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Abstract|High gradient quadrupoles (HGQ) be-

ing developed for the CERN Large Hadron Collider

(LHC) interaction regions will rely on strip heaters

for quench protection. Tests were performed on

strip heaters in two locations on 1.9 meter model

quadrupoles to study heater response times from

strip heater induced quenches and quench veloci-

ties and peak temperatures from spot heater induced

quenches. The results for the two heater locations are

presented and compared to prediction.

I. Introduction

The design of the four interaction regions of the CERN
LHC requires 70 mm single aperture quadrupoles with
operating gradients in excess of 200 T/m. It is important
that these magnets operating in super
uid are protected
from excessively high coil temperatures and voltage to
ground in the event of a spontaneous or beam induced
quenches. Spontaneous quenches are likely to occur in
the magnet high �eld regions, i.e. in conductor near the
magnet pole, while beam induced quenches will occur near
the magnet midplane.
As part of the Fermilab high gradient quadrupole de-

velopment and test program, strip heaters were placed in
the highly instrumented short R&D models. The perfor-
mance of these heaters are studied through spontaneous
training quenches as well as through strip heater and spot
heater induced quenches. The results of these tests will
be used to decide the type, number and location of strip
heaters in the full length production magnets.

II. Magnet Description

The magnets (HGQ01 and HGQ02) for this study are
1.9 m long quadrupoles. Details of the baseline design
have been described elsewhere[2], [3]. These cold iron su-
perconducting quadrupoles have two-layer cos(2�) coils
with 70 mm diameter bores.
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The inner (outer) coils are made from 38 (46) NbTi
strand Rutherford cable. The strands are 0.808 mm
(0.648 mm) in diameter for the inner (outer) coil; both
contain 6 �m NbTi �laments. The inner cable is insulated
with a 50% overlap wrap of 25 �m Kapton tape followed
by a wrap of 50 �m Kapton tape with 2 mm gaps between
turns to increase the liquid helium wetted surface. The
�rst insulation wrap of the outer cable is the same as for
the inner cable. The second layer is 50% overlap wrap
of 25 �m Kapton in HGQ01 and a butt-wrap of 50 �m
Kapton in HGQ02. In both coils, the outer Kapton layer
is coated on one side with 3M 2290 epoxy in HGQ01 and
with QIX polyimide adhesive in HGQ02. In each quad-
rant the inner-outer coil splice is made radially beyond
the magnet lead end through a pole turn to pole turn
transition.

The coils are supported in the body and the non-lead
end by free-standing stainless steel collars. The coil lead
end and the inner-outer coil splice are clamped with a
4 piece G-10 collet assembly enclosed in a tapered alu-
minum cylinder. Iron yoke laminations surround the col-
lared coil and a welded 8 mm thick stainless steel skin
surrounds the yoke. At both ends 50 mm thick stainless
steel endplates are welded to the skin to provide support
for longitudinal Lorentz forces.

Both HGQ01 and HGQ02 were protected with inner
strip heaters. The heater design was based on previous
studies [4] [5]. The heaters are 25�m thick, 15.9 mm wide,
stainless steel strips sandwiched in two layers of 25�m
thick Kapton �lm, and located radially between the inner
and outer coil. They are separated from both coils by two
layers of 125 �m and 75 �m Kapton sheets. The heaters
cover approximately 10 turns of the inner coil and 12 turns
of the outer coil for all octants. For HGQ02 additional
outer strip heaters of the same design were installed on
the outer surface of the outer coil. The outer strip heaters
are separated from the outer coils by two layers of 125
�m and 75 �m Kapton sheets. The cold resistance of the
heaters are approximately 5 
.

In addition, HGQ02 has spot heaters covering a 2.5 cm
length of conductor installed in two positions for studying
quench propagation and peak temperatures. The inner
spot heater is located on the inner conductor portion of
the inner-outer coil transition region, approximately 3 cm
from the inner pole turn straight section and well within
the body �eld of the magnet. The outer spot heater is
located on the midplane coil lead.
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