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Maintenance of Electrical Equipments (316328) T 31 saerTt;Obm g@qﬁw (316328)

gfe-1
UL Sfor A= 3w Sfffrs<d

(Safety and Prevention of Accidents)

fawg fAsa=ht (Course Level Learning Outcomes):
CO1- Safdedd Sfude aMURAMT ey e HRUANITA! Tt A1 Widl B,

(Follow safety norms to prevent accidents while using electrical equipment.)

Hed o=t (Theory Learning Outcomes):

1.

feoiean Ricguem At g5ea Mol Yot SfaRrg TRkl H.

(Explain the hazards, safety actions for the given situation.)

SffRTSC M= SHc~ TR .

(Explain the importance of accident prevention.)

feoea g8 fhar sffRrs e Reguerwed qurarggR= frif-afaferdts sfor
AR R fSwpred Hel.

(Describe the responsibilities and the monitoring actions of the supervisor in the given
hazardous or accident situation.)

faoiedT TS 3t BRR UfaRe [fa=RI=T TR TIRoRd ™ fewnRa .
(Describe the operating procedural steps of the given types of fire extinguishers.)
WRAwISS FArayHl sfeude siifmardt fRua svaeRResy siftr fecs
IR W B

(State the principle characteristics and related precautions for safety of equipment
earthed by the specified clause.)

e safdewa sfpurcan heger arfid Remg ®e &,

(State the reasons behind failure of the given electrical equipment.)

T Bureau of Indian Standards dT I1d 30T Soifdedd Si@UHCHAT CRET T
T IS| ATerd e W B,

(State the role of Bureau of Indian Standards in testing, importance of ISI mark in
testing and maintenance of electrical equipment.)

ufaa (Introduction):

safdcdd SFARTEE AUt (Safety) 3Ad Hgwar! 3Te HRUT SRTSCH (Accidents)
Uob Thad Sfdudcd (Equipment) &M Bld Alel R TUR S-S (Injuries) fdar
SHfddeial 8% Xehd. AT gﬁzmir EVEEI@ (Hazards), RIEIREEEE] (Prevention) 3o
Safdeha RAReT (Electrical Systems) YRR §8d HRUANIS! AAAH Hory
(Measures) FHA HUYTaR HR U1 STl T3,

g1 gHed! geard s9ad (Hazards), S cd (Accidents) STTOT TUCTAT (Safety)

9 HIPH (Concepts) AT WM Bld. THR Safdehd JURAFLHIS!
(Electrical Supervisors) 3TdLHh 3Hciel dfid ol 30T SCH (Dos and Don’ts) fadl

3{Ted, HRUT d THTT YUT (Workplace Safety) IRGUITT HewdTd! Y{HehT SoTadid.
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3@% RICa (Electric Shock) &1 gald H1H 301 SoRY s (Dangerous Risk)
IS Il @RS (Severity) DIV hdeHar 3faaqd 3d, Uid AR
Tl WG (Rescue) HRUITAT Uga! 30T TG HHSAR <Rt (CPR Techniques) dd
B fod 3R, gHdR SNfEfhRae IR (Artificial Respiration) RIS
(Procedures) sﬁw BIRIAvG (Electrical Fire) =HTadr=dl PICIRIES| (Precautions)
3O ATl cIgW 3 HRR U@T’Iﬁ%ﬂlﬁm (Types of Fire Extinguishers) dlUx GRE]
IO snﬁfarﬂamﬁ “PASS” (Pull, Aim, Squeeze, Sweep) 31fOr “RACE” (Rescue, Alarm,
Confine, Extinguish) a7 TIfRIG& (Principles) @ U &al 3g.a1 A MU Th
HEaTdl YT WS ST (Earthing) ffesifdeag (Objective), TR 1S 3043-1987 AR
RIEIE N RG] (Implementation) 31rfor QIVWW TREUTTST Sfputican (Equipment)
PIRCNE IR (Protection Classes — Class 0 d Class 1) STy,

gdl, a1 gﬁm@r sﬁ@w '{@Cﬂﬁ? ﬁv_@ﬁ&lﬁﬁ (Electrical Equipment Failure)
HRU 31 ¢REme) 9 RARfaferdl (Reliability) AYT HRUAME Bureau of Indian
Standards (B1S) = Hevayuf yfireT ai WPiHu Ha 3MTe.

1.1 ﬁ’%l’éﬁ m I (Hazards, accidents, safety):

1.1.1 €IS (Hazard): IS (Hazard) U 3R HIUNdg! HISIH fdhal Sifesiae S
SICaEI (Person), E@Qﬁ??ﬂ (Equipment) fdhdl Qrosquﬁl'cml (Environment) Gl 11-1_@73[
YFd. THS T SHY (Damage) HIad Y A6l Uu d U Rl W@H (Risky
Situation) TR HRd WM deld T HedN ey (Accidents) 813 ehdld.

Safdehd SHANTHY THed GU HIA- SdTd HRUI SAfGeRIC (Electricity)
sfefSIad (Invisible), TRW< (Silent) 0T GIRGA (Powerful) 3RTd. Safdcdd
TISIHY ARG dRYD (Live Wires) ANTUIRT i (Shock), Ric Afhede (Short
Circuit) SR a4 (Burns), 31\|06<c1\||r§*|ﬁo?5 (Overloading) BIURT BRR (Fire), TfOT
TRIATA Eﬁl'rﬂ:r?ﬁ (Flammable Areas) TRt (Sparks) H@F 11 Q?ﬁ@ﬁ\_ﬂ (Explosion)
PGB CRIERIN

Ev'sﬂ\@ (Hazards) fifSrpd (Physical), HUHA (Chemical), BEAE G| (Mechanical)
fha1 Tgra-Hed (Environmental) <A 3Ry &I,
3alerUl (Example): g-diees UAaHe (High-Voltage Panel) 3 qadl ool CRENE]
(Loose Connection) &I Ud E\J%ng g HRU ECITE@' 3T (Arcing), NI
(Overheating) fhal BTR (Fire) 813 ahd.
112 ffease (Accident): JfRTse (Accident) BN $ TS (Unplanned),
3URUFE (Unexpected) S®C (Event) SaTHeS SR (Injury), SHSI (Damage) fdbdl @rd
(Loss) BIdl. ffAIScY AT BT Wiegl 8IS (Hazards) SUR ool WrdId fobar Ju
ORI (Safety Precautions) BIdll ohal SITd ATe1d.

safdcdpa e He (Electrical Systems) SffTscaga THR QRIS (Serious

Injuries) S sal?gcb M (Electric Shock), e (Burns) 10T BHeft pHeft Y (Death) gexI
8IS Yehd. JMRME™ fBUAc Beg3R (Equipment Failure) fdhdl Uik IW SR&M
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~

(Power Supply Interruptlon) H@F S BRATRET ad (Financial Losses) 83 YHhard.

&m CARY| dgdcbdl ggH U (Human Error), Y3 T (Poor Maintenance),

Iy Uicfdee feam@aTdn (Protective Devices) 3{HId fhar oFw afdbT HfsTy

(Unsafe Working Conditions) 3ddId.

ﬁﬁw mm HROI (Reasons for Electrical accidents may happen):

a) AP g Ul (Unsafe Work Practices): Juct NiRre (Safety Procedures)
Q‘EﬁT W, Fﬂ'a%s' ?Iﬁ??ﬂ (Live Circuits) d} TR aﬁT[ (Proper Training) fdsar graR
'{%Clﬁ'd (Proper Equipment) TR B HIul.

b) Wiee! 3‘%@3 TS ™ 3T SRS (Faulty Equipment, Safety Tools &
Accessories): fehfdes (Defective) fdar E[&RT*ﬁ Ted (Poorly Maintained) FHad
g@qﬁ? — 9 %s Ty (Frayed Wires), SHS HTGE@W (Damaged Outlets),
HAH AR a0y (Malfunctioning Appliances), dod Wiee] AWT e 3rfor
SRR (Safety Tools & Accessories).

c) Hﬁ'\q Gﬁ%??ﬁ?;w (Overloading Circuits): Udhld 33cac fdhal Ffbedr qu
TSR @ Hea™ 3ieexalied (Overheating), TR (Sparks) fdar BRR (Fire)
IS T

d) SHSS SARM (Damaged Insulation): dRRd SIARM d3R (Wear) a1 AW
(Damage) <TedId ?H's;c_s' QTéH QG@GI (Exposed) B3 Ui (Shock) fohar =i Afdbe
(Short Circuit) ARRESE

e) gie} Picae (Water Contact): diex (Water) %’ $Hgac? (Conductor) &NW
Safaemd UIey AT UTodTar Wud Tedry i "idbe (Short Circuit), [ (Shock)
fd>aT olaCIdRIRIM (Electrocution) B3> Tehdl.

f) E'Flil"fﬂ ER‘E:I%-‘EH (Improper Installation): ﬂﬁﬁﬁ arafT (Incorrect Wiring),
ZMhRIC UTSHIST (Insufficient Grounding) fdaT SXETARM T (Installation Errors)
RESACIFEGIGH

g) GFCl, Mefdee feemaw fhar affm faffew=m oWt (Lack of GFCl,

Protective Devices, or Earthing System): GFCI (Ground Fault Circuit Interrupter)
&8 BIee (Ground Fault) ST Hc TIT 3¢3Y HRdNd. de TRATST (Wet Areas)
S 1yEH fdhar feremme) GRCI fdhar sifdf Uiea=M (Earthing Protection) TH«aT
% ared.

h) §Sif&®e e (Inadequate Training): G-l Sdfacdd YWD UMQR Arcl
(Proper Knowledge) fdar ¢ e SifeRTS < gidrd.

) TIRd DI (Natural Causes): qTsCi-T WEE (Lightning Strikes), TfaR Tord
(Power Surges) fhdl SR FaRd AT (Natural Phenomena) H@'WW
RIS B Yhdd.
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JEIGIUT (Example): SR TWIET SAfGSRAT (Electrician) 3R (Insulation) aeied
Al Hadexdl (Live Conductor) TR HRdl SHTIOT T Iaifaed b (Electric Shock)
TI!, R dl T RIS ¢ (Accident) 318,
1.1.3 AW (Safety): TUCT (Safety) TS GG (Hazards) ST RIS e (Accidents)
URTT Gad AGUATS! Udcral fHiefeag Ao (Preventive Measures) T SIaRUT. ATd 83194
s, RIRTd 3rgHe (Risk Assessment) PO SI0T ﬁﬁ Aort (Control Measures)
Safdedhd BiceH JUCT (Safety) 1T HRUINTS! UicTdeeg SfBUdc (Protective
Equipment) S @ s&gaés G (Insulated Gloves), AT RISl (Safety Shoes), Hs
(Helmet) TREIT 9T0R el ST, a9 Afdhe §6Y (Circuit Breakers), UTaR 31T (Proper
Earthing), AT A% Ufdedd (Safe Practices) o ?;ﬁFT (Training) 3{[dRYH 3. JwT
(Safety) H@f CIEN| {Rf\&lﬁ TEdId, dicdl Sfputc (Costly Equipment) El RERSIE TBd
30T SSRTTA TR (Industrial Operations) YRed1d ATe] ST,
IEIEIVT (Example): SAfdedhd SIAR-aHe] HRR TREAARN (Fire Extinguishers),
3ifdfr fyfery (Earthing Systems) 31rfor 37\‘1@31? e (Insulation Materials) T dIUX
HAT §ASY (Hazards) ST STTRISCH (Accidents) TR YT (Safety) JMATEd glc.

1.2 Eﬁm W’I’qﬁ'\‘f Tqrét gl 3ffor E—ﬁﬂ (Dos and Don’ts for electrical

Supervisors):

$@I|r0?§or>c1 @uiqlqﬁé (Electrical Supervisors) %sﬁmﬁw (Electrical Systems)

IH s'%c\faﬁzld (Safe Installation), 3T (Operation) 3T HeTaaed (Maintenance)

A= qgard YfAeT Joladid. Jidl SaeaR] thad cfaried Sifaciadisl (Technical

Activities) AR (Monitor) 0! A AT Ufdedw (Safety Practices) Bl Hed

3ffRTS ey (Accidents) TIBU! ST 3T, ST sgeﬂ\—:r (Duties) JYTATI0! UR UTSUIET3T

T HTa! TS (Dos) 30T S (Don’ts) HICHIRUU] UTBTd AT

gafaemd JURATasI™ AT81 § (Dos for Electrical Supervisors):

a) = 3ATfor RVG'\{W BIdl HT: S5 sﬁ%ﬁr@r > (Indian Electricity Rules), IE
Act 30T TERId 1S/IEC S8 (Standards)d SRIARM AT HeA-~Ie&™ UIeH
DA

b) UTUR dP =T (Proper Work Planning): ®TH 3Teh &+ &, é’siéa (Hazards)
et 3T e Ao (Preventive Measures) Il &X.

c¢) PPE (Personal Protective Equipment) dT dTUX: JHYAT s«gaés G (Insulated
Gloves), YUt 3TCH (Safety Helmets), ISR HeT (Rubber Mats), JUCT YW (Safety
Shoes) 3O Tiefdeeg SMIdsR (Protective Eyewear) IR W 6.

d) wﬁz-g-aﬁﬁﬂ%ﬁ (Permit to Work System): dReg 3fPUHCER (Live Equipment)
UaR farar A= sruaTgal Wite-g-a@ 39 (Issue) .

e) g for arffar (Isolation & Earthing): Wg@ﬁ? TRk Rag
3T, adIde, Aleamace 3for 31 (Earth) &,
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f) FeH 37@33&7-[ (Routine Inspection): W, Gi'fir'ﬂT, iR (Switchgear) 3rfor
Uicfdeeg fSRTZTU (Protective Devices) d WGeR UG .

9) ?;TITJT\‘?[ LR (Emergency Preparedness): JHYAT B Us (First Aid), CPR,
IR - (Fire-Fighting) &Wﬁ[m&ﬁw (Rescue Operations) %faﬁ"'[?ﬂ.

h) IPIS PIHUT (Record Keeping): ER@HQH <fT 3Mftr A== (Maintenance) T4

ﬁ'@ﬁ Wﬂw qrat m (Don’ts for Electrical Supervisors):

a) E’Igﬁ 3‘%@2@? P FE ¢S APl (No work on live equipment): arg
STRTIIRA T TR A TR HH B oS AT,

b) Gﬁ@??ﬁﬁm He¥E qdDbl (Avoid Overloading): ﬂm/s'@lﬁﬁ_tﬁ IS HURICT
3{Ieig bl

) G SS HeR3E arues bl (No Substandard Materials): Al-PIfee hac,
a9 foha eI Ao A1,

d) f&%haeH TR H= ABT (Do not ignore defects): TSI BRI, TIfhTT, SRS
fhaT SFTSY3IT TS ST gae B P,

e) Gﬂaﬁm AT WA ¢ A@T (No unauthorized personnel):
A /IAAIHRRIS TNb Al HTH HE 43> bl

f) ffmred AR o J@1 (Avoid negligence in earthing): T BT
qglie & bl

9) TR S(d HE AP (No blocking of access): %ﬁ@é‘ﬂ T 31 BRR
U= IHRIe AN gad &,

h) Jw %FH €I APT (Never ignore safety drills): aﬁ"T g o %Fﬂ g fdbar Ei,%
oD APl

1.3 gafded iP: R o aRumT HRUR haed, Wy, Wit 3for cpr

ofea (Electric shock: factors influencing severity of shock, rescuing a person from
electric shock, different CPR Technique to employed under accidental condition):

131 3’@'@'&? Mp: RRRE av IR HIUR Baed (Electric Shock, Factors
Influencing Severity of Shock):

$@1|(07§0b Bl (Electric Shock) |UN S fhfSreancied RUa—M (Physiological
Reaction) 3{Tg STt degl 8ld Sicgl Safdcd dHRe (Electric Current) 83U SleiYA (Human
Body) UlH gial. Hical E%ﬁl?ﬁ (Intensity), TS'ER'QW (Duration) 3rfor gry (Path) gld¥=-
Yichd GRUMA 3. § IR0 AReg e IR (Mild Tingling Sensation) TREA
HifgaR I (Severe Burns), HRGER URIARN (Muscular Paralysis), ®IS3f® 3R
(Cardiac Arrest) fdar Sy (Death) gda S AchdId. salrc?gcb et KR (Severity)
HIUTAT aedaR aAqT 3Ad § JHS YUl 30T WX d B -US (First-Aid) RO
Y Ugai- HRUTM Hgwd YU I3l S I 3Ts.
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RUE ] ﬁl%ﬁfr U PN Bacd (Factors Influencing Severity of Shock):
gdfaes Wb BT I3 (Injury) I RIGRE (Severity) 3 ZexRacs haedar
(Interrelated Factors) ST 3. Qe THE Hhacy fad fed:

a) ﬁfﬁﬁ[&' 3P Hic (Magnitude of Current / Amplitude): P! Eéﬁ?ﬁ (Intensity)
Sl ddd 3Rdd. 10-30 mA AR A Pic-el AUA HIiedA (Muscle
Contraction) 3T YEReR) Wiy (Respiratory Paralysis) 8% THhdl, TW 75 mA
Uefl SRd e dfcR’Ier TSI (Ventricular Fibrillation) 30T Y (Death) a
HRUTYT Sl

b) UTY 3T i€ Y § dlsl (Path of Current Through the Body): HC dleiHEd
PHIUTT YT STl ATaR hace S(aaed 3dl. §8-¢-88 (Hand-to-Hand) fdral §8-2-
e (Hand-to-Foot) UT U SoRY 3Ted HRUN o GICHYA SITdId. THI-g-alT (Leg-to-
Leg) fdhal Te-g-We (Foot-to-Foot) T &I &+ gIdld U0 ®cd 1 -qav
Shac ST 3.

) SYTA TP Biede (Duration of Contact): P FIdd! SR 9 dleHYA Tl
gidl fadeT SO SRd i), dMes INURE sHfoie f$9@—a-M (Immediate
Disconnection) E;CIHTS’EIT%[ 38,

d) Eﬁ@ﬁ ﬁ%ﬁ (Voltage Level): BT1J oo (High Voltage) e QH?@IW%@I'EQ[ i
ﬁ?R{LGT\Ef (Deep Tissue Burns) 3O e 3T SAS (Internal Organ Damage) ¥
.

e) disl YR (Body Resistance): §gA dlee faRiva: Rpges IRRew
(Resistance) 3.

i. ST & (Dry skin): 50,000-100,000 ohms — SR WIaRM .
ii. dc¢ far NeT BT (Wet/Broken Skin): 3G 1,000 ohms — IRRET
HHT SR SRd PR Tl B,

f) TTRY 3P HIC (Type of Current — AC frar DC):

AC (Alternating Current): STRd SoRY HRUT B3 AT DI-¢a-H (Continuous
Muscle Contraction) Bd! 30T fgfaeaan deac: Tisdl Id !,

DC (Direct Current): Ted AYd HI<a- gl 30T fegfded TRIURGT o7 (Throw)
813 Wb,

g) T®-HcH HSIRFT (Environmental Conditions): SW IRTSS  (Damp
Surroundings), Tefie ThHad (Metallic Surfaces) 311 dheface AT (Conductive
Flooring) geb YRIe=g 4! gid 3101 Ffevdt RigR<T ared.

1.3.2 Sdfded TP ANTAT HAFIIAT arEadul (Rescuing a Person from Electric
Shock): 3difagd T (Electric Shock) I el USedIaR Sag3RT! (Rescuer’s) AU
(Safety) BT Tald gfge URAREST (Priority) 3RId. Y& (Rescue) HRAMT fdd dIesoil Ul
ARG 3T, YU HTURHT Bog3feciol (Casualties) B3> JbdTd.
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@Wmm L (Steps for Safe Rescue):

1. UlaR 9@y f&pae a0 (Disconnect the Power Supply):fF[ ESE] (Main
Switch), &I (Plug) fhar Tfthe s (Circuit Breaker) aRd 3 HRISR o T
d, R S & Rewp (Dry Wooden Stick), e a8y (Plastic Pipe) fdbar
PIUdal Ai--dalaca 3flesiac (Non-Conductive Object) ATRE STaITAT ARE
@WWW

2. SRGE Pi<dc cIdl (Av0|d Direct Contact) e A (Current Source)
31IdC06 S $€ﬂ€[ IR x| eldi- W'Qde“ LR

3. A% TgR-Ae ﬁﬁ'@'ﬂ P (Ensure Safe Environment): Saital 3@@%
BISUUNIA (Electrical Hazards) g3, ¥ 30T AifTedT Rlcccs TRATHL (Well-
Ventilated Area) gcidl.

4. Cd HT&‘T\‘T durdl (Check Vital Signs):mﬁ'ﬂ (Consciousness), ST
(Breathing) 3TfoT oo (Pulse) dUrdr.

5. fif$¥e WX TS =T (Provide Immediate First Aid):SR et 419 Od T9d
fhar U 99, R @ ISR (CPR) & .

6. AfgTa RET Fia B (Call for Medical Assistance): il 3l faga
3l dRIel, FexAd 4RI (Internal Injury) fhar e ®Ifsare ghaey
(Delayed Cardiac Effects) a1 Uil et Afshd TSNHARH (Medical
Examination) AR 3.

1.3.3 JfNIScd S A IURTG=AT AT CPR efd & (Different CPR
Techniques to Employ under Accidental Condition):

FIfsNTET TR (Cardiopulmonary Resuscitation — CPR) Bl Uh Fﬂé‘cﬁ-@%ﬂ
ST UIRIToR (Life-Saving Emergency Procedure) 3Tg oI A gad Bl %IH\IWQIH
YTTTT hell ST, ITd TRE BRIV (Chest Compressions) TOT ST h RIS YRR
(Artificial Respiration) IT Glgial THIAY 3RdL. I Ag d 3aR He@rAl agaiudd
T SO SHTfRTSIa YRS Tl Sad ST,

iR Bk 3fse€ CPR (Procedure for Adult CPR):

WU 1: 399 ¢ ﬁﬁg‘@ﬂ (Assess the Situation)

URER TEMNTST 0T U= A1t YRI&T 318 ATl WHl 1. Tekilell g gl
AT 9P 3T (Wake Up) HRUTMEIT WA BT 0T A/ dB1 9d Plel 3l 3] &I o
SICIESIA

WY 2: ﬁﬁtﬁ‘l'?%?q (Call for Help)

R T UfadTe dd 9T R SIRTG Hedrare! 3RSl fdhar died gHe-at s (Local
Emergency Line) T ®Id ®1. TIUN 3R Al ST aR HIUMAT Hid Huary I
31Tfor §7%°f T HIfSs s Rafyeem (Cardio Pulmonary Resuscitation - CPR) J&=
DR,
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PRIMARY CARDIOPULMONARY RESUSCITATION

2 S M N
, , . A&
| A mmm A e 2
o (5 ~0

2 x 30x =
g {’ﬁi 37

GIVE RESCUE BREATHS GIVE CHEST COMPRESSION REPEAT UNTIL THE EMERGENCY
SERVICES TAKE OVER

Fig 1.1: ok Bk 3f§e€ CPR (Procedure for Adult CPR)
Reference Link: https://anesthguide.com/topic/cardiopulmonary-resuscitation-cpr/
WY 3: iU qQ I{GR% (Open the Airway)
U BId HUIBIR & Sldh TN Ghal HTMO1 gI=T ST dosd] gdc aTel! 39 gdc]
I, IS U3RA (Airway) SYSUIN Had Bld.
WY 4: 9F B ST (Check for Breathing)
TRC (Chest) R-TTet Bld 1 d o9T, SifT AISEH (Breathing Sounds) TebT fdhdT TaraR
T SITofid gid T o ST &1, SR ekt AiHe! 41 o 99d ok JaId U B,
Y 5: fafi| 9% $9RE (Begin Chest Compressions)
B1d el HEUFT 34T, U §Td gu=dl gIdlak 34 dic sexdld (Interlocked Fingers)
BT SO BT TR Sdl. ATl SIRTA ST STcfg BRI o .
HHemR (CPR) FaMT fbdt RN Tmaw?
A ARIGRI® d<d; 30 I HHT + 2 Tqﬁw (Breaths).
Y 6:?!'\‘3{'9‘13"\‘[ (Rescue Breaths)
30 TRE HRITT T HT0T 7T 2 RIS (2 Ventilations) 1. URIC o ATd 3TST 0T
o= HadH §¢ &1, g dieH Uifsard 31 guf did &1 3101 T YhaR gaa
B ORI, ATHes o IR AdMT fGudl! Uifgsl. gERT siag<l Ard UG- 2.
Y 7: Hfe=g Wt (Continue CPR)
30 HRITT + 2 Sigy 8l IS A Hed Jsudd fdal Ued (Pulse) A5UTd ATe] 3.
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?‘l@ﬂ, R Eﬁ@m:[ (Recovery Position) 3Tfor HidieR (CPR) o M 3T TR
fifd sruard 918t 7ad gid.

i (Note): ©IR W&RET W‘qﬁw (Rescue Breaths) U 3{dYs dled 3d fdhar
UIR&U A R EgU-3i=l IR (Hands-Only CPR) &I, T8UN 3ScIPS UK
HER (Uninterrupted Chest Compressions) &Td T <d 3G

1.4 féfplRme IRART: UpR ST gt (Artificial respiration: types &
procedures): SiegT URfe ! 3R (Unconscious) Eﬁ?f EIIE] (Breathing) Yied goT
B¢ ST (Heart Beat) g 31d, degl Tald dlderd! TRel G0N TS RId IR
(Artificial Respiration) <01, § YT Uk e qrda sifd (Normal Breathing) Y&l
I Beudd 91q $ad UIfee. al JraT 3 MR 818 14 Triiel dIcsoll &Tdl. dTal Uil
3MTEpIRme IR (Artificial Respiration) Te Y fdhdT MU SIRd ®I@ I1d AN,
Tehdl. § &I 3J0 TET 3Tg 1 URC o1 41 URd Y= HTedTaR T IRRRA Yigad
R @ g1 TR Ryid 13 ehd], SR HEHAT SIURT R TSR (Fresh Air) TS
(Blood) 3G BIVAUNGH driad 3 A s A& (Brain Cells) fordd rgard.
MEMPR RRRA (Artificial Respiration) GUIMITST 3 HYSH (Methods) 3.
D B! HYS TG I Helt R THTE 3.

Qe Dle! TIE TUSH (Methods) T8 d:

AYS - 1 (Method — 1):

(b)

(a)
Fig 1.2: SféfhiRrae IAREE: AYs - 1 (Artificial Respiration: Method -1.)

a) URfe adial GieTar Fiual SfoT J8=T Udh! aTo[al 964 ddl. AFHIadd Hus Iad
P ST Ui UAST (Passage of Throat) ¥aws 3Tg T WHT A1, dlsld Bicd iy
(False Teeth), [ACED] (Tobacco) SATG] Ple! 3™ R Plg Clhl.

b) ORI =1 AR fhal AM T[d <o &1 (1Y IRIRDBR 3-d). g BTd Urdi=n
W] HFTAR FUIc dl. Gle! Y% (Thumbs) SIA@Idd THHGHT NI 311
fRycta 311for S GIET STSAT U o ¥ed (Lowest Ribs) 24T Wil ddTdid.

¢) BId W< (Straight) 3, TRGR Ye T ATUT A=A IRRM dC (Weight) URITR
3{TUTT. § URR (Pressure) TTYRUI - Jeha (1 Second) 3d1d (Fig. 1.2(a)). TFcR, gHA
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YRR A1 T (Swing) H- AR 3t Fabhg (3 Seconds) T UYIR ST, YU Td
Ugfe a3 faue (Lift) H= 7 (Fig. 1.2(b)).

d) TIAVHIYT STRIHRA 3h YRR (Application of Pressure) 3T RARIRE 3% URR
(Relaxation of Pressure) g alal Ilﬁ:ﬂ?ﬂ (Movements) ddd od Xel. s
Tehcqae PIvAe! W1 UIS (Pause) &4 DI, § AP d &R MM 12 @ 15
E'Ié":ﬂ (12 to 15 Times per Minute) EFIFL%_OH, Sodd Oxfe 91 FeRd sifen (Natural
Breathing) Y=l J& BId g,

e) URfC o1 "eRd ST (Natural Breathing) yel g BTNl dhaidl Uad fieg 34
(Give Up) H= AdI Sudd Sldex (Doctor) Tl IRFEA SR WIS
(Pronounce) d Trel. difsa et MBIy (Unconsciousness) Udh didlg-
3fIP I& PTeaaRG! fordd Mg Udhd — 3MRIT Yo UiRfaferct (Possibility) 31,

f) ORfedl &dbcy (Blankets) fhdl I (Coats) U™ aH (Warm) Sdl. ITd
I gie die} dleed (Hot Water Bottles) UMITaR @Al SiUih& IRRTAT fge
(Heat) .

9) BRI (Patient) i DI=-N (Conscious) aécrda CANGIRANIES (Liquid) R TG,

AYS — 2 (Method — 2):

SicgT URIT (Patient) TT T¥C (Chest) IR fdhal IRRTAT GEId YR §=9 (Burns) ST,
T Ufed UlerdR WU e 813 (Face Down) SUq 3. SMEhRIAT AR
(Artificial Respiration) Ell qeq gfhar U I URUTRIT (Expand the Chest) 3T I%e
HICAR (Contract the Chest) B BT MTd YOI TFOT TR TTHUL. AT AUSHY FAuYH
URe (Patient) =T AR 31101 IHS (Stomach) Hiddd HUS ol (Loosen) BRI T
TS-3M7 BT (Rolled Up Coat) fdhd sl-bl\lowius foar (Improvised Pillow) PRI (Patient)
=7 Ty (Shoulders) Qe o, \sqllio?b I 88 (Head) ﬁaﬂéﬂ BId (Falls Backwards)

—~ (b)

Fig 1.3: SféfhiRrae IAREE: AYs - 2 (Artificial Respiration: Method -2)
W HIR (First Motion): Fig 1.3 AL GRIGATIHT [SH <H ST SATIOT URTE (Patient)
o Tediol (Elbows) T WMl 86 TP Gl 8d &R 3fiel, Sieel gdd d sikgi<d
(Horizontal) R Id ATEId. BT UIIRM 3faTol € ¥ahgd (2 Seconds) SaTdl. 3ATAT Fig 1.3
T GrRAaeTyHI0! URIE (Patient) d BTd WTell 3TUT, SATeS AT °XE (Chest) IR HHIRA
(Compression) gId. § ale! AR (Motions) TP X (Rate) Bl Yol Yol hd el
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HISY-g-HAISY IRARIE AYS (Mouth-to-Mouth Respiration Method): Bl Ugd Tgdl
AN Rl Id 0T faRiwe: < uRfRudid Iugdd 3RId ST URIE (Patient) dT d%€
SSRIS (Chest Injuries) TeiedT ST,

HAISY-g-AEY AYS BR (&g (Mouth-to-Mouth Method for Adults):

JHAT ST IATAT U% (Thumb) @1 fafded (Victim) =1 €Y (Teeth) Y SIC 1. S
(Jaw) TR IIT 31k AN fewe (Tilt) gaa o=f Ry FH1. Ioten gram fafded (victim)
o AIRCE (Nostrils) §¢ &I, Th ST s (Deep Breath) &1 0T gHA die fafded
(Victim) =T AISTaR JUf erged! (Tightly) TTaT. bR Udal SIRTd AR &1 fafded (Victim)
9l A (Chest) IR AT fedd. TA® ot T BR AH3H (3 to 4 Seconds) R Bl SR
(Inflation) fehaT =gl &,

Rescue breaths

Watch for
! chest rising

v»/j , .
e |
N -

Open airways by Pinch nose and give
lifting the chin two rescue breaths
slightly

Fig. 1.4: ATSY-E-ATSY AYT BIX A8 (Mouth-to-mouth method for adults.)
Hgardl fIBI=A (Important Precaution): fafded=ar digar d¢ qUd dig AR 13 WUH
TS HIAW (Handkerchief) fhdl SR HIURIG! Ty (Cloth) $aTd, S0iw®A disidta
cen (Germs) dl SIRET Q'qu? (Direct Transmission) cleddl agﬁ
HISY-¢-HI3Y IR AYS BR ﬁl@'-‘-r (Mouth-to-Mouth Respiration Method for
Children): ! BT TS (Child) =T S (Jaw) =T 3T (Angles) A — TUN 3R
ST (Ear Lobes) ST 8Ra- — SR aR 39dl, ST S §hds feee (Backward Tilt)
BId. JH=AT YTsH (Thumbs) = TSl AR T (Lower Lip) =M (Chin) &s g@dl. iM
T (Chin Sag) B3 &3 A1, Udh ST §iG (Deep Breath) T 30T U die s
dieTaR Trgedl (Tightly) TTAT. T GATTA!, die 0T HIST (Nose) Glval AT 1. Tl
GHR ARI, TUdd Agesd! dve (Chest) aR IdMT fedd gl T gHd dis g HRI SfoT
T TR (Exhale) 819 &1 8 SUIRM (Inflation) Ufham &R ¢ - off Ibed (2-3
Seconds) A Udh gl PX.

BIC die YT ST Hdl IS, APd:

@Eﬁ'ﬂ (Drowning), BT (Choking) fdrd sarc?;cb MNP (Electric Shock) ITIRZTAT
YA §¢ WU (Heart Stoppage) 8101 3fcdd TR Ut 3rq. ot arvg ysi
foaian ddtem (CPR — Cardio Pulmonary Resuscitation) W-@%’T (Life-Saving) o

Maharashtra State Board of Technical Education 11



Maintenance of Electrical Equipments (316328) T 3t Saifaemd sfeuHcd (316328)

. Hgal TS GRAaT (Oxygen Supply) dIdSH Y= HRUT fAd aRID 34,

HIRUI S (Brain) § IRRTAIA Faid Yae-2id e¥Y (Tissue) 3.

B1¢ WIieHe) Hed BRI JF Uigca:

a) U (Pulse) TUNT. U SIUG A9d R U Udhga! a¥e - HRdl Tid B & B,
e SfifaReT! HHART Hgure! didhedd 3.

b) URe UIIaR I SH-IaR fohdT BTS S8ar FUdl. 88 feee S (Head Tilt Back)
BT TGUTS! YTHHRT Gell Bil.

) URfCHAT AERSIRT AId (Kneel) T, SUBTA G1d G IRIRTD o START SO
Y. IoTHT BT 81t (Heel) SE & (Breastbone) aR &dl. STdT 81d IoiaT TdIaR
a3 IR Wl a1d 1. We ARIHL e a9 1 39 d 1% 39 JTelt ooy
S{TIRTS 3Tg. (ARCSHE (Child) Hd UHT GIAH gD aIS IMAT.) IYSART I
(Chest) ST SR daleed 3.

d) Q¥ didsdid AIST A0 8id Aed R I9dl. 81 H 60-80 Y (Thrusts) Ufd
ﬁrﬁemnﬁﬁg%?%’m, @HWE»TE;—&UIHQH (Heart Action) IR 3.

e) ATHA BIC dic AT IR (Respiration) T8T Y& HTcaNTg! URicdl e fodean
TP giycadsl AaLUhId AfSHd TS (Medical Aid) T@udd #aw
(Massage) dI¢] 3dl. T AN HISY-¢-HISHY fSfdT  (Mouth-to-Mouth
Breathing) éﬂ@ﬂaﬁg%m

1.5 Eﬁ% BIR favs arRma=sr IR (Precautions against electric fire):

gdfde®d BRR U@ Sdfachd Afdbed Ad iy, fShidee @™y fda

Safaedmd SfPUHC IS FaedT FShIGGUIeS BidTd. 31 BRRYS AIS Wrac!
S (Property Damage) 83 Xhd ST AT Siiarar e fafor 8h3 . (qllj,o\o

Zoifdgd BRR CIBUIRITS! a4 Ui (Precautions) UTa3U! TR 3Tg.

a) UTUR arafar for E'R‘E}I%FZH (Proper Wiring and Installation): Td sﬁ@ﬁ
AT HIfCRITS 0T AHHS JAlRRATGR T BIGH (Safety Codes) THTOT
B ST, TRTT S Ics arR ¢ Hidbe (Short Circuit) 819 od ATgId .
ol BRI, U AR fdhdl TR aRRAY Wiee (Fault) AT gioar
IRIAT S o AThTS GOk DHRUI HAD 3Tg.

b) Gﬁﬁ Gﬁ%??ﬁ%'ﬂ kg m (Avoid Overloading of Circuits): Ud® Tfhe
SR BTt fEemsd Pad Ad. Thl Jibedl S EY S0l fdhar
URCIM HIeudl (Extension Cords) AR HRUI 3@RAIS (Overload) AT &
ehd, TS 3G (Overheating) 8% BRR 813 Wdhdl. gal SHAT-T3!

c gl AP WSS I (Use of Standard Appliances):salrc?gdm NI ey
L] Eum (Safety Standards) A0 39U 3RTgH 38 301 BIS/ISI IRW
PR Al 30 TRod 38, Feess (dhdl hiee! (Faulty) Oy T
o TITE Afche AT ®e- HRR BIUAM HRUT &+ BT
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~

d) fafivr 3ffs @ Afe §7 g (Switching Off When Not in Use): 3= =
AIRAT T a3 301 AR HRU I H 3MTg. TS SHAaRID BT
(Heating) TBd WWW ehT HHT B,

e) PIU WATT AT 3id (Keeping Flammable Materials Away): TR, HUS],
AHS, Hed THRY RINTd HeRI (Flammable Materials) § 81cd, TR, Wieg
fhar SIUAE] Idfdehd SEHTIRE X $alad. BICRT WIdh (Spark) ¢dd
BRRAl HRUNYT 3% Kb,

f) g 3HTH AR fERIAT (Use of Safety Devices): 3@@% ERSNRIREE) ERJ@G
(Fuses), Qﬂ@—qﬂﬁ (MCBs — Miniature Circuit Breakers) 30T SRS (RCDs —
Residual Current Devices) U 3TARID \’rﬂ% %’ %oslsxel%l 31\|06<cl\|s fhar i
fche T UlaR Y@ SATUISTY FHe HRATd SO BIRIRURIT TREUT ST,

9) Gﬁ% ATSYR 3o de HfeTg (Avoid Moisture and Wet Conditions): JTOfI
Tl hedex AT eRR f3H10ft Sacia IR, K=y fdhar sremagagsa
Wiee (Fault) FATT 819 Tl 3 BTd aTue Ay ifave HRol Tie Jide fdar
gafdce R SIUAET IR dTead, S HIR 813, Jdhd!.

h) W’x’ ST\Ea'cFIF-I 3for #ew=a (Regular Inspection and Maintenance): W(‘*R
SR 3101 HeA-H Pl Al Blecd S @1 eaiall arIRAT, ol B, VRIS
e g 335d NUIR B1d SRiem WS g91ay eresdT Idd.

1.6 BTOR TIREFGRN °© UHR “PASS” 30T “RACE” 9 &9 3T WIAR (Types of

fire extinguishers, “PASS” & “RACE” in case of fire):

1.6.1 WWW (Types of Fire Extinguishers):

BRR TfREARN (Fire Extinguishers) 81 THGIT RIGGURMHAS ANTcIed] Sicdl Hravdl

el fdar TfRERaRT (Extinguish) HRUTMTST ATURE! SITUMRT Oicad (ST (Portable

Devices) 3Tgd. BRIRAT UbR 301 ATd SBURIT HRITAT WEUIR AT

UfRETAfRIT Toled aTuRe ST,

flomuy TUR BER ufRefawrie affeu Fa omg. 3 UfRefas deR-wIes

TS it 3 HRUl MU gid
Table 1.1: TR Q’@E‘ﬁﬁ?{lﬁ YUDIR (Types of fire extinguishers)
TP DS ol (Suitable Fire Classes) | 3{fRrbp==g

(Type of Fire (Colour (Extinguishing (Common

Extinguisher) Code) Agent) Applications)
1. 9ic? TREARR
(Water — Stored .

<1l A (Solid

Pressure / Gas v . B, P,
Cartridge Type) IS (Red) dicX (Water) ma;zgs:sc—lg'\[/ﬁ)od, SRR
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\J

TFR PIE ol (Suitable Fire Classes) | 3ffRrpI=g
(Type of Fire (Colour (Extinguishing (Common
Extinguisher) Code) Agent) Applicaéi_;]r;)
2. i TfRe =R : R :
(Foam — AFFF: | wmaegee | T A&B BN Gy
Aqueous Film (Cream) (Foam Solution) ammable Ilqwds— ey,
Forming Foam) petrol, paint) W\”
3. e X T,
STU3TFETSE (CO,) | &b | CO, 7 (Carbon IR B & E NCIRGRIS
. - (Flammable liquids +
R (Carbon | (Black) Dioxide Gas) Electrical fires) 3@%
Dioxide) Uqcq
-3y
W fdbal
4. ST UGS RlSRES FIGA B CHEAI | on
g oy | W | TECTEST | puposesolis, | S
Powder — ABC/B Blue liquids, gases, 35 '
T())/pg)e =B o Phosphate / qeIectri(;]caI) R
Sodium
Bicarbonate
Powder)
5. d¢ HIHPd Tal gIcRaH AT F (Cooking oils, | fda=g, Blead,
ufRefasR (wet | (Yellow) | 3fRyce/qicRy | fats) Resinn
Chemical) Rce dregeH
6. T Tale uH= gAgSIdlad | OO B & E (Sensitive | ScT ¥cd,
TfRETR (Clean | (Green) | 19 (Halocarbon electrical & electronic | dheld T,
Agent — Halon Gas) equipment) e
Substitute)
7. Hed BIR & qifsan I D (Combustible | Hed oI,
UfRETARR (Metal - | (URTA | FARTSSATHISE | Metals—magnesium, | BI3gIS
Class D Powder m IEIER aluminum, titanium)
Type)

Mabharashtra State Board of Technical Education
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Types of fire extinguisher and their uses

WATER FOAM POWDER co2 WET CHEMICAL

Used on paper, wood, Used on solid fuel fires as Used on any kind of fire Used on flammable Used on cooking oil fires

coal, cardboard and other well as flammable liquids. except for Class F liquids and electrical as well as combustible
solid fuel fires. cooking oils. fires. solid materials.

'

- '

) FOAM POWDER

Can be used on: Can be used on: Can be used on: Can be used on: Can be used on:
Class A Class A Class A Class B Class A
Class B Class B Electrical Class F
Class C
Class D
Electrical
Class A Class B Class C
‘ } Combustible materials. These 0"‘ Flammable liquids. These a Flammable gases. These
include paper, textiles, wood include petrol, oil and paint. include butane and methane.

and similar materials.

Class D Electrical <) ClassF

Flammable metals. These Electrical goods. These - » Cooking oils. These include
include potassium and include appli in kitch chip pan fires and deep fat
uranium. as well as computers, phones fryers.

etc.

Fig 1.5: ST8Y 3T WTAR TIRSARR (Types of fire extinguishers)
Reference Link: https://cpdonline.co.uk/knowledge-base/health-and-safety/types-fire-

extinguishers/
1.6.2 “PASS” 30T “RACE” 7 HH 3ITP BT (“PASS” & “RACE” in Case of Fire):

BRRA! gl ISl ddd, Y0l 01 T GgdH el dHR0 S SHTa=Td 3.
HR TS O7g W deTd Sauamra! g9 Hewarel Anfeyid Ugd! arRed]
ST,

“PASS” 3Tf0T “RACE”.

“PASS” — BTIR TFREAGRR (Fire Extinguisher) %Y ITdTd § AT SAUITITA!

“RACE” — BIR THo-ITel HRi Ufdfehar 21dt § A& sauarare!

“PASS” — & BTUR UfREIARR SfdH (“PASS” — The Fire Extinguisher Technique):
PASS BT 3T (Acronym) BRR TRSHARR a1g, JRI&E 3o guraRiar siime
PRUGTAT IR R I
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o Howv to properly operate a Fire Extinguisher

a)

S p
3 ~  Afm Sgueeze Sweep
the pin, refe the extinguisher at the handle of the from side-to-side
lock latch or pr‘&ss a the base of the fire. fire extinguisher. at the base
puncture Imr\ of the flame.
L. - - N
o 4

Fig 1.6: PASS Wmm (PASS- Fire Extinguisher Technique)
P - Q& (Pull): PRR TfReaRRARId Ut U (Safety Pin) STeX 311Gl
A - TH (Aim): I5Td (Nozzle) fdaT BIST (Hose) TBRR=T 996 6d .
s - f&3 (Squeeze): TSA (Handle) ASIga alal, WM URCHARAT Tol<e
(Extinguishing Agent) CIEEEGE
S — W (Sweep): TSI SN[HGA STo[el WITUT HIRFA gadT 301 BRR Fuudd
SR Iy ol
"RACE" - Ws'ﬁrﬁﬁ‘ﬁ e wi (Fire Emergency Response Plan)'

"RACE" BT fafeET fhar sRecym- o) BRR fCaIaR PIvl W& hidl SR 3
GHTOIRT HgdTa bR (Acronym) 3Tg.

FOUR essential steps to take if you discover a fire:

Activate the the fire by closing

dangarof the fire. fire alarm axeaed call all doors If the fire cannot
your fire response in the fire area. be extinguished,
telephone number. leave the area
arnd
You Locations of nearest fire extinguishers and alam pull hoxes close the door.
should The fire location - room number and building
krnow: AN fire exits in yourwork area

Fig 1.7: RACE ¢fd& (RACE Technique)

R — Y& (Rescue): ST okl SHNEC SoRAY 3Tgd AT QRigd 3ol gaar. gur
A1 Siig UIeRITd °Te] TehT. Yt ¢ XERY 3d degTd Hakiiell SToR Blal.
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A — 3ATH (Alarm): SIg@dl BTAIR 3QAM (Fire Alarm) Ifhd &0 fdhdl FaHT 31
AT ATfedt o1, dIesdd BRR fSUdHe (Fire Department) fdhal SHSIIT FoRaR Hid
D,

C — P (Contain): 3T 0T TH (Smoke) T TR HHI HIVATHTST GRSl SATTOT

RISH dg BRI Tidb B ABI—Bhdd FAlS (Close) BRI, ATHS BRI B HTdd!.

E - SeHUE (Evacuate) fohar TfREa=T (Extinguish): HRR BT 3d S0 TreTen

TR TRSTITR (Fire Extinguisher) ATaRUTT UfRIEUT 3T R PASS AYS U 311

[CEERIEIERICN

ORI SRIRFET 3 fdhdT BRR WaT 38d R dAlahicd 3RIUC (Evacuate) T TOT

fSeIcs WY ¥ deR Us].

1.7 3ffT B eisdifaeege. sifdf sifw sefecea sfdude e W IS 3043-1987

(Objectives of earthing. Earthing of electrical equipment as per 1S 3043-1987):

1.7.1 sffr = Gﬁ’ﬁ%ﬁ (Objectives of Earthing):

1. AR 3T YA AW (Safety of Human Life): Safdcdhd SPUHCHT TRUNS
Hefaem ey UiPperd UeRAAWd S Tad WU AT REG arf vem

2. UeaRH 3ATH 3‘%@2’ (Protection of Equipment): Blee B SIHATd STuaT T3
AR 1Y IUA Bldll, TS Salfaedd AW AT TR Tha=
T S,

3. R"'%?IT!I@'-‘IH 3P Fleeo (Stabilization of Voltage): GIEGIER] (Lightning) fdar
Rafin o M Safdeera Rierndia fafdy ymia giees o aidRAdeR
QR 39UaM Hed o,

4. Biuferew 3ife Eﬁm %EE@W 3T (Facilitation of Protective Devices
Operation): gfdhe sy (Circuit Breakers), m:ﬁm (Fuses), et (Relays) JMRTAT
RETHD UGV Biee HISUY (3al. YE Flbe, Aol PHic) A IRl
30T TR HTH HRuA ST Had .

5. WTSC-NT WIeaRIH (Lightning Protection): JHARCT 30T IUHRUNT  H&UT
PHROGNITS! AR RIay fdhal Tfedh o SiH-Td GRIS - feTel HRoard
31T Heard YftrenT SoTad.

6. ﬁlﬁ'ﬂTﬂ'@T‘T sﬁ@w T-Iﬁ (Minimizing Electrical Noise): EMI (Electromagnetic
Interference) 3MfOT Saifdedma Ales HH! HRUANS! ST RR R uiclRia
JUASY B ad, o DB fdhdl Shela RIRTHATST SIS,

7. ﬁ%ﬁ'ﬂ gy gglé'\‘l (Preventing Fire Hazards): ol dec fdhal svﬂa-‘ald
Teg3RYS Il Safaedhd WwroRd! e 311 Ht Hd.

ST 3T sﬁ'@W 3‘%@2‘ 3FST UR 1S 3043-1987 (Earthing of electrical equipment

as per IS 3043-1987): 31T (Earthing) TEUN Twd Rew=r ggda Uise (Neutral

Point) fhar IUBROMAT A-Be-IRIT ASITD m (Non-Current-Carrying Metallic
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Parts) T AI- e~ dedex (Low-Resistance Conductor) §R Jd=N (Earth) SHSUdTa!
ufdhar 814, WW@WW (Leakage Current) fdhdl Bice Hie (Fault Current)
o 0T GRI&AUol S 918 Srdl @ el STl S,

sfegq Eﬁw ¥ (Indian Electricity Rules) JdIR »3yfefay (Earthing)” far
"Fdcs ay 31 (Connected with Earth)” UM IUaUTd! fohar Ricad! =t q%aﬁ*\’ﬁ
Sireull, SagR faggd ol AgHa @afa Sl JRfEuor SfiFia &St (Discharge)
Eﬁ'&fﬁ \Hﬁﬁﬂgo” JUHUMAT Heldd diard refRisd (Potential) [T (Zero) G| Gﬂ?f,
TS 3R Safdedd Ridb (Electric Shock) BIUTTURE ¥R&fUT fiesd. di-hel HRR-
IR Red (Three-Phase Four-Wire System) g2 433) Ycdd (Neutral) I Tifersal 3
(Solidly Earthed) 3{dl, SOl T UICTRISHA YRR sidl. § god daRH 11
kv/415 v fEEIRM TRIHIAR (Distribution Transformer) =T R UlgcHYd ©dac
39
femie ﬁuaa 3T affef (Different Methods of Earthing):
a) EITCR/@TI 3ffdf (Wire or Strip Earthing)
b) g 3ARFT (Rod Earthing)
C) CIEEEIRD (Pipe Earthing)
d) wie 3ff (Plate Earthing)
a) W/@q 3rfdfr (Wire or Strip Earthing): 4l Ugdid HIOR dRR (Copper Wire) 5
TGN, (5 S.W.G.) fdrar 25 fordt ¥ 9 1.6 firedt SISl SR e (Copper Strip) 31
IR WEUH dMORd! S, SR IS8 Hadex (Round Conductor) ATURG, AR &l hid-
YR TRAT (Cross-Sectional Area) HIORATo! fHHM 3.0 T2 3for Sit.ema. (GI —
Galvanised Iron) fdhaT T (Steel) TT3T oA 6 O 3RIUN 3aT® 318, 1 IR fdhar
@'C[ (Wire/Strip) SIEEIG] STi\Q'-:AT-ICQ'I Eﬁa (Horizontal Trenches) e Q’\’Fﬂ Sra. s
Ufchar araRd fep Sauarard! Sot Wie YRR STdl; JaYRoMul df 8 15 Hiex
3(9d, 30T g Wil Adcia AlS4R dce (Moisture Content) aR 3dagd Sqad. T
IR (Earth Resistance) HIGAT THUNT ! HRUGRITST GRRIT diat= arR fdbar figu
ST QRelt Sid. SAaeigd (Electrodes) U fade AU fddkd dR1d—Udh WS
E'T:r (Straight Trench), Q:IERJFR EEI (Circular Trench) foar feaa éﬁﬂ (Radial Trenches)
7. SR IRIYAAR THUET Siftd REdr aTR 3Ha=g® 3&d, R 1 WRad caq
(Parallel Trenches) ICEIRER] éﬁﬂ (Radial Trenches) g2 433) YT SlldTd. Bl Ugd favivd:
1 fewmroft arRedt Sd o1 We®Te A (Rocky Soil) o8 3Taxae® Wiarar 3y fUe
(Earth Pit) TIR HR0I H3T0T 3.
b) s 3rffr (Rod Earthing): A8 T Y 12.5 mm ST Tilers HIWR A
(Solid Copper Rod), 19 mm SHTHICIDT 1.3, S (Gl Rod) fhdl 25 mm ST
Eﬁ?ﬁ SIS UT&»I'C[ (Hollow GI Pipe) oI Eﬁﬁ*ﬁ (Vertically) S 5 d 6 HieR Wieitwid
3% 999 S1d. g Wielt ST A1S4R (Moisture) =0T UTAdIaR Sfdaq 31¥d. 8
Ugd WY &% ol J1ad (Sandy Soil) Iral A AMe o, 3 IR (Earth

Maharashtra State Board of Technical Education 18



Maintenance of Electrical Equipments (316328) T 3t Saifaemd sfeuHcd (316328)

Resistance) HH! HIUGMNTST SR sﬁ?ﬁj@'ﬁﬁ el dleauard TRl 3{d, d) Hieeud S
T (Multiple Rod Sections) TG Sisc P beﬁlcbittll GRS E\!J'J:Fﬁ"'[ (Hammering)
H& S SHadrd. a1 UgGdid TeRdbdRH (Excavation) ANTd AedTdes & earthing
Jsd gm-ﬂ szﬂmem (Economical) &H% 3 IR (Earth Wire-GIl Wire) mg'q'q?ﬁ
SIEHT el S, 3101 SR Fifers WS ARl 3{d R aRR Jedl Tal qid (Sturdy
Clamps) 7 g ditelt Sild.

) 1TI'I'&"CI 3ffar (Pipe Earthing): 18y 34ffT 7 Ugdita o319, Trey YR 38 mm o 50
mm STTER 31T 2 & 3 Hiex A seia Uiy JfHId &ficdmel saad Sl qreg=
Qe YT Bied 3dId e SifiHidid HigsR (Moisture) Tgol [Hedd 3ol
dafdefd (Conductivity) UR.

Cast Iron Cover
-

Wire Mesh 275 m

Funnel
£ 60 cm

—

19 mm Dia (3/47) g

12 mm Hole

..............

2]
=% .......s‘.- Alternate
C - Layers of
: :: Charcoal and Salt

Charcoal

_—ig 1.8: 1?ITE-'?CI 3rfdfr (Pipe Earthing)
U184 Hiad! IR®IA (Charcoal) 30T Fice (Salt) o AR HRS ST S 372 IRRe~

(Earth Resistance) ®HI 8Id. TRU= a¥<dl aofd Y fH—d Siigd ST SA1foT rar s
IR FIUgR YRI&T Shedl Sfid. O} IR dek d RCC/Cl Hegr d9d He--g U
Hdl STl Ugd SHRed did SSfead S I8 Uiadl YHTUMGR dTaRdl ST
31O B i 3fh=ic 31 HRe-gWhidee T ugd 38,

d) We AT (Plate Earthing): I1 UGdId WE SAdIS A &fcdhal S9adId. We
PR fdhdl Si1.3M. (G1) TR 3Ry e,

HIIR T T3S 600 mm x 600 mm x 3.15 mm

Gl &I F1gsT: 600 mm x 600 mm x 6.3 mm

wie S 3 d 4 Hiek SW (Depth) dR AN, WeHdd! ARSI (Charcoal) 0T
Tlee (Salt) o A HRATd Sa 3 Fefaefae (Earth Conductivity) aTed AT 312
IR (Earth Resistance) HH! fH.
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wicdl 3 TS (Earth Lead) UM Gl/Copper R (Wire) Fe Siiedl Sld. a¥
UM bR (Inspection Chamber) 30T CI/RCC U (Cap) SHAAId SUIB T
SfOT AT I B,

Cast Iron Cover

o ———]

<—30 cm—Tb

30 cm
60 cm Funnel Covered
With Wire Mesh

ARAIARIAIIAIAR, AAIIIAIIAN
|1 5cm
¥ fassasne

w{ 60cm = 60cm
x 3.18 mm
Copper Plate

FEPRPPRORPROPPOIPIS

11111111111111111111

LI XXX xxxxxxxx
l——90 cm —»

Fig 1.9: we sfdf (Plate Earthing)

B UGd WXad (Stable), A-IRRE (Low-Resistance) 30T S fcHuR! sryed™
ésf%\;ﬂG Lﬂiq{-l (Industrial Plants), JIe I (Substations) iy AR glU-Yafety
SR HI3AT THTUMER dTuRat ST,

3ffr YT (Earthing Resistance):&mﬁw (Earthing Resistance) 1%'01@[ 3
SIS (Earth Electrode) §R Safaed ®RC (Electric Current) SFRA AN 3 SriHed
(General Mass of Earth) HIEWIFIBD[ faa ST WRey (Resistance) Eﬂt[ IS 3043-
1987 YR, i Rew (Earthing System) Trat S{gHd A HiegHH TRHREd
IREET (Maximum Permissible Resistance) WTAd caaHed SRIfaa 3MTg:

Table 1.2: 3ff T IRFFT (Earthing Resistance)

I —— . Ay Y IR~

/ (Equipment / Installation) (Maximum Earth Resistance)
JiaR W' / G 3 (Power Station / Substation 050

Earth)

QIS saﬁ\qdm 3‘%@? (Large Electrical Equipment) 1.0 Q

Wd 3dfdedhd SfpUHc / SHARCH IO (Small 00

Electrical Equipment / Domestic Installation)

AT 3RTR 3 (Lightning Arrester Earth) 50Q
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1.8 TMIeRM 3P Faldedd SfdUHC = FaAlded WId (FANT 0 ¢ T 1)
(Protection of electrical equipment against electric shock (class 0 to class I11)):
gofdeehd fdudcd Sdfdee e (Electric Shock) TR GRfEM dauarardt fafdy
EEIES ﬁHQH (Design Methods) 31ifor W@Gﬁﬂ (Safety Standards) IR ST
siﬂaﬁﬂﬁﬂ YUDPRIFHNR, 3T eRrHe (Earthing Arrangement) 3TfOT PIGCRIE ﬁw
sfputc Wdid IR Famaqe Tiffed Ha oid:

a) I 0 (Class 0): I 0 SBUHCHY IRDH S 3R, T B! Welaes
Hedex fdvar ST 9. JRET QOO TSI AIaIaRUaR 3aaed 39d. SR
Tdl T DHIUATel Y 1Y TGS 5 3 SRR 33d. IS 3D =iy
(oTH-T, $fSATS.) FAT 0 =T ATRTGR &l 3T,

JTER0L: -1 UHRY ¢qd o, 3-—g 3ATdT SIacdelacs Sfeqieiic e 3ed.

b) AT | (Class 1): 30N | S@UHcHE dRTH IYARM AfIRT, T4 Haeldem
TaIIoR OTeaH Uicfde® dheacy shedd did. HeRd gfeudcs e 3 fiq
3d, ST @ g Fard 3eft Srea Sid 311 @ HledT Jac! fead-ae gid. SR
A Heder TAadoRd g W AT @R Biee e 37 TYHYA SITdl o1 R,
gidhe s (Circuit Breaker) fhar sRtst (RCD — Residual Current Device) dchlod
HIA-Id BldTd. IS SPUHCH STelid JEHITIAR Hidhiarad Ui Riad gd g,

dig: a1 RRATHE PEN Hedex (Combined Protective Earth and Neutral) em?ﬁ, did
Heder SRR TN TAFAORAR dDhIGID Glecsl A3, Kdhd, of Class | Fhed==l
faeg 3Ms.

JaIeRU: b, iR O=iH, Shcly HigeR.

¢) TN 11 (Class 11): &N || SfduHcHe Sad SYARM (Double Insulation) fdrar
i\ﬁsﬂbb\l%sr sr{j,a-‘alﬂ (Reinforced Insulation) 3. wﬁwwwaﬁaﬁmw
TS UTCHURT YUl TREfUT <. 1 UhRA Sfduicdl 3 H-aRMd! TRel 749d, BRI
T HIC A FHHI (0.5 mA T HHY) Saar Siarare @it 3 fomfRary sy,

FAN || d i g WUl WhaR fafd W3R (Double Insulation Symbol).

3aTERUI: Saifde® f$d, TIR-SRR, AETSd dloR.

d) FET 111 (Class 111): &I 11l SfBUHC % TR @ Fleed (SELV) fdhdl Ticacs
URCT 9l @leedl (PELV) &R dMdId. & @leesl YA 50 V AC fdhdl 120 V DC U&T HHt
3d.SELV Redimed Arda fdhal ice dhisIHAe YIdhlard G@lees dHla! (AT gid
TELPELY A Flal dhelace Uled AU SISd 3 DT, U0 § HaRMd HRUMS]
I—IARIHST T8l FAN 1l T Blecod IRIET S Safaed B URgH
e TR&T fiesd.

38R0l LED TTacy, Tueiy SHSPR, UIead Saae-d [SmTau.

1.9 Sofdcmd sfPUic Beg3Rd HRUI: Fe-Td MU TREHd (Causes of failure of

electrical Equipment: internal and external):
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A. $ETd BN (Internal Causes): § HIgiNl SiTHcwl 3T AT 1A, Iid HRUT

fegis fehacy, TfSiT fdhdl T SRS 3 Wb

a) SHAYH B3R (Insulation Failure): fge, AigeR fhar s=ga=H= TioiTga
ZAIH Bhd gid. e ¢ Fidbe 3T Tide dee fFHfur gl

b) Gﬁ%?‘(ﬂﬁ'ﬂ (Overheating): RS (Overloading), A RfeaeH (Ventilation),
fobaT SR dHic TGS 3BT Bld. ATes Arafew HTfOr IRIARH TR Bld.

c) AR (Loose Connections): ool <A PR (Terminal Connections)
T WIHT (Sparking) TN SIFHT (Arcing) Bid. IS AhaTsss feie (Localized
Heating) d SAT (Damage) Eﬁ?ﬁ

d) AHpa d3rR T feer (Mechanical Wear and Tear): CEIREE] (Bearings), TR
(Brushes) 3707 RIS (Switches) & Jf&@T UICH (Moving Parts) dJ9R f3reTdrd.
EITE@' SR (Efficiency) FHH Bl 30T AbHd Dbcg?rl'\f (Mechanical Failure)
813 Whd.

e) UGN fEWaed (Manufacturing Defects): 3R @ifaic! TSR (Quality
Material) WW%@WW 3Rt (Improper Assembly) Jjo\b SUDHRUM A8 HHT
BId T g 3R (Failure) BId.

f) TR 3ITH HIFHET (Aging of Components): ISR SYARM, Iew, fsidhed
g 3R ACRTT BRI BId. I WRBIH-g 1T Ramafaferdt ot 8.

B. TRCHA I3 (External Causes): @l HRUI IUHUTAT dgee HHIUT BIdId, S

Q*OSIH-ICJ-\I'CG ey (Environmental Factors), Ble! ORI (Faulty Operation) WTH&R

AT (Poor Maintenance).

Gﬁmﬁ'ﬁ (Over-Voltage): Fﬂﬁ?ﬁ'ﬂ (Lightning), fRafdm oy (Switching Surges)

a1 T Reqadiad Blcdge W ®lecsl SRd 8id. IS YA BegsR

(Insulation Failure) 3T SUHRUM SHO (Damage) 8IS b

a) 3@?@@? (Under-Voltage): FHH Fleeo (Low Voltage) moolcqlﬂo?b HC E\TJ
(Current Draw) dledl MO IR RIET (Overheating) Bld, e dlsiS™
(Windings) d S=IqI=d I Bld.

b) SNEIAINS (Overloading): JSUHRUMLT &HdT (Capacity) U&T SRd @S (Load)
Adedes AR dled T SBRE-N  (Efficiency) ®HI 8Id. 4P
gl ST drsfe™ Sf0r YR WRId gIdral.

c) Ysi¥ %ﬁﬁ?ﬁ (Poor Ventilation): qrg ga1 | Irl\-loblcqllioB gic foRmwH (Heat
Dissipation) @H! BId 30T JUBRUT HI@RGIC BId. TS TRWIHT (Performance)
30T TS (Life) HHI BIal.

d) TEO-Hcd aey (Environmental Factors):TTd WTelid ST THTIRT Bra:

1. S¥ (Dust)
2. HIgR (Moisture)
3. WW(Chemical Fumes)
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~

4, THRTR QHRj‘FH (Temperature Extremes)
8 T4 SUGRUTAT SR, Hed UIeH 101 Ab e HuHcad SHo Hrald.

e) AT (Vibrations): SR BRSNS ol BRI, HbHDHd d3R A0
Ay areg=e gid.

f) Y3R TS (Poor Maintenance): daaR dfch ], Tl fohdl gfeioh R H hedTded
JUSHRUME Raafafect oftr 3ihRr=T HH gid. SHaTe geR AT BhegsR
(Premature Failure) HRCI

g) TR ey (Operational Mistakes): GFI%A_S' LR (Untrained Person) g
ghTd IR HedTgos:

1. WW(Wrong Switching)

2. SR Al Sheul (Excessive Loading)
3. gchﬁla HARRM (Faulty Connection)
A IUBRUNA Biecd HHUN Bidra.

h) 3R $Iferd! @M (Poor Quality Supply): FIGIERNT (Fluctuations), gHHI-aY
(Harmonics) fdhdT lecsl SWWa-T (Voltage Imbalance) AT IUHRUMET TR IH
3107 TS HH! BId,

1.10 BIS dT Eﬁﬁﬁ 3‘%@2’ e I (Role of BIS in testing of Electrical

Equipment):

S1L.3TTY (BIS — Bureau of Indian Standards) § Saifdcdhd sfeutca <RETHE fdd

<Al YfHeT Soad. o3I YR SRS avdd 889 ¥aad (Indian

Standards) TR $Rd 30T AT SiATESTaU FHET HRd. Safacdd IdaAdr AwT

faop T JuaTgdl TaT .3 T (1S1) Wicthdh=A SHHard od ST,

a) ﬁ%@?ﬂ W\Iﬁam? (Formulation of Standards): a?&nqw fafay sﬁm
f%oslséwlo“l—\‘xlﬁ @Tﬂﬂv"\ll'ﬁfx‘:f (Transformers), Ha (Cables), Ay (Motors), 3o
gRHUBIE SI@Id  (Household Appliances)—fS8s+, WRHBIHg 301wt
RepRAcH TR e ¥ead (IS) TR Hd.

b) ofTr anfor wfdfreem (Testing and Certification): Eﬁm '{@Qﬁﬁ BIS-
daReRISHe (BIS- Laboratories) ¢ReTT dd o Jafdd 1S THION 3MTg T o qurid
ST,

) Visae AfEfPHRA - MATHSIT HTEH (I1S1 Mark): 99 ¢ReTT ey guf Hom=1
UTSTETT TS {1 (IS Mark) SUATd I, SATHeS df Wisde 3fedd T e usi
JATd S [RGB,

d) R m I (CRS — Compulsory Registration Scheme): PTal
Safacdhd 31 SAdiHdb 3SR (3. LED Lamps, Chargers 3.) ITd1 STSIRTd
ﬁﬁqﬁf&rﬁaﬁﬂaﬂﬁ (Registration) 3TdRYch 3.
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~

e)

f)

ST\‘aTFIH 3T ATPhe Aga~ (Inspection and Market Surveillance): CIEIR LS|
fafta 5*@40}-‘0-1, Oidbe  JmfeT (Market Sampling) 3T BRBHIA HEA
HeT-ardl guid (Support for Maintenance): SIMATHGR UHIRId dhaiat Ew?:éﬂ
AT oHIg A% Ui (Safe  Procedures), E@‘Sﬁ%@' WTCﬁ:IEH
(Standardized Components) 31ifor S@W Rierr=t e Ramfaferd (Long-
term Reliability) T B0 HEd BRI,

*%%

AT (Exercise) :

1.

TS AT SifaRre—' a1 TRi SfhHRH Safdemd YUl HicReHL 1.
(Define the term hazard and accident in the context of electrical safety.)

Zafaed BRR UG9S S IR HHiR=g &rerd d foke &,

(List any four precautions to be taken against electric fire.)

3T T Sffssifdeags Te H.

(State the objectives of earthing.)

TR RIS o T T I HeR Py ke H,

(List the different types of fire extinguishers and their colour codes.)

TS AT e amed fSH- Yead Saicayag Tawi- .

(Explain the difference between hazard and accident with suitable examples.)

Safdcdhd gURATSATS! faad ol MUl ey Widl Ul gMIce &1 3] o
fSEpRa .

(Describe the importance of following Dos and Don’ts for electrical supervisors.)
gafded W' & Tl TR &1 AT I ReRdAR sthae SR haed
fSEpa .

(Explain the term electric shock and describe factors affecting its severity.)

féflRma RfeRw= snfor I em, (CPR - Cardiopulmonary Resuscitation)
(Differentiate between artificial respiration and CPR (Cardiopulmonary Resuscitation).)
Zaifdgd Qi UICHRIAT FIRN (Class 0 to Class |11) HUSR @RI,

(Compare the different classes of protection against electric shock (Class 0 to Class Il1).)

Suggested Learning Materials / Books:

Ero. Author Title Publisher with ISBN Number
. . McGraw Hill Education. New
1 |Bhattacharya S. K. [Electrical Machines Delhi. ISBN : 9789332902855
2 [Theraja B.L. Electrical TechnoI(_)gy Vol-Il |S.Chand and Co.Ltd., New Delhi
(AC and DC machines) ISBN : 9788121924375
3 Bandyopadhyay M. |[Electrical Machines Theory  |PHI Learning Pvt. Ltd., New Delhi,
N. and Practice ISBN :9788120329973 VI
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St Author Title Publisher with ISBN Number
Jean-Claude . . . . [John Wiley & Sons, IncISBN:978-
4 Trigeassous Electrical Machine Diagnosis 1-84821-263-3.

Learning websites & portals:

Sr.

No Link / Portal Description

1 |https://www.youtube.com/watch?v=w4jHpHoY Zhk|How to Use a Fire Extinguisher

2 |https://www.youtube.com/watch?v=wrawEAalrrY |Artificial respiration methods

Fundamentals of Transformer
3 |nttps://www.youtube.com/watch?v=CvuDFgFFOa8|Commissioning and Maintenance
Testing

Motor Maintenance &

. V=
4 |https://www.youtube.com/watch?v=ntOc4h792UE Troubleshooting

Electric Motor Repair & Rebuild

: V= i
5 |https://www.youtube.com/watch?v=uMxK6djp_rl Instructions

power transformer oil filtration and

6 |https://youtu.be/JvsPnGbUH5M
treatment
7 |https://nptel.ac.in/ Relevant information from NPTEL
8 |https://www.electricaltechnology.org/ Relevant information
9 |https://www.electrical4u.com/ Relevant information
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gfe-2
ef¥eT anfor Hewg

(Testing and Maintenance)

fawg fAsa=ht (Course Level Learning Outcomes):

CO 2 - T Safaedhd SfBHul<

(Test Electrical Equipment.)

Hed o=t (Theory Learning Outcomes):

1.

9.

¢RET Sisolfded T 1

(Explain the objectives of the testing).

fede SRET Ays UiRkoR fSxprsa &l
(Describe the procedure of the given testing methods).
foiean Sxe=aT B RioTd SHTe~ TR &,
(Explaln the importance of the given categories of tests).

TTA-TT ST~ TRt &,

(Explain the importance of tolerance.).

U UIeRD 312 30T SHTd =g U .

(Explain meaning and importance of ingress protection.)
(Explain significance of maintenance of electrical equipment.)
T Sfoad Ty e &,

(State the given type(s) of maintenance technique.)

fOegfed AR gRUMT HRUR gcdh TR D,
(Explain the given factor(s) affecting preventive maintenance.)

ligfed A0 ey TR HXUa! TIROR fS$Xhrsd .

(Describe the procedures for developing preventive maintenance schedule.)

10. AT TRiFATE) B S T dUR HRUATAT W TR B,

(Explain the steps in preparing foundation for the given type of rotating machine.)

11. AT A== Heq~mrdl ¢l oike .

(Suggest tools for maintenance of the given rotating machine.)

uf=a (Introduction):

Safadema ARMT ST Sfeudcy gl WWIH (Performance), TUC! (Safety) STfOT
Ramafaferet (Reliability) 1 MY Tg SRET, AT~ 30T IRETARH Widew gidR Aieal
THIUNG 3T SHdId.cReTdes SUHR0l HuiRa faflicy A9 (Specified Limits) T
Hd 3Tgd @1 ATe! Irdl WHT gld, 89 il SR (Efficiency), SIARM KU
(Insulation Strength) 31 Aw—ed 3%@??[ (Mechanical Integrity) SEIRMESIGREREE
YHRIIR 0T SHRABTTIR SRIE ¢RET (Direct Testing), SSRIRGT RET (Indirect
Testing) 3for Rerefea e (Regenerative Testing) 30T fafay fﬂl‘e’\ﬂ CIERCSIRNIGIGH
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é?%}f 11% S éﬂ (Routine Tests), €I§q ﬁw (Type Tests), A m (Special Tests)

3T Tt éﬂ (Supplementary Tests) 31T faUTTeaT STard. 99d 3”3@ PIGENE]

HTfHT (Ingress Protection — IP Marking) § SURUNAT Yad 3o oIy ez

TREfUM=T guifel ATfgdl &d. TR Hea=g S & ¥ He=g (Routine Maintenance),

fUgfea Ao (Preventive Maintenance) fdhar swersd Head (Breakdown Maintenance)

? SUBUR SISACEH (Downtime) HH! HIVITS, IdT MSB  (Service Life)

JIequaTTal 30T TUT (Safety) HTHT HRUANIST fdd Hew@rd 3. Uh Haryd

faiforg igfea e ﬁ@iﬁf (Preventive Maintenance Schedule) g IS HelT (Load

Conditions) 3foT A=f=ar aTaRTSEo (Machine Usage) ECNASIGA g faied, efe

TR (Rotating Machines) T 3TYR GUIRITT BISSR-T (Foundations) HgwTal EED]

oTadrd. 9 fSEms- Hear @ISR (Vibration) ST fiGe@™=He (Misalignment)

AT BT Ad. 3P WA (Accurate Installation) 3o <fé Trdt fafay Ag<arn

[lSs} 31ifor ET\‘E'QW (Tools and Instruments) qIaRG STaTd, S &1 SR YR (Bearing

Puller), ﬁb_cﬂ ST (Filler Gauge), SIdd 5’%%“\’ (Dial Indicator), fafve ded (Spirit

Level), TR (Megger) 3707 HedTHTeR (Multimeter). Bl T4 dfdeay (Practices) Wﬁ?ﬂﬁf

g@ﬁfﬁg@uﬁaﬂ% g 3RRIT (Efficient), Ramaad 3for @T-SMRET (Long-lasting)

§-4dTd, wllj,oo DIUTATS! EE@TI?T TR HeHE (Industrial Environment) W&Iﬁ 3{for

Jdd TR g i,

2.1 ¢TI Sffesifdegsl (Objectives of Testing):

SfRET (Testing) o T Sfissiiacagsl (Objectives) UM Saifdedhd Sidudc df Jul

(Safety), RGTHY (Performance), Ramafaferd (Reliability) 3Tfor ufthfRra=dt (Efficiency)

A S0 @it SRET U sHisslfacegs fd! smea:

a) @R BaREHTAdT (Verify Functionality): RIed U&UHIT HTH #Rd &I, T4
R@RRACH (Requirements) JUF &xd @1 301 faar fddel Ha=a (Functions)
AR UR UrSd 1 § U,

b) &fdse ﬁm’c’ﬁ (Validate Requirements): focs ol Rer XaeiceAm
(Stakeholder) :ﬂ?aﬂ ﬁ%ﬁﬂ e (Business Goals) 3rfor o} Qd”{'qc’r?'.*llr'{‘l (User
Expectations) Ti=ATRIT Josd &1 g AfYd Ho.

) feeae %‘mﬁﬂﬂ 3reff (Detect Defects/Bugs Early): Qﬁ (Errors), lﬁm
(Faults) fdvar WA (Specification) U ST MYT—" BT il
ﬂTITﬂCb, QR IH-Y *YSl (Performance Issues), gdonla S¢] gsf@ill (Data Handling)
SO T T 3T R St gigdl,

d) TR framafaferdl, wfaferdt enfor s1ferd (Ensure Reliability, Stability &
Quality): RIem=ll 9T (Robustness), TS BT (Edge Cases) 30T TR-g ST
(Error Handling) IR HHRRT Juor.
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~

e) TH[® WRBH-T 3ATfor Eﬁ)‘&lﬂi‘ﬂ (Improve Performance & Efficiency): M-
GhaRd ReTERHCH (Non-Functional Requirements) SR TRWIH-, Whalfaere!
(Scalability), i ey (Response Time) Q;Uf glaid &1 gl Wt B0 ST
Sicaad (Bottlenecks) Y.

f) e swrefaferdt anfor Eﬁﬁ"\’ﬁ (Maintain Compatibility & Integration): CUC
TSI (Modules) TFIRT Thd HTH HRATd DI, ScBAY (Interfaces) AT THR
B FRATT BT, T 3R AR (Systems), TIEHI (Platforms) 30T TSA3R
(Hardware) Tidd ®Hcdd 3Med &1 g T80,

g) PRI 3Tfor RS%‘W ffrep=H (Compliance & Standards Verification):
e gdferd E@éﬂ (Standards), WQFH (Regulations), @Hﬂﬁ_ﬁ ﬁ@?‘FCR'ﬁEF
(Security Requirements) 31for epiferct Tﬂ's‘é’?ﬂ's?“[ (Quality Guidelines) gid g1 Hd
&1 g qUrL,

h) fifmEs R (Minimize  Risk): UleRFUE SR BegsR], Hwem
feafeThaRE (Customer Dissatisfaction) 3rfor ﬁﬁﬁﬂ feawm (Business Disruption)
I T haIead-l ATATYR U,

) MEEs WA BR 3Re-AfHT (Provide Information for Decision-
Making):

Rer=l wiferct (Quality), 585 (Risk) 3T Rae YS9 (Release Readiness)
ETed Aligd! STA®! H&- Ul, SaTgR Red fS@raHe (Deployment) I13T TR
318 BT d 33adl Ud.

j) wuferde deq=a anfor U O E%'F\q'ﬁ?\q (Facilitate Maintenance & Future
Enhancements): &g ﬁagﬂ%m (Documentation) H% Rerd dey, &u%qa
31O IR TeT=IHe™ (Enhancements) JaY BIdTd.

2.2 ¢ ﬁ?ﬁ;‘ﬁ (Methods of Testing): STIRGT (Direct), EE'ITIW (Indirect) 3for

e Rfe® (Regenerative):

Safaema AT WbH-~, TRRE it arey Figd sxoare! afr SRt

JTHAT 3. TR RETT HRUARIST aroRed S o9 G BYSH eIy

1. ST HYS (Direct Method):

SRGT BYysHY TR SAvdcd! A8 dd Sid 311 ¥d $9Y¢ T 3T3cge Hifccidl

S ®lees (Voltage), HRc (Current), s (Speed), ald (Torque) nﬁq:r ERIEE

SORRET (Efficiency) 30T IRWBIH-Y aIad STl

J&TEXUT (Example): SI.&. ]ie AR (DC Shunt Motor) GR S ¢ (Brake Test).

MierR (Procedure):m nysHY AR AdhHed a8 (Mechanical Load) S B

% (Brake) fdhdl SAMIHICY (Dynamometer) T HUA &dl old, o 3f¥cYe UfaR

eI HRAM. X M AYC TiaR AT 3f3cye UiaR A alfagdhd STl

ASAdHe gRgHCH Al SiId.
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AR Wehid BIRgam dadgc Sid:

SR (Efficiency) :&”;gq?g((g‘;iu;:‘;go * 100

tb‘l'q% (Advantages):

a) e sfor Jidt gRitoR.

b) 3 R fHdrd.

dare (Disadvantages):

a) HIG ARFATST O ATe! HRUT S UlaRk A1 sl auTd gidl.
b) HIST GlaR IR S1f0T gt e Sfpudedt TR Y.

2. SBTVEE HYS (Indirect Method):

TSRE AYSHY AR 9 AN (Losses) AT Hisial SIidTd, 0T Bt @l |
Pl AR SR ®Ted! 5.

JETERUT (Example): [T X (Swinburne’s Test) 3119 SI.&L. ¥e AR (DC Shunt
Motor)

TSR (Procedure): AR WTelid AR (Losses) oiTaTes HIoGl SITdTd: HIUR QY
(Copper Loss), 3R IR (Iron Loss), Ao ed A (Mechanical Loss), dlcd Ay
(Total Losses) STYC UIaRAY ol e I IRIGT (Efficiency) BTG SITd.

TG (Advantages):

a) ST S0 Aer BRI 1.

b) Bd IS ATAGUIT TR Tel.

dare (Disadvantages):

a) U AGd g HISTHIY SHa=ID.

b) QI HISUATA STetall b RgTecar URUTH .

3. ReRfe® AYS (Regenerative Method):

T AYSHL g 3MFsiedhd (Identical) AR THHBMT HbHdwd HUT (Mechanical
Coupling) a3 3o sﬁw (Electrically) \_rﬁ?ff U HH Al (Motor) U 3T
GIRT SHRER (Generator) TUL HTH ®Xd. UiaR gF ARIFHY Yagde (Circulate) Bid.
J&T8UT (Example): BIUfd~a- X (Hopkinson’s Test) 3i- o141, A=A,

URISIR (Procedure): TWAAYT Had AT WSgd gldid Ydard Uik ddal oird. U
BN 313cYc gdId Bl B 1d, 31 Rerefes JU (Regenerative Loop) ddlR gId.
Bd dre dheR-age) ORid ¢RET 3dd ! UlaR daTue &l Ad,

tFITI% (Advantages):

a) Tedl GRS WU ShIAIHb .

b) HH! UTaR 3% B,

o arel IR Ga-are ST Hrar aa.

dare (Disadvantages):

a) G 3MFSiedhd HRMA (Identical Machines) 3TaRTd.

Maharashtra State Board of Technical Education 29



A\

Maintenance of Electrical Equipments (316328) T 31 safo?;om g@qﬁw (316328)

b) @'c'&rqao_\l"ﬂﬁaﬂ(mmplex) 3.
<R AYgHA HUNSE (Comparison of Methods of Testing):
Table 2.1; ef&T fﬂﬁ'ﬂ% m (Comparison of Methods of Testing)

WIfeR STNGE HYS SSRNTE HYS Rerefeg Ays
(Parameter) (Direct Method) (Indirect Method) (Regenerative Method)

TRiH Sfaed die | ARl diTaiTes Ay 3 JISfcdhd ORI Hud

G IYC-3M3CYC | (Losses) A UHRERIT | ®& U Hiex (Motor) T
(D% Ieflinl itl io“nl) ASd Srad @ HARIAC il STd; A=A | GO SRR (Generator)

TR SRae Hd-AISdR AIqard] AN | WU ITeg UlaR gadle

raR
Rerde | Pa-dis UlaR I (low) TlaR—had aad | A=A @ (low) TTaR—Wed
(Power IR TR, EISKASIRIG e A qRIvaTT.
Requirement)

U gR(High), RO | HIfSTH (Medium)— 81 (High) 3fagR—alol
gl F3(T IS ARl | HISTHIUTAT b a’ TR pd-drear Uur HHl
(Accuresy) | S e ofaRTed 2% B

wtee aifE ATl L.J\I'di, T — HifSTH (Medium) —Uaﬁ'rr
(Cost of Test) ST g1, ﬁaﬂ%}ww HOTHIR
TG D, :
gic fSfiu=m Hd-Aleqed SR BIC; @ (low) Be—had
(Heat ~ i (low) Bic. o
Dissipation) | " AT, AT
o elU[d - cIic (Hopkinson’s
W;W %IR“\‘T if 3\71(??;2:5? " | f&e 2% (Swinbumne’s | Test) - DC e, db-¢-db
( ')F(SSTSF)) ¢ &IRT;ET Test) — DC AR, T (Bflck-to-Back Test) —

Wie IR, ardfdd

ifRrpe= | AR 3D o q-ame!, a-arg | Hisar A=A dhiAiis
(Applications) | TR gdl 3 | < Wed e, ofedT.

dx.

TR | euz_srgeye NN fR¥ReH gdaiel tlar—
(Pmss PRI SRRaT :{ngg:gm; de | PR STeh! UiaR aRiiHae
Measurement) ' Ef Bid.
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2.3 m HIRIS (Categories of Tests): Fa, E‘Ii'q e Tfor IfweAes éﬂ

1.%¢19 A€ (Routine Test): T¢I ¢ IT AT X 3MTed ST U® gfHeaR (Each Unit)

T f&Wd (Dispatch) dRUAQdl fdhar AfegaHed Treuargdl ddedl STara.dl cxead

32y Wure O ﬁqﬁlﬁlﬂﬁ'ﬂ ORIt (Manufacturing Specifications), s—éﬁ&aw

(Electrical) 30T Ah B (Mechanical) Tfired E[Uf G| 311%?[ e} W@E B0, AT

"HIThIHCT S (Conformity Tests) el UM SaId Ud® TICHAR HgUhadid

q‘dﬁ (Purpose):

a) EERlEE] %@FCIT %311’&&[ G| (Design Data) AT WY (Specification) {Uf Cay|
3{Tg Tt WP H0l,

b) HRNTHH BHIUde] HGbaTT [$hacd (Manufacturing Defects) HTaId AT dATRTOR.

C) A= Owet (Safety), 37\“3@'5217-[ (Insulation), AhHHdA 31%@'& (Mechanical
Integrity) STTOT IR TRBIH-T (Basic Performance) UL,

d) TRTIR (Purchaser) 3TOT TIHha=RR (Manufacturer) Grai-al e WHR T8 A
LCI PR

W?Tlﬁ (Examples):

1. mﬁmﬁwﬁwﬁ? (Insulation Resistance Measurement)

2. mmm%@ (High-Voltage Dielectric Test)

3. Al-drs shfor drs E%QH (No-load and Load Tests)

4. as%ﬂﬁwﬁwﬁz (Winding Resistance Measurement)

2. TT3Y XY (Type Tests): TISY ¢ AT AT <y 3HTod o1 T A= Uah fdvar

GH YA IO Hedl SIdld, SUdheH (See, ACRad, HgthaaiT TR T

WRGBHT TG 3T BT d TIRIT Ad. T T TP AR Hedl od ATeld, aR e

CEIEREIRCIE G R RIS RRIGI

L] (Purpose):

a) Ir%'ailif-l-q IS RHIHY (Performance), Yrie (Thermal), sﬁﬁaw (Electrical),
T (Mechanical) R0 quf el Sied &1 d Ya&g BRI,

b) TRU XY TGl IR, I (ST Yeid 9d ghHcawme § Reee
JUSefcee (Representative) AT SITdTd.

¢) FTaH SR di-d HAMT fohal WIS ATSTFd R HedaR T e dedl SITdTd.

BE'IBTF?[ (Examples):

1. TOER NEE] R (Temperature Rise Test)

2. gﬁ?&m—@ﬁ IO IRBIHT e (Efficiency & Performance Test)

3. BTASRM AMUT AlSS ¢ (Vibration & Noise Test)

4, Gﬁﬁﬁg T (Over-Speed Test)

3. TITA S¥&H (Special Tests): TRIE <Y (Special Tests) AT AT T 3gd oA FcH

fhaT Cl8Y Ceq=dl NG Ydedl STdId. JIYRUMU I7 Sed URaR (Purchaser) T
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IIT’TUﬂﬂﬂR fdrar wWwra / FHT HISI (Special / Abnormal Conditions) A A==
ROIHY TUIRITITITS! ST STdTd. 1 % 9d A3t Haest (Mandatory) TIdTd.
LU (Purpose):

a) o HfeTHed A f9RfaTR (Behavior) TURION of TSS ¢ (Standard Tests)
e hg @T‘T :ﬂBﬂT‘T Jal. Qﬂ@'ﬂ QETCFm'C' (Extreme Environment), BTFfﬂ%IH:H
(Harmonics), ﬁ (Noise), O_G’R:Ia'-‘lﬂ (Vibration), 9rd 6‘@'@[ (Special Duty).

b) JIRAT W I (Special Applications) fdhar TfdT HisIrwwma! sifEzma
SRR (Additional Assurance) Qo

C) Hfpme w (Regulatory) fdoar WT?:TE (Contract) ﬂwﬁmﬁﬁ ARG dH
3dTd. 3ol A eI (Sensitive Installations).

W?Tlﬁ (Examples):

1. 3R TARER ¢ (Bearing Temperature Test)

2. -1T§\>1 aoscl R (Noise Level Test)

3. gTEIA® SFAARRT (Harmonic Analysis)

4. Wéﬁ(vmraﬂon Test)

4. TR m (Supplementary Tests): it m (Supplementary Tests) |US

NICRIE ] éﬂ (Additional Tests) Ul S@'@W 7Rt (Electrical Machines) fdoar

Uy (Equipment) dR el ST, SO Il TR PRacRiRedd (Special
Characteristics) fhar wWfifthes Hfsw4 (Specific Conditions) RBIHT (Performance)
AT Far A3d, 1 ¥ fhdT TRy ¢y A HEX haedl Aeld. § ol Jgdl
de™ da odid Sl SfeuHcd  3FYegsd Ugd-Hey fdhal WRA HeHR
RePTIRHCH Ul Ul STaTAH 3.

i (Purpose):

a) SPuHc WIS ATRIET HIST (Special Operating Conditions) S 81T ¢HITR
(High Temperature), B?I&F%_cpf (Humidity), GIRERIE] (Vibration), H@'&E’ (Altitude)
A IRBIH~ TIRITINTS!.

b) e R dadr TR %‘gﬁ? Brad (Special Design Features) it
B RIHR HIUYMETA!.

Q) fhfera Sifcrme= (Critical Applications) A Remafaferdt (Reliability) iy
SIfaferd (Durability) IR HRUamITST.

BE'IBTF?[ (Examples):

. FTgol 30T ISR e (Noise and Vibration Test)
CHIRR {I'srwl o (Temperature Rise Test)

TTER / gGHSct ¢ (Moisture / Humidity Test)
81 3ifetegs X (High Altitude Test)

Jice B / BRI X (Salt Spray / Corrosion Test)

USSR / 31\|06<c1\|s R (Endurance / Overload Test)

o U WwN
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2.4 TR~ (Tolerance): T (Tolerance) 1TETUI@[ ﬁ'@w P urce fhfored

SHYA (Physical Dimension) fdsar AoRHCe (Measurement) Add RARET e e

%ﬂ'@ﬁ (Permissible Limit of Variation). %‘ 1%131@[ Tt Pl HicgHH (Maximum)

3ATFOT AT (Minimum) TTSST aTAeRd Wb, TleR-aHes Ule Uhidb A Irg UHR fihe

(Fit) BraTd 3foT SAsciHed WRBIH-=IaR URumd gid =g,

MREEEIR T (Purpose):
Wﬁ'ﬂ CARLRIE] (Manufacturing Variations) WIHRUGRTST, ST TRAH &\w
(Machine Accuracy) far wefua uradfs (Material Properties) E@' gIard.
b) ScXAWfAfICT (Interchangeability) JRf¥d HruamTal, fa—Iva: O USaRM (Mass
Production) a4,

¢) AT FHIMHCH (Mating Components) A& I1g fihe (Fit) I[UINIA! (34T, TMIE
(Shaft) 31101 BIdT (Hole)).

) SRR Trse &Tagwﬁ (Unnecessarily Tight Accuracy) cled- qﬂ%dﬂﬁ*l PIRC

(Manufacturing Cost) HH HRUGTS.

e) WY STINRA (Smooth Operation) STOT Ap e SR T Fﬂé‘cﬁ (Longer Life of
Mechanical Assemblies) ﬁﬁf?ﬁ CRULIRI ]

STER-gHYY aTuRe SITuTY R (Terms used to denote tolerance):

a) 9fY® WIS (Basic Size): fFcH 3 WSS SRAVIMNIS! dTURG SITUMRY
IDEINGETY / qq%ch Hlsr\rl (Theoretical/Exact Size).

b) fagad AT (Actual Size): RS UIcH! ASTS TS (Measured Size).

) faffred oifF IS (Limits of Size): TIcdl HIRTHT (Maximum) 10T o
(Minimum) UT&IWFI’%H

d) 3AATH-A (Allowance): AfeT tlﬁ (Mating Parts) A 'dl 3 gedr %EFP:I@ fihe
(Desired Fit) T qUaraTa} Sacicl Se-=Md fSWI (Intentional Difference).

IaTERl (Examples):

SRR TETEIT RMMUE (Shaft) T A8 50 mm + 0.1 mm feelt 3Ri@, @

a) ﬁf@&lﬂﬂﬂlﬁﬁ (Maximum Size) = 50.1 mm

b) FAfHH T1SST (Minimum Size) = 49.9 mm

grar o A7 IS U 49.9 mm o 50.1 mm SR HCd! Ilgol 3 R dl

TR Ha-H (Function Correctly) e ehdl 30T AL HIUdTe! WisiH dd

gl

2.5 37'3'8 UreaR (Ingress Protection), IP HIfHT (IP marking):

SUY e § TP S €SS (International Standard — IEC 60529) 31,

galfdedhel TSGR (Electrical Enclosure) gR f&edT SITUMRAT YICaRH! dad dll_Ib

HR 3O AT (Rating) d. § T SS IUBIUNE WIS B 3ifsiacy (Solid Foreign

Objects) [3Gl. X (Dust), T (Tools), fdhdl fhTR (Finger)], dlcx fdbdl HIgER (Water or

Moisture), SUDBUMTAT AHTd 3T Fﬂi@ Uﬁ (Live Parts) fdar H%"T Uﬁ (Moving
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Parts) Wad SffRTScd dide (Accidental Contact) YRWHT TNSTUREA fbdt MeaRM

fiezd § a=fad

1P ¥feTrT Ui (Purpose of IP Rating):

a) W@TEP[ (User Safety): Wmfﬂﬂﬂ?{ JdTscd Pplcdc (Accidental Contact)
CIBUYMTA!,

b) PHIAHC U= (Protection of Components): S¥C (Dust), qiex (Water) fdar
TRRFHed U (Environmental Damage) TRIT SUHBRUIT TREUT SR UATRITA.

o 3fpudc fIaa=M (Equipment Selection): fafdy TremHcT™ra! dFg IUHRUI

IBEEIRIGIASESE

1. $8I3R (Indoor)

2. 33T (Outdoor)

3. $eReTd (Industrial)

4, A (Marine)
Ingrexr. Mechanical quuiIﬂS Dptional
Protection (e.g.Dust) [e.g. Water) (e.g.High Voltage)

Fig 2.1: 1P HIfHIT (IP Marking)
IP HTFHIT (1P Marking):

IP HIfHTT WU 3afdcshd SfduHedl SX¢ (Solids) ST dfex ORI (Liquids) fHresum=
carral f&dl TEauR AfbT. § IEC 60529 (3MT-3-¥ &ouRR) T ST
WSSIUR 3d. P AIFHTET T&T I U IUHRUME! AU (Safety), Rarafaferdt
(Reliability) 30T oI T@-HeHT3! @Te! Yefaferet (Suitability) TOTII.

1P {TfHIRR A (1P Notation):

1P H1HT 3 farfga oma:

IPXY

X — ifers gifed e (Solids) fasg Uica=M (0-6)

Y — UIUgTfaees (Water) TR (0-9)

@ﬁmﬁ (Examples):

a) 1P65: XTI (Dust Tight),dlcx—uicy (Water Jets) f[d¥< Mcacs

b) IP67: S¥-CIgC (Dust Tight), TR 3'14'5217[ (Temporary Immersion) — %Uﬁ ERUGCE

Wreadd ®Te! e UrvdTd g8ad ol U= fHed.
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2.6 SAfdcwa sfdudec Aved—gar RIRf®=T (Significance of Maintenance of
Electrical Equipment):

gafdepd gfpudcd T (Maintenance) § RReH! Ut (Safety), Ramafafercdt
(Reliability), UfhRE= (Efficiency) 30T Hic-ghiace 3IURE  (Cost-Effective
Operation) fREFaT SAUIAMTSY ST MARTF 3. TG HeT9HD SfBUHcal @Ml e
ieaR 3for Ramfafrdt srRd Tgdr.

goifdged sfeudcdl B Wrdld faad e gHfEd gidra:

) FeeTafirT ooy A St GRfd B,

b) SfPUTcd TTSW SMfOT TFRE- aead.

o) UfRre—ey 3o gafdcdd g9e Y (Electrical Hazards) €Te5d.

d) SHIIH AT ST3CIH (Downtime) FHH! B,

e) RUsR affor Rewe sl (Repair & Replacement Cost) HH F.

f) T SATOT R TH- %c\:yssi{-l (Safety & Performance Standards) HTIH 3dd.

g) lecd AdHR MYTIT Hed Bid, SaTges HoR Begsi (Major Failures) TTesdT IdTd.
h) Wisfaeiage! 3for Teil TBR™=IT (Energy Efficiency) JHTRd.

2.7 HeA9 A UPR- S, ﬁ%ﬁ%’ ST dF SIS AT (Types of maintenance-

routine, preventive, breakdown maintenance):

1. ¥ Hea (Routine Maintenance): &¢I e U gfpudcd! ?ﬂﬂﬁ? 3{for
RIfdw HIAENIAR (S, fawan fdar Hueh) del SR dRie S@qTE. arr qus
EUN Sfude faam, |gfades Sl arg afd diseaed 3901 amed dg UuT 3
Teara Jfacfeciel WgeRal dedl ST,
TN Hea=a A midw (Process of Routine Maintenance):
a) Sdfdcdhd U-ew, Hicy 3T REAMSR (Switchgear) Wed & 8X¢ 30T 8¢ (Dust
& Dirt) HTeUI.
b) 5@1@;0&9('1 HAI (Electrical Connections) quTgoy &WWIE'I'%T:’&FT (Tightening) 0L,
Q) a&rﬁwawqﬁnm (Moving Parts) %WEZF[ (Lubrication) 0L,
d) SfeATH -1T$r\s1, OGIQQQId fdar &ﬁFe'T%ﬁ'lT (Noise, Vibration, Overheating) quTgoy.
e) ST, IR 3NfOT AT REH (Earthing, Insulation, Lighting System) TUTRIOY.
f) Hiex 3for '&“%%b_dﬁ (Meters & Indicators) TIGRT HTH HIATd BT %’ Eﬂ'&ﬂff
2. fUgfees e (Preventive Maintenance): Tigfee A= 7 RicHlcsd, &g 3for
Jeges B 38, o HheygsR guaIgdid ol S, Il IR WU Biecd e
ST, S ST DHH! DUl IO fBuH™ ALH d1gqul 8T 3G
frgfee #e9=a = MR (Process):
a) ET\EaWFr (Inspection): E%@E?ﬁ SIS 0T B IH- JUR0L,
b) ofEw (Testing): ﬁﬁmﬁw (Insulation Resistance), NIEETH (Load Current),
%TCI@??FT (Vibration), THRTR (Temperature) HAoR B0,
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) AR (Servicing): T, GfSTHRME, TIgCHT ST sfx‘gﬂw%ﬁ CANEEG]
(Calibration).

d) Regde (Replacement): for (Wear) fdoar ‘I%PT 311@?[ HT&I Fedur,

e) YBIs BN (Record Keeping): WHhTH-, e R onfor arfia dea=u=h Hig
LU

3. 9P SIS A= (Breakdown Maintenance):

SHSISHT HeTg gl HeT-Td! Uh Ugd 38 Sff B3R (Failure) SITeATaRT Bl Sild,

TgUlSId, TETd] gfpudc dg ueereR fod RUSR (Repair), ISR (Replacement), fdbdr

RERTM (Restoration) ® fadll GrgT SHTURRHE ST0T0) BT ATl Ie- 3R], SHerSH

T gusl TeUrel T TeiedT 3fputicdl e fada aadx Gl dfehT e Ael

3{TOOr.

SH SIS He- - ° U (Process of Breakdown Maintenance):

a) Tiee SN (Fault Diagnosis): TieT3RT HRUT NYUT S{TIOT T,

b) s / frgde (Repair / Replacement): tb"‘m fFaeR Bl fhar TRE QT@[EIT
UTe SEeul,

) fET (Testing): RUSR fhar NeHeidR sf@ude Iraidr d/ad &1 Il oxe
&0,

2.8 RfReE A=-1 Msgaar URUM FRUIR Waed (Factors affecting the

preventive maintenance schedule):

m%ﬁ?s' ey Q\lsq\m (Preventive Maintenance Schedule) dX TTeltd o (Factors)

GIROMH Hdra:

a) aﬁq for afsn »fgeg s w=fig (Type and Working Conditions of
Machine): AR =R (Nature), dTdTl E'I'é'q O SRS HfST (Operating
Conditions) TTaR -4 TRl 3.

b) afde WI’CF-fﬁ’c’ (Working Environment): S¥c, CatG | W (Chemical Fumes),
3ffe SRR (Ambient Temperature) SATEIHES HeA- ASYear URUMH g,

) s ATOr SiTuRfeTT grasd (Load and Operating Cycle): SRR m\ls, o%e“qum
drg fhar dfegard / Sexfiide T (Continuous / Intermittent Operation) Mg

d) SNEAET Sfor RH (Overloading and Stress): SIRd TledR Hdd Aol
TR SR her=td A= TRl AT,

e) SHIdE 3ATH W3R (Impact of Failure): TR Hhd AN UM a1, TISH
A1, 31fo1 ATt 813 Wbl A e Hea=d & dged.

f) T 3Mfor wfeeH 3w A=fi= (Age and Condition of Machine): \_rlfﬁ AR SIRd
ROeR, Nerade fdhar fdRiT exrel anTd ; ae JSYfeiT 3thac gidl.

g) UieRM ffedferdt (Production Criticality): WeaRM™S! fohfcwa A==
YU Ui Tea=T HRul HaRgd Bld.
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h) Sigafaferdt oife R (Availability of Resources): T3, IA-HeRad, o,
epes iR Iuas 3MTed BT ATaR B Uegd aaied 3dd.

i) PICE PRSI (Cost Considerations): Heag obT%d, Tea AXfA $VIE,
ST&HCRH N 30T Foie Tt JarIaR USId 3.

j) TR 3MTfor &I'Iv'lﬁTCIQ"\’H?T oy (Operational and Organizational
Factors): IS AT d, UTSaRMYIEd HISHfaT2H (Coordination), STaRTS cy, W,

2.9 fﬁ%ﬁ%’ AT ﬁ?ﬂ\?ﬁﬁ IR (Procedure for developing preventive

maintenance schedule):

i< A<"-9 ISIA (Preventive Maintenance Schedule) U 3=t RS wiH

St et ST RN AT Sifaefagdsl ST arel Hifgd! od. TS SHSISHT HHI

Gt it A= Uegdd IR HRUTMET WU-a1--1 0 WReR (fael 31e:

a) fore sifa@ sf@ude (List All Equipment): ST ¥4 3afdcdhd ARMM, g 0T
IR A~ AT it gui feRe daR &R,

b) G o 3‘%@3 Lo | (Collect Equipment Data): f@, Iﬁ%ﬂ, HURIET (Capacity),
TRfe 3ifgd (Operating Hours), 37T J-TrgCF)dﬂN RpHSTg (Manufacturer
Recommendations) Higau,

c) TS AT 1%'\‘2'\& (Study Maintenance History): AR AT \QOstiH,
SHITHT BIo (Breakdown Causes) 30T IRWBIH Yol (Performance Issues)
qUTOL,

d) AUSREY AT TR (Identify Maintenance Tasks): %ﬁﬂ, F}{W
T, TR, SRET UTUD HT-HTI B § SIJUl.

e) AT AT W=l (Set Maintenance Frequency): Udd TR [l BT BRI
— Sfl, A, Huell, SIexd fdhar TRt — § 3xaul.

f) fogeR A== W (Prepare Maintenance Schedule): Td® AR St ‘GI%H
BIUIR 3101 HIUTT 3ffaeiegciol gIUIR ATd CISH-a¥6 Wi ddR B,

g) SMAIgd fraifafaferdis (Assign  Responsibilities): ?;-16 OeTg g
(Maintenance Personnel) fohdT efamRIa=g=1 SaTae=aT <o,

h) fieR A=y I+fee (Prepare Maintenance Checklist): SR H%ﬂ'qfﬁ
DIUAE! CRD P U U AhieRe dIR S,

i) ¢ 3foT TR Iuarsudr (Provide Necessary Tools and Spares): Aea=g ameft
SANTUTRT €& (Tools), sfgfﬂr (Instruments) 30T W3R UIEH IUA SaUl.

j) Y@is 31 &g (Record and Review): Td® HreA-ad! Aig ®R01, 3HTdr4
forg= Saur 30T SHTIRTD S UV HUSC DHRUl.

Maharashtra State Board of Technical Education 37



Maintenance of Electrical Equipments (316328) T 3t Saifaemd sfeuHcd (316328)

2.10 BIEsX: RNoravdey onfor Wefen u=iv=ar weSxar ufivomy #RomR
Ycd (Foundations: requirements and factors affecting rotating machine foundation):
BTHeH (Foundation): JrefeT a=ig (Rotating Machine) J BT, S YA A== guic <d
30T g1 de g TR (Operation) GXHT fAfor BIUM BRI (Forces) NI E'F\‘:Iﬁ'd
(Transmit) HRd. § ICIACIE! (Stability), 3fATSHE (Alignment) 30T IASRM deld
(Vibration Control) ﬁﬁ'@]ﬁ W, GCHE@' A AW (Damage) @WTW fﬂ%‘d Eﬁ?ﬁ
3T el st (Efficiency) fe 8. AT fEMST (Design) A TRIHaT Agol
(Size), s (Load), Hlsm BT (Soil Conditions) 30T TR WTCHEYT:’
(Operational Environment) g fAaR Fdl 9l BT YHae! IMHRId: ﬁ%?@%
Pifhe (Reinforced Concrete), KTy Eﬁﬂ (Anchor Bolts) 30T ISRME TR
(Vibration Isolation) EITCR@IGH?T Wﬂ?ﬂ:{w &mﬁ[ﬂﬁmﬂm?ﬂﬁ

- Generator..

= -
Dr/wng \

B, < Anchor
. Bolts

“-Concrete Foundation. - '

/,(‘ 2/ acar
.

- T 77»

/” Anchor FPlates .
I.Side Elevation. 11.End Elevation.

Fig 2.2: et e wESw= (Rotating Machine Foundation)
Aefen w=fiv wEszd ﬁ?ﬂ?ﬁ?\q (Requirements of Rotating Machine

Foundation):

a) Fenifedt (Rigidity): BTSSR A Togd 30T Rolte (Rigid) 3MTd, SATHes
AMTAR SRd BRI (Vibration) far fSUa= (Deflection) AT SR =T8T,

b) ®TERM AHIARA (Vibration Isolation): AR AT BIUIR FHISRH
MU= Ty (Structures) fdhal gf@Udic (Equipment) TUd TigH0r SHId HHT
HRUI ATARID 3Tg.

) UTUR Sf@Tg-THE (Proper Alignment): AeX (Motor), T (Shaft), HUTGHT (Coupling)
3211 A=A HUHCHd I fATZTHE (Alignment) BTIH 39U HTARTD 3T,

d) IS 3R HURIET (Load Bearing Capacity): BISSIA- AT TIedh (Static)
3HTFO1 SRS (Dynamic) gy YRIGAUT! T84 Pl Ufgod,

e) WCfAferdl (Stability): 3@ @GH (Unbalanced Loads) 30T el Rafa=ra
(Torque Reactions) IR dlgl YK BIISIA U0 UfddR B0 HTaTH
3Te.

f) AEd IXWH (Level Surface): BIISTAT a¥dl YEHNT JUiTUl degd (Level) SRITAT,
Sl ORI 3 ST (Installation) B3 X,
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9) @iﬁﬁl’cﬁ (Durability): BISexM fedrs sfir Holdd AeNg (Materials) — e
PIbic (Concrete) RSN (Steel) — UINIA ERENN] &mﬁ, GCITH,% J3R (Wear),
HRASH (Corrosion) 30T AGRAT (Weathering) URIH TR&UN .

h) 39 3P AT (Ease of Maintenance): BISSX! 2T 3=ft 3raTdt &1 s~0aw=
(Inspection) 3TfOT HeT=g (Maintenance) 01 91U W1,

Aefen a=iiq=ar wESIHaR Ufium HIUIR geh (Factors Affecting Rotating

Machine Foundation):

a) #=RT AEer 3for de (Machine Size and Weight): I8 (Heavier) ARARITST HIS
30T SR Holgd WIS SR TIRId 3.

b) €TSY 3% HRAF (Type of Machine): 8-TS (High-speed) a1 3FTa~S
(Unbalanced) FRIFYTST WRE STASRH- &S (Vibration Absorbing) BISSTHT
TRl 3.

) STRfe |lfs (Operating Speed): SIIkd %l-lnlslioB SIRd SIHHE BRI (Dynamic
Forces) TR BIdTd, SaTal B3 s¥H fSAZR AT guTd U,

d) B SfoT WT!FfﬁE' (Location and Environment): HTscI HiSTH (Soil
Condition), BgMATSET (Humidity) 30T Sides=al RIS (Vibrations) BTSSR
wiaferdtar gRumy sdrd.

e) TI8Y 3ATH ARSFET (Type of Mounting): AR ¥ TeeS (Bolted) 38 &1 fdhar
IS AT (Vibration Isolators) aR ATSE b 38, TR BIS S fS3ms
e 3.

f) SAYS B (Dynamic Forces): ITAS cflei\i—l (Unbalanced Loads), GG
CRLLES (Torque Variations) 3T QE'I'CPMVU Ul (Starting/Stopping Shocks)
BTSSR (ST HRAMT A& &Td AT

9) BIEeTH Helad (Foundation Material): GG (Concrete) fhar < (Steel) =T
ITCICT SO KU BTSSR TRBIHTAR HIST URUIH g,

h) Qﬁ'ﬂﬁ'ﬁﬁ HiST= (Environmental Conditions): TR (Temperature) HTE&?

(Moisture) 3o HfHPd kd*ulvli (Chemical Exposure) %’ TRV RN E 23]

SPfSfItaR YHIG erehd.
2113-@/37@3& %alﬁﬂgmﬁm?ﬁwr SHW gfeder, e dwd, aWR,
I I}, AR, T oy, Afwdlier, WAR dcw onfir wpemwd

(Tools/instruments: bearing puller, filler gauge, dial indicator, spirit level, megger,
earth tester, growler, test lamps, multimeter, spanner sets, and screwdrivers):
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Table 2.2: & / Si‘gﬁ?\‘l STfoT f$fBF®M (Tools/ Instruments and their

Description)

€/ TXgHe ST / 389 RfEpoe 3 efRrbee
(Tool/ (Diagram /Image) (Description & Application)
Instrument) g g P PP
I TRiFTYA ST (Bearing) IRFEAUON
Bearﬁu”eo PHTGUITHTS! ATIRAId. MUl SHS 7 gid]
( : ST Rgae &var Ad.
e T / BieR T Whaadd faasr= (Clearance) fdar 1y
tiic | (Gap) HISTURTA! ATURATd. SATgTHE ST
(Feeler Gauge) TIeR- TfhTTe! AT,
i3 TRI UICHd XA-3M$¢ (Run-out), FSTRIaRM

(Dial Indicator)

(Deflection) 3T G-IFI'IE:I'ﬁ'c' (Alignment) 3{Jd
AISIUYRTS dTaRdTd.

faufve dsa

(Spirit Level)

BHI3SYH fohar HfF=m TR guivel ded
(Level) 31Tg &1 g TUTHUITETS! ATURdTd.
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& / §gHe
(Tool /
Instrument)

ST / 30
(Diagram /Image)

fefepwr anfor e

(Description & Application)

AR / g

Y=g ey Safacd e arkiT fdhar Hier arfem
(Megger — Wﬁw (Insulation Resistance)
Insulation AISTUITITST aTaRdT.
Resistance Tester)
of I IR (Earth Resistance) HIoToaTaTS!
‘T; :h!ETz or JroRdra. T Ren arg g &1 d
(Earth Tester) AURIUIITEY SHTaTTe.
70 fhar Are=ar 3R (Armature) AL
YTa (Growler) 1é gfde fdhar s fdhe qurguarard
CICEGIGA
xR T Salfdehd AiheHd A5 (Live) fdhar gea
(Test Lamps) (Neutral) 3GUIETA] ITURAT.
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Q?T(ITEOO:%”E STAUTH / S0l fsfepmm snfor sifRrd==
Instrument) (Diagram /Image) (Description & Application)
;I S:‘él e - Fleed (Voltage), ®Re (Current), IRRE
] (Resistance) 3Tfor QCX 5@1@?#)01 W
(Multimeter — HIoaraTS} TuRaTe.
Digital)
!Su:lzﬁzs < (Nut) 3fTfOT Siee (Bolt) TTsC fdhal ot
(Spanner Set) FRUIITST ATORATa,
TP A &P (Screw) SHAUITHTS! fdhdl HIGUaTHTST
(Screwdriver) CILRGIGA

*k*k

AT (Exercise) :
1. Foifdged SiSIRT aed ¢Rew <t SfthfA= =m.

(Define testing in electrical engineering.)

2. T ¢ HRUGMNTET JUSl KT B,
(State the purpose of performing routine tests.)
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3.

10.

SIeR—g It SftfARM =1 3n1ftr A=y wmwpid-aaeia ufiRed cior-ad Ush Iamerul
I

(Define tolerance. Give one example of permissible tolerance in machine performance.)
S IR AT a7 37 TRTwH B,

(Explain the meaning of Ingress Protection (IP) marking.)

goifdgad sfeudcar Hea=ua Rififthed—a Te o,

(State the significance of maintenance of electrical equipment.)

TS TR B S STl G- RDPIEARATH (Requirements) T 1.

(Mention any two requirements of a good machine foundation.)

Safdedpd AR =1 e Hea-0 Vsgaar 3hac BIUMIR thacdy ok 1.

(List the factors that affect the preventive maintenance schedule of electrical
machines.)

SeaRM U3l fgf<eg U= Uegd S@ad HRudT HIRIOR TRIGI 1.
(Explain the procedure for developing a preventive maintenance schedule for an
induction motor.)

AMTY. WSSUUR Iafdehd ARMIER SIUMT ST HeRS foRe &
TR B,

(List and explain the categories of tests performed on electrical machines as per IS
standards.)

T b Hel dTIRe SR $oie! U ol/SREHCH A7 Hed Iid ifeian 4
W B,

(Name any five tools or instruments used in maintenance work and state their
applications.)

Suggested Learning Materials / Books:

Sr.
No

Author Title Publisher with ISBN Number

1

McGraw Hill Education. New

Bhattacharya S. K. [Electrical Machines Delhi. ISBN : 9789332902855

Electrical Technology Vol-Il |S.Chand and Co.Ltd., New Delhi

2 |Theraja B.L. (AC and DC machines ) ISBN : 9788121924375

3 Bandyopadhyay M. |[Electrical Machines Theory  |PHI Learning Pvt. Ltd., New Delhi,
N. and Practice ISBN :9788120329973 VI

4 Jean-Claude Electrical Machine Diagnosis John Wiley & Sons, IncISBN:978-

Trigeassous 1-84821-263-3.

Learning websites & portals:

Sr.
No

Link / Portal Description

https://www.youtube.com/watch?v=w4jHpHoYZhk [How to Use a Fire Extinguisher

https://www.youtube.com/watch?v=wrawEAaJrrY |Artificial respiration methods
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Sr. Link / Portal Description
No
Fundamentals of Transformer
3 |nttps://www.youtube.com/watch?v=CvuDFgFFOa8 |[Commissioning and Maintenance

Testing

Motor Maintenance &

4 |https: : . h?v= 4h792UE .
ttps://www.youtube.com/watch?v=ntOc4h792U Troubleshooting

5 |https://www.youtube.com/watch?v=uMxK6djp_rl EIectrlc_Motor Repair & Rebuild
Instructions

6 |https://youtu.be/IvsPnGbUH5M power transformer oil filtration
and treatment

) . Relevant information from
7 |https://nptel.ac.in/ NPTEL
8 |https://www.electricaltechnology.org/ Relevant information
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gfe-3
TRISR BR sgafi ligfee A1 Aega St i asi—a
(Procedure for Developing Preventive Maintenance Schedule of Rotating
Machines)
fawg fArwo=h (Course Level Learning Outcomes):
CO 3- HeA el safaeemd wriF.
(Maintain rotating electrical machines).
ged frosit (Theory Learning Outcomes):
1. e af¥F=n deA=aardl 1s ®ie UideaIaR Widl s NRkeRd W

ISEEAECCR

(Describe the procedural steps to be followed as per IS code of practice for maintenance
of the given machine).

2. fadear SeaRM A= SRETEt IS dre UfdeuIiR Widl dRIaaraA NRSRd

X fSThTRd B,

(Describe the procedural steps to be followed as per IS code of practice for testing of the
given induction motor).

3. faoiedn di-th e sfeeex 3o RislH9 Hie=n SRRl IS die UiaedIaR widl
HRIGIT] NRTSRT R fSEprEd B

(Describe the procedural steps to be followed as per IS code of practice for testing of the
given three - phase alternator and synchronous motor).

4. TEe UPRAT TSR HICIUTS! TIARIST AT¢ {UUSR &,
(Prepare the troubleshooting chart for the given type of induction motor).

uf=g (Introduction):

@feg A 81 Te Wive Mo RiReHlcd 3uiia 318, el 3£ safacdhd R
fifEerAE< e aR TR SUaR, iR 3101 ¢RET HRugrar JHIART g,
WS IR Wiecd sherd- sIvdisied fecae il diae ddl Adrd. &l
affade AYS STSHcIsH HH! Hrdl, SHUHc A alead! ST JTIRITHE I
YT Ramafaferdt Heq axd). Digfes dea—~ Vega Seau HRUTNITS! A== i
HIST, Tghaay RHHe= M1 Rfciede IS DIy 3 Ulfded Fidn Tt dee
g BT TRaT 3101 fTheh=itsl 3xardl arTdTd.

3.1 YPHSS Hea=T Meyeq: Rivta bt onfon sht o ssa=M #ied (1S 900-1992),
M ol ey Tfr g Hied (Recommended maintenance schedules:

Single phase and three phase induction motors (IS 900-1992), three phase alternators
and synchronous motors):

3.1.1 R B SsRM Hie? ° Nigfes deéa= Asg@
(Preventive Maintenance Schedule of Single Phase Induction Motor):

A. 39t / fawelt A9 (Daily / Weekly Maintenance):
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1. 3f§iHd TS (Abnormal Sound) 30T BRISRIA (Vibration) T .

2. {TIRIM G CHRER (Temperature) 3{1for e (Current) &F\IJFEEI%W

3. QHE%‘RWR (Exterior) G{Fﬁ[%ﬁﬁﬂ? 3gfg (Ventilation Openings) ¥d=$ &XI.

4. PG Bleeol (Correct Voltage) 3T dre dhfee= (Load Conditions) ﬁﬁﬁ?’ﬁlﬁ h.

B. HYT He==T (Monthly Maintenance):

1. ofHd He (Terminal Connections) qH B C|§c D,

2. DHURTER (Capacitor) NG (Leakage) fdoar seotivT (Bulging) qrét EF\“aHE h.

3. WW (Insulation Resistance) AR B AR (Megger) dlUz=-.

4. BT W (Cooling Fan) 30T TR TISIY (Air Passages) T &,

C. PTEXE! HeA=T - Ul 3 'Flﬁﬁ (Quarterly Maintenance: Every 3 Months):

1. 5’3’?@3{? Eﬂ'cf'ﬂ (Interior Parts) ST9 U3R (Dry Air) = A B,

2. SR HfgwA (Bearing Condition) EED DHRT; TR 3 R - Mg (Regrease) hXI.

3. 3fAR”THT (Alignment) 0T ARFET dlecd (Mounting Bolts) UdE &1,

4. 3T HAGRT (Earthing Connections) T B,

D. ETCFE'CIW AT - UdP 6 'H'I%ﬁ (Half-Yearly Maintenance: Every 6 Months):

1. IS T8H (Winding Ends) aRdT S fdhaT Siiadl S~Ude @,

2. ST (Bearing Play) IH B SMT0T W (Grease) g &,

3. @leed (Voltage) 3MUT B (Current) TS BRBII B,

E. E'CRﬁ:T w4 - aiffe (Yearly Maintenance: Annually):

1. HIex YUl f&RTed (Dismantle) B il .

2. ¥R (Stator) 3T e (Rotor) dX} S (Damage) fdoar Gﬁmﬁ'ﬂ (Overheating)
13t SUIE .

3. ggad 93y (Worn Bearings) 3Tfor %ﬁ?@a HURTe (Defective Capacitors)
ST

4, 37\‘?3,@'5217[ (Insulation) 37T GM-OI\IQ'EW fauds ex (High Voltage Withstand Test)
Hh.

5. 3-3’Td (Reassemble) T HIEX X I (Test Run) .

F. 3fe1 Repas - Were #e-— (As Required — Special Maintenance):

1. HIZHR (Moisture) SRTI ATefe™o (Windings) ST 313¢C (Dry Out) BRI

2. SHY HURIe (Damaged Capacitor), o (Fan), fdrar 931y (Bearings) R &,

3. Qaﬁﬁlo_e' %TC@'QFT (Excessive Vibration) HHdMq e (Rotor) JA-daq (Rebalance)
h.

3.1.2 ¥t B9 SeRM HieX 9 Ugfew AT lﬂw (Preventive Maintenance

Schedule of Three Phase Induction Motor):

A. St 7 fawelt Hea= (Daily / Weekly Maintenance):
1. Y3 SRS (Unusual Noise) 30T BRI (Vibration) A PRI,
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2. CHRR (Temperature), HC (Current), 3Tfor @@W ENES) (Voltage Balance) Gﬁ@lﬁs:

h.

3. QHE%‘RWR WHY (Exterior Surface) 3TFOT %I%@QF[ Ut (Ventilation Openings)
AT DA,

4. A8 IS HURIe (Rated Capacity) A &ﬂ% Tt W B

B. HYe A= (Monthly Maintenance):

1. 94 E@I@W HA (Electrical Connections) B B E’I%‘C’ DA,

2. WW (Insulation Resistance — IR) AR (Megger) = AR .

3. cffqd afeg (Terminal Box) S¥C (Dust) fdpar Iﬁ'&'%l? (Moisture) qrét 37\@36 DR,

4, T%I’Tfﬁ_rf (Cooling Fan) &F@IEM (Airflow) qPH B

C. BTSN A= - Ul 3 'Fl‘f%ﬁ (Quarterly Maintenance: Every 3 Months):

1. Al el (Internally) STU IS U3 (Dry Compressed Air) = Tl B

2. 93 (Bearings) S=Ua< IO Gfdbe (Lubricate) BT, RepHSIHUHATD.

3. Hiex 3for @ﬁﬂ 7= (Driven Machine) ARG SragHe (Alignment) 9P B,

4. 3 (Earthing) 30T oA HISTH (Cable Condition) O%'WI'JW

D. BTIFE'!R??[ Heq-g - U 6 Afg (Half-Yearly Maintenance: Every 6 Months):

1. EHE%"G[ (Windings) d} I (Dirt), &ﬁgﬂ (Oil), fopar Grﬁ%?%ﬁ'ﬂ AT (Overheating
Marks) qrét 5’7@?1?: D,

2. AI-dS (No-Load) HTfOT Hd-alle HRe (Full-Load Current) TSR &R,

3. SefaT iy (Bearing Grease) ET\EaTE 3T N 3T OR TR 39 ok,

4, %TC@'QFT (Vibration) Wﬁ[-‘ﬂéﬁr@%ﬁ (Noise Level) qPH B

E. ETRT‘?[ Hea - aiffe (Yearly Maintenance: Annually):

1

2

3

. AR fewed (Dismantle) P Ll (Stator) 30T e (Rotor) q:quT?faFﬂT-[av_ﬂ
. 93T (Bearings) 3~Ude &1 ATOT A1 (Worn) 3rdTd av Ry &,
. 37\‘?3,@'5217[%? (Insulation Test) 37T GM-d\Im\i\ﬂ R (High Voltage Test) HSI P
4. e TMUE SARHE (Rotor Shaft Alignment) TTOT U fRIGEH (End Shields) T 1.
5. -3 (Reassemble) B HICI T I (Test Run) BT 0T AFENT (Readings)
IPIS P,

F. 39 RS - Wwre e (As Required — Special Maintenance):

1. @NT WRWS (Long Storage) 30T HIgR TSR (Moisture Exposure) R aTgfel
(Windings) ST 3{13¢C (Dry Out) PRI

2. Q?:Rﬁﬁﬁs’ o_sTCIﬁTFT (Excessive Vibration) M e (Rotor) JA-ddq (Rebalance)
.

3. fEhides 931 (Defective Bearings) 3101 BT sil€¥ (Fan Blades) R &R,

3.1.3 3 B 3reeAed ﬁ%ﬁ%’ Ao W (Preventive Maintenance Schedule

of Three Phase Alternators):

ASol Hea=T / fawiR EE) ST (Daily Maintenance / Before Each Operation):

Maharashtra State Board of Technical Education 47



Maintenance of Electrical Equipments (316328) T 3t Saifaemd sfeuHcd (316328)

1.

SferH ﬂﬁ (Abnormal  Noise), %W@QF[ (Vibration) 3T Gﬁ@T%ﬁ’T
(Overheating) qPH B

3ceTAR (Alternator) FoiH fdhar s (Dust), 31*@?1 (Qil) fdar Iﬁ's’%R (Moisture) !
38 T WA .

T3k R (Air Passages), B (Fans) fdoar @ﬁﬁ?ﬁ (Ventilation) paii) Gﬁm
(Obstructions) B B

aﬁwﬂa (Voltmeter), 3rrfiex (Ammeter), et Hiex (Frequency Meter) iy
TTRTR 7ol (Temperature Gauges) o AfS INBI .

SR SR (Bearing Temperature) T feAHA MU (Abnormal Rise) 3ifor

ATl 318 &1 d 3zl B

B. fa@elt He9=T (Weekly Maintenance):

1.

2.

3.

37\‘?3,@'521? IR (Insulation Resistance — IR) ASR B AR (Megger) 3y
tifega o=t ga .

T4 fHd HHaRT (Terminal Connections) MO AISTET dieed (Mounting Bolts)
qPH B Tl B,

SR (Brushes) 31for fiaqy g (Slip Rings) IR (Wear), &R e=E (Spring Tension)
3TIOT FRATEY (Cleanliness) TT3T 3~0Ude HT; TR 3T o) [Taqu g el &,

C. HYS HE=T (Monthly Maintenance):

1.
2.

4.

QG{WF"I@IW\H (Bearing Lubricants) 3TfoT I (Grease) 39 NHHSS el 3 P,
fhecd (Filters), Sdc¥ (Ducts) Fe B SO W B (Cooling Fans) IR
BRI I 3Ted &1 d A B,

Td 3ffT FAeR=T (Earthing Connections) TTac 30T $¢de (Intact) 3Med &1 d
SR®GI .

3eeRACY SR I BRI TN Fleedl AR (Voltage Regulation), HXC =
(Current Balance) 3T flh et Tefaferdt (Frequency Stability) Gﬁ'@?ec D,

D. HIEal AT - Y& 3 Afg (Quarterly Maintenance: Every 3 Months):

1.

3feayer SO UISH H&X (Prime Mover) HAId ®HURIT (Coupling) 3fdrdHe
(Alignment) qH B,

2. S3Mfeyg (Bearings) "-lvl'&f\_rl, o (Play) fdrar efRE (Contamination) HIBPIET@HEW
3. Zafdchd PG (Electrical Connections), 89 S (Bus Bars) 30T efifed

(Terminals) Gﬂ-l%Ql%lé‘I (Overheating) fohar feTmarRaH (Discoloration) 13! TP B,

E. BTEF?[CRﬁT AT - UAP 6 'Fl'f%ﬁ (Half-Yearly Maintenance: Every 6 Months):

1.

2.
3.

3{TTI-ER ST USR (Dry Air) 7 URITH T x; ATSISTS (Windings) SATOT Orcqa]td
S g B,

SR IRRE (IR) 30T YRR S8R (Polarization Index — PI) AR .
ufdgesH Rifen (Excitation System), AVR (Automatic Voltage Regulator) 3rfor

TRITICR SR / ReTq f39 (Exciter Brushes/Slip Rings) S~Uae 3101 ¢ .
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4, FISRE AR (Vibration Levels) ASR 30T Ydbis &1 AT SfRPed fafted
(Acceptable Limits) ot JA-T hX.

E. ETR?ﬁ e (Yearly Maintenance):

1. 3feeAcR 31\|05<6Tc1 (Overhaul) dRT — e (Rotor), TR (Stator), CRIREES] (Bearings)
31 e (Terminals) fe®ied e gae B,

2. 37\"«’3,@321? foefemem (Insulation Deterioration) fageary dlé%*\ﬂ f-arf=r (Re-
Varnish) &R,

3. i Sffor Ai-ars éﬂ (Load and No-Load Tests) WRBIH HA - =
(Efficiency), @@HW (Voltage Regulation) 31O Wefaferet (Stability) dUTdT.

4. 99 ¢ Rofeey Sfor AR YBIey (Servicing Records) ATdT f&ets Hea AT
(Maintenance Logbook) HeT B

3.14 ﬁ%ﬁ%’ Heag '-‘ﬂ@ﬂ?r - Riplg Aicd (Preventive Maintenance Schedule —

Synchronous Motors)

A. Seit He-1= / fawR d TR (Daily Maintenance / Before Each Operation):

1. RRE EE M Algol (Abnormal Noise), QTSRE  (Vibration) STfOT
Gﬁﬁ%ﬁﬂ (Overheating) APH B

2. AfRM (Machine) 30T IR HFTIA 3Higd (Oil) fhar % (Dust) IFIRIARM
(Accumulation) Gﬂé‘ i ?f%@fﬁ D,

3. T%I‘T U3k TIog (Cooling Air Passages), e (Fans) 3for gfearE sigfHw
(Ventilation Openings) Tl 3T &HGﬁT«‘Eﬁ%@ (Unobstructed) &,

4. Tres ufdyew fRAIReH (Field Excitation System) ®Yae 3TULRH TT3T T B,

5. O_E?IW (Voltmeter), 3R (Ammeter), Uldx ThaeX Hiex (Power Factor Meter)
30T SHR=R $fSdhed (Temperature Indicators) ST GRGRT H.

6. SN TFRTR (Bearing Temperature) 3T vglrﬁab-‘ll-l @Iosvl (Lubrication Level)
3ffezTag DI,

B. faweil #eT= (Weekly Maintenance):

1. 9d saf@gwm A (Electrical Connections) FJ_\\_rleIﬂ (Looseness) fdrar Sﬁ%?'%%'[
(Overheating) qrét 37@3% D

2. R A1 AYex arEfEre =GR IRRE (IR — Insulation Resistance) TR
(Megger) = FoR BT 31101 HfETT IDh18 1.

3. SR (Brushes) 3101 {10 f&4 (Slip Rings — if used) ¥IY dHI<ac (Smooth Contact),
&R = (Spring Tension) 30T A3R (Wear) 131 AP B,

4. &g g s fhar SiifRasIEsS (Oxidized) 3RAT R WTs- THI I (Fine Emery
Cloth) = &ilH BRI,

C. HYS HE=T (Monthly Maintenance):

1. ST F{[@W (Bearing Lubricants) fdar g (Grease) 3 ﬁ'@m ReAseH

(Manufacturer’s Recommendation) TIT 3 P
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2. fhes Ufac=™ @ald (Field Excitation Control), AVR (Automatic Voltage Regulator)
3O TR e (Protection Relays) 37@??.' h.

3. ST (Interlocks) 3T Uiefdeag ST (Protective Devices) UTIR TraRTT=T
131 b .

4. fieed (Filters), S9¢H (Ducts) STTOT Th] IS (Fan Blades) Fi- B,

5. TS HISYTHAL Hic ga-g (Current Balance) 30T UTaR. hdex (Power Factor)
3ffeeTag DI,

D. BT HeT- - TP 3 'H'I%ﬁ (Quarterly Maintenance: Every 3 Months):

1. Hiex sMftr %%7[ sfdudc (Driven Equipment) Tl Hufelt srar+e (Coupling
Alignment) P B

2. 3T (Bearings) A3R (Wear), Alsol (Noise) 30T @RISR (Vibration) TT3T 30de

DA

3. i (Terminals), HI (Cables) aifor s 9 (Bus Bars) fsmareA
(Discoloration) fdpar GﬁER'%ﬁT[ (Overheating) T3t I&H B

4. fres TS IRRE (Field Winding Resistance) HoR &1 31101 Uifegaw AfSworeh
JIT h.

E. ETCFE'CIW AT - AP 6 Tﬂ%ﬁ (Half-Yearly Maintenance: Every 6 Months):

1. AR S PIRS U3R (Dry Compressed Air) T WIS T B

2. e AT IR greféaard! IR (Insulation Resistance) 31T P (Polarization Index)
TSR B,

3. UfaaeeH Rifed SuHcy Iae®hRN (Rectifiers), TS (Fuses), SIS (Diodes)
30T HAFRT (Connections) SUdE B,

4, %TC@'QFT 37T HT%G[ @IEF\“[ (Vibration and Noise Levels) JPH DT e Ypis
e dai-l Xl

F. ETRT'ﬁ HeT—g (Yearly Maintenance):

1. Piile fewefeT (Complete Dismantling) d = AR (Rotor), TR (Stator), 3T
30T e Seva S~uaRM &1,

2. ZGARM fEeRamRF feueamy argfevwt 3-arf-=1 o,

3. Uicfdes RS, AVR (Automatic Voltage Regulator) 3T gaR ﬁA?T SRR
(Control Devices) T 30T diefsic (Calibrate) T,

4. FI-TIS 3O HA-AIS e (No-Load and Full-Load Tests) TRWBIH BT — TRBIH
(Performance), TS (Speed) 30T WIAfRrdT (Stability) RN B,

5. T \ch\llsi{-l (Maintenance Records) 3{0sc &1 0T ifegaw Sar =it dod-l P
a'_s’ SR (Trend Analysis) .
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3.2 AR Hiex & R el Ssa=vE Hier for it e Ssa=E Hiex =1
T, TEY TOT WRIA ¥ 3T W IS 7572-1974 3TfOT 1S 4029-2010 (Induction

motor testing: Routine, type and special test of single phase induction motor as per IS
7572-1974 and three phase induction motor as per IS 4029-2010):

3.2.1 IS 7572-1974 TR R B SSaRME HiewdT i, ST ST WA T

(Routine, type and special test of single phase induction motor as per IS 7572-1974):

A. T m (Routine Tests):

SR IRRe AoRAC,

g-dleeel / SSAfae® o

qI-drg ¢ (No-Load Test)

fS¥aRM 3 JeH X (Direction of Rotation Test)

dAlFs e / é-gidhe e (Locked-Rotor (Short-Circuit) Test)

Tﬂ?%‘ﬁﬁlﬂ AoRHe (Measurement of Winding Resistance)

Y¢S R@lecw, fhepdl ATOT B TfHT (Checking of Rated Voltage, Frequency, and

Current)
E'I'é'q m (Type Tests):

SIRER RIS T (Temperature Rise Test)

iR} 3ifor WHHY X (Efficiency and Performance Test)

Th-uits aeRies T (Torque—Speed Characteristic Test)

TIfén Hie 3for wifén efds 2 (Starting Current and Starting Torque Test)

SHSII / HIRTHY clh ¢ (Breakdown (Maximum) Torque Test)

qﬁ 30T BASRH ¢ (Noise and Vibration Test)

e 3w gAMRRT YT wifdT e1sH X (Moment of Inertia and Starting Time Test)
TR m (Special Tests):

ggfAfedt / S gie <X (Humidity or Damp Heat Test)

g/ o'm'érgam 3T T (Endurance (Continuous Operation) Test)

WA BT -‘-Iﬁ 3T BISTH ¢ (Noise and Vibration Test Under Special

Conditions)
4. ga-fhep=t forat Iol faus e (High-Frequency or Surge Withstand Test)
5. Gﬁ%ﬁh_s’ T (Overload Test)
6. kfcslq'-ll-lcm / FATIHIC D R (Environmental or Climatic Test)
3.2.2 1S 4029-2010 TR 3t el SSIRM HieT=dT $H, ST SMUT WIS 3T

(Routine, type and special test of three phase induction motor as per 1S 4029-2010):

A. 3 %EW (Routine Tests):
1. e IRRE / D.C. IR ASRHT (Measurement of Winding Resistance / D.C.

Resistance)
2. mﬁmﬁwﬁw (Measurement of Insulation Resistance)
3. B ®lceol o (High Voltage Test)

No Vv A WwWwDNh =

w N =2 DN s oW
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4. ﬂ@ig{%’ Slecsl IHT-30 T (Reduced Voltage Running-Up Test)
5. I-dI8 ¢ (No-Load Test)

o

7.
8.
. M- ERERIE] Hiex o Al-dI8 ¢ (No-Load Test on Three-Phase Induction

A

arwn =T oe o

o g s w20 ooy

3 e @ieest A3 X (Open Circuit Voltage Ratio Test — Slip Ring Induction
Motor)
dids / SIS e o (Locked / Blocked Rotor Test)

&T9 ASRHE (Measurement of Slip)

Z'I'Q‘TI %‘g‘q (Type Tests):

IRfET IR / D.C. W~ ASRAS
SR IRRE- ASRAC (Measurement of Insulation Resistance)
81 @leed ¢ (High Voltage Test)

I“QS?J&S glecol X1-37 ¢ (Reduced Voltage Running-Up Test)
3o gidhe Fleeo IR3T X (Slip Ring Motor) (Open Circuit Voltage Ratio Test —

Slip Ring Induction Motor)

qAlgs e X (Locked Rotor Test)

%79 AoRHe (Measurement of Slip)
CTORTR NEE! RS (Temperature Rise Test)

HiHeT 3iERdrs ¢ (Momentary Overload Test)

. R m (Special Tests):

3o Afdhe éE(Open Circuit Test)

T1é gfdhe ¢ (Short Circuit Test)

Bd-dls ¢ (Full Load Test)

qﬁ ded fSefimRE (Determination of Noise Level)

aéfﬂ 3H Bﬁfﬁaﬂ (Presence of Harmonics)

%R)f-ﬂv_\rf i ETQﬁ?FH feefimeE (Determination of Zero Phase Sequence

Impedance)

TSR < (Vibration Test)
JHRAAh® X (Oscillographic Test)

Motor):
3fguifdeag (Objective):
A-AIE T WHIH H= WIeld URITHER 30T

a)
b)

AI-AIS BT 30T glaR Thae? (No-Load Current & Power Factor)
PR AN IRRET Re 30T A¥erEfgim RUdeT Xm (Core-Loss Resistance Rc &
Magnetizing Reactance Xm) — Sf@agdc Gfdbe=dl Tie §iid o URIHeR

) cled eI Ay (Total Rotational Losses): fraRH ey (Friction Losses), ICESS]

ey ( Windage Losses)

st (Theory) :
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1. AI-dIe HIRFTL Hieal UbAdbd 3MSHeyce f3RT 3¥dl. (Mechanical Output =
Zero at No-Load) AleR TWRIHYT HH B T HId HRUN Al B Jiaiid NPT
AT
a) WX AT (BR) AT T HIVATITST (Core/lron Losses)

b) ex 9 ST fThaw SMftT fdS ArITwTaT (Friction & Windage Losses)
C) E&R—Tﬁﬂ@m UreT R H\Iszg;%i HIUGT] (Magnetizing Flux Production)

2. -reaR AU Gud St 34 (Slip = 0), WS AR DR A AffSTae rdrd
(Rotor Copper Losses = 0).

3. UM YC UlaRH YR Wleildd Al SRydld:

a) WeR BIR AR (Stator Copper Losses)
b) GlTEIT-fmT are (Iron/Core Losses)
¢ HoHGHd Ared (Mechanical Losses)
4, I-dS ¢egR shagdc Ifihe=a AN (e) i o Wiffed Buo:
a) Rc (Core-Loss Resistance)
b) Xm (Magnetizing Reactance)

2 3V BRadT AdTd.

gfdhe STUT (Circuit Diagram):

W,
R ——a o= r—
3 phase N 3¢ Auto ©Co
A. C. N Trans- © o
—o| o3
Supply Y former CV) o @,
Starter XX
Stator
N U Rotor
B —o o f—3— Y I Y e N 111, No
| AN Mechanical

. . Load
w

2
Fig 3.1: I-ds 3 (No Load Test)

URfeR (Procedure)

1. ft-Thol TSHRM Hiex=T AW I (Nameplate Ratings) TURT ARG & Hied
fcige B, (Ia1.: lecHiey, 3R, deHIeR It ¥o)

2. fdhe STAUTHYHIY (As per Circuit Diagram) Jd H-a=T H.

3. 9f-BS SfTICFIWIHR (Three-Phase Autotransformer) o 3RSCYC 'Zero® TIIIRMAR
< / A D,

4. 3-Tpol WY 3119 BT 311071 TPST Raa (Triple Pole Single Throw Switch) S R

5. g1 oeHY TR dEfST Il 31Tc\|<;|r~{-|lbm<H|L?>d (Through Autotransformer)
PHdC balail 3.

6. SAfCICTUhIHRT 33CYC e dledd HICIA ¥¢8 ®Ieedl (Rated Voltage) .
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7. Hiex Wi Ry Tevas (Near Synchronous Speed) EINSE
8. Waild 3Yc S =r;

a) dieeHex ST Vo (Input Voltage Vo)
b) e AT 10 (Input Current lo)

C) Jdedtex AfET wo (Input Power Wo)
d) s (Speed Measurement)

B. M-Hol TSR el Sids-3er o (Blocked-Rotor Test on Three-Phase
Induction Motor):

aﬁ’aﬁﬁa (Objective):

SAFS AT T Tl WAl URITHC 39U

a) s@csel’c gfdhe 1Z\I'TIﬁIEﬁ(Equivalent Circuit Parameters):

b)

TR IRRE R1 (Stator Resistance R1)

) e e Nws < TR R (Rotor Resistance Referred to Stator R2")

d)

TR il ﬁ'ﬁﬂi’?\q X1 (Stator Leakage Reactance X1)

e) e Tlhol i\Q\QQCrH ws < TR X2 (Rotor Leakage Reactance Referred to Stator

X2")

f) alcd grite-g 31fUT gieR thaex (Total Impedance & Power Factor)
g) Y¢S Fleeoldy Q1é-gidhe dHc (Short-Circuit Current at Rated Voltage) 3,
st (Theory) :

1.

TIGS-RUe TX (short-circuit test) AL AT Hb b Al D& [ fad Sfd
181, NS ®leed (10-20% of Rated Voltage) fdeim, araféT g ¥¢e Hie Ul
gidl.

WSRed HSYFR (Rotor at Standstil) AT s = 1 3. AR e-Aldbes
gIrHLbTJ-Iru-IN{gInI qrTd (Behaves like a short-circuited transformer). g14Yc BN E[UTCIﬁT
eI A B DR

a) WX IR A4 (Stator Copper Losses)

b) IR HIR Arag Nrs 'g.:@?? (Rotor Copper Losses Referred to Stator)

DR AT 0T BbAbd ared Afdfoiad $dld, PRUT Elecs HHT 3RIA HT0T
IS = 0.

g1 SEHYT Tled IReq 01 Rae (Per Phase) fHesdrd, o1 gfdagdic Afdbeam
RS ST (Series Branch) @ URIfHed gxiadrd.
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gfde STUM (Circuit Diagram):

W,
. L )
e e — :"l r———A)y
3 phase d 3¢ Auto %00
Supply former 0 o
Starter st %00
ator
. Rotor
\ ".' I.",
; ] STy, (Blocked)
B \a=—m ] : Not to rotate

Fig 3.2: HFS -3 T (Blocked Rotor Test)
URfeR (Procedure):

1. M-S SSaRM Alexd AH&IC S UTgd arg I Hied Ricide &1, (34l
Jreedicr, ifier, dedier 3))

2. Gidhe STHUTHYHATY Td BRI .

3. -t ﬁm 3M3cYc ‘Zero’ W@—C’/%W

4. VIAT HHHHA! Sl B 3R IHR Al B DI e e YHUIR T8l (Rotor
Speed = 0).

5. 3-Thol ¥W™ ON &I offor TPST & (Triple Pole Single Throw) &G oI
TG 3T3CYC 8we® dled], Sudd Bd-als ®ee (Full-Load Current)
KR TAfSTHYA Tl Bid ATg L.

6. Waild 31Yc S &

a) diecHe’ AFET Vsc (Input Voltage Vsc)
b) 3fHtex AT Isc (Input Current Isc)
Q) Jerte ST wise (Input Power Wsc)

c. M- TSR Hiex 9t sTREe AIfsT & (Direct Loading Test on Three-Phase

Induction Motor):

3fTgsifaeeg (Objective):

SIANAC AT X B WIaid ST 3

a) ATl Tl HfeTTaR 3cYe UlaR, $9YC UlaR, b=t &for AU (output

Power, Input Power, Efficiency & Slip) .

b) <ld, Hc, ST 3t Rau giardiad RARE  (Relationship between Torque,
Current, Efficiency & Slip).

C) m—ﬁv_\sfs‘?ﬁlmq e IRBTHY PIac e (Performance Characteristics).
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faardt (Theory) :

ST Al cxeAd TSa-M Hiexdl HdbHdbal are ARHRM (Load Machine) HUd &al
\_rﬂ?f, el DC Generator fdbar ?;{Hﬁ SO Al (Loading Motor) dTURdId. ISR
He Alexdl I-ais IR Fa-areudd fafdy @i uiscqar ardad . $99¢ IR,
Sfh=rt 3f1fr AU (Efficiency & Slip) ddaddc Pl Sd. Pd-dledk Al Wie
T HUI B, HRUI b Uiegd HRUIMNST AU (Slip) dTG0 SMaAD 3.
(Synchronous Speed U&fT Actual Speed G| Eﬁ?ﬁ.)

WW(Circuit Diagram):

W

Mechanical
Load

4L Rotor
Stator

Wiw

2

Fig. 3.3: ST AIfST ¢ (Direct Loading Test)

I (Procedure):

. \ifhe STAUTHYHTT! 94 H1aRT .

. TR 3FdISS ST W SR SO Variac / Autotransformer o S3{T3cYC Zero aX
| .

3. d-ThST AC TWIT ON BT 3TOT Aierel Negze &lecst (Reduced Applied Voltage)

TR XTI T, HTASE Blecol g dlead Rated Voltage TIT AT,

4. Tl fEYa=M 3 e TurT.oR fovaRM Ry siid, a) ol Rieh= (Phase
Sequence) dacfd iy e fiesar,

. Al-dre IS T4 died=h SfE™ =1 $9Y¢ ®lees], A BRc, $TYC UiaR
(Wattmeter), s (Tachometer Reading)

. §8-&d (Handwheel) fa TS 838 ared,

ST ST TS gid! TN AS HievdR AN gid.

TG HA-AlS HIC ST (Up to Full Load Current) T 4T,

0. TS BBER DHH! B, 3T AaT Al TR 3cies HieIH T UM, HIe K
HIUATIST &I OFF .

NN =

ul

= © O N O
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11.%@??{@3@@@@% (Effective Diameter of Brake Drum) e XI.

12. RBIHY Ufed (Performance Parameters) PHIGUIIR! TITDH WQFH h,
S 39 TIeR, 3T3eYe UleR, 3ther4T, f&, <id

ATHT (Graphs):

QAT HRICRCH Hogs WIe DR

a) g vs A8 (Speed vs Load)

b) s HC vs AIS (Line Current vs Load)

¢) 3=l vs @S (Efficiency vs Load)

d) &9 vs @S (Slip vs Load)

D. Eﬁ@ﬁ IfHT-3Mq e (Voltage Running-Up Test on Three-Phase Induction Motor)

3fTgsifaesg (Objective):

a) ®lecsl IAATT-30 X e 3 (BR) AN AT AbHDbd (hare + fdsw)
AN AT dedgele HRdT Udd.

b) T-dIe AR sfefRsgsrd ST 3IaUl. P, vs V2 AT Wiic BRI,

faardt (Theory) :

1. ®leeol IAHT-3(0 ¢ (Voltage Running Up Test), SITdl YIRTE A6 -8 Ay
X g BUAM, B M-Thel SSRM Alckald AlfSHIgs Al-dl8 ¢ (Modified
No-Load Test) 3fTg. -cll€ HISAHA Hiex dT YAMI, Hiexal HBURT T
$TGC TUTaR AT TCTTHIYT 3RId:

PO :Pcore +Pmechanical +Pstatorcu

Peore: PR A (Core Losses)

Prmechanical - TP T QI (Mechanical Losses)
Pstatorcu: LN IR A (Stator Copper Losses)
2. BR AT (Pcore) 7 e (Hysteresis) 3for TSl He SRR (Eddy Current
Losses) 5 BIATd. § AR TS S @lecoredl Wh 3R (V2) TR ST
Peore V2
HAHA AT (Prechanical) © PRI (Friction) 30T fdSS (Windage) o5 faT0r

N

gIdid. § Ay slecoiar 3facig =9dTd (Independent of Voltage).
4. WX PHIR AN (Pstatorcu) e e ArefSTHETT B (Current) 0T IR
(Resistance) AR 3fddie 3TdId.
5. A-dAledR § AN Gud HHT (Small) SRIATd 30T AT Defagele Hrdl Add.
6. AT Flecol-dGRAAR AI-Ale ¢ Hed, ITYC UlaR Po (No-Load Input Power)
vs V2 (Voltage Squared) T AT WiIC Pl ST,
a) @U(Slope) — PR Ay g=fad!
b) Y-3¢IAY (Intercept) — Hbhd AY grIGd!
3T UHR -8 AT JuLH (Separation of No-Load Losses) hxdl Ial.

w
himl)
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gfde STUM (Circuit Diagram):

W,
W P
R —| o —Q
3 phase J 3¢ Auto 500
A.C. N Trans- (o] &)
Supply v = former CV) o @,
Starter o0
Stator
. o ) Rotor
N
— ; ' 8 No
8 Am—m H Mechanical

Load

Fig 3.4: @@Tﬂ IfT-3Mq o (Voltage Running up Test)
mAoR (Procedure):
1. fche STAUTHVHTY 9 H1aRMT H1. Hiex Juivul 3[ares (Mechanically Unloaded)
&,
2. Hﬁ;‘lﬂ?ﬁﬁ? El 313CYC Zero Voltage dv %“?f[ WY ON DRI
eI IR 3T3TYC B8 TWHL dTed], (3al.: 50 V, 100V, 150 V... d 415 V
(Rated Voltage) CRJGH.)
3. U WU @iad QST (Readings) ©:
a) TS gleedl Vi (Line Voltage Vi)
b) QI HC I, (Line Current 1)
¢) TIed $YC UiaR P, (Total Input Power Po)
4. S Fleeoydd HoRAT YUl HTedTaR Glees 8RR Zero THd HH! T TN T
OFF &XI.
5. WeX IR W Bl Rs (Stator Resistance per Phase Rs) DC Ohmmeter fdar
Wheatstone Bridge / Resistance Bridge dlU=+ e,

3.3 3feex-ex AT Rispa Hiex RET: 3ft ot sreevaer snfor Risei=ra dAex=n
SaH, E‘I‘é‘q 30T TR 3¢ 3T UR IS 7132-1973 (Alternator and synchronous motor

testing: Routine, type and special test of three phase alternator and synchronous motor
as per IS 7132-1973):

3.3.1 ¥, T8 ATIOT TR ¥ 3T M el feev-er 3fFT UR IS 7132-1973

(Routine, type and special test of three phase alternator as per IS 7132-1973):

INETE | m (Routine Tests)
1. e AT e W@Tﬁw AoRHe (Measurement of Stator and Rotor Winding

Resistance)

2. sﬂﬁﬂ?ﬁw T (Megger Test) (Insulation Resistance Test — Megger Test)
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B ®lecdl / SSdiae® ¢ (High Voltage (HV) / Dielectric Test)

4, M-As & / AMuA-gfbe IaeRfes (OCC) (No-Load Test / Open-Circuit

© © N o O

w NN 2 W

oo s wnNnEr D g0 s

Characteristic — OCC)
Té-gfdhe ¢ (SCC) (Short-Circuit Test — SCC)
AlS ¢ / SR NEE! LT (Load Test / Temperature Rise Test)

Bl Ry o (Phase Sequence Test)
fS¥aRM 3 JeTH X (Direction of Rotation Test)
3CS @leew, fhepl 30T Hic R@RMBBIE (Verification of Rated Voltage,

Frequency and Current)

E'I'é'q m (Type Tests):

3¢S ArSaR CHIRTR NEE! T (Temperature Rise Test at Rated Load)
3R -TIS T, (Over-Speed Test)

a%'tﬁﬁ 2= (Voltage Waveform Distortion / Harmonics) (Waveform Test — Voltage
Distortion / Harmonics)

SR T (Efficiency Test)
F@@GW L5 (Voltage Regulation Test)
TNoh - GIISRM S (Mechanical Vibration Test)

-1T§\>1 e HolRHC (Noise Level Measurement)

TS S (Special Tests):

& ic-Gidhe e (Sudden Short-Circuit Test)

s&ga-‘zlﬂ faR-hdeR oxe (Tan o Test) (Insulation Power-Factor Test — Tan & Test)
SR TR T (Bearing Temperature Test)

gfeT anfor wfaferdt e (Hunting and Stability Test)

s 06|u§|-2|-1 gl o (Seismic Vibration Endurance Test)

S 3ifh UicaRM / 1P éE(Degree of Protection Test — IP / Environmental Test)

332'\»—a=r TTSY SATIOT TR %€ 3T N eT RishI=H Alew 3% WR 1S 7132-1973

(Routine, type and special test of Three Phase Synchronous Motor as per IS 7132-
1973):
A. $EIF T (Routine Tests):

1.

o U A WP

e AT fibes argfe ¥Re=a ASRAC (Measurement of Stator and Field Winding

Resistance)

mﬁmﬁw T (Insulation Resistance Test)

8-dleel (HV) ¥ (High Voltage (HV) Test)

qi-drg ¢ / 3{o-gfdhe dHideRfed (No-Load Test / Open-Circuit Characteristic)
AlF8-RIex X (Locked-Rotor Test)

AlS X / CTOYTR NEE! RRTS (Load Test / Temperature Rise Test)

Maharashtra State Board of Technical Education 59



Maintenance of Electrical Equipments (316328)

T 3t Saifaemd sfeuHcd (316328)

7. ol Rieh=g 3fOT F$YaRM 3% AUCTH X (Phase Sequence and Direction of Rotation

Test)

8. Y¢S @lecw, dec T Thera @RBhHH (Verification of Rated Voltage, Current

and Frequency)

B. E‘I‘Q’Tr éE‘x‘T (Type Tests):

o~ w bR

SRR IS ¢ (Temperature Rise Test)

Gﬁaﬂ—@@ T (Over-Speed Test)

6. :Hﬁﬁ d@ed o (Noise Level Test)

7. HPbMHA 1T ¢ (Mechanical Running Test)
C. [T éw\:r (Special Tests)

1. Raucx (xd 37for Xq %ET&@TZFD (Slip Test — to Determine Xd and Xq)

& e-Ffdhe X (Sudden Short-Circuit Test)

SIEURP AN

=} 31for graR e o (Efficiency and Power Factor Test)
V-curve 30T Inverted V-curve ¢ (V-Curve and Inverted V-Curve Test)

. BAITH <K (Vibration Test)

TR ThaeR HRaeNRedh o (Power-Factor Characteristic Test)

37\‘?1@?1:[ JiaR-hdex (Tan d) T (Insulation Power-Factor (Tan &) Test)
WA AL R HIUT (Temperature Mapping of Special Locations)
IP UIeaRM / Tga-Hed c%c»{-l (IP Protection / Environmental Tests)

3.4 ga?r Y[feT a1 Bk Riv@ ot T 3 Pt SR HIEX (IS 900-1992) (Trouble

shooting chart for Single Phase and Three Phase Induction Motor (IS 900-1992)):
A.RTe B SsaRIA HievaT gad fEI AT (Trouble shooting chart for Single Phase

Induction Motor):

Table 3.1: Tad YT ATE BIR RITA Bl SSRM Hlex

(Trouble shooting chart for Single Phase Induction Motor)

Sr. oA/ BT BICEREST YIS/ Ifaeeg AR
NO. | (Trouble/ Fault) ( Probable Cause) (Remedy / Corrective Action)
(a) T T@T (No Supply) fhaT &= | (a) TR 31101 RIS e v
RIS (Blown Fuse) (b) P TTsC B 30T Fgg
b) ice! R (Faulty Switch) fhar | Rweig &1
Tiex WIé gl Tl SR (Loose Connections) (c) ATSfST Biegsct dd BT,
. et (c) TRFETHL 3o Ffhe (Open Rags &
(Motor Does Not | Circuit in Winding) (d) HSTwgTet e / HURIeR
Start) (d) Wlect @Ej'qq"l?l BSEl (Faulty RSNER
Centrifugal Switch) fdsaT TeTfém (e) Ab D d JHeear Na%
HURTER (Starting Capacitor) D]
(e) e o F (Rotor Jammed)
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Sr. To/Biee Uldad P IS / Bl e
NO. | (Trouble/ Fault) ( Probable Cause) (Remedy / Corrective Action)
(a) < T @leedl (Low Supply (a) BIeeSl TP B, HIGT DB
_ Voltage) (b) AT RUSR / Rargs &1
Hle? 5T P (b) TIET AEFETHS 3N (Openin | (¢) FRIeR R H21
2 T ¥ N AT Starting Winding) (d) IS HH B
(Motor Hums but (c) feWhfaeag HURIEY (Defective
Does Not Start) )
Capacitor)
(d) Gﬁm‘s’ (Overload)
(a) < T @leedl (Low Supply (a) TS BHYIT B
Voltage) (b) IS HH B
2 ?:/IE;O?:::@% (b) 3MBIATS (Overload) (c) AR Rags &1
Slow) (c) ATSFETT =ATES &= (Shorted Tums) | () Fafed TYfidpe T fban
(d) SR fihaer fobal ISR+ | arame o
(Bearing Friction / Misalignment)
(a) 3NERAlS (Overload) (a) S HHI BT
Hiex GﬁET%E (b) 3R %ﬁéﬁﬂ (Poor Ventilation) (b) %ﬁém B PR
. B (c) @ leeo (Low Voltage) (c) BleeSl ATHS B
(Motor (d) TS AEFST (Shorted Winding) (d) arsfET RUsR / Rargs &3
Overheats) (e) A d 3ERAlS (Mechanical | (e) AdbHHd AIS HH! B
Overload)
B. 3ft ol EE RG] Hiew=n cdd '{lﬁ'ﬂ e (Trouble shooting chart for Three Phase
Induction Motor):
Table 3.2: Tqd fET ATE B 2 ol SSIR e
(Trouble shooting chart for Three Phase Induction Motor)
sr. oA/ Blee BICEREAE] IS/ Pefdee AR—H
NO. | (Trouble/ Fault) ( Probable Cause) (Remedy / Corrective Action)
(@) Tl SLE (No Supply) febell i (a) TR 3101 IO A v
T (Blown Fuse) (b) Peid Gihe 0T HR
(b) H’@ﬁﬂ%ﬁf{ 3Ny gfdhe (Open -
R €I gid Circuit in Control Circuit) .
) o _ () TafT B RER &
1 | ATgt(Motor Does (c) RiTTa BTG (Single Phasing) PSR : N
Not Start) (d)ézvalg'%ﬂm?ﬁshmﬂ% (d) dIZISTT ¥ h, TRl A

(Open Stator Winding)
(e) AR oiF fohar erge 931y (Rotor
Jammed / Tight Bearings)

R Rags &
(€) Thdhd AR Dlal

fohar deim |gfeidhe w1
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~

Sr. oS d/wiee LICEREIE] IS/ Pefdee e
NO. | (Trouble/ Fault) ( Probable Cause) (Remedy / Corrective Action)
EZ)) %ﬂ;ﬂ;&(iiﬁl_(;z\;v Voltage) (a) RIS BHYGT B
MY A W@mﬁéaﬁ Shorted (b) TS Holl
2 | gid(Motor Runs E;:ms) (Shorte (c) ATEfET Rargs &1
but at Low Speed) () 6% B (Rotor Faults (d) wgwwmarg
) M3 Sigey qurar
(@) T ToRT (Single Phasing)
(b) Tlce! Bicaex (Faulty Contactor) (@) AR Bl Bae B
iR 'E!ﬁl'lT Hd fdban ol GIECME (Loose Connection) (b) Plcdex ST E’iﬁ??ﬂ%@?ﬁ'
; U1 WTE gd @t | (o) FRau-far diexyed e widbe G|
(Motor Hums but 3N (Rotor Circuit Open — Slip Ring (c) e IRReg gfdhe Usr
Does Not Start) Motor) P
(d) SFSA<S T Gleeol (d) T RBlecs] g B
(Unbalanced Supply)
HieR Rt W (a) T o Rygsg (Wrong Phase (a) W?ﬂgﬂaﬁ P10 I
4 | (Motor Runs in . ,
- Sequence) oo B
Reverse Direction)
(a) IS (Overload) ) S T B
(b) 9l glec (Low Voltage) NN
Hiex Gﬁiﬂ'%a' (©) IS I (Unbalanced (b) Oslvc\ﬂuqﬂqc o
5 |2 Supply) (c) &I I BN
: . (d) TSR UOIT FA BT
(Motor Overheats) | (d) YR RICARM (Poor Ventilation) QG{WF\H@%W
(e) ST iR (Bearing Friction) (€) N i~ A .
0 Q'Iﬁ_erﬁ (Shorted Turns) (f) IR AISISTT RAIZS h
(a) ST ATSIST dledd (Loose Mounting
Bolts)
(b) Wa&m (Defective (o) Ao T T
Her s R | oengs) N (b) SR e 1
6 | (Motor Runs (© Qlfii AT DUl (Rotor © 3 &mq&r\fﬁum
. Rubbing Stator) e ~
Noisily) (d) T SATI0T ATSfSTo] I~Uae

(d) Saifdehd 3 (Electrical

Unbalance) fobar gl Alesl

(Harmonic Noise)

e

Mabharashtra State Board of Technical Education

62




Maintenance of Electrical Equipments (316328)

Hea=g 3 3

dfdcdmd SfduHcd (316328)

Sr. oS d/wiee LICEREIE] IS/ Pefdee e
NO. | (Trouble/ Fault) ( Probable Cause) (Remedy / Corrective Action)
SIRd SIS (a) Frg3@TI+e (Misalignment) (a) ATCY 3HTOT TS - 3T B
G (b) 3FSAE Aex (Unbalanced Rotor) | (b) Jex ST BT
7 ,
(Motor Vibrates | (c) §¢ ITWE (Bent Shaft) ¢) T NUeR / R w1
Excessively) (d) 37281 U3R T[T (Uneven Air Gap) | (d) W HATHT SORE PRI
Wﬁﬁqa?ﬁ/ (@) Wﬁﬂﬁvjc' (Short Circuit) @) S
. C. e_q Eﬂ?ﬁ (b) UT3S Wl (Ground Fault) b) e I B
(c) 3TERAIS (Overload) % Bl
(F_use§ Blow or (d) dAlas e (Locked Rotor) (© Fh—f; FH P
Circuit Breaker (d) AP D [ReH TurET
Trips)
wm (a) Tl @leeo (Low Voltage) (a) ISl BHIGT B
o | TiEEd T (b) SIS (Overload) (b) TS HHI BT
(Motor Does Not | (c) qIeR Biecd (Rotor Faults) ¢) AL Sh T TU]
Reach Full Speed) | (d) Tifcs 'C’R‘:f (Shorted Turns) (d) TR A& Rargs &
MR IAAP d¢ | (@) Wﬁﬁﬁ&l? (Power Failure) (a) TETT IPH B
o | TR (b) 3ffeails feu (Overload Trip) (b) PRUT 3NBYH 3fegRelrs el
(Motor Stops (€) ol Hel1y GEENE (Loose Supply e B
Suddenly) Connection) (c) BT eTscd B
AT (Exercise):

1. figfes He Wsye S AU HRugmEl gusl |,
(State the purpose of developing a preventive maintenance schedule.)

2. RiTd-Be SeaRM Aicxudt Rebde sraed By sffdefgdla foke o,
(List recommended maintenance activities for single-phase induction motors.)

3. W-Thol SSIRM AIeTT3! RpHe ol Hea-g 3ffacigeiol foke B

(List recommended maintenance activities for three -phase induction motors.)

4. RTd-Bol SSaRM Hiex ¢RETHTST AR 3RYlel 1S Pled A1d fefel.

(Name the IS code for testing of single-phase induction motors.)

5. 1S WSS TR SR A3 3ft T S HieTRIS TRTH 1.

(Explain the three main categories of tests for induction motors as per IS standards.)

6. 1S 900-1992 TIR RATA-eT 30T LR-Trel TSR HICIT! TqA-TST ATE daR

P

(Prepare Trouble shooting chart for single phase and three phase induction motor as
per IS 900 — 1992.)
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Suggested Learning Materials / Books:

Sr.

NO Author Title Publisher with ISBN Number

McGraw Hill Education. New

1 |Bhattacharya S. K. [Electrical Machines Delhi. ISBN : 9789332902855

2 [Theraja B.L. Electrical Technology Vol-Il |S.Chand and Co.Ltd., New Delhi

(AC and DC machines) ISBN : 9788121924375
3 Bandyopadhyay M. [Electrical Machines Theory  |PHI Learning Pvt. Ltd., New Delhi,
N. and Practice ISBN :9788120329973 VI
4 Jean-Claude Electrical Machine Diagnosis John Wiley & Sons, IncISBN:978-

Trigeassous 1-84821-263-3.

Learning websites & portals:

Sr.

Link / Portal Description
No P

https://www.youtube.com/watch?v=w4jHpHoYZhk |How to Use a Fire Extinguisher

https://www.youtube.com/watch?v=wrawEAalJrrY |Artificial respiration methods

Fundamentals of Transformer
3 |nttps://www.youtube.com/watch?v=CvuDFgFFOa8 |[Commissioning and Maintenance
Testing

Motor Maintenance &

. V=
4 |https://www.youtube.com/watch?v=ntOc4h792UE Troubleshooting

Electric Motor Repair & Rebuild

https: : : h?v=uMxKédjp_rl i
5 |https://www.youtube.com/watch?v=uMxK6djp_r Instructions

power transformer oil filtration

6 |https://youtu.be/JvsPnGbUH5M and treatment

7 |https://nptel.ac.in/ Relevant information from

NPTEL
8 |https://www.electricaltechnology.org/ Relevant information
9 |https://www.electrical4u.com/ Relevant information
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gfHe -4
&R 3fs Taa e 3ITP =AW IH

(Testing and Trouble Shooting of Transformers)

fawg fAreo=ht (Course Level Learning Outcomes):
CO4 - T RiTa Tt A1Or 3ot trot ST ray

(Maintain single phase and three phase transformers.)

geo Aot (Theory Learning Outcomes):
1. fede SramitRaT HeA-aamd! IS ®is 3t UTdcTIaR hidl HRugre UiioRd
X SThIsd B
(Describe the procedural steps to be followed as per IS code of practice for maintenance
of the given transformer.)
2. fedieT UHR=AT St IHRATe ! WIS eXedl S IiH &l S IHRd e
TS ICHTI T .
(Explain the specified test with its purpose and identify the terminals of a given type of
transformer.)
3. e oaBiiRal S@lees RN fafdy JUSY aued &9 Bies dxdld. Jr!
URISR fewpRd o,
(Describe the procedural steps to be followed for finding voltage ratio of given
transformer by various methods.)

4. fedan TOmIART UIeiRel oXe, HioHT-3M3he X 3l §h-¢-dd ¢ fSwpled
Hh.
(Describe the Polarity test, Phasing out test, Back to Back test of given transformer.)

5. RITA-Te SATIOT R-Th el STt IERETo T Tod-RfeT aTc TSR HRT H,

(Prepare the trouble shooting chart for single phase and three phase transformers.)
6. TadIedT UHRAT T IHRAT! BT S XM Ry I Ihavig gad.

(Suggest the foundation requirement with sketch for the given type of transformer.)
ufaa (Introduction):
EA'IT\‘:I'Cb"\IJﬁT ? TR (essential) Tl (static) sﬁﬁ:ﬁw eS| ST $@1I(o\r§dvc1
UH Wfthe UNH gl Uide A Faacmdicd I8N (induction) GR TR
FRUANTS] IURE SITdTd, SaHe 93t (usually) Rleedl ST e dee AL o
g Ramaad Snfir SR, By o WRWBIH-N, Ju, 30T HIfere! (quality)
%ﬁcﬁrcr (verify) HITYTS HIHLS (commissioned) m@aﬁﬁﬁ&ﬁ%ﬁq@q
R Y BV JHAGD AAF <}y Tghaaiyl fShacd (defects), STIARME
(installation) U?"TW (faults), ?F\‘ﬂﬁ‘ﬂ:[ (insulation) foefvaime (deterioration), 3T
3{TURT (operation) TT Shac HRUMAT IR I (issues) HISHUINTS! Had Hld.
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e Wﬁlﬂaﬁ, cddl Qlfc"T (Trouble-Shooting) m Heag (Maintenance)
A 3dd AErl YAHT Toad. ¢od YT WU CrABIERAs Juml SfeHiHd
ﬁ%ﬁﬁﬁ (Abnormal Behavior) fdoar ﬂﬁﬁéﬁ (Failures) S &t Gﬁ%ﬁﬂﬁﬂ (Overheating),
'Eﬂﬁr[ Hﬁ (Humming Noise), Gﬁ%?f NIES] (Oil Leakage) far & 3{13cYc os\lc%\rl (Low
Output Voltage) gl HRO Qﬁ‘iff g W%a SR (Corrective Actions) Yoy,
Rcdies &ﬁ@%ﬂ? (Observation), ASRHAC (Measurement) 3T SR (Analysis)
Al ﬂﬂ?ﬂef <fRrA (Technicians) WTRF (Faults) WW S B MU ?ﬂiﬁ'ﬂﬂ
(Open Windings), ﬂﬁﬁﬁﬁﬂ (Short Circuits), sﬁ{j,a-‘el'-l SH T3 (Insulation Breakdown),
IS ?ﬁ?ﬂ:[ (Unbalanced Loads) fhar Ao %W@QFH (Mechanical Vibrations)
ST SR RUSR dadhR gl S0 Td as dled.
4.1 YPUST AT ASYe: SFIBIHA (IS 10028, part 111 - 1981) (Recommended

maintenance schedules: transformers (IS 10028, part 111 —1981)
CIIhIAY gafdcdhd diaR R 7l HRA (crucial) I (role) & (play) TRd
A SfhRre Eleedl TRIBHRA 3t Reamed Uik fEeq=E Tiad (enable)
HAI. I WHIHT Hed HRUGRIS! 3101 Bhegd U&e (prevent) HRUARITS! TRIER
5’7@33217[ ST Ay Q@W (essential) 3rga. 3’%&7[ (Indian) XSS (Standard)
3MATY. (IS) 10028 (Part 111) — 1981 TFIBIHYT YR e W31 SIecE (detailed)
MESAR (guidelines) TBTZS HXd, ML Sal (daily), HUTH (monthly), 30T FTReH
(yearly) ﬁ%ﬂ?ﬂ (schedules) ®agX (cover) Cay e—n%aamﬂ?r Gﬁ%ﬁ (oil) %@T{, TR
(temperature) AffefaT (monitoring), 3ifefar (earthing), 3T Uea—M (protection) fafesn
(system) 95 (checks) IqRW @racd (vital) &I@W (aspects) ?I'HT%E’ AT AT ¥hHS S
Ufdedd 0T TRISR HRdld, SR T Hdld, shars—y HHaEs #Hdd
W;‘Rﬁﬂﬁﬁﬁ%ﬁ SHTRTAT AW UlaR Aeda Jed WanT (prolong) hRdId.
1. a9 9 - St/ diPpdl / HYST (Routine Checks (Daily / Weekly / Monthly) :
? I e fesgsia SUaRM (Visual Inspection) SO BhaRMd 4T (Functional
Checks) 3RIdTd, SORITA! 33l (Outage) BT TR .
a) Gﬁ"sfﬁ ﬁﬁ?r G (Oil Level Check): W%ET <h (Conservator Tank) A &ﬁ"g,f?[
degd GRSl fdhaTl TEaedrdH(Daily/Weekly) Tdhal dURIUL,
b) #eX USRI (Breather Inspection): RIfereT SIA SR (Silica Gel Breather) dT I
oo JURI0 — ST AR ST el 31T 1§ HAd.
c) 3figel o9 (Oil Leaks): €& (Tank), YR (Bushings) fhal UIST HaRra ALY
3iTsd el (Oil Leakage) BId T3 b1 3 fgsg3icll qUrUl (Daily).
d) argf&T dwER $f¥FeX (Winding Temperature Indicator (WTI)) 3MfOT 3ifge
FuyaR Ef¥®eR (Oil Temperature Indicator (OTI)): T 3fSdHed (Indicators) aXd
AT (Readings) AiGdA JTURICT SIS TIfAER HRUI (Daily).
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e) WT/E’&&IH HfeTH (Bushing/Terminal Condition): 3T (Arcing), i
(Cracking) fdar IdX W S (Damage) ?gﬂ@?f &ﬂ%’ DI %’ quTgoy (Monthly).

2. fufvaifes® AT - PTETE / GTWH-STRE / SRS (Periodic Checks (Quarterly/Half-

Yearly/Yearly) :

§ IR (Checks) 3% fSed UM 3T 30T HIe! dBT 33 (Outage) TUT

TS 3.

a) Q?[%FT fafeew ET\FaWFI (Cooling System Inspection): W (Radiators), e
(Fans) 31ifor &ﬁgﬁ U (Oil Pumps) il Ul 9 WSl HR00 (Quarterly / Half-
Yearly).

b) m UE | E@WFI (Control Panel Inspection): TR foaiied (Marshalling
Kiosk) Adta efifae (Terminals), GIRIEYl (Wiring) 3for Rast (Relays) GG ESE]
0! (Half-Yearly / Yearly).

C) SffT FATRTT (Earthing Connections): T4 31 waRy (Earth Connections) d
Ycof ifefar (Neutral Earthing) E'Ig_c' x’rﬂ%?[ T 30T FTAR BRIl (Corrosion) :ﬂébf Al %
quTgoy (Yearly).

d) mgﬁ% '\%2{ e / AISIQr ¥ (Dielectric Strength Test (BDV Test)):
;IrHLb\IJJ-IrQ 31T$rcl (Transformer Oil) J SH I3 Cﬁ-\lc'e\l‘l (Breakdown Voltage) quror
(Half-Yearly / Yearly).

e) SIRIFSEl ¥ (Acidity Test): 3fisd (Oil) = SRS (Acidity) TURIY, SIS
ST R TSI (Yearly).

f) %Eﬁﬁ?; T SfATferfRre (Dissolved Gas Analysis (DGA)): Bl Uh 3fdd Heard!
Tlee SAUIRY & (Fault Diagnosis Test) &Hﬁ'ﬁf X gHMG: E‘Qﬂtﬁ (Yearly) fdar
ST IHRET TS (Load) 30T ISR (Condition) TR drelt il

3. Aol NGB — ATYRYIG: YAP 3 o 5 qUi-1 (Major Overhaul (Typically Every 3

to 5 Years) :

T Ufchdae URCRIE (Extensive) X (Tests), MATHATIR AT SUARM

(Internal Inspection) 3for RepfswfHm (Reconditioning) Folt A, ST WAl 33

YUl STaRGh 3.

a) mmméﬁ (Winding Insulation Resistance (IR) Test):
IIsf&™ (Windings) o1 $ga=RM MR- (Insulation Resistance) IS SR
Ryl qUTO.

b) UIERTASIRA S8 e3¢ (Polarization Index (PI) Test): 81 ¢X¢ SIAIRM ®Iicict
(Insulation Quality) AUTIUITHTS hal Sild.

c) o= YW ¢ (Turns Ratio Test): TFAHIHRDT slees ¥R (Voltage Ratio) T 318
1 g AURITIRITS dell SITUTRY R
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~

d) arEfET INE=T ASRHE (Winding Resistance Measurement): dTafawgal DC
IR (DC Resistance) Iﬁﬁl'?f, S2IGG] W 3= gfdhe (open circuit)m gcAd
U’TTRR:[ (Internal Faults) 3BT UdTd.

e) YR UTaR Waex / € Seel e¥¢ (Bushings Power Factor / Tan & (Tan Delta)
Test):

Bl ¢ gfRAT YA (Bushing Insulation) =i TR TURITATETST dvet ST,

f) PR ET\EaTx’H (Core Inspection): el & (Large Capacity) E'F\qtﬁlﬁ.ﬂﬁ
PR (Core) 3Tfor m (Coils) I gaAd E’R@HQFI (Internal Inspection) FA WS
R

4.2 ¥, T34, AfRH e, WA ¥y, TABIHRY efid ATaFdaR 3 W IS

2026-1981 (Routine, type, Supplementary, Special tests of transformers, nomenclature
of transformer terminals as per 1S 2026-1981):

A. =dH é‘&;ﬂ (Routine Tests): TiaR gIrHLbTJ-TQ (Power Transformer) =l PaYeIC| éﬂ
(Routine Tests) TEUN U TR dhoiedl FMTAR (Unit) el SITUMRT SUGRY
(Inspections) STTOT ASRHCH (Measurements) B1.3T Cxeadl & 3£ UM C-IHIHREl
TR RBIHY (Operational Performance), E’é@w 2RI (Electrical Integrity)
30T WIfeIet dheld (Quality Control) TURIY], UG- df JoRdbs (User) TTTA0aTga!
T SR RE= 7 Yot Figd dolt Ssa.

Eﬁﬁrﬁlﬁ Lo %m (List of Essential Routine Tests for Transformers):

13T§miﬁlw AoRAe (Measurement of Winding Resistance):

a) UUS (Purpose): drefe™ AL ol H-1aR-, BT YRR~ Sliscd (High Resistance
Joints), CICE] F\;’W (Broken Strands) fhar Tics o (Shorted Turns) 3Med @1 §
qUTHUGTHTST g1 ¢ dhell ST,

b) AYS (Method): IT TTHE DC Flees (DC Voltage) <dd, drfemal e
(Terminals) AENT YRRET (Resistance) AOR Hdl SIdl. § HORHE HIIUHI-3gHATC
(Micro-Ohmmeter) <7 ITETA™ &l SITd.

2. Eﬂ@ﬁi‘&ﬁﬁﬂ?ﬁ? WWW@?/WW% (Measurement of

Voltage Ratio and Check of Phase Displacement (Vector Group) :

a) UUST (Purpose): a7 ¢Xedl I UM CFIBIHRET 9 ¢4 UM (Tap Positions)
IR AR Hae = =N A wvor oo el RARMRMT (Phase Relationship)
%Uﬁﬂ%a%? 94 (Vector Group) g &H%W%ﬁﬂmﬁf

b) AYS (Method): TT xeHS @l T, Bleed (Low AC Voltage) ST AT UIaHR
HI%'%TIFIT (Primary Winding) <ldcdl \_rl'l?ﬁ 3T Th a3l dlslsil (Secondary Winding)
T TSy BIUIRT S&%e @leed (Induced Voltage) HISTAl SITdl. & HISHY
ST IHR T Y= HeX (Transformer Turns Ratio — TTR Meter) =0T @AM odl
EIGH
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3. Fl-ells &1 311 Hied ASRAC 3Ny Ffhe ¢ (Measurement of No-Load Loss

and Current (Open Circuit Test)):

a) i (Purpose): 1 Rk | B??‘Z[ %UI@T PHIR AT (Core Losses / lIron Losses) Qﬁ%r@f,
S dIg Sl 91 A9l i< (Constant) AT, TUd, DISR (Core) AL HTATD
HAfCH RIS (Magnetic Flux) Tedd HRUGNIS! ANTURT A1-al$ dE (No-Load
Current) TS0 g1 gl B%'-‘I[ 3.

b) AYS (Method): TT <eHY Al Gleeo dTafaT (Low Voltage — LV Winding) TT T
IS 0_@@5[ (Rated Voltage) 3T ¥e¢s fhent (Rated Frequency) q Q:ITYI%G[
(Energize) &l OTd, R B Rlecol drgie (High Voltage Winding) 3 dacit (Kept
Open) STd. 7 ST ALl ERL IR (Input Power) 3T N-TS PIC (No-Load
Current) lﬂTrH M A (Iron Loss) g e Sra.

4. Q’Iﬁﬂ'ﬁ%@ﬂ 3T T ATE ASiRAC (QT‘I%W é’x‘%’) (Measurement of

Short-Circuit Impedance and Load Losses (Short Circuit Test)):

a) W(Purpose)méwmmﬁﬁwamﬂ&nﬁrgnﬂw@w g dlsaR
E'IT\‘TCIO"ITT'\’??[ '{ftb"w (Efficiency under Load), ®leeol Q*gc*I-ZH (Voltage
Regulation) TIOT Qie-gfdhe Wéﬁs’a (Short-Circuit Fault Level) AISTUTaTST 3rid
TS 3.

b) AYS (Method):TT <AL @l ®leesl (Low Voltage) dTsfeT e-gfdbe (winding
Short-Circuited) el SITd, 30T 81T @il (High Voltage) dTSfedl @ HH! Glecst
(Reduced Voltage) ﬁﬁ SiTd uqllj,o-é IS HIC (Rated Current) ?l?ﬂiﬁ? (Circulate) @ﬁ
] BT A Cﬁ-\lc"(\i“‘l (Voltage), HIC (Current) 3Tfor {1Yc g (Input Power)
J-I\I\:jﬁ, HIR A (Copper Loss) Wﬁfsﬂﬂw (Impedance) TR ohdl ST

5. 3‘[&3’@'@'&7 e %R’H - ?Fﬂﬁ'&’ﬁ %ﬁﬂ (Dielectric Routine Tests (Insulation

Strength)):

a) U1 XY BT SORE R 8 ®leed ¥ AR Il gieifict
JONUGRITST el ST, Ufgal oxe WUl e I THl. faucs @leed o
T TS Eleesl oxe 3g! FUdId.

b) T UoRAY, B ®leedl UHT URe~d fdhdl diedl I AYA (External or
Separate Source) U dTsf&T effqa onfdr sar 9d aEfE™ &1 UdS / SHan
(Ground/Tank) SlISdedT Sdd YATHYT T (Apply) & Sild. g ¢ foriva:
T WU AgfET offtt HR / b (Winding and Core/Tank) AT 37\‘1@'-‘8:[
a4d fewic arEfémdid I dURIITST dhdll STd. 1 UishdgR 8 FfEd o
SITd B SR Red 81 Gleedl I Ug HRUART G&H 378,

0 W X BUN (¢ SPRRM Segs T fducs ®leedl ¢ (Short Duration
Induced AC Withstand Voltage Test) foTetT s'sg«s %\IQ%U‘I RRYe (Induced Voltage Test)
35! TUIATd. IT TG dISfSTHE (Windings) ITYRUT: Y¢S ®lecoll guc
(Twice the Rated Voltage) T3 @lecsl (AC Voltage) S8 (Induce) bl S, AT
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Xl IR UM SeR-¢ IR (Inter-Turn Insulation) UM AR fSTT=Al QIRId
T (Adjacent Turns) SX¥TY SYARM 3T GIRTe STd o= (Longitudinal
Insulation) TEUIST ATefSTT=A dffei= faR (Along the Length) 3f&eial SR Tt
WA (Strength) AUNOL. & < GAMRG IRd P THIARD FYARH ReH
(Insulation System) 819 @lecol ¥ U (High Voltage Stress) Sc-id JUc! STOT
HTd&H 8.

6. IR IR HoRUE 3R, &Y / ATR < (Insulation Resistance

Measurement (IR Value/Megger Test)):

a) i (Purpose): 4l RRT d%-‘%l *GUI\?I dlé%*\rll-l‘iﬁ?f (Between Windings) 3T
et T 37ef (Earth / Ground) A=A Eld Sgai=M! R (Condition of Insulation)
qUTO,

b) AYS (Method): TT <eHH I @leedl (DC Voltage) AT 500 I d 5
fai@gIee (500V to 5kV) ATR (Megger) T SUBRUNGIR 3@ (Apply) Hal SITd, 301
Wﬂﬁw (Insulation Resistance) Hioral (Measured) ST,

7. i ¢ fay U=R (Leak Testing with Pressure):

a) e ﬁ’lﬁ}@’%ﬂ% E'F\‘Ttﬁﬁ (Liquid-Immersed Transformers) qrat 3fdd Heward
UI-Tfa T (Pre-Service Check) 3MT8. AT <¥cdl A 3 WU 3Higd feldbol (Oil
Leakage) UTHUI, faRINd:AH <& TR (Main Tank Structure) T&bes diged
(Gasketed Joints) m HraR (Radiator Connections).

) <& QU HidTeg (Sealed) SRI0N SATARIF 3], BRI d FYalTeT facral geic!
(Integrity of Insulating Oil) QW dad ST HePHRA (Contamination) fdar
SrSdiaed Hse A (Loss of Dielectric Fluid) IV UiddY &Rd. & alal
gcdh TgUed PHic (Cooling) U AR WRBIHY (Insulation Performance)
S HR YRIE 30T Srierd SHTORRFTa! 3fdd TaRad 3Ted.

B. €IgU %w (Type Tests): CIgU éﬂ (Type Tests) I E'ITHW ﬁaa%i'q gﬁ?ﬁ?

(Prototype Unit) fdha U] ggAdd Fass gHCdQ (One Unit from a Batch) YT SITdTd.

g1 Tl I WU TIhIARd! S &2 (Basic Design), ACRAR (Materials)

3{TfoT ﬁqﬁl’ﬂaﬁ'ﬂ PIRE| (Manufacturing Process) il Wt SR, a1 E%C\HQI\Q g Rig oo

S0 @ TR PHadl SFIBIER (transformer) @l fSemgd WG (Design

Specifications) 30T IRpIH %gs\{ﬂ (Performance Standards) 110T Hl. ql E%QH

PIBIEfE  (Comprehensive) 30T Hicd! (Costly) 3dd, WIHT AT Uddb

EA'IT\‘:IT#IJW (Every Transformer) HeT STd "Il'é'nlcl, W Paos Jud glr-\k:di (Sample /

Prototype Unit) e ST,

TISU T (Type Tests) HRUAET &I 3£ TUN § g RO B CRAHIER

(Transformer) TRAGRAT WIS (Purchaser’s Specifications) 110f Bl al E%QH

;IrHLbTJ-TQdI heHcd WRWBIHY (Fundamental Performance) 3T U~ (Endurance)

JUTHUATHIST BdedT SITdTd.
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1%’@???1%? o (?-I'Ff?[ W\Iﬁ?{) (Temperature-Rise Type Test (Thermal

Performance)):

a) UUST (Purpose): T ¢¥edl IeX UM § g #R01 B B fisd (Oil)
30T aRfEvorar AfeqHH dIRER TS (Maximum Temperature Rise) X egd H
WRBES dHal TaTCUET (Limits Specified by Standards) STTd S I ARTARRY I
Udh H\I%FTETI@ m (Oil-Immersed Transformer) qrél ITYRUG: GE%TI%[
SUER AsS (Winding Temperature Rise) = 55°Celsius 3ifade TURR (Ambient
Temperature) = 40°Celsius 3.

b) HYS (Method): IT TEHY TIHIFRA ITAT ¥¢8 ABR I $Hd  oId, Sgdd
IS AT AEfETord TR RRR (Stabilize) BT TG Bl <¥¢ CAHIHT! HiGqHY
d)TIrr\CjW Al HURICH (Maximum Continuous Loading Capacity) fAfga Hrugrré
CIESIG

2. WTSCNT ST fays & - 31'&3%@3? ézr 54 (Lightning Impulse

Withstand Test (Dielectric Strength)):

a) UUS (Purpose): T ¢Xcdl I UM B IHRAT SIARM RIREHEH! (Insulation
System) HURIET qUUl, Sff SfeHThRe et IR (Atmospheric Lightning
Strikes) @Wm g glec ol glfr\ngc Tqord (High-Voltage Transient Surges)
U6 H& Xdhd i ATel § Mid B,

b) AYs (Method): Al oA B Bleedl I J® (High-Voltage Impulse Wave)
mfﬁ?@m (Terminals) &I (Apply) el ST, A aTaRe SToTRt
aFGTF\IJﬁ (Waveform) 3%'131@[ 1.2/50 A IAHS (Microsecond) a?e’ ST Y 3T Bt
&t 1.2 AEAmNGerd (1.2 ps) fa=m e &g (Peak Value) THd TIgHd, 30T 50
ARh G ENd (50 ps) AT Ui egzdl el (Half) Td f&® (Decay) BId. SR S
Fadl Glecsl d@ (Applied Voltage Wave) P (Collapse) fohan <$'C-1rc1/l4d~t<i-1rc1
Uﬁﬂx‘rﬁﬁ (Internal/External Flashover) ﬁﬂﬁ ﬁl?ﬁ, WL g (Failed) ST ST

3. 9UT$he aﬁ'ﬁ AoRAC - GIT%E? T-Iﬁ reE ol (Measurement of Sound Level

(Acoustic Noise) :

a) UUST (Purpose): dT <¥cdl IR WU CABIHRA Wegd dHadl Aigsl (Noise) S
Iﬂ'ﬂ'@lﬁ CAERGRI ﬁﬁ'cﬁ'@jﬂ:{ (Magnetostriction in the Core) lio?b, aad B AT
g 3R (Fan/Pump Operation) Héi W @?ﬁ RIRIEG] f%lﬁl?ﬂ A (Guaranteed
Limits) 31Tg &1, § U0l § foRIvd: & TRImIHaTa! Hewmd (Important) 31T Sf
IRSRIT TRAT (Residential Areas) fdhal Alsul-AfAfeee T (Noise-Sensitive
Zones) STd& YA 319dTd.

b) AYS (Method): TT THKATS! TFABIIRAT HIUN BRMA1db Ulseqar (Specified
Points) U1 BRIl SR HolR-aHed (Specified Operating Conditions) IT&HS
@@arﬁa (Sound Level Meter) dTUz- HISHY (Measurement) Hal S
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4. fSTEa m (Additional Tests (Often Classified as Type or Special Tests) :

a) Me-Afbe fAUYTES ¥ (Short-Circuit Withstand Test) : B ¢ CIBIHRG]
Abewd 3T yHd Q?I (Mechanical and Thermal Strength) AUTIUITITST et Gﬂ?f,
SO UReHd We-gfhe Wiee (External Short-Circuit Fault) U8edr &N
fAHfor UM SATHY BRI (Enormous Forces) "QITHU'TW g H= Ybd AT
ﬁm?ﬁ_@ $C-1rc1 fdhal Qd«‘.ﬂrﬂ SHl (Internal/External Damage) EﬂUTR :ﬂﬁ BIEIKEIE]]
gld.

b) uiRfera fewarst deRde (Measurement of Partial Discharges):

Bl o SYoRF Rue) gsum Wid dibdgss s®ei3 (Small Localized
Breakdowns) TYTITATST Bl ST, % qﬂ%d&lﬁ*l f:e,Cpqu (Manufacturing Defects)
fohar anT-ed E’R‘j@?ﬁ IEPEEE (Long-Term Insulation Degradation) it 37l gt
(Early Warning) &lﬁmﬁ.

C. IR %E'H (Supplementary Tests): it éﬂ (Supplementary Tests) gl

STBIHRAR Ul SITOT=T 31R1 TRST X 3Mgd odT & ¢ d (Routine Tests) STIOT

?:Tétr XY (Type Tests) AN Uded] SIAld. a1 ¢l AgH! AR (Mandatory)

I9dId, YUT & URR (Purchaser) =1 ANUNGR fdhar foRIW Sma=asdl (Special

Requirement) 3T ‘ddc’ql olfdld. ol C%C{-Itll \'Sa-il J-GUI\YI Clr{-ll-bll-lﬁﬂ-ll H‘%’W

IYFeRiReag (Determination of Additional Characteristics) ST w0t fdhar =

WA RBIH By (Confirmation of Special Performance Features) HHH B0,

TG <y a1 CFABIERGR Udedl SUMl Agwarl QHes] el (Key

Supplementary Tests) \?'H%H:

1. mmsﬂwm (Determination of Zero-Sequence Impedance):

) Bl T TOBIARAT dTefeTHYT Tl gIom=aT faRI-Hieh=a Hcd T (Zero-Sequence
Currents) TR BIOMAT SHIS (Impedance) ° HoRHCE HRUGNTS! Hall SId. B
ToRHc faRIVd: 1 TRIBIHNAS! Hgw@r! 3RId o 3eda~<e dgyd (Unbalanced
Loads) fdhaT 31f Wieed (Earth Faults) 3RTdedT RICIRIAT SSad ST

b) EA'IT\EIW\I'TTFH Eﬁr-xﬂﬁ sTFﬂETH (Zero-Sequence Impedance) IIT%H U AId
RO 38d HRU Jlae Bl HIcHd (Fault Currents) HRaC DeadaiRH
(Calculation) hXdTl a?[, iy Eﬁm R (Protective Relays) g YHIN Ae (Setting)
Bl JdId. HRUN g SIS USE Wied (Ground Fault) =T dBT Hicd HRIIS
(Magnitude) 3T %@@RW (Distribution) Je gyifad orNcI\I, RU[Ad ?3[ T
EA'ITHTI'W Red dieamE (System Protection) 3T Wice faReyUIATS! (Fault
Analysis) 3d TS 3Te.

2. AoRHC 3T GTFIﬁeIW Ll q-dre e (Measurement of Harmonics in No-load

Current): 33[ WRfthe @ (Specific Test) ;I-\thhm{wl A-TAIS B (No-Load Current)

Aefid a?ﬁ'ﬁﬁ fewerel (Waveform Distortion) E%FIQ'QFT (Evaluation) BTSN Bl
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ST, FI-dle dHRe (No-Load Current) UTIRAT HUCHIIT B (Magnetizing Current)
3, S TG HIeR AF-fAfFsR Wfes Uadfsl (Non-linear Magnetic
Properties of the Core) H@’ gHIfad Eﬁ?ﬁ W T HeHY eI em?ﬁaﬂ (Harmonics)
JURYT ST,

3. AGRHT 3T &Wﬁ%ﬁlaﬂ (Measurement of Acoustic Noise Level):

a) g7 XAl e WU FIBIER AMd ATRFET(Normal Operating) @ TASIgS
SIS (Energized Condition) T AT Wegd BIUMIT ¥I¥e dagad (Sound
Level) WORHC TRU. BT Algdl  (Noise) WM GH HRUMeS AT
Eﬁ?ﬁﬁﬁﬂ@ﬂi’ﬂ (Magnetostriction): 1%'01@1?4[ Hfes Ulag (Magnetic Flux) =T
YYIIRATST DR ACRITAT BRI BIVIRT SId Y& dad AT HichT gfdude
(Cooling Equipment) S %4 (Fans) fdhal 3{igd U (Oil Pumps) TS IR
Ohdhd Aigel. a1 XS] SFUhIARAl MUY oRMdid UiscHar (Specified
Points) 30T BT TR o l-aHeE (Specified Operating Conditions) &S
a@ﬂ Hiex (Sound Level Meter) dlUz-q ASRHAC (Measurement) C ARSI

b) B ¢ faRIvd: T SraBhIHOaId! Hew@r! 3¥d of IRSfREdA TRAT (Residential
Area) fohar ATso-Afifes 39 (Noise-Sensitive Zone) T ST 3RIdTd. 32
IREALY] Q?Rﬁﬁlo_s' SR :lﬁ (Excessive Operational Noise) MY
TRa-Hed Hwied (Environmental Complaints) 813 ahdTd.

4. Ao 3T Wid-Afbe gritsw onfor die @raw dfc fewie @icH

(Measurement of Short-Circuit Impedance and Load Losses at Different Currents): Bl

Udh WA o (Specialized Test) \?'ﬂ% Si gIﬂHwTJ-IerqI sJ-HnISrH (Impedance) 3T oS

QNI (Load Losses) 8 dlsfedl ®xeddl (Winding Current) SGAIER Y daddid ©

S0 HISTUITS! el STd. ¥ el (Routine Tests) JURUMTU IT URIHICH

OORHC ¥¢8 PRear (Rated Current) HaTd, URg a1 exe A fafdy die ISded (Over a

Range of Currents) OoR  H& gIrHLbTJ-IerqI IIUT 3gefeT EﬁTFIEFﬁH (Full Operating

Profile) 3 BT STal.

5. 0oRAC TP Al-dls AT 10T Hie dic fewic Feeod o wid—diter

(Measurement of No-Load Losses and Current at Different VVoltages and Frequencies):

B TP TRMA X (Specialized Test) T8 ST TFABIHT fagfamR @SS HRUarTdt (To

Analyze the Transformer's Behavior) Pl STd, Siegl el SITUIAYSA (Intentionally) dT=HT

IS OéJ@iWQ&H T CG\IQ%\TI (Voltages) fdar fres=it (Frequencies) CREINCNASIGE

g T G- I WU SiegT SHIRfET g - 8s (Non-Standard) SREdTd,dag]

;IrHLbTJ-TQwI I-dls aray (No-Load Losses) 3T e (Current) HY Feadid %’ EFITS’@I

gl ¢ favvd: o gerleJ-TQ cbvos& ST IHE (Converter Applications) IR

SITdrd, fdar W@"T flrer RiRewma (Fluctuating Frequency Systems) dTURdIld

ARl Bl Sild.
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6. mﬁm feRIu=E waex ASRHC (Dielectric Dissipation Factor (tan o)
Measurement): 8l Uh HewW™! SHIRed T (Crucial Diagnostic Test) 3 off
SFIBIERAT $IaRH R dia Ssdidcd @ad (Dielectric Losses) AU
daell Sffd. I7 ¢egR T Elees (AC Voltage) faedMaR IAFHA fge (Heat)
WU BT TSl A ° (Energy Loss) HoRHUC &l Old. I <¥edl 32 U
A=A HISTH (Condition) ST AT AISER die-e ol (Moisture Content) 3fcTsf
Y01, HRUI S3Afaed fSRITY haeR (tan §) 8 YA bl TiTedr R 3R 7
EQTT:I?[. SR tan & I oRlTeY ST (High Value) fdrar Iuset QTEI%PT (Rapidly Rising) 31@?[,
R d GId B DI YA VR FTAA (Degraded) 3Tg, DIl (Contaminated)
sﬂé?r GiT%' fdar me Qa@rf%r% HVTEFR (Excessive Moisture) e Gﬂ%’ 3 Al
gﬁﬂﬁﬁlﬂ?ﬁ 1%2{ (Insulation Strength) FHH! Eﬂ?f 3for @@Tx{ @Aﬂ (Voltage Stress)
faucs (Unable to Withstand) & Xd :ﬂé)[

7. sﬁﬁmﬁwﬁmﬁz - IR (Measurement of Insulation Resistance (IR): L
STBIHRT U0 S~gARM HISAET (Overall Insulation Condition) 3fGTSl HUTTTA!
Fal 9. foRiva: 8 ¢ @retd MY Jieid: 8™-dleed! (High-Voltage) 30T @l-dlecst
(Low-Voltage) a'rs"%’?lﬂ?ﬁ?f @WW (Resistance of Insulation Material) PRICA
arEfET SMfYr TRIBIHR 31 (Tank/Core) AEHT IRRE. TG IHRASA UM SYARA
WGRIT (Gross Insulation Failures), &ld IIVTEHY P (High Moisture Content) fdoar
fafg 3R SIS Severe Degradation) T 339 HIUAMNTS! &1 <X TARIAH 3118, SR
SORA SHY W 3T, R A WIIS@Y (Flashovers) U1 WQUl CRIHIAR
ﬁW‘JGR (Catastrophic Failure) Ev'-\I\'io Tl U '5°[ o AU (Safety) 3nfor Ramafaferet
(Reliability) AT HRUGMTS! S MAID 3HTB.

D. TR m (Special Tests):

TRA ¢y & had Wetd uRiRYcg e det offd:

ST TRAWR (Purchaser) W@ Raawe Fd!, fhal ST SraBiiR WA ey

(Special Applications) I3!Sl el o gwm‘fﬁewl R (Performance), d~XcadRl+

! ~

(Construction), fTTOT SXfSTRICT (Durability) STedld 3G 3R Rifgsr Higeamed

(Unusual or Severe Conditions) 3ffafad Afgd Gdrd.
fore o Jera éﬂ (List of Common Special Tests):
1. WW fSRIUTM haex 3Mfl HuRie o (Dielectric Dissipation Factor (tan 8)
and Capacitance Test)
2. THRR NEE! R %@Wf{%@ (Temperature Rise Test by Resistance Method)
3. %’H‘«’E 30T URR X 3 cA:Ir{-ILbTJ-ICQ <H (Vacuum and Pressure Tests on Transformer
Tank)
4. ToRHC 3ATH %Iﬁ-?ﬂﬁ ETlﬂET\‘:[ (Measurement of Zero-Sequence Impedance)
5. fexfAeH s E’ITI%&ITR:[ ELl qI-dI8 Hie (Determination of Harmonics in No-load

Current)
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(o))

. Te-Tfhe X (Short-Circuit Test)
. fE&e=fimRm offw ards @W(Determination of Sound Level)
8. Wifcd dag %E—(&ﬁ-ﬁrﬁ{ Mﬁﬁ) (Magnetic Balance Test (for 3-Phase

Transformers))
9. ToRHC ATH s-ﬂa-‘zlﬂ iﬁ?lﬁ?\f{ ~IRTE (Measurement of Insulation Resistance (IR))

@R‘I‘W\Iﬁiﬁr <fife AR (Nomenclature of Transformer Terminals):

9 WSS 15:2026-1981 TIR, TG CiH-edd  (transformer terminals)
BIEEENER (nomenclature) rfor \rfdha (marking) %‘ HR (connections) GﬁWUZNTo'DL
g Sl 3101 ST qvea gy gieiRet (polarity), Bl Ry (phase sequence),
3T QR—WH (interconnection) ﬁﬁf\%ﬁ HIUITTST WRBR (specifies) CaRSIG
OI-R ¥ d (General Rule):

a) UI® dISfSTal giF <fHFe (terminals) 3RIdTd.

b) BH-@leed (HV) Aefe™ T3, § ey dfied Ty (Capital Letters) IR aRifda

Vildid.3al. A, B, C.

¢) A-Bleeol (LV) TS T13Y, § efifeg WTd ded (Small Letters) §R GG SITdTd.

Jal. a, b, c.

d) SR CFUBIERE (transformer) GIFUET SIRA dlsfet™l 3Md (3l TRIERT -
tertiary), dX did ﬁlﬁqﬁﬁﬂ Y @@'ﬁw (designations) GNITEEI (assigned)
CINRSIGIG]

E‘ﬁ?ﬁ%@]’ﬁm (Terminal Designations):

\l

Table 4.1: effaa %@I’ﬁ'ﬂ? (Terminal Designations)

& <fiea mfdm ot
(Winding) (Terminal Marking) (Remarks)
81 @leel (High Voltage - HV) AL A2 Fited dcd (Capital letters)
IEfET (Winding) ! TR
a Eliéﬁl ('LOEI\\;V\i/nOdI:ig;a -LV) al, a2 id ded (Small letters) IR,
. G{W(auxiliar )%T
fRfad arEfE (Tertiary Winding) e y
3,a4 1,n2 EIQiEI'\il ausi%u{:ua‘l i
(U T - if present) as,adornsm winding) (tertiary

M- m <fia é@ﬁw&r (Three-Phase Transformer Terminal
Designations):

M-ToT S IHIAY Tdd holdTo! 81 &leest (HV) ST Al &lees (LV) dTsfetoHe
WSO e SrdTd:
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Table 4.2: - e=TwHR efia SfsERrg
(Three-Phase Transformer Terminal Designations)
T Qleed chied | @l gleeo efi-ed
ol (Phase) (High Voltage (Low Voltage
Terminals) Terminals)
B 1 (Phase 1) Al-A2 al —a2
B 2 (Phase 2) B1- B2 bl - b2
B 3 (Phase 3) C1-C2 cl-c2

uﬁﬁﬁgﬁm (Polarity Indication):

a) Ty "1": 1 cHed gccHeN UIiRe IH 3[d, T 99 qithaq "1"
qIoRar ol arEr o Al g7 al = B1 8T b1 = SMf0r c1 &7 cl 2 IR
(correspond) 3R,

b) Tfthayg "2": g1 9ftha "1" EIT&FTCnﬁ'c'(opposite)Q%' Eﬁﬁﬁ(terminal) <fadr. @@T
PHIC (current) TIHTA Al H TR Hdl, dogl dl TH el (same instant) ST
a1 Ay dler USHA §dl, W A Uel RARFRIU (phase relationship) IRGT
ST,

JqeR U 3for B RaxERm (Vector Group and Phase Relationship): Jqex qd

(Vector Group) AA-GaR 81 SFAGIHRT HV (81 @lecs)) 3T LV (@ ®leeo)

T:H?%"\‘:lﬂ%ﬂ?f (Windings) ﬁﬁﬁ?s' By fsTgHe (Relative Phase Displacement) <fadr

Jaex 9U (3al. Dynll, Yyn0). arg «:N/%cctl GG (Star/Delta Connections), Y ool

R (Phase Sequence), E’F\qﬁﬁ WAdHE (Parallel) X oh{UtJI{-Ichnl, gl dacy a4

31101 Tt Ry TR 301 IRTD 3T

G‘c{l‘ﬂﬁ (Typical Examples):

1.Ria-%w (Single-Phase) gﬁqﬁﬂ'\' (Transformer)

a) TI-a&l (HV) 913S (side): Al, A2

b) Td-G! (LV) TTSS (side): al, a2

2. - (Three-Phase) araw‘ﬁ'\r (Transformer) (R'R—@RT (Star—Delta))

a) @%’t (HV) (¥R (Star) HA: Al, B1, C1 %’ <ol (neutral) PGS (connected)
Fad gdrd fdhdl @ A (terminals); 30T A2, B2, C2 B A (may) S (be)
SRDHAICE (interconnected) Y ehdTd.

b) TA-I (LV) (STT (Delta) HA: al-b2, blc2, cl-a2 § B (for) STl (delta) T
(loop) 3 SN AT

FAR BITST (Colour Coding (as per practice)):

ORI ST WSS 15:2026 T AT HeRi WRTER dheiet A9 R, SIS h b RI™Ta!

e B THId: aToRe ST,
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Table 4.3: AR BITST Colour Coding

7 (Phase) Waﬁﬁm (Colour
Coding)
R (Phase 1) Red
Y (Phase 2) Yellow
B (Phase 3) Blue
<Ycdl (Neutral) Black
3 (Earth) Green
JHI W(Summary Table):
Table 4.4: A3 9 (Summary Table)
P (Winding) fife 1 (Terminal 1) ofifaa 2 (Terminal 2)
EIIEI%‘I indin o .
J (tﬁﬂ'vﬁ'cﬁ - Polarity) (\?rﬂﬁ'ﬁrl? US - Opposite End)
TIeg! (HV) (RATT-
_ Al A2
T - Single-phase)
Tdoe! (LV) (RiTTd-
. al a2
T - Single-phase)
T (HV) GR1-09 - Al, B1,C1 A2, B2, C2
Three-phase)
e (L) (8-t - al, bi, cl a2, b2, c2
Three-phase)

4.3 ool INM ASRACIT HIeR, WS IBIHR 3for e T Aus
(Measurement of Voltage Ratio by Ratio Meter, Standard Transformer, Turn Testing
Method):

4.3.1 =0 Hiex (Measurement of VVoltage Ratio by Ratio Meter):

Gﬁ'@m (Objective): @@Tﬂ I X (Voltage Ratio Test) U] qeq B%'Q[
WIAYHT0 3T

a) = W= 9 feerfiaee (Determination of Turns Ratio): @R‘lﬁﬁ?ﬂ (transformer)
EfEHed (windings) @ IR (Glees =) FAfErd o,

b) fe3msT ®RBHIA  (Design  Verification): CFABIHRD  TFIHIARM IR0
(transformation ratio) =l ﬁ'a%ﬂ'bf:r (design) 3TFOT AHwIE Sel (nameplate data) JHRX
SRISR 3118 ! 181, & AT PRl

fiRaa (Principle of the Test):
CTI R Gleest <=1 (Vo Vi) BT TRHRT (HV) A0 Sehet (LV) drsferomedia ef=n
PRI | (N1 / N2) SRNTE A UaRHd (directly proportional) 31l

Voltage Ratio = 2 = 2
Vi Ny
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where:

V= U (HV) arefemmdia oo (Voltage applied to primary winding)
V2 = 9ha3 (LV) TRfetmedid @lees (Induced voltage in secondary winding)
N1, N2= URIERT (HV) 3Tf0T ddhet (LV) asfemydia el ¥

(Number of turns on primary and secondary windings respectively)

gfdhe SUTH (Circuit Diagram):

Standard Transformer with Adjustable Range

ol el e ol

[43]

e

8 o

m'—A

|\,_ J Uy U, { }

2 2 i

g Zero Position Indicator

el 7

Transformer Under Test U, = Applied Voltage to the bridge and HV winding

U, = Induced Voltage at the LV winding

Bridge Connection for the Measuring Turn Ratio

Fig 4.1: I Hiew Y&d (Measurement of Voltage Ratio by Ratio Meter)

Reference Link: https://powerofengineers.wordpress.com/2020/08/23/voltage-and-turn-
ratio-test-of-transformer/

E'%Q'ﬁf (Equipment Required) :
a) EA'ITHWﬁT I Hew (Transformer Ratio Meter) (TRM) fhar o Y R (Turn
Ratio Tester)
b) @-&Ieed (Low-Voltage) T, TRF (AC Source) (ITHTIG: 230 V, 50 Hz)
) NG TG 3R HaRH dled (Connection Leads)
d) ﬂﬁ'ﬁﬂﬁ(Multimeter
I BFAFRI (Test Connections):
a) EA'IT\‘:IW\IIW (Transformer) Ta.&l e (HV Terminals) (Al-A2) I =0
Hiex=n (Ratio Meter) QEIO_GQI RG] (HV Terminals) Tt pae (connect) d.
b) Qﬂ%“r GEEG| (LV Terminals) (al-a2) dI I Hiez=n (Ratio Meter) QH%)[
& (LV Terminals) 2ft e (connect) .
¢) TIARET (Polarity) SRISR ST WTHT .
d) IR0 Hiez=a (Ratio Meter) ’s{?‘ﬁf g (internal source) Qﬂo_epf HI%GET (HV side)
FHHI ®leedl (low voltage) (FTHIA: < 250 V) I B,
e) QF[%’T Hlé?; (LV side) 3N (open) o4l (:ﬁ ArS HIeTH (no load condition)).
X MRS (Test Procedure):
a) I AR (Ratio Meter) dlUz=- g,lri-llbm{m (Transformer) TFIEﬁ%Trr (Energize)
Hh.
b) 39 "R (Ratio Meter) 3TTT3MTY (automatically) QFT.%T ?ﬂg% (LV Winding) E]
$SI%S ®leed (Induced Voltage) TSR (measure) HRd.
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) MM, d Slecsl =N (Voltage Ratio) (V1 / V2) HIHE (compute) B 30T Feeet
(display) CEGH
d) CFIBIHRAT (Transformer) Td U7 TS (GR @A U ok 3{d M)
ﬂ%”ﬁ(Readmgs)w record) .

SHTSRA ST FARIARI (Observations and Calculation)

Let:
Rm= ﬁ%@cﬁﬁ &Qﬁrﬁﬁﬁ W?&’ﬁ) (Measured ratio (by ratio meter)
Rn= THIC XN (Name plate ratio)

RIS (percentage) WX (error) S‘*ﬁ'&ﬁ (ratio):

Rm Rn

% I U (percentage error) =

301 Hiew ETQTWI%WRJ% (Advantages of Using a Ratio Meter)
@Tﬁ (Safe): HHI X @@\_ﬂ (Test Voltage) GIEGH
b) S‘WZR_C' (Accurate): 9THI: +£0.1% &‘Jﬂﬁﬁ (Accuracy) 3.
c) BRRE (Fast): ST fsfored I83M3e (Direct Digital Readout) e,
d) m (Convenient): gld T @@ﬁ (Test Voltages) fdoar EEIG"C’:TFI ASRHAT
ﬂm (External Measurement Circuits) It MTaRTgeHar 7.
d ol (Conclusion):
I3 Hiex (Ratio Meter) Eﬁ EAGI] Cﬁ\lﬂ\‘.\)‘l 9 o (Voltage Ratio Test) Q'F\“No_\lﬁ?a?
(Transformer) G IRSILIRY Udh T o (Routine Test) ern% ﬁ T aﬁ%ﬂ = =
(Winding Turns Ratio) 3T 27 o (Tap Changer) WRBIHY RUREd ﬁfﬁ?ﬂﬂ?ﬁ
(Permissible Limits) 3fgedTal T $HRd. TS SRR (Operation) SR AT
gIerTquﬂ Iac R (Transformation Characteristics) ﬁﬁ'@ﬁ@ﬂﬁ

432 WSS mwﬁ?ﬁ c_tﬁﬁ'ﬁ I ARAC (Measurement of Voltage Ratio by

Standard Transformer): €88 CFUBINR HYS AR CFABIERAT Gleesl IRID
3GHUYU BORHC &Hd oS bd. AT Clodddd 3FAM CRIBIHRA (Unknown

Transformer) U] BT EA'IT\‘:FEF\IIﬁTQﬂ (Reference Transformer) HHR (compare)ﬁ Gﬂﬁ,
ST o_(ﬂéﬁﬁ"{ﬁ (Voltage Ratio) =h=r (known) 31l
fifRaa (Principle): '6°[ s @IET T (Flux) SIS (Conditions) HHTT AHHdId, aosl
ST THRT o=y Y01 § dTsieTorad ieedl Y21 ad 3d a1 U 3%,
N, 1,
N, V,
GGl SrhIHIHYE] SSY%S ®iecord! gal deed, SRABIHRHT RN feefiq &ar ors
Tehell.
ey Reras (Apparatus Required):
1. XSS cA:Ir{-ILhTJ-Irﬁ (Standard Transformer)
2. TFIBIHR 38X T (Transformer Under Test)
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~

3. T 9@ (AC Supply): (@S (Variable))
4. FlecHleR (Voltmeter): (T, (AC) Flecs HISTUITAN)
5. 9d fgcaer (Null Detector) forar Y= ez (Ratio Meter): (tl?l'sg_rl e Hedra! (fine
adjustment))
Ifbe S (Circuit Diagram)

l Primary -~ Secondary
To AC winding Winding \CD/
L
ah

E=240V
1=1A
P=240W

Turns Ratio = 1:2
Voltage Ratio = 1:2
Current Ratio = 2:1
Power Ratio = 1:1

Step - Up Transformer

To AC l Primary — Secondary
Power winding 3||¢ Winding <>/
L
~ /
e=2q0v | L)\ E=120V
1=14 \J/ 1=2A
P=240W P=240W

Turns Ratio = 1:2
Voltage Ratio = 1:2
Current Ratio = 2:1
Power Ratio = 1:1

Step - Down Transformer

Fig 4.2: WSS @W@éﬁﬁﬁ% AoRde (Measurement of Voltage Ratio by

Standard Transformer)
Reference Link: https://eepower.com/technical-articles/calculating-the-turns-ratio-

of-a-transformer/#
MRER (Procedure):

1. el BT UTaRR] diefet™ Uerd Tl @Rl (AC Supply) WRad
(parallel) & FHiac B,

. YPH S} TRIST gl B RIS SRS Fde) B,

3. OIARE (Polarity) =7 ST&SRE (Adjust) BT I, ST &Y% 5.UA.UP. (Induced
EMFs) JHIH Grm?ﬂﬂ, aosl Iq fgeaeA (Null Detector) %ﬂff IRLNESE (zero
deflection) Emiaﬁ

4. R fEeae sAdag <Rifadr, @) 99 ulse 3 Blmid Wi fohdl da=r
@ PR

5. @lecoly HoR :

Vis= UM @lecsl 3H Tss g.lri-llbm{ (primary voltage of the standard

transformer)

V2s= e Fleed 3% Tss glri-lhbm{ (secondary voltage of the standard
transformer)

Vix= TR gleed 3i1th c;lr{-lleJ-lcﬁ 3SR T (primary voltage of the transformer
under test)
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V2x= Yl @leeo 3 TRUMIAR 38X ¢ (secondary voltage of the
transformer under test)
FARIARA (Calculation): TS TIHIARDT RN A SIS, ¢ CIHBIHRE]
Flees RN faged fSeffi (determine) BT SIS, Tahall.

FIeeol <=M (Voltage Ratio of Transformer under Test) = 2271z

Vas/Vis

TFI'!]% (Advantages):
a) Ficres Lo Wﬁ%ﬁ{@' (comparison) g1d &\I%Iﬂﬁ (High Accuracy) e,
by T 3MfoT i AYUS (Quick Method) 318,
) el SToT gr-MReH BleeHieTd! sazgdhdl TIHHT (Eliminate) B,
4.3.3 & ST AYS (Measurement of VVoltage Ratio by Turn Testing Method):
Gﬁ'ﬁm (Objective): = TR (Turns Tester) fhar o= =M R ET\‘g'ﬁ'c' (Turns
Ratio Testing Instrument) dlU= E'F\Erﬁﬁ?ﬂ BTJ@@G[ (High-Voltage - HV) 3TTOT Al-
Fleed (Low-Voltage - LV) IRfSTSHAT e (Turns) T Tem FfEd w3 @leedt =N
(Voltage Ratio) (ﬁv_cﬂ = = (Turns Ratio)) AR 0L,
fifRaa (Principle): CIrQ-ILbIJ-le =g = (Turns Ratio) &I =l %-’I@Tr[ Eay] (Voltage
Ratio) Qﬁm (Proportional) 3.
@@\_ﬂw (Voltage Ratio) = % = 2—21
Where:

V1= uﬁnﬁ arefén (Primary Winding) dl kil S Eleeol (Applied Voltage)

V2= e drsfeT (Secondary Winding) A& S99 &lees (Induced Voltage)

N1= UTSHSY a1sf&T (Primary Winding) & T (Turns) It T8

N2=0dr &3] ATEfST (Secondary Winding) Aed = (Turns) it ST
TQUMH, SR 30T (N1) 0T (N2) A9 hdl, d¥ 301 gleesl =N (Voltage Ratio)
oIyl RMTeY Tehall.
gfthe sTOvmH (Circuit Diagram):

REFERENCE
BLACK TRANSFORMER

TRANSFORMER
UNDER TEST
(SUBTRACTIVE
POLARITY)

“"TTR"SET

Fig 4.3: Tlec el Y21 ASRAC I19 &~ ¢RI HYS (Measurement of Voltage Ratio by

Turn Testing Method)
Reference Link: https://wiki.testquy.net/t/introduction-to-transformer-turns-ratio-

testing/95
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?@@?ﬁ@'ﬂé (Equipment Required):

a) o= 9 TR (Turn Ratio Tester) fdar ;IrHLhTJ-Iri = efeT fow (Transformer Turn
Testing Bridge)

b) @-Ieed (Low-Voltage) AC I (AC Source) (HTHTIT: 230 V, 50 Hz)

) ®IeedleR (Voltmeter), TI3fd ¢ (Manual Testing) T3

d) HaH ﬂr\IS\H (Connection Leads)

MR (Procedure):

a) CFUBIARET BA-@leed (High-Voltage - HV) TRRISTET &= =M AT (Tumns
Ratio Tester) e (Terminal) H1-H2 ot el Fﬁ@ﬁ@ﬂ (Low-Voltage - LV)
ARSI Ceea efHa X1-X2 2 Sra.

b) LA §e3Td HIEET (Internal Source) ATIR B HV ATSIETAT Th ol AC Bleeol
(AC Voltage) (AMHI-Id: 10-250 V) €T .

c LV GE%T'IT[@[ LV Winding) W (Induced) gﬂﬁﬁ @@Tx{ (Voltage) %’ ﬂﬂ?@ﬁ
ffeHtedmal (Automatically) HioTel ST,

%QT (Tester) o = (Turns Ratio) fopar @@\_ﬂ 30 (Voltage Ratio) W'C’
(Calculate) Il 31T ot e feomiar (Display) Eﬁﬁ?ﬁ

e) SR TIUWIERAl ¢U doR (Tap Changer) 3@, oX @ dMEUN (Test) ¥d <4
UIfSIRI-G913]1 (Tap Positions) T8T BRI

Wﬂﬂﬁi‘tﬁ (Calculatlon)

Turns Ratio (N1/N>) : —

M d Rati N late Rat
Percentage Error = {Measured Ratio - Nameplate Ratio) » 4

tFTEI% (Advantages):

a) Rud 3nfor faas uga (Simple and quick method)

b) TP (Safe): TT XS A-@lecsdl (Low-Voltage) ITIR Hdl STd 3™ o I
(Safe) 3Tg.

c) &l &\Iﬁﬂ?ﬁ (High accuracy): I q@?ﬂﬂiﬁ &\w (Accuracy) WU Il (High) 3qd
(ATYRUTIT +0.1%).

d) Sdl (Load) ARGl ATGT:

g (Conclusion):

T CRET AYS TBIIRY Sieest YR (Voltage Ratio) 3Tl fAf3d &d, HRUT &1

D]%f'qﬁ (primary) 30T Yt (secondary) m?ﬂ?{ (windings) = Y= (Turns Ratio)

Jc WO, IFY TOBHRE $IaeRRea (Transformation Characteristics) J13d

FHRUGNSY, B U e ox¢ 315, Sit 99 GIax (power) 30T FSReeRM crawhid™

(distribution transformers) dX¥ CaSIRSIGA

Nameplate Ratio
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4.4 TR O (Polarity Test of Transformer)

Gﬁ'ﬁ% (Objective):
SBIHRT UIRRe! <X BT TIHRT 310 Ydhas! arsferaar Rafce UieiRers (Relative
Polarities) U G| s&déﬁq{-l S UG IR RENE (Instantaneous Direction of Voltages)
BAUYTST dHefl S,
g O IMaH 3 HRUN TFABIHGAT WA SHTORIFHAS (Parallel Operation) fdar
hic AR (Scott  Connection), M-l dF (Three-Phase Bank) 31T faQy
PIBTRYTHE SSdMT efHTeT amaRar sfiewd A ARl dR Wié-Tfdbe (Short-
Circuit) fohar - Siaifor=RH= (Phase Opposition) 8IS hdl,
fiftrue (Principle):
JEfETHE SUATH (EMF) SS9 Bid. SR TIiReIol 3ITSfea (Additive Polarity) S
W hered FHU GIUR Fleed UAFRIAT AF] daedl ®iecotdl "TS" (Aid) Hd. T0T
UleiRCIol gaciacag (Subtractive Polarity) 3RTATA R Tdhax! @lecs YRR @lecotdl
"3 B (Opposes).os\lcE\ﬂdall sr«fEﬁq\H STORARAR (Instantaneous Direction of
Voltage) TR UBR BIar:

1. 3fTSfeee IdiRel (Additive Polarity) — Glval Glecsl 39-Uol (In Phase) — BTAR e

(Higher Reading)

2. ﬂ@m gieiRel (Subtractive Polarity) — O_@PI@\_:[ 3M3C-3HTH-Tol (Out of Phase) —

draR ST (Lower Reading)
E'%Qﬁ?m (Equipment Required):
) T gre! R -t c;lri-lbb\lll-lrﬁ (Single-Phase Transformer under Test)

b) AC HWIlT (Low Voltage, Typically 230 V)

C) @Rﬁﬂ (Voltmeter — 0-250 V Range)

d) PHfaedT arad (Connecting Wires)
MRS (Procedure):

a) E'IT\‘:ITFITTW (transformer) gfhe STTUHAY (circuit diagram) E’QfﬁFqTCITIT@[GﬁET
m HI%T%"'IFIT (primary winding) (H1-H2) FHH! QFﬁ @é\—:r (low AC voltage)
(STdeUTd =230 V) 1.

C) MEEG| (terminals) H2 31O a2 q?ﬁwm (voltmeter) SIS,

d) CINILY! os\lcr\:\ﬁ%l (voltages) iear:

V1 U arsfémadta (primary winding) Blecl (Voltage) (H1-H2 X&)

V2: qHedt GIEUE RN (secondary winding) lecdl (Voltage) (al-a2 qXH)

V3: H1 30T a2 GRE &leed (Voltage) (RIS TS - series aiding) fdar
SOITSHT (@Fﬁi‘cﬁﬁﬁ - depending on polarity)
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gfdhe STUT (Circuit Diagram):

Additive Polarity
VC = Va = Vb

_____________

Subtractor Polaritv
Fig 4.4: Uiefedl o (Polarity Test)

Reference Link: https://www.electrical4u.com/transformer-polarity-
test/#google vignette

Gﬁ@ﬁﬁ 3for '{E’%ﬁ%&ﬂ (Observation and Interpretation):
Table 4.5: GIT@T&QF-I GI'I'WTE'ETEI%QH (Observation and Interpretation)

x| CatRiE] @1 3) (V3) I TqIuacs MRS UPR
(Case) (Condition) ST (Expected Reading) (Polarity Type)
1 N V3=V1+V2 B )
(Additive) (Additive Polarity)
2 ~ V3=V1-V2 ~ ]
(Subtractive) (Subtractive Polarity)
GE'IBTTPI (Example):

SRV1=230V, (V2=115V),:

V3 = 345V —3if&dleg TR (Additive Polarity)

V3 =115V H‘%laf@?ﬁ{ IS (Subtractive Polarity)
Urafedl e 3@1‘7\‘[ (Importance of Polarity Test):

a) Tieiet (Polarity) 30T BIoRT I (phasing check) BT Udh Eﬂ-m T (pre-service
test) 3M8. & CX UGN (transformers) FCCHIT Eleeo RARMRT
(instantaneous voltage relationship) JSdiesUll Heed Jidl and URAd  SATRRE
(parallel operation) gAY PGl UfehdT 3Ad Hgw@rd! 3115, HRUT ol Ve-Afhed
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b)

(short-circuits) 30T Negd BT (reverse connections) AT e TR Hd,
GCHH% e Fla?jﬁﬁ'ﬂ dHRC (circulating currents) HTTOT sfdude W}[\’ﬂ (equipment
failure) Wﬂﬁﬁ

HE%TI?F[ 3RTHe (winding arrangement) fafga P, ébf R 5|q-<5\|0%\7| (H1, H2)
30T A-Bleedt (X1, X2) efHA&T (terminals) TG AT AeHid TRl NSTUa
Ted HRd. RO, § IS (validation) Hee!-SrahiHR RIETHAATST (multi-
transformer systems) 3{[dRGdh Gﬂ%‘ o1 MW (transformers) s (load)
3IHYU IR HR0! TR 3.

4.5 ﬁT%FT 3¢ ¢ (Phasing out Test):

Gﬁ'ﬁ% (Objective): G ;IrHLbTJ-Iri dlélr:d;*\ﬂ (transformer windings) (%T aH
?;F\EIWW) Eéﬁﬁﬁl’ﬁ Eol o (in phase) Gﬂéﬂ Pl ATSHe AH ol (out of phase) GiT%’H %’
i o J-SUI\?M, A os\lcEw-l‘éﬁFf (voltages) ﬂﬁﬁ%’ Ty feTgHe (relative phase

displacement) SRR
st (Theory):
a) & gerLbTJ-IrQ qiefSTS  (transformer windings) fdbdl g “qu:Uf EA'IT\’:ITIO"\Iﬁﬁ

(transformers) IR WadaHe (parallel) CABRG| EPFUQWITB‘)[ =T Adbedd
RIeco! (secondary voltages) G- HewarAl HIaE YUl S0 TIAH 315 AT
HRICTS (magnitude) THT 3T UTfgold 30T d ThH®BIRIT GuiTol §9 W (in phase)
31! TTfgeid.

g1 HSTH YU HIUATT IR e ATt HeH (circulating currents) TR
gIdd. BioHT-3M&he o (phasing-out test) g1 a1 ool RaxARMY (phase relationship)
TS Ul HRUGMTET TR dhale Th Hgw@yul BT MR™R (commissioning
procedure) 3Tg. Bl ¢ qiF Aehexl {-Ilracoc\{-lﬂl (secondary circuits) dlcgia UchA \vl\|§~1
3TFOT R AT 3 T Al (open ends) Bleed (voltage) IS dhal! ST,

SR 1 3fiue effaeqmen (terminals) Holad Cﬁ\lc'e\fl %Iﬁ (zero) (W %Iﬁ?CIT Sdod)
3T, R el @leeoid (secondary voltages) 39 Wl (in phase) 3Ted; STRd &lee ol
ST (voltage reading) Bl 3MTSHe-3Ah-Thul (out-of-phase) fdar ﬁ%ﬁ PR
(reverse connection) E{-‘lﬁﬁ

MRS (Procedure):

1.

2.

3.
4.

Qg1 I AR UTERIS] IRAAHE (parallel) STST 30T {Tel-CTIh AR HHI
Q?ﬁ @@H (low AC voltage) .

TS X SR YHS3! aRfSisl SISl ud® Adhe<d (secondary) U S
(terminal) Wﬁﬁ?ﬁ.

JaRd I 3MuT et EEER DI @éﬁ (voltage) @R‘Jﬂaﬁ (voltmeter) HIST.
Gﬁ@'q; 3o e (Observe and Note)

a) SR glecdiexd f3RT (fdbar WU S EleeS - very low voltage) RFET grRaaa

—l o (In phase) (EhTC[ TGN - correct polarity)
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b) WX %laﬂlaﬁ (voltmeter) e %ﬁ@ﬁlﬁﬂ gWCc (twice the secondary voltage)
RS (reads) TREAA — 3MT3HC ATH ol (Out of phase) (ﬁ%ﬁ AR - reverse

connection)
gfdhe STAIM (Circuit Diagram):

Low
voltage
D.C.supply ]

Fig 4.5: TSI 3TSE ¥ (Phasing out Test)

Reference Link: https://deepakkumaryadav.in/phasing-out-test-carried-out-on-
transformer/

FHaIeT (Conclusion): T CEHD GIH SAHIR AefSomHdid thol RaRFRM Mg
Hdl STdl. ST @leeHIexd RFST BRY (zero) Td, degT alol dIEfeiSl 9 el dld
STFO1 T IRATHE IRIETTT SIS ST, Q.
4.6 5% [+ 96 (Back to Back Test):
3ffssifaeeg (Objective):
TAETd BaA-ars (full-load) T Ral, Q9 TR RITA-BS CIHIHEG! (identical single-
phase transformers) E'WT\E?[ (efficiency) 0T SRR RIQul (temperature rise) WT—Fﬁ_s’
Rfydiae fAfgd ool
faardt (Theory):
&Jd>-§-§d> R (Back-to-Back Test), STl JOR Ry (Sumpner's Test) %UEI?BI T
Gﬂ?f, Sl ?ﬁﬁ'ﬁr?ﬂ (source) gm—ﬂ\ls qiaR (full-load power) ol c;erLbTJ-fea (transformer)
Qe WHed (parameters) ST SHRUaTATST amoRe SiTd:

a) ST AT (Iron losses) @&Raﬁﬂ - core losses)

b) WF’IﬁH(Copper losses)

) ShRIET (Efficiency)

d) émiﬂ?ﬂ'sﬁ[ (Temperature rise)
YA TH sS<hd gIrHleJ-T{-T (identical transformers) 31T UBHR Siisd Sdrd ﬁ, Uh

dles TFIMIAR (loaded transformer) UM ddb HRdl ST ORI FaalfeT @e
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(circulating current) FRHFFI AWITIHYA (supply) oad AN (losses) FTaT gTak HegH Pat
ST, \stlllj’&) R EF[SWV:IT&IW (economical) 3.
gfhe sy (Circuit Diagram):
gfhend (circuit) LEINI Tﬁ@?ﬂ UG @?ﬁ:
a) &gl @Rﬂrﬁﬁﬁ%{ EITCI'HﬁG[ (Primaries of both transformers) IWIACT (supply)
URATHE (parallel) STSed 3RIT.
b) @mﬁl (Secondaries) R sraiforerHe (series opposition) Sead 3gdrd.
c) Uh JicHIeR (wattmeter) 3T A (iron loss) 31for SR JicHIC BIR Ag (copper
loss) AR ! .

AC Supply

0 Rated Input

Tr Regulating
Transformer

Fig 4.6: CLg [+ 9% X (Back to Back Test)
Reference Link: https://www.electricaltechnology.org/2022/02/sumpners-test-back-to-
back-test-transformer.html#gooqgle vignette

I == (Precautions)
a) 9HH I (same ratings) qRA E’F\qﬂ?ﬁﬁ (identical transformers) dTUXI.

b) @m\_ﬂ (secondaries) ST (opposition) SNSdMT Iy MRt (polarity)
AT B,
¢) SNER-TRATRIT (over-fluxing) CTSTATITS Y¢S WIeedl (rated voltage) HISSNYAD 1.
d) Hﬁ@'ﬂlﬁﬁ;ﬁ (auto-transformer) el de (secondary circulating current) g3
B dledl.
tFITI% (Advantages):
a) U drsdt (actual load) A Hdl el — ctlll;l,o\o sdvTﬂTlrJ\-ldm (economical).
b) 3 (iron) 30T HIIR Arag (copper losses) E‘PI%DI Uhd 5t STl ddTd.
C) gﬁ[—?ﬁ%’ mﬂ?ﬁﬁ (full-load conditions) CHRTR NER] o (temperature rise
test) WW@?
PRI (Conclusion): SH-¢-8 (Back-to-Back) CRHYA (Test), CUBIHTAR
(transformers) s (loading) = 3?“ I A A (iron loss), PR A (copper loss),
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3T SBRET (efficiency) ST oet o0, 81 Ugd 3Masi<ad @R‘lﬁw
(identical transformers) RBIH ST ITat (performance testing) 3d &\Jﬁﬁ?&? (accurate)
30T ShRRIC (efficient) 3G
4.7 RivTa-ter anfor - @R‘I‘WWT ga?rn]ﬁ'n T (Trouble-Shooting Chart

for Single Phase and Three Phase Transformers):

A. Rira-wer anfor sht-ther Q'R“I'lﬁ:ﬁ? (Single Phase Transformer):

Table 4.6: RITTA-BS SAGIHR ¢ad -IfET ATE (Trouble-Shooting Chart for Single

Phase Transformers)

i = T T T e/ % (Rerrlled / Corrective
No. | (Trouble/ Fault) ( Probable Cause) (Effect / Indication) Kction)
r . ST 5
CRIBTR egege | T/ AfecHlcRA g IRl
- = | qrfeme) ot wibe | HSeTe R
1 | gleedl ¢d A8l (No Open Circuit i (No Output) (Check Continuity with
Output Voltage) \(Niazr;ngl)rcwt n g Multimeter), RusR/Ner
PRI
w e Siecy Tlge &l
° q i (Tighten Bolts) PR
2 _ e _ o IR BT (Varnish
(Excessive (Loose Laminations / (Noise & Vibration) e v
Core), ST UgY drdl
Humming) Mechanical Vibration) ; oS
(Add Damping Pads)
SN MNegANET fobar IR SRR, 3NGRATS BHT B,
3 | sheRe gt Qs e YR I (High | ST dUTHT (Check
. (Overloading / Shorted | Temperature, Insulation | Insulation), arefeT ROeR
(Overheating) Turns) Smell) HI
3T3CYC Fleeo] Iics e fobat gar 1S AR
4 |E@ag B (Shorted ddhed ®iees 19 | (Check Winding
(Low Turns / Poor (Voltage Drop) Resistance), HARY IPH
Output Voltage) Connections) 2
Ty fegrar IR e fdhe NP ZRICIRM UM (Inspect
c RISl A gidl fdhal SR thdl :}nmediate Fuse Insulation), ATR € T
(Fuse Blows When | (Short Circuit / Blowing) (Test with Megger),
Energized) Insulation Failure) RUsR/Nwrg 1
31T$ci NIES (31T$c1— @T\I@Tmﬁ G{Tsa@aamﬁ The aa-an (Replace
e W) (Ol |~ TRIRISNGR for (Low | Gasket), Th dTS T
6 N o (Loose Gasket / _ T o
Leakage — Oil-Filled | . . Tank) Oil Level, Flashover (Weld Tank), SIEN]
Transformer) Risk) Rftea w1
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N - o 3 1) INS / BfdeE IaR—H
ST : / (Rerrlled / Corrective
No. | (Trouble/ Fault) ( Probable Cause) (Effect / Indication) y .
Action)
NN ics o=y fobar N-ASRe@3Ye | arfET IRre=y i
7 | (High I_\lo-Load Hafcd YR HC (High Input PR HISYE qurT
Cur?ent) (Shorted Turns / Current at No-Load) (Check Winding & Core
Magnetic Saturation) Condition)
. . o dRd f&xhac I
ST @ fobar ge3d dIsfST Hiee
8 N (Burm nternal Windi SR SH SIS (Disconnect Immediately),
(Burning (Internal Winding (Insulation Breakdown) | $cd E’REE{EIQF[W
Smell or Smoke) Fault)
(Inspect Internally)
B. -t @R‘I‘W\ﬁ'\f (Three Phase Transformers):
G Safdedhd Uiar Rife™ A HREA (crucial) I (role) W (play) TR SR
SfthfRie Elecs TRIBIARM 0T Ragad diaR FSXIRM THad (enable) HRdTG.
i RGBT T HRUIRITS! S0 Tegd UG e (prevent) HRUGNITST TR FUaRM
STIOT He== TR (essential) 31Tl
Table 4.7: 3-%ef @Rq'q?‘ﬁ? W-Q]ﬁ'ﬂ Gird (Trouble-Shooting Chart for Three
Phase Transformers)
oI/ BT o o . IS / PlaeE AR
Sr. UTdad Bl shac/ SSIP - / )
(Trouble / .. (Remedy / Corrective
No. ( Probable Cause) | (Effect / Indication) .
Fault) Action)
f-Troraed
3FSHA IS fhal o o N
AZHA A IAIARS T, | S Sa-0 B bt o=
1 . U1 BorAed 3fu-
HLC (Unequal | e BifcT ol RUSR &0
Load Current)
b Hed U | Tl ol e o .
N » e ; A I Hicgsel ddb B, J-dac
2 ; = Qﬁfﬁlﬂ i&‘oqlr%‘quss B
EIEsh] gidhe
A AeaR S . .
3 | SEWIER TR SHRTRAY 16 I G
. 3Meg IR Rlecol/Mre- Y= qur
3fieRiee
o . OiseR fhal SexA | SYGAURH S SI3Tal | 3HIgdl [heex B, S B
4 | 3igd ddfeiT o NN
Bl 5853 30T TR T DR
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Tqd/Biee N N . IASL / PfaeE R
Sr. PICEREI] Shac/ oI / )
(Trouble / .. (Remedy / Corrective
No. ( Probable Cause) | (Effect / Indication) .
Fault) Action)
: TS TSR | o DR, b [ebdl I T Hebl-iebel Tre g 3oy
GRS Bice! ARSI Siecy Trge &l
ﬁl ﬁl I et T e 1Y ZaT HI, TABIHR
6 | * g e TBIR fCU BT | Soicie &1 AT agfE
(Buchholz T B N
. X
Relay Tripping)
NIERSRRE| N ~
ASeR AU bt y & S &,
7 | RIRIS{TG etenT 3 v
R (Low 3ics YA SRR/ 31Sc gl
CISKIRIEZS I y : o
. U T N ST 2T, TABIAR
8 | Pc fohar b gafaed Uid ge A o< <M
s febar HigaR 9 -3 ele B
3-Thyl
3&HcycHe | <Y doR fSthae NI < ToR Bicacd quml,
? NIEELEAY paruRfemarE | T o HrIaR PITC B
Fleesl
10 | eram @ MBS FgeE | fofthn fhar emsege | thot Rydrmyy anfor diaiet
‘éﬁﬁm‘@ fhaTUiRel &R | A8t RRB HE TolSSl B

4.8 BI&He-: RPTRAcH R Wfed UM BI&He, IS 10028 U 2 TAR

haey (Foundations: Requirements for Static Machine Foundations, Factors

Governing Them as per IS 10028 Part 2):

48.1 ®fewd WA BI&HeI=d ﬁ?ﬂ'ﬂ?ﬁﬁ (Requirements for Static Machine

Foundations):

wfed A=A (static machines) (3Gl TFAWBIR, WKiedh SfdUHC(static equipment))
YR QUM WISSTANIA! (foundations) HTal UHE TS (design)/Z~e IR
(installation) RePTERUCH & Wciid Gl JHART la:
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Examples of equipment foundations

| Equipment l Interface equipment | Equipment |
P ekl [ Deck slab ]
Column Column
Foundation Interface - [
dation and soil
Base raft
> . / Soil /soil

Pt it / Zorzie = //7//// Z

(a) Typical equipment foundation system (b) Typical block foundation (¢) Typical frame foundation

Fig 4.7: Wfed ALfH Bresx 9 BE'IETI?I (Static Machine Foundation Examples)

1. BISSAA (Foundation) a4 3?@"33 SIS (applied loads) (@6’ (dead), g (live),
'{@CI'EI?%[ Xled s (static loads of equipment)) CRIRK (Bearing), fRIsR (Shear)
BEYCCI RIS

2. BTSN (Foundation) % ﬁﬁf\gﬁﬁ tIT%@I Pl ‘s’@tﬂi"c' (equipment) aryg tﬁ'@ﬂﬁ
(position), @@F{ (level) 37T &Iﬂmﬂ@?ﬁ (alignment) I 31135’ (ﬁﬁﬁlﬁz RISk
Aarat (precision machines) IIEr—qT%I).

3. BISexH (Foundation) QoTR=T BTSSR (adjoining foundations), TSR Wid (floor
slabs), fdbar fafegm T =] Eff?'lﬁﬁcﬂﬁ:f (building structural elements) ¥da
(independent) / GUE (separated) 3 EIT%@T SO & 06|¢4§RH (vibration) fdar
dred TR (transmission of vibration or load) TT&dl dsd. Jarexuny, sfeudc
AR (equipment foundations) 3Hbal \_fﬂéfﬂ (joints) dTUX= fafegm W
(building slabs) IS B ST,

4. BIESIRATAd (beneath the foundation) ‘vTT%?T ST (soil bearing) HURICT E?(Qﬁ
gt UT%@T; &ﬁ%’ﬁ@ﬁ @Aﬂ (allowable stress) / ST TR (bearing pressure) HIg
&l TS .

5. WISSYM (Foundation) TOR HRd AT T-@-Hcd HISY=T =T (environmental
conditions) ICEIRCay EIT%@[ — 33l UT3Sdic @10661 (groundwater level), IIT%'ER
(moisture), 3M3d (oil) / DB (chemicals) IURU], Bive BHRTIRI
(contamination) T&UT.

6. TlcHd ATt (static machines)%ﬂ@‘-lﬁ ST (vibration isolation) / far
HI0 AP 311% foRiva: SR A9fF (machine) fdar 3‘@@? (equipment) s
(loads) fdvaT BTISRIT (vibrations) TSy PR 3.

7. BIESYHAY (Foundations) qg BT (anchoring), acslrail Laq{-l (leveling plates),
30T IMIFET (grouting) (FARIVG: Wfew sfduHe RIS THIGY 3T Uligol.
37\‘2'\@317-[ gfhaq (Installation procedure) a9 Wie 3T (base plate grouting),
@Io_s’f%i"'[ (levelling), RIG7y Eﬁﬂ (anchor bolts), g (shims) gﬁﬂ'cﬁ ‘{[ﬁfﬁﬁ Ha
CURE]
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8. ﬂiﬁ ﬁaqﬁém (documentation): PAREIE] sﬁﬁﬁ (foundation drawings) E%%W
TR (elevation levels) (3. JFARET UISS ded - EGL, hiMTs IS d%d -
FGL), '{@Qﬂﬁ Y[ (location of equipment), R (access), dfedfdn sgawn
(ventilating arrangements), Had éﬁﬂ (cable trenches), I (sumps) WIC':\I gIrHHOTJ-TQ
(transformer) / g@qﬂz Wﬁﬂqﬂ?ﬁ (equipment installation) &Wﬁw
GRifaean rfgora.

482 paed gl § ICEIER 3P WESYT BIR TWled HRT (Factors

Governing the Design of Foundations for Static Machines):

Tieh A=A (static machines) ARG %@W]’cﬁ (design of foundations)

AP T ?ﬂéﬂ uqyq Tr%ﬁ"[ Thacd (governing factors) WA TIHTO! Gﬂéﬂz

1. AIS HIaeRiedy (Load characteristics) — g@qﬂeﬁ (equipment) Tfedh aoH (static
weight), El'ﬂUT?fEﬂ 3@% dqrs (eccentric loads), It (piping) fdsar &fﬂﬂﬁﬁ%
(attachments) @Wﬁ Iﬁ'ﬁ?ﬂ (moments), AHIRT s (ancillary loads). PARERIGES
(foundation) %‘ NIS) (loads) &ﬁ%’?@ (over-stress) fdpar EER?@%’ JcaHcRIa™
(excessive settlement) ﬂ'\l%?f A (soil) S G| QT%@?T

2. Yeadce 3Mfor fewmIRma Aeawe (Settlement and differential settlement) — Tied
A== (static machines) NEC AN T &I?IE:lﬁE_tﬁ (precision alignment)
HTARYGh dl WFJI’EL% fSmIRTa Aeade (differential settlement) HHId HH! 0T
ARG h &ﬂ% SO 81c1|$-|43|'<: (alignment) fopar RN fewer (structural
distortion) EﬁUﬂT =|T5°[

3. oslua-‘zlﬂ/\ﬁsfl-lr%l (Vibration/Resonance) Qﬁ: Tied ﬂ?ﬂfﬂﬁ“dﬁﬁ (static machines)
PHTg! TS (vibration) 3R U (IaTexuNY, ICTHCH (attachments) fhaT asd
Iﬁ?ﬁ'{@’ - idle motors). WX ﬁmﬁﬁ SIS S (dynamic loads) fdoar deld
E]Tﬁﬂ?ﬁ &m_cﬂa, ® BRESYTAT TIRA Wieh-ga (foundation’s natural frequency)
YSNHc HIST (resonant conditions) TTeaedT UTfgoId.

4, X %t;d«tl{-lrulijﬁ KRR IGIE] (Isolation from other structures): O_GTCI@QFT (vibration),
SISl (noise), fhar disa (loads) E@Qﬁ'd q?l?;@?ﬂﬂ%ﬁ (equipment foundation)
QSRAT E}ﬁﬁmﬁ (structures) E'F\‘:Iﬁ'ﬂq (transmission) TSI ORI
Glﬁ\ﬂ (isolation joints) 3T BT BRIST (separate foundations) GICENIRSIGIGE

5. 37\‘2'\@?217-[ 3for 31Q'1I$-113|'c cTaR-g (Installation and alignment tolerance): Tied
Sfpudcdl (static equipment) 3Hdal M S/aEHcT! (alignment) STARIHT
Hchlljo?b, SARERIEE (foundation) A e WIAC (anchor bolt placement),
A& (leveling), RIFRT (shimming), T3¢ A& (grout thickness) T3 TRIARM
foait UT%@[ 30T AR &9 @i (machine base plate) ?@Tff (level) KURNE] (plumb)
3T W delt uifg.

6. 3\170@01, ST Wi 3for Ir3fem (Anchorage, base plate & grouting) — a9 @e (base
plate) TFARET 3{HR (anchored) HcH SRATA, SARIDATIR R (shims) T
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3T STIOT TS (loads) THM - SEHR HRUFMTS! o Wie@Tal! (beneath base
plate) UT3< (grout) RIT 3RATAT.

7. ®ig A LSS HrAT (Code and standard compliance):tFIB'@QFI%r %31137[
(Foundations must be designed) for fRmtor (construct) T&fd URAT ¥es IR
(relevant Indian Standards) (3al. A BIESY-EIa! - 1S 2974) 3TfOT @R‘lﬁﬁ?
S utic BRESII0! (CFIPBIHRT IRETARHAN - IS 10028 Part 2) THR &l o1,

¥ % %

AT (Exercise):
1. TFABIHR o ¥, TRy, Aiies], WRIA ey Tl F.TY. (IS) 2026-1981
TR TFIBIHR ST o AR foIRe (List) .
(List the Routine, type, supplementary, special tests of transformers, nomenclature of
transformer terminals as per 1S 2026-1981.)

2. e Afche SRR Afgd UIeiNe] T¥e) TR &,

(Explain Polarity test with neat Circuit Diagram.)
3. i Gfdhe SRR Afgd iR 3¢ e TRKIH B,
(Explain Phasing out test with neat Circuit Diagram.)
4. e Gfdhe STU™ Afed 8% ¢ 9F < I,
(Explain Back to Back test with neat Circuit Diagram.)
5. TTABIER SRR & B3 ST RPRIRHCH W} B,
(State the requirements of foundation of a transformer installation.)
6. RITTA Bol CrABhIHR T Tad-RIfeT aTe fIU3R H.
(Prepare a trouble-shooting chart for single phase transformers.)
7. o BST TR 13T Tad-RI[STT TTC HIUSR F.
(Prepare a trouble-shooting chart for three phase transformers.)
Suggested Learning Materials / Books

Sr.No Title Author Publisher with ISBN Number

Electrical Power

1 Equipment paul Gill CRC Press / Taylor & Francis ISBN-13:
Maintenance and 978-1574446562 ([Routledge][1])
Testing (2nd Edition).

: Tech Knowledge Publications ISBN-13:

) Maintenance of S. M. 978-93-89684-68-1

Electrical Equipment Chaudhari ([techknowledgebooks.com][2])

Fundamentals of
3 Maintenance of K. B. Bhatia
Electrical Equipments

Khanna Publishers ISBN-13: 978-93-
87394-31-5 ([khannapublishers.in][3])
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hnb

Learning Websites & Portals:

Sr.No Link / Portal

Description

IS 10028-3: Code of practice for
selection, installation and

1 maintenance of transformers, Part 3:
Maintenance (1981)

Recommended maintenance schedules:
transformers (1S 10028, part 111 — 1981)

IS 10028-2: Code of practice for
selection, installation and

2 maintenance of transformers; Part 2
Installation (1981)

Foundations: requirements for static machine
foundations, factors governing them as per
IS 10028 part 2.

IS 2026 (Part 1) Specification for

Routine, type, supplementary, special tests

3 of transformers, nomenclature of transformer
Power Transformers - General terminals as per IS 2026-1981.
) Measurement of voltage ratio by ratio meter,
Testing of Transformer | Type Tests, standard transformer, turn testing
4 Routine Tests and Special Tests of

Transformer

method.Polarity test.Phasing out test.Back to
Back test.
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gfe -5
(Testing and Reconditioning of Electrical Machine Insulation)
fawg fAreo=ht (Course Level Learning Outcomes):
CO5 - Saifdedhd sfdutc d SYuRH Riked Hed .
(Maintain insulation systems of electrical equipment.)
geo Aot (Theory Learning Outcomes):
1. 3ATY. ®Is AP Uacy TIR Safdcdd sfeudc ol IIaRH AR FiRbr
DA
(Classify the insulation material for electrical equipment as per IS code of practice.)
2. AT AR AW aR 3Hthdc HRUMR ey I,
(State the factors affecting the life of insulating material.)
3. fewie AYSY A YA RRETd ASRAC HRUGNIS! ASIY HRIGIrAT URiToRd
X SThIsd B
(Describe the procedural steps to be adopted for measurement of insulation resistance by
different methods.)

4. TTABIR s fEhie UueisT SfIftT dlcomici Toicd I,
(State the different properties and contaminating agents of transformer oil.)
5. CFABIHR 3figerer ¢RET Ad! ATy, Hie 3 Ulded JUR Widl HRaaral

TR W fEwpad &,
(Describe the procedural steps to be followed as per IS code of practice for testing of
transformer oil.)

6. TIUBINR SHisTaa WRMGHIE AT faaf-imea KRTT BUSH dR¥d THIHR
e 9 gl afor S-ar+=iRi fewpa &1
(Describe the various methods of purification, cleaning of transformer oil and drying and
re-varnishing of transformer windings.)
7. WRBES Safdced a=i-wrel md fax! =fie fuer &,
(Prepare the sample history sheet for the specified electrical machine.)\
gf¥=d (Introduction): SAfdehd AR S &1 CABGIHY, Ay Sl Skey I
Rareaa  3for I IR § UM i Sqa RS (Insulation System) 2T
HfS=H (Condition) TR 3facig 3. IYARM (Insulation) § 3 TSRS (Material) 3T
S defact gy T d dad STl 3Fdics e Ul BITAURE Ufdafd &,
WM HIRYME WM Fafacdd (Electrical), AbH®A  (Mechanical) 30T 4
Trafere! (Thermal Stability) ﬁﬁlﬁ%ﬂ Eﬁ?f HTATRI $Q71I?t;cbc1 Q@? (Electrical Stresses),
zI'JZTF'[ ET%FT (Thermal Ageing), BEAEAY osm&l-‘%lﬂ (Mechanical Vibration), CAEAtE
(Contamination) 3fT0T HIgHR SR (Moisture Absorption) TR HRUTHS
ST AeiRerems eiferd ot 818 arTd 3Nfor Jidl SHafacd WY Sl Bid. 8l
IEPELE (Degradation) Jo5d 3fies@al SHTfoT ﬁ?ﬂ??ﬁ :ﬂﬁ [§E3 W\%ﬁ e ﬂm (Short
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Circuits) fdbar 3rTd] ﬁ?%jﬁ% ECZSIR] (Catastrophic Breakdowns) HIR¥EAT feem fafor
HRIENIGH

BUd i anfor RasfemifH (Testing and Reconditioning) g ﬁ@w EEIGEIEI
Aefa fﬁ%ﬁ‘q’ Heag (Preventive Maintenance) UldeTgr HedIdT HIT \’rﬂ%ﬁ 37{@'&’1:[
HeTg (Insulation Maintenance) qrat RcHfes 31U Bidl bedrd Q@Qﬁ? Yamafaferdt
armﬁ%r, GRERL] (Safety) {[ﬁ@ﬁ '@?f SI\HCISH (Downtime) HH! @'&T 37T &hﬁ&ﬂlﬁ
DI T IR BT g,

51 sTﬁﬁﬁ'lT Hefvgeay FaTRIfhe e (Classification of insulating materials as per

IS 8504- 1994):

Table 5.1: FATRITF DGR TH FPAATST He e

(Classification of insulating materials)

(Class)

HfeqgHH gle-Wie
SRR (Maximum Hot-

Spot Temperature) (°C)

fefiea wefaeg / I

(Typical Materials / Examples)

Y (or
0)

90 °C

3CICS IS S~eI=M (untreated fibrous insulation): dic
(cotton), R (silk), Gi:lélés TR (untreated paper), @T‘ﬁ’lﬁ
(cellulose), ds (wood)

105 °C

BRSO sWics / RA-EICE  (fibrous  materials
impregnated/resin-treated): TR (paper) fdar sleq (cotton) fay

CIER] / &ﬁ%ﬁ ETQ'Q'QW (varnish/oil impregnation).

120 °C

Ridfes WREA Q:\I"JZIFH (synthetic resin enamels), Pled & TR
@@ﬁ?ﬂ (cotton & paper laminates) des fay ﬁﬂmﬁg
(bonded with formaldehyde), S8 S IR SIcHH (improved resin

treatments).

130 °C

TAN-BIISR  (glass-fiber), TRDBI (mica), SRECH  AHACH
(asbestos laminates) fay ?ﬂ%‘@lﬁ ClESR (with suitable bonding);
foee-319 AR™BT (built-up mica), TN HIASR A (glass fibre
cloth) fa¥ SHegE SR (with improved binder).

155 °C

AT 3 9™ B ®eiRl (Materials of Class B category)
TS (upgraded) fay gReR-CH=R dife ¥ (higher-
temperature bonding resins): e G| (epoxy), Jicger (polyester),
Heb S (alkyd).

180 °C

SH3MIMG (inorganic) fhal BRI-TH=R 3G / 3G
doTwsfs sﬂégaQH (high-temperature organic/inorganic combined
insulation): HIYDT (mica), eI WIYdX (glass fibre) fay fferpra /
HITeId ISy (with silicone/phenolic binders).
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~

ATy | GHH gie-Wic fefeme wefraea / Sarexal
(Class) | SFIRER (Maximum Hot- (Typical Materials / Examples)
Spot Temperature) (°C)

AT (materials) T8d ¢ fdUICS 180°C (able to withstand above
c > 180 °C 180 °C): Wﬁ s_rf&ﬁ"% Rt (fully inorganic systems),

Rty (ceramics), m (quartz), WW (quartz-glass),
&IESOE;NS cb\lll-u\li?ﬂq{-l (advanced composites).

5.2 AT AU =T AW a= YRV HRUMR TSP (Factors Affecting Life of

Insulating Materials):

safdepd ARIHE aIRedl SUM=T Sgaiet AeRa®r™ iy das® S

framfaferd fafay sifmRfeT oftl TeerHed hdcdar fadiqd 3d. IT thaedid arg

BT U § Aoy, fEgms onfor faflRy srpvrnTié! arg ggaRmHasTarTa!

3T HTAD AR, YA ARHaR URUTH HRUMR TG hded JITATHIY SR

1. yHd '\‘ﬁ'\q (é'lIﬁ?R) (Thermal Stress (Temperature)):w:fa @AH Bl E’Rﬂﬁ*ﬂ? ?ﬂé‘fﬁ
SYAUIRT Ydld Ag<ar] Ucdh 315, ¢S YHd I (Rated Thermal Class — A, B, F, H
) &l 3fa™ 10°C 3 TR dled ¥l 3gaRE ds% AW g, TReT fRe oo
S, ufisicade, thidhT gl 3Mfor g afded WY (Dielectric Strength) 88 @l
Bid .

2. Eﬁ'@ﬁ W @QFI) (Electrical Stress (Voltage)): IR -Fleeol (Over-
Voltage), feafert oofa (Switching Surges) 3Tfor uilfoq fewrsiy (Partial Discharges)
8 SYAYHR AT SHSdiaed fAfie Ual SR WH SUTdId, Sarges ¢idb fdvan
gdfaedhd dHSI3 8IS dhdl. Heqad Flecsl AT Saes Fdd TIRIA Hedr™
Zoldel-ch bl TSR (Electro-Chemical Ageing) UihaT 31feidh a7 Bld.

3. HBMPA ¥H (Mechanical Stress): ®ASTH, c-Hidhe Hicy fdhdl Hied=
IRAR wIfHes fFHfur o= AdhRed HRIS gzl fhiied S 81
IHd. IR THRD X i, ol fhar fewade FH o[, S
AR Ab i d WKiafeic! dH! gld.

4. ATSYR 3Mfor gYAFEE (Moisture and Humidity): SIARMHE ATZHR (Moisture)
IURIT SN YA IR 0T Sgaifdesd [y Hiaar 0N St gid.
J-IT%%U;J,O\O IWHY cflrafﬂl (Surface Tracking), ci)Sdti-Td“l cb\lfliH (Corrosion of
Conductors) 30T By A Ra™ (Fibrous Materials) S B TIR (Paper) 3T
dIed (Cotton) Jia WIeHT (Swelling) BId. BUH HISHR 8T YRS Haid
gIN®BR® Bi-ei-ed (Contaminants) Udh! Tdh AT STl

5. PIUPA Pl (Chemical Contamination): 37\‘1@?1? % &FTBFI KIERERIE]
EIVETIER:[ (Oil Oxidation Products), ﬁ@l@ﬂ (Acids) fdoar 3@’% CaEGIG] (Industrial
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Chemicals) T TUBTd M AT HiHGA (SRR (Chemical Deterioration)
Bld. 3R YHRAT i<t Fwifeafaferd (Flexibility) &l €ld, Sifs
Teiaad faemf (Weakening of Bonding Materials) gid offor iR ufkfRcdia
WTG@W (Carbonization) [LCI[Y] '@E [hdl.

. TgIOHed SISV (Environmental Conditions): 8% , dlee (Salt), EsRcad
T899 (Industrial Gases) 3101 gagl AASURM (UV Radiation) ATHed SIRAT T4
fSUSTM (Surface Degradation) IO ST (Tracking) A& dTe Bld. 81 3ffeccds
3T (High-Altitude Operation) ST TI%FT L iRE (Cooling Efficiency) G|
gl 3ffor gast ETEI?;@@GF @;?I (Dielectric Strength of Air) &I gad, W
QIR THUT WRBIH- (Performance) THTAd BIdl.

. ufSiT anfdr SffRI_W (Ageing and Oxidation): 3ifiie SgafeT HeRaw
(Organic Insulating Materials) &Td CTRTRAR TR (Oxygen) =™l AUdhid 3fTedry
REREY &fﬁ%ﬂ@s‘a (Oxidize) Eﬂ?ﬂﬁ Evp[ Tafife E%FT g (Ageing Process)
gﬂ@?ﬂﬂ?ﬁ fe@ 4 (Brittleness) AT #d, SeReRIc! (Elasticity) Ht HRd AT
Qe YIS theRT (Cracks) &y ARTAT.

8. =t onfor eits @/NEI=T (Frequency and Load Variations):aRAR @S
TRTaRIURI (Load Fluctuations) T SRl ST SR dd Arfdeid
BIfcT 3o W (Cyclic Heating and Cooling) dI RO T8 HRIa1 arTdr. a1
USRAT YHd IO (Thermal Cycles) H@‘F BT (Fatigue) o 6-1?[ 3T
SR RIETE=AT SifeT1 IR (Bonding Structure) aX GO 813 <t [ gld.

. IBTRM (Radiation): IR FIARUMAL, T B AR IRSIAT (Nuclear
Installations), E'I'J—Q:Iﬁﬁi'%@? (High-Energy Radiation) svﬁa-‘alﬂl-l‘c’ﬁ?f Hqugm
ET'USE (Molecular Bonds) S &ll. QIlj,o?b ET\ElﬁW?ﬁ Ufisicade (Embrittlement)
Eﬁ?{ IO IR A d Qifq (Mechanical Strength) HH @TE AN

1O.ﬁ7§'ﬁ'ﬁilﬁ11 %'m foran UsiR TSR (Manufacturing Defects or Poor

Workmanship): &rEf\f HE PR (Impregnation), %’\I%Eﬂiﬁ JURYST (Presence of
Voids), ﬂﬁ%{ ﬂ&rﬁ'ﬂ (Curing) 3T sﬂ?aﬁﬂﬁlﬂ ﬁs’m (Workmanship Defects)
A IR AR HIGAT JHIUN HH 8Id. T ORI HISTRT (Operating
Conditions) A&l 314 %’m Eﬂfl’?ﬁﬁﬂ WQGR (Premature Failure) < Wﬁ‘lﬁr
% hdId.

53 SHAYA IPREH WoRAe: AR, diecHicy, SHSdfdee  fearwiq,

Tﬁ?l?l’ﬂ@"-«’ﬁ E@W (Measurement of Insulation Resistance by Megger, Voltmeter,
Dielectric Absorption, Polarisation Index):

SYARA R AoRAC & TH SHAOAH SHHUIRCS ¢ 318, WIgR CIhIHY,
Hied, Hacd 3T 3fee-ey RS Safdcdhd seude AT Yo g1 3fir
HIfCICT TURICH SITd. a7 HoRHCHS SYARMAL AR S99, TR, HI<H-=E ST
&R TRREAT WiecTHl 3Nesguary Had gld.

(2]

\‘

©
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A. AR 9I9s+ Wﬂ?%@lﬂ AT (Measurement of Insulation Resistance by
Megger):
sﬁ@w g@qﬁ? Bl srﬁaﬁzl-l IRy (insulation resistance — IR) %’ ERH@I'EZF-[
(insulation) el Sthfdeaat il HIC (leakage current) AT WTsce Hoded (live
conductors) 3T 37 (earth) Tieamed fdbar ATTavTedT aTefE™ (windings) WY walt
SIVURIA 3OS Hd ATd SoIbhRA 3. TTR-3-oIH IR XX (Megger —
Insulation Resistance Tester) %W@‘-ﬂ?{?@ﬁ? (special instrument) &H%' @TBTC[?{@IETH
&GSl (high resistance values) — (JTHTRID: TN 3@ MQ (megaohms MQ)) TSI
IR SId. RIS AR (Megger) 8 DC @lees (high DC voltage) ITYRUIG: 500 V,
1000 V fdhaT 2500 v SHARAAT & BT AR (Megger) TIHIHY, hacw, Ay, RaafiieR
3{TFOT STFReY g ¢RETHTAT HIGAT YHTUMAR TuRel ST,
e (Principle of Operation):
TR T 58-fo®d DC Tvexa RUd &R 1 xd, of o 7Y el SYAH
(insulation under test) € DC Sleesl (DC voltage) ad. E’Rﬁ@mqﬂ?ﬁ Tl BIUIRT dlidbsl
G (leakage current) E@ﬂﬁ%ﬂ Hiex (moving-coil meter) AL SUCTR (deflection)
faTor SHRal, o7 87 Hiex T Mg - MQ T HiTdcS (calibrated) dbaidl Sd.”

\Y

R=~
I

oy
R = ?ﬁﬂ@ﬂ‘[ﬁﬂ (Insulation resistance) (Q fdoar MQ)

V = @38 DC ®lee (Applied DC voltage) (V)

| = Sl e (Leakage current) (A)

AR (Megger) %iﬁlﬁ (resistance) qT YT Hicecs Whd (calibrated scale) dX AT
e (megaohms) ) q GRIqd.

P (Constructionof Megger):

) TR g 8d safd\gdvci IR (high electrical resistance) (ﬁ'«‘ﬁﬁlﬁ E@I@W
'{@Cﬁ"c’ (electrical equipment) gl 37\‘1@'5217-[ IR (insulation resistance))
HISUATHIST TR Hald IREHE (Instrument) T8 30T § 3 BT UTCH =T TebPord
FrfaR SMenia od. TR =1 T8 M §5-f5& DC SReR (Hand-Driven
DC Generator) 3al. |1 Udh JIeT THHe-HAT S (permanent-magnet generator)

3RTA @ B8 % (hand crank) TG TTa@T STTAl. 8T SRR Wfdhedl 819 DC T
glecd (high DC test voltage) TR R, Sl HILYRUIG: RgHHAT ST TAR 500 V

d 2500 vV Udd 3rat
b) ASRHC § UHAC Hiced fiheg AR daaedl o A SIgea=dl Aed b SId:
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ST Hisd / HI€ Hisd (The Deflecting Coil): B HIsd oxc SIS
3gaiR Giad R g8 Sligadl $/&d 3o aeiare Tg= Tl SIUIRT didhs dhic
P B

@ﬁi’ﬂ Trﬁ%ﬁ / MeRra ?ﬁ's'gﬁ (The Controlling Coil (Potential Coil): I Pigd
X FleooTdl 3fhIg SISadt 3Td 3N WSS Bleeo=l (V) WAIRHA cldb
TSI .

q) 3RgHed SIHaRA § A1 G HISles Uisgd gIOM=AT CloRi=d I R 3fqeied
3. TR 31O Tha o HfET R Siead 3r/d, 3 A 3iigH T Hiersies
Boldl 3. Ulsedl BRI TR g1 a1 SlaRi=ar IRNaR Sfdcid 3/4d, of v/1 it
TUIRMEA 3d (Ohm's Law, R = V/I).

TR 98 HRMIS! YWRe eHTe fiad Srgdrd:

a) L (Line) § cfHd 1 dadex fdhdl arfSiar shed Sd SRl ¢ (test) el SI1d
31T

b) E (Earth) § <fH-d Aefare BH fdhdr IES & Sirsd ol

¢) G (Guard) g THTT TR didhol dHRe SIS (shunt away) PIGUINITST ATORA STd,

S e 8 TedH YRR TRUIor S-gaga IRke = HisTel o).
o |

Unknown — s Magnet

Resistance (Rx) Voltage /_\I rom core L_\

o

Coil
L O——mm
Guard Q@ 41 v2

ring |

driven generator

| le Magnet
x10 (

L ox100

O
Guard terminal

Fig 5.1: AoRHC 3ATH ?{Rﬁﬁ'&’l‘ﬁ'@ﬂ I AR (Measurement of Insulation

Resistance by Megger)
Reference Link: https://www.codrey.com/electrical/how-to-measure-resistance/

MRS (Procedure):

a) TR (Megger) ¥ = BIUATH! Ufgell WU WIS 1Rl PRI,
L (Line) TfHAQ (terminal) 8 JUTHURTST 3rIaiedT dEfET (winding) fhar dedex
(conductor) <l IENASIGRIE) aEQT, E (Earth) <fia %‘ W\&Iﬁﬂﬁf 3RS Siat (earthed
body) I, S &t c FIBIHY BHR (transformer core) fdhar thH (frame), CIENESIG]

b) SR T¥ T (test surface) Plcii-cs A fdhar TR ool T1R (leakage paths)
3T, TR G (Guard) THAT (terminal) TREH SIS SITd, SATHeS 8T TRBGY il
PC (surface leakage current) E el SITdL.IHART! )€U FGUNST ST S Rleedl
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(applying test voltage).ﬁ%ﬁﬁ TR (manual Megger) qrat, goik TS PP (hand crank)
g TWis A fhrad! fdan sadg\flr-\1¢ TR (electronic Megger) N d R 3=
&l

I 3e-d SIFXeR (Internal Generator) fohd BId, Sf 81 DC X @Ieed (high DC
test voltage) (3al. 500 V) gfbear <d. %ﬁ@ﬁf Khrgin) (voltage apply) HATAR
SITIaRM (deflection) BId. HRC dIgd (current coil) SYARFHYA STUMAT A=
HHI B Bl (leakage current — 1) YN b (torque) fmtor W, ax
TiefRad ®isd (potential coil) @SS @leeodAT (voltage — V) TALHA ECAREIY
GG

7 g el (torques) =7 IR (ratio) Hé' S| V/I &%ETH — resistance) [ P ISNE T
3, UfSex (pointer) ITHAAR SITIGRM Gl AT SYARM feRe=T (insulation
resistance) Je MQ A SRl ﬁae"r, 3R (operator) STIIAR foaumR 37\‘1@317[
\Q%%Cr{-la Oé'cgl\(value) s Hdl.

e) 3d AEW UM, ASRAC (measurement) J0F TR drsfemdia Ytegsd
TSl BTG CTHUIRITST o JRIEAUU fSTmSt (discharged) B 37 (earth) @1 Sied
Ufg, dal IRER (resistor) GR.ATTS DC ST (DC testing) SR TR Frardl
CAGIE] ﬁﬁl@&lﬂ TSl (residual charge) qutrl?r i\U;J,os &al SITdl 31T X gore
(shock hazard) Tl

tI"TI'QZI% (Advantages):

a) ge-[3@ Hisw AW HIVATE! TReAd UlaR Jwrae (external power supply)
{Ta=RGehdl -4,

b) sr{ja-‘el-l \Ql?ﬂ%cf{-l dT TI- 3R (megaohms) A IS HIar U,

o) UIced, Ramgsd 3nfor aroruary gait.

d) Pice dUd TaRex] cRETHI! A,

B. FlecHlex AYS (Voltmeter Method):

éjf nYS Gﬁw ar (Ohm’s Law) d¥ 3MeTRd \’rﬂ%:
Vv
R= —

I

ST A DC @leedl (V) — DC voltage IIARMT 3T bl Sld, dg] IYARA IR
TIAHS AMYA ST BT didol B (leakage current-I) Uell Bidl. W dbeial
Flecol (applied voltage) 30T Al BIUTRT fibol e (leakage current) H\Iujﬁ, srﬁa-‘zld
i‘fglw (R — insulation resistance) &’vcdgac HIl U,
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Voltmeter

(V)
LN
c ; v Potential
umren 1 z terminals (V,, V)
terminals {C1, C2) () C)
1 c2
=
s Unknown
Resistance
I
+ -
f;\ I
iy it
Ammeter DC Supply

Fig 5.2:glecHeX AYS (Voltmeter Method)

https://www.codrey.com/electrical/how-to-measure-resistance/

MRS (Procedure):

a) U fIRRME (Preparation) TR Y& Bld.c¥ dal SR Sfdule IWRURA
o (disconnected from the supply) PHad 3U 30T HIvdTe! ﬁ?ﬂ?ﬂx’dﬁ
Fﬁﬁ@ﬁ (residual voltage) q;UfCﬂﬁ et (discharged) HAAT U IR Gﬂ%’ |
AHETS! SATTAD 3E.CHTR Taryd &iF (cleaned) 30T ST (dried) odl
HT%@R-[, CLCTSE] Hﬂﬂﬁﬁ WBY TPl B (surface leakage currents) o ﬁ‘m"
:R?[, 3IYT ASRHAC (measurement) g{opnla G\I\'io .

b) cbzld*ilr{-li-lldnl, doTJ-u\HQH g TRNG-WRad sRHeHd (standard series-parallel
arrangement) Sed ord. 3fHtex %’ T WRATgEd (test specimen) IR (series)
T Shed OId, U AT HH s B (I — leakage current) HISTdT Asd.
W BlecHER (voltmeter — high-resistance type) $ﬂgc\1-‘zl-1d< URTd (parallel / across)
SIS ST, SO 3 haid @lees (V — Applied Voltage) HISTdl 3.

¢) IHdR <f R/ (Technician) Fleeol @ (Applies Voltage) Hdl, WU DC
@A (DC supply) G B o TRER ¢S X @lecoUdd (Rated Test Voltage)
dreddl (3al. 250 V fobar 500 V). @lecsl Tad (Stable) HTedTaR ¢l Jfsw gl
U glectiex AT (v) 3ifor sfdfier AfET (1) Agadl. MR Yo IR
(Rins — insulation resistance) QA TAYHTO! %cdgac el ST

Rin = %
tFI'CI% (Advantages):
a) _Eﬁ Riga (Simple) 3T ?FI@'&HO_@’ (Inexpensive) AYs 311%
b) Wad SRIH s&gﬁ'cﬁl — FIeeHIER (Voltmeter) 30T 3THICR (Ammeter) — T ATAR
P,
Q) ar < fsag 37{@'521:[ i‘%lw (Low To Medium Insulation Resistance) d fod 999
HUGITS! i,
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~

fearfarder= (Limitations):
a) gU gl e OE\;JQ%;L\VI (Very High Resistances) (bTal MQ U&T STd) I1al &t
AYS ST AsRAe Hd ATl
b) TSl BRC (Leakage Current) 3fdd HH! e d fOGRISTe! (Precisely) HISTOl
B3I 8IS, Wb,
C) Wﬁwﬂwﬁwﬁr (Higher Resistance Measurements) AR (Megger) 3fePH
ﬁaﬂi_c' (Accurate) STTOT ISR 3,
C. mﬁ% G@W AYT (Dielectric Absorption Method):
@H@m Gi@ﬁ@h AYs (Dielectric Absorption Method) @ﬁ 37\‘1@?21:[ %@W
(Insulation Resistance) ASoarE Ugd gerLle-IrHr, Iﬁ?ﬁ, SRed St pee T
S yHca SRl Siferc! 31 HfS=H (Quality and Condition) TURTUITITST ATURE!
ST, g s%aﬁvrrr iﬁlﬁ STy (Simple Insulation Resistance Test) ol AYS BT
3{Tg HRUT ITd SYATAR JXLT DC RBleedl (sustained DC voltage) 3R dhedlaR d
Y &@ﬁ (Absorb) Bid 31 B trT?rmésT (polarize) Bld 8 AR &d oIld. ST DC
@leed (DC voltage) SIARAA fad ST, degl AEYH Wl BIUIRT  Hec (Current)
ISR BBER HH! BId Slldl, HRUI SHGe®d MRITRIA (Dielectric Absorption) TTOT
IR Sthacd (Polarization Effects) TSdTd. oiTavTed] ClgH SRIMAT — 3al. 30
Adhe, 60 Waha fhar 1 e, 10 e SRIARM RS (Insulation Resistance) HisTed™
STCI@% Gi@lf&ﬁ:fw (DAR Dielectric Absorption Ratio) fdoar W@W E@Tﬂ (Pl -
Polarization Index) i ara. %Eﬁ%} '{l%abc:{-f sr{ia-‘zlﬂa %F‘\’J (Insulation Health) ?{-‘\’hﬁ'lﬁ
MRR (Procedure):

a) VG PIKC SN T Bl TN ST HERIAA R W ol ST, degl T
HidheHe Ul BIVIRT Cled HRC A aTaiTed dhUHey YR S-cidl Sdl.

b) PURIEIeE ST B (Capacitive Charging Current (1): 81 T 3T, 81 Hc
3Mg Sl siwd! (briefly) Gl il 30T TIYRUMYU Hhad Plal Ydhg (few seconds)
fespdl. \ﬁosl 5&;],@-‘&-1 Rrew (insulation system) — S HURIER (capacitor) qRA T%I%?E»'
P A T3S Bleest (applied voltage) T =TS Bid, dcgT 8T e Tl i,

Q) GIEITUZ&I / ﬁm@"\’lﬁ e (Absorption / Polarization Current (la): 8T ®C
ao\bj{-lli gRER HH! (decreases slowly over time) Eﬁ?ﬁ hRUI $-§L@1-‘2H AeRgaqdiad
ATereRIeR STUH (molecular dipoles) aifdce BITGHS 3falg BIdId. 81 BRC Plal
fafe (several minutes) ﬁ@ Hdl AT 37\3@11-217[ %?I (Insulation Health) dT Udh
Hewardl sfedher (Vital Indicator) 31Tg.

d) GiGas| / PSARIA BIC (Leakage (Conduction) Current (1): BT BhIC TR IRRes
(truly resistive), Wal-¥KC (steady-state) DHRC TG, Sl STRBIE YA (imperfect
Insulation) H@' Al gidl, TUreTd sngaledtql osch\HHYE (through the volume of the
insulation).gT ¢ DC srﬁa-‘zlﬂ %@ETH (DC insulation resistance) g < AR (true
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measure) GRIGd! SATOT TIfRrde HUMCH (transient components) HH!T HTedTdR HHI
Bidl.

e) X XM CRA ST U Bldl, hUNICIa dTfoHT Hec (capacitive charging
current — Ic) 37T H@T@ﬁ / thm@m G (absorption/polarization current — la)
B8R HUI ldrd 301 act JATAR (decay to zero) UGN, AR Had dldbsl
/HEIRI BT (leakage/conduction current ) IXdll, ST Yac! Tal SYRH AeReq
(final, steady insulation resistance) It ST (reading) <.

f)y AT G dosl FYARM MIRE (insulation resistance) HIGH, SHfded
&@T&’ﬁw (dielectric absorption ratio — DAR) U1 Hdl SIS, YHa:

STafacd eI =N (Dielectric Absorption Ratio (DAR) = E—zz

R60 = 60 @Wﬂ?ﬂ% W%@rﬂ (Insulation resistance after 60 seconds)
R30 = 30 YdhgHaRd sﬂ{j,é\lfelﬂ ?l'%IETH (Insulation resistance after 30 seconds)
fefuwa %qurr (Typical Values):
a) {ES’ET\QJ,@W (Good insulation): DAR > 1.25
b) AT / T8 S~gARM (Marginal/aged insulation): DAR = 1.0 d 1.25
c) H&Rgﬂﬁm (Poor insulation): DAR < 1.0
D. tﬁm@*&rs@mﬁu@ (Polarisation Index Method):
UIeRIISINA SS9 (Polarization Index — Pl) T &1 U dIsSdl dTuRel SIURT Ugd 3Tg,
ST TRIIHY |, HicY, 3feeeR MUl HacaaREAT Jaiacdd SouHcal g
HIfCICT 3101 HISH TUHUIRTST IR Sild.
g SORE YW ¢ df Tdh TRICSS (extended) BIH (form) 3TQ, S I~II=H
HeRaer sm@n’&gqv &Iﬁﬁﬂ‘ﬂ? (dielectric absorption) IaeReHT (characteristics)
SRAUIITS! it Sifd. Pl ¢X¢ S-YoRHHLT AR dhed (moisture content), Heib-gH
(contamination) 3T SifeReR=M (deterioration) WW?@"«’[ (clear indication) ad.
e (Principle):
ST B DC Fleed TERI ST HRIAR Wl Hal Sd, degl IaH
Xfere=4 ey Wgd 18! il dSJER dred!.
SI@T DC Fleedl WA dearar 1 ffAe siftr 10 ffe @R sgoRH Mere Aerd
STd, degT UIeRTISRM SS9 (Polarization Index — P1) AoR il Sild:

GIeRIISRA S (Polarization Index (PI) = _‘Eomin

1min

SIRd Pl & (higher P1 value) TRIGd @1 SYARM (insulation) TS, ST 30T gl
(healthy) 31T§, TR HHT PI By (low Pl value) GRIAd &I HIGYR (moisture), ¢ (dirt) far
37\3@'521? ET%FT (insulation aging) 311@[ @rH%'

MRSR (Procedure):

a) Pl ASTUOTITST Ye3UHed WTeiid BIF-cd (components) 301 {TARTD 3HTg:
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b) A 37\‘?3? (primary instrument) TUTS DC 3GAIRM ¢ / AR, S IR DC ¢
Sleel (constant DC test voltage — 500 V, 1000 V, fdhaTl 2500 V) 3@ HRUGRITS]
ATIRSA STt AT ﬁﬁﬂtﬁ%ﬂ THT- 38R (megaohms — MQ) A HISTd.

c) PI T (Pl test) A EIHI{M, CIgH—%a?SE’ ASRHAC (precise, time-dependent
measurements) 3TaRI® FdTd. T AfeT 1 e Fax gaeh Sra sfor gaR, ST
10 fifFedR ddc 9Td, SIgT S @iee! (test voltage) ST daial 3R

d) TSI HATGT ey (Connecting Leads) = JUf dral SITd — G UHIR FYaics AR
(properly insulated wires) S AR (Megger) <l T 3fielde (test object) i Sedrd.

?F\ﬂa'iﬁ %I?;I'ET\‘T AoRHC ﬁﬂ%{ﬂ% m (Comparison of Insulation Resistance

Measurement Methods):

Table 5.2: FAR IR~ ARHE AYFGIAY HURST (Comparison of Insulation

Resistance Measurement Methods)

v 3 A
T IR S (Voltmet??g 5 r ' '
(Parameter) | (Megger Method) Method) (Dielectric (Polarisation Index —
Absorption Test) Pl Test)
DC Rlees AW | TRe-d DC AW | SRR 3R T
HA WS Hec | ag=- Ohm’ SR
Rfraa - ms 3| Sttt | TRE P SET §
Principle) | - ond AT Law (IR = V/) T S (1IR10min /
YA R | TR IR | ST (IR60sec / Rimin)
foesdl TSIl ST, IR30sec). '
sfouHe .
TS S - DC 9&IH, - Pl TR fdhar fefored
(Equipment ﬁer * FleeHley, 3fHeR. T TR,
Used) '
?TE' | Test | o0V 2KV ;Lsg(:qu% 500 — 1000 V 200V -5 kV
ypical Tes : - - . N
Voltage) RIETER). NN (SRR FIEIER).
¢ SYRE -
109HE d 1 : N
Duration) '
URIex
ATS / N NP
5 SARAH QI @lT-eH
feHzM SR SYARH | 9 g 9 - R &
(Parameter IR IR HIRER (MOISture?) & m@ '
Measured / &"%ab—[a ’ '
Indication)
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et SHgAlae® TIeRTISIR S
1 R S (Voltmet??g 5 T ' '
(Parameter) | (Megger Method) Method) (Dielectric (Polarisation Index —
Absorption Test) Pl Test)
W) o T . sz 3 ST qaid Ramed s,
Vantag®s) | e qroRa o ' TR, | I e S
— < &
faftreera %q géﬂ”g: L e S o
(Limitations) | N s it A Wa‘r SfeuHcardt Iugad
T R S SRR e,

5.4 EF\"-IW\ﬁ'{ GI:I'?,F[: II’I"T(.FH, Pl IHATET QFIE (Transformer Oil: Properties,
Contaminating Agents):

54.1 @Rqﬁﬁ? Gﬁ'gﬁ: Uradfel (Transformer Oil: Properties.)

CIrHl-b\IJJ-IrQ 31T$c1 (Transformer Qil) fdhal srij,{*\lié*l 817501 (Insulating Oil) %’ A Gﬁ"s'gﬁ
(Mineral Oil) 37 Gl E’F\qwrﬁmiﬁ E’R‘j@?ﬁ (Insulation), @?’I’T (Cooling) T 37eh-
ST (Arc-Quenching) FHBDI JqRA . AT &Hgﬂiﬁ Wﬁl‘cpf (Quality) E'IT\’:ITIO"ITT??T[
tITq'TIﬁTH (Performance), Reamafaferdt (Reliability) 37T ‘v'l'% a'|§'q7 (Service Life) dX e
GOy &

EF\"-IW‘ﬁ? Gﬁ%ﬁw I (Properties of Transformer Qil):
1. B SHSAfde®d TWY (High Dielectric Strength)TFAHINR  3figaded ™

Sgdfacd WY (High Dielectric Strength) 3101 3(d TARTAD 38, SUIHEH
3{igd galfdedha WA (Electrical Stresses) g He Shel3 (Breakdown) BIUTR
T8, WIYROMIU IiTed 3Higadl Sdh a3+ @lecs (Breakdown Voltage — BDV) 8T 2.5
mm 71T TT3T 30 kV fdhaT ATE SHfe dl. B Uiuc! arges UTed (Live Parts) Welid
37\3@'&17-[ (Insulation) ﬁﬁf’\éﬂaﬂ?ﬁ 3T salrochbc'I Cbcg?zﬂ (Electrical Failure) a5 |

L@ %R‘Tﬁﬁlﬂ Low Viscosity) aTHTI'TIﬁT &ﬂ's'gﬂﬁ?ﬁ ar %Eﬁﬁlﬂ (Low Viscosity)
U J[ARGS 3Mg, PRU HH! RIS Sfigerar WY 3 Hicgs
?IH'{I@W (Smooth and Continuous Circulation) @Rﬂﬁﬁ?ﬂ[ 3d Hard Eﬂ?ﬁ
HIIEH 3igd Tl (Oil Flow) Hed arefe™ (Windings) 30T ®ISR (Core) Aeia fae
guTETor fSRIUT (Dissipate) BTd, S CFIHIERT SRR U ORI fafiied
(Safe Operating Limits) A IRG oI,

. B9 U UIse (High Flash Point — > 140°C):81d Uci¥l Ulge (Flash Point) TgUNST
3ffsdt frSian- 81 CTRERARE! WRiATd dUd (Flammable Vapours) Jgeuur fefiel
HRd el & Ul SrahiiRe HORRAd W (Operational Safety) HIGdT THTOTT
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\‘

©

dlead , RO AH fdhar fhfiad deciedn CHReRel BRR R¥& (Fire Risk) HHT
I,

8™ BTRIR Uige (High Fire Point — > 160°C): IR Uisc (Fire Point) T8UNST JHigcral
BRR ANTEIFAR d SRR (Combustion) Idd e g Adbd 3T IR Ulec.
B0 BRR Tlsc 3Ty |41 QST (Heavy Loading) fdhar Sfearda gifeT sz
(Abnormal Heating Conditions) GX¥TH TR g‘ﬂ\'{%l (Fire Hazards) Aeoitatar w4
glard.

M Hffwpd WfAfrd (High Chemical Stability) SFIBIIR 3fiZared 81 HiHd
Wfaferdl (High Chemical Stability) 3/ Ul 3dRd Mg, UM d SffGAaRH
(Oxidation) IRBAT HiHGd RAFIAT IMeRe HE& Whd, HHBRIA! Ldd
JgaHE WISl (Sludge), 3IRTSH (Acids) fhar 3R fSUSIA UTSdCH (Degradation
Products) TR BId ATgld. T gl IIATST (Insulating) TTOT BIHT (Cooling)
& BT Tdd Bive-g3RT G S,

@I U UTSe (Low Pour Point — < —6°C):@! TR Ulge (Pour Point) 31U T8UIS 3ifgd
FHHI e THRER (Ambient Temperature) I[?fl@)[ UJgS (Fluid) fRdta TI'E:_?T %
faRva: 4§ §AMMIA (Cold Climates) SHAcd TFIBIHIATS! HE@ 3HTE, HRUT
YUTAT BT (Cooling) ST SMTaRID SRIA 3{Sd Tl (Oil Flow) Hiie=3rd A0
TR 3.

G| 'ﬁ%’&? @Hee (Low Moisture Content):&ﬁ?ﬂﬂ?—a ﬁ'l%’%l? (Moisture) AT Tt

SgAfacd }Y (Dielectric Strength) HIGAT FHIUNA HH! 8Id ST SYARM SH SIS
(Insulation Breakdown) BIoaTdl R dled. WUHA CUBIHR isd -gHl S
$HISTE (Dry Condition) A 30 TALI®H 38 ST d dlex i< {2 (Water
Contamination) U] ! 3T TTfgo.

. @ erfifsd (Low Acidity — Neutralization Value < 0.03 mg KOH/g):Q'IT\El'EI'T\IIﬁT

&ﬁsaﬁﬁ%%ﬂmcidity)qu&mﬁra{w&n% PHRU SRA Rfedige
Heferd cbll-ulﬂc{-l (Metallic Components) =t BRISH (Corrosion) Bﬁ 3T @Fﬁljﬁ?
37\3@?17-[ (Cellulose Insulation) 3 fsisq (Degradation) Eﬂ?f Gﬂ%?ﬁﬁ 3RSt aren
|US 3fisaded TR (Ageing) 30T Siferdt fECReIR= (Deterioration of Oil
Quality) T Tl WY Ydvd SRIAI.

. yHd m’%ﬁ (Good Thermal Conductlwty)EFﬂtlleﬁT W?ﬁ s yrd
mﬁ (Good Thermal Conductivity) AU TP &ﬂ% NLCTST]
ST IR Sed HIFHCH (Internal Components) AET e THTATT ¢ TRBGH
(Tank Surface) TId UGl Wdhd. SUH YHA dHelacigedd CrABERd! Hich]
WRWGIHT (Cooling Performance) JURA 30T AN (Windings) o 3=
(Insulation) T AW ATGUAN Had Bld.

10. TERE ATOT ATge PAX (Transparent and Light Colour): TFAHIHR 3{1sd §

TRIRT 3T AR HeR U 3Add HewWld 3Mg. 3 WEUMS 3fied T
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(Clean) 3T MY TS UMcH (Suspended Particles) fhaT T (Sludge)
T Riad. 3Higeral HeR ST 81Ul (Darkening of Colour) § WTHRUMG: de H-2H
(Contamination) fdFaT TRSIT (Ageing) TT G 10e! HIUTATAR) Ufhara TefuT 31,

5.4.2 THR 3MTged HeiHATeTT Ui (Contaminating Agents of Transformer
g Ag

oil)
1.

ﬂﬁ%ﬁ (Moisture) (Water): HVE%R (Moisture) ;’R‘Fq'fl'ﬁ{ (transformer) H@W@Fﬂ
(breathing holes), HeIH (condensation), ICEIRNIES] (leakage) Qﬁ UaR B Y.
TS YISAT YU dlex (water) SIfagd W (dielectric strength) QUd HHT
P ST TR (paper) d BRG] (pressboard) HIRCHI Tifrs 5*%9]_,@1-‘0-1 (solid
insulation) =l fgefRsiRem (deterioration) <l WIl¥d I dTead.

S (Dust) 3MTUT B (Dirt): ST (Dust) 30T ¢ (Dirt) Hiada=AT TgA-He
(environment) HYT fhar AeT=g 9% (maintenance work) aX®T 3HId UdY AT, %
ufidre (particles) 3?‘{]@31‘[ RN (insulation quality) FHH! Hdld, IWHY ',cfv%'[
(surface tracking) o D dld, 3Tfor W Sdcy (cooling ducts) D D Y dld,
GCITH@' 'Eﬂ?:’ ISIGERGE] (heat dissipation) HH Eﬂ?f

RIS Eﬁ'ZﬁEW (Oxidation Products) (Sludge and Acids): NIESEE] (oxygen)
30T 8T8 CTRER (high temperature) T Fdd TaRUIGR (exposure) HTedTHe 3Higd
RIS (oil oxidation) BId. IS WISl (sludge) 3TN SIRIEH HHTHEY (acidic
compounds) =t AT (formation) Eﬁ?[ S %’W (viscosity) dlieddld, 31T$c1
‘v'@iﬁ?ﬂ (oil circulation) HH! Hhdld, dgi?i*l EWNT\E?[ (cooling efficiency) FHH!
HIdTd AT Aeferd tIch'\Er (metallic parts) o B (corrosion) hdId.

T (Dissolved Gases): _E!TCI@GF[ (Hydrogen), T (Methane) 3for widett=
(Ethylene) ?ﬂ?@ T\@F gases) 3BT (Arcing), BRI (Corona) fdoar Gﬁ?ta'T%ﬁﬂ
(overheating) lj,oo CIle-bIJ-N (Transformer) A TR %ﬁ?ﬂﬁ 7 g ﬁ'@T\q 3T
Eb‘l’\‘l%ﬂ? (Presence and Concentratlon) @ﬂ\‘rﬂQ (Dissolved Gas Analysis — DGA) @'IB{
TS ST SIT0T e $ed Wied (Internal Faults) I XadT GRiaa! SiTdl.
BT UTiched (Carbon Particles):?ﬂlé:r (Carbon) ufidpe (Particles) %’ STTHT
(arcing) &Wﬁ[?ﬁq}lﬁl’lﬂ (insulation) ﬁv_cQGR (failure) <I¥IT- LI\ISIJ\H (produced) @Hﬁ
8 $8fdca (conductive) TTFCHT (particles) TS (oil) SASAMGE® (dielectric) Y
(strength) AR (lower) dXdIld 37T gcanlﬂ RESISES (discharges) fhar sHes
(breakdowns) STHTRITT (initiate) == YT,

. Ued UIfd®ed (Metal Particles): @R (core) fdhal aEfE™ (winding) HUHca

(components) Ab DA (mechanical) a’&R'EI,% (wear) WIS (fine) Aed (metal)
ufidre (particles) &ﬁ'?gﬂaﬁ_@l? (into the oil) el (release) 6\|d’> b dld. % qifiéshe
(particles) ufferd (partial) (RESISES] (discharges) ETIT (trigger) = R[chdld 3T 7T
(short) “Glm?ﬁ (circuits) R (risk) sfobnlvl (increase) X dld.
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7. WBIAER ATOT YA SfOS  (Fibre and Insulation Debris): TUR (paper) fdsar
BRG] (presshoard) 37\‘?1@'-‘21? (insulation) Eil E%PT (ageing) 3T Ab oA
(mechanical) TSfeR3IRTA (deterioration) WIS (fibrous) SISl (debris) SfisaH
(into the oil) NI (release) hdld. % TIe (fibres) 3@3@% (dielectric) @f%[
(strength) ﬂ?@ﬂ (reduce) hdld 30T ;’R‘Fq'fllihﬂ (transformer) 3{Td Lﬂﬁﬁ%’
(progressive) 37\“3,@?17-[ (insulation) UL (degradation) 5’%% (indicate) hdId.

5.5 SAWBIHY 3ATgd ST IS WR IS 1866: SHSATRES WY e¢¥e, ANISd T,

TS O, Thahdl ¢¥e, TIRTUIae ATOT BRIX Ul o)

(Testing of Transformer Oil as per IS 1866: Dielectric Strength Test, Acidity Test,
Sludge Test, Crackle Test, Flashpoint and Fire Point Test):

A. STISAfae® WY X (Dielectric Strength Test): B <X ISt HE] Safde® g
fayzefen sifaferch %?Tﬁ%:f (determines) W, JIHH Tse 2.5 T (mm) 3@3@‘5’
(electrode) g (gap) 7y ydd &FT"&'FI (oil) 6’[&3@% W&R (failure) 3fJHdd Tl
afa ‘:IJugGl?ﬁ s-lobnllr\\ﬂ'*l (increasing) AC Cﬁ-\IQ'eU‘I 3T el ST, 81'5‘ BDV %V?{L(value)
Fe (clean), SIY (dry), 3TMOT HeTHAR-Th! (contamination-free) C‘rﬁ"i’ﬂ (oil) asfa?r A
%?\’1 IIT'S'%R (moisture), qUss (suspended) ufidweg (particles), fhar fsfeRReiRem
(deterioration) EI\T'S'HE’H (products) =41 RLIRIGIEl gl ad.

&ﬁgﬁ - (test-cell) ATdT=AI HeRaL (container) UR (poured) Hal u1|€1, ST
E'E:TFI (internal) SIHTY (dimensions) 55 mm x 90 mm x 100mm 31I%c|. sadg\ls\%l
(electrodes) 12.7 d 13mm SHER (diameter) J iferes (polished) §TYH (brass) o fapgd
(spheres) T, S T sTi\wTrcm‘i (horizontally) RS (arranged) FA ST ST =
SifFaag (axes) e (cell) dicH (bottom) Ul HHIIHH 40mm TR ST

gt wad (spheres) gamdta g9 (distance) 2.5mm 3gEl. T
3 ESRC (adjust) PRUTMTS! Ydd (suitable) TS (gauge) ATORT SId. SIS HHd
(sample) dYUIR DAl (preparing), - q:quT?f FAE pad 3Fa 3Ifor ﬂT’s”R
(moisture) d LRV (suspended) ufiére (particles) 7d,

Fig 5.3 fadiedn 3iigd YW Sgalacd Y MYTITS! TRURHed -3
GrRadd. GlecHIeY B Gleesl RIBIA] YL A58 R H-de dhad 34d, Jur d
g1 Blees] Ulsg R Pielsic (calibrated) Pt 3.

|
L 220v  33kv T TN T
Transformer Qil
Ac
Supply @% ‘% L@c@ ' !Electrode
N <
Min.AutoTr. 2.5mm

Glass Test Cell

Fig 5.3: 31'&3%@37 '\%?I ST (Dielectric Strength Test)
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mMRer (Procedure):

a) ;IrHLhTJ-TQ 31Tscl TR feae 3‘%@%’ (enclosed) ¢RI (instruction) It wal
(study) PRI1.CXC e (kit) 3T B

b) §RBR leesl dledl 30T T 33 kV (33 kV) @R T fAMET (one minute) 3. BIacl
RBIS (record) BT P 3Higd T 33 kV TH e fGue ST el &1 SR o ameft
T (fails) FITS, dR 33 kV (33 kV) TR et 965 (time) I TAULS 10 d e .

¢) SR o 33 kV U&T FHHI (lower) Flees! aR Bd o1, O d Blees] SHSSHT Bleedl
(breakdown voltage) UL IBIS B,

d) AR Elecsl 3R ded! ATEAT (raise) STUD SHSTSH 8Id Tal, U FH SIS @lee]
YPIS PRI, PIBoIl (take care) BT BT SIRGII ST SBleesl 60 kV T&IT SR (exceed)
B .

e) SHSIHA (breakdown) E@' o %II@I@I TS (suspended) ufép (particles)
feeiedn 7 &Id 21 T RYeE (remove) BRI,

fy 5 e YiET T 3 to 6 UM I1 Rifie 1, S THU el ey fHesdia.

g) O (test) fae (kit) 3T (off) BRI,

B. 3fAfEdt 3T (Acidity Test): SIRIFEE T (Acidity Test) & TFIBIAR A Jd

T3S fehall AIegR- eIee (Titration with Standard Alkali Solution) & &l SITd.

gl Ufbdned s e SHfRTeR-Yd (Oxidation) TOR Had IRIfeH Hurdgd

(Acidic Compounds) foodi! yHTOTa 311%?[ %‘ Hd.

SRITEH 3iigd Hea=dT UIeHaR HRISH dlead, Yegarel <=M (Cellulose Insulation)

TRTE B HTOT WSl BIHR (Sludge Formation) TG T8dd. A gCaa9RH &g,

(Neutralization Value) Y19 faaet & 390 § @-¢H s~gaxq Ramfaferct (Long-

Term Insulation Reliability) HTIH SJUIRITA! 3fcdd HewW 3G

Fig 5.4: JIfedt ¢ fove (Acidity Test kit)
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ﬁfﬁ'ﬂﬁ(Principle):

a) ggol (neutral) Fﬁ?ﬁﬁ (solution) Hg PH %V?{L 7 3d. Sifes® (acidic) HeRad
(material) I8 PH &< (value) 7 U&T HHT (less than 7) 3d, 0T 3fehalt (alkali)
HRad (material) 9¢g PH %V?{L(value) 7 el SIRd (above 7) 3.

b) ATHd TIBIAR szl SiRIfSEr (Acidity) 0.3 mg KOH/gram 3i&d. STegT 3fedhall
TeRTd (Alkali Material) SFIBIHR Sfigaded 38 Pl ofld, degl 3iizd quiunl g
(Neutral) 8IS 31 -Tg1. HRUN Sfehaird FHIUN (Quantity of Alkali) SIRITSE! garsd
(Neutralize Acidity) HRUITYRAd 3T ART.

) SR 0.3 mg 3eHdl § 1-gram CFIBIAR isd A 38 odl, R Hsd Ygd ¥
(Neutral State) T8UISTd pH = 7 Ui & dhdl.

d) SR 1-gram TFABIAR TSTAHH 0.3 mg TeiT SR 3fehall 318 dhal, av SATgera pH >
7 Bl SIf0T S IHR 3igd SedhasH (Alkaline) S,

e) CIFABINR ATgeral pH 7 U&T & 3ral, arar orf e Sife® uiudiar (Acidic
Properties) 3IdId.

f) 3ifscdl SiRIfS® AR (Acidic Nature) TURIUIRITA! pH @'GH (pH Strips) EA'IT\’:ITF\I"J:TT
s §8q Aidl HeR (Colour Change) TR ST,

MRISR (Procedure):

a) AaUYH, FBIeGACH (volumetric) RIS (syringe) aTOREH 1 gram SIACT TS &I,
A&, 1 gram 1S BUH 1.1 millilitre TS Udal ST,

b) T UGS, T T 7 1 ml Ydewizs Rike TRT srepieid TS (added)
Fe [Sdlegs TR 3Misd HYA TRICHE HRUI AP 3HTg. HRUN R 3Higd
T TR FTaia WIS 3fehigid T8 3dd Aegad (soluble) SR,

) % JHd e VP (shaking) FATIR, YT AH 1 ml FIfSTH FHEHC TS (added)
A I, ey HIEiHe AT gul (purpose) Tt Jaid T (suitable) 3fehall 318
PHRUT T o7 (use) GXFT SICHIB3R (atmosphere) XM TUBIA SHTedIaR AT
HIYFERRERT (characteristics) A STRA d&d HRd ATal.

d) ﬁﬁl?.p[, T (sample) R (mixture) EJ,%T% (re-shaking) abvqldﬁ, gJrd (sample)
AL 5 E’IJFH (drops) {[ﬁ%ﬁﬁ (universal) SfSdeX (indicator) U8 (added) HROI
3Ta=GS 3HTg.

3RTEE X e (Acidity Test Kit) § SFIBIAR SgACT fiead! SRS RTINS
IR S1d. 1 fhered W@rdid gedh 3RIdIa:

1. NISTH BT TG (Sodium Carbonate Solution) T TITed sfcd

2. Yfacwiss faRke / SURA 3icdigid (Rectified Spirit / Ethyl Alcohol) I THh
Ui dfed

3. gﬁcs{-lrﬂ é%abd (Universal Indicator — Liquid) Eﬂwavﬁﬁ

4. oE;Tcgl:IIr\gdo Thd 3feel RiNoN (Volumetric Syringes)

5. faer3R 31O TIUe ¥ &I&d (Transparent Test Tubes)
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~

Gﬁaﬁiﬁ (Observation): Jmd 8fisd dacwes e Aifsgn w@He, sfir
@Y (universal) 3f&dex (indicator) M FraT Feit ST 30T T HER &1 XHR-4 d1e
Jiad HHSR Dl odl. 3isd gad dRafsed (acidity) %’JFEL mg KOH / ¢ o
Qv S$WhEss (described) Pl ST,

0.4 0.5

NEUTRALIZATION NO milligram of KOH / gram

Fig 5.5: PR ?I'IT:.F(Colour chart)

C. WISl ¢ (Sludge Test) E’F\qﬂ'ffﬁ? 3figad T H yud QST (Thermal Ageing)

TR HfRTSTH Wieacy (Oxidation Products) gege 3iisaded ST gldrd Sffor

T TSl TR FHRAM. 8T WIol ATgreT 311 FHich SHeHaR STHT 8l CrahiHRT!

PHICHT IRWBIHT HH B,

WO ¢ Bl ThIHR JfsaHe 3= S|l SToied] ¥aord 3ifkded 3ffor gHm
ISHUINTST dHall Sd. Bl X dosaR ¥l fhee kM fdar Al Hrua™ ded
HRd, S VSR TN, Sfegrielet fhal Tga=H HegsR goargard arg Ui
CRGIRGI
MRS (Procedure):

a) CFUBIR JHigcdl Hislddl YU T W o heRAY &L Joael deld
He¥E AL FAR 100°C TAd fde o1 U SHifrew™ Ulsacyd HRifte=™
(Precipitation) Th[Rc Eﬁ?[

b) Jd ¥S 8IS o 0GR daR M ol Uiche TTd sudid fhar WSS
IR eI,

o) 3gad W-dcs fhee ﬁwafr fiheex . flheer UURET Ugiferay $eR fdhar Iy
leged aA I, S0Hed SRad 3ed Pled oed. fheed UIRAT deld
CHIRTRAR G BT S0 Hiceged ¢dd (Y ST,

) fheex tud Y-8l dusfd DT (Weigh Again).aGT-l'IT‘ﬂFT dlie (Increase in Weight) =
TrerHed ST Teole THIOT (Amount of Sludge) S=iad.

Gﬁ'?.;ﬁstﬁ (Observation):

a) G{VI%FT Fe ﬁﬂﬁ 3Tfor ?ﬁmﬁﬁ iﬁl@ij\:ﬂﬁf (Clear Oil, No Residues) — 31”13?12?[
$HSIRM NI 3Tg. (Oil is in Good Condition)
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b) S fdhar et ﬁs’cﬁ%ﬁ GG (Dark or Sticky Deposits) 3 WRE gid G{I%;
TSl dOR 813 ARTT 3178, (Oil is Deteriorating; Sludge Formation Started)
) XS HI&AT AN fG¥dl (Large Amount of Sludge) —3{Tgadl TR fdsar
Rergd e RS 3118, (Oil Requires Purification or Replacement)
D. thpd ¢ (Crackle Test): PHA K (Crackle Test) Bl EIT\‘TW 3113?113[&‘?[ BIEETNy
CLEENE] (Moisture Contamination) 3{Tg &1 § b TgdH (Quick Qualitative Indication)
SQUIITST aTUReT SITdl. T CXeHE 3figardl U WA SIU glcicdr (Hot Plate) T+
hbd fdbar RIgIeT SIVIRT ST (Crackling / Sizzling Sound) Thdll STal. SR AT U
3Tl TR 3igTHE dleX (Water) 318 & WY Hobd ST, HISHRHD IR 3Hiscra
3‘[&3@1% if:f?{ (Dielectric Strength) &1 gl 3ffor s&g@mm SHeI3 (Insulation
Breakdown) S0GTH XaddT dlgd. TS I1 AT SgR dddh HIgeR Wl 3fdd
Hewdd 3T,
E. tlﬁ'&'l'ﬂ% qﬁ T (Flashpoint Point Test): I tlﬁ T (Flash Point Test) Bl
STAGINR Higd o AT SHER (Minimum Temperature) @1 I HicdeHe
(Contact with Flame) 3fTedTaR HIHeIG SUSC (Momentarily Ignite) 8Id, 8 3XJUIRNITA!
Pl STd. T TG &ﬁgﬂﬂ% TR BIUM=AT que! (Vapours) SiRE de=it (Ignition
Tendency) fodt 318, § HAd.
B IRl U%E (High Flash Point) 3 &r”rs'a ‘s’rcr-émifa? SRR (High-Temperature
Operation) GXH 3AM® BIRR S (Fire Hazard) AT 7 HRd1 JRIGAUU HH &,
g fiexdrs dhfoeaaed (Overload Conditions) yd @Aﬂ (Thermal Stress) Hgd
HRUGTH! T STRA 3R¥d. A Ui Uise &eg (Flash Point Value) X6 fadat SId
AU TRIAA AT (Operational Safety) 3T |fT-ed a=ieT weeRH (Long-Term
Machine Protection) gf3d srUaRITET 3f&d Hewrd 3Te.

Shutter-Operating
Knob

Thermometer
l Stirrer Drive

Shutter

Ignition
Burner

Oil

Fig 5.6: TRIRTUTSC UTse ¢ (Flash Point Test)

Reference Link: https://vietnamtransformer.com
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MRS (Procedure):

a) QI Ulse 3MUScTAT (Flash Point Apparatus) UL 3figd T HIb Haledl
?I@Fﬂﬁ?[ (Marked Level) HXI.

b) TS (Lid) afRya sig H=1 3T y\fieR (Thermometer) TG TIfSTRIAHED ST,

) 3isd T gifeT ﬁA(’_S' 3for E\[ﬁlﬂ@‘\lﬁﬁa{ (Controlled and Uniform Rate) J&

DRI,
d) Ud® RIAPh THRAR Feiagadll (Temperature Intervals)-STHRUTGO 1-2°C,faaied
Gﬁtﬁ"m%ﬁ X TH (Test Flame) At (Momentarily) ST B
e) ST B (Surface) W& SaT: SR IR faTal gl @R BT Y= 3.
f) ICCHIT wi (Instantaneous Flash) foaeamer yHHeRa” (Thermometer) [ARCEN]
CTRTR YPIS B,
g) CHRTR TFABIHR TSadl TRl UISe (Flash Point) TUL AAIC ohd SiTdl.
F. ®IAR qﬁ T (Fire Point Test): RIS qﬁiﬁ (Flash Point) gareien Raes raa
BRR TUisc o (Fire Point Test) ised U (Vapours) ddd PHR[H (Continuous
Combustion) fc®ad dadrd d SRR Hiold. BRR Ulee (Fire Point) GRIT SIRA 3RI01
T 3g, HRUI IS CABIHR 3fed FAHA YA HISI-THE (Abnormal
Thermal Conditions) ISR (Prolonged Burning) <l Jquie &Hd gl ZITE@'
sfdudcdt (Equipment) TGRS BRR Juet (Overall Fire Safety) dTed.

Shutter-Operating
Knob

Thermometer
l Stirrer Drive
t

Shutter

Ignition
Burner

Fig 5.7: BRI tlﬁ? T (Fire Point Test)
Reference Link: https://viethamtransformer.com

MR (Procedure):

a) & DBUAL (Test Cup) TFIBIR 3iT3d Jruel WSS degaiudd (Specified Level)
3T,

b) 3T (Apparatus) AR ¥Td H 30T yAHER  (Thermometer) e
TifoTRMAHeD 3.

) 3HisTd BT ISt St gHwId Yo T& .

d) Udd CHIRER Scragddl fadedr suf-aeH < day 3wy 1.
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e) Tl Whddbs d& I HHc WY oo™ d wY Ulsc (Flash Point)
W@hﬁ (%' lower temperature &Iﬂﬁ)

f) BT Ge =1ef SaT SHudd 3fi3el dU SATEC B [HHM 5 Hobg Weiell §4 BId
I,

g) TR TR THR=R TABIHR HTIT BRR Ulse WU e .

5.6 3gavE Rafefr: dwpra gherd, aasa fireer (& gd @)

EVHQIF[ Eﬁﬁm WWWH 3for afd (Reconditioning of insulation: centrifugal

purifiers,streamline filter (Vacuum type) for purification and filtering of insulating oil.
Cleaning and drying, revarnishing, construction and working of vacuum Impregnation

plant):

SARA RBISUT (Reconditioning of Insulation) &1 Th fda=gd Hed-g Uided

(Maintenance Practice) 3(Tg, off T;’F\‘Iﬂ?"ﬁW W@%‘[ 3figa nfor wifere 37\‘?1@'5217[

HeRaeT! (Solid Insulation Materials) sﬁﬁ:aw 3T Hidmd Uraehs (Electrical and

Chemical Properties) RER HRUGMTST dell STd. HISTIIR ST HSAHS AR

(Moisture), RIS (Oxidation), RIS (Dissolved Gases) 30T THSs

gmgﬁzﬁa (Suspended Impurities) T UR’UHTFH% fgeRamem (Deterioration) gld.

3figerd! SRIfaed WY (Dielectric Strength) ATGAUITITA, e HT<H HIGUITITS! SATf0T

ST 9 ST diae RReRT REER HRogrrd! siisa gRiba e fafay ggdi+t oo

ST, AUl gF digsdl g9 UM AUSY EUN SR WRwmTER S

TR/ SFgH-CT8 Y ftheed.

A.@Zﬂuqn?r tﬂﬁ'CFITR (Centrifugal Purifier):

CTABIER  HTIRIAREM  HISTHL AR SXE, Pl Ullched 30T ol =M

SRES aesdrd. a1 SRS sifsadl SAdfdgd [y 0T BHichT TthRa=d

HH B0, & SR PTeTarSt AR TIHRR IRl Sirdl, S SRETe B

=1 FIfRITaaR S Hdl, T Sfigardid arse 301 gat U dhed aiTaiTes Bl ST,

IARATA TRIBRR ASTRITE JIRRE a1 MRgaaR $™ Rdl, Jd: gl 8-

e fhad Rar gdl UIfieah e 3T dier ASTRET BRI dexadl diofd habd

SITdTd, dR gl 3Hisd Yedolded Jgd AT d IWdaUul Helde dal ol

DX (Construction):

a) 1 e HBT HIAT IgUTS! RAefeTT 9134 / SH (Rotating Bowl or Drum) — Udh
Ol pImHe Sl Safded Hlekd g/ Wiedd (3000-6000 rpm) fhrad Srdl. g
SH GRBTY BRI 3gd B Hal 30T YIRS TGP Sl A TwITA
B TR B,

b) Hcbce JHIgd ScIC UIRY (Inlet Pipe) ALY IRHRR AL YA Hd. A Tedak
SPd Wy / MES &9 (Baffle Plates / Guide Vanes) 3Tgaiall a1y faR AN
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HRA, TS g-S SIS 3T 3HTZad 36 SRS (Even Distribution)

gl

9

—

N LR

8.

Purifier parts:

Oil inlet

Clean oil outlet
Water outlet

Water pumping disc
Discs

Top disc

Border area between
water and oil

Bowl periphery
Bowl hood

10.Distributor
11.0il pumping disc
N 12.Regulating disc.

Fig 5.8: S RITA FRWIR (Centrifugal Purifier)

Reference Link: https://www.linkedin.com/pulse/working-principle-centrifugal-oil-purifier-

davide-laverga

¢ dI3d W SRIdT-a%s JueEH (Density-Based Separation) gSd: gat szﬁ_c%[

3TOT TS (Sludge) ST fidiers Wbl SITATd 30T Tiol ek (Sludge Chamber)

AL SHT glard.

d) dsc , T 311 (Clean Oil) 30T YUSS dTex (Separated Water) Hevdhs IIHTd
30T WSS 33Tl YIS (Outlet Pipes) HYA STex USdld. § 3M3cdcy &l
3ifsd 3Nfr Rges SHefi<d (Removed Contaminants) I Tad feamst gHfad

Pdld

e) Ul SIS (assembly) T STad Hb{H (Drive Mechanism) ATAddl — AT HICR
(Motor) 3T W/ﬂ?ﬁ Rty (Belt/Pulley System) fhdl STRGC HuUlei (Direct
Coupling) 3RTd. ST&T UTT IRFEAUUN BRI / BTSN (Casing / Housing) = ATl

I, ST d AT UTe T TaiS e 3iigd B e,

aﬁ%‘rr (Working):
TR GRWGIR T Fih T WIETAUHO 3R

a) TR (Purification) TR 3{Sd (Oil) WIS (Feeding) URIH Y= (begins) Bid,
1Y Biciies ;I-HLbTJ-fQ 3‘|T$Q'1 5'1@1c (inlet) UIU HYA Hdd (continuously) Jrefem
(rotating) ST13d (bowl) A STIRGE (directed) Hal SITdl.

b) HR, JVIM T 8Id. T3 (bowl) BRI TS (typically 3000-6000 rpm) TR BTG el
SITcll, ST WaREGd YCIRTd By (force) TAR BId, ST Afegel (gravity) =T B
(force) U&T 3 Uit oiRd (many times greater) 3.
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c) %’TWW@W (Separation) %m (@q (step) ETEEFG' (drives) . Bld
@ﬂc@ﬁ (centrifugal) Elfﬁﬁ (force) H@f WW (components) = SRt (density)
IR YT aTIéF (separate) Eﬂ?ﬂﬂ

d) e UiéaHa o & o), HIE , AT Aed S 3T SRR diex SIgacy
R II3d =1 9id s STdId.darsey, FiH 3Higd a3 =l Aed Sae gd.

e) YNRM AR, W™ gid. FH s WIGAUY Il 3M3cace sy Ay
ﬂﬂﬁﬁ@ﬂﬂ:{ 13! Bled Sid. ATaded], iR STRES (impurities) TOT YURCS
diex TSl deRk Tl oI d1 glard 3f1for Riked geH fufkaifese 4 P Sidra.

f) RIG, HaaRM ol Y GRBIZS 3igd i 3igd ¢ A Hade ald, SaTges o
SRR A Rgel A1dt Y81 3 d ST AT Sdifage Sfun fibfoida uiuetst
751 RER g,

th‘l'q% (Advantages):

a) Jss SRS (impurities) 3AT0T W1 dieR thRided R dedr SIIdTd .

b) B3 IR TH 3o

C) flhde heex Kfl%lﬂ?:’ (element) Ragde (replacement) 9 TR (need) :HB°[

farfarda=g (Limitations):

a) f&dicegs 1Y fdhar ATgeR Quivw! drear Iq ATg!.

b) GU B SFRENT (<1 HIFHIT (micron)) T Feael T,

o) o dexdl fuRartee fqaf smaxad sis.

B. Wﬁ'ﬂ?l’fgq fheex (Streamline Filter — Vacuum Type):

%VER:EE'Ié'q WCFI'CR (Vacuum-Type Purifier), STl PEINGEL %(fll-lﬂlsd flheex

(Streamline Filter) 3/ 8! Tged SIld, BT TFUBIAR S~gdfeT 3Higerd ST IMAT (Deep

Drying) 30T 3iS@s WRMBHTA (Purification) HRUAMNTST Taid YA R

T 3TG.

PRI 3for afda (Construction and Working):

a) TRIhhe Rifked RI&=Tel! (sequentially) 3ITORT (operates) FRd, ITCE (Inlet)/PIA
(Coarse) @fﬂ (Strainer) U {g=did s\la, S GIYROTA: A (mesh) fdhar IRde
(basket) 3/, 30T S Fieqehe (subsequent) TR (pumps) AT ATSl S8 (debris)
URA WIcae (protects) HRALBIS (Feed) / FHIARM (circulation) TU (Pump) HaR
TG URRTSS (pressurizes) Bl ATOT AT fU-Blex (Pre-Heater) R (shell) 3foT
Rd (tube) fdar Eﬁm (electric) HYA qreadr. '6%? \ (Heater) 3 g (purpose)
Agdr (vital) Gﬂ%‘: 3 x’rﬁ%?I (oil) HTYRUI: 70-110°C SRR (temperature) qdd Bl
(heats) cb«}l, wlﬂo?b A fawpiTet (viscosity) ST YHIONT HH! (drastically reduce)
B oNfYr diex (water) o TIRMEA (partial) YRR (pressure) dTed, SRS HIZHR
(moisture) EI%T (driving out) frea.

b) BT (Heating) AR, 3iiga WIe ftheex /UIFIRAT gMe (Unit) @Y SId, S Hifers
IEH @ (QTEURTT 1-10 pm) RE Pl .
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Vacuum chamber

Rotary pump

)

Filter l:
pack |’ n
— 1

f

Pure ail
outiet

Impure
oil inlet

Rotary pump

[

Siudge delivery

Fig 5.9: RﬁTIFIET-I fheer (Streamline Filter — Vacuum Type)

Reference Link: https://deepakkumaryadav.in/method-of-filtration-of-impure-oil-using-

Q)

streamline-filter/

e = PR (core) 1%131@ %VER:E:[ (Vacuum) W/@T\ﬁ%ﬂ'[ (Degassing) G| (Vessel),
TS HieT dics WY o7 3 T e diex 3T fSulegs 19 Rgew oal
Srard. 311d, 3igd fefesgm™ Adbfem A9 (nozzles) 3figadr 39 (thin) fhed
(film) fdar STU@I‘C’H (droplets) AL WS (spreads) W‘cﬁ, G!J'IH% WHY (surface) EF{QT
Gﬂﬁ'@?ﬁ Bld %VHQZI;H (vacuum) AW Hal \vlla.\sqllio?b areY (water) &Tﬁ[%ﬂ\f@@
Y HH CFRNERGR (temperature) EVEFT (boil) @?ﬂﬁ

TRCH hetall dic QUR 3TN Y FW 3M3celc HYT HSWR Pbe (drawn out)
SAE. 3 ®WR Hd Hed [dide dick Y Heg dhal odl, Sl [W
AR/l 9 Halae dal Sia) AT fulkaifedmet 94 ol SiTdl, @R Rreg s
3{Tgd ¢ (traces) e U TR UT&ad ST,

R (Optional) HAFCH (components) W TICIRAT (Polishing) fheed (Filters),
AR (Molecular) gy (Sieves), fdhdl siofdecmgcs (Activated) SHoegfBAT
(Alumina) Gﬂﬁ? AHYdId, S SR (deeper) ETEPT (drying) fdar G{Vﬁl@m (acids) d
A9 (gases) PIGUINTS] ITUR STATd.AaR 3igd HieHT Y= BIT (Heat) TRASR
HYA Gfl?ﬁ, i ﬂTf\&‘IFT (safe) THRTR (temperature) Tdd URd 3MUd. Brad (Final)
UIiéahd (Particle)/TTQIRAT (Polishing) fheeR (micro-filters) § JATAT (ensures) HXA
Gl G{VIEFT Wd W‘@T 6I3Nc @10661 =1 urfiéepd (particle) FAAT (cleanliness)
0e 3G

qdl, 3M3ede (Outlet)/Ret (Return) TU) RWIZE 3iizd SABIHR &S URd
grdaal. gl ‘leIUT IS m (crucial) ET\‘E'Q%'QF[ (Instrumentation) §RT HiFce
(monitored) 3for W (controlled) Helt \_rﬂ%r e Tl (flow) Eh_cﬁ?’r (control)
W (valves), SR (pressure)/%azﬂq (vacuum) o (gauges), STRER
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(temperature) I (sensors), 3Tfor ﬂVTs’%R (PPM) d Srafset (TAN) HIoToaTaTST
@W (specialized) Hed (meters) Iy 3.

TFI'!]% (Advantages)

a) EVHQIFT fireex '\‘ﬁ??\‘[ (Vacuum filter strengths):QcR—Ia’c snlslq@jblld 3{TfOT SRR,
Sdfded WY RER dxuamre! 3T di-e St i,

b) '\ﬂﬁ'ﬂﬂ'ﬂﬁ '\%2'«"-[ (Centrifugal strengths):ﬂﬁ diex (water) 37T %F(?[ (heavy)
Uﬁaﬂﬁ? (particulate)/SHRI-T (emulsions) CARIRIE 3PV (excellent),

c) T:I'T\I"EI'I%%' 3 (Combined approach): &Ieﬁ (Many) BRI (facilities) e
(bulk) WIS (solid)/alcx  (water) W31 USRI  (centrifugal) RGBT
(purification) dTURdld 311 819 (deep) gTﬁ"T (drying) H@WW Vacuum)
%HFIT%:[(Streamlme dIuRdId.

feafa \?rl'lfaTgTﬁ'lT . fear=ifRim (Cleaning and Drying, Revarnishing):

f@af T (Cleaning): 3afdewra A== WRHY A AT M Ik, 3iisd AR

STFOT HTeA UTEH T STHT BIAT. § PIc i 3gaiRH RRe~q HHI Hard ST i

fobaT tRiraiiar < e areddid. fFafRT S Fiiy, HILRe TSR, Hiue SR, fdhd

YRS gl (S Dt USHerad Sialt (jelly) fdhdT TAGIRITRIAN (trichloroethylene))

AT Pl Ofld, § PICi = (contamination) =4I IREEL (severity) d¥ 313?1@3 3.

T4 ool (loose) uifidp e (particles) 37T ﬂﬁ%?—x’ﬁ@ﬁ'[ (moisture-absorbing) %Cm%l"ﬂ:[

(deposits) H@T’Eﬁ?ﬂ? (treatment) WT@&@OG B0 AP (necessary) 3B,

grgﬁm feaf= ﬁﬂ?{ﬁ (Methods of Cleaning of Insulation):

) o1 8X¢ ISR (Blower) R HRIAT ; RS / W= USRET (Forced/Suction Air)
U3R freve smmE,

) ool S Oéldij\l-l FARA (Vacuum Cleaner) ﬁ"ﬂo_e’m

) SH B TIUe §=M (Soft Brush) R Ha.

d) 3N SR 3N & / S bl I (Cotton Waste) T3 HRId!,

e) P! 8¢ BrasT ThURA (Fibrous Scraper) F{[\Wﬂﬁ'ﬂﬁa’w

f) H\I%Fﬁ foha Iro\ENobH e (Oily Viscous Films) ﬁ%‘s’ﬁ'@wm (Approved
Petroleum Solvent) GH, =aR @lc FildA (Cotton Cloth) Tws BRI,

) 3fisd, YN 31fYT 8¢ T faddb aellF ST FATH (Clean Dry Cloth) T ®1@I4; HaR
Plsd HgbaeRIA (Coil Manufacturer) YHUS dhaiedl Hlesge (Solvent) AT
FArd g1 Y &,

) fa=Wa: H-Class =AM (H Class Insulation) g1 die 30T f&esier (Detergent)
TS Bl Ad.

i) foafT TR faqern dasx Rt ST TR A1S4R SR &l (Dry Cloth) R
GRS
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$Tﬁ-i11 (Drying of Insulation): ar 37\‘!3,@317-[ IR (Low Insulation Resistance) g
qEfEN / ST 3iigaHed AISYR (Moisture) JMYeATHS AN §ld. Tgdd SalTeT]
TeRI® BOURSIUG (Hygroscopic) 3T, TRUISS AIBIAHE (Exposed Location)
qEfST / SYARH dlex | (Water Spray), URTHes 3GHRUT UTUATd U (Submerging by
Flooding) SIS HRUMGS SH (Damp) BhS Xdhd. S TN SC (Dust & Dirt) ISR /
TRIARFOR ST 813 HigsR MY, S didel Be (Leakage Current) dleal SATfOT
QIact i (Tracking) d SIS 3t SR (Breakdown of Insulation) Bl TGV
SR SIRAT (Drying of Insulation) H&- ATl SR IR gl RER 60l
TS 3.

Eﬁﬁﬁ 3‘%@2’ ETENEIT fﬂ-l?;ﬂ (Methods of Drying of Electrical EqQuipment):

A. TRe-d BIe (External Heat): Bl 3R SIATAT Haid B9 Ggd 3. TR
BIc UGd WAy 3TRd:

af$T 39 § 3l (Baking in the Oven): AR 3fdude / aEfET afHizg afd
3 (Baking Oven) AY HICc CHRTRAY (Constant Temperature) SI3 S Sl

SRR YAREe® Held (Thermostatic Control) T4T HadH dd ®Iec ddd SiId.

Air blower

- Heat llq»:,__ @Il \Ec.u flow
Val/ T
. JU g

1 J A <IN

51 Heater

'r; 1\ ..
Ilc.nh'{ \' “J L, Core matenals

prommy

Metallic slab

Air outhet
Fig 5.10: 9fhT 81 & 3fi@= (Baking in the Oven)

B.§c¥-d BIC (Internal Heat): 3f®UHCHT dSfSTHe IR loss (I°R Loss) H% daR
BIUMRT BicaAT Hadi drsfeTd SR (Insulation) ST HRdT Ad. TMATST S, Bleest
(D.C. Voltage) JGCHTARAT (Rectifier) AadH Hesdd SITd. & SLEL. @ (Low D.C.
Current) SfBUHCHT AISfSTHYA U el SITdl, 0T Saifdedrd el Bl shacqed
(Heating Effect of Electrical Current) a'l's'{%"m?ﬁ '6%’ o %ﬂﬁﬁ fafor Qﬁ?ﬁ '6%’
SfPUhc / TR S (Dry) HRUGMNTST dTRa! ST,

Maharashtra State Board of Technical Education 120



v

Maintenance of Electrical Equipments (316328) T 3t Saifaemd sfeuHcd (316328)

DC power supply

+ Sense Equipment
+ Out 0

! I '

AC
AC Vout

l in
= OU‘ j—A
- Sense

ilemperature 7~
measurement

Fig 5.11: §e39d BI€ (Internal Heating)
fe-arfRAT (Re-Varnishing): R-am=fRAT (Re-Varnishing) B Ufehar TIHIFAR aEf&wa
@u—é}m@u (Dielectric Strength), AhHHd ofifsdt (Mechanical Rigidity) WHVE%R
IR (Moisture Resistance) AN TR fhal GSEIHAR (After Long Service or
Repairs) TS HRUGTST doet ol
arffer Sfweres e ﬁﬂ%}[ (Varnish Application Methods):

1. SR AYS (Brushing Method): SIRTdT (Brush) Wmmﬁwﬁq\%ﬁ (Manually)
NICNESIGH Eﬂ Jd T @R‘Wﬁﬁ (Small Transformers) et g Gﬂ%’

2. f3fti Ry (Dipping Method): Tquf aEfET / ®iga (Winding / Coil) aTHRT ChAed
(Varnish Tank) @?rqﬁerr?r, RTIH% gﬁwﬁﬁﬁﬂ (Uniform Coating) firesa.

3. GUHJIF[ UR Eta'a'-‘{l:[ (Vacuum Pressure Impregnation — VPI): TSt 3foT fopfedra
EA'ITHTF\I'ﬁ (Large & Critical Transformers) TI3T gIuRe STumRY Bilsoslr%s J&d.
EVT:R:E 3MOT URRAT (Vacuum & Pressure) Had aTHRT QWWT URAe
(Insulation Pores) S1T UFCE (Deep Penetrate) BId, ST HidHH WK 30T UicaRM
firesd.

Af$T(Baking): R SIRIGRE  (Varnish Application) SNeOMAR aATgfST  SIAT
eT7ed (Drying Oven) Sacll Old. SFR=ER 919 @m (Varnish

Specifications) 3 STd — FIYRUT 80-120°C. SfHTT Ufekar (Baking Process) ?@ﬁf {Uf

T ST SiegT a1 et ag3fs (Fully Cured) Bld 30T SIAIRM IRRE (Insulation

Resistance) LI gld.

%ﬁ*{q g:ﬁﬁm Wic o DRI 3nfor af (Construction and Working of

Vacuum Impregnation Plant):

PG (Construction):
T WS KRH SHUIE Wi Jiehd ok HUHcy URE g9 3/

a) VPl TR 91 HR U SWERM deR ficlada, Sl gHicama did Tid e 3118,
THH SHTMOT §T5 URR Glral g+ HRUTMNIS! §9aaidl 3MTg. ITd dlecs SISR 3!,
S YR MRbe A A dal Sl T Fagd i1 IR 79, S/ e
3TFOT 7 aTecy, IUd Aeed Sfedhey § chdl Hde bad SRIdTd.aTd TR} TraR
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QRIEAT gieg

b) WM Tﬁ O_E:"HZIH Uu Sy %’azl;q TR el (typically 0.5 to 5 mbar). I

fpfeerd haw Ul JaR ATfYT faRivd: arsfe™ Adta Aram e Ue o adfta ad
TSR 310 HiseR Ry B0, Ui - Guigul UM 813 bd. T SR /
U R 3T FogH UY i 4 39ad SR, & afex Il wHY /U Heg
Hd, 0T HRifeeg du AhfAg a1 SUS URgH Wicae Hid.

AT TeRTA B Th / TRS 2Ud A WISR ol o, of WA R
IAHITS, Uiferex, TUiaw, fhar Riferesla ST . 81 ®9d gifcdT disd fhar yARee
IIEA R I IBIRICT dheld B (typically 40-60°C) 30T 3fSficer arae+
ABIHCT IR A, TP P R B UU TR o I TS b YA
JER A Ad! SATOT THHRE ol R TR URd UTd4dd.

Tact, Ul TR derd Uad (AT SHT-3TeHied fhal PLC-3MUTRT gR Hedl
Hall o) BHgH / U=R dleed, gifeT Ried, sfor U <2y dhld HRugra!
IR S, SRIURE ol AR, defe™ AR i@ (Baking Chamber) AL
TR BT SITdTd, ford T 3R1fddh SIR]M (typically 100-150°C, 2-8 hours) T3
B¢ Pdl I1d, SUIGE R YUl TSR §Id AT SYARE REH AliSHmra
BId.

N  Air dryer
" L
Heiir . Vacuum ;

— ®: imprenating Thermo Compress
Pressure [ chamber meter vacuum
gauge . exhaust

| pump Varnish
N7 ; : - o

Fig 5.12: oW SVRIRE Wie (Vacuum Impregnation Plant)

%ﬁ*{q g:aam IRE (Process of Vacuum Impregnation):
B TR 3fdh TR JL Teldl.
WY (Step) 1 — FIrav== (Preparatlon)

a) asfew fhar pisc faa= 30T AGAR (Moisture) HIGUIRITS! 38 (Oven) AL
-8 (Pre-dried) el ST,

b) ST AR, & aF (Warm) SMAMT @Rd SWPRE (Impregnation) JeR H

SR BT SITdN..
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T (Step) 2 - TRTRITI (Evacuation):
a) JeT SI3R (Door) S AU I (Sealed) el ST

b) FFH UT T3 Pl STd S0ihe daR 30T aTSeT O (Pores) HEfd TR (Air)
HIGaT S5,
SR (Duration): 30-90 A (Minutes), daIFE (Component) T TS (Size)

JaR.
C) 37\‘1@*&7{ A ﬂa“é:s’ (Trapped) TR 3TFOT ﬂvﬁmﬁ% CaASIGH
Wy 3 (Step) 3 - %Vﬁ!ﬂ fpfei (VarnishFilling):

a) WM He (Maintaining) R, G (Varnish) RS ¢ AYT PHeld dleod gR
JRAY BId bl S,

b) c_éfﬁiﬂ (Varnish) H{UTWE (Component) il gﬂ?f (Immerse) .

WY (Step) 4 - TqIfp / 3'@'@'507-[ (Soaking / Impregnation):

a) agH e fdhar YISTREST (Released) @l SITA! SV &G -<T Td U (Pores)
T Siual (Deeply) aﬁ;cf'd (Penetrate) 813 b,

b) el Hefl, Uififee URR (0.5-2 bar) BagH - @ Dl STl S0 Rl
(Varnish) ST RI58H (Voids) A B (Force) dhall Sad, ATAT GaHIH URR
(Vacuum Pressure) ETa'ﬁ'QF[ (Impregnation) (VPI) &Iﬁ%ﬂﬁlﬁ.

¢) SR (Duration): 30-60 FAFC (Minutes).

Y (Step) 5 —aﬁ'ﬂ (Draining):
a) TRIY G URd G-%I Ch A g ball Sild.
b) HUMC deR AL Gl MU= by &R fSfUT g3 q1hal.
W€y (Step) 6 - agarﬁrr/a%rr (Curing / Baking):
@ﬁ%@ (Impregnated) HUHedl aﬁﬁ{ﬁ'ﬁ (Curing) Gﬁﬁ (Oven) A cl=qh Gy

%ﬁ‘ﬂaﬁm (Cures) 30T TS (Hardens) BISUdd 100-150°C THIRER dadl SId.

c) Reree (Result): T TWH (Tough), T (Glossy), Iﬂ_ﬁ'ﬂl{cﬁ (Moisture-proof)
PHIfTT (Coating) Sit 37\3@@17[ (Insulation) oft e (Firmly) dre (Bonded) Heralt
31Tg.

%aqnsﬁﬁm'—r %[U'TITI%’ (Vacuum Impregnation Advantages):
a) € SMdfdee AU Adbidhd LY.

b) HISHR IR,

C) Wg’%@? (Equipment) FH'EETI'T

d) A (No) T3R (Air) 9 (Bubbles), @I58 (Voids).
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5.7 iR} 2fie 3w grawide YT SsaRM died - Ui A: U= wWiifhea
fay FiwFe WRHfPHIa (GReraz™ sh1azH, faafi, siisd eIgy, HIsR d¢
etc. 3fT SfwrPad (History Sheet of transformers and induction motors — Part A:
machine specifications with component specifications (installation information,
bearings, oil type, core weight etc. as applicable)):
A. Transformer History Sheet (Part A)
1. General Information
Table 5.3: General Information

Parameter Details
Equipment Name Power / Distribution Transformer
Equipment Code / ID
Location / Installation Site
Date of Installation
Manufacturer
Year of Manufacture
Serial Number

Type of Cooling ONAN / ONAF / OFAF / OFWF
Type of Transformer Two-winding / Three-winding / Auto Transformer
Application Distribution / Power / Furnace / Rectifier, etc.

2. Electrical Ratings
Table 5.4: Electrical Ratings

Parameter Details
Rated Capacity ___kVvA/MVA
Primary Voltage kv
Secondary Voltage kv
Tertiary Voltage (ifany) | _ kV
Frequency 50 Hz
Connection Type Dyn11/Yyn0/Ydl/ etc.
Vector Group
Tap Changer Off-Load / On-Load
Tap Range +  %instepsof %
Impedance %
Temperature Rise Winding: _ °C,0il: ___ °C
Insulation Class A/B/F/H
Efficiency __ %at___ loadand ___ pf
Regulation _ %at___ pf
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3. Constructional Details

Table 5.5: Constructional Details

Component Specification / Details
Core Material CRGO Steel / Amorphous Alloy
Core Weight kg

Winding Material

Copper / Aluminium

Type of Winding

Disc / Helical / Layer

Core Clamping

Bolted / Pressed / Laminated

Cooling Surface

Radiators / Tubes / Corrugated Tanks

Tank Type Welded / Bolted / Conservator Type / Sealed Type
Bushings Porcelain / Polymer, Make & Rating

Oil Type Mineral / Synthetic / Ester

Oil Quantity _litres

Oil Grade As per IS 335/ IS 12463 etc.

Core and Coil Weight | kg

Total Weight kg

4. Installation Information

Table 5.6: Installation Information

Parameter Details
Foundation Type RCC / Steel Frame
Earthing Provided Yes/ No
Lightning Arresters Yes / No

Cable / Bus Duct Connection

Neutral Grounding

Solid / Resistance / Reactance

Oil Filtration Done Before | Yes/No

Commissioning

Initial IR Values HE=  MQLE=__ MQ HL=___
MQ

Megger Voltage Used 500V / 1kV / 5kV

Initial Oil BDV

_ kV (per 2.5 mm gap)

Date of Commissioning

5. Accessories / Instruments

Table 5.7: Accessories / Instruments

Accessory

Make / Type / Specification

Buchholz Relay

Oil Level Gauge

Pressure Relief Device

Magnetic Oil Gauge

Thermometers

Silica Gel Breather
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B. Induction Motor History Sheet (Part A)
1. General Information

Table 5.8: General Information

Parameter

Details

Equipment Name

Induction Motor

Equipment Code / ID

Location / Section

Date of Installation

Manufacturer

Year of Manufacture

Serial Number

Type Squirrel Cage / Slip Ring
Mounting Type Foot / Flange / Foot—Flange
Application Pump / Fan / Conveyor / Compressor etc.

2. Electrical Ratings:

Table 5.9: Electrical Ratings

Parameter Details
Rated Power ___kw/HP
Rated Voltage VvV
Rated Current A
Frequency 50 Hz
Power Factor .
Efficiency %
Speed (RPM) L
Number of Poles L
Duty Type S1/S2/S3etc.
Insulation Class A/B/F/H
Ambient Temperature | °C
Enclosure Type TEFC / SPDP / CACA /CACW
Frame Size L
Starting Method DOL / Star-Delta / Auto-transformer / Rotor Resistance

3. Mechanical Construction Details:

Table 5.10: Electrical Ratings

Component Specification
Shaft Material EN8 / EN24 etc.
Shaft Diameter _ mm
Bearing Type Ball / Roller / Sleeve
Bearing No. DE: _ ,NDE:_
Bearing Lubrication Grease / Qil
Bearing Make SKF/FAG /NTN etc.
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Component Specification

Bearing Housing Type Split / Solid
Cooling Fan Material and No. of Blades
Fan Cover Cast Iron / Sheet Steel
Rotor Type Die-cast Aluminium / Wound Rotor
Stator Core Material Laminated CRGO steel
Core Weight ko
Stator Winding Copper / Aluminium
Rotor Resistance (forslipring) | Q
Slip Rings Material Phosphor Bronze / Gun Metal
Brush Material (for slip ring) | Carbon / Electrographite

4. Installation & Foundation Information:
Table 5.11: Installation & Foundation Information

Parameter Details
Foundation Type RCC / Steel Frame
Alignment Type Coupled / Belt Driven / Direct
Driven Equipment
Vibration Level __mm/s
Earthing Provided Yes / No
Cable Size & Type
Control Gear / Starter Type
Motor Protection Thermal Overload / Earth Fault / Bearing Temp
Cooling Arrangement Natural / Forced Ventilation
Date of Commissioning

5. Initial Test Record:
Table 5.12: Initial Test Record

Test Measured Value
Insulation Resistance (IR) —Ph-Ph |  MQ
Insulation Resistance (IR) - Ph-E |  MQ
Winding Resistance (per phase) 0
No-Load Current A
No-Load Power __ Workw
Direction of Rotation CW/CCwW

Test Measured Value
Vibration Within limit / Excessive
Bearing Temperature (Initial Run) | DE: _ °C,NDE: ___ °C
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6. Lubrication and Maintenance Information:
Table 5.13: Lubrication and Maintenance Information

Parameter

Details

Type of Lubricant

Grease / Oil

Lubricant Grade

(e.g., Shell Alvania EP2, Mobil Polyrex EM, etc.)

Quantity of Lubricant

g/ per bearing

Re-lubrication Interval

Every _ hours

Grease Nipple Type

Oil Type (if sleeve bearing)

Transformer Oil / Turbine Oil (Grade)

Part B: date wise: observations of parameters such as voltage, current, temperature
etc., symptoms, work carried out under maintenance:
Table 5.14: Date wise history sheet

Equipment .
a p_ Symptoms/ | Maintenance /
Details Observed . .
Date . Abnormalities | Work Carried | Remarks
(Rating, SI. | Parameters .
. Noticed Out
No., Location)
dd/mm/yyyy Transformer / | ¢ Voltage:
Motor details \/

* Current: A

eLoad: %

» Temperature:
°C

* IR values:
MQ

 Vibration /
Noise levels

* Oil level (for
transformer)

* Oil temperature
/ Winding temp

* Overheating

* Noise or
vibration

* Oil leakage

* Rise in current

* Drop in IR
value

* Unusual smell
or sound

* Abnormal
temperature rise

* Tightening of
terminals
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Date

Equipment
Details
(Rating, SI.
No., Location)

Observed
Parameters

Symptoms /
Abnormalities
Noticed

Maintenance /
Work Carried
Out

Remarks

* Cleaning and
drying

* Re-varnishing
(if done)

* Bearing
lubrication
(motor)

* Oil top-
up/filtering
(transformer)

* Replacement of
parts

* Testing (IR, PI, | Condition OK
BDV, etc.) / Action
required / Re-
test needed
AT (Exercise):

1. Sqlfdedhd SfdUHcH ST 18 T (State) .
(State need of drying of electrical equipment.)

2. Al S Ai9d Sdfdedd Sfpudcwr SIRTAT SIUKiie! Uh AYS TR B,

(Explain any one method of drying of electrical equipment with neat diagram.)

3. TRERIFR 35d d B! IR DHebmic) Toicy foRe Hel.
(List any four contaminating agents of transformer oil.)
4. AR fFaf-ra dater HUgy forRe &,

(List different methods of cleaning of insulation.)

5. Hic SHUH Wad TRBINR JHied a¥Id SHgdaed d AU Uil Uise o

TREH B

~

(Explain dielectric strength test and flash point test on transformer oil with neat

diagram.)

6. IGACT ACRIUTHT ARW ax TRUMH HRUM haey five o,
(List out factors affecting on life of insulating material.)

7. TIRWBIAR Tscedl Wiuciol e BT 30T TR &,
(State and explain the properties of transformer oil.)
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8. 1S 8504 1994 TR SaifeT HeRgerd FATRIMh bR oy, Udd Y (Class) A8id
DIUde! diF 3gafdT gefad ftr i ARy 3TURfET (Operating) ¢HIRER
TR B

(Explain the classification of insulating material as per IS 8504 1994.with class
information, insulating material (any three class wise) and its maximum operating
temperature.)

Suggested Learning Materials / Books

Sr.No Title Author Publisher with ISBN Number
Electrical Power
1 Equipment paul Gill CRC Press / Taylor & Francis ISBN-13: 978-

Maintenance and 1574446562 ([Routledge][1])
Testing (2nd Edition).

Maintenance of S M. TechKnowledge Publications ISBN-13: 978-
2 Electrical Equipment Chaudhari 93-89684-68-1
quip ([techknowledgebooks.com][2])

Fundamentals of
3 Maintenance of
Electrical Equipments

K. B. Khanna Publishers ISBN-13: 978-93-87394-
Bhatia 31-5 ([khannapublishers.in][3])

Installation

4 Commissioning & Tarlok | S.K. Kataria & Sons ISBN: 978-93-5014-
Maintenance of Singh 377-3 ([skkatariaandsons.com][4])
Electrical Equipments
Electrical Equipment McGraw-Hill / otherwise

5 Handbook: Philip (AccessEngineering) ISBN-13: 978-
Troubleshooting and Kiameh | 0071396035
Maintenance ([accessengineeringlibrary.com][5])

Learning Websites & Portals:

Sr.No Link / Portal Description
1 Reference on IS 8504 (Thermal Endurance Insulation Classification
Guide)
) Factors Affecting Insulation Life (IEEE focus, Insulation Life Factors

highly relevant)

Polarization Index (PI) and Dielectric Absorption ] )
' i Insulation R nce (PI/DAR
3 Ratio (DAR) Explanation sulation Resistance (P1/ )

Reference on IS 1866 (Maintenance &

4 . il Pr i Testin
Supervision Oil Properties & Testing
Transformer Oil Testing Procedures & Standards Spgc!flc Oil Tests (BDV’.
5 ) Acidity, Sludge, Flashpoint,
Overview

Crackle)
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https://archive.org/details/gov.in.is.8504.4.1994
https://archive.org/details/gov.in.is.8504.4.1994
https://www.google.com/search?q=https://electrical-engineering-portal.com/factors-affecting-insulation-life-transformer
https://www.google.com/search?q=https://electrical-engineering-portal.com/factors-affecting-insulation-life-transformer
https://www.google.com/search?q=https://megger.com/applications/power-equipment/insulation-resistance-testing/dar-and-pi-explained
https://www.google.com/search?q=https://megger.com/applications/power-equipment/insulation-resistance-testing/dar-and-pi-explained
https://www.google.com/search?q=https://www.oil-testing-equipment.com/IS-1866.html
https://www.google.com/search?q=https://www.oil-testing-equipment.com/IS-1866.html
https://www.google.com/search?q=https://electricalnotes.wordpress.com/2012/03/17/transformer-oil-testing-procedures/
https://www.google.com/search?q=https://electricalnotes.wordpress.com/2012/03/17/transformer-oil-testing-procedures/

v

Maintenance of Electrical Equipments (316328) T 3t Saifaemd sfeuHcd (316328)

Sr.No Link / Portal Description

Working Principle of Transformer Oil Filtration | Centrifugal Purifiers &

6 ) . )
and Degassing Plant Streamline Filters
Vacuum Pressure Impregnation (VPI) Process .

7 - Vacuum Impregnation Plant
Explained
Importance of Maintenance Records & Lo .

8 D d History Sheets
Sheets

9 https://vietnamtransformer.com Transformer Testing Methods
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https://www.google.com/search?q=https://electrical-engineering-portal.com/oil-filtration-degassing-unit
https://www.google.com/search?q=https://electrical-engineering-portal.com/oil-filtration-degassing-unit
https://www.google.com/search?q=https://www.pdv-gmbh.com/en/service/vacuum-pressure-impregnation-vpi/
https://www.google.com/search?q=https://www.pdv-gmbh.com/en/service/vacuum-pressure-impregnation-vpi/
https://www.google.com/search?q=https://taishantransformer.com/transformer-maintenance-and-record-keeping/
https://www.google.com/search?q=https://taishantransformer.com/transformer-maintenance-and-record-keeping/

