Actuator assenbly, nethod of driving an actuator
assenbly and apparatus for driving an actuator
wa@s®enwi2g3 The i nvention relates to an act uat or PCT/IB2006/052210
assenbly, including a first pgrt, a second part, the
second part including at | east one guide for guiding
Actuiidri a0senitly, trhéthdd 6BdrivgRy 4n acthabdd seerhlsly tahé agmaﬁ;d fapdeilving an
and nmeans for generating a driving force between the
actuptof agseBlt and the second part al ong the guide(s) in
response to a driving current. The invention also
relates to a nethod of driving an actuator assenbly,
whi ch actuator assenbly includes a first part, a
second part, the first part being novable relative to
t he second part, and neans for generating a driving
force beh¥gRBntidifreldidsb aRBEfuadP SssbiblyS ffcRidhad Aikst balt, a second
response to a driving current, wherei'n the first part
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assenbly ‘inclTudes a first part, a second part, the )
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driving current to the means for generating a driving
force. Theinvertdor alsnreddtasttoraelappastus foratriving an actuator assembly,
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- 2004/ 0234258 discloses a“lens driving device and
the Senenyl pagt idaosponse ta adirivimghcusteny wiwseim thedpsi paa is dspkicedin

sleeve on.gne. si de an slot.on the osite side, s
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sleeve in order to cause the driven body to nove al ong
for geperating adriving forces he optical axis. The guide shaft is

or evant THDFRLSSh P fEAnSn it PR b A driipe an

actu@tor eksembBit as a center. A flat coil is fixed to the
driven body. The position of the driven body is
detected by a position detection nmagnet fitted to the
driven body and a nmagnetoresistive el enent arranged in
a non-contact manner spaced fromthe nagnet.
Whencur Respecfiveoemniptestdfsuctr anvassemblly, method,stpppatalandldevice are

knoyvmn.tlﬁjs-tAhl?Z&O%t/dZ%%SSaélsaogels ra (e:lgsl donrlznllgs d ecneearn tir%g'ging device. A driven

body has an optical lens, a sleeve on one side and a slot on the opposite side, so as to

sandwich a light axis together with the sleeve. Further, a guide shaft is a shaft fitting into the
sleeve in order to cause the driven body to move along the direction of the optical axis. The
guide shaft is a shaft inserted as a brace at the slot and is for preventing the driven body from
rotating taking the guide shaft as a center. A flat coil is fixed to the driven body. The position
of the driven body is detected by a position detection magnet fitted to the driven body and a

magnetoresistive element arranged in a non-contact manner spaced from the magnet. When



Frictional resistance generated between the driven
body and the guide shafts becones fixed because the
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paral l el over the entire regign of the drive stroke.
Drive characteristics and servo characteristics can be
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force transverse to the guide ensures that a static
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static %nctlongl force is maintained, which prevents displacement due to external influences.

An additional advantage of the assembly is that the area of contact between the first and
second part remains substantially constant even in the face of wear, due to the force holding
them against each other.

In an embodiment of the actuator assembly, the means for providing a force
transverse to the guide include at least one means for establishing a field of force, attached to
one of the first and second parts and acting on at least a component of the other of the first

and second parts.



one of the first and second parts and acting on at
| east a conponent of the other of the first and second
weanrsoBexause of the action at a distance, i .RCT/IR20@@E2210
experienced by an electric charge, magnet or nmass at a
di stance from an i ndependent electric charge, magnet
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In another variant, the second part includes a ferromagnetic back plate,
wherein one of the electrically conductive coil and the at least one permanent magnet is
positioned between the ferromagnetic back plate and the other of the electrically conductive
coil and the at least one permanent magnet.

Thus, the mass of the first part can be kept low, because the second part
includes the guide and the ferromagnetic back plate enhances the magnetic field. In one
implementation, the electrically conductive coil is attached to the first part, whereas in
another implementation the permanent magnet or magnets is/are attached to the first part. In

one implementation, the first part experiences a relatively strong magnetic field. This gives

fast response times in combination with the relatively low mass. In another implementation,



i ncl udes the guide and the ferromagnetic back plate
enhances the nmagnetic field. In one inplenentation,
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constant frictional force over the first interval divided by the magnitude of the substantially

constant frictional force.

Thus, each displacement can be effected as a series of substantially equal
incremental displacements. It is not necessary to store a function or table relating driving
currents and/or pulse durations to each possible displacement distance. Instead, a desired
displacement can be broken down into a succession of incremental displacements, each

accomplished during one period of the pulse train. Because the length of the second interval
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the fir%he parentionwidbnali he examplamly leaplaimed ée furthehdetail with
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refefd R hY Frrafbetiink SRR BIVERR, Sxecue a met hod

according to the invention. According to another

aspect of the invention, there is provided an opto

nmechani cal device conprising an actuator assenbly

accor di ﬁ% :1 gs % Egrs#élﬁ% (fiegpotaa.?ﬁlls%m@d’hnggﬁ%rf 3h léf‘?‘tuator a%sembly,

accor di nvention nventron w |
exenpl aFig. ¢ iex pégpattitle trosd-soctibeal vitet af the attubtor esfsemblgmf Fig. 1;

to the acconpanyj ng draw ngs, in which: Fig.
per specﬂg\/%q& SPlagernent of 2 Sl GarSoE S aaposaﬁxplhf&ftt‘ap&?rocﬂose to the
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the act uat asse
Fig. 4 is an exploded v1ew of the actuator assembly shown in Fig. 1;

Fig. 5 is a perspective view of a second embodiment of an actuator assembly;
Fig. 6 is an exploded view of the actuator assembly shown in Fig. 5;

Fig. 7 is a perspective view of a third embodiment of an actuator assembly;
Fig. 8 is an exploded view of the actuator assembly shown in Fig. 7;

Fig. 9 is a perspective view of a fourth embodiment of an actuator assembly;
Fig. 10 is an exploded view of the actuator assembly shown in Fig. 9;

Fig. 11 is a diagram containing a graph of the voltage applied to a coil in an

actuator assembly in a first method of driving the actuator assembly;



Fi g. 3 shows the placenent of a Hall sensor 28 as

position detector close to the magnet 10 for neasuring
wQ b@7oReedrent of the actuator; Fig. 4 is an expdDokd06/052210

vi ew of the actuator assenbly shown in Fig. 1; Fig. 5

is a perspective view of a second enbodi nent of an
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first net of driving t ne actuat or assenbl y;
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applled he co thod. of driving the
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Fig.Q8{ put signal (voltage or current) of a Hall sensor as

a function of the distance between a magnet and the

Hal | seRiol7 isangexploded Nipwsoldihg getaster efsembly Shewnglgi h3;

t he Hal C K re) or

t he hei 51%5???}%“% Hra{e3 lhggnmcfa%{?daglwgﬁ 5fugc%fl on of

tinme, FFig. 1921ishow ap;ertlsaemﬁtbr/sssmnmy of a fifth

enbodi nent _of an actuator, assenbly . 16 is a

per spectiayé2 ehoyesiorss ¢ asHng oy ﬁwneﬁemaéma@er
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t he act uﬁo : g%s%‘%‘%se%lﬂ%aﬁz?tg :E%}nﬁ?’s Fig. 18 shows
forces F1ga26 slnrgws:ifmrdebé‘ agtingl an tle gmahamcﬁpimd and 6Fi g.
19-21 s th act yator assenbl 22 shows
for cos DRl RghoN et i e p iy sy 6. Fig
23-25 spR3@ sRAVEREdRs RCcHAL Bh 1RSARIEALY pinki5Gnd 46 Shows
forces Facting on the guidance pins 5 and 6; Fig.
27-29 show an ei ghth actuator assenbly; and Fig. 30
shows forces F acting on the guidance pins 5 and 6

| mpl enent ati ons of actuator assenblies in

opt o- W%@Bhﬁﬁﬂatl&iﬁﬁ%hﬁtdﬁabdenbﬁeﬁmm -ARehdd a0 ProdBicts Wil be

exa he descrljlgtlon will focus on the field of
explpm@ elgwastan esample. The description will focus on the field of imaging optics for

small applications, such as web cameras, including those integrated in Liquid Crystal Display

(LCD) flat panel displays, for mobile phones, Personal Digital Assistants (PDAs), etc. In
camera's, for instance, the actuator assembly can be used for autofocus movement, optical
zoom, mechanical shutter actuation, diaphragm opening control, compensation of tilt
between optics and imager, x-y movement of an image sensor to compensate for camera
shake, etc. More generally the actuator assembly finds application in any field in which an
actuator assembly allowing small displacements and requiring low forces to hold the movable
parts in position is useful. This includes the field of magnetic and/or optical recording, for
example. It also includes applications in toys, such as remotely controlled model cars and
planes, game controllers with tactile feedback, etc. Another field of application is that of
industrial and/or automotive equipment, e.g. to operate proportional valves for fluids and
gasses, mass flow controllers, etc. Yet another field of application is in lighting, to focus

small bundles of light, for example by moving a lens in front of a bright Light Emitting



smal | applications, such as web caneras, including
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Assistants (PDAs), etc. In capgera's, for instance, the

actuator assenbly can be used for autofocus novenent,
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openi ng control conpensation of tilt between optics
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of the barrel along the guide 5,6 is opposed by a substantially constant frictional force. The
frictional force remains constant within a margin defined by fluctuations of the coefficient of
friction due to changing environmental conditions, such as humidity, temperature, etc.
Because the inside surface parts of the holes 8 and recesses 9 are forced against the surface of
the guidance pins, wear of the barrel 2 will have relatively little effect on the frictional force.

Another added advantage is that the transverse force removes play in the position of the
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pins 5,6, the second actuator assembly 15 includes a ferromagnetic back plate 16. The second
actuator assembly 16 further includes a stationary electrically conductive coil 17, and a
barrel-mounted permanent magnet 18. The barrel-mounted permanent magnet 18 is similar in
construction to the permanent magnet 10 of the first actuator assembly 1. The electrically

conductive coil 17 is arranged in between the barrel-mounted permanent magnet 18 and the
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enhance the magnetic fields provided by the stationary permanent magnet 27 and barrel-
mounted electrically conductive coil 26. Thus, faster positioning and/or lower electrical
power consumption are made possible. In other embodiments, the barrel-mounted electrically

conductive coil 26 can have smaller dimensions, decreasing its mass.
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that required to generate a sufficiently large driving force to overcome the frictional

resistance may be passed through the electrically conductive coils 11,17,20,26. If the
magnitude of the frictional force during motion of the barrel 2 is denoted by F, and that of
the driving force generated by the permanent magnets 10,18,22 and electrically conductive
coils 11,17,20,26 is denoted as Fg, then the net force acting on the barrel 2 during the first

interval is Fq — Fx. The length of the second interval ATj; is given by the following equation:
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After a step, it is possible to determine the distance of the actual travel using a
position-measuring sensor (e.g. a hall sensor). If the distance shows a deviation from the
intended step, the width or height of the voltage pulse can be adapted to correct the distance
of a next step. See Figure 14.
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housing 3 and little noise during movement.

Figs. 19-21 show a sixth actuator assembly. Like parts are numbered in the
same way as in Figs. 1, 2 and 4. In addition, or instead of, the fifth actuator assembly
includes four permanent stationary magnets 35-38 and an electrically conductive coil 34. The
coil 34 is arranged around the barrel 2 and fixed to it. The four permanent magnets 35-38 are
static and attached to the housing 3. The sixth actuator assembly further includes a
ferromagnetic plate 39 fixed to the barrel. A small gap separates the magnets and coil.

All magnets have the same magnetisation direction in respect to the coil side

closest to them. In Fig. 21 all magnets 30-33 have their South magnetisation direction S
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are forced against the surface of the guidance pins 5,6. As a result, movement of the barrel

along the guides 5,6 is opposed by a frictional force.

Fig. 26 shows the resulting forces F.

Figs. 27-29 show an eighth actuator assembly. Like parts are numbered in the
same way as in Figs. 1, 2 and 4. In addition, or instead of, the eighth actuator assembly
includes 2 permanent magnets 41-42 and a stationary electrically conductive coil 43. The two
permanent magnets 41-42 are arranged along the barrel 2 and fixed to it. The coil 43 is static

and attached to the housing 3. A small gap separates the magnets and coil.
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alterbatfve entmplroerds without departing droal the crape. of the appended claims. In the
claims, any reference signs placed between parentheses shall not be construed as limiting the
claim. The word "comprising" does not exclude the presence of elements or steps other than
those listed in a claim. The word "a" or "an" preceding an element does not exclude the
presence of a plurality of such elements. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a combination of these measures
cannot be used to advantage.

The guide on the surface of which friction is generated may be any bar, rod, or

other mechanical construct directing the motion of one part of the actuator assembly relative



Fig. 26 shows the resulting forces F. Figs. 27-29 show
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4, Actuator assembly according to claim 3, wherein the means for generating a
driving force include at least one electrically conductive coil (11; 17; 20; 26), attached to the
other of the first and second parts, for generating a magnetic field acting on the at least one

permanent magnet (10; 18; 21; 27), in response to the driving current.

5. Actuator assembly according to claim 4, wherein the other of the first and
second parts further includes a ferromagnetic back plate (16; 21; 25), wherein the electrically
conductive coil (17;20; 26) is positioned between the ferromagnetic back plate (16; 21; 25)
and at least one of the permanent magnets (18; 22; 27).



attached to one of the first and second parts. 4.
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frictfonakforgsafram asﬁrs:hmplltlan ¢ala second position,on to a
a.first

subst ant i al, |

osi 1 o e B8 Sorainst e don S hap e Erwil s filtant o he
meahd@ 0SIt1€X6- OF; 2@994 24-D7) for g@iesaﬂl g O dritiifDfozes; pmetérﬁnﬁemeto result in

nmeans (10 1 1;16-18;20-22: 24 27) for generatin
a totg} displaggrreat s}@stap%llsdmmth@ dIStaacer leatwpen thy ﬁéiSttaég the second
posgbiplacenent substantially equal to the distance

etween the first and the second position. 9. Method
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9. pul se t Mgt d%@ﬂgﬁog&tﬁ%@/ @wﬁlﬁ@vﬁa@l&mg.wg@nthasa

waveform in the shape of a periodic pulse train, wherein each period includes a first

interval (AT2;AT4+ATs) during at least part of which a current is applied, followed by a
second interval (AT3) during which the magnitude of any current applied is lower than a
current level for generating a driving force sufficient to overcome the substantially constant
frictional force, wherein the length of the second interval (AT5) equals at least the integral of
a net force resulting from the generated driving force and the substantially constant frictional
force over the first interval divided by the magnitude of the substantially constant frictional

force.
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