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INTRODUCTION

This paper describesthe mechanicaldesign of the two dimensional cross-
section Figure 1 of the base-linecollider dipole magnet for the
SuperconductingSuper Collider. The componentsdescribedhere are the collar
laminations Figure 5, drawing number 0102-ME-292059,the tapered keys that
lock the upper and lower collars Figure 6, drawing number 0102-MB-217851,
the yoke laminations Figure 7, drawing number 0102-ME-292123,the cold
mass shell Figure 8, drawing number 0102-MD-292156.

The collars, made from 21-6-9 stainlesssteel, are 17 mm wide and have
an outer radius of 67.82 mm. They serve to position the conductors at the
location specified by the magnetic design[1] and to provide restraint against
conductormotion under excitation which might cause the field shapeto change
or causeprematurequenching training. As in the 40 mm dipoles[2] the
upper and lower collars are locked together by tapered keys near the mid-
plane and left-right pairs of collars are spot welded to give greater horizontal
stiffness. The collars precompressthe coil by an amount larger than the sum
of the Lorentz IxB forces on the conductors and have sufficient bending
stiffiess by themselvesto limit deflections to less than 0.1-0.2 mm under
excitation. In addition to being a magneticelement, the yoke is used to
provide additional support to the collars near the horizontal mid-plane to limit
deflections under the dominantly horizontal Lorentz force. To accomplish this
the collars are designedto have a small interferencefit 0.08 mm with the
yoke near the horizontal mid-plane at the operating temperatureof 4.35 K.
The 4.95 mm thick, 340 mm O.D. 304N stainless steel cold mass shell is
pretensionedby weld shrinkageto 200-250 MPa at room temperatureto firmly
clamp the vertically split yoke around the collared coil. Due to the larger
thermal contractionof the shell than the yoke the pretensiongrows to 350-400
MPa with cooldown and provides adequateclamping to restrain the Lorentz
force up to fields well above the design operating point. With the collars
supportedby the yoke the coil deflections under excitation are limited to
about 0.02 mm.

We describe in detail below the shape of the outer surface of the collars,
which defines the yoke-collar interface, and the shapeof the collar interior,
which defines the conductorplacement. Other featuresof the collar and yoke
will be describedin somewhat less detail.



YOKE SPLIT DIRECTION

Becausethe Lorentz force is mainly horizontal in the body of the
magnet,collar deflections are minimized if the yoke supports the collars near

the horizontal mid-plane. The ability to provide this support dependson the
relative thermal contractionsof the yoke and collar materials, the choice of
yoke split direction and the details of the relative shapesof the collar outer
surface and the yoke inner surface. The collars are made of 21-6-9 stainless
steel which has an integratedthermal contraction[31 to 4 K of -2.9x103 and
the yoke is made of low carbon steel which has an integratedthermal
contractionl3l of -2.lxlO3. To be insertedeasily into the yoke at room
temperaturethe collar diameter in the direction of the yoke split must be no
larger than the yoke inner diameter. During cooldown the collars shrink more
than the yoke and may lose contact with the yoke along the split direction.

If the yoke is split in the horizontal direction, the collared coil must be
sufficiently vertically oversized that when clamped in the yoke it deflects
horizontally to contact the yoke when cold. See Figure 2a. This design
is sensitive to the magnet-to-magnetvariation in collared coil vertical
diameter due to prestressvariation. The measuredrate of deflection in the
40 mm dipoles is about 0.004 mm/MPa resulting in an expectedrange of
0.1-0.15 mm in vertical diameter for a preload rangeof ±20 MPa. Finite
element calculations for the 50 mm dipole give a similar sensitivity. These
calculations indicate that if there is sufficient vertical interferencebetween the
yoke and collars to ensurehorizontal contact for the lowest preload coils, the
mid-plane will be open by 0.05-0.1 mm at liquid helium temperaturefor the
highest preload coils. Alternatively, if the vertical yoke-collar interference is
reducedto guaranteethat the yoke gap is closed for the highest prestress
coils, then for the low prestresscoils horizontal yoke-collar contact will be lost
at 4 K and the collars will be less well supported. At room temperaturea
mid-plane gap is likely to exist for all coils.

In contrast, the collared coil horizontal diameter is relatively insensitive
to coil prestress. The vertical force from the coil prestressis applied at a
smaller radius than the opposing force for the keys. This couple causes an
inward bending of the sides of the collars that almost perfectly cancelsthe
outward deflection due to the internal pressureof the coils.[4] Finite element
calculationsand measurements[4]of 40 mm SSC dipoles show that the rate of
horizontal deflection is less than 20% of that in the vertical direction; the
horizontal diametervaries by < 0.03 mm for the full range of expectedcoil
preloads. If a vertically split yoke design is adoptedit is relatively easy to
ensureboth good horizontal support to the collared coil and a closed mid-
plane gap independentof the coil preload. This can be achievedwith the
larger thermal contraction collar material by appropriatelychoosing the
horizontal and vertical diametersof the collars. In this case Figure 2b the
collared coil is oversize in the horizontal direction and undersizein the vertical
direction to allow easy insertion into the yoke for even the highest preload
coils. Under cooldown the collars move away from the yoke at the vertical
radius but positive contact is maintained at the horizontal radius. At zero
field, the shell azimuthal tension is balancedprimarily by a pressurebetween
the mating surfacesof the yoke halves. As the field increases,the mid-plane
progressively unloads as the horizontal Lorentz force is transferredto the yoke.
Figure 3 shows the forces for the 50 mm design discussedbelow. As long as



the shell tension exceedsthe Lorentz force, the mid-plane gap remains closed
and the yoke behavesas a rigid solid structure. Several 40 mm dipoles have
been built and testedwith a vertically split yoke and have performed as
expected[5,6].

Based on the considerationsabove a vertically split yoke design has been
chosenfor the base-line 50 mm collider dipole magnet. Becausethis design
has not been tested as extensively as the horizontally split caseused for most
40 mm SSC dipoles, a backup 50 mm design with a horizontally split yoke is
being built at BNL. The latter will not be describedhere.

DESIGN OBJECTWES

The gross featuresof the yoke, in particular the inner and outer radii,
are set by the magnetic design[1]. Other detailed features,for examplethe
placementof the cooling channelsand the holes for yoke-pack assemblypins,
are set by a combination of mechanicaland magnetic considerations. The
major design objectives discussedin this sectionhave to do with the yoke-
collar and yoke-yoke interfaces and with the collar interior surface. For the
yoke-collar and yoke-yoke interfaces the design should satisfy the following:

1 The yoke and collar should be in contact at the horizontal
mid-plane at 4 K and zero field. A small positive loading of

100 N/mm should be present to guaranteegood transverseand
axial restraint over the full eicitation range. The close collar-yoke-
shell fit causesthe axial Lorentz force to be transferredthe shell
and limits the compressiveloading of the coil end.

2 Yoke mid-plane gap should be closed under all circumstancesat
T = 4 K up to at least B = 8 T 20% in field and 45% in force
above the operating point.

3 If possible, the yoke mid-plane gap should also be closed at
assemblyat room temperature;requirements1 and 2 takes
precedence,however.

The combination of collar deflections due to coil prestress,assembly
into the yoke and cooldown must result in a coil of the design shape:
round, at the correct radius and with the correct pole angles. The "target
shape" for the coils, fully assembledat 4 K and zero field, is the shape
specified by the magnetic design shrunk according to the thermal
contraction of stainlesssteel. This would be the shape of the coils if the
collars were infinitely rigid. Prestresscausesthe vertical radius to increase,
yoke assemblycausesthe horizontal radius to decreaseand the vertical
radius to increase,and cooldown causesboth to decreasewith the vertical
decreasingsomewhatmore. The interior surface of the undeflectedcollar at
room temperaturemust therefore have a horizontal radius larger and a
vertical radius smaller than nominal to arrive at the correct shape cold.
See Figure 4.



YOKE COLLAR INTERFACE

A simple spring model was used to model the interaction among the
collar, yoke, and shell and to check the sensitivity of the system to
uncertaintiesin the parametersof the calculation and part tolerances.
Values of the parameterswere derived from finite element calculations
describedin Reference7 and from measurementson 40 mm SSC dipoles.
The precise collar dimensionsused in the finite element analysis differed by
up to 0.09 mm from the fmal dimension chosenhere.

The calculation models the collars as coupled vertical and horizontal
springs with effective spring constantsand vertical-horizontalcouplings for
forces applied by coil prestressand shell tension. Becausethe collars are
designedso that they always clear the yoke in the vertical direction, the
model is insensitive to parametersrelevant to the vertical radius. The
fmite stiffness of the yoke is not explicitly included, but since the effective
spring constantscome from finite elementcalculations that include yoke
elastic properties, theseeffects are implicitly included. The parametersof
the calculation are shown in Table Ia and the source of their values are
given below.

rv and rh The vertical and horizontal collar radii relative to the yoke
at room temperatureare chosen to give the desiredyoke-collar interaction
and varied to check the effect of parts tolerances.

Shell Stress The azimuthal shell stressat 300 K and 4 K is basedon
measurementsmadeat Fermilab on model magnets F3181 and DSSO12[91
and at LBL on the first QC cross section 40 mm quadrupole.[10 The
shell stress near the yoke parting plane determinesthe clamping force and
this was measuredto be 175-200 MPa at room temperatureand 300-350
MPa at 4 K. The low end of the range was used in both cases. In fact,
the model calculates the shell tension required to close the mid-plane gap
at both temperatures,so the effect of varying the shell tension can be
easily seen. The measurementsin References8-10 indicate that the parting
plane stress comes from the weld shrinkage and is at or near the room
temperatureyield strength of the shell material in the annealedstate. The
50 mm aperturemodels will use a higher strength material 304N specified
to have a minimum yield strength of 310 MPa. An analysis of the shell
tension, including frictional effects and the interaction with the
tooling[11,12, indicatesthat with the use of 304N the shell stress at the
mid-plane is expectedto be > 210 MPa under the most pessimistic
assumptionsconsistentwith data[11]. At 4 K the shell tension should be
> 350 MPa.

Thermal Contraction The integratedthermal contraction of the collar
and the yoke material was measured[31at BNL to be -2.9x103 and
-2.lxlO3 respectively. Standardtables[13] give values of -3.OxlO3 and
-z.oxio3 for stainlesssteel and iron. Both sets of values were tried; the
final values are basedon an averageof the two with their difference
representingthe uncertaintyfrom this source.

Nominal Radius This is the yoke inner radius for the magnetic
design[1] of the W6733 cross section.



drv/drh The ratio of vertical to horizontal radius changefor a
horizontal force applied by the yoke was copied from the 40
model[14,15]. Becauseof the similarity of the 40 mm and 50 mm designs,
the value of drv/drh should be similar. Variations of ±io% about the
central value were tried. Since this effects only the vertical yoke-collar
clearanceit is if little importancefor this design.

drv/dnr and drh/dpr The rate of changeof collar vertical and
horizontal radius with prestressaverage of inner and outer coils was taken
from finite element calculations[7,161and measurementsof 40 mm
magnets.[17] The finite element results dependon whether or not the
wedges are allowed to slide relative to the adjacentconductors;

drv/dpr drh/dpr

slip[7] 1.4x103 -1.8xltY4 mm/MPa
no slip[161 1.7x103 -0.7x114 mm/MPa

Measured[17Jvertical deflections of 40 mm collars, 2.0x103 mm/MPa, are
somewhatlarger than predicted by finite element calculations[14]
1.6x103 mm/MPa. Values of drv/dpr from 1.3 to 1.9x113 mm/MPa and of
drh/dpr from 0 to -0.4x103 mxn/MPa were tried. Becausethere is no vertical
yoke-collar interaction and the values of drh/dpr are small, the results are not
very sensitive to these variations.

Prestress The target collared coil room temperatureprestressis
approximately 70 MPa. A range of ±20 MPa, somewhatlarger than is expected,
was tried.

Cooldown PrestressLoss To simplify the calculation of the effects of
cooldown, the model separatelycools the collared coil and the yoke, and then
assemblesthem cold. This procedureis valid becausethe system is linear and
elastic. The prestressloss with cooldown used in the model is that for a free
collared coil. This has been measuredin 40 inn magnets[18] to be
approximately 17 and 14 MPa for the inner and outer coils respectively. Values
of 15.5 and 22.5 MPa averageof inner and outer coils were tried. Becauseof
the similarity of the designs, the behavior of the 50 mm dipole is expectedto be
similar. Since this affects mainly the collared coil vertical radius it is not a very
important parameter.

drh/dShell Stressi The rate of changeof collared coil vertical radius with
shell tension has two values dependingon whether the collars are free to expand
vertically or not. Becausethe collars always clear the yoke, only the first
larger value is important. Its value, -i.0x103 mn/MPa, is taken from fmite
element calculations[7Jand is varied between-0.9 and 1.2x103 mm/MPa.

The results of the calculations are shown,in Tables Ib-e. Tables Ib-d use
the recent BNL[3] values of integratedthermal contraction. The three tables
correspondto three values of collar horizontal radius representingthe estimated
range of 0.15 ± 0.05 mm of horizontal yoke collar interference see below.
Table le uses the samecollar dimensions as Table Ic but shows the effect of a
larger difference in yoke and collar thermal contractions. In each table the first
line representsthe "central values" of the parameters,which are then varied, as
indicated by comments in the tables, in subsequentlines. For eachset of



parametersthe vertical and horizontal radii of the free collared coil relative to
the yoke are computed at both room temperatureand 4 K. The central values
of the results quoted below are an averageof the central values in Tables Ic
and Ie.

The room temperatureyoke-collar interference in the horizontal direction is
0.14 ± 0.05 ± 0.004 ± 0.004 mm, where the first error bar is from parts
tolerances,the second is from prestressvariation and the third is from
uncertainties in the calculation parameters. . The horizontal yoke-collar
interference is 0.08 ± 0.05 ± 0.005 ± 0.02 mm at 4 K. The room temperature
vertical clearancesbefore and after assemblyare 0.33 ± 0.05 ± 0.03 ± 0.01 and
0.25 ± 0.05 ± 0.03 ± 0.02 inn. The vertical clearanceat 4 K is about 0.1 mm
larger than at 300 K.

The shell tension required to make the collar horizontal radius equal the
yoke radius, that is to close the yoke mid-plane gap, is 130 ± 50 ± 7 ± 20 MPa
at room temperatureand 80 ± 50 ± 5 ± 20 MPa at 4 K. With a shell stress
of approximately 200 MPa at room temperaturethe yoke gap may be barely
closed under the least favorable conditions, but it is closed with a > 50%
margin for the central values of the parameters. At 4 K the shell stress is

350 MPa; of this 270 ± 50 ± 5 ± 20 MPa is balancedby the pressureat the
yoke mating surface and is therefore available to balancethe Lorentz force.
With the 4.95 mm thick shell, this is a force of 1340 ± 250 ± 25 t 100 N/mm
per quadrant. The lower bound is approximatelyequal to the Lorentz force of
890 N/mm per quadrantat full field. Finite element calculations[7] indicate that
the collars are sufficiently stiff that only about 45% of the force is transferredto
the yoke, so this design has more than a 100% margin againstyoke gap opening
even under the most pessimistic assumptionand the yoke gap should stay closed
to 10 T.

COLLAR OUTER SURFACE

The calculations above require a horizontal interferencebetweenthe yoke and
the undeflectedcollar at room temperatureof 0.15 mm and vertical clearance of
> 0.27 mm. The shape of the collar outer surface Figure 5 provides for
interferencebetween0 and 30° and and clearancebetween 30° and 90°. In
both regions the collar radius is 0.01 mm larger than the yoke inner radius
Figure 6. The intent was to make them equal but due to minor design
errors a 0.01 mm discrepancyresulted. Over the 0 to 30° range the center of
curvature is displacedhorizontally by 0.14 mm to generatethe 0.15 mm
interferenceand between30° and 90° the center is displaced vertically by
0.46 mm to generatea vertical clearanceof 0.45 mm, comfortably larger than is
required. A small step occurs at the transition as shown in detail 0 of the
collar drawing, Figure 5.

The tolerancesthat effect the yoke collar interface are those on the radius
and horizontal offset of the collar outer surfaceand the radius and offset
relative to the yoke mating surface of the yoke inner radius. Each is set to
be ±0.012 mm. This value is chosen as being the best that can be achieved
with current lamination stamping technology. The combined toleranceon the
horizontal yoke-collar interferenceis ±0.05 mm as used in the calculations above.
Tolerancesof dimensionseffecting the clearancebetween30° and 90° are similar,
but since the clearanceis always > 0.10 mm, these tolerancesare less important.



Table Ia

ss. sass sssss*$*055sss**sss*sS*5sssss* as ass *55 as 55*5 55555 *5*
sssas*sss Collared Coil In Vertically Split Yoke assassasas
*5s 555*5555*55*555 *455* 55*5 5*555 *45 *5555 *55 5555555 s5505

Input Parameter
rvRv = collaryoke vertical radius - nominal radius Dr
rhRh a collaryok. horizontal radius - nominal radius 1mm
skin_stress - azimuthal akin stress at 4 K liPs
skin_stress_300Kz azimuthal skin stress at 300 K kiPa
contract_collar = integrated thermal contraction to 4 K of coliar material
contract_yoke = integrated thermal contraction to 4K of yoke material
r_nominal = nominal 300 K unstressed collar radius nvn
drv/drh = drv/drh for horizontal force
drv/dpr = drv/dprestress averag. of inner and outer mm/liP.
drh/dpr = drh/dprestress average of inner and outer rrmt/MPa
prsstr = free collared coil prestress at 300 K average of inner and outer UPs
dcool = free collared coil cooldown prestress change average of inner and outer MPa
dh/dsl = drh/dskin stress rv < Rv nn/MPa
dh/ds2 * drh/dskin stress rv Rv min/liPe

Output Parameter
rv = rv-Rv of free collared coil nwm
rh = rh-Rh of free collar.d coil mm
rh_rvO = rh-Rh for rv a Rv tin
rv_rhO = rv-Rv for rh Rh mm
rh_sk = rh-Rh for assumed skin stress nm
rv_sk = rv-Rv for assumed skin stress mm
sk_ryO = skin stress to make rv = Rv MPa
sk_rhO = skin stress to make rh = Rh MPa

* 0* 55* *5555 *5*55* *5*5 5*5555*
******* 60 tin Dipole sass...
5*55*55 ss***Ss****sSssss**ss



Table lb

r_nominal = 67.02 mm
rv = -0.44 mm
rh = 0.10 nm
skin_stress_300K = 176.00 UPa
skin_stress = 300.00 UPa
contract_collar = -2.90 * i.E-S
contract_yoke = -2.10 * 1.E-3

T=300K T=4K
drv/drh drv/dpr drh/dpr prestr dcool dh/dal dh/ds2 rh rv rv_rhO sk_rho rh rv rh_rye rv_rhO rh_sk rv_sk slc_rvO ak_rho

-0.56 0.0017 -0.0002 70.0 -16.6 -.00100 -.00011 0.09 -0.32 -0.27 86. 0.03 -0.40 -0.70 -0.38 0.00 -0.38 - 35.
-0.55 0.0013 -0.0002 90.0 -16.6 -.00100 -.00011 0.08 -0.32 -0.28 82. 0.03 -0.40 -0.89 -0.38 0.00 -0.38 - 31.

Vary

Coil Prestress and cooldown Los

-0.55 0.0017 -0.0002 90.0 -16.6 -.00100 -.00011 0.08 -0.29 -0.24 82. 0.03 -0.37 -0.64 -0.36 0.00 -0.35 - 31.
-0.55 0.0017 -0.0002 50.0 -15.5 -.00100 -.00011 0.09 -0.35 -0.31 90. 0.04 -0.44 -0.75 -0.41 0.00 -0.41 - 39.
-0.55 0.0017 -0.0002 70.0 -22.5 -.00100 -.00011 0.09 -0.32 -0.27 86. 0.04 -0.41 -0.72 -0.39 0.00 -0.39 - 36.

Vary

dr/dprestress

-0.55 0.0013 -0.0002 70.0 -15.6 -.00100 -.00011 0.09 -0.35 -0.30 86. 0.03 -0.42 -0.73 -0.40 0.00 -0.40 - 36.
-0.55 0.0015 -0.0002 70.0 -15.5 -.00100 -.00011 0.09 -0.34 -0.29 86. 0.03 -0.41 -0.72 -0.39 0.00 -0.39 - 35.
-0.56 0.0019 -0.0002 70.0 -16.5 -.00100 -.00011 0.09 -0.31 -0.26 86. 0.03 -0.39 -0.68 -0.37 0.00 -0.37 - 35.

-0.55 0.0011 0.0000 70.0 -15.5 -.00100 -.00011 0.10 -0.32 -0.27 100. 0.05 -0.40 -0.68 -0.38 0.00 -0.38 - 46.
-0.55 0.0017 -0.0004 70.0 -15.5 -.00100 -.00011 0.07 -0.32 -0.28 72. 0.02 -0.40 -0.71 -0.39 0.00 -0.39 - 24.

Choose

values that giv. a small and a big collared coil vertically

-0.55 0.0013 -0.0002 50.0 -22.6 -.00100 -.00011 0.09 -0.38 -0.33 90. 0.04 -0.46 -0.79 -0.44 0.00 -0.44 - 40.
-0.55 0.0019 -0.0002 90.0 -15.5 -.00100 -.00011 0.08 -0.27 -0.22 82. 0.03 -0.35 -0.61 -0.34 0.00 -0.34 - 31.

Choose

values that gin a small and a big collared coil horizontally

-0.56 0.0017 -0.0004 90.0 -15.5 -.00100 -.00011 0.08 -0.29 -0.26 64. 0.02 -0.37 -0.66 -0.36 0.00 -0.36 - 16.
-0.55 0.0017 0.0000 70.0 -15.6 -.00100 -.00011 0.10 -0.32 -0.27 100. 0.06 -0.40 -0.68 -0.38 0.00 -0.38 - 46.

Vary dr/dskin stress

-0.55 0.0017 -0.0002 10.0 -15.5 -.00080 -.00009 0.09 -0.32 -0.21 108. 0.03 -0.40 -0.70 -0.38 0.00 -0.38 - 44.
-0.55 0.0017 -0.0002 70.0 -16.6 -.00100 -.00011 0.09 -0.32 -0.27 86. 0.03 -0.40 -0.70 -0.38 0.00 -0.38 - 35.
-0.55 0.0017 -0.0002 70.0 -16.5 -.00120 -.00013 0.09 -0.32 -0.27 12. 0.03 -0.40 -0.70 -0.38 0.00 -0.38 - 29.

Vary drv/drh

-0.50 0.0017 -0.0002 70.0 -15.5 -.00100 -.00011 0.09 -0.32 -0.28 86. 0.03 -0.40 -0.77 -0.38 0.00 -0.38 - 36.
-0.60 0.0017 -0.0002 70.0 -16.5 -.00100 -.00011 0.09 -0.32 -0.27 86. 0.03 -0.40 -0.63 -0.38 0.00 -0.38 - 35.



Table Ic

r_nominal = 67.82 mm
rv = -0.44 mm
rh = 0.16 rmn
skin_stress_300K = 175.00 liPs
skin_stress = 300.00 liPa
contract_collar = -2.90 * 1.E-3
contract_yoke = -2.10 a 1.E-3

T=300K T-4K
drv/drh drv/dpr drh/dpr prestr dcool dh/dsl dh/ds2 rh rv rv_rhO ak_rhO rh rv rh_rye rv_rhO rh_ak rv_sk ak_rye sk_rhO

-0.55 0.0017 -0.0002 70.0 -15.5 -.00100 -.00011 0.14 -0.32 -0.25 136. 0.08 -0.40 -0.65 -0.35 0.00 -0.35 - 85.
-0.55 0.0013 -0.0002 90.0 -15.5 -.00100 -.00011 0.13 -0.32 -0.26 132. 0.08 -0.40 -0.64 -0.36 0.00 -0.36 - 81.

Vary

Coi I Prestress and Cooldown Los

-0.55 0.0017 -0.0002 90.0 -15.5 -.00100 -.00011 0.13 -0.29 -0.21 132. 0.08 -0.37 -0.59 -0.32 0.00 -0.32 - 81.
-0.55 0.0011 -0.0002 50.0 -15.5 -.00100 -.00011 0.14 -0.35 -0.28 140. 0.09 -0.44 -0.70 -0.39 0.00 -0.39 - 89.
-0.56 0.0017 -0.0002 70.0 -22.5 -.00100 -.00011 0.14 -0.32 -0.25 136. 0.09 -0.41 -0.67 -0.37 0.00 -0.37 - 86.

Vary

dr/dprestress

-0.55 0.0013 -0.0002 70.0 -15.5 -.00100 -.00011 0.14 -0.36 -0.27 136. 0.08 -0.42 -0.68 -0.38 0.00 -0.38 - 85.
-0.55 0.0016 -0.0002 70.0 -15.5 -.00100 -.00011 0.14 -0.34 -0.26 136. 0.08 -0.41 -0.67 -0.87 0.00 -0.37 - 85.
-0.55 0.0019 -0.0002 70.0 -16.5 -.00100 -.00011 0.14 -0.31 -0.23 136. 0.08 -0.39 -0.63 -0.34 0.00 -0.34 - 85.

-0.55 0.0017 0.0000 70.0 -16.5 -.00100 -.00011 0.15 -0.32 -0.24 150. 0.10 -0.40 -0.63 -0.36 0.00 -0.35 - 96.
-0.65 0.0017 -0.0004 70.0 -15.5 -.00100 -.00011 0.12 -0.32 -0.25 122. 0.01 -0.40 -0.66 -0.36 0.00 -0.36 - 74.

Choose

values that give a small and a big collared coil vertically

-0.55 0.0013 -0.0002 50.0 -22.5 -.00100 -.00011 0.14 -0.38 -0.30 140. 0.09 -0.46 -0.74 -0.41 0.00 -0.41 - 90.
-0.55 0.0019 -0.0002 90.0 -16.5 -.00100 -.00011 0.13 -0.27 -0.20 132. 0.08 -0.35 -0.66 -0.31 0.00 -0.31 - 81.

Choose

values that give a small and a big collared coil horizontally

-0.55 0.0017 -0.0004 90.0 -15.5 -.00100 -.00011 0.11 -0.29 -0.22 114. 0.07 -0.37 -0.60 -0.33 0.00 -0.33 - 66.
-0.55 0.0017 0.0000 70.0 -15.5 -.00100 -.00011 0.16 -0.32 -0.24 150. 0.10 -0.40 -0.63 -0.35 0.00 -0.35 - 96.

Vary

dr/dskin stress

-0.56 0.0017 -0.0002 70.0 -15.5 -.00080 -.00009 0.14 -0.32 -0.25 170. 0.08 -0.40 -0.65 -0.35 0.00 -0.35 - 106.
-0.55 0.0017 -0.0002 70.0 -15.5 -.00100 -.00011 0.14 -0.32 -0.25 136. 0.08 -0.40 -0.66 -0.35 0.00 -0.35 - 85.
-0.56 0.0017 -0.0002 70.0 -15.5 -.00120 -.00013 0.14 -0.32 -0.25 113. 0.08 -0.40 -0.65 -0.35 0.00 -0.35 - 71.

Vary drv/drh

-0.50 0.0017 -0.0002 70.0 -15.5 -.00100 -.00011 0.14 -0.32 -0.25 136. 0.08 -0.40 -0.72 -0.36 0.00 -0.36 - 86.
-0.60 0.0017 -0.0002 70.0 -15.5 -.00100 -.00011 0.14 -0.32 -0.24 136. 0.08 -0.40 -0.58 -0.35 0.00 -0.35 - 95.



Table Id

r_nominal = 61.82 own
rv = -0.44 own
rh = 0.20 mm
skin_stress_300K = 175.00 liPs
skin_stress = 300.00 liPs
contract_collar = -2.90 * 1.E-3
contract_yoke = -2.10 * 1.E-3

T=300< T=4K
drv/drh drv/dpr drh/dpr prestr dcool dh/dsl dh/ds2 rh rv rv_rhO ak_rhO rh rv rh_rye ry_rhO rh_sk rv_sk ak_rye skrhO

-0.55 0.0017 -0.0002 70.0 -15.6 -.00100 -.00011 0.19 -0.32 -0.22 188. 0.13 -0.40 -0.80 -0.33 0.00 -0.33 - 135.
-0.55 0.0013 -0.0002 90.0 -15.5 -.00100 -.00011 0.18 -0.32 -0.22 182. 0.13 -0.40 -0.59 -0.33 0.00 -0.33 - 131.

Vary

Coil Prestress and Cooldown Loss -

-0.55 0.0017 -0.0002 90.0 -15.5 -.00100 -.00011 0.18 -0.29 -0.19 182. 0.13 -0.37 -0.64 -0.30 0.00 -0.30 - 131.
-0.55 0.0017 -0.0002 50.0 -15.5 -.00100 -.00011 0.19 -0.35 -0.26 190. 0.14 -0.44 -0.66 -0.36 0.00 -0.36 - 139.
-0.55 0.0011 -0.0002 70.0 -22.5 -.00100 -.00011 0.19 -0.32 -0.22 106. 0.14 -0.41 -0.62 -0.34 0.00 -0.34 - 136.

Vary

dr/dpreatress

-0.65 0.0018 -0.0002 70.0 -15.5 -.00100 -.00011 0.19 -0.35 -0.25 186. 0.18 -0.42 -0.63 -0.35 0.00 -0.35 - 135.
-0.56 0.0015 -0.0002 70.0 -16.5 -.00100 -.00011 0.19 -0.34 -0.23 186. 0.13 -0.41 -0.62 -0.34 0.00 -0.34 - 135.
-0.55 0.0019 -0.0002 70.0 -16.5 -.00100 -.00011 0.19 -0.31 -0.20 186. 0.13 -0.39 -0.58 -0.32 0.00 -0.32 - 135.

-0.55 0.0017 0.0000 70.0 -15.6 -.00100 -.00011 0.20 -0.32 -0.21 200. 0.16 -0.40 -0.58 -0.32 0.00 -0.32 - 146.
-0.56 0.0017 -0.0004 70.0 -15.5 -.00100 -.00011 0.17 -0.32 -0.23 172. 0.12 -0.40 -0.61 -0.33 0.00 -0.33 - 124.

Choose

values that give a small and a big collared coil vertically

-0.55 0.0013 -0.0002 60.0 -22.5 -.00100 -.00011 0.19 -0.38 -0.27 190. 0.14 -0.48 -0.69 -0.38 0.00 -0.38 - 140.
-0.56 0.0019 -0.0002 90.0 -15.5 -.00100 -.00011 0.18 -0.27 -0.17 182. 0.13 -0.35 -0.61 -0.28 0.00 -0.28 - 131.

Choose

values that give a small and a big collared coil horizontally

-0.55 0.0017 -0.0004 90.0 -15.5 -.00100 -.00011 0.16 -0.29 -0.20 164. 0.12 -0.37 -0.55 -0.30 0.00 -0.30 - 116.
-0.65 0.0011 0.0000 70.0 -18.6 -.00100 -.00011 0.20 -0.32 -0.21 200. 0.15 -0.40 -0.58 -0.32 0.00 -0.32 - 146.

Vary

dr/dskin stress

-0.55 0.0017 -0.0002 70.0 -15.5 -.00080 -.00009 0.19 -0.32 -0.22 233. 0.13 -0.40 -0.60 -0.33 0.00 -0.33 - 169.
-0.56 0.0017 -0.0002 70.0 -15.5 -.00100 -.00011 0.19 -0.32 -0.22 186. 0.13 -0.40 -0.60 -0.33 0.00 -0.33 - 135.
-0.55 0.0017 -0.0002 70.0 -15.6 -.00120 -.00013 0.19 -0.32 -0.22 155. 0.13 -0.40 -0.60 -0.33 0.00 -0.33 - 112.

Vary drv/drh

-0.50 0.0017 -0.0002 70.0 -15.5 -.00100 -.00011 0.19 -0.32 -0.23 186. 0.13 -0.40 -0.67 -0.33 0.00 -0.33 - 135.
-0.60 0.0017 -0.0002 70.0 -15.5 -.00100 -.00011 0.19 -0.32 -0.21 186. 0.13 -0.40 -0.53 -0.32 0.00 -0.32 - 135.



Table Xe

r_nominal 67.82 trim
rv = -0.44 nwn
rh = 0.15 trim
skin_stress_300K = 176.00 Wa
skin_stress = 300.00 PAPa
contract_collar = -3.00 * 1.E-3
contract_yoke = -2.00 * 1.E-3

T=300K T=4K
drv/drh drv/dpr drh/dpr prestr dcool dh/dsl dh/ds2 rh rv rv_rho sk_rhO rh rv rh_rvO rv_rhO rh_ak rv_sk sk_rvO sk_rhO

-0.55 0.0011 -0.0002 10.0 -15.5 -.00100 -.00011 0.14 -0.32 -0.25 138. 0.01 -0.42 -0.68 -0.38 0.00 -0.38 - 11.
-0.55 0.0013 -0.0002 90.0 -15.5 -.00100 -.00011 0.13 -0.32 -0.26 132. 0.01 -0.41 -0.68 -0.37 0.00 -0.37 - 67.

Vary

Coi I Prestress and Cooldown Loss

-0.55 0.0017 -0.0002 90.0 -15.5 -.00100 -.00011 0.13 -0.29 -0.21 182. 0.07 -0.38 -0.63 -0.34 0.00 -0.34 - 61.
-0.55 0.0017 -0.0002 50.0 -16.5 -.00100 -.00011 0.14 -0.36 -0.28 140. 0.08 -0.46 -0.14 -0.41 0.00 -0.41 - 75.
-0.55 0.0011 -0.0002 10.0 -22.5 -.00100 -.00011 0.14 -0.32 -0.25 136. 0.01 -0.43 -0.70 -0.39 0.00 -0.39 - 73.

Vary

dr/dpreatresa

-0.56 0.0013 -0.0002 70.0 -15.5 -.00100 -.00011 0.14 -0.35 -0.27 136. 0.07 -0.44 -0.72 -0.40 0.00 -0.40 - 71.
-0.55 0.0015 -0.0002 70.0 -16.5 -.00100 -.00011 0.14 -0.34 -0.26 136. 0.07 -0.43 -0.70 -0.39 0.00 -0.39 - 11.
-0.55 0.0019 -0.0002 70.0 -15.5 -.00100 -.00011 0.14 -0.81 -0.23 136. 0.07 -0.40 -0.66 -0.37 0.00 -0.31 - 11.

-0.55 0.0017 0.0000 70.0 -15.5 -.00100 -.00011 0.15 -0.32 -0.24 150. 0.08 -0.42 -0.67 -0.37 0.00 -0.37 - 82.
-0.55 0.0011 -0.0004 70.0 -15.5 -.00100 -.00011 0.12 -0.32 -0.25 122. 0.08 -0.42 -0.89 -0.38 0.00 -0.38 - 60.

Choose

values that give a small and a big collared coil vertically

-0.55 0.0013 -0.0002 50.0 -22.5 -.00100 -.00011 0.14 -0.38 -0.30 140. 0.08 -0.47 -0.78 -0.43 0.00 -0.43 - 11.
-0.55 0.0019 -0.0002 90.0 -15.5 -.00100 -.00011 0.13 -0.21 -0.20 132. 0.01 -0.37 -0.60 -0.33 0.00 -0.33 - 67.

Choose

values that give a small and a big collared coil horizontally

-0.55 0.0011 -0.0004 90.0 -15.5 -.00100 -.00011 0.11 -0.29 -0.22 114. 0.06 -0.38 -0.64 -0.35 0.00 -0.35 - 52.
-0.55 0.0017 0.0000 70.0 -15.5 -.00100 -.00011 0.15 -0.32 -0.24 160. 0.08 -0.42 -0.61 -0.31 0.00 -0.37 - 82.

Vary dr/dskin stress

-0.55 0.0017 -0.0002 70.0 -15.5 -.00080 -.00009 0.14 -0.32 -0.25 110. 0.07 -0.42 -0.68 -0.38 0.00 -0.38 - 89.
-0.55 0.0017 -0.0002 10.0 -15.5 -.00100 -.00011 0.14 -0.32 -0.25 136. 0.07 -0.42 -0.68 -0.38 0.00 -0.38 - 71.
-0.65 0.0011 -0.0002 10.0 -15.5 -.00120 -.00013 0.14 -0.32 -0.26 113. 0.01 -0.42 -0.88 -0.38 0.00 -0.38 - 59.

Vary drv/drh -

-0.50 0.0017 -0.0002 70.0 -15.5 -.00100 -.00011 0.14 -0.32 -0.25 136. 0.07 -0.42 -0.76 -0.38 0.00 -0.38 - 71.-0.60 0.0011 -0.0002 70.0 -15.5 -.00100 -.00011 0.14 -0.82 -0.24 136. 0.01 -0.42 -0.62 -0.37 0.00 -0.37 - 71.



COLLAR INNER SURFACE

The interior shape of the collar determinesthe conductor placementwhich in
turn determinesthe field shape. The "target shape" for the coils, fully
assembledat 4 K and zero field, is the shape specified by the magnetic design
shrunk according to the thermal contraction of stainlesssteel. The design
method begins with a collar which, in its undeflectedstate at room temperature,
has the dimensionsgiven by the magnetic design. Finite element calculations[7]
are done to determinethe net deflection of the collar due to assemblyand
cooldown. The deflections returnedby the finite element calculationsinclude
both mechanicaldeflections due to the stresseson the collar and the thermal
contraction of the stainlesssteel from which the collar is made. The difference
betweenthe shapeof the undeflectedcollar at 4 K which is the target shape
and final shapefrom the finite element calculations is determined. This
difference is then added to the appropriatedimensionsof the original nominal
collar design. The result is a shapewhich, after all deflections have occurred,
has the correct shape at 4 K.

The nominal collar shapewas determinedby taking the profile of the
insulated conductorsfrom the magnetic design Figure 9, drawing MB-292000
and adding to it the nominal thickness of the ground wrap insulation. See
Figure 10, thawing MB-292047. All Kapton layers and the strip heater package
are 0.13 mm thick and the collaring shoe is 0.38 mm thick. It is specified by
the radii of the inner surfacesof the collar the outer surface of the outer coil
plus ground wrap and collaring shoe, the outer surface of the inner coil plus
ground wrap and the inner surface of the inner coil and the distance from the
vertical center line of the intersectionsof the inner and outer coil pole surfaces
plus ground wrap with the collar surfaces at the inner and outer coil radii.
These dimensionsare shown in Table IL

Table U
Nominal Collar Shape From the Magnetic Design

all dimensionsare mm

Location r x y

Outer Midplane 50.76 50.76 0.00
Outer Pole Outer Edge 50.76 34.19 37.52
Outer Pole Inner Edge 37.84 23.94 29.30
Inner Pole Outer Edge 37.84 9.88 36.53
Inner Pole Inner Edge 24.78 5.86 24.08

Finite elementcalculations were performedfor the case in which both the
inner and the outer coil prestresseswere 70 MPa and the horizontal yoke-
collar interferencewas 0.17 mils. The net deflection to 4 K of five points on
the interior of the collar were tabulated. The results are shown in Table m.

In Table lv thesedeflections are comparedwith the deflections due to
thermal contractionof stainlesssteel, alone. An integrated thermal contraction
to 4 K of -3.0 x io is assumedhere as was the finite element model. These
are shown in the colnmns labeled "Thermal Contraction". The differences
betweenthe total deflection and the thermal contraction are displayed in the
next two columns labeled "Deflection rel. to free collar at 4K". Theseare the



deflections of the collars at 4 K due to mechanicalstresses. These are then
correctedfor the fact that the design calls for 0.15 mm of horizontal yoke-
collar interferencewhile the finite element calculations assumed0.17 mm. The
correction is done by adding 0.02 nun to the x deflection at the horizontal
mid-plane and decreasingthe other x deflections by the same proportion. The
y deflection nearestto the pole is decreasedby 0.01 mm. The vertical radius
changesby about minus one-half the changein horizontal radius for a
horizontally applied force. See the section on the yoke-collar interface. The
other y deflections are decreasedby the same proportion. The results are in
the columns labeled "Corr. to design yoke-collar interference".

Table m
Collar displacementsmm due to assemblyand cooldown

Location dx dy

Outer Midplane -0.26 0.00
Outer Pole Outer Edge -0.12 -0.03
Outer Pole Inner Edge -0.09 0.03
Inner Pole Outer Edge -0.04 0.01
Inner Pole Inner Edge -0.02 0.05

Table lv
Corrected Collar Deflections mm

Deflection Con. to design
Thermal rel. to free yoke-collar

Contraction collar at 4K interference
Location dx dy dx dy dx dy

Outer Midplane -0.15 0.00 -0.11 0.00 -0.09 0.00
Outer Pole Outer Edge -0.10 -0.11 -0.02 0.09 -0.02 0.08
Outer Pole I.nner Edge -0.07 -0.09 -0.02 0.12 -0.01 0.11
Inner Pole Outer Edge -0.03 -0.11 0.00 0.12 0.00 0.11
Inner Pole Inner Edge -0.02 -0.07 0.00 0.12 0.00 0.11

The desired collar shape, undeflected at room temperature,is gotten by
subtracting dx and dy in the last two coliitnns in Table lv from the x and y
coordinatesin Table U. This sets the coordinatesat the five locations listed.
The rest of the collar surfacesare made circular with radii and centerschosen
to pass through these five points. Becausethe cable width is preservedby
the deflections, the radii must all be changedby the same amount and they
must remain concentric. The radii are increasedby 0.09 mm to generatethe
required increasein x at the horizontal mid-plane. The centersof curvature
are offset vertically by -0.20 mm relative to the horizontal center line. This
value was chosento give the best fit to the design values of y-dy at the
design values of x+dx from Tables U and lv. In the collar drawing Figure
5 the radius r and center offset of eachsurface and the distance 2x between
correspondingcorners on the left and right sides are specified. Note that in
the coordinatesystem defined in this discussion positive y is down on the
collar thawing. Table V shows the values of r, offset and x and the values
of y at the corners derived from them. It also shows the differences between



the y values so generatedand those derived from y and dy in Tables U and
lv.

Table V
Design Collar Dimensions mm

Location r offset x y y-deviation

Outer Midplane 50.85 -0.20 50.85 0.00 -

Outer Pole Outer Edge 50.85 -0.20 34.21 37.42 -0.02
Outer Pole Inner Edge 37.93 -0.20 23.95 29.21 0.02
Inner Pole Outer Edge 37.93 -0.20 9.88 36.42 0.01
Inner Pole Inner Edge 24.87 -0.20 5.86 23.97 0.00

The coordinatesthat actually appearon the collar thawing differ from
theseby a small amount for several reasons. First, the original calculations
on the basis of which the thawing was originally made assumed0.14 mm of
horizontal yoke-collar interferencerather than 0.15 mm. The 0.01 mm
discrepancy is the same one mentionedin the discussion of the collar outer
surface. Second, the original calculation was done basedon an earlier cross-
section which differed from the one currently in use by up to 0.2 mm due to
changesin the cable dimensions.The collar thawing was correctedfor these
cross section changesbut the calculations discussedin this paper were not re
done. For reasonsnot understoodadditional discrepanciesup to 0.05 mm
have appearedfrom this cause. Table VI shows the actual coordinatesfrom
the thawing. The numbers in parenthesesare the differences betweenthe
actual values and those in Table V. The discrepanciesare all very small, the
largest being a displacementof the outer coil pole surfaceazimuthally towards
the mid-plane by 0.06 mm.

Table VI
Actual Collar Dimensions mm

Location r offset x y

Outer Midplane 50.83 -.02 -0.18 .02 50.83 -.02 -

Outer Pole Outer Edge 50.83 -.02 -0.18 .02 34.25 0.04 37.38 -.04
Outer Pole Inner Edge 37.92 -.01 -0.18 .02 24.00 0.05 29.18 -.03
Inner Pole Outer Edge 37.92 -.01 -0.18 .02 9.88 0.00 36.43 0.01
Inner Pole Inner Edge 24.87 0.00 -0.18 .02 5.85 -.01 23.99 0.01

OTHER COLLAR FEATURES

The small tab on the side of the collar detail A, Figure 5 is used to
center the collared coil vertically in the yoke. It has a ±8.50 taper to ease
insertion into the yoke. The flats on the side of the collar and the yoke in
the region of the tapered keys are, in the undeflectedparts, at the identical
distancefrom the vertical center-line. However, becauseof the 0.15 mm mils
of interferencejust above the taperedkeys, after assemblythe collars are
deflected so that there is 0.15 ± 0.08 mm of clearancebetweenthe yoke and
collars at the base of the alignment tab. The lower bound of the tolerance



band on the yoke slot width is equal to the upper bound of that on the
collar tab. However, becausethe collar is displaced 0.15 mm radially inwards
at assembly,there is a clearanceof between0.01 and 0.06 mm on either side
of the alignment tab for the full range of the relevant part tolerances. This
may allow the coil to be vertically off-center in the yoke by up to ±0.06 mm,
which will in turn generatea skew quadrupolemoment a1 of up to ±0.6
units[191. In fact, it is unlikely that the parts toleranceswill conspireso as
to give this maximum allowable vertical clearanceover the entire
manufacturingrun so the expectedcontribution to ua1 is considerably smaller
than this. The effect on other harmonicsof vertical off-centering is
negligible[19 with respect to their specified tolerances.

The slots for the tapered keys detail A of Figure 5 are 0.30 mm larger
than the taperedkeys themselvesFigure 7. Only the "upper" surfaces of
the key slots on the thawing contact the keys so a considerabletighter
tolerance 0.02 mm has been specified for them than for the opposite surfaces.
The "active" surfaceshave been placed so that for nominal dimensionsthe
center lines of the upper and lower collars are coincident. The key slots are
oversized for two reasons:i to ease insertion of the keys if the keys are
placed rather than driven into the slots "square key" method and 2 to
allow, by procurementof slightly larger keys, for up to 0.03 mm of "anti
ovalization" if it is decided to drive the keys into the slots "tapered key"
method. The latter processhas been observed[16] in 40 mm magnetsto
result in an additional vertical deflection of the collars of 0.03-0.05mm on the
radius due to scoring of the keys or local yielding of the collars near the key
slots. it is currently planned to use the square key method, but both the
tooling and the collar + key design allow use of the tapered key method.

The small notches in the outer surface are used for lifting the collared coil
assembly in either "upright" or 90° rotated orientations. The later is
required for insertion into the vertically-split yoke and for azimuthal alignment
within the collaring tooling. The notch on the outer surface at the pole is for
routing instrumentationwires. Its width and placement are not particularly
important for the collar design but tighter toleranceshave been applied as this
is the most convenient datum to define the vertical center line for inspection.

OTHER YOKE FEATURES

As noted above the yoke inner and outer radii are part of the magnetic
design[1]. Most other features effect the saturationcharacteristicsof the
magnet so, although their sizes and locations are set mostly by mechanical
considerations,magnetic effects were also considered. The squarehole on the
horizontal mid-plane is used to control the effect of iron saturation on b2 and
its size and location was chosen[1] based on the magnetic effects of the other
features.

The cooling channel diameter of 29.1 mm was copied from the 40 mm
magnet. The precise size that is desirable from a cryogenic systemstandpoint
dependssomewhaton the magnet cooling method. The size was set before
the cooling method was chosen and is believed to be sensible[20] if the beam
pipe is small enough to allow about io% of the helium flow to go through the
beamtube annulizs. Presently the beam tube annular space is only 1.6 mm
allowing only 1-2% of the helium to flow near the coil. Therefore larger
cooling channelsmay be appropriatein the final design.



The bus slot and the cooling channelshave been set to the largest radius
at which they will fully clear the 19 mm wide end clamp filler pack Figure
11, drawing MD-292141 which is used to support the shell at the end of the
magnet. The cooling channel is placed as close to the vertical center-line as
possible while still maintaining enough material betweenit and the bus slot to
ensure the mechanical integrity of the lamination.

Four 12.88 mm diameterholes are used for pins to make yoke packs.
The two nearer the horizontal center-line are placed at as large a radius
possible and the others are placed as close to the vertical parting plane as
possible to minimize their effects on iron saturation.

The notch at the outer radius at the vertical parting plane interlocks with
the alignment key Figure 12, drawing MB-292155. The alignment key
interlocks to the yoking tooling to hold the magnet in a straight, twist-free
state as the shell is welded, and it also servesas a fiducial feature for later
alignment of the cold mass in the cryostat. As such the toleranceon the
yoke notch and alignment key are name quite tight 0.025 mm full range on
the key width and on the slot full width. The tolerancebands are set so
that the fit betweenthe yoke and the key varies from 0 to 0.05 mm
clearance. At the yoke radius of 165.05 mm this implies an angular
uncertainty of 0.3 mrad. The depth of the notch and the thickness of the
key are set so that at minimum clearancethe shoulder of the key is flush
with the corner of the yoke notch and at maximum clearanceit is 0.10 mm
below the yoke.
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Figure 1
SSC Collider Dipole Magnet Cross Section
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Figure 2
Horizontally split a and vertically split b yoke configurations.
The solid lines represent the yoke laminations, the dotted lines represent
the free collared coil at T=300 K and the dot-dashed lines represent the
free collared coil at T=4 K. The collared coil distortions relative to
to the yoke are greatly exaggerated.
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Forces N/mm on the a half yoke and shell due to shell azimuthal stress, yoke-

yoke parting plane pressure,and the reaction of the collared coil, The force due

to the collared coil includes the elastic effects of the yoke-collar interferencefit

and of the Lorentz force.
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Figure 4
Relation betweenthe free solid line and deflected dashed-line collar at 4 K.
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3-DIMENSIONS SHOWN ARE ON DIE SIDE.
4-TOLERANCES ARE NDN-CL}5,IULAT lyE.
5-TLBAOLE TO REMOVE ALL SHARP EDGES AND BURRS.
6-FINISHED LAM. MUST BE FREE OF ALL FOREIGN

MATTER, OIL, GREASE. METAL PARTICLES, ETC.
PRODUCED DURING DIE PUNCHING OR TUMBLING.

7-THIS COLLAR 5 I.DE TO BE USED WITH VERTICALLY SPLIT
YOKE LAMINATION #01D2-ME292123

43-ALL TOLERANCES ±12mm .005 Inch UNLESS OTHERWISE
SPECIFIEO; ANGLES ±25’.

TOO1 PT ND. O&SIPTIOI4 OR SIZE 1QT

PARTS LIST
tt D1SC9vI WE0IIIlD. ORIOINATORI .3. S’ThAIT I
I. ALL olIcatbl. *fl I I
2. TantMca,m P015 . I

SN SSLLITfl1. I 810< DIXON 15/23/

3. flhtCPSS4 4 t "0060 J, Bt’Ofldt Il,,,,
nI 114.51.102. I

4. IPIoaISA APPROVED 8. Bo,sert 17,17,
F EFfl0tOt OLY.

S. PAX ALl. O’ t. aED ON
I. DO NOT SCALE OflSlNo.
7. fLI. All NOA sflAa.

I2sr" *IMtIAI. SEE NOTE 1.
lL.JT& NILLI1’H0I

_______________________________________________

O MATIIML A1flfl I
UNITED STATES DEPARTMENT OF ENERGY"

S.C

SSC 5Ormi DIPOLE COLD MASS
COLLAR LAMINATION W/O SHIMS.

FOR VERTICALLY SPLIT YOKE
tL5 rILS I tIIC RI j 0102-ME-292059.%lTrfl I

I
I’

DETAIL C
SCALE 4 : 1

REFERENCE BALL DIMS.
SCALE 1 1

0.25
0.83

50’.010 r’
DIE SI0EI P1*104 SIDE

PUNCH EDGE BEFORE DEBURR INC

010.12, oasI

I .52
IS GA iWs1

*:TAIL F
DETAIL D

TAIL B

AlL D

1. 493± . 0005

/ p24. 68.0 .012
.9 58± 0005

50,63±0 Dl

N

4DETAIL C
&cE S IS I

EREATED WITN 1-DEAS 5.0 I USER NMIEtP6.e15



OESQIIPTION. 0.

H.
000
C
CD

U,
1

103.43

4.072

2K I
.02

_______

2.00’

II

103.43

DIMENSIONS ARE TO INTERSECTIONS AS SHOWN

OS.

025

DIE
SIOPUOi

SIDE

DETAIL E
CHECIc INC PARAMETERS

1.52
ISCA

,.-SEE DETAIL F

4.305
I-.---- 4.293

.1695

.5690

2.15

OENURR AFTER PUNOIIND
[‘SEE NOTE 5 & 6

r
0.13

ISA’.
50,J

‘MID.

PUNCH EDGE BEFORE DEBURRINC

REFERENCE BALL DIMS,
SCALE I

alTER RADIUS WAS 66.07/2.680 IS I0 II. OIXESOI7fl/9O
A 67.62/2.670 WITh PEW OFFSEIS MO NEW I I, I

RWDIIfl tOOTER LOCATIAS. StE DETAIL
3 FOR THESE NEW OFFSETS. SEE DETAIL F FOR SlEW allOt RADIUS
511045101 LOCATIOIS. 2K fl.50/.251 ROtS W6.35/.25O TiflU tO.E.
I4.50/.256 HOLE LOCATION 11*5 OWIOEO. 41.26/1.600 WAS 53.87A
.821. 19.051.150 WAS 22.23/675 MID 36.10/1.500 WAS 44.75/

‘.150. SICLOER DIM. OF 21 .01-20.l6/.827.625 MI 21.28’
II .21/.637-.635 WERE 21.01-21 .07/.8300.6295 MO II .25"Zl .2
‘.6365-5350 RESPECTIVELY. NOTE I WAS ADDED. OUTER COIL POLl
‘A00S WAS OWICED BY .003. TiE FOLLONIIG DIM. NRVE auJ4.
66.50/2.667 WAS 66.33/2.660, 48,01/1.690 WAS 47.53/1.663.
V.36/I .471 WAS 37.47/1,415. 26.19/1.141 WAS 29.26/1.132.
1.61/363 WAS 10.131.359 74.47/2.932 WAS 74.30/2.925.
WS1It7RRI,ScR4flI,1!0-

B REVISED PJDI I TO IIROVE DIE WEVID:
INCREASED 14OT04 FOR STRAIN 0*00 WIRES.

1.876 WAS ‘.576: 5.678 WAS 1.575:
3.155 WAS 3.750. IDOJW PART 10. 51*1*.

nTIS/Il/B
RI /I7/9

I31/I

1400

t

4.305
4.263
.1895
.1390

4.

A

2.00’

DETAIL B
SCALE 4 : 1

4.163.
2X 0

OIEDCI1C RT

DETAIL C
SCALE 4

A

0.140±0.012

- . -jr---

DETAIL D



6
25 ‘ -0.00

.240+005

I.Iu.u’A,.oo, DJIAIUESICDlI

25 W9M45

3.OV *1.2: 0 76

DETAIL A
SCALE 4 : I

DIMENSIONS ARE TO INTERSECTION AS SNOAN

Pigure 5d



kI I -. I 1411
DEWOIIPEIOIA I I

I MIT

1MB Ji;nrni
B JREVISED WTERIAL ADDED NOTE 1.

O .004
ALONG ANY 12’ INCREMENT

.208 ACROSS
SHARP CORNERS

2 X 0.250
CHECKING ROD

X R.02O

N
.190

2 X .015 X 45’±l

.228 ACROSS
SHARP CORNERS

Figure 6

NOTES:
1. MATERIAL:

12 INCREMENT

I

144.00 ±.25

PHOSPHOR BRONZE, 5x GRADE A,
FULL HARD, ASTM 6139 ALLOY
3/8 DIA. ROUND.

2. THIS PART IS INTERCHANGEABLE WITH
BNL PART NO. 22-529.05-2

TAPERED KEY- STANPARD.

1701 PART P40, DESCRIPTION CR SIZE OTT.

PARTS LIST
MEON RTIwIn 46IFSO ORI0II4AEDI ,J GAFSflN I

XX SEX WJl DRAWl ji. CAflL 17..2559
±02 ±.O05 ± NA aocw ?. U,sser y.Lltl

ws APPROVER ‘. fc%ser. lfl’t
1flfla4 Ol02-ME-217916

I. vr’ir-’r’°1 O102-ME-217917
6. I&1*. ML IMOl Sj.,a. SISTER AS.

SEE NOTE 1

.ót FERMI NATIONAL ACCELERATOR LABORATORY
IPIITED STATES DEPfl0ENT OF ENERGY

SSC MAGNET, DIPOLE
C358D CROSS SECTION

_____TAPERED

KEY
61 IIESRA 91011W IRI ‘61.

4:11 I 01O2-kjB-217851 lB
CREATED_WITH_I-DEAS 4.1 I USER R4MAE: NANCYR

.715 ±.0O1

+ 252 X

U
ACTUAL SIZE



2.8057
2.5219

.0105

.1111
*1.0251.001 $0001

SIaIS TO INlCtD
TO US

57.153
17.158
2.645
2.544

3.6100
3.8227

1*1.0251.001 $9001
I505

.1500

DET.D 4XSIZE

_______

Ut

_____

DIC1I SEE DET.
ICES 2 &

L2aJ

13073471
12.494 I

,ID.025/.OOT Ale 40$

70.406
70.465
2.772

B.34

2.775

1 575

I 515

RO.76/.O30

‘.575 1.515
.T2.052

Wi .575
14.057

_________

7W.

R0.25
R.DI0

140.506
1.020

Ii

4.

45
:5

.lAo.ns,.oo, 40IAI
:-O:P0.254,.OiO DlflA ®Ic $

.391
1.143
.055
.045

DET.A 4XSIZE Figure 7a



J

_

13W14i]
I 12.494

IeID.o2se.cDiiiii

1$iooo
I 9 134

.GC T27,,T0N1iJW

II DA.

____________

1.519 lOll. si,.o2o

L&

23.914
22. 850

DET C 2XSIZE - SHOWN OUT OF POSITION
DID. 2 PL. AT 180’

0.635
.025

0.254 J
DID

DIE SIDE

CORNER IRAQ. DATA

OESID6ATICH RADIUS

IC 0.05/02 VAX

P D.7R1.D3 VAX

V 1021.04 MAX

Figure 7b

I. MATERIAL: EXTRA ICR CARSON MACNET STFE LASHER SPEC TO. SSC-MACM-4341
2. THIS NOTCH 10 51 lNONPORAES0 1110 ALL LRMINAE IONS.
3. ALL. LAMINAT IONS TO BE DE LUNCHED WITh THE LIAXIELAS ARATERIALIHICENENS

COINCIDENTAL WI ill THE EDOC DEr,NCT AT POINTS F HAG
ALL DIMENSIITIS WIlL CL MEASUWED M6 INXPLCTEI; DO HI ENESI
POINT ON CODE 193r:L5.

S. USE AATER SOLUAWLE STAMPING LLIIRICNII 1 ECK DRAWIPID CCI9UTID DR L.OIJIVALENI 7.
S. MT. PER LAMINATION ..W3 LOS APPROX.
L THIS YOKE LAMINATION IX SALADE TO XE USED 111111 ELLIPTICAL COLLAR

LAMINATION DWC.ND. DI 02HE292D51
2. ALL DIMENSIONS ME SNUETRICAL AROUT CENTERLINE EXCEPT AS NOTED.
N. U’L ASS OTNERWISE SPEd FIED.ALL TOLEIRANCES ARE 4. 131/A /.DD5.

‘C. DATUM C IS DEFINED As A LIHE *11104 INTERSECTS TIlE THEORETICAL SCIJARE
CORNERS AT POINTS H & 0.
STAMP OR COIN ME-292l23C TiN PART All HND UPXE OIl I NUENTUE ION -
CHARACTER HLIXSII - . I25

Ia&1
UNITED STATES DEPARTMENT DL

550 5Oo.s ST/LONG COLu
W6733 CROSS SECTION

‘ERTICAL SPLIT YOKE LASIINAIION

*‘TFTHJ5__

4.

.910

.900

IT ANCLI 5.1 POINT
POINT 0 AT 90’

Ni - 224

12.7 121
12.7000

SODS
.5000

4.775
‘.750
.idS
181

10.001/0021
NOT TO SCALE

1.055
1.055

0.127
.005

T.D

SIDE

ENLARGED VIEW Of MAXIItIl MATERIAL
CONDITIONS PROW DIE OPERATIONS

ADIEU.



4b.

I 1.635
1.351

.025

.015

WELD PREP DE1AIL
TYP. 2 PL1.

1. CLEAN AND 1-IANDLE PER I-ERMI SPEC.

2. THE INSPECTION OF THE SKINS WILL BE DONE IN A CONSTRAINED
CONDITION. THE DIMENSIONS ON THIS DRAWING PERTAIN TO iHAT
CONSTRAINED CONDITION AND WILL NOT BE INSPECTED IN ANY OTIIER
MANNER. WHEN REFERING TO THE CONSTRAINED CONDITION IT IS
DEFINED BY THE FOLLOWING: THE SKIN WILL BE CONSTRAINED IN
THE SAME CONDITION THAT IT WILL HAVE WHEN CLAMPED 10 THE
1 PHASE IRON, THIS CONSTRAINING WILL IN NO WAY FORCE THE
SKIN INTO A CONF I GURAT ION OTHER THAN IT’ S OWN. IN OTI-IER
WORDS IT IS NOT ACCEPTABI.E TO FORCE OR INDUCE A TWISI TO
ACHIEVE THE ABOVVE DIMENSIONS.

I Ii?Tigi

20/ II

A NOTE 1 ADDED

ft 61 ftrOi4--WA5-6 I

-

IbM 494.36MM / 510.014
DIM. IS 304.8 / 12.0 OVERSIZE FOR FINAL MACHINING Al ASSY.

Figure 8

- 304LN S.S.

TWIRl NATIONAL ACCIIIRATOR LADORAT
MAlTED SIADES DEPAIIIMENI DI ENERGY

550

550 50MM LONG COLD MASS
FINAL ASSEMBLY

5K I N

1.1 "10102-MD-292155

R165. 176
R164.922

R6.503
RE .493

5.0165
4. 5895

1975
1925

NOTE 256
276

1072 22 ITh
- PART IC. I IPCRIPT ISA ER

U. CARTON

I"



REV. DESCRIPTION DRAWl k APPROVED
A R .9757 WAS R .9843, .4990 WAS .4904, ADDED NOTE 3 H,F. N.H. R.O, 9 MAY 90
8 .3736 WAS .3800. ADDED NOTE 4 H.F. N.H. n.e. 26 AUG 90

F-

MID-THICKNESS
1.337 PANt

.0526 IN
e

-

I
12.029 JIll

_______

.4736 IN

OUTER SHELL CABLE
AVERAGE INSULATED & aIFRESSED SIZE

MID-THIcKNESS
1.623 PAd
.0639 IN

IA
I 12.675 PIIJ

1" .4990 IN

INNER SHELL CABLE
AVERAGE INSULATED & CO&IPRESSED

NOTES -

________

-

1. CABLE CORNER COORDINATES FOR DSX2OI FROM BNLDAC: IICRGAN 8 MAR 90.

2. THE COORDINATES WERE REFORMATED AND READ INTO THE IDEAS CAD PROGRAM
WHICH AUTOMATICALLY CREATED GEOMETRY FOR ALL THE CABLES.

3. .0086 IN. WAS ADDED TO INSIDE END OF INNER CABLE.

4, RECREATED CONDUCTOR POSITIONS USING AUTO-STACKING PROGRAM.
POINT FILE NMIE-d,c2Olb.pts, All WEDGE DIMENSIONS REMAIN THE SAME.

/suro2/hornelfiul ton/Ssc/292000b.dwg flC IOCAS AW LEVEL 4,1

TaERnlcEs
LItESS CTBSWIM S’ECIFIEO

SAIRILT
R.ROSSERT FERMI NATIONAL ACCELERATOR LAB

U.S._DEPARTMENT_OF_PERCY
NC.CI± rLAasfrs 1 TITLE

H.FIJLTON 18 APR 90 SSC 501*4 DIPOLE COLDMASS
DE

N. BARTLETT 4_ia_o0DSX2O1BW6733B CONDUCTOR PLACEMENT
S5D

R. BOSSERI’ 5-25-90 CROSS SECTION

0 IIS IONS MID TaERNa,
PER MIII YI4..5 ST
IIIEMALLSUWEt%I5.

,ana Tnhlfl 1257"

L&O 01 1!WIAL ML IIC I.0 BE!! V.I 0102-MB-292000 I Ia

.1

Figure 9



DESCRIPTION

MB-292055
HEATER STRIP KAPTON

MB-292048
INNER COIL CAP

+

Figure 10

MB-29 2051
WIDE INTERMEDIATE KAPTON MB-292o54

NARROW GROUND WRAP

A POSITION OF HEATER STRIP L&4Th IP-M-r
‘‘ AND KAPTON CHANGED W. 1. ?. IFXfl

M8-292051

MB-29 2053

MB-292054

MB-292O52
ERED GROUND WRAP

MB-292049
OUTER CAP

MB-292049
OUTER CAP

MB-292053
WIDE GROUND WRAP

MB-292052
CENTERED GROUND WRAP

ITESIR PMT IC. DESCRIPTION OR SIZE QT

PARTS LIST
INlEt 0110*1% TEIrICD: ERIlTITER H. FULTON
1. *LLOII*ITSISARE o.ni MICHAEL TATEIS-TI
k ococw
4. IN *iubflTIl.TAAIE ?PPIDVTO I1AA..j. 1dai %n

PSI *arMo4 Y. II. ILL USEO 01
I. CT 10*1.1 SIRIIIAC.
1. . MT. 1*01. na.

______________________________________

MATERIAl.
S. TILCITIRI Io0TTPIcATIITlI
RitIlIT.LIIcTOvIICI

FE1LI NATIONAL ACCELERATOR D.AEORATOI
UNITED STATES DEPARTMENT OF ENERGY

ssc

SSC 509*1 DSX2OIA DIPOLE COLDMASS
COIl. PACKAGING INSULATION ASSY

ASS BC LV
%*l lIL 114*11* 0-’

2X 0102-M8-’292047
CREATED WITH TDEAS 4.1 I USER NAME: MTATE

I;
,lfl,IlllJ l,,Illlll,,l,,...l.ll.lIIllIIJI IIj! IIIIIIAIIIIIIJIIIIJIIIIIIIIIIIIII1I 111111 IllIllIllIllIll 111111 1IIII1I’j Ili IIIIllI,Ifl,s4 111111101., 11wE5

..IIII * 11111 IlJ_PT_T1_Ill*II*IIrl_ij*l.AlIJIIII.l.II.llI 1111JIII1

1 4 5



44 j OESCNITI 04

A RADII & BURR NOTE ADDEDI ER 111%

16 GA.-
1.519
.060

QO.5I /.0201

DIE

NOTCH INCORPORATED IN ALL LAMINATIONS.
2. ALL LAMINATIONS TO BE PUNCHED WITH THE MAXIMUM

MATERIAL TNICKNESS COINCIDENTAL WITN POINTS F.G.& H.
1 ALL DIMENSIONS TO BE MEASURED AND INSPECTED TO

HIGHEST POINT ON EDGE PROFILE.
4 USE WATER SOLUBLE STAMPING LUBRICANT

ECK DRAWING COMPOUND OR EOUIV.
. ALL DIMENSIONS ARE SYMEIRICAL ABOUT CENTERLINE EXCEPT AS NOTED.
E. UNLESS OTHERWISE SPECIFIED. ALL TOLERANCES ARE I.IJXOII /005’.

PART WILL BE INSPECTED WITH TIllS DIMENSION CONSTRAINED TO IFS
NOMINAl VAlUE. THE rLATNESS WILl. nT INSPECTED IN ‘tIE FREE STAlE,

DET.A 4XSIZE

A

‘.397
1.143
.055
.045

ENLARGED VIEW OF MAXIMUM MATERIAL
CONDITIONS FROM DIE OPERATIONS

SSC 50MM COLD MASS
END CLAMP FILLER PACK

LAM I NAT I ON

____________

A

SEE DET. A
& NOTES 2 & 3

I .025/.001 ciIAIB©I
SEE NOTE 7

.251

.261

jjp2S/.D0I IAIBICI

1 24
.073

A
CORNER RADIUS DATA

SYMBOL RADIUS

1< 0.76/:03 MAX.

P .02/.04 MAX.

NO] ES

Figure 11

PAIIT $0 DICIIPTION OR SIZE Ior

J. STROll

_iL.JL..k IVTO"

44*05441 $101.10 SIEEL

- . ..., LI. ACCflflATOR LADORATOR
UNIEEB STATES DEPARTMENT OF ENERGY

SEC



*I.0254/.0O1 ®IA®j B®!
90.000°

3.175 /.125 PRECISION
MEASURING ROD

H I H

12.7 /.500
I+L0508/.002 ®IA®J

-1.575 /.062

127 /.005 PER FOOT
EXCEED .127 / 005

.427
.422

1 .000
0.999

NOTE:

1. ALL CORNER RADII
UNLESS OTHERWISE

5.969
5.918 A
.235 Lft
.233

ARO 1.016
rs-’ X 0.889

.040

.035

TO BE .254/.381
SPEC IF I ED.

TYP. 4 PL.

-.010/.015

2. OPTIONAL - 3657.6 MM / 12’-O" LG’S. TO MAKE

3. CLEAN AND HANDLE PER FERMI SPEC. #ES-107222

15180.000 / 597.638
SEE NOTE 2

Figure 12

UP 0.A.LG.

IT PMT . I BESCRIPT I ON OR SIZE

PARTS LIST
OTTO 070AREISE TPEOIEID: OR I OIItREDI I
I. ALL OIIRWSISII ARE DRAWN I R.I II IAILLI ASTERS.
5. YTLIIOCEI1 1 1

DIECRED kin3. OISRRISISAI *LSCT IPSO
4411 YII.54.IRIS. APPROVED4. REM TITETISTONS MIT

REPEl ERl ,Y. 4
I. 111001 41.1. c5tc’. USED OH
I. 00 $0T 5141.1 1114*101.
7. .401. ALL 01401

OIICI*lTll ICPIOMIO4IT
MATERIAL 304LN S .5.SILL ISUEI SIELTSCTTL#I501w

FElINE NAT I ONAL ACCELERATOR LABORATOR
UNITED STATES DEPARTMENT OF ENERGY

SSC

SSC 50MM LONG COLD MASS
FINAL ASSEMBLY
ALIGNMENT KEY

1021.0 I
‘I H"-"f 01O2-M9-292155 P

37.

.508
.020"

REV

1A NOTE 3 ADDED
RW ID/lIt
QcT T

FLAT WITHIN
TWIST NOT TO
PER FOOT

CREATED 01714 I_TEAS 4l IUr NAME! WECFCTRTN


