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WE ~=50H2
ELTAY
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1200

Lo

Box

Cable

P ipe

o Wire

[4: 1]

Clamps

e T00

I..__ 200

700 200

Give

®7

The motor 3~ 380 V Is to be connected via fuses and switch.

200 —=—

Take fuses sultable for your motor.

rot imate for the mater fal.

(A suitable motor protection switch should be provided
edditionally,

if available.)

CONNECT SU;PLY IN PRESENCE OF YOUR INSTRUCTOR.

MATERIMAL:

Screws

1 Motor 3~ JED V
3 Fuses (complete)

1 Drum Switch 3~
ON = OFF

1 Appliance Connectlon

Connectors

All components are to be installed according to the given
drawing and measuremants.

Exercise sheat EP 2.3/4 511
M LS 117w MOTOR CONNECTION, ON-OFF e T
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
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250
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50 150 -

MATERIAL:

1 Motor 3~ JBO V

1 Drum Switch 3~

Revers ing

1 Appliance Connectlon

Box

Cable
P ipe
Wire
Clamps
Screwvs

Connechtors

The Motor 3~ 380 V is to be connected via fuses and

revers ing switch.

Take fuses suitable for your motor.

All components are to be installed according to the gilven

drawing and measurements.

' Give estimate for the material.

(A suitable motor, protection switch should be provided

additionally,

if available.)

CONNECT SUPPLY IN PRESENCEC OF YOUR INSTRUCTOR.

Fuses {complete)

Exercise sheel
No. L. 5. 2/8 may be
used in sooiiion

MOTOR CONNECTION, REVERSING

EP2.34.5112

Installation |lI

EVELOPMENT CELL FOR SKILLED LABOUR TRAINING
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MATERIAL:
WE 0N ‘
180V o
= 1 Motor 3~ 660 / 380 WV
|
_¢ "3 Fumes (complete)
1 Drum Switch 3 -~
Star - Delta
4
1 o 1 Appliance Connection
- Box
2 -
D ! A = Cable
| B —
Wire
7 s
e o Clamps
Screws
Connectors
O -}
"'1 g
|
L= 1850 ‘l"‘“’ -t 300 —--.._.:I:HJ_--1

@— wov AT

The three-phase motor €60 / 380 V is to be connected via

fuses and star = delta switch,

Take fuses suitable for your motor.

All components are to be installed according to the given

drawing and measurements.

Give estimate for the material.

(A suitable motor protection switch should be provided

additionally, if available.)

CONNECT SUPPLY IN PRESENCE OF YOUR INSTRUCTOR.

Exgrelss sheet

wo.t52/9 mayse | MOTOR CONNECTION, STAR-DELTA

used In additlon

EP 2 .3/4.51/3

Installation [l

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING R —
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] MATERIAL:
3/E ~ SOME ! i
180V
¥ = 1 Motor 3~ 380 V
¢ (Double Speed 4/8 P)
3 Fuses (complete)
. 1 Drum Switch 3 as
& & Double Speed
- (suitable for your
motor)
o e [ 1 Appliance
- Box
5 | o L
i
L
Cable
9 & Wire
& -
Clamps
Screws
Connectors
Y o
£ = Iipe
e 200 —ede— 200 —atde—— 2850 —fen 140 =

The three-phase double speed motor 380 V is to be
connected vim fuses and double speed switch.

Take fuses suitable for your motor.

All components are to be installed according to the
given drawing and meAsurements.

Give estimate for material,.

(A suitable motor protection switch should be
add it ionally,

if available.)

CONNECT SUPPLY IN PRESENCE OF YOUR INSTRUCTOR.

prov iqed

Connect lon

Exercize sheel
Mo, &5 2711 may be
used In addition

MOTOR CONNECTION, DOUBLE SPEED

EP2.3/4 5114

Installation 11]

PAK-GERUWAN TECHMCAL TRAIMING PROGRAMWE

&a DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING
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MATERIAL:

Motor Jnr 3BO V A

Fuses (complete)

{3 for main or power
circuit, 1 for control
circuit)

Junctlon Box

Appl iance Connection
Box

Automat ic Contactor

Therm. Motor Protection
Switch
(Overload Relay)

Double Push Button
Switch
(momentary contact)

Control Lamps
(complete)

Cable
Wire

P ipe
Clamps
Scraws
Connectors

Indicate number of wires
in the Installation layout

The motor 3as 380 V is tc be connected via fuses, automatic
contactor and therm. motor protection switch.

The control clircult consisting of fuse, double push button
{momentary contact), control lamps, automatic contactor coil as
well as auxillary contacts and therm. motor protection switeh has
to be installed as a separate circuit to the power (main) circuit.

All components are to be installed according to the gliven drawing

and measurements.

Take fuses sujtable for your motor,

Adjust also therm, motor protection switch.

CONNECT SUPPLY IN PRESENCE OF ¥YDUR INSTRUCTOR,

Erercize sheet
No, €. 5.3/8, %10 may
be used in addition

MOTOR CONNECTION, EP2.3/4.515
CONTACTOR ON- OFF installation 1II

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING

PAR GERMAN TECHNICAL TRAINING PROGRAUME T | GENERAL
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MATERIAL:

3/ W JE ~50H2
3807270V =%

Motor 3~ 3BO V¥
Fuses [(complete)

Junct ion Box

LZ

e B e

Appliance Connection
Box

J Control Lamps (compl,)

1 Triple Push Button
Switch
{momentary contact)

Automat ic Contactors

Therm. Motor PFrotection
Switch
{Overload Relay)

Nt

ol

el |
o |
k
J
-
o

Cable
Pipe
Vlire
Clamps
Screws

—
®-
¥
S et W s e
e

Connectors

Indicate number of wires

Lo 150 _L_ 200 e 80 260 _4_5 in the installation layout,

®_

The thrre-phase motor 380 V is to be connected via fuses,
automat ic contactor and therm. motor protection switch.

The control clrcult consisting of fuse, triple push button
switch, control lamps, automatic contactor coils as well as
auxil iary contacts and therm. motor protection switch has to

be installed as a separate circuit to the power (main) circuit.

All components are to be installed according to the given drawing
and measurements,

Take fuses suitable for your motor.
Adjust also therm. protection switch.

Give estimate for material,

CONNECT SUPPLY IN PRESENCE OF YOUR TNSTRUCTOR.

Exercise sheet MDTDR CDNNECTIDN' EP2.3/4.51/6
No 4 S 371112413 may o
be uveed 1n addition CONTACTDH REVERS'NG Tns!auatmn 1
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
PAK GERMAN TFCHWIEAL TAAINING PROGRAMME T (GEMNERAL
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MATERIAL:

e -

Mator i~ €60/ 3B0 V
Fuses (complete)
Junetion Rox

Appliance Connection
Box

Control Lamps (compl.)

nouk) sF DI :on
Switeh
(mo wen rtact)

Automat ic Contactors

Therm. Motor Protection
Switch
‘Overload Relay)

“iming Relay (Timer)

Cable
Pipe
Wire
Clamps
Screws

Connectors

Ind icate number of wires
in the installation layout.

The three-phase motor 660/380 V is to be connected via fuses,
automat ic contactors and therm. motor protection switch.

The control circuit consisting of fuse, double push button switch,
control lamps, timer, automatic contactor coils as well as auxill-
ary contacts and therm. motor protection switch has to‘be installed
as a separate clrcuit to the power (mein) circult.

All components are to be Installed according to the given drawing

and measurements.

Take fuses suitable for your motor.

Adjust alszo therm. motor protection switch.

CONWECT SUPPLY IN PRESENCE OF YOUR INSTRUCTOCR,

Ra L&, BETE Rt MOTOR CONNECTION EP 2.3/4 5.1/7
bhe used in addition CONTACTDR STAR DELTA Installation [

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING

PAK-GERMAN TECHMNICAL TRAINING PROGHAMME j GENERAL
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MATERIAL:
I NI E ~e50MHZ

380/ 220V Motor 3~ €60/38B0 V
Fuses (complete)
Junct ion Box

Appl iance Connection
Box

i

| L |

e N

Control Lamp (complete)

Triple Push Button
Switch
(momentary contact)

—®

| |
300 —700 — et 700 ——f
— ol

E e 1 Ty 4 Automatic Contactors
1 I b | {7 l 1 Therm. Motor Protection
H=! | | pnE3| | Timing Relay (Timer)
= YA
i - al Cable
E PlPG
Wire
Clamps
_ Screws
2 Connectors
] { Indicate number of wires
- 200 —4*—:00——*3:0-&-)-!-._::1_-. in the installation layout.

@_

The three-phase motor €60/380 V is to be connected via fuses,
automatic contactors and motor protection switch.

The control circult consisting of fuse, triple push button switch,
control lamp, timer, automatic contactor coils as well as auxil lary
contacts and therm, motor protection switch has to be installed

4 a separate circuit to the power (main)] circuit.

All components are to be installed according to the given drawing
and meagurements.

Take fuses sultable for vour motor.

Adjust also therm. motor protection switch.

Give estimate for material.

CONNECT SUPPLY IN PRESENCE OF YOUR INSTRUCTOR.

Eu::;s; |‘+h::"1g MDTOR CC‘HNECT'ON’ EP23/451/8
eegieliir e ey CONTACTOR STAR-DELTA REV. Installation 11
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN

PAK GERMAN “ECHWC L THA NING PHOGRAUME - CENERAL
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MATERIAL:
] 3 H | E ~ 50Hz 1 1 Motor 3~ 3BO V 4/8 P
e ﬂl_ ] 4 Fuses {(complete)
r ?1 1 Junction Box

,.-® | ‘ﬁ 1 1 Appllance Connection
& . SR Box

' 8

|

4 Control Lamps (complete)

Triple Push Button
Switch
(momentary contact]

o
kil
I

3 hMutomatic Contactors

R 2 Therm. Motor Protection
o, Switches

! | | (Overload Relay)
.___ﬂ s .
|

[ § Cable
Pipe

Wire

1200
1
_i,__._.__.
et
300

—

53 A

Clamps

Scrows

<
Lo

Connectors

=150

- ===
|

- 150 e 250 et 200 -JLIDD e

.

The three-phase douhle speed motor 380 V is to be connected via
fuses, automail~ contactore an? therm. motor protection switches,

The control circuit consisting of fuse, triple push button switech,
control lamps, automatic contactor coils as well as auxiliary
contacts and therm. motor protection switches has to be installed
as a separate circuit io the power (main) circuit.

All components to be installed accordina to the given drawing
and measurements.

Indicate number of wires
in the installation layout,

Take fuses suitable for your motor.
Adjust also therm. moter protecttion switch.
Sive estimate for material.

CONNECT SUPPLY IN PRESENCE OF YOUR INSTRUCTOR.

g phs o A MOTOR CONNECTION, EP 2 3/4.5.Y9 |
be used in addition CONTACTOR MULTI-SPEED installation Wi
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN

e se v Tecrica Traning rrochavie N |CENERAL
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g SWITCH L A

\ ALL EXERCISE SHEETS
MAY BE USED FOR INSTAL:
L ATION AS WELL AS FOR

PLUG WIRING EXERCISES

10 SWITCH L AREVERSING

11 SWITCH MULT SPEED
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LAYOUT Muotors 85wilches
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Il

%o fo i Eo
Q
H
G
CLOCKWISE

ANTI-CLOCKWISE
‘“T o B & o o B

pl
a| COMPLETE DRAWING, MARK FLOW OF CURRENT

b) DRAW CONNECTIONS AND LINKS FOR CLOCKWISE AND ANTI - CLOCKWISE DRIVE
c) WHAT RULES CAN YOU APPLY 10 QETERMINE THE FLOW [DIRECTION) OF CURRENT 7
d] WHAT MEASURES CAN BE TAKEN 10 INCREASE OR DECREASE THE VOLTAGE OUTPUT?
EXPERIMENTS REGARDING WORKING PRINCIPLES AND CHARACTERISTICS ARE T BE MADE-LAB

AND OIRECTION OF GENERATOR ROTATION

EP23/4.5 2
SERIES WOUND D.C GENERATOR |5 ot
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING

ELECTRICIAN
el (SN

FAK-GERMAN TECHMICAL TRA4INING FPROGRAMME
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cHll

CLOCKWISE

P
Iul COMFLETE DRAWING, CONNECT AMPERE

ANTI-CLOCKWISE

AND VOLTMETER,

AND DIRECTION OF GENERATOR ROTATION

b) ORAW CONNECTIONS AND
c)

MARK FLOW OF CURRENT

LINKS FOR CLOCKWISE AND ANTI-CLOCKWISE DRIVE
WHAT MEASURES CAN BE TAKEN TO INCREASE OR DECREASE THE VOLTAGE OUTPUT?
EXPERIMENTS REGARDING WOURKING PRINCIPLES AND GHARACTERISTICS ARE 10 BE MADE -LAB

SHUNT WOUND D.C- GENERATOR

EP2.3i4 5 212
Motors&Switches

e e e
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING
s =

FAK-GERMAN TECHNICAL TRAINIMG PROGRAMME

e ———————
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F H/B E D C
o

CLOCKWISE ANTI -CLOCKWISE
l] ql
& H 7 .
FO g EO [..Jl f‘.o AO FO HDE ED DD CD

Pl

al COMPLETE DRAWING, CONNECT AMPERE-AND VOLTMETER, MARK FLOW OF CURRE NT
AND DIRECTION OF GENERATOR ROTATION

b) DRAW CONMECTIONS AND LINKS FOR CLOCKWISE AND ANTI-CLOCKWISE DRIVE

£.) WHAT MEASURES CAN BE TAKEN T0 INCREASE OR DECREASE THE WVOLTAGE CLT Put ?

EXPERIMENTS REGARDING WORKING PRINCIPLES AND CHARACTERISTICS ARE TO BE MADE-LAB

EP 2 .3/4 5__2!3__
Motors&5Switches

COMPOUND WOUND D-C. GENERATOR

CCVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
Far GEAAN Techncal tramme rrocradve I | GENERAL
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A F HéB EO

I :
'

CLOCKWISE ANTI-CLOCKWISE

A F HB E DRAW CONNECTIONS AND F H."B £

O OO LINKS FOR CLOCKWISE AND o
T ANIl- CLOCKWISE DRIVE T T
(R) Pl fﬁ)Pl iN

o! COMPLETE ORAWING MARK FLOW OF CURRENT aAND DIRECTION OF MOTOR ROTATION
b WHAT RULES CAN YOU APPY 10 DETERMINE THE FLOW (DIRECTION] OF CURRENT 2
t) WHAT MEASURES CAN BE TAKEN 10 INCREASE OR DECREASE THE SPEED / POWER ?
d] GET YOUR DRAWING CHECKED, TAKE SUITABLE MATERIAL AND DO YOUR PRACTICAL JOB

EXPERIMENTS HEGARDING WORKING PRINCIPLES AND CHARACTERISTICS ARE 10 BE MADE -LAB 4

EP 2 3145214
SERIES WOUND D.C. MOTOR Motors B SAviChes

CEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
PAK-GERMAN TECHNICAL TRAINING PROGRAMME _ GENFHJ"‘L
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Foamm
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-
CLOCKWISE ANTI-CLOCKWISE
DRAW CONNECTIONS AND
a et LINKS FOR CLOCKWISE AND a AP %
ANT| -CLOCKWISE DRIVE
(R}PI Nl

o) COMPLETE CRAWING, MARK FLOW OF CURRENT AMD OIRECTION OF
bl wHAT RULES CAN YOU AFPLY T0 DETERMINE THE DIRECTION OF
c) WHAT MEASURES (AN BE TAKEN T INCREASE OR
o) GET YOUR DRAWING CHECKED, TAKE SUITABLE MATERIAL

AND DO
EXPERIMENTS REGARDING WORKING PRINCIPLES ANC

i HARACTERISTICS

DECREASE THE SPEED/POWER 7

MOTOR  ROTATION
MOTOR ~ ROTATION 7

YOUR PRACTICAL JOB
LRE T BE MADE-LAB

EP 2. 3/4.5.2/5

SHUNT W -
OUND D.C. MOTOR Motors & Switches
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
PAK-GE RMAN TECHNICAL m:gma PROGRAMME _ GEMERAL
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=
I
F

A E H/B E- DRAW CONNECTIONS AND A F H/B E
©c o o LINKS FOR CLOCKWISE AND © o ©
& B ANTI-CLOCKWISE DRIVE a o
D C D €
(R)P IF"(H}

8.} COMPLETE DRAWING, MARK FLOW OF CURRENT AND DIRECTION OF MOTOR ROTATION

bl WHAT RULES CAN YOU APPLY TO QDETERMINE THE [DIRECTION OF MOTOR ROTATION 7
c | WHAT MEASURES CanN BE TAKEN T0 INCREASE OR UECREASE THE SPEED/ POWER 2
d) GET YOUR ODHAWING CHECKED, TAKE SUTABLE MATERIAL AND DO YOUR PRACTICAL JOB
EXPERIMENTS REGARDING WORKING FRINCIPLES AND CHARACTERISTICS ARE 10 BE MADE - LAB

EP2.3/4.5.2/6
Molors & Switches

COMPOUND WOUND D.C. MOTOR

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN

PAM-GE RMAN TECHNICAL TRAINING PROGRAMME — GENERAL
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I § 464 | 1 OO0 00O
e e i, i s Vi d e e et i e
_,"1.'::._._.._::‘\
/1000 é\\
i; ILQ _C_)_Ql =
! 1| Complete the wiring diagram and
".‘34"\.1 u / : - " b o=
\ / inner connections between molor
\'\ j*’ terminal and motorwindings
\‘\,‘ P Indicate all missing letters.
-~ -
S e Draw installation layoul overleaf.
Supply 3 x 380V, Motor 380V A 3~
I Have your drawing checked before starting practical work
Check and connect SUPPLY in PRESENCE of your INSTRUCTOR
EP 2.3/4.5.217
ON-OFF DRUM SWITCH MotorsRSwitches

e —— e T e - L
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
PAK-GERMAN TECHHICAL TRAINING PROGRAMME  IEnaEm GENERAL
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L2
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E
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1 | |
B i L
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| {115 | N _E N N
I & & 1 ®©©O0 OO0 0O |
| T o el S
J-'"-_ ‘-%“'
P K b v N
/1@ 00! X
S s
/ 1000I=Y
I-M = e i) | Complete the wiring diagram and
13:-\_ L lf inner connections between maotor-
\‘\ !J terminal and moterwindings
b8 L indicate all missing letters
"“u-_;___;_..—” Draw installation layout overleaf
Supply 3 x 380V, Motor 3BOV & 3~
“ave your -drawing checked before starting practical work
heck and connect SUPPLY in PRESENCE of your INSTRUCTOR
I :
EP2.3/14572/8
REVERSING DRUM SWITCH MotorsRSwitthes
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
FAK GERMAN TECHNICAL TRAINING PROGRAMME " | GENERAL
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;1000 F 5
/ \ |
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I .
\ / i
\ / Complate the wiring diagram and inner ‘

\\ ,,‘f connections betweasn motorterminal and

= -
s T motarwindings

Indicrte il missing letlers

e R

Draa installation layout ovarleaf

Have your drowing checked befare starting oracticnl  werl
o

MHame devices indicated with @
)
Check and connect SUFPLY n PRESENCE of your INSTRUCTOR

LR

re =

P

3 S ——— - 1

| P2 34528

l Mot sRSwitches
L Ilﬁlll?.lﬂ11

' DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRILIAN
w FAR-GERMAN TECHNICAL TRAINING PROGHAMME ]

STAR-DELTA DRUM SWITCH

GEMNERAI
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L1 .
L2 *
L3
E
S e e et —— o
|
| — . — — ) A
I |
| N O NGNS e . X
_________ ! |
r A
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|
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- | | —— e D Y A
j L1s[1=]15] | | :
| I
1 S O OO0 00C00®0O
T P = STt e .J
" ~]_‘\
i - DG D
/ ‘ - i N -
" e V¥
1 OON=E
/ B | \
! \
! |
| | :
\ u ] Complete the wiring diagram and inner
\"\ ’,-‘} connections between motorterminal and
N ‘!/ matorwind ings.
\\.H - Indicate all missing letters,
S = Oraw installation layout overleaf
I Have your drawing checked before starting practical work
Check and connect SUPPLY in PRESENCE of your INSTRUCTOR N
]
STAR-DELTA REVERSING EP2.3/45210
DRUM SWITCH Motors&Switches
DEVELOFPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
FAK GERMAN TECHNCAL TRanG Frocranve (R GENERAL
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/
Corplete the wiring diagram and inner !" l
conrections between motor terminal and | ub \
motar windings |‘ II
Indicate all missing letlers | 3~
ODraw nstallation Layoul overleaf \[JB
Have your drawing checked before starting \\
practical work. ™
Check and connect SUPPLY in PRESENCE of your INSTRUCTOR
Ep2 3!& 52,'11
MULTI SPEED DRUM SWITCH |~ 0

ELECTRICIAN

GENERAI

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING
PAK-GERMAN TECHNICAL TP+ NING PROGRAMME o=
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8 -9-10CONT ON OFF 11-12-13 CONTACTOR REV- 1-15-16CONTAC TOR A .&_

1 g = _Fj 1 e —— g _H_I, ﬁ. e e 4
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CF It |
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23-24-CONT-MULT! SPEED

14 --|

o

=l E —

25-26 CONT-THREE SPEED | 27-28-29CONT-ROTOR STARTER 30 CONT-PUMP CONTROL
EP 2.1/4.5.3/

LAYOUT
Contaclors
ELECTRICIAN

DCVYELOPMENT CELL FOR SKILLED LABOUR TRAINING
SAK GERMAN TECHHICAL TRAINING PROGRAMME —_ GENERAL
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CONTACTORS

As a prime mover the 3 phase motor dominates the field. Apart
from individual fractional H.P. motors which have manually
operated starters, most motors are controlled by means of a
contactor. These are operated by various control devices, either
manually or automatically, from signals actuated by time, move-
ment, pressure, quantity or temperature, Control sequencing ne-
cessary between several drives can easily be carried out with
contactors, interlocking being arranged via their auxiliary
contacts.

The load rating stated in kW is the basic parameter required to
allow a correct selection of contactors. This figure by itself,
however, is not always sufficient. The type of load, its operat-
ing cycle, switching frequency and total life required, all in-
fluence the overall load on the contactor. All this has to be
considered when installing a contactor.

AUXILIARY CONTACTS

These contacts are used in contactor coil ecircuits and together
with control devices (such as push-buttons, limit switches,
timers and the like) form the control circuit of control systems
for motors, solenoids, clutches etc. The contacts of control
circuits are therefore not subjected to any great load. Bearing
in mind the large number of relays in large control systems, the
dimensions have to be kept small.

A selection of most common circuits in different representations
such as mains wiring circuits, current path - and wiring diagrams
of control circuits for contactors will be given later in this
course,

Drawing exercises CIRCUITS III are to be completed in parallel
with this course and to be used together with its diagrams to
carry out the practical exercises.

Besides the circuits actually shown here, there are many possible
variations, combinations and extensions of contactor circuits
under different conditions, such as circuits which comprise
additional limit switches, pressure and level switches, tempera-
ture dependent switches, special motors such as brake motors,
{(Motors with an incorporated brake to stop them immediately when
the circuit is interrupted.)

All these circuits will be understocd more easily when you have
studied and worked through' this course.

EP.234.5.3N
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In the first step the control circuit is switched with a single pole switch.
We now operate the control circuit with a momentary contaoct switch
(push button) The contactor only gives a connection as long as
you press the button

@ A "closer” is connected within the circut n parallel to the push button
If the push button is now pressed, the circuit s closed, first with the
push button and then with the “closer” of the contactor itselt. By releas-
ing the push button the circuit remains closed due to the “closer”, To

open the circuit we need another swiltch n series to the ofore
mentioned ones.it is called an "opener”,

EP 2.3/4.5.3/2
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laotbter
code

A

B

c

W

Kind of item

Assemblies, sub-

assemblies

Transducers,

vice=versa

Capacitors

Binary elements, delay

devices, storage de-
vises

nmiscellaneous

Protective devices

Generataors, supplies

Signalling devices
Relays, contactors
Inductors

Hotors

Measuring equipment,
testing equipment

Hechanical switching
devices for power
circuits

Resistors

fwitches, selectors

Trana formers

Modulators, changers

Tubes, semiconductoers

Transmission paths,
waveguides, aerials

from non=
electrical quantity to
electrical guantity or

Examples

Amplifier with tubes or transistors,
magnetic amplifier, laser, maser

Thermo-electric sensor, thermo cell,
photo-electric cell, dynamo-meter.
crystal transducer, microphone, pick=-
up, loudspeaker, synchros, resolvers

Combinative elements, delay lines,
bistable elements, monostable elementsd
~ore storage, register, magnetlc
tape recorder, disk recorder
Lighting devices, heating devices,
devices not specified elsewhere 1in
this Table

Fuse, over-voltage discharge device,
arrester
Rotating generator, rotating freguency

converter, battery, supply device,
oscillator, guartz-oscillator

Optical and acoustical indicators

Induction colil, line trap

Indicating, recording and integrating
measuring devices, signal generator,
clocks

Circuit-breaker, isolator

Adjustable resistor, potentiometer,
rlieostat, shunt, thermistor

Control switch, push-buttons, limit
~witeh, selector switch, selector,
dial contact, connecting stage

voltage tramsformer, current trans=
former

Discriminator, demodulator, fregquency
changer, coder, inverter, conver ter,
telegqraph translator

Electronic tube, gas=discharge tube,
diode, transistor,6 thyristor
Jumper wire, cable, busbar, waveguide,

waveguide directional coupler, dipole,
parabolic aerial

LETTER CODES
ACCORDING TO 1EC

FP 2314534
Coniactors N
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continued
Letter Kind of item Examples
code
X Terminals, plugs, Disconnecting plug and socket, test
sockets jack, terminal board, spldering ter=
minal strip
¥ Electrically operated Brake, clutch, pneumatic valve
mechanical devices
4 Terminations, hybrid fable balancing network, compandor,

transformers, filters, crystal filter
equalizers, limiters

Letter codes for the designation of general tunction

Letter Generzal Eunction
code

-
1

Auxilliary

Direction of movement (forward, backward,
hoist, lower, clock-wise, anti-clock=wise)
Counting

pDifferentiating

Protecting
TesclnT
signalling
Intearating
Jog

gEpon

—
—

Main

Measuring

Proportional

state (start, stop, limit)
Reset, erase

Storing, recording

Timing, delaying

speed (accelerating, braking)
Adding

Multiplying

Analogue

Digital

ﬂrﬂacE-q::q:n;:i;diﬂﬁtﬁﬂzn'

LETTER CODES EPZﬁ&EﬂFL__
ACCORDING TO 1EC Contactors
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MO OR CURRENT TAINS LOCKS CURREMNT-
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NAME : 4 ROLL No. :
FOR EXERCISE: | EP2.3145.316
DESCRIPTION OF CONTROL CRe =t
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| WHERE DO WE PUT
/ THE LINKS FOR DELTA
£

CONNECTION .....

WHERE DO WE PUT
THE LINRS FOR STAR
CONNECTION

TAKE SUITABLE MATERIAL ( MOTDR ) AND DO YOUR PRACTICAL JOB.
EXERCISE SHEET NO L.5.3/8 DR 453/9 AND %.5.411 MAY BE

USED IN  ADDITION.

ACCORDING TO INSTRUCTORS DECISION PLUG WIRING OR BOARD INSTALLATION

CONNECT SUPPLY IN PRESENCE oF YourR INSTRUCTOR.
DRAWING 1S ALS0 USED FOR EXERCISE NO & 571§

EP 2314 5317

Contactors
ol o
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L1 .

—

50

51

K1

DESCRIPTION QOF PARTS

B, oo I

TACT

S50 PUSH BUTTON-0FF WMOMENTARY CON
S1 PUSH BUTTON-ON "

K1 AUTOMATIC CONTACTOR fCoiud

F1 CONTROL CIRCUIT FUSE

FZ THERMAL OVERLOAD SWITCH with LOCK

?

IF THIS IS GIYVEN IN A DRAWING IT
HAS TO BE BELOW THE CONTACTOR
CONCERNED WITH

FOR MAIN CONTACTS (NOT SHOWN IN THIS
DR AWING)

FOR CLOSER or MAKE CONTACTS
FOR "OPENER"or BREAK CONTACTS

PATH WHERE YOU WILL FIND THE
CONTACTS IN THE DRAWING

ALL CONTACTS CONTROLLED OF e.g.
CONTACTOR K1 ARE ALSO MAHRKED
WITH K!

a) WORK OUT YOUR DESCRIPTION OF CONTROL CIRCUITS & 5316
L) TAKE SUITABELE MATERIAL AND OO YOUR PRACTICAL JOB

ACCORDING TO INSTRUCTCORS DECISION PLUG WIRING

EXERCISE.

OR BOARD INSTALLATION

CONNECT SUPPLY v PRESENCE ofF vour INSTRUCTOR

MOTOR CONNECTION, ON-OFF

EP 2 3/4.53/8
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1 K1 \ K1
4 14 L

1
K1 H1 H2
a . 2 ]
N J
1 g 3 s
M ; 9 F THIS IS GIVEN IN A DRAWING IT HAS TO
g AELOW THE CONTACTOR CONCERNED WITH,
. ———— FOR MAIN CONTACTS
DESCRIPTION OF PARTS: —— FOR TLOSER or MAKE CONTA
SO PUSH BUTTON-OFF MOMENTARY ConTACT 4—&—2~FOR OPENER or BREAK CONT/
" - & =
S1 PUSH BUTTON-ON - — <1 1 _PATH WHERE YOU WILL FIND
K1 AUTOMATIC CONTACTOR {(CawL) CONTACTS IN THE DRAWING
F1 CONTROL CIRCUIT FUSE

FZ2 THERMAL OVERLOAD SWITCH witn LOCK ALL CONTACTS CONTROLLED Gl
H1 WABRNING LAMP [OVERLOAD) COMNTACTOR KI ARE ALS0 MAI
H? CONTROL LAMP [MOTOR RUNKING) WITH K1

a) WORK OUT YOUR DESCHIPTION OF CONTROL CIRCUITS 4.53/F

b)) TAKE SUITABLE MATERIAL AND DO YOUR PRACTICAL JOB.

EXERCISE SHEET Mo &4.5.317 AND 4.5.4i1 MAY BE USED IN ADOITION
ACCORDING TO INSTRUCTORS DECISION PLUG WIRING OR BOARD

=

PAK -GERMAN TECHNICAL TRAINING FROGRAMME _ GEI
a7

INSTALL ATIC ALl
CONNECT SUPPLY v PRESENCE ofF vous INSTRUCTOR
LRAWIHG IS ALSD USED FOR EXERCISE Mo, . & 5715
EP 2.3/ 4
MOTOR CONNECTION, ON-OFF [ Earbaet ]
ontac
h——s | —
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L3 y
N :
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- K1
5
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DESCRIPTION OF PARTS: f}
F1 COMTROL CIRCUIT FUSE F2 [ I I |
F?2 THERMAL OVERLOAD SWITCH
F3 MAIN (Power) CIRCUIT FUSES .
K1, K2 AUTOMATIC CONTACTOR (o)
M1 MOTOR 3~ 380V = 9
L, .
TAKE SUITABLE MATERIAL{MOTCR) AND DO YOUR V) “\
: (du dv &4 YL
PRACTICAL JOB V12 kvl
g o /
EXERCISE SHEFT NO &4 S5.3/MOR 4.95.3 /17 AND &.5.472 MAY \ 2 = J
BE USED IN ADDITION. Y M3 s
ACCORDING TO INSTRUCTORS DECISION PLUG WIRING OR BOARD INSTALLATION.
CONNECT SUPPLY N PRESENCE OF YOUR INSTRUCTOR.
NOTE. DO_NOT SWITCH DIRECTLY FROM DNE DIRECTION TO THE OTHER,

ALLOW MOTOR

TC STOP DRAWING 1S ALSO USED FOR EXERCISE NO 4.5.1/6

EP 2.3/4.531N0 I
Contactors

MOTOR CONNECTION 3~ REVERSING
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F1

95
F2

96
S0

K1
K2
N bl
1
Mec o Me oo
=1 & -
S . -
CLOCKWISE ANTI- CLOCKWISE
a) GIVE DESCRIPTION OF
Fi1 K1, K2
Fa 50,%,52

b.J) WORK OUT YOUR DESCRIPTION OF CONTROL' CIRCUTS 4.S5.3/%

) TAKE SUITABLE MATERIAL AND DO YOUR PRACTICAL JOB.

EXERCISE SHEET MO, 4-5.31190 AND 4.5.4712 MaAY BE USED IN ADDITION
ACCOHDING TO INSTRUCTORS DECISION PLUG WIRING OR BODARD INSTALLATION.
CONMECT SUPPLY N PRESENCE ofF vour |INSTRUCTOR. |

NOTE : DO NOT SWITCH DIRECTLY FROM ONME DIRECTION (0 THE OTHER,
ALLOW MOTOR TO STGP

EP2 31453
Contactors

MOTOR CONNECTION, 3~ REVERSING|
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CLOCKWISE ANTI-CLOCK'WISE 3 w o
a,) GIVE DESCRIPTION OF: K, K2
F Sh. 51,52
F2 HY. HZ, H3

b WORK OUT YOUR DESCRIPTION OF CONTRCL CIRCUITS 4.5 378

c.) TAKE SUITABLE MATERIAL AND DO YOUR PRACTICAL JOB

EXERCISE SHEET NO 4.53/10 anD &.5.4/2 maY BE USED IN ADDITION .
ACCORDING 10 INSTRUCTORS DECISION PLUG WIRING ORH BOARD INSTALLATION.
CONNECT SUPPLY 1n PRESENCE ofF YOouR INSTRUCTOR,

NOTE : DO NOT SWITCH DIRECTLY FROM ONE DIRECTION TO THE OTHER,

ALLOW . MOTOR TO STOP.
DRAWING 15 ol S0 USED FOR EAFERACISE NO & 5 1/E

EP 23145312

MOTOR CONNECTION,3~ REVERSING

Contactars
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WHICH 15 THE MAIN CON.TAET"']F!?

TAKE SUITABLE MATERIAL IMUTOR)
EXERCISE SHEET No 4.53/14 DR 4.5.3/115 AN
ACCORDING TO INSTRUCTORS NECISION PLUG W
CONNECT SURPLY IN PRESENCE OF YOUR INSTRUCTOR.

&

£

HICH
1

E

a _2 WHICH
. x]
™
.u-'""_J.
4{?’,

DHAWING IS ALSO USED FOR EMERCISE Mo & 5117

IS THE

<]
STAR CONTACTOR?
(%]

15 THE DELTA CONTACTOR?

[¥5 ]

g

CHAOSS CONTACTOR ( CONTACTORS & ©
ENERGISED FOR '
5TAR CONNECTION
OELTA CONNECTICN

(/) [
(¥ [¥3]

|| =
| jun

AND DO YOUR PRACTICAL JOB.
D 4.5 43 maY BE USED IN ADDITION.
RING OR BOARD (NSTALLATION

MOTOR CONNECTION,3 ~ STAR-DELTA

EP2 314.5.313

Con*actors
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FOR EXERCISE ONLY

WITHOUT TIMING RELAY TO UNDERSTAND THE SEQUENCE OF OPERATION
a) WORK OUT YOUR DESCRIPTION OF CONTROL CIRCUITS 45 3 If

b) TAKE SUITABLE MATERIAL( MOTOR)AND DO YOUR PRACTICAL JOB
EXERCISE SHEET NO & 5.3/13 MAY BE USED IN ADDITION
ACCORDING TO INSTRUCTORS DECISION PLUG WIRING OR BOARD INSTALLATION

CONNECT SUPPLY N PRESENCE of Your INSTRUCTOR.

i i

MOTOR CONNECTION,3~STAR-DELTA}

_EP2.3/4.5.314

Contaclors
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a 2 TIMING RELAY  — i Z
I MAINS C DELTA E. STAR C =
& g
a; WORK OUT YOUR DESCRIPTION OF CONTROL CIRCUITS 4.5.3/6
b.}) TAKE SUITABLE MATERIAL (MOTOR) AND DO YOUR PRACTICAL JOB
EXERCISE SHEET NQ.4.5.3/12 AND 4.5.413 MAY BE USED IN ADDITION.
ACCORDOING TO INSTRUCTORS DECISION PLUG WIRING OR BOARD INSTALLATION.
CONNECT SUPPLY N PRESENCE ofF YourR INSTRUCTOR .
ORAWING 15 ALSO USED FOR EXEHCISE MNO, 4.5.147
EP 2.314.53/115
MOTOR CONNECTION,3~ STAR-DELTA
Contactors
e
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CROSS CONTACTOHS ENERGIZED FOR -
STAR CONMECTION CLOCKWISE

DELTA CONMECTIN. CLOCRWISE
STAA CONMECTION ANT - CLOCHWISE

-
DELTA CONNECTION ANTI=-CLOCHMWISE

TAKE SUITABLE MATERIAL (MOTOR ) AaND DO YOUR PRACTICAL JOB

EXERCISE SHEET NO 4 5 3/I170R & 5.3118

IN ADDITION
ACCORDING TO INS

CONNECT
CRAWING

SUPPLY

TRUCTORS DECISION PLUG WIHING OR BOARD
N PRESENCE OF yous INSTRUCTOR.

% AL%0 UWUSED FOR EXERCISE NO & 51/%

AND &L S LJ4 MAY BE WUSED

INSTALLATION

MOTOR CONNECTION,
3~ STAR DELTA REVERSING

EP 2345 316

Contactors
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N e 2 3 4 g B
e 8 elo M c o M c B Mo
- 1 6 &5 — &3 - =1 - 5 1
- = 9 B - &
MAINS C TIMING DELTA 5TAR C MAINS
CLOCK S ISE HELAY

ANTI CLOCHW
a) WORK OUT YOUR DESCRIPTION OF CONTROL CIHCWITS %.5.3/6

b) TAKE SUITABLE MATERIAL AND DO YOUR PRACTICAL
EXERCISE SHEET No 4.5316 AND 4.5.414

ACCORDING TO INSTRUCTORS DECISION PLUG

o8,
MAY BE USED IN ADDITION.
WIRING OR BOARD INSTALL ATION

CONNECT SUPPLY w PRESENCE ofF your INSTRUCTOR

MOTOR CONNECTION, [EP 2345317 |
3 g STAR_DELTA REVERS‘NG Contactors
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-2 w & 3 3 2
MAINS € TIMMING DELTA C START C.  MAINS C. é
CLOCK WISE RELAY ANTI-CLOCK W =

a) WORK OUT YOUR DESCRIFTICN OF CONTROL CIRCUITS 4 53/¢

b) EXPLAIN WHY DOES THE CONTROL CIRCUIT CROSS THE DIFFERENT CONTACTS

c] TAKE SUITABLE MATERIAL AND [0 YOUR PRACTICAL JOB

EXERCISE SHEET No 4.5.3/10 AND 4.5.4/4 MAY BE USED IN ADDITION

ACCORDING TO INSTRUCTORS DECISION PLUG WIRING OR BOARD |

CONNECT SUPPLY N PRESENCE ofF vour INSTRUCTOR.
DRAWING 15 ALSD USED FOR EXERCISE Ma 4 51/8

NSTALLATION,

MOTOR CONNECTION
3~ STAR-DELTA REVERSING

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING
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MOTOR WINDINGS
LDW SPEED A CROSS CONTACTOR (CONTACTORS) CONMCERNED
U; WHICH |5 THE MAIN CONTACTOR
EFQR LOW SPEED
" " (K81 | [K3) | (ks3]
Up Wr =
FOR HIGH SPEED
L Ka |'ii"91_ 93 |
W Vi Va WHICH COMTACTOR (S) IS (ARE) ENERGIZED FOR
HIGH - ww seeep  [KBY | (K9] [K93 ]
SPEED YY wicH speen (KB |  [K31]  [K33]
TAKE SUITABLE MATERIAL (MOTOH) AND DO YOUR PRACTI-
CAL JOB.
Wi {B@u EXERCISE SHFET Nn 4 5.3/20 OR &4.5.13/2) AND
L .5 4/5 MAY BE USED N ADDITION
ACCORDING TO INSTRUCTORS DECISION PLUG WIRING OR BUARD INSTALLATION

CONNECT SUPPLY v PRESENCE oF YOuR

DRAWING

IS ALSD USED FOR EXERCISE Mo 4.5.1/

Tt

INSTRUCTOR

9
|

s

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING

MOTOR CONNECTION,3~ 2 SPEEDS

EP 234.5.314 |
Contactors
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HMAINS O MAINS T ETAR
LOW SPEED HIGH SPEED CONTACTOA
a) WORK OUT YOUR DESCRIPTION OF CONTROL CIRCUITS & 53l6

b) TAKE SUITABLE MATERIAL AND DO YOUR PRACTICAL JOB
“EXERCISE SHEET No £53/19 AND & 54 /5 MAY BE USED IN ADDITION
ACCORDING TO INSTRUCTORS DECISION PLUG WIRING OR BOARD INSTALLATION

CONNECT SUPPLY iw FRESENCE of voun INSTRUCTOR.

TYPE
RECORD MOTOR

DATE

L) I &
i AW cos T f.
f fimiom AP

DISCUSS

MOTOR CONNECTICN, 3~ 2 SPEEDS
TAPPED WOUND,1 DIRECTION

Contactors
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LOW SPEED HIGH SPEED CONTALTOR =9 T !_. of
513/

a) WDRK OUT YOUR DESCRIPTION OF CONTROL CIRCUITS 4
b) TAKE SUITABLE MATERIAL AND DO YOUR PRACTICAL JOB

EXERCISE SHEET Ho &5 3,19 AND 4L & <3 MAY BE USED IN ADDITION.

WHY ARE TWO OVERLOAD PROTECTION SWITCHES INSTALLED 7

WHAT FOR IS THE INTERLINK SYSTEM PRACTISZD ON SWITCHES AND CONTACTORS?
ACCORDING TO INSTRUTTORZ DECISION PLUG W NG OR BOARD INSTALLATION

CONNECT SUPPLY v PRESENCE OF YOUR INSTRUCTOR

DRAWING IS ALSD USED FOR EXERCISE No & 5 1/¢@

MOTOR CONNECTION3~ 2SPEEDS| EP 2 314 5.3/21
TAPPED WCUND, 1 DIRECTION .} Contactors
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TAKE SUITABLE MATERIAL AND DO YOUR PRACTICAL

EXERCISE SHEET No

JOB

53123 AND 45 41 B MAY BE USED IN ADDITION

ACCORDING TO INSTRUCTORS DECISION PLUG WIRING OF BOARD INSTALLATION,
CONNECT SUPPLY N PRESENCE ofF vouga INSTRUCTOR

MULTI-SPEED, TAPPED
WOUND,2 DIRECTIONS,2 SPEEDS

Ep 2345 yig i

Contactors
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N £
| 3 5 6 1
M ¢ 0 M oc u Mc a Mc o Mc o
- 37 i % - 5 1 - = 7 %
u -
MAINS € MAINS [ MAINS sTaR MAMN® €
CLOCKWISE  LOW SPEED HIGH SPEED C ANTI-CLOCKW

a) WORK OUT YOUR DESCRIPTION OF CONTHOL CIRCUITS &5 3/6

h) TAKE SWITABLE MATERIAL AND DO YOUR PRACTICAL JOB
EXERCISE SHEET No & S 3122 AND & 5.4.6 MAY BE USED N ADDITION
ACCORDING TO INSTRUCTORS DECISION PLUG WIRING OR BOARD INSTALLATION

CONNECT SUPPLY v PRESENCE 0F your INSTRUCTOR

<
MULTI-SPEED, TAPPED | EP23/4 5323

WOUND,2 DIRECTIONS, 2 SPEEDS Contactors
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N
T 3 e
allI 11 £
II [f] [ |
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K81 K1 ; K -
:le[g'E)N LOW SPEED HIGH SPEED
F3 rz[9]9]9] F -1
U H"M\ U, :
wf M\
HIGH SPEED / ) 3" /w‘

TAKE SUITABLE MATERIAL(MOTOR) AND DO YOUR PRACTICAL JOB
EXERCISE SHEET NO 4.5.3/25 MAY BE USED IN ADDITION.

ACCORDING TO INSTRUCTOR DECISION PLUG WIRING OR BOARD INSTALLATION

CONNECT SUPPLY 1N PRESENCE ofF vour INSTRUCTOR

MULTFSPEED,2 WINDINGS, | EP23/453/24
1 DIRECTION,3 SPEEDS,TAPPED W.| Contactors
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a) WORK QUT YOUR DESCRIPTION OF CONTROL CIRCUITS 4 53/6

b] TAKE SUITABLE MATERIAL { MOTOR) AND DO YOUR PRACTICAL J0B
EXERCISE SHEET NO &4 5.3/24 MAY BE USED IN ADDITION

ACCORDING TO INSTRUCTORS DECISION PLUG WIRING DR BOARD INSTALLATION
CONNECT SUPPLY (N PRESENCE of voOuRr INSTRUCTOR -

MULTI-SPEED, 2 WINDINGS
1DIRECTION3 SPEEDS,TAPPED WD.

EP231653/25 |
Contactors
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CROSS CONIACTOR |(CONTACTORS) CONCERNED
WHICH IS5 THE MAIN CONTACTOR 7 2
O u
o] (&) [ [ .
WHICH 15 THE FINAL STAGE CONTACTOR? 2
(k] [

WHICH CONTACIORS ARE FEMERGIZED IN.

FiRst  s1ace [« | [ wer] ka2 [[Ke3]

seconn StaGE | K1 | [ wa][K4z|[ka3]

FINAL STAGE m [{-;uﬂ | Kh?ll IM3|

YOUR MOIOR (S FOR 220/380V, HOW DO
YOU TONMECT THEM 10 YOUR 380V MAINS

w[F] o [&] -

TAKE SUITABLE MATERIAL (MOTOR) AND DO YOUR PRACTICAL JOB

EXERCISE SHEET No. 4 53/27 QR & 5.3/78 AND 454/ 7-BMAY BE USED IN ADDITION
ACCORDING TO INSTRUCTORS DECISION PLUG WIRING 2JR BOARD INSTALLATION
CONNECT SUPPLY IN PRESENCE OF YOUR INSTAUCTOR,

EP 23/4.5 3426

3 PHASE SLIPRING ROTOR STARTER

Centactors
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b
a) WCRK

EXERCISE

CONNECT

| e
l-_.J 3
b "
(3]
™

OUT YOUR DESCRIPTION OF CONTROL C'RCUITS 4.5 378

L) TAKE SUITABLE MATERIAL AND DO YOUR PRACTICAL JOB

SHEET No & 5 2126 MAY BE USED IN ADDITION

SUPPLY v PRESENCE orF vour INSTRUCTOR

5
o

ACCORDING TO INSTRUCTORS DECISION PLUG WIRING DR BOARD INSTALLATION

3 PHASE SLIPRING ROTOR STARTER

EP 2 314 53727

Contactors
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HI: _____ N |
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L "Hu
1 2 CONTACTOR REVERSING
| | |
| l =
IL al B = E L 0,
o e g *L f) kL ”
i ——— = I' - ———— - - ==k
i3 %
Y g L
3 CONTACTOR LA 4 CONTACTOR L A REV.
. .]JT. —-J,,h.l ‘C‘
F @;’ B
5 CONTACTOR 1DIR.2 SPEEDS 6 cowmcmn 2 DIR.2 SPEEDS
HF : —ir_ | |
| S P 1 i 1 & 1l
a 1& Il ltl-t LA l..::-L tj |
1L = -_L-—ﬂ_--T
o —
ﬁt;!:'f
7  CONTACTOR ROTOR STARTER 8 CONTACTOR ROTOR STARTER W.L |
EP 214 5.4/
LAYOUT Circuits I
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a) COMPLETE THE WIRING DIAGRAM OF THE ON-OFF CONTROL -
CIRCUIT ACCORDING 10 YOUR CURRENT PATH DIAGRAM 4523710

b} TAKE SUITABLE MATERIAL AND DO VYOUR FRACTICAL JOB
WITH THE HELP OF DIAGRAMS 453/8 45310AND YOUR COMPLETED
AND CHECKED DIAGRAM 4.5.41

3 PHASE ON-OFF EP 23145401 |
WITH CONTROL LAMPS Circuits [lI
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L3
N e
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b |2 b

SCGHELY

a.) COMPLETE THE WIRING DIAGRAM OF THIS CONTROL CIRCUIT 1
ACCORDING 1O YOUR CURRENT PATH DIAGRAM 453113

b) TAKE SUITABLE MATERIAL AND DO YOUR PRACTICAL JOB WITH
THE HELP OF DIAGRAMS 453M 45313 AND YOUR COMPLETED
AND CHECKED DIAGRAM &.5.4/2

EP 2 314 5.4/2
Circuits 111

3 PHASE REVERSING
WITH CONTROL LAMPS
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THE WASHING MACHINE

Major Electrical Parts With Briefl Description

1. Motor:

This is the most active component ol a Washing Machine, [tis a Single Phase AC
Mator with power rating of 0.25 10 0.5 HP. It is a Capacitor Start Capacitor Run Muotor

with the provision to rotae in forward & reverse direction. The basic theory to rotate the
mior 1 forward & reverse dircetion is as follows:.

Starting, Winding A Chanpeover Switch AL Mains
—— . 2 __....o . N
- 10 juF Capacitor : .._-_o [
Running Winding = . 0 :
. B
1 he two werminals of Sterting and Running Windings are direetly connected to the

Meutral throupgh a common wire while the other two terminals are imterconneeted
through a 10 pF capacitor

1. Now, if the phase wire of the mains 15 connected to pomnt "A". the moter will (for
example) run in forward direction, and, il the phase is connected to point "BY, then
the motor will change its direction 1© the reverse mode

2. Three Way Sclector Ih’w;’ teh:

It isa Three Way Four Terminal Ruoary Type Changeover Switch. 'ts lunction s

wtuen the machine OFF/ON as well as to run the motor cither in "ONLE WAY" or "TWO .
WAN" mode

U sliding terminal of this switch is connected Lo the phase wire while the
outermost two terminals are engaged with "ONLE WAY® and “TWO WAY" lines
respeciively. The middle one is the "OFF" termimal and Kept in "No Conncction” status

INFORMATION ELECTRIC WASHING EP2.3/4.5.480 1 &
SHEET iMACHiNE CIRCUITS - 11

ﬁ DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING Electriclan
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i

butlets/contacts.

Timgr:

[t is a Mechanicul Timer (0.....15 Minutes, penerally) with six leads ol clectrical

It contains two scparate Three Way Four Terminal Switches
function of cach one 15 bri=fly deseribed in following lincs:-

Revierse! L e Time
Forward _\ Mnst Swi

\ —  Swilch

Switch Secuon Sechion

[he

To : '

Capacilor's ! o :
Terminals . J '.

From To
2-Way Mode Motor
Sclector Swich

manually {rom the Machine Panel

machie o QFF condition.

Changeaver Switch

MNoutral

i, Time Switch: The function of this section is to turn the machine/moter in "ON®
condition within the time linuts (0. 15 Minutes) selected by turning the Timer Knob
This action will conncet the Neutral Wire to the
mptor and after selected time. the Neutral Point will shift 1o Buzzer terminal. Alter 10
secomds ol buzzng, the Neutral point switch over/rests o OFF terminal wirning the

= il Reverse/Forward Switch: When the timer is ON_ this portion acts us a Three Way
The Phase Wire changes over ity contact from one terminal of
the cupucitor to the other (See the basic theory of Reverse & forward rotation)
automatically if the Maode selector switch i1s in “TWO WAY" position.  In cuase the
machine 15 n "ONE WAY " made. this changing over function becomes effectless

e

] 3/4.5.4/9A

| INFORMATION ELECTRIC WASHING E;fmr:ms -
L SHEET MACHINE = -
i DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING Electrician
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AC Supply
230 v/50 Hz
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SERVICING ELECTRICAL MOTORS

DISMANTLING ELECTRICAL MOTORS
REMOVAL OF BALL BEARINGS

INSTALLING OF BEARINGS (2)

REMOVAL OF BUSHES AND SLEEVE BEARINGS
CLEANING OF BALL BEARINGS / TRANSPORTATION
SKIMMING OF ARMATURE

ASSEMBLING OF ELECTRICAL MOTORS

TEST SHEET (MECHANICAL)

TEST SHEET (ELECTRICAL)

CHECK LIST

TYPES OF BEARINGS

TYPES OF LUBRICATION NIPPLES

OIL SEALS

BEAR INGS

PARTS OF ELECTRICAL MOTORS

CONSTRUCTION TYPES OF ELECTRICAL MOTORS

73




SEQUENCE oF OPERATION

1. Place all motor parts in a box |
2. Work very carefully to avoid damage.

j. Place motor an a clean, level and solid surface, e.g. work
bench, concrete floor. Do not open the motor on dirt floor
for dirt and dust will enter the motor and cause damage.

4, Clean the outside to remove all dirt and grease with a dry rag,
cloth, duster or a brush and some petrol or kerosene oil.
DO NOT USE WATER.

5. Mark the exact position of both the ENDSHIELDS and the MOTOR
FRAME with a sharp centre punch, scriber or a file.
This will help maintain the
true bearing alignment when
reassembling the motor and

prevent mixing up the parts. [ |ar *I_L_:l
l )
| —_

6. Take out carbon BRUSHES, if the motor has any, to avoid
damaging them.

7. Open nuts or screws with the PROPER SPANNER, or correct slze
SCREWDRIVER. DO NOT USE PLIERS.
1f the screws or nuts are very tight, apply light hammer blows
and soften with petrol or kerosene. 5
ATTENTION: If the nuts or screws are firmly rusted the stud
1s Iikely to be twisted off,

B, Open ENDSHIELD on shaft extension side
first, On the opposite side very often

the motor lead wires are attached or the <
centrifugal switch is mounted. Pe care—

ful not to tear off the wires from the iy = T ) =
motor windings or damage the centrifugal

switch.

9, Clean inside of the motor carefully with
compressed air, rags etc. or a small paint brush with some
petrol or kerosene oil. DO NOT USE WATER and do not use too
much cleaning fluld directly on the windings as it may
damage the insulation.

The use of sharp edged tocls, e.g. screwdriver, scraper, knlves,
inside the motor is NOT permitted. For scratching use small
pieces of wood or plastic only.

10. Place all parts of the motor in one boX. Do not mix parts from
other motors or tools with it.
If parts are not kept in a box they will get lost resulting in
an irrepalirable motor.

EP 2.3/4 56/

DISMANTLING ELECTRIC MOTORS |-————C "

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
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The ballbearing is removed
from the shaft with a
"puller",

Note: It is wvery import:mt
that only the ring which sits
on the shaft is pressed by
the pull:r,

Two strips of flat iron acress
a wvice may be used to remove
the bearing. Drive out the
shaft with light hammer blows
using protective pleces such

as wood, copper or aluminium
on the shaft end in order to
prevent damage to the shaft,

Puller for removing ballbearings
from bores.

Careful hammerblows on a piece of ‘\\

soft material, alu, wood ete,, may w\
&

be used to drive the bearing out, Z

Avold excessive pressure on the

inside ring for it may damage the
bearing.

EP 2.3/4.5.6/2

REMOVAL OF BALL BAERINGS

Serv. E Molors

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING I%LECTRICIAN
FAX-GERMAN TECHNICAL TRAINING PROGHAMME B | GENERAL
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KEEP YOUR WORK-BENCH CLEAN

WRONG RIGHT
PACKAGE SHOULD NOT BE OPENED AND PACKAGE SHOULD BE WEPT CLEAN, AND BEARING
ME., BEAmING EXPOSED TC DIRT SHOULD MNOT BE REMOVED UNTIL MEEDED

BEFORE PBEING NSTALLED

KEEP BEARINGS CLEAN

INSTALL HEARING PROPERLY

WRONG RIGHT
BEARING SHOULD MOT BE DRIVEN ONTO BEARING SHOULD BE LIGHTLY TAPPED QMTD
SHAFT BY PLOWS ON OUTER CASE SHAFT BY BLOWS ON TUBE WHICH FITS AGAINST

INNER SLEEVE

EP 2.3/4.56/3

INSTALLING OF BEARINGS Serv. E.Mctors

DEVELOPMENT CELL FOR SKILLED LAEOUR TRAINING ELECTRICIAN
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20 NOT -

TRY TO CLEAN
NEW BEARINGS

WRONG RIGHT
THE OiL ON NEW BEARINGS MUST NOT THE NEW BEARINGS SHOULD BE FITTED (MMEDUAs
; TELY AFTER IT5 REMOVAL FROM THE PACHAGE.

RIGHT

LOOSE COVER-PLATES PEAMIT DIRT TO COVER-PLATES PROPEALY (NSTALLED, PREVENTING
ENTER HOUSINGS, CAUSING RAPID THE ENTRANCE OF DiAT.
BEARING FAILURE. PRGTECT OPERATING BEARINGS

INSTALLING OF BEARINGS e

Serv. E Motors

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN]
FAK-GERMAN TECHNIC AL TRANING PROGRAMME T | GENERAL
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Bushes are usually removed with a
press and a sultable pressing

tool the same size as the bushes.

The pressing force

GUIDE or PILOT

can be applied with

a press or haommer
blows.

PRESSING TOOL

To press in and out bushes place
endshields on firm support to
avoid cracking or damage.

MOUNTING OF SLEEVE BEARINGS
pught to be done with a pressing

motion of a correct size
pressing tool only. If no press
is avallable a vice can Fe used

also.

For highest accuracy, especially
for thin walled bearings, the
bearing blank is first pressed
into the endshields and then
bored and reamed to size.

Check the right position of the lubricating
hole. If necessary drill the hole after

assembling the bearing.

+
RIGHT

REMOVAL OF BUSHES EP 2.3/4.56/5
AND SLEEVE BEARINGS Serv. E. Motors
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Cleaning a ball bearing (

Clean with brush and
kerosene or petrol.

= @

Apply pro- Check if
tect ve oll clean.
film and

wrap in

clean cloth

or paper

till further

use,

not applicable for new bearings)

Dry with a clean
cloth,

Dxy with com— Rinse with fresh
pressed alr., petrol or kerosene.

=

Transportation of heavy motors {1ifting)

Attention: Prevent accidents.

Always secure load, Do not stand under lifted load.

CLEANING OF BALL BEARINGS EP2.3/4.56/6 |
TRANSPORTATION ServEl Motors

SKILLED LABOUR TRAINING ELECTRICIAN
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1) MOUNT ROTOR RETWCEN CEATRES

®

@
0

I,‘_',J' lubrica t

shaft w,cantre hnl7

dead ceatre

lathe doc

2] CHECK TRUENESS
INDICATOP

®

WITH DIAL

1) CAREFULLY TUurs LIGHT CuUT
@ YV =I5 maun TME it e
VT =% my emin 165 fif min
T 09~ 05min/Rew  QGIZ- 0.OI0
YV = 00S-0)mm iREY 0,007 0000
q) SMOOTHEM Witk EMERY SHEET
REMOVE ap e HKS

®

5) MICA THNOSULATION nusT nt
LCPd THID

MUTATOR,

FEMOVE THE INSULATING

RIAL BETWEEN THE SEGHMIDNLS

WITH A SPEC. IACKSAW BLADE @

OF THE SAME THICKNESS ! -' ‘{ﬂ;l
¥ RS

hacksaw hlade

mind the windinel
6) TO SEAT THE CARDONBRUSH PPCPERLY
ON THE COMMUTATOR DIIAW AN EMERY-
SHEET BETUEEN BRUSH AND @

smooth [ile

erervy cloth

RE-
SURFACE OF THE COM=

MATE=-

COMMUTATOR |

@

emery cloth

undercut mica

SKIMMING OF ARMATURE

EF2 3L 5617
" ServEl Molors |
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In general the assembling of an C-motor is in the reversed
order of the disassembling sequence.

NOTE:

o Make sure that every part of the motor 1is
clean and in good workina order.

o Fit the centrifugal switch carefully, if any.
o Do not damage any motor windings.

2] Apply grease to ballbearings only immediately
before final assemblina,

o The recess on the frame and the shoulder on
the endshields MUST be clean and free from
any deposit.

HIEL

SHOULDER

o pirt will cause
misalignment.

o Tighten bolts or nuts
crosswise,

o ilse wonden hammer to tan endshields
with light hammer blows while turning
tpe shaft to obtain maximum alignment. 3 3

e EP 2 3/456/8
ASSEMBLING OF ELECTRIC MOTORS ["c o E motors
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QUALITY CONTROL

All serviced and renaired motors are to be checked
thorouwahly both mechanically and =lectrically.

GMLY MOTORS TN PERFECT CONMDITION ARE TO BE RELEASED |

m (mechanical) tight loose

correct too low too hioh
(small) (bia)

1) Noise
2) End play

J) motor running free

4) Nearing fits

5) Lubrication, orease
nipples, oil sunply

6) Termerature bearings

7) Temperaturc motor frame

100 000G

—
iy

00 0:00 0 0booo

5
&
¥
(-
=

B) Condition of shaft, key’
way, pulley, bearing saals

9} Nolts, nuts tightaned

Jooouoopob

ajigl

10) Test run 30 min,

Final nm!rks 3

Sifnoture /J Date

EP2.3/4.56/9
Serv.El Molors_

TEST SHEET (MECHANICAL)

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
Fae . GERMAN TECHMICAL THAMING PROGRAMME _ GENERAL

lsIa




QUALITY

CCORIT RO,

All serviced
thoroudghlv hoth

ONLY

and renaired motors
rechanical ly and

PERFECT CONDITICHN

are to he checked
electrically.

MOTORS IH T DL

A PELEASED

OF WROTEC TION

Type of motor: MG, D.C. ninalae phase ]l ynhase
Checklist (elnctrical)
1) Fill Ln abow: type plate:
2) Mpasure and check: Valtar: e,
Current ______n.
Feasistancr: Il
Pevolution: nen
Insulation:
Earth:
qood  ten low  too high
3] Temperature: E_ | m [:_:_I
4) HNoise: I I m 1:
5) Power output: I ] { ] ]
6) Testrun 30 min.: [_ ! I ] T 1

Remarks:

51 emn

Jure f Date

TEST SHEET(ELECTRICAL)

EP23i 56M0
Serv El Motors

-
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Leaurms v AN ELecTRIC moton )

[ mechanical - |
[ 1 eclectrical ]
— ] fan hlades serows are loose _]
touching housing
—th".‘i?’inn"l: Ar™ WM ]
= rotor touche=s endshields cracke
statnr not in line
—{ wrongly assrmbiled]
I noisy _} bearinga are

woarn out shaftlent |

] keyway or pulley
Wworn out

Iyl oeked with fustk
or dirt

noarmal sear ]

bearings are worn i1 =
— out, too much no 0il or greasc |
Frietion, Jjammed

dust ordirt en-
terced the hearing

motor Ylocked, arease or oll har-
does not ntart dened, Lrearing and
or run frecly shaft eorrodod

—[ e L vad

Wwrnndg transporta-
timn, rough hand-

shaft Lbent, and-

i . jitia ling,
shields not in lin non professional
repalr
rotar touches
o
atatnr
bearing tight,
hot, lack of oil or
smells graase

belt slips, ton | :r'rhrl

EP 2. 3/4 56M
CHECKLIST T

A\ _Eﬂérv.tl.MD{DFb

e
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sleeve bearings or bushes

plamn bush

ail
; :m . S LEARAVRLE TR R R RO

— —— LR .. §

douple shoulder bush with plain bush with spiral ol

stroight oil greev
v '] . graove

SLEEVE BEARINGS or BUSHES are turned from brass, gun metal
bronze or special bearing metals. Sleeve bearing motors
are usually oil lubricated and are generally used r
in horizontal position,

"OIL LESS" bushes are considered as permanently lubricated.
In this arrangement the shaft passes through a
sintered (powdered metal which is pressed and baked
In an oven) bushing which has been impreagnated with oil.
No lubrication is needed. Used in fans etc.
: _OUter Fing

ball bearing —i: ~~bally,

BALL BEARINGS are manufactured
from special steel and are
precisely machined and ultra OF oy ' MINNE fing
precisely ground. The balls
and the actual running faces
are highly polished.

SEALED BEARINGS contain lifetine lubrication and should not
be opened.

ELECTHIC MDJTORS EP2.3/456/12
TYPEL C° JEAR NS Serv El Motors
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LURRICATION OF ELECTRIC MOTORS

\Iﬂoulnﬂ narts need to be lubricatod to reduce friction which
causns heat,

ileat may socoll the bearing.

Bearings in electric motors nead a constant supply of clean oil
or grease. The lubricant is supplied through specially designed
oil supply hnles commonly fitted with the following oil or grease
nipples:

Farm A Emem M Form-C
|

% %

ball-valve grease nipples

To be served with a grease gun only,.
MOTE: clean nipples rarefullv befores lubricating.

? C

-
stauffer type gil nipole

dreagss oup

ADJUSTING SCREW I8

conTROL Q1N
WIHER W

wick niler sight feed wick oller
{lubricater) lubricater {lubricator)

EP2.314.56/13
ServE|l Motors

TYPES OF LUBRICATION NIPPLES

S—
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S——— H

NON CONTACTING OQIL SEAL CONTACTING OIL SEAL

. )
9__ |
CONVEYOR SPIRAL ; FELT RING SEAL

TN e N - BRI

i CLASTIC OIL SEAL

LABYRINTH BUX

\\-l\\.:-\\l\"\.\
L. s

L S, W S

| SCALED BaLL BEARING

2P8ING WATLR

HUBBER

RETAINING KING

WwATER FUMP SEAL

ELECTRIC MOTORS B2 3 HENA
OlL  SEALS Sorv Ll Motars

ELECTRICIAN

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING
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Taking data is one of the most important operations.

It consists of noting certain specific information concerning the
old winding, so that no difficulty will be encountered when the
motor is rewound. The information is recorded before and during the
process of stripping the stator core of its windings. The best pro-
cedure is to obtain as much data as possible before the stripping
operation., The information that should be obtained for both the
running and starting windings includes (1) name-plate data, (2) the
number of poles, (3) the pitch of the coil (the numbher of slots
that each coll spans), (4) the number of turns in each coil, (5) the
slze of the wire on each winding, (6) the kind of connection (that
is, series or parallel), (7) the position of each winding in re-
lation to the other winding, (8) the type of winding (whether hand,
form or skein), (9) slot insulation, both size and kind, and (10)
nurber of slots.

To determine the nurmber of poles in the
motor count the number of sections in the
running winding, In the figure the four
scctions of the running winding indicate
a four-pole motor. If there were six
sections in the running winding, it would
indicate a six-pole motor. The number of
polea in an induction motor governs the
speed of the motor, and it is therefore
essential that the correct number be re-
corded.

Should the winding assembly be cut at one point and rolled flat,
the winding would appear as the figure shows.

Rumning pole ~— Running poles— | 1 pale “u‘hﬂllﬁ poie

WIEEIDE!IMM*@H

S.I;r yirsg pealry —

-

,rﬁamnm

S iuﬂ 11y !-tr"l'i

Notice the location of the running winding with respect to the
starting winding, The starting winding overlans two poles of the
running winding, This is always true in Blngle-phase motors, re-
gardless of the numbher of poles or the number of slots in the mo-
tor. Noting and recording the location of the running winding with
respect to the starting winding is highly important, If they are
placed in any different location in rewinding, the motor may not
start properly. Actually, the running and starting windings are
separated by 90 electrical degrees. This is true no matter how

many poles the motor has. However, the number of mechaniecal degrees
between windings will differ with the number of poles in the motor.
In the four-pole motor the windings are 45 mechanical degrees apart,
and in a six-pole motor they are 30 mechanical degrees apart.

lr--l]

- EP 2.3/4.15.71
TAKING DATA | |

Eﬂgh&-phase motor

Trade Training
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The type of connection is the next item to be recorded. This can
only be obtained if one is familiar with methods of winding and

connectihg the poles to each other.

Single-phase motors are connected in a variety of ways, such as

single voltage, dual voltage, externally reversible, two speed,

ste. In order to be able to record the kind of connection in the
motor, the trainee must have a knowledge of the various connec=

tions to be found in this type of motor, It is advisable far the
beginning that a complete connection diagram including the colls

is drawn by the trainee and checked by the instructor.
Information regarding the numbher of turns of wire in each coil

must be ohtained and recorded. This is done by counting the turns
as they are unwound or by cutting the coils on one end and count-
ing the ends. It is important to note also whether or not there
is more than one strand per conductor. Sometimes two strands of a
smaller wire are used instead of one strand of a larger size, The
size of wire, as determined by a micrometer, must also be re-
corded. These data are noted as the windings are removed from the
stator.
Sample of a data sheet for single-phase motors

kw Volts Amps Na of poles

Cycle (Hz) rpm Phase Mo of slots

insul class Model Frame Time rating

Winding Size wire No. of circults Pitch Tuns

b

RUNNIng 2

Starting

Siat No 122345 6789101120 KSHTUN022024587 W0 IADILTSH I

Rurcung ' ] r

Starting l

Rotation Clockwise Counter clockwise

Slot msulation End room of winding Remarks :

Malerial Thickness Side A Side B

= EP 2.3/4.5.7/2 "
Trade Training TAKING DATA _
Single-phase motor
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If a pole of either the running or starting
winding of the motors is examined closely,

it will be found to cpnsist of different se~

parate coils that have been wound cne at a
time, as illustrated in the figure beside.

Also, each coll is wound in two slots that
are separated by one or more other slots.

The number of slots separating the sides of ; A L o4
a coil, including the slots in which the P
winding lies, is called the pitch, or span, =
of a coll and is recorded as 1 : 4, or Phuch
i 1: 6, or 1 : 8, as the case may be. il
This is shown in the figure beside.
k These coila protrude a certain distance
from the ends of the slots. This is called I I I I I I I E I I
' the end room. This distance should be }
measured and recorded. It is important that Sl
the new coils do not extend beyond the e
slots any further than this distance: ORI i ol
otherwise the end plates may press against Comer col

the coils and cause a ground.

The next step is to record the information thus far cbtained re-
garding the positions of the windings and the pitch of the coils.
It may be recorded by showing all the slots and the windings as
shown in the figure below.

Slgl No I 2 3 an AaTE s@mNUBSMES TSSO NN MESEFSNBDN M

v . 3 -y ifﬂ':"'""bbn lfjf' ""':"h

- - -y "..{d—-h.,“ L=t
Starting P~ - —— it b Aux

n .J::""\. 4-"""":':\ .4"‘#"""‘\.\' J{J A

This shows a motor with 32 slots. In this method, the spans of
all the colls are recorded merely by drawing curved lines in the
proper slots., This is recorded first for the starting winding be-
cause it is on top and more visible than the running winding, The
pitch of the running winding coils can be seen more easily Lf the
ends of the starting winding are. 1ifted. Each of the curved lines
represents one coll of a pole.

Another item of the data that should be recorded is the location
of the running-winding poles with respect to the frame itself. In
some motors the ecenter of each main pole is identified by a change
in the slot size. This is sufficient for properly locating the
poles in rewinding, However, in the absence of the odd-sized slot,
the position must be clearly indicated by punch-marking the center
slot or slots.

I EP 2.3/4.15.7/3
Single-phase motor

Trade Training TAKING DATA
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1f only the starting winding needs
replacing, its colils can usually
be removed easily by cutting the
wires on one side of the stator
and then pulling them ocut from the
other side. Sometimes the wires
can be lifted from the slots af-
ter removing the wedges that hold
them in place. The wedges can be
removed by using a power hacksaw
blade as shown in the figure. The
blade is first tapped with a
hammer so that the teeth are em-
bedded in the wedge; then it is
driven out in the direction in
which the teeth point.

ITf the entire stator must be rewound
it would be wery difficult and

time consuming to remove the wind-
ings from the core, The windings are
usually extremely hard because of
the wvarnish, Usually the coils on
the back side of the stator are cut
off with a chisel as shown in the
figure. Then the stator is placed

in a burn=-off overn for some time at
approximately 2007C. The oven may
be gas fired or electric. Tt is
important that the heating be con-
trolled to prevent warping of the
frames and damage to the lamination
plating. Femoving the rest of the
coils is relatively simple because
the remaining coils may be pushed
through the slots from the other
side of the winding.

During the process of stripping
the number of turns in each of
the ccils of one or two poles of
the starting and running winding
must be counted. This information
is then recorded on the data sheet.
At this time, also, the size of
the wire of both the running and
starting windings is measured,
uwsually by means of a micrometer
after it is stripped of its insu-
latien, It is then recorded on

r the data sheet.

The procedure of astripning other
types of mpotors is similar,

| er 231591

Single-phase motor

Trade Training STRIPPING THE WINDING
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Before placing the winding in the gslot some form of insulation
must be installed so that the wires do not ftouch any part of* the
iron core. Different types of material are available for this
purposc.

The insulation is ecut as shown

in the figure, It' must be

approximately 5 mm longer than

the slot and is then shaped to

fit the walls of the slot. Insulaticn
The ends of the insulation l

are often cuffed to prevent

them from sliding in the slot and

possibly being the cause of a

arounded coil. This insulation

material is manufactured and

sold in rolls and sheets in

assorted widths and thicknesses,

Cuffed insulation is cut to a Feader to protect wire from
length to fit the slots; an insu- scraping iron while winding o adion
lation cutter is used for this -
purpose. For the average size

of fractional-horse power
motors, insulation paper approxi-
mately 0,15 to 0.35 mm thick is
suitahle for slot insulation,
The insulation between the
running and starting winding is
generally 0.15 mm thick. The
figure also shows the maaner of
installing a feeder strip of
insulation that covrrs the edges
of the slot while winding.

This feeder may be removed aftter
winding the coil or its ends may
be folded over and left in the

Culls

cell.
Cuffed insulation
M’ installed in slobls
£ P 2.3M4,15.7/5
Trade Training SLOT INSULATION : 2102
Single-phase motor
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Hand Winding

Hand winding may be employed for both the running and the start-
ing winding. There are two main advantages to this type of
winding:

1. a tighter winding is possible, especially where room is
limited,

2, a winding form is unnecessary.

By this method the wires are placed in the #lots, one turn at
a time, starting with the inner coil and continuing until all
the coils of the poles are wound.

L] Ed
The stator and spoal of wire are arranged as shown in the
figure,

The inner coil is wound with the required number of turns.
After.all the turns have been put on the inner coil, the next
coil is wound in the same direction.

The wire should not be cut un=-
til the entire pole is finilshed.
It is desirable before starting
the winding to place dowel pins
ior wooden wedges) in the empty
centre slots of the pole as
shown in the figure. This pre-
vents the coils from coming out
of the slots while winding.

T e 2.3/..15.76

Trade Training WINDING OF COILS :
- ISmgle-pha se motor
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Skein Winding

The skein-winding method is used mainly for the starting winding.
This type of winding uses one long coil for each pole. The coil
is made large enough to be wound in to all the slots necessary
to complete the individual sections of a pole.

The size of the skein can be found by windina a single piece

aof wire in the slots, as shown

in the flgure. One pois

Enough room should be allowed

so that the winding to be put in

will fit. The two.ends are twisted ”” mu umﬂ U[]

together and the wire removed :

from the slots. e,
Ieg{nnlng‘; == B

Earugie prece af wi g
i o0 alotE

The wire is shaped into a ree-
tangular or chlong form as (

shown in the figure.
) b1
4

‘l( Wire remosed mie ifageid

1o fectanguiar lodim of
oblang horm

A form is then used for winding
the skein coil. Acutally the shape
of the coil does not matter too
much as long as the circumference
iz the same. A form is shown in
the figure. '
The required number of turns of
the skein is then wound around
the form with the ends of the wire
being left free., Before removing
the coil from the form, tie it at
scveral places to prevent un-
raveling.

another method of winding makes
use of two small empty spools
which can be nailed toc the top
of the workbench. The turns are
wound around the spools as shown
in the figure,

| ep23m.5.97

Trade Training

WINDING OF COWS I .
; Single-phase motor
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The coil is removed from the form and Leacs
placed in the slots of the smallest
pitch in the manner illustrated in

the f1gure. 00030 02 06

After this the coll is twisted and
placed in the slots of the next
larger pitch.

Completed pole.

1 EP 2.3/4.15.7/8

Single -phase motor

[ Trade Training WINDING OF COILS
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Form Winding

in form winding the coils are first made on a wooden or motal
form and then removed from the form and placed in the slots.
This is the most common method of winding a single-phase motor

The first step is to obtain the
gize for the form from the core
of the stator. A single piece of
wire is shaped for the inner
coil. The same procedure is re-
peated for the next larger coil,
but sufficient length has to be
given to provide enough space bet=
ween the first and second coil.
The size of the additional coils
is obtained in the same manner.

Space act he
e ¥ce of
e fols

Blocks of wood having a thickness
of about three guarters of the
depth of the slots are cut and
shaped for each size and bolted
together as illustrated in the
figure,

The required number of turns of
wire are wound on the blocks,
starting with the smallest.

The coils are tied with tape

to keep the turns in position
and are then removed from the
form.

The coils are now
placed in the slots.

WINDING OF COILS I EP 2.3/4.15.7/9

Trade Training
L‘Singlg-phase motor
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Connecting the Windings

After all the poles of the motor have been wound, the next step

is to connect the windinas. Regardless of the number of poles,

it is essential that adjacant ones be of opposite polarity. This
is accomplished by connecting them in such manner that the current
will flow through the first pole in a clockwise direction and
through the second pole in a counterclockwise direction, and like=-
wise in alternate directions through the remaining poles (figure),.

Running winding 4 pole motor

i

Four-pole motors connected in series are by far the most common
in use teday. Therefore, this connection will be explained. It
should be remembered that if the running winding is connected in
series, the starting winding is connected in the same manner.
There are exceptions to this, but they are not often encountered,

(g

E 'P E F

| ]ﬂf@[n ‘n‘

Line leads

Series Connection for the Four Poles of the Running Winding

Connect the wires as illustrated, namely the end lead of pole 1
to the end lead of pole 2. Next connect the beginning lead of
pole 2 to the beginning lead of pole 3, as shown in the fiqure.
Continue, hy joining the end lead of pole 3 to the end lead of
pole 4. The power line leads are then connected to the beginning
lead of pole 1 and 4.

Notice that each pole is wound in the same manner, but that the
poles are connected so that alternate polarity is maintained in

adjacent poles.

After experience has been gained in winding the running poles,
the trainees will be able to wind all the poles without cutting
the wire after one is finished. Care must be taken to alternate
the direction of winding for each pole; thus the first pole
should be wound clockwise; the second counterclockwise; and the
third clockwise and so on.

Trade Training CONNECTNG THE WINDINGS |-t

Single-phase motor

ARMATURE
WINDER
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Series Connection for the Starting Winding

The starting winding of a single-phase motor is often wound
bifilar or with a resistance wire such as iron- or nickel-
chromium steel wire. This type of starting winding should not
be replaced by copper wire, because the motor might not start
any more,

The poles of the starting winding are connected so0 that they too
alternate in polarity. The method of connecting them to each
other is the same as that described for the running winding.
The only difference is that the centrifugal switch is placed
either in series with the lead from pole 4 or between pole 2
and pole 3.

The figure shows the proper connection for both the running and
the starting winding in a simpler form by a block diagram.

Running winding

- - —= -
B e §

To line
h MW miartieg W

Centrifugal swiich

Parallel Connections

Although the majority of single-phase motors are series connected,
there are some that are parallel connected by manufacturers,

These are known as two-parallel or two-circuit connections. A
two-parallel connection is one in which there are two circuits
for each winding, as shown in the figure below.

However, regardless of the number of circuits in the running
winding, the connections must be such that the adjacent poles
have oppoaite polarity.

In order to determine whether the polarity of the pole is correct
after the connections have been completed, a low voltage direct
current is connected to the winding and a compass is moved inside
the stator from one pole to the next. If the connections are
correct, the compass needle will reverse itself at each pole.

EP 2.3/64.15.7/1 I

Single-phase motor
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One method of splicing the wires that connect the.polés is to
remove the insulation from the ends of the two wires, twist the
ends securely together and scolder. After this the splice is taped.
Another method utilizes fibre qglass or varnished sleeving instead
of tape as shown in the figure.

The entire operation reguires

less time than taping and pro- &h

duces a neater splice.

=

Slme |1 adr n et | i

Instead of soldering the
splice welding by a welding
transformer with a carbon

pole is very common. Not only
time is saved but also ma-
terial such as tin and solder-
ing paste.

One of these mathods should be used in
splicing the ceils of both the running and
starting windings. After all the colls hawve
been properly connected, flexible leads are
gspliced to the wires of both the running
and the starting windings that are to be
connected to the power line. Again, the
preferred splicing is that in which the
fibre glass sleeving is used. In addition,
care must be taken to tie the leads to the
windings with twine, as shown in the
figure, so that if the leads for any reason

are pulled, they will not be torn from L:L“;':I:::-:-::Tq:;d
the winding. The entire winding is then il of each wite

tied together with a suitable cord or
tape, such as nylon, linen or cotton.

This keeps the winding from unraveling,
makes it compact and prevents,to a certain
extent, the wires from vibrating and
moving.

Testing the New Winding

After the rewinding and connections have been completed, 1t is
important that the windings and connections be thoroughly tested
for shorts, grounds, open circuits, and incorrect connections.
This must be done before varnishing and baking so that any
trouble that is discovered may be corrected more readily.

T
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Baking and Varnishing

When all the connections between poles of the windings have been
completed and tested and the flexible leads to the power line
attached and tied, the stator should Bg placed in a baking oven

at a temperature of approximately 100 C and preheated for a short
period of time, approximately 1 hour. This removes moisture from th
windings and increases the penetration of the varnish. The stator
is then dipped into a contdiner of insulation varnish compatible
with the type of magnet wire used. Tt is important to remember that
the varnish must be thin enough to penetrate the winding and thick
enough to leave an adequate £i1m when baked., The varnish may be-
come thickened due to evaporation of the thinning fluid. If this
happens, use & thinner recommended by the manufacturer.

After the winding has gsoaked in : . ) :

the varnish for approximately Drying diagram for syrthetic-resih vasnsh

ane-half hour or until all

bubbling has ceased, it i3 re- "

moved from the container and yaparasion

allowed to drip. After it has =

stopped dripping it is again 40— _ ~

placed into the baking oven and ] | G il i

baked for several hours as 120 b=t 1 ) 0 A e ol e
FH A

shown in the diagram. In using oot _
any type of varnish, make cer- a6l 0 ||| Hardening
tain the manufacturer's re-
commendations and directions
are followed. When the stator
is removed from the oven, the
inner surface of the core
should be scraped to remove the
adhering varnish, so that there
will be sufficient space for 0
the rotor to turn freely.

k. ¢ Tone

t
1 } _4_!_.“'
| EEEENR! 1| |
A5 6T A9 WNIIZWVILBIEH

0o
B0
B0+ -vl +
wf A |
o !

Dipping and baking bends the entire winding into a snlid mass
that is not subiject to movement. T+ seals the windings against
moisture and Foreiqn matcrial and increases the mechanical and
dielectric strengsh of magnet wires.

There are other types of warnishes that do not require baking and
are called air drying varnishes. Here again the manufacturer's re- |
commendations should be followed. Alseo a solventless epoxy resin
or polyester varnish that can be applied to windings in less than
20 minutes is in use. These varnishes are completely solventless
and give the same protection that ordinary varnishes provide.

The winding is heated first by applying approximately half voltage.
The resin is then poured through the heated windings while the
stator is kept in a horizontal position. The resin 1is permitted to
trickle through the slots. After the pouring has been completed,
the winding is kept heated by sendinqg current through the coils

for about 5 minutes. This permits the resin to cure and gel quick-
ly. The entire process should take less than one=half hour.

| ep23u15713 4
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The construction of the capacitor motor is similar to that of
the single-phase motor, but an additional unit, called a capacitor
is connected in series with the starting winding. This type of
motor operates such machines as refrigerators, compressors, oil
burners and air conditicners. /

A capacitor motor is a single-phase induction motor with a main
winding arranged for direct connection to a source of power and

an auxiliary winding connected in series with the capacitor. There
are three types of capacitor motors, as follows:

Capacitor Start Motor with Current Relais

A capacitor start motor is a capacitor
motor in which the capaciteor phase is
in the circuit only during the starting
periad,

Fermanent-split Capacitor Maotor i
v
A permanent-split capacitor motor is a
capacitor motor having the same value
of capacitance for both the starting ca
and running conditions. (:)
w 1

Two-value Capacitor Motor

A two-value capacitor motor is a capa=
citor motor using different values of
effective capacitance for the starting
and running conditicns,

2 5. 714
CAPACITOR MOTORS [er2an

| Single-phase motor
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Three-chase motors are operated on a

single-phase supply with

the help of a capacitor which develops a phase displacement.

Delta Connection

anticlockwise rotation

Star Connection

anticlockwise reoation

Thumb Rule to Calculate the Capacity

clockwise rotation

rotation

L‘—__—b

IJ'P—:L

of the Phase-Shifting

Capacitor

For 220 V~. approximately B0 pF are
For 110 V~. approximately 250 pF are
Sample:

Motor power 0.3 kW Voltage 220

Capacity = 0.3 x 80 = 24pF

required per kW

required per kWw

Trade Training

THREE PHASE MOTOR OPERATED
ON SINGLE PHASE SUPPLY
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SPLIT - PHASE FAN MOTORS

Split-phase motors driving
ceiling fans are wound like
ordinary split-phase motors
but many do not have a centri-
fugal switch. A special type
of autotransformer is used to
change the speed and also to
produce phase displaced
current in the starting
winding. The primary of the
transformer is tapped for
different speeds and is
connected in series with

the main winding. The
starting winding is connec-
ted across the transformer

secondary. These motors are N ] it fm (n
usually wound for six poles. A silitphase motor
The wiring diagram for L an nwm.ufnm: fwﬁm::lu:.“

this type of motor you will
find as an example for re-
winding in an extra exercise
sheet. '

Another type is the capacitor
type. This contains a capagi-
tor of approximately 2 4P in
the starting winding clircuit.
To lncrease the effective capa-
city and consequently the
starting torque of this motor,
the capacitor is connected
across an autotransformer.
The taps on the transformer
permit a choice of various
speeds.

Disgram of & capacitor motor used for fan sevvics,

Trade Training SPUT-PHASE FAN MOTORS EP2 34 157/1
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Another type of fan motor is
usually connected to an auto-
transformer for speed vari-
ation and is controlled from
a snap, switch connected to
the autotransformer unit,

as shown in the figure. The
motors are generally of

the single-value, permanent-
split capacitor type. To
decrease the speed of this
type of motor, the voltage

in -the running and starting
windings is lowered by
means of the autotransformer.
The lower the impressed vol-

tage is, the slower the :
motor will run. Unit-heater three speea mutor. The moeed 1 varied by impreming various
voltages {roi an autotransfomes fo the running and starting windings.

Different manufacturers use

different methods for vary-

ing the speed. On some

motors only the running-

winding wvoltage is varied

while the voltage in the starting winding 1is held constant.
On other motors the running winding consists of two sections
connected In series across 2)1) V for high speed. If low speed
is degired, the two section® ure connected to 115 volts
through an autotransformer,

SPLIT-PHASE FAN MOTORS ELZB NI
i Single phase motor

Trade Training

T ——— e e —— e ———
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ARMATURE
PAK-GERMAMN TECHMICAL TRAINING PROGRAMME - WINDER
: 118 i
e — e




e ks = i—
i |

1 i
| |

1 - v

J tt
-4
= = ! I

| —
| —

|
Ll
= p—— |..'J
o — = Sy e
Ly T
. 1 (3
|
|
- -r-" =
L ] —
¥
, LB -
i 1o e =
o
Exn

o
= = -___-I' &
L

B | i

= . :

25

: ]

- "‘_'. I - u

£ {

R— r‘_:._,..ﬁ;, @
: sA— ]
R p— o

jr— r | )

T SINGLE-PHASE FAN WINDING
Trade Traning _ CAPACITOR TYPE
Lk

1€ Sp4T='n

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING Electriain
BAw iy WA FECHMICAL TMAN G VRS MUE _ Generai

117

EP 2314157123

Single Phase Motor

=re



" }
e i
g i —~)
& — —®
A
«
==
=
i .
N - S |
!.‘J-
— ™ .‘|HI rv
iy o
]
=
o o
—_— - % u:
LY
o ! 1]
; = i - | + N__ |
3 ¢ ] l .
f— g e ""_‘} b al
El : -1 L — L]
$ - B _
< ;:u = - - E:! a Tﬂ-
- e - 5 & |
g g ) g £ ~'—“ 1
‘.\-._ > = e b =
l
®
=)
=/
1 4
Bade Bani SINGLE-PHASE FAN WINDING EP23/4157/24
- CAPACITOR TYPE E——

DE VELOPMENT CELL FOR SKILLED LABOUR TRAINING Electrician
bas GEHHAN TECHMICAL THAINSG PHROGELYME _— Genreral
118




W ) i
e ff ______ Ir Pl -
0
r—--—-—-—ﬂ' x e e
1 P~ L
T ™M
i A 3
- w
(|
I pes—1
i ; o] ;
! 1
Jr_____.__, {3 ST————_
-
I—————'- :'1; ._..._.__..T_I
i @ :
L] 1' 2 1
————— Z -
‘-‘-_-.
(]
u
[ — |k i -t g
H = \ J'ig
e ) == == EI\E
4
L)
r--.-.--u-‘- C e ——— —
| . ' zo—————— D
i ] ™
Couoa F ol —_— p
[ N
) = !
e - T 3 R E
i [ ]
” i E_- i L
g i i i
'g L = ——— -|J
- n
z o —o— =
r i R i - o
= ! ol ! L. s |
o T 4
v 5 | | .
A -
= m e G e ae = (&
E "\\ g
- - - 8 g v
o “‘\_‘\ s IR e B
- == m iy =
E.\ ‘-\..__i . | E < &
T e P
L e W ————— |J
™ -
s i - |
i - E—
1
e mae Z-a-u.--—---"' —@
- @

- -

. " s L)

SINGLE- PHASE FAN WINDING EP2 31615 7125
— Tramng CAPACITOR TYPE SlniﬂE;hHSE‘ Mo

&0 SLOTS IR PGLES

Electrician

ﬁ DEVELOPMEN] CELL FOR SKILLED LABOUR TRAINING

BaM Gof BaAN TECHMWE AL ThakAN gy e e e _

119
il B IR R o o B ——

General




33 3« J5 35

5.
&

28.7% 30 3

77
L

2 I3 24 2520

L
13 14
L
L1
L ]
U W |
Y D— £
S0x BC

g - - '
£t 2 @ =
3 g EEs a
g2 o EXE N
i)
N gl
—— - i
T o
SINGLE-PHASE FAN WINDING EP2.3/4157/25
Trade Traning CAPACITOR TYPE
6 SLATS 18 POLES Single Phase Molor

Electrician

General

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING

120




SHADED - PDLE FAM - MOTORS

A four-pule, shaded-pale motor showing the field poles and shad-
ing windings. .

The shaded-pole motor is a single phase AC-motor. It is used
for appliances requiring very low starting torque, such as

fans and blowers. A typical shaded-pole motor is illustrated

in the figure above.

The poles are provided with a slot near one end in which a solid
copper coil of ong,turn, called the shading coil, is placed.

In fan motors this is the stator. The rotor is that of a
squirrel-cage type, such as are used in split-phase and poly-
phase motors.

On split-phase and capacltor motors, a starting winding is
required. A shaded-pole motor also requires a starting winding,
but in this case it usually consists of just one closed turn

of heavy copper wire embedded in one side of each stator pole
(see figure above).

In rewinding of field coils, be sure to put back the same number
of turns of the same size of wire with the same insulation. Also,
be certain that the new coils are of the same size as the old ones,
otherwise difficulty may be created in slipping them over the

old poles. It is good practice to put insulaXing paper on the
corners or around the core to prevent the coil from grounding.

A dlagram of a 4-pole
shaded-pole type motor is
shown in the figure.

A fourpole, shaded-pole
motor with the ficld poles copnécied in
serigs [or alternale polaricy

e
Wade ¥aining SHADED POLE FAN MOTORS i L
Sngle phase molor -
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The recording of the windings of
a four-pole, 12-slot shaded-pole
motor is shown in the figure.

\

The speed of the shaded-pole motor
is varied by inserting a choke coil Shaced Running
in series with the main winding
as shown in the figure.

Taps on the choke coil provide
the different speeds.

Lt

Shaded-pole fen motor with
pﬂdmtmlwub? means of & choks eoll.

SHADED POLE FAN MOTORS

—l FP 2314157128
Single phase motor
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