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1.0 Introduction

The Muon Barrel Toroid (MBT) for the Solenocidal Detector Collaboration (SDC) is an
octagonal cylinder made of 18,450 metric tons of steel. The shape, dimensions, magnetic
field, and overall tolerances are set in the MBT specifications to meet the physics goals of
the detector (see Appendix F). The engineering details such as piece size, piece orientation,
piece connection, support strategy, and tolerances must be selected to meet the
specifications with a safe, reliable and economical design. This document presents the
conceptual design for the SDC MBT. Future design work will refine and detail the long
and short bolted block concept into the MBT that will be built. This document highlights
some specific areas that will need further work in the preliminary design.

The long and short bolted block concept is the result of combining ideas from the three
conceptual design reports submitted to the SDC MBT Conceptual Design Review
Committee, from the committee’s recommendations, and from an independent study
funded by the SSCL (see Appendix A for references). This concept is certainly not the
only good way to build the MBT, but it is one way that appears likely to provide a high
quality, cost effective MBT for the SDC. While it is not possible to foresee every problem
that could arise at the concept stage, a great deal of effort has gone into the review of the
ideas in this concept.

2.0 Description of Concept

2.1 Block Assembly

In the long and short bolted block concept the MBT is assembled from 224 blocks of
three types. Appendix H contains drawings of the barrel assembly, the blocks, the plates,
and joint details. The top, bottom and two vertical sides of the octagonal cylinder are each
made from 37 trapezoidal long blocks. Each of the 148 long blocks has a length that tapers
from 7240 mm to 10240 mm, a height of 1500 mm, a width of 800 mm and a weight of
82.3 metric tons. The 45 degree sides of the octagonal cylinder are each made from 18
short thick blocks and one short thin block. Each of the 72 short thick blocks has a length
that tapers from 2998 mm to 5998 mm, a height of 1500 mm, a width of 1600 mm, and a
weight of 84.7 metric tons. The four short thin blocks have the same length and height as
the short thick blocks, but the width is 800 mm so the weight is 42.4 metric tons. The
location of the short thin blocks alternates from one end of the cylinder to the other as you
go around the octagon. The short thick blocks tie each 800 mm thick octagonal ring to the
adjacent up stream ring in two places and to the adjacent downstream ring in two places.
Using thick short blocks keeps the piece count near the minimum by keeping all the block
weights near the limit of the lifting capacity of a 100 short ton crane.

The blocks are made up of trapezoidal plates with a height of 1500 mm and a thickness
of 160 mm. These plates will end up with their large faces perpendicular to the beam axis
in their assembled position. The long blocks are made from 5 plates held together with 12
bolts and two pins. The short thick blocks are made from 10 plates held together with 8
bolts and four pins. The short thin blocks are made from S plates held together with 8 bolts
and two pins. There are a total of 740 long plates and 740 short plates. The bolts serve to
flatten the plates as well as hold them together. The pins prevent the plates from slipping
due to vibration loading from machining, transportation, and installation. The pins also
provide a stronger material for the corner bolts to thread into. There are a total of 2,384
flattening bolts and 616 pins.
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The blocks are held to each other with comer bolts and Z bolts. There are eight corner
joints in each octagonal ring. At each of these joints a long block must be connected to a
short block. The large area of the plates that make up the blocks are perpendicular to the
joint. Each plate has one counterbored through hole and one tapped hole on each end. The
corner bolts pass through the clearance hole in the plate of one block, perpendicular to the
joint and into the threaded hole in the plate of the other block. The bolts used are high
strength due to the large moments at the corners. There are a total of 2,960 corner bolts.
There are some problems with threading high strength bolts into soft magnetic steel. The
anti-vibration pin is placed in line with the corner bolts so the threads can be made in the
alloy material of the pin. There is also a considerable shear load that must be carried by the
joint. The friction at the joint can carry much of the shear but a shear step is included in the
design. The long blocks have a 25 mm notch that accepts the 25 mm bump on the short
blocks. This shear step also aids in the assembly process. The Z connection of the blocks
is partially accomplished with overlap of the short thick blocks. The short blocks are also
bolted together in the Z direction. Each short block is connected to the adjacent short block
by 6 bolts. These bolts go into pockets on one block, through a holes in the last plate of
the block, into the holes in the adjacent block, and nuts in the pockets in the adjacent block.
The bolt pockets are three plates long while the nut pockets are only one plate long. This Z
connection can be used to pull the blocks together. The pockets can be plugged with
magnetic iron for operation of the magnet. The bolts can be inspected and retightened as
required. In all there are 432 Z bolts.

2.2 Toroid Material

The material used for the barrel will most likely be 1010 steel from the U.S.A. or A-87
steel from the U.S.S.R. Some material properties are included in Appendix D for A-87.
The bolts should be high strength to reduce the area of steel with poor magnetic properties.

The pins should have sufficient strength to develop the full strength of the corner
bolts. Due to their large diameter the magnetic properties of the pin should also be
considered in material selection.

2.3 Fabrication

The fabrication of the MBT will start with hot rolled steel plates. The plates will be
nominally 160 mm thick. It may be possible to use side rollers to control the plate width to
1500 mm. The rough shape of the plate would be cut with an Oxy-Fuel torch. The
pockets for Z connection can be rough cut along with the profile. It may also be beneficial
to rough in the pin hole. The plates would then have the flattening bolt holes, flattening
bolt counterbores, rough pin holes, and possibly a reference surface machined. The plates
would be stacked, pressed, and bolted together into blocks. The blocks would be
inspected to insure the gaps between the plates are small enough to meet specifications.
The plates for the blocks that make up the central three rings will need to be machined on
their large faces before assembly to prevent projective gaps at the center of the MBT. The
first operation on the assembled blocks will be to line bore the pin hole and press or shrink
fit the pin. The pin will keep the relative alignment of the plates before, during, and after
machining. The joint faces of the blocks and the large faces of the blocks will need to be
machined. Since the short thick blocks span two long block faces at the corner joint, it may
be desirable to machine the joint faces of adjacent large blocks in pairs to reduce the step
and slope variations that the thick short blocks need to bridge. The other block faces may
also be machined depending on the surface quality achieved in the forming and cutting
process. After the joint face is machined the holes for the corner bolts can be made.
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Machining details for muon chamber track mounting, calorimeter track mounting, coil
mounting, end toroid support connections, and barrel toroid support connections should be
added as required. The premachining of as many details as possible will reduce the
assembly work in the hall. As the blocks are completed they will be inspected. The first
group of blocks produced will be used to do a vertical test assembly. This assembly will
be completed and approved before additional blocks are fabricated. The purpose of the
vertical ring assembly is to verify the comner joint design and manufacturing. After
successful completion of the vertical ring assembly, completed blocks will be checked as
ring assemblies horizontally or vertically. The block fabricator will deliver the blocks to
port in groups for shipping. ,

2.4 Transportation

The completed blocks will be transported by boat to a port on the gulf coast of Texas.
The main storage facility for the blocks will be at the port unless it is shown that major
storage at the SSC site is more economical. There may still be a need for some surface
layout/storage area for the steel on site. When the hall has been completed to the point of
beneficial occupancy, blocks will be shipped to the site. Trains will be used to take the
blocks in sets of 12 from the port storage area to a side rail at the train terminal in
Midlothian. Heavy haul trucks will be used to take the blocks from the train terminal to the
head house. The blocks will be lowered directly into the hall. The buffer for assembly will
be the 25 m by 31 m area at each end of the detector pit. The blocks will be unloaded from
the ship and loaded onto the trains with port cranes. Unloading from the train and loading
onto the trucks will be done with jacking and skidding. The blocks will be lowered into the
hall with the head house crane.

2.5 Installation of Assembly

There are 224 blocks to assemble into the MBT. At a rate of 4 blocks per day the
assembly would require 56 work days (a little less than 3 months). Allowing time for start
up and errors suggests a five month schedule. By starting in the center and working out it
will be possible to use two crews operating the two hall cranes. Each crew has four hours
to orient, lift, position, place and bolt a block. This is ambitious but certainly possible.
The first phase of assembly will be to install all the long blocks for the bottom octant. This
will tie the MBT to it's support while there is a minimum amount of evenly distributed
load. The next phase is the installation of the short blocks for the two lower 45 degree
octants. These blocks should be installed alternately from side to side to keep the structure
balanced. The Z connection between these blocks should be completed to provide some
stability for the upper structure as it is completed. Temporary supports may be needed to
align and support the blocks as they are being installed, but they should not be needed after
the block is bolted into position. A thin piece of aluminum measuring S mm by 29600 mm
by 2121 mm is installed on one of the joint surfaces of the short thick block. This will be
used to measure the uniformity and magnitude of the magnetic field. The remaining five
sides of the octagon are assembled one ring at a time using a support frame that holds the
blocks in position while they are bolted together. The frame would ride on the three
completed sides of the octagon. The frame would need to be adjustable so it's size could
be reduced for moving to a new Z position and increased to an "undeflected” position for
ring construction. The corner bolts will need to be installed and tightened as each ring is
assembled. The stability of the rings in Z is provided by the completed lower 3/8 of the
barrel. When all the rings are completed, the remaining Z connections can be installed.
After assembly the bolts should be checked for tension and retorqued if needed.
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2.6 Toroid Support

The support for the MBT will be two plates radially projective from the beam line.
There will be one plate supporting the full length of each of the bottom corners. The
support will need to have an adjustable height so the detector can be kept on beamline even
if the floor moves. An initial concept for the details of the MBT support is included in
Appendix B.

2.7 Toroid Coils

The coils for the MBT will drive the iron to an average flux density of 1.8 T. There
are two coils on each side of the octagonal cylinder for a total of 16 coils. These coils will
need to be assembled onto the barrel after the steel is completed. To accomplish this the
coils are constructed as two half coils that each are joined by a mechanical joint at each end.
An initial concept for the details of the MBT coils is included in Appendix C.

2.8 Cost and Schedule

The cost and schedule for the MBT are important considerations. The cost estimate for
the long and short bolted block concept is presented in Appendix E. The cost estimate was
based on all U.S. vendors. A conceptual schedule is also included in Appendix E. The
schedule has some flexibility. The preliminary schedule provides for completion of block
delivery for an assembly start up April, 1996 and a five month assembly time from the
completion of support installation to the start of coil installation.

3.0 Block Options

The basic concept described above uses short thick blocks arranged to help tie the long
blocks together in Z. This concept means the rings are no longer free to move
independently. The advantage of this is that the MBT will act more as one homogeneous
structure. The disadvantage is that there is a greater potential for tolerance problems and
non-uniform loading from deflections during assembly. If further investigation shows the
disadvantages outweigh the advantages, then the location of half the short thick blocks can
be shifted to make 19 independent rings 1600 mm thick. Eighteen of the rings would be
made up of 8 long blocks and 4 short thick blocks. The remaining ring would contain 4
long blocks and 4 short thin blocks. This shift keeps the advantages associated with the
lower 224 piece count allowable with short thick blocks. A design that uses all short thin
blocks (822 mm thick) and all long thin blocks (822 mm thick) has a piece count of 288
blocks. By machining the long blocks in pairs it should be possible to reduce tolerance
problems so the short thick blocks can be used.

4.0 Corner Connection Options
The long short comer joint has the advantage that the bolts are perpendicular to the
joint. However, the load on the bolt is not pure tension. The shear at the joint is carried

mostly by the shear step.

Some of the shear is carried by friction in the compression side of the joint. As the
joint slips to load the shear step, a secondary moment will develop in the comer bolts. To
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reduce the slip that the bolt has to contend with it may be a good idea to change the shear
step to a shear key at the center of the joint contact area. A key would require less
machining, but the tolerance issues for a key are more complicated. The slip from a tight
fitting key would be less since the distance to the bolt would be less, but the strain would
be the same. A key made up of two wedges would insure a key with a tight fit.

High strength bolts are needed in the corner to carry the loads. Special provisions
must be taken to insure that the full strength of the high strength bolt is developed in its use
with soft magnetic steel. One way to insure this is to use an alloy rod as a nut. In this
concept the alloy rod serves both as a nut and as a pin to lock the plates together. If this
idea is discarded for some reason, the spiralock thread form should be considered as a way
to develop the full strength of the high strength bolts with specially tapped threads in mild
steel. The other end of the bolt should also be considered. The washer under the bolt
should be sized so the soft iron is just at it's yield point when the bolt is at proof load. If
an overload condition develops at the bolt the soft iron could yield to relieve the load
instead of breaking the bolt.

The bolts used for the corner can be socket head caps, hex head caps, or some special
bolt. Since the magnetic steel has a low yield point, the bearing area of the head needs to
be large. While a hex cap provides a large bearing area, the tools required to tighten a
conventional M56 hex cap are large and heavy. An alternative would be to use a multi-
jackbolt tensioning device such as Superbolt. The heads on these bolts have a ring of
tapped holes filled with small jack bolts around the perimeter. The advantage of this
system is that the torque required to tighten the jack bolts can be applied by a single person
with a hand wrench while the hex caps would require a hydraulic wrench.

The shear connection between the plates comes from the friction created with the bolt
pattern and the shear in the pin. With the bolt pattern in the conceptual design the bolts
alone do not create enough friction to prevent the plates from slipping relative to each other
if a block is handled roughly. There are concems that the boring and assembly of the pin
may be a difficult operation. Another possibility for additional shear connection would be
to mill slots and install press fit keys in the ends of the blocks. With this alternative a more
loosely fitting barrel nut could be used. Placement of the keys to carry the shear in both
directions is important.

5.0 Z Connection Options

The staggering of the short thick blocks in this design provide some Z connection.
The floor and support design will help determine what level of Z connection is required. A
flexible toroid has the advantage that it can conform to a changing support configuration
without developing high stresses. There is a lower limit to stiffness that is adequate to
prevent the rings from toppling over like dominoes. The moving calorimeter and muon
forward toroids could produce sizable axial loads. The short Z bolts in pockets between
the short thick blocks provide a substantial Z connection that is accessible even after
assembly. However, the pockets present a magnetic gap that needs to be filled with a plug.
Instead of bolts in pockets, Z bolts that go through the block into the adjacent piece could
be used. These would have to thread into the steel of the other block. Special threads such
as Spiralock or threaded inserts would be needed. This type of special thread could also be
used with the pocketed Z bolts instead of the pocketed nut. An alternative way to connect
the short blocks would be to use high strength plates parallel to the beam line on the surface
of the steel. There is 200 mm between the steel surface and the muon chambers in many
places. The plates would be attached to the steel with bolts and pins that go through the
cover plates and into holes in the steel blocks. These bolts and pins would carry the loads
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in shear and friction. This idea does not present a way to preload the joint. Still another
idea is to run cables or bolts from one end all the way to the other end of the toroid. This
requires large holes in the blocks that line up from one end to the other. These cables
would be installed and tightened at the end of the assembly so temporary Z restraint would
be required.

6.0 Transportation and Assembly Options

The transportation plan outline above assumes the blocks are delivered by boat. If for
some reason the blocks are fabricated in the U.S. it may be better to do all the
transportation by rail. Storing the blocks at port is an attractive idea since ports are often
set up to handle large pieces efficiently. Storing the blocks on site at the SSCL would most
likely require some ground preparation, additional handling, and additional crane purchase.
Even with port storage some surface area may be required on site for layout and/or storage.

The use of the Midlothian train terminal is based only on the recommendation of one
vendor. A study of the truck routes from the train terminal to the site needs to be done. It
may be that a train terminal farther away has a more direct truck route due to weight
limitation on roads and bridges. It would be very nice if the SSCL decided it needed a rail
head at the site location. Rail service to the site would certainly benefit the MBT, but it
could also help other systems and other detectors. The use of the train cars as a buffer at
the train terminal was suggested by the rail company. The height of the rail car allows
simple jacking and skidding to be used to move the blocks from the rail car to the truck.
While it is certainly possible to use a crane for this operation, the expense of crane rental
and hooking up the rigging for each block is not necessary. The unloading of the blocks
directly into the hall has two advantages. First, the amount of surface crane coverage is
minimized. If the blocks are stored in a buffer on the surface, this buffer must have crane
coverage. Second, the closer blocks are stored to the final use point the better. If the
surface crane should have a problem and the blocks are stored above ground assembly
must stop. With in hall storage, work could continue. There may be conflicts with
accelerator assembly or hall utility installation with an in hall block buffer. If this is the
case a small above ground buffer with crane coverage will be needed.

While it may be possible to assembly the MBT completely from the center out with
complete ring segments, there is a problem with this approach. The support is loaded very
unevenly from the center out. This will affect the load distribution in the support, and will
make it very difficult to install the the end bottom blocks.

7.0 Preliminary Design Issues

The design process has been taken far enough to check the feasibility of the concept
presented above. The preliminary design effort should optimize the design and verify it
through methodical analysis of all relevant issues. The concept should be maintained
through the preliminary design unless a fatal flaw is found. The following list contains
items that were identified as needing detail study in the conceptual design process. As the
preliminary design matures, other issues will no doubt be identified.

7.1 Block Size

Verify that the limit for a block of 100 short tons including rigging is the right size. As
the block size increases the cost for cranes, and crane supports increase, but the number of
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pieces required is reduced. The reduction in piece count produces savings in machining,
bolt count, and assembly time. The effect on transportation cost is unclear since the price
per piece rises while the number of pieces falls. The 100 short ton number should only be
changed if there is significant economic benefit since, it affects many systems.

7.2 Plate Thickness

Optimize the plate thickness. The plate thickness determines how many plates there
are, the load required to flatten the plates, and the maximum size bolt that can be used in the
corner. As the plate thickness increases, the flatness tolerances achievable at the steel mill
degrade, and the plate stiffness increases, resulting in a rapidly increasing load requirement
for flattening. As the plate thickness decreases, the number of plates required increases and
the diameter of the bolt that can be used at the corner decreases. The number of bolts that
can be placed in a line of bolts is inversely related to the diameter. The strength per bolt is
related to the diameter squared. The net result is that the strength of a line of bolts is
directly related to the diameter of the bolt. The strength required for the corner bolts will
set a minimum diameter. That will also set a minimum plate thickness. The 160 mm plate
thickness used in the conceptual design is a first pass at a plate thickness compromise.

7.3 Plate Attachment

The flattening bolt size, flattening bolt pattern, and shear connection between the plates
need to be studied. The initial bolt size and location shown on the drawings in Appendix H
are based on a two dimensional flattening analysis of plates made to ASTM standards.
While there is some information available on the U.S.S.R. plate included in Appendix D,
more information will need to be gathered. A three dimensional analysis that deals with
plate curvatures will also need to be done to size the bolts. The required shear connection
between the plates, and the effectiveness of both the pin and bolt friction in carrying this
shear need to be investigated.

7.4 Corner Bolting Details

Select the bolt diameter, bolt grade, hole size, rod alloy and thread detail. The analysis
to date has been mainly two dimensional and static. There will be loads on the corner bolts
resulting from tolerance variations on the blocks and floor motion. To study these loads a
three dimensional model will need to be used. The additional corner bolt loads resulting
from magnetic forces, the calorimeter, the muon chambers, and the forward toroids will
also need to be considered. The M56 size used in the conceptual design is more than what
is required to just react the moment at the corner due to gravity, but it may not be large
enough for all the unaccounted loads.The pin in the concept acts as both a shear pin and a
nut for the corner bolts. The diameter, material , and location of the pin need to be studied
in conjunction with the corner bolting.

7.5 Z Connection
While the short pocket bolt concept was used in the conceptual design, the alternative
presented in the options section should be considered. The first step in selection is to

determine the actual amount of connection required. The main problem will be determining
the possible loads resulting from floor movement, but calorimeter and forward toroid loads
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should also be considered. As with the corner bolt load determination, a three dimensional
model that includes tolerance effects is needed.

7.6 Transportation

The transportation method is almost entirely a matter of cost and logistics. However,
some decisions need to be made up front since they affect the surface facility layout. The
scenario presented in the conceptual design requires a 100 short ton surface crane and a
driveway. The final sizing of the surface crane should consider the size of crane required
for other portions of the detector and the cost of short term crane rental. The storage
provisions of ports and the railroad terminals should also be investigated more completely
in the near future. If on site above ground storage is required, it will have a significant
impact of surface facilities. The truck routes available for this size load will also need to be
investigated.

7.7 Assembly

The interaction of the support and the MBT during assembly is very important. A
study of the loads at all the stages of assembly is needed. While fixtures have been studied
for large blocks and thin plates, no fixtures have been designed for the medium size blocks
proposed in the conceptual design. The logistics of the assembly process, including crane
interference, fixture installation and storage, personnel access, block storage, overlapping
accelerator activities, utility requirements, piece installation order, etc...will need to be
investigated.

7.8 Cost and Schedule
The management of the SDC will insure that frequent cost and schedule updates are

performed. This is of course a very important design issue. Some cost sensitivity study
has already been done and is reported in some of the references listed in Appendix A.

7.9 Magnetic Analysis

Since this is a magnet it is important not to lose sight of the magnetic performance in
all the mechanical and accounting details. Some investigation will need to be done on the
magnetic impact of the pins, flattening bolts, corner bolts, and the chosen Z connection
method. The magnetic effects of the gaps between the plates has been studied a little, but
this issue should be revisited and documented completely. On a larger scale, the effects of
this magnet on the overall system including the end toroids, the superconducting solenoid,
and fringe fields will need to be studied. The magnetic field will also have forces
associated with it. Studies performed during the conceptual design suggest these forces
will be about 10% of the gravity forces. These forces need to be defined and included in
the mechanical model. The details of the magnetic uniformity and magnitude measurement
need to be refined and the plate and probes need to be designed.
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7.10 Support Base Interface

The geometry, connection, and loads at the support base interface should be agreed
upon by the MBT steel designers and the MBT steel support designers. The loading
during the assembly may be particularly important.
7.11 Calorimeter Interface

The geometry, connection, and loads at the calorimeter interface should be agreed
upon by the MBT steel designers and the calorimeter designers. The dynamic loading
during the assembly may be particularly important.
7.12 Muon Forward Toroid Interface

The geometry, connection, and loads at the muon forward toroid interface should be
agreed upon by the MBT steel designers and the forward steel designers. The dynamic
loading during the assembly may be particularly important. Transfer of magnetic loads
from one toroid to the other will also need to be investigated.
7.13 Coil Interface

The holes required for the coil mounting should be specified by the coil designer and
approved by the steel designer.
7.14 Muon Chamber Interface

The holes required for muon chamber mounting and alignment should be specified by
the muon chamber designers and approved by the steel designers.
7.15 Utility Interfaces

There will be penetrations through the steel for other systems such as the solenoidal
magnet and possibly some cables. These penetrations may be of significant size.
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Appendix A - List of References from MBT Review Process

Many reports were written for the conceptual design review process. There is a great
deal of information in these reports that may be useful to the preliminary design process.

1. SDC Muon Barrel Toroid Conceptual Design with Large Blocks, Jeff Cherwinka,
February 21, 1991, University of Wisconsin Physical Sciences Laboratory and
Superconducting Super Collider Laboratory.

2. SDC Muon Barrel Toroid Conceptual Design with Large Blocks, (View graphs), Jeff
Cherwinka, February 28, 1991, University of Wisconsin Physical Sciences Laboratory
and Superconducting Super Collider Laboratory.

3. Conceptual Design of the Muon Barrel Toroid Steel for the LOI Option 1 SDC Detector,
L.I Dittert, February, 1991, ICF Kaiser Engineers, Inc., Oakland, CA.

4. Conceptual Design Studies of the SDC Iron Toroid System (I), A. Maki, et al.,
December, 1990, KEK, National Laboratory for High Energy Physics.

- 5. Conceptual Design Studies of the SDC Iron Toroid System (II), A. Maki, et al.,
February, 1991, KEK, National Laboratory for High Energy Physics.

6. Feasibility of Large Block Design for the SDC Muon Barrel, Jeff Cherwinka, September
17, 1990, University of Wisconsin Physical Sciences Laboratory, SDC-90-00121.

7. SDC Muon Barrel Toroid Conceptual Design Review, W .R. Edwards, et al., March 25,
1991, Final Report of the Review Committee, SDC-91-00015.

8. SDC Muon Steel Trade Study Evaluation, T. Adams, et al., March 31, 1991, Science
Systems, Martin Marietta Astronautics Group, SSC-91-Z-11103.

9. Visit to Izhorsky Zavod, Jim Bensinger, et al., Dec 16 - 21, 1990, Superconducting
Super Collider Laboratory.
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Manufacturing:

.lbh:q:kybvodpopousbusemnnoydcﬁmwdukﬂ. The composition of this
L )

C<.1% Mn.3-6 Si.12-35; P<.025SS.025; Crs.4; Nis.5; Cus.4

lnadenoprovidemsonablemagmﬁcgopana‘ we may need to specify an alloy
different from this. We did not discuss different alloys with Izhorsky Zavod.

Rolling:
Rollin ‘Machinin 7, o

gh(mm) liﬁ 12,000 ﬁ'%‘ |

Width (mm) 5,000 5,000 ,000

5
Thickness (mm) 500 2,000 3,000
Weight (tonnes) 90 220 220

The plate mill can handle pieces up to 90 tonnes for an initial weight. Since the initial
piece must be about 1.8 times the final weight, the maximum final weight is about 50
tonnes. With special handling to reduce waste, slightly heavier plates may be possible.
The maximum 1nitial thickness is 1100 mm. The maximum dimensions are 500 mm
for thickness, S m for width and 15 m for length (subject to weight limit mentioned
carlier). The mill provides a rolling force of tons and a torque of 3600 Nm. In
between passes the plate is rotated to keep it rectangular. Plates can also be flipped over.
Defects between 5 and 5 mm are removed with flame cleaning. High pressure (150 MPa)
water jets are used 0 remove scale. On a final production plate 300 mm thick the scale
remaining would be about .5 mm on each side. Shears and gas plasma cutting are used ©
shape the final plate. mcmremetluipmenuﬂowscmtingplnesupwlwmmmick. To
increase the capacity t0 450 mm thick would require some modernization. Post rolling heat
treatment is used to anncal the plates. Plates up to about 150 mm thick can be straightened
by "bending"; thicker plates can only be improved through machining. The use of plates of
thickness above 100 mm may require machining in order to meet flatness requirements.
Each of the options must be evaluated to determine the extent of machining required.

The following table shows some flatness values as a function of thickness. The
definition of various symbols is shown in the figure.

—

PR—— |

[Tolerance t w Xmax | X expect ~ Improvement
Thickness | Width | Flamess | Flatness Method
Imm | AOmm | 22m | Smm Zmm flatien when welding
1l mm 100mm | 22m Smm 2mm flaten when welding
2 mm 150 mm 1.5m 2mm no treatment
1 mm 150 mm 1.5m 2mm abrasive blasting
+2-3mm | 200mm 22m 10 mm Smm machine needed
3 mm 300 mm 22m 12mm 7mm . machine needed




TESTAB7.XLS

Magnetic Tests of A-87 Steel by Westinghouse Electric - Test #12838, Sample #2
H(Oe) B Jgauss) B (T) Permeabilit

50[ 15500 1.550| 3118
100 17180 1.718[ 1718
200 —_167i0] 1871 _ 93.55
300 19740 1974 658
400] 20370  2037] 50925

Magnetic Tests of A-87 Steel by Westinghouse Electric - Test #12838, Sample #3
H(Oe) B (gauss) B (T) Permeability
50] 15790 1579 3158
100 17630 1.763 176.3
200 19260] 1926 963
300 20340 2034 67.8
400 20970 2.097 52.425

|
Magnetic Iests of A-87 Steel by Westinghouse Electric - Test #12838, Sample #31457
H(Oe) B (gauss) [B(T) Permeability
50/ 16300] 1639 3278
100 17880 1.788 1788
200] 19250 1925 9625

300 20280 2028 67.6

"4(@0e 20900 209 5225

i et

Magnetic ] T%sts of A-87 7 Steel by Westinghouse Electric - Test #12838, Sampie #38248
H (Oe)_ B (gauss) B(T)  |Permeabilty |

16390' 1639 3278
1001 17780 1.778] 1778
2001 19250 1925 96. 25|

———-

300 20230 2.023] 67.43333 T
400/ 20850' 2085 52.125 |
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wBs

311
31141
31114
3112
- 31143
31114
3.1.1.15
31.1.16
3117
3112
3.1.1.21
lr22
311.23
311.24
3113
3.1.1.31
31132
114
311449
3.1.1.4.2
31143
3.1.1.8
3.1.1.6.1
3.1.156.2
31163
3.1.154
311856
3.1.15686
31157
31.158

Description

Barret Toroid

Magnet iron

Short Thick Blocks

Long Blocks
Short Thin Blocks
Comer Bolts

Ring Pre-Assembly
Fhdures/Tooting
Transport %o Port of Origin
Transportation to Site
Transport %o Port of Entry
Storage

Rall o SSCL

Heavy Hauling to Hall Shaft
Z-Connectors

Block Boits

Cables

Colls

insulated Copper Colls
Supports

interconnects

Magnet Barrel Support System
Inclined Plates
Truss & Bracing

Girders

Floor Plates
Pre-Assembly

Cables

500 MT Horizontal Jacks
900 MT Vertical Jacks

Materials
(Ks$)
28086.64
16818.83
4567.02
8951.69
67.56
124.32
0.00
644,00
1484.24
4785.38
2847.14
80.64
146424
393.34
7168
18.14
53.54
3730.43
0.00
0.00
0.00
3680.54
426.91
34.40
451.32
60.91
0.00
192.00
768.00
1260.00

Manutfacty
57

5063.79
3341.05
104431
16856.80
8.52

0.00
60.35

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
1722.74
99.02
85.19
231.93
17.40
1680.64

267.76
448.26

Mat. +
it

33150.63
19150.88
5611.33
10837.29
76.08
124.32
60.35
1186.27
1484.24
4785.28
2847.14
80.64
1484.24
303.24
71.68
18.14
53.54
3730.43
0.00

0.00

0.00
6403.28
525.93
119.59
683.25
87.31
160.64

1035.76
1726.26

Edia
(KS$)
6957.72
3047.35
886.39
1708.87
11.85
21.87
4.61
168.39
267.57
841.79
500.84
14.19
257.57
69.19
9.42
0.00
9.42
1032.77
0.00
0.00
0.00
1026.39
12291
71.82
1680.67
4061
44.42
3187
176.78
260.78

Edia
(%)
15.2
13.7
13.8
138
134
14.9

74
116
14.9
14.9
14.9
149
14.9
14.9
116

149
21.8

189
19.0
375
18.0

52
218
109
145
13.1

Subtotal  Conting.  Continy

(K$)
39108.38
22207.25

6497.72
12345.96
87.93
146.19
84.97
1342.68
1721.82
5627.17
3347.98
94.83
1721.82
462.54
81.09
18.14
82.85
4763.20
0.00
0.00
0.00
6420.66

649.83

191.41

843.92

92.13
2056.08
200.81

1211.52
1987.02

(K$)
8428.50
4631.13
1326.49
2550.68
18.07
20.47
1299
349.09
344,98
977.28
669.60
237N
22384
60.13
11.356
2.64
8.81
1619.49
0.00
0.00
0.00
1189.25
90.98
26.80
118.15
12.90
28.71
58.18
242.30
397.40

(%)
218
208
204
20.7
205
14.0
19.9
2.0
200
173
20.0
25.0
13.0
13.0
14.0
14.0
14.0
340

18.5
140
14.0
14.0
14.0
14.0
20.0
20.0
20.0

'Total
(K$)

47538.88
26838.38
7824.21
14905.62
106.00
166.68
77.98
1691.75
2066.18
6604.45
4017.58
118.54
1945.66
522.67
02.44
20.68
nrs
8382.69
0.00
0.00
0.00
7618.90
740.81
218.21
962.07
105.03
233.77
348.97
1453.82
2384.42



was

3.1.159

3.1.1.5.10
31151
311812
31.1513

Description

Load Celis

Hydraulic Control System
Alignment System
Electrical/Mechanical System
Lifting and Placement Fixtures

Materials
(K$)
128.00
70.00
180.00

70.00
10.00

Manufacture Mat. +

(5]

4483
41.84
167.35
41.04
51.04

Mln(tf(krbw

17263
111.84
347.35
111.84

81.94

Edia

(KS$)

025
24.76
60.38
24.75
21.24

Edia
(%)
109
18.1
148
18.1

Subtotal
(K$)
193.88
136.58
407.73
136.58

83.18

Conting.  Conting.
(K$) (%)
38.78 200
3278 240
9788 240
3278 240
1165 140

Total
(KS$)
23268
169.38
505.50
169.36
94.83



SSC Laboratory Physics Research Division

DC - n roi il n

- Approved Conceptual Design ... October 1991

- Technical Review ... March 1992

- Technical Proposal Complete (Preliminary Design) ... April 1992
- Detail Design Complete ... April 1993

-  First Steel Piece Made ... January 1994

- Last Steel Piece Made ... September 1995

-  Begin Installation ... March 1996

- Installation Complete ... November 1996

J. L. WESTERN 9/20/91



ig Block n Steel ion

Fabrication, Assembly & Instaliatio 1991 ° 1992 1993 1994 1995 1996
Preliminary Scheduie

{Muon Toroid Design
Develop conceptual design (@
Approve conceptual design
Design muon toroid

Perform technical review o
Technical proposal complete O
Detalled design complete o

Q0O

IContracting Action for Stsel Procurement
Notice to procesd with sleel procursment o
Bid coniracts for plate fabrication
Award contracts g

[Fabricate Laminate Plates

Rough cut laminate plates A

Oxy-fusi cut ends snd netches "X
Deliver plate sels to bleck sssembier 4

Assemble Bilocks
Assembis first block

v AV
Verity first block dimensiens &
i

Assemble first ring of Mecks

Pre-assembie vertical ring of blocks %
Weld remaining plates Inte blocks

Machine surfaces

i

Drill and tap holes - A .
Deliver blocks to storage Pas

ig Blocks

Transport blocks to she
Recelve and stage biock sets ever UG hall

Lower blocks into U/G el =Y

nstall Blocks

Posltion and bolt into place 5=

Remove tooling and fixtures g

ICentral Torold Compilete

Begin coll installation o3

jng ' Thursday, September 19, 1991



Typica

SDC Muon Steel Fabrication, Assembly and Installation
for the Big Block Steel Option

PRELIMINARY DRAFT
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Barrel Steel Definitions and Specification Proposal (Version 2.6 6/16/91):

1) Definition of 1.8 Tesla field: Integral B (cross) dl = 1.5 meters * 1.8
Tesla as measured along a muon trajectory from the IP through the midpoint
of any face of the magnet. (theta = 90 degrees and phi = 0, 45, 90, 135,1
80, 225, 270, 315, and 360 degrees)

2) The dimensions of the toroid steel will be specified by the integration
group. The current values from the Muon System Proposal (April 19, 1991)
are: inner flat-to-flat = SI (mm), outer flat-to-flat = SO (mm), steel
thickness = T (mm), length = L (nmm), mass = M (Kgm), weight.= W (short tons).

parameter Scint. Cal.
SI 14,480
SO 17,480
T 1,500
L 29,600
M 18,450,000
L 20,340

3) No part of the actual toroid steel will extend outside an envelope
centered on the nominal IP and toroid axis with inner IP-to-flat " (SI/2) -~
15 mm™, outer IP-to-flat " (S0/2) + 15 mm", and length IP-to-end " (L/2) + 15
mm® .

a) length change for the barrel toroid from a 10 degree Centigrade
temperature rise is approximately 4 mm.

b) This specification includes static deformations of the barrel toroid.
c) This specification includes the motion when the magnet is energized.

4) The floor of the hall is parallel to sea level and the beam crosses the
hall at a slight vertical angle (~1 mrad at Interaction Region 1) The axis
of the toroid will be along the beam line and the rails in the detector
hall will be parallel to the floor. The rails in the toroid will be
parallel to the axis of the toroid. Any adjustments necessary to keep
calorimeters and tracking chambers on beam line will be in the supports of
the calorimeters.

5) Ray tracing: Any ray from the Interaction Point through the steel must
experience 98% of the nominal steel dimension along that path. No gap may
be greater than 3 mm.

a) The concern here is the background spray from the calorimeter and the
field integral near eta = 0. This may be revised on the basis of studies
of (i) trigger rates, (ii) backgrounds,, and (iii) chamber occupancy by the
muon group. - e

6) Permeability: The permeability must be equal to or greater than 138 ag
1.8 Tesla.

7) Any laminates of the steel must be parallel to the flux lines.

8) Floor motion: After removal and reinstallation of the intermediate
toroids and the central calorimeter the toroid should return to its
previous position to within 3 mm everywhere. This includes mechanical
alignment, inelastic and elastic deformations. The maximum settling of any
part of the floor under the toroid over a 10 year period will be 50 mm down
and 25 mm up. Adjustments on the base of the toroid will accommodate this
floor motion. Periodic adjustment of the base structure of the toroid to
bring it within 3 mm of nominal should be made.

a) Adjustment to maintain muon chamber alignment will be made via the
chamber mounts.



b) The proper specification for floor motion is quite uncertain and will
have an impact on hall costs. Final specification will depend on the final
Interaction Region chosen and geological studies which will not be
completed for at least a year. The necessary information may not be known
until the hall is actually excavated.

9) Movement of the magnet when the field is turned on will be less that
1.5 mm for any point on the magnet.

a) Estimate of the change of radius due to magnetic hoop stress is about
100 microns. How the change of stress at the joints changes the barrel
toroid shape is to be determined.

10) Pre-assembly of every vertical section (the exact definition of this
is dependent on the assembly method chosen) at the manufacturing site.
Bolting, not welding, will be the assembly method in the hall for major
pieces of the toroid.

a) The pre-assembly requirement could be replaced by a complete assembly
of one vertical section and a check of every piece to a templet. In
addition to the verifying that everything fits properly we want to verify
that the material behavior calculations are correct.

b) The concerns with substantial welding in the hall are: (i) How are
the welds verified in situ. (ii) will we have an EMI problem with other
things that are going on in the hall, in particular calorimeter testing?
(iii) 1If welds fail they will be hard to repair. (iv) How will we handle
the dust and smoke that are created in hall?

11) The field will be calculated by measuring the permeability of
individual pieces as manufactured and then the final field will be
calculated from this data. Verification will be done by having nonmagnetic
plates with probe holes in the toroid at several locations.

8) Included in the magnet design will be a suggested method for
determination of the magnetic field.

b) The tolerance on field measurement accuracy is tentatively set at 3%.
The issue is what level of systematic errors are allowed.

c) The tolerance place to place variations are tentatively set at 3%.
The issue is variation of trigger efficiency.

12) This item will become the number and location of alignment holes to be
specified by the muon group. Other penetration must be specified by the

solenoid coil builders and calorimetry groups. The intention is that this
item will become be a list of all of the magnet penetrations.

13) This item will be a description of the support locations and loads for
the:

a) Muon chambers and muon trigger scintillators.

b) Intermeidate Toroids.

c) Calorimeters.

d) Magnetic loads from the solenoid that are not negligible.

14) The design of the barrel and intermediate toroid will include a
suggestion for how the muon chambers are installed and mounted.

15) This item will be a description of the structural support.
a) Design of the supports will be done in consultation with the AGE firm



and lab geologist and be within the constraints established by the
integration group.

16) Coil Specification. This item will become description of the coils and
coil placement. 1Included is the location of the coils on the magnet,
mounting arrangement, and stay clear regions.

17) It is not intended that the muon toroid will have to be disassembled in
the hall and no specific provisions will be made for that eventuality.

18) The toroid will behave as a single mechanical unit under the influence
of floor motion or other perturbations. There will be no discontinuous
motion of separate parts of the toroid.
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SDC Muon Barrel Toroid Conceptual Design Parts List

1 Complete Toroid
148 Long Blocks .
98 Long Block C’Bore Plate
(4 of these are special for the cryogenics notch)
(24 of these are extra flat for the central rings)
444 Long Block Thru Plate
(2 of these are special for the cryogenics notch)
(36 of these are extra flat for the central rings)
1776 Long Block Bolts
(M56 x 725 long bolt with one nut and two washers)
296 Pins
72 short Thick Blocks
144 Short Block C’Bore Plate
(12 of these are extra flat for the central rings)
288 Short Block Thru Plate
(24 of these are extra flat for the central rings)
288 Short Block Notch Plate
(24 of these are extra flat for the central rings)
576 Short Thick Block Bolts
(M56 x 1530 long bolt with one nut and two washers)
288 Pins
4 Short Thin Blocks
8 Short Block C’Bore Plate
8 Short Block Thru Plate
4 Short Block Notch Plate
32 short Thin Block Bolts
8 (rSG x 725 long bolt with one nut and two washers)
Pins
432 2 Bolts
(MS56 x 390 long bolt with one nut and two washers)
2960 Corner Bolts
(M56 x 430 long bolt with one washer)
1 Non-magnetic shim assembly (Alum. or §.8.)

SDC Muon Barrel Toroid Conceptual Design Operations List

Complete Toroid
Complete Blocks
Long Block
Assemble 5 plates into block
Oxy-fuel cut flates to shape
Predrill 12 block bolt holes per plate
(36 thru holes and 24 thru holes
. with counterbores per block)
Rough drill 2 gin holes per plate
Inspect plate for flatness and thickness
Machine Surface (2096 + 2096)mm x 800mm]
Machine Surface 25zm x 800mm)
Machine Surface 10190mm x 1500mm)
Machine Surface 7240mm x 800mm)
Machine Surface 25mm x 800mm)
Machine Surface 10190MM x 1500mm)
Machine Surface
Machine Surface
Machine Surface
Bore 2 pin holes [150 diameter x 800 deep)
Drill and counterbore 10 corner bolt holes
Drill and tap 10 corner bolt holes
Drill and tap 60 track mounting bolts (M20 x 40 deep)
** not shown on drawings **
Drill and ream 24 track mounting pins (25 x 60 deep)
*+ not shown on drawings *+
Drill and tag 16 coil mounting holes (M20 x 40 deep)
*+ not shown on drawings #*+*
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Machine Short Thick Block
Assemble 10 glates into block
Oxy-fuel cut plates to shage
(6 plates without notches and
4 Ylates with notches per block)
Predrill 8 block bolt holes per plate
(64 thru holes and 16 thru holes
with counterbores per block)
Rough drill 2 pin holes per plate
Inspect plate for flatness and thickness
Machine Surface A [2096mm x 1600mm)
Machine Surface 25mm x 1600mm)
Machine Surface 5998mm x 1500mm]
Machine Surface 5998MM x 1600mm)
Machine Surface 2096mm x 1600mm]
Machine Surface 25mm x 1600mm)
Machine Surface 5998mm x 1500mm])
Machine Surface 3069mm x 1600mm}
Bore 2 pin holes [150 diameter x 1600 deep]
Drill and counterbore 20 corner bolt holes
Drill and tap 20 corner bolt holes
Drill thru 12 Z bolt holes
Drill and tap 40 track mounting bolts (M20 x 40 deep)
*% not shown on drawings #*+
Drill and ream 16 track mounting pins (25 x 60 deep)
** not shown on dtawings b
Drill and tap 32 coil mounting holes (M20 x 40 deep)
** not shown on drawings *#*
Machine Short Thin Blocks
Assemble 5 plates into block
Oxy-fuel cut plates to ohagc
(4 plates without notches and
1 Ylates with notches per block)
Predrill 8 block bolt holes per plate
(24 thru holes and 16 thru holes
with counterbores per block)
Rough drill 2 gin holes per plate
Inspect plate for flatness and thickness
2096mm x 1600mm]
25mm x 1600mm]

5998MM x 1600mm]
2096mm x 1600mm]
25mm x 1600mm]

XQuMOOwW

Machine Surface

Machine Surface

Machine Surface

Machine Surface

Machine Surface

Machine Surface

Machine Surface 5998mm x 1500mm)

Machine Surface 3069mm x 1600mm)

Bore 2 pin holes {150 diameter x 800 deep]

Drill and counterbore 10 corner bolt holes

Drill and tap 10 corner bolt holes

Drill thru 6 Z bolt holes

Drill and tap 20 track mounting bolts (M20 x 40 deep)
** not shown on drawings #*+

Drill and ream 8 track nounting pins (25 x 60 deep)
** not shown on drawings *

Drill and tap 16 coil mounting holes (M20 x 40 deep)
®** not shown on drawings *+

Assemble blocks into rings 1600mm thick for inspection
(The first ring must be vertical but others may
be horizontal
Other machining that is not on every block

Plates for the central ring will need to be machined
flat. This require machining two surfaces on
120 plates to a flatness of +/- 0.5 mm.
** not shown on drawings #*

The block on the bottom (37 long blocks) will need
have a pad machined on them for resting on the
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support base. There will also be 16 - M20 x 40 deep
holes per block for holding the legs in glace.

These blocks will also need to have a pad machined
for the calorimeter track to rest on. There will

be 16 — M20 x 40 deep holes per block for holding
these legs in place as well.

** not shown on drawings **

There will be two special long blocks at the top that
have notches to allow the cryogenic line to come
through the steel. The crgogenic notch in each of
the two blocks is 230mm x 91 . This does not work
out well with 160mm thick plates. 1In this location
two 160mm x 1500mm x 10190mm Slates should be
replaced with two 230 mm x 1500mm x 4640mm plates
and one 90mm x 1500mm x 10190mm plate. Some
additional bolting may be required.

** not shown on drawings **
Transport Blocks to Texas Port from U.S.S.R
Load blocks onto rail car at manufacturing plant
Transport rail to port
Unload blocks from rail car at port and onto ship
Transport by ship from U.S.S.R port to Texas Port
Transport Blocks to Site from Texas Port
Unload blocks from ship at port and put into storage
Load blocks from storage onto rail car
Transport by rail to local rail terminal
Store on rail cars at local terminal
Unload block from rail car onto heavy haul truck
Transport bx truck from local rail terminal to top of hole
Unload block from truck and lower into hall
Store block in hall or use immediately
Rig Blocks into Position
Pick up block in hall
Set block on orienting fixture (block must be correct side up)
Lift block in correct orientation
Set block in position on assembly fixture
Install Corner Bolts
Install corner bolts as blocks are positioned
Retorque corner bolts after complete assembly
Install Z Bolts
Install bottom corner bolts as blocks are installed
Install top corner bolts after all blocks are positioned
Retorque corner bolts after complete assembly
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