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High Resistance Steel H.R.S.4agiall e qila |1

0.35 iasllalls dpany) aiSlan s % 5 (M) 4 (00 40 GusSabad) s (5580

Cold Rolled Grain Oriented Silicon Iron 24 A J8aa ¢Sl qlua il & 2
Sheet

33l Y saa (A 223 90,255980.33 (1o el 4iSlan 5 %3 (M s 4o ¢ sSalad) A S5

Adaal)

CRGO Laminations for Transformers

Cold Rolled Grain Oriented (CRGO) silicon steels are used for laminations of
the Power Transformers. Cold Rolled Grain Oriented (CRGO) sheets will have

superior magnetic properties in the direction of rolling.

ald all ol 83 jlias dpunlaline Gaibiad Led o)Ll e Jéjaall ¢ sSalud) cliall 51 55 =
The crystals are aligned in the direction by cold rolling followed by heat
treatment process.

L all el de griall 3l e 43 50l sladl A& Calaial 5l Gal 53 Qaxall &) ) ld w
Magnetic properties of the CRGO steel Sheets are dependent on the magnetic
properties of the individual crystals of the material and the direction of
orientation of the crystal.
5alall 4 5l iy Ll i) ailiadl) e aaiad il il 03] dpnllin) ailadll; =

<l shll as g3 ol
The properties of the CRGO silicon steels are improved by composition,

manufacturing process, heat treatment, laser irradiation etc.
ol SlelalY (i jaill 5 4 )l jadl dadlaall  priaill 5 lally a0l jdll o2 pailiad g w
Thickness of the CRGO sheets will be of the order of 0.33mm to 0.25mm.
0.255% 0.33000 iaallally () 585 )yl 028 4SLaws m
These CRGO Steel Laminations are stacked together to form a magnetic core

for the Transformer.
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The Commercially available CRGO steel sheets will have 3% of Silicon.
3% s 0S5 Lo O sSalall A g jlall (Glail) e daliall i) yill s m
Higher the Silicon content increases the resistivity and reduces the eddy current

losses.
But Silicon Content above 3.5% makes the CRGO silicon steel sheets brittle.

oSl Al el i) 038 Jany 3.5% (0 eV sSaludl (5 i (K1 m
Silicon content of 3% to 3.25% is used in commercial grades of CRGO steel

3,250 i 3%00m 055 L AL il sl S8 i (Sl (s sl m

L e dipaddl (b sSalud) caliall =) jd a5 (3) o) S84
Properties of CRGO Steel Laminations
Ll e dijaadl o sSaludl liall #3158 pailliad =
The following features or properties influence for selecting the CRGO steel

sheet as magnetic core circuits for transformers.

Jymall (sapaall ) pial el a0l oda Al & i A0l Gailadll w
¢ Maximum magnetic induction to obtain high induction amplitude in an

alternating field

33 yie puhaline Jlae 8 Con A Aoy 3l bl laline Con i 3ol 028 m

803 o1 jlewall dalad) 5 j1aY) - ) i uall g o i) olual duadddl) A< i)
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Core loss will be independent of the load of the transformer. By using CRGO

steel sheets core loss is low result in reduction of the constant losses.
sl _mgmu}_ac_‘u\)..ﬂ\ 51 e\d@b}d}@\d@&ﬁfﬁu)ﬁuémdﬂ\ﬂ\ Ablea =
AU 28laal) jal Ayrise Auaddia () ¢S5 (gaaal)

» Low apparent power input (Low hysteresis loss) results in low no load current

o Jan Y5 Lisnea (L Al 3 i) dmidie A21A0) A jallall 5 a8l () sSiu

High grade surface insulation

e @L.ul d)s; :%;J.J
Good mechanical processing properties

Low magnetostriction results in low noise level
In order to appreciate the CRGO Steel material first we have to understand the
core losses in the Transformer.
Core Losses in Transformer:

JM Lfd.a&al\ dsl\ J,ﬁa\&a u
Core losses of a transformer consist of Hysteresis and Eddy Current losses.

About 80% of the no load losses are due to properties of the material and

remaining 20% of the core losses are due to design and manufacturing process

Llia (e %80 (M s s Al sall il Ll 2 flie seodlail) 2 flia (e O 5ST (saal) Q) 2fli. w

G (4 5SHEAN 9620 J) spaaadl QB Leie aiadll 3alall (ailaad cav (555 Jaa U
aiaill llee 5 ayanail
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Hysteresis Loop or BH curve:

In an AC Transformer voltage and current waveforms vary in cycles, means

when the direction of current flow for one half cycle is in one direction and for

other half-life the direction reverses.

a3 oladl O (iny e 535 ) samn B Ll 5 ) A 0 JSG iy 23 i) Ll Jpma B
853l e (SN Caraill 8 (uSaiy by sall (e V) Canalll 8 Ll

So the direction magnitude of Field applied to the core of the Transformer also

alters for every half cycle.

553 Ciaat JS Jymall (spaal) Gl e Jabuall Jlaall slail (uSaty 3]y m
Consider the core is magnetized by the magnetic field (H) called magnetizing
force.

dasadl) o g8ll canH (odaline Jlaag Jaiaaly (guaall QB Of (sl m
The magnetic flux density (B) of the core of Transformer will increase and
saturates at the knee point and then starts decreasing as magnetizing force (H)
decreases.
Sloaiill 8 1o 25 48 5l Al die quily 3 35 g Jsaall QB oasilalinal) (adll AUS 5 m

H il 5 8 (il ae

An instant (D in fig.) will arise where the magnetizing force (H) will become
zero i.e, no magnetic field force is applied to the material (This arise due to the
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current wave during passing from one half cycle to other half cycle it touches

zero point) but still magnetic flux density is not zero in the material but have
some value.
o582 ¥ Al inay jiaa (s sl (H)d i) 358 aaie (5S Cagu(D) adaalllia 5w
) osn i (e il Aaga g el dnis Lt Adail) o3 g 33lall e adalise pilalina
Jhuall ddadil M Lghuada gAY Caaill
This is called Magnetic Retentivity. The value of H at zero B is called
Corrective Force(C in fig.). Coercive Force required making the magnetic flux
(B) zero by applying the magnetic field in opposite direction. When the flux
applied in the opposite direction to the material in opposite direction in another
cycle he same phenomenon takes place. This complete loop is called hysteresis
loop. Hysteresis loop is significant because the area under the hysteresis loop
gives the total Hysteresis Loss of the Magnetic Material.
So from hysteresis loop of BH curve we understand that lower the Magnetic
Retentivity in the magnetic material lower is the loss of magnetic field applied
to make the magnetic flux zero. CRGO steel have the properties of soft
magnetic materials which have smaller hysteresis loop or BH curve. So
Hysteresis loss is much smaller in CRGO core compared to ordinary steel
material.
O 258l (8 LIS dycphalinall salall o3 wdalinall ;uglmdﬁusoi&@; BH J) (—aie (e
fpndalinall 3 sall Gailiad Led salall 038 5 jiea asrhliiall Gl Jaad Jalal) pesdalinal) Jlaal
paBH e L S dac Ul
okl lall A e 5380 JBT ) 5K salal) el 4 g suadll Q) 8 adlasliaglea) ld Jull
Hysteresis Loss:
In simple when a magnetic field is applied all the grains of the magnetic
material will orient in the direction of magnetizing force. In another cycle this
grains will orient in opposite direction in the direction of magnetizing force.

The energy required to change the orientation of the magnetic grains in the
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direction of the magnetic field is lost in the form of heat. This loss is called

hysteresis loss.

:MM:' Al -\,351343\
5 5l) olatl 8 4at (o gus Ay ualinal) salall il 53 JS (L8 ulaline Jlae Jalsi Ladie alalosy
dpplalizall
AUl 5 dpulalinall o g8l oLl 8 Liayl 5 sl olat¥l 4 4ami Lgila L35 ) sall caal g
H}EJ\PEJM@M@»&LM\ Jadll c@\éww\ k.i\)..\l\ oda a\;ﬁ\‘).\:\’_“a_\jlu\
Aoalanl) adleall e La
Eddy Current Loss 4zl gall < Ll aélia
When an alternating magnetic flux is applied to the iron core small emf will be

induced due to change in flux linkage.
At Caally Al 555 0 a4 S dxdla o B (b anall QBN e o jie cglaline (b Ll Laxie
ol gl gy 3 il

This induced emf will cause small circulating currents called eddy currents.

Eddy current flowing through the material causes 12R losses in the material.

L@ié.\l}}‘\:m\jﬂ\&L\\)\.ﬁﬂ\wﬁa)ﬂiuao)bd&\)@Wdﬂﬁﬂ#\@)@ﬁ\u\ﬂ\ﬁjﬁ\o;\A}
BJLAX\aJ@J@)@S}\MjLSA\GAb}HL_\\JUﬂ\aMWE@)A&}LJJ&&SAQ_\MEJLA\d)&

In order to reduce the Eddy Current loss:
:\_m.c @)@SM}LML@SDJLAJUM‘\.:M\}J\ Q\Jhﬂ\ dlsa‘_“ﬂj
Use of Material having high electrical resistivity:

By using superior grain orientation CRGO steel will have higher electrical

resistivity. Thus eddy current loss can be reduced.

Al sall cal ) agdlae J85 il Ao 4 568 daslia o Juani sald) s2a aladiuly g
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Lamination Cores are used:

By using thin laminations the core thickness is reduced so eddy current losses

are reduced. So CRGO steel laminations are used as a core material.
Al sall ol ) agflae Ja5 il 5 J85 saaal) (8l dSlass ol 45 ) aladiuly
Insulation between laminations:

Oxide coating is provided for CRGO laminations to reduce eddy current losses.

Aaal sl <l Ll adlia e Jliy il il el 2auSYL ¢ DUl
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Transformer Oil Analysis
Properties Of Transformer Qil
Transformer Oil Properties are characterized as

= Physical properties
= Electrical properties
= Chemical properties
Physical Properties 4 j:al gailadl)

Different physical properties of Transformer Oil areMoisture Content:
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1.Dielectric Strength:

The dielectric strength (ASTM D300-00) of a transformer oil is defined as the
maximum voltage that can be applied across the fluid without electrical
breakdown. Because transformer oils are designed to provide electrical
insulation under high electrical fields, any significant reduction in the dielectric
strength may indicate that the oil is no longer capable of performing this vital
function. Some of the things that can result in a reduction in dielectric strength
include polar contaminants, such as water, oil degradation by-products and

cellulose paper breakdown.
Power Factor:

The power factor (ASTM D924) of an insulating oil is the ratio of true power to
apparent power. In a transformer, a high power factor is an indication of
significant power loss in the insulating oil, usually as a result of polar

contaminants such as water, oxidized oil and cellulose paper degradation.
Dissolved Gas Analysis (DGA):

Dissolved gas analysis (often referred to as DGA), is used to determine the
concentrations of certain gases in the oil such as nitrogen, oxygen, carbon
monoxide, carbon dioxide, hydrogen, methane, ethane, ethylene and acetylene
(ASTM D3612).

The concentrations and relative ratios of these gases can be used to diagnose
certain operational problems with the transformer, which may or may not be

associated with a change in a physical or chemical property of the insulating oil.

For example, high levels of carbon monoxide relative to the other gases may
indicate thermal breakdown of cellulose paper, while high hydrogen, in

conjunction with methane may indicate a corona discharge within the
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transformer. Some of the more common key gas analysis fault conditions can be

seen in Figure.
2. Furans

Furan derivatives are a measure of the degradation of cellulose paper. When the
paper ages, its degree of polymerization reduces, so its mechanical strength
decreases. The degree of polymerization can only be determined directly by
taking a sample of paper, a very complex operation and almost never performed
In practice. However, the degree of polymerization of the paper can be directly
related to the concentration of furan derivatives in the oil. Furan derivates are
formed as a direct result of the breakdown of the polymeric structure of
cellulose paper. The content of furan derivatives is relatively easy to measure in

the oil, using HPLC and is thus a way of measuring the aging of the paper.

Just like machinery oil analysis, electrical insulating oil analysis can play a vital
role in preventing unscheduled outages in electrical transmission and
distribution equipment by determining the condition of the equipment itself, and
other vital components including the condition of the oil and the cellulose paper
insulation. For all critical oil-filled electrical equipment, including transformers,
circuit breakers and voltage regulators, regular, routine oil analysis should be

the cornerstone of any PM program.

Proper Transformer Sampling (ASTM D923) w3l Aie AY dasaal) 45, )

Transformer
Valve Plug

Syrninge Valve
Auxillary Sampling Valve
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This procedure is described in detail in ASTM D3613.
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KEY GASES GENERAL FAULT
CONDITION
Methane, Ethane, Thermal condition
Ethylene and small involving the oil

amounts of Acetylene

Hydrogen, Methane Partial discharge
and small amounts of
Acetylene and Ethane

Hydrogen, Acetylene Sustained arcing
and Ethylene

Carbon Monoxide and Thermal condition
Carbon Dioxide involving the papenr

Table 1: Categories of key gases and general fault condition

time analysis on service-aged transformers
(several years old), which could contain
residual gases from previous events.
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COMPARISON CAST RESIN TRANSFORMERS
VS.

Dimensions (for 11 kV) OIL TRANSFORMERS

200 kVA 500 kVA 1000 kVA 1600 kVA
Lengt
Length|Height| Length [ Height | Length [Height| h |Height
Dry
Transformer | 1125 | 1220 | 1305 1550 1590 | 1650 | 1800 | 1900
(Elsewedy) | mm | mm mm mm mm mm | mm | mm
Oil
Transformer | 1190 | 1450 | 1500 1710 1790 | 2095 | 1970 | 2315
(Siemens) mm | mm mm mm mm mm | mm | mm
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Test result
. Voltmeter Voltmeter Measured
I%;g; T;‘;‘;";elg("t‘)" V) (V) LV Side | rationK(m)
N.V. Side Volt Volt 7
UV, 420 396.8 943 ":4.808
++ Vi-W, 420 3955 94.2 4.199
W-U; 4.20 398.3 95.0 4.193
U;-V;, 4.10 397.1 96.7 4.107
- Vi-W; 4.10 3988 96.9 4.085
W,-U, 4.10 398.4 97.4 4.090
U-V, 4.00 396.4 99.3 3.992
0 V,-W, 4.00 3954 99.4 3.978
W-U; 4.00 3084 999 3.988
U-V, 3.90 397.5 102 3.897
- Vi-W; 3.90 3959 102.3 3.870
W-U; 3.90 308.8 102.7 3.883
U-vV 380 308 104.8 3.798
-- V-W  3.80 396.7 105.1 3.775
W-U 3.80 3993 105.5 3.785
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