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OBJECTIVES: This experiment is deSLg::: trdnsformer eguivalent
(1) Determine the parameters oL ort—circuit tests.

nd sh
3 3 tin the no—load 2
circuit by co::uc ;eifo rnce characteristics of transformex
e rm

ditions.

(2) Investigate
under resistive loading con

EQUIPMENT =0 ity
* Power transformer (240 VA, 120/130 Vi 270/296 T, = )
* Transformer Trainer Unit TT179: measurement console,

dissectable transformer and other facilities are included.
_drg_ ! "?D(\I‘V ) e
Variable AC Power Supply PS]S?meABIAC)--

% % %

Resistiwve Load (variable). ; 4
Wattmeter (Electronic or Moving Coil) -
Connecting Wires. p
* Fig.(1) shows the mimic diagram of the transformer unit:

* Fig.(2) shows the wiring arrangement of the two available ty
of wattmeters with the Measurement Console.

PRACTICAL PROCEDURE (1): NO-LOAD TEST (oCT) .

(1) Connect the circuit shown in Fig.(3).

(2) Set the load resistance to its maximum, and keep S OFF.

(3) Ask the Lab Instructor to check your connections. .

(4) Turn Sq1 ON.

(5) By means of the VARIAC, start to increase the input (prim
voltage V7 in steps to match the requirements of Table (1
In each step, record V2, T s

: 1 and P; in the Table. .
(6) Turn the VARIAC knob fully clockwise and turn Sq OFF.
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PRACTICAL PROCEDURE (2) : SHORT-CIRCUIT TEST (SCT)

TMPORTANT NOTE: Make sure that the VARIAC knob is fully clockwise
and S7 is OFF. -

(1) Connect the circuit as shown in Fig.(3). Short-circuit the
load resistance and switch S, ON..

(2) Ask the Lab Instructor to.check your connections.

(3) Turn S7 ON and start to increase the input voltage

. Gradually and Carefully in steps to match the requirements of

Table (2).
Remember that a careless mistake fhay céﬁse severe damage to
the equipment. .
Record the short-circuit voltage Vgo, short—-circuit powexr Psc
and the short-circuit secondary current in the Table.

(4) Turn the VARIAC knob fully clockwise and turn Sq OFF.

(5) Remove the short across the load and switch S, OFF.

PRACTICAL PROCEDURE (3): LOAD TEST

(1) Connect the circuit as shown in Fig.(3).

(2) Ask the Lab Instructor to check ydur cornnections.

(3) wWwith Switch S» is in the OFF state (the Secondary coil is
open—-circuited), turn Sq ON and set Vq to, 120 V "RMS.
Record V3, I, Pj and Pg in Table (3). o

(4) Turn S ON and vary Rr, in steps to match the requirements of
Table (3). In each step, record V3, Iz, Pj-and Po. Vi shoulc
be kept constant at its initial value throughout the test.

(5) Turn the VARIAC knob fully.clockwise and turn Sq OFF.

(6) Add a capacitive load in parallel with the minimum
resistine load (R = maximum) . For three different
values of capacitive load (up to = I = 22a) , take the
readings of Vo, i3, Pc: PO, P Ex and calculate the
efficiency and voltage regulation. Draw the phasor

.

diagram. N

(7) Repeat step (6) above from inductive load Take
‘measurements for one reading only and draw the phasor
diagram )

-

(8) Disconnéct the circuit and measure the d.c. resistance
of the primany and secondary winding using an ohmmeter.
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(1) calculate the Turns Ratio.

(2) Calculate the parameters Rc and Xy of the exact equivajen,

circuit. 5= ; .

(3) Calculate the parameters Rq, Rz, X1 and X2-

Using the results of the No-Load TestE:

(4) Plot V3 versus Vi and comment on the nature of the curve ang

its relationship with the Turns Ratio (a).-

: > :
(5) Plot I, versus Vq and comment on Ehe nature of the curve.

(6) Plot P;, versus V7 and explain the nature of the curve.

~

Using the results of the Load Test:

calculate for each step the output power

(7) For the load-test,
and input power factor.

P,, efficiency, voltage regulation,
Record the results in Table (3).

(8) Plot efficiency, voltage regulation and input power factor

versus Po. At What load the efficiency is maximum 2.

(9) Using the results of OCT and SCT, calculate the ‘load at
which the efficiency is maximum. Compare the answer with the
value previously obtained by the load test.

(10) Draw typical phasor diagram of the transformer under the

following conditions: \
No—-load, Short-circuit, Resistive loading, Inductive loading
and Capacitive loading. . .

At what loading condition will the voltage regulation be




r!.-O

- TTaATS

r

wWortinnninws
i

off B--YIZ

AC ammarer

AC voltmwtar

AC crmmetnr

foo 901, o

| n

édreui' bLreaker

S5A

Radl)

0.

s
Ve Ot

watftmetcr

Lo

tranzfar 1ockots

70V ~ ~120V

Vi

0
3
!
os e e ek e 4 o7 Syt €5 A pmmemea

o
1A A (P
Ca © .
i =2
oO—— -C/fuﬂ-l"’_\.-
4] g R
v 3 _'-_
'z ! b5
%uax I Los
i % Mgi
Tzvf l Nég
= s
A J {c—C— L)
o = Q
cﬁb fb c =
transfer sockerz

wattmeter

19 current G-

L wslicge O

connecticn

Fuos)

TTV1 /2 ANazsuremen:s

o e —

S

L ]
i 1ouar
cisseciable lransformear
connection

Ceonsoie

EW5SGT €

B
=i ™
\\ \
\\

lecironiz Viatninetar

load unit

—~ v —

LU178 coir=acti

S aurent O TT173 ldeazuriinenss
N . Caonscle
volfege o \
N \
N v N
'a.‘ i i \.
< @




NO LOAD TEST

Table (1)
Vi (v) v2 ) I (A) PL(_‘.’)—-———————————IIM)
20
40
60
80
100
110
120 £ i
125
I_a_m_e_(_z_)____‘sliﬂl_gm—m
11 (A) 12 (A) Pi_(w) Vsc (V)
0.5
1.0
1.5
2.0
25
ble (3
E_" Vi) I V2 I 2(A) | Piw) [Po(w) | PF |VR%| x4
120 0.0
120 0.4
120 0.6
120 08 |
120 | ) ,
T 120 | o oteaasmdae Soul j
T | T E |
s T § »‘:»—' E 1 ; :H'P | B »_7.
| T . [ T, [ e [ l
= o = - i V.



| fHE UNIVERSITY OF JORDAN :
FACULTY OF ENGINEERING & TECHNOLOGY .

DEPARTMENT OF ELECTRICAL ENGINEERING
ELECTRICAL ENGINEERING LAB. EE93I)3%¥

EXPERIMENT NO. (2): SINGLE—-PHASE POWER TRANSFORMERS :
NATURE OF THE EXCITATION CURRENT AND THE HYSTERESIS LOOP

OBJECTIVES: This experiment is designed to:
(1) Conduct the polarity test.
(2) Examine the nature of the excitation current.

(3) Construct the Hysteresis Loop of a typical magnetic structure
and to investigate the effect of having an air gap on this
structure. '

EQUIPMENT
* Power transformer (240 VvA, 120/130 v, 270/296 T, 50 Hz).

* Transformer Trainer Unit TT179: measurement console,
dissectable transformer and other facilities are included.

* Variable AC Power Supply PS189 (VARIAC).
Resistive Load (variable).

*
* Oscilloscope.
* Connecting Wires.

NOTE (1): It is important to ensure that the Oscilloscope mains
: earth is not connected.

NOTE (2): Each student should bring with him (4) graph sheets.

NOTE (3): The core of the transformer is made of laminatios
bonded together. Each lamination has a total thickness
of. L0550 mmEs oL wh:l.ch 0.5 mm is steel and 0.05 is
insulation.

aoRg e




' PRACTICAL PROCEDURE (1): POLARITY TEST :
(1) Connect the circuit shown in Fig.(2.a) .

(2) Switch ON S; and set Vq at 120 V.
(3) Record the readings of V2 and V.
‘(4) Switch Sq OFF and connect the circuit show

(5) Oscilloscope settings should be:
5 millisecond/div, 50 v/div for CH1 and CH2.
X10 probs are used. 3

(6) Switch ON S; and set Vq at 120 V.
(7) Sketch to scale on a G: ~p+ Paper the waveforms on the screen,

5 FF.
(8) Turn the VARIAC knob fully clc:. ise and turn Sq O

PRACTICAL PROCEDURE (2): THE NATURE OF THE EXCITATION CURRENT

(1) Connect the circuit as shown in Fig.(3). Sz is OFF.

(2) Oscilloscope settings should be: g s
5 millisecond/div, 0.5 V/div for CH1 and 50 V/div for :

X10 probs are used.

NOTE (1): From the practical procedure (1), it should be noticeq
that Primary and Secondary voltages (V7 and V2 respectively) are

in phase. The two voltages differ slightly in amplitude. In this
procedure, and for testing convenience, V3 is adopted to

represent Vq.

NOTE (2): The voltage across the shunt resistor Rsh (2 Q)
represents to scale the waveform of the Magnetization Current.

(3) Switch ON Sq and set Vq{ at 80 V.

(4) Sketch to scale on a Graph Paper the waveforms on the screen.

(5) Increase Vq to 120 V and repeat step (4).

(6) Reset the scale of CH1 to 1.0 V/div.
(7) Turn the VARIAC knob fully clockwise and turn Sq1 OFF.

PRACTICAL PROCEDURE (3): THE HYSTERESIS LOOP

(1) Connect the circuit as shown in Fig.(4).
(2) Oscilloscope settings and probs connections:

* Set the oscilloscope to be on the (X-Y) Mode.

* The X channel should represent the ~voltage across th

Shunt resistor at 1 v/div.

* The capacitor voltage Vo is to be shown by CH1 at 0.5 v/di

- ~

NOTE (1

@:he " Flux Density (B) and the Flux Intensity (H) of a certa‘i

The Hysteresis LQOp-'rep.resents the relationship betwee




“ magnetic structure. Due to the fact that B and H are not~directlz
measurable, this procedure is arranged for indirect measuremen

of the Hysteresis characteristics.

NOTE (2): H is directly proportional to the Magqgtiz;tion Cur;?nt
which is almost equal to the Excitation Current and in phase with

it. Hence the voltage across the shunt resistor is proportional,
to an acceptable degree of accuracy, to the Flux Intensity H.

NOTE (3): The Magnetic Flux () is directly related to the Flux
Density (B). Also, it is known that at no-load the Flux (¢$) is
usually lagging the voltage Vi or V3 by almost 90 degrees. By the

addition of the load (150-31.59) ka, the transformer could be
considered as unloaded. However, most of the Secondary voltage V2

appears across R, while Vo is a small portion of Vo and is
Lagging it by almost 90 degree. It also could be proved that both

V2 and Vg are directly proportional to Flux ¢ (V2=4.44*Ng*f*dn) -
The above implies that ¢ is proportional to Vo and in phase with

it. Hence V. represents (B), and the B/H Hyteresis Loop could be
represented by V. /Vgh-

(3) Switch ON S;i and set Vi at 80 V.

(4) Switch sS> ON.

(5) Record the value of V.’

(6) Sketch to scale on a Graph Paper the Hysteresis Loop that
appears on the screen.

(7) Increase V4 to 120 V and repeat steps (4)-(6).

(8) Turn the VARIAC knob fully clockwise and turn Sq OFF.

PRACTIC2I. PROCEDURE (4): EFFEC? OF INTRODUCING AN ATR GAP:

Release the fasteners on the dissectable transformerxr frame.
Remove the E section of the core with its attached coils. Invert
the I section sﬁch that the varnished face is now facing the =
section and thus the varnish layer is now forming a part of the
magnetic circailt. Replace the E section with the coils in
Position and clamp the transformer frame. = -

1%y Repeaﬁ practical procedure (2) but for vq = 120 Vwonly-

(2) repeat practical procedure (3) but for Vi = 120 V only.
(2) Rebuilt the transformer as it was before.




RESULTS AND COMMENTS

(1)
(2)
(3)
(4)

(S)

(6)

(7)

(8)

(9)

(10)

(11)

(12)

type of the test transformer (Shell or Core) >
YP
what is the 3

king Factor 2
of the core Stac
what is the value

that the two transformers of Fig.(1) are identica] .
Proove
d use t
£ the transformer an he
the relative polarity of ¢tphe

Is the polarity Additive o

iagr
the schemat%c d
ggztcgotation to indicate the

primary and secondary windings.
Subtractive.

-

f.‘ f
Comment on the nature of the excitation current waveform.

he incl::.on of the air gap
?

i o
How do the excitation voltage : _ :
affect the nature of the excitation curren

Show that the RMS value of the core Flux is given by:
¢ = R*C*V./Ng .

Use the above relationship to calculat the values of core

Flux and Flux Density.

Use the EMF relationship to calculate ¢ and compare the
result with the experimental value calculated above.

Show that the instantanuous Flux Intensity of the core is
given by H = (Np/L*Rsh)*Vsh

T —

where L is the intermediate length of the core of the
equivalent transformer {i.e., Fig.(1.B)}, Np is the number

of turns of the Primary winding and vgph is the instantaneous
value of the valtage across Rgp-

For all the B/H Hysteresis loops of the experiment, rescale

the X-axis to represent Flux Intensity H(A.T/m), and rescale
the Y-axis to represent Flux Density B(T).

What is the value of the maximum Flux Intensity 2
Determine the Residual Flux Density and the Coercive Force

of the magnetic material. How do the Excitation wvoltage
and the iclusion of the air gap affect them.

Explain how does the inclusion of the airgap ~affect the
Hysteresis Loop (height, width and area).

Proove that the area of the Hysteresis Loop is proportional
to the Hysteresis loss of tramsformer core.p L

Show how _cangvcy graphically deduce the waveform of the

sxcltation current from the Hysteresis loop and Flux wavefd”
L

d .
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EXPERIMENT NO. (3): CHARACTERISTICS OF DC SEPARATELY-EXCITED
- AND SHUNT GENERATORS . :

-
e et E e P L] o

p— === ===

-

OBJECTIVES: This experiment is designed to study the:

(1) No-load characteristics of Dc generators.

(2) External characteristics of the separately-excited and shu
generators .

(3) Regulation characteristics of the separately—excited a
shunt generators.

EQUIPMENT

* DC machine
* Field regulator
* Load resistor
* Two Ammeters
* One Voltmetexr
=* .DC power supply (200 Vi, T OEAY)
* Cut—-off switch
* Prime @over Set:
DC shunt motor
Field regulator
Variable voltage DC power supply 240 VvV, 10 A
Two Ammeters Aot s
* Control ©Unit
* Panel mounting»fxgme
* Connection ble
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edure, Thermal and Earth Pr°tection 3
' t

s cal proc
Qany pEScts = olved should be assured.

OTE: I %
Hol hines 1inV

each of the mac

UNIT
ETT OF THE CONTROL
S ING it as follOwWs :

Set the contro )
= .m
Speed N = 3000 RPM, Torque M = 10 N
Operating Mode: n = constant.
- o) L:
NNECTION AND CONTRO ‘
PRIME MOVER CO £ the drive system’ requirg

1 features ©O :
shows the genera to be fulfilled. The prime mover to y

jaimbmotor. The wiring diagrg
steps that should b

this motor is 3

Fig. (1)
for the testing procedures

in this experiment is a DC 5 .
The sequence OfL

control the speed of

used
is shown in Fig.(2).
followed to xrun and
follows:

While the voltage knob is fully counterclockwise (i.e., Zer

output voltage) switch S1 ON (position T)
(2) Press the START switch (Green indicator ON).
o almost 200

(3) Set the resistance of the field regulator Rfnm £ S
(4) To start the drive motor, increase Vg gradually up to Vi

At almost half rated voltage, increase the resistance of th

motor field regulator to almost 400 Q. A
(5) The required speed of the motor is set by the-field regulate

(3]0

PRACTICAL PROCEDURE (1): OPEN—CIRCUIT TEST (MAGNETIZATION CURVE'
(1) Connect the circuit ‘shown in Fig.(3).

(2) Set the load resistance to its maximum,
(3) set the field regulator Rgg to "q" which implies

field circuit is open-circuited.
(4) Ask the Lab Instructor to check your connections.

and keep S OFF.
that t

(5) Turn Sq1 ON (Position I). )
(6) Run the Prime Mover as.in the previous section and set

speed to be 2500 RPM.-This speed should be kept const
throughout the test.

(7) Record the  terminal voltage V¢ in Table (1). SRS
(8) Use the generator field regulator Rfg to set the

current in steps to match the requirements of Table (1).
each value of If, record Vi in the Table. i

(9) Reset the generator field.regulator to the"“g'" position.
(10) Reset the Prime Mover Speed to 2000 RPM.

(11) Repeat steps (7) and (8) above.

excitat




PRACTICAL PROCEDURE (2): EXTERNAL CHARACTERISTICS OF

) SEPARATELY—-EXCITED GENERATOR !
(1) Reset the motor speed to 2000 RPM and keep this speed fixed
throughout the test.

(2) Set the generator field current to 250 A, Tk i s

(3) Record the terminal voltage Vt 5 Table (2)

(4) Switch S, ON.

(5) Use the load re:istance R;, to set the values of Iy to match
the requirements of Table (2). For each value of Iy, xecord
V¢ in the Table.

(6) Increase Ry, gradually to maximum ovadswlitch S OFF.

PRACTICAL PROCEDURE (3): EXTERNAL CHARACTERISTICS (SHUNT GEN.)

(1) Connect the circuit shown ihi%ig.(4)..Note'that the circuit
of Fig.(3)_is applicable, but with X1 connected to Al and X2
connected to C2.

(2) Repeat steps (3)-(6) of Practical Procedure (1).

(3) Set the generator field current to 250 mA.

(4) Record the terminal voltage Vi in Table ().

(5) Switch S ON.

(65 Use the load resistance Ry to set the values of Iy, that
match the requirements of Table (4). For each value of Vi,
the speed should be kept fixed at 2000 RPM. For each value

of V., record Ir..

RESULTS AND COMMENTS

(1) Plot, on the same graph, the No-Load characteristics {Gices:
thf(If)} of the DC macine corresponding to running speeds
of 2000 and 2500 RPM.

(2) Show how to determine the Critical Field Resistance.

(3) what is the value of the Residual Voltage. Does this voltage
vary with speed.

(4) Plot the External characteristics {i.e., Vi¢=f(Iy)} of the DpC
generator when it is separately excited. On the same graph,
plot (Ip*R¢) and the voltage drop due to armature reaction.
R¢ is total resistance oﬁ}ggpv rmature circuit.

Plot the
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SPEED =23500 RI'M = constant_ Table (1a)

[(1f_(mA) ool S0 75 [ 100 | 125 | 150 | 175 | 200 | 225 T =3¢
e L »
SPEED = 2000 RPM =constant Table (1b)
1f(mA) 0.0/ 50| 75 100 | 125 | 150 175 200 Z2S 230

vt Y

SPEED = 2000RPM =constant T = 250 mA = constant Table (2)

o

- <

I (load ) Am| 0.0} 0.5 1.0/ 15|20 |25

vVt (V)

SPEED = 2000 RPM = constant Table (3)

I (field ) mA 0.0 |50|75 {100 J125|150 (| 175 | 200} 225 | 250
Nt YD)

SPEED = 2000 RPM = constant

Table (4) -
I (field) mA 250| < 0.0
I (load ) Am 0.0 . b=
vVt (V) 130} 125| 115| 110| 100{ 90 80 40} 20f10 | 0.0




Control Unit
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— DC Shunt Motor be teste
Coupling Coupling
Figure 1
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Al Sl
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0-220 V \
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Figure 2

PRACTICAL PROCEDURE:

s+ OPEN CIRCUIT TEST (MAGNETIZATION CURVE):
1. Connect the circuit shown in Figure 3.

S, Cut-Off

Al g td




E1 E2 \
———— .
) Fiz“l’e‘
i"'l's’afét _regulation | :
T Make snre that the supply is completely switched off before making
. any co q:cﬂog - 5

The student is not ﬂowed to connect or change connections when the
Clrcuit is alive .

me' er. that >

Electrlc shocks can be fatal 5

e Elecn'lc,arcs can burn and blind .

Rotatlngshhfts couplings ,etc , can cause injury .
':'. PRAT '»“ ‘ ~ .

St‘“ﬁ’ mefuuy.the circuit disrgr-ams and instruction to understand the
3 lp}urppe“:: of‘every! connection
“ifn
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THE UNIVERSITY OF JORDAN
FACULTY OF ENGINEERING AND TECHNOLOGY
: DEPARTMENT OF ELECTRICAL ENGINEERING
ELECTRICAL MACHINES LABORATORY EE 0903%F &

EXPERIMENT NO.4

CHARACTERISTlCS AND SPEED CONTROL OF DC MOTORS

OBJECTIVES

-

Investigate the load characteristics (torque-speed and torque-current) of DC motors.
- Investigate methods of speed control of DC motors.

- Evaluation of the motor performance parameters (efficiency, speed regulation .... etc)

EQUIPMENT

DC Motor: 220 V, 19 A, 3.6 kW, 1500-3000 RPM. Field Current 1.1 A.
Eddy-Current Brake: 0-50 Nm.

Variable Resistor Rgp (for eddy-current brake control): 220 V, 20 A, (11 — 220) Q.
Variable Resistor Rpexm (for field-current control) N(8¥-s:20-Gon 1.4 A, 694 Q.
Starting Resistance: 220 V, 21 A, 10.5 £}

3 DC Ammeters: 3 A, 6 A, and 30 A.

2 DC Voltmeters: 300 V

Speedo-meter

3 Electromechanical Switches

WIRING DIAGRAMS

Load Circuit

Connect the Eddy-Current Brake circuit as shown in the wiring diagram of Fig.1l. Make

sure that the resistance Rpg is initially Maximum (F-CCW). Eddy-Current switch Sg should
be initially at the OFF position.

Armature Circuit

Figure (2) shows the general view of the wiring diagram of the armature circuit. Starting
resistance should initially Maximum (fully-counter-clock-wise F-CCW). The armature
circuit switch Sa should be initially at the OFF position.

Field Circuit

Figure (3) shows the general view of the g diagram of the field circuit. Field circuit
switch Sg should be initially at the OFF . g

-’. A




X1-X2 to the variable (0-400) v Do

the applied voltage should be zero aS:UrQ

it terminals
Iy

ature circt itially,

. Coﬂn?‘:tlth:' ::;n; respecuve Y)i tIl?; OFF posl.tion'
(termind Switch Sa should be 2 1d circuit v1-Y2 to the fixed (220) v DC g
=t e fie S should be OFF at the momen. ey

_armatur . o A
(crmmals 0 itch
. Connect the 12 respectively)- Fhe:sW at to (0.8 A) by means of the ext
. (terminals L1-%% / adjust the field curre Field Voltage. crmal gy
".  Switch ON Sgant Record the value of ﬂ‘;ta,l,ce is Maximum (F-CCW)
resistance KF( 2 e starting T’ es ? d R
) o that the armatur’ re terminal voltage gra ually up to rat
Make st d increase the armatu ghout the test. cdvyy

Switch ON Sa an
of 220 V. This volta
Reset the starting 1es
Record the line curren
Switch ON the Eddy-Curren
Record, in Table (A), the corres!)ont A
. Keep varying the load torque, }n_s eps,
step, record the corresponding {me
. Reset Rg to its maximum position 2

throu
ge shoultdot;fsfﬁ;iimum value (F-CW). )
|stanC§ ¥ motor speed in Table (A). In this case T = 0,
it + Brake source and vary Rg to get a (3 Nm) load torgy,
ding line current and mqtor speed.
o match the readings of Table (A). I e

current and motor speed.

nd switch it OFF.

TEST PROCEDURE (B

Load Characteristics of DC Motors (Reduced Voltage, Rated Field)

Keep the field current at 0.8 A by means of the external field resistance Rg gy

Record the value of the Field Voltage.
Reduce the armature voltage to 160 V.

Keep the eddy-current brake circuit OFF.
Record the line current and the motor speed in Table (B). In this case T = 0.

Switch ON the Eddy-Current Brake source and vary Rg to get a (3 Nm) load torqu

Record the corresponding line current and motor speed.

« Keep varying the load torque to match the readings of Table (B). In each step, reco:
the corresponding line current and motor speed.

* Reset Rg to its Maximum position (F-CCW) and switch it OFF.

TEST PROCEDURE (C)

Load Characteristics of DC Motors (Rated Voltage, Reduced Field)

~+ Increase the armature volta
* Keep the eddy-current brakcgse . -
*  Reduce the field current to.
Record the value of the ]
* Record the line curr
*  Switch ON the X

in Table (C). In this case Tr. = 0-
ry R to get a (3 Nim) load 10"




ROCEDURE (D)
peed Control of DC Motors: Armature Voltage Control Method

Reset the field current to 0.8 A by means of the external field resistance Re (exm.
Record the value of the Field Voltage.

Ma.ltcehsure that the resistance Rp is Maximum (F-CCW). Switch ON the Eddy-Current
switch.

Vary Rg to get the rated load torque of 21 Nm. Record the corresponding line current
and motor speed in Table (D).

Reduce the armature voltage in steps to match the readings of Table (D). In each step,
keep the field current constant at 0.8 A by means of the external field resistance, and
record the corresponding line current and motor speed.

Reset Rg to its Maximum position (F-CCW) and switch it OFF.

Increase the armature voltage back to its rated value of 220 V.

>ROCEDURE (E)

Speed Control of DC_Motors: Field-Weakening Control Method

Make sure that the resistance Rg is Maximum (F-CCW). Switch ON the Eddy-Current
switch.
Vary Rg to get the rated load torque of 21 Nm. Record the load torque and the
corresponding motor speed in Table (E).
Reduce the Field Current, in steps, to match the readings of Table (E). In each step,
keep the Armature Voltage constant at 220 V. Vary Rg to keep the Armature Current
at its rated value (= 16.5 A).
In each step, record the corresponding load torque and motor speed in Table (E).
Reset R to its Maximum position (F-CCW) and switch it OFF.
Increase the field current back to its rated value of 0.8 A.

witch OFF the armature voltage.

~ Switch OFF the field voltage.

RESULTS AND DISCUSSION
Procedures (A, B & C)

) of the three procedures.

In one graph, sketch the load charact
gL n aracteristics ( I/T ) of the three

In one graph, sketch the line
procedures. ;

(CLeil »ib»i»n Ql,le graph’ versus the
it X&Iius the load



Proced = : . versus the terminagl volt
ch the Motor Speed age. .

From Procedure D, ::e:ch the Motor Speed versus the field curren:.

= zf the two speed control methods.

the motor speed for both

lo ad torque versus pw
-+ Plot,in o:: gg:' g: ut power versus the motor speed for both p “’::s
Plot, in O » Lot OCed >

ve
Comment on the the

A): Vr=220V,Ig=08 A
Tal:-c ((N)m)T 90 ] 3.0 | 60 | 90 [ 12.0 | 150 [ 180 | 210
. (N, :
m (RPM)
o \bsd

L=L® [,y [

Table(B): Vr =160V, I = 0.
T (N.m) 0.0 3.0
Nm (RPM)

I =1 (A)

6.0 9.0 12.0 | 15.0 | 18.0 | 21.0

Table (C): Vr =220V, I = 0.6 A
Te@m) | 00 [ 3.0 [ 60 [ 90 [ 120 [ 150 | 180 | 21.0

Nm (RPM)
I =14 @

Table (D): T =21 N.m, Ir = 0.8 A
V() | 220
e DR 160 [ 130 T733q |
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EXPERIMENT NO.5

CHARACTERISTICS OF DC COMPOUND GENERATORS

OBJECTIVES

- Inyestigat_e the no-load characteristics of DC compound generators.

- Dl.ffen_antlate between the nature & the rules of the shunt and series fields windings.
Investigate and compare the load characteristics of the DC Cumulatively and
Differentially compound generator.

- Evaluate the performance parameters (voltage regulation, efficiency ... etc.) of the DC
compound generator.

EQUIPMENT

DC Shunt Motor (Prime Mover): 220 V, 19 A, 3.6 kW, 1500-3000 RPM. Field Current 1.1 A.
Motor Starting Resistance: 220 V, 21 A, 10.5 Q

Variable Field Resistor Rpyexm (for motor field-current control): 1.4 A, 694 ).

Variable Field Resistor Regexn (for generator main field-current control): 1.4 A, 694 Q.
Variable Resistor Ry (for series-field or load-current control): 220/380 V, 3 x (22-440) , 3 x
(0.5-10) A.

DC Compound Generator: 220 V, 4.5 kW, 19.5 A, 1500 RPM, Field Current 0.65 A.

2 DC Ammeters: 0-3 A

2 DC Ammeter: 0-30 A

1 DC Voltmeters: 300 V

4 Electromechanical Switches

Speedometer: 30-4000 RPM

WIRING DIAGRAMS

Prime-Mover

Figure (1) shows the general view of the wiring diagram of the prime mover (DC Shunt
Motor). The Motor Starting Resistance Rst should be initially Maximum (fully-counter-
clock-wise F-CCW). The Armature Circuit switch Sa should be initially at the OFF
position. The Field Circuit switch Sy should be initially at the OFF position.

I T B I

7z enée, :

Figure (2) shows the general view of the wiring diagram of the Compound Generator under
no-load conditions. Make sure that the external resistance of the shunt-field windings
Rrc@ExT is initially Maximum. The external resistance of the series-field windings Rp
should also be Maximum (F-CCW). Src anq ?S}_—.should be at the OFF positions.

I Eax

= Compound Generator. Make
FG(EXT) 1S jnitially Maximum.
and Sy should be initially at



M Serics Ficld Resistance = 02 (1, Shunt Field Resistance ., 234
1. »
Resistance =

Total Armature

. < Switch SM.
:+ch ON the Mains Swit z the field current car
:mwi::: e ol EIIEd ovitch- Sy il AdyueT crully un) g
field current is 0.9 A. : The motor will start to run
& ircuit switch Sa. .
Switch ON the Armature Cir: to its Minimum value (F-CW).

otor Starting Resistance . . :

wl:;:sc:tt:ll::o.:\xdternal resistance in the motor field circuit Ryogexm up to the point at
axy ) ] po

the motor speed is 1500 RPM. Whicy

constant.

T PR 5

nly The Mai. nt-Fie indin xt xcit

While the Generator Shunt (Main) Field Current is zero (Src is OFF), record the

generator terminal voltage in Table (A-I).
Switch ON Sgg and adjust, in steps, the generator shunt-field current by means of

Rrc@Exn, to match the readings of Table (A-I). In each step, record the generat

terminal voltage in the Table. -
* Reset back the generator field current to its Minimum by means of Recaxn.

* Switch OFF the generator field circuit by means of Sgg.

(@) -Fie in a

® While the Series Field Windings switch S ries current), record

the generator terminal voltage in Table (A-I!i)is fcearcine g :

Switch the Generator Series Filed switch S ON and adjust, in steps, the series fid
cord the g : al voltage

e iy oot §53



m S::g 00;15 xd adjust, in steps, the generator shunt-field current by means of
While the Series Field Windings switch is OFF, (zero series field or load current)

reo?rd the generator terminal voltage in Table (B-I). ,
Switch the Generator Series Filed switch S; ON and adjust, in steps, the series field
current, by means of Ry, to match the readings of Table (B-I). In each step, record the
generator terminal voltage in the Table. s

Reset back the series-field current to its Minimum by means of Ry.

Switch the generator series-field circuit Sy OFF.

Reset back the shun-field current to its Minimum by means of RreExn-

Switch OFF the generator shunt-field circuit by means of Sgc.

(1) Differentially Compound

Reverse (interchange) the connections of the series field windings D1-D2.
Repeat Procedure (B-I) completely as above. Record the results in Table (B-II).
Reverse (interchange) back the connections of the series field windings D1-D2.
Switch OFF the main switch Sy

TEST PROCEDURE (C)
LOAD Characteristics of DC Compound Generators
) Curmnulatively Compound

Construct the wiring diagram of Fig.3.

Restart the Prime Mover as before. Adjust its speed to 1500 RPM.

Switch Sgg ON, and adjust the shunt field current by means of Rgg (exm to its rated
value of 0.65 A.

While the Load switch Sy is OFF, make sure that the terminal voltage is 220 V.

Switch the Load ON by means of switch Sy and adjust, in steps, the Load Current I
by means of the load resistance Ry, to match the readings of Table (C-I). In each step,
keep the prime mover speed constant at 1500 RPM, and record the generator terminal
voltage and the field current in the Table.

Reset back Ry to Maximum (F-CCW).

Switch OFF the load circuit by means of Sy..

Reset the Generator Shunt (Main) Field Current to Minimum by means of Reg@xm).

Switch OFF the main field circuit switch Sgc

field windings D1-D2.

1t by means of Reg @exm to its rated




B - p—@l’/‘
(. Vi g

s, and adjust, in steps the

f switch
py means © _11). In each step, Kk
. Switch the Lo:: ,—?:diggﬁ of Ta"l"th(cl oad & Main Fiold 535,:‘“ Prime :3 resi
Re boxoels l;5(00 , and record 8¢ T itch OFF the load i Table?ée_' o
constant 2 - (F-C » S Cuit b
Maximum e t to Minim y )
- Reset back Rx.et:’ator Shunt (Main) Fl-eld CS:urren um by meang of;{ns oty
> Resetthe O ainfield circuit switch SFG

it OFFE.
itch the .
t oto 1 ircuit OFFE
t Main
DIS TON. C MMENT,

Procedure (A)

o Sketch the No-Load (or Magnetizatio.n) ch:aracteristics of the generator (;

versus I). Only the shunt field winding 1s excited. T (ie, Ve
Magnetization characteristics (i-e., Voc versus Is) of the series-fj "

~field. gy

e Sketch the
the series field windin

e Compare the nature of the two curves above.
Calculate the turns ratio of the shunt and series field winding.

g is excited.

Procedure (B)

« Sketch, on the same graph, the Magnetization chara isti
> X cteristics (V
proced“""’? (B-I) and (B-II). Notice the degree of saturation in e(acgcc::vr:“s e

Pro re

For both sub-procedures (C-I) & (C-ID), it is required to:

gl:it:rl;’t ;'11.1. one graph, the Load characteristics (Vt versus I;) of the DC Compou
il:); ::(;l:a;;l’u% .%f ;23:; r(;uul:;:t Ir, calculate the Voltage Regulation (V.R %). Skt
ll;::" eel?::h value £ the mnt I, Calculate the developed Armature EMF &
graphs Ds and th:t ?:aft (Output) Pogreer Psu. Sketch, e

D

Ta



Table (A-D: Is = I. = 0, N;u = 1500 RPM. (SHUNT FIELD ONLY)

Ir (A)

0.0

- 03

0.4

0.5

0.6

0.65

0.7

Voc (V)

Table (A-II): Ir = 0, N, = 1500 RPM.

(SERIES FIELD ONLY)

Ir=Is (A)

0

3

6

9

12

15

18

Voc (V)

Table (B-I): Ir = 0.65 A, N, = 1500 RPM. (CUMMULATIVE)

IL=Is(A)

0

3

6

9

12

15

18

Voc (V)

Table (B-II): Ir = 0.65 A, N, = 1500 RPM. (DIFFERENTIAL)

I =Is (A) 0 3 6 9 12 15 18
Voc (V)
Table (C-I): N, = 1500 RPM. (CUMMULATIVE)
IL=1s(A) 0 3 5 77 ° 11 13
Vr (V) 220
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d reconnect the seconda.r_y circuit as "
Keep the primary as it jg; 0
your connections. nfi

Off the supply an
struc':tor‘to check
case the supply voltage to 110v (;
ble (3). Switch off the supp

d current (7.8 A) ly

(6) Switch -
figure ( 1D) - )
(1A) and ask e lab 1n
d incr
Switch ON the supply an A
line). Take the readings as showx; mrz‘tz
primary current should not aceed the

€,

o

(1) Reconnect the secondary circuit as shown in ﬁg“ wre (2A) keeping
" primary as shown in figure (1A). Ask the lab instructor to check

connections.
(2) Take the readings of currents, voltages and power as shown in first
Table (4). ‘
3) Repeat steps (1) & §2) above for secondary circuit as shown in figure
}rv;gllenz?)sta;\;;ek setting at (ma.j) . and take second set of readi
! ake - i
il e -sure that primary current does not exceed the

PRA
CTICAL PROCEDURE (3) EDELT’A-DELTA CONNECTION

(i) Repeat practi
a[l)<e sfrl: ctt;f:l t}?m"e?‘“re (2) above for figures (3A) with (2A) &
.- 4. 1€ primary current does not exceed (10A). " .

(2)  Take the readings as s




2)

Q,

©))

Ly

Draw a graph showing the no load power _against.the prima ‘
From the graph obtain the values of power tom 5 G Y e

s calculate Rc and Xin refered
to low voltage side for the voltages used in various connectior '

1S.
Draw a graph showing the short circut power against the primary current.

Find the eqm.valent resistance and reactance for the transformer reffered to
low voltage side.

For each of the four connections calculate the theoratical transformation
ratios. Compare them with practical values of the tests.

For each of the four connections calculate the voltage regulation.
Calculate the efficiencey of the transformer for various connections.

Explain what is ment by vector groups of transformer. How does it affgc_:t
the connections' if we intend to use the other 110V windings (un used in
this experiment) to be connected in parallel with the one already used.

.Compare the four types of connections interms of the harmonics currents

and voltages.

Draw phasor diagrams for each of the four connections with the resistive
loads used.
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Table (1) OCT _YY
¥11 | 40 24U 110 150 190
P1 '
P2

Table (2) SCT YY

V1

g 2 4 6 7 7.6

Pl

P2

Ptot

Table (3) YY
V1 11 V2 12 Pl P2 Ptot :
110
Table (4) Y& O/ C Test & Load Test

vi 1 vz 2 Pi 2 Ptot
110 i 0.0

110

Table (5) A A O/CTest & YLoad Test

1n v2 | ¥ rl P2 _Ptot




ELECTRICAL ENGIN
EERING DEPARTMENT
ELECTRICAL MACHINES LAB EE e

EXP . NO .7
THREE PHASE SYNCHRONOUS

OBJECTIVES :

To obtain the following characteristics
1) The open circuit characteristics .
2 ) The short circuit characteristics .
(3) The load characteristics .

EQUIPMENT :

DC- Machine type siemens 3.6 KW connected as amotor .

of the 3-ph synchronous generator

3-Ph alternator type siemens 2 KVA .

Rheostat (1) 170 ohm , 2.8 A

Rheostat (2) 694 ohm , 1.4 A

Variable resistance 220 V , 21 A , 3.6 KW

Load resistance (3-Ph) 3* (0.5 10) A ,6.6 KW .
Ammeter 0 6 A dc required ( 3 )

Ammeter 0 - 6 A a.c required (2).

Voltmeter 0 - 1000V

Stroboscope type movistrob

Double pole switches

PROCEDURE : A

OPEN CIRCUIT TEST

(1) Connect up the circuit as shown in Fig . 1.and keep S off .
(2) Set the value of the motor armature variable resistance to a maximum .
(3) Set the motor field rheostat to the minimum voltage position .
across the field terminals of the alternator .
eostat to minimum voltage position .
notor . Make sure that the voltage
otherwise switch OFF the




he m
su ply tot
the d‘:v itlfin the Speclfied

otor armature, Make sure that ¢ ,
limits ;otherwise switch OFF :‘:e‘::,ltag“
Pply

) Switch ON
tor armature circuit and e B0,
e

and currents are
ediately - -
¢ ;;ne::'ease the v_ariable resi
tor to start up -
()] ‘::just the motor speed by adj
1500 RPM is reached- i
(10)Remove the short circu

the dc supply t°
83 flv::";:h o tor field curr

stance in the mo

usting the motor field current until a sised iy
o

he alternator field winding .

Kk from t
g the alternator field winding .
ent in steps of 0.1A until the alternator out Dﬁt-

¢t exceed ( 495 ) volts ,this voltage is equal the 130% of the
o e :

:;:?ﬂg'::: line voltage ( line voltage sist(s) V)

(13) Switch OFF the supplies to all circ o

BROGED SH.ORT CIRCUIT TEST

Connect up the circuit as shown in Fig.1 . And keep (S) OFF

g; Connect tlfe terminal Ul ,Yl , W1 by a short link

(3) Carry out steps (2) to (10) In procedure A .. D

(4) Ensure that the field current rheostat in the alternator circuit is at the
minimum voltage position

(5) Remove the short circuit link in the alternator field circuit.

(6) Switch ON the dc supply to the alternator field .

(7) Increase the alternator field current in steps of 0.1 A and make sure that
the alternator current does not exceed (4.3) A This currentis (150% *
I rated ), (I rated =2.9 A) ,Keep the speed constant at each step .

(8) Vary the speed with Isc= 2.9 A (I rated ) and keep the excitation
current constant , How does the Isc react . Give an explanation

(9) Switch OFF all supplies .

(10) Plot the short circuit characteristics of the alternator .

(11) Find the value of Zs.

PROCEDURE : C
LOAD TEST

(1) Connect up the circuit as sh
in Fig . 1
(2) Carryoutsteps (2)to (1 5.1 .
0)i
(3) Set the load resistance to(maa)d:nl:: :ea‘li:: iy

4) Remove the -
&; s m‘:_ﬂ“ ‘h°;t dlf‘{““ link from the alternator field .
(6) Adju to the alternator field .

‘voltagear st !d current until the open circuit terminal
ual to the maximum value obtained in the
1500 RPM and keep it constant

‘rent from 0.5 A to 2.9 Aid
rminal voltage and



(9) Draw the vector dj

agra ;
e el grams for each loading condition and correlate the

obtained €Xperimentally .

PROCEDURE : D
M

casurement of Armature Resistance

-(1) Connect the alternator cir
cuit a :
g; Il\:::(:a sux;; that the rheostat is a: :I‘:: :v;;n olol
Se the current to (2) A i
(4) Determine the armaturc(a 30. r::;lt::::;rd i
§ (5) Is this resistance equal to the a.c resistance .Why ?
| (6) Determine the value of Xs Fe's

Motor circuits field circuit &

armature circuit
Fig (1)
motor

| slide resistance
starter used < | |
i in part (A) = &
=

Armeture circuit

1f

la ; Motor field
circuit

220Y DC




Table 1 A
Mt‘cuﬂtest
———‘—"'—_— N ——
A |0 01 0.2 0.3 0.4~ .0.5. 060709873
Vi (V) e R N 14
L Table 2
. Short circuit test
7 [ o o1]o02]03104 05]06[0.8
lS(A) s < 5 . S . = - - . 0-9 1.0 1.1
Table 3 i
Load test
la (A) 0 05 g
Table (4)
LA) V¥

N c ‘est
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EXPERIMENT NO.8
CHARACTERISTICS AND PERFORMANCE OF 3-PH INDUCTION MOTORS

OBJECTIVES

. Evaluation of the motor equivalent circuit parameters.

Investigate the load characteristics (torque-speed and torque-current) of Induction
motors.

Evaluation of the motor performance parameters (efficiency, power factor, .... etc)

EQUIPMENT

- Three-Phase Squirrel-Cage Induction Motor: 380/660 V, 50 Hz, 5.5 kW, 11.7/6.8 A,
1450 RPM..

« Variable Voltage AC Source: 50 Hz, 0-400 V.
« Variable-Voltage DC Source 0-220 V.
+ Eddy-Current Brake: 0-50 Nm.

.« Variable Resistor Rg (for eddy-current brake control): 220 V (DC), 20 A, (11-220) Q.
+ 1 DC Ammeters: 0-10 A.

+ 1 DC Voltmeters: 0-300 V

« 2 AC Ammeters: 0-20 A.

- 2 AC Voltmeters: 0-400 V

+ Speedo-meter

+ 3 Electromechanical Switches .

WIRING DIAGRAMS

Load Circuit

Connect the Eddy-Current Brake circuit as shown in the wiring diagram o_f Fig.1. Make
sure that the resistance Rg is initially Maximum (F-CCW). Eddy-Current switch Sg should
be initially at the OFF position.

Figure (2) shows the wiring diagram of the 7 ature is A-connected. The
armature circuit switch Sa should be :



W
S Initially, the applied voltage shoy

" No-Load Test : 0.
L SOl wn in Figs F position. d
g cOnnectdtl;)c Clrr;‘:ttu:es si::?tch Sa should be at the OFF P be
zero, and the 2
V. ;
5 tage to 100 .
. Increase the AC vanat;jl}‘ievzldir%g so notice the readings of the Ammeters. Recorq .
. Switch ON Sa and Wh! eters readings- &
ally up to rated value of 380 v,

Table (A) the voltmeters & An
Increasfe 2he armature terminal voltage g;t;rents
- While being unloaded, record the liné € s
the input power in Tablit(B). e Cable (B), and ix cadh i e
- Reduce the terminal voltage A ower 3
currents, the line voltages, the moto nd put p

the line voltages, the motor speed ,
nd

steps as in
r speed a

T PR EDURE (B
Blocked Rotor Test

- Increase the A
. Increase the armature termi
. Switch ON the Eddy-Current Brake
motor is Blocked (runs at almost zer
- - Vary the terminal voltage up to the p

value of 11.7 A. Record, in Table (O).
(F-CCW) and switch it OFF.

- Reset Rg to its Maximum position
. Increase the armature terminal voltage gradually up to rated value of 380 V.

C variable voltage to 50 V.
duddly up to rated value of 380 V.

nal voltage gra
<ource and vary Rg to up to the point at which the

o-speed).
oint at which the line current reaches its rated

i o D E

Load Test

+«  While being unloaded record the current i
. flwitcl;{ON the Eddy-Current Brake sourz’c?’onages Beerang se=cd i
. ary Rp in steps to match the torque readi
! ;:{urrents, voltages power and speedqin 'I‘ablt:rz%i;.Of Rebls (D Mausach.sispuieiil
- eset Rp to its Maximum position (F-CCW) and switch it
witch OFF the terminal voltage. e
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. Estimate the starting current if the motor is directly started at rated voltage.

« Sketch the no-load characteristics (V/1 ) of the motor.

« Calculate the stator resistance/phase.

- What is the value of slip at no load, rated voltage conditions.

« Sketch the no-load losses versus the terminal voltage. From the curve estirate t
approximate value of the rotational losses.

« Calculate the parameters of the excitation branch.

« Calculate the input power factor at no-load and the percentage value of the no-lc
current.

-  From the blocked rotor test calculate the equivalent circuit parameters Req and X
then estimate R1, R2', X1, and X2'".

- Calculate the input power factor at blocked rotor and the percentage value of

blocked rotor voltage.

From the load test, it is required to calculate the following:
- Sketch the line current versus the output power.
- Sketch the input power factor versus the output power
- Sketch the motor speed versus the output power.
- Sketch the motor efficiency versus the output power.

For each graph, comment on the results.

Table(A): Starting Conditions
Var (V) I (A)

100

Table (B): No-Load Test

VL (V) 380 350 | 300 | 250 | 200 | 150 100 50 ;
IL(A) -
N (RPM) [ e Lo
] _‘l:‘li I ¥ hy

1

S NE



_Rotor Test (Nm = 0.0) :
Pl + P2 (W)

/— L

Table(C): Blocked
SN
I, (A) Ver V)

11.7

Table (D): Load Test (Vr=380V)
T (N.m) 0 3 6 9 12 15 18 21
24

IL=1a (A))

Nm ('RPM)

Pl + P2
W)

Table (E): DC TEST
Vbc (V)
Inc (A) 10, 20 30




P

N - 220V DO

variable
resistor

| Eddy current brake ( circuit and connection)|

Fig (1)

Wi
sl g n
% @ 5~
sttt & -

6

A

Esay SreeX

Squirrsi Cag=
’&amhﬂnw




Ivggsrrif OF JORDAN
'fﬂgm,-rf oF ENGINEERING & TECHNOLOGY .

FAPART "OF ELECTRICA'L ENGI'N'EERING

DigcTR LCAL ENGIN‘EERI.NG LAB. EE93 Mg W7

E g,==================—==B-‘-_‘----------

EXPERTMENT NO.- (9): ~PHASE SYNCHRONOUS MOTORs

J——— =====-==========‘==“"-ﬂ------------------,—------n-----ﬁnn-

_ggg:_c;l‘__I!E-i This experiment is designed to study the:
(1) starting procedure-

(2) r.oad characteristics.
(3) v—-curves.

EQUIPMENT
x* 3-phase synchronous machine (salient pole):
380 Vv, 1 KVA, 1500 RPM, 4-pole, Excitation current 0.6 %
* Exciter for synchronous machines :
* 3-pole circuit breaker

* 3-phase supply: 380 V, 50 Hz.
* Control unit: 1 KWwW.

* Load: Magnetic powder brake: 1 KW.
*-2 Ammeters

* 1 Voltmeter
* 1 Wattmeter

* 1 Power factor meter
* Panel mounting frame

* Connection cables and plugs
* Rubberxr coupling sleeves and coupling guards

* Prime Mover set (DC shunt motor).

SETTING OF THE CONTROL UNIT

Set the control unit as :Eollo?u:

Speed N = 1500 RPM, Torque M = 10 N.m

Operating ‘Mode: 'm = cbn’s’!g%t}i%i L e SR U
¢ . 35 8§ . i N
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PRIME MOVER CONNECTION AND CONTROL:
A prime mover is required to conduct test

prime mover to be used in this experiment is a DC
The wiring diagram is shown in Fig.(1). The segquence
that should be followed to start and control the speed
motor is as follows:

procedure (2). The -

shunt motor.
of steps

of this

= 2
(1) While the voltage knob is fully counterclockwise (i.e., zero
output voltage) switch S1 ON (position I). 2
(2) Press the START switch (Green indicator ON).
:i) Set the resistance of the field regulator Rgy to almost 200 2
) To start the drive motor, increase Vs gradually up to 120 V.

(5) Use the field regulator of the motor field to set the - motor
speed to the required value (1500 RPM) .

PRACTICAL PRDCEDURB@Nd.
(1) Connect the ci:cui-vtw-ro'-f'“;’ Fig.(2)

the applied s
ements of Table (1)- *




pRACTICAL PROCEDURE NO.(2): NO-LOAD AND SHORT—-CIRCUIT TESTS
(1) Connect the circuit of Fig.(3).

(2) Switch S7 ON. and set the exciter current to zero Ampere.

(3) start the Prime Mover as previously mentioned. Set its speed
at 1500 RPM and keep this speed fixed throughout the test. :

(4) Measure the voltage at the terminals of the synchronous Mach

(5) Increase the exciter current in steps to match .the
requirements of Table (2). For each step, ;ecord the terminal
voltage. 3 H

(6) Reduce the Exciter current to zero once more.

(7) short circuit the terminals of the synchronous . machine by
closing S ON.

(8) Measure the stator current and record it in Table (3).

(9) Increase the Exciter current in steps to match the
requirements of Table (3). For each step, record stator
current (short-circuit current).

(10)Re§qce the exciter current to zero. Switch S;0FF.

PRACTICAL PROCEDURE NO.(3): LOAD CHARACTERISTICS

(1) Connect the stator circuit as shown in Fig.(4).
(2) Switch ON ‘the Control Unit. Adjust its Set-Start value such

that the motor can be started without a load being applied
(i.e., Position 10).

(3) Set the measuring instruments as follows:
* 1000 V AC for the Voyﬁmeter at the stator terminals.
* 10 A AC for the Ammeter in the stator circuit.
* 1 A DC for the Ammeter in the field circuit.

* (0.1-30) A RMS, (0.3-1000) V RMS, Real Power Mode for the
Wattmeter. S

Remember to choose the appropriate scale for each’  instrument

without overloading it. This overloading is indicated, when
. occurs, by a RED light. e

(4) Adjust the exciter current to 0.6 A.

(5) Press the Push-Button switch on the motor terminal board, and
while doing so, switch on the circuit breaker S. Keep the
Push-Button switch pressed until the motor has reached its
highest asynchronous speed. Then ase this switch™so that
the motor continuous s manner:

(6) set the a n Table (4).

¢ "qurrent,
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(7) Reduce the load torgue graduallY .

(8) Switch OFF S.

CTERISTICS
PRACTICAL PROCEDURE 'NO - 4): v-CHARA! o
procedure No.(3) -

£ :
(1) Repeat steps (1)-(3) of FrO¥ AR
& to O-
(2) Set the excitation currentrOl pepa Zcfa"l\/'m C"-" ‘oaJ_»)

S sece tora . Cont and the Input Active and Reactivye

(4) Record the Stator curren tor in Table (5)-
or -
Power, Input Power FactoTr Fac " steps to match  the

(5) Reduce the excitation current

requirements of Table (s).

in

under excited, if  the

excitation current falls below a certain value, the operation
This will limit the minimum value of the
hile conducting the test

Note that when the machine is

becomes unstable.
excitation current. If this happens W

syi!:::h S OFF immediately.

- Y

(6) Repeat steps (3)=(5) but for A = 2o Nobyt -

RESULTS AND COMMENTS :
(1) Calculate the average value of the Armature Resistance R,.

Pfhat can you suggest to correct for AC operation. )

(2) Plot, on one graph paper, the Open-Circuit and Short-Circuit
characteristics of the tested machine. Show scales.

(3) calculate the Synchronous Reactance of the armature. Plot the
Synchronous Reactance versus the .Field Current and comment on
the variation.

(4) If the speed of i
circuit iest dsh:o:‘aChine el iR

’ expect the short-circuit current to

; vary?. Justify your answer Y

5) From the Load Test éal N
s 0.;;;' g-o,m#? the Developed Torque, Developed

4 g\l%il_i., ‘;;;9}'-5:9":"9"' Torque angle. Record results




gy

(7)

(8)

‘test procedure-(5). :

versus the Load Torque. Comment on the .Curves. .
plot, in . one graph paper, the V-CURVES from the results of

plot, in one graph paper, the Input Power Factor versus the
Field Current.

what can you deduce from the plots of (7) above?. Give full

explanation of the shapes and meanings of these plots.

21 4 2

.~ o
S s . fe s :

L - h

2 (&)
Freld rEgalater . A,

£ Ea

Fig-1~ a €a

Prec\ic ol ¥




Wy W,

—_— J staker - windings

/Zj-j.' A/O—/aaf/\k/pr/-ar‘flﬂ.(‘ ‘77‘5..[-_5

Wewtrnl Linz.

'\'\.)Q:l“" (s fpoolr pnc\-uf“\ﬂ’"

Lt

Uﬂ)J 3- Q.SVQ\ C\'\ ‘IO Q\T\S;\‘\E)o;
k' . ) o [N ;P ‘ \-
& j H S‘\'q)ror-(,\rc\\\ Fo-r LOqS- ;Q S‘\- o\hg V‘ C\\'\)( €S
S

Qofar C/r‘cen“- AS /c—j 30

sl



Table (1) _QC Armature Resistance

Ide (A)
Vde (V) L 1.0
Rdc (ohm)

Table (2 _NO LOAD

If 0.0 50.0 100

i) 150 200 300 400 500 | 600
Ea
™)

Table (3) SHORT CIR T BY

If s 0.0 50 100 150 200 300 400 500 600
(ma)
Isc

(A)

Table (4) YLOAD TEST

T (N.m) 2.0 4.0
Ia (A)
Vt (v)

N (RPM)
Pi (w)

Qi (var)

P.F ek kkk

**%%% : Jndicate if the P.F inductive or capacitive .

able (5) V E TICS

6.0

T (N.m) 0.0 (N.m) 2.0( N.m)
If (ma) 600 |500[400] 300 | 200 | 100|f 600[500]400{300| 200 {100

Ist (A)
N (RPM)
Pi(w)
Qi (xar)

P.F ddekdk 7 e 1 B 1

dedededek glndicat



