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                              KA 'AHA HUI NA'AUAO

KA PAPA’OIHANA-Traditional Knowledge Project: Nā Ki'i La'a (Makahiki 2010)
WOOD BASICS

La au (wood) is a very important material used by our kūpuna. They carved sacred images, made bowls and weapons from the many types of woods found here in Hawai‘i nei: tools readily shape it, dampness (especially with heat) helps it bend, and abrasion, as well as other stresses, grind it down only slowly.  No synthetic material equals wood for working qualities, and finished appearance, especially if we keep in mind the needs of the wood when working with it. The primary feature to remember:  wood moves.

Wood Growth
Photosynthesis grows trees, and all other green plants.  Energy from sunlight in a complex chemical reaction joins with water from the ground to form sugars, all taking place with the help of chlorophyll, the substance that gives green leaves their color.   

There’s no need to detail the entire journey of carbon dioxide passing into leaves through the stomata to join water rising from root hairs--where the water enters by osmosis.  Water--or sap--flows through the sapwood to the tree’s crown.  The sapwood is the living wood in a tree, and serves two purposes, aided in some cases by the heartwood that no longer transfers sap:  Wood provides strength to keep a tree standing; it also stores the food made by leaves.  The inner bark is the transfer agent for the food created in the leaves, which is the reason girdling  (or ring barking)a tree--removing the bark layers down to the sapwood--inevitably kills a tree.  New wood is produced in the cambium, which encloses the living parts of the tree trunk, or bole.
 Growth Rings

Wood shows growth rings in those parts of the world where seasonal growth stops for part of the year.  In tropical areas where seasonal changes don’t stop growth, there are no growth rings in the trees.
Heart Wood

 When sapwood is too far removed from the cambium to serve as a sap flow agent, chemical changes occur, changing its make-up, and, often, color.  Heartwood is thus formed. Once heartwood starts to form, a tree is reaching for maturity.  It may have decades, even centuries, to go, and there are all sorts of failures along the way, but tree growth continues. 
Tree Cell Structure
Different cell structures in the tree create different handling needs for particular parts of a tree, and for particular trees. This is an incredibly complex subject, and I hope to simplify it, without losing too much meaning, because the different characteristics of hardwoods and softwoods, as well as the different characteristics of different kinds of hardwoods, depend on these cell structure types.  


Softwoods and Hardwoods.  The definition is simpler than we might expect, but has nothing to do with hardness or softness.  Cone bearing trees, or conifers, that do not drop their needles (leaves) are generally classed as softwoods.  A few are deciduous--leaf dropping--but by far the greatest number are not.  These are the gymnosperms, a plant grouping that has naked seeds.  Hardwoods come from broad-leafed trees, usually 
deciduous, but not always (the live oak is an example of an evergreen hardwood--and its wood is very hard and 
durable: with protected seeds, or angiosperms.  Note that the definitions really have nothing to do with softness or hardness.  As a rule, softwoods are less strong than hardwoods, less dense, and lighter. Balsa is a hardwood, as is tulip poplar in the domestic varieties. Both are softer than the trees classed as southern pine, and are much less strong, and lighter. Balsa is the lightest commercially available wood (and is similar to our hau tree and wiliwili).

Softwood Structure
Softwood structure is simpler than hardwood structure. The primary softwood cell is a long, hair-like structure, usually about 100 times as long as it is wide.  The various species have different cell length; an average cubic inch of softwood can contain some four million of these cells.  Texture in softwood is based on the diameter of the cells, with redwood having the largest, and, thus, the coarsest texture.  Fine textured woods have smaller diameter cells, often as small as 1/3 the diameter of the redwood (the range is from 20 to 60 microns). There is a difference, in the same tree, in diameter of the cells in early-wood and latewood.  
The early-wood may be larger in diameter, and the cell walls may also be thinner. The variation from early-wood to latewood determines the evenness of the grain: in the southern pines, the difference is extreme, often as much as triple. In other woods, there is little variation. Early-wood erodes at a faster rate (during sanding, after the project is finished and in use).
Many softwood, or coniferous, species also offer us resin canals, lined with living cells that ooze resin into the 
canals.  Normally, these canals are found, in North America, in pines, spruces, larches, and Douglas firs. Our hardwoods don’t have them--but some exotic species do. Resin canals in pines are often large enough to be seen with the naked eye. Softwood rays are usually a single cell wide, but may be 40 times as long, and are just about invisible without a microscope. 
Hardwood Structure
Hardwood structures are far more varied than softwood structures. There are several immediate differences: North American hardwoods lack resin canals--though you’ll find gum ducts in some tropical exotics. Rays in hardwoods are the most obvious difference in many cases, especially in oaks where quarter-sawing produces a pronounced, ray pattern. Softwood rays are invisible until one slaps a magnifier on the wood. To keep this explanation as short as possible, we’ll look at the sap conducting cells for hardwood: these are called vessel elements, are of large diameter, and have thin cell walls, and no end walls.  They’re arranged in the tree in an end-to-end pattern, thus forming a canal for sap. The smallest thickness cells in a hardwood tree are the fibers, which have closed ends and thick walls. These provide strength.
When vessels are cut across their ends, they form pores so that hardwoods are also classed as porous woods (softwoods are non-porous).  Some hardwoods are listed as diffuse porous, and others as ring porous.  Both sound more complex than they really are:  ring porous woods have the pores arranged in concentration in the early-wood; diffuse porous woods have pores arranged fairly evenly throughout the wood, which makes for a smoother wood.  
Oaks are ring porous woods.  Cherry is a diffuse porous wood, as are maple, birch, basswood and tulip poplar). And there are groups of woods that fall between the two extremes, forming semi-ring porous woods. 
Pore size is also a gauge of texture, oak being a rough-textured and cherry, maple and other smaller pored woods smooth-textured.  Tyloses are a structure that forms in some hardwoods. Tyloses are sac-like parts that appear in the cavities between vessel elements. Some species have them thickly, as in white oak, and others, such as red oak, and hickory, have very few. Tyloses obstruct the flow of air or liquids through wood, making species packed with them much better for making barrels, boats where liquids must be kept in—or out.

To further complicate hardwood structure, there are other longitudinal cells to go with fibers, though none can be seen individually. Masses are easily told from surrounding cells, with fibers usually showing up darker, while two other types, tracheid and parenchyma cells, show-up lighter.  Of real value to the woodworker only when microscopic identification of wood is needed, these are covered no further here as individual entities, but these three types of cell make up hardwood rays.
Small rays may be only a single cell wide, but others may be 40 cells wide and very long (white oak rays to four inches length are uncommon, but present).  Rays are planes of structural weakness, and checks may form along their planes. They also provide a natural plane for splitting woods, as in shingle making with a froe and mallet.  
Getting a smooth surface with rays can be work--though it’s possible. The larger the rays, the larger the problem--chip tear-out relates to ray size. When carving wood with rays, work a bit across the grain, instead of dead-on the grain, and you’ll get less tear-out. It is also advisable to make sure that tools are freshly sharpened, and cleanly honed.
EXPOSURE 
Direct exposure to the sun's heat causes drying, which makes wood shrink. Continuous cycles of wet and dry, swelling and shrinking, cause wood to warp, split, crack and check - all of which lead to premature wood degradation and expensive repairs. 
Unprotected wood is also subject to surface graying caused by constant exposure to the sun's ultra-violet rays. Persistent moisture exposure creates ripe conditions for the growth of mildew, mold, algae and other fungal organisms that feed on wood, eventually spreading across and staining the surface. Termites and other wood boring insects also use wood for a food source, causing ultimate wood rot and decay. 

Growth rings-Early-Wood and Latewood
Where there are clear seasons, growth can occur in a discrete annual or seasonal pattern these can usually be most clearly seen on the end of a log, but are also visible on the other surfaces. If these seasons are annual these growth rings are referred to as annual rings. Where there is no seasonal difference growth rings are likely to be indistinct or absent. If there are differences within a growth ring, then the part of a growth ring nearest the center of the tree and formed early in the growing season when growth is rapid, is usually composed of wider elements. It is usually lighter in color than that near the outer portion of the ring, and is known as early-wood or springwood. The outer portion formed later in the season is then known as the latewood or summerwood.
Knots
A knot is a particular type of imperfection in a piece of wood; it will affect the technical properties of the wood, usually for the worse, but may be exploited for artistic effect. In a longitudinally-sawn plank, a knot will appear as a roughly circular "solid" (usually darker) piece of wood around which the rest of the wood "flows" (parts and rejoins). Within a knot, the direction of the wood (grain direction) is up to 90 degrees different from the grain direction of the regular wood. In the tree a knot is either the base of a branch or a dormant bud. 
During the development of a tree, the lower limbs often die, but may persist for a time, sometimes years. Subsequent layers of growth of the attaching stem are no longer intimately joined with the dead limb, but are grown around it. Hence, dead branches produce knots which are not attached, and likely to drop out after the tree has been sawn into boards.

In grading lumber and structural timber, knots are classified according to their form, size, soundness, and the firmness with which they are held in place. This firmness is affected by, among other factors, the length of time for which the branch was dead while the attaching stem continued to grow.

Knots materially affect cracking (known in the US as checking, and the UK as shakes) and warping, ease in working, and cleavability of timber. They are defects which weaken timber and lower its value for structural purposes where strength is an important consideration. The weakening effect is much more serious when timber is subjected to forces perpendicular to the grain and where under load along the grain. 
The extent to which knots affect the strength of a beam depends upon their position, size, number, and condition. A knot on the upper side is compressed, while one on the lower side is subjected to tension. If there is a season check in the knot, as is often the case, it will offer little resistance to this tensile stress. Small knots, however, may be located along the neutral plane of a beam and increase the strength by preventing longitudinal shearing. Knots in a board or plank are least injurious when they extend through it at right angles to its broadest surface. Knots which occur near the ends of a beam do not weaken it. Sound knots do not weaken wood when subject to compression parallel to the grain. In some decorative applications, to add visual interest, wood with knots may be preferred.
 Heartwood and sapwood: 
Heartwood is wood that has become more resistant to decay as a result of deposition of chemical substances (a genetically programmed process). Once heartwood formation is complete, the heartwood is dead. Some uncertainty still exists as to whether heartwood is truly dead, as it can still chemically react to decay organisms, but only once.

Usually heartwood looks different; in that case it can be seen on a cross-section, usually following the growth rings in shape. Heartwood may (or may not) be much darker than living wood. It may (or may not) be sharply distinct from the sapwood. However, other processes, such as decay, can discolor wood, even in woody plants that do not form heartwood, with a similar color difference, which may lead to confusion.

Sapwood is the younger, outermost wood; in the growing tree it is living wood, and its principal functions are to conduct water and to store up and give back according to the season the reserves prepared in the leaves. However, by the time they become competent to conduct water, all xylem tracheids and vessels have lost their cytoplasm and the cells are therefore functionally dead. All wood in a tree is first formed as sapwood. The more leaves a tree bears and the more vigorous its growth, the larger the volume of sapwood required. Hence trees making rapid growth in the open have thicker sapwood for their size than trees of the same species growing in dense forests. Sometimes trees (of species that do form heartwood) grown in the open may become of considerable size, 30 cm or more in diameter, before any heartwood begins to form, for example, in second-growth hickory, or open-grown pines.

The term heartwood derives solely from its position and not from any vital importance to the tree. This is evidenced by the fact that a tree can thrive with its heart completely decayed. Some species begin to form heartwood very early in life, so having only a thin layer of live sapwood, while in others the change comes slowly. Thin sapwood is characteristic of such species as chestnut, black locust, mulberry, osage-orange, and sassafras, while in maple, ash, hickory, hackberry, beech, and pine, thick sapwood is the rule. Others never form heartwood.There is no definite relation between the annual rings of growth and the amount of sapwood. Within the same species the cross-sectional area of the sapwood is very roughly proportional to the size of the crown of the tree. If the rings are narrow, more of them are required than where they are wide. As the tree gets larger, the sapwood must necessarily become thinner or increase materially in volume. Sapwood is thicker in the upper portion of the trunk of a tree than near the base, because the age and the diameter of the upper sections are less.

When a tree is very young it is covered with limbs almost, if not entirely, to the ground, but as it grows older some or all of them will eventually die and are either broken off or fall off. Subsequent growth of wood may completely conceal the stubs which will however remain as knots. No matter how smooth and clear a log is on the outside, it is more or less knotty near the middle. Consequently the sapwood of an old tree, and particularly of a forest-grown tree, will be freer from knots than the inner heartwood. Since in most uses of wood, knots are defects that weaken the timber and interfere with its ease of working and other properties, it follows that a given piece of sapwood, because of its position in the tree, may well be stronger than a piece of heartwood from the same tree.

It is remarkable that the inner heartwood of old trees remains as sound as it usually does, since in many cases it is hundreds, and in a few instances thousands, of years old. Every broken limb or root, or deep wound from fire, insects, or falling timber, may afford an entrance for decay, which, once started, may penetrate to all parts of the trunk. The larvae of many insects bore into the trees and their tunnels remain indefinitely as sources of weakness. Whatever advantages, however, that sapwood may have in this connection are due solely to its relative age and position. If a tree grows all its life in the open and the conditions of soil and site remain unchanged, it will make its most rapid growth in youth, and gradually decline. The annual rings of growth are for many years quite wide, but later they become narrower and narrower. Since each succeeding ring is laid down on the outside of the wood previously formed, it follows that unless a tree materially increases its production of wood from year to year, the rings must necessarily become thinner as the trunk gets wider. As a tree reaches maturity its crown becomes more open and the annual wood production is lessened, thereby reducing still more the width of the growth rings. In the case of forest-grown trees so much depends upon the competition of the trees in their struggle for light and nourishment that periods of rapid and slow growth may alternate. Some trees, such as southern oaks, maintain the same width of ring for hundreds of years. Upon the whole, however, as a tree gets larger in diameter the width of the growth rings decreases. Different pieces of wood cut from a large tree may differ decidedly, particularly if the tree is big and mature. In some trees, the wood laid on late in the life of a tree is softer, lighter, weaker, and more even-textured than that produced earlier, but in other trees, the reverse applies. This may or may not correspond to heartwood and sapwood. In a large log the sapwood, because of the time in the life of the tree when it was grown, may be inferior in hardness, strength, and toughness to equally sound heartwood from the same log. In a smaller tree, the reverse may be true.

Preservatives
My favorite wood sealer and preservative is Danish Watco clear (it comes in quart or pint size cans and can be found at all hardware stores. For certain carvings I use traditional Kukui nut oil and we will have a session on how to make Kukui nut oil for wood preservation. With the introduction of ants Kukui can pose a problem since ants love Kukui nut oil. Also termites another introduce pest to our island homeland loves to eat wood and can destroy an art piece or sacred image in a week. Other pests like the wood boring bug have damage priceless wood carvings along with that giant black bumble bee you see buzzing around trees.

Learning to sharpen carving tools takes time, patience and practice, much like carving. I tell my students to treat sharpening as an art in itself. Of course, the real joy comes when they use a wonderfully sharp tool, which doesn't just cut wood but leaves the surface beautifully burnished - shiny, smooth, without any nicks or scratches.

There are a great variety of sharpening materials available - all manner of electric grinders, natural and man-made stones and honing compounds. I hold no brief for any particular machine or stones. More important than the choice of sharpening system is knowing what shape is required for carving tool's edge. Outside and internal bevels and the angle of the cutting edge relative to the tool's shank all have a vital bearing on how well the tool will behave in wood. I recommend that most tools be honed with inside and outside bevels of about 10 degrees.

Now this isn't rocket science, so a degree or two off won't blast your carving skills out of orbit. But aim for consistency. Later on you may wish to experiment with different angles to see what suits your style of work, and you may indeed find that changing some angles will be advantageous.

All tools require an edge that's square to the shaft
Sharpening by hand is of course the traditional method for getting a good edge. If you're a beginner, this method can be instructive because you can see the tool's edge taking shape, albeit slowly. It's easy to make corrections without removing too much metal or overheating the tool, which can destroy its temper.

There are two basic steps to sharpening carving tools. First, you have to shape the edge of the tool relative to the shaft (see the photos at right). Second, you must hone and strop the bevel(s).

Most carving tools work best with a cutting edge that is square to the shaft. If the corners or wings are rounded, you cannot get the entire cutting edge to arrive at the same depth when setting in(cutting down into the ground of a carving). Or, if you try to slide the edge of a rounded gouge into a small corner to remove wood, the nose or tip of the tool will get in the way. You will also have problems if the nose of the blade is ground wasy more than the wings. Skew chisels, whose blades ar purposely angled, are the only exception.

A blade is easily squared by holding the tool vertically and dragging it back and forth over a coarse stone. Don't worry about the bevel now; just square the cutting edge relative to the shank.

The next step involves honing the bevel edge(s). Some tools have bevels on both sides of the edge; other tools have only an outer bevel. Much of the honing can be done on the same benchstones you use to sharpen other tools, such as bench chisels and plane irons. For honing the inner edges, you will need smaller stones, called slip stones, and these come in a variety of shapes to fit different tools. Go through successive grits, as you would when sharpening your other bench tools.

After an edge has been honed, a sliver of metal, called a wire edge, remains on the opposite side just sharpened. To remove it, and finely sharpen the edge even more, I strop the edge using a piece of leather (2-oz. shoe sole leather, which is available from a cobbler) to which has been added a small amount of metal polishing compound, such as jeweler's rouge.

Chisels are the easiest of tools to sharpen
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Although a straight #1 is not used much in the European style of carving, it is useful for lettering. The #1 is therefore sharpened on both sides, which also helps it reach into nooks and crannies.

Grip the chisel in your right hand, and place your index finger atop the blade (see the top photo on p. 66). Place the fingers of your left hand over the right index finger, and move the tool back and forth, sideways across the stone, holding it at 10 degrees. Work from coarse to fine. Both sides of a chisel can be sharpened in this manner. For skew chisels, hold the chisel at the skew angle to the stone, and swipe it back and forth. Finish by stropping with leather charged with metal polish.

Gouges require a smooth, rotating technique
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To carve smooth, long sweeps, gouges require shallow bevels that allow the tool to be held at about 25 degrees to the work. I recommend a continuous 10 degree outside bevel for most gouges.

It's best to practice your sharpening on a shallow gouge first, such as a #3. (For more on selecting carving tools, see FWW #122, pp. 80-83). To hone the outside bevel, grip the gouge with your right hand, and lay your index finger inside the flute. Allow the handle to run up the under side of your right wrist so that your whole forearm and chisel address the stone at a consistent angle. Place your left hand over your right to apply extra pressure (see the bottom left photo on p. 66).

Slide the gouge from side to side while simultaneously rotating it so that you reach the end of each sweep at the corner of the blade. Continually check the blade to make sure that the metal is being removed evenly, paying attention to those areas that need more work. With high-section, deep-fluted tools like a #11 gouge, you will have to split the task into three actions, the two sides and the middle section. The bevel from the heel to the cutting edge should be straight and neither convex nor concave.

I also remove the ridge at the heel, where the bevel meets the shank, by swiping it across the benchstone in a rolling motion. Rounding this region will make your carving flow better, particularly when using spoon gouges. For delicate carving, it's also a good idea to remove a small amount of metal on the side of the gouge (see the bottom right photo), which will prevent the tool from becoming a wedge in deep, stabbing cuts. Finish by stropping the bevels with leather and metal polish.

To check for sharpness, I hold a tool so the blade is facing me. A sharp edge will look like a thin smile and not reflect light. If it looks good, I make a test cut on a piece of soft pine, cutting at an angle across the grain. If the tool leaves scratch marks, it means the edge has a dull spot or a nick, and I sharpen that area some more.

A gouge with only a back bevel is delicate because the cutting edge is very thin and will snap off when carving hardwoods. That's why you have to open the mouth or hone a narrow bevel on the inside face of the cutting edge. An inside bevel strengthens the cutting edge and enables you to carve with the inside of the gouge.

The easiest way to hone the inner bevel, which should also be 10 degrees, is to move a slip stone from side to side. Alternately, you can clamp your stone to the bench and move the gouge across it. Again, if the bevel is too steep, you will not be able to work at a low enough angle to get smooth, flowing cuts. This method will create a good everyday gouge.

When your bevels are crisp, hone them using a piece of leather charged with metal polish. For the inside bevel, fold a piece of leather, or wrap it around a dowel.

V-parting tools require the most patience
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V-shaped tools such as parting tools and veining tools cause carvers the most misery because they are unforgiving when sharpened poorly. They need to be sharpened keenly and evenly. First be sure the edge is square to the shank. Then sharpen each bevel separately, being carefrul to remove the samve amount of material on both wings. Hold the tool as you would a chisel, tilted up 10 degrees and perpendicular to the stone, and move it grom side to side. 

Be careful not to round the outer deges or hook the base. Once wthe wing bevels ar ground, you will have what could be described as a keel at the bottom where the two sides meet. Hone back the keel about 10 degrees (see the photo at left above). Finally, round the edge of the keel to give it a U-shape (see the photo at right above). To prevent both sides of the tool's heel (where the outside bevels meet the shank) from catching, slightly round these areas, too (see the drawing above).

You do need a V-shpaed slip stone, of the same angle or less, to remove the burr on the inside face, but don't hone a bevel on the inside. Finish off by stropping. Expec the V-tool to require more stropping than other carving tools before it creates a clean cut.

Maintaining and storing carving tools
Your tools will retain their edge with an occasional stropping. Every now and then they will have to be rehoned. They should be picked up separately and put down in such a way to prevent them from knocking together and chipping an edge. When you carve, place the tools you are using in a line with the cutting edge facing you. In this way, you will immediately be able to select the tool you require, then pick it up and carve.

