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Effictency, current and power factor
Of a tliree - pltase induction ntotar

Obiect: T'he object of this experiment is to determine the characteristics for
efficiency, current and power factor of a three - phase induction motor with squinel -
cage rotor.

Theorv: As explained in the previous experiment and from Figure (23) which shows

the running characteristic curve, torque - speed characteristics, of a 3 - phase

induction motor, the torque is usually dependent on the speed. It can be seen that (M
= 0) rvhen the motor is operated on no - load. If a load is applied to the motor, the

speed drops and the torque increases. The maximum torque which a motor can
produce is known as the pull-out torque Wk). If the motor turns at its lorvest
possible speed, you get the starting torque (Ma).
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Figure (23)
Torque - speed characteristics of a 3 - phase induction motor

From these characteristics the motor efficiency can be obtained as follorvs:

Mechanical output power:

Pout = (2 x p x M x n) /60 g'atts

E,lectrical input active power:

pin:r/lxtJxlxcos(.)



7o efficiencY (4) = Pout / Pin

Such that the motor efficiency at any load can be determined'

N ecessa rv-eq u i Dments :

1. Three - phase induction motor (Type 2707)'

2. Brake Unit (TYPe 2719)'

3. Conhol Unit (TYPe 2730)'

4. UniversalPower Supply (Type 274q'

5. Power factor meter (10 A)'

6. Ammeter, range (1 - l0 A)'

7, Voltmeter, range (0 - 500) V'

Procedure:

, 
.-i:?;nect 

the circuit as shown in Figure (24)'

2. Start up th.;;;;;; as already described in experiment 1. The motor stator

windings 
^r" 

i.jiu .onnected and the motor must rotates clock rvise.

3. Record ur. 
"r,lr".t.ristic 

points asked for in Table (7). For each point, read tire

speed (ru) .;;'tl]t ;tqut 1/14 frorn the dlsplays on the Control Unit and

calculate tfr.'output power it'ouq. Measure the input current (f' the voltage

(Qancltlreporverfactor(cos9).Withthesereadingscalculatetheinput
power (pin) ;; the' calcuiate the efficiency (r1). Use the specified formula

for calculation.
4. To finish ttrl 

"xperi,nent 
first srvitch QFn the Universal Po$'er Supply'and

then the Control Unit'

Efficienc , current and

Table (7)

rver factor ofa three- e induction motor

Characteristics
nts

No - load
I st sub - value

?nd sub - value

Notcs:
. carry out the measurements \vithout delal's if possible' If the rnotor heats up

too much' the nreasuring resr-rlts der,iate and tlre motor tnust cool ciorvn.

. Record the characteristl points first on no - load, then for rated speed' thr-n

for tire pr,tr .- ouitorque and l-rnally for the minimum achievable sLreed.

. Determine the sub - valucs in the tables yourself' N{ake sure that tlte

characteristic poiuts are meaningful'

. Observe th'e setting of the torque attenuator'

Pull - out torque

Minimunt



Re,nort & Discussion:

1. Draw the efficiency - speed eharacteristics listed in Table (7).
2. Draw the power factor - speed characteristics listed in Table (7).
3. Draw the input cunent - speed characteristics listed in Table (Z).
4. What do you learn from these characteristic?
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Figure (24)
Connectiott circuit diagrarn of a 3 - phase induction motor to obtain its efficiency
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Connection & Rotational direcliort and optimtun starting resistance test

of 3 - phase inductiorurtolor fitted with slip ring rotor

Ohiect: The object of this experiment is to connect, check the direction of rotation

and to measure the rotor standstili voltage (U20) and the rotor current (.I2). Also, to

calculate the optimum starting resistance for 3 - phase induction motor fitted rvith slip

ring rotor with tliese values (MA = MK, p = 2).

Theorv: The 3 - phase induction rnotor fitted with slip ring rotor unlike the 3 - phase

rinduction motor rvith squirrel - cage rotor in that the rotor tvinding in the slip ring
rotor is not short - circuited. Series resistors can be connected to the rotor circuit to

inrprove the starting properties. The stator of the slip ring motor has the same

structure as that of the 3 - phase inductiot-t motor with squirrel - cage rotor. The rotor
is usLrally designed as a tlrree - phase rvinding in star circuit. Tlie rotor and stator

u,inding have the same number of poles. The rotor winding is embedded in a sheet-
iron casing. The ends of tlie rotor rvinding aie connected with three "slip rings" sitting
on rhe shaft which lead to the terminals in the terminal box via carbon brushes.

Irigure (8) shorvs the cuta*,ay vierv of a slip ring rotor. The connections of the rotor
are designateC K, L and Ir{. Via these the rotor temrinals can be short - circuitcd or

starting resistors circuited in the rotor circuit to irnprove the starting properties.

l}e Universal Resistor (Type 2750) is used for simple realization of these starling
resistors. Figure (9) sliows the connection of the Universal Resistor to the rotor
winding.
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Figure (9)

The connection of the Universal Resistor to the rotor rvinding

l3y connecting resistors in the rotor circuit the follorving can be obiained:

1. RedLrction of tlte starting ctrrrent.

2. ll.edLrction of the phase shift betlveell rotor crtrrent and volta::.
3. Incredse of tlte starling torque.

The slip ring rotor dcvelops a rcla',ivelyi high starling torque at ntode;ate starting

curent. It is therefore parlicularly suitable for heavy startup on lifting equipment. Slip

and cut speed of the rotating field are rcduced rvhen running up from standstill to the

Ioaded state. This reduces voltage, frequency and inductive resistance of the rotor.

Rotor vollage and rotor frequency change linearly with the slip. 81 short -'circuiting
the slip rings the rotor continues to operate as a squirrel - cage rotor. If the rotor
circuit rernains unu,ired (open rotor circuit), the rotor docs trot turn. I'i:: stator attd

rotor act as a traltslornler at standstill. The voltage irtduced ilt tire r(r:or uinJing by the

stator rotating field is designated as rotor standstillvoltage (U20)'
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Figure (10)
lbrtlrre - speciJ charrctr-ristics of 3 - phase indtr-'tioll ilrott.ri

Fittcd ri'ith slip rirtg rotor



From the torque characteristics shown in Figure (10) it can be seen that the

characteristic curve gets flatter when starting resistors are connected and the pull - out

torque (Mk) is moved further into the starting lange. The starting torque (lv[a) is

rel.ativel'y hfh due to the resistors, which means that the motor starts up well' You get

the optimum starting resistance when Ma = Mk'

connection of the mojor: Figure (11).s'hows the connection of the motor' It shows

tL,"t th. rtrt", *t"dt"6Ul, Vt, WL and U2, V2,W2 of the motor with slip ring rotor

in star or delta.onn".iion ,i.cuit, can be connected. The connections K, L' M of the

rotor winding are fed out separately'

star circuit delta circuit

Figure (11)

Star counection arrd delta connection of stator rvindings

Figr-rre (12) shorvs the Name Plate Data of the 3 - phase Induction Motor fitted with

slii rin! rotor (Type 2708). You can see.Y/D 400/230 V which means thatthe motor

on the 400 v three - phase mains supply is only to be operated in star circuit or in

delta circuit on 230 V. Sin.e the rvindings in this motor are designed for 230 V' tl-re1'

*'ould ltcri ttp too ntuch on 400 V in delta circuit'
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Irigure. (12)

r.vanrc pllttc cllte of 3 - phasc induction nlotor fitted

\\rith slip ring rotor(TvPe270S)



Nccessarv equinmcnts:

1. 3 - phase induction motor with slip ring rotor (Type 2708)'

2. Brake Unit (TYPe 2719).

3. Control Unit (TYPe 2730).

4. UniversalPower Supply (Type 2740)'

5. Ammeter, range (0 - 10) A'
6. Voltmeter, range (0 - 500) V'

Proceclure:
Ilun I:

1. push the experimental machine onto the Brake Unit and couple it to the

braking machine.
t 2. Adjusithe adapter feet so that the experimental machine and the braking

machine ur" .oili,',.u, (on one axis). Fix tire experimental machine by pulling

the clamping lever towards the braking machine'

3. Connect the circuit shown in Figure (13)'

4. Connect the motor stator winding in star circuit to the 400 V mains suppll'.

5. Srvitch Ott' the Universal Power Supply'

6. Measure the rotor standstill voltage (U20) and record the value.

U20 =
'7. Sn'itch OFFthe Universal Power Supply.
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Slipring Rotor
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Figurc (13)

Connectiott circtrit diagram of 3 - phase slip ring rrrotur

To detentlitte standstill rotor voltage



Run II:
-tl-Connect the circuit shown in Figure (14), assure that the rotor terminals (K, L

and M) are short circuited'

7. Switch ONthe Control Unit'
3. Switch oN the universal Power Supply: speed, torque and direction of

rotation are disPlaYed'

4. The direction - of - rotation display. The motor should turn to the right (CW);

Otherwise switch OFF tbe Universal Power Supply and interchange two of
the three mains leads and Switch QNthe Universal Power Supply again.

5. Record the speed (no - load speed) and the direction of rotation in the

follorvine tabl

| 6. Switch OFF the Universal Power Supply.

Unive:sal Potl er SUPPIY
(Type 2740)
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Brake Unil (Type 2719)

Figure (1"1)

Connection circuit diagram of 3 - phase slip ring urotor

To determine rotor current and rated cunent

Itun III:
\'leke the follorving settings on tlte Control Unit:

1. Su'itch the operation - ntode sr'r itch to I\{ANUAL.
2. Note the serting olthe torque atlentlator'

3. Set the spr-e'd - preselc'ctiott s*'itch to renge oi previoush' recorded speed

(1 E00 or 3600 rPnr).

4. Set the set point su'itclt INT/EXT to "intc'tt1al" position.

ollolvln

Sneed Qto\ lrom Direction of
Rotation

CW( Clock Wise) CCW( Counter Clock Wise)



5. Set the direction - of - rotation switch to previously recorded direction of
rotation.

6. Start the braking machine by briefly pressing the START/STOp key.
7. Compare the displayed speed with the previously recorded one and adjust it if

necessary with the set point potentiometer.
8. switch oN the Universal Power supply. The torque should now be zero.

Conect the speed with the set point potentiometer if necessary.
9. Brake the motor by reducing the speed so that it ionsumes the rated current

(/1V) specified on the rating plate. Record the value, IN = . . . . . A.
10. Measure the rotor current (12) and record the value, 12 - . . . . . A.
11. Measure the speed (nk) at the pull - out torque and record the value,

nk=.. ...rpm.
12. To finish the experiment first switch OFI' the Universal Pou'er Supply andI then the Control Unit.

Note: F'or an accurate sefting of speed and torque, the volta,se values can be measured
additionally with a voltmeter at tlre jacks provided.

Ilcport & Discussion:
1. Calculate the optimum starting resistance rvith tire aid of the formula given

below.
2. Explain the effect of increasing the rotor resistance on the motor bahaviour.

spe€d of rotary field: no = !. AO,
P

fr nrains frequency
p number of pole pairs 

'

speed of rotary field

ot l'4o = Pl* (maximum torque):

trt - tti
-\ 
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Clraracteristics of 3 - pltase induction motor Jitted with slip ring rotor

Obiect: The object of this experiment is to determine the characteristics for torque,

.ffoi*.y, cunent and porver factor of the slip ring motor at different starting

resistancls (short - circuit of the rotor terminals, smallest possible resislance, Ra

max/3, Ra max). Use the optirnum starting resistance (Ra max) calculated from

previous experiment.

rTheory: From the torque characteristics shown in Figure (15) it can be seen that the

.t-t*ucteristic curve gets flatter when starting resistors are connected in series with tlte

rotor and the pull - out torque (ilfA) is moved further into the starting range' The

starting torque (Ma) is relatively high due to the resistors, u'hich lneans that the motor

starts up *rll. You get the optimum starting resistance when lfa = Mk, as explained

in the previous experiment.

Figure'(15)
Torque - speed characteristics of 3 - phase induction motor fitted with slip ring rotor

Necessarv equinments:

I. 3 - phase induction motor u'ith slip ring rotor (Type 2708).

2. Brake Unit (Type 2719).

3. ControlUnit (Type 2]30).
4. Universal Porver Supply (T1'pe 2740).

5. Universal Resistor (T1pe 2750).

6. Poiver Factor Meter (10 A).
7. Voltnreter, range (0 - 500) \/.
8. Ammeter, range (0 - 10) A.


