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Quench antennas for RHIC quadxupole magnets are 
being developed jointly by I&K and BNL. A quench 
antenna is a device to localize a quench origin using arrays 
of pick-up coils lined up along the magnet bore. Each array 
contains four pick-up coils: sensitive to normal sextupole, 
skew sextupole, normal octupole, and skew octupole field. 
This array configuration allows an azimuthal localization 
of a quench front while a series of arrays gives an axial 
localization and a quench propagation velocity. Several 
antennas have been developed for RHIC magnets and they 
are now routinely used for quench tests of production 
magnets. The paper discusses the description of the method 
and introduces a measured example using an antenna 
designed for quadrupole magnets. 

I. INTRODUCTION 

Although the best method to localize a quench origin is 
use of voltage taps [I], the method is not desirable for 
production magnets because of the risks associated with 
mounting voltage taps. A technique which uses a set of 
pick-up coils has been developed in order to localize a 
quench origin without using voltage taps. The technique 
was originally developed at CERN, and used to localize 
quench origins of LHC dipole magnets [2,3]. A similar 
method was then developed at SSCL in order to measure 
quench locations for SSC dipole magnets. The method 
developed at SSCL relies on a set of pick-up coils which 
are sensitive to higher order multipole fields, e.g. 
quadrupole or sextupole fields, but not sensitive to the main 
dipole field[4]. Quench antennas relying on the same 
method were developed for RHIC dipole magnets, and are 
now being used routinely during the quench tests of the 
RHIC production dipole magnets. Quench antennas for 
quadrupole magnets were also developed. The antennas 
contain pickup coils which are sensitive to sextupole and 
octupole fields, but not sensitive to the main quadrupole 
fields. Recently, one of the antennas, being used for 13 cm- 
aperture interaction region (IR) quadrupole magnets [5], 
was tested with a magnet which is heavily instrumented 
with voltage taps. It was confirmed that the quench 
locations derived from the voltage taps and the quench 
antenna agreed with each other. This paper briefly 
describes the antenna system and then presents quench 
antenna and voltage tap data taken on this magnet 

II. SYSTEM CONFIGURATION 

The antenna used for the. IR magnets consists of two 
coil arrays which are lined up along the magnet length. 
Each coil array contains four pickup coifs; the first one is 
sensitive to normal sextupole, the second to skew 
sextupole, the third to normal octupole, and the fourth to 
skew octupole field. Figure la presents a cross-sectional 
view of a coil array. A three dimensional view of a single 
turn sextuple coil is shown in Figure lb. It was shown by 
Morgan [6] that this kind of winding is primarily sensitive 
to the sextupole field. The octupole coil is similar to the 
sextuple coil except the wire crosses the coil form every 
ld4. The skew coils are rotated from normal coils by d 6  
for sextupole and sr18 for octupole. 
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Figure la Cross-sectional view of a coil array. 6N, 6S, 8N, 
and 8s indicate normal sextupole, skew sextupole, normal 
octupole, and skew octupole coil. respectively. 
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Figure l b  Three dimensional view of a single turn 
sextupole coil. 



The length of each coil is 150 mm, and the diameter is 
79 mm. The centers of the two coil arrays arc located 155 
mm h m  the center of the magnet toward the ends. The 
coil array close to the lead end is named C-1 and the other 
is C-2. The number of turns in each windings in the coil 
array C-1 is 8, and the number in C-2 is 4. 

IXI. MEASUREMENT RESULTS 

The example shown here is the first spontaneous 
quench taken on magnet QRI998. The quench current is 
6745 A, at which the expected gradient is 63.2 T/m. The 
quench started in the pole turn, where the voltage taps are 
instrumented such that terminal voltages of the straight 
section, the lead end, and the return end can be monitored. 
The length of the straight section of the magnet is 
1309 mm The voltage taps are mounted slightly inwards so 
that the length between the taps is 966 mm. 

A. Axial Quench Localization 
Figure 2a presents signals of the normal sextupole 

coils in both arrays in comparison to voltage tap signals of 
the straight section and both ends of the quenched turn. The 
signals of the straight section voltage taps and coil C-1 
appear to take off almost simultaneously indicating that the 
quench started in  the region where C-1 is located. 
Following these, the signals of the lead end voltage taps 
and the coil C-2 take off almost simultaneously. This 
indicates that the quench origin is halfway between the lead 
end tap and coil C-2. 

More detailed quench propagation analysis can be 
performed using the voltage tap signal of the straight 
section. Figure 2b shows quench front locations as a 
function of time. The locations of antenna coil arrays and 
the end taps are also indicated at the time when each signal 
takes off. The plot is derived from the voltage tap signal of 
the straight section. The voItage increase due to the 
temperature rise is compensated using the following 
equation: t 

where V, is the compensated voltage, V,, is the raw 
voltage of the straight section, '91 is the time when the 
voltage of the straight section takes off, and $3 is the time 
when the return end voltage starts to rise. The size of the 
normal zone in the straight section is assumed to increase 
in proportion to Vc toward both ends until the quench brit 
reaches the lead end, and after that only toward the return 
end. The quench start location is derived so that the plot is 

consistent with the times when the voltage tap signals of 
both ends take off. The plot starts at the lead end edge of C- 
1, and then passes through the lead end edge of C-2. This 
indicates that the antenna signals are in good agreement 
with the axial quench propagation derived from the voltage 
tap signals. 
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Figure 2a Measured signal of antenna coils and voltage 
taps. Some of the signals are offset. 

Figure 2b Axial quench localization. 

B. Azimuthal Quench Localization 
Figure 3a presents signals of the four coils in the coil 

array C-1. The signal is believed to be caused by a field 
distortion due to current redistribution in the quenching 
turns. Following the analysis performed in Reference 4, we 
assume that the field distoxtioa is produced by a moving 
current l ie .  Let us define a Cartesian coordinate system 
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such that the z-axis is parallel to the coil array and the 
origin is at the center of the coil array. The current I, 
parallel to the z-axis positioned at (x,y)=rseia, moving with 
velocity (v,,vy)=vseia, induces voltages approximated as, 

where the subscripts 6n, 6s. 8n, and 8s used for the voltage 
V, the number of turns N, the length L and the radius R, 
refer to the normal sextupole, skew sextupole, normal 
octupole, and skew octupole coil, respectively. The system 
of equations allows us to obtain four unknowns, r,, a, kv,, 
and B, analytically. Figure 3b summarizes these four values 
derived for the range indicated by a pair of dotted 
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Figure 3a Signals of the coils in C-1. The signals are offset. 

lines in figure 3a. The diamonds present the position given 
by r, and a and length and direction of the lines indicate 
I,v, and @, respectively. The diamonds are mostly located 
close to the left pole turn of the lower right coil. The 
voltage tap signals show that the quench starts in the 
straight section of the left pole turn in the lower right coil. 
Although the analysis used here is based on a crude two 
dimensional model, the azimuthal quench localization 
result appears to be consistent with the voltage tap result. 

This kind of analysis has been performed for most of 
the quenches of this magnet. In many cases the results are 
more scattered than the case shown here due to bad signal- 
to-noise ratios. Averaging the data over a range covering 
the first peak and using the least squares technique, but 
relying on a similar two dimesional model, a quench origin 
was determined within several turns of cable of the actual 
location in most of the cases. Although the two 
dimensional model is sufficient for the azimuthal quench 
localization. three dimensional analyses should be 
performed in order to determine the causes of the signals. 

IV. CONCLUSION 

The quench antenna tests made on the RHIC IR 
quadrupole magnets showed that quench localization based 
on the quench antenna is consistent with that based on the 
voltage taps. This proves that the quench antenna 
introduced here is an adequate device for quench 
localization in quadrupole magnets. 
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Figure 3b Azimuthal quench localization, as viewed from 
the lead end. 


