
AD AO64 959 ES AND S INC SALEM MASS F/S 9/1 “N
DCVELOPMENT OF A FORTY KILOVOLT MEGAWATT AVERAGE POWER THYRATRO— Etec u)
NOV 76 J HAMILTON, S MERZ P R PL~~ TE DAABO7—76—C—135 2

UNCLASSIFIED DELET—TR—78—30 NI.

~ SUiI~ :a~ ‘•END
OME

FILNE 0

4 -
~ 79-
o oc

I



. 1 I’~ ~~ ~~~ ~jLJ2.5
LV L

_ _ _ _  

~ 3.2 2.2
~~ ~ 36

I I I ~~~~ oo~~

11111’ .25 

~J~
(fj .4, 

~
MICROCOPY RESOLUTION TEST CH~~T

N4TtONAL BUREAU OF STA NOARDS.1963_fl



- -

~~~~~

—— .-

~~~~

- -—--

~~~~~

RESEARCH AND DEV ELOPMENT TECHNICAL REPORT

DELET-TR-78-30

DEVELOPMENT OF A FORTY KILOVOLT MEGAWATT AVERAGE
POWER THYRATRON (MAPS-40)

J. Hamilto n

~~ 
S. Merz
R. Plante
D. Tu rnquist
EG&G, INC.
N. Reinhardt ,Consultant
J. Creedo n
J. McGowan
ELECTRONICS TECHNOLOGY & DEV ICES LABO RATORY

C-,

November 1978 D D C

ERADCOM
US ARMY ELECTRONICS RESEARC H & DEVELOPMENT COMMAND
FORT MONMOUTH, NEW JERSEY 07703

HrsA-FM 196-78

_



N O T I C E S

Disclaimers

The citation of tad. names and nainee of manufacturers in
this report is not to be construed as offi cial Government
indorsem.nt or approval of commercial products or services
referenced herein.

Disposftion

Destroy this report wh.. it is no longer needed. Do not
return it to th. originator.

HIS~ —FM 63)



_ _ _ _ _ _ _ _ _  

-

~~~~~

c A S ~TPT~n
SECURITY CLASS IFICATION OF THIS PA~~ (W~~n Dada £ni.,.d.I

(fl)REPORT DOCUMENTATION PAGE BEFORE COMPLETING FO RM
I. HEPOR — 2. ~OVT ACCESSION NO. 3. RECIPIENT S CATALOG NUMBER

DELET 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

_________________ - - - -~ 

.

~ 

rEer r-—-’ i gni~~~ cov ERI~o

~ ~~~~~~~~~~~~~~~~~~~~~ ~~~~chn ical,~~~~ L /______________________ __________ ... , 
~~~Ifl ~’ ~ &GJ 

R~~~p4~T1 NUMBER

-~~~~~ . 1 — i
7. A uTHOR

~~ ~~•~amiiton s ~f e r Z R I ~31aflte p frurflqu.i~~j  
S. CONTRACT OR GRANT NUNBER(e)

EG&G,Inc 1N4~einhardtrCon~~1iant,.J.Creedon , ‘J. 1~~~~~~ T
1

ETDL

9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT . TASK 
-

A R E A & W O R K UNIT Ens

USA Electronics T:chnoiogy & Devices Laborator~~~ ~~~~~~~~~~~~~~~~~~~~~

II. CONTROLLING OFFICE NAME ANO ADDRESS ,.— j L_~~~~~~~~~ ATE

Beam, Plasma & Display Division 1/ ~
_

~~ 7 / ________

US Army Electronics Technology & Devices Lab ~~~~~~~~ .

(ERADCOM) ATTN : DELET-BG 9 . ~.L
14. MONITORING AGENCY NAME & ADORESS(~1 dlii .rant Elm Controliln ~ Offi ce) IS. SECURITY CLASS. (of fbI. r~~~ W)

/ ,

~~~~~~~~~~~~~ ~~~~ Is.. OECL. ASSuFI CATI ON/Dó~ NGRADING

15. DISTRIB UTION STATEMENT (of thIs Report)

Approved for public release; distribution unlimited.

Ii. DISTRIBUTION STATEMENT (of the .bjtract entered in Block 20, IV different from Report)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (Continu, on rev.?.. aid. if n.c...my and id.nUfy by block numb.,)

PuLse Power
Closing Switch
Rurst Mode Operation
Megawatt Average Power
Gigawatt Peak Power

20 ASSTRA( I (Continu, on r.varI. aid. if n.c. .a.s). and identify by block numb. ,)

See other side for Abstract

DO 1 J AN 73 ~~~ EOITION OF I P4OV 5S IS~~~~SO~~~ TE / UNCIJ.SSIFIED .

‘~3 ~~
‘çi’ T ç de SECURITY CLASSIF I CAT ION OF THIS PAGE (When Data Ent~~~~f)



___________________

UNCLASSIFIED
SECURITY CLASSIFICATION OF T~4 I5  PP~3~~(Wh en Data Ent.r.d)

Block 1/20
Abstract:

The thyrat ron which resulted fron the MAPS—40
Megawatt Average Power Switch devel opment effort
achieved switching of 40 kV and 40 ka wi th a pulse
width of 10 microseconds anti a repetition rate of
125 Hz. Operation was In 10— to 15—second bursts at
the 1—megawatt average power level . I .

The MAPS 40 embodies new engineering solutions . -

to the problems encountered in high power thyratrons. . - . 
.

In this developnent, careful attention had to be given . . • .  . . .

to the control of operating dissipations, to the - 
. 

- 

storage and dispersal of heat, to the strength and - - 
. . .  

—- 
•

. -;

protection of Internal tube structures, and to the
special requirements of tube and circuit operation at . ..   . -

the megawatt level .

In the first phase of the progrem, ei ght thy— . ... -—

ratrons were constructed, five of which were delivered  ~... -to Fort Moi~nouth for evaluation. Four of these proto- . .

type tubes were tested to the specif ied objectives in - .  . 
;

short-burst operation, and were subjected to further
- tests to explore their nominal design capabilitIes. I  

-Seven more tubes have since been built, all of the
sa me des ign, all of wh ich have net the specified
objectives.

~~~ V3~ IU I~~_________________— /

0111 - W~I’s $sd1 ~~ -

IC, lull

ISAluoulIcts a
JU$TIFICAtIQI _ ..____ _ 

H -. 

IIITIIIUTICI /&PA !LAl!t~TT ~O2tS
Il’. AVAIL •tdv

UN CLASS I FLED
SECURITY CLASSIFICATION O~ THIS PAGE(Wit.a Oaf. Enter.d ~

- - - -- --- - _ _ _ _ _ _ _ _  
_



- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DEVELOPMENT OF A FORTY KILOVOLT
~ GAWATT AVERAGE POWER THYRATRON (MAPS—40)

J. Hamilton , S. Merz, R. Plante , and 0. Turnquist
EG&G, Inc ., Salem , Massachusetts

N. Reinhardt
Consultant , Lexington , Massachusetts

J. Creedon and J. McGowan
ETDL , USA ERADCOM , Fort Momiouth , New Jersey

Summary Major problems were forward and inverse holdoff
capability , aggravated by the standby requi rement, and

The thyratron which resulted fran the MAPS-40 the thermal and mechanical design of heavy internal
Megawatt Average Power Switch development effort structures.
achieved switching of 40 kV and 40 ka with a pulse
width of 10 microseconds anti a repetition rate of Tabl e 1. Major specification objectives for MAPS—40
125 Hz. Operation was in 10— to 15—second bursts at thyratron .
the 1—megawatt average power level.

The MAPS 40 embodies new eng ineering solutions Operation Operation
to the problems encountered in high power thyratrons. Parameter (Units) Rating (1) (2)
In this development , careful attention had to be given
to the contro l of operating dissipations , to the epy (kV) 40 44 44 -

storage and dispersal of heat , to the strength and
protection of internal tube structures , and to the lb (ka) 40 44 11
special requirements of tube and circuit operation at -

the megawatt level . egy (kV) 1.5—4.0 —- ——
In the first phase of the program , eight thy tp (Us) — . 10 20

ratrons were constructed , five of which were delivered
to Fort Monmouth for eval uation. Four of these proto— prr (Hz) 500 125 250
type tubes were tested to the specified objectives in
short—burst operation , and were subjected to further lb tA dc) 50 50 50
tests to explore their nominal design capabilities.
Seven more tubes have since been built , all of the Ip (kA ac) 1.48 1.48 0.74
same design , all of which have met the specified
objectives . , .

~~~~~~~ 

Pb (IO~ vats) 400 242

Introduction dikfdt (ka/Us) 20 20 20

The MAPS—40 megawatt average power th yratron tad (Us) -- 0.2 0.2
program is an outgrowth of the earlier MAPS—70 pro-
ject , in which operation at several hundred kilowatts t~tad (Us) —— 0.1 0.1
was achieved .(l ,2) The work performed in this
development relied heavily on advances made in earlier tj (Us) 0.02 —— --

programs in extending operation to the present mega-
watt power level . EfoEres (Vac) 15±1.5 —— --

Specified objectives for the MAPS-40 thyratron If (A ac) 70 —— --
are listed in Table 1. The operating condition
features: Ires (A ac) 40 

- 
-— , --

1. Operation at an epy level of 40 - 44 kilo - tk (sec) 900 -— --
volts.

Life (pulses) —— 5x106 5x106
2. Peak current of 40 kiloamperes.

3. Average current of 50 amperes. Principal Design Considerations

4. An m s—eq uivalent current of 1480 amperes. A conventional external—anode , pl anar—el ectrode,
ceramic—metal tube design was chosen to meet the basic

5. Repetit Ive burst mode operation , with “on” design considerations for the MAPS—4O thyratron as
cycles of 3 to 30 second s at the 1—megawatt outlined in Table 2. To obtain rel i abl e, kick—out
average power level , free operation at 40 — 44 kV , the use of a gradient

grid was necessary. To prevent quenching, a large

L 

6. Restrictions on the number of missing pulses total grid-slot aperture area was required , implying
or kick-outs experienced during extended an 8-inch diameter tube design. An auxiliary grid was
burst—mode operation . necessary to obtain good triggering characteristics.

To handle the operating dissip ations at the cathode, a
7. A 48—hour standby requirement (heaters only), novel open—wo rk type of vane structure was proposed.

135 
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Tabl e 2. Principal design considerations.

Design Parameter Area of Princ i pa l Concern Design Decision

Electrical

40 kV operation Forward voltage hold—off , Use gradient grid and
reliable operation. tight baffling.

40 ka peak current Grid aperture quenching. Use 8—inch diameter tube.

High ditdt; ~ow tad , ~tad Conflict with tight baffling Incorporate auxiliary grid;
and jitter, of grids, use ‘keep—a live ’ bias.

1480a rms current . Current distribution; ohmic Careful attention to feeds
heating in the cathode and connections.
structure.

Burst—mode operation Transient hydrogen cleanup. Use fast—response reservoir.

High average power Overheat i ng. Use composite construction
of adequate thermal mass
and conductivity: low
thermal resistance from
grids to external fl anges.

Survival under arc— fault Melting of tube el ements. Molybdentan high—voltage
conditions surfaces: anode , grids .

and shields.

Thermal and Mechanical

8-i nch diameter seals Thermal stresses arising from Use compensation and Stress
bimetallic el ectrode relief techniques.
construction.

Burst—mode operation Thermal runaway. Absorption of heat followed
by dispersal during “off’
periods.

Deuterium Pressure Titanium reservoir temperature Isol ate reservoir from
Stability and rate of response. thermal surges in rest

of tube; design for
fast response.

Sagging, creep, warp ing Compl ex and heavy mechanical Brace structures with
parts made of ductile stiff framework of
material s in grids , cathode , refractory metals.
reservoir.

Enviromental

Survival under shock and Tube envel ope and structures. Design for strength and
vibration stiffness.

Field Handling Shipping , mounting, connecting. Handling features planned
as integral part of tube.

The most difficult design problems arose in the prevented from warping, or from exerting powerful
thermal and mechanical design of the tube structures, expansion forces on the ceramic—to—metal seals.
Massive i nternal structures were needed to carry
currents and to absorb and distribute operating The cathode required that a kilogram of dead—so ft
dissipations. These had to function without warping , nickel be supported well enough to prevent sagging ,
local melting, or causing electron emission to occur creep, or deformations from g— forces (all problem s
in undesi rable places . experienced in the earlier MAPS—70 cathodes). The

early tubes in the MAPS—40 program were built with
The grids , for exampl e, were designed as thick what was basicall y a structurally augmented MAPS—70

copper—molybdenum sandwiches to resist arc damage and cathode; later tubes i ncorporated an entirely new
to spread heat away from the grid slots and conduct it design in which operating dissipations were minimized
to the tube exterior, These sandwiches had to be and the structure integral ly braced.

136
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The reservoir , designed for rapid response to In the MAPS-40 tube , inverse voltage holdoff was
pressure or heater power changes , likewi se had to be expected to be poor due to large peak currents and
protected against deformation and heater shorts , and hi gh di/dt required by the operating conditions. The
it had to be isolated from thermal surges in the rest use of a ‘ virtual’ anode , emp loyed elsewhere and
of the tube. believed to act as its own inverse clipper , as well as

to improve quenching characteristics , was considered
The tube envelope , used to transfer the grid- as shown in Figure 2, and was tried on preliminary

dissipat ion heat l oads efficientl y to the surrounding evaluation sam ples and on one actual early 8—inch
air , was designed to emp loy butt —sea ls to heavy diameter tube. Despite much effort , results proved
1/8— inch thick copper fl anges and to nickel — iron alloy negative or inconclusive , and this approach to the
flanges . Figure 1 shows the external appearance of inverse holdoff problem was shelved . The virtual
the finished tube . anode concept may offer some advantages , but its use

was not pursued further in this program . The final
tube design employs a conventional anode as shown in

________ Figure 3. In this structure , a 3/16 in. thick moly b—
____________ 

denum disk is supported by a tapered cup made from
Driver Harris No. 146 alloy. A stepped shield of
molybdenum surrounds the anode to prevent damage to

ANODE the cup caused by discharges going up the side wall.
%t’~.Sfl ‘i.~~ X..

j J 
— 

VI R TUA L ANODE

LL~~~~~ Ji
_____________________________________ GRADIENT GRID

U U
__~jffiJ~j~ U

__
U U U 

-- 

-
CONTROL GRID

‘/ -- AU X IL IAR Y GRID

/ 
/ “‘ 4en,a.. —,

I 
CATHODE BAFFLE

/ CATH ODE

- _________________________

I 

- - 
RESERVOIR

Figure 1. External view of MAPS—40 thyratron.

Significant Design Details 

~~~~~~~~~~~~~~~~~~~~~~~~~~~In tubes of this size and power level , it is - 
~

- 
.

necessary to carefully engineer many details of
construction which can be left uncritical l y over— Figure 2. Trial version of MAPS—40 with virtual
designed in smaller tubes. In the MAPS-40 , many anode.
details were significant design problems , requiring
that the tube electrodes and components be individu-
ally developed and tested separately to assure proper
functioning as part of the compl ete tube.

Anode Gradient Grid

L 

Anode dissipation was assumed to be roughly 60% Of the alte rnative cavity and box-type grid
of that of the gradient grid , or about 1200 watts designs dep icted schematical ly in Figure 4, the box
maximum. Its surfaces had to withstand potential arc type was chosen because of its compact structure.
damage and be suitable for maintaining high voltage Cavity .-type grids imp ly l onger , heavier structures and
holdoff. tend to exhibit poor recovery time,
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_________ _________ 
offset was 0.110 in. Grad ient grid to anode spacing

__________ 
was 0.125 in. Total grid aperture area was about 7.5
square inches , l a rge enough to avo i d quenc h i n g  a t the

~:I~_._.

____ :II:J1IiiiiI 
ANOD E

typical limit of 10 to 11 kiloamn peres per square inch ,
a value confirmed experi m entally earl y in this pro—
gram . The aperture slots themselves were 0.15b in.

__ ________ ________ __ w i de , ar ranged as a concen tri c c i rc u l a r pa ttern of__ ________ ~ ~ ________ GRADIENT GRIDa arc segments , a configuration found to give less heat
bu ildup at the grid slot edges than a radial-slot

________________ 
l ayout with the same total aperture. 

(r~C~~ !
__ The mass and thermal conductivity of the grid

dissi pation (approximately 2000 watts ) could beA uXI LIARY GRID 
sustained for 30 seconds without caus ing more than a

: -

~~~~

- 

— 

~~~~~~~~~~~~~ 

CONTROL GRID 
were chosen so that the worst—case calculated grid

250°C rise in average temperature. Overall grid

accommodating d i f fe ren t ia l  thermal expans ions.
Strain—rel ief  cuts and the use of defornable copper

- 
~~ CATHODE BAFFL E thickness was 3 /8 in., posing a formidable problem in

~~~~~~ CATHODE protect the ceramic—me tal seal from failure due to
______ these expansions.

.~1zçz~~ ~~~~~~/ 
- ,  

~~~~~~~RESERV OIR 
Control Grid

_______ _______ ______ 
Control grid dissipat ion was assumed to be higher

__ _________ than that of the gradient grid , to a maximum of about
________ 

A 3000 wat ts , due to power lost in the vicinity of the
control grid baffle from the 30— to 50—vol t Langmuir
double-sheath drop to be expected where the discharge
constr icts. Copper bars were attached to the under-
side of the grid to increase its mass and to assist
the radial heat flow , w i t h  t h e  objec t , again , of
restrict ing the operating temperature rise to 250°C.

Figure 3. Cross section view of MAPS—4O with Slot s were cut in the copper bars to provide strain
convent ional anode, relief. The conical control grid support was also

made of copper.

The aperture pattern used for the control grid
was identical to that employed in the grad ient grid.
Control—gr id to grid —baffle , and control—gr id to
gradient-gri i aperture offset was 0.110 in. Control-

1 r—
~ 

- grid to gradient —grid spacing was 0.140 in.

[J _

~ 

Auxiliary Gr i d

The t i ght baffl ing of the grad i ent and control

i ~~~~ 
~~~ ANODE grid sections , used to promote forward holdoff and

GRADIENT GRID ___________

~~~~~~~~ 

GRADIENT ANODE ~~~~~~~ retard migration of emissive materia l from the cath—
~~~ ode , was expected to have an adverse effect on trig-

gering characteristics. Accordin gly, it was decided
_____________ 

to use an auxiliary grid , which could be supp l ied w i th
________ “keep —al ive ” bias to shorten time of anode delay from

time drift , and to suppress j i t ter. The presence of
CONTROL GRID 

~~~~~ 
hundreds to tens of nanoseconds , to stabil ize de lay—

_____ the auxilia ry grid would also aid recovery , he l p
AUXILIAR Y GRID

—CATHODE MOUNTING FLANGE — 
- ______ suppress cathode material migrati on , and most s ign i f i—IRLSERUOI~ I~~G~~~~XJ

_____________ can t ly , l ower the heat l oad of the control grid by theU LIlT - 
U U U intercept ion and refl ection of cathode power.

CAVITY GRID BOX-TYPE GRID
The aux iliary grid is a molybdenum pl ate connec-

ted by heavy copper heat-conducti ng bars to a copper
Figure 4. Comparis on of cav ity- and box-type grids. support cone. A skirt keeps evaporated material off

the ceramic insulator ring. The auxil iary grid is
spaced from the control grid by about 5/8 in.

Cathode Baffle

The cathode baffl e is basical ly a hea t shield
wh ich intercepts power and evaporated material from

Tight grid baff ling was used to promote good the cathode. It is heavily constructed at the top to
forward holdoff. Mol ybden um wall shielding was used resist damage. Currentl y a single—layer structure ,
to improve inverse holdoff capability and to increase its dimensions are chosen to obtain a nomin al cathode
quenching lim its. For additional holdoff capability , heater power requirement of 800—lOUD watts. Its upper
the ml se of deuteriu rn as planned in p lac e o~ hydrogen surface is spaced 1 in. away fran the auxiliary grid ,
as a fill gas. Gradient to contro l grid aperture and about 1/4 in. away from the cathode vanes,
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cur re nt  feeds as sh own in F igu re  5 , w a s  used for  I u i i - :’c m’ ‘ - nper~m ’. i ng ‘ I ’  cci  - - . mm m i d  c i

he ear ly tubes in ‘he MAP S—4 0 program- . tit le this mc ’ -  Ii i ii ’ r ich c - u , ill ‘, ‘ ui  m m  F i j  - , 3 , -

cathode was capab le of supp ly i ng the necessary PCI  m m m l P c ’ m r r e r m ’ — t o m - i r ‘‘l c55  ri ’. I t ’ ~~C e lect  r c
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it m c t m t be,, ’ 1 a Sse s ‘a  a ‘ m i e m - e t m i e  1 emel
1. Improved m i t  I iza t i on .
2. Improve d s t o r a g e  and d i s t r t h m i ~ Io n of the

operating d i SS it m ,m ’ ions.

3. Better th e n- mal e f f i c i e r m c y .
4 . Prevent ion of therm -m e l runaway through carefu l

design of welds and cmi r rerm ’ feeds.
5. Mechanical ruggedness.
6. ndependence of ‘ lm m c i t homle tm rom I a l l  ‘m pc hj  mm -

ccl and e lec t r i ca l  connections to the heater.

_________ 
~~~~~~~~ I
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r u naway , a tes t  equ i  v a l e n t  to 1601) amperes nm ’ s—
equiva lent through the complete cathode. No signs of
dist ress were observed .

As an e n virorm , - m er mt al test , the entire cathode
St rcm cture , thorommm jhl y anneal mm m l by prol onged test rurm s
at operating tem Im im er atm ire , was bolted to a test bed and
subjected to li)— g v ib r,m t ion at 50—2000 Hz , a nd ‘o
100— g - ;I m m m ~~s in the a x i a l  and orthogona l p lanes, No
i-m ajor resonances were observed and no ,ief urv ’ ,m ’ ion too k ii
‘lace , a dis t i n c t  .I d i , m r m C m ’  over the earlier MA PS
cathode structures. 
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rigure 9. MAPS—40 cathode heater.

~~~~
Reservoir

Fi gm ire “, Cathode vanes individual ly welded to Transient cleanup was Suspected to be a probl em
current feed ring, during burst—mode operation , w i th very little time

ava ilabl e to readjust the pressure. A fast—acting
reservoir able to respond quickly to pressure and
heater—powe r changes was required . The reservoir used

‘teeter in the MAPS—7 0 had these desirabl e characteri sti Cs ,
but it was fragile and unstable. After much effort ,

Previous experience indicated that it was best to the reservoir was redesigned.
rmjn the heater at a relatively low tem peratu re , and to
separate it rim echanica lly and electrically from-i the The MAPS—40 reservoir shown in Figure 10 consist s
ca thode structure. The area availabl e for heat of a flat serpentine heater flanked by two sets of
transfer inside the cathode vane structure is small; titanium st rips stacked edgewise. The resulting
t herefore , scm -cere demands are made on the design of sandwich is packaged in a li g h twemqh , open ~r a- ’c- ,
the heater, where it loses hm ma t ; -ri a ,m r i l y by radiat ion and gas

co nd ,m ct iom i . Run ho t , it a re la ’ ive l y  low s ; ’ ec i f i c
“he he m ’ en shown in Fi gmmre 9 is a cyl inder of load n’; , ‘ 1mm ’ rc ’si’r c - - ‘ r res; ’or m -ls g u t m  c l y to c h ,~” me ,t

mm ’ r ti cal i v ‘ i c -a t m-- I  m’mol ybdenmir m mesh , assembled from cond m ’ io ns a ’ a m r ’ i, l e t e r ’ - - i ” e - l  m a r m l y  by power , - ,m s c ,
‘‘ai r  p - , i - Ir ,mn ’ S . each w ith its own head and tail and s:’eci’lc heat cons ’’iena ’. i i’ m’,. ~- c,si; -lete re i n-
c- mm -re!,’ ‘o u - t ~~, which are connected down at the botton voir c ’ a n s i  s’ c ’ m ~ I c - m r  a ’ ‘he u n i t s  nb’ iw’ i , a t a ’ al -‘ass

- ‘ the s ’ r e c t a — m m , w e l l  away fr om the h o t — z o n e ,  of 4 1) J ra: - ‘, o~ t i ta nrun loaded to ap ;’rm ai i :e’el~ 51(1
-‘ b ’ - ” ‘~,m ” c ” ~‘ m  t im -1~~ c m�na - - , t c— cov er e d mol ybden um-i li’ m ’ r— tc r r  t ” ’ , m I a ’ d e , m t e r ’  m m ,  ,mt (.3 c a r ,- e - ( :u m 1 ;,rmul-l

‘ ‘ h - 1. ’ - ’~~, b’: ’h  Ir ’e r n,mi  ly JO ’! ‘c ’ m- rna i ly, ‘‘ 11 :-rm ’ ssa ’ - mm.
r , s ~ ri i r r ; ’ h e ’ r  5 : -  ‘i n ;  a n t  ‘ r a c i n g  t I m e- n a g a i n s t

Ia ’ ,‘r -“  I ‘ in-s -i ” it - c i  b ra t  I,,~, ‘1 m m ’ m m ’ c o r c m i  m m - is isolated from the cc ’ b i t e  heat en
and ‘ mI m e o; ’m ’ r ,m ’ t o ;  di ss ‘at Ions by s ,us;e mm I n rca i t

Th 15 b , ‘ ‘- r  h i’, w i ’ b c t - m o - i  75 cycles ,c ’ three bm-y i , 5 i ’ t m m ,~ he ,IVV sole—;’la ’n , a “ fa l s e — b’ ’ o,:” c’a ’ ,rmec ’ m’ ,l
- c ’ s  ‘b ’  ‘i’s - mm incur , f oi l ‘mm - me ’ t by poi nil i n ;  on ‘ hi’ to ‘b, ‘‘mIm e ‘‘Sc’ by ,-m a ss i ye cc , ‘er bus bars. ‘ he solo

- -m - ; -; ‘ r ‘ ‘a-  w tb  ,I hi m ,  a” ' and f ,u r ’ tm en cycli c ’;, ‘1 ate also serves as thm ’ current f e e t  a n t  mechanical
w her ’ ing ‘mm - ‘r ,m’ ’ ’;’-e . l’s ne’ cm - - : i s s i v i t y ‘ rm s m ; l m ’ , m r t  f i m r  he C ‘ th ’m ic’ , which is h m u i ’ ed to its ici er
‘b~’ 5- rr-~ “ l o g i,m mmm ’ c ’ r- ~p t - m n i ’ a ’ ‘jpe r ,m ’ inq ’ p-e ’m’ r , ,- su rf ace , -‘il heat reachIng the sole ‘late is ; nW’; t l y
‘ ‘ “ tm ’ is ‘ ‘ . 7-’ . Co nm I uc f m’ m t ‘,‘~~‘ ¶ i m n, ,  ‘;h ‘hi’ base o f  ‘ i me ‘mlh e.
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Figure 10. MAPS—40 reservoir.

Figure 11. Damage to anode shield.

Aging and Testing

After assembly and processing , the tubes were
given a preliminary aging and test at EG&G in Salem ,
Mass. They were then shipped to the high powe r test epy
laboratory of the US Army Electronics Coninand , in Fort P
Monmouth , New Jersey , for further ag ing and final
testing. 

- -

--- - - - ~c PEN

In the first phase of the program , of five tubes
shipped , four were selected for full power test and 

- 
20 MEG

evaluation. The procedure consisted of bringing the CONTROL
GRIDtubes up to the 40 kV , 40 ka operating level , and then TRIGGER

increasing the repetition rate in stages to give INPUT
successively higher average power levels. Sufficient
time was allowe d at each stage for the tube to stab i— + 

20 MEG

l ize and adapt itsel f to the increased demands made
upon it. The aging time per tube varied between four A UXILIA RY
and ten hours , while the number of kick—outs ranged GRID BIAS
from a low count of two to about thirty. SUPPLY 

—
~~~

Ag ing and running—in proved to be a critical
process , due to the prevalent possibilities for sudden
catastrophic failure in both tube and test circuitry
at the power level s involved. Here, phenomena such as
anode overheating or glow— s pots could rapidly assume (a
serious proportions when the energy responsible for
them became concentrated in one spot. Protecting the
test instrumentation from conducted spikes and stray
fields was a critical problem. As experience was
gained in  getting the tubes to run , the f i nal tubes i n
the series became relatively easy to bring up to ful l .— -ro PFN ,,~ G °

~~~ 0 PEN—.
power.

~~:L~ 1The fol l owing necessary preca utions were taken :
20 MEG

1. Careful mon itoring of the tube anode , enve— CONTROL
lope , and seal temperatures , and use of 

~~~~~~~~~~~adequate and symetrical forced air cool i ng . INPUT

20 MEG2. Visual observation of the anode and the +ent i re 3600 of enve lope c i rcumference to
catch sudden overheat ing , glow—spots , a n d  

AUXILIARYother t roubles before they became severe.  GRIO BIAS
SUPPLY

3. Attent ion to tube pressure to avo id  cata-
strophic tube failure from hydrogen starva-
tion , Figure 11 shows a hole burned through
the anode shiel d by excessive dissipation due
to low deuteriu mn pressure.

(b.)
4. The use of a distributed —c urrent feed , as

show n in Figure 12A , was essential to keep
magnet ic f ie lds from pushing the internal
tube discharge into the walls and structures , Figure 12. Distributed and symnetrical current feed,
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where it could degrade ho ldof f  and cause 6. Allow generous warmup time to help overc ome
considerable damage. The problem is now an in i t ia l  tendency to k ick—out  when f i rs t
a coided entirely by use of a symmetrical feed starting up.
from the pul se forming network (PFN) as shown
in Figure 12B. 7. Mon itor the temperature and resistance of the

copper so lution used as a load to maintain
5 . Use of inverse cl ippers, As exp ec ted , the the prope r ra t io of load to PEN i m pedance

tube did not d i sp lay any inverse holdoff during tube operation.
capab ility. Figure 13 she - inverse break-
dow n occ urr i ng at onl y 2 kV. 8. Use of thyrites in the catho de heater a d

control gr id leads to prevent spikes from
gett ing into the filament and tri gger
s upp i ies.

M•IPU, 9. Presence of keep—al i ve  current in the auxi-
liary grid circuit was essential in reducing
tad and jitter.

O peration at the full megawatt power level,py •py~~ 2,5kV 
produces brilliant red bands of hydrogen Bal een—alpha

by a heavy hammeri ng at the repeti t ion rate. It is

2 k v - Dmv , l
l ight which encircles the tube envelope , accompanied

obvious that much is being demanded of both tube and
—~~ 5,,/D IV. test circuit at this power level.BREAKDOwN. 1 - 3  TO 10 MicRosEcoNDs

Test Resul ts

Spec i f i cat i on Object i ve Tests

50OV - ThV - !~~~~~ IE~~SR~~~S.I Representat ive test resul ts  for the f i rs t  foure~~~4 kV 
tubes eval u ated at the full megawatt average power
cond ition at Fort Morvnouth are indicated in Table 3,—. which compares the original speci f ied object ives wi th2k’ -.’ D m a , 

0 
observed performance.

~~~~~~~~~~~~~~~~~
—. 5~~./DIV. Once aged i n and running , both the orig in al fuc’

BREAKDOWN, 1 < 0 . 5  MICROSECOND tubes tested and the subsequent seven tubes built
under th is program operated within specifi ed l in,i ts.

Figure 13. MA PS—4 O inverse breakdow n vol tage. Trigger voltage was typical ly 2000 vo l ts , we ll wi th i n

Tab le 3. Representative performance of devel opmental MAPS—4O thyratrons.

Specif ication Objectives Representative Performance

Parameter Rating Opera t ion Full Power Spec i al Tes t s
(Un i ts )  (1) Test (1) (2) (3)

epy (kV )  40 44 44 40 36 50
ib ( IA )  40 44 44 75 36 50
egy (kV) 1.5 to 4.0 — 2 — — —

tp (.s) — 10 10 — — —

prr (Hz) 500 125 125 — 77 50
lb (A dc) 50 50 50 — 20 24
Ip (kA ac) 1.48 1.48 1.48 — 0 .85  1 . 1

Pb (10~ va /s) 400 242 242 — — —

dik/dt (kA / us )  20 20 20/40 75 36 50
td (us) — 0.2 < 0 . 2  — — —

- ‘ tad (us) — 0.1 <0,1 -i-’ C
C 0
amt j  ( .s) 0,02 — <0.02
1-

Ef (Vac) 15±1.5 — — ~- am
cm C”C,Eres (Vac )  15±1. 5 — — C

‘0
If (A ac) 70 — 66 am ,~ C)

0Ires (A ac)  40 — 40
~fl C

tk (sec) 900 — 1200 am -- - am
C CmLi fe ( pulses) — 5 x io6 * ,,_
Li

*fl,3 x i06 pulses ach ieved to date wi thout  d iscernib le change in performance.
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the specified range. The anode delay time of 0.2 wherein a tube was operated in a standard 2 .5-m ’m icro-
microsecond was met with the aid of an auxil iary second , 7—ohm , 400—Hz thyratrun test set. A standard
keep—a live current of 50 ma. (Measurements indicate a 24(lOV , 50—ohm driver was used , with th e auxiliary grid
tad of much less than 0.2 microsecond.) t ied to ground through a 30K ohm r e s i s t o r .  T h e

fo l lowing results were obtained :
Due to temporary test equipment limitations , none

of the e x i s t i n g  tubes has been tes ted to the full 
_____________________________________________________

th irty second s of “on” time in burst mode at 40 kV. ElapsedThey have been repeatedl y run , however , at th is  El’ If Eres Ires epy Time tadvoltage for “on” cycles of 10 and 15 seconds , and in 
(Vac) (Aac) (Vac) (Aac) (kV) (mm .) (, sec)other tests , they have been subjected to a full 30

second s at 30 kV and 0.56 megawatt , and have also been
run for 10 second s at 45 kV and 1.27 megawatt. The Run 1 15 63 12 37 15 15 (Tk) 3.0c apab il i ty  shown so fa r augur s well for success i n  t h e 15 63 13 39 40 25 1.3fu ll 30—second burst at 40 kV and 1.0 megawat t .  

~~ 63 14 43 40 50 0.14
Representative values for temperature rise during Run 2 16 68 14 43 25 7 (T~ ) 0.8burst-mode operation are shown in Tabl e 4. The rela- 16 68 14 43 40 8.5 0.72tive ly modest temperatures reached and the small

spread between them shows that the thermal l oads are Minimum Ebb was 4kV.wel l bal anced and not excessive.

Tabl e 4. Temperature ri se at megawatt average powe r
MAPS—4 0 Tube No. 10 — 10 second “On ” cycle. Concl mc si ons

Temperature Probe Temperature , °C Of the e i ght thyratrons constructed in the first
Location Start Finish phase of the MAPS-4O project , four were tested suc-

cessfully aga inst the specification objectives at the

Cathode Enclosure 120 210 megawatt power level . Seven additional tubes have
been constructed and tested , all of wh ich met the

Cathode — Auxiliary Grid 135 255 speci f icat ion object ives at this power level. While
furt her explorat ion of the design l im i ts  needs to be

A u x i l i a ry  Grid — Control 100 220 done , including a ful l 30—second run at 40 kV , it is
al ready ap parent that the MAPS—40 can be rated for

Control Grid — Gradient 65 150 burst—mode appl icat ions at the megawatt average power
Grid level , and for high power continuous repetition-rate

Anode (avg.) 35 180 operation as well. The tube is producible , and the
thermal and mechanical features are capable of exten-
sion to still higher power levels. The MAPS-40 g ivesFinal Temperature Spread — 15 the pul se power c ircuit designer the option of emp l oy-
ing the well—known advantages of the hydrogen thyra—
tron fo r  swit c h i n g  at megawatt powe r levels.

Other Tests Acknowledg ment

Add itional information was obtained in the course The work presented in this paper was supported ,
of exploratory tests of the n~ninal design limits, in part , by the follow ing g~ve rnment agenc i es under

Contract l4oJ~,,9AA B07— 76—C- 135~JIn a peak cu rrent test , the thyratron was oper-
ated into a 0.25—ohm load at 40 kV , swi tching a peak ERADCOM , Ft. Mormiouth , New Je rsey

* current of 75 ka. The 70— to 80—ka ultimate design AFAPL , Dayton , Oh io
limit due to quenching was confirmed. NSWC , Da hl gren , V i r g i n i a

MIRADCOM , Redstone Arsenal , Al abama.
In an average current test , the thyratron was

subjected to continuous operation for 30 minutes at 40 References
kV and a pulse repetition rate of 50 Hz, giving an
average current of 201. The thyratron operated well 1. J.E. Creedon , et al , Ad iabatic Mode Operation of
throughout this interval , but additional cooling was Thyratrons for Megawatt Average Power App lica-
required . While incapable of confirming the expected tions , lEE Conference Record , Twelfth Modulator
30A average current capability for continuous opera— Symposium , February 1976.
tio n , this 20—ampere , 30—minute run established a
benchmark for high average current operation. 2. J.E. Creedon and S. Schneider , Megawatt Average

Power Adiabatic Mode Thyratrons , “roceed ings ,
In a high voltage test, one tube was run at 50 kV Int ’l Pul sed Power Conference , T exas Tech Univer—

at the 0.5 megawatt power l evel without diff iculty, sity , Lubboc k , Novembe r 1976.
showing that the single gradient grid will allow
higher voltages to be reached at these power l evels. 3. J.J. Hamilton and D.V. Turnquist , Forty K ilovolt

Megawatt Average Power Thyratro n , Fi nal Repo rt
Warm—up behavior was expl ored in a separate test No. ECDM-76—1352-F , October 1977.
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functionals of white noise can be given mathematical meaning.
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