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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.
208,00 oladl 8 5)liae drsdaling (ailiad Ld S e Jipaall Ll Clall =i
The crystals are aligned in the direction by cold rolling followed by heat treatment
process.
iphall dalleadl degial) 2yl e Ayl slad) & Calaiai 5 Galyn Gaeall ciysld

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.

aagi oladly salall A3 6Sall clyolll Apuidalizall paibadll e adiad #3hdl) od¢d dphalizadl (ailadlly
<l o)

The properties of the CRGO silicon steels are improved by composition, manufacturing

process, heat treatment, laser irradiation etc.
5l el mpmilly dphal) Aallaally sl cladly (i il 38 Gailad,
Thickness of the CRGO sheets will be of the order of 0.33mm to (0.25mm.
0.25 55 0.33 e iallally (65 30l o3a ASLass ®

These CRGO Steel Laminations are stacked together to form a magnetic core for the

Transformer.
gyl el (5 6Sa) Lygus Al 038 prend Sy ®

The Commercially available CRGO steel sheets will have 3% of Silicon.
3% s 058 L osSaladl s (o)l Bllatll e dalial) 23,4

Higher the Silicon content increases the resistivity and reduces the eddy current losses.

el gall chylal) aglie culi LS g dagliadl oy WS oy oaldl (gsinn aly LS
But Silicon Content above 3.5% makes the CRGO silicon steel sheets brittle.
) A il 038 Jray 3.5% (e AoV Sl s (S

Silicon content of 3% to 3.25% is used in commercial grades of CRGO steel
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Properties Of CRGO Steel Laminations
DL Je Jhadl Sl Gliall mihs jailad =

The following features or properties influence for selecting the CRGO steel sheet as

magnetic core circuits for transformers.
Jsaall gapaall il sl ilill o3 Lia) 3 5 A (ailaal) o
* Maximum magnetic induction to obtain high induction amplitude in an alternating field
35k shaline Jlae 8 Con A el ol adl sohline Cin i 5ol 020

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.

055 sl ) adlie o6 b o3 A3y Joaall Jany Alale i (S gual) ) adlic

* Low apparent power input (Low hysteresis loss) results in low no load current
e Jea Y L Lo (siea (185 3 g80) Aiabdie A3l Agpallal) 3yadl) K m
High grade surface insulation
Qe abu die dap =
Good mechanical processing properties
Low magnetostriction results in low noise level
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In order to appreciate the CRGO Steel material first we have to understand the core

losses in the Transformer.

Core Losses in Transformer:
d};.q.“ ngq.gAaJ\ L_ﬂsl\ A,)E\AA 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
0585 Jaa D alia (ge %A sas Lpalsall bl alies 4ilail) adlie (e 0S5 gaall QA adlee @
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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.

GO G el o e Lee Cihsd Bysea B Ll deal) Aage I3 uat a3iid) Ll Jeae G
593 (e SN Caaill 8 (et 350 o JY) Cacaill

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

every half cycle.
2)93 caal € Jsaall (guaall QI e dalicdll Jlaad) oladl (pSaty 13l
Consider the core is magnetized by the magnetic field (H) called magnetizing force.
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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.

H il
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 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.
adalise dpunlaline o8 aasV 43l ey s g5l (H) ddaiial) 58 ldie K Cagu(D)  alaal Sllia 5
Al M Ll y JAY) il ) 050 Chusi (o Ll dnge gyl Angis L Al 5305 50l e
il
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.
Jaall e agiiall J8 W Lpulalinall salad) 8 slalinad) cawy) J8 WS o agis BH () iaie
L Al Aee W) dpalaliaall dsall (ailad Ll sald) oday jiia wdalind) Gl Jead Jabudll daliadl)
#oa BH aie
alal) lall el o 58S J81 ()5S 5alal) Al (g g sianall i) 8 agalanl) aglad)l Gl Sl
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 direction of the magnetic field is lost in the

form of heat. This loss is called hysteresis loss.
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Eddy Current Loss dia)gal) <)Ll A8lia

When an alternating magnetic flux is applied to the iron core small emf will be induced

due to change in flux linkage.

& sl dagiy Cally AgH opia 4upeS 4adly o Qb gl QBN e aajie ounlaline (ad bl e
ol Ll

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

flowing through the material causes I12R losses in the material.

salell DA Lgiaiys dsalsall LAl audi spis o)lsd L camd Cogus 2l gial) Ay gl Axdlall o) 238

5aLall 03] A3 Ao gliall 3 s pne Ll 030 dah gpe (5ol 2ilie Canes
In order to reduce the Eddy Current loss:
Talle 430568 Anslie L oale s agalsall gl gl <1,
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.
Aalsal) clylall adléa Jo b el aupeS aaglia o Joani saldl o3a pladinlyg
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.

Aalsall el alae g5 g 05 saand) i) ASlan 8 488 5l Hlasinly
Insulation between laminations:
Oxide coating is provided for CRGO laminations to reduce eddy current losses.
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Transformer Oil has following Characteristics:
A0 Gailadll A
sl asse Colorless =
ASTM D 1500 : (sl dayn =
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dadils 4386< Low Density =
dadiia 4ia 93 Low Viscosity =
Transformer Oil Analysis
Properties Of Transformer Oil
Transformer Oil Properties are characterized as

= Physical properties
= Electrical properties

= Chemical properties
Physical Properties 4,34l jailail)

Different physical properties of Transformer Oil are Moisture Content:
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Different Electrical properties of Transformer Oil are:
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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.

vy ‘;Q:\Jn)n Dbsal) Jaaladill dalad) 3 jla¥) — Acadsl) A< a0 4y yaull JJ\}A}\M&M



Al 2 - O sadll el eS Alua (uige Adda of il 5l lusal)

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 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.
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Proper Transformer Sampling (ASTM D923) cu3ll 4ie MY daaall 44, )

Transformer
Valve Plug

Syringe 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 paper

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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Test result
. Voltmeter Voltmeter Measured
I?(;;g;}i T;‘;‘;";?{‘("t‘)" V) (V) LV Side | rationK(m)
N.V. Side Volt Volt 7
U+V, 420 396.8 94.3 724,808
++ 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, 4.00 395.4 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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