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-‘:/(The resistance welding may be defined as the method in which a
sufficiently strong electric current is sent through the two metals in
contact to bewelded bringing the two pieces to the molten state and
thus app}yfng mechanical pressure at this time to complete the joint,

4 20 Advantages of Resistance Welding

~ Resistance welding has a number of advantages as noted below:
(1) Itis a quick method of joining two pieces,
(i) There is very little wastage of the metal,
(iii) The process can be accurately controlled, and
(iv) The welds are consistently uniform.



UTILISATION OF ELECTRICA| POWER
414

This type of welding is particularly .well .suited to all form of
tom:;:ic i;,-oduction. The following electric resistance welding p
au :

ses are commonly used :
(@) Butt welding,
(b) Flash welding,
(c) Spot welding,
(d) Seam welding,

(e) Projection welding.

rocesg-

(a) Butt Welding. In this process, heat is generated by the contact
resistance between two components. The faceg of ‘the componentg
should be machined or edge prepared as shown in Fig. 4.13. The tw,

Mechanical

P e Work Mechanical Supply
SU r N -
T ‘Pi?aces pressure Primary winding
= ] of many turns
[ ['Joi nt— A

o
Welding

| N ~—% Welding
f %}g&/ ] transformer

: C Mechanica transformer
Mechanical @/ jaws N\ pressure
pressure Shaoriiary | A
e e o e - winding of == —
Elementary circuit one turn uz@\
Jjoint Clamps

Electrical circuit
(a) (b)
Fig. 4.13. Circuit diagram for butt welding.

parts or components are brought together and the pressure is applied
along the axial direction by a spring. A heavy current is passed from
the welding transformer (which is having comparatively larger number
of turns on the primary and lesser number of turns on the secondary)
which creates the necessary heat at the joint due to the comparatively

high resistance of the contact area. The metal at the joint melts and the
two parts fuse together producing a bulged joint,

Applications. The main applications of butt welding are :
(i) Where the parts are joined end to end or edge to edge.

(i) For welding Pipes, wires and rods,

diff;f;,ﬂﬁh tW eldx'ng, This is similar to butt welding except for the
are broughs 3 in l:.hls case current is applied to the parts before they
" g T}% ) Ogether so that when they meat arcing or flashing takes

© e WO pieces to be welded are clamped strongly in a flash

th . : rought together and the resistance to

b broght L SO, A o0 s e otal i
) . INg temperature, th i nd the

pieces are rapidly broyght together unde € current is shut off a

this action takes place

the squeezed
flash, hence the name. As the metg] irsl
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gGTRIC WELDING 415
E

re forced together un@er high pressure which forces fused metal
piece? out of the joint making a good solid weld. Fig. 4.14 shows two
and § 5:)%, etal before and after being flash welded together.

jeces
P! CLAMP HEATED AREA -CLAMP
,:__:34::::::;3 -— OO
€ L ash PRSI R RE.  AFTER wELDING.
10 TRANSFORMER
 TRANSFO

Fig. 4.14. Flash welding.

Applications. This method of welding is used extensively in
roduction work, particularly in welding rods and pipes together. The
f?lash method has almost entirely superseded the butt weld method.

(c) Spot Welding. This is the .simp.lest and most universally
adopted method of making,r lag welds in thin sheets up to a maximum
thickness of 12.7 mm. In its simplest form the spot welding machine
consists of a transformer to produce high current at low voltage :
electrodes are connected to the ends of the secondary winding for
leading the current to the work and to apply the necessary mechanical
pressure. In addition, there must be a mechanical arrangement to bring
the electrodes in to contact with the work.

A diagrammatic representation is shown in Fig. 4.15. On this are

shown :
FINE SECONDARY  PRESSURE
INDIN UPPER-
“\JAPPINGS _ WINDING 4 WORK ) MOVE ABLE
PIECE ARM
* -
AC SUPPY 1 1 Sl" —
3 |20vVIe 2
COARSE
TAPPINGS ) Z LOWEE FIXED
PRIMARY WINDING X M
WATER COOLED
TRANSFORMER ELECTRODES

Fig. 4.15. Spot welding.

1. The transformer,
2. The electrodes.
3. The electrical control switch.

tl‘anItf s used to provide tappings on the primary winding of the
cun.S ormer to regulate the secondary voltage, and thus the welding
indiy, - common arr angement employs tapping at both ends of this

Wingd; al : th
mendtmg" one end giving coarse adjustment and the other fine adjust-

I
Pr essgdt{)le Process the materials to be welded are overlapped and
Is Passeq €tween two water cooled electrodes and a impulse of current
Cated y Lhmug.h the assembly. The metals in the zone of pressure gets
Spot we B Lo fusion and joint thus made gets cooled under pressure. For

‘1€ 5,000 Amp of current is required and the voltage between




e the electrodes is usually less than 3 volts. The
e open circuit voltage is less than 12 volts. The
value of the welding current, the time for which

'_““.'\'“";’"_ the current flows and the pressure between the
AN electrode tips (made of copper or copper alloy)

SPOT WELDS are the main factors affecting the quality of the

spot weld. The time period of flow of current

Fig. 4.16. Spot welding. varies depending upon the thickness of sheets

and kinds of metal etc. for thin sheets this

period is about 1/50 sec. for each 0.26 mm of total thickness of the two
sheets to be joined.

Applications. (i) It is applied to welding of sheets.

(ii) Ttis used for fabricating all types of sheets metal structures

where mechanical strength rather than water or air tight-
ness is required.

(iii) It may be applied to all types of boxes, cores and enclosing
cases etc.



Seam Welding

The seam welder differs from ordinary spot welder only in respect of its electrodes which are
of disc or roller shape as shown in Fig.28(a). These copper wheels are power driven and
rotate whilst gripping the work. The current is so applied through the wheels that the weld
spots either overlap as in Fig.28 (b) or are made at regular intervals as in Fig.28 (c). The
continuous or overlapped seam weld is also called stitch weld whereas the other is called roll
weld.

Ak

. : L" ) [r——]
Supply e — i

% ..ﬁ:"l;_.l‘“'?- - e (]
0 =="1
— =

lstesTupler
L)
Fig-9

Seam welding is confined to welding of thin materials ranging in thickness from 2 mm to 5
mm. It is also restricted to metals having low harden ability rating such as hot-rolled grades
of low alloy steels. Stitch welding is commonly used for long water-tight and gas-tight joints.
Roll welding is used for simple joints which are not water-tight or gas-tight. Seam welds are
usually tested by pillow test.



(e) Projection welding. It is modified form of spot welding. Projec-
tion welding consists of forming slight projections on the sheet of metal.
The projections are accurately formed in precise locations on the metal
by a special set of dies. After the projections are formed, the raised
portions on one piece are pressed into contact with another piece, while
at the same time a heavy current is passed through the two pieces.
When these raised portions touch the second sheet of steel, as they are
clamped by the electrodes in a projection welder and the current is
applied, current flows at the points, heats and fuses the two pieces
together. Projection welding has following advantages over spot weld-
ing :

(1)  More than one spot or weld are done at a time. Therefore,
more output is obtained.

Upper electrode
Y PP

Work |
o supply m
Projection 1

Z—- Lower Welding (b) After welding.
electrode rrans!ormer

(a) Before welding.
Fig. 4.20. Schematic dlagram of metal before and after it is projection
welded. When the projection Is stamped some of the depression formed
remains on the top surface of the finished weld.

(ii) Duetolow current density and low pressure the electrode life
is increased.

(tiz) Good finished appearance is obtained because surface
remains unindented by the electrodes.

(tv) It locates the welds automatically at certain desired points
by the position of projections.

Applications. It is advantageous in assembling parts made by
punching or btampmg and for welding studs, nuts to plates.
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‘ How does a diesel electric locomotive work? l

Auxiliary Altemator |

Diesel Engine
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GE Transportation’s

Battery-Electric
Locomotive
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(a) Group Drive. In this, one motor is _used .28 a driy
_more than two machines. The motor is connected to a lg € for tw, or
"Which belt and pulleys are connected to run Othem&ﬁ £,
called line shaft drive. This type of electric drive mos tis alss
single motor of large capacity.costs.less. thanthe costs~ i d”;é;é}

small motors of the same total capacity,... mhmﬁ

\\\\\\\\\\\\\\\\\\\\\\\\\\\\

ANARARALNNNN

Machines

Fig. 1.1 (b) Group Drive.
The use of this kind of drive is restricted due to the below mentioned
reasons :
' M;; case of faulf in the motor, all the connected machines to
this motor will cease to operate.

(i) If at certain instance all’the machines are not in operation,
then the motor will be workmg at low capacity.

(iiEy” 1t is not possible to install a new machine at a far away
distance.

({v) Speed control of different machines usmg belts and pulley is
- cumbersome, :

by Thdividual Drive. In this type of electric drive. a.smgleil“i;zf;‘z
motor 1is used to drive one 1r_1_d1v1dual machme ‘Though it cos
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(1) Requirement related to electric supply -

AC or DC supply and magnitude of voltage, voltage fluctuations, power factor. harmonics level.
— e

—_— — — e
(ii) Nammo:tifﬁ_;nle = dividu:n{;chine ora groum;lchines mw [.Im 0 h r.

v((l)cmtande t-

Tapital cost, maintenance cost should be considerable values.
\ M%) Nature of load-# T HN v
er The load requires light or hea starling torque 1:5*
eth'—macft-;r-q;ué"mﬁeases mfﬁ's_pg;d rejnain constant Il =T ¥ Tw
'_W,hgther the load has'hiag inertia WITch may'r'éﬁiil—' longer
time .
(v) ﬂanﬂl characteristi b T* N
Starting characteristics, running characteristics, speed control
and Braking characteristics.




vi) Size, rating and duty cyde of motors -Whether the motor is going to the operator for a short time
— ———

——— — —

or whether it has to run continuously Intermittently or on a variable load cycle

¢fvii) Mechanical considerations - Type of enclosures, type of bearings,

- Moyt a_ oa
transmission of drive and Noise level. ho L d
f—

\/Giii) Spaceand ‘wﬂtmﬁ%it is based on applicationand needs. In aerospace & vehicle

space needed is more. -+

||| S ———

\/(ix) S’[e_a:lx's:t_a};omﬁpeed —torque characteristics,

speed regulationand its range,
efficiency, duty cycle,duty ratio, Quadrants of operation.

(x) Transient operation-Acceleration, deceleration,
starting, braking and reverse performance | el
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W09 SPEED CONTROL OF‘VINDUC‘HON MOTORS

The slip of an mnduction s < that it 1s essentially a *constant-speed motor.

Is in essentially constant-speed drive systems. However, many industHs!
pphcstons roqure speeds or a continuously adjustable range of speeds. Traditionally, d.c.
mmmu-mwwm However, d.c. motors are expensive
ﬂmﬁwmdmdmmt&oﬂmhnddrm

wwhwcmm)n ve N commutators and are suitable
“"_‘_ pecd applicatons The enginoers : several methods to change the speed of

prs. Thus bas made it possible o yse indugtion molors in vanable-speed applications

- — - - - .



/ﬂmu-‘.dwﬂ.(ﬂ
3.5 changing the line frequency (/).
3,55 changing the skip (s) for a given load. The slip can be changed ;
() By changmng the apphed voltage.
(#) By changing resistance mn the rolor circuit.

() "m“"*“MMmﬂnmcm
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Methods of starting 3-phase induction motors

It is desirable to start a.c. motors at full voltage to attain simplicity and economy in
the starting gear. Induction motors can be designed and built to enable them to be started on
full voltage. But in case of cage motors the starting current may be large enough to produce
considerable voltage drop in the distribution system which may adversely affect other
apparatus and also cause light flicker.

Induction Motors are therefore, started on reduced voltage .The various methods of
starting are discussed as follows:

1. Resistor starting method

A series resistor is used in each line and may be arranged in a manner that the resistance is
reduced to zero in steps so that the motor current may increase to the full value gradually and
transients are avoided.

The torque efficiency which is

Torque developed by the Motor/ Full load torque
Current of Motor / Full load current

A motor having a starting torque equal to twice the full-load torque and a starting current six
times the full load current ha s a torque efficiency = 2/6=0.33.

If the same motor is started at 60 percent voltage by using resistors, the line
current will be(0.6 x 6 x full-load current) and the starting torque will be [0.6 x 0.6 x 2 x full-
load torque]. The Torque efficiency will be (0.6 x 0.6 x2)/0.6x6=02 .

2. Reactor starting

It is not a frequently employed as resistors or auto transformer starting, though the
method is similar to resistor starting. The acceleration is very smooth in this case though the
acceleration time is comparatively longer.

3. Autotransformer starting

Taps are provided on the auto transformer so that the motor can be started at reduced
voltage. Taps are for 50, 65 and 80 percent of line voltage; the 50 percent tap being provided
only in the case of sizes above 50 H.P. In the second method of operation the large transient
current is reduced since the motor is always connected through the auto-transformer winding
to the line.

F-phiss supply

Induciion
mditos

Rotar

Method | Method 11
1. Close A G 1. Close A and C
2. Cpen Aand C 2. OpeniC
3. Close B, » 13 Close'®
L 4. {-}ﬁoh A

Fig. 3. Starting of SQIM by Autotransformer starter

We can determine the reduction in the starting current when using auto-transformer starter.

Primary Vollsge

Consider an auto-transformer with a transformation ratio K = . Consider also

Secondary voltage
that the motor has a starting torque equal to twice full-load torque and starting current equal
to six times the full load current. If the motor is started at  full voltage, phase voliage E,
=EA/3  and starting current = 61.when the motor is started through an auto-transformer, the
phase voltage is E, 'k and the starting current = 6Uk.
Epn Ny Iz

Also we have —— =k=—=-=
Vih Nx Ly



e = e

1.4. Single-Phase Induction Motors

A single-phase induction motor does not have a rotating magnetic field. it has only a
pulsating field and therefore does not possess any starting torque. The following three
methods are employed to make the motor self-starting.

(a) Pole-shading: The maotor is of squirrel-cage type and the stator pole is shaded by a
heavy copper wire or strip. The current induced in the shading coil causes the
magnetic field through the shaded portion of the pole face to lag behind the main flux
thereby producing a rotating Magnetic field. Such motors have a low starting torque
but are quite economical in small sizes.

(b) Phase-splitting: A two-phase supply is obtained from a single-phase line by using a
capacitor. The motor has a cage-rotor and a stator containing two separate windings
located in the same manner as for a two-phase stator. One of the windings is
connected directly to supply and the other through the capacitor. A rotating magnetic
field is obtained in the air-gap. There are two types of capacitor motors: the capacitor
start motor, in which case the capacitor is in circuit only during the starting period and
is disconnected at a predetermined speed by a centrifugal switch: the other type is the
capacitor start and run motor where the capacitor is connected permanently and
improves the power factor of the motor.

Shadis
Nl

Cr———

Fig..7 Shaded pole motor

(c) Repulsion motor starting: the rotor has a repulsion motor winding and therefore
starts as a repulsion motor giving high starting torque. As it runs to speed a centrifugal
device short-circuits the commutator bars and lifts the brushes, converting the motor
into a plane squirrel cage one.

Eungh-

wpplr
Auxiliary
— Mndanp.
Cﬂm

Fig..8 Split phase starting

(d) Synchronous motors: There is no starting torque in a synchronous motor. It has to be
run up to synchronous speed by another motor and synchronized to the supply. To
make it self-starting a cage winding is provided on the poles. It starts as a plain
squirrel cage motor and when it has attained nearly synchronous speed at no-load, the
d.c excitation is switched on and the rotor pulls into synchronism. Starting torque
between 50 to 100 percent full load torque can be obtained with twice full load
current. The synchronous Induction motor has a cylindrical rotor with a slip-ring
induction motor winding. It starts as a slip-ring induction motor with good starting
torque and when it has almost reached the synchronous speed, d.c. is passed through
the rotor winding making rotor pull into synchronism.



The Theree-phase Induction Motors

It possesses shunt characteristics. The power factor is very poor at low loads but improves as
the load increases. The power factor, however, always remains less than unity.

The Synchronous and synchronous-Induction motor

The synchronous motor is a constant speed motor: The speed is [ixed by the frequency of the
supply. It is not, however, self starting. It is started by an auxiliary motor and synchronized to
the supply .This disadvantage is eliminated in a synchronous-Induction Motor where the
machine starts as plane Induction motor and when the speed is very near the synchronous
speed the DC excitation to the rotor is switched on and the motor pull into synchronism.

By varying the field excitation of these types of motors the power factor may be made unity
or even be made leading. An over-excited synchronous motor works as a leading power

factor while an under-excited motor works as lagging power factor. It is, therefore used in
improving the power factor in a system using many induction motors.

Sinele- se series motor

It possesses the series characteristics. In large sizes it finds an exclusive application of
Traction work .In fractional horse power size it is used in domestic appliances like vacuum

cleaners and refrigerators etc.

Single-phase Induction motor

It has shunt characteristics. Since it has no starting torque, additional means have to be
provided to make it starting. Repulsion start and the capacitor start motor are the common
modifications of the single phase induction motor.

et e sE e T TR AR S

It has series characteri9stics and closely resembles the series motor in construction.The
armature is short circuited in itself.
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The main application of repulsion motor
is electric trains. It starts as a repulsion
motor and runs as an induction motor,
where the starting torque should be high
for a repulsion motor and very good
running characteristics for an induction
motor. 02-Mar-2021
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@ 1t is used in tramcars The electromagnet is bipolar The body is made of cast steel

and the pole faces are made of soft eteel and can be renewed

@ The ewoiting coll I8 en losed in a water tight case. The magnetic flux is
serpendicular to the pole faces and the track. The force of attraction between the

magnet and the track is given by

Ba
w
2nx10

@ Where B is the flux density in Weber/m; and a is the area in the pole face in square
meter The drag that it can produce on the car is given by micro farad, where ¢ is
the coefficient of friction.
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raking with 1-phase series motor

@ In this case both Rheostatic and regenerative braking are possible.

Q@ The motors are worked as separately excited generators supplying energy '
resistance load.

© The fields are energized at low voltage from suitable tapings on the wam
transformer.

© The kinetic energy of the rotor is dissipated as electrical energy in the load

resistance. Also, the fields of the motors may be excited from one of the motors
acting as a series generator.

© In this case D.C. will be generated in the rotors of the motors and the kinetic energy
of rotors will be dissipated as D.C. power in the loading resistors.

- PAGE END --



Rheostatic braking of D.C. shunt motor

o ; ‘ " j ! by ;lv

0 ) RAL o hematy rrangement fon fynami

l

Fig 1: Dynamic braking of D.C. shunt motor

@ The field winding is left connected across the supply and it is undisturbed.
© The braking effect is controlled by varying the braking resistance rv.

Q@ The figure shows that the speed-torque characteristics of a D.C. shunt motor under
dynamic braking conditions.

N
A

Y
Fig 2: Speed-torque characteristics of a D.C.
shunt motor under dynamic braking

Q@ Thi tor is operating steadily for a given load torque Ty, at the point A on its
naracteristics i.e., characteristics-1 when dynamic braking is executed

QO Due 1o braking the operating point shifts to B on the « haracteristics-11 from point A

C

motor then decelerates along BO to standstill

Q " ipe-of the braking characteristics can be controlled by varying the braking

PAGE END




Rheostatic braking of DO series mator

o
-
.
o ,
i -
‘ - —';‘:
— { I T
- |
t 1 .
Fig 3: Motoring and dynamic braking with self excitation
Q he both armature and the field winding are disconnected from the [ 3
chunted across a braking resistor r, and when dynamic braking exe« uted
© The figure shows connection diagram for dynamic braking of D.C. serie
with separate excitation
A
WW- ¢

L

L —

Fig 4: Dynamic braking of D.C. series motor
with separate excitation

© The speed-torque characteristics of D.C. series motor under dynamic braking is

hown in figure.

Fig 5 Speed torque characteristics of D.C.
series motor
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of direction of armature current, the direction of field excitation also reverses.

OMWMMdMWWBMInWM
with special arrangements.
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