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LOCKING DEVICE FOR i’ROJECTION TELEVISION LENS ASSEMBLY

FIELD OF THE INVENTION
s _
The present invention relates to projection television lens assemblies and, in
particular, to a locking device employed in such assemblies.
BACKGROUND OF THE INVENTION
10

Projection televisions are well known. In general, a projection television set or
projector includes three cathode ray tubes (CRTs), corresponding to the primary colors,
red, blue, and green. Associated with each of the CRTs is a projection lens assembly,
whiéh is comprised of a plurality of optical lens units. Overall, a CRT has an attached

15 faceplate, and the function of the lens assembly is to magnify the image appearing on
the faceplate of the CRT, and thereby project it onto a viewing screen, which is much
larger than the faceplate of the CRT. For a typical layout of the optical lens units in a
projection television lens assembly see U.S. Patent 4,776,681.

20 An illustrative, prior art lens cell 10 used in a projection television lens
assembly is shown in FIG. 1. Basically, it comprises a plastic tubular member,
generally referred to as a lens cell 10. As shown therein, the lens cell 10 itself is further

comprised of two corresponding cell halves 12 and 14. The lens cell 10 has grooves
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- which hold the optics or the optibal lens units. After the optics are mounted within one
of the corresponding cell halves, the other of the cell halves is used to lock in the optics.

In the past, cantilever snaps, referred to by reference numeral 13, have been employed

. to fasten the two cell ha_lvés 12 and 14 together, thus ensuring the retention of the

optical lens units within the lens cell 10. The most commonly used cantilever snap

" design has an undercut molded onto the “male” flexing member for engagement with
 the “female” component, shown in FIGS. 1 and 1A." The cell halves 12 and 14 of the

lens cell 10 are assembled together by the use of an assembly fixture that exerts an
external force on the cell halves 12 and 14 to engage the cantilever snaps 13. ‘Upon
engagement of the cantilever snaps 13, the external force is released and the optics
within the lens cell 10 react by pushing back on eéch of the cell halves 12 and 14. The
problem with such a cantilever snap design is that once the optics are mounted within
the lens cell 10, the cantilever snaps 13 are usually constantly under load due to the
force F exerted by the optics. As such, the cantilever snap design fails to provide a
retention force that opposes the internal force F, exerted by the optics, which pushes
outwardly against each of the lens cell halves 12 and 14, tending to separate the cell
halves 12 and 14. Thus, the constant load causes the cant_ilgver snaps 13 to disengage,

resulting in a separation of the cell halves 12 and 14 of the lens cell 10.

An object of the invention is to provide a locking device that ensures retention
of the optical lens units within the lens cell. Another object of the invention is to
provide a locking device that provides a retention force that opposes the force exerted
outward against each of the lens cell halves by the optics within thé lens cell. Yet, a
further object of the invention is to provide a locking device that can be easily unlocked

or disengaged.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to a projection television lens

- assembly that subsianﬁally obviates one or more of the limitations and disadvantages of

the related art. The present invention provides a solution to the problems described

above relating to lens cell assemblies in a projection television. Specifically, the
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invention provides a locking device for locking two matching lens cell halves of a lens

cell. .

In accordance with the broadest aspect of the present invention, the invention
resides in clips which are located at the joint where the two cell halves mate. The clips,
which are molded as part of each cell half, are each comprised of a male member which
is inserted into a female member. The male member includes a flexible tab which is
deflected when inserted into the female member. After insertion, it is maintained in a
deformed state, that is the tab is maintained by the female member so that it is bent
from its original position. As a result, a bending moment is induced and maintained in
the tab and that moment pushes the tab against an outer wall of the female member.
Consquently, forces are established which lock the male member in place.
Additionally, the wall of the female member exerts a force on the tab and that forcé,
which is inwardly directed, serves to lock together the two halves and ensures retention

of the lens units within the lens cell.

To ensure that the forces described above are properly directed, the surface at
the end of the tab and the surface of the female member against which it abuts are
appropriately selected. When properly selected, there will be sufficient inwardly -
directed forces that the cell halves are held together. Specifically, when the angle of the
surface of the tab with respect to a radial line through that surface equals B and Bis

appropriately selected, for example about 15°.

The basic construction of the male member includes a wall which extends from
the cell half and an inverted flexible portion which is connected to it. The flexible
portion is the part which deforms when the male member is inserted into the female
member. The angle between the flexible portion of the male member and the wall that
extends from the cell half is equal to 6. In particular, 0 is appropriately selected, such
that, the retention force, F;, will be related to the deforming force, F;, by the expression
F; =F; Cos (90- 8). In a preferred embodiment, 0 is chosen to be approximately 15 °,

The female member includes an integral tab having an interior surface. The male
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me_r_nber is received between the tab and the exterior of cell half to which the tab is

connected.
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a side-sectional view of a lens cell illustrating a prior art locking
device. _ | _ . _

FIG. 1A is a fragmentary side-sectional view of the locking device shown in
FIG. 1.

FIG. 2 is a perspective view of a lens cell illustrating an embodiment of the -

locking device of the present invention. .

FIG. 3 is a perspective view of two identically constructed lens cell halves that

make up the lens cell shown in FIG. 1.

~ FIG. 4 is a partial perspective view of a component part of the locking device of

the present invention.

FIG. § is a partial perspective view of a component part of the locking device of

the present invention.

FIG.6isa partial side-sectional view illustrating an embodiment of the present

~ invention.

FIG. 7 is a partial side-sectional view of the embodiment in FIG. 5.

FIG. 8 is a partial side-sectional view of a component part of the locking device

of the present invention.

FIG. 9 is a partial side-sectional view showing the engagement of the

component parts of the locking device of the present invention.
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DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention disclosed herein is generally embodied in a projection television

_.lens assembly incorporating a locking device that locks together two corresponding lens

- cell halves that comprise a lens cell.

A lens cell designated generally by reference numeral 10 incorporating a locking
device 11 of the present invention is shown in FIG. 2. FIG. 2 is a perspective view of

the lens cell 10, which is comprised of a first lens cell half 12 and a second lens cell -

| half 14. As shown in FIG. 3, the first lens cell half 12 has a first edge 12a_and a second

édge 12b, and the second lens cell half 14 also has a first edge 14a and a second edge
14b. Both the first lens cell half 12 and the second lens cell half 14 are identical in
cbnstruction. A plurality of optical lens units (not shown in any of the drawings) are
held within the lens cell 10 by a plurality of locking devices 11, and in a preferred
embodiment, there are four locking devices 11, each one being identical in construction.
When the two lens cell halves 12 and 14 are joined together to form the lens cell 10, the
first locking device 11 is located approximately 180° apart from the second locking
device 11, whereas, the third locking device 11 is spaced apart from the first locking

__ device (as shown in FIG. 2) and approximately 180° apart from the fourth locking
device 11. The prime symbol next to numerals indicates the same or similar elements
that are associated with thé second and fourth Iockih_g devices 11 of the lens cell 10.
Since each of the locking devices 11 is identical m construction the description will
track the first locking device 11. -

The first locking device 11 includes a first hook member 16 projecting from the
first edge 12a of the first lens cell half 12. As shown in FIG. 4, the first hook member
16 has a rigid portion 18 that is integral with and tangent to the first lens cell half 12.
Further, the rigid portion 18 is integrally connected to an inverted flexible portion 20,
which flexible portion 20 is oriented at an angle 6 With respect to a plane parallel to the
rigid portion 18 of the first hook member 16. lThe first locking device 11 further

comprises a first loop member 22 (shown in FIG. 5) for receiving the first hook



10

15

20

25

30

- WO 00/68580 PCT/US00/10947

-6-
member 16. The first loop member 22 is integral with and projects from the second
lens cell half 14, where the second edge 14b of the second lens cell half 14 is in the
plane which defines the bottom of the first loop member 22. The first loop member 22
has an integral first tab member 24 (shown in FIGS. 5, 6 and 7) that is integral with and

extends from an interior surface 23 of the first loop member 22, which interior surface

- 23 is distal to the second lens cell half 14. The first tab member 24 is orthogonal with

respect to a central axis 29 (shown in FIG. 2) passing through the lens cell 10. Further,
the first tab member 24 has an exterior end 26 (shown in FIGS. 2, 6, 7 and 9 )
protruding out of the first loop member 22 and an opposite interior end surface 28
(shown in FIGS. 3, 5, 6, and 7 ) residing within the first loop member 22. The exterior
end 26 of the first tab member 24 is positioned at an insertion end 27 (shown in FIG. 6
and 9) of the first loop member 22. Further, an interior surface 23 of the tab member 24
is inclined at an angle & with respect to a plane extending centrally through the loop

member 22.

A second locking device 11 comprising of a pair of hook and loop members

-'16'-22’, is also provided, as shown in FIG. 3. Similarly, the lens cell 10 is provided

with a third and fourth locking device, each comprising of pair of hook and loop
members 32-38 and 32’-38’, as shown in FIG. 3. The construction of each of these pair
members is the same as described for the pair of hook and loop members 16-22, except
that the hook members 16’ and 32’ project from the first edge 14a of the second lens
cell half 14 and the loop members 22’ and 38’ i)roj ect from the wall of the first lens cell
half 12. Also, the second edge 12b of the first lens cell half 12 (shown in FIG. 3) is in
the plane which defines the bottom of each of the second and fourth'loop members, 22’
and 38’, respectively.

In a further embodiment, the invention provides a plastic locking clip 11
comprising an injection molded unitary male member 16 (5h0wn inFIG.4)and an -
injection molded unitary female member 22 (shown in FIG'S).' The female member 22
comprises a first wall 14c, two spaced apart, generally parallel walls 22a and 22b
extending outwardly from the ﬁrét wall 14c, where the proximal ends of the parallel
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walls 22a and 22b being integrally connected to the first wall 14c, a fourth wall 22c

- extending from and integrally connecting the distal ends of the parallel walls 22a and
. 22b thereby defining a space 21 between the fourth wall 22¢ and the first wall 14c and
~ an insertion end 27 not shown ??? into which a male member may be inserted. Further,

- as shown in FIGS. 6 and 9, an interior surface 23 of the fourth wall 22¢, at the insertion

end 27, is inwardly inclined at an angle 8 with respect to a plane extending centrally
through the space 21 and equally spaced from the first and fourth walls, 14c and 22c,

- respectively. Moreover, the interior surface 23 of the female member 22 terminates at a

point P (shown in FIGS. 6 and 9) where the interior surface 23 is intersected by a

- second surface 28 that extends outwardly from and is integral with the fourth wall 22c,

the 'second surface 28 terminates at the interior of the fourth wall 22¢c. The point P is
spaced apart from a point S1 on the interior of the first wall 14c by a distance X1, each
of the points P and S1 being in a plane that is substantially at a right angle to each of the

- first and fourth walls, 14¢ a1_1d 22c. As shown in FIG. 4 the male member 16

comprises a first wall 18, a second wall 19 integral with and extending at substantially a
right angle from the first wall 18, a third wall 20 integrally connected to the second wall
and extending therefrom so as to define a space between the first wall 18 and the third

wall 20. The interior and exterior surface of the third wall 20 is at an angle 6 with -

-respect to the interior surface of the first wall 18. Further, the third wall 18 terminates

at a surface 30, which is inclined substantially at an angle B with respect to a plane
which is at a right angle to the interior of the first wall 18. Also, the intersection of the

. inclined surface 30 and the exterior surface of the third wall 20 defines a point Y

(shown in FIG. 9), with the point Y being spaced apart from a point S2 on the exterior
of the first wall 18 by a distance X2. Each of the points Y énd S2 is in the same plane
that is at a right angle to each of the first and third walls, 18 and 20 respectively, of the
male member 16, and where the distance X2 is greater than the distance X1. Further,
the exterior of the first wall 18 has a step fofmed therein for engagement with a
terminal end of the first wall 14c of the female member 22.

During assembly, the first hook member 16 is inserted into the insertion end 27
of the first loop member 22 and the second hook member 16’ is inserted into the second

loop member at the insertion end 27’ of the second loop member 22’. Upon complete



10

15

20

25

30

WO 00/68580 PCT/US00/10947

-8-
insertion of the first hook member 16 into the first loop member 22, the hook member
16 is sandwiched between the wall of the first cell half 14 and the interior surface 23 of
the first loop member 22; and an engaging surface 30 of the inverted flexible portion 20

- of the first hook member.16 firmly abuts the interior end surface 28 of the first tab

member 24 as shown in FIGS. 6 and 7. Upon complete iifsertion of the second hook

_member 16 into the second loop member 22’, the engagmg surface 30 of the flexible

_portion 20’ of the second hook member 16’ firmly abuts the interior end surface 28’ of
the second tab member 24’ . Furthermore, the third hook member 32 and the fourth

- hook member 32’ are each inserted into the third loop merﬁber'38 and fourth loop

- member 38’, respectively, further ensuring that the lens cell 10 is locked. The first lens.
* cell half 12 and the second lens cell half 14, when locke(i together, are positioned such
- that the first edge 12a of the first lens cell half 12 abuts tﬁ'e éecond edge 14b of the

' second lens cell half 14 (shown in FIG. 1) and the second edge 12b of the first lens cell
- half 12 abuts the first edge 14a of the second lens cell half 14

In a preferred embodiment, the first hook member 16 is positioned

- approximately 180° -apart?'fi'rom the second loop member 22! 'fé\long a first perimeter of
the first lens cell half 12, as shown in FIG. 3, and the third hook memiber 32 is

- positioned approximately 180° apart from the fourth loop r_riember 38’ along a second
perimeter of the first lens cell half 12. Similarly, the SeCoﬂd _heok member 16’ is

* positioned approximately 1:80° apart from the first loop member 22 along a first
perimeter of the second leiis cell half 14, and the fourth heok member 32’ is positioned
approximately 180° apart from the third loop member 38 along a second perimeter of
the second lens cell half 14 The first perimeter of the ﬁrst lens cell half 12 and the first
perimeter of the second lens cell half 14 form a first clrcumferentlal plane (not shown
in any of the drawings) of the lens cell 10, and hkeW1se the second perimeter of the first
lens cell half 12 and the seeond perimeter of the second leps_ cell half 14 form a second
circumferential plane (nof shown in any of the drawings) of 't'he lens cell 10. The first
circumferential plane of the lens cell 10 is spaced a distance apart from the second

circumferential plane of the lens cell 10. Moreover, the hoek- members 16, 16’, 32 and

- 32" and the loop members 22, 22/, 38 and 38’ are each posiﬁOned such that when the
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first lens cell half 12 and the second lens cell half 14 are joined together the hook
members 16 and 32 sli_:dé‘_';fihto the loop members 22 and 38, respectively. Similarly, the

hook members 16’ and 32 slide into the loop member 22’ and 38’ respectively.

. Furthermore, as shown in FIG. 7, the engaging surface 30 of the inverted
flexible portion 20, of the hook member 16, is inclined at an angle B with respect to a
plane that is at a right angle to the rigid portion 18 of the hook member 16. Moreover,
the interior end surface 28 of the tab member 24 is inclined at the same angle B with

. respect to the plane that is at a right angle to the interior surface 23 of the tab member

24. Thus, when the hook member 16 is inserted into the loop member 22, the engaging
surface 30 firmly abuts the interior end surface 28. Similarly, the respective engaging .
-surfaces 30', 46 and 46’ of the hook member 16’, 32 and 32’ are each identically

inclined at substantially the same angle B as the engaging surface 30, and the respective

" interior end surfaces 28’, 44 and 44’ of thé loop members 22, 38 and 38’, are each also

identically inclined at substantially the same angel B as the engaging surface of the

- interior end surface 28. In a preferred embodiment, the angle  is equal to the angle B,

and in a preferred embddiment, both angles 6 and B are each about15°. Some of the

factors considered in-obtaining a preferred optimal angle 0 of about 15° are an insertion

force F; exerted against the hook member 16 during insertion into the loop member 22,

the strength of the material that the locking device 11 is made up of and the low profile

that is, a tight space within which to work and telescopically mount the lens cell 10

- within a tubular focus mount (not shown). The smaller the angle 8, the more effective

is the retention of the hook member 16 within the loop member 22.

Moreover, as partially shown in FIG. 8, when the first lens cell half 12 is joined
to the second lens cell half 14, and when each of the hook members 16, 16’, 32 and 32’
is inserted into each of the loop members 22, 22', 38 and 38’, respectively, an insertion
forcé F; is exerted against each of the hook membefs 16, 16', 32 and 32/, Wh'ereas, the
optical lens units mounted within the lens cell 10 exert an exertion force F. that is equal
but opposite in direction to the insertion force F;, and which force F. pushes outwardly

against the lens cell 10. Moreover, duririg insertion of the hook member 16 into the
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loop member 22, a sideway deflection force Fg acts on the hook member 16 to deflect
the hook member 16 as it goes over the mtenor surface 23 of the tab member 24,
Moreover, a clockwise bendmg moment M, causes the ﬂexxble portion 20 of the hook
member 16 to be wedged against the interior end surface '28i--9f the tab member 24 once
point P has been passed.  The bending moment M, creates'f e'-retention force F,, which is
equal and in magnitude in direction to the deflection force Fd, and acts on the hook
member 16 only when it is fully inserted into the loop memb'er 22. The retention force -
Fr retains the hook member 16 within the loop member 2'2.' i*‘urthermore, the deflection
force Fy is directly proportlonal to-the size of the angle 8 of the hook member 16, that
is, the angle between the rigid portion 18 and the ﬂex1ble portlon 20.  The retention
force F; exerted on the hook member 16 to maintain engagement with each of the loop
members 22, 22', 38 and 38’ i_s not rangential- or obligue to the central axis 29 lens cell
10 and is given by the fornjlijle F; =F; Cos (90 - 0), where F; is the insertion force,
mentioned above. The hoel; members 16', 32 and 32’ undergo similar forces as the

hook member 16.

Once the first lens cell half 12 and the second lens cell half 14 of the lens cell 10
are locked together, the only way to disengage the lens cell 10 is to employ a
disassembly tool, such as a flat head screwdriver The tool is inserted into any one of
the loop members 22, 22/, 38 and 38. In partlcular, the flat head of the screwdriver is
inserted into the loop member 22 oppos1te from the msemon end 27. To disengage the
two cell halves 12 and 14, _the_ flat head _should be inserted between the hook members
and the loop members. For instance, refening to FIG. 6, in order to disengage the hook
member 16 from loop member 22, the screwdriver should be inserted in the region 25
between the flexible portion 20 of the hook member 16 and the interior wall of the loop
member 22, and a force in the direction of arrow D should be'applied against the hook
member 16 to disengage the :engaging surface 30 of the ﬂexible portion 20 of the hook
member 16 from the irrteriof end surface 28 of the loop _me_mber 22, while
simultaneously pulling apart the two cell halves 12 and 14 Accordingly, the flexibility
of the design of the lockmg device 11 of the present mventlon permits reuse of the

optical lens units contained within the lens cell 10. Also, dunng msertmn the flexible
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- portion 20 of the hook:member 16 is bent such that the angle 0 is less than15°.

- However, once the hodfi:-fﬁember 16 clears the interior siitface 23 of the tab member 24,

the hook member 16 spﬁﬁgs’ back to about 15°.

In a preferred embodiment, the lens cell 10, including each of the locking
devices 11 is entirely made of a plastic material. Although, in a preferred embodiment,

the lens cell 10 has four locking devices 11, the lens cell 10 can alternatively have two

- locking devices 11, each being located approximately 180° apart from each other on the

lens cell 10. Furthermore, although the inverted flexible portion 20, 36, 20’ and 36’ of
each of the hook members 16, 32, 16" and 32’ is inclined at an angle 8 from the rigid
portions 18, 34, 18’ and 34', where angle 6 is approximately 15°, other variations of the
angle O will be apparent to those skilled in the art. Siinilarly, the inclination of the
angle B of the engaging surfaces 30, 46, 30’ and 46’ of the hook members 16, 32, 16'
and 32’ and the inclination of the angle B of the interior end surfaces 24,44, 24’ and 44’

can be varied from being approximately 15°.

In yet another embodiment, the invention provides a method of locking together
' two mating cell halves 12 and 14 comprising the step of providiﬂg élips 11 at the end of
each cell half, where the clips 11 are comprised of male members 16 and female
members 22 which engage each other so that upon engagement, a force is exerted

inwardly towards each of the mated cell halves 12 and 14, and along a line that is

~ oblique to the central axis 29 of the cell halves 12 and 14.

" Itis to be understood that both the foregoing géneral description and the
following detailed description are exemplary and explanatory and are intended to

provide further explanation of the invention as claimed.
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1. A lens cell half for use in a projection television lens assembly, comprising:

a pair of hook members projecting from a first edge of _said lens cell half, said
hook members being spaced apart a distance from each other (;ﬁ said first edge, each of
said hook members further comprising a rigid portion that is i_i_1tegral with and tangent
to said lens cell half, an end of said rigid portion of said hook member being integrally
connected to an inverted flexible portion oriented at an angle 6 with respect to a plane
parallel to said rigid portion; |

a pair of loop members adapted for receiving a pair of mating hook members,
each of said loop members being integral with and projecting from said lens cell half,
each of said loop members being proximate to a second edge of said lens cell half, said
lodp members being spaced apart from each other on said lens cell half, each of said
ldop members having a tab member integral with and extendiﬁg from an interior surface
of each of said loop members, said interior surface being distal to said lens _cell half,
said tab member having an exterior end protruding out of said loop member and an
opposite interior end surface residing within said loop member; |
wherein said inverted flexible portion of each of said hook members terminates in an
engaging surfabé inclined at an angle B with respect to a plane that is substantially at a
right angle to said rigid portion, and wherein said interior end surface of each of said
tab members residing w1thm said loop members is inclined at about the same angle

with respect to a pléne that is substantially at a right angle to said tab member.
2. The lens cell half of claim 1, wherein said _anglé 0 is equal to said angle §.

3. The lens cell half of claim 1, wherein an interior surface of said tab member
between said exterior end and said interior end surface is inclined at about the same

angle 0 with respect to a plane that is at a right angle to a central axis of said lens cell.

4. A plastic locking clip comprised of: an injection molded unitary male member
and an injection molded unitary female member; said female member comprising a first

wall, two spaced apart, generally parallel walls extending outwardly from said first

I*-c L M5 - *
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~wall, the prox1ma1 ends of said parallel walls being mtegrally connected to said first

wall, a fourth wall extending from and integrally connecting the distal ends of said

- parallel walls thereby defining a space between said fourth wall and said first wall and

~an insertion end into which a male member may be inserted, an interior surface of said

fourth wall, at said insertién end, being inwardly inclined at an angle @ with respect to-a
plane extending centrally through said space and equally spaced from said first and
fourth walls, said interior surface terminating at a point P where said interior surface is
intersected by a second surface that extends outwardly from and is integral with said

fourth wall, said second surface terminating at the interior of said fourth wall, said point

P being spaced from a point S1 on the interior of said first wall by a distance X1, each

of said points P and S1 being in a plane that is at a right angle to each of said first and
fourth walls; and

said male member comprising a first wall, a second wall integral with and
extending at substantially a right angle from said first wall, a third wall integrally
connected to said second wall and extending therefrom so as to define a space between
said first wall and said third wall, the interior and exterior surface. of said third wall
being at an angle 6 with respect to the interior surface of said first wall, said third wall
terminating at a surface thereof which is inclined substantially at an angle B with |
respect to a plane which is at a right angle to the interior of said first wall, the
intersection of said inclined surface and the exterior surface of said third wall defining a
point Y, said point Y being spaced apart from a point S2 on the exterior of said first
wall by a distance X2, each of said points Y and S2 being in the same plane thatis ata
right angle to each of said first and third walls of said male member, said distance X2
being greater than said distance X1, the exterior of said first wall having a step formed
therein for engagement with a terminal end of said first wall of said female member.

parallel
S. The plastic locking clip of claim 4, wherein said angle 6 is equal to said angle .

6. A locking device for locking together a first lens cell half and a corresponding

second lens cell half of a lens cell used in a projection television lens assembly, said

O A o

locking device comprising:
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a first hook member projecting from a ﬁrst edge of said first lesis cell half, said
first hook member having a rigid portion that ié ;i:nte'gral with and tangent to said first
lens cell half, an end of Esfa'_id rigid portion of said first hob';l:c';member being integrally
connected to an inverted jﬂ_exible portion orientéd at an angle 0 with respect to a plane
parallel to said rigid port_i6n; o '

a first loop member adapted for recei\{iﬁg a mating hook member, said first loop

- member being integral with and projecting from:said secoi;d lens cell half, said first

loop member being proximate to a second edge of said secénd lens cell half] said first
loop member having a first tab member integral with and-éXtending from an interior

- surface of said first loop #némber, said i_nterioi- surface of said first loop member being
distal to said second lens cell half,. said first tab-member héﬁng an exterior end
protruding out of said first loop member and an opposite iﬁt_e:rior end surface residing
within said first loop member, séid exterior end of said ﬁrst tab member being
positioned at an insertion end of said first loop member; "

- a second hook nﬁémber projecting from a first edg§ of said second lens cell half,

said second hook member having a rigid portion that is inteéral with and 'tangent to said

| second lens cell half, an end of said rigid portion of said Séﬁond hook member being

integrally connected to an inverted flexible portion oriente;d_?at substémtially the same
angle 6 with respect to a plane parallel to said rigid_-portion;ﬁ

a second loop member adapted for receiving a mat_i.n.g hook member, said
second loop member being _integral with and projecting from said first lens cell half,
said second loop member being proximate to a second edgie of said first lens cell half,

- said second loop member having a second tab mcmbér integral with and extending

- from an interior surface of said second loop member, said interior surface of said

second loop member being distal to said first lens cell half, said second tab member
having an exterior end protruding out of said second loop member and an opposite
interior end surface residing within said second loop membér, said exterior end of said
second tab member being' positioned at an insertion end of ;said.second loop member;
 wherein said first hook member is inserted into-said first loop member at said
insertion end of said first loop member and wherein said sécond hook member is

inserted into said second loop member at said insertion end of said second loop

member, and wherein an engaging surface of said inverted flexible portion of each of

in
' * .¢C L M § *
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said first hook member and said second hook member firmly abuts said interior end

surface of each of said .fj-ﬁi‘St tab member and said second ‘tab member of said first loop

member and second loop member, respectively.

7. . The locking device of claim 6, further comprising:

a third hook member projecting from said first edge of said first lens cell half,
said third hook member having a rigid portion that is integral with and tangent to said
first lens cell half, an end of said rigid portion of said third hook member being
integrally connected to an inverted flexible portion oriented at substantially the same
angle @ with respect to a plane parallel to said rigid portion;

a third loop member adapted for receiving a mating hook member, said third
loop member being integral with and projecting from said second edge of said second
lens cell'half, said third loop member having a third tab member integral with and
extending from an interior surface of said third loop member, said interior surface of
said third loop member being distal to said second lens cell half, said third tab member
having an exterior end protruding out of said third loop member and an opposite
interior end surface residing within said third loop member, said exterior end of said
third tab member being positioned at an insertion end of said third loop member;

a fourth hook member projecting from said first edge of said second lens cell
half, said fourth hook member having a rigid portion that is integral with and tangent to
said second lens cell half, an end of said rigid portion of said fourth hook member being
integrally connected to an inverted flexible portion oriented at substantially the same
angle 8 with respect to a plane parallel to said rigid portion;

- a fourth loop member adapted for receiving a mating hook member, said fourth
loop member being integral with and projecting from said second edge of said first lens

cell half, said fourth loop member having a fourth tab member integral with and

. extending from an interior surface of said fourth loop member, said interior surface of

said fourth loop member being distal to said first lens cell half, said fourth tab member
having an exterior end protruding out of said fourth loop member and an opposite
interior end surface residing within said fourth loop member, said exterior end of said

fourth tab member being positioned at an insertion end of said fourth loop member;
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‘wherein said third hook member is mserted into said tlurd loop member at said
insertion end of said third loop member and wherein said fourth hook member is

_inserted into said fourth loop member at said insertion end of said fourth loop member,
and wherein an engaging surface of said invei'ted flexible portion of each of said third
hook member and said fourth hook member firmly abuts said interior end surface of
each of said third tab member and said fourth tab member of said third loop member
and fourth loop member, respectively.

8. The locking device of claim 6, wherein said first edge of said first lens cell half
abuts said second edge of said second lens cell half and wherein said second edge of

said first lens cell half abuts said first edge of séid second lens cell half.

9. The locking device of claim 7, wherein said first hook member is positioned
approximately 180° apart from said second loop member on said first lens cell half, and
wherein said third hook member is poSitioned approximately 180° apart from said

fourth loop member on said first lens cell half.

-10.  The locking device of claim 7, wherein said second hook member is positioned

approximately 180° apart from said first loop Ihgmber on said second lens cell half, and
wherein said fourth hook member is positioned approximately 180° apart from said

third loop member on said second lens cell half.

‘11.  The locking device of claim 7, wherein said engaging surface of said inverted

~ flexible portion of each of said hook members is inclined at an angle B with respect to a

. plane that is at a right angle to said rigid portion of said hook members, and wherein

said interior end surface of each of said tab members residing within said loop members
is inclined at substantially the same said angle ﬁ with respect to a plane that is at a right

angle to said interior surface of said tab member.

12.  The locking device of claim 7, wherein an interior surface of each of said tab

members from said exterior end to said interior end surface is inclined at the same said
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angle 0 with respect to a plane that is at a right angle to said central axis of said lens

cell.

13. ©  The locking device of claim 7, wherein said angle 8 is equal to said angle £.
14.  The locking device of claim 7, wherein said angle 0 is approximately 15°.
15.  The locking device of claim 7, wherein said lens cell is made of plastic.

16.  The locking device of claim 13, wherein said angle B is approximately 15°.

17.  The locking device of claim 16, wherein during insertion of each of said hook
members within each of said loop members, respectively, a deflection force Fq is
exerted against said flexible portion of each of said hook members to deflect each of
said hook members from within each of said loop members, said deflection force Fy

being directly proportional to said angle 6.

18.  The locking device of claim 16, wherein upon engagement of each of said hook
members within each of said loop members, respectively, a retention force F; is exerted
against each of said hook members to retain engagement of each of said hook members

within each of said loop members, respectively.

19.  The locking device of claim 18, wherein said deflection force Fj is equal in

magnitude and opposite in direction to said retention force F:.

20.  The locking device of claim 19, wherein said retention force F;is given by the
formula F; =F; Cos (90- 0), wherein F;is the insertion force exerted against each of

said hook members during insertion.

21.  Alenscell for use in a projection television lens assembly, said lens cell
comprising a pair of matching lens cell halves, one of said pair of matching lens cell

halves being fixedly connected to the other of said pair of matching lens cell halves by a
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plurality of interlocking members, each of said interlocking members, further
comprising: )

~ ahook. mé:illber; and _

a correquhding loop member adapted for receiving a mating hook
member, said hook memﬁgr being attached to a first edg’é:_ of one of said pair of
matching lens cell halv¢§ and said corresponding loop member being attached to a
second edge of the other ;éf said pair of matching lens cell lialves, each of said hook
members, further comprising an integral rigid portion exfcﬁding from and being tangent
to said pair of matching lens cell halves, an end of said rigid portion being integrally
connected to an inverted flexible portion oriented at an angle 6 with respect to a plane
parallel to said rigid portion, each of said loop members ﬁlfﬂxer comprising an integral

tab member extending from an interior surface of said loop members, said interior

- surface being distal to said pair of matching lens cell halves; each of said tab members

having an exterior end protruding out of each of said loop members and an opposite

interior end surface residing within each of said loop members, said exterior erid of

.each of said tab members being positioned at an insertion end of said loop members;

wherein each of said hook members is inserted at said inSefﬁon end, into each of said
loop members, and wherein an engaging surface of said inv@:rted flexible portion of
each of said hook membei‘_s firmly abuts said interior end surface of each of said tab

members of said loop members, respectively.

22.  The lens cell of claim 21, wherein one of said pair of matching lens cell halves
is fixedly connected to :thé other of said pair of matching lens cell halves by four -
interlocking members, wherein two of said four inferlocking members are positioned
approximately 180° apart from each other, and wherein the other two of said four
interlocking members are positioned approximately 180° apart from each other, wherein
said first two interlockiﬁ_g members are spaced apart a distance from said other two

interlocking members on said lens cell.

23.  The lens cell of claim 21, wherein said lens cell is made of plastic.
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24."  The lens cell of claim 21, wherein said engaging surface of said inverted
flexible portion of eachi:of said hook members is inclined 4t an angle §, and wherein
said interior end surface of each of said tab members is inclined at substantially the
same said angle p with respect to a plane that is ata right angle to said rigid portion of

each of said hook members.

25.  The lens cell of claim 21, wherein said angle 0 is equal to said angle .
26.  The lens cell of claim 21, wherein said angle 0 is approximately 15°.
27. The lens cell of claim 24, wherein said angle B is approximately 15°.

28.  The lens cell of claim 24, wherein upon engagement of each of said hook
members within each of said loop members, a retention force F; given by the formula F;
=F; Cos (90- 0) is exerted to maintain engagement of each of said hook members
within each of said loop members, wherein F;is the insertion force exerted each of said

hook members during insertion.

29. A system for locking together two mating lens cell halves of a lens cell, said
systefh comprising at least two spaced apart clips at the joint between said the lens cell
halves, said clips being comprised of male and female members which engage each
other so that, upon engagement, a retention force is exerted inwardly toward said mated

lens cell halves and along a line that is oblique to a central axis of said Iens cell.
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