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CALCULATION THE SECTION AREA OF THE VENTILATION OPENING IN
THE TRANSFORMER ROOM

wwe oWl

K (3

Pg = Total copper and iron loss.

Q = Quantity of air required for cooling.

S = Section area of opening

h = Distance between the mean high of the transformer and the center of the upper opening
0 = Maximum temperature of incoming air

62 = Maximum temperature rise of oil above ambient temperature.

P = Auxiliary line

EXAMPLE

500-KVA transformer

Total copper and iron loss (Pg) = 7800+ 1000 = 8800 W = 8.8 KW

Difference in temperature (0,-0,) =55-45-10 °C

Assuming that the distance between the main high of the transformer and the centre of the
upper opening (h) =3 m.

On the scale, the intersection of the line through P,= 8.8 KW and (0,-0,) =10 °C gives for Q
the amount of 47 m?*/min, And the intersection of the line connecting point h=3 m and the
intersection point on the auxiliary line P indicates the section area of the opening S as 1.6 m?.

In case metallic shutters are used to cover the openings, the area (S) is increased by 10%-
50%.

25 | 62

Different Power Vision!




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

Dissolved gases Jgaall Cu j 43 <) jlad) dad plis ) — 5

LYl e

o Al Jgaall JAla dadle dalay &y gas -

4 gzl Aoyl N S5 oy W B ) ya Ao g5 ) ) o Internal fault il aad Jaly jad ¢hgas -
CAsh e (S

( Arcing ) Legin 4L 5eS Gl 8l Gagan ) a5 Jsnall Jahs Jaa sill LIS G Sl jeS Cinj gan -
AN @l 3l () sS5 ) sas 1

Lae (Mol agall i Gadaiall sgall s s <l 3l Gl ki g (Bad contact ) dssladd) cidba ol Jay 5i e s -
CAsh e ¢S Jall s Wbl s da i) ) sas

. oaididl g J) larcall dea Jsaddl Jde UK day 56 g -

- 4% gata

i WS H2 s s C2H2 i) e Aald Jsaadl 3 a0y Jlae 3ga g e AIAN <l 5l (fany s
8 s 48U die b g Jases fAult 293 5 oo ) ) AL

CO 05 A 28l J3l Jle Jie(Low energy)

o) Jiadlly aia 90 52 LS 48dA s CH4 (lsalle C2 HO6 Y

Gl 223 LS Y gaall ) JA e 7 gansall Gl el Asd TEC -60599- 3 48 Al ddial gall 203

MmN e B (e ATl &y

AR s Goh e
ke Lo - smnsal) il Al g Jilatl el Al 5 Leale & SLa) <l LY 6l sl s 31 n e 381 o |
i) Aaal gall
- Jladll Qlal) ) A% § J gaal) <38 o3 (Compostable Gasses ) JuaidSd ALial) &l Hlall cud ol ) Alls A -
J\}A\ ua;&éusegje‘)m‘ CM\ J&}MM\ &_1)\.1\51\ }TLM\ aJ\ﬁS\ .3.1“333‘5 d\.’.ﬁj‘ &_\m\ UAAEH- d
ol a Sl el gla e aSU g lan ) i) g Col S A Slad)
) sala dalsi o ga g ple (ya Jstd\j AL o ( lugs ) il (e SIS dzal e A LS ( partia] discharge )
b (B a g8 S ) g2 G ((sharp edge

Rl all g laa (pa 2SI 5 Ay 38 5 ¢ ALaaSll 5 Al jo ) ol JLERY) s o)yl a5l Al ZUSY) Zaad ja - 2
el JelS Jaind y Aglaall pae Al g 4nie (50 [EC 296 Lpulidl

26 | 62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

D353 Jae (S 4dld IV s 50 ) ilea g5 Aihall wll (he el aiy A1 Col ) dad i 5 s 3o
Ol B35 ey )SSASle A (e @ sally 3

uaall el Jayy 3 day) oo ( peaDlS & gan Aaty QAL AN jeal & gan Jaliag Cua gl QB jasd oy g
L;.A.J.A;S\M\BJ\}%JJ&@J\&\&A&J}UM

L sasaall Qlill =il )l A dle o 355 LS J sl Jala Ly )85 25 4y g Adebia &gaa () Jsaall (i 2y 8
A A el s

- AlKEA s2a (salidnS o

JlaiaS ALEN <l 5ladl anlia 5 s 3l Jadatll o) jal 5 J saall oy y AT G ) gal) daglial) - |

. C2H2 cxlin¥) s H2 Cpa 553 YS (Combustible gasses)

il a A gLl aaad Gl pla Y oy 383 58 Glaval (abdiall 5 (lall agall Gkl 3 ) s da 0 Gl - o
AS el 5 4l (aadll el JSB Ula) Gaany G 5 68l Y s colilad da 5V de sliall jliial ¢l yal - =

Jladil (I TLa) (ga5 adala s i c e (psSiy el )3l a da ) gl ) Lede ity Cua deal)
el

Jgaall Jalasl) ddadi o g da5:- 6
) e
CJalall Ay L 5 5e (M 0 Lae BB il W e Jlaa¥) ol 3 aae ) @lld aa |
. kall ddass e sgall a8y Cua Phase to earth oa¥) s &l )Wl sl o ((Short circuit ) pwad &gas — o

a3 A e Jonal) s () agall o i1 e iy (sauaal) il 5 paiaiall sgall Cale G jeal Cigas —
 Jolail Al N Wl 5 Y

@ﬁbm\amj&a\k@mwﬁﬁm@mﬁm@ud\ el e )Y Jgnall gt die — 3
Ll Qo A8 e e 5 g )l s sl AR ) il (13S0 e L S

- M\JA&JE °
ngmu\)m\(;styg)y'&&b\jd};d\du;\a.z;\f—1
Phase to earth =¥ J <l asl Je pad & gas die J gaall Juadl 4 3O Alaall (S 5D

L osl 0.5 08 2 Y Jolatl A adde Jom sl o Y1 a5 (pe S — 3
27| 62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

- A o2 Al 4.\845::. °
o sl Blaal) Jlee ) aia (e DU 5 paisal) daa) jall —
Al Gel sall e daslall 323 ) 3 sead) (el Jsaall Ji 30 gea Dladle S i —

B S dae 5315 Gle g5y o) Jpme S i o A Alia 5 sl (s i) Gl Jum i il i
oY ) ebia 55 oty Jalas dais

Aaddll abua o 2ie 5 jdlia J saal) Juad — 7

[ VW

U5 inrush current @ ssaall saéﬂ\)\,ﬂ\o}éﬁfdeQj%umxmBJwbdM\dﬂmjﬁdic'éd\.c—i
( Rated current ) dssell (il il dad (0 Jia 20 A Josmy B Ll
G Al e 3 ((Over voltage transient ) 3_slall 2 seall ) jaaall alia ¢ die Jsaall (a2 B — 0
3 ot bl and s J el e ok sl o3a iy Jalls Jlgs) M i e 8 Jpaall el Juiecal) crlie
ke
4;733.14_115dﬁm;ﬂ\&ﬁyﬁa&dﬁdﬂ\uﬁ(ExtemalSC) d);ﬂ\é&@)\;)mgﬁjhub@—c
al e S.C G dlla b Jmal z A e S.C Gang s 4 )V dlaall o) 5Ll 30 ) aa djlaall 5 e Jlacisl
Laiaiall agall LS
LA\.:J\ LMS\‘\.@A‘;LG J\,}ﬂ d;;d\g__\;us&ag\&s} Internal fault C'_ﬁb'\é]\ sl L;;bu_x:m:d};,dh O a8 o
Aleall 8 gl Jae () (507 Laa
8 ) Jaid) ay Lee Dlealls Jaa sl (idas (g (Dl Sigan ) (5375 Lae Cup 3l e e aall Slea g1 8 — o
Jsaall (e yanll @il Joad s deal
Ol A il dleal) s gl Aala Uaally ( Vector group ) dssall dlua 5 o dileal) e Cay pad oy Ulal — 5
. ( Sepam)

_;Z\.\S.&d\dadk °

sale) by & Sl aa leall Slea e (Block ) Gle dae ¢Sy 4ild 280l Uil sy Jsaall 5 3 Al 8
cAaadll Jsaall J i amy aplall ailla N dleall Slga pua g

Caa clalall s e Cagh gl Jgaal) e 4 33U ol LaY) Jae & deadd) Jgaall Jay al g Jhaall 5 S5 13— oo
sl clile Je el A s 315 paladl 2 seall 5ala ) Jgaadl (i jad a5l 6l o

salel s Jlgall Gand 2y ( Bukholz ) 4 ) dleall 5 jea) Juridl dagis Jsaall z 554 Llaal) 3 el o 131 —

Cu b ey g
28 | 62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

Jala sl Lalii d a5 e Aadlisya Gl ke ¢Sl jaaa aa Y 4l e 2SUN J saall Jledl) Q) asd iy LS
sl e o 1305 A 380 Alaad) Slea i I 3 038 (5355 e J sl

A<l \a&&.ﬁuﬁw [J
Dradl alua i Jd Jsaa) e b gal) SIURY) an o) jal |

Ol dagie -
Gl el ags Jlid) -
Jaa) ‘)@ J\.}f\i\ -

L0 0.5 4iad 3 5 Y A aa VL Jabadil) ddadi g J gaal) s Ja 55 (g0 2SN —
c omaall a5 die B el 3 seadl e Jsaall dlan 0585 (Al (B sa Dlaile S 5 —

Jdoaall Z s A Ao sl O ) e — 8
sy

i el Y gl 40 5 A0Sl 6 2] 3 x5 ) HR. Fuse das siall sgall il jgoma anl b 8 Crgon |
(Drop out fuse) Aailull il jgaaall 6 i

A sl SISl AN 5) RS patiall bl galls i3 o) Jas siall Jaiall il jgame 2o iy pedd Chgaa —

Jual sl agall yura ol Hhal aaf alaly Jad Egan ) Jlad) Jazcall Colo 38 ) (350 ¢l juray xi Cigas
. Sl sl Caldd

JAIL ria g0 98 WS Baal 5358 e Jsaall 7 508 (50 A jpaall 2aly x8 & gas e Ak gala

29 | 62




O
A Al

EGYTRAFO Different 'Power Vision!
Since 1979

=5

Uy §Pe8

o=

251 45 JSAlL WS (5 e Jsaall 303 (158 (A) el Jakudal) iy g g0 ie Ll

U

)
Vi

no voltage

vv

open

=

w

©

) a8 CaOER) ) sa 13 g Jaladl) ddass e b Sy Jaladl) ddadny L e Jead) ) 3l a2e Al 8 2
2 52128 U™ OB O A e e
.( Phase voltage ) 433l <l jlall e

oe (W, V,U) <l Gal phal sl e agall saly ) () o0 138 5 Jsaall Jaly Jalacil) ddady Joad ¢ gas — o
. d)iiﬁ\ g_q\JJa\ e agall aled) C'_:..\;.al..aS( Phase Voltage )EJ'GM gl Anisal) Aqal)

eﬁ)(‘&ml\)h\
Aﬁl\ddﬁm\jl\d);d\gJ\)L\dibdém)ﬁ\&A.kﬁ)ﬂ\ & g Aadll (addial) agall Ll jadi Eigan —
) .~..“

AREN s Goh e

osahl) Lalasl JSU ¢ gan Al b9 AS jaiall 5 4l o gl Jadid dpad) el e 2SUl g dgadl ke pand oy — |
el AL sl o

Page 30|62




O
A AT

Different Power Vision!
EG& o Since 1979

ke alSal (e oS 5 AR 5 AS jaiall Cal D il Jae s A gl (SISl 3 5l Aileal) —

53 e 2380 ) pgmal) pRE) e Ly kg pie (o 2S5 T gial) 5 3¢l il jgmne S 8 mni —
. Jsaall

sl g misiall agall s

AlKE sa (galdiAws o

da 0 gl ) aae (e 2SUN 5 4 ) )l jaal&l (5 5k (e praddiall s el agad) CLLSY 4 5 sall daal jall -
VBB

Cdgadl kel AS paiall s A ) e 5553 5 (pe SUD 5 Madl agad) Calel 40 o) Aa gliad) lidl o) jal — o

Dk gl ) M 595 138 5 ( Fundamental ) dawad) da sal) (o 5SI (Peak ) <ol sill da go dad () oS5 Ulaal
el

(58 e (i eleal 558 om 231 e ity Jean) ] le sl 33 el iy L) e

. Jgaal) Jaand aie S aa) e agal) (alisi 9

Giany J gaall Jaaad die g JaaBU) e Jsaall Joa 58 die Al Jgnall 7 9 & e agall dad 05 Al 020 4
D) )l aa) e alass)

by e
Rl s Las deall L e 2l agaldl 8288 L (505 Lae Jaws gial) agal) Gl jgma aaf e i Eigon |
5l e3ed Jsaall 54 o 2gall
4 sed) AnSiull 48 il 5 43BN Jaa gill Bl Hhaly pedd Gigaa —
gl el A8 jadiall 5 AU Ja sl Bkl (1 pedi Gigan —
Do Sl ¢ s Aty Gaddiall dgall ) 5 ddiall seall Cale (g da il L) jedd Gigas — o
Uil s 55k @
Al 5 AL AUl ) yeaaal) Jlagial —

Ledlagivd 5l Leadle 5 il sell A€l Jyem gill Gl jlal and —

31|62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

b jedd Gl Al o5 3¢l jpie pasd — #
Sl g (aitiall agall L) s pudadll a gl Jay il sale ) — o
Usall pda AW 35k o
Sl g mddiall agall ) g dsalail) Sa gl G Glaw il aal jad Y gaall & gall dlecal) dadws |

o s Al 5l agad) ol e (o lal jedi At dpaganaill asill (e Lgtiad &y 3 Cina A 5V A glaall LA Jee — o
) seall ST el seal Cale fya il Gl RY) ) imiial) seall dundasll e sl Jaw 5

sl @ ghad anaad 45Uy satl) Apai Be) B — 10
Gyl e
(iall 8 SY Gpab 5 A n ) piall o) o T i e piall 3 51— |
CJenall JA0y Jalasl) ddagil Jiad Ehgas —
( Sliding point ) (& iall <o ylally cue Ao Jalal) e el i ue — 2
A a3
| sl 580 Bl 5 il ) o Tyl 580 s |
oot sl il pasd Ay — o

Leiasd e 488) sia 2¢al) dad of SU 5 ( Phase Voltage ) Jabaill ddadi g <ol Jall (s gl dad Ll 2ty —
Calayl

ﬁﬂﬂ\&\j&l\‘;ﬁcGJJ&J@&YJM\UJ\JM\WJS&_]]
Pl e

sohadll Caalia B ad gy g2 3k bl cue dai seall e w8 Gigas |
el Gyl
s 4 4
O O 0O O O O O O O
D 6 7 o 6 7 <] 6 7

& Al ) gl ol Jans giall agall dga A ) )yl el M g3 Jenall o s A i dhgas o
4 sed) Al aladii) Al

Page 32|62




(®

[\ A/l
EGYTRAFO Different Power Vision!
ﬁ; Since 1979
Al e )kl
[y
N open
X}
11 kV
\
7 open
X}
ve <X
open
w

y

4 5!l LUl o) (C . B) (ool alaldlly i sl e —

A Ja Gk e

A8l s 8 allawinl 5 3gall juaa and

il G o a6 ol Al sl Al 5l e el adalall pand — G

Aaadlly 5yl <Y gaal) & (Tan § ) S84 Jalas 4o glis ) — 12

oY e

G Lae Al g il i deaddly Lile oiae G Y saall (Aging ) dssall ) pal@i dagiizale (Sl
cadalay bl slall 5 4 skl A ¢ L) (Water content) sball (pe dui o 48] gia) dagis o 3l s ¢ gus -
sk e A ) ol gall ¢l gial -

b e f s Csan (635 A W) oalial) agall gl SN dua et dagi Glill ) sgall Y e (i - 2
.l <Y ssa ((Capacitor type )J\)L Y el Sl g Jjladl 3 ol CaiKal) (ali o <l el

Al ) ol gl e A el do yal) da g las ) - o

- il Ja 3k
| A 8 L) e AUV it 5559 e Jlnll Bl a1 |
skl e A3l ol gall alail IS Caias s ) 50 Jas —
Gl el I sy < el ( Tan § ) il Jebee (ol jia) ee —

Page 33|62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

_;‘,)'S;'M" " \c&&dm )
. lial sall 4iilas e 2SN 5y 3 e Ao L) & Y gl e 4y ) sall Dlpall IS (e |
CAeadd) ol Y saall dall Jalas HLidl — o

Aa b lilais Lo ST ARSI, A (e asally Jgaall 3 S35 ) 93 dae A (e 288 Jalrs (s Sy —
Sl )5 e 653 WS 70 C e s s

sy AL Sl gl ald i i o) 8305 sl ek N

Joaall igua A oL ) dpaliay g dadilly 98 g Jgaall o Jaadl) jLd gl ) — 13

ol e
CJsnall Qi g ol Aati Aaadl) el gl QL (A gap ) 4l Gl sad Gigas

Aol s A ey g8 gal) Jrei ol J gmal) iy Eua 5 9 Jgaall o Jlaal) 50 Latie elld Caaay g
Oe uaall Qlall (g glall & gl Jiad I (5258 AS0lS0e (5 8 ) J gnall (a 23 ) (535 138 5 starting current
. (limbs ) s2c Y|

J@&GSJ\QA‘\_.\;LA&\A}((D ﬂux)weLM\u@ﬂ\ﬁGSBagjé\ddﬁmdM\ésJ@AA\&GSJ\_Q
éﬂﬂ\eujb@ayus(lo )JAAM\

|
|
|
N R

3ol all da gl ) o S uaal) Qlill & ga g a5 ) Jas DU LS e ) a5 WS
ot Aaih QI i) 55 Je ) gaaad) il oy i day) ga (aedlE Al gaad) QA e jal Gigas -
( Over Voltage Transient ) s_nlall 2sgall (e s 51 4550 e lia e &30 2l & alde g,V Jsall

Page 34|62




O
A AT

Different Power Vision!
EG& o Since 1979

( Internal fault ) <l lallaaly Jals pad ¢gan - o
- A Ja Gk e

C gl Clall a ) Bale ) any Jladl) Q) Loy yisale)-

53015 3 sead G ay ¥ s aall e a5 ae (38 5o Jsaally Jsial) agad) A ) (g ST

, e abiiag Ly 5 35 A Jaall o dery g ey Jax (5 Sl Y gad) b

. el Jual sl agall aa (38 550 LS 53) agall juae 3 ghad juath o 54 ( Automatic Voltage Regulator)
ACEA 28 (A d8S o

o Al Al 5L Aad G 5 5all5 ) 50 Jlaal ge daxd 3l Y saall e die eV 332 Gay -

s Ll Jonall

o Lebmd s Lol oy aall (o puall g olaal) @) cillasal Janst IS il g gally o Gl ilaallall 3ale

34> plaie: (On Load Tap Charger ) Jesl) (e Jaad 3¢ Sl piar Jaad (G5 Sl @Y saall 25 55 Jady -
- Jsaall dial 1 agall ae (38 5l LSl 53 agall jia s shad it a8 ( AVR ) (Sile s

Jsaal) il (iial) agad) e JB1 jaaall (e dgad) (2 adla QAUEANY Jgaall (2 23 — 14
byl e
Az W) SN 5 A sed) dashadll e sgall a8 o Aot OV el e jaaall e agal) palias) Sl

a0 Apalia 2 i L gadll du;‘}“ 3al ) Sl aa g Y  Aa gy | ddasa (e il gl
g e D! laa® 8 =5
- A Ay gl ) aled) (550 5 Ledl shal sl 31 Jasll - bkl Al OMa gl
S s 5 r J

REVENIEETEDN U P P PEON (FSPRUEPENON [ P | S P N S RVER REAEDNE . S
e s sind 5 Heal) Gl sia) ) 533 Les (End Users ) e Seall Jual sl (midiall sgall dad (alias) -
I L YLl 5 MK 300 S il s
o8 30 e Laa Jsaall (o o sanaal) Ll 8ol 3l s a1 COUSY ol Al sl da gladlls adliall 3205 -
) - Ml o sial) sl g @MYl
S Al Jadiy )l

ele smnall Sl 30l ) pasd o gladdl e JleaY) Caas |

Clasay 5 58l O gaad dgall jire pas st ik oo giall Ge O saall ) dial 1) agadl dad (s —
.Y gl

- Al \o..&g.bu.\uﬂ. xilly o
Clakiia (S 5 a3k 4l dudall dadll ) @V sl e aiaal) sga 83l ) (e oSl a2e Ala 8

35 | 62




O
A AT

Different Power Vision!
EG@;F 0 Since 1979

QIS Al gaa) (ol Aaall (3 sl Aalie Clalaiall 038 5 jraall e 2gall 28 5 o 68 yoltage regulator ¢
el A ok 4l Cun G 10,5 a8 g (e Ta abiiall Jaly o Baadly s Y el delia 4 dlalall
LY pad) Alans (e Juaal sl gl a8 55l

- ‘ \ . .‘
11 kv

G

daddlly g2 g (A) (Alad) gl cila Gl bl e gall alda gl - 15
Yl e
. Jeiill y Juadl) (S ( over voltage transient ) 5_ie dalle 3 geal 5l 4y sa diclial Jgaall a pai — |

Gl aal G peadl Ggan ) a1 A0S e Jabatl) Adats Juad Aty Jolacil) ddads e agall gl ) — G
Jaladll ddasyy Sl 59 pe () (527 Lae 43BN &) 3l e Jlaall ol 3 pe B ( phase to earth fault ) g;*bﬂb

Sl s S AsiEal) Aal (he el 4a8 ) (phase volt ) Jabaill il sl s seall dad iy Allall o34 iy
el anl Cale Gyl e gl dad ¢ i)

REBNPWE il
G
T ;
V1 > nominal voltage
‘L V2 > nominal voltage
N
(e
v
D) 1 am

Page 36|62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

o) sus dgad) e il skl Ga Sl S Caa y Sigan ) am LS Jadl Jledl dai las) o ol el el -
4l ) (55 Laa 4l 5f Ay 31 Y sl

:\%:\3-'“1‘333}(];61’1'0 I'GSOI’I&IICG)QSQ—!JAM )l B_)ALEG;G_'\’UUSA]\ u\ﬁ\&s@m@ﬁjh -
(L) <l ¢ (C) wdlsl) culdiSa (g Jlail dhaaag i GBS A (e Jass giall 3gall dga J gaall Jua 8
Lo siall agall ) g aa i Al 8 Al Cag Hhall o S

- Al ‘dAéJh °

e (380 iy Af ST 5 Jalacll A 9 5 a1 (gl (358 Ll Bale ) 5 uda )Y A0S ae Jalacll At Jlail (e 2SN
.(phase v) 4=l 4ol

(loop) d&all aladl e VL Gl 5 Jsaally Gl oz, VL Jolasil) ddas Jlail (5585 o)) —
- Al ol galdlly
LAl B jatal) 3 geall o & gall e geall aca J saall dlaad el goa Cilaile € (35 59 pia |

e UL e kil plall oa )Y 4S5 e s Jsmally paldll a5 ) Jalad At Jpea i o ) —
Al e dlaidl oy sl aad e o) 35Y)

oY) Gl gl agadl Bl e dleal) 3 jeal dae (e oSl

daddlly ad) agadl e jle Ao aga ddi &igan 216
ol e

(G]aze)):\al\:u.\lagjs Q\ij.b#&}h&)éﬂ\ KV MJQYJLJ@J\A}\ C.Lu.d\‘_gr.@)sﬂ\&d;:ﬁ
-t el aa 5 ((Shed ) @Yl GLkY

. ( Over Voltage Transient ) 3_le 4dlle 3 geal Jsnall mjas —

A«—.\“:LP.U—*UMA\higcﬁ&)h@ﬁ&&@lb(FerroResonance ) EJALESJM\U'A}S—G
LJ.:J\

el s J ke ) L il iy G am W1AS0S e jUaa) o il dnliadll Gel guall i i -0
-:Mﬁ i ‘daéjh °

il Lgde Chaa 3l @ el Jlagiad oy —
g clalall gf clalall Cal pdal ) Glaad g i) 13 i e e Jsaall el il sl o) ) sy o) Juady — 0

37 | 62




O
A AT

Different Power Vision!
EG& o Since 1979

- il ol aldlly e

e gua laile af S5 )5 uin |
. @@\QM\;&@W\Q\.é.\a\)d\_g(ArcHom)EJ\)ﬁJ\)u\.SQgg:\éM\Ja.y'a—g._a
. e sanall 3 gandl 8 Ll g dpa V) da gliall dad (e 5 sall aSU —

2l el

Evaporated <Y gaall Jila daclaiall <l Jd) ¢ 585 Gl & Cuay
dadia
4 Alead) Slea Jae I o Al sac latall ol jdl ¢ 6K 3 jalal dandll Y sadll (a jais
e sill ol plal ol ldlally o s Jsmally JI213 (5 58 53 e 353 5 222 (1 o2 1l (Bukholz Rely)

Leaaliay (S ol 5 Al <l Sl 0 65 ) Wbl o Jsaalls sl cue 13585 o Cus(Internal fault)
s Bale () ¢S Bac Latall ¢l Jdl Wl cpa g pal) Sle dald g sacbatall ¢l Slall (ang

(Partial Discharge) . 4 3tadl 3l sall 5y 31 o) g Jsaall Jala (23l g sl )

<Y saall Joading cycle Jaall 350 w3l sl dilee 6L5) Bubbles) ¢! sel) (e alid Ao ooy 3l o) gial-2
( Water Content ).eball (o aeS e 413l 31 sall i iy 30 o ginl -f | palsl) Qs ol

A0V el A o) el ol sac latal) o 3ladl 0588 bl e Ca gl
ol gl sl

400 < el Las)

a8l Jalra lia)

abaia¥) dalre 5 J ) daglie jlia)

Gl Pl Jalail) s

Dissolved Gases :4xId) <f Jad) o585 5 2l ; Y

(U U R

38 | 62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

Gl 5 clalall o Jgmall lile Jala s 5u€ Al ¢ gaa Fais Y saall gy 3 JA12 AN Gl Sl o oS

35 ( Internal Fault ) Glalally Ay jal hgasn Vo Aa® OV gaall G JA12 401N GOl Hladl o S 5 spaall
Ao sh sland) A 3all ol sl (31 sin] () (g5 5l < U Al 5 5SS (N (525 (Hot Spot ) Al ddaii & gas )

( Flash Over ) .l Jitiall A (e Jaea sill ol plal (A jeS o j Eigas Y

Jaall die Jaad Al agadl @l e Jals dali sgall jire Gl yhal 350 8 Gigan ¥

Sllb (a7 Cua Ela goll A jlall 3 gall 5 Glas )l JELS A Jladl o) gl e 55 da )88 & 35 (On Load T.C)
el Al s ) ) o LaS A ) o) sall 3 ) s da pn gyl )

ALl S Rl gaaal) il il G 5 Jsaall cilile Jala 5,8 AlSEe Eigaa e il S o2y g

Gy 5 (CH,) Gl 5 (CHg ) S s (CoHp) oid 31 Jle Jie ( Combustible Gases ) Jaii3l
el ) y38Y) yeall e Blal &l lall sda el g Ji (H,) osns oY) 5(C,Hy)

s gaal) JAla Evaporated Gases 335 baial) <l Jid) ¢y o83 5 al: Ll

Sl 5l sl a5 Cua s g Y le Aald saclatiall 5 jadl <l jlall ) 5S5 5 jalal Aaadd 8 Y gaall (i e
Al e Jndll 7 508 A 3% Les ( Bukholz rely ) el 48 ) Slea Jurs

Aadti O saall Jala sacliatiall 3 sl cof jladl () S5
Caggatll 5 ) 50 JuaiS) ade At A ) o i) iy g g 3 Jala ol A3kl ol sl e 2 ad) o il |
& s laa ( water Content) sluall ji A gh )l e daw e Al lad) o) sall ) gia) ) (535 lea J gl
gl oal 052 )l ke a5 (Bubbles ) 48158 g8l e <yl ol sis) gl(Degradation )  4djlall alias]
6253 Lan Ll oa A 2 i) () ol il e 0l il Gugan (sa 5 slal) U o 50SUl) lee

ol gl el cSaall (e 43l LS @l 3l Gany a3

soaelaie Gl e (585 a5 13 5 Clas sl iUl e Al GOSN G (Sl S aa ) Sisaa ) o Lae
a3

Lae (o pall <l jailidl g cilalall e ( Closed loops) Lyl A e San ) Sl @)sﬂ\ &gan gap WS
Gl Sl 5 6S8 e @l Caliay La g 4 ladl 3 gall g cilalall 3 ) ja A o g W& ) s

(Water Content) slall (s A s A3 5lad) 3 gall gl cu 3 ¢) gia)-2
OanooaY) e [ oat ) b sl o cadall 38 aa elall Jeli a5 Cua

BV

H,O — » HiOH
Sl g (oman

slall o a0 Y e 8 (arc) 31 g ge Al 5 jall da o plis ) alls 8 4i) LS

Arc
HzO - » H2 + O

39 | 62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

Loading Cyclegald) Ja.&il) il < gaal) o Jaal) 5 ,90-3

8] Lﬁi Continuous Load \)Aiua Jasdl Lead O Y Al Y gadll Lgi oAl Jaadill ld Y saall aady

Lball 8 aaiis il Y gad) sl 2Ll a8 Cilane b Aediod) Y sl ¥ 5 35 5 1 gaaa puy Jaal)

ST 3l S 5 w38 pa As o il gy Jsmall Jpen die 4l sa I 8 ) 5 5l S 51 5 51 Al

4.1)1.9 c.ﬁ\ss'é‘)}mé&"_u\)w\ FRYY UAC"_LJ‘)S\ )‘);L..U_u‘)j\ DJ\);AAJ,JUA\A;J\ e }u\)w\ ua\.a.a.my%\).&

(Harmonics 8 bl bl sill 4 je ST 55 ¥ saall oda () JanDly 5 430 LB 1) Sleas Juaid) ) 525
Aaall o1 3aY) clilall Jals adlid) sl 3 I sag 3 Jusndall g Jadl) 5 30 ) la)

9 A1l Col Hlad) 3ol ) (A (a5 Lae < 3l g A ladl 2 gall g cilalall B ) ja s g th‘\ 8L ) ) aslaall oda sa5i g
.E);J\

shas Luailal) 5 jadl e jad) ¢y o83 bl Ao i gd gl o ) el jLay) ¢ Bl
Dissolved Gases 4wl & jlall jLss) |1

}4:\.\»\:\35\ C"_a\.s.\a\}A“ U.:L P CM\ | & L@_"'tmg:\_u\.uj C’_t:g‘)n_s EJ}_A}AS\ 4914l C'.:\J\.sd\ :\_LQS J\_u;‘)_” K M
Oy s ol u.ﬁ,g.u.a‘)!\ 3 Q’.,:;}JJ.\:Y\ Lg_AA\ (=5 ) Combustible Gases ) Jlaidy bl &l jlel) Aala

oal e an s ouY) e O Eun & sanall o Cpa g oa ) e (88303 Jame das S JLERY) 138 ey (el
Aol Alaad) lea Jaedt ) o Al sac Laiall <ol i)

Partial Discharge ) &l JLas) 2
G 3y 35 o A1l o) pally f I o) g Y gl Jals (el g 8l Al e Ca gl a3 o) ) Al
dsas N gagidish) o Lol sia) A Al Jlall o) gally Cany LS 400 g 2l 3 g g s oy 3l (A ad) gl
Aa2all W sa 5 oLl 5 eadll Lol san J8 Y pad) o G 5al) o sil) e 45 lae 21 LS (voids) . 4l sa <l 52
JLaidly Leadll e canja A Y aall aal e JLiaY) o) o) &5 a8 5 Y saall e il jla il sal ) e ol gl
sl LS il il G 45 el A8 1) Sl

o) il Lad Jsadl A
A B C
144 55  60P.C Jalill salc) U8
14 10 12P.C Ol ale ) 2

a3 sbe ()i a sSUl3 00 Jae 22y 3L Jsaall slasale] a3 Jsaall o Caiad s 50 Jae Jaalil) salel aaiy
28l Jalzw i) 3

40 | 62




O
A AT

EGYTRAFO Different Power Vision!

ﬁ Since 1979
a8 4 gha )l e A o A5l ) sall o gia) Al 8 Ll (C (A smnall SN A el sl (e Ly 5eS el oy
Al a\}dl_;o\_.:}}a)l\c\_gsdcluj@\ugéﬁ@;u}&@&)\}ﬂ\‘;gMJSML@J__,Q?&:,

I. I

Ly 8l A g 5 Aagd ()l Ll 5 el af sall il S LaS i Ll e 0 o201 5 Y 88 3551 3 (3850l syl a0
tan & = R/X :Cus Jdall e tan § 4wl il Ul jall (e

Xc

I

Degradation @JL’J\ :\;JJ u.a\s;.t;\j L@."\J\);j\ :‘\;JJ g_é &1&3)\ ‘_A;\ :\_1‘9.2)” ‘_AL :\JJL’J\ J\)AJ‘ ;\}3;;\ 95.3}.3

1 Alas) Judail) 4
LaS 20 sl aalaal) ¢y 65 ) olaall 40aS (5255 Cua (Water Content ) < b saa) siall olaall dpaS apaal 2 s
3 ALaSl e Ll Aaii Goa 50 Y) e aelial ) (255 LS AL jlall ol sall g 3l el il 80b 3 ) 2
Aani i o LS (AL S (e B Cgaa

Page 41|62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

Insulation Resistance and Polarization Factor uabaia¥! Jalza g Jad) daglia dad jL3) 5

Ao 6 sise e abaiel) Jeles e LS 311 5 8 5lad) o) sall Gpmoall Alladl e J all Ga glie dad il
b i al il Cua Ulee Lgale (o jlaiall aiil wo (abiaiaY) Jalaa s Jjall e slia Zad o s 5 41 jlall ) pall Calial
Sl LAY s3] 3a3na o ) Al cilieal sl

soadlall

LB Hlea o A a8 ) g sacliaiall 3 pall <l ) (585 e 3yl 46 208 L paly
(Y ) ok adld 4 )

Akl e Jsaadly A el o) sall Galss el Sl g J saell Cidaill B 50 By ol 1Y)

she Lolae £l o 58U 3 ) 5o Jyindity Al g L Jgnal) sle e aalai Al 450 gl @il (g palail] Y
S b J gl
G oaY) e S ¥ (s slall e Jgad) 2y A las

Uil s (Insulation Resistance ) Jall daglie JlLia) dial g a8 galb 4y ) 93 ddiay J Joll ) jlia) 6] ja) - €
Tan Delta ( tan § )2asll Jalzs

sl sall e 3 A sl el ade Glaal Y gl Ble HlSal)-5

Lee (Oil Leakage ) <y zediy) &isan ) 525 3 5 Jsmall puens alalll ¢ g (g0 il y i) (5 dadlane-
Lnall sall (e 4y gha I WAy 31 ia yag

Al it vie o) Glill A i die 4 ) 50 ddiay dalShd) xle Jladin) -7

42 | 62




(®

.Y/
EGYTRAFO Different Power Vision!
ﬁ Since 1979

P ualdl) Juadl
s Aaddlly cV gaall Jandl cilagled
(Operating work instructions)
L deadll Jsaall Jsaa Ji — Y
el s daad sall 0l HLEAY) aaes ¢l ja) S

oadaial g el guaeall Insulation Resistance Jjadl daslia Ll ¢l ja) -

( Turns Ratio -TTR) dusaill daus jlial ¢l a) -2

(Breakdown voltage- BDV) <u I 5l aga L) -

D.C Resistance (nagal) S A 5V Ao glaall jlaal -

T e sb LSy Hiaall dea Ao ae 48 gio dgall i s ghad o SSUI iy Jgnall o dgall g Jid -
Name plate <bbullda d e

( Terminals ) Jeasill <l jlai @lly d Lay addiall 5 Jall agall &Y jle Cadati oy -

Oil Indicator < 3l Gae Sleas il saie JBA (e Jsaall el Jaks Cuy 1) o gusia (e 2SN a3 -
Jsaally G 30 Gl 53 (g 4 5 (o AlLaSisd o 3l o i (il Al i

¢) 56!l (e (Bokholz Relay) 4t dbeall Slea s1a (ha 2SU oy LS J el Alaall 3 gl i) oy -

adli Ala 4 dlagiu 5 (Silica Gel) JealShudl xle ada e U -1

- Jonall LS 4 5il) lanal 4818 43 jal) dabie (685 O o) 0 382 JAIs Joaall € Al 4 -5

o3l 5 e 23 Y A )Y dagliall dad o e U5 YL Jgaal) s Jrea g o SHY o -

@I o Juagill g pdisle) jo cang ¢ o315 e @Y ndll iy Jua i sl Al 8 -
il Joadl) 5, S0

3:liSw Jaxi ( C.B ) pdalill laad) 3 3¢l o) (e STy cibhiie IMA (e Jsadll Jpasiddla 8 -a

s sall 33 53 (3o SUN Caay ((Isolating switch ) ) s A JYA (e Jsaal) Jpa i s 3 L -
538 aa 48) 5ie ( Drop-out fuse ) <l el o i () (e 2SEH 25 LS 208Gl 4K jaiall o A5,
 aiieadl) Jsadll

43 | 62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

4 sl [ 4G s Cacail) Y sanall 40008 1) bl - Lals

Preventive Maintenance for Transformers

S ORI

Aadlaall (5 ) pall (o S A Ay 5o U ASLEN 8 53 s sl A 5o SI) Cilazall aal (o Jsaall ysing
Jonall e 3880 &y ) 5all Ailuall alad aumm g o3 288 120 Ay 5oSI AS0E] 8 (5 sl sal) 134 e
iz 28 Al ok saal dasdl) e anljA)s Jsaall e ) o 38 alia Jhae (5l &igas pie lacal

Y ol s 36liSy Jamy Jsaall (IS 6 g Ay 5l) Al s Gl anyy L AS03N 1 il e

Aasl g dalall die Jpaall Al (apddil elld g 45 e Jslan &4 sall Dluall sda il o 03

- Jsnall 2008 gl Al iy A Baane Ayt ) <l i e 53 il dapmia cillal Tada dagludl £ jaY)
Cu ) (6 sie Jani g 48l 5o 1

Jsaally sl Jass 11 5 )l ja s o Jimasi L 2

Clalall 5y 305 ) s da ya daani 5 481 50 3

sie Jsnall a1 il Jaly i pall Jasall 5y a3 e Jsinsall ) saall ( Diaphragm ) G s . 4
(JM\JA\J)AU_UJ;

Jsndl dmnh ji2 & gual 51481 50 . 5

(ol 3 el ) Jsaadl ilalae aaen oo 481 50, 6

Lt o s g2 a8 giall o) a1 (8 ) g i ) 307

(Alandl 3 3galy 525 el ) Lidida g olal (e 2SN 5 il Hlasy) jlaal 8

JaalShill b Gl 5 4 allall ailla e (i€ f ( Breather ) Jsaall (uiiie sl |9

055 s Al as (orally Jany dsmall s 3 Ao 3255 o Ja s (060 a8 ) sl sl 10
Axdi yo J saally Jamall Jass 5ll 5 ) ja 4

Lebalatl Jamall Lo ) 5 4 sl LB 1 Slea 2 aaaiall WD) e die 231 11
( Explosion Vent ) Jlaai¥) ds Jee Hlddl | 12
DVl Ak GllaS 5 4y 5l Alaall Slea Jee sl | 13

el & Cinia g LS o Liad o) (e aSB 5 G, 4 gladd) jlaal | 14
44 | 6




O
A AT

EGYTRAFO Different Power Vision!
:'|”““|'; Since 1979

sl dga s sl Ledaw 5 8 s i 0 g s At Jsaall dpa Jlad) M sl sl Jaa gl Lalis e 2iS) | 15

¢l yaadl Cind A aadiud y seai 5 gl aladiinly elld Sy Lelle

A0 Slen i Jsmalls Aalall 38 50 3 jeal GlS 5 Jgnall e Sl 3ajall slil) JUai Jae jlsd) |16

(Restricted Earth Fault ) sasall a1 oyl aca 208 6l1 Slea | il 50l ) 48 1) Jlea | dplialanl

A8 5 = 5l jag Gladls (e J sl Glaclioe L35 (A adduadl ( Wiring ) paddiall agall &Blay jlial (17

(i aglac adlii (o 2S5 (o g8l Y sma UK g A8 Y gl A (25l e ) 2l ks Cilama jlaial | 18

3ol da o (8 ol plas 3

(i) daslia | a8l Jalae | ) shall aiea e disad A ) Jsaall e 4 5eSI <l JLaay) JS ¢l jal | 19

L LI Jie parall Lgazany aa o) 32 Jaw 55 4 ( Loose ) das i sl e sl | 20

a5 ol s Acidity daaseall sai Oxidation Stability s2uSY) o) 5 Glld 1 Lay coy 31 &l HLial aaes 6 a) | 21
sl e a3l i sy 0.6 6 sb A seall A

ol e AW @ LAY Jee o Jealdl e dga G i Jaad ) g g8l @Y saal Ay | 22
-1 Y Jadi

CASS) A8 jall 5o paall (el Gandl) @

Ll e 80 M 50 0 sl s (Al (A sshad e il (e ) Lgrall dee e SR @

¥ a1 ol W i s ((Contacts ) Claedlal sl e

. Glallall g = gl el Jee Jl3) @

D Jaliy Gl s Aleall 3 36l s @

(W.T.C) clilall 3 ) da )3 Ll e -

ol e s Jsadl e bl Ciy sl Sl -

Jsnall ) sl g ALY 3l 02a5 Slen s ( Bukhholz ) &sall 4850 Sles pand -
.( Flow Relay )

.( Motor drive ) _sall da sl dleall 5 (uldl) 3 jgal pand -

,aall U g sasl) iy 5aY1 a0 13 aiaa sale) cang s Jsaall cililas Al Lsal | 23

45 | 62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

Lluall g 28 i) (addil) L ol 9i<H
5kl Y gaal i gl

ke’ Laa g Uil () 50 4 56 SI) Aaddll a5 55 gl (e prsnal 288 4y oSl AU aladiin) 33 el Ly U daiis
5l Jonmlil 8 sl 3 Aolal) Jotfll Vs b Ay 1 lamall A0l il T 1S3 (3,1 sk
(25 & sasall g ddlatall oy pladll (g -lia)
;:\.'al,,uaﬂ
LDl ) (e day La g il L o) 635 5 Jaalil) sale ) 5 - Sal) Lgia s callalial) 4818 gy iny
128 gl (i) L o 5i€S
Jsmall Ala e J gl (g ja 28 3 Aasital) (5,0l e DUl o3 3k
s il L 5l 955 alli (S

Inspection (asdll >

Diagnostic tests (il &l jlial 3>

Supervision, Monitoring Jsll 5 <l Y1 >
- 85l i sas s 5l Sl Jeasi Al & Continuous monitoring seiwall Qe =Slacal (3l
S A 8 L) a8 sl (el dplee o) ja) it GV aliay 3853 i 4aiDevice or sensor "
iyl JlaZia¥) gl Josnl) 5 5]
ae PO ) papddill g Joasdll 5355 " Periodic monitoring " (g5 Q] #3aial Lole (3lkay 3a3a
0 rantll nlandl om 5 Bancall Cilboal a5 silnd 48 e nti CRMSE) s Il Aileall Jlac 5 < 50
AN me ) Jials 1) YN a8 (535 385 Falle Talills Cilaacdl) 538 Juins b oSail) pailiad (pant 5|
RATRENTCEREIVE
Sl all Lgaaind Al 5kl aal (e L Lasd Lgana i 1) 53508l @Y sl Gandiill) (3 5k Caaual il
Ui &l g Jaiandill (3 5k (e 3230 el e J geanll 4 griall (gaa Chaca sl il jall g Egandl 5 Y ecilingd)

Ao Gl Alle 305 aaaiud Al 5kl aal Ly Lagd s 5 0800 Y gae Joandi 85 5 5al) al sadl (e 202201 3 9 ]
Bl Y gaa

46 | 62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979
3l aalall / el Jalall ]
(i / 33 0 +) Lsiall sgally G el gl 2
Partial a0 &l cilulé -3

N aall g 3 (paadall el Julatl) ; Yl

260 3al) Ail 1 Ll a5 530 A ym Bl Jpmal) 3l e e pmalal / (e el (e (S
3l il e A i LERY) 6l ja) (Sars

Oil Contaminant 43l ) sall

Water Content obuall (3 434 sissa

Dielectric break down (= eS!) J =l

Neutralization factor Jaill Julzs

Dielectric dissipation Factor J_ll 18 Jalaa

Permittivityd ) <uli

Electrical resistance ... 4w S 4 5laall

Interfacial tension . >kl yisill

e o5 aaad Yl (asy 89 adac 5 Ll aaas o 48llal) aaliall ol sall
Viscosity 453l

Flash point Juidy) ddads

Pour point —luaiy) aks

alaxiul Dissolved gas analysis (DGA) " Ui S 5 uedl dald 5 <y 3l 4l <l jlall
Chromatography (8 > site s SI Jalasl)

(Gl Gdad 0+ ) pial] dgalty Lo g l) cilaaldll : Ll

VVVVVVVVVYVYYYVYY

Ol Al / 00 50 210 o e yxie dga i st @lld g 33al 5 adl dadl Y gaall dials 43y lall o3 adaig
s 2aliall Gl IS ¢ )W g clilall (g Lgadany 5 bl G 0 Jsaally A1 5l f el ddlidall o) 3a¥) 8 adlaa
<3l adléa o(Bushings) Sl &Y jle

YL Ll il i g
Jsnne atiy ol aalull &) HLial 5 piaddly ale J geand) a3 ) 4l gl 45 )i Aol 55 3>
28 sally J gaall (i) Lelnt g3l oLl il 45 jlie dda 50 3>

47 | 62




(®

.Y/
EGYTRAFO Different Power Vision!
ﬁ Since 1979

sl ag ) el IS

g die A e ey i Lglaly Al gy 5 e adll (any dpuliall 48 Hhally dadlea ) A1 5lad) o) gall 8 Ul Caany
Cald iy 8l o3 (S Laia J el ol ol ie iy il sda Jaaad (Sl 38 5 dag Lt il g daaloay Lo g jeS
ol 3k alasiuly LSl paat s Mall (o il 3 ey 1 i Sy LS 3y LY v e apm B LA
Jlail) oty Y saally 40 ol Cilay Hal & gas Huas pasS Uil (S s Ultrasonic Locating 4ial) 435 sal)
bl IS5 5 Slan)

A gila s I lasl) A8 jha et (1o 5 508 Y gae Alla gy eUad Yl nuaatl 2y glaall 2801 38y Hlal) sda  Jaad Y N
Ll Bl Al o e il alal 3l sn] a5 (DGA) sl Sy il il i) b
(il A il A Y paall (mny Al s B Lgalanil s vl 138 3 Uil cllisgl) (S0 3 53

3y yhall 03¢ a8 Ly Lagh sl

( DGA YA adl &g 3 ldall el Jlad) Jalas 48y ja aladiinly Y gaal) Adla gl 3 lagly
G ) (B ) o<5 Al g Jlaall 13¢] daaliaall &l J) (e il () <85 Y saalls 5 ) ja o) (2 %S Jlae &gas die
(sl & 5548 ye L S Jida 505 lge 5348 jra s ol Jladl o2a sty (S s J )l

e 5 ued) Q\Sﬂﬁwuﬁuh\j‘)wu)ﬂ(Mlneral Oﬂs)@d&d\ Y sl “iu:uu‘ ?JL“‘” Cpad
Jlaal 4535 C-CH bl ) (30 (lamy S5 ) el () Sy 5 Lgaimny ae WS 285 CH CH2 H3 o528
L sSade o 2ai (Al g s S5 a5 o s ouell 5 050 S e 8 ptkue e Sl 435S 5l a5l (2 6S

s aall) &l Hlad)
Hydrogen H, O 5 e
Methane CH, (il
Acetylene C,H, Crliny)
Ethylene C, H, Gy
Ethane C, H, oy
Carbon monoxide CO | s 8 i Jl
Carbon dioxide CO, | ¢ S asi b

O Ll (S0 L 8 50 LT S 13) Lgmsand (S 5 30l 5y S, gt 5f 31 6 ol S ea o5
Cllee ol g mhaudU il o SUall (e ol spaadl Taa sl sl aead 4lasS el dais < lad) s2a o i
w}\@u}mje\;mu\_ﬁm d)&;c);.:usc.maﬂ\u\_ﬂm JAUA)JJ@\UMU\USMLASCMY\

Lo 2a] Cangy llAl g el o2 Jie Ao oy 1 Ald Gl e 3 g g At Aeadll 2 JA Y ganad Vs il 3
duu)awss.l;}:;u)l\éc\_u\ﬂ\u\)w\uwmmw\@wjdﬁd};d\;u)w

e I 4 ) gall clisall 2315 45 i Reference value

48 | 62




(®

Iy
EGYTRAFO
=5

Different Power Vision!

Since 1979

-2 Joaall B Al < Al jalaa

Jsaall el e o asldill 504 5 Jars 2aing 5 J jall ()l pad) aaliill dais Sl 13 Al o Hp) s

Uﬁd‘)aﬂgg‘)\‘)aj\ eduﬂ\é&dﬂﬁo‘)\_\:\c\u&:\ju&}\ JJ‘)ACAM#JMJ‘M@JM\M‘MB&JM‘ Jaa J\J‘)g. CH4_) o‘:\:\&“
o3l a A o Labl 33l 3 Jame daiag LS 3 Ay aialy j Alls

Al 3l W I S pAa e We Lans (G, Hig) OBy
a8 a Aa 0SS Ladie Al gy 4S5 (galall Juanill & dadnia sl 1an 3 a3l 8 Sl 138 £ueS S L sale s (Cy Hy ) conliead)

J}‘)ACAM.\SLMJ‘J‘)JQ_\J‘)M
Dbl e (s sing 2 Il sl e s SI amsT il Il le s sale 5 (CO). 0saoSl ansT sl e L a5 J6 Lt o2l
L Jsnall galall Qi) U jladl (355l sl Caamy () Sy 438 <0150 5 ) ya da 0 die 4 (4 S sbibual) 3ale () G

Arcing IPLENEL BN di Jas dalle
(COZ) uj.\‘)ﬁ\m‘u_\b‘)\.c Aﬁju\uB.N\&_\.\.u\ (CO&COZ) U&‘JSS‘M\@UJJJ‘

13 B dpallall cilingd) 3 it Wa J gacall paad ducailly < gaall cigy ) A AdaY) ol JUad) conady Gl i Lasd g

Jaal)

AaaY) Y gaall )y ARG @il ad (1) W) s
Age 0-3 3-6 6-12 12-15 Over 15
Gas

H, 110 130 250 500 500
CH, 40 100 100 100 150
C, He 50 75 75 100 100
C, H, 50 125 150 150 150
C, H, 20 40 80 100 150
CO 1000 1000 1000 1000 1500
Cco, 5000 10000 10000 10000 1200

Clilel) L 57 -

|Q\2{)AAS\ a8 gl Aluall il 4a)
'A_JL\]\ 4.\.;93\ «_1\_1\_143\ dm..u d);.umﬂ «_ﬂ_m\_u aqs:\_"a dAn

sl pha £ai-  pdadd aul
sl ke oda-  puialll gl
(Z%) dagliall s¢a - JM/J«J&J/?{)J/
Lol gl by L
(k) saall I o gl - AiiBall § 180
(cb) < il s oddad) g

49 | 62




O
A AT

Different Power Vision!
EG& 0 Since 1979

(IFC) Apallall Lol linal salls ela Lol Lk dipall 34T o5y 5 Aadil) L dnim g Ji Jsnall (e ) Ae 241 -
) 038 Joan 5 2 jial) sgalls el Ll s i 3IL ASIA @l L Ly Ailaasl) DU ¢l 5l
A8 Jsaadly 83 ) sl sl Aalall o Sl Jalat 35 45 e Sy s (V) ) Jsaadl 5 (1) ad) Jsandls dpmas e alS
inaally Lo Jgeaall i Al luldlly o dpabd s IS (1)

Fana ol s Lsle Jpoanll i 3 il s (Y) by il ans La sale) 5 el i JS 3 5 g0 cilive 31 -
dallad) Anbal) laial sells 25 gall " Dyval's Triangle * U'_xﬁqe\..\&ju\.g Lt e (S LS J gaal)

Jonall s e litalad ALl miliil) (e a8 iliill oda ¢ 5S5 ) gy 43 ) em (38l 5 IEC) 60599(

sl Al e 2SUl 5 Huad 5 538 2ny (5 AT A 220 3008 <l Jladl aad a8 Lalia 3ol j o ga s s i g

Lelilats 4y 0 e 380 ale )5yt ol Uy S5 6 ya) o 5L Sl a8 gl V) ) paiul Alla 3 -
daly 4%3 gala
sl Jod o 5L LGN 8 I3 ) K55 A% gl s gy (oY) e adplii ) Ala 3 o

ASall 40 5 sl Lt e A Sl g i) oLl 5 A 56 S Cluldll o) ja) 5 4ile (il
Jead s L

S ki e adins Jgnall Alla e aiial) aSall (€15 Bl ) i ind (1) by Jsaall L5050 aill o
‘)}Hé_“_&u\.S\J\}J\.ﬂ\)}Lﬁiﬁﬂw‘)n&n)\.cdg))kﬂ‘w?ujeﬂ)(rend)ﬁhécch

DUVAL TRIANGLE

Page 50|62




(®

.Y/
Different Power Vision!
EG@;F 0 Since 1979

) il
Y saall B Glga 5 J)om

Jo¥1 I gl
¢ 3158 e o sill e b Lo
1) )

.lag)l\'é‘)\_j‘;c Sort circuit }Aﬁjhmﬁlﬁdﬂd\ac@yﬁLASL";J\)ﬂ\@LQYM\uAJAQ Jra ¢ 2
paaal o o ¥ sl e i 38 Lae Taa Wle o5 (T Short circuit) <5l s ol BB

(1) (2) (3)

Is.c1 Is.cz / Is.cS

Isc1 - Iscz & Isc3 L

S

(1) f, s

S.C (on bus-bar)

Y saall L A (uii Crangy aild BB e Ala sall Jaa¥) aal e jual Cias 13

Page 51162




(®

[\ A/l
EGO Differents f:;::vi; 7I;ision!
L ) gad
€ il e i e ped o 1531 e O sme Jim 5 K
il sl

(KVA) 3,3l 5 e slaall aga 8 3 (583 VT (85 s

Jsaall O s 48 glaall agad dpuSe Aoy Gl sl e Jeall a0 55 s Cas 800 Jsne ae 1000 Jsae 1 Jlia
D ense sa WS S Jnall eSS Sleae ) sSas jaal)

I
& >
I1 /N I2/”\
Z1 ] zZ2 ZLD P.Load
4% 5%
O

P1=PL(Z2/Z1+72)
P2=PL(Z1/Z1+72)
(2) 8, Jsal

Page 52|62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

G ) gl

¢ Al 5 gead) daiis Aeaddly Y gadll L a pati Al Qa1 S0
splsad

L A5 agal) gl ) 5 jallal WY saall e ]

Jaall Jurii g Jumd 23 |
Jsadl Je JUach ¢ gan 2ie
Y saall Jaadl g Jaad 2ie -
3 al) e gually Ao e
Over voltage Transient 3 el &l Hell Jsaall (ia jai 2ie — o
Y Glelss HY) o2 gaa U"‘_)_)“AU“‘F‘JL’J Ferro resonance SJALEL')Q:\;}US\ AL\\)'@JS djad\ Ui die —
Aail o)l Bls ¥ saall e 5 jene <l i Ll
el yY1 o8 Jaad e 5508 ¢ 5S35 () Y sadll apanai die eV 8 30 o cany JSL 028 soliily @
3l A
(Part 3)IEC60076 dxulisl) daial sall Tk cllh g Zallall 3 gall 03] J gaall Jant (ulasl BIL JWa) o) ja) &g
Jsnall Jpnm 58 Al 8 LS iy ey LS J gl ) Al gall Al gl Jo ghadll e e am cilaile a3 a5
Sl J (e ay 43f LD 38 5 Jpa 5l 5 Jacail) s e Al Aadalal) o seadl il aiad ellh g OIS,
GLEST Jaly s e saa Cilaile S i A i) 4y jLiu)

( Enclosure ) 4dall &Y sl

53 | 62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

&I A Jged)

¢( Nominal Voltage) Jssall (sitall sgall e e 2¢all 3320 ol L

¢ 38 50 oo 23l dad (a5l L

sl sd)

Jsnall o) 2gall Aad (10 %5 Sin d¢al) 520 s prany 4ild dpalal) 5 i) @il (g

LS 8 i€ Bl 3 Apapenaill Al o 235 (1) Jen D) i A 8 Jsaall o 2gall 32 ) die 4l sladl) (g

et all o
(B) P

1.8 — — S

16— — —
Tesla

(3) &, sl

& 535 25l dagd [alids) of LS Eg gfn of s paV of sl daE of EMF equation At (e Laaly
dad (8 94610 el sl s 8 AW V/F Al e Ll o sy 1Y o 1/F o Cus over excitation
abalinall (gl

)l A 3 5aby 3 (Ml s (1) Jen DU L aaly 5 () b (5355 A s Akl ol ) Josy mag feux
Aaans¥) 3,08l (e Tt 0460 i Jaxd Jgaall 5 )08 aadas Allall oda (8 iy O 60 () Jocl 8 daily (s0al)
a5l ae s (midiall Jaraall dga agal) dad Allall oda L o) s suaall il 5 ) A jo g i ,Y 1k
Agle Aia gall Jlea¥) e agall dag i plas )Y

54 | 62




(®

[\ Af]
EGFO Different 'Power Vision!
ﬁ Since 1979
- e A) ) gl
?QYM‘&J@‘UA&\QT\@‘@LA
;g

Gl )l A Jsaall Lo agall (alias) andsy

Sustained Voltage Drop Jssall e aiue 3ga (aléssl — |
Voltage Sag Dip ¢l < se palissl — o

gladi¥las ) Joay agally (aliasl — =

Voltage Flicker s¢al) ilas ) 5 jalla — a

Aoty (A aiasall 2gall Galissl |

S il gal Jaallaalyy -

Voltage Drop 2eall 28 b ) ) (525 L cuilia y2 Jeasall ahaa S5 o) -

el 28830 ) sa% e ( Bad Contact ) Y 2 Juasill s e GOSN G &Bbay -
Ao b (e ) e mlissl — o

Jonall Lo s Cigaa O¥la -
o AY) 0 e g Allaaal 33 e gal) e e gy (38 el S

Z=Impedance / Phase for Transformer
(4) & I
el e g sa LS (i A S e s Laiy Alkaaall 330 e gl (miaiy U

8 aSl S jaall Joandli sy -
Page 55|62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

6—5 G0 230 (5 05 S paall sadl s (o o sleall (1
Jsnall (il Jasll s JUal
oS gl (8 Jasagl) Jray Laa Tan dlle Allad j 5508 Can ) o) L 5339
sl LA (e 2all ) (35138 5 (AVY) zlike A (e 5 Sl IS jaall Jali &y Sl 020 e alaill
g U] ) (sl A ol sl i) —
dagi b sl
wad g 8 Jlea¥) Ga € aae Jsa ol Jlead Lalidll saly 3l -
Plalll dlee ol Llle s Canad Lgal Cum Al eI sl plalll cliSle Juani - -
Gy A5 agad) (3l ) 3 jalla — o

il Js Jlo Sl yiasall Cala Y1 Jrialll -
Ll ,eSh () A1 s -
Bad Contact <3SN Jala 3l @laa @l - -

udbaad) ) ‘guad)

iga 3all puiis (Ratio) Jesaill A Guii Legd 7 3a) Jsae 2 3bal 8 s Al e Yo 53 alasid Sy Ja
OES i ) o AN ) G o 8 5 At Gl e IS0 Calide cldlll aae Loy addiall g Madl Ll

¢ il

il sl
da iy pmidiall 5 all Jakaall dga agal) (i g Jy gatl) A (puii Legd (AT (e Y3538 aladin) (S pad

58 e Lagl il pmnal ¢ ) (685

%5 0 2 Y Lay adaiall daliay (§ 58 3 g 50 pransy 5 2 g (aidiiall g Madl nxaall @IS adaie () 5S5 ()
Aulaill adladl dad e @l fi5 Y As D.C Resistant aw sliall dasd (4

Lo iSH 48 glaall dga dad Al Y s dpa Hlall UBY) 5 4SSl cle s,V b ol dlla )5S ¢
Ao gliall 2¢a el (0 %10 £ 585 TEC 60076 sl ddal salls 7 saria 58

aadlal s _lall dsaall eanall QL oa sl kil e (381 s Lebansi (5 oladl 5306l Jalall kil ¢y oS o

56 | 62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

daly 4% gala

5l ngd.p;l\ lsl) e ( grade ) 4, ‘;A calidg Lgaladtin L“S,)léj\ 5l eqil.ml\ L“gdg.daj\ lal) U‘ da ‘_g

3 g0 Allall o3 s iy 335 (o (e 3la¥) U snal Aapanll 28l o iny 138 2 ha¥) U saal Lebinss (5 _al
33l 3l ae (381 535 0 5o 8 = Sal) U gaad dpans¥) 3 508l e B oS0 5 a8l QIS5 S Cun Jsaall 328 i) 8
d);d\ EJ‘J;‘\AJJ&\&JJ\‘_AL %SM‘&E@SJLJJ\ jﬁy&;%ﬂw\wg

o) J) gl
by Latd | 5. @1200 338 Jasy 1.0, 2000 538 Jsae Jaansi (Say o

il sl

Jynall (ad¥) Jasll 56 %90 (e SSY Jgaall Jrant Joay Latie (585 Jsaall 366 el () o slaall (0
- sl Jalsl Jeall Jli ) ja) ie oy (( Z%) Jsaall 48 slaall 2ga () Lol o sladl) (e

(el 52)JalS Jaall sl ya) atyails o 4/11 22 1.8 1000 338 J saad 48 slaall g il 2ic Dliad
e e o dagdll 238 (oS3 G Y Calall e agadl (uld oy g Ay iUl colalall pal Jee aay Sl Calally
il a5 sa LS 48 gladll

U

A I
i i ! u
ug (- .
ol .
_‘\\ —
| L& D 5
WV £ i
Impedance voltage - /[@' z Ll#f}
& - N
[ \7L_/\| /JT
) e~ (?

v‘ngé 2000000 & \*(;5({)—.
St v 9 ) w (& x

(5) f, s

48 glaall ¢ A O 6l Dl 10,458 Jsnddly sar S (il 5 Jai 1., 200 538 Jany Jsaall Jant e
( 1 short circuit) sl i 13l T Jgaall )58 il 5 1ad 044 N sa ) iy

-

DAl

Dk O Jsnall A 53U dlaal) g i el oS daid .00, 1200 3558 Jas 1,0, &12000 5,38 U sae Jrand K
Aa slaall 2¢a daf (mlaasy T plas | 58 3 5yl

[s.=100/Z *I,

57 | 62




O
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

el ) gl

Al Qs sal) () s A i) sl A e ((Circular ) 82 52 ST (e =Sl J saal A ge il 33le ] Sy b

( Paper Insulated Fiat Wire)

il s

e ading A sall mpanai jealic (f o laall (1
axiiiaal) Gl adaie dalie - |

paanaill ek el sae —

Volt/Turn 48l e agall — ~

LSSl 5 Al 5eSh e las ,Y) — o

Aladl Iaxoall Calay daadiinall 2y 5ail) <l 938 ¢l jandaall 5 Gl ) il b apieal 8 dediivall 4 jladl o) sall — o
Jsymall ) saall Gllul) alasin) v pualiall s3a JS 240 &5 13) Gaddiall 5  ad) Cald) cp 2y il ) 638 5 (addiiall
e sl Baaa) Ay sl Al UL jad sy (Fald 3,510 J s jmal) Badasall @llal) e Yo i sl
ulaill aglaall dad o Unpn 1,300 555 g (i) 6l A5 el 5 ) saal) @IS dalall Skin Effect dsalay
A8 e 990 Aty Jsaall il oy S (3303 %10 (1 s)

: 4B sala

Jsaall e aga cale el sale) 86l S5y

Al ) g

S5l Ao oY saall Joa sl Al da g 5l L

il sl

6 sttty Aualad) 5 dalal) Lo g il ABLYL 5 )5 (e Jauasill L g

:\EJM‘JQA. -
OY gl ol Hasll ol -

58 | 62




. ®
A AT

EGYTRAFO Different Power Vision!
ﬁ Since 1979

de ganal et (53l 5 e Al gall Y gadl) ) 5S5 Of a5 iall L sle Phase displacement o5& o i
582 sediall 4oy Y1 Vector Group Sle sess (e 33al

Phase displacement. O : (1 5¥) de sanal
YYO Ddo DZ0
phase. Displacement 180 : 4slll dc goaadl)
YY6 Dd6 DZ6

phase displacement + 30 : Ul de gaadl)
Yd5 DY5 YZ5

phase displacement - 30 : 4 )l &e el
Ydil DY11 YZ11

S a8 LS Jgmall e Jsaa ill b sk (oo Ja 5 453 e senall s 55 (S

R R
s > s
T T
R(s|T T |s [R
L— [ —~
4 3
A N1

Cla )3 ued A sanall (8 Lagin 3N Gl sae Jina 58 (S 48y pdall (i

DY6 DY1 : Jb

i) ) igud)

el 5 a8l (e lef deny Jsne dieni Sy Ja

il sl

528 J< Auiall adl) e iy 5 clalall 351 s Aa a2 5 VI Jsmall s 3 Jua)
alaainly elld aay

DLl AR e Tl sagans iy (52l g (midiall g adl agadl cililal anliall adaiall -
Jsnall (8 andiiall oy pill ¢ 8 -
59 | 62




O
A AT

EGYTR AFO Different Power Vision!
:'|”““|'; Since 1979
ol LS e Teliy sapant iy (5215 axiisall 3 Slud) Zlall 45, -
55 08 Y i Uk Sl 5558 (n Lo 558 e Jomall Jam 5l 35

aummmicuﬁ -
axial plall 45, -
aadiisall py il dpe 63 W) L Y La g

e Teliy oy 3 5 clalall 551 a A 3 8 ¢ i)Y Gl a5 ONAF () o (et ONAN il aldas S 13
3ay Aladll 3,080 (40 9625 3 9an 8 ST Jany Jsaall Jaen (S 43l 51 ONAF Y ONAN (e waall g sl ¢ 3
3ol ks s

e gaal) Jigad)

L ) pual (& La s dandll ol @Y sadll <y y 3 Furanic compounds ¢S5 bl o8 L

1) )

A8DA 9 Gl yallS A Slall 3 gally 33 g gall 45 ) ol ghisall 3l gall JaS ) (5279 (531 5 Y gnall 2als Aays o) gall o2a i

Cuu.m\z} QL\:\;:\:C\:\J\ &_AJM\ L)AJMJ\}A\ a&jASTMD 5837 :\ﬁ.ml:tsj\ :\M\yﬂuﬂad\‘y\l\ Y ﬁg‘)l_ﬁ;\ é}
50 PPM (4 2 ¢ _sanse A ool (8 oL SIS 0 83 g gal) olia) Sl Tk 5 Waaa) 5y

S0 51 Al oS pal AU e 3 pall o3 i Y s

e s ) a5 o) sall s aal 5 ) e deadlly Y sl el e Al <l 580 e Al G
Al daalea e iy LS jrritationceall

e A g e

Ay ya aia 5o o Jsaall Jaa i die JasS s gl )l Gl L

il

Al g g A () 55y b8 g (g0 220 g A A s ) A pall A sl il

B8l JSAIL mum ga 58 LS 3 _0S (Total wave )

60 | 62




O
A A

EGYTRAFO

Different Power Vision!
Since 1979

Lﬁ%ﬁﬂ\uﬂ\ﬁj\ﬁﬁjdtm‘)\mwlo&;m‘ J@M&lﬂ)\é}&\{é&bﬂ\ oA (53534

Page 61]62




EGYTRAFO
=5

pild Alas /(utiga
IEC 60076
A WL/ b gi8a
pild (gaaa /) giSa

M.Geran

Different Power Vision!
Since 1979

458l aa) yall

Lgduae ) Jalat g Y gaall il JSliia 8 4438 Clagl g dgale cligaa 3>
<Y gaall A gal) cliial gal) 3

i 581 N gl (a8 ) (s L iS5 >

il gl S A i) guat) 3>

Transient in Power System >

Page 6262




l I
EGYTRAFO ImmegT!aanformers

LIl 25 — 15000 KVA
= = Up to 33 KV




Table Of
Content

A word from the chairman
Introduction
Oil immersed transformers
A. Main components
B. Standard and optional fittings “Protection and Control equiprment”
C. Technical data tables
D. Detailed assembly drawings
A Types of Oil immersed transformers
A. Standard Distribution fransformer.
B. Special design fransformers.
C. Earthing fransformer.
D. Auto transformer.
El Electrical tests
B Services and after sales service
B Export business
A Quality assurance & Achieved certificates

2

YTRAFO

11
12
12
13

L J

Egytrafo

¢ Vision : Being a market leader for “distibution transformers” and its services locally

and globally

* Mission : Customer focus through high quality and reliable products / services with

competitive price and on time delivery.

b Obiecﬁve - Maintain continual improvement in our business and manufacturing

procedures with persistent staff development taking in o consideration operational health and

safety in all stages.
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Qil immersed transformer

Infroduction

- Transformers are considered long — life capital goods. Therefore, our aim to produce high quality
fransformers (high efficiency, reliability and low mainfenance) using latest manufacturing fechnology to
satisfy customer specific needs.

- All transformers are designed, manufactured and tested according to IEC60076 Standard.

- EGYTRAFO produces wide range of oil fransformers from 25 KVA up to 15000 KVA, up to 33 KV suitable for
indoor and outdoor installation and ambient temperatures up to 45°C,

- Transformers are designed to deliver maximum continuous power without exceeding temperature
rise limit and withstand overloading according to [EC — 60354.

Other operating conditions and customized solutions can be implemented on request .

1- Oil immersed transformer:-

A-Main components
A-1- Active parts:-

- Core:

Is manufactured from high quality grain oriented
cold rolled silicon steel laminations with high mag-
netic conductivity. Yokes are clamped with steel
channels. Top and bottom channels are secured
together by rods for free stress core assembly.

The core construction of overlapping ensures very
low level of iron losses as well as noise.

B, @ Cutio length
M/C
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- Windings:

¢ LV. windings:

For fransformer with rating up to 200 KVA, flat copper wire according to DIN 2/6433 IEC-27-60317 and NFC
31011 is used. The flat wire is cold drawn annedled electrolytic copper or aluminum with round edges, and
insulated with multi - layers electro paper class ( A) insulation, other classes can be used on request.

The winding is multi-layers helical type.

For transformers with rating higher than 200 up to 3000KVA, Copper foils are used to obtain multi-layers
cylindrical winding which are characterize with highest stability during short circuit stresses.

The axial forces which are developed by short circuit are avoided with this system of winding.

Axial contraction forces also have no effect in the foil conductors.

The low voltage terminals consist mainly of massive bars which are press welded to the

conductor of the foll.

* HV windings:

They are manufactured from circular or rectangular electrolytic copper or aluminum wire insulated with high
quality special varnish. Flat wire copper or aluminum insulated with paper can also be used.

HV winding are cross over or disc type windings. with interlayer cooling ducts to ensure low temperature.

L.V windings are inside and the HV windings are outside to obtain a favorable electric field.

In order to withstand short Circuits , windings are effectively braced against one to the other and the core by
support rings, blocks and strips which guarantee a good circulation of the oil, a uniform gradient temperature
and a good mechanical resistance.

Core with windings are dried well to extract humidity before assembly in the tank.

- Tapping switch:

The HV windings are provided with tappings which are normally + %2.5 and %5 they are placed in the
middle of the winding to minimize axial short circuit forces, guarantee magnetic symmetry and connected
to an off circuit tap changer. The tap changer is actuated by a handle situated on the top of the cover of
the fransformer.

Tap changers are normally 5 or 7 steps ( any number of steps are also available )

A-2 - Tank :

Welded steel structure in which active part assembly is located under oil . It consists of rigid bottom with oil
drain plug and sides, reinforced on outside by steel stiffeners.

After welding, leakage test and painting the cover is bolted to the fank and provided with holes and lifting
lugs. Earthing terminals are placed on both sides of the tank.

Egytrafo produces two fypes of tanks :-

1 - Tank with conservator :-
( where the expansion of oil due 1o pressure or temperature increase is faken up by the conservator )

I- Corrugated fin wall tank :
The most common type used for distribution transformers which made of corrugated sheet steel forming an
adequately strong structure.

i- Radiators coolers (plain wall with radiators) tank:

Provided with radiators for cooling the oil. Each radiator consists of a number of fins assembled to two head-
ers that are welded to the tank.

Both type of tanks ( corrugated fin wall / individual fins and the assembled radiators ) are tested for pressure
leakage 0.3 Kg/cm?,
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Qil immersed transformer

2 - Tank without conservator ( Hermetic type )

Made of cooling fins (corrugated tank) or radiator coolers depending on its rating.

The expansion of oil due to temperature or pressure increase is absorbed by elasticity of cooling fins or inert
gas cushion,

To ensure the fightness of the tank welding is tested with ulfra violet rays.

Oil leakage test is conducted on every tfransformer to ensure oil tightness after assembly.

[

= ——————

Hermetic type

A-3- Oil:

Tank is filled with high quality grade mineral oil as per I[EC 296 and it’'s PCP's free.

QOil filing process is applied under vacuum to avoid any bubble which might cause voltage interruptions.
Oil is used for both cooling and electrical insulation between internal life parts.

A-4 -cooling:
There are two types of cooling methods: ONAN - ONAF

A-5- Bushings:

HV and LV bushings are made of brown glazed porcelain suitable for rated voltage and current, indoor
outdoor installations. The (cil seal) between the insulator and tank is a synthetic Rubber gasket, and HV
bushings are provided with arcing horn made of mild steel.
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B-Standard and optional fittings “Protection and Control Equipment”

B-1 Standard Fittings: B-2 Optional Fittings:

1. Qil conservator with oil level indicator, 1. Double float buchholz relay.

2. Rating and diagram plate. 2. Mercury thermometer.

3. Drain valve, 3. Contact thermometer.

4. Dial thermometer. 4. Pressure relief valve.

5. Off circuit tap changer 5. HV cable end box and LV cable end box
6. Earth terminals. 6. DGPT instrument for Hermetic type.

7. Lifing Lugs. 7. Marshaling box.

8. Dehydrating breather (SILICA — GEL TYPE). 8. Winding temperature controller.

9. Rollers.
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C-Technical data tables

Technical Data Tables

Qil Immersed Transformer

(Low losses)
Connection Group: Dyn 11 Ambient Temperature: 45°C
Temperature Rise in oil: 45°C Temperature Rise in windings: 55°C
Rated Voltage: 11000 / 400 - 231 Volt
Rated Power KVA 50 63 100 160 200 300 500 800 1000 1500 2000
No Load loss W 168 224 272 384 45 576 700 1015 1222 1785 2736
Load Loss w 875 1260 1505 2170 2520 3815 5460 7700 9450 13860 15750
Total Loss W 1043 1484 1777 2554 2976 4391 6160 8715 10672 15645 18486

Impedance voltage at rated current at 95°C

%o 4 4 4 4 4 4 4 5 5 6 7
Overall Dimensions

Length  (A) mm 086 1056 1136 1490 1490 1570 1685 1889 2000 2230 2500
Breadth (B) mm 5700 655 665 631 646 726 781 876 990 1060 1250
Height  (C) mm 1250 1250 1350 1430 1485 1585 1775 1775 1950 1975 2520

Distance between Rollers

(E) mm 530 536 602 660 690 688 730 832 840 986 1160
Dimension between H.V
Bushing (M) mm 210 210 210 220 250 250 320 320 320 320 360

Dimension between L.V

Bushing (L) mm 90 90 90 100 120 150 180 180 180 180 200
Oil weight Kg 183 182 260 314 358 391 500 647 718 1005 1484
Total weight Kg 500 580 850 950 1135 1300 1935 2600 2985 4110 6076
Rated Voltage: 22000 / 400 - 231 Volt

Rated Power KVA 50 63 100 160 200 300 500 800 1000 1500 2000
No Load Loss W 168 224 272 384 456 576 700 1015 1222 1785 2736
Load Loss W 875 1260 1505 2170 2520 3815 5460 7700 9450 13860 15750
Total Loss W 1043 1484 1777 2554 2076 4391 6160 8715 10672 15645 18486
Impedance voltage at rated current at 95°C

Overall Dimension

Length (A)

Breadth (B) mm 630 690 685 641 660 765 781 875 950 1100 1270
Height (@) mm 1320 1320 1420 1430 1560 1660 1850 1850 1950 2050 2590
Distance between Rollers

Dimension between H.V

Bushing (M)

Dimension between L.V

Bushing (L) mm 90 90 90 90 120 150 180 180 180 180 200

Oil weight Kg 233 235 286 366 400 453 591 753 878 1110 1489
Total weight Kg 600 660 900 1075 1202 1430 2000 2660 3225 4500 6500
N.B:  Data and characteristics are not binding and can be change without notice
A -]

L

EGYTRAFO

=5




_

ARV

EGYTRAFO

QOil immersed transformer

—5

D-Detailed assembly drawings
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2-Types of Oil immersed transformer:

A- Standard distribution transformers:
Ratings from 25KVA to 3500KVA with vector group Dyn 11.

- Pole mounted transformers - Ground pad fransformers
- Step - up fransformers - Step - down fransformers

B - Special Design Transformers:
High rating up fo 15000KVA , 33KV

* Various number of taps for instance 21........,5,7,9,12......efc.

* Dual voltage transformers for both primary and secondary
side.

* Testing transformers according to customer ratings and data.

* Isolating fransformers according to customer ratings and
data.

* Any connection group can be fulfilled on request.

Egytafo can design new solutions for Qil & Gas, Utilities and
Industrial sectors according to their existing
networks and requirements.

C - Earthing / Zigzag transformer.: Petroleum applications

Is @ special — purpose transformer with a zigzag or 'interconnect- Dual primary voltage

ed star" winding connection , such that each output is the

vector sum of two phases offset by 120° , lts applications are for the creation of a missing neutral connection
from an ungrounded 3 - phase system to permit the grounding of that neuiral to an earth reference point
and also harmonic mitigation , as it can suppress triplet ( 3rd, 9 th ,15 th ,21 st, etc ) harmonic currents , to
supply 3 — phase power as an autotransformer  (serving as the primary and secondary with no isolated
circuits ) , and 1o supply non standard phase shift 3 — phase power . fig (1)

The earthing tfransformer can be provided with auxiliary coils for delivery of power. fig (2)

L [ 1]
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D- Three phase automatic voltage regulator

- Changing equipment are inserted as voltoge regulbtors .so that custormers at the for end of the of
the Ine receive the same average vohage as those closer fo the source The varicble ratio of the
aufomatic regulatorcompensates for the voltoge drop clong the Ine.

- Our ranges are up to 600 A.33 KV and up fo 10 position tap changer.

Oil immersed transformer

Three phase automatic voltage regulator application.

- They are used as a sately starting machines such as induction motors and synchronous motors
- They are used as boosters to give a smal boost to distribution catle for compensating the voltoge drop.
- They con be used as varioc.

Three phase automatic voltage regulator advantage.

- Increased KVA rating for a given size and moss.

- Less amount of copper is required.

- Due to smoler size, cost is less compared to a teo-winding tfransfomer.

- The resstonce and reactance are less compared to a two-winding fransfomer and hence it has supetrio
vcifoge regulation.

- vo-ampere rating is more compared to a wo-winding tanstome It is possiole fo get smooth and
confinuous variation of votoge.

Three phase automatic voltage regulator losses.
Losses at 95°C

24 KV System 12 KV System Rated current A
Load losses No Load losses Load losses No Load losses
(W) w) W) W)
3815 576 3815 576 100
6430 825 6430 825 200
9450 1222 9450 1222 300
11700 1500 11700 1500 400
13860 1785 13860 1785 500
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3-Electrical tests

Routine tests:

All fransformer are tested according to [EC 60076 standards before shipment The following routine tests are
performed on each unit manufactured in our testing Laboratories and the relevant test report are issued .
1- Transformer turns ratio and vector group.

2- No load losses and magnetic current ( no — load current )

3- Full load losses and impedance voltage.

4- Winding DC resistance.

5- Insulation test.

- Separate source voltage withstand test AC.

- Induced HV AC over voltage withstand test.

6- Insulation resistance test (no limitation for the values given).

Type tests: i
1- Temperature rise test. i TR
2- Impulse fest (ability to with stand lightning i TYPE TEST CERTIFICATE OF SHORT-CIRCUIT PERFORMANCE
impulse).
APPARATUS Athve phase od imererses ypae devbuton aeslormes
- DESIGNATION Three phase dstrituton SERIAL No. 113542483
Special tests: vertomer
1- Short circuit withstand test. E_"“'..:..__ ;:':.'::“:.m,mw
2- Sound level test (noise test). St Aty "o
3- Over leakage fest performed for six hours st - -1
under adequate over pressure. QT e e Eat
B Urechisowsg 310 - 6812 AR Arriam - The Methedants
Egytrafo transformers are type fested and KEMA DATE{S)OF TESTS 16 Novamber 10.20 Decwmoe 2011

certified for short circuit withstand test.
Per request, type tests and special tests are
condncied on customer expenses

The sppersius. constructad in accordance with The descrption, drarwings. and phoographs Rocrponied in
his Ceniicain, has boen subjeciod to the series of proving lests in sccordance with

IEC 60076-5 (2008
Tres Typs Test Cortificate has bean Bsuod by KEMA i) msively e STL Gutel
Tha resulls are shown in Bhe recond of Proving Tests and the

mmmmmummmwnwuhhmw
with respect 1o the dynamic abity 10 withatand shon-Circuits.

[
.
8
-
[ 4

Tris Conihiaty dophed ofty 1 the tested. T of any apparatus
ruwwwwwmmmmnm

This Cortficate conmists of 40 sheets in iotal

T LA tomos tale LN T BCICE GF T S0l (eriicaten | UI0 MR L 210 e Duith Councal oY ASreOlason.
e R R

© Lasygl Dy ey e LW sie
e v A Wisrrmrar copesy = 8 g MIFdwrmpt o p1snnsd serwee o
P Carnifinne iy e ratidin e bares Dia hsfns “Tet b ot ety

KEMA

o TR0

Varhoreen
Testing, Inspections &
Tha Netheriands

Catficator
Aemiteeers, 12 March 2012 J
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4-Services and after sales service

Our concept is o ensure safety, efficiency and prolonged life of the fransformers, consequently reduces
operational risks.

Egytrafo can provide a comprehensive service and maintenance portfolio to support their customers
including transformers produced by others.

The following service items can be provided:

. Supervisie the installation of the tfransformer at customer sites.
. Training customers on the operation and maintenance of transformers.
. Following up the status of the transformers under operation at customers sites.
. Providing the needed spare parts if requested.
. Providing periodic maintenance for the transformer at site -
a) Ol investigation and purification.
b) Upgrading the transformer dielectric.
¢) Maintenance of the transformer protection system.
d) Replacement of defected transformer bushings.
e) Changing oil at site.
f) Performing all site tests :-
* Turns ratio and polarity.
* Insulation resistance (Megger test).
* Measuring of (DC ) resistance.
* Measuring of oil dielectric strength.
6. Repairing transformers during and after warranty period aft site and in our factory.
7. Yearly maintenance contracts as per request.

8 Engineering , design and upgrading of old fransformers for replacement.

OB LN~

5- Export

We have already exported our transformers 1o several countries throughout the world.
In line with our vision and strategy to cover more areas in the world, the trend is fo enhance our potential for
corporate expansion by building more production units/ agencies in different market centers.

®* Branches and Agencies Abroad :

TERAFOTECH MANUFACTURING FACTORY — Mekelle — Eithiopia
GULF TEPCO Factory — El Maddinah El Monawarg — KSA
Ambab Development Co. Lid — Sudan (Distributer)
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6-Quality Assurance & Achieved Cerfificates :

The quality assurance is systematically performed at all stages starting from the materials receive,
production process up fo final delivery and extended fo affer sales service.
All processes are monitored and analyzed. Actions are faken for any discrepancy for continual
improvements and deliver error free products on time.

EGYTRAFO has achieved three management system certifications as follows:-

=5

1.1SO 9001: 2008: Quality management system (design, development, manufacturing and sales).

2.1SO 14001: 2004: Environmental management system.
3. OHSAS 18001: 2007: Occupational Health and Safety management system.

aitw  f
RS

EGAC ¥

s il Yo 4284741

Arab Republic of Egypt
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EGYTRAFO Grp.

* Vision : Being market leader in manufacture of transformers and Nickel
Cadmium batteries and its services locally and globally.

* Mission : Customer focus through high quality and reliable products /

services with competitive price and an time delivery.

* Objective: Maintain continual improvement in our business and
manufacturing procedures with persistent staff development
taking in fo consideration operational health and safety in all
stages.
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Different Power Vission

Dear Group Members;
Dear Valued Customers;

First of all, | would like to thank EGYTRAFO's Group staff for their dedication and our clients whom we have
been dealing with since 1979, for their trust and success that we have achieved, looking back on the
previous years and remembering every moment of hard work, deadlines met, challenges and competi-
tions, those were the significant stimulants that enhanced our emerging experience since we began.

Our history started since we established our trading company ETCO in 1979 in which we were trading in
electrical equipment as Transformers, HRC fuses, lighiting arrestors and Nickel Cadmium Batteries. Due to
our strong beliefs towards the Egyptians’ qualifications and the importance of locally produced products.
EGYTRAFO Group was established in 1994 which became a leading manufacturer of Oil Transformers up to
20 MVA, 33KV and Nickel Cadmium Batteries up to 800 Ah

The success that EGYTRAFO Group proved to all its customers as well as perceiving exactly the market
requirements encouraged us to step forward towards our dream in 2007 where we launched the first local
Dry Type Cast Resin transformers factory in the Egyptian market that produce ratings up to 8 MVA,33 KV

In 2013, we have also established "TrafoTech manufacturing PLC" factory in Ethiopia for the production
and maintenance of Oil Transformers.

As we always believe in meeting the market requirements, EGYTRAFO Group launched the first Off Load
Auto Transformer in the Egyptian electrical network in 2013 due to the EDC complain of the voltage
reduction in some locations in the network. Later on, in 2019, EGYTRAFO Group has improved its product
by adding some features and now the product is an Automated Auto Transformer, providing an On Load
Tap Changer that can be manually, remote and automatically operated.

Our most important key factors of reaching this success are our product’s quality and the team’s dedica-
tion to compete locally and globally. Therefore, our quality assurance team ensures the compliance of
the latest IEC and ISO standards for our products to be internationally accepted. Our Oil and Cast resin
transformers are “KEMA" certified. One of our main objectives is to maintain continuous quality improve-
ment and staff development along with safety regulation.

Clients trust, experience, high quality and success are our main driving factors that we depend on in
making our future business.

Last but not least EGYTRAFO Group’s main goal is to grow and expand our activities in order to increase
its market share. We do believe that our mission never ends.

Grp. Chairman
Atef A. Moniem
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Infroduction

The Automatic voltage regulator are used as voltage regulator to compensate the voltage drop in
the electrical network, so that customers af the line end receive the same average voltage value as
those closer to the source.

The voltage value reduction affects the operation quality of the rotating machines and increases the
losses due to the higher current drawn due to the voltage reduction. It also affects the quality of
iluminating system.

EGYTRAFO Group produces the automatic voltage regulator with rating up o 600 A 17 tapping
positions. The OLTC is flange mounted (ON TANK) or (IN TANK) type according fo the rating of the
tfransformer and provided with an automatic voltage regulator (AVR) and a remote tap changer
control cubicle (RTCC).
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AVR - Transformer Technical Specifications

A- Rated Voltage ratio:

m 12 KV voltage system: The rated voltage ratio af no load 9.625/11 KV at mid. fap

m 24 KV voltage system: The rated voltage ratio at no load 20.625/22 KV at mid. tap or as per the
customer requirements
up to 33 KV 17 steps

B- Tapping:
m 12 KV system voltage: The mid - tap: 9.625 KV
m 24 KV system voltage: The mid - tap: 20.625 KV

= The manual position of the OLTC.: local (L) and remote (R)
= The On Load Tap Changer is provided with Automatic Voltage Regulator (AVR) and Remote Tap

Changer Control Cubicle (RTCC)
m Each transformer has an On Load Tap Changer with nine tapping steps

For system voltage 12 KV:

8.325, 8.650, 8.975, 9.300, 9.625, 9.950, 10.275,
10.600, 10,925, or as per the customer requirements

For system voltage 24 KV:

172555, 18.11, 18.665, 19.22, 19.775, 20.33, 20.885,
21.44, 21.995 or as per the customer requirements

for all system voltage up to 33 KV the voltage taping range + - 185%

C- Rated current:

The rated current of fransformers af the mid tap: 100, 200, 300, 400, 500 A.

The fransformers deliver the rated power confinuously without exceeding the permissible femperature
rise limits according fo the lafest IEC 60076 - 2.

D- Connection symbol:

The connection symbol of the fransformers should be: (Y auto/ Yn 0)

E- Impedance voltage:

Impedance voltage of the transformers at rated power should be less than 0.5 % of the rated voltage
(11 KV or 22 KV) according to the latest IEEE C57.15 or up to (1%) as per customer’s requirements.

F- No load current:
The no - load current of the fransformers is not more than 0.5% of rated current.

G- Short - circuit duration:

The AVR should be designed and constructed to withstand the mechanical and thermal stresses
produced by external short circuit without damage of at least 25 times the base RMS symmetrical rated
load current.

The short circuit withstand durafion should be not less than 2 seconds.




N Af]

EGYTRAFO
===

3-Phase Automatic Voltage Regulator (AVR)

H- Over load capacity:

General the AVR is manufactured in accordance fo [EC 60076
The transformer shall withstand permissible over load capacity 20 % for 1.5 hr. (Without exceeding the
permissible heating).

I- Losses at 95°C

24 KV System 12 KV System Rated current A
Load losses No Load losses Load losses No Load losses
(W) W) W) (W)
3815 576 3815 576 100
6430 825 6430 825 200
9450 1222 9450 1222 300
11700 1500 11700 1500 400
13860 1785 13860 1785 500

J- Temperature Rise Limits:

m Transformer shall be able fo deliver its max. continuous ratings, without exceeding the permissible
temperature rise limits (over the ambient temperature):

» Top oil temperature rise: 45 K

m Winding temperature rise: 55 K

m Hot spotf temperature: 60 K

K- Noise Level:

The core joints should be propertly interleaved: precaution should be taken to keep the level of (48 - 56) dB
according fo rated capacity and measured at distance of (one) meter, af mid tap.

L- Harmonics level:

The Transformer should be designed such that Total Harmonic Distortion in Voltage waveform THDV
does not exceed 5%.
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Construction:

Core:

The core is made of high permeabillity, low loss, cold rolled silicon steel laminations with thickness not
more than 0.3 mm. It is constructed and assembled in such a way in order fo have the minimum no
load loss, no load current, voltage harmonics, especidlly the third harmonics and to withstand the
mechanical and thermal stresses.

Winding and terminal

The winding is manufactured from high conductivity electrolytic copper complying with the IEC
standard the maximum flux density in the yoke should not exceed 1.6 tesla.

Tank:

The AVR tank is made of welded sheet steel or boiler plate steel with suitable thickness to withstand
the different mechanical sfresses occurring during operation or drying process of transformer insulafion
The tank cover is bolted and sealed to the tank and provided with therrnometer pocket, lifting lug
ferminal bushing, connection pipe to the conservator and if necessary, with pressure relief device, oil
filling valve and air faking plugs.

The tank base is fitted with oil drain and sample valve, earthling screws and pulling plates

The tank is provided with suitable cooling radiators and fransformer name plate frame.,

Conservator:

m The AVR should have an oll expansion conservator fabricated from steel sheet of suitable thickness
and should be connected fo the tank through the connection pipe on the tank cover

m [t is fited with dehydrating silica - gel breather, oil level indicator, oil drainage plug and oil filing plug

Standard and Optional Accessories:

m Oil level indicator

m Thermometer.

m Buchholz relay.

m Four wheels: which are suitable move the fransformer in two perpendicular direction
m By pass Disconnector (opfional)

m Dehydrating breather

= 6 Surge arresters (optional)

Transformer oil:

m The AVR is filled with new dry and pure oil comply with [EC 60296

m The chemical and electrical characteristics of the transformer oil comply with the latest relevant
applicable IEC standard.
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On Load Tap Changer Specification:

m The On Load Tap Changer may be on Tank Type or In Tank Type according to the aufo

fransformer’s size
= The On Load Tap Changer may be operated
A - Manudally from the tap changer confrol cubicle.

B - Remote operated from remote terminal control cubicle (RTCC)

C- Automatically using automatic voltage regulator (AVR)

ON LOAD TAP CHANGER (ON TANK) ON LOAD TAP CHANGER (IN TANK)

Transformer testing:
All tests are performed according to IEC 60076

A- Routine tests:

m Measurement of fransformer ratio and vector group

m Measurement of fransformer winding resistance

m Sepdarate source high voltage withstand test

m Induced over voltage withstand voltage

n Measurement of no load losses

m Measurement of load losses and impedance voltage

B- Type tests:
m Withstand lightening impulse test
= Temperature rise test

C-Special tests:

a Withstand short circuit fest
a Oil leakage fest which is performed under adequate pressure

®
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EGYTRAFO Group Automatic Voltage Regulator

A- General:

m Less cu losses

= Small size as the 3 phases in one tank

m Less welght

m Smooth Variation of voltage

m The capability of measuring voltage at any tap

3-Phase Automatic Voltage Regulator (AVR)

B- Transformer operation

m [t may be operafed manually from the Tap Changer Local Cubicle

m [t may be Remote operated using Remote Tap Changes Control Cubicle (RTCC)

m The RTCC is located in the medium switch gear room the distance between the RTCC and the
fransformer may be up o 1000 meter

m [t may be operated automatically using AVR located in the RTCC

m The AVR is direct supply from the network using potential transformer

m [t can be remofe operated using wireless system. EGYTRAFO Group will provide the sysfem but the
customer must have infernet connection

m [t has self-auxiliary supply see aftached figure

Self Auxiliary Supply

( For Continous Control and Motor Drive Supply)

400/231 Vv
/l\,n )

11 kv

™

kv
Indicator

]
ML E R R R ]

110V
M R AVRIIl

Manval Remote Avtomatic
Voltage Regulator

Diagram Of The AVR connection
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Transformer operating instructions:

A- Before entering service
1- Perform all site electrical tests including:
m [urns ratio
m Oil dielectric strength
m D.C resistance for high and low voltage windings
2- Before energizing, make sure that the tap changer is adjusted on the required position according
to the network voltage at the side of transformer erection and as shown on the name plate

3- Check the operation of the OLTC manually before energizing and check the oil level in the OLTC
chambers

4- Clean the bushings and connecting bars for both low voltage and high voltage sides
5- Check that the oil level is enough (it should not be less than the lowest level indicafed on the oil
indicatfor) if the level is low, the transformer oil must be completed with oil of the same grade
6- The protective devices such as thermometer and buchholz relay must be checked and the
buchholz must be evacuated
7- Check the silica gel crystals color, if it changed, it must be replaced by a new one
8- For indoor installation the dimension of room must be suitable to fransformer size in order to have
good ventilation
9- Check the earthing connections to the fransformer tank (earthing wire should not be less than
25 mm . and the resistfance should not exceed 0.5 )
10- In case of using a circuit breaker at the medium voltage side, be sure that the protective
equipment is operating well
11- In case of using insulating switch at the medium voltage side, be sure that the contacts are in
proper conditions
A bad contact between moving and fixed contacts leads to unbalance volfage on the fransformer
primary and this sometimes cause failure in windings and bushings
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B- Monitoring of transformer during service

It’s necessary to check the following periodically:

1- The value of primary voltage (Input voltage) and ensure that it conforms with the tap changer
position voltage to avoid the effect over excitation

2-The temperature rise of oil and if it's over the allowable value, the transformer oil must be
investigated and compared with the standard value

3- All properties of oil including electrical, chemical, physical and Gaseous must be investigated yeatly

4- Clean the bushings and the tank body

&5- Check the oil level in the expansion conservator for fransformer and the OLTC

6- Connections between the transformer bushings terminals (L.V and H.V terminal) and the source
(T.L, cables or busduct) must be propetly fightened to avoid overheating

7- Be sure that the earthing connection is connected to the fransformer body

8- Check the operation of isolation switch and make sure it works properly

Considered precautions toward the AVR :

A- Protection against short circult:
As the impedance voltage is small, the short circuit current is high so the fuse element for the isclating
switch must be conformed with the rated current limifs

B- Protection against over voltage:
The transformer must be protected against surges, and transient condition
Surge arrestor must be erected before the fransformer incoming

C- Length and cross section area for fransmission line or underground cables must conform with the
standard values
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After sale services provided by EGYTRAFO Group:

1- Our concept is to ensure safety, efficiency and prolonged life of the fransformer, conseqgquently
reduces operational risk
m EGYTRAFO Group can provide a comprehensive service and maintenance to support their
customers including transformers produced by others

2- Customers fraining on the operation and maintenance procedures
3- Following up the status of the transformers under operation at customers sites
4- Providing the needed spare parts if requested
5- Providing periodic maintenance for the tfransformer at site:
A- Qil investigation and purification
B- Upgrading the transformer dielectric
C- Mdainfenance of the transformer protection system
D- Replacement of defected fransformer bushings
E- Changing oil af site

F- Performing all site tests:
m Turns ratio and polarity
m Insulation resistance (Megger test)
m Measuring of (DC) resistance
m Measuring of oil dielectric strength

6- Repairing transformers during and after warranty period at site and in our factory
7- Yearly maintenance contracts as per request

8- Engineering design and upgrading of old transformers for replacement

Preventive maintenance contracts:

EGYTRAFO Group can conclude fechnical confracts with any company for performing a protective
maintenance for oil and dry fransformer,

The preventive maintenance aims fo the extend the life time of the fransformer and o attain the
proper operation of them
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Quality Assurance & Achieved Certificates:

The quality assurance is systematically performed at all stages starting from the materials arrival
production process up to final delivery and extended fo after sales service,

All processes dare monitored and analyzed. Actions are taken for any discrepancy for continual
improvements and deliver error free products on fime.
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Dry Cast Resin

EGYTRAFO Transformers

Up to 8 MVA, 33 KV
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EGYTRAFO Grp.

* Vision : Being market leader in manufacture of transformers and Nickel
Cadmium batteries and its services locally and globally.

* Mission : Customer focus through high quality and reliable products /
services with competitive price and an time delivery.

* Objective: Maintain continual improvement in our business and
manufacturing procedures with persistent staff development
taking in fo consideration operational health and safety in all
stages.
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Different Power Vission

Dear Group Members;
Dear Valued Customers;

First of all, | would like to thank EGYTRAFO's Group staff for their dedication and our clients whom we have
been dealing with since 1979, for their trust and success that we have achieved, looking back on the
previous years and remembering every moment of hard work, deadlines met, challenges and competi-
tions, those were the significant stimulants that enhanced our emerging experience since we began.

Our history started since we established our trading company ETCO in 1979 in which we were trading in
electrical equipment as Transformers, HRC fuses, lighiting arrestors and Nickel Cadmium Batteries. Due to
our strong beliefs towards the Egyptians’ qualifications and the importance of locally produced products.
EGYTRAFO Group was established in 1994 which became a leading manufacturer of Qil Transformers up to
15 MVA, 33KV and Nickel Cadmium Batteries up to 800 Ah

The success that EGYTRAFO Group proved fo all its customers as well as perceiving exactly the market
requirements encouraged us to step forward towards our dream in 2007 where we launched the first local
Dry Type Cast Resin transformers factory in the Egyptian market that produce ratings up to 8 MVA,33 KV

In 2013, we have also established “TrafoTech manufacturing PLC” factory in Ethiopia for the production
and maintenance of Oil Transformers.

As we always believe in meeting the market requirements, EGYTRAFO Group launched the first Off Load
Auto Transformer in the Egyptian electrical network in 2013 due to the EDC complain of the voltage
reduction in some locations in the network. Later on, in 2019, EGYTRAFO Group has improved its product
by adding some features and now the product is an Automated Auto Transformer, providing an On Load
Tap Changer that can be manually, remote and automatically operated.

Our most important key factors of reaching this success are our product’s quality and the feam’s dedica-
tion to compete locally and globally. Therefore, our quality assurance team ensures the compliance of
the latest IEC and ISO standards for our products to be internationally accepted. Our Oil and Cast resin
transformers are “KEMA" certified. One of our main objectives is to maintain continuous quality improve-
ment and staff development along with safety regulation.

Clients frust, experience, high quality and success are our main driving factors that we depend on in
making our future business.

Last but not least EGYTRAFO Group’s main goal is fo grow and expand its activities in order to increase
its market share. We do believe that our mission never ends.

Grp. Chairman
Atef A. Moniem
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Dry Cast Resin Transformers

Infroduction

- Transformers are considered long - life capital goods. Therefore, our aim fo produce high quality
fransformers (high efficiency, reliability and low maintenance) using latest manufacturing technology
to safisfy customer specific needs.

- All Cast Resin Dry fransformers are designed, manufactured and tfested according to IEC60076-11
Standards.

- EGYTRAFO produces wide range of Dry type Cast Resin fransformers up to 3.6MVA, 33KV suitable
for indoor and outdoor installation (inside enclosure with certain IP) and ambient temperatures up to
45°C.

- Transformers are designed to deliver maxilmmum continuous power without exceeding temperature
rise limit and withstand overloading according to IEC - 60354,

Other operating condition and customized solutions can be implemented on request.

-Dry type fransformers is a reliable alternative for oil immersed fransformer with low running costs, free
maintenance, environmental friendly and suitable for operation under heavy load flactuations.

1- Dry Type Cast Resin Transformers
A- General Characteristics & Advcniages:

-Fire resistance :
In locations where the fire risk associated with the use of mineral il is unacceptable like offices,
shopping complexes, apartment buildings, hospitals ..efc,
The cast coil with Epoxy resin has a self fire - extinguishing performance, to be free from fire due
to electricdl sparks.

-Maintenance free:
- No liquids (oil) to contaminate, breakdown, leak or explode and burn.
- The insulation material is not subjected to absorption or ageing.

-Insensitive to moisture:
No deterioration of dielectric property due to humidity (enhanced dielectric strength).

-High overloading capacity:
The cast coll with Epoxy resin has a high thermal time withstand factor therefore it can endure
much higher overloads for a short time.
Also able fo absorb continues overloads up to 40% using cooling fans.

-Long and stable life time:
With very low partial discharge, life time exceeds 30 years in service. It has higher mechanical
and electrical strength against network transients and suitable for heavy load flactuations.

-Installation close to load centers (maximum safety):
Without fire and explosion danger it is possible to place the CRT direct vicinity of load center.

-Easy to connect and install:
Possibility of assemble on site. Easier fo handle and less installation costs ( neither special
precautions nor fools are needed).

-Immediate switch-on:
No need for fests or special precautions before starting up.
-Easy to repair:
Minimum time for inspection & repair also on-site repdair is possible.
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-No special requirements for installation room:
No need for drainage areas, firewalls or use of expensive high fire point liquids.
Also no air conditioning is required.

Dry Cast Resin Transformers

-Environmentally safe:
In case of damage they don't pollute the groundwater nor form foxic decomposition products (No
pollution effects).

-Hardly inflammable:
Due to the high quality of non-hygroscopic material,

-Low operational cost and service expenses:
Due to reducing the length of costly low voltage cabling and being maintenance free.

-High performance, reliability and high short circuit strength:
Robust structure against electro - mechanical forces during short circuits, external impacts and
abnormal vibrations.

B- Field of Applications:
-With CRT advantages and features they're especially suitable for particular industrial applications like:
foundries, rolling mills, steel works, textiles, food and cements,

-Due to the fact that materials are flame resistant and self-extinguishing, the cast resin transformers are
particularly suitable for special applications like: hospitals, bbanks, sky - scrapers, commercial and
residential buildings, hotels, schools, nuclear plants, ambients with high ecological contents.

-Due fo high reliability of the CRT they are suitable for Gas, carbon and oll refineries and extraction,
mines and offshore platforms, subways, water supply.

-Transportation means as railways underground, frams and tunnels.
-Locations with vibrations and shocks (like ships and cranes).

i
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2- Dry Type Cast Resin Transformer Construction
A- Main components

* Core:
Manufactured from high quality grain oriented cold rolled silicon steel laminations with high magnetic

conductivity. Yokes are clamped with high quality electrostatic painted steel angles o apply uniform
clamping forces across the entire core. Top and bottfom angles are secured together by steel straps for
each core limbs for free stress core assembly.

The core construction of overlapping ensures very low level of iron losses as well as noise.

Different over lapping techniques of laminations are used In core construction (step-lapping process).

Cut fo Lenght
M/C

* LV windings:

High quality electrolytic aluminum / copper foils are used in LV winding. Turns are insulated from each
other using class “ F“ pre - impregnated paper. Winding process is conducted using high-quality
winding machine.,

Connections of coil windings o ferminal bars are done using shielded arc technique for high joint
infegrity and quality.

Impregnated or fully casted LV Coils can be manufactured on request.
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* HV Windings:
The HV windings are produced by overlapped colls in aluminum / copper strips, connected in series,

with rounded corners and insulated with polyester material films.
The alignment of the strip with the insulation and the mechanical fension of components is kept

constant with the automatic computer aided equipments.

* Casting:
Coils are assembled inside casting molds. Molds are pre-heated then filled with a thoroughly mixed
epoxy resin under vacuum to ensure a solid void free casting. After this Molds enter inside high

tfemperature oven for final curing process.
Epoxy resin mixture consists of high quality hardener, resin, silica and fire retfardant material fo get

E2 - C2 - F1 class.
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* Tapping:

Taps are supported inside epoxy along the face of each HV coils and changed by moving bolted
links between different fqps.

Tap changers are normally 5 or /7 steps each step is 2.5 %.

« Temperature control and protection

Temperature is controlled by electronic device and PT 100 sensor. The confroller is used for fan
operation, alarm and frip.

* Cooling:

There are two types of cooling methods: AN (air natural) and AN/AF (air natural /air forced).
For AN/AF cooling fans are used for over sizing transformer capacity up to 40 %.

Fans are automatically actuated using the tfemperature controller device.

B - Standard and optional accessories:

Standard accessories are:
- Bi-directional rollers.
- Liffing lugs.
- Earthing terminals.
- Rating Plate.
- 1 set of 3 PT 100 Thermo-resistance (Temp. Sensors).
- Distance bushings for HV cable connection.
- Temperature relay for thermal protection and controlling fans with contacts and communication
port RS485 for connection to SCADA and BMS.
- Enclosure IP 21,31,23 with standard electrostatic paint or special marine paint (C5).
- Cooling fans for AF operation up to 40% over capacity.

Optional accessories are:
- MV cable box.
- LV cable box.
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3- Dry Type Transformers Technical Description

- EGYTRAFO group produces dry type fransformers according to [EC 60076-11 standards
from 10 KVA to 8000 KVA up to 33KV, with the following specs:

- Frequency: 50 Hz or 60Hz

- Max ambient temperature:+ 40 : 60C

- HV/LV Insulating material: F/F (.H., class available upon request)

- Winding over tfemperature: start from 80°C upto 100°C according to customer request

- Transformers are designed and certified in conformity to Environment (E2),
Climate (C2), and fire (FI) classes in which each is classified as follows:

- E2: Transformer is suitable for being installed in high-polluted environment and with
presence of substantial condensation.

- C2: Transformer is suitable for being stored and used at ambient temperature upto P5C

- FI: Self fire retardant fransformer which doesn’t emit toxic substances and opague smokes.
- Transformers are designed and certified for Moderate Seismic Performance Level

In addifion, EGYTRAFO produces the following special dry type transformers.

- Earthing (Zigzag) dry type transformers without or with auxiliary secondary coil
- Dual voltage dry type fransformers for example dual primary 22KV & 11 KV, dual secondary
400 & 230 Volf

- MV/MV dry type transformers for example: 22/11 KV, 22/6.6 KV, 22/3.6 KV, etc.
- Rectifier dry type fransformers for example: 6 pulses,12 pulses, 18 pulses

- Isolation transformers for example K4, K9, K13, K20

- Dry Transformers with ON load tap changers

- Dry type transformers inside enclosures with high IP protection (up to IP55)

- Pole mounted dry type transformer (applicable for small ratings)

- Amorphous core dry type transformers ( very low no load losses )
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*these data are according to the standard of Egypti

A -Technical data tables

Standard specs according to EEDC *, Insulation level 12-28-75 KV

| power | No lead Load losses at | %Z at 75 Noise ximate Approximate enclosure | Approximate
- [KVA) | losses 25 °C(watt) € | level (dB) transformer dimensions (mm) total
(watt) dimensions (mm)( (AxBxC) weight(KG)
LxWxH
50 340 1200 4 45 1000x700x1050 1500x1100x1500 900
63 400 1400 | 4 48 1000x700x1050 1500x1100x1500 950

100 480 1700 4 50 1050x700x1100 1500x1100x1500 1100
160 610 2300 l 4 50 1150x700x1250 1800x1300x1800 1450
250 820 3100 4 53 1250x1000x1250 1800x1300x1800 1900
315 950 3600 ‘ 4q 54 1300x1000x1300 1900x1300x2000 2100
400 1150 4300 4 55 1400x1000x1350 1900x1300x2000 2400
500 1300 5100 | 4 56 1450x1000x1450 1900x1300x2000 2550
630 1500 6400 ' 4 57 1450x1000x1500 2150x1300x2500 3000
800 1700 7700 G 58 1500x1000x1600 2150x1300x2500 3400
1000 1850 8000 5 59 1600x1000x1700 2150x1300x2500 4000
1250 2500 10500 | 5 61 1650x1000x1750 2150x1300x2500 4400
1500 2600 11200 6 61 1900x1250x1950 2300x1550x2600 5000
1600 2800 12300 | 6 61 1900x1250x1950 2300x1550x2600 5200
2000 3500 14900 6 62 2000x1250x2200 2400x1550x2800 5600
2500 4300 18300 l 6 65 2000x1250x2250 2400x1550x2800 6000
3150 5500 22000 7 635 2400x1500x2400 2900x2000x3000 9300

5000 8725 31500 | 7 65 2800x1500x2900 3500x2250x3500 12500

an electrical distribution company and could be changed for different technical specifications in other countries

Standard specs according to EEDC *, Insulation level 24-50-125 KV

power No load Load losses at | %Z at 75 Noise Approximate Approximate enclosure | Approximate
(KVA) losses Z5°C (watt) x level (dB) transformer dimensions (mm) total weight(KG)
(watt) dimensions (mm]( (AxBxC)
LxWxH
50 380 1200 4 45 1100x700x1100 1700x1250x1700 950
63 460 1400 4 48 1100x700x1100 1700x1250x1700 1000
100 590 1700 4 50 1150x700x1200 1700x1250x1700 1150
160 650 2300 4 50 1250x700x1350 1950x1500x1950 1550
250 880 3300 4 53 1400x1000x1400 1950%x1500x1950 2100
315 1030 4000 4 54 1400x1000x1450 2000x1500x2100 2300
400 1200 4800 4 55 1450x1000x1500 2000x1500x2100 2600
500 1500 5600 3 56 1500x1000x1550 2000x1500x2100 2750
630 1650 6300 4 57 1550x1000x1700 2250x1500%x2650 3300
800 2000 8200 - 58 1600x1000x1850 2250x1500x2650 3700
1000 2200 8900 5 59 1650x1000x2050 2250x1500x2650 4200
1250 2800 11500 5 61 1700x1000x2100 2250x1500x2650 4600
1500 2800 12800 6 61 1850x1250x2150 2450x1750x2700 5200
1600 3100 14000 6 61 1850x1250x2150 2450x1750x2700 5400
2000 4000 17500 6 62 2050x1250x2300 2500x1750x2900 6000
2500 5000 20000 6 €5 2100x1250x2350 2500x1750x2900 6600
3150 6300 23000 7 65 2450x1500x2450 2900x2000x3000 9900
5000 10000 31500 7 €5 3000x1500x3100 3500x2250x3500 13300

*these data are according to the standard of Egyptian electrical distribution company and could be changed for different technical specifications in other countries
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A - Technical data tables




Dry Cast Resin Transformers

B - Detailed assembly drawings

HV Casled Coil
LV Casted Coil
Magnetic steel Core

Upper Tightening clamp

Lower Tightening clamp

Fixafion Blocks with
rubber pads
Foot Channel

Antfi-shock rubber
Tap changer
earthing studs

Delta Bars of MV Side

Neutral Bar for Star
connection of LV Side

connection point of MV

0| | | | W M| -

-
o

=
=]

-
w

14| "7 Side U1-V1-W1
15| connectlion poinf of [V
Side u2-v2-w2-n2
ooling Tans for
16 operation
17 3 PT100 sensors
18 Lifting Lugs
MV Post insulafor fo fix
19| MV terminations over
upper clamp
LV Post insulatfor fo fix [V
20| terminations over upper
clamp
21 surge arrester on MV side

22 rollers with lock

1 [Removable Cover to allow crane wire to
ireach lifting lugs of transformer and carry
(both tramsformer and enclosure together |

2 -Reomyable aluminum plate for top entry
of LV Busways/Cables.

3 [Reomvable sluminum plate for top entry |
ol MY Cables.

(Control (marshalling) Box TP 55 fo install |

4 [componenets of thermal protection system :
temperature relay . miniature circulf

breaker , terminal blacks . |

5 Acrylic iramsparent screen to walch Interior
' LV side |

& [Aerylic transparent screen to wateh interior |
MV side

7 |Latching lugs

8 |Battom U channel

¥ |Bi-directional rollers

1o |[Reomvable sluminum mle suitable for
attom entry of LV Cables.

11 [Reomvable alaminum plaie suitable for
hattom entry of MV Cables,

|2 [Botiom eniry of Earthing cable ( 2 poinis on

13 |[Removable door with key lock on MV side
= [to reach tap cahmger |

14 [Air Louvers

J 15 |Leck

16 |Hand

17 MV Cable Box

18 |LV Cable Box
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4- Electrical tests:

Routine tests:

All transformer are tested according fo IEC 60076 standards before shipment

The following routine tests are performed on each unit manufactured in our testing Laboratories &
the relevant fest reports are issued.

1- Transformer turns ratio & vector group.

2- No load losses and magnetic current ( no - load current ).

3- Full load losses and impedance volfage.

4- Winding DC resistance.

5 Separate source voltage withstand & test AC & Induced AC over voltage withstand test.
6- Insulation resistance test.

7- Partial Discharge fest.

Type tests:

1- Temperature rise test, KEM A='{ TIC 2048-12

2-Impulse fest (ability fo withstand lighting TYPE TEST CERTIFICATE OF SHORT-CIRGUIT PERFORMANCE

impulse).

sPecial *ests: APPARATUS A three-phase indoor cast resin distribution transformer

1- Short circuit withstand test. DESIGRATION Cout Rt Traaforier SERAL Hou g Lhee

2- Sound level test (noise test). o s s

3- Environmental, Climatic & Fire behavior fest. Pt ey - st

Egytrafo transformers are type tested & KEMA e

cerfified for short circuit withstand test. Sl ol e

Per request, type tests & special tests are TESTED FOR S ey

conducted on customer expenses TESTED BY KEMA HIGH-POWER LAEORATORY and HIGH-VOLTAGE LABORATORY
Utrechtseweg 310 - 6812 AR Amhem - The Metherlands.

DATE(S) OF TESTS 165 April to 13 May 2013

The apparatus, constructed in accordance with the o ings and ph hs i ted in
this Certificate, mm;wmmaummmmmmmw

IEC 60076-5 (2008)
This Type Test Cerificate has been issued by KEMA following exclusively the STL Guides.
The results are shown in the record of Proving Tests and the oscillograms attached hereto. The

values obtained and the general performance are considered to comply with the above Standard
with respect to the dynamic ability to withstand short-circuits.

This Cenificate applies only 1o the apparatus tested. The responsibility for conformity of any apparatus
having the same designations with that tested rests with the Man ufa:[':nr o .

This Centificate consists of 50 sheats in total.

Armhem, 28 July 2013
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5- Services and After sales services:

Our concept is to ensure safety, efficiency and prolonged life of the tfransformers, consequently
reducing operational risks.

Egytrafo can provide a comprehensive service and mainfenance portfolio fo support their
cusfomers including transformers produced by others.

The following service items can be provided.

- Supervise the installation of the transformer at customer sites.

- Training customers on the operafion and maintenance of transformers.

- Following up the status of the transformers under operation at customers sites.

- Providing the needed spare parfs if requested.

- Providing periodic maintfenance for the fransformer at site,

- Performing sife fests like Turns rafio and polarity , Insulafion resistance

- Repairing fransformers during and after warranty period af site and in our factory.
- Yearly maintenance confracts as per request.

- Engineering, design and upgrading of old fransformers for replacement.
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6- Export

We have already exported our fransformers to several countries throughout the world.
In line with our vision and strafegy to cover more areas in the world, the frend is fo enhance our
potential for corporate expansion by building more production unifs/ agencies in different market

centers.
-‘:;;":' -
O

- 0

Algeria, Congo (DRC), Eritreq, Ethiopia, Germany, Ghana, Iraq, Jordan, Kenyq,
Saudi Arabia, Lebanon, Libya, Nigeria, Rwanda, Sudan, Syria, United Arab Emirates,
United Kingdom, United States, Yemen.

Branches and Agencies Abroad.
TRAFOTECH MANUFACTURING FACTORY - Mekelle - Ethiopia
GULF TEPCO Factory - El Maddinah El Monawara — KSA

Ambab Development Co. Ltd - Sudan (Distributer)
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7- Quality Assurance & Achieved Certificates:

The quality assurance is systematically performed at all stages starting from the materials receive,
production process up fo final delivery and extended to after sales service.

All processes are monitored and analyzed. Actions are taken for any discrepancy for continual
improvements and deliver error free products on time.

EGYTRAFO has achieved three management system certifications as follows:-

1. 1SO 2001: 2008: Quality management system (design, development, manufacturing and sales).
2.1SO 14001: 2004: Environmental management system.

3. OHSAS 18001: 2007: Occupational Health and Safety management system.
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7 Ibrahim Salem $§t., El Merghany, Heliopolis
Cairo, Egypt.

Tel.: +202 241 74921 / +202 241 74922

Fax: +202 241 51197 Hotline: 17352

Email: info@egytrafo.com

Website: www.egytrafo.com




