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THE INFLUENCE OF EXCITATION ON LIGHTNING SO~GES I N  TRANSFORMER Cr1 1 :;

Frol “Electrical Engineering Rev iev” 11/1975

1. Introduction

Light n ing stroke tests used for tenting the insulation of a

transformer before it is put into operation are carried out on

momexcited objects. The test entails submitting the winding tern~ina l~

to full and cut—off strokes. They pos. a threat in a varying manner

to the ain and longitudinal vindinga. The main insulation is mai n ly

.ndan q.r.d by th. full stroke, while the longitudina l wind ing ,

de pending on the construction of the windin g, is endangered by ~itH~r

the full stroke or the cut—off one. Figure 1 shows the o sc il l og ra ms

FTD—ID(R S) 1—1528— 76
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Fig. 1. Typical oscillograms of lightning surges in channels caused

by full and cut—off strokes for two varying winding constructions: a)

stranded ; b) continuous. 1 — full stroke; 2 — cut—off stroke.

FTD— [D(RS)I—1528—76
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3
of surges in the channels caused by the full and cut—of f strok~ c f o i

two different w inding constructions: a stranded winding and a

continuous winding. The oscillograms of surges in channels sho w n i~’

Fig. 1 were recorded with the same peak value of the cut—off and fij 1~

stroke.

The strokes caused by the cut—off stroke in the longitudin~ 1

insulation of the stranded windings are less dangerous tha n thc~ e

arising from a full stroke (1, 2), even when the peak value of the

cut—off stroke is 15 greater than the full strck~. Howeve r in

ccntinuous windings the situation is different: the cut—off strcke

presents a greater threat to the longitudinal insulation than the

full stroke (Fig. ib), even with the sane Feak values.

Surges caused by a lightning stroke superimpose themselve s on

the alternating working voltage. Their superposition can lead to

greater stresses in the insulation system tha n those caused by thc’

lightning stroke itself. The greater peak value of the working

cut—off stroke than the full one anticipated in the norms (in Poland

by 15 (10) was justifiable by the possibility of the unfavorabl € ’

superposition of stresses from the stroke and the working voltage.

This vi.. has been questioned [7, 8).

The prese nt work , based on th. publication of Lizunow and

F’TD—ID(RS) 1—1528—76
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sapozaikow (9) presents an approximate analysis of the influence of

excitation in the transformer on danger to the insulation with

l ightning stroks.

2. The Influence of Alternating Voltage on Danger Ca ised by a Full

Stroke

Lightning arresters are the means of protecting the insula tion

of the transformer from surges (atmospheric and switching) . They  ar~

connected between the conductots and the ground and hence, parallel

to th. protective insulation (Fig. 2). The peak value of the

lightning voltgas in the conductor in relation to the ground and

therefore in the line termina l of the protective transformer is

imposed by the characteristics of the lightning arrester: by the

lightning—stroke characteristic causing the ignition voltage of t h e

lightning arrester and the voltage—current characteristic determ ini~~i

its reduced volta ge. The instantaneous value of the alternating

voltage does not influence the peak value.

rigure 3 shows a chan ge in the volta ge on the lime t e r m i n a l . The

value of the working voltage at the point of time considered (several

pa) can be considered constant .

t
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Pig. 2. Protecting the insulation of the transfcrier from su rges :  a)

syste m diagras; b) voltage flows. T — protective transformer; o z  -

va lve lightning arrester; I — inci dent stroke ; 2 — charact e r i s t i c  of

the lightning a rre ster; 3 — passed—through stroke.

[~t ~J~~T-v L .

pig. 3. Cha nge in the pot.ntia l on the line terminal of the

transformer excited by the application of a full stroke f o r  op p o s i t e

(a) and coincident (b) polarities of the stroke and the a lt e r n a t i ng

voltage , u~ — peak value of stroke , u1 — instan taneous v a l u e  of

alter nating voltage.
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Let us examine a uniform winding with a grounded star ter u’iral

after a rectangular voltage has been appl ied tc its line terminal .

The initial distribution of the lightning volt age along the w ind inq

with excitation of the transformer taken into ccnsideration is

determined by the following equation 18):

*h [a(~ ‘ )]
(la) (7 11 (x) ( l ~~ 

-
~ 

(‘j )  1.,
a

while for an unexc ited transformer (
~~~~‘ °)  [el ]

a;~[a~ i ‘~)]
(ib) - 

I

i~h ii

here U, — p.sk value of the stroke; ~ — instantaneous value r~ ‘h ~’

alternating voltage; ~= l t K ;  K C and I capacitance to ground and

longitudinal capacitence of the winding respectively: x - the l~ n g*h

of the winding point from the line terminal; 1 — length of the

windi ug.

Th. curve of the maximum to—groun d surges alon g the win ding can

be described by using the method of “the vibratin g wire” [3, 5 ]  USin]

the following equations:
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— for the excited transformer (9)

I ‘,,,~~. .r~ 

_ 
(2(’,, H 1

(2 a)

p:  f)
a

— for the unexcited transformer ‘~~--o~

(2b) I ~/ [a I I 

~J I(l,(x) = U, 2(1 — 
/

In equa tions (1) a~ d (2) the signs above refer to opposite

polarities and those below to coincident polarities of the stroke ar ~

the alternating voltage. Figure 2 shows the voltage distribution

(alternating, initial lightning voltage, and the curves of the

maximu , lightning strokes) along a uniform windin g with a groun .1” l

star terminal. lert we will consider a more ~iangerous case — that of

opposite polarity of th, full stroke and alternat ing voltage ,

selecting the •ost useful moment (when the amplitude of the

alternating voltage is the greatest and equal to tu rn..). In thi fl

case , as contrasted with the unexcited transformer, we w i l l  o b t a i n

the following d.pendences of relations (fl:

— for curves of ma ximu m to-ground surges
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(3) k,= ’ +~~~
?’” ’ ‘ .~J ‘.~~LP 2(1~ ~-) . h a _ 4 ~[ a ( I .~~7)]

— and for maximum gradients of the initial lightning voltage* (*]

(?OOTIOTE: By gradient g of the initial lightning voltage u.~ is

understood derivative ‘ -  ~~~~~~~~~~ 
p~~ FooTNo’TEI.

U)m.~ tha
(14) k .~ -= I + — .— -

,

Coeff icient ~C g represents the influence of excitation of the

transforme r on the values of the to-ground surges from a full. str oke

at various points of the winding (main insulation) ; k~~ is the

influence on the maximum gradients of the initial lightning v o l t ag e

(longitudinal insnlatiou)~ From dependence (3) it follows that:

— at th. lime terminal, whet, strength is often the smallest ,

excitation has no influence on the value of the to—ground  surges , a r J

hence the existenc, Of excitatio, does not change the danger;
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— the greatest influence of excitatica

~~ Ujma ,~ ahaA,,~, — 1 -

~~~
eh a

appears on the end of the wind ing  (with a star  t e r m i n a l )  w h e r e  SUE ’ lF

are small and do not determine dimensions of the main i n su l a tio~~;

— the influence of excitation as you move away from the line t cr~ui n~ 1

is greater and greater; this influence becomes greater as coeffici~- r

a become s greater.

Th e greatest values of to—ground surges for  an ex ci ted  and

unezcited transformer occur at different, but nearby points of ~~

mindin g — that is:

— for the excited transformer:

q , ~~~~f••1

(Sm) I - 

~ ~
?; 

,ha
a a

Up

— for the unezcited transformer



DOC = 1528 PAGE 9

1 1 ale a
(Sb) I— - t~rch~ 2 -

The greatest dangers of cracking occur deep within the w Ln~~in~~,

and hence in a field basically uniform. Com~arison of d a n g ers of

cracking in this part of the windi ng where a uniform field OCCULE

with and witho ut excitation makes it possib le tc eva luate the

particular influence of excitation on lightning surges in the m a ir

insulation.

Coefficien t k,~rniix, which represents the influence of excit~~f 1 cn

of the transformer on the greatest value of the to—ground 1igh tr in~

sur ges, and hence on dangers of cracking, dan ke described t~y ~~e

dependence:

(i_ ~~~ )sA a  ah [a(I
_

”)]

(3.) ~~~~~~~~~ 
~~~~~~~

For voltages accepted in Poland for test cu — i m m e r s e d

trusformsrs ( 10)  one obtains, with nominal voltages of the w 1 n d i r . i .~

U.~~eO U the following values of ratio

— fat transformers with a non— reduced level of insulation
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Pig. 4. Distribution of voltages along the winding with a grounded

star terminal. I — alternating voltage before the application of

stroke U/x); 2 — initial lightning voltages, (a — w i t h o u t  exc i t~~~i oz:

(J SX ) ;  b, C — with excitation (with opposite and coincident p o l a r i t i c~s

of the stroke and alternating voltage respectively) — U,~ (zfl: 3

fina l arrangement Uk(x): ~ — curve of to -gr cund  surges: (a w i t h o u t

excitation 0~~(2’); b , c — with excitation (with opposite and c o i n c i den t

polarities of the stroke and the alternating voltage, O~~JX) )
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0. 18. .. 0. 19;

— for transformers with a reduced level of insula tion

in stage I 0.22;

in stage II 0.24.

Figure 5 shows the graphs of the coefficients .... ~ and ~~~

calcu lated hi using equations (3m) and (4) tor limiting values in the

ratio U 1~ 11IU ,— O ,18...O~U as a function of coefficient a; they illustrat f-

the increas, in danger to the main and longitud inal i n s u l a t i o n  w i t h

full liqhtmiag stroke as a result of the existence of e x c i t a t i o n .

Coefficient a depends on the power, th, nominal voltage , an~ tb”

construction of the transformer vindings; ratic U,1..iu, depends on

the level of the test voltage (line parameters ) . Figure 6 show s t h e

graphs of coefficients ~~~~~ I k.~. and also thei r  ra t io  k&k ... as a
function of coefficient a, and her., depend ing cn their power and

volta g, the follow ing three groups are distinguished:

A — high—power tramsformers with upper nominal voltag•s UR~~~22O kV (~~~ 7)

with a reduced l.~.l of insulation in stage II;



— lb ~ i .~~ 
,~. , 

~
• •‘3

~

Fig. 5. The influence of excitation of the transforme r on the

increase of maxi mum lightning surges in the mai n insula tion (b’~~~~ an i

the longitudinal insula tion ( .,) for the full stroke as a function of

coeffici.nt a for var ying parameters. Curve 1 — U1~ ,~I U~~~~ .$I curve 2

u,nI.lI *,. —

~~~~~ p—

3 4 5 6 7 8 9 7 0  20 30

Pig. 6. The influence of excitation of the transformer on the

increase of maximum lightni ng surges in the main and longitudinal

insulation, and also their relationship for a full stroke in

transformers of groups A, B, and C. Curve 1 — ~~~~~ curve 2 —

curve 3 —



DOC * 1528 PAGE •
— high—power t r ans fo rmers  (5 ~< a 4 15) with vcltages 110 k V ( U ,~~~no kV

and with a reduced level of insulation in stage 1

C — high and median—power transformers (a ), 10) with volta ges

no kv~~u~c 220 kv with a non— reduced level of insulation.

The influence of coefficient a on the increase of dangers wit ’~

full stroke in the main and longitudinal insulation by virtue of ~~~~“

existence of excitation (Fig. 6) is most apparent in transformers;

belonging to group A and least app arent in transformers of q r ou~
The limiting va lue s of these coefficients are respectively:

k;M.X -.1,oe...1,lo; ., 1,18...1,20 For all intents and purposes . the y do not

depend on the transformers belonging to one of the enu.era1~~d gro n

it is the result of the favorable set of param eters of the wi n d i r j

(a) and the network (level of test voltagen Ujm.xIU,). Fo r a l l  jnt~~~t ,;

and purposes ratio ~~~~~~~~ does not depend on coefficient a and i~ ,

depending on the level of the test voltages, 1..O1...1.11; the valu ’

of this ratio increases insignificantly with a decrease i’~ the lev~ 1

of the test voltages.

3. The Influence of Alternating Voltage on Dangers Caused by a

Cut—O ff Lightning Surg e
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Figure 7 shows the change in potential on the line termin al o~

th, winding of a transformer excited by a cut—off stroke bein i

applied to it with opposite and coincident polarities of the strok ’—

and the working voltage. The peak value of the cut—off stroke, like

the full stroke, does not depend on the instantaneous value of th ’-

worki ng voltage; rather, it is imposed by the cha racterist ics of ~h’~

lightning arrester. The course of the voltage after cuttin g o f f  th~

stroke, in the vicinity of the transformer ’s line terminal , is cause 1

by a factor independent of it, which determines only parameters P, 1 ,

C of “the cut—off loop”. The influence of excitation appears in ~5uch

a way that oscillations after the cut—off die out, with the poten *i.~l

of the terminal being caused by the instantaneous value of the

alternating voltage.

The influence of excitation of the transformer on danqers to the

loagitudinal insulation, caused by a cut—off lightning st roke , w i l l

also be considered in those vindings in which t hey are lar ger than

thos. caused by a full sttok . The analysis wjll mainly entail

continuous, coil vindimgs in which the oscillation amplitude of t h ~

stroke from th. stroke being cut off (U~~~) is in the majority of

channels greater than the front of the surge (Ucm.x) ; U~~ ax >t’ , . ,.

Ii an excited transformer lightning strokes on the lonçitudin al

insulation caused by a cut—off surge can be considered as the
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rig. 7. Change in potential on the line terminal of the transformer

of excitation U after the application of a cut—off stroke with

opposite (a) and coincident (b) polarities of the stroke and t he

alternat ing voltage, and the resolution of this potential into two

full strokes — a primary one W.& and a reverse one (U.i.)
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superposition of surges on this insu lation that are caused by two

full strokes — a “primary ” one an d a “reverse” one — when there is n

excitation (Fig. 7), as was done in wor ks 13, I I ) ,  by considerin .j t h~

effects of applying a cut—off stroke tc an unexcited wi nd ing. Th ’~’

peak value of the “ pr ima r y” stroke tT
~~~~~~~

) depends on the polari’y of

th. stroke and the instantaneous value of the alternating voltage;
~1 

•
~ k0~t~1, — w

however, the peak value of the “reverse” st rok~~~~\~~~~~~oes not

depend at all on excitation of the transformer .

Since sur ges on the longitu d ina l insula tion ar e the

superposition of surges caused by “primary ” an d “reverse” strokes

they are influenced not only by the parameters of the winding, the

time of the cut-off, the steepness of the front and the cut—of t , but

also by the peak values of both the component strokes; hence, the

potential of the wind ing terminal in relation to the ground is also

caused by the excitation of the t r ansfcrmer .

The analysis of surges in the channels of continuous coil

visdings leads to the following statenents (
~
, 5]:

— in the flow of the voltage caused by the f r o n t  of the  st roke i~ is

possibl. to distinguish a main surge (oscillation with a

ch ar acter ist ic shape close to being t r i a n g u l a r )  tha t d o m i n a t e s

irregular oscillation s with amplitudes significantly smaller th an th~’
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peak value of the main surge ;

— the time that the main surge lasts increase s as it •oves away tr o~

the line terminal ; usually it jS within the range of 1....5 ~is, whil~

the length of tine of the oscillations caused by the front ot tho

stroke is of the order of several hundred is. Persona l mea sure me nt s

that were carried out on a significant number C f  coil vindings of

transformers of vary ing power and voltage ccnfirm these ob servati’T.s;

— the time of the increase of the main surge tiuctuates within the

range 0.3...2 as.

Tb. tine of the cut—off (with time prior to the cut—off w i t h i r

the range of 2...3 ~s) (10) occurs on the descending (before or ar~~~i

passing through zero) part of the main surge in the channel caused 1 y

the f ron t  of the stroke , independent of the place in the vindinj. TL-~

real va lue of th. main surge which is caused by the cutting oft ot

the stroke at the terminal of the excited transforme r will be t h ~

difference or the sum of the instantaneous values of the  su rge  caus~’.I

by th e “primary” stroke, and the main surge caused only by t ii’~

“reverse ” stroke, according to whether the momen t of the c u t — o t t  of

the stroke occurs before or after a change in sign of the main sur ;.

from the “primary sttoke (Fig. 8). Tb. first case is less u s e f u ’  wh~’ii

the polarity of the stroke and the alternating voltage is coincider.t
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*Pig. 8. Surge in channel U with a cut—off stroke and the r e s ol ut i on

of this surge into com ponents of two strokes: a primar y on e ~~~ a ri

a reverse one ~~~ for the moment of the cutting off occurring

before the passage (a) and after the  passage th rough  zero ( b )  ot tn~
oscillation caused by the f r o n t  of the stroke .
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(sma l ler value of the ampli tude of the surge at the  moment  of c u t t i r J

off from the “primary” stroke as compared with the same amp litud ’~
f rom the “reverse” stroke); the second case is less useful when ~h

polarity of the stroke and the alter nat ing vol tage is Opposite

(greater value of the amplitude of the stroke a t  the moment of

cut—off from the “primary ” stroke as compared wit h the sa m e  am [ l i * uTh

from th. “reve r se” stroke).

Por both cases and the least useful moment (the greatest

anplitude of the alternating voltage — ~~“n~~) dependence (6) is

obtained, which designates the ratio of the amplitudes of t h e  su rges

in the longitudina l insulation (in the channel) for an excited and

unexcited transformer; its derivation is given in the supplement :

(4) .1
I T, ,

Coeff iciest k,e~ represents th• influence Cf excitat ion of th~

transformer on the va lues of surges in the longi tudinal  isola t icn for

a cut—off stroke.

The value of coefficient ~~ mainly depends on the ratio 01 ~~~~

instantaneous value of Ua• volta ge ii the channel from the front of

th, stroke at the moment of cutting of f to the ma ximum va l ue U,,/U~~~

and on the rati o of the maximum surge value in the channel caused t~’y
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the front  and the stroke cut—off U~max !U ur~a~ . The f i rs t  r a t io  d e p e n d s

mainly on the time of cut—off; the second one, however, depends or

the amplitude of the stroke oscillation after cut—off and on th e

steepness of the front and the stroke cut—off. In certain cases tLe

va lue of ratio ~ “ ‘~ can vary quite significantly, while the value

of ra tio UeT. ’ ~ ~ does not vary a great deal. This makes it possit lc

to consider it as a pa rameter (Fig. 9).

Ratio ~~~~~~~~~~~~ changes along the winding.  These changes de~*nd on

the speed of the penetration of the gradient wave in the winding. Th~

oscillogra.s in Fig. 10 illustrate the nature cf the changes of thi~

ratio. They were recorded when investigating the arrangement of

l ightnin g surges in the continuous rindings of two transformers -
PITA , 123 kY and 10 PITA , 110 kY . In one tcansfor.er (2140 N V A , 12 ~ k V )

the moment of the stroke cut—off occurs after a change in the sign of

the curve of the surge caused by the front of the stroke ; in th c

second (10 PI TA, 110 kY) , before passage through the 0 axis. In t~”~

first case the value of rstio ~~~~~~~ changes insignificantly

(decreases), but it incre ases in the second case. The graphs in Fi~ .

11, worked out on the basis of the oscillograus from Fig. 10 and

dependence (6), illustrate changes in coefficient k.1, along th~

.indings of the mentio ned transformers , taking into consideration t . .~

most unprofitable cases. For input channels tn  both the a n a l y z e d

transformers the value of coefficient k~ is ahout 1.02, while ir
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Pig. 9. Influence of excitation of the transformer on the incr€~as” in

merges ii the longitudinal insulation for a cut—off stroke as a

fiaction of ratio ~~~~~~~~ for varying parameters of ratio ~~~~~~~~~~~~~ ani

U,_.dU, Continuous line U,mIU~~.I .$4; broken line ~~~~~~~~~~~~
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rig. 10. Oscillograns of lightning surges in channels in th~
transformer windings: a) 120 PITA, 123 kY — tine base 10 jis ; h) 10

MA, 110 kY — tine base 5 ps. I — full stroke ; 2 - cu t—of f  S t L O ¼~~~.

ley: (1) Channel.

~ 

--
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more removed channels for one of the windi n gs it changes little , ~ u t

for the other one it increases, obtaining a value of 1.27 for ~~

ninth channe l iron the line terminal.

In the first intercoil channel lightning surges from the cu~ -o~~

stroke without excitation of the tra nsformer reach significant

values: 50 of the peak value of the stroke and sometimes pv
~~n nor. .

The values of these surges in more removed chanr~els of the wir ’dir ~

rather quickly decrease; for channels situa ted in the center part o~

the winding they stay on a level of about half the value of th ’~- S J L S ~~~

in the first channel. Surge consideraticns then determine th’~

dimensions of the longitudinal coiled insulaticn (of channels) at t hc-

begin n ing of the winding; hut in the depth Cf t~e winding, as a ~~~~

othe r factors are deter ninin~, (cooling) (6 ] .  F igure  12 shows  t h ’

arrangement of lightning surges for a cut—off stroke in the

continuous wind ing of the above—mentioned transformers - 2 L~0 ‘iv ~~, 1;

kY and 10 PITA, 110 kY — with and without excitation , taking th T rron1’

unfavorable cases (polarity, momen t of the alternating volta cj~’). 1~

is clear fton the graphs that the increase in lightning su r q~~s fr om

the cut—off stroke by virtue of excitation in the input channeir ot

the vindiugs of the considered transformers, in which the dan gu r of

breakdown is great , is insignificant (several lercent); yet , in the ’

channels situated dee p in the winding where dangers are s m a l l  i~ can

be, depending on the parameters of the insula ti on , a dozen percen t or
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Fig. 11. Increas, in surges for the cut-off Sttcke in the

longitudinal insulation by virtue of excitation in the transform~ r

uindings: 1) 2140 PITA, 123 kY; 2) 10 PIVA. 1IC kV.

Key: (1) Number of channels.

, .-
~--—-—i-—-—-

-#----. C 
,~ $ ~—4- j~

—*i-~ ii.) ~ tmer k4nalu Ii) Nw,,er kana1~s

Fig. *2. Sur ge. in channels of transformer windings: a) 2 4 0  M V A , ifl

kY; b) 10 PITA, 110 kY. 1 — without excitation ; 2 — with excitation.

Key: (1) lumber of channels.
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more to several tens percent~~

Dangers fr om the cut—off stroke when there is no excitaticn are ’,

however, deep in the winding, so small that usually other factors

(cooling) determine the dimensions of the lcngitud inal insulation ot

this part of the winding. Hence, the mentioned increase in the

influence of excitation on sur ges in the central part of the w i n d i n ;

has no practical meaning.

Conclusions

An approximate evaluation of lightning sur ges in an exci’ ed

t ransformer allow the fo l lowing statements to be made:

A more unfavorable influence of the su~erFosition of stresses

arising from a lig~htning stroke and the working alternatin g vo1taq~

for a full stroke occurs w ith opposite polarities; while for a

cut—off stroke, depending cm the parameters of the w i n d i n g  and  th ~

stroke, it can occur with both coincident and opposite p o l a r i t i e s  of

the stroke and the working alternating voltage.

The increase in stresses in the main and lcngitudina l insulation

from the full stroke in am excited transfor mer (a more d a n g e r o u s  casc~
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and the least profitable momen t), in comparison with an unexcit~ d

transformer, is dependent on coefficient a. The limiting value s of

the coefficients for an increase in dangers, depending on the ~ow~~t

and voltage of the transformer and the level of test volta ges are:

in the main insulation — 1.09...1.10

in the longitudinal insulation — 1.18...1.20.

Increase in stresses with a full stroke caused by the exist*~nc~

of excitation is. for the longitudina l insulaticn , 7—1 1~ g reater  t h a n

that for the main insulation.

The increa se in stresses caused by excitation of the trans for~re’L

in the most threatened inpu t channels is insignificant with a cut-oft

stroke. For the most unfavorable case it can a m o u n t  to about

However in channels located deep within the winding the increa se can

be greater (20—30~). That is not however a true practical value sirc~

safety marginsof the channels in this part of the winding are u s u a l l y

cessiv., a f act arisin g from their dimensicns determined by thermal

considerations.

The influe nce of excitation of the transformer with c u t — o f t

strokes is dependent on many factors, the parameters of the winding
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and the cut—off stroke playing the most iupcrtant role. In  man y ca~~~

this influence for all inte nts and purposes can be neglected.

The inf lu en c , of excitation of the t r a n s f o r m e r  on stresses in

the insu lation system must be t aken into account when setting t h c

coordination marg in  between the level of protection and t h e  t~~st

voltage by the full stroke ; it however doe s not justify increasin j

the peak value of the cut—off stroke as compared with the full oi.e.

Supplement — Derivation of Dependence (6)

To derive dependence (6) we will use Fig. 8 which shows sur~~’~-

with a cut—off stroke as the superposition of surges caused by t’~c

full strokes: a princi ple one and a reverse one (5] .  The v a l u e  of t h e

surge caused by cu ttin g off the stgoke , depending whether or not t~~~~

moment of cut—off occurs before or after a change in sign of the

oscillations ca used by the front of the stroke, will be the

difference or the sum of th. amplitudes of the surges at the  m o m e r t

of cut—off , which are caused by the primary and reverse strokes. T he

f irst case (a) is Less useful when the polarity of the stroke and h~

alternat ing current is coincident; in the second case (b) it is least

useful when the polarity is opposite.

r T~i—ID(R3)I—1528..y6
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The ratio of the greatest ampli tudes of t h e  l i g h t n i n g  sur~ e’s it ;

the channels in the excited t ransfor mer is for the  most t h r e at ~~nin~

cases the following:

r e r ,,

The designations of the amplitudes are in agreement with thos”

given in Fig. 8, while the values referring to the excited

trans former are des ignated by an asterisk — *. The signs above r~ f .r

to the first case (a) , and those below to th e  second case (b).

Taking into account that U~~~~ we o t ta in :

L ..,
~~~

~

m d  afte r transformation mmd am plification

l •
~-t ~

•.
,

After multi ply ing and dividing the seccnd ter. of the abo v~

ex pression by ‘-~~~u. and thin after transformaticu and taking it:~ o

account that amplitude U~~ is proportional to th. peak value of t h .~

primary stroke ti~~~ ’;~~~ . and amplitude U~~— to t.,. we obtain

depe ndence (6)

U1..1 Ur v ( ‘,.u
,.  ~p cI”~1

Coefficient k.., which accounts for th. increase in stresses in

~TD—ID(RS)l— ]528—76
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the long itud ina l insula tion of coil vin din gs tcr a c u t — o f f  s t r c ke  v

virtue of the existence of excitation also depends on the

relationship:

— of the instantaneous value of the surge at the moment of cut-oft

and the maximum value cause d by the front of the stroke (hence i’-

depends on the time to the cut—off) ;

— of the largest amplitudes of the surges caused by the front and th~-~
cutting off of the stroke; therefore it also depends on the . s t € r r n~~.~~

of the front and the cut—off and on the amplitude of the voltaj*..

oscillation after the cut—off.
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