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Abstract

The Hot Model for the Coupled Cavity Drift Tube Linac
(CCDTL) resonance control cooling system (RCCS) for
the Low Energy Demonstration Accelerator (LEDA) [1]
in support of the Accelerator Production of Tritium (APT)
[2] is described. Two hydraulic control loops are
described that control the frequency in the CCDTL Hot
Model cavity. The two loops supply the required flow to
the 32 channels. Control system schema is described to
regulate resonant frequency during steady state operation.

1 THEHOT MODEL

The Hot Model was built to assess the design of the
interface between single and dual gap cavities and is
shown in Figure 1. Additionally, it will yield pressure
drop and heat transfer information that will be useful for
designing the LEDA CCDTL RCCS. The resonant

frequency in the CCTDL Hot Model will be manipulated
by independently changing the temperatures of the
cavities and drift tubes to change their geometry which
requires two hydraulic control loops.

Figure 1 CCDTL Hot Model

2 COOLING SYSTEM

The resonance control cooling system is comprised of two
independent hydraulic control loops, one drift tube and
one end wall - equator.

2.1 Drift Tube Loop

The drift tube hydraulic control loop supplies controlled
temperature coolant to the eight drift tube channel
passages. Figure 2 illustrates the CCDTL Hot Model
piping arrangement at the support stand. A total of 5.6
gallons per minute (GPM) of controlled temperature 60 °F
water is required to dissipate approximately seven
kilowatts of heat in these channels. The drift tube flows
will be approximately 1 GPM in the single gap cavities
and 0.6 GPM in the two gap cavities. Supply, return, and
return bypass pipes distribute the controlled temperature
water between the RCCS system (Figure 3) and the
CCDTL Hot Model support stand (Figure 2).

Parallel piped flow metering valves are used to ensure
the correct flow is supplied to each of the drift tube
passages. Flow switches in each drift tube channel alarm
when the flow dropstoo low.
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Figure 2 CCDTL Hot Model Piping Schematic
2.2 End Wall - Equator Loop

The end wall - equator loop is similar to the drift tube loop
in that it supplies controlled temperature water to channel
passages. A total of approximately 39 GPM of 75 °F
controlled temperature water is required to dissipate
approximately 29 kilowatts of heat in the channels. The
flows in the 17 passages vary between 1.21 and 4.0 GPM
among the end walls and equators.

Supply, return, and bypass piping; flow meters; and
flow switches are similar to the drift tube loop.

2.3 Hydraulic Control Loop
Figure 3 illustrates the pump loop typical of both the drift

tubes and end wall — equators. Each control loop uses a
centrifugal pump to provide the driving energy. Pump
flow is verified by flow meters in the suction piping of the
pumping loop in combination with differential pressure
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across each pump. Each pump was sized to provide
excess flow (above that required to provide cooling) to
support heat transfer experiments and to access the impact
of flow excess or starvation on resonant frequency. In
addition, excess flow is necessary to achieve a 0.05 °F
control sensitivity established as a design requirement.
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Figure 3 CCDTL Pump Loop - Typical

Pump flow is directed to a supply manifold where it is
split to supply each of the drift tube channels. The excess
flow passes through a pressure-reducing valve back to the
pump suction. The pressure-reducing vave is set to
match the resistance to flow through the drift tube
channels. In the supply of each drift tube circuit, a flow
indicator with metering valve is supplied to establish the
desired flow. In the return of each drift tube circuit just
prior to the return manifold is a flow switch to detect
insufficient flow. The flow switches are monitored by the
control system, which annunciates all flow aarms.

A pneumatic control valve effects control of the loop’s
temperature. The control valve alows a quantity of
constant temperature 50 °F water from the chilled water
system to mix with the heated returning water from the
drift tubes. Since the control loop is constant mass, an
equal amount of heated water is returned to the chilled
water system. The quantity of chilled water entering the
loop is a function of the control valve's stem position and
the differential-pressure in the chilled water system’s
supply and return legs. The pneumatic valves were
purchased with linear flow characteristics and were sized
relative to the loop flow rate to achieve a 0.05 °F control
sengitivity. Control sensitivity is defined as the change in
loop temperature for the smallest change in valve stem
position. A control agorithm (described in Section 3)
manipul ates the control valve.

Figure 4 shows the pump skid that houses the hydraulic
control loops.

Figure 4 CCDTL Hot Model Pump

3. CCDTL CONTROL SYSTEM

The CCDTL Hot Model RCCS provides continuous and
discrete control of the cooling system. Operator interface
screens are provided to change setup parameters for
continuous control and to initiate discrete controls. Status
screens are also provided to display information about the
CCDTL Hot Model cooling system.

The RCCS is implemented using Experimental Physics
and Control System (EPICS) based hardware and
software. Figure 5 shows the network connections of the
RCCS system.

Network Configuration for the APT/LEDA CCDTL
Hot Model Resonance Control Cooling System
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Figure 5 — Network Configuration

The RCCS software is constructed using EPICS State
Notational Language (SNL) to track the condition of the
system and to allow certain control actions to take place.
Additional C functions contained in the SNL code are
used to perform the control algorithms and file operations.
Figure 6 shows the state diagram that represents the
overall conditions of the RCCS.

The CCDTL Hot Model control system provides status
screens that show temperatures of the water and cavities,
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vacuum levels in the cavities, activation of the channel
flow switches, conditions of the PID loops, and conditions & -
of the RCCS pumping systems. Screens are also provided —pf K& L] KiKxye
to configure the PID algorithms and operate the RCCS + - +
components in an OVERRIDE mode.
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Figure 7 — Control Loop Setpoint Adjustment Schematic

The frequency error received via an analog signal from
the LLRF system, ranges from O to 10V DC, where +0.5V
represents -50KHz error and +9.5V represents +50KHz
error. Any error reading outside the +0.5V to +9.5V
range is considered an invalid signal.

The length measurements of the body will not be
available for the CCDTL Hot Model. However, using the
Figure 6 — System Level State Diagram temperature readings of the bodies and a coefficient of

expansion for the body materials we will be able to

Resonant Frequency control (RFC) begins when thgpproximate the change in length.
screen pushbutton pressed on the console system iIRFC can only be halted and directed to make a
detected and is the normal operating state of the RCGfansition to the proper state by the console system
RFC regulates the resonant frequency of the CCDTL HpUshbuttons or an emergency stop condition.

Model using an independent single loop Proportional The CCDTL Hot Model RCCS control system will be
Integral Derivative (PID) control algorithm for each pumpthe basis for the design of the APT/LEDA CCDTL RCCS
loop. The algorithms adjust the setting of the contratontrol system.

valves based on the temperature of the water flowing to

the Hot Model, the RF Power (calculated from the RF 4. INSTALLATION STATUS

field signal), and the frequency error provided by the Low ) )
Level RF (LLRF) control System [3] (drlft tube |00p) or Installation of the RCCS CCDTL Hot Model and Coollng
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equator loop). Installation of the control system hardware and software

Figure 7 depicts the calculation of the error (e) suppliey@S completed in February 1999. Final checkout and
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frequency error for the drift tube loop and the bodyVith RF startup.
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