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GENERATOR

+
q t
A s
Rotatien of armalure ¢
clochkwise K . I
B
G
2.
Rototion ot ar
anti :In:h-&:lmmu" ( O— .0
Rire ol ]

Complete circuit diagram No. 2 for the anticlockwise rotation and
give all necessary designations of the circuit !

DC -GENERATOR TECHNICAL DRG
EXTERNAL EXCITATION No. 67

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
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CURRENT PATH DIAGRAMS

P .

- I

CONNECTION DIAGRAMS AND TERMINAL PLATES

P e
L —

Complete the external connections of the two diagrams
according to the above current path diagrams.

Conneclions : t with positive rotor terminal
98 0 with negative terminal plate
5 with C

TECHMICAL DKRG

DC - SHUNT - GENERATOR |, ¢,

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
AN GEBMAN TECHNICAL THAINING PROGRAMME _- GEMNERAL




CURRENT PATH DIAGRAMS

CONNECTION 'DIAGRAMS AND TERMINAL PLATES

Pe

N =

t q ' t q
= e
® ©
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r |
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/ H/B

Complete the inlernal and external connections.

DC - COMPOUND GENERATOR ;‘guggm NRG.

DEVELOPMENT CELL FOR SK!LLED LABOUR TRAINING ELECTRICIAN
PAK-GERMAN TECHNICAL TRAINING PROGRAMME — GENERAL




DIRECTION OF ROTATION

The direction of current 15 considered as from positive o negative

Then the armature rotaotes in that way that the vector of current
in the armature turns nto the direction of current ot the excitation
winding by the shorlest way.

Shunt! maotor clockwise rotation! Shunt motor anticlockwise rotation

- — et ——

P+

N - -

(OR_3 (Q -
| 3

Series motor clockwise rotation Series motor anticlockwise rotation

P+

N_

DC - MOTORS "ECHNICAL DRG.
M DIRECTION OF ROTATION No. 70
DEVELOPMENT CELL FQR SKILLED LABOUR TRAINING ELECTRICIAN

PaK-GERMAN TECHNICAL TRAINING PROGRAMME - GEMNERAL




Complete the connect.
-ions for clockwise

— — & anticlockwise

I
A
® ©
® @
() =

rolation with the

help of sheet Nol25

J

® ©
® @

TECHNICAL DRG.
No. 71

DC- SERIES MOTOR

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING
PAK GERMAN TECHNICAL TRAINING FROORAMME B

ELECTRICIAN
GENERAL




tapped starting ’7
resistor

symbal of starler

) . L

Connection:
L —= power supply !
M — exitation

winding
R — rotor winding !

@

|
!
-,

MNote: For slarting purpose of the shunt motor the rotor current is to be
decreased while the exitalion current has 1o remain canstanl.

p
N -

Z 71
-

H/ B H/IB

Complete the missing conneclions

DC MOTOR STARTER JECHNICAL DRG.
SHUNT & SERIES MOTOR No. 72

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING cLEcTtRICIAN
&: FAX GERMAN TECHHILA| TRAINING PROGRAMME - GENERAL




Complete the missing
connections for cloc k4
-wise and anticlock -
- wise rotation with

===
the help of exercise

T ERa
AR
F@"@"}
. © @

( -

sheet No. 125.

OC - SHUNT MOTOR

TECHNICAL DRG

No. 73
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
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Completie

M

Clockwing rotalion

B
D c E E
-_ -
HIB

anticlockwise rolaton

A
( o NENC  EEEE
HI

‘he connections for anticlockwise rotaton

TECHNICAL DRG
NG, T4

DC~ COMPQUND MOTOR

ELECTRICIAN

QEVELOPMENT CELL FOR SKILLED LABQOUR TRAINING
Fa¥ GEAmAN TECHmcal Taaming proGranee [N

GE NERAL




=

F E "D c

H/B

Complete the inlernal and external connechion of the ctompound
motor including field regulator slarter lor clockwise rotation

DC— COMPOUND MOTOR TECHNICAL ORG.
FIELD REGULATOR STARTER N 53

DEVELOPMEN] CELL FOR SKILLED LABOUR TRAINING
$ , i Fas GERMAN TFCHrCAL TERARING PROGRAMSF __

ELECTRICAL
GENERAL
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DEVELOPMENT OF A SINE CURVE | " ¢

DEVELOPMENT CELL FOR SKILLED LAB(?UR TRAINING




effective  peak value
_— e T:' 3E'U°‘El=2ﬂ' w:?rrf

UﬂIUE = _\‘T ’
=il
peak value
1_.. f= 1cis
eHEE{;ue.
value
t=2cls
I f=4cls

i

c)

Draw the sine curve for 4 ¢/s and designate the diagrams b) & ¢) as
it has been done n a)

TECHNICAL DAG

DEVELOPMENT OF A SINE CURVE: |, 5

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING EUECTRIGIAN
AR OF WUAN TTCHNICAL TRAINING PROGRAMME T | CENERAL




Voltages of ditferent

phase positions dare added gecmetrically lo get

the total voltage In the following case voltage E1 leads voltage E,

by 90°

.

£y

~

190

(
\

N~

i

270°

.

360°

= =100

-F200Y

=100

L =100

+ =200

|- 200y

Construct the curve of the total voltage E by the addition of several
values of momentary wollages E, plus E,-

Scale: lem= 100 V.
TECHNICAL ORG
VECTORS& LINE DIAGRAMS No. 78
OEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
& AN OERMAN TECHNICAL TRAINING PROGRAMME - GENERAL




The addition o1 two vectlors vields the

E,= 100 V

The projection of
veclor results in

resullant vector.
The result af two phase displaced vollages EI and E? is the
tolal voltage E
Scale: 1¢m=100V
9 E=22cm= 220V
=200V 234 ==l

the rotating
the line diagram

E
i ']
1 s
I-'m
. | &
I R 180° 16(]°
! 8
o0
COMPLETE THE LINE DIAGRAM!
TECHMICAL DRG
VECTOR &LINE DIAGRAMS No. 79
DEVELOPMENT CELL FODR SKILLED LABGUR TRAINIHG FLEZTRICIAN
AN .'-:Fuum -"{'HH.H"M TS PRCHIHAMM- - E’EN'ER;‘L




Al ohmic load voltage E and current | are in phase.

Given data of lhe l
circuit: E .
E=120 V 1=5A 2

(peak values) T

Veclor diagram —_—

g° 180° 366

Draw veclor and line diagram of the voltage and the current.

Select the scale: l1em =40V
icm= 2A.

REPRESENTATION OF 1 & E AT | TECHNICAL DRG.
OHMIC LOAD No. 80

OEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
& PAK GERMAN TECHMICAL TRAINING PROGRAWME _—_ GENERAL




The power curve P is developed by mulliplication of {

E(V)
(V) P(W)
f b 2w
1.5
al !
2V s !
i
1 1A C.5
0 0 o° 6P
L50
=5 =1k
-2V

The power curve varies belween ils minimum

of the effeclive power.

aneous values of vollage

and currenti.

Examples:

a) at 45°
D7A x

he instant-

1L4V=1 W

b} a1 90°
T A%

2 V=2 W

c¢) at 240°
(-0.85A-1 6 V)= 135W

Check 1he resulls of the

examples !

value al 0°, 180° B 360°
and its maximum value at 90° & 270° The average value is a
siraigh! line with half of the peak to peak vclue.This is the value

Develop the power curve for |=28A  E =220V (peak values)

E]Pa.ccordmg to the sample given above

oe 180

-
360°

CONSTRUCTION OF A POWER

CURVE |1ecHnical owo,

out of IRE — OHMIC LOAD |[No &
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELERTREAR
viw cemman TEcnmcar Thamimg rrochiae I | GENERAL




Al inductive load voltage E and currenl | are phase displaced.

o
Voltage leads current by 90

i mnductive lecad

et
Given data of the s
. circuit - £
F = 120V 1=5 A 0
(peak value)
E
Veclor diagram
l
——ts — 450

Draw the vecior and line diagram of voliage and current

40 v
A,

Select the scale: cm
Icm

Circuil with

E———— |

360°

REPRESENTATION OF I & E AT
INDUCTIVE LOAD

TECHNICAL DRG. |
MNo. 82

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING
Par GEMMAL TECHMICAL TRANMING PROGRAMYE __- GENERAL

ELECTRICIAN




Circuit with  induclive load

—

i

Develop the power curve out ot the given current & vollage
curves, | =28BA. €E=220V (peak values)

CONSTRUCTION OF A POWER CURVE | TecHnicaL DR,
out of I& E = INDUCTIVE LOAD |No.83

- DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING | gLecTRICIAN
j % VAV L M TFLMAG AL TRAN L 6 %0 Sikane - GENERAL




At ohmic plus inductive load voltage E and current | are phase
yollage leads current by an angle between 0% and 90°

displaced.
aw
Given data of the circuit: R
E=120% [ = 5A
( peak values} o
phasedisplacement ¢ = 45 , 2
o
A
‘ E
Vector diagram " -
[
OO 1%0 ﬁ

Draw the veclor and line diagram of voltage and current.

Proposed scale: 1em = 40V
lem = 2 A
REPRESENTATION OF 1 & E AT| rechnicar oRG
OHMIC PLUS INDUCTIVE LOAD | nNo. s
ELECTRICIAN

VELOPMENT CELL FOR SKILLED LABOUR TRAINING

DE
& Far -G spfan TrcaL Teanme Prosnanme IS | GENERAL




Circuit with ohmic
and inductive load

4

270° ) 360°

Develop the power curve out ot the given current & voltage curve
1=28BA, E=220V (peak values) ; Phasedisplacement ¢« 45°

CONSTRUCTION OF A POWER CURVE | recrmcns ome
—OHMIC plus INDUCTIVE LOAD [no. &5

ELECTRICIAN

e e e e e T

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING
PAK-GERMAN TECHNICAL TRAINING PROGRAMME I | ocrERal
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B T & &

no v -0

R
Secondary winding of this transformer consists of two seperale
windings. Complele the drawing.
__-_é) o ©
=" o ‘
o o \
| ® L=
i |
| | ; ‘
: EEE— =t
| ' |
Lt ol e N
R Mp E

Fluctuations ov voltage can be compensated by an auto frans-
former Complete the drawing

CIRCUITS with TECHNICAL  DRG.
TRANSFORMER No, 86
ELECTRICIA
e veowear Tnavs procsne NN | GENERAL

@ DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING
L *




Where there is a potential difference between two points of an
electric circuil, there will be an electric field. The field lines run from
the positively to the negatively ctharged point or area as shown in
example a).

Draw the clectric tields for examples b) to d).

b) i ”
] # + - i)
= = = = =
|
d) £ | s
o F o
] 1
[ |

TECHNICAL DRG.

THE ELECTRIC FIELD e

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
& PA¥ GEHMAN TECHNICAL TRAINING PROGRAMME T | ccnerAL




When charging a capacitor connected to a DC-source,a high current begins
te build up a potential difference across the capacitor. After a certain time
the p.d. reaches the value of the source -voltage while the current de-
creases to zero.

When discharging, the current flows back from the capacitor with a high
initial rate while the p.d. decreaces to zero.

Complete the discharging ccnnection-diagram and the line diagram for
current and vollage.

SR EO8 T
r S

Charging connection Discharging connection

\ Discharging
e = -
Charging
E
! - ——
Charging Discharging t

CURRENT AND VOLTAGE TECHNICAL DRG.
. OF A CAPACITANCE __|No-88.

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING o
e Tecica TeaminG procravve I | CENERAL




VARIABLE CAPAC|TORS

(o)
0a—J
Air capacilor Mica capacileor
FIXED CAPACITORS
2
&
Maldea paper cap Metal cased cap. Ceramic cap.
<>
(=}
Oil tilled cap. Electrolytic cap.
Oraw the connection-diagram of four capacitors
for maximum capacitance: for the maximum vollage to be applied.

TECHNICAL DRG.
TYPES OF CAPACITORS i

DEVELOPMENT CELL FOR SKII:LED LABOUR TRAINING
PAK GERMAN TECHMICAL [HANING PHROCHAMME __

ELECTRICIAN
GCNERAL




Al capacitive loads connected lo AC-supply currént | and voltageE are
phasedisplaced The curcent leads the voltage by 90 (ideal capacitor].

Circuit with 1
capacitive load . A
E =120V, 1 =4A E~ "‘_.C
[ Peak values) T
1
Veclor diagram
b E
¢ 180° 360
Draw the line-diagram of vollage and current.
Scale: lcm= 40V -
lem=2A
REPRESENTATION OF 1 &E TECHNICAL DRG.
AT CAPACITIVE LOAD No. 30

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
PAK_GERMAN TECHNICAL TRAINING PROGRAMME ___ GENERAL




capacilive load

oM
¢

Vector diagram

LE.P

Circuil with J |
C

Select a suitable scale for the power .

Develop lhe power curve oul of lhe given curren! and voltage curves,

CONSTRUCTION OF POWER CURVE] recimicar oro
OUT OF 1&E i Yo

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING
PAK-GERMAN TECHMICAL TRAINING PROGRAMME oo

ELECTRICIAN
GENERAL




Al dhrm plus capacitive loads current | and voltage E are phasedisplaced:
The current kads tte wilage by an angle between O and S0

dt?pand'ir-:] on 1le r31-'-7 of R and }"r

= e =

Circuil with ohmic b
plus capaciive load £

E=120 V = 4A

R
( peak valucs) ] c

uhastdisplawmunr)arf,f

Veclor diagram if
£

0 180" ' 360

Draw the line-diagram ol vollage and current
Scale: 1em:= 40V
lem= 2A

RE PRESENTATION OF 18&E TECHNICAL DRG.
AT OHMIC PLUS CAPACITIVE LOAD|Ne. 92

OEVELOPMENT CelLL FOR SKILLED LABOUR TRAINING
@ Waw eer baR b FVEL WM L0 AN FROTA A -

e — A ——

ELECTRICIAN
GENFRAL




Circuit with ohmic J- R
: Erv
plus capacilive load,
s e
L MLs
l
P g
Veclor diagram A\i £
LE.P
L
E

Select a suitable scale for 1he power.

.Develup lhe power curve oul ol the given curren! and voltage curve.

CONSTRUCTION OF POWER CURVE
FOR OHMIC PLUS CAFACITIVE LOAD

TECHMICAL  DRG
No. g3

DEVELOPMENT CELL FOR SKILLED LABOUR TEAINING
I AR GERMAN TECHMICAL TRAIMIMG “HO A MME _ GENERAL

ELECTRICIAN




For a single - phase motor

there i1s a starling capacitor Cs

and a running capacitor Cg controlled
by a drum - swilch

Complele the wiring diagram
according to the schemalic
diagram.

1/Mp/E~ SOHz 220V

R
Main-swiltch i
with mfertnad -
protection. |
D Cr
O Cs i_l

Motor Capacilors

CONNECTION WITH CAPACITORS |riecunica. pRe
- MOTOR STARTING DEVICE - No. 94

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
PAK-GERMAN TECHNICAL TRAINING PROGRAMME —__ GENERAL




In some devices a resistance  inductance and capacilance are cannecled in
parallel (e g. compensation of a moter by a capacitor with discharging resistar)
or are connecled in series[e.g. series compensation of a fluorescent lamp)

Draw the conneclion diagrams of a parallel cannection and a series
connection of the following componerits.

R X1 _{xlc_.
Oraw ammeters and voltmelers to measure all possible currents
and vollages.

a) Parallel connection.

b) Series connection.

e
E
e

CONNECTION OF RESISTANCE, TECHNICAL DRG
INDUCTANCE AND CAPACITANCE |Ne. 95

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ORI
AR GERMAN TECTRACAL TRATING PROGRAMME I | GENeERAL




Connection of the
lhree cuils ol a
Lhree - phase generalor.

Vectlor diagram

L]
120

Es

Draw the line-diagram of the voltages Es and Ej

El

TECHNICAL DRG

THREE -PHASE LINE-DIAGRAM |y 95

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
AN CERMAN JTECHMICAL TRAINING PROGRAMME — B | CENERAL




Complele the wiring diagram according to

the lay oul diagram

g .
’Jﬁ-’___ 154 Jg Cu2S5mm lo meotor
I/Mp/E ~. 50 v ¥ 2
380/720V Jﬁl‘, LA,  TuZ.hme to heater
r——L,r_lﬁ - JJ_ 7
L # #,
IniBA Wh — A 3 Ll to lamyps
E.Lc lﬂ.f-é- Cu I,'Lm"lﬂ'n2 lo sochels
Main Energy Distribution
supply meter board
I - - 1
» ‘Motor
Lo
o
0
— : ’ = :
|
E} ' !Healer
' i @ ©
|
J r[ { j I-< ‘
lq (]
- - - 1 i
b - ‘Lamps
3547
: |
R+t :
l_,r_rz'“ ss.m Socket
, . ockels
T s o v b "o
Mp — - S o el _[ I_ ‘
E L L . 3 — .
=] | . o
Mains Energy meter Distribution board

THREE -PHASE

DISTRIBUTION SYSTEM

TECHNICAL ORG.
No. 57

PAM GERMAN TECHHNICAL TRAIMING PROGRAMME

TN | ceneERaL

@ DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN



A Ihree - phase molor designed for a voltage of 380V is ceatrolled
by a crum -swilch

Connect the melor coils in a dells -connection and complele

the diagram

3/Mp/ E~,50Hz 380/220V

MOTOR CONNECTION TECHNICAL DRG.
-DELTA CONNECTION- No. 98
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING Eiseinicu

Pa M. GE RMAN TECHNIC &L TRAINING PROGRAMME B | cEnERAL




In an industrial heater of 18 kW there are six hcaling resistors
designed for 220V _The healer is tc be connecled to a three-phase

380 V supply.

Complete the connection diagram.

. 3/Mp/E ~50Hz  380/220V
S
T
Mp = s = =
E == » T v o
iy

p—r — ———— = ——

HEATER CONNECTION

1ECHNICAL DRG

- STAR CONNECTION - No 99
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
PAM.GERMAN TECHMICAL TRAINING PROGRAMME _— GENERAL




To determine the res’stance value of & resistor, current and voltage
may be measured To decide the appropriale connection of the
ammeter and voltmeler, it is necessary to consider the measuring

error involved,
Complete the diagrams below and decide which one is useful for
determining high and low resistances

a) Yottage Faull Connection

A 2
[)

This hookup i1s used to determine resisiances,

b) Current Fault Connection :

1)
Rx

This hookup is used to determime resistances

DETERMINING RESISTANCE TECHNICAL DRG
BY AMMETER AND VOLTMETER |No. 100

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING Skt
PAK GERMAN TECHNICAL TRAINING PROGRAMME - GENERAL °




SYMBOLS ON MEASURING INSTRUMENTS

DC - measurements

Thermocouple

DC and AC - measurements

>

Moving coil ratiometer type

AC - measurements

Moving magnet instruments

Three - phase measurements

Moving magnet instrument
ratiometer type

Classification of accuracy

Moving - iron instrument

Dperating pesition vertical

i 912 |

Moving - iron instrument
ratiometer type

Huorizontal position

Electrodynamic instrument

Inclined position

Electrodynamic instrument
Ratiometer type

Test - voltage in K

@) x|+

Electrodynamic instrument
Iron screened

Iron screening

Electrodynamic instrument
Ratiometer, iron screened

OClO=R| T [H| =T |

Electrostatic screen

Induction instrument

ast Astatic instrument

Induction instrument
Ratiometer type

Refer to instruction manual !

Hot - wire instrument

Zero adjuster

Bimetallic instrument

Mowving coil instrument

upl(ee

Electrostatic instrument

1 ID[O>

Rectifier

Vibrating - reed instrument

Explain the details given in the three examples below

SYMBOLS ON MEASURING INSTRUMENT]| Tec™eAt 275

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING
pax-GERMAN TecHnicAL TRaINING procravve [N

ELECTRICIAN
GENERAL




A mulli-range ammeler has five shunl resistors to provide for a total
ol six measuring ranges
Complete the connection diagram of the meler

O—

0000

Eﬂm% 015::1,\
0,3A o OJmA

al.BmA

TECHNICAL DRG.

MULTIRANGE AMMETER No 102

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING e gCTRICH
var e teeamicas aamme procravve I | GENERAL




—— e e ——— —

The diagram beiow shows the diagram of a multimeler.

Mark with ditferent coloured pencils the swilch positions and current
paths for the following measuring tasks

a) DC-current up to 15mA
b) AC-voltage up to 300 V

P —
&
O.6mA L5 A

Papefose

"HF

TECHNICAL DRG.

INTERNAL CONNECTION OF A
MULTIMETER

DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING :
PAK GERMAN TECHNCAL TRAMING AL GAAMGE _— GENERAL
2




a) Direct reading ohmmeters
are usually connecled as a
series conneclion of the
unknown resistance Rx wilh
the meter and a series
resistor Rs

The resistance measurement
is reduced to a current
measurement, Origin of the
scale is at right

g

b) For measuring small resis-
tances the unknown resistance
Ax is connected in parallel
to the meter (but both in
series connection 1o Rs).

The resislance measurement
s reduced lo a vollage
measuremenl!. Origin of the
scale is at left

Complete the connection diagrams for both types.

©

©

INTERNAL CONNECTION TECHNICAL DRG.
OF OHMMETERS No. 104
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
—oeraan Tecrwen Traming procraaee I | CENERAL




A heating appliance s to be connected lo a measuring set for

power- current -and voltage measuremenl.

Complete the connection diagram

H
S
T
M

EP__'""_T___ P _ =

=]
0
J

.F
=

1)
0

POWER MEASUREMENT

TECHNICAL DRG

IN SINGLE PHASE SUPPLY No. 105
DEVELOPMENT CELL FOR SKILLED LABOUR TRAINING ELECTRICIAN
PAN.GERMAN TECHNIC AL TRAIMING PROGRAMME __ GENERAL




In a three-phase sy:tem the power and power-factor of a consumer

are to be measured,

Draw all necessary connections to the melers

Power-Factor Meter
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A distribution board is supplied through a single-phase energy meter,
Connected to the distribution board there is a socket and a motor
controlled by a protective switch.

Complete the wiring diagram with all necessary connections and
fuses according to the lay-oul diagram.
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In a three-phase system lhe consumption ‘of electric energy is (o

be measured.

Draw all necessary connections.
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