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Abstract: In this paper the total power consumption in
constant speed electric drive with induction motor (IM)
is analyzed. It is generally accepted that electric drives
are the greatest consumers of electric energy in industry
and household applications. Electric drives with
induction motors are the most frequently used because of
the advantages of IM. Low voltage IM in the range till
10[kW) dominate in usage. Therefore the investigated
drive is with IM 0,75[kW], 670[1/min]. Power
measurement is according DIN 40110, which means that
except active power, reactive power and distortion
power are treated. Through presented measurement
results it is clear that consumption of non active power is
not negligible. So, energy efficiency in electric drives
depends on not only of efficiency coefficient, but also of
power factor.
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1. INTRODUCTION

Energy efficiency is basis of technical systems
working. Electric drives account for approximately
65[%)] of the electricity consumed by EU industry.
Therefore electric drives have the great energy saving
potential, technical (higher) and economic (lower) [1],
[21, [3], [4]- Low voltage squirrel cage induction motor
(IM) is considered as “work horse” in industry. Because
of its wide, dominant usage, over 65[%] in all installed
drives [1], [4], [5], [10] IM is taken into consideration.

The efficiency of an electric drive depends on more
factors, including: motor efficiency, motor speed control,
proper sizing, power supply quality, distribution losses,
mechanical transmission, maintenance practices, end-use
mechanical efficiency (pump, compressor, fan etc.). The
energy efficiency has influence on the work of electric
drive, its consumption and paying of electric energy
(active, reactive), the working life etc.

What energy efficiency practice for? The answer is
simple - because of getting high quality and cheaper
products, lower production costs and reducing of global
pollution. The order of listing could be opposite.

2. DESCRIPTION OF THE INVESTIGATED
DRIVE

In these papper was investigated electric motor drive
with these type of induction motor (Catalogue of
standard squirrel cage induction motor clossed type ZK —
Sever, Subotica, P.M. 111-6Y, 1988 [26]):

<
Table 1. Plate characteristics of IM ZK 100 L-8
Fabricated from Sever - Subotica
Nominal active power 0,75[kW]
Nominal speed 670[1/min]
Stator connection Y

Nominal voltage 380[V]
Nominal current 2,5[A]
Power factor coso 0,69
Energy efficiency 69 [%]
Nominal torque 10,69 [Nm]
1/1, ratio 3,6
M,/M,, ratio 2.3
M, /M, ratio 23
Moment of inertia 0,00572 [kgm’]
Mass 18,3 [kg]
<>
Electrical parameters of IM was faund with

measurements and calculation from T equivalent scheme
of IM. These results is presented in Tab. 2:
<>
Table 2. Parameters of IM at operating temperature
of 75/°C] and nominal power losess

Rl R'Z Xl X'Z Rm Xm Pon Pkn

Q Q Q Q Q Q W \\Y

8551939 | 114 | 114 [ 12,84 | 112,6 | 145 | 310
<
3. POWER MEASUREMENTS ACCORDING
DIN 40110

The next equations represent the power consumption
of linear loads supplied by three phase sinusoidal supply:

S =3UI =3U,1. (1)
S*=P*+0°. 2)




P=3Ulcosp= x/gU,,I COS Q. (3)

Q=3Ulsing= \/gUH] sin @. 4)
Where:
S - Apparent power
P - Active power
O - Reactive power
U - Effective value of the phase voltage
U, - Effective value of the line voltage
I - Effective value of the line current
@ - Phase angle between the current and voltage

For unbalanced and non linear load, which is case
when we have drives with changes of speed and load
(heavy duty regimes), the distortion power should be
taken in to account. Distortion power is produced from
harmonics from power electronic transistors in dynamic
regimes, at their peak consumption or when switching
between start, reversing and braking state. There are
many definitions of the harmonic power. According to
IEEE standard definition Std. 1459-2010 definition of
the total current and voltage in non-sinusoidal systems,
are represented in following equations(5) and (6) [3]:

P=I+I; =1} + I (5)
n#l
U?=U+Uy =U} + D U, (6)
n#l
Where:
U, I, is voltage and current of the fundamental
frequency

Uy, Iy is voltage and current of the harmonics
By IEEE 1459-2010, the active powers are given by
equation (7):

P> =P’ +P;. @)
Where:

R =U\I cosg,. (®)

P, =ZU,11” cos @, . )

n#l

The reactive power is given by equation (10):

0’ =0 +0;. (10)
Where:

O, =U\l;sing,. an

0, =>.U,l,sing,. (12)

n#l
The apparent power for real system (considering
distortion power) is given with:

s? :(U111)2 +(U11H)2 Jr(UHIl)2 +(UH]H)2' (13)

S*=P*+Q +D>. (14)
Where:
D*=(U\1,) +Uul,) + U1, ) (15)

Distortion power contains harmonics from voltage and
current. The total apparent power is graphically
represented in Fig. 1, and we can observe that S is higher
than §; [1].

Fig. 1. Energy phasor diagram according DIN 40110

The power factor can be interpreted as the ratio
between the energy transmitted to the load over the
maximum energy that could be transmitted provided the
line losses are kept the same:

PF=£.

1

S (16)

If power supply is sinusoidal and load is linear (when

we do not have harmonics, at fundamental frequency),

than power factor is equal to cose [3]. The overall

deviation of a distorted wave from its fundamental can

be estimated with the help of the total harmonic

distortion. The total harmonic distortion of the voltage is
as follows:

(17

(18)

3.1. Measurement methodology

Energy measurement is conducted on electric drive
using these instruments product of FLUKE: 1735 Power
Data Logger and 345 PQ Clamp-meter. These power
measurement instruments compiles with IEC 61000-4-3
Class A standard which defines measurements methods
and ensure reliable and precise results. The connection
diagram is shown in Fig. 2 [2].

The measurements were performed in Laboratory for
Electrical Machines in FEIT Skopje. Active, reactive and
distortion powers were measured with Power Logger in
the network side. Time resolution of these measurements
is 1[s] and are presented in following figures. The results
are analyzed with Fluke Power Logger software version
2.8. With this software results can be uploaded from the
logger and analyzed later.

In Fig. 2 conection diagram for measurements made
with Power Logger is presented.

<>
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Fig. 2. Power Logger connection diagram

4. RESULTS

Measurements were made without load (M=0) and
with overload (M=1,3M,).

A. Measurements with Ms=0

The results from measurements are given in Fig. 3 to
5. In Fig. 3 and Fig. 4 are shown active power P, reactive
0, apparent S and distortion power D which is measured
before induction motor.
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Fig. 4. Powers with Ms=0 and cosp=0,1

As we see from Fig. 3 and Fig. 4 distortion power
was measured. As we mentioned before, distortion power
appearance when the load is unbalanced or non linear.
Measurement of power factor (PF) and special for
sinusoidal an linear load power factor (cosg) are

presented in next figures:
<
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Fig. 5. PF and cos @ of the phases

B. Measurements with Ms=1,3Mn

Similar measurements are made when electric motor
drive have 30[%] greather of nominal load. The

measured results are show in next figures:
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Fig. 6. Powers with Ms=1,3Mn and cosp=0,56
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Fig. 7. PF and cos ¢ of the phases




For better undrestanding the values of P, Q, S and D
from Fig. 3 and Fig. 6, comparation of values is made.
Differences between powers for Ms=0 and Ms=1,3Mn
are preented in Tab. 3.
<
Table 3. Relative percentage of all powers (P, O, D, S)
for torques Ms=1,3Mn (4) and Ms=0 (1)

(P4-P1)/Pb | (Q4-Q1)/Sb | (S4-S1)/Sb | (D4-D1)/Sb
% % % %

117 5 14 15
111 9 24 -7
97 9 19 6
104 9 24 8
104 5 24 0
97 9 28 -1
97 5 19 -1
111 9 24 4
124 9 28 -2
117 9 28 -3
117 5 19 22
111 9 28 -3
131 9 24 11
124 9 24 10
104 5 24 0
117 9 28 -3
111 9 28 -8
111 9 24 12
111 9 28 5
111 9 24 5
111 9 24 11
97 9 24 6
117 9 28 -3

<
Comment: base values are Pb=750 (W), Sb=1087 (VA).
These values in Tab. 3 are presented in Fig. 8:
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Fig. 8. Diferences between powers with loads
Ms=1,3Mn and Ms=0 in percents

From Tab. 3 and Fig. 8 we can see that active power
has significant diferences, aproximately 110[%].
Apparent, reactive and distortion power had differences
aproximately 25, 9 and 10 percent. These means that
when IM work with no load power loses is similar when
IM work work with full load.

5. CONCLUSIONS

Influence of total consumption of electric energy in
IM drive is considered. Reactive and distortion energy
consumptions are mainly produced by nonlinearities
from IM.

Till now, distortion power and energy nowhere is
taken into account, although it is in DIN 40110.

From measurements in examples, presented in this
paper is obviously that the reactive and distortion powers
have significant values, so we can’t neglect that.

Fig. 9. Photo of laboratory experiment

This new knowledge we should use in production of
IM, so as in making projects for new IM drives (for
cables and filtering) and projects of energy supply
network.

Energy efficiency is the powerfull way for reducing
the global pollution problem and improving industrial
production. Electric drives have great saving potential. It
is based on improving efficiency 7 (with decreasing
losses by use of power converters and increasing
dimensions of electric machines) and power factor PF
(by using compensation and filtering methods).

However, the consumed total (for all harmonics)
power according DIN 40110 must be paid. It is the best
way to provide solid conditions for producing,
transferring, distributing and using electricity. Reactive
and distortion power should be registered and paid.
Better tariff models are always possible.

It is time to use better measuring apparatus for
electric power in industry and domestic applications.
Consumption of reactive and distortion powers are not
negligible even for domestic use, due to increased use of
smart electronics devices.
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