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ABSTRACT

Speed monitoring of electric motors has attracted the attention of many researchers from past to present. Induction Motor (IM),
which is one of the electric motor types, falls behind the nominal speed in different loads. This study was conducted to increase
the speed control performance of IM. In the study, speed control of IMs was realized by Difference Frequency (DF). The Scalar
Control (SC) method was used in 1M speed control. In order to increase the performance of SC, the frequency information received
from IM was compared with the reference frequency. The resulting DF was applied to the system input again. For the performance
analysis of the study; SC, Pl + SC and DF + SC methods were compared. The results obtained from the study simulated in Matlab
software show that the proposed method can be used in speed control.

Keywords: Speed control, scalar speed control, IM, frequency, V/f.

Fark Frekans ile Indiiksiyon Motorun Skaler Hiz
Denetimi

0z

Elektrik motorlarinin hiz denetimi gegmisten giiniimiize pek ¢ok aragtirmacinin ilgisini ¢ekmistir. Elektrik motor gesitlerinden biri
olan Indiiksiyon Motor (IM) ya da Asenkron Motor (ASM) farkli yiiklerde nominal hizin gerisinde kalmaktadir. Bu ¢alismada
IM’nin hiz denetim basarimini arttirmak amaciyla yapilmigtir. Yapilan caligmada IM’lerin hiz denetimi Fark Frekans (FF) ile
gerceklestirilmigtir. IM hiz denetiminde Skaler Denetim (SD) yontemi kullanilmistir. SD’nin basarimini arttirmak i¢in IM’den
aliman frekans bilgisi referans frekans ile karsilagtirlmistir. Elde edilen FF tekrar sistem girisine uygulanmigtir. Calismanin
performans analizi i¢in; SD, PI + SD ve FF + SD yontemleri karsilastirilmistir. Analiz sonuglari tablo ve grafikler ile sunulmustur.
Matlab yaziliminda benzetimi gergeklestirilen ¢aligmadan elde edilen sonuglar Onerilen yontemin hiz denetiminde
kullanilabilecegini gostermektedir.

Anahtar Kelimeler: Hiz denetimi, skaler iz denetimi, IM, Frekans, V/f.

1. INTRODUCTION

Induction Motors (IM) are preferred in industrial areas
due to advantages such as simple structure, low cost, low
maintenance requirements and high efficiency [1] - [5].
This situation reveals the need for use of IMs at different
speeds. However, the nonlinear dynamic model, the time
varying parameters and external load torque of these

Voltage / frequency (V / f) rate constant. The goal here is
to keep constant the motor torque desired to be operated
at different speeds. However, when IMs operated at low
speed, torque production is reduced due to the reduction
of internal voltage drop and dynamic performance of the
motor decreases due to disruptive influences such as
external load conditions [15] - [18]. Therefore, SC

motors makes the speed control quite complicated [6] -
[9]. In this context, it is expected from the control system
that to have proper behavior of location and speed at
transient and steady state, to respond well to the variable
speed, not to be affected by changes in the disruptive
input parameter such as an external force (load torque)
[1], [20], [11].

Speed control of IMs is carried out in two distinct ways:
scalar and vector [12], [13]. Considering the industrial
application; Scalar Control (SC) method is being used
because of simple structure, easy application and low
cost [14]. SC method is performed by maintaining

*Sorumlu Yazar (Corresponding Author)
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method is used in conjunction with additional control
methods such as Proportional-Integral-Derivative (PID)
[19] - [21]. However, parameter sensitivity of the PID
controls is fairly weak. If the system controller
coefficients are set well, system can be controlled in a
good way. However, any changes in system parameters
affect the performance of the controller negatively. In
this case, the PID control coefficients will need to
readjust [19], [22].

In addition to classical methods of control, many
methods have been suggested [23] - [25]. These; Kalman
filter [26], field orientation [27], [28], position [29],
adaptive [30], finite elements [31], finite differences [32],
logic [33], state feedback [34], stator voltage [35],
observer-based [36], matrix theory [37], shift mode [38],
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digital signal processor [39], sensor-sensor-less [40],
robust [41] control, etc.

When the studies in recent years are examined, it is
understood that intelligent audit methods Artificial
Neural Network (ANN), Fuzzy Logic (FL), Genetic
Algorithm (GA) etc. and these methods are used together
with classical methods. In addition to the above-
mentioned methods, we observed that control methods
such as ANN, FL, GA are used [42] - [45]. Referring to
the literature, it is observed that intelligent control
systems which can be used instead of the PID have been
developed [46], [47]. These methods show the desired
performance in the nonlinear case in system [48]. Also,
the control performance system is less affected from
parameter variations [49] - [51].The aim of this study is
not to reveal the positive and negative aspects of the
known methods, but to reveal a different solution
method.

The purpose of this study is to improve the performance
of the SC method utilized in speed control of IMs without
the need for additional controller. The motor that controls
to be carried are required to reach the reference speed at
idle and load. Therefore, Difference Frequency (DF) +
SC method is recommended in control of IMs.

2. MATERIAL AND METHOD
2.1. Mathematical Expressions of IMs

In terms of ease of simulation biaxial mathematical
expressions of IMs are used. These statements are [4],
[52], [53];

The stator voltage equations of dq axis:

d

Vsd Tlsd"s Tt Vsd ~ We¥sq

o d (1)
Vsg T 'sq"s T gt ¥sq ~ Ve¥sd
Rotor voltage equations of dq axis:

. d
rd ='rd * gt Vrd _(We_wr)l//rq
(2

. d
Veg = 'rq Tt Vg —(We—Wr)V/rd

Here; Vig =Vyq =0 for squirrel cage IMs [1].

q

Stator and rotor flux given in these equations (Matrix
expression):

Y L 0 L, 0 |ig
0 0 L. |i
!//sd — Ls m 'sd (3)
Vi L, 0 L O (S
Wrd 0 Lm 0 Lr ird
Flux equations in the air gap:
Yimg = tmUsq ~Trg)
(4)

Vid = m (s ~irg)
The equation of torque generated by the motor:

T 3P

m :EELm(irdiq _irqisd) ®)

The equation of electrical torque generated by the motor:

2d 2
T, =T +J——Wr+BBWr (6)

e L p dt

2.2. Mathematical Expressions of SC

SC simulation was performed with the angle and
amplitude ratio obtained by calculating from the
reference frequency entered into the system. Reference
voltage equations are given below for three phases [12].

V, =V, sin(0)

V, =V, sin(H—Z;r/S) @)

V, =V, sin(6+27/3)

2.3. Mathematical Expressions of DFs

DF's simple mathematical model;

DF =ref _f ——e (8)
2r

2.4. Methods for Control of IMs
2.4.1. SC method

IM simulation model of SC method is shown in Figure 1.
Here, SC simulation will be carried out with the angle
and amplitude ratio obtained by calculating from the
reference frequency entered into the system. Current,
torque and speed graphics will be obtained by running the
motor at idle and load [54].

I —I—I- TL i=_abc ——
torque
Va PVE yeg | Vzd Te »
I | Freg. Vb > Vb
ref_f Vo (Ve Vsq V=g we f— >
Scalar Contralt abe to dqf IM_O.75EW Seopet

Figure 1. Simulation of SC Method
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2.4.2. P1+SC method

IM simulation model of PI+SC method is shown in
Figure 2. Here, PI sets the control input, reduces errors,
and will work to achieve the desired reference frequency
value. Current, torque and speed graphics will be
obtained by running the motor at idle and load.

2.4.3. DF+SC method

IM simulation model of DF+SC method (The proposed
method) is shown in Figure 3. Here, DF will be
performed by adding the difference between the
frequency obtained from motor speed and reference
frequency to SC input. Current, torque and speed
graphics will be obtained by running the motor at idle and
load [55].

I L{rL is_abe f——
torque?
Va Ve g B Ved = >
— B—» Freq. Vb » Vb
ref_f1 Ve plvc  VR—F{Vea we ¥
Scalar Cotral - Ggin1  abctodg IM_0.75 kw Seope
-K <1
\““"‘-..‘l
Figure 2. Simulation of PI+SC Method
J__l—h- TL is_abc f—
torqued
Va i R N el—»
L\ Freg. Vb (Wb
ref_f3 Y = Wi V=g P V=g e
Scaler Control2 abctodg2 INEO.TS kW seepes
We
deff._f
= ref_f <J
DF
Figure 3. Simulation of DF+SC Method
3. RESULTS Nm in Figure 4 (a), 5 Hz and 0.25 Nm in Figure 4 (b), 5

Four simulation tests graphs and tables are given below.
The simulation tests conducted are shown in the table and
then on the graph. The first simulation test input
information is given in Table 1 and simulation test results
are shown in Figure 4.

The motor current, torque and speed graphs is given
Figure 4 (a), respectively. Consequences are 5 Hz and 0

Hz and 0.5 Nm in Figure 4 (c). It is seen that the motor
current is equal to each other in three simulation tests.
Also, it is understood that the motor torque graph is at the
desired value. However, when speed graphs examined it
is understood that the SC method could not be successful
by the motor load torque increases. But DF+SC gave the
same results with PI+SC method and it is observed that
this method is successful at speed control.

Table 1. The first simulation tests input information

Tests ref f(Hz) ref_Te (Nm)
1 5 0
2 5 0.25
3 5 05
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8 I I
6 SC T an —
- 4 Pl+2C | | E
5 ) DF+3C E 20 = = = raf Spd [
m g SC
F ool z 10 PI+EC
2 DF+5C
'E' I I
4 I I I
0 05 1 1.5 2 0 05 1 1.5 2
t (sec) t (sec)
(@)
8 I I
i3 S0 - ap F
= 4 Pl+sC || T
DF+5C ] o
Z _1%2':}{ — = = ref_Spd
i) =
[ = 3C ]
o =10 Pl+SC
.2 0 DF+SC | |
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0 05 1 1.5 2 0 05 1 15 2
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(b)
g I I
i1 a0 - 30
(i, < - oriso | | Saofff |-
DF+SC ] 4
A L
|1] —_
WA, = sc |
VA o = 10 PI+SC
-2 o DF+SC
1 4 | | I
0 05 1 15 2 0 05 1 1.5 2 0 05 1 15 2
t (sec) t (sec) t(sec)
(c)

Figure 3. The first simulation test results

The second simulation test input information is given in
Table 2 and simulation test results are shown in Figure 5.

The motor current, torque and speed graphs is given
Figure 5 (a), respectively. Consequences are 10 Hz and 0
Nm in Figure 5 (a), 10 Hz and 0.25 Nm in Figure 5 (b),
10 Hz and 0.5 Nm in Figure 5 (c). It is seen that the motor
current is equal to each other in these three simulation
tests. Also, it is understood that the motor torque graph is

at the desired value. However, when speed graphs
examined it is understood that the SC method could not
be successful by the motor load torque increases. But
DF+SC gave about the same results with P1+SC method
and it is observed that this method is successful at speed
control.

Table 2. The second simulation tests input information

Tests ref_f (Hz) ref_Te (Nm)
1 10 0
2 10 0.25
3 10 0.5
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50 60 bt ———————
5 Pl+SC .
—_— — _E
T E DF+SC || E 40 — = = ref Spd
g z = -
¥= 2 0 R B 5C
— = ; 20 —_— pl+Er
R DF+5C
=5 o T
0 0.5 1 15 2 0 0.5 1 15 2 o0 05 1 15 2
t (sec) t {sec) t{sec)
(@)
5 5C 80
— . Pl+5C o
=L i}
2 5 | FJF+SC 2 40 - = = ref Spd
J E 0 = * E, . 50
- z 20 ————— P|+5C
. DF+SC
-5
] 05 1 15 2 0 0.5 1 15 2 i} 0.5 1 15 2
t (sec) t (sec) t (sec)
(b)
5C
! 5 PI+5C
I = DF+5C
'é % 0 - = = = ref_Spd
w 2 5C
' 5 DF+5C
i} 0.5 1 15 2 i} 0.5 1 1.5 2 i} 0.5 1 15 2
t (sec) t (sec) t(sec)
(c)

Figure 4. The second simulation test results

The third simulation test input information is given in
Table 3 and simulation test results are shown in Figure 6.

The motor current, torque and speed graphs is given
Figure 6 (a), respectively. Consequences are 15 Hz and 0
Nm in Figure 6 (a), 15 Hz and 0.25 Nm in Figure 6 (b),
15 Hz and 0.5 Nm in Figure 6 (c). It is seen that the motor
current is equal in these three simulation tests. Also, it is

understood that the motor torque graph is at the desired
value at SC and DF+SC methods but it is not at the
desired value at PI+SC method. When speed graphs
examined it is understood that SC and P1+SC methods
could not be successful by the motor load torque
increases. For this simulation test, it is observed that
DF+SC method is successful at speed control.

Table 3. The third simulation tests input information

Tests ref_f (Hz) ref_Te (Nm)
1 15 0
2 15 0.25
3 15 0.5
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100 }
sC o e
PI+SC 80
= = DF+SC 2 &
o = 7 = = = ref_Spd
o @ 2 a0 sC
. E ooy Pl+SC
0 OF+5C
0 05 1 15 2 0 0.5 1 15 2 0 05 1 15 2
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PI+5C
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] = =]
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- z
-2
0 0.5 1 15 2 ] 0.5 1 15 2 0 05 1 15 2
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100 ] —]
2 = o= 7
20 I|' : -
< E 2 eoH— -
2] 4 = [ - —-
= A E oanff | ref_Spd
- = = | 8C
) 200 [| =—— P45
.2 0 - DF+8C
] 0.5 1 15 2 0 0.5 1 15 2 0 05 1 15 2
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(c)

Figure 5. The third simulation test results

The fourth simulation test input information is given in
Table 4 and simulation test results are shown in Figure 7.

The motor current, torque and speed graphs is given
Figure 7 (a), respectively. Consequences are 50 Hz and 0
Nm in Figure 7 (a), 50 Hz and 0.25 Nm in Figure 7 (b),
50 Hz and 0.5 Nm in Figure 7 (c). It is seen that the motor

current is equal in these three simulation tests. When
examining torque graphs in three methods, it is seen that
the desired result is obtained by SC and DF+SC methods.
When speed graphs examined it is understood that SC
and DF+SC methods are successful by the motor running
at idle and load but PI+SC control is not successful.

Table 4. The fourth simulation tests input information

Tests ref_f (Hz) ref_Te (Nm)
1 50 0
2 50 0.25
3 50 05
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6 10
4 1 SC
_ _ sl PI+SC = [/
E 2 E h DF+5C E _-.‘__.__._,...—-"""-
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80 < [ 3 =1 — — — ref Spd
[} &0 _— =
— .2 = 5C
PI+SC
4 5 DF+SC
05 1 15 2 0 05 1 15 o 05 1 15 2
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4 s5C
. PI+SC = -7
T 2 E OF4+5C o
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- il B of=—]— = = ref_spd
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— 2 = 5C
-4 DF+8C
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2 =
4 DF+SC
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(©

t (sec)

Figure 6. The fourth simulation test results

Figure 8 is presented for a better understanding of the
performance of the proposed method. A frequency of 25
Hz was applied to the IM. The results obtained from
different load moments are shown on the same graph and
the traceability of the results has been increased.

In Figure 8 (a) shows the torque graph, (b) the velocity
graph. Figure 8 (b) shows that the motor operates at a
constant speed. It is understood that the motor has 0%,
0.25% and 0.51% speed error respectively when
operating at 0, 0.25 and 0.5 Nm load torque.

4. CONCLUSION

In this study, IM” Scalar Speed Control with Difference
Frequency were performed. The results obtained from
this study can be listed as follows.

273

SC: It shows desired performance in all speed
during idling. When working in load, at low
speeds it does not show the desired
performance. The desired control results are
obtained when working at high speed in idle and
load [17].

PI+SC: Coefficients determined for Pl
controller shows desired performance in
specific speed ranges. Nevertheless, while the
range of speed and torque changes it does not
demonstrate the required performance [19],
[22].

DF+SC: This proposed method indicates the
desired control performance in each case tested.
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When considering developments in this area, much more

The obtained results indicate that the proposed
work can be made.

]
method will contribute speed control operations

done in industrial areas.
2
1.5
1
25 o .
o / i ref_Te
20 os P A § . Te H
|I II.
15 — | §
= 1.5 ! !
10 i |1
=4 o 2 [ 4 & \ a8 10
[ak] 5 K Ill L}
= i N:ﬁ/ 0.25 Nm 0.5 Nm
0
-5
-10
0 1 2 3 4 5 [ 7 8 9 10
Time
(@)
185
180 Error Ermor Error
0% 0.25% 0.51%
15 F e
/ \
150 |"
145 / \
0 2 JII 4 g \B 10
197 1/rad/set 156.7 radisec 156.3 radiSec
150
—ref_Speed
Speed
=y
100
5
=)
o
z 50
0
0 1 2 3 4 5 8 7 8 9 10
Time

(b)

Figure 8. Performance analysis of motor at constant speed and different load moments

: Rotor inductance

SYMBOLS AND ABBREVIATIONS L,
isd, lsg :dq currents Lm : Mutual inductance
Psa, Psq - dq fluxes rs : Stator resistance
Ls : Statore inductance T : Load torque
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We : Electric angular speed
Wy : Rotor angular speed
J - Inertia constant
B : Friction constant

- Number of poles
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