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INTRODUCTION



A utomata are intricate mechanical devices designed to imitate the behaviour and motion of living beings. By cranking a handle or activating some clockwork, a mechanical character comes to life. Turn the handle to make a pig fly, make a mechanical person take a sip out of their cup or make the wooden cow jump over a shiny steel moon. Automata have captivated the imaginations of people for centuries. With their roots in various cultures and spanning the annals of history, automata have entertained young and old alike. Traditionally, most automata were made from wood, brass and leather, with gears cut from wood or metal and linkages made from brass rods or wooden parts. Paper automata add an extra dimension that merges the ingenuity of mechanical systems with the accessibility and versatility of paper as a construction medium. This book will explore the captivating world of automata in a hands-on and creative manner but rather than needing a fully kitted-out workshop, the automatarist will be able to create fascinating and evocative models with a small workspace and a pair of scissors!
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Plans for most of the projects in this book are available to download from the author’s website www.robives.com.




CHAPTER 1


TOOLS AND TECHNIQUES


U sing the right tool matched with the correct technique can make the difference between a perfectly fine automaton and one to be really proud of: the kind of paper engineering where the creases are crisp, the joints are accurately aligned and the right angles are square. In a quality build, the way the model is put together will blend into the background and instead it will be the story that the automaton is telling that will stand forth. Pick the right tools, use them the right way and create animated paper automata with maximal delightfulness!
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The main tools that are needed for paper automata. A pencil for construction lines and for drawing, an eraser for correcting mistakes. Scissors and a sharp knife for cutting out. Glue, in a suitable container for joining bits together. There are other tools that will be useful, not least a computer and printer, but this selection makes a good starting point.











MEASURING AND MARKING OUT


Making parts for an automata project necessarily involves marking out the pieces onto paper or card. The degree of accuracy needed at this stage usually depends on whether the piece being designed is part of a mechanism or part of a character. Mechanisms usually require a high degree of accuracy to work well, whereas characters can be freer and more loosely made. Marking out accurate boxes and mechanical parts will involve either pencil and ruler or computer and printer.


Pencil and ruler design can work well. By working directly with the material, the process can be more spontaneous and free, bringing an immediacy to the design process that isn’t as easy on the computer. Pencil and ruler designs also have a true sense of scale. Working with a piece of paper the exact size of the finished project gives a more direct and immediate sense of what size the finished result will feel like in three-dimensional space. The downside is the need to repeatedly draw out the project each time a change is made to the design. If it turns out that the box used as the project base needs to be 10mm wider, it will involve redrawing the whole thing right from scratch.


In a computer-based design, the model can be easily edited and a new version can be printed out ready for further testing. It is outside the scope of this book to give instructions on using individual suites of software, other than to say that the type of art packages that work well for automata design are known as vector-based illustration software. Vector-based software creates pictures from lines and shapes rather than the pixels used in drawing and painting programs such as Microsoft Paint or Adobe Photoshop.


There are several of these available for use on most computer platforms, from free to expensive. As examples for what is available, at the time of writing, Inkscape is an excellent and completely free piece of open-source vector drawing software; search for it online where you will find not only the software but a whole range of helpful supporting tutorials. Affinity Designer is a piece of paid-for software. It is flexible and useful and, although it is a paid-for product, you only buy it once, and then it is yours to keep. Finally, in this non-definitive list, Adobe Illustrator is the industry standard in vector design software. Sleek and powerful, it is very well supported online, with helpful communities and tutorial videos for just about anything you would like to do. The downside is that the software is paid for by monthly subscription, meaning that you need to pay to keep using it. There are lots of reviews and tutorials for vector-based software online; spend a bit of time checking through the different software and find out what works best for you. Most of the paid-for software packages have evaluation versions that are available for free for a limited amount of time.


Using Pencil and Ruler


When making boxes and mechanical parts, accuracy is key. Lines should be straight and parallel and right angles should be accurate right angles. The key is to use more than one point to mark out any one line and to keep these points as far apart as possible. Alignment points need to be measured out from a fixed reference so as not to introduce inaccuracy. For example, when measuring out a rectangle for the side of a box, start with a fixed reference, such as the side of the sheet of card.
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Designing a box on paper using pencil and ruler involves a few simple construction techniques. Starting on an uncut piece of cardboard, the horizontal lines are constructed to be parallel to the top of the card then the vertical lines are measured from a vertical edge. This ensures that the shape being drawn is accurate.








As an example, measure out two points 20mm from the edge of the card then join these points together to form a line. This line is one side of the rectangle. In the example shown, the box side will be 100mm × 150mm. The next line needs to be parallel to the first and be 100mm away. Rather than measuring from the first line, it is good practice to measure from your original base line. This is so as not to compound small errors. Imagine measuring out ten parallel lines. If each line is measured from the last then even an error as small as a tenth of a millimetre on each line could add up to a 1mm inaccuracy by the time you have drawn the last line. So, starting from the base line again, the edge of the paper, this time mark out your two points 120mm from the edge and join them together. This will be the top and bottom edges of your rectangle.


Repeat the process for the two vertical lines, again using the edge of the card as a base line. Two points are always needed to define where a line goes and these points should be as far apart as possible. This is again to reduce possible errors. With points close to each other, small errors in marking or in lining up the ruler get magnified across the width of the page. All this may sound very complicated simply to draw out a rectangle, but it will soon become second nature. Moving from a simple rectangle up to more complex designs is just a case of more of the same. Keep making sure that an accurate baseline is used for the measurements and that the two marking points are as far apart as possible.


Using a computer for marking out can be considerably quicker, though do bear in mind that there is the extra stage of printing out the card sheet once the design is complete. As is so often the case, the two techniques for planning your parts have their own advantages and disadvantages. Use whichever works best for the situation. Small simple parts are quick and easy to make with paper and pencil, especially when factoring in the extra time needed to learn new software. More complex parts, especially those that need repeating, will be quicker with the right software, computer and printer.


Once the various parts are drawn out or printed, it is time to start bringing them into the third dimension. Working on a suitable cutting mat, you will need to cut out any holes with a suitable sharp knife (see ‘Cutting’ later in this chapter). Next, with the parts still in the sheet, the crease lines will need to be scored in preparation for folding.





SCORING


Making crisp sharp creases in a paper project can make all the difference when trying to create a neat-looking model. Scoring a line before creasing it has two positive effects: first, it ensures that the crease is crisp and neat; second, it makes sure that the crease is exactly where it is needed. Score accurately along a line and when it is folded up that is exactly where the fold will be.


There are two main ways of scoring a piece of card ready for folding: either cutting or crushing. When scoring by cutting, a sharp tool, such as a knife or the point of a pair of scissors, is run across the surface of the card with the aim of cutting into the surface but not right through it. When the card is folded, it will fold along the cut. While this technique can work well, especially on small models, it does have a number of drawbacks. Judging the depth of the cut can be tricky. Press too hard with the knife and the blade will cut through the card and out to the other side. Even if the blade does not cut right through, it can weaken the card to the point where it breaks along the score line as you assemble the model. Alternatively, don’t press hard enough, and when you fold the card, the crease won’t follow the score line. This makes folding up the model accurately difficult and can lead to untidy-looking projects. Even with the cut depth just right at roughly halfway through the card, it may be that for a hill fold, the inside of the card will be exposed to view. If the project has been printed in colour onto the card, this can end up with obtrusive white crease lines once the model is folded up. Sometimes these lines can be patched up with a suitable felt-tip pen but colour matching can be a problem.


The alternative technique of crushing the score lines gets around these problems and, although it can lead to slightly less sharp crease lines, it does work well in most cases. The right tool is harder to find when using a crush score. There are dedicated tools made from flat strips of plastic called bones or paper creasers but they tend to be a little wide at the tip and don’t make a sharp crease. Some people recommend using an empty ball-point pen. These can work well but you will need to make sure that the pens really are empty and, as an everyday object, they can be hard to keep track of – ‘which was the pen used for scoring?’ Marking the barrel with coloured tape can help you to identify the special scoring pen. Perhaps the best tool for crush scoring is the right pair of scissors.


Scoring with Scissors


Open the scissors out as far as they will go. Hold one handle and the blade next to it so that the other blade is pointing forwards, holding it as you would a cutlery knife.
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Scoring is important for making sure that creases are crisp and neat. To make a good score line, line up a ruler with the line to be scored and hold it in place with fingers and thumb pressing down as far apart as possible. Line up the point of a pair of opened-up scissors with the start of the line to be scored. Pull the scissors’ point along the line, pressing down firmly enough to make a dent in the card but not too firmly so that the card is cut through.








With the other hand, line up the ruler with the line to be scored. Hold the ruler down firmly with your thumb at one end and first two fingers at the other end as far apart from the thumb as possible, pressing down on the ruler to make sure that it doesn’t move. With the point of the scissors, start from one end of the line and drag it firmly along the length of the line, pressing down so that it makes a dent in the card. Try to do it smoothly in a single movement to avoid damaging the surface of the paper.


You will find that this doesn’t work with all scissors. Try lots of different scissors until you find the perfect pair, the pair that runs smoothly over the paper, crushing a shallow dent in the surface without cutting though or scratching the paper. Once you have found the pair that works well for you, guard them with your life. These are your scoring scissors.





CUTTING


Scissors


As with all things in life, there are a lots of different ways to cut paper. The usual go-to for cutting out paper and card is a good pair of scissors. It is worth spending a bit to get good-quality scissors, if possible trying them out before you buy them – a good pair of scissors can be ruined by a small imperfection in the blade. Small scissors work best, allowing you to manoeuvre around intricate shapes.
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Most parts in paper automata projects will be cut out using scissors. A pair of short-bladed sharp scissors work best as the short blade makes them more agile and steerable. Cutting should be done away from the person doing the cutting. Keep the scissors pointing forwards and steer the card being cut.








Using scissors correctly can make all the difference in the neatness and quality of your cut-out shapes. When cutting out, keep the scissors pointing away from you. Begin your cut, turning the paper to match any curves in the cut-out lines. This is important: cut with the scissors and steer with the card.


When cutting complex convex shapes, steer the card and cut out the shape. When cutting out concave shapes, it is best if at all possible to cut in from one side of the shape to the deepest part of the shape then cut in from the other side of the shape to meet the first cut. If you try cutting a concave shape in a single cut, you will find that you bend and buckle the card as you change direction back to the outside of the shape, as there is no room for the scissors to turn properly.
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When cutting concave shapes, cuts will need to be made in multiple steps. Cut in towards the deepest part of the concave shape then start again from the other side of the concave shape, cutting inwards from the other side to meet the first cut in the middle.








Sometimes cutting out a concave shape can only be done with a single cut, in which case spend a few moments flattening out the distorted card before you carry on. Alternatively, consider cutting out using a sharp knife.


Craft Knives


There are a wide variety of craft knives on the market to help with your paper engineering projects. Disposable knives can be good as well as being relatively cheap, but they are rather wasteful in their use of plastics so probably best avoided. For safety reasons, it is best to use a knife with a retractable blade that can be safely stowed when not in use. Swann-Morton make an excellent retractable handle that can be paired with their 10A blades for an ideal craft knife that can be safely stored in your pencil case. Keep plenty of spare blades with your knife; you will need to change the blades fairly regularly as paper and card blunt the blade surprisingly quickly.
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Some cuts will be very difficult to access with scissors. In this case, the cut is best made with a sharp knife. With the card being cut on a suitable cutting mat, the paper is held down with the fingers from one hand and the cut is made with the other hand, always in the direction away from the fingers holding the card down so that any slippage will not cause an accident.











A QUICK WORD ABOUT CUTTING MATS


If you are using a craft knife to cut out your projects then you will need some way to protect the surface you are working on. You certainly don’t want to cover your favourite work desk in cuts and scrapes. Added to that, cutting onto a hard surface will soon dull your blade, making it harder to use and less effective. You could use a stack of old paper or card to cut onto but this would be rather wasteful. Instead, consider buying a self-healing cutting mat. Cutting on these mats protects your blade and your work surface. The small amount of give in the mat lets the blade cut through the material you are cutting then down the other side of the card, allowing a point a fraction away from the tip of the knife to do the cutting. Being self-healing means that the mat closes up after the knife has passed, allowing it to be used over and over again.





Craft knives of one sort or another are essential for some parts of the cutting-out process. For example, when cutting out a small circular hole in the centre of some card, such as a hole for an axle tube to fit through, getting a pair of scissors into the hole may be technically possible but neatly cutting out a small concave shape will be really tricky.


It is good practice when building a project to start by scoring all the crease lines that will be part of the project then use a knife and cutting mat to cut out all the holes from the parts. Once all the holes have been cut out, use the knife to cut out all the concave shapes then finish off by cutting out the project parts with the scissors.


Digital Cutting Machines


One way to help speed up the prototyping of paper automata projects is to use a digital cutting machine. There are all sorts of different machines available on the market; their function is basically the same. The card being cut is stuck to a slightly tacky carrier mat. The mat and the card are then fed into a slot at the front of the machine. The ‘cut’ button is pressed. Various motors in the machine move the mat back and forth and a carriage side to side, and the knife, connected to the carriage, cuts out the card. The cutting machine works on a variety of thicknesses of card from thin paper up to heavy board. Having decided to invest in one of these machines, it is worth spending a bit of time checking out their capabilities. Some of the simpler machines make a score line by making a perforated cut while higher-end machines score by cutting into the surface of the card but not all the way through. Before the machine can cut out, some time is needed to set up the design on the computer then port it over to the cutting machine. Once you are set, the machine cuts out the work faster and more accurately than any person could hope to do!
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Using a cutting machine can make cutting out parts much easier and more accurate than cutting out by hand. The design to be cut is first created on a computer then uploaded to the machine. Card is fed into the slot at the front of the cutter. This machine, a Silhouette Cameo 3, is capable of cutting and scoring a variety of weights of card.












GLUING


Having designed and cut out the parts, the next step will be to start joining things together.


Tabs and slots are a possible way forward but won’t be discussed in this book, so for now the discussion moves to gluing. There are two main groups of glue used in paper engineering: water-based and solvent-based. Each type has its own advantages and disadvantages. Solvent-based glues work by having an adhesive substance suspended in a volatile solvent. When applied to the two surfaces to be joined, the solvent evaporates quickly, leaving only the adhesive and joining the two parts together. Solvent-based glues are quick-drying and can be very strong. They don’t wrinkle up the paper they are joining and can be applied very precisely so that they don’t leave any mess. Solvent-based glues work well even on card with a shiny finish. On the down side, the actual solvent is quite harmful if breathed in, so it needs to be used carefully and in a well-ventilated space. There is also a tendency for solvent-based glue to ‘string’ as it is being used. Fine lengths of the glue form between the glue spreader and the surface being glued, which can be hard to control.
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