
CONCEPT OF V/F METHOD

• THE CONSTANT V/F CONTROL METHOD IS THE MOST POPULAR METHOD OF SCALAR

CONTROL.

• IF THE RATIO OF VOLTAGE TO FREQUENCY IS KEPT CONSTANT ,THE FLUX REMAINS

CONSTANT.

• BY VARYING THE VOLTAGE AND FREQUENCY THE TORQUE AND SPEED CAN BE

VARIED.

• THE TORQUE IS NORMALLY MAINTAINED CONSTANT WHILE THE SPEED IS VARIED.

• THIS ARRANGEMENT IS WIDELY USED IN LOCOMOTIVES AND INDUSTRIAL

APPLICATIONS.

• THE PURPOSE OF THE VOLTS HERTZ CONTROL SCHEME IS TO MAINTAIN THE AIR GAP

FLUX OF AC INDUCTION MOTOR CONSTANT IN ORDER TO ACHIEVE HIGHER RUN TIME

EFFICIENCY. 



CASE 2 : DECREASING FREQUENCY AND VOLTAGE KEEPING FLUX 

CONSTANT-V/F CONTROL





LOAD TORQUE CONSTANT









ADVANTAGES OF V/F CONTROL

• SPEED CONTROL AND BRAKING OPERATION ARE AVAILABLE

• DURING TRANSIENTS(STARTING, BRAKING AND SPEED REVERSAL) THE

OPERATION CAN BE CARRIED OUT AT MAXIMUM TORQUE WITH REDUCED

CURRENT GIVING GOOD DYNAMIC PERFORMANCE

• COPPER LOSSES ARE LOW AND EFFICIENCY AND PF ARE HIGH AS THE

OPERATION IS RESTRICTED BETWEEN SYNCHRONOUS SPEED AND MAX

TORQUE POINT AT ALL FREQUENCIES.



DISADVANTAGES OF V/F CONTROL

• FLUX MAY DRIFT AND THE TORQUE SENSITIVITY WITH SLIP MAY

VARY.

• LINE VOLTAGE VARIATION,INCORRECT V/HZ RATIO,STATOR DROP

VARIATION BY LINE CURRENT AND M/C PARAMETER VARIATION

MAY CAUSE WEAKER FLUX.

• IF THE FLUX BECOMES WEAK,THE DEVELOPED TORQUE WILL

DECREASE AND THE MACHINE’S ACCELERATION/DECELERATON

CAPABILITY WILL DECREASE



THREE PHASE INDUCTION MOTOR SPEED CONTROL 

FROM THE ROTOR SIDE



CONVENTIONAL SCHEME



EQUATIONS

Adding external resistance on rotor side - In this method of speed control of three phase induction motor 

external resistance are added on rotor side. The equation of torque for three phase induction motor is

The three phase induction motor operates in low slip region. In low slip region term (sX)2 becomes very very

small as compared to R2. So, it can be neglected . and also E2 is constant. So the equation of torque after 

simplification becomes,



CONVENTIONAL METHOD

• TORQUE DEPENDS ON MOTOR RESISTANCE. 

• THEREFORE, INCREASING THE ROTOR RESISTANCE AT A CONSTANT TORQUE CAUSES A

PROPORTIONATE INCREASE IN THE MOTOR SLIP WITH DECREASE IN ROTOR SPEED. 

• THUS, THE SPEED FOR A GIVEN LOAD TORQUE MAY BE VARIED BY VARYING THE ROTOR

RESISTANCE. THE FUNCTION OF THIS RESISTANCE IS TO INTRODUCE VOLTAGE AT ROTOR

FREQUENCY, WHICH OPPOSES THE VOLTAGE INDUCED IN ROTOR WINDING. 

• CONVENTIONALLY, THE ROTOR RESISTANCE IS CONTROLLED MANUALLY AND IN DISCRETE

STEPS. 

• THE MAIN DEMERIT OF THIS METHOD OF CONTROL IS THAT ENERGY IS DISSIPATED IN ROTOR

CIRCUIT RESISTANCE, INTERNAL AND EXTERNAL, AND THIS ENERGY IS WASTED IN THE FORM

OF HEAT. 

• BECAUSE OF THE WASTE-FULLNESS OF THIS METHOD, IT IS USED WHERE SPEED CHANGE ARE

NEEDED FOR SHORT DURATION ONLY. 



• NOW IF WE INCREASE ROTOR RESISTANCE, R2 TORQUE DECREASES BUT TO

SUPPLY THE SAME LOAD TORQUE MUST REMAINS CONSTANT. SO, WE

INCREASE SLIP, WHICH WILL FURTHER RESULTS IN DECREASE IN ROTOR

SPEED. 

• THUS BY ADDING ADDITIONAL RESISTANCE IN ROTOR CIRCUIT WE CAN

DECREASE THE SPEED OF THREE PHASE INDUCTION MOTOR. 

• THE MAIN ADVANTAGE OF THIS METHOD IS THAT WITH ADDITION OF

EXTERNAL RESISTANCE STARTING TORQUE INCREASES







SPEED –TORQUE CHARACTERISTICS FOR ROTOR RESISTANCE CONTROL



DISADVANTAGES

• THE SPEED ABOVE THE NORMAL VALUE IS NOT POSSIBLE.

• LARGE SPEED CHANGE REQUIRES LARGE VALUE OF RESISTANCE AND IF SUCH

LARGE VALUE OF RESISTANCE IS ADDED IN THE CIRCUIT IT WILL CAUSE

LARGE COPPER LOSS AND HENCE REDUCTION IN EFFICIENCY.

• PRESENCE OF RESISTANCE CAUSES MORE LOSSES.

• THIS METHOD CANNOT BE USED FOR SQUIRREL CAGE INDUCTION MOTOR.

• BECAUSE OF THE WASTE-FULLNESS OF THIS METHOD, IT IS USED WHERE

SPEED CHANGE ARE NEEDED FOR SHORT DURATION ONLY.













FREQUENCY CONTROL

• CASE 1 : FREQUENCY DECREASED BY KEEPING VOLTAGE

CONSTANT

• CASE 2 : FREQUENCY DECREASED ALSO VOLTAGE

DECREASED KEEPING FLUX CONSTANT (V/F CONTROL)

• CASE3 : FREQUENCY INCREASED BY KEEPING VOLTAGE

CONSTANT







DISADVANTAGES

• ANY REDUCTION IN THE SUPPLY FREQUENCY WITHOUT A CHANGE IN THE

TERMINAL VOLTAGE CAUSE INCREASE IN THE AIR GAP FLUX. INCREASE IN FLUX WILL

SATURATE THE MOTOR WHICH WILL

• 1) INCREASE THE MAGNESTISING CURRENT

• 2)DISTORT THE LINE CURRENT AND VOLTAGE

• 3)INCREASE THE CORE LOSS

• 4)INCREASE STATOR COPPER LOSS

• 5)PRODUCE HIGH PITCH ACOUSTIC NOISE



THREE PHASE INDUCTION MOTOR SPEED CONTROL 

USING STATIC ROTOR RESISTANCE



• THIS METHOD IS APPLICABLE TO SLIP RING INDUCTION MOTORS.

• SLIP RING INDUCTION MOTORS ARE WIDELY USED FOR HIGH TORQUE AND

VARIABLE SPEED APPLICATIONS. 

• CONVENTIONAL METHODS OF SPEED CONTROL OF SLIP INDUCTION

MOTOR FROM ROTOR SIDE, LEAD TO WASTAGE OF ENERGY, IN EXTERNAL

RESISTANCE. 

• WITH THE ADVENT OF POWER ELECTRONIC DEVICES POWER LOSS AT

ROTOR SIDE COULD BE MINIMIZED AND SMOOTH SPEED CONTROL CAN BE

ACHIEVED BY IMPLEMENTING ROTOR CHOPPER CONTROL.

ROTOR CHOPPER SPEED CONTROL



• WITH THE ADVENT OF POWER SEMICONDUCTORS, THE CONVENTIONAL

RESISTANCE CONTROL SCHEME CAN BE ELIMINATED BY USING A THREE-PHASE

RECTIFIER BRIDGE AND A CHOPPER CONTROLLED EXTERNAL RESISTANCE

CHOPPER CONTROLLED SYSTEM



CIRCUIT FOR ROTOR CHOPPER SPEED CONTROL



CIRCUIT FOR ROTOR CHOPPER SPEED CONTROL





EXPRESSION FOR RESISTANCE ADDED TO ROTOR SIDE



EXPRESSION FOR CURRENT



EXPRESSION FOR POWER



EXPRESSION FOR ROTOR RESISTANCE PER PHASE





CLOSED LOOP SPEED CONTROL USING STATIC ROTOR 

RESISTANCE METHOD



WORKING OF CLOSED LOOP CONTROL



ADVANTAGES AND DISADVANTAGES


