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Motor Controls

Induction motors are At
+ Variable-frequency

1' e wor orses of « Chemical f’fj‘;ﬁ:y““’“ - Soft start

+ Temperature + Wye-Delta

the indus?ry SArdow e + Across-the-line

« Vibration + Sensors

Energy efficient motors - -
are widely in use thanks :213:53
to the efforts made by E:ss pac.:qm
BEE, IEEMA and other sicke
industry champions oo o e

They account for nearly
75% of the energy utilised
in industries

Let us look at some factors
that affect the
performance of the
induction motors
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Overall perspective

Motors
10.64 Million Unity

1
1 1 I 1

Fractional HP momn“ DC Motors AC AC 46% A
9.32 Million Units 6,500 Units Low Tension Motors | | High Teasion Motors
1.31 Million Units 1,000 Units
| ——
Low Tension Low Temslon
«Domestic Appliances Squirrel Cage Shp Ring
sLight Loading 1.31 Millien Units 4,000 Units

B Reg/Local Players [l] National Players

1 ¥
O7S7Sllw 11-37.5 kW L37.5 KW
1 18 Million Units | | 0.13Million Units 10,000 Units

Y

gg::: w.mml::a' Pums «90% lndustml *Industrial
«10% Domestic «10% Agricultural

(<7.5kW) 90% small motors
(11-37 kW) 9% medium motors

B Motor Rating <7.5kw [ Motor Rating between 7.5-15kw ( >45 kW) 1% |ar'ge motors

Source: AFF Estimates, IEEMA Szatistics. Pnmary Survey



Indian Standards

 |S 8789 : Standard motor- Old & perhaps, Eff3
—all small manufacturers “follow” specification

—most large manufacturers provide higher efficiency
than “specified”

 |S12615(2004) : Standard for EE motors (based on
CEMEP/EPACT)

—applicable up to 200 kW motors (315 frame size)

—minimum efficiency values specified in two levels, Effl
& Eff2




BEE labeling programme

BUREAU OF ENERGY EFFICIENCY

(A Statutory body under Ministry of Power, Government of India)
4th Floor, Sewa Bhawan, R.K. Puram, New Delhi-110066

The volurtary scheme has teon mireoduced for Enoergy £Mcent hducton Motors Three Prase Sauvrsl Cage for D37 AW S0 18 kW 2 Pole o &
Pole for conSinuous oaty (S1) cparacion) EFF_1

s conlamvt 11

The Duroaw of Erorgy E9cwrcy 8 sy Dody onder Mrmasy of Power. SGovenwmens of Inda mles Marufecsems ( Imponen ( Persons-aveaos of Motors
SAVIONE 1 VG SIS Dy NegMIrg with Suresu of Energy EROency. Tre detalt of T sCNeme AW SOhMduie fr T 2004a0Ced Can De Jomriooded
o Pa Llosng aetaied www beesindla sic. in A www snergymanageriraioing com
For more detain, please contpct:
Boresw of Energy Efficiency, Ministry of Power, Govt. of india
A Floor, Sewa Bhawan, R X Puram, Now Dalhi=110 060, Yol 0152617900 (SLnes) Fax 011 Q0175352 Eamall gpandian-beefinic. in

SAVE ENERGY, SAVE MONEY,




Buyers perspective

Market Motors Engineered Motors



Life cycle cost

Misc 2% Purchas

r

e4%
Maintenance 6%

Induction motors
account for >100
times their first
purchase cost during
their life time

Negotiate the life
cycle cost



Capitalized cost

Capitalized cost of motor = Initial cost +[(1 -N at running 10ad) X Load Factor
X Annuity factor x EC x operating hrs/ annum
X Motor rating]

Where,
Natrunningload = o efficiency from manufacturer catalogue at the likely percentage
Loading
Load Factor = Likely percentage loading
Annuity factor= (1+0)" -1
r(1 4 1)
r = Rate of interest
M = No. of years of operation

EC = Energy cost (Rs / kWh)



Capitalized cost... case example

| Eff1 | Eff2 \

Rate of Interest 12% 12%
Amortization period 15 15
Initial Cost 145000 138000
Motor Efficiency 94.5 93.0
Load Factor 0.50 0.50
Annuity Factor 6.81 6.81
Energy cost 3.50 3.50
Running hours/ annum 8000 8000
Capitalized cost 538327 638599




Sellers perspective

Push-Pull Effect

Sellers create market penetration through
Efficiency
and a retention through increasing
Reliability



Motor Selection

Engineered Internal & External features ensure efficiency & long life



Complying with the standard

Indian Standard

ENERGY EFFICIENT INDUCTION MOTORS
" THREE PHASE SQUIRREL CAGE

., ( First Revision )
17 EFFICIENCY

17.1 For compliance with the reguirements of this standard,
ihe values of elficiency subject to IS 325 tolerance, listed
under appropriate ¢fficiency class (either improved
efficiency — elf 2 or high efficiency — eff 1) in Tables |
to 4, shall be met as specilied below.

Table 2 Values of Performance Characteristic of 4 Pole Energy Efficient Induction Motors

(Clauses 1.2, 1.3,4.1.1,4.1.2, 14.1, 17.1, 17.1.1 and 17.1.2)

IS 12615 : 2004

Rated Frame Full Full Breakaway Breakaway Mominal Efficiency
Output | Designation Lond Load Torgue in Terms Current In Terins of Full
Speed Current of Full Load Current, Equal or Below
Torque
Min Max AMin
For eff 2 For eff | For eff 2 Fur eff 1
kW Rev/min Amp Percent Percent Percent . Percent Percent
A1 (2) C3) ) (5 (6 ] 8 19
0.37 T 1330 1.4 170.0 550 600 " 66.0 73.0
0.55 80 1 340 1.7 170.0 550 600 . T0.0 T8.0
0,75 80 1 3180 2.2 170.0 550 G600 73.0 821.5
1.1 ans 1370 29 170.0 550 G040 T6.2 31.8-
1.5 90L 1 380 3.8 170.0 550 600 78.5 25.0
2.2 100L 1 350 5.1 1700 600 700 81.0 - 836.4
3.7 112M 1410 8.1 160.0 600 700 4.0 323
5.5 1328 1420 1.4 160.0 600 700 85.7 29.2
1.5 132M 1430 15.4 160.0 600 700 B87.0 90.1
9.3 160M 1430 18.5 160.0 600 T00 87.7 90.5
11.0 160M 1440 1 23.0 160.0 600 TJ00 BE.4 910
15.0 160L 1 440 30,0 160.0 600 Ta0 89:4 918
18.5 180M 1 440 36.0 160.0 600 700 90.0 92.2
220 180L 1 440 43.0 160.0 600 T00 90.5 06
30,0 200L 1450 56.0 160.0 600 700 914 93.2
37.0 2258 1 450 G9.0 160.0 650 700 92.0 93.6
45,0 225M 1 460 84.0 160.0 600 700 91.5 939 .




End-user perspective

» Moisture, wind,
snow, rain

* Chemical

» Temperature
« Air flow

* Vibration

* Noise

Power Supply
Power source

« Utility

* Co-gen

- =B

Motor Controls

« Variable-frequency
drive

Power Transmission

* Belting

Mechanical System

Mechanical device
* Pump
* Fan

» Clutch
» Gears

+ Direct connect

«

| + Soft start

» Wye-Delta

* Across-the-line
« Sensors

* Metering

Process

Process requirement
* Flow

» Compressor

« Mechanical

+ Transmission drive
» Machine tool

« Conveyor belt

« Plate  + Rails
» C-face

Mounting Base

« P-Base

* Mixing

» Grinding

* Handling

+ Conveyance
» Machining




Motor Applications

Ancillary loads
account for almost
65% of the energy

Material processing
22.5%

Material handling

Compressed Air
15.8%

Ancillary loads are all
centrifugal loads where
speed variations thro’
VFD (optimisation)
offer energy saving



Environment

Provide protection from aggressive atmospheric
and site conditions



Insufficient cooling affects
efficiency and life




Power Quality... Voltage variation

Maintain Voltage Levels

ALTHOUGH MOTORS ARE DESIGNEL
TO OPERATE WITHIN 10% OF
NAMEPLATE VOLTAGE, LARGE
VARIATIONS SIGNIFICANTLY REDUC|
EFFICIENCY, POWER FACTOR, AND
SERVICE

LIFE
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Figure 1

Voltage Variation Effect on Motor Performance



Power Quality....
Effect of Harmonics

= |EEE 519/1992 gives the
limits for both THD-U
and THD-I at the PCC
level

"= There are many effects
of harmonics

= The motor efficiency can
20 40 60 80 100 120 140 be nearly 0.5% lower




Increased Losses in the motor on account of Harmonics

J | Commutation Losses
L .48 Ii ﬁddwionalnl:oad Loﬁes e En by
- H ¢ TIronLosses H :
i armonics
G | Rotor Winding Losses
F | Stator Winding Losses
E ! Frictional Losses
R R \.s'-vr'.' ‘g\r‘:;\-’.‘\':-_:-,-. :,' |
. Tron Losses
B | Rotor Winding Losses |
A | Stator Winding Losses |
Total 1 400 130 120 110
' : : Losses %
Sinusaidal I Conyarter U Convartar with U Canvartar with Efﬂciency 053 93 89 | 94 36 04 83
Voltage optimized pulse  optimised pulse | U-Converter | U Converter
pRiEpEAgEize 9““?““'@“"‘: with optimized | with optimised
f"q”""_“?"’ f"q”_e"“”" 2 Sinusoidal |, ~ | pulse pattern | pulse patterm
800H:) hHz) Voltage (pulse (pulse
frequency = | frequency - 3
DAQDBOCEBD OEOQOF D6 OH @I OJ gogHz;/ quZ)y




Effect of starting on motor life

Current 600%

Direct-

Soft start

Time/speed

e Motors are suitable for DOL start
unconditionally

eSuitability for Star-Delta starting
requires prior selection (stressful start)

eSoft starter too requires driven
machine details.... Unsuitable for high
inertia loads

*\/FD is the most comfortable. The
motor needs to be protected against
insulation failure



INDUCTION MOTORS - Part Load Operation

TOTAL
LOSSES

JOULE
EFFECT
LOSSES (IR}

STRAY LOAD

— -\\\\\\\\\\\\\\\ LOSSES

CORE LOSSES

[/, FRICTION AND WINDAGE LOSSES 7/

25

S50 7 100
MOTOR LOAD (%)

125

POWER FACTOR

50 75
MOTOR LOAD (%)

100

125




Savings with DelStar converter

SAVINGS %
LOAD %
1TO 15 HP 16 TO 40 HP 41 TO 150
HP
NO LOAD 76% 60% 45%
10% 40% 30% 22%
20% 26% 22% 20%
30% 15% 13% 12%
40% 9% 8% 7%

50% 6% 5% 4%,

MODELEM 1 MODEL EM 2



Power transmission belts

V-Bells

Synthetic flat belts are recommended
for reduced transmission losses and
energy saving of 3 to 5%




Optimize Transmission Efficiency

TRANSMISSION EQUIPMENT INCLUDING SHAFTS, BELTS, CHAINS,
AND GEARS SHOULD BE PROPERLY INSTALLED AND MAINTAINED.
WHEN POSSIBLE, USE FLAT BELTS IN PLACE OF V-BELTS. HELICAL
GEARS ARE MORE EFFICIENT THAN WORM GEARS; USE WORM
GEARS ONLY WITH MOTORS UNDER 10 HP.

Standard Motor - HEM Motor - +1% to 3%

Worm Gearbox ‘ Helical Gearbox ‘ +8% to 10%
V' belt drive D Flatbelt drive B +5% fo 6%

Efficiency gain = 14% to 19%



Bearings, alignment issues

Over heated
bearing

Angular misalignment
corrected



Mechanical driven system

Big ticket saving potential



System approach- Fan system

Volume flow

:mpeller & pressure Pu
0SS Bearin

Power out

Motor
loss I\éz?
(heat) (heat)

O
Electricity Pe

Diagram showing the losses from a fan system including VSD, motor and belt drive.

As high as 30% saving potential



Pump controls for energy reduction

Throttling by a valve

By-passing by a valve

o On-off control of the pump

(4
Variable speed control of the pump
Parallel/Series running of Pumps




How much is there to reduce

Throttle Control
H
H=127 —= AN
10 - P=100
P=7+127 =89
5
0 .
0 54 10 Q
Q=7
On-Off Control
H Pump runs
70 % of the time
P=10+-10= 100
10
Pump Is oft
30 % of the P:7-10003°O =70
time 10
P=0
0

By-Passing

P=124:66=82

0 5 ) 10 } o
Q=7 Q=124
Variable Speed Control

P=7+64z45




International standards for VFD duty
motors are provided by NEMA and IEC

NEMA MG1 - Motors and generators / “United States”

. Parte 30 - Application considerations for constant speed motors used on
a sinusoidal bus with harmonic content and general purpose motors
used with adjustable-frequency controls or both (2003)

. Parte 31 - Definite-purpose inverter-fed polyphase motor (2003)

NEMA - Application Guide for AC Adjustable Speed Drive Systems
(2001)

IEC 60034 - Rotating Electrical Machines / “International”

. Parte 17 - Cage induction motors when fed from converters — application
guide (2002)

. Parte 25 - Guide for the design and performance of cage induction
motors specifically designed for converter supply (2004)




IEC 60034-17 provides an example of motor losses increase owing to PWM
supply. Motor info: 315 IEC frame, rated torque and speed values.

/\ “I ll m“ Time depandence of
Time ngpenoence o the impressed
\—/ the imgpressed UII I”U quantity
quantity

100 3% Losses 115 % Losses
253 % Sfficizncy Qa5 9% Efficiency
1-0.5%

G-2%
F-05%

D-2% D-2%

Sinusoidal voitags Voltage source converier with
optimized pulse pattern
(pulse frequency = 3 kHz)

A — Stator winding losses

B — Rotor winding losses
Losses caused by fundamental frequency C —lIron losses

D — Additional load | osses

E — Frictional losses

F — Stator winding losses

G — Rotor winding losses
Losses caused by harmonics H — Iron losses

I — Additional load | osses

J — Commutation losses

NOTE: frame 315 (IEC) motor operating at rated speed and forque.




Key pointers from the IEC standards

1. Under PWM supply, the winding temperature
rise can not be limited to class B level. To limit
temperature rise from class F to class B,

one size derating should be applied

2. The winding wire should be dual coated

3. Winding insulation should be vacuum pressure
impregnated (VPI)




Conclusion

All players should
contribute to selecting,
buying, commissioning
and maintaining a
Sound Motor System
in order achieve high
efficiency and long
service life from
induction motors




