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Motor Control Circuits

In l.he early history of industrial development, machines in workshops and
factories were run from a common line shaft. The line shaft was driven by a
large motor which was connected by means of belts to the various individual
motor drives. This type of industrial drive had many disadvantages. With the
advent of time the demands on production increased and a varicty of require-
ments for individual machines emerged. This necessitated individual control of
machines. Thus the common line shaft was replaced by independent motors
controlling individual machines. This enabled more flexible operation in
machine shops. Diffcrent machines in the same machine shop may have widely
differcnt requirements like frequent starts and stops, periodic reversals, high
slarting torque, constant spced, variable speed etc. These and other individual

requirements of a variety of machines in a factory are met by selecting separate
motors matching the nceds of each machine. With individualisation of drives in
machine shops, necd was felt for automatic operation of driving motors.

A motor is selected to match the load on the machine which it is to drive, the

duty cycle and the type of opcration.

In today’s industry machines are gencrally controlled automatically. To
¢, machincs are provided with a control

make automatic operation possibl . led with a cont

circuit. The control circuit design is determined by the operating requirements

of the motor and the maching it is driving. In the later scction of this chapter
f control are explained.

the basic components and principles 0
Through practical examples, it has been shown how control circuit compo-
" : o . » ire Y 5.
nents arc used (o make control ¢ircuits of various requirement
.eni .gulating the functions of a motor
The word ‘control’ means governing or FeBUE . : o
or a machine. Control circuits perform functions like starting, stopping, chang

: i .nce operation of motors, etc.
'ng speed, protection, reversing, sequence ope

Before dealing with control circuits, a _
. starting,
Motor with particular reference L0 method of starting

given,

bricf review of 3-phasc induction
reversing ete. has been
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9.1 INTRODUCTION TO AC MOTORS

AC motors are of two main types, namely, induction ‘;10:0;:::1& éznc:m
nous motors. Most of the industrial drives used thesc :)S(;:d ¥ hnmgh‘:’?z
induction motors. Singlc phase induction molors tz::;ccmlcrs rcfr'igéramm
applications, like washing machines, cciling _f:ms, w'{il ol e aré s [ypc:
etc. Three-phase induction motors uscld as industria s,
namely, squirrel cage motors and slip-ring motors. " |

The squirrel cage induction motor i§ .lllle mOSI widely _1‘15“ 30 motor
bcczms.cq:l)lll'l its sim;%lc construction, low initial cos(li, rob}::s:r\l:ﬁz,r :({‘1113\::1‘:13,“
operation and casy maintenancc. For constant spce Sfer:/(l)lor e ol suilcd ing
duty is comparatively light and infrequent, this type © _

Starting performancc of a cage motor varics cons:;’gcl’ablyr:‘tﬂt:tlalrllsi :lc:st;gn, A
typical squirrel cage induction motor would have 1 pcrc(l:_ a ,hg :'q_uc
with 60O percent starting current when started direct-on-lin€. Hig s arting
currcnt causes heavy drop in the line voltage and ad_verscly af.fLClS the
operation of other motors connected on the line. For this reason it may be

required to restrict the starling current of motors.

Situations where the starting current must be restricted, and high starting
lorques arc not requircd, instcad of dircct-on-line starting, star-flcllu starting
may be cmployed. In star-delta starting, the motor is started with the stator
winding star connccted. When the motor comes up to near rated speced, the
stator winding is connected in delta by a switching mechanism. This has the
effect of reducing the phase voltage to about 58% (1//3) of its normal value
during starting, thus reducing both starting current and starting torquc to
approximately 1/3 of the direct-on-line valuc (as torque is proportional to
square of the applicd voltage).

An altcrnative to star-delta starting is the auto-transformer starting. This
method of starting is often used for large motors. The motor is started at a
rcduc_:cd voltage available from auto-transformer tappings and switched on to
full line voltage when running up at full speed. Auto-transformer starter is
more expensive than the star-delta starter but has the advantage of greater

flexibility as variable startin :
' starting torque can be obtaine angi > aulo-
transformer tappings. tained by changing the

l-n)(n;b‘:;:;:rzpt;bggf":::i’:r‘: r;:;l“lﬁd higher starting torque than is obtainabl¢
a requirement in certain a ‘]l ‘:“.m“’ variation of speed over a large rang
rotor induction motors, al Pp‘ ‘cations. To meet these requirements, Wou
slip-ring induction mul'(‘i S(Lta"cd slip-ring induction motors, are used e
Rater, i ¥t e cac)lr\, L :: rotor carries a winding similar to that on lh.c
“mounted on the moto h'ro or phase winding are taken out via slip-ro&
' . Sr‘.lr.t : Eu i connected 1o three variable resistors o

- By varying the external resistance simultanco™

and in cqual steps
: s l A > ok 4
ps the speed of the MOotor can also be varied. But this meth
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of speed control is not widely used in

Practice because of higher losses. Sce
figure 9-1.

STARTING
RESISTANCE
3 PHASE ABC
LTDT%CTION KNIFE
OTOR N
- SWITCH

Figure 9.1: Slip-ring induction motor connections.

92 STARTING OF 3-PHASE SQUIRREL CAGE INDUCTION MOTOR

To refresh our knowledge it will be remembered that the rotor of a squirrel
cage induction motor consists of conductors placed in slots on rotor core, the
conductors being short circuited on either side by means of end rings. The
conductor cage thus formed on the rotor, makes the secondary winding while
the stator winding acts as the primary. It is evident, therefore, that if the stator
terminals of a squirrel cage induction motor, whose rotor is at rest, is
connected directly to the supply, without using any starting device, the motor is
Placed in the same condition as a transformer with the secondary short
circuited with the primary winding connected to the supply.

Owing to the low resistance of the rotor conductors, the motor, unless it be

of a very small size, will draw very high current causing a large voltage drop in

€ supply lines affecting adversely the operation of other machines connected
on the same supply lines.

Three-phase cage-type induction motors may be started by the following
methods:

(1) Direct-on-line starting.
(2) Auto-transformer starting.

(3) Star-delta starting.

(a) Direct-on-Line (DOL) Starting .
Direct-on-line (DOL) starting, i.c. switching on the motor difcclly across
full line voltage, is the most economical method of Starting, Dlrgct—nn-lmc
Slarting is sometimes referred to as “Full Voltage Starting, MI:N ‘"“.‘dl""
Motors are designed not only to withstand full voltage Slil.f.l:j"ﬂ- dl“ d.'t: i{'“"
‘esigned with low starting current to enable them ‘lu‘l.u:' 'Em (:,n" istribution
lines without producing objectionable voltage drops. Sce higure 9.2,
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Figure 9.2: Connection of a typical DOL starting, usin
for a squirrel cage induction motor.
(b) Star-Delta (Y/D) Starting
This method of starting requires both the ends of each stator phase v_vinding
(i.e. six leads in all) to be brought out, to enable, by external switching,
connecting the winding in star at starting and in delta when the motor has run
upto rated speed. The starting connection is-always star so that the voltage
across each phase winding is 1//3 or 57.7% of that which appears across each
stator phase when connected in delta. Thus reduced voltage is applied at
starting. Figure 9.3 shows the connection diagram for star-delta method of
starting a squirrel cage induction motor. In this figure the switch is manually
operated. Automatic star-delta switching is obtained by the use of push-
buttons, contactors, time delay relays, etc. and will be discussed later.

In this method, obtaining reduced voltage at starting has the limitation that
the starting voltage is fixed at 57.7% of the line voltage. Should it be necessary
to have higher torque at starting, this method of starting is not applicable.
Recourse is then taken to auto-transformer starting.

(c) Auto-transformer Starting

In autq-transformcr starting, low voltage is applied across the motor termi-
nals by using a thr}ec-phase auto-transformer. The voltage to be applied can be
chosen by selecting appropriate tappings in the auto-transformer. In th¢

running posi‘tion the motor is connected directly to the supply and the aul”
transformer is cut out of the circuit. Sce figure 9.4

This type of starter is more expensive than the star-delta starter, but ¢a® be
used with any motor whether star or delta connected. The provision of sever
taps on the transformer allows a range of adiuslmet;ts to suil starting (orque
and current requirement. As in the star-delta case, the starting torq an
therefore the initial current taken from the supply ¢ reduced. However .
advantage of auto-transformer starting is that current reduction can
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manual switching. Thi
Ireplaccd by a contactor operateqd by push buttops. al switching, This can be

L1 L2 L3
A Bi(c
Il l I;] ” [ Fuses
SWITCH © =t (CELTAY
z x Ty RUN
At (STARY
STATOR
Z. YVINDING
_ P
¢ qRoTORD Ry
Y ~~~~~B_

MOTOR

Figure 9.3: Typical connection diagram for star-delta starting of a
3-phase squirrel cage induction motor.
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Figure 9.4: Connection diagram of auto-transformer starting for a
squirrel cage induction motor.
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g GE
.y SOUIRREL CA
93 STARTING MULTI sPEED SQ .
. gtator windings or hF of the
: i@ s ma paratc stator windings
; Two f_Pl;Jt_-d ,nxlllr‘*porylwu diffcrent SPL(:d Eaﬂ peed of an induction mnl(%r
single winding WP | o ber of poles ar¢ use@ e 1ine is made). With asing]
wound for different numbC :h the wmdmg.lh . 4 single
depends m:rlhc numb(:l; éﬁq ar‘ cd by rcgtl(-);:pln%pl:;d(‘;g:;olr(: uglvc"a
stator winding two SpEttr rec ¢ S usually
different number of elfcctive poles inding capable of becing

: - enced and & 4
have onc winding 10F O l:p“d[’f&l motors usually arc wound with twq
. il ur-spce > &

: cd for two s yeeds. FO . 1wo speeds. In this text o
::1%1:;)1‘;125 Liach of whi{ch can be rcgmUPCd to give tWe ( '::onncclion Fiom nly
WO s %:cd motors arc considcrcd. Change ‘“"r,t.) days this is uchicvc:ln;)k-
windirIl)g to the other can be done manually but now-a- RS = )

means of contactors and pushhullons.

9.4 STARTING WOUND ROTOR MOTORS

lly similar to the squirrel cage motor
o the ones on the stator, instcad of

short-circuited bars, on the rotor. High starting torque can b‘f Ob“‘if‘Cd by
connecling exira resistance in <crics with the rotor circuit atst arting. T.hlls extra
resistance is gradually cut out of the circuit. Under l‘lll‘ln.lllg.(.'t)ﬂqllll)n the
speed of the motor can also be varicd by varying the rotor ¢ir cuit resistance in
steps. Three phase supply is given to the stator windings with [ull extra
resistance on the rotor using contactors. The rotor resistance gets cut out in
steps as the motor picks up speed. The variation of rotor resistance for starting
as well as speed control may be achicved by different ways.

The wound rotor motor is cssentia
except Lhat it has windings, similar

The rotor resistance control may be achieved by a manual drum controller,
a motor driven drum controller, a liquid rheostat or a magnetic contactor
appropriately designed.

9.5 STARTING OF SYNCHRONOUS MOTORS

_ The synchronous motor has a winding on the stator similar to that of an
induction motor. On its rotor, in addition to the d.c. ficld winding, shert
2rcuflccll ml‘nr har.‘j arc provided which enable it to slur-l ;1:; an induclinl; molor:
The ficld winding at starting ror phase of the auto-transformer has ben SO0
resistance while rch;Ccd m&i r.Lm;!ms Shl:'rl circuited through a field discharg
nous speed is reached l;:{T iC]l'g.c, - “PPllcq to the stator. When 95 5."“"‘hr0.-
voltage is applicd (o g :Id t:gh:ll-rgc resistance gets disconnected and =|:~
applicd to the stator winding TlI::( :ng: “-'hlll,‘ at the same time l_ull \'ull;lzglnlial—;t
above is achicved through 3 Yors opening and closing of circuits a4 exp”

peration of start and run contacto

: ontacts &
shown in figure ¢ o r contac
gure 9.5, the details of which will be explained later.
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Figure 9.5: Starting of a synchron~us motor.

96 STOPPING OF MOTORS

ically. Automatic stopping is

stopped manually or automatufa y 2 1s

acctl;ﬁ;:h?c?l’):{:he ul:::) of limit switches, float switches etc. Manual stopping
s effected by push buttons or switches.

Plugging is the most widely used mclhod' of quickly stop;;ing an mdu::l:.)ln‘
motor on no load. The motor stator is swntchcq off and t en m?):n;:li[z L::f:,
energised in reverse direction. This type of stopping, however, is n
for motors which are holding loads like cranes or lifts.

In the case of equipment such as cranes and hoists, it must bcl:-ca:iiicdl;::t
the load has a tendency to turn the motor. This is knm;mhas 0\::1:" dd:lm( & (ype:
Mduction motors used for this purpose art:_ gﬁncrall'{) :1 ':‘ ht;s“:luwing i m
Stopping ; by slowing down of the motor. This sl
DI he veghaulng Tt AS s0on 8 (e motor & swiched off from he
ine, a mechanical break is automatically applicd whic ‘

“nnected to the load.

%7 CONTACTOR CONTROL CIRCUIT COMPONENTS

. i g| 'cvt s1 . : e

.h buttons etc.
ontr} circuits using contactors, relays, push b
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shown in figure 923, Exactly this is the point of interscction
Characteristics. 1t should be kept in mind that take-over current in pq ca
should be less than six times the full load current, otherwise the fuse May bl()s\i
off for currents other than the short circuit currents.

of bﬂlh

[3 b |
1
7 '
THERMAL OVER
" LOAD RELAY T FUSE ———
[ ]
WS -
(=] ]
= ‘_ ]
S |
2 5 TAKE OVER !
) POINT : .
) . THERMAL OVERLOAD
3 : wﬂm
I { ]
= 1 FUSE
= ' . 7
© v 23 Z 56 7 8 9 101 12 13 1

CURRENT (IN TERMS OF RATED CURRENT) —a

Figure 9.23: Time current characteristics for the coordination of thermal overload
relay and fuse for overall protection of motors.

9.40 SCHEMATIC AND WIRING DIAGRAMS FOR MOTOR
CONTROL CIRCUITS

As mentioned in section 1.5 two types of diagrams namely schematic dia-
gram and wiring diagram are drawn for any electrical circuit. Accordingly for
various motor control circuits, both these types of diagrams will be drawn. In
this section, different contactor control circuits used for control of motors are
discussed. For the convenience of the students, design of a number of control
circuit problems have been provided along with their explanation. The
problems have also been graded i.e. simpler problems have been discussed
first.

9.10.1 Direct-on-Line (DOL) Starting of a Three-phase Induction Motor

Three phase induction motors can be started direct-on-line i.c. by supplyiné
the rated three-phase voltage to the motor terminals at the time of starting.
This can be done simply by using a triple pole switch. To incorporate gzpfml);
protection against overloads a lhcrmfil overload relay and a contactor up‘n‘ :;m
be used instead of a triple pole switch. The contactor can be cnurg!.\;: -
de-energised by pressing separate push buttons for starting or SI-np.p-l:;;ning

tor. The wiring diagram for the push-button control direct-on-lin¢ l: b
Y 3.phase induction motor is shown in figure 9.24 (b). The ¢ ¢
Sfu;ran? l'o; the control circuit has been shown in figure 9.24 (a).
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240V 415 /240 V

mZO=<20

oF Fr]
B

(a) (b)

Figure 9.24: Dircct-on-line starting of a three phase induction motor.
(a) Schematic diagram for the control circuit.  (b) Complete wiring diagram.

When the control circuit is energised by pressing the push button B,, th
motor gets 3-phase supply through the contacts of the electromagneti
contactor which are normally open. The motor is protected against overload b
a thermal overload relay which open circuits the control circuit when overloac

occurs.

Cartridge fuses are provided on the power circuit for the protection of the
motor. Moreover, in case of short circuit as the thermal overload relay is toc
slow, the contactor will not have sufficient capacity of breaking short circuil
current. A hold-on contact for the start push buttort B is provided through a NO
contact of the contactor as the push-button makes a momentary contact only.

When it is desired to stop the motor, the OFF push-button B, is pressed
which de-energises the control circuit. Thus, the main contacts through which
the motor was getting supply and also the auxiliary cur}lact (hold-on contact)
get opened. The motor can be re-started again by pressing the push-button B,

In the event of failure of power supply, the contactor bc.comcs de-energised
and the motor stops automatically and will not start runming when the power

supply is restored.

902 A Motor Fed from either of Two Supply Soarces

own a three-phase induction motor having facility of

Infi a) is sh ;
e ) v her of two supply sources through two different

getting supply from cil
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hrough the contactor A frop

. lyt
contactors. Normally the motor will get supp~y of source I, the motor can by

. ly
supply source I. In caso of failurc of power SUPP, o
got connected to source II through the enc::glsatlon lt:f :()t?xt:cr:);t?r f; 1S ;:ﬁ.be
ensured while designing the control circult-that w ‘: b get supply frgmm}:g
supply for one source, it should not be posmblq for itto g the

other source.

The diagram of the control circuit to meet the above requirements is shown

in figure 9.25 (b).
SUPPLY SOURCE 1 SUPPLY SOURCE I
g R — B
5 8 es [| B1 B
" : oad. |

p i %
I J By=d, ail E',;l |
] I:' [= C] e |.'1 C bz az
| A B
N
M
Irv
(a) (b)

Figure 9.25: A three-phase induction motor having the facility of getting power
from any one of two sources.

When push button B, is pressed contactor coil A gets energised. The motor
gets three-phase supply and starts rotating. The contactor coil A remains
cnergised cven when the pressure on push-button B, is withdrawn as now the
contact a, of the contactor A is closed. In the event of failure of power supply
of source I, the motor can be connected to source 11 by pressing push-button
B,. Contact b, is the hold-on contact of contactor B which ensures that
contactor coil B remains energised even when the pressure on the push-button
B, is relcascd. The NC contact of the push button B, has been connected in
series with the contactor coil B for providing mechanical interlocking of [.h;:
contactor. That is when push button contact B, which is connected in seres
with coil A is closed, its other contact B, which is connected in series with u?d
B opcns. Similarly one NC contact of push-button B, has been cunm‘t‘lt‘d'_’:
series with the coil A, Thus it is not possible to energise both the contactor>
and B simultancously. To ensure double protection against the motor gclf;f::b
supply simultancously from I.hc m:o sources one NC contact ul'.cunmc.t'or Al
+. has been connected in series with the contactor coil B and vice-versa.
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Push button B, is meant for switching off the motor at any time. Thermal
OWfl‘?ad relay contacts e, and ¢, and the cartridge fuse have all been connected
in serics.

In figure 9.-25 the power circuit and the schematic representation of the
control circuit have been shown separately. (The student may draw the
complete wiring diagram.)

9.103 Direct Reversing of a Three-phase Induction Motor

The direction of rotation of a three-phase induction motor is reversed if the
supply connections of any of the two phases are reversed. In the power circuit
diagram shown in figure 9.26(a) three-phase induction motor is shown having
possibility of getting supply through energisation of cither contactor A or
contactor B. The motor will rotate in the reverse direction when it receives
supply through contactor B,

€3
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(a) (b)

Figure 9.26: Direct reversing of a threc-phase induction motor.

a) Power circuit. (b) Schematic diagram for the control circuil

The schematic diagram for the control circuit is shown in figure 9.26 (b).
Push-button B, is for energising the contactor A and t!'lcrcby running the
motor in say clockwise direction whereas push button B, is for encrgising the
contactor B and thercby running the motor in anticlockwise direction.
Contacts a, and b, are hold-on contacts for contactors A al?d B respectively.
An NC contact a, of contactor A has been connected in serics with contactor
coil B whereas NC contact b, of contactor B has been connected in series with
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the contactor coil A. This
¢o™actor B canng

provides interlocking of the contactors, That i
Vice-versa. Interloe

t be encrgised when contactor A remains energised ang
king is absolutcly necessary to avoid short circuiting of the
supply if both the contactors are simultancously energised. Push-button B, is
or switch- ing off the motor a any time, Thermal overload relay contacy ¢, hag
been connected in serics with the contactor coil to protect the motor ag;:ins.t
over- loads. In (he cvent of any overload operation the thermal overloa

contact e, opens up and de-energises the contactors and thereby the mog,
gets switched off,

9.104 Remote Control Operation of an Induction Motor
It may often be required to o
Induction mot

where the moy
control room)

In figure 9.27(a) is shown the complcte wiring diagram for both power ang
control circuit, In figure 9.27(b), the schematic diagram for the control cireyjt
has been shown. g may be noted that the motor can be started by pressing any

of ‘lhc.two push-buttons 1, or 1,. Push-buttons O, or O, can be pressed for
switching off the motor at any time,

It may be noted that for remote control operation from any number of

places the ON push-buttons should be connected in parallel whereas the OFF
push-buttons should be connected in series.

perate ic. start and stop a three phase
or from more than one position ¢.g. a position near the place
orisinstalled (say shop floor) as well as from a remote place (say

Thermal overload rclay contact &
the motor against any overload. Tha
bimetallic strips get overheated, they
turn de-energises the contactor coil A

has been connected in series to protect
t is when the motor is overloaded the
bend and open the contact ¢, which in
thus stopping the motor,

9.10.5 Motor Driven Pump for a Water Tank

A water tank is to be filled by a motor driven pump. The motor can be
started manually by pressing a push-button. The motor can be s_tuppcd by
pressing another push-button. The tank, however, can also be filled ;1_1‘11:;
matically through the operation of a float switch by turning the selector swite
in its ‘Auto’ operation position.

The complete wiring diagram has been shown in figure 9.28(a). The
] . % -0
schematic diagram for the control circuit has been shown in figure 9.28 (b):

i ‘ i Lo
i N » selec s *h S is put on hl I\\\l
In manual mode of operation the sclector switch S is put o L the pur?
ush-button IN is pressed contactor A gets energised ant whmd
e ing. A hold-on contact ‘a’ is provided so that the push- b
otor starts running,. : OFF shoul
m . cleased. For stopping the motor, push-button S ilion
» Y ¢ I « % = J = y
s} L utomatic operation the selector switch § is change d‘lll& _im the
. p « . s wall ©
e F(;]f dl nk is almost empty the float switch contact 'f ‘I"\ | reaches
c :l ol . , [ X . ,; cl- c c
A, Wien 110 d the motor will start running. When the wat | overlod

- ¥ v * “he lls‘
control circuit an switch will open and motor will stop. Ther!

its upper limit the float
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Figure 9.27: Remotc control of a threc-phase induction motor.
(a) Complete wiring diagram. :
(b) Schematic diagram of the control circuit.
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Figure 9.28: (a) Complete wiring diagram for a motor driven pump clrenth
(b) Schematic diagram for the control circuit.
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rcl{iy co?:act, €IS SI'EOWH Connected in scries with the contactor coil circuit
which will open out in case of overloads thercby de-energising the contactor
and stopping the motor,

9.10.6 Automatic Water Level Control

A motor driven pump draws water from a well and lifts water into an

overhead reservoir located on (he top of a multistoreyed building. Sec figure
9.30(a) and (b). The motor of the pump is automatically switched on or off by
means of limit switchcs operated by floats or manually switched ON or OFF by
means of push-buttons. The circuit myst mect the following requircments:

(i) ‘When ll?c water in the reservoir reaches its lowest level, a contactor C
1s encrgiscd through the closing of limit switch B,. Duc to the closing

of the contacts of contactor C, the motor is connected to the supply
and starts running,

| (i) When the water in the reservoir reaches its highest level, the

contactor C will be de-cnergised due to opening of the contact of a
limit switch B, and the motor stops.

(iii) When the water in the well drops below a certain level, a limit switch

B, will prevent the motor running, thus ensuring that the pump does
not suck air,

(iv) By means of push buttons B, for ‘ON’ and B [or ‘OFF’ the motor can
also be switched ON or OFF manually.

(v) The pump motor is to be protected against overload by a thermal
protective device.

The arrangement of water level control of a reservoir being filled with water
from a tube-well has been shown in figurc 9.29 (a). The schematic diagram for
the control circuit and the power circuit has been shown in figure 9.29 (b).

Limit switches B,, B, and B, have two contacts each — one normally open
and one normally closed. In the control circuit only NC contacts of B, and B,
and NO contact of B, have been used.

When the ON push-button B, is switchct_l ON, the contactor C will get
energised and the pump motor will start running thercby pumping water from
the tubewell to the reservoir. Hold-on contact, ¢ of the contactor has been
Connected in parallel with the ON push-button. :qs the water level in the
reservoir rises the float also rises. The counter weight W, comes down. The
Stopper fastened with the chain will push the hmg:‘:d arm downward when Iljc
Water in the reservoir will reach the desired level. 'I.hc u'lhcr end of the arm will
rise and push the limit switch B, thereby opening its clulm:d }‘nn'l.acl and
switChing OFF the pump motor. r!.hc water level in lhf: n;.scn:mr :\\ ::,! ‘Cl\n':(i

own depending upon the utilization of water h}* th'c Lm_uum.us. m !'L
level comes down to a minimum level the stopper S, will push the arm upwards.

he other end of the arm will push the limit switch B, dmvm\-u‘rd? IT-hc N(?.
Contact of B, will closc thereby encrgising the contactor and starting the pumy
Motor,



