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Abstract

Energy saving is a considered issue for industrial sectors, especially in the electric motor
drive. The aim of the research is to study the energy saving for three-phase induction motor. This
motor is widely used in industrial system. In the research, the stator current on d-axis calculation
is used to achieve the minimum power losses. The mathematical model and power loss equation
of the motor are used to calculate the optimal stator current on d-axis for energy saving. The
adaptive Tabu search is applied to identify the parameters of power loss equation. The drive
system in this research consist of the hardware for motor drive and the speed control of the motor
using estpTM F28335 board. From the implementation results in laboratory, the proposed
method can provide that the maximum percentage of energy saving is equal to 85.43% at slightly

load and the percentage of energy saving is decreased when the load is increased.
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1.5 900 184.70 0.928 0.49 251.960
1200 205.07 0.834 0.55 282.197
1390 204.37 0.856 0.64 335.886
300 105.07 1.002 0.54 170.554
600 152.77 1.015 0.54 251.200
2.0 900 182.63 0.956 0.58 303.794
1200 204.23 0.906 0.67 371.915
1390 199.13 0.953 0.69 392.826
300 112.10 1.084 0.57 207.793
600 156.07 1.087 0.58 295.188
2 900 186.17 1.037 0.63 364.880
1200 194.13 1.063 0.72 445.738
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Conventional Energy saving
TN T T P, | i v, | i p |
(N-m) (rpm) as ¢ ? pf " as ¢ ¢ pf in saving
A [ v, | A (W) @a | vy | A, (W)
300 83.83 0.89 0.37 83.10 0.27 38.23 0.26 0.40 12.11 85.43
600 138.00 0.91 0.26 98.38 0.26 64.40 0.26 0.37 18.80 80.89
0.1 900 181.80 0.93 022 | 111.11 0.24 82.87 0.26 0.38 24.75 77.72
1200 204.87 0.77 0.21 99.51 0.23 105.77 0.26 0.37 30.17 69.68
1390 202.13 0.54 0.20 65.61 0.22 117.07 0.27 0.39 36.57 44.26
300 88.03 0.89 0.41 96.58 0.59 70.63 0.57 0.43 51.48 46.70
600 140.37 0.91 0.33 | 126.18 0.57 114.27 0.55 0.38 72.17 42.81
0.5 900 0.94 183.30 0.92 0.29 | 146.55 0.54 146.93 0.54 0.39 91.97 37.25
1200 205.87 0.80 0.32 | 157.32 0.50 170.97 0.51 042 | 110.73 29.62
1390 203.63 0.63 0.38 | 145.09 0.48 179.57 0.49 0.46 | 122.17 15.80
300 93.63 0.91 0.46 | 117.06 0.74 84.80 0.73 0.48 88.65 24.27
600 143.60 0.91 0.41 160.73 0.72 131.37 0.72 0.44 | 124.16 22.75
1.0 900 185.63 0.93 0.38 | 195.75 0.68 165.37 0.70 0.47 | 162.99 16.74
1200 205.50 0.80 0.46 | 228.01 0.65 194.03 0.67 0.49 | 192.24 15.69
1390 205.17 0.76 0.52 | 243.89 0.62 197.17 0.64 0.56 | 210.67 13.62
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Conventional Energy saving
N T T P | i | v, | i P, |
(N-m) | (pm) o / ’ pf ) o ’ ’ pf " saving
@ | v, | @ w | @ | v,y | @ (W)

300 98.43 0.93 0.50 | 137.90 | 0.80 92.80 0.82 0.52 | 119.00 13.71

600 148.20 0.95 0.46 | 194.09 | 0.77 138.60 0.81 0.52 | 176.00 9.32

1.5 900 184.70 0.93 0.49 | 25196 | 0.73 173.40 0.81 0.55 | 231.46 8.14

1200 205.07 0.83 0.55 | 28220 | 0.70 192.80 0.76 0.62 | 272.54 3.42

1390 204.37 0.86 0.64 | 33589 | 0.67 194.67 0.80 0.67 | 31225 7.04

300 105.07 1.00 0.54 | 17055 | 0.82 101.53 0.93 0.56 | 158.12 7.29

600 152.77 1.02 0.54 | 251.20 | 0.80 146.77 0.93 0.56 | 229.56 8.62

2.0 900 o 182.63 0.96 0.58 | 303.79 | 0.76 177.80 0.91 0.61 | 296.74 232

1200 204.23 0.91 0.67 | 37192 | 0.72 193.67 0.91 0.70 | 370.92 0.27

1390 199.13 0.95 0.69 | 392.83 0.70 197.83 0.98 0.73 | 422.85 -7.64

300 112.10 1.08 0.57 | 207.79 | 0.92 110.63 1.07 0.57 | 203.18 222

600 156.07 1.09 0.58 | 295.19 | 0.90 156.57 1.09 0.58 | 295.59 -0.134

22 900 186.17 1.04 0.63 | 36488 | 0.86 196.60 1.08 0.60 | 382.90 -4.94

1200 194.13 1.06 0.72 | 44574 | 0.82 191.87 1.05 0.71 | 429.12 3.73
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Abstrace—This paper presents the power loss identification of
the three-phase induction motor. The power losses are considered
in the model of three-phase induction motor called the power loss
model. The artificial intelligence approach called the adaptive
tabu search is used to identify the parameters in the power loss
model. The results show that the adaptive tabu search algorithm
can search the appropriate values of the power loss model.

Keywords—power loss identification; adaptive taba search;
induetion mator

1. INTRODUCTION

The three-phase induction motor (IM) is the important
machine in the industnial system. The advaniages of IM are
cheap, low maintenance and high efficiency [1]. Presently,
many research works focus on the energy saving in electric
motor. The power loss mimmization of the IM can provide the
energy saving. Therefore, the power loss identification is
important process to find the suitable parameters of the power
loss model. In the previous works, the power loss parameters
are not considered m the conventional model of the three-phase
IM. The three-phase IM model without the power loss
parameters on dg-axis 15 illustrated m Fig. 1.

Ly 7, L Wy far—er )i,

2 LR
Y G ®

noR Ly, ord g e My 1 ® e

Fig. | Three-phase mduction molor madel
without power ksses of motor

The stray loss and friction and windage losses are neglected
because these losses are small value compared with the copper
losses and iron losses. However, the stray loss is equal to 10-
15% of total losses in IM [2]. Therefore, this loss should be
considered in the model of the three-phase IM.

359

The three-phase IM model including the power loss
parameters is presented in this paper. These parameters are
difficult to measure or calculate i the practical work. To solve
this problem, the adaptive tabu search (ATS) 1s applied to
identify the parameters in the power loss model. The results of
the motor power loss from computation are compared with the
power loss from experiment.

The detail of the power loss model is explained in section
IL In section IlI, the power loss parameters identification is
fully presented. The results of scarching the power loss
parameters using the ATS technigue are shown in section IV.
Finally, the section V concludes the advantages of the proposed
model to identify the power loss parameters.

Il Power Loss MoDEL

A. Lass Model Including Stray Lass

The three-phase IM model on dg-axis including losses can
be seen in Fig 2. The stator and rotor ron losses arc
represented by Ry, Ryq and R:il'r' R.‘qﬂ” respectively. These
parameters are added to the conventional model of IM [3].
From [2], the stray loss ( Py, ) depends on the rotor current
(Frray = r'E ). Thus, the Ry, is added in the IM model to
represent the stray loss as shown in Fig. 2.

R L f;i,..f o= o, I
P A
£ + i g =t
s r )
Vite Vs Ry Lo Y Ru\-
by £
- - = | [Ty T
= - Ay
i o L.
ko fjf\.u (=i, )4y Ll
PR ¥ S et
+ L T 4t
3 .
Fir Vi R Ly Ve E R-:" L
- = =eln
- v i =
kN Iu’.lll\ {"H"F f"v

Fig. 2. Threesphase mduction molor model
by considening the iron loss and the stmy loss
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It can be seen in Fig. 2 that the loss model of IM s
complicated. In the practice, the simple model is necessary for

implementation. Thus, there are three assumptions in the paper
to simplify the loss model of IM. For the first assumption, the

leakage inductances ( Ly, . L ) can be neglected because these
parameters are small values compared with the magnetic
inductance. Moreover, the rotor linkage flux (i) are defined
on d-axis i the second assumption. Therefore, the rotor
linkage flux on g-axis (A, ) is zero. For the last assumption,

the voltage across the magnetic inductance ( L, ) on d-axis can
be set to zero.

The simple model including losses of IM can be depicted in
Fig. 3. This model 1s used to caleulate the total losses of IM
the paper.

+
Vids L
iy ]
g 4 g (e = Jag
. M £y 3
+ g .],r o e
Lv (e
Ve Vi K L, Ly
- - AR+ Ry VW R
— .
Ty fa Tonr = Tlhan

Fig. 3. The power bkoss model for the paper

B. Power Loss Equation

From Fig. 3, the total power losses of IM can be calculated
by (1) In this ecguation, the unknown currents cam be
considered from Fig. 2. Finally, the power loss equation of IM
15 shown m (2).

Pt = P+ P+ F+F “J
= R,[e +i? ]+Rra;f+.ﬁﬂe“+.ﬁwei;_+k
: y.
R = Ri +R‘[ Ty ] kT 2
Ky L
; .3
where ,t‘:_ng,_
- ot Pl )
Ry= + -+
r R'+[{R;+R_ T Hﬂqg Rnr R+ Ry 'ﬁ'l

| BltaF [ % } Ll L F
(R + 2a) R + ) R

B (R + Riow )
o= +[{rr’+x:+n¢]’{ft,ﬂ& ReP [xﬁ”...;.-rrm]']
RLR
r[ﬂ&"ﬁF

36d

2R Ry L (R + Ry )
| T+ Rarey = R Flitgs = RaF

[R'm,mrn;#j

Ry

[ 2Rt
(B

II. Power Loss IDENTIFICATION

4. The Moior Testing

The rating of the three-phase IM in the paper is shown in
Table I. From the Table I, the parameters of IM are tested from
the motor.

TABLE L THE RATENG AND PARAMETERS OF IM
Rated Value Parameier
P=370 W Ry=25130
Frg =380V, R.=0.7910}
I=11A, J_ﬁ‘u_-ll{ﬁbﬁl[
Pole pair (£, )=2 Ly=0%T2H

The procedure to test the [M can be described as follows:

Step - Start motor at rated voltage equal to 220 Vi,

Step 2: Adjust load torque (7). There are ten torque values
for testing. The torque data is divided into two
groups. First group, the T, equal to 0.5, 0.75, 1.00,
1.50, 1.75, 200 and 250 N-om are uwsed for
identification. The T, in second group equal o 0.25,
1.25 and 2.25 N-m are used for validation.

Step 3: Measure load torque and speed by sensor (T, o).
The T; and @ are used to calculate the output power
(Faur).

Step 42 Read the input power (#,) by watt meter.

Step 5: Caleulate the power loss (Pr,).

Step 6: Measure phase current (i) by ammeter. The iz,
is transformed to the currents on dg-axis (ig, iy)-

The results from [M testing are shown in Table [L

TABLE I THE RESULTS FROM IM TESTING

Te L] Vohase | iphose Pin Poui Plgs
(Nem) | red) | e o g | (L] (")
025 15750 20 0674 97.90 IB.625 59275
0.50 156.45 230 6EL 13890 | TR2IZ6 | 6067
0.75 15520 230 0703 180010 | 11639 | 63.704
100 154,15 23 0730 22240 | 154147 | BE253
125 153.10 20 0769 26830 [ 190375 T6.925
1.50 15195 230 809 Ill%0 | 127922 | B3I9TR
L5 15048 20 0852 I5T.T0 | 263344 | S4356
21 149,12 230 0908 40340 | FE242 | 105158
235 14797 230 0969 44080 | 332030 | 116870
250 1640 230 1.03% 502,10 | 365995 | 139105
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B. The parameters Identification Using Adaptive Tabu Search
The power loss model can be calculated by (2). The
appropriate parameters in (2) are necessary to achieve the
precise power loss value. Therefore, the identification of the
power loss parameters is presented in this section. The T and
ex values in (2} can be measured by sensors, while B, R,
Ly and Zpare seen in Table I Morcover, Ry, Rysand

Ry are difficult to measure or caleulate. The ATS is

applied to identify the three parameters ( Ryg , Rog . Rygy )
The ATS method 15 developed by [4]. In order to perform its
effectiveness, the ATS has been tested against several well-
known benchmark functions, that 15, Bohachevsky, Rastrigin,
Shekel’s foxholds, Shubert and Schwefel functions [5-9].
Moreover, the convergence property of the ATS has been
proved to assure that it can reach the optimal solution within
finite search time [5-10]. Thus, the ATS algorithm can provide
the global solutions for system identification. The block
diagram to identify the power loss parameters is illustrated in
Fig. 4.

In Fig. 4, the cost value { ¥) can be calculated by (3). This
equation is the root mean square error between the power loss
values from experiment (Fiyaprimng) ad  computation
(P toamputationy) 85 giveT in (4).

2
Eermr‘

W= (3

n

error = | P, (4)

Pl |

According to Fig. 4, the ATS process is used to scarch the
R@_, R:W and R-"ﬂﬂ:l' parameters. The new parameters from
ATS searching are sent to calculate the power loss

Start mator 1
ruled vellage 220V,

Adius losd
toTgue

(Prossteompatations)- THE TEW Poyiiimmpmtations value is subtracted with
Placsiesperimeny 382N The ATS process is operated to tune the
Ry, Ry and Ry
be achieved.

values until the minimum W value can

IV, SEARCHING RESULTS AND DISCUSSION

In the paper, the seven data for identification are separated
to search. The ATS searching process was conducted 5 trials in

cach the data. The average values of Ry, R.'qﬁ- and Ry

are shown in Fig. 5 (asterisk). These results can be
approximated by linear interpolation. This approximation can
be obtained the relation between torque and parameter in cach
torque range. The results from linear imterpolation are depicted
in Fig. 5.

The comparison between Frogon, and P, y 15
addressed in Fig. 6. It can be scen that the Py, of each
torque are nearly the Pirimng- The average eror of this
comparison is egual to (.794%.

V. CoNCLUSION

Normally, the parameters of [M can be determined from the
testing. However, the testing for the power loss parameters is
very complicated. Therefore, this paper presents the application
of the ATS algonthm to identify the power loss model of the
three-phase induction motor. The data from the experiment is
wsed in the searching process. The paper shows that the
Prossjesmpusion calculated by the parameters from ATS scarching
are nearly the P ceimey Thus, the good results of the power
loss confirm that the parameters from the proposed method are
realiable.

Parameters Identification

Measure lond torque: | T, l

| Caleulaie the owipat power

e

Caleulate the power loss

Fu= P

Rz thee anpal power &
by wailt meter

Inbse

Measure phase cumen Transform the s

| I
|
i I
|
i I
|
i I
|
i |
|
i i
|
i I
| and speed by sensar B =T i
| - I
| I
| i
|
| I
|
| I
i 1
|
| |
|
i 1
|
| I

by gmencier om al-ais
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! fram Tabilg | 1
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Fig. 4. The block dsagram for the motor testing and the pammeters identification
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