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Fig. 2. The elliptical shaped SHMS Q1 magnet showing the notch in the cryo-
stat for the exit beamline and the cryogenic service can on top.

TABLE I
MAGNET PARAMETERS

Parameter Quantity
Pole Radius 0.250 m
Warm Bore 0.402 m
Axial Cryostat Length 2.72m
Yoke Length 2.03m

Current Density 18,100 A. T/cm?

Kilo Amp Turns /Pole 255A.T
Turns / pole 80
Operating Current 3188 A
Stored Energy 0.629 MJ
Inductance 123.7 mH
Magnet Weight 18 tons

central gradient by means of increased current. The cross sec-
tional area of iron in the magnetic was essential unchanged.
Only the width of the narrow “leg” was increased, utilizing
residual space from the change in the choice of conductor. Satu-
ration of the iron was in the range of 2.3 T within the body of the
magnet. The highest field saturation occurs at the pole edges and
along the end chamfering, with fields reaching up to 4.61 T. The
largest field within the coil, 2.78 T, occurs along the inner radius
of the end turns. Iron saturation leads to no uniform properties,
but with field maps generated with Tosca and used in the pro-
gram Snake it was verified that the optical requirements would
be satisfied and understood. Fig. 3 is a plot of the field gradient
at the maximum current, starting at the center of the magnet.
The gradient is taken at the warm bore radius of 0.20 m. The

TABLE II
MAGNET RESULTS

Parameter Quantity

Gradient Max 9.105 T/m
Effective Field Length 2.136 m
Peak Yoke Field 461T
Peak Coil Field 278 T
Field at Pole (R=0.25 m) 2276 T

Momentum Range 2to 11 Gev/c
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Fig. 3. Field gradient of SHMS Q1 at maximum current. Plot starts at the center
of the magnet and extends out beyond cryostat. Cryostat, yoke and coil lengths
are shown at the top to give perspective.

integral multipole harmonic is given in Fig. 4, over the whole
momentum range of the SHMS. The position of the single stack
of conductor relative to the yoke was used to optimize the har-
monic content toward the higher momentum settings.

IV. CONDUCTOR AND STABILITY

Surplus high current Superconducting Super Collider (SSC)
outer 36 strands Rutherford cable [8] replaces the original
low current copper stabilized conductor used in the HMS’s
quadrupole magnets. The SSC cable was originally key stone to
an angle of 1.01°. The cable has been successfully re-flattened
to within 80% of its width. Post flattened short sample test
showed no signs of degradation. Table III gives the conductor
characteristics. The conductor is stacked into a single layer coil
consisting of 80 turns per pole. Each turn is wrapped with a
50% overlapped Kapton film followed by B-stage epoxy-glass
tape to bond the turns together. The coil is wound unto its own
support structure, providing a fully clamped system that also
provides passages for bath cooling of liquid helium. The coil
ends were wound using a near constant perimeter configuration,
with the conductor being allowed to deform as it will around
a cylindrical shape at the ends. Trail winding of the coil has
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Fig. 4. Integral field harmonics at warm aperture over the momentum range of
2 Gev/c to +11 Gev/c. 2 X = mul ipole.

TABLE III
CONDUCTOR PARAMETERS

Parameter

Quantity
11.688 x 1.093 mm

Conductor Dimensions

SC Cable 36 strand SSC outer
Strand Diameter 0.64 mm
Cu:Nb:Ti Ratio 1.8:0.5:05
Ic (4.42K and 5.69T) 9972
Ic /1o (4.42K and 5.69T) 3.13
Kilo Amp Turns /Pole 255A.T
Critical Current Margin 6784 A
Temperature Margin 3.80K
Kapton Thickness 0.10 mm
B-stage Epoxy Thickness 0.05 mm

been contracted to Scientific Magnets and the results have been
successful with 2 trail coils assembled to date. The cryostable
design has an operational overhead for the conductor of 3.89 K,
6784 A and 2.91 T. The Stekly parameter has been calculated
to be 0.57. The load line for Q1 is given in Fig. 5.

V. MECHANICAL

Mechanical design implications from increasing the cold
mass length of the magnet by 15% have been studied by
Scientific Magnetics [9]. Their analysis included assessing the
effect of the increased cold mass on: the cold mass supports,
implications for yoke build up, yoke packing density and yoke
pre-load, magnet sag issues, radiation shield support, and
increase in cryogenic heat loads as well as manufacturing and
cost implications. Their study concluded that sufficient margins
were found to exist with the original design to safely handle the
expected mechanical loads. Their report also concluded that the
cryogen safety relief devices need to be scaled or be capable
to accommodate a pressure 15% higher than original design
in the HMS magnet. The 5 KA “No Burnout” current leads
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Fig.5. Load line data for the SHMS Q1. BI curve is nonlinear due to saturation
of iron. Measured data is from the flattened SSC cable.
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Fig. 6. Stress and deflection on one quadrant of the iron yoke due to magnetic
forces. Note that the stress bar is log scale.

[10] are expected to be the largest single source of heat for the
magnet at 9 W at full current. The heat load to 4 K helium is
estimated to be less than 20 W and the load to the LN2 shields
to be less than 30 W. The report also found no difficulties with
the manufacturing aspects due to lengthening of the cold mass.

Electromagnetic forces were also calculated independently at
JLAB using Tosca and then loaded into a two dimensional FEA
model. Stress and deflection results are shown in Fig. 6. Stresses
within the yoke were below 53 MPa. Maximum deflections were
less then 4 x 1075 m.

VI. CONCLUSION

The first quadrupole magnet of the SHMS, Q1, has under-
gone and passed several in house and DOE technical reviews
[11]. The reference design has been shown to meet the required
field gradient of 9.1 T/m with an effective length of 2.14 m. The
design meets both the spatial requirements and optical require-
ments over the whole momentum range, from 2 to 11 GeV/c.
The de-keystoned Rutherford cable has been tested and all in-
dications are that it will remain cryostable and that training is
unlikely provided that adequate mechanical support is provided.
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Fig. 7. Trail winding setup. Picture courtesy of Scientific Magnetics.

Fig. 8. End turn geometry, showing a ten turn trail winding layup. Picture cour-
tesy of Scientific Magnetics.

Coil forces are larger than the original HMS but still manage-
able. Trail windings using the flattened Rutherford cable are on-

going at Scientific Magnetics as shown in Fig. 7 and Fig. 8. Two
successful trail windings, a ten turn test winding and a 80 turn
winding, have been completed to date. Winding trails will con-
tinue after an analysis of the test trials have been completed and
improvements incorporated.
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