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Summary 

A sliding contact configuration has heen 
developed for use in high power rf resonators. The 
configuration allows a large number of contacts so 
that each carries only a small current. The tolerance 
of the contacts to structural inaccuracies is rela­
tively large and the configuration is much less com­
p1 ex than the c1 ampi ng contact mechani sm usually used 
at high power. The theory, design and material con­
siderations will be discussed and the practical appli­
cation in the main tuners of the Chalk River Super­
conducting Cyclotron will be described. Reliable 
operation has been obtained in the 31-62 MHz frequency 
range up to 50 A/cm linear current densities. The 
configuration is clearly capable of considerably 
higher current densities at these frequencies. 

I nt roduct ion 

Sl i di ng contacts are often useful in situat ions 
where mechani cal adjustments are requi red such as in 
resonant cavity tuning. The tuni ng shorts of the 
accelerating structures of superconducting cyclotrons 
are examples. These shorts must make electrical 
contact between the inner conductor and the outer con­
ductor of the coaxial tuners. Recause resonator 
voltages are hi gh and tuners re1 ati ve1y small to fit 
into available space, current densities across the 
short are higher than the 20 A/cm allowable for the 
best commercial sliding contacts. I)sually, a system 
of rather complicated clamping contacts has been used 
for higher currents. This report describes a new con­
figuration of sliding contacts which has operated suc­
cessfully up to 50 A/cm linear current density at 31 
to li2 MHz in the accelerating structure of the Chalk 
River Superconducting Cyc10tron l

• The tuner is 
simple, without complex vacuum seals and operable 
unrler power. Consideration of the parameters indi­
cates that this contact configuration is capable of 
considerably higher current densities if required. 

Fig. 1 An illustration of contacting surfaces 
showing that in small scale, the surfaces are 
rough. In (iI) the initial contact is small. 
In (b) increased force F deforms the contact, 
increasing the contacting area and decreasing 
the resistance. In (c) additional contacts 
are made, further decreasing the resistance. 

Theory 

Contact between two conductors brought together 
will fi rst be at one point only, because on a micro­
scopic scale, the surfaces are rough (Fig. l(a)). As 
the force between the contacts is increased, the 
contact poi nts are deformerl with an increase in the 
contilcting area (Fig. l(b)). Arljacent points may also 
come into contact arlding additinna1 contacting area 
(Fig. 1(c)). The contacting area will then depend on 
the force, F, and on the hardness, H, nf the con­
ductors or on the softer of the two if they are 
di fferent. 

An electric current between the conductors is 
constrained to flow thrnugh the contacting areas 
resulting in a contact resistance, R, hetween the con­
ductors. This contact resistance is given approxi­
mately by2 

R ~ p I H/F (1 ) 

where p is the resistivity of the conductors or the 
average if they are different. 

It has been observed experimentally that sliding 
copper contilcts wi 11 operate sat i sfactorily if 10arlerl 
to ilbout 1 N. Copper harrlness H = 5 X lOB N/m2 anrj 
conductivity p = l.R X 10- 8 rl·m then give R ~ 0.4 mrl 
for a force nf one N between copper contacts. 

The current that. a contact will carry without 
rlamage rlepends on t.he temperat.ure at the poi nt of 
contact. This is given by3 

(2) 

where To is the temperature away from the contact, 
U is the voltage across the contact, and 
L 2.4 x 10- 8 in units of (V/K) 2. 

This simple relationship follows from the 
relation between thermal and electrical conductivities 
(the Wiedemann-Franz law) and is shown in Fig. 2 for 
To = 300 K and 400 K. The copper softeni ng tempera­
ture is also shown 3

• This is the temperature at which 

the strain hardening in the highly stressed contact 
disappears. Experimentally, as the current is 
i ncreaserl the contact res i stance is observed to 
decrease at a fai r1y well defi ned voltage across the 
contact, i.e., the contact area increases because of 
the softening. This voltage is characteristic of the 
contact material and is ahout 120 mV for room tempera­
ture copper corresponding to about 460 K as shown in 
Fig. 2. Sliding contacts must operate below this 
temperature since the softening could 1earl to fusion 
welding. 

The softening voltage is approximately the same 
for all metals of practical interest so the corre­
spondi ng "softeni ng" cu rrent wi 11 depenrl on the 
resistance of the contact. This is shown in Fig. 3 
for a typi ca 1 copper to copper contact of 0.4 mrl 
resistance and a beryllium-copper to copper contact of 
1.8 mrl res i stance, i.e., wi th about the same force on 
the contact. Conducti vity is therefore an important 
parameter in the choice of material. 
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Fig. 2 The contact temperature given by Eqn. (2) for 
ambi ent temperlltu res of 300 K and 400 K as a 
fu nct i on of vo lta ge ac ros s the contact. The 
"softening" temperature for copper is also 
shown and is about 1nO mV for an ambient 
temperature of 300 K. 

Practical Constraints 

In most high power resonant rf structures, the 
fi xerl surface on whi ch the tuner contacts must sl ide 
is copper. The most rlesirable material for the 
sliding contact is also copper provirled the contact 
force is small enough to be free of excessive wear. 
More heavily loarled composite contacts in complex con­
figurations have been used but usually result in 
si gnifi cant wear and as a consequence 1 imited oper­
ating life. Copper of course is a very poor spring 
material and the penalty for using a good spring 
material such as Re Cu with 1/4 of the conductivity is 
large as shown in Fig. 3. It is better therefore to 
finrl a configuration that allows the use of one of the 
less strong copper alloys with higher conductivity. 
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Fig.:3 The current at which softening occurs for Cu 
on Cu and Cu Re on Cu as a funct i on of the 
bul k temperature. The "softeni ng" voltage 
shown in Fig. 2 is about the same for all 
copper all oys so the corresponrli ng current 
depends on contact resistance. 

Fig. 4 One of the main tuning shorts in the Chalk 
River Superconducting Cyclotron rf structure 
showing the contacts, the tuner end plate, 
push rods anrl vacuum seals. The water 
cooling line is in the central groove. 

The Configuration 

'" confi gu rat ion th at allows a 1 a rge number of 
contacts satisfying these constraints is illustrated 
in Fi g. 4. This is a photograph of one of the two 
main tuning shorts in the Chalk River Superconducting 
Cyclotron 1 accelerating structure. The contacts are 
punchi ngs of the shape shown in Fi g. 5 mounted at 
about 30° off the normal with spacers between and all 
soft soldered in place for good thermal cooling at the 
base. There are 420 contacts on the outsirle of the 
short and 360 on the inside . 

Fig. 5 The contact mounting arrangement used in con­
structing the short shown in Fig. 4 above. 
"'n azimuthal section in shown in (a). '" 
partial plan section indicating the contacts 
as mounted and as const rai ned by the outer 
conductor is shown in (b) . 
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The shape of the contacts shown in Fi g. 5 was 
designed to he made from beryllium copper. The tip 
was hroad to give a larqe rounded end for sliding over 
obst ruct ions. However, when defl ected, the st ress is 
concent rated nea r the base. Beryll i um copper is 
strong enough to withstand reasonable contact 
defl ect ions. 

Experimental Results 

Several development steps were made in arriving 
at the arrangement of Fi g. 4. In the fi rst tuner 
short, douhle rows of contacts were mounted with the 
slope in opposite directions as shown in Fig. 6. The 
idea was to hal ance any azi mutha 1 forces and to pro­
vide a ha ck up in case of failure of the first ro"l. 
/l.zimuthal forces turned out to be neqliqible so the 
double rows are no longer used. 

S li' ~ 
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Fi g. 6 

Fi g. 7 

The first tuning short tried, which had 
douhle rows of Cu Be contacts. The contacts 
were shaped as shown in the foreground ilnd 
trapped in a slot as indicated in Fig. 7. 

The mounting method used 
co ntacts shown in Fiq. 6. 
how the contacts are spaced 
on the corner of the hase. 

for the Cu Be 
The inset shows 

by the small tabs 

The first contacts were "spooned" at the tips as 
shown in Fig. 6 so that contact was on the side 
instead of the edge. The spooning limited the pitch 
hecause adjacent contacts touched at the tips for too 
small a spaci ng. It was found that edge contact 
worked well hoth electrically and mechanically and 
contacts were not spooned. 

The first contacts were not soldered at the 
hase. They were trapped in a slot essentially 
depending on spring loading for contact and cooling as 
shown in Fig. 7. In practice, a few contacts always 
worked loose and failed. Suhsequently all contacts 
were soldered at the hase. 

Fi (Jure 8 shows the shape of the contacts when 
constrained by installation jig rings the same size as 
the inner and outer conductors of the tuners. 

Fig. R A sect i on of the double row tuni ng short of 
Fig . 6 with ins tallation j ig rinqs in place. 
These constrai n the contacts to thei r normal 
shape when contact i ng the cent re conductor 
and outer conductor. 

The first contacts were made from heryllium 
copper hecause of its good spri ng propert i es. These 
failed during operation at about 6 A per contact. 
Later cl., -~ ~cts were made from a Cu Ag alloy with 
conductiv1 about 90% of pure copper (COA Alloy No. 
155). Thf ,; ck ness was 0.127 mm which seemed near 
the optimum for this configuration. Measured V-I 
characteristics at 60 Hz for contacts made of the two 
materials are shown in Fig. g, the resistance of the 
Cu /l.g is about 4 times smaller than the Cu Be. At rf 
frequencies, the resistan ce is larger because of skin 
effects hut the ratio is about the same. The Cu Ag 
however is not a very good spri ng materi also the 
punched contacts were mounted without bending as shown 
in Fig. 5. 

The tuning shorts shown in Fig. 4 have been used 
in a series of commissioning experiments in the 31 to 
62 MHz range up to ahout 10 A per contact or ahout 
50 A per cm linear current density. There ha s not 
been detectable damage or wear in these tests which 
included one 24 hour run. There was little tuner 
movement under power so that 1 ittle experience has 
been obtaineci on contact performance with movement at 
high power. 

Proceedings of the Tenth International Conference on Cyclotrons and their Applications, East Lansing, Michigan, USA

CH1996-3/84/0000-0379 $1.00 c○ 1984 IEEE 379



> 
.§ 
LLJ 
L:J 
« 
I-
-' 
0 
> 

Fi g. 9 

200~---------------------, 

150 3.2 m.o. CuBe 

100 

50 

0.7 m.o. CuAg 

0 
0 50 100 150 

60 Hz CURRENT (A) 

V-I characteristics for eu Re and ell Ag 
contacts at ahout 1 ~ contact force measured 
at fiO Hz. The measurenlf'nts were limited to 
less than 100 A hy the test ri g transformer. 
Note that the voltage drop across the contact 
alone is ahout half the total so that the 
softeni ng poi nt is out of range at about 
1'40 mY. However, some rise in temperature is 
inrlicated hy tf-Je non-linearity in the Cu Re 
CII rve. 

Future Developments 

There are several possi bi 1 ities for improving 
these contacts. The most obvious would be to find the 
optimum spring contact parameters. An important 
parameter is the force on the contact, thi s shoul d he 
set for the best compromi se between wear and 
resistance. There may also be different optima for 
operation in air or in VilCllum. 

The allowable 1 i near current rlensity may of 
cou rse be i ncreaserl by rlecreas i nq the contact 
spacing. The limit will depend on the accu~acy of 
cnnstruct.ion, i.e., Ijnequal length contacts w111 set 
on one another anrl calise excessive wear. The spacing 
shown in Fig. 4 could prohahly he reduced hy a factor 
of three quite safely. 

Cooling is very important as was shown in 
Fig. 3. The amhient s~rface temperature at the 
contact !'lust be well helow the softeni ng temperature. 
This may well establish the ultimate current limit for 
these contacts. 

The mounting method shown in Fig. 4 is satis­
factory but it was difficult to obtain good solder 
joints to all contacts. A possible hut as y~t 
untested fahrication method is illust.rated 1n 
Fig. 10. The assembly would be folded from a continu­
ous strip with the pitch determined hy the angle of 

the fnlrl lines. The strip of contacts so formed would 
then he clamped and soldererl into the edge of the 
tuner with water cooling lines as close as possihle. 

There may hE' better materi al for the contilcts. 
ThE' hest tester! so far is the Cu Ag alloy user! in the 
tuner shown in Fig. 4. High conductivity is essential 

Fig. 10 A method for fahricating contacts hy folrling 
a continuous strip. The three steps are 
(1) cut strip, (1') hend alternate fingers fiO° 
in opposite rlirections and (3) Z-folrl 180° to 
form continuous array. 

ilnrl goorl spring properties are important. Forming 
properties may also he important 1n mounting 
a rrilngements that requi re hendi ng or fol di ng. The 
choice seems to he limited to high conductivity copper 
either alloyed or dispersion strengthened. Tests are 
planned on an alumina rlispersion strengthened copper 
called Glidcop*. 

Conclusion 

A configuration has heen developed for sliding 
contacts on high power rf tuners. These contacts have 
operated successfully at 50 .iI/cm linear current 
density. The important parameters have heen discussed 
anrl the results indicate thilt this configuration is 
capahle of consirlerably larger current densities. 
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