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List of Experiments 

1. To perform no load and blocked rotor test on a three phase induction motor and 

determine the equivalent circuit parameters. 

2. To perform load test on three phase induction motor to obtain the performance 

characteristics. 

3. Different Method of Starting Of Three-Phase Squirrel Cage Induction Motor and 

Their Comparison. [DOL, Auto-Transformer, Star-Delta]. 

4. Speed control of three-phase Slip Ring Induction Motor by rotor resistance 

control. 

5. To perform load test on single phase induction motor to obtain the performance 

characteristics. 

6. Determination of equivalent circuit parameter of a single phase induction motor. 

7. To determine voltage regulation of three phase alternator by direct loading. 

8. To find regulation of a three-phase alternator by synchronous impedance 

method (EMF method) 

9. To determine voltage regulation of three phase alternator by ZPF method. 

10. To determine sub transient direct axis (Xd’’) and quadrature axis (Xq”) 

synchronous reactance of an alternator. 

11. To determine direct axis (Xd) and quadrature axis (Xq) synchronous reactance of 

a three phase synchronous machine by slip test. 

12. To study the effect of variation of field current upon the stator current and 

power factor of a synchronous motor at various load and draw V-curves and 

invert V-curves. 

13. To determine symmetrical impedances of an synchronous machine. 

14. To perform parallel operation of two alternators. 

 

 

 

 

 

 



COURSE OBJECTIVES & OUTCOMES 

Course objectives: 

1. To conduct no load and blocked rotor test on single phase and three phase 

induction motor. 

2. To conduct load test on single phase and three phase induction motor. 

3. To conduct test on synchronous generator (alternator) to determine the 

performance characteristics. 

4. To conduct test on synchronous motor to draw the performance curves. 

Course outcomes: 

At the end of the course the student will be able to: 

1. Perform load test on single phase and three phase induction motor to assess its 

performance. 

2. Perform no load and blocked rotor test on single phase and three phase 

induction motor to pre-determine performance characteristics. 

3. Conduct tests on synchronous generator to determine voltage regulation. 

4. Conduct test on synchronous motor to draw the performance curves. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

DEPARTMENT OF ELECTRICAL ENGINEERING 

 

VISION OF THE DEPARTMENT 

Electrical Engineering Department congregates the challenges of new 

technological advancements to provide comprehensively trained, career focused 

,morally strong accomplished graduates, cutting edge researchers by 

experimental learning which contribute to ever changing global society and serve 

as competent engineers. 

 

MISSION OF THE DEPARTMENT 

To commit excellence in imparting knowledge through incubation and execution 

of high quality innovative educational programs. 

To develop the Research oriented culture to build national capabilities for 

excellent power management. 

To inculcate and harvest the moral values and ethical behavior in the students 

through exposure of self -discipline and personal integrity. 

To develop a Centre of Research and Education generating knowledge and 

technologies which lay ground work in shaping the future in the field of electrical 

engineering. 

 

 

 

 

 

 

 

 

 

 

 



PROGRAM OUTCOMES (POs) 

Engineering Graduates will be able to:  

1. Apply the knowledge of mathematics, science, electrical engineering fundamentals, 

and an   electrical engineering specialization to the solution of complex electrical 

engineering problems. 

2. Identify, formulate, review research literature, and analyze complex electrical 

engineering   problems reaching substantiated conclusions using first principles of 

mathematics, natural       sciences, and engineering sciences. 

3. Design solutions for complex electrical engineering problems and design system 

components or processes that meet the specified needs with appropriate 

consideration for the public health and safety, and the cultural, societal, and 

environmental considerations. 

4. Use research-based knowledge and research methods including design of 

experiments, analysis and interpretation of data, and synthesis of the information 

to provide valid conclusions. 

5. Create, select, and apply appropriate techniques, resources, and modern 

engineering and IT tools including prediction and modelling to complex electrical 

engineering activities with an understanding of the limitations. 

6. Apply reasoning informed by the contextual knowledge to assess societal, health, 

safety, legal and cultural issues and the consequent responsibilities relevant to the 

professional engineering practice. 

7. Understand the impact of the professional electrical engineering solutions in 

societal and environmental contexts, and demonstrate the knowledge of, and need 

for sustainable development. 

8. Apply ethical principles and commit to professional ethics and responsibilities and 

norms of the engineering practice. 

9. Function effectively as an individual, and as a member or leader in diverse teams, 

and in multidisciplinary settings. 

10. Communicate effectively on complex engineering activities with the engineering 

community and with society at large, such as, being able to comprehend and write 

effective reports and design documentation, make effective presentations, and give 

and receive clear instructions. 

11. Demonstrate knowledge and understanding of the engineering and management 

principles and apply these to one’s own work, as a member and leader in a team, to 

manage projects and in multidisciplinary environments. 

12. Recognize the need for, and have the preparation and ability to engage in 

independent and life-long learning in the broadest context of technological change. 

 

 

 



PROGRAM SPECIFIC OUTCOMES (PSOs) 

1. To impart State-of-Art knowledge in the field of Electrical Engineering and hand on 

application based practical training with regular Academic and Industry 

interaction. 

2. To incorporate research environment and innovation projects towards 

assimilation of global technology in order to meet needs of automation and 

articulate a higher education system of ethics and mind set for a realistic 

education.  

 

PROGRAM EDUCATIONAL OBJECTIVES (PEOs) 

1. To produce competent electrical engineering graduates with a strong foundation 

design, analytics and problem solving skills for successful professional careers in 

industry, research and public service. 

2. To provide a stimulating research environment so as to motivate the students for 

higher studies and innovation in the specific and allied domains of electrical 

engineering. 

3. To encourage the graduates to practice the profession following ethical codes, 

social responsibility and accountability. 

4. To train students to communicate effectively in multidisciplinary environment. 

5. To imbibe an attitude in the graduates for life-long learning process. 

 



Experiment No. -  

Aim: To perform no load and blocked rotor test on a three phase induction motor and 
determine the equivalent circuit parameters. 
 

Apparatus  : 
 

Sl No Apparatus Name Specification Quantity 

1)  Ammeter   

2)  Voltmeter   

3)  Wattmeter   

4)  Tachometer   

5)  Connecting leads   

6)  Auto Transformer (Variac)   

Electrical Machine Specifications: 

Induction Motor: HP:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 

Theory : 

The equivalent circuit of an induction motor is similar to a transformer with ’slip’ as an 

additional parameter. As a result, the equivalent circuit parameter estimation of induction 

machine proceeds on similar lines as that of a transformer’s. The equivalent circuit for a single-

cage induction machine is shown in fig (1). Here, (R’r + R’r ( 1−s/s )) + jX’ r1 represents the rotor 

circuit impedance as a function of slip s. 

 

Fig-1- Per phase equivalent circuit of Induction Motor 

1. No Load Test  : 

 The no-load test approximates the stator circuit (Rs and Xs1) and magnetization branch 

parameters(Xm) of an induction machine. The machine is brought to its rated speed by applying 

rated three phase volt- age at the stator (Vnl). Corresponding no-load current (Inl) and no-load 

real power input(Pnl) are recorded. 

 When no mechanical load is driven by the machine, slip (s) is a very small value. As a 

result,  referring to Fig.(1), the rotor circuit branch resistance quantity, R’r ( 1−s/s ) carries a 

large value. The impedance of rotor circuit branch is thus much higher compared to the 

magnetization branch impedance and their parallel combination would turn out to be close to 

jXm (neglecting core conductance). We can perform the following test on the motor to find the 

efficiency: 

 



we have, 

Xnl = Xs1 + Xm       (1) 

Znl = Vnl/Inl        (2) 

Rnl = Pnl/I2
nl        (3) 

where, Znl and Rnl are the no-load equivalent impedance and resistance respectively. Next, using 

(1-3), 

we get, 

Xnl =    Z2nl – R2nl     (4) 

Also, as no load current is drawn, the losses that occur under these conditions would represent 

the only the rotational losses arising from friction, core loss. Hence, 

Ploss = Pnl - I2nlRs      (5) 

2. Blocked Rotor Test : 

The blocked rotor test is performed to estimate parameters that affect machine's performance 

under load such as its leakage impedance, similar to the short circuit test done for a transformer. 

In blocked rotor test, the machine shaft is locked or is prevented from rotating via external 

means. Blocking the shaft essentially amounts to making the slip equal unity (nr = 0). If E’2 is the 

voltage appearing across the rotor circuit, we have 

 

It can be observed that, the rotor resistance o_ered in this case is 'e_ectively' lowered by a 
fraction of 1/s0 , where s0 is the slip under rated operation (0.01-0.04). Rated stator currents can 
thus be established for much lower than rated values of stator terminal voltage. 

With the rated current (Ibr) owing in the stator, we note the stator applied voltage (Vbr) and the 
power input(Pbr). It should be noted that the rotor position in blocked state affects the stator 
voltage (Vbr) required for setting up Ibr. Hence, an average calculated over different rotor 
positions can be taken. Assuming we have the stator circuit parameters Rs ready, the other 
machine parameters can be calculated as indicated below 

 

To approximate Xs1, X’r1 and R’r one needs to calculate the Thevenin equivalent impedance 
looking into the equivalent circuit of the machine from stator terminals. 

 

 



 

Equating the real and imaginary parts in eq (10) 

 

 

 

 

 

 

 

 

In this way, the machine parameters namely, Xs1;Xm;R’r ;X’r 1 can be calculated from the blocked 
rotor test using the above analysis. 

 

 

 

 

 

 



Circuit Diagram : 

 
 
Measurement of Stator Resistance 

 
 
No Load Test:  

1. Connections are made as per the circuit diagram.  

2. Ensure that the 3- ɸ variac is kept at minimum output voltage position and belt is freely 

suspended.  

3. Switch ON the supply. Increase the variac output voltage gradually until rated voltage is 

observed in voltmeter. Note that the induction motor takes large current initially, so, keep an 

eye on the ammeter such that the starting current current should not exceed 7 Amp.  

4. By the time speed gains rated value, note down the readings of voltmeter, ammeter, and 

wattmeter.  

5. Bring back the variac to zero output voltage position and switch OFF the supply.  

 

Blocked Rotor Test:  

1. Connections are as per the circuit diagram.  

2. The rotor is blocked by tightening the belt.  

3. A small voltage is applied using 3- ɸ variac to the stator so that a rated current flows in the 

induction motor.  

4. Note down the readings of Voltmeter, Ammeter and Wattmeter in a tabular column.  

5. Bring back the variac to zero output voltage position and switch OFF the supply.  



Measurement of Stator Resistance: 

1. Connections are made as per the circuit diagram  

2. Switch ON the supply. By varying the rheostat, take different readings of ammeter and 

voltmeter in a tabular column.  

3. From the above readings, average resistance r1 of a stator is found. 

 
Observation Table: 

 

 

 
 
Measurement of Stator Resistance 
 

 
 
Calculations: 

For no load test: 

The rated Vnl Inl and power Pnl are all per phase values for No-Load test. 

 



For blocked rotor test: 
 
The rated Vbr , Ibr and power Pbr are all per phase values for Blocked rotor test. 

 

Since Xm >> X2  

Xbr = X1 + X2  

For squirrel cage induction motor, total leakage reactance Xbr(= X1 + X2) can be distributed 

between stator and rotor as per the following table: 

 

 
Stator and rotor ohmic losses at standstill are assumed equal. 

 

Result:  
Thus various parameters of equivalent circuit for three phase induction motor are 
determined. 



Experiment No. -  

Aim: To perform load test on three phase induction motor to obtain the performance 
characteristics. 
 

Apparatus  : 
 

Sl No Apparatus Name Specification Quantity 

1)  Ammeter   

2)  Voltmeter   

3)  Wattmeter   

4)  Auto Transformer   

5)  Tachometer   

Electrical Machine Specifications: 

Induction Motor: HP:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 

Theory : 

The load test on induction motor helps us to compute the complete performance of induction 
motor means to calculate the various quantities i.e. torque, slip, efficiency, power factor etc at 
different loading. In this test supply voltage is applied to motor and variable mechanical load is 
applied to the shaft of motor. Mechanical load can be provided by brake and pulley arrangement. 
The input current, input voltage, input power and speed of motor are observed from the 
experiment and various performance quantities are calculated as explain below. 

Slip : 

Due to the three-phase supply given to stator of an induction motor, a rotating magnetic field of 
constant magnitude is set up in the stator of the motor. The speed with which this rotating 
magnetic field rotates is known as synchronous speed and is given by 

𝑁𝑠 =  
120 𝑓

𝑃
 

Where f =supply frequency. 

  P =no of poles on the stator of the rotor. 

The actual speed of the rotor  Nr is always less than the synchronous speed. So the slip of the 

motor is given by following equation. This value of slip at full load lies between 2 to 5%. 

 

𝑠 =  
𝑁𝑠 −  𝑁𝑟

𝑁𝑠
 𝑋 100 

Torque : 

Mechanical loading is applied on induction motor by means of brake and pulley arrangement. 
The belt can be tightened or loosened by means of threaded rods with handles fixed on frame. 
Two spring balances are provided at the end of belt. The net force exerted at the brake drum can 
be obtained from the readings of the two spring balance i.e. S1 and S2 

 
Net force exerted on drum, 

𝑊 =  𝑆1 − 𝑆2 𝐾𝑔𝑓 



𝑇 =  
𝑑

2
 ∗  𝑊 ∗ 9.8 𝑁𝑤 − 𝑚 

 
Where d = effective diameter of brake drum in meter. 

Output Power : 
 

The output power of induction motor can be calculated as 
 

𝑃 =  
2 𝜋 𝑁𝑟𝑇

60
 

Where Nr is speed of motor in rpm. 

Input Power : 

The input power can be calculated from the readings of two wattmeter connected in the circuit 
W1  and W2 

Pi  =  W1  +  W2 

At low power i.e. under no load condition one of the wattmeter may read negative. In that case 
the connection of one wattmeter coil either pressure coil or current coil should be reversed 
however such reading should be recorded as negative reading. 

Power Factor : 

The power factor can be calculated from the two wattmeter reading using following relation 
 

tan 𝜑 =   3  
𝑊1 −  𝑊2

𝑊1 +  𝑊2
 

 
Once the angle Φ is known, the power factor, cosΦ can be easily known. 
 
Efficiency : 
 
Efficiency can be calculated using  

 =  
𝑜𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟

𝑖𝑛𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟
 𝑋 100 

Circuit Diagram : 
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Procedure : 

1. Connect the circuit as shown in Fig. 
2. Set three-phase variac for minimum voltage and brake pulley arrangement is set for no 

load. 
3. Switch ON the power supply and start the induction motor. 
4. Now gradually increase applied voltage by varying the variac very slowly up to the rated 

voltage. 
5. Increase the mechanical load on motor step by step and note down the reading at each 

step. 
6. Switch OFF the supply and disconnect the motor. 

Observation Table : 
 

 
SL 

NO 

Input 
Voltage V 

(volt) 

Input 
Current I 

(amp) 

Input Power Force (Kgf) Speed 

Nr (rpm) W1 
(watt) 

W2 
(watt) 

S1 S2 W = S1 – S2 

1         

2         

3         

4         

5         

Diameter of pulley, d =_____ m. 

Calculation  : 
 

 
SL NO 

Input 
Power 

Pin (watt) 

Total Force 
W 

(Kgf) 

Output 
Torque T 
(Nw-m) 

Output 
Power Po 
(watt) 

 
Slip (%) 

Power Factor 
cosΦ 

Efficiency 
(%) 

1        

2        

3        

4        

5        

Precautions:  
1. All  connections should be neat and tight. 
2. Special care should be taken about the sign of the reading s of wattmeters. 
3. Special attention should be given for cooling of the break pully, otherwise the wearing 

out of belt may be very rapid. 
4. The current ratings should be-given special care while selecting wattmeters. 

Result : Draw the following curve of three-phase slip ring induction motor 

a) Efficiency vs. output power. 
b) Torque vs. output power. 
c) Line current vs. output power. 
d) Power factor vs. output power. 
e) Slip vs. output power 
f) Torque vs. slip. 



Experiment No. -  

Aim: Different Method of Starting Of Three-Phase Squirrel Cage Induction Motor and 
Their Comparison. [DOL, Auto-Transformer, Star-Delta]. 
 

Apparatus  : 
 

Sl No Apparatus Name Specification Quantity 

1)  Ammeter   

2)  Voltmeter   

3)  DOL Starter   

4)  Auto Transformer   

5)  Star-Delta Starter   

6)  Tachometer   

Electrical Machine Specifications: 

Induction Motor: HP:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 

Theory : 

1. DIRECT ON LINE (D.O.L.) STARTER  : 

In this case of starting full supply voltage is connected to the motor. This starter doesn’t provide 
any reduction in starting current or starting torque. For small size motor (less than 2 HP) where 
starting torque is about twice the full-load torque and starting period lasts only a few seconds, 
this type starter is used. The schematic diagram for DOL starter is shown in Fig. 

 

 

 

 



2. AUTO-TRANSFORMER STARTER : 

In this method reduced voltage is obtained by three-phase auto-transformer. Generally 60 to 
65% tapping can be used to obtain a safe value of starting current. The full rated voltage is 
applied to the motor by star connected auto-transformer. When the motor has picked up the 
speed upto 85 % of its normal speed auto-transformer is taking out from the motor circuit as 
shown in Fig 

 

3. Star-Delta Starter:  

In this method reduced voltage is obtained by star-delta starter. This method of starting is based 
up to the principle that with 3 windings connected in star, voltage across each winding is 1/ 3 i.e. 
57.7 %. Of the line to line voltage whereas the same winding connected in delta will have full line 
to line voltage across each. The star-delta starter is connected to the stator winding in star 
across the rated supply voltage at the starting instant. After the motor attain the speed up to 85 
% of its normal speed the same stator winding is reconnected in delta through a change over 
switch across the same supply voltage as shown in Fig. 

 

 



Circuit Diagram : 

 

 
 

 
 
 

 
 

Procedure : 
Direct On Line Starting.  

a) Make the connection as shown in Fig.  

b) Connect the motor in Delta and switch ON the DOL starter and instantly note down the 

initial current.  

c) When motor attain the rated speed note down the voltage, current and speed of the motor.  

d) Switch OFF the power supply and disconnect the motor.  

 

Auto-transformer starting.  

a) Make the connection as shown in Fig.  

b) Connect the motor in Delta and switch ON the power supply.  

c) Put the knob of starter on 25 % tap position and instantly note down the initial current.  

d) When motor attain the rated speed note down the voltage, current and speed of the motor.  

e) Follow the same procedure for 50 % tap and 100 % tap.  

f) Switch OFF the power supply and disconnect the motor.  



Star-Delta starting.  

a) Make the connection as shown in Fig.  

b) Switch ON the power supply.  

c) Put the handle of starter on start position and instantly note down the initial current.  

d) When motor attain the speed up to 85 % of its normal speed put the handle of starter on 

run position and note down the voltage, current and speed of the motor.  

e) Switch OFF the power supply and disconnect the motor.  

 

Discussion :  
1. State the advantage and disadvantage of each starter.  

2. Compare the three different method of starting.  

3. State the application of each starter.  

4. Among the three starters which one has less starting torque? Explain why.  
 



Experiment No. -  

Aim: Speed control of three-phase Slip Ring Induction Motor by rotor resistance control.. 
 

Apparatus  : 
 

Sl No Apparatus Name Specification Quantity 

1)  Ammeter   

2)  Voltmeter   

3)  Auto Transformer (Variac)   

Electrical Machine Specifications: 

Induction Motor: HP:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 

Theory : 

Slip ring induction motors are usually started by connecting starting resistance in the secondary 

circuit, which are shorted out as the motor speed up. If the ohmic values of these resistances are 

properly chosen and if the resistors are designed for continuous operation, they can serve dual 

purpose i.e. starting and speed control. This method of speed control has characteristics similar 

to those of dc motor speed control by means of resistance in series with armature. 

Torque developed by an induction motor is given by 

 

When the speed is very near to synchronous speed  Ns i.e. when sip is very low the value of the 

term s2 X22 is very small and can be neglected as compared to R22 and torque developed become 

proportional to s/R2. So it is obvious that for a given torque, slip s can be increased or speeds can 

be reduced by increasing the rotor resistance. In this method speed can be control only below 

the rated speed. If step of external resistance is larger speed control is smoother. In this method 

efficiency is largely reduced at low speed. The curve of speed vs. resistance is shown in Fig 

below.  

 

 



 

 

 

 
 

 
 
Procedure:  

1) Connect the circuit as shown in Fig.  

2) Switch ON the power supply.  

3) With the help of external rotor resistance starts the induction motor.  

4) Vary the rotor resistance and note down the various speed.  

5) Switch OFF the power supply and disconnect the motor.  

6) Measure the external rotor resistance in each step by multimeter.  

7) Draw the speed vs. rotor resistance curve.  

.  

Observation Table: 
 

 
 
 

RESULT : Draw the speed vs. rotor resistance curve of slip ring induction motor. 



Experiment No. -  

Aim: To perform load test on single phase induction motor to obtain the performance 

characteristics. 

 

Apparatus  : 
 

Sl No Apparatus Name Specification Quantity 

1)  Ammeter   

2)  Voltmeter   

3)  Wattmeter   

4)  Auto Transformer   

5)  Tachometer   

Electrical Machine Specifications: 

Induction Motor: HP:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 

Theory : 

The load test on induction motor helps us to compute the complete performance of induction 

motor means to calculate the various quantities i.e. torque, slip, efficiency, power factor etc at 

different loading. In this test supply voltage is applied to motor and variable mechanical load is 

applied to the shaft of motor. Mechanical load can be provided by brake and pulley arrangement. 

The input current, input voltage, input power and speed of motor are observed from the 

experiment and various performance quantities are calculated as explain below. 

Slip : 

Due to the single-phase ac supply given to stator of an induction motor, a rotating magnetic field 

of constant magnitude is set up in the stator of the motor. The speed with which this rotating 

magnetic field rotates is known as synchronous speed and is given by 

𝑁𝑠 =  
120 𝑓

𝑃
 

Where f =supply frequency. 

  P =no of poles on the stator of the rotor. 

The actual speed of the rotor  Nr is always less than the synchronous speed. So the slip of the 

motor is given by following equation. This value of slip at full load lies between 2 to 5%. 

𝑠 =  
𝑁𝑠 −  𝑁𝑟

𝑁𝑠
 𝑋 100 

Torque : 

Mechanical loading is applied on induction motor by means of brake and pulley arrangement. 

The belt can be tightened or loosened by means of threaded rods with handles fixed on frame. 

Two spring balances are provided at the end of belt. The net force exerted at the brake drum can 



be obtained from the readings of the two spring balance i.e. S1 and S2 

Net force exerted on drum, 

𝑊 =  𝑆1 − 𝑆2 𝐾𝑔𝑓 

𝑇 =  
𝑑

2
 ∗  𝑊 ∗ 9.8 𝑁𝑤 − 𝑚 

Where d = effective diameter of brake drum in meter. 

Output Power : 

The output power of induction motor can be calculated as 

𝑃 =  
2 𝜋 𝑁𝑟𝑇

60
 

Where Nr is speed of motor in rpm. 

Input Power : 

The input power can be determined from the readings of wattmeter connected in the circuit. 

Pi  =  W 

Power Factor : 

The power factor can be calculated from the two wattmeter reading using following relation 

𝐜𝐨𝐬𝝋 =    
𝑷𝒊𝒏

𝑉𝐼
 

Efficiency : 

Efficiency can be calculated using  

 =  
𝑜𝑢𝑡𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟

𝑖𝑛𝑝𝑢𝑡 𝑝𝑜𝑤𝑒𝑟
 𝑋 100 

Circuit Diagram : 

 

 
 
 
 
 
 
 



Procedure : 

1. Connect the circuit as shown in Fig. 

2. Set variac for minimum voltage and brake pulley arrangement is set for no load. 

3. Switch ON the power supply and start the induction motor. 

4. Now gradually increase applied voltage by varying the variac very slowly up to the rated 

voltage. 

5. Increase the mechanical load on motor step by step and note down the reading at each 

step. 

6. Switch OFF the supply and disconnect the motor. 

7. Calculate the various quantities and draw the various curves as stated above. 

Observation Table : 
 

 
SL 
NO 

Input 
Voltage 

V 
(volt) 

Input 
Current I 

(amp) 

Input Power Force (Kgf) Speed 

Nr (rpm) W 

(watt) 
S1 S2 F = S1 – S2 

1        

2        

3        

4        

5        

Diameter of pulley, d =_____ m. 

Calculation  : 
 

 
SL 
NO 

Input 
Power 

Pin (watt) 

Total Force  
F 

(Kgf) 

Output 
Torque T 
(Nw-m) 

Output 
Power Po 
(watt) 

 
Slip (%) 

Power Factor 
cosΦ 

Efficiency 
(%) 

1        

2        

3        

4        

5        

Precautions:  
1. All  connections should be neat and tight. 

2. Special attention should be given for cooling of the break pully, otherwise the wearing 

out of belt may be very rapid. 

3. The current ratings should be-given special care while selecting wattmeters. 

Result : Draw the following curve of three-phase slip ring induction motor 

a) Efficiency vs. output power. 

b) Torque vs. output power. 

c) Line current vs. output power. 

d) Power factor vs. output power. 

e) Slip vs. output power 

f) Torque vs. slip. 



Experiment No. -  

Aim: Determination of equivalent circuit parameter of a single phase induction motor. 
 

Apparatus  : 
 

Sl No Apparatus Name Specification Quantity 

1)  Ammeter   

2)  Voltmeter   

3)  Wattmeter   

4)  Tachometer   

5)  Connecting leads   

6)  Auto Transformer (Variac)   

Electrical Machine Specifications: 

Induction Motor: HP:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 

Theory : 

The equivalent circuit of single phase induction motor is determined by the no-load test and 

block rotor test. The equivalent circuit of single phase induction motor is shown in Fig. 1. 

 

Fig-1- Single phase Induction Motor 

1. No Load Test  : 

 This test is similar to open circuit test on a transformer. A single-phase auto-transformer 

is used to supply rated voltage at the rated frequency. The motor is runs at no load. The power 

input is measured by wattmeter. With the motor running at no load, the slip is very close to zero. 

It may be therefore be assumed that s  0. Under these conditions r2/2s become infinity and 

r2/2(2-s) = r2/4 become several times smaller than xm/2. In view of these 

approximation (r2/2s + jx2/2) and xm/2 (across r2/4 +j x2/4) may be neglected and 

that gives the equivalent circuit as shown in Fig. 

 

 



Let consider 

Vo = No-load applied voltage. 

Io = Exciting current or No-load current 

Wo = Core loss and Mechanical loss.  

Therefore no load power factor coso = Wo / Vo Io 

So, the impedance is Zo = Vo/Io and  

The reactance Xo = Zo sino  

From the circuit   Ro = r1 + r2/4  and Xo = x1 + (x2 + xm)/2  

 

 

Fig-2- Equivalent circuit for no load test 

 

Fig-3 Equivalent circuit for block rotor test 

 

2. Blocked Rotor Test : 

With the rotor at rest, single-phase voltage, applied to stator main winding, is increased 

gradually from zero so that rated current flow in main winding. Under these condition i.e. with 

rotor stationary, the slip s=1 and the voltage required to circulate full-load current is very low. 

Therefore, flux is small and the magnetizing current flowing to Xm is also very low. In view of 

this, magnetizing reactance can be neglected and that gives the equivalent circuit as shown in 

Fig. 3. 

Let consider 

V
sc = Applied short circuit voltage on stator side. 

I
sc = Short circuit current. 

W
sc = Total ohmic loss. 

Then the total equivalent resistance  RSC = r1+ 2(r2/2) = Wsc/I2
sc 

Since resistance of main winding is already measured, effective rotor resistance  r2 = Rsc – r1 

The total equivalent per phase impedance  Zsc = Vsc / Isc 

Therefore total equivalent per phase reactance Xsc = x1 + 2(x2/2) = (Z2sc – R2sc) 

Since the leakage reactance x1 and x2 can’t be separated out, it is assumed that x1 = x2 = Xsc/2 

 



Circuit Diagram : 

 
 

Procedure:  

1. Connect the circuit as shown in Fig. 

2. Switch ON the power supply and apply the rated voltage in stator with the help 

of single-phase variac. 

3. Note down the voltmeter, ammeter and wattmeter reading. 

4. Disconnect the power supply and block the rotor with the help of clamp as 

such a way that it cannot rotate. Rotor can be blocked by disconnecting 

auxiliary or starting winding (SW) from main or running winding (RW). 

5. Apply very low voltage to the main winding only and then gradually increase 

the voltage until the rated current is flow in stator winding. 

6. Note down the voltmeter, ammeter and wattmeter reading. 

7. Switch OFF the power supply and disconnect the circuit. 

8. Measure the stator resistance or main winding resistance by multi-meter.  

9. Calculate the different parameter of single-phase induction motor from the above data. 

 
Observation Table: 

 

 
Calculations: 

The total series impedance Z = Z1 + Z f + Zb 

So, the input current   Im = V/Z 

Now, the core, friction and windage loss  Pr = Wo - I2o Ro 

Therefore, output power  Pout = Pmech – Pr = [Im2(Rf – Rb) (1-s)] – Pr  

And input power  Pin = V Im cos 

So, efficiency % = (Pout/Pin) * 100  



Result:  

Rotor resistance =    Ω 

Magnetizing reactance =   Ω 

Leakage reactance =    Ω 

Efficiency of induction motor =  % 

Draw the equivalent circuit of single phase induction motor. 



 

EXPERIMENT NO.:- 

 
AIM:- To determine voltage regulation of three phase alternator by direct loading. 

 

Apparatus  : 
 

Sl No Apparatus Name Specification Quantity 

1)  Ammeter   

2)  Voltmeter   

3)  Frequency meter   

4)  Tachometer   

5)  Connecting leads   

6)  3-phase load   

Electrical Machine Specifications: 

Synchronous Machine: Power:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 

DC Motor: Power:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 
 
Theory : 

This decrease in the terminal voltage of an alternator is due to the following three reasons. 

1. Armature resistance. 

2. Armature leakage reactance. 

3. Decrease in flux/pole due to armature reaction. 

The effect of armature reaction on the terminal voltage of the alternator can be accounted for by 

assuming a fictitious reactance Xa in the armature-windings. The voltage drop due to armature 

reaction is represented by I Xa, where I represents the load current and Xa, represents the equivalent 

(fictitious) reactance due to the armature reaction. 

 

At this stage, we can define a new term, known as synchronous reactance, Xs as the sum of leakage 

reactance XL and the fictitious reactance representing the armature reaction Xa. Thus 

Xs = XL + Xa 

Further, we define another term as synchronous impedance (Zs) as 

Zs = Ra + jXs 

The voltage regulation of an alternator is defined as the increase in the terminal voltage when full 

load is thrown off, provided field current and speed remain the same. 

Mathematically, 

Percentage regulation = (Eo – V)*100/V 

 Where, Eo = No load terminal voltage 

  V =  Full load terminal voltage 

In case of a lagging power factor Eo is more than V and voltage regulation is positive whereas in case 

of a leading power factor Eo is less than V and voltage regulation is negative. 



 

Circuit Diagram:- 

 
Procedure: - 

1) Connect the circuit as shown in the diagram. 

2) Keep load zero, set field potential divider to zero output voltage position. 

3) Keep field resistance of motor to its minimum value. 

4) Start the motor with the help of starter. 

5) With the field rheostat of motor adjust the speed to synchronous value. 

6) Switch on DC supply of field (Alternator) and adjust the potential divider so that the 

voltmeter reads  rated voltage of the alternator.  

7) Increase the load in steps till rated current of alternator and set the voltage and speed 

rated. 

8) Now sudden thrown off the load and set the speed rated. Keep the field current same as at 

full load. 

9) Note down the no load voltage at same field current. 

 

Precautions: 

1) All connections should be perfectly tight and no loose wire should lie on the work table. 

2) Before switching ON the dc supply, ensure that the starter’s moving arm is at it’s 

maximum resistance position. 

3) Do not switch on the supply, until and unless the connection are checked by the teacher 

4) Avoid error due to parallax while reading the meters. 



 

5) Hold  the tachometer with both hands steady and in line with the  motor shaft so  that  it 

reads correctly. 

 
Observation:     

 
Sr. 
No. 

Voltage at Full load 
Vt   (V) 

Voltage at no load 
Eo  (V) 

% Regulation 

    

 
 

 

Calculations: 
 

% regulation 
= 

 
Eo – Vt 

--------------- x 100 
Vt 

 

Result:   The regulation at full load ________________________ 
 
 



 

EXPERIMENT NO: 
 
AIM:- To find regulation of a three-phase alternator by synchronous impedance 
method (EMF method) 

 

Apparatus  : 
 

Sl No Apparatus Name Specification Quantity 

1)  Ammeter   

2)  Voltmeter   

3)  Frequency meter   

4)  Tachometer   

5)  Connecting leads   

6)  3-phase load   

Electrical Machine Specifications: 

 

Synchronous 
Machine: 

Power:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 

DC Motor: Power:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 
 
Theory: 

The synchronous impedance of a given three phase alternator can be determined 

from the following two experiments.  

1. Open Circuit Test:  

In this test, the alternator is run with the prime mover i.e. dc motor. The output 

terminals of the alternator are kept open i.e. alternator run on no-load. The induce emf per 

phase corresponding to various values of field current is measured. The curve is drawn 

between the induced emf per phase and the field current as shown in Fig. This curve is 

known as open circuit characteristics (O.C.C.).  

2. Short Circuit Test:  

In this test, the output terminals of the alternator are short circuited through low 

resistance ammeter. The short circuit current is measured corresponding to various values 

of field current while speed is kept constant with the help of field rheostat. The curve is 

drawn between short circuit current and field current as shown in Fig. (Curve II). This 

curve is known as short circuit current (S.C.C.). 

From the Fig. let OA represent the field current corresponding to rated terminal 

voltage. Then AB represents the rated short circuited current and AC represents the 

induced emf per phase. Under the short circuit condition whole of the emf AC is used to 

create the short circuit current AB. Now, we can write 

Synchronous impedance, Zs =  AC (in volts)/ AB (in amp) 

 

 



 

The value of armature resistance per phase Ra can be determined by an accurate 

ohmmeter. The effective value of armature resistance can be determined by increasing the 

measured value by 20% to account for the skin effect and effect of temperature rise. Then, 

synchronous reactance Xs can be calculated using the following relation 

Xs = Zs2 – Ra2 

No load induced emf per phase  

 

Percentage Regulation 

 

Circuit Diagram: 

 



Procedure: 
 

[A] Open Circuit Test 

1) Connect the circuit as shown. 

2) Set potential divider to zero output position and motor field rheostat to minimum 

value. 

3) Switch on dc supply and start the motor. 

4) Adjust motor speed to synchronous value by motor field rheostat and note the 

meter readings. 

5) Increase the field excitation of alternator and note the corresponding readings. 

6) Repeat step 5 till 10% above rated terminal voltage of alternator. 

7) Maintain constant rotor speed for all readings. 

 

[B] Short Circuit Test 

1) Connect the circuit as shown. 

2) Star the motor with its field rheostat at minimum resistance position and the 

potential divider set to zero output. 

3) Adjust the motor speed to synchronous value. 

4) Increase the alternator field excitation and note ammeter readings. 

5) Repeat step 4 for different values of excitations (field current). Take readings up to 

rated armature current. Maintain constant speed for all readings 

6) Measure the value of armature resistance per phase Ra by multimeter or by 

ammeter- voltmeter method. 

7) Plot the characteristics and find the synchronous impedance. 

 
Observations: 

 

 

Calculate the excitation emf Eo and voltage regulation for full-load and 

1. 0.8 lagging p.f. 
2. UPF 
3. 0.8 leading p.f. 

Eo = [(V cos + Ia Ra)2 + (V sin  + Ia Xs)2] 
 
+ sign is for lagging pf load. - sign is for leading pf load. 
V = rated terminal voltage per phase of alternator 
 



%Regulation  
 
 

Result: 
Regulation of alternator at full load is found to be,  
At unity pf = -------------- 

At 0.8 lagging = --------------- 
At 0.8 leading = -------------- 
Synchronous Impedance varies for different values of excitation. 

 
Precautions: 

1. All connections should be perfectly tight and no loose wire should lie on the work table.  
2. Before switching ON the dc supply , ensure that the starter’s moving arm is at it’s 

maximum 
3. resistance position. 

4. Do not switch on the supply, until and unless the connections are checked by the 
teacher  

5. Avoid error due to parallax while reading the meters. 
6. Hold the tachometer with both hands steady and in line with the motor shaft so that 

it reads correctly. 
7. Ensure that the winding currents do not exceed their rated values. 

 
 
Discussion: 

1. Why OCC looks like B-H curve? 
2. Why SCC is a straight line? 
3. What is armature reaction effect? 
4. What are the causes of voltage drop? 
5. When is the regulation negative and why? 
6. Can we find regulation of a salient pole machine by this test? Justify your answer. 

 



 

EXPERIMENT NO.:- 

 
AIM:- To determine voltage regulation of three phase alternator by ZPF method. 

Apparatus  : 
 

Sl No Apparatus Name Specification Quantity 

1)  Ammeter   

2)  Voltmeter   

3)  Frequency meter   

4)  Tachometer   

5)  Connecting leads   

6)  3-phase load   

Electrical Machine Specifications: 

Synchronous Machine: Power:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 

DC Motor: Power:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 
 
Theory : 

The regulation obtained by synchronous impedance method is based on total synchronous reactance 

i.e. sum of armature leakage flux reactance and reactance due to armature reaction. But in Zero 

Power Factor (ZPF) or Potier reactance method regulation calculation is based on separation of 

reactance due to leakage flux and that due to armature reaction flux.  

To determine the voltage regulation by this method, a curve between terminal voltage and field 

excitation while machine is being run on synchronous speed and delivering full load at zero power 

factor (lagging) have to be drawn along with no load characteristic as show in figure. The ZPF 

characteristic curve is of exactly same shape, as the OCC but it is shifted vertically downward by 

leakage reactance drop IXLand horizontally by armature reaction mmf. 

 



 

 

The point A is obtained from a short circuit test with full load armature current. Hence OA 

represents excitation (field current) required to overcome demagnetizing effect of armature reaction 

and to balance leakage reactance drop at full load. Point B is obtained when full load current flows 

through the armature. From B, line BC is drawn and parallel to OA. Then a line is drawn through c 

parallel to initial straight part of OCC (parallel to OG), intersecting the OCC at D. BD is joined and a 

perpendicular DF is dropped on BC. The triangle BFD is imposed at various points OCC to obtain 

corresponding points on the ZPF curve. The length BF in BFD represents armature reactance and 

the length DF represents leakage reactance drop IXL . This known as Potier reactance voltage drop 

and the triangle is known as Potier Triangle. The potier reactance is given as 

 

 

In case of cylindrical rotor machines, potier reactance is nearly equal to armature leakage 

reactance. In case of salient pole machine, the magnetizing circuit is more saturated and the armature 

leakage reactance is smaller than the potier reactance. 

Potier Regulation Diagram: 

OV is drawn horizontally to represent full load terminal voltage, V and OI is drawn to 

represent full load current at a given power factor. VE is drawn perpendicular to phasor OI and equal 

to reactance drop (IXL ), neglecting resistance drop. Now phasor OE represents generated emf E. 

From OCC field excitation I1 corresponding to generated emf E is determined, OI1 is drawn 

perpendicular to phasor OE to represent excitation required to induce emf OE on open circuit. I1I2 is 

drawn parallel to load current phasor OI to represent excitation equivalent to full load armature 

reaction. OI2 gives total excitation required. If the load is thrown off, then terminal voltage will be 

equal to generated emf corresponding to field excitation OI2. Hence OEo will lag behind phasor OI2 by 

90°. EEo represents voltage drop to armature reaction. So, regulation can be obtained from the 

relation below 

 
 

 
Potier regulation diagram 

 



 

 
Circuit Diagram:- 
i) Open Circuit Test (Fig-1) 

 
ii) Short circuit Test (Fig-2) 

 
 
iii) Set up for ZPF Curve (Fig-3) 

 
Procedure: - 

To plot Open Circuit Characteristics: 

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

2) Switch ON the dc power supply and start the motor with the help of three point starter 

keeping the field rheostat at its minimum value. 

3) Now adjust the speed of motor equal to the synchronous speed of alternator with the 



 

help of field rheostat. Maintain this synchronous speed throughout the experiment. 

4) Increase alternator field current by varying the field voltage gradually. Note down the 

voltmeter reading connected across the alternator terminals for various values of 

alternator field current. Go up to 10 % above the rated voltage of alternator. 

5) Switch OFF the dc supply. 

6) Short the alternator output through ammeter as shown in Fig. 2 and repeat steps 2 and 3 
above.  

7) Increase alternator field current by varying the field voltage gradually. Note the ammeter 
readings connected across the alternator terminals for various values of alternator field 
current.  

8) Switch OFF the dc supply. 

9) Measure per phase armature resistance and field resistance.  

10) Plot the O.C.C. and S.C.C. curves.  
 

To Plot ZPF Curve 

1) Connect the circuit as shown in figure.  

2) Start the motor and run it at synchronous speed. 

3) Vary the inductive load in steps and adjust the field current to a value till full load armature 

current is flowing. 

4) Every time note down the field current and the terminal voltage of alternator. 

5) Plot the ZPF curves and draw potier triangle. 

 

Observation:     

 
 

Calculation: 
Potier reactance =  
No load voltage Eo =  
%age regulation = (Eo-V)*100/V 
 

Result:   The regulation at full load ________________________ 



EXPERIMENT NO: 
 
AIM:- To determine sub transient direct axis (Xd’’) and quadrature axis (Xq”) 
synchronous reactance of an alternator. 

 

Apparatus  : 
 

Sl No Apparatus Name Specification Quantity 

1)  Ammeter   

2)  Voltmeter   

3)  Connecting leads   

4)  Auto transformer   

Electrical Machine Specifications: 

Synchronous Machine: Power:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 
 
Theory: 

To understand the behavior of an alternator under transient conditions, the 

armature and field resistance is assumed to be negligibly small. In purely inductive closed 

circuit the total flux linkages cannot change suddenly at the time of any disturbance. Now if 

all the three phases of an unloaded alternator with normal excitation are suddenly short 

circuited there will be short circuit current flowing in the armature. As the resistance is 

assumed to be zero this current lag behind the excitation voltage by 90 degree and the mmf 

produced by this current will be in d- axis and the first conclusion is that , this current will 

be affected by d axis parameters Xd, Xd’ and Xd” only. 

Further there will be demagnetizing effect of this current but as the flux linkages 

with field cannot change the effect of demagnetizing armature mmf must be counter 

balance by a proportional increase in the field current ,This additional induced component 

of field current gives rise to greater excitation , under transient state and results in more 

short circuit current at this time than the steady state short circuit. 

If field poles are provided with damper bars, then at the instant three phase short circuit 

the demagnetizing armature mmf induces current in damper bars which in turn produces field in 

the same direction as main field and hence at this instant, the excitation further increases and 

gives rise to further increase in short circuit armature current. 

This is for a very short duration, normally 3 to 4 cycles and this period is known as sub-

transient period. Since the field voltages are constant, there is no additional voltage to sustain this 

increased excitation during sub transient period or transient period. Consequently the effect of 

increased field current decrease with a time constant determined by the field and armature circuit 

parameter and accordingly the short circuit armature current also decays with the same time 

constant. 



 
 

 

Fig. shows a symmetrical waveform for an armature short circuit for one phase of three 

phase alternator. The DC component is taken to be zero in this phase. 

The reactances offered by the machine during sub transient period are known as sub 

transient reactances. Along the direct axis, it is direct axis sub transient reactance, Xd″ and 

along the quadrature axis, it is quadrature axis sub-transient reactance, Xd″. 

 

Circuit Diagram: 

 
Procedure: 

1 )  Make the connections as shown in the circuit diagram  

2) Set the dimmerstat output to zero and put on the supply. 

3) Adjust the stator current to 50% of the rated value rotate the rotor slowly with 

hands and note   down the current through field winding and respective readings.  

When  

 The current flowing through field winding is Maximum. 

 The current flowing through field winding is Minimum. 

4) Repeat the step three for other applied voltage Take care that armature current 

does not go beyond its rated value during the experiment. 



 
Observations: 

 

 
 

Result: 
The average values and per unit are found as follows.  

Direct axis sub transient reactance’s Xd” =……………… 

Quadrature axis sub transient reactance Xq”=………………….. 
 
Discussion: 

1. In this experiment why 1 phase supply is used and not three phase?  

2. What is the purpose of damper winding in synchronous machines?  

3. Generally whether Xd” > Xq” or Xd”< Xq” and why. 

4. What is the frequency of rotor induced emf in this test and why?  

5. What is meant by Xd” and Xq”? 

6. Out of Xq, Xq’, Xq” which one is minimum? Why?  

7. Out of Xd,Xd’,Xd” which one is minimum ? Why?  

8. What is hunting of synchronous machine? 

9. What happen if there is sudden short circuit on the alternator?  

10. What do meant by transient stability? 



EXPERIMENT NO: 
 
AIM:- To determine direct axis (Xd) and quadrature axis (Xq) synchronous reactance 
of a three phase synchronous machine by slip test. 

 

Apparatus  : 
 

Sl No Apparatus Name Specification Quantity 

1)  Ammeter   

2)  Voltmeter   

3)  Auto transformer   

4)  Tachometer   

Electrical Machine Specifications: 

Synchronous Machine: Power:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 

DC Motor Power:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 
 
Theory: 

When a three phase synchronous alternator operates under normal condition, the 

resultant armature mmf is stationary with respect to the field mmf. As such the effect of 

armature mmf cannot be studied unless it is resolved into two components, one is along the 

axis of pole known as direct axis and another is along the axis quadrature to this known as 

quadrature axis. The component of armature mmf acting along direct axis has overcome 

lesser reluctance as compared the component of armature mmf acting along quadrature 

axis, and can therefore, establish more flux. On the other hand, quadrature axis path has 

higher reluctance and therefore, quadrature axis mmf will establish lesser flux. So, under 

the steady stat operation condition of the synchronous machine we define two reactance as 

follows 

Direct axis reactance =  Xd 

Quadrature axis reactance = Xq 

 

The value of d X and q X are determined by applying a balanced reduced external voltage to 

an unexcited synchronous machine at a speed of little less than the synchronous speed. Due 

to applied voltage to the stator terminals a current will flow causing a stator mmf. This 

stator mmf moves slowly relative to the poles and induced an emf in the field circuit in a 

similar fashion to that of rotor in an induction motor at slip frequency. The effect will be 

that the stator mmf. will move slowly relative to the poles. The physical poles and the 

armature-reaction mmf are alternately in phase and out, the change occurring at slip 

frequency. 

When axis of the pole and axis of armature reaction mmf wave coincide, the armature mmf 

acts through the field circuit. Therefore, the corresponding reactance is direct axis 

reactance and is given by 

𝑋𝑑 =
𝑚𝑎𝑥𝑖𝑚𝑢𝑚  𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎𝑟𝑚𝑎𝑡𝑢𝑟𝑒 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 (𝑝𝑎𝑠𝑒 𝑣𝑎𝑙𝑢𝑒)

𝑚𝑖𝑛𝑖𝑚𝑢𝑚  𝑣𝑎𝑙𝑢𝑒  𝑜𝑓 𝑎𝑟𝑚𝑎𝑡𝑢𝑟𝑒  𝑐𝑢𝑟𝑟𝑒𝑛𝑡 (𝑝𝑎𝑠𝑒 𝑣𝑎𝑙𝑢𝑒)
 



When armature reaction mmf is in quadrature with the field poles, the applied voltage is 

equal to the leakage reactance drop plus the equivalent voltage drop of the cross-

magnetizing field component. Therefore, the corresponding reactance is quadrature axis 

reactance and is given by 

𝑋𝑞 =
𝑚𝑖𝑛𝑖𝑚𝑢𝑚  𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎𝑟𝑚𝑎𝑡𝑢𝑟𝑒 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 (𝑝𝑎𝑠𝑒 𝑣𝑎𝑙𝑢𝑒)

𝑚𝑎𝑥𝑖𝑚𝑢𝑚  𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎𝑟𝑚𝑎𝑡𝑢𝑟𝑒  𝑐𝑢𝑟𝑟𝑒𝑛𝑡 (𝑝𝑎𝑠𝑒 𝑣𝑎𝑙𝑢𝑒)
 

 

Circuit Diagram: 

 
 

Procedure: 

1. Connect the circuit as shown in Fig.  

2. Bring the field circuit rheostat of D.C. motor to its minimum value and switch ON the 

supply.  

3. Start the D.C. motor with the help of three point stater.  

4. Check the direction of rotation of the synchronous machine. The direction of rotation 

of synchronous machine when run by D.C. motor should be the direction of rotation 

when run as induction motor. If it is not same, change either the direction of rotation 

of D.C. motor or the phase sequence of synchronous machine.  

5. Increase the speed of D.C. motor by increasing the field rheostat so that the speed 

reaches a little less than the synchronous speed of machine. Maintain the slip to be 

less than 5 %.  

6. Check that the three phase variac is set to zero position. Switch ON the ac supplies 

with opening field circuit and apply it to the stator of synchronous machine.  

7. Increase the supply voltage using three phase variac so that the machine draw the 

rated current.  

8. It will be observe that induced voltage, applied voltage to the stator winding and 

current in stator winding will fluctuate from their minimum values to maximum 

values.  

9. Note down the reading.  

10. Repeat the step 5, 7 and 8 for some other suitable speeds.  

11. Reduce the applied voltage to stator winding of synchronous machine by means of 

three phase variac to zero and switch OFF the ac supply.  

12. Reduce the speed of dc motor by decreasing its field resistance and switch OFF the dc 

supply.  



Observations: 
 

 
 

Result: 
The average direct axis reactance Xd = _______Ω  

The average quadrature axis reactance Xq = _____Ω 

 

Discussion: 
1. What should be the value of Xq/Xd? 

2. What should be the permissible value of slip for this experiment? 

3. Why the reading of Voltmeter and Ammeter are fluctuating? 



EXPERIMENT NO: 
 
AIM:- To study the effect of variation of field current upon the stator current and 
power factor of a synchronous motor at various load and draw V-curves and invert V-
curves. 

Apparatus  : 
 

Sl No Apparatus Name Specification Quantity 

1)  Ammeter   

2)  Voltmeter   

3)  Wattmeters   

4)  3-phase Auto transformer   

5)  Rheostats   

Electrical Machine Specifications: 

Synchronous Motor: Power:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 
 
Theory: 

V-curve of a synchronous machine shows its performance in terms of variation of 

armature current with field current when the load and input voltage to the machine is 

constant. When a synchronous machine is connected to an infinite bus, the current input to 

the stator depends upon the shaft-load and excitation (field current). At a constant load, if 

excitation is changed the power factor of the machine changes, i.e. when the field current is 

small (machine is under-excited) the P.F. is low and as the excitation is increased the P.F. 

improves so that for a certain field current the P.F. will be unity and machine draws 

minimum armature current. This is known as normal excitation. If the excitation is further 

increased the machine will become overexcited and it will draw more line current and P.F. 

becomes leading and decreases. Therefore, if the field current is changed keeping load and 

input voltage constant, the armature current changes to make VIcosφ constant. Because of 

their shape as English letter ‘V’, graphs of variation of armature current with excitation are 

called ‘V’ curves. If the ‘V’ curves at different load conditions are plotted and points on 

different curves having same P.F. are connected the resulting curve is known as 

“compounding curves”. 

 
V-curves for Synchronous motor 

 
Invert V-curves for Synchronous motor 



Circuit Diagram: 

 
 

Procedure: 

1) Make the connections as shown in circuit diagram. 

2) Adjust the field rheostat of DC generator at maximum position, the potential divider at 

zero output position and the load at off condition. 

3) Switch on the 3-ph. supply, start the synchronous motor and let it run at its rated speed. 

4) Switch on the DC supply and adjust the generator field current to a suitable value so that 

it generates rated voltage. 

5) Increase the alternator field current and note down corresponding power factor and 

armature current covering a range from low lagging to low leading power factor through 

a unity power factor. Note that armature current is minimum when the p.f. in unity. 

6) Increase load on synchronous motor and repeat step no.5. 

 

Observations: 
 

S. No. 
Supply 

Voltage V 
Exciter 

Current If 

Power input Power 
Factor 
cos 

W1 W2 P=W1+W2 

       
       
       
       
 
Graph: Plot the curves between armature current (Ia) vs field current (If) and power factor 
(cosФ) vs field current (If) 

 
Discussion: 

1. With what condition synchronous motor can be used as a synchronous condenser. 

2. What are the special applications of an over excited synchronous motor. 

3. Explain the effect of change of excitation of a synchronous motor on its armature 

current. 

4. Explain the effect of change of excitation of a synchronous motor on its power factor. 

5. With the given excitation a synchronous motor draws a unity power factor current. If 



the mechanical load is increased what will be the power factor and current for the same 

excitation. 

6. Why V curve shift upwards and inverted V curve shift right as the load increases. 

7. Explain the effect of change of excitation of a synchronous generator on its armature 

current. 

8. Explain the effect of change of excitation of a synchronous generator on its power 

factor  



EXPERIMENT NO: 
 
AIM:- To determine the symmetrical impedances of a synchronous machine. 

 

Apparatus  : 
 

Sl No Apparatus Name Specification Quantity 

1)  Ammeter   

2)  Voltmeter   

3)  Connecting leads   

4)  Auto transformer   

Electrical Machine Specifications: 

Synchronous Machine: Power:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 

DC Shunt Motor Power:  __________   Voltage:_____________    Current: _______________ 

Speed: ________________ 
 
Theory: 

Various sequence impedances are defined for an equipment or a component of 

power system. The sequence impedance of an equipment is defined as the impedance 

offered by the equipment to the flow of corresponding sequence current. This means the 

positive sequence impedance of an equipment is the impedance offered by the equipment 

to the flow of positive sequence currents. Similarly, the negative sequence impedance of an 

equipment is the impedance offered by the equipment to the flow of negative sequence 

currents. Further, the zero sequence impedance of equipment is the impedance offered by 

the equipment to the flow of zero sequence currents. 

The positive, negative and zero sequence impedances are represented by Z1, Z2 and 

Z0 respectively. It is important to mention here that for the symmetrical systems there is no 

mutual coupling between the sequence networks. Therefore, the three-sequence systems 

can be considered separately. The resultant phase currents and voltages can be determined 

by superposing their symmetrical components of currents and voltages respectively.  

Positive Sequence Impedance: The value of positive sequence impedance depends 

upon the working of the machine 1.e., whether it is working under sub-transient, transient 

or steady state condition. The impedance under steady state condition is termed as 

synchronous impedance. 

Negative Sequence Impedance: Negative sequence impedance of a machine is the 

impedance offered to the flow of negative sequence current. In this test the synchronous 

machine under test is driven at the rated speed by a prime mover. The field circuit is short 

circuited. A reduced voltage is applied to circulate approximately the rated current. Only 

negative sequence current flow under this condition. There is a possibility of hunting due to 

which the pointer of the ammeter may oscillate. In such a case mean reading of the 

ammeter should be recorded. Then negative sequence impedance can be calculated using 

the following equation 

𝑍2 =  
𝑉

 3 ∗ 𝐼 
 



Zero Sequence impedance. Zero sequence impedance is the impedance offered by 

the machine to the flow of the zero sequence current. Zero sequence impedance is much 

smaller than positive and negative sequence impedances. The zero sequence has a meaning 

for a star connected system only, because otherwise no zero sequence current flows. To 

perform this test the machine remains at stands still. A reduced A.C. voltage is impressed 

across the three windings (connected in series). The zero-sequence impedance is calculated 

using the following relation 

𝑍0 =  
𝑉

3𝐼 
 

Circuit Diagram: 

1. Negative Sequence Impedance 

 

Fig-1 Experimental set up for determination of negative sequence impedance. 

2. Zero Sequence Impedance 

 

Fig-2 Experimental set up for determination of zero sequence impedance. 

 

Procedure: 

Negative Sequence Impedance.  

1. Connect the circuit as Per Fig.1. 

2. Here we use a D.C. shunt motor as prime mover to synchronous Generator. Ensure 

that the external resistance in the field circuit of D.C. shunt motor is zero. 

3. Switch-on the D.C. supply to the D.C. shunt motor. Start the motor using a starter. 

4. Adjust the field resistance of the D.C. shunt motor so that it runs at the rated speed of 



the synchronous machine. 

5. Adjust the variac so that the rated current flows through the stator windings of the 

alternator.  

6. Record the readings of voltmeter and ammeter. 

7. Switch-off A.C. supply. Switch-off D.C. supply. 

 

Negative Sequence Impedance.  

1. Connect the circuit as given in Fig. 3. 

2. Ensure that the variac is at zero position. Switch-on A.C. supply 

3. Increase the variac position so that the ammeter reads the rated of the synchronous 

machine. 

4. Record the readings of voltmeter and ammeter. 

5. Switch-off A.C. supply. 

 

Observation and Calculation: 

Negative Sequence Impedance. 

Voltmeter reading (V) = _____________volts 

Ammeter readings (I) =_____________ amps 

Negative-sequence Impedance,     𝒁𝟐 =  
𝑽

 𝟑∗𝑰 
 

 

Zero-sequence Impedance, . 

Voltmeter reading (V) = _____________volts 

Ammeter reading (I) = ______________ amps 

Zero-sequence Impedance,   𝒁𝟎 =  
𝑽

𝟑𝑰 
 

 
Result: 

Negative Sequence Impedance =……………… 

Zero Sequence Impedance =………………….. 

 

Precautions.  

Following precautions should be taken care of while performing this 

1. All connections should be neat and tight. 

2. Zero settings of the meters should be checked before connecting them in the circuit. 


