ ! N .
| - Ly ———e L - - - ; lied control motors - (@  The maximum accelération occurring at the start ng Ag= 360x0.0001
(a) Robot arm joint - Servo motor This type o footors are‘ca e . control motors, ) torque is given by, : 0.04
| as it-controls the variables such as mechanical : : . P
: : - Nt N T, . As=0.9
position, velocity and aceeleration: i L™= T _ o N . v 360 00
: 3 o b . 4 N=—=
(b) | Ceiling fan AC induction motor This type of motor starts up~easz_ly from rest Where, ‘ umber of step angles, o9 steps
1 and there is no need of any auxiliary motor. ) _ - ‘ The pulse count is given by,
: ' J=s+s (X P
(¢) '} Electric trolley DC series motor It has high starting torque. ..A.lso, can sustain ) | . adiva . - . . Ngx360
high loads at low speeds. : (b)  The torque at the motor is given by, E Ag
. gh . ! .
(@ | Circular saw AC induction motor . | It does not require brushes d@g normal . N N Where, N, = Numbsr of revolutions = 1
) rucning condition. Thus, frictional losses are _ .=\ | T, (o= 7 On . 15360
1 reduced. ) ) T N '_(;Em) ——— : Y
( iables such as mechanical ° . LAREY2 N i LD ST A, _
l (¢) | NC milling machiné Servo motor ‘h Caﬂ °°m‘1°l the ?{an‘ab o5 such 8 | ) - . ‘ 400 pulses .
‘ position, time derivatives, etc. . . The torque on motor is also given by, The pitch, P = 0.04 mm movement roues the shaft i
! .. tor - - - ' i . one revolution. The movement for 60 mm/s velocity is gV
i @ Blsetrc crane DO seres m is used in low-power position control “by, - )
(g) | Disk drive head actjator Stepper motor Iis u.s '_m OW-power posi( . &0
\ - applications. N= e
. It-is preferable, as it maintains constant speed. .
cobe drin T Synchronous motor ) o -
O'x) Dx.sk dn'\ e mo.or o motor . Itis desired, as it m c‘;l}s@t speeds 1500mps
(® | Windshield Wiper njotor - St with veryiiiglond. - e The puise frequency is givenas,
G Industrial conveyor AC induction mot?r - '
motor. i AC motor © 7| Tuis desired due to its reliability, low cost, teo
(k) | Washicg _machn}e } . . mgg;d construction and négligible mai tenance;
® | Clothesdryer. = 1. - - Ao == e E
- - —— TEE'COVER befGie you buy . = DENTS
366k for the SIAGRY I :
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6.18 , 'ROBOTICS [JNTU-KAKINADA] UNIT-6 Actustors, Fesdback C‘:’::mi
1 : hen speed of rotation. © = 500 7.p-7
Q3s. A D.C servo motor is used to actuate speed of robot joint. it has torque constant of 10 mm-kg/A and Whea s-’fx ‘: K
voltage constant of 12 V/Kr/min (1 Kr/min = 100! rlrnn) The armature resistance is 2.5 Q. At a particular a Backemi. ¢, - :/ (07 500
moment during the robot cycle, the joint is not hsovmg and a voltage of 25V is applied to the motor, - s =dexdve T
. ; =6V —
(2} Determine torque of the motor immediatedy after the voltage is applied. ¢ 6_, . ~e,) -
1 : K_(F, =6 .
(b) As the motor accelerates, the effect of bagk-emf is to reduce the torque. Determme the back emf - Torque, 7, = r:
- and corresponding torque at 250 r.p.m an{l 500 r.p.m. 2 . ‘
{c) Sketch a graph between the torque and th speed. ' : _ W
Answer : l AprilMay-13, Set4, Q3 o 25
Give that, A ) ) (¢  Graph between Torque and Speed
Torque constant, K = 10 mm-kg'A : . ) ) ) i\_\_‘
=10 x9.81 x 10~ A-mm » - ‘ .
=0.0981 N-nvA 4 '
Voltage constant, K, = 12 V/Kr/min : -
" =12x10%Krpm :
Armature resistance, R, =2.5Q g
. Initial voltage, ¥, .= 25 v : ’ 3
(a) Torqueafter Voltage is Apphed
The torque applied is given bv cquano-: 2s, ’ ) . L - - - T
i : ' o 20 N0 109 s
Tm=Km1a ! Spend (zp.)
{V,, —e, ) - Figure: Torgue Vs Speed .
-\ & ; ,EEDSACK compohsms POSITION SEN POTENTI_DMETERS RESOLVERS,
K, -Ki®) = ENCODERS VELOC!TYSENSORS :
o Bmlin T 267 :
" R, »037 Classify the various feedback devxces used in robotlcs
. . . Answer :
. tation, © =0 :
Initially speed Ofm’ 7 I Sensors acts as feedback devices to control the 2ctions of the manipulator arm and an end effector
. T = M’L) ; : : . . " Various feadback devices are clessified into two tvpes. They are,
- " R ) - ’ . ' [+ Tactile sensors or contact typs robotic sensors. It includes.
B 1. Force sensors
_ 0.0981x25 . ; . 2. Position sensors
25 ) X : 3. Torque sensors
7,=0981 N-m 4. Touch sensors.
- () Backemfand Torques at250 r.p-m 2nd 500 r.p.m , . IL ?Ion-’t;c:ilé SERSOrS OF non-contact type robotic sensors. It includes,
4 . TOXIMILY s2asors
250 rp-m t ~ i
. Whea speed of rotation; © = P: o . (1) Contact proximity sensor
Back cmf e, = K0 ‘ s - (i) Non-contact proximity seasor
=12 x 107 x250 . i (@) Optical proximity sensor
3V : ¢ - (®) Ultrasonic proxXimity sensor
B ' (©) Capacitive sensor
—¢ . f . . -
Sorge, 7= Koz S , (&) Fibre optic scanning sensors
Tm R, . - . . o (¢) Hali-effect sensors
0.0981x(25-3) ' . : : o (D Inductive sensors
T = 25 R ‘ : {2) Preumatic sensors
: ; = ’ ) - : : (b) Scanaing laser sensors
=0363 2. Electrooptical semsors .
: t 3~ R imag
.1 08N, S s S e duien, F e :
o e oot T ARl SPECTRAM ALl . e 8
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6.20

; ROBOTICS [UNTU:KAKINADA] UNIT-6-Actuators, Feedback Components and Applications k
038. Using block diagrams differentiate between a closed-loop and a i !
i i n open- t : Let,
with details of the actuator, encoders and type of actuatol:, motion cgntro?:%;:?: oaaiol speaten .
Answer :

k= Proportional gzin

SICT iS5 2 ane : , k, = Integral gain
A contro! _sysum 1s an arrangement of physical components connected or related in such 2 manner as to command, direct ¢ "N N .
o1 regulate nsslf or another syster. A control system consists of followin g elements, : } k,'= Tachometer gain. - y '
(1y Controlled variable I¢ V‘Ibc‘y .
i) Command - : —% L et
: ; . signal E; Net S S|

(i) Reference inpat . R T . g |

(iv) Actuating signal FER : ; ) 'Y =

. H H !
(v} Disturbance — Voltage constant |
(vi} System error . ’ . ) [:k‘:” L
. X S Tachometer

(vii) Feedback element, etc. : ' : . ) . (velocity feedback)

Control system are two types. They are, ’

1 . " 4coder

1. Open-loop control system ‘ ) . (posiicn feedbck)

:‘, Closzd-loop control system. : ' Figure (2): Bock Biagram of 3 Robot Jeint -

Differences between Open-loop and Closed-loop Co.ntrol Systems ) The impl ion of the cc Uler is done by niéroprocessor. It reads the value of velocity and position fram feed .
The differences between an open-loop robot control system and closed-loop robot control system are, - . devices and compare it with desired parameter. The errcr signal is multiplied with integrator and proportional gains 10 geperziez.
= - command sigoal for power amplifief Which drives the elgctric motor. The guantity of load may change during working cycle?
Open-loop Robot Control System ' l Closed-loop Robot Control System _] ! microprocessor perforras computations in support of cntrol function, to determine the appropriate value of damping constapt
- - | for change in-load rhass. i ’ ‘A
Actuating ) Input %% Control Output ] . : - :
s;g;;zl ~ System 1 Q39. Explam the principle used in the following sensors,

g [ i r——ﬂm rrrel \ {a) -Acoustic sensors

——4 Conrolier —"H System ; . _ ) o Eemen T (b) Prenumatic sensors

The changes in ourput due to external distgrbanqes’ - . The changes in output' due 10 external disturbances (c) Force or torque sensors.

are not correcied avtomatically. : are corrected automatically. Answer © N

Inaccurate and unreliable. Accurate and reliable.

Simple and economical.

.Complex and costlier. (@  Acoustic Sepsors-

They are generally stable.
Absence of feedback devices.

Greater efforts are required to design a stable system.

Acoustic sensors utilizes the principle of derecti
" Feedback devices are essential.

: A thedistanccofthemrge!byusingspwdofsomdinamedium.fﬁ:s;
sensors emits acoustic waves, which reachtes the target 3nd reflects back to the sensors. The system then measures the ime far.
the echo to return to the sensor and calculates the diste: =3

! I n ! hce of the target by using the speed of echo in the medium. The Gzure )
Error detector is absent. shows a typical echomode acoustic sensor. . ’ 25

Error detector is necessary.
<

Highly effected by non-linearities. Reducéd eﬂ"ect of non-linearities.

R SR

Figure (1) : f b @y Poeuis . S
. . - . . ; L . ‘Pneumatic Sensors
- - i jointis direc! . The output variable is the actual position - - H -
. - i defined position; to which the joint is directed to move. The output ctual po )
of the :‘Kgg:g zzmpuéfi;:eﬂ:cﬁonspgfthe joint controlfer is carried but by a micrOprocessor (sbown by dotled line), The

icy Echomode Acoustic Sensor

which }’sni:l‘!gn:;c ::;ls:x:e::iolirse_:;h the compressed air for sensing the object. Law pressure air is allowed to pass through a po:
064 1S 1 11C r. The air escapes freely fr. port, if there i ject. If an object is pla he!
seaso, the i o outout suss " marﬁw]yym i m the output port, if there is no object.'If an object is placed near the

. ot / acting on the arm by * W and is opposing
S actua coders, motion control signal, etc. The load due to gravily achiag oniae T08 - 7 ; i
?hbe ‘:rg_\?jz:;::ted b?rt;:;oto:l;bé term Jis the total jnertia of the system (kg-m?) which inclades inertia of gears, armature,

kg-m) W \ertia Of gear ° o s 2O ! / more pressure is developed in the :
3 Toud. B-LD (Propo: rtiopal-Integral-Derivative) control is used for the'joint, although the controller use}f:s’imly akl o;}:(l;pedlls carried out by using the sensor. The amountiof P re i d ‘opc 4 'mnl‘:r}' The m?:;tmmc;t:;g;or
arm and load. P-I-D (Proport v f . s N 3 : . . . : % : B - .
contoller! Damping is controlled By adjusting the gain of tachometer. : SUEITE - _ ‘ .
T Loor for.thé SIA GROUP LOGO + TPRCTRAM BLLANONE JOURNAL FOR ENGINEERIS '
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ROBOTICS [JNTU-KAKINAD A :  UNIT-6 Actuators, Feedb.ack Components and Applications 6
. ] Potentiometer . " . e
( : Itis 2 simplest device that can be used to measure position. “Potentiometer” is an analog device, Whos gy, o
Air outlet -—{— ] Object proportional to the position (angular o linear) of a wiper. They may be either linear or angular type W

. | 1
Low air ‘rcssu‘rc Inlet . ’

Figure: Pneuma:
_ Resistve e d ——>
ekement (R) e v ______,3__{}1

Force or Torque Sensors
Force or'torque sensors arc based on the princi i
iple of strain uge. When 2 force is applied on a stram auge, it results in
changing the resistance of it. The amount of change depends on i: force applied. g Figure (1): Linear Wire Wound Potentiometer
gu . N

The figure shows a wrist force sensor utilising strain gauge§ The sensor consists of two annular rings i.e., inner and outer Resistive
.’ rings, which are connccted to the wrist and end-effector end. The uges are mounted as eight pairs on the cross of the rings. The element (R)
strain gauges are connected in the form of wheat stone bridge. There is a galvanometer connected, which shows the potential of ,_g‘h

the sensor. As the force js applied on wrist, if changes the resistadte at one end of ring. This change results in current flow and
2~ leads to the movement of the ncedle of galvanometer. :
. Thus, the sensor detects the forces and moments-along thefthree principle directions. f;';‘“i

y
Strain gauges . .
: Rim connected ———— S | ll i
: © to wrist deflection. -
bars / g .
/ e . . L. - Figure(2): Rotary Wire Wound Potentiometer
Potennometer is used in robots to ronitor either angular position of a revolute joint.or lincar position of a prismatic it
- ( - P o e - . Above figures show linear and rotary wirc wound potentiometers. By applying a D.C voltage (¥,) across the wie
z . ) o h ' . resistance R, thé voltage ¥, , is proportional to the linear or rotary distance of sliding contact or “wiper’ * from oferene pord
(a) Wrist Force Tprque Sensor S ‘A
. r
' Mathematically, V. = Fin X —E
Where, » - Resistance of coil between the wiper and the reference. §
) = Q41. Write short notes on resolvers, .
e < Answer : . : : [Nov-10, Sek, Q7(a) | Nodel Papei 810
. . @ _“— “Resolver" is a robotic: sensory device, which is analogical in nature. It is an internal state sensor, whosc outputis proportor
! ! ' to the angle of a rotating element with respett to a fixed element point, It is a form of ‘synchro’ in which, the stator and i !
i . windings of the resolver are displaced mechanically at 90° to each other. It consists a single rotor and two staior indiog.
shown in figure below.

vt {b) Wh”ts:r“ Bridge . . K .
. : PR Figure: Force 0 Vorce Sensor - . ) - | | s
Q40. E,;pm,,'about position sensors. : e | |
: ’ arm. There 1sala!gevanety of devices available . K -y

T sttt o ”w«m":wmmmm“:‘ ST : |
for sonSl:‘lS l":;:’:;s;hc ;sosp::mn sensor is used to know th; pt;:;:lon of .e&d_l.lmm and en or. T e ) , C e ' . ) .
::x:risa;beeimenmwomﬂ‘""“ monmw ° "o,' RO SRR ‘ RS | - e . '
" There are twa types of positic Sqnsots. Theym' i e e s [ SRR . ; Sater | Yo,
@ Absolmposm"“ $enSOr - i . Y . S ot R : ' & % . .
LGy m@eméntalpwm’l“"sw m;;spomm’ . - N Figure: Electnul Circuit of 8 Resalver ' By
e wmon type of positon ¢283 smanam&uﬂe JOORHGL«FOR ENGINEERING STODERTS : ——sin ROV

LO




6.24

Characteristics

ROBOTICS .[JNTU-KAKINADA]

1 convists of devices used to measure position, velocit.y and ace
s - solver convents available A.C signal into a° digital form

N iz Synchic-1-Digital (SD), converts available signal into a vel
ved &5 2 servo system.

<leration of robot joints or end-effector.

ocity output.
o the separate input and output transformers.

sed as an incremental encoder.

A resalver produces torque output.

N 1t performs all the synchronous functions.

Q42. What are the d

Answet :

ifferent types of optical encoders? Explain them briefly.

Opucal Eacaders Nov.-11, Set4, Q7(a)

Opticai encoders are the devices c sed i i i i igi
R commonly used as sensors, which converts the linear or angular displacements into digital

Threy are grouped into two categories,

! Absolute encoders.

2. Incremental encoders.

I Absolute Encoders

- These are used © sense actual position with respect to fixed frame of reference. For cach increased value of resolution,

ditierent output digiral signal is obtained.
The constructional details of absolute encoders are,

) Thn‘:\‘ 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 digital signals.

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

imterference.

lots of irscks are of transparent and opaque, represented-with codes 1-and 0 respectively. Thus, the output digial
siguzl obtained is.a binary code signal. E .l

(i) Number or bits in the binary code = Number of tracks on'disc.
Example : An absolute encoder has 9 tracks on disc. ’
Therefore, it has 9 bits in its binary code.
Number of positions that can be detected = 2° = 512

C 360° .
. Resolution of encoder = 37 0.7° -

(v} They are also called absolute transducers, which enables the position to be sensed directly.
(¥i)  The main problem with the absolute encoders is that, the output values rapidly changes, during power-off conditi
Incremental Encoders c C : o R

* These ace used to sense the actual position with respect to the previous position. For each increased value of, tésplqﬂbn, )
same output signal is obtained.’ o . ' : T
The construction details of incremental encoders are,
(1) These encoders comprises of a disc, encoder shaft and motor. The disc and motor are connected by means of shaft.

(i) The disc is coated such that, it has alternate transparent and opaque siots. When the disc is rotated, the light is transmitted -

to the sensor through transparent slots and thus, output signals are produced.

(1))  These signals are then transmitted to the counter, 1o kriow the number of pulses or signals obtained, which results in the .
determination of total angle of rotation of the shaft. ’ ' o .

(iv)  The resoltuion of incremental encoder is, .

o o 360°-
Basic resolution =

Where, ) .
1 — 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 resolution of 0.144°. The resolution
and accuracy can be improved by using multiplier circuits and many other techniques.

i

i
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10 light sas
and detegt

7]

> OQutput
signals

rces S
ors _

¥

_._E. —

—_ 4_6 -

U‘-EDiso :

Figure (a): Ahsolum Optical Encoder

=
Shaft

Conditioning Photo
‘electronic detector

Figure {li

1
Incr

Q43. Exﬁlaln".abbut construction and working o
Answer 3’

absolute encoders.

Absolute encoders c,opsis‘tsi of _a'photo itter
disc is divided with opaque and transparent s_lots;\yhxch E
the output generated by the encoder results in 2 binary ¢
the signals:’ .

/

S
o=
ERCaEY
N
Encoder

shaft

Disc

) Figure (1): Absolute Encoder *

The above figure (2) shows a3 bit disc in which,

. or channels on the disc are same as the number of bits o \
" tracks are equal o bits, xesolution of this éncoder dependt on the pumber of tracks marked on the disc.

Elcctronics

Light detectors

photo receiver and a rotating disc connected to the motor spaft. Tha_
+ inown as tracks. Both these slots are acranged aliemately, su‘x:h w2t
de. Tracks are surrounded with LED pairs to avoid the urbulence

Figure (2 Absolute Encoders with 3its _
parency is taken as ‘1’ and opaqueness as ‘0°. The number of_tra‘_
¢ code, which is proportional to the angle made by the shaft As-

Example, number of tracks =8, then ‘Tumber of_bl




“. Number of increments/positions that can be dctect.e-

And resolution or

. ' =14
Hence. angular displacement is measured directly
Q44. Explain the velocity sensors.
Answer :

from

Velocity sensor is a device used in cor

h ntrol syst
sensor 1s 2 D.C tachometer. yerm of e

A tachometer is essentially an A.C
mature. Tt is described by the relation,
=k, (1)- @
Where,

generator providi:ié

Vo(n)—Output voltage of the tachometer (Volts)
k(1) — Tachometer constant (Volt rad/sec)
© — Angular velocity (rad’sec).
' d0

= —=(°

dt

a'devicelor in many cases, to increase the value of k,(gain co

and its response to disturbances. )
DiC tachometer provides a voltage output proportional to

Tachometer is used to provide velocity information to ntslIn

ROBO‘TIGS” [JNTU—K}_;KINADN

pet revolution= 20
) -
=256

Y

angular width of each increment = S U

bo
he encoder, ;
-_—

Noe-10, Setd, Q7(a)is
obot as feedback of veloeity information. Example of velocity

2N output voltage proportional to the angu[ar velocity of the ar-

,ntro]vlex'l.f'l'his @n.be used for pc‘rforming velocity control of
) in the system, there by lmprovmg the stability of the system

he armiiture rotational velogity (analog device function, whereas

_ Q45. Describe briefly about tachometers.
Answer : '

1. Electrical Tachometers
(i) Tachogenerators
(ii) Contactless tachometer

(iii) Drag cup tachometer N
(iv) Commutated capacitor tachometer.
2. Mechanpical Tachometers -

RO) Vibrating reed tachometer

(ii) Centrifugal force tachometer

(i) Slipping clutch tachometer

(iv) Hand speed indicator. L

~

Among the above listed tichom

Tachogenmerators . R .
Tachbgenemtoxsmqla;stﬁed xgtotwo types, o
(i).. D.C tachometer genmjatpr..v;‘l _ e
(i) A;Ciachometcr:gepera!or. RN . o

" digital D.C tachometer provides a pulse train output of a frequeficy proportiotial to the angulst velocity.”

. [Nov.-10; Set1, Q7(c) | Model Papér-, Q7(a)]

Tachometeris a spéed measuring device. [t is broadly cl{ssified into two types. They are,

hot :i:fers; most widely used tichométer is described below, .

)  DC Tachometer Generator - . e
N 1t éonsists of a pérmanent magnet and a small armature.

I aimaatir 35 placéd betwéer:the Dolés of the magret

to the-armature.

-object iwhose angular speed orvelocity tobe measuged, is c0upl

' (iif) Itis capable of 'perfunning §elocity controi fimction,

; -;p:tfgun‘ agg;ﬁ-dus:aduanat FOR ENGINEERING STUDENTS
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When thé object rotates. the armature also revolves in-the magnetic ficld of the permanen; mag|
i ial. i ic its in the 4 £ The current Rowine - o
made up of a conducting material, its rotation resuits in the generation of e.m.f. The Ck-mn..ﬁo\\\ng i he s
through commutator and brushes and thus. voltage is generated. which car be mezsured using a ROVIRS ot vt
of a short circuit. the current from the generator is limited by a sefics resistance. .
* The voltage enerated is proportional t the speed of the object and the dircction of rotation is detemuneg trony
. RIS ST
the output voltage. Nl
The figure below shiows 2 D.C tachogenerator,

—— Commutator

Vohmeter
\tl

|
|
|

Brushes Series
Resistance

Figure: D.C Tachometer Generator

@)  A.C Tachometer Generator
- The problems associated with commutatos, as inD.C tachomct_crs. arc not present in A.C tachometers, becayse
is wound on the stator and the magnet is allowed to rotate. The rotating magnet can be either an electromagner o e
magnet. :
The machine whose angular speed is to be measured is conrected to the rotating magnet. When the magst
flux lines are cutby the stationary coil and thus, according to the electromagnetic induction faw an e.m. s induced i
coil. The amplitude or frequency of the induced voltage gives the measure of speed as both the parameters are proges
speed of rotation. . o
The circuit shown below is used, when it is required to meastire speed in icrms of amplitude of induced vol:
voltage generated by A.C tachometer gencrator is rectified and smoothened, before it is measured by moving coil v

R

W
|
i

A A\ Moving Coil
- Q'/ Voltmeter

' Speed to be

A

I J—

. Permanent Magnet
" - AC Generator

Smoothing Circuit

Figure: A.C: Tach Generator

Q46. What are the characteristics of a D.C tachometer?
Answer : : .

' The following are the characteristics of a D.C tachometer,
(i) It enables feedback information in a robotic control system.

(it) " Its output voltage is proportional fo the rate of change of angular displacement of motor armature shafl
do ’

L., VO oc

(v) it he_lps in improving the stability of the system,
It has characteristic of analog device function,
It has.a dxgml egg.i\’ra]et_u measuring characteristic,
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Q47 Explain the working of any two proximity sensore ROBOTICS (UNTU-KAKINADA]

Answer
Proviminy Senpxory

emma! s:te sensors s

vally have a binary ouput and; is

b
. Proximity sensors can be class, used to determine the presence of an object

fied as follows,

Eddy curreant senso

Pneumatic sensors
Scanning laser sensors.
1. Contact Proximity Seasors
(2} Contact Red Proximity Sensor

F?ﬁ

* Coatact rod
X
A \cmor
{montoring

8
\ ner)

Figore (1): Contact Red Proximity Sensor

/
-
i
S
{

22 nd ard 2 monionng component (L.e., switch to change the position of an object), located inside the bo\_y of sensor. The
< coniponent caxn also be placed anvwhere or robot’s arm or wrist nitially, due to movement of 2 robotic manipuisator,
comes In contact with ap object or obstacte, by which the sensor becomes active. This resuits in change of stzte of switch
i.¢.. ON:OFF) 2nd is monitored by robot's input or output interface, 1o perform required operation or task.

TRis Tvpe of seasors, enabies the sensing of obstacie and object simultaneously. However, contact proximity senser caanot
2u0n zboul the nzture or shape of either object.or obstacle. But, the use of amrays with this type of devices furnish
o"c.,,ec‘ recognition :

. Nen-Cogptact Proximity Sensors . R
a}  Optical Proximity Sensor »

fe fype of contact proximity sensor is shown in figure (1). It essential lly compnises of a rod, which protrudes from .

/
£
5

UNIT-6 Actuators, Feegback Components and Agplications "~

Asimple type of r.on-contact proximity sensor is §hown
in figure (2). It operation is based on the principle of refipction
light from an object. An optica! proximity sensor compfises a
source of tight i.e., LED and a detecior (usually photodiode).
These are fited symmetncal towards one another afd are

separated a: a distance of about 8 0 10 mm. The lig ray$ |

coming from the source and detecior, intersects on thefsame
plane in the form of fong cone like volume, which dbfines
the sensor ficld operation. The cones of light is reffected
and intersected by a reflective surface. Thus, the refiective
surface is illuminated by the source and seea by the regeiver
simultzneously. Proximity can also be monitored in sgveral

-directions such as beneath and ahead of robot’s hand, iffnany

sensors are usad and are placed on a robotic gripper.
A graph is plonied to show the variation betwegn the
object disl:mce from the receiver and a photo detector vc tage.

k

1
/ q

Dsuace ——>
Figure (3}

Q48. A new experimental strain gauge is mounted

on a 0.25 mm diameter steel bar-in the ;

0.01 Q What is the gauge factor of the ga\ ge?
Answer : ApsivMay-13, Sel 2 08
" Given that, g

Diameter of ste2l bar, = 025 mm
" Resistance, R=120Q
Load, P=500 kg
Change in resisiance, AR =0.01 Q
The gauge factor is given by,

= (a7

uln

Area A =

= v
= — 257
4x_o_Slr

= 0.049 mo®
Assume, Young's modulus, £ =30 x 10 Nomey®
0.01x0.049 x30x10°

S 500 %120

=0245
Q43. A certain potentiometer is {o be used‘a’s
the feedback device to indicate position of 3
the output fink of a rotationa! robot joint
The excitation voltage of the potenbonetef
equals 15 V and the total wiper travei of the -
potentiometer is 320°, the wiperarm is directly -
connected to the rotational joint so t:hztthe
given rotation of the joint corresponds to aa
equal rotation of the wiper arm.
(a) Determine the voltage constant of tbe

(b) The robotjoirrt is actuated to a cerin
angle,ansngﬂn\dperposiﬁonwbes&*
De&nmﬂreresumngomputvokageof
the potentiometer. s

() mmmmuw
V. Determine the corresponding a:'gulat

Answer.: S
Given that, =
Excmunvo}aee. =13V =
Total angle =
(@ Voltage cqnsnmot‘ :hepoouxiom::
= 13/320 =4637 mVideg.

()  For the wipes position of 382 output volzge
=(3 x 48TV =1.T310 V-
(c)  For the ourput velage of potentiomester 1o,
angular position of ourput link,
=(20715) 3.75 = 30°
Since, the output link and wiper are directly connects
the angular position will be same for the boty. S
Q50. ﬁndmeou'q:mmtageofapomm
the following characteristics, "
Alsodetermmed':evotmeconshm(l(p)ofﬂﬁ\,
PA.
The excitation voitage = 12Vtotalmpertr&ve§
= 330°, wiper position = 56°.

Answer : + Now-1t, S, Q¥
Given that, . 3
Excitation voltage =12V 3
Total wiper mavel =330° T
: Wiper position = 56° T .
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Voltage constant of the potentiometer.
, _ Excitationvoliage
" Total wiper trawve]
12
K- = -
e 350
< K, =0.0363 Videg
Qutput voliage of the potestiometer,
¥, e (wiper position) x 1\”_
= 56° % 0.0363
b =2036V

cHpR

. An incremental optical encoder gives 360
pulses per revolution. Clock pulses at 2
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)? 4

Given that.
OQutput of incrementai optical encoder,
= 360 pulses/revolution
Clock pulse rate = 5 pulses/second
Capacity of counter= 1024 decimal (resoludon Jines)
i.e., the disc of i0 tracks'2nd number of positions dé-
tected is,

S 210 =1024
The encoder resolution,
21 4 0.352°
—_— = — = 0.5
1024 1024 :
* The maximum angular velocity that can be measured,
-5 x1024
360°
= 14.22 rev/sec
1422 =@
X

T 035 180°
=0.71 rad/sec

G < PROCE!

Q52. Whatare the general considerations in selectin:

* 2 robot for material handling? . L
Maytiuns-14, 5et2. Q8(e)

iderations to be followed in selecting

n are as follows,

ZAnswer :

The general cons
robot for material rarisfer ‘operatio
Part Positioning and Orientation

 introduced 10 the robots in 2 specified position and

In application. of parts handling, the parts should be

(i)  Minimum Distance Travel

The disiance iravelled by the parts in the material
handling operation should be minimum.

() Robot Work-Yolume .

The amount of work carried out by the robot should not
cxceed the specified limit.

(1)  Robot Weight Capacity

Robots should be specified with sufficient joad carrying
capacity, o ensure that capacity limii does not exceed.
(47~ Accuracy and Repeatability

High accuracy is requiréd in the pick and placc
operations of maicrials. Thercfore, robots must be built *
with high accuracy.

(§i)- Machine Optimum Utilisation

' Foran application to be effective. it is necessery that all
the cquipments in the cell should be used at optimum
jevel. In order to ensure the op:fmum utilisation of
machine, the robots should work effectively.

(fiii) Robot Configuration, DOF’s, Control, etc
Meximum degree of freedom’s 2re required in the
applications of machiac loading. in the operaticn 0f
palletizing and picking parts from conveyors, the
requirements for control are more complicated.

d53. Describe the material handling operations.
Answer :

Material handling operations involve usage of robots 0
rhove the parts from and to the machine and to load or unload
tke parts from the machinc. The three main operations are,

1.  Machine Load or Unload

While doing operation ona production machine, the loading
2w materiels anid unlozding of finished products is done by
rébots. This reduces the human effort and ensures minimum
astage of time. For example, in case of machining operation,
tkiz job 1o be machined is fixed in the machine and the final partis
chllected by the robot afler complction of finishing operations.

2 Machine Loading

In this operation, the robot only loads the raw materials
fr machining, while the finished partsare collected by scparate
afrangements. -

Exaﬁlple: Presswork operation, in which the parts to be
ossed are loaded by the programmed robot and the pressod.
phiris are collected separatcly.

3 Machine Unloading
In this operation, the raw materials are loaded by some
eliternal sources and finished parts are unloaded by a robot.

Example: Die casting and plastic moulding.

In order to improve the production rates, the robot
sisted workhouse is developed, in which; 2’ production
chine, robot, etc., are located. These workhouses are
:sigmed separately for different operations. Some are designed
sfich that, same identical parts dre produced, while in some

ofientation. : :
g Cripper Pesign ’ . o - | wWorkhouses, different types of models on different machines

For the pick and place operation, distinguished end- | o different times are produced. In both cases, robot plays akey

effectors should be designed. N 5 le in loading ot unloading the parts. :
e GROUP LOGO Q[P the TITLE COVER bsfoejou by

ications . 621
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- obot.

N eati of r
Q4. Discuss the matesial transfer applications f
Answer * R :on and moves 1i 1o another Joc
ick-and-pl sion. {he robot pickups the panmon»locaf-on nd 1 e e
In pick-and-place operauon, (K¢ aown location and orientatien. A simpl

H 1
. . . . ;Or L3 £
to the robot by mechanical feeding device or belt conveyor a2 ,r;bcf e ovessndosion et
stop the component to allow the part t0 be ripped by T0bOL- 79 2 5 i

ine hesi ration is shown in figure
ientation of the part remains unchanged curing the ravelling The basic OPC 'd t ; d ‘ 2; s
entaxt ' mE > : . <iup point 2nd put it down at the drep-of
orientat 4 £ freedom is required 10 {i# component from pickup poInt 2nd put L EONES oy ‘
involved. o:’; .cgreco he + between (hese fwo poSitions. [n some cases. a reonzntaiion of the component s 2z
DOF is needed to move the part DETAERE T !

during the move period.

! o Outgomg bek
conveyer

Incoming belt
copveyor

Figure: Pick-and-place Operation '

* Jn materal transfer application of robot. pailets are used for material handling and storage. Large cumoer
are placed on 4 pallet, instead of handling individual cartons. The pailets are moved mechanically withip the manufa
or warehouse, by fork 1ift trucks or conveyors. The only handiing of the individual carions arises. when the componeni
onto the pallet or when it is removed from the paliet The loadinz of cartons onto pallets is typically a heavy wor
manually by unskilléd jabour. A typical pallet configuration is shown in figure below. Each carion is placed ata dificent &
on the pallet, the variation in carton location is in three dimensions. The pallets are usually stacked on fop of each other e
as shown in figure. i

- s Palet
Figure: A Typical Pallet Configuration
perform desired motion pattern in palletizing operations. Also, SE25P =

“The robot is e
otis fo be programmed to ors a1 mCOTP‘“‘:;

to"»idemify carton locations i i i
s and their delivery point. Depalletizing operation is the reverse of palletizing.

removes tartons fromv.a pallet and places them onto a.conveyor or other Jocation ))
SPECTRUM GLL-IN-O y - i ] =
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- - ROBOTIC i nat .
—What are the desirable features of a robot | 3 — : S [UNTU-KAKINADA] UN|T-6 Actuators, Feedback Components andApplications e - - -
for successful machine tool load or unload robots increases the flexibility of the system and (i)  Precision Motion Requirements 5 Accurate welding 1500 7 e ./ 24
! application? reduces the material handling costs. Quality of the job depends 10 a larger exicgt on the | 4. Welding is reliabie 2nd repgeiebie with h‘&"P\'mab
S AR i ~ Nov.10.Set1. 08y | 10 They are effectively used for palletizing, loading and accuracy and repeatability. Therefore, (hese requiremicpls which | 5 waiging can be e2med ot ir: harmful environBegl
e desirable features of a robot for successtul machine unloading of irreaul. " ° vary according to size and industrial practice should lje cleary |- Robotic welding reduces the cost 0f l2bour 2ndi
o toeé ox enload applications are as follows p— g gular or complcx parts. defined, that helps in the selection of most approprigfe robot. oo
H 1 . 8 . saiety.
< bust Gripper iscuss the application of robots in plastic Gv)  Interface Capabilifies - = ilities
o Ttzllows the robot to handle the raw 2l o moulding operation, P ’ Robot must possess sufficient control capafjilities 10 | Q60. What are the desired cap:bsxlrpl andt
b _',r; ‘i'r;uhan 'ousi . .d ,h;a\\ matenal am.i finished Answer : work with different equipments in the cell. The contrdjler must of robots in spot welding 2in.
work FQL*C; cousty, due 10 which the production cycle A ¢ . coordinate speed and path with parameters of welding sochas | 4 pgyer
e roduces. obots are used in plastic in vire feed d power level.
" S jection moulding machines wire feed rate and power leve . Following are the capabilities and fzanwres of
(i) ngrn; of freedt?m ‘ for mass production: The figure below shows the plastic mould- (v}  Programming ) perform spot welding.
fo maripulate and position the part in the machine toot, ing operation with incorporation of robot. The robot should be programmed carelhlly for 1 It should have enough payicad capacity 10 manipylre
robot requires more humber of degrees of freedom of the arm continuous arc welding along paths with irregular shiapgs, weave ¢ - u:: : +1din ‘;.n for the zpplication.
a0 wnst : . pattern, ¢fc. 85 d orient the ueld?nggﬁn
) Good Repeatability Dupae D55 Whaiis Spot welding? Describe brigfly the | 2. Itshould besble to position &

s < |

‘operations involved in robotic spot wWelding. over surfaces of the product that are dificlt ©, yfeac

What are- the advantages of robotic Welding | 3. It should have increased numBer of degrees of
that help o mrrym« out the process with great

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

(i)  Palietizing and Depalletizing Capabilities over manual welding.

The use of robot i e Answer : 4. Capacity of conotler memory must be large er
B e T et vt i e s f o s | T s e
Yot e through electrodes or welding guns is known a g. .
:1;;“ 2‘:": 1&;:‘:\: )(:::‘:xrl:zgltlﬁizm cmtrolll»:;l a:;‘d . In spot welding, fusion is obtained by generating hgat atthe | 5. With change of £ models, robots raust be able W
-spe::iﬁed ms:_ accomptiish the ” . desired point, through electrodés. The electrodes are; upplm_! from one welding seguence to ot z :,
, . Figure: Plastic Moalding Operation i with: current for specific dumtxon of time, dependi i onthe | 4 Spot welding by robots keads ic improved pmduf
(v)  Programming Features Plastic moulding robot is of large servo wansverse type, ! metal thickness. i ‘ in the form of mare consistent and bewzr remnok
The use of robots allows several programming features | Wwhose applied capacity is in tonnes. They remove the runners, | A robotic spot \»eldmg consists of a robotic magipulator, locations of the weids.
in machining applications. In batch production of different | spruesand ejectthe products from the mould of plastic injection welding gun, controller and power sources. The magipulator 7 It leads to improvec safety duc 1o the abserce afbmnar_
parts, the change over of set up is required from batch to batch. | machine, which are in line ically. The benefits are - with several number of degrees of freedom is util ed. The | in the work environment, thus prevenung hazardshie
This change over causes the change in robot program among | reduced labour requirement and increased output leading to W eldm% sun l; situated on the robot wrist in connecifon with electrical shocks and burns.
differert batches. Thus, the robot mast have high storage | [0Wer unit costs. controllers and power sources. : e
medium like disks, tpes, etc., for storing and changing ar;c The robot may be-linear (cartes:an) or amculatcd arm "l‘he o metal‘ pieces are placed onthework tab‘c. Then. §- i‘ vdne: berer Lvm:.li?!: o;;ﬂp.k;;:o?::: c;:odx_ 2
mumber of programs in between batches. Robot requires | type. Linear robots are mounted on €ither the fixed or moving squeczing of metal siixfaces between the clscirodes Famried e:e;nl l: ug;z : roe:s_;, _;»m zory control.
another programming feature for machining i.e., it must be able | .plate and with the main axis of the robot at 90° to the moulding by generating hea for specific time. Thus, welding isjdone by i
10 accept pro for too or pallet changes. ‘machine axis (fransverse) or in line with the moulding machine application of load and heat on the metal surfaces. The robot | Q61. Explain the advantages of using mbo'.s T
Q56. Whatis the role of robots in loading and unloading? axis. Transverse mounted robots allow part removal at the front then releases the rhetal surfaces afier welding operatipn. welding operations-
Apswer:s or rear of the machine, while longitudinal robots allow partsto * : ’ . Soints Answer : Nov-4d. Set-3. QS(2) | Mot ﬂ:*’-ﬂ:

deposited at th ine.
1. . Robors are used for loading raw materials and unloading !;e posiied at the end of the maskine.

Arc welding is a continuous welding procsss, in
finished products in manufacturing process.

fong weld joints with air tight seal is maintined in bev

2. Increases the rate of production and minimizes the idle Arm —— ) A two pieces of metal bemg joined. The process uses an & =
time. . : . in the form of rod-or wire of mezmi to supply ibe high =
3. {lobom are highly efficient, while working in hazardous | Q58 What are the features of robots in arc welding? Upper electrode current needed for esiablishing the arc.
eavironments. Explain. ° Maal Cagrolle A continuous path servo conirolled robot that &
4. '[“m. parts al:e loaded with hxnh accuracy, thereby Answer : : J anp I : specifically designed for single application is used. The
eliminating human errors. i be welded are positioned and held in place, the 3-dim
End e
S Robots are also used for loading of 100ls, special fixtures . Following are the features of robots i in are welding, 2 . effectors 2 Poyer path can be prt-uuehl and no external sensors may :
or anachments, etc. on a machine. ()  Work Envelope and Degrees of Freedom > suply The position sensar is nlaezd in froet of \he welding tooL,§ g
6. Handling of parts in a work cell, containing multiple Work envelope of robot must take into consideration, : Wosk & :
machipe 100l ' ) the size of the parts being welded and space required for the - . uble i
s manipulation of welding torch. Generally, an arc welding - . £k F
£ The robot is used 10 load the finished pzoducl into-an | robot requires five 1o six degrees of freedom. Lesser degrees ! Figure: Robotic Spot Weldmg z
inspection gauge for quality inspectio. . of freedom affects thé motion capability of the manipulator. . Advamages of Robotic We\dm" Over Manual Welding i
8. The parts are loaded on functional testers, wh:ch () Motion Control System . . .1.  Robotic welding consumes less time than manual
Robots should be able to produce smooth continuous . |- welding. Hence, the work can be performed qejickly. for welding complex contours. The robotic welder c6

measures the responses of system to.certain commued miotion xequu'ed inarc welding to mammm umfmty of the

: Efficient and accurate welding can be ac’mevcd
weldanseam . . : S

xobouc welding.

y using the arc time effectively, which déﬁnes the weld sxeng
following are the advantages.of robosic \stldmo
un ﬁLL-iH-ON" ]OﬂRHﬂL FOR ENGINE Hﬁ STUDENTS — -

inpuss,
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(i) Improved safety aspects in working environment
(iif) Better control over welding orocess

(1v) Higher productivity

(+} - Optimum wtilisation of electrodes

W AR

Tncse SCAsOr systerns are classified as,
{) Arc sensing systems

(i) Machine vision systems.

"Arc sensing systems, also.called-zs through-the-arc systir
measurements can be of current (constant voltage welding) or the

Robol Is programmed to perform a wave pattern. This wavin
f the welding torch. Adaptive positioning of the torch is done by
ystems). when it encounters the urcOulzr edges or geps.

«elding torch. Robot must be programmed for the desired welding
sSystems arc followed. Generzlly, single pass system dctecss and o)
“pass. Double pass system initially do a high speed scan of the sead
Second pass, welding is performed after analysis of the deviations

ROBOTICS [UNTU- -KAKINADA]

S is based on feedback measurements. These feedback
oltage (constant current welding).

motion car be inicrpreted as vertical and cross seam position
the controller. by regulating the art length (constant current

Machinc vision system consists of a vision camera in ordhr to view the weld path. This camera is mounted near the

bath. Two approaches i.e., single pass system and double pass
rects the variations in the weiding seam in just one welding
to record any deviations from the programmed path. In the
Ty the controller.

Q63. Discuss the problems for robots in arc welding.
Answer g

Pmbiems of robots in arc welding: .

It becomes more difficult to weld components involving lar]

If the variation is in the dimensions of the parts, the path to

Robots in arc welding do not have the sensing capability,
compensa*ma the above variations.

Problems occur in positioning the robot while p'-rFormnr-o ar
ship hulls, etc.

Demand for skill and judgement from the robot is difficult t

e amouni of vanztions. : .

¢ followed changes slighily from one part to the other.

Variztion in the cdees and surfaces of the parts to be we{deci(i.c., irregular edges lead to errors in gaps between the parts.
kill.and judgement when compared to a human welder in

welding in confined areas like areas inside pressure vessels,

fulfill.”

64. What are the requirements of the robot for spray-d

nswer :

The followmg are the reqm:emems ofa robol for spray-coa

Confinuous Path Control
umber of degrees ¢ of freedom for its m

yating applications?
MaytJune-34, Set-1, Q8(a)-

ng applications,

inipulator and it'should possess the capability for following

Lookifor the A ‘GROUP L0GO 5

UNIT—G' Actuators, Feedback Components and Applications

(a) " 1Inelectric drive, geneaally spark is produced, which may .

ienite the paint fumes.

(t)  Inprcumatic drive, the motions generated arc too ematic
or uncontroifable. which js unaccepiable for spray-
coating applications.

-Manual Lead through Programming

a teach arm may be used instead of aciual robot. as actual robot
is heavier and possess difficultics i manipulating smootaly.

(iv) Multiple Program Storage

The use of robot in spray-coating applicaticns, requires
multiple programs storage for different styies of spraying 2nd
it also requires the capability to quickly zccess the program for
current Dan Robot requires large memory 1o setup programs
for different styles of spraying.

Q85. Explain how the robotis used for spray painting
applications.

Answer : Nov.-10, Set-2. Q8(b)

Industrial robots are used to perform spray painting to
avoid hazards to humans like fumes, mist in air, noise from
nozzle, fire hazards and cancer hazards, etc. ln robot spray
painting operations, the spray gun is the robot’s end-effector.
Robots employed for this purpose arc capable of performing
both straight line and continuous-path motions. Programming a
spray painting robot is performed by a highly skilied operator.
The spray pzinting application doss not require the use of
external sensors.

Spray-gun
{End-effector)

Figure: Spray Painting
Advantages of using Robots in Spray Painting
- =

1. Consistency in opé'mtion

5. Higher productiviny 62

S, Im TOved safer
pr safety E’JCL“\O ‘

7.

Process r2licnalization

8. Reduced direc iabour ¢ oSl ere
Q66. Discuss the applicatio -

(v1) . Elimination of human €ITOTS cic. (i)
. : Manual iead through programming is considered as the assembly operations NS of robots i
F system. 1 most suitable methed for teaching the robot. in which the robot . omzz
i arm is moved manuzlly in the desired motion patierns, withthe | aApswer - Now-1_ Sers e
Nov.-11. Set-2. Q3(0) ! help of skiited human operator. While programming the robot, SN gy o

Assembly is defined 25 fi ing o
\

parts together. to form a new :ukas\c_nbl\ s

consists of the sequential addition of compogers

to creaic a more comp;cx subassembly or 3 como}
¥ 07 3 Compila

s

Fastening operation USING SCrOWS. s

rivess. ete. and insertions of shafis in v

assembly operations. Assembly Operations azs gz,
basic types,

(i)  Parts mating
(1)  Parts joining.

In parts mating, two or more perts ez =
contact with each other, while in parts joinrz. to oz

parts are mated and then additional steps are adopias e
that the parts will remain in contact with each other.

Example: Peg-in-hole assembly tasks.

There are two basic assembly sysiem configmmeie
a single workstation and a series of workstaiions (2 asit
line). Combinations of these two basic types are als pssit

The design for robotic assembly deperds 0z
of the product. The design considerations ar.

(i) Ease of assembly
(i) Feeding and orientation

The compliance of the gripper 5 m- .
property in the asscmbly operation There ¥
robots for assembly operatians.

. (a) Cartesian robots (Gantry robots)
api VAT 0005
() Revolute robots (‘PUMA o

(¢) “SCARA" robots.

. Robot requires large 0 ting, pertter than a human operator. - ' : '
o e ovement of spray painting, ; - 2. Less energy consumpti .
continuous path to perform smooth m ; i “(a) Cartesian Robots (Gantry Robofs!
Hydraulic Drive dm.iac drive is mostly employed, <vhen compared to efectric drive and pncumatic drve, . el it el They are suible f"""””’”ﬁ;‘fb‘)ﬁw
i sty —coating applications, by e I - R N B 4. Higher product quality have high accuracy and NP“O £ freedom.
¢ lo ‘the following reasons, : ' : : . grippers with 2 to 3 degrees o
u S - : sia R

S —
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6.36 _ ~- o
(b) Revolute Robots — ROBoncs (INTU- KAK!NADAI’

They are sutzble for mod
Cralc -assembly tasks. gram 4
{meh leve! langua 4 PUMA (PI'O
ge robots) VAL arid VAL I or V= have 6 DOF sn'll?;:' ‘[:;‘; ?81 \Aa:ihme el “'?C f°b°*5
‘G C00rdmare systems,

(i) Tooi coordmaic System
(1) World coordinate system. .
{¢) “SCARA” Robots

SCARA robots are '
!°th accurate a.nd
precxse mach Lo
free, fast and accurate assembhnc of parts. s, which s diect drv e motors for allowing high speed, backlash-""- . ¢

Q67. Discuss the single’ statlon robotic assembly."-system

N

Answer :
In single station robotic assemb em ail- the aﬂ. that are required to complete the ec assemoly are p
ic des esen
g tic assembly system, > parts that an ired ¢ lete the desired bly aré presented - : ;

10 the robot at a single work s A A
worksiation. A singjec-,statioz:k 5;3 hon. Al ﬁfe parts mating and joining tasks for the assembly re accomplished at the single
g robotic assembiy system wouldbe used for low and medium volume work, in which, limited number -

ot assembly tasks and parts are to be handled.
) ' Assembly fixure .
. ‘Q’Jy . S ' l : . | g

[e

‘Figure; Smgla Station Robotic Assembly System
n.is not very fast, even for assemblies of relatively low complexity. The producnon :

ional to the number of pirts in, the assembly. Larger number of parts-assembly- b) :

The single work station configuratio.
economical, for low-volume automated production. Some disadvantages- like

rate of the work station is inversely proportl
one gripper is difficult to design. This system is
changing gnppers during the work cycle and reorienting the parts, results m loss of time.

Q68. Discuss the robotic series assembiy system.

Answer :
Assembly robots are used m expanded production capabﬂmes in the

from tédious and duﬂ assembly line jobs and increase production and savings in the process
series assembly system, which is used in many m°dmm a.ndhx,hprodumog asembly areas,

fiances, soall power tools, etc. It consists of a series of work stations at which; only a few- -
different pmducts and the productsare gradually..

Assémbly line constitutes! the

manufacmnno systems Robots sa»e the workers .

such as automobiles, housebold app

rmed on the product at each station. Each station works 03
stem is hlgher than thc sm,lestatxon system, The IR &

operations are perfor
built up, a5 they move down the’line. The producuon rate’ for this type of sy
handied by robots mstead of humans in "in-line configuration.

i? (;n;&mo figure shows 2 series of assembly systems employed for motor assembly _]Ob An assem
rotor szator, t\w brushes, two beann,s, YO SCTEY

'_:CQDS;STIB

G bmponents hke rear end bcll front end beu,
R An +ha i 'r-' COVER . befor
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