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The present invention provides a load generating unit for
testing an actuator, the unit including a first permanent
magnet and a second permanent magnet spaced apart from
each other; a third permanent magnet or a ferromagnetic
body arranged in a row with the first permanent magnet and
the second permanent magnet between the first permanent
magnet and the second permanent magnet; and a first link
passing through central axes of the first permanent magnet
and the second permanent magnet to be penetrated to a
central axis of the third permanent magnet and be connected
to the actuator, wherein the third permanent magnet and the
link are displaced in a length direction of the first link by a
magnetic force. According to the present invention, the
complexity, cost, and inertia of a device may be overcome
and a load profile may be easily generated.
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LOAD GENERATING UNIT FOR TESTING
ACTUATOR AND LOAD SIMULATOR FOR
TESTING ACTUATOR

CROSS REFERENCE TO RELATED
APPLICATION

[0001] The present application claims priority to Korean
Patent Application No. 10-2021-0042797 filed on Apr. 1,
2021, the entire contents of which is incorporated herein for
all purposes by this reference.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] The present invention relates to a simulator for
applying a load to an actuator and a load generating unit
forming the simulator.

Description of the Related Art

[0003] An actuator is a mechanical device that moves
according to a control command, and at this time, perfor-
mance of the actuator in following the command varies
depending on the force (load) applied from outside. A load
profile represents the direction and magnitude of the load
applied according to the displacement of the actuator and
varies depending on the technical fields in which the actua-
tor is used. Engineers designing the actuator need to predict
the load profile suitable for the final application and check
the performance changes of the actuator without fail when
the profile is applied. A device that is connected to the
actuator and simulates the load by applying a force is
referred to as a ‘load simulator’.

[0004] Different fields employ different actuators and have
different load profiles, but, as illustrated in FIG. 1, a domi-
nant profile is such that the ‘direction of displacement
movement’ and the ‘direction of load application’ are oppo-
site to each other in general. The profile is such that there is
a specific point of no load and that, as movement is made
from this point toward either end displacement, the move-
ment of the actuator is resisted and the magnitude of the load
gradually increases. For this purpose, conventionally, a load
generating motor is directly connected (Korean Patent No.
10-1297755), a double-acting hydraulic cylinder is con-
nected (Korean Patent Application No. 10-2010-0108876),
or a leaf spring is connected (Korea Patent No. 10-1297755)
as a load simulator.

[0005] However, the configuration of the device according
to conventional technology is rather complex and costly. In
addition, the conventional technology has a disadvantage in
that it is difficult to generate a ‘matching profile’ in which the
displacement movement direction and the load application
direction match. That is, the magnitude of load gradually
increases when the movement is made from the specific
point of no load toward either end displacement.

[0006] In a rather uncommon technical field in which a
load as illustrated by the profile in FIG. 2 is applied, for
example, in a pintle actuator that serves as a nozzle opener/
closer of a guided weapon and a spacecraft thruster, a load
simulator configured to apply the profile in which ‘displace-
ment direction and load direction match’ is a must.

[0007] Iftheload profile in FIG. 2 is to be generated based
on the conventional technology, the system becomes more
complicated and the cost further increases. In particular,
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there is a high possibility that not so small an amount of
inertia is added to the actuator, which deteriorates the
accuracy in the load simulation. A large increase in the
actuator inertia will impact on the original following per-
formance, and accurate determination of the actuator per-
formance pursued by the designer may not be obtained.

[0008] The matters described above in the technical back-
ground are intended only for a better understanding of the
background of the present invention and may include mat-
ters other than the conventional technology already known
to those with common knowledge in the field to which the
present invention pertains.

SUMMARY OF THE INVENTION

[0009] An object of the present invention is to provide a
load generating unit for testing an actuator and a load
simulator for testing the actuator by which a load profile may
be easily generated by overcoming the complexity, costli-
ness, and inertia of the apparatus.

[0010] A load generating unit for testing an actuator
according to an aspect of the present invention includes a
first permanent magnet and a second permanent magnet
spaced apart from each other; a third permanent magnet
arranged in a row with the first permanent magnet and the
second permanent magnet between the first permanent mag-
net and the second permanent magnet; and a first link
passing through central axes of the first permanent magnet
and the second permanent magnet to be penetrated to a
central axis of the third permanent magnet and be connected
to the actuator, wherein the third permanent magnet and the
link are displaced in the length direction of the first link by
a magnetic force.

[0011] The polarities of either surface of the third perma-
nent magnet differ from the polarities of the surfaces of the
first and second permanent magnets respectively facing
either surface of the third permanent magnet.

[0012] Alternatively, the polarities of either surface of the
third permanent magnet are the same as the polarities of the
surfaces of the first and second permanent magnets respec-
tively facing either surface of the third permanent magnet.

[0013] The first permanent magnet, the second permanent
magnet, and the third permanent magnet have a rectangular
planar shape or a cylindrical shape.

[0014] A load generating unit for testing an actuator
according to another aspect of the present invention includes
a first permanent magnet and a second permanent magnet
fixedly spaced apart from each other; a ferromagnetic body
arranged in a row with the first permanent magnet and the
second permanent magnet between the first permanent mag-
net and the second permanent magnet; and a first link
passing through central axes of the first permanent magnet
and the second permanent magnet to be penetrated to a
central axis of the ferromagnetic body and be connected to
the actuator, wherein the ferromagnetic body and the link are
displaced in the length direction of the first link by a
magnetic force.

[0015] The polarities of the surfaces of the first and second
permanent magnets respectively facing either surface of the
ferromagnetic body differ from each other.

[0016] Alternatively, the polarities of the surfaces of the
first and second permanent magnets respectively facing
either surface of the ferromagnetic body are the same.
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[0017] The first permanent magnet, the second permanent
magnet, and the ferromagnetic body have a rectangular
planar shape or a cylindrical shape.

[0018] Next, the load simulator for testing an actuator
according to an aspect of the present invention includes the
load generating unit and the actuator directly connected to
the first link.

[0019] A first bracket coupled to the other surface of the
first permanent magnet, a second bracket coupled to the
other surface of the second permanent magnet, and a per-
manent magnet displacement adjusting unit coupled to the
first bracket to adjust the position of the first bracket may be
further included.

[0020] Here, the first bracket and the second bracket are
ferromagnetic.
[0021] A load simulator for testing an actuator according

to still another aspect of the present invention includes the
load generating unit; a second link arranged parallel to the
first link, one end of the second link being connected to the
actuator; and a moment arm of which one end is rotatably
coupled to the first link and the other end is rotatably
coupled to the second link, wherein the moment arm rotates
around a middle portion of the moment arm.

[0022] A fixed moment aim bracket and a coupling pin
passing through the moment arm bracket and a middle
portion of the moment arm to be coupled thereto may be
further included.

[0023] Further, a first bracket coupled to the other surface
of the first permanent magnet; a second bracket coupled to
the other surface of the second permanent bracket; and a
permanent magnet displacement adjusting unit coupled to
the first bracket to adjust the position of the first bracket may
be further included.

[0024] Here, the first bracket and the second bracket are
ferromagnetic.
[0025] According to the load generating unit and the load

simulator for testing the actuator, a system having a linear
relationship between displacement and load with respect to
the neutral position of the actuator may be simulated. In
particular, a more useful application is possible when the
external load depending on the position of the actuator has
a profile as illustrated in FIG. 2.

[0026] For example, in the case of a thruster driving
system for controlling missile attitude and trajectory, the
actuator performance needs to be checked through high-
cost, high-risk tests such as a combustion test or a pneumatic
test unless the load simulator of the present invention is
used.

[0027] However, using the load simulator of the present
invention may significantly reduce the test cost and risk.
Further, a method of directly connecting a load generating
motor and a method of connecting a double-acting hydraulic
cylinder for arbitrarily generating the actuator load profile
have been developed, but the load profile in FIG. 2 may be
simulated using a configuration of permanent magnets and a
link only so that the system may be configured much more
concisely in a different manner.

[0028] Further, configuring the load simulator with a
structure of a spring, link, and joint to obtain the same load
profile often increases the equivalent inertia of the actuator
unnecessarily. On the other hand, the load simulator of the
present invention uses the force generated by the permanent
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magnets so that a test device may be configured to minimize
the impact on the equivalent inertia of the actuator while
simulating the desired load.

[0029] The present invention having several advantages as
described above is expected to be widely used in the
development of various thruster driving devices in which
similar types of loads act.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] FIG. 1 and FIG. 2 illustrate examples of load
profiles.
[0031] FIG. 3, FIG. 4, FIG. 5 and FIG. 6 illustrate various

embodiments of a load generating unit for testing an actuator
of the present invention.

[0032] FIG. 7 illustrates an embodiment of a load simu-
lator for testing an actuator of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0033] Reference is to be made to the accompanying
drawings illustrating preferred embodiments of the present
invention and the content described in the accompanying
drawings in order to fully understand the present invention,
operational advantages of the present invention, and the
objects achieved by the embodiments of the present inven-
tion.

[0034] Already known techniques or repetitive descrip-
tions that may unnecessarily obscure the gist of the present
invention will be cut short or omitted.

[0035] FIGS. 3 to 6 illustrate various embodiments of a
load generating unit for testing an actuator of the present
invention, and FIG. 7 illustrates an embodiment of a load
simulator for testing an actuator of the present invention.

[0036] Hereinafter, a load generating unit for testing an
actuator and a load simulator for testing the actuator accord-
ing to embodiments of the present invention will be
described with reference to FIGS. 3 to 7.

[0037] The present invention relates to a load generating
unit for testing an actuator and a load simulator for testing
the actuator configured to overcome the complexity, costli-
ness, and inertia of the device and easily generate a load
profile.

[0038] To this end, the present invention simulates a load
using a magnetic force by arranging permanent magnets and
a ferromagnetic body.

[0039] That is, a plurality of permanent magnets or a
plurality of permanent magnets and a ferromagnetic body
such as iron or nickel are arranged in series/in a row, and a
load is simulated using a magnetic force interacting between
the respective components.

[0040] The load generating unit of the present invention
includes a pair of fixed permanent magnets and includes at
least one permanent magnet or a ferromagnetic body dis-
posed therebetween.

[0041] FIGS. 3 to 6 describe with examples a most basic
load generating unit including three permanent magnets or
two permanent magnets and a ferromagnetic body.

[0042] The load generating unit according to a first
embodiment in FIG. 3 includes a first permanent magnet
110, a second permanent magnet 120, and a third permanent
magnet 130 arranged in a row, wherein the third permanent
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magnet 130 is disposed between the first permanent magnet
110 and the second permanent magnet 120 fixedly spaced
apart from each other.

[0043] The first permanent magnet 110, the second per-
manent magnet 120, and the third permanent magnet 130
have a rectangular planar shape or a cylindrical or hollow
cylindrical shape magnetized in the axial direction.

[0044] Accordingly, the third permanent magnet 130 dis-
posed between the fixed first permanent magnet 110 and the
second permanent magnet 120 is displaced in the central
axis direction by a magnetic force.

[0045] A link to be described below passes through, and is
penetrated to, the first permanent magnet 110, the second
permanent magnet 120, and the third permanent magnet 130,
and the actuator is connected to the link so that the magnetic
force by the magnets acts as a load on the actuator.

[0046] The polarities of the N and S poles of the first
permanent magnet 110, the second permanent magnet 120,
and the third permanent magnet 130 are arranged in the same
direction as illustrated so that the third permanent magnet
130 is displaced by the act of an attractive force between the
first permanent magnet 110 and the second permanent
magnet 120.

[0047] According to a second embodiment in FIG. 4, the
third permanent magnet 131 is disposed such that the
polarities of either surface facing the first permanent magnet
110 and the second permanent magnet 120 are the same as
the polarities of the respective surfaces of the first permanent
magnet 110 and the second permanent magnet 120 so that
the third permanent magnet 131 is displaced by an act of a
repulsive force between the first permanent magnet 110 and
the second permanent magnet 120.

[0048] On the other hand, in third and fourth embodiments
in FIGS. 5 and 6, a ferromagnetic body 210 instead of the
third permanent magnet is arranged between the first per-
manent magnet 110 and the second permanent magnet 120.
[0049] FIGS. 5 and 6 exemplify cases where the polarity
directions of the second permanent magnet 120, 121 are
reversed, and a ferromagnetic body 210 is magnetized to
match the magnetic direction between the first permanent
magnet 110 and the second permanent magnet 120, 121 and
is displaced.

[0050] FIG. 7 illustrates a load simulator to which the
above load generating unit 11 is applied.

[0051] The load simulator includes the load generating
unit 11, a first link 12, a first bracket 13-1, a second bracket
13-2, and a permanent magnet displacement adjusting unit
14 and may further include a moment arm 15, a moment arm
bracket 16, a coupling pin 16-1, and a second link 17.
[0052] A plurality of permanent magnets or a plurality of
permanent magnets and a ferromagnetic body of the load
generating unit according to the first to fourth embodiments
described above are arranged in series/in a row in the load
generating unit 11, and a first permanent magnet 110, a
second permanent magnet 120, and a ferromagnetic body
210 according to a fifth embodiment are arranged in FIG. 7.
[0053] Here, the first permanent magnet 110 and the
second permanent magnet 120 may be axially magnetized
ring magnets, and a disc-shaped ferromagnetic body 210 is
arranged between the first permanent magnet 110 and the
second permanent magnet 120.

[0054] The first link 12 passes through, and is coupled to,
central axes of the first permanent magnet 110, the second
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permanent magnet 120, and the ferromagnetic body 210 of
the load generating unit 11 to transfer the load to the actuator
20.

[0055] The first link 12, in a circular shape, passes through
the central axes of the first permanent magnet 110 and the
second permanent magnet 120 and may pass through the
ferromagnetic body 210 as illustrated.

[0056] The first permanent magnet 110 and the second
permanent magnet 120 are fixedly coupled to the first
bracket 13-1 and the second bracket 13-2 respectively.
[0057] The fixed first permanent magnet 110, the second
permanent magnet 120, and the first link 12 are preferably
set such that friction therebetween is negligible.

[0058] The first bracket 13-1 and the second bracket 13-2
may be composed of a ferromagnetic body so that the
permanent magnets are magnetically coupled thereto to do
without fastening parts.

[0059] The first bracket 13-1 may be coupled to the
permanent magnet displacement adjusting unit 14. That is,
the first bracket 13-1 is displaced in the central axis direction
as the permanent magnet displacement adjusting unit 14 that
may be a hydraulic cylinder or a jackscrew, expands or
relaxes so that the position of the first permanent magnet 110
may be finely adjusted in the central axis direction.

[0060] Accordingly, the load profile received from the
load generating unit 11 may be adjusted.

[0061] In this way, the ferromagnetic body 210 disposed
between the fixed first permanent magnet 110 and the second
permanent magnet 120 is displaced in the axial direction
parallel to the first link 12 by magnetic force and the first link
12 coupled to the ferromagnetic body 210 is displaced in the
length direction so that the load is transferred to the actuator
20 by the generated displacement in the load simulator of the
present invention.

[0062] On the other hand, the moment arm 15 and the
second link 17 may be further included for adjusting a
relationship between the displacement of the actuator 20 and
load, the actuator 20 may be coupled to one end of the
second link 17, and the actuator 20 may be directly con-
nected to the first link 12 as needed.

[0063] One end of the moment arm 15 is rotatably coupled
to the first link 12 and the other end is rotatably coupled to
the second link 17.

[0064] The moment arm bracket 16 is included for fixing
the moment arm 15, and the coupling pin 16-1 passes
through, and is coupled to, the moment arm bracket 16 and
an arbitrary middle portion of the moment arm 15.

[0065] Accordingly, when the first link 12 is displaced in
the length direction, the moment arm 15 is rotated around
the coupling pin 16-1 so that the second link 17 is displaced
in the length direction.

[0066] The second link 17 may be parallel to the first link
12 and is adjusted by the moment arm 15 to be displaced in
a greater magnitude so that a load of a greater magnitude is
transferred to the actuator 20 coupled to one end of the
second link 17.

[0067] An analysis of the load simulated by the load
generating unit 11 is as follows. When the first permanent
magnet 110, the second permanent magnet 120, and the third
permanent magnet 130 are arranged in a row as illustrated in
FIG. 3, the load applied to the third permanent magnet 130
connected to the actuator 20 is calculated by the following
formula.
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MR 1 1 2 [formula 1]

Taram? wemtl

where

U, magnetic permeability of vacuum 47tx10~7 TmA™

M: magnetization of a magnet

x: distance between two magnets

h: thickness (or height) of a magnet

R: radius of a magnet

[0068] The force F, received by the first permanent mag-
net 110 and the force F, received by the second permanent
magnet 120 when the third permanent magnet 130 moves by
y may be calculated by the following formula.

Fie y) = K[ . 1 B 2 ] (formula 2)
@y @-y+2m’ @-y+h?
Falx, y) = K[ + ! — 2 ]
(x+y)z (x+y+2h)z (x+y+h)z
Ko . MR
4

[0069] The load profile in FIG. 2 is generated when the
final force F, =F,—F, received by the third permanent
magnet 130 is plotted with respect to the magnitude of
movement y. However, since the force changes in a nonlin-
ear manner according to the displacement as the fixed first
permanent magnet 110 or second permanent magnet 120 is
approached, a linear magnet of proper size needs to be
properly disposed for the operation of the load simulator in
a linear interval.

[0070] The present invention may calculate the load by
sensing the displacements of the third permanent magnet
and the actuator linked in such a manner and may also
measure the behavior of the actuator caused by the load.
[0071] Furthermore, after replacing the actuator with a
load cell, adjusting the third permanent magnet, measuring
the load on the load cell, checking the load profile as shown
in FIG. 2, and it is possible to calibrate or configure the
simulator before the simulation to match the desired load
profile.

[0072] The present invention is described with reference
to the illustrated drawings but is not limited to the described
embodiments, and it will be self-evident to those skilled in
the art that various revisions and modifications may be made
without departing from the spirit and scope of the present
invention. Accordingly, such revisions and modifications are
to belong to the claims of the present invention, and the
scope of rights of the present invention is to be interpreted
based on the appended claims.

DESCRIPTION OF REFERENCE NUMERALS

110: first permanent magnet
120, 121: second permanent magnet

130, 131: third permanent magnet

210: ferromagnetic body

11: load generating unit

12: first link

13-1: first bracket 13-2: second bracket

14: permanent magnet displacement adjusting unit
15: moment arm
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-continued

DESCRIPTION OF REFERENCE NUMERALS

16: moment arm bracket 16-1: coupling pin
17: second link
20: actuator

What is claimed is:

1. A load generating unit for testing an actuator, compris-
ing:

a first permanent magnet and a second permanent magnet

spaced apart from each other;

a third permanent magnet arranged in a row with the first
permanent magnet and the second permanent magnet
between the first permanent magnet and the second
permanent magnet; and

a first link passing through central axes of the first
permanent magnet and the second permanent magnet to
be penetrated to a central axis of the third permanent
magnet and be connected to the actuator,

wherein the third permanent magnet and the link are
displaced in a length direction of the first link by a
magnetic force.

2. The load generating unit of claim 1, wherein the
polarities of either surface of the third permanent magnet
differ from the polarities of surfaces of the first and second
permanent magnets respectively facing either surface of the
third permanent magnet.

3. The load generating unit of claim 1, wherein the
polarities of either surface of the third permanent magnet are
the same as the polarities of surfaces of the first second
permanent magnet respectively facing either surface of the
third permanent magnet.

4. The load generating unit of claim 1, wherein the first
permanent magnet, the second permanent magnet, and the
third permanent magnet have a rectangular planar shape or
a cylindrical shape.

5. A load generating unit for testing an actuator, compris-
ing:

a first permanent magnet and a second permanent magnet

spaced apart from each other;

a ferromagnetic body arranged in a row with the first
permanent magnet and the second permanent magnet
between the first permanent magnet and the second
permanent magnet; and

a first link passing through central axes of the first
permanent magnet and the second permanent magnet to
be penetrated to a central axis of the ferromagnetic
body and be connected to the actuator,

wherein the ferromagnetic body and the link are displaced
in a length direction of the first link by a magnetic
force.

6. The load generating unit of claim 5, wherein the
polarities of the surfaces of the first and second permanent
magnets respectively facing either surface of the ferromag-
netic body differ from each other.

7. The load generating unit of claim 5, wherein the
polarities of the surfaces of the first and second permanent
magnets respectively facing either surface of the ferromag-
netic body are the same.

8. The load generating unit of claim 5, wherein the first
permanent magnet, the second magnet, and the ferromag-
netic body have a rectangular planar shape or a cylindrical
shape.
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9. A load simulator for testing an actuator, comprising

the load generating unit of claim 1; and

the actuator directly connected to the first link.

10. The load simulator of claim 9, further comprising:

a first bracket coupled to the other surface of the first
permanent magnet;

a second bracket coupled to the other surface of the
second permanent magnet; and

a permanent magnet displacement adjusting unit coupled
to the first bracket to adjust a position of the first
bracket.

11. The load simulator of claim 10, wherein the first

bracket and the second bracket are ferromagnetic.

12. A load simulator for testing an actuator, comprising:

the load generating unit of claim 1;

a second link disposed parallel to the first link, one end of
the second link being connected to the actuator; and

a moment arm of which one end is rotatably coupled to
the first link and the other end is rotatably coupled to
the second link,
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wherein the moment arm rotates around a middle portion
of the moment arm.

13. The load simulator of claim 12, further comprising:
a fixed moment aim bracket; and

a coupling pin passing through the moment aim bracket
and a middle portion of the moment aim to be coupled
thereto.

14. The load simulator of claim 13, further comprising:

a first bracket coupled to the other surface of the first
permanent magnet;

a second bracket coupled to the other surface of the
second permanent magnet; and

a permanent magnet displacement adjusting unit coupled
to the first bracket to adjust a position of the first
bracket.

15. The load simulator of claim 14, wherein the first

bracket and the second bracket are ferromagnetic.
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