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Mechanical enegy
Electrical energy
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Current diagram for typical sgirmel cage motor

Torque diagram for a typical squirrel cage motor

> R&e Current diagram for typical squirrel cage motor
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Insul astdi0fn® Rxel 2 G, Pdi P EW 8G oo CHWOA. | FREAIAMI 018862 7@ t K ORE
C| akscsRY o8 Ak, €1 7 2 « WY & (RIG e we R B2 %

» R&¥%Motor insulation > R®¥24Motor insulation
Ko R28 Ry (B Refseli | 8ad CWipA- | RAK, 1502% B 8 65 wirtlisghtse®B e r(at ur e)
<, RPABRSA ¢ [C2 HsKss RE2 8 Rse o & (RRAT RB do A EBAIBH 224/ %8R% 105

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 3 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

o s CRAT P /22 G beidgaiidhaleSte mper at ureel 2n/AaB 59 ° d o4, 06ACE W &
s KB P9 R#A:T 2%

Cl assel &
o ¥e €6 @a%%ﬂe R CEHHREY

E) eﬁgﬁﬁe$¢‘2 Pts¥s

Class] 8 ldg@RaAIBRASE / 2
e POl | MW 1oeaRR d W L RA Class & ¢ Wd T2 a scsWiH , P & HK6RB Y%

[}

Classel Bheadyty

Table 13-2

Motor insulation — stan d a 5 € R#% ¢ %Rs

NEMA motor insulation class according to

i N s Ul CatDpfaie RS Bs

maximum operating temperature

R<A

ofT /7 8 Gs 1 WoBRISR d Alfke RB fRdation s ¢ C WA Lic RRBs
Iy g&A Vs ld BRALCE A8 S5 6 BWDAS |

K

o Ko WK fgseBhReB(al 22 BT p8 s ¢

64 ,;%ﬂsls GRé#e%B(BKls
8,27/ 226bpPUAE « & CHRBBK K RR B8 Ry 8% /2 BT /Rve 102 B Chdn G
00" 1 26 LHBEEC MV / 2 » LFEYOR o ¢ € Ritsulationcl as FH%:2:1 2 %

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

e 8 8 %° @ ° Redtof indRMationcl as EIRSE r< e 2%

ACMV euipment s CRAx, 8% < &

s e P d A KmoRy insyldiedh €1 Ra; S(BRsBF- | @ %
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Figure 21
Life Versus Operating Temperature for Insulation Systems
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Ko R2 8 Rss CRe# 2 AC< 84 Juile JBK gperBingE fesnthRsr a B s @8 « &p<«RBY [eKG
Bis2el 2% Kes RE2hgReUC RAKFtERY 8 bR ARS/BINtAami Kagt RO BGRARR R 8 A
Operating te mp e r a/sBrGe <« 8 o RS slisuldticd 3 as b @ o e BpIAM i =1 Ao s CWIHA
8] 2 KT R® BRsAx, Pd K .£189 2/RH& T 286+ ReperatiBgGie mper ad*u/ks& R 24A&c1 2 G
Ke R28 Ry CRA — 828852 RRs1 28 G ° <« 28 d WK, G %W | 2%

N&ve Motor Na me p | a ¢ Ret « IffRea 5y &
| EC st and akRE &8 RS BA K<« BY 8Me § REAE 2 2 o BYI¥ , KRR SBRs
name p | at #d Ks R2 8 Rse K5 R&Nd¥; , @ « B & Rok akin@R2 pRud red s Cx &

o0 <28 CRAC W K g RBR Roks hoiBANE 38 A

(Nk Manufacturer Name and Manufacturer-Specific Ordering Gde
Co deefor ame E@io2u@t i Nng arcryddn gL d W 2.7 2% , C.
sei @812 PdALW BRW, HetuFRs <of er*ame L$mBabnt i ng ar
cdWeACEL RWs 82 2%

(® Rated Volts

K ¢ RES— o K< RY 2AT PIdAI(C RLAKNUIRS 25 p &r § o toia n

o AW , 8K R d o CRYBLEB. WL Y% SKWRG RBY R Wi GK, 4
o6 RO Bsi2cl 2% " I W RBART , 8P BABL G2 &% 21 1 24
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> REYNBldVIotor name plate

(™ Full Load Amps

Full load amps i T d ¥el 8 & %Rs K¢ R28 Re | 8 a1 &osB.8 GalppR
8% /@i f / @& RoAmp eBride:)iod ST 4804 RY| 0 ad & a mgpese K A>
(cable sizing) ¥ 8 8 2 8iRs pRBHS&Arter Ls/mhoBobpratdctom ) 8 * < der
load setting > C¥ 2 5 1 @ 5 8" d¥Bs 26835 ¥R VB | 2

(9 Rated frequency

Rated frequency i n Hert z, and rated fu

f r equkesnRsy® Rx WdAG LA128 G 2 Fg Reqai BRsk 8 (¢RIl d (48)

HerBszi & o 1d-886d W o d WRS BICHRD o us septeRIKIB (R pend o F K
(e) Rated temperature rise or insulation class 1

I ndustry standard specification of t he
o/ 87 €KoAs W 8H&o 6 CHWOA: ! RABs | 2l 2%

(»3 Rated Power (kW)

Rated power (kW) e | @ Ko RE 8 Rs %° 4@ @ K wtd ¢ ¥/ Enie@ @aicaRgo w e |
26 RY Bs i78 5 ekBM@output mechanical powe B; i @ Jud ut mec ha
7.5 skeWe ,ifPpuB el ecte%hBRslae HRoWER Y26 98 ¥af | csi Vevk
Ks R2 8 Ry fnput el ect r i dREsI BV ied e 2 %

(2) Electrical connection and associated operating parametersi

Electrical connection and associated operating parametersi i.e. three phase motors can be
connected in a Ostard (A or 6deltad (90)
flowing from the supply is reduced as is the torque.

e L Hz ko/dl REBEAL I3 0 Yo o RsYeh BiGale) @ 4 | P B 5o/ (RuBitRE Myecianicald
power 7E%/ &@p oS 0, s VORI A BDBWOIr87 Bisi2c1 2%
e tHzEwd RABYA VDO b Yo¥WK ¢ RV, Bed{PBRRI | P B,/ 2dhitpul meckahical?
power 7E%/ & @p 8 0 s MW R HRR WO . 87 Bsi 21 2%
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A6t H z £ %4l RBMOL DYl WK « RS 8 BPea(PERBW I P B 5/ 2dlitpul Mettanicald
power 8E®/ &@Bp ;W8 0, s VORI 2f - HRBIDr87 Bsi el &%

(3 Power Factor

Power factor for the motor. 9 d #ae2 8 Rsk %/ 2 G pover fal A [l | 2aRhwesfa c t
el 8 KoRE2S.RuR&EZ®, A%, 21 | 2o R® &l RENEME @1Gi 0>nC ¥
K, 18"/ 2 KiBESRI %o FKy | 2%

Efficiency class

Efficiency class - IEC nameplates quote EFF ratings at fullload. 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.

NeAsTor fdex 8,1 84
Ks R&2 BB K« RY 2 KxBfitdoadsmof doA B « W g8 &BA2 B

d o |t
1 > ]
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

Co6 RPcBAK RAUBRIRSA s WK e Rs Ko REpIR% W (@ a7dis Re @@rque ¢ | £C %
s IS 11 2A Y

TR

Né&vy Energy Saving from Motor Efficiency

Chilled wate r  pwmf < 8 o HFREAHR AK RPB KRY 2 - (RBFKW) o CBi i 2
Ko R 8 Rk | @88 éficiency (standard ef f i c i eCoWiAR KC @AN®) 1 Ry Ko Rg 2 A Ly 2
81 2 -MRBE) 5 < 2o PIAKD REBW 2 K, R2 8 &ficiRsdy (BeBrdm efficiency)s %% ¢ Rs
Ko R28 Rssb BHRBA, 78 , 2 U R o UMBBHOKET YR &R/ 2@ | | ed water
« K6 R2 8 RyFCIR$A c VsBabd o > € ¥ SRy WY L3k 2 ¢ R2 %/ RET2,8PsIRE WRs $3000
Bis@. N&Bi R o RA>$SONDRSS /HKMEBD o K PsBBHREB Ko RE®B R, 8¢ CK/ ¥
B 2 o | W anoiwe Simpieddgback pe r i.0 d&/ABSG 2> C« 2, Pis¥e

Existing motor

88% ef f i GMEKNKKyRE 8 Ry K dnBat 2léctrical powed aRE . 25 BWe | @ ¥
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%effi ci @ MK e Rs K s RS2 ¢ iRputlteledRiCaBpd W esr%2F%s . 1 BWR ] & %

Input electrical p ower for 18.7kW with 93% efficiency = 18.7 / 0.93 = 20.1kW (input Electrical power)
Ks R28 Ry e | 8K < Ry 2.0t « 2 R |RE k6 \Rskams KBMB-2Rs| 2 %
Saving kW per hour = 21.25kW - 20.1kW = 1.14 kWh

8 i B%: 2.4 3®3 . 2kEWhRs: | 2 $o* R Rskwd/ 2.1 2 %
For one year kWh saving = 1.14 kWh x 12 hr per day x 365 days = 4,993.2kWh

s i 2s8F <@ $749 c<2cRxl 2%

For one year $ saving = 4993.2kW x $0.15/kWh = $749

Simple Payback period = $3000 / $749 = 4 years ( 48 months)

Ko A LG BB< Rss RE8 Rs e | @ « < 4y 8¢ C idA3B2 30003 B

No™, .. MREBS | 2 o PPfd fAi xi¥dn G yWLEWEAS . R&G CRA
(<) Motornamepl at & Wi 1 2 %
(>)) Motormanuf actiuéfean i 2%

() Publisheddat a ( NEMAIR 1 & %
C) & d¥w 2feR3>ur&BnenBienN | 2%

Input el ectri cald wWiéakée883Wd put me c hnd Wdolr qlpveEpee@ dwd
s df s dyy R2AI EBAdi rect by subbtph &E8RE @RAWOSSES

Ne™, K@RL ¢ RS il@p P AE] e c tcr¥dc a8I* >/ FRoAdxre B

Coc Mes RE SRS | 8 o/PEAK] RF)ZRB R MAR . ER.IVBRE °{ BBWioi® 2K
(N20) Bis8el PBOHZ] EIl ect reii @iKaRx 8 eol R 8 KPtso > C< 5 o < 8¢ G HBA W
° dWK; RECRILA But «p¥ddwesr%Rs Ps¥s

Volt (A to B) = 467 volt la 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
| = (36+38+37) /3 =37 Amp
Power Factor = (0.75+0.78+.76)/3=0.763

I8+ m e 8T° ®m<«=0ma 8 8

Fo o > e ma <>
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N&“4, ™Estimation of Motor Loading

ACKc R28 Re i BarPtd Alcoadefed f P ¢ WK doBRERS RegK ,(198)° / @6 €81 e
° d WK ARIKE R © Rs | PartP ol —efficiency « Wd 8* « @5, 8 s 8% ¢« @adinyg d WK s Rs
(%) « Wd o We e BLEoYa (| M)g< Wd e e RH Cy s %1 2« | HUIRIAR B < 2> Cc 2

Kes R 8lRa-d i ng Wd%)P).28 RACB 2 WI2NS 2 %

(<) Il nput m(et ¢h Re& $nfst—electrical power k%06 @ Gp u t me c hanrnkdal
Ko R2 sldaging (%) >.198%; 2 A1 1 2 &)

) Sl i p nfekshRe2de Rs—e dkva ¢2iGp ad ¥Wds | ¢ p€ 1 - INBAINGK%)RLEIRs2 A .

Il nput MetiRed

22kW (name plate powe rks R28 R$ i 8 o Pd A ] & Ko R 8A Lo BiKL. BT &
0> Cc250¢2; CRIRss WEH> PO 8% 9 Wiokde REBI 8RR 104d®I0O i céife®Cc§ 8%
Bin2l B SREMMBsa di ng ¥Wd%)s %Rs Ptk

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

22kW (name p led t@eoutpyt onveehanical po we b /s8 8 7 Batled power
o dol 2AK] 83%) K, R2inpReledicaP moAved %oRsk WERis 2 c | & %K R281Bad 100 %
e Wd d fuRloadef f i cileRd c§ 8iWRCED . .

Input electrical power of motor =( output mechanical power or name plate p ower =22 ) x 0.88
= 25kWe
k ¢ R saBtsal electrical po w esr%Rs
Actual electrical power = 1.73 x Average Volt x Average | x Average Power Factor
1.73x 413.33 Volt x 26 Amp x 0.87 = 16.17 kWe

RRAODEAR @ £7 A
AR AOODRARUETA PBW

> O
O) &

AO
AA A

C

m™m

o

s

o

=

0

o)

M-
I\J'3:(>1

N&4.Q Service Factor(SF)

K R® 8 Rs KR jd € (anthidht @emp) ° « 2, d We L DEAKRE 2 HRE> Cwy 8
N7, i 2 AR rSanficE Ct DHE W] 86 %BRS o 82 %5 &% RORA(CHG € %iKEd ° d W
s 8% 272 aled power . ¥Wd d N@me Plater Power® « 2 , ¥Wd 7 872« PRy 2 A Ewd/ 2.1 2 ¢
T dw, dWe | 2% Ko REr R ¢ & RSO 12 L2 BT 2 %

C:, c RER) KRY 83 RAK; R2e R i 8 Peé A FoRT t pir2d 51 2B4 9 d W Wd o d!
;/ @A Ks R2INR®) KBRS 2 i " %o RABRR B RY 2A LWI/ 2.1 2 G e KWRR A1 2
NEMA st apdaed%? 2 ° metoKigsHlation class — allowable temperature raise 1058 ( f or
ClassWF)Ke8 R ¢ K< CR2," ;1 85 K, ¥
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Motori nsul at i e b C¥D.@b)SKRARE & o Rk K ¢ Raflowvatsde teBpemitdre raise
1058821 &%

Service fact or e Ry OoWe(NeR2 GRS 25 RAK; R2 8 R K Ret &4(We ad)
Ba2 G LR A Wik RE Rl #R @ WERER (\N) ¥« Ry 2, ReA 1Serite fa Rsts0%Rs
No. NBHExo2C @blok « RY 2 nR G RY 2 A, Piskc Ko R2CIRREIAS 2B-RAMS Selige¥ ct or
Bs2GKe RKFaRse®G pomeA/ ; 2, Wd o CRAK. RISW] 286Vt fa &f Rg
Be2 Gel 8 GKs RELBRUSKRBAPEORS Ki CA

Ne“sMot or E n b%vigsh Pratestion
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.

. . L 16
ncl lldlng, 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. iz : ; ;

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.

K s R2 8 Rs; aRexl 0 s ULrRek « wid 8,87/ 2l 2GK, s Rx Wi o d ¥
r<sel 8% e Rs Ry Bd ®%iRi//28% P I Rt BRHo/rETA By £/ A B, |
>* F B> RAERSAY Rt &L RIBMWE AB./ 2 GINEWRK ( RIGR ABAK < RY &
> * BB 2RE 21 2%

Europeantgmag k& Rg 24> CKp Re tke RERWBRYRIRFAas s1 & &
e8%5%8%K3R§B2 r(eTgs/s aKgsw(s*/gﬁ'Qtheﬁt?@mREM/
classifiizgAaBi/oaG 828 W38Ks REB: rcel 2%

Ingresspr ot e ¢{ RIOBIC 6 0 542 35 KBREWA 2 A HBEGREREBAB 2 %- IR 6 R
20APS5 % PABR 21 % . ° first Higit) @A @ o C RA YedustieWl« 2280 Rk (BhG ¢4

o O Wb YWl @AM, KM% Resécond digite | 8  (Kater)s 8% B MiA @BMGs B9 o ° W

s oWe | 2%

North Ameri can i n g reeAdBEMRs raontdeacr tdis ¢&#B5P0° RsA e No& ¥
hazardousen c | 05 & C #DA . | R 39 4,4XR56,6P,12,12Kand 138 8%. <1 2 %
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IP (Ingress Protection) cl as si feilcBat echri cals CReuisPp me&nt( 8,87/ &°9F
environkhi@metGe « 87 dle¥y réecd s2 G f BpBoel @8t i WNRx 2, P & ¥R, ¢ Ad 2
o %08 2hLIRMAR s o I IAT: WE 2 . IECE % P9 U wed w.s.22 .1 2 %

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 st ardaREB K, s e F/6RBctrical s (eRPALISPF meBnt ( 8 , &fF
SRsAcieNW i rokwed Ge « 20 edgh¥ e2ec g 20) Biglred CBeddsibn Yeust Yicing Yo i H/ 2 G
cool aalt &@ronment conditons CRsAs 8* < 8 , sl 28° RB%GPRPBZ ] 8% Ks Rx 2,
I 7 Ref® Wd/ 2AC Dpssevdde ReA LY Be A2 W® 8 c WEMM. PSt andawd L5
Wo.28c1 8%

=X

Table 13-

Environment Type General Definition

1,2,4,4X,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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NEvss, CBi | 8 Ko RR 8 R Jod@ior Bogsey 27 Pd A

N&“24NaCopper Loss

Copper | ¥Wosis2s RERS REO t & %05 & Bts ACrRSA %5 S¥WKao RSp edr Mrd# 20 (Rss
02"/ 2HTRI2 & R 2&BB 1 o RIPPHsA(OGoeI(HRER ¢ | 8 % ctk g p & WG T RA
el 8 Ko R ORsb¥sta® 6% 8> di o PeARS B Big SR¥Ka R rPRpper | o0s
Bisgk, tel %

Stator \Wwhot@ @indng ® dare si s tika Ry R0 RtYa tk6ao @ 6r  wi nd
0o 8%/ B8&UT A REB /WK BtéhRRsco pper  Bio&ts.e1se Re 0% B2 & & G, ¢ RY
Bg 2 ic uA&c@irent EGi 2 9 , ZesiganéeA KW RBL A2 BT 2 %

do vVvgRO poge g0 pogedig vV Ve

odw (o C%, 21 i2i*% (2A,/ 2 CRAch®): REKEWMRREBA. .1 &
i Plekag | Bs 4 &:Rec8 @ REMIR: | 2, Wd M k2 AP &L B¢ BRA Ko B

Copper K |oReBMBRs | * lpdACRIGK | Pastator sl 0% Wd, REIWISR | 2 %
Stator Wit h d i2HEHc e RRs—a ¢ ¥ #7108 (U meQ)RA o R¥nswatioB t hi c k n & s
Ko COEREB% 1 8 %

Rotor — copper losses: | @2 AKé on @uct itvem@& G ad nogs * 7 2 5 b REWA BRAK
Be O | 294 8 duw, ReAE . FMERIBER0Y (reBistalice « Wd CHHREMAKIN | @opper
| 0ssled * ¢ 2 AP &% GEoAPa I A casBBis2 )l 2%

cooling
air flow

Drive End Non-Drive End

> R®¥ N® Motor

N&“24® Core Losses
Core loeslady cur r ebthystibeisistine . 1 2 %
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Core materi aR&RyWleée BN L.BEEBMagnet sz&dpP™ <« 2

o 4 Wy » 8 Ke RBIT2c2 A0¢ aterial %eddy cuBigeMntt o1 25 8% o2fiwdiP B al/ ¢

B:2K, tel 8%

Improved permeability electromagnetic (Silicon) st e e ¥¢d 5 DFBAZBH e | Bisskelst
1] 2AKa DY RERY | @du e¥dWd o W o % JBY o/ EHTERGgrRC ZIX densities Ko C.% R&bA
o Rx Reor e | Bissigddr2 A7 24 ReThigndr st ee |l | a midgdd PiomiRaitby
currentlosse s ¥4 2AKBRIORENR | 2 %

Cor e |lomiiRede losses® d ¥We G Ko RIS oRakdMy2@([ 9 ¥ o2alkd.i ¥
c CRABL 228Ki % .| edclee Boienibages { MBRs e KB, RY 24, FK,

Core led s 68 o 8paAc2f(iedivdsks, Pie@B 21 2 %

Input to motor

[ I

Retor input Stator r
| and iron losses
I
Rotor output or 1
Mechanical power developed Rotor copper losses:
|
|
Hoturn?utput Windage and frictien losses

BHP

N&25™Windage and Friction Losses

Windageil & Ke R€E8 Ry RAK, AKs RY & (0 2€>C¥ 268 < Ko
21 8¢ RK;[ BREERGEB i ¥ PeAAZ I B2 % " D & #Rs2 A KRy LG R a g e
| 0s 68 C.OHREBEAXIBN T 2 %

Wi n d agodrigtin lossese | & | * o &PA|% s effteRdResE&sys NO% Bi:@ e T R ¥%ct i on
| 0ssle@s REeERE*/ 2 8,27/ eheRAJIBEPKe 12 REE @ %

N&¥24Q Stray Losses
Load curi@anmtucde, 8 Ke RK ecaRga@gle o TsR®Be s o Rx Rs il oA /
Bis 2 &/, 2i#R 1Sartacel o s elsaBnbBnicse dwest ray PESSLE, PERUIr2a) RWIsses

o 8 Wo ¢ CHIBAR.108 1 8> < 2> BRARY oK. Rx 2cll BBCRASI rRay 1888 Les
s < CPDA/ Bl 8%

St at or Y4l otsosre sH@ s2sGa y ol Wiises efs¥A | G ad dlKo st off G
| oad leoses et6cORFA0ORsdi Kyt 88 @R 2cll @i n CRKuN | oad
s CRAK B:i2cl 2%

Stray el s siéss ePa&ialP P2 A o Nes Bise o)l 2 %

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

Chapter-13 Motors

Windage and Friction loss (14%)

External fan windage

Internal fan w indage

Bearing , Grease

Stray loss (15%)

Surface loss

Harmonics

Leakage flux

Ke RE8 R i BRPUth —el ecter wctap utp omeeah a n e &l 8 oW/ 2
T Al Rl |lossBRAE() s cK@RE 2 Rseo s 7 85 | RA LA/ WG € 8§ 2UampAom e
6 8 €1 WM< K, ¥( KBURY*2/, @K R Rsof ||Tomands )s Rs d ¥ 2 k||, 2AB,/ 2 G
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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

> RAYNG

N&“Ne Motor Efficiency

Hi eetf f i ci enc@ReAmowdo P phk@yali ®MaMy Ry 8 5] 8 KT Rx 8 ° ReA |
LWd/ 8,7 Rs-d i @/Me We r )« B .SREVRIB 1€ X Ry 2 Geoppgrvatume) © 1384(% ¢ % 40 ¥
o O W Wi CRME REEWWRYZZ O osli> PKoRBESS) CdpPBST KOoBRIBiSISE AT 8%

LRt c (P8 (RsL« WA« WRi 5 eR ERB L I C 2 A, B9G220 ARE 122 B Wi 5,
oWd -« Rgt @@ | | @upivovcadivie BeCe.l ¢ RY K @RIGT RASHWL2 G AGRGa S 2 A
Kigi12oFPDtBmteall ok WE 0k 60 2 o DRAEKRAZ/ BGel 2% 0ot Wilst86H 20or ¢ RA
Cor&¥d PR AKE-aRel 2GWI OORIK, BK2AB.1 &8 Wlo 281 2%
(Np High-grade silicon steel laminations ¢ | 20.018 in > #b2€ o | @ldBtrical loss of 1.5 W/lb > ;

Bi 2K, t KChemi®@l¥makeup %/ Reithner gage ofk ¢RB, (I aAEis

a coating of inorganic insulation on each piece) 8 ﬁt%fak Ry €dkd y curr .

Ko CRIG . 1 @ A3pecial aBnialing and plating of rotor and stator components and use of
high-purity cast aluminum rotor bars reduce hysteresis losses.

(® Higher-grade bearing « ¥#d 5 JERAAKBE r Ryc& GKo IC RiGa $ £ A bwd/ 2.1 2

(™ Smaller, more efficient " 7, & K SBEBY BB K wi Reda e |-occlesd fedo
Ko CREG. 1 A LWI/ 21 8%

(Q Tighter tolerances Eswh@rGe st r i ng e n t-p rnoacneusfsa ft&d,m tRes@piBrom
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unplanned conducting paths and stray load phenomena® 4 Wd Ko, CRSG, | 2 A !

N&¥NhdPower Factor Improvement(Power RKaBd 8 AK: ¢1 @G, @AK<« RY &

(<) Bsiegkdw SpnwlCRA P 28 Mo RS R, WL o PdAB, Do Pis¥
2  pdls REBMBIz o 8* <« IBO0rpm) « | 2Power Factor(PF), K<« Ry & AT P d Rlf
o Ksgo8" ¢ @RsA 9 R [ 2K «YRBBPBRS 5 [C80A o Reyver Waktoro | 8 A<« CT / 8 4A
Pole o Kg o 8" « 2 LRSA & @ Kgpm) 1 | & Akl B-PoweraFactor | P Ge 1PBIE
o Kg o 8" KTBBAK - 2 2Hpm) s CRBK | PawaAkRale 8A:1 2%

G) Load % 2bA I K@ RBAAS ; 2o | IReA AN R, AURIAB G« 2, wd Lo p
Ko R2:83Rs; 85 icR&BIWD €, 2e¢/ 8 G, Pis¥e

Kes R28 RsoadingAa(Ch/gehtBs | & a G/ REZseRsd pojwdkhke

Loadi @BsAbheTan © Bsoiagds CsvRs2rdal pev eR2C ReA o | 4B YRe2activao w
el 8 KB, RY 240 Fo | o «IWKp RREBIGBREBEY R¥Fha |19 p-6umaktiGe
poweb > CHIOAQHKE 1 8% / 8. €81 7% KB, Ry 2Hh o AMdIOd 23 [K
Nt %% o6 CRAWP I WBLR2280We r s itgceRI2 8 Rs  ( cd o2 (K& IF
Kg* A° RApedrfieg )c udir@ nife AKe Rs KreaR2t8iRse-2c Br roeffits ¢

N&“NhdNdPower Factor (PF)

AC indEKEuREDRs ICRgdt / 81 ect r 8 Badlwe p o W okt Pogedifactor
T dwe ! &tvebRe wer ( Trued Ro2wek> 1 o IADPP)ar e kvd EoP03vERir ReA ° Rske |
Bi;2c. Fwerfact or @, #%Rs M. § 8% Li2BNBN | RSistiveba d PIiARKS 1 2 Go > P
reactive po wesrP d A 4 ¢ s YW RIGPWEREADIHL.Q) B a3 1 s REWd, KT RxCERSACHS
P« 9/. .28 A C Rk resistiVe/logarel®s” YRR IBNK ¢ RK reacRe BoMveer! 8 oo 1 86 CRy
o 4 Wk powBsfa@cQted réNe. T < 811 BAK, Go %We | 2 %

Reactive ppwes¢| @ i s W; Ro* « 29 FPZ KO8/ s /B 6 & (B %o BKe Rx 27
o8] 2elaX t i ve Lpod & GrAGive p8 dedri 2> d 81 2 A« Wl . lREMReca@ive§om e r
Lot/ @Gy BV W 89€d Wi 85 N, R B LB G B sl & o2 Flhar 87 €5el
o < CHWIDAG s HWKe RRo [ 2A KoMREWIEPs 3 REKRKRM: o B2 %

Feactive
Power

Active
Power
(kW)

Total system
Capacity
(kVA)

> RE¥Ne

oW, 8 € activ® power d We Rs Ko REBERSCRBAIA By 4 Wo o & Bd RBy [REA
°odg @, AitEdompany®R&xct i ve Lpseadtierpo welk%i 2 »id Ko [PaBpd ¥ ecr wd
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Ks Rx 2 K 4R 31] ARe acti ve | Bmoweer tr amkschids$tsriiomut i §R&A sy s
o8 «Btraload¥d 2Ri el 8% K, @ [« WIS (CHRA:LCBR BT, I @A K> Cc 2
o ® W, @ 8 ° RAK PAwerfa @1%0/ 18 Accl dWBIIeRGe | 8 G Ko REUtiIRgcMRany ¢ * « 8
total powed Wd 5 , €@ 2 , Wl K, Ag c ladiVvid po(Wed| BRE o 8 €EBL8 KRB 7 2A) ¥
o WK F(R#HC G2, 1 2ApoBefifact 0 WWE0RES U MMERAMiIlity compary "7 8K <A
K, AK] RF 8Ki ¢1 2 3%

~

Ke R 8 R®* /pBlestek s +28¢G <« 8,1 2AK, ¥ plowRSR 8 R$s alcReAdsddo ¥ 8
K< Ry At eBsBBAMber o0of MM s ¢ 8 KSpeellh 2PRBK i 21 8% 8 8
Synchronous Speed (rpm) s CRs&xe | & G HheWBEE (R0 r &synchronous speed (rpm) 1 | & & e
K R 8pBmerfactor® « 8 , Wd K<« Ry & &gpovdiia c ted ras d Wt Wd We 2 5 > CHWHA

Kes R2 8 Rso adi ndf R#péower fac t o r¢ RA Kd o de8d K IRY 28 2 %
o 2 8 8 KsSpded)2 ARAKowe r Ka Ry 8 AKS B # 3« RWWRGICRAe | 8 G 8K o<
power KaRst®#s 1 &ocdWacdedoR8Bo i RAs WRs Ke A/ 7 8 Ko G Y0¥¥e |

o d Wi BoGRe 1  Kis RE€d Ry PRedvsfalt BoP Ge | 24 Wl G %W | 8% Ko
o1 Belad B IG5 WBY B3R5 B SoWEN.REN)® * / 2 Ko R2° Ru PeWiEFs E8B:1 &
o5 7 @K IREMBBCt i vePH Sard a 660 FeRsl ovkd. RK Be RE2&G B

The "Power Triangle"

5

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

Apparent power (S
%Eeasure% in VA( )

. B} 5 El
Reactive power (Q - _12 _
e Ran VN@( ) Q=reactivepower Q=1X Q

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

Impedance
phase angle

S=1E

True power (P) S=apparentpower S=1"Z S-= E
measured in Watts z

Measured in units of Volt-Amps (VA)

1=2A 1=1989 A
| no
Y v i
20 (f\, o R 60 O 120 resistance L 160 mH
60 Hz reactance 60 Hz
X, =60319Q

P = true power =1'R = 240 W P =true power =I’R =0 W

Q = reactive power =1°X =0 VAR Q = reactive power = 1°X = 238.73 VAR

S = apparent power =1°Z = 240 VA S = apparent power = 1°Z = 238.73 VA

» Rgd

13-20



K«Rg eaode/* e Chapter-13 Motors
Load K¢ R&8 RiAjlc®&i ve Power )(«1
e Rs o ex PR, 1 24 C B R F
°dg @, &«chrdpbaanly Apparent Power
Lioag 160 mH (Vol t<AMdp) o Pd Ko BB &IKS, A& ¢
X =60319Q el 2%

1=1410 A

120V
60 Hz C@ 81 28,1 8A,ReABG V i2Ge P oWt
R, d% 60 Q Active Power (True Powerwatt) ¢ d-94: 2 >
0 8% (8 CBf RBo RANIAL % CB
o R, R&A d§@,28cfc@@pany’i &
Apparent Power ( Vol t Amp)f < 2
generat i % i r ans mi §%/ditiibution
Q = reaclive power = I'X = 119998 VAR sysmt e nMCRsA, 8% <« 8 o< d 8
s Ke RK rPRsWR @& I ¥ B G e BBE
6 CRFARSEI RA K« RB o Py G 0

P =true power =1°R = 119.365 W

S = apparent power =1°Z = 169.256 VA

Pole s CR®2AC i nd &y RE6 Rs (PReAed 2Acl 2 G Ko REONERSaGRS © «
1 We 2ol 2BRA K pdwerfactor, | 2 AK K2 Bl 2%

6] 2c] KBEARBE Rs2 o T Wd | ¢ka REECRAKawer fact QICREFxB:K 2 ¢
o A ¥y , 201 2 9 ¢ 2 oversitdd)y d RK RPKE LSRRG Rs; Pavedrsfactor2, | 2 Ae |
9/ 25 HRMBLYIBN K'Y

NEVNDIg® Power F a ¢ { fo &/A83A o & BC Rk

e P4 AL * Fpower CfR®t-0r1 8/APBAK <« RE 2 G b dmsA KR Rever, Pdarn t
o 4 W, , Dyled ¥ o Rigdeidwg BWPOWRria c t ofr 2/APA K ey IRe €1GtRsAx s CReA ! WA g | &
Cur ree(RsA o/ (eRANK kAR 2@ /||chrardy lostey . Wd ¢ CRsAke | 2 %

N®"NNeMP ower KaBd 888 G @ A¢ CRA
Capaccivdo rks R ReLV@ 18/G2 B K reachee BoGw ecritd K d@ARIRR dlitive
PO W erd Ko >C REBui peorRe 8 Gf WE t ¢ RY 8% o Ry We 8 Go 1 2

Capacitor 8,87/ 8° RABR>
Real power = 100 kW . .
capasbhPtOoeA76 ke iRt | vk @

\ Reactive po"\.'.rer after
#er = 105 =33 kVAR | power Ssucpepsl Hs YW gRsSn g

a

Reactive current <« ¥d kKB>s C
_ ower before .
before = 143 szk\.’AR os78K <Ry 2Glap Wi RE Vel &
:*opiirre”t | l eadi ng Bus ri reeén tR¥K laggRg
Capacitance added g ctive current « Wd  KB2e [ &8ckd w

=69 kVAR

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

> REUNYS
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Na“NblQ Power Factor Correction
Powercmr r e @ ilp 8 s REA Y i2c ¢ lovbuliRetrt ri e0d thiZso nk%i 8 ¢ CWDHA s oWe | 2 %
(< ) Static Power Factor Correction

Ks R2 8 Rst(aRM & ¥ R A &k W6 r > CWs L L /AR RSWE factorcorrecti on
oG K> 1 el 8% o YRRAMK . RsshBAE ¢ R¥K ¢ RE 8 Rs, (TR oW RiBR M &7 focswd
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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)
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K«Rg eaode/* e Chapter-13 Motors
N&“Nblee Supply Voltage to Motor k Sa4d@ed «c1 G@mbalanced Voltage)
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Average of voltage of 3 phase = (442+445+440)/3 = 442.33

Unbalance % = (445 -442.33)/442.33=0.6% o K380.6%
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Characteristic Performance

Average voltage 230 230 230

Percent unbalanced 0.3 2.3 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.

> RE¥@ Effects of voltage unbalance on e hp motor

Increase in Motor Heating And Losses vs. Yoltage Unbalance

100

80
Motor Heating

60

—— Motor Losses

40 -

Increase %

Voltage Unbalance %

> REYENe Increase in motor heating and losses vs voltage unbalance.
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(® Transformer  CR¥ s é € (Uimqugl iBansfodrr tap settings)
™ o C%,d8 isit&r i butd*om® &% & >aistdbution transformer ¢ | 2 5 o B

large single-phase distribution transformer on the system)

9Q Distib ut i on t reaaVsd so« SopeaMBE | & K(AnBopen dhase on the primary of a
three-phase distribution transformer)

(e) Trans f o r nfefadu Bt | & Ke, B Y ®8%0 wn@uk ; BRaultd é grounds in the power
transformer)

(6%) 95, 8 K3 R2 s Rs tonnéction eapatitBs Yz op e B s i & K(Offen /Mdedtakconnected
transformer banks)

() Capacito®’s/ & aBkad#Ai(Rblowfusg thialbank & # ree-phase power factor
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improvement capacitors.)

€%] o C%h, 21 1 2, B 2HRAKZARD Wea h e UnBgual Bnpedance in conductors
of power supply wiring)

(A Phasgsée2> d" @&ka d RA i ¥ Rs > ((rtdagcedRdstBbutio ok single-phase loads
such as lighting)

(Ne) Sinphadd&, KT R2i « 2« Wd  JHefy reddtivd,KinglB-phase Aads such as
welders)

(NN o 5"/ 8 Go » W 2 C Rbxeka tReDRsA« W%k | Rigae! Hedier Dadtrofs 8h&t cycle
rapidly)

(N©) Powerf actor corr ecstQiRsan el udid pREhakd t Bi¢ 7 ReAe, AR WRE , 2

> R8YE® > RRYE™
Motor Starting
The method of motor starting shall be selected according to the characteristics of

thepump and shall comply with the Electricity Supp
starting current. The type of starter shall be as follows, unless otherwise

specified: -

Condition 1 For supply arrangement from compan)

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 arovaehegddmaeystdam f r om company¢
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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