AT AY T gy | wie (Power in star and delta connections)

I 1 3 U & oa # oA fafafead ww Few av e

+ 30 AC & afka, smATdr ot Ruffea q@w #1 aui= w5
* EGM HRY i AT F FGER FT T HIAT

o A & AT @ Rl gaen

o &9 FAT ART IRT TR WAT F AqlE A FAT |

(Fig 1) & A Wy § &9 gfaery w=t &t e m@r &
3qferd TF FAT Ah AT g1 § Ak e AT ST =Tt |

Fig 1
L

)

ELN166041

P=3VI.
afe @xfeere Ferrert & V, @i |, derre #t @ ife deret
V, @R I & wwer : sfaenfia w7 Rar s at fee s gtar
g

P=3-LI.

(T%VP: Ve \/§ ash-lp: IL)

9fF 3= /3x /3 T THE 1 = aww = G o
AT 2|
P=3V]

e 3 fF o wfety afvay & wifve aor o e @
Zafed Wiw UrE ToTAT § qfRTfea A& g |

eI P \Y; |

L L

NIEED W \% A

9@ Sfa<tet 9T # o (9=0cos ¢ =1) T &7 & a7
o1fvh SidT & SIf ST | qiafad gt 2 | gisa fth &1 7
a1e (W) 21

star f& stfer g Sefia Fiear & UF aRT aRied 9T TRaT
T o1feh 1 AT HEAT & & ST hdT | ZATed FoAT dEATS M B
A & ATIIRAT ToT &y 2|

P=J/3 XVXI| (@ g% sfo=rdt we & ford @2 €)

Tofardd : TawnEa (NSQF @Y 5)

FAE | dfth H@T H ATT AAT qT T¥AT & Al AT faeg
I IET HId GFT AL & T 36 FAT dleedT F1 AT 69
¥ TE 8ar |

T TRT G T F AT a9 war Wk (Three-phase
power with a delta-connected load) : (Fig 2) ¥ =T &
Tt di9 gfaiat #1 9 femar w@r 21 Fwar afw &1 d=

AT BT BNl

ELN166042

ﬁvpﬁlpmﬁﬁﬁmﬁmﬁnﬁhﬁ
gfaenfua &% ffar S at ed are gar @)

V=Y,

IL: ﬁ'@ IPgﬁTIFuIT;

dAfbT 3= /3 X /3 FHIHOT #1 fae A wifed a2t FT &b
g
P= /3 V/l. (@ g7 gz sfwrdt s % o a7 €)

afe &7 AR A I=T ARl F ford Gt whw g A
AT T AT TW 3T G & T I & o www g
IIg ¥ TER IS A AW T T w0t
I GF TR FE THET T2 ST Al W dgfera )

gfwa, afeEmr v smamlt oifvd (Active,reactive and
apparent power) : stET & sTasr AC TRay Rear=r & 1
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g & o st & wfarer o< Seer gt st gfarer arRar
FleedT 3T €RT FATAL ST & AfT oih & 3T 1 Teahi &
Bt fafer & avr e s @t &9 sl it sTa
EidT 8 | 1 Felt T fa § off T3+ FAT F ET qET ST & 76
el T FAT | dleadl AT GORT & 9 FATAX ATd HEAT
T8ar 2|

ST [3 HTTANT FTk UF A1 el e & orfh sraeh 36t g
FT SAGUTAT FA & AT Tha & AC afRoert & ford s faerr
TRl

rHTET atfs S=Vi
atkg ot P=VICos¢p P={y3V/lcos¢ W
s=fora wifes Q=VI sino Q=/3V/lsing var

=T H Uahet HeAT AC TfRT & I |awer, fie &etr a9t &
forr <ft @y et 2|

S=/3V/I, VA

activepower P

Cosp=—————=—
apparentpower S
reactivepower

Sing = [eactivepower _ Q
apparentpower S

T (Fig 3) & off a@r &1 &eher 2

¢
Q
5]

cosd F th urE it F_dd © AT sin ¢ F FH- IO Al
T Fed 2 |

smgiee W (Unbalanced load) : 39a 3=t emgfed % for
srfraw giaar s faaen g&@fa 415/240V 91 aR, &9

T AC T 2|

Fig 3

ELN166043

THE ITAIHEAT F AT FAT AT THA FAT GRT B AT
TR & WAl & ATgf {3 T IIRW F AT & A1 wHhAv |

(Fig 4)

WW@WWWWW%ILl,LZLsmN
F A= AT ¥ g &) (F9 g afEe wafew wwr (@F
T FeT ac wred) FT 9T GfE Fieedr (WY gRT) | gdr &

Al $5 ITET 5= THaT 37T aF FAT Y SEAERAT BT &
T FATAT T TS AT A & forad Ferratt &1 fafrsr g
T siRa & ST |t | 2@ o g @ fF 9w aw, i Far
ST T STEGIT 9T BRI |

Fig4
Ly
Lo
Ly
T
[ () [] s
=% swircH
4 0
T T
LIGHT LIGHT
1
| o)
(D
I
POWER LIGHT
<
g
UNBALANCED LOAD o

AT TwE ® Agiea W (Balanced load in a star
connection) : TF AT T T § TAF HeAT €RT &H Hell
AicedT Y WX Sfqarer Z % s & S e 2|

I T A1 I UF ST IITeL ST |

TF aRT qEtad 9 e gfderar Z 10Q & wF 9 Far
wﬁaﬁva:415V(Figs)ﬁaﬁs°ram°r%

Fig 5

400V 400V

v

U \% w

z=10Q |:| 280V

230V 230V

Z=10Q Z=10Q

BALANCED STAR CONNECTED LOAD

1

N

EL114015

AT | AT 2T FAT dreedr 240V (415//3) 7

STYHT & ¥ T AT GTT 9T S TRATT % 2 | 37 HROT AT
(R W Agfold & Y ITa0

[=1=1,=v,+ Z & wra &z &I
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wife |99 (The measurement of power) : T& a9 FaT
e # oifth 9T F3 & o 9g atee AT & d@I 39 a1
7= f+iR Bt i Wik d@gfad srrar swgion @ i @ Se
fag & X 7 98 sifwmr (accessible) 21

o UF AT A Ajieid W oA T a1 AT & ISTEA
farg &= € wifve @

(IeTefi fawg |fe srorat Tfed) & wifee wraw &t are wrdt fafer
g T 2|

uF are |rdr &7l (Single wattmeter method) :  (Fig 6)
# afgy g REmr @ @ St UF T JsEted Ji| v
aifeh W & forx 21 e fomaw amgfod Wik sifvmremr afea

I faeg AT ATeATd T 4RT FUeA UF 4fth & JT gAT ©
T AleedT Foea 39 Ufth A ST fag & fiw €| 3 oy
AT JTEATHY 918 &7 i AT 2 |

aE/E = 3V, |, Cos 6 = 3P = 3W,

N

J 5A,250V

Fig 6

BALANCED
LOAD

EL114016

POWER MEASUREMENT - SINGLE WATTMETER

wifws ATaw # 3t aredeR @ty (The two-wattmeter method of measuring power)

IR 1 3 B & o # oA fafafad ww wew av e

o 3t TF FAT AE ATG F TIAWT & S FAT Tk AAA FLAT
* /I 915 & A TOF HITOET FLAT

o TF 9 &l A1 aX g & wifda wmo=r Y 2 are /iy f&fr w1 i s

TF qF FAT d a FE | wifte argeaa: 1 are /T
fafer & wfua &t et 21 g@r S dgfora srran sEgfo
AT & T ST Gat & MY 39H FaATel § JaF Gy ATava®
T2 B | Afeee 7w fafey = are e & 9y T8 et it
gRT A A | SaTfed & @l 8 | AT W Egioa 8 e
ae qear f6 1+ 1, + 1, = 0 &g 72 2

at are ATt syl & few (Fig 1) % e = € & ae
ATt & e Fuee Ufthat § & &7 & % € Y dteedT v
ST &t dfthat & 8 FT dradl Gith & I & AF T &t |
N Sre 3 & A wre gtar @

P.= P+P,

Fig 1

N
(N
N
(N

L1

SUPPLY L2 LOAD
L3

EL114021

TWO WATTMETER - POWER MEASUREMENT
b & g1 ATl fts 9% &\ 31 P = P+ P+ P, Sief
P,, P, X P Fcreil & & Y& # orfth % cATeeaor 71 € |

PT = VUN Iyt VVN Tyt VWN Iw

f% =tar are =, i+ = 05 = (it )

PT = VUNiui VVN(iU+iW) + VWN iW

iU(VUNi VVN) + iW(VWNivUN)

IUVUV + IWVWV

qq iV, TIF AT HeT | arerio ot 2 & iV, i

are § Ao ufth 8| gafod o tad wfeh &1 aredrrat
g ford T 9Tt & werwe Wit &1 A 2|

areATdY % FET TR § 98 g4 ¢ 5 3T uE & wones
T34 & WgfRT & Fifh ST ITET | dleedT A &R & d=
FAOT AT & TFaT | AT TR FISA Aleedl FISA Iohiad
FLA AR AT IS F TF FOMAF (e AT 91T, 9 Iq
T gTe AT 918 & ot ek & ford waford faam smar 2|

TH(F Th UTE i T 3T qTC AT & I18 qHF S | F f<h
= 2 x 1 qreardt a3 |

S w6 IO = 0.5 1 91 AT &7 913 YA & A AT FA
wIfeh qadr 2|

S ofeh UiE = 0.5 & FA & A TF a1 AT FOTHF Hobel
M| ae AT & e & fod a9 Fued Suar gy Fosd
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I IohtAd F< A a1 AT GATHS 918 0| AfF FoT
TTfeh # OET & ford o AT =rfed |

ST 9TfY I[OT I € AT G are AT & 976 FAIA § T A
foe & 2|

TR T (Self- evaluation test)

1 d@ FoT T A9 # T are ardy Aty & fr e g
AT ARG AT &3

2 FEER ¥ & are ATy fafdr &1 g7 =t e giar g ?
(Fig 2)

Fig 2 CIRCUIT 1 CIRCUIT 2
L1 /\ L1 /\
N N
L2 L2
s e s o
TWO WATTMETER - POWER MEASUREMENT a

3 UF A &l 9% arel s # Jmafarsd (Random) wT=OT &
Ty gt are iy fafer &1 ST = e SeAr A |

4 3ug TRaEt # e = orfth 7w F ford 3t are Wy
fafer % for fobm ST @ 2

wifveATa & 3t arester fafyr # wiive o & T (Power

factor calculation in the two-wattmeter method of
measuring power)

ST fF o TR F A H 9@ gE & d el i A '@ i
# gt are ardt fafer & g ofe P :P+stﬁ?ﬁ%

t qre Aot & gra qrst & fRF W g | tano F AT H
TUET T AT AT © |

\E(pl_Pz):\E(vvl_wz)

B +Py) Wy +W,)

() ST WX FT WARE OrF Aq FAT AT qEHqv 2|

tan ¢ =

FFTET 1 : I AT HIGAT H UF Aferd did Fwem qRae ST
FAAT: 4.5kw X Skw TEfTT Far € & swafa G s 2|
Ry & ofth o & AT F

G
V3(P - Py)
tano= (P, + P,)

P,= 4.5 KW

P,= 3 KW
P+P,=45+3=75KW
P-P,=45-3 =1.5KW

\/§x 1.5 \/§
tang= — 75 - g - 0.3464

¢ =tan—10.3464 = 19°%'
rfeh o Cos 19%6' = 0.95

FFETIT 2. TF Hgiold o1 HAT IR & & A€ ATI AH
ferder wrae & fort Sie Std @ 1 %war: 4.5kw e 3kw safea
FIA € | AT T TSI IH ATC WG & qleedl FISA & qrare
FT IHAT FLh T (AT & TROT & ek Y0 H AT |

&
V3(P - P,)
@ne=""p v p,)
_ 3(45 - (-9)
(45 + (-3))
_ V3(45 + 3)
- (45 -3
= \/51755 = x/3_x5

1.732 x 5 = 8.66.

¢ =tan—18.66 = 83°.27"
9% @fvr qur (Cos 83°27') = 0.114.

v 1 : ofer a7 & o i Ferm dgfoa W & st
u¥ gF a1 AIOAT & 918 FAI: 600w AT 300w # |

HIX & FT A e X orfes Jors &1 e F#W |

wee 2: o1t aer Arae & ford i e dgfora W & |ted W
F1e AT % 913 FAT: 25kw T Skw €|

qfRwer &7 91tk T ST FRE A (1) AT IS HATEE @ (2)
IS & 976 aTe AT & 319 FUSA & FFl HT IGHAT A &
9T T 2|

T
1 gaws=P=P+P,
P,= 600W.
P,= 300W.
P_= 600 + 300 = 900 W
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V3(P, - Py)

J3(600 - 300) /3 x 300

tan = = =
¢ (P, + Py) 600 + 300 900
S 0.5774
3 3

6 =tan-'0.5774 = 30°
aTfeh U = Cos 30° = 0.866.

2 a) P,=25KW

P,= 5 KW
an o = V3(P, - P,) _/3(25 - 5)
- (PL+P) 2545
V3x20 _Bx2 2 gy
30 3 N

0 = tan—'1.1547 = 49°'
916 o (Cos¢) = Cos 49°6' = 0.6547

b) P,=25KW

P,= -5 KW

J3(P, - P,) _/3(25 - (-5))

tan = =
¢ (P, + Py) 25+ (-5)
_J3(25+5) _ 3 x 30
25-5 20
= \/§2>< 3 _ 25080

¢ = tan—*2.5980= 68°57"

rfth Jurs = Cos 68°57' = 0.3592

FAT-TTHRA Thad (HeX)  (Phase-sequence indicator (Meter))

I 1 3 B & o # oA fafafad ww wew av e

* FAT ATHEA Hha® FIRT TF A1 FHAT ATAT & FAT TTHA HF AT F H1 {40 *1 Foi7 F20
o AR FT TN T & rRw arw wA AW iy @ avie == )

g (Review)

TF A9 FAT TAETAS § FUSAl & A (e 1200 & e T
T g g | A I 9w uw i Felr dieear gtar 2| e
(Fig 1) ® wefid fFar w=m &1 us & Far dieedr ® a9
Fieedl a1 gl & ST 120 3= 397 & 3T gt 2|

TR H FAT U I dtee & e g gt glad ateedr
(Fig 1) V & SgaHa tar € | 36T [ ATadaa & UF (ders
AT T TG 8| F=T V F "e W F &g gar ¢ | e
A AT FAD I AFAHAR T FATH AL HT AT FLAT
T FAT AIFHA Feardl ¢ | T8t &F T ygelw | Far agwa U,
V, Wzl

TE FAT AGHFA F 7g (Importance of correct phase
sequence) : fafys &7 war et & fAwtor iy awaT &
FET FeT ATHA Heed 00 ¢ | SqTexw F o et Fer argaww
SH 9T WEATU BT 8 W A JAEdd! & (A # 0F
INT FieedT AT § GHIL AT AEEF a1 &1 UF
SETEa® B Far U gEY FAT TAEa® A w1 U § gt
AT TR | FoAT V& V & 3T Feam W W & 3% goft a1
9T FT TF gAY F T AT A1 |

EL113711

3 -PHASE OUTPUT VOLTAGE

TF WF AleX & o @A & IHAT § AieX Ui # faem
ISHATT AT & MY AT Tod e # 9adr 2|

FAT AgHA Fasw (Hex) (Phase-sequence indicator
(meter)) : & T FAT FFT FT FAT AGHA Hohdw (ATH)
HET FAT ATHA F TqT HAT AT FAT | FeAT Sgww
Hahdw | i efimem UVW gt & | St oigeft & i sverett &
R gid €| 9@ HFa® § ATYAT 0T ST & Hhw A UF
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Tl ATAEA STIaT FeTomad QU # qAAT & | Al WA B
faom daha® X T amny & R & S € vy F A=
T&r srgwn fafea gt € (Fig 2)

Fig 2
PHASE SEQUENCE MAIN SWITCH
INDICATOR POWER

ELN166062

TR T ¥t & ITANT | FA1 ATHA Thad (Phase-
sequence indicator using capacitor & lamps) : &aT
ATHH oA W AT o7 ST A At @2 (Star formation)
(Y) & =T uF HATRA S1dT & | UF T T H Y & TAF
AT & # IS faar S 2| & &1 uE P ) U-V-W o
AR gaX W U-W-V o= &id 2| 919 i o &t OF e
FAT ATET & (A © Al AFAF A 1aal & THIEA AT FeAT SFHA
&7 "o a1 =1 (Fig 4)

A For = FT FAT AFFA AT FoArent ® G ey A &
T IHAVT GTRT Sh(H (AT ST TqhelT 2 |

TE ST AT F I A FAT AGHEA Hhadw (Phase-
sequence indicator using choke and lamps) : &1
ATHH Hahad | A o AR AT fFwir @2 Y & g1 uE
A¥F EAT & | TH IXIeTE S &t Y & TAF AT & Sie 3w
STAT § TF o I | U-V-W o &R gae ™ U-W-V e
gd 2| 5 fiF sEvn wt uE A For Aed & Sied € ar
A AFaT & THI A FAT ATHA T dobt a7 2 | (Fig 3)

Fig 3
FEEDER LINE
W L
v L

uvw ! 2

Us L3
O L U LAMPs
uwv v
Ore

uvw uwv

EL113713

PHASE SEQUENCE INDICATOR USING CHOKE & LAMPS

Fig 4
FEEDER LINE

U<V\I)V ; U LAMPs v
O &\%ﬁ e

uwv uvw

S8
==

PHASE SEQUENCE INDICATOR USING CAPACITOR & LAMPS

—— CAPACITOR

W
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