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Introduction

The Model 692 is developed for measurement of the strength
and quality of multipole magnet fields, for magnetic centering,
and for precise calibration of the position of alignment targets
or surfaces on the magnets. The measurement system has been
designed with the aim to perform precise, fast and reliable mea-
surements of series of magnets. Care has been taken to ensure
that the mechanical constructions have sufficient stability
against and is insensitive to vibrations and thermal expansion.
With computerized routines for prealignment, harmonic mea-
surement and data analysis, magnetic centering and alignment,
the need for operator intervention during the actual measure-
ments and data evaluation is minimized.

The design of the Multipole Magnet Measurement System, is a
slightly modified and updated version of that used by CERN for
the measurements of the magnetic lenses for LEP.

Fig. 1: A model 632 measuring bench in use.

The Danfysik Multipole Magnet Measurement System, Model
692, is a high precision device for testing magnetic field quality
of multipole magnets.

Main features
Magnetic flux integration using the harmonic coil method
High resolution and accuracy of amplitude and angle measurement
Optional compensating coil for high sensitivity of higher har-
monics for larger measuring coils
Fully automatic centering and measurement procedure
Accurate calibration of the position of alignhment targets or
surfaces using measuring arm
Magnet current measurement and prepared for Power supply
controller
Custom designed coil dimensions to match specific magnets
Design based on CERN (LEP) concept

Measurement principle
The measurement system is based on the "harmonic coil method”
in which a mechanically stable cylinder holding the main measur-

ing coil is rotated inside the bore of the magnet. The induced
voltage across the coil terminals is sampled and integrated over
equally spaced angular intervals. This measurement provides an
accurate determination of the integrated field and the magnet
center position.

In order to achieve high sensitivity to higher order harmonic
components and to reduce influence from mechanical vibrations
a compensating coil with a different geometry is mounted on
the cylinder (excluded for smaller diameter coils). This coils is
designed in such a way that a combination (subtraction) of the
two coil signals is insensitive to the main and "main-1" harmonic
while a high sensitivity of the higher harmonics is maintained.

Description

The mechanical layout of the magnet measurement bench is shown
in fig. 2. It consists of three major subassemblies, rotating coil
assembly, magnet positioning system, and alighment system.

Rotating coil assembly

The rotating coil assembly consists of an epoxy impregnated
Kevlar or carbon fibre reinforced cylinder with two pick up coils
(main and compensation coils) mounted in it. Each coil consists
of a number of windings either as a wire bundle suspended under
spring tension force on two sets of rollers at each end of the coil
cylinder or printed on a circuit board and inserted into the tube.
The coils will normally be designed individually for each magnet
type to achieve maximum sensitivity. The coil cylinder is sup-
ported on air bearings and is rotated during measurements by a
servo motor. Its rotational angle is measured by a high resolu-
tion incremental angular encoder. The encoder signal is used to
trigger the integration of the pick up signals.

The coil assembly includes a "touch detector” system for interlock
purposes to avoid damage to the coil during handling and opera-
tion of the system.
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Fig. 2: Sideview of measurement bench. Rotating measuring

coil cylinder (1), air bearings (2), DC or servo motor (3), angular
encoder (4). Magnet positioning table consisting of a magnet
support platform with two motors for horizontal (5) and three
for vertical (6) movement. The optional measuring arm for align-
ment is not shown.



Magnet positioning system

When mounted on the bench the magnet can be moved by means
of five servo motors with corresponding gears and power sup-
plies. Horizontal and vertical translation and rotation around
three different axes are possible by simultaneous operation of
two or three motors. During horizontal movements the magnet is
supported in four air cushions to minimize the friction. The reso-
lution of the movement is better than 0.02mm. The positioning
can be performed from a supplied remote control unit.

Alignment system

The multipole magnet measuring system can be delivered with
an optional alignment system. The alignment system will be a
stand alone system that is independent of the magnet measuring
system. The alignment system is a standard measuring arm with
corresponding software. The alignment of the measuring coil is
done with a stand alone digital inclinometer.

Control system and software

The control system is designed to control the measurement
sequence, and to provide information to the operator when inter-
action is required. The majority of the operations are controlled
by the motor controller, which is connected to the PC. The motor
controller contains controls for magnet positioning and magnet
measurements. The relationship between the various modules
are illustrated in fig. 3. The motor controller receives simple

Fig. 3: General system layout of the
Multipole Magnet Measurement System,
Model 692.

instructions and data from the PC initiating a series of actions,
returns data to the PC and acknowledges that the task has been
performed. The PC controls overall magnet positioning, alignment
and measurement procedures it analyses, displays and stores the
data. Furthermore, via the IEEE488 bus it controls the (optional)
magnet power supply, sets and reads the magnet current from
the Ultrastab Current Transducer.

Operation Sequence

A typical measurement sequence will be the following:

E} Mounting the magnet, connection of current cables and water
cooling. Manual task.

H Prealignment in order to be able to insert measuring coil. Uses
inclinometer and optionally the measuring arm. Position reading
and motor movements are controlled from the remote control.

El Magnetic centering performed by consecutive main field mea-
surements and motor movements. Performed fully automatic.

3 Measurement of main harmonic and higher arder harmonics.
Performed by one clockwise and one anti clockwise rotation of
the coil. Data automatically transferred to PC, analyzed, displayed
and stored.

H Check position of of target holders and level marks in their
fixed position using the optional measuring arm. Manual task.
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Specifications

OVERALL

Relative accuracy of integrated main harmonic

DANFYSIK

+3.10

Angular phase absolute accuracy

<*0.1 mrad/K

Lateral positioning of magnetic center with respect to rotation axis

+0.03 mm

Positioning accuracy of alighment targets with respect to coil axis

+0.03 mm

Accuracy of ratio between integrated field of a multipole component

and the main component at the major coil radius

*3.10“ (For R_. >25 mm)
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