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Abstract. Many devices use an induction-type electric motor as the prime mover, such as an electric
drilling machine, cutting machine, cement mixer/sand, and various kinds of machinery contained in
industrial textiles, automotive industry, and others. The use of machines is closely related to the
application of electric motors that will essentially consume electricity vary depending upon the size of
the motors that. And generally, this equipment always operates at a nominal price of electrical voltage
or full voltage of 220 volts for example per phase or 380-volt three-phase. In this condition, when the
motor is not fully loaded suppose half of its full load, it would be a waste of electrical energy
consumption, especially if the motor is not given mechanical load on its axis. Therefore, this paper
gives a little solution in saving electrical energy consumption of the motor. Two important things are
studied in this paper regarding the working arrangements, namely the motor on the state of the start
and on the state of the running.

1. Introduction

Regulatory use of the energy consumed by the electric machine like an induction motorcycle is the
essence of the problem is in order to save electricity. There are three main things that are most
important to understand in regulating the energy consumption of an induction motor is a start state, a
running state, and breaking condition. In the case of motor starting, a higher current start with a long
durations time deserve special concern, because if this happens it will cause considerable energy usage
at the time of the motor starting. The energy used in the running conditions will depend on the load
and voltage. In terms of braking, suddenly braking requires very high energy compared to the dynamic
and regenerative braking method. This article will only discuss two conditions of motor operation,
namely: the start state and the running state [1]-[7].

2. Result and Discussion
2.1. Energy Consumption of Motor on Start Condition

That is a major concern in terms of starting an induction motor is the current initial asut. Given that
the motor current at start-up is very high, it is necessary to limit or reduce the starting current.
Starting current will depend on the incoming voltage to the stator, and the frequency of the voltage
source. By decrease in starting current will be able to reduce the energy or power during start-up, also
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will prevent the motor from failure to start dealing with the protection system will disconnect power to
the motor. One way to reduce the starting current of the motor is through voltage regulation, namely to
reduce the incoming voltage to the motor stator.

Figure 1 shows the current curve starts in four ways as a comparison, namely; by directly start, by a
current limiter (with slide resistor or slide inductor), by low voltage, and by the soft starter [1], [5], [6],

[7].

ill I A

/ (amp)
Medium start, by limiter current \ L atVi=V
LatV,=0,75V
Low start, by a lower voltage
IS"II"I'.
J L atVi=0,5V

T With a soft starter

By variable volt variable frequency I, at Vastep
4 4

Iy e
. — .
i t [ 4] ts .

t t (sec)
Figure 1. The motor starting current curve Figure 2. Time-current characteristics at the
startmotors with different voltages

There are four categories of starting the motor according to figure 1 are Hard start, medium start, low

start, and soft start. Each method has different characteristics as shown in Figure 9.

a. Hard start the start the motor at a nominal voltage (full voltage). In this condition, the flow reaches
5's/d 10 times the price of full load current.

b. Medium start is the start condition medium, wherein the flow reaches 3 s/ d 5 times the price of full
load current.

c. Low start is start low, where the current reaches 1 s/ d 2.5 times the price of full load current.

d. Soft start is the soft start, where the flow can be smaller than the full load current or even zero and
rises gradually until the normal flow rates.

2.1.1. Regulation Of Starting Energy By Minimized Input Voltage

By reducing the incoming voltage to the stator will produce a smaller current. The motor is in
start-ups with different voltages will give the performance of different currents, curve shape of high of
initial currents and current versus time curve. The length of time necessary to start up at any given
voltage value also be different, meaning also depends on the torque that occurs when the motor
started-up. Application of lower voltage, causing initial current and starting torque will be very low, so
the start time will be longer, and the use of a voltage below the minimum voltage value, causing the
motor can not rotate. Approaches characteristics that may occur can be described as ideal as in Figure
2. The initial current at the start condition by using nominal voltage is very high. The equation of the
motor current reference to the stator is [1], [2], [5].

R,

At the start state of standstill, the price slip s is 1 (one), and the frequency of the rotor is zero
(remember the equation fr = fs — sFs. so that the initial current value corresponding to equation 1
above is [4].

/

rF =

€]

/
P
a.R,'

(@)

1 Start =
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Where: V,'is rotor circuit voltage reference to the stator,
R,' is the rotor resistance reference to the stator
a is the ratio between the stator and rotor windings

Torque on the rotor that occurs by giving nominal voltage is the largest in terms of torque start the
engine. In general, the torque required by the motor has the form of the equation:

P, \/g.Vz d,'.cosp,,

T, =
w . 3)
_ B Ry
ol(R,') +(X,")?)
Where: Cosp, = R

VR, +(X,")
V, =voltage in to the rotor (V)
R, = rotor resistance reference to stator (Q2)

® =2nf=radiant frequency (rad/sec)
f = frequency of volage source (Hz)

Frequency of rotor at start condition is zero, thus the rotor torque equation is
V. /
2
T, Start =

“

Where: m is a unknown value

From the equation above, then by lowering the incoming voltage to the rotor V2, the initial electric
current and starting torque will become lower. Therefore the torque is proportional to the power so
that the power consumed at the start will be smaller, while the value of energy at the start will depend
on the duration of the motor start, the equation [1], [4], [9].

Wst = Pst . tst = Tst- a)-tst
_ B’ R, 4,

(5)
(R, +(X,)?)

Where: t is starting time (sec)
Py is power absorbed by the motor during the start (kW)

2.1.2. Energy Consumed by the Motor at Each Start State
Energy calculations based on the image above characteristics is through the calculation of the area

bounded by the respective functions of the curve and start time then multiplied with an operating
voltage which is as follows [5], [9]:

For category 1, if the current curve decreases linearly (straight line), the area of trapezium 1 is

. N
(i, + iy )31 (6)

Energy for this condition is
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\/_qul(l +ZN) .Cos ¢,
=BV, +i, ).2—1.Cos ?,

Where: Cosg; is power factor at start state for category 1
V1 1is the value of nominal voltage

(7

For category 2, If the curve of current decreases linearly (straight line), the area of trapezium 2 is

(i +i, ).(’2 - j (i) ®)
The energy forthis conditon s
R RIS L= A Yo
V3035 s i) 5 ) coso,

€

Where : COS(DQ , is power factor for start condition for category 2,
qzz 0 75 V

2.2. Energy Regulatory at Running state
In the state the motor is running, the amount of energy used may vary and will depend on the state
of the mechanical load on the motor shaft and the operating voltage [6], [7], [9].

2.2.1. Operation on Minimum Working Voltage

An induction motor has torque-slip characteristics, and the voltage range is between the nominal
value and the lowest value where the motor can still work normally if the voltage is lowered to its
lowest limit. In figure 3, namely in the i-v graphs at full load condition at a minimum current Imin, Fun
10aa and the maximum current I g, value; the Low-load condition at a value of minimum current Imin,
Low, and the maximum current Im rowdead; as well as the straight-line graph is the current
characteristics of the system or equipment is categorized as a linear load. Power and energy that will
be produced in each state of the load can be formulated as follows [2], [3], [5].

On Full load condition
Power consumption at nominal voltage Vy is

PFL = \/§VN,FL'1FL'COS¢FL (10)
Power consumption at minimum voltage Vmin,rr 18
P, = \/§Vmin,FL-1FL-605¢FL (11)

The energy used on minimum voltage condition is

Weninry = Paminrry = V3Vaninrry- lanin rry- Cos Pemin,FL) (12)
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Figure 3. Curve of Torque/current vs voltage Motor at Low-load and
full-load condition, and Load torque

When compared with when the motor operating at nominal voltage, the operation of the motor at
the minimum voltage at any loading condition will be very profitable, the first, currently taken by
motorcycles decreased quite large; the second heat which occurs in the motor will also be lower; the
three does not result in a strong hum of the motor; fourth, the energy used by the motor to be greatly
reduced; especially motorcycles with varying loading conditions during operation [1], [5].

2.2.2. Experiments and Results

In experiments conducted in the laboratory of electric machines STTMandala we use a set of
single-phase induction motor-generator of 2 HP, 4.2 A, 220 V; 300 W incandescent lamp 220 V as
the resistive load. The equipment used is, slide regulator, voltage, current, power factor, KWH meters.

a) The results of the Experiment in Table 2
Table 2. Is current value data, voltage and power, and power factor from the minimum work voltage
setting results on a single-phase induction motor with varied loads: During voltage settings, round
prices relatively constant at 1430 rpm

No Vs Im PF Disc rotary of KWH P
) (A) (second/rotation) (Watt)
Fully Load Condition
1 220 42 0.74 8 683.76
2 197 39 0.81 8.5 598.272
3 192 3.8 0,82 9 606.366
4 190 3.9 0.83 8 613.548
Load three-quarters full load (3/4)
5 220 3.5 0.68 10,8 523.6
6 185 2.7 0.9 12.5 434.565
7 180 2.85  0.93 11.7 477.1
Half of the full load (1/2 Load)
8 220 3 0.68 18,75 448.8
9 190 1.8 0.89 22,8 311.22
10 170 1.5 0,945 23.5 240.975
Low load (Lower)
11 220 3.1 0.84 29 572.88
12 180 1.5 0.92 52 248.4
13 140 1 0.98 70 137.2
14 100 0.88 0.995 80 88.99
15 70 079  0.999 68 55.24
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b) Analysis from table 2 can be explained as follows

Under full load in a voltage of 220V, the motor needs a power of 683.76 W is greater than the
power consumption at a voltage of 197 V is 598.27 W, At % full load in a voltage of 220 V, power
use by the motor is 523.6 W, is greater than operating at a voltage of 185 V, is equal to 434.565 W ;
At 2 load, in a voltage of 220 V, power use by the motor is 448.8 W, is greater than operating at a
voltage of 170 V, is equal to 240.975 W;
At low loads, in a voltage of 220 V, power use by the motor is 324.5 W, which is greater than
operating at a voltage of 100 V, which is equal to 87.56 W; It can be observed in the rotation of the
disc KWH-meter is very slow. Where the power is reduced by
APiow = Piow-Piow” = 324.5-87.56 = 236.94 W

3. Conclusion

From the discussion it can be concluded that with the application of the minimum working voltage:
(1) a large saving of electrical energy is obtained, the power used by the motor is reduced
considerably, especially in low load conditions; (2) Power-factor system resources will be good; (3)
the hum and vibration of the motor will decrease and, (4) the relative rotation speed remains
unchanged
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