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PROJECT SUMMARY

CEN1RAL DESIGN GROUP (COG)

Magnet Program

The regular monthly Magnet Systems Integration meeting was replaced with a review of plans
for long magnet testing operations. In addition, a magnet-tunnel integration meeting focusing on
magnet handling and installation was held at FNAL.

The Magnet Industrialization Program was initiated by the July 21 publication in Commerce
Business Daily of a notice announcing Phase I of that program, Technology Orientation.

The mathematical analysis program concentrated on two issues: determining the changes in
prestress that occur when an NC-9 collared coil is inserted into its yoke and developing an

ANSYS model of the C358 cross section. Existing data on quench location using voltage taps
was summarized Reliability and availability studies continued, using new data from Tevatron
operations. Input for the COG cable database was received electronically from BNL, and a
decision was made to move the COG cable database to Sybase on a Sun computer to conform
with database activities in other groups at the COO.

A request for quotations for,additional cable measuring machines was issued, and a specification
for a cable insulating machine is being developed.

Accelerator Physics

The Accelerator Physics Division's efforts for July included the formation of a Correction­
Element Working Group, which will study various correction schemes and make
recommendations to the Parameters Working Group; ongoing efforts in the operational
simulation of the SSC; software modifications to lattice design programs in order to examine the
effects of finite beam-crossing angles; and additional dipole magnet specifications.

Conventional Facillties

The Conventional Facilities Division focused on concept and criteria development and on safety
documentation. Space and utilities requirements of the Magnet Testing Laboratory are beginning
to be understood. CAD modeling continues to be used to study requirements for collision halls
to house detectors described in various sse workshops. A new study was initiated of
transporting and handling equipment in the collider tunnel. Progress was made on defining the
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electrical load profile during a long maintenance period. Safety studies focused on the adequacy
of exits from the collider tunnel.

BROOKHAYEN NATIONAL LABORATORY (BNL)

DDOO10 was disassembled, and the cause of the short in the outer coil was determined.
Preparations are being made for reworking collars and other components for the eventual

reassembly of this magnet

Tests confirmed that the sliding action in DDOO15 works as intended.

DSS12 was tested this month and performed well. It reached a plateau of 6730 A at 4.35 K with
little training. Except for high-manganese stainless steel collars, this magnet is identical to
DSSl1.

Single cure tests on several 1.8-m coils were completed, and the procedure was documented.
Work continued on the modified-lead ramp splice.

A model incorporating quarter-inch-thick yoke laminations was tested, and orders were written
for thick laminations intended for a 1.8-m dipole.

A new long inner winding mandrel, a pair of short (1.8-m) inner and outer mandrels, and a new
short inner fonnblock are ready.

FERMI NATIONAL ACCELERATOR LABORATORY (FNAL)

DDOO14 was cooled.down at the Fermilab Magnet Test Facility. The first two spontaneous
quenches occurred at 6378 A and 6563 A The following eleven quenches at 4.3 K seemed to
plateau, but the quench currents varied by more than 250 A. These quenches occurred near the
ends and at the pole turn.

DDOO14 was the first magnet with the improved design B cryostat. The cryostat was heavily
instrumented in order to study the performance of the new cryostat features. Although only a
portion of the data has been analyzed, the cryostat appears to perform as expected

Dipole DDOOll is being mounted for test at MTF. This is the first long magnet to use the LBL

coil design.

A fault in the DDOO13 coil was repaired
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Procurement and assembly of the design-independent part of full-length dipole tooling is moving
ahead. The question of which magnet design to build with the new tooling is being re-examined
in light of recent magnet test results.

LAWRENCE BERKELEY LABORATORY (LBL)

IOC fabricated wire from two sse R&D billets with filaments 9 mm in diameter. This wirehas
good piece lengths and excellent Jc: between 2900 and 3000 Nmm2 at 5 T.

The precise cause for the low Jc values (2600 - 2700 Nmm2 at 5 1') and poor piece lengths
obtained in the most recent loe production billets remains unclear. To prevent delays in long
magnet fabrication while these problems are being resolved, alternate conductor is being
fabricated for use in magnets DDOO17 and DDOO18. which are scheduled for coil winding in
September.

Dour Metal has completed the minor modifications to the cabling machine required after the
acceptance tests in June. The machine will be shipped to NEEW in August.

The second reassembly of model D15A5, D15A5-R2, was completed with increased prestress.

Initial test results of dipole D15A-6, with copper-manganese alloy between filaments in both
inner- and outer-layer cables. included two thermal cycles to room temperature and extensive
testing of multipole decay at sse injection field of 0.33 T. At 4.3 K this magnet reached a
quench current of 6671 A on the third quench and a plateau current of 6890 A on the seventh
quench. The magnet memory is quite good: thermal cycling to room temperature produced only
a small reduction in quench current No significant decrease in quench current was observed
until the ramp rate exceeded 400 Als. Extensive measurements were made of time decay of the
magnetic field multipoles when the magnet current was held constant at 320 A for several hours
(as one might expect at beam injection).
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CDG REPORT

MAGNET PROGRAM

MagnetTest Facilities Review

There was no regular Magnet System Integration Meeting in July. Instead, a meeting to review

plans for single magnet test operations at FNAL and BNL was held at FNAL on July 19-20.
Included in the discussions were plans for such a capability at BNL, making use of the existing

MAGCOOL refrigeration system. The meeting was organized into three working groups:
cryogenics, software and database issues, and instrumentation.

Magnet-Tunnel Integration Meeting

On July 20 magnet program personnel attended a meeting at FNAL, organized by T. Toohig of

the COG Conventional Systems Division, to discuss methods of handling and installing

magnets. These issues will be pursued by the Conventional Systems Division through a contract

with RTK and in consultation with the Magnet Division, and may be expanded to include the

development of a preliminary design of the magnet support stands.

Industrialization

On July 21 an announcement was published in CommerceBusinessDaily initiating the Magnet
Industrialization Program (MIP). The announcement solicited responses from vendors interested
in eventually participating in the construction of complete magnet assemblies. The enG will

invite representatives of those companies to attend an introductory meeting at the end of August
It is expected that representatives from some companies interested in supplying parts or services
to the sse will also attend the meeting. Information packages will be sent to companies

responding to the announcement. Following the meeting, the COO will accept applications for
participation in Phase I of the MIP, which focuses on dipole magnets. During the first phase,
Technology Orientation, selected companies will visit the laboratories participating in the R&D
magnet program and will receive detailed instruction on the various processes used in the labs
during the construction of R&D magnets.

The later phases of the Magnet Industrialization Program cover the adaptation of the

magnets and tooling to industrial production techniques, and the eventual production of the
magnets. All of Phase Ill, the production phase, and the construction associated with Phase II
will be the responsibility of the Management and Operations contractor for the sse Laboratory.

That contractor has not yet been selected.

Following Technology Orientation, Phase II is expected to be initiated by the release of a
request for proposals for some initial industrial activities.
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Mathematical Analysis

Work continued on finite-element models of the collared coil. Calculations modeled the insertion

of an NC-9 collared coil into its iron yoke. Because there is a designed room-temperature

interference fit between the collared coil and the yoke, the coil must be compressed radially in

order to insert it into the yoke. Calculations indicate that the stress state of the coil is changed

appreciably as a result of this process, and that the largest effect is at the poles and midplanes. At

liquid helium temperature the interference between the collars and the yoke decreases, and

therefore the stress change in the coil due to radial compression decreases as well.

A calculation shows the loss in coil preload to be radially non-uniform. In an effort to
understand the cause of this non-uniformity, a study of the coils within a rigid cavity was begun.

Preliminary results point to the radial compliance of the outer coil, rather than an interaction with

the collar, as the primary cause of this uneven stress loss at the inner coil pole. Work is ongoing

in this area.

Work has begun on developing an ANSYS model of the BNL C358D cross section

patterned after the current NC-9 ANSYS model.
Since voltage taps have been incorporated into all recent magnets, a great deal of interesting

information has been accumulated about the location of quenches. In long magnet 000010, all

15 training quenches occurred in the straight section of the coil in tum 13, counting from

midplane to pole (this is the tum on the midplane side of the first wedge). In long magnets

000012 and 000014, as well as in short magnets DSSll and DSSI2, a large number of

quenches have started in the region of the splice that joins the inner and outer coils. To aid in

understanding these phenomena, an SSC Note summarizing quench locations in magnets,

beginning with LBL I-m magnet D 14B7, was prepared. Data were derived from existing

documents; no additional analysis was performed. As BNL magnets have only recently begun to

incorporate voltage taps, primarily LBL magnets are considered. LBL magnets, particularly the

D15A series, have had an unusual number of quenches in the outer coils, which have not been

seen so far in BNL magnets. The great majority of outer coil quenches are in the pole turn. In

the inner coil, mechanically-initiated quenches seem to occur with about the same frequency in
the pole turn and in the turns just beyond the first wedge. Finally, although there are numerous

mechanically initiated quenches in LBL magnets that might be in the ramp region leading to splice

or in the curved ends, insufficient analysis has been performed on the data to localize the

quenches with the necessary degree of precision.

MagnetReliabilityand ColliderAvailability

A new program of extraction of typical subsystem failure rates from additional new data from

recent Tevatron operations has begun. The object of these efforts will be to obtain improved

estimates of subsystem failure rates for use in reliability and availability analyses for the sse
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magnet system, particularly those currently being pursued by the Operations Research Center

group on the D.C. Berkeley campus.
Formal analyses of information expected to be gained from accelerated life testing of SSC

magnets continue.

Magnet Testing and DataAnalysis

CDG Magnet Division personnel assisted with the installation and checkout of magnet Dooo14

in preparation for testing. Due to a different configuration of voltage taps, changes were made to

the setup and to the software for checking voltage tap data. Changes were also made to software
for reading the expanded-format Cryologger data.

CDG personnel participated in the disassembly and examination of magnet DDOOIO. The

cause of the coil-to-ground shan appears to have been damage to the strip heater caused by a
combination of overvoltage and design weakness. The operation of strip heaters was

immediately changed at FNAL, and redesign is being considered.

Options for database tracking of magnet data were discussed., including data format,
computing requirements, and available programs.

Tooling Development

A review of the cable-measuring machine was completed, and bid packages were assembled A
request for quotations for the fabrication of parts for three measuring machines was sent to four
vendors; quotations are due by August 22. In the meantime, some minor design revisions are

being made because ofchanges in the cable measuring requirements. A purchase order for parts
fabrication is expected to be placed in September.

The CDG is formulating a specification for a magnet cable insulating machine. The plan is
to develop a sufficiently detailed specification to allow industry to design and fabricate insulating
machines that satisfy magnet design requirements. Meetings are being held with laboratory and
industrial personnel to obtain information on specification requirements. The specification is

expected to be reviewed and completed by the end of October.

Miscellaneous

Effects of periodic and random offsets of the local magnetic center from the arc followed by a
particle in the standard orbit are being studied Gravitational sag of the magnet between its
support posts contribute to periodic offsets; Assembly errors contribute to random offsets. The
degree to which the specified tolerances are saturated by these kinds of effects is being studied
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Computer Systems

The Magnet Division developed a billets database using dBase Ill, from the LBL Timeline cable
schedule. It is hoped that a consistent nomenclature for the superconductor billets will result
from this effort.

The first shipment ofBNL database information on superconducting cable electrical
properties, along with magnetization and cable-matching data, arrived at the COG Magnet

Division and was passed along to LBL. The Magnet Division has decided to combine all existing
cable data on Suns using Sybase.

ACCELERATOR PHYSICS

Correction-Elemetu Scheme

A Correction-Element Working Group, led by R. Talman and L. Schachinger, was formed to

coordinate studies of various compensation schemes, folding in practical engineering

considerations. The group's fmdings will be forwarded to the Parameters Working Group,
which will recommend options to be used.

There are four general candidate schemes. Two have correctors built into the individual
magnets: one has bore-tube windings and the other has correction coils placed at one end of the
magnets. Two have lumped correctors: one is the "Simpson-Neuffer' scheme and the other is

the "Gaussian Integration" method.

Another promising economy and simplification of the sse is being pursued in which weak
multipoles are compensated for only at large intervals, rather than in every cell.

Operations Simulation

A new 500-4/260 with 32 Mbytes of memory arrived at the CDG and should be operational by
the end of August, after the operating system on Pistachio is upgraded. This machine will
enhance our computer power, as its floating-point speed is approximately four times that of
Pistachio. The cluster now consists of three Sun-3/50s, one Sun-3/60, one Sun·3/140 with
floating-point accelerator (FPA), one Soo-3/160 with FPA, the new Sun-41260, and 1.5 Gbytes

of disk space.
The accelerator modeling and tracking code TEAPOT, which provides the operations

simulation with machine parameters, has been translated from FORTRAN to C. The two major
advantages to C in this case are portable dynamic storage allocation and ease of interfacing to

graphics and windowing software (invariably written in C). Dynamic storage allocation is

extremely valuable as the COO must simulate many sse configurations with varying numbers of

elements. A test suite for TEAPOT was also constructed with the help of software tools on the
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Sun that indicate whether each line of source code has been executed for a particular run. A

series of test inputs to check all of the important functions of TEAPOT was developed along with

a set of scripts to run these tests and compare the outputs of new and old versions of the program

automatically.

Beam Crossing Angle Control

The proton beams must cross at the interaction points at an angle in order to limit the long-range

beam-beam effects. To provide flexibility it is desirable to make this angle variable in the range

of zero to 150 .urad, with a nominal crossing angle of 75,urad. The present plan is to produce

this angle by activating dipole trim magnets in the experimental straight sections. Computational

tools have recently been added to the SYNCH computer program to determine the dipole

strengths needed to produce a specified crossing angle and, at the same time, to limit the

dispersion caused by the crossing.

Magnet Specifications

A detailed set of requirements for SSC dipole magnets is being developed on the basis of the

accelerator physics issues that arise throughout the acceleration/storage cycle. Tolerances and

requiredmeasurement accuracies of the multipole errors in the magnetic field, alignment,

temperature control, and many other parameters are being critically reviewed.

ACCELERATOR SYSTEMS

Dynamic Simulation Software

The final review of the dynamic simulation software contract was held at the COO July 14-15.

The program had previously been installed on the LBL VAX cluster and verified. It was

determined that the quench scenario used too little input energy (our fault-we gave Air Products
the wrong data). Increasing the input energy to the full amount caused the cryogenic system to

malfunction. After some valve and pipe modifications, the answers came out with no numerical
difficulties, indicating that the integrator used in the program is very robust: the input energy
changed by a factor of ten.

Before the review Mr. G. Fox of Air Products came to the COG to assist in installing and

debugging the program.

Cooling System for Synchrotron Radiation Heat

A new scheme was invented to remove the heat due to synchrotron radiation. A two-phase

cooling system to absorb the synchrotron radiation heat was suggested. By taking advantage of
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the heat of vaporization, a helium mass flow rate of a few gls in an additional annular passage
between the beam tube and the coils would be enough to remove the synchrotron radiation heat.

This is an attractive option because it minimizes the temperature rise in the coils along the cell

with respect to the present cooling method. However, the two-phase system could be complex

to control for heat load changes.
P. Vander Arend and R. Carcagno worked on a preliminary model for a two-phase cooling

system that requires vent lines at every magnet interconnecting region and a vapor return line to

collect the vapor generated. Other possible two-phase cooling systems, yet to be analyzed, are
one in which the vapor is not vented and remains in the annular passage for the cell length, and
one in which there is a liquid line that feeds liquid at every magnet interconnecting region in

addition to the vapor return line; with adequate conductance tuning, it would be possible to have
no pressure difference among magnets in a cell (and therefore no longitudinal coil temperature

difference in a cell).

R&D Magnet Test Laboratory

Meetings of the R&D Magnet Test Laboratory Working Group continued, and a better definition

of the requirements is taking fonn. It appears that a system with a full complement of ten test

stands will handle the requirements, and that this system could start with five or fewer stands.
Defining the refrigerator size is the next step, along with deciding how to split up the work

among various RFPs to take maximum advantage of industrial capabilities and competition.

Redesign ofSample Holder for SRC Photodesorption vs Temperature Experiment

Fabrication of the actual beam tube sample pieces has been held up until new plating samples

arrive from Silvex Company; the SRC run was therefore postponed to late September. New

samples are due in mid-August. Testing of the new sample holder should begin shortly after
arrival of the new beam tube samples.

Correction Magnet Prototype

A draft was written of a proposal to begin work at LBL on SSC primary correction magnet
design, under the control of CDG personnel. A proposal to write an RFP for correction magnets
to be built in industry was included. The main goal of the work at LBL will be to develop
knowledge ofcorrection magnet design within the COG. Information on the Tevatron correction
magnets was obtained and studied as a possible starting point for SSC correction magnet design.
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CONVENTIONAL FACILITIES

Magnet Test Laboratory Working Group

Several meetings were held of the Magnet Test Laboratory Working Group to coordinate

planning for the R&D Magnet Test Laboratory (MTL) on or near the final site. Having the
laboratory operational and the instrumentation adequately calibrated from the beginning of
industrial dipole magnet production may preclude construction of the laboratory on the site. The
Conventional Facilities division is trying to define the space and utilities requirements for a leased
building near the site. Space and utility requirements for an on-site laboratory are also being

examined

Safety Review Document

In preparation for a meeting in Washington with DOE (Chicago Operations, ER, and EH) to
discuss tunnel safety issues in the Safety Review Document, practices at existing comparable
locations (water conveyance tunnels in the Sierra Nevada and deep tunnels for experiments at the
Nevada Test Site) were examined with the help of RTK. Both examples are functionally similar
to the SSC in that they are unoccupied in normal operations and are entered only for inspection,
maintenance, and installation work. The distances between exits was found to be similar to or
much greater than those in the SSC design.

Electrical Load Profile Studies

The report on the electrical load profile for a 24-hour operating period of the laboratory was
completed by RTK and delivered to the COG. A profile was developed for the long maintenance

period during the model operating cycle. At a meeting on July 6, RTK was instructed to assume
that the 1-TeV test beams from the high-energy booster would not be operating in this period.
Copies of the 24-hour profile were sent to DOE and to utilities requesting the information.

CollisionHall Modeling Studies

Good progress was made on developing concepts for the collision halls required for the large 4-1t

detectors, using the modeling capabilities of the extensive Intergraph CAD systems at RTK. The
Kaiser Engineers' mechanical engineering department plays a principal role in this work. D.
Theriot from the CDF at Fennilab spent three days at the end of the month at the CDG to help to

clarify aspects of the model from the CDF experience.
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Tunnel Transport Modeling Studies

A second CAD study with RTK was begun to model equipment transport and handling in the
tunnel. Particular emphasis is on the large dipole magnets. This study is closely coordinated

with the Cryostat/I'unnel Interface Working Group. One important result expected is a
verification of the adequacy of the tunnel cross-section for installation and maintenance purposes.
A meeting was held on July 20 with Magnet Facility and Accelerator Support personnel at
Fennilab to familiarize the RTK project engineer with the magnets. their handling requirements.
and the constraints associated with operating in an accelerator tunnel.

Snowmass Revisited

Following up on the presentation of COG work on concept development for the collision halls.
meetings were held with experimenters at the end of the Study to gather their responses to the
development work:. Considerable discussion ofdetector parameters had ensued in the course of
the Study. particularly of requirements and parameters of Beauty spectrometers. Very useful
discussions were held with experimenters who had been studying these matters. Their insight
will be folded into the development ofconceptual designs for experimental halls.
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BNL REPORT

MODELMAGNETS

The shell of long magnet DDOO10 was cut open, and the cold mass was uncollared The cause

of the short in outer coil LLNO-16 was observed to be overheating of the strip heater, which

caused damage to the insulation and created a path to ground. Strip overheating was attributed

both to application ofexcessive voltage and to a design weakness. The collars for DOOO1O will

be reworked into tapered-key collars. Collars are on order in the central shops to provide three

strain gauge collar packs for DOROO1O, the reassembled version of DDOOlO.

Both the lead and the return ends ofDDOO15 were loaded to ensure that the collars can slide

freely in the OU channels. Load and deflection data acquired at both ends verified that the

collared coil does indeed slide freely.

Single cure tests on several 1.8-m coils were completed, and instructions for performing

the curing procedure were documented (These coils also incorporate a fixed, predetermined

shim.) The method will be implemented first in coils for DSS13, 14, and 15. Redesigned lead

ramp splice components were 40 percent completed; they will also be used in the upcoming batch

of short magnets, starting with OSS13.

Additional wedges for cross section C358D were received, and more are expected.

Discussions were held with the Nippert Co. on manufacturing wedges and tapered keys, and a

visit was made to their plant.

Assembly continues of the strain gauge compression fixture. It is expected to be
operational sometime in September. A complete hydraulic system for operating the press will be

purchased shortly.

A six-inch-long model incorporating quarter-inch-thick SSC yoke laminations was

assembled and tested. When the collaring press was released after the keys were installed,

excessive springback caused the midplane to open. resulting in loss of prestress. This is

believed to be due mainly to loose-fitting yoke pins. A retest is scheduled for early September.

The yoke will be reworked with press-fitted pins and tighter control of critical dimensions.

An order was written for 550 one-quarter-inch-thick iron laminations and 120 stainless
steel laminations, sufficient for one 1.8-m magnet as well as for the ends of another 1.8-m
magnet.

A meeting was held to review the latest interconnection design. Among the design features

agreed upon were stiffening the flexible joint, anchoring the cover at the movable end to the

buswork, and modifying the beam tube clamp/beam tube flange connection. Further work will

be done on the conductor leads. and a guideline on minimum clearances between electrically live

parts and ground (0.5 inches) was established.
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At Multiwire, ten thousand feet ofO.OI5-inch superconducting wire was processed for use

in the forthcoming set of trim coils. Orders were placed for various components, including 0-10
pole spacers for 9-m sextupole trim coils, bumper material and adhesive for FY89 magnets, and

PTFE glass filler. The latter will replace the material used in the trim coil package in DDO016

and will also be used in the bs and b4correctors for DDDO17 and succeeding long magnets.

Multiwire has delivered adhesive substrate with glass impregnation as high as 60 percent by

volume.

A conceptual design of the wann bore tube destined for FNAL was completed and

discussions were held with FNAL staff. Requests for proposals were sent out to various tubing

mills for producing stainless tubing. Anticipated problems with titanium welding will prevent the

use of titanium tubing for near-term SSC warm bore tubes.

Silvex has plated three 20-foot-Iong beam tube samples, and work is progressing on the

anodes for plating 6O-foot-long beam tubes.

Development of materials includes moldable polyimides and polyimide films. Dupont has

supplied samples of new polyimide materials with various percentages of glass filler, and tests

have been completed of samples of filled polyimide from the Rogers Co. They exhibited a

typical modulus of 1.7xl()6 psi and compressive yield in excess of 35 kpsi, but creep rates

appeared higher than for RX630. Filled polyimide films, such as Dupont XT and MT alumina­

filled Kapton, exhibit greatly improved resistance to puncture as the number of layers increases

compared with unfilled films.

TOOLING ANDFACILITIES

Coils

Both long winders and long wrappers were assembled in preparation for new updated 17-m
mandrels, using new stainless steel guard systems, hardened supporting mandrel shoes, wrapper

stiffeners, and other improved support elements. A new updated 17-m inner mandrel was

assembled and matched with its reworked inner fonnblock as well as with the winding and

wrapping machinery. New 1.8-m inner and outer winding mandrels were assembled and

matched with their respective reworked formblocks, A new 1.8-m inner fonnblock was also

assembled and matched with its mandrel. All fonnblocks and new mandrels were conditioned
using the oil heating systems of both curing presses, in order to drive out fumes from laminated

pieces machined in the central shops. Drawings for a portable safety hood for the curing press

and for the manifolds for the new 17-m inner and outer fonnblocks were finished and released to

the central shops. Work continues in the design room on the elimination of quick disconnects

and on the reduction of the number ofconnections in the hot oil system for the 17-m curing

press. Engineering work continues on the new 1.8-m curing press.
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Collars

Work continues on the tapered-key insertion system for the collaring press.

Shell

Preparations were made for starting the assembly of the longitudinal shell welding fixture in
August.

TestFacilities

Despite some problems with the CAD system, progress was made on the design of Mole C. An
overall layout was completed and awaits a formal design review. Design work was started on
the vibration damping system.

The interface connectors for the gas bypass systems were delivered for testing, and the

prototype titanium interconnects were fabricated. Work started on the prototype coil, on parts of
the gravity sensor and precision encoder, and on the gas bypass tubes.

A preliminary layout was completed of the trim coil test facility, and orders were written for
various components of the cryostat system.

SUPERCONDUCTOR

Cable Procurement

The balance of the cable for 000016 and for OSS 13, 14, and 15 was wrapped and awaits coil
winding. The RIlle turkshead assemblies on loan to NEEW from BNL for the manufacture of

SSC outer cable are still being used; it is not known when they will be returned

Tooling

Due to a heavy shop workload, delivery of parts for modifying the wrapping line will be
delayed, pushing the completion of this modification into September.

More precise material for making acceptable fiber glass splices in the field was ordered and
received, and an investigation of splicing tooling is under way.

Miscellaneous

BNL representatives met with the woven glass vendor for a tour of his plant and a detailed

discussion of quality assurance matters. It was agreed that an additional sample of woven fiber
glass will be furnished to BNL at no cost, to be used for winding a 1.8-m coil.
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TESTS AND MEASUREMENTS

DSS12 was tested. in the third week of July. This magnet hasthe same features as DSSll,
except for collars of high-manganese stainless steel. With little training the magnet reached.a
plateau of 6730 A at 4.35 K; subsequently it reached.7300 A at 3.8 K and 7780 A at 3.3 K. The
multipoles were as expected. except for a high in-phase quadrupole term.
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FNAL REPORT

DIPOLE CRYOSTAT

The cold mass precision skin requirements are being reviewed. particularly the function of the

skin in the alignment of the cold mass.

A revised cold mass connection-slide is being evaluated in terms of its physical size and

manufacturing simplicity. Under consideration is a slimmer upper cradle. which would increase

the clearance between the cold mass connection-slide and the 20 K shield. Models will be

evaluated for their structural integrity and sliding characteristics.
Long magnet DDoo14 was cooled down without any cryostat-related incidents. Problems

were encountered with the anchor tie bar instrumentation. The cryostat data obtained during

cooldown and operation will be analyzed and reported. Modal analysis of 000014 remains

scheduled for September.

Subassembly preparations were completed for long magnet DDoo13. Magnet assembly

was in process when an internal cold mass electrical short occurred. It is planned to use the

cryostat components for Magnet 000015.

Work on the vertical plane probe transporter continues. A model of a foot for the self­

propelled walker was built and will be evaluated for axial traction.

Plans to procure components for FY891ong-magnet cryostat kits were completed.

Procurement activities are now focused on materials required for the cryostat elements. such as

support post, anchor tie bars. insulation, and interconnections.

Work continues on magnet design for installation. Discussions were held with the COG

and a consulting firm that is developing a design for the magnet transporter. The vacuum vessel

will be modified to make it more compatible with transport. tunnel handling. etc.

Magnet stand design will incorporate knowledge of vacuum vessel length changes due to

ambient temperature variations gained from the installation and testing of 000014.

Industrialization preparations continue. It is hoped that documentation will be completed in

September.

MAGNETIC MEASUREMENTS

Dipole DDoo14 was cooled down and tested on stand 4. In addition to the standard magnet

instrumentation, extensive cryostat instrumentation was monitored during cooldown, operation,

and warmup, Thirteen spontaneous quenches were observed at temperatures between 4.3 and

4.4 K. The first quench occurred at 6378 A; the second at 6563 A. The others varied non­

monotonically from 6651 A to 6818 A. All quenches originated in upper inner tum 16 at the

magnet ends. The magnet was cooled to between 3.3 and 3.4 K. and four more spontaneous
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...

quenches were observed, all originating at upper inner turn 16 at the feed end. The quench

currents were 7478 A, 7170 A, 6827 A, and 7199 A.
In addition to spontaneous quenches, seven spot-heater quenches were induced at various

currents at 4.3 K and four more at 3.3 K. Several series of strain gauge measurements were

made at currents up to 6897 A. The magnet was then warmed to room temperature, and the

cryogenic system was turned off for maintenance and upgrading. The next cooldown will be

done with a larger-than-normal temperature difference across the magnet in order to study

bowing of the cryostat.
Dipole 000011 was mounted on stand 5, and the interconnects were welded and are leak

tight. Final mounting of the shields and closure of the vacuum shell are in progress. Since this

magnet. an LBL magnet, has instrumentation wiring and voltage taps significantly different from

the BNL magnet arrangement, modifications to the signal readout are necessary. Cooldown of

DDOOll is expected to begin near the end of August.

LONG MAGNET FABRICATION

Progress on PilotProduction Facility

The plumbing of heat exchangers to the building's air conditioning chilled water has not yet been

completed Final electrical components from BNL are awaited to complete the assembly of the

coil-winding machine. Assembly of the long tooling assembly table is progressing as parts

arrive. The drawing for the yoking and skinning press slab was completed by construction

engineering services. We are waiting for a copy of the drawing and specification to review and

approve. A meeting with representatives from "GTC" was held to discuss proposed hydraulics

for the yoking and skinning press and a needed electrical supply to the required pump.

DDOO13

On July 18 a heater-to-ground short was discovered in DDOO13. Disassembly down to cold

mass started on July 21 and was completed the next day. FNAL production technicians assisted
in the disassembly.

DDOO12

Dooo12 was received from MTF on July 15. Disassembly was started on July 20, so that cold

mass and cryostat parts could be returned to BNL when the next cold mass arrives. It was ready

for shipping on July 23.
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F Series Model Program

Magnet F2 is ready to be tested It has one coil-to-ground short but will be tested by insulating
the magnet ground from true ground. F2 has both LBL and BNL strain gauges and gauges on
the skin. There are no voltage taps on individual turns. It will be possible to determine the coil
in which a quench occurs, but not the individual turn.

Magnet F3 is ready to be collared Collaring will take place August 26. It has LBL coils,
LBL and BNL strain gauges, and strain gauges on the skin. F3 will have 41 voltage taps to
determine the position of the quenches.

Magnet F4 end parts are being machined at Fermilab's village machine shop. Inner coil
parts will be ready in early September. Winding of inner coils for F4 will begin then.

Coil compression gauges for NC9 inner and outer coils are complete. They will be
instrumented by August 26 and used to learn about stresses in the coil.

Analysis

A program to calculate energy deposition in arbitrary geometry and magnetic fields for SSC-type
incident energies is now ronning. A report on a study of energy deposition in a large generic

SSC detector should soon be ready for distribution.
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LBL REPORT

SUPERCONDUCTOR AND CABLE

IOC fabricated wire from two SSC R&D billets with filaments 9 mm in diameter. Part of this

wire was used to make cable at New England Electric Wire (NEEW), and the remaining 500

pounds were delivered to LBL as back-up. This wire has good.piece lengths and excellent Je:

between 2900 and 3000 Nmm2 at 5 T.
The precise cause for the low Je values (2600 - 2700 Nmm2 at 5 T) and poor piece lengths

obtained in the most recent IOC production billets remains unclear. At a meeting at IOC on July
12, the process history of these billets was thoroughly reviewed by the IOC staff, R. Scanlan

(LBL), and D. Larbalestier (University of Wisconsin). Niobium-titanium alloy, OFHC copper,

and billet assembly procedures will be investigated further. At present, the problems seem
confined to those two billets. To prevent delays in long magnet fabrication while these problems
are being resolved, alternate conductor is being fabricated for use in magnets DDOO17 and

DDOOI8, which are scheduled for coil winding in September.
Dour Metal has completed the minor modifications to the cabling machine required after the

acceptance tests in June. The machine will be shipped to NEEW in August.

MAGNET MODELS

D15A-5R2

The second reassembly of model Dl5A5, DI5A5-R2, was completed. Final coil prestress
values were 7800 psi for the inner layer and 8000 psi for the outer layer. The ends were

assembled with redesigned clamps (first used in D15A-6 assembly).

D15A-6

Initial test results of dipole D15A-6, with copper-manganese alloy between filaments in both
inner- and outer-layer cables, were reported in the June 1988 LBL-SSC Magnet R&D Report.
This magnet is the first with copper-manganese between filaments in the cables in both layers.
The complete test series included two thermal cycles to room temperature and extensive testing of
multipole decay at SSC injection field of 0.33 T. At 4.3 K this magnet reached a quench current

of 6671 A on the third quench and a plateau current of 6890 A on the seventh quench. The

magnet memory is quite good: thermal cycling to room temperature produced only a small

reduction in quench current. The quench current did not decrease significantly until the ramp rate
exceeded 400 Als.
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Extensive measurements were made of time decay of the magnetic field multipoles when
the magnet current was held constant at 320 A for several hours (as one might expect at beam
injection).

Flush-EndDesign

Second-generation molded lexan end spacers were incorporated into two test coils. Assemblies
were sectioned to examine conductor placement These present spacer shapes will be modified
slightly and used to wind coils for model D 15B-l.

Flared-End Design

Computer tools developed for the magnetic design were used to determine the (x, y, z)

coordinates of all turns around wedges, teardrops, and end pieces. Those coordinates will be
used in the NC machining of these pieces.

End pole teardrops were NC machined using data from two different analysis methods.

Tooling to wind coils will be complete in late August. Tooling to cure flared-end coils will be

complete in early September.

Analysis

A sensitivity study was made on the effect of block rotation on multipoles. The results (which
are published in SSC-MAG-209) show that the largest sensitivity to decapoles comes from
variations of the second wedge in the inner layer.

Clamped-Collar Model

A clamping system was tested that permits clamping of the yoke blocks against the collars during
magnet assembly and operation. Changes in coil stress, clamp force, and yoke mid-plane gap
were measured during assembly and after cooldown to 77 K.

Detail design was begun of a l-m curing press and parts for assembly of the laminated coil
tooling designed at Fermilab.
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1.1

1.2

1.3

1.4

1.41

TABLE C-1

CENTRAL DESIGN GROUP - SUPERCOLLIDER
v

JULY 1988 COST REPORT (K$)

MAT'L & MONTH YEAR TO ANNUAL
PROGRAM ELEMENT LABOR SERVICES G & A TOTAL DATE BUDGET
--_ ....---------. --- ......... -

ADMINISTRATION 140.1 87.9 6e.1 296.1 2596.4 3600.5

PROGRAM PLANNING & MANAGEMENT 22.9 2.3 8.7 33.9 463.7 554.0

ACCELERATOR R&D 223.9 142.2 108.5 474.5 4296.2 5891.5

CONVENTIONAL SYSTEMS DEVELOP. 54.8 -17.8 12.5 49.5 454.5 793.0

PROGRAM COSTS 441.7 214.5 197.7 854.0 7810.8 10839.0

RTK COSTS 0.0 7.8 0.0 7.8 39.7 130.0

CDG/RTK COSTS 441.7 222.3 197.7 861.8 7850.5 10969.0

COMMITMENTS 517.5
CHANGE IN COMMITMENTS (Delta) 27.1

TABLE C-2

BROOKHAVEN NATIONAL LABORATORY - SUPERCOLLIDER

JULY 1988 COST REPORT (K$)

MAT'L & MONTH YEAR TO ANNUAL
PROGRAM ELEMENT LABOR SERVICES G &A TOTAL DATE BUDGET
--_ ... _--------- -----_ ....

2.1 LONG MAGNET FABRICATION 45.3 59.4 63.5 168.2 2585.5 3600.0

2.2 TOOLING & FIXTURES 28.8 26.5 33.6 88.9 1908.2 2271.0

2.3 SHORT MODEL MAGNETS 20.6 0.0 12.5 33.1 311.9 375.0

2.4 INDUSTRIALIZATION 8.2 0.0 5.0 13.2 138.6 175.0

2.5 ACC. LIFE TEST (CRYO) 16.5 1.7 11.0 29.2 528.5 650.0

PROGRAM COSTS 119.4 87.6 125.6 332.6 5472.5 7071.0

COMMITMENTS 620.0
CHANGE IN COMMITMENTS (Delta) -14.0
EQUIPMENT COSTS 0.0 105.5 0.0 105.5 452.0 729.0
EQUIPMENT OPEN COMMITMENTS 182.8



TABLE C-3

FERMI NATIONAL ACCELERATOR LABORATORY - SUPERCOLLIDER

JULY 1988 COST REPORT (K$)

MAT'L & MONTH YEAR TO ANNUAL
PROGRAM ELEMENT LABOR SERVI CES G &A TOTAL DATE BUDGET
- .. ------ .. _-_ .. ----- --------

3.1 GENERAL 0.0 2.3 0.6 2.9 82.5 220.0

3.2 LONG MAGNET fABRICATION 33.3 24.6 16.9 74.8 1190.9 1242.0

3.3 MAGNETIC MEASUREMENTS 59.1 34.7 27.5 121.3 2052.5 1363.0

3.4 COLD MASS FABRICATION 8.3 8.0 4.8 21.1 533.9 2241.0

3.5 INDUSTRIALIZATION 6.7 1.4 2.4 10.5 75.5 214.0

3.6 CELL TESTS 0.0 0.0 0.0 0.0 0.0 0.0

PROGRAM COSTS 107.4 71.0 52.2 230.6 3935.3 5280.0

COMMITMENTS 363.7
CHANGE IN COMMITMENTS (Delta) 33.5
EQUIPMENT COSTS 0.0 0.0 0.0 0.0 79.9 271.0
EQUIPMENT OPEN COMMITMENTS 69.7

._-----------_._----------------_ .. _.._---_ ........... ----------------------------------_ ... -

4.1

4.2

4.3

4.4

4.5

4.6

TABLE C-4

LAWRENCE BERKELEY LABORATORY • SUPERCOLLIDER

JULY 1988 COST REPORT (K$)

MAT'L & MONTH YEAR TO ANNUAL
PROGRAM ELEMENT LABOR SERVICES G & A TOTAL DATE BUDGET"
------_ .. __ .... ----- --------

GENERAL 8.0 0.0 3.8 11.8 97.3 190.0

SUPERCONDUCTOR 13.5 26.3 14.5 54.3 516.0 750.0

QUADRUPOLE DEVELOPMENT 0.0 0.0 0.0 0.0 0.0 100.0

COMP. DEVELOP. & TESTS 63.9 0.6 31.0 95.5 1040.1 1175.0

INDUSTRIALIZATION 0.0 0.0 0.0 0.0 0.0 50.0

MAGNET R&D TOTALS 85.4 26.9 49.3 161.6 1653.4 2265.0

ACCELERATOR PHYSICS R&D 19.5 1.0 9.9 30.4 313.7 380.0

LBL/THEORY COSTS 104.9 27.9 59.2 192.0 1967.1 2645.0

COMMITMENTS 196.0
CHANGE IN COMMITMENTS (Delta) 53.0



TABLE C-5

PROGRAM SUMMARY· SUPERCOLLIDER

JULY 1988 COST REPORT (K5)

MAT'L & MONTH YEAR TO ANNUAL
PROGRAM ELEMENT LABOR SERVICES G &A TOTAL DATE BUDGET
........... --------- ....... --------

1. COG PROGRAM 441.7 214.5 197.7 854.0 7810.8 10839.0

1.41 RTK PROGRAM 0.0 7.8 0.0 7.8 39.7 130.0

2. BNL SSC PROGRAM 119.4 87.6 125.6 332.6 54n.5 7071.0

3. FNAL sse PROGRAM 107.4 71.0 52.2 230.6 3935.3 5280.0

4. LaL sse PROGRAM 104.9 27.9 59.2 192.0 1967.1 2645.0

TOTAL sse PROGRAM COSTS m.4 408.8 434.7 1617.0 19225.4 25965.0

COMMITMENTS 1697.2
CHANGE IN COMMITMENTS (Delta) 99.6
EQUIPMENT COSTS 531.9 1000.0
EQUIPMENT OPEN COMMITMENTS 252.5



TABLE C-6

MONTHLY AND CUMULATIVE SUMMARY OF PLANNED AND ACTUAL COSTS AND COMMITTMENTS

1.0 CENTRAL DESIGN GROUP - SUPERCOLLIDER
------- ------ ----- - -------------

MONTHLY FY MONTHLY FY MO ACT+ CUM ACT
PLANNED PLANNED ACTUAL ACTUAlS DELTA + CURRENT DELTA

DATE COSTS CUMULAT COSTS CUMULAT COMMITS COMMTTS COMMITS COMMITS
OCT 914.1 914.1 33.4 33.4 496.4 496.4 463.0 463.0
NOV 914.1 1828.2 747.4 780.8 572.4 1068.8 288.0 -175.0
DEC 914.1 2742.3 1221.6 2002.4 1199.6 2268.4 266.0 -22.0
JAN 914.1 3656.3 549.0 2551.4 478.2 2746.6 195.2 -70.8
FEB 914.1 4570.4 781.8 3333.2 995.0 3741.6 408.3 213.1
MAR 914.1 5484.5 931.9 4265.1 898.0 4639.5 374.4 -33.9
APR 914.1 6398.6 1129.4 5394.6 1398.8 6038.3 643.7 269.3
MAY 914.1 7312.7 893.1 6287.7 771.5 6809.8 522.1 -121.6
JUN 914.1 8226.8 701.0 6988.7 669.3 7479.1 490.4 -31.7
JUL 914.1 9140.8 861.8 7850.5 888.9 8368.0 517.5 27.1
AUG 914.1 10054.9
SEP 914.1 10969.0

2.0 BROOKHAVEN NAT'L LAB - SUPERCOLLIDER
---------- ----- --- - -------------

MONTHLY FY MONTHLY FY MO ACT+ CUM ACT
PLANNED PLANNED ACTUAL ACTUAlS DELTA + CURRENT DELTA

DATE COSTS CUMUlAT COSTS CUMUlAT COMMITS CCJIlMITS CCJIlMITS CCJIlMITS
OCT 589.3 . 589.3 498.0 498.0 2095.0 2095.0 1597.0 1597.0
NOV 589.3 1178.5 643.0 1141.0 995.0 3090.0 1949.0 352.0
DEC 589.3 1767.8 763.6 1904.6 632.6 3722.6 1818.0 -131.0
JAN 589.3 2357.0 894.9 2799.5 831.9 4554.5 1755.0 -63.0
FEB 589.3 2946.3 702.0 3501.5 516.0 5070.5 1569.0 -186.0
MAR 589.3 3535.5 708.7 4210.2 431.7 5502.2 1292.0 -277.0
APR 589.3 4124.8 265.8 4476.0 265.8 5768.0 1292.0 0.0
MAY 589.3 4714.0 287.7 4763.7 -326.3 5441.7 678.0 -614.0
JUN 589.3 5303.3 375.4 5139.1 331.4 5m.1 634.0 -44.0
JUl 589.3 5892.5 332.6 5471.7 318.6 6091.7 620.0 -14.0
AUG 589.3 6481.8
SEP 589.3 7071.0

3.0 FERMI NAT'l ACCEL LAB - SUPERCOLLIDER
._.~- .. _-- ----- --- - ----.. ~._----

MONTHLY FY MONTHLY FY MO ACT+ CUM ACT
PLANNED PLANNED ACTUAL ACTUALS DELTA + CURRENT DelTA

DATE COSTS CUMULAT COSTS CUMULAT COMMITS CCJIlMITS COMMITS CCJIlMI TS
OCT 440.0 440.0 314.7 314.7 792.5 792.5 477.8 477.8
NOV 440.0 880.0 390.6 705.3 353.1 1145.6 440.3 -37.5
DEC 440.0 1320.0 694.7 1400.0 462.4 1608.0 208.0 -232.3
JAN 440.0 1760.0 307.3 1707.3 465.3 2073.3 366.0 158.0
FEB 440.0 2200.0 720.2 2427.5 722.5 2795.8 368.3 2.3
MAR 440.0 2640.0 457.2 2884.7 566.6 3362.4 477.7 109.4
APR 440.0 3080.0 412.7 3297.4 410.5 3m.9 475.5 -2.2
MAY 440.0 3520.0 357.4 3654.8 297.9 4070.8 416.0 -59.5
JUN 440.0 3960.0 49.9 3704.7 -35.9 4034.9 330.2 -85.8
JUL 440.0 4400.0 230.6 3935.3 264.1 4299.0 363.7 33.5
AUG 440.0 4840.0
SEP 440.0 5280.0



4.0 LAWRENCE BERKELEY LAB - SUPERCOLLIDER
-------- -.. -.--- --- ...._---------

MONTHLY FY MONTHLY FY MO ACT+ CUM ACT
PLANNED PLANNED ACTUAL ACTUALS DELTA + CURRENT DELTA

DATE COSTS CUMULAT COSTS CUMULAT COMMITS COMMITS COMMITS COMMITS
OCT 220.4 220.4 230.5 230.5 662.5 662.5 432.0 432.0
NOV 220.4 440.8 191.1 421.6 191.1 853.6 432.0 0.0
DEC 220.4 661.3 135.9 557.5 135.9 989.5 432.0 0.0
JAN 220.4 881.7 263.3 820.8 175.3 1164.8 344.0 -88.0
FEB 220.4 1102.1 185.8 1006.6 135.8 1300.6 294.0 -50.0
MAR 220.4 1322.5 238.5 1245.1 165.5 1466.1 221.0 -73.0
APR 220.4 1542.9 213.9 1459.0 105.9 1572.0 113.0 -108.0
MAY 220.4 . 1763.3 81.3 1540.3 246.3 1818.3 278.0 165.0
JUN 220.4 1983.8 234.9 1m.2 99.9 1918.2 143.0 -135.0
JUL 220.4 2204.2 192.0 1967.2 245.0 2163.2 196.0 53.0
AUG 220.4 2424.6
SEP 220.4 2645.0

0.0 PROGRAM SUMMARY - SUPERCOLLIDER
__ ._. __ _ _ _ ~6 ___

.... ---------_ ..

MONTHLY FY MONTHLY FY MO ACT+ CUM ACT
PLANNED PLANNED ACTUAL ACTUALS DELTA + CURRENT DELTA

DATE COSTS CUMULAT COSTS CUMULAT COMMITS COMMITS COMMITS COMMITS
OCT 2163.8 2163.8 1076.6 1076.6 4046.4 4046.4 2969.8 2969.8
NOV 2163.8 4327.5 19n.1 3048.7 2111.6 6158.0 3109.3 139.5
DEC 2163.8 6491.3 2815.8 5864.5 2430.5 8588.5 2n4.0 -385.3
JAN 2163.8 8655.0 2014.5 7879.0 1950.7 10539.2 2660.2 -63.8
FEB 2163.8 10818.8 2389.8 10268.8 2369.3 12908.5 2639.6 -20.6
MAR 2163.8 12982.5 2336.3 12605.1 2061.8 14970.2 2365.1 -274.5
APR 2163.8 15146.3 2021.8 14627.0 2181.0 17151.2 2524.2 159.1
MAY 2163.8 17310.0 1619.5 16246.5 989.4 18140.6 1894.1 -630.1
JUN 2163.8 19473.8 1361.2 17607.7 1064.7 19205.3 1597.6 -296.5
JUL 2163.8 21637.5 1617.0 19224.7 1716.6 20921.9 1697.2 99.6
AUG 2163.8 23801.3
SEP 2163.8 . 25965.0
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2.0 BROOKHAVEN NAT'L LAB
Cumulatives in K$
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3.0 FERMI NAT'L ACCEL LAB
Cumulatives in K$
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4.0 LAWRENCE BERKELEY LAB
Cumulatives in K$
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0.0 PROGRAM SUMMARY SUPERCOLLIDER
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