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HIGH SPEED TRANSFER SWITCH WITH 50 kA AND 50 kV RATINGS:

W A Reass. R. J. Kasik, ang ‘W A ‘Wilgs

Las Alamos Nauonai taporatory, Los Alameas, MM 375465

ABSTRACT

This paper qwves the machanical design and eiecincal
parameters of a pneumaucaily opsrated ranstar switch. This
aesign is used to switch 3-sacona 50-kA current puises, and
.S easily capabie of 75 kA oparation (2 <. [*+); wnh water-
cooted versions capabia of 29 kA conunuously Althougn tne
switlLn 1S not specihicaily dasigned to make or break S0 kA :1:5
aroviced ‘ath aux:iary Etkonite arcing contac!s iwnich make
frst anag break 'asy) The arcing Zontacis nave proven therr
7alue .n protecing the main awcirodes even under repelitve

50 <Aj ‘aull coraibons Inciugea :n this prasentanon will te
e rasuits ot extendive ule lesiing and assoc:ateq cntera.

INTRODUCTION

This swiich wds cdevaioped :n responsa !0 our need
‘0 orovice 50 WA current puisAs 0 vacuum intarrupter
swiicroear The swilches open (supply s nff) .solating
‘re S0kA current source ‘o permit tha Swiicngear o be
‘asiag Al 50 '/ potantiais. Borrowing an expanance Jained
'mmoqn power ac arcuit Draaaer and high current contac!
mHINCdoICGy, 3 Sswilch was ‘apncated as shown in Fig o
ARG this Swalch s appucatcn s ol ‘0 Max@ Ir Dreak
Tutrent, auxiary Arcing 4ieciioaes are providad |as argn
2o circuit Dreasars,  This gesign ‘eature protects ‘tha main
current carrying electrodes in avant of a control logic ‘ault. To
‘acititate tha 'ow comact resistanca wth minimai ahgnment
propiems, Multilam contact ‘ouvers are used. This swilch
#as nat -mitaily nptimized for fast sw-tching, but ‘or reuapie
volage naid ot Ang low contact resistance

FABRICATION

Ruggealy designad, the switch s manulactured using 1°
Mek Laxan piate ‘or tha pras-ure enclosurg and 27 thick brass
binces 1o alactranes  Laxan s 1 good chaied as an anctosurg
A% A povides 1 mears o intireal visual s echion, machings
2y athout pressurg fractures, has outstinaing strangth,
deen not <raze from UV axcpasure (rom qlecing:al switching),
ane snes 0t track asiv

MG nd slecirode ‘eacthigs am sealedg with siicon
HIYY u mut G prgnsunzaten Sadataity atove 59 Hs A
At et s cgsec ath the tid o parmit disassaembly and
cadating of tha gl mechannms  Beans was chosen
A5 mectroge matenal for eqge ot manufacture and ost
U TTATILL Tha brass slactindes are siver pated on
Liontact surfaces 1o o nhitil andatron Dovetuled groovis
n the Yuad qloctrodas are requieed to hold the Muaitilam
zontact lguvern Auxilary  arcing  sinctrodes ol copper
wereden | okomta o matard specitciily enginesiad for ths
ARreation
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Test Resuils & Parameters

Static breakuown voitage 1esis with ar indicate a
maximum usable voitage of anout 65 kV as snown in Fig.
2. Although this curve 1s not ideally linear, this may be due to
the unusuai qeometries causing lisid anhancament at highar
voitagas. Contact resistance measuras 6 ui) and repelilive
upaeration ndicates this low loss. Elecirode termparature atter
a fuil gay of operation (1 shot/10 minutes) with 77" o1 3.5 <10
raaches about 30°C. Attar the imtial success using this swilch
{Photo 1) as an isolation device batween a SO kA battery
bank and a dc vacuum nterruptar, tha L.os Alamos dasign
tasm chr.ng 1o furthar charactenza tlus switch  Tasting to avar
50.000 oparations was 10 determing its swlahity to raplaco
commarcii vilcuum contactars as ccld swrchas. Table 1
givas a bnal summary indicating this switchas suitabilily as a
cold swilch.
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TABLE 1
ITEM VALUE COMPARISON
TO VACUUM
CONTACTQOR
Switch R 6 8l 1/10 of comtactor
(60 - 110 ul)
Opening Tima 40ms Similar to contactor
Ciosing Time 45mS Slightly slower
Maximum Current 75kA puise Better
20kA CW
(water cooled)
Maximum Voltage 65kV Batter
Lite Tested to 65,000 Better
Cpearating 30°C Battar (160°C)

Temparature

Lile testing was to detarmine unusual or unforeseen
failure modes along with any degradation of parformance.
Minor design modificattons ware needed in the pressurg
tanks. mounting tixture and the couplings userd with the
air pistons.  Switch rasistances increasaed from 6 .4 to
aboul 12 u8) after 65000 opaerations  This shght change
1B onconsequantal to the swilch's oparation.  The Muthlam
contact louvars bagan to devalop fahgue cracks after 30,000
cycins, and roughly 13% wara cracked at one and by 50,000
cyclas.  This agiin s inconsaquantial as therm s a 200%,
siafaty factor for the taquired numbaer of louvars at 50 kA
oparation. it was also comiorting to note that switch iming did
not viry, a constant concurn of spring loadad, machamcally
actyated davicns A twenty shot overlay of switch closing
ma (Fig  3) aftar the 65000 cycls tast, indicatas a delay
af about 42 s with 4 5 mS peak peak ptter Tha opeming
timg, a0 shot ovartay, at and of We, shows 1 wall dehined
contact parting at 40 mS with ittt pttor (Fig 4} This switeh
g oshownan g 5, roady for ds fieaad tes?, a dastructive test 1o
ropoatadly make and broak load curent Lo test esulty
framm o vacuwm avaruplor tesing had indicatnd this swilch
dous not damaos aasilyv. Beoatitive ooaoma under 50 kA Toad

caused no damage to the main electrodes. After repair of the
control room timing chasis, inspection of the switch showed
ihe damage localized on the auxiliary arc electrodes. The
inductively inguced arcing did not cause the arc to migrate
to the main electrooes. Repetitive switching (make and
break} at the 10 kA and 20 kA levels showed no burning
on the Multilam louvers. At the 30 kA level (20 test cycles)
there was a sufficient voituge drop through the auxiliary arc
electrodes lo cause burning of louvers on closing (Fig. &).
The contact bounce compounds this siduation, parting at
50kA (clean opening) caused little damage. Batore final dis-
assemply, aven though the switch was heawvily contam:inated
with metailic ash, the switch still held otf 85 kV! Note the lack
of track marks n Fig. 6., but our fingerpnnts ara clearly visible
(from disassembiy) on ths sides.
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Fig. 6.

Machamcal siress tests wara parformad on the contact
flangas  The swilth was supportad by s flangas dunng most
ol the cycting  As ng prassurg iBaks davinopad of alactroun
mesgnmeant, 1t was aptarminad tha switch 1§ capable to
mnuet e une pth the wigvated buswork  Thus not only 5aves
vinuabie 1ot spacy. but avouds costly cable drops

CONCLUSION

Los ALimos has denigned, tested, and tabneatad a high
powe £ cold swiich of nutstanding parformancn Thin switch
han L ety sagrnhicamt pAct aon system reluatahity, crct lons,
st requne s toar space and control sunpihication brarther
duyeiopmart ot Aownsized unds sl unis tor redueed
cureentsy ey peenul s o qQui Wiy switch power suppling for
phistia curmnt rmgp down and othatr control tunchions



