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LOCKING DEVICE FOR PROJECTION TELEVISION LENS ASSEMBLY 

FIELD OF THE INVENTION 

The present invention relates to projection television lens assemblies and, in 

particular, to a locking device employed in such assemblies. 

BACKGROUND OF THE INVENTION 

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, 

which 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 IO itselfis further 

comprised of two corresponding cell halves 12 and 14. The lens cell IO has grooves 
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which hold the optics or the optical 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 halves 12 and 14 together, thus ensuring the retention of the 

5 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 IA; 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 

10 engagement of the cantilever snaps 13, the external force is released and the optics 

within the lens cell IO react by pushing back on each of the cell halves 12and14. The 

problem with such a cantilever snap design is that once the optics are mounted within 

the lens cell 10, the cimtilever snaps 13 are usually constantly under load due to the 

force Fe exerted by the optics. As such, the cantilever snap design fails to provide a 

15 retention force that opposes the internal force Fe 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 cantilever snaps 13 to disengage, 

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

20 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 the lens cell. Yet, a 

further object of the invention is to provide a locking device that can be easily unlocked 

25 or disengaged. 

SUMMARY OF THE INVENTION 

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

· assembly that substantially obviates one or more of the limitations and disadvantages of 

30 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 

5 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 

10 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 force, 

which is inwardly directed, serves to lock together the two halves and ensures retention 

15 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 

20 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 J3 and~ is 

appropriately selected, for example about 15°. 

The basic construction of the male member includes a wall which extends from 

25 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 toe. In particular, e is appropriately selected, such 

that, the retention force, Fr, will be related to the deforming force, Fi, by the expression 

30 Fr= Fi Cos (90- 0). In a preferred embodiment, 9 is chosen to be approximately 15 °. 
The female member includes an integral tab having an interior surface. The male 
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member is received between the tab and the exterior of cell half to which th~ tab is 

connected. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. l is a side-sectional view of a lens cell illustrating a prior art locking 

device. 

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

FIG. I. 

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 

15 make up the lens cell shown in FIG. l. 

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

the present invention. 

20 FIG. 5 is a partial perspective view of a component part of the locking device of 

25 

30 

the present invention. 

FIG. 6 is a 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 

5 . 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 

I 0 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 

edge 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 secondJens cell half 14 are identical in 

construction. A plurality of optical lens units (not shown in any of the drawings) are 

15 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 

20 . device (as shown in FIG. 2) and approximately 18.0° apart from the fourth locking 

device 11. The prime symbol next to numerals_indi~ates the same or similar elements 

that are associated with the second and fourth locking devices 11 of the lens cell 10. 

Since each of the locking devices 11 is identical in construction the description will 

track the first locking device 11. 

25 

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, 

30 which flexible portion 20 is oriented at an angle 9 with respect to a plane parallel to the 

rigid portion 18 of the first hook member 16. The first locking device 11 further 

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

5 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 ax.is 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 

10 (shown in FIGS. 3, 5, 6, and 7) residing within the first loop member 22. The exterior 

end 26 of the first tab member 24is positioned at an insertion end 27 (shown in FIG. 6 

and 9) of the :firstJoop member 22. Further, an interior surface 23 of the tab member 24 

is inclined at an angle 9 with respect to a plane extending centrally through the loop. 

member22~ 

15 

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 IO 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 

20 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 . l 4a of the second lens 

cell half 14 and the loop members 22' and 38' project 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' 

25 and 38', respectively. 

In a further embodiment, the invention provides a plastic locking clip 11 

comprising an injection molded unitary male member 16 (shown in FIG. 4) and an 

injection molded unitary female member 22 (shown in FIG 5). The female member 22 

30 comprises a first wall l 4c, two spaced apart, generally parallel walls 22a and 22b 

extending outwardly from the first 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 22c and the first wall 14c and 

an insertion end 27 not shown ??? into which a male member may be inserted. Further, 

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

end 27, is inwardly inclined at an angle 0 with respect to a plane extending centrally 

through the space 21 and equally spaced from the first and fourth walls, l 4c 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 

10 . 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 22c. The point P is 

spaced apart from a point S 1 on the interior of the first wall 14c by a distance X 1, each 

of the points P and S 1 being in a plane that is substantially at a right angle to each of the 

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

15 comprises a first wall 18, a second wall 19 integral with and extending at substantially a 

right angle from the firstwall 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 0 with 

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

20 at a surface 30, which is inclined substantially at an angle .13 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 'Ute 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 and 82 is in the same plane 

25 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 Xl. Further, 

the exterior of the first wall 18 has a step formed therein for engagement with a 

terminal end of the first wall 14c of the female member 22. 

30 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 
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insertion of the first hook member 16 into the first loop member 22, the hook member 

1 (i is sandwiched between the wall of the first cell half 14 and the interior surface 23 of 

the first loop member 22~ '~d an engaging surface 3 0 of th~·, inverted flexible portion 20 

of the first hook member: l 6 firmly abuts the interior end: ~ace 28 of the first tab 

5 member 24 as shown in FlGS. 6 and 7. Upon complete ~~rtion of the second hook 

.. member 16' into the secoil.d loop member 22', the engaging 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 member 38 and fourth loop 

10 .· 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 locked together, are positioned such 

that the first edge 12a of the first lens cell half 12 abuts tlie second edge l 4b of the 

·second lens cell half l4(shown in FIG. 1) and the second edgel2b of the first lens cell 

half 12 abuts the first edge 14a of the second lens cell half }'.it 

15 

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

· approximately 180° apartfrom the second loop member i2':along a first perimeter of 

: ·the first lens cell half 12, as sliown in FIG. 3, and the third hook member 32 is 

positioned approximately 180° apart from the fourth loop niember 38' along a second 

20 perimeter of the first lens cell half 12. Similarly, the second hook member 16' is 

' positioned approximaieiy 180° apart from the first loop member 22 along a first 

perimeter of the second le11s cell half 14, and the fourth hook member 32' is positioned 

approximately 180° apart from the third loop member 38 alqng a second perimeter of 

the second lens cell half 14. The first perimeter of the first lens cell half 12 and the first 

25 perimeter of the second lens cell half 14 form a first circumferential plane (not shown 

in any of the drawings) of the lens cell IO, and likewise the second perimeter of the first 

lens cell half 12 and the second perimeter of the second lens•cell half 14 form a second 

circwnferential plane (not shown in any of the drawings) of the lens cell IO. The first 

circumferential plane of the lens cell I 0 is spaced a distance apart from the second 

30 circumferential plane of the lens cell 10. Moreover, the hook members 16, 16', 32 and 

32' and the loop members 22, 22', 38 and 38' are each positioned such that when the 
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first lens cell half 12 ~d the second lens cell half 14 are joined together the hook 

members 16 and 32 slide.jnto the loop members 22 and•J8, respectively. Similarly, the 

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

5 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 J3 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~ with 

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

10 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 J3 as the engaging surface 30, and the respective 

interior end surfaces 28', 44 and 44' of the loop members 22', 3 8 and 3 8', are each also 

15 identically inclined at substantially the same angel· l3 as the engaging surface of the 

interior end surface 28. In a preferred embodiment, the angle 0 is equal to the angle J3, 
and in a preferred embodiment, both angles 0 and~ are each about15°. Some of the 

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

force Fi exerted against the hook member 16 dUrlng insertion into the loop member 22, 

20 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 snlaller the angle 9, the more effective 

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

25 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 

force Fi is exerted against each of the hook members 16, 16', 32 and 32', whereas, the 

optical lens units mounted within the lens cell 10 exert an exertion force Fe that is equal 

30 but opposite in direction to the insertion force Fi, and which force Fe pushes outwardly 

against the lens cell IO. Moreover, during insertion of the hook member 16 into the 
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loop member 22, a sideway deflection force Fd acts on the hook member 16 to deflect 

the hook member 16 as it .goes over the interior surface 2.3 of the tab·member 24. 

Moreover, a clockwise bending moment Mo causes the fleXible portion 20 of the hook 

member 16 to be wedged against the interior end surface·2~iofthe tab member 24 once 

5 point P has been passed .. The bending moment Mo creates a: retention force Fr, 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 mem~er 22. The retention·force 

Fr retains the hook member 16 within the loop member 22. · Furthermore, the deflection 

force Fd is directly proportional to the size of the angle 0 of the hook member 16, that 

10 is, the angle between the rigid portion 18 and the flexible portion 20. The retention 

force Fr exerted on the hook member 16 to maintain engagement with each of the loop 

members 22; 22', 38 and 38' is not tangential or oblique to the central axis 29 lens cell 

10 and is given by the fo~µla Fr= Fi Cos (90 - 0), where Fi is the insertion force, 
; 

mentioned above. The hook members 16', 32 and 32' undergo similar forces as the 

15 hook member 16. 

Once the first lens cell half 12 and the second lens cell half 14 of the lens cell I 0 

are locked together, the only way to disengage the lens cell IO is to employ a 
' ' 

disassembly tool, such as 3: flat head screwdriver. The tool_ is inserted into any one of 

20 the loop members 22, 22'~ 38 and 38'. In P.~cular, the flat head of the screwdriver is 

inserted into the loop member 22 opposite from the insertion: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, referring to FIG. 6, in qrder to disengage the hook 

member 16 from loop member 22, the screwdriver should be inserted in the region 25 

25 between the flexible portion 20 of the hook member 16 an~ the interior wall of the loop 

member 22, and a force in the direction of arrow D should ~e applied against the hook 

member 16 to disengage the engaging surface 30 of the flexible portion 20 of the hook 

member 16 :from the interior end surface 28 of the loop member 22, while 

simultaneously pulling apart the two cell halves 12 and 14. ~ccordingly, the flexibility 

30 of the design of the locking device 11 of the present invention permits reuse of the 

optical lens units contained within the lens cell I 0. Also, during insertion, the flexible 
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portion 20 of the hook member 16 is bent such that the angle 0 is less than· 15°. 

However, once the hotiit:..ftiember 16 clears the interior siliface 23 of the tab member 24, 

the hook member 16 springs back to about 15°. 

5 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 I 0. Furtherrilore, although the inverted flexible portion 20, 36, 20' and 36' of 

10 each of the hook members 16, 32, 16' and 32' is inclined at an angle 0 from the rigid 

portions 18, 34, 18' and 34', where angle 0 is approximately 15°, other variatioris of the 

ab.gle 0 will be apparentto·those skilled in the art. Similarly, the inclination of the 

angle f3 of the engaging surfaces 30, 46, 30' and 46' of the hook members 16, 32, 16' 

and 32' and the inclination of the angle f3 of the interior end surfaces 24, 44, 24' and 44' 

15 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 providing clips 11 at the end of 

each cell half, where the clips 11 are comprised of male members 16 and female 

20 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. 

It is to be understood that both the foregoing general description and the 

25 following detailed description are exemplary and explanatory and are intended to 

provide further explanation of the invention as claimed. 
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What is Claimed: 

I. 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 

S hook members being spaced apart a· distance from each other Ort said first edge, each of 

said hook members further comprising a rigid portion that is integral 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 9 with respect to a plane 

parallel to said rigid portion; 

I 0 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 edg~ of said lens cell half, said 

loop members being spaced apart from each other on said lens cell half, each of said 

loop members having a tab member integral with and extending from an interior surface 

15 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 surface inclined at an angle ~ with respect to a plane that is substantially at a 

20 right angle to said rigid portion, and wherein said interior end surface of each of said 

tab members residing within said loop members is inclined at about the same angle·~ 

with respect to a plane that is substantially at a right angle to said tab member. 

25 

2. The lens cell half of claim 1, wherein said angle 9 is equal to said angle~· 

3. The lens cell half of claim I, 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. 

30 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 

11111111111111 llllHllll II llll 
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wall, the proximal ends of said parallel walls being integrally 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 

5 fourth wall, at said insertion end, being inwardly inclined at an angle 0 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 

I 0 .. P being spaced from a point SI on the interior of said first wall by a distance XI, each 

of said points P and 8 I 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 

15 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 9 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 ~ with 

respect to a plane which is at a right angle to the interior of said first wall, the 

20 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 82 on the exterior of said first 

wall by a distance X2, each of said points Y and 82 being in the same plane that is at a 

right angle to each of said first and third walls of said male member, said distance X2 

being greater than said distance Xl, the exterior of said first wall having a step fonned 

25 therein for engagement with a terminal end of said first wall of said female member. 

parallel 

5. The plastic locking clip of claim 4, wherein said angle 0 is equal to said angle ~· 

30 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 

locking device comprising: 

111111~ WI~ 11~1111(1111111 
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a first hook member projecting from a first edge of said first lens cell half, said 

first hook member having a rigid portion that is integral ~fh and tangent to said first 

lens cell half, an end of said rigid portion of said first hook member being integrally 

connected to an inverted :flexible portion oriented at an angle a with respect to a plane 

5 parallel to said rigid portion; 

a first loop member·adapted for receiving a mating·hook member, said first loop 

member being integral with and projecting frOm< said second lens cell half, said first 

loop member being proximate to a second edge of said second lens cell half, said first 

loop member having a first tab member integral with and·extending from an interior 

10 surface of said first loop member, said interior sUrface ofsaid first loop member being 

distal to said second lens cell half, said first tab: member h~Ving an exterior end 

protruding out of said first loop member and an opposite interior end surface residing 

within said first loop member, said exterior end of said fir$hab member btfing 

positioned at an insertion end of said first loop member; · 

15 a second hook member projecting from a first edge of said second lens cell half, 

said second 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 second hook member being 

integrally connected to an inverted flexible portion oriente4•at substantially the same 

angle a with respect to a plane parallel to said rigid portio~; 

20 a second loop member adapted for receiving a mating 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 edge· of said first lens cell half, 

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

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

25 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 member, said exterior end of said 

second tab member being positioned at an insertion end ofsaid.second loop member; 

wherein said first hook member is inserted into· said first loop member at said 

30 insertion end of said first loop member and wherein said second 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 

111111111111111111111111111111 
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said first hook member and said second hook member firmly abuts said interior end 

surface of each of saidjif$t tab member and said secondtab member of said first loop 

member and second loop member, respectively. 

5 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 

10 angle0 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 

15 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 

20 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 9 with respect to a plane parallel to said rigid portion; 

a fourth loop member adapted for receiving a mating hook member, said fourth 

25 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 

30 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 inserted into said third loop member at said 

insertion end of said third loop member and wherein said· fqtirth 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 inverted flexible portion of each of said third 

5 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 

l 0 abuts said second edge· of said second lens cell. Palf and wherein said· second edge of 

said first lens cell half abuts said first edge of said 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 

15 wherein said third hook member is positioned approximately 180° apart from said 

fourth loop member on said first lens cell halt: 

l 0. The locking device of claim 7, wherein· said ~econd hook member is positioned 

approximately 180° apart from said first loop member on said second lens cell half, and 

20 wherein said fourth hook member is positioned approximately 180° apart from said 

third loop member on said second lens cell halt: 

· 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 f3 with respect to a 

25 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 f3 with respect to a plane that is at a right 

angle to said interior surface of said tab member. 

30 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 0 is equal to said angle~-

5 

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. 

10 16. The locking device of claim 13, wherein said angle~ 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 F d is 

exerted against said flexible portion of each of said hook members to deflect each of 

15 said hook members from within each of said loop members, said deflection force Fd 

being directly proportional to said angle 9. 

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 Fr is exerted 

20 against each of said hook members to retain engagement of each of said hook members 

within each of said loop members, respectively. 

25 

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

magnitude and opposite in direction to said retention force Fr. 

20. The locking device of claim 19, wherein said retention force Fr is given by the 

formula Fr =Fi Cos (90- 0), wherein Fi is the insertion force exerted against each of 

said hook members during insertion. 

30 21. A lens cell 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: 

a hookm~mber; and 

a corresponding loop member adapted for ~ceiving a mating hook 

5 member, said hook member being attached to a first edge of one of said pair of 

matching lens cell halves ~d said corresponding loop member being attached to a 

second edge of the other ,of said pair of matching lens cell halves, each of said hook 

members, further comprising an integral rigid portion extending from and being tangent 

to said pair of matching lens cell halves, an end of said rigid portion being integrally 

10 connected to an inverted flexible portion oriented at an angle 0 with respect to a plane 

parallel to said rigid portion, each of said loop members further 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 

15 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 insertion end, into each of said 

loop members, and wherein an engaging surface of said inverted flexible portion of 

each of said book members firmly abuts said interior end surface of each of said tab 

20 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 .the other of said pair of matching lens cell halves by four 

interlocking members, wherein two of said four interlocking members are positioned 

25 approximately 180° apart from each other, and wherein the other two of said four 

interlocking members are positioned approxi:qiately .180~ apart from each other, wherein 

said first two interlocking members are spaced apart a distance from said other two 

interlocking members on said lens cell. 

30 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 eaclLQf said hook members is inclined.at an angle ~' and wherein 

said interior end surface of each of said tab members is inclined at substantially the 

same said angle ~ with respect to a plane that is at a right angle to said rigid portion of 

5 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°. 

10 

27. The lens cell of claim 24, wherein said angle~ 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 Fr given by the formula Fr 

15 =Fi Cos (90- 0) is exerted to maintain engagement of each of said hook members 

within each of said loop members, wherein Fi 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 

20 system 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 lens cell. 
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