
IEEE TRANSACTIONS ON MAGNETICS, VOL. 43, NO. 3, MARCH 2007 1061
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In automatic production processes, cam indexing devices are frequently utilized to transport workpieces intermittently to the appointed
manufacturing positions. However, because of alternating working forces and rotational inertia, indexing devices tend to generate vibra-
tion during each positioning process, which retards working speed and degrades positioning accuracy. To minimize positioning vibration,
we developed a magnetic compensation concept and diverse devices based on the concept. A magnetic torque compensator basically con-
sists of a magnetic loop with field generator and soft-magnetic elements. The soft-magnetic elements are designed to generate relative
motion to each other to realize variable distribution of magnetic field and induce a compensation torque to suppress the positioning
vibration. In addition to our experimental research, we investigated analytically the influential parameters of the compensating torque
and their relationships by using the equivalent magnetic circuit method and the finite-element method. We found that modifications of
magnetic arrangement or geometric parameters of functional elements lead to different characteristics of the magnetic torque curve.
On the basis of the verified function and parameters of the magnetic torque compensator, we built some configurations to synthesize the
compensating torque needed for countering vibration.

Index Terms—Functional analysis, magnetic device, motion compensation, torque control.

I. INTRODUCTION

AROLLER gear cam, an indexing device as shown in
Fig. 1(a) and (b), is widely utilized in many modern

automatic production processes for intermittent transporting
and positioning workpieces to the appointed working positions
[1]. An ac-motor driven successive motion on the input shaft
generates rotation of cam shaft; and through interactive mech-
anism the roller turret realizes sequential “stop-rotate-stop”
stepping motions on the output shaft [2]. This intermittent re-
duction mechanism realizes large torque with low speed on the
output shaft. Normally, the output shaft is coupled with a large
heavy rotational worktable, whose inertia inversely affects the
dynamics of the whole system. A reverse torque reacts on the
input shaft when the output shaft starts to rotate, and a forward
torque forces the input shaft to rotate forth when the output
shaft halts. As shown in Fig. 1(c), each torque variation on
the input shaft induces rotational vibration, which significantly
influences the stability and positioning speed of the output
shaft. A simple approach for countering the torque variation
is the realization of a corresponding compensating torque.
Sarring [3] developed a torque compensation method for cam
systems. Benedict et al. [4] applied a sub-unit cam to balance
torque in machines. Nishioka et al. [5]–[7] invented an attached
cam compensator against the torque vibration on input shaft of
roller gear cam indexing device. Tasy et al. [8] also realized
torque-balancing cams for globoidal cam indexing mecha-
nisms. All the above-mentioned torque compensating concepts
applied mainly mechanical principles, which, nevertheless,
have some inherent drawbacks such as wear, stick-slip effect,
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Fig. 1. Roller gear cam indexing device and torque variation on input shaft.
(a) Roller gear cam indexing device. (b) Roller gear and cam.

and high manufacturing cost. Other than those mechanical
concepts, there are some alternatives [9]–[18] such as torque
compensating servomotor control and switchable gear coupling
on the output shaft.

To avoid the drawbacks induced by physical contact, we de-
velop a novel magnetic torque compensating concept, whose
basic configuration is presented in Fig. 2(a). A magnetic loop,
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Fig. 2. Conceptual configuration and function of a magnetic torque compen-
sator. (a) Basic conceptual configuration. (b) Magnetic compensating torque
curve.

composed of a permanent magnet and two soft-magnetic side-
plates, is set up as the stator, and a soft-magnetic element and a
balance block are mounted on a paramagnetic rotating disk. The
movement of the soft-magnetic element in the magnetic loop
transforms magnetic energy into mechanical energy. When the
soft-magnetic element approaches the magnetic loop, the tan-
gential magnetic attracting force on the soft-magnetic element
generates a forward torque on the rotating disk; when it leaves
the magnetic loop, a reverse torque reacts on the rotating disk
instead. Fig. 2(b) shows the relationship between the magnetic
torque and the rotating angle of the rotating disk. The magnetic
torque compensating concept, in comparison with mechanical
concepts, possesses some advantages such as: 1) noncontact
torque compensation; 2) no friction and wear; 3) no lubricant
needed; and 4) no precise surface manufacturing for acting ele-
ments needed. Several experiments and theoretical analyses are
carried out to comprehend the relationship between the mag-
netic torque and the design parameters of the magnetic system.
Additionally, we develop several methods with modular ele-
ments to synthesize the designed compensating torque curve.

II. FUNCTIONAL ANALYSIS

A. Working Principle and Influential Parameters

According to our developed basic configuration, the reac-
tion torque is induced by the magnetic force, which is affected
mainly by the magnetic flux between acting elements. Further-
more, the acting radius of the rotating disk is associated with the
transformation of the magnetic force into the torque. Besides
the moving distance (operational parameter), main design pa-

rameters include form, geometric parameters, and magnetic ar-
rangement. Through systematic design approach, diverse torque
compensating devices can be evolved by varying magnetic ar-
rangement and design parameters.

Fig. 3(a) shows the relationship between the magnetic force
and the air gap . A reduction of the air gap causes increase
of the magnetic flux and the corresponding magnetic force .
The hystersis effect of magnetic material induces an unsym-
metrical curve, while inhomogeneity of magnetic materials and
slight misalignment cause a zero-point offset. All curves have
almost the same peak positions at 10 mm, which slightly go
beyond the both edges of the magnetic yoke. However, these
two edges still have decisive influences on the peak positions.
Fig. 3(b) shows that the shifting of the peaks is dependent on
the distance of both edges , which is defined as a geometric
parameter of the cross section of the magnetic yoke. An increase
of cross section of the magnetic yoke leads to further decrease
of magnetic induction, which yields a drop of the peak values
and forms a flat zone in the midst of the torque curve. Fig. 3(c)
shows the effect of the inclination angle on the magnetic
force. An inclined edge allows magnetic flux to flow easily into
the approaching magnetic element. A smaller inclination angle
of realizes a wider and lower plateau than that of a
larger inclination , while the inclination angle has less
influence on the peak position. Furthermore, the leading angle

also governs the magnetic force, as shown in Fig. 3(d). Due
to the leading angle , the cross section of the magnetic yoke
varies in proportion to the moving distance . Therefore, on the
leading edge, a gradually distributive magnetic flux broadens the
active range of the magnetic force.

Besides, the arrangement of permanent magnet is closely as-
sociated with the magnetic force, as shown in Fig. 4. The mag-
netic flux is introduced to any designated working zone by using
soft-magnetic element. In the standard arrangement (the first
type), a NdFeB magnet is symmetrically installed in the middle
of the magnetic yoke. And the second arrangement is reinforced
by two additional magnets. However, the increase of magnets
does not create obvious enhancement of magnetic force due to
the presence of leakage paths on the sides of the yoke. The third
arrangement puts two magnets capped with small pole pieces
for protection and field guiding closely to the working air gap.
Having less flux leakage, the third arrangement generates the
maximum magnetic force and gives a sharp peak on the curve,
which is threefold as large as those realized by the other two
arrangements.

B. Theoretical Model of Magnetic Torque Compensator

In the basic configuration of the magnetic torque compen-
sator, the magnetic loop with the working air gap is built up to
accumulate the magnetic energy to transform into mechanical
work for the approaching magnetic part. Fig. 5 shows the entire
magnetic circuit and its equivalent circuit. The total magnetic
flux from the permanent magnet is divided into two fluxes:

and , where passes through the air gap, and
flows through the moving part

(1)
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Fig. 3. Influential parameters of magnetic force F. (a) Influence of air gap D . (b) Influence of distance of both edges L . (c) Influence of inclination angle
� . (d) Influence of leading angle � .

By applying the line integral theorem, the magnetomotive
force MMF from the permanent magnet can be written as
follows:

(2)

The balanced situation of magnetic circuit varies with the
distance between the moving magnetic part and the fixed
magnetic loop. Both air paths between the moving part
and the magnetic circuit are dependent on the moving distance

. Those reluctances in the equivalent electrical circuit are de-
scribed as

Soft-magnetic path:

Air gap a1:

Air paths a2:

where

Moving magnetic part: (3)

where is the average projected cross-sectional area of
both magnetic poles along the flux direction, and is the angle
between the magnetic flux and the force acting direction. From
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Fig. 4. Influences of magnetic arrangements on magnetic force F.

Fig. 5. Magnetic circuit and equivalent circuit.

the parameters of the permanent magnet and these reluctances,
the fluxes , , and can be derived

(4)

(5)

(6)

The reluctances in the path 2 are parallel to the
reluctance in the path 1. With no moving part in the air
gap, the reluctance of the air gap remains constant. The
reluctance is mainly affected by the air path and the
projected area , and the reluctances and are further
influenced by the moving distance of the moving part. The
magnetic energy stored in each air path is permeated by the
field strength and the induction

(7)

From (6), the relationship between the induction of and
the field strength is obtained as follows:

(8)

According to the principle of energy transformation, the mag-
netic attracting force acting on the magnetic moving part in
the moving direction can be obtained by the partial differentia-
tion of the magnetic energy

(9)

where cos converts the inclined force from the flux direction
to the acting direction of the moving part. When the moving
part enters the air gap of the magnetic loop, the magnetic flux

begins to diminish, and the magnetic flux starts to aug-
ment. Since the acting angle increases asymptotically to 90 ,
the magnetic attracting force then loses its strength gradu-
ally. Furthermore, to achieve an effective transformation from
force into torque, the magnetic force must be directed tan-
gentially toward the circumference of the rotating disk. In this
dynamic process, a partial flux flows to and fro between the air
gap and the working path as the reluctances change cyclically.
Based on the total magnetic flux described in (4), the magnetic
induction of the permanent magnet is then determined by

(10)

When the moving part is far away from the air gap, the entire
magnetic loop is subjected to a condition with maximum reluc-
tance, and the induction of the magnet is at its minimum

(11)

where the operating point of is located on
the linear demagnetization curve of NdFeB magnet, which can
be expressed by

(12)
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Fig. 6. Operating points and energy relationships of the permanent magnet.

Furthermore, through the relative permeability , the linear
demagnetization curve between the remanent induction and
the coercivity is described as

(13)

The magnetic circuit reaches the minimum reluctance as the
moving part stays inside the air gap; therefore, the induction of
the magnet reaches the maximum to get the operating
point

(14)

From the minimum induction to the maximum induc-
tion , the operating states of the magnet are connected to
become a recoil curve, which is lower than the demagnetization
curve. And the recoil curve can be deduced with the following
equation:

(15)

where the relative permeability of the recoil loop is slightly
smaller than that of the demagnetization curve .

The operating points of the permanent magnet are defined
along the demagnetization curve and the recoil line as shown in
Fig. 6. The triangle area of OAG represents the available mag-
netic energy in the air gap per unit volume of the permanent
magnet. In order to avoid frictional contact, a small air gap is
set up between the moving part and the magnetic circuit. The
gray marked triangle OAM is the total equivalent field energy
of the magnet for transforming into mechanical work, which is
realized by the magnetic attracting force along distance .
And at the point between the points and , the magnetic
attracting force reaches the maximum , where the equiv-
alent magnetic energy of becomes the maximum.
Besides, the angular term of in (9) obviously is
associated with the emerging position of the maximum mag-
netic force.

Fig. 7. Modified analytical model of magnetic circuit.

According to our preliminary analysis, the simplified equa-
tion (9) results in significant deviations on peak values and their
corresponding positions, compared with the experimental re-
sults. The main reasons of these deviations are: (a) negligence
of leakage fluxes and (b) inhomogeneous distribution of mag-
netic flux over the cross section along the magnetic loop. Taking
the inhomogeneous flux into consideration, we modify the an-
alytical model through slicing of the magnetic parts along the
flux direction. Fig. 7 shows the modified analytical model in
the finite slicing method, the subscripts and are the num-
bers of the sliced magnetic circuits and the sliced moving parts,
respectively.

Their corresponding reluctances can be rewritten as follows:

Soft-magnetic path:

Moving magnetic part:

(16)
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where and are the cross-sectional areas of slicing ele-
ments with a total cross-sectional area of long wide
for the magnetic circuit and for the moving part re-
spectively. In total there are possible combinations of air
paths between the magnetic circuit and the moving part, and the
corresponding reluctances are as follows:

(17)

where denotes the air path between the th slice of the
magnetic circuit and the th slice of the moving part,

) is the average projected cross-sectional area, and
is the angle between the magnetic flux and the force acting
direction

where

(18)

The magnet flux is then modified as the following equation:

(19)

where is the total reluctance of parallel sliced magnetic
paths

(20)

The flux permeates through the path having the minimum re-
luctance, we assign the term of to
indicate the minimum reluctance within all parallel combina-
tions of . Accordingly, the main branched
fluxes and are derived

(21)

(22)

From these fluxes, we can then calculate the corresponding
induction of each air path

(23)

Fig. 8. Magnetic force versus moving distance. (Experiment versus analytical
simulation.)

Therefore, the total magnetic attracting force acting on the
magnetic moving part in the moving direction can be deduced

(24)

Fig. 8 shows the relationship between the magnetic force and
the moving distance for the first type of magnetic arrangement,
in which the simulation curve derived from the modified analyt-
ical model is quite consistent with the experimental curve. Ac-
cording to these verified equations, the relationships between
design parameters and their effects on the magnetic force are
summarized in Table 1. The peak’s position is mainly dependent
on the pole shapes of the moving part and the magnetic loop; in
contrast, the curve form and the peak value are significantly re-
lated to most design parameters such as the arrangement and
material of magnet, material of soft-magnetic element, magnet
dimensions, pole dimensions, and air gap.

Compared with the above-mentioned theoretical analysis, the
finite-element software ANSYS is an efficient tool for analyzing
the kind of magnetic torque compensator with a complicated
form. We choose the Solid 98(Tetrahedral Coupled-field Solid)
as a basic analytical element because of its good meshing and
mesh-coupling possibility. The air volume around the magnetic
system is defined to prescribe an appropriate analytical zone.
For optimal model meshing, the free-mesh and the smart mesh
methods are applied complementarily in coordination with each
other. Based on the flux analysis for each moving state, the mag-
netic force acting on the magnetic moving part can be derived
through the virtual work. The simulation obtained through our
developed finite-element model reveals a good consistency with
the experimental results, as shown in Fig. 9. However, there are
still some tiny deviations originated from incomprehensive con-
sideration of the nonlinear magnetic effect, variable relative per-
meability, leakage flux, and distortion of meshing element in
small air gap.

Besides the geometric parameters, the magnetic arrangement
is also one of the main factors affecting the formation and the
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TABLE I
RELATIONSHIP BETWEEN DESIGN PARAMETERS AND THEIR EFFECTS

Fig. 9. Magnetic force versus moving distance. (Experiment versus FEM
simulation.)

variation of magnetic flux. In comparison with the central in-
stalled magnet, the front installed magnets generate more mag-
netic flux on the approaching soft-magnetic element as shown
in Fig. 10.

C. Structure and Function of Magnetic Torque Compensator

By using modular construction, we develop a magnetic torque
compensator capable of synthesizing any compensating torque
compatible to all features of the roller gear cam. Main functional
elements of this system are the magnetic energy source, the field
guide, and the acting element. The magnetic energy source can
either be a magnetic coil or a permanent magnet. Although a
permanent magnet has less operational restriction than a coil due
to no thermal resistance loss, a strong permanent magnet man-
ufactured by powder metallurgy is very brittle for machining.
To guide the magnetic flux of permanent magnet efficiently into
a certain working zone, we apply easy-machined soft-magnetic
material as field guide and acting element. The acting element is
fixed on a paramagnetic disk. When the disk rotates, the acting
element attracts magnetic flux out of the working zone to gen-
erate a reaction torque on the rotating disk. According to the

Fig. 10. Influences of magnetic arrangements. (Simulation by finite element
method.) (a) Symmeatrical arrangement with one central NdFeB magnet.
(b) Symmetrical arrangement with two front-installed NdFeB magnets.

Fig. 11. Three different types of magnetic arrangements. (a) Axial type.
(b) Radial type. (c) Proximate type.

basic concept shown in Fig. 2, we develop three different types
of magnetic loops: the axial type, the radial type, and the proxi-
mate type as shown in Fig. 11. Both the axial type and the prox-
imate type present a U-shaped working zone, and the motion di-
rections of their acting elements are perpendicular to the flux di-
rections of their magnetic loops. In the radial type, the working
zone is set up around the circumferential surface on the rotating
disk, and most magnetic flux flows from the concave surface of
the magnetic loop to the circumferential surface of the magnetic
rotating element.

The main groups of the rotational magnetic torque compen-
sator are: 1) the magnetic loop equipped with permanent mag-
nets and soft-magnetic side-plates; 2) the magnetic acting group
on the shaft; and 3) the housing. To synthesize the compen-
sating torque curve, we apply the modular system concept for
easy modification of the magnetic loop and the magnetic acting
group. The rotating shaft with the magnetic acting group is lo-
cated within the center of the system; and the magnetic loop is
installed radially around the shaft. For supporting and protecting
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Fig. 12. Experimental installation of the magnetic torque compensator.

the entire system, a separable housing is used to fix and cover
the magnetic loop and to acquire easy tuning possibility for the
magnetic system.

III. EXPERIMENTAL RESEARCH

Fig. 12 shows the experimental installation of the magnetic
torque compensator. The shaft of magnetic torque compensator
is directly coupled with the input shaft of the indexing device,
and the housing of the magnetic loop is fastened on that of the
indexing device. The encoder for measuring rotating angle is
attached to the extension rod of the magnetic torque compen-
sator, and the torque sensor is coupled on the other side of the
input shaft. The indexing device, the torque sensor, and the en-
coder are installed in series on the same base plate to accomplish
a stable experimental condition. For acquiring the relationship
between the magnetic torque and the rotating angle, the torque
signal and the angular signal are simultaneously transmitted to a
computer through corresponding signal conditioners and digital
acquisition interface.

1) Serial Arrangement: The serial arrangement as shown
in Fig. 11(a) is a modification of the axial type of magnetic
arrangement; Fig. 13 shows the magnetic torque curve of the
first working zone in the serial arrangement of magnets with
identical magnetic orientations. The magnetic torque shows a
sinus-formed curve. As the acting element enters or leaves the
working zone, the maximum magnetic torque or exerts
on the acting element, respectively. At the entrance or the exit
edge of the working zone, most magnetic flux flows to the
acting element, which consequently makes the tangential mag-
netic force reach its maximum. Under the hysteresis effect of
magnetic materials, the leaving torque is about 1.5 times the
entering torque . As the acting element completely gets into
the working zone, the magnetic force acts perpendicularly to the
rotating direction of the shaft and engenders no reaction torque.
The little ripples on the curve come from angular vibrations
induced by ball bearings. Because of the opposite polarization
on both sides of the magnetic side-plate, the flux is chiefly built
up inside the magnetic side-plates except the working zone. The
flux density at the margins is lower than that in the midst of the
working zone. This inhomogeneous distribution of flux density
and the magnetic interaction between adjacent working zones
bring torque augmentation unproportionate to the increase of
working zones.

Fig. 14 shows the magnetic torque curve of the first working
zone in the serial arrangement of magnets with opposite mag-
netic orientations. Inside each magnetic side-plate, the magnetic

Fig. 13. Magnetic torque curve from the first working zone in the serial ar-
rangement of magnets with identical magnetic orientations.

Fig. 14. Magnetic torque curve from the first working zone in the serial ar-
rangement of magnets with opposite magnetic orientations.

repulsion drives most of the magnetic flux to the working zone
through the designed magnetic loop. The flux density in the
working zone is four times that of the above-mentioned mag-
netic arrangement with the identical orientations. And the mag-
netic force increases in proportion to the energy transformation
between the magnetic and the mechanical energy. Furthermore,
the magnetic hysteresis effect enlarges the leaving torque to
about two times the entering torque . The opposite orienta-
tions of magnets keep a constant flux density in each working
zone, and such arrangements also prevent interference from ad-
jacent working zones. Accordingly, the magnetic torque can be
summed up in proportion to the increase of the working zones.

Through suitable arrangement of the acting elements and the
rotating disks, diverse torque curves can be synthesized on the
basis of the curve unit. Fig. 15 presents the simulated induction
distributions on the 3-D models for two sequential states with
finite-element method. In contrast to the magnets with identical
orientations, these with opposite orientations allow more mag-
netic energy to flow to the edges of the magnetic side-plates and
the air gap.

2) Radial Arrangement: The other alternative design con-
cept is the radial arrangement shown in Fig. 11(b), where the
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Fig. 15. Influences of magnetic orientations in serial arrangement of magnets.
(Simulation by finite element method). (a) Serial arrangement of magnetes with
identical magnetic orientations. (b) Serial arrangement of magnetes with oppo-
site magnetic orientations.

Fig. 16. Magnetic torque curve of radial arrangement with 0.3 mm air gap.

soft-magnetic block leads the flux of the permanent magnet to
the circumferential surface on the rotating disk. For achieving
field guiding tangentially toward the rotating direction, the soft-
magnetic block is machined to match the circumference of the
rotating disk. As shown in Fig. 16, the relationship between the
magnetic torque and the rotating angle is quite different from
those of the serial arragements. When the acting element en-
ters into or comes out of the working zone, the magnetic torque
curve changes drastically and marks higher amplitude than that
in the serial arrangement due to the short reaction time. Because
of backlash and mounting errors, the unintended inclination of
the radial gap between the stator and the rotor gives rise to the
asymmetry of the magnetic torque curve.

3) Proximate Arrangement: Based on our previous theoret-
ical and experimental analyses, we verified that a magnet al-
lows more flux directly to permeate the working zone without
any intermediate soft-magnetic medium. Fig. 11(c) presents our
proximate arrangement, where two permanent magnets are fixed
face to face to build up a U-shaped working zone for the rotating
disk. Fig. 17 shows the measured torque curve. In spite of high
field strength in the working zone, the magnetic torque is unex-
pectedly small here, because most flux of NdFeB magnet comes
directly out of its pole surfaces, and much less magnetic flux
permeates from its circumferential surfaces to the approaching

Fig. 17. Magnetic torque curve of proximate arrangement.

Fig. 18. Magnetic torque curve of a serial arrangement. (Experiment versus
FEM simulation.)

acting element. In addition, mounting inaccuracies and mag-
netic hysteresis can induce the asymmetry of the curve.

Fig. 18 shows the experimental results versus the simulation
results of the serial arrangement derived through finite-element
method; there are significant differences on the peak values and
the corresponding positions. The experimental and simulation
curve have almost the same energy area under the torque curves,
but the angular range of the simulation curve is narrower than
that of the experimental curve because the magnetic flux dis-
tributes over a larger space than that predicted by the simulation.

In order to comprehend the curve-synthesizing performance,
simulations are made to study the influence of the working area
of the acting element on the torque. The working area of the
magnetic loop covers an angular sector of 53 , and each acting
element has an angular sector of 3 in rotating direction. Being
regarded as a basic element, the acting element can be linked
together to form a large element or be arranged radially on the
rotating disk. The simulation results presented in Fig. 19 reveal
that the magnetic torque changes in proportion to the working
area variation. Therefore, any torque curve can be synthesized
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Fig. 19. Influence of magnetic working area on the torque curve.

Fig. 20. Simulated curve versus synthesized curve of two linked acting
elements.

directly through suitable arrangement of elements as mosaics on
the rotating disk.

As Fig. 20 shows, except small deviations of the two linked
acting elements, there is no obvious difference between the sim-
ulated curve and the synthesized curve.

Either through experiment or finite-element analysis (FEA),
we can acquire a magnetic torque curve of each acting element.
And by analogy with mosaic buildup, we can arrange acting el-
ements to construct any desired torque curve. To obtain a larger
torque, we can put an acting element in a large radial position,
or install several acting elements on parallel rotating disks, re-
spectively. To extend the span of the both peaks, we can either
set acting elements in series along the circumference of a ro-
tating disk or in successive order on some parallel disks. Fig. 21

Fig. 21. Two design schemes of magnetic torque compensators. (a) Concen-
trical arrangement. (b) Axially parallel arrangement.

illustrates two different design schemes: one with concentrical
arrangement, and the other with axially parallel arrangement.
Certainly, it is also possible to integrate those advantages of both
arrangements to create a hybrid type.

IV. CONCLUSION

To compensate the torque variation on the input shaft of
indexing devices, we adopted the magnetic working prin-
ciple to develop magnetic torque compensating devices. The
magnetic energy from the permanent magnet is transformed
into the mechanical torque on the rotating magnetic element.
Different types of magnetic loops and their characteristics
are comprehended through experiments and analyses with the
equivalent magnetic circuit and the finite-element method.
A serial arrangement with identical magnetic orientations, in
spite of its installing convenience, generates less magnetic flux
for energy transformation. The modified serial arrangement
with opposite magnetic orientations allows magnetic flux to
permeate effectively into the working zone, and it also realizes
higher magnetic torque. Having more efficient energy transfor-
mation, the radial arrangement demands more efforts to arrange
the curvy working zone and the rotating disk. In the proximate
arrangement, the permanent magnets, placed in the proximity
of both sides of the rotating disk, transmit the magnetic energy
directly to the acting element; while the flux of NdFeB magnet,
coming mainly from the pole surface, creates less magnetic
torque in tangential direction. The modular configuration of
the magnetic torque compensator enables different types of the
magnetic loops to be integrated to adapt to diverse technical
requirements. By means of curve synthesis, any compensating
torque curve demanded can be built up by appropriate arrange-
ment of magnets or magnetic acting elements in the torque
compensator.
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