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Revision to High Current Measurements of a QB and QC Quadrupole
T. Hiatt and M. Beck
Thomas Jefferson National Accelerator Facility, Newport News, Virginia 23606

Subsequent to the publication of High Current Measurements of a QB and QC
Quadrupole (JLAB-TN-05-037), it was discovered that that the LCW flows given in
Table 1 were erroneous. To ensure the magnet temperatures were documented
appropriately, the thermal measurements were retaken on the QB and QC in August
2007. This revision is only applicable to the thermal portion of the aforementioned note.

Several thermal tests were performed on QB and QC and are described below. A sight
glass flow meter was attached in line with the LCW supply line and used to control the
flow to the magnets. The flow was set to 0.3 gpm for all measurements unless otherwise
specified. A Fluke 574 IR Thermometer was used to conduct temperature measurements
in several places on the coil and core. A brief discussion of each measurement follows.

1. Thermal effects of a steady current ramp to 20 amps (measurements taken in 1 amp
increments, 15 minute soak time)

This measurement was conducted in a similar manner as was done in the previous note.
Each magnet was ramped from 0 to 20 amps in one amp increments, dwelling at each
current for 15 minutes and then recording the temperature of the coil and of the core.
Figure 1 shows the temperature profiles.
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2. Cooling time to reach 45 C, from a the maximum temperature at 20 amps, after power
down (measurements taken in 1 minute intervals)

After each magnet reached thermal equilibrium at 20 amps, the power was removed and
the coil temperature monitored in 1 minute intervals as the magnet cooled. Of interest is
the time it takes the coil to cool below 45 C. The cool down time is an important factor
in how much time should be allotted at the start of an accelerator down, or a controlled
access, before workers can handle these magnets without needing personal protective
equipment associated with a burn hazard. The results of this measurement are shown in
Table 1.

Max Max Max | Time for
Length | Cooling Wire Turn Coil Steel Voltage | Coil to
Quad (in) Circuits Size Count Temp@ | Temp@ | @ 20 Cool to
AWG 20 amps | 20 amps amps 45C
©) ©) V) (min)
QB 6 2 10 240 36.8 64.2 33.7 11
QC 12 1 9 208 39.5 62 34.2 15

Table 1. Quadrupole Parameters (LCW Flow = 0.3 gpm)

3. Temperatures at 10 amps with no LCW flow (measurements taken in 5 minute
intervals)

To investigate thermal performance on each of the magnets with no LCW flow, the LCW
was turned off and the magnet was powered to 10 amps until it reached thermal
equilibrium. Temperatures were recorded on the top and bottom of each coil and on the
steel core. The average temperature for the coils and the steel temperature, along with
the magnet voltage are shown in Table 2.

Avg Coil Steel Temp | Voltage @
Quad Temp @ 10 | @ 10amps | 10 amps
amps (C) (®) V)
QB 48.4 31 16
QC 40.9 315 17.3

Table 2. Quadrupole Parameters with No LCW

4. Temperatures at 20 amps using inside cooling circuit for QB only (measurements
taken in 5 minute intervals)

A measurement was taken at 10 amps with the outside cooling circuit disconnected and
LCW flowing only through the inside circuit. Temperature measurements were taken in
5 minute intervals. After ~40 minutes the coil reached an equilibrium temperature of ~84
C and a voltage of 36.9 V.



