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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.

add )l olas) 85 3lias dpualine ailiad Led 2 )L e Jbaall o sSolud) aliall il 55w
The crystals are aligned in the direction by cold rolling followed by heat
treatment process.

4l yall dallaally de griall 2l e 43 50 sladl A& Calaiad o Gal 3 2zl Gl ) 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 Sl il 5Ll Ay aliieall Gailadll e adiad il 80 03¢ dpslalinal) (ailadlly =

Gl shall as 5 ol
The properties of the CRGO silicon steels are improved by composition,

manufacturing process, heat treatment, laser irradiation etc.
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Thickness of the CRGO sheets will be of the order of 0.33mm to 0.25mm.

0.25( 0.3300 asllally 55 il ) 024 ASLaws

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% (o sx 058 g 0 sSabad) A (g el Glaill e daliall wil il w
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.

yﬁ\“@»@\ﬁd\o&d&35%w&?\u;§ﬂu\dﬂuuﬂ [
Silicon content of 3% to 3.25% is used in commercial grades of CRGO steel

3.25% (> 3% 0 5Ss et A ghiall ) 3l (A o sSalall (5 giadll 5
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Properties of CRGO Steel Laminations
U e Jisaall Sl bl il 8 ailas =
The following features or properties influence for selecting the CRGO steel

sheet as magnetic core circuits for transformers.

Jsaall saaadl Q) aial il il o3 Ll (& 555 40U palladll
* Maximum magnetic induction to obtain high induction amplitude in an

alternating field
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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.

il 2 8lde (o il 2l o3 pasly s sl Jony A e s ()5S (g2paall il 28lie m
AU 28laal) ali dpse uaddia () ¢S5 gaaal)

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

e daa Yl Lisie (Ui 1A 5 gia) Acabdiio A3 4y jallall 5 a8l () Siu

High grade surface insulation

Good mechanical processing properties

DJ..).A “Sw'LS:LA L. e uam .

Low magnetostriction results in low noise level

uaﬂ;.m ;La.a‘}a.a ngium |
In order to appreciate the CRGO Steel material first we have to understand the

core losses in the Transformer.

Core Losses in Transformer:
J sl suall lsl) ydlas =
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
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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.
G olad) O (i Lae 5535 5em B Ll 5 aea) da e JSE iy 23 53] L) Jsme (B
5_sall e N Caail) 8 (uSaiy 5y 53l (g0 V) Caatll 8 Ll
So the direction magnitude of Field applied to the core of the Transformer also
alters for every half cycle.
553 inai JS Jgnall (spaal) Gl e Jaluall Jlaall olail uSaiy 3gl s m
Consider the core is magnetized by the magnetic field (H) called magnetizing
force.
idaisaall o g8l (canH (ordaline Jlaay Jataady (guaal) Q) () i yidil s 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.
Olaiil) a8 a8 48 ) Adai die adfi gy 3 g J saall QIR dalizall (adll 435S 5
H ddaizall 3 88 yads &
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.
558 aa ¥ Al may jiia g sl (H)ddaiall 558 aie ()5S Cagu(D) adaallln 5 =
A osd Cial e il A ga g el dasi L Adadil) o2 5 salal) e adalice dalalize
Stall ddagi] M Lhiadla s JAY) Cacal)
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 2 58iall 8 LIS dplalinal) salall 8 nlalinal) cland) J8 LS i agdi BH J) (cisie (e
nnalinall 3 gall ailiad Led 5alall o3 5 jiva asblinal) (mdl) Jeald Jalal) pushalizall Jladl)
oaBH e L] S decldl)
Aalal) Caliall el (e 53S0 81 () 53 3alall @l (g & siuaall Calil) 8 4jalallaglaal ol il
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.

P IAECA RV
8 58l oladl 8 Aat o g A ndalinall 3alall &l 3 JS (L8 uwdaliag Jlae Jali Larie adaliay
RENIZEE N
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Eddy Current Loss 4l sall < Ll Ll
When an alternating magnetic flux is applied to the iron core small emf will be

induced due to change in flux linkage.
Aas Cally al 653 0 i 4 jS dadlao g (8 (gaaall QI e 00 e cuplaline (b Jaluy Ladic
ol Lyl ) (& il
This induced emf will cause small circulating currents called eddy currents.

Eddy current flowing through the material causes I2R losses in the material.
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In order to reduce the Eddy Current loss:
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.
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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 sl cul ) agdlae Ja5 Ul 5 J85 gaaad) el ASlaw (la 43 ) il 5 aladiuly
Insulation between laminations:

Oxide coating is provided for CRGO laminations to reduce eddy current losses.
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Transformer Qil has following Characteristics:
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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 48 jdll ailail)

Different physical properties of Transformer Oil areMoisture Content:
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Different Electrical properties of Transformer Oil are:
A L) 2 Bad

Gl 5S Laia 05 )38 Gl aae (i S S ST Jadl gl saie G (o3l agadl oo
aimu})kt"_t;ﬁg,_ﬂ)@sd@haﬂ

O s dsaall (568 Je plai apanall sl 5 pge dale 5 e (8 (2 0eSH JLedY) o slia
dons oo I3 Jaimidia Ll daglie oy Sl LS 5y Ale o seS el duaglia w3l 55
Agiall ol 5 5 ¢ 5 SIS g ol sl L A sl S 311 il i

(ASTM D 877 & ASTM D1816) Jjadl g sl

35 0baedl 032 4dent J3al) 31 g (530 oS uiiall nge (i 52 3l gl e
o slhall 5 gl die saxall Jaly aasiall co 30 dadll () 55 o e ddadlaally ¢ sriaall a5l
d:\\_ms\ dA\JJEJ)M\ uj).u\m uﬁ).@ﬁuyuuydﬁéwm‘ywmz\:\mu\ a..l.bj
DY £y ASTM dial gay b sbod lia 5

(ASTM D3300) 4x S ducasi caat Jjal) Jlgs) LSa

gk caad g il JuaW) el A lall g 5 O adl Jlgdl 2gad (ASTM D3300) by 1
O Qlaill (558 5 A S Aan gyl ) 3 jadl i) aga aad oz danill

il el Aalall 5l
e



A da 0 - 400 S Alua (ulige

Al L grca (Jaa Cay 30 5508 A 5o HLaAY) Caan g ccaliall e ddadi g3 S ol dndad A0
S 2 J 220 3 e S 3
Adlad) 2 geall il sal Jroa gill g Jeadll Cililee 5l A jall e goall 2agii 5 yilall

(Resistivity ) stial)
Sl e aal g padiin delia Jeda caaSa (e (paliatia Cagag G A glall b ALSa a
Alle agaslia ad aall Jaall iy ys 3l e e Loal adiad clilally dalall J jall daslia
ol el alia s il 5 5l Jsmdll 3 sy 25m s (i small oy 31 Amdiiall e sl
:Dielectric Dissipation Factor Jjal) a5 Jalaa
90 A bl s Gl sl ( da sl 4y 5) 58 4l Al e salad g Jgaall oy Sl aals dpala 4 sl 4y ) 5
90 (1o 8 et A s A5l 35 40 3l Balall DA oyt s (3305 5 L8l ade Caand elld aa g
L sa 05S tan 8 4l 3l o8 Jl (b has o juia S5l 1 OV 5 ddiha an
ale s 5 JO) sadl il 4y ) 5 JIal by sl 0 585 L 585 58 5 § 8l 4yl ) i 2 J dl 208 Jalra
Al sl o Sl daiaie ()58 G caag J el aai Ay Jonall <y 3 Jall 82 9a 2aal aga
3l A g o Agha ) 3 ga (i pall Jal) 20 Jalaag
ASTM D 924 (3,481 Jalaa o) ciiil) Jalaa
Son i lima s 1305 LIS 5l )l gl 30 8 3anaall 6l G Aseaill s 50800 Jalas
Liese il 30 sl ligledgay o pSige 38 Anii e dad 525,08 Jdlan 2ga 5yl 3250
ospill
Chemical Properties 4ibasll (ailadll

Different Chemical Properties Of Transformer Oil are
alaall g Lladl) dad
i ol yalally Lgie | e <y 31 853 s sall 4y e yuadl 5 4 el alaaY) a2
a3l e aad g el a 880 g sall A0S 5 el (alaad) Alaleal 4 slhall KOH
o)l Oy 3 (883 s sall 0 S5 pel) G Jeliill a5 Jpaall gy B 2T
Jsaally palall el alhail o jlia 52 il sy Jeliill 1ag) SiaaS Jrary 3 5 sall (ulaill g
aae o a3l 5 jaie 20aail 31aY) g AN Az peall (i AL ) gaall il oS o g JSU i
RVCLESPR N[V PVONUPIS 5| FEENIRTEN (5 PEON UV PSS VNS EES PN TP

- il el Aalall 5l



A da 0 - 400 S Alua (ulige

ASTM D 9743l b

O aal g al a3 praalal) Aabead A U o) s el 0S5 0 o saudls sall A0S 2 Jaladll a8
e el gyl CadS 85 S el 1agl s mal gl (e a3l (5 s Gy g g ey 3l
3l a5 SElAalal ) jady 8 dpcaslall 304 38 eyl

:Oxidation Stability (swslill) saus¥) ¢ 53

BLSlas 3k (e lan Ay gl 508l a5 Jaa 5 dmy aal gl 5 Aol 5 Al Al (ulBe a
 l Aladl) Jordall a5k

:Corrosive Sulphur JSGI cuall ¢y .Sl)

Crasall Sl 3 55 Sl il e J) 3o Lgadina 5 g oS LS g e (5 s alaldl J 5 53
BJ\);J\ Aﬁdﬁésﬁjdsd\ éﬁ":’tﬁ'ﬂ\)

(BAEH ) ALY 93 Alsal) el 3 (pa ol £ 328 J paal) Cay ) Jallas

:0il analysis<u 3 Jalas

S Clamall 5 gy 5ill 5 S yaall Alla 381 e 8 e U (5 sl Jalail) () s g yaall (40
Glana g Y gaall (o el J jal a2aid Al g Y saall gl 8 S Jiall 510 g 35 a5
A )Nl a5 58

Alaiadll 5 AY) JSLE e o i e oKl X g w3l e il glaa Jant J el &gy Julas
el e die e Ve a5 LAY B il eladll g lllgiall J 3l (555 o seSH) o sil) S
ccotaaill YT JMaiay) o3 A 5e<l Aluall

Ensuring Transformer Reliability4lads 4 ) yaiul g J gaall d3leé e sl

olal () i g mall 355 (el 2ty (e Aalall 46 20 ) DA @y s i Y gad) Dl
Sl 4y ) el 5 Alelila | eSU ay j sl g J&H 550505 lKad 3 ) <l sl e Al i
el lamall s Jgaal) Jlagi) Hhlane of (e pe I A oSl 55080 a6l allan 4 dadial
e 7Sl Calls ) a5 Lild <l gV 5 Jac Y1 aaad Ladie (S0 s jain 2255 (5 310 5 sladll
Al lati e Jlaial o al sda deadll (e 63 g Jland i )i

il el Aalall 5l
S



LA - Gl eS Ala (udiga

—] B —
Leiilian a3 )5S dday Ledladinl (S Db laa A3lle Cilazae & Y saall ol €lld (e S8V s
Gaad Al JSLlall Glé oy ) Allad A3 8al) 481 jall 30 5k (o @8 siall L jee ALY daiaias ) sia

Al Jlast Caiad (S g Lehsan Jid L) (S slad

sl Al S Y1 aan Sy A5 el 5 3oL ST Ailia el Jgam sl (S Al
Aaadll

Sl i pand s Jaal) e sgal) juae Jae 5 il Cilasio dae L Aasy (A Sl gaidll (i
Lags Sy a3l 5 (sl Jml) pUai pealiall aal (e 2l Jlagdl (8 IS (g a2 Hllg 138 5 <y 3l
At gl a3l Qs Gk (e 48 ()

The Information Gold Mine e slaal) i ania

a3l (Al il Hladl ol 8 5l A8l o 5 A ilassSll 5 48 jadl) (el gl il (33 5k (0
s oA Uy Jgaall sl ey 3l dalaiall g Adagi jall JSLERN (g 230 dag g Vs pand (Said
(2N el Ggy Je o ad Al AL el sy

Moisture Contentdash il (s gisa

Qs O (S A sha )l (5 s (835 (g1 o 6 ol (o J sl oy 51 il 1 a2
Joal el Lo ity o (S G5 o il Aalad) Jall ailias

Jsaall Qi ae Lizalddil 5 Leldi ) J saall 30 o A )0 i ae Of Can Auald dpaaf al el
Adlla o gy 3l J e B8 Cirada s e il (9 5S05 ) e 4l (b 4liad

el b shbadl e (58 35 (e 5 5iaT OY gl (e 20l

051 B35 B 88y (35l 138 I gl e O (S @ yall A gha )1 (5 sina g

Acid Number qaaall a8 )

Aald fpaeSY Al 5 ) el cila o il can ausl J gaall g e liall &g 3l e Lelia
OsSHaagiiy ameall 8,080 ) () (6255 JanaS Jaad Gamall (e o jpiaa Gl 2 250 S8
s s sl s i O (S AT Jelii gl 4l 5 S aleaY)

e (535 38 Ay el i 5 Gt Yy ) 58 o (S 81 il
cilaiia Lol ity oy 30 il bl sl e sata 5l Ll e 3l da pan 3aly 35 2y )

il el Aalall 5l
- ¢ -



B Aa - Al S Ailps uige
A8l 83l 5 3l J e pailaad e JIE Al g Sl 5 505 el 5 (aleadl Jie 45 sadia 4 5
Ao skl (5 siae g )5 il J e 3ad (8 (alidd) lpaliay el

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) <3l e AY dajaual) 48, )

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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Oil
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(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

Ji5a3) Jalna J541 1)

caladll)

¢Oadall aladlic

(Joadll aaadlla

M\ -3 ‘)h em-d
¢

«Jadla- Y

cilladl) add Y

z S kY

4alal $ J\QS\

2 e (22) ps s
Adlad) Adalil) clilal Ay JA) Gl kY slad clles

il el Aalall 5l
e T —————————



BB aa - 400 ,eS Alua (ulige

— Y s —

s

Aad) ) 5 o Ada) 93 (5 98 J gama e ) B A (23) &)

[«
R

S palls aniall |
 Adiall-a

Aallad) Aukaldl) Cala-y
A e Al glaal- Y
Ackldl) Cila. ¥
Siaiall

S o (24) B 0sa i

(ehliall Jua gall b o Adaidial) g Adlad) Aaldl) cilile gLia gl

il el Aalall 5l
S ey



— Y 52 —

Y
] ; | ;J’#Aifnn\gln'l.ﬁ#\ulﬁdnﬁ-i
— Q . FH cwl\».JHﬁ#VoubM-e
au /: cuuhﬂ'lws.am:\.nhm Y
? v gladl) u.nb\gd.:h\gd.i}ma-/\\g\f\g\‘
cJM‘SI
&M‘@SJmaﬁA-\aJi
-0 (@2A Je-e
-0 ] (LAY glad N
: g ool o) BBY & -9
—\Y _ _ calall ¢ & -1
e _. 3 cbeal) (5 Ao g Adsa ) ¥
: -~k (agaia oY) (ha ddablia daan ¥
T ;;M\uh&m%ﬁm-\i
o f sl 350 G dagalic o

e (25) A dsa
£ Al ALG Ay Gl jhi

(QR) 3,3l s pd (5 gl g Shal yE30

ﬁ,

1---

il el Aalall 5l
ey

I'i".'l



AB Ay - A0b S Llua (udiga
=| <Y s =

&) )

GIZ Al g g pdal) AS Loay syl a5 o
—e Bl AS Lia g @

8RN aua i pa 4S54 G g el Gl [ udiga >
Bpaal) paua U pa g oba AS )l L e el /udiga >
A S awa Ui e AS yd il Gyl [ udiga >
8RN olya 48 i taaf L A [ udiga >

BN s i s 48 )i ad) ) (Gt [ udiga >

4 S ava U pa A8 Hd Gl ae Ao /oudiga >
BN s i jua 48 )i Apaiall v o /udiga >

5 ) ana i s slya 48 4 alla (335 teae Jputign >
B A aua i pa 48 )4 G Ahaa pudiga >

5 AL olua 48 44 saal Cpal 3in 5 Jputig >

AlgBal s a9 olpa A4S Aol 2o Ay /oudiga >

- bl lall Al 31y



A da 0 - 400 S Alua (ulige

V2 cyaadl) o

-0 Balud) S jLiiay

B_ALAl oslua 4S i daaf daw Al /gudiga >

B ALY aua e 48,4 Al Al sy [ putiga >

A Al aua i pa g sl 48 i JUA) Gasgall 28 638 [ udiga >
AlgBall awa Ui pa g ol AS i i g Aglae Saaa [ udiga >
4lgBal) aua c pua g olpa Sy 5.9 ) Lana Jana /udiga >
4lgBal) aua c pa g olpa A4Sy A rlla dana /(puiiga >
AlgBal) aua Ui pa g ol AS i C 58 ldaay A [ utiga >
iy o o (A a9 0l AS i wall we e Jale [ uiga >

s (v IS a5y el Jlas | caad

) i puall g pid) olsal dudaglil) A5 il s ghdiiall daaa £3le /0L >
M\dﬂ\ggﬂ\o@%&\&ﬂ\ 6598 damsy / duuigall >
) i puall g pid) olsal dudagldl) A5yl Qo 3 gana da / Y >

il el Aalall 5l
e e





