SLAC-PUB-9524
September 2002

Vibrational Stability of NLC Linac accelerating structure

F. Le Pimpec, S. Adiga (Stanford Univ.), F. Asiri, G. Bowden, E. Doyle, B. McKee, A. Seryi
SLAC, 2575 Sand Hill Road, Menlo Park CA 94025 , USA
S. Redaelli, CERN, 1211 Geneva 23, Switzerland

Abstract block of ~2225 kg. The block was installed on rub-
The vibration of components of the NLC linac, such a?ber balls ¢-14Hz resopance) 0 |so.Iate it from the.n0|sy

. ; . : . Ih)or of NLCTA. Vibration was monitored by four piezo-
accelerating structures and girders, is being studied bot .

; . . accelerometers and one piezo-transducer was used to mea-
experimentally and analytically. Various effects are be- . X
) . sure water pressure fluctuations. The diameter of each of
ﬁ1e four cooling pipes were 1.9 cm. The flow of water and
e pressure were measured by a venturi tube and by two

manometers installed at the input and output supply.

tion caused by cooling water in the accelerating structur
This paper reports the status of ongoing work.

1 INTRODUCTION

As part of the R&D effort for the Next Linear Collider
(NLC), an extensive program has been started to study the
vibration induced by cooling water on the NLC Linac and
Final Focus components.

An adequate flow of cooling water to the accelerating
structures is required in order to dissipate the heat load
caused by the absorption of RF power and to maintain
the structure at the designated operating temperature. This
flow may cause vibration of the structure and its support-
ing girder. The acceptable tolerance for vibration of the
structure itself is rather loose — of the order of several mi-
crometers. The concern is that this vibration can couple to
the linac quadrupoles either via the beampipe with its bel-
lows or via the supports. The vertical vibration tolerance
for the linac quadrupoles is about 10 nm.

In this paper we focus on vibration of accelerating RFE
structure and girder induced by cooling water. Further pdyLCTA area.
pers will report on vibration coupling to quadrupoles [1] The second set of experiments were designed to study
and on investigation of additional girder damping [2]. the vibration caused only by internal turbulence. The

structure-girder was installed in a much quieter place on the
2 EXPERIMENTAL SETUP floor of the SLD collider ha.II and the water was gravity—fed
from a tank located-18 m higher. The structure-girder was

For the vibration studies presented, an NLC design abolted to a~26T concrete block placed on a rubber mat
celerating structure [3] was used. This structure is 1.8 fr~30Hz resonance). The maximum water flow through the
long and is supported by a “strongback” of the same lengtlstructure was limited to about 1/1s.

In the design it was assumed that 3 such structures wouldIn each experiment, it was possible to feed the water to
be mounted on a single 6 m long girder. The required watéhe structure either by using the 4 tubes separately or by
flow is about~1 /¢/s for each structure. It should be notedfeeding only 2 tubes on one end which were then connected
that the NLC currently plans to use shorter RF structuree the adjacent tubes at the other end. In the latter case, the
than the one studied [4]. flow in 2 tubes was in the opposite direction. In all the tests,

In the first set of experiments, we measured the vibranly vertical vibrations were studied.
tion induced by different flow rates passing through the
structure-girder system, as shown in Figure 1. The wa- 3 RESULTS AND DISCUSSION
ter was supplied from the NLC Test Accelerator (NLCTA)
area. The 1.8 m long RF structure100 Kg) was mounted  The first results were obtained when the structure was
on a hollow aluminum girder connected to a concretsupplied by water from the NLCTA supply system (Fig.1).
Fig.2 shows the variation of the integrated displacement

*Work supported by the U.S. Department of Energy, Contract DE- . - .
ACO3-765F00515. spectrum when the structure is fed with different water

f PhD student of the University of Lausanne, Institut de Physique ddiOWS, including no flow. In the case without fIOW,' both
Hautes Energies (IPHE), Switzerland. supply and return valves were closed. In the case with flow,
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igure 1. RF structure and girder vibration setup in the
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Figure 2: Integrated displacement spectrum of the structufégure 4: Integrated displacement spectrum of the struc-
with different flow rates(blue, top curves) and with no flowture, girder, floor and concrete block with water flow of
(red, bottom curves). Several measurements are shown. ~1.94/s in the NLCTA setup for a single measurement.
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55 ‘ ‘ ‘ ‘ ‘ ‘ ‘ Quantitatively, the incoming water can be characterized
St | S lowde | : : e by the spectrum of its pressure fluctuations. The integrated
asp A o spectrum was measured by a pressure piezo-transducer in
o e the NLCTA setup as shown in Fig.7. The incoming pres-
e e ) sure causes vibration of the RF structure through the force
o % o o ° | it exerts on the unbalanced surface of the cooling pipes
' ‘ ] (usually equal to cross-section of the pipe). It is interesting
to note that the spectrum of the incoming NLCTA water is
| rather smooth and does not contain sharp peaks typically
toox v | associated with the rotational frequencies of pumps. This
e indicates that the turbulence itself, and not the pumps, was

5 1
. ) flow (is) the cause of the pressure fluctuations.
Figure 3: Average integrated displacement above 10Hz of .

10
the structure (circles), of the girder (diamonds), and of the
concrete block(crosses).
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the supply valve was partially closed to regulate the flow.
Fig.3 shows the average value of the integrated displace-
ment above 10Hz, for different water flow rates.
Fig.4 shows the integrated displacement of the different
elements of the system for a flow ef1.9 ¢/s (twice nomi- .
nal). One can see that the maximum amplitude of the dis- ** © |== Supsiyopen
placement comes from the peak-~at52Hz which is be- =
lieved to be a resonance of the hollow aluminium girder ;L . . .
and RF structure assembly. The 52Hz resonance is alsc ~ *° Y ka7 10
seen in the motion of the concrete block, due to couplingigure 5: Integrated displacement spectrum of the structure
of the structure vibration to the block. with only the supply open (blue solid line), only the return
The integrated displacement of the structure at maxfpen (red dotted line), and with all valves closed (black
mum flow is about 0.5:m (see Fig.3 and 4), while it is dashed line). In all cases, there is no water flow.
less than 0.08&m when no water flows through the struc- From the results obtained with a normal cooling water
ture. The rms amplitude of vibration depends only slowlhsystem, such as the one used in NLCTA, it is clear that
on the flow rate — a 10-fold change in the flow increases thabrations are caused mostly by the turbulence of the in-
vibration by only about a factor of 2. Note that the systencoming water, and not by irrevocable internal turbulence in
considered is above the turbulence threshold(B#0) if the accelerating structure itself. To study the latter, the sys-
the flow> 0.1//s, i.e. practically in all the observed range.tem was moved to the floor of the SLD detector hall, and
Such a slow dependence is explained if one assumes thafed with “quiet” water coming from a tank at abottl8 m
the NLCTA setup, the structure vibrations were due mostljieight. The maximum flow obtained in this configuration
to turbulence in the water supply system and hence to presas~1.1//s (equal to the nominal flow).
sure fluctuations in the incoming water. This assumption Figure 6 shows the variation of the displacement with
is confirmed by Fig.5 which shows that merely opening eiand without flow obtained in the “gravity fed” experiment.
ther supply or return valve, with the other valve closed, profhe RF structure vibration is-0.18 um in this case, i.e.
duced an integrated displacement of i, almost equal about a factor of 2 smaller than in the NLCTA setup. The
to the maximum displacement observed. pressure transducer shows that fluctuations in the gravity

Displacement m
=
o
&

Presented at EPAC 2002, 6/3/2002---6/7/2002, Paris, FRANCE



10°° . , 10

— Flow ~1.1l/s
—— No flow

|
4

|
®

I”‘,, “H,

Displacement, m
o
o

Displacement m
B
S)

H
O\
b

10 L L 1078 L
10° 10 10° 10° 0 05 1
Freq Hz Flow, liter/s

10

1.5 2

Figure 6: Integrated displacement spectrum of the structukégure 8: Vibration of the RF structure at a resonance of
with the nominal water flow (blue) and with no flow (red) 52 Hz caused by internal turbulence in the cooling pipes as
10° ‘ ‘ predicted by a semi-analytical model [5].

also measured and found to be about 6 nm, which is toler-
able for NLC. Ongoing work on optimization of the design
and on increasing structural damping [8] is expected to fur-
ther reduce the coupling of vibration to the quadrupoles.

10" |

Pressure mbar

— o ; f 4 CONCLUSION
B §E§{$Z’%l§i" o S Cooling water can cause vibration of the accelerating

' structure both through internal turbulence in the cooling

073 o e 0° pipes in the structure, and through pressure fluctuations in
Frequeney iz the supply water (external turbulence). The latter does not

Figure 7: Integrated spectrum of incoming pressure fluctyenend on the flow rate through the structure and can be the
ations in NLCTA water (top curves), in gravity fed watergominant source of vibration in practical situations. For the
(middle curves), and the sensor internal noise — NLCTAase studied, mechanical resonances of the structure-girder
case with all valves closed (bottom curves). assembly explain the measured amplitudes. Vibration cou-

setup. Itis believed that this structure vibration was domi- P 9 ping

nated by internal turbulence. Is expected to further reduce vibration.
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