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IntroductionIntroduction

 Scalar VScalar V--Type Volt/Hertz (V/Hz) control has a simple structure and it is Type Volt/Hertz (V/Hz) control has a simple structure and it is easilyeasily

implemented.implemented.

 Vector IVector I--Type Field Oriented Control (FOC) yields good dynamics and Type Field Oriented Control (FOC) yields good dynamics and 

accuracy.accuracy.

 The proposed sensorless control strategy merges the simplicity oThe proposed sensorless control strategy merges the simplicity of the f the 

conventional scalar control with the improvements in the torque conventional scalar control with the improvements in the torque delivery delivery 

capability al low speed and steady state speed precision, both tcapability al low speed and steady state speed precision, both typical features of ypical features of 

FOC control.FOC control.

 The control algorithm is derived from the conventional FOC equatThe control algorithm is derived from the conventional FOC equations by ions by 

successive approximations. Voltage references are calculated inssuccessive approximations. Voltage references are calculated instead of derived tead of derived 

by the current regulators (by the current regulators (VV--Type controlType control).).

Migration from IMigration from I--Type to VType to V--Type ControlType Control

II--TYPE INDIRECT FOC DRIVE:TYPE INDIRECT FOC DRIVE:

 The separation between torque and flux The separation between torque and flux producingproducing components of the stator components of the stator 

currents currents givesgives excellent dynamic excellent dynamic performances.performances.

 Precise rotor speed measurement is requiredPrecise rotor speed measurement is required..

 The voltage references are delivered by two PID current regulatoThe voltage references are delivered by two PID current regulators.rs.

VV--TYPE SENSORLESS FOC DRIVE:TYPE SENSORLESS FOC DRIVE:

 Elimination of the speed Elimination of the speed measurement,measurement, which which compromises thecompromises the mechanical mechanical 

robustness. The actual speed is approximated by the given speed robustness. The actual speed is approximated by the given speed reference.reference.

 The current loops are substituted by the IM voltage balance The current loops are substituted by the IM voltage balance equations, for a equations, for a 

given (known) set ofgiven (known) set of motor motor parameters.parameters. The derivative terms are omitted.The derivative terms are omitted.

 The control preserves the The control preserves the vectorvector--orientationorientation features. Itfeatures. It correctly managescorrectly manages thethe

voltage vector in all working voltage vector in all working conditions,conditions, assuring superior performance.assuring superior performance.

 The quadrature current component needs to be filtered to guarantThe quadrature current component needs to be filtered to guarantee stability.ee stability.

Sensorless proposed V-Type Foc Control
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Control equations in the reference Control equations in the reference 

frame synchronous to the rotor flux. frame synchronous to the rotor flux. 

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The slip angular frequency is The slip angular frequency is 

obtained by the estimated flux obtained by the estimated flux 

linkage and linkage and the filtered quadraturethe filtered quadrature

current. current. 



Stability Analysis

 The stability The stability depends ondepends on the constant time the constant time TTff of the low pass filter in the of the low pass filter in the 

quadrature current measurements.quadrature current measurements.

 To investigate the stability of the nonTo investigate the stability of the non--linear system, the Lyapunov theorem linear system, the Lyapunov theorem is is 

used.used. It states that if all eigenvalues of the Jacobian It states that if all eigenvalues of the Jacobian matrix havematrix have negative real negative real 

parts, than the equilibrium state is asymptotically stable.parts, than the equilibrium state is asymptotically stable.
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 Low values of Low values of TTff leads to leads to 

instability.instability.

 HighHigh valuesvalues of of TTff slow slow 

down thedown the system dynamics.system dynamics.

 A tradeA trade--offoff hashas to be to be 

acceptedaccepted..

 It has been found that the It has been found that the 

system sensitivity to system sensitivity to TTff is is 

rather low. The tuning of rather low. The tuning of TTff

is quite simple.is quite simple.Real and Imaginary part of eigenvalues Real and Imaginary part of eigenvalues ii forfor different different TTff..

Simulation Results

 
 

 The VThe V--Type Type FOC schemeFOC scheme tends to regulate the flux to its rated valuetends to regulate the flux to its rated value. It. It avoids avoids 

possible performance degradation due to iron saturation, which cpossible performance degradation due to iron saturation, which could arise with ould arise with 

conventional V/Hzconventional V/Hz..

 Flux behaviour to a speed ramp from t=1.5s to t=2s.Flux behaviour to a speed ramp from t=1.5s to t=2s.

 Upper side plot: Conventional V/Hz. Bottom plot: Proposed VUpper side plot: Conventional V/Hz. Bottom plot: Proposed V--Type control.Type control.

 

Speed ramp from 0 to nominal speed Speed ramp from 0 to nominal speed nn.. Speed ramp from 0 to Speed ramp from 0 to nn/10/10..

Experimental Results on Drive Prototype

 The performances of the proposed control strategy have been testThe performances of the proposed control strategy have been tested on two IMs.ed on two IMs.
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x-axis: 0.1 s/div, 

y-axis1 (m): 9 rad/s/div, y-axis2 (ia): 1.9 A/div

 

 IM #1 IM #2 

rated voltage  195 V 220 V 

rated current (-conn.) 5 A 5 A  

nominal speed 2864 rpm 1391 rpm 

max speed (flux weak.) 18000 rpm 4000 rpm 

rated torque 2.7 Nm 4.6 Nm 

pole pairs 2 1 

 

 The algorithm has been implemented on a low The algorithm has been implemented on a low 

cost Hitachi H8/3687 tiny series 16 bit cost Hitachi H8/3687 tiny series 16 bit P.P.

 Stator current sampling time 300 Stator current sampling time 300 s.s.

 Speed loop service routine 15 ms.Speed loop service routine 15 ms.

 Speed response to a load torque step Speed response to a load torque step 

variation of 60% of the rated torque at variation of 60% of the rated torque at 

mm
refref = 1/6 = 1/6 nn..

 Best tuning is Best tuning is TTff = 90 ms, obtained by a  = 90 ms, obtained by a  

trialtrial--andand--error procedure.error procedure.

Measurements on IM#2Measurements on IM#2

Experimental Results: Tf Tuning

 Measurements on IM#2Measurements on IM#2. . Speed response to a load torque step variation of 60% Speed response to a load torque step variation of 60% 

of the rated torque with different value of of the rated torque with different value of TTff at at mm
refref = 1/6 = 1/6 nn..

Effect of filter time constant Effect of filter time constant TTff tuning:tuning:

•• IncreasingIncreasing TTff up to 180 ms yields to both a bigger settling time and a signifup to 180 ms yields to both a bigger settling time and a significant icant 

speed speed error,error, after the load torque application.after the load torque application.

•• Reducing Reducing TTff leads to speed overshoot. For leads to speed overshoot. For TTff =22.5 ms stability limit is reached.=22.5 ms stability limit is reached.

x-axis: 0.1 s/div, 

y-axis1 (m): 9 rad/s/div, y-axis2 (ia): 1.9 A/div
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Experimental Results / Conclusions
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ia 

x-axis: 0.1 s/div, y-axis1 (m): 22.5 rad/s/div, y-axis2 (ia): 1.9 A/div 

Tf = 90 ms 

 Speed response to a load torque step variation Speed response to a load torque step variation 

of 60% of the rated torque with best tuning for of 60% of the rated torque with best tuning for 

TTff at at mm
refref = = nn..

 Null steady state speed error and fast transient. Null steady state speed error and fast transient. 

It has been experienced that the higher speed, It has been experienced that the higher speed, 

the larger the the larger the TTff range for stability.range for stability.

 The control scheme derives from a FOC control.The control scheme derives from a FOC control.

 The control algorithm is simple, inexpensive, without any currenThe control algorithm is simple, inexpensive, without any current closed loop.t closed loop.

 Matching between simulation and experimental test proves the worMatching between simulation and experimental test proves the work accuracy.k accuracy.

 The steady state speed error is maintened several time lower theThe steady state speed error is maintened several time lower the nominal slip.nominal slip.

 The proposed sensorless VThe proposed sensorless V--Type control achieves a fair compromise between Type control achieves a fair compromise between 

cost and performances. It is oriented to lowcost and performances. It is oriented to low--cost IM drives market.cost IM drives market.

CONCLUSIONS:CONCLUSIONS:

Measurements on IM#2Measurements on IM#2


