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Experiment #1: Balanced Three-Phase Circuits

Part One: Three-phase Circuits: Y-; and A-Connection & Power
Calculation

1. Objective:
* I'o connect three-phase loads as Wye, Y- connection and as Nelta, A - connection.
» Toverify the relationships belween vollages and between currents of a three-
phase circuits.

¢ To calewlate the power for three-phase circuits,

2. Experiment components and measurement instruments:
* Three-phase AC power supply
*  RMS meters
* ‘Three-phase resistive load
» Three-phase inductive load
»  Three-phase capacitive load
»  Osciltoscope
3, Theory:
For Y- connection circuits, the relationships between the line and phase guantities are

given by:

Vp=vi/ V3 1)
Ip =1, (2)

Whereas the relationships for a A - connection arc:

Tp=T. /3 3)
Vp=Y¥, {4)

The active and reactive powers for a 3-phase circuit (Y-connecetion or A-connection) arc
given by:

P=¥3V I cos0 {5)
Q=Y3V.I.sin6 (6)

And the complex power can be given by:
S=P+jQ (7

Where B: Represents the power factor angle of the balanced load.



4, Three-Phase Circuits

4.1 Wye-connection

4.1.1 Circuit Diagram

Figure 1: The Wye -Connection

4,1.2 Circuit Asscmbly
Assemble the circunt of the three-phase loads in Y connections according to the abuove
circuit diagram.

4.1.3 Experiment Procedure
After the teacher has checked and approved the circuit, pnt the circnit into operalion and
follow the following steps:

1.
2.
3

4,

3,
6.

Switch the load to unity power factor mode.

Select the balanced load from each phase.

With the lvad switch ofT turn the power supply on and adjust the line to neutral
voltage to 127 V or the Hne voltage to 220 V.

Mecasure the line and phase voltages and currents for rated value of the load current
and for umty power factor

Take twa other sets of reading wilhin the {ull load current.

Repeat step 4 and 5 for Jagging and leading power factor.

4.1.4 Results Table
Enter the measured and calculated values mro the following results tables!

4.1.4.1 Resulis Table for Unity Power Factor

R (%) LVy  [VeW) 1 {A) Ir (A} Viove (LT,

100%

30%

1+




4.1.4.2 Results Table for laezing Power Faclur

L=0.4 H Vi (V) Ve (V) | L (A} Te (A) ViV [ /T

+H00% of R

+ 5% of R

+ 14 of R

4.1.4.3 Results Table for Leading Power Factor

[C=16pF [ Vi (V) [Ve () [ (A) I (A) VilVe |T/Ty
+100% of R '

+ 5% of R
+10% of R

4.2 A - connection

4.2.1 Circuit Diagram

(%

C @

Figure 2: The Delta - Conncction

4.2.2 Circuil assembly
Assemble the circuit of the three-phase loads in A - connections accerding to the above
circuit diagram.

4.2.3 Experiment Procedure
After the teacher has checked and approved the circuit, put the circuit into operation and
tollow the following steps:

1, Switch the load to unity power factor mode.

2. Belect the balanced load from each phase.



3. With the load switch off turn the power supply on and adjust the line to line

voltage to 120 V.

4. Mecasure the line and phase voltages and currents for rated valuc of the load
current and for unity power factor

5. Take rwo other sets of reading within the full load current.

6. Repeat step 1 and 5 for lagging and leading power factor.

4.2.4 Resulis Table
Eater the measured and calculated values into the following results tables!

4.2 4.1 Results Table for Unity Power Factor

R{%)  1VL(¥) _1V¥e(V) 1, (A) Ip {A) Vil/vp i L/1p
100%
50%
10%
4.2.4.2 Results Table for lapging Power Fuctor
L=0.4 11 Yi (V) Ve (V) [ IL () Iy {A) Vi/Vp | IL/Tp
+100% of R
+50%eofR | ¢+ L 0 i
+10% of R
4.2.4.3 Results Table for Leading Power Factor
C=16pF [VL.(V) Ve (V) | L €A) Ir (A) Vi/¥e L0y
+100% of R |
+ 5% of R

+10% of R

5. Report

1. Complete the results tables above using equations 1-6.
2, Draw phasor dingrams showing the linc and phase voltages currents for both Y and A

connections,

3. Verify the relationships for the phase and line voltages and currents and state reasons

for any errors




Part Two: Three-Phase Circuits: Measurement of Average Power

1. Objectives:
* To measure the average power supplied to a three-phase load connected in Y and
i A

* Todctermine the power factor of the three-phase load.

2. Experiment components and measurcment instruments:
¢ Three-phasec AC power supply
* RMS meter
¢ Watt mcters
» ‘Three-phase resistive load
¢ ‘Three-phase inductive load
¢ Three-phase capacitive load
*  Oscilloscope.

3. Theory:

If two watt meters are used to measure the power supplied 1o a three-phase load, it can be
shown that the watt meters will read:

P~V I cos {30" + 0) {1
P:=V Iy cos (300 - B) (2)

Where
(: Represent the power factor angle of the load,
From equations (1) and (2}, the total power can e given:

Pr=P;+P;=3V_ I, cos (3
tan 8= V3 (P —P)) /(P + Pa) (4)



4,1.1 Circuit Diagram

Watt Meter
J A

a ®—
Three
b » — e B
Phase
Currenat \ : .

‘v’u;lag,t f .|
w Watt Meter . Load
|

Figurc 3: Two Wattmeter Connection

4.1.2 Circuit Assembly

Asscmble the circuit for measuring the power of the three-phase load according to the
above circuit diagram,

4.1.3 Experiment 'rocedure

Alter the teacher has checked and approvesd the circuit, put the circuit into operation and
perform the {ollowing steps:

4} Conncct the three-phase Joad in Y

1.
2.
L

A
.

5.

Set the supply voltage to about 220 V.

Select power factor of unily for the load.

Take three scts of reading, for the quaniities shown in the table below, one
at the rated value of the Ipad current (calculate {irst the rated value of the
load current), one at 4 rated load and onc at ¥ rated.

Repeat step 3 for power factor lagging, as well as, power factor leading by
arranging certzin load combination.

Enter the resulls in results tables helow!

by} Connect the three-phase load in A

1.
2.

3.

Set the supply voltage to about 120 V (VL — V. for A)

Repeat step 3 for unity and step 4 for power factor lagging and power
factor leading.

Enter the results in results tables below!

10



4.1.4 Results Tables
Enter the measured and calculated values into the following results tables!

_4.1.4.1 Results Table for Y-Connection Load and Unity |
V,'\R

(V)

R(%) | P1

(W)

Povwer Factor

P2

(W)

PT
(W)

100%

L

NG

P.F
Mea.

P.F
cale.

P¥
error%

Py

Cale.

Pr
error%

50%

10°%

4.1.4.2 Results Table for Y-Con

nection Load and Power Factor la

ing

L=04H

PI
(W)

P2
(W)

PT
(W)

Vag
¥)

T, PF

(A)

Mea.

P.F

calc.

P.F

error%s

+ 100%
of R

"+ 50% of
iR

Py

Cale,

Pr
error |

+ 10% of

R

i

C=16pF

P1
W)

P2
(W)

PT
(W)

1¥)

V.-\B

4.1.4.3 Resulis Table for Y-Connection Load and Power Factor Leading

1.
(A)

P.F
Meas.

: P.F

+ 100% of
R

+ 50% of
R

| cale.

CPE

| error%

Cale.

Py
error%

+ 10% of
R

|

4.1.4.4 Results Tahle for A-C'onnection Load and unity Power Factor

R(%) | P1

(W)

P2

(W)

PT
(W)

Van | IS
&) (A)

B.F
cale.

I),I.
Cale.

l),l.

error’h

~ 0%

[ 50%

| 10%

4.1.4.5 Results Table for A-Con

nection Load and Power

Factor L

agging

L=0.411

Pl
(W)

P2
(W)

i PT
(W)

Vap
)

Ia PF
(A) | calc

Pr
Cale.

Py
crror

+ 101HA
of R

+ 50% of
R

+10% of

R
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4.1.4.6 Results Table for A-Connection Load and Power Factor Leading
C=topF | Pl P2 PT Vi | Is P.F Py Pr
(WY [ (W) W) 1Y) (A | cale. Cale. | crror%

+ 130%4%
of R

+ 5(t% of
+ Iﬂo/n of

R

Notes At a certain power factor, one of the watt meters may try to read backwards. In this
case, switch ofl the supply, thea reverse the conneclion ol either the voltuge coil or the
current coil of the wattmeter. Mark the reading as negative value.

5. Report:

1. Using the equations 1 - 4 to do the necessary calculation for filling the above results
Tables above.

2. Comment on the levels of error between the computed and measured values.

3. Braw a phasor diagram and explain why equations (1) and (2) can be used to calculate
the tatal power. Draw only far rated Inad, 0.8 power factor lagging.
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Experiment #2: Magnetic Circuits

1. Objective:
¢ To determine the B-H characteristics of an iron core.
¢ To find the relative permeabitity (m,) of an iron core,
» To calculate the reluctance (R) of the iron core

2. Experiment components and measuremenl insiruments:
s Rectangular laniinated core.
o Coil
*  VYoltmeter
*  Ammeter
s Variable AC supply

3, Theory
If 4 current of 1 A flows from a supply of E volts through a coil of N lurns wound on a
magnetic core of an average length Le, the magnctic field intensity can be written as:

II=NI/Lec m

From Faraday’s law of electromagnetic induetion, the rms values of the induced voltage
across the coil, K is:

E = oNO 2)
since

b =AB (3)
therefore

F=0oNAR (4}
and

B- Hr My H (5)

From equations 1, 4 and 5 it is clear that E — 1 characteristic of the core is equivalent to
its B-H characteristic. Further, it can be shown that,

E = oN*Apl/ Le (6)
Where the permeability of the core can be written as:

1= Uy H (7
=41 x 10 7 (H/m)

and it 1s given by:

13



u=Elc/aNAT (8)
Finally, the reluctance of the core can be express as:
R=N1/@=Le/ I, e A (9)

4. Circunit IHagram

—_—
|
Yaltage Source v
- | . N turns
R "
| o
14 - —

Dimensions: Le m; and A m?

Figurel: A simple Magnetic Core Circuit

4. Circuit Assembly
Assemble the magnetic circuit according to the above civeuit diagram.

6. Experiment Procedure

1. Find the typical dimensions of the magnetic core. The instructor may help ke gel the
gecurate number of turns of the coil.

2. Set the input voltage first to 10V, Record the corresponding current.

3. Repeat step 2 up 1o 150 V in steps of 10V,

7. Results Table
Enter the measured and calculated values into the following results tables!

7.1 Resulws Table

E (V) I (A) K=E/1(ViA) | R
10 -
20

150




8. Report

1. Plot E versus I on a graph paper

2 Calculate K, {1, and R for e¢ach reading and complete the above results table.
3. Plot it, and R as functions of 1.

Note: Magnetic core dimensions are:
Le=
Ae=
N =230 turns
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Experiment #3: Single-phase Transformers

1. Objective:

« Study the respense of the single-phase transformer;

s Atno-load,

s At short-circuit, and

» Under load condition.

¢ Determination of the parameters of the transformer’s equivalent circuit,
Calculation of the efficiency of the transtormer and,

« Calculation of the voltage regulation under different load conditions.

2. Experiment components and measurement instroments:
s Single-phase transformer
» Power meter
»  RMS meters
» Resistive load
» Inductive load
s  Capacitive Joad
*  Oscilloscope

3. Theary:
In order to investigate the behavior of a transformer under varivus loads, an examination
of a singlc-phase transformer model or one phase of a three-phase transformer suftices.
The function of a transformer is based on the law of induction, which states that a voltage
is induced in a stationary coil when it is permeated with a time-varying magnetic ffux.
If the magnetic flux simultancously permeates two windings with number of turns w; and
w1 then in the case ol an ideal lransformer (1.e. without lcakage) the following applies for
the correspanding voltages: :
L L |

il § = 3 -

&r, iy

Cansequently the following relationship exists [or the current:

I
)

L
g

Because of this so-called power ba)ance the following generally applies to transformers:

17,2 U2
— = = = gconst.
Z, Z,

and further it follows that:

16



Z1 - _glz

= = o= 42
Z "
Impedance on one side of the transformer thus appears with different value on the other
side; the same also holds true for equivalent resistances and reactances. This fact is
referred to as a so-called resistance ¢runsformation.

3. Responses under No-Toad, Short-Circuit and Load Conditions

3. I Response at no-tuad

At no-load the winding 1 is fed with nominal voltage; winding 2 remains disconnected. A
current 110 flows, which is primarily required to build up the magnetization of the so-
called magnetizing reactance Xj.

With the copper losses Vi, taken into account {caused by the ochmic resistance R, of the
primary winding) as weil as the iron Josses Vi (caused by the total loss mass density in
the iron core and represented as active current by an imaginary ohmic resistance Rpe) the
following cquivalent circuit diagram is produced:

Im RE

—— ]
!.Fo -ZP-
£t
,, S 4
. |

Fig. 1: Equivalent circuit diagram of a transformer operating at no-load

Using the no-lvad experiment it is possible to directly determine the magnitude of the
magnetizing reactances Xy, of the transformer’s equivalent cireuit diagram.

The variables R1 and Rr. cannot be measured separately. In order to determiine the
resistance of the primary winding, a mcasurement bridge (DC voltage measureiment) has
to be used, for example. However, in large transformers the relationship Ry << Ry, always
applies s0 that the copper resistance can be neglected at least in no-Joad operation.

3. 2 Response to short-circuit

Here the transformer s shert-circuited on the sccondary side and a (small) voltage is
applied to the primary side which is just enough so that the normal current flows. Due to
the magnetizing reactance the current is negligibly small, because Lhis is practically
shorted out on account of the short - cirenit on the secondary side. Now a 1ot mare
leakage reactances arisc, which [unction as inductive reactances in the lines.

The foliowing equivalent circuit diagram results:

17



Fig. 2: Equivalent circuit diagram of a transformer eperating with a short-circuit
The following quantitics were introdnced anew into the above cquivalent cirenit diagram:
— t v —_ 1

The guantities above denote:

Uyy- applied primary voltage, which leads to the nominal current

R;: vhunic resistance of the secondary side

Ry value of R; converted to the primary side in accordance with the expression
R:! = R;. tz

Xy, leakage reactance of the primary side

X, leakage reactance of the secondary side

X:: value le X, converted 1o the primary side in accordance with the expression
X = Xige

Primary and secondary windings are designed for the same power and required the same
winding space; consequently they dentonstrate the same leakage. Thus the following
holds true: By = Ry and X — Xou

The two variables R1k and X 1k are combined into the so-called short-circuit nnpedance
7.1k, for its magnitude the following applies:

Uy
Zo =ARE + XG5 =5
ik Tk e =770

In the case of shart-circuit with the nominal current on the primary side, the active power
consumed amounts {o:

o T 2 _ F . L
Pra= Ry L™= Uy T 008 @y
Where @ phase angle of the current for short-circuit.

3.3 Response under load operativn
During “load operation” we are referring (o a load condition which falls into the range of

18



standard transformer loads, 1.e. a current, which is considerably larger than the no-load
current; but also significantly smaller than the short-circuit current.

The equivalent cirenit diagram for this operation can be put together as a combination of
the above representations dertved for no-load and shurt-cireuit.

Fig. 1.4 reproduces this atter converting the quantities for the secendary side to the
primary side:

I, R, Xio Xoo R, JA
——1— " s
EST)
” A I
=1 Ui X R, g_z;

Fig. 3: Equivalent circuit diagram for the transformer eperating under load

We can read off the following values from the equivalent circuit diagram:
U=U - @+ i+ L R +i X, e Lebvlg= b Lo

These results in the following phasor diagram under load (here for the case of a mixed
resistive-inductive load; as is most frequently the case):

Fig. 4: Complete phasor diagram of the trapsformer operating under mixed
resistive-indnctive load

19



3.4 Efficiency and Voltage regulation of the transformer
For the operating case under investigation we obtain the efficiency 1 and the voltage
regulation VR as follows:

n % =F2/F1 x 100
and
YH % =(U1-U2) /U2 x I
4. Response at no-load
4.1 Experiment Objective:
To determine the voltage vansformation ratio of the transformer for various ptimary
voltages operation at no-load; determination of the varinhles which can be derived from

the equivalent circuit diagram for normal voltage at primary winding,

4.2 Cireuit Diagram
Set up the cxperiment circuit in accordance (o Fig. 3.

PE

Q
O

Fig. 5: Circuit used for investigating no-load response

4.3 Experiment Procedure:

Sct the experiment transformer to the voltages for U, listed in the table, and measure the
corresponding values for Us, Uz, Pro, and . Calculate the transtormer ratios t». and t1x
for each input voltage Ul as follows:

t;= U/ U tizs = Uy/ Uy

UL(v) _ tuzv) l U23(V) i Pp(W) | Lu(A) 1 Lz
50 _ ; i b

20



100

156

230 =

Uransfer the results from the above Table into the fellowing diagram, and plot graph of
the voltage transformation fur vanous input voltages!
Enter the carresponding transformation ratios onto the characteristic curves.

300 T
250 +

2Za0

LY

[ty

150 +
100

s0 +

& S50 JOHY 130 200 250
2N a4
Fig 6: Diagram on the no-toad response of the single-phase transformer

4.4 Calenlation:

Determing the variables for the equivalent circuit diagram with nominal voltage (U1 —
230 V).

Active and reactive components of the no-load current:

’Plfi
CORpy = ——— = cosp, =
]FE 5110'6{]5{003 IF?E =
I,u. =I5 -sin@, = '}'u =

Fictitious core resistance and magnetizing reactance are calculated with the following
equations:

21



g s

Rpg =——~= Rpg =
{rg
X, = 1 X -
p o= b =
Iy

5. Respanse to short-circuit

5.1 Experimcent objective:

Measurement of voltage, current and active power for secondary-side shart-cireuits of the
translormer and determination of the variables which can be derived from the equivalent
¢ircuit diagram. Determination of the current transformation ratio. Determination of the
short - circuit voltage.

5.2 Circuit Diagram:
Set up the experiment circuit in aceordance with Fig. 7

P =

A

|

Fig. 7: Circuit for investigating short-circuit response

5.3 Experiment Procedure:

In order to record the current s connect the ammeter to the sockets 2.1 and 3.2, Cany
out the measurcments beginning with the low current values for 123. Compute the current
transformation ratio ty ;3 as follows:

tha=1L /1,

 La (A) L{A) Uik (V) P (W) [t
1 0.3




0.6

0.9

1.2

1.36

‘1.5

R |

Transter the results from the table above into the following diagram, and plot a graph of
the current transtormation for various input currents! In a second diagram plet a graph of

the eonsumed aclive power versus the primary current.
i85 T

k. ;

1.2 ;

1T

A oe 3

0.6 1

ir.4 k)

2.z F

PR

QN MR

1} 0.5 1
LA

1.5

Fig. 8; Diagram for short-cirenit response of the single-phase transformer

5.4 Caleutation:

Determing cos @ the resistive and inductive component of the short-circuit impedance

in accordance with the equations (for In — 1,36 A)
i
Ui k- Il

COoSE ;.

Uy rcospy
Ry =————
{

_ Ulk ’-'Y!‘fi{;’k
I.I

23
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Calculate the relative short-circuit voltages for the single-phase wansformer (for
secondary-side nominal current).

74

1k

tp = = Iy =
Up

Hp = ) - OO8P, = (238 =

L, =y SINPy = iy =

(In the case of short-circuit measurements the influence of the magnetizing inductance Xy
and the fictiticus core loss resistance Rrecan be disregarded).

Draw a complete equivalent circuit diagram of the transformer and enter all of the
measured or caleulated variables (in accordance with the note provided in the theoretical
section the following holds true as an approximatien: Ry = Ror and Xi5 = Xaa)-

% T I 1

Fig. 9: Equivalent circuit diagram of the single-phase transformer

6. Response during load operation

6.1 Experiment objective:

Measure how the load type and magnitude affect the response of the secondary voltage
and compare this to the values expected theoretically. Determine the efficiency and

voltage regulation.

6.2 Circuit Diagram:
Sct up the experiment circuit as shown in Fig. 10. First, only connect the resistive load.

24



o——A

1
[——

Fig. 10: Circuit for investigating load response

6.2 Fxperiment Procedure

Carry out the measurcment at a primary voltage of 230 V. First, set the resistance of the
ohrmic load to 100%. Measure the variables listed in the following table for resistance
values indicaled there. The variables not directly measurable are determined as follows:
the efficicncy is caleulated of the ratio of the output power (P;) to the absorbed power
{Py).

PR .
n =—;~}O{}% . AU = U23G —'I"FZB
1

R {%) U23V) | U23(V) | AUV)  {IZA) PLW) P2(W) 1 (%}

100

60

A0

20

10

7.5

Plot a graph of the efficiency curve versus the secondary current!
100 ¥ '

o0 §
80 ¥
70 3
60 ¥
nf% S0 %
40D
30 3
:.U ;-9
10 ¥
0 B + t
O 0.z 0.4 0.6 0.8 1 1.2

FAVIN
Fig. 11: Efficiency curve of the single-phase transformer under load




Now carry out the experiment with inductive and capacitive load. The inductive load of
0.6 1 and 0.5 H is sct up by connecting two each of either 1.2 H or 1.0 H in parallel.

141}

Uz:(V)

Uzy(V)

L{A)

6

[ AL(Y)

4.8

2.4

1.2

il

0.8

0.6

0.4

Cul)

Ung( V)

Un(V)

AU(YV)

2

I{A)

4

3

16

Plot the valtage curves under load with K, L and C loads versus the current in a graph!

242 7
240 1
238
236 §
234 §
232 §
230 §

U

228 1

Fig. 12: Voltage curve of the single-phase transformer under foad

U
vV
usv

0.5
LA
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Experiment # 4: Multi-Function DC Machine as a Shunt and a

Compound Wound Generator

1 Objectives: To study the following for the multi- function machine operates as Shunt
and Compound wound Generator

Operating the separately — excited DC Shunt Wound Generator and Recording the
Na-load Characteristics, Ug = f (I:) with n = constant, U, — t{n) with I =
constant

Operating the Sclf-excited DC Shunt Generator and recarding the no-toad
characteristics Uy = f (Ig)} with n = constant, s = (n) with I = constant

Plotting the no-load characteristics

Recording load characteristics for separately and Self-excited DC Shunt Wound
Generator

Plotting the Characteristics

Recognizing and Explaining the Differences in Generator behavior for separately
and Self-excitation

Recording Load Characteristics for Separately - excited DC Compound Wound
(Generator

Platting the characteristics

1. Experiment components and measurement ins(ruments:

DC Stabilizer

on /off Switch Three Pole
Compound Wound Molor (uses as a driver)
Shunt Wound Gencerator
Starter

Ohmic Load

Magngtic powder brake
Tacho generator

RMS meters
Speed-Torgue Indicator
[Digital tachometer

3. No-Load Characteristics

Uy = f{1g) with n = Constant and Uy = f{n} with Iz = Constunt [ur Separately-

Fxcited DC Shunt Wound Generator

Uy = f(Ig) with n = Censtant and Uy = [(n) with Ig = Constant for Self-Excited

DC Shunt Wound Generator

3.1 Theory:
The electromative foree in the armature of a DC generator in accordance with the hasic
generator is given by the following equalion:

Up~T.n



where: Up = electromotive force
& = f (1) magneric flux
1= spCL‘d Ur gcncra[ur arrnalure

3.2 Recording the No-load Characteristic U = f {Ir) for Separately-Excited DC
Shunt Wound {Generator

3.2.1 Circuil Diagram

— - _
L‘_i Li e I 2
D =
2 =]
& |r...:'1....' ‘ﬁ
o U = 0
fas) i : o
e L
X
; I:_y ¥l
=3 (3
L+ 11
wil e
.: 1
ot i
] o S
b feee——n L [ e—
Wz (o2 [z e Al ‘
lofem !
1. At |,o—— l
: T m aca 233 : i I
] G e - i
e ol
[ .JI ! o 24 ; St |
T 4 e
: 1 i
|
L
P — L TR
Lo i ]
15
M1 G G Y,
’/,’-——-,,_‘\ /"““-\ ":- \___/j
) )
L Moo= = e = LG ) --{:m) i
N A T

3.2.2 Circuit Assembly
Connect the motor M, with generator Gy and tachogenerator Gy. Connect the DC

compound wound machine as the driving motor and the DC shunt wound machine as
generator for clockwise rotation as specified in the circuit diagram. Assemble the cireuit.

3.2.3 Experiment proceduere
After the teacher has checked and approved the circuit. put the circuit into operation.
Switch on the DC compound wound moter using switch Q).
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Vary the resistance on the starter Ry, so that a speed of 2000 min™ is indicated on the
speed display Pe. If necessary reduce the voltage on the voltage supply Gy, Keep this
speed constant while detcrmining the destred measured values.

Using switch Q7 switch on the voltage supply Gz and set the exciter voltage at
measurement instrument Py and subsequently the exciter current at measurement
instrument ¥s to values specified 1n the tables. Additionally, measure the desired values
ol the generator voltage Uy at measurement instrument Py as well as the exciter voltage
[Jg at measurement instrument P, and enter these values into the tables below.

3.2.4 Result Tables

J.2.4.1
DC Shunt Wound Generator 1.0, Separately-Excited
~ Setting with Starter Ry, n=2000" Constant
Setting at the Valtage Supply G

Tg (mA) 0 25 56 75 100 125 150 200 | 250 300
. Measurement
"Ug (V)
L.UE(V) . oo SR SR o

3.2.4.2 Plot of the Nu- load Characteristics at constant speed n
Using the measured values of Uy V), and Ig (mA), draw the no-load characteristics ol the
separately —excited DC Shunt wound generator for a constant vahie of speed n.

3.3 Recording the No-load Characteristics Uy = I (n) for Separately-excited DC
Shunt Wonnd Generator

3.3.1 Circuit Diagram
The circuit diagram from section 3.2 is used

3.3.2 Experimeni Procedure

Atter the teacher has checked and approved the circuil, put the eircuit into operation.
Switch on the DC compound wound motor using switch Q.

Vary the specd in accordance with the tables by reducing the voltage on the voltage
supply G, or by changing the resistance value on the starter RE. Deternune the specd on
the speed display P..

Using switch Q2 switch on the voltage supply G- and set the exciter voliage at
mcasurement instrument '3 and subsequently the exeiter current Ig = 0.3 A at
measurcment instrument Ps. Keep the exciter current constant while determining the
desired measurerment values. Measure the destred values of the generator voitage Ua at
measurement nstrument P4 and enter these valucs into the table below.

J —_—

! Loy
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3.3.3 Results Table

3.3.3.1
| DC Shunt Wound Generator 1.0 - Separately-Excited

Setting with Voltage supply Gz, I = 300 mA, Constant
Setting the Speed by Reducing the Yoltage at (;) by changing the Resistance R,
o 2000 ! 1900 [ 1800 | 1600 | 1400 | 1200 1000 | D04 | 800 | 60O | SO0
(rpm)
Uy i
V) . ;
3.3.3.2 Plot of the No- load Charucteristics at conslant excilation current Iy

Using the measured values of Uy (V), and n (min™)), draw the no-laad characteristics of
the separalely —excited DC Shunt wound generator for a constant value of Ty,

3.4 Recording the No-load Characteristic U0 = f (I} for Self-excited DC Shunt
Wound Generator

3.4.1 Circuit Diagram
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3.4.2 Circuit Assembly

Connect the motor M, with pencrator G» and tachogenerator G;. Connect the DC
compound wound machine as the driving motor and the DC shunt wound machine as
generator for cleckwise rotation as specilicd in the circuit diagram. Assemble the circuit.

3.4.3 Experiment Procedure

After the teacher has checked and approved the circuit, put the circuit into operation. Set
the field regulator R; to position “y™.

Switch on the DC compound wound motor using switch Q). Vary the value of the
resistance on lhe starter Ry, sa that the speed of 20007 is indicated on the speed display
Po. If nzcessary reduce the voltage on the voltage supply Gy. Keep this speed constant
while determining the desired measurement values. By changing the resistance values on
the ficld regulator R; set predetertnined caciter current values [g at the measurement
instrument P, as specified in the values table and read off the generator Uy at the
measurement instrument Ps. Enter the determined values in the following, tables.

3.4.4 Result Tables
3.4.4.1

IC Shunt Wound Generaior 1.0, Self-Excited
n {min‘} = 2000 Cunstant

Setting on :
the field 0 25 50 75 100
Regulator R2

200 | 250 340

1125 [ 150

Iy {mA) J _ : E ]
Measurement ; : '
Uy (V) L |

3.4.4.2 Plot of the No-lond Characteristics U= f (Ip) with n = 2000 min"' constant
Using the measurcd values of Uy and Ip, plot the no-load characteristics of the self-
excited DC Shunt Wound generator for a constant speed.

3.5 Recording the Nu-load Characteristic Uy = £ (n) for Self-Excitcd DC Shunt
Wound Genrerator

3.5.1 Circuit Diagram
The circuil from 3.5.1 is used

3.5.2 Experinmient Procedure

After the teacher has checked and approved the circuit, put the circuit int operation. Scl
the field regulator R, ta position “y”,

Switch on the DC compound wound motor using switch Q. Vary the speed in
accordance with the tables by reducing the voltage on the voltage supply Gy or by
chanping the resistance value on the starter Ry, Determine the speed on the speed display
Ps. Ata speed of 2000 min”' set the field regulator Rs to the highest exciter current value
of 0.3 A at the measurement instrument Py and keep this seiting constant while
detcrmining the desired measurement valucs.
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For this measure the desired values of the generator voltape Uy at measurement
instrument Py as well as the exciter current values Ig at measurement mstrument Py, Cnler
these values into the tables below.

3.5.3 Results Table
3.5.3.1

DC Shunt Wound Generator 1.0, Self -Excited

Setting the field regulator R; 1o the largest exciter current value Ig = 0.3 A for 2000
min"’ — Do nut change selting, keep constant

Setting by reducing voltage on G; Setting by changing resistance on B,y

n 2000 | 1900 | 1300 [ 1700 | 1600 | 1500 | 1400 | 1300 | 1200 | 1200 | 1000

(rpm)

uo
A2

Ig
(mA)

3.5.3.2 Plot of the No-load Characteristics Uy = {{n) and Ig = f (n)

Using the measured values of Up, Ip, and n of the above table to plot in one graph the Neo-
load characteristics of the Self-excited DC Shunt Wound Generator, Uo against n and Iy
agalnst n.

3.6 Load Characteristics Uy, I'» = 1{T) for Separately and Sctf-Excited DC Shunt
Woaound Generator

3.6.]1 Theory
The terminal voltage available at the terminals of the loaded generator is calculated as
Tollows:
Ui = Uag~ L (Ry + Rw + Rg)
with
Ri =Ry+Ryw+ Rg
the result is
l{KL = .Uu - ]A- Rl
Ui = Terminal voltage
Iy = Electromotive force
Io = Load or armature current
Ra = Resistance of the armature winding
Rw = Resistance of (he commutating winding
Ry = Resistance of the compensation winding

In the case of the self-exciled DC Shunt Wound generator this exeiter current is a
component of the armature current and amount to about 2% to 6% of it:

L=1+1 I = Ipad current
I — armature current
[p = exciter current



Here the armature current is Jarger than in the separately excited penerator by the amount

of the cxciter ¢

urrent.

In the lormula for the terminal voltage

the result is

Uk =Up - ],\. Ri
The internal voltage drop

Ui=1,q

- Ri

3.6.2 Load Characteristic Uy, P; = £ (I1) for Separately-Excited DC Shunt Wound
Generator

3.6.2.1 Circuit Diagram
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3.6.2.2 Circui

t Assembly

Connect the motor M with gencrator Gy and tachageneralor Gg. Connect the DC
compound waund machine as the driving motor and the DC shunt wound machine as
generator for clockwise rotation as specified in the circvit diagram. Assemble the circoit
according to the circuit diagram.
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3.6.2.3 Experiment Procedurs

After the teacher has checked and approved the circuit, put the cireuit into operation.
Switch on the DC campound wound motor using switch Q4. Set the speed to 2000 min™
using starter R| and keep the speed constant for the duration of the measurements.

If necessary the nominal voltage of the motor may be exceeded by 10% by making the
corresponding setting on the vollage supply G.

Using switch Q; connect the exciter voltage of the DC shunt wound gengrator of the
vollage supply G,. Vary the exciter voltage and subsequently the exciter current to a
value of [z — 0.3 A ic. to the nominal exciter current for the generator on moasurement
instrument Pe-, and keep this value constant for the duration of the experiment.
Determine the generator voltage Ug; at measurement instrument Iy, for the
predetermined armature current values 1, at meter Py, which result from the sctting on the
resistor R,

Enter the determined values in the following table. Carry out of the measurements as
quickly as possible or allow for short breaks benveen the individual measurements, as the
nominal curreni of the drive motor is partially severely exceeded and the motor wound
otherwise reach impermissibly high temperatures.

3.6.2.4 Result Tables

3.6.2.4.1

IDC Shunt Wound Generator 1.0-Scparately-Excited

Setting with Starter R;, n = 2000 min" - Constant
Sctting with Voltage Supply G, T = 0.3 A -Constant
_ Setting with Load Resistor R; ]

I4 (A) 06 108 |10 [125 [1.75 |20 1225 J235 [275 [3
Measurement | '
Uk (V) _ R ]
Calculation i :
P (W) l [

3.6.2.5 Calculation
Calculate the power output P; for the table above from the following equation:
Pr=Tk. 1a

3.6.2.6 Plot of the Laad Characteristics Uy, P; = f (I,) at n, Iz = Constant for
Separately-excited DC Shunt Woaund Generator

Using the measured values of Ugp and the caleulated valucs of I'y and plot the load
characteristics as a tunction of 1 at constant values of n and .
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3.6.3 Load Characteristic Uy, P2 = 1 (I} [ur Self-Excited DC Shunt Wounil
(enerator

3.6.3.1 Circuit Diagram
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3.6.3.2 Circuit Assembly

Connect the motor My with generator Gz and tachogenerator Gs. Conncet the DC
compound wound machine as the driving moter and the DC shunt wound machine as
generator for clockwise rotation as specified in the circuit diagram. Assemble the circuit
according to the circuit diagram.

3.6.3.3 Experiment Procedure

Alter the teacher has checked and approved the circuit, put the circuit into operaticn.
Switch on the DC compound wound motor using switch Q. Set the speed to 2000 min™
using starter Ry and keep the speed constant for the duration of the measurements.

If necessary the notminal voltage of the motor may be exceeded by 10% by making the
corresponding setting on the voltage supply (5.
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p l



Determine the penerator voltage Uy, at measurement instrument Py as well as the excited
current Iy al measurement instrument Ps for the predetermined armature current values [
at meter P, which resuit fraom the setting on the resistor R;.

Enter the determined values in the following table, Carry out of the measurements as
quickly as possiblc or allow for short breaks between the individual measurements, as the
nominal current ol ihe drive motor is partially severely exceeded and it would otherwise
reach impernussibly high temperatures.

3.6.3.4 Result Tables

3.6.3.4.1
DC Shunt Wound Generator 1.4 - Self-Excited
Setting with Starter Ry, n = 2000 min" - Constant

Setting with Load ResistorR;
1. (A) 06 |08 |1 12 14 16 |18 ]2 o [36
Measurement
Lin V) L
Measurement
Tx (mA) i
Calculation
P; (W)

3.6.3.5 Caleulation
Calculate the power output Py for the tuble above frum the fellowing equation:
Py=Tks.Ia

3.6.3.6 Plot of the Load Characteristies Uy, Py, I = [ {I4) at n= Constant for Self-
Excited BC Shunt Wound enerator

Using the measured values of Uy, i and the calculated values of P» and plat the toad

characteristics as a function of [y at constant values of n.

3.7 Load Characteristics Uk, Pz = f (I) for Separately and Self - Excited DC
Compound Wound Generator

3.7.1 Theory
The terminal veltage available at the terminals of the toaded gencrator 1s caleulated as
fotlows:
L= Up—Is (Rs + Rw + Rk + Ren)
with
Ri=R;i+Rw+ Ry + Reqy
the result is

U= Up— Es. Ri

Uk = Terminal voltape

Uy = Electromotive force

1, = Load or armature current

R4 = Resistance of the armature winding,
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Rw = Resistance ol the commutating winding
Rk = Resistance of the compensation winding
Rrn = Resistance of the series wound cxciter winding

In this generator the shunt wound exciter winding is connected parallc! to the armalure
circuit, The field regulator is positioned in series to the cxeiter winding in order to set the
exciter current in the shunt wound exciter winding.

Inthe case of the DC compound wound penerator, this shunt wound exciter current is a
component of the armature current and amount to about 2% to 6% of it:

In=-1+1; I = load current
. = armature current
Iz — exciter current

Here the armature current is larger than in the separately excited generator by the amount
of'the exciter current.
In the formnula for the terminal voltage
the result is
UKL = Uu — I_\. Ri
The internal voltage drep
Ui=T,.Ri

3.7.2 Load Characteristics Ugy, P2 = £ (I,) for Separately-Excited Compound
Wound Generator
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3.7.2.1 Circuit Diagram
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3,7.2.2 Circuit Asgembly

Counect the motor M, with gencrator Gy and tachogenerator G4 Conneet the DC shunt
wound machine as the driving motor and the DC shunt wound machine as generator for
clockwise rotation as specified in the circuitl diagram. Assemnble the circuit avcording to
the circuit diagram,

3,7.2.3 Experiment Procedure
After the leacher has checked and approved the circuit, put the circuit into operation.
Switch on the DC compound wound motor using switch Qy and sct the speed to 2000
min”

- by varying the resistance value on the starter R

- by varying the voltage from the voltage supply
and keep this value of speed constant for the durztion of the measurements.
Using switch Q2 switch on the exciter voltage of the DC compound wound generator
from the vohage supply Ga.
Vary the exciter voltage and subscquently the exciter-current-meastrement instrument Py
—to a value Ig = 0.30 a, which corresponds to the generalar nominal exciter current and
keep this value constant for the duration of the measurcments. Deterntine the generator
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voltage Uy, 1l measurement instrument P3, for the given armature current values [, at
measurement wstrument Pa, which result from sewting at load resistor Ra.

Enter the determined values into the tables below,

Conduct the measurements as yuickly as possible or provide for short breaks between the
individual measurcments, as the nominal current of the drive motor can be considerably
exceeded at times and it would otherwise reach impermissibly high tempcraturcs.

3.7.2.4 Result Tables

3.7.2.4.1
DC Compound Wound Gencerator 1.0-Separately -Excited
Setting with Starter Ry, n= 2000 minT — Constant
Setting with the voltage Supply G;
| Setting with the Voltage Supply G; g =0.30 A - Constant
- Setting with load resistor R, o o
I, (A) 0.6 0.8 ! 12 |14 |16 1.8 2 ). EEON
Measurement '
Uke (V)
Calculation ; : ;
[Pz (W) : N

3.7.2.5 Calculation
Calculate the power output P for the table above from the following equation:

Pa=1lg, . Iy

3.7.2.6 Plot the Load Characteristics Uyy, P2 = £ (T,,) with n, I, = Constant for
Separately - Excited DC Compound Wound Generator

Using the measured values of Uy, and the caleulated values of P; and plot the load

characteristies for Separately-cxoited DC as a function and for constant values of n and

Ig.



Experiment # 5: Multi-Function DC Machine as a Shunt,
Series and Compound Wound Motor

1. Objectives; To study the following for the multi-function DC machine pperates as &
shunt, series and compound wound molor;
«  Recording and Plarting the Ioad Characteristics of the machine as shunt wound
motor n, I, n, P, P2=1 (M)
¢ Speed-Iixciter Current Characteristics W = f (Ig) and
s  Speed-Armature Voltage Characteristics M = £ (1,4}
» Recording and Plotting the Load Characteristics of the machine as series wound
motor n, Ly, n, Py, Pr = (M)
s  Rceording and Plotting the Load Characieristics of the machine as compound
wound motor m, Ly, n, P, T =T (M)

2. Kxperiment componcnts and messurement instruments:
= DC Stabilizer
s On/off Switch Three Pole
e Mult-function machine
»  Armaturc scries resistor
+ Contral unit
+«  Magnetic powder brake
» Tacho generator
»  RMS maters

3 Load Characteristics of 2 Multi-function DC Machine as Shunt Wound Motor
n, I.-’\s T, pl: PZ = f(M)

3.1 Theory:
The torque is proportional to the magnetic field and the armature current:
M~ 1y
The induction voltage is dependent on the magnetic field and the speed of the armature;
Uo ~¢n
For the speed the equation can be restated:
n~Uofo
Instead ot the back eml'Uo, the difference between the terminal voltage Uy, and the
valtage drop acrass the armature can be used
n- (U L. Ri)/ ¢
The voltage drop L, . i between no-load and toad, al constant terminal voltage,
represents a small value,

The consumed power Py is caleulated ron the measured values for U, [y and 15
P =U,+1Ig)

If the torgue M and the speed a have been determined for varivus loads, the

corresponding motor power P2 delivered can be determined
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Pz“M.UI)

Ps — delivered power in watl

M = torque in Nm
. 1
w = angular velocity, §°

‘The fullowing refationship exists between angular velocity and rotor speed n:

Formula: w=27nn/6l
ow=27an/60
w=n /955

Therefore P,=M.n/9.55

The etticiency is given by the ratio between delivered power and consumed power.

H| =Pg /.Pl

3.2 Circuil Diagram
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3.3 Circuit Assembly

Make the appropriate connections on the multi-function machine as DC shunat wound
motor according to the circuir diagram. Assemble the circuit.

3.4 Experiment Procedure
After the teacher has checked and approved the circuit, put the circuit into operation.

Load the motor between no-load eperation and two times the nominal torque,

Measure the speed n, the armature current T4, the exciter current Iz under load in
accordance with the values given in the table,

Setting the Magnetic Powder Brake on the Control Unit

Befare operation set the control unit as follows;

Control Unii t0

Speed Range Switch “min”” 3000

Torque range Switch ¥*Nm” 10 o B
Operation Mode Switch MANI

Put the motor into operation.
Conduct this experiment as quickly as possible because wnder load the nominal current of
the motor is exceeded and thus the maotor is temporarily highly overloaded which leads to
the deactivation of the braking action via the thermal switch.

3.5 Result Table

Enter the measured and caleulated values into the fullowing resulis table!

3.5.1 Resulis Table

Mulli Tunetion Machine as DG Shunt Wound Mator 1.0

MrNMm

0.4 1 15 + 2 25 d 4
nmin-t
Measure- i

ment IpA
It

N

Caleu- Py

laton
P
n




3.6 Calculation:

Calculate the desired values required for completing the results Lable and enter them into
the table. Show the caleulation steps for measurement at load with nominal torque. Usc
the appropriate values from the table above and vsing the following relationships:

Lo=1s+ g
Pl =U. ll(ll

P2=M.n/958
n =P1/P1

3.7 Load Characteristics

Using the measused and the calculated values, plot the curves for the multi-function
machine as DC shunt wound motor. Draw the noniinal torque in the diagram as a
perpendicular ling

4. Multi-function Machine a5 DC Shunt Wound Motor
+  Speed-Exciter Current Characteristics n = f {Ig) and
»  Speed-Armature Voltage Characteristics n = £{1,)

4.1 Theory:
The following is true (or the DC shunt wound motor

Ios=(UkL-L) /R 2= Armature Current
Ligr. = terminal voltage at the armature circuit
U, = Induced back ean.f. in the armature

and R; = Internal resistance(= armature circutt resistance)
1t — Speed ol ihe rotor
Uo=n$.C $ = Magnetic flux of the exciter field

C = Machine constants (conductor length, number of
windings)

The following can be concluded for the speed of the motor:

n="LL./{$0

U,— Uk - To.Ri - = When this is substituted for Uo in the equation, the
following results;

1 = (Ug - L.Ri}/ (6.C)
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4.2 Speed-Exciter Characteristics n = (1)

4.2.1 Circuit Diagram
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4.2.2 Circuit assembly

Connect the multi-function machine as DC shunt wound mator according 1o the cireult
diagram above, Assemble the circunt!

42,3 Experimen{ Procedure

Alter the mnstructor has checked and approved the circuit put the motor into operation.
Load the motor with the nominal torque My — 2.2 Nm. Measure the speed n at each
exciter current value Is according to the values given tn the table,

Sctting the Magnetic Powder Brake on the Control Unit
Befure operation, sel the control unit as {ollows:
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Control Unit ) 1.0

Speed Range Switch “min”” 3000 -
Torque range Switch “Nm" 10

Operation Mode Switch MAN1

Put the motor inlo operation

4.2.4 Results Table
Enter the determined vatues in the table helow.

4.2.4.1 Results Table

Multi-Function Machine as DC Shunt Wonnd Motor 1.0

Ip (mA) [ 340 320 300 280 260

o ( rpm)

4,2.5 Speed-Exciter Characteristics

Plot the measured values of the multi-function machine as DC stunt wound molor in the

form of a graph!
4.3 Speed - Armature Voltage Characteristic = I (Uy)

4.3.1 Circuit Diagram
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4,3.2 Circuit Assembly
Connecl the multi-function machine as DC shunt wound motor according to the circuit
diagram above. Assemble the circuit.

4.3.3 Experiment Procedure

After the instructor has checked and approved the circuit put the motor into operation.
Load the maotor with the nominal torque Mn — 2.2 Nm and set the nominal exciter current
vafue to 5 — 300 mA and measure the speed n at various armature voltage Ua according
to the values given m the table. By measuring the initial and final values, determine also
the behavior of the armature current.

Setting the Magnetic Powder Brake on the Control Unit
Before operation, sot the contral untt as follows:

Control Umt 1.0
Speed Range Swiich “min’'” 3000
Torque range Switch “Nm”> S 10
| Operation Mode Switeh MANI

Put the motor into operation. Make surs that nominal torque is always maimtained during
the measurements.

4.3. 4 Resulis Table
Enter the determined values in the table below,

4.3.4.1 Kesults 'I'able

Mutti-function Maching as DC Shunt Wound Moter 1.0 ﬂ;

UV 220 | 200 | 180 | 160 | 140 ] 120 | 100 | 80 | 60 | 40 1|
ot I
|

LV ; E

4.3.5 Speeld-Armuture Vollage Characteristics
Plot the measured values of the multi-{function machine as DC shunt wound motor in a
form of a graph!

5. Load Characteristics of a Multi-Funetion DC Machine as Series Wound Motor
n, ba, s PP = f(l\'I)

5.1 Theory:
The torque is proportional to the magnetic field and the armature current:
M~od. Ly
The induction voltage is dependent on the mapnetic ficld and the speed on the armature:
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U~0.1
For the speed the equation can be restated:

n~LU,/
For the DC series wound motor, the exciter winding is cannected in serics to the
armarure, thus the magnetic flux ¢ of the exciter ficld is formed by the armature current;

or: b ~Ta

Thus the torque bevomes
M~1y.04; vor
M~ 1,

As a result the DC series wound motor reaches at starting and at {aw speeads especially
high torques.
The consumed power P1 is calculated from the measured values for U, 1A,

Pi=U.L
If the torque M and the speed n have been detenmined for various loads, the
corresponding motor power Pz delivered can be determined.

P.=M.o
Since;
w=2nn/60
=n/%55
Therefore;

P;=M.Nn /955
The efficicncy is given by the ratio between delivered power and consumed power.
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5.2Circuit Diagram
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5.3Circuit Assembly

Making the appropriate connections on the mulli-funclion machine as DC series wound
motor accarding to the cirenit diagram. Assemble the circnit.

5.4 Experiment Procedure

After the teacher has checked and approved the circuit, pul the circuit inlo operation.
Load the motor between no-load aperation {residual friction} and two times the nominal
tarque as specitied in the tables. Measure the speed n, the armature current la ata DC
voltage of 220 V.

Setting the Magnetic Powder Brake on the Control Unit
Before operation set the control unit as follows:
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Control Unit ) 10 n_.l

‘Speed Range Switch *min™” 3000
Terque range Swilch “Nm” 10 o o
Operation Mode Switch MAN! ~

Put the motor into operation.

Conduct this experiment as quickly as possible because under load the nominal current of
the motor is exceeded and thus the motor is temporarily highly overloaded which leads to
the deactivation of the braking action via the thermal switch,

Make sure that the operating mode switch of the control unit is only briefly set to “07
then immediately switch over 1o “MAN17. Thus the residual friction of the brake
prevents the DC series wound inotor from “racing”™.

5.5 Results Table
[inter the measured and calculated values into the following results table!

5.5.1 Results Table

Muiti-inetion Maching as DC Serles Wound Molor 1.0

MiNm 1.0 1.5 20 | 25 1.0 3.6 4.0 45

Measuremant vmimr!

1A
PYW

Calcutatian P

1

5.6 Load Characteristics

sing the measured and calculated values; plot the curves for the multi-function DC
machine as serics wound motor in a graph. Draw a vertical line for the nominal torque on
the diagram.

6. Multi-function Machine as DC Coempound Wound Motor
* Load Characteristics n, [4,n, Iy, Pz = f (M), with normal compound

6.1 Theory:

In standard compound motors, the series wound exciter winding is connected so that its
magnetic field has the same direction as the magnetic field of the shunt winding. At no-
load the compound motor behaves like a shunt wourd motor, Under load the speed of the
compound motor decrease semewhat more severcly since the main mapgnetic flux also
becomes greater on account of the stronger armature current.

Under load conditions, he consumed power P is calculated from the measured values for
U, T‘a‘, and IE
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Pi=0U{JA+]1Ig)

If the torque M and the speed n have been determined for vartous loads, the
corresponding motor power Py delivered can be determined.

Pz =M.w
Since;
wa=nn/ol
=m/9.35
Therelvre,;

P=M.n /Y55

The cfficiency is given by the ratio between delivered power and cansumed power.

T’)ZP;J’P[

6.2 Circuit Diagram
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6.3 Circait assembly

Making the appropriasc conncetions on the multi-function machine as DC compound

wound motor according Lo the circuit diagram. Assemble the circuit.

6.4 Experiment Procedure



After the teacher has checked and approved the circuit, put the circuit into operatinn.
Load the motor between no-load operation (residual friction, from the brake) and two
times the nominal torque as specificd in the tables. Measure the speed n, the armature
current Ix_the exciter current Iz at a NC veltage of 220 V.,

Settineg the Magnetic Powder Brake on the Controf Unit
Before operation set the control vnit as follows:

Control Unit 1.0
Speed Range Switch “min 1" 3000
Torque range Switch “Nm” 10
Operation Mode Switch MANI

Put the motor into operation.

Conduct this experiment as quickly as possible because under load the nominal current of
the motor is execeded and thus the motor is temporarily highly overloaded which leads to
the deactivation of the braking action via the thermal switch.

6.5 Resnlts Table
Enter the measured and calculated values into the following resulls table!

6.5.1 Results Table

Multi-tunction Machine as DG Compatind Waound Motor 1.0

MiNMm 0.5 1 15 2 a5 3 I 35 3.6

nenin!
KMeasurement

IyA

Igih

llodA

Py
Caloulatior

6.6 Calculation
Calculate the desired values required tor completing the results table using the following
relationships, and enter them into the table! Show the calculation steps for measurement
at load with nominal torque. Use the appropriate values from the table above.

My =Py . 0557/ Ny

Ligt=1a + 1y

P=U.Lgy

P-M.n /955




n=1"pm
6.7 Load Characteristics

Using the measured and calculated valees, plot the curves for the DC compound wound
motor in a graph. Draw a vertical line for the nominal torque on the diagram,
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Experiment # 6: Multi-Function Machine as Three-phase Synchronous
Generator

1. Objectives:

* To be [umiliar with the performance of a synchronous generator under no-load by
measuring the exciter currcnt and the corresponding stator voltage al various
speeds

» Determing the ne-load nominal exciter ¢urrent from the measured values,

» To become familiar with the performance of a synchronous generator with short-
circuited stator winging by measuring the exciter current and eorresponding stator
current at various specd.

» Determining the no-load short - circeit current and the quantities which can be
derived from it.

* To become familiar with the performance of a synchronous generator operating
with the excitalion and specd kept constant under ditferent kinds of load.

* To become familiar with various lamp circuits and other aids for synchronization
used to connect a synchronous generator in parallel to a constant-voltage
constant-frequency systern.

2. Equipments:
*  Three-phase Supply
e DC vollage source
*  On/Off Switches three-phasc
s Tacho Generator
+  Multi-function Machine
=  DC machine
* Power Facter Meter
= RMS Meters
*  Power Meoter
s Double voltmeter
¢ Double frequency meter
*  Syuchronescope
»  Synchronization indicator
» Phase-sequence indicator

3. No-Load Characteristics of a Synchronous Generator

3.1 Theory

-The expression far the induced phase voltage F.; of a three-phase synchronous generator
i writlen as;

Ermy= 444 K, fNa @, 1)
K — muchine stacor winding factor

f = frequency
N, = stator winding number of furns per phase
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b, = flux per pole.

The relationship described by Eqg. (1) is referred to as the magrmetization curve, or
saturation curve, or open-circuit characteristic (QCC) of a synchronous machine.

3. 2 Circuit Diagram

O
N\ 3IPH VC‘;C
Vi Y
.,
: )

Figure 1 : Circuit connectionn for No-Load characteristics.

3.3 Circuit Assembly
Asscmble the measurement cireuils according to the above cireuit diagram.

3.4 Experiment Procedure

After the circuit set-up has been completed and checked, the DC motor — AC
synchroneus generator set is to be put into operation as follows:

1. Adjust the DC motor speed to three different constant speeds as shown in the following
tables, One of the speeds must be equal to the synchronous speed of the synchronous
generator.

2. Vary the exciter current in steps as shown by varying the variable DC voltage supply.
3. Record the line-to-line voltage Us and the exciter current 1. Make sure that the speed
remains constant throngh the whole test.

4. For n = 1800 rpm, Synchronous speed, take readings up to 110% of the rated vollage
of the generator.

5. Put the results in the following tables

3.5 Result Tahle
Euter the measured values in the following tables

3.5.1

Set DC motor speed to n = 1800 min" constani (Synchronous speed)
Ie(A) ;0 0.5 1 1.5 2 2.3 3.2 4.3
Us (¥)
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3.6 No- load Characteristic plots
Plot the valtage curves for the three speeds as a function of the exciter currents in a joint
diagram and compare the curves with the statements made in the theoretical section

4, Short-Cireuit Characteristic of a Synchronous Generator

4.1 Theory

IF readings of a short-circuil current are taken and plolled for different values of field
current, the plot described is called the short-circuit characteristic (SCC) of the
synchronous machine. A typical SCC is linear.

4.2 Circuit THagram

Swilch Closed
]
—O—J—C

\
¢ Y O

Figure 2 ; Circuit connectionn for short-circuit characteristics.

Tec

4.3 Circuit AssemDbly
Assemble the measurement circuits according to the above cireuit diagram.

4.4 Experiment procedure

1. Stop the DC motor and connect the circuit as shown in the above circuit diagram for
the short circuit test of the synchrenous generator.

2. After complete and checking the cirenit diagram, and with the Synchronous generator
exciler off, put the M-G set on and bring the DC motor up to n — 1800 min™' as in the no-
load test

3. Cloge the three-phase switch connected to the three-phase terminals of the generarar
and gradually increase the exciter current 1¢ by changing the variable DC voltage source.
4, Record the exeiter current g and the armature current la.

5. Repeat steps 3 and 4 for n = 1800 min™' and n — Synchrenous speed.

6. For n = Synchronous speed, take readings up to 120% of the rated generator current.

o
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7. Put the results in the following tables

4.5 Result Tables
Change the field current to obtain the prefixed values for the short armature current,
Enter the measured values in the following tablc

4.5.1

Set NDC motor speed to n = 1800 m__ir_l'_’ cunstant (Synehronous speed)
I (A) R | ]
Ia (A) 0,2 .4 0.6 0.8 i 1.0

4.6 Short-Circnit Characteristic plots
Plot the recorded measured values in a joint diagram and compare the curves with the
statements made in the theoretical section,

4.7 Calculaticn of Synchronous Reaetance from OCC and 8CC, and Yoltage
Repulation

The open-circuit and short-circuit characteristics of the synchronous machine can be used

to determine the value of its synchronous reactance.

From the shorl-circuit conditions, the stator current Ia, is;

Ly=E./(Ra +1Xy) (2)
Where

L= (R +]Xy) (2
The saluraled synchronous reactance can be calculated from the OCC and SCC by taking
the rated terminal voliage (line-to-Jine) measurcd on the OCC and dividing by the current
read from the SCC corresponding to the field current that produces the terminal voltage.
Thus,

ot = (Vi rates £ ¥3 )/ Lo (4)
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5. DC Resistance Measurement Test

3.1 Circuit NHagram

DC Supply
Lowr VYoltage

hY
| )

1 {2
g hd
Ul 0
Srand Stilk

Figure 3 : von-Ammeater method for DC resistance Caloilatian

5.2 Circuit Assembly
Assemble the measurement circuits according to the above circuit diagram,
5.3 Experiment Procedurc
1. Adjust the DC power supply so that the current flowing through the synchronous
generator winding does not exceed the rated armature current. The DC resistance is given
by:

Ry = V4 /215 (5)

The armature resistance, Ra can be considered to be 1.5 times Ry, ar
R,=1.5 Ry, (6)
6. Load Characteristies of Synchronous Generator

6.1 Theory
For certain load current la, the miernal voltage per phase of the generater can be
determined by the following equaticn;

E:=V,+ L (R, + jX)) (7

The voltage regulation of the generator at raled load conditions is given by:
VR % ={Vy—-Vu)/Vax 100 (8)
Where
Vi = L, no-load voltage
Va =YV, (rated): Full-load voltage at rated voltage
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6.2 Circuit Diagratn

J/I_:?\ Switch
(M) oo mmm——
Vi
I \} 3PH - o oO—__——3—
/ Y
s o o———1—
YV Y Y Load
i,lf J_) R orl orC
+ , -

¢

Figure 4 Circuit Caonnection for Load Characteristics.,

6.3 Circuit assemDbly
Assemble the measurement circuits according to the above circuit diagram.

6.4 Experiment Procedure

The resistive load will be used first. It is connected like all the other loads in star
connection. The load is set to the 100% value before starting the measurements.
After the machine-generator set has been started and its nominal speed of 1800
min' has been reached, the nominal exciter current has to be sel on the
synchronous machine and then maintained for all measurements.

Beginning from a value of 100% of the resistive load, gradually reduce its
resistance level according tv the result table below and measure the carresponding
stator current and voltage for each value.

After the de-excitation of the synchronous machine, the resistive load is replaced
by the inductive load (also connected in star configuration).

The above measurement is repeated in the same fashion for the inductive load
shown in the result table.

Bear in mind that a de-excitation for the synchronous machine has to be
petformed cach time before changing the inductive load value. The measuremcnts
have to be performed very rapidly as otherwise the inductive load could be
overloaded,

Repeat the above measarements for the capacitive {oad (again in star connection)
using the capacitive load values shown in the result table.
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6.5 Resull tables

[nter the measured values in the following tables

6.5.1

R%

108

6l

A5

20

10

Is (A)

s (V)

B(W)

6.5.2

L
15 (A)

8

2.4

1.2

1.0

Us (V)

P(W)

6.5.3

| C (uF)

N

16

' Is (A)

Us(V)

LP(W)

6.6 Load Characteristics of a Synchronous Generator

Flot the measured stator voltages as a function of the stator current for all three Joad types

in a joint diagram.

6. 7 Calculation ol the Voltage Regulation

1. Using the OCC and S5CC plots for the n = synchronous speed to ¢alculate Zs and Xs
vsing equations (2 - 4).
2. Calculate analvtically, the voltage regulation of the synchronous generator for the

[ollowing loading conditions, using equations (7) and {8):

L.

Rated load, unity power factor

2. Rated load, 0.8 lapging power lactor
3. Rated load, 0.8 leading power factor.
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7. Synchronization Circuits

7.1 Circuit Diagram

Figure 5 Synchronization Circuit

7.2 Circuit Assembly
Agsemble the measurement circuits according 1o the above circuit diagram,

7.3 Experiment Procedure

The process of properly connecting a synchronous generator in parallel with the other
generators in the power system, or to the infinite bus, is called synchronization. In order
o synchronize properly, the foltowing conditions have to be satishied:

rd

Cd

The magnituds of the terminal voltage of the incoming generator must he the
same as the voltage at the pomt of intercennection with the power svstem of
infinite bus.

The frequency of the incoming generator must be the same as the [requency of the
powcr system or infinite bus.

The generater must have the same phase sequence as the infinite bus.

The phase angles of corresponding phases of the incoming generator and the
power system muat be equal.

To verify that these conditions for connecting the incoming gencrator in parallel with
the infinite bus are satisfied, a set of three svnchranization lamps may he used. The
circuil diagram for the connection of these lamps for synchronization is shown above.

The field current varies until the generator becomes equal to, or slightly greater than,
the inlinite bus voltage. 1 the phase sequences of the generator and the infinite bus are
different, the three lamps will brighten up alternately. To correct for this impraper
condition, any two of the three connections to the synchronous generator are
interchanged. ff the phase sequence is correct, the lamps are all bright or are alt dark at
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the same time. If the frequencies are slightly different, the three lamps will brighten or
darken at the same time. Lhe speed of the prime mover of the synchronous generator is
adjusted so0 that the generator®s frequency is the same as thal of the infinite bus, at which
time all lamps stay dark. When all four conditions are satisfied simultaneously, the circuit
breaker is closed, and the generator is now operating in parallel with the rest ol the
synchronous machines of the systems.
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Experiment # 7: Multi-Function Machine as Three-phase Synchranous
Motor
1. Objectives:
¢ Connection, Starting, Reversing of Rotation Direction, Checking Rating Plate
Data of a Multi-function Machine as Synchronous Motor
+ {a) Load characteristics n, L, cos 9, 1, S, P, P~ F(M} at cos gy =1
(b) Load characteristics Iy, m, L cos @, 1, S, Py, Pr = f (M) atcos oy =1 =
Constant

* 3. Multi-function Machine as Synchronous Motor in Phase Shifting Operation
V-Characteristics I = f (Ig)

2. Equipments:
*  Three-phase Supply
*  On/Off Switches Three-phase
» Star/Delta Switch
s Pushbutton, single
s  Magnelic Powder Brake
s Control Unit
# Tacho Generator
= Mulli-function Machine
*» Rotor Starter
*  Power Factor Meter
«  RMS Meters
« Power Meter

3. Multi-function Machine as Synchronous Metor
+ Connection, Starting, Reversal of Rotation Directien, Checking Rating Plate

Dala of 2 Multi-function Machine as Synchronous Mator

3.1 Connection and Starting of a Mulli-function Machine as Synchronons Motor



3.1.1 Cirenit Diagram

Tl e AAD T30 W

3.1.2 Circuit Assembly
Assemble the measuremnent circuits according to the circuit diagram and connect the
motor terminal board,

3.1.3 Experimeat Procedure

After the teacher has checked ad approved the circuit, put the ircuit into operation and
abscrve the starting behavior of the motor at no-load, i.e. residual friction of the hrake.
After run-up has been achieved load the motor with the values as specified in the table.
Carry out the observations as follows (sec cireuit djagram 3.1.1%

3.1.3.1 Opened exciter winding

3.1.3.2 Shert-circuiled exciter winding

3.1.3.3 Exciter voltage applied to exciter winding

‘The switch Q5 in the Y-position here tirst connects the terminals K-L-M of the rotor, the
multi-function machine runs up asynchronously. Al approximalely synchronons speed the

configuration is switched over to the A-position. These results in the DC excilation being
connected to the rotar, the motor is pulled mie synchronization,
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Sctting of the Magnetic Powder Brake on the Control Unit
Before operation set the contro! unit as follows;

Contl;oi Unit 1.0

Speed Range Switch “min-{* 3000

Torque Range Switch “Nm” .- 10 |
Operation Mode Swilch [ MAHN 1

Put the motor into operation and enter the requited vahies in the tables below!

3.1.3.4Calculation of the Nominal Torque
Take the data from the rating plate of your machine in order to calculate the nominal
torque as well as tor the evaluation of the measurement results, As example;

Py =800 W Uy=220/380 ¥ In=242/14
ay - 1500 min™* cosgp =1
Ug=78V Ir=884A
My=Py.%55/nn
= 5.1 Nm

3.1.3.5 Results Table

Mudti-function Maﬁhil:l.; as Synchrorous Moi;); 1.0 - Open Excilor Winding -
uv - 38@
MNmM 0.2 )
Reasidual Friclicn
__f‘;"'f;'liﬂ'l a ]
‘_ﬁ___ 0.95 i’ Mator stops ’
i P r . . - ¥ [ . [ r
3.1.3.52
Mult-funetion Machine &5 Synchronous Moter 1.0 - Closad Exc.ter Wing.ang -
LY . Lo 3@ . o— B
RIMNEen 0.6 1.0 2.0 3.C 4.0 50 5.1 J
Aesidual Frictlon By}
i '
ItA |
0% o
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3.1.3.5.3 [or this, switch the star-delta switch Qs for run up to position ¥, then to
pasition (see 3.1.1) set the cos ¢ to the value cos @p = 1 using the exeiter curroul,

Mull-tunction Maching as Synchronous Motor 1.0 - Exciter volage applied 1o Exciler Winding -
U ang , -
M/Nm 05 1.0 15 2.0 2.5 3.0 35 4.0
Hesidual Friction
ryroin? falls ot of
synehronization
|14

Cos @ !

Ly S

: .

3.2 Rotation Reversal of a Multi-function machine as Synchronous Mator




3.2.1 Circuit Diagram - Clockwise

T T
(%5 b o2 7 53 Mz 380220 v
o O oLE Or _
FE L3O [E—
EEIn o f e —_—
£ RS =
g 4@ H
——— 1
5 Lt Qe
et Ly Ltz L3
] f A T
g e o1 M
“E O
s
- — .
O P2 10D
c2 g 5
[YE
-~ P3
XTI
f V'r W n e e
c2 | .

1
Meotor Tarminal Buard  Stewer Winding
P4
{4 | .

3.2.1.1 Circuit Assembly
Asscmble the measurement circuit as specificd in the diagram above and check the
rotation direction. Apply an exciter voltage ol 9.5 V (7 for this!,
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3.2.2 Circuit Diagram- Counter Clockwise
T 1

§ 8 [N i 3 on 40 Mr JK0/220 ¥ ——————
Lo —_ . _ —
ﬂ [
@6 LIO—b—— -
[ & ——- - - —-e-
£ 3 PO - -
R -1 61 J.*
s ;
E L+ O—
# | Ev
g - O .
o FED | -
_______ | :
P 3
G2
UE
[
v oW
Q2
Maolor Tormnal Board - Siator Winding
F4
i Qﬁ
: -
B
f
Q3 112 L3
e
vt v vin. Y A uvavezwe
| i 1
!

3.2.2.1 Circait Assembly

Complete the measurement circuit for counter clockwise rotation! Assemble the
measurement circuit and check the rotation direction.
Jet the exciter voltage t0 9.5 V (7] for this!

3.3 Checking the Rating Plate of a Multi-function Machine a5 Synchronouns Motor

3.3.1 Rating Plate Data

Enter the data give on the rating plate of the multi-function as synchrenous mator into the
rating plate given below (as, an vxample)



[ (EYBOLD - DIDACTIC (3MEH

[ Tvp 732 98

|

(B Molor “1[Nr. 200 65 009]
TA/Y 226/380 V i1 2,42/1,4 Al
(0.8 kW _ 1S 1 W cos? 1 |
[ 1500 min— " HTED H. |
[ ERR. 7.8 WV 1L 8.8 A 1
[MT.KL. B If P 44 1] "“‘ |
l i

VDE 0530

Calculate the nominal torque of the motor (As an example)

MN = PN_ 9557 Iy
= 800. 4.55 / 1500 min*
=35.1Nm

3.3.2 Circuit Diagram

. 3~ B0 HZ SBUSIu0 v
L1 O L SBaSIu0 v

Und wih FCCA

Threa-Phass Supply

D pOSmwzr ||
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3.3.3 Circuit Assembly
Assemble the measurement cirenit according tw the circuit diagram to determine the
ratiug platc data!

3.3.4 Experiment Procedure

After the teacher has checked and approved the cireuit put the circuit into operation and
carry out the following exercises. For this first set the star-delta switch Q3 to position Y
for the run up and then (o A position. Load the motor with the nominal torque My,
whereby the exciter voltage Ug is to be adjusted in such a way that the power factor is,
the speed n, the exciter voltage cos ¢ = 1. Then determine the current consumed I, the
power supplied Py, the speed n, the exciter voltage Ug, the exciter current I and nsin
these results, calculate the power delivered P; and the ¢fficicncy.

F
=]

Setting the Muapnctic Powder Bruke on the Control Unit
Betore operatian set the control unit as follows;

Caoniral Unit : 1.0
Speed Range Switch “min-1" . 3060
Targue Range Switch “Nm» 10
Operation Mode Switch MAN 1

Put the motor inte operation.

3.3.5 Results
Enter the measured and calculated values into the resylts table

3.3.5.1 Results Table

Mutti-fanction Machine as Synehonaus Metor 1.0
UM | 0 T o [P | 5 Ve | & | P
vism e A Tw w0 T a W
Measuramont |
Calculalion
3.3.0 Calculation

Calculate the delivered power of the multi-function machine as synchronous motor at
nominal load,

P;=Mn.ny/9.55

4. Load Characterisiics of a Multi-function Machine as Synchronvus Motor
* Load Characteristics n, I, cos ¢, 1, P, Py = T{M) ul cos gy~ 1
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» Taoad Characteristics Ig, n, I, 1, P, P, = £ (M) at cos ¢ = 1 constant
4.1 Theory
The Synchronous metor has a constant operation speed after it has run-up asynchronously
with the aid of a squirrel cage winding in the roter and has been pulled into
syuchronization. This is equal 1o the synchronous speed of the rotlating field of the stator
and does not alter with normal load fluctuations.
Syochronous motors operale with a slip of s-0%,
The input power P1 is measured in an outer eonductor using a power meter. Since the
foad is symmetrical, the measured power value can be multiplied by 3 to get the total
consumed power.

P1=3. Puhase

If the torque M and the speed n have been determined for various leads, the
correspending motor power P2 delivered can be determined.

P2=M.w
Since

w=2nn/o6bh
Theretore,

P2=%M.n/9.55
The efficiency is given by the ratio:

n=P:/(Pi+Pg); Pp=Ug.1g
The power factor is determined in an outer conductor with a power factor meter from the
equation:

Cosp=P1/(N3.U.I)

4.2 Determination of the Load Churacteristics i, 1, cos g, 11, P, P2 = £ (M) at
cos g~ 1 of a Multi-funetion Machine as Synchronous Motor
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4.2.1 Cireunit Diagram
2T J

0.._._.._/.__:...__...._._.._ A __ RSN P—

Thees-Phase Supply
Unil with FCC3

J

SC-Stablizer

4.2.2 Circuit Assembly
Assetnble the measurement circuits according to the circuit diagram to determine the
required values,

4.2.3 Experiment Procedure

After the teacher has checked and approved the circuit, put the circuit into operation and
carry out the following cxcreises. For this set the star-delta switch Qs first to Y pusilion
for run up then to A position,

Load the mator between no-load (residual friction of the brake) operation and Approx.
1.25 times the nominal value. First, by changing the exciter voltage at the voltage source
G2, set the exciler current to the valucs given in the able so that when the motor is loaded
with its nominal values a power factor cos ¢ = 1 is sct.

Then proceed with the experiment using the given load values and measure the speed 1,
the current consumption I, the power factor cos ¢ and the power consumed Py

Sefting the Magnelic Powder Brake on the Control Unit
Before operation set the cantral unit as follows:




Comrol Lnit 1.0

Speed Range Switch "min-1* 3000

Tarque Range Swit:.:—rh:‘:r;n'r' 10

Opearation Mode MAN 1 T

Put the metor into operation. First run up the moter, at no-lead., 10 ils neminal speed

range and then, aftor run-up has been achieved, begin with the setting at G2

4.2.4 Results

Enter the determimed measured and calculated values inte the following results table.

iﬁ*._{l;lResults Table

Muili-tunction Machine as Synchmnous Malor 1.0
Setting al I=/mA 69
G2 at
My =51 Nm UV —_ 5.5 —-
MMM 0.6 10 1.5 2.0 2.5 3.0 3.5
wrin !
Measurement irA
COS @
Pphase’ W
P’ +PE|'W O
Calcl:dation Porw
n




Multi-function Machine as Synchronous Motor 1.0

Seflingat | Ig/mA —_— 6.9 —
G2 at
M..-B 1 Nm [Py a5
My =21 im Y - WD
M/MNm 4.Q 4.5 5.0 5.1 85 6.0
(M)
vimin-1
Measurzment A
Los P
. Pphaso"w
PI +PE|‘W
Calculation oW
n

4.2.5 Calculation

Caleulate the values required for completion of the resulls table and enter them Into the

table. Show the calculation steps for measurement at load with nominal torgue.

4.2.6 Load Characteristics

Using the measured and calculated values, draw on a graph the curves for the mulli-

Tunction machine as synchronous motor. Draw a vertical linc for the nominal torgue on

the graph.
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4.3 Determination of the Load Characteristics IE, 1, 1, n, Py, Py = £ (M) in a Multi-
Function Machine as Synchronous Motor with cos ¢ = I constant

4.3.1 Circuit Diagram

B

Ug.:.g . i 3 e 50 Ha 380 220 v
w I8 LD o — e ——
ﬁ L T q N - A
EE N O Lo —

gE v o L= -

- e

4.3.2 Circuit Assembly

Assemble the measurement circuits according Lo the cireoit diagram to determine the
required values,

4.3.3 Experimcnt Procedure

After the teacher has checked and approved the circult, put the circuit inte operation and
carry out the following exercises.

For this sct the star-delta switch Qa figst to Y position for run up then to A positien.
Load the metor between na-load {residual friction of the brake) operation and approx.
1.25 times the nonunal value. Change the exciter voltage each time at the voltage source
Gs so that when the motor js loaded with the given load valucs a power factor cos p = 1 is
always set.

Then proceed with the cxpertment using the given load values and measure the exciter
current g, speed n, the current consumption 1, and the power consumed Py

Sctting the Mapnetic Powder Brake on the Control Unit
Relore operation set the control unit as follows:
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1.4

Cperalion Mode

Contref Unit

Speed Range Switch “min-1- 3poo

Torque Range Switc; “Nen® 10
MAN 1

then after run-up has becn achieved begin with the settings at G,

4.3.3 Resuits

Put the motor into operation, First run-up the motor, at no-load, to its nomina! specd and

Cnter (he determined measured and calculated valnes into the following results table.

.3.3.1 Results Table

Muili-functlcn Machine as Syachroncus Motor 1.0

COs p e

Mtm G4 t.Q 15 2.0 2.5

3.0

3.5

e

Mrasurzmont Uprv

Voo,

I

Pphnso’v“f

Py vy

Peiw

Calculation
Py

n

MuttiHunction Machine as Synchronous Moler 1.0

COE @

M/Nm C.4 1.0 1.5 2.0

3.0

RAmin?

Meaasurement U’V

/A

rA

Pph n:,u-’w

P AN

Pe/W

Catculation
Paiw

n
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4.3.4 Calculation
Calculation the values required for completion of the results table. Show the calculation
steps for measurement at load with nominal torque.

4.3.5 Load Characteristics

Using the measurement and calculated values, draw, on a graph. the curves for the multi-
function as synchronons motor.

Draw a vertical line for the nominal torque on the diagram.

S. Multi-function Machine as Synchronous Motor in Phase shifting Operation
¢+ V-Characteristics 1 = f (Ir)

5.1 Recording the V- Characteristics 1 =1 (1) of a Multi-function Machine ns
Synchronons Motor

5.1.1 Circuit Diagram

o . R

SE IO J Hz 3s0/220 v

B2 L2 O— .

BE L3 Oo—1} -

g N Ot - - e
gE PEO—1-7. B ™
. _ . J= . J\

§ L+ O {

"1_:.] . Ll L=z Lx

= ! - — >

S L- O— ol SV W

= ero |

LroL2 L3
Q3 I A
wvrw YN uzvewe

=t ] (=

L
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5.1.2 Circuit Assembly
Assemble the circuits according to the circuit diagram to determine the required values.

5.1.3 Experiment Procedure

After the teacher has chocked and approeved the circuit, put the circuit into operation and
carry out the lollowing exercises.

For this set the star-delta switch (i first to Y position {or run up then to A position.
Keep the load M of the motor constant for each measurement sequence. The exciter
current [ to be set as specified in the table is carried out by changing the exciter vollage
at the voltape source G,

Measure the supply current [ received as well as the exciter current IE when the power
factor cos ¢ = 1 has been reached. Reduce the exciter current IE step by slep and measure
the value when the stability limit is reached, i.e. as soon as the motor falls out of
synchronization.

Setting the Magnelic Powder Brake on the Controt Unit
Beiore operation set the control umt as follows:

Control Unit - 1.0
Speed Range Switch "min-1” 3&!0
Torque Range Switch "Nm" - 10
Cperation Mode MAN 1

Put the motor into operation. First run-up the motor, at no-load, to its nominal speed and
then after run-up has been achieved begin with Lhe setlings at Gs.

5.1.4 Resulis
Enter the determined measured and calculated values into the following results table.

5.1.4.1 Results Multi-function Muchine as Synchronous Motor 1.0

M= 1.0 him uncerexciled Cos ¢ averexcited Slability limit
constant P =1 Motor lalls
: out of syn-

A thronization

¥mA | [fS13A




5.1.4.2

M=3.0Mm underexciled comp! overexcied Stahitity kit
constant =1 ] Metor tails
7 oul of syn-
[g/A | chronization
1mA l 2354
5143 N
M= 5.0 Nm underexciied o8y overexcitcd [ S:ab ity limit
constant =1 Motor (alls
T out of syn-
Ig/A r ; chroniz atign
T :
3 ¥ma f .: lE =584

5.1.5 V-Characteristics
Ising the measured values, draw, on a graph, the curves for the multi-function machine

as S}'llChI'OHO\}S motor,



Experiment # 8: Multi-Function Machine as Three-phase Induetion
Motor with Slip Ringz Rotor

I. Objectives:
» Load characteristics n, L, cos 9, 1, S, P1, P2 = [ (M)
+« Run-up characteristics M = f(n), I = f (n) for various Rotor Resistors
»  Speed Setting with Rotor Starter Resistors n = { (Rv)

2. Equipments:

#  Three-phase Supply
Reversing switch
Magnetic Powder Brake
Control Unit
« Tacho Generator
»  Multi-function Machine
» Rotor Starter
» Power Factor Mcter

s RMS Mcter

3. Multi-function Machine as Three-phase Induction Moter with Slip Ring Rator
Load Characteristics n, L, cos ¢,n, S, PI, P2 = f (M)

3.1 Theory:
The load is set using a magnetic powder brake with control unit. The AC voltage of the
three-phase mains supply is to be kept constant at 380 V during measurements.
The input power I is measured in an outer conductor using a power meter. Since the
load is symmetrical, the measured pawer valuc can be multiplicd by 3 to get the tatal
consumed power,

rm=3. Pphnsc
I the torgue M and the speed n have been deternined for various loads, the
corresponding motor power P2 delivered can be determined.

Pz =M.a
Or
P=M.n/955
The efficiency is given by the ratio;
n= Pz ! P]

The power {actor is determined from:
casp=P /(3. 1.1

The slip of the motor can be calculated at various loads from the equation:
S=(m,-n)/n;

n, = synchronous speed in min’'

1 = rotor speed in min’’

S=slip
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3.2 Circoit Diagram

=TT B _
gx 73~ 50 Hz 3307220 V
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G1
L 12 L3
V] e
‘ TERRY I
a1 -

%
-
()
{E
_—
Ty
w1

+ cos P PG

3.3 Circuit Assembly
Assemble the measurement circuit according to the circuit diagram ta determine the
required values.

3.4 Experiment Procedure

After the teacher has checked and approved the circuit, put the circuit into opcration.
After run-up, switch the rotor starter to 1 €2 and load the motor between no-load
operation and approximalely 1.5 limes the nominal torque,

Measure the speed R, the effective consumed power Pipnese, the supply current I, and the
power factor cos g of the motor.

Setting the Magnetic Powder Brake on the Conirol Unit
Refore operation set the control unit as fallows:
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{ Coatrol Unil 1.0
Speed Range Switch “min™” 3000
Torque range Switch “Nm” 10
| Operation Mode Switch o MANI]
3.5 Results
Lnter the determined measured and calculated values into the following results table.
3.5.1 Results
Multi-tunction Machine as Ship Ring Melor 1.0
MNm | o5 1 2 3 4 5 & 7 f 5 10
remin-1
Maa- -
sudra- f/A
man
05 o
Plphalll?w
PN
Tak | PyW 1 1
cula- . }
tion n ‘
s N

3.6 Calcalation

Calculate the values required for completion of the results table and enter them into the
table. Shaw the calculation steps for measurement at toad with nominal torque.

3.7 Load Characteristics

Lsing the measured and calculated values, draw, on a graph the curves for the motor
when the rotor is in the short-circuit mode of operation.

Draw a perpendicular line for the nominal torque on the diagram,

4. Multi-function Machine as Thrée-phase Induction Moter with Slip Ring Rotor
Run-up Characteristics M = f (n), I = f (n) for Various Rotor Resistors

4.1 Measurement of the Run-up Characteristics of 2 Multi-function Machine as
Three-phuse Slip Ring Motor with Various Rotor Starter Resistor
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4.1.1 Circuit Diagram

- T o i
Bm . i .3~ 50 Hr 380/220 ¥
[ CPE TN g T
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Hs L3O e
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§E reo—"7
=R . s
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Lt L2 12 :
f—————— i
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Pz
. — %
P35 L=
M_d 4
n

4.1.2 Circuit Assembiy
Assemble the measurement circuit according to the diagram for determining the run-up

characteristics!

4.1.3 Experiment procedure

Adfter the instructor has checked and approved the circuit, put the circuit into operalion,
Make surc that the brake is completely open,

Alter it has run up, break the motor from no-load operation to standstill. Commence the

measuring with the largest rotor starter resistor Ry = 10 Q2.Measure the speed and the
values of the torque and stator current,

Setting the Magnetic Powder Brake on Control Unit
Before aperation, set the comtrol unit as follows:

~ Centrol Unit 1.0
Slgeed Raonge Switch “min s 3000

. Torgue range Switch “Nm” . 10

. Operation Mode Switch B . __MaANI
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Pul the motor into operation

Complete the measuring as quickly as possible, because the rated motor current is
exeeeded under load and motor is therefore at times overloaded, which leads to
disengagement ol the brake operation via a thermal switch.

4.1.4 Results
Enter lhe measured values into the results tahle’

4.1.4.1 Resulis Table

n manst
iy =100 MMM
Holor atarder -
posklen 1 T, 8
Fiy = 5 £2 KTy T
Aoior staner
position 2 Lyl
Ry = 2.75 £2 NN !
Ratlor gtaries — © e - ] — —
pesilicn 3 LIV :
Ry = 138 MMM
Rotor sianer -
posiian 4 Tyl
Pty = 0512 RAIT
Rolor slartor R
posiion 5 [y/A
Fy = O 42 MMM
Halor stader
poEition & 1448

4.1.5 DDiagram
Plet the Run-up characteristics M = f (n); I=f (n) of the muli-lunction machine as
three-phase slip ring at various values of rotor resistance.

5. Multi-function Machine as Three-phase Induclivn Motor with Slip Ring Rotor
Speed Setting with Rotor Starter Resistors n = f (Rv)

5.1 Theory:

There are various methods of setting the speed in a three-phase induction motor:
n=f.(=)/p

Where

n = rotor speed

fi = mains voltage frequency

p — number of pole pairs in the stator windings

s = slip

The following expression is valid for loading at nomina! torque foe example:
SniS; = Regeor /{ Rroor + Ry)

Where

Sy =slip at nominal torque load without rotor starter resistance
8 —slip at nominal torque load with rotor starter resistance Rv
Ry = resistance of rotor winding

R, =rolor starter resistance
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5.2 Speed Control of a Multi-function Machine as Three-phase Slip Ring
Induction Machine

3.2.1 Circuit Diagram
w———- 1
G { 3 - 5O Hz 3BD/220 ¥
‘-‘?18 I - t
@ 17 O— .
a S 13O e e C o - —
£ % N ot o B} .
35 "TOo—t+7 ;
B N

Q

5.2.2 Circuit assembly
Assemble the measuring circuil according Lo the cireuii diagram to determine the
influence of the rotor starter resistors on the speed.

5.2.3 Experiment Procedure

After the teacher has checked and approved the circuit, put the circuit into operation.
Measure the speed of the multi-fenction machine as three-phase induction motar with siip
ring at nominal load with various rotor resistance values.

Setting the magnetic Powder Brake on the Control Unit
Before operation set the control unit as follows:

* Cuntrol Unit Lo ] L
. Speed Range Switch “min™* 3000

“Torque range Switch “Nm* 10

 Operation Mode Switch MANI
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I'ul the motor into operation

After run-up, switch the rotor starter to 0 £2 and load the motor to its nominal torque:
My =34 Nm.

Measure the speed, the stator current and the rotor current of the motor. The rotor starter
resistors are then connected step by slep and these measurements repeated for each
resistor according to the results table below)

3.2.4 Results
Enter the measured values into the following results rable.

5.2.4.1 Results Table

Mult-function Machine as Slip Ft;ng Melar 1.0
Selling of Roter Starter g 5 4 a Z 1
Ry 0 Y 1.25 275 5 10
R
140 _
LA

5.2.5 Diagram
Plot the measured values of speed n and rotor resistance Rv on a graph,

5.3Measurement
Behavior of three-phase induction with slip ring speed in relatian ta various rotor
resistance values

3.3.1 Circuit Assembly
Assemble the measurement circuit 5.2.1 according to the circuit diagram; without
ammeter Py

5.3.2 Experiment Procedurc
Before operation set the control unit as {ollows:

Control Unit o L0

Speed Range Switch “min'” o 3000 i
Torgue range Switch “Nm" 10

Operation Mode Switch I MaNI

Put the moter into operation.
For each rotor starter resistor load the motor between no-toad operations and approx. 1.5
times the nominal torque. For each starter resistor measure the motor speed.
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5.3.3 Results

Enter the measured values in the tollowing results table.

5.3.3.1 Results Table

Muliturclion Machine as Siip Ring Motor 1.0 o
Selting of Bl | MyNm| 0.5 2.0 4.0 T 6.0 7.8 B.O 10.0
Rotor Starler
B 0 nimin-1
5 05 amin-f N
3 1.25 nemint )
3 275 it
2 5 wmin
B 1 10 wnin
5.3.4 Diagram

Draw the load characteristics of the multi-function machine as three-phase induction

motor with slip ring on a graph. Designate the individual characleristics with the

appropriate resistance value of the rotor starter.
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Experiment # 9: Three-Phase Squirrel Cage Induction Motor

1. Objectives:
»  Conncetion, Rotation Reversing, Star Connaction, Delta Conncction
» | oad characteristics m, [, cos @, 1, §, P1, P2 =1 (M)
o  Run-up characteristics M = f{n), 1= f{n) for Star and Delta Connection

2. Equipments:
& Three-phase Supply Unit
= Reversing switch
»  Magnetic Powder Brake
=  Cantrol Unit
»  TFacho Generator
» Squirrel Cage Induction Motor
» Rotor Starter
» Power Factor Mcter
«  RMS Meters

3. Connections, Rotation Reversing, Star Conncction, Delta Connection
3.1 Information
3.1.1 General
The three-phase squirrel cage induction motor consists of a stationary part, the stator and
4 rotating part, the rotar or armature. Both are constructed from dynamo sheet. The stator
carries a three-phase winding. The stator winding ends are connecled to 6 terminals on
the terminal board-Fig.1
There are large rods, usuvally aluminum, in the rotor grooves, the rods are connected via
two short-circutt rings. Without the bundle of laminations the rotor winding represents a
CUge.

L1 12 L3 L1 L2 L3

W2 W

Y-cireuit A-circuit
ioutr o owr i t
<_[___],_1'~J L JUIT M T

L1 L2 L3 BT L2 LS

Fig. 1: Stator Winding and Terminal Board of a Squirrel Cage Motor for Cluckwise
Rotation



3.1.2 Connection

Connecting the stator winding to the three-phase supply creales a rotating (eld in the
stator, The stator winding is ta be switched to delta or star mode according to the existing
maing voltage and the data on the rating plate.

The following rule applies for the direction of rotation: Connection of 1) to Uy, Ly to V)
and Lz to W, gmives clockwise rotation. The direction of rotation is determined by looking
at the shaft end cross section.

3.1.3 Rotation Reversal
To reverse the direction of rotation, the stator field direction has 10 be reversed. This is
achieved by interchanging twoe of the mains supply lines to the stator winding- see Fig. 2.

L2 L1 L3 L2 Lt L3
Vi U2 Lt

U23yo

o W2

riﬁ'ﬁ'?é"l
| Samiieti | s}

jout viown b

._ _.._I.J
LT L2 L3 LT L2 L3

Fig. 2: Winding and Terminal Board Star and Delta Connections for Counter
Clockwise Rotation
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3.2 Connection and Roedation Reversal of a Three-Phase Squirrel Cage Induction
Motor

3.2.1 Circoit Diagram

_; ...... "'I
%8 Ll O—t
28 20—
2 L3GC
£% n o0—L2
ég FE Qo d ‘_?‘ E T
= _} i H\
— — — —— i
[
Gl
LI L2 L3 | ]
- i
_ e Ui vl Wi
(1 : i
it 4ok
: !
i
| |
| i
! |
| i
M |
| |
[ { i
e s —

3.2.2 Circuit Assembly

Connect the three-phase squirrel cage motor according to the circuit diagram and connect
the motor terminal board. For this, take the data from the rating plate:

Mominal voltage: Y 380°¥

Nominal current; 2.6 A

3.2.3 Experimeni Procedure

After the teacher has checlked and approved the circuit, put the circuit into operation.
Check the rotation reversal with the reversing swilch Q.
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3.3 Star-Delta Connection of a Three-phase Squirrel Cage Induction Motor

3.3.1 Circuit Diagram
T B

Thiga-Phase Sunply
Unil with FCCB
r
W

Mt

mmmmmm oy

———— e e e - o - e — L A M . e - o b v . ]

3.3.2 Circuit Assembly

Connect the three-phase squirrel cage motor according to the circull diagram and connect
the motor ferminal board. For this, lake the data from the rating plate:

Nominal voltage: ¥ 380 V

MNominal current: 2.6 A

3.3.3 Experiment Procedure
After the teacher has checked and approved the circuit, put the circuit into operation,
Check the rotation reversal and the star-deita start,

3.4 Determination of the Load characteristics n, 1, ¢os 1, 3, P1, P2 = (M) for a
Three-phase Squirrel Cage Induction Motor

3.4.1 Theory

The Ioad is set using a magnetic powder brake with control unit. The AC voltage of the
three-phase mains supply is to be kept constunt at 380 V during measurements.

S0



The input power P1 is measured in an outer conductor using a power meter. Since the
load is symmetrical, the measured power value can be multiplied by 3 to get the total
consumed power,
P| =3, Pph“g
If the torque M and the speed n have been determined for various loads, the
corresponding motor power P2 delivered can be determined.
P.=M.®
Or
P:=M.n /955
The efficiency is given by the ratio;
n="r/p
The power factor is determined from:
cosp=T/(¥3.U.1
The slip of the motor can be calculated at various loads from the equation:
S={n,-n)/mn,
n; = synchronous speed in min”’
n = rotor speed in min™'

5 —slipin %
3.4.2 Circuit Diagram
_; ...... y
%8 Lt O—4.. 3~ 50 Hz 380/230 V
Eeo—
EEN o—Ls
E5 PR O—pT
L RGN
G

TR0 o I
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3.4.3 Circuit Assembly
Assemble the measuring circvit according to the circuit diagram to determine the required
valnes.

3.4.4 Experiment Procedute

After the teacher has checked ad approved the circuit, put the circuit into operation.
Load the mator between no-load operations and approx. 1.5 times the nominal lorgue.
Measure the speed n, the effective consumed power Py  the supply current 1) and the
power factor cos ¢ of the moter,

Setting of the Magnetic Powder Brake on the Control Unit
Before aperation set the control unit as follows:

Conirol Unit 1.0
Speed Range Switch “min™” 3000
Torque range Swiich “INm” 10
Operation Mode Switch MANI

3.4.5 Results
Enter the determined measured and calculated values into the following results table.

3.4.5.1 Resalts Table

Three-phase Squirrel Cage lnduction Motor 1.0

MM 0.6 1.2 1.8 2.4 3.0 3.6 4.2

ronine

Measucement I,/A

OS5 @

Pl phnssfw
W

Paly

GCalculation COS

8%




MiNm 48

2.4

60

66

72

7.8

8.4

Measurement [4/A

Calcwalion COS @

3.4.6Calculation

Calculate the values required for completion of the result table and enter them into the
table. Show the calculation steps for measurement at load with nominal torque.

3.4.7 Load Characteristics

Using the measured and calculated values, plot the curves for the three-phase squirrel

cage induction motor. Plot a vestical line for the nominal torque on the diagram.

3.5 Run-up Characteristics M = £ (n), I = {{n) for Star and Delta Connection

3.5.1 Mcasurement of the Run-up Characteristics of a Three-phase Squirrel Cage
Induction Motor in Star and Delta Configuration

03




3.5.1.1 Circuit Diagram

3 o~ S50 Mz 3807320 V

Lirit with FCSH

Tiwoe-Phase Supply

L1 L2 Ls
E_\!'""" _———
Y
Q1 Ui vi Wi ) & U2 w3 w2

P4
“““““ i G e e b GO
M1 .

. G3
3.5.1.2Circuit Assembly
Assemble the measurement circuit according to the diagram for determining the run-up

characteristics

3.5,1.3 Experiment Procedure
After the teacher has checked ad approved the circuit, put the circuit into operation.

Make sure that the brake is completely open,

Note: At no-load there is an indication on the meter which represents the residual friction
from the brake and the no-load torque of the machine. It must be taken into account when

making exact measurements.
Afler it has run-up, break the motor from no-load operation to standstill. Measure the
corresponding speed, torque and stafor current in star and delta connection.

Setting of the Magactic Powder Brake on the Contrnl Unit
Before operation set the control umit as follows:




Control Unit [ 1.0

Speed Range Switch “min’™"” 1 3000
| Torque range Switch “Nm* 10
Opcration Mode Switch MAN1

Put the motor into operation,
Complete the measuring as quickly as possible, because the rated motor current is

exceeded under load and the mator 15 therefore at times heavily overloaded, which leads

to disengagement lo the brake operation via a thermal switch.

3.5.1.4 Resulis
Enter the measured values inlo the results table!

3.5.1.4.1 Results Table M = { (n), I = { (n) in Star Connection

Short-cireuit Motor 1,0 M/Nm

M(Nm) 0.5

9.0

n(min'])

TL(A) l

3.5.1.4.2 Results Table M = f(n}, 1= [ (n} in Delta Connection

Short-circuit Motor 1.0 M/Nm
MONm) osf. T, o Tl T o T

‘ n(min'l) ’ ' |

iy 5 ' {

3.5.1.5 Run-up Characteristics
Plot the measured values of the three-phase short circuit motor on a graph.
Draw the nominal current and nominal torque a s perpendicular lines on the diagram,
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