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gfe-1
HIYATN gaYd d<d

(Fundamentals of Measurement)

fawg fwI=dt (Course Outcome): AU SuebRUTHE (FORIT $¥gH-H) HIGHTAT (HoRHC)
TAYd ddial SUANT 1.

(Apply the basics of measurement to the measuring instruments.)

3Rt affae wu Fad Rremor Irrh fAs=f (TLOs) 3T fawa fAreu=dt cos:
(Learning content mapped with Theory Learning Outcomes (TLO's) and CO's):

1.1 HORIT Wﬁ?%[ (measuring instrument) R (static) 3foT TfaHe (dynamic) {[UT?Ff
(characteristics) tlﬁlm%lﬁ DR,

1.2 HORNT Eﬁ?ﬂ‘iﬂﬁ (measuring instrument) aﬁ%[ UhR (types of errors) 30T i ‘-Wl?ﬂ_st

NESGRINIA

1.3 ToRITT Sxefved TITHRUT (classification) foaT.

1.4 TR Refendia fafay uwmR=ar efdd (torques) TIBIHRUT 2.

1.5 ﬁm Eitfﬁl??ﬂ CAREEIREI R (procedure for calibration) o &,

1.6 PMMC 31T PMMI Hie=l! T=mT (construction) WW(Working) guiq .

1.7 ﬁ%_cﬁﬂ DC/AC 3iex (ammeter) &WW (voltmeter) Juf} arear (Extend the range).
1.8 WA (resistance) fafay TR Tﬂm (Classify) X

ui=g (Introduction):

griciihana (scientifically) 30T ddidd (precisely) AoRAcHre! fafay gwmor (quantities) \’rﬂ%ﬂ %
gﬁ'c’ fafaey ARl EE'JEITC' (measuring instruments) 3{TfOT = HHd TR (basic requirements)
WY .

1.1 ASRAC (Measurement): T, TRl 3rfor Hgxd (Definition, Need &
Significance):

1.1.1 ASRH ! ARSI (Definition of Measurement):

1) AoRHC (measurement) KRG GNﬂ Elﬁv_EIT (process) 3Tg TR TWrel A fhfoied
R (physical parameters) G{QflIUf & ®UARd (convert) ®& Thd. HoRHAC
(measurement) @ dRid® ST a¥q 3T e fOhforera Bicict (physical quantity) fyequr
NUKCIE] SSEL 0! (comparision) ébf fopar (process) 3-ﬂ%’

2) EE'JER?EIT SfomRT (engineering) IEEIERE (design) Td Traiaen (branch) aH uqy
P 3MTed, m 3@*_6 30T UfhdT (Process), Tie AT TR (operation) 30T S@HTH, Bf
Wﬁﬂﬁ@?ﬂﬁ(measurement) HTARI D 311%?‘[

ﬁTrlTal??ClT (measurement) Th BRI ST JHTUTET (Unknown quantity) gl CRINIFG)
dILNQ'1Q'1 a%cJ-Ifc (mstrument ﬁﬁT HIH® (standard) UHTOT ASToar QI (Measuring instrument)
U+ \3‘IIOO{S1Q'I \J1I('I

1.1.2 AoRATH! TR (Need of Measurement):
ASRHAC (measurement) %’ a?@_rl 31?:%[@, PIC| (Power), dterdr (Intensity), gfdeR
(Resistance) 30T B (Voltage) HISTUITTST §FEAT (instrument) AT FRIA (Machine) 30T

Maharashtra State Board of Technical Education 1
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SEIARIAT (Installation) I TR GBT (Confirm) #xUI aad ARy faggd Sei da=
(Electric Energy Service) IIRT afRrse) (characteristics) 3NSTU! YRT B,

1.1.3 AcRHcH Hexd (Significance of Measurement):

'&'@W rot (Charge of Electron) fdsar U= 9 (Speed of Light) TGRS HAaYd
(Fundamental) W’IUT?FIT%[ (Physical Properties) Ry HRuamrdt sfor sﬁmﬁ\_ﬂ'ﬁlﬁ?ﬂf
(electrical measurements) gﬁfﬂaﬂ (units) m@ﬂ‘iﬁ $I_5°[ UHIUTHED (In Some Experiments)
PHHUNAR  3gHadg, sdlacd di<icd (Electric Quantities) 3od-JIFAT  (High-Precision)
TANTRIS dId fﬁl@?ﬂ (measurements) TANTHEY aTaRd ST,

1.2 9199 IUHRUNY fRR 3for wfawr akmed (Static and Dynamic Characteristics
of Measuring Instruments):

gg el e afrse urgenr & Juifaed vl Sdra:
(1) Wfew afdrey (Static Characteristics)
(2) SIS R (Dyanamic Characterisitcs)

1.2.1 ¥ AR (Static Character|5|tcs)

ST@?I'C’ (instrument) wtri’\f“—rrfﬁﬁ (defined) daiedT BN (criteria) Hdldl (set) AR el ST,
wadl GIRR JBTIR TBED qqmune THTT BoRU<HIT (measurement) fdhal dgdd TIC (static),
#GUI\:I dobj{-llﬁ ®|G01c1 :I'IngT qTdl TP %&r&zﬁ (Static Character|5|tcs) L YUGIGH

Tfeh WHIH (Static Performance) quiq HRUGTITST 3 SRS (defination) ATUR YT SITdTd.

1) 3P dl (Accuracy):
[ (measurement) Bl ogl U (Variables) T HeATAT (true values) gfaare

SR yromefidt &,
2) '\‘Iﬁﬂ*ﬁlﬂ?ﬁﬂ (Sensitivity):
3T3TYT (output) AL G IO FAYT (input) TTe SEard TUIRR (ratio).
3) fﬂﬁITrF-[ (Precision):
g (measurement) W@?ﬁ%{ (repeatability) U HIY 38,
4) Rurefeefaferdt (Reproductibility):
gﬂ?'lfﬁ‘ﬁ (repeated) HoedT AoRHeAl (measurement) J=drd ﬁ\_ﬂm Gﬂ%‘
5) f¥we (Drift):

g 3fdd BIaEdid 33CYC (output) STYC (input) JeHTd 3{difesd d&d (undesirable
change) 38,

6) ﬁ?zﬁ?q:ﬂ_"f(Resolution):
$IYC (input) fhal 3M8CYC (output) R HHIAHH! dleld Jod o feREIgR Mudd
(detected) VI3

7) 3T Eﬁq (Dead Zone)
% ASRHACEAA (under measurement) URHATUT HHTA Hed (maximum value) \31’@»r STt
ET\‘E'EIE (instrument) gfaare (Response) od :|1€)f

8) W(Error)
%E’%ﬁ_&’%ﬂ(mdlcated value) &ITﬁ[E'%R}L(true value) AT dIoHTog (deviation)
T (difference) &I'I%'
TR (Error)= g%ﬁ_s'%ﬂ(lndicated Value) - E%Q(True Value)

Maharashtra State Board of Technical Education 2
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1.2.2 SHAHTH® AR (Dyanamic Characterisitcs):

'&"R‘EﬁEﬂTB‘T (instrument) TRYTRT dHoiedl FHYET T (set), S ISTAR AUS daad (rapidly
change) WWWW (Dyanamic Characterisitcs) ¥ UIdId.

SHTH® (dynamic performance) JUI PO 3h R (definations) AUl
KIGIGH

1) SIS YR (Dynamic Error):
5 JHR FGUIAT YHIUTAT € % g, (true value) diid TR (difference) T8 0T UG

HoredT '&":\‘Eﬁ?@'ﬁ effaed vaule W WX (static error) R (zero) 31T%
2) ffﬁ'%ﬁﬁﬁ (Fidelity):
$YE (input) THTUR 3T3CYCH (output) GG (reproduce) HRUTTH! g1 RIRCHT &dl

(system ability)

3) Jsfdgy (Bandwidth):
) Q'UI'IFﬁ?ﬂ JRaRar it (range of frequency), Tl faet fasita Sdgsiterar
(dynamic sesitivity) HHIUTIHR D (satisfactory) &ﬂ%

4) wits sifw e (Speed of Responce):
g1 Wifas Riferan ufaare (response of physical system) 3{Tg STl UfddIE quare &l
aRfad.

5) CIgH BT (Time Constant):
%’ CI%FT[ 3R Rew=ar (first order system) FaTRI Tt &ﬂ% 3o Reqan (system)
= sffad 3{13cYc ¥ (final output signal amplitude) 0.632 U<
WNTUIRT A5 (time taken) U GRHTYA (defined) dl S,

1.3 HISHNA 2’&% UHR ST ‘J-R'CIT'sC (Types of errors in measurement and

compensation):
o WX (Error):
® Sfedhcs ®Y (indicated value) 30T T Heg, (true value) TTAT SOOI (deviation) WRe
(difference) &I'I%
WX (Error) = 3'%%_5’ %F\’{L(Indlcated Value) - € O_E>'F\’1(True Value)
WW (Types of Error) &I'I%Ff
1) WQW (Groass Error)
2) Rifeedfcd &R (Systematic Error)
i) Wﬂ?ﬁ WX (Instrumental Error)
i) Qﬁﬂﬂ?ﬂw (Environmental Error)
iii) 3R TR (Observational Error)

3) @FQW (Random Error)

1.3.1 ‘JI'VMQW (Gross Error):
1) QAT Gl JuiiHed g (reading), YBIST (recording) 30T 9 HRAMT (taking reading) Id
A FRCH (human mistakes) THIAY 3Mgd. TRl TUMT HIAMT BT (mistakes) G AT
JIIRIT .

dQISQUIIJ $%CHCr£-II (instrument) Hexaed AfST (meter reading) UdMT df 28 I 38 3™ dar
read) Y. A1 IF YHRE TR (error) IT FARIT AaTd,

3) &I A1 IUTT AU UHUT T (avoid mistakes) TTesdl Adrd. 30T o Wret! feifgd simea:

Maharashtra State Board of Technical Education 3
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i) el (data) dIHdIAT (reading), IPlS (recording) XdI-l g HIBoit (proper care) el
CIT%T;T aﬂ?ﬁ (error) 1TUI:ITa“@ﬂFT &w (accurately) Wqﬂ%@r
(experiments) =T dledqd YUl g WX (gross error) HH BH= b,
PG crzﬂwﬁ AT fSigaR (different points) 4TTdTeS ST (reading) BefedTd, TRIRRT STRd
dld- (average of more reading) H¥ GHUUTWQW (gross error) HH H& .

1.3.2 Rifedfes U (Systematic Error):

T YHRAT TR (Error) THT YUARITS!, A0 RiReHfesd TR o avi{dhR0r WIeayHTol 6T
(i) Wﬁ?ﬂ TR (Instrumental Error)
(i) Q%@E?I WX (Environmental Error)

(iii) 3TBREGYAA TR (Observational Error)

(i) Eﬁﬁm U (Instrumental Error):

1) a1 QW (error) W AT (Construction), AR Wﬂ?ﬁ (Measuring instruments) CANERE]
(calibration) QIJ;LoO S RehdId.
2) T YHRAT TR UNUIHSS (friction) Swad, [bdTd dhdT fge RaHes (hysteresis) S Tl
3) T YhRAT YR Hed (error) ST 3'eb_<:|1':' (loading effect) 3fOT IUBROIET TRATIR (misuse of
instrument) LG wﬁg 3‘”%

4) SRHHHI (measurement) W TR (gross error) HH! HRUUMIST SIEHE HIBoigddh Il
$i%|a€ (calibrate) STl {TTRTD 3Tg.

(i) Wﬁm W (Enwronmental Error)

EITEIEFR?ﬂQW (error) ‘swtcl-ICTLII kd~HC-101 qﬁ'@-l?ﬂ'ﬂ@? (external condition) I,

Q?ﬁ%:f?[ (external) @l?ﬂ%:[‘éa dIYHA (tempareture), ald (pressure), Gﬂa_cﬂ (humadity) Iy
&mﬁm T URICHd Gad1d & (external magnetic field) THIAY 3R Xdhd
3) T@HEA TR (environmental error) HH HRUGNIS! WAd XU (step) A R0l 3aRgHh

a) PRl IR §gT YONTRIST AIYHM (temperature) SMTOT TS (humadity) RR
(constant) SaugTE Ud B,
S@E’ﬂ-ha'cﬂ (instrument) W kd{-lc-lm gddvlq (external magnetic) fdar
3@3@% &%T (electrostatic field) TTITd AT W .

(i) Gﬂ@'@?ﬂﬁ U (Observational Error):

1) I Y RAT TR (error) JHIAT RGBS (wrong observation) 3HTed 8 AAdETd Sfedhc
(mdlcate) gId. W \’rﬂ@R@W (Wrong observatlons) EITI?IHFI’E@’ (parallex) Hﬁw

2) WG WX (parallex error) HH BV AR %ohcﬂ-ls (mirror scale) 3dd 3P (highly
accurate) Hiex 3awg® &I'I%Ff

1.3.3 0 WX (Random Error):
1) I=H UW (Random error) B TR 378 St T WX (gross error) 3for Riferfes TR (systematic
error) AIGAT THTUT SR 8.

2) A1 TR (errror) 3R HRUMES (unkown reasos) 3Ted Sdid YR B3 Wehd A1 RN TR
(error) U dgl+ SH%H 3707 HHT TIOTCY fawaor (mathematical analysis) SXdId.

1.4 AIYAR BT (Classification of Instruments):

Maharashtra State Board of Technical Education 4
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Wﬁ? (Instruments):
1) g‘i‘gﬂ\_ﬂ%(instrumenn ? 3 IUHRT 3R ST d URHATT fhdl Jed (value) Fuffta Hrugramdt

2) ffGRﬁ—c’%[ (measurement) YHTUT @@W (voltage), HIC (current), TiaR (power) 3TfOT ‘;f:l\—rﬁ

(energy) ERIE ﬂm .
3) WIYRUYO SREH (instrument) €I JutAed e (classification) Bl 31Te.

A
| I

r 3
YRS e

Absolute Instruments Secondary Instruments

Gﬂqv_cﬁ .1.4.1 AU ifp 0T (Classification of Instruments)
1.4.1 GI'IWFQ\? W’ﬁ? (Absolute Instruments):

1) &Ild{-llcq\c 5*«1HCH (absolute instruments) il Wfas (physical) fRdi=r sy aRomr
uﬂvnmﬂ\—ﬂﬂ

2) 8 W AR A, HRUN & vy ASRACHT (measurement) TRATUNA e (value) FGad.
TR ST ﬁuﬂﬁ'cw (measurement) TRHTUM fIRATOT R4 AR

3l TRl sﬂtcl-lc{-l (mstrument) TR =T (laboratory) ?:ITCIW'IBDIW &ﬂ%?[

Jalexul (Example) cole JIQ'OE;'-IIJ-HO{ (tangent galvonometer), Fie dag Hiex (current balance
meter)

1.4.2 Gt ET\‘EQE' (Secondary Instruments):

1) & $gHe 4T (direct) AW SO YHTUT 7o (value) Feffed @vd.

2) QM § AT (instrument) T ¥sS ey (standard secondary) ggHest ga
(comparision) HA aﬁ%@z (calibrate) FHal Srard ot 3 gi—l( 31I®N-I|c'tj\c (absolute)

?b_f%'iﬁ'd (callbrate) Gyl &I'I%'

3) qH S a%gl-lrccl (secondary instruments) IR (types) QTATAvHTOY &ﬂ%?[:

Maharashtra State Board of Technical Education 5
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Secondary Instruments
N 8 g "c-.)s
v
¢ ! s
ST | | ST JPHE

Integrating

Indicating Recording

Gﬂqv_cﬁ %.1.4.2 S S 3'\‘%'1?!?% YD (Types of Secondary Instruments)
(a) 3'%%7%‘1 Wﬁ? (Indicating Instruments)

1) %’ ET\‘E'Q_C’ (lnstruments) ?:TQFI (dial) 3for U'I%?Q?ﬂ (pointer) dIUX =< fl\_rlTaIE%[
(measurement value) 3. W 3%%21? (pointer indication) AoRHcd (measurement) tIﬁ'EITUT
(magnitude) ad.

2) % Udh ST\‘Eﬁ'C’ (instrument) &I'I% K ﬁ?ﬂﬁ THTOMI GRHATOT (magnitude of an electrical quantity)
gRidd ST d HOR (measure) S, IgUCS ST (graduated dial) fhRUTAT TEeR (moving
pointer) R & d (indication) T SITaTd.

JalerUl (Example): Jfrex (Ammeter), @R'ﬁﬁﬂ (Voltmeter) 3Tuft dedtex (Wattmeter).

(b) IBITST ?{:\‘fﬁf (Recording Instrument):

1) a1 UHRT ET\@'C' (instrument) ddd HioredT (measure) SITUTT THTOTE! citerdT (magnitude of
quantity) fafRry oraEadid Aiead.

2) Bl 3UCH (instrument) Fdd BRIfdd Hlaradid Uresedn Som=al faggd aRATTE (electrical
quantity) g qig (continuous record) Sqdrd.

3alexUl (Example): X- Y Ypiex (recorder), ECG YPIex (recorder).

(c) Eﬁ'a'cﬁ'ﬂ ET\‘EQE' (Integrating Instruments):
37\‘2'13['?:’ anstrument) ﬁﬁl’g CARICRIG (specific period of time) AR (measure) G RSILYIES

1EQUT YHTU (total amount) <d. 63[ ET\‘E'Q_C’ (instrument) afd® Hraadid EﬂTVT (electricity) fdar
Eﬁ@?ﬁ“[@ﬁfﬁ (electrical energy) @UT 3ATSHC (total amount) AR (measure) DdId.
JCTERT (Example): TS HIeR (Energy Meter).

1.4.3 Eﬁﬁ@'ﬁ%ﬁﬂﬁﬁ Eﬁﬁ?ﬁ'ﬂ Wﬁ? (Electromechanically Indicating
Insruments): ”

sﬁﬁﬁﬁﬁﬁ EWT[ ET\‘E'QE?EIT ATUGRS 3O (operation) Tqrél, o (three) 3TdRID
Tlh (Torque) S{I%T'T

(@) fSue e b (Deflecting Torque)

(b) ﬁﬁ«m Tl (Controlling Torque)

(c) sfai el (Damping Torque)

Maharashtra State Board of Technical Education 6



solfFede 0T saaciicle Ao 313334

Electrical and Electronics Measurement (EEM)

1.4.4 GF-IWITJT W’ﬂ? (Analog Instrument)
1) STANT 's’:\‘?frc’ (analog instrument) UTE'EQ?CIT (pointer) ¥a=UTd THTOIT GRHT0T (magnitude of
quantity)

3{‘\’13[ ‘s’:@%%r ﬁ%plT[ (reading) Tl Rrea EIT%@T PR THAGR (scale) Plo! fafRy YUl (certain
markmg) 3.

3) 3 Ye1 ¥quf GeriAehd Jedl (whole number values) Gfadid, SR} Teb fahdT G T Ryod
(one or two decimal places) <drd i (reading) ﬁlﬁo“\’lﬁ
4) T (decimal) FETON Beeret REMT (reading) “eHI YUTTH! SRISR 3RY, Wbl TE], HRYT BIE)
_YHA e (human error) ﬁ%’;ﬁ i (reading) HeD 3.

1.4.5 %ﬁlﬁﬁ'ﬁ? (Digital Instrument):

i) fsforea (digital) a\—rlﬂT[ Rﬂw (Measuring Instruments) fsfored weurdia gamm=t r@
(value) SRIGATd ot GBATHE SdTd, o Teet aTaraT ATl

i) ébf ET\‘Eﬂ'C’ (mstrument) CIELSIEIG] (reading) m Ujl;lﬁf&‘lvﬂ?ﬁ (prior training) ATdRYdl
H’I@W?f I THTHP W&UTd (directly in the numerical form) H\Fa (value)

iii) ?TQEEWT 3fY® R (one or more decimal places) femrft St (reading) 3 THard.
iv) 33[ ET\‘Eﬂ'C’ (instrument) dIFUYId (reading) W _gHA ey (human mistake) @H

THITS, o M W (accurate) T
1.4.6 SATATT 3MTFOT f3forea Ei‘g'ﬁﬁ%ﬂﬁ FHS (Comparison between Analog &

Digital instruments):

FA® | oo . TR seAC fSfored sgde
(Sr.No.) (Particular) (Analog Instruoment) (Digital Instruoment)
1 HTAR I ranT R veRid f&forea Rima ueiRia
(Working Principle) (Analog Signal Display) (Digital Signal Display)
2 3T (Accuracy) FHHT (Less) 3fIH (More)
3 SIeg=H (Resolution) | HHT (Less) 31D (More)
OiaR ol HTa=gehdl .
4 (Power required) 3P (more) JUEUNT (Negligible)
5 | @ (Cost) HH (Less) 3fIFH (More)
N N 3T Ucad Yol UIead el (Not Easily
6 (Portability) (Extreamly Protable) Portable)
Rteror 3t &t It -
! (Observational Error) (Considerable Error) Qﬁ (Absolutely Free)
GITHTAR Juehul, SHft 3IHICR 3T FlecHICR,
8 JaleXUl (Example) 3R Wﬁ[?@ﬁw UIC RO ATIHh TR
ISR, ST TTeA

1.4.7 3R fafay yort Wﬁ? (Other Different Types of Instruments):

1. Abfed ?F\‘@'ﬁ? (Mechanlcal Instrument):

d Tledh (static) " ORIt qu ﬁ’mesc (reliable) S{I%T‘[ RO (disadvantage) %’UI@[ d
SHTH® (dynamic) 3o &fftres (transient) AoRHc I (measurement) GRIE BRI R (rapid
respond) 3> X TG
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2. Eﬁﬁﬁﬁ'ﬂ? (Electrical Instrument):
GHGEQE (Detector output) GRS E’W Tgdl (Electrical method) AbHHA

g aruer (mechanical method) 3YH SeIg (fast) HdId. %@f@av_d fafen (electrical system)
HH: Uh Eﬁs’%ﬁﬂ 's’:\‘gﬁ?f (indicating instrument) U[d AhHHd (mechanical) Hiez=n
BICTaTdioR aae 3 &d

3. Eﬁﬂg\fﬁﬁﬁﬁ? (Electronic Instrument):

q1 '&"R‘Eﬁ'c’?ﬂ (mstrument) AR Sdg Ufadrg (very fast responce) Gﬂe GEHETUTT?f (Example)

Elgﬁh@'% AARD T (Cathod Ray Oscilloscope) SIS (dynamic) 3o &@WW transient
changes)WWH&‘mG{T% Wﬁﬁﬁﬁﬁﬂ(nano seconds) %H (107° m

1.5 fSwimfe, ﬁﬁﬁl’ﬂ 9 St <id (Deflecting, controlling and damping

torque):

AR QT\‘E'QE?CIT (Measuring instrument) JHIYTTDRED SRR (operation) ﬂ'l'cff iG] (three)
A T (torque) TITATHTI:

1.5.1 fSWASTET e (Deflecting Torque):

Deflecting
Torque / Force

3Tt 9.1.5.1 fSTABTET e (Deflecting Torque)

1) Siagl $&CJ:I'CQ1I (insrument) UG gI9C (input) YA (signal) 9ard dgT Ulger (ponter)
WTQ]EJ (zero) RMTAR (Position) 3.

2) UTSZEW (pointer) T R (zero) WIHIAR fswide (deflect) HIOYTA!, Tdh Tl (torque)
TS 3R Tdl fSTAB AT el (deflecting torque) &U[T ST
3) few® e o (deflecting torque) fmfor FRomt Rew (system) fEwrimfeT e (deflecting
system) ¥eU[d BT Sffd. FaaTyRoTy ferfadt Ry 3@'@% U (electrical signal)
ADHd clpred (mechanical torque) ESLIGIES] (convert) CRGH
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1.5.2 EIE.'H%FT aTh (Controlling Torque):

Pointer Spindle
L fex Swaaz
_ Balance Weight
Hair Springs ,, (i@
&% A |
~ @
— ST fasisy
£ Jewel Bearing
Tiate
Pivot

Gﬂqv_cﬁ .1.5.2 ﬁﬁm el (Controlling Torque)

1) tl\'I'EET (pointer) Qﬁ ?{Qﬂﬁﬁﬁ AoRHC (measurement) RR (Stable) HIOGTO! ') <l (Torque)
Hﬁ@%\%ﬂ% KRRENEARE] (deflecting) BXUMT Tl fovs (opposite) form (direction) GaK]
(work) i

2) % 42 H'Tc.ﬁﬁ‘m 43 (controlling Torque) ¥U[T fieEa S, § id (Torque) fmfor FRomt
fafen ﬁﬁfm fafeey (controlling system) ¥eU[d Sl .

3) @I@T Wﬁ??{ls\’ (insrument) AR (measure) Hdl SR Qﬂﬂéﬁﬁ Ra (external signal) Pleal
NIGIGH ?I@T Uigc (pointer) ][ (zero) fRdi®e TRd (return back) .

4) § JIGa! delfei Sl (controlling torque) 318 30T Tigex (pointer) fRIR Ted (steady value)
] @%W alh (deflecting torque) ﬁﬁfl"{ el (controlling torque) CRENE]
(equal)

1.5.3 SHUT el (Damping Torque):

1) ﬁl@ﬂ@ﬁ" daR @'UTI% (R NEAINSED (defecting torque) 3TfOT EI'T@'I%FT Tl (controlling torque)
sadt:l—ﬁléfvi:lorm I (electro-mechanical system) 3HdId.
2) a1 RIRRHA (system) R TIR AT TS (inertia), UIEeR (pointer) =T 3ifqw RR
fRUdteEd fCR (final steady state) @WTCETSVTIWT (damping) @l
3) AoRHE (measurement) YUOTTS! SR 965 AT,
4) Bl Tl (Torque) ITTaTeT Rifen (system) TR TIR &l Srdl.
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(i) T3 fpope= SaftT (Air Friction Damping):

Scale

ﬁm— Piston
% Cylinder

Gﬂﬁﬁ $r.1.5.3 W3¥ rpwr= SHftT (Air Friction Damping)
a) e (piston) FHAfGeT (connecting) ﬁ@@ﬁ sash (spindle) Ab e (mechanically)
EISSEIRERGI

Spindle

b) UlgeR (pointer) UHI Hidscs SHAGR (calibrated dial) ST (spindle) TAIGR
(movement) R (steady) 3.

) @IET tﬁ%ET (pointer) CNIEY ?ﬂgﬁf (clock wise) foRm (direction) fieear ?I%T e (piston) 3Td
ST 3T ReieR (cylinder) ﬂ?ﬁlﬂ (compressed) @?f

d) B (air) fOre=Tem o= fe=I- ghard Si1for urgeR 3¢} gl aTsol (anticlock wise) fGRA TR,
e) SR UlEeR (pointer) it Tl A (anticlock wise) fGRIM (direction) fhd 3@ R fUe [+
STsa 3o Ridewaeha gar <« (pressure) HHT I

f) Qaﬂéﬁ%’[ (external) qId (presure) EE:T?I (intenal) STSTU&T ST (more) 3, FEIH@? U @ren
Eﬂ?ﬁ. UT'SZET EIFIVWEIEETFI (clock wise) o,

(i) RISS PR SAfNAT (Fluid Friction Damping):

Spindle‘%fgf—{-x
RV =TT Rotation

%
/
. . /
Damping Oll%-
: /
235 g e Vane or Disc
UE a = AYS
3(‘;‘4.‘{;“’- T =) e par
/ = feas
Z Zleqi5 Pot

3THdl 6.1.5.4 TsS B SHIUT (Fluid Friction Damping)
a) SHT (damping) TTAT AT Tgdl (method) mﬁ H:%E)'T[ fafew (Moving system) =T IR ER]|
(spindle) Teh 8! {8 (light disc) SIS ST SATIOT ThT HISATT (Pot) SHIUT Ts@HL (damping
gefael .

oil)
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%%%WT G l] (motion of disc) ﬁ%'ﬁﬁ fSpaia ThapaH (friction) EVTIef foRiy (oppose) Bl
<) uﬁs—s = ST (fluid friction damping) $d% @i d TINSIRI (vertical position) ATIRedl
SO §REHCHE (instrument) ATORT ST, b

(iii) TSI HIe SR (Eddy Current Damping):

23 Scale
_ % Permanent
Pointer

; Magnet
r_déa—{_ l s ©) R

3‘!’@?3?&?3 3
s o Qe
Aluminium Disc W ol swere

Damping Magnet
Glﬁ’_cﬁ %.1.5.5 TSI Hc ST (Eddy Current Damping)

a) &lag&rﬁ?m (aluminium) aﬂaﬂw (Circular) few (disc) fsaaR (spindle) fAf3g et S, g

%\}m@% ﬂa?b"le[ (magnets) IR Haed W S (magnetic filed) foya ol Saadr

b) @I@T fewm (disc) W R (magnetic field) 3died ?I%T d gﬁiﬂT W (damping magnet)
gaaﬁa Udlg (Magnetic Lines) CALK] (cuts). ISl af (faradays law) U0 gRuASH

%Wq?ﬁ emfﬁfﬁﬁéﬁ

¢) feTmHed TS BT (eddy current) RITAT Ha ST HRUT AT 3F dg AT 3R, A=z @

(lenz's law) JUR, C (current) digd AT foXm RSBt Farn (oscillating force) favg

oM e 5 fAufor Fa.

d) MATPRIGRI GFBT (magnets) TOI®HRA §ad (projection change) T SIRIT €id (damping

Torque) WW

1.6 BITSTI: STAGhdl, Hexd d IHTT ufeear (Calibration: Need, significance and

general procedure):

1.6.1 BT (Calibration):
1) CANEEG] (calibration) % ET\‘E'QE%T (instrument) 3 AoRHAC (unknown measurement) 3T
TS HoRAC (standard measurement) aefia dcIHT (comparision) S{I%
2) e Wﬁ?ﬂ%ﬁ SThdl dUedT Sld 3o ASRIT Wﬂ?ﬂ (measuring instrument)
SFHAAT (accuracy) G U, T, 3:1 T SHAT THIV Tgad WS ARSI (standard
organisation) HI-J
3) AR BT\‘E'EIE (measurlng instrument) CANERIEE (calibration) aﬁrﬂ%@ (objectives) S{I%?l

i) %Wﬁ?iﬁ (instruments) 3 dT (accuracy) qPH B
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i) %ﬁ\_:l?ﬂ??ﬁ(measurement) TN (traceability) ﬁf?ﬁﬁ’ﬁﬁﬁ
4) HdgRId (in actual practice), CANERGE) (calibration) TSH%T S %@Bﬂ?ﬁ W device
repair) a@ﬁ?ﬁ%@?ﬂﬂﬂiﬁl (calibration) GTIT%EF 3.
5) BIASRE (calibration) TRTGR (expert) Udh 3MEAld WGH oal Wdl, Sl HoRAcHAA
(measurement) X (error) PieTer=ar 3meht (calibration before) 3foT HeR (after) <effaan.

1.6.2 PITSRA! MTARIDT (Need of Calibration):

1) § QAT ERT ST (Normal wear & tear) SIS Bid. AU, SHAHE (accuracy) 9ad
W B Y.

2) Td AR W‘ﬁ??ﬁ (Measurlng Instruments) 3{Jhdl (Accuracy) PHIATARE HH Eﬁﬁ STd.
sﬁW fdoar %ﬁw b (Electrical or Mechanical shock) fhdl ehdeed Iared

TR (3. 372 (oil), Heet I (metal chips ).
3) I (instrument) THR HTIOT ST TATARUMA ATORG SITd 3178 TR adqd e,

4) ?\ﬁﬁ@mﬂﬂ% (calibration) Ws@ﬁ (Measuring Instruments) 3 d (Accuracy) ﬁfﬂ?ﬁ.

1.6.3 Scra=r==it ufssar (Procedure of Calibration):
DHITSITAT G BYS (Methods) 3HTRd.

1) STRGT HURTT AYS (Direct Comparison Method)
2) s'SILI\Qdc HURTT AYUS (Indirect Comparison Method)

1) ST HURTT AYS (Direct Comparison Method):

Meter Generator
[Test Instrument] [Standard Instrument]

i R
e gg] (K| [ age]

GiTq’_cﬁ?'F.LGJ SRINGE HUNHET HYS (Direct Comparison Method)

i) T dIUR \rl'-ITQCQ (generator), ISR (transducer), Hiex dfetsie (meter calibrate) HUGTTS!
d’>Q’1I vl -QIGD(‘II

ST Hiex dicisie _(meter_calibrate) P Ofd, degl SHRexdl TR T3S s«uc (standard
Instruments) UL d’>Q'1I \SIICH HIC'{dI dqlux éEIﬁa (Test Meter) UL ObQ'H \7||C||

i) €8S (standard) HEOURIA Hexd fdae (deviation) Wi HmAR wafdeht gam
(comparision) HAl STd. SR %‘ ICENG (deviation) ﬂ'q'f'c'(T Ndisd T Hiex ﬂ%ﬂ'&'ﬁ?ﬁw (allowable
performance limit) Eﬂ%? &l‘l%

Maharashtra State Board of Technical Education 12



Electrical and Electronics Measurement (EEM) Solfdcahdl 30T Solaciiae AoAwe 313334

2) WNW HURTT AYS (Indirect Comparison Method):
Meter

[Test Instrument]

o we]

— Gz BT ek

le-  Generator Or Source

WER
(%5 $33F ]
| Meter

[Standard Instrument]
&Hﬁﬁi 1.6.2 3%1’@32’ HURTT AYS (Indirect Comparison Method)

i) WWW AYsS (indirect comparision method) did HHTA UhRI dd-T (similar type

of comparision) JHIAY 318,
ii) SR HIeR T UGdH HIAscT (calibrate) Hal 3R{d, TR od $YE (input) R AR bl 5.

1.6.4 AR 3@1{? C G ANERIEE] Gﬁ? (Purpose of Calibration of Measuring

Instruments):
1) CANERIEE) d%-‘%l (purpose of calibration) JqreAr AT (instrument reading) W (consistent)
ST @ (ensure) W%T G-I'I%'
Z)Wﬂﬁ(mstruments &W(Accuracy)ﬁ'@ﬁmm%a@ﬁw |mportant) &ﬂ%
3) ﬁ\_rm"'[ Sﬁﬂﬁ (measuring instrument) Ell SJhdl (accuracy) 3T S dl W (Accurate
value) ST SHRARIT HRUATTS HRINT (calibration) AT TR,

ET\‘E'J?I'C’ CARERE] (instrument calibration) %’ ET\‘EﬂE?EIT Afgmedia (instruments reading) aﬁ
(Error) Qmmwm (mlnlmrze) aﬁ\_rﬂ?f

5) AMIUNHAR (after test) HITHRFHIS! (calibration) IRCHE UIGAl ARG U Hadl Sl
(data) ﬁ’lﬂﬂ]’é (reliable) HT@[W (correct) 38 &I :|1€3f (not corrected) B 33JUTRY Hed Bid. SR
37\‘2'3[?:’ CRIEEACIRIG RIS (ideal) 3ad |, Wﬁﬁ IR dead (instrument condition
change) 37 UHR HieTe=H (calibration) 3{TdRIh 3-IT%
6) U e TR 1f0T JRI&AUD (safely) BT D= Uhd Tl WE HRUAS! desldes]
CANE (calrbrate) P! AR 311%’

1.7 WHC Wi i Higa (fongad.,) for wewse die g smae (pMm)

ez & w1 3nfor sHE™=

(Construction and working prmaple of Permanent magnet moving coil (PMMC)
and Permanent magnet moving iron (41.TH.TH.3M14.) meter):

1.7.1 WRH"C T 11%'” 3773?[ (tﬂE'F[QT[#T) Ei‘gﬁﬁ (Permanent magnet moving coil
(PMMC) Instruments):
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N THTHI. 78 BT (Coll) gaﬁtr &I (Magnetic Field) fthrd SRIaTT, digeredn_sieftem
ool PleRaR T BIgeIaR 3MTe fdhal BlsereaTd HidheHs TS He (Eddy Current) ¥ gldl A
Disae glerarian faR1Y (Opposition) B! SATges Gleexdl (Pointer) AT HH!T Bl SO HaR QU
HH! HRPHIRFE (Oscillations) Teh RTH (Rest Quickly) Hal.

1) tﬁQ'FIQTI@r W‘ﬁ?ﬁﬁm (PMMC Instrument Construction):

i fTPT (Alnico) TR HAfed YU (Magnetic Alloys) ST U HTHRTAT TH+T
HUCTAT (Permanent Magnet) TIGTAT (Poles) &XRIM Al  SfgAfAgm=
(Aluminium) FISTAER Ude aRR FHisd S¥ad! .

i)  PIsA (Coil) IAWSA FSNITAR (Jeweled Bearing) fhRadlt STd AT =1 UHR Hisd

fOhRUg At 3.
i) SOMID B (Electric Current) TR fBFFER (Spiral Spring) Pisaa fad S o G
TG-S,
freglc 7 Sigor fasRer
IT=°FI1  Pivot & Jewel Bearings
Fafeer 4 Betxkes
Balancing |
Weight q_ T
arerey cale
Mirror Thol
Permanent Magnets
Coil and Former qHeC HadlcH

FiedT T Biax [
&Hﬁ $.1.7.1 tﬂ.@.@.ﬁ. '&'F\‘ﬁﬁz_tﬂ IIAT (PMMC Instrument Construction)

iv) T PISANE SAfacd B ], ST HORHC (Measurement) TR 3, < TH+e
Hoeq (Permanent Magnet) ﬁnfwéﬁw Wtﬁc_s’ (Strong Magnetic Field)
o 311foT fRfs e diger shead @rm?r@r OoR dhad eI (Value)

Pivot & Jewel Bearings

1) ﬁ@@ﬁ W’ﬁﬁ@'ﬂf (Workmg Principle of PMMC):

i) ST Wﬁiﬁ sﬁ% FIC (Electric Current) aTgdl da&l d Th HUfCH B
(Magnetic Field) ﬁ'l:ﬁ'UT P o SHTeT=AT (Ammeter) CIEGIG] 3@% HICAHT JHIUMd
(Proportional to the current) 3. fewsidn efdh (Deflecting Torque) W%ﬂﬁ
3@3@% UdRIH (electromagnetic action) 30T HAfeh BIGgR (magnetic field)
TR BT T, @@Eﬁ#ﬂﬁm(%lanced)@ﬂﬁa@mwwm@ﬁ
CACIB NG| (angular deflection) % W Wﬂfﬁw (against a fixed
reference) ATSTAl SITUIR Falfaed dHeed HHTUN GRiad, SITQT Whd (scale) TEUI.
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ii) SR UHHe 1o B (permanent magnet field) THIHTT (uniform) 3for BT Wy
(spring Iinear 31@?‘[ ax W LB (pomter deflection) a@ﬁ m (linear)
3. el (Controlling Torque) &M HRWRY HIW T DA (two

phosphorous bronze flat c0iled) Foa gied BRGR (helical springs) Yald
(provide) ﬁ\?ﬂa %%ﬂﬂ cblsc'i hedexdl (coil conductors) NEIEED (flexible) HARA

U hTH HdId.
i) eri?g&iﬁw Pigaq TSI BC (Eddy Current) U Hedrda ST (Damping) BId o
Wmmﬂm (prevents the oscillation of the coil).

2) tﬁ.E’H.E’H.@. Wﬁﬁ SUIRT (Applications / Uses of PMMC():
TH.TH.3M. 3 fafdy SuahT aired.
§ 3R ATRA SIS Xehdl: SR, BlecHIe, 3IgH Hiey, TegHHICR.

3) TﬁQ’HQ’H?ﬂ Wﬁﬁ tb'l'q% (Advantages of PMMC():

i) ﬁ.@.@iﬂ. AT Gﬁf (Power) qIORG STfOT tﬂ.@.@.“vﬁ 3dd (Accurate) ?rﬂ%

i) ITd THIHH ﬁiiii%i?i W (uniformly divided scale) 3{Tg 3107 @1 270 3fRAT (Degree) AU
(Arc) g = R[chdl,

iii) F AT, 38 I (high) T (torque) d aoT (weight) TONTR (ratio) 38,
%’ I AT (resistance) Ammeter fdhdl Voltmeter U {[ﬂﬂﬁ W13 e,

v) gid Frdem ST (efficient damping) e 3R SnfYr ifdfa Tifes wicegar (stray
magnetic field) qfomd gid ATel.

%@W (Hysteresis) ?ﬁma_ep[ JH I (Loss) @H :ﬂﬁ

4) . UH.TH. qt. Wﬁﬁ e (Disadvantages of PMMC):

) RTATEH. TCHT (PMMC Instrument) ad S1a. . RAGATR (Supply) IR SIS Wehd
Wsﬁmwmﬁ (reversal of current) BISAAR il Ioel URUMH Bidl,

ii) QU Ao 3MTg 0T defiam et AFeHRYE (rectifier) TH i (AC circuit) ATURA.
i) TRHe Tde Ffc e sgHe (0 UH.TH 31 Ged d R (costly) 3TG.
iv) %ﬁ? e d e (magnetism of permanent magnet) ¥ gﬂw d TR (error) ?Iﬁq

1.7.2 WA\ HIT 1{%‘1 3T Wﬁw (fﬂQT[QT[GI'IT[) (Permanent Magnet
Movmg Iron (PMMI) Instruments): ”
< (Current) fdoar @éﬁﬁﬂ (Voltage) Ydlg AoRHcIa! <1 Wﬁ?ﬂ@f (Instrument) Iﬂ%ﬂ 3T
(Movmg Iron) qRA o d 1{%7'[ ST Wﬁf (Moving Iron~ Instrument) UL 3@ S,
ARG St ST (Iron Place near the | magnet) RICRRCIEIL] @?ftﬂ dwdldR (Principle) d
ST HIA. SMHYUMT el (Force of Attraction) HiUfc®H Wics<l (Magnetic Field) grafay
(Strength) \%HFI_@H 3d. Hilfed wies m (electromagnet) uRd (Induce) gid St
dldhq (Strength) %WW (Magnitude of Current) 313?17{*[ 3.

1) 1{%’” 3 Wﬁ?ﬁ IIAT (Construction of PMMI): Iite 3 wie fdhar o=
(Soft Iron Plate or Vane) %’ ET\‘E'Q?%[ 11%1'[ (ﬂ%‘lﬁ?{ (moving element) ¥U[H JIUR ST, 9
Wm%ﬁﬁmwstationaw coil) Hife®d @WWW
Heder RR Pigdd a9ddl 3101 T Fleedl (Voltage) fdbar gaifded e (Current) I1fSa
Eﬁﬁ S URATY ASRACHTS! TuRd SITd, Hj%"'[ G{FCFf ET\‘EﬂT:’ (moving iron instrument)
s—éiaanaz (electromagnet) WU[d R W (stationary coil) IR 3@3@2114‘3[?
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2)

3)

i)

(electromagnet) &1 dIcRdl e (temporary magnet) 3T AT Hifed Wicsd! e
(magnetic field strength) ATAYA SITd AT Saifded PLcal digd (Magnitude) dTad
fdsar HY Eﬁ?f (increases or decreases).

'Hj%‘T Mg W’ﬂﬁ Pd (Working Principle of PMMI): & 3+ gcHc
(moving iron mstruments) PR (Copper) fdoar Wﬁm (Aluminum) W@RW
(stationary coil) dTuRdId St 's’?faaﬂﬁ? (electromagnet) U HTH Hdld @ET gﬁﬁaﬁ
HRC G Sdl. JAacHACgR IRa THR® wicedr dIhe (magnetic field strength) B
MY 0T Faifded Hc 4T JHIuNd T (Proportional) 3. HIgAHYT STUM=AT 3T
@W (Plates) fdoar amg% (Vanes) R d°I$Q1tl gedc (Inductance) ared Egac gl
Hededl (Inductor) ‘IUT‘&If[ (Property) 3 dr GQTB% IS E’W P (varying
current) Wiﬁﬁﬁa@mmﬁ%w (Electromotive Force) ‘s’aaejnﬁf
&rrq?faﬂw BT B, 3 PIEamYT STURT AT Read o1 (minimum reluctance
path) SUTUTYTT Udd Bl (N('MtH (reIuctance ) &l WT ‘;I'UTilﬁ (Property of Magnet)
3Te Sl Safaedh decedl Ydeldl faR1Y dHRdl). 99 DIsadyd Sid SRdHl

QUW uﬁma«‘-ﬂm (force of repulsion) 3qHd Il UfaH YT R (force of repuIS|on)
HIsd sedc-gdl didhg (Strength) dTedd. 3 ¥S8d ®HRUI 8¢ (inductance) 30T
ReFH (reluctances) TdhHeh ieaT S4¥d FHIUNC (inversely proportional) 3HdId.

1{%’” 3T SUBRUNY GBI (Classification of the Moving Iron Instruments):
3THYT (Attraction) 3T Qﬁ??ﬁfUT (Repulsion) % '11[%""[ 3T Wﬂ?ﬁ (Movin Iron
Instrument) UhR &Ilsd RIE) TURNAAR PH0T (Detailed Explanatlon) @t gRifad Grﬂ%

3GTRI (Attraction) TTSU FgHCH:

o7 ET\‘E'ﬁETI?ff (Instrument) 3 @W (Iron Plate) ®HDAd 833@7[ (Weaker Field) HSIdd
8BS (Stonger Field) 3BT (Attract) B0 37201 UhRed] SIgHeel MHYUN YbR FREHE

(Attraction Type Instrument) ¥U[1 ST ST,

1)

>

GE'EF{F-[ CIER Wﬂﬁ XTI (Construction of Attraction type instrument):

Awrr damping

Cﬁé"ﬁ' ; chamber
Pointer T3 &9 ?]RI

Coil -
winding

Balance

&Hq"ﬁﬁ $.1.7.2 G-IEVWFT CER W’ﬁ?% XTI (Construction of Attraction type instrument)
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NICNE dsu gcHcd! fRR FHIsd JUIE (Flat) 3R AT ATAT 315G 3NUFRT (Narrow Openinig)
&m?r Hj%"[ (Moving Element) 3%'01@[ 3 HRA Wie S (Flat Disc of Iron Core). R
(Stationary) BIgAHYT SAfGcd BHRC (Current) HACH WHITS (Magnetic Field) TIR HRdl o 3
?I%Fﬁﬂ (Iron Coil) .

3T o (Iron Vane) FHH Hifed qﬁ@m (From low magnetic field) 3= Hfed bicehs (to
high magnetic field) IELRES (Deflect) Eﬁ?ﬁ 30T fSUcaR dide (strength of the deflection)
TWYT FEUTAT_FAfded BICHT (Current) WA (Magnitude) T THTONT  (directly
proportional) 3. 2ﬁ—s’él'«‘IIT(‘[ MU0 3 %’Ul‘ﬂaﬂ‘ﬁ DI 3T P13 (iron coil) AHAbs BT

(attracts towards in) Eﬁ?f

3¢ 2rRU sTx‘gfl'c’ (attraction type instruments) @i TR, WM &elfeT eld (controlling
torque) Uald (provide) Hel. EIO"IET'I%[ IRLRESE (deflection) a?g&rﬁm IERE"-|§I§ (aluminum
piston) HHI B STd o H:%T[ $VI'5T1F‘IT (moving coil) Sead 3d.

i)  RUTR (Repulsion) T FRgHCH:

1) ruemE cIgu Wﬁﬁ XYHT (Construction of Repulsion type instrument):

e HEL Wﬂ?’q?ﬁ (Repulsion type instrument) CGRGES| (Vanes) %T 3 @Eﬂ (Iron
Plates) S{dTd. w A3 (Fixed) 3M18, 30T GWRT fHRUR (Movable) 318, BRI Safdgd Hc
(Current) R W’q‘&ﬁ (Stationary Coil) ST YT reaTHe Ufaeyur Qe (force of repuIS|on)
a?f dogl =g J-IHCIsH (Magnetize) Eﬁ?ﬂ?f IREES iR Q]H?ﬁ'ﬂé' (repulsive force), IIJ%TI W RR

dﬂHI{j\"l [ARSIE SIUGH

Polnur
-
Hair Spring
g3 oy .
d
Fixed Cylindrical ;“\“{:’;‘i‘:“‘“‘!ﬁi
Coil Q' ng i
fherez AR Fa FieaT m¥c UcHs ¢
EF!JCEJI a?l'
Coil Leads to
Meter Terminals
< Movi Fixed
et Eﬁﬁﬂ_ﬂ' Moving Fixe
Iron Vane Iron Vane

AfCET 3 a9 fheeg 3w aF

2

\’rIﬁ’_cﬂ %.1.7.3 Rue™ a5y W’ﬁﬁ XTI (Construction of Repulsion type instrument)
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8T Felfeii el (controlling torque) W& (Provide) ®Rd. §ddid gYUT SRIT idar URd &vd, o

FTerl graETear Ry . Rue=r <5y s=gde § U H-4didh0r 3REHe (non-polarized
instrument) 3(Tg, 0TS, AT JaTgT=T faRM SR Had. Sf=1 YR, d Tt (AC) 3T SRft (DC)

GG ITAT TR SiTdl.
2) G STa (Moving Iron (MI)) REHTHE BTUS (Advantages):
THSHY SREHCH Tefiel Brae STed:

. grdEe dIuR (Universal use):

TH. 371, 3XcHe gaface dHRedl (Current) %ﬁcrragw (independent) 31Tg 30T U
T, (AC) Siifr St (DC) IS} aToRe S

. PHI gyu aﬁ (Less Friction Error):

TH.3Y. SIEHCTAS T¥0 & (friction error) I HH 3d SR i Era% o THTUT
(torque weight ratio) ST 3d. i aoTd JHIT IR 3T HRUI I SAfGCd PHee

ﬁ'UTRT YT (current carrying part) fRR 3mg Sftr '11[%""[ HHT (Moving Parts) CSEIR]
E?I%ﬁern%a.

. XYUIT (Cheapness):

TH. .. ET\‘E'QEFIT (Instruments) tﬁ@@?ﬁ s-&wcwl gcﬁd HH IS (Turns)
AT 3T, TS I W (Cheap) 3HTR.

ﬂ\“ﬂ@?l'qﬂﬂ (Robustness):

8 3cHc Hulgd 3HTe RN A A8 [T (Simple Construction). 0T @il Safacd Hc
WW HIT (current carrying part) fRR 318,

3) 1{%’” 3T+ (Moving Iron (MI)) ?F\gﬁm?ﬁ% (Disadvantages):
AT 1T (M) SgHe Tefid dle SfTed:

1.

3P dl (Accuracy):
TR 3T (MI) SRCHed THTI THAHM (uniform) T 10T AT 3 TRUIH (result)
0 o .
ilff (Errors):

(hysteresis), IRART (frequency) 30T HeaqdT Hilfed qﬁ@@ (stray magnetic
field) Wﬁ?ﬂ?ﬁ EFI@ TR WX (error) 3agddId.

QW (Waveform Error):

TH3MT (M) 3cHeH fSUAaRM 2id (deflection torque) Safaeed dHe=al AR (square
of the current)oa?:’ THIUMA ! (not directly proportional). ?CﬂH% 37\‘2'3@:[?2?[ JEHI
TW (Waveform Error) Sagddld.

4. AC 3TOT DC HferdA T BP (Difference between AC and DC calibration):

AC 30T DC o HicTe=M HIexaT 38d¢~ (inductance) 30T T, (AC) TR ATURAT STOM=AT
TS! dHRedl (Eddy Current) UHIATHS 4 (Different) 3fed. T (AC) d ST dRARAA

TR AT ITaR Hicisic bl ST,

THAT (M) SRCHCHAH GF PR TR (Error) 3Teddd UM, TR (Error) T (AC) 0T

1 (DC) SR Y M1 TR (Error) it had THT (AC) Fe B
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4) TH.IM. 3Mfor TH.Al. AU T (Comparision Between MI and MC

Instruments):
SHHID | TH.IT. AU (M Instrument) TH.H. Q1Y (MC Instrument)

8 T (AC) a¥ STt (DC) W13t ARt

1 s T g Thad ST (DC) T3 A1 31T

2 Thd A DT (Non-Uniform) G'IT% T UDHHHTT (Uniform) 31’[%

3 HH! YA (Less Sensitive) 3% HdgIMd (More Sensitive)

4 Tl o GO THTOT (Torque to Weight Tl o GO THTT (Torque to Weight
ratio) AT 311% ratio) SIlkd S'I'I%

5 q &I'I% (Cheaper) q HE T &I'I% (Costlier)

. I TSR haR ST (Air Friction | TTHE TS! dhRe SR (Eddy Current
Damping) IR S, Damping) IR S,

1.8 JHIAR (Shunt) 3AMOT TUIF ATIRET Ammeter 3TOT Voltmeter AT faaR
(Extension of ammeter and voltmeter by using shunt and multiplier):

1) S, siftrex (DC Ammeter):

+ ——

T e

L4

3Tl 3.1.8.1 SL.3A. 3iffex (DC Ammeter)

. offtrer &t EﬂH@Jﬁ Ul TH.EH Wﬁ?ﬂ (Instruments) 3fTed, TH.3M. § T, 3o ST,
Eﬁ%Df I (Currents) Jﬂqw o 3@3@3’[&?@% Wm%[ (Electrodynamometer type)
Yd AT (thermal instrument) 8°r¥ﬁ &rrfﬁmﬁr v -llobd SR (Induction) Hiex qr=:
e SR Rr s, AoRAcHeid g Sifter Ta-TTeY aToRe od el

i)  dren.enH. 3fffreR 3 <9 (Principle of PMMC Ammeter):
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gafdgd BHRC (Current) ATgH AUIRT dhedex (Conductor) TS WiegH ( (magnetic field)

%T:IFIT Trﬂ?ﬁ 3@1 'G2) Abed ol (a mechanical force) HSICIAR PRI Obvld SR d E%TI
RIRCHETAT (moving system) STSad 3T, TR Higaredl ST INTG, TigeR TR gl

wﬁw (Explanation): QYA ITd THAE Hoeq (permanent magnets) 3Hdld S ar
YHREAT HORIT §REHCHE (Measuring Instrument) dT0Re ST, § fa=ivd: St (DC) AoRHHTel
(measurement) JUgad 38 HRUI UY fSUAGRM (deflection) Iafdcd Hcadl YHIUNT 3T
(proportional to the current) GiTﬁH%Ufﬁ[GR sﬁm CRGRRR]] (current direction) 3¢C (reverse)
3 R, Uisexd fA&gur (deflection of the pointer) A 3eIe BEe UM d Bad DC AoRAcHd
(measurement) ATURG SITd. I YHRAT FICHEAT (instrument) 81 T (D Arnsonval) THRTE
'{:\‘?ﬁi’ R UIdld. W WA (linear scale), $Iﬁ ISl AR (low power consumption), 3= 3 dl
(high accuracy) I AT BIAST 318, Hdes DC YHIUT, SR fhd 3. HisTe! SITuam= 7 TRAY 3

(Major disadvantage).

1) 3iferex =ar fawar goft (Range Extension of ammeter):

i) JHIMR (Shunt) eU[A 3‘II00{9|Q"34I ol [UlT=d] 5"&(!HCTLII (instruments) Gf>|$('1 {'IIGbCTf-II JHIR
(parallel) Wiﬁlﬂﬁ (low resistance) IR B9 Ammeter It Q'Uﬁm Td.

i) 8 Ugd Tt a9 S, siffrex =1 Yo faaRM™dY (Extension) aTRel SIS Webdl.

iy 8 AIS B (large currents) ASRHCHTAS! TR STdl.

iv) TJHIMR (Shunt) 7Y IR i &H%H < Hioal éﬁm ®C (Electric Current) dig-
AT &HAD B e (Current Tereminal) UL 3fesEd STd 30T G Ui RT3
efia (Potential Terminals) &H%Ff

E sy ar-ror—ocy
CURRENT

TERMINALS
=RI3TT

= AT
POTENTIAI:\

v}
"
e
38
<
LOAD
Mt

TERMINALS
L .

+O— o t} SHUNT

- Is

I AMMETER POTENTIAL

3 reT LEAD
R T
o=

+ -—

TPl 9.1.8.2 3ATHex =1 faxar 9uft (Range Extension of ammeter)

39, | g1 Afche AYT ARUIRT TR TR,

Rs BT IHIR (Shunt) %%IETH (Resistance) &ﬂ% 311101 Rm 3%111@ Ammeteriﬁlﬂ (Resistance) \’rI'I%'
T e Im SHIOT Is A7 G HITEe fqurTeid omg

THIR (Shunt) A ATEUIRT Safded He (Electric Current) ST BTG SITl;

[=lm+ Is

SEHE SIfOT FHIGR (Shunt) AL Tl U (Voltage Drop) 3T dHTadl ST,

Im X Rm = s X R

Im x Bm

Bs= - Im
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Em
RE:I__]
Im
Em
Rs=—
N-1

1Y N JHIGR (Shunt) T OTHR eI (multiplying power) RGN,
N 8 sTx‘gfl'c’ HC (instrument current) 30T THUT Fafacd HIC (Total Electric Current) TOTRIR

(ratio) .
2) St @R’lﬂ?\' (DC Voltmeter):
F{
vV Non-inductive Load

resistance ==
T =g

&

3Tt 6.1.8.3 ST FleeHiex (DC Voltmeter)
3°r¥ﬁ @Rﬁﬂ]‘cﬁtﬁ@@ﬁ s-ecuc JIORE ST, TH.3MMG. S_cHe Tt 3ffor St all

OGIQ'C\SI ideISIQdIHIHICQ bR (electrodynamometer type), ?-ITTF[ ET\‘Eﬂ'C’ (thermal instrument)
ST sfor Qlﬁ %‘l@x‘r{ adld A9 Yhd. FSRM (Induction) ﬁ]ET SR fhaa (high cost)
OoRACHAT PP (inaccuracy in measurement) TURA SITd ATeld. JMaCHRR UHR FlecHIC
(Rectifier type voltmeter), 3@3@% UhR (electrostatic type) 3for feforeq aﬁwﬂa (DVM)

T, anfor S, S e TS AT

1) d. TH.QH. 3t FeeHIez (PMMC Voltmeter):

i) S s('ildftcb omc dlig- ﬁ'UTI'\’T W (current carrying conductor) Hafcs wiesqd
(magnetic field) Sad \J1Icll, cIOE;I Udh Ao {hd el (mechanical force) HSIIR B
Hd, SR o Hfeg R (moving system) SIEdd 3¥d, TR Disaal gIAANING,
Oige] ThaaR gald.

i) Tﬂmiﬂlﬁ?ﬂ Wﬁ?ﬂ?ﬁ JHde #9cy (permanent magnets) 3HdId. % St (DO)
AR ! (measurement) g 3 ®RU 3y fSuaar™ (deflection) Flecorl
YHIUMA (proportional) \31’I%r HRUT Hie=dl qrEiarat (material) foRiy RR sradl
(resistance is constant) 3T U SR @@Tﬂ ?;@TIHT (voltage polarity) 3cic 3d W
UIEE?%[ IELRERE (deflection of the pomter) R[N BFI_C' fﬂéﬂ U d Tad St
ﬁTxlTﬁE?ﬂB"r AR ST, A1 JHRAT Fghed S 31Ir{-l-106c1 (D Amsonval) Elm%r
ggHe UL, ITel X W (linear scale) 3ITUATE BTIS 3MTed, dISl ITR HHT 3R,
I 3 dl (high accuracy) 38,

i) T PBIAIC (Disadvantaged) 3R - § Tdd DC THTT HiSTd AT SR W SeTe!
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2) @R’lﬂa?ﬂﬁﬁr{ gofy (Extension Range of Voltmeter):

Gﬂqv_cﬁ %.1.8.4 FlecHIed! fawaR 4uft (Extension Range of Voltmeter)

i) 0% (multiplier) AT ST (DC) 3101 Tt (AC) FlecHieAT faRdRETAT (extension)
B Ugd ToRel! oS, Xl

i) 7O (multiplier) BT T I R (high resistance) 3Mg Sl FRgHeT Pigaril
SIS Sl

iii) @é\_ﬂ ‘IUIWIiﬁ (voltage multlpller) J:,I@I HTARYh dl ébf &H% Pl R (resistance)
JSIIR dac] 1 SO Fid AU UMb (temperature coefficient) Jud HHT 30T
WWW (provision of cooling) U JHAAD 3G

SiY Ry Bl @Rﬁ?ﬁﬂiﬁlﬂ (voltmeter resistance) &ﬂ% I sﬁm < (current) \’rﬂ%’ 3T Vv %’
Hﬁﬁﬂ%ﬂﬁm (voltage across circuit) &I'I%

Rm %’Wﬁlﬂﬁﬁw (external series resistance) &ﬂ%
V=1Ry +|Rm

\%
Rm = (T) —Rv

JBITHD (Numerlcals)
1. Uh Iﬂ%ﬂ W Wﬁ? (A moving coil instrument) % 13mA dg EI;UT e ISR AV (full
scale deflection) 3a SNfor T IRRe (resistance) 9 Q 3dl. 250 V gdd arEuag H&H
HROGTTSL (enable it to read up) m‘s’ Hfemen (in series with coil) w (resistance)
WH@ (value) Gﬁ@ﬁqﬂ%@P
IR fqaa3el: 1= 13 mA Rv =90,V = 250V,

PleTadTe Ged; Rm =?

Rm = 19.22 KQ....ccuuerrrvunnniiiiinnnnnnnnnnen. 3T

2. Udh Iﬂ%ﬂ Dl 37\‘@3[?:’ (A moving coil instrument) 12 mA T3 SId SR [SESEE]
(deflection) &d. TTAT YRRET (resistance) 4 Q 316, 10 Amps TId ArAUINITS! HTARAH JHIGR
(Shunt) m (resistance) Hcd (value) HIST.
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I AW S RM =40, Im=12mA, | = 10 A,

DleTadrel Ged; Rs =
Rs = Imx Rm
>~ 1-Im
12x107x 4
5=—j_
10 - 12 x10°
RS = 0.0048 Oueeoeeeeeeeeeveeeeereeneneenns I

a) @m GUEUR TG (Loading Effect on Voltmeter):
e Affefgd Baex (sensitivity factor) Tald He@R 3MT8. HH! IRRE (low resistance)
Ffthea e @lecsl HoR HRATT HH! VIR (low sensitivity) A7 A (Reading) & Udhd URY
I IR gfbensn (high resistance) SfAyTHg I (unreliable reading) <u i sie. Hiex
T YR de (appreciable current) dd 3for diex GﬁG“UZITquQf qTe) gsAcdl Ug Sl arad
<2fad. SlecHe=AT a1 YHETEl (effect) TS SWhac (Loading Effect) ¥&UIdId 3foT ot Wﬁm
w@'ﬁlﬁ%ﬂ'ﬂ% (low sensitivity) BIdl.

b) @R’lﬂﬂ? ﬂaﬁ'&’ﬂﬁ (Voltmeter Sensitivity):
%’ TRl gfhe e (total circuit resistance) 3o @@Tﬂ Ui (voltage range) ‘IUﬂT'R (ratio)
fSRiaRM et

3Te. Af-afefedt (Sensitivity) HAHd ST (basic movement) {Uf

(full scale deflection current ) UR¥UR (reciprocal) GfI%

o ohms
sen51t1v1t‘_f:,r =

wolt
1
1t
ve éh Ims
_
ampere

1.9 YfAP R HIYA: ﬁl’H qeaH 3T I (Measurement of resistance: Low, Medium
and High):

1.9.1 Eﬁ'@ﬁw T (Classification of Electrical Resistance):
AoRHcA ?@W (from the point of view of measurement) IR TR (classification
31Tg:

of resistances)

A. FH R (Low resistance): gl JuiHen (category) IR Hel (resistance value) 1

3{IgH (Ohm) U&T HHT 38,

B. HYH IRRe (Medium resistance): dl Dluipais) (category) IR HU (resistance
value) 1 ohm d0.1 7 @Bﬂ (Mega ohm) qdd &ﬂ%

C. S IR (High resistance): U1 JuiHed (category) I Hel (resistance value) 0.1
E=p)| Gﬁ'eﬂil (Mega ohm) BERIRSIES] &I'I%'

A. U INRE A tl?x'cﬁ (Methods for measurement of Low

Resistance):
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HH IRRET (Low resistance) AoRH ST Ugdl WIATAUHT 3Tad:

1) 3fffeR (Ammeter) - @leeHIeR (Voltmeter) TS,
2) hicdTdl S&d ool (Kelvin's double bridge) UGd.

3) UIR™IHER (Potentiometer) UGd.
4) SdcX (Ducter) Uxd.

5) fefSTed/eamanT Ael-Hiex (Digital/analog multi-meter) U&d.

1) 3fffex - FlecHIe? UGd (Ammeter - Voltmeter method):
+

(~)

O
\—/
—

|
E — \'

|

R

:

O

3Pl 6.1.9.1 3Tex - FleeHIeY UGd (Ammeter - Voltmeter method)
g1 U@_cﬁﬂ%a g i (suitable source), 3R (ammeter) 3T O_EﬁRTﬁET (voltmeter) dTURT

31O G_iet femiTd (diagram) GRITITIHTT! i1 SIS,

@R‘lﬂﬁ 3foT SiHtex= {fEm o1, AR \er‘%{%c'%la He (value of resistance) = R = V/1 Q
TR (error) HH! HIVAMTST FHM AETATS! (same resistance) 4 o 5 FARI&ON (observation)

=T 30T Al IR (average) ©I.

2) Hfcadl €9d f9s U5 (Kelvin's double bridge method):
PicaTar sad fool (Kelvin's double bridge) BT HIeT OE;C\IC%C\H fororan (simple Wheatstone bridge)

§ad (modification) 318, Wl 3ATH (diagram) BTl S foorl Hidbe 3l (circuit

diagram)

3Pl 3.1.9.2 Bfca-Td! ST foIST UHd (Kelvin's double bridge method)
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R APHdld MUV TG bal DI SR G Id (two sets of arms) 3fTed, Td P 37T Q
IZRETIE (with resistances) GﬂﬁTw p 3T q IIREIE (with resistances). R BT 3T HHI
ﬁw (unknown low resistance) \’rﬂ%r 3T S EWE@@%@W (standard resistance) 311%' Y
r 31’:Fﬁ7[ %@E:\E{ (unknown resistance) YT ¥es ‘{f%ﬂ?:a (standard resistance) grATda
PHIcac %@E:\E{ (contact resistance) E{Qﬁaﬁ Wl UHIT (effect) ATUITT ¢X HI0! (eliminate)
TARTH 3MTg. ASRHACHIS! AU P/Q TOIRR (ratio) p/q SRR Hxdl M IS TH S-S
0_59[3@7[@\—:[ (balanced Wheatstone bridge) W%ﬁ?ﬁwmﬁmﬁa (galvanometer) X[
IELNENE] (null deflection) Eﬁﬁ WWW (balanced bridge) G{TCIUTT%’TEW
E

ad — Eamc

e

Where, Eub=I{R+S— P {T(p +9) H ..... 2)
p+alpta+r

31T FHIBRUT (Equation) 2 8 THI®RUI (Equation) 1 AL TIHUN HTOT Areaul 30T P/Q = p/q
TRl T 3fTqedrar fHesd-

P
R——S
Q

QU 30T UIEdl B! Sa-98 S 3T (balanced double arms) TURE 3TN Bicae ISe~T
(contact resistance) qquﬁ Plgd E'@ bl AT W BIUTT TR (error) oI, - 3@%

(thermo-electric emf) m U (error) X WN'IBQT MU Fedt W
(battery connection) 3¢C ¥ gi—l% ST Tt 3T Riaet gF RIS TR (average) o, Bl
87 0.1pQ d 1.0 @ AT MRS IUGH 3Te.

3) Ui R eR J&d (Potentiometer method):

ifi%qw AoRHed! (measurement of resistance) ST TR dgd (DC potentiometer
method) HH! HATAT (low value) 3 m (unknown resistance) ﬁ\_ﬂ CRLIEIGCIEEG]
ST, % G{H:ﬁ:[w (unknown resistance) WE@%‘W (standard resistance) d¥-
HT Td. F1d (known) SO [T (unknown) mﬂa SRl STU (voltage drop) AR & SITd SATOT
@ (comparison) = Eiﬁjilr%%cf%la HeY (value of known resistance) IERIIEG] (determine) Gyl

3T fche STAUTHST HadH § THST Ud. R 8T 3 AReT (unknown resistance) 31g STl
qed_(value) TASRACHTS! AT 8. S T T8s AeRe— (standard resistance) T8 SATaRTA
3 RfReg=T (unknown re5|stance) H@Rﬁ ddll (Comparision) dal . RaReean

(rheostat) dIUR gfbeada scﬂdCOb Hycdl g (magnitude of current) IBRIER (Control)
HRUGMTS! el Sl
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C
> Current, |
WiTEee -

Rheostat

WV aa?h?rA

. =T
Wv W\I Unknown
—(—

Resistance, R

| RR

Standard 2 >
Resistance, S .—l_I

3Pl 3.1.9.3 T RATEY UEd (Potentiometer method)

gfheued s9d Uid s9d U &g (double pole double throw switch) dTUcll ST, %ﬂ, @FGT Ryt
(position) 1, 1 d¥ Skl ?I@T 3 IR (unknown resistance) Giched Srsdr 3o @I%T GEJC]
(position) 2, 2 d} Wbl ?@T QEV?:TS:Q‘%W (standard resistance) gihear Sredl.

A&Td &1 @t SiegT Rag (switch) 1,1 fda (position) 3dl dagT 3 IRReTgaiid @lecsl ETU

(voltage drop) Vr

k-
DC g

Stabilized
D.C supply

To Potentiometer

T e

N

Vi = IR
30T SiegT d 2, 2 HEY 3R degl e Sﬁw (across the resistance) @lecsl §=IJ'C[ (voltage
drop) Vs 3.

Vs =1S

(1) 30T (2) GHIHRUT B eUTaR MYedTdl fHd

Ve IR

Ve IS

AL

TN HAIR (value of

3 IR (unknown resistance) 3 dl (accuracy) Tss
standard resistance) Gi?ﬁﬁf[ (depend) 3.

3 IRt 3dhdl (accuracy of the unknown resistance) ST del sal?gch Bl
fIRMAAaR (magnitude of the current) GEIA A 3¥d. Safdgd Hcdl digdl (magnitude of
current) THH TI%EIW gfhe 3@ URUMH (accurate result) &d. ST EM %@W?ﬁ
gafdcd Hicd! diadl FUfiRd (determine) HRUGNTS! Afdhered ammeter JTARCI \SIIdI scnorcm
Feed) dIdT (magnitude of the current) 3T THR THRIT (adjust) Felt ST B Sietigd Recs
STq (voltage drop across the resistance) 1 el HM 378,
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4) SHX UGd (Ducter Method):

% Th '&'@W 's’:\‘?ﬁ?f (electromechanical instrument) 31T% S HH iﬁlﬂ (low
resistances) ff\_ﬂﬁﬁTEﬁ Eﬂq?@f STd. @Td PMMC 's’:\‘?:'ﬁ?ﬂzlﬁi[ qﬁ-’ﬁ’ ey ( (permanent magnet)
31T FAfesh N&GR (poles) TIR Haiedl HAfed Wicshd g BI3d (Coils) 3. GF Higd
W CARCALI] (at right angles) HT%T‘T STOT qrE=T 3femHiad (common axis) o Had
3Ted. WA 3l Udh Sae? 3gHHICR (Ducter Ohmmeter) 30T 3N YRS (unknown
resistance) R HISTUITHTA! SHTTRIAD HaRI GRidd.

PIC BIgd (current coil) ATATAT Bigscld] Tdh, B AT (current terminals) C1 0T €2 =
SIS 3d, T ORI Hisd Sl @Iees] Higd (voltage coil) T ol GrefRIs@ efia
(potential terminals) V1 for v2 2ft Sieddl 3Rq. @@H ﬁ%ﬂ R ALY @@\_ﬂ T THIUNT
(proportional of the voltage drop) ¢ aTg a4 (carries current) 3fIfOT FCHH% REI E’I$ (torque)
TR BIdl. He Pigd R YT AGUNAT Sciided Heel YHIUNT (proportional to the current
flowing through R) sﬁ% HIC dIgH Al (carries current) 30T ATEYHTO AT Tldh (torque)
T ). grgl el (torque) faeg &= (in opposite direction) B HRATd ST S T g
HHH (equal) HHdId ?I%T ﬁ%—‘f@ Yiga (indicator come to halt). %’ Y- 100uQ d 50 Juidta
(range) IRt (resistance) 3UYad &I'I%

— Shunt roT Cq Current FIT
— VWV s Contact spisaaFe
I A tﬁﬁ
A P’ hy Potential 371
I 1 Contact HiecF
QI-EI =
e Lioanjonts: o o
Fixed < Resnaance =
Center » (under test) (HETR?R-?')
Iron \
_ ]
Current Fa s
Coil
~<_ Permanent Jdad¢
Sies Magnet Heac
[
Battery
S 5
Voltage I ;;‘)
Coil T >
,A‘; ~

FHE-37TFE cut-out Co

TPl $.1.9.4 TR USd (Ducter Method)

5) fsfored / TATaT A l-Hier ugd (Digital / analog multi-meter method):
TAecHeR (Digital Multimeter) 8 Ut ¢ SRCHC (test instrument) 3T o Tl SRCHCHAY (tool)

3P sachﬁw OoRAC B (several electronic measurement task) od. grdl CE;\lQ'CHnld‘i

(voltmeter) fdoar @Bﬂ e (Ohm meter) m@?{ G-hETI Hiex (Volt Ohm meter) &lﬁ'tﬂ TR UIdId.

ﬁc_tﬁ'lﬂm Fd VIR LSS (standard) 3TfOT HelYd ASRHAC (basic measurements) '1%'01@{ 3
(amps), %ﬁc—c' (volts) 30T SMEHY (ohms) ASRHE. anmaTcr g f&fSca aedidier fefSed (digital)
3{IfOr TifSieh AT (logic technology) AR & 3 3HfdRe (additional) HERHE HRTG.
gy dgHA (temperature), IRARAT (frequency), HIdd (contmmty) Eb_fﬁi??\“{ (capacitance)
ST FHIGRT S . fSfofed HedHiews FdtT gemd kODIId-IOh HId’)CH (integrated circuits)
3HfIFH BRIEH (more efficient), TG (faster) ST TN SHATANT Hcc|H|cw4| Jed (compared to
an analogue Multimeter) e &ﬁ[ohﬂﬂ%’ (Iarge accuracy) BT PR, R

CIEGIG (in the case of additional features), S Ec -_-I'I'6°[ ueg, A=Al Sidod &ﬂ% TP ATl
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AR BUS Irae 31T W1 AReaiig U (packed with smart features), @HT (log), 3TaRd
3al (graph data) 3TIUT GHYIARUTTS! 399 (great for troubleshooting).

fafaeer fRzer  Digital Display

Continuity

I ir25°|€ faw Beeper

Frequency freradr

AC Current ACHE
(Different Ranges) Rwic =g

AcT@eest  AC Voltage
pcegieea  DC Voltage

Froser  Selector
=01 Switch

Frocs, Prmadr,
Voltage,Frequency,

F&  Current . :
Resistance Terminal

ZA@aer  Terminal

g Common
OIES) (Ground)

GiTq’_cﬁ?'F.LQ.S feforea 7 TamanT Aedt-Hie? ugd (Digital / analog multi-meter method)
B. Y UfdeR WISl q@?ﬂ (Methods for measurement of Medium
Resistance):

A IR (Medlum resistance) AoRAcAT TGt (Measurement Methods) QIATAYHTO! GI'I%H

1 e - OSIctJ-IICQ U&d (Ammeter voltmeter method)
2) 3figHHIeR Ugd (Ohmmeter method)

3) OSC\IC%C\H fost ugd (Wheatstone bridge method)

4) FARITIT UG d (Substitution method)

5) BRI B Ugd (Corey foster method)

1) 3MfACR - FleeHIE Ugd (Ammeter voltmeter method):
Iy AoRAH! (Resistance Measurement) Bl gata idt J&d G{I% % 3@% P

(current) | AoRHcIa! 'Ga) e (ammeter) aTCIT?f @@H (voltage) V fﬁf@?ﬂ]ﬁ U

Sleeier auRd, 0T YRR b (Resistance Value) 371 i,

v
R= —
I

ST WA ST GRIfAed ammeter 30T voltmeter T I YHTH H-aR 3R vl

Maharashtra State Board of Technical Education 28



Electrical and Electronics Measurement (EEM) Solfdcahdl 30T Solaciiae AoAwe 313334

e
<« >
r I -
"4 A
| o
[ — 4 { 2 LR .I vir
Y v
Ra - -
< | <
v R J‘\ V) Vi R> V \V V) > R
IL"?;‘ Rv f:..--;
Y } Y
. 3 y ° y °
Figure-1 Figure-2

Glﬁﬂ'ﬁ $5.1.9.6 3T - @R’lﬂﬁ J&d (Ammeter voltmeter method)

SATT W 1 A, QlecHIeR (voltmeter) 3fHCRR Gleedl ETU (voltage drop across ammeter)
30T 3 YRRe (unknown resistance) fﬁl?ﬁ?ﬁ, B[

(Va+V:) (IR, +IR)

R, = T = i =R, +R
B[, ﬂﬁﬁ%w (relative error) &I@F‘L
_R-R _R
R R
B{Wcﬁ 2 A @G'Uﬁﬂ'l'cﬁ, 3tex (ammeter) %ﬁwﬂa (voltmeter) &ﬂf&[m (resistance)
ac\ﬂ?gcb BTl aRiel Holk Hdl (measures the sum of current), IU[d
B2 = (I:I} - VVV B RR
(7)) (+7)
B[, ﬂﬁﬁ%@? (relative error) &I@F‘L
-k R
R R,

U%RITWUHH(in first case) Ra=03ﬂﬁTWWﬂH(in second case.) Rv:mwﬂaﬁ%
TR (relative error)Wm.GWUHGﬁG@HﬁWWWWW.%
RMYTIRTST U Glg1 TRl SRISRT hl.

R, R -

= -~ orR=/R.R,

R R,L, or \/ ERY.

TBUH oA FHIBRUM (equation) faeiedr Tem SR YRR (resistances) 3ATUT Gfgall Ugd
(first method) TR TOT ATUET HHT SRIN GERI U (second method) TRl
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1) 3iigHHIeX UEd (Ohmmeter method):

mﬂ % Udh '{:\‘?ﬁ[—c’ (Instrument) G'IT% S JHTOTET IR (resistance of a quantity) AR .
'&"@W Y (eIectrlcaI sense) IR I%'U[@f E’R‘?ﬁﬁ%ﬂﬂ (instrument) 3@1‘%&5 HIcdl
(current) BARIE R I RERIL) (opposition offered by a substance) I rors) E’R‘?ﬁﬂﬁw &m?ﬁ
ol AT fdhaT TR ST Tdhdl ST dhedea dUHHNGE o dTad, amawmm
(semiconducting devices) 3¢ic 9 \?rﬂ%'

e 3% TSR Iud 3MRd 5 B,
i) BRI erhemﬂa (Series ohmmeter)
ii) e 3gHAIR (Shunt ohmmeter)
iii) Heel 3o 3IgHHIEY (Multi range ohmmeter)

Gﬁ?‘ﬂ"ﬂ?ﬁ ST dwd (Working Principle of Ohmmeter):

b N,

&n?cﬂ %.1.9.7 3NguHiel Afhe Gﬂﬂ'ﬁ'ﬂ (Circuit Diagram of Ohmmeter)

QT\‘E'Q'C’ g (battery), ﬁlﬂ\_ﬂ W@W (series adJustabIe resistor) &I'I'fﬁ[ qra- 20 3 ET\‘E'Q'C’
(instrument wh|ch glves the reading) JrARN Sedd 3Te. HoR od \SHUIN i’%lm Eﬁ%ﬁff ab

(terminal ab) \snsmm 3Tg. Siegl RURERE RS (output resistance) Hde H& Hfde g BId,
dceT Fidhe dHee drgd! 30T A fETRIaRM (deflection) HOR &l SITd.

i) 8w sigwHiex (Series ohmmeter):

E151 E.‘I R 1 . xnk_
------------------ q+~qJ AN <
ar {
L RS - ,
E B
K — -

amﬂ .1.9.8 RIS aNgHHICR (Series ohmmeter)

RS ahgmﬂm“a?r (series type ohmmeter) e fafafdm e (current limiting resistor) R;,
IER] QS\G”@"I IR (Zero adjusting resistor) R, EMF WId (EMF source) E, SI'SRYMIA
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(D'Arsonval) Iﬁ%ﬁf_\:’ (D'Arsonval movement) Rm El 387-‘?1 IR (Internal resistance) 3T
ﬁaﬁmﬁw (resistance to be measured) R TTaT THIGRT 3.

i) Tie NgHHICY (Shunt ohmmeter):
Rse. A

,- L
At A S —— - o
=Y AV \ [ o
W DAY ‘ ___,.» - \\
|

e

./"’

g

L A4 <R

e \meter;

Switch _
O O e
S F
enw-ﬁ $.1.9.9 ¥iE Gﬁ?‘ﬂ*ﬁﬂ? (Shunt ohmmeter)

Il UHRAT HicxAd sl did (battery source) 3l 30T fgoRead @W (adjustable
resistor) At (Source) Riome Sredar srgal. Hiezan “d?qu IR (parallel to the
resistance) Sed &n%@rﬁmav—{rq%r &I'I%

2) Rl 9 Ugd (Wheatstone bridge method):

§ AoRAC 3NN dIiRd SUIR ¥atd AU (simplest) 0T afd Gayd o fdbe (most basic
bridge circuit) 3MTg. ITd YA P, Q, R 30T S § IR 3R (arms) 3dd; R & YRS
(under experiment) 3 IRRE (unknown resistance) 38, TR S & TH Tos IR
(standard resistance) &I'I%' P 30T Q %‘ ‘IUﬁ?R et (ratio arms) V[ 3NBEA SITaTd. EMF id

(EMF source) fdg (points) a 3701 b GEM Seadl 3¥dl @R fdg (points) ¢ 30T d GREM
(galvanometer)

Gﬂ@_cﬁ %.1.9.10 FlecIH foIS U5d (Wheatstone bridge method)
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foet Wfche g a0 fSeaRM= TwaaR (principle of null detection) ®T &Xd, UM f&cdeR
(detector) X[ H%Clﬁﬁ 3TUUT URTHIER (parameter) gead! A 9axR e TR (varying
parameter) 37T ELSES RRIe (constants) EIE RG] Ruiftd wxuamdt (determine the
unknown) Tforda dey (mathematical relation) TR, ﬁ@ﬁm?ﬁ (galvanometer) [
IELSERE (null deflection) UTtd HIUYMET AT W s IR (standard resistance), S EEINARE
(varied) 3R, ® U fEUiaR gfed ®vd @1 f6ig ¢ § d 7dd SIvide! 3afdesd e ), & ged
DR DI fig ¢ 3Nf0r d = & (potential) TH 3Te. YD,

LP—DLR..... (4)
Also, IN = I3 = _E and I =T, = _E (5)
(P +Q) (R+5)

Rl G FHIDRUI Th e Uitig FHIDRUT fHesd:

P
R="—58
Q

4) UFRITYT UG (Substitution method):

«:,»“"
A

Swn f W
+ . S
i

3Tl 35.1.9.11 UFARITI U5 (Substitution method)

GRS &W (figure) 3N w (unknown resistance) :Q%IETH AoRACHS! Tfhe
(resistance measurement) SIIUMH TRaad. S ET %ﬁ'@lﬁ Q‘%IETH (standard variable

resistance) 3{Tg 3101 rﬂ%ﬂﬁ%’[iﬁlﬂ (Regulating Resistance) 3G
gy a9 1 RIFR (at position 1) Sadl STal AT r TG SRIdD JHIUNT HIC AU

ammeter TR &d STd. ammeter JTST HU (value) d&Td Ida Td. 3far ko= 2 tﬁ'%l?lﬂﬁ?
EﬂﬁFﬂ (moved to position 2) e Gi'l%' &WWW@ ATICTIHTO FHT ammeter ST
T HROANIT0! S A fafdedr 3. s o e (Value) SATHTAT Siiiex fUdh 1 UATUNG arerd, § SR
UfdeR (unknown resistance) R gl H B{I% O} 5. TH. U, TR (EMF source) H'U;Uflil??h"'ﬂ?f RR

Hel (constant value) 3.
S,
- 1 R ag soamngt,
3fffreR gR AT 3 fd e,
E
I =
R+r
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ITIYHTOT,
- 2 R ag sHoamrst
3fffrex gR AT o fa e,
E
I =
S+r

C. 3 UfdPR WISUIETd! UGl (Methods for measurement of High
Resistance): 3= IR (High resistance) AoRHeA Ugdl (measurement Methods)
WTTTHTOY 3R

1) WW(Megger method)

2) g 310 TSl Ugd (Loss of charge method)

3) SRR [SUIaRM UGd (Direct deflection method)
4) T 3figH T Ugd (Mega ohm bridge method)

1) AR UGd (Megger method):

i) TR (Megger) B ET{Iﬁ'QFﬁﬂ e AoRHcT1d! (measuring the resistance of
the insulation) JIORS SO sT\‘ijlE (instrument) &ﬂ%

i) 8 gmthII dwdld (principle ofc&omparlson) H I, U, 37{],@?1?731'[ IR
WW IEEITQTT (known value of re5|stance) ao_c'ﬁ\_rlﬁ

i) SR YA XA SR A R, BT Pigael UER (pointer of the moving
coil) 3dIems aesdl (deflects towards the infinity) 3T SR HH 3‘@?[, ™R EI'IEZET
Q]?Jiﬁlﬂ @h?ﬁ (the pointer indicates zero resistance).

iv) SR 1Y Ja-d UTRE! el (accuracy) SR T8,

a) ATRL TIAT (Construction of Megger):

i) AR 9T (Construction) IR fETd grRaad 3iTg.

ii) ATRAL Tdh HIC DIsd (one current coil) 0T GIF Glecsl DISA (two voltage coils) V1
3T V2 3iTgd.

iii) Elecs Digd V1 SHReRdl Slgaed Hieay (magnet connected to the generator) S,

iv) StegT FuA.EA Al 3eHedr Ulker AP S (towards infinity) dodl, degl @ 31 3

DI Flecol ObT'scr’d?Hg)dd HAfCH WIGHE (weak magnetic field) Jgd 10T TS

U HH! ST SIHd Ial,

V) SIg] digd Holdd Tifed Wieswl (strong magnetic field) 3Td fiRd d&T PigdgR
\Hﬂﬂ-ﬂaﬁ D (torque experienced by the coil) dled.

vi) H?\IJ%FT g By (pole faces) Sfifd SRdId WRd 2lb \’rlﬂﬂ-lﬁl?f (experience the maximum

torque) 3T i‘@w Th e (resistance scale) X[ EAI uTs'ce T Hd (the

pointer set at the zero end).
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orer Pole e Current Angular 3faTerR
9 piece I | Coil /ronRing 3 T
4
AT / =i
WaEe=a R
Unknown Magnet
Resistance R,
vV
s . +
—f G
Hand Driven
Magnet Generator
X1 l X\ ] gfo-ﬁ:{
X10 \

N
£100 Ligaments foeT#Hew

Gﬂﬁﬁ $.1.9.12 ATRHY AT (Construction of Megger)

b) RY Bt (Working of Megger):

) T Fleed (testing voltage) THRI: 500, 1000 fdhdl 2500 V 3M&d o BIAM ArAdaled]
\_rlw (hand driven generator) TIR & ST,

i) SFRCAY USIHRITA &Id centrifugal clutch 38 U@ SHYCRA YR ccdra!
(insulation test) @R YRdaT (constant supply) ;

iii) @R C_E»ﬁéTﬁlT (constant voltage) dIUX wﬁw (low resistance) 3o ET{IﬁQF'I?QT
[Eeksife) | (insulation test) BT ST,

iv) ARAY dF ?ﬁgﬁq G-H%' o IR WVEFH (two pressure coils) 31for TPh PC WI%FT (one
current c0|I)

V) USR W E[%T[ W?ﬂ (movmg c0|I) geuiaTl 3dc fG’H (in the anticlockwise
direction) fihead (rotates), dR &C Eb"ls?f ISR EDICIC RG] (in the clockwise
direction) fhead (rotates).

Vi) Sg] fbead - ISRET (unknown resistance) SS@l SITdl, dagT H%‘T CAENE
(moving coil) UVT'Q'EI (pointer) f@RB-’I?ﬁ (becomes stable).

vii) TR $IV3FT (pressure coil) 3HIfOT Fie $T5T’[ (current coil) tI\TJE'EW?ﬁ I &9did (balance
the pointer) 3TTOT Th @] ALOHT Te BT (set it in the middle of the scale).

viii) EIVER%[ ISLRENE] (deflection) QTR:TE:&‘[ gibear (external circuit) ?ﬂ‘lm Flecordl

2 JHTOITT 39 (is directly proportional to the voltage applied).

ix) ST HTRAR (Megger) CRETT WIHe (testing circuit) AR ol STd 30T WUl geiRHA

T TN (no shorting throughout the insulation) TseR 3Fdids a&dl (pointer deflects

towards the infinity).
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x) S e=ifad 1 ASRETHL (resistance) 3@ IYARM (high insulation) 318, HHT SRC-aATS!

(low resistance), q‘fg’aq Q]Fﬂ?h% WEodl (the pointer moves towards zero).

2) | 3P ISl Ugd (Loss of charge method):

I Ugdid A0 3 IBRET (unknown resistance) R I Hed (value) XNYUIRTST fEwatfof
HURTCRANT Flecord JHIDHRUT (equation of voltage across a discharging capacitor) TR,

TTeid 3ffpdl Widhe gl aRiad (circuit diagram) SMTOT @Td THIGY el THIGRO!

(equations) \’rﬂ%H
B 'S4
L+ 1 N\
— ' —— I/.- . —_— L 3
_ [ ) =1 ~T~ \ L3 ) ~T~
— V M C \,____) C
- R 1 R
L ‘r
TPl $6.1.9.13 A TP TSl UKd (Loss of charge method)
v=Ven
04343t
C log, )V /v
qUIY, I B (case) HURTET T3l UeRIY AR (no leakage resistance of the capacitor) 3

TEId ¢Rd. U I fdaR HRUGTITS! STI0T aiid gu=T 3ddld qradald Hice aTdRadl. Ry 8T C dT
NG i‘%lw (leakage resistance) &ﬂ% 3MfOT R BT 3 %%IET\‘:I (unknown resistance) Grﬂ%'
3T i Ugd Widl Bl YUl UuH S1 8¢ (Close) 3101 4e a0 S1 41¢ (open) B,

R — 0.4343¢
C logioV /v
RRy
Where, R\ = ———
ere, B+ R

o 31U STl gO=1 Ha9Td! YUY i

0.4343¢

Rl - i
C log,pV /v

R' T YHIHROMT G JHIBHRUMGA R1 FTUF ST R MY b,
3) SRNE fSTRISRT USd (Direct deflection method):
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Resistance I, Guard

Ig+1I; terminal l o terming)
— / IR /
IR }

|1 R§ :-J"F:E d‘D

=

L
™

I

o — o—
== —=
(a) " by ¥

Gﬂqv_cﬁ .1.9.14 STU¥aE fSURIGRI USd (Direct deflection method)

SN fSUaRM Ugd (direct deflection method) &1 a’id &m—(b) 9 g, haeaAl
ET\EIﬁYFT W (insulation resistance of cables) Bﬂﬁﬂﬂ]’o& (high resistances),
@&I@ﬁ%ﬁ UhRdl (d'Arsonval type) Udh @ﬁlﬁ%’ TT@V:ﬁTﬂET (sensitive galvanometer)
(ATH: 1 He= Thd SfaR1aR 1000 mm/pA Hie Afafef@et (current sensitivity)

TR IHIETAT (microammeter) ST ITURET SITdlL ¥R @R, TegHIHICd 3 JfRifcE TR
0.1 - 1 nA URIH HRC MY (detect) dbdld. BUH, 1 kV =T ] Blecsl¥g (applied voltage),
1024 10 x 10" Zdd I ISR (high resistances) ASIA SIS, bvdTd.

HIadT 37\‘1@?1:{ B{%IETH (insulation resistance of a cable) AoRHACHIS! aTuRedl SIToTm=aT
SNGe fSUiaR Ugdrd (direct deflection method) 3algxUl EEININ] Gi'l?cﬂﬂ%a E{Qfﬁa GH%'
ﬁ@ﬁw (galvanometer) G HeFR (conductor) 30T Heq yHeda (metal Sheath) ®C Ir
TSI, ol BT (leakage current) I, SYATET AERAR (insulating material), SRR
TS ATEREAT (guard wire) GIR ATEH SITdl 31T TS Teg-HiexHe argd L.

4) W 3figH foet g (Mega ohm bridge method):

g1 Ugdtd UG @lcieH oS dwasl™ (Wheatstone bridge philosophy) dTaRdl URq dISal guUTiRd
T (slightly modified way). WTEd STHAITHIO 3w RS (high resistance) TRifAT 3.
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o A Segaere

» Insulation

Electrical and Electronics Measurement (EEM)

» Resistance

L

Be .
|
o« A
Rac )
i R
Gt;__ _
Rec = ~*B

3Tl $6.1.9.15 W 3NgH foT U5 (Mega ohm bridge method)
G %’ S efifaa (guard terminal) G-I'I% 37T 30T aR_Id H’Wﬂﬂ?ﬁ aﬁﬁmﬁ%@w (Resistor)
3Ted. HoRHcHTd!

RG] ?{‘\’ﬁw S Rag 3TMOT Reg % INCES m (leakage resistances)
fehe Wrelid s geifae o

]
////."II|I \\\
i"/ f." L
- |i:; / I
/"'}J |'|I L-\‘\
/// ffl/'- - \\
o / ™y
./\/ Ragc q-‘ ( G ,:'I >. .
., [y < . +\\\ I/"_
.y, - \_\_ L ra -, J '.ﬂ' |
A\..:\.-- \?‘ 'If' .// _/ -~ I'\'-._\__-A“'l
-1 < Ree s - VTVM
B \\\ //
\\\ // L.
E
+
| |I
Hi

37

amﬂ $.1.9.16 AT Gﬁgﬁﬁﬁﬁﬁﬂ'ﬁ?m (Mega ohm bridge measurement circuit)
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§ UIfgd SIS dhd B STYUT R HTUT Rag o JHIGR AGISH (parallel combination) 3&ad IeRe~d
TI&Td UIe Dl (actually obtain the resistance). SRI ‘CITEJ,% YU i WX (very insignificant
error)
I-AUY- (Exercise):
1) ﬁﬁl@'c{(measurement WW@P
2) ASRIT ET\‘E'JEIE?ﬂ (Measuring Instruments) fRR anfor nfaar afeey (Static and Dynamic
Characterlstlcs) I 311%?[?

3) AoRdcHdd (Measurement) QN% (Error) UHR I 311%'?[?
4 s?{gﬁt% (instrument) a1 (classification) HY HA SIA?
5) cHcHHA aaTel UHRT 2l (Torque) TT &I,

~N O

tﬁ.@.@.?ﬂ. ET\‘EJEIE?‘T AT (Construction) 3for St (Working) U B,

T—ﬂQT[QT[ 31, si‘?al?%ﬂ XTI (Construction) 3T B (Working) Juid &R

i TH.TH.3m. (PMMI) 31fOT df TH.TH. 3. (PMMC) sfeﬁﬁﬁgamw

10) Ammeter 30T Voltmeter T ST (Range) P ArearTr?

11) H\FCH?GT Qﬂﬂﬂ_s’ (range of values) I (resistance) giffepRor (classification) <.

12) S (low), AH (medium) 30T 3= (high) IRRETAT (resistances) HoRHcAT UGdid! ATd!
N

)
)
)
) PIASR (Calibration) TUNS BTI? BT TR I 3101 AT Ufehar (Procedure) I
)
)
9)

*k*k

Tegiy (Bibliography):

1) Electrical and Electronic Measurement and Instrumentation by A.K.Sawhney.
2) Electronics and Electrical Measurements and Instrumentation by J.B.Gupta.
3) Electrical and Electronic Measurement and Instrumentation by R.K.Rajput

4) Principles of Industrial Instrumentation by Patranabis D.

*k*k

'HT%?ﬁ ThaID (Information Websites):

1) https://circuitglobe.com/types-of-transducer.html

2) https://www.electrical4u.com/linear-variable-differential-transformer/

3) https://www.elprocus.com/pressure-transducer-working-and-its-applications/
4) https://www.electrical4u.com/piezoelectric-transducer/

*k*k

Maharashtra State Board of Technical Education 38


https://circuitglobe.com/types-of-transducer.html
https://www.electrical4u.com/linear-variable-differential-transformer/
https://www.elprocus.com/pressure-transducer-working-and-its-applications/
https://www.electrical4u.com/piezoelectric-transducer/

Electrical and Electronics Measurement (EEM) Solfdgandl TTOT Solaciialeh HoRdec 313334

giie-2
UTaR 3TfOT TTSiie AISTHTY.
(Measurement of Power and Energy)

fawg fAeo=h (Course Outcome):
i Hiex a0ReA SHY faggd GraR SMOT TSl Hie.

(Measure precisely electrical power and energy using appropriate meters.)

st ?Fﬁ-ﬁ'm'ef HY ool ﬁ[&l’UT It ufvome (TLOs) 3rfor (COs) (Learning content

mapped with Theory Learning Outcomes (TLO's) and (CO's)):

TLO 2.1 Describe the working of the dynamometer wattmeter with the help of neat sketch.
(I Hed STAMIHCR dicHe=dl B qui &)

TLO 2.2 Describe the procedure for measuring power using appropriate method.

@Y Ugd a1 et Aorodreat Ufghae gufd &)

TLO 2.3 Justify the effect of Power factor on wattmeter reading in two wattmeter method.
@ deHiex Ugdq deHiex RS ar UiaR thaexan UHTd THTONd &)

TLO 2.4 Describe the working of MDI and four quadrant meters with neat labelled sketch.
(@ Holed] Whadg TH.S1.3MT 30T IR HIgc Hiexedl S qui- &)

TLO 2.5 5 Describe the working of a given type of energy meter with help of block diagram.
(T ST U faae YR Sell (Tl Hie=l Hrafd quiF &)

TLO 2.6 Describe the working of a given digital energy meter and smart energy meter with neat
sketch.

(fearean fefored Tl Hex 3nfor ®re TSl Hiex=ar S Wy WHadg 9uiH H)

Ty (Introduction):

Wﬁﬂ? (Electrical Power):
Zofae® UiaR § ®Iges 3T diedl MR (product) 3. FGfacd UIaR & ‘P’ R GRIAS! oid

3{Tfor ﬁbfavfﬁ(watts) T ool .
gR,P=V*l . ()

V= *R,
THRPS UIR, P = P*R=V2/R ... (ii)

’V
P = UieR
V= qﬁ%ﬁr&m%m

| = P

R = 3\‘%1?7\“{

[N

3ofdcd Ulald HIUH (mesurement) HRUIMTS] STHATHHICR JhRd deHIeR dTURS STd

. mﬁﬁﬁ(ﬂectrlcal Energy):
SOfaeH® Tl U Giar SATIOT gesdl (time) TR (product). R ZSfACHS BT (1) SMUSKR,
HSFCIAY AT YeRIHS fSHIT (V) FIGCHGR, (1) YhaTS! argd 3178, TR

$%Ii$5 Q-'-|Gi E =V x]x*tJoules

fded Iord Thd (unit) a'ds?ﬂ (watt hour) fhaT kwh 31Tg.
fGed TSI HTUH HRUGITS! SR B YUMo IaR SMUTRT Toil Hex aiiRe SiTd.

3 3

R
R
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2.1 STATHIEY dedHie™ qiye™ T o1f, afeew iR %aeR: (Construction and

working of dynamometer wattmeter, multiplying factor):

iLunI%%—‘ cds(d\ lbltﬂbth
T o

H’\’Q

Pl oy et § of

M d'1|61 %IJ'MSH f %
U\QC{ HS

o> N = QL
m Lol

“ Elada ats

&I'I?cﬁ . 2.1 STATHIHIER deHier (Dynamometer Type Wattmeter)
e TiYPBTH (Construction):
1) 3l A SEAMHICR UHRAT deHIeRd SIUBMH (construction) TRITAT TR, AT G THARSHT
(3ITTSiedha) fhaq ®Isd (coil) 3T TH AT Figd, TR, Wha 0T UlZer /A, g flhaw
Pigareid RS, Th T Higd dach old oif RUSAdT Sledal 3.
2) STATHITCR TI8U deHiexd fthay disd dic disd (CC) WU Sfied@d! oiid Tl dre Fad RRie
e Sheaia 3d. M 30T L § PC disad eii-d 3fTed. G HigaHyd aIgUIRT dc SuaIae), Uk
I (8T) NMere~ 81 g7 Bieays RRoHE Siadl old 3T I Aidhe W3R IBRETE Fad S,
gl Higaldll Blecs fohal YRR Hisd (PC) BUIAId. Blecsl disd dledl AR (Ueld) T Sisda 3o,
3) QT Pl Urgdies RUSAGR (Pivoted spindle) TUIE dHal Sl AT flhaq dic Higag ardhs
& SITd. elfei €ldb (Controlling torque) TR HRUATTS! f&IT (Spring) dreieral aTuR &l ST,
4) SfaiT E'I% (Damping Torque) ddiR CRLIRIE] U&N flha— Ts“ﬁil"'l?ﬂ (Alr Friction Damping) dIUX
BT STl STEAHMHICR ‘c"r%q JeHeH ! Whd (Scale) CIC| gﬁ'qv"l'ﬁf 3. Waad U (Parallax error) E]ﬁo”
BIUT=T T HH! HRURIST FERR SATOT A5 T (Knife Edge) Trgex aTuRal ST,
o HMEEdA (Working Principle):
1) BIC dIg AURT T Bigd G [ BlgdgR TR boiedl Jabid GHE daell Sird. JfdT
PHIsAAR B AT ST,
I @refiet g,

F = BIL Sin®

! 9 A

F= 4T Sigeran B (GfFe geq)
B= TRTSRI Tl (density) (Z(IC dsR)
| = P (GHe 3HUR)

L= dhedexal dial (GHe diex)
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2) 81 B Uliexd fETIaRM Sdl aud AggR aliRedl STuM=iT Giavedl YURRHS Aed 3Rl Janfad
ST T i (T.) BT B Pl HY AIGUIRIT BT T Fleesl DIgerdl B 3T Uar ThaeR i
TUMHRT ST 3.

Td O ice X Tpc X COS ©.vvvvrnnienee. Q)

BUoi,
icc = PRC PISATYT ATGUIRT HC
ipc = leeS! PISAHYT ATGURT HRE
cos ¢ = TiaR haex
3) BRC DISATYT HIC ATgal 30T HC Hisd ol dle Aad Il A ShSaai 3RId

3foT

Rpc= URR Il Xfore—d
V= URR Higadl Glecol
THIHROT 2, 3 IO FHIBRUT 1 T icc MO ipc o Fog dadl, TS
Tp A ILX V/RpcX COS @ o “4)

RpcﬁT\‘ETC"aGFT,
TaaAVXILXCOSD v (5)
RNV
V x IL X cos o= Power = P

Td aP
ST TG B Thex Zolfdcd UiaRd HISHTT Hd.
o SEAER aétr mlﬂ'ﬂ% (Advantages of Dynamometer Type Wattmeter):
1) & SUHRY! e SOy TEt i AU G (Free) 3HTed RV JT HE Sif Higd aTIRaNd it
DI TR BISR (core) 3.
2) STTHHTCR T8y deHiexT! SRl (Accuracy) &l FRIIoM U€ 3R,

3)%@%3@6@&%6%@@@@3%%
4) SR TSy deHier g T, (A.C.) 3o ST, (D.C.) IT I =AT HIU-TaT aTiRa ST,

o SR aétr detiied die: (Disadvantages of Dynamometer Type Wattmeter):

1) STATAMICR TT5U deHIed! Ihd AH-GHbIH 3.

2) ITd elb-ade IR (IOIRR) T (@) 3HTg AT AT 1 Hed Gag-T=ierdT (Sensitivity) FHT T8,

3) @l (@) Tldh-de 3T (UNR) I, fTheemd (@on are (&) SR 3T,

4) g Hie 3ifere TETT 3Te.

3%1?? DISR DIgeaHos, M HHPAT JabIT &F (magnetic field) SFd TN AUIRT HIC HIBT

6) m@’ 31T Fifdew (mechanical) cmm%’rmﬂéawﬂa SHdId.

7) ‘J-IETRJTW {'aﬂ'l%ﬂ (stray magnetic field) gl uiRumd gial.

o AfTWIRT Baex 1 39 Eﬂ'\‘l%‘x"ﬁ (v faWR) (Multiplying Factor and Range
Extension ):

« HAfeewRT WaeR (Multiplying factor):-

TR HhaeR WU HRce Higad! ol 3T Fleedl Higard! ol T deHed Hd IThd [STIaRM

i RSN Hiede Tdel 3.
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AT haeR = (B DHIsAd! ¥of X Flecol Digad Yo)) /dcHlerd Hd Wb [STRIGRH.
o AfeRINT Baevadd 3GIe¥Ul(Numerical on Multiplying Factor) :
1)14%93 15 3fUSR, 400 FIeT 3T 1500 ey Hot Whd [STRIGRM SRIcied deHiex Uiar Histal!
SiTd. K1 750 94 Bid. ASgR fohell GiaR aruRaR Tl o e
IR faaiar Ser:
PRI = 15 A
FIeedl o = 400 V
Bd Whdl fSTRIaRM = 1500 W
Jerfier AT = 750 W
MYTITST:
1) A gR UldR aTaRet Srd
TS R AR UlaR = Afec Wi hdeR X deHiex et
U UYH HfeT TR thdex MYUTAT AR TS,
TR HhaeR = BT Hisadl 391 X Flecsl DHisad! 3o /deHied Hdl Ihd [STRIR
= 15 x 400/1500
=04

1) TSGR UlaR dTaRa Sifd
WS gR TR UTeR = Afec @RI thaer X dedier Sf&

= 0.4 x 750

= 3000 9cH

2) 500 WIee, 5 ARG R Bl derlexdd 1000 ded T Whd fSHIGRM 38, deHiexd
i i haer S 3MT8?

IR: foiar sar:

PRI =5 A

Qleesl ¥ = 500 V

Bd Whdl fSTiaRM = 1000 W

AT thaeR = HIC Higard! 301 X Flees Higad! 3o /deHied T Whd [SUaRM
=5 x (500/1000)
=25
3) dicHieRdl 600 Fleg, 1500 d¢ Hd Whd [STIARM 5/10 USRTTS € Hal I, 10 SHUSR ISaR
IR, Afee TR thaeR N,
IWR: fearan Ser:
P = 10 A
leeol ¥ = 600 V
Bd Whd fSRIaRM= 1500 W

AT HhaeR = B DIsadl 391 X Flecsl HIsad! 3o /deHIed Hdl Ihd [STIR
—‘IO x (600/1500)

4)a'|21:ﬂa1sooa'd Bdl Thd [STRIaRM o Afec T haer [T, Siegl B ST wlecdl T Sha
15 SUSR 30T 600 Fiee SR,

AT HhaeR = B HIsadl 391 X Flecsl HIsad! 3o /deHIed Hdl Ihd [STIRH
Afce @RI haeX = (15*600) / 1500
=6
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o oI QW%'QF'T (Q’Uﬂ?ﬂ ﬁﬁ'ﬂ') (Range Extension):

Jerfiexd! S/ (accuracy) ATGAUATHTS!, Yo7 TaRIceH (Hufin faR) Felm Sfdl. Welid Ugdiar aaR
FHE dehiedl o TRICTH (AU fawdR) T SIS, Xehd.

1. Rie HTMO1 Afet @R (T[UTeh) Ao IS TRICRH (A0itar fadR)

2. CT STfO1 PT AU ¥ URICRH (H0faT fodR)

1. Tie ATOT AfRWAR ([Ur®) ue 3o Taex (Aofiar faxdR) (Range Extension

using Shunt and Multiplier):

Cie.
™ L
P et A g __76 i —_—
T M- dTE
14310l B\ Rl W ol
3’\\\0\ @Q‘ﬂ. Q_:\t(‘-\\d Vsl QHr*lé\\uultH” ‘)&w
d

TPt 3. 2.2 Tie ST AFRWTR (TUIh) ATUEH ¥of TRIe A (Yuitan fawR)

(Range Extension using Shunt and Multiplier)

1) &FW e xic &rrﬁr AR (0Td) dTR- CICJ-IICQ in gqﬁc-am Goft ﬁ“v?lm‘nﬂ) HARIT GRIaal!
3Tg, dedier 39 TaCYH fORdRME], R P FHigaded Sisdd 3 Tl Afcc @R (Udh) URR
Pi3ade R SSed TS,

2) R IRRETd G @l () 318 AT Afcc @R (0Th) YR Jed 81 (W) 316, @ (@A) e
IR g, NIGAHS I fdgdd dic gl X Aee~g AYA digdl 3 & Afec @R (UIh)
IREC Fleedl Hisaqdiad Hc o faiy Hal.

2. PIC TABIHR CT 3T UIRfRIS SFABINR PT JTURe ¥o TRICYH (Uil fawR)
(Range Extension using CT and PT):
1) 3Tt ALY CT AT PT AU deHieaan 3o TarexH (Juft fawaRreh) awi a=fad. a1 ey

CT 301 PT i JHIAY 318,
%muﬁﬁ%m TR (PT) WUl [RIGUTER SiSael SRId! 31 e TFABIER (CT) deds Rk
3) PT = Abedl HIHH), Jerfieell DIR Bied Sead o M Jerfie Bie wisa S
el HITH SIS 3.
%Wﬁsasnﬁrﬁwﬁsmgﬁmécwmmm@,ﬁam&wm
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—— 4 T
O‘*“*——“‘*“' e —— —
: = W
W v‘{ - tT" d rdl }‘
. |
E\arel Bl ‘ o
S A TSN

: ' T 1 lm V_]
| -_— — |
| |
|
|
|
|
|

TPl 8. 2.3. CT 3T PT U ¥ T’ (Avfian fawmm)

(Range Extension using CT and PT)

2.2 ﬁ%@%’ 3Tfor ﬁ'ﬁ% UTaR HISTHTY (Active and reactive power measurement: One,
two and three wattmeter methods)

Ufdeeg UlaR AISTUgRNITS!, WTATd Ugel aTdRedT SITdId.

1) U deHic’ Ugd

2) G deHieR Ugd

3) ¢ dedier Ugd

A& UgdTd qURNTaR qui WTeiersHTor 3113,

1) Wﬁ?‘lﬂam (One Wattmeter Method):
1) 3t & THh deHier I o Bl ot aRR da-9 (@gfard) Tomeiaed diaR AisuaRet |idbe
PHIUATe! THT CIITd Udh deHieR Sisad 3RTd (@1 RT3 dedie 1 Bhore STedd 39d).

Fefiey
: T :
1 o '1 " m—‘[—: 1
T4
SIS

N
/

3Pl 3. 2.4 Gfhe STHIH: TP deHler UGd (One Wattmeter Method)
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2) IT UgdAe, dedier el 1 A Aisal aro[dl sisdedl URR $Isays Siead 3e. Wi S aroRed
SR GF CHIRT BB STedied URR Higedd gax cldb.
3) 3R YHR U el G deHier AfET sk arereid Ugur tiar gxiad.

»SJ’ ¥

= \‘Ij

GI'IT\-ﬁEF. 2.5 R STIUTH (Phasor Diagram)
o SR & S WM 1 &R 3-¥d TR deHier AT 3.
W5 = V12 |1 COS (30°+0)
Wi = VL 1L COS (30° 4+
TG, w%swzmmmaﬁaﬁ%ﬂ&n@
W: = Vi3 |1 COS (30°-¢)
W2 = VL 1L COS (30%-0) oo @)
U, THUI IR (P) &R fait Sird
P = W1 + Wz
P =V I COS (30°+d) + Vi I. COS (30°-)
P =V, I [COS (30°+d) + COS (30°-¢)]
P = VI [COS 30° x COS ¢ SIN 30° x SIN ¢ + COS 30° x COS ¢ - SIN 30° x SIN ¢]
P = VLI [2 COS 30° x COS ¢]
TUT COS 30° = v/3/2
P =V I [2 (/3/2) x COS 6]

P =+/3*V, I COS ¢

. miﬁaua‘cﬂ%tm% (Advantages):

1) Thad Udh deHiex aTaRdl offd.

2) PR HHT TS,

3) 3P T HH! 3T,

. mia:ﬁaua‘cﬂ%?h% (Disadvantages):

1) Tad Idferd dledral aruRe S

2) § 3RdfeId dre Tt aiuRd SIS, Rdhd ATl

3) d IRT SIS VIS dTRd SiTd AR de g SUds 3l a=ae 318
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4) HIC HIsd ST Sl H-aR IUSUl MaIH 3G,
2) 39 deHier Ugd (Two Wattmeter Method):

\'*L O3 : W

. 2.6 Gfhe STAUTH: G dedieX UGd (Two Wattmeter Method)
1) A Bt ot IR fhened Uiak MSUarTdt g dedie’ Ugd! aTuRedn ST,
2) 3Pl GF dedley Ugdl e ot ol ¢t IR TR $-ae da ([qerd) Jomaiaed diaR
TISUaTATS Gfhe a7 e-iad,
3) grd Aferd diF B, di- IR R 3 d Sarged el 1 31101 Tl 2 HEl G deHiex slisad 3Rdrd
30T URR Higd GRAST SISlall Shedd 3d. F deHeYAN URR hIsad] SaR cldb ThUDBIAT shieda
SHdId.
4) THTTE & WY B PI deHier Wy Bl 1 7el UTaR I8 .

TPl . 2.7 B¥R STAUTH (Phasor Diagram)

Wi = V12 Iy COS (30°-)
W1 = VL IL COS (30°-0)..eveveeeerrrrrrrrrrrren

TV, aﬁawz%zn@wﬁ@ﬁn%ﬁaﬁ

W: = Va3 1, COS (30°+¢)

W, = VLI COS (30°+d).ccuiciciecieriene, (2)

TEUM, I et U tiaR (P) g W1 311for w2 =t et oie
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P = W1+ Wz

P =V_I COS (30°-¢) + VLI COS (30°+¢)

P = VI [COS (30°-¢) + COS (30°+d)]

P =V, I, [COS 30° x COS ¢ SIN 30° x SIN ¢ +COS 30° x COS & - SIN 30° x SIN ¢]
P = VI [2 COS 30° x COS ¢]

TUT COS 30° = v/3/2

P =V.IL[2 (V3/2) x COS ¢]

P =/3*V_ I, COS ¢

o ST FAGES AISHIS! G deHle? UGd( Two Wattmeter method For Delta
connected load) :
1) 3Tl G deHier UGdl dUe 3 Y, 3 dRR Secl Prdcs S (ddfaa) Jomagsl iR
AreTugTaTe! fdhe FawT gRidd.
2) I ST (@) 3 ¢, 3 AR YUMEH 3d SAHE Bl 1 3101 Bol 2 T gIF dedie Sisad
SYdTd 301 URR higdd YRAST dTe[ell SISdd 4. GF deHiea IR Pigaral IR cldb ThHHBIH]
SSadl ST,

N/}
RG,; g ,7.7)

ATHdl . 2.8 Tfhe SUATH: STT FAaes ASITS! G deHler Ugd

(Two Wattmeter method For Delta connected load)
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GI'IT\-ﬁEF. 2.9 O STUH (Phasor Diagram)
3) 3TFHdae- g WP BId BI, dediex W1 Bol 1 98 JiaR IS &l
W1 = Vi3 |; COS (30°-d)
W1 = VLIl COS (30°-0).ceeemrreerrerrererrrene (1)
TRYHATY, dieHiex W2 Thel 2 A UldR St &l 3for gR feed S,
W2 = Vs [, COS (30°+9)

W2 = VL 1L COS (B0°+®).erroeerrrerrrre 2)
TEUM, G i’ Tl /et (P) &1 W1 3fIfor w2 =it SR 3
P = W1 + Wz

P =V, IL COS (30°-)+V, I. COS (30°+d)
P = VLI [COS (30°-)+COS (30°+)]

P = VI [COS 30° x COS ¢ SIN 30°%SIN ¢+COS 30°xCOS ¢ - SIN 30°xSIN ]
P = VI [2 COS 30° x COS ¢]

TUT COS 30° = v/3/2

P =V I [2 (/3/2) x COS ]

P=+3V.I.COS o

o G detie} UG WBIael (Advantages) :-

1) & Idfera Sfor sRigfard gt U=l dred sl UlaR HISTUaTa! aruRe Sifd.
2) ART SHISaedT HUME=aT STadid de®) aiR SIS Uar JTagddl el

3) § UTaRYE UTaR e AT HISHTITITS! 9T <d.

4) 3ffafRad deHle=! gl ATgl.

5) Tdferd dre dTae+ Y3ffaceg Ular AIeul T 3G

o QI deHieR UG dier (Disadvantages) :-
1) QI8 UiaR Waedl UHRIYAR, dicHexd i YHR YdIhUl HasUl avad e,
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2) 8 UG 3 ¢, 4 IR YU TRLATEL.
3) SeCl Hride s e dTIeH UldR HIGUATe], Seel gy SUSUaT! TR ATgl.

3) o dedier tl?x'cﬁ IIYA YR HIYH (Three Wattmeter Method):

e WR USRYA Siedd da- (Fgferd) aisaradt a9 deHlex UGd (Three Watt
Meter Method For Star Connected Load) :-

1) 3Nt AL <1 deHieR UG aTueH 3 ¢, 4 IR ReAH UiaR HougriTe! Afdve el gRidd.

2) I Ugaiged, Ude deHiex Ydd CWNd Siiedd 31Tg, UM dediey W1 ol 1 38 shiedd 3Tg,

Jeriier W2 Tl 2 e 3ATIOT aefier W3 Bl 3 3 Sisad 38,

3) 8 Usd 3 o, 4 IRR FfbegAed UTaR TISTUITS! aToRe! STd HRUT A hordTd! <Ige Iy 3118,

Ydd deHieR IredT a1 TuTd UreR 1 dHRal AT st Tpur ufar ST sieigR fach .

4) TGOS TS Afchedl THUTUIGR P = W1+ W2+ W3

TPl 9.2.9 Hithe SUTH TR FAdes a0 (Hgferd) ArsHra! diF dediex Usd

(Three Wattmeter Method For Star Connected Load)
5) 81 UGd 3 el 4 IR A8 Afdhed sl UlaR HISUaRITST SUga 31Te.
o ST PAGRS TAT gfera) Aeardt A9 deHie? Ugd (Three Watt Meter Method

For Delta Connected Load):

1) 3Tl A STl PrAdes da-d (Aferd) TSIl i deHieR Ugd dTiReH 3 ¢, 3 IR YUmaqed
TR TSRSt Afdhe et gRiad.

2) I (qferd) ASATST Wi=Wo=Ws=W

THU TR P = 3W

3) S (A ASATS], Wi = W, £Ws

TUHUT UlaR P= W1+ W2= W3

o 9 dedter UGl BIET (Advantages) :-
1) S0 (Sfera) M1 S~ (3Ridferd) drexra! Uiar HioTol [ T8
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o 9 dedter USdET dieT (Disadvantages):-

1) ¥R Hacs AISd] de fag Iuaisl ST,
2) SeC] PaeS ASIIS! Sg] UIaR HIUH Hdl ld dog] Secl Pae dhad dle IISd Wi Tad
3) TTT3T i deHTe= JTaggadhdT 39d.
,,"‘1".3~ !
B VAN
XKzt

3°—~ilL-ﬁ — J—F[?Ph]—.af‘fﬂ!{ ,
— }MY?J

\}’)_.
Wo

TPl 3.2.10 Tfhe SAUTH: ST Pde s a1 (Hqferd) drsdra! €9 dedier ugd

(Three-Watt Meter Method for Delta Connected Load)

o UD deHlex J&d diuy=-d ﬁ'\@m UlaR ATIH (Reactive Power Measurement using

one wattmeter method):

JaMaz
A
e ""\,\ mL!
o—3 : !
; | : o i
sy S o
I I

—~<
o

S 3qmor
E Seal
R 8 o/ilf?

9
N

TPl 3.2.11 Aithe STAUTH: TP deHler USd AT+ fRifdes uiaw ama=

(Reactive Power Measurement using one wattmeter method)

1) 3Nt AL THT deHiex TgdH 3 el areded Rifdes tiar AeuarTe! die g e=iad
2) Tetie Hie Hisd R HorRl SHSaa 3T AT IRR Higd v AT B Brored sheaa 3.
W = Vyg.lr COS (90°- ¢)

W =V, I, COS (90°- ¢)

W = VI, [COS 90°. COS ¢ SIN 90°. SIN ¢]

W = VL ILSIN e (1)
3 Thol AreAehd T Rifaee Ui Q,
Q=vV3VLILSIN®
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Electrical and Electronics Measurement (EEM)

Vg
é VR
(30— ) 7T T
VY \ Y-vg
£ 2
Vy g

3Pl 3. 2.12 A SRIUTH (Phasor Diagram)

e T deHier UGl arae f¥Gfdeeg ufay AU (Reactive Power Measurement using

Two wattmeter method):
1) 37l G deHieR Ugd! aTuRed 3 thol drerd e Rilfdeeg diar HISuarTa! didhe oIawiT gRiad
2) RUfdeeg Uiar AISTUATaT GF dedlesd W1 30T W2 3TaRT® 3MTed. deHieX W1 R-boHed Sligad

3{Te TfOT detiier W2 Y-TholHed shiedd 3Tg.
3) Q! dcHIcTd URR igd sl-WholRil siigdd 3MTed. Bl Uad 3 thel Ut aRR §a= (Hdferd) Seel UhR
MERIHEISSREIR
Ty -l
R o0—» "ﬁf.szY2m4i R
(IS N 1
VO—*—(—": 270001 N BR
R i V3 \
i, e B Lyp +—— Ty
RO_F s r ;\{

anqnﬁw.z.wwﬁwmm:ﬁa’aﬁﬁu&eﬁamﬁﬁ%qﬁvw

(Reactive Power Measurement using Two wattmeter method)
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GI'IT\'ﬁEF. 2.14 B3R STIM (Phasor Diagram)

3fTpdilaes- & WY Bld.

VL= Vg IL = Ir

@ = T @Blecol 0T He AT ol i,
dedie ST 3mg

Wi = Vi I cos (30 - @) 30T

W, =V I cos (30 @)
Wi - W, =V, I {cos (30 - &) — cos (30 @)}

= VL IL {(cos30cos @ sin30sin @) — (cos30 cos @ - sin30 sin @)}
=V, IL {cos30cos @ sin30sin @ — cos30cos @ sin30sin &}

= V. IL {2 sin30sin @}

=V I {2 (0.5) sin @}

=V L sin @

UpUT 3-phase Rfdeeg Uik = V3 Vi I sin @

2.3 EﬂT-f deHier q&‘?ﬁﬁ deHier HfETaR ufaR Baean YHE (Effect of Power factor on
wattmeter reading in two wattmeter method.):
Jetiex AFETR laR Wrdexd THTG MY HRoarIdl, SMgTel Jald SRARMY (Joldd) Hlerd! arTdd
1) A8 da-9 (Iqferd) USRI 3Rl
R) AredT UieR Whaex dhi
G deHier UG d1adid, G deHied & smed
Wi = Vi I COS (30°-¢)
3TIOT W, = Vi I, COS (30° )
3T Wreftel oy T faaR &1
P I: ¢ = 00 fdvaT COS ¢ = 1
R TG HaiedT deHiey FHIHRUTAE ¢ = 00 § Yo dadl. 3Rl [Had,
Wi =V, I COS (30°-¢)
= Vi I COS (30°-0)
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= V1L COS (30°)
TAYHT,
W, =V, 1. COS (30°+d))
=V, I, COS (30°+0)
= V. I, COS (30°)
UM, COS ¢ = 1 I3l gigl dediex THF 3T favg HfET Tfia onftr Q= dieiier uiRidte
(FHRIHD) G araia.
FHII: ¢ = 60° a1 COS ¢ = 0.5
R T HeiedT deHIC THIBRUTA ¢ = 60° § Yoo dadl. TRl [Had,
W; = VI, COS (30°-¢)
= V. I COS (30°-60°)
= V. I, COS (-30°)
TMAYHAT, W = Vi I COS (30°+ ¢)
= V. I COS (30°+ 60°)
=V, 1L COS (90°)
U, COS ¢ = 0.5 WT3l, Ue dicHiex I faamur e=ifadr oftr gERT dicHicr tikicIeE (AhRIED)
fSwimeF (e a=ifad.
I 1Il: = 90° fHar cos ¢ = 0
R THg HeiedT deHIe THIHRUTAE ¢ = 90° § Yo dadl. JTRIal [Had,
Wy =V, I COS (30°-¢)
= Vi I| COS (30°-90°)
= V1L COS (-60°)
TAYHTOT, W2 =V, I, COS (30°+¢)
= VI COS (30°+ 90°)
= V1 COS (120°)
UM, COS ¢ = 0 131, Gal deHier URidte ([aRIeT®) fsuamer (e gefadrd.

I-ATHD (Numerical) 01.

T 415V, 3-0, ®R HAdcS S8R HIR 20A T DHRC ad. IAYC UldR 15 faballde 3iTg. R 31101 B A ¥
30T PC AL CC 3RIeTel deHieR araRd oifd. dedred R fAfga &,

3T

THUIUIaR = v/3 * V, I * cos @

15000 = V3 * 415 * 20 * cos @

Cosg=1.0

Jedtex AfSTW = Vi 1L

= 415%20*0

= 0 VAr.

HWITHSD (Numerical) 02.
1- ® deHieIal BRI gl BIGL 230 V, 50 Hz [ Sgad AT 2 kw s HISTUarTat e T
dlel.

3E QZ
Jetier ARkt 104, 250V fhar 300v
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Gaitaz

BT 2

| hdd dﬂ’ico/\ !
‘r_'r_o_mmm_o : i

g

|

' |
L_O_.' O —

VR s -

f b s A3
\ﬁ\\‘{'i

TPl .2.15 Tfhe SATH (Circuit Diagram)

2.4 HieguH feHis 3%%1% FIYBTH 3AToT ?ﬂ'{f IR E?'IEE Hiew (Construction and
working of maximum Demand indicator (MDI), four quadrant meters.)

2.4.1) AfeHH feais 3'%%%? (PHTA HARTON ﬁ%‘x’ﬁﬁ) (maximum Demand indicator):
AT ARTf A= (MDI) BRIfd® Sidv UEHTAT STaRgd S de BHTA 391 HISTal. MDI 3121 UhR
fSems Pad R &1 d 99 ars 3T fies ars Aiolard. TASISM & Ry srmdda ufaR Yers
HIUTTS! fSSTs Had 3G

HHTA AN FCRhi UBR WAUHTO 3Mgd

1) YpiteT AnTof A<

2) TRIERY AUt e

3) YHel UPR HHTT HFTUR Fdeed

4) f&fStea s Anoft Rdws

. WWﬁﬁi’!{W (Average Demand Indicator):

1) 3Nt HHTE ANTUT FASRIGHTR Sies™ Fawi aRifad, TTd urd T- I JHIAY $)

a) fegT Ree =it drae doid SA

b) UI§eR

AECIER R R

d) ThaxH fe®Tsy

e) fq
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Bell Crank
Mechanism

Pointer

Gﬂﬁﬁ %.2.16 HiogHH SIS Eﬁﬁﬁi (Maximum Demand indicator)

2) 1 UHRT SfePher ol AT YT 3R, FHolf Hiex 30T IR ANl A= Twiauul ghu
S AR 3n1for fAfEy wramadia fas HHE Joa Aierara.

3) WK AFTON Fcdmed Ue ofed Wis S[d I [d. O diear sradre! soa 4
WHad]. AR FGY I5d aTRee! THUN Ioi YafRid Pl offd I HH S@&id 3rdl ol e
eRigR Fifd Far o,

4) g fRUd disex TRd ATUUIRITS! GEId 6 aiuRdl offdl. UiseR MGy dosa iR AegR
ORI TP 0T 3Tl GRITddl. Yo desedT AieTara!, fU- g1 ge TRl

5) IR Ulser had dgTd faaferd gidl Sieg] AlegR aluRaldl THUT 3ol Jdf T dhaiedl desUs S
3. TRIERT T Aol =i Histel! SRS b,

IRIRT HATA ARTURT = 95 GHIR (ARHE) Ibie dbaidl AT Sl (KWh ) / 9@ TR (Hours )

o WHal (Advantages)

1) 3= 3Dl

2) UHHHM HIGH el

o AT (Disadvantages)

1) GU SR fhHd

2) YD foeTy 31T

e dIUR (Application)

1) B Wiy SelaRH

2) HT BleX

3) TFABIAR

2.4.2 R ?IEE’ Hex (Four Quadrant Meter):
1) IR IQUY (Quadrant) HicR § Safdcwpd glefadiomela ufar weileh famm onfor oiaa avffeszor
aﬁﬁmﬁmﬁrﬂa

2) § UlaR T fa=M (Direction) SHHART IO Yid HR0ATT Had Hd. IAMAR Ulaee diaR (dfohd
). Riifoeeg oiaR @fafshareres ) sifdr siikee oiR (Sus e fammIe Haeft ST,

3) Soifagdpd Uik Reqe gaq: Ufdee diar (@foha =), RKifdes diar (Ufdforarare qredl) Sfor
N TR (ITS ek Al WEUHAR S HRd 3Med. Ufdew UiaR (@fohd Uadl) Toaema
TfeRIes (Resistance) NIESEI NS
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4) Riifdeeg UleR (fdfshareTes el SSacR(L) 30T HURICR(C) RS UehiHL Hafed dbeil Sd it
AR 8T AC IhIgR Widids Hsal SId 30T U UlaR (IS W) ThAqUU Yfdeeg Uiar (fsha
raell) 3nfon fefaees wiaR (wfafsrarere wrad) Sieia &1 B,

il

A

® @
S=-P+1Q S =P 11 9
, - - P(add)d
P - Q Stz HP =g
® ®

snw-ﬁ 6.2.17 IR ®lgc Hex TR (Four Quadrant Meter Operation)

\5}%1? PTG Hex A6 UlaRaR U] avIaTTe HIgeHed HURRM HRdId. T WTd! Il dbedl
PIGE 1 : DIgC 1 A Gol UiAR o &7 Ufdees UlaR (Wfhd ) ofvr Rilfdes Wik @fafsards
) SRfadl. BN Brac 1 TR, Ufdee tiar @fea T siftr Rifaes diar mfafrarets
i) URISIE (GHRIAD) Udifed Bld 0T Gl Agdh =l diear [adiRd Hedr SIdld. Hlec 1 T,
IRE PHES, UiaR thaex AR TSl A Saearen Ufaee tiar (afhg Trahl) for Rifaees diaR
@ifcfohaTee ekt ST DHRId! AT,

PIgC 2 : Bloc 2 09, Rifdes diaR mfafharas e Uikidie YeRIES argd T Ufdee tiak
@fehg e e ([ASHRIE) dTed. TV HIge 2 ALY, MUHTal Ui i HR1d} aria.

WIS 3 : Brge 3 7Y, Ufdee diar (Fishd ek o1fdr Riffdees wiar (ufdifcharete e aiel Aifess
(FBRIEHD) AEd. B, Brge 3 Ael, Ydee UiaR (Afshd e 3i1fdr Riffaees wiaR (sfdfshareres ki
<l GlaR g YT Bidrel,

PIST 4 : FIeC 4 9 Ufdew diR @fba Tl TR @HRES) agd offtr Rifdes dfaR
mwﬁilié%mwﬁwﬁmlvnﬁ YT UlaR ST et

Wwﬁwmﬁmmmwﬁ?ﬂm

AT | S o .

S [ UiaR g e UTaR U
Ufdeeg UleR (Fichd Teril): UTRIcTeg (HPRIHD) ﬁ%tﬁaﬂﬁmﬂﬁ)
fYtfdeeg UfaR ufafparee e uiidie

] (THRITD) ﬁmwmﬁw

RESHESE R IRI
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5 | Rtfdes aieR @fafsarere e amidie Riffaeeg Uier fdfsare
(HHRTHD) T[a]) HURICIGE 3MATd

3 oy | Rifdees aiaR @fafsbarates ) Anfes Ritfeee tiaR (fdfsharers
(APRIHD) o) Sefaess Fafa
Ufdeeg iaR (fehd Rarl): Uiy (HhRTED) Ufdeeg UlaR (Hfshd Terh)
Rifdees iR wfdfbards e ifes 3TaTd

4 IV | (TPRIED) Rifdes uiar mfdishards

o) PuRcle Fafd

2.5 SIRM TT5Y RiTe B TSI Hiewd FiYDHTH 101 BT, IS (errors) UHR ST

HIEIRA (Construction and working of Induction type single phase energy meter,
types of errors and compensation):

TASH (Sl Hiex § TH AL 318 o fdggd Jord HISHT $Rd. § de-gar (Wh) HieR UG iade
i %WW(Integratmg)WH@

3ol Hiexd 3Fd UHR 3MTed. RiTTe ol 841 egy THeil Hiexdl aiiR SR 3M1f0T AT Sift
IRGT ST faggd Ik FISTHTT SRUGTITS! BT SITdl. AT Sholf HiexgR f[degd Sl [5d! de-ard
(kWh) AL HISTo! SITd.

iy ToT St (Construction and working):

R ol 80— TI8U Tl HicxHAe SRt RIS, JiagT Rcia, sfds Rcia snfor Aiguft gome!
(Registering mechanism) 3. AP JUMO! TTo! USRI WY Hot e

SHfET RIEH(Driving System) :- Sl Hie=l a1 yomeme gF RifewH e dftmcs
SOFRITICH ST, SATPdld SRGTRITIHIY SSacie M1 T RIS Hile Turdrd 3T soae e M2
BT 3 ThiT TUMAT.

RIS o M1 9 1S aRRAl DTgl dooUl 3HGO! BIS® 3. TN DISGG] DHRC Hlge (CC) WU
3for ff wfbewe RS 7l SISt 3RId. U1 HIgEHYA BIS Hee drgal.

2j¢ HIC M2 G UTdes kAT 3 dB3U] SRIGO! DIse 3. Tl HIgoo] Blacs Digs (VC) WA
31107 faggd TorRl Ree T ASao! SRid. 2ic Hiea Hedd! el Wil YR e didbe
oG disdrd Ug (Copper bands) SHA0 3.

I U R (position) THRINNIA &l Sld. TS =< HUC HACH Uoad 8T glacer=l 90°
II'Iﬁ(Iagging) Saar Adl. _ ]

i TAT (fc1 ST fc2) TN TS ST SATAR dieArd RS 98 S9a0 I, § 96 gy0l HRURHIS!
(frictional compensation) IR ST,
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Recording  fzoft gomrsir

Mechanism

- Snindle -
gle Hacle
Shunt
Magnet
Supply
Voltage WV s PEC
Al Disc FC :
[ S|
Braking Magnet
L -

cC

d
d

adta Fsaie Series Magnet)

TPl 96.2.18 TSRM 23U RiTTe Bl TSI Hiex
(Induction type single phase energy meter)

FC1, FC2 =hahz pre-z
PFC = UidX haex -

CC =< DD
VC = BIGCH Higo
4 W
|
D Dse
-
":Dsh
|5h Ise
k 4
\Ese
Esh
v

TPl 2.19 R STAUTH (Phasor Diagram)

iR RET (Moving System): i Tume e FRUSoR s9fddo! Uides (Ggfafay fxd s &d
3{1for ot RIS 311for zie ddeqdie TR 710 g8 3ot Sfd. Gle! Hdcy & dUR oo JUfedh TR
& 3 T HoT Ial. T f$% A TS! PR &gy Bidl. Gl BN § fSWhaR B Hdld. A
fSFOHIET fds TR I,

af$hTT R (Braking system): s RREAT s T ATaMl HIAERGEUl(permanent) 4a®
3L, s Hie g[S FIdeide 3d0 . s Hdew &31d % fhd T fa=ame &l aie
ST B8 TSl Hie Todd Wiad Uldishdl Hald 30T €fds FHI0T dld. 81 Tl fexha

favg faxm orf . Wﬁ%mﬁww Id (Proportional) 31T

igult yumet (Registering mechanism): e fiee Aol duRl Sede! 3Md. g a=um
S an sfadH®(rotations) TN THIUNG 3G ST Alg &d. B¥eR ¢ fha! de-gr
(KWh) Te ITIRE SO} Sl (Energy) TRIGUIRITE! Hioae H o,
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Eau (Working) :
V = RG] GIaca
|=BIS W‘c’ V3T 0o I ST e
cos O = BIS UlaR haex (@IT)
Ish = TOH Osh gR fSHAL TSI e Yeam.
Ise= FORT Dse GR [SIHHH TSI Hic Y3
td o (lIJshise"-IJseish)
S N § ST T 3T e SRR3R Hed 3R
Average deflecting toque
Td o [shlseCOSD — Deelsncos(180-0)] Y @ 30T 1, RMS HHY TRl
Td oc [DshlsecOSD + Dselspcos D]
Td o [Dshlse +Dselsn] cosD
We know ®sh oc V, lse oc |, Dee oc |, Isp oV
So Td o [VI+VI] cos®
Td o Vicos®
o Power

t YebaTd bRl RGIQGRTH AT [ Ndt o« [, pdt oc t YebaTd ATIRSS! S,

2’&% (errors) UPIR 3T BRI (Types of errors and compensation):
fIggd IoMdT AR TRUTIH g ATl AR RAMUT HoGal Hell Hiexd ASTIER 0D AHHRS
WA, BUHY, § G Hedd 3 @I Sull Hiewd siyepm ofl fggd dfewre sear gRad
1) B9 TR (Phase Error): 3T J-T‘:ic GO 1 A0 GIFCSIUET 3RTET 90° ARl(lagging) S aRd Hiex
arafier R arae. e #ie sigons QHSI{-II UapRARRET ) 3rdl for ot quiuor ufafsazie
, 2/¢ HUC Fod 81 R0l BIGeoHel T4l 90° 7 ANl(lag) TSd Tel. Tl URUMH 3T gial
P Thex Td TR gediar A arvR
JUTOISI (Compensation): ¢ TcHT TG e Hicadl AeOadl STl Wo<dl YRG!
S0l ATST Figadl (Y ARG He- GRAST @IGeorAl 3Tal 90° 7 AR dadl Adl. 2ic T
FoRIGR et Higodd faggavarg URd gial T Foad Hure fawiT= gid. ST Fige s
R a1 Wot goqd, 20 HiIT Tod AU RAST FlgeoHdTe f[aRITgT 90° Tdd THRINT o IS
2[ehd. § TS O JHRISH(compensation) fdhal iR thdex THRISH U i@de STd.
2) Tt TR (Speed Error): HeENw T Hieadm f$xdmdl it TeaR g fdhar He sryd, TRumt St
TR b IBITST Bial.
UG (Compensation): 5% Hicdl Ul JG@ Holl Hiexad @ Tl sfasa goams
TR el o THa. oR 3% Tic RIST HEumT goad R HMH7 eib St S oy fewpan
T dTedl. 5% Hic RUSTH AHURT X §Pa0 R 30C TR 0.
3) oy WX (Friction Error): Aex foufeoradis onfor Aol daumeis ovfor zeclt sfds i
RIS 3T iy aTrAT JHIUNE - AYRUMU fRR 3Rgaes Hiex AfemHe Hisdm JHTond
¢t i 8% =1,
UGS (Compensation): IT ¢ Al URUTS HRUTRIS!, ST A [RR a1 HR01 aTD 3]
S gUT Tl THM ST favg 3MT8.] 2ic Hicl USR TUHE $a0adl G JHAING HRUgRINg 2e-
WWW%@%@WWW(WmmeW)WWWWW
faRTe HYUGRITS} T B <l TR HRAd. & YHIAH ITsc-0ls JATIN B s Sid. ¢U
31T YhTR JHRASIT B ST DI Siegl PR Wtﬁﬁmﬁ@ﬁmaﬁﬁ v, R
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YIDIE D PIso), degl TR BIVIRT <l AT fowh thrasaiRard Reaadie avumeR ard
PHRUYMTS! JRET S,
4) fepfuT U (Creeping Error): W e fexe yRifaAT (without any load) Y Ul gdd ﬁﬂﬁ,
WU W] FIGCe PIYT Iford ¥d g Srened faggd are T, JreT i o worard. & 3T
RIS (Compensation): 2 RpfiiT eTesvard m@%mwmmw it
é@m a7 U 3T gidl B Segl foaiie! Ue 3% 2ic b UHT Yarars! ad degl
5) AIYHMTIG §IUIRAT 9¢oTH JUIRT TR (Temperature Error): WH@EWH%WW
g4 HH Al HRU A0 o fafdy aRom TeAsHT FEH(Cancel) FRAM. RS HISo
%@ﬁnﬁw PN e AR ofdT 3% Hiedt dIPe § TS SeoHS TR BT,
U, AYHMICS &S Jet g RIS Hiexdl fSSs-T0e) WU Hiesel ddo! Sild.
6)fper—it farsrar (Frequency Variations): Tex fafRy he=l (Fd: 50 Hz) @R foa™ a‘c‘T
UNS! SR Ho0 315, YRAST The! IGOGAN, Higod! Udhdl e Jeod, JRUTH UHh
e Z¢! Ad. aa, TT0T BRY A 6] HRUI AGHIIS Ther-4t of Fdicd oao! .
7) ®iges fUAAT (Voltage Variations): 2ic Hic FoR Rl@cordl dlgNIg dle®. SHfeT cidb
FoaTH UfeedT UlaedT THTUN 318 TR Sifchil Tldh Goaaeal WhaiRedl JHIUNG 3178, T80, SR JRAdT
FIGCS IHR JGATUeT SRd 3, TR il Tl ST elaue WU SR dle®. Jral URUH 3
mﬁmaw@mﬁwwmm@wwwmm quTi,
WWWW&@W% HoHdl TSI 10% RIFCS IGONITS! 0.2% d 0.3% Te&T
%?ﬂ%ﬁ zic Hica JeaTd Fibear A fETeR @od Ay Bt 81 I8 R $o) 9%

2.6 RiTre 3nfor oft e fEforee Tasif fiex: oo sraum, Five™ Ak snfor +1f dw

(Single and three phase digital energy meter: Block diagram, constructional features
and working principle):

. Rive b fefves ET-ITrﬂ:IﬂE? (Single and phase digital energy meter):

230V a\*
yo Hz M
| Sw=d SMfaT

W. vpe AV, TL
3 MG
o
UL T TR
= | a\m}\‘_:"r— B Erita ’ iipe
Vin Hog | P i _ &
Sreflog (| AT G Vin Baiar

TPl 9.2.20 R et f$fSre® Tasif Hiex (Single Phase digital Energy Meter)
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FiteTH dfRrsed 3o #1f a<a (constructional features and working principle) :
WWWWWWWWW TG 30 A WSS HITET THIART 318
(CT)

Eﬁ@%ﬁ[ 3TOT he TH ST Acad (Volage & Current Scaling Network)

W@ﬁm 31T TH ST Acadh (Current Sensing & Current Scaling Network)

GHWT{[UW (Analog Multiplier)

Eﬁ@%ﬁ[ﬁﬁaﬁ 3HTRIG R (Volage Controlled Oscillator)

W%@WW (Analog Digital Converter)

e (Display)

R ol RAST BIGcsl AT ST IBIGT Aeadharal slie@] Sdl, SUTHE I @IGesl U B

38, HC TMAHITR (CT) §R. § YRTIER IO1a¢H Hicd Qo HHl .

FIoes A B T SIER WS SIS o SHIGN AfGCWIRST [A@t Sard. a1 Yo

TG 71 UIaR WithedRE BT HRd 30T B8 BIGeol 3V B Hcdl TONHR Hadl.

SN UG UldR T3CYC o RIGedl MU Hcdl YUIBR 3 d Glgesl MaRd HRoear

BN B SN, AT YU @Gedl HAAd RIGeR 81 RBIges d fThed! dger B HRdl. TGl

faa ofiftioer WeR I Fehl 3M3eye duR ol @lacd Hafd siiieee! gl IR d&

flrehat S3¢ ¢TIy UTaR=aT THTUMd 3R,

FGedl FHEd St ¥eyeaR MM Rue Ao d f8ifle® Hacx (ADC) aae+

f&fSce Rinone) wuidRd oo 9.

ADC d 3fT3cyc f$foiee Weurd 31 o f&v giiear UeRid o . e gie gaema That

SRAdd St Ula=a1 YHIOd

s%aefﬁssqq%ﬁﬁamgﬁzm%ump =V, |, HISd. 9, TR SHoid FUR B,
=P*t. B Boll AR ST YMTGR de-gaR HcHS UGRId Hol oird.

Wﬁﬂ? W’f'l:ﬂa?ﬁ m %&I’Qﬁ /'{[UT (Features of Electronic Energy Meter):
SOUIR HIT THQUNS, SO 3ol HIGHE THUl THUM (Frictional Losses) 2[4 3TE.

I 3MhdT (High Accuracy)

Bﬂﬁgﬂ?ﬂ{ﬂq (High Resolution)

CIR) TRTIT'TI%'T (No need of external Adjustment)

[egH Il SR (Moderate Compact Size)

IRI&T BT (High Safety)

cHfed T aTIRTETEd AR H T WY P AYUAI Id (Consumer gets clear idea about daily power
consumption.)

8. dll-N(\ﬁQiH FHord @Rd IO S ST, (Quick monitoring of energy consumed.)

o MHw %ﬁlﬁ Qqﬁﬁtﬁa (Three phase dlgltal energy meter):
3l dF ol SoaeiHe SHoll Hiekd SUDH soIdh 3Pl Giad. T BIpHd JMo! fGos U
AT 3fTe:
. RIS YRR
YT IR
e deiox
mem (four quadrant metrology processor)

NowvawN 2

NowvaAwN 2

©NO VA WN =
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IREERE | o T@?ﬂ'ﬂ ! - Gfvaea
(o & '3';_—5\@ B 13 a;)f—ié’.
A AR
Al v _PRaT
AR
, il
PR
' - PR ;
RS~ 1485 — 1 JL ,-L.-_.|

Y \'i

|

i
AT ;

@®@¢

|
|
!
i

|

|

|

—Or
s -
. ® ‘
S_
—
\y;
S SRS - N S| ——

= —>l
ReT L

> —®n,
L ”

e L
Lo L3
—_——- i s o :

9 —_——— —_— Py

&Iﬁﬁﬂﬁ 2.21 3t $ fefores Qﬂﬁﬁtﬂﬂ (Three phase digital energy meter)

1) ol Zadeie Toll Hicdl Udd Uecdh 31 UHR Seddl g &1 d SHanT Jafecsmd aad
fefrea wifedt siftRe F& Tward 3ffT ufrae <3 Wb,

2) gRardiien, {7 Bo Gwir @FHI) L1, L2, 13 310 N T8 YPvg Ruat A, B 3f1for RET [GEE|
Wq}mle\rﬂnl%irm 3Ted. < a =i g defaet ReU o S BT 30 Mg eid
3)WW€&&WL1 L2, 13 WN%WWW@W@IS@@ 3TRd. PC IR
faggq UM faaRTA Yddiedn dicd Hed AT .

%ﬁuﬂﬁ He TUd AT Fleeo! TR SSad 3Med. Bleed! IR A8 BlecoTd Heaa—
5) HYC YR MM Fleesl R A1 Qe ISeYe IR PIge Aetaiist TaRa faet o, Aeeiloft
W@ﬂw%wnﬁwﬁﬁm SRS (BR STEe) quraul giie o o Sfdamel ST STReH

6) IR SHTec Aciarel YRR 3113 fefoled TS 3AYcyg HIFPTR &d i3, Adhdid of U GITCIWTH
AT, Aiaral TRGRTe THTaT TRd YT ARTearar Yeay uRyId HaT o1 Wed, TeH]
SifeT TR Hatey, YR ooy, W10 ReiieqeH, Hes - Bics A, Tiora Sifover=a Sy feed wikeie
3{Tg. GRI-9UT fdbal $ict WU harM aiue- d @sid i Yeey ddia agd. d mifgdt @e 3m) 94-
@wﬁﬂﬂﬂ@mm

7) IR HISc Al TR 313y (¥ (Y HAifgdl) Red dHeleRaR AN &dl Sild. Fiiel U hledd
A FxvaTe! Red dheiaRar AR odl Siral, O ST aud fSiofed Aide awT gigl araed
N el ST, el
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8) IR Slgc Hcldlol TR IO Riey dheleR TEfid i dhRe 310 dl8 Flecsl (SUHITAT Qdk) ot
0 Faa guged I Rfved v gfieR gfie sramadia ueRia Fe S,

9) IS ITRIRN e Jeem mfgedt AH-@lciersa AW gHeHs YUfed bt ord. AU g gad
R ey WUH &1 #xd 3111 Seerey uRide Ser dredd.

10) RS-485 § TRTT HRIHHI- ReHAE) RIS gy T e safdcea afkne
RUTYT FHROM TS 8. § <H-d A, B fdhaT RET a0 afdedhd Sel UT/dréq T,

M b goaei-® TSIl Hiewdl so® ClE) (qureH) (Features of Electronic Energy

M;jtfer):

1. 1.0 3P dI. (accuracy)

2. 2Md 3107 S8 (3r5eT §3e) Tose! o,

3. ASFT IR T Hige Il

4. THITY SOG40,

5. URTHYeE WTe 31for sifgeta fa=ur.

6. 3 SR HIIEHI.

7. 3 BIYEHAT - 97.5% &l S,

8. BRI JoIHBE HIHdT,

9. R3{& TIZH ST UG HRdl. o D18 NV Hdfdd HRUGMTST IUed 3.
10. gd ST R

11. SIPTO STT ToTS! Wi/ AHYT UaH .

12. Yifeue HrgfearHe! ad 3R,
2.7 WS TSI Hiew: HoYd AP OUI, BIP GI'ITcﬁ P ATOT ST dd. (Smart energy

meter: Basic concept, block diagram, operation and working principle):

o  HOYd ABAUAT (Basic concept):

1) TSN ATURTET UATaRUg YT HH HROGNIST 3Hd gieferd! Hu=aigk WIe Tl Hiexdl aliR Hd]
ST 38, d Has ARG el THol BN ATIRG! o T8 § UIgUa & xd ATeid o) d fasird
BId ST "HIE 18" YUMo TS SRUANIST Sugaddl (Utility) HU=ai-T Agw@yul Sel qui®
U& hdrd.

2) T SIS Hex 3P IUIRET dToRId 3Med A1 e Hroadidt sia s onfir sifazm
fazarTg sed. quIfy a9 WIC HiceAT sifaRad &mar UgH FHRaFl SH Uldestdl Sgdhdl ST
SBTOH fIZaNEdl UM PRI T&H S0l HaxIH 3115, I SaRIdhdl WIC e 3oagid
Hfdhe fEeme sraHs . FRU T SEHID B O HTIF MR AN T AN
(e 1 Tg= Bl 3 UTglol.

3) I AfaRad WIE Hiex SO Wit [SeE- § gHfRad Ho Uligsl &1 e Je HUl AT 318
IMOT & TE TS Aex fohal "27-8189 8" (IHD) d99 gRefedt durt HrgfRdbam Jcamalt
fozag-taiiar darg (Communication) TTed,

. WD \?rl'ﬁ’_cﬁ P 3nfor vt aa (block diagram, operation and working principle):

1) W1C Hiex=aT HRAEHTH TPIH i SAUHAY 3% °cd Hgd. AT AfdRad HHT Iolf dif YT
Taghdl :

2) I SIHIE UNgGATIHIY, WIC Hiekl THUl sBIdh SREMHHE 3% e ed Sardl
ZSaCHd Alde (SRS o HRU 31Tz 3Te.

1) die1 YIdaT (Power Supply):

1) W1 Hie=n g1 faunT Meardt afdbedier as [RasT Sl 3T st §%-317 Y. a9 erfniey
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Power
supply
I I gfefordt e
FHYfe
Communications
eferdt weo wew Y to utility supplier
St Vd
Connection Measurement Processing & Communications
iy , » » _. : .
to utilty capability control interfaces
supply et s st o oo e mmmﬁmmgﬁz\

Communications
{0 user

-

Frfeea
Gﬂqv_cﬁ $.2.22 TS TIoil HieR: SBIh Gﬂ?t)_cﬁ (Smart Energy Meter Block Diagram)

2) 4o QRA3T A Raa AT TG TR HR0. § 3od UTdes T HRIGHA! Wt ad SO T1E Hievqes
WHWW@ (current drain) HH B - %Wﬂ?ﬁﬁaﬁl@ 311%

3) g A Uik W (SMPS), B AT dc (AC) Riue Us® oNftT § eazasd SHiT (DC)
@Wﬁmﬂa‘rﬁamwa{w@w&wﬁﬂw IHF: § 5
gloc fdar arg- ot 3o,
4)m3%ﬂmmﬁaﬁmﬁwéﬁw&mmﬁﬁwmwwwmaﬁﬁ@ﬁﬁ
FHUGMTS SMPS WG ATRGT RS, HIVATe! HRURGT T BZAHE ST MGANT Fes] Th3UaR
ICOUINTS! ITd 3OaL e (g e JHIAY 3Rs.

2) Hieroft &m?ngﬁ?: (Measurement capabilities unit):

1) WC Toll Hicx s3I SMdatdl g1 fUNT aTRedT S0l U= (utility) oY AT
(measurement) TN Hal. d fazag=ig 3T 3P 31U TazTgH GH%'

2) P YGRS qROS ISR 301 Flges HISUINTST WhioT IsRe~qawed S dadqH=
TUHINIE HHI TIOR3[0 HazTH %wumwnﬁmﬁmm%mmﬁﬁ g
IHId: f3fie® BRYcHS ST 5111 64 ST ArRISt 3FH1aNT o fefores Hragd IR il

3) uferar errfﬂrﬁ'qsrwgﬁ‘d (Processing and Control unit):

1) INRET HIUATG! HIX@T SeHe BRWBR (Manipulation) B0 a=T® 315, HRIFHA [GFIGR
ST UTSqUuaTTS! a¥id TE HiekdR Sel Ueffd HRugms! d HIHe HR0l Tz 3%,

2) THd: Red S TR SHRugmre], IR Ufchdl HRUGNI! 30T Sethadrd] 3Hazdd
JYOTAT IMATD WEUHY FTUART HIUANIS! Uhdl UM HRUARIST bl Rl
(Microcontroller) dIUX .

3) ST 3T URAT THIRA (transmit) BT SMaRTH 3G ¥, TE AT RIS AfSTre! Wd:ar
ST quie 3d!. fST TIUYRUTT TEHIS! (LCD) UHRAT S,

4) YReT fafdy aRoY HRIFSIA xBAdR Sl AU 3G UEdUl (sending) SO Tl
(receiving) R0I, HARIUT HRUl TG MAAD 3g. I AT SRBIAL o] USIAreT oid
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4) RS mﬁ%m RTW ’gﬁ? (Wireless communications interface):
1) 3% i TRRGY HRIFGIH Scxhy 3ed o gfefod! Uararen fSaaara! Sl aReara
GIRIRTA WTC Th AIHeIATa! iR ST,
2) 3 el RS BB ScBY 3Hed o AIURS SATdTd. ITd FHIAY:
1. S8 3R UlaR BTa- (Broadband Over Power Line (BPL))
2. WWWWWWW@(ZG)W(GSM)WWW

RS SId 37T AT SHHSRTH (GPRS) Tg df HH! bl 3fdr fazamame uaz ugd UeH

HRd. ¢Sl (3G) T ATR FHH! THTUNT HST Sl ST /R TR 3P <RNHL 3G § 2G Uaf 3eh

HIGOT I1d g, TS o ITIRTATTS! TURE HHT WS 3MTg. SriTd AT BIRSt (4G) 30T

BIRES (5G) © GElo Udid e,

3. f3TEl (Zigbee) ARTAT UUMGIAE SHRTW (RF) Headh RS HRIAGIH Th IHTel 9aid ¢ard

W&@%OR@ fhar RITHIRT (SigFox) IREAT yumme! 4 Jufidie arRew wRgAEGIHwTe!
3) fgseo! aReT Eb_ﬂlﬁav_ﬂ:[ <y (wireless communication system) Ebﬁm?ﬂ?)f 3-@, UpUl R Rt

JHTARIH AT fAdR B0 IS HTg.

W Hlensd) o $rel ST $S LS SM0r R d I S TG d Yo efe auigdd
mwwwwmmwm Dlel I HicR &g, e, d19 fobar g 3ifdis
IUIIRET Tad 3fed ST o =TS T, ROl WY SR 3R X[Hd! FUH, HIdg! ¥1C Hier
I2aTTE, S ST ARG M Yalo 3Hd auiare! THid SRGard! WH dxul a3 3%

*k*k

ET'EIIT!I (Excersise):

WWW@H &mﬂm ( Draw a neat sketch of wattmeter connection.)
2. SR UHR deHied FUBH MU BRI SMHAE WP BRI ( Sketch and explain the
construction and worklng of dynamometer type wattmeter.)
3. R el 3oaciMe Sl Hiek=dT Siydhr dfredrd sfiwdiag Juid .
( Describe the constructional features of single phase electronic energy meter with neat labelled
diagram).
4. N sc\bdv;\\lﬁdv Solf Hiexdt HafRUd i &WW.( Draw a neat block diagram of three
phase electronic energy meter.)
5. SEATHMICR UHR dedlexd ®1d awd Tl (State the working principle of dynamometer type
wattmeter.).
6. AICHICIH BT HIgo MU Gleesl Diged! gl BRI (PIUde! IR g, ) (Compare current
coil and potential coil of wattmeter. (any four))
7. ﬁ?ﬂﬁmﬁmﬁ (error) &nﬁrgﬁ%méﬁ@ﬂ?ww (@IUTATe! IR). State
errors in measurement of electric energy and also mention its cause for errors. (any four).
8. G dcHler UgdH UraR TN SafYd 3Tt BIal. (Draw neat diagram for power
measurement by two wattmeter method.)

9. i e TS Hied S{Wﬂﬂ%aﬂﬁw (Describe with sketches single phase energy meter

for electrical energy measurement.).

*k*k
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gfe-3
fefores AU Um0

(Digital Measuring Instruments)

fawg fAeo=h (Course Outcome):
fafay SuarTATST fEfSred HisHTT IUHR0Y aToRT.

(Use digital measuring instruments for different applications.)

fy3rfY wffrag ¥y deieh Rraor arf fAeash (TLos) 3T fawa fAsa=it cos:

(Learning content mapped with Theory Learning Outcomes (TLO's) and CO's):
TLO 3.1 Explain the merits of digital measuring instruments.

(&fSTee A1g= d=Ai 701 WY 6

TLO 3.2 Describe the construction and working of a given digital meter with neat sketch.
(et fEsitea Hiex=an SiydHIe U1 HTHIE AU Thawg qui- H1.)

TLO 3.3 Describe the construction and working of a given resistance measurement meters with
neat sketch.

(e Y=g AU Hie=an SiydHIR T STHT WY Whadg Jui- oI

TLO 3.4 Describe the working of a given meter used for synchronization with neat sketch.
haug RSS! aRee faaen He=an Hrrd auH 6H1.)

TLO 3.5 Describe the working of function generator with neat sketch.

(R SR HIATd WY Whadg aui o)

TLO 3.6 Describe the working of CRO, Digital storage oscilloscope with neat sketch.

&SR 3N, =1 Hrafe gui B, fSfied TRl RIS R Wheds.)

U= (Introduction): f3fed e Weud ANA Hed (Value) SRIfAUR Are f3frea

JUHN U HIEd S, § URHTIIHROM=AT dwdier B (Working) . URHTUNGRUN & Fdd

SIYc Rgdar AugrRig 33cye Ruaael FUidid SIuar! dfkbar 3iig. fefsed Iusu

Salfagad SIHINTET SMYRIH WU I 3Ted, 0T ShAaSIhd SR 0T 3T Ued

IAfquaTd Hewayu! YT seadrd. fefed arem Sifor Turem aTRuar S BT (advantages)

ﬁ. Gﬁjﬁg GRTd, BRI (efficient) 30T YRI&T (secure) TIUTTTS! Ufshaia aTe ST JURUM B
Oy Jle.

3.1 feforea Aiomg IuHOI (Digital measuring instruments): TISHY WY (Digital
measuring instruments) B HISTHTT HRUMRT STDHRU 3MTgd Sif wlecs], Pe SHTOT AoRe~q TR
WWWW TreTcrel o (Value) FefSed fewiar g=ifad Sirara, o Igerguor sfor
YT FTIUYTE TR CdTd, STE Fai ARSI Sl

1) f&forea Mivmmg AreAE Y srazasar 3ifo1 wIAe (Digital Measuring Instrument:
Need and Advantages):

1) f&fSea A= A1eq feforea Weurd Aisd Jed (Value) SRIGATT S AT iHewg S 3RId.
ST SUBRUIT=AT ga-id o dTe0l 49U 3Tg.
2)m%mwmmwmwmwmmmﬁwﬁmn@
TP WU Jfed B, d U fdar 3ifeieh SR (decimal) f3@10ft a4 Wavdrd.

Maharashtra State Board of Technical Education 67



Electrical and Electronics Measurement (EEM) Solfdgandl 3MTOT Solaciiaieh Aodee 313334

3) I1 YHRAT SUPUIHA DIUIG] HIFAl Ieb IR ATE! HRUI d TeaRIHHLYT HISATIHT Hed
Ride. e HivTeiel Hed (Value) ST SRgHeed] oid 3t S 3.
4) ga‘eﬁfmﬂaéalrﬁwreﬁa(future) eIt YB1s FHar S, Wb,

fefoTed 3_eed 3M3eye W u@mae- e Twd.
6)%%1?@3:@?@1%@%&”%
7) SAaCH® STSRUTHS [J HH TAUIR (Movable) HFT eI, d TG TN STYHRUTUET
YD 3D AT, B SUBRUMD RSHT 9uared) AT (human) b (error) 81 JU HHT 3184,
s f&ioTed A=A 3/Eehd (accuracy) A8 R TS,

(03

6)

3.2 f&forea e DI 311 ®T (Construction and Working of Digital
Meter):

1)f$fred 3ifiex (Digital Ammeter): f3fSea sifiyex SfATETT-T-f3fed wuiaRUm=N dxafaR
H . AiheHYT SIURT Sdfdcd Hee A@NT-g-fSfoled ®ack (ADC) aroed f8foted
Raqe) SuiaRd oot siar. a1 fefsed Rgaar AaR fshar st Siid 3for f$foea ¥piFeR vefkia
HA I, 3IH TP Yo (Numerical Value) E=iad.

2)f$fored ®ieeHier (Digital Voltmeter): f3Rca ®ieeticy AN 3R®H T (Value)
RifauaraTat et (Numerical Value) GrRaddl. g fefoied gleetiex sifdd 3fdd (Highly Accuracy)
&mﬂg&%wm@ﬁwﬁ Yl Gl HICITAT 3ch WU, d TN sglecHICIUET 3ffeidh HENT
(Costly) ;

fefored Fieedied siw Gﬂqw_('ﬁ: (Block Diagram of Digital Voltmeter):

DIGITAL
— DISPLAY
* AND \\7_ -~ _"‘-_\\.(_) - (%ﬁtﬂ'%?@)
— - (3-13) /' "'-.’/ v I
PULSE GENERATOR INPUT SIoNAL
(gaqe feaen
.- | (@EESEEY) § ’

3Tt . 2 fefored @iee Wiex (Digital Voltmeter)

. w\—,gﬂa (Input Signal) - § RIa 3118 o feRR $7Yc WM [l SiTd SaRITé! ®lee s UTda)
« U SIFI¥eX (Pulse Generator) - § ®lecs IId (Source) T T8 T AC, DC, fdhal YaeiaR 44
TEUH 3T3CYC SUIMNS! Glal TGaiag HIa HRd. SFRel 3Td 3Rcedl f$fofed fdhesan aR
B TRE Beied] IFCHIAR dd I IRARAT (Wave form) HTFOT &I Wk FAfRd da 913, qhdd.
TR ATGT SO USUATEAT 9o e TR ST Hiche g eI el Sfrard.

. 33 TC (AND Gate) - S SHTTT AR 3HTe T 3 e 3Mm3eye I (High) TRTT $1d ST
Rlﬁﬁ%ﬁww (High) 3dTd. Sicg] eqcugcméa?rs’%:r Ued 38 Tedl 34 WU fad! S,
dogT 3M3cYC 3R WEUN A P ¢ T 1 HIAGH Yaei[dR od AP SR,
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. f&forea f&=w@t (Digital Display)- 8T YR AT SAU (Impulses) MOT SHAE (Impulses)
T HTATdHt HISTUORITST ITORET STl HoR B dR TUHT Tass! (LED) fobar wadi sl (LeD)
ThIR U Rid bl ST,

. feforea @R’lﬂm G (Digital Voltmeter Working):

1. U SFRCRAT 39Y¢ UM 3H31Td (Unknown) Slecsl Rdd UaM dhal Sirdl. A9, 33cyc T dd
3iTe Ford relt ¥l 31Ye Rised IR 3.

2. U SRETHYT TR defel 3HTICYC Ueb 37YC WU 318 Nedl (AND Gate) faa S ST gy
$TYC ¢ Ued § 3 Tea (AND Gate) fadl wird.

3. 38 T1ed (AND Gate) 3MT3CYC &1 UeH SFReRgR UaH daledl dd =1 $eil YA ot sraed
o Ueq Uliife s (Positive) fTR daidll oA 3% .

4.31Td, Uit foTR dholdl U T3y §agexdl 3¢ WU faa Sffd o HeR 318 Tied (AND Gate)
3T3CYC Faeld.

5 3{TdlT, TG HTITYC HIICR SUBRUIN feal STd oY o T Hraraeiiet [eTie! Yg0T e Hiold.
8 31Yc RiUd IRQd 3178,

%Qhaﬂgl 3{eh HIU- HRUINITS] BTICX SUBRUT Dicrsic bt Tligel TN d BlecHE AT Glees STl

3) feforea acditiex (Digital Multimeter): SR AiHeR (DMM) § ®leed, Hic, IRe—
3T TeIdesT Hufie, flhes=t AT aTaaT araRe fafay gafdesrd WRHied AsuarTdt araRa
SR dgH%! gaidel-id IReHe 3Te. I Hrd: fewd gfe, R SR RbaT ATIe o
fasTamet et 3fr Tl siqvfa afhea safdeed HHaRM SHIUIRITS! Uid 3R,

. feforea afeedie =T (Construction of Digital Multimeter):

DISPLAY
(Brc)
200 mV DVM MODULE s
(ErxLeA. AlsY) f
MODE SWITCH T
(3 =h=)
CURRENT SOURCE BUFFER AMPLIFIER
Q (e ol |d) ’_' (P TIFCTHRR)
INPUT
($<19<)
— CALIBRATED AC/DCCONVERTER
ATTENUATOR > Piccged >
VIAC) | (Fefdes RPuR) {tr.ﬂ‘r./é’r.ﬂ:r‘ )
SHUNT 4
: -
| (AC) ([S)
SHUNT 2l
1 (DC) (RS
CALIBRATED

Y

—¥ ATTENUATOR

aac) (Fefislies 3egue))
3Pl . 3 fefrea afeetier (Digital Multimeter)
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feforea afeetdiesd rd:

1. 31Yc f4rer: SUATH g U9 aiue arault favid itheRl Siedd oie. (@leedl, e, e
3.) P HIUATER fdcigd, A7 Ui SITHTHARIT Hafdd 399¢ Sihae grdedT SiTdd,

2. Rrwra sfgmfm: s HoA gRfyd sruarrdt sqe Rue Sorud=r siaefd afdhedian
as%mqéﬁi:ﬁn% mﬁwﬁ,ﬁmﬁﬂaﬁ@ﬁﬁmﬁw&mmwm
Y 31 Fehd.

3. 3FTANT-g-fSforea Fuiarur (ADC): HTeH Haid AT Rivrd 4R T8, aroe f$fdied
WREUTT B UIdRG del S, TS, Fafid iR SiH1aiT Risrerd =g od 31101 A avres feforea
Tearaed aRyTor xd.

4. f3forea fewmt: TERfieg U fefsied Jeatar ufshar deft S S1flT STuHuH=a1 $hiFaR UG Rid
Hall . S faRiva: Hefda giieds Aiad TE10T (@lees, aad, WA®R 3.) ST Hivde!
T&fd ATI AUGS (o &t 9oft fdvar Regiieg®) g=ifad.

5. 3Tel-¥T fhar W=gara Yo Ra=e: F1E! Stud.ud. (DMM) B8 Hicl-3SiT &mar s, i
SCHE JATUISMTY AT cied! R AISYUTEAR TR TG {19 907 fAaed. adhfcudm e, aTRed
Joif s R a1 9eut aToRe Sfasd A0ft safdaraue fiag Y.

6. Sifaf¥ad w1: S.UA.TH. (DMM) 1 Arsd ST dRMeaiaR siadiqd, o A araul, SIS arauf,
FHURIeT AU, IRARAT HIYT T dTUHE ATYT IRE! sifaled A= &1 33 wdd. 8 st
fafRry A= 93 i1 e AU USRS TR Had IA@NREH IR BHRf SHdld,

7. gRe AR: S uHwd. (DMMs) T8 dTRGArd JRiddar YRR HRuarmedt sierdrs
TREIUT, TRIST TREHUT STIOT CAT ST TR GR&T afrsed Ty HRd1d, favivd: = &leed fdvar

PYcg HIH DA

- TS A erue feforea adified T[UT (Advantages of digital multimeter

over analog multimeter):

1) AW T (Easy to read).

2) 3= 3Tl (High Accuracy), 3o RSTGRA HTIOT Sgdhal.

3) HIVIAE! TYUT (Friction) T T8l HRUT HIUAR] UM HIT (Moving Parts) T8I,
4) DIVIAE! STl FHISH TG,

5) TAUIR HTT THITHeS ST aRARAT 4.

6) HIAdT IO AIcaa.

fEforea aediviie GIHCI'CI.T'T (Digital Multimeter Applications):
1. S Flecord AT,

2. S Hcd A,

3. Tl Slecord AIYA.

4. TH B A,

5. IRe= A1

6. JIq IO,

7. Sl A,

8. ARAR (Frequency) AT,

4) FIH- 30T Hier (Clamp on Meter):

0T i = ATOR Brferd, TResR 3o QR v 3afaeed dic HIsuard AR SUBRUT
FAT -3 HicR WU 3Hlswd WTd.
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- FIH- 39 °d PR a<d (Working Principle of Clamp-On Meter):
IR B GIDHIT &F (Magnetic Field) FHT0T HRdl. Bid Sthae IR YT 4914 &5 Qe
S afded IS IR P! Blecol AT .

TR - 3T Hex =ATd Glﬁo_\-ﬁ: (Block Diagram of Clamp-on Meter)

(efer mferEie)
Hall Element

Bias

DC

Circuit )
gqﬁm
AC
m jEEEED
voltage Amplify- Recuify- AD m
compensating | |'"9 ing Conversion Display
cicuit |_jcircunt circuit circuit circuit
Transformer (m (73 ( ey - N
Jaws 52 e e atiaz;;m w./8 i
(STT=EHINT g FFAATET  FHyomy e a‘? et i)
afea) Hi&e)

GI'IT\-ﬁEF. 4 FIH- 3T Hiex (Clamp-on Meter)

- FIH- 3T et Hrivvmed (Clamp-On Meter Working Principle): SaqTRUGU gid
HeH dl AR ST He AMYTARITS! YR IUH Bl SITdl HRUT FHUT AC F HIeTTa! aroRedn
TTBIER SgedTal ®Tg! U HIYF TR baied] HRAR §1d ged daddl 3Mg. Sl SRIhIAR
SeeaTd AC chﬁmWWWWWWﬁWE%W
JaPH 1T YdTE TMEA! AT SHT3CYS Fleeol WUH dTex Hledl. Bid Ued gl 3Yc cH-TaaR arg

PR AN hal STl JT STSTYL TTH-TAR S1aY B SO 1T ST ITGATedT JHIUIT G lecst
TIR FRUITS! BT U YHIdadex 318, ARl AC Ferrd Hiex dradedd dTgun=il dc =l
gfkomt Ffor ST Je@i UaTe STAuaRITSt aruRed! U=l die SRR (CT) =T adTar
AT, HEFCHY ATEUIRT HC 81 WIS UaTg 31Te 3R Toid 4o, IRl SRt iRl g STof

@EfET) e HACH SSRMGR TUHEG Hc AT TS HaT8 (Flow) TS XravaT o AeHT=A
Aeon gfbesht Siead 3R,

5) TA-1-3R Hex (LCR Meter): TA-H-3R HieX (LCR Meter) § AeciHieR WU aTRa S
ehd, HRUN d HTEHATIR TRy, Sede~ 0T Huficq Hietar Idl. ArAT A1drd L oS
eacy, C BUN HURTeT 0T R WU IR, TSR ik @Saeg (Td), HURE (),
30T IR (3R) AUl JUBRY TehT! sede-d, hURIeT 31 UfeRly AISuarEradt araRa
ST, § UfaTeT Ao dwaier B drd. TANisR Hie=dl i ATgide, § JHTr 9 Aot
S ATE, TR ufaarer= AemHarae Fufitd Fd S, Saxas T, SReHedn didbeiaed
TIRY Heft S; R e L, € ST R AT ST A UM SR T, & et ST gy
YaTeTedl GrRIGUIAl hrab el URATUI |ie Sed MeUiRd $Hea Saral THieds (Amplitude)
QU 3w SiTd.
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-Qﬁ-ﬁ-\'ﬂﬂ Hex Ot <A 3I1W'ﬁ (LCR Meter Block Diagram):
(Tfdrex (R

(37<1d) ISIEiIEII) HFCAIH ) (

Emitter Detector .
Unk 2 Rectifi
————— Follower Amplifier it

Front Panel

/Z, 2, Meter
Setting ©
Cs ‘ (m (“;“! uad 3""31)
}__‘

Q Setting

TPl . 5 TA-A1-3MR HIeX (LCR Meter)

TA-H- 3R HieR (LCR Meter) =T TR0 PTY:

1) 3iTideR (Oscillator): d HISTHTINITG! SERAHATIR Id IRARGT [FHIUT HRd

2) HIC [} @@Tx{ W‘c‘? (Current to voltage converter IVC): E],Eﬁ?[ HIYATAT B%Qﬂef S{ITd
3) fd=r0T 799 (Control Switches): TRRRT Bleedl fScdex (AVD) 3T fEfSTea Sfedier gitean
Y Y UG HIUIMTS].

4) Eﬁ@ﬁl aﬂﬁﬁ 3MRIeeR (Voltage Controlled Oscillator VCO): d UsuT® Rivd daR DI,
S e Rver=ar cund die pad Sdrd.

5) Lo '\ﬁﬁﬁ%’ Tk o (Phase sensitive detector): 1Yc Rmaaeld il siiewd!.

6) ¥u g (Range Switch): AU g 39 Hasd

7) TEAI3IR e f&I9 (LCR Function Switch): $5d¢0 (Td), Hufie=g () 31 MeRe=T (3MR)
AISTogrTe! & e arRd Sird.

8) &t gfie (Display Unit): TSl STTOTR THTOT U Rd HRdl.

- TH-T- 3R Hex & STAvvme! (LCR Meter Working Principle):

I Hiex Tl ofaifd fS®™yd AC ®iees Wiara i ofg. TAHISR Hiex Aol Sfdid
SUDHRUMGR TFleeol 3gR 1T PR QMYdl. T UIRRIGE Hiex Ufdarurt didd 3q b,
gIecsl TOT AT Tol DI GEd YT ST, Fard Sugad Jedd, 3N JHFd: WHRd
SIUIR, UM LR HISHUEE Aifdddid gcd SHdld (G Bt sedcx Dlsaded 3ged) 31 CR
AISHATIHE UM URAd ST S HURIeId HISHIY SR 3esd fidbs Shidiaed. § B
P (Permanent Magnet) FRIFHIE Je=an RITT=AT e Hid SSde~T RRUIH qURITIRITS! Std
;gg IS . 01 TATSMR Hiex ATaul, el dhaiedl SUSRUNGR Saced U dadm uda! oins,
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. Qﬁ-#f-GﬂT e 3 IRt (LCR Meter Application):

1. Ufp R AISHY (Measurement of resistance)

2. Jeh-g8ae-gd HIUT (Measurement of self-inductance)

3. %mmﬁw (Measurement of mutual inductance)
4. HURTEd HISHT (Measurement of capacitance)

5. Q eI HISHY (Measurement of Q factor)

6) UiaR Baey Hier (Power Factor Meter):

fSfSied UlaR e Hicr & U SaidgiMd SUBRUI 3Tg o alfdgdd RReHd UlaR haek HISUIRITSt
TR . TR s & TuTei e fqaa Sofan fardt THTus) aToR FefT S 918 AT HerTy offe,
© 3ifded Tiar (Watt) 30T SORIE TR (VA) = TUIRR 31Tg, S9Ta 4 (Value) 0 T 1 Tfd 3iTe. ffoiea
Salfdedd RIETHAYT ddded @lecsl T IIH HISHTIIER TR UiaR haexd! TaRRed! 0T
(Calculate) HRUINITST § HicR AMHFIT: ARIhIdhcleR fobal fSfored Rivrd TR (STl aroRdrd.

GH@_\-F[W. 6 UTaX haex Hiex (Power Factor Meter)

. TR thaex Hiex ot =1 (Power Factor Meter Construction):

1. fEwmt: Hewan 9aR, Im=Id: Ue fSired fet (o) 3t LeD fhar LED TpiF) 3/ a) 9iY UraR
haey T aRifdd S,

2. 39YC efiFeT: 3R 3Ye cfHaT smed ford faggd uonaiidia swiecst SMfoT aad Rigd Hiexar
Sredd 3T,

3. HaRM 9eul: fSTaia e, O Afgiic BRGNS, e HIBIR HROGRST IO SR
IR HRUARAST HaR vl fdhal ®ide 3Ry bdra.

4. 3EPex @rzeH: WW@MMWWWW$ e A13ey

GHIAY ST

5. Wﬁ%&fﬁlﬁiﬂ Hiew=an Arid fdhar STe[e, ST SUHRU! fdhal AeadhRit Hae HRUTMITS! RS-
485, SR feba USB R HOWOT UE 31 e, _

6. TAFAISIR: HQUT Hex ATHIRIG: UREfd SMTSIGAI (Protective Casing) Sacial 3RTd, S SHIHR

T IATaRUNER AHIAGT WIRee fohal UTcd a-aiel 3 Xdhd.
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. UTaR thaex Hier ot draguredt (Power Factor Meter Working):

1) Flees ATOT FHRe WISTHTY: Hex FleesT AU HRE TIBIR (VTs 30T CTs) amae fagga
UM Glecsl 10T die AISTdl. § TFAhIER RIEHAS 3Red 3 ®lees ST B HISuaTTat
I Uraedtudd Qe TOTdTa.

2) e e dioad @ees ot Hie Rua Hewear MR Afdhed=h srwar sifir
AT AT HRUATST SIS dhala 3Med. I T, ﬁf@%ﬂ?&m&mﬁmﬁﬂ?
HR0 Y 3.

3) UTaR haedl TUMT: HISIH daid @ieesl MU Hc RFd Hax Hiedl AREhIdeIeR fdhdl
f&fSred R TRIR (DSP) &R Ufdha dhefl STard. Hiex Y arue UiaR Whaed! TUMT hd:

TlaR hae? (PF) = 3ifaed Urar (Active Power) / 3URIE YlaR (Apparent Power)

4) 3fded UTaR: § UlaR BhacgR (Cosgp) UNHR dhad Glecs HIO He d UMBR 315, TR HURIT
UlaR (VA) lecsl 3101 dHRed UTHR 3G

5) fewmt: Hioea UfaR thaer Hed Hiea fefsed feeaar (LeD fdrar LED) TeRRid sl SiId, Sardes

TURGATAT HTU- Fgoluul aredT Ad 0T A 31 @rgdr aar,

7) EHIHIER (Tachometer): CHITIC § U I 3Tg of TETT XL Tt HISTUATTS! ATORS ST,
faRva: SaiegeE ufa e RrMm). /M, Aicd, cafz, FRW dee 3T 3R e Iua=ur
YRARSAT Rl YA il FAR1E0T hruarerdl § QHT=id: duRd S,

ChIHIeT (Tachometer) C| 3-']7-[ YPR USdId: (Types of Tachometers)

1)Plcde cPIHIEX (Contact type Tachometer): HI<dc-cIgU CHIHICR § MU TTH
B ThRum=aT Tded] fhRuarEt TTd TSUgMTd] aTiRd SR SUHRUT 315, 8 ChHIeY JrHT=I:
TR a1 Tiear aTuR FHRdTd o FOhRuM=T a¥=an YEHRTIAT &Ta ofl [NYugrTe! de Wi dd.

emﬁ . 7 Blcac chIHICT (Contact Tachometer)
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- Pl de cPIHICY °f ITAT (Contact type Tachometer Construction):

1) Mg fdar AR (Prob or Sensor): DHicde-cl3y CHHICIHAT LURT Th W ¥l S b
MY GEUTTRIT Tudh I, § WIS SRIBRH ardraRundied URRUET JE-T HRugRIe! Sfor
S{TORTA &I RN 3 U IRGUATITG! FSIS dHatd 3T,

2) A fABS (Mechanical Linkage): Ud Sgdd des] ChiHie=dl T HITRN HdbHAdhd

3) AR ﬁ%ﬁm (Sensor Mechanism): THIHE E’I@@F’Iﬂ%ﬁ, Udh TR A7 3{[% SIRICE
BTerATe RN HROT <t e wrueslt Tud Jred. a1 Jaome) Shiiiersr TaguR e, dier
4) Rrrer wrafir afde (Signal Processing Circuit): TR ﬁ%ﬁ%ﬂ? MYl AT Wie=T
mwmﬁgﬁﬁwaﬁ R TR . a1 Rigreiar e o fAf3d Hrogmdl chpiHiera s afdbedigR
5) &= gfe (Display Unit): AiScial! JCTAA TS ARG chiHiea gaid U-aar fefed
fETdeR TefRid Fell S, 81 fewat TR arar Rafd-arsd Biesd UaH &xdl, Ui e daregeq
AT (RPM) fhdT SR A gfe gxifaa.

6) oIt Tl (Energy Source): CHMICR ARG IS TG JARId 3, S fS3meT 3for st
A ATAR TG S 3.

W Eﬂ“ﬁ"ﬂ?\' oY STRIYUITelt (Contact type Tachometer Working Principle):
1) Wi PI<F (Prob Contact): THIHIC WIS, WIHIIT: 1Y fohar 1™ Fuss 3, fp=um=m
M= gEHITIRT de AU Aredl. 81 Judh Wt &l aﬁmTCIE‘nﬁTrcﬁthamﬁ 6%d|d|<c| ol S,
2) GifA® fids (Mechanical Leakage): T GTeraTd ¢ HICR<AT SiATd gedh -l AiAd® SISUIGR
TR Feft ST, § fefdret 8 G Hra o1 et 1ol fOhvean et Teft syt ufafdfed #a.
3) YR AH3H (Sensor Mechanism): CHIHCIA, Th TR TAUN 3 Sif {01 ATUeHes
BIUM=AT Uiarl! gTerard QNed. g1 J=0T Ch e [SSeHaR sfaded fafay dasmmn iR & W,
Y P! e, diteeR fdhaT gaae e IR,
4) Ryua fAfdt (Signal Generation): XM= JCT-=AT UidRTETd WIS 80d ST, I=ER IO
Y= =T YHTONT faggd Rve TR &xd. a1 R aRaRdr fdar fawnear mee=r guH
TR e 3.
5)Rie WIKARAT (Signal Processing): IR AGHSHGR FAd HAcdl Idacdd R
FPpieemeia TffedigR UREaT Het SR, Sfgddl ST FRRT YRR Ruarardl o ufpamed
Uae, fheeiaT 3fdr S aiaRu THIfAY 3Ry X
6) f$T= (Display): Ufshar Faa Rwd AR a1 fhar fefed fewaar velRfa o Sam, gmma;
ufa e (RrM) fhar gual amg gfened el fRdt et g=iad. § aTRearar Rerd-ega

-9 Picae cPIHIET (Non-Contact type Tachometer): A1 CHIHICR, TGO, Q’@ﬂ?ﬂaﬁﬁﬁ
Tuds 7 HRAT el Thuaredt T AT HRUAIST aTRd SITUIR IUSRUN 3R, § ehIHIeR
ﬁmn;g&gnénﬁf%awmﬁ%wﬁwﬁﬁuﬁmqﬁéﬁﬁaﬁmw
YbhR :

A) &m (Optical Tachometer): &ﬁ@w THIHIeR fthomar RSl I AU
THIR-SMUTRA T IR, I G R a%q, S $I WRIaid ¢u fhar fergifrd gEHRTeR
DI fh0T THHIT B HRAM. BIelScdex HaR WRIaldd YT U (Light pulse) TNET SATFOT
i faggd R e = uidiRd dHRdl. a1 Heb = TS (Light pulse) TRART 3fissiae el IS o=l
THTON 3RYd, SIS ChIHIeR a7 Hie Xdhdl.
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B) A3 CHIHICY (Laser Tachometer): TR chiHIcR B faRIY UsRT siifPwd dhiHier 3mgd o
R Tl A0S TR S1H aTIRdTd. o RO 3=t WRiafid YEHITER TR fhRur Safoid
HRAT 30T WRIafdd FhRId SiueR Rige dieidrd. 8 Rite wrafdd ggurT= cotieyan far
ChHIeR 3ilssiaed! 7Tt MUiRd B e,

Gﬂ?cﬁ . 8 AT Bl ae cPIHICT (Non-Contact Tachometer)

. 99 Bi<de cHHler ot HAUUTA! (Non-Contact type Tachometer Working
Principle):
1) ISP (Emmiter): CHIHICR HRUMAT A&T HTeoiac el [GRM TR R0 Iafoid @l 81 au”
T IHRI: TR SRISHYA Ifoid bl STl ST T T YSHTTI S e R1d dal SiTdl.
2) @& YU (Target Surface): ThRUMAT T TRIANI JEUTT S0 HTGRIS 3Tg fdbal o
WRafid <4, Ue fdvar il fsiford oret TIfgol. <R STHRM WaTe [revara! Sifon Rgre fAaior
FRUGMTS! B TRTGTcd GEHTT A= 311,
3) WRTAc (Reflection) 3T STUER fRITE (Dopler Shift): TER ST AU axg=a WRafdd
IEUTTEOR TG SRAMT, O ChiHiea f[G]H TRd WRMafdd gid. [hRUMT gEHRT 30T ChIHe
JiaTdid ATUef Tie WRIafdd duR USRI IRARTAS SIIeR RIUe 8.
3) XMY (Detection): CHIMUICIAL TH WIciecdex Al Sl WRMANRId AOR UHIRT M. 7T
wielfgcacR 3ifpdmd R safdcehd Rgaaed Furdid FHdl.
4) Rye v (Signal_Processing): Bicliecde A afachd R d&d 3ieoide
AT QU IR Reaed TR oGa. SHHeRy e STueR-Rie Fare
wmmmwmw St sffsdiaeen forruare el A s
5) I TUET (Speed Measurement) 3nfor fea= (Display): SIUR-RHes ﬁl‘}lﬂﬂiﬁ ECINE
JRIRAT HIfgldl IR Do, ChIHIC AT Hisoide T fhuarea el TUHT dHl. BT o1 JIHT=IC:
e whaR fSfored ufa fife Saregem a1 (RPM) TefRid drar S,

AR A <pHicr I Sdehdl, Seie Ufddg dos S0 e STIRIHHE §X&Y F 6l
AT TXGAT T AISTUTdT &1 A8 3Hd HBIIG Gdld. o SHrad: fafqy sheifie srapammaes
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IIRA STATd, S8 B RO daamft, oM, cais, FeiR doc 3N IaR IUSBRO Ti=aT e
fAt&101 BRI SIY Sigeh Tl TS0} 3Ta=g e 3Te.

3.3 Yoe—g AU+ Hiew d PN 3TOT BT (Resistance Measurement Meter
Construction and Working): YoRe=0 AISHTY g} Ucd fdvar Irdiern faggd ufdeR (Oppose)
Fuia HRuar ufshar a1, Ta?;ga Ufd®R (Oppostion to the flow of current) 81 Tdh ﬂ'UT%IIf 3{Te ST
P SIIGIR DA Yarglal faRlY Bl ASRE—g FHTIG: EH (ohms) () HE HISTAT STl

« YoRe= AU q@?ﬁ ETeayHTo! (Methods of Resistance Measurement):
1) GﬁFF[ Hex (ohm meter):
&henﬂa%wmwaﬂ%@r%ﬁ:lwﬁaﬁ faggaa syl YfoRe— WU FATda ®ie o faxiy

u?azﬁmﬁw 3!, Al HIST fobdl T Sy Xehall 30T hS e XA ATUHNG d dlad, duTi
3HATED (Semi conductor) IUBVITA! IdC T 318

AT 3P UHR IUAs 3HTed S B

1. R (Series) Gﬁ?‘ﬂ"ﬂ?? (Ohm Meter).

2. GHTAR (Shunt) 3MigAHIET (Ohm Meter).

3. Aot el (Multi Range) GﬁGTITﬂET (Ohm Meter).

. 3figHHied o o (Working Principle of Ohmmeter):

b T, \

e _—

3Pl 3. 9 3igH HeX (Ohm Meter)

gchc ded), RIS (Series) TrmiST IRREX 301 A SUR TreM TRl Siedd 3R, Hierd
ST, IR <fife AB R Sisdd 3R, ST 33eye IRe= SiigH Jfhe guf 81, degT Ifdhe
Hc aTgd! 30T A e HioTdl SiTdl.
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1. R Gﬁ?‘ﬂTﬁE? (Series Ohm Meter):

I o gl I 1 R 1 e
------------------ 1+-‘ W R .
r 1 L
L R2" § - ’J
-« = =~
j ey < o _=' R
B B
| = g

Basic series type ohmmeter

TPl 3. 10 RIS sfigHHte (Series Ohm Meter)

RIS (Series) sfigrHicAs) aaa™ Taified IoRe—T R1, Y THARING FRUR I0RE~ R2, EMF
TId E, D'Arsonval 9%d® Rm d Sdifd e 301 ASuaria! YfoRe— R Iiar THIGRT S,
TISTUTTS! HIUTATE! YoRe T AHdMT, HC GR PGl Sl Aithe SRl S e 31foT Hiex Th
faaur g=iad. R2 THTANGIT e Hiex gl T d aadH TeaEed ARG b Sld HRUT T de!
I T 3. Y8-UfawTe Ya@ Yobd [ WU fagiicd dhdl 318, T8T Sigl e fi-d AB S8
STd T o U 3 foeq UG @ T U HcheHe Slaceide I Hc dTgd. =1 Ry
Uigcxd A0 T Srd of XfoRe— ATGARITST TR 3= JedraR fagifard del STd. ATHes T
d 3dd I eI Y fagifed ol Srdl Sfor WUH d Hisld SIS, Wdbd. WU, ol
e AT 3R, deg] Iaq Hed HHT Uell e HHl Sd 30T fagqur Ydls odl Sisd
AT AR IR HIoTalT SIsd. &1 Ugd a3 URq foeal aTuRg deidl &fdr B! giol
YIRS B! AAIGT 3Med A Tdd ATURTATS! THIISH HRUI HTaRIH Tg. ST e H-ed agM
Pl SITATd degT Hiex Y a1 Wehd Tgl, ST UHRAT TN SGd, ADHdld Sardl AfoRe—~ dexiag
RIS Siedied IaiaR FoRed = &l ST,

2.9H°1R ah'smﬂa (Shunt Ohmmeter):

Switch
L e T R

= B

Shunt tvpe ohmmeter

TPl 3. 11 THIAR AEHHEY (Shunt Ohm Meter)

T Yh R HiexH deial Aid 31dl 0T SISoRead Jere WAkl RIS A Sieddm 3.
Hiewar IR AR Sed 38 & AV 3118, Th Rad 318 SUTET 9TiR e 30T Jiche
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1] fobal s B Webdl. ATIRIT TIAHT R&I9 ITSAT S, SegT HIoo IR T 3 degl
<fHA A 30T F @8 ohdl SITdTd ATges HieH YT $ec I 3d. Hiexd! A R T sruam
IR g=iad. S&T Hde Baar e WU SR 3], A% Uh A6 HRe cii-d AF T ared
ATIOT U FeI=M Sheced RIS YoRe~ THRING & HIexAYT YUl JHTUNd Hie aig faal
ST, R, gUf GHTOTT A& o I IRe=T Aild. SiegT Ao Yorke-g A 3107 F g shigad
3T, dogT Ulsex U fA&qur gRITId! STgR 31Ul XfoRe-d Jed TG /!, J1 JhxuNd ¢did, Sesidl
AR Ivad b d ST e 4 TR B IRe—g dHell $i13> Jdbdl, Hiesdl IRAR dTIRYS
ST BTe! Fel SR DT,

2) f&fored TR (Digital Megger): f$fieat TR, waTen fSfved sgARH xR fbar f3forea
IO AR WX WUH W iWd S, § Iafaedd Iudb0 ST Rerg=ar g=yawH
uﬁﬁwﬁﬁmmmmuﬁmﬁwﬁmww&n% faqgd SIaRF= SrESdr 3fr
PRI YT FRUARIET, T He (Leakage current) IRGUATATS! SM1fOT faggd qe Sifr efcs
TIBTIITST SGARM fore 4 Al 31ahe e

TPl . 12 fSfored AR (Digital Megger)

- f&fSted AR dY =T (Construction of Digital Megger):
1. TE 3TGRVT (Outer Casing): ST AR aTRT SifaRvT AT ifae Jear snfdr gafaroftg

YCHIUNY TREU U HRUGMNTS] W fohdl IsRARBAT fchrss ﬂmtﬂ%aﬂﬁﬁ 3. BRI
mﬁmwmmﬂwﬂﬁmwﬁw U 3T gadl.
2. &=t U9d (Display Panel): f&fSicd =0 SRt tHaaed few g s/q, of Terilst
(fes frea f&w) fdhar Tase! (@mse AT S/re) ThF SRy Wdhd. fe¥a UAd aTR&atan
3. HeId Sehd: DA SbaAE geul, Raoy ofiftl Ald SRIdId S aTR&Gatal J1g A
o, Tmuar & HRoaN I B Taaiyd AfEic SR SHdT Gdld. Sebhane
;I_'I%d—ld? O $1YC HRUGNTST 30T TR UfqY HRUGRIST Bius fhal cash i c@id JHIAy 3
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4.ﬁﬁ?ﬁ?m(Measurement Circuitw):%mmwgmwwm,ﬁﬁ
AU S SYARMAR A0l Glees AN HRA SO UROMHT IoRe—q A, a1 Aibedds
I Rlees Hid, TaAH A0y, Sawra, fheed onftr SfAran-g-fefoea wedy (ADCs)
R g ol THART 3R S Jedi favga 9uitar 3gai=H oRe= 3yt HisTa Sl
5 WT@FR' fohaT WG’ (Microcontroller and Processor): Wﬁ? fobar f&fSrea R
TR (DSP) 91 AT FERTeet AR SR Frifid sruarrsl, ao SeTaR Ufsa HRugranat i
TR SN HTOT STt Grereg AUTUT TR HRUTATS! Bl SiTll. ARIhIDhE TR 3=
ﬁwwmﬁaﬁwuﬁmﬁwwﬁwﬁm%wﬁmmﬂm
6.UTaR AW (Power Supply): a1 Rad1 gHe fSiTed ARz 9d gewmi-T avges faggd Ioif
RAd. I GICTd Hlo@Ne! et fhdl fRR MeTaé! AC 3SPar THIaRT 3y X,
7Wﬁ%¥l¢l1ﬂ'€ﬂ (Communication Ports): amﬂ%maﬁw:aﬁw 3HRUEY-232, fdar ger
TR, A dHeid AT aTgl IUSHR0 fhal UG HUMNE THATBRUNAIS! sgy ARSAT
HRIDH I UrcdT THTART 3R .

- f$fored IR &t srfyomedt (Working Principle of Digital Megger):

1. @éﬁ ﬁ'ﬁw (Voltage Application): ffored AR grh siaefd 5&10\1%-10!{ EIELI @@\_ﬂ
A B & T Eleesl MG S @ERGE Bie) 3Tq 3nfr ARy sy anfr
z:%;qwdiqe A TG Tebd. HERY IEUT Flecsd e 250V, 500V, 1000V 30T 3= JHIAE
2. 37\5%'417-[ %%I'ET\‘T HIY (Insulation Resistance Measurment): IrEAUN Gleeol [SINN HAaR,
IGgd TuTci= SIARFHET Teh TG e dgdl. U1 DIC diadl -Gl Ufdh Rk &
3. B¢ HIUA (Current Measurement): fSfored AR Sidrfa A= fohar Au= Ifbedt arue
@W@WWM ® 94U Ao JHEd: Ye AReR, 8l Shae I fdha

UM TR JRIRET dAEl TR Heed Bl ST,

sﬂﬁm%%wzﬁwm 3T g IRy

Ohms Law, R =¥

gﬁsﬁﬁ ﬁ%mﬁw AU glees! 30T HiSTeiedT faggq UATeT STURTGR YR JeRe—d
07T i

4. AT URROHT UeRi (Display of Measurement Result): U] Had 5*{1@1%4 NEREs| g
f&foTed TR=a Th R UefRid od ST, fa=Ivd: ohms (Q) fdFaT megaohms (M) A GRATHS Hed
U, PTe! Hised Iraull wieds], ATYT des 30T 3gaiw Ry fderes aRa sifafvad Afedt
3T Hefid e Ha.

5. dofdr STIoT fa=ewor (Comparison and Analysis): ER@Q'HEIT IGIE] H™ih DU
TSI SIARM eRe~ Jedrd qaT g4 J=iies fdhar AR el Sird. J=Ncs < axat
WRTS g0 fobdT Gy G=iq Frevara.

3) feforea arf e (Digital Earth Tester): "fofored s TR | uw famiw wmeA &H%@fﬁ?@?l
gfasHae) ISET Rd, Saren of Ren BuHe! sfiewd Sifd, @ IRe~ Aeuarmat
qIIR S, faggd GRef, IS0 W& 30T faggd umdd amg &rd GHad Sxuame! Tsfen
ey Tgaqul 3ed. IR Riewan ufdeR a=ifadl @1 d faggdia did IgH PediaR Hiee dHic
foell TTUTATTO! TTeTq /bl
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E

1000<> OFF 10¢<>

DIGITAL EARTH RESISTANCE TESTER
E‘l p1 p2 EZ

N B R 1

&I'I?cﬁiﬁ. 13 feforea arf e (Digital Earth Tester)

. f&forea ardf eex <t == (Digital Earth Tester Construction):

1. 91T 3TGRUT (Outer Cover): fSfored 31 ¢ dRT 3MTARUT IHIG: ABS WIS fdbar IR
IR fehT3, ST TeaSId AFRNURE Seid SR, § STaR0T Hifdd THdM, 45 ST STEauR
%&mmmﬁ,w@ma@ﬂammmﬁﬁuwwm

2. feva daa (Display Panel): fafired s Tean TRia vRane feea ﬁﬁ? 39, o fofeds
foped few (LED) fohar dse TAfET SRITS (LED) TP 3 Xdhdl. fE¥at UHd aTRGATal AT
I, arault Ridied 3T 3R Hefid ATfgd GRaad. § araudn i HRUAmTe! ST afomHian
31 ATAUITTST TF 3107 Arva-H $eXhd UGH .

3. W WY (Control Interface): av_gﬁﬁ SRGYAY Jeu, Rady ofor Ald 3Ry o
JREGATA Ao At Fasvar, amuar §& HRuarg S 3 waiaiiyd Afeie Hoa™
3{HG! ¢d1d. SRBIAY FBTHD e 3G HRUGNIST MO ST UAY HRUGMTS! Hiug fdbar
TP I GHITIE SR 1. ST SO AR pel- SR 0 SRgHe=T SO gerar
ST AT aTeddTd.

4. AoR¥e Afdhedl (Measurement Circuitary): f3fTea a1 el oA wfdbe gl Rua 7R
HRUGTS!, T SR ol Aol Sl ASfET RReHaR ar] HRUarS! Sfor R gieest
fhar e ATTANTS! SEEeR 38, T AfheHe 3/Ed 30T 3gdh HISHINTS! &leedl Hid,
A i, Sfiooras, flreey ifr S1aT-g-f3foied Hex (ADCs) URE gedh FHIfAP 3R,
5 T U s?rﬂ'faTEﬂ?»'\‘r(Test Probs and Leads): fefea arf 2wy ﬁ@rqamvﬁcha&rrfﬁraﬁmg
AT ST AR SRR a1 ISR sl gy Sieul FRuammed! Far ora, At faar
WMWmWﬁWWNW%WW SWIARIYD gl 0T
e U feui-t Yot Srdrd. Sie! Alscaded faflkiy arault SIRp RIS ghd Sadeis
fhar IuHRUl ST THIAY SR AT,
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6. UTaR AW (Power Supply): TIaR T gie fSiofed 3 e ¥4 gedhi- avad [aggd
IS R, ATSHR ATee, SHid e, Rt pruamrag sedt fdhar a1ar AC 3rSPRgR el [RadT
&l TS, Hhdl. Uicad Ao dgdadal AT 30T TaRiaaard! dexiar aredrd, @R RR
e T IR H-aRY16! Uaig 3Ry I

7. tﬁéﬂ (Communication Ports): W fsforea ord Sednen w 3RUY-232,
fhaT Ky IRW HRIHDHRA Ul Sel e, RAe dheia ST S1RT ST fdhdl W0 JOg
TFAHRUTES! IRTeNFd Rd. @ U ARG AU e Taid i fRafia seuary,
HHASR SRIAH SN T aftfa HRiemdaTd! WitedsR SFVANTNE $cthd dXUAN W&
HRT.

- f&forea o ewex <t wrdvvmeh (Digital Earth Tester Working Principle):

1. IO JEIAT (Test Setup): HISHIT HRUATGH!, RSl Tsiored Y TeRaR g Argult
DIFBIRT SOT AT Fasdl. Imed Aol Ugd (G St diH-fog fbar TR-fog am=of), =i
AT TRHTT 31101 Ao Soft FRaso THIfay SRy .

2. Iravft #¥e SREE (Test Current Generation): fefrea o 2% ﬁ@]@ W‘«’H 3for
TIRIH AR e, faRa: frefiefisr a sifter=ar guftq, 1d areht He aa HRd). g1 argult
e Aol S fobar eliewgn arauft siavid iR fobar TTafET RigewaR ARy et S

3. giee ol HIUH (Voltage Measurement): ATAUN HRe SITHHIGEH fdhal IRSFET RIS AT TR
T TR i, TRUMH SR glees] B! Bid. fefoted 31 exex siaifd &iecst Q=i Afcrest
qIURe g7 lecsl S HISTHIY .

4. me (Resistance Calculation): G'hETEIT e araRoy (Ohms Law, R = % )

fSforea orf Txex HieTeied Giees $14 30T AN draiedT ATt HIe T SMYRTER U3 S fdhal ASFET
REcH=a ARe=4 =t TUMHT .

5. T URUIH e (Display of Measurement Result): 0] Pad ASS Re g
fSforea sref Ceevaa WhiaR UeiRid odl SiTd, faRINa: ohms () fdaT kiloohms (kQ) AL HBITES
el 0. Hel HISE ATaun goHH, ol lees] 10T HTUF 9o IR ffaiad At gdid

hH¥E Rhdld.

6. ST ATRRAT 3TfoT faweryor (Comparison and Analy5|s) 3 fefored orf ¢wex argq e T=lRia
FHROGATS! 3yd AFt aRrefigd wRa, dReA deides! gl gRumm Ysts Sfr
JRIGA I HRUN A ¢dd. &l Scl R e Yoprs WWHIB‘”[ CERCES USR]
30T T3S fohar U3 fET Rietig JuTe THeT Se|uariTe! Sugad 3T

3.4 RIPIAISYIA  (Synchronization) ATE! ITRET STUMAT Hied HREaR
(Construction) 3for sk (Working):

1) GRARAT HIeX (Frequency meter): R R 3 52 UHRY SAFRCITD UG ern%’ S
S R IRART AISTUIRITS! aToRd STd. IRAR, g (Hz) e ThTelt 19, TohT AT
AU IH A ITel TRARAT 3R UrdTal.
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- IRARAI HIeX ° UPR (Frequency Meters Types):

1@@“@%% (Electrical Resonance Type Meter):

N:E.rrnal
GIE )
Frequency Scale
(ARIR AT
Lower ;—Iigher}
oraT [ B0y
{ ) Pointer (UiScy)
MovinguCoil
(T g ) Pivot (Taegie)
l:[I”.I. Magnetlzmg Coil (B}
I1| | \
Qlli"‘ ! Supply
| i !| | ]:l Circuit
- I m?"[ | :? cire

Laminated iron core

wlE $R)

Glﬁ’_cﬂ . 14 sﬁ%mi@w Hlex (Electrical Resonance Type Meter)

Eﬁﬁﬁwlﬂaiﬂm (Electrical resonance Construction): 1 Hick 9& T
fRR e 3d. STl IRaRdT HISCll VR S A YRS @rHe SiISeer 3o d1 Pigae
Tl ®isd gl %U]Fﬂ?r% WS TGSl HRAX dHdd . PRUAL T IH 0T Hid
R 3G %’cﬂenuu ST ddmd 3O B Tt SR SRl 3. AT §AUIRY Pigd AT drgel
MR gBda STd. Uigex fRisaan RiEd oo 3mg i fhen digad eftiaa gy Hufier ¢ it
SIsdd 3MTed. a1 Hiex Aed dHelfeliT elhd! Taxaddr ATgt

ﬁmmﬂ Hiex ot STAYUIett (Electrical Resonance Operation System):

1. HUCTIRIT PISaHY AIGUIRT Hic ARGSTA HRAY Fidy TR HRdl WA gl hlgade
s‘qnaq%ﬁzaéa 8 SUAUD TR @ STaaoiaes 900 = AT T, AT Hee | HURIeR € AYd

2. SR P IRP 3Rd R d URA (Inductive) s“quw:rrﬁaﬁa SUMEIENER cldh BT BT, SR IC

HORIME (Capacitive) 38 TR T é‘@%{ ST obm R SR R ffbar vuRifees sififear

RIS A TR G b e PIgAaR P PHeffer.

3. pufdifesy siftifdrar &t fetiedn IRaRAIET (Frquency) fRR &mﬁmﬂw s{ﬁr%ma?aﬁmﬂa

UgIcs dlsaa RYNR saaed 3R, Hisd HUCHIGH Disadl fSaadl A Ssd fddd! !

SSH IR 3.

4. ﬁ%ﬁﬁmmwmw Higd JEHIT DIsADHS Wad! oITd. TGS SiegT ldh

T 3R,

5. HURTCId T 3 S 31T P SlegT IRART (Frquency) ITHIRI Jed 31 dag] 8AURI dhisd

T Ry o,
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- A% qRARGT HIeX TEAT SATOT R (Weston Frequency Meter Construction and
Working):

Frequency Scale
(aERar Fhd)

Lower

Normal (o‘-lﬁ?vl’)
ngher}
(Sa)

(eaX)

Pointer (U‘Iﬁ?‘)

- -—————— Axis of coil A-A,
SoftIron Needle

(F> =S g9)

Gﬂﬁﬁ . 15 d¥e- IRARGT HieX (Weston frequency meter)
Wﬁﬂe—nﬁrﬁw&mﬁ%ﬁm‘ﬁﬁ 3T, $SFR T HYC GEIREHCIRES] SR Pl

RAGATGR SIS YA, BIS A 31701 B JIDI & TR PRUANIS! HIC PTG of A1 fagferd
HYOGRATS] TGS YR BT HRaTd. oot Rl a1 GaTgiar Sfaefet 3rd. A IR 31c|4|c|
(RA, RB, LA, LB, T I1g fAaSIe) MR dRARGT GRIGUATNITG! G & Ulse) §ddld. oIl
JRARAT H el It 3RTd, dag] Seaded Uaariges, LA 30T LBt ufafssar siafvafda
YIRS T 3d, ST AU SRIded] YaTeiar 3dded il 4R faamur giard.

- §i€ YR aRaRdr We? (Reed Type Frequency Meter):

Coil Soft Iron Armature
@sa) (7 AT IR
X/X/Y, 8 87 5 % 6
,'// Y/ Reed ({18) %
Teer ] /%%éﬁé%
Current (dYC) whose Bar () T 1
frequency (IRARI) is 4% Flexible HERTZ
to be measured '(support
Fuic)
REED
Circuit Indicator Dial
(wfhe) (Tl Erarel)

\’rlﬁ’_cﬂ . 16 18 UHR IRART Hiex (Reed Type Frequency Meter)
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1.¥THT (Construction): 3Tl IS THR IRARAT Hiexd! Afthe saawiT g=fad. a1d 3aae e 3rd
WER I I3 AT Pied R A, T TGS AR IRAT SSaAd oRId, SR A
SMHRT TS Siead SRIATT 3T Adfid YR Al SUTAR SIS IR SadT Sidl.

2.7 (Working) : ST §RgHE YUl [RASUTeR SlTSdel SR STl dRaRl Hisfell Siid, degT U
ol dic Ye FHar offdl. T1 YaTeTHeS YaAd el ghar AgHaR U 3MbYd Tl SIIHTa ofrd.
R} € U Hdld I il dRdfdd IRARAT RAST IRARAHT g &m?r?ﬂirighﬂmmﬁr
3 HTOT SRl SR AUV U i ATHIG: SR IS DU S [hahiad 3d &l d
fAer0r B Ad e,

3)RiIepIu Hiex (Synchroscope Meter):
- T} 3aifdcshd Uiar Rerr e, RiPRDIU § Udh SUSBRUT 3118 S a1 YU (SIHRex fdhar ufaR Aeddh)
THAHT fet THTON THB T SRd & exifa.

SYNCHRONOSCOPE
GEN s—Ce6eg_~ GEN
SLOW o® e ®e_ FAST

&  SYNC

®©
=
e
Sl
®
r Ziegler ®

&
®eece*® GEN

GiTq’_cﬁ . 17 Rivviwpiu diex (Synchroscope Meter)

- UTaR Reumsd Rishl-ThIu Smaxa®dr (Necessity) BT 3M13?
3feeI-exdl JHIR aﬁmmm 3Fd SHHY 3feeex c1|quq|~H|o“| 3IRIH 3o Rafdrt
n?ﬁ%rw@mmmﬁawsnﬁrgamﬁﬂ%ﬁw%a

- Risp I u=m IR (Use of synchroscope)
3feeRAexdl GHIR STSTarRIT3! fdhaT 3Fd(Infinity) SHHE 3eeI-ex ATGUARITS! HTARAdH SRIe
Rafi =it s/ Sreue MY Hrugmre! Rih e 0 aTuR Gl Sl digex Rid e HRuarmdt
3fee-ex N e TS HRUATT! ATa ST g AR Hed gd.

- e R RDIT (Weston Synchroscope):

TTAT (Construction): - 3! 3% YR RighRep Ut HeaRM TaRIT S(dd. T T U
I THRY Jab 3Med. A <y Hiel UUHe SFMaR dF el [RasT faar Srdl, Teayrft faar

Maharashtra State Board of Technical Education 85



Electrical and Electronics Measurement (EEM) Solfdgandl 3MTOT Solaciiaieh Aodee 313334

FRR Fisd S TP TAVRI HI3d TS Sd. dufdadh QR PHIsaedl GIH W cIdhia U I T
UfeRIe 0T $S R SABIET TR JISa SIS aid 3. ATIYHTO! fihcl Hlisdar, YRAa] (39 dR)
SISl AT GedraT BUfRIex SIaT SiTl.

Incoming Machine

Busbar (sfHdR) (s faier :LME)

RQ YO B9 RO vqu

I S PN DR S,
A e

. ————— e — -

Fixed Coil

(2R =iz

GHW-F[ . 17 A% RIBITBIT (Weston Synchroscope)

?Fl'if(Working):

1. 1A T ST THAHIER SRIATd. STe<id Ul SR I 01 ¥ -aRHL Siford gid ST ga=
SATTAR JUITAT ARG, ST STigR TR dholdl G Hec JEddl SAGR SeRawH TR ST,
Teqgd! ST TR e 31 Jargiel HheR (Phasor) SRISAT sRISRET 3R,

2. SgT 99-8R 3T ST A Eled™ ewd 3dTd, degl Jea ford arfeTmed IRd STATh
SR STl 31l AT fadT(light) STRGTT ST IH . Sicg] §9-9R (Bus bar) 10T ST A=A
Iecs] WroredT STeR 180 F&t SydTd, dagT Aegad! fTd URd 3aiwel Hifce BN (EMF) STa@oids
T 3 30T T (light)yTHend ATg!. SicgT JuM-a1 AR IRARdT 9-IRUET 3B 3Rd, degl
T (light) THL.

3. Risp i 9 goue WUl Siegl i (light) JU He TTd- Tddbd &l {01 df &Aredl Hard
STSCAYAR S,

3) ol 3shH fIGRIP (Phase sequence indicator): Tl ¥ 3fE®heR § 3afdeda i
ey oM o -t gafdeea Redmma cuer w9 Mufikd SrugEedt amoRe o, of-%e
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e, B R, B Y 311107 5o B 31 Aed ol diF dedex fdhal el 3ard. ofi-the Hied,
TTAHIHR TN SR Saifdedhd SUBRUIT AT ORI T Tudidl I s SHaa® 3R,

Selecting #1 as R we see that the brightest

lamp is #3 wire, therefore the sequence is:
INPUT:

Three-Phase, Three-wire
UNKNOWN SEQUENCE

The impedances Z
of the 3 branches
of the indicator
must be equal, so
Xc = : =R
2xfC

o UST

Each lamp has an
ohmic resistance
equal toR [k2], the
capacitor must have
a value:

265
The brightest lamp indicatesthe Uqg CluF] . =22
phase that follows R (the capacitor R[kQ]
terminal of the indicator).

Glﬁv_cﬂ P. 17 bl Glﬂﬁ?qﬁ%f‘\’ﬁ? (Phase sequence indicator)

1. IMFAHL SAATTHTO G &, faar 1 d 2-Tol, T 2 d 3-T ATFOT HURTeR fohar S8aeR 1-
TroTRll ride . SR HCH AT SH SIS Glec oI G YRIET STUITS! YRed Tl U8
Tfidhd Sead 3Mgd.2. SR QRASATdl $hH RYB 3Rd, TR o 2 T 1 UafT e doredt glad; Sk
RAGITE 4 Il fhdT dgadl, dR T 1 T 2 T&T 3T dordl gisal.

f&ar (oRr)

1. 8 SSIM HieId=T drdiar B B,

2. ferpar fogifard Fara aTor JAewrrd fewm exfaa.

3. SR RIS Bl hH Sfedherar frgifohd dhaedl ciTeuRETd d R f$%® A fa=H
fi5Yd (123 Or RYB)

4. SR fo gsuresr= faRA fhed 3id dR Rasad Y 123 fdsdl RYB 3/ 30T SR A==
e Tt S feX 3fid R H Idc 8isd (132 Or RBY).

ol Hie=d E'WWT dIUR (Use of phase sequence indicator):

TSl W= SfSdhedl aTiR 3 ol A.C. QRIS Uil hH 3NEFUarRITa! Bl ST,
IR (i.e)RYBHATRBY.

3.5 AR Tvex Sld 3ATHel, TP sdldd BT ATOT SUANT (Function Generator

Bolck Diagram, Function of Every Block and Application): 1a=H SR § Udh Sadgidh
araoft Fe 3 o fafdy YR soifdeere dghIH dUR HRUFMIE! dTaRd Fd, o & e 3%
(Sinewave), THIR %@' (Square Wave), ﬁﬁUﬂ %@' (Triangular wave), H@H é@' (Swa tooth) 3IfOT
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JHIAIRUT AT0T FSHR TATIATITST aTuRe Sirard.

“HERI TAveR (Function generator) CSIcg Gﬂq’_cﬁ:

CONSTANT m m‘
CURRENT (
FREO , supply | IRGST Hid - 1)
REQUENCY e
CONTROL it
Q c
° Y (ARARAr —} (RISt aaar’
‘. =AEEer HIOIRT Aol _ (3m3eye
\Sead) N oIRIdeY) SfFCABRR - 1)
FREQUENCY ! _ VOLTAGE | OUTPUT
CONTROL |— Lo NTEGRATO! o O l—4—0 No—— AMPUFIER ——o0 LIL
NETWORK e [ VIBRATOR | 1 OUTPUT
L EfrareT)
| EXTERNAL
- FREQUENCY © /\/\/>
CONTROL QUTPUT
CONSTANT RESIQYANL |
OUTPUT
FREQUENCY CSL,)S:;EST (R s SCWCK:W' *—o\o— AMPLIFIER —o%
2 CONTROL SOURCE, 2 |dRdST did - 2) | crcur | 2 o
< 2
v (ARARAT R eaay _ (3m3ege (35egE)
IGEEL)] SRS QAT IAfFCABRIT - 2)

&I'I?cﬁiﬁ. 18 R SFveY (Function Generator)

- TR SINeR (Function generator) TS sAThd BIY:

1. IRARdI ﬁﬁﬁ fhe (Frequency Control Circuit): § foe 3{13cyc JdEWHIHd! aRARG
IRYIE HRUFMET aTRe STuR WTufie d29 RErd TR axa. ame fhed siiideR, @lee-
A eiiffeier (veo) fhar Sar aRaRdr M d=ier THIART 3Ry Yehdl. IRARGT a0 "idhe
IR&GAHT Ay iR M3eye dgwhiHT! IRARAT THIEISTT HRUANT A 4.

2. amﬁawvﬁ)—e (Waveform Selection Circuit): Wﬁwwmw
IRHIH TIR BT d 339d, S &1 W dag, WeR dag, AdIvfi(Tanguler) 9, Ty aag fdvar
SR A H. A agthH JfUT Withed, Ithid HHRI fdhal Ared e thiH quR HRUANTS!
S Ted-g-TATan drc? (S JHIAY 3Ry Y.

3. Tdtegs fimor Afdbe (Amplitude Control Circuit): THAICTS FAu1 qfde 8m3eye
é@mﬂ%ﬂ%ﬁéﬁmﬂ'ﬂr@ﬁmaﬂﬁ YA $MITYC Fleew UIqas! Afd FHRUgre! Flec
ST, SfegueR fdhar fSfored-g-TAraiT HogeR (ST THIAY 3Ry Ydhdrd. SAEies dHeld
g%éoc JIRGAT IGBIHd Yd-g-Uldh Glecs [dhal HRTATH Glecs FHRAIT BTN SHTHT

4 AISTARM AfPHE (Modulation Circuit): FTE] HaRH SHReIHE HISAIR EHdT FHIIR B,
S ARG 33eYe é?e'u»‘lﬁ%ﬁ JRART, n%cwn fea <y J—IIS{-NC GRSl Idl. Al
Hichene e ATegaR (ThUH), SiRdeds Alegae (UeH), fdhar thet AlegaxH (died) didbeq
a9 AR Aid ST fE=0r WRIHed JHIfAY SRy .

5.1l eld dfe (Phase Control Circuit): ThaRT TR Bl HAId Al < P, o
JRGT TDHIAD 33TYe IAeHHTE Tl Yot FHTAOT U fhar sy Ryveres olosumw
Rith I3 HRUAN STHT odd. Bl dheld didered Tl RIuey, thol fecae fhal hal-ald dbad
U (GIEAUd) 3/ Urol THRINSH JHIAY 3R .
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6.3(T3CYE TRABTIR Afdhe (Output Amplifier Circuit): 3T3cYC STRABRR Aidhe G Haredl
deghIH 3fwd Flecsl TRIER dlgdd 3l $3CYC &S aread. & JHIHd B Bi $deye

7.f&w=t anfor ok ELRL | (Display and Interface): /o=l Seme fowt Wi, H’T@FT qieq,
e 1fOT f&fTed 37ge/3m3eye Uleug ARG dl-3hd Sethy JHIAY 37, Sty aTR&G T
IEHIH WHCH HIHTR BN, dghIR HaSTarE! 3flT SFRed TIRRA FRifAd sHroam
3R 34, © sy wisee, Ry fAcwres 3nfor A A yafa Sdia uem o 2.

8. UTaR 9w Afhe (Power Suply Circuit): UlaR T Jfdhe HarM SH¥eal ¥d el
3= faggd Il UGH HRd. ITd S-kexd R 3Mf0T faym e iRz gRfEd sruarme! Gleest

- BaRM SHYve” SUANT (Function generator Applications):

1. TR TOT FHATHEROT (Testing and Troubleshooting): ThaRIH SRR m ElELI]
TCHT I HRUTNIE T Rien Prefanta T HRUgRIS! See ey amun sy
YURIRGR T Fioa THIUNGR IR ST, & JmavTean R uRTU SR FRuamd)
311OT Wfdhe ufaareidt el SuarTa! WIg- aag, WheR da 30T e o AleT IRY e dgthid
TIR $H= Y.

2. IRARAT U= TR (Frequency Response Analysis): sﬁ?ﬁyﬁ$ m fheed,
FRAGRE o Fod RicR IRIRAT RETGY AieY RUaMNTd! aRaRdl i
SRR TraR SReE aTR el ST, JTINTeT IRARAT ST SReeTeTs e deg R
AT HeH, HaR ST ReR fS@Ray 3T ReRy=a IRaRdl-3MeRd acd-Td airsed S99 b,
3. Fra sfezif=i snfor Hfereze (Signal Conditioning and Calibration): TR SiHer Rird
DS SO HicTeIRM YTh e IUHRUI, T SIT0T JTG YU dicisic HRUANITS! SRR
3{Ted. d SR IY, WacH [dRIVP, ST HUTG YUTe! ST ok AUl SUDRU] Bicisic HRUIRITST
T IRIEATE 3 IEHN TR H YHAM.

4. 3AfE3n areroft mfor Ara= (Audio Testing and Measurement): THaRI S edl aTaR A3
IR SHifesil R FHfor exoarredt dar Sl SHifSsh IumRunear srieddd Jeaic-
FHIUGNTS! o 3iTS 3 Thehiar g deg, WrisR dag 3T SR d@HiH daR B Y.

5. ?ﬂ:gﬁ'hﬁ Rty fEw (Communication System Testing): g3 Tres=dt (RF) ﬁl@'ﬁ,
Trhldeg R M1 IRRAY Aeadh g R Rda=h amuft snfdr afdrefie o sxuaa
ThaRT SIFXex HEaqUl YiHeT SoTadId. o SUNUT YUTe =l HRigHT Hedic HRUINIS] Aleddcs
@, Ther=l-Re (Fsk) e, sifiaieyg-Aredaes (AM) Rira 3f1for thel-disgecs (PM) R
IR 6= Yhdld.

6. Ued 3nfur f&forea Rmra & (Pulse and Digital Signal Testing): o= SRR Ued SIfor
fforea Rgrer 2fRen WwrehRrvmed U 9@ m M, WhoR d 3f1f f$foreet ded qaR wrugramd!
IR SI1drd. d f$fea Afchey, Aramideiay, o el ST fSfed HrRgHbmIH Sextharsl
Trvired fefrea amere R, WWWW@W(PWM)W&W
¥ R dld.

7. RRrggor 3for wfRA&I9T (Education and Training): : ThaRI SReR ol Qaifore Txuimed R fAfifd,
JBHIY afeTeed, Hiegae™ dF Sl gaaei-e Aiwe fazauuneh d&fid Yoo fRieauarat
TegaH TR SR, o RenaiET sdacie Sibey T Rivd NRRAT dwaised U Suarard!
Tdel 3Hd G,

8. TNy 3nfor faera (Research and Development): WWE@H@T&I@ W’R @@ﬂ
3fr sifeifeegws Rty I TR St AP frarsaume) $rkd Sied. rEn Juan
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Hichexd WCIegy HRUGNIS!, FdM daH [A®HRId HRUANS!, TN SESTd HRugMa! SAfor
Teite TENTITGST SfdT T Gfemed Ren Sriemas Rizavr sRvarard) Far s,

3.6 HI3MR3MT (CRO): T TPl ST U s d BT (Block Diagram and Function
of Every Block):

CRO, fha1 HUTS Y RN IU, T Scide - dTaui ATe 318 o faggd Riuer=ar dgwiHd FHRier
3T FIRAVOT FRUTTIET ATIRA O, § SAaCe TR Hatd Teyd S s
m@%@%&nﬁra{f\wﬁﬁ YIfIH IR, GRUTR 30T T=TeH TRIRSAT &3 HIGaT THTONER
. draman (CRO): CuICg Glﬁ’_cﬁ (Block Diagram):

(3e1ge (cefewma .
f@acie)  UETAHRR) (faeia @me=)
INPUT __| VERTICAL DELAY
GNAL | AMPLIFIER LINE LumlnousSpot
= Electron Gun
Exprapkin)) Screen
TO CRT P (Rﬁ';r)
! %{) --
V § Y
'Tlv :,lj:?:t\{ ElectrQn Beam
8 Ol ( E
TO ALL CIRCUITS Vertical Deflection Plates
(c&féra fagiuor tieq) Horizontal Deflection Plates
(erert
TRIGGER TIME BASE HORIZONTAL
1 CIRCUIT GENERATOR AMPLIFIER
(fear |fhe) (A <9 (eieticea
TR UfFCaHRR)

3Pl 3. 18 HiAMR3it (CRO)

1. 3@ fAQYUT WIE (Vertical deflection plate): RiTd, TR UMK, Sf—JUCR 30T SIAATHRR
CorT TgR 31 [98fUd iR df] ol STard. R 3ddT Aolgd T9edie, CRT ¥hIHR

AioTar Auarein faguur fRafor HRuarrd) Ian SfRawra=t naaddr 3d

2. &fort fA8uuT Wie (Horizontal deflection plate): &fdel fA&U= Wy WU FlecoigR fad SdTd
W U 95 3MYR TR HAM. Seg Gleed! [ WS 3dId degl i de faa S, afes wiewar
11 Rwra A I, o a1 Ry Wi Fae RaagR afos sfRawrRgR i Je, Jrddr.

3. ST |Afthe (Blanking circuit): SI&T ATl f[A&UU WegaR I ¢ W Gleed AR dd I,
degl d Wi fdhdl ¢ TIsH I SldIh g Iodidhe IS TSl Xd YIRS 3dig §1F gadd.
SicgT BT &) 8Tl R SaRAUTHET SR 3&d degl Wicd! U gTardrd Udh o+ YN U
o o4 T diies ot Welt, UMY ST ToTal ST, Ued-sdb egd QU HH! 3Redy, Wic
3ERY G HIT-sep Brenadl A FISaR 3= ThRIHD Flecsl AN e Red Rad el Sifdl,
AT FBlee ol ATHRIG: WG SFRegR [AHRId ol T,

4. RisA18f3RT "f$he (Synchronizing circuit): AT STUMR RUT aroRcedT Wogg YHH AT o
STad. FRR T e fauarre! RispHEeiRe &id Arid. JrTe! red o 331 3t wiegar @]
& ugt )siata, GiyaTe, Giiyars.
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5 gféPpd ATNBIAR (Vertical amplifier): ACHT STHHRR (I HH IV WCHR AL
doid 37gc Ry Hofed Hd.
6.faTR Tf$e (Trigger Circuit): T3H 39 Tfheam 37Ye Ia.

7.ST3H 99 WFREX (Time Base Genrator): 9 313cyc &fdsl SRAHRRER dread SiTd 1T FaR
CRT =7 &faet & Weder a1 & o

8. I3RS SaiagH TH s 3d saH e YT TRY Hod HUTS, YATH TS, BB RIT TS
g GHIAY g,
9.30d¢H T SRISHY STex AUIRT Saiae - i &MU ©icHHe o= .

10.CRT I ThH HTARBGRAT BRHR ARG AU 38 STER A0 I99e Rrerad dghida
fRI&T0T B,

3.7. fefvrea wRe sif¥a® (Digital Storage Oscilloscope): CSIcg GI'@_\'ﬁ 3for
UA® Pd P (Block Diagram and Function of Every Block): fSfoicd &R

HMYTARDIT (DSO) B b (Y Iolagii-ih IUBRYI Mg o YT Faideii-cs Rreredr
BT TR 30T fIRAWUT HRUFTST AR Wi, § Saifdedd SMAiA®!, qRUdAR, HifdaRied
3T SR 3T QAT T e e ST oY REFeR S T Sagad 3fTe.

fEforea @i sif¥aisiu (Digital Storage Oscilloscope): CSIc GI'@_\'ﬁ (Block

Diagram):
(caféma
Waveform
Input S M Analyser Vertlcal
HH 3 emor
signal—|Amplifier|=TDigitisier — 41 Circuitry Constructuon Plates

(L (RcewrR) | RFemER) (@l (ﬁm (ammﬁm?m

. O

Trigger _,) Time

Horizontal
(TFelle) Clock = Base Amplifier i i
m orizonta
( E‘I’H) @'ilg”za‘_" Plates
Qii‘ﬂq“m) (gmm‘ T

amﬂ . 18 {Sforea whva siiRariy (Digital Storage Oscilloscope)

fEforea wive sifae v sied wrd (Digital Storage Oscilloscope Function of
Block)
ATHBIR  (Amplifier): fSNca WS MRARDIUANT SIABRR G Rivraan

ﬁmwéﬁr SAdCIHD dRBIRTY 3H AU ST e IAraeRH e HRdl. § I -
e degwid R 3for fawer T YRfda we STt St HRa.
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2. f&forerasR (Digitizer): fSfoied Wikel SiiRiaR® uH e fSfoerasR siaeitthrse SiHTeiT Ry
fSfoTea S TUIdRd Hrdl, 3 Sl ST RSTRINIG A thiRId WKk, UfshaT 3M1fiT UgRH
A B, § Tl ¥e 10T foe Sw MYfRd #vd, W iH quRilel g Uul HTR HRUINITAS! S1f0r
I A HRoarTd) Aeayu iR,
3. ﬁ'ﬂﬂ(Memory) %%w@h&mwwaﬁnﬂ%ma@wﬁ@aw%aw
e faxia sraadtd fhar gife geqme R dwR for fawewor &Rdr Idrd. § DSO o
3 JGHIR SAUIT U7 UERId PRV & FHd, TURNATR TURION AT JAT FaH .
4. fazaue Tfbeh (Analyzer Circuitry): feforea RS siiRraReIuadd fazeivs fbedt FER
HRd. T W IGHIH [a=eT0T el HRd 30T TR 31fYT fegmes yrmieumae! R
5. a%TFITf PRI (Waveform Construction): fsfSea wRe siRrarReuada a%qv‘lfl
HERMAY YA Boied sl UlecuHT e Ahed USicAHE Uh S0 JAIAY 31, o
RO T TgtauTaTe WFER Uelid Fa o, § Rfierss SemyT Wiy ofiFR Sy
IR SEHIU GARTT HRd, Rd Ia-Hed 0 Sfdes! UaH HRd.
6. d.3mR.d. (Cathod Ray Tube): fSioecd wRe e uAdd TR @@3 3\’
mwmwmmmwmwwm
HRd. § 3 NSeg= 3t Rohw Rivg gafaedha e Rafd-egH g aaeH UM &vd.
7. aﬁﬁl Kitarsin g (Horizontal Amplifier): %%IEFT Eﬁﬁ Hﬁ?ﬁﬁﬂqﬂ?ﬂﬁ afas sfRawmR
femiadia saae diran afas faguueR T 3adl, dgwH fesgsaruERHad! d Afd
mgﬁ%mﬁaﬁﬁﬁ%ﬂﬁﬁﬁﬁm@d 3 Jo5-SA TISHTT T JeeHIe fzawol
qarH
8.2T3H 39 (Time Base): fSfcd @R RIep o ergA 99 dgwiH SeT UeiRid Hruamrd!
ot et e B, THTeiT T &l faHTTIgR agifacien debe e Fefd sl 3
qRGAT dd RSegRM U SN ST 3e d&-SIE- ARVl JaY Hed dghIH
quRiteria 3rgeh FRRI&01 HRUTY SHe ad.
9. fOTR (Trigger): f&ftiea witet sicRe uAda fomR FfEy R fRudffaR smemfid Ser veRr g&
HE dRBH UG THBIHG HRl, S DI Glecs UIaed! hdl fHART Jhau. § RRR i
mﬁm@wa@uﬂﬁ%ﬁﬁﬁ%mﬁ faxcromraTdt T s femhT W .
10. USATS (clock): fEfored kel SHRTaRe® uaHia geares eraftin Rud o Hd of dgHH
Scrd el Sfor R RigHes oxd, SRR sig@ do-SiA ufafia gHfEa #vd. &
e e 3ad ST Selaei-ie Ridcd 3d dlcdRd AISTHTT JaH .

*k*k

q-3AIYA (Exercise):

1) HaRH SFRex el sl Tl Ug quid B

2) CRO AT A1 3Nl HIGT T TH sl B Fi.

3) UiaR Reaqel iR Iud! STaadhdl H 3182 RihRbIud B 3l T8 T B,
4) HaRH SHYeR I (Function generator) SGAIT T,

5) fefSed AIeHT TreART sravaddr 3for wrae foreT.

6) FI- [ Hex o BT MHANE WY BRI,

7) fefored Adivier 2 wrae forgr.

8) ISR HIU= =1 UGl 9T d a3l U WY D1,

9) f&fSied TWRS SHRIARDIY (DSO) sh i 3MTpcll Ble.
10)qa¥ﬁ3m(LCR)lﬂaww

11) THIHICR o SYIRT I

*k*k
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-4
SIS ATIOT URR A9

(Transducer and Pressure Measurement)

fawyg Y=Y (Course Outcome):
IR TTUSRER d0eA fdedl URIGIFYS! $Haad UIR 1. (Maintain required pressure for

given application using pressure transducer.)

fy3rfY affrag ¥y e Rraor arrh fAeash (TLos) 3nfr fawa fAsa=it cos:

(Learning content mapped with Theory Learning Outcomes (TLO's) and CO's):
TLO 4.1 Describe the working of instrumentation system with neat sketch.

(WpTE S ReH=a1 S qufe &)

TLO 4.2 State the difference between sensors and transducer.

(AR 3T CraSERALd Wb i)

TLO 4.3 Write the classification of transducer.

(T ISERT ffepRur ferg)

TLO 4.4 Describe the working of given electrical transducer with neat sketch.

(G gafdedd Trus Rl B WP THaYE auH H)

TLO 4.5 Describe the working of piezoelectric transducer with neat sketch.

diggAfdes erreERe s fic Wayg quiq &)

TLO 4.6 Classify pressure transducer.

OI%R TSR aiffepur o)

TLO 4.7 Describe the working of bourdon tube with LVDT as secondary transducer with neat sketch.
(P aYE G ISR UM Ud.&l.al.cl. U8 e cgaedl ®ard quid &)

U= (Introduction): TFISTER (Transducer) § U 3AdCIH® (Electronic) SUHRU T8 & Iordl
(Energy) THI TG GOl TUM FUR HRd. Iord U] BUNH gl UM SUaR HRUARA]
TISHRM (Transduction) 3 U, TRISIIRT $lol AMHNI IaEUMHE d3SIdH
(Loudspeaker), AOH B (microphone), yAfHeR (thermometer) 3T Q?T.?f.@)f (LED) g UG
Eﬂ?ﬁ. dIUHTT (temperature) 30T URR (Pressure) IR Wifde Agcs (physical parameters) 3{dd
gfdmor fAfgd w0 H3 3E. R, SR T s ATIes (physical parameters) ﬁ?{ﬂ?ﬁ'q IBPREE)
(Electrical signal) ¥UIR &d Td, TR AT i Hiex IR Jgolaul Fuia el e .
E'F\EIW?%[ e Hrf WU Wifds Aues (physical parameters sﬁﬁm fqueHs (Electrical
signal) TR HRO AOIHRE F TESTU0 BT STy Xl SO TGS} ST et 91T Rahal

4.1 SCHCH RReH - TP 3MTPHl, TP STHd P (Instrumentation System-Block

diagram, function of each block):

Wﬁ%‘iﬂ Rcared fafdy ges 3 gard o AioHg (measurement), e (observation) 37T W
ﬁﬂﬁ?‘f (process control) HIOGST U UDh DhIH Hdld. T 311%)[ 1 7Y Wﬁ%‘?ﬂ Rer=n <l
3Tt gRifaeh Sfre.
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Electrical and Electronics Measurement (EEM)

Data Storage and
Playback Element
(ST EiRel 3for
ISP UCH)
Quantity
To be
measured P Variable Variable Daifa . Data . Observer
e Sensing e "‘_)'Manipulation Transmission — Presentation[—
('Fﬁw Element Element ElRTE Element Element {ﬁ'ﬂ&ﬁ’)
THTT)
(e (uRad-1g (afaa-a (SeT (&eT
e ST gTaTesult AIGNE TGP T
UeH) UeH) UeH) qcP) UeH)

3Tt . 4.1.1: TRGHM Rivewan sl et

(Block Diagram of Instrumentation System)

1) WYY@ Jded °UCH (Primary Sensing Element): WUH® Tdgd UehN AR 3&a!
TEUTATd. o1 S-S eRdl aTuR Ui Hde gcdh WU sl Sirdl. I, Hifdds Tam (O Bt
AU, URR ) SUda ST 101 SR (1N 19 (analog singal) A8 ¥UidRd &l Sd.

2) UREd-g FUIdRUT U<H (Variable Conversion Element): 81 1 HIfgd! = gaoldr WUfis
Hdgd gcHhl (Primary Sensing Element) Bl 3{13cYc qY WeUTd BgidiRd HRal. HaaTd 8
Jhed CI-ISYUR (Secondary Transducer) 3Ted.

3) gRad-Ia gl Yed (Variable Mampulatlon Element): E'R‘F‘;@FR%[ 3@@%
RUe 31 ahd, UM Fleed (Voltage), BT (Current) fdbal IR sﬁﬁw MR, AY,
TRYARH RN Rivae TS g 9ad. 81 Uod fuadr arg Suitd wuiaia
PRUYIITS] IO STl

4) el @R“Iﬁl‘x"ﬁ Ycdh (Data Transmission Element): Hefpelt Tdre ﬁﬁl’g fomroft ‘IUITJI%I%[
Je ST 0 I THd @[areronyd - Yeidid daEErR JreE). oRnm uRfydid, Ser wat
fOPIug ga=a1 f3HIUl ddgR gxdiaiRd dal Ulfgs Sl Sl SFRIHRMA Tlede Burdrd.
HTHIG: UNUT A1 WUl gHTed UTRy, Saifdedhd dhad ST e fofe.

5) Scl WINSl °U¢® (Data Storage Element): SR SCl YHI8 BRI 3T R (P18 S Bl
W <q (Magnetic Tape), 81U e HIRT (H|gh speed camera) 3for gt (Tv) IUDRO;
TRY UHR CRT fliex (CRT Printer), AT 3y fefoleq ot (Analog and Digital
computers) qIoRA Vil KAendld.

6) el maﬁw Ych (Data Presentation Element): @l 1P Sel Il (present) HIOTR
PR (work) Al S0IES dl FARI&BT (observer) TS A

4.2 IETERUNNIE AT (Sensor) ATV THSTERANT (Transducer) BI®
"= (Sensor) ‘ ¢cI-9SYAR (Transducer) ’
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(Basis of
difference)
TR § 3R IUBRI (instrument) 3§ | TFISIIR © 3R UG 31T o Sl
ST (Definition) S gikAmme difdes Riflex WEfId | (Energy) THT SURA GOl =Ud
o | gafdeda  SMSTYCHE  (Electrical | IEAA, SN B AUHMN Faiageba
output) GG RueHs] TR,
- JRAY WA RE™ g1 HIdTa! Eraq@qm% gedh - 3IYC IUDHRUI
H’?Aam Yo . @R), Ufbar  Iuaxur (R
Components) Gﬂéﬁ i ror 3
& YR I AT (ST WY | THSIIR 8 I [Fay Iudr 318
Complex 3B, HRUI ATd Ioid THT BUGd a3l
(Complexity) WW@%
IR Reqd HIUdEl Bigad od | CruedER AMHRd: Uishdl dedHd)
SifyoT Il grr o, d Fdw Uifdw | aSeye  femimugrR R
(Feedback) UAUMOE dad HAold 30T aa: | Bl UaH &R,
RIeHdl 39Ye &3 Udhd ATl
qaiferd T4 A ISR 3R /hd AeId. | CISTERAL "gH! TR 3l
(Dependency)
R va,ﬁaw,uﬁﬁﬂ XA 7Y, JOhIBH, d3e Widh,
(Examples) R, WL W”% = R,
4.3 TASYERA (Transducer) TIHRT:

1) died CiG| YIGSUTAT (External power supply) anamﬁﬁw

o Ufdew (B3 T (3 R (Actlve Transducer): 1 -SRI dlg] 3Tt %dldl (External power

supply) A1 HTTHAN Hd ATl Tfdewg TISTIR WWUIANd. 3R USRI TFHSIR Al

Oddbid ®leed fhdl dic fapRid dRde, BUH AT b SIFRICT (self-generating)

CTOSIIR B lowd Sld. 38R0

@@W@E (Photovoltaic cell)

. URIE ISR (Passive Transducer): ST ISR dTel YIdA] v&dldl (External power
supply) BT JGll (energy) HTALAH A AT UNIE CFISTER UM 3w oild. 3aTevu:
INIGEES (Linear) 3T &Wlﬂm’ﬁﬂa (Angular potentiometer), QFT%TS?EPI (LVDT) g

fwed (Piezoelectric crystal),

2) T3eYe RvreredT T=uraR et

o IFTEN W (Analog Transducer): 3/ ISR sﬁgcq Y10 AT

3T3cYcHY daad. 3aleRu: WA TS (Strain gauge), TA.@ISLEl (LVDT), YHGUA
(Thermocouple), yfifeer (Thermistor) <.
. fefSied TTSgER (Digital Transducer): T TISIIR 34Ycd UATU fefoied Ruems

FUIART BT, 341, ekt ThIeR (Rotary encoder).
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3) SUTARUIMAR TTRa:

o ZAfRPA TASTI (Electrical Transducer): & TFASIIR Hifdd 1T fobar Fifies vmmon
¢ Fleedl (Voltage) fdhal BHRE (Current) TRBIT I [dggd UHIUMHL FUIARd Hd el
Safdedhd CrISYER UM, 3aexul: R (Thermistor), AICRAHIER (Potentiometer), T
S| (Strain gauge), QFTE?[@)[_CD[ (LVDT) T.

o UHHA TFASTIR (Mechanical Transducer): § ISR Hifdd THT G- JHI
ifdes JHIUIT AR HRaTd. IGTER0I: die & (Bourdon tube), STTBTH (Diaphragm).

4) HISTeT SATOM=AT YHTUIRIE HAfaei@elay Sadq:
o UTAHS ISR (Primary Transducer): Pl ISR g9c Wifdes JHT0r Abfed
Ryl S UiaRd Hrdl. 341 dre- cga.
o AP TFASTER (Secondary Transducer): TSR] TSR Ao d RUddl Safdedhd
Rl TUidRd $Rdl. Ial. Ta.® 1Al (LVDT).

5) FUAROT BIHaR TuTia:

o TTFASYIR (Transducer): S I3 AMH-3alfdgdrd Rl Safdgdd URATINT TR Hd ATl
ISR BUIdId. 3al. yfifeer (Thermistor), UIeREHeR (Potentiometer), @T-f S| (Strain
gauge), TR SI.E. (LVDT) &

o ﬁ'\‘f ¢cI-9SYHR (Inverse Transducer): FREESH S smlchom gRyTome Hifdes g
FUTR Hdl, 3R YHRAT THSIIRAT 3% ISR BUrdd. 3al. fUgigafacd gruegaR

(Piezoelectric Transducer).

4.4 OGP CISYER: SAfGeHhd cruSyER Hifdd THIUNG Safdedhd JeuTd TUIARd BN,
qo1d ERIESCE| ;I"HSI,L{-Ra T UBR 3Med: ISIREE (resisitve), $81aed (inductive) STIOT

Puflifcg (capacitive) ¢[-HSYIX.

4.4.1 m cI-ASYHR (Resistive Transducer) -

CFUSIER STl XRReW qafeRvfig YHIGTES (environmental effects) Sa@dl SR YHREA
CISRRAN %%T%Es’ COSER WgUIdId. UiddbRIdd Sad TH. (AC) fdbar Sid (D.c) AMUA
JUBRUGR HIoTal i), Ay cwsqg-mru dI0R AMYHM (temperature), FSTAFHE (displacement),

@fl (strain), TIASRA (vibration) SATE! Hifdd THTUT HIGUATITS! HaT STdl. WTad 3Tpa AfRes
CTISYEREN Wl A1 GRIad:
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Resistive Transducer

e T=asgE)

\ 4
Potentiometer T I (Strain
(TMEREHIER) Gauge), @IS A
(Load Cell)

A 4
1) Linear Potentiometer
(TR TIRREEHRER)

2} Angular Potentiometer)
[S-F'TIFI'{

TPl . 4.4.1.1: AT TTSLIRA TPR

(Types of Resistive Transducers)

a) fafrer T RrH R (Linear Potentiometer):

o UIREHIR (ST die fohar gerfier ®U I s W) § 3 efiTd Red MR
BUH URYIYT ol Sd SUHed Safaed dc (electric current) AT SrugrIdt IRRE &1
i_a{%wﬁ (manually) SGAET STl UICRAMCR Gleedl @ISR (voltage divider) TIH B

A< 1

+

Voltage Supply R 2-|-

U
N 3 _‘

TPl . 4.4.1.2: fafeR qieRrHeR
(Linear Potentiometer)
o UICRRNHCR T URIE TISTIR (Passive Transducer) 318 WU AT SHTURRFHTST ATl
ERH_@WW@T‘T (external power supply) 3TdRIdH 3G,
o TICRRENeR THUHE YRR 3G AfAfST dieded! (sliding contact) R Se &
DdId.
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o TAUR TN feaiuic WRfEn di<ae fdhar aswer fod ord onfor o YRifResw gewar

(Ohm's law) Blecs GEId Saerd!.
o T faoied AT IR He- HIITYC Fleed fHesadr Ad:

R,
Vour = Vin (R IR )
1 2

o IRMYPR, SAlaHd GlecoT WeUld fosR fSeade Auarmd! fafar acRrdear
TR el §I1S> ebll,

b) a‘ﬁga? meRrHeR (Angular Potentiometer):
o et UICRAHeREr AR IR fSTaHe AISugrTa! BT SiTdl.
o TN 3MTEcl . 4.4.1.2 SR UICRAMHCD Afohe 3T G,

Resistive track V+

RufeR ¢@)

Movable Wiper
(Slider)
qIuUR (I SY)

Angular Movement

of Shaft
Potentiometer b (MU SR
body Ov BICTHI)

STHL . 4.4.1.3: S[ER NIRRT
(Angular Potentiometer)

o IR NERMIRR & I fHa SuHR0r e 1M sepeftred qeifaeammnd), efifad a sfor b
R amgd onftr efifa c IRTT 3R 6T TR (WESR) ST WUTd.

o A UicRrHe= am?ﬁ?r%%ﬂ%a Y MATDR (circular) SEATd 10T d TehT Ricifgdhd
IR (cylindrical former) STeBICT ST

o T BIRWR SIS Sciel JUWR TS eﬂ?ﬁx‘:ﬁTﬁW%@ﬂ%ﬁa’ TCHTR TR,

o IR fETHe IIRER AN Hdl Sd of GRUSA ASREHAR IRavd 30T SHgTe s
33T Fleed ad.
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tﬁé"&l’liﬁ'FﬂEQT:IT?=ITCR'(Applications):

A 371 Fafd HRuamet teREe=n aTR sadeHe SIgEHe Bl oS, b,
ST SRR IR TR SEid aTiRe S,
IR 8 3iHier, EleeHie T JeHie=l BiraT-ardt ¢dd arRd Sidrd

¥ 719 (Strain Gauge), T8 Ud (Load Cell):

X IS TH TISTER 38 SaTal ¥Re AN BRIAR (force) Faadl. d BN (force), YRR
(Pressure), dUMG (tension), TS (weight) 3. d Safacdhd JRRE~T dadME FUART ®Rd of
FdR HISTdl SRS Wb,

Supply —

: Rs ‘E
&

Strain gauge with

load cell
arrangement

(s Id
LS RIE)

TPl . 4.4.1.4: A TS

(Strain Gauge)
K 1 3 AT TISTER 318 o TR a&asiel d10l HISUarTa! aroRe S,
SicgT T a¥ar §Tal X! (external force) AN hall ST degl T GG BRI fapt
(deformation)
BRI Bt ﬁ?cﬂ (deformatlon) aﬂ@;ﬁwg (compressive) fopar a=ar (tensile) 3R Tfﬁ%bf
WWW@:{(stram)w&ﬁfﬁT?féﬁﬂﬁ(stram gauge)@'ﬁ{ i
Rigd U ATEau! ST ATor0Y et Srba FHR0, TG B0 SN ST HRO S Y Y. T
giRum UM, YRRe~qe 96 gidl.
TR aRIqeed Ffove B, R1 3101 R3 § THHGTAT SRISRI TUIR Yol 3MTed 30T R2 §
fRalice e geg T 7o YfeRe a1 RISk 316
@IVQT T AR (unstrained) 34T, dagT fos Hdferd (balanced) 31Tl 30T lecHIeR IR

&g I,
1%}[ TS IRReqHA  dqd 3”?3”73@ [EE SN_Q"[%‘IH (unbalanced) BIdl 3ffor 3for
FleeHieaR e 3fSdhe Bl 3T S,
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4.4. 2 H)'aﬁlﬁc_a' ¢I-ISYIY (Capacitive Transducer):

IR fSTaHe, URR ST SR R tRIHIeR AISTUaRITS! dal ST,

o D TF URIG TTUSTER IS T o SFRTETS! TRl AN (external power supply) SIS
318, HURIe CrAe IR wRUsT HURTCI (variable capacitace) dTaR $Td HH.

o @Eﬂ% IR (overlappmg of plates), @Eﬂ'ﬁ[‘iﬂﬁ 3R (change in distance between the
plates) STfO1 SRIifded DI (dielectric constant) 3R 3HdH HRUMYS HURICE ISLHT!
HURIC F&ad.

o TAd 3fpdld GRIGATIHITl HURICE FUSIERAY GF GHIR Hed WicH (parallel metal
plates) ST, I WY SRIfdgd HIHATGR (dielectric medium) faHdd dedl STATd Of TdheR gdl
(air), TTHEH, O fohdll &4 (liquid) 3T,

Top Plate

(XM wie)

/
L

«—— Dielectric material

(STaifacs A

Bottom Plate
. ) (A% WT)

EN

TPl . 4.4.2.1: HURIEE TTSTIR

(Capacitive transducer)

o oA GHIBRUI HURTeT=] mewtﬁﬁﬁﬁlﬁmﬁﬂw

_d

33,

A= @Eﬂ%[ SRR & (overlapping area of plates in m?)
d= aﬁmﬁmsﬂa 3R (distance between two plates in meter)
e = TN WA (permittivity of the medium in F/m)
C= W%W (Capaatance between the plates in Farad)
. R, B IRR s WiRe A HURICHe 95 gl
o TFUSTHRE HURCT ATl SHQfacd dicedl BRPbH STId dadd of &4 fdhdl arg urda =

(liquid or gas level) ATSTHTIMGS BId.
o PHUNCE TISRRA AR W AR f$xade (linear displacement) HISTOATITT &l
STl
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4.4.3 Tsfdcs cI-ISYI (Inductive Transducer):
ERIEGH STAISRR A TR WWWWG%WWWWWW

$SICIAY 950 BRI SSacm CRISguRdl AR fAFsR Sfuft SgeR fExwiade Avarat e
STl @leitdd e YR SR

a) fafeR dfvuad fewiRIa erasgeR - Ta.dt.81.d. (Lvo):
TAdLSld. (LVDT) TP $efdew TSR M off fifHer fewaiaden sdfdeea R
FUART B T T TR TSR 3HTe.

o TUd. &3 3 IS Gﬂﬂ’_cﬁ (Construction of LVDT):

o WAId 3ATPHclid GRAGTIAT LVDT T Tdh URIERT AR (Primary Winding P) 3101 G Jdbha<t
qrEfST (Secondary Winding) S+ 30T S, =T FHTGRT Sl S bl TSATPR BIHRER (Cylindrical
former) TSTedciel 3¥d (S Uldhed 3R IO AT DR (core) 3I).

Secondary Winding S, Primary Winding P Secondar Winding$,
[@siamfen — (EEATEET) amifEm)

o T 7~ Cylindrical
22 Z
Arm / XXX XXXXANXHHXNNNX) XXX % (a\?ﬂﬁﬂw
| PTHR)
- ] Softiron core |

Displacement

(

TPl 3. 4.4.3.1: TA.@1.S1.E. I TP TPt

(Construction of LVDT)

. %@m JRfETHSE FHM TS (turns) SRIATA 30T FAT UIHRT AT qial STo[el
3 dTd.
o UHI arEafeT Q.Fﬁ. (A.C) TR Siedd 3Ed GTIH% W SR (air gap) WIR (flux)
o TH W HS 3 DR (movable soft iron core) IHIAT Td dadT Slal 30T AU
fergAe dg PR Sedd 3™q.
o Tlol Y IEfST 3R UbR Sededl I bl URUTH 313cYe ®leesl alol drifewr=l
Fleeo T TR 3R

o TA.ALEE. o F1F (Working of LVDT):
%ﬁamn@waﬁﬁﬁ 3 gfthe oxffaat ome. va.El S dt D &rf 3 yrm 7ed Wrefiavmm Wy
SIS Xehd

Maharashtra State Board of Technical Education 102



Electrical and Electronics Measurement (EEM) Solfdgahol TTOT 3&*97?1% HAoRHA-C 313334

5ecm:|daaWir_1ding 5,
. o Output
P Winding P
rimary Winding Voltage V,
($TSCYT
P Vo T
AC Power Core |
. O =T =
>
(T3, Sl

Secondary Winding S,
TPl . 4.4.3.2: T 1.3, o Afhe gl

(Circuit diagram of LVDT)

o B 1:%@?3{5{{% (Null position) 3l (Fewigde 1 Han:

SIgT HR DI HAUNT 3l dgl all Ybes] dRfSTHI Sieddl Fiad (flux) T 8. 9
T ﬁ'ljﬁln%a@ Tdhe URd Eﬁéﬁ (V4 3”%) HH 3-ﬂ%?[ qﬁ@%@lﬁ faeg gddl (opposite
polarity) . EIIH% 3f13cyYc glecol Vo Y .1 Ryt "R " FBUIdId.

o Y 2: ST B T R av=n & gafder smat:

3TAT SR PR A YA RN bt S o STy Ml A R Jdhedl S, i Sieddr waa
(flux) mzﬁm&rrfﬁr S, Xt SISaa U HH Bldl. AR V4 > V, 30T 3HT3eYe Rleedl V, URIE® (+
positive) :

o Y 3: Wil B [ Ry @t gafaer sa

TGO SR HR Jh el S, Fa ST 3Rd R Vs > V4 ST TITYE Fleeol Ailew

(- negative) 3.,

o Qﬁé’f?ﬁff o 3MTeiRg (Characteristics of LVDT)

TS HR Y YA Tt fo=m gafaar ora, aaad fvay 33eye ©leed WU alal Jdhast
BlecoHEd HRP TYC WA wlecorRi 39-%ol Y& IR dleal. T (RUSTIREA o=t fazi,
S Fiees W e d, U AT Bleeoldg ot 1800 3TSHT Th ol 3.
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Output Voltage V,

(3T3CYC
A -
¢ = 180° d=0°
- =~ —f-—---->
I |
I |
I |
I |
1 |
1 |
1 ]
I I Residual Rf¥rsgerma
! : | voltage wieew)
( Displacemgnt )

( )
TPl 3. 4.4.3.3: TA.a1.81.E1. o 3merg

(Characteristics of LVDT)
b) et ARTad FeHIRMd gIsgwR - 3R, d.381.&. (RvDT):
o SRAZA (RvOT) T B U e eRuad SR RIS SR IR C ARG
JhRAl S8dcag SIS 31Tg il el fewavdc defdd safaead W@Fﬁ'ﬁﬁﬁm
o IR.GLEN.A. 3 TWATHD m (Construction of RVDT):

o IRAIEE d Yo TWAHSD 3MThdl Wiad 3fipdld Gy 3Mg. ARSI A Ub IR
qrifeT (Primary Winding P) 3TIOT G Yebest arifeT (Secondary Winding) Sq 30T S, 3.

Primary Winding P Secondar Winding$,
(ITERY arafE) ( qrifsm)
Shaft ] G
(RITUC) S ESI VoItaZeE
AC Power / Eo = Es1 - Es2 (sscuc
Supply — l Fleeo)
(T . St P

>

e
=) nT— "
/ SZ ESZ
Core
(®R) -

Secondary Winding$,
( qrifEm)

TPl 3. 4.4.3.4: R.4.31.&. I T THD TPt

(Construction of RVDT)

o UHe JEfETHE URT STATE. (EMF) B et fETaic g TR §id. Glal ddhex] arifeT
T UroTedT §TeX 1800 3.UH.UW. (E.M.F.) TR HRUIIS! 3= UHR SaedT SITdTd.

o AR.A.FE. A ST (Working of RVDT):
RVDT @ &1 LVDT IRET 3. /MU SR, i 133 IR TR gidd.

o P 1: Vgl WM TG MPpaAed cifdead I fRudld 3/, AT gl Jbed! arfem e
ORd S TATE. (EM.F) THF I [9%G 3RIdTd. U, 3T3CYC @lees E, I 3.
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o &Y 2: NG UTUC TSATBIAT (Clockwise) faRA fhdl degT ®IRaT 3ifeied YT arifeT s, a) a.
U, ®isd ST A URA S.UHTW. (EM.F) S, Uell SR 3 30T 3T3eYT Bleedl E, TIRIEIR (+
positive) :

e &Y 3: U AR SIS %G (anticlockwise) TGRM fhvdl, AT HRET 31fere URT aRifET S,
R Al UM, Higd S, Y URd IR STATE. (EMF) S, T ga-d TS 3d SNfUr 33ege
Fleeol Ailfceg (- negative) 3.

4.5 fUsnsdfdc® c-aSTERT (Piezoelectric Transducer) BT, BN, IGTER0!

. fUEizafes ceRR (UEisdide =R BUFE! 3ioad o) ? U 3R JUHGRU 3R & a7
(acceleration), IR (pressure), dIUl (strain), dIUHIT (temperature) fdpar et (force) 3@1‘%&5
FlecoHed mﬁﬁﬁmmﬁqw@%umm

. REiAfes Shae a1 CFISTERAT ST AHF AT (strain) AR BT IT @edst Fafor =uam
S{THC Gol, ST dToR R ol 10T HISTUgTTST ol Sl

. TUENgdfdes Aeiad T UhRd ISR 3Ts.

Strain, Force,

pressure
(@101, 99, URR)
I
y o
S AT Output
Electrodes t Pi/éZOEIQCtriC 7 V0|tage EO
( ) t sTransducer /
yi w
, (31132'93
> Flee)

TPt . 4.4.5.1: fUgiigafce®d crasgar

(Piezoelectric Transducer)

o IcgT 3T Bt fﬁgﬂgﬁm et fﬁa—rr (squeeze) PTedl [dhdl BVl a9 (force) fdhdl URR
(pressure) ATGd! dogl ISR 1 \’n\ﬂd F@ﬁéﬁm Waﬂ‘cﬁ

o fOisafdes TrIsIRgR Idifed 3afded B, HIUde! wlecsl AU JATGR Tgoraul Hield
TS T,

e T RPlcS AR AN Holedl SaTd fhal Sard $ 3™, ®leesl ASTgR §d/U=R S 81 §
3TN 3THAH BTG Adhdl. 3T THR, [UZdlded TISIR a1 difAe® dd (force) fdhar IR
(pressure) IR e JraTor (physical parameter) ¢ HioTel TS, b,

> fusiisdfec® InEiD A1 (Examples of Piezoelectric materials):

1. IRTY TAT (Barium Titanate)
2. Tlee (Rochelle salts)

3. W—éﬁmﬂ (Quartz crystal)
4. T (Topaz)

> ﬁgﬁsﬁ% @W &IﬁqTﬁ'lT (Applications of Piezoelectric transducers):

> ARHIGHAY, @ IR Sdfdced REuaaed SUiaRd dbal Sidl 31 g1 Rgd Jact [AeT s
fofor evaTaTe! arefaan s,
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> WUUIHERTT AU U] Saifaed AIgeded Il dIiR Hdl Siidl. Ueisdidesd _RaR daR
HAe IR SAfFeD REIT TR ) ST Qae) T dea,

> B NS Hiexdd aTuRd ST,

> § Werey fhhar fanmasmed S8id arRd ofd fo1Y vard) sgedt araroioiaes Sifd 3Mfor grarst
JTUISY JYS.

4.6 UIR (Pressure) HIU:

4.6.1: U= o1 =i t’ﬁﬁ? (Pressure and its units):

o R (Definition): TR (Pressure) HMHI: Q@Eﬂﬁﬁ@ TR (area) WWW (Force)
THTUT U URIE et ST, WWWWW SIT:

p_
A

YYF = Wﬁ@ﬁﬂﬂ?lﬁﬁ (Force perpendicular to the surface)
A = JEYI ERELT (Area of surface)

o WCNd GIERT THSP (units) 3Med

1. TR (Pa fdhdl N/m?)-N U e S GIaTd S| Thdh 318
2. ﬁ.@.&rrq - qmﬂﬁawga (Pounds per square inch PSI)
3. dR (Bar)

4.2R (Torr)

4.6.2 TR UPR (Types of Pressure):
HaTd TaE IR UHR G-H%T‘[: - U&{Uf (Absolute), S| (Gauge), aTQFI_S?ﬁH (Atmospheric), %VERIH

(Vacuum).
Pressure (93X )
'y
Gauge Pressure
(=T I )
Atmosp_heric Pressure
_____ ———t——— g ——— (aTgHsET 9
j,_ 0 bar g
___T ______ T T e 1,01325 bar a
Atmospheric
Vacuum Pressure Pressure
(CoFTH I ) Variations
Absolute Pressure
(IRgot 9
x 0 bar a

TPl . 4.6.2.1: UIRA YHR

(Types of Pressure)
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a) tlﬁ"IUf TR (Absolute Pressure): qﬁ'ﬂﬂf USR (Absolute pressure) Fé'U[a W (vacuum) T
Wﬂ-f/ IHIY (reference) U3 AISAl SIUIRT USR, tlﬁE[Uf TSR (Absolute pressure) ¥ WTATAYHTO

Pabsolute = Patm + Pgauge

b) S U™ (Gauge Pressure): T IR (gauge pressure) e BUH aTﬂﬂTS’EﬂH TR HISld SO
UIR B gRYTYT &l ST, 7197 IR WISt qﬁ{Uf UIR (Absolute pressure) HTf0T aTﬂ'JZI—e'?ﬂH UIR
(Atmospheric Pressure) AT A i,

Pgauge = Pabsolute = Patm

) TGHSH URR (Atmospheric Pressure): IIHSAI URR (Atmospheric pressure) TS QT
AT §AgIR GaTd TUH URHIT del Sild.

Patm = Pabsolute - Pgauge

gﬁ)nﬁa"zgghﬂm (Vacuum pressure): Y 81 had Ueh UIR 318 ST STAURIT dTdTaRUTAT SIaTueT

4.7 UIR (Pressure) HSogrAT IUBRUNA  JIfpRor (Classification of Pressure
measuring devices):

USR (Pressure) ASTOATE A18H F aYd YHRITS faUNT 13, Wb

1) HAHER (Manometer)

2) scﬁ?cm TR ISR (Elastic pressure transducer)

3) ic\ﬂrd\gchcl UIR cI-ISYHR (Electrical Pressure transducers)

8 UPR TTAIVHI0 W ol OS> bl

4.7.1 'HT-ﬁTﬁET (Manometer):
o HAIeR § Saredr WrE el YRR Agfed H YRR AISUITE Hald Y e sie. wd
A fobar Tl WiehaR SauarigR aaTared] UHTdTER SHacdd Sd.
HAed H d@ 3 318 B UIR WId HISUIRITe! Th cld Hid-cge TaRl siedd 3178, <R,
WM IR D YA agHS AN A3 Hidhas e S,
o R M IURYT URR 1 atm &l TIRA 3 R WU &d T SIaH QT 0T Sisd. quif,
A JEATAT WU THH FHIUNG d16 glad.
o reitayEm Fanfies fafay geR emRd:
a) U-Tube Manometer (4-&Jd T
b) Well type Manometer (a?raéqﬁ%ﬁﬁm
c) Inclined Manometer (SIS T
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Applied Pressure %
l g Scale
Well
U-Tube Manometer Well type Manometer Inclined Manometer
(Z-Tga AR (@ TEY  AAEHE) (EAFdBE  HAAR)

TPt . 4.7.1.1: HAHIEId YPR

(Types of Manometers)

4.7.2 sm UIR cI-ISYIX (Elastic pressure transducer):

. m U CI-ISYUX (Elastic pressure transducer) NCIEED (sﬁ?ﬁ — elastic) TR
(primary transducer) Tded e oY DI CIRG| &Jd (Bourdon tube), EIS] (Bellows), STIWIH
(Diaphragm) g. dIURdId.

o SURCH URR CI-SYHR (Elastic pressure transducer) IR FifAe f[ARITYHId TUiaR Hard o
dR b CIISYHR (secondary transducer) dlUe- sﬁﬁ:aw TS FUidRd b
SIGIGE

o QMG AN HeR & ISR TR |qq>c1 (deform) BIATd o URRT e eRiadrd ST Thar
UIR PTG CTHMR o «4|r4 U5 THR ‘bldld
TARCD YRR ISR JMaid diF UhRd SR

1) a'lé:['c‘ﬂﬁ(Bourdon tube)

2) SISl (Bellows)

3) SIIWIH (Diaphragm)
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, Force
(l Bourdon tube " el -
l', \ (a’lé?r m) Fo rce (R) (BrH)
\ (B I — T
' ¢ bellows Diaphragm
= S a(m) (STITH)

1 |

! T T

AppliedPressure Applied Pressure Applied Pressure
(W) (YRR AT (WA

JTHL . 4.7.2.1: TARCSD UIR TFASTEA UBR

(Types of Elastic pressure transducers)

1) ﬁﬁ??ﬂﬁ (Bourdon tube):
o Tiod ogd UHT T IR B Hd B drbad g8 (tube) ST A (internal) 30T STRT

(external) GTaTT fid=aT TS Ad degl AT HTHR TG,
o ST URR AN dhedTes, TId TR BId 30T YRR ASedIaR Hed W& UTd URd Id.

o 3fTId URR SGARIE STl ¢l (tip) BEd TN TS eRE (pointer) WhadR (scale) TGSl UGN
BId

. @cﬂm 31|q>c1“|c1 muchmmlﬁ e ogad o TR 3R
) - TRy eusq &Jd (C-type Bourdon Tube)
b) {-Hltlvm dls-| &Jd (Spiral Bourdon Tube)
c) 6Ic10r>c1 gie &Jd (Helical Bourdon Tube)
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N Pointer

y "'*C‘.:\ C-type Tube [qfét‘{} Scale
/Y N (- TS ()
Gear Assembly \\ T )

[ﬁﬁrf 3m—<-ﬁ]
Spiral Tube
S (FaraXe
Pointer ll <qE)
(I5T) ]
i
|
Applied Pressure .
Applied Pressure
(SRR @) ( 92 AL )
C-type Bourdon Tube Spiral Bourdon Tube
(H- eI ST ) (FITARS 15T ¢ )
Scale
(FheT) Helical tube
m e (%ﬁmg‘q\a )
U' Applied Pressure
-—
(IR AT

Helical Bourdon Tube

(@forFa aid Tg9)

SATHL . 4.7.2.2: TS oJd UBR

(Types of Bourdon Tubes)
2) SIS (Bellows):

o ST URR TSHE (Bellow pressure gauge) AdfAD (elastic) ?ﬂﬁ?ﬁ Al 3 STt g Sgare
gfaaerd fadrd (expand) fopar 31'@:[ (Contract) Trad.
. %E’I’%&T T aTaR W&q\ﬂf URR (Absolute pressure) (HTHI a4 A aT\’IT) ASTogrATSt Bl
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Scale
(FheT)
(il
: : ERE
Spring (ﬁ-"Gi'JT ) cenesd e e
Pointer (q-‘i'éz-{) - :
: vW :
; : Applied Pressure
Flexible bellows .....: IR
(FarF el i
TPl . 4.7.2.3: q@iel
(Bellows)

o Tlod EUE 9l 3% YdgRITd SRdrd.
o SQI g THHUTIURE (alloy) S0 3R o 3 Aarad 31, 3 ! 3RId AT S prsaid
T Ui feemgT dad.

3) STIWIH (Diaphragm):

o SAWM URR TS R Ta IR AISUgIIe! Urdes, dafdd s faaqurm araR &

. %Wmmﬁamwmm,w@aﬁaﬁmmgﬁaﬁwmm

o B IW HH-UIR HISUIRIST IRl SIdl, S &1 agHediy YRR A0l fhar 19 dfAexygdia
qard FRI&0T S0 T Rifeiad Bt U]R 79T (flexible membrane pressure gauge) U
EENEREICNASIGH

o SMHH URR AU &1 fUaes (brass) fdhal &1 (bronze) ST UTde 30T A4 (flexible) TSl
(membrane) &I'I%'
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Scale

(FFe)

STIHTH Pointer (cﬁ%ﬁ)

(Diaphragm) I

Applied Pressure
(WRAT)

Diaphragm ( STIWIH )

3Tl . 4.7.2.3: STAWTH
(Diaphragm)

SHTHEL gIead Yok fhal Yblexadl ST fFaea axa. fafqy feenfdeiasd &
HROGTT TEHBIUHeS 31O AT UIefafercies, a1 UdhRd ol faamRed Hidsd A-iRme
RITITA! fdal aTURUAMTST SUaTeraddhyul dvg 317G

4.7.3 gﬁ%ﬁr WW (Electrical Pressure transducers):

Safdghd URR ISR, Sl URR YR fhal URR ¢RHIeR WUMHE! $ied@d Sid, 3 URR
AISUGTST IO Seifdgdra RTaqe) TuidiRd HRUTMNTS! dTuRe SR Teh IYHRUT Mg,
%ﬁﬁ‘t‘l Senfie (industrial), S{I'c.‘:]ﬁﬁ?s' (automotive), @@H (aerospace) 3for Jge i (medical)
SFUENTIHE (applications) T HE<dYUl Uedh 38 SIY 3 URR AU AT 3R,

gafdedhd URR E'F\qm?ﬁ WWE’F&W (primary transducer) FHTAR SISl GaTd
wﬁ%wwﬁ%@ﬂﬁ? 01 3. A FUIGRT Bl TN AR Ahex! TSR
(secondary transducer) T %WW@W@W .
NS YT STETUN e oiie TR §F cwTd B,
gafdedhd URR CFISERA fafdy UHR 3mgd oY &i:
1) W@@fﬁ (LVDT) ﬂ%’ﬁﬂéq?.'ﬂ:&’ (Bourdon tube with LVDT)
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2) TA.®.S1.Cl (LVDT) T8 §al (Bellow with LVDT)
3) W@ﬁ\_ﬂﬂ—s’ (Diaphragm with Strain gauge)
o TP UH UHR JEId faoard queiiadR Ty el 3T,

4.8 UK (Pressure) HISTUATH! UGd — A et ¢I-ISYIY (Secondary Transducer) ¥WU[d
d7S &Jd (Bourdon Tube) Tg TA.d1.31.E. (LVvDT):
. j{s‘; 4 (Bourdon Tube) 3ATUT TA.&ESL.E (LVDT) ITIEH URR HIUA WAd STHaHS GrRaac

. Tme), 9 S U] SFISER (Primary transducer) T ®TH $Rd IO Td.gl.all, o
g 4 AT 33cYedl $9¢ U Ud, d Yhasl SFISR (Secondary Transducer) TUH &1

. aﬁmwmmmmmwm.
Free End (FT 3rd)

/

(;—ﬁ.y;:gi’ot;%;p Tube P O
(& =99 )
Vv
PoAvfer ‘2
B I !
(e | Output
3d) T ) V'
g

vo‘.-. V-V, K

: String
: (g | Pulley (f_l_,?ﬁ')
|

e - --

Input Pressure

- o . Secondary Winding
(w Q'QIT ) Primary Winding (E s E i )
= T : Y T
(Primary transducer) —————— XIEMRR —

(Secondary Transducer)

ATFl . 4.8.1 AP TISYHR WU e &Jd 9g Ta.dl.81.d.
(Bourdon tube with LVDT as secondary transducer)

o SIS FA I TS (free end) § fETiHe gRifad]. 3@l qREAeTyHTT Sle- cgaraT b1 Us
Qﬂ.@.@[ﬁ T DR (core) SSUITSt dledl (cord) dTUR BT STl

o Sgl Wl TS fewaiude gRifadl, d@T LVDT 1 ®R <Wd gddl. HRd & graard Wi IS
STt gH e UaTod 3Ryd, it ARL dhaied IaT=aT THTUMd 3.

o TAEISIC! (LVDT) TATE@NT 3M3CYC (analog output) &d o Wafd SUHATW. (EMF) A
ST cd Uit 3iTe. 8 YT3U URR AISUIRITST aliRd Sid of Td.&l 1.l (LVDT) §R Safdgdhd
fauaae (electrical signal) TUIARd 8Id.

*k*
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d-AUY (Exercise):

1) '{:\‘Eﬁé‘\’ﬁ Rea=t (Instrumentation system) Al 311?(?[ (block diagram) lal 3T YIh
WW (function) ¥J¥ (explain) PXI.

2) TSR qURITAAR Gl (classification) W1.

3) gfdhe STIUTHYE (circuit diagram) Qﬁ.ﬁiﬂ.ﬂ (LVDT) EIECE (construction) 3TfoT BT (working)

Y h1.

4) ﬁ%ﬁsﬁ% UHId (piezoelectric effect) %UI@T H? G tﬂ%ﬁ%ﬁ% IrEAR AT = .

5) ORHAT (Define) hT: i) ?ITIUTW (Absolute pressure) ii) GTQ,'J:I?:FIETW (Atmospheric pressure).

6) URR AU I (Pressure measuring instruments) BT (classification) .

7) TA.®ISIE. (LVDT) W8 dle- &@gR (Bourdon tube) YRR AU Ugd SMHdTg WF (explain)
P

*k*k

Ty (Bibliography) :

1) Electrical and Electronic Measurement and Instrumentation by A.K.Sawhney.
2) Electronics and Electrical Measurements and Instrumentation by J.B.Gupta.
3) Electrical and Electronic Measurement and Instrumentation by R.K.Rajput

4) Principles of Industrial Instrumentation by Patranabis D.

'FIT%?ﬁ TPaRIS (Information Websites):

1) https://circuitglobe.com/types-of-transducer.html
2) https://www.electrical4u.com/linear-variable-differential-transformer/
3) https://www.elprocus.com/pressure-transducer-working-and-its-applications/

4) https://www.electrical4u.com/piezoelectric-transducer/
*k%*

Maharashtra State Board of Technical Education 114


https://circuitglobe.com/types-of-transducer.html
https://www.electrical4u.com/linear-variable-differential-transformer/
https://www.elprocus.com/pressure-transducer-working-and-its-applications/
https://www.electrical4u.com/piezoelectric-transducer/

Electrical and Electronics Measurement (EEM) Solfdgahdl TOT Solarcifaleh Hodec 313334

gfe-5
T, dgd ATOT SRR HIUH.

(Flow, Level and Temperature Measurement)

fawg fAeo=h (Course Outcome):
foden URpRHae add Ul, dagd Ul CHRER IGUINTST A7 TRIegER iRl (Use

appropriate transducer for maintaining required flow, level and temperature in given application.)

st ?Iﬁ-fl'l'\"-l'e' HU PHddl fQT&'I'UT It afvome (TLOs) 3MTfUT Cos (Learning content

mapped with Theory Learning Outcomes (TLO's) and (CO's)):
TLO 5.1 Classify flow transducer.

CRIREIGEE KIS

TLO 5.2 Describe the working of given electrical flow meter with neat sketch.
(e Safdeda Tl Hie=a S WY Whayde guia &)

TLO 5.3 Classify level transducer.

(CTISTER o IehruT)

TLO 5.4 Describe the working of given level transducer with neat sketch.
(G A TSR BT WP THaYg quH He)
TLO 5.5 Classify temperature transducer.

(AT TFTSERY a0l &)

TLO 5.6 Describe the working of given temperature transducer with neat sketch.

(e TR TSR] BT WY Whadg qui- 1)

UR=A (Introduction): 3iENfTH UfHTMAE (industrial processes) Tl (Flow), A (Level) 30T
TR (Temperature) AST0aTE! TR qyu Hew™l 38, § WRHIeY Ufshar srieddl, Idg oradn
31T IR Agxaqul SR WU & SR, Tal (Flow) HTUH &4 (fluids) 30T I (gases) T4
faavor gRAfgd o, JaeHEn diR e d HRd 310 HoRT HH DHRd. 3D dagdd (Level) FHRIEUT
3IERT! (overflow) fhdT HHARGT (shortage) TTSd, IUHRUMAT SRASIT &N HRa 30T Tafarvi
¢ IGd. IS AHHAT (chemical reactions) MARd HRUAMTST, IR IIdd IRGUATITS!
3TFOT AR SMOT IUBHROTT JREM AT HROAMTST SHIRTR (Temperature) HISTHTT Ag<dqul TR,
YISHITd, Tl (Flow), dgd (Level) IO SCHRER (Temperature) HISTHTY HTORRAT Seh ¥l IGUIATHTS
3for fafae shenfire srapimTmed i o w1y HRuamet Sufkery ..

5.1 Tl HIUA (Flow measurement) - Tl for T Eﬂ'ﬁ? (units), el Q'FHGTBR%
T - %‘R‘Qﬁﬂ TS el Hiew (Variable head flow meter), %ﬁ'@lﬁ QﬁTIT Tl Hiew

(Variable area flow meter).

5.1.1 Ol ATIOT ATl Thh (units):
o T (flow) R TEUN J3T THHHYT SIUMR SaUGIdd JATL. § Gauard THaR &d (liquid), I,
(gas), TUGR O (granular solids) fdrar i 9o (combination) 3 X[ dTd.
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o Tl (flow) Eﬁm (units):
o TN 30T Tl gie:

a) mwwﬂalﬁm (actual cubic meter per hour acm/h)

b) Wé@émrﬂawﬂw (kilo standard cubic meter per hour kscm/h)
o foIf®s Wl TdH® (unit): feTex Tfd Jahg (Litres per second I/s)

5.1.2 R YBR (Types of Flow):

. aaﬂau%h%raﬁuw 311%?[: AR Tl (Laminar flow) Hﬁwtﬁﬁ (Turbulent flow).

1) WRFAR WAl (Laminar Flow): ST TARA S YRAUU agdl 31T TSR Sauaiid @R
(streamlines) RTEEfIW JHIAR (parallel) HdTd 30T ?ﬁUR\’IlTéT qdrerd WFH wad (intersect)
eI T AR Ul UrdTd. e 3 S & gauerd wRiAed argdl sae Teayrlt gafd amam
R 3! ST AR HSiaR FaTd 8 TAUIRT AR 3R,

= — o~ ——

. = _ S .
- & < < -

~ T C o———x"
Laminar Flow Turbulent Flow
GILGIER SIS (eI Fell )

TPl . 5.1.2.1: AR AT U1 eXgeie Tt
(Laminar flow and Turbulent flow)
R) TG WAl (Turbulent Flow): ST Tl Al 5 THOHM R AT ifafiid T (irregular
manner) ATgal AT AT SFFATUD 9g-IdR St ATel SReai Uil 3R WUrdTd
. wﬁ?s'mzoooww&@amwﬁhﬂn&@a&@rmaﬁmoowg&&mmuﬁ

AT 3.

5.1.3 Tl @R‘I@g}ﬂ% BRI (Classification of flow transducers):

Tl ISR e afe iRue R eetid g Jayd UeRIAe aiifgd S 3ied:
1) %ﬁ'@ﬂ %Ts’ Tl Hiex (Variable head flow meter)

2) %ﬁnaaqﬁfmw‘rﬁla (Variable area flow meter)

5.1.3.1 %’R‘Qﬁﬁ%@?ﬂ?ﬁtﬂﬂ (Variable head flow meter):

. @ﬁ'@ﬁ %3 Tl Her fSwmIiRa IR %‘5’ (differential pressure head) 'Eﬁ'UZI'IFI?)pf Wg ey
(restriction) OquIth drdld*& a$ OdeId

o fewiftma ﬁl"\’ﬂ S 8 664100 SIdI GRS (measure) ST 30T Tl ATYATS (flow measurement)
FUiAaRd gidl.

o INTEA 88 Tl HeHd H U 3TRd: TR} U< Wi e 3mg 3T st HaH<
SR YRR ASTaR T1eH 318,

o WA AH 7D FRTTA 7S Uil M IRw HcawH fad 3.

Maharashtra State Board of Technical Education 116



Electrical and Electronics Measurement (EEM) Solfdgahdl TOT Solarcifaleh Hodec 313334

Restriction

(foreren)

- —

(wlt) —> -
[ 1

Pressure difference
/ (PR BHEd)
Malnometer
(FH)
TPl 3. 5.1.3.1.1: TRTTA 88 Tl Hiex

(Variable head flow meter)

o R g8 Tl Hiexq e arRed snon=a1 fafay Fdiasd g ey sie:

1) 3B @IT (Orifice Plate)

2) aﬂﬂlﬂa (Venturi meter)

3)¢h§|ﬂ(NozzIe)

4) fiele &Jd (Pitot tube)

1) NP we (Orifice Plate):

o 4 URR -3 Tl gewius!, Fafd T 38 RGN e,

. awwww&@m@mﬁa@wnwwﬁwﬁﬁwﬂ%

o SINRMPY Wy MG URY Sigcal aF TRioHe] Yafdd dhal Sffdld, SaTde Seeid Tor
Reges < 8

o WA 3 fafay yeRa WY Wew gxfad.
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00e

§oncentric Orifice Plate Eccentric Orifice Plate Segmental Orifice Plate
(Plctedlan MNP tale) (EiRes by tie) (Aerdies NPT )
TP . 5.1.3.1.2: NG Wead TSR

(Types of Orifice Plates)

2) aﬂ'\&lﬂ?\" (Venturi meter):
. %?:RD[ Tl Hiex Bl Uh UhRHl feriRTd IR T Hiex (Differential pressure flow meter)
e S UsuHehd I Ao f3pTolt URREr TR HIN[ Uil A0 dUR HRdl. @held

3pdtd I Hied TR 3! exfaa.

High Pressure tap \\\\\‘
| Y% | X N
( "r oM <) Low Pressure tap N\
(F3ft gramET Eu)
4
{oad Inclined
lnacrimlee 5 e
19° 10 27 > wls
Throat
% (e ) Outlet Cone
Inlet Inlet Cone (35T PI)
(vrra) (VIIRT 2Pe)

TPt . 5.1.3.1.3: FYII Tl Hiex

(Venturi Flow meter)
e B URR TR URUAT AN (diameter) TPHIId (constrict) BT qaR el oiTdl, ST Tl T
AT areal ST TR IR Bt grar.
o ST U 3T (flow rate) HISTET STUMR ST =0T ST aTg AU USUHE SiegT saeR] Tl
HieR Sael Sl degl gl HicAT YARTGRTAT SOl UIT (throat) T XA UIR HHI BId.
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o T URR HH FEHIISE IR IR qTU= Hioidl SIdl M1 hiersie HedraR g1 U=R Y
(pressure drop)qﬁaﬂ%maﬂﬂ}f.

3) A (Nozzle):
o Tl YA B P Udlgl el 38 SaHe Udh G{FWTUT (convergent) fAHTT 3/ dl S

ffcifg®ma Yie= (cylindrical throat) U S SITd. U T el did AgH Ja-H 38,
o URR U IS WA UK (upstream) STSET SHTIOT AT 3caca ST H
(downstream) STS[ETT SRATd. WEd ATHdTd AT WakR 3T GRITd.

Pressure Taps

Nozzle ( P

(TFelT ) /\
. \HF\‘L [ [ .

Flow (9T )
oo
3Pl 8. 5.1.3.1.4:
(Nozzle)
o T A T trl'sfm“d?r UdTeTal &R Tl 3T e $aey, Ul Aigiages IR & glal
ST el ERTER SEael.

o B URR S0 FEHIREA IR IR AU Hioall STal HTOT SIgT dicrsic el Sl degl &l
2STd Fail < HTT &,

4) fUcie &g (Pitot tube):

. %&;@’%mﬁﬂ?méwﬁwmﬂ?&@@rﬁmqmd)wﬁéﬂ (speed) HISTOATITA!

o WA 3Mpdld GrRAGAHHUl fUcic @A G Ulheds 9 (hollow tubes) 3T ST
ursunefid fafay fwmoft IR Ao

o Udh &Id UHId (impact) fdar fRRar (stagnation) TR IﬁTrlﬁ, 3o m &d Thad R (static)
TR HiSd, GHHId: s u=a fHdiar.

e« T Ui el URUHE WAUY SHGe] g Abdld fhdl Uhrd gRgHeed] wUd bl

PRI Thd TSI Hedl S, YT,
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y Stagnation pressure
Static Pressure (FEaRar gama)
(FER g ¥
N h
v
Flow (%1l ) vV
—_— )
Stagnation
point  (FeeraT fig)

TPl . 5.1.3.1.5: fUciec =g
(Pitot tube)
o fUcic diexasl Ue ogd 3rd Sit yaTer= faRH FaiRid delt oifd. Hae giaHYs %4 31d Uadl
Bl ST AIRTEr, fUcic U SRl GF fivg 3R dhdld o Hi~e< URR U WU b

HdId.
o [RR g9 AouarIdt dicvar gERT IR AR uferdie 3=erd oa Utfgw.
5.1.3.2 %ﬁ"!ﬁﬁ t’,ﬁTIT Tl Hier (Variable area flow meter):

o TNUTA TN TAT HIeIdT AcTHIER (rotameter) 38T FEUTT.
o WAd w qrd %ﬁ?b_d UK &Jd (vertical tapered tube) 30T Thaasid (scale)

Tl & JTURT SITUIRT HEfdTe FAle (metallic float) SRTd.
- 100
Gravity :90
“so
Equilibrium - 70
( IarareT) -
(S s [ :eo
Float: :so
(FellT ) - 40
-30
Flow [, :20
(FaY) 10
Tapgred Tube ———» -
(Casega) s
Scale
(FHa)

TPt . 5.1.3.2.1: TRUaa gfear vt dex
(Variable area flow meter)
o ORI HIVME! &4 (liquid) TT8d T, degT TRl cgaraT desTRit S,
. ﬁ?ﬂﬂmmﬁrﬂ%@ﬁa&a@d|¢ld|d,wﬁadewlﬁﬁﬁm.ﬁﬁﬂf@l?ﬁﬁm
(flow rate) ® g .
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o ST UGl & dledl degl Tdle g R TRabdl 30T SiegT Tall a3 Bl Bidl dagl el aTet
. Tolie $REE WA RS 20 o S TR R 1M velt @R el egsan de AifemgR
(direct observation) Ruiia Har S .

5.2 SAfacdd Tl HISTUATAT UGl HIex (Electrical flow meter):
5.2.1 SAGE I ATeH Tl HIeR (Electromagnetic flow meter):

. gﬁa@ﬁ?‘?gu@ﬂa%mnyw&wmﬁﬁmﬁmﬁwﬁw

. mwﬁrﬂm@mwﬁﬁﬁmﬂéﬁqﬁqm

o T TARIGYH UHHGAT [dog YT 3Rdd 31 IYaics URY &d dTg- =dl Sarar gl
Jﬂww&r&m&n%

o WA 3MFdld GRATTIHIU SABCIHAC (Electromagnet) $ccs UIsU=l Hiad! dacid
3. %’m q@“—ﬁﬁ?ﬁ e tlﬁc'_ef (magnetic field) ofa Wﬁ

. VRMRE TR BREH sﬁa@nﬁ% $SRM @ W (Faraday's Law of
electromagnetic induction) dtdldR BT B,

o B HIIGT IITAl DI BRG] Hfdeag &d (conductive liquid) GBI QAT STl degl dheaexde
(conductor) O_Eﬁ@\_r[ ufa (induce) @?f

Core

(X )

1 Non-metallic portion of pipe

(mmmm

@
Steady D.C. %

( 5”""_3’_\‘“ Coil g
iizli & . (EFI%?T. )
i) ®
Flow I
(‘m’l’) Pipe
(ursy )

TPl . 5.2.1.1: SATCIHATCDH el Hiex

(Electromagnetic flow meter)

‘ Electrode

o T URISTHIS. (induced EMF) TTAd THIBRUMGR Sad el SIS, dha:
E=Blv
Y E = SSIES T TATW (Induced EM.F)
B &g Tl ITdT (magnetic flux density Wh/m2)
trréqmaw diameter of pipe in meter)
Tl T (flow velocity m/s)
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5.2.2 GIE'I'\‘IW Tl Hier (Ultrasonic flow meter):

1)
2)

1)

&r&wfﬁa? Tl Hiex (Ultrasonic flow meter) tIT'{Em‘Ef[ W @3‘? (ultrasonic sound waves)
H&Tém%qaa (liquid) THaT arET (gas) el Tiora, SaTHe Ui R St e g AR it

&r&wfﬁa? %&q (ultrasonic sound waves) 31T 5g fdoar CIRCIRCIFEN T (flow velocity) Thd
A T XT (flow rate) PTG BTl 1G> T,

H@I@W Tl HiewHe g E’F\‘:I'Jff'cr“\’ (transmitter) 3T g ﬁ@@ﬁ (receiver) 3IdId, IR
U] Th UTSUAT alol STolell 3 TS UaH HRUAMNIST Hioiaied] SaRTaR Sdedl S,
%Qaﬁ%wﬁi%asua‘rrﬂa 3{Te ST &d WagMed §9d (bubbles) fdar & UM (solid particles)
ISl 3R

2 iex TEUTON (wastewater) ATIRUARITE T 3{Ted W o fuuara/feRess (distilled) ToaTIIad
b HRUR A1,

AMeS O IMAMASG GO, HUl U 30T HHI-GE S0 RIS 3d =M f3Hof a1
TR Tl Hiex IS 3R,

e IAS Tl Hiewd G UHR 3Hled:

EI%'HE'R‘ﬂEE’ng &Wtﬁﬁtﬁa (Time Transit Type Ultrasonic Flow Meter)

@WE’@ Wtﬁﬁtﬁﬂ (Doppler Type Ultrasonic Flow Meter)

a'-.%q @R‘ﬂ? CER Glm el Wie (Time Transit Type Ultrasonic Flow Meter):
o TRA-CWRA UHR SiegiHe Tl Hick UsuAHid 9 Udgried ST favs SR gt
YhRAT tﬂéq faUTTId Targ HRuaETet &R’W %3{:[ qrét (ultrasonic sound waves)
ARTOTRT ST H HIS[ Tl HIofl.

o WA 3ATPHaild SRATTIHTY ATd TIHICR (transmitter) 30T REIER (receiver) BUH Y
UM UIgUSIST9e] g aHier A 31f0r B YHIfAY Srdra.

o fEdax 3111@:1[ (upstream) GHWIEK'FI@:T[ (downstream) W%WE’@M
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Transducer B

Flow

P
L'v g
— T:/'_J_

Transducer A

CaggET A

—

Change over switch

P K (& st w=e)

it
L
Electronic
Oscillator Detector
Sl iAot ey

TPl . 5.2.2.1: TIRH TMIC STST eSS el Hiex

(Time Transit Type Ultrasonic Flow Meter)

o G-IR'@W el eIl GNEQIT[ (upstream) CI-ISYIUNRA @Bﬁ@ﬁ (downstream)
SRR W U HRUGTITE! ANTUIRT TEH e T TeT STSTREM O TR tp0 T
ggmmg?mwﬁwa&qﬁ&nw&n% B e o TaT 3 faddT well

Sd

2) STUaR 'c'récr GIR'I'\‘ﬁﬁﬁ? Tl dex (Doppler Type Ultrasonic Flow Meter):

o IR T e, Mpame SRIfIemmm U= dex s9daedl cryseRyd fhed
TIRd e Urg ot FdTHYT Sarmed SfegriHd d (ultrasonic waves) T&TUd el SITd.

o Tl HiR HIIRT HRUINIS], Ude feTNld degd (ultrasonic waves) Uldfafad HRugmTS!
UATETHE g9 BT (solid particles) fhdl §EgS (bubbles) TRERE HU1 U IS 3HTe.
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Transmitter (§I¢-¥IJ1IEI)

|
- o ‘
C
Flow (Uil ) o B 7 ¢
B e Ve ¢ O — 0 ° o
) 0
/ 0o C
\ o ° 8 0 °
0
- —
A

/7 Bubbles or particulate
Receiver to sense Doppler Shift in reflectors
frequency (W fhar doT Rueiae)
(R Bredared siuerk

RIFear siegera duarard)

TPl . 5.2.2.2: SIUTR <T3Y feeTHI-P Tl Hiex

(Doppler Type Ultrasonic Flow Meter)
o 3fTMNIM® del 9y I Plo! HIT Sad7did §898 (bubbles) fdhdl HUMGR (solid particles) TRd
Riae g WH@W?WMWWWﬁ?ﬁ

o TRIFER (bubbles) aan?ﬁ%r JaT R e WRIafdd ag<id! Wiagud! (frequency) SITTR
fORIgd TR dgerdl S

5.3 di@d HIUF (Level measurement) - A ATOT AR THD (units), AGd AT
m Fffeor: W (Resistive), 3’3’%@%’ (Inductive) 3irfor i;‘aﬁlﬁﬁ'

(Capacitive)

5.3.1 Agd 30T ATl THP (units):

o TH lﬂ@ﬂgﬁm WU Al dgd WS YBR-g TGise URIH (reference point) a8 GEHFTE
(surface) 3dl.

o dd d¢ IR (cm) fbar dier (m) IREN RO gHeaed distel Ard fbdl cabaRIgaR
AITel SRS, Wehd.

. %WWWWW4WE‘@°{W 100% 2N Teferd 3/d o) 2 Hiex 50% 2 Jafda

5.3.2 aﬁﬁ HIYA Wﬁ Tiffevor (Classification of Level Transducers):

5.3.2.1 W aﬁ cI-ISY X (Resistive Level Transducer):
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o T Ml ST AARew dgd FSERA Tle 3¥dl ol arl gEURTER

(liquid surface) 3.
Resistance (Y/A&E=4)

3

Output Voltage V, (3M3¢Yc Flecal)

r

=,
o

=

Wiper
(@) FEErIEE

SATHl . 5.3.2.1.1: Ie T dgd c-aSgER

(Resistive Level Transducer)

. aqﬁfmﬁmﬁa (potentiometer) 3HTRC HRUTMTS dTIRAT SIS, el

o TPHIHAY 5d dgd dlecdM, Tile qewﬂ%&ﬁﬂmm

o IS AW GRRmHeRR el o 33eYe <fHFd (output terminal) RleeHIea
(voltmeter) Sedd 3.

o OIS TIE &R STdl duay AReeg gedhTdl T HIdT HIT 3HT3eYe JfdbeHed THIAY dhal Sl
TS dlald 3AT3CYC &lecs [Hedd. U, A3cYC Glecsl 4d dagarsdl THIUNT 3.

5.3.2.2 3’3’%@%’ ﬁ%ﬁ ¢I=ISYAX (Inductive Level Transducer):

o SSft® dEd FUSERAl AR UMM $efdces ST (conductive liquids) Wa@aal
TISTATATTST ol ST,

e T Ugd UNGA- URTEGAR SMUTRT 3. Jeild SMHadel GRIGeyH, JaRqd &
S WA AT I Higd Ly ST L, didre el ST,
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Search Cgil L, F
AC Power (3ier m —_— “}.Jnsulation
Supply 5
(T. 4. Hall CN L|qU|d
i) (&)~

Second Coil L,

e ) /j‘ S
— .

SATHL . 5.3.2.2.1: Sfdeg AQA ISR

(Inductlve Level Transducer)
. omsm fereagR R mﬁ STedd SRdrd ST Aichean Tai fagyd WIdgR Toll Hed.
TP Higerdl sede~ JodTdial THH Sl

. mﬂﬁwﬂéw (search coil) UL BRI R 0T gafelRe TWRIGR Fe ol S,
° ODSICICOG QOLIITLII (conductive liquids) W W‘iﬁ NIGIGH ﬂ?f Oblﬁc'ldl $SGPC“H %IHICHI"I

. ﬁmaﬂﬁﬁmﬁwﬁmwwm&mwmw H e 3R TS TS!

PRC A aIg bl
5.3.2.3 HURfew dgda ¢I-ISYHR (Capacitive Level Transducer):
o PURICH WA IfShed SNTA BRUTA HURIe~T=] d@ay Nuid 3g. Wad wie
HURICT iR Wy fed 3iTe:
eA
Cc=-_—
D

Y, C = HURIE (Capacitance in Farad)

€= S]'qﬁm o RS (Permittivity of dielectric)

A = WIcd 8 (area of plates in m?)

D= W?ﬁa 3[R (distance between the plates in meter)

o R GHIHRUMGEA 3 fEGA Ad DI SR A 3107 D FRR 37l aR HuRiel Uiy sdfdcsd
fRRTERY de yamTd s anfdr 3 fifiue Hofew ded MR arRe o

o Wrlld 3Mpell HURICE dgel TUSYER qRgdd. W 3Jacs PURIEH Uld (insulated
\Ey'aT%acitance probe) (@rﬁzagéaej‘s’&n%) WWWWWWWWW
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Electric wires

(Goifdead ard ) —\

\

Insulated
Capacitance probe

e - an e e e e

safdeaa 30T SaFclisie AsRAe 313334

¥

J

\

v

y

Insulator

(el )

Liquid (as dielectric)

{7t T

Metal tank

(ST ereh)

Tl ad

Capacitance measuring
instruments

(FAfREeT ASvIR A1YE)

3Pl 3. 5.3.2.3.1: HURICE ATA STSTIR

(Capacitive Level Transducer)

o  DHURICY HIGUOM SCHE Ui 0T TrobtaA =M ShSadd 3i¥d, Of Crdbldia gardl deadaR

CANE (calibrate) ﬁ\_rﬂ?f

Tl
5.4

Maharashtra State Board of Technical Education

a@gﬁ‘c’%ﬁ;ﬂgﬁﬂ@ﬂ aled, dagT PURIeT dIgd. Wl TP gd dad HH! Bd, dagT HUfieg
%&W%WWWW%WWWW%N%@M

ﬁ%ﬁ HeTogTT tl@'cﬁ (Methods of level measurement):

5.4.1 a@m ded W (Ultrasonic Level Transducer):

LCININ] H@'Fn&néaﬁ WTJIT"EITQTIT@[ E'F\‘Fﬁ?? (transmitter) 31for fRdtegR (receiver) EEdE
a¥ aﬂaa
3@@%%&‘4 (ultrasonic wave) m@ﬁ Urafaci Srd SMfoT Trh e SRy o+ fdhdr
ZaTeT gEHFTIGR IRd WRIafdd gid. 81 ot Mg U gld.

2o = Udddl CT5H § TGN UdT haledl 3dT< AIGHIY 38,

127



Electrical and Electronics Measurement (EEM) Solfdgahdl TOT Solarcifaleh Hodec 313334

Electronic

processing
(
ufsrar afded)

Level indicator

(U faéren)

Transmitter Receiver .
(grewafiex) (Fedreg) g
= « (5ol @)
'y T ‘ r
d \ !
_ ; f\ ‘ Liquid Level (g UTda)
Ultrasonic may
Wave H '.'.'.".f..’f.'.’.f_'.'_.'.'."'.f,'.'
(Iregraiicin PRI
el | b e Liquid (7R)
4 l I T e Tank (@)
TPl . 5.4.1.1: TP AGA C-HSTHR

(Ultrasonic Level Transducer)

o WUH, RUd guiRd &R0 3101 Ut dHR0 GWAAT 96 SHegRilHD CISTER 1Ol
T[T ATHHAT GEHITIAT SfaRT=al WURRH 3Te.

o TDHI U] ORA ST 3R HH! T AAR TI5H HH! AN, BT 95 crbidd
%d UTdedtd HIeHIY 3T,

5.4.2 i‘%@ﬁ ﬁ%ﬁ ¢I=ISgdY (Radiation Level Transducer):

o AMSUTF/GfRTIR deget AU Uyt =1 AR 7TAT ST =1 AR (Gamma radiation) B §¢
T dtd < (liquid) Tl 9 (solid particles) degdl AISTUTATAST &l SiTdl.

o AT ASTRAY U degd HSuaTedl SUSBRUIHE JTURUITNIS! Fase S SRu 19T faxuiaed
B@E’aﬁaﬁqﬁ? (penetrating power) 3 30T o faaferd (deflect) dal SIS, Wehd ATGId.
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Electric wires -\ o
S;;E:e Holder (m m ) \ o Tolndlcatlng
( a?-ﬂ' ) A P instrument
; 7 (Gfera oM
/\ ’\ Liquid level HIe)
/ + .y (5 A
o N~ Operating range
Tank Wall DN ” of liquid level
(erhr=h @) (@ T
< J/
. ‘ A
% Detector (3¢ )

TPl . 5.4.2.1: ASTR AGA CFASTTR

(Radlatlon LeveI Transducer)

. %I%“@H‘c’léq A CFISIR AISled] STd Sced] Ay THT ASTRA UR B degd Arold

mmmﬂmfﬁ%@ﬁma AT, 0T (attenuation) THTUNG diegd FAfEd delt SIS, b,
AT ISURM AN IRET ST e IO (emit) Bial SATIOT TTHIGR TR Bil.
TIHIHYA SR ﬁ’m%%qm TISIogTTS! fEeaesan (detector) ATAR el ST, .

2Tht Rpm) 3y, feeaeigR SRdId SIRd Yol SIurgdid. SIoR] ded dled dqad feeaeigi

ST AT ST UHTUT HHT B,

5.5 SHRTR HIUF (Temperature measurement) - SrER Ifor T Qﬂ'ﬁ? (units),
Tiffevur- yfifees (Thermistor), m TR fedaeR (Resistance Temperature
Detector - RTD) 3for yHafe U (Thermocouple):

5.5.1 SFRTR AT AN UHd (units)-

e dIUHIA 1%'01@[ TATT W JWIdl (hotness) LRGN (coldness). TETET a¥=dT 3Td g
GRS BIACH Toll o HIHIY I Siid ATl SRS et TSy b,

o TS (Celsius °C), PBfedT (Kelvin K), TRAGISC (Fahrenheit °F) ST AoHMT fafdy Wbd
(scale) /gﬁl'c’ (unit) S{T%H

5.5.2 CHINTR Wﬁ TIHRT (Classification of Temperature Transducers):
TR CIISYHR (Temperature transducer) % 3 E'R‘Eﬁ'c' 31’[{3{ S CHRTAl AdbHed Q:TGW

(mechanical energy), TR (pressure) 3T géﬁw o (electrical signal) 3?117.‘?[ ﬁU[RIITé)[
Hifd® THTUIG (physical quantity) ¥UTARd B,
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I, YHiHUTT TR CIRERAd WRED Safdcdd Ul rRIsd fShT (electrical
potential dlfference) fHor 8. U, YHeUd § THIRER TSR 3%,
sﬁ%ﬂ? SISIERT (ElectricalTemperature transducer) WTAA - YHRIAE TITHROT

1) Yffex (Thermistor)
2) @Wéﬁi‘ﬂ%ﬁﬂ (Resistance Temperature Detector - RTD)
3) YHTHT (Thermocouple)

5.5.2.1 Yfifex (Thermistor)

Yffe 81 U UBRAT AR (resistor) 38 ST IRRE (resistance) AU dTIHMTER /

(temperature) e 3.
% TR @'ﬁl‘cﬁ%’ 37\‘?13'6 (temperature sensitive device) G'I'I%'

e g1 Xeq YHel! @ﬁﬁ@m (thermally sensitive resistor) T ReqTUI &l 3G
YfHfer BT YHidheaer HCRIAURET (semiconductor material) STCIAT 3Rl IGUST AT IRRE
(resistance) ®edex (conductor) 3TfOT W(msulator) graTHE 3.

yffea yepR (Types of thermistors): Yftfeea TF USRI CUIERUE NS I

~ ﬁ

Negative Temperature Coefficient Positive Temperature Coefficient
Thermistor Thermistor

(ci9fecg Trter s fhfave afdfieey) (Uiféieg ¢FIeR Hig fhiaTe Affeey)

TPt . 5.5.2.1.1: Y UdR

(Types of Thermistor)

> ﬁ'ﬁﬁ@ THRER ﬁ?{ﬁ)‘ﬁl’({? yfifeer (Negative Temperature Coefficient Thermistor) — T

TR YT dTaHH HH! ST SRET (resistance) ATal.

> Tﬁﬁl’cﬂ% THRRR Gﬁ?ﬁﬁﬁlﬂf yffew (Positive Temperature Coefficient Thermistor) -

ATIHATG ale e UfHRexdr YRS (resistance) AT,
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5.5.2.2 %I%IRT\‘I SRR fedaey (Resistance Temperature Detector -RTD):

TPl . 5.5.2.2.1: I~ TR fFeder
(Resistance Temperature Detector - RTD)

. ﬁw TR fSeaqer (Resistance Temperature Detector RTD) dIUHIA HSTogTTat s@r@w
H el (conductor) :Q'%IETH (resistance) o,

o  HEFAT AIRE dBTIR FGadl. Hedesal gl UIUH arqaT HISTUarITS! araRal i,

. ﬁw TR fgcaed (Resistance Temperature Detector RTD) H¥J ST 1%131@[ GICGIGIRSE
UfdeR™ER TR (positive) &G0 TS 30D, UM WGl dTUHH dled dagl $R.ASL (RTD) =
AWIReg ¢did dredl

5.5.2.3 YHIHUA (Thermocouple):

o YHATBUA (Thermocouple) %‘ ialrd\tcbm TR cI-ISJHX (Electrical temperature transducer)
AT SATd BTd GF CIbiHT (two ends) dts (weld) daiedl fUF Tdd (dissimilar metals) GIH
KENG (junction) 3{HdId, dQIGQUIIf—f?ﬂa (copper) 3T B e (constantan).

Cold
Hot Junction
Junction
. —_—
Wire Type A
- 829°C/
= 1500°F
Wire Type B
&)

TPl . 5.5.2.3.1 YHHUA
(Thermocouple)
o TUH SdRM TH fRR (constant) AMTHMIGR Sadl STl SGTdl X (reference) (@IS- cold) SaRM
TGUITd, IR GIRT AU (measuring) TRH (hot) SR,
o SIgT GF SIaRM TaTTed] dTgHMId 3, dgl SiaRMaR Udh @leedl (voltage) fadmRid gidr s
AU HISToaTT! JroRaT ST,
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5.6 CHRTER HISTUgT=AT Uc?x'cﬁ (Methods of Temperature measurement)
5.6.1 %@RET\‘I TR fgdaey (Resistance Temperature Detector - RTD):

%%IE:H TR fgeaer (Resistance Temperature Detector - RTD) % Elﬁ?.pfo_s’ THRTR
ﬁ"&'ﬁ?@lﬁ&' Yftfeex (Positive Temperature Coefficient) dT dwdldX hIH W, %’U@ SICLIGH
Jred &Y, YAiieA faoar Yere—as! arad!.

e THEAH (Platinum) 30T @RAST (iron) TN IR (wires) UfeRIY® IRRew Tleme (resistive
element) ST (glass), RIS (ceramic) fdhar TS (mica) WW siﬂaﬁ"l Jure
(electrically insulating support) 7Y Al \_rﬂﬂ}f gfchetar (circuit) \—rh:cnuw W Qﬁ'ffl'c'
(resistive element) YT IR (wires) STeX BTGl ST

> AR.E.SY. ¥ TWATHS 3Pl (Construction of RTD):
o JENd &Wﬁw TR fgeqe™ (Resistance Temperature Detector - RTD) XdAIHDP

3Tl g=fad.

o 4

/ i /_,v s T
3 A\
. i 1‘: ‘Tﬁé
| T Insulator

Y Ex R FaREdNET My (BegoIeN) Wheatstone Bridge
; Frererd fe)

RiPs P rRd (Connection  (Sheath) (
(Resistance Leads)
Thermometer)

TPl 5.6.1.1 IR SRR fEeae<dl TS Snpat

(Construction of Resistance Temperature Detector - RTD)

o WY MYfeE Tfee (resistive element) Tiewe IS (wheatstone bridge) STieaidl 31T,

. W‘Iﬁﬁ? (resistive element) &nﬁraﬁwq?ﬁ@'&'r (connection leads) W?\fﬁ?—[ (sheath) Cl
FITT\&IH (protect) FHd ST,

o DIsAUYA eh:ﬂwrmmw (current) Hdd ST 3. SIS AU dadd auay dbisad]
IRRE (resistance) TG Sl GIC I [oTaR (wheatstone bridge) 3Tgesdl.

o 3RSl (RTD) HRIG: Wiie-H (Platinum), b (Nickel) fdhal BITR (Copper) URIA SHfdeid
SIdId.

o 3RS (RTD) Y §gUT, WilcAHAT (Platinum) IR Bl STl HRUT A fRRAT (stability)
SR 3T HTIOT o I ATYHMIET (high temperature) T84 & dbd. AT U@l CHIRER [d¥g

A= U Wl SMpeAed gRifaer sme
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5

Nickel

\GEx)

Copper
(dTe)

3 //
(Resistance : /

Platinum

( J ——

0° 400° 600° 800° 1000°

Temperature ——»

(CFILEN)
3THe 5.6.1.2 TR faIv Y=y e

(Resistance vs Temperature graph)

> AR.E.S (RTD) ¥ ST 7@ (Working of RTD):

ST YT ATUHM dled degl diedl IRRE odid dradl.

JIRYYA DR UR Sl WA, MY SITd Seied] IRRe-Y A0t IRiRkee ferde (resistive
element) JIORAT STl

IR TH T (resistive element) dTTHT dTecd YRET ¢W@Id dled.

IR SiigHTEd (Ohm) HISTAT ST, YRR~ &o R AIHMG Hrage dhal oihs, Wb,

5.6.2 YHIPUA (Thermocouple):

>

YU IH U™ TTATHD GI'qu_cﬁ (Construction of Thermocouple):

YAlGUT § TP IHC MR & B (current) fhdl STATG. =T (EMF) WU dOHH
(temperature) AU AR ST,

WA ST TRAGATIHT YHfHUCTHE ITATTeadT YT (dissimilar metals) G GRORET GHIAR
3Gl ST b1 Th A Siecied] .

d@ S (welded) YN SdRM (junction) TOR HRdl Y dYEM HiSd Sfd. dRRAT dOHEGA
s @@Gﬁﬂ (voltage) ufd (induce) .
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Dissimilar Metal 1

(YT 1)

Junction

(STRH)

Dissimilar Metal 2

(UTq2)

TPl 5.6.2.1 YHIGYED JTFATHD TPt

(Construction of Thermocouple)

> YATHUT BT dvd (Working of Thermocouple):

o  YAiHUAHE fHHAM gF T 4T (dissimilar metal) THT S GF SIaRM (junction) ST,

o TUH SR T SIS’ (body) SSeiel 3 d ST SRR (temperature) AN 3Rd; 8 TRA fdar
TS0 Sia=H (hot or measuring junction) 38,

. g{-lji SIaRI JTd SRR (known temperature) SISIRI (body) STedd 3d; § 4S fdhdl Yh=d
KENG (coId or reference junction)

o UM YAIGUA IR dierel I1d SRR (known temperature) dgHid SIET M TR

(unknown temperature) HISTd.

> YHieyad w1 Rigid (Working Principle of Thermocouple):

W?ﬂ'&fﬂﬂ (working principle) Hap (Seebeck), UfeemR (Peltier) STIOT YTHIAH (Thomson) g

M A YHTATaR (effects) STUTRA 3MTg. T JITATHTO 3fTed.

1) dew ?&WE' (Seebeck Effect): R s'eb_dir 3 Tl B @ET Eﬁ‘f RP] %T fowdta %I'ITj\(two
different or unlike metals) T SaRHaR (junction) UdhF IR \rlldld ch;I T SRR
TAdeHIfce® W (electro motive force EMF) dOR Bld. UTq=l QiaTed]  HORTRATA!
(combinations) 3.TH.T%. (EMF) THTUT dTed 31Hd.

2) Ufear ghae: UfeeaR Shde TR, Sigl & INF o7 (dissimilar metals) THS Sig G- SiaRH
SRERISEES qfde=m aﬁ‘rruiqsuﬂuu ﬁﬁ[ AMIEMe AidheH (circuit) $.TH.TW. ( (EMF) TR B4l

3) YT Shae: YT 3hae JUR, Sigl & ﬁtlﬂ?r T (unlike metals) TP SIGH G SiaRM
9901, AT WibcHdld Heaexal UQU AlNNg duHM AfSUeds (gradient) WfeHded
e fR131d feweg (potential difference) TR Eﬁ?‘ﬁ
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> YA YR (Types of Thermocouples):
. TR | YT Ao SHTR 39 (°C)
1 TRUT | BIWR - Hiced (Copper — Constantan) - 180 to +400 °C
2 TRUJ | 3R - B (Iron — Constantan) - 180 to +850 °C
3 TRUE | BIHA-BI=cT (Chromel — Constantan) - 180 to +850 °C
4 TRUK | A - feGHTA (Chromel — Alumel) -200 to +1300 °C
- 0
> E'@ > mmﬁg:‘?ﬂﬁrﬂmodium) -0t0 +1400°C
- 0
6 E'Ié'q R mmﬁzj?nﬁ:noﬁmodium) -0t0 +1600 °C

*k*%k

d-AHUY (Exercise):

1)
2)
3)
4)
5)

6)
7)

8)

AR SATOT cfcie Tl aReAT .

JeTHieT (Rotameter) cae (working) Jafyd &I'Iﬁﬂ%' (diagram) ¥U¥ (Explain) PXI.

SIUTR 31«;\I{-I\Ilr'\10h T (Doppler Ultrasonic flow meter) Gap (working) dwd &Wﬂﬂ'ﬁ oy
(Explain) .

Jafyd 31I<1>dnlv{-ls, HURIE aosm HIYAR (Capacitance Level measurement) GaK] (working) ¥
(Explain) XI.

W %%Q"-‘IF[ UbR (Nuclear radiation type) 3101 Uig H@'Iﬂ% a%?[ HIGA (Ultrasonic
level measurement) eIl (Compare) 6.

HIa® (Seebeck) 3T UfeeTR (Peltier) Ihaed T T HI.

Weid Uh R YHI TS (Thermocouple) it (material) 3for qroHE ofidt (temperature
range) T4 TT: (i) J (ii) K (iii) R (iv) S

TarRd S{I?{W'ﬁﬂ_s' 3RS (RTD) Ekau] (working) ¥J¥ (explain) &XI.

*k*k
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