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ABSTRACT

In this study, Newton-Raphson Based (NRB) scalar speed control (SSC) is recommended to
control the speed of Induction Motors (IM). As is known, the Newton-Raphson method,
which is often used in numerical analysis, is one of the methods that provide a rapid con-
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vergence of the desired value. In this study, the frequency value required for the desired
speed value is calculated by Newton-Raphson method. Three different models includ-
ing Newton-Raphson Based + Scalar Speed Control (NRB_SSC), Difference Speed + NRB_SSC
(DS_NRB_SSC), DS + NRB_SSC + Difference Frequency (DS_NRB_SSC_DF) were used for opti-
mization tests. Simulation of the work was done in Matlab/Simulink programme. According to
obtained test results DS_NRB_SSC_DF has produced better results.

1. Introduction

We observe that IMs are currently being used in many
applications [1]. Being durable and inexpensive, requir-
ing minimal maintenance, being easy to manufacture
are shown reasons for this situation [2]. However, these
motors’ parameters that cannot be modelled during the
operation make speed and torque control difficult [3].
When looked at the literature, it has been observed
that many control methods were developed and the
development of methods is still ongoing [4,5].

Scalar and vector control methods are usually used
in the control of IMs [4]. It is observed that the vec-
tor control method has preferred in many studies due
to its better dynamic response [6-8]. However, Scalar
Control Method (SCM) has a simple structure and it is
easy to apply. SCM is performed by keeping the volt-
age/frequency (V/f) ratio constant. Thus, the torque
of the motor desired to operate at different speeds is
kept constant [9-11]. However, when induction motors
are operated at low speeds, torque output decreases
due to the reduced internal voltage drop and causes
such as external load conditions affect the dynamic
performance of the motor [12,13].

Proportional, Integral, Derivative (PID) control
methods have been developed to improve the perfor-
mance of scalar and vector control methods [14,15].
PI control method is being used in applications of IM
with SCM. So, successful results are obtained for con-
stant speed and torque values [11]. However, changes
in speed and torque values disrupt the dynamic stabil-
ity of PID control [16]. In this case, it is necessary to
readjust the parameters of PID [17-19].

Referring to the literature, it is observed that intelli-
gent control systems which can be used instead of the

PID have been developed [20,21]. These methods show
the desired performance in the nonlinear case in sys-
tem [22]. Also, the control performance system is less
affected from parameter variations [23-25].

In fact, we see that a mathematical model is used
in addition to traditional methods (scalar and vector)
in the design of control systems. In this study, per-
formance in the control system of Newton-Raphson
Method (NRM) which is used in the solution of non-
linear problems will be examined. In this sense, the
aim of the study is to talk about an alternative con-
trol method. The goal here is to achieve a similar goal
with a different method, not reveal that SCM, PID and
intelligent controllers fail. With the method used, the
frequency required for the motors to reach the desired
speed without load or load will be calculated. Consid-
ering the studies conducted so far, it seems that NRM
is used for comparison and verification purposes [26].
One of these studies; Pervin et al. [27] have compared
current by calculating with traditional methods and
NRM in a wide speed ranging and high-performance
drivers which are designed for the speed permanent
magnet synchronous motor. It is observed that the pro-
posed calculation method is available to use. Merabet
et al. [28] have studied on an Artificial Neural Network
(ANN) based control algorithm in the speed control of
IM. In the proposed method, ANN outcomes were cal-
culated with NRM and compared. They have stated that
simulation results can be used in control studies. Shafiq
and Khan [29] have performed the numerical analysis
of the method which they have proposed in their study
on DC motor control with NRM. They have reported
that the test results obtained from the simulation could
be used on the control of nonlinear systems. Padron
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Figure 1. Block circuit diagram of DS_NRB_SSC_DF model.
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Figure 2. Block circuit diagram of SCM model.

and Lorenzo [30] have studied steady-state analysis of
the induction generator. They have used this NRM-
based method to obtain the electrical parameters of the
machine under certain conditions. Radler et al. [31]
have proposed a control system used different algo-
rithms for PID and they have observed that the results
are available to use by comparing with NRM. Lin et al.

Wy, fpand h

g(fo) = wr — 2rfy

g'(fo) =—-2m
f=1

fi=f—(g9(fa)/g'(fa))

No Yes

f=h

Figure 3. Flow diagram and matlab function block software.

[32] have stated in their study that NRM can be used in
control systems.

In this study, NRM-based SSC is recommended for
IMs. The Matlab/Simulink software [33] will be used in
simulations of the study. In this context, first, the math-
ematical expressions of NRM were explained. Then,
the mathematical expressions of IM and scalar control

[-] function £ = New Rap(Wr, f0)

t#codegen
h=0.000001;

-l for i=1:4

gf0=Wr- (2*pi*£0) ;
dgf0=-2%*pi;

f1=£0- (gf0/dg£f0) ;
if abs (f1-f0<=h);

break;
end
fo=£f1;
end
f = f1;
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Figure 5. Block diagram of DS_NRB_SSC.

are given. Simulation and test results are presented in
graphs and tablet.

2. Materials and methods

Block circuit diagram of the proposed speed control in
this study are shown in Figure 1. Wherein the speed of
the IM is achieved by changing the frequency.

Since SCM is designed according to the constant
motor parameters, it is unsatisfactory for changing
motor parameters and different load conditions dur-
ing operation [13]. Therefore, NRM which is the most
widely known numerical analysis of nonlinear systems

Table 1. Test values.

wy (rpm) T (Nm) g, (Nm)  Tg, (Nm)
10 0 0.5 1
30 0 0.5 1
50 0 0.5 1

has been used as the speed controller in the control
structure. The NRM will provide the required output
frequency for the desired speed of IM under varying
load conditions. The reference speed and the initial
frequency (0.1 Hz) will be used as input variables. As
shown in Figure 1, Difference Speed (DS) (speed error)

J_ | TL is_a
Torg Load | >
Ved = 'sd Te P D
Freq >
Vg A RED| W
55C 1.5 KW

IM_MODEL

\
]

50 b@—b wr
ref_spead ‘ f ;@._’
New_Rap
0.1 2 kil
i
New_Rap
[+ ? :

Figure 6. The simulation model of DS_NRB_SSC_DF.
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Figure 7. Graphs obtained unloaded condition at 10, 30, 50 rpm, respectively.

and Difference Frequency (DF) (frequency error) are
given back to the system for optimization of the pro-
posed method. Thus, PI (Proportional, Integral) con-
troller effect has been brought to NRM output and
therefore, steady-state errors have been tried to be cor-
rected. The NRB_SSC was used in the speed control
structure of IM given in Figure 1 and classic SCM in
Figure 2. Mathematical expressions of the motor used
in the simulation study and NRB_SSC structure used
in the speed control are given below.

2.1. Mathematical expressions of IM

Axis system conversion is needed for analysing the
dynamic behaviour of IM. These conversions are shown
below.
The conversion of the a-b-c axes system to d-q axes
system:
sq| 2| cos(9) cos(0 — (27 /3))
[sq} 3 [—sin(e) —sin(0 — (27/3))

cos(@ + 27/3)) 1|
—sin(@ + Qr/3) | |°

The conversion of the d-q axes system to a-b-c axes
system:

S cos(0) — sin(0)
sp| = = | cos(@ — (27 /3)) —sin(d — (27/3))
S¢ cos(f + 27 /3)) —sin(0 + (27/3))

Sd
) [Sq] @

Parameter s in Equations (1) and (2) represents the
magnetic flux, the current and voltage. Mathemati-
cally equivalent expressions of IM in d-q axes are given
below [4].
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Figure 8. Graphics obtained 0.5 Nm load at 10, 30, 50 rpm, respectively.

Magnetic Flux Equations;

Yds = / (Vas — igsRs)dt

1/qu = / (Vqs - iqus)dt

(3)
Var = — / (Wr‘/fqr + ig-Ry)dt
1/fqr = / (Wrar + iqur)dt
Current Equations;
igs = (Yds — Var(Lm/L))(1/(Ls — (L, /L))
igs = (Wgs — War(Lm /L)) (1/(Ls — (L},/Lr))) @

igr = War — Vas(Ln /L)) A/ (Ly — (L2,/L})))
igr = (War — Yas(Lm/L))(1/(Ly — (L2,/L})))

Electromagnetic Torque Equations;

3
T = 22 iy = Vi) (5)
Speed Equations;
1
w=b [ -ma (6)
2 J
or
Wy = 27 f, (7)

In these equations; W: Stator (s) and rotor (r) flux
in d-q axes, v: Stator (s) and rotor (r) voltages in
d-q axes, i: Stator (s) and rotor (r) currents in d-
q axes, wy: Rotor speed (resultant speed), Rs—,: Sta-
tor (s) and rotor (r) resistance, Ls_,: Stator (s) and
rotor (r) inductance, L,,: Mutual inductance, p: Num-
ber of poles, Tr: Load torque, j: Inertia, f: The fre-
quency. Simulation performed motor parameters of
IMare Ry, = 485Q,R, =381 Q,L; =L, = 0.274 H,
Ly =0258H,j = 0.031kgm?, P = 1.5kW, p = 4.
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Figure 9. Graphics obtained 1 Nm load at 10, 30, 50 rpm, respectively.

2.2. NRB_SSC structure

NRM is the method used in finding the roots of non-
linear equations. An approximate root of the equation
is determined with an error caused by the approach. In
this method, corrected value of the root is equal to the
sum of the error and the approximate root [34].

x1=xo—i—h (7)

Here, x( indicates the approximate root, h indicates
approximation error and xjindicates the corrected root.
Wherein, if x; is assumed to be the root of f(x),

fl) =fxo+h) =0 (8)
If f (xo + h)is opened in the Taylor series,

h W2
flxo+h) = f(x0) + Ff/(xo) + 5f’(xo) +... (9

By taking the first two terms,

f(x1) = f(xo + h) = f(x0) + hf' (x0) (10)

Here, since x is a root of f(x),

f(xo) + hf'(x0) =0

= —f(x0)/f'(x0) = x1 — X0 an
Here is a new root,

x1 = xo — (f(x0) /f'(x0))

2 =0 (f ) /f (x1) (12)

Xnp1 = Xn — (f(x0) /f' (x0))

|%n+1 — %n| < h value is controlled in each step. If
the condition occurs, the iteration is finished. With the
help of given equations NRB_SSC was carried out with
7th Equation. Equations in 13th were obtained with the
help of Equation 7.

0=w,—2nf =g(f)

g =2 1)
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Figure 10. Graphics obtained 20 rpm speed at 0, 0.5, 1 Nm load torque, respectively.

Thus, the general equation of NRM,

fn+1 :fn - (g(fn)/g/(fn)) (14)

In this case, the algorithm steps of NRM;

e Determine the desired speed value (w,),a random
initial value (fp)and the margin of error (h),

e Calculate g(fy)and ¢’ (fo),

e Calculate fi = fo — (g(fo) /¢ (o)),

e If|fi — fol < hisnot provided then make fy = f; and
get back to step 2,

e Resultis (f).

Signal flow diagram for the given algorithm and
Matlab function block software is shown in Figure 3.

The frequency obtained from NRM output is sent to
the SCM block. The mathematical expressions used for

the SCM simulation are given in Equation 15.

Vg = Vi Sin(0)
Vp = Vi sin(@ — (27/3)) (15)
Ve = vy sin(@ + (21 /3))

2.3. Designed controllers

Three different models were tested by simulation stud-
ies for NRB_SSC optimization.

The first model (NRB_SSC) (First Case): The model
block diagram is shown in Figure 4.

The second model (DS_NRB_SSC) (Second Case):
The model block diagram is shown in Figure 5.

The third model (DS_NRB_SSC_DF) (Third Case):
the block diagram of the model shown in Figure 1.
The simulation model of this study is shown in
Figure 6.
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Figure 12. Graphs of variable torque and constant speed.

3. Simulation and test results

Test values used in the simulation are shown in Table 1.
Since SSC is not showing desired performance at low
speeds, tests were carried out at 50 rpm and lower
speed.

Given simulation results indicate the flow of the
torque and speed respectively. ASM test results are

60 T T [
S_ 40
§ Ly ref_speed ]
8‘ 20 DS_NRB_SSC_DF
0 k . i
0 1 2 3 B y 9

Time (seconds)

obtained depending on the load torque. Obtained test
results are presented for benchmarking together in
Figures 7-9.

For example, Figure 8 includes graphs obtained in
10, 20 and 30 rpm. Occurred current, torque and speed
graphics are seen respectively at the desired speed val-
ues for 0.5 Nm load.
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Table 2. The obtained data.

First Second Third
T w, model %Error  model % Error  model % Error
0 10 9.99 0.10% 9.99 0.10% 9.99 0.10%
30 30 0.00% 30 0.00% 30 0.00%
50 50 0.00% 50 0.00% 50 0.00%
05 10 7.68 23.20% 9.01 9.90% 9.53 4.70%
30 29.32 2.27% 29.66 113% 29.83 0.57%
50 49.44 1.12% 49.72 0.56%  49.86 0.28%
1 10 412 58.80% 7.99 20.10% 9.09 9.10%
30 2857 477% 293 2.33%  29.65 1.17%
50  48.85 230% 4943 1.14%  49.72 0.56%

The results obtained from the SSC and the proposed
NRB_SSC are given in Figures 10 and 11. When the
graphs are analysed, it is seen that NRB_SSC produces
positive results.

In addition, graphs of variable torque and constant
speed tested for this study are shown in Figure 12. A
constant torque and variable speed graphs are shown in
Figure 13.

Data belonging to these graphs are given in Table 2,
collectively. According to the table given above:

e In the first model; for 10 rpm, it has produced suc-
cessful results in the unloaded condition only. It has
been observed that it has not produced successful
results for 0.5and 1 Nm load with 23.2% and 58.8%
error percentages respectively. For 30 rpm, it has
been successful in the unloaded condition. However,
it has been seen that it made 2.27% and 4.77% errors
at 0.5 and 1 Nm load respectively. For 50 rpm, it has
been successful in the unloaded condition. However,
it has been seen that it has made 1.12% and 2.3%
errors at 0.5 and 1 Nm load respectively.

e In the second model; for 10 rpm, it has produced
successful results in the unloaded condition only.
It has been observed that it has not produced suc-
cessful results for 0.5 and 1 Nm load with 9.9% and
23.1% error percentages respectively. For 30 rpm, it
has been successful in the unloaded condition. How-
ever, it has been seen that it made 1.13% and 2.33%
errors at 0.5 and 1 Nm load respectively. For 50 rpm,
it has been successful in the unloaded condition.
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However, it has been seen that it has made 0.56% and
1.14% errors at 0.5 and 1 Nm load respectively.

e In the third model; for 10 rpm, it has produced suc-
cessful results in the unloaded condition. It has been
observed that it has not produced successful results
for 0.5 and 1 Nm load with 4.7% and 9.1% error
percentages respectively. For 30 rpm, it has been suc-
cessful in the unloaded condition. However, it has
been seen that it made 0.57% and 1.17% errors at
0.5 and 1 Nm load respectively. For 50 rpm, it has
been successful in the unloaded condition. However,
it has been seen that it has made 0.28% and 0.56%
errors at 0.5 and 1 Nm load respectively.

4. Conclusion

In this study, NRB_SSC was carried out for the speed
control of IM. The proposed method is explained in
detail in the application of motor speed control, and
the performances of the designed controllers are graph-
ically shown. Three different methods, at three different
loads and three different speed values for each were
tested in the study. According to the obtained results;

o Successful results were obtained from all models
while IM was unloaded.

e While all models were successful in 30 and 50 rpm
at 0.5 Nm load, for 10 rpm a successful result was
obtained only from the DS_NRB_SSC_DE

e All models were successful for 30 and 50 rpm at
1 Nm load but at 10 rpm unsatisfactory results were
obtained from all models.

e The most successful results were obtained from the
DS_NRB_SSC_DF model in all models at 0.5 and
1 Nm loads.

Based on these results; the performance criteria of
the proposed method is seen to be quite successful.
This developed application is applicable to experimen-
tal studies for research purposes. Because studies have
been active research in many countries this study is also
expected to contribute to the literature.
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