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ABSTRACT

This thesis presents a comprehensive study of Predictivgu&oControl(PTC). The
study shows a comparative analysis with DTC. PTC has prosea effective strat-
egy for industrial applications. The comparative studyhhghts the effectiveness
and simplicity of this methodology using simulation stugdia Simulink. Further to
overcome the disadvantages of this strategy some improwsrhave been suggested.
The improved version of the algorithm reduces the average&lswg frequency of
the switches and also reduces calculation time. Both tlagegfies were simulated in
Simulink.Implementations of both the strategies have lwaened out and their results
have been listed and analyzed. The conclusion also givasfeaoberview of the possi-

ble research studies that can be carried after this study.
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CHAPTER 1

| ntroduction

Control of electrical drives has a very important positiomigh performance industrial
applications. Thus there has been an extensive study @netffstrategies of control of
electrical drives. A wide range of research has been caoteth both linear and non-
linear methods. The most studied linear method includegsb®f proportional integral
(PI) controllers employing Pulse Width Modulation (PWM) tinedology. Non-linear

methodology includes methods like hysteresis control.

The most widely used linear methodology for industrial aggilons is Field Ori-
ented Control (FOC). This technique decouples the torqddlar such that the behav-
ior of the AC machine is similar to that of a separately extil&C machine and hence
linear controllers can be used. This decoupling is done Imgidering an appropriate

coordinate reference frame.

A well-known non-linear hysteresis control strategy isdairTorque Control (DTC).
This strategy uses independent hysteresis controlletsifgue and flux and it is one of
the methodologies whose system implementation is coresidesisy. The behavior of
FOC and DTC is well known in transient conditions. But rebedtie to advancements
in the field of processors and development of high speed psocg a methodology
called Model Predictive Control (MPC) is becoming dominiarthe high performance
industrial applications in machine control. The term MP@slmot imply a specific
control strategy; rather it covers a wide variety of contemhniques that make explicit
use of a mathematical model of the process and a minimizafian objective function
to obtain the optimal control signals The main concept ofifeteve Control is based on
the calculation of the future system behavior in order tothseinformation to compute
optimal values for the actuating variables. The executfdhepredictive algorithm can
be divided in three main step&stimation of the variables that cannot be measured,
prediction of the future plant behavior ar@ptimization of outputs according to a ref-

erence condition.

MPC has the following advantages: The basic concept is eaapderstand, the



algorithm is simple to implement, it can handle multi-vaiesystems and constraints
can be included. But this control scheme involves lot of waltons when compared
to DTC and FOC. This is where the improved and faster processearch has proven
advantageous. Before the fast processor technology éxXidRC was used in slow
dynamic applications such as in petrochemical industryrevtiee sampling frequencies
are very low. The slow dynamics of chemical processes altovg Isample periods,

providing enough time to solve the online optimization peoi.

With the advent of Digital Signal Processors (DSP) and agraknt of Field Pro-
grammable Gate Arrays (FPGA) it has become possible to use MPast dynamic
process industries such as power electronics and conted¢cofrical drives. Due to the
broad range of MPC methods, the MPC techniques applied t@pelgctronics have
been classified into 2 categories: Classical MPC and Finaee31PC (FS-MPC). In
the first type, the control variable is usually the conveotgput voltage, in the form of
a duty cycle that varies continuously between its minimuih sr@aximum magnitude,
while optimization problem is solved at every sampling dtepalculate this voltage.
FS-MPC uses the inherent discrete nature of the power cantersolve the optimiza-
tion problem. The inverter is taken into consideration ie tontroller design. A cost
function which generally consists of the difference betmveeference and measured
control variables is optimized according to the all possiiolverter switching states.

The switching state which minimizes the cost function wélthe next output signal.

In this study FS-MPC is used which is conceptually easierpamed to the other
category. This strategy is used for torque control of inauctnachine and hence is
called Predictive Torque Control (PTC). When a new strategymployed it is always
better to compare it with already existing strategies toensihnd the advantages and
disadvantages of the new strategy. A through comparatuyssf DTC, FOC and
PTC through simulations is already done in [4]. In [3] an ekpental comparison
between PTC and FOC is made. In that study it is verified th& Pas a faster dynamic
response. This study however attempts to give only a cortipaistudy between DTC
and PTC. Both strategies do not require modulator in thgi@mentation unlike FOC

and hence their implementation becomes easy.

This thesis paper is structured as follows: Chapter 2 theetoflthe induction
machine. Chapter 3 deals with DTC and 4 with PTC. Chapter ésgiilve comparative



study simulation analysis. Chapter 6 suggests improvesnerRTC. Chapter 7 gives
Simulation analysis of the improved strategy. Chapter 8sde#&h hardware imple-

mentations and chapter 9 gives conclusions.



CHAPTER 2

| nduction Machine M odel

For the purpose of simulation to verify the working of PTC &hifC strategies a math-
ematical model of induction machine has to be done. The @arpéd modeling is to
mimic the behavior of an induction machine mathematicdlhis study considers mod-

eling of the induction machine relative to the arbitraryerehce frame.

The set of complex equations describing the induction nmecls given in the fol-

lowing equations:

. d -
U_; = 7;s-Rs + Ed]s +j-wk:~¢s (21)

- d - . >
0= Zr-Rr + Ewr +](wk - w)'¢r (22)
Uy = Ly.iy + Ly, (2.3)
Uy = Ly + Ly iy (2.4)

3 -

T, = i.p.[m(w;f.zs) (2.5)

wherev; is the voltage vector of the statcm?r andwz are the rotor flux and stator
flux respectively. i. andi, represent stator and rotor current8, and R, are stator
and rotor resistanced., , L, andL,, are rotor,stator and mutual inductances the

angular velocity p the number of poles ahfdis the electromagnetic torque.

Derivations of these equations can be seefiljrand it is not explained in detalil

here.



CHAPTER 3

Direct Torque Control

This section deals with the basic algorithmic details of ith@lementation of DTC.
This does not cover the strategy in detail. DTC being a wedtivkn strategy will not be

covered in depth.

The basic idea of DTC is as a consequence of two assumptianas¥ume that the
rotor speed is high enough to ignore the voltage drop achmsstator equation. This
assumption when applied to equation 2.2, brings about titerstiux approximation

during a sampling step as seen in equation 3.1.

—

A, = 0T, (3.1)

The above approximation implies that stator flux control barachieved by apply-
ing an appropriate voltage vector. The second assumpteoamnsequence of the rotor

flux equation 3.2:

= ——— (3.2)

o =1—(£=)andK, = %

wherer, = 7

Ly

Ry
It can be concluded from the above equation that the rotoriflstower than the

stator flux and hence rotor flux can be assumed as constangdure sample step. The

electromagnetic torque can be calculated as equation 3.3.

LTTL

T D] 1] sin(6) (3.3)

3
T =—.
2

Applying the second assumption to the above equation we los@ree that torque
can be controlled by changing the angle of the stator flux vim¢urn can be controlled

by applying an appropriate voltage vector.



Applying these two assumptions we reach to a conclusiontkieastator flux and
electromagnetic torque can be independently controllatd # achieve this indepen-
dent control hysteresis controllers for both stator flux alettromagnetic torque are

used.
The basic ideology of DTC can be seen in Figure 3.1.

An external Pl-controller is used to achieve zero steady aor on speed. This
control loop also generates the torque reference whichiispar to the torque hystere-
sis controller. A step input of 0.71 Wb is the flux referencaalihs an input to the flux
hysteresis controller. The other inputs to the controléesthe estimated torque and
estimated flux respectively. This estimation is done by ws1g the discrete machine

model equations stated earlier.

Specifically the voltage equation is used to estimate therdtax vector from which
stator flux magnitude and angle can be calculated. Thennrtherestimated flux along

with the measured current is used for torque estimation.

The errors of the estimated torque and estimated flux witeetgo their reference
values are inputted to the respective hysteresis contsoll€he output of these con-
trollers decides whether flux has to increase or decreaséoamake has to increase or
decrease or remain same. These outputs along with the atagte calculated earlier
forms the basis to select the switching vector. This is doneding a look up table
which has been filled up earlier according to the strategyudised irf2]. The look up

table used is shown in figure 3.2
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Figure 3.1: Block Diagram of DTC
Q, T; 8 o(1) 0(2) 0(3) 0(4) o(5) o(6)
=1 S(1,1,0) $(0.1,0) S(0,1,1) | S(0.0,1) | S(1,0.1) [ S(1,0,0)
®=1 =0 S(1.1,1) S(0,0.0) S(1,1,1) S(0,0,0) | S(1,1.1) S(0,0,0)
=1 S(1,0,1) S(1,0,0) S(1,1,0) | S(0.1,0) | S(0.1.1) | S(0.0,1)
=1 $(0.1,0) S(0.1,1) $(0,0.1) | S(1,0.1) | S(1.0,0) [ S(1.1.0)
@=0 =0 $(0,0,0) S(1,1,1) $(0,0,0) | S(1.1,1) | S(0,0,0) [ S(1.1,1)
=1 S(0,0,1) S(1,0.1) S(1,0,00 | S(1.1,0) | S(0.1,0) | S(0.1,D)

Figure 3.2: LookUp Table for DTC




CHAPTER 4

Predictive Torque Control

Predictive control in general can be divided in 2 steps adgorithm:

1. Prediction of control variables

2. Optimization of the cost function

But while applying to torque control as a PTC algorithm it cendivided into 3
steps:
1. Estimation of the unmeasured variables for the presemptist. estimation of
stator and rotor flux

2. Prediction of control variables for the next step. Thealaes include stator flux
and electromagnetic torque. And additionally stator autrie order to predict
electromagnetic torque

3. Cost function optimization.

The reason for addition of one step in PTC is the inability teasure stator and
rotor flux. Hence estimation of these variables is requiratithis is done by the same

methodology used in DTC.

The PTC algorithm can in general be described as seen in thehitot in fig 4.1
And its architecture is described as in fig 4.2 . For speedrobtite usual method of

Pl-controller is used same as the one used in DTC.

The 3 steps of the algorithm are described in the subseqeetibss.

4.1 Flux Estimation

As explained earlier an estimation of stator flux and rotax #itithe present sampling
stepk is required. This is done by again considering the induatiachine mathemati-

cal model equations which was discussed in the earliersecti
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Consider the rotor and stator flux equations:

i,

= L,,.i. 4.1
o i (4.1)

w_; -+ 7.

g ¢r - Lmzs

)+ L., (4.2)

The above equations are discretized using Euler backwamabsipnation:

dr _x(k) —xz(k—1)

— = 4.3
dt T, (4.3)
Thus the discrete equation for rotor flux is:
~ LT‘ = Lm -
Y (k) = m-%(k - 1)+ m.is(k) (4.4)
Upon substitution of eqn 4.4 into eqn 4.2 we get:
V() = kpabe (k) + 0.Ly.ig (k) (4.5)

4.2 Stator Flux and Electromagnetic Torque Prediction

Stator flux and electromagnetic torque being the contrallbées for the induction
machine system are to be predicted at the next sampling step Again from the
mathematical model equations of induction machine disalissrlier the relationship

between the stator flux, rotor flux, current, speed can beritbestas:

—

We b (17 — j) b — 1) (4.6)

. =1/R,(L,.
i /Ro( 7

whereR, = R, + k?.R, andL, = o.L,

To predict the electromagnetic torque and stator flux fodvauler discretization is

followed:

10



ar . (4.7)
The stator flux can now be predicted as:

— —
A~

Us(k + 1) = by (k) + Ty.0,(k) — Ry Ty (k). (4.8)

And the prediction of stator current is:

A1) = (1 )00k +

wherer, = 0.7,

Now since we have predicted stator flux and current, torqpeadicted as:

—
~

Tk +1) = g.p.fm[zps(k 1) (k4 1) (4.10)

4.3 Cost Function Optimization

The final step of the algorithm is to develop an appropriatg function to optimize.
The cost function is very flexible and can handle multi-vialegproblem. It is designed
with respect to the control objective that is to control gl@magnetic torque and stator

flux. Thus the cost function includes these two components:
gi = |T* = Tk + 1) + Ml | = [ (k + 1)) (4.11)

wherei denotes the index of the applied voltage vector for the ptext, i.e.i=1,2,.,8

for each of the 8 different switching states.

The torque referencg* is the output of the speed PIl-controlldris the weighting
factor which represents the relative importance of theteletagnetic torque control

to the flux control. But typically equal importance is givemdahen the coefficient is

11



chosen as\ =

Tnom

=

[¥noml|
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CHAPTERS

Simulation results and analysis on Compar ative Study

Both the strategies were simulated using MATLAB/SIMULINK do a comparative
study.

Table 5.1 gives the parameters used for simulation

Table 5.1: Parameters Used For Simulation for comparatigysof DTC and PTC

Parametel Value
p 1
J 0.062K g/m?

Lm 291.1 mH
Ls 301 mH
Lr 301 mH
Rs 2.65¢)
Rr 2.240)
Ts 100 %« 10755
Ynom 0.71 Wb
Trom 12 Nm

Figures 5.1 and 5.2 shows the voltage output of the invertetaiof PTC and DTC
respectively. A close up comparative figure of the voltaggotis shown in FIGURE
5.3 at a particular transient state. As expected DTC hasrassnber of switching than
PTC.

FIGURE 5.4 shows stator currents, torque, speed and staxonfsequence of PTC.

Similarly Figure 5.5 shows that of DTC. A comparative plosiewn in figure 5.6.

There is a speed reversal happening at 1.2 sec. Since DTG$masnilmber of
commutations compared to PTC it has higher distortionsatostcurrent and higher

ripple in torque.

In DTC, torque and flux hysteresis controllers are esseatidithese controllers are
to be tuned to obtain better results. It is essential to egérthe stator flux angle for the

algorithm and the accuracy of the control implementatiolhlve affected by incorrect



Figure 5.2: Voltage output of inverter for DTC
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estimation of this variable. If this algorithm is implemedton hardware in order to
avoid damage of the machine current limitation has to beemginted. One has only
one option to choose a zero voltage vector when over-cuisgudssing to the motor

which does not allow for any optimization for over currenbfgction.

In PTC there is only one parameter to deal with i.e. weighfajor of the cost
function. Thus compared to DTC implementation PTC impletaion is much easier.
Another advantage is to avoid estimation of stator flux angkptimization for over
current protection can be easily done by introducing thisoiain the cost function.
Then the vector which produces over-current can be avoidsiles still optimizing

the control variable errors.

17



CHAPTER 6

|mprovementsin PTC

Simulation of the PTC with the previous mentioned strategg wnplemented using

Simulink by taking into consideration the original Indwstimachine parameters.
This was implemented so as to get a close enough results fen whplemented on

hardware.

This simulation also takes into consideration the timeyetampensation which is

explained in the subsequent subsection.

6.1 TimeDelay Compensation

Time delay compensation in reality is not necessary sineertaichine and inverter are
mathematical modeled. The voltage vector chosen can bedpplthe machine model
at the same instant when the stator current and speed aremaeallowever this is not
the case during the real implementation. This is as a coeseguof the time taken by
the microprocessor to execute the PTC algorithm. As it ic#ieulation time involved

in PTC is the highest when compared to other methodologiésis TQuring hardware

implementation time delay compensation is required.

Nevertheless this compensation strategy is also appliedglthe simulation to
study the results when this strategy is applied. The styaggplanation is as follows:
It takes one sampling cycle to generate the optimum switckiate if the variables are
measured at time k. Thus, the optimum actuating variabkegjiaen to the inverter at
the time step k+1 and not at step k. To compensate for thiy deia compensation
strategy is used which is shown in FIGURE 6.1. The previoutage vector is used
for the next prediction, i.e. the present voltage ve&{dk) is used to predict the stator
flux and torque at time k+1. According to these values therotiat selects the proper
vector which will be applied at time k+1 in order to optimizestreference tracking

criterion at time k+2. This ensures that the control straiedgime-consistent.



The equations used in Simulink for the time delay compeosas given below:
Kr = Lm/Lr;

Tr = Lr/Rr;

Rsigma = Rs + ((Lm/Lr)?) x Rr;

sigma = 1 — (((Lm)?)/(Lr * Ls));

Tsigma = (sigma * Ls)/(Rsigma);

x = Tsigma/(Tsigma + Tptc);

y = T'ptc/(Rsigma * (T'sigma + Tptc));

z = Kr x Tptc/(Rsigma * (T'sigma + Tptc));
w — el =pxw;

Time Delay Compensation

Stator Currrent Prediction

Iskla = xxIska+yxv—old(1)+ (z/Tr)* Psi—r(1)+zxw— el * Psi—r(2);

Isklb = xx [skb+yxv—old(2)+ (z/Tr)* Psi—r(2) — zxw—el x Psi—1r(1);

Stator Flux Prediction
Psi— s = Psi— s+ Tptcxv—old — Rs x T'ptc x [Iskla; 1sk1b];
Rotor Flux Estimation
Psi—1r = (Lr/Lm)* Psi — s+ (Lm — Lr x Ls/Lm) x [Iskla; I sk1b|;

Where all the parameters used are described earlier and, Il1b is the stator
current vector, v-old is the stator voltage vector for thevous step. Psi is flux vector

with s for stator and r for rotor.

After this time delay compensation the rest of the stratsgsaime as before with

stator current, torque, flux prediction and cost functiotiraation.

A particular mention on how the voltage vectors are choserecessary. There
are 8 possible switching states for the inverter and eacttlsiwg state is stored in a
vector S. For example S(1) corresponds to [0 0 0] vector stadeS(7)corresponds to

[1 1 O] vector state. Note the indexing difference for Matl&brresponding to each

19
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Figure 6.1: Time Delay Compensation

of this state 2 stator voltage vectors Vsa, Vsb for each ari$aamed according to the

relation:
Vsa = (2/3) %520 * (s1 — 0.5 % s2 — 0.5 * s3);
Vsb = (2/3) 520 * ((sqrt(3)/2)  s2 — (sqrt(3)/2) « s3);

Where s1, s2, s3 form a vector of S. After the Vsa and Vsb veetie formed using

the appropriate index one can access the stator voltageddiction calculations.

As mentioned in chapter 4.3 cost optimization takes 8 difiecalculations for each
switching state and chooses the best state for that sangiépg However on observa-
tion the switching states [0 0 0] and [1 1 1] produce the santtage vector thus mak-
ing this switching state redundant for calculation. Thusighs modification is made
by considering on 7 switching states. There is no huge restuict the calculation time
by adopting this but redundancy in calculation is avoideshglwith a slight reduction

in calculation time.

Further calculation of total number of switching in all thede switches is added
to calculate the average switching frequency. Average isidered since for PTC

switching frequency is variable.

6.2 Reduced Switching Frequency

One of the drawbacks of PTC methodology is that it involveé®ofeswitching actions.

This creates a lot of power dissipation in the power eleatroincuitry and effective heat

20



sinks are to be used. This also reduces efficiency and powsedo Thus it is better
to formulate strategies to reduce the total number of switchAnother drawback is

the calculation time required to implement the algorithms iAcan be seen clearly
within one step there are quite a few complicated calcutatend 7 such calculations
has to be done in a single iteration of the algorithm. Thusoitid be an advantage to
develop a method which attempts to reduce the calculatioa by reducing the number

of calculations

For this purpose a new methodology has been implementedhwhies the advan-
tage of reducing average switching frequency and redutiagalculation time simul-
taneously.

Table 6.1: Parameters Used For Simulation

Parametel Value
p 1

J 0.062K g/m?
Lm 275.1 mH
Ls 283.4 mH
Lr 283.4 mH
Rs 2.68270Q
Rr 2.129002
Ts 60 % 10765
Ynom 0.71 Wb
Trom 20 Nm

The idea behind this method is as follows: From a presentchwmig state allow
only one of the 4 more switching states for the next step aust# 8 possible ones.
From the present state allow a state which can be reachedusitih or O switching.
For example if the present state is [1 1 0] allow the next cbandye one of [1 1 1] or
[100]or[010]or[110]itself. Thus out of the four possiblates choose the one

which optimizes the cost function.

Thus it is trivial that by allowing only 4 possible states we aearly reducing the
calculation effort to half and by allowing only one transisto switch we are reducing

the total number of switching and hence average switcheguiency.

It has to be noted that however this methodology might intoeddistortions in
stator currents and ripple in torque. And the settling timghhalso increase. But the

torque will surely converge to the reference value, sinceaveaccess every 8 states of

21



the inverter even though allowing only 4 states.

This strategy bring about one change in the code that we tacerisider all 8
switching states in vector S if not it will affect the overainvergence. The reason is
straightforward that even though [0 0 0] and [1 1 1] producaes&oltage vectors, the

states are different and it affects the accessibility.

The parameters for the machine are given in table 6.1.
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CHAPTER 7

Simulation Resultsand Analysis Of PTC

A load torque of 4 Nm is given as a step with 0.5 sec as the ste@. tiAn external
PI1 controller for speed control and to generate torque eefsr is used. The speed
reference to PI controller is 100 rad/s. Sampling time feralgorithmT'sim = 60 %

1076. Nominal Torque Tnom is 20 Nm and nominal flux is 0.71Whb. Thus 28.17.

The results are discussed for both strategies i.e. Norm@l(RIPTC) and Reduced
Switching PTC (RSPTC).

The stator currents for NPTC are shown in FIGURE 7.1 theréveweurrent wave-
forms each for one axis. Similarly stator currents for RSRF€ shown in FIGURE
7.2. FIGURE 7.3 shows the torque, flux and speed charadatsrst NPTC and FIG-
URE 7.4 shows that of RSPTC. Comparative study figure is shawkFiGURE 7.5,
comparing torque, flux and stator current of one axis. Oneobarrve a slight increase
in the ripple of the torque of RSPTC but the transient respamsl steady state response
is same. Thus the performance of RSPTC has not been comgahnNgxt parameter
to be scrutinized is the total number of switching. NPTC hasiad 12000 switching
states in 2 seconds of simulation. Thus the average swgdh@guency is around 6
KHz whereas for RSPTC the number is around 8200 which imphesage switching
frequency is around 4.1 KHz. Few switching states at a pdatiécnstant were observed
during the transient times to verify the difference in switg in the matlab command

window.

The difference in the switching states is evident from tHeweiven data. The con-
clusion of reduced number of switchings can also be drawn fsbserving FIGURES

7.6 and 7.7 which show the switching states of NPTC and RSE$gQectively.



Figure 7.1: Stator Current for NPTC

Switching Sequence for RSPTC:

[0.0716 1.0000 0 0]
00717 0 0 0
00718 0 0 0],
00719 0 0 0
00720 0 0 0]

Switching Sequence for NPTC:

(00716 0 0
00717 0 0
00718 0 0 0 |,
0.0719  1.0000 0
0

00720 0
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Figure 7.2: Stator Current for RSPTC

Torquefhir)

Speed(Rad/s)

Figure 7.3: Torque,Flux and Speed Characteristics for NPTC
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Figure 7.4: Torque,Flux and Speed Characteristics for RSPT
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T

Figure 7.5: Torque,Flux and Speed Characteristics cosipari




Figure 7.6: Switching Segence of NPTC

Figure 7.7: Switching Segence of RSPTC
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CHAPTER 8

Hardware | mplementation

Both the algorithms of PTC have been tested on an experifrtestdoench. It is a real
time system. This test bench has been setup in the Institukdctrical Drive Systems
and Power Electronics of the Technical University of Muniltltonsists of a computer

system connected to an industrial inverter through PWMsardi ADCAZs.

This test bench consists of two 2.2kW squirrel-cage inducthachines. One ma-
chine is connected through a Danfoss VLT FC-302 3kW invextet is used as a load
machine. The other one is the machine which the user coriiyols modified SER-
VOSTAR 620 14kVA inverter. This inverter is modified so as twess the gate ter-
minals of the IGBTAZs. The terminals are connected through PWM card to the self
- made 1.4GHz computer system [3]. A 1024 points incremesrtabder is used for

measuring the rotor speed. The parameters of the main metgign in Table 8.1.

Table 8.1: Parameters of The Induction Machine

Parameter Value
DC link voltageV,. 582V
p 1

J 0.005K g/m?

Lm 275.1 mH

Ls 283.4 mH

Lr 283.4 mH

Rs 2.680

Rr 2.130)

Ts 60 % 10765
Whom 2772 RPM
Trom 7.5Nm

The PTC and Reduced Switching PTC algorithm was loaded oRTi®eand imple-
mented on the test bench. PI controller was mathematicallyated for speed control.
Over current protection is given by the usual method withrojaiation. Through push

button one can reverse the speed of the load machine instdrtie response of the
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Figure 8.1: Oscilloscope output for NPTC
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Figure 8.2: Oscillos

reduce calculation time.

cope output for RSPTC

torque is 7 Nm and rotor speed is switched from 2600 rpm toG266.

29

machine by measuring the stator current, torque and speddésved through and os-
cilloscope. The output of the oscilloscope is saved as agénfike. Figure 8.1 and 8.2

shows the image of the output on the oscilloscope for NPTCRBIETC respectively.

Channel 1 show that the controller is on. Channel 2 givesttterscurrent. Channel

3 depicts the torque characteristics and Channel 4 showsotbe speed. The load

It can be seen from the figures that the distortion in curresteform is more in
RSPTC. The average switching frequency for NPTC is about 2 &l that of RSPTC
is about 7.5 KHz. The response to speed reversal is similaotimcases. Thus proving

that the Reduced Switching strategy is a better option tagedwitching losses and



CHAPTER9

Conclusions

Predictive Control has proved as a very strong alternativihe field of Power Elec-
tronics and drives,especially Predictive Torque Controiclr is conceptually different

strategy from traditional methods like FOC and DTC.

In this study, PTC strategy has been extensively studiecomparative study with
respect to DTC has been done. The performance of PTC was fmettet than DTC
in certain aspects like simplicity of algorithm, lesser rhenof parameters to deal with
and the ease of introducing current over protection.PTQdsssimplementation issues

and the torque ripple produced using PTC is less compardtof DTC.

The main disadvantage of PTC when compared to DTC is its ctatipoal effort.
The calculation time necessary for implementing the atgoriis higher due to the pres-
ence of higher level of calculations and also higher numBet.this has been proved
less of a disadvantage due to the continuous developmehne ifield of microproces-
sors. With the advent of high speed devices like FPGA's anB'®8igher sampling

frequency operation of PTC is becoming possible.

An attempt was made to improve certain issues faced whildweare implementa-
tion of PTC. The issues being time delay and very high avesagtehing frequency
of IGBT’s. To remedy these issues a compensation for the diet@y and method for
reduced number of switching was introduced in this studymuation study was first

done to verify this improvement.

The improved strategy has then been verified on an experaingst bench. There
was a considerable decrease in the average switching fregud the switches and
additionally this alternative method reduced the cal¢oiatime. The control perfor-

mance was not affected as verified from the experimentaltsesu

The results obtained in this study encourages to pursuandséo develop more
efficient PTC strategies especially on the cost functions ibteresting to modify the

cost function to consider more than two control variabldsis Tntroduces the question



of finding a formal method to find the weighting factor. Thewasto this question
finds an important application in sensor-less technologees avoiding the external
speed PI-controller. It is to be pointed out that at predeistwork is being carried out

in the lab, to develop PTC for sensor-less systems.

Simulations on the application of PTC to PMSM have also bened out but are

not presented in this study.

Implementation of this strategy on DSP is a very interestimgllenge. It is always
useful to have a stand alone system which finds many appicain various indus-
tries. DSP implementation of PTC is the next step of thisysamt has been started in

Institute for Electrical Drive Systems and Power ElectesnirfUM.
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Bibilography
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