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DESIGNOF PULSETRANSFORMERSFOR ISOLATIONPROTECTIONAND
HIGHERSPEEDSIN THE REMOTEFIRINGOF BRIDGEWIRES

by

W. H. Bostick,B. L. Freeman,J. C. King,and A. R. Martinez

ABSTRACT

The continueddevelopmentof high-perform-
anceexplosivepulsedpowersupplieshas neces-
sitatedthedevelopmentof high-voltageisolated
x–unitsystems. We havedevelopeda circuitin-
volvingan x-unit,a step-uptransformer,a
pulse-formingnetwork,a step-downtransformer,
and a bridgewire. With thiscircuit,the time
to bursta singlebridgewirewas reducedfrom
0.6 PS for a direct,shortx-unitconnectionto
0.21US whileobtainingan x-unit-to-bridgewire
isolationof ~ 180kV.

I. RATIONALEAND MOTIVATIONFOR EMPLOYINGPULSETRANSFORMERSIN THE
CIRCUITSFOR FIRINGBRIDGEWIRES

With thedevelopmentof FCG’S(magneticfluxcompressiongenerators)for

high-powerpulsesat highvoltage(- 1-10MeV)as well as at high current,it

is necessaryto havehigh–voltageinsulatedcircuitelementsbetweentheex-

plosive-initiationpulsegenerator(x-unit),whichprovidesthe pulsepower

for firingthebridgewires,and thebridgewiresthemselves.Also if the

x-unitis to be protectedfrom theeffectsof thehigh-explosiveof theFCG,

it shouldbe providedwith 50 to 100 ft of cablebetweenitselfand thebridge

wires. The transmissionof a fast-rising(- 2.5 x 1010A/s) currentpulse

froma low-impedancex-unit(C = 50 uf, L = 129nH, /L/C = 0.05 S2)to 50

bridgewiresin parallel,100 ft distantfromthex-unitcannotbe accom-

plishedwith fidelity,efficiency,or safetywith one 30-QC-cable(Reynolds

1



167-2669C),or with50 suchcablesin parallel(30/50Q = 0.67Q). One of

thesecableswith a lengthof 100 ft has a seriesinductanceof 11 LJH,com-

paredwith 129nh = 0.129ph of thex-unit. Fiftyof suchcablesin parallel

have an inductanceof 0.22Uh. The impedancemismatchis severe;toomuch

seriesinductanceis introduced;and thereis no circuitelementto furnish

high-voltageisolation.

The energystoredin the50-pfcapacitorof thex-unitat 2 kV is

1/2 CVZ = 100J. The energyrequiredto fireone bridgewireattached

directlyto thex-unitthrough5 ft of C-cablecan be measuredby evaluating

I
t~

i2Rdt
o

where it is assumedthatR is a constantof 0.05Q, i is measuredby a cur–

rent-viewingresistorof O.O5Q, and tl is measuredby thenotchin the

i-traceon thescope. Sucha trace(Fig.1),with 2 kV on thex-unit,givesa
time tl when thewire turnsto vaporand plasmaof < 0.6p.s. At thistime the

currenthas risento a value of il = 103Aj ad the voltage across the

resistanceof the bridgewire is 50 V.

rt~i2Rdt= 0.01J
o

I/

under thesecircumstances.In contrast,usinga matchingpulsetransformer

with thex-unitthe bridgewire is firedat tl = 0.25US insteadof at 0.6 us,

and the totalenergy(seeFig.2),

rt~i2Rdt= 0.005J ,
0

is reducedto aboutone-halfof theenergyrequiredforsloweroperation.

Sincetheenergyrequiredto firea bridgewire is sucha smallfraction

of the energystored,it is unwiseto makeefficiencythe firstpriorityin

designingthe circuit. High-voltageisolationand speed,or timeminimiza–

tion,are consideredto be themore importantparametersin thisinstance.
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II. EVOLUTIONOF A HIGH-VOLTAGEISOLATEDFIRINGCIRCUITWITHAN IMPROVEMENT
IN SPEEDOVERTHE SIMPLEX-UNIT

Figure3 givesa schematicof thecircuitthathas evolved:capacitorCB

is composedof 14 barium–titanate,500-pfcapacitors(30-kVrating)in

parallel:

CB = 7 x Io-gfo

TransformerA (nAp = 1 turn, nAs = 10 turns)is woundon the coreshown

in Fig.4. The coilsare woundon thecentrallegwhichhas an

areaA = 39 cm2. Each coil is madeof twolayers,fiveturnseach,connected

in seriesfor thehigh-voltagewinding. The low-voltagewindingof each

transformeris effectivelyone turnmadeup of 10 turnsin parallel. Each of

these10 turnsis theouterconductorof a ‘coax”braidthathas been

telescopedover thehigh-voltageinsulatedwire,whichis to be used for the

high-voltageisolationprotection.The measuredsegmentsof outerconductor

were strungonto thehigh-voltageinsulatedwire likebeadson a necklaceand

“clampedMintoplacewith shrinktubingbeforewindingthecoil. The

high-voltagewindingis madeof commerciallyavailable,silicon-rubber

insulatedwire. The insulationon thiswire is ratedat 60 kV dc, which is

probablyuseableto > 120kV underpulseconditions.

Measurementsof the transformershuntinductanceL1 (opencircuit) and

leakageinductanceLL (series,shortcircuit)performedat 100 kHz for trans–

formerA are as follows:

L1 = 24OOph referredto 10-turnwinding

LL = 2.4ph referredto 10-turnwinding

= 24.0nh referredto l-turnwinding.

The couplingcoefficientfor thistransformeris computedto be

K.l- ‘L— = 0.9995 .
2L,

J.



The meanmagneticpathlength of thecoreis 34 cm. Since

whereN = numberof turns,A = cross-sectionalarea in cm2,andp = permeabil-

ity,u can be

measurement,

L, X

calculatedat 100KHz for this+ 35-volt-excitation,cw-bridge

~09

u=’ = 1700 ●

4RN2A

With the effectivevoltageV appliedacrossthecoilfor t s and the

cross–sectionalareaA givenin cm2, the fluxdensityin thecoreB =
108Vt/NA. If V = 2 x 103 and the fluxdensityfor thiscoreis Bsat = 4400,

the corewill saturatein a time

t - BNA
- — = 940 ns ,
10%

for a squarevoltagepulse. If V decreases,the timeto saturationwill in-

crease.

TransformerA can chargethe 100 ft of YK-198cable(0.011Uf; 20-kV

rated)to 20 kV, as wellas the0.007-PFof thebarium-titanatecapacitors.

The sparkgap can be set to breakdownat somevoltageless than20 kV. At a

settingof 4 mm, thegap firesat about1 us afterthe firingof thex-unit.

The breakdownof thesparkgap placesthevoltage of the capacitor CB across

the primaryof transformerB, whichin turntransformsthepowerto a suitable

voltageand currentfor thebridgewire. The seriesinductanceis consider-

ably less thanthe seriesinductanceof thex-unitplusa longcable.

TransformerB is woundon a smallercore (fourFerroxcubeU64 cores;

cross-sectionalarea = 14 cm2) and has a lowerseriesinductancethan

transformerA.
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With transformerB woundwith coaxcablemadeof cathode–ray-tubewire

(dc rating30 kV), the totalpulseratingfor thesystemis at

least(>120kV)+(>60kV) = (>180kV). The currentthroughthebridgewire and

the voltagemeasuredat theoutputterminalsof transformerB are shownin

Fig.s for NBP = 4 turnsand NBS = 1 turn. It can be seen thatthebridge

wire firesin 280 ns and thatthevoltageacrosstheoutputterminalsof

transformerB, at 2750V, is considerablylargerthanthe ilR voltageof 60,.
the remainderbeingthe-~ contributionfromthe inductanceof the bridge

wire (- 20 nh), its loop (- 10 nh),and the 10-cm-lengthof C-cable(- 40 nh).

Figure6 gives thevoltageand currenttracesfor firingtwobridgewires

in parallel. Figure7 gives the tracesfor threebridgewiresin parallel.

Obviously,thecapacitanceCB shouldbe increasedif twoor threebridgewires

are to be firedin parallel.

It shouldbe notedthatthecircuitof Fig.3 can reducethe firingtime

of the bridgewire from600 ns to 200 ns, and at thesame timegive voltage

isolationprotectionin theneighborhoodof 200 kV. Also,with a 2:1

step-downfor transformerB and a voltageof 3800V, thebridgewire is fired

in tl = 210 ns (seeFig.8). One shouldnote thatthepoweris deliveredto

the bridgewire spikesas thebreakoccurs. The timetl can be reducedeven

furtherby wideningthesparkgap so thatCB is chargedto a highervoltagej

and by increasingthe capacitanceof CB. It shouldbe possibleto fire twoor

threebridgeWiresalmostas rapidlyas one if CB is suitablymodified.

For one bridgewire,it is clearthatthereductionof tl is determined

by the seriesinductanceof thebridgewireand its connectionsto the

transformeroutputterminals.For more thanone bridgewire, tl is also
increased by insufficientcapacitancein CB. The lengthof tl can mosteasily

be decreasedby increasingthevoltageoutputof transformerB to perhaps

6 kV.

III. SUMMARYOF RESULTS

By usingthe circuitgivenin Fig. 3, we have beenable to reducethe

time to firean SE-1bridgewire from0.61J,directlyfroman x-unit,to

0.21us, a factorof -4.6. We expectthatsucha reductionin the timeto

fire the bridgewire of thisdetonatoryieldsa significantreductionin the

jitterof a completeSE-1. Also,thisperformanceenhancementwas accom-

plishedusinga 100.fttransmissionline. In principle,the transmissionline

lengthis limitedonlyby dissipativelosses. Finally,thedetonatorbridge
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wireswere isolatedfrom thex-unitby a dc standoffof > 90 kV. For pulsed

applications,thisrepresentsa voltageisolationof > 180 kV. Therefore,we

have not only beenable to achieveveryhighvoltageisolationbetweenthe

x-unitand detonatorbut havealsosignificantlyimprovedtheperformanceof

thisfiringsystemover thatmeasuredfora close-coupledbridgewire.
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