A 40 KV, 3.1 Q PFN FOR THE MAIN INJECTOR ABORT KICKER
C. C. Jensen, FNAL, P.O. Box 500, Batavia IL 60510 USA

Abstract the transformer leakage inductance, andhenload time

constant.

The Main Injector abort kicker system has been run Table 1, Main Injector Abort Kicker Specifications
at full voltage. The system wasquired tooperatewith Field rise time (10% — 70 %)700 ns
a PFN to meet specifications. The system desgned (10% — 90 %]} 1 ys
to operate in air to allow for easier maintenance. TH&eld flat top duration >9.8 s
topology chosen has the thyratroathode grounded, a FlatnessAB/B) during pulse| + 10%
groundedPFN and afloating pulse transformer. The Field fall time NA
system is also required to have low EbHcause of the - 037KG 8 GeV)
proximity of low level controls. Several problems IB dl (Total kick/2 Magnets) ?- ‘ m (8 GeV)
related tothe pulsetransformerand to operation in air 2.51 kG m (150 GeV

are addressed and some solutions are presented. Repetition Rate 0.7 Hz
Magnet Inductance 5.05uH
1 CIRCUIT DESIGN Magnet Current 2700 A

Siting constraintshave forced the abort kicker
modulator to be located ~100 m from the kicker magnet 2 IMPLEMENTATION
itself, much further than the existirdistance of~12 m The original design for the abort modulatwad all
in the Main Ringand~40 m in the Tevatron. At the components assembled in a single 24" x 30" x 75" high
same time, the rise time of tHield has beerdecreased relay rack. Due to partiatlischarge problems with
from 1.8 us in the Main Ring tal.Ous in the Main several components, a more spacious layout was
Injector. To meet specifications, a pulse formingmplemented. Six commercial EMRFI shielding
network isrequired inplace ofthe circuitused in the enclosures, Schroff® Eurorack HF 1, were purchased for
Main Ring [1] and Tevatron. The Main Injector Abort the two modulatorsThree enclosuresere then joined
Kicker specificationsare shown in Table 1. Amore together to form a final cabinet that is 79" long x 34"
detailed explanation on the requirement for using a pulggde by 61"high. Eachsection contains a major pulse
forming network is given in [2]. power componenand is arrangedor easyand rapid
The circuit function is straighforward with the —maintenance.
possible exceptions of thdransformer secondary .
snubber circuiendthe 0.05uF capacitoradded to the 2.1 PFN Cabinet

high voltage bus connection. Thisapacitor is added The first cabinet contains the PFN, shortisafety
where the high voltage bus connects to the pulsgelay andend ofline termination. The PFN consists of
transformer. It isused tocompensate for theadded 13 capacitors and 12 inductors. These inductors may be
inductance of the bus. o tuned approximately5% by changing the length of the
The transformer secondary snubber circuiteuired  cojl. This can bedonewith the systemenergized. The
becausehe loadtime constant is longer than thise  capacitors are doubkended Mixwell capacitorsated for

time of the PFN. It provides a mechanism to control thess pulses at 40 k\thargevoltage. Theinductor coils

|n|ft||al yoltagi applied to thekmfagnet,hand thiamp the are placecbarallel to eachother and altematelywound

re ectllons that come bag: rom It € rpagne't to t fight handed andeft handed.This positioning of the
modulator. There is anoptimum value ofcapacitance ¢iis adds coupling between sectionsatthieve a flatter
that makes the current at the magnet rise rapidly but nﬁﬁlse response.

overshoot by more than 5%. The vatigpends on the There isonly one connection tdrame ground in the
cable length between the magmaetthe modulator, on
31Q 15uH 15pH 15uyH 15pH 450nH 0.05uF 4x100m
W RG/U 220

A0I5UF [0.151F | 015 )F [0.151F |0.15 F |

Number of PFN Sections: 13 Capacitors, 12 Inductors
Nominal PFN Charge Voltage = +34 kV
Transformer Primary Leakage = 1.4 pH

Figure 1, Schematic of Main jlector Abort Kicker $stem
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modulator and this is done atthe thyratron. This extinction level. Thesource ofthe partial discharge
location was chosebecause ofhe multiple number of appears tacome from high voltage connections at the
connectiongequiredbetween grounénd the thyratron. ends. For long life, an extinction level of 25 jg\é is
The return bus at the PFN then rings up to about 1 k¥esired and will require further improvements.

during the pulse. The PFN isconstructed in a

polycarbonate housing which is isolated from the 2.3 Pulse Transformer Cabinet

enclosure by standoffs rated for 1rk) ) ) The last cabinet contains the pulse transformer, the
~ The safety shorting relagnd end ofline clipper  secondary snubber circuit and the output cable

shorting relay is mounted for gravity return.rodified  maneuverthe pulse transformer inand out of the
wire wound resistor from Ohmite, rated at 1 kerage gpinet.

power, is used as thead dump. The modification was  The prototype puls¢ransformerhad severe corona
to replace ametal framethat runs the length of the nroplems. The insulation was a cast epoxy tate
resistor with a G-10 frame. This allows the part to bgyficient voltage holdoff, however the lifetime of the
rated for 20 kV pulse voltage and two aised inseries.  transformer was in question because ofow corona
The end of line clipper resistor imadefrom a stack of gytinction voltage. Thesubsequent transformer for the
15 ceramic composition resistors, HVRInC.  gystem waspecified touse oil as insulation. Asolid
#W0825AOR2J,rated at5 kv each. Theend of line  p3/rier betweerprimary and secondaryvindings was
diode is arassembly from CKE Inc., C03-168fated 5|50 required becausee transformer primarwill be at
at 60 kV and 11 kA for 1Qis. 40 kV for 2 seconds duringcceleratoflattop. Also, 60

2.2 Thyratron Cabinet kv DC bushings, Isolation Design ddel 404, were

specified to reduce corona from the connections.

The next cabinet contains the thyratron, the The manufacturer athe first production transformer
thyratron support electronicsand the modulator orderedunderthe new specificatiorexperienced several
interlocks. The thyratron trigger circuit, supportadditional problems. First, the primary windings
electronics and interlockare containednside ashielded requiredadditional bracing toprotect against shifting
enclosure inside the thyratron cabinet. Initiallyl.ikon  during shipment. Second, thieakageand nagnetizing
L-4988 thyratron waspurchased for the switch. inductance were both out of specification. After winding
Subsequently, sixexcess ITT, now Triton, F-241 repairs were madethe leakage inductance met
thyratrons became available. The F-241 has shownspecifications but the magnetiziigductancewas still
acceptable servickfe undersimilar conditions in the small by afactor oftwo. However, duringtesting the
modulators for the SLAC linac. The Fermilaperating transformer passed000 pulses at 200% nominal
conditions have a much lower repetition rate, but aperating voltage. It wasdecided to accept the
slightly higher Ass rating per pulse. Two parallel stack$ransformer inorder in continue to make progress with
of inverse diodes, 9 piecesidvo—Semi UDD-7.5 per modulator development.

stack, were connected across the thyratron to fuetss The 60 Hzcoronaextinction level wasneasured at
the operating conditions. Thepeovide alow losspath Fermilab to be approximately 6 kV rms. Thisvel
for reverse currents through the thyratron. seems inconsistent with long lifetiméowever the

Triggering requirements for this thyratr@ould be corona extinction level for the transformer was not
met with the trigger systenalready designedor the specified. It is not obvious that the 60 karona levels
Main Injector Proton InjectionKicker [3]. A 1:3 are indicative of life for this pulse application. The slow
transformer was used at the output of the trigger circult5 secondchargingtime and the fastdischarge are
to get an open circuit voltage of 2100 V. definitely not AC operating conditions. Fermilab has

In the bottom of this cabinet is mounted a 1.48 ninany high voltage cables that last®1pulses with a
long high voltage bus that connects the PFN, the pulsgow charge to 60 kV and pulse discharge, but they also

transformer and the thyratron. Fermilab has SUCCGSSfU“wve had measuredoronaextinction Vo|tages of less
used a low inductancgripline bus in air at 12 kV DC than 25 ks

for another modulator project [4] so extending the

operating voltage to 40 kV DC was reasonaBleveral

2D electric field modelswere madewith Opera-2D o 3 TEST RESULTS_ .

software from Vector Fields. This was the basis for the Preliminary tests at low voltagedicated that all
bus design. Two talnarrow insulators are used to Magnet current specificatiortsad beenmet. However,
provide sufficient spacing betweete high voltage after running at full voltage, the magneurrent rise
conductorandtwo ground conductorsThis reduces the time (10 % —90 % ) has increased from fi0to 1.3
electric field stress enough to prevent partial discharge . Upon returning to low voltage, thecreased rise
the air. A thinwide insulator isused betweerthe tall time is still present. Theause is unknown for certain,
insulator and the ground conductor toget sufficient buta change in leakageductance othe transformer is
tracking distance. The insulating materisbed is Suspectedgiven the problems thevendor hadwith
polycarbonate because of its excellent electrical and goBEacing. Another moreexperienced vendohas been
mechanical properties. Initial testing of the entire bugontracted for the next transformer and thait hasjust
structure hagresulted in al9 kVyms 60 Hz corona been tested successfully and shipped.
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The measured PFN voltage and currametshown in  Ring abort kicker system, anincreased cost was
Fig. 2. The voltage ismeasured orthe primary high anticipated becauséhe specificationsruled out the
side ofthe transformer with a Northstar VD-Gfobe technique used for that kicker system.
and the current is measured at the thyratron andite a
Pearson 3025 CT. The magnet currenmisasuredvith REFERENCES AND ACKNOWLEDGMENTS
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ripple is unde®5% and the 90% — 90% pulse length is
now 9.7us. The pulse length can be further extended by [1] Abort Kicker Power Supply Systems at Fermilab, G.
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The cost of each finished modulator is approximatel?/ [4] A 2nd Long Pulse Modulator folTESLA Using
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the parts cost is substantially more than the old Main
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Figure 2, Measured PFN Voltage and Current Waveforms at Nominal Operating Level
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Figure 3, Measured Magnet Current Waveform at Nominal Operating Level
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