TI TLE Nano- Positioning El ectromagnetic Linear Actuator
FI ELD OF THE | NVENTI ON The invention relates to
el ectromagnetic |linear actuators, particularly to
nano- posi ti oni ng actuators. BACKGROUND CF THE
I NVENTI ON Hi gh preci si on nano-positioning systens
typically use linear actuators to effect positioning
at the nano-scale range. Positioning speed and
accuracy are determned largely by the type of |inear
actuators used. It is desirable that such systens have
MIJIE positioning speed and accuracy as they directly
ffect.the eed an ccuracy, of nano- manufacturing
gra%oglgos?lsnggmg %ga e egﬁgwaérﬁ‘émgt%mmnl y used. Various
types of nano-positioning |inear actuators are
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g%ﬁ?ﬁ¢i#%?2¥g?gzoe ectric (PZT) actuators as they are

&byl ipvantonelaies theeleatréraagysic dintap erttuataps, particulrtyhio fringipositioning actuators.

stiffness. However, PZT actuators have a limted
noti on range in the hundreds of mcrons, which nmakes
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bearings can help to achieve frictionless, wear-free
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TR order nano- nanufacturing
ball bessingsdhpt introduce backlash and Coulomb friction which affects positioning repeatability,

and hence accuracy. Use of notch-type flexure joints instead of mechanical bearings can help to
achieve frictionless, wear-free and repeatable motion at high resolution. However, such flexures
have a small motion range and possess relatively high stiffness in the driving direction which

reduces the maximum output force that can be achieved.

Thus, there is presently no nano-positioning linear actuator available that can offer accurate
millimeter displacement with moving speed greater than 100mny/s and relatively high output force

greater than 50N, in order for nano- manufacturing processes to be automated.

SUMMARY
According to one aspect, there is provided a flexure for an electromagnetic nano-positioning linear
actuator having a support and an actvating body. The flexure comprises a first resilient end for

attaching to the support; a second resilient end for attaching to the actuating body; and a




SUMVARY According to one aspect, there is provided a
flexure for an el ectromagneti ¢ nano-positioning |inear
actuator having a support and an actuating body. The
flexure conprises a first resilient end for attaching
to the support; a second resilient end for attaching
to the actuating body; and a 1 substantially rigid
i nternedi ate portion |ocated between the first
resilient end and the second resilient end. According
to anot her aspect, there is provided an
gibgtattiabyEgd étdrmcdianporixmsodated betvgen thefrstrestlzhiLall eid the second
CQIRLILsi ng a support; an actuating body noveable with
respect to the support; an el ectromagnetic assenbly
connected to the actuating body and the support for
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Vi ew o |c asse
shomn in F|g 1, Fig. 3is a schenatlc si de V|em10f
ﬁ%flux of the electromagnetic assenbly shown in
g ig. 4 is a perspective view of an actuating
Higdys erppRiveEew af oranehesifening elertepmagnetis agebicgwtonandm side view of

alfi@ure in accordance with one embodiment of the invention;
Fig. 2 is a perspective view of an electromagnetic assembly in the actuator shown in Fig.1;
Fig. 3 is a schematic side view of magnetic flux of the electromagnetic assembly shown in Fig.2;
Fig. 4 is a perspective view of an actuating body of the actuator shown in Fig. 1 assembled with the
electromagnetic assembly shown in Fig. 2;
Fig. 5 is a schematic perspective view of the actuating body assembled with the support of another
embodiment of the invention;
- Fig. 6 is a schematic perspective view of the actuating body assembled with the sﬁpport of yet
another embodiment of the invention; and
Fig. 7 is a schematic perspective view of the actuating body assembled with the support of a further

embodiment of the invention.

DETAILED DESCRIPTION
According to one aspect, there is provided a flexure 18 for a nano-positioning clectromagnetic

linear actuator 10 as shown in Fig. 1. The actuator 10 comprises a support 12 coupled to an




el ectromagneti c assenbly shown in Fig. 2; Fig. 5is a
schemati ¢ perspective view of the actuating body
assenbl ed with the support of another enbodi nent of

the invention; Fig. 6 is a schematic perspective view

of the actuating body assenbled with the support of

yet anot her enbodi nent of the invention; and. Fig. 7

is a schematic perspective view of the actuating body
assenbled with the support of a further enbodi nent of
the invention. DETAI LED DESCRI PTI ON According to one
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18 being able to bend. Each flexure 18 conprises a
substantjally rigid internediate Portlon 20 where
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297 In this way, the actuating body 14 is coupled to the support 12 via the flexures 18.

An output shaft 30 can be secured to the actuating body 14. The linear actuator 10 is designed to
have a laterally symmetrical configuration in order to minimize imbalances so as to achieve high
positioning resolution. Movement of the actuating body 14 is effected by means of an

. electromagnetic assembly 16 connected to both the actuating body 14 and the support 12.

The electromagnetic assembly 16 is depicted in Fig. 2. It comprises a rectangular frame 36, two
core magnets 32a, 32b and two shell magnets 34a, 34b. The frame 36 is made of a ferromagnetic
material such as Fe. The magnets 32a, 32b, 34a, 34b are preferably NdFeB rare-earth permanent
magnets having a remanence magnetic flux of at least 1.0 Tesla. A divider 38 bisects the frame 36.
The core magnets 32a, 32b are mounted in an attracting position with respect to each other on
either side of the divider 38. The shell magnets 34a, 34b are mounted within the rectanguiar frame

36. One shell magnet 34a is mounted on an inner side of the frame 36 in an attracting position with




separates each resilient strip 19 into two segnents.

Each segnent forns one flexure 1S having a

substantially rigid internediate portion 20 and two
bendabl e resilient ends 2la, 21b. The flexures 18 are

thus attached to the support 12 at first resilient end

2la and attached to the actuating body 14 at second
resilient end 21b. First resilient end 2la is attached

to the support 12 by nmeans of screws 29. In this way,

the actuating body 14 is coupled to the support 12 via
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having a nmagnetic flux 40 as shown in Fig. 3. The

; gnetl c flux, 40 has a common lgnetl c path 42 al ong
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chil §is PRE &Rhd dctidting body 14. The actuating body 14 comprises a coil holder 52 which
surrounds the core magnets 32a, 32b. The coil holder 52 is essentially a rectangular tube having
flanges 54 at either end. The core magnets 32a, 32b are encompassed within the coil holder 52, but
not in contact with coil holder 52. The coil 50 is wound around the coil holder 52 so that the coil 50
is disposed in the air gaps 39 to allow moving-coil actuation. The flanges 54 are rigidly secured to

the arms 26 of the actuating body 14 that are secured to the flexures 18.

By providing leaf springs in the form of flexures 18 together with the dual-magnet configuration of
the electromagnetic assembly 16, an infinite positioning resolution and high continuous output
force that is proportional to input carrent can thus be achieved. Unlike notch-type flexure joints, the

leaf-spring joints readily allow millimeter displacement due to their low stiffness in the driven




cl ose-loop route for the magnetic flux 40, anplifying

the magnetic flux 40 throughout the air gaps 39 so

that the magnetic flux density in the air gaps 39 is

equal or greater than the residual magnetic density

of the permanent magnets thensel ves. The dual - magnet

configuration also results in the mgnetic flux 40

bei ng nore evenly distributed along the air gaps 39.

Placing a wire coil 50 in the air gaps 39 between the
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JHH&IOHS or mor(!hff:':atmns in details of design or construction may be made without departing
- from the present invention. For example, different materials may be used for the various parts of
the actuator 10, so long as they have the necessary material characteristics set out above. Also, the
present invention can take on a moving-magnet configuration instead of the described moving-coil
configuration. In the moving magnet configuration, the actuating body 14 and electromagnetic
assembly 16 are adapted such that the actuating body can be secured to the frame 36 of the
electromagnetic assembly 16. The frame 36 is adapted to be allowed to move relative to the support
12, while the coil 50 is adapted to be secured to the support 12. Figs. 5, 6 and 7 show alternative
moving-magnet embodiments of the actuator 10. The flexures 50, 52, 54 can be in various different

~ locations as long as they allow linear movement of the frame 36 and the actuating body 14 with




direction. They also allow snooth, rectilinear,
nano-resol uti on novenent of the actuating body 14 as

they do not face nechanical |imtations such as dry
friction, nechanical play, backlash or wear- and-tear

that are faced by conventional bearing-based gui deways

of existing actuators. The leaf- spring joints are

al so nai ntenance free. Dependi ng on the nmaxi mum

operating | oad and di spl acenent, properties such as

yield strength, coefficient of thermal expansion and
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dependent on the actual conflguratlon of the actuator
10. For the enbodi nent described, the resilient strip
19 shoul d be nade of a material having a Young's
nodul us of at |east 190GPa and a Poisson's ratio
ranging from0.28 to 0.32, typically being 0. 3.
Stainless steel is an ideal material for the
resilient strip 19 of the enbodi ment described. The
support 12, the actuating body 14, the clanping plates
22a, 22b and the frame 36 of the electromgnetic
assenbly 16 shoul d be nade of non-nagneti zabl e or
non-ferrous materials so as not to interfere with the
magnetic flux 40 of the magnets 32a, 32b, 34a, 34b and
the coil 50. The chosen material nust al so provide
the necessary strength and stiffness for these parts
to withstand the output force and novenent, while
bei ng stabl e at tenperatures fanging fromroom
tenperature to about 150 C. Al is the preferred
material for the enbodi nent described. Ti or carbon
fiber may also be used. Wiilst there has been
described in the foregoing description a preferred
enbodi nent of the present invention, it will be
under st ood by those skilled in the technol ogy
concerned that many variations or nodifications in
details of design or construction nay be nmade wi t hout
departing fromthe present invention. For exanple,
different materials may be used for the various parts
of the actuator 10, so |long as they have the
necessary material characteristics set out above.

Al.so, the present invention can take on a
movi ng- magnet configuration instead of the descri bed
novi ng- coi | :




configuration. In the noving magnet configuration, the
actuating body 14 and el ectromagnetic assenbly 16 are
adapted such that the actuating body can be secured to

the frame 36 of the electromagnetic assenbly 16. The
frame 36 is adapted to be allowed to nove relative to

the support 12, while the coil 50 is adapted to be
secured to the support 12. Figs. 5, 6 and 7 show
alternative noving-magnet enbodi ments of the actuator

10. The flexures 50, 52, 54 can be in various

gipfMdBent |ocations as long as they allow |inear

novenent of the frame 36 and the actuating body 14
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act uadectand rdsibiehyt endand a substantially rigid internedi ate
portion | ocated between the first resilient end and
the second resilient end. 2. The flexure of claim1,
whér €ilr fichee 8ficiadh 1 elerdin o firserdlian ehdtahe ths eeomitesilient end comprise

resiljepnt COMPI | a.resilient.strip, and.the
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cl anped between the two plates. 3. The flexure of
claim?2, wherein the resilient strip is clanped

bedweldn fieree efigsim P.avhersinghe repitient siripfs claapedbrewesn theawo plates by
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4. The flexure of claim In the resilient
strip is made of a material having a Young's nodul us

of 4 atThk @@ate F2MF B or 3, wherein the resilient strip is made of a material having a
Young’s modulus of at least 190GPa.

5. The flexure of any one of claims 2 to 4, wherein the resilient strip is made of a material

having a Poisson’s ratio in the range of 0.28 to 0.32.

6. The flexure of any one of claims 2 to 5, wherein the width of the resilient strip is at least

100 times greater than the thickness of the resilient strip.

7. An electromagnetic nano-positioning linear actuator comprising:
a support;
an actuating body moveable with respect to the support;
an electromagnetic assembly connected to the actuating body and the support for moving
the actuating body when a current is applied to the electromagnetic assembly; and
at least one flexure comprising
a first resilient end for attaching to the support;

a second resilient end for attaching to the actuating body; and




5. The flexure of any one of clains 2 to 4, wherein

the resilient strip is nade of a material having a

Poi sson's ratio in the range of 0.28 to 0.32. 6. The
flexure of any one of clains 2 to 5, wherein the width

of the resilient stripis at |least 100 tines greater
than the thickness of the resilient strip. An

el ectronmagneti ¢ nano-positioning |inear actuator
conprising: a support; an actuating body noveabl e

with respect to the support; an el ectromagnetic

as s enbiupstgtinlizerididtermediarepoatpnierticd bettserd yheding r¢stient end and the
suppo&%mﬁg&ﬂga%:@g the actuating body when a current

is applied to the el ectromagnetic assenbly, and at

| east one flexure conprising a first resilient end for

at tgaCileBedr Acthdi 0B HIRROT, 'ivhex@msﬂ%qgﬁ Qesgi%ﬁ'ehél %tth@s@%nﬁ g{ 1l1ent end

attaching to the act uat'i ng body; a substanti
rigi dCW%erﬂrféﬂlﬂeat i ard thefybtysialeiigidiateppediate mwmucp@mses two

resi | gy, a firdorddt %etrgbﬂlenﬁﬁf}m'é%ﬁrcﬁﬁipéd RRceR M twSplatddIe

i near actuator of claim erein the first
resilient end and the second resilient end conprise a
r e9i | TiRNihess bothafor oBE1Smt ) @héreih Seailiead strip i§ £18khgbd between the two plates

i nternmedi ate porti es tmo Iat portion

of ¢ Har P tanpass frougt BB retistipaebeBtoain « he. tvio

plates. 9. The Iinear actuator of cIa|n18 wherein the

resili,ent stri between t.he two plates vi .
a2 Pheo? bl bR S B SN Bl P Reliel oSt naving

t he tandoupg’atnedulusldd at la’atsel%GFlear actuator of claim8 or

9, wherein the resilient strip is nade of a materi al

having a Young's nodulus of at |east 190GPa. 11. The
| i Abadlhe Yintapzaugtor of angnye ofiskins 8 to]10., whered thoredilignt witip isanade of a

the Tifsdral 180ihe § PhikRn’s fadli e %F@Dgo%&(% 523' having a

Poi sson's ratro 1 n the range o

12. The linear actuator of any one of claims claim 8 to 11, wherein the width of the resilient

strip is at least 100 times greater than the thickness of the resilient strip.

13. The linear actuator of any one of claims 7 to 12, wherein the electromagnetic assembly
comprises core magnets and shell magnets mounted on a frame, the shell magnets being
disposed adjacent the core magnets to define an air gap therebetween, and a coil disposed

in the air gap around the core magnets.

14. The linear actuator of claim 13, wherein the core magnets and shell magnets are rare-earth

permanent magnets.

15. The linear actuator of claim 14, wherein the rare-earth permanent magnets are NdFeB

magnets having a remanence magnetic flux of at least 1.0 Tesla.

16. The linear actuator of any one of claims 13 to 15, wherein the coil is connected to the

actuating body in a moving-coil configuration.




12. The linear actuator of any one of clains claim8
to 11, wherein the width of the resilient strip is at
| east 100 tinmes greater than the thickness of the
resilient strip. 13. The linear actuator of any one of
claims 7 to 12, wherein the el ectromagnetic assenbly
conprises core magnets and shell magnets nounted on a
frame, the shell nagnets being disposed adjacent the
core nmagnets to define an air gap therebetween, and a
coil disposed in the air gap around the core magnets.
14.17The linemaetpatercif glainol6, whereih aiem:tﬁ&ng byrimilnlet hepildholder and the
magne nent
magner s 8 Rl RL S PL SRl SpS e bt RIIEDERL |
the rare-earth permanent nmagnets are NdFeB magnets
havig Nhedink4 TRRANTR cHRONRSD |1§ whiddth (R e i &fi‘lﬁécte]l 't(pl;he actuating body
Tesla. 16. The linear actuator of any one of clains 13
to 150 aREHgTASIHsonlighptions connected to the actuating
body in a noving-coil configuration. 8 17. The |i near
actuator of claim 16, wherein the actuating body
includes a coil holder and the coil of the

el ectromagneti c assenbly is wound around.the coi

hol der. 18. The |inear actuator of claim13 to 15,
wherein the frane is connected to the actuating body

i n a noving-magnet configuration. 9




