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Dedication


For everyone whose heart beats a little faster when they play with yarn.
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Chapter 1




Welcome to the Warp Side
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Weaving is one of the oldest fiber technologies, with a history that stretches back to the dawn of civilization. Woven cloth is fragile and doesn’t last as long as stone arrowheads, so samples of ancient weavings are rare, but tools and images of weavers crop up in archeological finds, and on rare occasions, a precious fragment of fabric surfaces. In 2009, a team led by two Harvard professors working in the Republic of Georgia uncovered the oldest remnant of woven cloth found thus far: a 34,000-year-old piece of linen.


Whether spinning predates weaving is a mystery. Did ancient peoples twist plant leaves into cordage first, or did they begin by weaving baskets out of flexible branches? My guess is that spinning and weaving grew up together: one village learned to weave baskets, another to spin, and groups exchanged skills with each other through trade and intermarriage. In any event, you are about to embark on a textile adventure that has kept humanity warm and protected for endless generations, one that provided baskets for carrying food and clothing to protect against the elements, and that created houses to live in and burial shrouds for the grave.
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Fabric for a funeral cloak from pre-Inca culture in the sixth century B.C.E.








The Magic and Mystery of Weaving


There are two components in weaving: warp threads and weft threads. The warp threads run lengthwise through the cloth, and the weft threads run side to side. During weaving, the warp threads are held on the loom under tension, and the weft is inserted (“thrown”) by the weaver.
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Cloth is created where warp and weft interlace. The mother of all weave structures is plain weave, also known as “over one, under one.” This is the weave structure that many of us learned when we wove strips of colored paper together in kindergarten. But there are countless other ways to combine warp and weft. For example, by floating the weft over two threads in the warp you can create half basketweave. Or you can shift the threads so the floats move over by one each time you throw the shuttle and create a twill.


Now that you’ve got an idea of how cloth is made, you are only beginning to touch what I call the magic and mystery of weaving. Be careful! Many folks who try weaving get bitten by the weaving bug and soon find themselves weaving off warp after warp. I know because I’m one of them. What started as a class taken on a whim soon became an obsession that has guided and enriched my life in unexpected ways.


Why, in this age of big-box stores and cheap clothing do so many people weave? It’s a question I ask myself regularly, and that I’ve asked other people who’ve made weaving their life’s work or avocation. Answers vary, but it also comes down to the simple fact: weaving is fascinating.


My own reason for weaving is this: it makes my whole brain happy. There is analytical puzzle solving to delight my left hemisphere, and colors and textures galore to tickle my right. It’s an art that can be as simple or as complex as you like. Three-year-olds can weave, but it’s also an art form that’s so rich and full of possibilities that you couldn’t possibly learn it all in one lifetime.


Weaving is full of surprises, the way colors interact on the loom, for example. The tiny dots of warp and weft combine to create new, unanticipated colors. Even weavers with decades of experience can make new discoveries. The cloth changes when you take it off the loom’s tension, and again after it’s washed (known as wet-finishing). Something flat and lifeless on the loom might suddenly pucker into a deep waffle weave. It’s this challenge and sense of discovery that keep me coming back to the loom. There’s a profound sense of “what’ll happen if . . . ?”


On the other side of the spectrum, weaving can be therapeutic. Studies with stroke patients at the University of Maryland in Baltimore have shown that rhythmic, repetitive actions that alternate using your left and right hands improve how the two sides of your brain work together. I wove a simple plain-weave fabric while recovering from jaw surgery, and found it a soothing release from pain and worry. During World Wars I and II, army hospitals used weaving as occupational therapy to help injured soldiers recover. Many of those men went on to weave avocationally, spurring the weaving boom of the 1950s. From cloth woven in the dawn of civilization, to the woven T-164 Teflon fabric that protected Apollo astronauts on the moon, to the unimaginable future, weaving is an integral part of human civilization.
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a) plain weave, b) Danish medallions, c) weft-dominant plain weave, d) point twill,e) log cabin, f) half basketweave, g) pile loop, h) shadow weave








Old and New Looms: from Simple to Complex


The first question students ask me in beginning classes is “Why is it called a rigid-heddle loom?” To answer it, you first need to understand what a heddle does. On any loom, heddles select the threads the loom raises or lowers to make an opening, or shed, for the shuttle to pass through. On a backstrap loom, heddles are usually created by string wrapped around a stick. In a shaft loom, heddles are usually either metal, string, or wire and are placed on shafts to make it easier to pick up complex patterns. On a rigid-heddle loom, the heddles have holes drilled in a rigid material (traditionally wood or bone, now more commonly plastic) that also acts as a warp spacer and beater. This, then, is the rigid heddle of a rigid-heddle loom. That the heddles (the patterning devices) are combined with the beater and reed (the spacing device) is the defining characteristic of a rigid-heddle loom.
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Since weaving is so ancient and diverse, humankind has developed many types of looms to interlace threads: backstrap looms, rigid-heddle looms, multishaft looms, frame looms, tapestry looms, inkle looms, and more. Each one fills a particular need and is specialized to certain types of weaving. In this section, we’ll take a closer look at the features of the rigid-heddle loom.







Rigid-heddle looms have been found in archeological digs dating back to Roman times. The Museum of Antiquities of Newcastle University and Society of Antiquaries of Newcastle upon Tyne has in its collection a Roman rigid heddle that was made of bone slats bound together at the top and bottom with sheet bronze. One of the simpler looms to build (you can create one with wooden craft sticks and a bit of creativity), they have been, and continue to be, used all over the world.
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Backstrap Loom. Warp threads are raised and lowered by heddles created with string wrapped around a stick or a pickup stick.
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Shaft Loom. Schacht’s Baby Wolf has metal heddles arranged in wooden frames (shafts) when raised or lowered by the attached treadles.
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Rigid-heddle Loom. The Schacht Cricket is a rigid-heddle loom, in which warp threads run through holes and slots in the heddle, which also serves as a beater.











A Quick Tour of the Rigid-Heddle Loom


Rigid-heddle looms come in all shapes and sizes, but there are features common to all.


Warp beam. The warp yarn is wound onto the warp beam to store it compactly during weaving.


Back rod. This is how the warp is attached to the warp beam, usually by either looping it over the rod or tying it onto the rod. The strings that run from the warp beam to the warp rod should allow it to come close to the back of the heddle; this enables you to weave off more of the back of your warp.
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Cloth beam. As you weave, the cloth is rolled forward onto this beam for storage.


Heddle. This is where the magic happens. The heddle raises or lowers to create a shed, or opening, for the shuttle to pass through. In this type of loom, it also acts as the beater, pressing the weft into place. The heddle has two components: slots and holes. You thread the warp through both the slots and holes, creating passive and active threads. When the heddle is raised, the hole (active) threads raise and the slot (passive) threads don’t move. This creates an up shed for the shuttle to pass through. When the heddle is lowered the hole (active) threads lower and the slot (passive) threads don’t move. This creates a down shed for the shuttle to pass through. In addition, the rigid heddle controls how closely the threads are spaced in the warp by how closely the holes and slots are positioned on the heddle. One heddle might have 12 threads per inch, another 8 threads per inch.


Heddle block. The heddle block shape varies between loom manufacturers, but they all work the same way. There is an up position, which raises the heddle, and a down position, which lowers the heddle. Modern rigid-heddle looms typically also have a neutral position where the heddle is neither raised nor lowered.


brake. The brake is used to stop the warp from unrolling from the warp beam and to apply tension to the warp threads. Typically this is done with a dog-and-pawl gear system on both the warp beam and the cloth beam. Some older rigid-heddle looms, however, have other brake systems, such as tightening down a wing nut.


Front rod. This is how the warp is attached to the cloth beam, usually by tying on. The strings that run from the cloth beam to the front rod should allow it to come close to the front of the heddle; this enables you to weave off more of the front of your warp.
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Table brace. Most rigid-heddle looms have a way to brace the loom against a table to hold it steady during weaving. This can be either a cutaway or notch at the bottom back of the loom or extra feet on the back of the loom.
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What Kind of Rigid-Heddle Loom Should I Buy?


This is a question that I get asked all the time. The answer is: it depends. I’ve used several models of rigid-heddle looms in my classes, and they all have their pros and cons. People come in all shapes and sizes, and they weave in different ways, so the model of loom that’s best for me might not be the model that’s best for you. My advice is to test-drive a few looms and see what feels right. It’s worth noting that although the Schacht Flip is the only rigid-heddle loom with a second heddle block built in, other companies offer second heddle blocks as add ons.


Ashford Knitter’s Loom. This was the first rigid-heddle loom to revitalize rigid-heddle weaving. It’s a great lightweight travel loom. The plastic gears are surprisingly strong, and it holds good tension. The 12" model fits under the seat in front of you on an airplane. The downside to this loom is that the lightweight wood does have a tendency to dent. It’s the trade-off for being lightweight, and doesn’t affect the weaving at all. (Ashford also carries a wider loom.)
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Harrisville Easy Weaver. Sold as kids’ looms, prewarped and ready for weaving, these are actually quite functional rigid-heddle looms. Their main limitation is their narrow weaving width.
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Schacht Flip. This is my favorite loom for using multiple heddles during weaving because it’s the only rigid-heddle loom with a second threading slot, which makes it easy to thread multiple heddles. I use the Flip as my teaching loom because they are bulletproof. I have four teaching looms that I’ve tossed in my car for years, banging them together, and they look as good as the day I first took them out of the box. They hold good tension, and the frames are sturdy and won’t flex. The downside to the Flip? They’re heavy compared to other looms.
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Schacht Cricket. The Cricket is a tiny, nonfolding rigid-heddle loom. I believe it was first marketed to kids, but grownups found it sturdy and a low-cost way to get into weaving, and they snapped them up. The benefit of the Cricket is that it is small. You can weave during car trips (passenger side only!). I’ve fit one in my roll-on suitcase by putting it in first and packing clothes around it. The downside of the Cricket is that because of its small size, there’s not much room behind the heddle for patterned pickup work.
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Glimakra Emilia. The metal gears on this loom from the Swedish manufacturer Glimakra enable you to get a firm tension. Early versions had a pin placement that would cause the loom to fold during weaving if the tension was firm. The location of the pin was moved in subsequent versions.
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Kromski Harp FortÉ. This loom incorporates a warping board into the back of the loom, which is nice to have but not as essential as when the loom first appeared, due to the popularity of the single-peg method of warping (see Warping with the Direct-Peg Method). It’s a beautiful rigid-heddle loom, with turned-wood components and a curved frame. On the downside, I find it a bit lightweight for the strong tension I like to weave with; the frame can flex. Older versions of this loom had issues with the brakes slipping during weaving, but this has been fixed in newer versions.
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Used looms


Rigid-heddle technology hasn’t changed much over the years, so buying a used rigid-heddle loom can be a great deal. If you do, however, make sure that the frame is square (measure from the top left corner to the bottom right corner and compare that number to the measurement from the top right corner to the bottom left; they should be the same). In addition, check that the braking system works and will stand up to firm tension. The best situation, of course, is if you can weave a bit on the loom before purchasing it.










Other Stuff You Need


In addition to the rigid-heddle loom, you'll need other tools before you can start weaving.


Shuttles. A shuttle contains and protects your weft during weaving. It is possible to weave without a shuttle by using yarn butterflies or pushing balls of yarn through the shed, but you’ll soon discover that the weaving process is hard on informal yarn packages, and that a shuttle of some sort is worth having. There are several types, and each has its strengths and weaknesses. Two of the most useful for rigid-heddle weaving are stick shuttles and boat shuttles, which are described, along with how to use them, beginning here. Ski shuttles are another option, especially if you’re using bulky yarn or fabric strips, but because of their size, they may be tricky to get through the narrow shed created during rigid-heddle weaving.
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stick shuttle







Warping peg or warping board. Before you can put a warp on your loom, you need a way to measure out the warp yarn while keeping it under control. For this you can either use a warping peg (and the direct-peg method of warping,) or a warping board (and the traditional method of warping) There are other tools that you can use, such as a warping reel and warping wheel, but since these would cost more than your loom, they’re beyond the scope of this book. If you don’t have a warping peg or a warping board, you can improvise. For example, an Irwin Quick-Grip clamp (readily available online and in hardware stores) turned upside down and affixed to a table makes an excellent warping peg, and, in a pinch, an overturned table can become a warping board.


Fringe twister. Twisted fringe is a decorative way to finish and protect the warp ends of a finished piece of cloth. You can create twisted fringe completely by hand, or use a mechanical or electric device to make the work go faster. My favorite fringe twister is electric-powered, sold as a hair braider (though it actually plies hair instead of braiding it). Lacis offers a similar electric fringe twister.
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hand-crank fringe twister







Scissors. Scissors are handy to have in your weaving kit. I use a small pair of embroidery scissors to trim threads and a pair of sewing shears to cut the warp off the loom at the end of weaving. If you are cutting up paper bags to use as warp separators, use a third inexpensive pair, as paper quickly dulls the blades.


Warp separator. When you wind the warp onto the back beam, you need a way to keep each successive layer separate from the previous layers. This needs to be something rigid, such as heavyweight paper from a cut-open grocery bag, slats (one per turn of the back beam, staggered), or, my personal favorite, reed blinds or place mats cut to fit your warp beam. (For information on how to use warp separators, see Warping the Loom.)


Notebook and pen. You’ll want to keep notes of your weaving: things you’ve tried that worked, things you tried that didn’t, things you’d like to try next as soon as you’ve woven off the warp on your loom. (You’d be surprised how many great ideas for the next warp come up while you’re weaving.) Recordkeeping is one of the best ways to learn from your weaving experiences, and it comes in handy when your best friend says, “That scarf you wove me eight years ago, kinda blue and bumpy, it became my wooby-comfort scarf, I wore it every waking moment. . . . The new puppy just ate it, and I’m heartbroken. Can I please have another one exactly like it?”


Texsolv is a useful cord that comes in many sizes and styles and can be used by weavers in many ways: fine weight for tapestry and inkle-loom heddles, medium to create string heddles, and heavy for tie-on cord.


Threading hook. This tool is used to pull the warp yarn through the slots and holes of the heddle. Modern rigid-heddle looms include a threading hook, but you can buy them from weaving supply stores or even make one out of a paper clip in a pinch. They come in different sizes and shapes, but most are fashioned out of flat metal with a hook cut in the end. Some have a large hook at one end (for the slots) and a small hook at the other end (for holes). Other types of hooks are actually flexible loops of wire that you push through and use like a giant needle threader.


The important thing to look for in a threading hook is whether it will fit through the holes on your smallest heddle; also make sure the hook is not so sharp that it will cut the warp threads as you pull them through the holes.
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threading hooks







Tapestry needle. Tapestry needles serve several purposes in weaving. You can use them to repair errors and skipped threads after the cloth is off the loom, for hemstitching (an edge-finish technique; see How to Hemstitch), to darn in loose ends, to sew up seams, and even to embellish the finished cloth. The size you need depends on the yarn: you want a tapestry needle that you can easily thread with the yarn you’re using, but one that won’t leave holes in your cloth. A good guideline is a needle that is as wide (or thereabouts) as your yarn doubled. The following table lists some recommended needle sizes for some popular yarn weights.
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Needles










Recommended Needle Sizes










	tapestry needle size


	yarn weight







	

13




	

Worsted (1,000 yards per pound)









	

18




	

Sock yarn (2,000 yards per pound)









	

20




	

10/2 cotton (4,200 yards per pound)

















Intuitive vs. Analytical Weaving


All weavers have a brain with a right half and a left half. This means that all weavers are both intuitive and analytical, though the art of an individual weaver often expresses one side more than the other.


Analytic weavers are the scientists of the weaving world, approaching each project as a chance to learn more about how threads fit together. They research and plan; often you’ll find them gleefully playing with weaving software, coming up with intricate patterns or color combinations. Often their early projects are successful, and they keep notes of what they liked or didn’t like about each one. If they persist, they are the ones who weave projects that make you ask, “How did you do that?” And they’ll smile, because they know.


Neither intuitive nor analytic weaving is better than the other, because science and art are two sides of the same coin — both are creative, both seek to explore the world around them and define it in new ways. Every weaver uses a bit of both.
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Intuitive weavers approach weaving as a grand adventure, playing with projects, throwing things together on a whim, and weaving them up just to see what will happen. Intuitive weavers tend to have more absolute disasters early in their career. If they persist, however, they’re often the weavers whose work seems absolutely magical, though often they can’t express exactly why or how they chose that color combination or knew that weave structure would wet-finish in exactly that wonderful way.


As you go through this book, you’ll see that some strategies are intuitive and others are analytic. Try the one that resonates most with you. And then, I’d encourage you to try things the other way around as well. Play in both sides of your brain.
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Chapter 2





Get Set to Weave



One of the wonderful things about weaving is how easy it is to create your own designs. With just a few simple techniques, you can pull yarns from your stash to make custom creations, or wander a yarn store confident that selections in your basket will be enough yardage of the right kind of yarn for your next project.
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The first thing you’ll need is some idea of what you want to weave. Do you want a soft, drapey scarf? An absorbent dish towel? Gauzy curtains? Super-sturdy fabric for a bag or upholstery? The materials and methods for each one of these differ; you have to know your final destination before you can map your way there.


Most often, what you’ll weave on a rigid-heddle loom is yarn: thick yarn, skinny yarn, fuzzy yarn, smooth yarn. But we’ll see in later chapters that you can also weave nontraditional materials such as fabric strips, paper, metal wire, and even plants from your garden. For the moment, however, let’s talk about yarn. It’s good to know the basics before you experiment with the wild stuff.
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Choosing Yarn


Warp and weft are the most important part of the weaving process. You can weave without a loom, but you can’t weave without yarn (or other suitable materials). The warp is what you put onto the loom. The weft is what you put on a shuttle and throw through the weaving shed. When you look at cloth with the selvedges on the right and left, the warp threads run vertically and the weft threads horizontally.


Because the warp and weft yarns are what cloth is made of, it follows that you have to select yarns that have the same properties as the cloth you want to weave. There is no technique or weave structure that will let you make a next-to-the-skin soft scarf out of a wiry rug yarn. Pick yarns that already embody the qualities you want in your cloth. Want a soft and cushy scarf? Worsted-spun Merino wool is a great choice. A hard-wearing and absorbent dish towel? Put down the Merino and embrace cotton or linen. Become a fabric detective, and look at the cloth around you. You can learn much from the fiber choices of industry.
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Warp yarns (from left to right): Tencel, 10/2 pearl cotton, 3/2 pearl cotton, worsted-weight wool, silk






Planning and Weaving a Sample Scarf


In the pages that follow, I describe what you need to consider for your first weaving project, as well as instruction on how to wind a warp, thread the loom, and get started weaving. So that you can practice as you read, I suggest that you obtain a skein of worsted-­weight yarn similar to what we used for this beginning project, with approximately 110 yards in 50 grams, and warp your loom and weave along as you read, section by section. By the time you get to the end of the chapter, you’ll have woven a scarf, with a final measurement of 8" × 72".




What Makes a Good Warp Yarn?


There are urban legends floating around about what you can use to warp a loom. You’ll hear people say you can’t warp with handspun, or singles yarn (yarn with only one ply), or fuzzy yarns, or yarns that stretch, or yarns that are completely inelastic, or yarns that snap if you tug them hard between your hands, which is frankly damn nonsense — I’ve woven with all those yarns as warp. If you can get it on your loom and open a shed, you can weave it. What is true is this: an easy and reliable warp yarn is strong and smooth, and has some give and a balanced twist. Read on for what all of this means.


Strong. Strong warp threads will not break during the abuse that is weaving. You can put them under too-tight tension, abrade them with the heddle, hit them accidentally with your shuttle, and they hold together. The stronger your warp yarns, the easier your weaving will be.


One common test of a potential warp yarn’s strength is the snap test. Grab either end of a section of yarn and snap your hands apart sharply. If the warp yarn survives, it’ll be strong enough to weave easily. An even more important test is the drift test. Take one end of the proposed warp in each hand and apply even, slow, tension. If the yarn stretches and then stops, it’s a good warp yarn. If it stretches and keeps stretching to the point that it pulls apart, use it as weft. Do not wind a warp with a yarn that drifts apart: heartache and madness will ensue.


Smooth. Smooth warp yarns, such as cotton, silk, or worsted-spun wool, slip past each other easily when you open the shed. This makes them more forgiving if you thread them too close ­together on the loom.


Some give. Getting even tension over the warp threads is one of the most important things to accomplish when you’re setting up your loom. A warp thread that has some give will self-tension to a certain degree and make up for small tension irregularities you’ve introduced. Too much give, on the other hand, can make for a fabric that seems to weave well on the loom but shortens dramatically when you take it off tension and the warp relaxes. If it shortens too much, there may not be room for the weft in the cloth and it will ripple and wave. (Of course, this can be a lot of fun if it’s the effect you’re striving for.)
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A demonstration of stretch. To figure out how much stretch is ideal for an easy warp, I performed a stretch test on some common warp yarns. I measured out a yard of four different warp yarns, tied them together in an overhand knot at one end, slid the knot over a hook, then applied a standard warp tension as evenly as possible to all four to see how much they stretched. I threw the linen into the test to show you what to expect from an inelastic warp. Linen is commonly considered a tricky warp yarn because of its unforgiving inelasticity. Fibers (from left to right): linen, silk, cotton, wool





Balanced twist. To be a knowledgeable weaver, you have to ­understand yarn construction. Yarn is the stuff cloth is made of, after all. Nearly all yarn is created by taking short fibers, staggering their lengths, and twisting them together to make a long, continuous yarn. (The exceptions to this yarn structure are ­extruded yarns, such as synthetic polymer yarns, and reeled silk.) This creates a singles yarn that, because all the fibers are twisted in the same direction, has a certain amount of potential energy. If you took it into space and let it go in midair, it would untwist until it was again a poof of fluff. Back on earth, if you tried to wind a warp with it and let go for an instant, it would kink and knot back on itself in a nearly insoluble tangle. To take away the pent-up energy of the singles yarn, spinners ply two singles together in the direction opposite from the way the singles were spun. This balances the twist to create a yarn that can safely be left alone on a table without snarling.
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Examples of twist. The yarn on the left is a singles; two strands of it plied together were used to make the 2-ply yarn at the right.








What Makes a Good Weft Yarn?


Weft yarns live a pretty soft life. The requirements for them are much more forgiving than for warp yarns because they’re not under tension, so they don’t have to be as strong or as smooth as warp yarns. Unabused by the weaving process, they just hang out on the shuttle until it’s their turn to go into the shed: all they need to do is fit through it and hold together long enough to be locked into place by the warp. If they’re a bit weak and fragile, the strong warp is there to hold them together. In addition to fitting through the shed, however, an easy and reliable weft yarn is also flexible enough to turn easily at the selvedges.


Although the weft is playing a lesser role in the strength of the fabric, it still lends its qualities to the finished cloth, so pick a weft that complements your warp. Crossing a silk warp with wiry wool yarn will not make the lusciously soft fabric you’re wishing for. (That scarf would likely outlive you, however, not only because of its strength, but also because no one would ever wear it.)


Flexible wefts are the norm, but as you will see in chapter 7, you can even weave with completely inflexible wefts.






Considerations for Both Warp and Weft Yarns


Softness. Is it important that the finished cloth be soft? If you’re planning to wear the garment next to your skin, the answer is likely to be yes. If you’re weaving cloth for a purse or a rug, this is less important.


Size or thickness. Do you want to weave a fine cloth? Then you’ll need to select thin yarns. Want a thick, lofty fabric? Select thick yarns.


Strength. Usually softness and strength are a trade-off: the softer the yarn, the weaker it is. Silk and many synthetic fibers are an exception to this.


Drape. Is the yarn flexible? If so, it’ll contribute to the flexible hand of the finished fabric. Silk has a lot of drape, whereas linen (until it’s been used a lot) does not.


Absorbency. Does the finished textile need to absorb water (as in a towel) or should it be water repellent (if you are weaving outerwear.)


Thermal insulation. Are you weaving winter clothing? If so, then how well a yarn holds heat is important. Silk and lofty woolen yarns provide great insulation. Cotton and rayons do not.


Conductivity. This is typically important only if you are weaving eTextile applications.








Planning Your Width and Length


Things on the loom are not as large as they appear! Aspects of weaving such as loom waste, draw-in, and take-up each affect the finished size of your project. If you don’t take them into account when planning a project, your finished cloth will be smaller than you intended.





Loom Waste


Loom waste is the simplest to understand. This is the section of warp at the beginning and end that you can’t weave, either because it’s used to knot the warp onto the loom or because it stays behind the heddle. The amount of loom waste is dependent on the type of loom and the technique you use to attach the warp to the loom. One of the benefits of weaving on a rigid-heddle loom is it generates very little loom waste. Whereas a standard floor loom might have a loom waste of a yard or more, the loom waste on a rigid-heddle loom is typically less than 12".


There are ways to minimize loom waste, such as tying on with shoelaces. In fact it can be a fun weaver’s game to see how little loom waste you can produce. Minimizing loom waste is also useful when you’re weaving with yarn that is precious (your son’s first handspun) or expensive (qiviut).


To calculate loom waste, weave a sample project — one where length isn’t critical. Use your favorite method for attaching the warp to the loom. When you are done, cut the cloth off the loom and measure the amount of unwoven warp. That is your loom waste.


For projects such as a scarf or table runner, the loom waste may become part of the project as fringe and not be wasted at all. For other projects, such as garment fabric, you may choose to add extra length to your warp to counteract the length lost to loom waste.








[image: ]




Loom waste. The warp left unwoven at the end of your project, both in front of and behind the heddle, is the loom waste.






Take-Up


Cloth isn’t two-dimensional. If you look closely at the structure of woven cloth, you’ll see the warp threads don’t lie straight. They bend over and under the weft threads. This up-and-down deflection uses up some of the length of the warp, causing the length of the finished object to be shorter than the original warp. This quality is called take-up.


The take-up of the cloth is affected by several things. The bigger your weft threads, the farther the warp has to travel to climb over and under them and the bigger the resulting take-up. Structure also affects take-up. Plain weave, having the most intersections, produces the largest amount of take-up.


What can you do about take-up? Nothing. It’s part of the physics of weaving. The only solutions are to estimate or sample what the take-up will be, and then add additional length to the warp to cover it. (Or, if you’re a happy-go-lucky weaver, put more warp on than you need, or promote the short scarf as the coming thing.)
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Deflection. This close-up of a weaving in progress shows how both warp and weft threads bend over and under one another.






Draw-In


As you weave, you’ll likely notice that the sides of your cloth are narrower than the width of the warp in the heddle. This is draw-in. Like take-up, it is caused by the fact that the weft doesn’t lie straight in the cloth. It has to bend over and under the warp threads. If you look closely at cloth, you’ll see it’s an interlocking mesh of undulating yarns, not a grid of rigid rods. This deflection uses up some of the length of the weft and causes the fabric to draw closer together in the cloth than it is in the heddle. Too much draw-in can strain the selvedge threads and cause them to break.


You can work against draw-in by either putting more weft into the shed when weaving (see How Much Warp?) or Using a Temple. Moderate draw-in isn’t a problem for most projects, however, and in fact if you work to have no draw-in at all, you may create another problem for yourself. If the warp threads on the selvedge don’t weave up and down like the rest of the warp, the majority of the warp is experiencing take-up, while the selvedge threads are not. Since the selvedge threads aren’t being used up as fast as the warp threads in the body of the fabric, they will become loose compared to the rest of the warp, and the weft at the edges will creep down and begin to “frown” in those low-tension areas. (For more about frowning warps and how to fix them, see here.)


So, what to do about draw-in? Make sure that you’re adding enough additional weft when you weave so there is minimal draw-in. The amount of draw-in that’s acceptable in a project depends on the yarn and weave structure. The best way to counteract it is to weave a sample, figure out the percentage of width lost to draw-in, and then make your warp wider by that percentage. (For a photo and more advice about how to avoid draw-in, see Finessing the Throw.)





Wet-Finishing and Shrinkage


Another factor that can cause your fabric to be smaller when taken off the loom is wet-finishing (washing, see Wet-Finishing Your Fabric) and shrinkage. When your fabric is on the loom, it’s under tension. This means that it’s being stretched out longer and skinnier than it would be if it was just fabric lying on a table. When you take it off tension, the fabric “schlurps” together.


You will be able to picture this effect if you’ve ever knit lace. You know how knitted lace looks like a random pile of yarn until you stretch it out and the pattern suddenly appears? Taking a project off the loom is like the opposite of blocking lace. In weaving, the fabric is effectively blocked while it’s on the loom and then collapses a bit when you take it off. When removed from tension, the cloth draws together, causing it to shorten and often grow narrower (though in some cases it can grow wider off the loom, depending on the physics of the warp and weft).


The fabric relaxes even further once it’s washed. The water fluffs up the fibers and makes it possible for them to move around in the fabric, reducing the dimensions more and sometimes even creating special effects.


In addition, there can be additional shrinkage from the fiber itself. Some yarns shrink when washed, especially if washed in hot water: wool in particular is known for this. If you wash a non-superwash wool in hot water with soap and agitation, it will shrink dramatically due to fulling and felting.




Getting It Right


Given that there are several factors working against your cloth to make it smaller once it’s off the loom, how on earth can you weave a perfect 20" by 28" tea towel? The answer is you have to know how much your project is going to shrink and add back in that much more width and length in the warp.


For example, if you know that a given cotton fabric will shrink 10 percent in length and 5 percent in width after it’s off the loom and washed, then you’d have to weave a cloth that is 110 percent as long as you want, and 105 percent as wide. So, to end up with a 20" wide by 28" long tea towel, you’d need to weave a cloth 21" wide and 30.8" long. If you’re planning a double-fold hem, you’ll have to add extra length for that as well.


That’s all well and good, but how can you know precisely what the shrinkage will be of a cloth you haven’t woven yet? The short answer: you can’t. The only way to be absolutely certain what the shrinkage will be is to weave the cloth, take it off the loom, and wet-finish it. Then compare the measurements of the cloth on the loom with those after washing. Of course, few folks are willing to weave a set of undersize dish towels just so they can then weave a set of full-size ones. So what’s a weaver to do? Cheat. See Guesstimating Shrinkage below for some strategies.







Guesstimating Shrinkage


Strategy 1: Decide you don’t care. Many projects will work even if the size is slightly off. Does it matter whether that scarf is 9" or 81⁄2" wide? Probably not. If you can stand losing a bit of the dimension and still have the item work, you can choose not to care about shrinkage.


Strategy 2: Find a published project where someone has already woven the item and measured the shrinkage. Weave exactly the same thing, with exactly the same yarn. The first limitation here is obvious: What if you can’t find a pattern that’s exactly what you want to weave? And what if you can’t find that exact same yarn? If you only weave following someone else’s strict recipe, you’ll miss out on a lot of the adventure and artistry of weaving. Not only that, but even if you are happy following in another’s footsteps, you might still find that your shrinkage is different from theirs. Factors such as the amount of tension on the warp, how tightly the weaver packed the weft into place, whether the weaver used a temple, and local humidity can all affect shrinkage. So even if you follow the directions exactly you may still end up with a different result.


Strategy 3: Add 10 percent to everything. This is an amalgamation of strategies 1 and 2. If you look at a lot of rigid-heddle projects (such as the ones in this book), you’ll see that the average shrinkage is around 10 percent most of the time. If you don’t care too much about the final size, adding 10 percent is not a bad first guess. (One caveat: some weave structures and some yarns will shrink a lot more than 10 percent, so this method can lead to . . . surprises.)


Strategy 4: Make a small sample. Many weavers who want accurate information about the fabric they’re going to end up with put a small sample warp on to test-drive the project without committing a lot of yarn. The problem is that a 2" wide warp weaves differently than a 12" wide warp, even if the yarn, loom, weaver, and weave structure are the same. The reason is twofold. First, in a narrow warp the selvedge (edges) form a greater percentage of the cloth. Selvedges draw together tighter than the center of the warp, so when they form a larger percentage of the cloth, the overall cloth is more tightly packed, which means a denser feel and less shrinkage. The second factor is that a narrow fabric interacts with the beater differently than a wider fabric. There’s less friction. So, weaving a small sample is good, but know that small samples can lie.


Strategy 5: Make a full-size sample. Hey wait! Isn’t this what we were trying to avoid? Well, yes — and no. We want the accuracy of the full-size sample without having to weave the project twice. Here’s how to do that: make your best guess as to what shrinkage is going to be (option 3), plan your project accordingly, and then add 1 to 2 extra yards to the warp. You’ll use this extra yardage to weave a sample, cut it off, and then wash that sample to determine the actual shrinkage. Then you can add or remove warp threads from the project, until you get just the right amount to counteract your shrinkage. Not only do you get a full-size sample without having to weave it twice, you even saved having to wrap it twice, as in strategy 4.


In my own weaving, I tend to bounce around between strategies 1, 3, and 5, depending on how precisely I need to hit the project’s desired size.








How Structure Affects Outcomes


The structure you choose to weave has a big impact on the finished fabric. The way threads interlace and interact affects the fabric’s drape, loft, and shrinkage. It may also change the way the fabric needs to be sett. Like the scarf we’re planning here, many projects woven on a rigid-heddle loom are woven in plain weave, but that’s not the only option.For more structural choices, see chapters 5–7. When planning a project, you should understand how the structure will affect the fabric.


The best way to learn about a structure is to play with it. Weave samples without any goal other than learning how the structure works. If you weave samples in the yarn you intend to use for your project, you will also get information about the fabric’s draw-in and shrinkage after washing.
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Structure and width. If you choose to weave your woolen shawl in waffle weave without understanding that waffle weave can have a draw-in of 30 percent, you might be disappointed to discover that your finished “shawl” is only 7" wide!








Oh, Where Shall I Put My Face?


“Face” is a weaverly term that refers to whether the warp or weft dominates the fabric.


A warp-dominant fabric is one where you see more of the warp threads than the weft threads on the surface of the fabric. In a completely warp-faced fabric, the warp threads entirely cover the weft threads, and you see the weft only at the selvedges.


Similarly, a weft-dominant fabric is one where you see more of the weft than the warp as you look at the fabric. An example of a completely weft-faced fabric is tapestry, in which the beautiful designs created by the weft threads completely cover the warp.


A balanced fabric is one in which you see equal amounts of the warp and weft on the surface of the fabric. A fabric with more warp ends per inch (epi) than weft picks per inch (ppi) is likely to be warp-faced, and a fabric with fewer warp epi than weft ppi is likely to be weft-faced, though weave structure also plays a part. (See also Say What?.)
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The three fabric examples here illustrate weft-faced, warp-faced, and balanced weave structures. In tapestry weaving (top left), the weft completely covers the warp. In the pick-up patterning seen in traditional Andean weaving, such as this narrow band (bottom left), the warp completely covers the weft. (Warp-faced fabric is difficult to weave on a rigid-heddle loom, but you can use the loom as a frame to hold the warp, without threading it through a heddle.) In a balanced weave, warp and weft are equally visible (top right).











Sett for Success


Sett describes the number of warp threads in an inch when the loom is warped. If you count the number of holes and slots in an inch on a rigid-heddle, this gives you the default sett for that heddle. (Most modern heddles have this number printed somewhere on the plastic.) The more threads per inch that you have in your warp, the denser the finished fabric will be. Fabric density is one of the tools you have to build the fabric of your dreams. For a thicker, more durable fabric, set your warp tighter (more threads per inch). For a more flexible, thinner fabric, set it looser (fewer threads per inch). Because the heddle we’re using here has 4 holes and 4 slots per inch, our sett is 8 ends per inch.


Sett can also affect how easily a warp weaves up. If you set the warp too close together, the warp threads will rub against each other and abrade until tiny little fibers stick out from the warp threads and stick to each other when you try to open a shed. Even if you are able to weave off a too closely sett warp, you might find yourself creating the first Merino-silk trivet, instead of weaving a soft scarf. On the other hand, if you set the warp too open, it’s easy to accidentally create skips and floats in your cloth. The finished cloth might not hold together well enough for your intended purpose; warp and weft threads may slide out of position.
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Top right: The thin cotton warp threads are completely covered by the rayon chenille weft, creating a velvety, weft-dominant fabric.


Top left: The use of both thick and thin warp threads brings textural interest to this plain-weave fabric.


Bottom: An 8-dent heddle is warped with a sett of 8 ends per inch.






It’s interesting to note that some projects use setts outside the so-called normal range. Some examples of when you might encounter this are if you’re felting, playing with differential shrinkage, cramming or spacing a group of warp threads, or using both thick and thin threads in the same warp. This is why sampling is so fun; you can discover intriguing fabrics when you push the envelope.


So, if sett can be too close, and sett can be too open, how do you know what sett to use for a given yarn? This is the question that weavers ask themselves at the beginning of every project, and there are several ways to get the answer.







Sett Chart


The following setts are guidelines for weaving plain-weave fabric of a moderate density. If you want a fabric that is dense or airy, you’ll need to adjust the sett up or down, accordingly. If you are weaving a twill fabric, you’ll want to use a sett that is approximately 20 percent denser than the plain-weave sett. Other variables that might make you want to try a different sett for your fabric include the weft you use, irregularities in the thickness of the warp, or a fuzzy warp. When in doubt, weave a sample.






Knitting Yarns










	

Super Bulky




	

5 ends per inch





	



	

Bulky




	

6 ends per inch









	



Worsted




	

8 ends per inch









	



DK




	

10 ends per inch









	



Sport




	

12 ends per inch









	

Fingering




	

12 ends per inch









	

Lace




	

20 ends per inch 
(two 10-dent heddles)



















Weaving Yarns










	



3/2 cotton




	

12 ends per inch









	



10/2 linen




	

20 ends per inch 
(two 10-dent heddles)









	



10/2 cotton




	

24 ends per inch 
(two 12-dent heddles)









	



20/2 linen




	

24 ends per inch 
(two 12-dent heddles)









	



20/2 cotton or silk




	

36 ends per inch 
(three 12-dent heddles)









	



120/2 silk




	

144 ends per inch 
(6 threads in each hole and space of two 12-dent heddles)




















Wraps per inch. One method for estimating an initial sett is to wrap the yarn around a ruler until you’ve covered an inch or two of its length. Then count the wraps per inch, divide that number by two, and use that as a starting plain-weave sett. It’s not a bad strategy, and I’ve used it with some success. The thing to be aware of when using wraps per inch to estimate sett is that you can vary the wraps per inch depending on how tightly you pull and pack the yarn. It’s a simple method, but not very precise.
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Ask someone. This method is the fastest way to get started weaving when you have to weave a project right now and don’t have the extra yarn or time to bother with experimenting. Simply find someone who’s woven with the yarn and weave structure you intend to use and ask them their sett and how it turned out. This is one reason that belonging to a guild of fellow weavers is valuable: you can share the work of experimenting with new yarns.


If you don’t have weaving buddies to ask about sett, refer to the chart above for guidelines for some commonly used yarns, or go to one of the following resources for further information.




	Most introductory weaving books have a sett chart reference for common yarns.


	Published projects in sources like WeaveZine, Weaver’s Craft, and Handwoven magazines include sett information.


	Online references, including Handwoven magazine’s Master Yarn Chart, All Fiber Arts, and the New York Guild of Handweavers, provide sett information.


	Online retailers, such as WEBS, Halcyon Yarn, and Yarn Barn of Kansas, often list suggested setts for the weaving yarns they sell.


	Ask fellow weavers online through websites such as weaving Yahoo groups, Weavolution, and Warped Weavers on Ravelry.







(For web addresses for all of the above, see Magazines in the appendix.)


The downside is that if you consult an outside resource (such as a book or fellow weaver) you may find that your results differ from theirs because the yarn, your loom, the way you weave, your weave structure, or the humidity in your house, differs from theirs. When looking up sett, I often consult several sources and take the most common suggestion. Even then, I consider that only a starting point. If the cloth is not turning out how I’d like, I change the sett in the middle of a project. (For more about that, see Fabric That’s Too Dense or Too Loose.)


Experiment. There is no better teacher than the loom. If you keep records of your experiments, soon you’ll have your own custom weaving reference, completely accurate for you and your loom. I keep records of everything I weave in a notebook beside my loom where I jot details about what I’m doing, changes to my original plan, and ideas for future exploration. Often I learn the most from my disasters, and sometimes they pave the way to innovation. (For a sample of the form I use for recordkeeping, see Yarn Requirements.)


A fun way to try out several alternate setts is to weave a sample, cut it off the loom, and re-thread the yarn onto a new heddle with a different sett to weave another sample. In this manner you can try out several setts and only wind the warp onto the loom once.







Say What?


Weaving has its own terminology, which can be confusing until you learn what things mean. In this section, some terms to know are epi (ends per inch), which is the number of warp threads in one inch of warp width when the warp is on the loom, and ppi (picks per inch), which is the number of weft threads per inch of cloth length when the cloth is on the loom.


Together the epi and ppi define how densely woven the fabric is, and these factors vary depending on the thickness of the threads you’re using for warp and weft. You’ll see these terms used in the projects you’ll find later in the book.


If you see a sentence about sleying fear not: it simply means the act of pulling a thread through the rigid heddle; no humans (or vampires) will be harmed.








How Much Warp?


Once you know your finished dimensions, shrinkage, loom waste, and sett, you are ready to precisely calculate the length of warp to wind for your scarf. We want the scarf we’re using as an example here to be 8" wide and 72" long, with 8" long fringes at either end that we’ll twist into a shorter plied fringe later. The yarn we’re using is a worsted-weight yarn set at 8 ends per inch. We’ve sampled and know that we’ll have 12" of loom waste, 10 percent draw-in, and 15 percent take-up after the cloth is washed. I’ll walk you through a series of equations as an example of how this works.


Allow for draw-in. The first step is to figure out the width you need to weave so that, after draw-in and shrinkage, your textile will be the correct size. You know that the yarn you’re using for your 8" wide scarf shrinks 10 percent (0.1 as a decimal), so you learn that you need to make your warp 8.9" wide to have the finished fabric end up 8" wide. To make threading easier, I rounded this up to 9".




(finished width) ÷ (1−[draw-in as a decimal]) = (width in the heddle)


8" ÷ (1 – 0.10) = 8.9"


Allow for take-up. A similar equation works when applied to the length. Say that our sampling had shown a 15 percent take-up in length, and we want a finished length of 72". You learn that you need to weave 84.7" on the loom to end up with a textile 72" long.




(finished length) ÷ (1−[take-up as a decimal]) = (length to weave)


72" ÷ (1 – 0.15) = 84.7"


Allow for fringe (or hems). Because we want an 8" fringe at each end, we add this to the length without accounting for take-up because the fringe isn’t woven and thus doesn’t experience take-up. (If your project will have fringe at both ends, remember to add twice the length of the fringe to the length of the fabric on the loom; the same goes for fabric needed to turn a hem.)




(dimension to weave) + (2 × [fringe length]) = (length of fabric on the loom)


84.7" + (2 × 8") = 100.7"


How long a warp to wind. Keeping in mind how long your fabric needs to be on the loom and your loom-waste length, you’re ready to calculate the warp length. Divide this value by 36 (the number of inches in a yard) to get the minimum length in yards.
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