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Cat and Spider.




INTRODUCTION


This book is about designing and making small-scale automata. The emphasis is on using readily available materials, such as scraps of wood and wire, card and paper, bamboo, skewers, string, tinplate, and feathers. Of course, using the phrase ‘readily available’ does rather evade the issue; what is readily available will vary greatly according to circumstances. Many of the materials I use in my moving toys and automata are recycled or re-used, such as redundant packaging, off-cuts and driftwood.
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A jumping jack made by the author from a sardine can and a used paintbrush. Pulling the string makes the wooden limbs dance about.




In the course of the book a number of simple mechanisms are explored, such as levers, linkages, cranks and cams. Also considered are ways of moving those mechanisms directly by hand, by springs or falling weights, and by the wind.


In many places around the world there is a long tradition of using readily available materials and simple mechanisms to make moving toys. They may be made by parents for their children, or by the children themselves; they may be made by hand, using minimal resources, to sell on the street or at fairs and festivals; they may be the product of small-scale manufacture. Much of my own inspiration for making automata comes from a collection of such toys gathered over more than thirty years.
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Three paper windmills mounted with wires on a bamboo frame, from Dhaka, Bangladesh.




The pattern I have followed in each chapter is to start simple, and to move, with occasional meanderings and diversions, to the design for an automaton. Thus each of the seven chapters begins by looking at some traditional moving toys, describing and evaluating the mechanisms and the materials used. It goes on to consider some possible variations and describes how to make a related moving toy. Finally, from this basis, a design is developed for a simple automaton, sometimes arising more or less directly from the mechanisms and imagery of the moving toy, sometimes adding further mechanisms, and sometimes wandering off on a bit of a tangent. Basic instructions are given for making it, but I have tried not to be too prescriptive, and I look to encourage an experimental and problem-solving approach with regard to materials and construction techniques. The message is that designing and making these simple, useless, but hopefully satisfying mechanical devices is fun, and that good results can be achieved in many different ways, depending on the materials, the tools and equipment, and the various skills that are brought to bear.
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A spinning figure with loose-jointed arms in turned and painted wood, from India.




An advantage of starting with traditional moving toys is that many of them have been made using limited resources both in respect of tools and materials. Some are really simple to make. Others, despite the limited resources deployed, involve considerable patience and skill.




MATERIALS


The wood that I use is mainly scraps and off-cuts, pieces of fruit box and pallet, driftwood, and sticks from the hedgerow.




[image: image]


Scraps and off-cuts of wood, cocktail sticks, skewers of various diameters in birch wood and split bamboo, wooden hot drink stirrers, beads and turned axle pegs.




A range of wooden dowels is often available from DIY stores, but on a smaller scale a whole variety of sizes of cocktail sticks and skewers, made of wood or of split bamboo may be found in supermarkets, pound shops or hardware stores, as can flat wooden hot drink stirrers.


The turned wooden axle pegs that I use for various purposes are available in the USA from Woodworks Ltd (www.craftparts.com) and can be obtained in the UK from various suppliers on eBay. I find the smallest, with a 4mm (5⁄32in) shaft particularly useful.


Wooden beads are also useful – necklaces from charity shops are a good source of these.


Bamboo canes can be found at garden centres, which also often stock some small diameter galvanized steel wire.
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Galvanized steel wire, bicycle spokes, scraps of electrical wiring and paperclips.




Paperclips provide short pieces of wire and for slightly longer and stouter wires the spokes from broken bicycle wheels can be used.


Small screw eyes are widely available in a range of sizes.


Tools


For cutting wood, a fine-toothed saw is needed, and for cutting shapes a fret saw, or a coping saw, is useful.
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Some useful tools: a fine toothed Japanese saw, a fretsaw, a craft knife, scissors, long-nose pliers, pin vices with small drill bits, a square-bladed awl, sandpaper.




For making holes, a really useful tool is a square-sided awl, sometimes known as a birdcage awl; this can be used for marking where to drill, and for making small holes. For making more precise small holes, in the absence of a power tool, a small bit can be held in a pin vice and twisted by hand. Larger holes can be made with a hand drill, although an electric drill – better still, a bench-mounted one – will make things easier.


For working with wire a pair of long-nose pliers is needed. They often incorporate a cutter – if not a pair of snips is needed as well.


There is an endless variety of modern glues. You may have your own favourites. I use a white PVA wood glue, and, only where necessary (for sticking metal to wood, for example) a rapid setting, 5-minute, two part epoxy.








CHAPTER ONE



BACK AND FORTH – Oscillating shafts


An element very frequently found in moving folk toys and in simple automata is a turning shaft. Such a shaft will need one or more bearings: supports that hold it in place but allow it to rotate. Also required are a source of power, and a means of transmitting that power. The rotation may be in one direction, at constant or variable speed, or it may be reciprocal, turning one way and then the other. To take a very simple example, a thin stick, such as a wooden dowel, or a split bamboo skewer, held upright and rolled back and forth between finger and thumb, becomes a vertical oscillating shaft. In this case the finger and thumb do two jobs: they provide the bearing that holds the shaft in position, but allows it to turn; and they also transmit the muscle power that provides the movement. Anything attached rigidly to this shaft will oscillate with it, and if extra pieces are added, using flexible joints or hinges, then the movement starts to get more interesting – for example, a drum rattle, which consists of a two-sided drum on a stick, with two beads or clay pellets mounted on strings attached at either side. Oscillating the stick between finger and thumb makes the beads fly out and swing round to strike the drumheads.
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Dragon automaton.
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A drum rattle, made with a stretched paper drumhead on a clay drum. Ahmedabad, India, 1994.




Noisemakers such as this have been used all over the world, with the drumheads being made from all sorts of materials, producing very different sounds, and including animal skin, wood, paper, tinplate and plastic.
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A sturdy African drum rattle with animal skin drumhead and wooden strikers.
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Percussionist, a drum rattle made by the author in painted wood, with a hollow body and wooden beads as strikers.




In a version that I made the drummer becomes the drum: the head and legs are solid wood, but the body is hollow, with wood veneer glued on back and front, to make it more resonant. Beads on strings form the arms.
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A batch of drum rattles ready for their paper drumheads. Ahmedabad, 1994. (Photo: Thalia Race)
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An Indian puppet toy made from dyed and painted palm leaf. Twisting the stick between finger and thumb produces animated movement of the limbs. 1980s.




An Indian puppet toy, consisting of a looselimbed figure cut from scraps of card, or of palm leaf, and mounted on a stick, illustrates a quite different use of this centrifugal effect: when the stick is held upright and twisted between finger and thumb, the limbs are sent flying up and out in expressive gestures.


The effectiveness of this toy depends on some interesting design features: firstly, the body is in two flat layers, with the tops of the legs and the upper arms slipped in between them. The lower arms are again double, and the hands are a single layer. This means that each of the joints, at the shoulders, elbows, thighs and wrists, forms a sandwich. These joints are made with a piece of string, threaded through holes, and knotted close up on each side. They will move very freely, but only in the same plane as the flat body. Thus, when the stick is twisted between finger and thumb, the limbs of the figure are thrown up and out; they do not swing round behind or in front of the figure like the strings and beads on a drum rattle.


Secondly, the figure is painted with a face on both sides. There is a good reason for this: if the stick is held up between forefinger and thumb, and twisted back and forth through 180 degrees, the limbs are seen to fly about in a crazy dance, but the rapid reversal of the body is not so obvious to a spectator. The illusion is that the figure remains facing forwards and is moving its own limbs in an animated dance.


Thirdly, the arms, jointed at shoulder, elbow and wrist, are very long in proportion to the rest of the body. Their unnatural length helps to emphasize the wild movement. The movement of the legs, jointed only at the hips, is less important in the overall effect. Indeed, in other examples of this toy the figure wears a long dhoti, and the legs are not represented at all.
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Bamboo dragon on a stick. Made by the author from a drawing of Chinese toys by Kawasaki Muizumi (1877– 1942).




In the Indian puppet toy the body is held upright, and the limbs move only in the vertical plane. In contrast, a Chinese dragon toy shows movement only in the horizontal plane. The head and body of the dragon are made from three short sections of a bamboo tube, shaped, and joined with thin wire hinges. Strips of split bamboo are used for the limbs and for a three-pronged tail. These are threaded onto the wire hinges so that they are securely attached, but free to move. Slivers of bamboo are added as ears, and the body is firmly mounted on a split bamboo skewer.


When this stick is rolled between finger and thumb the dragon wriggles about from side to side, and the legs and tail also move.


The form of the head and body sections, and the way that they are overlapped and joined with vertical wire hinges that pass through the full depth of the bamboo tubes, ensure that the dragon maintains its shape without drooping, but allow the head, body, limbs and tail to move quite freely in the horizontal plane. The design for the dragon is taken from a watercolour in a large and amazing collection of illustrations of traditional toys, mostly Japanese, drawn and painted in a series of sketchbooks, by Kawasaki Muizumi (1877–1942). These extraordinary and beautiful pictures are now housed in the Osaka Prefectural Library, and are available as a database to view online:


http://www.library.pref.osaka.jp/site/oec/ningyodou-index.html
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A bamboo snake of unknown origin.




Kawasaki Muizumi shows several similar versions of the dragon on a stick: some have the supporting stick attached to the head rather than to the central body section; some have more body sections; some have no supporting stick. He also shows toy snakes, using the same construction, without the stick, the ears and the limbs, but with multiple body sections. I have a similar bamboo snake, with a head, eight body sections and a tail. If the tail, or one of the body sections, is held horizontally between finger and thumb, a slight rolling produces convincingly snaky movements, with the head swaying from side to side and the body writhing about.
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Chinese honeycomb paper dragon, operated with two sticks.




Another Chinese dragon toy in my collection has a ‘honeycomb’ tissue paper body that will extend, and flex in any direction. Unlike the hinged bamboo construction, it would flop down if only supported on one stick, but with another stick to support the back end it can, using two hands, be given sinuous movement up and down as well as from side to side.
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An Indonesian dragon or snake with a similar paper body, suspended from a stick by several threads.




A similarly constructed paper body is used for an Indonesian toy (snake, or dragon?), in which the tail end is fixed to the bottom of a stick, and the wooden head is supported by a string, which is tied to the other end of the stick. A couple more strings help to hold up the body. This can be operated with one hand; moving the stick around swings the head to and fro, and the lighter, flexible body twists to follow it.
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