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Corrugated metal bellows ,of several meters 
length are a satisfactory and very inexpensive 
vacuum chamber for new or existing fast-cycling 
synchrotrons. 

Introduction 

Historically, vacuum chambers for fast­
cycling synchrotrons have been a problem. due to 
some combination of excessive outgassing, fra­
gility, radiation damage, magnetic field distor­
tion, high cost or unproven performance. For 
instance, high-alumina ceramic chambers with 
metal joints have·been installed recently on the 
CEA,l NINA, and DESY synchrotrons and were pro­
posed by LRL2,3 for the 8-GeV booster of the 200-
GeV accelerator facility. Such chambers ~ave 
desirable vacuum and eddy-cui rent characteristics, 
but are eXpensive (~1500/meter in production 
quantities), fragile, and subject to fatigue'and 
handling failures at the joints. 

Alternatively, we propose a corrugated 
metal bellows chamber to extend the complete 
length of a synchrotron magnet unit (usually 
several meters long). Of many possible configu­
rations,. Fig. 1 shows a specific elliptical 
chamber selected for evaluation in this paper. 
A more detailed evaluation i-s given in a separate 
paper. 4 . 

Fabrication and Cost 

A large number Qf bellows manufacturers 
were contacted concerning feasibility and cost of 
the proposed chamber. Several reputable bellows 
manufacturers, same experienced at producing 
short elliptical bellows, quoted unit prices of 
$90 to $120 per meter in production quantities, 
which is only l~ of the unit cost for the ceramic 
chambers previously mentioned. This corresponds 
to a savings of se.eral hundred thousand dollars 
for a lo-GeV synchrotron. 

The stainless steel walls of the chambers 
contemplated herein should have low outgassing 
rates. Milleron reports that unbaked stainless 
steel cleaned by the Diversey_process has an out­
gassing rate of less than 10-12 Torr-liters/s-cm2 
after 12 h of pumping,5 which is negligible for 
most synchrotron applicatiOns. This is comparable 
to the outgassing rate reported by Clee for high­
alumina ceramic chambers.3 Needless to say, it is 
vastly superior to the outgassing rate of epoxy 
chambers uaed .in some synct.rotrons. , 

-Work performed under auspices of U. S. Atomic 
Energy Commission. 
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Structural Analysis 

Bending moments, stresses and de~ections 
were calculated using formulae and graphs for 
elliptical vacuum chambers.6 The moment of in­
ertia used in the formulae is that of the corru­
gated wall about its neutral axis. For 1 atm 
pressure, the maximum combined stress is 21 600 
psi and the semi-minor-axis deflection is 0.024 
cm, both of which are acceptable •.. Analysis 
indicates buckling,ls unlikely. 

Eddy-Current Distribution 

For an applied 15-Hz biased-sinusoidal 
gradient (k = 0.0239 ~-l) ~etic field with 
vertical component Ba = 4405 (1 + kx)-[l - 0.8888 
cos2n(15)t], the induced eddy-current density in 
the convoluted walls calculated for small values 
is7 ,. 

i = t3.6 + 100 (i> + 9.4 (i>jsin2n(15h, 
2 where units are Gauss, cm, s, and A/cm. Thus 2 

the peak induced eddy-current density is 106 A/CM 
at x = a. 

Field Disturbance 

The induced eddy currents directly produce 
an induced magnetic-field disturbance Bi whose 
magnitude relative to the applied field Ba is 
greatest at t = 5.0 ms (27.20 ). The LRL magneto­
static computer code LINDA was used to compute the 
induced field pattern shown in Fig. 2 and to 
compute the magnitude of the indl:'.ced field and its 
gradient at t = 5.0 ms, which a1'€. shown graphically 
in Fig. 3, normalized to BO' the value of Ba at 
x = O. 

No attempt has been made to assess the 
effect of these magnetic-field disturbances on the 
orbit dynamics of a synchrotron. However, since 
the change in gradient to reach a particle reson­
ance stop band is of the order of:!:. 5%, it appears 
that the induced gradient (~l% of the applied 
gradient) might be tolerable. If desired, the 
field disturbance can be fUrther reduced by (1) 
decreasing t and h, (2) increasing h, (3) in­
creasing reSistivity P, or (4) compensation by 
suitable excitation of trim quadrupole and sextu­
pole magnets. 

Eddy-Current Heating 

The instantaneous local heating due to 
induced eddy currents is w = i 2p. The given 
chamber can be cooled quite easily, since the 
time-averaged power dissipation is ~OW per meter 
of chamber length. 



Conclusions 

Long corrugated meta~ bellOWS vacuum cham­
bers are much less expensive and much less fragile 
than corresponding ceramic chambers. Excellent 
vacuum characteristics are anticipated. The thin 
corrugated walls reduce eddy currents such that 
field distortions and heat dissipation are un­
likely to be problems. Adequate structural 
strength is achieved with chamber dimensions com­
parable to those of ceramic chambers. Consequently 
this type chamber can be considered for retrofit­
ting into existing synchrotrons as well as for 
new synchrotrons. 
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Fig. 1. Elliptical Bellows Configuration. 
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This report was prepared as an account of Government sponsored work. 
Neither the United States, nor the Commission, nor any person acting on 
behalf of the Commission: 

A. Makes any warranty or representation, expressed or implied, with 
respect to the accuracy, completeness, or usefulness of the informa­
tion contained in this report, or that the use of any information, 
apparatus, method, or process disclosed in this report may not in­
fringe privately owned rights; or 

B. Assumes any liabilities with respect to the use of, or for damages 
resulting from the use of any· information, apparatus, method, or 
process disclosed in this report. 
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such contractor, to the extent that such employee or contractor of the 
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