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Electric Motors & Energy
Management: Back to Basics
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nindustry, an induction motor usually runs only at 50-60% loading conditions,

fortwo reasons. Arstly, it reduces the chances of ovedoading the motor and

minimises the thermal effect on the motor system. Secondly, the motor is
literally oversized to allow room for future expansion.

It B impefont o note that metor ocperoting
at Jra0% koding producses o ekthehy
grecter o companred o thoee opercting
at r5% koding fwhere optirnum eficiency is
dachieved). Besides, the power foctor B ako
dffected by the Coding conditicns. & Giooer
moter g, 1Y gves much better power
foctor at full lood and the B lowered groduclhy
wihen eod s reduced os shown in Figune 1.
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Figerre 1 Power fackor urder vamo o od ding oo mdibions

It o srcller mctor (e, 078 B used, the
power fochoer s much Iowern When the motor
runs ot O kwer power foctor, the mctor dmiws
d higher cument to preduss the reoguied
mechaniool  powern Higher curent meons
higher copper Eeses in the coble and moter
windings. The roticnship of these pamimetes
i shcw nin equation 1 whens | B the line cument,
P B the mechaniool power which is constant
foraawen ood and speed, P B the notaticnal
and copper e, Vo the supphl vobooe
which iz constant, ool iz the power foachor

P+ P
ViVecose

In order toe minimize ene gy usooe by the
mcter systerm, the fiet option B te minimees
Iz, For thie rececn, the exieting bod shoulkd
e increosed cand the motor shoukd clvwoys an
ot 5% Increcsing looding frem 20% to 75%
rcibkes the moetor operote ot higher efficie ncy,

[l

weuclly between 1% and 3.5% fora hypical IE]
rmetern Unfortunately, increosing the ooding B
wvely subjective a8 it depenck on prodoction
line requiremente. In poctice this Moy prove
difficult to immplenent.

In order to minimes enemy usooe by the
moter syetem, the fist option is o minimes
ez For the rececn, the exiting loeod shoukd
be increceed and the moter shoukd abvoys nin
ot 75%. Increcsing Eoding frem S0% to 7B%
mokes the motor operte at hiaher effice ncy,
ueuclly between 1% and 3.5% fora hypical IE]
rmetern Unfortunately, increosing the ooding B
wvely subjective a8 it depenck on prodoction
line requiremente. In poctice this Moy prove
difficult to immplenent.

The next opticn B o oneder hioh efficient
rmotoer (HEMS), thot B OIEEZ or IE2 mctom | B
stoted in MS15252014 "Enemy efficency and
U of Eenewdble enemy for non-residentiol
Euikinge - Code of Pmictice eoond eveion) ™.
that onb IEZ2 or B2 metor sholl be used
bomed on economic  justificotion boske. B2
motor giee higher efficiency, hpicall from
&% (for 0.7E0WY to 1% (for 2000w and obowe)
whersos [E2 motons aive 105% (for 07504 o 2%
(for 200K and above) s compoed to [E
meten,. Accordingl, ot lghter  ooding
conditizns, [EE and IE3 mctor howve o higher
efficiency than [E1. But the issue B the inificl cost
of honoing to HE s,

Figure ¢ shows the ocomporeon study
Eetwesn IE1 and EZ motor over three yveors
of opemtions for moter miting of 1503 1o 2R
The infticlcost of B2 B &0% higherthan ET (pric=
guoted by suppler in Malowsicd Howewer
bomed on sovings in eneroy cost By using IEZ
et it hos Been found thot the cost oon be
Eooyverd in under 3 yean The enenoy cost
colcUloticn B bosed on 0 sen per unit for 2,600
hzur of mcter cpencticon cnnuclhy,

Amid concerns over the initicl ocost of
HEM %, mcet componiies opt to rewind foulty [E1
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st ot et 4 tirmee before coreidering new ot The
freqiuency of Ewinding B, o O mIns:, O Mo Svely 2 Vieoinm,
tie cbo undemtcod thot motor efficiency dreps betwesn
2% (fer Q7B A cnd 10% (for 2001040 cind cibove) cfter eceh
mEwindding prec=as, Fiouee 2 shews the oost comporesn
betwesn ewinding exeting E1 cnd punshosing new B2
st The resule shew thot cift he oo the coet for eewinding
B rmush lewern the lower efficiency of the eweund moton
increcses enenoy oot cver the veor, The griph ok shows
that the powvbock pencd for imvesting in new B2 moton B
cbeut 2 veoim.
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Ther e mony  industries thot opt for electinonic
contrelers o minimes the enemy usooe in ekectne motor
syt e, There ae fwe contizlen ovaiob e in the mafet -
st stote e and varicble speed dives.

Soft stanter B o simpke electionic contnoler with thyreters
whizh cntnzl the volooge sent to mctor dudng stafd and
Sop opercticn:. It B not abe o diectly contzl the speed,
except dunng the stating cnd stopping of the motor. It B
therfor suitcble for appliccticons where stating tomue B
melotivehly ow (Bince woft starter aes much cwer volhooe of
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starting) so that starting current peak is reduced. This can be a solution o avoid
high maximum demand charges.

On the other hand, variable speed drive (VSD) controls both the speed
and torque throughout the motor operations (starting, constant/variable
loading, and stopping). Generdlly, a fixed voltage, fixed frequency AC
source is converted 1o a DC source by using an arrangement of dicdes and/or
insulated gate bipolar transistors (IGBTs). This process is called rectification. The
DC source is then smoothed by a group of capacitors. The smoothed DC source
is converted 1o a variable voltage, variable frequency AC source using an
inverter with an arrangement of IGBTs. V5D controls power to the motor based
on load requirement, so this is a betfter solution for saving energy, especially for
motor systems running af variable speed and under variable load conditions.

Unfortunately, most old V5Ds use a diodes arrangement for rectification
process. This produces current harmonics af the source which will affect the
power factor of the power system and directly contribute to energy losses in
electrical equipment. To minimise this, a passive filter should be installed to
minimise the harmonics level to within the [EEE 519 requirements.

With significant changes in our local climate, dfternoon temperature
can reach as high as 36 C (3) compared to 34 C reported 17 years (4) ago.
In addition, the high humidity, reported within 70% to 90%, also credafes an
uncomfortable aimosphere af work for people and equipment. So it can be
expected that, without proper ventilation, electric motors and systems will
overheat. The hot spot in a motor is actualy a combination of mofor design
(tfemperature rise) and the ambient (surrcunding) femperature. As 50% of
motor loss comes from copper loss, cooling of the motor is essential to minimise
insulation failures. Besides, when self-cooled motors run at lower speed with
VD, the cooling effect will be lower and this can result in overheated moftors.

Adding force cooling fans may solve this issue. In fact when the motor is
connected to VSD, the location of V5D is very crucial. The IGBT at the VSD
operates typically at 4 kHz switching high current and this produces excessive
heat and fransfers heat 1o the heat sink. The ventilation at the heat sink ensures
the transfer of heat 1o its surroundings. Improper ventilation will trigger the
femperature sensor dt the heat sink and trip the VSD. Moreover, the hot heat
sink will reduce the life cycle of IGBTs.

CONCLUSION

There are four basic issues 1o tackle fo minimise the electricity bill for motor
systems:

1. To manage the motor load

2. To improve power factor afr the motor

3. To minimise current harmonics af the supply point of variable speed drive

4. To provide proper ventilation for motors and variable speed drive systems.
In addition, for greater savings, opt for IE2/IE3 motors rather than rewinding or
purchase of new [E1 motors, should there be a need 1o replace the motors. B
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