wo 2013/138682 A1 I} I A1 0000 OO OO

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2013/138682 Al

19 September 2013 (19.09.2013) WIPO I PCT
(51) International Patent Classification: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
HOIF 7/06 (2006.01) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
. . ] DO, DZ, EC, EE, EG, ES, F1, GB, GD, GE, GH, GM, GT,
(21) International Application Number: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
PCT/US2013/031850 KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
(22) International Filing Date: ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
15 March 2013 (15.03.2013) NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
. ) RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
(25) Filing Language: English T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(26) Publication Language: English M, ZW.
(30) Priority Data: (84) Designated States (uniess otherwise indicated, for every
61/611.187 15 March 2012 (15.03.2012) Us kind of regional protection available): ARIPO (BW, GH,
’ GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
(71) Applicant: NANOMECHANICS, INC. [US/US]; 105 UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
Meco Lane, Oak Ridge, TN 37830 (US). TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
(72) Tnventors: OLIVER, Warren; 11333 Freels Bend Point, E/{Eé El\iKF IMFTR’NGLB’I\I%R’PIiRﬁUﬁ(I)E’RIS’ EE L; ;“II(J é‘l\\i
Knoxville, TX 37931 (US). SWINDEMAN, John; 6748 ’ S i s o T e
. . TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
Timber Run Lane, Knoxville, TN 37918 (US). DRAKE, ML, MR, NE, SN, TD, TG)
Michael; 1421 Paxton Drive, Knoxville, TN 37918 (US). i T T T ’
Published:
(74) Agents: GOOGE, Matthew, M. et al; Luedeka Neely
Group, P.C., P. O. Box 1871, Knoxville, TN 37901-1871 —  with international search report (4rt. 21(3))
(Us). —  before the expiration of the time limit for amending the
(81) Designated States (unless otherwise indicated, for every claims and to be vepublished in the event of receipt of

kind of national protection available). AE, AG, AL, AM,

amendments (Rule 48.2(h))

(54) Title: ELECTROMECHANICAL ACTUATOR TO REDUCE HEATING EFFECTS

(57) Abstract: The application describes an electromechanical actuator for

extends.

FIG. 2

generating a mechanical force to be transferred to an apparatus. The elec-
tromechanical actuator comprises an electromagnetic coil, a connecting
member, and a magnet. The connecting member is mechanically coupled
between the electromagnetic coil and the apparatus and is configured to
transfer the mechanical force from the electromagnetic coil to the apparatus.
The magnet is disposed between the electromagnetic coil and the apparatus
and includes a channel in which the electromagnetic coil is disposed, the
channel having a channel opening that faces away from the apparatus, the
magnet further having a central hole through which the connecting member
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ELECTROMECHANICAL ACTUATOR TO REDUCE HEATING EFFECTS

Field

[0001] This invention relates to the field of electromechanical actuators. More particularly,
this invention relates to an electromechanical actuator for reducing the heating effects of the

electromechanical actuator.
Background

[0002] Electromechanical actuators create motion in a straight line and are used in a wide
range of applications where linear motion is required. Examples of applications for

electromechanical actuators include industrial and material testing applications.

[0003] In addition to linear motion, when electromechanical actuators are activated heat is
created. When the electromechanical actuator is used in connection with applications that are
highly sensitive to thermal variation, the heat created by the electromechanical actuator may
cause significant interference or errors in any measurements obtained in connection with the

electromechanical actuator.

[0004] What is needed, therefore, is an electromechanical actuator that reduces any heating

effects of the electromechanical actuator.
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Summary of the Invention

[0005] The aforementioned and other needs are fulfilled by one or more aspects of the
invention disclosed herein. The present disclosure relates to an electromechanical actuator

for reducing the heating effects of the electromechanical actuator.

[0006] In a first aspect, the present disclosure provides an electromechanical actuator for
generating a mechanical force to be transferred to an apparatus. The electromechanical
actuator comprises an clectromagnetic coil, a connecting member, and a magnet. The
connecting member is mechanically coupled between the electromagnetic coil and the
apparatus and is configured to transfer the mechanical force from the electromagnetic coil to
the apparatus. The magnet is disposed between the electromagnetic coil and the apparatus
and includes a channel in which the electromagnetic coil is disposed, the channel having a
channel opening that faces away from the apparatus, the magnet further having a central hole

through which the connecting member extends.

[0007] In some embodiments, the magnet is a permanent magnet, In certain embodiments,

the magnet is an electromagnet.

[0008] In some embodiments, the central hole has a first axis and the channel has a second

axis that is parallel to the first axis.
[0009] In certain embodiments, the apparatus is a nanoindentation apparatus.

[0010] In some embodiments, the magnet further comprises one or more vent apertures

formed therethrough for convecting heat away from the away from the apparatus.

[0011] In one embodiment, the electromechanical actuator further comprises one or more

cooling elements adjacent the magnet.
[0012] In another embodiment, the channel is circular and concentric with the central hole.

[0013] In a second aspect, the present disclosure provides an electromechanical actuator

comprising a magnet having an upward facing channel opening when the electromechanical
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actuator is in a vertical orientation and a central hole formed therethrough, an
electromagnetic coil disposed in the channel, and a connecting member having a first end
secured to the electromagnetic coil and an opposing second end secured to an apparatus, the
connecting member extending through the central hold formed in the magnet. The connecting
member applies a mechanical force to the apparatus when the eclectromagnetic coil is

electrically energized.

[0014] In one embodiment, at least a portion of the channel is open to an ambient room
atmosphere through an entirely vertical pathway when the electromechanical actuator is in a

vertical orientation.

[0015] In a third aspect, the present disclosure provides an electromechanical actuator
comprising a magnet having an outward facing channel opening and a hole formed through
the magnet, an electromagnetic coil disposed in the channel, and a connecting member
having a first end and an opposing second end, the connecting member secured to the
electromagnetic coil at the first end, extending through the hole formed in the magnet and
secured to a nanoindentation apparatus at the second end of the connecting member. When
the electromagnetic coil is electrically energized the connecting member applies a
mechanical force to the apparatus. The hole formed through the magnet has a first axis and
the channel has a second axis, the second axis being parallel to the first axis. When the
electromechanical actuator is in a vertical orientation at least a portion of the channel is open

to an ambient room atmosphere through an entirely vertical pathway.

[0016] A more complete appreciation of the present disclosure and its scope can be obtained

from the following description of the invention.
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Brief Description of the Drawings
[0017] Fig. 1 is a cross-sectional view of an electromechanical actuator; and

[0018] Fig. 2 is a cross-sectional view of an exemplary embodiment of an electromechanical

actuator to reduce heating effects.
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Detailed Description

[0019] The following detailed description provides exemplary embodiments of an
electromechanical actuator to reduce heating effects. The description is not to be taken in a
limiting sense, but is made merely for the purpose of illustrating exemplary and preferred

embodiments.

[0020] Typical embodiments of the present disclosure provide an electromechanical actuator
with an electromagnetic coil that is disposed in a portion of a magnet, which provides

thermal insulation between the electromagnetic coil and an apparatus.

[0021] Electromechanical force actuators generate heat as well as the intended mechanical
force. The generated heat may adversely affect the performance of a system to which the

actuator is connected.

[0022] FIG. 1 is a cross-sectional view of an electromechanical actuator 100 connected to an
apparatus 10. The apparatus 10 may, for example, be a measurement tip or probe, or a
material processing tip, or a material sample, or an actuator for a providing a mechanical
tensile or compressive force, or any other device for which the application of a mechanical
force is desired and that may be sensitive to heat. The electromechanical actuator 100
includes a magnet 108. The magnet 108 may be a permanent magnet or an electromagnet.
As referred to herein, a permanent magnet may be formed of a material that is magnetized
and creates its own persistent magnetic field, while an electromagnet may produce a
magnetic field by the flow of electric current and the magnetic field ceases when the current

is turned off.

[0023] The magnet 108 has a channel 112 having a downward facing opening (in the
orientation that is illustrated) in which an electromagnetic coil 120 is disposed. Thus, the
magnet 108 is positioned around the electromagnetic coil 120. The electromechanical
actuator 100 is mechanically coupled to the apparatus 10 with a connecting member 160
through which a mechanical force is transferred to the apparatus 10 at a place of engagement

180 when the electromagnetic coil 120 is electrically energized. Heat generated by the
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electrically energized electromagnetic coil 120 transfers to the apparatus 10 and may affect

the performance of the apparatus 10.

[0024] FIG. 2 is a cross-sectional view of an exemplary embodiment of an electromechanical
actuator 200 according to the present disclosure, connected to the apparatus 10. The
electromechanical actuator 200 is depicted in a vertical orientation in FIG. 2 in order to
provide a frame of reference (i.e. what is “vertical”) for describing the comparative spatial
orientations the various components. However in actual applications, the electromechanical
actuator 200 may be tilted or rotated to any other (non-vertical) orientation. The
electromechanical actuator 200 may include a magnet 208. The magnet 208 may be a
permanent magnet or an electromagnet. The magnet 208 has a channel 212 having an
upward-facing (in the orientation illustrated) channel opening 214. As further illustrated in
FIG. 2, the channel opening 214 faces away from the apparatus 10. The channel 212 is
preferably circular and formed around an axis 228. An electromagnetic coil 220 is disposed

in the channel 212.

[0025] The channel 212 has as width 216 and the electromagnetic coil 220 has a thickness
224. Often, to improve performance of the electromechanical actuator 200, it is desirable to
minimize the difference (i.c., to minimize the gap) between the width 216 of the channel and
the thickness 224 of the electromagnetic coil 220. Because of this minimal clearance, proper
alignment of the electromagnetic coil 220 in the channel 212 may be difficult to obtain. The
orientation (in Figure 2) of the channel 212 (with its outward-facing channel opening 214)
facilitates visual observation of the electromagnetic coil 220 when making that alignment,

both during original manufacturing and subsequently if maintenance is required.

[0026] The electromechanical actuator 200 may be mechanically coupled to the apparatus 10
with a connecting member 260 that may extend through a central opening 252 in the magnet
208. When the electromagnetic coil 220 is electrically energized a mechanical force is
transferred to the apparatus 10 by the connecting member 260 at a place of engagement 280.
In the embodiment of FIG. 2 the channel opening 214 is facing away from the place of
engagement 280. Further, the hole 252 has an axis 256. Typically, the axis 228 of the channel
212 is parallel with the axis 256 of the hole 252. In the embodiment of Figure 2 the axis 228
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of the channel 212 and the axis 256 of the hole 252 are co-axial, which also means, of course,

that they are parallel.

[0027] As seen in Figure 2, the magnet 208 may be positioned under and around the
electromagnetic coil 220. Thus the magnet 208, in its position between the electromagnetic
coil 220 and the apparatus 10, may help thermally isolate the apparatus 10 from the
electromagnetic coil 220, thereby reducing the transfer of heat generated by the
electromagnetic coil 220 to the apparatus 10 regardless of the orientation of the apparatus 10
and electromechanical actuator 200. Further, when the apparatus 10 and electromechanical
actuator 200 are oriented vertically (as illustrated in FIG. 2), the heat may rise convectively
away from the apparatus 10 to an ambient room atmosphere through an entirely vertical

pathway 232, without, for example, being trapped by the magnet 108 of FIG. 1.

[0028] Vent apertures (through-holes) may be provided in regions 236 of the magnet 208, or
clsewhere in the magnet 208 (particularly in applications where the electromechanical
actuator 200 is not oriented vertically). Such apertures facilitate convection of heat away
from the apparatus 10. Active cooling elements (e.g., cooling coils with heat transfer liquids
or gases) or passive cooling elements (e.g., heat transfer fins) may also be added adjacent the
regions 236 of the magnet 208, or elsewhere adjacent other regions of the magnet 208.
Passive cooling elements may also be added on the top of the connecting member 260

adjacent the electromagnetic coil 220.

[0029] The electromechanical actuator 200 may be fabricated in an integrated process or
assembled from separately fabricated components. In one application, the use of the
electromechanical actuator 200 is in a nanoindentation apparatus, which may reduce heating
effects to maintain a stable temperature for a high sensitivity displacement sensor. As
referred to herein, a nanoindentation apparatus is an apparatus for performing a variety of
indentation hardness tests applied to small volumes to test the mechanical properties of a

variety of materials.

[0030] The eclectromechanical actuator of the present disclosure reduces heating effects

caused by activation of the actuator by allowing any heat generated by the electromagnetic
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coil, magnet, or other components of the actuator to ventilate away from the apparatus 10 and
connecting member 260. This is particularly beneficial during nanoindentation testing where
isolation of environmental factors is desired during testing. Because forces measured in milli-
Newtons and displacements measured in nanometers occur during nanoindentation testing,
any outside factors such as variations in temperature may cause significant errors in the
nanoindentation test. By reducing any heating effects, any errors during the testing process

that are the result of thermal variation are thereby reduced.

[0031] The previously described embodiments of the present disclosure have many
advantages. The foregoing description of preferred embodiments for this invention have
been presented for purposes of illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise form disclosed. Obvious modifications or
variations are possible in light of the above teachings. The embodiments are chosen and
described in an effort to provide the best illustrations of the principles of the invention and its
practical application, and to thereby enable one of ordinary skill in the art to utilize the
invention in various embodiments and with various modifications as are suited to the
particular use contemplated. All such modifications and variations are within the scope of

the invention.
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What is claimed is:

1.

An electromechanical actuator for generating a mechanical force to be transferred to

an apparatus, the electromechanical actuator comprising:

an electromagnetic coil;

a connecting member mechanically coupled between the electromagnetic coil and the
apparatus, the connecting member being configured to transfer the mechanical
force from the electromagnetic coil to the apparatus; and

a magnet disposed between the electromagnetic coil and the apparatus, the magnet
having a channel in which the electromagnetic coil is disposed, the channel
having a channel opening that faces away from the apparatus, the magnet

further having a central hole through which the connecting member extends.

The electromechanical actuator of claim 1 wherein the magnet is a permanent

magnet.

The electromechanical actuator of claim 1 wherein the magnet is an electromagnet.

The electromechanical actuator of claim 1 wherein central the hole has a first axis and

the channel has a second axis that is parallel to the first axis.

The electromechanical actuator of claim 1 wherein the apparatus is a nanoindentation

apparatus.

The electromechanical actuator of claim 1 wherein the magnet further comprises one
or more vent apertures formed therethrough for convecting heat away from the

apparatus.



WO 2013/138682 PCT/US2013/031850

10.

11.

12.

The electromechanical actuator of claim 1 further comprising one or more cooling

clements adjacent the magnet.

The electromechanical actuator of claim 1 wherein the channel is circular and

concentric with the central hole.

An electromechanical actuator comprising:

a magnet including an upward facing channel opening when the electromechanical
actuator is in a vertical orientation and a central hole formed therethrough;

an electromagnetic coil disposed in the channel; and

a connecting member having a first end secured to the electromagnetic coil and an
opposing second end secured to an apparatus, the connecting member
extending through the central hole formed in the magnet;

wherein the connecting member applies a mechanical force to the apparatus when the

electromagnetic coil is electrically energized.

The electromechanical actuator of claim 9 wherein the magnet is a permanent

magnet.

The electromechanical actuator of claim 9 wherein the magnet is an electromagnet.

The electromechanical actuator of claim 9, wherein the central hole formed through
the magnet has a first axis and the channel has a second axis, the second axis being

parallel to the first axis.

10
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13.

14.

15.

16.

17.

The electromechanical actuator of claim 9, wherein at least a portion of the channel is
open to an ambient room atmosphere through an entirely vertical pathway when the

electromechanical actuator is in a vertical orientation.

The electromechanical actuator of claim 9 wherein the apparatus is a nanoindentation

apparatus.

The electromechanical actuator of claim 9 further comprising one or more cooling

clements adjacent the magnet.

The electromechanical actuator of claim 9 wherein the channel is circular and

concentric with the central hole.

An electromechanical actuator comprising:

a magnet having an outward facing channel opening and a hole formed through the
magnet;

an electromagnetic coil disposed in the channel; and

a connecting member having a first end and an opposing second end, the connecting
member secured to the electromagnetic coil at the first end, extending through
the hole formed in the magnet and secured to a nanoindentation apparatus at
the second end of the connecting member;

wherein when the electromagnetic coil is electrically energized a mechanical force is
applied to the apparatus by the connecting member;

wherein the hole formed through the magnet has a first axis and the channel has a

second axis, the second axis being parallel to the first axis; and

11
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wherein when the electromechanical actuator is in a vertical orientation at least a
portion of the channel is open to an ambient room atmosphere through an

entirely vertical pathway.

18.  The electromechanical actuator of claim 17 further comprising one or more cooling

clements adjacent the magnet.

12
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