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[57]                          ABSTRACT
Interlocking joints such as box finger joints and dovetail joints are made in wood parts by a combination includ​ing a body for attachment to a tool table having a guide slot in the upper surface for guiding a work feeder The combination includes a router tool and a vertically ad​justable tool holder for holding and carrying the router tool with the router cutter axis parallel to the upper surface of the tool table attached to the body The tool holder is formed substantially in the shape of a sector of a circle and is attached to the body by a pivotal attach​ment substantially at the center of the arc of the sector The tool holder includes a circular arc shaped gear rack at the arcuate edge thereof, and a pinion gear is rotat-ably attached to the body and in engagement with the gear rack or vertical adjustment of the tool holder
13 Claims, 27 Drawing Figures 
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UNIVERSAL JOINT MAKER
BACKGROUND OF THE INVENTION
The present invention relates to woodworking tools which are especially useful for the production of joints in wooden parts such as box finger joints and dovetail joints. Such joints are commonly used for such purposes as joining the sides of a box structure at the edges thereof. The present invention is directed to a relatively sim​ple and inexpensive tool combination for producing joints of the above description. It is believed that there is no truly satisfactory tool that is presently available for use in a small woodworking shop for the above pur​pose. One tool of this general type which is presently avail​able on the market generally conforms with the teach​ings of U.S. Pat. No. 4,163,465 issued Aug. 7, 1979 to Donald Strong. That patent relates to a structure in​cluding a tool table together with a support plate verti​cally movable by means of two screw jacks which are coupled together by a drive chain to selected positions above the tool table. The support plate is arranged to support a router tool for the purpose of making cuts in wood parts supported upon the tool table. That tool combination is effective, to some extent, to produce satisfactory box finger joints and dovetail joints, and other joints of that kind. However, the structure is cum​bersome and complicated and expensive to produce. Furthermore, a special purpose table must be provided which has no other purpose or utility. Accordingly, it is an object of the present invention to produce a woodworking tool combination which overcomes each and every one of the above-mentioned disadvantages of the structure of the Strong patent. Furthermore, it is another object of the present inven​tion to provide an improved universal joint maker which may be added onto another existing table tool such as a table saw, and which may be adjusted so as to be out of the way so as to avoid any interference with the operation of the existing tool. Other objects and advantages of the invention will be apparent from the following description and the accom​panying drawings.
SUMMARY OF THE INVENTION
In carrying out the invention there is provided a woodworking tool combination for making interlock​ing joints in wood parts such as box finger joints and dovetail joints comprising a substantially rectangular body means for attachment to a tool table which in​cludes at least one guide slot in the upper surface thereof for guiding a work feeding means, a work feed​ing means positioned and arranged for sliding engage​ment with said guide slot, a router tool, a vertically adjustable tool holder for holding and carrying said router tool with the router cutter axis parallel to said upper surface of said tool table attached to said body means, said body means being attached to a side edge of said tool table parallel to said guide slot, said tool holder being formed substantially in the shape of a sector of a circle and being attached to said body means by a piv​otal attachment substantially at the center of the arc of said sector, said tool holder including a circular arc shaped gear rack at the circular arcuate edge thereof, a pinion gear rotatably attached to said body means and in engagement with said gear rack and including rotat- 
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	2 ing means for vertical adjustment of said tool holder by rotation of said tool holder about said pivotal attach​ment by rotation of said pinion gear, and means for clamping said circular arcuate edge of said tool holder in a selected vertical position.
BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a perspective front view of a preferred embodiment of the invention. FIG. 2 is a perspective rear view of a preferred em​bodiment of the invention. FIG. 3 is an exploded perspective front view of the embodiment of FIG. 1. FIG. 4 is a front view of the embodiment of FIG. 1 showing the tool in the lowered position so as to permit utilization of the table for other purposes, and showing the tool holder in phantom in a raised position. FIG. 5 is a bottom detail illustrating a clamping means and a pinion drive for a tool holder. FIG. 6 is an enlarged detail, partly in section, illus​trating further aspects of the clamping means and the pinion gear drive. FIG. 7 is a front view of the tool holder disassembled from the remainder of the combination. FIG. 8 is an end view of the tool holder of FIG. 7. FIG. 9 illustrates the production of a box finger joint which is easily produced in accordance with the present invention. FIG. 10 illustrates a mortise and tenon joint which is easily fabricated by the apparatus of the present inven​tion. FIG. 11 illustrates a multiple tongue and groove cor​ner joint which is easily fabricated by the present inven​tion. FIG. 12 illustrates a corner dovetail joint which is easily fabricated by the present invention. FIGS. 13-27 relate to components and various assem​bly options for a work feeder device which provide various positioning angles for a work piece in which joints are to be produced in accordance with the present invention.
DESCRIPTION OF PREFERRED EMBODIMENTS
Referring particularly to FIG. 1, there is shown a front perspective view of a preferred embodiment of the invention which is a woodworking tool combination for making interlocking joints in wood parts such as box finger joints and dovetail joints. It includes a body member 10 which is attached to a tool table 12. The tool table 12 may be a table which is primarily designed to incorporate another tool such as a table saw. This is indicated in the drawing by a slot 14 in the table 12 through which a working table saw blade may be raised. The legs of the tool table are not shown in the drawing in order to simplify the drawing. The body member 10 includes a guide slot 16 for guiding a work feeding device 18. The work feeding device 18 includes a rail 19 in the bottom thereof which rides in the guide slot 16 to maintain a constant lateral position of a work piece as it is advanced through a cutting tool. The combination also includes a routing tool 20 which is fastened to and carried by a vertically adjust​able tool holder 22. The routing tool 20 may be a con​ventional electric motor driven router, and it may pref​erably be attached to the tool holder by a fastening 
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	3
means such as bolts  The tool holder 22 is arranged perpendicular to the upper surface of the tool table 12, and the upper surface of the body member 10  The upper surfaces of those two components preferably being coplanar The axis of the router tool 20 is then substantially parallel to the upper surfaces of the tool table and of the body member 10 The body member 10 is attached to a side edge of the tool table 12 The guide slot 16 is parallel to the tool holder 22 and to the side edges of the body member 10 The tool holder 22 is formed substantially in the shape of a sector of a circle, and is attached to the body member by a pivotal attachment bolt 24 which is sub​stantially at the center of the arc of the sector The tool holder 22 includes a circular arc shaped gear rack 26 at the circular arcuate edge thereof FIG 2 is a rear perspective view of the woodworking tool combination of FIG  1 with the tool holder ad​justed to substantially the same vertical position  The gear rack 26 is more clearly shown in FIG 2 Also in FIG 2, the router tool cutter 28 is shown As further shown at 30 in FIG 2, the body member 10 includes a slot 30 in the edge thereof to provide clearance for the router tool cutter 28 as the router and the cutter 28 are lowered by the tool holder 22 The tool holder 22 may be lowered to a position such that the entire tool holder is at, or below, the plane of the upper surface of the body member and the table as shown and described more fully in connection with FIG 4 below  Also m FIG 2, a work piece 32 is shown in place against the work feeder device 18 The work piece 32, a piece of wood, is held by the operator against the advancing face of the feeding device 18, and held vertical in that manner, and with the left end 34 against the face of the tool holder 22 To further illustrate the operation the device, a slot is shown at 36 in the work piece 32 which has been cut by the cutter 28 Referring back again to FIG 1, a pinion gear is rotat-ably supported in suitable bearings within a part of the body member 10 and is positioned to engage with the gear rack 26 The pinion gear is not visible m FIG 1, but it is connected to an operating shaft 38 which is rotatable by a hand crank 40 to thereby adjust the verti​cal position of the tool holder 22   A locking clamp device is also provided for the tool holder 22 by means of a clamping lever 41 which is tightened by a screw-threaded locking bolt actuated by a locking hand lever 42 It will be understood that the guide slot 16 may be provided in the tool table 12, rather than in the body member 10, in which case the body member 10 may be very narrow in width Thus, an existing guide slot 16 within the tool table 12 may be utilized for the purpose of the present invention FIG 3 is an exploded rear view of the embodiment of FIG 1 which further exemplifies the structure It addi​tionally shows the pinion gear 44, the clamping lever 41, and a pinion gear bearing member 48 FIG 4 is a front view of the apparatus of FIG  1 showing the tool holder 22 m the lowered position such that the top edge 50 of the tool holder 22 is below the level of the upper surface 52 of the body member 10 In this position, it is to be seen that all of the parts of the woodworking  tool  combination  including  the  tool holder 22, the router 20, and associated parts are posi​tioned below the level of the surface 52 of the body member 10, and thus below the level of the tool table 12 
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Accordingly, the tool table 12 is not obstructed in any way for use of the tool table for other purposes In FIG 4, to further illustrate the different positions of the tool holder 22, the raised position of the tool holder 22 is shown in phantom at 22A with the router 20 in the raised position at 20A FIG  5 is a bottom detail view of the portion of the structure shown m prior figures including the hand crank 40, the locking hand lever 42, and the clamping lever 41, and also showing the pinion gear 44, the gear rack 26, and an edge of the tool holder 22 The portion of the body member 10 which is shown in FIG  5 is sectioned at a horizontal plane which passes through the center line of the shaft of the locking hand lever 42 The shaft of the locking hand lever 42 is illustrated at 54, and is shown to include a collar 56 which bears down upon the clamping lever 41 The shaft 54 also includes a threaded end portion 58 which is threaded into a suitably threaded hole 59 in the body portion 10 for biasing the clamping lever 41 against the outer sur​face of the tool holder 22 in order to clamp that tool holder in a desired position The clamping lever 41 is securely held and fastened to the body member 10 at the right end thereof, but the clamping left end is a cantile​ver which is flexible enough to be easily moved into clamping engagement against the tool holder 22 FIG 6 is a partial detail rear view of the structure of FIG 5 taken at section 6 — 6 in FIG 5 to better illustrate the relationship of the pinion gear 44 to the rack gear 26 FIG 7 is a detail view of the tool holder 22 alone, showing the opening 60 through which the router tool bit extends, and showing a scale of index measurement marks 62 which provide a direct reading of the distance of the center line of the router tool bit above the upper work surface of the body member 10 and the tool table 12 That surface was indicated as 52 in FIG 4 To accommodate for the fact that the tool holder 22 is rotating as it is moved upward, the scale 62, in order to provide an accurate direct reading of the upward displacement of the tool, must be a function of the trigo​nometric sine of the angle of rotation of the sector shaped tool holder 22 Because of size reduction in the drawing, the markings are not all shown However, the engraved scale markings 62 are preferably divided for one sixteenth of an inch increment measurements in elevation of the tool Since the scale markings 62 are at a greater radius from the center of rotation of the sector than is the router tool, the gear rack 26 and the sector 22 must be moved more than one sixteenth of an inch in order to provide a one sixteenth inch adjustment in the position of the tool This amplification of movement provides for greater accuracy in the adjustment of the tool holder 22 based upon the readings on the scale 62 The readings on the scale 62 are made in relation to an appropriate engraved index mark on the edge of the pinion bearing member 48 However, the lower edge of that bearing member may also be employed as an indexing level, if desired FIG 8 is an end view of the tool holder 22 of FIG 7 which is included to further illustrate the details of construction of the tool holder FIGS 9, 10, and 11 and 12 illustrate various joints which can be easily fabricated by the use of the tool of the present invention FIG 9 illustrates a box finger joint after the edges of the work piece have been cut with the proper slots by 
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means of the tool of the present invention, and before the work pieces have been fastened together at the joint. FIG. 10 illustrates a mortise and tenon joint which is easily fabricated by the apparatus of the present inven​tion. FIG. 11 illustrates a multiple tongue and groove cor​ner joint which is easily fabricated by the present inven​tion. FIG. 12 illustrates a corner dovetail joint which is also easily fabricated by the present invention. FIG. 13-27 all relate to components and various assembly options for the work feeder device 18 previ​ously shown and described in connection with FIGS. 1-4. The preferred feeder device components include a base plate 64 illustrated in FIG. 13. As shown in FIG. 13, that base plate preferably has edge faces which are each at different selected angles. For instance, the right edge face 66 in FIG. 13 is prefer​ably at a ninety degree "right" angle with respect to the top and bottom faces. The edge face 68 shown at the left in FIG. 13 is preferably at forty five degrees. The edge face 74 of the base plate 64 shown at the top of FIG. 13 is preferably at an angle of fourteen degrees from the vertical. Similarly, the edge face 72 shown at the bot​tom of FIG. 13 is at an angle of nine degrees to the vertical. These various edge face angles are clearly shown in FIGS. 14 and 15. FIG. 14 is an edge view taken at line 14 — 14 of FIG. 13, and shows in profile the forty five degree edge face 68 and the ninety degree edge face 66. FIG. 15 is an edge view taken at line 15 — 15 in FIG. 13 and showing the nine degree edge face 72 and four​teen degree edge face 74 in profile. All of the edge face angles of the base plate 64 are of significance in produc​ing desired cuts in work pieces for the various joints to be produced according to FIGS. 9-12, as well as other joints which can be produced by the tool combination of the present invention. FIGS. 16 and 17 illustrate a short upright member 76, which is a simple rectangle, and which is to be fastened to one of the edges of the base member 64 to produce the feeding device 18. As illustrated in FIGS. 1-4, the short upright member 76 is attached to the ninety de​gree edge 66 of the base member 64 to provide a ninety degree angle to the upright member 76. FIG. 18 is a top view of the guide rail 19 previously described in conjunction with FIG. 1, which rides in the guide slot 16 to guide the work feeding device 18. The guide rail is preferably dimensioned to exactly fit within the guide slot 16 of FIG. 1. The guide rail 19 preferably includes through holes 75 and a threaded hole 77 for attachment to the base plate 64 as described more fully below. FIG. 19 is an end view of the guide rail 19. FIG. 20 is a top view of a larger upright member 78 which is alternatively mounted to the base plate 64 of FIG. 13 to provide for various angles of support for the work piece. One side edge 80 of member 78 is prefera​bly slanted at an angle of about forty five degrees, and the other edge face 82 is cut away at one corner at 84 at an angle of twenty two and one half degrees to the horizontal. FIG. 21 is an end profile view of the member 78 which more clearly shows the forty five degree end face 80 and the twenty two and one half degree cut away corner surface 84. For certain operations, an edge support must be pro​vided, particularly for the member 78. That edge sup- 
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port is provided by a separate plate 86 illustrated in FIG. 22, which will be described more fully below in connection with later figures. FIG. 23 is simply an end view of plate 86. FIG. 24 is a top assembly view of the work feeding device 18 including the base plate 64, the short vertical plate 76 assembled to the ninety degree face 66 of the base plate 64, and the guide rail 19 attached to the bot​tom of the base plate 64. The showing of FIG. 24 gener​ally corresponds to the showing of the work feeding device 18 in FIGS. 1-4, except for the additional details illustrated in FIG. 24. The base plate 64 includes vari​ous through holes indicated at 90 which are strategi​cally positioned for attachment of the guide rail 19 to the base plate 64 in various positions. The guide rail 19 is basically attached to the base plate 64 by means of a shoulder screw 92 which extends through one of the through holes 90 in the base plate 64 and into the threaded hole 77 in the guide rail 19. The shoulder screw 92 serves as a pivot, and a pin 94 inserted through one of the through holes 90 into one of the guide rail holes 75 serves to determine the rotational position of the guide rail with respect to the base plate 64. For the situation where the work feeding device vertical surface (of plate 76) should be rotated forty five degrees with respect to the direction of motion of the feeding device on the guide rail 19, the guide rail 19 may be rotated by forty five degrees about the pivot 92 to the position illustrated in phantom at 19A in FIG. 24. The pin 94 is then inserted through a different through hole 90, as indicated at 94A. In this manner, the orienta​tion of the guide rail 19 and the base plate 64 can be quickly changed. Furthermore, it is apparent that the position of the guide rail may be changed to forty five degrees in the other direction by appropriate rotation of the guide rail 19 with respect to the base plate, and by the insertion of the pin 94 into one of the through holes 90 at the top of the base plate 64 as illustrated in FIG. 24. FIG. 25 illustrates how the long plate 78 may be typically assembled at the forty five degree face 68 of the base plate 64 to provide a forty five degree support for a work piece. Such a support is desired, for instance, in the production of a dovetail joint for two pieces which are joined at right angles to one another, as illus​trated in FIG. 11. In order to provide a stop, or pushing guide for the work piece, the edge support member 86 of FIGS. 22 and 23 is preferably attached to one end of piece 78, as indicated in FIG. 25. FIG. 26 is very similar to FIG. 25, except that it illustrates how the parts are assembled to provide a 22£ degree angle from the horizontal for the work piece. This is accomplished by placing the cut away corner surface 84 of the long upright piece 78 against the flat upper surface of the base plate 64 in assembling the parts in position. FIG. 27 illustrates how an angle of fourteen degrees from the vertical is obtained for the working upright portion of the work feeding device 18. This simply involves assembling the short upright member 76 of FIGS. 16 and 17 against the fourteen degree edge 74 of the base plate 64. In a similar manner, the nine degree position of the upright 76 may be obtained by assem​bling the upright plate 76 to the nine degree slanted edge 72 of the base plate 64. That arrangement is not illustrated. The various angles achievable in the above arrangements as described in conjunction with FIGS. 
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13-27 are the specific angles usually required in produc​ing the joints contemplated in this invention. While this invention has been shown and described in connection  with  particular  preferred  embodiments, various alterations and modifications will occur to those skilled in the art. Accordingly, the following claims are intended to define the valid scope of this invention over the prior art, and to cover all changes and modifications falling within the true spirit and valid scope of this invention. We claim: 1. A woodworking tool combination for making in​terlocking joints in wood parts such as box finger joints and dovetail joints comprising a substantially rectangu​lar body means for attachment to a tool table which includes at least one guide slot in the upper surface thereof for guiding a work feeding means, a work feed​ing means positioned and arranged for sliding engage​ment with said guide slot, a router tool, a vertically adjustable tool holder for holding and carrying said router tool with the router cutter axis parallel to said upper surface of said tool table attached to said body means, said body means being attached to a side edge of said tool table parallel to said guide slot, said tool holder being formed substantially in the shape of a sector of a circle and being attached to said body means by a piv​otal attachment substantially at the center of the arc of said sector, said tool holder including a circular arc shaped gear rack at the circular arcuate edge thereof, a pinion gear rotatably attached to said body means and in engagement with said gear rack and including rotat​ing means for vertical adjustment of said tool holder by rotation of said tool holder about said pivotal attach​ment by rotation of said pinion gear, and means for clamping said circular arcuate edge of said tool holder in a selected vertical position. 2. A woodworking tool combination as claimed in claim 1 wherein said body means includes an upper surface which is positioned and arranged to be substan​tially coplanar with the upper surface of the tool table when attached thereto. 3. A woodworking tool combination as claimed in claim 2 wherein said guide slot is included within said body means. 4. A woodworking tool combination as claimed in claim 2 wherein said tool holder is adjustable to a low​ered position which carries the entire upper profile of said tool holder at least as low as said upper surface of said body means to permit unobstructed use of the com​bination of the tool holder and the tool table for other purposes. 5. A woodworking tool combination as claimed in claim 1 wherein said tool holder includes a scale on the outer face at the circular arcuate edge thereof for coop​eration with an index mark at said pinion for providing a direct reading of the elevation of the center of the router tool carried by said tool holder above the upper surface of the tool table. 6. A woodworking tool combination as claimed in claim 5 wherein said scale is essentially proportional to < 
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	8
the trigonometric sine of the angle of the center of the router tool above the upper surface of said tool table as determined by the rotation of said tool holder in order to provide a direct reading of the actual elevation of the center of the router tool above said upper surface of said tool table. 7. A woodworking tool combination as claimed in claim 1 wherein said body means includes said tool table. 8. A woodworking tool combination as claimed in claim 4 wherein said body means includes a notch in the edge thereof to provide clearance for the tip of a router tool bit as said tool holder is adjusted to said lowered position. 9. A woodworking tool combination as claimed in claim 1 wherein said work feeding means comprises a base plate, a guide slot rail beneath said base plate for sliding engagement with said guide slot, and an upright member firmly attached to the front edge of said base plate. 10. A woodworking tool combination as claimed in claim 9 wherein said guide slot rail is attached to said base plate by means of at least one pivotal fastening means having a substantially vertical axis which extends through an opening in said base plate into an opening in said guide slot rail and at least one pin member which extends through an opening in said base plate into a mating opening in said guide slot rail, said base plate including at least one additional opening for said pin member arranged in a 45 degree alignment away from the center line of said base plate and intersecting with said pivotal fastening means to provide for rotation of said base plate by 45 degrees with respect to said guide slot rail and refastening of said guide slot rail and said base plate in the rotated position to thereby provide for a 45 degree rotated position of said upright member when advancing work into the cutter of the tool. 11. A woodworking tool combination as claimed in claim 9 wherein said base plate of said work feeding means includes a plurality of side edges arranged at different angles with respect to the vertical, and said base plate including means for attachment of said up​right member selectively at any selected one of said edges in order to provide different slant angles of said upright member to thereby provide different slant an​gles to the work piece as it is advanced into the cutter of the tool combination. 12. A woodworking tool combination as claimed in claim 9 wherein said upright member includes a shallow tilt angle tapered portion at the edge thereof, and wherein said upright member includes means for attach​ment to said base plate with said shallow tapered por​tion in engagement with the top surface of said base plate at the edge portion thereof to provide a corre​sponding shallow tilt to said upright plate for advancing work into said cutter tool. 13. A woodworking tool combination as claimed in claim 12 wherein said shallow edge portion is at an
angle of 22J degrees from the horizontal.
***** 


