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Introduction 

For the cooling of the Ml% electron accelerator 
a modular setup has been selected. Each klystron 
station (twelve in total) has been provided with an 
own pumping system and drji cooler. With a klystron 
station is meant the accelerator sections (including 
loads) fed by one klystron, the rectangular-wave guide 
network and the klystron itself. A modular system has 
been selected because: 
- before completion of the whole machine some stations 

could already be used; 
- a failure in one cooling system only effects one' 

station and not the whole machine; 
- the smaller components and the low water content 

facilitate maintenance; 
- we had good experience with modular cooling units at 

our former small machine EVA. 
However, temperature control in a modular unit 

demands more effort, because the low water content 
makes this unit more sensitive for disturbances. 

Circuit description 

In fig. 1 a simplified layout of a modular unit 's 
shcwn. The blocks indicated by A, W and K represent 
respectively: both accelerator sections set in 
paraliel, the rectangular-wave guide network and the 
klystron collector. Within the dashed-dotted line the 
water to air heat exchanger (dry cooler) is shown. 

This cooler has been located outside the building, 
as close as possible to the rest cf the unit. The 
cooler is provided with continuously adjustable fans 
(F) and continuously adjustable air valves (AV). 
Servo-motor feedback assures linearity between fan 
drive and fan speed. TT1 to TT7 are temperature 
censors and transmitters; TC1 to TC, are ?I temperature 
controllers; TA, to TA3 are temperature alarms (switch 
action); Bl and B2 are bolometers measuring the input 
resp. output power of one of the accelerator sections. 
The pump has been provided with a double speed motor, 
Part of the flow is led through the cooler. The water 
leaving the cooler is called the cold line (Te). 
The water passing the cooler is called the hot line 
Cm). 

Circuit design 

Temperature specifications are 
- a fixed point on one of both accelerator sections 

45 + 0,lW; 
- the-inlet water of the wave-guide netwcrk 45 + 0,5OC; 
- the outlet water of the cooler 40 + ICC. - 
The latter has no direct relation wiyh the beam 
performance but the stability of 1oC is necessary to 
fulfill the requirement of O,lOC stability for the 
accelerator. Temperature control for the accelera’or 

and wave guide network is obtained by three way 
pneumatic linear control valves (C'JI and CV2j, 
provided with valve positioners and PI transducers. 
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The resolution is 1,5.10s3, so the temperature 
stability is limited by the valve performance to 
- O.Ol"C. 

Ccntrol of pump speed and interlocks (not shown 
in fig. 1) is done by a P.L.C. (Programmable Logic 
Controller) system. During transition of the pump 
speed, valve Vl is closed. The lower the ratio of 
heat production and heat capacity, the easier it is 
to achieve temperature stability. This ratio is 
relatively low for A and W and high for K. For this 
reason we have considered to split in one cooling 
system for A and W and one for K. However we decided 
not to split, because of the disadvantages 
- two totally separated cooling systems instead of 

one have to be installed per klystron station; 
- a considerable waist of power since additional 

heating power in thn A and !J system would be 
necessary to create the hot line temperature. 

Th increases linearly with the power according 
Th = 45 + 5,5 a - 3 B (1) 
CL and B are the ratio of nominal and maximum value 
of video, respectively R.F. power (B<a). 
Th must always be above 45OC. This explains why the 
klystron is connected to the hot line. Connecting the 
klystron to the cold line would cause the hot line 
temperature drop below b5'C. 

The temperature censors T?l', to TT7 are thermistors 
(N.T.C.'s). The reasons we have chosen for this type 
3f censor were: 
- good performance, high sensitivity, negligible 

hysteresisi good repeatability and reproducability; 
- good experience at application in our former small 

accelerator EVA. 
9igh accuracy control instruments with N.T.C.'s 

as temperature censor are not commercially available. 
At the time we started the design, also suitable 
function modules applied in the feed forward drives 
were not available. Therefore we had to develop this 
equipmen? by ourselves. 

The tilcmeters 31 and 52 are of the barreter type. 
Barreters have been chosen instead of crystal detectors 
because of 
- better reproducability; 
- much less difference in sensitivity; 
-better linear response; 
- easier temperature compensation 

Operational mode 

In operational mode, full cooling capacity is 
available, the pump is running on high speed and the 
temperatures are controlled on the specified values. 
Tnere are two types of disturbances: 
- variations of the cooler outlet water temperature 

(Tc); 
- power change in the components A, W and K. 

Variations of Tc are important in the steady state, 
when the a:celerator is running at a fixed energy, 
duty cycle and beam current. The variations of the 
accelerator temperature induced by the cooler may not 
exceed O,lOC. This is attained in two steps: 
- a do.Jble contrcl action for the cooler (air valves 

and fans) to minimize the cooler water outlet 
variations; 

- a master-slave control for the accelerator to 
minimize the influence of the cooler water outlet 
temperature on the accelerator water inlet temper- 
ature. 

In case of a power change, the transient time and 
the maximum deviation are important. To improve the 
response on pcwer changes, fans (F) and accelerator 
control valve (CVl) are provided with feed forward 
drives. 

Cooler cortrol 

The required cooler capacity is approximately 
given by the relation 

P is the power 
Ta the inlet air temperature 
%r approximately the average cooler water temperature 
ar.d can be assumed to be a constant. 

The capacity of the cooler is approximately 
given by 

0 is the air flow 
k the air valve setting 
S the fan speed. 

The water flow through the klystron collector is 
constant. The difference between input and output 
temperature (TT5 and TT6) is proportional with the 
klystron collector power. The time constant is 
relatively low (a few sec.), making this signal suit- 
able for feed forward drive. Eolometer Bl produces a 
signal proportional with 6. By proper addition of this 
signalto thedifference between TT5 and TT~ we obtain 
a signal proportional with.P, the total power to be 
cooled. T"I7 measures the cooler inlet air temperature. 
Therefore signal U corresponds with P/A. The air valves 
are set proportionally with P/A. The cooler outlet 
water temperature is controlled by TT4 and PI control- 
ler TC4. The fan setting is also provided with feed 
forward drive corresponding with P/A. For good control 
a minimum fan speed is required. In case of low values 
of P/A, the fan speed is forced to this minimum by 
the air valve setting (k). Sowever we may not force 
the fan speed to raise too much with only partly 
opened air valves, otherwise the fan will produce an 
unacceptable noise level. 

The dashed lines in fig, 2 show possible idealized 
curves for k and S as a function of P/A. For these 
curves k is assumed to be proportional with k. The 
solid lines represent more realistic curves. The dashed- 
dotted line shows the fan setting obtained just by 
feed forward drive. P/A in percentage is related to 
f/Ao. 
P is J$e maximum power 
A, = Tw - TaO 
Tao is the maximum outside air temperature at which the 
maximum power still can be cooled. 
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Accelerator temaeratue cork-01 

To suppress the fluctuations caused by Tc, the 
inlet water temperature is controlled by TT2 and PI 
slave controller TC2. The accelerator temperature 
itself i- controlled by TTl and PI master controller 
TCl. WitLout beam, the accelerator inlet water temper- 
ature T,i is: 

Tai = 45 - 395 B (2) 

From (1) and (2) we can deduce an expression for the 
position of control valve CVl 

5,5o +0,5B 
6v' = 5+5,5cr-3B 

This can be approximated by 

6Vl = 0.1 + 0.4% + 0.27f3, 

demonstrating the effect of linear feed forward drive. 
By a proper combination of Bl and B2 we can 

correct for the beam loading effect. 

The wave guide network temperature control 

The wave guide inlet water temperature stability 
of 0,5OC is easily obtained by TT3 and PI controller 
TC3. If CV2 was directly connected to the hot line, 
the used valve stroke would reduce to 33% of its 
maximum, in case of a = 8. By introducing the manual 
three way valve CV3 the used valve stroke can be 
doubled. If we don't want to distort the linear 
jehaviour of CVl too much, the size of CV? must be 
at least 1.5 times the size of CVl. However, since 
the flow through the wave guide network is less than 
10% of the total flow, CV3 is still a relatively 
smzll valve. 

Performance 

In the steady state the temperature stability is, 
accelerator < 0.02OC 
wave-guide network < C.l’C 

cooler outlet water < 0.5OC 
At full range video power changes: 
Transient time < 200 sec. 
Accelerator temperature deviation < 0.3'C 

Stand by mode 

Stand by mode is characterized by low power 
consumption, frost protection, no cooling capacity 
available, pump running on low speed and the system 
kept on temperature (45OC) within a few degrees. Only 
in this mode the heater can be powered on three fixed 
le7rels. Two of them can be preselected between zero 
and 24 KW in steps of appr. 1 KW, by simple inter- 
connecting wiring. The lowest level is automatically 
switched on for compensation of the normal ambient 
heat losses. These losses are minimized by providing 
the whole system including the cooler housing with 
insulating material. The second level is a value 
between the lowest level and the maximum 24 KW. This 
level is set by TAl if t‘ne hot lice temperature drops 
a few degrees below 45'C. Ii the hot line temperature 
decreases still a few degrees more (in spiteofthe heat- 
er power enbancement)the heater is set on maximum power, 
again by TAl which is a double thermostat. The second 
and maximum level are switched on when the heat losses 
are more than nor:&, due to bad functioning valves 
(CV or AV). Since the heater is set on fixed values 
the surplus on power must be compensated to prevent 
the hot line :emperature tc raise too much beyond 45'C. 

Therefore the cooler air valves (AV) are now discocnec- 
ted from the feed forward drive and connected with the 
output of TCl. The fans are switched off. For mechan- 
ical reasons we don't want the accelerator continuously 
go up and down in temperature. Therefore, the heater is 
not reset by TA!, but must be manually reset. TA3 is a 
frost protection thermostat sensing directly in a tube 
of the cooler block. 
If the outside air temperature drops below 5'C, valve 
V2 is opened by TA2, co make sure that water flows 
through the cooler. The losses in the cooler will now 
increase because the average water temperature in the 
cooler has been increased. This can cause a drop of Th, 
resulting in more heater power. If the temperature in 
the cooler still drops below 5'C, the heater is set on 
maximum power level by TA3. 
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