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Disclaimer

To prevent accidents, keep safety in mind while you work. Use the safety guards installed on power equipment; they are for your protection. When working on power equipment, keep fingers away from saw blades, wear safety goggles to prevent injuries from flying wood chips and sawdust, wear headphones to protect your hearing, and consider installing a dust vacuum to reduce the amount of airborne sawdust in your woodshop. Don't wear loose clothing, such as neckties or shirts with loose sleeves, or jewelry, such as rings, necklaces or bracelets, when working on power equipment, and tie back long hair to prevent it from getting caught in your equipment.

The authors and editors who compiled this book have tried to make all the contents as accurate and correct as possible. Plans, illustrations, photographs and text have been carefully checked. All instructions, plans and projects should be carefully read, studied and understood before beginning construction. Due to the variability of local conditions, construction materials, skill levels, etc., neither the authors nor Betterway Books assumes any responsibility for any accidents, injuries, damages or other losses incurred resulting from the material presented in this book.
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INTRODUCTION

When I was a child—I must have been about eight years old—I was forever trying to make some sort of weird and wonderful wooden machine or other. One time it was a very complicated and slightly dangerous weight-wheel-and-see-saw mechanism that linked my alarm clock to the bedside lamp, and then another time it was a catch on the shed door that was operated by the weight of the person approaching the shed, and so the list goes on. Well, of course, when I now look back, I see that my interests were twofold: On the one hand, I enjoyed playing around with mechanisms—weights, levers, wheels and the like—and on the other hand, 1 simply enjoyed the pleasures of handling and shaping wood.

The intention of this book is to explore and demonstrate the use of all the skills and techniques involved in producing what might best be described as key mechanisms and machines in wood. Machines made from wood? OK, so in many ways it might be thought that wood and machinery make for an odd couple, but that's not so. History tells us that if we could go back in time to, say, Leonardo da Vinci's workshop, Galileo's observatory, Benjamin Franklin's laboratory, Samuel Colt's gunmaking workshop, Isambard Kingdom Brunei's shipyards or wherever, we would almost certainly see people beavering away variously whittling, sawing, shaping wood, and making small-scale working mechanisms and machines.

Occasionally, when I am comfortably ensconced in my small, cozy workshop—with the sun shining through the window, my dog dozing on a pile of wood shavings, and my tools and piles of timber surrounding me—I take one or other of my little wooden machines and spend time running my eyes and fingertips over its forms and textures—it's an amazingly satisfying feeling! To see the way the grain flows through the structure; to wonder as the light catches the colors within the wood; to marvel at the characteristics of the various wooden component parts that make up the project—say a piece of silky, butter-colored lime or maybe a piece of plum with its deep, rich, honey-brown hues—to study the way the wooden components link, relate and operate one to another; and then to remember the many happy hands-on hours spent cutting, shaping and working with wood—these are, without doubt, uniquely beautiful experiences that should not be missed.

The intention, or you might say ambitions, of this book involves sharing with you all the pure playtime pleasures of building and creating small machines and mechanical prototypes from wood. With each and every project, we take you through the procedures of drawing out the designs, of making decisions as to the best type of wood to use for the task in hand, and of choosing the best tools for the job. We tell you how to use the tools and machines, we show you with scaled, gridded working drawings what goes where and how, we illustrate with photographs and pen drawings how best to achieve such and such a cut; in fact, we take you through all the stages of designing, making, constructing and finishing. We do our level best to describe all the procedures that go into making our working wooden wonders.

Each project relates to or is inspired by a specific mechanism or machine. There are such juicy delights as a circular movement machine, a pendulum recoil escapement machine, and a flywheel and governor machine. There are fifteen projects in all.

Making Wooden Mechanical Models does not require a workshop full of complex and expensive tools or shelves stacked high with rare and exotic woods (our wish is that you only use renewable species); it requires only that you become involved in the close, physically satisfying and therapeutic experience of working with wood—our most beautiful natural material.

Making Wooden Mechanical Models is about personal involvement, working with your hands, and the joy and pleasure of using your mind and body to create uniquely beautiful machines in wood. What else to say except “Best of Luck!”


TOOLS & MATERIALS

• Scroll saw.

• Band saw.

• Bench drill.

• Forstner drill bits.

• Rotary power tool.

• Small drum sander.

• Pencil and ruler.

• Back saw.

• Pair of compasses or dividers.

• Sharp whittling knife.

• Adjustable angle square.

• Lathe.

• Good selection of lathe tools.

• Four-jaw chuck to fit your lathe.

• Screw chuck to fit your lathe.

• Tailstock drill chuck.

• Tracing paper.

• Teak oil.

• The usual workshop tools and materials— sandpaper, calipers, dividers, etc.

• Good selection of clamps.





PROJECT ONE
Circular Movement Machine
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Color photo Circular Movement Machine

PROJECT BACKGROUND

This machine is amazingly interesting in that it beautifully illustrates one of the key principles of horology. It shows how, in the context of a traditional grandfather-type clock, a pulley drum, length of cord and weight are able— like a coiled spring—to store up and provide energy.

The movement is handsomely direct and uncomplicated. As the weight falls at a constant rate, so the drum-and-beam flywheel spins at a uniform speed on its pivot. The fascinating thing is that the position of the pill weights on the beam dramatically alters the speed of spin.

To set the machine into motion, the cord is wound up with the crank handle, the two flywheel weights are adjusted so they are equidistant from the center of spin, and the weight is allowed to descend. If you have a yen to play around with flywheels, crank handles and pulley weights, and if you enjoy a good working mix of wood turning, fretting on the scroll saw and drilling, this might well be the project for you.

PROJECT OVERVIEW

Have a look at the project picture (above), the working drawing (Fig 1-1a) and the template design (Fig 1-1b), and see that we have designed the machine so it can be easily positioned on the edge of a surface. The idea is that the machine can be located on a mantle shelf or the edge of a table in such a way that the weight can fall three or four feet lower than the base of the machine.

Although at first sight this project may look almost too simple to be true, I think it fair to warn you that turning the beam boss with its integral pulley wheel and spindle, plus turning, drilling and fitting out the long, sausage-shaped bob weight, are all procedures that call for a deal of patience and expertise. There are several points along the way that require delicate work if you are to avoid mess-ups. For example, the fit of the spindle needs to be just so—not too loose, not too tight. Also, the bob weight hole has to run straight and true. If the drill bit veers a little off-center, you've got a dowel with a gash in the side—not a pretty sight!

PROJECT ONE: WORKING DRAWING
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FIGURE 1-1A
At a grid scale of two squares to 1″, the machine stands about 13″ high and a little over 24″ wide across the span of the beam rod.

PROJECT ONE: TEMPLATE DESIGN
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FIGURE 1-1B
The scale is two grid squares to 1″.
AStand.
BBase.
CButtress support.
DBoss spindle drum and flywheel cam disks.
ECrank handle.
FWeight.
GBeam weights.


CUTTING LIST—PROJECT ONE

	A	Stand	1 × 5½ × 13½ cherry
	B	Base	1 × 2½ × 12 cherry
	C	Buttress support	1 × 1¼ × 4¼ cherry
	D	Boss spindle drum and flywheel cam disks	2 × 2 × 12 cherry
	E	Crank handle	1 × 2 × 6 cherry
	F	Weight	6″—¾″ dark wood dowel
	G	Beam weights	2 × 2 × 8 cherry
	 	Beam	24″—¼″ dowel
	 	Handles, fixing pegs	White wood dowel pieces



CHOOSING YOUR WOOD

Although we went for North American cherry for the base, stand, beam weights and crank, a length of off-the-shelf dark wood dowel for the weight, and odds and ends of various white wood dowel for the handles and fixing pegs, this is not to say you can't go for almost any wood that takes your fancy. There are two provisoes: The bob weight is best made from a heavy, dense wood, while the boss spindle needs to be made from a wood that is straight grained and easy to turn. That said—and being mindful that we all ought to be using nature-friendly, sustainable timbers—you could go for a variety like lime, jelutong or perhaps even beech. My overall thinking is that if the wood is easy to work; not too expensive; free from knots, splits, warps and stains; and from a reputable source, it's the right timber for the task.

MAKING THE BASE, BACKBOARD AND CRANK HANDLE

1 Study the working drawing (Fig 1-1a) and template design (Fig 1-1b). Draw the profiles to size and make clear tracings.

2 Set to work carefully cutting out the profiles.

3 Take the two cutouts—the stand and crank—and make sure the position of all the holes is clearly established with punched center points (Fig 1-1b). You need center points for the ½″-diameter spindle bearing at the top of the stand, the four 1½″-diameter blind holes that decorate the front of the stand, the ½″ hole at the center of the crank for the spindle, and the two 3/2″-diameter holes at the ends of the crank for the handle dowels.

4 With all the center points clearly fixed, drill them out with the appropriate bit size. Warning: For safety's sake, if the bit size is greater than ½″, have the workpiece held with a clamp (Figs 1-2 and 1-3).

TURNING THE BEAM WEIGHTS

1 Having established the end centers by drawing crossed diagonals, mount the wood on the lathe, draw up the tailstock, set the tool rest at the correct height, and generally see to it that all your tools are within reach.

2 Take the large gouge, either square ended or round nosed, and swiftly turn down the 2″ × 2″-square section of wood to the largest possible diameter. With the wood roughed out, take the skew chisel and bring the wood to a smooth cylinder.

3 Starting with the two beam disks, or pucks, and working from right to left along the workpiece, meaning from the tailstock end, take the dividers and mark all the step-offs that make up the design. Allow about ½″ for tailstock waste, 1″ for the first disk, ¼″ for part-off waste, 1″ for the second disk, and then a final small amount for part-off waste.
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FIGURE 1-2
Clamp the workpiece securely to the worktable, and ran the blind holes in to the depth of the head of the Forstner bit.
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FIGURE 1-3
Have a piece of waste wood under the workpiece—we use a sheet of plywood—so you can drill right through the workpiece without doing damage to the bit. The waster also ensures that the exit hole is crisp and clean edged.

4 With the two disks carefully marked, take the parting tool and sink the waste areas to a depth of about ½″ so that you are left with a core diameter of about ½″.

5 Take the skew chisel and use the toe, or point, to swiftly mark in the midlines of each l″-wide disk. Then flip the tool over, and use the heel to turn away the corners of waste. Aim for a nicely rounded profile. I first cleared the parting waste, then trimmed off the sharp corners, and then rounded each of the shoulders (Figs 1-4 and 1-5) and so on, all the while trying to match up the mirror-image forms.
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FIGURE 1-4
To turn off the round shoulder, set the skew chisel flat on the workpiece, slowly twist the tool until the back or heel of the blade begins to bite, and then run in a continuous sweep down and round into the valley.
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FIGURE 1-5
Having turned off facing shoulders, take the parting tool and deepen the parting waste to reveal and define the flat face of the disk.

6 Finally, when you have what you consider is a well-matched pair of disk weights, bring them to a smooth finish with the skew chisel and a piece of fine-grade sandpaper, and part off.

TURNING THE INTEGRAL SPINDLE, CORD DRUM AND BOSS

1 Check your wood over for faults and mount it securely on the lathe.

2 Having used the square- or round-nosed gouge to achieve a roughed-out cylinder and the skew chisel to bring the wood to a smooth finish, take your ruler and dividers and mark all the step-offs that make up the design. Working from the tailstock end, allow a small amount for tailstock waste, 2″ for the spindle, 1″ for the drum, 1″ for the length of spindle between the drum and the boss, 1″ for the boss5/23/2011 itself, and the rest for chuck waste. Mark the 1″ drum with a midline.

3 Take the parting tool and lower the waste between the various step-off points to achieve the required core diameter (Fig 1-6). For example, if we take it that you are starting out with a 2″-diameter cylinder, then you need to lower the spindle by ¾″ for a ½″ core, the drum by about 1/16″ for a 1[image: 2]″ core, the area of spindle between the boss and the drum by a little over [image: 3]″ for a [image: 3]″ core, and the boss by [image: 1]″ for a l¼″ core (Fig 1-7).

4 With each of the step-offs lowered to the required depth, take the tool of your choice—I like using a skew chisel—and set to work shaping up the various profiles (Fig 1-8). No problem with the boss and the drum and the length of spindle in between—they can more or less be turned to any shape that takes your fancy—but the spindle shaft must be turned down so it is a smooth fit in a ½″-diameter hole. Note: If you can't use a ½″ drill bit, settle for turning your spindle shaft to the nearest available size, say [image: 1]″ or [image: 3]″.
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FIGURE 1-6
Take the parting tool and establish the main core diameters.
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FIGURE 1-7
Lower the step-offs until you reach the core diameters of ½″ for the spindle, 1[image: 2]″ for the drum, about [image: 3]″ for the length of spindle between the drum and the boss, and 1″ for the boss.

5 When you have turned the various profiles to size and shape and rubbed them down to a smooth finish with a scrap of sandpaper, carefully ease the tailstock center out of the way, and have a trial fitting of the spindle through the bearing hole at the top of the stand. Be mindful that it needs to be a good, smooth-running fit (Fig 1-9).

6 To part off, hold and cradle the workpiece in one hand, and carefully nip it off with the toe of the skew chisel (Fig 1-10).

7 Finally, set the rag-muffled spindle in the jaws of the chuck—the rag being used to protect the spindle from crush damage—and sand the part-off point down to a smooth finish.

MAKING AND LOADING THE BOB WEIGHT

1 Before you put tool to wood, have another look at the working drawing (Fig 1-1a) and template design (Fig 1-1b). Note how the weight needs to be long and thin so it can pass between the stand and the spinning beam weights, while at the same time, it must be heavy. Consider how we drilled out a length of ¾″-diameter dowel and loaded it with lengths cut from a 6″ nail.

2 Take your 6″ length of ¾″-diameter dowel and check it over for faults. If it is warped, split, stained, or in any way less than perfect, select another piece.
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FIGURE 1-8
The partially turned workpiece, showing—from left to right—the boss, length of decorative spindle, drum and spindle shaft. Note that at this stage, we were still undecided as to how we wanted the boss to be finally shaped.
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FIGURE 1-9
With the workpiece still secure in the jaws of the chuck, draw back the tailstock and have a trial fitting of the spindle shaft through the bearing hole. Be very careful not to jolt the turning off-center.
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FIGURE 1-10
When you have achieved what you consider is a good, well-finished turning, use the toe of the skew chisel to part off from the lathe. Be careful that the toe of the chisel doesn't slip between the workpiece and tool rest.

3 Make a jig that allows you to stand the dowel on end at right angles to the drilling table and hold the dowel securely in place. If you look at the step-by-step photographs, you will see that we solved the problem by clamping the wood between a couple of heavy, steel V-blocks.
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FIGURE 1-11
Secure the dowel so it is perfectly aligned with the drill, and run a [image: 1]″-diameter hole down to the full depth of the bit. Do this from both ends of the dowel.
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Figure 1-12
(right) Cut a length from a 6″ nail, and push it down into the cavity; aim to finish up with a space of about ½″ at the top of the hole. Plug the hole with a short length of wedged dowel.

(left) When the glue is dry, set the workpiece in the jaws of the chuck, and carefully turn down the end to a round-nosed finish.

4 Run a [image: 1]″-diameter hole down through the length of the dowel. Bore the hole down into one end— to the full length of the bit—and then turn the wood over and repeat the procedure for the other end (Fig 1-11).

5 With the holes in place—either right through the dowel or at least a good way into each end—cut one or more lengths from a 6″ nail, and load it to within about [image: 1]″ of the ends.

6 Push a length of split and glued [image: 1]″ dowel into the end hole—both ends—tap a shaved wedge into the little stopper, and put it to one side to dry (Fig 1-12 right).

7 One end at a time, secure the loaded dowel in the jaws of the lathe chuck, and use the skew chisel and the graded sandpapers to turn it down to a round-ended shape—like a torpedo (Fig 1-12 left).

8 Finally, cut and finish all the secondary components: the buttress at the back of the stand and all the little pins and pegs.

PUTTING TOGETHER AND FINISHING

1 With all the component parts meticulously cut and worked (Fig 1-13), and with all unglued surfaces lightly oiled, set the stand on the base so it is flush with the front edge and aligned with the center line, and draw in a couple of discreet alignment marks.
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FIGURE 1-13
Note that the areas to be glued, on the base, the underside of the stand, and two sides of the buttress, are not oiled.

2 Clamp the stand lightly to the base, and run ¼″-diameter peg-fixing holes down at an angle—through the feet and on into the base. The best procedure is to drill one foot, secure it with a peg, and then repeat the technique for the other side. Be aware that because the feet are short grained, they are relatively fragile. Note: Don't glue the pegs at this trial fitting stage.

3 Take the buttress piece and set it firmly against the back of the stand. When you feel there is good, tight, right-angle coming-together of the three components, fit with a dowel (Fig 1-14).

4 Take the boss spindle and the beam weights and one piece at a time, secure them in an appropriate clamp-and-block jig. Drill out the ¼″-diameter holes for the beam rod. Make sure the holes are aligned at right angles to the run of the grain. Drill two 1/16″-diameter holes—one into the drum for fixing the cord and the other through the side of the crank and into the spindle (Fig 1-15).

5 When you have fitted the stand to the base and the spindle is sitting comfortably in place at the top of the stand, push fit the ¼″ beam dowel through the boss (Figs 1-16, 1-17 and 1-18), set the weights on the beam, fit the length of fine cord and the weight, and then have a trial run.

PROBLEM SOLVING

• The whole success of this project hinges on the spindle shaft being a smooth, friction-free fit through the top-of-stand bearing hole. Try waxing the contact surfaces.
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FIGURE 1-14
Fit and fix the stand to the base, and then brace with the buttress.

FIGURE 1-15
Build clamp-and-block jigs for the various difficult-to-hold components that need to be drilled. Minimize the risk of splitting the wood by having the holes set across the run of the grain.
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FIGURE 1-16
The beam rod needs to be a tight push fit through the boss hole, while at the same time a loose push fit through the disk weights.
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FIGURE 1-17
Pass the shaft through the bearing hole, set the crank on the shaft, and fit and fix with a round toothpick.
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FIGURE 1-18
Fit the weight on the end of the cord, and have a trial run. If need be, reduce the friction by waxing the shaft and all the other moving mating faces.



PROJECT TWO
Harmonic Oscillation Punch Machine
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Color photo Harmonic Oscillation Punch Machine

PROJECT BACKGROUND

The oscillation punch machine is a gem to make. With its intriguing movement and attractive structure, it is the sort of machine that is just asking to be set into action!

As to the name of this machine, it is not so easy to come up with a clear-cut definition or meaning. OK, no problem with the term oscillation punch—it simply describes the up-and-down punch action that is created by the oscillating, or side-to-side, movement of the sector weight—but the term harmonic is a bit of a stickler. I reckon it has something to do with symmetrical, harmonic frequency, but I'm not so sure. Have you got any ideas?

The best way to operate this machine is to put your forefinger in the sector weight hole and to flick it rapidly from side to side. If everything is right, the swift side-to-side movement should result in the punch joggling up and down.

PROJECT OVERVIEW

Have a look at the working drawing (Fig 2-1a), the template design (Fig 2-1b) and the various photographs, and you'll see that this project is somewhat complicated in that it is made up of a large number of small moving parts. This is not to say that each component is in itself difficult to cut—far from it—but rather that the sum total of putting all the parts together does require a lot of thinking and a lot of fine adjustment.

Study the working drawing (Fig 2-1a), and consider how the machine is made up of the primary units: a base with a low, glue-fixed backboard, a high, round-topped backboard with a pivot rod location slot and various pivot holes, a plate and spacer to hold the sector, the swinging sector weight itself, the connecting rod, the pivoted cross-head joint and punch, and the bracket.

In action, as the sector weight swings to the side, the connecting rod rises, which in turn lifts the punch in its supporting bracket. And, of course, as the sector comes to rest in the midposition, the punch goes down in its bracket. The best bit about the action, meaning the way the parts move, is the way the loose-fit crosshead joint at the bottom of the connecting rod is kept in place by the pivot pin that passes through the unit and into the backboard slot.

PROJECT TWO: WORKING DRAWING
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FIGURE 2-1A
At a grid scale of two squares to 1″, the machine stands about 8½″ high and 6″ wide across the span of the base.

PROJECT TWO: TEMPLATE DESIGN
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FIGURE 2-1B
The scale is jour grid squares to 1″. Note that we have only illustrated the difficult-to-visualize components.
ATall, round-topped backboard.
BSpacer.
CFront plate.
DCrosshead joint.

    sides.

    center.
EBracket.
FSector weight.
GConnecting rod.


CUTTING LIST—PROJECT TWO

	A	Tall, round-topped backboard	[image: 3] × 3 × 7½ oak
	B	Spacer	[image: 3] × 1¾ × 2 oak
	C	Front plate	[image: 3] × 1¾ × 2 oak
	D	Crosshead joint sides	1 × 1½ × 2 oak
	 	center	½ × 1½ × 2 olive
	E	Bracket	[image: 3] × 2 × 3 oak
	F	Sector weight	¼ × 2½ × 3 oak
	G	Connecting rod	½ × 1 × 2½ olive
	 	Base	[image: 3] × 4 × 6 oak
	 	Low, horizontal backboard	[image: 2] × 2¼ × 6 olive
	 	Pegs and pivots	18″— ¼″ dowel
	 	Wedged dowel and punch rod	8″—½″ dowel



CHOOSING YOUR WOOD

We decided to emphasize and draw attention to the various parts by using two strong-grained, fancy woods. We used Spanish olive for the horizontal backboard, the connecting rod, and the middle layer of the laminated cross-head joint and a piece of uncharacteristic English oak for the rest.

MAKING THE BASE AND BACKBOARDS

1 Having carefully studied the working drawing (Fig 2-1a) and template design (Fig 2-1b), take the two 6″-long pieces of wood—the oak at [image: 3]″-thick and 4″-wide, and the olive at [image: 2]″-thick and 2¼″-wide—and the 7½″-long 3″-wide board, and use the pencil, ruler, square and compasses to mark all the lines that make up the design.

2 Spend time carefully marking in the position of the center lines, the main peg and pivot holes, and any other guidelines you think will help you on your way.

3 When you are sure all the guidelines are well placed, use the tools of your choice to cut the three boards to shape and size.

4 Peg and glue the low backboard to its base, check with a square, secure with clamps, and put it to one side until the glue is set.

5 Having cut the tall backboard out on the scroll saw, establish the position of the two top holes—the ¼″-diameter pivot hole and the ½″-diameter wedge-peg hole—and drill them on the drill press.

6 Finally, when you have achieved what you think is a good fit and finish of the three boards, set the tall backboard on the base and draw in a couple of alignment marks (Fig 2-2).

MAKING AND FITTING THE SECTOR PLATES

1 Have a good, long look at the working drawing (Fig 2-1a) and photographs, and note how this project is perhaps slightly unusual in that all the small parts are cut out on the scroll saw.

2 When you have a clear understanding of how the parts fit and relate to one another, take the two [image: 3]″-thick pieces of oak that make up the sector support—the spacer and the front plate—and use the compasses, ruler and soft no. 2 pencil to draw the design on the best-looking piece.

3 With the two pieces of wood clamped securely together, establish the position of the sector pivot hole, and drill with the A″ drill bit.

4 Push a length of ¼″ dowel through the pivot hole to hold the two pieces of wood together, and cut the wedgelike shape out on the scroll saw (Fig 2-3).

[image: MakingWoodenMechanicalModels_c002_f004]

FIGURE 2-2
Make sure the backboard is set at right angles and aligned with the center line.

5 Have a trial fitting of the two cutouts on the backboard (Fig 2-4). Fix the position of the wedge-peg hole center point, and mark on the spacer plate the area that needs to be cut away.

6 With the pivot pin still in place, use the ½″ drill bit to run the wedge-peg hole through the two pieces of wood. Note: Don't forget to back up the workpiece when drilling with a piece of scrap wood to prevent tearout.

7 Having achieved two identical cutouts, take the one that is to be sandwiched between the front plate and the backboard and cut away the waste, the whole ¾″-diameter circle with the ¼″-diameter pivot hole.

8 Cut a piece of ½″ dowel to length—so it passes through the sector plate, the spacer and the backboard—saw a slot about ½″ down into the end of the dowel, and knife cut a shaving of waste to fit.

9 Align the dowel so the wedge slot runs across the grain, and have a trial fitting just to see if the wedge holds the tenon in place in its hole (Fig 2-5).

CUTTING AND LAMINATING THE CROSSHEAD JOINT

1 Take the three pieces of wood that make up the crosshead joint—the two pieces of oak at about ¼″-thick and the piece of olive at about ½″-thick—and sandwich them together so the olive is the filling and the grain runs vertically up and down. Mark the three layers “top,” “middle” and “bottom.”

2 Draw the design on the top board, fix the position of the center point, and then tap a pin through the waste area to link all three layers.

3 Run the ¼″-diameter pivot hole through all three layers, and push home a generous length of ¼″ dowel (Fig 2-6).

[image: MakingWoodenMechanicalModels_c002_f005]

FIGURE 2-3
Saw through both layers so as to achieve two identical cutouts.
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FIGURE 2-4
Set the cutouts in place on the backboard, make sure the arrangement is symmetrical, and then draw a couple of registration marks.

[image: MakingWoodenMechanicalModels_c002_f007]

FIGURE 2-5
Align the slot so it runs at right angles to the grain, and have a trial fitting of the wedge. If all is correct, a push fit should be enough to hold the tenon firm.

[image: MakingWoodenMechanicalModels_c002_f008]

FIGURE 2-6
Saw through the three-layered stack to achieve three identical cutouts. Note how my heavy-handed nail fixing very nearly resulted in a complete mess-up—with a split running along the grain.
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FIGURE 2-7
Cut away the top half of the middle layer so you are left with a ¼″ slice.

4 With all three layers of wood held secure by both the pin and the dowel, fret out the shape on the scroll saw.

5 When you have achieved the cutout and carefully removed the dowel so you have three layers, mark on the middle layer the area that needs to be cut away (Fig 2-7).

6 Cut away the waste, replace the dowel, and then glue and clamp the three layers to make up the unit (Fig 2-8). When the glue is dry, run a ½″-diameter hole through the base of the component, and have a trial fitting of the punch rod.

[image: MakingWoodenMechanicalModels_c002_f010]

FIGURE 2-8
Smear glue on mating faces, align the holes with the pivot dowel, and then carefully clamp up.

MAKING THE BRACKET AND SECTOR

1 Have a look at the working drawing (Fig 2-1a) and template design (Fig 2-1b), and see how the two components—the bracket and the sector—are simple flatwood profiles that are cut out on the scroll saw.

2 Take the [image: 3]″-thick piece of wood you've set aside for the bracket and use the pencil, ruler and compasses to mark all the lines that make up the design.

3 Establish the position of the punch rod hole, and run it through with the ½″-diameter drill bit. Note: Be mindful that the precise position of the bracket hole, meaning its distance from the backboard, will relate to the finished thicknesses of the sector, the connecting rod and the crosshead joint. If you are at all unsure as to the finished sizes, you can make the bracket at a later stage, or you can allow extra depth to the bracket, and then trim back to fit.

4 When you have double-checked that all is correct, cut out the bracket on the scroll saw.

5 Take the piece of wood for the sector weight—all marked out and measured and with a clear center line—and give it another look-over, just to make sure the three holes are well placed. No problem with the ¾″-diameter finger hole—it can be just about anywhere on the center line—but the two ¼″ pivot holes need careful positioning. The top pivot hole must be at the center of swing, meaning at the center of the ½″-diameter circle of wood, while the connecting rod pivot hole must be centered about [image: 1]″ up from the bottom of the arc.

6 With all the lines and center points in place, and having carefully checked for accuracy, drill the three holes on the drill press—¼″-diameter for the two pivot holes and ¾″-diameter for the finger hole (Fig 2-9). Lastly, cut out the profile on the scroll saw.

MAKING THE CONNECTING ROD

1 Take the ½″-thick piece of olive you've put aside for the connecting rod and mark it with a center line that runs in the direction of the grain. Mark the line with two center points that are 1½″ apart, and draw in all the lines that make up the design—the two ¾″ circles and the [image: 1]″ width to the rod.

2 Run the two center points through with a ¼″-diameter drill bit, and then have a trial fitting to link up the sector and the crosshead joint (Fig 2-10). If need be, reduce the thickness and diameter of the bottom end of the rod so it is a good, loose fit between the ears of the crosshead (Fig 2-11).
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FIGURE 2-9
Avoid weak, short-grained areas by having the design arranged and centered so it is set symmetrically with the run of the grain.

3 Having cut the profile out on the scroll saw, take a small, sharp knife and set to work whittling the straight part of the rod to a roundish section. The best technique is to set the circle line in with a stop-cut—on both sides of the wood and at both ends—and then to carefully slice the blade into the stop-cut so the waste falls away. If you work with a careful, thumb-braced paring cut, you won't have any problems with the knife slipping (Fig 2-12).

4 When you have rounded and slightly lowered the round section so the flat faces of the end circles stand slightly in relief, take a scrap of sandpaper and rub down the knife-worked area to a smooth finish.

5 Take the tall, round-topped backboard and mark, drill and cut the various holes and the crosshead pivot runner slot.

PUTTING TOGETHER AND FINISHING

1 When you have completed all the component parts that make up the project (Fig 2-13), then comes the fun of trying to get everything together so it works!
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FIGURE 2-10
Have a trial fitting of both the sector weight and the partially worked connecting rod. Adjust the various thicknesses so the movement is smooth and easy.
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FIGURE 2-11
To minimize friction, adjust the thickness of the wood at the end of the rod and inside the ears of the joint. Use a twist of sandpaper to ensure that the end-of-rod hole is a loose fit on the ¼″-diameter dowel.
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FIGURE 2-12
Use a tight, thumb-braced paring cut to whittle the rod to a round section. Work from the center through to the stop-cut.

2 When you are happy with the overall finish, glue and peg the low backboard to the base so it's at right angles. It's important that everything is square.
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FIGURE 2-14
The bracket dowels need to run through all three components: the bracket and the two backboards. Note that—as an afterthought— we drilled a ½″-diameter blind hole in the base for the punch rod.

3 Set the backboard in place on the base, establish the position of the bracket, and fix the whole works together with a couple of ¼″-diameter dowel pegs (Fig 2-14). Have the pegs running through all three layers of wood. While the ¼″-diameter dowel is at hand, fit the two pegs that limit the swing of the sector weight.

4 Slide the end of the connecting rod into the crosshead joint, push the dowel pivot in place, and check for a smooth, easy fit (Fig 2-15). If need be, reduce the wood—on the rod end, in the rod hole or in the joint—so the movement is smooth running.

5 Push the punch dowel into place in the bottom of the joint, and drill and fit with a round toothpick that runs through the whole width of the unit (Fig 2-16).

6 Take the sector and lower the wood at the back by about 1/16″ so the circle of wood around the pivot stands out in relief—like an integral washer. Fit the sector on its pivot, and spend time easing and sanding until it swings with the minimum of friction (Fig 2-17).

7 Use a dowel to link the top end of the connecting rod to the sector (Fig 2-18) so the dowel is a tight fit in the sector hole and a loose, easy fit in the rod end.
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FIGURE 2-15
Set the connecting rod and joint unit in place on the punch rod, and locate the dowel in the guide slot.

8 Push the spacer and plate in place over the sector pivot, and test for fit and function (Fig 2-19). If all is well, you should be able to tickle the sector from side to side in such a way that the punch rod joggles up and down in its bracket.

9 When you are pleased with the fit, finish and function, glue the whole works in place, rub down all the surfaces with a sheet of fine-grade sandpaper, wipe the dust, and give the project a wipe with the teak oil.
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FIGURE 2-13
Check the parts over for flaws and blemishes. Turn a damaged face away so the flaw is hidden from view.
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FIGURE 2-16
Set the joint in place on top of the punch rod, and hold the two together with a round toothpick dowel.

PROBLEM SOLVING

• If you like the idea of this project but want to change the design, it's important you realize that the relationship between the swing of the sector weight and the length of the connecting rod is critical.

• If you decide to modify the design and are at all unsure about the feasibility of the design, it's best to make a working model.
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FIGURE 2-17
(top left) Reduce the total thickness of the back face by about 1/16″. Run a guideline around the edge, and run a saw cut down into the face—between the pivot circle and the sector face so the pivot area will be left to act as a washer or distance piece.

(right) If you decide to clear the 1/16″ slice of waste on the band saw, then run a dowel through the pivot hole so you have a safe handhold. Having run a 1/16″ hole through the sector and the dowel pivot and followed through with a round toothpick, set the dowel pivot in place in the backboard hole.
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FIGURE 2-18
Link the connecting rod and the sector weight with a short length of dowel so the dowel is a tight push fit in the sector and a loose, easy jit in the rod.
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FIGURE 2-19
Set the plate and spacer in place on the sector weight pivot, and adjust for an easy movement.
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