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Induction Motors with YY/ A Connection Change for

Efficiency and Power Factor Increasing at Partial Loads

Miloje M. Kosti € and Jovan Radakove

Abstract: It is established that there exists a significant possitfitit energy savings,
on the basis of application of induction motors with YA¥éonnection change pro-
posed in this paper, especially for power to 30 kW. In corinack (0.868J,), total
losses and reactive loads are reduced to loads up to 75-86&&fiB of such motors
would be significant because more than 80% induction moteright loaded (mean
value< 70%). In such manner one motor with two characteristicstéaragd, but that
is better than to offer to the market two different motorsgdese only in exploita-
tion it is possible to accurately select the one which is wuaykvith greater efficiency
values in given conditions. However, at the motor with XY#inding it is always
possible, by selection of corresponding connection foraimealue) load measured in
operation. Even, with connection change it is possible jasado load changes in
future.

Moreover, at load$30%, energy saving by induction motors with YY¢onnec-
tion is greater than the one using induction motors withigtgr controllers. Induction
motors YY/A connection application may be economical in cases whesenibt rec-
ommended to use higher costs of energy efficiency of motors.

Keywords: Induction motors with YYA connection change, partial loads, efficiency
increasing, power factor increasing.

Introduction

Electrical motors consume around 55% of total consumed electrical enadyy
thereof, induction motors account for 96% of energy consumption. W@y %
of this energy is used in induction motors with a rating below 55 kW, and it shows
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[1] that 85% of the energy loss is dissipated in these rating motors. Efficienc
improvement of constant - speed drives, both constant-torque aiahieatorque
drives, is very important. It is usual that techniques for efficiency imgmeents

of variable-torque drives are different from those of constanéd@and constant-
torque applications. The latter is dealt with through optimization; it is very difficu
to design and build a motor with high rating efficiency and rating power fattor-
is shown [2] that higher efficiencies are associated with lower powérrfaspe-
cially, it is very difficult to design and build a drive operating at high efficigand
power factor over an entire range of loads, say from 25 - 100% of tatel ¢),

i.e. at partial load.

In appliances and commercial applications, where the torque requiradeha
with load, attempts have been made with the thyristor/triac controllers. Such con-
trollers are able to sense the torque of a drive and subsequently adjugptit
voltage and current of three-phase induction motors. Motor lossesgdimase
light load periods are primarily iron-core losses. If these could be esidaring
light load periods by reducing the voltage, the total energy employed migtet-be
duced. Itis an inherent characteristic of induction motors that the pacéoifis
very low at light load and becomes much higher at full load. The controlslof
age by means of solid-state switching devices (thyristor, triac, transist@s)uch
that the current value needed to provide a certain torque is always miniragl. B
induction motors with thyristor/triac controllers are non-linear load absorhing
non-sinusoidal current (current with harmonics) when supplied hyssidal volt-
age. The main effect of harmonics over power system can be summayizestb
saying that these unnecessarily increase the current and power dorieel ¢fluc-
tuating power), consequently worsening the power factor and caudificeal
losses in line conductor, transformer and the very motor supplied by thytisto
controllers. One of the obstacles to overcome in the design of such contsolle
the limitation of the total harmonic distortion of the curreft{D;) as imposed by
standards IEEE 519 and IEC 1000-2-2.

The most important conclusions are given for motors with thyristor contsoller

[3]:

e When induction motor is supplied over the voltage regulator that is operated
with purely sinusoidal voltage (ideal regulator), the total energy consamp
is reduced at all loadB < R, by adjusting optimal voltage values for given
loads.

e Three-phase thyristor controller with total harmonic distortion of current
THD; < 25%, which is acceptable in IEEE-519, causes additional losses
in motors and influences the motor current increasing.

¢ Induction motor with thyristor controllers can reduce power consumption
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only at load< 50-60% of rated load. However, complete driven power saving
disappears just at lod®l> 30-40% of rated load, and the drive losses increase
because of the inherent losses of controllers.

e Power factor, as seen by the distribution system at the input of the poge tran
former, does not improve because of the total currlﬁg&{mj) =12+312)
formed by a fundamental component (I11) and a superposition of harsonic
currents E12 = 12 x THD;, for h > 2), created by thyristor controllers.

e Some of controllers employ a "soft-start” feature, reducing the peak start-
ing current and eliminating the necessity for additional reduced-voltage or
mechanical starters.

However, some of above mentioned imperfection might be entirely eliminated,
and other imperfections might be diminished, as will be shown, with the solution
proposed in this paper - induction motors with YWtinding.

2 Efficiency at Partial Load of Motors

The typical the total losses dependeriR€p) and motor efficiency dependence
n(p) are given by following equations:

P/(p,u) = P+ P, p? (1)
PPy
_ 2
1 PPy + Po+ Pyp, p? @

wherep = P/P,-the p.u. load poweRy-no-load losses af = Uy, andP,p, - load
losses rated at rated condition.

In Fig. 1(a) are total losses curves 1, 3 and 5, for three motors with quotie
valuesPon/P,p,, and in Fig 1b are given corresponding efficiency curves 1, 3 and 5,
for the same three motors.

The analysis of the dependence (2) between the partial load efficiadaha
values of component®, and Ps, losses leads to some interesting conclusions.
It enables the designer to select motor parameters in order to obtain theddesir
variation of efficiency by load. One can impose the efficiency maximal vdres
full load (100%), or 75%, or maybe for 50% load. It is determined by theesof
theR andP,p, losses, or more precisely 1B/P,, values.

Most motors are over dimensioned for safety reason (and due to impossibility
to evaluate the load value) and because of standard power ratings. Tdiis that
motors are usually used in the following range:

e About 50% rated load, for small motors (to 10 kW),
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e 50-75% rated load, for medium motors (11-30 kW), and
e 75-100% rated load, for larger motors (37-100 kW).
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Fig. 1. (a) The total losses versBg P, = f(P/F,), and (b) Efficiency curvg = f(P/PR,), in relation
to threeRy /Py, values (in a per unig, = 1): Py/Py, = 0.099/0.099, max = N (for P = B, = 100%)
curve 1 - motor 1Ry /Py, = 0.068/0.130, Nmax = N7s (for P/Py = 75%), curve 3- motor Xy /Py, =
0.041/0.182, nmax = Nso (for P/Py, = 50%), curve 5-motor 3.

It is important that the efficiency at 50 and 75% rated load should be imtlude
in all manufacturers’ information [4]. If we consider the efficiency @sshown
in Fig. 2, we notice that the difference in efficiency between the motorssvaité
the load condition. This means that a motor with a high rated efficiency does not
guarantee a high efficiency at partial load. This is especially the casadmrs
with relatively high no-load losses - motors curve 1 in relation to motors ciBves
and 5 in Fig. 1.

In Fig. 2 are given the efficiency curves for the mentioned motors 1, 3 and
5, with maximum values of efficiency, respectively, for 100%, 75% artd 5&ted
load. The difference in efficiency between the motors varies with ironsodsnge.
Reducing the voltage could reduce the motor total losses and the total emergy
ployed might be reduced.

3 Induction Motors with YY/ A Connection Change

With the solution proposed in this paper - induction motors with winding for&Y'Y/
connection change, which is presented by Fig. 2 - are given an opfgrto
significantly increase the efficiency valueg) (n connectiorA (delta) at loads up
to 70-85% (corresponds to curve 5 in the Fig. 1(b). Efficiency detmggcurve
5 in the Fig. 1(b) will be avoided by connection change frani'delta”) to YY
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Fig. 2. Induction motors with Y'Y connection change for efficiency and power
factor increasing at partial loads

("double star”) at loads> 70-85% (curve 3 in the Fig. 1(b). In such manner is
attained one motor with two characteristics, but it is better than to offer to the
market two different motors, because only in exploitation it is possible taratziy
select the one which is working with greater efficiency values in givenlitions.
Naturally, with YY/A winding motor, by selection of corresponding connection, it
is also possible; even with such load drive changes.

It is essential in the connectiah ("delta”) to reduce the voltage to 0.866 of,
which isPy(u). The typical total losses dependerigp,u) and efficiency depen-
dencen(p,u) are given by following equations:

2
B(P.U) = Ro(u) + Py, 5 ®)
P
n= Pt > (@)

whereu =U /U, - the p.u. voltage values.

If, for example, the total losses depender€p,u) is given by curve 3 in
Fig. 1(a) and efficiency dependengep, u) is given by curve 3 in Fig. 1(b), when
motor is in the connection YYU = Uy), then, for the same motor in the connection
A (U =0.868Jp), the corresponding total losses dependéf¢p, u) and efficiency
dependence (p,u) may be given by curves 5 in Fig. 1(a) and Fig. 1(b). Using
the above mentioned induction motor with the stator windings (delta), one can
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Fig. 3. (a) Efficiency ) and power losses$?), and (b) Factor power (cgg and reactive loadd)
versus power outpuf, for rewinding motor 1ZK 100 L-4, 2.2 kW: For winding in "YY” connégon
(corresponding to nominal voltag,), and For winding in A” connection (corresponding to voltage
value 0.866)).

significantly improve efficiency values on the partial loads up to 75% (spaeds
to curve 5 in the Fig. 1(b). It is interesting to notice that the power factor will b
significantly improved - energetic effects due to reduced reactive paweesqual
to or greater than the effects due to reduced power total losses, anuificsigtly
increases (duplicates) the total effects.

By testing 2.2 kW induction motors, which are rewound in order to make possi-
ble YY/A connection change of stator winding [5], the significant space for gavin
is discovered. In connectiof ("delta”), which corresponds to reduced voltage
value (0.866U,) on the half-phase winding, and under load from no-load (0%)
up to 90%, the measured power losses are reduceliphy, 4 = 14 - 3% (u %
P.) - Fig. 3(a), and reactive load) is reduced by about one third, or around
AQ = 25—-30 (% R,) -Fig. 3(b). At load levels higher than 90% rated power, the
motor is used in connection YY to avoid the increased power losses. Whes loa
are variable, it is sufficient to choose connection of the motor on the baderlean
value for a longer time (days or months), and then this connection changbanay
performed in the motor terminal box (Fig. 1), or by the breaker intendethier

4 Procedure for Determination of Energetic Effects Obtainabé by
YY/A Connection Change

For establishing of energetic effects aobtainable by ¥¥énnection change can be
used standard procedures recommended for determination of losseficiedcy
of induction motors (IEEEE112, IEC 34-2, IEC 61972). The motor 1ZK 10
4, 2.2 kW (Fig. 3 and Fig. 4) was tested using standard IEEE 112 Methiogl. T
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losses and efficiency were calculated using the measured input elegtieoad and
measured output mechanical power using torque and speed, andspedgedure
described in IEEE 112-B. The Test Code includes six load points, rgrfigim* /4

to 1%/, times rated load. Although the method is very accurate, it is not suitable
for field evaluation because it is associated with measuring the output niegdhan
power or torque. Obviously, this is impractical and costly, even for a mwin
workshop.

A simple and accurate method for determining of energetic effects obtainable
by YY/A connection change of induction motor will be proposed and described in
this article. With the stator winding connecting change, from YYAtahe volt-
age value on the half-phase winding to reduce from valuesl to u = 0866 (in
p.u.), total losses changes. For this reason the procedure for detéomioiener-
getic effects obtainable by Y#/connection change is based on the dependencies
power losses and reactive load from voltage values. As is shown, iffisient to
measure:

e No-load losses at voltage nominal valuék)(and voltage value 0.865
(correspondingA” connection), and

e Load losses at nominal condition should be evaluated, and, on the basis of
these data, then to determine motor total losses for all loads from 0-100% rat-
ing load, at nominal voltage (corresponding ” YY "connection) and vatag
value 0.868), (correspondingA” connection). Energetic effects obtainable
by YY/A connection change can be determined by this procedure in all de-
sired cases.

4.1 Change (reducing) of power losses with Y'Y connection change and
characteristic load

Differences of the total losses values in YY connectiBg) and the total losses
values inA connection B,»), are both calculated by equation (3), respectively for
u=1 andu = 0.866, for the same loag = P/PR,, represented in YYA connec-
tion change effect in absolute valuAB,y_a = Py — Py or in per unit values
Apyyy—n = APyy_a/Ppm, and are calculated by following equations:

APyvy_a = (Povy — Poa) — 0.33P, pn p?

)
Apyvy—a = (Povy — Poa) — 0.33pyp, P°

wherePy(u) = Peyo + Pee + Prw sum of the electric (copper) losses in the stator
(Pcwo), the core lossese) and the friction and windage losses at no-load con-
dition; P,p = Pypnpz/u2 is load loss (component), depending on load<(P/R,)
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and voltage = U /Up), and it is proportional to load loss (component) at rated
condition Pypn = (PCul,n - I:)Cuo) + I:)Cu27n+ I:)d,n)-

Total losses changes reduce with load increasing, and beddge_, = 0,
at some characteristic loa®farac O Pcharac = Penara/Pn), that is calculated by

equations:
Cetre ~ Povy — Poa
charac 0.33P)pn (6)

Pcharac ~ \/ (Povy — Poa)0.33pypn

ValuesPqarac Calculated by (6), chiefly agree with measured values for motors
from 1-100 kW [6]. Also, total losses changes?, or Ap, = AP,/Pyn), which
are calculated by (5), agree with measured values for BadParac. Only, at
P > 1.2Psarac OF P > 0.9R,, values calculation are somewhat lesser, because tem-
perature increasing is greater @a > Pyyy for P > Parac) - [6].

4.2 Reducing of Reactive loads with YYA connection change

Reactive loads reducing is the result no-load reactive current iregjuend lower
increasing reactive component of rotor current (load arm curréfits reducing
(AQyy_a Or Adyy_a = AQyy—_a/Py), is calculated by equations:

AQvy-_a ~ (Qovy — Qoa) — 0.33Qznp?

(7)
Adyy—a = (Govy — o) — 0.3302np?

Reactive load corresponding valu@gyy and Qg determine by of no- load
test, with voltage rating,) and voltage reducing (0.864). Reactive power in
load armQz, andagn, in rating condition By, Uy), calculated by equations:

Qon = 0~5Pn/|'nmax

Oon = 0.5/Mypax (®)

wheremMmax = Mimax/Mp- breakdown torque values in p.u. Valud®yy_a, calcu-
lated by (8), agree with measured values for motors from 1-100 kW, &af flom
0-100 % of rated power [6].

4.3 More accurate calculation of power losses chang@R,yy_») with YY/A
connection change at loadP > Pcharac

As is shown by measurement, power losses values chaye/(»), at loadP >
Poharac, @re greater than values calculated by equation (5) and (5a), andneven
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so as load values become greater. Namely, at BadPyarac, in A connection
P,a > Pyyy, and motor temperature is additionally increasadly¢_» > 0). For

(AP, AT ) is suitable to express by3BP, pn p? load loss component, i.e.

AI:)yAT = (07 24 0732>(p2 - pcharaco-33pypn p2’ p > Pcharac

9)
Apyat = (0,24+-0,32)( p2 — Peharac0.33Pypn p27 P > Pcharac

Coefficient numerical values in equations (9), as it is shown by analgkiaie

in interval from 0.24-0.32, i.e. coefficienK, a1 = 0.24+-0.32, if increasing tem-
perature is 75 100K at rating condition. Beside load losses increasing mentioned
(AP, aT), and in addition to increasing of load losses, it is proved that this incigasin
takes rise from:

e Greater increasing of motor current than given coefficient 1.155
(i1a/i1yy > 1/0.866= 1.155), by reason of greater increasing of emf than
given coefficient B86— ejn/e1yy < e1on/€1ovy = 0,866, and

e Lower increasing of core losses with load increasingioonnection, than
in YY connection, because motor is less saturatefi @onnection (voltage
0.868J;).

Quantitative analyses show that these total increasing (including\Bpgi,
in region loadsp > peharac; €an be taken into account, by increasing of coefficient
values in equation (9), with (0.24).32) to the value 0.5, i.e. the equation for de-
termining of additional increasing total values of loss@SR,yy_a anddApyyy_a)
is:
O0APyyy_a =0.5( p2 — Peharac)0-33Py, pn p27 P > Pcharac

OAPyy A =0.5( |02 - pcharac)0-33py, pn pz, P > Pcharac

It proved to be that, for loagh > pcharac, total losses changeaR, or Ap, =
AP, /Pyn) ought to be calculated by equations:

(10)

APyyy—a = (Poyy — Poa) — 0.33Pypn p2(1+ 0.5( p2 - pgharac))a P = Pcharac

(11)
Apyyy—a = (Povy — Poa) — 0.33pypn p2(1+ 0.5( p2 - pgharac))a P > Pcharac

By coefficient 1+ 0.5(p? — peharac) > 1, in the second article of equations (11),
it takes into account additional increasing of losses in region 1pggig ac, that is
not taken into account in equations (5) and (5a). It proved that solieked losses
increasing are greater, than the one determined by equation (5):

e About 2 -3%, for load 85-90%,
e About 5 -6%, for rating load (100%), and
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e About 9 -10%, for load 112%.

These results show that losses increasing ought to be calculated Hipagua
(11) and (11a), instead of calculation by equations (5) and (5a). Alslpa<
Pcharac, ValuesApya_vy < 0 andATa_vy < 0, and coefficient values, A are neg-
ative, i.e. Kyat = —(0.24+-0.32). With this are approximately compensated the
other two (above mentioned) losses increasing, and additional increddogges
changesdAPyy_a ~ 0. By means of which is proved that total losses changes
(AP, or Ap, = AP,/P,n) ought to be calculated by equations (5) and (5a), for load
P < Pcharac-

On the basis of measurement results, for motors of powers 2.2 kW, 5.5%%V, 1
kW and 45 kW, it is established that calculation valdyy_x, by equation (11),
are approximately equal to corresponding measured values. It me&noerihzete
proposed and described procedure is characterized with the higtaegcu

5 Classification Motors with YY/A Connecting Change on the Base
Energy Effects

As in A connection total load losses are reduat#l,{y_» > 0) for load regionp <
Pcharac, the characteristical loaghéarac) is an essential performance for production
and application of motors with winding for Y#/connection. The second criterion

is the percentage of motors working in exploitation with logds pgharac. BY
eqguation (6a) one can conclude that valpgg:oc are greater, for greater values of
no-load loss reducing\pyy_a = Povy — Po). Reducing of the valuepgyy — poa)

is a consequence of decreasing of the core lo93g} énd the electric (copper)
losses in the statoR¢,0) "A” connection, i.e.povy — Poa = (Pre+ Pcuo)vy — (Pre+
pcuwo)a. On the basis of investigation of a large number of motors from 1-100 kW
[6], it is established that there are values regipgi{ — poa) and Peharac:

e pPovy — Poa= 0.12-0.14 an@charac = 0.75-0.80, for small motors (from 1.1-
7.5 kW) and 2p=4,

e Povy — Poa= 0.10-0.12 an@gharac= 0.70-0.75, for medium motors (from 11-
30 kW) and 2p= 4, and

e Povy — Poa= 0.08-0.10 an@charac= 0.65-0.68, for greater motors (from 37-
90 kW) and 2p=4.

Total losses reducingpy.yy—a is calculated by equations (5a) and (11a), for
motors representing, respectively, small, medium and greater powetcinas
manner the calculating values, for loads region: 0; 12.5; 25; 37.5; 56; 63;
87.5; 100 and 112.5 (%), are given in Table 1.
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Table 1. Total losses change with YY¢onnection change, for motors represent, respectively: small,
medium and greater power
LoadsP/P, (%) 0]12.5[25.0/37.5[50.0/62.5] 75.0] 87.5] 100.0] 112.5
Motors rating power Total losses valuepy (in % Pyn)
1.1-7.5 KW, pcharac=78% | 36.0| 37.0| 40.0| 45.0| 52.0/ 61.0| 72.0| 85.0| 100.0| 117.0
11- 30 kW, pcharac=73% | 37.0| 38.0/ 40.9|46.0|52.8/61.6| 72.4| 85.2| 100.0| 116.8
37-90 kW, pcharac=67% | 40.0/40.9|43.7|48.4/55.0/ 63.4| 73.8| 85.9| 100.0| 116.0
Total losses reducindpyyy_a = Py —Pya (in % Ppn)
1.1-7.5 KW,pcharac=78 %| 13.0| 12.7/11.7|10.0| 7.7| 4.7| 1.0 —4.9|-129|-229
11- 30 kW, pcharac=73 % | 11.5/11.2/10.8| 8.5| 6.2| 3.2| —0.8| —6.5|—-152|-248
37-90 kW, pcharac=67 % | 9.0/ 8.7| 7.7| 6.0| 3.8/ 0.8/ —3.5| —9.6| 17.8|-284
Total losses reducindpyyy_a = Py =Py (in % P)
1.1-7.5 KW, pcharac=78 %| 36.1| 27.0/ 30.0| 23.6| 16.1| 8.9| 1.4| -5.0|-14.7| -19.5
11- 30 kW, pcharac=73 % | 31.1| 29.5| 26.4| 18.5|11.7| 5.2| —1.1| —-7.6|—15.2| —21.2
37-90 kKW, peharac=67 % |22.5/21.3|17.6/12.4| 6.9| 1.3| —4.7|-11.2| -17.8| —24.4
Total losses reducindpyyy_a = Py =Py (in % P))
1.1-7.5 KW, pcharac=78 %| 2.57|2.51|/ 2.31| 1.98| 1.52/ 0.93| 0.20| —1.0| —2.55|—-4.62
11-30 kKW, pcharac=73 % |1.48|1.44|1.39|1.09|0.80/0.41| —0.10| —0.8| —1.96| —2.80
37-90 kKW, pcharac=67 % |0.75|0.73|0.64|0.50| 0.32/ 0.07| —0.29| —0.8|—1.48| —2.37

Reactive loads reducinfgyv—_a are calculated by equations (7a), for motors
representing small, medium and greater power, respectively. In suchreenmtae
calculating values, for loads region: 0; 12.5; 25; 37.5; 50; 62.5; 75%;800 and
112.5 (%), are given in Table 2.

Table 2. Reactive load reducing with YX£onnection change, for motors small, medium and greater
power
LoadsP/R, (%) 0]12.5[25.0] 37.5] 50.0] 62.5] 75.0] 87.5] 100.0] 112.5
Motors rating power Reactive load value® (in % P,)
1.1-7.5 kW,pcharac = 78 % | 75,0| 73,7| 73,2| 73,2| 73,7| 74,9| 76,6| 78,9| 81,7| 85,1
11- 30 kW, pcharac = 73 % | 62,0| 61,6| 61,8| 62,7| 64,1| 66,2| 69,0| 72,3| 76,3| 80,9
37-90 kW, pcharac = 67 % | 50,0| 50,0| 50,7| 52,1| 55,3| 57,1| 60,7| 65,0/ 70,0| 75,7
Reactive load reducindQvy_a = Qyy — Qya (in % Qn)
1.1-7.5 kW,pcharac = 78 % | 34,5| 33,5| 32,3| 30,8| 29,3| 27,3| 25,1| 22,6| 20,1| 14,4
11- 30 kW, pcharac = 73 % | 33,0| 32,4| 31,6 30,4| 30,0| 27,3| 25,3| 23,1| 20,6| 17,7
37-90 KW, pcharac = 67 % | 22,9| 22,4| 21,6| 20,4| 19,0| 17,3| 15,0| 12,6 9,7 6,4
Reactive load reducinQyy_a = Qyyy — Qya (in % Py)
1.1-7.5 KkW,pcharac = 78 % | 28,2| 27,4| 26,4| 25,2| 23,9| 22,3| 20,5| 18,5| 16,4| 11,8
11-30 kW, peharac = 73 % | 25,2| 24,7| 24,1| 23,2| 22,1| 20,8| 19,3| 17,6 15,7| 13,5
37-90 kW, pcharac = 67 % | 16,0| 15,7 15,1| 14,3| 13,3| 12,1| 10,5| 8,8| 6,8| 4,5

In Fig. 4, in order to illustrate better, dependencies of total losBg% &
Py/P,n%) and reactive load€Q% = Q/Q,%), are shown as corresponding changes
of total losse&\P,yy_»% = Py —Pja(%) and changes of reactive loafiQvy_»% =
Qvy — Qa(%), with YY /A connection change, respectively, for motors (a) small, (b)
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Fig. 4. Dependencies of total lossé3% = P,/P,n%) and reactive loadsQ% = Q/Qn%), as a

corresponding changes of total los&#%yy_»% = Py — Pa (%) and reactive loaddQyy_n% =
Qvy —Qa(%), with YY /A connection change, for motors (a) small, (b) medium and (c) greatesmp

medium and (c) greater power.

6 Power Range for Application of Motors with YY/A Reconnecting
Winding

Results of our investigation given in tables 1 and 2, as well as those illustrated
in Fig. 4, show the total losses and reactive load versus power outplt flora
both motor connections, YY ("double star”) connection and connedi@delta”)
connection. For all motors with presented resulig;delta”) connection appears
more efficient, as follows:

e For motors up to 30 kW, at loads up to 75 - 8 5%, and
e For motors from 37-90 kW, at loads up to 65 - 7 5%,
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Greater values refer to the cases when reactive energy cost ergt@rato
the motors with greater core losses, for example rewinding motors.

As analysis shows, motors for general-purpose are usually used, nafiblgl-
ity >95 %, at following loads:

e Motors from 1-7.5 kW, at the load range 37.5-50-62.5-75% of ratecepow

e Motors from 11-30 kW, at the load range 50-62.5-75-87.5% of rateeepo
and

e Motors from 37-100 kW, at the load range 62.5-75-87.5-100 % of rated
power.

This means that, in order to reduce energetic cost:

e Over 80 % of motors from 1-7.5 kW, could be usedi(idelta”) connection,

e Over 60 % of motors from 11-30 kW, could be useai(idelta”) connection,
and

e Only about 20-30 % of motors from 37-100 kW, could be usefi (fdelta”)
connection.

On the base of that, it is concluded that application of these motors would be
very useful, and therefore, production of motors from 1-30 kW wittoneected
(in terminal box) YYA winding may certainly be proposed.

7 Conclusion

On account of our investigation [6], the results of which are presentisipaper,

it is confirmed that there are significant possibilities for energy savingsdans of
proposed induction motors with YX/reconnecting winding, especially for small
and medium power (1-30 kW) motors. As more than 80% induction motors are
light loaded £70%), inA ("delta”) connection, stator half-phase winding voltage
is reduced to 0.886, values, and total losses and reactive load are reduced. It is
sufficient to choose one of two possible connections, YY ("double)starinection

or A ("delta”) connection, on the base load mean value determined for longer time
(days or months). Connection change may be performed in the motor terminal
box, or by a special breaker intended for this. Already, at load¥%, energy
saving by induction motors with YYY connection is greater than with application

of induction motors with Thyristor/Triac controllers [6]. Application of (stand)
induction motors eff3 classes of efficiency levels with YAY¢onnection may be
economical, even in cases when [7] applications of higher costs ofyeeffigency

of motors is not economically justified:

o eff2 motors (at loads60 % and with<2000 hours annually),
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¢ effl motors (at loadsc60 % and with<4000 hours annually).

It can be particularly economically justified to make YW#&inding when perform-
ing the rewinding of a damaged motor.
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