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ECTOR HIGH VOLTAGE PULSE 6ol “KATOR
‘LECTOl FRGUTATOR (2L6974),
LY (321574) .

Re }o Edwards and li. ... Owren

THOKY OF OF:iATION

GaUERAL . Thé deflgctor V. pulse generator exists for the sole purpose.qf
supplving an electrostatic kick to the ions at the radius corresponding:to~
their maximum enersy in the'cyclotrono This kick, properly timed witﬁ éhe
oscillator f;m. cvcle, deflects the ions into a marnetic deflector, whence
they spiral out of the tank and are used outélde the cyélotron,proper {for ex-
periments., Urawing 2L6502A shows the position and interconrections hetween the

\
varicus components in the system,

PULSH 4 2:2hATOR: The basic clrcult in this type of pulse renerator is shown

in Fig., 1. The circuit action is such that the trigrer fires the switeh tube,
transferring the enef;y {rom the étorage capacitor into the prfm&‘y of the
puise trahsformer. In the interval between pulses, the storase capacitor is
recharsed throvgh the isolation device by the bower supplye The cyéle is then
repeated.

imain Pulse Transformer: The ovulse transformer is constructed to give a

maximun rate of ris§ oftvoltame in the transforuer secondgry or deflector har
eircuit, This voltare is approximately'140lkv push puliibr 230 kv total for
oroton operstion, The factor limiting the rate of rise of secondary voltage,
the transformer leakaze inductance, is made as small as possible Ly reducing the

nunber of turns to a minimum. heducing the rumber of tums %o a minimum lowers

the primary impedance to & very low value, approximately 2 ohms., Therefore,
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in order to develop any voltage across this low primary impedance, the rest of

&

~ the elements in the primary circuit must have a very low .internal impedance,
and thsse parts are grouped around the primary in such a way as to keep the lead
inductance to a minimum. HHigh core losses due to the high voltage, 5.5 kv per

turn, and the speed of magnetization of the iron make water cooling necessary.

STORAGE CAPACITOR: These capascitors are especially constructed for'pulse service,
having.exfra wide low inductance internal connectoré. They are filled with min-
eral oil instead of pyranol to»giﬁe better heat transfer from the capacitor
ele@ent to the outside case, Becagse of the répid rate of discharge of these

‘ capacitoré,'excessive heat is“generated in Ehe dielectric, This‘heat is removed
" by forced sir cooling.
SWITCH TUBE: The 5C22 Hydrogen Thyratron used for the switch tube in this gen=-
eraﬁor passes a peak current of about 300 amperes. HMuch higher pulse currents
are needed to energize the transformer primary with the deflector load, hence

'8 of these tubes per transfomer or 16 in all are needed to drive the circuit.
To allow these tubes %o operate in parallel, and share the 1o;d adequately, two
steps are necessary., OUne is the use of special resistors in series with éach
thyratron plate lead, while the other is the simultaneoﬁs triggering of all the

units with a specially designed trigger emplifier, Imﬁediately after the main

pulse,.a Voltag§ reversal (negative voltage) appeérs on the thvyratron plates,
This rapid reversal might cause a breakdown to occur between the thyratron plate
and grid, destroying the tubg's usefuiness, Because of this adverse effect,
élmnping diodes are used on the transformer primary, removing all but the first
2 or 3 microséconds of fhe negative plate voltage surze. Because of this very

- short surge, that cannot be simply removed, the plate volﬁage'at which these
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tubes may be operated in this device is limited teo 12 kv,

T8OLATICOR LEVICTs The isolation device hss a double task, each part of which

opposes the other. First, the isolaticn device must allow enough current %o
pass to charge up the storase capscitor in the interval between pulses, and
: .
secondly, it must not allow enough current to pass to keep. the switch tube ion-
ized after the main pulse, This function may he rverforned Ey a variety of
methods, e,»., resistors or chokes properly chosen, For the main pulse generator,
a voltage regulator tubé is used, This rezulator tube is emission limited during
the charging cyele and is cut off_for several milliseconds when the main pulse
takes place, allowing the thyratrons sufficient time to deionize, The regulator

also eliminates any variation in pulse amplitude due to power supply fluctuations.

TRIGGFR ALPLIFIER: The purpose of this circuit is to provide simultaneous

trigoering of the 16 5C22's in the main pulser, This circuit is basically the
same as that in Figure 1. In thié case, the transformer is wound step down to
match the 16 paralleled 50 ohm grid cables, and s resistor is used as the iso-
lation device.

CIRCUIT NESCRIPTION

P

JAIFR PULSE GUHEBATOR (2L7044A) (Figures 2, 3 and 4)1 V1l~l6, the main switch

tubes, discharse Cl=-8, pulse stora~e capacitors, into the primary of Tl and T2,
the main pulse transformers, R17-24, in series with the main dischargé, act

to balance the load between the paralleled tubes (V1-16)., V1-16 are trigpered
from the Deflector rulse Trigmer Amplifier (2L6952) through R1-16, cable imped=
ance matching resistors. Thyrite 9-2@ by-passes to ground any bigh voltage pulses
appeariﬁg in the grid circult due to grid plate arcs in the main switch btubes

(V1=18), Filament power for V1=18 is supplied from the 240 volt a.c., mains
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through T3 and T4, Thyrite 1-6 and cavacitors Ci2~15 pravent any high voltare
pulses induced from the main pulse circuit from traveling back into the power
line where they could result in destructive arcs,
| Regulated .d.c., power to recharze the storape capacitors, Cl=8, enters the

unit through PG 9210 from where it is zenerated in the Repulated Power Supply‘
(321574, 2L6974, and 2L6952); V10, V11, C9, R35, and T7 are parte of a resonant
charging circuit used during tssts of the pulse senerator., When the regulated
power supply is connected they are nct in use. DUiodes V12«13 act to drain the
negative charge off Cl=8 lef% immediately after the main pulse. An insulating
trensformer, T6, supplies the filément nower ?o V]12-13. Cl0~ll and Thyrite 7-8
by=-pass to ground any high voltage puiseé courled into the primary of T8 through
the interwinding capacity, Thé:Blower to cool Cl=8 is equipped with a switch,
S1, and an air vsne interlock. Door interlocks and a grounding hook are proe
vided for safety. R33-34 form a voltare divider to transmit information concerning
V1-16 plate voltepe to the control room. ' K35«39 are special voliage dividers
built to transmit an_indicgtion of the output pulse to the control room. Cooling
water for Tl and T2 enter the rack from a regulated Water surply. Beforevpassing
through Tl and T2, the water is first [{iltered to prevent Llocking the small
opé?ihgs in the transformer ccolins systems,

DEFLICTOR PULSH TRIGGEK AUPLIFIER (2L6952D) (Figures 5 and 6)s C%, the pulse -

storaze capacitor, is discharged into the primary of T3, the impedance matching

transformer, by V3, the switch tube, sending a trigrer to the grids of the main

/

pulse tubes in?thezDeflector High Voltage Pulse Generator through 16 separete
RG 58U cables, A trigger for V3 arrives through PGl from the Deflector Trigeer

DO

Amplifier (2L4502), R3 is a ceble impedsance matching resistor, while k4 and the
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Thyrite drain off any charses remsining on the prid circuilt after the main

pulss. K2 acts as the isolating device hetween the power sunply ané V3, the

<

o

switch tube, allowing sufficient current to flow from the d.c. power suppl
(plate transforaer T1l, filament transfcrmer T2, rectifier tubes V1 and V2,

filtsring choke and capacitors, L1, Cl, and C2, and bleeder K1) to charge C3

during the interval between pulses. T4 supplies filament current to V3, T8
is a variac used Yo adjust the amplitude cf the cutput trigger pulse., 'l zives

(]

the usual protecticn arsinst overloads. LTL, Rb, and LT2 are indicating lights
to shew that the power from the a.c, mains is present.

REGULATED POWWR SUPPLY (2L6974):

General Deccription: The regulator consists of VI, a type 880 tricde, used

as a series regulator tube., A voltage-renulator-omplifier (GE type GVDL15,
2V9473);containsha 90C volt regulated standard and a direct coupled amplifier %o
supply the error signal to the grid of V1, V2 (type 836) is a high vacuum diode

used as a clamp to prevent the grid of V1 from zoing positive. A delay pulse

from chassis 2L6922 supplies a nesative pulse to the srid of V1 through transe

former Tl, This delay 1is adjustabie from 100 to 2000 gesecs,

V1 (type &80) is both water and air ccoled. The wmter flow should be 10

plus gallons per minute, The high véltage and the V1 filament voltaze are con=.
neoﬁed to the flow.switch interleocik so that né voltages can be applied to the
880 befpre proper water flow is established, A blcwer mounted on the top of
the cabinet forces air on thé rlass soals of V1. This blower must be turned on
belore voltages are applied to V1, \

itesistors Rl, R2 and R& limit the discharge current from Cl and the power
supply in case of & short circult,

~

Transformer T2 is & high reactance type with a 12.5 volt 320 ampere second=
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ary used to supply the filament of Vi, fThe secondary voltase is adjusted by a
veriac on the primary. 7This voltage should be set to 9s5 volts as read on iieter
1s This reduced filament voltage limits the charging current tc approximately

6 amperes and also increases the expected 1ife of Vi,

Hizh Vacuum Diode (V2) acts as a clamp to prevent the zrid of V1 from going
positive,

Voltaze Reculator and Amplifier (2V9473): The voltaze-resulator-amplifier

is a Gk type GVD11B5 which hes a régulated 500 volt supply as a standard reference.
V108 and V107 in conjunction with the Vi tubes V109 and V110 constitute this
regulafed standard. V106 and V103 form the direct coupled¢ amnlifier which sup-
plies the signal to the rrid éf V1 (2L6974).- To remove the rerulated supply dnd
armplifier unit from the cubicle first‘loosen the four wing nuts on the two sides

and remove the cover, Remove the copper strap on the stend=-off insulator in

the lower left corner and the leads from the terminal blcck in the uppef,right

corner, .demove the wing nut on the under edge of tho‘chassis, The whole unit
now cén be removed By lifting up and out. A spare unit hasvalso beeﬁ modified
so that it ﬁounts in this Same MENIEY .

R8 and R7 select a pbrtion of the standard voltage to cempare with the
portion of the load voitage developed across R9 in series with RiO. Differént
values of RY can be used té'give different ranges ol output voltage. With RS
equal to .5kaégohms_the oufput voltage can be aajusted from'10.5 kv to 20,5 kv,
With k9 eqhalgto'l'ﬁég the range is approximatély 5 kv to iO.S kve H8 is a
helipot which is driven by en Einco lil-1 selsym. &he control selsyn is mounted
in the control room.

The meter on the side of the regulated supply and émplifier unit indicates

when the system is operating properly. The meter pointer is kept within the two
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range marks by adjusting the high voltage dece supply to the regulator to be
" approximately 3 kv higher than the regulated outrzut,

Delay Chassis (215932): The delay chassis supplieé a negative pulse to

the gri@ of the type 380 triode. This cuts the 880 off for a time adjustable
up to 2000 psec. by R3, A‘trigger is supplied to V1 through the pulse.tran5¢
former T1., This is the same trigger that trisgers the deflector pulse trigger
amplifiér. Section 1 of V1 and section 2 of V2 form a one shot multivibrator,
Section 1 of V2 is a cathode follower clipper and suppliesz a 100 v peak - square
wave to the grid of V3. The transformer T3 in the cathode circuit of V3 supplies
the output pulse, This pulse is inverteé by T3. Thé secondary insulation tc.
ground aﬁd’pfiﬁé}y is rated for 15 kv dec. <his %transformer is a special high
inductancé pfimary type built by Electro Enéineering_Cofp.

.The'output-éulée is approximately 1300 volts peak and cen be édjusted from
100 to éOOO/zsec. Transformer TZ and tube V4 supply heater and platé voltage
for the enﬁire CEAssis. R 16 and R17 provide a divider for the purpose of |
vviswing the output pulse on an oscilloscopé.
NOTE: The secondary is above ground (high voltage). lieke this check with éll
high voltages turned off,

Trensformer T4 is a 25 kv insulation transformer to supply 115 v a.c. to

T3 and the voltage regulator amplifier,

Hish Voltaze Supply (321574): The high voltaze supply consists of a 3 phase

bridee rectifier using GL575A type tubes. The input to the hich voltage trans-
former is 230 volts 3 phase adjustable by a motor=driven variable transformer,
The output voltase is 15,5 kv at 1.0 amps with the high volitage conrected delta-

wye amd 10 kv at 2.5 amps with a delta-delta connsction,
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Firure 7 shows the regulator and powsr supply cubicles and the motor-

~driven variacs,

Fizure 8 shows the power supply cubicle with the lower door open. The
Jumpers at the top of the opening are for changing from delta-wye to delta-
delta,

Fipure 9 shows the regulator cubicle with the doors open.

V1l « type 880 triode, series regulator
F1 - flow switch and meter for cooling water to V1
Cl = 25 kv capacitor bank

T2 filement transformer for V1

T4 = 25 kv insulation tmnsfomér 240 v/115 v = 500 VA
Reg - regulated supply and d.c. amplifier

Delay ~ 100«2000 aesec delay chassis |

Ml - V1 f?lament voltmeter

Kotor - selsyn to set output voltage

S1 and 82 - door interlock switéhes

va blower tube to direct air on V1

MATINTHERALCE NOTES FOR DRAWING 2L7Q44 AND 2L6952

1) For aid in troublérghCQQing; typigalAaneforms are shown on 2L6952D and
2L6502A; the cifcuit>schcmatioso

2) The 5C22 hydrogen_thyratrons on the main unit have been selected to give
satisfactory performance in this circuit: Because of variations in the spacing

of the internal tube elements and hydrogen gas préssure, some replacement tubes
will spark at the operating vcltaze fof protons. Therefore it is recommended that

only tubesthat have been checked out in a circuit similar to the main pulser be
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used as replacements,

) T6 in the Deflector High Voltage Pulse Generator has been modified to hold
a higher voltaze by removinz all the metal parts near the insulated secondary
winding. Keplacements should be given this same treatment,

4) Ll in the Deflector Pulse Trigrer Amplifier has been modifieq to enable it
to hold more voltage by rearranging the leads and dipping the whole choke in
paraffin or beeswax,

5) The setting on the variac in the Ueflector Fulse Trigzer Amplifier has been
adjusted for optimum trouble-{ree triggering of the thyratrons in the main pulse
circuit. If this chassis is replaced, the variac on the new unit should be set
to the sems positioh as that on the old,

6) The handle on the water filter must be turned periodically to clean any
residue from the filter element, Unce a month will Se sufficient.

7) Blower air filters should be replaced whenever they become fouled with

dust ®

sct/6=14-49
Information Division
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