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Las A2-om Scientific Laboratory
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Int~rrupcion of dc currants u8il’1#

Countmpuloo tmchniquas is Invostigatod with

Tncum Intmrruptars ●nd ● novol ●pproach in vhich

tho countarpulso is applied bafore contact

separation. Important Inermms hsvo bman

achiov~d in this way in tha uxiau interruptible

current and largo rductiom in cnntact ●ro8ion.

Tha factor- ●stabliahi~ thaaa now lhito ara

proaontad ●nd WY- ●ro discus-ad to make further

improvOanta to tha Uximum Intarruptibla

current.

I. I~ODUCTIO?l

A de currant can b. Intarruptod by a

mechanical witch only if its currant csn be

furr.md to 8oro vhila it is •rci~. Comonly,

this i- ccc~llmhod ●ithor by dasigning tha

switch to ~onmrato ●n ● rc voltmgo grmtar thsn

tha sourco Voltage Ot by ●dding ●n ●atra

countorpulm circuit that injacts intn tho mwitch

●n nppomitaly4iroctod currmt pulsa IarSo ●rough

to cr-mt- s trsn-imnt currmnt scro.

For ●asoral years, ●mparimnts with

countcrpulsm circuitry Imvs bmon cnnductod ●t tha

Los Al-on Eciantific tibor~to~ (lA6L) on

intarruptmm to b used in fusion ●ppllcationm.

Work p.rformad under tfl. auspices of tho UOOOE.

%..tin@~s. Idustri.1 .F.ff ■mh.r.

A conventional ●pproach has bam uacd follcwing

the la~d of ●mrly wrkors such ss Graonuood. 1 T?lo

●loctrodas nf the witch ●ra saparatod at full

curr9nt mnd an ●rc occur- bmtvoen rho. Tha

countarpulms is ●pplied ●ovaral millisocondm

lstor uhon tho ●lactrodc separation haa rtachad

approximstaly 1 a. Ihe t= major limitations

found With thit ●pproach ●rc both rolmt-d to ths

long interval af ●rcinu ●t full currant. Iha

arcing hamtm tho ●loctrodc# ●nd gmwratmm

Incandaacant hot spots that ●ra prolific ●lactron

●mittara. lh~st hot ●pots cause raitnition of

the arc, providin~ ths uppar limit to the current

that can bm ●ucccamfully Int-rruptod. 2 In

●ddition, the prolon~-d ●rc ●rodos ths ●lactrodos

●nd daposito conducting films nf ●l~ctrodc

●atorfal on shialdn snd Insulating surfacea.

Hoanur-ants mad. at lASL indicata that in spit.

of tham problmc, ● vacum Int-rruptar can

intarrupt lais@ currtntc ●nd still hava ● lone

life. At 25 kA, for ●xaplc, ●n incsrrupt~r

-hould ●chicvt 10,000 or rnoro interrupting cyclan

boforc thin- ●rosion phmnmsna ●nd its life.3

Wa have ~ttmptod te r-eve both of thosa

limit~tioo- by ~loyins ● lass conventional

countorpulco tmchniquo. In this technique, tho

cnuntorpuloo is ●pplied bofor~ tha ●l~ctrodoo ●rc

psrtcd to that thtir initial ●aparation end

subsaquant arcina tab placo ●t currents ■uch

l-r than tho initial WIUO. This ●arly

countarpulso (EC) tachniqua r~quiras Q long

cmtntorpulsa, ~ fact zctustnr, ●nd ~ r~gad

iotarruptar. Mcmm of its potantinl fnr louar

cootmct ●ro-ion cnd t lsrgor intarruptibla



currant, the EC technique has attracted othor

invt~tigators~ An sir-blsec lnterruptar4 to be

uaad w: th the tokamak JET mnd ● SPacial SF6

svitchs uned with the Croooad Meld Tube ●rm

●xmples of cuch tievelo~anta. Vacum

interrupters have ●dvantage ralmtivc

other typas primarily becauca of

aronion ●xpectad for the concactm

ramulting longer life.

II. TEE EARLYCOUNTERPULSETECHNIQUE

to theoe

the lwer

and tha

The circuit, diacuoned in detmil ●lsewhere, 2

u-ad in the teat~. in ●hm in Fig. 1. Energy

stormge capacitor Cl in conjunction with awitcheo

S1 ●nd S2 and inductor L1 entablioh a O1OV1Y

decaying current, I, in VI, the interrupter under

teat. Tlta counterpulae I- fired by closing

●witch S3 which connectn capacitor bank C2 to VI.

~.im ganeraten the decired reveroe-current pulse.

1.2, ● saturable reactor, helpe to ahape the

reverse-currt?nt pulse 00 that the switch current

10 clooe to zero for ● long time. RI in used aa

● final dump renintor for the ●nergy initially

●torerl in Cl and C2 and in connected by S4 after

the interruption phenomenon is completed.

Figure 2 ahowa schematically, the behavior

of the current flwing through VI. At time to

th~ councerpulrne is Initiattd. At tl the currenr

in the ●witch psoaes thlough zero for the second

time ●nd interruption may occur. At tz the

capacitor C2 and the saturable reactor L2 have

●xhausted their charge and flux ●o that the

countarpulme ●nolo. For the EC technique to

●ucceed, VI ❑ust opon its contacta between tO ●nd

tl. With this thing ●n ●rc will ●tart ●nd burn

●t low current ●nd Interrupt so the curr~nt

puc . through zaro ●t tl.

Ihero ●ra two obvloum probl~a with the EC

tachniquo which muot be overcma and which have

bacae tha uin focuo of thaae Invaatigatlonm.

The first la the difficulty of opaning the

Intarruptar in tha short intarval batuean to ●nd

tl in tha face of jitter fr~ variou~ sourcaa.

Ilro ●cond la the rapid davtlo~mnt of tha

recovery voltage at ● time when the ●rc has

barely eztinguiahed snd the ●lectrodes have

barely ●eparatad. The poanibility of reignition

of the arc ●t thla time ia high but can be

reduced by ●evaral mesauree.

1.

2.

3.

A high-average velocity of separation of

the electrode.

A large saturable reactor ●nd counterpulae

bank.

A snubber circuit (an RC seriefi

combination) placed acroes VI.

The ●ctuator ueed in theme te@te wnB made by Ross

Engineering C0.6 It is operated by two rePu16ion

Coils, one stationary and one connected to the

moving electrod? of the interrupter. The coi16

are energized by a 300 PF capacitor bank charged

to 2 to 5 kV. The peak coil current in oeveral

tens of kiloampercs. The actuator waB designed

to maximize the acceleration of the moving

●lectrode. Acceleration of 106 cm/Bec2 have

been ●chieved. l%e ●aturable reactor is compo~ed

of 133 aeparace 4-11 tape+ound cores, each

rhreaded by a 4-0 ●lectrical cable. Each of the

cores has a flux rating of 0.008 Wb for a total

of ●bout 1 Wb. Becauae of the gap-less

tape-Wound coneCruction of theme cores, their

unsaturated inductance ia very large.

The counterpulse bank j~ unusually large.

We used 360 kJ of capacitance connected in

different wayn to provide either 1.8 ~ 10 ‘3 F at

20 kV or 0.45 x 10-3 F ●t 40 kV.

111. RESIJLTS

T’h? firot experiments were performed with a

standard ?-in.

acceleration

counterpulme

●rrangement

counterpulme

interruptible

interrupter, 7 with an actuator

of 0.3 M 106 cm/sec2, ●nd a

bank of 1.8 M li)-3 F. This

givaa the Iongeat pomeible

●nd potentially the largeat

current. TIIa ❑odest acceleration

waa chooen to ●void pooaible atreee-induced

problems with the actuator or interrupter. k!ith

conventional counterpulae technique, such an

●rrangement would have eiven ● maximum
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interruptible current of 21 kA, relatively

Independent of recovery voltage.

The experiment proceedad by Sredually

raiming 1, the current to be Interrupted, ●nd ●t

●ech current lev~l by varying ts, the interrupter

opening time, over ite full range, from to to tl.

The ●xperiment were continued with currente up

to 35 M at 25 kV, the limit of the test

fecilitios, with no failuren of eny kind. A

●triking obeenation concerned the Vioual

m-peerence of the ●witch during interruption.

With c~ventionel counterpulee technique, the

cer-ic ●nvalope lighto up brightly due to the

encloeed ●rc. With EC technique, no lisht could

be ●een. Thie is coneietent with the reduction

of the ●reins current by a factor of 300 and

●rcing time by ● factor of 10 produced by EC.

To increaae the ●lectrical atreaeee on the

interrupter the value of C2 wae reducet to

0.65 x 10-3F. Thie change increased the

recovery voltage by a factor of tw ●nd decreaaed

the interval tl-to for opening the interrupter by

* factor of two. Under these corlditiona

re!gnitiona were occasionally obeerved when tl-t3

wae mall, that ia, much Ieaa than 100 Be. The

major new ●ffocta observed ware c marked increaee

in the jittar obeerved in the opening time and a

conaiatent shift of the average openins time aa

the currant Increaaed. These ●ffects combined to

make it difficult to time the switch’a opening to

occur between to ●nd tl. Thie ●ffecc aet a

■admtm interruptible current of about 20 kA.

To Investigate this limit, we eubatituted

threo different b-in. Interrupters for the

original one keepir,g C2 - 0.45 x 10-3 F. With

conventional techniques theee ●witchea could

interrupt 6, 6, ●nd 8 M, reapectivaly. With the

EC technique their limits ware increaaed by ●

factor of 2 to 2.5, ●a determined, ●gain, by the

onset of markad jitter in the openins time and

ita shift to latar times.

tireful meaaur~ame Identifiatl t- ●ourcetr

of tha jitter and shift. One waa the tendency of

the ●lactrodea to pop ●part ●t hish curranta.

This ●howa up ae a voltage jump before to.

me second probl~ wae of ● related kind.

The “opening” of the switch occurs when the

❑olten bridge which foma bet-en the ●lectrodea

rupturea. The lifetime of the bridge depends

upon the dataile of current magnitude, contact

preaaure, ●tc., in ● ctmplex way.

The ●ffect of thaee phenomena la to reduce

the range of counterpulae ●ectinga within which

an EC interruption can be achieved. T?re runge la

reduced to zero for currents ●li,ghtly above

19 M, consistent with the findings that 20 kA la

the largeat current we can aucceaafully

interrupt.

IV. LIFE TESTS

To teat the ●rosion reduction ●xpected of

the EC technique, a 4-in. interrupter va a

subjected to over 1000 interruption cycles at

10 k.4. Ihe interrupter waa diaaeeambled and the

contacta examine+ after these wholly auccenaful

Interruptions. Tle contacta were found to be in

near-new condition, the surface ❑arkinsa being

caused lnrgely by contact rubbins. We ●stimate a

reduction in ●rosion brought about by the EC,
technique of mora than one hundred.

V. CONCLUSION

The anticipated features of the EC techniqLe

were reduced ●lectrode ●rosion cnd increased

current ratingeo Substantially Incrcaeed ratings

have been realized in these experiments, and the

reduction in ●rosion ia very larse. The

c=ponenta and techniques used to ●chieve these

improvements are available, convenient to use,

●nd relatively reliable.

me new current limit does not appaar to be

a baaic I-roperty of the ●witchea but la instead

●aaociated with the actuator, in particular with

the force with which the alactrodas ●re held

closed. Yuture work will ●tt~pt to raiee the

current limit further by ~plOyinB higher closing

forces.
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Fig. 1. Teat circuit.
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Fig. 2. Current during counterpulse.


