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OPTIMIZATION OF INDUCTION MOTORS PERFOMANCE

The asynchronous (or induction IM) three-phase is the type of motor most widely used in industry. Most of the
electrical power consumed worldwide is in fact used by asynchronous motors. So it is essential to optimize the way they
operate so that, they consume the lowest amount of energy possible and savings are made in power costs. Different
parameters of IM operation were investigated in experimental way and the propositions for optimization of IM
performance are given.

Key words: induction motor, efficiency, starting, steady state operation, power consumption, performance
optimization.

The asynchronous three-phase electrical motors are widely used in industry and public service. They are the largest
energy consumers in the world. That is why a minimization of IM expenditure of energy can give us a big economical
effect. One of the ways to do so is to improve the motors construction and the other one is to optimize their
performance. The article is devoted to the second direction.

Another important thing is the induction motors effect on the mains supply. During the across-the line start they
cause voltage drop, that can affect the others equipment operation. For their work induction motors consume reactive
power that loads the cables, transformers with the essential losses. Modern frequency converters bring distortion to the
supplied voltage. All above-mentioned negative factors must be minimized to improve efficiency of the whole energy
system.

There are different ways of solving the problem [1-3]. Though the field technicians need the simply implemented
advices to improve the efficiency of their induction motors operation.

The aim of the article is to investigate the IM performance for different powering schemes through the starting and
operating modes, as well as on the basis of obtained data formulate guidelines, how to improve the IM performance.

For investigation the three phase IM 4A71A4V3 was taken. Its rated power is 0.55 kWt, rated speed 1390 rev/min,
rated current 1.7 A, cose 0.7, efficiency factor 70.5%.

It was loaded by a centrifugal fan equipped with the control valve to change the load. The schematic diagram of
installation is shown at the Fig.1. Agreed notations are: CT1-CT3 — Current Transformers, VS1-VS3 — Voltage Sensors,
IS1-1S3 — Instrumental Shunts. QF1, QF2- Automatic circuit breakers. For the steady-state operation the Lovato DMK
32 multimeter is used to measure voltage, current, power for each phase and their sum. The transient process is
recorded with special device RECON 08MC. It records currents and voltages at the frequency 20000 Hz, and makes it
possible to process data with common software like Excel and Matlab.

With this installation next variants of motors supply were tested. 1- direct-online connection. 2 — direct online
connection with capacitors. 3 — through the softstarter Altistart (Schneider Electric), 4- through the frequency converter
Unidrve SP (Control Technique). The schemes were investigated in the starting process and steady-state mode of
operation. To limit the random errors each starting process was recorded 10 times and the data were statistic processed.

Fig. 2 shows a phase-current trend for direct-online start. The first peak is near 12.5 amps, that is 7 times greater
that a rated current of the motor. It was the biggest peak value, obtained during experiments. The value of the current
peak changes according to the voltage value at the moment of the start and varies from 4 to 7 rated value. When
sensitive protection devices are used in electrical circuits, such short large current peaks can set on the alarm and switch
off the contactor. From the recorded voltage and current diagrams the following parameters were calculated in Matlab:

1S s
starting time, average current during starting process, active W = m.[ u i dt and reactive WQ= mj u dt Wy
0 0

plpa plor
energy consumption. The obtained data are presented in Table 1. The start time is near 0.18 sec. that is the low limit for
investigated motor. The average starting current varies from 3.2 to 4.0 of rated current value. Due to the high value of
total current through across-the-line start, magnetic core is essentially saturated. That’s result in high values of reactive
power consumption that is 3.5-4 times grater then the active one. Big value of total starting current causes the big line
loses and voltage drop. The across-the-line start is bad for all components: the main supply, electrical motor and the
mechanical equipment. For the reliable and accident-free operation it is necessary to avoid this starting mode.

Operating mode parameters are shown in Table 2. With the valve adjustment the air flow was changed from zero to
maximum possible for fan. The total power and total current remain practically the same, although the active power for
air movement changes approximately twice. It means that the losses in supply net remain stable regardless the motors
useful charging. It is an inefficient way of operation and some actions must be done to amend the situation. Such action

is the application of capacitors to compensate the reactive power consumption.
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Figure I - Test circuit
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Figure 2 - Phase current during direct-online starting Figure 3 - Phase current during soft starting
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Table 1 - Starting data

Starting mode Ttart,S Wp, Wt*s Wq, VAr*s Lnax, A Laverages A

Direct-online 0,18 39.66 156.33 8,67 6.01

Direct-online with capacitor 0,19 4935 29.43 11,58 5.75

Soft start 0,61 20.82 39.81 4,13 343

Frequency convertor 0,57 45.44 73.59 4,63 2.0

Frequency convertor with 0,58 38.67 34.47 1,32 1.1
network throttle

For rated mode of operation the calculated total power consumption can be found as

S= P __ 05 _ LI11(kVA),
n*cosp 0,705*%0,7

where input parameters are taken from motors certificate.

Rated reactive power consumption

0 =8*/1-(cosp)’ =L11%,/1-(0,7)* =0,79(kVAr)

Demanded capacity for compensation is

0*10° 0,79*10°
C= = =17,47 .
¥ pRf*UL 2%3.142%50*380° (4iF)

where f is the frequency and the U is rated voltage of mains supply.
Table 2 - Steady-state data

Parameter Q VAr P Wt I A

Valve position opened closed opened closed opened closed

Operation mode

Without 933 969 378 255 1,52 1,51
compensation

With compensation 207 137 336 222 0,56 0,34

Frequency convertor 726 534 375 273 1,33 0.92

Frequency convertor 189 96 384 222 0,72 0,38
with network throttle

The results of experiments for the variant 2 are presented at the tables 1 and 2. The active power consumption in
starting increases a little and the reactive power decreases dramatically for 5-6 times. The maximum starting current in
the first moment increases due to the capacitive charging process.

In steady-state mode the results are very good both for idle and operating régimes. The power factor increases, and
the total current is 3-4 times less then without the compensation. Due to the squared relationship among the current
value and the losses in mains supply the last will decrease by 9-16 times. Such excellent result is obtained for small,
under loaded motor. In practice the energy saving will be smaller, but also high to spent money for the compensator
installation. To reduce the first peak it is reasonable to connect the compensator after the starting.

To make the starting process better one can use the softstartrer. Such device Altistart was connected to the scheme in
the variant 3. You can see from Table 1 that both the maximum and average currents are essentially less then with a
direct-online starting. It helps to limit the mechanical shocks in equipment, avoid the voltage drops in the mains and
decrease the electrical loses both in the motor and in the line. After such starting process the motors temperature will be
appreciably lower then with the direct-online starting. So, we can increase the number of starts per hour if it is
necessary. For all unregulated drives it is expedient to use softstartes. It is necessary to keep in mind that capacitors
must be disconnected through the starting process to avoid softstarter protection actuation.

The 4 variant of operation is the supply of induction motor from the frequency converter (FC). The speed Ramp was
adjusted to obtain starting time near the softstarting case. If we compare the results in table 1 we can see that the
maximum current values for these variants are equal and the average currents are smaller with the FC. That is due to the
lower reactive power consumption. But the FC are considerably non-liner consumers that is illustrated with Fig. 4. They
do not consume the common reactive power, but bring to the mains essential distortion. To avoid this effect it is
necessary to install reactance at the FC input. It helps to approximate the current shape to the sinusoidal one. (Fig.5).
Also the energy consumption parameters become better with the throttle installed (Tab. 1,2).
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Figure 4 Phase voltage and current before frequency Figure 5 Phase current before network throttle
converter

It is interesting to compare the efficiency parameters from all tested variants of IM operation. If we take the across-
the-line start parameters for 100% the relative diagrams for both operation modes will look as it is presented at
diagrams Fig. 6 and Fig. 7. The best results for the starting process are obtained with the softstarter supply. The active
power consumption is one half from direct start, and the reactive power consumption makes up near 28% from the base.
Taking into account all other abovementioned advantages of soft start, such scheme can be accepted as the best one.
Concerning to steady process the simple scheme with capacitors gives the best results. Next are the parameters for the
frequency converter, connected through the throttle to the mains supply. Taking into consideration that primary cost of
FC with a throttle is vastly higher then the capacitor the withdrawal is obvious. It should be mentioned that when
reactive power is compensated, the total energy consumption is determined with the useful load at the shaft. So, when
we use the valve for productivity adjustment, compensated motor will take from the mains only corresponded necessary
active power. For vast majority of pumps and fans simple scheme with capacitors is the most economically sound.
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Figure 6 Diagram of relative energy consumption during Figure 7 Diagram of relative steady process power
starting process consumption
Resume.

1. For the vast majority of induction current motors the starting process must be realized with the softstarter.

2. After the finishing of starting process and softstarters shunt, the capacitors should be connected to compensate
reactive power to minimize the energy consumption and losses in the supply circuits.

3. The frequency converters contaminate the mains with high-frequency components, so they must be connected
through throttles for reduction of their harmful impact.
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O.B.CBITHI/ILIHI/II?‘I, B.O. COCEJIKO
Jep:xaBHUH BUIIUI HABYATBHUN 3aKia] «JOHEbKI HAITIOHABHIHA TEXHIYHAN YHIBEPCUTET»

Onrumizaiisi eHepreTHYHUX MOKA3HUKIB ACHHXPOHHUX €JIeKTPOABUIYHIB. TpudasHi aCHHXPOHHI €lIeKTPOIBUTYHU
(Al) € HaMOLIPII MOIIMPEHUMH B MPOMHCIOBOCTI. biibIra wacTHHAa BUTpadyBaHOi B CBiTI €NEKTPUYHOI €HEpril
cnoxwuBaeTscs came AJl. Tomy BaXIHMBO ONTHUMI3yBaTH iX poOOTYy TaKUM YHWHOM, 10O BOHH CIIOKHBAJIN MiHIMaJIbHO
MOXJIMBY KUIBKICTb €Hepril 1 3a0e3nedyBaiy 3aolla/pKEHHs eHepreTMuHuX pecypciB. PisHi mapamerpu pobotu AJ]
JIOCIIJKCHI eKCIICPUMEHTAIEHUM [UISIXOM, HaBECHI POTO3HUIIIT 010 iX ONTUMI3aIlil.

Knwowuosi cnoea: acunxpoHHuil eneKmpooSuzyH, eqekmugHicmov, HYCK, CHAMUIN PEIHCUM, CROICUGAHHS eHepeil,
onmumizauis NOKA3HUKIE.

A.B. CBETJIMYHBII, B.A. COCEJIKO
I'ocynapcTBeHHOE BhIcIIee yueOHOe 3aBeeHne «/]oHenKnii HallMOHANBHBIN TEXHUYECKUI YHUBEPCUTET»

OnTHMHU3aNMs YHEPTeTHYECKHX IMOKAa3aTesleil aCHHXPOHHBIX 3JIeKTpoaBUrarteneil. TpexdasHble aCHHXPOHHBIC
anektponsuratenu (AJl) Hambomee paclpoCTpaHEHBI B MPOMBIIUICHHOCTH. boOJbInas 9acTh pacxogyeMol B MHpeE
JIEKTPUUYECKON SHEPIUU HCIOJB3YETCS aCHHXPOHHBIMU JBHUTAaTesIMUA. [103TOMY Ba)KHO ONTHUMH3UPOBATH UX PabOTY
TaKUM 00pa3oM, YTOObI OHH MOTPEOISITH MHUHUMAIBLHO BO3MOXKHOE KOJHMYECTBO SHEPTUH M 00SCIICUMBAIU 3KOHOMUIO
sHepropecypcoB. Paznuunbie mapameTpbl padoThl A/l vccie10BaHbl SKCIICPUMEHTAIBHBIM ITyTEM U JJAHBI MPEIIOKCHUS
10 UX ONTHUMM3ALUH.

Knrwowuesvie cnosa: acunxpounwlit Inekmpoosucamens, IPexkmusnocmns, nycK, YCHMAHOGUGUWIUIICA pecUM,
nompeonenue IHEPZUL, ORMUMUIAUUA NOKA3ameleil.
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