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Unit 1 - Illumination
gfie 1 - segfmRE

fawg fre=h (Course level learning outcome - CO’s):
CO 1 - R <& WHIH (simple lighting scheme) T3S (design) TR,

geo Aot (Theory Learning Outcome- TLO’s):

facied TTel SegfiRM (illumination) =i Taferd aRuTid @,

feciear dm (lamp) 3Tor g fihfdest (lamp fitting) El HICDH R (construction) 30T g
(working) ¥U¥ .

AR =1 Heuidid fafay & g,

&Rfa SMRIBT (application) T3 THI WHIHRUMTE fAasT.

fecrean ATfed) Odt R AT Wb (simple lighting scheme) S8 &,

dTSC ASHT=AT TUIataR URUTH HRUMR Ucdh ¥ .

© g &~ w

1.1 fafay sﬂﬁlﬁ'ﬂ:{ HI=AT SUTRAT: (Definitions of various illumination terminology)

uf=a (Introduction):

SiegT BTal HeR3re ARy aroHmmten SRd TRY &6 SIdTd degl d BIe¢ (Light) T WREUTT
ol YSIT (Radiant) HRUIN FHATd BRI, AT ST G (Luminance) T8UIAId. BT5¢
d GF U 3TRd: TaRe 31T TP RES. TaRe Jece 9N AL 4, 9% sdkdr SHIaal
gial 3Mfor e fRTe BTse U Hell HUSH (Candle), PG (Kerosene) THI TiaT JHTART
BIdl. 3OIPBTS AMEHBREUS (Artificial) BTsc JdT Hidal YHTUNG 9TUR H&T Sdl s
fafay R < ﬂtﬂﬁ'@ 3‘”%?[ gl YSATd W@‘Iﬁ?ﬁlﬁlﬁ?ﬁﬂaﬁﬁﬁﬁﬂw (Tllumination
Terminology), gﬂmﬁwaf(law), fafay gRd oW - i hICH I (Construction), g
(Working), dTUX (Application) ST 3T HRUMR 31,

PRI BEe fAuur wrugr wrdt Uifos dia! fdhdl IR gic Ndss He= daR gidl.

3 3G TS 38 DI Hilos die! gBdR THAT AUHMIUET SIRd gIc gld M arT, d
fafay EW s gawr (Electromagnetic Waves) ¥d¥UTd THUTHT HIIHTA Q:Iﬁ‘ﬁ
IfETE H= BTG, T XS Toid WU gIe d18T (hot body) TTTHTIGR AT 3R,

RMUBR, SegT ATGHH HH 3Rd, degl ¥SITT TSI (Radiant Energy) a5 gic wadl
TR A IR Siegl [afR1S dIH M S 9id dogl 81eedl &d AfdRad dlacl &d olie
qTeR sdrd 0T Aifes dlet GfE- (Luminous) S,

SRR Yl PTet WITAR (Definitions) 31T H&.
T3¢ (Light): B¢ fdhdl [ZRES @R (Visible Light) UM SoacHAcd WagHwAN

(Electromagnetic spectrum) T HITd IS s&ckfll-\f':llrédv Jfeuzm, (Electromagnetic
radiation) S HI-TA Slead T SITUTA. BT 2Mec ATHIAG: feeRig® Slsedn (Visible Light) §aY &,
S AT Sleadi=T ggouu! faquararat iz 3.

Maharashtra State Board of Technical Education 1



@\\

Figure 1. 1: @TSC (Light)
ST IR (Luminous Flux) (@ fdaT F): TIEAY TRieT 81 BlsC od el Weard Tt
ST SR 3T MO <Y @ bl F 3 S2ff3oT Sl 3nfr Y wiete ymm! feeT o
® = Q/t

gﬁszﬂ'ﬁTﬂ (Lumens)

U (Lumen): THT HUSGHAT U] Ulaed A gR Wl e Aifos 3T (solid angle)
Ufie BIUTRT GAMAY Foa TUS T SgHH 810, SR (lumens) & SAY Foadd g
(Unit) 3Tg.

?ﬂ'ﬁq (Lumen) = HUSE IR (Candle Power) * ifes 3T (Solid Angle)

W 31T (0) (Plane Angle): Teh &H 31T T foigar fawamia sraat anfdr ot wora @A

T YSGAT G TS YT AGBBT ST, W 3T (Plane angle) 8T fS3 (degree) fdrar
IMETH (radian) =TT fG@T ST,

o r b

Figure 1.2 @ 3T (Plane Angle)

Maharashtra State Board of Technical Education 2



Jifers AT (m)Solid Angle:

Area Subtended
by Cone

72

Figure. 1.3: qifers e (Solid Angle)

TS S TS (w): I T, T T FaTcien Arse Faay = AT afd i @ aR dHid
FHH DI B AT Dol ATBSTL ST FUS oS 31TS (w) B,

Mo AT T g HRTTAT ThT HRTH () 2 3T 89 e M a0 61 316 BUH ¢uIo

v . 3 3 RUSR (Area of sphere)
TGS 3G (solid angle) = w
( gle) T W3R (Radius Square)
4mrr?
0=">" =4n
r

R 5efR/AS (Luminous Intensity) (1): TIEAN Sei-uct U ogfo-N HIad IR
e Iifos e,
) _ G U (luminous flux)
Fglfl:lﬂ Qélilél (Luminous Intensity) = e (solid angle)
I = % ......... ?{Iﬁ:f (lumen) / TfeTA (staradian) fhar dor (candela)
ST (Hlumination): SegfHAY UM g Tl TR gf-1c TS,
DIUATS! [T figaR gEHNTER Ufd e gehosldlo G- FoR U SegfHgH
ga.

Figure 1.4: EFqﬁlﬁ'QF-l (Hlumination)
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d E 3/ q2Ifde S1d M1 £ = F/A..... &R (lumen) / FIER? (meter)? fdhal ST (lux)

$USH UlaR (Candle Power): HUSS UIGR 51 IR JHC WioS Te AY TRI FYH e gom=ar

C.P.=F/O ... g’@?ﬂ(oandela) A HIolo i,

i sifigii=a ®vsd ufar (MHCP): fiF Rigii<d $Usd Ul fg @c AN Syl
FRIg<o W Adte Td fGR1HT SHURT TRRRT 0SS UidR TV ATd RS Ho! Sildl.

o7 |ifvda Hvsd ulaR (MSCP): T4 1T 3111 9d TRiAE S5 ! WRR HUSE

UTaR T8V Tl RSN bt Sild.

MSCP = F/4r &dl ¢/4n

= e Husa ular (MHSCP): § T fe=TiHT SRIUMRT St HIRUSR (hemisphere)
Tefie aR fhar Wo! SR Ga1 SRIg<® WH (Horizontal Plane) AHTS TRIRT HUSH UieR g1,

o 3RS (Lamp Efficiency): 8 THIST JUMRAT 3ol 3Ycan gAY U o
(luminous flux) REEIEEIR Qﬁf?fﬂﬂ:[ (lumen) / de (watt) 3.

TSR (Glare): IrO\G\gW GO (visual condition) SHe SIRd ﬁw 3 ar fhar 18e
RT3y faaRuT 3rd of FRTefe =T SiedTal A od fdhdl qURNE (details) SATOT agHed
(objects) TR& HIUIME &Hdl HAffGd Hd. TSR § IANe® 3MfoT Siffa ey
(brightness) H% SGAUIRT URUTH 3%,

W8T (Shadow): UHIRITET 3101 YEHNTIAT T3 JUI=AT Sie! Heo fHT0N GIOTRT 2T (shape)
fhar 81 TRAT (dark area) TSI WU TH SR ST f91Y B A A® SRc TERN

TGN HSABT SITl.

A$eA (Brightness): ®IUATG! JEHRTET S3c9 81 Slscadl digdddR gEHFT=AT
&mesT=T Ufd gfe fooaan iR uafia gy 819, § Uew <L’ a1 faeM axifae 9. ok
& A R A FIRCHM AiadT I hredl U, R TEATUT 8BS A cos 0. FNZCATd ThHd
DS ol/He? fhal e or/AHR fdhal Hes1/ (Fe) 2 3R,

T2, L =1/ A Cos®

1.2 fafay yord o (Various Types of Lamps):
$C\°Irc\f§0bc’> B o qHT: (Classification of Lamps)

1. g:lﬁ'\q?(lncandenscent) L2o)
2. T femmet
3. U®sSl

1. $"|<;F>'(\5@I.C ®»H (Incandenscent): % 2a $Q\’>Ir0\f§0b Hic fhoHc (filament) 3T W

FTsc AT Hdrd.

Maharashtra State Board of Technical Education 4



2. 9-fewt oW § o W 3ed of aquﬁ\r 3@5@&7 3 (electric arc through gas
discharge) 'El,% ?‘ﬂéf fAafor wama.

3. Toscl oW g o JHidhgae ALho 5 11 Yob SoacTedT UATGTGR Bsc AU BT,

19 f&warst ow:

IR°EIRS ﬂ@jﬂ TR OW (Low Pressure Mercury Vapour Lamp)

W & (Fluroscent Tube)

HERER nazjfr TR OW (High Pressure Mercury Vapour Lamp)

P FOR™IC o/ (Compact Fluorescent Lamp)

HIfSTH {UR B (Sodium Vapour Lamp)

1.2.1 ) 1R AR YR W (TR SgH):

TORRIC B0 g @ d¢ AR ®WR oW 38 off (IR Flsc STUNITS! TR
(fluroscence) =T AT0R B, TGHLTS SHfdceh BT Hob HAIY TRWITSS (energize) HTGIATHS
S fErSt UfhigR SacI@mioe ST (ultraviolet radiations) Gdl 30T S@CIEATGE
zi:CSQf{I"IJ:LO\é ST TS HRTTARTS BIEHR DI (phosphur coating) WWW

AN A

Fluoraescent lamp starter

< ol g
) i bi-meiallic contacis ,__,I,_, .
el : hi<d<
Cathode ) i1 bi=-pin
=NES el
= | . [
2000 Switch
Ballast fEag
AC mains
T 7
Figure 1.5 TIRINIE &Jd (Fluorescent Tube)
PIAAE (Component): &N TJF, Alh/TORE, WK, UlaR Waer FH[EHE HUNIC,

FOAISH

I FIRIUS (Working Principle): TORRIC BH, 3 S AT ST SOaeH HIc D
TN 3Td ! SHaci ST 3T Hed Bse 0 g,

THIT (Working): ST 30 Y@1Y f&ad 3119 Hdl, I8 TF RIS, o A 30T a3d
CTCAYT TORCHYT Adl. TN, DTS fSTdTS! Bid ATel, TUSTd 3 HYH GIH 33T
firesd ATel. 1 guf Rlgcsor TuH WIeAd @1 f$Xme! (Discharge) BIdl. HRUT KA
31 JoTao SoarISHNT SR FORINHC STUET GUd HHI 3d. T U1 PO Blocol e
TS T TR gl 30T SACIo® U gic Hdl. ai@ S odb € 88
B3 o ®lcacall SIe®! id. Sfdl, TCHYT Hc dlg ONfdl. SR il
TSR UICTRISS 3R Ul ORd 30! d-l, $8M soacls Tuge, H3{H doaqa

Maharashtra State Board of Technical Education 5



Wmm(voltage gradient) ﬁﬂ\:{a?ﬁ 3{Tfor WW@UW@M(QOW
discharge) = BIdl. WCIExel (3 @ T (touch) HSGAT Hi<de HYT HIC dIg
SN, 3 JOTaRIS ®lgcsl HH! gIdl HRUI PIC & SSdX (TORE) IR Flacs Bt
Bl FaiAaR w it fdhaT I BB oIaR TIeH SaaH, T4 fSTTS] gI0R AT ST e
IAcio® KU 48 gid ST fhey Hicaedgd ded. erexdl e saaudie Jus
JeUaTeT I8T, SRfded TWg AY Iy Aal A TUT o &ofl, SSaeR (oRe) =
G ®Iaes Iof (Surge) AT Bral.

V_Ldi
dt

S, L= S8 (Inductance), V= ®IGCd (voltage),

8 810 UGl Gloce FORIIC B3¢ (I B1eC) SoaciaaHy Ad HTOT Ui fHysor (3 719
31T AeRf /UR T fArefon) &R siTeesd. 1 fEarstd! Ufshar = gia 3Mfor are Irgd Sfor
IEU[d SO acd PHrc U5l TORNIC ogd (CgaoIac) HYd aTgudrdl A1 fHesd!. gHiadrel
1 fRrsoTa fEarst aRem 19 =1 IoREY e TIeaT JoRed ! 3&dl. AR uf=
S 3Bl BIav T ASURM (ultra violet radiations) AT §IATd. S BIRWR UdeR
HIfTeT [BREd dRe TR v fHwd. TR 3T (@ 318e) @1 §1dHT TR
fAfspa gial HRUT &1 R WIexAYd SIudTe! fdgdd UdTg Sid ATgl.

oW 3BTRSt (Lamp Efficiency): ToRNC 3T 3R 50 d 100 $FAT /de udd
3.

m (Advantages):

1. TgRINC S Sih RIS SR 3R,
2. il BT SR 3.

3. Wl T Pie € B IR,
4. TORNC IS BT TS YT guld HH 378,

C’ﬁ'ﬁﬁ‘fg@qﬁq (Disadvantages):

1. W’c’ S HY m E'aﬁl?.' (stroboscopic effect) e,

2. TORNC WA A (choke) =T amwg% Tifesw g (magnetic humming) fymtor grar
\sqllio?b S RTRE Y (disturbance) Eﬂ?ﬁ

3. FORNC 3T, HHl I3t gul Aradr YaTurd fhidter siiazgehar 3.

RO E i ) (Applications):

1. JORRIC oW Hiad JHUIG Bac o hdld, dHe § oM S arRmas!
(industrial applications) Y 3Ted.

2. SHiheY A YA Wil FORNIC 3 aTIRS SITdTd HRUT d THaHMH Glsc NRss
Hdld.

Maharashtra State Board of Technical Education 6



3. TORNc oW MASReE Heg A, Fo-ud (Valences) 30T WA (Fascia)
SIS UHTH! BTsC MBTSS BTG
4, FOTIRH BT A ReE Il SARAY ¢Ed FORINC W JIuRe SITdTd.

1.1.2 FIUTE FORNC oW (Compact Fluroscent Lamp)

PIaC FORINC O (CFL) 81 Th USRI FORINC o 3Tg Sl UM Sdsdc oW Al
Jod HIBN TS qY ). § 19 Sl @ik $H Hd, BUed HIc gR ad
TR (ionization) 819, 3MYFH HCHTSAT 2NY TSTS 5. AR T 1973 A BEST
BT, TIPS dc SHATS! SHoil BrAeH Tafa YIS UHTe S/ g UFd 31 3.
HUHUE W b=dc &M U&T JUud St 9IS dTURdTd. bR S0 [t fafaear sfor
Juruel $8M MHRMS d URUING BT < FORRIC oMUl e dRcss
(versatile) 3o QER?@W (acceptable) TS 3ATRd.

ENE
Electrode
A
Triphosphor UV Rays
coating N
e BIEpI C \\ Ballast qare
DI Mercury & Argon
g8 ofs s

Figure. 1.6 BIae FRIMGe o7 (CFL)

v

PHIFIFE (Component): T4 fh@ S ogd, 30dCIS, TORET

D

TP TURIUE (Working Principle): § 19 fSTTSTal dwarar a&iT &d, WU faggd
aTeTgR T9d ST T,

IPIT (Working): THT T CFL ALY T HRGO! od 3Md ST ShTedl Suied giF
ZOACIS TGS A, 1 egd, & HH! gIa SR aig, AR W AT fofds gagd
il YT SRTC. ST SIS FTo il aTTaTTeadT BhiehRal O393R Sl SRl Siegl faggd
RIS SGACISN SISBT Ol d&T G SodcIeHd Uh Iofacd 3Hdh daR gldl. Jofacd
3{Teh oaeal yaTg FHf0r Hxdl. SIET SIadie AR SUAR (atoms) IT SGEL AT 3CH
Bl dogT 3@eT FRIGCE JSUR (Ultraviolet Rediation) AT BIATd. cqaddie Hiewm
DI 3G BATOC NS AT YUBHIT MGATER TISC od. VHUGHAT Aiheasd Tdh
JORC 3l Sl oaial Sofacd 3Md ddR HRUANS] MaTH O I YRS
FIGc UaM HRd! ST R o O TRIE GI0ATIRET IRGUIRITST die Haifad .

ORI B T | (Advantages):

1. HUHUS § SHoll HAEH oW 3ed. AUHEad HIRIET Td qu HHT 3], uhHueqs
CIEECRCIER]

Maharashtra State Board of Technical Education 7



g odc JQTHA Jo-d HTHUS HH IV AT Ham.

UHUGT &M AT &FdT SRId STRd 3118, Uid a¢ JAR 50 d 75 GHT 3118, .
HUHTE S BT TN ISR (starting gear) STIZIHT 4. HLHUG 3 G L&
BIdId.

UhUEd! SR IRd 3R,

Sigsfsgreoyg (Disadvantages):

1. HUHUG 3 U JFardidl Td Sd 3.

2. WUHUe A AR 3Ral WUH A UaiaRUMRe A9drdl.

3. SR Bic U HUHhUS 3blol Mal 813 2dbdrd.

4. TR faue duthue 3 arRal 3d TR BRU J YThUed 3% HH e

RlehdId.

O ) (Applications):

1. RrSfsra amsfeén Req (Residential Lighting Scheme)
2. TSy (Hospitals)

3. W (Shops), PHINSR (Coridoars)

1.2.3 A BATSS &1H (Metal Halide Lamp):

0T TORs oM, W0l AR goRs ol ¢uI® WU, 81 Uh f[dggdd o/ 38 Sl RURKRS
AR (vapoursied mercury), TSR FRRR M1 Ao TOREUGR Iofded 3 TR
QAR Blac AR Bl Heo OIS oM a1 MY 1960 T ST, T i+l S1aGT gial .

w N

e

u

= Mlain
Ry o clectrodes
envelops -

. 7 — b
EE‘ =gy = )

[/

Mickel plated cap

Ouartz discharge

Gr:l:lcr rimge ube Lead wire
I Fe SlpPorts

=3 faT=mst <fls ame aada
Sl <=

Figure 1.7: ﬁz?ra?ns’sﬁm (Metal Halide Lamp)

PHIAIF<T (Component): HEG ST (Metel Base), ®Idd fRIGS (Glass Shield), oIS
(Electrode), IO (Ballast), PHIaT 3h (Compact Arc) Eﬂ:@m?ﬁ 3 GIaTaR AT, IITIREIQDI
3Tfor fafqey ez gorsed s ard.

g1 fifae (Working Principle):
qrg TG (3RT1) TG BTac (=H0 Bl

TPHIT (Working): STgT HCG AT G038 O SBIACH GG G0 old dag] 3 AL® SR

T SIS (ionized) TTAl ST &M SOaCIS HE 31T TIR BIdl. SHThHoS FHI0 GO e

Maharashtra State Board of Technical Education 8




memm(wporize)wwmwwm
Flsc (AT Bl Aco ToRaud dRee UHR 3/ gR Al gIum deed WU
UIRUMH . TWaeH (spectrum) JURUIATHTS! 10T BT GRS HHidmHt aedie oM
AT TS HFTER HIREGR BT SIS B Ol He G 3088 GG JUT 73! gIUare!
AR 3 4 5 TAfC FRTAd. Aeo ToTRS BT 3Tdh Hc Fo! K ITGTRd (stabilize) SATITST
30T GSE (requlate) HRIAST 30T TG FlacSl MRS HRUIN FSfacdh [dhdl Foai-d

TR STaRIHdT 3,

G\I%G'H%ﬁ'\q (Advantages):
1. T goRs omAd Ufd d¢ FAR 60 d 115 TIA ot 3 T &HdT 3.
2. TUTT ToIss OWd BI5h GHR 10000 o 20000 TR 3.

3. OO OIS WA, YT HRUINIS! HIUATG! SUDRUN! SR Dhdl 4.

S e (Disadvantages):

1. Teo 3oRs 3y AR QUM § o TaiaRUTR® ARl
2. Uco goRs oM ol fhad She-TRic oI Ue SR 3.

3. TCO 3ORS O HRIR M SIRd IWIdT fHHT0T R
4

T oSS O Y3 BIUTH Al Yardrdl ded SN,

RO E i ) (Applications):

1. SASISR SIS (Indoor lighting)

2. IRSRISS (residential) 30T FHRISS (commercial) BT
3. 3.3IST (Sport) W ISTH BT

1.2.4 BT3¢ TRATET SIS (Light Emitting Diode):

oSS! 81 U YIUH-SiaRM SIS (PN-Junction Diode) 318 Sl SicgT f[dggd UdTe AT
Q%' STl aOGI (‘5I$CC Qﬁl_cr HIal. Q?ﬁf?ﬁ mﬁ, Trot BRI JpTFZH (recombination) Ei']?r

N-STSd SHaCI SATIOT P-STod BIGY THIAT BIdTd SMT0T SWTAT SIT0T ThTRITeAT WRUTd Sl

/ :.'— Epoxy lensfcase Tash a=g
Wire bhond . } W@
! Reflective cawit
IR alvs \ | i

Semiconductor die

it dsIeIS™

i | - |‘\ SN ::::: } Leadframe
Flat spot
| ] gele Wie

Figure 1.8 a@tqﬁﬁnmm (Construction of LED)
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PEHY: LED BT diF IRl ST 3dl, Ial. P-UHRdl JHldheaer W, N-UHRAl
Jrildhgder AR 301 Ufdesg RISH (Active Region). N-URHE dgdd SoaciH gid R P-UALH
Jgdd giod 3¥ard Ufacs RISH (Active Region) A8 Sdaci=d 0T BIad @ YHTONG
3T, U Y g a1l 18 (Charge Carriers) T, Ufaeeg RivH &1 Siftezr oM
(Depletion Region) 3fda! WUMAIA. T RiSH A& sdacH 301 §lod Ywgl UhiAd gidrd.
UGS AIfRd TS BT SegT Ioai ST T U AdTd degT BIeC Ieaord alal.

IfHT (Working): T STAISHHIU!, LED Whad HRde a1y fYdTaa &1 Hdl. Sl LED
BIRAS S (Forward Biased) 3, dogT Wl 3odgi- PN S ieiadrd 3T gioy I8
U581 Uh3 I, Iod-T I U[dBIae HH! Uldesdr Ugdld, AT d I -l WUl
Soll I HRAM. Blac IToid SMAIS fAfdy JHE IUos TRd S Faid AH=
/U 16, fexan, fUaest, et, AR, UieRT 3ol I3RS (3E3Y) Blsc 3 3.

STHTH fdhar RifSH IR sHaoodr I SRigawl Uall dTTes, LEDs Todd, HRie®
30T BB RV GCHTURIA F4dS ST, AT gehiAT Tl THIUN Thd e,

G\I'_e'aaﬂ%ﬁﬂ (Advantages):

1. LED Tolgd 31, at FifAes 4dds S0 GRISRY TgH H= 2Aahall.

2. LED 91 315t QU SR 3, I Gedeples HIaRd g,

3. 0T QU HH! GIGes! azgdhdl 3 30T YU HH disl ST

4. d DG ATGRIA I99dT AdId. BUH, SRHRIARSD ST TIR HRUGNIES! S8
@SSl aTURUATd JdTa.

5. PR, T6sal U §1dId o SOacho! AheATHIGE HRdId TN O SAPHe!
SISO ST,

6. Uose! WO, [hHRARIR AT WU fazame 3R

7. A AUHMTE AT HERRIGR GROMH gid AT,

8. LED 91 fafdae 1 nanosecondﬂm@w &mwﬁvﬁﬂﬁ&m
I 3R d.

9. LED TchIo Blsc adld.

@W\’Xgﬁﬂm (Disadvantages):
1. 3 Hod: UH SMAIS 38 WU d g SRERMS (uni directional) 3Tg. 3 RIocd A
M o &R SISTIM d HIIHY BRI 8IS Zdhdl.
. Githeall STeamT It Yaaddn (Polarity) faaR FoT drfgel.
3. d fdggd varg 31T FIGcTHe d63dR (§30) ded H= 2dhd Aleld, S LED
ST WRIS B3> 2D,

4. TASTRMA UiaRge OIRd BIC GG 819 FAHdId. IS LED d BI5H HH! BIdl.
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1.3 U fAaw (Laws of Illumination)
YD (0 WO TGHHTY SHTed:
Eﬁ@eﬂ i (Inverse Square Law) 2. Sl WE‘T (Lambert Cosine Law)

1.3.1 3999 W3R BI:
fau Rede): YSUTaI® JEc 81 gEHET T I gl SfaRrear aiin &
YHTUTTE S,

Sphere
Point
Source (5) W Al Az AS
i
:: g !
1
Ei— 12 :I
1
1
i I3 Mo
Figure 1.9 m@éﬁﬁ (Inverse square law)
E = I/1r?

E = JSYTTE STecHM
=Y TRIT! ciierd]
r = Aid 30T gEUTTHS SfaR

TPHRU-GIH /RS WUH Fad Hoadl [ag AdTe STecH diadl 1 3R
qHSll o BT Hiios TS 3Tg,

THUT BTac UATE o WRISTTHH = o

AT r R YYUNTR 836, A1 =wr?
AT r, R YYUNTR 8FHe5, As =wr?

41 r1 IR YU &FAHSHT YEHRTOR SHY[HAR,
lw I
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THiHRT (1) q2ifad B TErEn fogaie ose 81 fog AT o avie o
THTONT 3RIdT 3101 Uehrirean digazit fdhar C.P. (candle power) T &1 UehTRIm=AT Hd fazH
e JHIUTT 3!,

1.3.2 SwdT a'ﬁ'\"-l'l's'ﬁl g (Lambert's Cosine Law):
¥eeHe (Statement): TEHNTIART® TATE [Agail® BTac g1 o fagaiio g HNTIA AiHeGued
fHRUM IS GAT BT IS TAT THIUNT S,

16
E = PE CosO

7 foig i orgcd e 318, [ 10 & vear1lRid oz fezH soqar Aidr eTse diad
3{Tg, © BT B 31Tg, Sl UHIRIA foig RIS YHqSTAl WRUsagex 301 UHIRId foge!
ARPT STeSum=aT YW TR gid, Tl d § TR fogudad SidR 8%,

Iy

SOource .
. }\x e

; W, /
. e . -
., P

Figure.1.10 ﬁmémaﬁwﬁm (Lambert’s Cosine Law)

Eﬁlﬁlﬁ'ﬂ:{ E‘TW?&?TGEE‘ITUT (Sample numerical on Laws of Illumination):
1. 99 =TT 1200 TFAF CUIRT O HRRA HITTOYT 8 HeX TR ICHOo] 8. ST

URATIRLT 6 HIex SRR HRRT SO Gd THAGIARIG U] [Sgarie SGgH-a Aol

SR
]/

_.—/\\_\_

- AN
o
- \?
oo N,
A G m - B
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W It FI5C ST 3T 318,
I =1200/47 = 95.5 cd

Sl T,

Le =v62 + 82 = 10m and Cos0=6/8=0.8

10
Now, £ = —
r2

95.5%0.8
102

E =

~ EB = 0.764 lm/m2

1.4 fafay arsfen Wi (Various Lighting Schemes):
TS STSICT W g1 ATTaTTea 1T 311for fafay faebroft orge Uar .

LK (Features):

. Q& Ture (Sufficient Quality)

. ER'Q‘ﬁ HMAT (Sufficient Quantity)

. ISRAIYUT (Brightness)

. OIa¢ T (Ligh Flux)

. DUl TRIYTH 901 (No contrasts)
g TR (Right Diffusion)

g [T YHTT (Correct colour effect)
frpraaaik (Economical)

. S@YTE HRO AU (Easy to maintain)

1.4. 19733 IBIRT o YBR (Types of Lighting Schemes):
1. BRRAE BRI (Direct Lighting)

2. Tl SRaC BT (Semi Direct Lighting)

3. ZISTRAT BIRICT (Indirect Lighting)

4. QU STSRRET BTSET (Semi Indirect Lighting)

5. OFRO Bl (General Lighting)

© © N OO U AW N

== é
oy
P ——
SEMI SEMI
DIRECT INDIRECT DIRECT INDIRECT DIFFUSED

Figure 1.11 @iT§ IS PR (Types of Lighting Schemes)
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1. m?ﬂgﬁﬂ (Direct Lighting):

1. g1 9ald SR aTURST SITUMRT ATS (71 Th1H I1 YR 31T, IT dls(e7 Wb 1H 7Y Sl Nuddex
(deep reflector) =T A TR Blsc TSR (light flux) T 90 TIRITE IS UM Ue
BTG UIASIaR (working plane) TSl

2. 90 d 95% BTsc UT YFHTTR TS,

G\I'?',c_gﬂ?l%ﬁ'\q (Advantages):
1. o gard dried 3
2. d @ g

@Wm (Disadvantages):
1. T& 2SI (Dark Shadow)

2. B3R (Glare)
3. At 3&7_0}? (Tunelling effect)

JT>Ha (Applications):
1. 3Sf3(e 3T (Industrial lighting)
2. RO 3MM3He SISR BTSfe (General outdoor lighting)

2. It ST E'Isﬁ'ﬂ (Semi Direct Lighting):
1. 1 OioHd, THUl B1ac TSR (light flux) T JAR 60 o 90% HFT HIHTAT JEHFTER
(working plane) TSdl 30T 10 A 40%HUNT Sarax 31for fHicfiaR g,

2. YU} STRGT WIGAP (reflectors) UG B § AT B SId. 372 AoHT STRd 3]

thl?:ﬁﬂm (Advantages):
1. TO3R TIBS SN AT SIHRISTS 904 (diffused bulb) ATIRS STATG.
2. QUIRd sgeY fHesd!
3. UhfRe orefdn Rew (Efficient Lighting System)

Af>dparg (Applications):
S (zonal) fdhdl SIRIC (accent) BRI THT.

3. m E'I?gﬁ"T (Indirect Lighting):

g1 BT WA, Fgcs fhal 986 Ruddex aueE SIS (diffused) NFSaRM
HRUATITS] UHUT BTac FSFIAT 90% U&iT SR HIT HHIS AU aR ST &1 SIdl.o0] Hla]
ST B3 TRE UH B HRd TS TSR HH 1. Sec 81 YRAT, THRd i1 gu I
3l 3for =re! HHT gidrd.
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G\I'?',c_gﬂ?l%ﬁ'\q (Advantages):

1. B2l R BT3¢ UaM HRd o JleT HMBAIAS! (Drawing Offices) SUH TR,
2. WIUe 3HARA

3. gafi v

4. TSwISTE SRR (diffused illumination)

W(Applications):

1. R, RueR onfir gieod SAEIae) ISTacara! AT aroR o] ST,

2. 1 SRS Hisdl dAGS MU SR fSYeAGeS sl I AN §hd 2!, ad
SRRAT BIRIcT THIH dToRS SITdTd.

4. QY SATSTINEE SRIVAE BISIET (Semi Indirect Lighting):
1 RcHAsd, TR0 BTec Foa UdT 60 d 90 % HTT HGTOR USUIRITS! J5aBT i o1y

Slsc [SHRIore RUPaRM GR SRR YFHITTAR FGRId 66T Siidl. A 30 d 40 % Blec Fodd
BT TR Uigadl. g STt W iR Wite 2ASIIE ST 73R 3R,

\ﬁ’é’aﬁﬂ%ﬁﬂ (Advantages):

1. UthlAde fwen

2. TOSR gad Rew

3. IATIGEID BICUSH]
4. TR AIYe 2NSIE 3

SIg3s@I[eod (Disadvantages):
THIH HET 3.

AT>Harg (Applications):
BEICERIEIERCATIG]

5. 6IR® ?ﬂgﬁ'ﬂ (General Lighting):

1. A1 [SWfSHT OTHUNA §9d0 0 3 dIuRe Sdld.
2. Olsc gd faz1HT1 gAH yHTONd faafd gia.

G\I%Qﬂﬁ'\q (Advantages):
ThHHTT ﬁ'&]‘Uﬂg (Uniform illumination)

Af>dparg (Applications):
7 fafay fewTol aTRe I1d, amed Sdle, Hrafedi= S, 2Aefdre giaer sfdr Farwm
reT THTIRT 3118,
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Table No 1: ﬁ'l'gE Wmﬁﬁﬁﬂﬁﬂﬂ (Lighting schemes with percentage
of light fall)

Amount Of Light fall | Amount Of Light fall

Type of Lighting Scheme on working plane on Ceiling (upper
Sr. No. . .
(Lower hemisphere) hemisphere)
01 STARTT BTRICT (Direct 90 to 100% 0 to 10%
Lighting)
02 Dél_riel Cst)' R TTRIET (Semi 60 to 90% 10 to 40%
i

03 E ;

i . 0 to 10% 90 to 100%
(Indirect lighting)
04 _5 ) ) 5_ 10 to 40% 60 to 90%
(Semi Indirect Lighting)
05 RO BT (General 40 to 60% 40 to 60%
Lighting)

1.5 TSI I A f&WTE (Design Of Lighting Schemes)

IS UHR ST Foo! AR WhIH TUIS df Sii- (i) JRET BT UaH B (i) OS8R
3{TIOT BTS 2VST TS (iii) GRUT BTec UG HXd AUl HRRT GEHURTER YD THIHAM
faavor . ORIy &R TeHaHH Slsc MHAT HRUgNTS! STl G-, THR SH0T 9y
IR AN RId HRIAT § WY HRUAYA!, 3R ORI T Tew@d 300 W010
Thaed S0 YUY f[daRId 93T,

1.5.1 BTECITST GR HIAMT f[AURTd HTaUT™ Ueh:
Y - Ww&h (Space to height ratio)

gfeETaIRM haeR (Utilisation factor)

SUIRIERM Waex (Depreciation Factor)

RNUG TR e (Reflection Factor)
JC BT3¢ e (Waste Light Factor)

ok~ wnN =

1. T - me (Space to height ratio):
g BIa oW AElE e AR Sdudad gRIgie® 3ok U URHING &e oild.

Horizontal distance between two lamps

S to height ratio =
pace to height ratio mounting height of lamp
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2. W@'ﬂ:{ Thaer (Utilisation factor):
g UT fARR1y YRUTIaR UelTd U S0l G- © B1ac AldigR Iciford grom=ar Tl
CREERIREE IS

lumens actually received on working plane

1= lumens emitted by the light source

g1 TR TR d Fog Mad YHIUN dGad T WIOTe hacaR Saoer Sd:

1. FEc AT UHR, SR 3] FTSTIGT 8.

2. TOhfCTaTal YR STf0T HAISTET gIge

3. T2t 3Tfor S 1 101 gy UrT

4. PTGl JHTUNE &HAT THR AU SIHRN (dimensions) R

3. @Tﬁﬁm‘ﬂ:{ e (Depreciation Factor):

gl p= (ARAAD IR BI5C) / (Fd Hlet YUIHU WS AT B5C) TeHHS ¥4 ol
fhar orEc AR U e UiaR Toisy 3T Rudae? SAGiaR Y fdhal 91 Iaaam
IRTGTcd HRd ATeld. SR & et Faffauu e & adl oild SRIdIGaR a1 9ehd ol
1/1.3 ol SR ¢fo5 ST SN 1/1.5 31 Ude SIS dhdl.

IIlumination under actual condidtions

p= Illumination when everything is perfectly clean

~ (@rdfas TR F18e)
P d e qul W ST oTie

BISCHMAT Im/m? AL Ay Foames, IR Hiexaie &ham STEcHMM UMHR ST

STl tm/m? AL TS 3N0S THU ST BTecHM YdT8 &d of afdT (Working) Id
qAdGTIId Uigiae Ulfeel. Sifodary, o @1sc WaeR Tl SHRzM HhaeR faarTd
AGAN, TIZAD ST UMY TU Td! TFRIRH WO TGUHT! 3T,

_ExA

nXxp
fE = tm/m? AW A ZHGHARA; A = A THIRI HRIGIATHT HIAR THAGTY &THD
m?, p = SHRITEA Thaer fhar HeT=g HaeR, n = JRSTIZA %haer (Utilisation factor).
oW 91 DR hidTo GATR aoed 3 adl, SR UM fqavur 3aza® ¥ @) d
THHHUT GU X TH1Ad. Ud&l 3icR 3NN gawy1, WY - grse ey Aoy Rife adie
a1 fhal piogR d3i3cgR AT wol Sid. sazge e e MiRad daareR,
Ui e SFE (THU 3gAA e Tem) i dmard S o 91 Jre el Jierdl adl,
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4. o= haex (Reflection Factor):

g Ruodes BI5e (Refected Light) 30T ERIST B3N (Incident Light) 3RS 2137 IGUH
ORI o> 3175, B T Uel ST 3Ts.

e g

‘1@’4 LIGHT SOURCE
&1 /‘J EYE

REFLECTED RAY
focldes ¥

Figure 1.12: RIad- 9P (Specular Reflection)

5.9% aIgC ey (Waste Light Fcator):

ST TEIG] GSHTT 3Hdh ST UHIRIT gidl, degl Jlac dodl (light waves) THHBIAR
3BT (overlapping) SIS HIE! YHTUNT HUSHT gidl. TeUH &1 Waex faaRTd &mar
TG, T hdex ol B6g 1.2 d 1.5 TR 36,

3’3@'\' Fﬂ%ﬁ'ﬂ B %31'[37-[ RIS AT 3qeRUI: (Numerical on Design of indoor

lighting scheme)

1) 1.8 AR HIeR x 12 HieR MHRIAT WG 15 S BTG SITATd 0T 100 SIHA/ARY Hiex
3] UHIHH Glsc [Hedl. Tdd oW d 3H3CYE 1600 TFE QI Wordl ST
W (Utilisation factor) Plal.

3R
FTOHYT TiTE IO Sga

=15 x 1600

= 24000 TG

=1 T HRRA FHAGM (working plane) WK Ho6 GHA
=8 x 12 x 100

= 9600 Im

gfeBTIYRM WhaeR (Utilisation Factor)

= 9600/24000

= 0.4 fdbaT 40%

2) 30 HIeR x 10 Hiez=an IS SHfthgAdle QAT = @Y 250 G 1A 10T d 300
do=dr 3 fihoTHe 31 gR UaH &o §ld. SR IR TR 0.4 301 9 I3
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B 0.9 3T, W AARIS OGN O Wed FiRad &, Td® o/ I Frecad 14

IR

AUGITST HIfgd 3118 P,

¢:_

nxp
= 250x300

14x0.9
s ¢ = 208,333 Im

S Foa /3T = 300 x 14 = 4200 Im
! 3Tz Y-AT = 208,333/4200 = 50

3) AFHTT AR TR 5 HieaR THISHAT FHGR 60 x 15 Hiedl SRS THRIST
YHTRId HIUATITS! TIPS GIT ST ARSAT HTIOT e 3iersl STdl. Az

YOS IR TSGR AR 100 G 3178 JfCSTIHIRM e (Utilisation Factor) =
0.4; BTscHM HRIMST (lamp efficiency)

= 16 FGE-/AC.
WY / g1ge RT3N 1 &RT (consider) 30T HUS Tiar SIHRITZA 20% TEId &R

JTR: UGS Hifgd 318 DI, AT Fow
~ o= (ExXA)/(mxp)

~ ¢ = (100x (60x15))/(04x1/1.2)

=27 x 104 3gHA

3{Ta=TDh THUI dcol (wattage)

=27x104 GB /16

=17000 W

Y / g1ec I3 U 131, &F =1 SN Whad di 3 §9ddT Idd.
ATAYHTO, 0 =T Giaed drod 12 3/ SIadT ddId.

THU AR TSR HH ol FE&,

12 x 3 =36 3T3.

gl St dav,

= 17000/36 = 472 9 3Tg.
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1.6 EIT{Fﬁ 3for eienfire & 2 fisfdrs (Domestic and Industrial Lamp fitting):
Eﬂé‘c’/@"ﬁq fisfdT (lamp fitting) a1 fherear (fixture) U HT?

SIsc T 1 2eg BRcdloHl JHTHIS! UG 2eg WU THIAY 3Te. qulfy, Hefamed
3{fIFH TP T FGA, faggd g 3R G, S &1 B 8lasy, SHe Blsc
39 (Light Bulb) STeco 3RYdd. i U faggd Uder UHRIG FUiaR HRudmE]
UfehaT 3RTd, ST ATa8TRe fdhal Tollde Il Iea1H Ho ! oild. § BdI@T (Ceiling), idioT (wall)
fdar USe (Pendent) fhal @ 1-39 (Plug-in) TREUTd SIS S SIS 2.

1.6.1. ﬂ?ﬂ?ﬁﬁw 9 fpfdrsr (Domestic lamp fittings)

§ A BEcdIoH SHAUIRITS! SO T YR STATS! aToRGHT Son=1 fafae gedh e
3T SfeaRToTar Y gd. a1 fihfeworge o Sl Sk e gee JRIGAUU SHaoo SIdId,
faqgd yune Il AR STed e TR TN [GHaeT ey® Sdrd.

TRAA! S =T fhfeTerd S8l 9| UohR 38 d:

1. USe drge fiféwe: g R ase fhawr orama, o fafdy fegmesme Iuasy sRm
Wﬁww@ﬁamﬁm%wmﬁwmwm
EIGIG!

2. WA AF (Ceiling rose): TRT A BT FoTacdl URT S, o) =T GRRAT ATl
sheaied [aggd SIS Ui+ HTHUARITS] aToRel SiTd] § haeerRArd! U IRféd ardfduige
S UGH &,

3. @ BIts¥ (Lamp Holder): § Wiohcy 31drd, o1 o sqad SITdd. ol gieex
AT UHRAT SeadIa! [SHS Pl ST, S B 3Ad-odc, Tase! fdhal gareH
Tqs.

4. gPR: A1, H\ﬂlddld oI S BTl deehdld 30T 3 Sed ST, R i T
g HUIRIST Horgd 30T faRiy fOsfvet sazaes srdra.

5. fiidladiar Sdbew: & Ao swac SRt fbfdwt emgd, St (Sconces) fdrar araA
TFONTAT (Reading Lamps) ATARa! SITdTd.

6. ¢ aw fipfdver: gLl S9d fowTdl o, ded Aidbe, fad Mt araf gt wwaRr
BIdl. AT FEEATaR T fh TS AvTaTTet U RaAT SR,

7. 9 Raa: 9 oira, femR fohar qui-aewr o fafdy voRd Raew adrd, o o™

g HRuaTSt U ST,

8. W S §IeSH (Lamp Shade Holders): g fhf& ToRisar QRiga Savamre!
ORI ST, § dTaiedT HR SU AecRgard ((Ude, div, ¥id, Wiked) Iudasy
3T, S WciredT Joacieh YETd JgdId. Hieafdd fhar srfdd sdare!, qRigddr
31T fEgms qrg et ang fsfcT Agwyguf o

1.6.2. 3NeNfre &w 3 ffest (Industrial lamp fittings):
? EIR®, e fhar diear yHuma sz Ie! fegmga oo sdrd. d
e gAY fOefersTaen sifties worga onftr erfer sRyard, FR™M, MaM, BT
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AT SR TS-Fdcd QAT HSR AIAERUNT IMHAT HIVGNST FiUSS 3 gard. a1
fihferormed fepruun, wriemdr for YRigaar gt wer fad ard. shelfie om =0
fihfeTor S8 IH UHR T 3Ted:

qu: § GCHUIR fhaer 3Med of WHId: SREM, Aol WIS g fdhal HIddT HIHr
fEHIol IR SIATd. d dgddal LIGIRE ACGURA §-de STdrd 01 S8 arRRIST
ol fSS 3o Sdrd.

W(Applications):

2. Tpie-yw fifew:

qui+: f3oran (spark) GUATATET SHTfOT ThleHT UiddR (explosion resistant) HIUGITS!
foziva: fSggd o0, Wie-UlRiyd o/ [hiew diHG™d ardiaund, S & IMHH®
Uhay fhdl Sae-=ie a1 RISGaT HFTd dluRe SiTdld.

SATHHIT (Applications): T@ Z[GIBIU HREM, IS A4, W07 fdhd1 Thicwh

ITATaRUT 3RS &3,

3. TS A1SCH:

qUI: e &1 THTRI HRUANTS! FSS8H hoo Id-2add o/ SRl didhs
Sgddal Holgd Hedd Hag? 3d 3T o §aHH-UfcRIU® SRIAIdaTes® Bl i
GRIRHT s Ul {28 Hod ST

bz (Applications): RIS SNfIe ST, e, Siud™ ®ics fdhar uifdh aic

4. 19 & 31T &t & fpfer:

qui: g & s wmmad: 39 ST SITNTe! ARGl Sidrd, R of o fhicts 38M
Aol fSSTS Hadl SIdTd. § O HI3dT &3 did, THAAH BTsc UG HRUINIS!
f&ged Hoo 3ed

ST HI (Applications): TaH, HREH, TTITHNST U §R.

5. g sl sefecad fpfeT:

quI: Tosal NS S Soll- HIIEH SRdId Tl I=-<dgddl B Y& S,
Sgddal Aiedl ST S HI S1ard o Jad olse STaxad SRl o fafdy
UHRIAL JdTd, o HI Toge! g1 § fhdl Toge! ReT BlscH

ST HIT (Applications): ITTGH BT, HIGUT [HIBID ST MO HRET.

6. WR i egd fpféra

quie: 1T, fAfeR dde TR & TR SeadTd! AiTa: e &= aiean
FHAEHAATS! 0T fHPHRIaRIRATST aroRe SiTdrd. o UYHNAR CRERE] (surface mounted)
3101 TS o Gla! YPRAD IUdY 3115 d.
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ez (Applications): DHAGY, WIS =W ST ﬁf[ﬁﬂaﬁ'ﬂ {Iﬁ?

7. TRYTTER g9aad el fiefds

quie: § TR e gRUTTeR (Few Rifé o fdvar RfdiaR) Sao STTara. o Sgddbal Arean
SINTHE SRS SIS 13T dTuRe SITdTd T fChTrSUud fS2is srobes ST

> pa= (Applications): TMaM, HIRSR SO HFRE TR

Sﬁmmmﬁ?ﬂfﬁw

qUIF: IS AT T TS UG HIUS] FSST B gal-Sgcl S, d ATHRI:
SfGgafas fdhal BRe ST ARSAT UGTITURIT S99 ST 30T JRISAd= S
fdhaT AaaT THIUIG BTac JomaTe! aTiRS SIdrd

KIIIVer R (Applications): TR RS TS, SIS Sids 3T gl BTac o

9. TR ATgIeT fihfeTa:

qU: SRI0! Bl [hdl gkl AFAREAT e Aficomed faRy Hmre! Hfed
ITsc UM HUIR IR fhawer, 11 fhaerAed 3wl Jamy 3R] fhar Ardey 3rydTd
W TROUR ®Tsc Aefd s,

b= (Applications): D! ﬁﬁ?ﬂ, L BRI ECRTER]

10. Tio1-gfaRTee fipfem:

quie: g fhfET TS UfRIYS UGTUTURE 9900 SITdTd, o 1 o9 W I6 (dhal aras-
HIfET Sfegffad, S HER T fdhar gafaruig R dis ¢ 2@

ST BT (Applications): IS JFCH, 33 UlehdT ATOT FRT ATareaRoNd

11. IR 4R d1g¢H:
JUI: TR Y qOs! oW, Igddhal e JfeTemed aTRe Sard 1Y gioars

TGBGATART G TG BIdld, SATHeS Soll ardd

STH BT (Applications): RS Y, BITST SId AT HHI GART GG &
12. ¢ ATSET:

qU: ChaR TG O! B ot U YUST St HTTZTDHTIR Bisd STec UG HRUINIS!
AR H ! SIS b, § AT 3121 3P0 aTiRS STd 1Y @T5¢ Ao BYes®
3Ol 3HTGRAD 3G

@B (Applications): 3NNRTH ZReH, BTN fhdl THTET BTac IZTH]
TGS &,

1.7 m Tﬂﬁ%ﬂ? UfYUITH SR g (Factors affecting on quality of lighting

scheme)

feo@argfic uefie USRI Tord U RIT=AT digdar (intensity) SATTOT TR (appearance)
GIRUMH FHROMAT 3P Tehiga THTIAd gid. e fobdt IiTe UaHIiRd 3iTe, STscdror T fdbl
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RS (comfortable) 3T UHTAY (efficient) 318 3MIOT ot URERT=aT Aieafar (aesthetics)
ST THTd UTSd ATHE § U Hewaral YT Seladld.
YT TUIddaR URUTY $HRUIR T3 U I 3T

1. WHTRIT e (e SMfor qa=):

quie: TargR FHTur o= USRI THI, $gAF A HiSTo SId 1107 o gEHETER &Y
faafkd & o1d @ FRML Ao 1.

TUra<aR URUMY: SRd UHIRIE digdl SI9MdT dled, 2dhd, URg SRd b1 aqdb
fohdT SRaRIT TS, FADhd. YT NIdYS ST Y T ZAbaTd SHMOT SIbad! HTTZIDhdl
YSGYN HHIaR TR 813> b,

2. W AYHM (Hfed, K)

quiF: IWT (Uge) 4 48 (FMewR) THudd, HagR Sdfoid gIom=aT TR 3. Higad
(K) A A0,

TUraaR TR

JIER B (2000-3000 K): T RTAGHIT, SRTAGRI aTdTaR0l daR 3d, o fofagt &= sfor
JSEITAS! TGRS 3.

CT BIRC (3500-4500 K): WHUIHER, HATGY 3T afehiT (Working) RISTTST ATST
Iqfod JRC.

U8 BIRC (5000-6500 K): IRSTGRTAT HHT 3ot fhar SRa UoHmae sazgehd!
GG SIRHS Fgddbal aTuRST SiTdl

RO 1T TARER T8, IATGHdl 30T f@T3E HHBC (visual comfort) aR TRUMT HRl.
JaTERUMY, aTH BIsc (warm light) fasidT T1e-T Gdl, $@ BTRc 3w BRI dIequdN
Had HRd.

3. PR ISATSSH (CRI)

qui: AfTeh YT Jod BTac Aid fael SgHUUl I ¢dl § SISRSMI AeTd. § 0d 100
=T YHTUIT HISTe STl

TUTaaR URUIY: 7 SITHE 7 Sdhdl Hexdre 38 (3al. fhae, 3¢ i st s fiee
W) IS = CRI (80-100) 3T T8, HH CRI Y T %ol a1 govia 3 Traar,
S 3121 GRIRYATd THRIYT 3 2rehd Fo1d T dTTes HRUT Sa=gdh 3.

4. qrge faavor (EeHaREgon):

JuIF: AT &31d Blsc fohd! M LA TRRGST 3R, FTec UT (U [SH1of dhisd) fhar
R ST (TARG®T) 3R 2Tl

TUTgdaR URUIMY: ¥R1E fAauges qraadl fhar $HM ke Hai g3 21dbd!, S
T Ad fohal QU i fdval U TS YT fEHdTd. SleaHiaT qTur 101 RGN SIS U
3G3l BIscdIoHd Ao TehaudT SRl
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5 TR (Glare)
U ORI AT UHRIES SRaRIdT Id degl 63R At gial, sgadbal dordt 1 T8g
YT 3= BieReqe dhdl Fac HAdiem d¢ HOH e . LUCKEH

TFUITH: SR 73R 229 SRa™YdT AU S 21ehd, T WRIE S 21 30T Ydhal d1eq,
2 d. T BTsc STIRT AT YR (diffusion), 73R HH! HUIMY Hed B Jhdld.

6. TSI fheRaR UPR:

U ITRGIT AT FTScAoa] UHR, T B INRE Blac, USC JIee, ¢ BsC (bl
@W?ﬂé‘d (Recessed Lights, Pendant Lights, Track Lights, Desk Lamps) W&Wﬁﬂﬁ‘d%‘[
STl HTOT BT IRWBAR Tl TR URUMH B ZThdld.

TUTaxiaR URUIMH: BTac A A TRRAUR haReR OadT YRS, TR o 3R disd
TGt HafRd SRdid o glcedic 30T 28l TR H& 2dhdld. 3are’uny, Uge oW RIH®
BRG] TR B Jbdld, TR S3T0EcH fbdl PR STEc 3Hed JHM AdA fadRd
Hdld.

7. TS Wi (Feadl UPR):

U IGId] UHR FAdb-dc, TOsa!, goIoH, TORNIC BRI TUaidr URUTH Hd.
TUIgiaR gRom:

LEDs: fafdy &1 agam oftr cri e drdem onftr dddres feum s/,
ghovic: SUGR UHTRI od, TR SHRIEH 35,

FORNE: HAGY AT TEaAIRS SRTHE ATHR 3178, TR OEIR o 81T (harsh) fdar
ELCAVIN (flickering) WW

OIS U JHRAl ITdhadc oW, Sl dolwd], BTec BIsC gdl TR HRYR ST AT Hal.

8. URTAdH (Reflection) ATIOT JEHNT YuUf HR0Y:

qUIA: BTec TIRN SRIAE JEHET &R TSdl 1 WRIadd JSHTT (Reflective surfaces) 3iTd
fohar NS (He gEUTT) 3R

TUra<iaR URUmH: goan W= fUd ofdr wafia ggumT Sise aleq rdbard Tl Eiol
3oles dlg. ADdld. TG fdl SIRd BTac MY Udld, SaTges UHIRT HH gl SN He, T8
IRl TR Bld.

9. BT Herad (FEuR snfor I=eh)

quIF: TSR fdhal 1 doHH UG HROATE AT 8 1 ST TReAR [l
feaaTT Ao I9R 3.

fSHR 37 Az IR Aed oRc 9y SRl Sl TRuR deodl dd, IS
BT T fES[310 HHhC YRG!, WIAfod WUITe! Glscedl UaxNg $holl ®Ia&Hdds!
YR H .

10. TgfaRolg U :
Ui 181 Ucdh S 1 gHIaaTodT olsc, feaarar scdt UGN 30T Wo T aTdiaxu,
WA BecHl OETaR JHIG STHAN. "9R® Blac HIHAH IlScol Re 3% dhdl, Ig
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g Hfod JaIe UHUI FTac JuIadl JUTRE 2.

11. TS € ATTYT STOT UR:

qufq: SIId FTEc HY FAS FMAId, d HAED Jlac, e Blse, fhar IHgde Flsc
I} MRS ST Hl, TG Blsc SIaRIT 3.

TUIgAaR URUITH: Giadie, SR, A ddic dacdloHd dqod JaeH slscd
R TAR HRd, SIS TITA R 10T AT & dTed. T Blac AR RIS HH B
2[dhd, Il AIU €1 ahdl STV HEHC ATATaRUl TR H& 2.

12. AISC UIeYRM:

qUIF: SR a1 g fGRA SIURT dTse, SaHe fo[sid SrdmHEhe (Visual discomfort)
I fbar Tfife HG%ERH e (natural circadian rhythms) gyTfad gidr.

TUTaxiaR URUIMY: SR Glscdiod arg fHaioH 7 hodr IETT aIdIaRuml orata)
TR 8IS 21! 31101 F0HE T TS, Ahdl. B UgHUl HH! HadH, faRiva: aeie

AT Uy

1. I3 URYI (Define) HT:
(1)  Minimum Spherical Candle Power (MSCP)
(i)  Space to Height Ratio
(iii) Luminous Flux
(iv) Utilization Factor
(v)  Minimum Horizontal Candle Power (MHCP)
(vi) Lamp Efficiency
(vii) Hlumination
(viii) Light Intensity (ehTRIT=H Tiierd)
(ix) Lux
TIITT Lighting Scheme TT ®IUIATET IR SHTa=RIHdT i
INTT Lighting Scheme Tt afRree 311fdr Advantages T,
faQied Lighting Applications |11 AT Lamp fasT:
(i) Street Lighting
(if) Sports Lighting
(iii) Industrial Lighting
(iv) Residential Lighting
5. Lambert dT Cosine lllumination T fAGH T,
. URUIR® Fluorescent Tube Light =T AR A bl &W—ﬁ Plel d AETe Choke
3{TFOT Starter T BT TP B,

RGN Lighting Schemes WH@W 31rfor Application Areas I
0] Semi Direct Lighting Scheme
(i) Indirect Lighting Scheme

(o))

\]
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8. Shadow 30T Glare TIF T TIOT ATl GRumy fergr.
9. LED Lamp o XQTed & 30T LED Lamp d Construction @ Working 7.

10. foiedT Lamps @ ®IUdg! &F Applications fTgT:
(i) LED Lamp
(it) Metal Halide Lamp
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Utilization of Electrical Energy (314323) ﬂﬂﬁﬁl@m 3P 3@3@% TAST (3333 )
Unit - 2 Electric Heating

gfe - 2 gaifaees fofdw

fawg fre=h (Course level learning outcome - CO’s):
CO 2 - 3fferheg (Applications) IR qg sc\blragw SEERY (electric furnace) fAger.

ved fruht (Theory Learning Outcome- TLO’s):

1. 3@'@% fRf&T (Electric Heating) IR HICRIT (construction) af$ filkus
(working principle) 3O TSI (classification) TJ¥ .

2. feowar sifdaHuTa! Ty BT fRRed (heating system) SRS BRI (justification) T8
.

3. Ira&c’gf—ll STTaRe BTl (furnace) Elécr%rla‘?%ﬁﬂ E%EI_C' (heating element) %aﬁqw

4. TSRM Bl A (size) AT YR RS GARGS (simple numerical) TSl

5. Solacd BIETHE BB (voltage) 3T UlaR RBIIRHT (power requirement) TRETHE
(estimate) XI.

uf=g (Introduction):

AT AT S aToRINTe! 3ofacd BT a1 Hisdl THIUNG aiiR &l Srdl. el
IR (i) TH 81X (Room Heater) (i) IO TR (heat) HRUANTST AN dfex Blex
(Immersion Water Heater) (iii) GAUTH TS Bic Lc\bd\{-l (Hot Plates) (iv) s%f@gda Heo (Electric
Kettles) v) g%m Tl (Electric Iron) (Vi) U1g- ﬁm (Pop Corn Plants) (vii) CERNIG|
gofaed 3 (Electric Oven) 3O (vii) Sofacd CRER (Toaster) SATGIAT THGRT TG
sofaes T =1 aeifiie arRimed (i) Aedd faaesur (i) THIRT (tempering, TGS
(soldering) foT sifghT (brazing) Al Heo iR EjE‘ﬁEﬂ (metal heat treatments) =T AT
3Tg. (iii) AIGSITT 3% T (moulding of glass) (iv) S=I&EX a8 (insulator baking) (v) PIUR
IR d THAfST (copper wire enamling) <.

2.1 Eﬁﬁﬁ?%ﬁ‘ﬁﬁm (Concept of Electric Heating):

2.1.1 sdfae® 3 wust sra?

e &nﬁrﬂvﬁaﬁff HRUNNIG! 3afacd gic AT 3M1e. SIS, Ao faqeau,
HTad Yrd TR B0, HIWR dRR o THATS (copper wire enamling) , S=Io e afdT SfOr
IfST saraiarat fefd T sirazge 3RId. TR ATURMTST WaduTeh, Yol TRH 6!, fgdred
wH fgfc B0, HUS (Fo1a) U BRI, 301 SR 3 HHNTe! BTl sazgdhdT 3.

gofag® R (Electric Heating): 8 ST 3o gle IoiHE FUTTR HRUTTH Ufshar 3fTe.

WWW(Principle of Electric Heating): m%ﬁ'ﬂé SR P U Tl
ACRS@ [T STal degl IWIal AT gld” a7 dwarar SURd 3. Jlfos HCR3Sd (solid
material) 3GIERUN U341, ST IR ‘R’ Ohm 3T 3101 AT ATGUIRT e “t* Vb idral
‘I’amps 31T, 1 gerdfd fAmafor Somt e H=12Rt Y&H 3.
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Water Heater

wiE alex giex

Figure 2.1: Safaeed @& SusmRUN 3GI830I (Examples of Electric Heating Devices)

212 Eﬁ'@ﬂ?%ﬁ'ﬂ% G\I%Gﬂﬁﬂ (Advantages of Electric Heating):

1. Zofae® RIS SE W (dirt free) 3 WU WS ATo! HHIA HH! T HRID ST,

2. W%%Tt@ﬁ@q (flue gases)wqé)f G@W%ﬁwmw
IR 9.

3. Sofacd BT A8 CHR=R $¢I® (temperature control) 3RTET g PRl Ad.

4, ISK O IJUSH ST 3R URUTRS {3t Rew=anr qona gofdes fgfidn Ren
ECARIEETY (economical) 3G, IRCIOZ B (installation cost) 31for T Bl (running
cost) aﬁ%?@ﬁrmﬂ 3{Ted.

5. 3@»‘% fefe en fofd Rrerushie o taardare (abnormality) YT BSESEL
UICFCRM (protection) B ST, RAdhl.

6. IR IR fefeT Red=a go-ia a1 Rie e &1 &l Yud SR 316,

7. W%ﬁﬁﬂﬂﬁﬁw (noise less) G{I%

8. Sofacd BT Red R BT Rieruan e & ol Adra.
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Utilization of Electrical Energy (314323) gﬂam@m g sa?ﬁﬁﬁ Q:Wrﬁ (3¥3IRI)
2.1.3 W%ﬁ'ﬂ o qEffmRT (Classification of Electric Heating):

Electrical Heating  3afdeaa fefem

. )
Power Frequency Heatin High Frequency Heating 7 fefen
Wy MRy st T

! ' ! '

Resistance Arc Heating Electron ZeRA R  Induction Dielectric
. eating fefém  Bombardment Heating Heating
e 1%%1 b Heating l o1 Fefage fefe
1amaa R l R FAICH e
Direct Arc Indirect Arc )
Heating Heating Direct Indirect
, TTeRREe R Induction Induction
l l 1 Heating Heating
Direct Indirect Radiant Yf¥1e ST §SaH fefen ST gS fofe
Resistance Resistance (or) 3 33 s fRfew
Heating Heating Infrared
TR Yoy fgfem Heating
STSTINGC Mfore-4 fefe

Figure 2.2: Eﬁ'@ﬂ? %‘ﬁ"ﬁ BT (Classification of electric Heating)

214 '(ﬂ?’ @R‘I‘Wﬂ?&ﬂ (Modes of Heat Transfer):
Blc b el (modes of heat transfer) I IR U HedRM (conduction) , CRSE|

(convection) O XFSTRM (radiation) BIT.

Conduction

Heat transfer fror
bnd}f to handle

Convection
-
Boiling of water

CTTEND

Radiation -
Radiation Emiltch
by flames

-
L

Figure 2.3: @E‘ = mIAl UGl (Mode of heat transfer)

1. S (Conduction):
BIc TFAHRA (mode of heat transfer) T UGS, YR (substance) T T TGRS

(molecule) g BT 30T BTET &l (heat) A=A ATGRIGHED TTAHR B!, 0T 3 3R

29
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AISRGHG! BIC CIHR HRAd. ST SIS 13T TRY DRI 3, T dle <l cldbige™ f[aRiy
SRR ATTHMIG 1M1 SG BT & 31T, 0o ¢HReR ATSUT (temperature gradient) 819,

Ax

- S -

2

Figure 2.4: dg- q¥ (Rate of Conduction)

Figure 2.4 T GrRAAAATIHIU Tifs ACRSHS TTEId &RT, SUTET HIG-UaRM A m? (square
meter) T 3ATOT fAGT x AR (meter) &1L SR T1 30T 72 § AT Gla! Slofd dTIHM © K
e 3@, R G [9vg INAE t Ydhald IURT B (heat ) R It 14,

_ KA(T, Tyt

Q X
5 k= FefRare yde Frefdefege! (Thermal Conductivity of the material.)

0! Dlel hSRMd! Iargul [t gd:

1. HUSH ¥l BRO § HSIRY Th IaeR0l 318 Fo1Y FT (heat) ST HUSITId
SR 0! Sl

2. BT (heat) BTN BT g edlds ST (transfer) BId ST BTATd ERGIATAR SH T
qoal fadesd.

3. 3BT GG HIaRI® a1 BIC (heat) SRIGATY SIHAAT Ud. HRUT AR BIc CFAHR

gl
2. PrQBHIA (Convection)

Sicg] HISIHRSAT (molecule) Y& Tciiges UeTem fdbal Saredl Tl NG gu=aT I
BT TAWR (heat transfer) 81, e8] ATST BIC AR Al Hregd R (convection) Tgd UIATd.
1 GG AL, IWTdT GXITARUITET &R (rate of heat transfer) UTHRAT AT ATUHMIT FJSS
SFRIET (fluid density) TE TRBTER TG . SHIUT dlex GIeXUNT UTUATd gIe Sod
cIqWhy, galc cI=qh] PR DI (convection mode of heat transfer) He D Ugdrd U
IR AR, BT FhI[ gR Ui NYSTT S0 gled JHTor 3fzra: fefd
Q%ﬁ??ﬂ'[ (heating element) ATYHTATAR 3TOr 3f=7d: gl fRUdiaR (position of heater) W
3. TordIEse, gl TRIHRAT HredI UGdHe Bic SINIURM (heat dissipation)
GO TRURH gR T STl -

Maharashtra State Board of Technical Education 30



H=ax (T, —T,)b W/m?

Y, ca> SMfYT b’ & PRECH 3Med ATdl BRY, el WWY R (heating surface) HTOI
3.

T1 31101 72 B fefcT sotcd 9 3M1for §d/HeR3(S (fluid/substance) d ATTHM °K T 3HTed.

WIS Blal Proeh Rl &gl fad! 3fed:

1. SR 9ad AfGagad (molecules) 3RIGS U0 IhSGAM dBRN 80 Bld a)
HH gIdd Afoagod ava [GaH B S Alorgodd] TR glode
(circular motion) @a W’IH% groft TRH @a

2. fayaganiadt sed TRA Ul gdihs Wbd @R gdidte Ue Ul fayaqdise
TR,

3. TRH IGdT=A1 UTogiH e TadTiyERuT (blood circulation) Obfoecb-‘il"lﬂﬂ J-IcidﬂI:I fﬂ?f, \SQIJ:I,O?‘J

ST arga Efa gl
3. fETR (Radiation)
SigT Be TR, gleedl AU gic exig=dl Yariiudd ezt 3¢ di<cde 9 gidl $o
ST, AT AT i TR T ISTIH HIS (radiation mode) TUIATd. I STRMER BIUR Ele
SR JEHRTER Aogd Sd). TR 8IexdT (solar heater) ITEdId glcd CIHR 8I0F §
ST 1 Bl TRIHR AT Ugad U IaIeR0 3G,

T sedT, SURH gR gic fSRIU=M (heat dissipation) BI0ATET &R W1 HaHTGR
TS IEUHTY feT 3118,

(i00) ~(sgo) |-
=D

o = (5.72x 10°%) W B Mg

o= SARIRIRT og (smafeas Yfeuexwmdl 1 omR)
T,= BIGITHE AT dIHH 3o

T, =h{Sa TS BIc IR YaIId d9qH 318

k BT AWM HIufthfRiie g (RiTe sodcardt dl 1, & siera! 0.5-0.8, Yoreg fefem
SOHCHET 0.9 3MTg) . dYd, e fBfET= TRhzM 9%+ 3 fagd Ia &t Iede die
YA Tl UiaRed HRepT=dl JHIUG $rd. WU, Yfede BT = aumme wu
BT 3Te.

2.2 I ffdr (Resistance Heating):
Sofacd I HRUTTT a1 UG, ST HSR3® 7Y gic MU0 SR 318 A Sofacd
dTg UI3daT Sidl. ek A ofaed Jaglol fdoadr IS~ & (resistance) IR 8T

3EHH B (ohmic loss) fAafor g W A3 Bic gid.

H =572 X ke
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Utilization of Electrical Energy 314323) ____ CTCIIRIRH 3{1th Selagleel il (¥R _

IR %ﬁ'ﬂ% YD IR (Types of Resistance Heating):
1. STRGe oy fefem (Direct Resistance Heating)

2. STSTANEE YoRe— fgfd (Indirect Resistance Heating)
2.2.1 m%ﬁiﬂ%& (Direct Resistance Heating):

Electnic
Supply
golldcd Y
“ — Elcetrode S(’TQQTS
High Resistance
l Powder
e GUEIERELGED
@<= e L 1]
& \ S ) M L) -
= :,",'-::y pree) (ﬁ{;; < Fumnacc
:,"3: ;:,«{ [1}‘ " “'\‘.),‘ (N )| " .i ‘: [b—'ﬁg
=X ()% | ‘:,' Y, @
¢ L BB O O
S0 T 20 9 Charpe
ERiex e es

= a

Figure 2.5: mﬁ@ﬂ% (Direct Resistance Heating)

HXCH I (Construction):
- e COA DN N iy AN Iy
dlId e cs dak, dlvl p O Ulgc sAacls, gl Xlvike~1 Yldoxd %W@m?ﬁ

gai e (Working Principle):
o RI&T (Joule) (H=1?Rt Ele TR Ba)

JBIT (Working):

SRR Yo~ fRfde 3daciagR 3ofded QRAST (electric supply) BT STal (T fdbar
SRf RaST fGHT SIS, Fhall) . TS (material which is to be heated) 8 TTASR, B8 ANGS T
(solid pieces) fdhdl fof@E (liquid) TWFUTT 3 Z[Hl. SigT ACHd b Bic BT SR
T 4T ¢ Withe CTSTANTS! droredl gEHNTAER 3 Yore— SRo @l ACR3fEd! Tast
CIH o1 Olld. AT B Tl glal ST SY&eaT MIHIAR 96l Hedgie HH gid.

JegHcod (Advantages):

1. UhgHM fgfd.

2. 3D THRER (ATAU .
3. BRI gIc TR HRl.
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AMRIB=T:
1. BIc ‘cﬂ?ﬁ'c’ (Heat Treatment): oco d 'G’I?:ﬁ"T (hardening) , TR (tempering) G|
3T SIRRAT (annealing) FROT TRIREAT UpaiHe TR W,

2. Ued WRARAT (Metal Processing): I (steel) , AGIAMTT (aluminium) STOT FaR

Tl Uihdd IHId: TR SId

HGSIAT (Soldering): ISICTH RBT HTa! sSHH HNGSRIITST dTURS ST,

4. ST (Quenching): TBIET AR UeTyfT Fee FHRUARIS! Tide TTY AT FadR U3
HRUGRIATS! aTIRS SiTdl

w

2.2.2 WW%%T (Indirect Resistance Heating)

Electnic e
Sepply  gaifdeed W@

< Gt yfRfaR

e R
:(‘. LY. 4:« Charge G|
,.:4' 1 Jacker “\;‘ﬁﬁ?

Figure 2.7: Eﬂmﬁ@ﬂ%ﬁ (Indirect Resistance Heating)

STerIRae IoRey fofdw a1 fefd ugdiued, sofded dic arR fhar IR I=- WorRcy
T SiTd ST GBI HRUIRT Uedh qaR Bidl. [BicdT godcHed FHfur giom=m I°R 319 =
AU gl daR Bid 31101 81 gl gxaiaRumel s fhar 3fdd TgdigR 3al. hedrM,
WW 3T i‘%‘&'{l’-—[ (conduction, convection and radiation) CIR ﬁ?ﬁ ST, SR _Gﬁ_c'
SR HERM gR BId 3G TR Ao (resistor) Mol HUDIT AU HAZTD 318
JeR WWUH NB@S S, TS AR, e HRUmHTS!, 5 Higan yHmond 9 gie
Il 3dr, fad i sotc TohT Ridexadl 390 Sd sarHiad! drel RIGodl Sidbed
deo o 3.

1. 8 THGHM dI9HH UeH &,
2. WGYIfod drgd™ =01 e o WS, 2Adhd.
3. 419 RABT &6 UPRAT (AC/DC) ATRST 3> FAhll.
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Utilization of Electrical Energy (314323) gﬂam@m 3h sﬁaiﬁw Q:Wrﬁ (€XS-FTE)
SfRrPpe:

1. ¥ gleR (Room Heater) ,

2. QTIQ]%[ dic Biex (Immersion Water Heater)

3. IRATCH 31101 TG FaguTenTd aroReGdT St fafay ybR=an Yoe—y sfig1ae
(resistance ovens) 3TOT TIGE ST (salt bath) T-aHE TORST S,

2.2.2.a) IR B fhar Gﬁﬁq (Resistance Furnaces or Oven):

INSULATING MATERIAL slea feT

L Hei3sl
Eé HEATING ELEMEt:Ts : .EE DOOR
E.. HEARTH o i:ﬁ. DOOR
: : OPENING
: o7 RIS .' : 313
OPENNG

Figure 2.8 IR B (Resistance Furnaces/Oven)

Yo wHAY fhar Gﬁﬁq (Resistance Furnaces/Oven): IRy th (23] Uh JR 3l
S gerdf gic HRUIRITST I-AGA AT Hedl alIR xal. iegaaed arR fdhar oo
I-URIYF (High Resistance) TSIUTURT §9G0G &I¢ PHRUIR GCH (heating elements)
SHYdId.

qfT:
fafd soHcuayA ®ic dl for RBidT SoHcH HSRM (Conduction) , H-@HIA

(Convection) 30T AfSURM (Radiation) §R ARSI BIc SFAHR BRI, Blecdl, Bc, dD
3TOT IS~ FHIAINTT B 3icg-Td dTuH fHafd var 3.

SfRreera:

1. giedt Siad aF HI0| (drying and baking pottery)

2. aifr ifeT S 0! (drying varnish coating)

3. Ridfews ygrufa ®aHARRAT (Vulcanising) 30T I (hardening) HR01
4. GRS SHTOT TR TR gie a0 dor
5
6

: ﬂl(ia JUIAT SUHR (heat treatments of metals)

. 3 Reauare ar amoRe S
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2.2.3 %?ﬂ'ﬂ Qﬁ'ﬁl{ﬂ (Heating Element):
TR I HRUATITAY TR ST ST ISR d SSHTIST (resistive element) f3fcT goH e wurdrd.

ATIH I : Sgdeh oRe 4 aR f3fcT goHcH G AshIH 80/20 (80% Hb®, 20% hITHTH)
9TuRard. f3fdTT gdHcH drR(wire) , RE (ribbon) fdhal REU (strip) AT, AT § Th
IAFSTS HR3SG 3T, HRUI ATAT IVRCY (resistance) O SIRd 3Gl 10T SiegT o
gfesaial §ic B old dagl d HIfHaH firsedl Uk Usex< (adherent) $3R TR Hd.
W(ceramic) , av—l'ETr[(cartridge) : ﬁ%@(coil) , Bu?ﬁTSF[ (halogen) 3rfor gt W(PTC
Ceramic) m fafay %ﬁ"’[ E@WEIW GrfI%?‘f

%ﬁ'ﬂ sﬁﬁm STARY D dT (Requirements of heating element)
1. B SIRCITgEl (High Resistivity)

2. BT Afed Ufse (High Melting Point)

3. B CHER aﬁgﬁsﬁm’ (Low Temperature Coefficient)

4. TRTSIHE (Free from Oxidation)

5. 84<Igd (Ductile)
6. 3TH AbHE FZI?ZJ (mechanical strength)

224 %ﬁ'ﬂ Eﬁ'ﬁmaﬂ WGR?ﬂ PR (Causes of Failure of Heating Elements)
1. 3{T[ATSTM (Oxidation)

2. FRISH (Corrosion)

3. HH DO Dnc'zg\?R (Mechanical Failure)

4. @Eﬁ?ﬁ forar Sitof arafe (Broken or worn wiring)

5. TRIeGHE (Embrittlement)
6.8ic ?Cﬂ%ﬂ?ﬁ fAfd (Formation of hot spots)

2.2.5 arqH A3 srvarear uged (Methods of Temperature Control)

faRy TafeTaR, g fhar siigaed ARy Mass el ore—y ffdma amou Feifa
PROGRITG! fafaey UG SMed. By o AIuHH RR Sauare! fdhar SazaddaR o 9GUaNIe!
fore=g feféa aruar A sirazge SRy z1dd ST d A3t fdhdl SficHichol ho I3,
2. e B fhal 3fieg-TeaT JTadid, TR o] sl WOS gk [Go! Sd:;

H = I?’Rt

= V%t/R
TEUH, A= T dioHT WUt HIodTel Ugdi-! fFafd &o S1ss 2w

1. 3reAAYH fafRT 311for arg-dq 4501 (By intermittent switching or ON-OFF Control)
2. gidhe BB dGB0) (By changing circuit configuration)

3. BN H oAUl BT FG& BVl (By varying the applied voltage)

N

4. TR ST cH H=AT I (By varying number of heating elements)
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1. §exf¥eA f/afeii (Intermittent Switching)

gexfide AT Ui e, 37YC WM (input supply) BTG! BIS 8§ B o~ W]
AT ale BRITad HAfGUeET SRd UigadT Id. 379 IWH ¢ HadMHdRe!, JUIul §g
GG H-ad AU HIel THIUNT dled. B! HIBMHAR B o dTaHH HH! 81 SHTd.
SiegT ATUH T qa-effed St arodT udd Uigad, 9@l 37Ye I §81 914 HoT SiTd!.

heating up

” SI3R My

-

0 Door

F ‘ ORI, Z Intermittent - expree wifim
= Furnace switching

'J (=

£

1N w4 gife
: » [Cmperature
SRR (n 100°C/duv.)
Figure2.9 o seaefifes (Switching Characteristics)

fore=y i a1 ugdivmm, araam fd=on 91dt dqul e are $1foT §g Pl ST .,
Rt Seieaaed 3 (arc) 3T 96 -d o1 HIATHLS ATIHMIGR LAY Rafei fdar 3.
fg=romaT uRRomA Figure2.9 A&l gxifaar 3rms.

2. Wﬁfﬁﬁ‘ﬁﬂ?mﬁ (Variation in Circuit Configuration)
Afdhe PIBIRIA FG@H, oRe B aua afd &=l Id. -t Jfdbea=n
qadd, RS gote ¥R (Star) BIFHTRIA AL SNSGS SRAHT HH BIC a0 d¥ Sacl
(Delta) PIBIRIHL TR BIC G50, RITG-Uhol Alwcqd SEdid, fglc SoHcT=l
RIIS-IRGS (series-paralle) GUTGR dTUHMI 90 I BT Sl

R ] R
Vi
ki N
[ Vi
n N
X || VAR || Y
B B
Star Configuration Delta Configuration
®R BFPTREA Seel BIRpTREE
Figure2.10 gfhe SIfRpREE dqd (Variation of circuit configuration)
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Utilization of Electrical Energy (314323) gﬂam@m 3P sﬁ?ﬁflw Tl (338333 )
3. WIS @E@Tﬂﬂ?ﬁ dqo 0! (Variation in Applied Voltage)

o [l

Re glcA FHIHUMETA § WY Bld Bl JWRS Hoodl Focaddlo Jeods aic
SRIUZA (heat dissipation) Bls® 3T A H-Y o d0HM JCo0. AR Hoadl
TGO 90 HRUTMNIS! GH UGd! ST HRd: — Sg] iy 31 3 @IGedl SRo Q]
STABIHR UTFRY (transformer primary) AYT TG $HoT Al @] I GIGCSl SO0
3!, AT URIERT ST (primary tapping) FaEH, YdheXIdT (secondary) ®lGed dlgadl fdbdT
HH BT Al TS B o ATTHH TG0,

mﬁjﬁ(autotransformer) e - Aorew R g = aoEE Fumarst
ST ABIR U= ugdia Ifthe WIS Figure 2.11 ALl IMAS 3ATR. B Ugd UTHEIM
T8 Ao~ BaHed qIRS! ofld. T YUMo, JfelerathiHRal iR foRed Hads
T BN BI@eo fd HRuard! 3nfor aRumet e drga SHrfsa BRogrars!
FHST S,

Glccul .
ferere e l.{csxlst‘a‘ncc
voltage furnace
selector /
switch % Wore~ vl
Sulpply Tappings
voltage - i
O g @ieany 0

Figure 2.11 ﬁmwm@éﬂwﬁm (Variation in voltage using tappings)

4. feféw '&"@ﬂ?ﬁ'ﬁ L I TG L | (Variation of Number of Heating Elements):
fore=y fRfemean araue v a1 uadme, fRfdT afdbendia B ufedeas dwem
S Sid. dgaE SH ®rugret BféT tfodaadt dem & odl S|, R dEH
JTeauardl e fgfdT Tferdcy Sied Sidra

2.2.6 %%Tsﬁ'ﬁﬁiﬁl%?iﬂé? (Design of Heating Elements)

fRfT FoHCTTd! ARG IR RETURW! adesI®R (circular) fhal STAAIH! (rectangular)
3 T d. TTYC T 30T AT FGes! S Yaaan feoo daaH fAafor st
AT 3T BT Totc WUH IRl HR AU Sl Aeldl Ad. JoardroT fgie
gofcd dUHM gexd died UXd Plalde d fRR drugHEa mgied. a1 &oft, sodcy
JEHTTIAE dTeR USUIR! BIC So1acdh Jorl 3AYcsdd! 3¥d. YSURFISD §ic deR Usd
3 TR eRUGTA! AU Y SR 3.

KB ﬁ'CITFW glc SNUcs (heat dissipated) 372ft fGot offg,

H =5.72K [(T1)4 <T2)4]W tt/Cm2
= >72%¢ (100 100 att/Cm
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sofRee Fige dfaR p = =
WY v TS dleesl 3101 R BT sodcan Yore=.

& l
P—?And R—p;
[

r2
R [
= £
" ED)
Z
_ 4pl
 md?
VZ
)
d?
B V2nrd?
— 4pl
I nmV? _
E: 4l_P tee see see ses see "'(l)
oY,
p = AR A RT@a WRIhe IR,
| = IR Siel
d=dIadl A1y

IR e (wire element) THUT USHTT = nud!,

SR TR =1 Ufd gfie JEHFTAT &thesT=aT Ufd Tdhe JSURH T Bic SRITUT Bid 3,
W ufd Tbe IAMId BIUMRY I = ndiH RN )

oY,

| = 9RRT Bidl (length of the wire)

H = Ufd gMc gEURT 8% Iae+ Sdoid 8IUIRI SWIAT (heat radiated per unit surface area)
oY THIBYT (i) ST (i) S (equate) T v,

_ H
2ol nd *
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d
1
I ol
I [ g
Figure 2.12: Circular Heating Element (Wire)
d 4pH
2~ pz

THIDHROT (i) AT (i) TARAT TrSg IR At Sl (length) TOT A (diameter) HTEdT Ad.
Ribbon Type Element
SR w gl Rl St (width) 3RS 3707 ¢ & ATeh B9 (thickness) 3RS, TR

vE v oovE owvr ot v?

P R_E_E= ol orl—z—p—P------(Lu)
a wt
e YRUNTTaRA GIUR B 319 = 2wiH (SIS 8F1dhs 2tl dieH)
wtl?
= 2wlH

pl

t 2pH ]

TZ:W......(“})

faoadn e t RaAudi(iin) ST (iv) THBROT G+ | 1101 w fHes 21T,
%%TWWWTW (Sample Numerical on Heating Element):

1) 20 fholdear Rie Bel 220 ®lge oRe figaaed AaHIT arR fgfeT oy
AT, TRRE HHTS 1150°C ATIHT SHTIOT ITST dTTHH 600°C 3RITITHTS | fST3 3o 3R,
SR ST sfha=dt 0.55 31@; TR (Emissivity) 0.9 3fTe 30T WRIfhe IorReT
(specific resistance) 1.09 x107° 3figH Hiex 31T, arRal ™ (diameter) 3for it (Iength)
3iGTSl BIar.

I :

fecien Afe:

3fiegTd Uiar T, P = 20kW = 20000W

dlecsT T, V=220V

T1=1150°C =1150+273 =1423°K

T2 =600°C =500 +273 = 773°K

Jfeufd gfthart (k) = 0.55,
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WG IO (p ) = 1.09x10 6 ohm-m,
4GRS (Emissivity e) = 0.9.
SR Ufd g dTmBIe SWIdT 3T (Heat dissipation) fhUTeigR fA@T SId 3@,

H = 5.72K [(T1)4 (T2>4]th 2
= >72%¢ (100 100 att/m

1423) (773
100 100

H = 105987.6985 Watt/Cm?2

gl SNIUCE (watt) = 3aifdcdd STYC TR (watt)

H = 5.72Ke 41 Watt/m2
( )]

TR P=VR 3T R = gl/a
=Ql/mr2

—Q* nd2/4

=4ql/md?2

V2
4qQl/md2

P=nd2V?2/4ql

l

=== nV2/4Pq

I 3.41 * (220)2

d2 ~ 4+20 %1000 * 1.09 10~ — 6
—=1743728.032 ... THIHT (2)
H+mdl =P

105987.6985 * mdl = 20000

ol OISl ¥ U3,

d21? = 0.00361

d? = 0.00361/12

B Beg FHIHRUI (2) 4Y TP,

— = 1743728.032
0.03361/12
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[ =1743728..032 x 0.00361 = 6294.86

[ =18.464m

Bl 6 g JHIHRUT (3) WYl <1
d(18.464) = 0.06
d=325mm

2) 27 foolde, 3 @, 400 v I 3fgTHd ot WR-Facs BT soreamdl 0.25 it
-4 I More -1 ReT aToRE! 3118, SR Ug i da| 1000 °C ST ATsid dTad™ 600°C
3, W U A S e &l g9 TGt (emmissivity) =0.9 30T
el ftham=lt 0.5 38 3 TR T 3T fey Hefgadt NRRARIT 101.6 x104-
80m3ITg.

[C55 O3B

ferat Amfea:

TieR (P) = 27 KW

gieedl (V) = 400V,

A% @-ia ugid &9 (t) = 0.25 mm

T1 = 1000 °C = 1000 + 273 = 1273
T2 = 600° C = 600 + 273 = 873
4GRS (Emissivity e) = 0.9.

ST 3BT (k) = 0.5

WiGhe IVRET (p) = 101.6 x 100 € QOm

TlaR R Bl = 22=9 KW=9000Watt

3

aﬁé%ruvﬁm:%’ =231V

P=V?/R
VZ

R=—
P

R = 231279000
R =5.93Q
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= Ut il
w = Rgu=it ¥t
LT T I9R Bl Sifues,

T1
100) 4= (100) 4] Watt/m2

1273) 4 (873
100 100

H = 52645.33 Watt/Cm2
THUI IUGS GEUNTD 8ADBS = 2 x W x [
TRl gic RIS = 39Ye ufR
+52645.33% [2 x W x 1] = 9000

9000
52645.33

2 W 1=0.171 m?
W L =0.0855 M2 ..o, THIHRT (1)

sk (1L

H=572%x09%0.5 [( )4] Watt/m?2

2W 1=

pl  pl _
R=—=—"= (1016 [10]"(=8) * 1) /(w*0.25% 10 3)

w = 1459.15
HIHRT (1) T GG TP,
w X w X 1459.15 = 0.0855 m?
~w?x 1459.15 = 0.0855 m?
~w?=5.8595 x 105
~w=7.654x 103
s~ w =7.654 mm and [= 7.654% 1459.15
~l=11.16m

2.3 Wﬁﬁ'ﬂ (Arc Heating):

3@% &Wﬂﬂa?ﬂefﬂ'ﬁf(material which is to be heated) e gIc TR HRUATAT Ugaiial
31T fe e wRurara. aret WIS (solid) , fAT®S (liquid) THaT 71 (gas) 31 v, SIegT SEREE
fBfeT 3w, d®T U godcls aTRdId. STeravde RIS, gic g ®-ga_ (convection)
fdrar ASURMER (radiation) SXAIART BT I

3M1é BIgHe) aToRS SV SoaRIS:

1. PTa 30 dg\ls (carbon electrode)

2. AWISC 3@7(1@_5' (graphaite electrode)
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Utilization of Electrical Energy (314323) gﬂam@m 3P sﬁ?ﬁflw Tl (338333 )
3. W - §fdTT 3@3@@ (self-baked electrodes)

3T fefea T UHPR (Types of arc heating furnaces):
(i) SERGT 3Th B (i) ITSTRGT 3Th B

2.3.1 STANGE 3ATH B4:

ST SHAEIS T So1acd JRABT (eletric supply) fa®T SITAl 9T GF 3R] TOR §IdTd Sfor
Wmﬁﬁmﬁ_&ﬁ?ﬁ, s Figure 2.13 Ir%ﬁar’@a% 311% 3Th AT o] TUbhid (contact)
3 ST TSI UM HeqS sie AU Bld. WU dTol SRREE 3h Hrg
EUGRIGH

ELECTRODES

L4 G o IS

——— —— — — — —
——— — — — — — — —
—— — — — —— — — ]

HEATING CHAMBER

Figure 2.13 STIRGT 3MTh B (Direct Arc Furnace)

WR IUAS [RIST (available supply) DC fbal 1-g AC 3Rd, TR G Soidee A 3H1d, SR
Yrdal 3-@ AC 3, R JHYS IEEANIEAIG] W@T (at three vertices of an equilateral
triangle) i SAGCIS ST ST, STEREE 3T T-ad YaTd Hew@r dfRreed T $ee AT
TSI aTEdI. BRC GR IEFCTHUTCH B UCIHUHS Gacduard (ohdT (stirring action) TEST
B, 1 UHRAT Bl iR WY (alloy) TIoHT IATGARITS! (manufacturing of alloy)

BT STl T 3R Uigde Hedd. STRET 3Tdh H-dd 0.8 BRI UlaR haerdr 3TURe §Id.

G\fgﬁ'ﬁm (Advantages):

1. 3R fBfew = gomia, a1 ugdld $ifeish Y (pure) TSI TR Bl

2. g1 fefdw ufshar \gu Wt airg 3for Repref= ufehdeRmT (refining process) SR Sifad
Uigded HHIRTRH (composition) dgul fdfd wvar q.

Sefesg T (Disadvantages):

1. SRR 3T B4 G4 e 3Te.

2. ST oft WAGET (smelting) T RWBTIHT (refining) GBI ATURG! SITd, TRI IBTaed® Sroll
HET 3Te.
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ST er=a (Applications):
1. O R B A KIS (steel) , YU T (alloy of steel) T B AT LIS

(stainless steel) Bl (sheet) R P! ST
2. 3 3T BT (grey ion casting) =T RIS aTRS ST,

2.3.2 E:I?:qu 3Tk B (Indirect Arc Furnace):

EIIET@TE 3Th W%ﬁ, 3% gH E@E@W?ﬁ MHRIST Dicde (momentarily contact)
BIgT TR Bl 30T R BIT (heat) TN B, TR 710 7Y 31 TR HTGaes AT oot
g AroToT ASTIMGR TRIHR 8Id. Figure 2.13 AL U RIS STSMARGT 3dh iy qrado
3R, R B 1 BT |-0 SATd ST TUFE il SHTHR TehT fagurg Ot Aum=1 UebT-tbel
IS JHIUNT HIffed 3/l I1 By Ul DIUe! Uesl ¢desUar! fohal (stirring action)
18!, HRUT HIC TS| HY dled et ST B &1 FifAs R (mechanically) g®ald BT
1 dRAYT TP UPIB] BRIGI<o T R Sodcigd Hafid oo Sidard. a1 H-d o1
FHfiweh AT b B (rocking arc furnace) 3 WU, 1 By Aefe 9 hdd
goaCISH DA MHHYT JUTT ASTRFGRT A R AT hie @  dIoad]
Rhaest (refractory) 98T ST Bic BT SITAT; TEUM, 3120 By ot BT & SR 3.

ZOaCISU Bicac HH U ST R IHT YULE HEA 3 dIR 8Id; IOFS SO
3T BidT (arc length) AT (adjust) P B o1 ISR Eﬂw (electric supply)
R »or Sl SR SRdS! BISSHY Il dIR ol SIS, 2dhdl ford ST JHond
BRASTH aRAR HTTZIHT 3R, AT AT i T J&T IYIIT Ut A1 TR YT (non ferrus
metal)ﬁwa'q.

HEATING CHAMBER
Figure 2.14 E_FIE'RJW 3Th B (Indirect Arc Furnace)
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Utilization of Electrical Energy (314323) gﬂam@m 3h sﬁ?ﬁflw TAH (33833 )
FsgHEoIY :
. 50T UeT=T Ufd @1 TpUl ITe W BT 31T,

. 2 (thin) 3O $fddbe ([aridt=am e urean IR fSSgaaed aroRd SiTd.

3. 3IRISZM (oxidation) ST SreferrgierT (volatilization) &b BIUMR HTd IHH JUud

HH 3.
4, TR FifRIed 9.

SIS EHeN :

1. W%W Qaﬂ%ﬁaﬁ WW ﬂg\_ﬂmﬁﬁ (stirring action) fopan
gsd el

2. gte gAM A faalkd soarardt =mst Idd g6drd SRTd.

N

ez

1. 1 UHRAT By 91 T ITART 0TSt A1 Ry Hed f[ddesauamTa! ariRdrd.

2.4 W%ﬁ‘q (Induction Heating):

SSRM Bl WUN H8aeR (conductor) AL (AT o) IOdCIICH SSRMGR
(electromagnetic induction) sic Ul Ufchar, SaHe TSt W (eddy currents) i)
A gie fufor g srd.

afd fitue (Working Principle):
geRM el ufthaa afdh flike o sc\’)dﬁ\l Hifedh serM (electromagnetic induction)
3T I %’%‘T (joule heating) IIdX 3MYTRd &mﬁ, W ﬁ_cr At Eﬁ?f

S HicH S g SS>S 3

dH U® Eddy current due to

nduced c.m.f.

Hed a9 @)

Matal place (eharge)

Coll

Blad

AC Supply by

High Froquency
Litz Cable made of
CCA(Copper chad
2uminum) wire

81 Bithdh -4l U Hl

o

qwg Alternating fux
oA yaay
Figure 2.15: $8a_M f8feT (Induction Heating)
afd (Working):

So e d?Tsc’)C’)I TIfos W RTG he—4! Uldk T (solid state RF Frequency supply) faar
Sl 3107 Bie HRIGAT HeRSE Higol T 390 S, ST HIgGHYT YTt B Sl
e RG] ﬁ'qTIH\‘:l'IT (Farday’s Law) AYad! T gaidt Hafew q’ﬂ??—&' (Magnetic field)
AT 8. ST SSaexd Y 300 HCRSIS A1 Uaid) HAfe®d Bige =T &3Td Ad degl HeR S
7Y TSt e A gl Smar 9o fBfdm fliRke Gy Id. IR ST AeReie TYd Hic
STl degT ATd g1e (AT gid. WM, BE] SSHS Hilcd BIs (induced magnetic field ) Je
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ACR3@ A Hc Uisyd Biard, TR HTOadl Hc Job ARSI L gic (A gid. § A4
Picae RIS (non contact heating) UfehaT T .

YUDIR (Types):
1. SRR sgaeH fefdm (Direct Induction Heating)
2. g1 STNTe gearH fafcm (Indirect Induction Heating)

1. STNGE EE Rk fefe (Direct Induction Heating):
N\ ) . N . c
SlURGT QORI I%Ié”q?ﬁ, Vidoo Y] daocdl opXcHo EHqu%aa mxC dyik 8|E|| IS

IR, AT TEol BIC MHIUT Bld. TSR By IO TS! HRC leR ol SMANGT
SSRM Fofdcd RIS GF 338Ul 3fTgd.

2. sﬂm ECERIE] fefe (Indirect Induction Heating):

1 Ugdid, raddie BfET goHcy Wid dlsodl H® seRMge g fHf
BIUTAT TST HRC (eddy current) = BIC BIdTd. &l gl AdR A(SURM (radiation) 30T Hag
(convection) R TOMHY TFAHR Ho! Old. STSMANGEC S8RM 3 U Hed

RS ST,

Wm (Induction Furnaces)

SSRM B4 g TP SO1acd Brid (electric furnace) 38 SATHE HCH AN S8R (RICTgR
(induction heating) gIc RS I, I8RM B-ad! &Hdl U fhoHauer & d W
oA oI ofifYr ot Jrds onft Uiere, did, Sfegfifed onftt Moddr Hed

AU T3} aTuRS! ST,

FSRM T UPR (Types of Induction Furnace):
1. ®IR (core)

a. STINTE BHI3R (Direct Core)

b. BfEHd PISR (SIFT T (Ajax Wyatt)

C. sﬂw PSR (Indirect core)

2. PSR A (core less)

2.4.1 STONEE BR (Direct Core):

Iron cove s BIoR

— I-—Charge

v

£
{
RRNA

Figure 2.16 STIRGE BISR ESWHW (Direct core type induction furnace)
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SIANGC HISR UHRA! T8RRI B Figure 2.15 AL GRATO! 3. ITd UH B¥a! DR,
776 T 201¢ Afdhes Ydhed! A& sad!. ATd A0 Som=aT S Hie Tes BT ATo! [adesdl.
ST A el Hew A9dl del davex! dIsfe’ AL HIUde! Ualg digd Alel. g g
HUGTSY, 3Mefiear Ao fAde oo Hed s e iaeT S,

afd

8 CFIB IR i fiRuedR afcht dxd SarHed gl SHRIadTal dTs| RITTo-¢H Rlc-Tihes
b argre (single turn short circuited secondary winding) g EA'IT\‘TCIO_\IJﬂQ?CH gfehT
fiRIeR afhT Txd e gic HAGArET O~ RiTe-eA Ae-Afbes Jdhed! afet
(single turn short circuited secondary winding) Saal AT O FRIS! BISR gR HACH O
(magnetically) TISART SfET2 SHE@T STdl. B AL Th MOTHR(circular) HFT SRd0
el Yger R aeuTd fadesardt aTef (melting charge) ST, StegT I 10T
fAde ool Aee T9dl, del el arefat U -Hihe gid ST doh el aiefai Udig §g
gidl.

e

die, s, i, aia s e e IR Aty AeRsie=n gic dietic A aTRe
EIG|

24.2 Emﬂﬁéﬁﬁ (Indirect Core Furnace):

Primary
e EE%"I winding ‘
5 Primary  ygadl afdn
? v winding
ccocoooo
./é o
Charge e
Detachabis A . E e care

%ﬁﬁﬁmﬁ/ core

e

s

lrmgfwih: —-|ODOCOO0GO0 "::-,".p; y.g
circuit %{f s %ﬁ% 4 Hed DR
gihe (@ (b) -

Figure 2.17 ?ﬁmaﬁéﬁ ESWHW (Indirect Core Type Induction Furnace)

1 YHRAT B Al ACH Bic HRUINITS! §86-H fRIUS (Induction Principle) ITIRSG T3
3], 3N By A FearM e 7 BT sode 7Y TR Fod! gic d1St &l TRIHhR Bl
EIG|

afdr (Working):

SigT UBHR! aEfET o1 Twr feoT 91l AT bl dEfew Ace dhe-R T B A

B IUH S8R faggaunye gie fufur gia. g e YSuargR el erawR $ol o,
Tafed Afdhear URT AB BT U1 o= FASUTqURET (alloy) SO ®T 31Al S0 A1 B &l
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JRAY a0 Sar. [ARY aruaETeT a1 o= fyrgzar Tafcs Uachs T8 gidrd Sl it
reeng 48 B dT Hifesd Uradlel WRd Hade. B9 fhfie®ds (critical) aroHMIdd
Ogkde Wifes Ifbear Rodew drdl ot sRwifR~Tdl Ssfies 3t
(correspondingly inductive effect) FHH! BB Bl HHT B, IR (bar) AB Bl dledl JUGTSIRT
31T SHTTOT A AT TaTeaH fohfeh® AMUHMNIG SARi- Seodl Idl. 3721 UHR Hrd o arad QU

gy fFEfEd B SIS 216 .

ST er=a (Applications):

2.4.3 %’ﬁw PISR B (&ﬁﬂ&qﬁqﬁ) (Vertical Core Ajax Wyatt Furnace):

T e o T T e T e e T

uraEd arsfs

fhaedt arafdn

Figure 2.18: Ficpa PSR (GIG\I'WEEIE') LT (Ajax Wyatt Vertical Core Type Furnace)

DR UHRAT SSRM Hadl Th JUTR THR U 3ol ATC B (Ajax Wiyatt
Furnace) . § B9 Idd ITGUATTS! A= Ig 318 31T d Wes T et (standard
supply frequency) dX IgUTSd 50 Gcii'ade TGN Td. DISR HFT S-S Kol (laminated
steel) TSI 3! 3T [AdBSHAT Heod RiTe-cgR Ydh el Aihe duR gid. 3% darol
THT SIal 31 fddeos Heo dgR dle} dled Sild. edcsudrd! fobdl fia (pinch)
Shace Bid, St SfU-cAT (amp-turns) GITEAT THTONG 3. Thes! e (secondary
circuit) IUF SI0TTTST <v° 3MTBRId R fdes e e 30l 3Tazdd 3. By IFHR A1
SATTET SIS, HH! Bloed dIURS Sid, o Heo o [ddeeadl aRid v’ T8 SJugTal
3TTZH Holl YA,

SegGrcod :

1. delo R o1Te.

2. ¢ U8 AR, 8¢, Algol T Wik RIA[, T 3M1e3] HH HRUA! R TG .
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3. 3 UlaR haeR aR 0.8 d 0.85 HTH Hd
4. PRITS IURST STd ATg!

5. TTor UHIR™ €50l (uniform stirring) ThTY HHNRIRM <d.
ST ==y
3R] e OGFCCOPO PR BT (Ajax Wyatt Vertical Core Furnace) dIUx fUdes (brass) , GIE]

(copper) ATFOT ST (zinc) TRAT A19-WR (non ferrus) Heaad fadesiau sfr w1 ardt
H BT Il

2.4.5 BIRAH B (Coreless Furnace):

E— Cruable PG

oooooooooooooooo D
oooooooooooooooo ‘—T'Uﬂn:on gﬁahq

................ o

AR A A o]
2

%
007

Figure 2.19 ﬁ&mww (Coreless Induction Furnace)

? U9 RIe %9 3 SEd HISR ATel, S Figure 2.19 A GRATET 3115, AT By A4,
AT ATEUT=T Ut hReuies aroHed gic (0 STt i Ael U Ribdext fdvat R
m (ceramic crucible) ﬁr%%w (cylindrical) PR 3al Gﬁmmm
(transformer primary wmdmg) Wﬁsw@aa 3L, B Hel U e GUIS 31l
S afaet (conductlng) fdhdT 19 HsfaeT (non conducting) TeR3@ a1 THGGT 3dl. I
@%‘ﬁ dIiSIS‘I J-6U,j\"1 PlH Ob‘ldl o} Obc‘."l‘{ C||60|9 WW GHQOQ‘?I 3‘|‘HQ’> ) 'CII\)‘I ODSIOK'.‘I
fhar 19 wefaeT ST Qlcbdl SR HeR A Hlacd] ARG BISG CEIIY) 31{1(") R

YAoGAT Ao HeacT OTYH RIS Tligald.

af$ (Working):

ST TR aiRfETeT AC U gR YW a1 W, Il I HigodgR ddR BIURT Gead
oA TSl Hie gaR Bl TR TSt et fozm gl asfen adte eican fovg fazm
3d. § Hec Aoe] AfGeT Ulse (melting point) Tdd gl HRAId T d SHaHACH By
(electromagnetic force) SWE TR HRATA o ASI @] KIRIT TRH (stirring action) fAaior wedra.
DIUATS! Hafew Afhersd fawmRid BIUR TSt dic 3 oo 3Ra: We « B2, f573 B, Bt
SR (C%@) |, f & Wl (Hz) 31T 30T We TS! HRc 31 (dcH) R, HISRSY BraHe,
DISR THGAIS FOR] G-I HHI 3. BUH, 31 FoR SFRIET BT (low flux density
compensate) HUTTITAT UTSHRT ATEfST Hel 3= Wleh ! 3fTaY. SR o 3= Wiehdl aR afdhiT d
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30 W, f&p Shac (Skin Effect) Tod HIUR I (copper loss) BId, TS UIZERT drsfe d
JIA dTed. IS SATETB RIS HIGT (artificial cooling) 3TaZT® TR, T8UM, HISH(coil) BIGT
HITR g (hollow copper tube) TRIT TTOOT 3RId TTGR PGS dIck ARISCT D Slld. HIRGY
1 fSET BRI I HARE WIGS (stray magnetic field) T o SITd, 3T HIAT JHTONG
TS P B9 TR0,

JSHC

1. T 9 SR,

2. WY UISe (melting point) Td TG IEUATITA! GTUIRT 9ed HH! G SfifRrezH
(oxidation) FHH BIa.

ISR ust mﬂé 3TAV3MY GgevaTa! fehd (stirring action) gld.

si‘om:r (Irection) 3IOT 3TaeEH (operation) qrot g HHT 3.

d Bic HRUTGMTST 30T f[aqes[quaraTat arRe SIS, 2.

PRAFSTT (crucible) HIIATE! HTHR ATURT Adl.

§ ScxfcCT 3T (intermittent operation) JTST AT 3Tg.

2.4.6 T8t e f3f&T (Eddy Current Heating):

Qfﬁ DHIC %ﬁw (eddy current heating) 33?@7‘[ %’%‘T (induction heating) 31@?[ B Uurdld. _Gﬁ_cr
W@Twﬁaﬂ@mmmmaﬁ Wn@ﬁzwmﬁﬁmaﬁ wal
PHYcHes BIURT UlaR 319 TS Ts! e oI M0 8T ol gleedl Weard fags aal. 8
3@)@% SSRMA (electromagnetlc 1nduct10n) d@aR BT HRd. RIAP S
(diameter) STFOT fI@=Y (thickness) SRTATT He o [S$Xh T HIdd! B0 Higo- deoadl
D30 TYH T YW (AC supply) ST STl MUSATST 3edd DI FSIh= STl YFUNTTER
Yh X! BT dIEH GBIV HRUT I, CFIBIERTD Yh <! dIe [dgdd SHol 3¥d R SSRM
fRfcme ff aoiol Wa:a1 gic HRUANIST aIRe! SId Sif Zic Alhes Jhas U HH
FRd. I el SSGT BRC g UM HIIOOT B1CX HIg® [hal dh DI WU, BIC
FHRAGATAT UerdaT a1l [dhdl 318 WUIdld. Heod fewma aTgl JEHTTIER Hc argd! Tfor
3 HEAM, B YEHNT BT BId. I Boll HeGHE 3dd Sl G T SFIWR Bhol old, Sit Hed
BIC PRUITHT URUTRS UGl U&T JU I7aT Sd.

i
B

N o o bk~ w

= Inductive coil/
( e B Magnelic coil
ssfacs

AWAWAYA
FAWANANAWAWAWAYA :
% Softiron piece
- (charge or load)

Tdige ena- g

High frequency
A.C. supply
B Bithp =l ¢ i 9wy

Figure 2.20 sl ®e f@féa (Eddy Current Heating)
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FSF/EHH (Advantages):
1. B ®I® (quick) , TS (clean) HTTOT FIIRDR (conventional) TGd 378,

2. Bicdl Uy (wastage of heat) At Eﬁ?‘ﬁ, HRUT fAHo QT@_Q?'OI gic de EIS (charge) Bic
HIUGTS] B,

3. QgH fobaT gaR faRIY ITTeaRUITd Ggoigul fBdT ug 2rehd, fo1d o121 {3 1ol SR uRuUS

fRfETTd (conventional heating) YR TR HUI I Tal,

T fFEfd B0 gu I 3R,

Bic BT AT YUTTIAR HIUATG] 31D ST (depth) IR YT HRdT Ad.

3PS HIHR (unskilled labour) WIS JUBRUI HURT H& Z[ehelld.

ST GEHTTTER Bic AT gid dTd 8% (area) SAHYY! AT Ho 913> Mahvl.

Jead 3T f&a1sd §R (suitable timing devices) TIR IUMT BIc o YHTUT SIHYUI

fafd Fo SIS 2.

fferdpar=a (Applications):

T dIiR IRhY B'Iéﬁ'r[ (surface hardening) |, IR (anneahng) @Wﬁ_ﬂ(soldermg)

IfFET (welding) , UH Hhaul (ST Ucy) , HgwWrd Heo [qdesaul, zRafhar Susuld
ﬁﬁqﬁm 01 3T JIFC (bolt) ATV RGT B (revets heads) IS BT ST,

2.4.7 I Sqe fefew (Radiant Heating):

Ifgde e & T upRral Rfdn Rew sig ot gl foakd wvget gdar amR
Hd. AUl ST FORUT=T TRA §daR S[aeq A edl, ©F HH® SId S0 oA 3¢ Ut
IR, THF I faaid o g fFafor o g IRy 3.

© N o v oA

Interi
IR nterior
——— Exteriorunit ey I Radiator _
: SIS
Refrigerant Yfpporye | Water
¢ — [
Heat Heat
exchanger

Figure 2.21 &Y< f8f&1 (Radiant Heating)
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f&Te @it R H1gt avaiTes YbR 3figd

1. ¥f&ue weR fRfe (Radiant Floor Heating): 813fSde fefdmen Taid I UK 3118,
372 3ofaee e oy fbar TRy uvar UEY witFId s¥a STdrd. SifEHaeH ge
qTed SRIAMT, d &H 0T AT TG Bie DR,

2. %%uzai’ai%ﬁﬂ (Radiant Wall Heating): ST FHIeR mm%ﬁﬁm
fUdiaed S9aS SIdTd. 81 UbR Bl W 3iTg, U wra! ARy uRfRudine), faxiva:
T STTHE ASGATaRI® ST Hatfed 3MTg S IFTHE df THTaT G,

3. feye A %ﬁ'ﬂ (Radiant Ceiling Heating): éaf feeq BaaR %%T s@rﬁw a3
T . Bic TH A TR, IS ¥ A gie ared.

G\I"e'.ﬁﬂ%ﬁﬂ (Advantages):

1. TRS-USR (forced air) RIETHHED 43, Zr0m=aT ST RITT THIA HTIOT WU g1 UaH
P,

2. BT I 30T BI 1T Ve TRH FBTM A AR FHroil-BTd &H 33 b,

3. Aleooy 3MTg. dIdTaRuNd HIUdIe! SYBT ATe! HRUT U fhdl sI3R ATRIa.

4. URUIRSG Hs-TR Rw=m _g'@ﬁ_d U Yo 3T Yoo (allergens) qaiRd gid
S gad! TUralT JUTE 2ehd.

2.4.8 Wﬁ?{%ﬁﬂ (Infrared heating):

IS f8fcTT 81 U UsbRar Isde I (radiant heating) 318 S 84T B¢ HRUTATUGSI ax
30T BIH T U< BT HRUGNTS! FIPRS ISTIM (infrared radiation) ATURL. &1 RICH SRS
TR (GUBRIARET) ST B afenT Hd off &H AENS GEHUNTIGR MG ST, S
B ST U9Rd. § URUTNG BT Ugiiuen aiTes 3iTe S &1 BhRRe-UsR RReH, W gargie
AT AT GRIGZM R (Circulation) TG SR

ZIPRS Blex »
Infrared heater '
/Jr]
: 4 Srros
L Heated object
4 s sifsaiae

Figure 2.22 Infrared Heater

SIPRS BicH SRS ﬁw?ﬁ s%a@ﬁﬁ% o (elctromagnetic waves) feTe FAM,
1 ok, it ofor 0 Aefie Sidbi- IUEl YaH Hdld. R T 9k Il TGOl gie
U= gdd 3101 ATaTaRuld HSdld. 8dl gic Hundl URURS Rifkequer, 33pRe
gicy U T F TENE a¥ AT BIHHT g1c WaIs s HRATd. UL Sl TR! 33PRS 8ICXTHAR
3T AT RO B IAD G g1 UG, SIS 81 GAUET AT UC Bic i, TUH
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<t 3ifd SHol-wrdem 3 d, faziva: 39 Wi saoqar S fdhdT $TUe (draft) T
fore araTiep fRfeTe gle ®Hl 81 2.

NI B T | (Advantages):
1. BIP gIc: IIPRS Bicy a¥q T BB Y g TaTd degl TRIST S BT ST,

2. Soll- B &HAT: d GAUdel %] 8Ic HRd, IS HHI SHell I™T Id, = BRE
TGS TNTHS BRI 3118,

3. HT%G@%T (noiseless): Wﬁ@éﬁzﬁq@%aﬁ&r\f (blower) dTURd "IIEE\I(‘I, KU Gl '1T$\fl
S AT, TS o ST -Tae211E araraRunarat 3eaf §-ard.

4. RTINS SIH0: SRS Biey Yo fhar Taoll (allergy) FHI0N HRd I, O 2a9H
TH fdhar Yool SRSl BIdbiaTe! STS@MCSITY (Advantageous) 33 .

5. RIS HRUTT YD THIHM gIc WSS HRdld, d D RTHGID dTg Zdhd,
faRva: w0 = ¥S 3wl siRTeR? .

ST =r=a (Applications):

. 31 fRroran, WWWWW%@T@WMW

g1 RfETa IR S/ IdTG DT ST,

oTd fadesqur 3fdr eTeR Suarare! a1 fRfémar IuginT Fe ST,

DI fadesaut SfiT TSR GUaRIS! A1 i IuanT oot S,

Uc q[aqul: U GadR aiesauardl 3o g3Rimdl g3pre fBfcman amR wel

ST,

6. frepe areaul: fafdy U g Uerf o dTauarRId g1 Jumat arRe! S,

7. Spi fifeT: Wi fifded =8 (ink) @RI dTauaNTeg3pRs RfGmr amR &e
ST,

uﬁq%ﬁwmmm&r (Sample Numerical on Rating of Furnace):

1) 20°C dIIHMTIST gearaiel 2 feel sfegffAag faqesfquamrat 10 ffe srmom=n 3=-
o=l S8RM Wrad! afhredl fRRad &1, B9 o ®leoo! Kl 5 [holde 3R,
Jegffamt  fafdm  Se=0.212 g amer  faqwuarr  faig=es0°c  3MfOn
SlegfAaE=ar Y&g-TE Y gic 3M8.= 77 [halbol/fhal

IR AT fadesvarRITd! SR Bie = 2 x 77 = 154 keal

SYHTEa AU dreduaRITd! GNTURT 8¢ 20°C d 660°C
=2 x 0.212 x (660 — 20)

=2 x 0.212 x 640

=271.4 kcal

UHUT 33D BIC = 154 + 271.4

= 425.4 kcal

Ofd a1 3{Ta=AP 1T = 425.4 x 60/10

= 2552.4 kcal

i kN

Maharashtra State Board of Technical Education 53



SogfifaaeT faal SRt ulaR = 2552.4/860

= 2.96 KW

- BT &l = 3T3TYE / TTYC
=2.97/5

= 0.594 or 59.4%

2) UepT RiTTe-Thel S8aRM BgHed 0.5 - fUde f[Aaeuaraid! SHumt Sl 3igTs HTel. SR
a0l 0.5 TTT BRI 3G, R B9 &1 WK fahd! 3N 379 14! o162 fUder!
fafRy IWIdT = 0.094 fUdST=AT YFTATN Y BIC 30 = [hoib o)/ bl Udem faqesuarn
fag = 920°C WA It AfHTTEHT = 60.2% HIGS dTord ATIHM 20°C S ol Id,

IW: 0.5 fhol fUaes faqasfavarrd! srumRt tgur gie
= (0.5 x 1000) x 39 + 500 x 0.094 x (920 — 20)

= 61,800 kcal

= 61,800/860

= 71.86 KWh

THU B9 7Y¢ = 71.86/0.602
=119.4 KWh

2.5 mﬁ'@ﬂ?%ﬁ'ﬂ (Dielectric Heating):

@m IHRINERIERIRED Trer=d HuURIew fefd (high frequency capacitance heating)
3! TUIAId. SR Heo 7900 Uard KU 31%hs, Wiked, I+l &, ®Td, RRMUS gdmK!
o) I Blocsl T dica AP e @R Jdid duaH Shslacs Jidd gic 8
FUIR TSI dIHHIT d16 8150, SIIG G [RICTTa! 3axdd R o! T fThe-u!
10-50 MHz GX&IT 3R7d 30T YW Flacd 20 KV 3.

2.5.1 mﬁm feféra fifkaa (Principle of Dielectric Heating):

ST HURICIBT USTHIZESG AC BIGCS G0 od dag] HUTer Tagiae 90° fofe die ua
el T 3N FacoHdIe Bhol STE VST HH! 3dl SIS Hic I Th B8 3-Uhdl
Ich ! ol SR SIS aeh A TlaR @1 AT FHRal. I e &R (50 Hz)
3 I GEM Y 2hd U] I Theb—1 IR 81 1Y SAG I DT BIc DHRUINTS! YT HIa]
BIdl. SASfIH ST g1 HRUIMNIS! 81 319 dTRST Sl fhRAY SRITIIATIHT JHIR W
HURIER TIR HRUINTS] SYBTET HeRTS G helae=T (conducting) WeaHE dde SiTd.
Solacd 1Y g1 Theh=ul 31U I=d BlocolaR Hdogd 3¥dl. A 3o BT shae
fesfquarrdt 3= The—il R I Flgcoral AR gl H1 SITdl. gic HIadral AeE g
M YhReAT SOaCISHE 3doT Sl ol fhTR T GRIJSITIHTU HURieR §-dadl. Sfdwoc
gidhe (equivalent circuit) 3fOT daer S (vector diagram) LG Figure 2.20 T gaffaot
3B,
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/
‘ plates
apolied /[ ///

( /4
voltage /

y4
HUEES @leew

(_—/

N

’ material to be
heated

gefiar g dt gies

Figure 2.23 Dielectric Heating

_ [)icllcclric . l : :
R (
T
B B V@ R% ClL
; ——
O
Vv
Schematic Diagram Equivalent Circuit Phasor Diagram
@R Ll o STt
S
Figure 2.24 Equivalent Circuit
P =VICos®
Mlic =1 =~ = 2rfCV
xc

P = V(2nfCV)Cos@ = 2nfCV2Cos®
3{TdT,@ = (90 — 8), Cos@ = Cos(90 — d) = Sind = tand
S o BT QU TG 31Tg T ot A3 AL YT,
P = 2rfCV2d watts
UY,C = e0er =
d 81 TP 3118 3110 A B Sfded Wad GEUTT & 3Te.

£0- BAIHH! SeHlgc RIACECT 38 (= 8.854 x 10712F /m) .
Bl UiaR gic T8 TUMART 5o Sd HRUT [Goadl SO AHUNTS! C 31fiT 5 RR s/ard,
SISTICH B a V2F 3G

ST aee fRfET e afdmemdr guR Yo% 3R,
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FsgHEoT (Advantages):

1. Uh g f3fd firesd.

2. ATRIET Pixe (operating cost) FHH 3.

3. A-dafaeT Uard 3GU Headd TR iawd.

4. gic A R0l 9 S,

5. flher=3it aTeaa™ fefdT ufhar avar gid.

6. WIRCH AU BThs! TRGIRBAT SAGRNG I GRIGAYU TRY DRl TS, e,

S ey (Disadvantages):
1. BT SIGRM B 3OAHos, o IR Uegdll aTuRol e A1gt, fad grest w3y fee wirdl,

2.6 mﬁ%ﬁ%ﬁﬂwm (Limitations of Dielectric Heating):
1. Hefafera fafRryar

2. AM-HSfdee HeRIARd Halfed
3. 3rqHH fafd

4. fodma e

5. SyordT U

6. HH! Sl BIAeHd

7. 39 URfYS T4

8. HENTST ¥ 3U

9. gaffed fgfdwT emar

10. Sifed fd=or gomret

11. SARIACD FEBI (EMI)

2.6.1 SifRIPI—q (Applications):

s R (food process) , ds R (wood process) , PUS REIUIG s'lﬁ"Ttqux_ﬂ (drying
purpose) , IOIID RIGUIHHE, B SR (food drying) , YR FAHAIAZA (rubber
vulcanisation) , ¥hIcd AT dUl, Thicd dIeaaul, [AfRTY TR da-T ST =l SUARINTS]
3aRADH FSGAT feRGS (tissues) 30T IRRTAT TSI gl B0, RS 3Hih HigzeR
(removal of moisture)

mﬁ%mmm (Sample Numericals on Dielctric Heating):

1) 150 YU (cm?) QAT 30T 1 YT fRp9 3Gl 3BT HeRISdT W SRS aed
fafeTgR g HTET 3R, 30 AMECHR 400 dedl dIS TS 3R, HeRTG! Yo
RIAfCET 5 SfYT UlaR BhaeR 0.05 35, TaTD GO el HREd BRI, AsHiayge RiAfefedd
(8.854 x 10712F /m)

3N :

P = 400 W,p.f.= 0.05,

f =30 x 10°Hz

c=e0erA/d=(8.854 x 10712 x 5 x 150 x%)xm-lz
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=66.4 X 10712 F

SHIdT,

P = 2mf CV? cose or

400 = 2w x 30 x 106 X 66.4 x 10712 x V2 x 0.05
V =800V

2) 2 A (cm) TS ST 2002 (em?) BFTBS GG oS Uard SHdfaes fBfem
Bc BRI 3Te. Uarid! Yofce Wffefgd 5 ofiftr uiar Hhaex 0.05 3. SHTaZI® TiaR 400
Je 3 3 fher=ut 40 TMESY ATRIR 317, 3MaxTH BIAcol 30T Teriqd dTgumRT
UaTg (iRed 1. SR FlGes 700 BIacudd Haffad SardT 3o, IR did @1 (e auara!
flher=3il fohdll 3rw?

Ans:C = 8854 x10712 x 5 x 200 x 107%/2 x 1072

=44.27 x 1072 Farad
P = 2mF CV 2cosg

or

_ [a00
V= \/ /21 x 1076 x 44.27 x 10-12 x 0.05

=848V

TeRere GYAdIEUIRT fdggd UdTe,

; _P
=059

—400x 0.05
848 '

= 948 A

Heat produced o« V?F
~V22F2 = V, 2F,

or

F, = F, (V1 /V,) 2

= 40 x 10° (848/700) 2

= 58.7 MHz

HAT Y (Sample Questions):

1. ofaes e arffeur .
2. gofdee AT TR JseeMewd I
3. fefew sadied ured @i,
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4. JUTAT GEATARUITAT Ugreitdt AT .

5. UiaR el fRfeTTaa sMuRIaR Sofacs fRfdma avffaur v,

6. TTOI® JediaR HISR UHRAT H-d A0 HIRAY TSR H¥ (SSTRM) °f o1 B,
i) GO 30T THR i) el i) AP da iv) PRITS SMHR

7. STREE IRy fefert a1 3o afdh 1 afRyd 396 Hoadl Figureds TV &,

8. SGTacd BT TUNS! BT o TV HI. ATd IR IUINT I

9. Y FigureYg SRRaC IR 30T 39 SrRae R fBfc ai=h gon &

10. 3NN HATC BIEDHSG HISR TSI Briad! 9T HTOT fhTTRIRCH IR Figure¥g
Y .

11. i sSHcT= faursreh ®IvKils! aR HRO 3fidr

12. G &-h1H IR ATORUMAT ISR 3Ng1e1 220 V, 1-T 0T TG AURH TRE HRITd
31Tg SHTFOT T T 16 fh@lde 3118, SR gedTd dudM 1170°C Tdd Faifed HRad
3G STIOT TRIRRT Tl ATTEH 500°C 314, ST gfthz=l, K = 0.57, TERAGIC e =
0.9,k 1 fafRTy ISR = 109x10¢ @ T, TR TR MY HTI0T Sialt 2Men

13. 50 fborde, i B, 440 v, IR SfigTHE 3-TR Ddcs BicT goHTHE! 0.3
o R <t Fdhe-ohi ey ft ST, SR arRe diq|M 1500°C 3101 Iroid aqd™
1000°C 3@, TR Tt T <t Hrel. TERAEICT 0.91 ATIOT ST afd1emdr 0.6 &m.
AraehIH fRrgreTcan fafiy ARe=T 1.016X 10 318, ATSf 20°C TR YT AT gehr
AqET faedl 3e?
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Utilization of Electrical Energy (314323) gﬂam@m 3B sﬁaiflw TSI (3383R3)
Unit - 3 Electric Welding

gfe - 3 gdfegs afedT

fawg fre=h (Course level learning outcome - CO’s):

co 3-fafay $€1Ir0?§d’> afeaT (Electric Welding) e sifRe . (Operate the different electric
welding system)

ged frosit (Theory Learning Outcome- TLO’s):

1. BAP ATIHITITS! Tafdd AT (Welding) Riees fgsT amfor I+ T,

2. JfRTHE IR SOMAT IR UHRAT CFABIERY (Transformer) HRITE Sfor
HICA[ (Construction) TUY DhI.

3. Salfacd afcsT 30T AT R fUfua Ty 1.

4. GHW CIGUREIERINNC R (Application) T

uf=g (Introduction):

3 UG, GH s Sllec HRUGNIS! haR Hed (filler metal) ATORT SIld. Afed T Uise

(Melting Point), SR (Density), yid dHefadefad (Thermal Conductivity) 3rfor éﬂTﬁT“T e?'{

(Tensile Strength) ITHIRHI dte dacdl HeRgad fhived (Physical) 30T Ao

(Mechanical) T[0T AfeE T Hewqul YfHHT HdTa.

Salfaed dfcsT gt 3= afeS™ T ufdsan 3iTe S1d gic 3N1fr Hed Hed HRUARIS! fasr aTaR gid.
T UihdHed HId: G Sadgiey, dice T AR 30T fiheR AcRucdr TR dar SiTdl.
flheR AeRad QI Hea HITHT Sise (joint) HRUITITS! ATORAT SITdT. HeaRH, icHIceE,
@?aﬂ iy J-\Ilrgql')d-tllf:i‘l%l'é (construction, automotive, aerospace, and manufacturing), 3T
IYNTHA Feifded AT aTIR Il Sl & fa=Ivd: W (Steel), HTT (Aluminium)
30T SR AeaH e Ao, [ehIS, Siee TR HRUANITST IUGad 3G

3.1 Eﬁ% afeg (Electric Welding)

3.1.1 Yore~T ST fifrua (Working principle of Resistance Welding)

IS afedT (Resistance Welding) &1 3=t afcg™ ufdar 3118 Si gic fafor Hroarardt sfor
Oead GiF s Siisc HRUINIS! Jalfaed o (Electrical Resistanc) ATURd. AT Uiohd™d
flreR TeRael I dl ¥d. HRUI Safaedh dHicgR (Electric Current) TR BIOTRT SWTdT
CER (Workpiece) o (Melt) 31rfor RS (fuse) .

I (Seam), i (Spot), PISEE (Spot) IRA Y=y AT a9 fiigd &R &1 .
SIgT OIgT Salfacd Hc XoRe-g AYH dTgd!, dogl degl slc AU gid. 89 fURd safde®
HIsaHH B (Coil) TR ST, TAR QAT IC ARSI IoRE, Salfded HIc, TH (Time),
WA (Surface) BINESRIEN W_fo 3.
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ZAfded SHord YHd FHoid TURUMeS ge fafur gid. g At et Yore—y afd = @
3Te,

H = IRt

YR Afc@THe, G HedeT Siscar Salaed Hcdl GUdTd SMaiedl o~ gR HTIaH
Bic JOR dHdl ST,

3.2 Safded AfGEIT=AT UGl (Methods of Electric Welding)

W IfET ﬁﬁﬁqﬁf aH e USRI FATRAMBDHRA (Classification) Bl S 3T
@ (Arc welding) 30T YRR @ (Resistance welding). TP TGal- ATOR
ST 3for HeRd =T YR 3% UHRId Jd-aalRIfb bR (Sub-Classification) Bdl
SIGH

3.2.1 Sﬁ'@?ﬁ 3P afedT (Electric arc welding)

3T afcET 81 Saifde® AfET a1 UHR 38 W Faifaed HThgR daR I T Bic gR
Siisc HRUATH! &1 U UGd 31, SO Hedd G a9 Ui fddedra Sl T Sise siard.
SIS IO THURIGR SAfdedh HRc U B Safaed 3 (Electric Arc) TIR Bl ST,
3T ATTHT 3,000-6,500°C THd TIg=I.

TARIS BTt
am|  Welding TARIS Electrode hoder
oS Machine Electrode /

e _ eCasice \ /
Terminals Work-picce \j%‘
/ \ \\ \sgl//" ,,f‘\I'L‘ 3ﬂ$
1 1RERRRER 00NN
ALALVAVAAALARA AR
ALLRRARRARARRANNAANY
i
L (';llvlcs\/\l

Figure 3.1 Eﬁ% 3 AfT (Electric Arc Welding)

gdfaed 31T AT ALl 3adeTs 3T AT HFTHERT 3MhgR TR Haed gl TR AR
&l STdl degl o Hee STeid HeRad WTell & (Groove) AL USd SMOT Afe@T=ar HITiaR T
Hlee G (molten pool) TIR Bldl d Hee HTeiedl YNGR Udh des U d9ddIarge . g9 afcd
T Uh Slisc aIdld. Safacd 3Md diced! des UIH TUTax faya-ita 318 31T & I
TR SO AT UG d 3.

g fagygd IS WIEHT (plasma) UM @@ UM H8aeag T19d (Conductive Gas)
TIHTSSS T (Tonized Channel) TIR I, 3,500- 15,500°C THd=AT 3/&d I ATIHMAT
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Utilization of Electrical Energy (314323) Qﬂﬁﬁl@m 3 sﬁ?ﬁflw TSI (38¥3R3)
Ulglg Xehd. el Aeadl fddedd) Sfor goigd, 31 Gt Aeddl Bol (Fuse) He Th

TSgd d108 TR Hdl.

3.2.2 ¥foTee~ AfSET (Resistance welding)
Yo~ afedT g1 aF Hedd adhUi Silsc HRUAM! UihdT 3MTg SITd Hed Siiee HRUIMT3!,
D=l AT SId 9 Saifdgds dhec UM gidl O Hdbfehd YRR e AR ol ST,

& TP W afeET (Fusion welding) UfhdT 318 SIS PP Sliac A HRUANIS! Bie
3{TFOT TR gl dToR HR01 A 3178, IT WiehdT Faid AaT YhR Wic dfesT 38 o1
G SR m (Overlapping sheets) FATTGR (clamping) 3@3@3\? (Electrodes)

Y v Yy Y
QR+ UIR G- Hulgd vllgc ddiR ol vildl.

#fesT Welding SR
current Pressure
Electr
Welding cotrode
Power () Work-piece
Supply T
AT Weld
TaT HEM dws

Figure 3.2 o= afe&T (Resistance Welding)
3.3 ¥forRe=T afeETT (Resistance Welding)

3.3.1 ¥forRe~9 aAfeS I dcd (Principle of Resistance Welding)

UIRA Uhd Jaaied &I Beadl JhediiYyd Fafded Hic Sidl. WM IoRTTGD i
W (contact point) HE fafor et ST @n B'mﬁ'ﬂ% Hedd IR fadesdrd 3T 9@
(Weld) TR Hdd. 7Y Hed Aoigd greudd URR IR STl TIOT Holgd S qaR SRl

Iore afET= ﬁ'@'{%'f%ﬁﬁ (Advantages of Resistance Welding)

. 3 dfcET Wic afE™ g Tiis (<.1 Ydbe) A Bld.

1/4 SATUEN HH TSt e Aed AfcET STRIHRH 3! 61 Withal ST 38,
fiheR Aed fdhal droHad HeR3fd Taa® TBld.

HH Zafacd @ecol MARID 3Rl G a1 Rferd.

PRIERIRS| 3Jhd (Environment friendly), ¥d=$ ufeean (clean process) 3R
TR BIUIR Siisc 309 HIfcicid ST

I AfT™ :‘ﬁm (Disadvantages of Resistance Welding)

1. faRRm STt udd waifed- Qu ors deRsid arg gl

2. JUSRUITE YRS fhHd Sd- TR HEFT 3Hled.

3. 3 O RIS 3. T SO Siee HHGAT 813 Jhdld.
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Utilization of Electrical Energy (314323) Qﬂﬁﬁl@m 3B sﬁ?ﬁflw TSI (3383R3)
4. IAHCISH BHIAARM [SUS (degrade) BT T i GEHTA HRU! SIS 3.

3.3.2 Yo afe ™ PR (Types of Resistance welding)

JHURTET HR AT Falae ST WEUAR A, YoRed dfcesT ufhdd 3Fdb
USRI FATRIBH R Pl Sl .

Wi afedT (Spot Welding)

UISiaRE afeET (Projection Welding)

g afcgT (Seam Welding)

§c dfeET (Butt Welding)

TRIRT AfeST (Flash Welding)

1) ie afET (Spot Welding)

r#/ Electrode

AN

AT 4 . P
Welding point CIgm
fe e
p;‘—l——‘ 4 Timer AC Power source
Unit T UIaR 9wy
Work piece
L2 <
—O
‘% Transformer

THIHR

Figure 3.3 ¥Tc afeET (Spot Welding)

BT ¥ afcE = Yald TMIHYU! aTURET SITUIRT UhR3MTe. HHT W, I 0T fasyg=iad
HRIEEINE afdree (characteristics) 3{Ted. Wic dfesT A ear (metalic sheets) fafRry
fdgaR &dl S1d. deg BRI gobs G SAdgle X ddd SIdld. Siegl Safdgd dc
gaders AYF Al dagl Reysr ™M Wic 98 dUR 8id. dee ®RIgard gy

3ATTISUGR HbAdhd URRA THATUUI GTad SITdld. § Sadels H3R DU Fcial ST,

Aohed =R w USRA (Pneumatic Pressure) fdrd slungaqo UYRGR (Hydraulic
Pressure) TR Bl Sl 908 U BIRUAd TN YT Holgd 8lsudd URR dad SiTd.

TT FAfded BT 4500 A Y&l SR HTTAD 3T 31U Fdae ISy R Safaed wGlecl
g1 2 v UefT HH 3RTd. iU Ifhe @ieest (Open Circuit Voltage) 12 V U&T HH! 3.
el THUT STe el U 0.25 T A1dt Saifded dcdl dramae AR 1/50 Second 3G
SIaR TRE SO0, 3aaciey 3o fdgdd dud YHd deiacioge! (Thermal Conductivity)
A HeRgerd aed Sdd. Sadele (e TIBUIRIST dick-%hes Sadels (Water
Cooled Electrode) ATIR STATd. HRIEH WIC GH Hdb Ialaed B, URR, Faaed Glecs]

3107 AfCSTT dos=aT AT BRI T 3MTed.
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2) HeiaR afesT (Projection Welding)

b A ]
FLAT ELECTRCOE
T B
uR FORCE
T
POWER
SUPPLY S
‘Fﬁ/\’:\’\.ﬁlpamacrcns
/. BASE
a METAL §9 Ocd
CONTACTOR |
PIETeR FORCE
FLAT ELECTRODE

Figure 3.4 Moa=E T (Projection Welding)
ToiaR AfET 8 ter IR AT ufthar o off 3aifaesd HieHyd dUR How gled

qIR HE UITAT JH ST Sliec HIUANITST aTIRAT SITd. AR Jfore~ dicesT UGdTua,
FeuraRid fafRry fadar gle dhiad HRuard Had Hxd, Th Holgd ST HrRieH a6 gHiad
. Head IWHIRTA Jd-TaR (Pre-formed) Bl e Uihad "UioiaR dfce "
3 19 fadl A 3, O It TR IRUAN A 35, des HRIaard Head dhe BN
3@3@3\? (Copper electrode) GX&II ENASIGIG

3) 9 afesw (Seam Welding)

WHEEL ELECTRODE
O

i
WELD

e

©

Fig 3.5 HIH afeET (Seam Welding)

Il UihaTe] deg dHRIGATd Hedd ddhe G- BTl (Wheels) SRR ddd SIIdld of GRY
DohfAdhd URR AN HATd 3101 968 TUR HRUGMTS! YT HRe Guld Sadd.

N

gadele 8 PIUR AT (Copper Alloys) Hedd Scld 31dd 0T AT Bic HH!
HROGRAST U0 TR (circulated) &l ST, 8-Wle WY dfETHE Faifded dHicd]
=TT (Frequency) SEIUER (Interrupter) TV BT Hd. AfceT Ulscdr Saiaed Hc AT
UIRD RITHDHIBRI (localise) HRUIMTG!, Faaegad WUd &5 A8M (Contact Area) 3 I,
g3, ?qm T STt ufa ez (per metre of joints) 200 d 400 GRE 31¥d. AfedT
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Tt ufd e 0.25 diex @ 10 Hiex v 3118, A1 YR dfcs?T WU A 318 HRUI d b8
fohar ofie YW Sifsc (leak proof joint) U&TH P,

4) §€ fRET (Butt Welding)

Foz Weld Parent l\ﬁ? zone dcS I
w5 face metal 3cg | ° pge:

- ! ks
Fusion | afo ﬁEEl
ICc Line Excess Weld

PUTET metal

IER Penetration
c

Figure 3.6 dC afesT (Butt Welding)

§¢ 4¢3 U1 USRI Hedd GF dobs U] Whadg Uhd Slied Sild. Acaa Jhedid Hal
3R YHR IR (aligned) el 3Ted Bl d TbAD A fdFg I¢ (butt) TIR BRI, I
"§C de8” § 1A QUATd Tl 3118, § O ATHIRIC: Th Holgd TN 3RES Sfec qaR HRUITA
TS dTORd SITdTd of <&fufld I (Stress) STOT YRR BT Kb,

5) WRIRT AfSE (Flash Welding)
R = TET S e
Stationary Workpieces Movable Clamp
Clamp

Pressure
Flash g -
Welding
Transformer
dfesT
AL Power
Supply crw =
T4 OTa 9=

Figure 3.7 URIRT AfeST (Flash Welding)
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TRIRT AfCETT 81 Ueb YoRe 4 afcE T Ufeha 3iTg St Saifae® 31 (TRIRN) TR & Aead dhs

Sifsc 4. A1d B¢ SFRC Hed Hedd Ty faaesdrd ST R o Tes gred SiTdld Sared

U® Holgd olisc daR BIdl. YedHNTd ¢p, SficHificag 3T WU AW (Railroad

tracks, Automotive, and Aerospace manufacturing) HRH] HoIdd, SHTdRYhd] 3Rcied]

IR BT UfohaT AIGdT YHTUNT aToRd! ST,
3.4 gafde® 3P AT (Electric Arc Welding)

3.4.1 Eﬁm 3t fAffd (Formation of Electric Arc)
SiegT TR THII: A9 -$HSfde® (nonconductive) ACRITUET I Sallaed Bics WY

(@ leest Afee) Bd degT safded oMb TUR Blal, e HeRIdd Safded ShSIehH
(Electric Breakdown) g4, qu'ﬂéf AT dhafaeidet (Conductivity) dred.

3MT% dfcg e afte fHiRigaed afcd™ gaaels 31Ul g Ui GXe Safded 3t daR HR0)
JHIAY 3178, BT 31 Ueh Id-dTTHH T (flame) TIR Hd, o AfET Siscar Hed fadesad.

fadesdd Aed 48 PR dee dUR HRUINT! UhHAd WSl gld.

3.4.2 3TH TIR HIUATAT WL (Steps in Arc Formation)

1. Rleeol RIHRH: Iders 3T ahU T I Gleesl A dbd SN,

2. TSR TUdl SH SIS (Breakdown of Air Gap): SIag] GIF Scidels A S0 SITdTd
g1 T GRIT! §aT SIS (lonize) 81 30T H8ded (Conductive) T

3. wreH A (Plasma Formation): 8T TSN SRIMISS 119 (WITEHT) AW d8de Hd
31T 311h fedha da.

4. gie FAfHd: smed arod™ (3000 - 6500 °C) FdaS U THUN fadaad for dee
TR .

343 Eﬁ% 3Tt AR (Characteristics of Electric Arc)

1. I dYHAM - 3T FAP gl A Hd, i Aed Yool fadesdrd. draHm
ST: 3,000-6,500°C.

2. aﬁ? ?ﬂg—d 3T uv m:[ (UV Radiation) - sefﬂ i_O\E;fGIGIﬂ ('1I'£C (Intense visible
light) 3ATOT UV ISTIA IAMSId SIdTd, SIS TREUTHD T (protective gear)
(BT, TN SIS 3G

3. 7O TAFRISIRM (lonization of Gas) - 3Td HTHURTET 14dT TS Hd, of fRR
Zaifdge dhec IRFUIN Had Hd.

4. 3ATATST (noise) SMTOT T (sparks) - 3Mh ATET Ufehd TR SIRTT SHTATST SATf0T
Teera WTeh daR HRATd, ST AR YRET I ARl SR,

5. 5('\10@4-\@”(&(#7 fth @S (Electromagnetic Field) SRR - WWWWW
Hafcs fheg TUR dail Bild, St Sides U= fdggd SUSBRUNaR URUMH 6= Rdhd.

6. TRRAT 30T FizT - b=t fRRAT dcs oy TR &4, 31 3afdesd Hic
UHR (AC/DC), Fleeol AT RIFET TagR fHfa seil o,
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3.4.4 3T e ufvomy (Effects of Arc length)

3T die B JHUNT R Tl SRIcied] 3aRTaR AAqT 3RId. Siegl b dfel Sid
SR gafaed dee 3T gie fAafor S,

35 sﬁ% 3P T fiifdua (Principle of electric arc welding)
31T% dfcE e gayd fUifue Aed AfET Saaeis Sl g6 U G Safacd 3 daR
B0 JHTAY 318, BT 31 Th I-dTUHH TH (flame) TIR Hd, SN dfcas] Siged? ded
fad@ad. fadaad Ted THHd WS gid 9 U Hedidar des daR sidl.

o1 dfcETT U 81 -gIc Ufohar 31 Sff 99 Hekad fadesdd. AieeR 3for SfSirT (Soldering
and Brazing) 81 & fUd gcd 3118 fod Hdw fheR HeRygd faded Si1d 3ol o aeiad
S DIUde! TS 81d ATg. 81 dice 3o dI9HMId GF fohdl 3fi® genuly Siisc derd
BT B,

3.5.1 Eﬁm 3 AT PR (Types electric arc welding)
1. T Hed 3% afeaT (Gas Metal Arc Welding (GMAW/MIQG))
2. g dReA 3 afcET (Gas Tungsten Arc Welding (GTAW/TIG))
3. f2rcs Aed 3 afed (Shielded Metal Arc Welding (SMAW))
4
5

TR B3R 3T AT (Flux Cored Arc Welding (FCAW))
TS 3T AfET (Submerged Arc Welding (SAW))

1. 7199 Hed 3 afedT (Gas Metal Arc Welding (GMAW/MIG) )

T Hed 3T afedT (Gas Metal Arc Welding), dTHI-Id: MIG (ﬁ?ﬁ gzlé 11”14) (Metal Inert Gas)
JfeETT BV il Ed S1d, 1 U afeSt UfehaT 3118 St Haiad dRR 3A4S!S (consumable
wire electrode) SATUT TH U TREIH des TUR HRUINITS] Falfacd bl dTiR Hd. des Jd
UcHIEhR® HeH-RM URE (Atmospheric Contamination) UR[ IrauarIa! RIfGET Tia
qIOR el ST,

SRR HRC (DC) SAfae RIS TR Fdd Blecsl UM ddl, Sl dhHad sadels ([Hed

ITR) ST TH U G SAfaed 3N GUR Hdl. 3P d68 dR HRUIMNTS! SAdeIS aR
30T 9 Hed alvel [dded SITdId . Sades arR afest THgR (Welding Gun) dRRET ddd
HIeRTE8 R HISIGR (motorized wire feeder) Tl SITd. IR, deeTd]! Bic Xdid SfUT fiherR

TeRTd 3 qiel BT HRd.

UCHIh RS BT (SHifaRo,Agom, e URH fadadedr de Jad WRem
HRUGMTS! AT TgR RIGET 1 (ORI $I 3R, CO,, fdar qraid fiyon qRider Srar. @
HIfRTISTM (Oxidation), Gfwdsdl (Porosity) 3101 UG degd Uldaierd .
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Tcd UYS Bl ST Holgd A8 Slise BRGNS €6 Bldl. &l Withal SIhRH aR faded
ficrAcs fdar ﬁ&ﬁ\'ﬂ?ﬂ (Automated or Manually) Pl oINS, U,

9 Hed e afesm= ﬁﬁﬁﬁﬂ (Advantages of Gas Metal Arc Welding)

AT Teft 3foT SrderaT SR 3R,

HUIdHH! WeTE (Spatter) WS degy TUR B,

Ted A0 AT SretaAT fakdd IS9ral arg.

de AfcETT3T HCHCS (Automated) Bl SIS, Lehd.

fe® (SMAW) fdhar T ERe 8d (TIG) dfeET= gaid HHT IR DI
ARG 3HTg.

T Hed 3 afed C‘ﬂﬂ'ﬁ:"y@%ﬁﬁ (Disadvantages of Gas Metal Arc Welding)

1. RIS TR TR gsl uRumH gid) (Wiesddhara! araiy arg ATal) .

2. TRres Aed odh Afed = qema IuesRuT YR fhrd SR 81mg .

3. dfcET el WS Ay SMaRg® 3R, e 30T ¢ (Rust and Dirt) 468 UMATIAR
TR e .

T Hed e AfeST SRt (Applications of Gas Metal Arc Welding)
. SffcHifes ﬁ@ﬁﬂaﬁﬂ (Automotive manufacturing)

REENY LG (Structural fabrication)

. RO ST (Aerospace industry)

. 739 3T ;d CIRSl (Pipe and tube welding)
. W 3TFOr T (Repair and maintenance)

AN

I N

2. 719 AR 3T AT (Gas Tungsten Arc Welding (GTAW/TIG)

g ATReA 3T afea (Gas Tungsten Arc Welding), ST RINSGE| 5’15 T (Tungsten Inert Gas)
ST T T8 INd, B U g AfcsT UihaT 318 Sl 31dh IR HRUINATST 30T 5
Ted fadauard! "I\IJ"I-Oh'\{lDI@IQ'I cIReH $€1d1ﬁSdl (non-consumable tungsten electrode) dIUX
PR, AWH AON Wad [heR Heddl dluR bl ST Uhdl 30T TcHh RS
DI BITAURE I[N T I 19 (S Bt 3R fohar gfergd) desan e
(Shield) TRl ST A TSTY(G.T.A.W.) T IR R, eI 3T ursy afcdmmedia
3 -TUTaT ST S afceeT STEIhRATa! e ST,

A -HIHEd CTRE JAaETS IO TH U GREITH SaTacd 3T ST Bl ST, HTHURE
TR BIUIRY gl o Aed fddaad 31l T fddaadl de@ Jd daR ®Rd. HTa0d e,
ARad Wi PRGNS des JaHed Waad ther e H-g3fal sitedr Siral. FRifee T fiaen Jad
Tl (Continuous flow) (3R, BIfergd) deedl YcHRhRNG HeU-R gV dradd.
fadadd Aed U WS 30T Aolgd aes Siise R SN Holgd PR,
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T AR 3Tdh dfsT ﬁﬁﬁﬁﬂ (Advantages of Gas Tungsten Arc Welding)
TN AT SO SH-TOIdd Wed des IR HRd.

81T YC 3101 dee e aR (Weld Bead) ST AU UM &,
ST T Wid 0T e Hanyg foxgd edd d@ o .

3 3MTch AU UTdes HefR3iel =aT Afes T Trat 3maxf.

. DR WeR L uRum I AR HHid HH THTg STaRa .

T dRed P A= m (Disadvantages of Gas Tungsten Arc
Welding)

1. 3R dfcET ufchd=ar gomia a1 afe T =1 wite Sl 38,

2. YAl 3{fRT HRUATATS! I DI UTdes! AHTad 3.

3. W3R RIS 1 311for foRiy Suauni= saxadbades e T8,

4. 3ffafRked fleR AedfRam sire Teierd rdt arg =g,

T AR 3 AT SfRerhz= (Applications of Gas Tungsten Arc Welding)

1. TGN (Acrospace) IENT: fdAT eHATaT dTUR Sild.

2. 3ficmifes (Automotive) 3TN S-HRIHT Taeiiee Riied 3for ATt araRet ST,

3. UfSHA (Medical) IUBRY IdAG; LA WA (Stainless Steel) AT eACHIH
(Titanium) AfCETIATA! ATARAT ST,

4. UIRUATR SHIfOr TSR ®9d (Pipelines and Pressure Vessels): BE[—W?-&, m—m
SR T

5. SOaR SfOT ofTe afedT (Jewellery and art welding): 3 3o Q@W (Aesthetic) CS
e R,

3. fRres A 3 AT (Shielded Metal Arc Welding (SMAW))
I8 Hed o afed warTe fews afcd™ ¢uid e S, 81 H-gsid 31 afesT ufehar 3
St 968 TUR HRUARITST FAdH-HICS (flux-coated) Ho[Had Faidels dTURd. 8 h-garH, ¥y

fafeET, urguarg sMfor g@%dnldall HTHTS] (Construction, Shipbuilding, Pipelines, and Repair
work) TSI THTUTA ATORT ST HRUT AT I8N 0T el YUl 3Te.

I

1 Ufehdd SaaciS I U SIaes 3O SITdId 9 Scideied eidb Tl Aed Jthd g™
Saifde® 3T TaR BId. 3T URL Bic SAderS A0 99 Hed qlmal [ddesd 30T U fadesaa
de8 Jd dOR Hd. Fadeied Fid ifdT faufed gla, desdr sifeaaz Mfor Searh ke
SRR HR&U HRUR RIS 719 Hisd Sdrd. deg S gid ST, Teidd U Wil
AR TIR BRI Sl 908 iedl (Weld Bead) ST, SO iR ST ldsfdd

HIA!. IR S AT (Reveal) HRUGMETS! ACSIHAR W HIeal STl

e Aed ond AT ﬁ@%’lﬁﬁﬂ (Advantages of Shielded Metal Arc Welding)
1. gt 3for we-guTdt (cost effective) JUHL,
2. OICSd 31T BlesddhuTa! aruRd SiTs, Jdhl.

3. e RIS Tl agendT A6l SaMes o hiesadbare! I 3Tg.
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4. IR, Ue Fpad fdhal S¢f Aed R HHIdHH! TURITE BRI B,
5. WA, HRe AT 3T By Wiags fafdy Acad 3@ & Tdha.

e Aed ond AT Stsgr ey (Disadvantages of Shielded Metal Arc Welding)
SR AfeET UG Tad g Uiehar.

dRAR SAdCIS IG5l AT 3Tgd.

TH3{TISH/SI3 TSl AfeE =T gad 3T WeR (spatter) TR B,

3 MRS S PIRed TIRIS 3R,

fRres Aed end ARSI STRIB R (Applications of Shielded Metal Arc Welding)
1. BRI AT IR (Structural) AT (T, AR, HH) .

2. oo foedi snfor sife TeR

3. UIRUCTSH S0 URR 99 afed.
4.

5

AN

GO AT GEHTA B (U, HREM, L) .
3ANS JUHIUN JATeA

4. TS PIAS 3MTeh AfeSI (Flux Cored Arc Welding (FCAW):

TR HIS3Hh afeaT (QUP{-IGIQSW Uh 3ffcfes fdar 4t sffcmfesd (automatic or
semi-automatic) 3fTeh ATcET UTehdT 3TE SN Udhes HTIOT TR~ HRaledT HHad 3aacigdl
qIIR 6. FoacieT 3Td T RIFET 1 0T Wl UG HRd, ST Hlg! Yhruige
ST RIS Tl Ta=gdhar A9, ThHussyal g STiorRM U ST UHCRM (High
Deposition and Deep Penetration) J;LO\O AT IR AR, Mg fafcdT 3nftr S Iuaul
JTC TTd HIGAT YHTUITT el ST,

TAF-BHI3HS SIS T U SR Saliaed 3o qaR Hal Siidl. 3ade e qdTd Ty
fadesdl 3Mfor degel YcHEh RS BN dreauame! RifcsT 19 digdl. sadrs
Jdd des JaHe Wig &id, fadad il Aed SHT $HRd. des Tolgd SR, K Udh
TP T TR JIR B, S AR T BRI HTIIH 3Tg.

TR HI3AS 3T Afees = ﬁ@%’lﬁﬁﬂ (Advantages of Flux Cored Arc Welding)
THUIUS &Y (SMAW) 0T SiTHTS&g=AT (GMSW) da-d 81 fSUIfor=E Ye
e HeRaaard aiTd ﬁﬁ%}ﬁ (Good penetration)

Wadl giee fdd Thylvssy 119d fRIeg - Hdl GRIETeR dTuRd I3, dhd.
A3 Hi-des Athae qaR! 30l HTIRIS 317G

. B Ufshar Id U= afcET Iret Iy 3ig .

T PI3S 3Tp Al @Wﬁﬁ'\q (Disadvantages of Flux Cored Arc

Welding)

SITATS S (GMAW) HTfUT SiciUSse] (GTAW) Ul 3ifeidh W 31f0r ¥ h (fumes and
smoke) dIR Eﬁ?ﬁ

I
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2. AfETH®R I (Slag) HTGUI ITAD 3Te.

3. BRI gIC 39YcHes Uldes HeRIed! gt ufshar a1 g,

4. Yobh-Ties TH TS (Gas sheild FCAW) T T19-YiTee THUITSSR (Gas sheild FCAW)
U&fT SR W (Spatter) dURR gral.

TR PI3MS 3Th af T SRz (Applications of Flux Cored Arc Welding)
1. HERH 3{Tfor R CR| afeET (structural welding) (Clﬁ,?zﬂm

2. XY fafegmanfor aRt ST,

3. 3OS IUBRY I (CH, ST HRUIR, oh+).

4. YIUdIg (Pipeline) 30T URR G Td Bisich 2 (Pressure Vessel Fabrication).

5. GO ST T HIH.

5. JaHS 3T T (Submerged Arc Welding (SAW))

FIIS 3fTeh AfeST (TUUS) &1 T Hicafed 3for 9t i afed™ ufdsan g, ard s
U;qua ﬁ?ga“\f TRId (Granular flux) FTHadAl SR, T, Wexen Uldafad drdl Sfor
fadesciedl dee Jod UCHIhR® HeH-RFURT WREU Hrdal dfe 3 Tad aid.

IS YS! YaHS! 3T Afee T aTuR el ST,

SIS IRR, Hed Sige A faah SiTd a afe 31dh quittl 31e- U UgeR TR TR A,
T STl 3MTeh 81 Scide s arR, 9 Hed 30T Faad fadesdl,d U fadeadr des Jd darR
Pl ITd TRl U Wicfaee SRR3R (protective arrier) UM ®IA ®Rdl d9d e H-RH
BIUTaREA Ufdeid SRl arge fadesdd Acd Togd gld 310l T Holgd des daR Hd.
T IR Fa T AR dOR gidl, Sl U8 ATedT-dR plaal Sl

TqaHs 3P AfRT= ﬁ'@'@'l%ﬁﬁ (Advantages of Submerged Arc Welding)

g1 fSuifore ¥e (Deposition Rate).

34T uitol AaHe! SRIees BRI daR 8Id ATal.

HHIdDHH Wex TR gl 31 ard a1l RIS Tt sra=adbar g,

e desHe ANTeH des I JTIOT AT fHe5d (consistency).

S1E HeRITHTS! Sy afes T (34l 6 mm SO TATUEHT ST

Wﬁf 3P AT Wﬁﬁﬂ (Disadvantages of Submerged Arc Weldlng)

1. UIdaRid UfegcRA=AT (Gravitation) URUMHTHeS &1 dfedT UishdT UM Wefe AIf0T
gRig=a fRudare maffea s,

2. g afcET ufthdr 3 mm Ve HHt SIS el Uldes HeRIITa! I gl

3. iicHfed Rerurd! URfYS Td oRd 3%,

4. g 3fcET ufthar Haifed TRIfNTSIICT (Flexibility) UaM ®Rd SO UM Wc-agA
CISUBIFIERYIRSIG

aHSiTd AT iR (Applications of Submerged Arc Welding)
1. 20y fafcET o sifhRNeR Waas.

v k=
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2. URR 39 31 R chd (Storagr Tank) 3cUTc.
3. UISUAreH 301 TWaeRd WKid hisdh M.
4
5

) e«ﬁatﬁ‘méﬂ 31rfor ?C\Q'R J:IJng,CFJdﬂ R (Automobile and Trailer manufacturing)

3.5.2 sﬁ% 3P IR Tegreog (Advantages of Electric Arc Welding)

1) g dfET we- s afe@T dig gl Fafr Fvd, S BRE (fast) dAfcST 3Mfor
JdTGHdl dled.

2) Hogd 301 RP1S; Siiscy- Aedd WoH 8- LY dee ddR HRd 31 WaeRd
ST SSfICT (Durability) AT HRd.

3) GI-gHTE Ufhal - AR Al Usdidl gand BHIAHH SUBRUl aRTd  3HTed.
ZAdCIeY IR Ho[Add HeRTd W 301 Jgol IUds 3MTgd.

4) Thesd  IMwIHA (Versatile ~ Applications) - fafdy Aeaudt I
qIIRT SIS, RehdTd.

5) AT UIfgRFIHE B Hd - BRIgIed ,@lcdhd ,3Ees 3N HKic UigRAa
JfeST B TDhd, UMD d 3Ad Figad (flexible) BId.

6) Orcraferdt Sfor TRIRISATT (Accessibility) - BTot 3fTd dfeaT Ugame (Redh AfcET-
TUUHSsY) dscac MUl Uicad IUHRUl 3aRId 3Tgd, i fhesdm o e
SRIHRHTS! I 3MTe.

7) T TG TIRIHAl 8] (THUHIS S, 10 Thlssy) - fRieg dAed 3md afed
(CHUHSSY) IREAT Uiehdl IR -ics gadels dURdd,dRT fdaT STl ardravundl
AR e Afes T HRUGM Td HH B 14 (RITce T STa=gahdl g .

8) SIS 3TN U ARAT A8 H& XD - 3D diceTT I <Iadh aIuRe of TR
HeRIAaR Uldes ey dee d& Ydhd.

9) SR AId 3D - THIMTISH, AT TOT TaHo! 3MTeh Afes 1T IRGH UGl 3
BRI SMTGANIG! aTiRed] STdTd.

10) T 3101 S THIIR BT B - BIa! 3T dfcaTT Sfarie KT Ue dhad fhal dade

Ted dte & Ydhd, D IS Jhad! SaRgandT T4

353 Eﬁ% 3P AT m (Disadvantages of Electric Arc Welding)

1) B gl 3haes T (HAZ) - B Bic g faspd! 31 Aean uiemiAed 9ed 8
TIhard, faRva: uraes aeiem.,

2) PA AR 3MAH 3Med - I AT deguuIel Hbdl AfSl, He ST
godcIgd! glerard gid i =0T Sfa=dgeh 318, 3F-Hd HUIR deex HHGdd fdhal
oIy 4 TIR H& Yhdld.

3) ﬁ?ﬁﬂﬁaﬁ ey 'qu (UV Radiation), B¢ T{0T TR ST (Flying Spark) TR
glard, S SfesUl 101 SledTd Hh M B3, dhd. M3 WREUTHSD R (gede,
AR, RIS W) (helmet, gloves, fire-resistant clothing) HTdRYdH 3.
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Utilization of Electrical Energy (314323)

4)

5)

6)

7)

8)

9)

AR 3T ol lebel Tl (33¥333)

BIH®HRS TRT (Harmfull Fumes) TTOT T TR HRATd - 31 diceT e B RS TR

TR glaid, (Axva: dfeT ®ics fhal Teasss Hed). Il g ey
(Ventilation) fdoar QEEJVW Rren (Exhaust System) H[dRIH 3‘"%?‘[ .

UTdes AeRad Irdt 7uffed - 3iid Urdes Aed Saa- - HRdl aeg B0l Halul 3Tg. UTded
ity Q1! Aeimgeit AT 81 U IiTal Uiy S1Te.

URIRTCT 31107 shap el Hdg-=ia (Susceptible to Porosity & Cracks)- PHPId w,
IR (19 Sae) 30T thep IS, WUhdld, UMD dee HUHAd gld. Sadcieudsd
qTo! Whd SIS 3N - JfcHcs dAfesT Uiohd=aT qa-d H-g3id e i ™ol
SR 98 ANt

DHroHad AR MITD 3HTed - Faideled fhal [theR IR IRAR Fgdd S0l Saxgdh
3T

fiheg godrel waffed  (@HemaSh  onfor Aemgeh)- T e ome  afcdH
(ST TISl) TITS! Hae-T=id 3irg T RIfeE T Tae WRefur g 3R, few
IR (TS &) fthes adhura! i@ aId 31T,

10) 3Afdcd W SHTRYH - AR I HaFdhdl 3fe, A d KA

AT HH AT 3G,

3.54 Eﬁm AfR S (Applications of Electric Welding)
1) dfcET 2fie Aeaurd! safacd afcsTar aTuR dal ST,

2)

UIdes Hed Siise HRUTMITS! I Afce = araR ol SITdl, SaTd By (Ferrous) 30T -

e (Non-Ferrous) aal JHIAY 3.

3) 1 AT AR YRR AT URR RS fSmg0e a9 el UrguddsHed e S,

4)

&ﬁ’aﬁaﬁﬁ (Automobile) 3o g BHRAT (Home Furnishing) IANTHE ST IR Bl

STl

5) 31T AT IR AT Aeways fafay i eHaTa! Har S,

6) WISIhR (Fabrication), GOl S0 HcaRM IRV HHNTS! T,

N N o

<CACN xCldad,

G HIH AR Wil

3.6 Yfore= Af&ET 3nfor safae® s AfET=A gamn

(Comparison with resistance welding and Electric Arc Welding)

g Iforee—g afeET 3 afedT
(Aspect) (Resistance Welding) (Arc Welding)
ifiui;o“: of Heat) YoRe~gHeY 3afaed Hic U™ I M TR AT 3 b
TS BIC TR I, gl TR 8.
IHI: T (AC) TTeR @™ T (AC) 3ffor SR (DC) alal
UII;I?R et Yorew  afc@rdt  arRan UTaR AT 3MTdh Afee e aTuRal
(Power Supply) Sl S T
Rrer mRaad IoReq  dfETHeE g Hed 3T AT, P! fher Hed
T JHSA FAlsc HRUANTS! (S HTF g AUHEA SAec
' ' PIUAG  WEUM  PIUG! e g Y e 2o,

72
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I IR afR 3T afedT
(Aspect) (Resistance Welding) (Arc Welding)
(Requirement of PR weRaa GIT§€ el o
Filler Material) :|-|g°[
Rfee R IoRew ST, Aeaan AF WA TR TR
rearenent or | MR

External Pressure)

3Th Al FEdd, e
gdfded  wgleedl Wreg AfRTEE gu o gafded ®lee (Striking Voltage)

(Voltage) Safded @lecol aAH 3G, SRd 3Mle. ®BUH, I Safaed
Flees U= 3TIRaHaT 3R,
(Power Factor) G| &ﬂ% Lo} \?rﬂ%
3T AfCETHE, 3T o ATIH U
GICEIGH Morew AT ufesdme SR 3MTg. SR o ARGReAT gTdresed
(Temperature) AU aT6 SR ATal. Td T8 R IH-URE JHaH
BHE YD,
R Mo afedT  IdEgANTS] 3h AfET AT HENR]
(Suitability) 3 g il A 3T, R E R
Y Y 3. g,

3.7 ST @[ﬁ?ﬁ afesT fd 1 (Modern Welding Techniques)

&ITW JfcgT faien Oblblr&‘ll-ldl, Uyl 3ToT g (efficiency, precision, and strength)
gURS Head Sig<ad wid Yvsqd TUTE 3Tg. ek Y afeST (Laser Beam Welding)
(Qﬂd‘\lsw, sadgTﬂ 1 afET (Electron Beam Welding) é@m, firaem ez afcgT
(Friction Stir Welding) (TlbUdSe)) 3T TATSHT 3Teh afedT (Plasma Arc Welding) (tﬂ'm
ARIRAT W UGl 81 TS , 3iciies S0 qiy-Had afcE T ¢drd. Rdifcd A0 U3g-tiak
af@T e (Robotic and Al-powered welding systems), icHifceg, WO 30T IdTeA
IYNTHE HEET (Consistency) dleddid. ®Iee Hed CIHR (Cold Metal Transfer)
() anfor grasite dfeST R® fde gic $7qe 3Nfor aeRacd fagdl Sl Hrara. a1
FaH T HTAH HAod, 31w fewrs, degy, aeld Sdlgdhdl ST Wd-THEgun JHida
BT, I - BRI SATOT O aTeaT STRIbaTe! MY AfeET STaas 3R,

3.7.1 &@mﬁﬁ AfeET (Ultrasonic Welding)
e AfeET g U SNefiier ufthar 3R Smed dhdiar 81 fhe=dt (20-40 KHz)
3egNIAd ISR (Ultrasonic Vibrations) €] Pl STATd. & MHIC: WIRSH 3101 Aed
fagva: s 7eRad Siise HRUgITS! IR S,

? RS HeR3rd thaar fBhawd €I¢ (frictional heat) AT HIdTd. DR Treht, HeRad
T fadedr 73, SNfi TS gidTd. FaR d Thal 48 Hedrar,Us Aolgd, 3188 Sise daR g,

eI afceT gafacd Iordl 81T Theh ! RIASRMHAL FUIdRd HRUIMN! el
STl AT0R $HRd. TFISTER (Transducer) SATGCH Soidll HbHhd GRS FUTdRd
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B, BISRA THUHS e RId HRUIRITS! FHICIS (Sonotrod) (B1H) ATURATd. HeRTd Th
SRR 3aUgTIaT 3 (Anvil) ITIRAT.

Glﬁ'l'\"'ﬁﬁa’? afem mﬁﬁﬂ (Advantages of Ultrasonic Welding)

BIGIRSUG] GDIE;I Jdad dos ANTl

1.

2. 7 If@THe yHd U (Thermal Damage) FHH 3T
3. JA-TUladl, THIHH des daR Bidl.
4
5.

T-gHTdY 3MfoT T, afcd T ufshar amg
Sl 30 AfEHA (Medical) SUBRUMTST AT 31T,

Glﬁ'l'\"'ﬁﬁa’? afem Wﬁﬁﬂ (Disadvantages of Ultrasonic Welding)
TS Hed Td! 311y 3Te.

1.
2. JUHRO! HEAT 3MTed.

3. TRy wifes onftr Aeeig Sy &1 &,
4. ARTa A Radid 3aur 3aus ole.

GIFQ"N‘ﬂeﬁ? CIUER R (Applications of Ultrasonic Welding)

2. AfsHd I - Ihlea @'Fﬂ,%aa 3TfOT @H'QTGQF fheedne (Surgical tools, Catheters, and
IV filters) dTURddl ST,

3. sﬁa%jﬁa%r I - SISt Tfbe Eﬁt{ S} efHaa snfor I=vAe (Bonding circuit boards,
battery terminals, and sensors) dIUXcdl EIGI

4. TSl IERT - HifehT feeteex LTCb,LQS b ST 3M1fOr ek 7ed (Sealing blister packs, food
packaging, and containers) dIUXcll EIGI

3.7.2 ﬁsw afedT (Laser Welding )

TR AT (CiER & afed™ fdhar Tadiesy) Toh WTd dfcE T ¢fdd 31T SaTd Aelkad Siise
HRUTMTS! B TSl QIR STHdT (High-Energy Laser Beam) GTUR &al STl 81 UfohdT 3/,
T AT 1 WY dee TUR HRd. dgR dfeSTd 9WR sficiAifies, WOy, Afgdwa siftr
sﬁ?ﬁjﬁaﬂ INTHE (Automotive, Aerospace, Medical, and Electronics Industries) dT<Hl
STHAATS! HTIOT BRGNS del SITc.

TR dférd U WU "dAse Si@ihdyH 99 Rergees THRM 3 ISURA" (Light
Amplification by Stimulated Emission of Radiation). Q71$N % \Q's-l\l"id $Chdtd*{ (Resonant Effects)
BT PRI

dgR Af@T & fade THum=a SO [SNASIBR (Resolidify) 81 HUMAT DHIUATe!
TeRITR IRl IS ehd. AT ITANT AT, HIoR S0 L0 Kl IREAT
A ?I?)[ ar ﬁﬁl’g Yh Al ?-ITITT‘ITW, AT 3IfOr W‘%ﬁﬂ (Thermoplastics, Glasses,
and Composites)wmmmwm.
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Utilization of Electrical Energy (314323) gﬂam@m 3 Eﬁaiflw TSI (38¥3R3)
3{T]. URMN® W (Initial Cost) ST 3], TR S ATed HRIHT, HH! W9 IS o
SA/EGT 3BT (Offset) Bl SN,

SR AftETIE HTH HRAMI, TR GIUMT d1g s S 11 Fod 1R THaH 81
Yhd. HHAGE! YR AT HRUGS!, 9 TAd Uicfaeag IR (Personal Protective

Gear) (PPE) [RaUI Hg@YUI T8,

&1, fobeed fhar 719 9RE SiiPdhd HeRga=n Yeuqe gaddciH Safded i fda
ATSCHYA IS T Sffd degT Uh AeR daR dell ol < ffaiRed Ioif Teq=ar geadf
YNTIAT TR HHI-3oT HETIR Iw-3oll Hed SUaRIe! Ry Saae i1 3ford
.

W a_s'iﬂ' (Ultraviolet lasers):

afd Holdd HRAT%'@@I—C' NIESECESSR (wavelength) 337.1 mm 30T 357.6 mm 3P 3G,
gI-UIaR 19 2R 1 3TURHT Th UhR U TR (Excimer) TSR, d 3eclgIde 01
%’J&H W@@E’ é’%’é?u (Ultraviolet and vacuum ultraviolet) Proeatss) G?\‘:Iﬁfﬂ RN ?ET?
HIGYT GHIUI dT0R STl

égl? afesT= ﬁ@%’l@ﬁﬁ (Advantages of Laser Welding)

1. 3= JWFAI (High Precision )- Araeh! afesT (micro-welding) 3rfor ﬂﬂ'l'ﬂ?ﬂ?m IEEIEREIG]
i,

2. FHHAHH I Hhdcs A (TEUS) - AfcS = fagdt B Hd.

3. B Wie afedT - Hiayl UHIUNd SdTEATd SdlGhdl dlgdd.

4

5

A1 Bicae Ufchar (Non-Contact Process)—iadng\H fhal Héli&wm GTITJITUT'_{I%)[
fafay AeRueas &1 - Acd, wifkesw 3for RRFrerst arg

ﬁsw CIHE] Eﬂﬂ'ﬁ'@'@'l’%ﬁ'\q (Disadvantages of Laser Welding)

1. 3 URMNP fhAd - TSR IUHI0 HET 3MTad.

2. PR AR MAAH TR 30T T HgwdqU! 3Tg.

3. Gliscdl STet qaifed- d SiTe ACRSITRIT3! Bl afcsT S THTET 6.

4. UL TS (Safety Hazards)- A1g TR ASTIATS! RIS IUTT TILIEH 3MTd.

ﬁgl? AR Sifwrdper= (Applications of Laser Welding)

1. 3ficifceg TN - afcET T8l UAed, dest 3o €5 U (Welding body panels,
batteries, and engine components).

2. IO I - RUA <, T8 &S T TSR ThTUC ICIRUTS! (fuel tanks, turbine
blades, and aircraft structures) dIUcll ST,

3. Ofewd INT-Tefhar waﬁ,ﬁw 3rfor q&H Uchid (surgical tools, implants, and
micro-components) afe.
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4. sﬁ?ﬁjﬁaﬂ I - gfhe Eﬁ@f,w 3T BINCE HehiHe (circuit boards, sensors, and
delicate components) qrid gio.

5. QIR 3NfOT o/ SIRIRA®T - & 3for Jarjdi=ar HeaHT Sise HRUIMNTS! aliRd
ST,

3.7.3 38 qlex afeST (Under Water Welding)

3fgr dier afed™ 81 U fafRry afcd T ufdbar aire Sft grvararciie TR goed HRUTTa! 01
FIUUIRITS ATIRE ST _69[ W, ﬁv_*I'ITCI@ 3TfOT UTogRaTe (marine, offshore, and underwater
pipeline industries) ST SRS HIST FHTUNG aTaRd SiTd. 81 Ulchdd Sigm, figd R
STIOT AT UISTAR GoK! ¢ laahg Wpal ST (Scuba Diving) a1 JHIART Gidl.

BIRAN® AfcET Bl Tlelcecs URRER B HRUMRT afce T UishdT 3iTe, qMH=Id: o Ufhdr
qUgTETel ST ST URR daRued g

38T gicx afeST= 39 UPR 3ed

de aAfeET (Wet Welding)

1. ﬁmm Q'dc'l\l\ﬂ{i?ildlq (enclouser) Je UTogTd el ST,

2. TId dfexYW TodCIS AR IIdId. Saaeis Ml ahUi eRe gafded 3 dTaR
BId.

3. S{TSETSd UTuft degell AT U HRd, ST HedhUuN MU sheb gI0dTal Uil dledl.

4. Usgreoy: fdd Yesiu, Hl fbua 3for g Afed sRa @il grvdrd ol Ad.

5. SNAUSECo: Safded Xid, gRISIoH URR (Electric shock, hydrogen embrittlement)
30T RIS des TUraxia Hiehl.

S afed T (erauRel® afesm) Dry Welding (Hyperbaric Welding)
1. 8 afcST ufordn TR HReIeT R e, dfcs T &ATURET UTult HIeuaria! et
SIGH
2. Ao JIHY THIAER S ciedT 3T AfcE T daT=T aTuR e BT B,

3. US®ICo: 3T-UaTd des, i o fegfoIfaferet (visibility) 30T dEATS! &1 afes
feran 31t JRfd 3iTe.
4. StSEFSN: Y3y o ®ike oIk 3], Faffed Miaeiiedr 3fir 9 Yot ufehar 3ig.

3fST gic AT ﬁﬁﬁﬁq (Advantages of Underwater Welding)

1. IERY AT SHTHRISR GRS SHAAH- FIHS! TxA-o gowd! &l P,

2. MU ORI Wd SR 3§ - T3] dfee?T g UoaTaTe} HIGUard! TR
e,

3. FAUBRAT SHAHRH Al AG- gl @M, UrRudrsd  SfiftT  sfevdreR
HRCARMAL TR ST,

4, dfET UTUTTd WITaR ol ST, dhd-dle TSI g Ry 3o gefimdt (bridges)
g 3G
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3fST gicy AT C‘ﬁﬂ'ﬁ@ﬁﬁﬁ'\q (Disadvantages of Underwater Welding)
1. deexdnel 8 R (High Risk) - 3@% M (Electric shock), ﬁ'EIE_"T, (decompression)
3101 0O €,

2. WIS I¢S T[Urax (3Md afed) - daH HICHTHS (Cooling) TichT 30T UIRTET (cracking
and porosity) IR g,

3. TGRT TSRO HTIOT UTRIEUT - 3fdd HRIA ATTHD MaRID TR

4. Tied RIS (visibility) - OT0OTE SRIAAT SR (Accuracy) ATOT BRI
(Efficiency) FHH FR.

e aier AfRT Sifwrdp e (Applications of Underwater Welding)

1. STQTSl G@HTeT HTfor W - forfad™ ga, Uiua snfor sy (Fixing hull damage, propellers,
and rudders)

2. STHRIR Higd R A0 Wi - UISUARA, TichiH T IaaRd T gowd HRUl.

3. Ud 30T &RUY (Bridges & Dams)- dfesT 30T 3{&dlcR FIHRE IR Tolgd DU,

4. tlTU]@Eﬁ 3ffor Aed W (Submarine & Naval Repairs) -W@@%ﬁ ST Tai SHTTOT
g g,

3.7.4 STgeidid! fAafad af®ET (IGBT controlled wielding)
SIS Sager efarer T UTaR TWIIa AfdeBRRGR (Rectifier) ST UTAR @ A
FUARA He B B, Ad¥ fTIonale] clierexdl (IGBT transistors) dMUR ST UG

T AT Ufehdd &lees! BT HRUTMTEST Ssiieic! a1 aTiR e dfca 413! 81 Thaht
T Hc TIR Hdl IIdl. Seie! § T JHdeaes fS@3Y (Eemiconductor device) 318
S ARl (MOSFET) e 9 (Switching Speed) SRIUIAR CIFSReX&AT (Bipolar
Transistor) BT1- G@lecol 30T gTI-HCHE ge HRd.

Tgeaet P A 8 ue wiTd AfeeT e o8 O gafdes Sic Ml srugEd)
S{TISTE - TYUTRT 3ege? aTuRd. § UTeR HIIHRM (Power Consumption)

FRAMT dfceT STRI-HE Sredal, fRRAr ofdl VAT (Efficiency, Stability, and
Precision) dTedd.

Smaeitetdt fFrafa A= fitua (Principle of IGBT Controlled Welding)

1. SMISNEIC! ATaH SAdCI-d ad (Electronic switch) TV BT &l TTOT AfeET 3fTehdT
TR g fAafd s,

2. dfET O witer SRime wuidRad Hd, dFQR dfedT dHic g erugmmst
TISlEc 3egex ¢ aTuRl.

3. g1 he=t RafRiT @m\mad: 20-50KHz) TRTE 3T FRRET (Stability) 30T SRIHT
T .

4. Tfagd Glecs], B ST BIc 3TYC TRGHT AT IRTHICHD 3D a0 .
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Mgttt fFrafa Al ﬁ@%’l@ﬁﬂ (Advantages of IGBT Controlled Welding)

3ol BIAEH (Energy Efficient)- TRUIR® CFIBIHIeAT Ja-d dIol aT0R HHT Bl
TTgede AT HIIE (Lightweight & Compact) -3-eR- TR fSe A=A @@ SHfor
PICHECRERA

3. TRR 3Mfor Ardayul 31 (Stable & Consistent Arc) - ST-TUERTA JeaaATS! Udh WY
(Smooth) 0T FATfAT 3T UM B

4. 3 AU (Precise Control) - AftET IRIHICH dcg ! ST dTeddId.

5. @ gl M - SaaciFe demiadl yHd I HH! HRN.
TH3TTSH, Feimosh, THUAY (Rew) for wrghT AT T - Tehifie afcdT Rt
13T Yedd )Suitable) 3HTe.

meiadl fAafaa af’= @Wﬁg@%ﬁﬁ (Disadvantages of IGBT Controlled

Welding)

1. ORd URfYS fhad - aRutRe afcg™ aefioen 3ifée Jem.

2. Zdifdcd Rlecsl WIaURM (Voltage Fluctuations) - I Zaifdgd WCaRM =t

4.

(electrical protection) ARG hdl 3R

PR Tfcpes] (Complex Circuitry)- d)l-q\lﬂfti\{-l{-llor\l (components) 3Hf¥eh GEUTA
TR D,

P SRR HTID TR - YTd HRIGHAITST PRI ARSI SaIDH T 3Te.

Gﬂ'ﬂ“ﬂﬁ rifia afsT= G‘f@ﬁ?ﬂq (Applications of IGBT Controlled Welding)

woewb

JicHIfeE I°NT - R dI8! BIFHA (Car body fabrication) TUT TR afcETHS
(Chassis welding) CIERGIRSIGE

IO 31T (Aerospace Industry)- [THFTET WRE-T! T afesT.

STgTel Sieoft 3T AT IENT - Arear Heaan i Tara! Hriem.
SieHTH SATIOT R gfae - AT ursuans, o Sfl Wid Iaaire! Mexf afce.
J:IJ'EJ,CF)OI«*-IIr:é‘I $S%<f:l (Manufacturing Industry)- RAeifed ftr Wafad afdT Reqaed
ORI ST,

AYAT U¥ (Sample Numericals)

1)
2)
3)
4)
S)
6)
7)
8)
9)

gaifdes dfeET U B
galfdee AT T UHR DIUIA 3HTed?

Yoy afcd = fUiRkmae g,

Soifae® 3T IS fAfdy THR H sMea?

Yo afcd = fafay R &1y 3ea?

i ey afcdT a3 S silea?

e NIHD afeeTd YSgeory .

e AfcSTd D1 WY P,

galfacd diceTTd USaTco ST St ®eo

10) SAfdcd 3T AfcS TG YoRe— A ! o &,
11) UIoiaRM afeg™T Ufehar Ty .
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12) 3Maeieret FHafAd aAfcET Wy H11. Ts@Teo U SIS @ oy 1.
13) Safded 3 dAfce T Ys@Tcor MU SRS Ereoy oI,

14) Safded Mt aferse Jim.

15) 3{8x diex AfcETd HH WY H.
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Unit - 4 Electric Drive

gfve - 4 3afde® gE®

fawg A=l (Course level learning outcome - CO’s):

CO 4 - faf3y TS HAE! (application) T SHIACH JRcE (1S BRI

geo frosit (Theory Learning Outcome- TLO’s):

1. feda UeRen gofacd SREANI® (Electric Drive) HEWUU dRTCIANG W
3fiesul.
e Yt dmamATa! (application) TG HieR JeraT AT ATATS! TG HRT 1.
ﬁ%_@?ﬂ ﬁaﬂ@?ﬁw CESER RS (atmospheric condition) T THRIoR (enclosure) fAaer
30T ATETST HIROT 1.

4. TAdoar UHAS! (application) Ioface® Hiexl UiaR CAMHRM (Motor power
transmission) STecgd! (S T 30T HRUT 1.

5. faoeul B IIHS (load cycle) TS T HeX TR (size) TN AT (rating) TSt

3.

6. fedou Ufydzq I8l O 3oked (Fue) (ify) 7= 3nfor 3faes Hex (Electric
motor) FaST 30T ATATST AT HROT 1.

7. feoaa gfac® See® (Electric Drives) T [Tl S@HTE HRUGRIT Ufthar Ty &1,

4.1 SOfae® SI5@Y (Electric Drives): HHGUAT ATIOT SSfaeed el Fasat

ﬂ'&iﬁﬁ e (Electric drives: Concept, factors governing selection of electric drives
(motor).

4.1.1 HH QYT (Concept):

TS (Drive): SIS TEUN 3 T 318 & HRN-0T Hb{b® Tl [Rad. Seed Ho TR
1EIB%WITI'I'&I 3Ted:

a) SIsi® SS9 S8 (Diesel Engine Drive)

b) 3’3‘%@'&"%’ (Electric Drive)

gofde® TI8® (Electric Drive): I0facd IRE o U HH SagUdc R 3 off
SOIAHS TAG] HbMHe TAodel TUARd ®Xd U a1 Uihid Iofacdhe Hglo

(Electrical control) @SS Hd.
4.1.2 3@7@? Hiewa foarMaadt ng?cn%r haer (Factors governing selection of

electric motors):

gofded Sl HoHd dchiHed Fofaed HIeR (electric motors), TR ST S facH e
Hele R I GHIa 841, Iofded Sl Al Riue |, 32 31101 ¥y &S (smooth
control), SFTAISIE (reliability) 30T ST B (long life) TS 3HUH BB B 311G
S{TSTHTS AT YHReAT HICR] ST 3R, edT JTaTeT dfRTediges SHTIuT SMuadl
JAIH IR A AR Haga! drfget. Hier Masd I T@ole haex [daRTd gde Sdrd:
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1. 3%% YW WY (Nature of the Electric Supply)
YS! Soldcd T o Urol T, (3-Phase A.C.), T Tl WL (Single Phase A.C.) fdar
I3 (D.C.) 3R FHAl.

oft et Lefsi (three phase AC) J@IIT3T:

1. DA GHAAS! PR ol SR IﬁEﬁ(squirrel cage type for small ratings)

2. I eHauTe! ey a1 §8a=M Hied (for higher ratings)

3. "ig (speed) SCOUIR] IZTHAT 3T R Ue Jeaumar Ay (pole changing
motors) fhar s Eﬁ’ﬁ (stepped pulleys) &Iﬂ@_ﬁﬂ ey FIERVEIRCIGINE

4, 3gH s A 3azu® 3G R 2V HIcH/TI-TTol (Scharge Motors) ATIRGAT
NIGIGH

Rivre o My (single phase motors):

TE: Flsc IS IR Bidl BRI AT IeYe &HdT Faifed SR,

313 Aied (DC motors) T1 THY, AledgaadT YHIUIG SIRG aToR&GdT SITd ATad BRUT;

1. U I o S I 99 deouarra! ifaRed IUSHRUNH sazadmdr 3.

2. St dedgd WE@ (commutators) SHHdId, W T (sparking) SIRI BIR Y
(brush wear), 3MIfHT 30T ITATERUITG HISZTR (moisture) T PGS TGS
(destructive fumes) JHII fafor grard.
13, Hied HeNTSaT 3YdTd 31107 il He==g (maintenance) ST 3.

?R°IB°T Sofdcd TRDHOCT (Escalator) WIo fiGd (steel mills) 30T & (crane) IRBAT

U@z g8 o A0 Heward Saarges ol T, W aruRe] Sl

2. §T8dl UHTR (Type of Drive)
SR UHR AT AT 3a=TH ATGHAT HICHTIR AT IS Magal .

3. Olsd WEY (Nature of Load)

OIS Heged (Continuous), szviﬁz‘c’ (intermittent), fhdT TRATGYT SIS 31 BT AR
TR Ale (s B! 9ITd.

4, @@W (ﬁﬁ'ﬂﬁ) PIFRIRePd (Electrical Characteristics)
a) SHTIRFT fdar a1 RS daeaIResy

b) {:Lbdldnla DI IR DY (Starting Characteristics)

C) e Eb?jT'F (Speed Control)

d) ST eI ReH Y (Braking Characteristics)

5. AP P® (‘Cﬂﬁﬁ) CIC] (Mechanical Considerations)

a) Qfd@\lxﬂetll UPhIR (Type of Enclosures)

b) IEEIRUCIRCAR (Type of Bearings)

C) ;Ir{-lil\-lle'-l UPIR (Type of Transmission for Drive)

d) igsl 3 (Noise Level)

e) BT 3for qﬁ?"ﬂl cIgH Hicc (Heating and Cooling Time Constants)
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6. H‘% HUrIdl (&THd) 3qfor ¥fdr (Service Capacity and Rating)

a) b ST (continuous), SCIIWET (intermittent), BRUSS (variable), IS
ARG ST! HTIZTD (HURICH)

b) BB HURTCT (capacity) 31ifor Ja-3i3c 3l (pullout torque)

7. fUeR—g (Appearance)

8. BINC (Cost)

a) URIYS B (Capital or Initial Cost)

b) ?ﬁﬁTW(Running Cost)

RI® T4 haedl 3oiacd Hiex RIGaRM HRdHT f[aaR HoT il

2. gOfdeP SIREd UPNR:
IS JTIRGAT ST ISfacd Slaced - I UPR e d:

(1) Y9 S5 (Group Drive)
(2) SSIRIg3@ 815 (Individual Drive)
(3) HAQTI-AICR S5 (Multi-Motor Drive)

(1) 99 ST (Group Drive):

U eehed Uh! RiTe 3ofaed HiexgR oMd Bical 12fiF areaedr Jrdrd.

I T dal ZATUC (lengthy shaft) 3R, TR fafdy T=fH ST (Pulleys) 30T HrgaR
G (Conveyor Belts) T ATETAM SIS ! STATd.JU SIRG @ "BTa- 2MIE SI5®" (Line Shaft
Drive) 39a! U

8 U BR HJhad I 8IS (Car Manufacturing Industries) fdsar sa1 {3 sl wekiRieg
STIRZM TR (successive operations) 3TGRA® IS ST SYNTHE IR S,

Common {ﬁulilﬂ M4
(ﬁ:“ ) Shaft :
Main Nl / N N /‘;;:/I
Motor AN AN AN |
Bearings
diery | ciero) | ARy @
Motor Motor Motor
| 1 2 1 3 a
777777 rrreiid 777777

Figure 4.1 U 31%3 (Group Drive)
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qu ;‘Ig%% ﬁ@@%ﬁ'\‘l (Advantages of Group Drive):

1) O B : THI T HURICIA (High Capacity) HRIMgR 3% AN droadl Jdid,
IS 3D T &l AICRIUET Uhd g1 HURIC! HicRdl T4 GITd! . 341 Th
10HP HICR 9dGdT Tt 10 dTdTeaT 10x 1HP HICRITET Wk fHosd.

2) Wie dhls WRITSCET (Speed control facility): Tte ATdTeT SAMMAT ! (Pulleys)
qII dIavTes TS (Speed) Fesaar Tdrd.

aq ;‘Igﬁ% SRIUs@ICuIY (Disadvantages of Group Drive):
1) 33I@IY3@ T (individual machine) a1 U T (Stepped Pulleys) 30T d&eq

qIIRe WS dgle HRul fewidhae (difficult) 3Ts.

2) 1Is JfUerR=g (good appearance) 30T 3fReHTa! HH IH (less safe to operate): BT
RMMUE, Go! 0T docage i1 fUsR-Y fausdl ol Quctn el aredl.

3) Sifafvad w=iF sqquarh mafer: fagmm Ry 9 Fd 7zii9 Sisvarh amarn
Hyifed 3.

4) O 3R BRISHFRT (operation efficiency): SR PTg! ARM fARIY 9@t A1¢ 4,
TR AR FHHT & ared 3o uRomdt 3ieRisr=l @ rerman w4t gid.

5) U9 MRIFAE BIGE (fault) STQAR U4 JAUGR URUIMH 813 U001 SR Yied.

(2) SFTYer@ (@ufea®) S (Individual Drive):
1 SReAY Td® HRFYIe! Wad AlCR aIRe! SiTd. TUMeid, Td® B HRUMT H2AH0T
Wa:dl AT G-I Hiex 3.

IR0 Rie-fAies ST 7= (Single-Spindle Drilling Machine), SOac®HS 58 Cad
(Electrical Hand Tools), |TAT UhRA] Ned afdT] ¢ (Metal Working Tools) BRI

3SIRITY3® SeEd Us@eod (Advantages of Individual Drive):
1) TG (Installation) YT STTOT AR 3.

2) T TRI-AE YOS o Aquf G0eT el aud ATg!, HRUT Tdid J211H WA
3.

3) yd® F2iF @ Fuffiva emaar (Rated Capacity) ST B T,

4) Ud® TS W dhelo [Hed, e Haxdd Wie 31 TR Jgo a1

CIGIKGH
5) HRNFST RIRGR 3BT S9adT Id, AT SR AT YN HRdT U,

é‘@ﬂéﬁg\w @gﬁ% @'\‘Iﬁﬁﬁﬁ'\q (Disadvantages of Individual Drive):

1) T ORG: T® ARI8] Wadd AleR S9ard] S1Td, A 81 YHR HeNTST USdl.
2) SR ST TR HRUI Y TRAH3T Wda g B2 (Main Motor) 3.
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@eR1)  @RR) @Ry @ER4) @RS

Motar Motor | - Motor Motor | . Motor |
1 2 g 3 : 4. i
/l (RRI 1) (HRIH 2) e 3) GRICEYI | GRiEE)
Shaft | Machine Machine Machine | Machine Machine
{EHEE) 1 2 | 3 g i
Automatic Automatic Automatic Rutomatic Automatic
System 1 System 2 System 3 System 4 Systemn
Figure 4.2 381@15g3[® S8 (Individual Drive)
(3) HGSHIER STS® (Multimotor Drive):

AOdHIR SEere Uhra R AL 3Fd Wda HieR! 3Fard, w1 fafay eria ymmn
AT SR HRUGMTS! UlaR YR,

£ [Tl B2 R L e I R R 3 Kok 2

1) § 3% Wad Sreud HaIeH (combination) 3.

2) T a1y SRSt (Special Work) 3 ATTa¥Ted HIeRIdT AR H@T SITdl.

3) YUl Ufhddie fafae TRz WUl Ireddt Idrd.

JGIGRUT: o (Crane) 3iTOEH:

o1 ITGIUIIITS] ATTATTeT HTINRHHT3] ATaTTesd] HIeR SHTdIG.

3¢l §P ITGUIMNIS! Udh HICY, g1 (boom) THAVIRITST GIRT AT HIeR, B (crane) Jce
HRUGETS! faast die”

ﬂ?ﬁﬁ'lﬂz? 31@3% ﬁ%ﬁﬁﬁ'\q (Advantages):

1) TP Hiex WUl B I TP ORI Wi Hlex Saaies a0
3P T Hd.

2) I BT Tad TIZID AT HICRIAT Sl GRAGT STd, AT SHoral T HHT
gidl.

3) TG iU TETe! diex fuSaa™ had ddedl YR RO gial, Jquf Rct|
U BId g1,

AR Seed SUSEeud (Disadvantages):

1) 3 Td: 3P HIeR] ARG TR W SR S,

2) S ST ARSI TS AICIST SN GITd, AT Tgut I HIST ATOT Sraeis
gld.

3) HILGR Helo R : AT HICRIAH HleHc quamel HfUd o
Rty 3for A TR SR
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Utilization of Electrical Energy (314323) gﬂam@m 3P sﬁaiflw Qzl\_rﬁ (32¥3IRI)
3. BIS o AR (Nature of the load):

A 3

Load Torque
4
—
Speed
(is)
Figure 4.3 s (a'lT) -Tlth BT Hd (Speed-Torque Characteristics)

ffs-cid aﬁl'lEﬂ'lﬂ'\‘IR BIsd TifHur (Classification of Loads Based on Speed-Torque

Characteristics):
fafae SNefies SFUANHE UR (Load) Tfed s -cid AR TR dTTaiTed UHRId
fAUNTS STdTd. WIOeUHY Jled UHd IR UHR 38d:

(M R afd oo vis (Constant Torque Loads)
PFEIRINCP:
o WIS fhdlal 3™, Tl Rl (Constant) Rl
o TIUBRID OIS BRIGICS BTz 1 (Horizontal Line 1) THTO dciU[dh dal.
ﬁ%ﬂqz
1) b (Hoisting Mechanisms)
2) g\EEﬁH(Hoist Winches)
3) O [« BI8 Uhad (Machine Tool Feed Mechanisms).
4) fOReT U (Piston Pumps) (ST GIETET favg 1Y HRdTd)

(ii) QTIT=HT YHTUTT b aT@UNR BIS (Torque Proportional to Speed)
PFIIRe P (Characteristics):
o Tl QTN YT YHTUNA aTel.

o U WY BT 2 (Straight Line 2) THTO! faa.
T Ha:

1) AfST IS (Rolling Mills) 2) Toi fi& (Paper Mills) 3) Fd3R (Conveyors)
(iii) AT AT YHIUITT €1 aTeuny HIR (Torqgue Proportional to Square of Speed)
PIaeIRIReHd

o IS e HI cich WIS FIHT YHIUIT dTedl.

o U &4 -3 (Curve 3) THTO! faal.
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Utilization of Electrical Energy (314323) Qﬂﬁﬁl@m 3B sﬁ?ﬁflw TSI (3383R3)
ﬁ'@ﬁ?ﬂ?z
1) SBI3RT (Blowers) 2) W (Fans) 3) YETRIT® UW (Centrifugal Pumps)

4) EEERIRE (Ship Propellers)
(iv) s CIEREIN el HHt SR I8 (Torque Decreasing with Increase in Speed)

HYGCIRIRCH (Characteristics):
o WS AGCEH DI Tl HHI BIl.
o U IORAT GHTIR™T (Falling Curve) T,
ﬁ'@%?_ﬂq :
ST T2 (Boring Machines) 2) TS T2 (Milling Machines) 3) Ae® SiciT B=iHY
(Metal Cutting Machines)

4, @@W T IRePd (Electrical Characteristics):

fagga dAui SrRiemdr U duadt Wie el diaeiauRedd (Speed-Torque
Characteristics), g -Pic I ReHY (Speed-Current Characteristics), cldh-Tie
DI RIRCHT (Torque-Current Characteristics), o (Losses), P (Efficiency),
THCTRRNT HRe (Magnetizing Current) 3MTOT TlaR Waex (Power Factor) T Tal 1Al
ST,

faRIvd: A.C A= Sdid ﬁ"ﬁ?l’sﬂ%l’ffw (Magnetizing Current) 30T iR haex (Power
Factor) g1 He<d 3.

0] TR BT B RC R (Running or Operating Characteristics):

(i) IS -PHc Hae DR (Speed-Current Characteristics):

&9 1: SRt 7ie HIeX (DC Shunt Motor):

WS = N o (V - 1aRa) /0

o I A ¢ (T R 39¢ WA, HRUT DC (e AleR & FRR aT=h Hiex 3.

e TRV (UWH Focd) RR 390, R WE -Hic aIFNREHY ASIGHAT
IENGIGE

e DC /¢ Hicr goR fdhdl AI-ors RUdd = o,

o SR YU BISER Y& Hol, dR oA Sl Hc dTg Abhdl, SIS Hiexd! argre
e X[,

3@7% Wﬁ T3 (Applications of Electric Drives):

1) HRId ¥ (Conveyor Belts)

2) @';PFCR?EIFFW (Centrifugal Pumps)
3) Bredr U U (Small Printing Presses)

4) UWR §qugred] UM (Paper Making Machines)
5) XU UT (Reciprocating Pumps)
6) Hc® HicH AR (Metal Cutting Machines)
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7) UTSSH (Grinders)
8) UIfGIRIT A=A (Polishers)

DC Tie Hiedl TS -Hie Haqedadie®d (Speed-Current Characteristics)
TIBIHT:

V — IaRa
)

1. 3C HicHY TORT (0) JdmUN fRR 3], HRU B ARieT THaRs JHaR
(Parallel) STSG®! 3 TV HIGS He HIGAT FHIUIT UGl g,

2. YW EIEH (VWV) 38T FHRId: RR 3R/,

3. Wie YHIHRUMER;
o fRR SGaM, Tl TSI STHTR HRE (la) SMTOT THER UfAHR ST (1aRa) TR TG
3.

4. OIS AERIIR, 3MMHR PRC (la) TTEd!, TRUTH GGl ST (laRa) dTed!, IS T
STzt St g,

5. WIS-PHic INAINIRCHY TadUN Jule 3did, Wueld DC e Hiex I8

N «

~

Speed
is)
(@3) Current (1a)
Figure 4.4 DC Xie HAicTdl TS -PHie Hgeae®dd (Speed-Current Characteristics

of dc shunt motor)

FOfR® FIITd SR SIS HUAT USTTuid T SRS ET<o

ﬁ@%‘l@ﬁﬂ (Advantages:)

1) X[ (clean) 30T UIGYRTE Wt (air pollution free): SSTdcdh I3l DHIUATE] SET
TR THGAHeS d TSGR 1 3.

2) odfabdl (flexibility): STacd STEST Yol ool Sddl Ud.

3) HH BIE (low cost): SR SIZRHT TO-Id IBTICH SIS HH Wt 3.

4) BN BTSW (long life): TS STIEAT HRIGIS ST .

5) RXHIc Helo MTURM: TR SISEAT Jod Soided glaced g =0 I 3.

6) TS BHI® (speed control): THTaH SreggR Wis g FHAd Har Adl.

7) @fﬁ%ﬂfﬂm(low maintenance cost): $c\’>|r07<;cr> §|506t|°| Hea ssﬁ&rrﬁrwvaﬁ%
3.
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8) HU! SHITATAT IO TEHUTO T Td: ISTach SIS AT TN GEHTS AT
T @ HHT SR,

9) SHHI SN BRI (low space): SSTAEDh I3 3 SIIGHI JOd HH! ST AT,

10) I BTN SSfaed FI3EH! HIALHAT o ST 3.

Eﬁ'\‘lﬁﬁﬁﬁ'\‘r (Disadvantages):

1) AR IEd JGIN U TN §¢ JTodN 3ofacd SI3a B HRU Yiadd,
e g0t REH 3 g3 2Mdhdl.

2) WHAfed aIIR: ST gEeg e SOl YW Hodl [T auRe Wid,
R[ehdl.

3) faggad v ¢ RAE Afhe fhaT siiggs Heacya NS 3ofdcd IRT
TR1E B3, 2 ST AT gHwT fAH{0 813 2T

4.2 gofded SeEd UPR: a7 3T YU (group) IT5E, Twdba=

4.2.1 YU gIgse (group drive):
Ueh] AICRER SHGHIRMART ARM thl Hiu- 2Mde fhar doe T =1 gadH areao]

ofTdrd.

70 315 ° YwH:

1) ®9s IRUAT - 3Fd TH dhal Hars ARM ATGITIRIS!.

2) TR e (die fTRuan - sH® UrEer ftr Ufdhar AlRM JreauariaT.

3) THRNT (workshop) STOT FEH BRI — 3P Y (lathes), TS (, drilling) 3foT
AT (shaping machines) I TS augTaTal.

4) BIHS! T TIR HRUMAT THRNT (workshop) — THTT YTHTHH HRAd, WX SHTOT
&R ATGIUITITS.

5) i CILRCES| (printing presses.) — 3% BgH U U Irequaral.

6) HRI ac‘gq{-l (conveyer belts) — 3dIa- (Production) 3rfor W (transportation)
BIEEREASIRIG

1‘5’,331%@? (Advantages):

1) URM® T HH (TP AleR 3Hd d9ma).

2) TR wTdii= srafardt Suga.
?ﬂﬂ'ﬁ?’%ﬁﬁﬂ (Disadvantages):

1) AR [Hussa 9d AR yisd.

2) el ARM sy 3RIdMT divian 3uedd gidl.
3) add HRIA=T T 930 SR ol Bid.

4.2.2 Td7 /3TSTAZE S8 (Individual Drive)
U GATST W AICR 39d, Sft Wadd TR U &,

m (Application):
1) et 92fi9 (CNC Machine) — T TRIFST Siddh G0 3Tdz0d 3.
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2) H-aaR RICH (conveyer system) — TAH H-aaR [AHTTEI Wdid SISe8 3!,

3) UY 30T IR (pump and compressor) — Wa T SI3E BRI a6 B,

4)  HiHEFHS Aaifesm 3MRY (robotic arms) — U@ 3TH fdaT faHTTTST Wda HieR
3.

5) AT fUET U9 (printing press) — T @R fdhdT [AUTT Xad=g0l TGS ST,

6) HT® BT (metal cutting) SATOT UTSFET (grinding) A= — 3T Tt 30T Iotdl fT=0m
TP 3.

¢q® 4.1: WA ST3@ ATV JHE ST3® AATNS o1

(Comparison between Individual Drive and Group Drive)

(Point of Comparison) (Individual Drive) (Group Drive)

IS HRIH93! WA U HICXgR (Single Motor)
e (Independent Motor) | 3 HARM (Machines)
Ta=TD. Bl

Hied! sazgehdl
(Motor Requirement)

QU OiaR Saxghd]

UiaR 3{1azghdl . UehTd HIegos THUT UlaR
Power Requirement (Total Power Requirement)
Wi [ ATl HH 3.
( a ) SR 3,
BB & FHH AEIGIS &HdT (Low | SR @R @IS &HdT (High
(Overload Capacity) Overload Capacity). Overload Capacity).

FHHT YU (Lower Safet
oA 3 AT (Higher Safety) (Lower Safety) ]
(Safety) BHRO TAD T @A AR, | e s

BEIGEGH
e Hele : oA Wie Helo A A6l
- W (Independent Speed .
(Speed Control) (No Individual Speed Control).
Control) dT Idl.
Req a1 WD MO AR T | MeBSa! 30T roqafRid
(System Appearance) (Neat and Clean System). XAl (Clumsy System).

T aTad B3M3C (Flexible _
REIRASIELITIRE] Layout) - T TR wEw fAfRed demse (Fixed Layout)

(Layout Flexibility) - §GG HRU HAIUT,

ST dd.
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e WX HUiReT fage s UE 315
(Point of Comparison) (Individual Drive) (Group Drive)
R mﬂlamlaaf‘l"l CIEREIE SRS £ R 30 H
(Expansion Capability) ) (Easy Future (Difficult Future Expansion).
Expansion).
FLIEIRIRUIL] T ga;ﬁ A : : = Ayl fours graar
(Effect of Fault) =T BPUREIRI G
UidR 1 ST UlaR S (Lower SR UTaR < (Higher Power
(Power Loss) Power L0sS). Loss).
A o e He"-g it | Ui Hievyes Ao~ H310]
(Maintenance) (Easy Maintenance). (Difficult Maintenance).
31fee W (Higher Cost) —
< E - FHH! T (Lower Cost) — THTH
(Cost) IﬁETE@'
e,
. f&UT (Lifts), ST (Cranes), | gbRITT (Workshops), TWR e
([A lications) &Y HI (Lathe Machines), | (Paper Mills), TRICTS® fHe
PP BRI (Textile Mills).

43 STETY VSIS A (features): S, TSR AT Y TR THT IR
(Enclosure) ﬁ'@%—ﬂq

4.3.1 GGG ISIRAT (Enclosure) SET (purpose)
TAFGIOR (Enclosure) § Tdh TR& ARV fhdT dheg T 31d, o fagya, i Sfor shenfire

4.3.2 MR QT-Iﬁ%ﬂTrR% YDHIR (Types of Enclosure)

R AF® (IS 4691) fafay TR Jouimedt die Ffdy Frdd. ofdes Hiexdrdt

TTdOIoR dIIRS SIdTd SUibee HICR GRI& B0 Wolo YRl Soided HICIHI!

T [oR U dT0RO! STl -

1) 31U UIcacs (Open Protected) T — 8 TAIBIOR (Enclosure) 4T Had WaTg HRUTN

2) ®hH Ulcdcs (Screen Protected) T3Y - e AeRel Jifafad e foo Id, avd
YT=HT SITedT (metal grids) fhdl I?S&gdrl Hed (perforated covers) 3{dTd.

3) EUQ:EB (Drip Proof) Eréq — g dfeozMYTa! Sgf-T ST (openings for ventilation)
39d, St Hieg e 17 {2 UguR uruft fdar ¢fe SuamRyH IRad.
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4) TH YW (Splash Proof) TRY — I, 33T fGI SHTIOT 100° BTG TSUIRAT &4 fohar
Y HUMHT HleH S STUITURA S ST,

5) Ticd! TIdeIs (Totally Enclosed) TRU — IT UHRIM, HICI= TS 30T dR®
N TSR I b1 GaIG R Bid ATa! (free circulation of air).

6) USU ®fedes (Pipe Ventilated) eT3U — U1 USRI, Tdd droll gal HiexHe) Tal
PRUGIS] UTSw fhar Sacd faors 3radrd.

7) Qd{-lw\l\sl-l Y% (Explosion Proof) E'I'sf'q -% Q:I?ﬁﬁ\_ﬂ (Enclosure) 3favid Whie SRR
DHRUGIY & ST IO FeaA W] HH Uigiad -Tgl.

8) dax YW (Weather Proof) TTSU — I TG oRAL HIS e85 HUT (debris) 30T 3 (rain)
HieAe UM GUIRITST SHfdRad TieaRM fao i,

4.3.3 Fﬁ?‘ﬁ\_ﬂ% ﬁ'@ﬁ’_ﬂ? (Applications of Enclosure)

1. 31U €189 TAFBISR (Enclosure) (1P00, 1P10)
Toda: W, DR S TG TSR IR fSHft aRe Sra, oY amg oe
U1 RS =t 3Tazdeqdl 3.
IGTexuL:
1) TS 3N Aey (Large industrial motors) (CI® ATATARUN).
2) TONTRIS @ 3BT (Laboratory equipment).

3) ®CIoCS ;Ir%il-I’J\IJJ-IrHr (Ventilated transformers).

2. f$U-gw TSR (Enclosure) (IP22, 1P23)
E@ﬁw_‘-ﬂ:{ T 3 (water droplets) 30T AT 3B (condensation) dIdTdRUMYIYA

TICRM ad.

A LRLE
1) 3dla- HRATATNS <5-1S\|3R1:ﬁ2ﬁ(lndoor motors in manufacturing plants).
2) HVAC U3 HE) arRuaTd Jun=aT Hic,
3) W 33T SI¥R 31@?@?@16‘3[ (Alternators in sheltered outdoor conditions).

3. TITo] TAFOIS BH-§ S (TEFC) wraeiw (IP54)

TSI Yo 30T ST AAIaRUNd aTRe I1d, 572 Jeie gaT HickAs Ud3l o
R[ehd ATG1.

IEIGL:

1) OIPHal a MG HRUMIT HRAETANIS HICY (Yoo IR TRETTTT)

2) oYt uroft (Agriculture) WY UY HIcR,.

3) HVAC ®ITRR iy,

4. B! TAFBISS AH-afedes (TENV) TAFSISR (Enclosure) (IP55)
T>HIM: FU U HTTRAS OGN oa! YCHIAAD IR ITIRS S,
R{ALTAR

1) WU HIHRIGTS! aTaRUgTd YT B Hiey.
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Utilization of Electrical Energy (314323) gﬂam@m 3B sﬁaiflw TSI (3383R3)
2) e} SIS GAT UerA (Auxiliary motors.) HITH.

3) HHEHS HFRIITIS (Chemical factories) A,

5. THAW IS - wm(Enclosure) (1P65, 1P66)

Q'WF‘[ SSRBEY dry, Yoo fohar AT 31{-IQ’>Q’>¢4I ‘f'-IIGDIC'(ICIOb U AT ST
STE:

1) é@@ﬁwwrcﬂmﬂzﬁ (Motors in oil refineries).

2) Pl WUI® BfdeH by (Coal mine ventilation fans)

3) IS IS Ufehar ey,

6. de-W TAGG ISR (Enclosure) (IP44, 1P45)
TP ITSTT ATIERUN (open space) TTY U1 31O IRT =l Hegd YHTUNG U il

fad TR S,

RAERLE

1) STSYUihal ARMI® Ay,

2) 3MTITSI3R YU Hed (Outdoor pump motors).

3) fd€ UlaR SRR,

7. AgHRiT® TAGBISIR (Enclosure) (IP67, 1P68)

TS HM: Troarare! fdhdr sfiowR f3wTuft FRRT oG Aicivre! aruRe .
RAERLE

1) UTUaTd S UM=AT YUIRITST AIeH (Submersible pump motors).

2) 3fEXAIeR TISG® HICH.
3) AFRI SIANTHY JURuard U=l Ay,

4.4 UHHS TR AT AT AT 3Ue FI5® (dGe, WU, 9, ifR), gféTe
S1ELY 3for ﬁ'@%’_‘ﬂ? (Transmission of mechanical power: direct and indirect drive

(belt, rope, chain, gear), vertical drives and its applications)

doc fdhal R I 9IIR TohT RMIEAF g1 MU Uik Ui BRIt BT Sirell. gl

iR Yot HadH JaH fdar i 9 gedidid gid.

OiaR AT o (power transmission) THTUN WG TG Uedhidr TG RId —
1) Sgcd e

2) IOIR ddcd ¢RM.

3) SOC 301 GgH go e 3 1 dlcac.

4) d&¢ IURUGrAT URIRYT (HerzH)

J@c SEEd! (a8 HYaHT IR 9w vewr 9eo:

1) TG AT Afed Mt Wi (Speed of the driving and driven shafts).

2) TS HH! HRUIMET UIRR (Speed reduction ratio).

3) BN BIUIRT UIAR (Power to be transmitted.)
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4) AMFAYS HeAfaR.

5) ffzEd Wi srazgs smaa,
6) MUl TR (Shafts layout).
7) 3UO ST (Space available).
8) Jar fyat (Service conditions.

1. a?»? SIS® (Belts Drive):

%: dOC SI3E YHRIAD S Algl, PRUT AT WU IO (slip) M0 fbT (creep) BT
t}f@%—ﬂ:{:

1) AT 3T 3N Gooicie AdfHde Tlar gxdiarul.
2) el dGcqae a0,

3) W SHTfO1 UU UG UlaR STIhRATa! .

4) HREFIS iadr TATST aIoR.

TegT<od ;

1) HH T 3101 Rge = =1 (simple construction).

2) HH CHUTS T,

3) SIRd 9T ATG VIS SUY .

Satsg<ad :

1) IRHUITS (sliding) HIH&HAT ©e.

2) OIS TCoQIN Wl HHI-SRd gIdl.

3) @IS IR 9w g,

2. 39 (Rope) ST8®

qU; Aolgd HIUS, YA, aRR fhdl HHAA IHIURE 900 GR Jolar s R
ST PRUGTS! AToRS ST,

1) b 3T BleeHed S8 a% SAGUITAT.

2) foge anfor Hléd 6\|$r%c A TR (osﬁcnlormb {-;clﬁl’c “v'ﬂ?ﬂ) (elevators and mine hoists for

vertical movement.)
3) Oid SfARTAR UlaR FAHRATS] (long-distance power transfer).

4) A YIS Ha@ PR ATOT AU,
Tegreay:

1) BiF ARSI ITTRT,

2) reft 3TfoT frmraaziR =T,

3) Ferd WHTd HH! gidl. (Reduces shock loads).

m:

1) {-Nchuquj,o\o Hrierar HHt (Low efficiency due to slipping).
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2) IRAR G/UTS ST A AT,

3. 99 (chain) STS®

guiF; Urac! (series of metal links) AT{OT bl (sprockets) TG OraR [SER3 1 CRUIR]]
R S WRepd (slip) &Y.

ﬁ'@%?_ﬂ?:

1) DS SO HICRUFHGHE UldR FEIIRUI.

2) FHQIR daC T SHRNIE ARFHS aoR.

3) WE’E&’TW@ (Used in timing mechanisms of engines (timing chain) ).

4) Rt (TP GR) A TR,

ﬁ@ﬁﬁﬁﬂ:

1) FRRed Tt 3for 3 UiaR S-awR Tat,

2) ST YR AT I e Td] ST

3) %c AR (Rope) STIEE V& ST ST,

ﬁ'\qﬁmﬁﬁq:

1y Faffra sgfaezaM (lubrication) 3Tazde®.

2) SAIdS 30T U dOR 813 21, (Produces noise and vibrations).
3) dldPIes ARGA Widbe Tio] 2.

4. IR (gear) ST8®
JUI: T (teeth) SRIGGAT AT HadH 3H TS ST Tldh TAHR HRURT RIEH

ﬁ%ﬂqz

1) SiICHIES CrFAMHRMHE TR,

2) oY, [fdT m=i= anfdr cafsaaed amR.

3) &ifed MRY (robotics arms) 30T 3TETHZM (automation) TUTTHEN TR,
4) IS SATOT T IuRUTHS dI0R,

sy :
1) 3= CAREARA) (high efficiency) 3{TOT 1 OTaR B,

2) 3 31 fRRR TlaR TIHR.
3) W€ UR 3101 3= TS IUYe.

Stsgrey :
1) HENT 301 ST (complex) FATH ufgsar.

2) le’&équ HIdYD (Requires lubrication).

3) Ofd SaRIAT Uik TFIBR JUgad ATgl (Not suitable for long-distance power
transmission).
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5. GfdHS (Vertical) STSE
qui: 31T GO dTe 1! feegd dhoo! K| ot iR, 96¢, o fdhal grigifod damHIaR

STYTRT 3.

t}f@%—ﬂ:{:

1) fote ftr ST uarer dauHe aroR.

2) Bfépe e onftr fefd A=NwHe) 9T, (Vertical milling machines and drilling

machines.)

3) o 3T BT TR,
4) J&ifed MRIAY TR,

1) BEDHO FTEATGIIS! BIYEH TiaR TIWR.

2) OI€ T IAGAMI RRT 0T fAg=0r.
3) IRI&AT (safety) SMTI0T (IR grodre.

ShilsgTeud :
1) YRTAT FFumaret goigg s Ry siaza.
2) THATHYUTS GO RIS SIRA GEHTS 3Ma=IAP. (Higher maintenance due to

gravity-related wear and tear).

4.5 foafe: fafay uer enfor ﬁf@%ﬂ:{ (Bearing: types and applications.)
feufée g Ui gew Sed o fisum=an fdhar goum=ar HITHS Tefur HHt HRdTd 3fT HRTST
YR dTd. I TS prA 3MeAfees, TRIY, Idre T Tl Iemiaed Hicar

JHTUMER Bid.

1. 97e foafar (Ball Bearings)

qUH: MoWR SIGUA A [T I AU 39 Tyl HHT HRATd.

W‘f:

1) Sofdcd Aled.

2) U (Fans).

3) U (Pumps).

4) EK%FQ'I%%H(Hard Drives).

5) diUdh S (Bicycle).

2. Jrox fagfan (Roller Bearings)

JUASIaTea Ugel RIS HTHRI JGH ATURS S, S SIRd B18 HuRic! fHesd.

(due to this higher load capacity).
TPR AT i TS Ha:
1) R—I@Ir:'icbc’) o foafe (Cylindrical Roller Bearings):
o TAWETS OIS &HdI
o FISRATRT 301 ZBfded AicHHS ITURSG SITdTd
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2) TR IR foaia (Tapered Roller Bearings):
o SIS S el Q1 B g H= DI
3) Tew Ao faal (Needle Roller Bearings):
o BEH ATITAT IS GO
o AR SAHRM U HURAL 9IRS SITdTd
4) THHS Ao fqaRT (Spherical Roller Bearings):
o SMUISMY TRT (Self-Aligning) HRUTTH &HAT SRISS
3. e feafiar (Thrust Bearings)
JuiE: 31l (3R<) YR g HRUTN0! fSHZT Foo.
TSR ST i Twdbar:
1) dio 4 faaf (Ball Thrust Bearings):
o THCIOY U TR LRTHH dTRS SIdTd
2) SR e foahT (Roller Thrust Bearings):
o JSficHifee® TrafiRE SNftr A=A couH e aTIRS Sdd
3) UQssS U foafi (Fluid Thrust Bearings):
o TEIS 30T HigaT TAHS TR SITdTd
4. o faafer (Plain Bearings / Sleeve Bearings)
quiF: BIvAa! VST Uedh TGS 1Y, HH! gYUT SO QAT [9giTT.

ﬁ%ﬂqz

1) Sffemifes o

2) WW (Agricultural Equipment)
3) 3NN TIATER (industrial machinery)

5. Hafew faafan (Magnetic Bearings)

que: et (e ®) haen (&3 todhar e ols Ui HRURT R , s
PTG o ® WU .

1) I=-TTd! UM (High-Speed Machinery)

2) IIGTIH GSTIRIS (Flywheel Energy Storage)

3) USRIOgA UfpdhaH

6. TGS faafET (Fluid Bearings)

qui: 54 fdhar = Aad- YR T SRR RS |, e avor gua &41 gl
mﬁ:

1) corme,
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2) IA-d edlg,
3) HiS sienfiie .

4.6 HIETAT ATHTR SMIOT ¥, STT.TH. WHTOT YHIOTT A= STBAT (Size and rating of

motor, definition of standard rating as per IS.)

4.6.1 TieAT ATHIR HTor XfdaT

WA BRSO AT Aae A= AuaFaelaR 3aded 3¥d. Hlekd Hare
dlYHldle _6% odid alyrUdld 31IQ\’>Q’3¢II ‘éﬂij,c\bil'-lwl JHRIAR 3.

YOI TMIHR HHTG dAIHMATG:

FATT A Insulation: 40°C THd SHRER Tlﬁﬁf (temperature rise) e 3.

BT B Insulation: 50°C Tdd TFRR Trs‘a (temperature rise) e 3G

Hiexd HTOTd ¥fE T (Standard Ratings for Motors) - 1S AFTGTIIR
1. S8R IFET (Continuous Rating)

HieR SdTes B XIg 2Abd T Y qroHHaTe e SR JT9H gid -Tal.
B HIeR 2.9% 3NEIBTSTg 2 AHIS! B B .

2. ao—eg=ﬁar\=r mﬁ (Continuous Maximum Rating)
g fET AT HITR dHed- 13T ICTIHTE, TR S0l SHierels Ra/ (without allowing
any overload) YS! TS FHOT TN,

YT 2.5 HP Ul RPM U&TT HIGAT HIekHe] dIuRes Sld,

3. ;¢ E'I%'Fﬁﬁ'ﬂ (Short-time Rating)

HieR BRI 1 CZH AT (FH! HITaLNNTT) (Ial. Y2 d fohdl ¥4 ) HTH B 2Adhl,
Ul T WRIBES TFRER 5ol U&l SR 813 A4 Tl UUT shledull |Tat ®1Td. (without
exceeding the specified temperature rise). dIRT WX (temporary more load) NIESIFEIE
qlyr oo vlidl.

4.6.2 sTHHAT qﬁﬁw (Sample numerical)

JAR®® -1

Uoh! faggd Hiclid I8 960 WSeUHIl 3Ted:

i) I 140 Nm - 20 fifeiaret

ii) €T 40 Nm - 10 fAfeiarat

iii) 2l 200 Nm - 10 fHfeiara!

iv) €T 100 Nm - 20 fAferardt

T o 720 rpm STHQUNY, T UlaR T 0T . (An electric motor has load
variation as given below. i) Torque 140 Nm for 20 minutes ii) Torque 40 Nm for 10 minutes iii)

Torque 200 Nm for 10 minutes iv) Torque 100 Nm for 20 minutes If the speed of the motor is
720 rpm, calculate the power rating of motor).

Given Data:
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Torque 140 Nm for 20 minutes

Torque 40 Nm for 10 minutes

Torque 200 Nm for 10 minutes

Torque 100 Nm for 20 minutes

speed of the motor is 720 rpm

It GR—ISHS (Duty Cycle (T)) = 20 + 10 + 10 + 20 = 60 min

v 24 24 24 24
ez - m?ﬁ(Rating of motor(’corque)z\/T1 LAT2 A TS 3T A

T

60

A 24 24 24 2%
Oex YT eidna (Rating of motor (torque) ) = \/140 20+402%10+2002+10+1002%20

iR IET- Tihaed (Rating of motor (torque) ) = /100680000
iR IET- Tihaed Rating of motor (torque) = 129.61 Nm

2nNT
60

Al T de 7e - (Rating of motor (watts) =

2mx720%129.61
60

Hiex e de aed - Rating of motor (watts) =

Rating of motor (watts) = 9772.36 = 9.77 KW
It can be rounded to kW rating available in market i.e. 10 kW or 12 kW

IR ITRTTST Hiex IS WSS WU M. 9.77 kW § KIS ISTHE UG
TIGIMHS, d [el® SUes s AcTHs 10 kW Tdd RIoe=H oo .

JaR®e -2

T fagyd Hicdd TS 9&0 Qo GUHI Tod:

i) Cldh 160 Nm — 25 fAifeiarat

ii) €l 50 Nm - 15 fAferarat

iii) <l 220 Nm — 10 fifeiaret

iv) 2l 90 Nm — 30 et

TSt 9T 1000 rpm SR, HesT= Ular ST (=rekdt &HdT) 0T 6.

(An electric motor has load variation as given below. i) Torque 160 Nm for 25 minutes ii)
Torque 50 Nm for 15 minutes iii) Torque 220 Nm for 10 minutes iv) Torque 90 Nm for 30
minutes If the speed of the motor is 1000 rpm, calculate the power rating of motor).

Given Data:

Torque 160 Nm for 25 minutes
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Torque 50 Nm for 15 minutes

Torque 220 Nm for 10 minutes

Torque 90 Nm for 30 minutes

speed of the motor is 1000 rpm

Duty Cycle (T) = 25+ 15 + 10+ 30 = 80 min

ﬁ 3\% } E’%ﬁ[?ﬁ (Rating of motor (torque) ) = \/le*t1+T22*t2+T32*t3+T42*t4-

T

1Y) 2% 24 24 24
T Y. S (Rating of motor (forque) ) = \/160 25+502%15+2202%10+902%30

80

HIex TT- elhHL (Rating of motor (torque) ) = |22

80

Aiex IAeT- elhae (Rating of motor (torque) ) = 132.5 Nm

2nNT
60

Trex T de A& (Rating of motor (watts) ) =

Aiex I de 7l (Rating of motor (watts) ) = 272041325

60

Rating of motor (watts) = 13875.36 = 13.87 KW

It can be rounded to kW rating available in market i.e. 15 kW

IRAfAH ATURTATS! HIeR I e WUl . 13.87 kW § T 88 JeTHE IUGs
TIGIMHS, d [elo SUos T8 Aedhs 15 kw Tdd RioaR &o .

4.6.3 faf3ry Taiard! MRt (Motors for particular services)
e faurTae faggd Aerisr Wb~ fafay IR Taf HRugrd ol arg AR
RaSuarel GoUd U3 U AR dbracsIRiRedy U Sl azddhdiasd Joquft
(HT) B0, TgUSId, Bl JiFAd dbaesiquRedd WU JTd 30l Hazddh 378, TR
HieR=T UHRME! e Sfader 3.
AR, AR GI8 dTg- ~UaR & 3Tg &1 3 dqurde Sild.
Bl &HdT g gehiaR Faifed 3d — YHe 3Nfir Fife.
Y& BTSN (Thermal consideration) T8N fGSGaT HRIUGRHTAT 3 SRAAMT dTgH
d1e fdbdl gld.Adb A ® BTSRRI (Mechanical consideration) TUNS HICR YRI&AUUN Hiagrdd
IS (maximum load) Hgd = P d PI?
31T, HieR FMaSITdt gIH IaTeR0 Urgdl. SR TETET GHAN3T HICR Aiodid 3o, TR ol
clds A=A quIf=aT JHIONT Sl T, Aiets! SSa-M AR dY 3. el -TiS (Torque-
Speed) AT fRR BN S WUH g=ifdeT s,
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Figure 4.5 %<1 ®1S (10T 89 HieX <id WS ATH

(Fan load and induction motor torque speed curves)

I3, Ay 27 Aex 3HfIH 91 3. FRR Sifdg (Stable Operating Point) 8Tl faig Src!
T Hier T 3M1fo1 Uaman cias aidl ash (Curve) THHGIHT BadId, § W06 HHdId qraae

3TG.

; ~raue
A saukoral
/(){(l_)‘ < ~ %Y
-
= THe
oD
=y
37
Torque (ETéS)

Figure 4.6 T BIS ATIOT T Hiex WIS eid Fd.

(Fan load and shunt motor speed torgue curves)

4.6.4 fafdrg Taiard! MRl Fas (Motors for particular services)

3T TUr dfi T g=ie (punching machine) fdar zfiaifT m=ftqmn (shearing machine) ICEIR
H. Il YHRAT TAHY GI8 Idd dGod 3dl, A dredl AR YRedld HRUGIA!
TITIRIS (flywheel) ATIRUT TARTH . TSRS (flywheel) Tard 31T HICR I HIad araRdl
!, ST WIS 318 deddIaR HH! g1 Ahdl. Il Sl 2 (DC Shunt) fdhdl HUde
AR (Compound motor) T 3-ThSl S8R HIER ST 3.

10! e [ARIY aira! aruRugra Jum=ar AieRki«! A f[Ga! 3iTe:

1) SARC® (Domestic) T@HzH —RRIS THRIAG Wi RS HACR (universal
motors) GagH [de=R, Tiel, dIRNT T21H, Ud SATEITE aruRdrd.

2) UIFET i fAfT w=fiF - 50 Tt wia S, zic AieR fhar Reu-R1 Ss=m
AleR IR ST, (Upto 50 h.p. the motors may be D.C. shunt or induction with slip-
rings and arrangement for pole-changing with cage rotors).
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3) R Tz - BT T A b Ned Kiopurd! Wi Ieauar! HawIT 3azdd
3d. 813 HUTdS AR SUYdd 3. (There is cutting stroke and a quick return stroke.

Arrangements for reversing the speed have to be incorporated. A D.C. compound motor
may be used).

4) df<i 3nfor 2fteiie 7=fiF - Sreudie M de-IdRITe (heavy fluctuations of load)
FOTIRIG SdS SId. 31T, 2ie, HUrds fdhdl Reu-RT 8= HleR druRdrd.

5) o+ 3T IS — I URIYS Cih TP SRGAD 1.4l RS fhar Hurds
TR R, SSRM HICR CWIS gIsRETHT! dTuReT SiTd.

6) ot — BT IR (o) 30T ReTSZH (B) (high acceleration and high retardation)
TTH SARUS HAICRIY 3R ok SO Head o o) 3/rd. St
HUSS, Reu-fA1 SeaRM AT SerM-NuGH HleR! ITa! Ay 3MTed.

7) BIUS JUNT (Textile Industry) — HICRT GuITUl 8¢ (Totally Enclosed) 30T ATEARI®
(Moisture-proof) 3RTATd, HRUI AT 3Tl Ja 311 Huer HU1 AeRld RRugr!
RT3, 3-Wol SR HICR dTIRG! 9Td, HRUT fadr Tie Rasarl IRARAAR
(supply frequency) &IHT'TGH 3.

8) flfeT AfRM (Printing machinery) - Sao T AT TTZTHAT SHGATIS R ARe~q
(rotor resistance) 3NTG®! 8GR HAICR dIRG! Sld. AGAT WIS JGoNal Sl
$HUSS AleR fdhal TH. HRICR AR AR,

9) TR $8XCT (Paper Industry) — FRish = HITR ATIRS! Si1d, HRUT ad fRR e Igaa™
FHIERT HH ST YR d9R glal. Wis fRR Sryuarel sazgdhdl THear f&Re
Bl SeaRH AIeR fdhar 3131 AleR IR,

10) OGS AT EIe IR - 8131, 2ie AR (Foeious) fdhar Wis FufFd sewm
TR qTRS! S,

11) WM (Mining Work) — IR&T HRURAGA SATGRIY® (Flame-proof) HCRI
AT 3drd. 10 TIU. Tfd e do AleR, d) Aol &Hqars! Reu-far fHar
St HieR IR,

4.7 BIS D S: UMb ® AU IS JHAUAT (Load cycles: concept with graphical

representation)

1. Seg-13rd Sl Hiex "IA® S (TH 1) (Continuous Duty Motor Cycle (S1))

r 9

|:i E LOAD

TIME (T3 H)

F' 3
MAXIMUMN
TEMPERATURE
ATTRINED

(EAR)

=
-

TIME {E‘EIE,
Figure 4.7 e quf AT Hh G- ﬂ@‘ﬁaﬁl Tﬂ\'cnf (Motor Duty Cycle— Continuous Duty)
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aid ufigaT S AT SYCT B G UHR Heg-13RT €2 (Continuous Duty) 3Tg. TS
e =uTd 51 30YCT 3! Bed .

I YHRAT S RIIH 7, HieR Uad fRR SisaR aread Mir dderes wrlka
ATeGAHR fod draH™ HgfSd (Thermal Equilibrium) Bld. 08, HICR I HRogrE fo=an
ATAMTER 3T fohebies URUTH Bl S1 50T T I<Texvl ISl U, St Uhal I3
SR dl - Yigadr Jad drg g,

PegterT sg¢l R 9 Te@Teoid (Advantages of Continuous Duty).

1) I BT (Efficiency) — Tdd RR I8 HIeR 3ifeiw wrfer Tea.

2) fazaT=adT (Dependability) — 3121 AR GH®GIS HIVAG! SSIUNRAN™ d1Q I8
[T,

3) 1YY (Simplicity) — IRAR = fhdT §g HRUTMET SHTaRIHAT .

S1 YT WH IqIe¥ul
Feg-13R SHTIOT BT TT2H TSI TATST S1 SICT STISIHG HHFo! SIId. AT FHTAS

31Tg:

1) W (Escalators)

2) Sofde® d18+ (eMobility solutions)

3) MIG JafST 0.

4) Uop ol ARMRY (Packaging Machinery)

51 3.YCT I AR T-I: he-13d HIfU DI BISaR IS AT IRy
HYdTd

2. TNE TSH (AFUPTO ) PTA I (Short Time Rating - S2)

rF s

LoAD

¥

TIME (TTSH)

MATIMUEM
TEMPERATURE
ATTAINED

TEMPERA E

L

TIME (215 H)

Figure 4.8 AR SYCI IS - QUGG IH/TE HTA Sl

(Motor Duty Cycle — Short Duty)

SABUPTO I/ TS T3 T (S2) (Short Time Rating - S2):
GUBIGH DI ST (Short Time Rating - S2) BT AICRHAT H1A HR0ITAT HIo@Ldl Th

TR 3, UMY AleR 33w I3 Jdd JIgaR Ied AT yHe THAIS (thermal
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equilibrium) TTEUATEAT 3MET g Ho! Sd. IHGR, AlCR QUIU0 48 IgTdd (ambient
temperature) §¢ Uda! STd 3101 A GBT Y= Ho! S,
Ry FreediwResa:
1) RR IS HieR aufds deR Hrf Fa.
2) TYifed A3 HRIRG: YH® THdIS MSuareia s Ha! .
3) ZMdHu HroEdl axge®: HeR 5 Y= HRuITYd! ol QUi 43 gIvl 31azadh
3178

s2 BT Y& FEffeur:

1) S2 4R feFS fAife qog Mer fordt 9 a1g Ted 3§ g2fad. Iarevony,
2) s2 10 fAfAe - HieR 10 fifae Srikd Tgd 2nfr 3R ¥ vaN s 3/d Ud,
3) S2 30 AT - HieR 30 e TS 3Nl HeR Us Bisudd s 3/d Udd! oI,

IeTe’vl g ez -

S2 BT AT SRGS HICR HFUBIOH HURZFHIS! ITIRS ST oI :

1) b SHIIOT ST — SIS SR GgH HIGaHTST 3R,

2) HIUS IYNMAS ARM — SM@UBTG M UfhaT ST Tad HIad JgAT TRl 4.

3) DIg! UBRa! UlchdT U0 — SATH fAfRTY des 1T TH BId SHTIOT AR &g 3rd ffed.
S2 AleR Made1iod JTORZMHTA! (intermittent operation) T 3MTed, f51d Tad

BRI HITITH TR ATg! T HIeR TR SIoaTAT ™ §¢ $ot $s b,

3. gexfide YT (S3) (Intermittent Periodic Duty (S3) )

LOAD

(@)

e @58
4
MAXIMUM
e TaiNED \ \
/ \/ ‘\\
CHR) | | ‘
TIME >
(C1RH)

Figure 4.9 HIeY ST¢} TS ®- $exiiiee SUT

(Motor Duty Cycle — Intermittent Duty)

Maharashtra State Board of Technical Education 103



geACT 3Mgdd B (S3) (Intermittent Periodic Duty (S3) ) TUIS T BT Igh (duty cycle)
579 AleR 3fae a1t Hrf Ha 3fdr FaR d¢ 3 d . 1 UBRId, HieR Idd 4s
BIUOIRAUd §¢ 3 ATa!, AT hlal THTUN IWTdT .

Ry FrediwResa:

1) PRIG 30T ST GHATART: AICR Tl 3MTdd dhld 3 1P o TSd 3T 8¢ gid.

2) YU GAAIG AT Bid el 8¢ d1 Sreae gRul "9dl, dHes Jdd abid die!
CLUGIRSIGT

3) HRGIG AU g T TAT G S S3 70 G0 % oI HRGIG U e I
THIOT G3iddl.

s3 o1t YT FEffemr:

S3 MR X e % HGY gzfdd &1 HieR fodt 3o HRRT 3@ 3fY fabrdlt e s 3.
REUIK

S3 25% — AICR 25% dcd AT Agd AT 75% 9 §g ad.

S3 40% — AICR 40% e AT Agd HTMUT 60% 9 §G e,

3IeTeR 9 Tdbar:

S3 B T 3OS HICR dRAR YFUM=T 30T & IO GAUIRATS! ATIRS SITald, ST

ol b

1) U9 73F - U9 9290 9ad S0 9 Hdl, plel e o e ik o1 oo
EIGH

2) ot afr & g=mm - o) AR Tdd SRR M8d 16!, T HYAHYT B .

3) UPBORT MO 3sd! BT JA0T — f571Y U ITRIFHGR §¢ Uda! STd.

4) AfGET TAUM - Gdd HIH HRUINUGS BRIdd dosdTal dfyeT IR Bid. S3
JhHRIGIG HIcR dRAR YIFUI=AT SO Y= gIom=a1 Ufshaiaral g srard, i &g
1 HISTaL HH 3! Gl Gdd B BT Sagehdl T4

4.8 BIS SPIGTSHIM (Load Equalization): HHEUAT, TGl SATOT 31T (Load Equalization:

Concept, and methods and condition of load equalization)

M FrEEned, o &I AfST ey, BT 0=, sofdes sud, sifor Rivmies e uu,
IS HIGUT THIUNT T6-3dR Bl SR 1S S dlee] dk Y R o SR oo Al
ST RIS iU IS XIdhal fdhdl HIGAT HTHRTE haad MO NI SHTa=Td 53 2dhl.

48.1 @IS ?ﬂﬁ?ﬂ@ﬂﬂ?ﬂ WT-IT (Concept of Load Equalization)

318 SHIBIRIIZA (Load Equalization) B faggd Rt e dF oe, SR shafias sfor
faqgd areqe RRET aed dlew de-IdRiH Adfod oo .

GIRUTST (definition): "FEaCIUIcTT B8 WY HU! IEUS| BIS SHIGIE3RM (Load Equalization)

e
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OIS SPIBIRHIY TsgTeoy :

1) Ior HTderd TR g,
2) faggd welidra=ar dror HH1 gial.
3) R aifdrp fRR 3nfor srfem s7a.

4.8.2 IS Eﬁﬂmﬁﬂﬂﬂﬂ el (Methods of Load Equalization)
BIS SHICISIRY G GBI UHR 3Hed:

A) ToTIGodT aTuR (TifA® Ugd)
TOTIRIS g1 TUhRUIRT aRqHH 31!, Sl HH! Grewd da! SHoll Ardadl 3T 3= BIeaT des!

<t ot qRa.

ST HIUATE! U

ST B1S HH 3!, HIc TOTIRIG ST R 3ol ATédd.

Vgl OIS dIed, TOTIRI® TG 6! SHell QRad! 3Nl JoHasie HR fRR Sadl.
JTIR: DC AR -[$ag1 RRETH s 1 U 1=, ST e,

B) &oll Had+T IUHRUNHT IR (faggd u=q)
T TS TR IG Udol Soacdhe Yol Wkl [S®IgaY aTaRGAT SIdTd, S &
1) gWRGURICR
2) St TS RSl e d (BESS)
3) Sofaed RIS TISdIGH SifdhT (Regenerative Braking)
BT HIVAT! U
1) S Fre ! SHfaRad ol JarId B! .
2) I Bl ! ol AIEaoe! SHoll YRao! Sild.
qIR: SBfaed Y04, TM, WE U8 Red,

4.8.3 Eﬁ%’%ﬁﬂ?‘lﬁ@'ﬂﬂ'\q‘r& ICEUE R | (Condition for Load Equalization)
318 ZPHIGISAZM (Load Equalization) THTAT BIUTITA! WGI® S1c JUf BRI HTARAH 3o
1) PeHY YA HRUTNRT 66 S1Ad ;
R Bledl 9e-IdR At e, R terwe fdhdl sest a1 arg ufawre 33 2.
2) ARG SHoll JTg & STd! :
FOTIGI® [l SexIAed YRRM Sl ATSauard! &l ST,
3) &M e T srrdt
FOTIG IS b HBH G TG, TR SCII3] SOACN-P Bl [RICH ST,
4) RoRAE Mfbma 23 (GSfaed TRATS aIR)
Sofaed FlpmHicgad Remdie SfdgR el Yieadr i IRt e Areda!
ST SO &t R TR S,

4.8.4 BIS SHIGTSHIY Ts@Tew (Advantages of Load Equalization)
1) fagga orean am w4t g,
2) Sofdcd RRCH o1 UlaRthac’ YR, (Improves power factor and efficiency)
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3) Hiex AT T e dred.

4) JHordt g9d 8Id, o= Sofae® carmAe.

48.5®1S Sﬁﬂ?@ﬂqﬁ (I B (Application of Load Equalization)
1) Zofded ¢RM: SldHlceE, Ael, T, Sofdcd a4

2) ST AR A ey, U9 7=, fowed, o .

3) TTAIHRUNT Sl R : JIGR ST Ta Sl GUAH,

4) UPS 311 W1¢ frs: ad Hrid Jgu=ur RRreAdrat.

4.9 foUe (Elevators): &1, TWWwdHH, YHR, Hiex IMOT JR&m R (Elevators:

Function, application, Types, its motor and safety)
4.9.1 f&9ed B (Function of Elevators)
fore 8 67?‘&316:[ ety (Vertical Transportation System) 3T, St @i 30T A1e fafay

T HIUA UG

1) faggd Ak fotesT R-T1et goad.

2) Heio Red Wi, R (door) AT Yie (era) FEfHd .
3) IRe& R Wl-wle SIfOr /e Yid e,

4.9.2 fowrd ﬁ'@%ﬁlﬁ (Applications of Elevators)

1) ARS8 [IGSIT (Residential Buildings) — SMUTCHCY STTOT 3w SARGIHL.
2) HARMAS G - 3Hifthy, AlG, glcaudd.

3) BIUCH (FUNGY) — FIUNHT SHATARITS.

4) SSHIHG TRAT - TS HIG OIS,

5) XG4 STO1 A RIMHHE — YT JITST.

6) HI~T (TTUTHTH) T HACHRIRM QYD) — ST STGUATAT HIHMTO!.

4.9.3 3o@ed (foTe) UHR (Types of Elevators)

A) TR AP fauar smerfa (Based on Operating Mechanism)

Eaarq 3’%@?\’ (ﬁ’ﬂﬁ) (Traction Elevator)

1) WIS AT 3T Hl3ede amuRdId.

2) IA-ZURAINTS] U,

3) ﬁre@a%r (Geared) fhar fleRow (Gearless) UPIR 3.

gASITo® soae? (foUe) (Hydraulic Elevator)

1) grISifod Ua 3o fike aroRdrd.

2) BB (2-5 AS) SHRATST UG,

3) CoRM foUeTeT IH 8 3.
H2NH FH-39 (MRL) §o@ex () (Machine room Less Elevator)

1) oTeHT B2 SHA! JTazgahdT e,
2) Soll-sad HRUMRT HTIOT ST Araqum) Rty
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qﬁtﬁ?? (a"a:gq) goge? (FPW) (Pneumatic Elevator)

1) =T GIET dWblad arad.

2) Ol foteardt aruRSt ST,

B) U a¥ YTl (Based on Purpose)

1) Targl foue (Passenger Elevator) — ITHI] BB,

2) HIodrg fGU (Freight Elevator) — S8 HT® e IaTa!.
3) JUMSY fSUe (Hospital Elevator) — 307 0T ICRATAT.

4) S9dcR (Dumbwaiter) — Blcad, SHTHhTH 3F 30 GIAUTS ATEIH TS,
5) fgR foue (Scissor Lift) - 3NN &3rd Aiaar IhaR B HRUTETS!.

4.9.4 foTrensd qraqISgr St Hiex (Motors Used in Elevators)

SR fotedrdl:

1) AC TSR HICR (3-Phase) — GaUTH ¢a_M [oUeH aTRS! S

2) WHAAC Hie RiwpHg diex (Permanent Magnet Synchronous Motor (PMSM) ) —
MRS TRMAT TR} S, I BTN,

4.9.5 3%@2? (ﬁ‘TCE') Ell qrEm (@TEP[) R (Elevator Safety Systems)

A) L CaE ) L3 CLall (ﬁlﬁﬁ) Rt (Mechanical Safety Features)

1) s *IOG'-IrQ (Overspeed governor) — foue 3T @ret J\Ic’qu—I yigad.

2) U ST (safety brakes) — IR Jeadr fdhdl Alcx fausaar fote yigad.
3) TR R (buffer system) — foTe TN NGTTR YddT HH B,

4) ZASIY! WY §TU — FaTRTHT STaxaHdIaR [GUe iaadm Id.

B) @@W qrEm (@TEPT) R (Electrical Safety Features)

1) SR erols Rieed - R guf dg gIsudd fowe g gid ATl

2) HIEIoIS IR — SR do RGN [SUe L& Bid Tel.

3) AH3MT UiaR ey - divl Toar QRIS TaRe .

4) 3cHcH WY fEREH (ARD) - 41 o ot Taaal Aoigddr Uighadd.

4.10 3o ge (o) T FRIUT THR ATV TWEY SIGUIR P
1) goge? (U HRAT ATHR (Size of Elevator Car)
fotedl STHR YdrRI=! TReT fdhdl IR fEg—9aR 3.

2 FoH3R Po/Udl SR IS S,

2) e} (fowe) a1 /S (Speed of Elevator)
e we ufd fifAe (fumin) A8 AT S,
SR,

1) @IS BRId: 100-150 ft/min

2) Bicad ST UTEHH: 100-350 ft/min

3) feurdde wsrd: 100-300 ft/min

4) 3hIY: 250-800 ft/min
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3) 3‘3%?\' (ﬁﬂ%’) EEICERIC R (Location of Elevator Machine)
Jgd% Uc BrRHIaL (FHRAIAT a1 SI9[eT) VMU bo! .
DTl [PV TBHSIGUTaRe] SHa0! SITd, JUT AT B HEOG Oid GNTd 30T o TS Sildl.

4) HeR $T5® (Motor Drive)
TR WY 3101 RSTCIS (reliable) ST,
e dhele HRU IIY 3.

S)WWWWWW(SMW of Elevator Car)

1) ol &R ¥ GURIS URT S1f0T IYes Wt ST STdl.

2) HIS TS 3, d YR Side IR0 X6 Bid.

3) fowe T 2R ShadmE Sifaursa YT 3R, fafay TRz forey dfr FRRREH
30T ATRIIR TUR »&dl Sard. faggd died, JRem Ry ftr gy fegmea
e foted YRIEM, HRi&M SO IR Yoo SN,

YT U¥ (Sample Questions)
1) YU gIR® (Group Drive) o DIUds! &iF BRGSO G die THa PRI
2) Sqlfaed S8 (Electric Drive) T fAasiar URUM HRUMR $IVde! IR UCH (factors)
T B,
3) EfSf@gard SR (Individual Drive) I HIUIG! G HTRIC 30T G Al THG BT,
Q4. gRHIT 1 (Define):
i) TRIRT Tl (Average Speed) ii) ST Tdl (Schedule Speed)
4) WA S S (Duty Cycle) ITal el (Motor) A H.P, AISUIMTS! dgh
(curve) Plal 30T SfeTsl BT
200 T 400 HP ATGUIRT TS (Rising Load) — 5 fafae
400 HP dT 9HM @IS (Uniform Load) — 2 AT
50 ][ HP gdd W s (Regenerative Braking) — 1 e
3TSd (Idle) fRya — 1 ffae
5) Wehl Faifdgad AICXAT (Electric Motor) TS WTAAYHTI 3T
Tl (Torque) 140 Nm — 20 e
3P (Torque) 40 Nm — 10 fafae
Tl (Torque) 200 Nm — 10 e
TP (Torque) 100 Nm — 20 AT
6) IR e d (Speed) 720 rpm 31Qc1, R Aexd TiaR e (Power Rating) ITUTHT .
7) AC 5('\1Ir0\h;\0b SIEALIITC (AC Electric Locomotive) Tl fafaer YT Y@Teq (Diagram)
P SATOT TG ST (Labeling) BRI.
8) UPI Saifaed HIedl (Electric Motor) TS WIEHAyHIU! 3Tg:
i) TP (Torque) 150 Nm — 20 fAfAC ii)eTd (Torque) 50 Nm — 10 fife
i) ald (Torque) 220 Nm — 10 fife iv) aldb (Torque) 120 Nm — 20 ffe
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9) W Aexar af (Speed) 750 rpm 30T e (Efficiency) 85% 3@?[, TR Hiexd gia
e (Power Rating) M.
10) S‘Iﬁqg}l (Drive) qS EWTEI@T«’F[ (Load Equalization) I TR WY B REIREEL)

(Industry) TS SHATY TTed HRUITITS! FTIRT STUMAT ITHRT Ugard qui
ry

h.
11) Aedqed (Motors) TS SHATIHRM (Load Equalization) I TRST T HI
12) TSR (Bearings) ST 30T i UhRisEd forgT.

13) WQ}I (Drive) TS SHAISIRMA (Load Equalization) I TRS TP I, IS

(Industry) TS SHATRI 1T HIUITST ITUR AT
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Unit - 5 Electric Traction

gfe - 5 safeees o

fawg fre0=iY (Course level learning outcome - CO’s):
CO 5 - AT SOTaeh M RRCHD G@HIS d AT IRGUL. (Maintain different electric

traction system.)

Ued =il (Theory Learning Outcome- TLO's):

1. facie m:f (Application) a3t arg g@l:f IR (Traction system) g &1 3
T TSI 1.

2. fafRry ga{’l:f iy Iret g E\:$ sﬁm (track electrification system) f¥feey fAaer
SO T TIHRT 1.

3. €$ sﬁm 4T (track electrification system) fafay TR dgwrAl
dfRrcaiAe B BI.

4. e 5@@9’0 g\‘.:d-‘il"l m:f et Wis E'Igﬂ—ﬁ (Speed-Time Curve) Plal.

5. e M uaR @Al TOR) <R Afeea= fafay TeRidda e axidl.

6. ﬁ@?ﬂ E\:WI:T ﬂ%ﬂ qrot m g 3o Ta@ff s (Average & Schedule Speed) e,

5.1 Sofae® car RIREHHY (Electric Traction System) 3@ STOT STASISG (Ideal)

fﬂ?tF-l fafeaardt smaza® gco (Introduction of electric traction system, Requirements
of ideal traction system)

5.1.1 gfeag (Introduction):
gofacd Car WU 312l aTgde® ik oY Sl Hifce Soface HIckgR SHURE (operate)
STd. gt Ried sofdgd Y&d, T (Tram), S0t (Trolly) S 31f0T fS9ie-g3ofde® agaas
JRGT 1. LI TR 30 IR A-3oded R RRCHAT Jo-d Solaed o
KIEE? ‘quléw (Advantage) 3Ted.
gofdcd CaRM JAUYH 1890 &1 foeHe 600V DC Ricrag & HRUAId 1. URAd
Sofacd CaRMT! godTd 1925 T 0L, Ulgo! SUTRI X@d Wiy s (CSMT) d STAys!
30T Ot XA Y& HRUGTd TS 301 AITST 1500V DC Idfacdh @ SUdTd ST,
TR, SOfaced RAGUNIS! T Hragex YA ATIRUATd ST, AR of dhelhs sl
3Td (Mercury Arc) G BRI IEHUTTd 3@, 3TdT, TIToS- e (solid state) STHRUNTT ATIR
St Rz HIaAT JHIUMGR HoT SId 31T,
AR 20 a9+, 3000V DC RIRCHET Sfadd PTG 3T, W, Bd SHTTRRPII IGdA
3EATGIIR, 50Hz $8Rcge Thedl sRoedl AC Riewd snfde onfor sriemd=a
(financially and operationally) T 3D Ve (Advantage) &HQHI% e 3T,
M 1957 A YR YGd SeH HA®TdE Id CarM AroHTe! 25kV, 50Hz RiTTe-the
T RRed WieRe!. a1 ﬁr@mg% 3ERe S aranT (Overhead wiring), LS ERCEE (substation)
30T BTG (Locomotive) ATORTEAT TdTd HISAT YHTUMER S Bld.

3T YR G2 ¢ Soiacbb-ae MRRTT =T S0 ST BRI RIHER 3G
YRATT 25KV, 50Hz RiTTE-Thel AC TN SFH0T @ Sl S SoadT CRahIHR
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(Transformer) 3MTOT (GBI (Rectifier) Aad- THIGT SINHE FUIdRd B Sl
CRM HicH I fCaT SITdl. 1T, 3oidhs AC CarM ey o7 3ifid aTuR HRugre €8
MY (research) I 3T.

5.1.2 3TTele® carM RIReTATdl smaza® ¥ed (Requirement of an Ideal traction
system):

1 B 39zH ﬁgﬁﬁl‘d (High Adhesion Coefficient): Wﬁﬂﬁ Bl E:HE%B' écﬁ'c: (tractive
effort) FIcsqUarTal 30T BT UAT (IR IH) BITAITS! 81T 313 PHIsfthaic STdl.

2 W HeTS F[ﬁ? (Self-Contained Unit): Sfor fdoar é}[ gﬁ? 3N YDHR 341d &
DIVATE! TR S D,

3 E:W %Tﬂ (Minimum Wear on Track) mﬂafmﬁaﬁ—@ 37T GRT 3T,
fen HHt dsard! (Short-Term Overloading Capability) IR HR T8 e DS,

5 3dxTH IUBHRUl 3dd ThNSIe (Efficient) (High Efficiency & Low Maintenance Cost):
1A ST T URIHD 9 HA-H Bl BT 3T,

6 Iﬂm -TBT (Pollution-Free): ofae® carM RIReH ®IUde] TIGYR AT 7 HROMRI

sgﬁwgao—cﬁa (Easy Speed Control): scbldcob COIQH %vﬂgmmﬁ 3q1for S 3T,
TUTA ST (Efficient Braking): ST Ried 31zft 3rTd! &1 i 2[ord ke (aefon) et
BIS® ST IH SGAN SfhTT GE A0 GIUMRT IWraT dioid T uidRd H& IRd
TR IS0,

52 TP FolaebdIM RIREH: DC ¢P Folaefbda, RRTS-BW 25kv AC TWT
fafees, ﬂﬁﬁ' fafeen (Systems of Track Electrification: D.C Track Electrification,
Single phase 25 KV AC Supply System, Composite System)

5.2.1 3%% Eaaﬁ (Electric traction):
gofded corM WU 312l Rifed ford S HIfcEaT (Locomotive) SoTacd AW HI@Res

dIAR (Overhead wire) SR HET ST,

sofded CRM RIReH dH U@ USRS fAHNDS! WS 2
o 3BT I (AC) T RiRkew
o ST P (DC) YW RifeH

Tafod 3ofacd carM RIReHd UaR:
a) AC 3-Thol 3.7 kv RifesH
b) AC RITTE-T 15/16 kV — 16 1/25 Hz

c) AC RFTS-TST 20/25 kV - 50/60 Hz
d) DC 600V, DC 1200V, DC 1.5 kV, DC 3 kV

3@7% EH?EFI% ﬁ@@%ﬁﬂ (Advantages):

ZOfdeH® iR US&ECd (Advantage) TT6 G THTUN TR,
1. 3ofdcd oI fdarse 2Te WY LIS (smooth starting ) BI.
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2.

B0 SMAfGT Cid (driving torque) Texe® TR SUGs gidl. (Full driving torque is
available from standstill).

oM O We= wated Treadr Ad.

4, E'Tqé’ﬁ'ﬁﬂ&ltiﬂ (efficenecy) .

CaRT HIeR 31O SHRexd TUIeH (Characteristics) 3121 UHR S SITATd &1 318 (load)

30T ATSITC TR (Gradient) TS MUY YSSS (FHRATI) BIdl.

ZSTaCPH® CIITIRM (transmission) A i PHrageXUHTUl BT HRd ATl ax 1R Red

WUG! Had Hd.

W cRH=T goqd s%‘i%as ga?am%r Q@@%Trr (Advantage):

1. FOHSHY (Cleanllness) H—Ilch cR-Id IR 1Zlgl'«":[(smoke or corrosive fumes) TIOR8
T Gﬂq@-@'ﬂé’ (absence of smoke and flue gases) ARG 3101 SR ISR
BIUIE! JHHM BId TR,
Ol HeAg I (Low Maintenance Cost): 3@'% slpicEd quUe T4 ¥IH
SlDHICET Jod 50% HHI Mg EHT T ddg! HHT BT,
f@® WIS (Quick Start-up): SOTac® Db HICE D & Bl Id. LT SIDAICH
& BRUGTS! 3faeeh BlbHIices Ul SRd 96 SNIA) (JYURUI: 2 a1 SFIdI.)
el WIS e (High Starting Torque): 58@@7 QJCRI-IJ-I‘iﬁE Ay 3= URMY® el
fafor Hard 3o face Blpmfeed AT 1.5 T 2.5 km/h/s 3RTAT (TH SaRMHTS! 0.6 o
0.8 km/h/s) IRUMHLS= TTct el Ad , AEAP &HdT dled, CHA® SN TR (less
terminal space required) A Eﬁ?f S e YATId Hew@ 316
sfd (Braking): s@blragw §d<2l'-| e ReRdle sfd (Regenerative Braking)
JTIRUI 2T 3T, D WIo16 Y8 (Advantage) fesdra:

o JARTER IRAHI, TSUIRITS! ST SHorddt AR 80% UraR URd T JHA0S]

R B! S,
o JARIR HGaeqe e JRIEG 101 I7aM giel.
o THMHE IRMEN HH IR FRAMS o S|, d1db, Y 301 ¢h QT
IS Td WG JHTOTd HH! Bidl, RUT el Bt gIdl.

81T U IS ° g9 (Saving in High-Grade Coal): ¥IH 3dHICETd! HENTSl, 3
UM DI BT FOaeH BIbHICRUIS! STodedd [dhdl YHG Ulaxdl TR Hdl
gl
BIaR Hex TP UTREL (Lower Center of Gravity): Sofaed BlbHITcEdl I HHI
ST AT o bg W0l .S TSR 3D I 3fo1 JRI&Auor varg
[ B,
T P FTe-H WY (Absence of Unbalanced Forces): 3@7%
SlpHceqd T SRHUATe Wit [T AT (reciprocating masses) 3&dfod 9@
At gId ATgId. aRum sfegia aﬂ‘éﬁv_ﬂ? (Adhesion coefficient) SIT¥d &mﬁ.welght/kw
TOIRR 41 BId, UM $f¥eh REGHD Bldl.¢hd Jh M HHl gid.
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3%% CRITAl H'Q'fET (Disadvantages of electric traction):
1. WRfY® @d W (High Initial Cost): 3fi@es a1 Sofachawr Riken

SURTIE W SR SIAL.SR A6d® HHl 3RS, TR 5 RiRked dRIRdgeted] BrRcRIR
33 TG,
2. UlaR Wﬁaﬂ' QS (Power Failure Issues): CARIREI) sonchoHchlq Gfed
3. Wﬁﬁ?mm (Effect on Communication Lines):\ﬁc’ga gcb\sldoo 31Hc\’>c’3q|
HRDHIM Blad Soiacdh UGS THIAT BIdId. e dRId RIF JG@Td SFTd fdhal
JETMSE HIAGY ATIRTHT GITT, SITal T 31T iall.
4. HYifed aTuR (Limited Application): e [dgdd UaT8 SRIG QAT ANTARd aTuR 2. T H
FIPHICEART HIUATa! AFIGR Tgold- AreadT Id ATgl.
<@ SofacthdaM (Electrification) RifieH avfieur:
ST YSIo] IUos Iolacdh JWHR HYURD b sofdcihedzq Rien wele
DRI fAUTTST SIret:
o Eﬁ.‘v’ﬁﬁl@ﬂ(DC system) .
o e u 3t Rifeen (Single-phase AC system) .
o - efes| fafeH (Three-phase AC system)
W@Té fafen (Composite System)

1. 3131 fafeew: (DC system.)

g1 dRM RieHwed 3azge® <l AT HRUGMNTS! 3N AR Mas dol Siid ST ST
RIGATR P H& ABATG. 32 S RARCHAR ATGUIT dIg-Td 3aIe<Ul THd (tramway)
3ATOT STt &9 (trolly bus) 3MTed. ST WIS HICR <A 30T TIST TS T JToR Gl
STdTd, g Do fdHIolt SRft Hurd-e HleR ariRedr Sraa o Rekfee sfdbamd!
(regenerative braking) TRo! 3.

SRf < faggcia~r RieHwd! RiRd ®IgesT: 600V, 750V, 1, 500V, 3TUT 3, 000V.600-750
V S ra 31fOT 26RT &FHe aTIRST A1l R 1, 500-3, 000 V STTRT 3101 T YGadTa!
ARG STl HTe] [ PIUT SRI O T SUBKIHY s Hrged gR TG H& 0T oIl
S THIOT SR TUidRd HRdld.sl RIRCH SUTR! dieddiare! e Iuged 3iig, {5
LI IRAR 3T 0T Yisdigefie sfar Hl 3q.

2. RivTe-%ar E.@f fafeew (Single-phase AC system):

1 Riferaed U RIS HieR) aruRear Si1did. 9o glgst: 15-25 kY 34d. a8 fher-t
HH! 3IOT 3 Td TIYRYT 16% Hz fdhar 25 Hz fhe—iiaxr 31T 8IaTd (operating at reduced
frequencies) BRUT &1 HHT o4l aR T AlCRT HfUH HTIeM 3.8 BIGcSl U-
T3 (step down) TFAGIER §R 300-400 V THd HH S 1A, 3NE0S FaAde Ride=
(reactance) Sl ':chzquio} os\lc’gexﬂ §TL4 HH! grarer Riew a9 o184 (main line) ARTTR!
CIEIRE

3. M- T} RIREH (Three-phase AC system):
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1 ffcmed f-UeT S8a_M Hicy aTIRGAT SITdTd. SHTIRICT RIS (operating voltage) 3,
000-3,600 V THI. 3d.8l faRker gra Sfhaitamdt (efficiency) 3T 3ifcHed Rorrfcs
ST (regerative braking) METES HRA.URY HH! SHIRISAG Clep, SR SHIRISSG HIC TN
Tte Heiedr U TR Aafel 3Med. a1 RIRHITd! aF siieRes arR Sftl ¢ 38

faa=ar e TdT AR AT,

4. SUYsite RIRed (Composite System):
7 Rifemae) Tt 3o St yundid Briq THHAAUU aTuRS STdrd.

. Rio-be d SNt Riew: 80 Foce RASMES! 25 kv, 50 Hz dIRS
SIS AGdF ®Iacs HH! B Jq IRl AEd St Aled] I
BT I,

o RiTe-Be a f-Bo RIReH (Kando System): YRdTd & Riffed urge= araRudrd Ad.
15-25 kV, 50 Hz RiTo-Thsl @ faalka ooT Sdl. el dgeq=l Agd -t
T@HL HIdc He o,

25 kV E}ﬂ ffeem 3.4 Rienadie ﬁ@ﬁﬁﬁ'\q (Advantage):

25 kV T ¢h Zofacithara RikeH SIT ¢ Rifkeuer sifde W@ o1fe.

25 kV T IUHGHE HH! STHU GHTAT (lesser number equipment).

3ERE S IR AT AT ST AN JUIC RRCH gHd! 3R,

SHUTS T ST SHRUR Tfehar At 31Te.

25 kv T Riferdio Sudhe (@aez) SRt Rifkequear 3ifiie wdem 3/drd.
SRITHT Jod T Sl TR BrAEH SR 3.

3 GlGeoes HIc D! glal 0T ATes e oI HHt gidl.

. T FlpHifcead Hlsihaic 3h eI (Coefficient of Adhesion) SITd 3.
10. T SlpiAlfeE I& HIAM SITUET HHT UlaR ST,

25 kv T3t Riffer Sats® ol (Disadvantage):
1. g1 FiRed AR (Communication) STETHE §XI&T FHI0T .
2. 81 Rie-the Rifed sraeam f Sofachawd Tawd Ao (AU B 2Hhd,

© o N g~ wWwDN R
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Utilization of Electrical Energy (314323)

AR 3T ol lebel Tl (33¥333)

Table 5.1 DC 3fTfoT AC fﬁT(Fﬁﬁ g@ T (Comparison between DC and AC Traction)
go- ey DC ¢ Rifew AC ¢ Rifeew
(Point of Comparison) (DC Traction System) (AC Traction System)
sfthitarzlt DC ¢ ey siftia AC R Rifteq ot
(Efficiency) 3fhiRT3ic 3iE. sfthfRrsie e
e DC RRIS HIeR W 3 4drd. | AC HIeR Tl 3{¥drd.
(Cost of Motor)
TGHTS DC ¢ Riftery st AC <M ffeny Sred
(Maintenance) TEHTG T TR 3. TEHTG T TR 3.
e dglo DC RIS Alerardt @i AC HITRYg fakgd Tie sl
(Speed Control) Helo Halfed 3%, 2 3Te.
T T DC R Rifcrar tgui @d | Ac daRH Rferar tgur @
(Cost of System) S 3. 3P 38,
HERTS lae_|w_| | DcdRARIRTTga divid | AC dRM Rieqaed sfigigs
(Overhead Distribution) e RaR T o, AR TR S,
NICRORED| DC RIS AleR go-1 9Rd | Ac RRIS AleR oA &
(acceleration) HfFT@YIA AT . @Y AT Hd..
IR i DC RIS AleR @@= & | AC HIeR 81 RIS STf01
(Torque) lep 0T FHa. REUKIE ARG
RoRfes dfd DC RIS HIeR 34fddh N NP
(Regenerative braking) W&ﬂ:{\(efficient) RorRfcs Ag ﬁC HI;?%::;ZA%&# %
a%ll Hlcelgs drdld.

HRADHI BT O
ST DC ¢ ffeenq ot AC R Rieay 3ifde
(Interference with Y B, T gIal.
communication lines)
R ot G DC RIS ThT ¢b y
(Number of . & ot e AC TR HH! I T2
substations) RIUGIGH OTTAT.
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Utilization of Electrical Energy (314323)

AR 3T ol lebel Tl (33¥333)

go- ey DC TR ey AC T fafeen

(Point of Comparison) (DC Traction System) (AC Traction System)

IR (Suitability) DC ¢ Rifer 2@ ¥ed | Ac A Rifen g1 Yad
JITST T 3G HITST T 3G

TToll g DC R e &4t Soif | AC TR RifReH ™ oIRd St

(Energy Consumption) CIC CIC

ICICIGEE] goH | DC BIBMHEICd d o HHl | AC BIBHEIC d o oIRd

(Weight of locomotive) | 3{q. 3.

BSCEINIE]] fhad | HARAIT 99 T2TH &b DC | AC ¢ Ry <t goardi=

(Capital ~ cost  of | do=M RReH, Yoardr fbua | fdhad w4t 3 yd

substation) S 319d

redexdl fbad (Cost | SN oM Reqae, T drH ey 3 o

of conductor) SR Fges Bl TR SUhe HSdedl
ST figes hedexdl | fbrd Sl gld
fhad sifde 3rmg.
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Utilization of Electrical Energy (314323)

YRR 31t gaiddichel Uil (33¥333)
Table 5.2 1-Wdf 25 gl T M1 STt S faggdim<or gxea= go-

(Comparison between 1-phase 25 KV AC and D.C Track Electrification)

lines)

qo-1 Aoy 25 Kv AC Riew DC Rrdim
(Parameter of Comparison) (25 Kv AC System) (DC System)
IERe S Hedexdl HTHR
(SiZ :f overhead conductor) Q?E;H SRR WW
$HSF BT, $H I BT,
”325"&”@%5;'“”@# HH Gl AC =1 {o-1d SIRd &d
(Cost of foundation and support . N c
hedeIes HHI T, | Udl.
structure)
HC (Current) BT DHc HHI L. | BT B SR 3R,
e 2 o A& B ERSERECIRSECH e W2 o BT S
(Number of substations) HHI BRTAT. MIGIGH
9 WA g8 Wiy 9 W3F 00 Wi | 99 )2 9 QR
(Spacing between substations) SR 31, HHT 3.
Iq WA df &l 25 kV AC 99 WM df | DC 9§ WM o &Hdl
(Capacity of Substation) & ST 319 HHT 3.
STlermar 25 el T Rert | g RifeH
(Efficiency) HrI&HAT 3fIH oIS HHT
ERICIRSIRS DHRIEH TR,
HRIFHI Bl Bl BRI FRIMDIA BRG] | DD B0l
(Interference with communication m%ﬁ?ﬁ mﬂﬁ?ﬁ

5.3 CaRM Udh-aw: Tl Sofded olpHliced BId SUTH 3T Td® YN SR

(Traction Mechanics: Block Diagram of A.C Electric locomotive and function of each

part)
AC Supply Catenary (OH Conductor) (FeEt )
AC HWIE) A 352
[ [m@@tlgmph [E}l,—'{rir(- B ) Iransformer
— (with on load
— e tap changer)
e ) aderr)  (CETERED)
smoothing ectifie J
- choke Rectifier | ?Ié e
I 1
L 1 1 |
(HIEL )
Figure 5.1 g 33'%3’3 SlpHIeEdl SBIPp STAITH

(Block diagram of AC Electric Locomotive)
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1. YaIIT® (Pantograph)

o B YQd ST TTUR 3.
o 3f@eS IRAYA 81 -Gleesl Tl UIdR (FHRId: 25 KV, 50 Hz) Hode Hral .

o SOMAERIC B TR AithedT SrIWhR HRUAM HH USUTH &xal (Transfers electricity
to the main power circuit)

2. gfdhe AP (Circuit Breaker)
o i dEdd RIEH JTeT HRUTNIS! W& fERTY U Afdhe SdHR B .

3. @R‘I‘qﬁ'ﬁ'\’ (Transformer)
o THT (25 kv) B -RIGCoIG] TRV HH! FIGeoTHE BRI HIH CIHIHR B!,
o TRIBIER T IITd 3G <U doRyUT 3.

o TRM WIS I UIABIaR GIges FEE HH! HRal Suide UaR IE R 0.

4. IFEIR (Rectifier) ST 3@ (Inverter) RIeH
o fGTHRR (Rectifier): T BIh A AC RBIGCIB] DC FIOCHE HIdc B ST,
o TR (Inverter): HIeX T VY RIS @R DC WA BT AC AL fdhar DC
to AC &1 IIed RRILEe Theb-l 30T FGeds A H-Iac Hdl. SaHes didbHIfce dl
g ¥t T €1 (torque) FHRAd (ensure) .

5. Eaam Rﬁ?‘ fafeew (Traction Control System)
o CRM HICRST YW gl fasrd fAge .
o Tl HCI®, S0l BIAEHT TN TaTT gl A THAIG T A

6. Eﬁﬁm(ﬁaction Motors)
. faggd o gifie Suid Euldid Hdrd.
o QAT GBI Tl &% ¢ Ye fdbal AN AdTd.
o YD SlpHICEH W-B SSRM HIcH aTRUIId AdTd, TS FoI DI
fired.

7. Gﬁﬂ%ﬂﬁ fafeen (Auxiliary Systems)

o Sfaiiodt Ried IumRurar gqrazT:

BT I — TFABIER 30T HieR U STUINITaT.
o HUTY — ST 3T e Sratara.

o TP Ry — SHfe 31f01 S1RT UehrRIEISH.

8. afdhw Rafew (Braking System)
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Utilization of Electrical Energy (314323) gﬂam@m 3B sﬁaiflw TSI (3383R3)
o o dis W(Regenerative Braking) - S ATdAYTdY fafor SUIR] Sl Q%Tﬁ‘c{%

Foid TUART B [dgd IS®T URd UIdaa! oild.

o RRaMEfRR® SfHT (Rheostatic Braking) — ST ol SWUHE FUARd Hed
fSRe= AedH Y B o,

o gHICH ST (Pneumatic Braking) —SHo0! SifdhiTHE] TSR UZR AT ATR BT SITdl

SIUIh 9 BIA0 Sl (Uses air pressure for emergency braking)

5.3.1 EHT(F-[ Hiey: JISIee ET:IT(F-[ Hlevd gfeda CIEL] (Traction Motors: Desirable

Characteristics of an Ideal Traction Motor)

TR HoT 3T,

ITASIIAHS ¢RI HICII! SHTARID DIFCIIRCPH:

1. g |ifs-cle Heaeifedd (Suitable Speed-Torque Characteristics)

o XA ST Y& HRAMT G SR Tl HTGRAH 3], R (R e AT clebd
TRS &+ D! 3.

. TS CRM HIcH 3@ RS <ldp HH0 FHxrar SNfir Wi aeaameR g1 el HH!
RIS

2. BT NGBS &udl (High Overload Capacity)

o CRM HICIOT I NEIOTS &HT 3.

. XA HIGT YdT8 (R ) ATgdl, IS THAR R 30 HRIeaM TR 813
EIC

. TOSNER (R B TTBUIMNTS! Hiex 3= HR YUIRT T&H STdT.

3. gHIOR HHIGHATITS! T (Operate in Parallel)

. CRM AR THIMR B HIUAN FeH 3R,

. 04, T fdhar AcHY TH™ 9@ 3 HicH HRRJ 3dd, e ¥4 Hied g
JH-TIT B B! SHTRAD TR,

. TAHAT SEHG ThRMYD WISHH AT TR TSdl, TR ATHS Tl T IcHE
3T TR Ug -3,

4. Holqd 3for fedTss T (Robust Construction)
o CRM IR Togd 0T fehTS, T,
o CRM HIER Jad HUAH dIS od, ATHes ot Holgd ST,

5. FIaco 9GO Tg- HIUITH! &HdT (Withstand Voltage Fluctuations)
e CRM HICIOT YO Gl code Jrad I6-3IdR gidld.
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o YD HieA T F6-IdRIHT Yo+ HRUITH! &HAT 3Ta! S0 Ml SRiGHdSR [amia
TRUTH 81 4.

6. HH! qoI (Weight of Traction Motor)
o TR HICTD IO HUId BT 3Td, S0lh digde ! &HdT (payload capacity) dIe®.
. Hic™ UVITR—LE\—QE R (Power-to-Weight Ratio) SIT¥d 3{HIdI.

7. B¢ MMHRA (Small Dimension)

. CRM A {iNTh® HRAM G M.
o TG I U Class-H ISR ATURS S, S HICIT B HTHRI SR HIAEHdI

UIeRs .

8. U TE Held (Simple Speed Control)
o U e Hugrrdt Riue $ifl ghides Ugdl SRITaT.

9. AW RISTAT UTadt (Self-Relieving Property)
o TR HiexHY 3T U 1Al B UR Ao &1 Wie HH! &l
. TS HIeR WA:31 @GS (overload) TR JRIAT 39 e,

10. 3OfRTPRASUNIIG dIRd AT "= HIVIMT &HAT (Withstand Temporary

Interruption of Supply)
o YTd CHR YRM ST AT HIUSNER Uieed &I, fo1d dragRar sofacd Tor
Tfed 8IS 2D,

o 3R IR HiexA 3= 3R HRe (Inrush Current) 7 UdT fRIR HT&HdT IRATAT.

11. ST fdhar ez sfHTardt @it #ete (Dynamic or Regenerative Braking)
e TR UG SIS [l Aediad sifds T Tge 101 T Ugdi+ $Rdl IraaT gd.
o STHT HRar A0 BT Sl WRa Rrened ureadr 30t 1azdd 3e.

5.4 e, Agesl AT Neye Tis: RS T WraR URUMH HIUMR 9¢H (Crest,
Average and Schedule Speed; definition and factors affecting them): W TSA=AT
AT 31T HRAM WIo16 THRd Wie (TR gdd Sdrd:

1. #¥e TS (Vm): T YT90aTe] S @ ao @l HHIG (maximum) WS U thie TTe.
2. 3fg¥el |IS (Va):

o JARIGREM ¢ GG ST TR TS BUrel gl Wie.

. AT BYoM Hedr

m @g (Average speed) — Distance between stops in km

Actual time of run in hour
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3. Aeg® WS (Schedule Speed (Vs): 8T WS YIFUITAT deowg TUMT HoT STdl & Ui
AAGHAT AR U & 3R HAR HRYUINIS! BNGGAT UHU 9 (YUl d34g) I
N N %
IR 3TR.
Wﬁg (Schedule speed ) - distance between stops in km

Actual time of run in hr.+ stop time in hr.

ANsgo Wiear TNUITH HIUR vew:
VSO WIS JIOIS YehiaR aoe Sl

(a) e TS (Vm):

o SR FRRR YT B 37 AT JHM TaT (STRSZA (a): ) 301 Helt (Rerdzm
(B) ) 3T, TR shic WS deUN YN UHUT dHloTat HHl i,

. OIF UGQAT STl thic Tied THTd HiddT JHTOMaR fagm I,

(b) STFIBIM (Acceleration) (a):
Froadt 4t gl T 2ege Wie ared!.

. OB 3R TSI YT (WS, Bbo o) ST UHT 3P Tygn
STura.

(c) FrerS= (Retardation) (B):

o AT ST et (ReTSRM) SIRA SIIGAT, S AT Uig Fehd 30T AT eg@ s
qredl.

.« B 96 T 38 R SRS HTHE SR YT 3R,

(d) YigugTET HTeTaeh (Duration of Stop):

o YiUgTET BToTae SR SIGIN ¢-d1 UH U1 YA HIoTash dled!, drges Ao Wi
HH! gIdl.

« TG SR YS! 15-20 hgral YUiaT TG AHGT offdl, R GBI SGAUNTaR gl
HIOTaL 0 3.

55 ETFEF-I '\‘T% (Traction services):
5.5.1 Gfed YHR (Traction services):
gy ¢ RiRked Faguarrdt fafay yeRear Yod daien srazdadi qifgadl S0l TReid
3R, <R ey gEa: @S], ITTRT 311 Ao w1 diF YeHRel Jar
el arRuTd Id.
(i) ME<t "G (Urban Service):
o SF GO FHHNG iR 1 forriten st 3.
. S VIS SHTaxTS T dfreeat:
1. T WS 3TdT, SIUidh<e] SR aRAR (JTIRET Thehd) TSl IUo BIe.
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2. WIS ITCauarIa! 3o TaT (STARIGRM (a): ) ST STHG HelbRUl (RIS 2 (B) ) axTH
3.
3. HH IodT TR HRUTMTST YISl STSHATS! BT (coasting) STGT ST,

(i) ST H%'\‘T (Suburban Service):

o G WFAHHANS 3R 1 d 8 fdt 3 a.

. SUTRI YIS 3Mazae dfrees:

1. IRAR TS Yidd 30T Y= BId TG ATA Tl (RfUS SRS (o) ) SO H 0T
(ReTS2r (B) ) 3MaRUD 3MTE.

2. IofdeH TWEALNG dIul-dquld (voltage fluctuations) AICRIEAT HIA&HAAR URUMM &
T3,

3. YGd AN e ORI BB BleddR HIUAe! SeIHR-Y g3 1.

1.3 RiRer ST Taurat e I 3MTe, HRUT:

1. 9 R St Ricaadte tiar arR Tt Riftengen & sra.

2. UM <l i srugrardt S14t Rifteder SFumT e Tl fRifRkergen w4t 3.
3. SI. Flpmifes MM Hiex HIF Blscdeedl 3Tdd, HH Tide adrd T 3ifdew

HRI&H 3RIATd.

1.3 Riffew=it ddfta o6t SitseroN:

1. DAl Flges [AdRUMS HIC (current) STRA 3RIdI, SIS HAIGAT 3MDHRME Hedex
(conductor) BRTATd. GRUMT, IUh¢ (e WIM) Sacs 3Td! ST 0T A T
SR 3.

2. 9 WM AN 31dTd, HRUT A Bl HRIFRI ST

3. g9 WM o ST (efficiency) O HH! 3.

4. P TexuRd! ifaRad SUHRT! SHTTZTH ST SlUide IR dT X6 d AN Gl
GG BT,

(iii) =T UFf AfET (Main Line Service):

o T YIA G YFSH A SR 10 fHT fdvar @mg sifde s,

T AT X6 d WadTa! 3azad afre:

. B WIS 39T,

. IeERe S AT WA W HHT 3T, (low overhead structure cost) .

. TaT (SIRORIM (o) ) AT AT (RerezM (B) ) § YT AN YaUd! BRY Hgwrd
TG

W N e

Table 5.3 LT, SUTRT SATIOT &I BT o= Adidl goT
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(Comparison between Urban, suburban and main line traction service)

Jo1 oy SUTRY Afed
Sr. 2183 afgw q@1 At afegw
(Parameter for . (Suburban N L
No. . (Urban Service): . (Main Line Service):
comparison) Service):
1 | SRoEH () 1.5 -4 Kmphps 1.5 -4 Kmphps 6 -8 Kmphps
2 | Rerdzm (B) 3 -4 Kmphps 3 -4 Kmphps 1.5 Kmphps
3 120 Kmph 120 Kmph 160 Kmph
(Max.Speed)
WA O4ie 3’
4 | (Distance between | 1 Km 1-8 Km >10 Km
Stations)
1” o P g I W i
TS -gH &d gao Ew §°°
5 | (Speed Time 4 Baking [l Bkl 60
curve) gm ;zo Accoleration sao Noctoalgn Bty
! Time, 8 =——> ' Time, § ——» : Time, min, =
1 =T 1 T HroTae d
Oz S BT HroEdt | o DIRST HIoa Bid
6 | (Special Remarks | 3IURIT d HIRT | U T Al d oM
if any ) Hroadt seM PIRET BroEdl | RIS T ST
oid 3l fOvE BB SdId .

5.5.2 TTS-a13H ®ad (Speed-time curves):

Ueh] YFATSATS] G R 6B A1 el A1 faul Tgwdrd 3iTg. =T T JTfor

Sooll ATIRTET S TS-2C8H Hd AT Tie-fee~ Ha gin e AARGRUul Hol

ST,

. WS-e3H Fd ; AT TISHBT ¢l WIS g2,

. Wie-fee—a od - gearndin igurg fafdy siaRieR ¢-an s gzfadl.

. Wie-cr3A %4 31w IuYId Al HRUT T Hadl IR JFHORM (o) Ui, 301
HATSIG TRAT AT P 3R giad.

@‘s’-?@ﬁ%ﬂ%ﬁ@:

o X-TdIY (Abscissa): TI2H (Hdg fohdT AfHeie)

o Y- TfdY ((Ordinate): T (fopHl/am)

. HARIG HIUATR! fSgavio IdR = oM (o) fhar Rerdzm () @ fhma
e DAl GRAT TST FDHURT HIT = HRIGRM (a1)
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GLIRISIN 3T Sciaciohel Tuil (3R¥333)

Utilization of Electrical Energy (314323)

. DA TO! YHUIRT HAT = RS (B)

@p1 AT

FREE

RUNNING m

COASTING

(TS & d M)

@)

BRAKING

RMHEOSTATIC
ACCELERATION

=== SPEED IN KMPH OR IN m/g —=

P - -

N P .- -

ts

-
»

t3
TIME IN SECONDS

Figure 5.2 Fﬁg-aﬁ'ﬂ 4 04 JEE] Tqrét (Speed-Time Curve for main line)

(Al
.
L

WS-8 H $d GE&Id: TIO10 IR I 6T 39l
1. 3RRIS@ ARSI (Accleration) (a)
2. RR TWigar yarg fdhar i = (Constant speed run or free run)

3. BRI (coasting)
4. ReTS2H (Retardation (B) ) fdrar sifd.

A 313 YRl U AR Tiie-ergH &d graas S

(i) SFIONIM ():
ST RS Aiekar Aroun=aT gofacd ¢ AT (o) GIF ST 3l
. (a) RR JRIZM (a) (Notching up) G
e (b) HH B STUMRT SRSGZM ()

(a) FRR FwHTH ()
o S E BIA AYAMT, RO (o) RR a1 .

§ 1% HRUGMTS! Hicke! Jad R faggd Udre RasT S,

RIS IS §ages dledo Sild, e URINE e~ HH! BT Sl
o« B Uil "ReMEfed RS WIH HSTo! ST,

o  TMHIC: I 97 0.6 — 0.8 Kmphps 31,

(b) BHI BId SATUIRT AT ()
o OIGT ¢ 7 °9d Sd, degT HICRaRo Bigcs R g,

« ddIed TIoaTdes faggd Uatg (Current) HHT B,
. TP TR ¢a1 37 RR gl HRUT AT Sfaeeg SWIC (tractive effort) TS

ICRIEN] (resistance) CREHEZGH
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. T ARG (o) LA B,

(i) W1 I febar YR IIm=m war:
. OIgI ¢ t, ISST HHS T MSd, dgl off FRR I ¢Tad,

« I TWMER ¢ ¥dd HI-~Ie< Ular (constant power) T,

(iii) PIEIT:
. t, ISOT SOIACHUW dg ST ST, 3T I 3raiférd T ared Wea.
. TSN TTceR gyuTET aRuTH Bidl, IS TR a7 HH! gid il
. T TwN® ReTSzM () @1 "SR ReTszM" Turdr.

(iv) Fersz (p) fobar aifd:
et 5G] S BIGS ST, JTOT ST 97 FaTed™ HHT BIal.
« G 9T I, 30T ¢ Y.

SUHTIS® STV PIfSOexo TWiS-eTSH Fa:

IRAfde TS-CZH HAAT Jo-d e MUK TG WIS-esHd 3eg" duara!

Re #d RS A

T WeIpd (R BIgS) Hd ITRGATHS HISdT YHIUNGR TUMHT B0 1Y et 3107 Arezeat

fa=e Tquremfar BRET 31 T FHRaT TUETR T g,

3faIford TS-er2H ®d YQ@IedHl WIoie d6 S&Td gdadT Sl

o SFORTM (o) 3T ReTS2H () & HGT aRAfad WS-2gH HAURWT 396 il

. RIS WIS-TZH HAANSG TS FHd 1T S0 DR (RIS R H1oadH deoo
STdTd. (&'Q\ﬂTésw 3iGT)

o URM® RN () Preadl i SR Hreadt faxaid & S, (@iisoere
SHE)

. 3N FaERIG @A M IRAMAS Ha@ERIG dahes (R-AHE 3faR) THH

RERASIGH
5.5.3 CUSIIS® WIS - €89 HAJUR TUMT (Calculations by trapezoidal speed time

curve):

E-aglw: 2 ig-c8H &4 gl gerc) i@% HAGT3! Uh Sdasdl 3{GISl (Approximation) 3Tg,
PHRUT ITd T 1T HToTae SR 3l

;‘*agr‘qu Fﬂ%’-E'IETI Pda afdrsed (trapezoidal speed time curve):

B 64 TUIC: B1d U@ XGASITa! ariReT Srdr, fo7d Mel dedra fRR o urad.
I IFOZM () 30T RerszH (8) FflRed sradm.

CUTTSS Hd OABC:

OABC ®d W01 dR A f[aHRTeT S

OA — IR () BT ST FHATTST AT U 3.

AB - fRR aTman (Free Running) PHIGIaL: TSl Teh] BRdeh o JaTy .
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BC — BN sbToladl: MSTan a7 geges Sl gldl, U Mo s STae Sid gl
cD - RerszH (p) fohar sfd 1 wromash: Mt a7 SuTea™ HH BT STl AT ST Yied.
ST SddbIa ! T aRId Jgd, AT §4 fdhal 3ol aad gldl.

e -

e - -

o

U b e
" ——
(CIRH) Time ——»s

Figure 5.3 éﬁaﬁw ?dﬂ's’-asn Pd (Trapezoidal speed time curve)

D = Distance Between Stops (metres)
t = Actual time of run between stops (Seconds)

a = Acceleration during starting period (m/s?)
= Retardation during braking period (m/s?)
Vm =Maximum or crest speed (m/s)

Va= Average Speed (=D/t) m/s
t:=Time of Acceleration (Seconds)
t:= Time of retardation (Seconds)

to= Time of free running =t- (t1 + t3) in seconds

v v :
a=t—11]rl or ty=-> .. (i)
Vm Vm ..
=5 O t3:? ... (i)
D= Area OABC

D= Area OAB + Area ABED + Area BCE
D:%Vm* L tVm*to+ %Vm* B
D=1 Vim* t1 + Vir* {t- (t1+13) }+ 2 Vin* s

Rewriting equation

Maharashtra State Board of Technical Education 126



D= Vi[t- 5 (ti +13) ]

- Vm 1 |1
D=Valt- 5 (;+3)]

1A, 1 atf
K—2 (a+ﬁ)or 2aB

Substituting value of K in above equation, we get

D= Vm (t— K Vm)
Or
KV%m-Vmt+D=0 (iii)
t+VtZ—4KD
Therefore, Vm = _T

The Positive sign will not be used, as it will give much higher value of Vm which will not be
met with in practice, Therefore, we have

12—
Vm = YL 2KD ”ZK‘““’ ...... @)

From equation (iii) we get

K VZm =- Vmt +D Or Ksz - % = % (Vm* % —1)
Now Va ==
Therefore

-2y 3)

Obviously, if Vm Vaand D are given then value of K and hence value of @ and f can be found

5.5.4 PGB WIS-eT39 ®d (QUADRILATERAL SPEED TIME CURVE):
PISOR® WIS-CIZH Hd 81 BT (Urban) ATOT STTRIT (Suburban) Y&d TaiIa! Hfdd
JUGH TR, T AT A TII-TTC TR GRAR BId SRIGHH BT Hd aTIR0l ARIRDBR 3.

}..---

-

T L]

11

: »

(<IsH) Time ———»

Figure 5.4 W%ﬁw @E-E‘I?ﬂ (quadrilateral Speed time curve)
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Simple Numerical based on Trapezoidal speed time curve

?IﬁﬁW(Numerical No.1)

2 Tl SRR G WHHIEM WRRT 36 fHH/ANMA g STTRIG ¢ Umad.
LERRREE]

3f1for Rerez 9t g 1.8 fordiamzh oftr 3.6 fardia=ia=h sied. usiisss Wis egn
%4 TeId U= ¢ SIRGid oI a7 (W1S) Hoagee Hl.

(A suburban train runs with an average speed of 36 km/h between two stations 2 km apart. Values
of accleration (o)) and Retardation () are 1.8 km/h/s and 3.6 km/h/s. Compute the maximum speed
of the train assuming trapezoidal speed/time curve.)

Solution. Now,

Va =36 km/h=36><%=10m/s

o= 1.8 km/h/s = 1.8 x— = 0.5 /s’
B=36km/h/s=3.6 x ==1.0m/s?

t=—==222-200s;
Va 10
@+ P
K= 203
_ (0.5 +1.0)
T 2x05%x1
=15
t—Vt? —4KD
Vm = oK

v = 200 — V2002 — 4 1.5 * 2000
ne 2%15

=11 m/s (to convert m/s into Km/h we need to multiply 18/5)
18
=11* ?

Vm = 39.6 Km/h

AR®S 2 (Numerical No.2)

36 fohHl/arT=T dBTUAGId 1 fbtt SIaRTaR G RIMGBIGIRM ¢dl gl 39,
TFULTET HIGIaHT 2 seconds Yo 3118, ST RerezH 3 fam/aRiA oe. <uglises Wie
TTSH ©d TRId U, TR AT o ST Sfd 97T THT0T 1.25 3@ ) AT (STaIo R
(o) OIS B

(A train is required to run between two stations 1.5 km apart at a schedule speed of 36 km/h, the
duration of stops being 25 seconds. The braking retardation is 3 km/h/s. Assuming a trapezoidal

speed/time curve, calculate the acceleration if the ratio of maximum speed to average speed is to
be 1.25)

Solution. Here,

D = 1500 m;
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Schedule speed = 36 km/h (to convert Km/h into m/s we need to multiply 138)
= 36x—
18
=10 m/s
B = 3 km/h/s

5
=3 x=
18

= zm/s2
Schedule time of run = 1500/10 = 150 s;
Actual time of run =150 - 25=125s
~ Va=1500/125= 12 m/s;
Vm=125-12
Vm= 15 m/s
Now

D
K= *(vm )
vm?z \"pg 1

1500
152

K (1.25 -1)

a = 0.47 m/s?
o =047+2

= 1.7 Km/h/s

qﬁﬁw 3 (Numerical No.3)
SR SR o SRIERT TWied YATT 1.25 QA 1.5 fhHi=ar yrauarandt gofage ¢l

B YT 1A 6.6 ThH/aRI/amRl sfd T dadr 38, CUse® WS CigH &d Tl

(Find the schedule speed of an electric train for a run of 1.5 km if the ratio of its maximum to
average speed is 1.25. It has a braking Retardation (B) of 3.6 km/h/s, acceleration (a): of 1.8 km/h/s
and stop time of 21 second. Assume trapezoidal speed/time curve.)

Solution.

o = 1.8%x 2= 0.5m/s2,
18

B =36x>=1.0m/s2
18
D= 1.5km= 1500 m
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o () =

0.5 1

1500

Vm? = =57 #(1.25 — 1) =250

2
Vm=15.8 m/s

Actual time of run = % =119 seconds

Schedule time =11 + 21 = 140 second

=~ Schedule speed = i—o(:’ =10.7 m/s = 38.5 km/h

qﬂﬁw 4 (Numerical No.4)
TdH SUTRI ¢ 2 foha SfeRT=T GF RIMG G WRIERT

40 foHi/araran 3 41ad. UaT Ifor daad! god 1.8 fdi/arzit sifor 3.6 fediarianh
3{Ted. U380 WIS TISH d g Id U ¢-TedT SR SfRd ol HBFISGC DR,

(A suburban train runs with an average speed of 40 km/h between two stations 2 km apart. Values
of accleration and retardation are 1.8 km/h/s and 3.6 km/h/s. Compute the maximum speed of the
train assuming trapezoidal speed/time curve.)

Solution. Now,

Va= 40 km/h =40 x 5/18 = 11.11 m/s

1.7 km/h/s = 1.7 x 5/18 = 0.472 m/s?

a =
B = 3.6 km/h/s= 3.6 x 5/18 = 1.0 m/s?
t= D/Va= 2000/10 = 200 s;
_(a+B)
K= 2ap
_ (0472 +1.0)
T 2x0472x1
= 1.557
Vi = t—Vt?2 —4KD
m= 2K
200 — V2002 — 4 % 1.557 = 2000
Vm =

2 * 1.557

Maharashtra State Board of Technical Education 130



= 10.93 m/s (to convert m/s into Km/h we need to multiply 18/5)
= 10.93%=
5

Vm = 39.34 Km/h

56 RiUe Headt ara T (Simple Catenary Construction Concept and function of
Catenary wire, Contact wire and Dropper, Material used for them, Simple Catenary
construction, Definition and Need of Neutral Section, Current Collecting system: Diamond
type pantograph and Faiveley type pantograph (Construction and Working)

5.6.1. P! AR (Catenary wire):
HHSUAT ATIOT HT:

5

5

HeT) IR B 3B TdTE 98 PHIUIRT T IR 34, off 3eeies sofaethdar
Rere) Judh arReT SMYR <.

B IR Gl SIh iR SO0 3T ST Rard UM fodT $TdR dhe-kl ®d (Catenary
Curve) THTO! fedl. Pes) IR & T SNURYT IR 3], Sff Wd:- < Ioi-Tes dh
(curve) WIEUTd Bedhd. df HUD ARRGT AT AT0T (tension) YRAd, SIOIGE <f SIS
ERICIPERERE

JIRSG SR e dhe-RI ardR did (Copper), ®I% (Bronze), fdhar disarear fHy
YTIUTRE (Copper Alloy) TR ! ST,

6.2. YD AR (Contact Wire):

WTGI'@T&TI'&

HUh aRR g1 4 USRTh <Al YU d JUIRT aRR S 1107 < S 1o 9ad Soiacd T
R,

g GRR W (Straight) SAGT STTd TN AT USRITHAIT HUoh IR4d, e fdgdd UdTe
3G S Mgl

g = 3rufA fagygd UaTe aTg AU AR 3MTg, Sff M AT UeThaT 3 ¥Uzf dvd Sfor
TeIgdd sofacs Uigiaad.

RS SR Iifgd:-Tueh IR 810 defdefaae! did (High Conductivity Copper) fdar dis-
R TAIYUTIUIE (Copper-Silver Alloy) TR 6o SiTd.

.6.3. ?fl'TI'\’ (Dropper):

HHGUT STIOT Ht:

SITR TUIS dhe-RT AR 30T WU IRR FiT SITSUIRT 8T iRl T,

SIURAT T 3831 YU aRR TG Jdtar ¢au SATT0T fodt IHiaRdT (Alignment) IRIUT 311G
¢TI IR 0% aRR §Q 14 WU SR Had Hdl.

SIMR BT dheR! AR 3101 AU aRR AT SIS UMRT IHT gaheT (short vertical wire) 38,
S WU IR S U Hed (6] IR Sadl.
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« JIURSG SIUIR FI'%FJETTR IR did fhar i ﬁ[%[ﬂw (Copper or Bronze Alloy)
EECHISIGH

Span {lypically —-ﬁﬁrn}m

-

A Cotenary wire(BeRIGRR) |~
A T T T 711
i  —— S S Y — :
o Contact wire . Croppers
(Pl<de diT) {EAIEIED
%
T A (HIED)
Mast Mast
' Rail tever (X0 CIRT)

Figure 5.5 e qIay, ET'CI'\T U araR i P-H A (catenary, dropper and

contact wire construction in traction)

Y@d SO HRALS heRl RRCH A& He-R] aTaR 91 aIWR 4@ aaR ThaHAM STiar
FSId STTIE! BT Sdl. SRR AT il aN THHBRN ASSHAT ST, Saes
M Y% U dTaRAYH Soiaed U B bl

o TR aRR: B T STYRY aRR 3RYA < AU IARST e S,

. YUd aRR: B AC Iofaed aTg AUIRI IR 31T Sff UeuThal U IR,

e IR § BRI aRR ST AUSH IR FHT TSUIR BEH qibs SNald, of WU arR

g Ftar RR dadra.

& Tyl RfRew qera: dieare fSUTqURET (Copper-based alloys) SAG®! 3.

g & == (Neutral Section):
o® YR BUR Uah fafRy 19 {579 faqgaeer faer Sird =gl aran Suan SRS g
g fachawH [AURTHLRS ST (Arcing) TTBUTANTST BT SIT.

Pie Gho- RS (Current Collection System):

Hie Gho RIRH urs! YUl T30, 57 dhes) araR, Tudh araR 311 e Uhid
BT HRAN, AUDHEH [dgga=Iad! e add U Ah .

o T HeAS G (Simple Catenary Construction):

1. qUIE HREAT: ST SN SRI1dd SRR R fdhar Wiod 0o SRS Sard.

2. BNl arR gHAU): 51 IR 1 WieidaR A1 qroneg Sgo! S,

3. JTUR THAUY: AP SRR SR A ATAM, o TUD IRRGT WT6! FSHAN.

T Hes) Rafewas ufvomm (Effect of Speed on Catenary):
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e a7 deadIaR, UehhgR faggd Uae Adhe-d Saun a3, Abhdd. UL,

IER DRI Tad 960 HU] aTD o,

. 100 fHH/AM wWiaa TNl - Bad dUd aRRAT AT FEHE S0 aRad
3.

o 120 fHHY/aTT wid=ar FRITEY - dhesl aRR ST WU aRR SlgiedT dTume fAmE
H1d BT,

o 160 fHHY/aN Tdd=a IRITST - YUIE TigcHaR 10m "Y" ATURUI a=IAH 3T

. 160 fHHIARIUET STRA AT — 20m "Y" fdhal HUrSHS deTl RRked (Compound
Catenary System) IR ST,

. 200 fHutaraada=r amet - HQ[Uf IR dhe-R (Continuous Mesh Catenary)

fhaT HUTSH S B! ATIRS! SIId,

5.6.5 <gg® TRI (Neutral Section):

T (Definition):

FHel Rfeadie @ Sler T 1) Judh aRR qeoo! 3, S aiF aiaiTel
SORHIWY FAHNTHL SMHT (Arcing) STVITIT TR&UT fiesa.

TIRYT (Need):

ARIG SOTAChISS fAUNT diTes SIUTTA!,

ST UehT YaRM AYA g9A1d SIAMT 21 Aidhe 81 14 I3,

5.6.6 PIC POTIET [SBIIUY (Current Collecting Devices):
(1) EA'\I'T*'ﬂ Hoae? (Trolley Collector):
o UMM T 307 ¢T3t SqHe 9TuRe Wil
. B9 SIST 3T, ST CIBTBT T He® RIS fohal BIa- ITSS 2L 3.
o O SR QAR (24-32 forttaraue ifiep) arRalt dudh Yeoar Freddr 3.

(2) S Fode (Bow Collector):
« T8I AN aTRS Sld, IR <io! S94Ta! Irg g,
. TOH YA TP UIE UST (bow) 31!, Sl AU dRRGT T2 B,
o 37 IR SRS IR WU Jeuardl IeRIdl HHT 3.
o @I, AT fhal SO UST aTURST SiTd!, SUIdh e H0d dRRGT JH T

BIUTR el

(3) UeIUTh Horae (Pantograph Collector):
o T SIRG SAGIAN (100-130 farHt/am) SMfor 2000-3000 Amps Td faggd vaTe Tho-
DHRUGST A,

o Wi Fiyead] BHURH S0 01 3R,
o HIE [hal S W ITRGAT ST, S gy Jeudrdl HidT Sl IR0,

Maharashtra State Board of Technical Education 133



. TSIl alv! QNI HTH T e,

(A) STIHS YSIITW (Diamond Pantograph):
. WIo HAR Jud TS SHIGGAT SRANd, ST aRRST 91d IgdTd.
 Dc Rifenardl, IR, s fhar Ee ugar arReyn Sdrd, wg d fdar dwrse
ECERRE | CEUCRC R
o 25kV AC RIRCHYTE - Thd USRI GRET SR,
« 1500V DC ffeTrdt - 2500A

Figure 5.6 SHUHS UCUTH (Dimond type pantograph)

SIS UeumpHdte aror fERT S11fir I S UeiiThaT SR (base) SIGG QAT o0l f&iw
(tensioning springs) TS (horizontal) XMUEET fHRAdId, S A<l IRG! WG RN
(lower arms) SIS SRAATA. TS Jd TR THURWYY IR-WTo1 BIdrd AT Jquf derms
THAY (uniform) BTSATS D,

STHS USRITHY TSe@T=asl (Advantages)

1) DIVATE! SRR BT BT B 2AHd] (It can operate in either direction of motion) .

TS} HIUATE! STRERA ST dila! 81 U THTET0 dic Hode H bl

2) SHaUgTT Ufchar |Gt 3 d (The erection is simple) .

STHS USUTh=T Xa-qa Td! SHRTT (installation) & JIUT 3.

3) HOFER IRURNE ST 3T gIUTrT HIdhT HHT ST (risk of jumping off the collector is
less) ANTGAT T[> AV HadH AMERAR Idd AU feh T SaT ST,

4) It g1gC 9gs hHl-SIRd CEGIEG| (Its height can be easily increased or decreased) .
ST TROIHR ¢ S dhiaHYH 39l Ygo HH! fdar areadm Ad.
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SIS YeUTHd! HATaT (Drawback) IT YR USRITH @] Bdlark Hisdl THIUNG ST (roof
area) ATIZTSH Q. IRUMHY, T4 MediaR ATST g a9adl Id el

b) g LripiLg (Faiveley Pantograph)
25kV T (AC) Rierdd, 3igRes dRR god! 3Yd. AT ST (DC) USRThAT go-d
Tudh UER (contact pressure) FHHT .

. T USRS 6.5 kg d 9 kg T 3TaxTd 3.
. SR UCRTHA: 10 kg d 15 kg &I BTN,

A OB MO Bt Di<ae YR RFET RiTE-USS (single-ended) Teges YTt THT

CRMYTS! T 3.

Fgo Termpd! dfdred
TEd USThAY JEIo Ucdh SN
1) 99 (Base): & UYUl TRTAGT YR SUIR UCH 3R,
. doss [AUNTURE (welded sections) TR e ST,
2) \’rﬁﬁaﬂ@%@' Req (Articulated System):
. B RiReH Tre=a Yo dIad (lower arm) SIS o! 3R,
. IS UCIUTh Yol qR-WT! 81 bl
3) W Eb_@?'Y fafen (Pneumatic Control System):
« 1A UICd RBIGRE (throttle valve) 30T G IR /.
.« GO qIErAT (air pressure) e 3 HBd $o! 9.
4) W%Rﬂ%?ﬁ (Four Insulators):

. TOfdCHO SGGIM (electrical insulation) FARdd HRard.

ﬁﬁ'@i YT srRRew (Working of Faiveley Pantograph)
ERB s ReHdel WBT® HIT R

. G\N‘\I%\ch o (Horizontal Spindle):

. TH S@ SARTTH (ball bearings) THIS ST 3.

. B3R AH (Lower Arm):

o IrAT RAT BTG YR SUIRT HRT (support) S,

o BT HTT O 3l M1 USiTh aR-WTe! 8T FMahal.

. TAFETRIS (Guiding Rod):

. WG ST (Lower Arm) TohUTT=AT BT6 AT 1T ANTGRI .

. EA'FHW &Jd (Transversal Tubes):

« U9 Qf$RMT AS (Pan Positioning Rod) 30T BT Sieazft (Spring Box) STeo o

AHYdId.
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E
(3R ThH ) ow
Upper frames Shank
Pan positioning rod
Main ~Thrust 198 _gigited rod ;
lowel arm Insulating rod ]
Arm of Control cylindey
hotizontal spindl ¥
up f"""gs Leves Holdln? T
. izonla down Sprin ‘
[RUE) Hos’p nale pring 2

Figure 5.7 ﬁﬁ% YauTe o STUH (Faiveley type Pantograph diagram)

ﬁﬁ% AP IL ﬁ%ﬁﬁ\_ﬂ (Advantages of Faiveley Pantograph)
1) §h gol 30T HH TS (Lightweight & Low Inertia):
o T fESE~HE HHT R (fewer arms) 3RIAT, RIS Al SIRd 3761 TGS
e BId.
2) B Picde YR (Low Contact Pressure):
. 3NERS TR TS TR, B Bicde YR (6.5 kg — 9 kg) BT B,
3) WQ@‘S’ X4 (Single-Ended Design):

ﬁﬁ'@i ﬁ’zﬁumrraw—@v fafeen (Control System of Faiveley Pantograph)

SIgT HHRITS TR (compressed air) Helo RioexHE Hreo! oild, degl §a<1 QIS BIfger
13 BN (holding down springs) T ferd glard.arges fU=e (piston) aR §&al SMTfOT 3(U-
&I (up springs) TSR @T a1 ITGAI.UCIUTH 3@ drRST (overhead conductor) T
HIULd Shiol BId Gl Uh Sl Bicae FBAMHR, fcagdes e (articulated system) fRRR
Bl 31707 fiReT AT i guf dxal. Tl TSR Hex Ufad S1foT fike T R @,

YSIUTh WISt STuTogTs ufshar (Pantograph Lowering Process):
Sl dgle RIdeR IuSaT Irdl, dl gifgs B fikee! g1 Joo Rdid 3furara.
qas Wics s (slotted rod) BRIgNHce RUSSA (horizontal spindle) TUaR aIa eravdl,

31T SNfERIees Rived |Io! Udl.
Y Te IISUAR O WIST SMMUTUATY UHR (Methods of Raising and Lowering

Pantograph):

1) U3RA TGS Sl THaTH YU WG STOTST STl (Air Raised, Gravity Lowered)
. TaIfCo! B USRI oR SITdl, ST HATh YU df SIS | A,

2) E&Rﬁ IIGOT oral, fBITH W1 ST STl (Air Raised, Spring Lowered)
. Ta1fd! B U o= S, ST fBivean qrares o) Wrot Ial.

3) B UERE RTINS Q\?Rﬁ WIGT STUTST SITar (Spring Raised, Air Lowered)
. TSI Aedi= UeR oR STTd! 31707 §aT STeR HleqdleR Aot Ad.
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Utilization of Electrical Energy (314323) AR 31 SaideIdhd TT (33¥3R3)

5.7 ﬁ'gff ST Ao uiad (Introduction of Metro and Monorail)
ﬁ@ 3TOT AR araeie Ho ClE SRR RED (Main Features and Differences)
f@ (Metro):

. IT-&HdT (High-capacity) SIGO! SToE ATaSI-d aIgdd RIReH.

. EIEQE G| HEIRDI (underground) fdrar I9d (elevated) ATTIER eTad.

. ERIUE 13U T YIRT drgge Hrdt yudT,

. 3D YD (multiple stations) G aTaH (rapid transit) ﬂ%ﬂ
RS (Monorail):

« TRITE XS (single rail) ShaR ATSUIRT Argqeh Rifed.

. TS 394 (elevated) ANTAR TG,

o HHI-&HT (lighter capacity) 3RTO®!, T8 Ba N3] AURS! S,

. TG ARHL ISR BT (feeder line) fhar Fifed SR ared@® ST SUgE.

Ael faffensdt AR (Features of Metro Systems):

Figure 5.8 ﬁfﬁ?’ Biel (Metrorail Photo)
1) 3=d-&HdT (High Capacity):
o TSI ¢ HiaAT S YR aTg- A0 9&Y 3.

. Tl gt (peak hours) AIGAT YHTUMER YAl Wl ¢3» 2.
2) WW Eﬁﬁ%@' §$ (Underground or Elevated Tracks):
Hlel Hel RIRed Yar (subway) SRIT, TR ®Tel Tfdacs AN (elevated) AT@T.
. XA WRATIR AN 3AST SITel.
3) 31 X2 (Multiple Stations):
. Tafay ymTiHed FHM 3fdRTeR (frequent stops) TGO RIS,
. S SIS AT HITHT SIS,
4) §d ¢ digde (Rapid Transit):
o JTaM 3101 Il sad HRUMRY drgdeh Rifken.
o SR ATEIDH ATITUE (like buses, trams) 31T&d aTar STfor Fafed Har.

HRe Rifew=ht afdred (Features of Monorail Systems):
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Utilization of Electrical Energy (314323) AR 31 SaideIdhd TT (33¥3R3)

‘“4." e
HHIR® Wiel (Monorail Photo)

Figure 5.9
1) WWE\;’? (Single Rail Track):
« URUR® YFAUHT0l gail dhudsit Tl ¥ (single rail) IR T,
. EWWWWW (suspended) 3.
2) Eﬁ’@%‘s’ anf (Elevated Track System):
« AP Id HHARS ¢ Idd char ATG.
o S FSHARISG dEdd o1 SYBT gId g,
3) &gl digd &HdT (Lower Passenger Capacity):
. U Hiex dl (feeder service) fhar BT 3R dlgqd (short-distance transport)
TEUH dTaRo! ST,
4) FHH ST SHuIRT faRkew (Space-Efficient System):
o TGS TP IGAS AU SN S¥Id IO AP o1 SYBT Ad Tgl.
o 39 YD fhal TRAigeA ggola- oirdl d.
ﬁ'g?f WWWWW(WNH@ Principle):
ﬁ'g?f WWWWWWWW (electric power) BT HRATd, T E;H
AnfefXfd EPar (guided track) ATSTAT.
37 Hel® (Speed Control):
. TOfded HicoT RIASTT ST dioredT THUMIR ¢ of FEfAd s Sl
sfd1 RIReH (Braking System):
. gofaee SR ST R aTRe o, St 3ifiies At 311fdT sthidees TR,
Hohd faRker (Signaling System):
o oA RIGAATTST AT Hobd 3101 dhele fRAREH (signaling system) ATORS!
ST, St 3{9Td ST uaT Agd P,
WH@W IATSIIG Tag (Ideal for Urban Transport): fl'cff 30T AR ale! RilkeH
UGTaRUIQR S (eco-friendly) , TIRE 30T HIA&H (efficient) AEq® Ual U@lss HRAN.
631 YA A6 Die! HH! HIUIMTS! 30T TGHUl TTBUIRITS! § S<H Uaid HTe.
Tdhald, Hel SO AHRe a1 Sy, IR 3Nfi [ Aiasi-id digdd RIReH 3R,
YA®Td 263t AIEe HaRH Udh Hgw@rdl YT §d1e.

YA U4 (Sample Numericals)
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1) fafay UsR=a S Aey ot Hifga o,

2) SOMACH® CRMUTS! dATIRGO! fafdy FiGed ITRi aTal Hl.

3) YRdrd ar9RugTd AUt fafae = derm Rifen=ft Arfgt =m.

4) MR ATV TSR ! (service) TTOTG HedTaR o1 HR: i) FERCIM G SR 1)
(ROY 3Hh URIGM)

5) (B} BIe , IU (X B1e AT A B3 VATl WoIE Ulecd e ™ gol B - i)
&M Y0d WIH I R i) RerszM iii) iffoRz A iv) Afdemd Tis v) Witifthe
TSIl AR vi) Tt I HfIaTd 318 &1 AT vii) BIRET Hreadt ifidara amg &t
18t viii) TS <TH Hda MHR

6) YR dTURGT S0 o fAqcidhRUMd UbR. DHIVAG! Tdh YHR JHSITGH JiT.

7) 25KV, 1 Td, 50 B¢ T Sl HIfced sl SIUTH §-dl. Ydd MR BRI i

8) cRM sl WY Wie 31 2rege Wi quiH FH1. Vege WSdT YHIAd HRUM
HIUE! G UCH a4l B

9) CaRM HICHH DHIVIATG! 36 3fwsd uredf AT @I,

10)25 KV T ¢ RieHd HIvQmg! aR wrIg 9ol &

11) fote=aT SHR SfUT THR HISTaNIS! [daRS SR ged HifTdace.

12) Hiex=1 Mas et faaRe SIUR ged T,

13) Tl Sofae® @ldHIICRd TR IS HO S SOIdh STIUTH Hlel. Uid HFT B T,

14) G WM S Th ¢ TRIRT 40 KMPH =1 97T 2 fohdl S{dRTaR 318, ¢ 2 KMPHPS
Y I BId 30T 3 KMPHPS AU CUSSS WIS CIgH Hd JHI. HGHRIGC B i) WIS
TY Hd DIeT 30T AT I 1l) b SN SI0ATYd! SIRTd SR a7 111) ¢ T Hoos
THUT SR YTTUITUET she bl SRid SR a7 fAfRad 1. 1 e i) Yid 50 Yebgia
Froradt i) gaT 2 fedduadivg 1) deget 3 fedidivading wis ergd a% duglissa
3T,

15) ¢t Rlege Wig 80 fadl/am 318 Ml RGBS 3idR 8 fat 3i1g. arquarer Rrex
fhal HHTE 7Tt 3RAT. THT: i) YU BISEH bo Jdbg i) 0T R ThHl/dra? i) Hl 3
fopel/ara? 3iTe. AT-THT ah CUHIISIo 3HTa.

16) AT T d, BPIRES! YR UCIIhd HeaR 30 H1 I8 WY o]

17) -C;-IdJI ;’Gsﬁsso CIgH $d A 3 3R i) 25 b3t 6 KMPHPS 1;Ia"'[(acceleration)
i) 10 T W T eray. iii) <1 YiSfAuaITdY 6 KMPHPS THUH UURUL(retardation)
iv) 5 e yidar, WA, IR 0T desTuze W IR 3’ 2N,

18) ¢ 7 fhdl SRIR FSGAT WIT XM 70 fhdl Ufd a9 des1uzies 3Rd. SISO,
YTIUITUET hc fohdl SR S a7 fAfRErd 1. e 1d 8e1: - i) Uid 50 Ybaidl Hrorad
i) TaT 2 ﬁﬂ:ﬁ'cﬁ'QEl'Cﬂ'W [l retardation 3 %ﬁﬂﬁ@ﬂﬂw s CIgH deh Q'Gsﬂ'ssw 3‘”%

19) SIAfRUd WhIgg Bae! <18y Ucumhedl B guld &,

20) i) 3Sfach RIS IIHH Ybo- June =l fafay TeR=aT areit ardt o,

ii) TI2T Y@ AT ARG CoR B3 Aics e Jed afrse I,

BT (References)

XI1I. Suggested Learning Materials / Books

Maharashtra State Board of Technical Education 139



Utilization of Electrical Energy (314323)

AR 3T ol lebel Tl (33¥333)

Sr. Author Title Publisher with ISBN Number
No
' 9788177001440
Energy
N — g;wzsggg gei'tfiit“c S.K. Kataria & Sons, New Delhi, ISBN:
5. BUp ) 978- 9350142585
Traction.
3 G.C. Gar ;J;U\Z?ggg ;Telilt(:iccmc Khanna Publishers, New Delhi, ISBN:
el ! 8174091645
Traction.
J. Upadhaya and . . Allied Publisher Ltd., New Delhi,
4 | SN. Mahendra | E'ectric Traction ISBN: 8177640054
Fundamentals of Electric | Narosa Publishing House, New Delhi,
5 | G.K. Dubey .
Drive ISBN: 8173190410, 9788173190414
Principles of Power S. Chand, New Delhi, ISBN:
6 | V- K Mehta System 9788121924962
. . Dhanpat Rai & Sons, New Delhi, ISBN:
7 H. Pratab Modern Electric Traction 1234567147206
S. Sivanagaraju & Generation and
8 M. Balasubba Utilization of Electrical Personal Education, New Delhi, ISBN:
Reddy & B. Ener 9789332515673
Srilatha 9y

XII1I. Learning Websites & Portals

https://www.railway-technology.com/projects/mumbai-

monorail

S:)'N Link / Portal Description

1 | https://www.youtube.com/watch?v=7GLiBwgVBLQ Videos on Electric Traction

2 | https://www.youtube.com/watch?v=fakGLu03jYg Videos on Electric Traction
Videos on Electric

3 | https://www.youtube.com/watch?v=BDMFsYnTdVI Locomotive with full
description
Vi howing th king of

4 | https://www.youtube.com/watch?v=49rH3buDObc !deo > owmgt_ € working o
Diesel Locomotive

5 | https://www.youtube.com/watch?v=82EFMvY cbN4 \Lj:]difos on Electric Multiple
Vi ibe Electri

6 | https://www.youtube.com/watch?v=AAyLKnz4UJY |de_o s to describe Electric
Heating system

https://mmrda.maharashtra.gov.in/projects/transport/mu
7 mbai-monorail/overview Information about Metro

Mono rail system
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https://mmrda.maharashtra.gov.in/projects/transport/mumbai-monorail/overview
https://mmrda.maharashtra.gov.in/projects/transport/mumbai-monorail/overview
https://www.railway-technology.com/projects/mumbai-monorail
https://www.railway-technology.com/projects/mumbai-monorail

Sr.N

o Link / Portal Description

https://mmrda.maharashtra.gov.in/projects/transport/met
ro-line-1/overview

https://www.electricaldeck.com/2022/05/current- Information about current
collecting-system-in-electric-traction.html collecting system
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https://www.electricaldeck.com/2022/05/current-collecting-system-in-electric-traction.html
https://www.electricaldeck.com/2022/05/current-collecting-system-in-electric-traction.html

