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INTRODUCTION



Arthur C. Clarke’s famous third law states, ‘Any sufficiently advanced technology is indistinguishable from magic.’ Weaving itself is an extraordinary technology, and double weave in particular has that quality of magic about it. Even – or perhaps especially – when you know the principles of weaving, and understand how to use a loom to interlace the warp and weft, the character of a double cloth seems remarkable. Here are two completely different sets of warp and weft yarns sitting side by side in the same cloth construction, or seeming to move through each other, effortlessly changing places. Here is a colour that has suddenly appeared on the face of the cloth, apparently out of nowhere. It makes you wonder: how on earth did they do that?
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Chevron Study, woven in organic 8/2 cotton on thirty-two shafts.








When you are in on the secret, the basic technology of double cloth is surprisingly straightforward. It can be achieved with very simple tools, and the processes are essentially the same as those used to create any woven cloth. But its potential is enormous and, once you understand the principles, a lifetime of possibility opens up. This book is written with the intention to help you grasp those principles and get you started on your own exploration at the loom.


There are many possible applications of multi-layered weaving and one book cannot encompass them all. My own interest arises from my love of pattern-making and the rich pattern potential of double cloth, so it is chiefly around pattern that this book is structured. We begin in Chapter 1 with two layers of plain weave cloth, and straight away we have a host of creative possibilities. In Chapters 2 to 5 we progress through various design elements, building up our double cloth repertoire with blocks, diagonals, curves and colour. In Chapters 6 and 7 we extend the principles of double cloth to two further structures, huck lace and twill, which lend themselves to all sorts of flexible designs on eight shafts and more. In Chapter 8 we turn to the practical aspects of warping and in Chapter 9 to the processes of weaving two layers at the same time. In this final chapter we also look at techniques for enhancing our finished pieces, including using double weave pick-up to go beyond shaft-controlled structures.


Throughout the book we will meet with different systems for setting up and working with double cloth, and consider how these systems relate to each other and to the way that we approach the loom. It is not my intention to present one ‘right way’ to draft and work with double cloth, but to offer you options and encourage you to experiment until you find what suits your style and your loom best.


Each design chapter concludes with a project as an illustration of the principles in action, and I have drawn on the physical and cultural landscape of Scotland to plan and weave these projects. I am delighted that in this way I can share something of my visual world with you. But my deeper hope is that their variety will encourage you to pursue your own vision for double cloth, and that the techniques and processes in the following chapters will empower you to bring it to life at the loom.





KEY TO DRAFTS AND DIAGRAMS



Avariety of different formats are used to present the structures covered in this book. Weaving drafts may be shown as separate elements (threading, liftplan, tie-up, etc.) or laid out as a whole with a drawdown included. Colours, numbers, and letters are all used where possible to add information to the basic draft. Some of these usages are standard and others are my own conventions.


The basic components


New structures will typically be introduced with a threading and a liftplan. Threadings are read from right to left and liftplans are read from the bottom up.


Within the liftplan, every shaft that is to be lifted is marked with a letter. The different letters indicate why a shaft is lifted, but the action – lifting – is always the same:
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Threadings are read from right to left. Shafts are numbered on the left and, where possible, colour is used to indicate which layer is threaded on which shaft.










W indicates a shaft lifted to interlace with the weft


L indicates a shaft lifted out of the way


F indicates a shaft lifted to float without interlacing (for huck lace only, see Chapter 6)


S indicates a shaft lifted to stitch into the opposite layer (for twill only, see Chapter 7)
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Liftplans are read from the bottom up. Shafts are usually numbered at the bottom; additional numbering may be added at the top if the liftplan is a long one.








A structure diagram may be included alongside a liftplan to illustrate the interlacement in cross-section. This is the view from the breast beam of the loom of an imaginary ant with X-ray vision.


Tie-ups and treadlings


Two types of tie-up are used in this book. Fully specified tie-ups show each treadle tied up to accomplish one complete combination of shafts. These are presented like the liftplans, with letters indicating the function of each shaft within the combination.


Skeleton tie-ups show each treadle tied to a subset of shafts which are then combined in the treadling. These are presented with plain coloured squares for rising shafts or with Xs on coloured squares for sinking shafts. A countermarche tie-up uses plain coloured squares for shafts tied to go up and Xs on white squares for the shafts tied to go down. In all cases, a completely blank square indicates no connection between the shaft and the treadle.


Like the liftplans, treadlings are read from the bottom up.
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This is a fully specified tie-up. It is designed for rising shafts but can easily be adapted for sinking shafts or for countermarche by assigning the unmarked shafts to be lowered.
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When a skeleton tie-up is used, the letter notation which indicates the function of the action is moved to the treadling.
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Examples of skeleton tie-ups for different types of loom. In every case, a blank square indicates that there is no connection between that shaft and that treadle.









Drawdowns


Complete drafts may be shown with a liftplan, a tie-up and treadling, or both. In some examples the draft may be too detailed for the letter code to be used, but letters have been included wherever possible.
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This draft is fully specified with a threading, liftplan and colour drawdown.
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Wherever two yarns are intended to alternate, each is marked with the number 1 and the total number of pairs is indicated in the top row. The order in which the numbers are entered into the grid is a guide to ordering the yarns in the warp, if you opt to split the colours at the cross as described in chapter eight. If you opt to take the two yarns through the cross together, you can ignore this detail.










[image: image]




Most of the drafts in this book use full-colour drawdowns, but you will find more about structure drawdowns in Chapter 3.








Warping plans


Detailed warping plans are only given in relation to the projects. Like the threadings, these are written from right to left, and usually specify two layers to be wound together.





CHAPTER 1 LAYERS



In this chapter we are going to start from scratch with a single layer of plain weave and build up the principles for weaving double cloth on four shafts. To begin with, we will use liftplans to explore how the two layers are created, and then we will develop tie-ups for different types of floor loom. Our first design variations will be different combinations of lifts which give us more pattern options, then we will consider other kinds of adaptation such as varying the threading ratio and adding more shafts and more layers.
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Silk/cotton warp; grey layer woven with cotton weft, pink layer with wool weft, to create differential shrinkage in the finished cloth.











THREADING FOR TWO LAYERS


The simplest starting place is a single layer of plain weave woven on two shafts. We place alternating warp ends on shaft 1 and shaft 2, so that raising each of these shafts in turn will open the two plain weave sheds. We raise shaft 1 and pass the shuttle through for the first pick; we raise shaft 2 and pass the shuttle back again for the second pick.
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Our starting point is a single layer of plain weave woven on two shafts.








To investigate the principles of double cloth, we are going to double this scenario by adding another two shafts. Then we will add another set of warp ends, alternately threaded on these shafts, which we will call shaft 3 and shaft 4. Finally, we will add another shuttle. We will raise shaft 3 and pass the shuttle through for pick one; we’ll raise shaft 4 and pass the shuttle back again for pick two. In many respects this second layer functions quite independently of the first. Crucially, it has its own pair of shafts. On the loom, separate shafts means independence.


However, to make this work in practice we need to take care of a couple of issues. Firstly, we need to think about how the warp ends are arranged on the loom. Where exactly do we put these two layers? What does it mean to have two sets of warp ends on the loom?


The most common answer is that we make one big warp, with twice as many ends as usual, and these ends usually alternate – one from layer one followed by one from layer two – all the way across the cloth. We’ll consider some exceptions to this later in the chapter, while the practicalities of setting it up are covered in Chapter 8.


We can turn what I have described above into a formal threading, as shown in the illustration.
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A divided parallel threading for double cloth on four shafts. Reading from right to left, we start with a warp end from layer two on shaft 4, next a warp end from layer one on shaft 2, then another warp end from layer two on shaft 3, and finally another warp end from layer one on shaft 1. This 4-end sequence is repeated all the way across the cloth.








This style of threading for double cloth is often referred to as a divided parallel threading. We can easily draw a horizontal line across the middle which will divide the shafts into their two pairs, and the pattern of the threading on shafts 3 and 4 runs parallel to the pattern of the threading on shafts 1 and 2. An alternative is the straight threading. Warp ends from the two layers are still threaded alternately, but now the ends from layer one are on the odd shafts, 1 and 3, while the ends from layer two are on the even shafts, 2 and 4.


There are pros and cons to both of these threading approaches, which we will consider when we expand our design repertoire in Chapters 2 and 3, but to begin our discussion I am going to focus on the parallel threading. I find that the clear separation between the shafts assigned to each layer makes it easier to think through the connections between the draft, the weaving process and the resulting cloth.




[image: image]




A straight threading for double cloth on four shafts. Comparing it with the divided parallel threading, we can see that shafts 2 and 3 have swapped roles.











THE WEAVING PROCESS


Now that our warp is taken care of, our second consideration is the weaving process. The essence of this process is that our two woven layers are going to be stacked up one on top of the other and, as with the warp, we need to alternate picks from each layer in order to build up the two layers at the same rate.


In general, weaving the top layer is straightforward enough: we raise the relevant shaft and pass the shuttle through. However, weaving the bottom layer poses an extra challenge. As well as raising the shafts which will enable us to make the plain weave, we will also need to lift the whole of the top layer out of the way to get access to that lower layer shed.


This consideration introduces us to a fundamental principle of double weave lifts. Whenever we are weaving a double cloth, we are raising shafts for two distinct reasons:




• Some shafts are raised so that the warp ends can interlace with the weft.


• Some shafts are raised in order to move those warp ends out of the way.





If we want to learn to work fluently with multi-layered structures, we need to observe and understand this distinction.
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To weave the lower (light) layer, all of the top (dark) layer is lifted out of the way.
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Liftplan to place layer one (threaded on shafts 1 and 2) on the face of the cloth.
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Liftplan to place layer two (threaded on shafts 3 and 4) on the face of the cloth.
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Complete draft for two layers of plain weave with layers exchanged. Each of the four-pick lift sequences (outlined in blue) is repeated three times.








Throughout this book I am going to use liftplans to introduce new structural variations, and within those liftplans I am going to use letters to distinguish between shafts raised to weave (W) and shafts being lifted out of the way (L).


Let’s say that we want to see the layer we threaded on shafts 1 and 2 on the face of the cloth, while the layer threaded on shafts 3 and 4 sits on the back. For the first pick we can weave layer one by raising shaft 1. To weave the corresponding pick in layer two we will raise shafts 1 and 2 to get layer one out of the way and shaft 3 to open the shed in layer two. On the third pick we will weave layer one again, this time by raising shaft 2. And finally on the fourth pick we will weave layer two again, by raising shafts 1, 2 and 4.


By repeating this sequence a few times we will build up our two layers at a steady rate. If we then want to make a change to bring layer two up onto the face of the cloth, we can revise our liftplan. The interlacement – the shafts marked W – will remain exactly the same, and only the layer-lifting component will be altered. In the new liftplan, we raise shafts 3 and 4 whenever we are weaving layer one, i.e. on picks one and three. Since layer two is on top, we don’t need any extra shafts raised on picks two and four.


These two liftplans give us everything we need to create stripes from our two layers, commonly known as layer exchange. By repeating and alternating them as often as we choose we can start to build up a design.




[image: image]




Silk/cotton warp and weft. In this sample the layers are switched back and forth at a rate based on the Fibonacci sequence. When the grey layer is seen on the face of the cloth (left), the pink layer is seen on the back (right), and vice versa.












TYING UP A FLOOR LOOM


I have introduced the different shaft combinations required for layer exchange in the two liftplans shown above. Taking these together, we have eight distinct lifts we need to make. With eight treadles we could tie up these combinations directly, but it is often more economical to use a skeleton tie-up for double cloth. For layer exchange on a jack loom it makes sense to tie up six treadles: four treadles to do the weaving part of the task (tied to one shaft each and indicated by a W in the treadling) and two to lift the layers out of the way (tied to both shafts in the same layer and indicated by an L in the treadling).


The treadles are divided much as the shafts are divided: one group of treadles is assigned to each layer. When we weave, we use two feet as required to recombine the different parts of the lift, consistently following the pattern: a W treadle for one layer is combined with an L treadle for the other layer.
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Tie-up options for a jack loom with four treadles (left) or with six treadles (right) and the four-pick treadling sequences outlined in blue. Notice that the treadling combines a ‘weaving’ treadle for one layer with a ‘layer-lifting’ treadle for the other: the weaving and the lifting functions act on different layers.








We could economise still further and omit the treadles which raise a whole layer, depressing both of the single-shaft treadles together instead. It’s up to you to choose the approach which suits you better.


Sinking shed


Exactly the same tie-up and treadling principles will work on a loom where the shafts are lowered rather than raised. If this applies to you, then feel free to read the letter L as describing a layer-lowering rather than layer-lifting function. The main difference for you will be that weaving the bottom layer is the lighter task – just the shaft for weaving needs to be lowered – while to weave the top layer you will need to lower the bottom layer out of the way. Note that for the plain weave structure of the individual layers, it doesn’t matter whether you lower the odd or the even shaft first, as long as you are consistent.
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Four-treadle and six-treadle tie-up and treadling options for a loom with sinking shafts.









Countermarche loom


On a countermarche loom we can employ the same principles, but will need more treadles to do so. For each layer we need to tie up the two weaving treadles, which each raise one shaft and lower the other, and two layer-shifting treadles: one to raise the whole layer and another to lower it.
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Skeleton tie-up and treadling for layer exchange on a countermarche loom. Note that each treadle is only tied to two of the four shafts, so they may feel a little looser than usual to begin with. By depressing two treadles at a time, we ensure that all the shafts are activated and the shed is not compromised.








There is no possibility of economising by depressing two treadles which act on the same layer, because they will attempt to pull the same shaft in two different directions. This means that even with a skeleton tie-up we still need eight treadles in total, so is there any benefit in setting it up this way? That’s a judgement call for each weaver to make for themselves. For a straightforward exchange of layers, it would make the treadling simpler if we tied up each shaft combination directly, but later in the chapter we will find the skeleton tie-up more fruitful so I am going to adopt that approach from the outset.




USING A SKELETON TIE-UP ON A COUNTERMARCHE LOOM


Weavers often imagine that a skeleton tie-up is not possible on a countermarche loom, since it is common practice to tie every shaft to every treadle. However, it is not only perfectly feasible but extremely practical for structures, like double cloth, which are treadle-hungry. There are two important principles to guide us:




• Every shaft should be activated when you weave.


• No shaft can be pulled in two directions at once.





Our double cloth tie-up assigns shafts 1 and 2 to one group of treadles and shafts 3 and 4 to another group. For each pick we depress one treadle from each group, so all of shafts 1 to 4 will be activated and each shaft will only be activated once, so both requirements are met.


We cannot, however, combine two treadles from the same group, because that would violate the second principle. If you try it, you will find that the shafts do not move at all.









ADAPTING LIFTPLANS AND TREADLINGS FOR COLOUR-AND-WEAVE EFFECTS


So far we have woven our two layers as they were threaded, but one of the great powers of double weave is its flexibility. To make a layer of plain weave we need to alternate warp ends from two shafts, but they do not always have to be the same two shafts. We began by alternately raising shafts 1 and 2, but we can just as readily alternate shafts 1 and 4 to weave a layer, while leaving the other two shafts to weave the second layer.


If our original two layers are each a solid colour, then this mixing and matching of shafts will give us end-on-end striping in the new layers. Taken together with our two weft colours, this is the perfect recipe for colour-and-weave.


Colour-and-weave is based on the way warp and weft colours are matched in a simple weave structure. In a plain weave interlacement with alternating colours, there are two possibilities. If the weft colour is the same as the warp ends which are raised for that pick, then we will create a continuous horizontal line across the face of the cloth. However, if the weft colour is the same as the warp ends which are lowered, then we will create a set of vertical lines on the cloth face instead. In a single layer of cloth we will inevitably see the opposite pattern on the back, since a warp end which is lowered relative to the face of the cloth is the equivalent of one which is raised relative to the back of the cloth and vice versa.
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Draft for colour-and-weave in single cloth with alternating pink and grey ends. When shaft 1 (carrying pink warp ends) is raised and a grey weft is used, we see alternating colours across that pick: the beginning of a pattern of vertical stripes. When a pink weft is used instead, the colour is uninterrupted from edge to edge, and we have a pattern of horizontal stripes.








Because we are working with two layers, we can mix and match what we see on the outer faces of our double cloth. By varying the sequence of our revised lifts, we can have vertical or horizontal lines on the face and back of the cloth, or vertical lines on one side and horizontal lines on the other.


There are a couple of important points to note about this new choice of shafts.




1. As far as possible, we want to maintain the same odd–even rhythm we have used for our plain layers. We could pair shaft 1 with either shaft 3 or shaft 4 for a mixed layer, but it makes sense to choose shaft 4 in this case, leaving shafts 3 and 2, the other odd–even pair, to make the second layer. This will allow us to progress easily from one set of lifts to another in our design without the risk of placing two picks in the same shed.


2. Having established the composition of each layer, we then need to apply it to our layer-lifting as well as to our interlacement. If I alternate shafts 1 and 4 to weave the top layer of the double cloth, then I will also need to lift those shafts out of the way when I weave the bottom layer of the double cloth.
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Both of these liftplans yield the same top layer. On the face of the cloth the weft colour matches the raised warp ends so you will see horizontal stripes. However, the sequence of lifts is adjusted to create two different effects on the back of the lower layer: vertical stripes (top) or horizontal stripes (bottom).









More colour variations


Without introducing any new colours of yarn, there are still several more ways in which we can mix and match warp and weft. We could take the mixed warp layers we just defined, but weave each one with a single shuttle; or we could weave a solid warp layer with mixed shuttles; or we could weave each layer with the opposite weft. Each one of these possibilities can be achieved by adjusting the sequence of shaft combinations in our four-pick cycle.


You might wonder why, in order to weave each layer with the opposite weft, we don’t simply swap shuttles. That thought might then lead you to wonder why we don’t just switch shuttles around when creating colour and weave effects as well. We certainly can do that here and get good results, and in practice it is a great way to experiment with the possibilities of double weave.


Let’s say I have set up my pink and grey layers but I would like the face of the cloth to be a layer that is ‘mostly pink’: I’ll use the pink warp ends, but alternate pink and grey picks in the weft. I can weave the first pair of picks as usual – pink shuttle weaving the pink layer, grey shuttle weaving the grey layer – and then on the second pair of picks switch the shuttles over. Now the grey shuttle is weaving the pink layer and the pink shuttle the grey layer.


However, if I want to maintain the shuttle order, the alternative is simply to swap the lifts themselves. The shaft combination for pick three moves to pick four and vice versa. The effect of this switch on the composition of the cloth is exactly the same as before but I haven’t disrupted the alternating sequence of the shuttles. This approach may seem over-complicated, but there is a good reason for developing a set of lifts that don’t depend on shuttle-swapping, namely that they will give us a good foundation for Chapter 2, when we introduce independent threading blocks.


The directory of liftplans given here includes fourteen possible variations on our combination of two warps and two wefts, all of which use the same shuttle sequence and an odd–even rhythm of lifts in each layer. These liftplans can also be read as a guide to multi-pedal treadling on a tie-up which assigns one shaft to one treadle.
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Liftplans (a)–(h) take us from a solid layer one to a solid layer two on the face of the cloth, with six different blends in between. Liftplans (r)–(z) cover the colour-and-weave options. Two pairs of liftplans, (r, s) and (t, u) are alternatives, starting with either the layer one or layer two shuttle for the first pick on the face of the cloth.








If you are using a countermarche loom, then the skeleton tie-up shared earlier in this chapter will allow you to create all of these combinations. For every pick, look at the requirements of each layer separately: are none, one, or both of the shafts for that layer being raised? Choose the appropriate treadle for each layer and combine them. For instance, to weave liftplan (e), the first pick raises no shafts in layer one and only shaft 3 in layer two. That calls for treadle 2 and treadle 5. The second pick raises shaft 1 in layer one (treadle 3) and all of layer two (treadle 7), and so on.





EXPLORING THE THIRD DIMENSION


Inserting padding


As our weaving progresses, the exchange of layers creates a series of linked horizontal tubes. These tubes can be left empty – and potentially put to use off the loom for storing long, skinny objects such as pens, knitting needles, etc. – or they can be filled on the loom as the cloth is woven.


The simplest padding material is a thicker yarn, or group of yarns, wound on a third shuttle. To introduce this into the cloth, weave a few picks of the top and bottom layers as usual, making sure to leave the selvedges open (see Chapter 9). Then raise the whole of the top layer, pass the third shuttle through between the layers, and beat firmly. Some experimentation may be needed to determine exactly how much of the layers you need to weave in order to enclose your chosen padding snugly.


There are a few different options for sealing the padding in place.




1. Exchange the layers, so that what was the bottom layer becomes the top layer, and weave as usual to create the next tube. This will give you a series of padded ribs with alternate colours on the face and the back of the cloth.


2. Exchange the layers, weave a couple of picks in each layer, and then exchange them again. Weave as before to create the next tube. This will give you a series of padded ribs with the same layer on top throughout; the other layer will just appear briefly in between the ribs. You can switch the layer on top at any time by using the method in (1).
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The liftplan on the left will place the pink layer (layer one) on the face of the cloth. By swapping shuttles on the second two picks (middle) we create a mixed layer which is ‘mostly pink’. The same change can be accomplished by swapping the lifts and not the shuttles (right), so that we raise shafts 1, 2 and 4 on pick three and shaft 2 on pick four.








3. Weave both layers together with a single pick of half basket-weave, then return to double weave to create the next tube. The stitching pick will be only minimally visible on the face of the cloth so you can create a padded structure with a different colour on each side. It also gives you a free choice of which layer you bring to the face of the cloth each time.





You can apply this approach to any filling material, soft or hard, that you want to trap between the layers but have protruding from the edges, as long as it is essentially horizontal, e.g. dowel, lengths of paper yarn, fibre-optics. These items are all sufficiently narrow that they will not prevent the fabric from travelling over the breast beam. You may want to insert some packing at the cloth beam to help it wind on smoothly.
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This padded double cloth follows option 1 and has alternating layers with padding inserted at each exchange. The pale grey weft in the liftplan indicates the pick where the padding (a thick, grey, softly spun yarn) is inserted.
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This padded double cloth follows option 2 and the padding is only inserted when layer one is on top (indicated by the pale grey weft in the liftplan). Layer one dominates the face of the cloth and layer two the back.
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This padded double cloth follows option 3 and each side appears virtually a solid colour. To make the half basket-weave stitches, raise both odd shafts or both even shafts: these picks are marked with a star in the liftplan. Note that in order to maintain the odd–even rhythm in each layer, it is necessary to start alternate double cloth sections with the even picks.








An alternative is to close the selvedges as you weave and insert a filling to be completely enclosed inside the cloth. As before, you will need to weave the separate layers until your tube reaches the desired size, then raise the top layer in order to insert the filling. This approach allows us to fill the fabric with fragmentary materials such as dried lavender or beanbag beans, although it can be quite fiddly to do this – and you need to be ready to change the shed to prevent it from falling back out again. In theory there is no limit to what you can put inside a double cloth pocket, but in practice you need to be careful that you can still advance the cloth. Large, rigid objects are the most obstructive; a series of smaller pieces will be much easier to handle.



Weaving a tube


With the selvedges closed, your double cloth is a hollow tube on the loom, at least until you exchange layers. There are occasions when we specifically want to create an uninterrupted tube, and in these instances it is worth making some adjustments to our warping and weaving processes.


We will get a more robust tube if we weave with a single shuttle. This avoids the need for creating ‘seams’ at the selvedges using interlocking wefts (see Chapter 9). We can weave exactly the same sequence of lifts as before, e.g. passing the shuttle through the top layer on pick one and back through the bottom layer on pick two, and so on.


However, if we do this on the threading outlined above, we will quickly notice a flaw: that two threads on the side where we start the shuttle end up in the same shed. This is inevitable, whether you start the shuttle on the left or the right, or weave the top or bottom layer first.
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In this example all the warp ends are pink and we have a single grey weft which will go across the top layer and back across the bottom layer to form a tube. The first two picks appear as usual (top). However, when we reinsert the weft for pick three it retraces the last step of pick two and is not secured. In practice, after picks three and four (bottom) we would find that the two highlighted ends on the right are not separated.
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If we remove either of the duplicate ends, the tube will be properly interlaced at both edges. In this example I have chosen to remove the end on shaft 4 as, based on my divided parallel threading, that would be the one on the right-hand edge of the warp.








To weave a seamless tube requires an odd rather than an even number of warp ends. If we are setting up a warp to weave a tube then we can take this into account from the start; if we are repurposing an existing warp then it is an easy matter to drop the first end from one layer of the warp.


If we are repurposing a warp of two solid layers into a tube, then an attractive option is to use colour and weave to integrate the two layers into an end-on-end striped pattern. In this case, each colour will interlace separately and the even number of ends is not a problem.
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When weaving a colour-and-weave tube, it makes sense to re-order the picks into pairs by colour. In each pair, the first pick goes through the top layer and the second returns through the bottom layer. To ensure both wefts spiral around the tube without crossing, place the last-used shuttle down nearer to your body than the one you are picking up.
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Silk/cotton warp and weft, with additional silk/stainless steel yarn added to the weft. This tube was woven using the lifts for colour-and-weave horizontal stripes on the face and the back of the cloth. It yields horizontal stripes around the outside of the tube and vertical stripes inside.












CHANGING THE THREADING RATIO TO MIX THICK AND THIN YARNS


So far our two layers have been threaded and woven in a one-to-one ratio: for every end or pick in one layer there is a corresponding end or pick in the other layer. However, if we want to mix thick and thin yarns, for example, then it makes sense to adjust this ratio to suit.


We can see the principle at work in the two-to-one ratio shown in the draft. For every two ends of layer one, threaded on shafts 1 and 2, we have just one end of layer two, threaded on shafts 3 and 4. This gives us an overall threading repeat of 1-3-2-1-4-2. Threading 1-3-2 rather than 1-2-3, so that the thicker yarn is centred relative to the thinner yarn, is a practical choice because it means that the two layers as a whole are centred. We make the same adjustment to the liftplan, weaving in triplets which interlace layer one, layer two and then layer one again. To complete the plain weave sequence in layer two, we need to repeat the layer one sequence twice.


Since our plain weave sequence in each layer consists of two picks, e.g. raising shaft 1 for pick one and then shaft 2 for pick 2, it is easiest to adjust the ratio in multiples of two. It is not difficult to extrapolate from our two-to-one example to a four-to-one ratio, for instance. However, it is perfectly possible to mix layers in a more complex ratio such as three-to-one or five-to-two, though in a case like the latter you will need some approximation.
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A mixed yarn ratio is a particularly good case for the parallel threading. It is much easier to see what is happening in each layer when the shafts for that layer are adjacent to each other. Our complete threading unit here has six ends: four pink and two grey.
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For a complex ratio such as 5:2 we can (i) write out one plain weave threading sequence five times (ten ends in total) and the other sequence twice (four ends in total). Then (ii) we look at the longer sequence, and divide the ten ends into four similar-sized groups, corresponding to the shorter sequence. The best approximation would be alternating groups of two and three ends. Finally (iii) we can insert the four ends of the shorter sequence into these groups and they will be distributed as evenly as possible. Exactly the same process can be applied to the picks.












MORE THAN TWO LAYERS


Another adaptation we can make is to add a third or even a fourth layer to the two we have already. As in our initial set-up, every additional layer requires another pair of shafts. With six shafts, then, we can have three layers of cloth. With eight shafts, we can have four. These layers can be used primarily for patterning, since they give us the power to hide and reveal additional colours and textures, but a more common reason for adding layers is to explore more elaborate double cloth structures in three dimensions. These may be woven as separate but interchanging layers with separate shuttles, or they may be linked structures based on tubes and folds.


Linked structures are produced by careful planning and management of the shuttle sequence. For instance, if you have three warp layers, options include joining the middle to the top and bottom layers on opposite sides in an S- or Z-shape so that off the loom it becomes a cloth of triple width; joining all three layers on the same side, like a book; or joining them at both sides to make a pair of conjoined tubes. Any of these structures can be woven on the same warp using the same basic plain weave interlacement: the crucial difference is in the path that the weft takes through the layers, which depends on how the picks are ordered.


A good way to start planning a linked multi-layer cloth is with a pencil and paper. The weft will need to travel twice through each layer to make plain weave, and sketching out possible pathways will help you determine whether it can be done with a single shuttle.
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These sketches show three possible pathways a shuttle might take through three layers of cloth, each one producing a different fabric structure. As my examples show, you do not have to be good at drawing to think this out on paper.














TURNING A SKETCH INTO A DRAFT FOR TRIPLE CLOTH


Let’s suppose I want to weave three layers as a pair of conjoined tubes and I have sketched out a path for the shuttle. How can I work out the detail of the draft?
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A possible pathway for the shuttle through three layers of cloth.
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Step 1: To expand on my initial pencil sketch I am going to draw myself a very simple warp in cross section. Each layer will be threaded on two shafts, and I just need a few repeats of the basic plain weave ‘unit’ of two ends in order to get a feel for the interlacement. This is not yet a formal threading.
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Step 2: To apply my roughly sketched pathway to this warp diagram, I need to decide which shaft to ‘lift’ on each pass. I’ve decided to keep it simple by consistently raising the odd shaft on the first pass through each layer.
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Step 3: Having completed the second pass by raising the even shaft in each layer, my pathway is complete. However, I find that my strategy leaves me with a doubled warp end on the lower left.
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Step 4: It is always worth trying out alternative lifting sequences but in this case it makes no difference. The doubled end is an artefact of weaving an enclosed tube as discussed earlier, so I’ve dropped the leftmost end on shaft one and the structure is now fully interlaced.
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Step 5: To turn the sketch into a liftplan, I need a blank grid for my six shafts and six picks (left). Then I start inserting the interlacement Ws (right). The first pick goes through the top layer, raising shaft 5; the second pick goes through the bottom layer, raising shaft 1; and so on for the complete sequence 5-1-3-2-6-4.
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Step 6: Next I add the layer-lifting Ls. When I am weaving the bottom layer by raising shaft 1 or 2, I must also raise all of the top and the middle layer (left); and when I am weaving the middle layer by raising shaft 3 or 4, I must also raise all of the top layer (right). The top layer picks need no additional lifts.
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The final draft: I have added my threading based on the principles we have used throughout this chapter. I have used three different shades of pink so that I can see which ends belong to which layer, and the three layers are interleaved in a 1:1:1 ratio. The repeating threading and lifting units are highlighted in blue, but note that on the left of the threading I have dropped the end on shaft one to eliminate the doubling.















Planning a multi-layer exchange


Whether the layers are linked via the weft or not, it is possible to vary the relative positions of the layers along the length of the piece. For example, in the project that accompanies this chapter, I chose to weave the laptop case on a four-layer warp using a double tube construction. One tube sits inside the other, but the two tubes exchange places along the length of the fabric, which means that two different liftplans are required. Again, sketching it out is an invaluable aid to planning the details of the draft.


In this project there is an additional element of complexity, since it uses yarns of different thicknesses. Fortunately, we already have a draft for that, so we can take the threading we developed earlier and double it to create four layers. The rhythm of the original threading and liftplan is in groups of three, that is, thin layer – thick layer – thin layer. When weaving a tube it makes sense to go across and back in consecutive picks, so our updated rhythm will be thin layer × 2 – thick layer × 2 – thin layer × 2. A process for deriving the threading and the liftplan for cross section one is illustrated here, and the complete draft for the laptop case is given in the project section following this chapter.
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In this construction the four layers are joined into two concentric tubes. In terms of shaft-lifting, this means that the top two layers change places from time to time and the bottom two layers also change places. However, as we can see in the longitudinal section, there is no interchange in the middle of the structure.
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Two copies of our 2:1 ratio threading draft are interleaved to create a four-layer threading for a double tube, and then the rightmost end from each tube (a grey end on shaft 8 and a pink end on shaft 4) is dropped to leave an odd number. I opted to thread the finer yarn on shafts 1–4 and the thicker yarn on shafts 5–8, but this choice is arbitrary. The repeating unit is outlined in blue.
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To derive the liftplans, we need to decide which thick layer and which thin layer will make the upper surface of our tubes and then stick to that decision. I’ve opted for the layers on shafts 3 & 4 and 7 & 8. As shown in (1), I have lifted the odd shaft in each layer first: shaft 3 then shaft 1 for the thin tube; shaft 7 then shaft 5 for the thick tube. I can use my sketch to decide how many additional shafts I need to lift out of the way on each pick (2). An important feature of the liftplan is that we complete two odd–even cycles for the thin layer for every one cycle in the thick layer.
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