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Abstract 
 
This document contains the conceptual magnetic design of an in-vacuum pure permanent magnet 
undulator to be used as a source of synchrotron light for the macromolecular crystallography and non-
crystalline diffraction beamlines at ALBA.  The calculations have been made such that the device has 
continuous coverage of photon energies between 5.2-18 keV with optimized photon energy of 12.6 keV 
on the 7th harmonic at 3 GeV, whilst simultaneously having the lower photon energies of the 5th harmonic 
accessible to non-crystalline diffraction.   
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1 Introduction 

1.1 Purpose 

At the storage ring ALBA, a 3.0 GeV lightsource, an undulator will be used as a photon source for the 
macromolecular crystallography and non-crystalline diffraction beamlines.  In the range of 5.2  to 18 keV 
the experiment requires high flux for weakly diffracting crystals and high brilliance for collection of high 
resolution data.  The undulator is designed such that it covers this energy range and the aforementioned 
parameters are optimal at the Selenium edge of 12.6 keV.  The minimum photon energy is determined by 
the minimum gap of the undulator which is 5.5 mm.  In the future, with operational experience in the 
ring, it may be possible to achieve a smaller gap of 5.0 mm corresponding to a minimum photon energy 
of 4.8 keV.  They will each be installed into 4.3 m long straight sections within the ALBA storage ring in 
2009.     

 
Schematic of the ALBA storage ring, NCD (solid red), MX (dashed blue). 

 
 

To achieve high flux at a high photon energy the period is made small such that the fundamental photon 
energy and its multiples lie in a specific energy region or at optimal points within that region.  At the 
same time a K value of 1.5 to 2 is required to ensure reasonable tunability of the harmonics.  To reach the 
required K value the field is increased by reducing the minimum gap of the insertion device (ID) inside 
the vacuum chamber to a tolerable value of 5.5 mm.  For this purpose, we choose the design of an in-
vacuum undulator (IVU) made of pure permanent magnet (PPM) material with a maximum length of 2 m.  

1.2 Scope 

This conceptual design provides the 3-D magnetostatic calculations for an IVU.  It includes but is not 
limited to an analysis of the central field, magnetic multipoles, end field terminations, magnetic forces, 
and demagnetizing forces acting on the magnetic material.   
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1.3 Coordinate System 

Here we define a coordinate system such that the longitudinal axis is the s-axis, the vertical axis is y-axis, 
and the horizontal axis is the x-axis (Figure 1). 

 
Figure 1:  Definition of coordinate system 

 

1.4 Magnetic Calculation Approach 

To perform the magnetic design we used RADIA [1], a freely available full 3-D magnetostatic code.  The 
modelling approach is divided into two parts.   
1) A model for the central period was constructed for optimizing the K value, quantity of magnetic 
material, and the transverse roll off.   
2) A separate eight period model was used for the optimization of the end field terminations and 
evaluation of the electron trajectory.   
 
In the design, the relative permeabilities for the hard magnetic material are defined as 1.06 parallel and 
1.17 perpendicular to the axis of magnetization.  These are the nominal manufacturer values for SmCo 
material.  The magnetization of the permanent magnet material is weakly influenced by the coercive field 
from its neighbourghs nor does the direction of magnetization change rapridly in the material so a 
relatively course material meshing is used. 

2 Magnetic Design 

2.1 Layout 

The undulator is a symmetric Halbach configuration [2] where the magnetization vector in a block rotates 
90 degrees with respect to an adjacent block. .Figure 2 shows a 2D general undulator scheme with one of 
its two terminations.  The left side of the figure would be continued periodically for the full length of the 
undulator and terminated in the same way such that the bisector along the S-axis would be a plane 
forming a symmetric mirror image.  Also, Figure 3 shows the 3D general geometry of a single magnet 
block whether it be in the central section or end section.  To construct the undulator we shall require four 
different block types.  While the cross section of each block is the same they are distinguished by their 
magnetization vector and their longitundal thickness, horizontally magnetized block, vertically 
magnetized block, a vertically magnetized end pole and a horizontally magnetized end block.  Figure 3 
shows the general shape and the nominal dimensions are included in section 2.2.2.   

e-beam 

X 

S 

Y 
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Figure 2:  Schematic view of PPM Halbach undulator 

 

 
Figure 3:  A schematic showing the 3D block geometry for a PPM U21.3 undulator 

 

2.2 Geometry of Central Section and End Section 

The central section of the undulator consists of the standard Halbach configuration of 4 blocks per period 
with 92 full size periods in total.  Hereinafter we refer to a central block with a magnetization vector 
parallel to the S-axis as an H-block and a magnet block with easy axis parallel to the Y-axis as a V-
block..  There is approximatley 11 mm unused out of a total length of 2000 mm for independent 
adjustment of the end sections.  The vertical size of the magnet blocks were increased until there was less 
than a 1 percent change in K value. The period was determined by requiring the Se edge to occur near 5.5 
mm gap and the longitudinal block thickness is defined as the period divided by 4. Finally, the transverse 
width is constrained by beam dynamics, magnetic forces and a vacuum chamber with an inner diameter 
of approximatley 260 mm diameter. 
The symmetric magnetic field of the undulator must be terminated at its ends such that the average orbit 
of the electron on traversal of and exit from the undulator is near zero.  An ESRF type B end section [3] 
was used to terminate the field.  The first field integral (exit angle), second field integral (exit offset), 
must be made to be near zero or within the specified tolerances of section 4.1, deviation from zero can 
introduce a closed orbit distortion in the storage ring.  Moreover, the central orbit of the electron 
trajectory must be held parallel and symmetric about the centerline of the undulator such that the photon 
source with respect to the user is effectively fixed.  The aforementioned conditions must be satistified for 
a full gap range of 4 mm to 30 mm.   
The end section consists of an approximate half thickness V-block and an H-block with modified 
thickness, hearinafter referred to as VE-block and HE-block respectively.  The vertical and horitzontal 
dimensions are that of the central section but the longitudinal dimensions are determined by varying the 

Height 
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VE or HE block thickness such that the first and second integrals are a minimum.  The absolute thickness 
is determined when the change in 1st field integral is less than 1 G-cm ( Tm6101 -´ ) over a full gap range 
of 4 mm to 30 mm. 
A chamfer will be added to each corner of all magnet blocks. This preserves the symmetry in the block, 
reduces demagnetization in the corners and allows for mechanical clamping of the block into their 
holders. Its  influence over the field inside the magnetic gap is negligible.  In the design calculations, a 
0.050 mm airgap has been included between each adjacent block to account for the thickness of the 
coating and geometrical tolerances in the manufacturing.  The coating will be for ultrahigh vacuum and 
will likely be Ni, TiN, or Al. 
Section 2.2.1 and 2.2.2 describe the dimensions of the four different block types and Table 1 is a 
summary. 
   

2.2.1 Dimensions of Central Section Magnet Blocks 

Each  magnet block is 50 mm wide along the X-axis, 16 mm high along the Y-axis, and 5.275 mm thick 
along the S-axis.  A 0.010 mm thick coating will be added to each block for ultra high vacuum 
compatibility.  Before coating, each magnet block will have a dimensioning tolerance of 0/-0.020 mm in 
each coordinate direction.  After coating, each block shall have a dimensioning tolerance of 0/-0.040 mm.    
A 45 degree angle cut (chamfer) is 3 mm into each of the four corners of the magnet blocks.  Figure 2 
shows a schematic view of the undulator end sections.  The blocks have the same general shape as the 
block show in Figure 3. 

 

2.2.2 Dimensions of End Section Magnet Blocks 

The VE-block (see Fig. 2) has dimensions 60 mm wide along the X-axis, 16 mm high along the Y-axis, 
and 2.629 mm thick along the S-axis.  The HE-block has dimensions 60 mm wide along the X-axis, 16 
mm high along the Y-axis, and 2.995 mm thick along the S-axis.  A 0.010 mm thick coating will be 
added to each block for ultra high vacuum compatibility.  Before coating, each magnet block will have a 
dimensioning tolerance of 0/-0.020 mm in each coordinate direction.  After coating, each block shall have 
a dimensioning tolerance of 0/-0.025 mm.    A 45 degree angle cut (chamfer) is 3 mm into each of the 
four corners of the magnet blocks.  The blocks have the same general shape as the block show in Figure 
3. 
 

 

Table 1:  Summary of 4 Block Types and their Respective Dimensions   

 Width     
[mm] 

Height    
[mm] 

Thickness 
[mm] 

Tol. Uncoated 
[mm] 

Tol. Coated 
[mm] 

45 Deg. Cut 
[mm] 

V 50 16 5.325 0/- 0.020 0/- 0.025 3 

H 50 16 5.325 0/- 0.020 0/- 0.025 3 

VE 50 16 2.629 0/- 0.020 0/- 0.025 3 

HE 50 16 2.995 0/- 0.020 0/- 0.025 3 

 

 
 
 



ALBA Project Document No: Page: 10 of 25 

AAD-SR-ID-AR-0128 Rev. No.: 1.0 

 

3 Analysis of Calculated Fields at Minimum Gap 

3.1 Magnetic Flux Density 

A symmetric 8 period magnetic model was used where the end sections are sufficiently far away from 
central section such that the field from the terminations in this region is negligible.  At a gap of 5.5 mm 
an effective K value of 1.61 is achieved for a magnetic period of 21.3 mm.  The peak flux density is given 
as 0.8018 T and the effective flux density is found to be 0.8071 T.  At the magnetic profile is not purely 
sinusoidal over a full period there exist higher order Fourier components.  Due to the Halbach 
configuration there are only odd components in the Fourier expansion of the field.  The values for the first 
5 terms are given as 0.8070 T (n=1), 0.0006 T (n=3), -0.0060 T (n=5), -0.00002 T (n=7), 0.0001 T (n=9), 
Figure 5 shows a graphs of the magnetic field along the central axis. 
 

 
Figure 5:  Magnetic field along the centerline 

 

3.2 Transverse Roll-Off 

The transverse roll-off depends strongly on the transverse width of the undulator.  A flat transverse roll-
off reduces the higher order integrated multipoles over the good field region and mitigates the effect of 
dynamic field integrals.  In this design a width has been selected to have a good field region of ±20 mm 
about the central axis of the undulator as specified by the CELLS accelerator physics group.  The shape 
and magnitude of the transverse roll-off is determined by the V-block width which is limited by the width 
of the in-vacuum girders and in turn limited by the inner diameter of the vacuum chamber.  The 
percentage of the roll off with respect to the central field at ±5 mm, ±10 mm, and ±20 mm is respectively 
-0.00737, 0.0699 and 1.32 percent.  Figure 6a,b show of the decay of the transverse roll off over the full 
undulator width and over the good field region. 
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Figure 6a:  Transverse roll off in the magnetic mid plane 

 

 
Figure 6b: Transverse roll off in the good field region 

 

3.3 Integrated Multipoles (Angular kick) 

By symmetry the first field integral is an even function of the x coordinate and the odd integrated 
multipoles are zero.  Figure 7a shows the integrated multipole content of the undulator at 5.5 mm gap 
whilst 7b shows the integrated multipoles over the good field region.  The angular kick experienced by 
the electron is less than 20 G-cm ( Tm61020 -´ ) over a transverse range of ± 20 mm.  Table 2 shows the 
integrated multipole decomposition evaluated over a transverse range of ± 20 mm up to and incuding the 
decupole.  The first integral may be adjusted by winding a correction coil around the undulator vacuum 
vessel such that a uniform vertical magnetic field is added along the longitudinal length of the undulator.  
Additional coils or magnets will allow for correction of the second field integral. 
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Figure 7a:  Integrated multipoles over a transverse width of ± 50 mm in the undulator magnetic midplane 

 

 
Figure 7b:  Integrated multipoles over a transverse width of ± 50 mm in the undulator magnetic midplane 

 

Table 2:  Integrated Multipoles 

 Integrated Dipole Integrated Sextupole Integrated Decupole 

Gap 5.5 mm  0.8016 G-cm  

( Tm6108016.0 -´ ) 

61055.3 -´ G-cm-1 

( 181055.3 --´ Tm ) 

81055.6 -´- G-cm-2 

(- 2101055.6 --´ Tm ) 
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3.4 Electron Orbit 

The end sections are designed to minimize the average model offset and exit angle of the electron orbit 
with respect to the centerline of the undulator.  The orbit was averaged over a full period to better show 
the offset and angle of the electron in the central section.  In Figure 8, the electron orbit is evaluated at 3 
GeV for the model undulator.  Figure 8 shows a graph of the electron trajectory for a 8 period model 
undulator. 

 

 
Figure 8:  Electron orbit along the center line of the undulator over a length of ±250 mm at 3 GeV 

4 Analysis of Gap Dependent Undulator Parameters 

4.1 1st and 2nd Field Integrals and Integrated Multipoles 

The tolerances of this section require future input from the CELLS accelerator group.  In the interim we 
use the contraint that the rms closed orbit distortion around the ring circumference should be 1/10 of the 
rms beam size over a full gap range of 4 to 30 mm [4] which yields the following relationships to the first 
and second field integrals.  We note that the typical values achievable for first and second field integrals 

yx II , £ )1050(50 6TmcmG -´ and yx JJ , £ )105000(5000 282 TmcmG -´ . 

)101997(1997)sin(][][][3000][

)1014467(14467)sin(][][][3000][

)1015(15)sin(
][
][

][30][

)1072(72)sin(
][

][
][30][

2822

2822

6

6

TmcmGmnmGeVEcmGJ

TmcmGmnmGeVEcmGJ

TmcmG
m

nm
GeVEcmGI

TmcmG
m

nm
GeVEcmGI

zzzx

xxxy

x
z

z
x

x
x

x
y

-

-

-

-

´=£

´=£

´=£

´=£

pnbe

pnbe

pn
b
e

pn
b
e

 

 

In the above expressions we have the variables I, J, E,e , b , n , which are the first field integral, second 
field integral, electron beam, emittance, beta function, and tune in the two transverse coordinates. 
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4.2 First and Second Field Integrals 

The first and second field integrals are the angle and offset with respect to the central orbit as the electron 
exits the undulator.  Figure 9 shows the effect of of the end sections on the vertical first field integral as a 
function of gap.  The horizontal first and second field integral in the magnetic midplane are zero due to 
symmetry.  Similarly, Figure 10 shows the second field integral as a function of gap.  The first field 
integral is less than ± 2 G-cm ( Tm6102 -´± ) and the second is less than ± 200 G-cm2 

( 2810200 Tm-´± ) for a full gap range of 4 mm to 30 mm.   

 

 
Figure 9:  Vertical first field integral calculated along the center line of the undulator as a function of gap 

 
 

 
Figure 10:  Second field integral calculated along the center line of the undulator as a function of gap 
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4.3 Effective K value & Fundamental Photon Energy 

The dependence of  effK on gap, g, was calculated and shown in Figure 11.  The gap dependence of the 

magnetic field may be appoximated by (1).  The fundamental photon energy [5] and higher harmonics as 
a function of gap are calculated by the resonant energy equation (2) and are shown in Figure 12a.  The 
calculation is made along the central axis of the undulator.  For a fixed period,ul , the resonant energy 

equation depends on the effective deflection parameter effK .    The photon flux at different gaps may be 

found on 12b with the additional use of Figure 12a. 
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Figure 11:  Keff and Beff as a function of gap 
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Figure 12a:  Fundamental photon energy as a function of gap 

 
 
 

 
Figure 12b:  Tuning curves† for a U21.3 in the ALBA storage ring 

 
 
 
 
 
 
 
 

                                                                 
† Calculation has been done by SRW [6] which takes into account the detuning of the undulator to achieve the maximum flux. 
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4.4 Forces 

The total force acting on a single pole in the undulator, and the net force due to all poles is shown in 
Figure 13.  The equation for the total force in a planar undulator is found by integrating Maxwell’s stress 
tensor in the magnetic midplane of area A as shown in (3).  The maximum force experienced by the 
undulator at a gap of 4 mm, due to the magnetic field, is approximatley 21,522 kN. 
 

(3) ABdABF o
oplaneo

total
22

4
1

4
1

mm
== �  

 

 
Figure 13:  Total force and force per pole acting on pole as a function of gap 

 

4.5 Demagnetizing Field 

For this particular analysis we place the coordinate system in the center of the block being analyzed.  In 
an undulator an H-block or V-block experiences a coercive field which acts in the opposite direction of 
the block magnetization.  The Sm2Co17 material has a highly anisotropic crystalline structure and is 
relatively insensitive to a coercive field that is perpendicular to the axis of block magnetization.  If the 
coercive field, at a fixed temperature, is past the knee of the demagnetization curve then domains in the 
block may reverse which can lead to field integral errors that cannot be removed by shimming.     The 
coervice field acting on an H-block in the center of a single undulator girder was calculated without the 
presence of the other girder. Two sets of calculations were performed for H-block, the coercive field was 
calculated in the S-Y plane at x=0, and at the X-Y plane 100 microns beneath the surface of the block.  
The same set of calculations were carried out on an adjacent V-block.  There are four sets of calculations 
in total and each one shows a schematic view of the surface in which the coercive field component was 
calculated, a 2D false colour image of the component on the surface, and a 3D scatter plot of the same 
surface.  Table 3 summarizes the calculation of the maximum coercive field component for each case.  
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Table 3: Maximum Coercive Field Component Calculated in Undulator Blocks 

Block Plane C. Field Comp. Value (kOe) Value (kA m-1) Figures 

H-Block X-Y Hx 12.65 999.35 15a-c 

H-Block S-Y Hx 12.65 999.35 16a-c 

V-Block X-Y Hy -2.29 -180.91 17a-c 

V-Block S-Y Hy -9.83 -776.57 18a-c 

 
A Sm2Co17 material, VACOMAX 225 TP, was selected for the design model from the Vacuumschmelze 
catalogue [5] though an equivalent material may be used.  It features a minimum magnetic 
remanence, rB , of 0.97 T and a minimum cjH of 11590 -×mkA .  The material coercivity has a negative 

temperature coefficient of 1%19.0 -×- C  and care must be taken such that the operating temperature 
does not cause the (temperature dependent) intrinsic coercivity of the material to drop below the 
maximum coercive field experienced by the magnet.  A linear approximation gives a maximum operating 
temperature of 194 degrees Celcius.   
A closer inspection of Figure 14 shows the demagnetizing curves for Sm2Co17 have a much more gradual 
knee when compared to NdFeB.  For a lower operating temperature of 150 degrees Celsius we would sit 
on at the top of the knee at the starting point of the curves non-linear region.  A bake out temperature of 
120-130 degrees Celsius is commonly used at other facilities and will be used to ensure no irreversible 
demagnetization of the permanent magnet material. 

 
Figure 14: Demagnetizing curves for VACOMAX 225 TP, reproduced from 

Rare Earth Permanent Magnets VACODYM VACOMAX edition 2003 PD-002 [7] 
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Figure 15a:  A schematic reference showing the plane in which the demagnetizing fields are calculated 

 
Figure 15b:  2D False colour image of a coercive field calculated in a Y-S plane at x=0 inside an H-block 

 
Figure 15c:  3D scatter plot of the coercive field calculated in a Y-S plane at x=0 inside an H-block 
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Figure 16a:  A schematic reference showing the plane in which the demagnetizing fields are calculated 

 

 
Figure 16b:  2D False colour image of a coercive field calculated in a Y-X plane at 100 microns beneath 

the block surface 
 

 
Figure 16c:  3D scatter plot of the coercive field calculated in a Y-X plane at 100 microns beneath the 

block surface 
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Figure 17a:  A schematic reference showing the plane in which the demagnetizing fields are calculated 

 
Figure 17b:  2D False colour image of a coercive field calculated in a X-Z plane at 100 microns beneath 

the block surface 

 
Figure 17c:  3D scatter plot of the coercive field calculated in a X-Y plane at 100 microns beneath the 

block surface 
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Figure 18a:  A schematic reference showing the plane in which the demagnetizing fields are calculated 

 
Figure 18b:  2D False colour image of a coercive field calculated in a X-Y plane at 100 microns beneath 

the block surface 
 

 
Figure 18c:  3D scatter plot of the coercive field calculated in a X-Y plane at 100 microns beneath the 

block surface 
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4.6 Quality Assurance of Magnetic Material 

There will be a separate technical specification for the magnetic elements.  Herewithin we give a brief 
overview of the magnetic element quality assurance.  In the manufacturing process, the magnetic material 
is a powder placed into a die and pressed in the presence of a polarizing magnetic field.  The magnet 
blocks will have errors in the direction and strength of the easy axis and also errors due to 
inhomogenieties in the material.  It is necessary to reduce the aforementioned errors to ease the sorting 
and shimming of the magnet blocks post assembly.  This will allow for the production of a uniform and 
periodic field in the gap of the undulator over the full gap range.   
At present, the method of transverse die pressing, application of the polarizing field in a direction 
perpendicular to the pressing direction, produces blocks with the highest homogeneity and minimum 
error in the geometric alignment of the average dipole moment.   The method of transverse die pressing 
[5] shall be applied to both the H-blocks and the V-blocks such that the blocks achieve the highest 
remenance possible for the material specification (for example VACOMAX 225 TP specification [7]) 
whilst maintaining the specified material coercivity, minimum alignment error of the average dipole 
moment, and a maximum uniformity of the magnetic material. 
Errors in the undulator magnetic field due to errors in the average dipole moment strength or direction 
can be corrected by various methods such as virtual shimming or the use of magnetic shims.  Errors due 
to inhomogeneities in the magnetic material will produce higher order multipoles that will be present at 
the small gaps in an an in-vacuum undulator.  Local higher order multipoles will decay differently and 
lead to gap dependent trajectory or phase angle errors.  These errors cannot easily be compensated by 
shimming and must be minimized by pairing blocks together with multipole content that is equal in 
magnitude but opposite in sign.  The method of transverse die pressing can lead to systematic errors in the 
homogeneity of the magnetic material [8].  The systematic inhomogeneties may be characterized by a 
stretched wire bench as shown at BESSY-II [9] and then mitigated through use of the data in a sorting 
procedure.  In the manufacturing we require that 50 percent of the H-blocks be polarized in one direction 
and 50 percent of the magnets be polarized in the opposite direction, as shown in Figure 19.  During the 
pressing stage each block will be marked on the surface to indicate if it belongs to the first Group-I or 
Group-II.  Likewise, the V-blocks must meet the same requirement.  
 

   
Figure 19:  Pressing and magnetization of blocks to control the systematic errors in inhomogeneity 
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After magnetization, each block will have a minimum magnetic remenanence,rB , of 1.05 T at 20 degrees 
Celcius.  The distribution of magnetization strength shall be less than ± 1.5 percent from block to block. 
The deviation of magnetization direction from a set of coordinate axes defined in the reference frame of 
the block will shall be less than 1 degree for all blocks.   
The magnets will be inscribed to uniquely identify the direction of magnetization in the aforementioned 
pressing procedure.  To make the identification clear we will inscribe all magnets with an X, consistently 
on the same side in the die press on the botton right hand corner.  For the vertically polarized blocks, half 
the magnets will be magnetized parallel to the y-axis and half the magnets will be magnetized anti-
parallel to the y-axis.  Likewise, for the h-blocks, half the magnets will be magnetized parallel to the s-
axis and half the magnets will be magnetized anti-parallel to the s-axis.  In the identifier, the use of the 
letter N/S identifies the block as being magnetized parallel or anti-parallel to the coordinate axis along 
which it will be magnetized. 

 
 

       
 

 
 

Figure 20:  An example of labelling of magnet blocks 
 

Before coating and magnetization the manufacturer will check the dimensions of each block and ensure 
they meet the specification of section 2.2 and 2.3 to a tolerance of 0/- 0.020 mm.  Each block shall be 
coated with TiN or Ni with a coating thickness less than 0.010 mm to be UHV compatible.  After 
machining and coating the dimensioning tolerances shall be 0/- 0.040 mm in each of the three coordinate 
directions.  After the blocks have been magnetized the manufacturer will check the magnetization of each 
block with a Hemholtz coil.  Upon receipt but before acceptance, the magnet blocks will be visually 
inspected for surface defects and a sample of the distribution will be measured with a Helmholtz coil. 
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5 Appendix 

5.1 Undulator Parameters 

Parameters 
Undulator type     PPM Halbach Undulator 
Undulator symmetry     Symmetric 
Period       21.3 mm 
Min. gap      5.5 mm 
Peak field      0.8017 T 
Peak effective field     0.8071 T 
Effective K value     1.61 
Higher order contribution    0.7623 % 
Relative permeabilities (� para, � perp)   1.06, 1.17 
Total magnetic force at 4 mm 5 mm, 5.5 mm gap 21.3 kN, 15.8 kN, 13.6 kN 
 
Length available in straight section   2000 mm 
Total length of magnetic material   1986 mm 

 
Central Section 
Number of full size periods in one girder  92 
Total number of full size V-Blocks   370 
Total number of full size H-Blocks   372 
Length of central section    1973 mm 
 
End Section 
Total number of V-blocks    4 
Total number of H-blocks    4 
Length of end sections     11 mm 
Free space available on girder    13 mm 
  
Permanent Magnet Material 
Material type      Sm2Co17 

Material      VACOMAX 225 TP 
Min. magnetic remenance    0.97 T 
Typ. magnetic remenance    1.04 T 

Min. intrinsic coercivity cjH  at 20 degrees C  1590 kA/m, 20 kOe 

Temperature coefficient of cjH    -0.19 %/C 

Maximum operating temperature   120 degrees C 
 


