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Chapter-13 Motors

ACMV system &l equipment gp:opC ondeoooneom eubomgpie  agbodencbendst
eentieom  aubomgps(electric motors)  [gdfog00p51  BelopE  cgBodesdomgpigEacnedEangh
Fegdgps F2[0PZ00NgPs Heo0sDgPs §E:FCANFO & gbi3aCagiomees $p50GEOMEPIND
§Csc0Cs eedjgoonsaopdi
agbedeuHogP:ad 33(036:330:gC () § F[grsdCo0pd
(»)  AC induction motors
(®) DC motors $&
(0) Synchronous motors o3 [g&2001

ACMV 0p€ =aadiqpieoon agibodeedomgpsen AC induction motor qp: (98300051 oelopé
ACMV  3a8qE8umandeomodes[gé AC induction motor gpseil saadqd(application)od  6o0sod
GRags 33000051
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ACMV o€ 3208:qpieoon AC induction motor qpso? squirrel cage AC induction eebom $&
wound rotor AC induction ebom vpg) §5éﬁ|:o§|§p:oap_5u

Squirrel Cage AC Induction Motors Wound Rotor AC Induction Motors
Wound Rotor cood GqigSs 000500 | Squirrel  Cage  Motors  co0d  eqgSsqpeoopd

20pdi(eubomzagudongl: §E:00nqE) | (eedomaagudon[gtdtiundagf)

[ggEcB§:3620 50520005 [lgEB§:03620 qpzaopd

03[03585gqg[gCerroopd Excellent Speed Control - [g$§8:088:qOepoge
(High realibility) 209860820005 322000805005

High starting torque- eodomeontew:sEsont

Torque qpgp:gS slip charactireistic _
. oS S oS s soeonteon torque o} q§8Coopdn Low  starting
combroogiesdonypicy ocdep aift current 6o50 000CewdE5CqE30305 Sagpdicudeom

ooghy current 020 c332600001

High -inertia Load 03ewntzqf 320305 ao&eagpoopdi

Able to handle frequent Stats and Stops (32§$ 325p5:c0d
2Rt :[0P0qpsg>  eedCifgla sl [gopdes
83206000 cpdeSypraacgadootengdaopdi)

Able to handle reduced speed (low speed) for long

periods  Ge500000000D58:0D  eagpyBeza§§loplgcer
e 320905 20&egpaogd

AC induction eebomgpo0pd 3203 gjoopdagBodenchamied 0g€eonpde single phase cebom
$C poly phase 6&d0m wpgjaR[grsaopdI

ogdodecdone gieatadgaqp(Motor Losses)

T Losses
Power : T
IN
Motor

Powergr

‘ Losses
#a >
D ————

Power Input

Motor efficiency, n=
Powery,

('E) 0p-J Motor power input i output and losses
0006665072005 g0odg&:aat (electrical energy input)e 0odegdieal(mechanical energy
output) o3 e[gpCseuzaopd, 03§ooddE [gBaopdi eedome efficiency 2opd 00dee&i3a(mechanical
energy output) o3 agi00dg&:3aE (electrical energy input) $Con:c0n:000) sagje(ratio) [gdoopdn
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Mechanical enegy
Electrical energy

Heat
$ 0p-p 6650mB0pd6L:200) gBodgdiEate 0odeE:eatsE 3o (heat) salgdelgpt:cdd

g&:32800pd[Gg e
aqoobg&ian(electrical energy input) = oobgg&:3at(mechanical energy output) +
:geaqpe(losses)

adsaaqns(losses) ss0d20000 200g8:3aE:(gd Gudomel 6o0580onbeol Fpgdimat (heat
energy) sa[gd cooagE(dissipated) ognzoopdi adsgagnsaopdn eubomel adige(losses) gpecw efficiency
pdecofgdood
09.0 0gbodeudom copduodgsiyp: - AC Motor Speed (rpm)

Synchronous Speed (rpm)oogd Bs3§anq 9300r0d oRodgIEesaq  F0[gCedgd8Eaopd
copbochsss [9boopdn AC agibebecbomei salgtadicopbocdgss a3wwpod Synchronous speed oo
ABeudomad cuaopd AC agbodencbaasel Frequency(Hz) $¢ ddeudomod 0opbeaonah conoopd pole

qpeel 326632005 3260l g€ vopSaopdN

120 x Frequency (Hz)
Number of poles

Synchronous Speed (rpm) =

120 = Constant (03§:60000§3:0009[gd0p51)
F = Supply frequency (in cycles/sec) (g60ber0dea:61 [3055:)
P = Number of motor winding poles (¢&50m03E§e000 pole 3266320305)

poe(0) 0EompEE0REeWrE0RY 4 poles GedomEdd:El synchronous speed (rpm) 2000
088s50q€  320056q(05)00) [gB20pdI Zao0WdelopEadeasd ofompSEesl AC agdodenddam:e
Frequency o 50 Hz [gdeoooe[opé [gdoopd

120 x Frequency (Hz = 50 Hz)
Number of poles = 4

Synchronous Speed (rpm) = = 1500 rpm

poe( ) ©Comp§EEaRE synchronous speed (rpm) (0§o0) §8{3¢ curties000ad 4 poles
66502003 8cd3ELEER coudeemieewnt:ng synchronous speed (rpm) aopd (0000)§S: [gBaopdn
32000060 Pp¢adeadd o€ompSEael AC agidodendbam:ei Frequencyen 50 Hz (g[8 8coddE8ELe AC
agoedencdsmsel Frequencyen 60 Hz [gdeooelomp [gdoopdi

poe(p) 8cudIELEEoREEWE000 2 poles GuHOMOOOM%:E synchronous speed (rpm) ¢o
0068580g)€ 3200564 (p600) (30205 6330650 HEo05Rd:E0RE: 0gr5LIEE00I

120 x Frequency (Hz = 60 Hz)
Number of poles = 2

Synchronous Speed (rpm) = = 3600 rpm
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poed -4 poles [§€ onpSesonodooneom squirrel cage induction motor 0odj:d 60 hz

0gq006e1053:gE §ods0adngi€ Besdomel synchronous speed copdoodg$:B epdli

09. J Slip (6ebomaa0pE:0008[9dagp:)

AC oqbodeudom qpoopd load (08) $EewnEsoopdend copduodgs: Gagpsdenr§ooRdi
o0dsl: g eedomogl:  ocodlgbagpi(slip)qp: [gbedloopdn sl o§sEewntiesoopd
copboodgs: (actual speed) 20p5 synchronous speed (rpm) cood eaqpspS:0R0N (0§sEeentiesa00d
copbocdgss o actual speed op ealoophn) ddecgpspdig sp00beq odeupcd Bogpurgedad slip
068l 20201

eedomz0pt:ope rotor $& stator vpg§oopdi AC agGedenodemiond stator saoptsdom
[g6208:8:00C:00051 Rotor 220pE:5 cdofgodao§dientigts o§eor Magnetic Field gz [gdedl coneom
electromagnetic force gpsalopé eubomel rotor a0pd cvpboc5oopbi Magnetic field [gdedlg$ AC
induction 6e50003E:03€ slip [gdedl 20p51 copduodgsisde ogpugodelogpEan electromagnetic force
[g6edl g€t

GooopogEaslge AC induction eebom03Eiope slip §% [gdecloopbi 0odspbieanisC actual
speed ( at Full load) 20p5 synchronous speed (rpm) cood §%eagpspdsoopdn o3eaod high starting
torque 33260005 eebomgpPiogt slip 2005 0% 2203 slip [gB8Ea0p5

Slip (rpm) = Synchronous Speed (rpm) — Actual Speed(rpm)

Synchronous Speed (rpm) — Actual Speed(rpm)

Sl 7 0, =
ip (%) Synchronous Speed (rpm)

poe(G) 2 poles GuHom 006005 50 Hz agibed ddl $Eewntsaopdsndl copbuddeq (o) fgc
slip opSq|gded cog05:

50 Hz oqi60d ddl $&ewntsoopd2 poles eedom oodadel synchronous speed (rpm) ¢ (pO00)
[§2025

Slip = Synchronous Speed (rpm)e> P00 - Actual Speed(rpm) &o OO = 000 rpM [§&2001

A

T

~— \ Rated speed

Syncronous
speed

[——
Slip rpm
Diagram showing syncronous speed vs.rated speed

Q 09G
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| t _~Max. starting current T ‘ Max. torque
" -— :
S Starting torque ,1\
'~.___\\ -_‘... -....___.-.-.-.
\\
Rated current Rated torque
&
| \
L 1
om o= rpm -

Cument diagram for typical sgimel cage motor Torque diagram for a typical squirrel cage mator

<‘;> 0p-¢) Current diagram for typical squirrel cage motor

09.p Motor Torque Speed Curves

Figure 22
Breakdown Typleal Speed-Torque Curve for NEMA Design B Motors

torque 2
Locked rotor torgue (pullouty
= (starting torgue) Breckdown Torgue
S ! c 200 -
g 200
2 | — Pull-up torque
-] / (pull-in}
;? ¢ 2 150 f-- SRR () .0 ot e = |
3 E Locked Rotor Torque 1
E ]
z w > P S——
§ Vi 2 Full Lood Speed
7 Full-load torgue — = “Woted Toad Torgue
& *
sy b \
No-lcad speed ——.
0 | 4_E
0 50 100 ] L
Percent of synchronous speed o o 40 oo e 100 120
% Synchronous Speed
Q op-@ Motor torque speed curve ¢ 09-q Motor torque speed curve

dopE[goonzaopd motor torque speed curves ¢ Point A1 B 1 C 1 D $& E 0303 g€scosgo
§7300p568 206omedodgs P3a0300pd

X o&§: (axis) 20p5 synchronous speed 03 % [§& ewdlgooosBe Y o&: (axis) aopd full load torque (rated
torque) o3 % [g¢ eudlgoonzoopdi 50 Hz ag6oderodemiyE ewdtoopd 4 pole eedom & 000%
synchronous speed ¢> 0088sdagE ma00d6q (0§)00) [§2001 Bewdomel 000% full load torque
(rated torque) ¢> eedomeil [gEseomEaeqea: edl ot vanpdoodi

eudomgpsel pole 326632090500p3[mgt:sE  §EEqpicingEodenode: Frequecy (Hz)
0o8mge: odelopE motor torque speed curves opE synchronous speed o % [g&copbeomis
full load torque (rated torque) o3 % [g&copSseomts eudlye[geegdoopdi

Point “"A" Locked rotor torque o% Starting Torque (Startup Torque)

Locked rotor torque o3 starting torque upeopdiesl 2opdi Qoes0RdmgEe 06wE:0pd3a4l
[Speed =0] q§$€eom torque wrcLEd: ©050I8E0I 66d08RE:azgE locked rotor torque
a3eupod starting torque copdioz000001 Conveyor qpsogEadgepd 6edomaopd 3R [gCeneom
starting torque §q§cd32600001  0Somgpisl  equLSPRCEIAAGEEd  GedogPEoRd 3RS
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[gCen:eom starting torque §g§ocd=26dli Locked rotor torque 0505 full load torque 000 0% © 0%

208q2e0p§00pdi
Point “B” Pull-up Torque o3wup05 Pull-in Torque

Pull-up torque 20p5 GuHomoodAdel P3a0000d FuodEaIIeEPODEINE EEuIesFE0rE
[g0edl coon 2288ad: torque (minimum torque) [g8a0p51 6e5omedd:0005 00oE vRBLoSEE 38S0n
65§$0RC a5pd:ad:000 minimum torque o Gosoopdi Pull-up torque 2005 synchronous speeda 20%
¢ 40% 3032 [3bedl 60§ oopdi

Point “C” Breakdown Torque o305 Pull out Torque
Breakdown torque 20p) 6w50m0060%:e1 3a[gCed:(maximum) torque [gdaopdi Breakdown
torque 2005 full load torque 000’ (j)s0e§ Jqpzoodi

Point “D" Full load Torque

Full load torque 2025 eedomonda:el actual speed o€ q§8Eeomn torque [§Boopdn Actual
speed 2005 eentiese0m ABewdomel of(load)edlogé ¢ooboopdi Load qpiag€ slip [gbedl goopds
qp2oopdi BelopE actual speed $p5:00001 300006[0pEadeocd actual speed 20pd synchronous
speed ¢ slip 0¥ §05consameEPE 36205

Point “E” Synchronous Speed a3wup0b No Load Speed oBwwpab Zeor Torque Speed
Synchronous speed 286005 no load speed 2095 load ©§o0p5gded §€aa0 torque [gdaopd

opboopd load $Cq §odooratiedoopdmg(cedoma’ free eurtiesoopd=ads) opElgdedlaogd
Speed(rpm) o3 “no load speed” vpcopb:eal 205

Torque and Horse Power
Power (W) = Torque (Nm)x Angular Speed (Radians per Second)

rpm
Power (W) = Torque (Nm)x 2 x3.14 x 0

2.6 Motor Insulation

eedomgpzel AB€ad (motor winding) 820p8s5 copper wire qpso? insulate apboozaopde
Insulation cpSc02:00p000sE FaGEEpen:cdc80dg) GuHogP:aopd F03HEP$§E[0300001 Insulation
class GomEiec0 3203103 (220§§[g¢[gE3)98Eecvlgd00I

¢ op- Motor insulation ¢ 09~ Motor insulation
eedomgP:oopd insulation sa§jEzaented 0plaonpde) 98E008a0§S (winding temperature)

Rlgpegrrgo:00pSi Class A edomel saqpaded§Eaom 20§Sen 105 °C [gdo0pdi

NEMA motor insulation class according to Max Operating Temperature.

Table 13-1
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Allowable Temp Raise

. Max Operating Temp . Hot Spot allowance
Insulation Class at Full load for Service
(°C) (°C)
Factor 1.0 motor (°C)
A 105 60 5
B 130 80 10
F 155 105 10
H 180 125 15

P §[gEonnd8Eq (allowable temperature raise) 2opd [gEoecoopmp§s 40°C o
:6[gdoom200201

Class A 20pd spsolznfbedicomn(lowest grade) ewbom insulation sadjesaengdoopdn
Hogpropt  mad(ggfocnontenydoopdi 0odgqps 3pOiypiopE Class A sadpmoon: GuHomad
Faad:0[g[ootal

Class B 20p5 00d§qps 320p0qqpiopt 3a60ge0gapes: odgypi(general purpose) 320305
20dg§€a0pdn a3eaod heavy duty qpsoged Class F a3eopdd Class H o saad(gjq§ coCeagoogdi

Class H 20p5 heavy-duty insulation sa§sson{gdoopdn  sa0q§[gCenoopdesepypiopé
006e08320dgjgs320905 20&engHoopdl 66D0M30pC:0R¢ 30 §[gEe:00003AGjgP:  cRoHCRd:
Fg§aodengHoopdi ACMV openadigjeacn motor 3agpsell insulation dass ¢ F [gdoopd

Table 13-2

NEMA motor insulation class according to
maximum operating temperature

Insulation Max. operating Allowable temperature rise
class temperature (°C) at full load for service
factor 1.0 motors (°C)
A 105 60
B 130 80
F 155 105
H 180 125

Allowable temperature rise is based on reference ambient
temperature of 40°C
Class F is the most common for 50 Hz motors

Motor insulation & standard qpsen eopo8logeon 320005dewon:oopd NEMA Standard soq)
2005905002600 motor insulation class gps [g&lo30005

ACMV equipment gpssacg0d 820%:6000 Gedomgpsel motor insulation class F [g62000

13-7



ACMV Volume -2 GomEooodR

Figure 21
Life Versus Operating Temperature for Insulation Systems
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-
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Winding Temperature in Degrees C

¢ 09-00

3200000 0q000p0 Gwdodd Insulation sa§jrmeenisC winding temp (C) $& ewdomel
200500630303 66H[go0Rd 0gdjgdoogdi

Insulation F 3a§seoonieedomaogd insulation B 3a§j:3000: 6650000005 Sj[géoopd 200§5ad
588208 dejcopSeogplo3pd§Coopdi cedomodad:el winding temperature S2p§$0005 ANGL
[oplogredecolgdaopdi 0obspSiaaniyé coab0né:03600 [gdo0Rdi

eudomgp:  qodde[gliel  3a8onmaclogpien  operating  temperature  [gE€o00ScgelopE
[gD20p5 eudomngpsaopd high current efogpeosdoopdieomE contamination elogpEeaodaopbieomts
Operating temperature [4Goo05000000500001 Insulation class 20pS 32003{go0Rd 0gES:3a§Eaen:st
oopbeemod condedlog  wonpSejaplgrsoopdi [gEensaopd operating temperature o€ GenEioopd
Ge5omGgP2EN 2005008560 2009905002:a0p9 C0HA3EARGE0N
09.§) Motor Nameplates qp:0? vodqen:copdlgt:

IEC standards 3¢ 6ebomgpzei [gE:eomEaqaai(HP) Bewrcd 03ad0d(kW)o3 eedjgoonieom
name plate o} codomel Good8Y mdoogs 82600 eudox name plate ood9w FgAd
F000OgP:0d 6300501203C: ©0dg §9200p8E00I
(o) Manufacturer Name and Manufacturer-Specific Ordering Code

Code ¢ frame size $& mounting arrangement o3 93§8E20001 qodaR:a0) GedomEdAY:D

3200000000:5C0q8 320305 kW (HP) omeon frame size $& mounting arrangement

oBeopbioppBad cpeadoop
() Rated Volts
eehomel  360mmEiedigieaontepd  (optimum  performance)  gfg§sp0R0d

Bmbeomn  qdedd  vedm[gdoodn  Becdonad  euntigSonlengdaopd  ag606d

0em[gdo0pdi 8&E:pda0:0005 0gbedS vwran copdgdoopd
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¢ 0p-00 Motor name plate

() Full Load Amps

Full load amps — a32005 ¢ 66Pom20pd oSmlgodewnE:sEaopdaadl eonancdie (cable)
0p€8e0Csagmiepd 3268000 (Ampere) [g6o0oi Full load amps 20p5 eononudegegiudgt:
(cable sizing) 1 0000500 egequdfgts (starter selection) $& motor protection sac05 over

load setting §§6$320305 0§elgd 3360005
(G) Rated frequency

Rated frequency in Hertz, and rated full load speed in revs/minute at that
frequency.eebom0? Gu:00pd AC agibodencdeane Frequency [gdoopdn (50) 93ewrod (6o)
Hertz 3920051 &3 Hz 0% c¥oddjesbom synchroous speed (rpm) ¢ne[gpCsadesaopdi

(§) Rated temperature rise or insulation class —

Industry standard specification of the thermal tolerance of the motor insulation.
328e0600:qE:3§jrma00dgd o0
(©) Rated Power (kW)

Rated power (kW) 005 eubomnwopodeudEean output 0odegésa: (mechanical power)
o [gdaopdi 7.5 kW 20pS output mechanical power [gdoopSi Output mechanical power
7.5 KW qq§ 320305 input electrical power ¢ 7.5 kW cood3qpsaepdi og% efficiency §aomn
66500320305 input electrical power ¢ 8.82 kWe [gd20p01

(Q) Electrical connection and associated operating parameters —

Electrical connection and associated operating parameters — i.e. three phase motors can be
connected in a ‘star’ (Y) or ‘delta” (A) configuration. In a star configuration the current
flowing from the supply is reduced as is the torque.

g0 Hz & 8zam2 660 © Beo §eoon Adl £C star’ (Y) Ho[gE§odeoodag€ output mechanical
power 7.5 kW $& 1450 rpm o3 g§8€20051 Power factor ¢ 0.87 (98005

§0 Hz $& 33222 900 ¢ G o §eom Ad $& ‘delta’ (A) dB[gEq0de0050qE output mechanical
power 7.5 kW $& 1450 rpm o3 q§8€20051 Power factor ¢ 0.87 (982005
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Go Hz $& 3s222 660 ¢ Goo §eom Ad $& ‘delta’ (A) PBgEq0de0050qE output mechanical
power 8.6 kW $& 1750 rpm o3 q§8€20051 Power factor ¢ 0.87 (982005

(o) Power Factor

Power factor for the motor. cBeedom5$E005a3Ea0pd power factor [gdoopdn Power factor
20p0 Gedomsme Guesa0pd g00dEIodsMEsE §odeonda0pd connection configuration
edlopt 9oopde) e[gpt:cdes2000i

Efficiency class

Efficiency class - IEC nameplates quote EFF ratings at full load. It is a measure of how well
the motor converts electrical energy to mechanical power.

The information displayed on a motor nameplate may vary depending on manufacturer and
motor size.

0.6 Torque o055
eedomlgieomtaeqod 3aad:(qq full-load motor torque o3 ogod(g:

T = 5252 x HP
 rpm

T = Full-load motor torque (in Ib-ft)

5252 = Constant (33,000 divided by 3.14 x 2 = 5252)
HP = Motor horsepower

rpm = Speed of motor shaft

pow - [g&eomEeq (Co)somdeorn eubomnd 1725 rpm §eom of(load) eené:ag torque opdg

q§&0s05
_ 5252 x HP (60)

o (1725) = 1827 b= ft
29.q Energy Saving from Motor Efficiency

Chilled water pump 320305 3203gjeom [gE:eomSeq (JgeomEams (18.7kW) ogided
6650000b:000 88% efficiency (standard efficiency) §[8: oodesaqiC (o)) §o8ewrtasCoopdi
085609 (p6g) qoddeeting ddagbedeudomam: 93% efficiency (premium efficiency)deood
6650 22000[g¢ 6[pEiadondeotadcdayiC codsdagE egupdy) 20050000p5s00a Chilled water pump
& 6udomgP:aopd full load [g¢ 20§803E:05E eentislesuionendi edom 3200661 00$3:w $3000
[58[8 cqO0denodemiawn $0.15/kWh [gaq€ cvedE: opdqopagl ewdom 320305 mp§myeg
[g$c0p588E0p5 505 Simple pay back period $o55gE 0odqoddl
Existing motor

88% efficiency §eom eedommeeume: @ input electrical power ¢ 21.25kWe (962000
Input electrical power for 18.7kW with 88% efficiency = 18.7 / 0.88 = 21.25kWe (input Electrical
power)
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New motor
93% efficiency §eoon Gedomzacue: & input electrical power ¢> 20.1kWe [gd2opdn

Input electrical power for 18.7kW with 93% efficiency = 18.7 / 0.93 = 20.1kW (input Electrical power)
6650m32086[0FPE 20050206000 BJewrod GgEIPEEGIN KW ¢ 1.14 KW [gdoopdi
Saving kW per hour = 21.25kW - 20.1kW = 1.14 kWh

00d5630305 4,993.2kWh 200500000051 6gJo0§E2005
For one year kWh saving = 1.14 kWh x 12 hr per day x 365 days = 4,993.2kWh

00d56320305 $749 200500520201
For one year $ saving = 4993.2kW x $0.15/kWh = $749
Simple Payback period = $3000 / $749 = 4 years ( 48 months)

eez58[opge euBomsrbEl cpfoye§od 3000$ [gScopSa§Eoodi

09.Q.0 GeAoodYel Efficiency o oB§E8o0pd 55:c0dayp:
()  Motor name plate © §u8E200i
(®) Motor manufacturer ¢ qup$Eaopdi

(0)  Published data (NEMA) ¢ qua8Ea001
(@)  BEomlgts(measurement)y quaCoopdi
Input electrical power 03€:0p8&a0pdn Output mechnical power o3 torque $C speed o3

0305§0503C:09[gCs 9feupod indirect by subtracting losses ¢ copds g0

09.q. ) GePom0oodad:el Input Electrical Power o ogadgiodfgcs

pOed -6uH0OM30pS [4EseomnEaeq(Go)sybd: copduddssien d8sdagt sp0cdee
(0000) [96200bn [60HZ]  Electrician 00de00500p5 632005013agj053000¢R0d  0dCRFgE
adeudomar agiéedinput power o ¢pdli

Volt (A to B) = 467 volt Ia phase =36 amps Power Factor for a Phase =
0.75

Volt (B to C) = 473 volt Ib phase =38 amps Power Factor for b Phase =
0.78

Volt (C to A) = 469 volt Ic phase =37 amps Power Factor for ¢ Phase =
0.76

V = (467+ 473+469)/3=469.7Volt
I =(36+38+37)/3 =37 Amp
Power Factor = (0.75+0.78+.76)/3=0.763

Power Input (electrical) = 1.732 x469.7Volt x 37 Amp x 0.763 = 22.97kW
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09.q.p Estimation of Motor Loading

AC euBomondaden part load efficiency 9005 cBeedomei loading (%) edl opaonpboopdi
BefopE AC eedomondadsel part load efficiency o3ogode$ =005 dBewdomel  loading

(%)0338q5c832500p5n Loading (%)0303wo0 efficiency o3 sapcn§eds apa505§Ea0

eedomel loading (%) o3 525 () $25: [§¢ 0g05q0P8§Ea0p5
() Input method (ebomei input electrical power $& output mechanical power o3 quafg:
euHomel loading (%) o§e&:s05:)
(®) Slip method (eebome rated slip $& actual slip o qop[Gs eebomel loading (%) o§eSsspd:)
Input Method pow>
22kW (name plate power) 665020060%:0005 GwaEisEegopbmdl eeMAA  agbod
2g0D30005GP:0D 03E00q0P0dN ddeedomel 100% load adeupdd full load efficiency aopd 88%
[§60q€ Becdome loading (%) o gpdl

Volt (R to Y) = 410 volt, I red phase = 25 amps , Power Factor for Red Phase = 0.86
Volt (Y to B) = 415 volt, I red phase = 27 amps , Power Factor for Yellow Phase = 0.88
Volt (B to R) = 412 volt, I red phase = 26 amps , Power Factor for Blue Phase = 0.87

22kW (name plate power o0p5 output mechanical power oCgdaopdi Rated power
0peopbiesl 20p0i) Gedomondadiel input electrical power ¢o 25 kWe [gbaopdieebomel 100% load
a300pob full load efficiency 2005 88% [gdagiC..

Input electrical power of motor =( output mechanical power or name plate power = 22 ) x 0.88
= 25kWe
ewdom6l actual electrical power ¢o
Actual electrical power = 1.73 x Average Volt x Average I x Average Power Factor
1.73x 413.33 Volt x 26 Amp x 0.87 = 16.17 kWe

Motor Loading — Actual Electrical Power = 16.17 kWe 64.68 %
oror LOAGIMY = "pted Electrical Power = 25kWe o0

99.Q.G Service Factor (SF)
eedogPd  GrocmERE  (ambient temp) 00053000 gE[gooneon RS 3005

8&&{gjopboongogoogdi Service factor a30000¢n 2005905000:00p)  336[gEsqP: (30 SIB3CEss0..)
32038:03¢ rated power 23owpcd Name Plater Power coo53e] 3200056[god cent:8€aopd gbiqpdba’

BcBo0pdi eedommagpsp 6 Service Factor ¢ 1.0 Bewr0d 1.15 [gdaogdi
poed-  (o0)eomEamecdomondadel Service Factor ¢ 1.15 [g620pdn oBadcdqioden
0036650700000 (00.6))e0mEQEEmEgE Zoe0050[god Gel:8E0d §&igpdad S0 adea0d

NEMA standard 3262005005000:¢000 motor insulation class @ allowable temperature raise 105 C ( for

Class F) 03 comp eeogpagieqeoi
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Motor insulation class F sa§gza00: (00)e0mEsmieebonmomdad: allowable temperature raise

105C @&béu

Service factor 1.0 2:§aopd (00)e0EEEH006N%MD  (00.6)e0mE0S  (load)
[g€ewninq€ Beuwdomnaopd [oplgéer wd§Ceun adead oB (o0)eomEamiesdomnel Service factor ¢o
0.98) [§0cqi€ 00 6omEF 0§[g¢ eedt:dlon eubomannhondieagpspdicdéubewiodeon Service factor
[gCeomelopE rated power sogp5:coddgpieon 0§03 Ge0nE§Eo0pdi  Service  factor
[4€20pSecdomypien eqEoBecy§oopd

0.0 Motor Enclosures §§ Ingress Protection

Motor Enclosures Totally-Enclosed. A motor enclosed to prevent the
free exchange of air between the inside and outside of
Many types of motor enclosures are available, the case. but not airtight.

- e 18
1ng llldlng, Totally-Enclosed Nonventilated (TENV). A totally-

enclosed motor that 1s not equipped for cooling by

Open. An enclosure with ventilating openings that per- means external to the enclosed parts.
mit passage of external cooling air over and around the
motor windings. This design 1s now seldom used. Totally-Enclosed Fan-Cooled (TEFC). A totally-

enclosed motor with a fan to blow cooling air across
the external frame. They are commonly used in dusty,

Open Drip-Proof (ODP). An open motor in which dirty, and corrosive atmospheres.

ventilation openings prevent liquid or solids from enter-
ing the machine at any angle less than 15 degrees from Encapsulated. An open motor in which the windings
the vertical are covered with a heavy coating of material to provide

al. bR : ; ;

protection from moisture, dirt, and abrasion.

Guarded. An open motor in which all ventilating
openings are limited to specified size and shape. This
protects fingers or rods from accidental contact with
rotating or electrical parts.

Splash-Proof. An open motor in which ventilation
openings prevent liquid or solids from entering

the machine at any angle less than 100 degrees from
the vertical.

eudomgpsel  enclosure  gpsod  00080C0R06sEPORd0dE  dotenyPeINE  BgEgIWd
[03920p01  omen§zdgC indoor oodeoeaadiggtisC outdoor ooOsofzaodHg[gtiop  $OGE
S[ep:§Eo0pdn eudom protection gpzo? IP s5egCoopdieomEs NEMA [gCcopdieomnts sasotasonss
Slepz 200500530005

European market o€ eepEsqieomn eedomgpsei protection gp:ad IP classification $054g¢
2005¢0dewd(g[o3oopdl  scedonopeepliqeom  eudomgpiel  protection  gp:od  NEMA
classification $205(g¢ 2005005e6(glog0005

Ingress protection 20p5 IEC 60529 o3 326[gdconiG: on§isdaddgé ewdlgoonoopd pown- IP
20 1 IP55 1 IP45 [gBaopdi ocoe oans(first digit) saeSqpasadiodqps(dust) 35005(goG: 3290E(0) ¢ (6)
32D Joopdi g03006[gpad amms(second digit)oopd ee(water)saogod[gdBs 32908(0) ¢ (9) 203
§oopdi

North American ingress protection $pb:> NEMA standard 250 3a6[gdcon:0000i Non
hazardous enclosure sa§zzaen: 1, 2, 3, 3R, 3S, 4, 4X, 5, 6, 6P, 12, 12K and 13 03[g8[0320051
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IP (Ingress Protection) classification 20p5 electrical equipment qp2320305 (02680E002:200)

environment  $&2005a3820p3) degrees of protection [§020pd1  633HAROIRSRAE: 233O
©05000:8 820001 B¢ 360028059803 IEC 60529 o vodqes d3260000

Table 13-
1st | Definition 2nd Definition
Digit Digit
0 Non- protected 0 Non- protected
1 Against penetration of solid objects of | 1 Against vertical dripping water
50mm diameter and more
2 Against penetration of solid objects of | 2 Against vertical dripping water at
12.5mm diameter and more an angle of up to 15°
3 Against penetration of solid objects of | 3 Against vertical dripping water at a
2.5mm diameter and more angle of up to 60°
4 Against penetration of solid objects of | 4 Against splashing water in all
1mm diameter and more directions.
5 Dust protected 5 Against water jets 5 Against water jets in all directions
in all directions
6 Dust tight 6 Against powerful jets of water and
waves
7 Against the affects of temporary
immersion
8 8 Against the affects of longed
Immersion under specified conditions

NEMA standard o} clgpodzacedon §E&qpope electrical equipment gpssacgad (00be0E

00020000 environment $&0005a300pd)degrees of protection [gdaopdn Corrosion 1 rust 1 icing 1 oil $&
coolants 02005 environment condition qps320305 §pdgVde|gIpGoo:ea standard [gdaopdi 6e30>d
@u:203E: B0 905002:§C0pdn 8] 20600:805Bcclon NEMA Standard 250 o codqes

83200005

Table 13-

Environment Type General Definition

1,2,44X, 5,6,6P, 12,12K, 13 Indoor non hazardous locations

3,3R, 4,4X, 6,6P Outdoor non hazardous locations

7,10 Environment is designed to contain an internal explosion without
causing an external hazard

8 Environment is designed to prevent combustion through the use of
oilimmersed equipment

9 Environment is designed to prevent the ignition of combustible
dust
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09.@ g0odecBome gdimntadigsaqp: (Motor Losses)

09.@-0 Copper Loss

Copper loss &3a0pben eobomel rotor $C stator qpsS§eom  e[o38(copper) dEamgps
20pC:098 g6068:e0E:qgelopElgbed coneom adgeaqp: (losses) (46205 efog:&(copper) 8Eamngp:
20pd eubomel rotor $C stator sdpocdopCieomelopE rotor eep stator oAl copper losses
[gecT 2005

Stator winding $& rotor winding o3 &l resistance elopEgdoopdn Stator $& rotor winding
30382098 current [god8sgEsalopE stator copper losses [gdedl conoopdn o losses [gdaopdoedanen
[g058: 2005 current $8006038:5€ resistance o3e(gpad[gE: [gBoopdi

Losses = Current(I)x Current(I)x Resistance = I’R

OOOPLIIICYP:O0 OOBC0N:300000  0(heat)zo[gdad  GlypCicdomid: Qo
o}  qbedgbimatapioogd  ecBoonmadangd =g (9698  efoplacdoprdffs  g&imd
adsgafgbedl 20pdi ABelo3pEeeBomo0pb 332600050005 Specn gEi3atadigeagp: Gofgoodi

Copper loss copEgdeomn ghmatadigeangpsodicoqs stator slot o} e[gp:ad8Ea005n
Stator winding 2303&:5§e0c 3Comel  cocopd(volume) gpsaneog§ insulation thickness o}

eqpgi§ €0
Rotor & copper losses $p5:eoq$ conductive bar $& end ring &l 32g0Sse00:0? [Bentesnd

[giopS8E00pdn BB [Brentezanlgrpbeudglls 9dg(resistance) o3 cagpspdieo §Ea0pSi Copper
losses 20pd gb:aaEadigepeadIC: (total losses ) &1 §o%|gdaopd

oling
: air flow

Drive End i : =  Non-Drive End

<§ 2p- 0 J Motor

09.@. Core Losses
Core losses 20p5 eddy current losses $& hysteresis o3{gdoopd
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Core  material(hysteresis)za: 250805005038 [gbesnllgpd  (magnetized) g§32005
832060009838 [g6o0phn Core material S eddy current [gbedlq§socgod gosealon§), edugsq
[g8edl 2005

Improved permeability electromagnetic (Silicon) steel 03 3205{g[gEgE core losses [gdedlg

$00:637E[gp68Ea0pdi Core 03 38qpdagpiesant|gapdfgifsé magnetic flux densities cogpsSs
conom core losses [§Badl goopd: pSsconoopbi Thinner steel laminations o3 3203{q[gC{sE eddy

current losses o $05:63¢€ [gapd8Ea0di

Core losses $& windage losses 032005 cuHomel of(load)sE wooadedEeon Loading %
qp2o0R0 [gbeor $p5:00p5[gbeo core losses $& windage losses Gen welgpticdeoi

Core losses 20p5 gb:eaCadi:ao0ailC: (total losses) & o j%[gdaopd

Input to motor

[ I

Rotar input Stator par
| | and iron losses
Rotor output or !
Mechanical pc‘i'f developed Rotor coppar losses
|
Hoturn?utput Windage and friction lossas
BHF

09.@-9 Windage and Friction Losses

Windage 20pd GOONTINACIGINE (320§ §e0005630E) 00680800600
oSomefopllgbeon @&t  edirggdaopdl  0SoEREcomEieaNgIrpd[gtlytaopd:  windage
losses o cagpsd: co§Co0pd

Windage $& friction losses 2000 g&s3atadgaooadits(total losses)el 0G% [gdaopdi Friction
losses 2005 GeHoaE 006e0Eam000d coudqE(bearing) ¢ [gdedconaopd

09.@.G Stray Losses

Load current oo induce coSeomaelopt leakage fluxes gpigdeclomom goeatadsgeq
[g0e0l [gE4gb2005n Surface losses $&  harmonics 030005 stray losses o5ogEdoo0pdn Stray losses 03
$2B30yBEEYS 3209800550005 oofgreom wePoenIndopd loss gp:aopd stray losses oE
Fojpocaopdi

Stator losses 1 rotor losses $& stray losses 032005 o3 “on load losses” vpeslaopdi “On
load losses” 20pd eubom el loading % edlapt ©oopda0pdi Loading % qpseco “on load losses”

qP2eco [§62001
Stray losses 2000 @&:3aCadigraooadlE: (total losses ) &1 0g)%lgdo0pdi

Copper loss (58%) Stator loss
Rotor loss
Core (Iron) loss(12%) Eddy current loss
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Hysteresis loss

Windage and Friction loss (14%) External fan windage

Internal fan windage

Bearing , Grease

Stray loss (15%) Surface loss

Harmonics

Leakage flux
eudomondadeel input electrical power ¢ output mechanical power c3$050q€ GEPONIdYd:ET
adigagps(losses)d  qupdi  eodomcizgudmenst  a§meonicdcdeonpds]  edigaqps(losses)
eopadfogeon 683050 (0p-0p) 0gtaeudome adigaqp: (losses)od pdtssdel cudlgoonzoopdi
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Total loszes

Diriver losss

Inverter bss

Others

— Motor losss

Copper loss

Iron koases

FMeld iron losss ‘

Eddy current loss

_‘ Hysteresis loss

Stator winding imon losses ]

Eddy current loss

Hysteresis loss

Mech anical loss

Stray loss

Q 99-9G
29.00 Motor Efficiency
High-efficiency motor qpso?d gdszaCadsdea(energy loss) $05:6320C 0opbGeE0500030000
8Eomeizagt: (diameter) o [0FenE[gopdadadfgeielopt elogoncopd(copper volume) 34% ¢ 40%
32033 Jqp:cn§Ea00I elopE 9dams(resistance) caqpspd:om copper lossess cagpspd:00001
[03e2:0005 Alom|cBea’ saadigiagE wire slot gpsadaopd: ogiudesant [gapdeu:g$ cdeabo0pdi
a3 elopC steel lamination S8es000d active steel vwdan GagpPsP0:aF36d Steel losses cagpsS:
Gogq§320R05 rotor $& stator core o gpdagpseaant [giapdeu:ao&aopdi 3gpdagpoopd rotor $¢ stator
core o 2p2%{g[a:eloxp¢ lamination Jgpsesnt [gpdeogs cdead0di
(@) High-grade silicon steel laminations 2005 0.018 in ©§ opoopd  electrical loss of 1.5 W/Ib o&
[g0edl eo0pSi Chemical makeup $E thinner gage of the laminations eagpspSseoaopdi (plus
a coating of inorganic insulation on each piece) odelop&  eddy current losses

eoqp§é:eowél| Special annealing and plating of rotor and stator components and use of
high-purity cast aluminum rotor bars reduce hysteresis losses.

) Higher-grade bearing o} saad{gfeC:elop  friction loss caqpspS:8&aopdi
®?) Smaller, more efficient &&:{gbe3208[gpd[gtselopE windage losses(fan-cooled motors o3¢)
eaqpsp5:8E2001

<) Tighter tolerances $& more stringent manufacturing-process control o3afo3p¢ losses from

13-18



eomEio0533§ Chapter-13 Motors

unplanned conducting paths and stray load phenomena o303 cagqpsS: co$Ea0pdN

09.00 Power Factor Improvement (Power Factor co&:eoupdsoSieomtgp:)

()

(®)

[§68EaqiCan00deq(rpm) gp:aopdeed0m0? egeqiuSsaadigd
2 pole ubom (60 Hz 320305 3600rpm) 2opd Power Factor(PF) saeomEiadigdoogdi Pole
GRS gPa00sEeg| Gudom pm  $5:c(G Power Factor copbsogieosaonoogdi
Pole soGq@a0podgp: GOl Fp00d6q (rpm) spdiecolgdBs Power Factor pdaopdi Pole
F6EIR0D $pd:6001 300564 (rpm) qpsecolgdlGs Power Factor cox&saopdi
Load $¢ 208:0080: GuHom 32gudme:0d GgegIddi cunliepd vS(load) cood J[oBswrzood
66500 206003302203 ©egEgIEdEA

ecdomel  loading $p5:q€ (light load [§8agi€) eubomei real power $p5:0005
Loading qpscg€ (heavy load [g0aqi€) eedomei real power qpsoopdi adeadd reactive power
20pd e[ptcdy eeconcdspdiaopi odelopE induction eedomopt real power $& reactive
power 3§:0005 load 6dlog€eonode) e[gpticdesoopd eebomel loading 20p5 F25p0:ed:
00%¢ sogpiad: g% o03(gb8Ea00I Oversized eobom (- sacg§[Bsoopdecomnad

egeoonagC) 6l reactive current 20pd Go0seo0D GwHO G reactive current c0od Jgsoopdi

09.00.0 Power Factor (PF)

AC indcution eedomgpsoge input electrical power 9053 power factor §oopdi Power factor

20 active power (True Power ocwoS:esl 20001) Apparent Power $Co2:002:0000 a8
s20p5en o) $ ;
[Do0pSn Power factor &l 00§3:w0 © ¢ 0.0 200pC{gd8E0R0N Resistive load adofgdesoopdsaslogt
reactive power cdo0e§eooelopt 30[gCed: power factor (1.0) §§$Ea0pdn Beodd s6e00053B4niee
005gapdcSigp: 32038:05C resistive load o) ©[gd$EaomelopC reactive power 2005 3a0g$4RE00R0!
adelopE power factor 2095 0.0 c0cdsRd:ER RSN

Reactive power 2000 0p5aB8000g0505038§0000 32[godsConaopdi Gomnodgeaopd Bum

2epdaopd active power $Ecro00dn Active power 00d900pdi03000 oudopgeqdtn  Reactive power
$C034) 0050pqEoRdI AB30n ©BBLIABCORd: F2[gEdsC 3PS 2003 0ud0PE 0PI GaIHFORRD
F0Fedeo0dc0pd: cepe:anm sa6pbeoml :2[god03dl copdejeuseaopdi

Total system
Capacity
(kVA)

¢ 009
320008 active power odoon  GedoMZARGARqRID (33206005000 (gIEEdedE:

o00dpban(utility company) gpzon active power $& reactive power $696AIC:{gd0pd Total power o3
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eepodeant Jeaonteoiqoopdi Reactive power 205 power transmission $& distribution system gp
320305 extra load o3 [§0e000p51 GonouS[oFqpist cogSocsdur gpiadaonds total power c3320g05
3203Cs [gjopOoonseozeoopdi Power factor 50520000 ofeupabpdaopd eedomgpiaacgod utility company
o total power 333600050005 Jeosqoopdi (qoopd active power ¢ 830p00¢ [§BE5CLESEN
Belope (0.0)c00d $p5:0005 power factor §eoon consumer gpzod utility company o> sabe(o:

6026808600001

66PopEoopd poles IeaEacRcdsRdeROI 6D Gl power factor RGO 930D
eomEiecolgdaopdn number of poles $obsecor soceqss: (Speed) qpiecojgdaopdi oodspSiaadgs
Synchronous Speed (rpm) gpsoopdeebomel power factor o0p5 synchronous speed (rpm) §0550005
eedomel power factor cood deoEsaopdi Speed $E power factor 005 0305§053a8Eoy00p5

eedom @i loading % qpseco power factor gpieco 93600 GomEierolgdoopdi cuboms)
:0056q55:(Speed) gpseco Power Factor comEsecogdoopdi aelogpé speed gp:oogd eubom 320305

power factor coE:q§cadeadeo0n capacitor sagudsaenien Gaoscudenp§oopd

BelopE over sized eodomgpiopE power factor phoobadeoy qecpoopdi eeHomnd
0pboopd 085Cq| §odoons(gEiedoopd a§§(no load)opt eebomadigoopd current o> sacRs gp:aopd
3200006[0¢ 80605 active load ad:0e§o’ reactive load ax§eoone(opE [gboodi

The "Power Triangle"

5

P =true power P=I’R P=—
Measured in units of Watts

Apparent power (S)

measured in VA 2

E?

Q=reactive power Q=IX Q= <

Reactive power [(_?)
measured in VA

Measured in units of Volt-Amps-Reactive (VAR)

Impedance
phase angle

E2

True power (P) S=apparentpower S=1"Z S-= S=1E
measured in Watts z
Measured in units of Volt-Amps (VA)
1=2A 1=1989 A
) no
20V v h
(f\, no R 60 Q 120 resistance L 160 mH
60 Hz reactance 60 Hz
X, =060319Q

P = true power =I’'R = 240 W
Q = reactive power =1°X =0 VAR

S = apparent power =1°Z = 240 VA

P =true power =1’R =0 W
Q = reactive power = I"X = 238.73 VAR

S = apparent power =1°Z =238.73 VA

¢ 09~
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Load eedomaopd Active Power (True Power )od
on  odgeoncopd: agdodenodem:
00050p&a0p) company 20pS Apparent Power
Loy =3 160 mH (VoltAmp)ad cdeamnodesnt [gepd coscon:
X, =60319Q  qoopdi

120V

60 Hz C@ 0obspdiaggE  Reactive Power (VAr) €
led% 60 Q Active Power (True Power-watt) osd9acdlCs
2Rod  g00denodeieudaoopdi  agtod

1=1410 A

©053m:  00odpOooRd  company  aopd

. Apparent ~ Power  (VoltAmp) 203050
P=true power=1R=119.365 W ) - N

generationi  transmission §§ distribution
Q = reaclive power = I'X = 119998 VAR sysmtem  gp:320305  FopEsAOy  Hood:
qeooelo3pé Power Factor §6com saadigiop

S = apparent power =1°Z = 169.256 VA
SietlesXeplescrat R e Relopplopt/clablabiall

Pole gps 2000 AC indcution cedomgp:aopd pole 0530009 GudomgPicond power factor
§620001 Poles gpsecoeeo power factor $oSsecoecolgdaopd

0pda0p) 6udomopesd ewdom loading gpieco  power factor gp: GoogdORdN
83200005 000> J[oesant(oversized)apboon:aopd eedomgpiopE power factor $o0:00p503
coepign GoggteEa0pdN

09.00. | Power Factor $054gC:el aajgbqp:

adsgopgpsel  power factor  $o0sgCielopE  Baopdoooddgoenean  power plant
c832000p510verloading [958Ea[g§oopdiPower factor spdgtsaloppe current qpsgpsdigsadsatoogdi
Current gpsqps8gCsaloqpC gd:maCadsdeq (energy losses) Sqpsaopdi

09.00.9 Power Factor omnC:epdspSicodiyp:
Capacitor 0 eeb0m$¢ parallel 006s0€[gC:elope reactive power o3 cagpgi8€a0odi Reactive

power o} caqpspdi{gSielo3p power factor & omE:ncddudi
Capacitor ondeoaoigtelopt

Real power = 100 kW
capacitorsaops)§eoon capacitive current 2000

\ Reactive po"wer after 5 o |
fter = 105 =33 kVAR power supply oo c];g]czoao lagging inductive

a

Reactive current 5] e[gqe58Ea05
- power before -
before =143 | VAR 006l péadeadd capacitive current 00pd

Apparent
power

leading  current  [gdeomelopE  lagging

Capacitance added .
o i inductive current o3 elggod8E2051

Power Factor before = 100/143 = 0.70
Power Factor after = 100/105 = 0.95

$ 0p-o

13-21



ACMV Volume -2 GomEooodR
09.00.G Power Factor Correction
Power correction [gjapOepagé static correctioin & bulk correction vrg] $6§j:§o0R01
(on) Static Power Factor Correction

eudomgpsel starter o38:5& capacitor o3 §odsoodaonigEio? static power factor correction
opedlaopdl  gpieonendg  sacgS[Benteoomeedomypioptanadigecp§oocdi  Line losses o}
eaqpye$ F20g0dopd: Saad(giecudioopdl c0odecboonieam B load Bewpod GEHONCBRS
o0deolaf [gdeomaelopE capacitor size 03 sacgudopgn 6geqd8Eanpd

bowor Factor (of) = KWV (Real Powen) Contactor Overload
ower Factor (pf) = VA (Total Power) _
— rI'I
1
kW (Real Power) — 1) it D
@ | iy — M M Ill
PF =Cos ./ g [ ] MOtOI’
&
flg o = S e
2N 2 ™ T~ T~ :
Doy & Capacitors
¢ 5 i
O;,;, “‘:’
s <
@ 09-0q $ 0p-00

(o) Bulk Power Factor Correction

Capacitor gp:cd distribution board ¢p:5000s0E[Ge starter gpsoddede o3igp:  controll
oo0[gEs§od  buk  power factor  correction  opeeloogdbi  @edIE:0nbeolgEielo3pé
opSonododoondomoopdn Lower cost per KVAR installation.cebomnsac|gpodsagpisaogod  autoatic

switching [giapOegjoopds 32054g§Eo0pdr

\ powd -Active Power 1000kW §oood 022000
- 0069aa¢ line current 2005 2000A [g8[G line voltage
20p0 400V [gdoopdn Power Factor o 0.9 3203

1] 1] oocdgbmoged  cogdqupd  oofecgpebieon

% + capacitor & kVAr rating o c050ll
Capacitor Banks 36(q 476 KVAr

¢ 09-0g
pow-offgCewntiesean eudomondadel power factor o} Bq§=ecod 631005 Zagied
F20005gP:0d GB3Ez0mqon:clacpdi odewdome full load power factor o epdli
Motor rated power = 30kW ( from catalogue)
Full load current 58 A (measured by current clamp meter or tong meter)
Supply voltage 400V (measured by multi-meter)
%26lq : Full load power factor 2005 0.85 [§620251

poed - 1000kW load 320305 lagging power factor aopS 0.8 [gdaopSi Apparent power $& reactive
power o3o3gpdli Power factor 03 0.9 3208 comE:qs 0odeoed capacitor bank i kVAr 00§3:a3epdli
ey = 266
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09.00.§) Supply Voltage to Motor $& Saa0:00q[gC: (Unbalanced Voltage)

AC eebomgpsad supply voltage 830005330730d8Eqa0p05 83E:{gnpdBaepEsqozoopdi
NEMA standard 0 2009005002600 voltage ¢ 2088 1 =[gE 00% o wrHd8Eesnt
[giopSoonienodioopdn 0odspdieandgC 400 volt 350905 0pcrpdomieom Gedom 0H0R5 420 volt
$C 380 volt 3038:03¢ GomEigeedE:§E0001 400 volt &l +10%¢> 420Volt (g8 -10% ¢ 380 volt
562025

Supply voltage s30g§[gEoncd[ge: a3ewrod macgSoreolialionpd eehoma’ Fapag§ad[gt:
(over heating) [gdeooopdi Supply voltage sacp§lgEonod[ge: high voltage cusooapadgbeamelopé
66dom03 3a0950peo0p01 Supply voltage sacg§oyeoligtelopé high current o} &ssot:eoo00N
ABefopt 665003 scgSreoapd

3 phases oopd 32505 phases ood9 © voltage $& oofgp: phases oobee voltage
Bogo(grateo? damepdqge: (unbalance voltage) [gdao0pSup el oopbi Unbalanced voltage between
phases clop¢ ecdomel efficiency copSeacgs oyeo:8€a0pdi Unbalanced Voltage g% [gdog€
e65000 losses p0% Jgpz20dI

66Bom03 Gus0pd & 3 2005 unbalanced voltage §% [gbagqiE ebomel g&szaiaopd g%
onjeotsagnzaopdi 00dgpSieage de-rated g% [36§E200N

NEMA &l 2005¢05j0535q) Voltage unbalance sGoopSen

(Max.voltage) — (Average Voltage of 3 Phases)
x

Unbal %) =
nbalance (%) average voltage of the 3 phases

100

powd - Line to Line Voltage aopd 442 1 445 1 440 o33003:084gdgie voltage unbalance o3 ogade)

ep8E5SsS esBlgd
Average of voltage of 3 phase = (442+445+440)/3 = 442.33
Unbalance % = (445-442.33)/442.33=0.6% gae@ 0.6%

Unbalance voltage o 938Eq§ ground fault indicator o oobsooonzaooopdi eedomgpod

560D thermo graphic inspection [gapbooCoopdn 120 Hz vibration [gbesgielopt ddeedomo0d
SaaniepdqgCs(unbalanced voltage) [gdese{ogpCs 038E0000i
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Characteristic Performance

Average voltage 230 230 230

Percent unbalanced 0.3 0.3 5.4

voltage

Percent unbalanced 24 17.7 40
current

Increased temperature <1 11 60
rise ( ==C)

Figure 1: Effects of voltage unbalance ona 5 hp
motor.

Q 0p-Jo  Effects of voltage unbalance on § hp motor

Increase in Motor Heating And Losses vs. Yoltage Unbalance

Motor Heating

Motor Losses

Increase %

0o 1 2 3 & 5 6 7

Voltage Unbalance %

("3 0p-Jo Increase in motor heating and losses vs voltage unbalance.

Samepdqglfgonosnad  olgglies spdieomEsqp:  (eliminate voltage unbalance) o3
§Pey8a$320305 unbalanced voltages [gdeocomzae(oypCagp:ad $o5:opdaoeomedindaotaopd
(@) aglbedencdEmdagodaopdesepe unbalance [g8gE: (Unbalanced incoming utility supply)

@) Transformer tap setting qp: eopoBog[gS: (Unequal transformer tap settings)

*?) agood distribution system cE phase oodgei distribution transformer 2005 3a0p8[03(S: (A
large single-phase distribution transformer on the system)

) Distribution transformer s30€o00503¢ open [gdes[gE: (An open phase on the primary of a
three-phase distribution transformer)

(9) Transformer o3 fault [§6es[gE: a3eupcd ground oges(gt: (Faults or grounds in the power
transformer)

©) cogfocsdeogt suSom connection capacitors § open [gdes[gS: (Open delta-connected
transformer banks)

@ Capacitors bank o€ [g:® godes[gE: (A blown fuse on a bank of three-phase power factor
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eomEio0533§ Chapter-13 Motors

(®)

@

(00)

(00)

improvement capacitors.)

0g006e00532:60:000pd 000d0RE impedance wp34gE: (Unequal impedance in conductors
of power supply wiring)

Phase 00b9oopbiopt load gpsgo §odcosgls (Unbalanced distribution of single-phase loads
such as lighting)

Single-phase 0GwGa0H00503 Fadd{qesgt: (Heavy reactive single-phase loads such as
welders)

329C=080dgPieomn oo heater gp:cd 220%g[gE: (Large heater controls that cycle
rapidly)

Power factor correction equipment qps q58:65(gC: a3e0ncd comtgd sacpbenpdlge:

9 | | 1.0 g
1| 4 l_\.._\

o
w

/

| )

|

1 2 3 4 5
PERCENT VOLTAGE UNBALANCE

DERATING FACTOR
I
//

a
th
[}

0op-y) & 9= 0

Motor Starting

The method of motor starting shall be selected according to the characteristics of
the pump and shall comply with the Electricity Supply Co.’s limitations on

starting current. The type of starter shall be as follows, unless otherwise
specified: -

Condition 1 : For supply arrangement from company’s overhead line
Up to 3.8 kW Direct-on-line

3.8 kW to 22 kW Star/delta

Above 22 kW Automatic-transformer 60% tapping or star/delta

Condition 2: For supply arrangement from company’s non-overhead line system
Up to 11 kW Direct-on-line

11 kW to 25 kW Star/delta

Above 25 kW Automatic-transformer 65% tapping or star/delta

End
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