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Abstract--Two major upgradesto the Fermilab accelerator
complex required the measurement of magnetic field strength
and shapefor alarge number of electromagnets and

per manent magnets. This paper describesthe software system
developed at Fer milab to measur e these magnets. The data
produced by this system was used to feed back information to
the magnet design and fabrication process, aswell asto help in
deter mining magnet placement within the accelerator.

The central framework of the measurement softwareisa
relational database management system (RDBM S). Tables
within the RDBM S ar e designed to stor e magnet design and
identification information, measurement prescriptions,
magnetic field strength and shape data, comment text entered
by measurement technicians, lists of instrumentation used
during measur ements, calibration constants used to convert
data to appropriate engineering units, and quality control
limits for measurement data.

The system employs a client-server architecturein which
measur ement computers, distributed at each of the magnet test
stands, retrieved measur ement prescriptions from the RDBM S
server, controlled the data acquisition hardware used torun
the measurement, and communicated measur ement data back
tothe RDBMS. Additional client software was developed to
apply analysis algorithms to the measurement data. These
clients run either at the test stand, or from analysts’
workstations. Standard tools provided by the RDBMS vendor
facilitated report generation, ad-hoc queries, and manual data
entry.

. SYSTEM OBJECTIVES

The measurement system was designed to meet the
following objectives:

+  Provide feedback to magnet design and fabrication.

«  Provide datafor magnet placement in the accelerator.

«  Allow quality control checks on magnets and on
measurement data.
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+  Support different measurement techniques (rotating
coil, flatcail, stretched wire, NMR, Hall probe), and
facilitate comparisons of data obtained by each
technique.

«  Allow flexibility to test magnets of various designs.

«  Provide reproducible measurement conditions for
magnets of the same design series, or for repeated
measurements of the same magnet.

+  Record dl significant details concerning the
measurement (data acquisition hardware used,
calibration constants used, observations of
measurement technicians, etc.) in a manner that allows
correlation with measurement results.

«  Support concurrent measurements of different subjects
at different measurement stations.

« Facilitate retrieval of measurement data and
comparisons of data for large populations of magnets of
similar design.

The use of an RDBM S was essential in meeting these
objectives. The tables designed for the measurement system
allowed for straightforward correlation between test
subjects, the measurement sequences used to test those
subjects, the measurement station at which each subject was
tested, the data obtained from the measurement sequences,
and all important details related to the measurements.

1. SYSTEM ARCHITECTURE

The architecture of the measurement systemis shownin
Figure 1. At the center of the system isthe RDBMS
(Sybase), which employs a distributed client / server
architecture. The RDBMS server, running on a Sun
SPARCs¢tation, responds to requests from clients running on
distributed computers to store and retrieve data from the
tablesin the RDBMS.
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Figure. 1 System Architecture

The principal client in the system is the data acquisition and
control software, which runs on individual computers at
each test stand. This client controls the measurement
sequence according to one of the prescriptions stored in the
database for each test subject and records measurement
results into the database. The data acquisition hardware
consists of VME, VXI and GPIB; the measurement
computers vary from diskless VME SPARC computers at
some test stands to SPARCstations with SBUS-to-VME
adapters at other test stands. Concurrent measurement of
individual subjects on different test standsis allowed.

The ability of the data acquisition client to follow
measurement prescriptions provides two major benefits.
First, measurement conditions are more repeatable, because
they are very automated. Second, awide variety of magnets
are capable of being tested by devel oping measurement
prescriptions that are tailored for each test subject. Rather
than devel oping code to perform each new measurement,
database table entries are made to drive the measurement.

Other clients that comprise the measurement system
include:

«  Dataentry graphical user interfaces for entering test
subject identities into the database and for identifying
which subject is being tested at each test stand.

« A graphical user interface for selecting which
measurement to run.

«  Graphical user interfaces for controlling the data
acquisition hardware.

«  Software to apply standard analysis algorithms and
quality control tests to measurement data

+  RDBMS vendor-supplied software to permit ad-hoc
queries, report generation, and miscellaneous data
entry.

All graphical user interfaces are developed using X-

Windows/ Matif. All programming isdonein C.

I1l. DATABASE DESIGN
A. Table Grouping

The database consists of some 250 tables and 1700
columns. To facilitate understanding of the tables, they are
grouped within the RDBMS according to function. Figure 2
lists the groups and their associated functions.

Group Function

subjects I dentifies test subjects, categorizing them
by their design.

logbook Stores measurement prescriptions,
historical record of measurement
activities.

harmonics Stores data acquired using the rotating
coil harmonics technique.

flatcail Stores data acquired using the flatcoil or
stretched wire techniques.

pointscan Stores data acquired using NMR, hall
field point measurements.

results Stores results of analyzing data from

harmonics, flatcoil and pointscan tables.

instruments Stores information about data acquisition
hardware used for each measurement.

calibrations Stores information required to convert
data to engineering units.

admin Stores administrative information, such as
personnel identification.

ramps Stores magnet current ramping parameters

currents Stores magnet current measurement data.

facilities Stores inventory of available data

acquisition hardware.

quality_control Stores information used to perform

quality control tests on measurements.

Figure. 2 Table grouping within RDBM S

B. Keys — Serial Numbers

Data within the tables are correlated using numerical keys
(serial numbers). These numerical keys are monotonically




increasing integers, automatically generated by stored
procedures in the RDBM S whenever new datais inserted
into atable. Storing the generated serial number as aforeign
key in any table from which arelation isrequired correlates
rows of datain different tables. A specific benefit of this
designisthat it facilitates correlating comments and data
assessments with any entity in the system.

IV. MAGNET MEASUREMENT PROCEDURES

A typical sequence for measuring a magnet consists of the
following steps:

1. Enter the measurement prescription into the database, if
not already there.

2. Runthe client to enter the magnet identity into the
subjects table.

3. Runthe client to identify which magnet is being tested
at the given test stand.

4, Select ameasurement prescription from the list of
available prescriptions stored in the database for the
selected magnet type.

5. Runthe data acquisition client, which interprets the
measurement prescription, acquires the measurement
data according to the prescription, and stores
measurement results into the database.

6. Runanalysisclients, which extract measurement data
from the database, perform analysis algorithms on the
data, perform quality control tests on the results, and
store analyzed results into the database.

7. Repeat items 4 through 6, as necessary, to complete all
required measurements for a given magnet.

V. SYSTEM APPLICATION

The system originally was developed to provide the
capability of measuring al of the magnets used in the Main
Injector upgrade to the Fermilab accelerator complex.
Before all Main Injector magnets were fabricated, however,
the concept of using permanent magnets in a beam transfer
line and in a storage ring was proposed, and the system was
pressed into service measuring permanent magnets for those
applications as well. The ability to create different
measurement prescriptions for different types of magnets
made the application of the system to the measurement of
permanent magnets strai ghtforward. The measurement
prescriptions also proved invaluable in the fabrication of
permanent magnets, which required repetitive measurement-
rework-measurement iterations to obtain the correct field
harmonics.

Throughout its history, the measurement system provided
valuable information about a wide variety of magnets used
in aseveral accelerators and accelerator subsystems.
Examplesinclude:

1. Feedback for the design of the end pack for Main
Injector dipoles[1].

2. Effect of lamination steel production lots on Main
Injector dipolefield strength[2].

3. Feedback for the design of Main Injector Lambertson
magnets[3].

4. Detection of fabrication errorsin LQF magnets for the
Antiproton source | attice upgrade.

5. Detailed measurements of old Antiproton source
magnets, such asthe SMA [4] and MDC, to help better
understand the machine performance.

6. Determination of the time dependence and temperature
stability of field quality of permanent magnets used in
the Fermilab antiproton Recycler ring [5].

7. Determination of the temperature dependence of field
strength of permanent gradient magnets for the 8 GeV
transfer line [6].

8. Determination of the longitudinal center of the field for
permanent gradient magnets for the 8 GeV transfer line
[6].

9. Measurement of the effect on field quality of adjacent
Main Injector dipole magnets[7].

10. Measurement of magnets for deployment in the
PET/RFQ linear accelerator of the Biomedical
Research Foundation of Northwest Louisiana[8].

11. Measurement of magnets for the Loma Linda medical
accelerator [9].

In total, approximately 2700 magnets of almost 180
different designs have been tested for about a dozen
different accelerators or accelerator subsystems.

VI. CONCLUSIONS

The measurement system met the objectives for which it
was designed. The use of arelational database was essential
in meeting the objectives by providing awell-organized
framework for capturing not only the measurement data, but
also the important details required for interpretation of the
measurement data. The system was flexible enough to
accommodate both high-volume production testing of
magnets with the same design, as well as one-of-a-kind
measurements of one-of-a-kind test subjects.
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