Mumsoura Enginesring Joumal Vol 20, No. 4, December, 1993 El

Jom il Jojme ohed 8)u m ol [ ok Guboss a9l
il ) bl
EXPERIMENTAL INVESTIGATIONS OF THE STREAMING

CURRENT PHENOMENON IN A PRACTICAL OiL-INSULATED
DISTRIBUTION POWER TRANSFORMER

By
M. M. I. EI-SHAMOTY
Llectrical Power & Machine Department
Faculty of Engineering
Mansoura University
EGYPT

Tr = Y e i e e T s o g b o 1 pty e M|
M b oSk o gl Ll ey dand By e Sype P TA DS
b i g Jandt g Jpnall iedidht dgry o Dy 36 o Jo B0y TR Jandl O3 b Lot bl
gt
ot Sl ) o gt Ay el ot a3 prall o o gl e o7
Ay 0 S B g8 D b S Lty N o Ly e s
= N B ] ety el e o A U L B
Al Jandl 31 Wl i) 1 g3 ) WS 20 Jpnalle g IV NE U e
S Sl 0L s NN sl J 2 (D el ke S 0y el )i Bl e
P
o S s el et U Y g e i by otz
RIVEN FORE TR PO RS
Al fpdich 2gr 31 WS Sy g p N GY A5 .
il o By Bty oS s Joladt ki e b e ) STl Y U O il .
e

Abstract:

This paper introduces Ihe resulls of experimental inveshigations of the
strcammg current phenomenon m a practical oil-insulated 200 kVA, 33
kV/AR0 V distnbution power transformer. A modification of ail path made it
possible to mvestigate (he most important factors affecung the stauc
electrificalion of ol e oil Now velocity, energization, loading current and
temperature up lo  50°C. The results are of great importance for both
manufactures and utilities.
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Intreduction t

Recently, stalle electrificatlon resultlng of flewing all in
power Lransformers has become nr a major importance for manufacl-
ures and users 111, Mumerous fallures of power Lransformers as
wall as observed Lraces of eroslon and discharges on Lhe surface
of Insulating malerlals have been atirlbuted te this phencmencn
{2-4). The contact of streaming high resistivity oll on Lhe selld
gsurface of Lhe highly dried paper generates a static elecirifica~-
Lion which can produce discharges and Lhen affect Lhe lnsulallon
of Lhe design 151. This can be consldered as a side effect Lo Lhe
forced circulation of oll in order Lo remove efficlently Lhe heat
generated by lron and copper losses.

. o

Experimental investigations of some paramelers aflfeclLing Lhe
stalic elecirification phenomenon have been undertaken wusing
simple closed and open cycle arrangemenils Lo enable Lhe
caleculation of the eleciric lfield sitrengths additionally 16-10)
The complexity of Lhe transformer silructure makes It difficult Lo
investligale Lhe static elecirificalion which can be lnvolved [111].

In Lhis work, a modiflication of Lhe oil palh in an actual
power Lransformer, made lL possible Lo invesLligale Lhe most
important factors affecLing this phenomenon. Thereby, oll flow
velocity, energlzalion, oil quality, Lemperature up te S0°C and
loading curreni have been taken lnito conzsideration.

Experimental Procedure 1

An actual power distribulion \ransformer of 200 kVA, 3.2
kV-3B0 V rating has been used Lo investigate Lhe slreaming current
produced by Lhe static electrification of Lhe Ltransformer oll. A
modificatlon of Lhe palh made L possible Lo contral Lhe
Intentionally circulation of oil.

Figure C1) shows a schemalle diagram of Lhe Lransformer under
test and Lhe modified oil path. The oil flow wvelocity has been
measured via a venturimeLer and controlled by means of closing and
opening Lhe wvalves in Lhe bypass, The Lransformer was
elecirically insulated from Lhe resL of Lhe cycle and ground.
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Fig.€1) 1 Schemallic Diagram of The Transformer
Under Test Wilh Modified Ol1 Pass.

The eleciriflication current s measured from Lank andsor Lhe
neutral on Lhe low wvoltage side An elecLromeler capable af
measuring down te 10 '* ampere has been used teo measure Lhe
streaming current. Double shieldling of the elecirometer and
connecling cable has been ensured Lo avoid any extiernal
interference by Lhe measuring.

To Lake Lhe Influence of oil aging on Lhe electrification
current Inlo conslderatlon, fresh and aged ail have been
individually used. The chemlical and eleclrical prppertles of balh
oil Lypes have been carefully lnvestigaled under Lhe different
operating Lemperatures. Table €13 indicaies tLhe resulis of
properLy Lests. The same resulls are elucidated Iin Figs.C2) & (3,

An elecirlical heater supplied from a Lhres phase. 380 V, SO Hz
povwer supply has been used Lo heatl Lhe <oll under Lest,
AddiLionally Lo Lhe healer, short-circulling the low voliage =zide
of Lhe L-ansformer al 250 ampere shorb-clreult currenl has been
used Lo acceleralte Lhe oll Lemperature Lncreasing.
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TABLE €13 1 The Physiecal Properlies of Aged and Fresh
04l used In the Power Transformer.

] ifteation Values
UL Tﬂp.:]ri:-unn Yalues Spec calion
of Fresh 011 of Aged 041
Gielmctiric El.rtnui.ﬁ..
2.9 mm mL er kY 10 kY
35 ZH.5 12
l 40 an 13.%
45 32 19
=1 35 18
Viscoslty * at 30"cC 90 Sec o1 Sec
a5 70 L1
40 B2 iz
A5 = 48
50 s0 43
= Flash Patmt** 1680 “C wmin 14 °C min
Epﬂirl;uﬂlé:ﬂtr at 0. 87s 0. 870
Talal “;&:’n mg of 0. 200 0. 080

# The Yiscosily ls measured by m ¥iscomsbler 1.P. 7T0-48
British made.

#% Tha Flazh Poinl is mesasured by rﬁm-mm Flazh PaoinL meler
Britlish made.

Besulls and Discussians

IL Is well known Lhat, Lhe inswlalion of a power Lransforser
is a complicated composile assewbly of solid insulation and all.
Thi= assembly of Insulalion iz subjected Lo non-uniform fleld
producing eleclrostatic charge generating conditllons, The MNlow of
Lhe oil Lramsports parim of Lthis charge, formesz and generales
additionall y free charges.

The Lransformer designer la interesied Lo remove efficiently
Lhe heal generaled by ifron and copper losses Lo withsland higher
loading comdilions., Therefore. a Fforced oill circulation Ls usually

under Lakan, It l= Lthus of great Lmporbance Lo clarlfy LGLhe
influence of oil flow rale on Lhe generating of sitreamlng
currenls. -

The of Fack of Lhe veloolly of oil Mlow on Lhe sireamlng
current for bolh Lypes oaf alls uséed has been carelfully
Inveziligaled ak differenl oll Lemperatures namely 230°c . 40"C and
850°C and umder AC energization ranged from 100 V up Lo 380 V. The
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cbLained experimental results of Lhe sireaming current under Lhese
condlLions are clearly Llllustrated In flgures €43 , (33 and C8).

IL is clear from Lhe resulls that, aged oll gives higher
values of s=treaming current Lhan “hose of Lhe fresh oll under Lhe
same operaling condilions and Lhe same energlzallon vallages. The
streaming current in all Lhese Lesls was found Lo be Iin Lhe order
of (e« nano-amperes for veloclly of oll flew up Lo 3.3 mrsec.
This value of sLreaming curren. can be used as a parameler of
aging process In Lhe oll, For example, f(resh oll gave 1.8 nA
streaming currenl under 380 energlzallon vollage and veloclly of
oll flow 2.5 m sec, whlle aged oall gave 3 nA under Lhe same
cond! Lions.

Temperalure also affecls Lhe streaming gurgenL, higher
temperature give higher streaming currents. This facL is clearly
shown In Flg. €7 for bthe Lwo Lypes of oll Lested (n unenerglzed
Lransformer. The same resulis Is illustrated in Fig.(8) when Lhe
Lransformer is energized with AC wvoltage.

IL is clear frem the results Lhal Lhe slreaming currentl
increases wilh Lhe increase of Lhe energizing vollage far Lhe suame
oll flow velociLy (32.25 m/sec). Also, Lhere Is a signiflcant
increase In Lthe slreamling current by Lemperature rise.

Figure (@) |llustrates Lhe variation of streaming currenl wilh
oll flow wvelociLy, when Lhe Lransformer Iis shorb=cireul Led
H_'-Eﬂ A) , under varicus Lemperalures for baoiLh oll Lypes. The
same Lendency iIs always found, namely, aged ail produces higher
streaming currents than Lhal of fresh oil. Also, by higher
Lemperatures higher sireaming currents are expecled.

A rough comparison belween bolh Figs., ¢B) and (9 shows that
the applied voltage plays a dominant role by Lhe generation of

streaming currents. The higher Lhe applied voltage Lhe higher is
Lhe streaming current.

Flgure €100 shows Lhe varlalion of Lank and neutral sLreaming
current with Lhe velocily of coll flow when Lhe Lransformer Is
short—circuited and has S C. current of 280 A under different
Lemperatures namely at 35°C ., 40°C and 45°C. It is clearly seen
that the streaming current flowing between neulral Lo ground (s

higher Lhan Lhat flowing from Lank Lo ground under Lhe same
condiLions.
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Conclusion 1

The ever gtowing Lendency Lo remove efficiently the heat

generated by lron and copper losses makes it necessary Lo lorce
oll elrculation in oil insulated Ltransformers. Streaming currenls
due Le siallec eleciriflcation can however appear as a slde effecl

of

such a procedure, To Lhls extend Lhe invesLligations carried

out in this werk lead to Lhe following important conclusions :

1.

Increasing ell Lemperature (due Lo higher Lransformer loadlingd
ilncreases Lthe elecirification current.

Inereasing the oil flow wveiocity (Lo increase Lransformer
eooling effliclencyd increases Lhe sireaming current due Lo
charging tendencles. .

Aged oll shows higher charging Lendencles Lham Lhat af fresh
oll.

Increasing Lhe Lransformer energlzing wvoltage increases Lhe
streaming current.

The flow of Lhe generaled sireaming currenl Lo Lhe earth can be

more efficlently undertaken through neutral grounding than Lhal
of tank groundlng.
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