ot (Electrical)
gawnma (Electrician) - smas a=

v 2.5.93 & gwitE e

grester (Wattmeters)

IqAV : 3 U & A A oA faforfaa wRF w A e

o FTTRF F T A & ATHl Ht Ak HIAT
o Tkl HeAT ATSHTIUAT % TR Ht WL FLAT

o T TR THe HAT IIEHTIT H T=AT T FAT Ht qqw7 |

qTaR ATYf & AT & 9 (Advantages of measuring power
supply)

Tehel Fell AC TRTT | 91f*h 0T U TfRRR ATy aieeATdt i
T Ffeh ok AT §RT A @i &t @ et & & o1 asha
gl

UF UEHA FAT 79T § s = El Cos o watts.
T TP TF A FAT dgferd TRIT F wite A 0w vy

AT FtceaTdr S uF orfth qurE AT g fAe A #i
TETIAT & 1T & ST qhdt |

T dferd 3 Ferr gy # wite = 3E,1,Cos¢

¥ar /3 E I Coso

el Eplp el @ & A Eq I} wifveam &1

u® AC TfRaer & rfes wiow &t 37 aerer fafer & fa sramqor 21
o AF AIUAT & FLOT oy fagrEar

o A% AT 9131 & FROT 918 IS

o T T WY Tfafdd <= I¥ U7 199 gaferd qiRadf
9 % I Tl B 2|

FrEAfa® TE F =T I & TAd Y qHb1 & oF TH e AT
S o ST @ aRed § g g8 wie # @rg Ard & qwe
X 9@ AT FEAT | aTedfieT aRkay & with qurE Ft "9 e
# TEd g anad 9feh @ Hear 2 |

e #ieZ & 7w (Types of wattmeters)

= 33 ™ 7 R F aredfier =i § 9@ S 2
» TEAAT atewT™r (Dynamometer wattmeter)
%% gredTdr (Induction wattmeter)

 wfa® arenrdt (Electrostatic wattmeter)

e 7 & o arenTd! aga & TAN | 1T S | T8t Fad
3t fawt faaeor fRar s =T 2|

TEFAT AT YR TF FT JEAt (Dynamometer type,
single phase wattmeter): SH&T I3 ATeATIT & Hifd TR
H AT € 3HH TAATHS (a0 A FATAT § 98 &7 aqran
ST g & gafordr wfveget wt awmel fEAr ST § o sew &
e, 39 fAawr T AT FY o |

S T Tl Fel areardt (Induction type single phase
wattmeter): 30 JHIX & TATH Faar TRIA 9 T=F0T &
AR ST A4 €, ST SEEET qdT 9% AC #iX DC g #
o & aw |

IF THFN F qEATH FAA 39 qHT T B & A Agh
aicedT MY STgfT T = &id &1 (Fig 1).

Fig 1
FIXED COILS AS CURRENT COIL
M L
MOVING COIL AS PRESSURE COIL
Vi
MULTIPLIER
DYNAMOMETER INSTRUMENT AS A WATT METER %
w
@ (Advantages)

9% ITFT AC a1 DC gAT % forw weh &t @&t 2|

TE TF 1Y HUS ITHR ¢ 399 feweim diX vt #7< A
g & eidr |

+ 3H ITHW § AfeE afurEar 21
qHET & T § TG6 HYd GHT THHT GHET g 2|
grwat (Dlsadvantages)
s PMMC 3T 9 38T ITHI #1 g1 # Jg Heaw 2|
* TeEHIEY A THAHIEY & €T § TIh F¢d G0 THT 7S]
el g
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o TAW FH (H[HI AU ST & A FAfeAEr W &7 SHer
2l

o 3aY A & forg afEdd 3w Aehfaeher TrTere | 31eT: ST
FIA AT ATTUTHT FT ATTIHHAT |

e PMMC #iext & =tfers ara< &t 1fer @ad |
TR THR e % aeHe? (Induction type single
phase wattmeter): 17 I#T &7 aTeH{eY Fad afhe H TI

BT FFdT & TN e YHE AC 3T DC AT T & a&ar
2l

TRFA THT T ATeHIET qHT TITh &F T & JF qTeest A
=it ervr srfafss= &t

"¥=T (Construction): Fig 2a, and 2b fafsw y= & &t

T FHIO ATA 07 qreHte? @ W™ 2|
Fig 2(a)
%NTER
EgIIELSSURE = /‘—;‘,/ g:_l'\]AGDSING

—|

V+

LHIH

Veom
) ALU.DISC
I‘ L

ﬁ
POINTER
PRESSURE
COIL
— li?

I_OVCOM
[HERIRN

—

M
CURRENT |
COIL

Fig 2(b)

| | - SHADING
L — RING

ggﬁRENTrl ik '—|
M AchfIL L
I H UF WX FUSA, THF A UF T FIeA & giar & |

HIX FUA H1 G dlcedl & FATIA | A AafF g=T Foed
HIT TR &1 & A &

ALU.DISC

ELN259312

TEH & A9 & S H TF [BRT 9T TF Taet! U0 was Tt
sRifed it & foraat wfa fénT grer feifaa et © fmsar &
UF R 9% UF 9 Tfed d@%as etar 2 |

FET (Working): 3T 3T 9T FUeaA! g1 IoTd TeTad(
FEHT A T AT Tl F Fleal © aHhdl § wax

R IO Bl © | Fad AR WA gIIen & Awfhar &
FTLT FEHAT H TF IO AT I &tr & Fored Tt T
F TS FdT 2| fBrea & gt a1 e @ das &
faeimor Ft faeafa #AT © T @aas UF shEmied 96 )
are ® wfts wefia #¥ar 21

I FoSA (W ) THF W Ye SWEifEd S[fSAT FFHAA
T H TR o H AR dieedm & 3 90° 79
Ta & faar s aFar 2

FRqet AT F FH FA F o areArdt ® uwe For qfawry

T Fusd I " fafer (Method of connecting wattmeter
in single phase circuits - pressure coil connection to
reduce erroneous measurement):

Fig 3 & AT aTeATH & 319 FUSA & AT HIA & af
fafermt 21

Fig 3a ¥ b # waffia g+ fafted & orfte wmaw & durrerw
= O & A T g

Fig 3a & wefiia g fafyr # a@ Fea o~y Fosa i
aqfel o # awafeE R =@ & wle afe e § g
FT FHTILO GRT FUSA dteedl TTd & HIOT AT dleedT HIT
F goT § I=A et & | gafer atenTd 1T FUeA # W T
# orfeh & AT WY ARFATIT F3aT & afd Wi oy &7 & at
g FSA H qieedT I FH W saford awawae fafer sifq g
e Ieawr Ft & oY ST=e ST 2|

g faadia afs W amer stfes @ &t e gvew § wifts Fig 3b
# wafet avawy fadt § Wi wifte At gomT § Ao snht s|te
S I agd FH ST & A T FFEeET B a4FdT & AT
2l

Fig 3(a) CURRENT
w ok
L Y
Vi Vcom
PRESSURE
SUPPLY colL SERIES LOAD
RESISTOR
N
Fig 3(b) MCUg(F;IELNT }
L Y
Vi Vcom
PRESSURE
SUPPLY colL SERIES LOAD
RESISTOR
o
5
N g
b4
5
w
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ot (Electrical)
gawnma (Electrician) - smas a=

I 2.5.94 3T 2.5.95 & wwifaa i

3 &w arese (3-phase Wattmeter)

IqAV : 3 U & A A oA faforfaa wRF w A e

o Y T TEGMHT qlea AW e
o faftrs T & 3 & areEieRt @t Aega ) fafyr q|mET |

UHA % ATCHATIAT | 319 Y LT I 1 UF i grm
ST Uohel T (HIEH Fehetl &7 Taa HT ik 31 7 i HeAl
aTenTd | 19 Y &7 FUeai % af (A gid € St Fig 1a
& STTATY el T AT Tehell 7 T H STaT TF S o
T Aited Fig 1b % AT 3t Ui as Tl 1 a0 Hea
AT A T ot & FHIEATT # AT TET FAA |

Fig 1(a)
r ] ] _|
(O[] Ii L L C 1/
<
ﬂ N
BRAKE
E‘j MAGNET
E L4 u 2
% L2 \% 9
B L, w
Fig 1(b) m
N‘ BRAKE
— MAGNET
] DISC 1
<
PERMANENT
MAGNET '__—I
\QE LI C DISC 2
=
N - o n
i 89 f
£ 1 v
gL, v
® L, wo g
2
2-ELEMENT 3-PHASE WATTMETER g
L

SRIAT A T i et aTe AT § 9Re¥ 120° 9 37 ST &7
Fosart & AT et 21 S Fig 2 % orgaTe uher uegfafrer
=T Tafdd FT STAT I A GRT FISAT 6 AT (2T S0
ST T gAY & HUAT a9 Tw(adl X dfdd Fig 3 & STaT 0ha
faree ox & seifed &9 w=faat &1 yada #d &1

( A
4
O |05 |CE
A A
| ai 8 sk p ¢
S | vE s
? L3 w8
N —N 2
Fig 3

c <sz

SUPPLY
Ul
N
LOAD

ELN259413

FTSHTY AT FoTt ATYT &7 THAT A (AT Sheret TS &iaT & fo areardt
o fereer f&nT fRarfara et & oY us dohas gtar & | A feed
# @ Tet st |

AfeT ST Ted Ter AT @ S S e & o A daer 1=

T & St 3 % aret a2 & gwiar 21 Fig 4, Fig 5 &
Fig 6

187



= 1
Ty mRE

N T qEHET F TR

*.4.

#gfo =T

Fig 4

SLYB6SZNI3

PLYESZNTS
avon
avon
e 5 R -
Oma ©
N ) “ N ®
N | P | N = P
© | ©
1L I
Fo- Y Tg
ﬁu | N
A Q | ®
€V I = Y o
(A > S o\ =) “
Lo ____ Y]
- & o [t} S 2 2
[T

G W,

2- 3% - A1 AT & THIY

1

3- TaF - T aX

2

Fig 6

avoi

[

9L¥BESZNTI

=

O—
A O
N =m
o
@
pany o |
NP
N
pany ©
4 ®

L2

L3
N

Tafeewd : TAR AT (NSQF @ 5) - 3 qm® 2.5.94 3 2.5.95 & wwife fraia

188



feshew aesiier (Digital Wattmeter)

IR @ T IS F A | A FAforfad F1 F A 2w

o (H TAAT F JUAF FEAT
o At a1 fistiea aedter & f gaen wAn)

fesfieer aresiey (Digital wattmeter)

et foar o 9wy @ faya amEe #t 7 F o aredie @
TIAT AT STTAT & SAFErATE S aTeH e HT T Wi Y
arfeat et quT Sfffear WieEey 9T a7 AN TR %
Tt T & A9 7 T | e

fesfteat atesiex #1 =ti® T@I™ Fig 1 # gortar 1= 2|

fesfiea aTerier eal a” soFaTis &7 & Fe AT aies
Ft AT & o e & Argwehg ey o # aret @ fAuife
FH & o U A T FYEX AHS A9 I SA|d qdm
STANT §U FH ATC &1 TUEAT Y FT qFaT & F d qteesl q@l
rees &t I o ¢ " & Rofiea goaei@e arediey
BT ITHON H AT AR G H g9l & a1 Aot @ud w
AR & ford it &t T

Fig 1
STEPPED DOWN
EXTERNAL VOLTAGE
DEVICE VOLTAGE
VOLTAGE MEASUREMENT
MEASUREMENT
OUTPUT DIGITAL
READOUT
MICROCONTROLLER LCD
EXTERNAL MEASURED
MEASUREMENT
DC VOLTAGE OUTPUT TO
MEASURED EXTERNAL
CURRENT CONVERTER I(:)F%/FLCE
CURRENT
MEASUREMENT)
AC POWER 5
BLOCK DIAGRAM OF DIGITAL WATTMETER %
TATART areHtey qun fesftea awesdter & wex gaen
TATART qrEHET fReiear aresier
TAR ATA T & L7 STAAT Sl | TAA AT AT T 8 & FHTEOT Ty Fifah eri &7 sl 2 |
fesfteet aresdiex & e Furdar &7 2| TATANT aTeHiey 1 T Fomdar 1fer & |
qATE A qET ifew I Iaw g awdv 2| fesfrea weuta & 9 9x qraTE = g aw o w2 &t 2|
% o F15 TE=F Ag F ATTR=HaT A8l et & | % o gerd® DC a<g Jaw® gl 2|
3 foET # Sfeaar 7€t & qur 3@ syl & FE XA & ford AT A7 o | favetEar w9 2|
ATTRHAT T2l 2|
HreT Ft FA@TE 37 W et & F1F | FE 9919 F3 A gfet giforex & THA TgAT qFar ©
TE AT &
FUT Y ATIHT T HIET T HTHT THT q2T 2 | HA9 TAT ATIHT F AfAear e & safdas gekht #v
fRre geuta etar g1

TafRese : TARIIET (NSQF @¥ 5) - 31 2.5.94 1Y 2.5.95 & gt Rrgia
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It Hiew (Taemn s fthrew) (Energy meter (analog and digital))

SgA @ W S F A A A fAwforfad & F A 2w

o THFA & T HeT N AT MY FEAa= ST F1 G0l FIA0

o TSl WEX H qH el JeAt F v weAT

T ATeY # Arawawar (Necessity of energy meter): fa=ga
TRuE ETRT AT 43 St o6 e 1 e =T STwiht g1 areaa
# ITWIRIT ST & AT T AT AT | &H JTHIH Hi AT
ST ATIA &Y UF f7h F ATEwaHar sieit 8 | AT § YA FoAT
F1 fbetare s & AT ST & | g6 fordt Sk AT T FHeAr ATy
Fed |

T AR FAATE qRTet § o1 7797 & o Ac # 0F 9%
THX & FoAT WG H AAH-TA0T EraT S|

TH &l 9T TR & AT Hiew #1 R (Principle of a
sigle phase induction type energy meter): 3& ATdT &7
ST ST T O) (e gtar 8 | 31 FE At & IoT &t Jenad
TEET 8T TF T § g7 IRA F3d & Foradt o= v st
S# AT AT 2| oF Fosa (fawa Fued) § oMy ateedr &
AIIE H ORI (9T FEA) § WK 9T (Fig 1) v 2|

Fig 1

IRON CORE POTENTIAL COIL

SPINDLE

DISC

CURRENT
COIL

L
SUPPLY LINE LOAD
N

ELN259431

DIAGRAM OF AN INDUCTION TYPE WATT-HOUR METER

are AT #Y Sife et orfes T ARG gt € | are wvet At
FRT 91T G 1 Hf A= T@aT =Jed | atefoe I
T S aTell 9tk % FAIGAE § ST = |

% {3 T qEE | S A 6Ol 39 9T § AT & A Al
T FHAT B AATGATAT i1 =T |

T TS HIET & WHT H¥ T (Parts and function of an
energy meter): Fig 1 & U& SR T & U FHeAT ol ATGT
& 9T yefia & = &)

e F0 (Iron core): I (ST T H TWhT Foad F AT
& fordt famty =0 & srrpfaret fober mam @ | ot vy arer et
F ATRI HIAT & A Foad &0 qT JHad TASw™ F FH
Fear 2|

forva guew (ST Fvew) (Potential coil (Voltage coil)):
A & Ot o¥ fawa guea sfrer e ST € ST 7EE A &
FE FFH @ A fFFar Sar € 7% ufHirE Tt § Waw
R SR Far 2|

aRT Fuea (Current coil): &T=T FoEe WX & AT =00 | S
B & iR Wie dR F 39 F9 & afsd g 8 #ifE 5= gof
gIRT AT & ST star 2 |

=t (Disc): ATt & Tl G TeF ST & H¥ uF IAfuw
foreer wx srRifRa &t @ oo o i ax ar fer gtar
& | Tt T AT & a1 Bl © SR (o quT &7 F0ed T
& &= arg e § o fRrfa wdt 2

&= (Spindle): fErea & Ml 1= g3 &l fFas g &
forerehet w wafaa faafar ax smenlRa gar | forea & o R
7 i fER &tar €| fRR ey ere &t gam S 9w 3 AT
ZTRT ST aTelt STl T &ohel e & |

Tt e 9% T (Permanent magnet / brake
magnet): T TrF T U AT Tl B I=F ATA F T &
TFd & T8 UF Ao STl Ieq= FeaT © S T A I Tt

& O STl & e Far 2|

AT |t ®1 #FEae (Fuctioning of energy meters):
forsa Foe =T oy Foeat | (A oF a9 9% § T ahaw
Tt HT U 9T T & (Fig 2) | 9 % &t o¢ fava goea
AT & ST T Tt § saw o 9Ra A € waw oy
TF T &7 I FLAT & AT FRT FISAT FI IAH T
8 % AT T (AT FLh FHhdl T TF Tadqq AT IoTd HLAl
gl

T T # U AT U (TR Fveal ®) iR
sHERE 8 I W) aree (fAva goead) & am quewa &t
FATIATAT BT €| WX ERT FASTHIRG I Iott s 3 7
AT AN H FaH B ST H GATAAT gt |

e & UF BIEr S (ST ST ) AT FoeA (STHHA
Fued) fava Fued & F=_Y AT W H T AT & g
T AT Tl §IXT Seae (et ot oot 7 e et o fordt
AL FST 3T I AT IoAd FT qh |

7E Ficreget 39 R # e giar & 99 et gy g et
T A W ORI wehel ! IO BNt & F FTLOT ST qerd
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Fig 2
( & \
4 [oi2[sTE)E 3
- E LT 2
]
— —:_: /— 6
©] g eV~ @
1
5 1
T o h
\ 3 J
[ T: 5 H » ] (
L_a_ aCOIT ; :
SUPPLY TO LOAD \>
1. CURRENT COIL 5. PERMANENT MAGNET
2. VOLTAGE COIL 6. ALUMINIUM DISC
3. WORM GEAR 7.SUPPLY TERMINALS
4. REGISTERING MECHANISM 8. LOAD TERMINALS g
S
g
INDUCTION TYPE ENERGY METER 2
w

TR & ITH FAT & AT LAY Joaw & &7 & TiAhar Fer
& 1 s wlaafera e e et & S et 3 =t i FHTgaTer
gt 2|

forem srfers wifer & wadt Ffa et & IadT & atfs yaa siaw
T Bt & ST IAAT &F srfer wfoaeem fra eidt & 7 wfoaw

s 3ot Hew (Digital Meter)

foram U =T F AT GIRT AT TE TRT F FHGAT F AR F
fordr stTawara =it & | AT & At 8 9 9% T B A8
AT & FRO AW T AW & Al 2 |

|ur 7T A T (Creeping error and adjustment): &
AT & 97T FUSA H €T TATE 7 &1 T | Fhci | (A grora
AT Tedl & 3ITd T Fael a1 FIS Hioid (AT 1T & 8 a9y
Fed & | AT HT G FLOT =TT it 7fey WA gHar & | ador
F A FOT I FISA & (A T¢ AATF dteedT grad AT
aifed g &7 8 2|

FIUT T F ford Tt | @t e o &= (Fig 3) &
AT fvmE e s s EF R A AT EH ST &
TR AT T Tl T &5 AT | SR 37 THTL GO AAFaw sTre=eh
A% A & ST

Fig 3

SPINDLE

HOLE

POSITION OF IRON —/-

CORE OF COILS

ELN259433

IqA : 3 U & A A oA faforfaa wRF w A e

o e TFR TSl Hew A JAN H TATRABAEA THR F TAAT HET & FH THF ATH FaA=0

o =TF SEUW & Rfeea =R F ot & ®1f F1 i FET)

AT #eX (Energy meter)

uF faega #ie¥ (electric meter) st ST ATGT (energy meter)
UF qTawE I (essential device) IS FIH F TFH TH
ST g7 (et qe frafor sra #3d € 39 TR 6
ST AT T UF AT T IR STorar JTHO H1 G o
& AT H FA E |

ATITLEAT, ST (energy meters) FRTdT ATY T3 aTehTiors
AT ST TR T ATIE FIA § FIA & AT AT (I 6
(ate) % faar T wigwe (product) ford d@ FATEHE (integrated)
q ST G § S FSAT &1 TANT [ AT faberare (kWh) 7 2
g1

FSATATST FT 3T WO | g fbar T e 17 € -

« gaFEEH THE (Electromechanical type)
o SoagTH (si#E) T (Electronic (digital) type)

TAFLRFF AET FoAT 72X (Electro mechanical type

Energy meter)

2 HieX &1 Fatg {35 (spinning disc) 3T T& A Fee<
foret # fran 2 | 5O % Hew R F 99w & fma & g
ATRE FA & Hed S8 9 gadr & af goF e % gy amaw
SHET AT % SATHAATET (proportional) BT & | FaTSe FlTs
3% & a8 I+ UST ¥R (eddy current) T UF I AThTTold
YT ST alees & JgFATGITT (proportional) gaT & |

T AT Ae, {3k aX ST a1 S o (exerts) F¥ FXAT
g ITaY g2 & 918 BT %% ST ¥ |

FafRse : TR AT (NSQF @¥ 5) - 319t 2.5.94 ¥ 2.5.95 & gt Rrgia 191



T T & Hiex i A Hfiwe (limitation) € -

« & FuTdar g7 (Less accuracy)

e WX HE Fd & FF adis (Many methods for error

correction)
« yfdwradar T sAfdsk (Percentage error is more)
o T #§ &f3ATE (Installation is difficult)
o T AT & SATYS W FHAT AT ST
T &Y TE et s AT (digital meter) § ST € S

stfers fsear (more accuracy) TRX @& F¥A & A% Fao
uATerT/feforee Frad # 1T, Ifaeradr U &a 0 (Zero), ®&mas

T YA BT & | g9 AT I o Y ST it fewt S wear
ST & |

zawgTw (Rfew Hie) (Electronic (Digital meter))

T e FT A fes qarsfora goft § ot & Jraw & forg
FXA & ST ATRTIoT FleasT ST T HY ST IHIT FXh Teh A[UH
gear & firar-3wet W& & ST Faex (ADC) aTehtfors® oTfh
afe | 3aT & | AT STfers a9 Tt &7 TANT FA JAT &,
gt fhertatesmax & @ & | Rfsed dex w1 = Fig 1 &
famama o & | 3t FE 9T @Y ST aies gY@ Ay
A E |

Fig 1

VOLTAGE
SENSOR

SIGNAL

DIGITAL
METER

PIC

CONDITIONER

CURRENT
SENSOR

COMPORT

ELN459441

FiedsT AT Th BT SIS T & J AT T Y fawe
fRaTgeY Acas A=K H ST ol dieasT Y AlS dleesT & AT
T T 2 |

FAYT AR ORT G gaT & o At % g R oft e #
farefl @Tde o oy F & Fd © |

TEHT TF HRT GTAETHE A TAY Ulaeax Zhat (Ties i)
F ART AT a1 & ot adis & forg ey & diees § ge=m
FIA T | AT A FT ATICYE e & et atees ferfd &1 gt
TRy ot ateest A daa Fgid TRTY Aediaeaay Fgid
FATE |

3H AT A & FATAR Fiort & 9T W §AYe TR
Ay = (PIC - Peripheral Interface Controller) gtar
g |

Fgier TRTY Ae¥ et (PIC) aRawr ax giar @ 158 10 fae
T (analogue) ffrae=mr & s &aeT (ADC) ar=iel & THmH
A afdfiw siangs F fou st fues giar € |

T & 3 F7ae¥ (ADC) ¥& fmeer # agear & | 3 s
F FLTEY AT €, A1 Al & atees AT 9T § 9 B OE
FIRT 0% Adad PIC ¥ ATHR4I< | 93 SHT &lar € |

TIT & U FF (MEid 79 & gAYE FTerel qE qlhe Y
% GIT @Y FH a7 39 A & AAL | LT qer AT h A19F
F forg w2 € |

PIC &7 stum# (PIC programmed)'C' T (language) ® gtar
& g0 agfera @Y (stimulates) T/@T # @4 & (receive) TaY
gud (power consumption) SIfer wrve STfe &t T0MT FIA F =R
XA & | gat forfFae et feeet (liquid crystal display - LCD)
& aRy &t Jewy yefia T SmEr 2 |

Fig 2 festie wasft #iex qufar & |
@ty (Advantages)

TAFEHHHA HIE & g1 § fofiee seragiftas Hiex Tfs
TRYEAT & FH FA € | IqH F1g AATIH AW T8I BHam AT
gafory o S8 dbfaswa @afeat 7€t e |

3 SATATTh SAag (v TSI HIeT /gt Tfe & forg gttt
LEDs ok, srf/cfiehet ofte, fohetiame s1ax wie ofe & arer e
g1
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Fig 2

DIGITAL TYPE

ELN259442

3 FaT TA1 AT (3-phase energy meter)

IqA : 3 U & A A oA faforfaa wRF w A e
o faftrer v & @9 For It e w® g T w

o 3 FAT 3 AT AT THT F HoAT AT HT THAT AT FATAA HT JOOTF HIAT
o 3 FA 4 T YT THX & o1 ATAY Y TIAT T FTATT FT qOTH HEAT
* 3 FAT 3 AN AT 3 FAT4 AR FAT ATG F AFIART HT F@=0 |

3 %1 3= ATGY (3 - phase energy meters): F=fy fafser
THTT % FHofl ATIT ITALT & IXOT THTX & JTAT SIHT qLA TIT,
T A AR A AILAT ATHFAT & FEOT qq(0F =T
SR & | UF 3 FHeAT HOTATIT HT THE USHel HeAT ST ATAT &
TR AT AT E1AT & ST T2 av & v 309 & awafa et
H gamr T gl

AT FAT FATATHT ERT Aferd sraaT stEgfod 3 FaAT WO |
STHTTA STt ATT qord 36 SAET F SATAT S AT AT oA [ T AT
AT o THA FAT HoAT ATCAAT STAT 3 FAT FOATATIAT FILT &
FHAT S|

3-%9 TAsl Hiewt & ww (Types of 3-phase energy
meters)

3 FAT FHoAT AR & T 37 THR 2 |

e 3 FAT 3 A el ATY (FAAFAT — 3T TeF FHoAT ATH)
o 3 FAT 4 AT AT ATH (AT FeAT i TeF FHoAraATdY)

3 "geF A9 FAT FAMATG (Two element 3 - phase energy
meters): I STTATIT 3t ate ATy fafer gT arfermmae R
& SATLTE T F1 FAT & | FAATI H UF g1 FISA & af qeh
A fawa Foee & 31 wes START | o & | Fig 1 % sgem afast
ferfa & 5o ayg=aaw o araer Ay gvet ox et awdr & | e
TF TR T STt & S UF U QUF TEE F gal &
Fr= gt gt 2|

T IWT e T a1 oeal & ford srfemra wad= sefaa oft et
FaT & | ST % Fig 2 # femmar @ €| gaer s & fAwfarst
&7 TIAT AT % BT 1T FEFaAT &7 Sy 2|

Fig 1 ﬁ _—TRAIN OF GEARS
\
r — — Z/“PRESSURE COIL

LI
M
[—
L]

C_|

CURRENT —
COIL

g
m
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Fig 2
ﬁ ~TRAIN OF GEARS
U

BRAKE

m—! MAGNET

|_ | DISC 1

PERMANENT

\Q e

)¢

lige
I‘I
L |
L

SUPPLY
LQAD

u
| v
w
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AT T L0 A FTHIT Feahl BT SeTe T AT AT & AT
2| sgerad Fifwa o Fae i yaar # e aar & oid
ATSfRATHIET ST TUF Ha TH A9 FAT — A AT (T &%
fordt €1 ST Bl & Afehe Agfoia ST sTgfora 3l & fordl g
g 2|
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T "eF fIF w1 FAT AT (3-element 3-phase energy
meter): TE Wt TT FAT HIT Ieh AHATIA B 1 ATSATIT {afer
% T T T FAT © | T 9T I X [AHT Foed Ieh
TBT 7 IHEAT AT H AT & | =W F qrated A7 wewt &
farw Foea sqfa dfveat & i W famg orfee sl & Serie
fagd 98 &fa 2|

aTRT FUSAT & Hvft # @ dfteat & SeT Srar €1 3t "ew
STt AT AT AT 7 AT Tl T TF IWT THA T 42T el [
& fafewT Tvet # Frafera far s a%ar € st Fig 3 & e
TS & JET UF IO AT a0 qifd F0F FAT |

Fig 3

PERMANENT
MAGNET &

\
> Ly—

>
z L
33

N

A wew i AfeTa TEfaat S qus gEw afed Fig 4 &
AT ITH U IWT et ot &t aaelt & | A=t ot o7 ot a<etar
& Freor fwtarer grr o s &t aear & S &1 @
ST TTRITA el T Ieqa T AT AR B AT & T Ageras
T AAfte weawt & FaTfed Hetert 1 AN TSfHd #3ar €| 78
St AT i For TR AR R F o U 2

LOAD

ELN259453

Fwwrdt ® Fean (Errors in energy meter)

Fig4

TW—TRAIN OF GEARS

i

@/__BRAKE MAGNET
————

<=z
LOAD

n V]

ELN259454

3-ELEMENT 3-PHASE ENERGY METER

q= FAT TAT AT F g (Application of 3 - phase
energy meter): TF 3t Fcd AT SHTATIT A1 FeAT HIL
fora IETHI T TR BiaT & STANT (6T [T & HH TH ST
ST ST srerar =T s & ford wiew sty S Faer i
FAT WX & @1 TF 11kv 9 FaAT d9 a< Y Aar 8 |

TF A HAT AT AT =TT FHoAT AT T TART A1 Fear WY oo
HIAT AT ST HIT & T & ST A FeAraat A I
SE UF a9 Y STHIH! AT THW W Aied UF A &
R g ¢ |

SEAW 3 UG F A § o fwAfortad w1 FA AT e

o TAT AR H AT aF AT A% = FIRT IqA JfAT HT U FLAT
o ST AT A FRAT F® gurA F o Sueer [t aameem # av| s

o oAt ATR F wfaee et N 7@ w2 7 iy w1 aofq s

o gfaea Fieat, W wfawe qun sfd qore & GwifRE IS st & garmn |

T T gRT S FfeAt, (Error caused by the driving
system):

AT T T 9RAT (Incorrect magnitude of fluxes):
IE LT AT FheedT % FHTLTI HAT & FTLT B THAT & | FSelt
& wfate # aRadat ar SErERer g & F0 9 T1E
AT A &1 Tl & |

T & &1 (Incorrect phase angles): & @&ar & f&
fafsmr %<t (phasors) & @t= If=@ @y 7 87| 78 sgf~a

9", FHTASH, SETRO AgaAt, arT & arr gfaag |7
afade fe & FTeor &t ahar 2|

THEH TRIT A THEIAT #1 A9 (Lack of symmetry in
magnetic circuit): afs FaaT TRTy FHET T & a1, TF AT
I ATV I e & fored Ardy, fawdwr (Creep) #war €1

AfFT a1 & FOr JreAr (Error caused by the braking
system):

T e 2
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% FEE & A § IR
. fow wfoety & aftada
-5 AU W FAF F TAT

o T WA T ATIHT T

et ATt # oAt & gaa F forg auTe #t Faw s
&, e & & @&t arais 3 qur g9 Jeat et dmet &
wa &t |

TRIN® g W gEEE (Preliminary light load ad-
justment): €77 FIE F ATAT F TA URT & 9T FoSA T
fAuix aleear g & T & aAT T W A AT &
quTEe T AT @ 9 % ) o sy & 1 T e
| faga g & gai & i 7 ffy o & fou o= 7 fog
T & forg, faeg g% &t 3= qwaifoa o sar 21

Ui gTE Wi T gwre (Full load unity power
factor adjustment): 3@ Fvea &t fAuiRa syf ateear o<
A T T & o g wfad s Y g qer 9w
HRT FUSAT § § AT AT S| FFA qo AT H1 ARAfAT
F & forg ow gus & Rfy & queife o s 8, e
f& Atex fe it smifera @ & s @@t Tfq W gw ' |

av FHTEE (F9 iR orE qREeE) (LAG adjustments
(Low power factor adjustments)): 3@ Fvea & g
AT AteedT % AR Ao A 1T & qor fei qof 9=
a7 0.5 P.F. 799 9¢ €T F9ed | & [T AT & | 9o gfad
F gaTATSE o sar & fed & ard @8 afq 9w ww w3l

fruie smqfd awar (Rated supply voltage): fef qor
AT ORT AT 3F78 e o & g [gika i aveear
N wEEoE # % Wiy A wfq & ST A Sar § qur g
| FHTE ITfad 0T qaT f srfa ok awmatse &t e
ST €, 99 a% & e feafaat & forw aifssa afRkgmear &t
AT 9T 7 & e

T W FT FAEA (Light load adjustment): frefe smgfed
FreedT T FEAT T TIAT AT ATAT & qAT AT F & g vk
OTE X TF qgd (A SRT (o7 ST & AT 5% ) F IART
ST ®| g WX % a|mEee gq fow R o @ e &
AT FET AfT 9 =T T |

qut WY gTE Wi Ui (Full load unity power factor):
goh WX & FHENE & QT Far 9@ @, s« a% & et
AT, ST qUF WX @7 8T WIE, & forg aifa &<t 7 8t sl

fewrres (The performance): 38 0.5 P.F. 990t 9¥ g
St faFar stmar €1

farerdor R (Creep adjustment): g ST & FATASH
I Afe® A1 & ®T §, YA A 91T & q19 i ateedr &
110% & I@ FIeA Ft I &1 AT S| (T Th A &
TS @& &r at, Ardyr g7 fRrfaat & #@g fafta 7 g
=rfeT |

TS ® wlawe g F@ #w A JRmi (Methods of

determining the percentage error in the energy

meters): STt AT 7 wfaerd JfE &t 71 w27 &7 3 At 21

« v fafer & ae wfawa @ g sifvefaa ot arafas st
T fore &ielt & | afsrwort & e qur ardy & e ) T
s a afvmfaa oot aRsfoa & st 2| ardt fers
&t gt (Ui aieedr o afa kWh oo & ffeaa

ger & fear Stmar 2|
qfsRar

afR@waer gfd kWh

o wfrafad 3=t (kWh) =
ATEATAT FHoAT &l AHIET, ATeeATHT, ITfaT T AT T T
T gfwa T smar 21

EICos 8xt(sec)
1000 x 3600

T ATEdfa® Folt =

el ‘t a%vst |,

qiRaey # sretey, qiceATdl a7 I [UrFH AT Faac ITHAS
FOATHY TS SHH AT TTEATAHIHo W T o ST Tl
2l

Ffafad =t - awafas Fer
x 100

% 7 =

rEfas® Sl

Fadt fafer & vt & fri® &t AmF AT A =4 qwT
(reror ferie) & afkwfod s & gom #t 9t €| 99
@ fafyr & 3fe o=l & et & &, s PR
afewar gfer kKWh & S5, aTe Gehe Tfd TiReaor & e foham
ST 2|

3600 =1000
ATt fer® (e qve | aRkwan) = ———————
Rev. fEWH
) ExT =T (sec)
e e —————
Rewv.

Tt fRris - aderer feris
WW(T)

x 100

T % IS =

Tex & fardt ffeaa afRewor & forg awer & gomT #3 )

T 100
%a'%= T "
1
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SET T = oo #t fF & den & fou w2t & &

3600 <1000 N Rev.

Rev. fEWH

T, = qa der aRkwaen % forg amfas qoa, st e
ST ST qAT AT € |

araiERe , Sfaera Ffe Fore aswamm ATd aw wfawa W aAmEn
St & | afe ardy, awafas sert & srfte sfvefaa #war
(srafer ofrer =retar ) at I emters & aur afs ag #7 qgar
& ar Ffe o €1 (Fig 1)

Watts

Fig 1
19 %ERROR

+2

% LOAD

ELN259461

sgadt (Multimeters)

IS 722 & sgAR wgwEAT (Recommendations as per IS
722): qRAE AF & A 1S 722 (W 11 1977), F HGAR,
THEA FAT FoAr AT H fAEfafaa i quar gear g

TRl
wTE gt & (1,) 2.5, 5, 10, 20 &= 30A
- fuifRa stfereaw e (1), faffRea gor o= #1 200%

THE (A OF T AAT ORT, q 9= F1 0.5 A |
. FfeAt &t dwng fegar s nh |

€RT FT AT oITE T % e F qrAT
5%, 1 +25
10%1, &1 1 +2
10%1, 0.5 we=TrHt +25
20% 1 &1 0.5 =Tt +2

SEAW 3 UG F A § o fwAforad w1 FA AT S

o JEHIEY T T TE FATT
o JEATH F THRT H TATT
* TATANT SEATH & F1H Rt #1 quia Fear

o FEAT T 3w / e atcearet @ wraw fafyr s eriwor ww

o FEATH T Sfay " iy w T e #E

o qRUY F Fieedr, YT HT TRt AOS THT ATATT TS ATTLTAAT HT TLHTOT FLAT |

i AT TRT, Fiedst A AT & | 6=, aieedr i Sfaie
A9 % forg agaTdt uwh ardie giar & e o ofem ad
Ao ATHT 3T A AT & FeAdl F1 qUET Edr1 & |

ETRT T I F G, dicasT & aIecH ST & g7 a7 Tfa<ier &t
frfieT & g AT € |

AW P e [t AT 1.5 % AT & | agaTdr &t
dagafterar AC aieest IT 5 K 31 /atee & &7 d3T DC dteest
31 % forg 20 K eftw / atee gt & | &9 31 & DC ga<t & ga
# o7ferh Hageofier gt |

Figs 1a @ar 1b # agHiex 3@ |
AT &t "= (Construction of a multimeter)

Fig 2 & agaTdt & UH THIFHIET HT TANT Feflode Thel & q1Y
e ¥, M9 B aur foefgefiay & sair #<a € | s

Fig 1

(@)

ELN259471

ARIATIY ToTeex a7 9ie Tfomwex asfl 30 F91 § gohg & | ame
F 99 | =TI Foil UF ST & HIeX aUT UF ST I
& fory Suerer FXar € |
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TS TEATIN IX, 31 Hordl T TANT, TF G & qd7 gL &
FT FAT FIA © | S TEATH & 09 37 F % (10 ot A1 it
g 17 vEF FE q97 I F o stent J% gar @ |

freter 7T & forg Sei/Aet % TR ST geTT Hiex TTaY qwrs
I FIAT & |

Fig 2 # ST weftex aur aicedie &7 TaT g Famsa feew
% forg fiex &1 = w4 € |

Fig 2

ELN259473

IFTEET WY & =T AC & DC, AC ATHE=T 99 & Ut
FAT & |

FEATr % WOT (Parts of a multimeter)

Fig 3 # #ves agaTdl % J@F HRT auT FHgidl FLAT fearar m=r
2l

Fig 3
PROBE (RED)
P —
Y —scaLe
POINTER —
— PROBE (BLACK)
I MIRROR %; Pr—
ZERO ADJUSTING
SCREW
| — ZERO OHM
POLARITY ADJUSTING KNOB
SELECTION
SWITCH H— RANGE AND FUNCTION
SELECTION SWITCH
COMMON —. 3 o
TERMINAL N— MEASURING C DCV: 100K Q/V ©
TERMINAL ACV:10KQ/V s
S
8
5
3
# g (Controls) o1 feaer (Fof) & gy #ieT Ft T 91T, Alees At Ty

FTAFTL Gl (= & g7 e &1 8¢ F¥ 91T, ateest (AC T
DC) srrar wfater o & | 3of #F mA, AC & Fig4 & %
T 3T | qC FX |

Fig 4
R

mA mA

FUNCTION SWITCH

ELN259475

& @< &< | Fig 5% f&r= &t 2.5 volts srram mA sy fe=
Fr /fET a¥ aranRa g #7 |

Fig 5

Rt OFF 4
Rx10 \ | / 25
Rx100K \ / 1
Rx1K 25
_ -
RX10K — — 5
1000 = \\ 10
500 / | \ 25
©
250 100 50 g
2
RANGE SWITH z
w
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Fig 6 % IgTexw § U THY &= & g1 #1dart #iex &t 25V
DC ¥ 7 &7 =39 w37 fewmr @ & |

Fig 6

1000 OFF 1000

D.C.VOLTS A CVOLTS

ELN259477

FUNCTION AND RANGE SWITCH

Fig 7 & 3emexw ® f&rar &t 250V AC Hiex & gt #dwey I
Ffort, & DC I & oy a@am gadt AC e wfawre (o1w) I
& forg femmar o € |

Fig 7 D.C. RANGES A.C.& Q RANGES
1ooov 1ooov
500V 2. 5A 250V
100mA —— —— 250V 1A —0 — 100V
10mA™ T 100V 100mA
1mA 25v 10v
250#\ / 10V Q+100 ©
2 5V Q |N5 5
P ResisTANGE Qx 100 g
5
i}
il # 100 mA DC & &< &< (Fig 8)
Fig 8 D.C. RANGES A.C.& Q RANGES
1ooov 1ooov
500V 2. 5A 250V
100mA —— —— 250V 1A —0 — 100V
10mA™ T 100V 100mA
1mA 25v 10v
250#\ / 10V Q+100 o
2 5V Q |N5 5
P ResisTANGE Qx 100 g
5
i}

(Fig 9) & ot 7t sfarver it x 100 37 & &2 7% |

Fig 9 D.C. RANGES AC. & © RANGES
1000v 1ooov
500V 2. 5A 250V
100mA —— —— 250V 1A —0 — 100V
10mA™ T 100v 100mA —
1 ™ 26y > ov
250#\ / Q+100 <
P ResisTANGE Q Q“OO INS g
z
]

JgWTT #1 @ (Scale of multimeter)

qF T % foIg IuAed FIAT €

+ wfag (resistance)

+  Jleast q9T oT=T (voltage and current ) (Fig 10)
TRT AT Tl & @l TAHHe! Igues sl & |

Fig 10

i
‘{‘“ll NENENN ll.'.”":l.ll'l”,”
[7

QSZV 0 +5 25

ELN25947B

AT Y Thet AT AT BT & STk St Y 3= (infinity
- 00) % i fefaer & aeraw e AE € | 3R S & arefY avw
whet § wfe & ar fefasw sa% o a7 & |

Thet HT TANT ST & qrft ave i #F e giar € |
F F¥= &1 @t (Principle of working)

TF IRIT T F FAT & aF THieY #F a¥e o4 & Fig 11 7
fameT mr 2 |

st gfaety & ThE Wiew gaswe FroarE g 0.05 mA THE
AT & | vie afarer w1 uw Ffvaa 7w 9 &= & g st
I & oRT AT % o wme Y |

S 9RTT TF qieeHieX #T avE F1E Fedr & Fig 127 39 |
HYeT FATEd & THH dicest FTT €T A FTga Ty 92 fsx
FXAT & | afay & fREte & 50 mV & SHTET dieesT S€Tehe ST

T | SgEmER Sl & fafer art & I ol & gy Tl ¥
AT & forg sift #w # Ssd € |

S qfRwY UF ATHIEY #F ave & FaT & Fig 13§ 39 |

sfa<ter &t ATY, g Ft aTedl gfary & SewH 71 Fig 13 #
3G | TE FAFT TRIT F S8 & e e F15d & FINT 41T
I FIAT €, @5 & [SFATe Feah AT T Jre<y Ffaie &

A % STTHATIITAT & & |
SR SgFa (Zero adjustment)

S SIS & ofie geT il &, AT @TEeY T & ari oY qLr
A%e &, A (infinite - oo) TfaTe (YaAT TRa™) Y FaTaT 2 |
ST ofte aTé (df7) et &, at @Tge &het & qrft ot S afaty
F FTAT 2 |
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Fig 11 Fig 12

Fig 13

50,A —_—
o
L]

0.05mA

1mA 0.95mA
——
—

- 10mA 9.95mA
N To— 13—
. 100mA 99.95mA

RANGE SWITCH

+ul

RANGE SWITCH

Rxt 200

Rx10 200 Q)

2k Q)
Rx100

Rxtk 20kQ

Rx10k 200k Q)

RESISTOR BEING MEASURED

ELN25947C

afRuaer sfaxiy &1 F1 €T # s F#AT @ gafoy WEex
ST O &A1 & 59 e AT &t & | ST ST st (internal)
Fe & Fieest # FgaE F forg Fed € |

g ¥ (Multiple range)

97E (AT TATEa HT TN TELAT & JTAH FI % fold F
& zaforg wfiew gfaxty w & agd #7 W9 & aga AfF 7
% F TTT AHAT & | T&F T & fow, o @A o &1 9w

s sgHrex (Digital multimeters)

wferters fer sttw & | sifers siiw ¥ % forg ofe wfaxty sifere
TAT AT A2 Thet ST T &g I I IEL BT & | T &
F ATFHET AT dleeHieT & FH! g8 AN JIT Sl & Thel
sAHTeT & GfdT o I afdw F g ST A & U |

TTE T, AT T TR & LT AE ST & o aia
F qTaR AW & & | qe TaR #W AE (I9) FA |
Ted AHHIET i SAred €

I @ T UG & A | o Fwaforfad w1 FA AT 2

* TAWNT (analogue) ¥ ER THR F TgHIET F d fadg =0

o S{ERT TEATH FT T FT& Feew 19w it fafer = w=w=w
o S{ERT TEATH & THR TATHT ITHT AN TATAT
o Rftew agaTh F s # W FE F |

gt & wER (Types of multimeters)

= 9% (Analogue types)
=aF Foit TH (Selector switch type)
s ggem gH (Multi-plug type)
¥ 7w (Digital types)
=at® it w1 (Selector switch type)
@E 9% (Auto-ranging type)
LCD 9=t (LCD display)
THF YFE ATdr (Analogue type multimeters)
3T UF ATH @A AT TF AT THET ST dhd Star & |
I IX Hehaw  RAfA 3@ FT Seqor o Srar 2|

7% qE afvd agaTdt a5 THY &1 Ardr &1 (Fig 1)

Fig 1

FUNCTION
® ® SWITCH
)
>

o ( NG| ...
Qe =
$

COMMON

BLACK PROBE

ELN259481

FHT FGATH H AT @90 F TF AT 9Sq qgET &
wfoefia T ST 21 (Fig 2 3T 3) 98 T84 A& saagi« s
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T # TG ST BHAT & | S agaTdt @ sAiafE aRkafEr
S TP TRt & WA St € aWF T & agaTdr i
Aifer S agaTa | UF q9E A ge(aq ae et @ |

/7 FUNCTION SWITCH

Fig 2
DIGITAL READOUT

. - DCV DCmA / 1000
L RANGE SWITCH %
2
Fig 3
G N

DIGITAL
' ' ' ' ' 'JJ DISPLAY
[/ NN L/ \N L/ __\

e
DIGITAL MULTIMETER

g FUNCTION

2om F 200m SELECTOR

2Mg © 20 2
[ )

ROTARY
SWITCH

[ ) [ )
ole ® ®20m —
200m 44 10 200m A

(. J
- J
10A mA COoM Q-v
AN 1000V = MAX JAN
10A-MAX 200mA FUSED MAX 750 V
FUSED 1000V
N I I R

OHM-VOLT INPUT
TERMINAL

10 AINPUT

TERMINAL
MILLIAMPERE
INPUT TERMINAL

COMMON TERMINAL

ELN259483

HTfea &t w8 @ 3 qvwmea o ferfa fag afed oF =A™
S @A & ¥ | TSR el & g DC #= A ATt S
& a1 gaar F1 swfvfgien gfisfa 4+ strar = o & @@ &
arft ofe wfesia &var 1

DMM %&« (DMM Functions): tfaier DMMS & witfor were
qRF agATOAl #t witd & 89 -

T+ (ohms)

DC dleedr Y €T
AC aieedT 3T o

F© DMM fasiw wom 9 gifsres, star st aieor ofts
A, 3 g qaef® Feerwn & ford SHaa 71, Ik 8t 2 |

DMM w=wi= (DMM displays): LCD (5= famea wgui) st
LED (Y&WT Srast® SMe) 9d d&T I DMM Iuee &t
et A Al @ & A @9iiE Sgw Ted ey
LCD ¢, if% 98 agd 7 a7 ad ¢ |

T% LCD 93 A& Ik UF e et Hfsia, DMM t# 9V
e it F© A "o § dF¢ 2000 = & AfyF, I wHATlord v
27 LCD w37 Sg&q & &1feat (a) g7 fAder garer afRkferfaat
# 3G qET Fac HSH & qRT Tgd ™ AT & AT (b)
AT afada ST & o sriemga @9 gia © |

za% faoda LED @fy # +ft 3w gia &, sfx arfyd At &
qfRad & sfrear & ufaare (respond) #¥a €1 LCD & gefar
# LED weuie ® &&l 1fdeh ey aifsd gidr S &1

Fig 4 % 1@ LCD ¥ LED-DMM AT 933 UF A1 &S
FeraY | g 2|

Fig 4

ELN259484

F3 AT % geui | 31/, ofF Td € TEH ¥ ford ' uF
TR ST HA | U 31/, 3fF agardt & e o Rafoert & S
0 & 9 % Thd &< Thdl €, AX TH % RAfy ot Faa1 1 %
AT T b FT Tobell & | 3T FT T 3% e 37 FaeATaT & Y
waola ® stferawaw ards® o giar |

3Tew & o, WM tw DMM & 9ts 0.999V & st & Fig
5a ¥ faemar T 8, Ffe aicear 0.001V & FerY 1V &2 f&ar
STET & at gge Fured 1.000Vsefia war & s fF Fig 5b
& fewma o &1 gAtR 31, st % AT 0.001V F AREAT
FGT ST HhaT 2|

3 AT & Fteedr sew¥ 1.999V & ATt € a7 " Fig 5¢ %
SIATT AT 9 HHiad el & | AT aieear & 0.001V #t gfa
T dleear 2V & AT &, at tef 3 2 Yeffia AEr T qhar,
Aferdr weei 2.00 Wef¥a Far €| oref ofF Reva &t v
AT Fad d4 i afd &d &, a1 f& Fig 5d # faamm =
T 8 3 & 4 T Ya9F F a1t DMM +ff Iuerer &1
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Fig 5

(a) (b

ELN259485

(c) (d)

FEATr G - "t (Multimeter : Safety precau-
tions): agATH & ITART & FL&AT UF e dheH{h BT &
faga W % JAT T UF gy HIY ag’T WIHEE a7 8
FAER X & | 30V & FfAF qieedr T ST #T q&d = |
faforfaa geaT aaanfaat &1 a9 I 31 ared |

o uF fagema aRwer ¥ SiHATdt @ F w5 |

UEET AT @UE & qieedT &id § GAL § FH a8 T
Eadl

o O Foit TS & Aefes SaReh gereT AT ateedren

it AT & o ufErm ardt v ateeardy quret & srfersw
IO T &Y

o T T FIA & Td M 6 AL T A b ford AT T
YU FT T FE A |

o AT GOt ST & R sraar SifAa eng faera # et T
|

o AT TXTETOT QU Y TRIT § qiEid Fe4 T8 I9T
TRIT Fieedl T 4 |

g & Wt T SO i R YA qHT UF ST
FT GHSHAT SITHTA % HEHE Y HH FLA & (ord FATAT AT ACHH
|

FHSAT SATHTA & HHE FT FH FIA & (o T 07 & &
& I T AT e s i faefad w7 )

T TEATHY & gt (Applications of Digital multim-
eter): UF IgATH & ITANT IYAT [FAFEISF TRIAT FYA
STATYAT A AT & A0 X ST AT FIA K gar 2|
Ta I ST & AT & IAH Bl AT & R’ FqerIdT fHeredt
g |

fogga T g o & o v o' uF gl ardy
a7 2

afRwer, IuETeEt A ghwat & aked & sfafswar s=
F for,

Tt 3 ferfa, st & ford, aun ofs amae &, T o ateear
aTa & T, wfaxte g w3 |

qfay gy ff T g "I g S fRrfa s w e &
for

I STETEAT et & Tfaery 7w gRT I ferfa s
A A

ool : 39 Hedt § aawE F v Sugw @3 galw
1 oft SraET Ee ¥ |

HTET A HHT TgHIe H JoAT
AIET T S T
AT H ool O @i € Wex & wanr § qrayry FE oA A A1 Erar |
AT AR |
s # ferfa fer &t @ T 38 aeemr 7 =Ry | faeft oft fRafa & s R o et @

o & FRw Afw gfeat @ g € |

AT FT ATACAS AT O & T BT 8 |

sty 79w % fog &wd g &fér St gt 2 |
ATeS |fw FwE TE gt |

i AT 7 A Srefafy s ST " g awar © |

AT @hel & HIY bl &f SLehd GINT T
AT giud et @ |

A= a9y 9¥ |IE gfar & |

AT 7fe 7L et FAF I7F dSHF I&9 eid & |
HIOA & FTEIA qGI BT FAAF AW A& Giad g 2 |
sty #7w F fog g @fr &a: st € |
TSR AT Ity & |

T TR FAF AT dHT Bt 2 |

AT THATHS T |

AT H FIE W AL BaT @ |
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TAanT A e & simmea (Calibration of analog multimeter)

SEAW 3 UG F A § o fwAfortad w1 #A AT e
o TAE HY e aHer & e @8 | gamEn

* TAQAT ARHIET F WET & T SaqrT

* TAQAT AHIET F THT FT TR T FeAT |

TAANT AwHEY (Analog multimeter)

ARHEY 98 ITHw & foma WRwem (i), dtes
(Ateeiiex) X Fvwe (TrfieR) A Sa & | g asy #t (s,
AceHfiey Y THHIER) & UF 879 UF He< & &7 F dford fFHar
ST @ | ford wedifie @t strar & St f wicede Wiew &1 agey
¥ | g @ @ VOM Hiex oft F=a £ | (Fig 1)

Fig 1

ELN259491

TAYA AHIET & TE THR & - TAANT AT SAfored A et
ifSree aediHfies amT T TRAAA F AT dHAT § qgAdT &
ST S AT T IS T A FLAT 2 | T8 TAANT AeeHeX
TF 3 F1 TAN FIAT & A AT € T A9 T2 Fear 2|
THFHT TATT ATST et & FAAF a8 AAF THAT BT TATT FHLAT
€ X IEHT TAAT UF 9&fir T2 arar |

AT & 90T (Multimeter parts)

ARHEY #1 41 (Multimeter Scale)

o U GHTAT 5T I T /I BT ST TN A1Y T =T HIAL
i Te % forg S1aT & | ST 1 GHWT e e % forg

BT & T A &1 THET dieest Y Fee o & o |

qig=<x (Pointer)

o g ATIY ST &I &L A HIAT &1 A q@r & |

AFe¥ At (Selector knob)
s I WY AT THET & 999 2q Aoy @iea ¢ |

#w wiw (Test probe)

o IE WRHIET FT SAYE ART & | ATH N arterd & forg € i
FTAT T AT & |

= ohm ¥Jw* (Zero ohm adjuster)

o IE AR Hie FT a8 9 & el gaioe b smar & foea
qTEeT I B AL A G |

et (Calibration)

o ARIHIET & ITF AHHAET o™ TR T S RBerseT Ta
& HfraaTel @ 9ET 9 T & © |

TR FT FTRT Ohm T it Sfent F T2 av
Feod * forg gian @ s = oo Rt |

o AT 7T & ARIEY ¥ 79 |

o WEIHICT & X TG H a7 F< | T H YA FT Hohel AT
Tifey FifF ast A F forg Fo off 7 2 |

o M 77y AT aXF e 7L X @I & A SEH A W
fora # | ohm &#aei® T g & ge T 919 F a9 a%
TATS 9 d% a8 I FT (Ao Te1 aar |

o ¥ R I Fu & fadwr @ wer @ | 3w o © A
T & forg daR 2 |

x10 (3ram) x100, ot % forg when =t gieed
Rrad R & sfwmea 2t |

wT AgFA "haw (Ardr) (Phase-sequence indicator (Meter))

SEAW T UG F A § A fAAfertad w1 FA AT S0

o FAT ATHA Hha®h FTT TH A HAT ATAT & FeAT FHA HI A FA A FAfer 1 qoie F=w
o T ST AR qAT FARET AT AT | FAT ATHA Tl & 7907 3 ARy g |
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T (Review)

TF A9 FAT TAETAS § FUA! & 1 (e 120° & =¥ ¢
T g 8| Y 3T (At us 7 For ateear gtar 2| e
Fig 1 ® wefia far mar €| us i &ar ateear & i dieedn
AT BT & ST 120 99 S & AT et 2 |

TR # FAT U I dtee & [eerar gai gates ghad ateedr
(Fig 1) V & SgTfia gtar €| 30T §[ Smadaa & UF s
AT qeETd TG 2| ALY V F "ae W F arg gar 2| e
FH AT FAE I AFAFHAR ST FATH AT HT ATA FLAT
g AT ATHA FeAT | TeT T T wewH F FAT AgEA
VAVAUAA

Fig 1

\

ELN2594A1

TE FAT ATHFA F 7Ew (Importance of correct phase
sequence) : fafsrr 7 Far fwmt F futor i gwaaT &/
TET T ATHA Heed U 2| SeTeww F o |t e sgww
SH qHT AEA@YE BT & 9 o TATEAH & (AT F 0F
IT FieedT AT & U FAT AEWEF a1 &1 uF
SeTEc® A Far U gAY FAT TAEA® B Fwer ‘U F gt
AT FRT | FAT V F V& T FAT W A W E AT g
THE T T TF gAY & T ST A1 |

TF UF AleX F o 9gFEA & IHAT § Aiew o § I
IR BT & AT AT T Qe § serdr 2|

FAT JAIFA Hhaw (ATHY) (Phase-sequence indicator
(meter)): & I FAT [AFHTT FT FAT FFHA Hobes (ATHT) TEY
FAT SATHA T T FIAT GATAd HAT © | FAT ATHA Hobls
# @ e UVW &id 2| St SIqdft & ot seretl &
e gid €| 9 HFha® § AT H ST & Hhas § UF
AT ATTEA STAT LAITEd {9 § gl 2 |

Tl T AT o dhaw 9w g any & Ffea & s @
ammr & dr= w@E agwe iR &ar @ (Fig 2) | & @
T F7 FAT FATHA A1 Ferrert § & FET 3 & T IR
BT SehiAd f3har S @ 2|

Fig 2

PHASE SEQUENCE
INDICATOR

MAIN SWITCH
POWER

ELN2594A2

TqE AT AW F ITANT & FAT ATHA Hhaw (Phase-
sequence indicator using capacitor & lamps) : T
FIHH ohdd § AT o Y e fmtor @ (Y) & 7 0
IXF EAT 2 | TH TLeTE SR A Y F IAF < & S A
ST & UF A g 7 U-V-W e ofiw gav o= U-W-V foe
g gl 5 i enon @ uE A9 For e & Sied € ar
1fr AieaT & TR e FaAT THA T @ aaT ¢ | (Fig 3)

Fig 3
FEEDER LINE

Ol ™ ?
L LAMPs

uvw uwv

-Oc

-O <
%&
=

FETRA Y AWl & ITANT & FAT ATHA Tohdd : FoAl ATHH
Hehesh § =X &7 ¥ Ay fawior @2 (Star formation) (Y)
& ST UF HETRA BHaT & | UF T 0r &t Y A0 T&s i
F &Y Sirg T AT | ot # UF Jae 9 U-V-W e o
A W U-W-V o &t €| 919 dfi9 o &0 OF i &ar
AT & Sed & ar AfF dadr § THT AT FAT ATHA H
¥ 3T 2| (Fig 4)

Fig 4
FEEDER LINE

T
O , LAMPs

uwv u v
O
UwWv uvw

CAPACITOR

R =
\\m

ELN2594A4
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smgte wdt (Frequency meter)

SEAW 3 UG F A § o fwAfortad w1 #A AT e

o STgi AT & TR @

o TF AT A (FRE T TR F) smgha ad F R, e SR s w1 aee s
o % FYA FAAE THR F Arghy AR Y = s wrEta R w1 av s
* UF FYUE ATH THR F AghT AT Y AT AR Frara R wme w3 |

TTfeh ST & AT & ford e W& & gy At sy & A
S & |

o Fif3® g 9w (Mechanical resonance type)

* 33A a1gATe wEE (Electrical resonance type)

o faga wfas s1gAe 9% (Electro-dynamic type)

o faRIA SFWET gATe WEHR (Electro-dynamometer
type)

e 3= WEHX (Weston type)
o I AT THY (Ratiometer type)
o "W HT ¥H (Saturable core type)

I ATfeh AT, IUITH IMfeh AT & ATARTH AT THR &

ST S TR AT 0 AT A, i teaniq ATt A
F g8 o2 &ATIF 9w & g & Wi # 9gen e
Smar 2, off 21

st {6 f e oo T 2 9% EEEr di9 TE R & Agh
it & foar @

Te

 Fif3® gA® IFR (mechanical resonance type)

* 3A (ATE THE (electrical resonance type)

o A ATH THX (ratiometer type)

wfregstt & axrAet 3o Star @ fF o we & sy Avfoet
F e & o & aga AT AT A9 O gEd 99 |

F(EF FFATE THR G 7t (F ST 7961 ) (Mechanical

resonance type frequency meter (vibration reed type))

T (Principle): F7 dT &R % mgf AT Fig 1 #
Tefid wEfas wgft & e w & #3d 2| O 7 wow
TG A TTHfaE Ay et & S 9 e afkdre W A
FAT & 99 faeft ag F7 uF FEE Ave § @1 AT € AT
FITH FIAT TTCH FT JT 2 |

afe Areaw & gy awg # THAF AgRT F AL & ATl
g T Fwrat & e 7 G s at awg w1 gt fGE aw

B @Al ¢ | TS UF STH ISTe W fasar &t &9 & qieedr
FT A= IS & AGATN & FHIROT FT GIT g€ AT 2 |

Fig 1

ELN2594B1

=T (Construction): I SgAE TH & AGRT AT |
T 4 I A IF % TR FAaferd g 7 #1 0
e star €| sgfr ardt #t agfd S dteear faRr #v
ST @ g AteedT AT & Sits R St & (Fig 2) |

Fig 2(a)
L4 —ﬁr =
|
Ly —] =
|
L ~L —
3 =
N ____________________ —_——
440 VOLTS
Fig 2(b)
L1 _,T —
|
Ly — I
Ly — =
N —————— o
4@j 8
a1}
=
2
250 VOLTS g
5
i}

Fig 3 & ¥ie &t srmapfa fRamft 78 & St @Rt 4mm =T e
0.5mm T et & | T #T T FART Smar 9¥ 6 g &
AT AT Ad TT #W qqw arer Aqfq Femfaa fFmr et @
& Fft it srveT F=d 2
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Fig 3 FLAG
<5

2

2

v

5w TF dfth § Faferd el @AY 34! Tgias gt §
AT TFHY FT AL ST S| T 7% FT FX TF F WL &
AT & FO & BT ¢ | Fig 4 % Sgam g8 &t Fawn
S ATUE! FH | A1 AT & AR 7 AT & TPlas AgT
ST S AT (50Hz) % A Bt 2|

ELN2594B3

FEtae (Working): si@ smgfer amft & smqfd & awafem
oo ST @ At 9YgA gEE U gEa &7 IA9 AT & A
amgfd emgft & wgER yemEfdd sar 2l a8 ds e
TEfa® AgiT Temad! gEa 87 g & T Sy 8
do T8 Y g1 § Fig 4b & AR i Ffd gt 21

FHE T &7 A% g7 AGHRT AT W G0 St & gfa
AT & T F THAT &9 &1 a1 2| Fig 4b & gaw
TR o=y T8 Fd Sl & T TRA I T F ga
# forerat smgfer syl &t @t et € aga & e 2|

Fig 4

ELN2594B4

T[T 3 JT (Advanges and disadvantages):
e we s wrdt & o v 21

Toher, §) AT Fteedr & a1 w9, ii) AR dieedr &
afmTer, 73 dteedr agd &9 AR € & @A i & | g Aleedr
TR T & AveT dohd faud T€ S |

T A€ ¢ % AT srew T & @t A7 g o & e
# W GHIIAT 7% AT TET HT THAT A et ger w9 &
sa & I qweaRw 9¥ [+ Fdr 2|

A AT AR AT - A TrE=Hl Ay W (Electical

resonance frequency meter - Electro dynameter
type):

=T (Construction): a8 wTdr 3t f&R Foeei ¥ Fig 5
FATATE ATIAT & IS TF 9 FISA & a7 el ¢ | R Foea
(1) & 3% L R #aiia C & [Afia sigeme oo & eiae
S & ST AT & | Y SR T e () S L o die
Czﬁﬁrﬁﬁwwﬁqarﬁamgﬂm%l i

Fig 5

A.C.SUPPLY MAIN

I+1,
L Ly
MOVING COIL
- c, c,
1 1

FIXED COIL1 FIXED COIL2

1

ELN2594B5

@Twmww&w(ﬂwﬁrﬂwﬁm%
Wﬁ?rﬁmsrm%a‘rﬁmwzﬁmﬁrwﬁrfz
WGOHzﬁwgﬁ?ﬁ%lwiwﬁ@TWaﬁwh
a%lzmwﬁwaﬁwgﬁm%l

Fat= (Working): si& ATt ®t et forg wmom € & sited
& fox guea e e sy & afkmmr & fsiar & sgew
A AT & | IgTETuTd 50Hz Sgf g a¥ for guew (1) &
T IR el | (Tfead g =it gaat A g 50Hz
F F9 2) A B guea (2) amr i gifr) (rfim g
Fifh gATe g 50Hz & =tfers 7)) |

3 ST PR Fea (1) IRA o iR iR g R goea
(2) & u aRET X Auda Faren & enfr | At
A & A # S T 7w Foed # #E oy A€ gni
FAEET ATO I BT |

e dhds deE feIfq 98t s@a W 50Hz ffea 21
50Hz & ¥ gt 9 das d9ad R Fuead (1) 1 g=r
F goTfad & | ST acid &9 sgfear safie & 50Hz
g Afe gt & daas (T Fosd (2) F 9RT § TH9Iad
BN AR @ 3= Aot Feiia wam|

3 AT #  fIe=r et & e Fe & o 9a e |
TF Y oAt a7 Aifed gl 2|

o (Advantages): aTft a=r FT FHET T 90° falRa
gar & Y witw smgf amaat & o e &t a%ar 1

s (Disadvantages): L 3fiX C & F1X0 AT a7 &
smgffer aee @ifea gtar §1
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SYUTE ATHY TF g A (Ratiometer type frequency

meter):

I (Construction): 3@ #Tft § Us Mghy @ giaT @
o o¥ uF ddaw emgftr @F%a & o gar g1 3@ XY &
FUEA B € S UF gAY § GEAW UK J2 Ed € X uF
feree a¥ sRifed &id € S Fig 6 % e uF =t 99 &
T & % a9 @ A 2

Fig 6

%
R

Y2 X2

ELN2594B6

Tq Foed X AR Y Ao st o e et gwr
ATYAT & S T @ st & Fig 7 & fRamam o 2| ey |
St X & yaTRd et & dRa aRT | % rms A A @
#%A & ot BR & RewiRa #1 ¢ & 26t v Y & yarred
o7 | SRR HRT | % rms A Ft =16 #A & 5t BR &
Framrfen #r wEE ’

Fig 7

T

BR g

SUPPLY V.VOLT

ELN2594B7

FREQUENCY METER - RATIO METER TYPE

FEr=E (Working): F9ea@ & Jatfed g=T syfd gir o=
frfT &idt & = smafr Fvea X & a0 =7 &t § Jafs
FEA Y F aRT AT ) T T8 et 2| Fosar 7 faaloa
AT T FEHT AT AT FUSH AT F RO & A
s awar 9¥ (AT gtar 2|

Foea X' T Y T FHA AL, TF TF AFATAA ST00
gfer & ford sifad #2d & Fored daas e & &% W R |

Stet aryAr sy fafRed 21 gadt iR S= Mgt W) F=a
X ® gfad aRr A AT I FAT & AR STAA A IA
smgfr fRrfer # s Ht of AT & STAAT I |

o1 (Advantages):
3 Wt § e o @

T G YfEw gdr @

AT ST dteedr & @A SiaT & FH{o TAE ATTH T
% forr W &t 2|

o (Disadvantages):

e AT S Arelt smgft # T @i C e ghowe® R
F W & fraiRa gar € a8 &uE WE dgiat 7T &
fordt w6 €Y 8t "Far 5| % C AR R wil & e &1
T TF TH Foll §I7 ARl AT AT

feshiew vt e (Digital Frequency Meter)

SEE 3 UG F A § o fwAfortad w1 FA A e

o Sfea FR= #ieT F Tl Fa
o Sfea FR=h & =iw e | @™ w3 T |

TR HTee UF fefred oo & o fre it srafes aawnt
F SATAAT T AT F TN F FHAT S | T€ AT IAYE At
F AT q9F % oY F9eT 7 T =T 9o & HET )
FH FAT & |

Afe ST gAY Foreert &7 3t Goee & forg Frewex # e famr
ST AT FTIe H T4 GUFTI! a6l ST 3Ye ot & fohara=y
gt | ‘iee’ oTs 39 @2 & o1 & & AND st OR e &7
FA 3Ye et &t wfae ud gaTfae &3 & forg SuahT &
AT ST & | (Fig 1)
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Fig 1 INPUT SIGNAL OF
UNKNOWN FREQUENCY
Il PuLsE oF saME MWWV
o FREQUENCY AS INPUT
e
P SCHMITT ATTENUATOR
COUNTER TRIGGER
GATE
I D I
DECODER/
DISPLAY UNIT CLOCK
DIVIDER OSCILLATOR 5

=% @+ &7 auiA (Discription of block diagram) :

oot FTSweT & =A% ARG HT 8¢ & Fig 17 & | g9/
IR AT A wev/RwEe awlfy, FoE Aifieey, uw feamsgy
AR TF AND 712 aTeT FTSX T 8 | I8 FIS<L T: Fehed
FEET FieS SHWA (BCD) FTS= & a1 SiaT & 31T Ja9f+/
fewiE gfie BCD =(Seye &t sHiwe weu & qfafdd 3t
g fora® saeis e 8t A |

T Fd @0F F g e gees Reaa o =€t e e
Ramer affc @ S elaT 2 &iw g8 AND 7T & T% & 9¢
gt T ST 2 |

ST feme w1 AND e % ZEY T 9% a1 Sl & S Flee s
& forg o<t & w9 § FW FAT © | F9eY A e F forw
TE S & oy uF F1S< AW Fe@dr € HY Fd a6y
AT & qIE FISET | a1 &t ATAT SR et & & g7Ie
e 3| saf § FeeT # a7 8 | TAY AAT § FIIT % 3HaT
F qTAAT FT T TR AT SIS F AAET F & |

33T & forg afe uw a6 &7 e fa Sw-3a | g% &t
AT A 39 92 et 600-Hz @ 39 & df 8% & o |
FSe 600 d%F e ot Si&-3i% Thaait enft o= 37e
foreer & |

wiwe ot \rdt (Power factor meter)

Fig 2 # d= s e fewmar € f& ) 9 #rew & fFere oo
T Y TS 2 o o & & A, t, % 9ea GATE ENABLE
fereer LOW & 3¢ gaferg AND dte & 3msege LOW &1 i
FSw T 42T 1,1, t,% aferg GATE ENABLE HIGH &t
ST & AT 8 1ol A F t=(t,- t, ) & A A7 g7Ye Frearen
# 9@ AND e § & TR 8l ¥ Fewes & frr sa |

Fig 2
UNKNOWN
INPUT
SIGNAL

GATE
ENABLE
SIGNAL

CLEAR |_|
OUTPUT M—

\ . \
! 'tz

DIFFERENT WAVEFORMS IN A FREQUENCY COUNTER

ELN2594C2

t, % &g AND e &7 e ¢ fI & LOW BRI & F13< far
3% FT M | 37 THR FTSweL 7 I To0d H1 &1 1 {[r g
ST GATE ENABLE SIGNAL % @5 3==Ter t § a1 gt |
TROMH @& FISTI & ATHAT 3YS (e HT T 779 ST |

IqA : 3 U & A A oA faforfaa wRF w A e
o ofve TUTER A A g fafer & et s
o e wwr & wifte ot wifvet & s

o 9 FAT TEAAT e THR F AE TOF AT F AT, HT IR TEE FAET
o T FT T AT THFR F AE TOE AT F TIAT, T AT TATAA FTALHIOT FIAT
* THA FAT T ATE THE F Ah OTH ATH 3 TAT, T3 AT TATAT FT AL H0T FIAT |

A FAT AC TR9 & wfHIurE & TOET g & & < |

Power

PF=
EI

gfe aftuy # i ardft aieeardt i< o areardy aEfe 2|

AT ARHOF AT & fordt UF dqgford 3 For aRkay |

A TANT FIAT T
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J - phase power 3 -phase power
3EF'HIF'H ﬁELIL

AfeT 3 Fom 9ROy F s|gfod 8 T T g TANT T8
o ST shar

o fafer #§ e stapor @

o AF AIUAT & FO oy fagear

. Yo e

o WE HIEW

o IRV T ATEA(OT AT I1 & ford Terer s ATt Seh e
& ot fag s g 2|

P.F.=

T T T AehTel RIS ITeT e & forg srevare ST P.F.
Hre<t &1 v T St €, St S-S ayEar ard g € |

Ao AR F o 3 FAT TEEHIAT TFR FT ARG 0w

(3-phase dynamometer type power factor meter for
balanced load) : #gfcrd WX & ford Fig 1 # u% 3 &t it
o W A AT A g g1 T 2|

Fig 1
L1 /— FIXED COIL 1
o—| ———0
N
&
~
©
(=)
)
o
o S
g © PLANE OF B/ \A MOVING a
o © ~ \REFERENCE coiLs 3
2 —
« ©,
° o
& I
S,
) |E|
L2 15 1l
o 23 ’o)
L3
o o 5
g
DYNAMOMMETER TYPE THREE PHASE POWER FACTOR METER 2
w

I ATH § &7 FEAT F UF FAT § AL & q1F A § qe
f@ar ST €1 a9 Foew uF gEe § 120° W gear ¥
e g 2| 98 Fvea at fafws Foret & awafid s 2|
TAF FUEA & A1 UF Wiy &oft § s s 2|

gfaaTar g7 Fer 9T s T2 gaT #=ite ef 9
FUSAT # GRS % d1 qSA FAT (eI @ Y & T
farar s aear 21

ATHY AT T Tehel ell AU &) Hifaq &7 gtar 2| dAfT 7=
Arft Faer dqfora Wl o € 3ug 2|

g fredt smgftr srrmar atrew aftads & 3 9 Fosdl |
IR 89 YT & TRafad gl & a8 AT g srdar
TS & @ giaT & |

9 e WU /T (Moving iron power factor meters):
TH TH FT Aq(h O AT SEFAT HST THE Higaar |
et qui % wwer sifis sl 2

o SEAHT AT YHR & AT & o1 § AT AL AT
(Frateae o) stfew gtar 2|

o Hf% a1 e B B ¢ 3l dg v smavas T8l 8t
gl

o U FT fAEATEOr 360° AF & FHhdT 2 |
o AT H ¥E AT XA AR [ ear ¢ |
o IUETT FA FH A |

HEfOd W § S 9 AlE THT & AH0rF AT 7 7= T
A " Fig 2 # wefda g & 2|

Fig 2

C3

F=5\N
n

Ly U

SYPPLY L, V  LOAD

Ly w

MOVING IRON TYPE POWER-FACTOR METER
FOR A BALANCED 3-PHASE LOAD

ELN2594D2

Flgz%waﬁqu%wc C, SﬁTC 120°
fﬁwww3wmgﬁﬁﬁ%awwm%
ﬁ?ﬁwﬁﬁgz%wmﬁﬁ%leFﬁ?WC
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THA FAT I W€ vk Tk ATG (Single phase moving
iron power factor meter): Fig 4 ¥ Waffid U# U&a &ar
T dte wife quw 7 @Al # o e e wfawy &
e uw Fem v ster gtar 21
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SINGLE PHAGE MOVING IRON TYPE POWER FACTOR METER

gl WX & 3 FoT Wiwe UTE AT (3 - phase factor
meters for unbalanced load): T& 3% sEqfed HamEt
# o7fth U ATOT & for 37 wed AT 39eH itk IO AT
gid © oFH Ja% 9T § UF O Fed A UF 9 Fed
T BT 2| T FeA (I FUSH), UF &war PF AUt &
AW UF & a9 & gAY & A9 Aied aid © | ghaw
qfRunfia orfes o e Far © |

g wiwk o /TG (Low power factor meter): Ifa JorE
AT g 0.5 999 & THE - 0.5 U dF ik Jo0E B T6 &
fordt Sueter 2| faviw w7 & fafda oy wfts qors wrdt 0.5 oo
& UHF ik UIF d% W ST § 1 &

fesfiew araw %=wev #ex (Digital Power Factor Meter)

IqA : 3 U & A A oA faforfaa wRF w A e
o qTaY FHT &F ATH TTAUTH HT 9 FIAT A |

fesitest wraw %=ev #Hiex (Digital power factor meter) :

Fig1® fesfrea arax Saex Hiex &1 & g famar
gl

fardt quTelt & adAT qTEY $eT H A & o qrEY Y
T T T fBFAT STaT @ arafas qE &l & 3= s
qTEY HAET HT T AT & I 916 FFe & A 77 TX

ta RX.& Atghishater & gid #3d 2 |

qrEY e & I & ot Argmthgte § ST Wi
S & 9rEY FEeY AEHEEEY 4 IS 9d dWe v 7
i gtar & afd qraw %X f-@e & Fuw & a No @t NC
ar ferfa & =l @ur AwEge @ R & aftdaw
FX UF T I I e fae 916 & A+ Tear 2| ar e
FLA HTE TT AAT AT 2 |

Rasdd R Fmem & o LEDF ar Rer e R a
3AYE UF TSl FAT & T WAT A1 & A R # o= &
Ted TEATHER & F¥e WS AT € Gofd Ffiae & it
ey AT F¥d & LED a1 Rt &1 d=re & star 2
fSred LED & ehter Scsi 2tar &

HIEHIHEIT § THTH #t 39 ave & fFar mr & & v Rar &
# e e a1 Rt &1 g9iem #7 Fufex 5% § 53 ave afvfoa
FAM & qa BT F AVEd: qE9 oq=S AWIEd "7 ST
FOT FAeT 9% C,F T § C/2 7971 C/4,2 | = Fafdred &
A C.&0 SfY "@ais & amaT @& &

TOF AT FYE TAGTHY UF qieasl e Y ser &=
& ot fasiy 39wt &t At quat & fvaww w33 aifeeieT
# yra faar o1 @ sfear PF ey &1 =y Fig 2 # R
T 2|
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TF Y 1 aresiey Bt gt 3 % araw &1 7aw (Measurement of 3 phase power by single

and two wattmeters)

IqAV : I U & A A oA faforfaa wRF w A e

* TF JEHET FT TET FT 3 T TET AGH FT 0 FIAT
o 3t ATEHIET F T FT 3 & AT AT FT 9 FEAT

o qTEY ATIA W qreire? fAfr g aaw ST & ot FErl

qra¥ #1 A= (The measurement of power) : *ff &=
frew # qra¥ 9T FA & ford arediex # d@T At F Aqfed
BN AT 7 B WX W g @rse (R awedt @ afe e g
TF & dl-

- fErer arediex fafy g At & @R s B U g |ise
FGfod A B I AT AT HW T

- g areHiex fAfY g7 i & R a7 ST Fdes 8 dqiold
AT ST AS (gt @TEe & a1 uF fom) B 9 qreaw
O &9 & |

TF FreHrex [t (Single wattmeter method) ggfera @te
A GIEC F AT LR Faes ¥ $eT # TaT A & TRIY
Fig 1 & femmar mar & fSmd arefiex &1 #e F=m@d a5t &
Soft F q9T AR FAAA AR UF g & WA § SATST IT &
ofd &7 | qTE FT qUATE qTSHIET AT & I THE a9 9%
forem T areHter arAtE Fo TEw 2|

P =3E_,l, cos® =3P = 3W

Fig 1
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Ls

qTaR AT # 3 aredier faftr (The two wattmeter method

of measuring power)

amEra: ot %S ot PR gumelt ® grew At & o &
areHtex fafer s ffar st @ 58 ggfom ar swgfoa @S &
AT TAAT FHFAT ST THAT & AT AT & Bof FY ATTRHAT ALY
gl & g0 fAfdr 1 g = are gurelt ® 9 G S aewar
FfF Fe IR A | varfed et afe Ate swgloa g ar
I,+1,+ 1, =05t f% aa 7 2|

(Fig 2) o1t foeew & &t aTediex i 7 € gl aredies &
FLE FATAA GT ATSAT & ATT TAT AT AleesT FAEIA ATFY ATGT
& JIgT & I TATF F ASHL FA TEC I &l ATCAT &

P.= P+P,

Fig 2
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e P,= P+ P+ P, # Fof aATchifor® wfeh ¢ fa=me #¢ et
P,, P, @ P, %=1t & 9rax & atettorT w1 8 |
PT = VUN iU+ VVN iV+VWN IW
o et el AR A, i+ = 05 1= i+ ).
Pr= Vs = Vinligtiy) + Vi iy
= (V™ Vo) + (Vi Vi)
= iUVUV + iWVWV
S|t iV, T8 dTeHieT F aTalford 9EaY € a4r iV, is
FAY ATeHIeT F ATHIE TEY & a9 Fo TE FT AW A1
AreHIET & TTEATE % AT F JIET Sar & |

7E ¥l §9T 99 JTeHled & #E ST I & AW § TH
Ffea O AT & a1 I | Fiees AR e & a9 Afew ol
U I &l & FLE FAEA AT dleesT FATIA H Ieal STreAT
RY A Fo TG AT FIA & [oF S qTeHIET TATF &
Y @Y W T AHA(CA (a8 § AT AT 2 |

IS TaT Faedt O¥ AT aTeHiet & TAF GHIE ST FA
qrET = 2 X T ATeHIeT TIai®

S qTaY $eAeT FT A 0.5,8 A9 TF arediey Aifed Eihe
FUAT ATSHEY & TS I TAT AT T TATH T 8

ST qraY $eaeY &7 7 0.5,8 FH & a7 UF qredieY sfed
ZSTehe HYAT| ATSHIET & qrAieh HT T+ & ford A3 Fam et a1
FE FIEAL & FA H] 98T @ qeHIeT qiforied qrries 2|

ST I HFACT T A A M1 & a9 JH1 aTeHiedl & qr
FER AT & g I e Al
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- qe (Self-evaluation test)

1 off ST qTaY AR & &t aTeHieY fafer &1 |reeer afRar
TEUT a9 |

2 7T H ¥ aredtex f&fer &1 e gt (Desiruble) Ft
£ 2 (Fig 3)

Flg 3 CIRCUIT 1 CIRCUIT 2
L1 ;-\ L1 /“\
\w N
s D s D— ¢
N NPAR

3 %S AT ATX TUITAT ST g | &r arewiex fafer &1 s
FT TRl HE T ?

4 ITYH ¥ FA Y 7R 3t qrete? f&fer g aE Ave @i
g2

TTaR ATOA # 3t qredie [t § qrew e # woE (Power

factor calculation in the two -wattmeter of measur-
ing power)

fied st # e 9ot fF $@ qEaw P =P, + P, off %,
of T AOTEAT F 9T AT 3V &7 arediex fafer |

3t areHte? fafdr & gr areris & tan ¢ & ToET & ford g7 R
™ g
BR-P) _ WBw, - wy)

Py + Pg) (Wi + Wa)

tan ¢ =

s ¢ Y e & ford araw %aex ura R o awar € |

e 147 &r afRuy dgfor ate afkaw § wwer: 37 aredied
FAM:4.5 KW a1 3 KW a6 919+ & ford sie T & qfRuy
# qraT e IT & |

8d ¢
BP - P
tano= (P, + P;)
P,= 4.5 KW
P,= 3 KW

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

SIc 15 W3
tan ¢ = 75 &

;
2
;
;
= 0.3464

¢ =tan—'0.3464 = 19°%'

g ke Cos 19%6' = 0.95

IqEIW 2: Hford A B 9oy § R "w F fow et
FreHted FAHI:4.5 KW X3 KW ST T3 & 36 a8 dTediex
# qrais & ford ateest FamEe #t ggd f{ar AT & aRoy #
qTaY HFey aTd #X |

gt
BP - P
tane= " P,)
345 - (-3))
45 + (-3)

J3(45 + 3)
45 — 3)

= ﬁj? = J3x5

1.732 « & = B.66.

¢ =tan—"8.66 = 83°.27"
s 9TaY ¥ (Cos 83°27') = 0.114.

IeTERwr 3: Hferd ate ot et TfRoe # 9raw wow & for &t
aredfiey FAM:600W T 300W = §U 2|

Fo ITEAY TAT ITEY HFET &1 TUAT FX |
g

FA T =P =P +P,

P,= 600W.
P,= 300W.

P.= 600 + 300 = 900
t SR - Py} WJ3(600 - 300) 3« 300
an = - - = =

¢ P, + Py) 600 + 300 900
Ry
I fA

o0 =tan-"0.5774 = 30°
qre¥ %< = Cos 30°= 0.866.

IV 4: o % Agfera are TRTy # 9Ew A & o @
arefier 25KW @ 5KW 2 gT &

gfthe & qE¥ %FeY WG & J9 (i) W qTAF Gt
(i) & TR FTIA F FAR B JoaT FIA I JTHIET FHT
qTIATE T FY
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gl
a P=25KW
P,= 5 KW
f3(P - Py) _+3(25 - 5)
tan ¢ = =
P, + P;) 25+5
_f3x20 B x2_2 _ s
30 3 A
0 =tan—"1.1547 = 49°6'
9T %X (Coso) = Cos 49°6' = 0.6547

b P,=25KW

P,= -5 KW

_A3(P - Pa) _4f3(25 - (-5)

tan P, + P,)  25+(-5)
_f3(25+5) _ 43 x 30
75-5 20
_ 333 5 eas0
o =tan—'2.5980=68°57"
T e = Cos 68°57' = 0.3592
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