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INTRODUCTION I

The ISABELLE proton accelerator uses over one thousand
superconducting magnets to guide Che particle be.-jis in two circu-
lar rings, 3.8 km in circumference. Prior to their installation
in Che tunnel all magnets mist be tested and measured at their
3.8 K operating temperature. This paper describes the
refrigeration system, called "MAGCOOL," to accomplish this cask.

SYSTEM FUNCTIONS

The magnet test procedure involves five main Casks which
must be performed in sequence, each with distinct operating re-
quirements for a set period of time. The MAGCOOL system pro-
vides five test stands, esch of which is capable of performing
any of the five basic tasks. The normal duty cycle is 24 hours
pee task; therefore with one magnet under test at each of the
stands the production test rate is five magnets per week for a
five day operation. The System Block Diagram, Figure 1, schemat-
ically shows the arrangement of Che test stands. For illustra-
tion, only one of the five task3 is shown for each of the test
stands. A system of headers and remotely operable valves allows
any of the basic functions to be performed at any of the test
stands. These basic tasks are described below.

*Work performed under the auspices of the U.S. Department of
Energy.
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POMP AND PURGE PROCEDURE

In the ISABELLE ring 45 magnets will be cooled in series
with supercritical helium passing through the magnet. All con-
taminants must be removed prior to the magnets' initial cooldown
and test in MAGCOOL. The tested magnets must be warmed up to
room temperature and delivered in clean, purged condition ready
for installation in the ISABELLE ring.

After initial connection to the test stand, successive evac-
uations to below SO microns are performed followed by backfill
with pure helium. Helium gas is then circulated using forced
flow from the screw compressor which circulates helium gas
through one of the dual cryogenic purifiers and then to the mag-
net refrigeration and magnet systems. The purifier is designed
for a flow rate of 15 g/sec at a pressure of 8 atm. The capac-
ity of the purifier is based on an assumed contamination level
of 50 ppm, water and air and a duty cycle of 24 hours per dual
bed, including reactivation time. An automatic fill system for
the liquid nitrogen cooled charcoal bed is provided. Reactiva-
tion of the purifier is by means of nitrogen gas which is warmed
by an external electrical heater.

MAGCOOL provides the following equipment for the pump and
purge procedure:

* Two-stage mechanical vacuum pumps for evacuation
* Pure helium gas for purging the evacuated system
* Circulating screw compressor system
* Four stage oil removal at the screw compressor outlet
* Dual cryogenic purifiers

COOLDOWN I

During Cooldown I the magnets are cooled from room tempera-
ture to 85 K. This is accomplished with a counterflow heat
exchanger followed by a liquid nitrogen cooled plate-fin heat
exchanger. The weight of a dipole magnet ia about 6500 kg
requiring removal of about 500 megajoules to bring thi3 mate-
rial, mostly iron and stainless steel, to 85 K. The cooldown
rate for this process must be limited in order to avoid exces-
sive stresses which could result from temperature gradients be-
yond those permitted. The refrigerant and magnet AT's are
monitored and the helium flow rate and temperature is automati-
cally regulated to achieve an optimum cooling rate without
exceeding allowable temperature gradients. A screw compressor,
similar to the "purge compressor" is used to circulate the cool-
ant helium stream through the heat exchanger and magnet systems.



The maximum available flow rate is 65 g/sec helium with a return
pressure of 8 atm and a supply pressure of 12 atin.

Liquid nitrogen is circulated through the magnet heat
shield during the Cooldown I operation cooling the aluminum
shield to 85 K and bringing the multi-layer insulation to the
equilibrium gradient for this temperature level.

COOLDOWN IX

During this operating phase the magnets are cooled from 85
K to 10 K. An existing Claude cycle helium refrigerator ("FAT")
is used for the MAGCOOL operations below 85 K. This refrigera-
tor, with about 1 kw capacity at 4.5 K, has dual expanders, uses
liquid nitrogen precooling, and is equipped with oil flooded
screw compressors driven by electric motors totaling 550 lew.

Figure 2 shows the flow schematic for MAGCOOL operations
below 85 K. The "FAT" refrigerator itself is not shown in Fig.
2, but its supply and return lines are included and identified
as "PAT cold supply and return."

Heat Exchangers HX C2A and HX C2B are used for Cooldown II.
A portion of the cold high pressure return stream from the "Test
and Measure" circuit is used in cooldown heat-exchanger HX C2A.
This three-pass heat exchanger cools a 15 g/sec circulating
side-stream from the cooldown compressor which then circulates
through the Cooldown II headers to the magnet and then back
through the heat exchanger. The lower heat exchanger, HX C2B,
provides additional cooling capacity during the magnet
"training" sequence.

When the magnet has reached equilibrium conditions near the
end of the Cooldown II procedure, a total heat load determina-
tion is made on each magnet by measuring the temperature rise
across the magnet with germanium resistance thermometers and
determining the flow rate from calibrated flow meters provided
in the circulating gas system.

TEST AMD MEASURE

The refrigeration circuit for the Test and Measure (T.M.)
circuit is also shown on the Low Temperature Schematic, Fig. 2.
During this sequence the magnet is energized while at the maxi-
mum ISABELLE design temperature of 3.8 K. The magnet is first
"trained" to achieve the required field strength by successive
quenches. During this training phase part of the stored mag-
netic energy is released to the supercritical helium



PUMP AND PURGE PROCEDURE

In the ISABELS ring 45 magnets will be cooled in series
with supercritical helium passing through the magnet. All con-
taminants must be removed prior to the magnets' initial cooldown
and test in HAGCOOL. The tasted magnet3 must be wanned up to
room temperature and delivered in clean, purged condition ready
for installation in the ISABELLE ring.

After initial connection to the test stand, successive evac-
uations to below 50 microns are performed followed by backfill
with pure helium. Helium gas is then circulated using forced
flow from the screw compressor which circulates helium gas
through one of the dual cryogenic purifiers and then to the mag-
net refrigeration and magnet systems. The purifier is designed
for a flow rate of 15 2/sec at a pressure of 8 acm. The capac-
ity of the purifier is based on an assumed contamination level
of 50 ppm, water and air and a duty cycle of 24 hours per dual
bed, including reactivation time. An automatic fill system for
the liquid nitrogen cooled charcoal bed is provided. Reactiva-
tion of the purifier is by means of nitrogen gas which is warmed
by an external electrical heater.

HAGCOOL provides the following equipment for the pump and
purge procedure:

* Two-stage mechanical vacuum pumps for evacuation
* Pure helium gas for purging the evacuated system
* Circulating screw compressor system
* Four stage oil removal at the screw compressor outlet
* Dual cryogenic purifiers

COOLDOWN I

During Cooldown I the magnets are cooled from room tempera-
ture to 85 K. This is accomplished with a' counterflow heat
exchanger followed by a liquid nitrogen cooled plate-fin heat
exchanger. The weight of a dipole magnet is about 6500 kg
requiring removal of about 500 megajoules to bring this mate-
rial, mostly iron and stainless steel, to 85 K. The cooldown
rate for this process must be limited in order to avoid exces-
sive stresses which could result from temperature gradients be-
yond those permitted. The refrigerant and magnet AT's are
monitored and the helium flow rate and temperature is automati-
cally regulated to achieve an optimum cooling rate without
exceeding allowable temperature gradients. A screw compressor,
similar to the "purge compressor" is used to circulate the cool-
ant helium stream through the heat exchanger and magnet systems.



The magnet heat shield is warmed by nitrogen gas which can
be heated by an external electrical heater. The nitrogen gas is
purged out of the shield circuit when the magnet warm-up is
completed and replaced with pure helium.

INSTRUMENTATION

The complexity of MAGCOOL with its large number of process
variables and control loops requires a sophisticated control sys-
tem. Cryogenic systems are often complex because a large number
of subsystems must operate in paralle1 to produce the desired re-
sult. The MAGCOOL system, in addition to subsystem control,
must regulate, control, and monitor the five •oagnet test stands
through asynchronous cryogenic cycles. If & conventional analog
control system were utilized, many operators vouM be required
making the system very costly and difficult to operate.

For simpler operation and higher reliability a commercially
available process control computer system was selected to per-
form the control tasks. The computer control system was
specified, built and purchased to interface the MAGCOOL instru-
mentation. The input/output gear drives 178 valves, controls 38
direct digital control loops and reads over 100 assorted analog
inputs. Conventional analog stations are not needed since all
display and control is accomplished through a color graphics ter-
minal. The commercial package includes all necessary system
software; "CRISP" process control language for applications pro-
gramming; cursor controlled CRT display building from the opera-
tors keyboard; scrolled trending; alarm and scale routines; bat-
tery backup of main memory; FORTRAN and BASIC plus two high
level programming languages.

The one area where commercial process control capability de-
viates from cryogenic needs is in temperature measurement and
display. Since the normally supplied 12 bit analogue to digital
conversion is not sufficient for high accuracy thermomeCry, this
task was handled separately. A high resolution low drift
microprocessor was designed to linearize and convert temperature
inputs to engineering units. Temperature data is then
transmitted to the process computer via a serial data link.

The process control computer has been tested for the past
several months. During this period the system has been
completely checked out and the beginnings of MAGCOOL applica-
tions software installed. Future operators of the system have
been getting jome initial training at the keyboard and have en-
thusiastically accepted this more modern form of control.
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Fig. 1. MAGCOOL System Block Diagram
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