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ABSTRACT

Sparking characteristics for fourteen metals have been obtained in an oil
pumped high vacuum cavity at 10~° mm Hg: Voltages up to 1.3 megavolts were
generated across the test gap at the resonant frequency of 14.m.c. The geom-

~ etry was that of a hemispherically-capped cylinder between two parallel planes.

A magnetic field of 8000 gauss was applied approximately normal to the planes.
The energy storage in the cavity was approximately 10 joules. Sparking rates
were measured as a function of gap voltage. Metals are compared as regards
voltage holding ability by listing the gap voltage corresponding to the same
sparking rate for each metal. Incalloy and 310 stainless steel held the most
voltage. The coppers, duraluminum and silver held the least. Qualitative esti-
mates of Spark damage are made. The effects of varying several parameters
are discussed. ' ' :

Issuance of this document does not constitute authority
for declassification of classified material of the same or
similar content and title by the same authors.
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' THE BEHAVIOR OF ELECTRODE MATERIALS SUBJECTED TO
b ENERGETIC HIGH VACUUM R.F. SPARKING IN THE MEGAVOLT RANGE

Warren W. Chupp, Harry G. Heard and Eugene J. Lauer

Radiation Laboratory, Department of Physics

Univer sity of California, Berkeley, California

January 1 49 1954

o ' o INTRODUCTION

The ptirpose of this report is to present the results of vacuum spark-
ing tests conducted in the XC cavity. Metals have been compared with

respect to ability to hold voltage and withstand spark damage. !

DESCRIPTION OF APPARATUS

General _
" The cylinder—opposite-plane. geometry ‘and the configuration of the
rf,.‘cav‘ity are shown in Figs. 1 and 2. Pulsed 14 megacycle powér excites
| the cavity in the mode which produces a voltage maximum at the end of the
quarter-wave loaded line. A magnetic field of approximately 8000 gauss is
applied across the gap and normal to the surface of the side electrodes
(see Fig. 15). ,
| Two electrode geometries were used. The geometry called "standard”

is that shown in Figs. 1 and 2, and a photograph of a set of side plates and

a nose piece for this geometry is shown in Fig. 4. In order to test samples

1 Preliminary results on the first 46 tests are reported in UCRL-1962 and

-~ UCRL-2053.
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of the refractory metals a set of electrode holders was constructed so that
samples could be prepared with only singly curved surfaces. A photograph

‘of this geometry which is called "'refractory metal holder" is shown in Fig. %,

Vacuum Sysiem

o Two 32-inch oil diffusion pumps were used to maintain the kinetic

: _vacuum system at operatmg pressures of better than 10° =6 mm Hg untrapped
‘and 5 x10° mm Hg trapped respectively. The pumpa were isolated from

" the m ain manifeld by Freon baffles maintained at -40°C. A liquid nitrogen |

thimble, having a surface area of approximately 4-1/2 square feet, was o=

cated just outside the rf cavity.

Cavity Excitation ,
'  The test cavity was excited from a grounded-grid oscillator by.means

of quarter-wave tranemission lines. Under typical Opera&ing conditions, 600

to 800 KW of peak power were required to give a gap voltage of one. megavolto ) L

i Maxlmum lineal skin current densities in the electrodes at one mega,volt were

-:.estnmated to be ‘50 to 80 amperes per inch.,
OPERATING TECHNIQUE

ty Czcle '

‘Measurements described below were conducted for puleaed operatnoam -

B at 25 percent duﬁ:y cycle. Al 176 millisecond pulse of rf was apphed to ﬂ;he ca.v—

ity with a recurrence rate of 90 per mmute.,,

, -Electrode Cleammg

Before installation, electrodes were given a 30 - 50 micro :mch fmwh

washed in a mild detergent, rinsed in concentrated HCI followed by ta,p Water S e

and dried with flowing C-P acetone. Excepﬁmns to this procedure are’ dnscussed

'below

. Spark Detectmm and Momfcormg Facilities

Vacuum sparks were detected with the sfcﬂ'bene crystal phoitomultnpher
combination shown in an 6. The rf shielded photomulmpher was located ouﬂ;= .

 side the vacuum ita,nk apprammately ten feet frotn, and in lme with tthe sﬁ;em '

" 2. A vacuum spark is here defined as the occurence of an abrup(t drop in cavxity
- voltage accompamed by the emission of visible light at an electrode surface
- and the emission of an x-ray photon burst of short duration which has a
peak amplitude that greaf;ly exceeds the background x-ray level due to e-
lectron loading. v
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“electrode. The spark; pulses were amplified, discriminated and fed to a

standard.scaler. Mechamcal registers were used to record the total number

of sparks. The sparkmg rates were determmed by measurmg the time re~

qu1red for 16 or 64 sparks to accrue.

" The actual time that the rf 'was. a,pplled to the electrodes was measured

by countmg the cycles of a stablllzed 1710 KC osmllator which was gated by

the cavity voltage envelope. Because the gate circuit operates from a threshold
level, all measurements of sparkmg rate are low by not more than 0.3 percent.

For full 176 millisecond pulses the mdmated t1me that the peak voltage is ap-

plied is not greater than 5 percent hlgh

Voltage Conditioning

Electrodes were voltage cond1tloned that is, “baked in®® W1thout the

magnet1c field by raising the voltage from approx1mately 400 KV in steps of

- 25-100 KV. All electrodes were voltage conditioned to 750 KV and frequently
'to 1000 KV before turning on the magnetic field. Conditioning was continued

“with the magnetm field startmg from 500 KV.

The process of cond1tlon1ng carries through the whole test in that
at each voltage the sparking rate is momtored until it is either approx1mately
zero or constant. Each voltage step is made as small as possible so as to

minimize the change in sparl{ing rate due to a voltage change.

COMPARISON OF METALS

The metals were compared in two ways. (1) The relative spark damage

" was est1mated by visual means- takmg 1nto account total number of sparks and

the voltage at which most occurred. (2) Sparking rate data were reduced and

plotted as a function of gap voltage for each metal. Repreducible curves char-

acteristic of the electrode material were obtained. Metals were classed by
comparing voltages from these curves fo'r a common sparking rate.
The two methods of compamson are in general agreement as to rela-

tive merit as electrode materlals

The size, depth and density of the spark craters was observed and |

compared to a reference metal (either copper or Inconel). The sparking was

in general confined to the high field region, the damage being concentrated on

the side plate directly opposite the end of the center electrode. Exceptions
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- to. thls a.ros’e iny when a ﬂlaw such as a crack or. protrusmn was present
‘on one of the electrode ‘surfaces. Such instances as these have been dropped

' from cons1derat10n in compmlmg the data.

/ - Nearly all the damage was incurred by the closer side plateq e _
,// Estimates of spark damage d1v1ded the meil_:als tested into two cate» . :
gor1es ((see Table I). The first category is referred to Inconel as a standard.
It will be noted that more refractory metals fall mto this class.

' The second ca‘&egory is standardized by compar1son with copper and
al‘l metals in this group are at least as poor as copper in res1stmg damage.
Insofar as it has been possible the metals are listed in decreasmg orde_r of
merit. |

Several of the metals tested contained ferromagnetic elements. Table
II lists cases where sparking resulted in spray metal which b'ecame ferromag-
netic, ' , | . '
| Th1s pomﬂ: was checked because in some practncal apphcatlons {e. g
in cyclotrons) the magnetic dust may be collected in the high field region and

may serve to aggrevate sparkmg It turns out as will be seen in Table II that

. the use of these particular meitals may be avoided in practice,

An 111ustrat1ve companson of spark damage to ~copper and ]Inconel is

shown in Flgs, 7, 8, and 9,

Comparison of Metals in Terms of Sparking. Rates

A more quantitative _estima_te of the differences between metals tested

in the same geometry is based on the interpretation of a plot of the averaged

v lowest sparking rate versus gap voltage. At each voltage the sparking rate-
- decays from a high initial value to some mean value (see Fig 10). This mean
' value is what is meant by the averaged lowest sparkmg rate. '

Each metal exhibits its own charactenstxc sparking rate versus voltage '

curve (see Fig. 11). The curves are in general very similar when represented
on a semilog plot, the distinctive difference being a displacement along the -
linear voltage axis. Within the statistics of the measurements the slopes are

all the same. A comparison voltage has been determined for each metal tested

by sel’ecting' that voll.ta'g'e‘ 'whichc’orrefsponds'to a sp.arking rate of 10 sparksi]

min. (See Table II). This ch01ce of rate is clearly arblttrary, but if anoﬂ:het

o 'chome of rate is made, the resulfcs wﬂl be very nearly the same. -

s
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Inconel kas been tested in the 5-3/8 in, gap by baking in up to 1025
K‘V3 lowering the voltage 10 - 15 percent and operating for apprdximately 40

hours at an average rate of the order;of one spark per hour. This showed

’ -'f;ha,ﬁt the bake-in sparking rates observed afe_ really disﬁncﬁffromihe character-

istic rate evidenced by the metal and that the reduction in sparking rate was

permanent;

Tests in Refractory Metal Holders ,
A special set of electrode holders was constructed to mount electrodes

of simple sha.pe in erder to mmlmlze fabmcaﬁwn prob]lems emcoumf:ered in -

workmg with refractory metals.

The geometry was altered in this arramgement in that the test gap
was located apprommately 8 in. back from the end of the cemter elecﬂ:rode
instead of directly opposite the end,,

The results obtained did not agree voltage wise with the standard
ge.ométry.. The gap voltage calibration and magnetic field were not sufficiéntly
different in the two geome;&ries to explain the observed difference. The elec-
ttic field on the center electrode however did vary appreciably and the observed
difference is ai’ctribufce& to this variation., '

The metals tested in this geometfy were: stainless steel no. 316,

_tifzénium, molyb&enumg Dural 52-S0 (see Table II). No direct method of cor-

rection to ''standard” geometry exists for these tesitsbecause there were mo
quantitative comparison tests of the same metal in the two geometries. It
was clear however that metals did hold a higher voltage for a given s’pafkim-g
rate in this geometry as compared to the standard geomeﬁtry On this basis
Dura_}l 52-S0 is listed as poorer than coppero

Titanium appeared to be one of the best metals {tesﬂ:ed but here too
there is mo quantitative evidemce. Difficulties in procurement and fabrication
of satisfactory electrodes have caused this test to be postponed until such time
as sufficiemt interest developes in its possible use.

Relative éomparisqm data for metals tested in the refractory metal

_holders are given in Table IIL,

X- -ray Yield

‘The x- ~ray melds were momitc»red with am mﬁegramg jomization clblaznber,

The high level x-ray bursts occu.rmg during a spark were not recorded by the

3 ' At the 5- 3/8 inm. gap spacing mo sparkmg cha,racf;emstlc of the metal was.
to be. expec‘d;ed below 1350 KV.
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chamber because of the short time duration of the spark discharges, and low
repetition rate of applying veltage. AR o

The observed x-ray yields decayed with fmme afc »flxed tank vouta,ge
Thls decay was mdependezﬁt of sparking rage, i.e. the decay was fche same

whether sparkmmg occurred in the test chamber or not. -

‘ The yield :mcreased exponentially with voltage (see Fig 12)

The relative x-ray intensities for the various metals tested va,rié&
a factor of two from the norm which was also of the s;ame order as f;he‘spre_ad :
- on different runs with the same metal. o s
The data does suggesthowever that copper yields. more xarays'itha,n

Inconel.
EFFECT OF VARYING PARAMETERS

Gas Presgsure .

The gas pressure in the test chamber was recorded continuously on
both trapped and untrapped ionization gauges located remote from the pumps
and proximal to the test gap. ” . N o

There was no significant correlation between the nonlza,ftlcm gauge |
r_e'a.ding.s and tt:he sparking behavior below 10 -3 mmnga Above 10~ 5 mm Hg
it was difficult to excite the cavity because of glow discharges, o '

) The effect on the sparking rate of admitting hydrogen was studied

in ome rum with Incomel by admitting the gas while operating at 1090 KV with
an.average spa,ﬁdﬂg rate of 20 per minute. No change in average rate was
observed. | ..‘ _ | ' '

There was mo change observed in the sparking behavior by admnfcﬁ:mg

H, gas durmg ﬁ,he bake-in. ' T

Magnetlc Field
With zero magnetic field, sparking a.‘ﬂ, the highest voltages available

(1.3 megavo.?l‘fcs)) produced no marking of the electrodes except for small craters
on the cylindrical electrode visible only under a microscope.
Damage to the side_elecfsrodes‘began' to appear after the magnetic

field had exceeded some threshold value dependent on the gap distance (e.g.

1000 gauss for Inconel at 1-3/8 inches and 2000 gauss for copper at 5-3/8 inches).

All tests were carried out with a field of approximately 8000 gauss
or more. The damage suffered by the side plates was always c'ﬂ,early evident

while the cénter stem remained relatively unmarked.

&‘
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: Clea:mmg Techmnque

In most of the mms, ﬂ;he elewodes were c]ieanedt wmh concenfrrafted

H\Cl rinsed in tap Wa.{ter and dried m.th ﬂawmg C.P. Aceitcmeo

- For some tests wﬁ% copper a cya:mde depla@mg tech:mqme 'was mse& -

. The ~eﬁer:ﬂ: of iﬁblevc]leamng technique was pot discernible in cqmparmg various

copper TURS. . : .
"Iﬂhe m&ermr of. fﬂhe ‘cavity was «:]leamed at several different times mﬂm_

abrasive paper, water and a,ceftmme., This caused no observed effect on sparke

‘ing rate. In interpreting the above results it must be mentioned that this cav-

ity is emtirely unsuited to the detemmaitmm nf anything other than very gross

effects due fo surface contamination. o

Voltage Comdntmmmg , _ :
’ ‘I‘]hle method of voltage comdnuonmg ‘has been described above. It was

" a.il:wa.jy'é'- mg-cer—ssa.ry to allow the sparlmmxg_ra.ﬁe to decay to an approximate equi- -

h]bmmm value in-order to obtaim meaningful data.
The meﬁhod of voltage comdﬁﬂomg was not varied im this work. The
time reqmred to vo}lﬂiage c@mdtmtwm a gwe;m metal has varied comsiderably.
The most extreme variation occurred 1 during ﬂne Tun on Inconel with mickel
mcﬁy@mdaﬁe backing in which the bake~in time was a.pproxxmaf,e}ly five times
as long as a normal Ibmcomel ba.kecm. The sparking rate versus vc:lftage curve
_obtained after this long bake-in gave resuM;s within a few percenﬂ; of the mean

of previous Incomel rums.,

Dm(‘cy Cycle
. The sparkmg rate depemdence on dudty cyc]‘Le was c}wecked roughly aﬂ:
the begimmg of these tests. Both the pulse length and repetition rate affected

- the qparkmg raﬁe observed. Increased pulse lemgth and increased repemitsm )

 rate correlate posr&wely with increased sparkmg rate.

In order to minimize effects d.ue‘itq varying duty cycle the pulse length
and repetition rate were fixed at the values of 176 ms and 1.5 per sec. respec-
tively.”. | | '

Variation of Gap Distance _

It has been remarked earlier, @hxa,t fche cemr{tral e]lecﬂ:rode was not cen--
‘tered between the parallel side- electrodes. Theﬁwa gaps &ﬂﬁ«ar by 11/2 in., -

The sparking nea.ny always took place across the- shorter gap and therefore

a voltage-distance scalmg relation exists.
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Tests were made in ﬁ:hree different gaps (1-3/8 im., 2. 3/8 in,, 3-3/8 -
in. ) with Inconel and the results show that over the range of gaps and voltages
studied the square of the gap. vo'ﬂ,ita,ge is apprommately proportaonal to the gap -
distance, see Fig. 13. (Volttage here means that voltage at whmh the same.
characternsuc sparking rate is observed.) This shows that a variation of a.hou\t
10 percem: in gap would produce a variation in observed voltage values of about
5 percent _ , v . I
A Nearly all tests of metta]s were carmed out in the 3~ 3/8 in. gap in
which the variation in gap was about 1/8 in., hence the gap variation did not

. contribute an appreciable error.
OTHER TESTS

Welded and Soldered Joints :
Welded and soldered joints were tested by makmg plug welds and

inlays on the side plaﬂ;es Table IV summarizes the results of a test in which
OFHC plugs were heliarc welded into an OFHC surface. ~ As noted in the table,
the spark damage to the welded plu,gca wasg “lot mgmfncantlv different from that

“to the parent metal, _ ,
Table V shows the resul*'s of spark dlama,ge to solder inlays. Damage

was greater to the solders it:ha.n to the p}a,rentt'matemala

Cracked Inconel

A set of- Enconel side p’ﬂ,a,’tes were fa.bmcaﬁ:ed wmth minute stress cor-
rosion cracks in their surfaces The purpoge of the. test wasg to see lbow det-
rnmental to the voltage holcﬁmg characteristics these cracks might bea_

The results are @ompared with a normal sample of Incomel m Table
VI. The damage was . incurred by the side plate furthest removed f:mm the

center electrode which was the converse of what normally happened. Since

the poorer plate was‘]loéatted-_ in the widest gap and it sustained the most damage,

it is evident that cracks. can lead to difficulties in holding down sparking rates
and spark damage. ' ' -
See Figs. 14 and 15 for an ﬂlustratnon of the re]lafclve damage to the

- two side_ electrodes.

‘e
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Inconel with Nickel Molybdate Backing

In a test of Inconel, back surfaces of the electrode were Covered ‘with
nickel molybdate .in order.to.increase heat radiation. The final sparklng ‘rate
v.s,., gap voltage characteristic which was ‘reached after bake-in was the same
within the experimental uncertainty as ordinary Inconel; and there was no 51g—
nificant difference in the spark damage. The time required to bake-in was
'longer (600 minutes of rf on time) for Inconel with nickel molybdate backing

than for ordinary Inconel (100-200 minutes of rf on time.) The trapped and

untrapped ionization gauges did not read significantly different during this run

than during an ordinary Inconel run.

Chr ome- -Plated Copper

A set of ETP copper electrodes was hlgh temperature plated with a

0.005 inch hard chrome plate. 4 These electrodes were run in the 5-3/8 inch

gap geometry.

After a few sp.arks at 750 KV with the magnetic field, the chrome plate
had been removed and the sparking rate was similar to that found With copper.
It is concluded that 0. 005 in.ch'ha,rd chrome plate. does not furnish a satisiaotory
electrode surface in a high energy storage-cavity.

Graphite _
‘ Graphite was tested using one‘inch gap to provide bigh gradient at
low voltage. The highest gap voltage reached was 310 KV where the soarking
rate was about 750 sparks/min. ' |

V1sc1ous sparks were observed to pass between the electrodes but no
detectable damage was done, A

The power loss as soczated with graphite e1ectrodes was con51derab1y
larger than that for metal electrodes, e.g., with comparable oscillator effic-
iency the number of kilowatts input to the os.c111ator required in order to pro- -
duce a 500 KV gap voltage was 156 for copper, 171 for Inconel and 203 for

O

graphite.

Copper-inconel Combinations

Table VII summarizes tests in which DHP copper and Inconel electrodes
were used in all four combinations as stem and side plate samples. The results

indicated that both copper-Inconel combinations held less voltage than

4,‘THe high-temperature chrome plate results in less occiuded gas, see Breénner,
Burkhead and Jennings, Jour. of Res. Bur, of Stds., U.S. Dept. of Comm.,
"RP-1854, V. 40, January, 1948. '
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fthe all copper or all Inconel ar‘rangement This result is in contrédicﬁ;ion ‘

to what was expected particularly in’ ﬁ;he case where Inconel was, used as the
 side plate with the copper stem electrode, At the conclusion of thls expenmen‘t
it was found that the Inconel spark dust which had been transferred to the stem

was very loosely bonded.

- . CONCLUSIONS. |

In general, metals which ?m:ald the most volf;a,ge suffer the least dama.ge o

even for comparable numbers of sparks.®. ,
The metals tested fall into two categories as indicated by estlma,ﬂ;lon :
of spark damage. Metals of the poorer class are: |
7 {1) copper
(2) tantalum
. {3) Dural or aluminum
(4) silver:
The better metals are:
() Inconel
(2) Incalloy
(3) stainless steel 316 and 310
(4) mnickel o
(5) molybdenum
(6) titanium
{7) K-monel v
In thi latter groups mulcke'& K-monel and stamless stteel 316 produce -
magnetic particles as a result of spa?;kmmg,,, Of the remammg,-meta]lsg Inconel,
Incalloy and stainless steel 310 have ‘beeh_most thoroughly tested and for this v

reason should be tentatively described as the best metals,
ACKNOWLEDGMENTS
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v o TABLE 1
QUALITATIVE RANK OF METALS BY SPARK DAMAGE

GROUP 1
(Lieast Damaged)

Molybdenum

Titanium :

" Incalloy, Staifiless Steel 310 and 316,
Inconel,,, K-Monel, Nickel

~ . L GROUP II
g (Most Damaged)

' Tantalum

All coppers

Silver

Duraluminum 52-50

PR . UCRL:2099 Rev
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: TABLE II

METALS LISTED m DECREASING ORDER OF THE GAP VOLTAGE
AT WHICH THE SPARKING RATE IS 10 SPARKS/MIN. FOR 2-3/3
3-3/8 AND 5- 3/8 INCH GAPS .

, G.ap. (I_n',) [ Metal = 0 - -Yoltage at which Max. voltage

10 spk/min was' applied durmg'- .
observed  test . o

KV KV

o 2.-3/8 » _ Inconel1 | ' 900 B 960

~#Stainless Steel 316] . 760 to 880 930

'Stamless Steel 310 . 1150 1280
Incalloy - 1150 . .. 1320

3.3/8  Incomel 960 to 1080 1170

- Copper, OFHC 810 to 880 980 -
: Copp;_er., DHP__ 3 o 840 to 870 . , 950 .-

Inconel . >1140 . 1140
‘ _Copper, ETP _ 1070 1m0
*K -monel : 980 - | o2o

'5.3/8 . Nickel 970 1000

Tantalum e - 870 1110
Copper, DHP - -+ 840-to 900 - . 1020
Sllver v . . 670 190

T Séé;“’I‘_"a”b‘lé VIII for composition of _.a’ll_tv).*ynrs.

% The épark' ‘dust from these metals was magnetic.



.g‘.lxé_‘ .. :

TAB LE II,
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SEVERAL METALS TESTED AT INTERMEDIATE GAP DISTANCES IN
REFRACTORY METAL HOLDERS, GAP VOLTAGE AT WHICH THE
SPARKING RATE IS 10 SPARKS/MIN COMPARED WITH INCONEL
INTERPOLATED TO ‘THE SAME GAP D}ISTANCE )

‘Metal -

Molybdenﬁm- B

_ Dural

.".Gap (In.)

2-1/8
1-15/16

TABLE IV

v ((KV)"
10 S/M

670
600-700

’v«m‘ -

10 s/M

. Incomel -

850
810

OFHC COPPER OVERLAY WITH. OFHC WELDED PLUGS
COMPARED WITH ORDINARY OFHC COPPER = 3 3/8 '
INCH GAP :

Metal

O_rdinarir Sides
Overlay Sides

-Voltage at whlch
.10 spks/mm was

observed

)

810 to 880
750

Max,. applied
test voltage

KV

980
11020

Déma,g'e_

~ Similar to ordinary

copper, sparking
did not concentrate

.on the welded plugs;

a soldered joint
opened up and sparked
badly.
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TABLE VI SR R "
COMPARISON OF "CRACKED" INCONEL SIDE PLATES
WITH ORDINARY INCONEL SIDE PLATED (ORDINARY -
"INCONEL NOSE IN BOTH CASES) - 3-3/8 IN. GAP I -
‘Metal V (KV) S V (KV) -~ Damage [
_ : IOS/M o Max. L »
Ordinary Inconel 960 to 1080 1170 - o
"Cracked" Inconei 990 R 1130 ' S1mﬂar to ordinary
S ‘ S R o " ‘Inconel on North (close)
. side plate, very heavy
‘damage to South side
- plate- sparked through
cracks :
3
Vo



Y

Sides :

Imc‘o“nelb
Cofﬁper
-Copper |

Inconel -

Copper

Cdpp’er

Nofeﬁ

.49; B  UCRL-2099 Rev

TABLE VH

' INCONEL DHP COPPER COMB]INATIONS AT 3- 3/9 IN QAP

o

Nose  ~ Run | Voltage at whzch o 'Ma.'x:, " Reémarks
10 spks/min was applied S
observed : Tést voltage ...
KV = KV |
Inconel - 39 1080 . 1170
Copper 44 ‘840 © . 956
Inconel 43 790 926 |
Copper 46 630 - : 765 Damage to Inconel

side plate similar
to ordinary ][nconel
no damage to copper
nose, Inconel dust. -
: o deposited on nose-.
Inconel 41 960 | 1050 | ‘
‘Inconel 42 1930 ' 1040

Runs 43 and 44 had the same copper side plates.
Runs 44 and 46 had the same copper nose plece

Runs 41 and 42 had a different set of copper sides from
runs 43 and 44, .
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TABLE VIII
 COMPOSITION OF THE ALLOYS TESTED

UCRL-2099 Rev .

Percent

Name |
Cr Ni Mn C Cu
Stainiess steei 310 24-26 19-22 2 m"a)"c,‘ 0 25 max. 0
‘Incalloy 19-22  32-36 1.5 0.1 0. 05
Incomel - 14 78.5  0.25 0.08 0.2
Stainless steel 316 16-18  10-14  -Z-. 0.05 -, 2-3% Mo
K’.-monel - 66 ——— mee

30, 3% Al 0’/0‘Fé

i

Gopper,‘ ETP
“Copper, OFHC
_:Copper-;,.' DH‘P_ .

electrolytic tough pltch copper

oxygen free high conduct1v1ty copper

phosphor ous deoxidized copper

%

L3
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41" R 1'06' MAG.

4/2"%1/2" COPPER MESH

PUMP OUT

ELECTRODES .
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VOLTAGE MONITORING LOOPS

POLE PIECE

RF GURRENT CONTAGTS

TOP VIEW

WATER COOLED

| /F currenT contacts!

NS QUARTER WAVE Lmj/
==l === - .

VOLTAGE ‘MONITORING LOOM

OPEN SIDE VIEW
" FIGURE 1
GENERAL LAYOUT OF CAWITY
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. ?? i

e=AAAAAAA,
- Nn

AGNET POLE FACE

SIDE VIEW

STEM ELECTRODE

SIDE ELECTRODE

/
STEM ELECTRODE
MAGNET 'POLE FACES

5 ‘ ,
END VIEW

Fig. 2—Electrode geometry.
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MAGNETIC FIELD — KILOGAUSS .
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MAGNETIC FIELD VARIATION ALONG ELECTRODE GAP

10 1 T | | E— |
MAXIMUM SPARK o :
\DAMAGE— STANDARD

GEOMETRY ‘ MAXIMUM SPARK
8 / DAMAGE — REFRAGTORY . _|
_ ° METAL MOLDER GEOMETRY
6 -
L RUN NO.2
4| O WcH o v ]
REFERENCE TEM
ELECTRODE
- — — — aa—RUN NO.I
2 ZZm T ~+——RUN NO.2
NORTH SIDE - ELECTRODE
. _TOP_VIEW - -
o} 1 L ] 1 1 L
- 0 4 . 8 - [ 20 24 28

DISTANGE FROM FRONT OF NORTH ELEGTRODE — INGHES
 Fig. 3 '
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. + A
HPy PHP N PRLS ::::: . GATED
a0 8 4608 4608 Awr#2 ] scALer
ALARM SCALER
SCALER "ALARM
TOTAL TOTAL
SPARK SPARKS
SCALER REGISTER
+ A | SPARK 20 CHAN. 20 CHAN.
PULSE CATES REGISTERS
amp.#2 |~y AND ANPS.
| 1 DUAL
GATE CNAN.
I SCALER
v‘:—'];‘:‘ | , TOTAL RF ON
REGISTER : TIME REGISTER
0.01 min. LEAST COUNT
SPARK MONITORING AND TIMING CIRCUITS.

Fig. 6
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SPARKS
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i 1

MAG ONM-LILILD
OFE-3240

Fig. 8—DHP copper stem electrode.
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®un Y44

CRACKED INCONEL

S0UTH

SPARES

Fig. 15



____________






