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TESTS ON A HIGH CURRENT'R.F. JOINT IN VACUUM 

~.: 

I .Introduction 

An R.F. joint. tester was de-signed to determine the relative· heating 

and tendency toward arcing at high RF current density (100 amps/linear 

inch) of a 12" diameter circular copper butt joint :in vacuum with sevetal 

types of inserts and at various amounts of axial loading, ranging-from a: 

very small contact pressure to one of 1400 pounds per linear inch of joint •. 

To obtain the necessary high RF current a coaxial line oscillator, 

operating at 11 megacycles and supplying 50 KW of power was u~ed. So that 

excessively high voltages could be eliminated, capacitive loading of the 

line at the 10° (A/J6) point was used. A -brief description of the oscillator 

and associated equipment appears in the appendix. (l) 

II Procedure \ 

) 

The joint.under study was made in the inner conductor of the coax line, 

with five viewing ports in the outer conductor. The volume surrounding the 

joint was evacuated by an oil diffusion pump to a pressure of about lo-5 mm. 

Hg. The axial load (contact pressi.lra) was applied to the .joint by eight 

1/2" - 20 bolts through a heavy pressure plate, the load being measured by 

torque wrench. (2) . Uneven loading was accomplished (for certain of the tests 

described(J))b)r clamping the plate on only one side and jacking up on the 

other side· with a hydraulic jack •. 

41 }_. Page 7 below 

(2) Appendix, page 8 

(3) See pages 3, 4 and .8 
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·operating. conditions of the joint are shown in the sketch below: 
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~-~ n z 1-0-s -r- ;...~; 11 
··-~~""AVG- ·,oJO ~.ITt'· 

I If - . . o - 1.1 Me.· 
<t 
I 
steel, with 1/64 inch copper 

plating.· Surface cleaned by emery paper., 

The current density was l'!Basured by inserting a calibrated loop thr,ough 

the vacuum wall of the outer conductor directly opposite the joint (as shoWn 

' above) and calibrating the associa.ted metering circuits to read current ~ansi ty 

on the inner conductor.(4) To check the loop measurements a peak-reading 

RF voltmeter was employed across the upper end of the line (high voltage 

end) and independent calculations of current density made.( 5) 
' 

The joint heating was ·measured by calorimetric methods. Cooling coiltsl 

were soldered to the back surfaces of all cavity walls to dissipate about· 

50 KW of r2R heat. The coils behind the joint region were isolated and 

thermometers inserted into the water line upstreamand downstream. The flow 

rate was metered by calibrated flask and stopwatcho The results were express-

ed in watts.{6) 

. ' 

(4) Appendix, page 8 

(5) Appendix, page 8 
, .. 

{6) Appendix, page 9 ·.~;. 
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Visual observations of the cavity and joint a.rea were made through 

the viewing ports. 

III Tests~ 

1. nshakerproof washer" insert(?) ... 

(a) Runs of Joint heating as a function of RF current )dansi ty at constant 
·; 

contact pressure, plotted on graph 1. 

(b). Runs of joint heating as a function of contact pressure at con~tant 
current density, plotted on graph 2. 

(c) . Long time run at constant current and contact pressure, to observe 

any tendency of the joint to fatigue or change resistance. Plotted 

on graph 3. 

(d) Visual observation for joint heating and arcing as contact pressure 

and current ·were va;:.l:ed, was made. Uneven contact pressure(S) also 

was applied •. 

2. !! ~ §. #12 Copper Wire Insert (bent into a loop) 

(a) Runs of heating as a function of RF current, as above. 

(b) Runs of heating as a function of contact pressure, as above. 

(c) Visuai observations, as above. 

3. Simple Butt ~ (no insert) 

(7) 

(8) 

(a) Runs of heating as a function of RF current, as above. 
I' 

(o) :, Runs of heati'ng as a function of contact pressure, as above. · 

(c) Visual observations, as above. 

{d) Complete separation of the horizontal contact surfaces, to determine 

UCRL Sketch 200-2691 (R. Olson) 

Page 1 above ana. ~ge 4 below-.._ 
::i II: 
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if contact between the vertieal·c~ntering sleeves (see sketch, 

page 2 above) bypasses the current around the insert. 

4. A:·~~ insert, the tests of which may be completed by the time of . 
~iting ofthis report. 

IV.· doncllsions · . :. . .. 

· 1. R&n Series No. 1 ( "shakeproof wash~r") 
(~) Relati: h:ating level (at 90 amps/in) 1J2.Q watts. 

. . 

l 
(NOTE: 

Calorimeter has been recalibrated since the preliminary runs of 
l 
) April 6; 1951) 
'\, 

(~) Heating is essentially independent of contact pressure. 

(c) .No fatiguing of insert or joint was apparent during more than . . 

·t;wenty hours o.f <:Ontinuous operation.· (Except for short intervals 

off .to repair equipment.) . 

(d) No joint arcs appeared under normal·conditions. Severe arcing, 

which finally melted the insert, occurred when extremely uneven 

clamping pressure was applied. "Ext-remely uneven" means clamping 

one side of the joint end jacking up on the other until the sur-

, faces have a crack (1/64") between them. 
'. ? 

2. Run S2ries !iQ.. ~ (#12 copper wire insert) 

(a) · Relative heating level (at 90 amps/in) ~ watts. 
,t 

(bJ Heating dependent on clamping pressure up to about 100 lb/in and 

then independent up to limit or clamping bolts. (1400 lb/in.) 

No arcs observed except wi. th considerably uneven clamping p~ssurese 

With extremely uneven clamping pressures moderately large ·joint 

arcs occurred and the insert became cherry red ~ot, expanding clear 

out of the joint crack. (linear heat expansion of wire.) 
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3. fign Series !g. 1 (simple butt joint: no insert) 
,!~. . 

(a) ·Relative heating level (90 amps/in) 680 watts. 

(b) Heating .slightly dependent on clamping pressure up to about 

40 lb/in and then independent on up •. 

{e) Joint arcs present regardless of clamping pressure at.currents 

above about' 75 amps/in. The arcs were small white·sparks across 

joint crack and were very intermittent. No red heat could be 

seen even With extremely uneven clamping pressure,.·but severe 

arcing occurred, throwing out drops of molten copper. 

(d) . When the joint was jacked apart about 1/64 inch no oscillations 

coUld be established, indi9ating any incidental contact through 

the centering sleeve wa~ of a very high resistance, so that 
' 

r. appreciable current could not flow through this alternate path. 

4~ ~ests of a proposed new type of joint to combine the good qualities 

of joints 1 and 2 have not been completed, but results may be available 

in the near future. .. 
5. Incidental to the joint tests, much data concerning reliability of some 

components in high power, high ambient temperature applications was 

compiled • . 
Vacuum capacitors VC•lOOA (AmpereQ gave much trouble with small 

internal arcs plating copper on the glass. These were run with watercooled 

sockets and 1/2 HP of blower a'ir, with about 95 amps of current. 
,_.i::.i· 

Eimac RF. f~f}ger· contact st~ips 'a:s sockets for VC•lOOA 's were wholly 

inadequate !i.t high currents and had to be replaced by more rigid clamp type 

sbckets. 

The machine has given a great deal .of' diffictii:ty with component failures, 

due to the large voltages and currents producedo Approximately 90% of the 

time bas been spent maintaining the joint tester. 
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V. Graphs 
,·, 

Performance curves have been explained in the text above • 

. ! 



.. VI Ape;ndix 

A. Footn.otes 

(1) Brief des~ription of oscillator 

SHORT 
C.OPPE~ 
STRAP. 

_, 

. '. 
! 

' I 

' 

2S"bf'r~ · c.eP-AM'~-~ sooor,..-€· 
!>.C. I SLOCY.:lf/G CAPA¢. •. 

· . .JQIN'r 

·fo = I I Me., 

r.o :::. I "3 _n... 

. Q ::: 3000 

~;c.~ so-{,o I< W 
0- 20.KV DC 

@.scv 
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(2) Clamping pressure, determined by torque wrench: 

F (1b/in) : 29 T (1b-ft.) 

Bolts, Nuts and Screws, Lampson and Sessions Co~ 191~, p. 152. 

(J) See page 3 and 4 above. 

(4) Sf loop calibration 

AREA 
~s 

IJ = r()lld Cur<R!::N1 DeN!>. ::: H = At~1Ps/MereR 

:: Vg = __ V:..Jo~------------
-j -~f!,'S - J (2rrr)(I/XJOl>J(«f'1fxiP-'7)('S7XIO-{,) 

lz.,::: j 132 Vol For< TH1s EtJ.viPM6NT 

I 1 READ D11<ECTL.'T' ON A CAt.l8r<AT£D PANE.!.. MeTER. 

(5) Peak-reading RF voltmeter calibration 

V=:. Vot..ri'\Ge: ON A SHoR;·- C.1R~IIlT LJN€. -· ~ 0 I S11.; (3-t-

I.=I ::. : v V. • 325 v 

rJ' R€AP Dn~.C.t.TI.-'r' ON A 5£CDNP CALIBRATE.}) 

PANel.. MG-rettt. 

The two methods of meaaurement.compared within about 10% at all times • 
• 
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'( 6) Calorimetric Calibration 

.. 

(a) P. (watts) : 263 (~T) (W) (Handbook £! Chemistry and Physica) 
•/ 0C GPM 

:"','(b) . Although it would be presumptuous to assume this is an absolute 

•..: .. 

power dissipa~ion measurement, it can be assumed with reasonable 

accuracy that it is a relative measurement, consistent from run 

to ruq. The consistency has been borne out by several duplicate 

runs, giving duplicate data. 
<f) 

(c)' The calorimeter consists of six turns of 1/2 inch copper·tubing, 

soldered-to a region four inches wide, directly behind the jointo 

(See sketch, page 2) 

. (d) To see how the expected dissipation of a 4 inch V7ide section of 

the inner conductor compares with the dissipation measured by 

the calorimeter, calculate the power loss: 

R {ohms/in) : Rs 
'lTd 

:: 2.6 x 10 .. 7 "{f 
7f X 12 -- 21.8 r .A/in. 

P :· I 2R • (4000 amps )2 (21.8 r ..0../in.) (4 in) : 1400 ~tti? 

This value is somewhat above the experimental value of dissipation 

for the bElst joint tester • The discrepancy is probably due to the 

fact that heat transfer from the metal to the water ~s not lOO%t 

and that a large portion of the generated heat is conducted away 

by the walls into the base plate of the equipment. Therefore the 

calorimetry measurements are·only relative. 
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