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CAMERA LENS BARREL

BACKGROUND OF THE INVENTION

The present iamvention relates to a camera lens barrel in
a video camera -or the like. More particularly, this invention
5 relates to a driving device for a zoom lens in a camera lens
barrel of an inner focus type having a four-group zoom lens
system with an autofocus function and a motor-driven zoom
function.

In a video camera having an autofocus function and a zoom

1}3 function, it is increasingly demanded to have a more compact
and handier construction as well as an improvement in
performance. To this end, various attempts have been made to

! improve upon a camera lens barrel in @ video camera (e.qg.,

as shown i:n Japanese Patent Laid-open Publication No. 1-196011 and

% Japanese Patent Application No. 2-130580 entitled "Camera Lens

Barrel" filed by the Applicant of the present application).

A zoom lens system consisting of four groups of lenses is
known as 8 lens system to be accomodated in a camera lens

barrel. Such a four-gqroup zoom lens system may be of two types.

} One-type is a front focus type such {:hat a first grouped lens, a
second grouped lens and a third grouped lens of the four groups
of lenses are adapted to be moved. The other type is an inner focus
type such that a fourth grouped lens of the four groups of
lenses has a focusing function, a’correcting function and an
imaging function, and that the second grouped lens and the
fourth grouped lens are adapted to be moved. The present
invention relates particularly to the latter inner focus type

of a zoom lens system.

In a conventional camera lens barrel of the inner focus
type, tﬁé second grouped lens for zooming to provide a variable
magnification is moved in a direction of an optical axis along
two gi.zide shafts fixed to the lens barrel by using a DC motor,
a reduction gear for féducinq a rotating speed of the DC motor,
and a cam, since a moving quantity of the second grouped lens
is large. On the other hand, the fourth grouped lens for
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} a compact construction.

10 SUMMARY OF THE INVENTION
It is accordingly an object of the present invention to
provide a camera lens barrel which can suppress noise and
vibration.
It is another object of the present invention to provide
i3 a camera lens barrel which can ensure a high reliability.
It is a further object of the present invention to provide
- a camera lens barrel which can realize a high-speed zoom
operation. '
It is a still further object of the present invention to
4 provide a camera lens barrel which can be made compact.
According to the present invention, a camera lens barrel
having a first grouped lens, a movable second grouped lens for
' variable magnification, a third grouped lens, and a fourth
grouped lens, which are arranged along an optical axis, and
1 accomodating a drive system for the first to fourth lenses;
is charaéterized in that it comprises a stepping motor,
control means capable of carrying out at least micro step drive
control of the stepping motor, and a moving mechanism for
& converting rotation of the stepping motor into movement of the

second grouped lens along the optical axis; wherein the control

means carries out position control of the second grouped lens
according to a control quantity of the stepping motor.

Based on the concept of the present invention, the
stepping motor can be driven under the micro step drive
control, and the second grouped lens is moved by the stepping
motor and the moving mechanism to be operated in response to

the rotation of the stepping motor. Further, a position of the




yi de shafts fixed to the lens barrel by using a DC notor, a reduction
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That is, the_inner focus type camera lens barrel according

to the present. inVention comprises . . a stepping motor

5 which can be driven at least under the micro step drive

control, contreol means, and a moving mechanism for moving the

second grouped lens along the optical axis in response to the
rotation of the stepping motor.

It is preferable that the control means calculates a

10 position of the second grouped lens on the basis of a

rotational position of the stepping motor corresponding to an

4? end position of the second grouped lens and subsequently

according to the control quantity of the stepping motor.
It is also preferable that the camera lens barrel of the

-f present invention is provided with a mode switch for selecting

a high-speed drive rnode or a low-speed drive mode. By
providing a mode switch for selecting a high-speed drive mode
& or a low-speed drive mode, when the high-speed drive mode is
selected, the stepping motor is driven at high speéds by the
L control means under pulse drive control.
Accordingly, when the second grouped lens is

moved the vibration and noise are suppressed by.enabling

the stepping motor to be driven under the micro step drive

( control. No complex position sensor for detecting a position

: of the second grouped lens is required, and.the lens barrel is

therefore reduced in size by utilizing a control quantity of

the stepping motor for the detection of the position of the
second grouped lens.

When the low-speed drive mode is selected, the stepping
notor is driven at low speeds by the control means under the
nicro step drive control, thus suppressing the vibration and
noise during the movement of the second grouped lens.

As described above, according to the present invention,
the second lens in the inner focus type camera lens barrel is
moved by using a stepping motor. Accordingly, the movement of
the second grouped lens can be smoothly effected to thereby

suppress noise and vibration. In particular, by driving the
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Further, as the drive system for the second grouped lens
is simple, and in particular, a diametrical size of the camera
iens barrel is small, the camera lens barrel can be made even
more compact.

Additionally, as the moving mechanism in the camera lens
barrel does not employ any low-reliable members "such as a
brush, the reliability can be improved.

Other objects and features of the invention will be more
fully understood from the following detailed description and

appended claims when taken with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an exploded perspective view of a camera lens
barrel according to a preferred embodiment of the present
invention; and

Fig. 2 is a block diagram illustrating a control system
according to the preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the presen; invention will now
be described with reference to the.drawings, in which Fig. 1
is an exploded perspective view of an inner focus type camera
lens barrel according to the preferred embodiment of the
present invention, and Fig. 2 is a block diagram illustrating
a control system for controlling a stepping motor for driving
a second grouped lens and a focus linear motor for driving a
fourth grouped lens.

The camera lens barrel shown in Fig. 1 is provided with
a first grouped lens 1, a second grouped lens 2, a third
grouped lens 3, and a fourth grouped lens 4, which are arranged
in series along an optical axis. There is provided a charge

coupled device (CCD) S§ as an imaging device at a focus position
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The
second grouped Tens 2 is a o0 lens group for variable

5 magnification constituted Ofiiplurallty of lenses, e.qg., thr
ee
lenses, which are movable along the optical axis '

| focusing lens group constif@ted of 4 Plurality of lenses
i two lenses, whlch are fixed in the camera lens barrel.

The movement
of the second grouped lens 2 will be hereinafter described in

detail. The third grouped lensg 3 jg , correcting lens group
constituted of a plurality of lepges, o g., two lenses, which
.g.,
10 are fixed 1in the camera leng barrel. Further, the fourth
’

3 grouped lens 4 is an imaging jepg group constituted of a
Y plurality of lenses, e.g. two 1.

nses, which are movable along
the optical axis by a focusing linear motor 18

A fixed plate 15 is provizseq between the first grouped

lens 1 and the third groubed lesy 3, both of which are fixed

A stepping motor 10 for moviny +pe gecond grouped lens 2 is

provided between the fixed plzte -5 and the third grouped lens

“22 with a through hole having
a center coincident with the o~

3. The fixed plate 15 is prov:

cal axis. There is provided
adjacent to the fixed plate
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an iris 8 for opening and

closing the through hole ¢f <z fiyeq plate 15. an iris

driving motor 9 for vertically “7lving the iris 8 is provided

between the leEd plate 15 gr~s e third grouped lens 3.

A frame 6 for the secor zriineq Jens 2 is provided with

a tapped hole 16 for en aginz z ..
p g - -222 screw 14. The lead screw

14 is mounted on an outer strfz-. of a rotary shaft 13 of the
Stepping motor 10 for moving ’?%:econd grouped lens 2, and is

threadedly inserted through <. ped hole 16 of the frame 6.
- e
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drive congrol . first reference shaft 11 1s 1nserted through the fixed plate

15 so as to be movable relative thereto. An end point sensor
7 is fixed to a front end of the first reference shaft 11. The
. end point sensor 7 is formed from a Hall device for detecting
i that the front end of the first reference shaft 11 has

contacted a rear end of the first grouped lens 1, so as to
! detect an initial position of the second grouped lens 2. When
the front end of the first reference shaft 11 comes into
contact with the rear end of the first grouped lens 1, the end
point sensor 7 generates a signal of logic "1", while when the
front end of the first reference shaft 11 is free from contact
with the rear end of the first grouped lens 1, the end point

sensor 7 generates a signal of logic "0".

As mentioned above, the stepping motor 10 is provided
between the fixed plate 15 and the third grouped lens 3. When
setting a moving distance D1 of the second grouped lens 2 to
about 20 mm, the stepping motor 10 is sized to have a diameter
of about 10 mm and a length of about. 12 mm, thus permitting
sufficient accommodation thereof in the lens barrel. Further,
since the rotary shaft 13 and the lead screw 14 mounted thereon
'are provided in connection with the stepping motor 10 so as to
extend along the optical axis, the lens barrel can be reduced
in diameter. In addition, since the end point sensor 7 is
provided at the front end of the first reference shaft 11 to
detect only the initial position of the second grouped lens 2,
a sufficient space can be ensured in the lens barrel. It is
further advantageous that the end point sensor 7 for detecting
the initial position of the second grouped lens 2 need not be
an expensive sensor because the structure thereof is so simple
as to only detect the contact of the first reference shaft 11

with the first grouped lens 1. T i e
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In particular, gy drivin t
focusing linear’ motor 1 and a position of the fourth grouped

i nvent i
moved by
grouped,§
vibrati of
lens 4 is detected by a position sensor 17. The position
sensor 17 is constituted of a detecting portion 17a formed from
a Hall device and a driving portion 17b. The position sensor
17 is a sensor for continuously detecting the position of the
7 fourth grouped lens 4.
% Drive control of the stepping motor 10 and the focus
q linear motor 18 is provided by the control system shown in Fig.
2. The control system includes a control circuit 22 having a
microcomputer, a control data memory 23 such as a RAM, and
driver circuits 24 and 25, which are connected together as
illustrated.

In this preferred embodiment, the stepping motor 10 is
driven by a two-phase bipolar driving method. This driving
method includes a pulse drive (e.g. a one-phase-on pulse drive,
a two-phase-on pulse drive, or a half-step drive) and a two-
phase sin/cos drive (e.qg., a micro step pulse drive). 1In the
pulse drive, a large torque can be obtained, and a high-speed
operation of the stepping motor 10 can be effected. However,
noise and vibration are somewhat large. 1In the micro step
drive, a large torque cannot be obzained, and a high-speed
operation of- the stepping motor 10 cannot be
effected. However, less noise and vibration are generated.

Accordingly, this ©preferred embodiment effectively '
Utilizes the above advantages of the pulse drive and the micro
step drive. That is, when operating the second grouped lens
2 at high speeds, the stepping motor 10 is controlled to be
driven in a pulse drive mode, while when operating the second
grouped 1lens 2 at low speeds, the stepping motor 10 is
controlled to be driven in a micro step drive mode.

The control system includes a mode switch 21 for selecting
either the pulse drive mode or the micro step drive mode. When
the mode switch 21 1is operated to select a high-speed drive
terminal HIGH, a "high" level signal of a supply voltage Vcc
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a "low" level signal or an earth voltage is input into the
control circuit %2. The control circuit 22 accommodates a
program for executing the pulse drive for the stepping motor
10 and a program for executing the micro step drive for the
stepping motor 10. The control data memory 23 includes a
trapezoidal control data memory section 231 and a micro step

control data memory section 232 for respectively storing data

4 to be used in executing the pulse drive and the micro step
drive.- That is, a control signal data having a trapezoidal
( waveform to be applied to the stepping motor 10 for the pulse

drive is stored in the trapezoidal control data memory section
231. On the other hand, a sinfcos control data for the micro
step drive of the stepping motor 10 is stored in the micro step
control data memory section 232.
The control circuit 22 controls a zoom position of the
- second grouped lens 2 through the stepping motor 10, the rotary
shaft 13, the lead screw 14, the tapped hole 16 as a moving
mechanism, and the second reference shaft 12. A position data
of the zoom position of the second grouped lens 2 in an initial
stage thereof is based on a signal of logic "1" to be output
from the end point ‘sensor 7 upon detecting that the front end
of the first reference shaft 11 fixed to the second grouped
lens 2 has contacted the first grouped lens 1. After receiving
the- logic "1" signal from the end point sensor 7, the control
circuit 22 updates the position data of the zoom position of
the second qroupedilens 2 on the basis of a control quantity
of the stepping motor 10. That is, since.the stepping motor
10 carries out a precise stepping operation in response to a
pulse control command from the control circuit 22, the control
circuit 22 sequentially tracks and accumulates the control
guantity output to ‘the stepping motor 10, thereby calculating
a present position of the second grouped lens 2. Accordingly,
no complex and precise position sensor for detecting the

position of the second grouped lens 2 is required as previously
mentioned.
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When the low-speed drive terminal LOW of the mode switch

21 is selected, the control circuit 22 carries out the micro

" step drive control of the stepping motor 10 through the driver
‘ circuit 24 by using the data stored in the micro step control
data memory section 232 of the control data memory 23 according
to the micro step control program. Under the micro step drive
control, the stepping motor 10 is driven in the micro step
mode, and it is rotated slowly. Accordingly, the rotary shaft
13 is slowly rotated to thereby move the frame 6 of the second
grouped lens 2 forward or reverse at low speeds through the
lead screw 14. Thus, the second grouped lens 2 is moved
forward or reverse at low speeds along the optical axis as
being guided by the second reference shaft 12. This operation
is continued while the zoom operation is demanded.

When the high-speed drive terminal HIGH of the mode switch
21 is selected, the control circuit 22 carries out the pulse
érive control of the stepping motor 10 by using the data stored
in the trapezoidal control data memory section 231 of the
control data memory 23 according to the pulse drive control
program. As a result, the stepping motor 10 is rotated at high
speeds to thereby move the second grouped lens 2 at high
speeds.

As mentioned above, when selecting the low-speed drive
terminal LOW, the stepping motor 10 is operated at low speeds
to move the second dgrouped lens 2 aﬁ low speeds. In this case,
the generation of noise and vibration is suppressed. In
contrast, when selecting the high-speed drive terminal HIGH,
the second grouped lens 2 is moved at high speeds, and the
noise and vibration become larger than those in the micro step

mode. However, since this preferred embodiment does not employ




a | ens barrel—shewn-ta—Ftg—1 is provided with a first grouped

l.ens #a second gr ; Lhird grouped lens 3, and a fourth
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‘| ens 4. The first grouped | ens 1o0is a focusing |ens group
uted of a plurality of lenses, e.g. two |lenses, which are fixed in
gmera lens barrel. The second grouped lens 2 is a zoom | ens group for
vari aj a brush of a DC motor, a reduction gear, and a cam as used in

the conventional DC motor drive, the noise and vibration in the
pulse drive mode according to the preferred embodiment can be
made less tham those in the prior art. Further, since the
movement of the second grouped lens 2 1is effected by the
stepping motor 10 having no brush in this preferred embodiment,
a high reliability can be ensured. _

Additionally, the control circuit 22 carries out an
electronic cam control of both the second grouped lens 2 and
] the fourth grouped lens 4. In the electronic cam control, the
second grouped lens 2 and the fourth grouped lens 4 are
interlocked to effect & zoom and autofocus control as a whole.
To realize the electronic cam control, the control circuit 22
accommodates an electronic cam control program. Further,
position data to be used for the electronic cam control is
stored and updated in an electronic cam data memory section 233
of the control data memory 23. The control circuit 22
calculates control guantities of the stepping motor 10 and the
focusing linear motor 18 according to the electronic cam
control program, and cutputs the calculated control quantities
through the driver circuits 24 and 25 to the stepping motor 10
and the focusing linear motor 18, respectively. 1In this way,
the drive control of the focusing linear motor 18 is carried
out in association with the drive control of the stepping motor
10. The above-mentioned electronic cam control is applicable
to both the pulse drive and the micro step drive of the
stepping motor 10. '

It is to be understood that the present invention is not
limited to the above preferred embodiment which is merely
illustrative, but various modifications may be made within the
scope of the invention.

For instance, the end point sensor 7 may be so arranged
as to detect that the first reference shaft 11 has contacted
the third grouped lens 3. Further, the rotary shaft 13, the
lead screw 14 and the tapped hole 16 constituting the moving
mechanism may be replaced by any other means enabling the

Fotation of the stepping motor 10 to be converted into the




kon constituted of a plurality of lenses, e.g., three |enses,
govabl e al ong the optical axis. The novenent of the second

2 wll be hereinafter described in detail. The third grouped
correcting lens group constituted of a pluratity-of- Lenses

e. g il enses, which are fixed in the camera |ens barte - herty

fou fuped lens 4 is an imaging |ens-grdup constltuted falpluraliity
of F e.g. two |enses, which are novable al ong the ‘opti¢al axi'sby a
focu Fi near notor 18. A fixed plate 15 is provi ded between the
firs U ped 1inears mpvengntheft hhe depanpardupest 3ensolhabpnghtled epleical
fixe A stegpRidng notor 10 for noving the second grouped lens 2 is
provid between the fixed plate 15 and the third grouped lens 3. The
fixed te 15 i s pihddicedhe tabavemestdiones eneferrgd epkadimentediakibean
with thgopti %?Jecﬁ)f'l%al gera%plﬁeer@eﬂade\ehde@@a%%t thet BEmbLyetleRd At Srde)
an irisys for eni n CcJ osin he t hrough hole of the fixed plate 15.
An iris 3 dri \ﬂ nd-Hfot esyw%rlm@m‘q R Yol RF r?é’Ptlﬁ@di % 3y LS| Syt lar

bet ween @ he f iappd rpitalse slierang theahBradhavenged 688 function. A frame 6
for the $econd grouped lens 2 is provided wth a tapped hole 16 for
engagingja | ead screw 14. The | ead screw .

This Sheet Has Been Replaced

R




fnt ed on a

Bf Oor novin

gt hrough t
pd to be

F ef er ence

-ocrew 14 a
# ensure pr
Wl ong the o

to the fi

05

i0

156

20

25

30

35

otated -by-driving the

n outer surface of a rotary shaft 13 of the st eppi ng
g the second grouped lens 2, and is t hr eadedl y
he tapped hole 16 of the frame 6. The rotary shaft 13

of the frane 6 of the secoidgrouped
ptical axis, a second reference shaft 12 as a guide

;. xed pl ate 15. AccordgpghmMs the second grouped |lens 2
;‘ed to be noved A

1. A-camera lens barrel having a first grouped lens
(1), @& movable second grouped lens (2) for variable
magnification, a third grouped lens (3), and a fourth
grouped lens (4), which are respectively arranged along
an optical axis, and accommodating a drive system for
said first to.fourth lenses (1 to 4), characterizea in
that it comprises |

a stepping motor (10);

control means (22) capable of carrying out at least
micro step drive control of said stepping motor (10);
and

a moving mechanism (14) for converting rotation of
said stepping motor (10) into movement of said second
grouped lens (2) along said optical axis;

wherein said control means (22) provides positian
control of said second grouped lens (2) according to a

control quantity of said stepping .motor (10).

2. The camera 1lens barrel according to claim 1,
wherein said control means (22) calculates a position of
said second grouped 1lens (2) on the basis of a
rotational position of said stepping motor (10)
corresponding to an end position of said second grouped
lens (2). and subsequently according to the control
quantity of said stepping motor (10).

3. The <camera lens barrel according to claim 1,
further comprising a mode switch (21) for selecting a
high-speed drive mode or a low-speed drive mode, wherein
when the high-speed drive mode is selected, said control
means (22) carries out pulse drive coaontrol of said
stepping motor (10), while when the low speed drive mode
is selected, said control means (22) carries out the

* ¢ L M s *

5

st eppi ng notor 10, and the frame—"
' second gr@BRek Ha®BSn Repleded S adapted to be novéd:back-and.forth on

ng the optil@al axis by the rotation:gf the
2H| H nt thereof with the tapped:hele16. | In



« and forth-along-t-he- eptieal axi s as being guided by the second
ref cEEgees: shaft 12. s Sheet Has Beer B th& in order to prevent the second
gro i cns 2 from he first grouped lens 1, the first
ref B shaft 11 i ﬁii i second grouped |ens-2.--The first
ref £ shaft 11 | ough the fixed plat€&15-sa7as:t @-he!

¥ elative thereto. An end poi nt senddr 7 is fi xed ¥o» ont” end of
t reference shaft 11. The end point sensor 7 7is formed from.a Hall
or detecting that the front end of the first reference shaft 11 has
d a rear end of the first grouped lens 1, so as to detect an

B posi ti on oftemedscombfrmaiped Isedd 2tephangt hetbrolOknd of the

4f erence shaft 11 cones into contact with the rear end of the first
groupe@@lens 1, the end point sgnsor 7 generates_a signal of logic "1",

Xen the front ehd ofhe hEamersr Aensr baesedhareording tpeeciabm 3,

contacé;mﬁth t he rﬁﬁ@réﬁﬂj(ﬁhé'B%ﬂéef%&19%0%Bﬁ@rbgn§sla the- Sﬁgs@Dthp§f§§or
7 generf@ites ao?'QQ? |Oiagl WFn

§ rl two- phase on pulse drive, or a half-step drive

5 control.

5. The camera lens barrel according to claim 3,
wherein the micro step drive control is a two-phase
10 sin/cos drive control.

6. The camera 1lens barrel according to claim 3,
wherein said control means is a control system
comprising:

15 - a control circuit (22) having & microcomputer;
a control data memory (23) comprising a micro step
& control data memory section (232) for said micro step
drive control and a trapezoidal control data memory
- section (231) for said pulse drive control; and
20 a driver circuit (24) for connecting said control

circuit to said stepping motor (10).

7. The camera lens barrel according to claim 2,
further comprising a mode switch (21) for selecting a
25 high-speed drive mode or a low-speed drive mode, wherein
when the high—speed drive mode is selected, said control
means (22) carries out pulse drive control of said
stepping motor (10), while when the low 'speed drive mode
is selected, said control means (22) carries out the

30 micro step drive control of said stepping motor (10).
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®ned above, the stepping notor 10 is provided between the fixed {5
¥ and the third grouped lens 3. Wien setting a noving distance D1
econd grouped lens 2 to about 20 nm the stepping notor 10 is -
have a diameter of about 10 mm and a | ength of--abeut -12..mm. 1 hus
ng sufficient acconmodation thereof in the |énsibar (34
@c-ac rotary shaft 13 and the | ead screw4l4 nounted thenwonh;are ;
provi-c@@ in connection with the stepping notor 10 so as {6~ &xtend-al-ong
cal axis, the lens barrel can be reduced in dianeter. In
addi ti d@, since the end point sensor 7 is provided at the front end of. the
first reference shaft 11 to deteqigsqRayit B8 THE D BScL®SUAE on of the second
grouped lens 2, a sufficient spaCe cam be ensured in tne rens barrel. It
is further advantageous that the end point sensor 7 for detecting the
initial position of thet smntagrdmpedbhemslzmeadg n®t £ st angEoypEtsi M&ns

sensor because the ructyr of S S, d 09 ly. tec
cont act of the f|rsff%efé¥eﬁ%%ngﬁgftsffonaﬁ n?%%gf F% %rgup %§I§h§¥ggie
05 magnification, a third grouped lens (3) and a fourth
grouped 1lens (4), which are respectively arranged along

an optical axis, and accommodating a drive system for
the first to fourth lenses. The camera 1lens barrel is
provided with a stepping motor (10), a control device
10 capable of carrying out at least micro step drive
control of ‘the stepping motor (10) and a moving
mechanism (14) for converting rotation of the stepping
motor (10) into movement of the second grouped lens (2)
along the optical axis. The control device carries out
15 position control of the second grouped lens (2)
according to a control quantity of the stepping motor
@ '(10). As the stepping motor (10) is driven wunder the
micro step drive control, the generation of noise and
vibration «can be greatly suppressed as compared with a
20 conventional lens barrel employing a DC motor as a drive

source.

Fig. 1
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+The iris 8 is adapted t.o be noved vertically by the iris driving —+
not ofi%® to open or close the through hole of the fixed plate 15. The —
Tourﬁ% grouped lens 4 is adapted to be H?ved by the. f.ocusing.linear.  potor

18, ang a position of the fourth grouped'tens 4 is detiected byrtaspasition
sensor f17. The position sensor 17 is constituted iof a detiectiing portion
17a fokned froma Hall device and a driving portion17b:—The-positieh

sensor ;17 is a sensor for continuously detecting the position of the fourth

grouped | ens 4. Drive control of the stepping nmotor 10 and the focus
| inear notor 18 is provided by the control systemshown in Fig._ 2. The
control systemincludes a control circuit 22 having a m croc (R4
control data nenory 23 such as a-RAM and o )

i
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prd Aoghbl -5 H
driver circuits 24 and 25, which are connected together as illustrated.
In this preferred enbodi nent, the stepping notor 10 is driven by a
t wo- phase bipolar driving nethod. This driving nethod includes a pul se
drive (e.g. a one-phase-on pul se eryer_g t wo- phase-on pulse drive, or a
hal f-step drive) and a two- phase sin/cos drive (e.g., a nicro.step pulse
drive). In the pulse drive, a large torque can be obtai hed,-and a~
hi gh- speed operation of the stOMirAdLEREOBARAEEAN be ef f ect ed.. However,
noi se and vi bration are sonewhat large. In the mcro step drive, a |large
torque cannot be obtained, and a hi gh-speed operation . .of---the-stepping
not or 1CBACKGERQUND af efHR ANYENTEOMever, | ess noise and vibration are

d. | I
01T pes i he, RS RaNT agkenstpiee BAFEE! LTk SIRAY oMl pREEET 18T,

ges 0 he pu se driv mcro Stép dr
That is, aheldeprananfy arh&hsekiirt g?‘@@l‘ﬁeﬂarﬁﬁ@?“l@'wr Hetyike §ﬁ€éa§lot\he
st eppi ng HE!QﬁeéOtbSaCaBii}%dj ede iz G ordld VAJbn NehPUls @ Hameeandas Whil e

1077 's P CoRRFERF cE 3RnaNNARy CRoRR SYRPQPGVarE, SiriE Mepsp roon Tgng’ T "

control sgygseami ndtidesnaamtdéosus t €angtibor el eat impyor-driven zoom
function. '

In a video camera having an autofocus function and a zoom
function, it is increasingly demanded to have a more compact
and handier construction as well as an improvement in
performance. To this end, various attempts have been made to
improve upon a camera lens barrel in 8 video camera (e.g.,
as shown in Japanese Patent Laid-open Publication No. 1-196011 and
Japanese Patent Application No. 2-130580 entitled "Camera Lens
Barrel"% filed by the Applicant of the present applicatian).

A zoom lens system consisting of four groups of lenses is
known as a lens system to be accomodated in a camera lens

barrel. Such a four-group zoom lens system may be of two types.

One type is afront focus type such fhat a first grouped lens, a
second grouped lens and a third grouped lens of the four groups
of lenses are adapted to be moved. The other type is an inner focus
type such that a fourth grouped lens of the four groups of
lenses has a focusing function, a correcting function and an
imaging function, and that the second grouped lens and the
fourth grouped lens are adapted to be moved. The present
invention relates particularly to the latter inner focus type
of a zoom lens system.

In a conventional camera lens barrel of the inner focus
type, the second grouped lens for zooming to provide a variable
magnification is moved in a direction of an optical axis along
two guide shafts fixed to the lens barrel by using a DC motor,
4 reduction gear for reducing a rotating speed of the DC motor,
and, a cam, since a moving quantity of the second grouped lens
is large. On the other hand, the fourth grouped lens for



either the pulse drive node or the mcro step drive node. \Wen
;. switch 21 is operated to select a high-speed drive
"hi gh" level signal of a supply voltage Vcc
- 8- is input into the control circuit 22, while when the node switch 21
is operated to select a | owspeed détve terminal LON a "low' |evel signal
or an eamadingl tizgedrivenplty it voibe coritlr ghoter cwhticB2.isThkigeatlyl
circuitogerage@nmodates a program for executing the pulse drive for the
stepping notor 10 and a program for executing the mcro step drive for the
However, when driving the second grouped lens by using the
DC motor, the reduction gear, and the cam as mentioned above,

there are many problems such as generation of noise to an

t he nopde
termnal HGH a

electronic circuit in the video camera, generation of vibration
in driving, low reliability of a brush of the DC motor, a

difficulty in high-speed zooming, and a difficulty in providing
a compact construction.

SUMMARY OF THE INVENTION

It is accordingly an object of the present invention to
provide a camera lens barrel which can suppress noise and
vibration. _

It is another object of the present invention to provide
a camera lens barrel which can ensure a high reliability.

It is a further object of the present invention to provide
a camera lens barrel which can realize a high-speed zoom
operation. .

It is a still further object of the present invention to
provide a caméra lens barrel which can be made compact.

According to the present invention, a camera lens barrel
having a first grouped lens, a movable second grouped lens for
variable magnification, a third grouped lens, and a fourth
grouped lens, which are arranged along an optical axis, and
accomodating a drive system for the first to fourth lenses;

is characterized in that it comprises a stepping motor,

control means capable of carrying out at least micro step drive

control of the stepping motor, and a moving mechanism for

converting rotation of the stepping motor into movement of the
second grouped lens along the optical axis; wherein the control

means carries out position control of the second grouped lens

according to a control quantity of the stepping motor.

Based on the concept of the present invention, the
stepping motor can be driven

under the micro step drive
control, and the second grouped

lens is moved by the stepping
motor and the moving mechanism to be operated in response to

the rotation of the stepping motor. Further, a position of the



stepping motor 10.  The control

. control data nenory section 231 and a mcro step control
section 232 for

drive and the mcro step drive. That_is,. a control signal

trapezoi dal

drive is stored in the trapezoidal control

data nenory 23 includes a trapezoi dal

data nenory
respectively storing data to be used in executing the pul se

data having a

waveformto be applied to the stepping notor 10 for the pul se

data nenory section 231. On the

ot her hargcoads igiiotped Ain|isdalad cuaatkle fPbRrr @ soarrdli yaantit{ye,st eppi ng

notor 10 .S I in_t mcro step control data nenory section 232.
The cont réo © %tt%gg%ngg? OQZ%r

2 through t he Tadpgisngthet rner0 focne typecpmeraf lens baree) eadosdiny 14,

the tappeg, hehe peedene. MhientibRChaBbaprisdsl 1 he segonde
12. A positjon data of the zoo

Clr

cont'rol’'s a zoom position of  the second grouped | ens

8§°§haft
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poi nt senSekaionef che rsteppingauimoteX .updates the position data of the
zoom position ¢ is preferable that the control means calculates a

position of the second grouped lens on the basis of a
rotational position of the stepping motor corresponding to an
end position of the second grouped lens and subsequently
according to the control quantity of the stepping motor .

It is also preferable that the camera lens barrel of the
present invention is provided with a mode switch for selecting
a high-speed drive mode or a low-speed drive mode. By
providing a mode switch for selecting a.high—speed drive mode
or a low-speed drive mode, when the high-speed drive mode is
selected, the stepping motor is driven at high speéds by the
control means under pulse drive control.

Accordingly, when the second grouped lens 1is
moved the vibration and noise are suppressed by enabling

the stepping motor to be driven under the micro step drive

control. No complex position sensor for detecting a position

of the second grouped lens is required, and the lens barrel is
therefore reduced in size.by ufilizingua.control quantity of
the stepping motor for the detection of the position of the
second grouped lens. |
When the low-speed drive mode is selected, the stepping
notor is driven at low Speeds by thé control means under the
nicro step drive control, thus suppressing the vibration and
noise during the movement of the second grouped lens.
As described above, according to the present invention,

the second lens in the inner focus type camera lens barrel is

1 . .
moved by using a stepping motor. Accordingly, the movement of

the second grouped, lens can be smoothly effected to thereby

suppress noise and vibration. In particular, by driving the



t he second grouped lens 2 on the basis of a control quantity of the
stepplng motor 10. That is, since the stepping notor 10 carries out a
preci se stepping operation in response to a pul se control comand fronlthe
control circuit 22, the control circyit 22 sequentially tracks and’

accumnul ates the control quantity output to the stepping notor 10, thereby
cal cul ating a present position of the second grouped |ens 2." Accordingly,
no conEtepming pmextcae poxldn otheenmperdor stepecdrbyget eompnoX j orttd. the-

Seco Nd QLREPEL; LENSE 2nbEsb eI " FHb A e YDy BRSO ¥ ininated.

Further, since no complex sensor for detecting a position
of the second grouped lens is required, the camera lens barrel
can be made inexpensive, and it can be reduced in size.

Further, as the drive system for the second grouped lens
is simple, and in particular, a diametrical size of the camera
iens barrel is small, the camera lens barrel can be made even
more compact.

Additionally, as the moving mechanism in the camera lens
barrel does not employ any low-reliable members such as a
brush, the reliability can be improved.

Other objects and features of the invention will be more
fully understood from the following detailed description and
appended claims when taken with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an exploded perspective view of a camera lens

barrel according to a preferred embodiment of the present
invention; and

Fig. 2 is a block diagram illustrating a control system
according to the preferred embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

A preferred embodiment of the present invention will now
be described with reference to the.drawings, in which Fig. 1
is an exploded perspective view of an inner focus type camera
lens barrel according to the preferred embodiment of the
present invention, and Fig. 2 is a block diagi:'am illustrating
a control system for controlling a stepping motor for driving
a second grouped lens and a focus linear motor for driving a

fourth grouped lens.

The camera lens barrel shown in Fig.

1 is provided with
a ,first grouped lens 1,

a second grouped lens 2, a third
grouped lens 3, and a fourth grouped lens 4, which are arranged

in series along an‘optical axis. There is provided a charge
coupled device (CCD) S5 as an imaging device at a focus position



ln this way, the control
the logic "1" signal

circuit 22 receives fromthe end point sensor 7
| ens 2,

indicating a reference position of the second grouped
and updates and grasps the present position of the second grouped

lens 2 on the basis of a control quantity output to:the %stépping’ notor 10.
Thereafter, when a contact 27 is clesgd-to demand aizoom operation,:the
control circuit 22 provides a noving control of the isecond grouped |ens 2
to be described bel ow. When the | ow speed drive termnal. LOMof . .the
node SwoifClth2l fiomrdd exraaped AenSorftr ol The ricinrst 2Praped aersutl tiwe an cro

step driye | o BpSESREL DEUEBY ' circuit 24
by usi n&%cﬁlgsq'gig g'esﬁ%oﬁgg |pn the,m’&rq gt%%g)aogglﬁr‘r%.;i]@%ia?g ?ré}rlng)gé's%b ion 232
of the dovd rignsesa Weiehyars LL¥GRJiAg the aameracrkeng dRrXE - ol The ogr am
Under thﬁeé@rﬁ%o odl i Vensontrs, a heogﬁ\e%;gﬂgg gpglgf, ];_Q,rfl Svgﬂélﬁﬂeih”fthi?)
mcro step node,” and it ig.r t.ed.s . JAccordi the rotary shaft
is slow lya‘i’b’t%%%t}%"t‘f?é}%&y%tr‘r%\‘}egg h%%%ﬁé’ YOPgt:ﬂ%“%ée%oﬁdggr'oﬁBéﬁel ens 2
forward penseyeraeict dmevmoyeblie 2hengdihe bptliead ariew The mo¥hnentt he
second grquped len | WL evers t w | ng t he
opti cal Sgi ghﬁssﬁglgﬂé a?gg%(?g%/&?éhe s‘gjf':’('c))‘lgé)r G é}egreg‘r?%ef és?%afi tg gggig.?ﬁi gg
operati odetail. The third grouped lens 3 is a correcting lens group
constituted of a plurality of lenses, e.g., two lenses, which

are fixed in the camera lens barrel. Further, fthe fourth

grouped lens 4 is an imaging lens group constituted of a

plurality of lenses, e.g. two lepnses, which are movable along

the optical axis by a focusing linear motor 18.

A fixed plate 15 is provided between the first grouped
lens 1 and the third grouped lens 3, both of which are fixed.
A stepping motor 10 for moving the second grouped lens 2 is
provided between the fixed plate 15 and the third grouped lens

3. The fixed plate 15 is provided with a through hole having

a center coincident with the optical axis. There is provided

adjacent to the fixed plate 16 an jris 8 for opening and
closing the through hole of the fixed plate 15. An iris
driving motor 9 for vertically driving the iris 8 is provided
between the fixed plate 15 and the third grouped lens 3.

A frame 6 for the second grouped lens 2 is provided with

a tapped hole 16 for engagding a lead screw 14. The lead screw

14 is mounted on an outer surface of a rotary shaft 13 of the
stepping motor 10 for moving the second grouped lens 2, and is
threadedly inserted through the fspped hole 16 of the frame 6.
The rotary shaft’ 13 is adapted is be rotated by driving the
Stepping motor 10, and the framk z of the second grouped lens
2 is adapted to be moved back and forth on a first reference
shaft 11 along the optical axig by the rotation of the lead
SCrew 14 and the-engagement theresf with the tapped hole 16.

In order to ensure precise mwovement of the frame 6 of the

Becond grouped lens 2 along the optical axis, a second

Teterence shaft 12 as a guide is fixed to the fixed plate 15.
Accm:di"ql}’« the second grouped lens 2 is adapted to be moved



I'$ continued while the zoom operation i s demanded. When t he

hi gh- speed drive termnal H GH of the node swtch 21 is selected, the
control circuit 22 carries out the pulse drive control of the stepping
notor 10 by using the data stored in the trape20|dal “control. data nmenory
section 231 of the control data nennéy 23 according to the pul se drive

control program As a result, the st&pping nmotor 10-is*rotated at high
speeds to thereby nove the second grouped | ens 2:at hlgh _ Speeds.. As

nent i onchﬁbaxa fohen Al ivhe Pty spaed 4 'lyélng IHé?ﬁ'b}Qﬂet he

st eppi ng a; 10 i s oper ed at l'ow speeds to nove e second grouped
Iens 2 ﬁFCPB §ﬁ§§5§“°Fn tE d3se, t he generation of noi se and vi bration

i's Supplressed P theant g&sbrddbgﬂf? qﬁ#wddmgzﬁéﬁeehﬂo&' - gﬁeeﬁedridms .
term na econ ed l.en i s. nmoye g egds., and the
noi se aﬁdl_’t\lﬁ?ﬂx FOEE(ngBgrremr g etﬁéﬁs?‘h@fé”ﬁprﬁqh eﬂfmgd S irghe.
However refierencehishafitefldr iedf érbddtoettiie dmsombigryyedy lens 2. The

first reference shaft 11 is inserted through the fixed plate

15 so as to be movable relative thereto. An end point sensor

7 is fixed to a front end of the first reference shaft 11. The
end point sensor 7 is formed from a Hall device for detecting
that the front end of the first reference shaft 11 has
contacted a rear end of the first grouped lens 1, so as to
detect an initial position of the second grouped lens 2. When
the front end of the first reference shaft 11 comes into
contact with the rear end of the first grouped lens 1, the end
point sensor 7 generates a signal of logic "1%, while when the
front end of the first reference shaft 11 is free from contact
with the rear end of the first grouped lens 1,
sensor 7 generates a signal of logic "oO%.

As mentioned above,

the end point

the stepping motor 10 is provided
between the fixed plate 15 and the third grouped lens 3. When

setting a moving distance D1 of the second grouped lens 2 to
about 20 mm, the stepping motor 10 is sized to have a diameter
of about 10 mm and a length of about. 12 mm, thus permiﬁting
sufficient accommodation thereof in the lens barrel. Further,
since the rotary shaft 13 and the lead screw 14 mounted thereon
are provided in connection with the stepping motor 10 so as to
extend along the optical axis, the lens barrel can be reduced
in diameter. In addition, since the end point sensor 7 is
provided”at the front end of the first reference shaft 11 to
detect only the initial position of the second grouped lens 2,
a sufficient space can bé ensured in the lens barrel. It is
further advantageous that the end point sensor 7 for detecting
the initial position of the second grouped lens 2 need not be
an expensive sensor because the structure thereof is so simple

as to only detect the contact of the first reference shaft 11
with the first grouped lens 1.



-10 - a brush of a DC notor, a reduction gear, and a camas used in:the
conventional DC notor drive, the noise and vibration in the pul se. drive ;
node according to the preferred enbodi ment can be nade 1 ess«t-han' those!in
the prior art. Further, since the novenent of the second grouped.. lens 2
I s effected by the stepplng mot or t®-havi ng no brush in this preferred

enbodi ment, aHy gi'ri£|8 ai)g |dd$bt§e§i‘ the b%nw verticdddiyt ibgnahleyirithe

cont rol CIICUIt 2 out an_ el ectronic cam co roI baqt.h the
second dfol I‘%‘?Zf%m'? r&? ﬂ?@“f 85r?h°§?oﬁ‘b%dth’éﬂ%g’l hele (G Eﬂ

c cam
control plimesnﬁond grouped lens 2 and the fourth grouped lens 4 are
i nterl ocked Uh&T ESGELR §200H8RY1EKE OF OFYS283RLED +35 1 HAVeR by the

focusing linear motor 18, and a position of the fourth grouped

lens 4 is detected by a position sensor 17. The position

sensor 17 is constituted of a detecting portion 17a formed from

a Hall device and a driving portion 17b. The position sensor

17 is a sensor for continuously detecting the position of the
fourth grouped lens 4.

Drive control of the stepping motor 10 and the focus

linear motor 18 is provided by the control system shown in Fig.

2. The control system includes a control circuit 22 having a

microcomputer, a control data memory 23 such as a RAM,
driver circuits 24 and 25
illustrated.

and
. Wwhich are connected together as

In this preferred embodiment, the stepping motor 10 is
driven by a two-phase bipolar driving method. This driving
method includes a pulse drive (e.g. a one-phase-on pﬁlse drive,
a two-phase-on pulse drive, or a half-step drive) and a two-
phase sin/cos drive (e.g., a micro step pulse drive). 1In the
pulse drive, a large torgue can be obtained, and a high-speed
operation of the stepping motor 10 can be effected. However,
noise and vibration are somewhat large.- In the micro step
drive, a large torque cannot be ob;ained, and a high-speed
operation of- the stepping motor 10 cannot be
effected. However, less noise and vibration are generated.

Accordingly, this preferred embodiment - effectively
utilizes the above advantages of the pulse drive and the micro
step drive. That is, when operating the second grouped lens
2 at high speeds, the stepping motor 10 is controlled to be.

driven in a pulse drive mode, while when operating the second

grouped lens 2 at 1low speeds, the stepping motor 10 is

controlled to be driven in a micro step drive mode.
The control system includes a mode switch 21 for selecting
either the pulse drive mode or the micro step drive mode. When

the mode switch 21 is operated to select a high-speed drive

terminal HIGH, a "high" level signal of .a supply voltage Vcc



To realize the electronic camcontrol, the contro
an el ectronic camcontrol program Furt her, positibn data to be used for
the el ectronic camcontrol is stored and updated in an el ectronic, cam dat a
menory section 233 of the control data nmenory 23. | The*“cont f ol ‘ci kcuit
22 cal cul ates control quantities of the stepping nDtor 10_and.the focusing
| i near motor 18 according to the electronic camcontrol program and .
outputs the cal culated control quantities through the driver-ctrcuits 24
and 25 toikhdnguqnﬁm@pnthercbﬁtandIdixduﬂnwimg hhﬂ&arwnuﬁntﬂg node
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trapezoidal control data memory section 231 and a micro step
control data memory section 232 for respectively storing data

to be used in executing the pulse drive and the micro step
drive.- That is,

circuit 22 accommmodat es

a control signal data having a trapezoidal
waveform to be applied to the stepping motor 10 for the pulse
drive is stored in the trapezoidal control data memory section
231. On the other hand, a sin/cos control data for the micro
step drive of the stepping motor 10 is stored in the micro step
control data memory section 232.

" The control circuit 22 controls a zoom position of the

second grouped lens 2 through the stepping motor 10, the rotary

shaft 13, the lead screw 14, the tapped hole 16 as a moving

mechanism, and the second reference shaft 12. A position data
of the zoom position of the second grouped lens 2 in an initial
stage thereof is based on a signal of logic “1" to be output
from the end point sensor 7 upon detecting that the front end
of the first reference shaft 11 fixed to the second grouped
lens 2 has contacted the first grouped lens 1. After receiving
the- logic “1" signal from the end point sensor 7, the control
circuit 22 updates the position data of the zoom position of
the second grouped lens 2 on the basis of a control quantity
of the stepping motor 10. That is, since the stepping motor
10 carries out a precise stepping operation in response to a
pulse control command from the control circuit 22, the control
circuit 22 sequentially tracks and accumulates the control

quantity output to the stepping motor 10, thereby calculating

a present position of the second grouped lens 2. Accordingly,

noe complex and precise position sensor for detecting the

position of the second grouped lens 2 is required as previously
mentioned.



the third grouped lens 3. Further, the rotary shaft 13, the - |ead screw 14
and the tapped hole 16 constituting the noving mechani sm may be repl aced
by any other neans enabling the rotation of the stepping nptor 16 -to be
converted into the | i near novenent of the second grouped |ens;2
al ong the optical axis. Wil e the above-nentioned preferred enbodi ment
has been specifically applied to a vi‘deo canera, the canera | ens barrel of
the present ikRchrisrwayy the gaantred cirsmitoRRerespivesr from the end -

point sensor 7 the logic "1* signal indicating a reference
position of the second grouped lens 2, and updates and grasps
the present position of the second grouped lens 2 on the basis
of a control quantity output to the _stepping motor 1o0.
Thereafter, when a contact 27 is closed to demand a zoom
operation, the control circuit 22 provides a moving control of
the second grouped lens 2 to be described below. '

When the low-speed drive terminal LOW of the mode switch
21 is selected, the control circuit 22 carries out the micro
step drive control of the stepping motor 10 through the driver
circuit 24 by using the data stored in the micro step control
data memory section 232 of the control data memory 23 according

to the micro step control program.

Under the micro step drive
control,

the stepping motor 10 is driven in the micro step
rmode, and it is rotated slowly. Accordingly, the rotary shaft
13 is slowly rotated to thereby move the frame 6 of the second

grouped lens 2 forward or reverse at low speeds through the

lead screw 14. Thus, the second grouped 1lens 2 is moved

forward or reverse at low speeds along the optical axis as
being guided by the second reference shaft 12. This operation
is continued while the zoom operation is demanded.

When the high-speed drive terminal HIGH of the mode switch
21 is selected, the control circuit 22 carries out the pulse
drive control of the stepping motor 10 by using the data stored
in the trapezoidal control data memory section 231 of the
control data memory 23 according to the pulse drive control
program. As a result, the stepping motor 10 is rotated at high
speeds to thereby move the second grouped lens 2 at high
speeds.

As mentioned above,

when selecting the low-speed drive
terminal LOW,

the stepping motor 10 is operated at low speeds
to move the second drouped lens 2 at low speeds.

the generation of noise and vibration
contrast,
i1}

In this case,

is suppressed. In
when selecting the high-speed drive terminal HIGH,

the second grouped lens 2 is moved at high speeds, and the

NRoise and vibration become larger than those in the micro step
mode. However, since this preferred embodiment does not employ



apparatus such as a canmera having a zoom functi on.
12

CLAI V5 1. A canera |lens barrel having a
first grouped lens (1) , a novable second grouped lens (2) for

vari able magnification, a third grouped lens (3), and an~feunph;grbuped
lens (4), which are respectively arr%\ged al ong Lo T

a brush of a DC motor, a reduction gear, and a cam as ﬁééd'ih'
the conventional DC motor drive, the noise and vibration in the

pulse drive mode according to the preferred embodiment can be

made less than those in the prior art. Further, since the

movement of the second grouped lens 2 is effected by the
stepping motor 10 having no brush in this preferred embodiment,
a high reliability can be ensured.

Additionally, the control circuit 22 carries out an

electronic cam control of both the second grouped lens 2 and

the fourth grouped lens 4. In the electronic cam control, the

second grouped lens 2 and the fourth grouped lens 4 are
interlocked to effect a zoom and autofocus control as a whole.
To realize the electronic cam control, the control circuit 22

accommodates an electronic cam control program. Further,

position data to be used for the electronic cam control is
stored and updated in an electronic cam data memory section 233

of the control data memory 23. The control circuit 22

calculates control quantities of the stepping motor 10 and the
~focusing linear motor 18 according to the electronic cam
control program, and outputs the calculated control quantities
through the driver circuits 24 and 25 to the stepping motor 10

and the focusing linear motor 18, respectively. In this way,

the drive control of the focusing linear motor 18 is carried
out in association with the drive control of the stepping motor
10. The above-mentioned electronic cam control is applicable

to both the pulse drive and the micro step drive of the
stepping motor 10.

It is to be understood that the present invention is not
limited to the above preferred embodiment which is merely

illustrative, but various modifications may be made within the
scope of the invention.

For instance, the end point sensor 7 may be so arranged

as to detect that the first reference shaft 11 has contacted

the third grouped lens 3. Further,

the rotary shaft 13, the
lead screw 14 and

the tapped hole 16 constituting the moving
mechanism may be replaced by any other means enabling the

rotation of the stepping motor 10 to be converted into the



an optical axis, and acconmodating a drive systemfor said first to fourth

~lenses (1 to 4), characterized in that it conprises : a stepping notor
(10); control neans (22) capable of carrying out at |east mcro step
drive control of said stepping nmotor (10); and a novi ng mechani sm (14)
for converting rotation of said stepping notor (10) into novenent of said
second grouped lens (2) along said optical axis; wherein said control
Means (22} ,BhLVihdeSnBARI b OFh S UUIRla G obded 38AEBNY JIOMPEthd Q:&.E:J(c%)l
according to a control quantity of sai'd stepping notor (10). . The

canera | 8%&Sharr el according to claim1, wherein said control neans (22)
cal cul ates a wwﬂné(ﬁhéﬁahﬁﬂdimeﬁedandd @m@ﬁpm&ed(ynbodﬂMenunhasrmeemasis

of a rotatlo ( ondi ng

to an endPSEEth c@&H&S a&:g‘ide eg%nﬁs\éégeuope%%@n E B)go éegab%%%ﬁe%ﬁxeéf

accor di n@ft ¢hehepresentlinvention may be applied to any other similar
apparatus such as a camera having a zoom function.



quahtity of said stepping notor (10). 3. The canera
according to claim 1,

13

CLAIMS

1. A-camera lens barrel having a first grouped lens

(1), @a movable second grouped lens (2) for variable
magnification, a third grouped lens (3), and a fourth
grouped 1lens (4), which are respectively arranged along
an optical axis, and accommodating a drive system for
said first to fourth lenses (1 to 4), characterizeh
that it comprises

a stepping motor (10);

control means (22) capable of carrying out at least

micro step drive control of said stepping motor (10);
and

in

a moving mechanism (14) for converting rotation of
said stepping motor (10) into movement of said second
grouped lens (2) along said optical axis;

wherein said control means (22) provides position
control of said second grouped lens (2) according to a

control quantity of said stepping motor (10).

2. The camera lens barrel according to claim 1,
wherein said control means (22) calculates a position of
said second grouped lens (2) on the basis of a
rotational position of said stepping wmotor (10)
corresponding to an end position of said second grouped
lens (2) and subsequently according to the control
quantity of said stepping motor (10).

3. The <camera lens barrel according to claim 1,
further comprising a mode switch (21) for selecting a
high~speed drive mode or a low-speed drive mode, wherein
when the high-speed drive mode is selected, said control
means (22) carries out pulse drive control of said
stepping motor (10), while when the low speed drive mode

is selected, safd control means (22) carries out the

T

wherein
means (22) carries out
g nmotor (10), while when the IOM/speed

| ens barrel
further conprising a node switch (21) for
selecting a high-speed drive node or a | ow speed drive node,

t he hi gh-speed drive node is selec# d, said control
pul se drive control of said stepp

drive node is selected, said control neans (22) carrles out::t-he

when



step drive control of said stepping notor (10). 4. The canera |ens
.barrel according to claim 3, wherein the pulse drive control is.a . _
one- phase-on pul se drive, a two-phase-on pulse drive, or a half-step drive
control. 5. The camera | ens barr according to claim3, wherein the:
mcro step drive control is a two-phase sin/cos drive control: 77 6;;The
canera lens barrel according to claim 3, wherein said control neans is
a control system conprising: a control circuit (22) having-a - e
m cr oconput er; a_control data menory (23) conprisi ng:L a mcro step
control data SEPrdr SeR ¢ 123D fs@ri ds it picygo ety (10) .

4. The camera lens barrel according to claim 3,
wherein the pulse drive control is a one-phase-on pulse

drive, a two-phase-on pulse drive, or a half-step drive
control.

5. The camera lens barrel according to claim 3,
wherein the micro step drive control is & two-phase
sin/cos drive contrel.

6. The camera 1lens barrel according to «claim 3,
wherein said control means 1is a control system
comprising:

a control circuit (22) having a microcomputer;

a control data memory (23) comprising a micro step
control data memory section (232) for said micro step
drive control and a trapezoidal control data memory
section (231) for said pulse drive control; and

a driver circuit (24) for connecting said control
circuit to said stepping motor (10).

7. The camera 1lens barrel according to claim 2,
further comprising a mode switch (21) for selecting a
high-speed drive mode or a low-speed drive mode, wherein
when the high-speed drive mode is selected, said control
means (22) carries out pulse drive control of said
stepping motor (10), while when the low "speed drive mode
is selected, said control means (22) carries out the

micro step drive control of said stepping motor (10).

R



drive control and a trapezoidal control data nenory section (231) for said
~pul se drive control; and adriver circuit (24) for connecting said
control circuit to said stepping notor (10). 7. The canera | ens
barrel according to claim2, further conprising a node switch (21) for

sel ecting a hi gh-speed drive node or a3Y%w speed drive node, wher ei n when;
the hi gh-speed drive node is selected, said control neans (22)7carries. out

pul se drive control of said steppn ( % i | e when the | ow speed:
drive node is selected, said con?#%%Rgg;%®s(%% Rggrries out the micro step
drive control of said steppi ABSTRAGT OFO)THE DISCLOSURE P '

A camera lens barrel having a first grouped 1lens
(1), a movable second grouped lens (2) for variable
magnification, a third grouped lens (3) and a fourth
grouped 1lens (4), which are respectively arranged along
an optical axis, and accommodating a drive system for
the first to fourth lenses. The camera 1lens barrel is
provided with a stepping motor (10), a conrtrol device
capable of carrying out at least micro step drive
control of the stepping wmotor (10) and a moving
mechanism (14) for converting rotation of the stepping
motor (10) into movement of the second grouped lens (2)
along the optical axis. The control device carries out
position control of the second grouped lens (2)
according to a control quantity of the stepping motor
(10). As the stepping motor (10) is driven wunder the
micro step drive control, the generation of noise and

~vibration can be greatly suppressed as compared with a

conventional lens barrel employing a DC motor as a drive
source.

Fig. 1
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