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Abstract

In such elements of accelerating cavities as stems, posts,
spirals, split rings low frequency (several tens Hz) mechan-
ical oscillations may excite. Analytical expressions for res-
onant frequencies are presented. If the channel for cooling
liquid is placed inside the element, depending on flow pa-
rameters the source of noises may exists from turbulence.
Estimation for flow parameters and possible spectrum of
noises are given.

1 INTRODUCTION

A lot of rf cavities have in the design thin and long stem-
like elements. It may be stems for drift tubes support in
DTL structure (Fig. 1), post couplers for stabilisation of the
accelerating field distribution (Fig. 1), straight (Fig. 2) or
circular (Fig. 3) central conductors in double gap bunching
cavities. In such thin elements small low-frequency me-
chanical oscillations may excite. This mechanical oscilla-
tions will lead to small changes in the resonant frequency of
the cavity and amplitude modulation of accelerating volt-
age. If the external source of noises exists, it simplifies the
excitation of oscillations. One possible source of excitation
are the noises due to turbulent flow of the cooling liquid. In
this paper the qualitative estimations for own frequencies
of mechanical oscillations are presented and parameters of
the liquid flow are considered.

Figure 1: A sketch of DTL structure

2 MECHANICAL OSCILLATIONS

Let consider the stem with the massm rigidly fixed at one
end. At the another end of the stem the drift tube with the
massM are fixed. Two cases should be considered.

2.1 The heavy drift tube

If the mass of the drift tubeM � m, we can neglect the
mass of the stemm and consider oscillations of the heavy
solid body at the weightless elastic stem. Supposingy is
the displacement in the direction perpendicular to the stem
axis one get [1] equation for small transverse oscillations:
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wherex is the current coordinate along the stem axis.Ic is
the moment of inertia of cross section:
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E is the Young modulus of the material of the stem,l is the
length of the stem. We suppose the massM is concentrated
in a point at the end of the stem. The eigenfrequency of this
oscillationsfh:
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It should be pointed out here strong dependence offh from
the length of the stem.
   To simplify manufacturing procedure, DTL cavities are
usually at constant radius and the radius of drift tubes is
constant also. So, the stems have the same length, but
the mass of drift tubes (together with the length of tubes)
changes. For typical 200 MHz DTL, for example for
0:04 � � � 0:4 with copper hollow stems (outer radius
of the stemR2 = 20 mm, the inner oneR1 = 15 mm, the
lengthl = 400 mm,Ic = �=4(R4

2
� r4

1
)) and drift with the

massM from 3.5 kg to 30 kg one will get estimation for
fh � (58� 18) Hz.

2.2 The stem without drift tube

Another case to be considered is the caseM � m and we
can assumeM = 0. This case describes oscillations of
post couplers (Fig. 1) and may be good approximation for
oscillations in central conductors of bunching cavities (Fig.
2, Fig. 3). Considering small transverse oscillations [1]:
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and eigenfrequenciesfln are:

fln �
a2n
2�l2

s
IcE

�S
; (5)

where� is the density if the stem material,S is the square of
the stem cross section,an are the roots of the characteristic
equation:

cos(an)ch(an) = �1; a1 = 1:876; a2 = 4:675:::: (6)

For the hollow copper post coupler with outer radiusR2 =

40 mm, the inner oneR1 = 30 mm, the lengthl = 400mm
one will estimatefl1 � 140Hz.
   For circular central conductor of bunching cavity estima-
tion (5) may be applied, ifR � R2, with transformation
l = �R (Fig.3).

Figure 2: The double-gap bunching cavity with the straight
central conductor

2.3 Oscillations of rotation

Let consider oscillations of rotation with respect the axis of
the stem. Also two cases should be distinguished in com-
parison of inertia moments of the drift tubeIt and the stem
Is with respect to the stem axis. IfIt � Is, the frequency
for oscillations of rotationfth is [1], [2]:

fth �
1

2�

r
C

lIt
; (7)

whereC is the rotational rigidity, which strongly depends
on the shape of cross section of the stem and for the coaxial
tube is [1]:
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)
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; (8)

where� is the Poisson coefficient. For cylindrical drift tube
with radiusRt and the lengthlt the inertia momentumIt
needed is [2]:

It =
M(3R2

t + l2t )

12
; (9)

and for the case considered in (2.1) (lt = 46 � 380 mm,
Rt = 75 mm)fth � (300� 30) Hz.
If It� Is we can neglectIt (the case of the post coupler)

and the frequency for oscillations of rotationftl may be
estimated as [1], [2]:
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For the case considered in (2.2)ftl � 450Hz.

Figure 3: The double-gap bunching cavity with the ring
central conductor

3 PARAMETERS OF LIQUID FLOW

It is known well that the character of the liquid flow in the
channel is defined by the Reynolds numberRe:

Re =
V d

�
; (11)

whereV ia the average velocity,d is the characteristic di-
mension of the channel and� is the kinematic viscosity of
the liquid (for water� � 10�6m2=sec). If Re � Recr,
the flow in the channel is turbulent. For cylindrical channel
Recr � 1800, for coaxial oneRecr � 1000 [3].
   The main parameter in the cooling of accelerating cavities
is usually the expenditureQ of the cooling liquid, because
stabilised temperature of the cavity is needed. So, the av-
erage velocity of the flow may be estimated asV � Q=Sc,
whereSc is the square of cross section of the channel.
In most practical cases flow is the channel is turbulent ,
due to limitedS andQ given. Another reason is because
the heat exchange coefficient for turbulent flow is higher
than for laminar one. (It is important to avoid case with
Re � Recr, because forRe � 6000 in circular pipe the
flow becomes unstable [3]. Due to this reasonV is usually
not higher than 5m/sec.)
   In the turbulent flow the unstability with the frequency
ffl � V=d can exists in the stream [3]. Estimatingffl:

ffl �
V

d
=

�Re

d2
; (12)
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for most practical casesffl � (100� 200) Hz.
   It means, that for correctly designed cooling channel the
possibility of excitation for mechanical oscillation is low
enough and this effect is not the main reason.

4 SUMMARY

Analytical estimations for resonant frequencies for differ-
ent types of oscillations in stem-like elements are pre-
sented. It is shown that for typical dimensions of accel-
erating cavities the frequency range of oscillations may be
from several tens Hz to hundreds Hz. This results are use-
ful in the cavity design to take care from possible sources
of noises from equipping hardware (cooling, pumping and
so on).
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