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Stretched Wire Bench Magnet Measurement System 
 

Introduction 
The Danfysik stretched wire bench is a very versatile magnet measurement system that can be utilized for field 
integral magnetic strength measurements, homogeneity measurements and for integrated multipole 
measurements. Magnetic multipole centering and fiducialization can be performed with very high accuracy. 
The system do not require any dedicated measuring coil but are solely using a single stretched wire as pickup 
coil.  
 
Main features: 

 Magnetic flux integration using the stretched wire method 

 Advanced software package for control, data capture and automated magnetic centering of multipole 
magnets 

 Field integral strength and multipole roll angle is measured with high resolution and accuracy 

 Prepared for magnet power supply control and magnet current measurement using a DCCT transducer 

 Easy and fast setup and adjustment of optimal wire tension 

 Flexible measurement diameter up to  240mm 

 Bench positioning and alignment can be validated with a laser system 
 
The measurement system has been designed with the aim to perform precise, fast and reliable measurements 
of series of magnets. The design has been prepared with focus on obtaining premium stability against 
vibrations and thermal expansion.  
 

Reproducibility and Absolute Accuracy 
Typical expected absolute accuracy and reproducibility obtained on multipole magnets with apertures larger 
than 30 mm. 
 

 

From a circular measurement at a good field radius of 15 mm or larger (at 80% of the pole aperture), the main 

gradient strength and the higher harmonic content relative to the main component can be obtained with an 

accuracy of 0.03% and the reproducibility is typically better than 0.01%. With increasing measurement radii the 

higher harmonic measurement accuracy and reproducibility is significantly improved (up to a factor of 10) 

resulting in performances that is comparable of measurements obtained by than obtained with a reference 

rotating harmonic coil bench (DANFYSIK Model 692) for measuring radii on the order of 50 mm or higher.  

The reproducibility of the field integral is outstanding and the absolute accuracy of the main integrated 

gradient is precise, hence is there is no requirement for frequent calibrations. A PM based calibration/test 

Quadrupole magnet can as an option be provided for system testing. 

Parameter Reproducibility Absolute 
accuracy 

Comment 

Magnetic center position ±5 µm ±24 µm1) 1) Main contributor: FARO 2.4 m arm 

Magnetic roll angle ±0.05 mRad ±0.15 mRad2) 2)  With offset calibration 

Magnetic integral strength  2 * 10-5 Tm 5 * 10-5 Tm Single point and line scan uncertainty 

Harmonic content 0.01 % 0.03 % Harmonics from circular measurement  
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Measurement Principle 

Measurements are made with the stretched wire technique, where a straight wire under tension is moved 
around inside the magnet aperture. The two ends of the stretched wire is connected to a high-precision nano-
voltmeter. Keeping the return wire in the field-free region, the change in field-flux going through the wire loop 
is measured when moving the stretched wire in a precise defined movement inside the magnet aperture. Since 
the stretched wire is moved with high precision by the four stages on the two towers – in a circular or linear 
motion – the magnetic field-flux changes on these paths can be measured and hence the magnetic field 
integral and higher harmonics can be determined. 
 
The measurement concept and bench control is based on a developed work performed by research groups at 
the ESRF in Grenoble [G. Le Bec et. al, Phys. Rev. ST Accel. Beams 15, 22401, (2012)]. 
 

Description of the Model 694 Stretched Wire Bench 
The Danfysik Model 694 stretched wire bench has been designed with two towers each equipped with two 
high-precision linear stages mounted in vertical and horizontal directions. The vertical stage carries the 
horizontal stage to minimize vibrations. The main characteristics of the stages are: 
 

  

 
 

 

The two towers are mounted on a large 2.2 m precision grinded granite block (optionally 3 meter long) on rails 
that allows fast adjustment of the inter-tower distance. Granite is chosen as it is the most insensitive material 
for thermally induced geometry changes.  
 

 
Figure 1 Measurement laboratory at Danfysik with two granite based stretched wire benches for ESRF magnets. The closer 

bench has a sextupole under test and in the background a quadrupole has been mounted. A FARO arm is used for the 
mechanical/dimensional measurements. 

Wire movement stages Range Absolute acurracy Reproducibility Maximum speed 

Horizontal Stage 250 mm ±5µm 1 µm 100 mm/s 

Vertical Stage 300 mm ±5µm 0.5 µm 20 mm/s 
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The Danfysik Model 694 stretched wire bench is delivered with a control rack containing the stage controllers 
and a high-precision nano-voltmeter. A software package running on a Windows based PC controls the stages, 
uploads data and analyses the data. The software is adapted to measure dipoles, quadrupoles, sextupoles and 
octupoles. Furthermore a stand-alone program for easy adjustment of wire tension is also included. 
 

 
Figure 2  A high gradient quadrupole gap and the 100 µm wire. 

The initial setup of the Danfysik 694 stretched wire bench, needs alignment of the four linear movement 
stages. The initial calibration is performed by using the incorporated Faro-arm, a laser interferometer and the 
stages. Faro-arm and procedures are included – laser interferometer is optional.  
 

Operation of the Stretched Wire Bench 
The model 694 measurement bench is optimized for fast and reliable measurements of magnets. 
 
The magnet is mounted 
on appropriate fixtures 
on the bench.  The 
bench is delivered with 
a multipurpose magnet 
base that will fit most 
magnets. If this base 
cannot be used due to 
special conditions, the 
bench has precisely 
mounted thread holes 
that can be used for 
custom design magnet 
bases. 
 
 
The software package runs on a windows based PC. It features automatic alignment of the wire inside the 
magnet aperture. Centering in dipoles is based on mechanical alignment. 

Figure 3  Alignment menu in the control SW. 

Measurement wire 
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The control system will 
collect corresponding 
data from the 
movement stages and 
the nano-voltmeter 
connected to the wire 
ends. 
 
 
The control system can 
also control the 
Danfysik power 
supplies in order to 
make more automated 
testing of harmonics at 
different excitations. 
 
 

Mechanical Specifications 
The overall measurement specifications of the 2200 mm Danfysik stretched wire bench are listed below: 
 

 

 

 

 

 

 

 

 

 

 

 
 
 

Accessories Included in the Basic Package 
The following accessories are included in the basic Model 694 package: 

 Precision Granite base with embedded fittings, mounted with dual high precision X-Y stages 

 Integrating high resolution Voltmeter, stepper motor drivers, Ethernet and GPIB interface in fully wired 

19” cabinet 

 Wire: 50 m - 0.1 mm Titanium/Aluminum/Vanadium  wire – wire stretching procedure in SW by Eigen 

frequency  

 Signal and power cables 

 Faro-arm (Prime version with 2.4m length) for alignment including alignment procedure 

 Adjustable magnet cradle base (max. 600 kg load, X.Y,Z adjustment ±10 mm) 

 Windows PC for control, data-capture and data analysis with SW package 

 Operating manual 

Functional parameters Specification 

Maximum measurement diameter 240 mm 

Maximum wire length 2000 mm 

Maximum magnet length (multipole) 1000 mm 

Maximum magnet weight on the granite bench 2000 kg 

Maximum magnet weight on the Al base 1000 kg 

Maximum beam height of magnet (incl. support) 500 mm 

Mechanical parameters Specification 

Dimensions of Danfysik stretched wire bench 2200*600*800 mm 

Weight of Danfysik stretched wire bench Approximately 3000 kg 

Dimensions of control cabinet 700*700*1000 mm 

Figure 4  Measurement menu. 
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Options 
The model 694 stretched wire bench can be adapted to match other requirements: 

 Long measurement bench option: Based on a 3000 mm granite bench 

 Heavy magnets option: The bench can be adapted to 10 ton+ if more support feet are installed 

 Large magnets option: Longer FARO arm ( 3.0 with 42 µm repeatability or 3.7 m with µ60 m 

repeatability) and tower height extensions 

 Special mounting arrangements (replacement of the default <1 tons Al based adjustment base) 

 Laser interferometer for calibration of stages including calibration procedure  

 Magnet power supply (please specify requirements for current, voltage and precision) 

 

About Danfysik 
Danfysik provides high performance particle accelerators, electromagnets and other related equipment for 

research, health care and industry globally. We deliver magnet solutions from design to operation or from 

small size to 100 tons of weight. Danfysik also delivers magnetic measurement solutions for laboratories and 

industry worldwide. 

Danfysik’s success is based on the strong combination of our dedicated employees, our high quality products 

and technology, and on the trust we meet from our customers all over the world. Today we are proud of being 

one of the world’s leading companies within the development and manufacturing of high quality equipment for 

particle accelerator laboratories, healthcare and industry, and we employ some of the most skilled, 

experienced and dedicated engineers and technicians. Within the field of magnetic measurements Danfysik 

provides all types of magnet measurement benches and consultancy within this area. 
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