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AEC Contract AT(04-3)-21

(Project Agreement No. 1)

DESCRIPTION

A klystron windov wos punctured during MK-IV operations July 17, 20,
21, 1959. This window wos part of an assembly comsisting of u circular
wave guide and an accelerator wave guide window. The inter-window, cir-
cular wave guide was evacuated with a titeniunm ion pump (vac-ion type).

The appearance of the windov damoge wus typical of many that have
been ocbserved. The ceramic face acjacent to the inter-window vacuum cham-
ber was blackened, whereas the tube side was clean. Marks on this ceramic
surface, which were the result of electrignl discharge, were roughly par-
allel and aligned about an axis tilded 25  to the right of vertical as
vieved facinpg the window and klystron. In addition, the ceramic was
crocked along this axis. The cernmic plate had been punctured in several
places but the resulting holes were small in size. Light could be observed
through the crack but not the holes. The puncture holes occurred in an
area roughly one-~third the disc diameter, centered on the axis noted above,
and adjocent to the bottom wall of the circular wave puide.

Evidence of urcing at tlie circular wvave guide vacuum pump out was
discovered at the same time that the klystron window damage was found.
The ingide surface of the brass circular wave puide was carkened. Arcing
between baras in the pumpout throat had produced surface melting of the
brass to an extent that indicated considerable power 1dss in this limited
area. Melting was most noticeable on the first two bars nearest the kly-
stron and little or none on the Lars neurest the load.

LISCUSSIUN

The exect cause of the window failure is not determinable from the ev-
idence given ahove. llowever, some thought on this natter speculates that
the following events occurred. Firsty; klystron tube spuricus oscillations
may preduce recsonant voltages in the cavity consisting of the 1-15/32% ID x
1-21/32% long pumpout nipple which is clesed all but a 21/32" hole. Second,
this produced spark over between bars of the pumpout throate Third, this
arcing increased the pressure in the inter-window section. Fourth, this
allowed the surfuce of the window ceramic to spark and hence puncture.



The subject tube window failure is but one occcurrence of this pature
in the experience with the last four tubes that have been installed ou
MK~IV, and then have been removed for various ressons {two with end-oi-iife
temperature limiting and ome with punctured gluss seal). The sttached
table summarizes this history and includes experience starting in Awpusi,
1957, the period in which MK~IV utilization incressed from an average of
850 to 60 hours per month to an average of 70 to 80 hours per month ascael«
erator operating time.

The hours per nonth accelerator operating time includes the toisl ac~
celerator running time plus the time that the machine is reedy to run ip
favor of a projects Un the other hand, klystron operating time inmcluvdes
only the total time that the tube is receiving beam power s indicated by
the average current flow to the tube cuthode.

OPERATILN AT TIME O} FAILURE

The klystron window of high power klystron unit No. 44 vas punctured
curing a tube processing run on MK-IV stution Yo. K=-2. Thiis run woae nude
for the purpose of increasinp the tube’s heam operating voltage te 300 kv
in order to permit the MK-IV accelerator's use up to a required 80 lMev.

The high beam voltage was necessary because the efficiency (25 per cent)
of klystron tube unit No. K-39 operating in accelerator station K-1 called
fo~ 300 kv (165 amps pulse) peak heam pulse voltage in order to provide the
80 v peak beam power required for 12.5 Mw peak rf power input t¢ the accel-
erator. The present arrangement in the MK-~IV modulator using & common
charping choke dictated that both klystrons were operated at the same
charging voltage level. Thus, in order to produce an 80 Mev energy level,
accelerator section No. 1 required klystron unit No. K-39 to operaie at
300 kv ean pulse (50 Mw bean input) for 12.5 Mw rf output preducing 38 Mevw
(12° accelerator), and uccelerator section No. 2 supplied by klystron umit
No. K-44 operated at 300 kv beom pulse (50 Mw beam input) for 15 Mw of rf
output preducing 42 Mev (10° accnlerator).

The first evidence of window failure was the erratic wave shape of the
signal of a crystal detector located at the accelerater section Noo 2 rf in-
put. Disassambly of the inter-window circular wave guide assembly revealed
the windov damage, which wes confirmed by feilure to hold vacuum in the kly-
stron tube. %The klystron heater power and the diffusion pump were previously

turned off and the nitrogen trap was blown dry.

The particular inter-window circular wave guide section consista of a
3" ID brass tube with two standard 8~3/4" ID D% pring groove flaages, 3¥11/32”
face to face. The pumpout nipple is a brass tube 1-15/32% ID x 1-21/32" 1long.
The pump end of the nipple is closed all but a 21/32% hole. The vacuum pump~
out throat at the wall of the 3" circuler wave pguide is made of (7) 1/8“
wide slots paralle)l to the transverse "E® axis. The gaskets used are (2)
1/8 ™ cord x 3-3/4" ID size 18 white "0" rings, compound KFE 5909, product



of Viaylleyd Co., Los Angeles, Culif.; and the pumpount zeal is :
x Rw3/4” I teflon. The inter-window apace, titanivm ion vocouum nuo
not have a sensitive cverpressure warning systen ond thus o complioie
of pressure is not aveilable. lHlowever, checks from time &4y Lime
tube processing period did not indicate anything above 107 e by

Kilystron unit K-44 waoa reuoved from service T=i-80 for purpozes of
repair ond reconditioning.
P. Co Ldwards

Project Inpgineer MELLV
icrovave Laboratory
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