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Abstract

The automated Magnet Testing Facility (MTF) is a
computer controlled, 60 kJ, parallel capacitor bank
that was constructed to pulse test solenoidal magnets.
Coil sets from different vendors were evaluated on two
criteria: uniformity of field and coil reliability.
The first criterion, uniformity of field, is evaluated
by installing a.pair of coils into stainless steel
housings and pulse mapping the fields at a low energy
level. Forty field-strength samples were easily
collected with the one button operation of the MTF.
Two thousand high field pulse tests, at a 20 kG level,
is the second criterion for magnet acceptance. In a
manually operated system a single operator can achieve
this goal in six months. In a continuous operating
mode, MTF can achieve the same goal in 42 days.

Introduction

The linear electron beam accelerators at Sandia
National Laboratories use solenoidal coils to guide the
electron beam through the beam tube. A facility was
needed to test and evaluate magnet coils that were
supplied by prospective vendors. The results of these
tests were needed to select the coils to be used in a
new accelerator at Sandia. The time available to test
the coils was limited. Therefore, an automated magnet
testing facility was constructed. This paper addresses
the MTF and how it expedited the magnet evaluation
process.

Sub-Systems

The energy supplied to the coils is stored in a
parallel capacitor bank. The energy stored at a 20 kV
charge in this portable bank can be varied from 4-60 kJ
by disconnecting the copper swing-away straps from the
individual capacitors. The charging voltage can also
be varied to match the specific energy requirement for
a set of coils. The charging rate can be tailored by
varying the current from 10 to 100 mA. These
parameters make this a useful and flexible bank for the
MTFE.

The output of the capacitor bank is controlled by
an ignitron firing circuit. A relay closure actuated
either by the programmable controller or the operator
sends a 30 volt trigger signal to a 30:1 trigger
transformer. This 900 volt signal energizes the grid
of a 5 kV krytron tube. The 5 kv signal, that is
shorted through the krytron to ground, is also -coupled
through a capacitor and coaxial cable isolation
transformer to the trigger pin of the ignitron which is
the main switch for the parallel capacitor bank. The
trigger circuit diagram is shown in Figure 1.

The system controller is a Gould micro 84
programmable controller (PC). This device is a low
cost, intelligent relay box. The MTF c¢ontrol-system
interface voltages are 120 V a.c. and 24 V a.c.
Therefore, an input and output module were purchased
for each voltage level. These modules plug onto the
controller to form a tight, solid, integrated unit.
The inputs and outputs are optically isolated from the
computer bus to guard against voltage transients.
Also, the case 1s shielded from electromagnetic
interference (EMI) and radio-frequency interference
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(RFIL) to enable the controller to survive in an adverse
environment.
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Figure 1. Trigger Circuit Diagram

The controller uses ladder logic programming-
language, shown in Figure 2, to manipulate its outputs
according to the active program. Ladder logic is
particularly useful in visualizing the power flow to
individual latches. Timers, counters, and drum
sequencers are some of the programming blocks available
in the PC. The limiting factor of a micro 84 is the
programming memory available., However, for the task of
automating a parallel capacitor bank, this RC is ideal.
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Figure. 2. Ladder Logic Diagram
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The power supply used in MTF is a 20 kV, 100 mA
de supply. The voltage and current controls on the
power supply are set manually using ten turn
potentometers. The control panel has 24 V ac wired
into all the switches, lights, and relays. The PC
power supply controlling outputs are wired, in parallel
with the normally open switches and in series with the
normally closed switches, to allow either automatic or
manual operation. The controller then reads all the
status lights and relay positions to determine if the
proper actions have been taken when compared to the
commands given.

There was a need for EMI ahd RFI protection of the
solid state power supplies and magnetic field detection
circuitry. A double shielded screen box with w filters
and transient absorbers to provide the PC access to the
system's 30 control and feedback channels is used to
solve this problem. A drawing of the filter panel is
shown in Figure 3.
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Figure 3. Filter Panel Picture

An automatic control system is odly as dependable
as its feedback system. The feedback system for MTF
consists of three branches: sensors on the coils, relay
information from the power supply, and safety
information from the interlock system. The sensors on
the coils are temperature sensing snap disks and field
strength B-dot probes. The snap disks halt the timing
function if the magnets get too warm while the B-dot
probes, inside the coil bore, transmit a magnetic field
strength signal back to a latching detection circuit.
The latching section of the circuit activates a solid
state relay, which then transmits to the PC that an
acceptable field strength has been detected. The relay
information from the power supply is a series of 24 vV
ac signals. . These signals are read in and assigned to
ladder logical elements used in determining if the

actions taken were the correct response to the PC
commands. The safety interlock is the third branch of
the feedback network. A safety barrier with a
continuity check is used to determine if someone has
entered the high voltage area. When this circuit is
interrupted, the system will automatically turn off the
power supply, dump the bank energy into a resistive
load, and halt the timing process until reset by an
operator.

Field Mapping

Low voltage field mapping was required to extract
the uniformity of field data. A one-minute automatic
cycle mode of the testing facility was used to assist
in collecting this data, The maximum voltage of the
bank was adjusted to 4 kV and the charge rate was
40 mA. The integrated signal from a calibrated B-dot
probe was recorded on oscilloscope camera film. The
field-mapping, data-collection process for a pair of
coils took less than one hour.

High Field Pulse Testing

Endurance testing is the primary task of the
magnet testing facility. The counter inside the PC
records these shots while the feedback system
constantly monitors the status of all the vital
functions in the system. With the automatic cycle time
set for thirty minutes, the voltage adjusted for
16.5 kV, and the charge rate fixed at 40 mA, the system
recorded 2312 high voltage shots on a sucessful set of
coils in 2.5 months. The testing time frame was
extended by a three week trial period. During this
period the system couldn't operate without supervision,
and the feedback network was being upgraded.

Verification of Feedback System

High voltage shot number 213 on an unsuccessful
set of magnets caused a turn-to-turn failure in the
north coil. The coil exploded inside the stainless
steel casing, which wedged it in the housing. The

south magnetic field detection
the south magnet was operating
north circuit indicated a weak
caused the PC to stop cyeling.

circuit indicated that
properly. However, the
field strength, which
The failure occurred

after normal working hours and if the. failure had gone
undetected, the system would have pulsed the damaged
coil for several hours, damaging the facility severely.
A sketch of the failed coil is shown in Figure L.

EXPLODING MAGNET

Figure 4. Exploded Magnet Picture

Time Savings

The high energy coils supplied to MIF were
designed for a single-shot application, Therefore, the
repetition rate, which is restricted by thermal
dissipation, is two shots per hour. To achieve the two
thousand shot endurance criterion, a single operator
would test these coils for 125 working days. This
represents a six-month testing period. Conversely, the
automated system can achieve the same results in 42
days: a time savings of four- and one-half months. The
automated system's cost is small compared to the cost
of an operator for six months. A graphical
representation of time savings using an automated
versus manned facility is shown in Figure 5.
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2000 SHOTS AT 1 SHOT/30 min = 42 days
continuous

SAVE 98 days

Figure 5. Time to Test
Conclusion

The objective of the magnet testing facility was
to evaluate vendor-supplied sets of solenoidal coils.
This was done by low power pulse mapping and by high
power endurance testing the coils, The automatic
features of the magnet testing facility were helpful in
low power pulse mapping, but they were critical in high
power endurance testing. The programmable controller
and associated feedback systems are reliable in a high
field environment. This was apparent on shot #213 when
a low field condition was detected on the north magnet,
and the system was interrupted to prevent further
damage. This system is dependable, and the savings in
time and manpower clearly justified the implementation
of an automated testing facility for the beam guiding
magnets.

181



