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Ib i s paper describes the design of an 8-HW, 100Z 
duty cycle, hard tube series regulator used to control 
the accelerating voltage of a neutral bean source. The 
series tubs i s a developmental switch/regulator tube 
capable of holding off 200 kV passing 05 A, and 
dissipating 2 Htf of anode power. The regulator has 
high-speed interrupt capability to minimize the power 
delivered to the losd In the event of a load faul t . Its 
design i s such that i t can be used to regulate both 
positive and negative accelerating voltages. All 
reference/control signals between the modulator and the 
control station use optical links to nlnlmlxe noise 
interference and ground loop proMsas. In a l l cases of 
optical coupling, the loss of l ight i s tht worst-case 
condition, i . e . . loss of l ight turns off the regulator. 
The fast interrupt i s accomplished by rapid removal of 
the screen grid voltage from the series tube, sad then 
driving the control grid Into cutoff. After the control 
grid Is in cutoff the screen Is allowed to recover, and 
the regulator i s then ready to switch back on. The 
regulator tube driver i s a straightforward dc-coupled 
aapllf ier with a cathode follower output; dc isolation 
between various sections of the modulator i s accomplished 
by using optical coupling. The use of optics allows the 
use of sol id-state devices in an extremely hosti le 
environment containing both electromagnetic and nuclear 
radiation. 

Introduction 

The High-Voltage Test Stand Project ae Lawrence 
Llvemore Laboratory required a high-voltage regulator 
systexa capable of providing a well-regulated accelerating 
voltage to a neutral beam source. Some requirements 
were: (1) be able to regulate either positive or 
negative output voltage to within 11 of the desired 
value which ranges from 10 to 200 kV; (2) Interrupt up 
to 8 HW of load power in a few microseconds; (3) provide 
Binimum changeover/setup time for testing sources of 
widely differing e lectr ical characteristics. These 
requirements were developed from the needs of existing 
and pveposed sources, such as: negative 200 kV at 20 A, 
positive 120 kV at 65 A, and positive 80 fcV at 85 A. 
This paper presents the basic design of the hard tube 
series regulator system that was generated to meet these 
requirements. 

Description 

General 

The regulator hot deck (Fife. 1) i s 7 f t wide by 
1C ft long by 3 f t high, and Is enclosed in a corona 
shield. The regulator tube (VI) i s mounted to the top 
p'iste and crieatcd so that the cathode, control grid, 
end screen grid connections ate within the enclosed hot 
deck space. The anode connection i s above the hot deck 
t̂ ad i s enclosed in an o i l bath contained In a 42-in. 
diaa, 42-in. long filament-wound fiberglass cylinder 
which was adapted from a sever pipe application. The 
cylinder Is topped with a corona ring assembly to which 
the anode water and e lectr ical connections are made. 

The complete assembly, including insulator, i s 10 f t 
high. 

Power to the various hot deck chassis i s sequenced 
on automatically through a system of time delay relays 
and contactors by applying power to the s ingle hot deck 
Isolation transformer. This transformer Is rated at 
460 V, 3 $, 75 kVA. After successful sequencing of the 
power and completion of the water and interlock chains, 
an optical sign, AREADY. i s sent to the Remote Control 
Station (&CS). This i s one of the sign? 1a that must be 
present to energize the main acceleratli power supply* 

Regulator .Tuba 

The series regulator la a developmental tube, RCA 
type A3012 or EIHAC type X2209, capable of holding off 
200 kV, passing 85 A, and dissipating 2 HW ;.' anode 
power. The filament of the RCA tube i s rot* i at 3.7 V, 
4800 A, and the EIHAC filament i s rated at i ; V, 1550 A. 
Both tubes require cooling water at 300 gps, 150 p s l . 

Filament Supply 

The filament power supply i s a six-phase tar , 
half-wave rect i f ier bridge. The rect i f iers ar watsr-
cooled and the buss work i s s i lver-plated, 1/2- a.-thick 
copper with silver-plated screening at a l l jo ir ~. The 
tube filament connections are made at the filar *: water 
f i t t ings and at the tube mounting ring. Becauc sf the 
adverse ef fects that the filament current magnet c f i e ld 
can have ou the beam transport area within the tube, the 
filament leads are distributed around the tube and 
attached to a copper cylinder which Is part of the tube 
mounting ring. This distributes the filament current 
Into the tube end reduces th= effects of the magnetic 
f ie ld generated by the current. 

Cooling Water 

Because of the high power dissipation capabil i t ies 
and construction of the tube, the cooling water purity 
requirements are very stringent. For this reason, a 
separate closed loop cooling system with a polishing 
loop was designed and built to provide cooling water 
flow of 300 gpm at ISO psi . The water chemistry 
specifications are: 

Resistivity ± 4 Ma-cm 
0 , < 0.5 ppm * * 
CO, <_ 0 . 5 ppm * * 
TDS £ 3 ppm 
6.8 £ pa <. 7.2 

I t Is cr i t i ca l that no Air fca introduced into she 
system and that the water be continuously purified. 
Therefore, during oaiatcnance periods, a sna i l pump 
circulates the system water through the polishing loop. 
In addition to anode cooling, the cathode, filament, 
control grid, and screen grid are also cooled by the 
high-purity water system. 

This work was porforoed under the auspices of the U.S. 
Energy Research 6 Development Administration, under 
contract Ho. W-7$05-Eng-48, By weight. 

JlSTWeUTION OF THIS DOCUMENT ii u:;u* 



XCWBRROST 

Fig. 1. Block diagram of high-voltage regulator system. 

Optic Links 

In Fig. 1, the symbols XXSX indicate f lbsr optic 
connection* used between chassis. All control aignala Co 
and froa the hot deck are routed via optical links for 

' high-voltage isolation and to aid In the reduction of 
EMI and Ground Loop problems. A description of each 
optical signal is given in Table 1. All analog optic 
links carry a light signal whose Intensity is directly 
proportional to the magnitude of the parameter It 
represents; i.e.* higher voltage or high current equals 
Increased intensity («ee Fig. 2). All digital links are 
single-channel, and are designed such that light 
intensity below a predetermined level indicates an 
abnormal condition. 

Hormal Operation 

For normal operation, the system responds to the 
light intensity of XH1F. The absence of ABJF causes VI 

• to be cut off and the full power supply voltage to he 
dipped.across VI. When ABEF is present, its intensity 
level determine! what the regulator output voltage 
should he. 

The low-level electronics chassis (LLE) senses the 
regulator output voltage via a compensated voltage 
divider. This signal is compared to the reference 
signal, XRHF. and an error signal, APBIVER^ is 
transmitted to the Preaap/Driver Chasia. This In turn 
corrects the VI control grid signal, returning the 
regulator output to the desired value. Closed-loop 
compensation of the system is accomplished in the LLE 
•which is composed of solid-state components shielded 
from nuclear and electromagnetic interference. This 
allows changing the compensation required for various 
neutral beam sources by changing one printed circuit 
board. This makes the system more flexible and reduces 
changeover time. The Preasp/Driver Chasls (see Fig. 3) 
usea an EIHAC 4CW200DA, In a cathode follower 
configuration for its output stage and two 4CX250s as a 
straightforward, high-gain, dc-coupled amplifier. 

Faat Interrupt Operation 

In the event'of a load fault such as arcing, the 
regulator sees a decreased output voltage and an 
increased load current (t.) (see Fig. 4). The drop in 
load voltage would call for an increase in the anode 



Table 1. Listing of optical links.. the RCS. Assuming prompt recovery of Che load, Che 

Designation 

ARE? 

Description the order of 60 usee. 
An analog signal froa the RCS to the 
regulator representing the desired source 
voltage. 

AV An analog signal to the RCS representing the 
actual source voltage. 

Al An analog signal to the RCS representing the 
source current. 

ADRIVER An analog signal representing the ~ror 
between actual and desired voltage. 

ALOCAL A digital signal which requests a regulator 
interrupt if source voltage exceeds a preset 
levtl. 

AHC A digital signal which requests a regulator 
Interrupt If source current exceeds a preaet 
level. 

ACWBR RQST A digital signal sent to the RCS which 
requests a system urewbar when VI plate 
voltage drops below S kV. 

ASCRW An analog signal sent to the RCS representing 
the screen voltage of VI. 

AINT A digital signal sent to the RCS indicating 
that an interrupt comind has been generated 
within the regulator. 

AR£M__INT A digital signal sent to the regulator from 
the RCS indie ting that a fast turn-off of 
VI is deBlred. 

ACWBR A digital signal generated by the RCS which 
causes a crowbar of the sain acceleration 
power supply. 

current of VI, but this signal is overridden by the 
interrupt command generated by the source high current, 
AHC. When AHC is generated U 2 ) V2 is turned on, 
causing the screen of VI to fall to a negative 1.5 kV in ' 
1 to 2 usee. Simultaneously, AIKT is sent to the RCS, 
causing AREF to be Interrupted which in turn drives VI 
control grid into cutoff, t~. The screen grid is then 
allowed to recover (t,), and VI can be brought back on 
via AREF (t.). All timing in the sequence can be 
adjusted locally on the hot deck except the tine of 
recovery of AREF. That is adjustable by an operator at 

Crowbar Operation 

Crowbar command signal (ACWBR) generated by the RCS 
causes the crowbar system on the main acceleration power 
supply to trigger and the breakers to the supply to open. 
There are "three situations within the modulator which 
will cause a ACWBR: (1) On receipt of AIMT, the RCS 
monitors XV and Al_ and decides whether or not VI has in 
fact Interrupted power delivery to the load. After a 
fixed time, if VI has not interrupted, the RCS generates 
a ACWBR. (2) The RCS monitors the number of consecutive 
AINTs and generates a ACWBR when a preset oucber is 
exceeded. (3) In the event that the anode of VI arcs to 
any other element, the anode voltage will drop below 
5 kV. The S-kV power supply in series with the 40O-kV 
diode string connected to the anode then forward-biases 
tbc diodes. Tha current through the diode is sensed, 
and a crowbar request signal (ACWBR RqST) is sent to the 
RCS. The RCS then generates a ACWBR. 

ConcluGion 

Because this regulator is part of a test facility, 
it was critical that it be designed for flexible 
operation. The most complicating design requirement was 
that none of the load parameters were fixed and therefore 
the closed loop compensation could not be predetermined. 
Optical links allowed the design of a well shielded 
chassis which could Incorporate solid-state components in 
a hostile high-voltage environment. This meant that 
printed circuit boards could be used for changing the 
system compensation for various loads. 

Because of the requirement that energy dumped into 
a load fault be Halted, c series regulator with 
floating hot deck was the basis of the design. This 
also gives system flexibility in that either a positive 
or negative output voltage can be regulated. 

Individual sections of the system have been built 
and tested with excellent results. For example, on 
receipt of an interrupt command at the High-Level 
Protection chassis, the fast turnoff of VI screen voltage 
is accomplished iu less than a microsecond. The complete 
system should be operational in November 1977. 

+V +V 

Fig. 2. Simplified analog optic schematic; (a) Transmitter, (b)-Receiver. 
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Fig. 4, Timing sequence for fast interrupt action. 


