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LENS ADJUSTMENT APPARATUS AND UNIVERSAL JOINT

CROSS REFERENCE TO RELATED APPLICATIONS

Reference is made to the following commonly
assigned copending applications:

1. U.S. Serial No. 122,995, entitled
ENLARGING PHOTOGRAPHIC PRINTER, filed November 19,
1987, in the names of Shaun M. Amos, Richard J.
Backus and Thomas C. Jessop.

2. U.S. Serial No. 122,996, entitled
METHOD AND APPARATUS FOR MEASURING CHARACTERISTICS
OF PHOTOGRAPHIC NEGATIVES, filed November 19, 1987
in the names of Patrick A. Cosgrove and Richard dJ.
Backus.

3. U.S. Serial No. 246,575, entitled LENS
FOCUS ADJUSTMENT MEANS, filed September 19, 1988 in
the name of Thomas C. Jessop.

4. U.S. Serial No. 292,803, entitled
METHOD AND APPARATUS FOR ALIGNING A ZOOM LENS WITH
AN IMAGE SENSOR, filed January 3, 1989 in the name
of Martin L. Miller.

TECHNICAL FIELD

This invention relates to adjustment
apparatus and more specifically to apparatus for
adjusting a lens relative to an image sensing device
in a video camera. '

BACKGROUND ART

In a video camera employing a solid state
image sensor and a zoom lens, it is important to
have the optical center of the zoom lens line up
with the optical center of the sensor. If there is
error in alignment, the image will wander on the
video screen when the user changes the magnification
of the zoom lens while composing. Wander of the
image produces composition error. Such errors are
not significant in video cameras used for recording
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moving scenes since the user simply aims the camera
to compensate for zoom induced scene shifts.
However, in the case of precision systems for making
enlargements from prints of the type disclosed in
commonly assigned copending applications Serial Nos.
122,995 and 122,996, such misalignments can result
in prints that do not correspond with images that
appeared on the monitor during composition of the
images.

DISCLOSURE OF THE INVENTION

It is an object of the present invention to
provide a simple and reliable device for aligning
the optical centers of two devices.

Another object of the invention is to
provide a simple low-cost universal joint.

In the disclosed embodiment of the
invention, a lens assembly is connected to a housing
containing an image sensor by a flexure means
providing for universal flexure of the lens assembly
relative to the housing. A pair of compound screws
rigidly couple the lens assembly to the housing and-
are rotatable to displace the lens assembly relative
to the housing on said flexure means.

BRIEF DESCRIPTION OF THE DRAWINGS

Other objects and advantages of the
invention will become apparent from the following
description taken in connection with the
accompanying drawings wherein:

FIG. 1 is an exploded perspective view of a
video camera incorporating an alignment means in
accordance with the invention;

FIG. 2 is a perspective view of the
apparatus shown in FIG. 1 assembled;

FIG. 3 is a side view of the apparatus
shown in FIGS. 1 and 2 in partial section;
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, FIG. 4 is a perspective view of the
universal coupling joint shown in FIGS. 1 and 2;

FIG. 5 is an end view of the apparatus
shown in FIG. 4; and
5 FIG. 6 is a section taken along the line
6-6 of FIG. 5.
BEST MODE OF CARRYING OUT THE INVENTION
Referring to the drawings and initially to
FIGS. 1-and 2, there is shown a video camera 10

10 having a zoom lens assembly 12 for producing an
image on a charge coupled device (CCD) 1l4. As
discussed above, it is important that he optical
axis of the lens assembly be aligned with the
optical center of the CCD 14 to prevent misalignment

15 during zooming. Such an alignment procedure is
disclosed and claimed in commonly assigned copending
application Serial No. 292,803 entitled METHOD AND
APPARATUS FOR ALIGNING A ZOOM LENS WITH AN IMAGE
SENSOR, filed January 3, 1989 in the name of

20 Martin L. Miller. The disclosure of that
application is incorporated herein by reference.

The lens assembly 12 comprises a typical
zoom lens having a lens barrel 16 containing a
plurality of lens elements and having a part axially

25 or rotatably movable to vary the magnification of
the image composed on CCD 14. Such lens assemblies
are well known in the art and further description is
deemed unnecessary.

In accordance with the invention, a flexure

30 means comprising a universal joint 18 is mounted
between the camera 10 and lens assembly. The joint
18 shown in detail in FIGS. 4, 5 and 6 comprises a
first cylindrical ring portion 20 which is received
in a recess in the end of the lens barrel 16 and

35 rigidly retained therein by a cylindricalrcap 21
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threaded on the end of the lens barrel 16. The
joint 18 includes an integral second ring portion 22
extending coaxially from portion 20 and connected to
portion 20 by two integral diametrically opposite
tabs 24. The tabs 24 have sufficient flexibility to
permit pivotal movement of the second ring portion
22 relative to portion 20 about an X-axis extending
through the tabs 24.

- The joint 18 further comprises a third ring
portion 26 formed integrally with portions 20 and 22
and extending coaxially from portion 22. The ring
portion 26 is provided with external threads and is

threaded into an opening in the end of camera 10.

In the disclosed embodiment, ring portion 26 is
formed as an integral extension of ring portion 22
and connected thereto by diametically opposite
flexible tabs 28 formed by removing material from
the periphery of the joint assembly. The tabs 28
define a Y-axis angularly spaced approximately 90
degrees from tabs 24 and have sufficient flexibility
to permit pivotal movement of the ring portion 26 '
relative to ring portion 22 about the Y-éxis. The
tabs 24 and 28 thus effectively provide for a
universal movement of ring portion 26 relative to
ring portion 20.

To provide for adjustment of the lens
assembly 12 relative to the camera 10, the lens
assembly 12 and camera 10 are coupled by a pair of
compound screws 30. Each screw 30 has two threaded
portions 32 and 34 differing in pitch by a
predetermined amount. The portion 34 of each screw
is threaded into a flange 36 of the lens assembly 12
and the portion 32 of each screw is threaded
received by a clamp 37 housing clamping screw 39
attached to a flange 38 of the camera 10. The
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screws 30 thus provide a rigid coupling of the lens
assembly to the camera and effectively support the
lens assembly on the camera.

The screws 30 are preferably radially
spaced 90 degrees apart on a circle coaxial with the
optical axis of the lens assembly 12. The angular
position of the screws is not critical. They can be
located anywhere as long as they are positioned
approximately 90 degrees apart and so that rotation
of one screw produces motion of the optical axis of
the lens assembly horizontally across the CCD and
the other produces motion of the optical axis

vertically across the CCD.
In operation, rotation of the screws 30

will produce displacement of the lens assembly 12
relative to the camera 10 through flexure of tabs 24
and 28. The location of the tabs at 90 degrees
relative to each other provide for X and Y
displacement components with a universal joint type
of action. The location of the screws 30
substantially 90 degrees relative to each other
produce adjusting force components also at
substantially 90 degrees orientation relative to
each other. The threaded portions 32 and 34 of
different pitch cause each screw rotation to produce
a displacement corresponding to the difference in
pitch of the two portions. Thus, rotation of the
screws result in very precision micro-adjustments of
the lens assembly. While various pitch combinations
will provide adequate results, a pitch of 28 threads
per inch in portion 32 and a pitch of 32 threads per
inch in portion 34 produces desired precision in the
adjustments.

After the necessary adjustments have been

effected, screws 30 can be clamped to retain the
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alignment by tightening screws 39.

It will thus be apparent that the invention
provides for simple precision adjustment of a lens
assembly relative to the image sensor of a video
camera.

While the invention has been particularly
shown and described with reference to a preferred
embodiment thereof, it will be understood by those
skilled in the art that various changes may be made
without departing from the scope of the invention as
defined by the appended claims.
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CLAIMS:

1. Apparatus for adjustably supporting a
lens assembly on the housing of a camera containing
an image sensor, comprising:

5 flexure means positioned between the lens
assembly and housing for permitting universal
displacement of the lens assembly relative to the
housing; and

a pair of compound screws each having two

10 threaded portions of different pitch, one portion of
each screw being threaded in said housing and the
other portion being threaded in said lens assembly,
said screws being angularly spaced relative to the
optical axis of said lens assembly to provide for

15 displacement of the lens assembly relative to the
camera by said flexure means.

2. Apparatus as claimed in Claim 1 wherein
said flexure means comprises:

a first ring member attached to said lens

20 assembly;

a second ring member;

first yieldable means connecting said
second ring to said first ring member to permit
movement of said first ring member relative to said

25 second ring in a first direction;

a third ring member attached to said
camera; and

second yieldable means connecting said
second ring member to said third ring member to

30 permit movement of said second ring member relative
to said third ring member in a second direction.

3. Apparatus as claimed in Claim 2 wherein
said first and second yieldable means each comprise
a pair of diametrically opposite flexible tabs

35 extending between the rings they connect.
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4. Apparatus as claimed in Claim 3 wherein
said ring members and said tabs are integrally
formed as a single unitary structure.

S. A universal joint for connecting two
devices to permit universal movement of one relative
to the other, said joint comprising:

a first ring member attached to one of the
devices;

a second ring member;

first yieldable means connecting said
second ring to said first ring member to permit
movement of said first ring member relative to said
second ring in a first direction; :

a third ring member attached to the other
device; and '

second yieldable means connecting said
second ring member to said third ring member to
permit movement of said second ring member relative
to said third ring member in a second direction.

6. A universal joint as claimed in Claim 5
wherein said first and second yieldable means each
comprise a pair of diametrically opposite flexible
tabs extending between the rings they connect.

7. A universal joint as claimed in Claim 6
wherein said ring members and said tabs are '
integrally formed as a single unitary structure.

8. Apparatus for adjustably supporting a
lens assembly on the housing of a camera comprising:

flexure means positioned between the lens
assembly and housing for permitting universal
displacement of the lens assembly relative to the
housing;

a first ring member attached to said lens
assembly; -

a second ring member;

ot
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first yieldable means connecting said
second ring to said first ring member to permit
movement of said first ring member relative to said
second ring in a first direction;

5 a third ring member attached to said
camera; and

second yieldable means connecting said
second ring member to said third ring member to
permit movement of said second ring member relative

10 to said third ring member in a second direction.

9. Apparatus as claimed in Claim 8 further
including a pair of screws threaded received by said
housing and said lens assembly rotatable to effect
such universal displacement.
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, AMENDED CLAIMS
[received by the International Bureau or 13 June 1990 (13.06.90)
new claims 10-13 added; other claims unchanged (2 pages)]

first yieldable means connecting said
second ring to said first ring member to permit
movement of said first ring member relative to said
second ring in a first direction;

a third ring member attached to said
camera; and

second yieldable means connecting said
second ring member to said third ring member to
permit movement of said second ring member relative
to said third ring member in a second direction.

9. Apparatus as claimed in Claim 8 further
including a pair of screws threaded received by said
housing and said lens assembly rotatable to effect
such universal displacement.

7 10. Apparatus for supporting an optical
assembly on a housing, said apparatus comprising:
flexure means positioned between the
optical assembly and the housing for permitting
universal displacement of optical assembly relative
to the housing; and

a pair of compound screws each having two
threaded portions of different pitch, one portion of
each screw being threaded in the housing and the
other portion being threaded in the optical
assembly, said screws being angularly spaced
relative to an optical axis of the optical assembly
to provide for displacement of the optical assembly
relative to the housing by said flexure means.

11. Apparatus as claimed in Claim 10
wherein said flexure means comprises:

a first ring member attached to the optical
assembly; '
a second ring member;
first yieldable means connecting said
second ring to said first ring member to permit
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movement of said first ring member relative to said
second ring in a first direction;
a third ring member attached to the

" housing; and

second yieldable means connecting said
second ring member to said third ring member to
permit movement of said second ring member relative
to said third ring member in a second direction.

12. Apparatus as claimed in Claim 11
wherein said first and second yieldable means each
comprise a pair of diametrically opposite flexible
tabs extending between the rings they connect.

13. Apparatus as claimed in Claim 12
wherein said ring members and said tabs are
integrally formed as a single unitary structure.
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STATEMENT UNDER ARTICLE 19

Claims 1 through 9 remain unchanged. Claims 10
through 13 have been added. ,

Claims 10 through 13 have been added to better
distinguish over the prior art cited in the International
Search Report dated May 11, 1990.
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