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ABSTRACT

A design of transformer should consider the temperature at conducter, oil because when
the transformer is operated under normal, overload conditions or nonlinear load associated with
harmonic components, the temperature at those area is not equal. Therefore the consideration of
temperature for designing will give the result of transformer that has resonable cost. This paper
proposes the test of temperature of conductor at high voltage part, low voltage and oil. The
temperature is tested at the bottom, the middle and the top of Mineral-Qil-Immersed transformer.
The temperature testing results show the difference of temperature at any location of the 10 kVA,
380V/220V, 3 phase, A7Y and ONAN ventilating transformer. These are 3 conditions for testing,
1. Short circuit test, 2. Linear load test and 3. Non-linear load test. The result of measured
temperature will be compared one another, Therefore the differences of temperature are known.
If the temperature is higher than the rated of ihsulator in transformer, its lifetime will be
shorter. The thermocouple was used for detecting the temperature. Final result will be analysed
about the relations among heat at any location and are useful for design, correction and protection

of the transformer in case of heat.
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AN 2.4 uaasmstemanuiouiada’ ) nindimifvuiigungiinadew 30 °c

qungiiny | maudSedaawdon | nswaanwdeu | o (msussedany
*c (E=0.95) @szfutimen) | Jourmsvinandow)
10 63.40 38.59 101.99
20 133.16 91.78 224.94
30 209.72 152.36 362.08
40 293.49 218.29 511.78
50 384.91 288.52 673.43
60 484.44 362.37 846.81
70 592.53 439.37 1030.90
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Equivalent continuous load = 0.29\{ 13 412 vt 2 (2.8)
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A15799 2.8 (d0)

(Ths MlANOsawswdugag

Ths RRMMsUseuiml1lies 5-7 1l

O, =Hg, KY

2.25 nanufies lainuni)
226 |  x(oil exponential) 91NAISWN 2.9 | n(oil exponential) 9INATS 14T 2.10
337
y(winding exponential)%‘lﬂm‘i'nﬁ 2.9 | mne2a (oil exponential) 3INAIAIT 14N 2.10
2.28 R= Onload loss R Onload loss
Noload loss Noload loss
nionna1 i 2.9 nIBInMauuAg i1 2.10
2.29 @or = Top oil temp - @a ®0r = Top oil temp - @a
N1ILAIAD 1ERIAT
ON cogling Rated 500 KV A and Less
B 2
1+RK 2
Op =0y + Oy I+R :, +Hg, K¥ ST —@a+®m[I;RK :l +®ng2n
L +R
OF cooling
14 RK?
+ 200KVA up to 100 MVA
O, =0, +0, +Hg, KY A
230 & ol "
n @y =0,+0 Oy K™
"'2[(')imr_®br]Ky : - Dl'l: I+R :l o
0D cooling. (for K>1) More over 100 MVA
1+RK? |
: - koK m
O =0y +0.15(0, -0y, ) ®h—®a+®or[ 1+R J +Og K
2.31 aANNLAIA ANNLAIAT
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AT 29 uaasd T figeiildlundnnuveunasguiec

miloutlns . | wlourlasmdsvuanmigiazyunnng)

§1viviy

ONAN ON.. OF.. OD..
Oil exponent X 0.8 0.9 1.0 1.0
Winding exponent y 1.6 1.6 1.6 20
Loss ratio R 5 6 6 6
Hot-spot factor H 1.1 13 13 13
Oil time constant T, (hours) 3.0 2.5 1.5 1.5
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Effective Cooling Mode
OA or FA 133% FA**over Non-Directed | Directed
ow Or Less 133% FOA or FOW | FOA or FOW
Oil exponent n 0.8 0.9 0.9 1.0 1.0
Winding exponent m 0.8 0.8 0.8 0.8 1.0
Loss ratio R 32 45 6.5 6.5 6.5
Oil time constant Ty, (h) 3.0 2.0 1.25 1.25 1.25
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@159 2.11 (AB)

29 Anlszney mgaudvilandes auuuisvesvaaInllguni
30 dnlsznou Amgaudeidnges mutuivvvesvaaayAegi
31 anlszaew mgyidnlindes aunwinvesvaadayogi
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Py

Gou =0, PT_R

(2.37)
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mgaaanovmibyvesmigyonsvua lvasu dioRsnonluvamaissiugs  adl

i1 2.0 % vourgapdsI’R 4, ( ohmicloss)  wazcunAsgadsnszuaTnaauiiqadouqail

A

] ¥
Auilu 4 vhvesduntovesagadonszualnain ANHUAIRNUHUN MBIy

£
o

nazua Inaaungadenga(Hottest spot) fiswiniy 8 nlosiudvestgeydeI’R . dnlu

\d ﬁA A ' Gv o o/ L‘-:
awsafiuamaigungingedouganinanininiud i Ssaunsi 238

0.8
Hottest-spot over top oit ={ L+ [ - factor )x 0.08] 0 (2.38)
1+0.08 o

{ A aAaw ' a 1
nnaumsi 2.38 “Wumanaceuit 1R, e waluanwaunilueedi lnan

L 4 e - 4
p1vazimsnlaeulasld dnfuausodSudiuaumsi 2.39

- 108
2

Mo )" R +[(K —factor)x 0.08]

Hottest-spot over top oil = (s _r P Roc

1+0.08 .

(2.39)
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) Jlrms kdc = Pyc (2.40)
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7 rms R)szc Pec R

v v [ .
aariuesonldouaumsi 239 dudsaunisi 2.41

. = 0.08]1°®
Pdc_(pu)+[(K factor)x 8]:' O itk

Hottest-spot over top oil =
1+0.08
e 310020eAv0s Aa1sznou K waanluunde 'l

o - y o "o o A -
Tuimeniiwusi - IdiueueBmsmmmdsqapiuilesnnnszuavasuiivaaan
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(Pey ) InATMsLONVIATRUMIA Q@A IWTdN g FeesudasswaziBoadeunii 3
nn[33] Ideuadsirthide ihgqyudissnnnszualnmdigadougn (Hottest-

spot) A utu 4 wi1 vesruRdsvessgydonizu vaaufivenan Fadunisd 2.4
Moo TR f (242)
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AU TS VAN 241 Shusaaunmsi 2.44
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klrms )2 Rge ]"‘ Hf{ i }( (P eew _H )}
Hottest-spot over top oil = . A S
Klrms OR )2'Rdc _|+ (Pecw *H )
(2.43)
uazonsafousglugilomeieldfaunisi 2.4
[( 2 0.8
: I R ]+ 4xP,
Hottest-spot over top oil = rms )R ge |+ (4 Pegy,) By (2.44)

Irms__R)2-Rch+(4xPecw_R)
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Hottest-spot over top oil =

-
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ecw R
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1. Manugadsvae 130152 (No load loss, Pe)
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Py-=0¢ + Py, (3.1)
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1 ﬂ. ' ci 1 ¥ L] A o Ll L]
nn[34] snssuanszquindudauiiadesusuntouimin  Sohlldausingn
=] 1 Ao ' o ar { [ ] & { v
Tuunuiman  uazidludiufidmuadmimds i s useswimin Szal@ou i,

o s g 1 Y
wasauluanuuiman undmveswdsuiisziiamsgado Tl lugilanwdouluuny



47

v T ' o w {a & 4
manuazndsnudiuiimaseglugduesiidsms fhwiouiifatunnnsdon
wilasady Tunvesndsnuaz au lueuumiman ludnsaz msfundsanuagmondaa
a | A | o q‘: L | g a & a o
Auunasiie soiuluesiimdnuazildnuefansgeduiiosnvinmsifougilnd

o ] ’ ‘&
o iiiundsenausimdn Sonhnsgedeluunumnieore loss) Falsznoulidons

[ ' A a a : a A
gopde 2 dou ldun nsqedeiiesnndameFahysteresis loss) uazmsgaydoiiosnn

nsgua lnaau(eddy current loss) HaAIRIaUNIST 3.4
P,=P,, +P, (3.4)

v

nsgdeluunumianvosissmimanynaiinezgnitsisesnunilugindia

A - = 1 J " : ]
anuoudaiiufhdsgafeRfaduszuinmanfeuasnmduamnumimdna e luna
urnzsovzszneuldremsqapdvnindameiFauazmsgudoomnszua Tna lums

I | o =) c:an v o wa e g el 1 i o \

wiman - Masgydetivuegnugueutavesmsudmani e 9 wu aandvesszuy I
L o -y " r & L
W daunandasdiuvesiaeoy aonmumsiuveuriivn Wudu deewsansund

¥
nmagaydeluuwauman Idaail

3211 MIgayasiiesnIndmmeiga

4 o d

' J ' = or L] 5
ﬁﬂﬂ wmm?mﬂiznamu ﬂ']ﬂﬁ'lﬂm!.ﬂﬁﬂﬂuﬂ‘ﬂll JuUnUS B-H "lmﬂuw‘r’uma

¥

v fiumouimannnmgus lanaduns -1 §9310 3.1 Mufisznhaduns o-

ar ar H 0 ] J o { ‘; .
I funnu B szfhundasnidisedduisessvin Sudimssuiiaedudais diyau

B

é’ J r =3 o T o l;
mantu  siefloamnuuimanasnduns 2 sedmsaenEsues RIS

2.

J e J ] L = [ ] - -
sgniaduns 12 fuunu B @ lilgmwamedindunsm 01 ) aruuand e s

¥ 4. 4 v <
(Hunid s 0-1-2-0) sridhundsouigedeliluglvesniudou

Ui 3.1 wemsmsgodunndames o



48

(]
oy

& [ a ' o [ W :

woaswimangniiunieaamuumimannng liliflu B adultn  wianuil

a aa 4 vasr ' ' -t

qade I lugdvesniidounndmmeidaszvusgiumnnumuuiuve aduus wming
= L é ) el ﬂ' 1

g siiavesmsimin  Fn@amoivaamisouansdeglil 32 uazaunisding

qidsnNgameIFa (11nN1IMAaes1ag Steinmetz) runsaudas lddaaunsi 3.5

Flux density B
M
B,
B.
Residual —7- Initial i
g ——
-, H,
Coerci b g
m‘
-8,
~B,
L He )
q' = -
JU 3.2 noRasBamedFe
Prs =k £BL.. (3.5)
&
1o
k'h =M.V

3212 ngaduilosninnszunlia

msqmsﬁmﬂ‘aqmnm::uﬁ'lwmulumiLm'mﬁmﬁﬁumnﬁqumnﬁaiu;ﬂmm
2R Fudnonnszuamilenhidasumelumsuimines @efimsnldeuulasvesminy
wimdn vnqiizan  deswiihnszuraduliFulssimineiacuainani
Tuunuman u“r'mml.tﬁmﬁﬂqzﬁnwl.ﬂﬁuuuﬂmﬁaaﬂmunmﬁ’mm?iimﬁxuu"lﬂﬁﬁﬂﬁ
wanssndou I umioni luunumdn Fumamh ifanszuamiiont Inaauneluunu
wian ldiRemsgapdelugvesnudou  driivsuigld 33 v dumslduiumin 2
urnFosdouiuumuiivzdluniumidndy ﬁ'eﬁ”uﬂz;ﬁmmﬁu'lﬂﬁ"lmﬁmﬁﬂuuﬁnmvémﬂu

&4 4 4 = [ = ' s o EY ] o [ ' -
ATV UIHDINSUNUNTULHULYANAY Lmzmmmuﬂ1u1ﬂﬂ1wmnumammazmezum



49

4 J é T L2l ) Y 4
wivdunitann 9ngy 33 8 eansaiiutemsifanszua waoulurumEnussiiios
A L} 1 A o _ @
wnnusadewuimdnld  dougii 3.4 uaasldifufsdnunsmafanszua lna sy

P A - I o
PN INLT IR UL AN NUHUMan1 g

Wi 3.4 vansdnvngmsfansaner ivarusuilonneinus i doumimansumanu

nnmsisan sewuldhmsSouiumindoutud s aaamsgeduan

¥
nazud naauld  dalulumsadessssiimindedonmdhusiuminunedoetousihin
laminations) lavuAazuruszqmiadeudsnuniih  msgapdennnszuanatuaiuse

UAAIAIAUNISN 3.6

o=k 0 (3.6)
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322 mdshiihgayduiiesnmanudmuliihnsziansivesvaain (12r )
o ' ¥
m3ldihnscudasoiy swfehrnszuai Inalumednihezmdonnhnszug
1 o J 1 @l ar -] i J L
I duauiuiimbdavesinh  Tassnoudmmunszudass (Ry) axiuediy

¥ ¥
quauiAvesdnintu q Wuddy Jsrmwsouanssaumsi 37

Ry = PLise Tum (3.7
A

rea

o 3 A 1 o ; s
Autu iWemmanudumuvesuaalauswud ez vaaansssuge s Aannse

\ e A o o s d’
wiihas Ilfhgoudetissnnaaedumuvesaiadninlddsaunsd 38

Pep = I;R pld.c) F I:R s(d.¢) (3.8)

323 mdshihgadsilesnnanudimuliihassuaasivosaain IR,

nni34] Tussuybithossueadu swfadsngnisaiigend “afuedma (Skin
cffect) Hannvosmsinaiuuoridafiaiud  szdwwomliiBeuilouhiiinhin
vosdnhitFemu s uarin 1dioun MmldSFauaudnsziaadu(R ) tzidnnnni
Fhaunudnsuaase(R o) voumeimn  Rutuma At [odiine
vosaiuteWima Sond1 ssnnudmmulsginiraletfective resistance), (R gp)” 1307
Sondianudumunszioadul R o) Ainud i idmimits 9 shues #aeuisouaas

1dasaumsn 3.9

PIOSS {3.9)

Rep =Ry =

uagAMBATIEIUAIIAIUNIUAAULEWIMA T aLERRITLMST 3.10

R, & effective ac resistance (3.10)

Skin—Effect resistance ratio= .
Ry dc resistance
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J " (] n‘.’ - [ 7 [ df ci Y w o d' "y oo
FIMOATINUU szanszanauniny 1 dmsumeiuimbdavinadni i lesn
r a3 % 4 'Ar a "W 1 ﬁy a1
Wastsiman(magnetic material) uag I¥nuRinuARUT IR 50 Hz uddSas LT vz
a JJ &woddl’a:yu |aﬂwe -da}dd{w-::;
Muntavy  weanhinunmhaavnalnguiedudnioswiminianseldoui
-
AU
Iﬂuﬁﬁwﬁ'ﬂs1fhwuaeﬂﬁuLmﬂwdﬂ-ﬂ'Jmé’{mmu(Skin-Effecz resistance ratio):
4 1 o ' 0 [ o s U
(R.w / Rdc) Failuadas 1A IUI NN IR UM S A TR U UR IR A U U AT Lt
o - - a d 3 - § 4
aseangungiliRIny WHUINGIUMNAANUF UM AR(permeability: 1) AL

1113’131’?1ﬂjﬂdﬁ"lﬁﬂcross-section area of the conductor ; A) HAZANUDYDITLUL (frequency ; Hz)

5315201901 [Approximate Methods]
AuTBmammanudwmudsedninalasmalssma - snmsfinsandt  me
" & (] o o J
BUWHNY 9 F39EHolunsdannaldazanuazsiasivy

dmiudnimesns oA mr laomsvsemnldein

mr = 0.3fA (3.11)

r_'i ::lv 4' ¥V o & 8 1] q’
e A Lﬂuwumnmﬂmmmm 111'}114‘38 AU
=)
Hio
mr = 118+/fA (3.12)

& 2 = o o’ 8 '
e A Wuwuindhdauesiniy Wumiae s rewsas

viufe d i mrn 0 3 9218 R g Taotlsziion 1esains® 303

Rer =Rg

uaz @MU mr IVINNI1 3 ensouaas Idd qunIs 3,14

mr -l
Regr = Rdc[m+ 026 | (3.14)
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[ q‘; " o o Y] @ o 9/ W ¥
Sotu s ihnszudadusesmadnihlunioulas ANNTOUTAT LRGN

al
quUNIIN 3.15

Py = I%Rp(a.c) + I?Rs(ac) (3.15)

3.2.4 qumglivesinhiiiiwaiummidsivihgayds
A L [~} o " 1] o y 1 1 H o o
dodmdelihidwhduI?r Sawud maswdumuvesasiniunldidiudg
° - - A At ' P P
W wiimswdnualaudeunnngamgitndae uazludiegungiund msnfteuutlase:
& o :: é \J 1 g t
Fhuduasa(Linear) fauaaslugdin 3.5 weldannudunmu®) egluunuduagn

3 L T 1 = Q‘ J 4 - J
il 0y, ) ogluunuueu wwiitu ldmanudumusz a o uv gy

3
] 7
Rll Rtl
- Ay
L k © wl J
r S ®w2 ! -

jUn 35 LaasinTdIT Uz ngamgivesnaadnifuaa A liih

990 [EEE[1] v 1EC[7-8] azemnsamlaaiiuaunsi 3.16

= (3.16

dwes k ugumgiifimiWiaqudazaiatannudumudugud Fhuangdl
Iﬂﬂﬁuaﬂﬁwﬁmaﬁ'sm 1BU
k= 2345 lﬂﬂlﬂu annealed copper of 100% conductivity
k = 241.7 titoi5Iu hard-draw copper of 97.3% conductivity

A
k=228 ey hard- draw aluminum of 61% conductivity

Ml
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1Y

0.00426 unit per 10°C @351 annealed copper

I

Qg

o = 0.0041 unit per 1 0°C d M3V hard-draw copper
g = 0.00438 unit per 11 0°C M3 hard-draw aluminum
oy = 0.00657 unit per N 0°C M5V hard-draw aluminum

2 4 -
ap = 0.00657 unit per N1 0°c d w3y iron

v v
aatuNNEUNR 3.14 2ld

—+0
Ry ap <
RI] ﬁ.!,..,;.@wl
2 10]

< v ¥ P Tl @ —
PI9Y “lﬂfmmmmmmmumqumﬂqu’lﬂ 9 ANAUNNN 3.17
R¢ =Rl +0gOy ) (3.17)

325 mdsgagdonnnszuaraadluvamaiisnnomamuimdniiva
(leakage field)
f‘\“lﬁ'aqmt?rmmﬂszuﬁ'lwmu“luwmﬂkﬁmmmnﬁmmmmﬁﬂ%"'a“lwa-nﬁfumuj
ANBULMINUHIAAIN, YUIAVBIANT, Suaudai maﬁuﬁtﬁﬂgﬂuﬁ’aﬁwdw q 92 HYUN
iy Fussaniisehiditanszudlnauignh - sunssialnarniiosm iaamids

gayiienInavzuaaefegli 3.6

U0 3.6 uemsmsanszue lvauluvaain
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uazravauduusurimaniddevaniaussiugauazussduduaasdanmi 3.7

JUH 3.7 uanslaszunsumsnssnisvaaduusimanss

mimaniannam Usznoudsmamivgn 2 g guil
1. cumsiminluseaninhicoil ducy) NIRRT IR HRNURZIAR IR DAl
wazilanuduminans (mlifonn)IﬂUﬁLf’fulliﬁllliLﬂ5ﬂ1ﬂﬁ1uktuﬂg\1(longitudmal flux)
2. muidmaniitduis usimdnadsswaain (lux linking Taelmunduaaniudady
(linearly) mnﬂ'wqqqmunszﬁetﬂuquﬁﬁﬁuﬁqmuuammzmu'lmmqﬂuﬂmmmﬁuqwm:

o off B a
USIAUAT Aduand lun i 3.8

¥ v g 4 5
30 3.8 uaaslaezunsuduisasimdniavemdonlasriianes

- aled U o o
WINTWIINAN lﬂﬂ';ﬁfuﬂillﬁﬂllﬁug‘izﬂ'ﬂﬁ‘l{ﬂﬁ’lﬂlﬁ JAUTILAZLUTIAUM

msodn ldonauns 3.8
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X = |27 ol AT | [a 5 M] (3.18)
IE, 3

3.2.6 maalihgaydvdandensuifesnnidususimdni/andes (stray flux)
TuginsaitviaTassaramstonas

- .

[ .y P a-d ’ { H & '
mdsgapdvdmtidmiinaduluduiidiuglnsaindumaiuve adunswsimin
1 ¥
$219u 1, deadavsznouTassafrmdowlas, unduilte, aluszanennudon, dainisy

¥ o . s d’v &/ o 9 o & A&
Hudu msdnnammmgydedndesiisoudhaszmnngnnnng mizezAnadiileiagy
fnveslassade, anudumuGesistivity)vestag. . wazAnwEuen UL En

g a L) ar L] a é
(permeability)¥03 393 3ude Tasendoeedan il 3.9
nnf30] &TimseuudgudniumgadsidaiouladBomemoy o Ssauns

#i 3.19

Pllmk_R ‘—‘I(T.f.]‘s.llzyl (3[9)
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-
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o o A U
dmsunigyeiesnnnszuavaruluvaain uaznsgyiedindes aunso
wildnnmsdfiduaznanes Tnedmuadhumamesvesmsgadeor2  r lusaadace ) i
¥

¥
Alszunm 8% veamsgayids 1°R Tuvaadn  Avdumds fhqadenauavasiiTnas

ATUIUNNANNTA 3.20

P =12 Ry +(§.I,2mstc} (3.20)

fde lwvhgodovasii naavemdoulasszifuilsnduvesgungil  Tasdradeil

QUNHIIINY 75 DR IBaIFET

33 msiosanmmnnugydsidavuiuniemtadliihlianiiziiansluin

3.3.1 MANNGRYFBABYHIY (Per unit)

ainfs] nizuetifh Inaadamfodesuiiedanniiididanndowdulu
a9 mﬂuﬂfgwmmnﬁezﬁmsm1m1wmmiwmﬂ1mqsyxﬁﬂ“lumﬂmﬂuuﬁugTwia
Wi (PU)

o aunsf 32 AafiRR (rated) uazinWegluzl Per Unit w3e B.U. 9214w

Ansasaumin 3.21

2 A a o g
fmualinnuggdevesnssuanaau melddouluiitacrated) vosvanianilo

wilas veduvesvamannTsua e luiin munsaveu ldasaunsfi 3.22

h=max 2
P BB 0% [II—“} h? (3.22)
h=] R

aumsn 320 eunsodouldeglugiaemiae (p.u) 1ddsaumsi 3.23

h=max

Pow (Pu.)= Py, g (pu) Y [1,(pu)F 02 (3.23)
i h=l
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{ao ’ a & < 4
anuqyds PR ifdalvan 1 wite wie 1 PU.  mwiisuniuszn/douliile
sz Tnoa lilumed  SnszuaTvaadszimina(l,,,) A idumeniisndsiueon i

v 1PU.  minszud Inaadsgansnacl,,) ounsam lddeaunsi 3.24

h = max
I = 2. &) (3.24)
h=1

Weulugilaeniie deaumsi 3.25

=max

h
L)l = Y [1,(pu)} (3.25)

h=1

332 msimoamuiisunhnnummnsovendeuasladlfdeyaiieoniuy
=
ANUgABYoInTuNlraIY
Ll . = C&
anugadovednszua nanlusrnvesaumuiniuvesnnugydugege 3
fmunluszul 50 Hz 3o 60 Bz insziwitta Tnodufanfomlneezdmuame.g . i

b 4
" W Qe e A
Wnuy ﬁut‘j ANHUATNITOUAAIAITNNIIN 3.26

PLL__R (pu.) = 1+P&w_R(p.u.) (3.26)
uazey Idmidsgaydovusll Tnandemioe Ssaumsil 327
Pi(puw)=1+P_.(pu) (327

' a o @ {
unumneuns 3.23 adluaumsin 327 o2 lddeaunisn 3.28

h=max

Py (pu)=1+"Pg, (pu) >[I, (pu)] n? (3.28)
h=1

adomieP.Uvesnszua hidluaned  sgvhliuadnsmsdanluaumsi
' o ' 1) i ;ﬂ J i J d' CE A’
328 wnnumesnuuuvesnNMUIiuMIgdeTudwiilngydegenhmianuan
{ o ar é ' ' T IA r o l&
gimsihaunszueiia e 1diinszuagegadenito deliswiiy THDF  eawnsn

warad lddgaumsn 3.29
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. Py rpu) 2 ( RMS )
. max (P1) V Py (pu)  CF e PEAK
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{ v A w A & § el il
nngIlil 3.1 nszuaadulidneadunuusduauni? FuluaduiRadounn

4 ¢ &£ A A ¥ o a d o & o =
Aoy Fulouenaauesn lasldmanmsdnsizd YWSws ez ladsaunisi 3.30

: 1 1 1 1
iy = Il[cosmt 2 ooaSat - conTat ~ — 008l knt + —cos] Ant ~—coal ok + —caslut —....| (3:30)
5 ’ 11 13 17 19

23

L =—1I
L 0w [

A i o _ o L) ' o L
vinglyosnduvesnszued Idamsnuentisdinuets ludin lddagliawifua
nafl 331 - Fsmsoudasduiukazvunevosend Tutin lduand 3 uasedi 3.0 e

ansadeuiiuasrsauyadsqilil 302 Faduvanant = 0*
h=6M=l1 (3.31)

a o @ a Mw @ o s
AT NN 3.1 Lm’mEl'uﬂlJLL’dt‘llu‘lﬂ‘uﬂww‘lﬂuuﬂﬂﬂuﬂllmq“‘1 ﬂ“‘fgfg']mﬂaﬁ'}ﬁﬂiﬁﬂﬂllwmaj

g ' o ar A o '
3mdet 6 Wod 3auiu Tnaannudumunaga s lug)

13 lutin Y119l (per unit)
A ANR (fandamental) I

5 00.2

7 0.142

1 | 0.091

13 0.077

17 0.0589

19 10,0526
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Notch

d = depth

t

Area = (d)(t)
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1. Total Harmonic Voltage Distonion(nmv) kL) Distortion Voltage Factor (DF,)
-3 1 d'. ¥ o d.'a - 4’ ci @ = ¥ =
ﬂaﬂmuamumﬁu‘nwmﬁu‘mm‘wrju‘lﬂﬂ‘m;ﬂﬂnuuimqunﬂmmnuaﬂmuﬂﬂ
=) 1 ¥ aa -] o o" =) L A [V
m8msmmmw%wmumuﬂszﬂawmlmﬂuémTuuﬂagmﬂﬂ HITNUIDUTAIAITY

7N 332

o0

2 Va
THD, =DFy =—Fvi—~x100% (3.32)
1

2. Total Harmonic Current Distortion(n{pi) KL Distortion Current Factor (DF,)
A 0 oA " o o S & a ) 2
AefmMuenNNIzuaiivranAadou hlvingdafunszaagauaiuiniooiiosls

L J - 1 “a Ll ' ‘§ -7
‘H'%'amﬂsxutmwm‘im1ﬁmu11sznmmmnszuﬁmﬂuunegmﬂﬂ FIT T OUAAIA Y

1{Zfﬁ
THD, = DF = 22220 1 00% (3.33)

1

M3 3.33

3.5 wilemlasning n-urline (K-Factor Rated Transformer)

Underwriters Laboratory (UL)iaz@nannsioutladldimuaitnmsdmuaiisa Son
31 K-Factor dmivmsourlasiinunudads Adadandnedudamatmng aulunis
Munszuc Tnandszinnbifhugdnadu lsmiNonssinusoidal load currents) §1 K-Factor

a g

duRusfuauerwisalunsitnanysznn idlud@adulnonsoulas i Zouduica

Qtﬂ'o

guugindmua’ld 3% K-Factor aéuuﬁrugmmmfhmmqmLﬁuﬁmmﬂﬂ"ﬁﬁ' Taefmua
Anudnnulugledishe 4 mdnlsznetiitadadanudintussunimowdufibann
anugadevesnszua lnauluvaadn

1 K-factor 1Rgnimuanitugiusemito®.u) Ssaumsd 334

h=max 12h2 lehz Z. 2
K-Factor = 3 [1y )P = 2nf” 2 nh _Zhh (3.34)
h=1 Zlh th Lms
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WARWIATFIUYDINNA K-Factor AiD 4,9, 13,20,30,40 102 80  pazuelueunis
i 334 WRdmuaBuufugnsemioo nﬁaﬁ'imanmawagmmnszuﬂuﬁmﬁagmﬁ"u
Aunve Tuiin udrenmidswesmngaiesdaihdy 1 fufudmiy Tnaoumudady K-Factor
fiauilu 1 erwelyl

dmiuTnan idhuGaduiidmuald  dwswnszuaadTuinudasdy Bawise
fiian K-Factor 16 wozih luaSewdlouu K-Factor firiuthodonstouslasNameplate)
vomialasiildiu - asulaiis K-Facor filnantisuihduiteteoniif K-Factor 104
niloutlas nileudasiai e bisuludesanisndios

AI08NMIAIUNT K-Factor. indoyafmual 23v3dndvhowesiuuniugy

(Controlled Rectifier) Ha1f INfinaemn15190 3.2

A5 1Y 3.2 Ut Rues lusinduswInvesad lutin

fwuens il | swenszua( %)
Fundamental 100
5 20.0
7 142
11 9.1
13 Tl
AU
wasmvesnszumlszAning = 10024202 14 22 +19 12 +7.72 = 104
AU

e (i) ) [l ey el g ] - <

iU WiRUIATFIU K-Factor fivzifiondie 13
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Load K=
factor

Incandescent lighting K-1
Electric resistance heating K-1
Motor(without solid state drives) K-1
Control transformer/electro magnetic control drives K-1
Motor-generators (without solid state drive) K-1
Distribution transformers K-1
Electric-discharge lighting K-4
UPS w/ optional input filtering K-4
Welders 3 K-4
Induction heating equipment K-4
PLCs and solid state controls(other than variable speed drives) K-4
Telecommunications equipment (e.g. PBX) K-13
UPS without input filtering K-13
Multiwire receptacle circuits in g;meral care areas of heat care facilities and classroom of K-13
schools elc.
Multiwire receptacle circuits supplying inspection or testing equipment on an assembly or K-13
production line
Main-frame computer loads K-20
Solid state motor drives (variable speed drive) ‘ K-20
Multiwire receptacle cirﬁuit in critical care areas aﬁd operating/recovery rooms of hospitals K-20
Multiwire receptacle circuit in industrial , medical ,and educational laboratories K-30
Multiwire receptacle circuit in commercial office spaces K-30
Small main frames (mini and micro) K-30
Other loads identified as producing very high amounts of harmonics K-40

N

A e -
e UL 1alimssmuas swtivesiidalnan K (INDEX OF LOAD K-RATINGS,

A s -~ i\
Lo wilszaedivedesniseenuuuunasneliinnuannselunsiunaailons Tuiindu

L 4 o 1 - ' r " 1 4 (] L l
o Fedilifinmshouiiguuglivoawmdsiielifudiisisal? WBuassnn

duiusues Wim K-Factor fudriivesiine Ivan K 1aiaisieit 3.4



AN 3.4 uAAINNA K-Factor lazdvtivesiing Inan K

K-FACTOR L K-FACTOR Le K-FACTOR I
K-1 0.0 K-17 70.71 K-33 141.42
K-1.5 10.60 K-17.5 7237 K-33.5 144.80
K-2 14.59 K-18 74.05 K-34 148.32
K-2.5 17.96 K-18.5 75.75 K-34.5 152.00
K-3 20.85 K-19 77.46 K-35 155.84
K-35 23.44 K-19.5 79.19 K-35.5 159.86
K-4 25.82 K-20 80.94 K-36 164.08
K-4.5 28.04 K-20.5 82.72 K-36.5 168.52
K-5 30.15 K-21 84.52 K-37 173.21
K-5.5 32.16 K-21.5 86.34 K-37.5 178.15
K-6 34.10 K-22 88.19 K-38 183.40
K+6.5 35.97 K-22.5 99.07 K-38.5 188.98
K-7 37.80 K-23 91.99 K-39 194.94
K-75 39.58 K-23.5 93,93 K-39.5 201.31
K-8 4132 K-24 95.92 K-40 208.17
K-8.5 43,03 K245 97.94 K-40.5 21557
K-9 “n K-25 100.00 K-41 22361
K-9.5 46.39 K-25.5 102.11 K415 232.38
K-10 48.04 K-26 104.26 K-42 242.02
K-10.5 49.67 K-26.5 106,46 K=42.5 252.68
K-11 5130 K-27 108.71 K-43 264.58
K-11.5 52.92 K-27.5 111.02 K-43.5 277.98
K-12 54.52 K-28 113.39 K-44 293.24
K-12.5 56.13 K-28.5 115.82 K-44.5 310.91
K-13 57.74 K-29 118.32 K-45 331.66
K-13.5 59.34 K-29.5 120.89 K-45.5 356.57
K-14 60.94 K-30 123.54 K-46 387.30
K-14.5 62.55 K-30.5 126.28 K-46.5 426.61
K-15 64.17 K-31 129.10 K-47 479.58
K-15.5 65.79 K-35 132.02 K-47.5 556.78
K-16 67.42 K-32 135.04 K-48 685.57
K-16.5 69.06 K-32.5 138.17 - -
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-& (] 3 ar o P @ W = e o o 1
mammmmmwufﬂlm WA K-Factor ﬂﬂﬂﬂ!ﬁﬂlﬂﬁwﬂﬂtﬂﬁﬂ K Winimmsey

nawl ez Idnnwduiusdsgili 3.16
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K-FACTOR
710 3.16 namsnuduiuives ANa K-Factor fudativosing Inaa K

Aot mydszgndidives Afa K-Factor: fudailvesiinn nan K 1140w
¥ ¥ 2 )
uanelddeil - Wedesmsvenuuuszuuiihiids | TasflswnmsTnandis 4 S 3.5

seAndonviloulasnial K-Factor 1la

AT 3.5 UAAIAIDEINIIR THINNIAT KVA- I, 3nTnaadie g

31uMvesIvan VUIAKVA) 74 (KVA x 1, )=KVA-1,, |
Discharge lighting | 7.0 25.82 180.74 : ;
Receptacle circuits 2.0 123.54 247.08 L
Main fram computers 5.0 80.94 404.70
Motor w/drive | 0.5 80.94 40.47 |
Motor w/o drive o) 0.00 0.00
Total 16.0 - 872.99

Average I, = (Total KVA-I,,)/ Total kVA
872.99/16
54.56

:‘ ' o l’: i 1
VAN 34 AL, =5456 Wil Anfusdentiiidwinndeg1d L, = 5774

2 N { > it 4
#1¥ie K-Factor 1 13 farfumsesnuuuszuuszdosdonniontasfiis K-Factor - 13
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I()L__,’ I, =20
x lo J}
I}r+e Im
Vs = VoL R % j vi=—P-E
OL\> ‘\_;XOL P 2 S
-

JUR 3.8 uannesauyavemlouasyugnatovmidaies

¥
o as

o o % & hat - o ¥ v oA dA v A A
nngihesauyaseriu IdhwddagydeiialdnnTaaiine Siunfod o den

o
unuman(Core loss, P, )

2. Tnemisanaeesnsiour)as (Short circuit , impedance loss test)

a9

Ed
45\ ¢ ) =
pilszasdvesmianadeyit Ao diugeiovagiindoilnedinise (Loss
g E\G
loss, Py ) aanunsoiaee daegai 3.19

.C. 3phasg
Sin Wave
S50H.z

| Watt meter _
3 phase

380v./220v =

3R 3.9 uaneesiduRnvomleuass ma vaznaaeunuudaiens

msnareuiiovezianiodatsssmedinladumiedld nnglifunisAnds
wesiiodame 4 medussiugeuazdntessmeduussud huwasiimsnageuue
Uy s i fiundaswounszue Ifhegitide dwsedulufhanundss ooz il
sz 5-10 % veaussiu Ihitifavesmdeutas fufuseoniiduus asminiindosun
aanaaosduiinidh nztfuthmsﬁu'luunum5n’3~:ﬁﬁ1ﬁ'eumnmﬁﬁzﬁ'ﬂﬁq"lﬂ'lﬁ’ W3z

< ‘ D 4. ' <
poriuevInan Idhigydeiiem ldnniadimesiudgydovazndoulasiinge &
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msnarouillddezi 320 Faflwreseuyaimafifaogmednussdugaviniu

IP_“>= s R ps X ps
- NN Y T i
4 NNV N 9
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v Vs =0

7N 320 uranssauynvosvamlasvnznageuLLYIAIS

¥ [ ¥
nngihssauyaszmnldhsmisdigydeiomeiia ldnndadinednivide
@ A £ LY o 5 & o
FodvsutionMnAMEINIUYSE AN HavDImad NI W sTeI I Famunsouaas 146

AUMTA 3.36

(3.36)

Rps =Rp+Rg (3.37)

3.62 mynareummmasgadelaedIsnisléivansia
o P : ' ¥ ¥
nnaaeuuuyiiiumsnaaeviiennsomdigydosvomoulasldgn
1 r é i é -] -~ ¥ ' o
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v "
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awnsnldiundewlasifivuiauin 9 mazliazandunisiaminan uaziinnusuids

suasefiumInaaey 14 jlsesmsnaaeuuazaumserausouaasiagilil 321
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Watt meter Watt meter
A.C. 3phasg
Sin Wave 3 phase | 3 phase Load R
50H.z P1 P2
380v/220v

JUR 321 waansesiduBeivesndow/ass we vuznadeunuy1dnaness

' 14
gydesuiinacey 14 uassdade 1l

P =P —P;

P Xk Re
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nniadilined P2 wdannnslaaindezifiumqodovaiinan(P, ) AR

L ar L at :& l t:
yoandoutaman 2 f2 smsnﬁauﬂmmu 1 67 Beazuerasnn Tyl

ar ' Y P
P, voundoudavdnudazdn = —2‘—
. a & P
Mgyl Inaanauaseiia
&
P, manum = P,

¥ & o o ~
igydsvesnieulasymwesiflonSsufoudunioulaamdnudesiisniooun

= = 't e - z A4 9 1 9 i '
wmmmm:'lummm‘ﬁm mﬂzazuumaﬂmmsmmmPLL ‘Uﬂ\?ﬁ&lﬂuﬂmﬂﬂﬂuﬂﬁ&:

i
@ o

o v -l
JSUATIPNU

L " @ P
P, vesnilamlnandnudngda = —23-
v
msrasiuee 1dh
o ' ar P P
P v snsiowlasvdnisaysia = -2L 3 72
AC Supply 3 phase
P1(Watt meter 3 phase)
ii—®——1l
A
transformerT transformer2
T e
L — NV ' | ; ¥ el

P2(Watt meter 3 phase)

T

switch

booster transformer

7U# 3.22 uamesesyeandewnlass wle 2 dewvuuiinguiin
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U = 1 = o
3.6.4 manameummgadevedlvan luididuduy

lumalgidmanaceumarmdsqaudoves Tnaa lddwdadu aunsadeases

§in 5 -
insesiioTanuanslddegln 323

Oscilloscope  [——

Watt meter Watt meter :
3 phase 3 phase i
|

. Cade
; l%

P1(P Total) ? é P2(P Load)
3B0v/ 200

A.C. 3 phase
Sin Wave
50H.z

——  Load

SocsH Fully bridge rectifier
pectrum

analyzer

@4

Ui 3.23 uamssesmanadeudeisnd ioss 3 aswduTuas

waansn Idninnmaceutasimdsgaioves Inaa lliflududy — 1dnnay
¥
msse i

PLL =PT“PC

3.6.5 manameummmasiivhgayde] asiimsusnvudazanudasluiin
o = J o @ 9/ ¥
IN[31] MInATBULULLENRWIZETS uiinil  sihmsdalsesndentasmedu
1 @ { A — T 4
1w Iudrflounszuaithdygraumedmsyinauiond Tutind 4 yaisyasdiiodoants
o @ o 4 9/ ) J -:: o' a = & o o Y o
manuIINUsIEINANUIOUN N sEAnSHaianuR e Tulinfsutudaues Tuiin i

rauoi ldnudgadelundouasuausd Tvan 18dsaunisii 3.38
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Kn e (3.39)
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A DA
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Sin Wave 3 phase /D <: >
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4.1 NYYTIVIBUNBINBS
N[14] 29sduneswesitulsssnasu Iuihnseuaass Wi Inlihnssuaady
] E 4 [} = v % dll =
nlFuldnsanutuazTaavins  dnsmzduneimoinee i lunsnaaeuilszaiuison Sy

H g [} s o r = d
ANUDAILA 150 Hz D4 1 kHz uazdSuszavusenu 1dne 400 Toan

4.1.1 swulszneuvesduneined
wudunediwedimihfivewdsw Wihnssuaady wilzneudedudify 2

AIUABINITHAN(mMain circuit), 3995M3 AN (trigger circuit)

1.2993440n
5 i - o ) ;
imhindoundsau Ivhnsenaars Wi ldhnssiaasy. Tuagesessznow

#0 1GBT, lalon, mi@wes

2. 299303 NNOT

imvhiinauguld 1GBT udazAalulsesndniiauaidnisequence) NHTLA
17 Taowvsnininesaiwdan unszduirigger signal) d1m% 1GBT udnedaunsiag
vosdygamuiidmuaet IudfloudfivinnesiGT Faaz i IWIGRT Vi tun iy

o
NABINTG

4.1.2 295BUNB MR TN

2esBunedinesiugmmuanigdimasso R Taai 40190381003
wosmwauuuyIad (three-phase bridge inverter circuit) ﬁﬁﬂﬁ 4.1 % 1l3znounI IGBT
§119U 6 A2, feedback 130 free wheeling diode 6 #2 ABTU InAA(load) arugado e wids
1101Wasavd) Hounszuaaserinu@@ia(DC. Bus) P uag N 5’:1@173’7;7! R, S oz T qunsn
AehiuinnunzauvesAFTrady i Tasmsihnssucuos 1GBT Favzgmbnszuendh

339 q fdegile2 A ldeniynnszueadumua  §dunishinszuaves IGBT s2isy

& =t a s sy a o o > z - o &
PIICHTUNNITOUNIBIRDIUIT WNITOUIBI@BILUUY 6 YU(six step inverter) L'fJTYIﬂTII'Jﬁ‘V]

innvesduneiimeiamnyanliounii I Tnensufunnuivesdoenunssdu
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A o - a o o P
anuaz JURtuusIaY uaaslddienisTinsied T uaesdsauni 4.1

asalszuua ldasaunsn 4.2
Vi ~ 0.816V (42)

4.13 MINIVAMANND
-:; T4 b= il o J o o = 9/ o w
ANUDIEMYNVBBUNDIIABT 9z TuNUSATINIINIATR IGBT vhnszug da
- dy @ =\ L c& o dlr L. i q 3
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W q wuilisesly Medludygnuadoniliaag lunfa (duty cycle) 50% w3z ¢ 16

Sunmsdszquozamelszgiunnuduniudaifiondy  anudveuswiyndwou ldnna
a

M 4.3

Vec =12V
’

R 1kQ

RA 100 k&2

RB 10 ki2

IIH"]
ry

C 0.01uF = £ C 0.01uE

W
1

f=—- (4.3)

R i anudiunm, Toru
c i anhdimes, vhia

Wosnnd Keans e niynvosasssnimnesiiamilugas 150-1 kiz uagnees
Counter & Decoder 111119954115 6 ﬁ’ﬂfuﬂﬂﬂéﬁﬂaﬂﬂ'ﬁﬂﬂiufﬂ 900-6 kHz
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N
1

R & % =79 365 kQ
(1:4).(0.01 x10%).(900 )

nnnudgege

R = ' - =11.9kQ
(1.4).(0.01 x 10 ~°).(6000 )

¥ R, = 100kQ
¥ Ry = 10 kQ
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frequency(Hz) (mH) (KLF)
150 ) 50 100
250 50 50
350 40 50
450 20 50
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750 9 333
850 5 25
950 5 25
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Maximum VA = 10 kVA Frequency = 50 Wiz

Vector Dynl1 Class A

High Volt ="3R0 { NV Type ONAN

Low Volt o 2 QLAY NoLoadLoss - = 77 W

Load Loss = 3;50 W Total Loss =- 427 W

Average Winding Temp. rise Guaraniee = 65 W Top-Oil Temp. rise Guarantee = 60 *e
Weight of core = 43 kg Volume of Oil = 35 litre

Weight of tank and fitting = 49 kg Weight of winding (HV. +L.V.) = 14 kg
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AN 5.2 waaHadNA 9 vInnInassumImd Ry definnwtens Tuiindi o

davensTuiln | dumsnnnsvadey R eq (ac) (C/phase) K,
1 P = 1.526(1')+ 0.2160 1.526 1
3 P = 1537(T") + 0.0956 1.537 1.007
5 P = 1.553(I") + 0.2802 1.553 1018
7 P = L574T") + 02871 1.574 1.032
9 P = L617(I') + 0.7310 1.617 1.06
11 P = 1.726(I") + 03756 1.726 1131
13 P = 1.825(1") + 0.1786 1.825 1.196
15 P = 1.969(1°) + 0.2096 1.969 1.29
17 P =2.182(I") - 0.1839 2182 143 |
19 P = 2.380(1") - 0.7097 2380 156

INHANITNANDLE 1A9NUFUNUSUD S Harmonic Ioad Factor #0818181 Tutinae

y.= 0.0023x" - 0.0169x + 1.0289 (5.1)

y M11004 Harmonic Load Factor
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Stopped 1999/05/08 171337
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1. 91PWA3§1U IEEE %50 IEC [1-3,7-8]

2. vnguupumsadiamand Fal8nnnemadeummimdigadodiosnings Tuiin

HULLENIRWIZ (individual harmonic) [31]

3. K-factor [33]
nnranmareuYesgilil 5.53 81555 mwsonSeudeufuransdnon 1ddsg1)

3 5.127 84 5.128

Famssnnaldmniinedan g dedo i
M Standard

Inputl Characteristic of Transformer at Rated load

Load loss at rated(P1_R),watt =350
Core loss at rated(Pcore_R),watt =171
Loss at tank at rated(Ptank _R),watt =0
Top oil rise at rated(Tor R),celsius =31

Winding to oil temperature different at rated (Tgr R),celsius = 13.5
Thermal time constant for oil(Time con) =3

Exponential power of total loss versus top oil temp. rise = 0.8
Exponential power of winding loss versus winding temp. risc = 0.8

Hot-spot factor(H) = 1.1

Input2 Step Load
Number of different load peroids for a day(N) = 1
Irms[P.U.] atloadstep [1] & 1.13

Time step[1] , hours = 9

s}juLﬁ'l Model

Inputl Characteristic of Transformer at Rated load
I rms per phase at nameplate(rated),amp = 8.78
Core loss at rated(Pcore_R),watt =77
Loss at tank at rated(Ptank R),watt =0

Resistance of ac at rated , ohm/phase 1.526

1l



]

Resistance of dc at rated , ohm/phase 1.457

i

Top oil rise at rated(Tor_R),celsius 31

Winding to oil temperature different at rated (Tgr_R),celsius = 13.5
Thermal time constant for oil(Time con) = 3

Exponential power of total loss versus top oil temp. rise = 0.8
Exponential povi;'cr of winding loss versus winding temp. rise = 0.8

Hot-spot factor(H) = 1.1

Input2 Step Load
Number of different load peroids for a day(N) = 1

Pload/phase at step [1], watt = 149.2
Irms/phase at step [1],amp = 9.88
Time step[1] ,hours = 9

UUUN3 K-factor
Inputl Characteristic of Transformer at Rated load

I rms per phase at nameplate(rated),amp = 8.78

Load loss at rated,watt = 350
Core loss at rated(Pcore_R),watt = 77
Loss at tank at rated(Ptank R),watt = 0
D.C Resistance , ohm/phase = 1.457
Top oil rise at rated(Tor_R),celsius = 31

Winding to oil temperature different at rated (Tgr R),celsius = 13.5
Thermal time constant for oil{Time con) = 3

Exponential power of total loss versus top oil temp. rise= 0.8
Exponential power of winding loss versus winding temp. rise = 0.8

Hot-spot factor(H) = 1.1

Input2 Step Load
Number of different load peroids for a day(N) = 1

Irms/phase at step [1],amp =~ 9.88
K-Factor at step [1] x 9.32

Time step[1] , hours =9
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Famasnnaldmniieedan g duielyil
uﬂnﬁl Standard
Inputl Characteristic of Transformer at Rated load

Load loss at rated(P1_R),watt =350
Core loss at rated(Pcore_R),watt =77
Loss at tank at rated(Ptank_R),watt =0
Top oil rise at rated(Tor_R),celsius =31

Winding to oil temperature different at rated (Tgr_R).celsius = 13.5
Thermal time constant for oil(Time_con) = 3

Exponential power of total loss versus top oil temp. ris¢ = 0.8
Exponential power of winding loss versus winding temp. rise = 0.8

Hot-spot factor(H) = 1.1

Input2 Step Load
Number of different load peroids for a-day(N) = 2

Irms[P.U.] atload step{1] =& 1.13

Time step[1] , hours = 9

Irms[P.U.] at load step [2] ~ 0.36

Time step[2] , hours =\

UBUN2 Model
Inputl_Characteristic of Transformer at Rated load

I rms per phase at nameplate(rated),amp = 8.78

Core loss at rated(Pcore_R),watt =77
Loss at tank at rated(Ptank_R),watt =0
Resistance of ac at rated , ohm/phase = 1.526
Resistance of dc at rated , ohm/phase = 1.457
Top oil rise at rated(Tor_R),celsius = 31

Winding to oil temperature different at rated (Tgr R),celsius = 13.5
Thermal time constant for oil(Time_con) = 3
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Exponential power of total loss versus top oil temp. rise = 0.8
Exponential power of winding loss versus winding temp. rise = 0.8
Hot-spot factor(H) = 1.1

Input2

Number of different load peroids for a day(N) = 2

Pload/phase at step [1], watt & 149.2

Irms/phase at step [1],amp &~ 9.88

Time step[1] , hours =9

Pload/phase at step [2], watt & 12.77
Irms/phase at step [2],amp ~ 3.15
Time step[2] , hours =

UUUA3 K-Factor
Inputl Characteristic of Transformer at Rated load

I rms per phase at nameplate(rated),amp = 8.78

Load loss at rated,watt = /350
Core loss at rated(Pcore_R),watt = 77
Loss at tank at rated(Ptank_R),watt =0
D.C Resistance , ohm/phase = 1457
Top oil rise at rated(Tor_R),celsius = 31

Winding to oil temperature different at rated (Tgr R),celsius = 13.5
Thermal time constant for oil(Time con) = 3

Exponential power of total loss versus top oil temp. rise = 0.8
Exponential power of winding loss versus winding temp. rise = 0.8

Hot-spot factor(H) = 1.1

Input2 Step Load
Number of different load peroids for a day(N) = 2

Irms/phase at step [1],amp =~ 9.88
K-Factor at step [1] X 932

Time step[1] , hours =9
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Irms/phase at step [2],amp = 3.15

K-Factor at step [2] ~ 2.1
Time step[2] , hours =4
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uuuii1 Standard
Inputl Characteristic of Transformer at Rated load

Load loss at rated(Pl_R),watt =350
Core loss at rated(Pcore R),watt =77
Loss at tank at rated(Ptank R),watt =0
Top oil rise at rated(Tor_R),celsius =131

Winding to oil temperature different at rated (Tgr_ R),celsius = 13.5
Thermal time constant for oil(Time_con) = 3

Exponential power of total loss versus top oil temp. risc = 0.8
Exponential power of winding loss versus winding temp. rise = 0.8

Hot-spot factor(H) =1.1

Input2 Step Load
Number of different load peroids for a day(N) = 3

Irms[P.U.] at load step [1] &~ 0.28

Time step[1] , hours =)7

Irms[P.U.] at load step [2] =& 1.13

Time step[2] , hours = 3

Irms[P.U.] atload step [3] =~ 0.63

Time step[3] , hours =3

UUUT2 Model

Inputl Characteristic of Transformer at Rated load
I rms per phase at nameplate(rated),amp = 8.78
Core loss at rated(Pcore R),watt = 77

Loss at tank at rated(Ptank R),watt =0



Resistance of ac at rated , ohm/phase = 1.526
Resistance of dc at rated , ohm/phase = 1.457
Top oil rise at rated(Tor_R),celsius = 31

Winding to oil temperature different at rated (Tgr R),celsius = 13.5
Thermal time constant for 0il(Time con) = 3

Exponential power of total loss versus top oil temp. rise = 0.8
Exponential power of winding loss versus winding temp. rise = 0.8

Hot-spot factor(H) = 1.1

Input2 Step Load
Number of different load peroids for a day(N) = 3

Pload/phase at step [1], watt =~ 8.5
Irms/phase at step [1],amp =~ 2.41

Time step[1] , hours = 7

Pload/phase at step [2], watt &~ 1492
Irms/phase at step [2],amp & 9.88
Time step[2] , hours =3

Pload/phase at step [3], watt = 46.42
Irms/phase at step [3], amp & 5.50
Time step[3] , hours =73

;ﬂl_‘uﬁa K-Factor
Inputl Characteristic of Transformer at Rated load

I rms per phase at nameplate(rated),amp = 8.78

Load loss at rated,watt =350
Core loss at rated(Pcore_R),watt = 77
Loss at tank at rated(Ptank_R),watt =
D.C Resistance , ohm/phase = 1.457
Top oil rise at rated(Tor_R),celsius = 31

Winding to oil temperature different at rated (Tgr_R),celsius = 13.5



Thermal time constant for oil(Time _con) = 3
Exponential power of total loss versus top oil temp. rise = 0.8
Exponential power of winding loss versus winding temp. rise = 0.8

Hot-spot factor(H) = 1.1

Input2 Step Load
Number of different load peroids for a day(N) = 3

Irms/phase at step[l],amp = 241
K-Factor at step [1] ~0.32

Time step[1] , hours = 7

Irms/phase at step [2],amp <~ 9.88

{

K-Factor atstep [2] 92

Time step[2] , hours =3

Irms/phase at step [2],amp = 5.50
K-Factor at step [2] ~ 481
Time step[2] , hours Fo. 3
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UuY# 1 Standard
Inputl Characteristic of Transformer at Rated load

Load loss at rated(P1_R),watt =350
Core loss at rated(Pcore_R),watt =77
Loss at tank at rated(Ptank R),watt =0
Top oil rise at rated(Tor_R),celsius =31

Winding to oil temperature different at rated (Tgr R),celsius = 13,5
Thermal time constant for oil(Time con) =3

Exponential power of total loss versus top oil temp. rise = 0.8
Exponential power of winding loss versus winding temp. rise = 0.8

Hot-spot factor(H) = 1.1

Input2 Step Load
Number of different load peroids for a day(N) = 3

Irms[P.U.] atload step[1] = 0.86
4

I

Time step[1] , hours

Irms[P.U.] at load step [2] =~ 1.13

Time step[2] , hours = 4

Irms[P.U.] at load step [3] ~ 0.63

Time step[3] , hours = 4

uyuﬁ; Model
Inputl Characteristic of Transformer at Rated load

[ rms per phase at nameplate(rated),amp = 8.78
Core loss at rated(Pcore_R),watt =77
Loss at tank at rated(Ptank_R),watt =0
Resistance of ac at rated , ohm/phase = 1.526
Resistance of dc at rated , ohm/phase = 1.457



Top oil rise at rated(Tor_R),celsius = 31

Winding to oil temperature different at rated (Tgr R),celsius = 13.5

Thermal time constant for oil(Time con) = 3

Exponential power of total loss versus top oil temp. rise = 0.8

Exponential power of winding loss versus winding temp. rise = 0.8

Hot-spot factor(H) = 1.1

Input2 Step Load
Number of different load peroids fora day(N) = 3

Pload/phase at step [1], watt =~ 88.03
Irms/phase at step[l],amp =~ 7.59
Time step[1] , hours =4

Pload/phase at step [2], watt &~ 149.2
Irms/phase at step [2], amp =& 9.88

Time step[2] , hours = 4

Pload/phase at step [3], watt & 46,42
Irms/phase at step [3], amp A 5.50

Il
Y

Time step[3] , hours

UUUN3 K-Factor

Inputl Characteristic of Transformer at Rated load

I rms per phase at nameplate(rated),amp = 8.78
Load loss at rated,watt = 350
Core loss at rated(Pcoré'_R),watt = 77
Loss at tank at rated(Ptank R),watt =0
D.C Resistance , ohm/phase = 1.457
Top oil rise at rated(Tor_R),celsius = 31

Winding to oil temperature different at rated (Tgr_R),celsius

Thermal time constant for 0il(Time con) = 3

138
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Exponential power of total loss versus top oil temp. rise = 0.8
Exponential power of winding loss versus winding temp. rise = 0.8

Hot-spot factor(H) = 1.1

Input2 Step Load
Number of different load peroids for a day(N) = 3

Irms/phase at step [1],amp =& 7.59
K-Factor at step [1] ~ 7.04

Time step[1] , hours = 4

Irms/phase at step [2],amp =~ 9.88
K-Factor at step [2] R 9.32
Time step[2] , hours = 4

Irms/phase at step [3], amp =~ 5.50
K-Factor at step [3] ' 4.81

Time step[3] , hours = 4
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_"( input data and vary step load of STANDARD .

If_select STANDARD.
Calculate Total power loss at rated and ratio load loss at rated
per no load loss at rated (R).

if select MODEL.

Calculate power loss at rated and power loss for each stepload. |

f select K-FACTOR.
Calculate power loss at rated and power loss for each step load.

—_——

y

input Ambient temperature (parameter for the double-sinusoidal variation)
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[ Seioo STANDARD |
I

Equation (2.32),(2.33

Calculate Top oil temperature | Equation (2.32).( ):

]
rise at the end of each time [‘;i)r Select MODEL :

interval ‘i | Equation (2.37).(2.33)
|

:§eagct K - FACTOR |
| Equation (2.37),(2. 33)'

frr==s ] // . N

| o
Set inittial top-oil tem- | No ﬁop—oil temperature rise at .
perature rise equal to end of load cycle within 0.01 celsius >

final temperature \\ of top oil temperature rise .~
] ~ at start? P

\\ .‘/‘.//
B L
\,r‘(es
For j varying from 1 to 365 day

5

Time=0
Loss of Life=

v

For n varying from 1to N

l” ]

For t varying from 10 to tn ‘ (Number of hour per Load 1 step)

(Number of day per 1 year)

Y

4

‘] (Number step of Load per 1 day )

Y

®

y

Calculate and Save data '

1. Top oilrise [ Equation (2.33)]
2. Hottest-spot rise [ Equation (2.33)+2.23(IEC)] |
3. Ambient temperature [ Equation (2.29)]

4. Top oil temperature [ Equation (2.33)+(2.9)]

5. Hottest-spot temperature [ Equation (2.33)+2.23(IEC)+ (2.9) ]

v o L]
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Input data STANDARD

Input data MODEL

Input data K - FACTOR

5 Load loss at rated(PLL_R/3 phase),watt I rms/ phase at nameplate(rated),amp I'rms/ phase at nameplate(rated) amp

2. Core loss at rated(Pc_R/ 3 phase),wat Core loss at rated(Pc_R/3phase),watt Load loss at rated (PLL_R/3phase),watt

= Loss at tank at rated(Ptank_R/3phase),watt Loss at tank at rated(Ptank_R/3phase)watt Core loss at rated(Pc_R/3phase),watt

4. Top oil rise at rated(Tor),celsius Resistance of ac at rated (Rac) , ohm/phase Loss at tank at rated(Ptank_R/3phase),watt

5. Winding to oil temperature different at rated (gr),celsius Resistance of dc at rated (Rdc) , ohm/phase Resistance of dc at rated (Rdc) , ohm/phase

6. Thermal time constant for oil (T0) Top oil rise at rated(Tor),celsius Top ol rise at rated(Tor),celsius

7. | Exponential power of total loss versus top oil temp. rise Winding to oil temperature different at rated (gr),celsius Winding to oil temperature different at rated (gr),celsius
2 Exponential power of winding loss versus winding temp. rise Thermal time constant for oil (T0) Thcmlai time constant for oil (T0)

9, Hot-spot factor(I) Exponential power of total loss versus top oil temp. rise Exponential power of total loss versus top oil temp. rise
10. | Maximum Top oil(To_max),celsius Exponential power of winding loss versus winding temp. rise Exponential power of winding loss versus winding temp. rise
11. | Maximum hot-spot(Ths_max).celsius Hot-spot factor(H) Hot-spot factor(H)

12, - Maximum Top 0il{To_max),celsius Maximum Top oil(To_max),celsius

13. 2 Maximum hot-spot(Fhs_max) celsius Maximum hot-spot(Ths_max).celsius

Input data step load Input data step load Input data step load

1. Number of different load peroids for a day(N) Number of different load peroids fér aday(N) Number of different load peroids for a day(N)

2. | Ims[P.U] atload step [n] Pload/phase at step [n], watt Irms/phase at step [n], amp

n Time step[n] , hours Irms/phase at step. [n]. amp K-Factor at step [n]

4. Time step{n] , hours Time step[n] , hours

¥61
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STANDARD MODEL K - FACTOR
B =(PLL_Rf3¢)+PC_R+Ptank_R P RIG=1’gRy g Pr gr =(PLL_R/3¢)+PC_R +Pank R
2. R=[+ i 5 Pee _R=FgRg R Pie R =1’gRy R
Pc R +Pank Rr)
3. Pecw | R ={PLL R718)-Poc & Pycln]=12,dn] xRy g
4. Pecw_.R P il pdc [n]
{AFROFRRN= 4( e J | Py (pu)n] R
Pp. g = (3-PLL_R/1¢)+ Pec R+Pask R PLL/I¢[“]=1K"FaCtor)'F)-OzXPdc_R_l}
3. +Pdc[n]
6. Pac [n]=1fns [n]x Ry r Prln]=3(Pee/1o[0])+ Pc R +Punk &
Puin
Pdc(P-lL)[ﬂ]= PdC[f]{
J oyl
8. PT[“]=3-(PLL/[¢[HD+ PC R *+Pank R
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Power Loss (Watts/Phase) of Harmonic
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a15Tudin | K-Factor 1 3 E 7 9 11 13 15 17 19 | Total
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1. 5udhg Tdsunsu

e b n e

2. wengluuuitdeans 14

1. STANDARD
2. MODEL
3. K-FACTOR
4. QUIT
Plase you select 1,2,3,4 == )

3.1@8ng1uy STANDARD uae ldfmsiiimesanavosmsioutlos

HARACTERISTICS FORM
Load Iosé at mted(Pl;R),wn =350
Core loss at rated(Pcore_R),watt =77
Loss at tank at rated(Ptank _R),watt =0
Top oil rise at rated(Tor_R),celsius =31

Winding to oil temperature different ut rated (Tgr R),celsius = 13.5
Thermal time constant for oil(Time_con) = 3

Exponential power of total loss versus top oil temp. rise = 0.8
Exponential power of winding loss versus winding temp. rise = 0.8
Hot-spot factor(H) =11

Maximum Top oil(To_max),celsius =115

Maximum hot-spot(Ths_max),celsius = 150
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4, denvinainauazifionvunslinvesrntsveguugliiuvesunain veansioutln

Selection=1=0r=2==> 1

5. larsgdu Ivaauazdrnaived Ivaaudazseay

Number of different load peroids for a day(N) = 3
Irms[P.U] at load siep [1] = 0.557
Time stepf1] , houss =2

Trmns{P.U] at load step [2] = 1.4882
Time step[2] , hours = 14

Irms[P.U] at load step [3] = 0.9093
Time step[3] , hours =8

6. ldsmvesgumgiinadon

Tay is the yearly average ambient temperature in(Celslus) = 40

A is the amplitude of yearly variation of daily mean ambient temperature in(Celslus) = 11
B is the amplitude of daily variation for aging-rate calculation (Celslus) = 6

DX is the hottest day of a year =110

TX is the hottest hour of a day =14
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7. wadwivesmssnnumegigydouaregmsiFnuvomdoulas

Total Loss of life = 0.108273

Life(hour) = 80906.695312
Life(day) = 3371.112061
Life(year) = 9235924

D =Results display s Any Other Keys = Continue

4 . *
8. @eonunfidesnsuaaifig

Display selection = 1,2,3,4,5,6,7 =>

3 ¥ ¥ . ’
9. MonuanIwAveIguMliiussnhud LY dwas Tuefit e

Top oil Temperature rise (Celseus) at time(1,1) =
Top oil Temperature rise (Celseus) at time(2,1) =
Top oil Temperature rise (Celseus) at time(1,2) =
Top oil Temperature rise (Celseus) at time(2,2) =

Top oil Temperature rise (Celseus) at time(4,2) =
Top oil Temperature rise (Celseus) at time(5,2) =
Top oil Temperature rise (Celseus) at time(6,2) =
Top oil Temperature rise (Celseus) at time(7,2) =
Top oil Temperature rise (Celseus) at time(8,2) =
Top oil Temperature rise (Celseus) at time(9,2) =

Top oil Temperature rise (Celseus) at time(3,2) =

25466539
22.759508
31.581482
37.902702
42.432053
45.677475
48.002922
49.669178
50.863102
51.718586
52.331566
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Top oil Temperature rise (Celseus) at time(10,2) = 52.770786
Top oil Temperature rise (Celseus) at time(11,2) = 53.085503
Top oil Temperature rise (Celseus) at time(12,2) = 53.311005
Top oil Temperature rise (Celseus) at time(13,2) = 53.472584
Top oil Temperature rise (Celseus) at time(14,2) = 53.588364
Top oil Temperature rise (Celseus) at time(1,3)= 46.172352
Top oil Temperature rise (Celseus) at time(2,3) = 40.858547
Top oil Temperature rise (Celseus) at time(3,3) = 37.051041
Top oil Temperature rise (Celseus) at time(4,3) = 34.322842
Top oil Temperature rise (Celseus) at time(5,3) = 32.368004
Top oil Temperature rise (Celseus) at time(6,3) = 30,967300
Top oil Temperature rise (Celseus) at time(7,3) = 29.963652
Top oil Temperature rise (Celseus) at time(8,3) = 29.244507

A o A WA~Fr (v P~
10. lﬁﬂﬂuﬁﬂQﬂﬂ‘UﬂqE}ﬂl”qul‘"uﬂﬁ%’ﬂ“iﬂﬂﬂqn?ﬂﬂ']uﬁl ﬁ‘iliﬂ‘“’)IﬂQ‘ﬂl 0424

Hottest spot rise (Celseus) at time (1,1) = 31.288841
Hottest spot rise (Celseus) at time (2,1) = 28.581810
Hottest spot rise (Celsens) at time (1,2) = 59.634819
Hottest spot rise (Celseus) at time (2,2) = 65.956039
Hottest spot rise (Celseus) at time (3,2) = 70.485390
Hottest spot rise (Celseus) at time (4,2) = 73.730812
Hottest spot rise (Celseus) at time (5,2) = 76.056259
Hottest spot rise (Celseus) at time (6,2) = 77.722511
Hottest spot rise (Celscus) at time (7,2) = 78.916435
Hottest spot rise (Celseus) at time (8,2) = 79.771919
Hottest spot rise (Celscus) at time (9,2) = 80.384903
Hottest spot rise (Celseus) at time (10,2) = 80.824120
Hottest spot rise (Celseus) at time (11,2) = 81,138840
Hottest spot rise (Celseus) at time (12,2) = 81.364342
Hottest spot rise (Celseus) at time (13,2) = 81.525917
Hottest spot rise (Celseus) at time (14,2) = 81.641701
Hottest spot rise (Celseus) at time (1,3) = 58.926693
Hottest spot rise (Celseus) at time (2,3) = 53.612888
Hottest spot rise (Celseus) at time (3,3) = 49.805382
Hottest spot rise (Celseus) at time (4,3) = 47.077183
Hottest spot rise (Celseus) at time (5,3) = 45.122345
Hottest spot rise (Celseus) at time (6,3) = 43.721642
Hottest spot rise (Celseus) at time (7,3) = 42.717991
Hottest spot rise (Celseus) at time (8,3) = 41.998848

252



253

11. ifenueaninavsigumngiinandouvesiuil 110

From start of day(J) = 110
To endofday (J) = 110

o d &l i
12. MIUAAIHAYBIRUHYTLINABUYDIIUN 110 Ronnadss Taeil e 24

Ambient Temperature (1,1,110) = 45204445
Ambient Temperature (2,1,110) = 45.000000
Ambient Temperature (1,2,110) = 45204445
Ambient Temperature (2,2,110) = 45803848
Ambient Temperature (3,2,110) = 46.757359
Ambient Temperature (4,2,110) = 48.060000
Ambient Temperature (5,2,110) = 49.447086
Ambient Temperature (6,2,110) = 51.000000
Ambient Temperature (7,2,110) = 52.552914
Ambient Temperature (8,2,110) = 54000000
Ambient Temperature (9,2,110) = 55.242641
Ambient Temperature (10,2,110) = §6.196152
Ambient Temperature (11,2,110) = 56795555
Ambient Temperature (12,2,110) = 57.000000
Ambient Temperature (13,2,110) = 56.795555
Ambient Temperature (14,2,110) = 56.196152
Ambient Temperature (1,3,110) = 55.242641
Ambient Temperature (2,3,110) = 54.000000
Ambient Temperature (3,3,110) = 52.552914
Ambient Temperature (4,3,110) = 51.000000
Ambient Temperature (5,3,110) = 49.447086
Ambient Temperature (6,3,110) = 48.000000
Ambient Temperature (7,3,110) = 46.757359
Ambient Temperature (8,3,110) = 45802219
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13. ionuansravesgungiiniud iy vosui 110 vosTnandud 1 593

From start of day(J)
To end of day (J) = 110

110

]
o

From Step Load (n) start at
To Step Load (n) end

]
w

¥ v v ]
14. M3UaAIWAYDIRAMII A MDY Yo TR 110 ¥osTnandui 1593

Top oil Temperature (Celseus) at tiroe (1,1,110)= 70.670982
Top oil Temperature (Celseus) at time (2,1,110) = 67759506
Top oil Temperature (Celseus) at time (1,2,110) = 76.785927
Top oil Temperature (Celseus) at time (2,2,110) = 83.706551
Top oil Temperature (Celseus) at time (3,2,110) = 89.189407
Top oil Temperature (Celseus) at time (4,2,110) = 93.677475
Top oil Temperature (Celseus) at time (5,2,110) = 97.450012
Top o1l Temperature (Celseus) at time (6,2,110) = 100.669174
Top oil Temperature {Celseus) at time (7,2,110) = 103.416016
Top oil Temperature (Celseus) at time (8,2,110) = 105 718582
Top oil Temperature (Celseus) at time (9,2,110) = 107.574203
Top oil Temperature (Celseus) at time (10,2,110) = 108.966934
Top oil Temperature (Celseus) at time (11,2,110) = 109.881058
Top oil Temperature (Celseus) at time (12,2,110) = 110.311005
Top oil Temperature (Celseus) at time (13,2,110) = 110.268143
Top oil Temperature (Celseus) at time (14,2.110) = 109.784515
Top oil Temperature (Celseus) at time (1,3,110) = 101.414993
Top oil Temperature (Celseus) at time (2,3,110) = 94.858551
Top oil Temperature (Celseus) at time (3,3,110) = 89.603958
Top oil Temperature (Celseus) at time (4,3,110) = 85.322845
Top oil Temperature (Celseus) at time (5,3,110) = 81 815094
Top oil Temperature (Celseus) at time (6,3,110) = 78.967300
Top oil Temperature (Celseus) at time (7,3,110) = 76.721008
Top oil Temperature (Celseus) at time (8,3,110) = 75.046722
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From start of day(J) = 110
To endofday () = 110

]
—

From Step Load (n) start at

]
w

To Step Load (n) end

) Y -3 ar n:'I o‘; :;
16. BNILAAIHAYBIRUNRIIAI DUGAYBIAIAA NI YOI TUN 110 ¥os Traadud 1 §a 3

Hottest-spot (Celseus) at time (1,1,110) = 76.493286
Hottest-spot (Celseus) at time (2,1,110) = 73.581810
Hottest-spot (Celseus) at time (1,2,110) = 104.839264
Hottest-spot (Celseus) at time (2,2,110) = 111.759888
Hottest-spot (Celseus) at time (3,2,110) = 117.242752
Hottest-spot (Celseus) at time (4,2,110) = 121.730812
Hottest-spot (Celseus) at time (5,2,110) = 125.503342
Hottest-spot (Celseus) at time (6,2,110) = 128.722504
Hottest-spot (Celseus) at time (7,2,110) = 131.469345
Hottest-spot (Celseus) at time (8,2,110) = 133.771912
Hottest-spot (Celseus) at time (9,2,110) = 135.627548
Hottest-spot (Celseus) at time (10,2,110) = 137.020264
Hottest-spot (Celseus) at time (11,2,110) = 137.934387
Hottest-spot (Celseus) at time (12,2,110) = 138.364349:
Hottest-spot (Celseus) at time (13,2,110) = 138321472
Hottest-spot (Celseus) at time (14,2,110) = 137.837860
Hottest-spot (Celseus) ai time (1,3,110) = 114.169334
Hottest-spot (Celseus) at time (2,3,110) = 107.612885
Hottest-spot (Celseus) at time (3,3,110) = 102.358292
Hottest-spot (Celseus) at time (4,3,110) = 98.077179
Hottest-spot (Celseus) at time (5,3,110) = 94.569427
Hottest-spot (Celseus) at time (6,3,110) = 91.721642
Hottest-spot (Celseus) at time (7,3,110) = 89.475349
Hottest-spot (Celseus) at time (8,3,110) = 87.801071
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P

Total Loss of life = 0.108273

Life(hour) = 80906.695312
Life(day) = 3371.112061
Life(year) = 9.235924

Print Z Any Other Keys = Continue

18. Wennsdsmangiu@y viendy hluydeadonghumtu 4

1rms per phase at nameplate(rated),amp = 8.776
Core loss at rated(Peore_R),walt =177
Loss at tank at rated(Ptank_R),watt =0
Resistance of ac at rated , ohm/phase = 1.526
Resistance of do at rated , ohm/phase =1.457
Top oil rise at rated(Tor_R),celsius = 31
Winding to oil temperature differentatrated (Tgr_R),celsius = 13.5
Thermal time constant for oil(Time_con) = 3
Exponential powerrof total loss versus top oil temp. rise = 0.8
Exponential power of winding loss versus winding temp. rise = 0.8
Hot-spot factor(H) =11
Maximum Top oil(To_max),celsius =115
Maximum hot-spot(Ths_max),celsius = 150
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20. ldaszau Tnaauazerenaves Inanudaz seay

Number of different load peroids for a day(N)= 3
Pload/phase at step [1], watt = 36,86
Irms/phase at step [1],amp = 4.889

Time step[1] , hours =2

Pload/phase at step [2], watt = 262.52

Irms/phase at step [2],amp = 13.06
Time step[2] , hours = 14
Pload/phase at step [3], watt = 98416

Irms/phase at step [3], amp = 7.98
Time stepl3] , hours =8

21. wadniyesmssrumeghgydonazoigmsiduvesiaiila

Total Loss of life = 0.118710
Life(hour) = 73793.289062
Life(day) = 3074720215
Life(year) = 8.423891
D =Results display : Any Other Keys = Continue

22. iiengUuy K-FACTOR tazldmmnadinesene q veandeutlag

8.776

1 rms per phase at nameplate(rated),amp

Load loss at rated,watt =350
Core loss at rated(Pcore_R),watt =177
Loss at tank at rated(Ptank R),watt =0
D.C Resistance , ohm/phase = 1.457
Top oil nise at rated(Tor_R),celsius = 31

Winding to oil temperature different at rated (Tgr_R).celsius = 13.5
Thermal time constant for oil(Time_con) = 3

Exponential power of total loss versus top oil temp. rise = 0.8
Exponential power of winding loss versus winding temp. rise = 0.8
Hot-spot factor(H) = L1

Maximum Top oil(To_max),celsius = 115
Maximum hot-spot(Ths_max),celsius = 150




23. ldasedy Inanuazaranmved Inanudas sy

o & 5 ﬂ A i
24. wodwininasAnon deseguugiivessadniuurfidad 150 °c

o o ° ' = = £ & o
25. WadwivesnIRuAInghgadeuaseigns idrvesmleulos diefmuaw-

Number of different load peroids for a day(N) = 3
Irms/phase at step [1],amp = 4.889

K-Factor at step [1] = 35315

Time step[1] , hours =2

Imms/phase at step [2],amp = 13.06
K-Factor at step [2) = 22368
Time step[2] , hours = 14
Irms/phase at step (3], amp = 7.98
K-Factor at step [3] =-12.775
Time step{3] , hours =8

Hot-spot = 151.462158 > Maximum Hot-spot = 150.000000
Press Any keys

limeigungiiyadougavosnlndniminndi 150 °c

Total Loss of life = 0.610991
Life(hour) = 14337.360352
Life(day) = 597390015
Life(year) = 1.636685

D = Results display 3 Any Other Keys = Continue
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..“I — B * — - e
[ w 7 J USuN wodRvumshiih $10m
e LA PHONGPIMARN ELECTRIC CO., LTD.
42/1 wy 3 n. Sowndou 0. NITYULY 9. AYNTAINT 74130  TnIfmi. 420-8038-9 , 811-0091-4 Tnyms. 420-0356
42/1 Moo 3 Omnoi , Kratumban , Samutsakomn 74130 Tel. 420-8038-9 , 811-0091-4 Fax. 420-0356

Specification

Transformer 10 kVA 3 Phase 50 Hz
Rate Voltage HV Voltage 380 V
LV Voltage 220V
Vector Group Dyn 11
Insulation Class A

Cooling Type ONAN

1. Winding Data

Description : HV winding LV winding

1 Diameter of conductor (mm.) 1.8 32

2 Current density (A/sg.mm.) 3.45 3.26

3 Turn 239 80

4 Winding resistance (ohms)

Terminal
A-B 0.440 0.120
B-C 0.440 0.121
C-A 0.445 0.121
Average 0.4416 0.1206
2. Core Data

1 Core Area 40.904 sq.cm. 4 Flux density 1.7485 Tesla

2 Core material M5 5 Total weight 43 kg.

3 Sheet Thick 0.3 mm.

3. Tank dimension

1 Internal width 220 mm. 4 Tank &fitting 49  kg.
2 Internal length 530 mm. 5 Volume of o 35 litre
3 Internal height 425 mm.

4. Characteristic
1 No load loss 77 W 4 Efficiency 95.73 %
2 Load loss 350 W 5 Voltage regulation 3.31 %

3 Short circuit imp. 4.17 %
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¥
. Harmonic meter 848 CHAUVIN ARNOUX §u True rms F25
. Digital oscilloscope 80 YOKOGAWA §M DL 520 8bits 200 ms/s 150 MHz

Temperature indicator ‘gﬁﬂ DIGICON iu ID-7

Portable Three-Phase Wattmeter TH0 YOKOGAWA {1 2042
Multimeter 30 FLUKE model 87

Clam-on AC Power meter §%0 YOKOGAWA {1 2433
Micro Ohmmeter §1{6 AEMC 11 5600
yanagoundoutlasing lifiu 2500 KVA

Variac 3 phase, 50 KVA :

261



262

S8Y

buisnoy

ww (@)9zl X M)zL X (R)zzL

suoisuawIg

1££-SI pup /-g| 105 ‘Bopg
'L—0) 40} "bQLg xoiddy

wbem 38N

VAE UDL3ssa

uolAdINSUDD JBAMOY

%58 9} Sf

Alpiwiny jusiquuy

J, 0S~0

aumbiadway. Jusiqury

(edfy "@'L'y) g o3 dn juswisnfpp pasu op

(2d5y ajdnosowiay] ) 0oL o3 dn jyuaunsnipo pasu oy

8OUD)SISB) [DUJIIXT

abbjjon pajol Jo ¥%oLT uoyj ssaT

uol3pubA Ajddng

'ZHO9/0S 'Payioads sanayoium
AOYZ/0ZL Jo ADZZ/OLL 40 AOOZ/00L OV

Aiddng Jamoy

(3ndu; deys .oy) oas gy xouddy

awy) ssuodsay

uonnjosay

J, 6F O, ¢ @usmpiaduwie} jusiquiy

sumoiadwa)
paupjupw £o0inooy

WBIP 1+ S'4 40 %S0F

Aopunssy Bupyasg

(am¢) BooL—3d a'Ly
(¥dd (Pl Cad_o u_a:ouoctwﬁ

‘pbay ou mmou bn..tubxo b1l mc_on sSnNy) ‘souaz

Bujpoa) jo Aojdsip (s3upjq) wsayshs uoissauddns ouaz
‘AYArpsuss R Ao0un330 jusjjpaxa 264o) 10) *Aoidsip
103161p Q37 poa1—0}—AsD3 *40303jpu; }o0dwod ybnoyyjy

1nduj

Apydsig

SuUCljDI109adS pJDpUD}S

LIN3IWNYLSNI

ﬁ e
e | EER
‘® ® @ @W&E%
,@ @g@ : :
f ] [Fefe

3dAl 31dNODOWH3HL
HOSN3S

ﬁ

'AOZZ A1ddNS H¥3MOd QY

O

aly jo 2sod 3yl u|

‘A0ZZ AddNS ¥3M0d OV

(=

O

ajdnosounay] 4o 203 Y} U|

L—Q@l uoidsuuo) Bulim g



263

Instruction 2042
_Manual B Portable Three-Phase Wattmeter

YOKOGAWA + IM 2042-E

Yokogawa Instruments Corporation 4&th Edition

SPECIFICATIONS Characteristics:

Technical specifications and charateristics are 81 Self-heating effect  : Approx. within £0.25%

follows: ; Extarnal temperature

Model 1 2042 effecu : Approx. within 20 3%/10°C

Class 1 IS C1102 0.5 class External magnetic ;

Accuracy t 4 0.5% of full scale value field effects 1 Approx. within £1%/lor

Over-all dimensions : Approx. 180 x 260 x 140 mm 400A/m (5 Oe)

Scale length t Approx, 135 mm Frequency response @ DC, 25 - 1,000Hz

Scale divisions *© ;120

Power factor eflect : Approx. within £0.5%,
power factor from 110 0.5

Over-losd capacity : Voltags giccuit:
ceinsseriee 5% 0f rated input

Current circuit:
vnssnnnes 100% of rated input
Table 1 Ratings, Internal Impedance, and Rated Power loss VA

" Internal Raterd Power
[}
s oy Impedance Tous VA
Approx 12.000 1T | Approx 1.2VA
Voltage [120V st s e
Current Wov | - 24000 -
02A] 48W /| 9SW| " 1635 -
0A |- i
9 14 200w isow
1A | 240w | 48O W
1 i
A a1 2kw | 2aRW
woen | BA[120w] 20w
Al oxw| 17cw
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* 14-Pin DIP See Fig. 06 ]

ECG40138
Dual D" Flip-Flop with Set/Reset, Vpp=3V to 15V

Voo az :+] CLOCKZ RESET2Z  DATA2 SEV2
14 12 1" 10 1 ]

FIF FIF

1 2

| l

1 ] ‘ 5 ] I 7
a1 i CLOCK ) RESET1  DATA1 SET1 A3

ECG4022B:

OECODED OUTPUT *1~
OECODED OUTPUT 8~
DECODED QUTPUT 7"
DECOCED QUTPUT “5~
DECODED OUTPUT 5

NC
DECODED QUTPYT "2

Vss

16-Pin DIP See Fig. D8
Counter/Divider, Vpp=3V to 156V

U

o L 0 L3 CO L

FlrlIl=1

=1z 1

Yoo

RESET

cLock

CLOCK ENABLE
CARRY QUT
DECODED QUTPUT "6
DECODED QUTPUT 1"

NC
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Designers™ Data Sheet

Insulated Gate Bipolar Transistor
N-Channriel Enhancemeni-iiode Silicon Gate

This Insulated Gate Eipolar Transistor (IGBT) uses an advanced
termination scheme to provide an enhanced and reliable high

MGF20NGOD

Motorata Preferred Device

IGBT IN TO-220

i 5 20 A @ 90°C
voltage-blocking capability. Short circuit rated IGBT's are specifi- 32 A @ 25°C
cally suited for applications requiring a guaranteed short circuit 600 VOLTS

withstand time such as Motor Control Drives. Fast switching
characteristics result in efficient operation at high frequencies.

Industry Standard TO-220 Package

High Speed E,fj: 60 pJ per Amp typical at 125°C
High Short Circuit Capability ~ 10 ps minimum
Robust High Voltage Termination

Robust RBESOA

SHORT CIRCUIT RATED

c
G
E
CASE 221A-06, Style 9
TO-220AB
’
MAXIMUM RATINGS (Tg = 25°C unless otherwisa noted)
Rating Symbol Vaiue Unit
Collector-Emitter Voltage VcEs 800 Vde
Collector-Gate Voltage (Rge = 1.0 MQ) . VcGR 600 Vde
Gate-Emitter Voltage — Continuous Vge £20 Vde
Collector Current — Continuous @ T = 25°C Ic2s 32 Adc
— Conlinuous @ Tg =90°C Icao 20
— Repetitive Pulsed Current (1) o 64 Apk
Total Power Dissipation @ Tg =25°C - Pg 142 Watls
Derate above 25°C 1.14 WrC
Operating and Storage Junction Temperature Range ; Ty Tstg =5510 150 °C
Short Circuit Withstand Time e 10 us
(Voo = 360 Vdc, VGe = 15 Vde, Ty=25°C, Rg =20 0)
Thermal Resistance — Junction to Case - IGBT =~ - 3 Raic & 088 *CW
= Junction to Ambient RaJa €5
Maximum Lead Temperature for Soldering Purposes, 1/87 from case for 8 seconds &L 260 *C
Mounting Torque, 6-32 or M3 screw 3 10 Ibfein (1.13 Nem)

(1) Pulse width s limited by maximum junction temperature.

Designer's Data for “Worst Case” Conditions — The Designer's Dala Shael parmits the design of most cireuits entirely from the information presented. SOA Umit
curves — representing boundaries on device characleristics — are given lo facilitate *worst case” design.

Preferred devices are Motorola recommended choices for future use and best overall valus.

@ MOTOROLA
© Motorola, Inc. 1995
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Testing of temperature at conductor and oil of Mineral-
Oil-Immersed Transformer in order to be the criterion
for transformer design

Siriwich Tadsuan', Vijit Kinnaresz, Nitad Kritsanajinda’, Sulee Banjongjit‘

King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520

Boonlert Suel:hm-.y2

South-East Asia University, Bangkok 10160

Abstract

The design of transfonncg: should be paid on the consideration of temperature at conductor
and oil because when the transfonﬂcr is in normal state or overload, the temperatures at these areas
are not equal. So, the consideration at conductor and oil for designing will enhance a reasonable cost
transformer.

This paper proposes temperature tésting of conductor at high voltage part, low voltage part
and oil. Temperature testing is operated at any level of oil-immersed transformer. This testing
includes short circuit test at secondary part, then generates current with total loss in order to compare
with real load testing. If both testings are relevant, it is useful for the test of large KVA transformer
because the cost of providing load and electrical energy will be reduced. The specific parameter and
relations among heat at any location and are useful for design, protection of over temperature,
prediction of temperature, determination load for transformer shall be known and advised to be the

criterion for designing the successive transformer.

' Graduate Student, Department of Electrical Engineering
zLecturer, Department of Electrical Engineering
’ Assistant Professor, Department of Electrical Engineering

*Associate Professor, Department of Electrical Engineering
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