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e | TESTS ON A HIGH CURRENT-R.F. JOINT IN VACUUM

[

_Introdubtign

An R.F, joint tester was designed to determine the relative'heating

eand tendency toward arcing at high RFvcurrent-density (100'amps/1inear

. inch) of a 12" diameter circuler copper butt joint in vacuum with"égvefal

- IT

types of ingerts and at various amounts of axial loading, ranging‘frbﬁ a:
very small contact presSure>to one of 1400 pounds per linear inch of jdint._

To obtain the necessary high RF current a2 coaxial line oscillator,

operating at 11 megacyCIés and supplying 50 KA of power was used. So that

excessively hlgh voltages ‘could be eliminated, capacitive loading of the

~ line at the 10° (A/Bé) point wes used. A.twief_descrlptlon of the oscillator

and asspciatgd equipment'appears in the appendix.(l)

‘Procedure s

The joint.underzstudy was made'in the inner'éonductor of the coax line,

‘wi£h five viewing portes in the outer COnductor. The volume surrounding the

joint'was‘evécuated'by an oil diffusion pump to a pressure of about 10”2 mm.

Hz. The axial 1oad (contact pressure) was applied to the joint by eight

w1/2" = 20 bolts through @ heavy pressure plate, the load being measured by 3

L torque wrench,(2)v-Uneven loading_was accomplished (for certain of the tests

déécribed(B))By clamping the plate‘on only one side and jacking up on the

" other side with a hydraulic jgck._

» (1), 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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Joint. region material is 1/2 inch mild

platlng.' Surface cleaned by emery paper.

steel with 1/64 inch copper

The current density washeasured by inserting a calibrated loop through.

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

above) énd»calibrating the associated metering circuits to read current density

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

RF?%oltmeter>&as employed across the upper end of the line (high voltage

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

The joiﬁt heétihg was measured by caloriﬁetric'methods.

Cooling cotks/

- were soldered to the back surfaces of all cavity walls £a dissipate:about'

SO-KW of IR heat. The coils behind the joint region were isolated and

thermometers inserted into the water line upstream and dbwnstream,‘

‘rate was metered by calibrated flask and stopwatch.

ed in watts.(6)

BN

(4) Appendix, page 8
(5) Appendix, pege 8

(6) Appendix, page 9 %

[

The flow

The results were express-
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Visual observatione of the cavity and joint area ware made fhrough

the viewing porte.

1. "Shakerproofxwasher" i§§23§<7) |

(g) Runs,of‘jaint'héétihg 8s & fUnctioh of ﬁF curreni}dénsify‘at coﬁstantl;
contact pressure, plottedbon graph 1. | o

(b). Runs>of joint heating as a function of céntact_pressﬁre'at cén;féﬁi”
current density, plotted on graph 2. \ v

(¢) Long time run at constant current and contact pressure, to observe
eny tendency of the joint to fatigue or change rééigfance. Plotted
on graph 3. '

(a) Visusl observation for joint heating and arcing as contact preésuré
and current~wére vagied, was made, Ungveﬁ contact pressure(s) also
was'appliéd.‘ ‘ | | i

2. Band § £12 Corper Wire Insert (bent into a loop)

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

- (b) Runs of heatiné as a function of contact preséure, as above.

(e) Visual observations, as above.

3, Simple Butt Joint (ro insert)

(a) Runs of heating as a function of RF current, as sbove,
(b))~ Runs of heét%ﬁg as g function of contact pressure, as sbove,
(¢c) Visual observations, as‘above.

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

~ (7) UCHL Sketch 200-2691 (R. Olson)

(8) Page 1 above end Jpage 4 below-_
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-_Y'if contaot between the*vertical-centering‘sleeves (éee sketoh;
£ ‘ : o  page 2 above)-bypasseS»the eurfent around the insert.
. . 3

b A new type 1nsert, the tests of which may be completed by the time of
writing of this report,

v - Conclgsiong ’ . . .
_gg geries No. 1 ("shakeproof washer®)

) (e) Relativevheating level (at 90 amps/in) 35 matts. (NOTE:

Calorimeter has been recallbrated since the preliminary runs of

-~

3 Aprll 6 1951)
4 :
(ﬁ)  Heating is essentially independent of contact pressure.

v(c) ,No fatiguing of insert or joint was epperent during more than
twenty hours of céntinuous operatlon. (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. ,"Extremely'uneven" means clamping
t L

; one side of the joint and jacking up on the other until the sur-
:; faces have a crack (1/64") between them. |
B ;1‘Ruﬁ Series No. 2 (#12 copper wire insert)

(az- Relative heating level (at 9C amps/in) 620 watts.

(bsk Heating dependent on clamping preesure up to about 100 1b/in andq

s : % then independent up to limit of clamping boltss (1400 1b/in.)
- : ; -

() No ares obeerved‘except with considerably uneveoeclamping pressures.

Fith extremely'uneven clamping pressures moderately large joint

SET T AERR L Y

arcs occurred and the insert became cherry red hot, expaﬁding clear

'

out of the joint crack. (linear heat expansion of wire.)

S ARG T 4

DT TP, I

P
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3. Run Serles No. 3 (simple butt joint: no insert) . : -

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

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

| ‘vAO 1b/in and then independent on up. |

(e) Joint arcs present regardless of clamping pressure at. currénts
above about 75 amps/in. The arcs were small white‘sparks across
joint crack»and were very intefmittent. No red ﬁeaivcould be
ééen évgn wiih exﬁremely upeven'clamping pressure;jbut severe
’arcing océurred,'throwing'out drépsAof molten copper.

(d)  When the joint was jacked apert about 1/6/ inch.no’oéciiiﬁtiéng

':Hcould be esteblished, indicating any incidental cbntaét throuéh -

“the centerlng sleeve was of a very high resistance, so that

} appreciable current could not flow through this elternate path

| VA Tests 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, .

54 Incidéntal to the joint tests, much data concerning reliability of some
compbnent; iﬁ high power,.high ambient temperaturé applicatione was
compiled.. | |
'Vacuum capacitors VC-iOOA (Ampere) gave much trouble with small

intefnal arcs platiné copper oh the glass. These wers run with watercooled

sockets and 1/2 HP of blower air, with about 95 amps of current.
Eimac RF finger contact strips as sockets for VC-lOOA's were wholly

_inadequete at high currents and had to be replacad by more. rlgid clamp type

sockets,

_ The machine has given a great deal of difficulty with ccmpdnent failures,
due to the large véltages and currents produced, 'Approximately 90% of the

time has been spent maintaining the joint tester,

4



V Graphs

Performance curves have been explained in the text ebove.
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VI Ap@ndixv
- A, Footnotes

(1) Brief description of oscillator

.i
‘ 40 Vtaso-a's = 4000 ppf
_L § 77 LOADING CARALITORS o -
soo ppi L. 1200ppf =L | “ |

'"‘*’“;*"* 20 250ppS 'C.E»}EAM,;Q,}; Sodaﬂx’é
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- :
(2) Clamping pressure, determined by torque wrench:

'F (1b/in) = 29 T (.llb-f‘t.) £

Bolts, Nuts and Screws, Lampson and Sessions Co. 1944, p. 152,
(3) See page 3 and 4 above, | '

(4) | RF loop calibration .

Kovar NV - ' | v
SEAL . e AREA - \/O:: §£ltd2@_, :[VXE.JS :L—%:&S:«j&)ﬂ”g
\ | S ' . s ‘
. . + o4+ \ . .
" DIODE / . . ; '
voUANe ALt * , I. = Joiws Correny Dens. = H = AMPS//M&T‘EE
SLIDEERK oy "R : J
VOLTME ERV// 1+ o . - V ' V '
J f‘, - ____.._Q,.._.‘ — o -
vO + + + . ' - ' A )
A / Lo =J Nﬂs - (zqf)():xm")(‘f'ﬂxw")('ﬁ’?X/ohé)
/ URIFORM : ' \
| -/’i H M
AN IJ: J 132 Vo For Tiis EquipmenT

IJ Renp Direcriyr On A CALIBRATED F’Améz. ME‘TER.

(5) Peak-reading RF voltmeter calibration |
V= Vourace Ow A Sworr-Cirecuir Live = Z, T Siw (B4

pere_ Y oV -
f Zo Siv ﬁL OZ‘SIL)(S‘/MEIS-Z][.%JI-]) * 385 ‘/

If Reap Digreeriy O~ A Secown, Carigraten
Paver Meter. ‘

The two methods ofv xzxea‘aurement .compared within about 10% at all times.



t‘(é) "Calorimetric CaIibratién

. * I (é) P'(W?tts).= 263 (AT) (W) ' (Handbook of Chemistry and Physics)
¢ GPM | o

im(b) _Althodgﬁ it would be presumﬁtuoué to assume this is an absolute
‘ poyer'dissipapioh measurement, it can be assumedbwith reasonable
accurécy thet it is a relative measurement, consiétent.from run
to ruﬁ. Tﬁe consistency has been borne out by several duplicate
runs, giving duplicate data. |
(SS The calorimeter consists of six turns of 1/2 inch copper tubing,
| .. soldered to e region four inches wide, dirgctly behind the joint.
(See sketch, page 2) o
. (d) To see how the expected dissibation of a 4 inch wide section of
the inner conductor compares with the dissipation measur;d by _

the calorimeter, calculate the power loss:

R (ohms/in) = -RE__ = 2.6 % 107 VE o
(chme/in) = Be_ 21077 2.8 fAfm,

P =T?R = (4000 amps)? (21.8p/in.) (4 in) = 1400 vetts
_ ' }his value is somewhat above the experimentél‘value of dissipation
A - o for the best joint tester: The discrepancy is probably,due to the
fagt that heat transfer from thevmetal fo the water is not 100%, A
andrthat a large portion of the generated heet is conducted away
. by the waIIS'into‘the base plate of the equipment, Therefore the

celorimetry messurements are only relative,
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