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WORKSHOP GUIDE

i

WORKING GRLEN WOOD

o Wear stosl toad work boots and a hard
hat when felling a tree; avoid loose cloth
ing that could cateh in limbs

o Weoar eye protection when splitting wood
with iton wedges and a sledgehamimer

o Koop chasin saws sharp and in good
working condition

SAFETY TIPS
BENDING WOOO

o Alwiys operate propane fired steamers
outdoors 10 reduce the Tire hazan

o Whehn working with esolic woods, wear
a respiator, the sawdusl May Cause an
allergic reaction

* Always ine heavy work gloves when
handling stearmed wood

® Keop culting edges sharp avold Using
tools with dull of nicked biades

o Cul away from your body and keep youl
hands behind the cutling edge

VENLERING
o Slore solvents and chemical linishes
in well.marked, dark glass containers

WORKING GREEN WOOD

Green woodworking shops are often sel
up in sheds, outbulldings, or outdoors
Space is required for a workbench with
face and tail vises and a shaving hore
Plan on sufficlent storage space for hand
tools, and a dedicated sharpening area, A
wood stove is useful for heating the shop
in winter and drying stock. Natural light
Ing is important

BENDING WO0D

Since » considerable amount of humidity
and condensad water is generated in steam
bending, locate your shop in an outbuild
ing or a well-ventilated extension 1o the

TIPS FOR SETTING UP A SHOP

main shop, Wood steamers should never
be used indoors i they are propane fired
A wide selection of clamps is essential
Provide plenty of storage space for lum
ber, sheel materials, and assorted bend
ing forms. Natural and artificial lighting
are needed for finishing benlt pleces

CARVING

Because of the small scale of the work,
space is not a central requirement for a
carving shop, If possible, situate a cary
ing banch near a north-facing window 1o
provide indirect light. As a substitute,
use a desk lamp. Store sharpening tools
together; set up a dedicated sharpening

area ol one end of your bench or on a
separate lable

VINLTRING

You will require al least one wide work
table with adequate room to cut, glue,
and lay veneer, as well as sufficient stor
age space for specialized venoer tools
Depending on the scale of your work, it 1§
a good idea to have more than one veneer
press. Yentilation is important to prevent
dust particles from getting under your
veneer, Store veneers in a cool, dry area
Stack the sheets in small, lat bundles,
weighted and covered with a dust sheet
to prevent fading from exposure 1o light

FINISHING TIPS
TYPE OF FINISH TYPE OF PROJECT
Green wood Bentwood Carvings Veneers
Vamish Stools and chars Bent pieces or laminates of highly Outdoor canvings Rarely used
after drying figured or exotic hardwood where  (marine varnish)
natural grain is to be featured
Lacquer Stools and chairs Bent pieces or laminates of highly Sealer on carvings Fine or rare veneers
after drying figured or exotic hardwood where 1o be painted where natural grain
natural grain is to be featured is to be featured
Stains Rarely used Rarely used Light-colored wood Rarely used
Oils Turned projects (bowls,  Bent pieces where natural grain Highly detailed relief All woods, but especial-
utensils, and tool han 15 to be featured or chip carvings ly naturally oily ones
dles); also applied to milk- like teak, rosewood,
painted stools and chairs, mahogany, and walnut
French Rarely used Any work where a high- Carvings in dark woods Any work where a
polish gloss finish is desired with pronounced grain as  high-gloss finish is
well as those with broad .~ desired
shapes and few details
Paste wax Over painted surfaces Often applied over All work except painted Often applied over
lacquered surfaces carvings lacquered veneers
Paint Milk paint typically Milk paint typically used with Wildlife carvings and Rarely used
used on stools and Windsor chairs; other paints architectural work
chairs sometimes used with bent

plywood laminations
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INTRODUCTION

Drew Langsner discusses

WORKING
GREEN WOOD

I first became interested in traditional woodworking in 1972 while traveling in the
Swiss Alps. I spent a few days at a remote Alpine cabin and the nearest nuohhm
was a herder and cheese maker whose milk and cream containers were old and very
beautiful. The tubs and buckets were coopered and held together with perfectly craft-
ed wooden hoops. These containers were still being made by an old man in the area,
Reudi Kohler. His workshop was a converted horse stall on the ground level of the
19th Century chalet where he lived. The shop was about 10 feet wide and 20 feet
deep. Along one wall was a massive, homemade joiner’s workbench. Front and cen-
ter was his shaving horse. He also had an old 30-inch band saw, a wood lathe, and a
huge combination planer/jointer/table saw. The shelving above his bench was filled
with well-used hand tools. On the opposite wall was a display cabinet with examples
of his craft for sale.

Several weeks after my first visit, I returned to Kohler’s shop to ask if he would con-
sider taking on an apprentice. To my surprise, he agreed. I spent that summer learn-
ing the rudiments of a very challenging craft: using the splitting froe, broad hatchet,
various drawknives, spokeshaves, and a variety of other simple hand tools that are used
to work wood directly from a tree.

My workshop in the mountains of North Carolina is similar to my teacher’s. I
now have a Swiss workbench, and an excellent selection of very good hand tools.
The seat of my shaving horse—the one I am using to drawknife a chair rung in the
photo—is polished from more than 20 years of use. Like my teacher, I also use
machinery to free up time for hand-tool work, which is where I find real enjoyment.

Although I started out learning cooperage, I now make ladderback and Windsor
chairs, and 1 enjoy carving spoons and large bowls in the Scandinavian tradition.
With each of these crafts, | began working in a conservitive, traditional way. But
gradually, as | gained skill and an understanding of why the old patterns were followed
in a particular way, [ began to develop my own design variations. I have the highest
respect for the master woodworkers of the past. But at the same time I also want to
make my own contribution to the crafts that have meant so much to me.

Drew Langsner of Marshall, North Carolina, is the

author of books and articles on green woodworking.
He also runs Country Workshops, offering classes on
chair making, coopering, and Swedish woodenware.




INTRODUCTION

Michael Fortune on

BENDING WOOD

M ost of the wood we use to make furniture is sawn into rectilinear planks from
trees that are anything but rectilinear. The boards are virtually extruded from
the tree “straight and true” with little regard for grain direction. Creating interest-
ing furniture from the boards multiplies the problem as we saw curves and shapes,
often creating weak cross-grain components.

The product of this method often fails: The chair leg, for example, that breaks
because its curved shape cuts across the grain of the board from which it was sawn.
Cutting the shapes we need from tree branches is one answer but somewhat imprac-
tical nowadays—especially when the tree with just the right crook is probably grow-
ing in your neighbor’s front yard!

Another answer is to bend the wood to the shape you need. One of the pioneers
in that field was a European cabinetmaker named Michael Thonet, who mass pro-
duced bentwood chairs at the turn of the 20th Century. Years of trial and error even-
tually led Thonet to discover the key elements that allowed wood to be bent with
great success. Those basics are explained in the bending chapter starting on page 40.
The chapter also explains other wood-forming mhmqms such as strip laminating
and forming wide panels, which actually make the wood dramatically srmnwrthdn
the orluma.l individual pieces. The technique of coopering—joining boards edge to
edge to create curves—is also illustrated.

There is a mystery surrounding the process of bending wood. Some people try

it and find it virtually nupmmblu But once you have mastered some basic tech-
mquu your desire to reproduce timeless antiques or execute imaginative new designs
will not be limited to the shape of boards in the lumberyard. Making a umuml
and strong chair leg, a curved table apron, or a bow front cabinet will all be within
your command.

Good luck in your projects. I hope you find wood forming as rewarding as I have.

Michael Fortune is a Toronto-based furniture designer who lec-
tures throughout North America. His work earned him the 1993

Saidye Bronfman Award. Fortune’s works are featured in the
permanent collection of The Canadian Museum of Civilization.










INTRODUCTION

Tan Agrell talks about

CARVING

hen I was sixteen and in the British Army, I was told that I had to develop a

hobby. It was the freezing winter of 1962 and I didn’t fancy playing soccer out-
side. I had always enjoyed art projects in school, and so with the knowledge that the
art class had a particularly large furnace, I started my carving career. My first project
was a ferret carved in pine. This was followed by other animals worked in wood,
alabaster, and even soap.

Later, when I wanted to make my living as a carver, I decided that I had better
broaden my knowledge of the craft. Classical carving—modeling works on the archi-
tecture and decoration of ancient Greece—was the logical place to start. It is an
essential skill of a professional carver.

[ was trained in London by some of the older master carvers. These men came from
a long tradition of artisans who guarded the secrets of carving very closely. It was
tough prying little hints and tips from them. But, together with other students wish-
ing to learn from the masters, I managed, and tried to save the knowledge to pass on
to the next generation of carvers.

As a carver, you need to have a clear understanding of your project before a chis-
el touches the wood. This should be accomplished by drawing, modeling, or copy-
ing an object. [ am not in the business of “feeling” my way in as artists do when they
create original works. In my shop, we must accurately estimate the time and mate-
rials needed to produce the highest quality product and deliver it on time.

Study the underlying structure of the piece that you are carving,. Observe the con-
tours and carve them accurately. Don’t get confused by all the details and start carv-
ing them until you are sure the skeleton of the work is in place. The movement and
flow of a carving will distinguish a good carver—one who has an understanding of
the medium. Observe the movement of the clothes on a twisting body or a flame
licking up a chimney and use these observations in your work. The same law applies
whether you are carving an acanthus leaf or an otter chasing a salmon.

Ultimately, a carver uses his skills to recreate in wood what he sees in the world.
Consequently, a good carver is one who is constantly learning to observe.

Tan Agrell was elected to the Association of British
Master Carvers in 1981 and is now the principal
instructor at The School of Classical Woodcarving in
Sausalito, California. His workshop also undertakes
furniture-making and carving projects.
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INTRODUCTION

Silas Kopf discusses

MARQUETRY

Woodworking is a complex craft with many different aspects, and I suspect
that marquetry can appear to be impmsnbl\ difficult to the novice. In learn-
ing to build furniture I concentrated on joinery and solid wood construction. But after
a while I started to pay attention to historic furniture and wondered how certain
design elements were accomplished. I had a particular interest in the turn-of-the-cen-
tury French Art Nouveau furniture of designer Emile Gallé and cabinetmaker Louis
Majorelle, which used marquetry decoration. Eventually I became aware of Italian
Renaissance woodwork and 18th-Century French furniture, which also relied heav-
ily on marquetry.

My goal with marquetry is to incorporate a pictographic design into a piece of
furniture so that both are enhanced. The decoration is often the focus of the piece,
but the design will ideally lead the viewer into the form and function of the whole.
It is important to me to “celebrate” the fact that the piece is being done with wood.
The dining room sideboard shown in the photo is made of mahonam with imbuya
as the main wood in the marquetry—a cardinal motif.

Most of my marquetry is cut on a scroll saw using a technique called double-bev-
el cutting. One piece of veneer is laid on top of another and the twa pieces are cut at
the same time. Every cut then has two pieces of wood that fit together and two waste
pluu The sawing is done at an angle so the piece on top is \]Ik.h["- larger than the
piece below, and when they end up on the same plane the gap left by the saw kerf
is eliminated. The two pieces of veneer are then Iaped together. The dulﬂn is trans-
ferred to the work and the next piece of the picture is added in the same w ay. This
process is repeated— cut, tape, draw, cut, tape, draw—until the entire picture is
assembled. It is then treated like any other sheet of veneer, to be g glued and incorpo-

rated into the furniture.

Marquetry and complex veneering can be used to advantage by designers and
craftsmen alike. We can distinguish our work and provide that element of individ-
ual “personality” to a piece of furniture. My advice to others would be to look at
antiques, experiment, and have fun.

Silas Kopf has practiced marquetry for 18 of his 20 years
as a woodworker. He studied at Ecole Boulle in Paris
under master marqueteur Pierre Ramond. He now runs
a woodworking shop in Northampton, Massachusetts.
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WORKING GREEN WOOD

I n an era of kiln-dried lumber
and power tools, working fresh-
ly cut wood seems more than a lit-
tle whimsical—a throwback to a
bygone era when itinerant wood-
carvers, turners, and chair-makers
would travel from town to town,
sizing up the trees and the local
demand for hayforks, barrels,
bowls, chairs, shingles, and baskets.
In England in the late 19th Cen-
tury, craftsmen known as chair
bodgers would set up shop just
outside town. The surrounding
trees provided the bodger with
all the raw materials for his mill,
shop, and home. Starting with a
minimal tool kit, he could fashion
many of the other tools necessary
to fell, split, and shape local trees:
items like clubs, gluts, tool handles,
a pole lathe powered by a treadle,
and the heart of the green wood-
shop, the shaving horse (page 26).
Some of the tools used in the mod-
ern green woodworker’s shop are
shown beginning on page 16.
Today, revivalist movements in

England and North America have rediscovered the simple,
elegant tradition of green woodworking. Yet there is more to
working green wood than simple nostalgia; there are a num-
ber of good reasons to work with wood from freshly felled

A single log can usually furnish all the wood needed for a chair or
stool—often with plenty to spare. At left, a bowsaw cuts a blank
for a stool seat from a poplar log. The blank will later be shaped
with a variety of tools. See page 29 for a photo of the finished stool.

Windsor chair making is one craft tailor-made
for green woodworking. Most of the elements of
the example shown above—the legs, spindles,
stretcher, rungs, and continuous arm
riven and shaped from green wood by North
Carolina woodworker Drew Langsner.

were

trees. Because the wood is swollen
with moisture, it splits, cleaves, and
bends more easily than dried wood.
It is also softer and easier to shape
with drawknives, spokeshaves, and
other hand tools. Second, cleaving
wood from a log yields wood of
greater strength because the break
follows the wood fibers rather than
shearing them, as a sawmill does.
Third, wood seasons, or dries, bet-
ter if it is shaped while still green. A
cylindrical chair rung will season
more quickly and be less prone to
cracking than a board, which may
cup or check. Last but not least, the
quiet cleanliness of working green
wood by hand is a refreshing depar-
ture from the din and dust of the
modern woodshop.

The chapter that follows takes
you through the craft of green
woodworking, from the basics of
felling and harvesting a tree (page
22), to cleaving, or riving, stock
from the log (page 24), and shap-
ing the stock into a finished project
(page 30). Along the way, you will

discover that following a tree’s unique shape and form will
help you produce equally individual finished pieces. And, as
green woodworking proponents are quick to add, you may
also experience a more relaxed way of working with wood.

v
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GREEN WOODWORKING TOOLS

TOOLS FOR HARVESTING AND RIVING WOOD

Iron wedges

Used with sledgehammer to split
bucked logs into halves and quarters.
Wedge is pounded into end of log with
sledgehammer; as riving proceeds, addi-
tional wedges are inserted in the split

Froe
A combination wedge
and lever used torivelog ™=

sections into blanks. Back of 12-inch

iron blade is struck with mallet or wooden

club to penetrate log; froe is then levered to split it

Kerf splitter
Flastic wedge
inserted into chain
saw kerf to prevent
saw from binding and getting &3
stuck under the weight of a log ‘ i\

Hewing hatchet
For rough shaping
of green wood; beveled
on one side only for
straight cutting

Wood hook
Used in pairs to
move bucked logs

Sledgehammer
Used with wooden
glut or iron wedges
to split bucked logs

Froe club
Used with froe to
rive blanks from log
= quarters; should
e . 9 be hewn from limbs
NS : X of trees with dense,
straight-grained

S hardwood (page 25)

Used to move felled logs u
to 2 feet in diameter; available in 2-
to 5-foot length: A similar tool called
a peavey features a spike at the end

Wooden glut
Wooden version of
iron wedge: typically
hewn from limbs of
dense, straight-grained
hardwoods (page 25)

Felling ax
Also kriown as polled ax.
Traditionally used to fell and
limb trees; severs fibers in a rived
split or acts as a wedge that can be driven
with a wooden club. Broad, thin “%-inch blade allows

for maximum penetration; handle is about 3 feet long

Chain saw

Used to fell trees and buck
(or crosscut) logs into workable
lengths; small 14- to 16-inch model typically
used. Ensure teeth are sharp and saw is in
g4ood working order
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STOCK PREPARATION AND BORING TOOLS

Brace and bits
Used with auger or spoon bits to bore holes in green
wood workpieces such as chair legs; features reversible
ratcheting action. General-purpose auger bits (above,
top) have a lead screw and sharpened cutting spurs;
spoon bits (above, bottom) cut cleaner holes

Bark spud
Used to remove bark

from loge; 4 “-inch blade is
beveled on one side only for straight cutting

Bowsaw
For cutting
curves; blade,

typically 12 inch-
es long, is held
in tension by
tourniquet

Coarse-tooth
handsaw
Used to cut
rough stock
to length

S

Carving hook
Small double-
beveled inshave
for hollowing out
smaller pieces
such as bowls
and spoons

Dovetail saw
For trimming and
fine crosscutting
green wood work-
pieces such as

chair rungs

' "
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WORKING GREEN WOOD

SHAPING TOOLS

Scrapers

For final smoothing of curved
or flat surfaces; shaped mod-
els used for contoured work-
pieces such as bowmls, spoons,
spindles, and chair seats

5fmkashaves

Flat-face models smooth and shape flat
or convex edges; round-face models work -
well on concave edges. Both are pushed Shop knife

or pulled with the grain For precise shaping work

Drawknife
Fulled toward user to debark riven log sections
and shave blanks for spindles, rungs, and lege.
Model with &- to 10-inch blade ideal; blade is

beveled on one side only for straight cutting

A curved drawknife typically used to
shape chair seats after adzing; 8-inch
S blade beveled on outer side only

Wooden mallet
Used to strike chisels and gouges,
and assemble and disassemble

green wood joints

Wooden spokeshave
Traditional tool featuring
a low cutting angle for
shaping end grain

Carver's drawknife
Smaller version of drawknife with
4-inch blade for detailed work

) Hand adze
Curved shaping tool for roughing out
hollowed workpieces such as chair seats;
hollowing adze (bottom) is beveled on both sides

18
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HARVESTING WOOD

A Ithough the polled ax was the
bodger’s tool-of-choice for felling
trees, modern green woodworkers pre-
fer to use a chain saw. Whatever the size
of the tree you decide to cut down, be
sure to follow the chain saw manufac-
turer’s instructions and the precautions
outlined in the box below. Trees are
heavy, and cutting one down improp-
erly can prove dangerous or even dead-
ly. The techniques for felling a tree are
shown beginning on page 22. If you do
not have access to a woodlot, you may
be able to get freshly cut logs from a
sawmill, a local firewood supplier, or
your local roads department.

When choosing a log that has already
been felled, avoid those with twisted or
wavy grain, or with many knots; these
will be difficult to rive. Steer clear of logs
containing rot or stain. With some hard-
woods, you can gauge the strength of
the wood by examining the growth rings.
Narrow growth rings signify slower
growth and weaker wood. Curiously, the
opposite holds true for softwoods. Try
to determine when the tree was felled;
the more recently, the better. There are
many conflicting views about the ideal
time of year to fell trees; but it is certain
that you should harvest a tree as close
as possible to the time you will use it.

The charts on pages 20 and 21 on the
workability and riving quality of vari-
ous woods will help you choose an
appropriate species for your projects.

If you wish to store green wood for
future projects, stack the logs outside,
raised off the ground, and in the shade.
Coat the end grain with a sealer to pre-
vent checking. For long-term storage,
you can submerge the wood in a large
drum of water to prevent it from
drying out or rotting.

Once a log is bucked into workable lengths, the next step is to split it in two. Here,
a sledgehammer drives an iron wedge into the log end, separating the wood fibers
along the grain. Always wear eye protection when striking metal against metal.

SELECTING TIMBER

» Never try to fell a tree alone; work
with a helper.

» Always wear steel-toed work boots and
a hard hat for protection. Do not wear
loose clothing that could catch in limbs.

you will not have proper control over the
tree as it falls.

* Avoid trees that grow on steep slopes;
the forces necessary to counteract gravi-
ty distort the tree’s cells and produce
reaction wood that can cause kickback.

* | ook for trees that grow in the shade.
Such trees grow taller and lose their
lower limbs more quickly than those in
the open sun, resulting in wood with

straighter grain and fewer knots.

TIPS ON CHOOSING AND FELLING A TREE

* Do not fell timber in windy conditions;

e Select a straight-standing specimen
free of knots, twists, and insect holes
for felling.

* When selecting logs at a sawmill,
examine the growth rings and look
for fast-growing hardwoods or slow-
growing softwoods.

» Read the bark. Bark that spirals
upward around a tree trunk is a good
indication that the grain of the wood
underneath will do likewise and rive
into twisted parts; knobby bark is a
sign of buried knots.

» Check the lean of a tree and the distri-
bution of its limbs. If the tree is leaning
heavily, or the limbs are weighted in one
direction, plan to fell it at a right angle _
to that direction. |

19




WORKING GREEN WOOD

WORKABILITY OF VARIOUS WOODS

HARD

* Apple (Malus pumila)

s Ash (Fraxinus spp.)

» Beech (Fagus grandifolia)

» Birch, white (Betula papyrifera)

* Birch, yellow
(Betula alleghaniensis)

* Cedar, Eastern red
(Juniperus virginiana)

e Cherry, wild (Prunus serotina)
» Dogwood (Cornus florida)

¢ Eim (Uimus spp.)

* Gum, black (Nyssa sylvatica)

» Hackberry (Celtis occidentalis)
» Hickory (Carya spp.)

* Holly (llex opaca)

* Hornbeam, American
{Carpinus caroliniana)

e [arch, Western
(Larix accidentalis)

e Lilac (Syringa spp.)

* Locust, black
(Robinia pseudoacacia)

® Locust, honey
(Gleditsia triacanthos)

* Maple (Acer spp.)

* Mesquite (Prosopis spp.)
¢ Oak (Quercus spp.)

e Qlive (Olea europea)

* Osage orange
(Maclura pomifera)

 Pear (Pyrus spp.)
® Pecan (Carya illinoensis)

¢ Persimmén
(Diospyros virginiana)

* Pine, Southern yellow
(Pinus spp.)

» Sycamore
(Platanus occidentalis)

» Yew, Pacific (Taxus brevifolia)

Chart courtesy of Drew Langsner

INTERMEDIATE

® Alder
(Alnus spp.)

» Baldcypress
(Taxodium spp.)

» Chestnut
(Castanea dentata)

¢ Douglas-fir
(Psudotsuga menziesii)

* Gum, red
(Liguidambar styracifiua)

* Hemlock (Tsuga spp.)
* Mulberry (Morus spp.)

* Redwood
(Sequoia sempervirens)

e Sassafras
(Sassafras albidum)

* Spruce (Picea spp.)

Hardness in green wood

SOFT

* Aspen (Populus spp.)

» Basswood (Tilia americana)
¢ Buckeye (Aesculus spp.)

* Butternut (Juglans cinerea)
» Catalpa (Catalpa spp.)

* Cedar, Northern white
(Thuja occidentalis)

* Cedar, Southern white
(Chamaecyparis thyoides)

¢ Cedar, Western red
(Thujaplicata)

s Cottonwood (Populus spp.)
e Fir, true (Abies spp.)
* Magnolia (Magnolia spp.)

* Pine, Northern white
(Pinus strobus)

e Pine, ponderosa
(Pinus ponderosa)

* Pine, sugar
{Pinus lambertiana)

* Pine, Western white
{Pinus monticola)

* Poplar, yellow
(Liriodendron tulipifera)

* Tupelo, water
(Nyssa aquatica)

* Willow (Salix spp.)

The chart above rates a variety of woods in terms of their relative hardness. This quali-
ty is double-edged. What makes a wood durable and long-lasting also makes it difficult
to work with hand tools. But even a very hard wood like hickory, a traditional favorite
for tool handles, is much softer and easier to work when it is green. Ash is another pop-
ular green wood:; it is often used in chair-making because it is lightweight yet very shock-
resistant. While hardness is important, it should not be the only variable you consider.
The eventual use of the wood should be the overriding factor. For example, the pores
of white oak have an impervious quality that make this wood prized for casks used to
age whiskey and bourbon. Black locust, which resists decay, has traditionally been

used for fence posts.
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WORKING GREEN WOOD

RIVING QUALITIES OF VARIOUS WOODS

GOOD TO EXCELLENT

» Ash (Fraxinus spp.)

* Baldcypress (Taxodium spp.)
» Butternut (Juglans cinerea)

* Cedar, Northern white
(Thuja occidentalis)

* Cedar, Western red
(Thuja plicata)

» Chestnut (Castanea dentata)

* Hackberry
(Celtis occidentalis)

* Hemlock (Tsuga spp.)
¢ Hickory (Carya spp.)
e Larch (Larix spp.)

* Locust, black
(Robinia pseudoacacia)

¢ | ocust, honey
(Gieditsia triacanthos)

s Maple, soft (Acer rubrum)
» Qak, red (Quercus rubra)
» Oak, white (Quercus alba)

* Osage orange
(Maclura pomifera)

e Pecan (Carya illinoensis)

* Pine, Eastern white
(Pinus strobus)

* Redwood
(Sequoia sempervirens)

* Spruce (Picea spp.)
» Walnut (Juglans spp.)
* Willow (Salix spp.)

FAIR

= Apple (Malus pumila)

» Basswood (Tilia americana)
s Beech (Fagus grandifolia)
* Birch (Betula spp.)

» Buckeye (Aesculus spp.)

» Catalpa (Catalpa spp.)

e Cedar, Eastern red
(Juniperus virginiana)

e Cherry (Prunus spp.)
 Cottonwood (Populus spp.)
» Dogwood (Cornus florida)

* Douglas-fir
(Pseudotsuga menziesii)

* Holly (/lex opaca)
* Magnolia (Magnolia spp.)

* Maple, hard
(Acer saccharum)

* Mulberry (Morus spp.)

* Oak, live (Quercus virginiana)

» Pear (Pyrus spp.)

* Pine, Southern yellow
(Pinus spp.)

¢ Poplar, yellow
(Liriodendron tulipifera)

& Sumac (Rhus spp.)

* Sycamore
(Platanus occidentalis)

POOR

* Eim (Ulmus spp.)

« Eucalyptus (Eucalyptus spp.)
* Gum, black (Nyssa sylvatica)

* Hornbeam, American
(Carpinus caroliniana)

* Qak, swamp (Quercus bicolor)

* Persimmon
(Diospyros virginiana)

Chart courtesy of Drew Langsner

Figure in green wood

The chart on this page compares the riving qualities of various species. Riving quali-
ty, or how readily the timber will split along the grain with a wedge or froe (page 24),
is directly related to the wood's figure, or grain pattern. As with hardness, selecting a
wood on the basis of its riving quality is not a clear-cut process. While dense woods
such as beech and hornbeam will not split as predictably or easily as white oak,
hickory, or ash, their appealing figure makes them ideal for many uses. And not every
green woodworking project calls for riving large logs into long workpieces; short limbs
or trunk sections of difficult species with appealing figure, such as apple, basswood,
and holly, can be harvested for bowls, spoons, and smaller carving or turning projects.
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WORKING GREEN WOOD

HARVESTING A LOG

Bucking the log
Once you have felled the log and
trimmed off the branches, you need™o
buck it into workable lengths. Prop the
log up on branches or small logs so that
the chain saw blade will not hit the ground
and the cut piece will be free to fall. Then
saw the log into bolts, or lengths, that suit
the needs of your project (right). Start at the
bottom of the tree, which is the area with
the straightest and most knot-free wood.

Felling the tree

Once you have selected a tree and the felling direction,
examine the surrounding trees and make sure they will not
snag your chosen tree. Check that there are no loose limbs—
known as widow-makers—about to fall. Also choose an escape
path; it should be at roughly a right angle to the tree’s felling
direction. As shown at left, fell the tree by making two cuts,
starting with the facing cut, which is done in two steps. The
first is a cut made about halfway straight through the trunk
on the side facing the directior: in which the tree should fall.
Next, make a cut starting slightly higher up the trunk and
angling down at 30° to 45° to meet the first cut. Then make
the felling cut on the opposite side of the tree a couple
of inches above the facing cut. The felling cut should stop
an inch or two from the facing cut to leave a hinge that will
prevent the tree from kicking back. Once the tree begins to
move, quickly remove the saw and follow your escape path.
If the tree becomes lodged or will not fall, leave the area
immediately and get experienced help.
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WORKING GREEN WOOD

Splitting the bolt
into halves and quarters

Whether or not you are using the wood
immediately, it is best to split the bolt
into quarters before storing it; this will
prevent radial shrinkage and checking.
Do the job with a sledgehammer and iron
wedges, making sure to wear eye protec-
tion throughout the operation. First, stand
the bolt up, mark the center on one end,
and drive a wedge into the mark. Once the
bolt begins to split—and this may take a
few sledgehammer blows—turn the bolt
onto its side. Drive a second wedge into
the split and strike it with the sledgeham-
mer (right). Continue driving the wedge
until the log breaks in two. (For longer
bolts, you may need to remove the first
wedge, drive it in behind the second, and
repeat this leapfrogging process until the
bolt splits in half.) Repeat the procedure
to split the halves into quarters (below).
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WORKING GREEN WOOD

RIVING WOOD BLANKS

Riving a quarter bolt into blanks

Once you have split a bolt into quar-
ters, rive each piece into blanks of the
appropriate size for your project. First,
outline the blanks on the end of the work-
piece and split it (above, left), using the
same technique used to halve and quarter
logs (page 23). The blanks are then riven
with a froe and froe club. (If the piece is
small, you may be able to dispense with
the wedge and sledgehammer and do all
the riving with the froe.) Holding the froe
in one hand with the blade set back a bit
from the marked line, strike the blade with
the club. Twist the froe back and forth, and
drive it in deeper. Once the waste breaks
off, repeat to make the remaining cuts
(above, right).

Riving green wood with a froe and froe

club is one ﬂf the bﬂsirprn(‘cdun‘s U_f.

green woodworking. The break will fol-
low the wood fibers rather than shear
them, resulting in stronger, more dur-
able workpieces. In the photo at right,
the log section is held at a convenient
angle by a brake, made from a tree
crotch. Two branches crossing through
the crotch in an X hold up the brake and
support the !Og at the desired :mgh'.
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WORKING GREEN WOOD

A WOODEN GLUT AND FROE CLUB

Instead of splitting and riving green
wood with metal tools, you can make
your own wooden implements from
small logs. The glut (near right) can
be used in place of an iron wedge,
while the club can be used to strike
a froe. Make two gluts from a single
limb; it should be about 24 inches
long and 3% inches in diameter. Use
a hewing hatchet to taper both ends
at an angle of about 20° (far right),
then cut the limb in half.

Make the club from a 16- to 18-
inch length of dense hardwood, such
as maple, dogwood, hickory, or elm.
The limb should be about 4 inches
in diameter and ideally have plenty
of knots at the end that will form
the head to give it strength. Starting
about 10 inches from one end, use
a bowsaw to cut to a depth of about
1 inch all around the log. Then use

Wooden glut
3 %" x 11"

Froe club
4"x 18

a hewing hatchet to chop out the
waste between this cut and the end,
forming a handle.

To prevent the wood from check-
ing, let the gluts and club dry slowly
in a cool, humid location.

Drawknife

Debarking the blanks

Remove bark from your blanks on
a shaving horse that you can build in
the shop (page 26). Secure each blank
bark-side up under the horse's crossbar.
Then, holding a drawknife in both hands
with the blade bevel down, pull the tool
toward you to shave off the bark (left). Turn
the piece around to debark the other end.
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WORKING GREEN WOOD

Bench
I x10" % 72"

j

)

Pivoting

Riser

2"x10"x 8" ‘\.

Foot bar

Adjustment hole

Pivoting arm

assembly

Leg

= — 2"x4"'x 19 %"

crossbar

Bridge
20w i % 35"

Brace
14"x 34" x 13"

Pivoting
lag bolt

A SHAVING HORSE

Also known as a bodger’s horse, the
shaving horse is the heart of the green
woodshop. It is here that stock riven
from logs is shaped with drawknives
and spokeshaves into legs, rungs, and
spindles. Simple to build, the typical
shaving horse features a bench, an
inclined bridge, and a pivoting arm
assembly. By stepping down on the
assembly's foot bar, you can lock your
workpiece in place between the bridge
and the assembly’s crossbar. The
design of the shaving horse is a marvel
of ergonomics; the foot pressure you
apply is counterbalanced by the force
of pulling the shaving tool toward you.

Shaving horses can be hewn from
logs or built with lumber. Any strong,
medium-weight wood such as spruce or
fir will do. To build the version shown
above, start with the bench, which can
be hewn from half a log 10 to 12 inch-
es in diameter, or cut to length from
rough 3-by-10 lumber. Make the length
of the bench to suit your needs; 60 to
72 inches should be sufficient for most
shaving work.

Next, cut the legs from rough-sawn
2-by-4 stock slightly longer than you
need. The legs are attached to the
bench with angled T half-lap joints, rein-
forced by screws and braces (right). To
cut the joints, saw notches in the edges

of the bench about 6 inches from the
ends to accommodate the legs. Angling
the cuts outward and toward the ends

Shoulder
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will steady the horse. Test-fit each leg in
its notch, draw a line on the leg using
the notch shoulder as a guide, and cut
a matching half-lap in the leg; the
shoulder of the half-lap should be %
inch deep. Screw the legs in place. Cut
the two braces from 2-by-4 stock to fit
between the leg's outside edges and
screw them to the legs. Now you will
need to bevel the bottoms of the legs
so that they sit flat and level. With
the shaving horse on a flat surface,
butt a square board up against all four
sides of each leg to mark cutting lines
around them (above). Saw the bottoms
of the legs flat, then use a flush-cutting
saw to cut the tops of the legs flush with
the bench.

Next, saw the riser and the bridge
to size; the riser should be cut and
beveled so that the bridge is inclined
at an angle of about 15° to the bench.

Locate the riser about 30 inches from
the back of the bench and screw it in
place from underneath. Then screw the
bridge to the riser (above) and the
front of the bridge to the bench.
Next build the pivoting arm. The
assembly consists of two arms, a
notched crossbar, and a foot bar
(below). The crossbar is joined to the
arms with through round mortise-and-

tenons, while a bridle joint connects the
foot bar to the arms. To determine the
length of the arms, first locate the
point on the bench where they will be
attached. Begin by sitting on the bench
and marking a line across the top 4 to 6
inches in front of your knees. Extend the
lines down the sides and bore pilot
holes on each side of the bench for
the lag screws that will hold the arm

PIVOTING ARM ASSEMBLY

Arm
18 %3 W w20

Crossbar
2"x 2" x 10"

Adjustment hole

—— ¥ K
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WORKING GREEN WOOD

assembly in place. Then place the
arm stock vertically against the sides
of the bench, centered on this pivot
point. At the bottom, the arms will
need to clear the ground while the top
end must provide at least 3 inches
of clearance between the crossbar and
the bridge. Once you have determined
the required length of the arms, cut them
from 2-by-4 stock and bore two coun-
tersunk holes through each one for the
lag screws. Make additional holes
through the arms above and below the
first so you will be able to adjust the
position of the assembly later to
accommodate thicker stock. To prepare
the arms for the bars, cut a round mor-
tise through them at the top end and
a notch at the bottom.

Next, cut the crossbar to length,
making it about 3 inches longer than
the width of the bench. Cut round
tenons in both ends and a V-shaped
notch in the middle of the bottom
edge to hold octagonal and circular
stock. Set the crossbar aside for now.
Next, cut the foot bar, making its
length twice that of the crossbar to
provide an octagonal-shaped foot rest
on each side of the arm assembly.
Cut dadoes in the foot bar to match

the notches in the arms, fit the pieces
together, and reinforce the joints with
screws. With the foot bar attached,
slip the arm assembly under the
shaving horse and start screwing it in
place with the lag screws. Do not
tighten the screws all the way imme-
diately; leave them loose enough so
you can slip the crossbar in place (left).
Do not glue or screw it, but leave
the bar free to pivot. Once it is con-
nected to the arms, finish tightening
the lag screws.

To use the shaving horse, place the
workpiece on the bridge underneath
the crossbar. Sitting on the bench,
press on the foot bar with both feet
to wedge the workpiece in place. You
are now ready to shave the stock;
always pull the tool toward you (below).
To reposition the workpiece, ease the
pressure on the foot bar, move the
workpiece, and press down on the foot
bar again. Once a workpiece becomes
circular, place it in the crossbar notch
to keep it steady.
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A SLAB-AND-STICK STOOL

irectly descended from primitive
/ benches that were little more than
a plank or log supported by three or four
sticks, slab-and-stick seating is chair-
making at its most basic. Yet the same
principles applied in building the sim-
ple stool shown below—particularly the
interplay of wet and dry wood—are
used by Windsor chair makers.

|
|

A slab-and-stick stool is an ideal
green wood project. The seat can be

The three-legged milking stool is a sim-
ple but elegant embodiment of the slab-
and-stick style of chair-making. The
stool shown above features a saddle seat
hewn from poplar, and rungs and legs
shaved and turned from ash. The rungs
are joined to the legs with standard
round mortise-and-tenons. The wedged
version of the joint, used to connect the
legs to the seat, adds an extra measure

of strength and a decorative touch.

hewn from a log. The legs and rungs are
shaped from green wood blanks, either
using a shaving horse or lathe. Woods
like oak, ash, or hickory are best if you
are drawknifing the legs and rungs;
choose maple, birch, cherry, or walnut
if you are turning them.

The stool’s joinery takes advantage of

green wood'’s hygroscopic, or moisture-
absorbing, nature. The dried tenons in
the legs absorb moisture from the “wet”

seat, causing them to swell and secure
the joint.

Some green woodworkers prefer to
fashion the seat from 2-inch-thick pine
or poplar that has been air-dried to
reduce the risk of checking or cracking
after assembly. Green wood projects can
be left unfinished, but milk paint, boiled
linseed oil, or a penetrating oil finish
will impart an appropriately rustic look.
Stains are rarely used.

ANATOMY OF A SLAB-AND-STICK STOOL |

=

Tenon wedge

Standard tenon

Ceand
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WORKING GREEN WOOD

MAKING THE LEGS AND RUNGS ON THE SHAVING HORSE

Squaring and sizing the blanks

If you are shaving the legs and rungs,
you first need to square and size them
on the shaving horse, as shown above.
The pieces are then shaped into octagons

and, finally, cylinders (step 2). The SHOP TIP

procedure is identical for the legs and A
wooden sizing gaugafor blanks
rungs; except that the rungs are shaved To shave legs or rungs to the same size, work with a Slmplﬁ

to a smaller diameter. Use a drawknife gauge made from a wood scrap. Cut a notch in one corner

to square the blanks. Secure the wood of the Pgmcﬂw same size as the squared leg

in the shaving horse, with the growth ~ or rung. Make an individual gauge for each

rings visible on the end grain positioned size of leg and rung you shave,
roughly vertically. Holding the drawknife and mark your specifications 8
on the blank bevel-side down, pull on the jig for

the tool toward you. The depth of cut future use.
depends on how much you tilt the han- ) ;
dles; the lower the angle, the shallower

the cut. Always follow the wood grain.

Once the surface has been squared, turn

the blank end-for-end in the horse and

shave the other half. Repeat for the oth-

er three sides of the blank.
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Shaping the legs and rungs

Once you have squared and sized your
blanks, cut them into octagons, and then
into cylinders. Begin by marking two lines
along each surface of a blank to divide it
into thirds. Then drawknife the blank into
an octagon by chamfering the corners to
the marked lines (above). Repeat for the
other blanks. Once all the legs and rungs
are octagonal secure the blank in the
shaving horse crossbar’s V-shaped notch
and use a spokeshave to round them to the
desired diameter (/eft). Handle the spoke-
shave as you did the drawknife, always work-
ing with the grain and reversing your cutting
direction when necessary. Give the legs a
slight taper, if you wish.
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Shaving the tenons

Before shaving tenons on both ends
of the rungs and the top end of the legs,
allow the blanks to air-dry for a week or
two. Some woodworkers prefer to dry
the ends in hot sand (page 37) before
shaping the tenons. Once the pieces
are ready, prepare a tenon sizing gauge
(right). Then, score a shoulder line around
the legs and rungs with a shop knife;
the tenons should be about %: inch
shorter than the mortise depth. Secure
the workpiece in the shaving horse and
use a spokeshave to shape the tenons
as you did the legs and rungs, pulling
the tool toward you (above). Periodically
test-fit the tenon in its gauge, stopping
once the tenon is about 4: inch over
size. Then sand or file the tenon until it
fits tightly in the gauge. Once all the
tenons are shaped, use the knife to
chamfer each end; this will make them
easier to drive into the mortises.

LR R

SHOP TIP

Shop-made tenon gauges
To conveniently test-fit the
tenons on legs and rungs as
you shape them, use a
shop-made gauge. Bore
holes into a wood scrap,
using slightly larger bits
than you will use to drill the
mortises. Make sure the
gcrap is air- or kiln-dried
hardwood; otherwise, the
wood will eventually shrink
- and your tenons, while they
fit the gauge, will no longer
fit the mortises in the workpiece.

2
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WORKING GREEN WOOD

TURNING THE LEGS AND RUNGS

Turning the legs

Some woodworkers prefer to turn legs and rungs on a lathe. with one hand, prop it against the tool rest so that the bevel
Mount a blank on the machine and adjust the tool rest as close rubs against the stock as the cutting edge slices into it (above).
to the workpiece as possible without touching it. Use a roughing- Working from side to side, turn the blank until the cylinder has
out gouge to turn the blank into a cylinder; supporting the blade the proper diameter. Taper the lower half of the leg, if desired.

Turning the tenons

Use a gouge or skew chisel to turn
tenons on both ends of the rungs and at
the top end of the legs. Periodically turn
off the lathe and check the diameter of
each tenon with a pair of calipers set to
the appropriate diameter (left). Since you
are working with green wood, turn the
tenons slightly larger than needed, let them
air-dry or use hot sand (page 37), then
bring them to their finished diameter.
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WORKING GREEN WOOD

MAKING THE SEAT

Dishing out the seat
Once the circumference of the seat
has been shaped, mark out the sitting area,
or saddle, and rough out the waste using
a hand adze. Wearing steel-toed boots,
step on the edges of the blank to hold it
steady and chop out the saddle from both
sides toward the middle (right). Try to cut
with the wood grain, using short strokes.
Make sure your feet are not in line with
your stroke.

Rounding over the blank

The seat blank can either be split from
a log, or made from air-dried stock. If you
are splitting your blank, avoid the pith, or
center, of the log, as this wood is of poor
quality. Chop the blank as square as pos-
sible with a hewing hatchet, then outline
the seat’s circular shape on the top of the
blank with a waterproof pencil. Clamp the
blank in a vise and cut it using a bowsaw,
as shown in the color photo on page 14.
The first steps in shaping the seat are smooth-
ing its circumference and rounding over its
underside with a drawknife. Then, switch
to a spokeshave to smooth the contours
(left), always following the grain.

34
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WORKING GREEN WOOD

Smoothing the saddle

Secure the seat between two bench
dogs on your workbench; use wood pads
to protect the edges. Start with an inshave
to smooth the rough surface left by the
adze. Working from the edges of the sad-
dle toward the middle, hold the inshave
with both hands and pull it toward you;
always follow the grain (right, top). You
can further smooth the saddle with a carv-
er's hook, scraper, or scorp (right, bottom).
Use a hand plane to smooth the flat sur-
face of the seat, and a drawknife and
spokeshave to gently slope its front edge
down to meet the bevel. Sand the seat
with coarse sandpaper, leaving the final
sanding for when you have assembled the
seat and legs (page 39).

4 Carving the channel

Use a %-inch veiner (page 73) to carve
the channel that separates the hollowed-
out saddle from the flattened back of the
seat (left). This decorative groove serves
to sharpen the transition between the sad-
dle and the flat part of the seat.
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Boring the mortises for the legs

Drill the leg mortises through the seat
with a hand brace fitted with an auger
bit. Since the stool is supported by three
legs, you need to bore angled holes for
them so that the legs will be splayed out
at an angle of about 30° from the vertical;
use a protractor to set a sliding bevel to
this angle to help you guide your brace.
Mark the center of the seat and the three
holes, then draw reference lines between
the hole marks and the center. Clamp
the seat face-up to a work surface. To
drill each mortise, hold the tool at a 30°
angle and align it with the appropriate
reference line. Bore the hole (above)
until the bit's lead screw breaks through
the bottom of the seat, then turn the
seat over and finish drilling the mortises
from the bottom.

SHOP TIP

A guide for boring angled mortises

As an alternative to relying on a bev- &=

el square to guide angled drilling
operations, use a shop-made guide
from a piece of plywood. When the
desired angle is cut on one end of
the guide, set the piece on edge
alongside your hand brace. Align
the bit with the cut end as you
begin to bore your holes.

36
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ASSEMBLING THE SEAT AND LEGS

I

SHOP TIP

A story pole
One way to keep track

of the precise location of
rungs and mortises is to
mark them on a shop-
made story pole. The
pole is a sizing gauge
that can also include
the length of the
rungs and any oth-
er pertinent infor-
mation. To make
marking easier,
bevel one edge
of the jig.

Drying the tenons

The leg and rung tenons can be dried
either after or before they are sized (page
32). In both cases, you can do the job
with hot sand. This will remove virtually
all the moisture from the tenons, which
will then absorb moisture from the mor-
tises and swell when the stool is assem-
bled; at the same time, the seat will shrink
around the tenons as it dries, locking
the joints together. Working outdoors,
heat a bucket of fine, dry sand with
a propane-fired cooker. Insert the legs
and rungs into the bucket so only the
tenons are buried in the sand. Use a
thermometer to monitor the temperature
regularly, and adjust the flame to keep
the sand between 140° and 160° F. The
wood will be charred quickly if subject-
ed to higher temperatures. Leave the
tenons in the hot sand for a few hours,
rotating them regularly to avoid scorch-
ing (above).
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Boring the mortises for the rungs

Dry assemble the legs in the seat,
positioning the legs to expose the most
attractive grain pattern. Then hold one
rung in position between two legs, and
mark its location. Also measure the angle
between the rung and the leg with a slid-
ing bevel (above, left). Repeat for the oth-
er rungs. The rungs should be offset from
each other so their mortises are horizon-
tal but not all at the same level. To keep
the tenons from absorbing moisture from
the seat and swelling before final assem-
bly, remove the legs from the chair once
you are finished measuring. For each
mortise, secure the rung on a work sur-
face and bore the hole with a hand brace
and auger bit, using the sliding bevel as
a guide (above, right).

Assembling the stool

Once you have bored all the mortises,
assemble the legs and rungs (right). The
tenons should fit tightly enough for you to
need a mallet to tap them in. Fit the seat
onto the leg tenons and tap it into place.
Although the parts need not be glued
together, you can reinforce the joints with
either white or hide glue.
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WORKING GREEN WOOD

Tapping in the tenon wedges SR o RE
The leg tenons in the seat are wedged, o Ve
tightening the joint further and ensuring
that the tenons will not loosen if the seat
shrinks as a result of drying. Kerf the
tenons by striking a firmer chisel with a
mallet; to avoid splitting the seat, orient
the slots so that they are perpendicular to
the grain of the seat. Then cut hardwood
wedges to fit into the slots; make them
the same width as the tenon, but a few
inches longer, and no thicker than % inch
at the broad end. Drive the wedges into
the slots as far as they can go with a
mallet (right). Use a flush-cutting saw or
dovetail saw to trim the wedges even with
the end of the tenon.

Finishing off the stool

Trim the tenons flush with the surface
of the seat with a wide, shallow carving
gouge; use a mallet to strike the gouge
(left). To avoid tearout, cut halfway through
each tenon, then chop out the remaining
excess from the other side. To finish the
legs, cut their bottoms so the seat will rest
level. Follow the same technique used
to level the shaving horse legs (page 27).
Finally, sand all the surfaces of the stool
smooth, and air-dry the piece for several
weeks before finishing it.
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BENDING WOOD

t first glance, the idea of

bending wood appears to
contradict all that woodwork-
ers have learned about their
craft and the need for precise
measurement and stock that is
straight, square, and even. Yet
when it comes to reproducing
the classic curves of a Windsor
chair, a Shaker box, or a round-
ed blanket box lid, a straight
piece of wood will not fit the
bill. Nature is no help either;
few tree trunks grow the curves
that function well and please

the eye. Instead, woodworkers have devised ingenious ways of

bending wood to suit their needs.

The chapter that follows is an introduction to the craft.
Once you understand why wood can bend, and which species
bend best (page 42), you will be able to use the techniques
shown here to produce such items as the continuous arm of a
Windsor chair (page 51), a Shaker box (page 54), or a coop-
ered blanket box lid (page 67).

Wood can be bent either dry or wet. The bending tech-
niques for each are different. When wood is air dried to a mois-
ture content suitable for cabinetry it will bend if it is resawn into
thin strips and glued up as a curved laminate (page 57). Another

Made from quartersawn veneers, the cherry Shaker
boxes shown at left demonstrate how moisture—in
this case hot water—can be used to soften wood fibers,
allowing the sheets to be bent around a form.

Steam bending can make even the densest of
hardwoods pliable; the blistered big-leaf maple living
room table shown above, built by Toronto cabinetmaker
Michael Fortune, features a curved, black center panel
which was steam-bent from cherry.

option for dry stock is to kerf
it repeatedly and then bend it,
as shown on page 61.

Wet wood—stock with a
high moisture content—bends
more readily than dry wood.
Woodworkers who harvest
their own timber or work with
green wood know that thin
strips of freshly cut wood are
pliable. And, if the wood is
clamped until it dries, it will
retain its bent shape. Steam
bending utilizes this principle
to flex wood in a controlled
fashion. By exposing wood to heat and saturated water vapor,
the fibers of the wood can be softened to the point where tight
curves can be produced without splitting the wood.

Bending is typically done with the help of a steam box (page
45), or with some plastic ABS pipe. Following the instructions
provided on page 46, you can build a durable and effective
shop-made steamer. Once the wood is steamed, the blank is
bent over plywood forms shaped to the desired curve, then
clamped and strapped in place until it dries. As simple as it
sounds, steam bending is not completely predictable. Just as no
two trees are identical, no two bends'will produce exactly the
same results. Be prepared to proceed by trial and error.
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CHOOSING WOOD

y nature, wood is an elastic material.

Trees must move with the wind, and
the complex design of their cellular
structure makes this possible, even long
after a tree has been felled. The key to
bending wood lies in the natural poly-
mer called lignin that bonds wood cells
together. Steaming the wood softens the
lignin bond, allowing the wood to be
bent into a new shape. Wood will stretch
very little before fracturing, but will
compress to a tremendous degree.

Not all woods bend the same. Just
how far you can bend a piece of wood
depends on its grain and figure. Most
readily available domestic air-dried
hardwoods will bend to moderate curves;
curves as tight as 1 inch in radius can be
achieved with species such as ash, white
oak, and elm. (Because of their different
cellular structure, softwoods are poorly
suited for steam bending.) Some exotic
woods are difficult to bend; their dense,
interlocked grain often collapses during
bending. For an indication of what woods
are best for steam and laminate bending,
see the chart on the opposite page.

The moisture content of wood is
critical to its bendability. The more a
wood’s cells are saturated with moisture,
the more easily it can be bent. Air-dried
wood with a moisture content of 25 per-
cent to 35 percent is superior to kiln-
dried stock. Green wood, or wood hewn
from a log, is good—unless it contains
free moisture that will cause cell rupture
in a sharp bend. There are two kinds of
steam bending: supported and unsup-
ported. Unsupported steam bending
(page 51), in which no tension strap is
used, can only be done with green wood.
It produces less consistent results than
supported steam bending (pages 47 and
50), which uses air-dried wood and a
tension strap with end stops.

Successful bends start with straight-
grained boards free of decay, shakes,
knots, surface checks, pith, and other
defects. Wood riven from a log is ideal,
as the cuts follow the wood fibers rather
than shearing them.

When wood is bent unsupported, com-
pression occurs on the inside of a bend,
while tension is exerted on the outside.
Stearning wood enhances its ability to be
compressed, yet does little to prevent ten-
sion failure, as shown by the split work-
piece (left, top). By using a tension strap
with end stops (page 47) to support the
workpiece along its convex edge during
bending, most of the tension is deflected
to the concave edge as compression; the
result is the strong, unbroken, and stable
curve illustrated (left, bottom).

WHY BEND WO0OD?

Band-sawn wood

Steam-bent wood

Following the grain

Virtually any curve can be band-sawn in a piece of wood. But this method has its
drawbacks: Besides wasting a good deal of raw material, the cutting will invariably
involve some sawing across the grain (above, top). This results in weak short grain
either around the curve or at the ends, and a considerable reduction in the strength
of the bend. Bending wood not only results in less waste, but it also reorients the
wood’s fibers along the axis of the curve (above, bottom). This results in uniform long
grain along the curve, producing a bend that will be much more resistant to failure.
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BENDING WOOD

(Can be steam-bent to a tight curve
with radius of less than 5 inches;
based on 1-inch-thick stock
supported by a tension strap)

 Ash, white (Fraxinus americana)
 Beech (Fagus spp.)

¢ Elm, Dutch (Ulmus hollandica)
*Eim, rock (Ulmus thomasii)

* Elm, white (Ulmus americana)
* Hackberry (Celtis occidentalis)
s Hickory (Carya spp.)

»0ak, red (Quercus rubra)

» Oak, white (Quercus spp.)

* Pecan (Carya spp.)

» Sycamore (Platanus occidentalis)
e Walnut (Juglans spp.)

(Can be bent to a tight curve with
radius of less than 5 inches; based
on thin laminations of %-inch-
thick veneers)

* Ash, white (Fraxinus americana)

* Ash, European
(Fraxinus excelsior)

*Beech (Fagus spp.)

¢ Elm, Dutch (Ulmus hollandica)
* Elm, rock (Ulmus thomasii)

¢ Qak, red (Quercus rubra)

e Wainut (Juglans spp.)

SUITABILITY OF VARIOUS AIR-DRIED WOOD SPECIES FOR STEAM BENDING

FAIR
(Can be steam-bent to a moderate

curve limited to radius between 5 and

10 inches; based on 1-inch-thick
stock supported by a tension strap)

# Birch (Betula spp.)
s Cherry (Prunus avium)
* Chestnut (Castanea spp.)

» Gum, red (Liquidambar styraciflua)

* Maple, hard (Acer saccharum)
* Mulberry (Morus lactea)

SUITABILITY OF VARIOUS WOOD SPECIES FOR LAMINATE BENDING

FAIR

(Can be bent to a moderate curve
limited to radius greater than 5
inches; based on thin laminations
of %-inch-thick veneers)

* Cherry (Prunus spp.)

* Ebony (Diospyros crassiflora)

¢ EIm, English (Carya spp.)

¢ Hickory (Carya spp.)

 Oak, white (Quercus spp.)

e Sycamore (Platanus occidentalis)
» Teak (Tectona grandis)

» Walnut, African
(Lovoa trichilioides)

»Yew (Taxus baccata)

DIFFICULT

{Can only be steam-bent to a large
radius, gentle curve; based on
1-inch-thick stock supported by
a tension strap)

e Alder (Alnus glutinosa)

e Butternut (Juglans cinerea)

 Cedar, western red
(Thuja plicata)

 Douglas-fir
(Pseudotsuga menziesii)

* Hemlock (Tsuga heterophylla)
© Mahogany, African (Khaya spp.)

* Poplar, yellow
(Liriodendron tulipfera)

* Willow (Salix nigra)

DIFFICULT

(Can be bent to a moderate curve
with a radius greater than 10
inches; based on thin lamina-
tions of '4-inch-thick veneers)
* Avodiré

(Turreanthus africanus)

 Cedar, western red
(Thuja plicata)
 Douglas-fir
(Pseudotsuga menziesii)
* Mahogany, African
(Khaya spp.)
* Spruce, sitka
(Picea sitchensis)




BENDING WOOD

SHOP-MADE BENDING
JIGS AND FORMS 7

Two-plane bending
form (page 51)

For unsupported steam
bending of a green workpiece
that curves in two planes,
such as the continuous arm
of a Windsor chair. Form is
clamped to workbench: work-
piece is first bent in the horizon-
tal plane along the benchtop with
hardwood wedges holding it in
place; it is then bent down in the
vertical plane and held in place
by metal angle brackets

AJ

Laminate bending and gluing form (page 59) '
A two-piece plywood form for bending and gluing up laminat-

ed workpieces. Laminate thickness determines gap between
parts of the form; holes in semicircular piece accommo-

date clamps used to hold the laminate during glue up

Simple bending form
and tension strap (page 47)

Used to bend steamed air-dried wood in one plare.
Plywood form is cut to the shape of desired curve;
spring steel tension strap bolted to hardwood han-

dles supports outeide face of steamed workpiece

during bending

Torsion box
/{rage 64)

large, two-piece
bending form for
gluing up bent ply-
wood panels, lami-
nated panels, and
veneers
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STEAM BENDING

he two essential elements of any

wood-steaming setup are a steam
generator and an enclosed steamer box
to hold the wood. The box can be sim-
ple. The version shown below is made
of %-inch exterior-grade plywood,
assembled with rabbet-and-dado joints.
Any tight-fitting joinery method will
do. The steamer shown in the photo at
right and described on page 46 is shop-
made from ABS pipe. Whichever design
you choose, be sure to make the steam-
er longer than the pieces to be bent, and
seal it tightly to keep the steam from
escaping. Also, include a small drain
hole at one end and place the steamer
on a slight incline to allow the con-
densed steam to run out. If you are
using a gas-powered steam source, it
is safest to do your steaming outside;
local fire codes may insist on it. You
can bend wood indoors using an elec-
tric wallpaper steamer (page 49) or

ANATOMY OF A STEAM BOX

even a kettle, but remember that a con-
siderable amount of water vapor will
be produced.

There are no simple rules for the
length of time wood must be steamed
before it is sufficiently pliable. As a
rough guide, steam air-dried lumber
for one hour per inch of thickness; half
that time is adequate for green wood.
Once steamed, the workpiece is bent
around a form using a tension strap
(page 47) on the outside of the stock.
Not only will the strap allow you to
bend tighter curves; it will also ensure
that the wood does not split on the out-
er face of the bend.

After bending, tie the ends of the
workpiece together with cord and let it
dry. During drying, the lignin bond that
was softened during heating will reform
as the wood cools. After approxi-
mately one week, a bent piece of 1-by-
3 stock will be dry.

Made from ABS pipe and fittings, the
steam bender shown above is hooked
up to a water can and a propane-fired
cooker. The workpiece is inserted at one
end of the pipe and the steam enters
through a coupling located at its middle,
allowing for uniform distribution of
the steam around the workpiece.

Rubber seal
Frevents steam
from escaping
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Drain hole

Allows candensed
steam todrain
from box as water

| Steam coupling hole
Hooks up to fitting
from steam source

Support

Triangular strips support
workpiece, keeping it from
contacting bottom of box
and being bathed in water

Hinged door
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BENDING WOOD

A SHOP-MADE PIPE STEAMER

An economical and durable wood
steamer like the one shown below can
be fashioned from 2-by-4s and 4-inch-
diameter ABS pipe and fittings. The
device features support racks inside
the pipe and a removable cap at each
end for easy access. The steam source
is a water can connected to the steam-
er by a length of plastic hose; the water
in the can is heated by a propane-fired
cooker. (This setup should only be used
outdoors.) The steam source should
have a removable, screw-type cap.

To build the steamer, start with a
length of Schedule 80 ABS pipe longer
than the piece of wood you wish to
bend. Cut it in half and bore a series
of holes through both pieces to accom-
modate %-inch zinc-coated machine
bolts and nuts as shown. These bolts

Flastic hose
to steamer

FPipe clamp

STEAM SOURCE FITTING (DETAIL)

Threaded
coupling

Machine nut
(inside steam
water can)

Water
can cap

Rubber gasket

will support wood inside the steamer
to prevent it from lying in condensed
water. (The zinc coating will prevent
the bolts from staining the wood.) Bore
the holes below the centerline of the
pipe to provide room for the wood.
Install the bolts, using both steel and
rubber washers on both sides to make

Schedule
80 ABS pipe

T connector

Removable end cap

an airtight seal. Now glue both halves
of the pipe to an ABS T connector.
Bore a ¥-inch drain hole at one end to
release moisture and prevent excess
pressure. Then glue a connector pipe
cut from 1%-inch ABS pipe to the
spout of the T connector. Next, cut a
length of plastic hose that will connect
the steamer to the water can; the fit-
tings required for the water can end
are shown in the inset. (The fittings
for the steamer end of the hose are
identical, except that an ABS end cap
is used instead of the water can cap;
the end cap is glued and screwed to
the connector pipe.) Make sure the
fittings are airtight. Lastly, build a 2-
by-4 frame to support the steamer.
Nail a2 small support block at one end
so the steamer will rest on a slight
incline and the excess water will run
out of the drain hole.

To use the steamer, carefully con-
nect the gas cooker to a propane tank.
Fill the water can, seal it tightly, and
set it on the cooker. Secure the remov-
able end caps on the steamer, light the
cooker, and let the steamer build up
steam. (Caution: Do not let the steamer
or steam source become pressurized.)
Then follow Step 3 on page 48.

46

mTmmommmmmmmmmmmmMmMmAmmAMmMeETMTAATATMMRARRrR"RAmRmMmMR RN AM



BENDING WOOD

SUPPORTED STEAM BENDING

Making the form

To bend steamed wood in a single plane, such as a simple second pass (above). Prepare a second piece of plywood the
U-shaped arc, build a bending form from 2 sheets of *%-inch ply- same way as the first and screw the two pieces together. Bore
wood. The form shown on page 48 will handle stock up to % inch  three or four evenly spaced holes near the outside circumfer-
thick; to bend thicker wood, try the bending table shown on page  ence of the form to hold C clamps as shown on page 49. Sand
50. Mark the radius you want on the plywood and cut the form the outside edge of the form. Mount the form on a %-inch ply-
using a router fitted with a straight bit and a circle-cutting guide. ~ wood base, and mark the center of the bend on the form.
Make the cut in two passes, increasing the depth of cut for the

Spring steel
tension strap

Making the tension strap

To support the wood during the bending process, you
will need a spring steel tension strap. It must be at least
as wide as the stock being bent, and should be mounted
with end stops large enough to cover the ends of the work-
piece. Have a metalworking shop cut the strap from “s-inch
spring steel a few inches longer than your workpiece. Also
have holes drilled through the strap at each end to affix the
end stops; the distance between the stops should equal the
length of the workpiece. If you will be bending a species like
oak that is likely to be stained by steel, line the facing side
of the strap with a strip of aluminum foil or plastic sheeting.
Mark the center of the strap and bolt on the end stops (left).




BENDING WOOD

Steaming the wood

Fire up your steam source and mark
the center of the workpiece to be bent.
Once steam begins to come out of the
steamer's drain hole, place the workpiece
inside. Close the steamer’s drain hole
tightly and let the wood sit until it is soft-
ened. To avoid scalding your hands when
removing the wood from the steamer, wear
work gloves and use tongs (right).

Clamping the middle of the bend

As soon as the wood is out of the steamer, place it on the C clamp (above). Work quickly to complete steps 4 and 5 in as lit-
bending form. Aligning the center marks on the tension strap, tle time as possible; within 45 to 60 seconds of leaving the steam-
the workpiece, and the form, secure the three together with a er, the wood will begin to cool enough to make it unbendable.
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BENDING WOOD

Clamping the sides
BT T JHbJlL. WIS el [TV TR 118 ) Firmly and steadily pull one of the
m m m m m m m m m m m m m m m m m m end stops toward the form. As soon as
the workpiece contacts the form near
SHOP TIP the clamp hole, secure it in place with
a C clamp. (You may need to work with
An alternate a helper.) Repeat on the other side of
source of steam the form and clamp the other half of the
While propane-fired cook- workpiece in place. Next, secure the ends
ers are n used to heat of the workpiece to the form with a bar
water as a steam source clamp (above). Let the wood dry on the
for bending wood, a safe form until it is cool to the touch—about
and clean alternative is 30 minutes—then remove it, secure its

a rented ildcctric “;3""’3?5" ends together with cord, and allow anoth-
steamer. Most models can gener- 1.4): er week of drving time.

ate a full head of steam in under 45 Sl b o

minutes, and provide continuous steam for /

more than an hour. Most units have fittings

that can be directly connected to your steamer.
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BENDING WOOD

A BENDING TABLE

The considerable force required to
bend pieces of steamed wood more
than % inch thick calls for a stronger
and more adaptable clamping arrange-
ment than a simple benchtop form
and tension strap. The shop-made
bending table shown below is made
of four sheets of plywood laminated
together, and features a grid of holes
that can accommodate a variety of
custom-made bending forms. The
forms, as well as any end stops or
wedges that are needed, are held in
place by locating pins bolted through
the form and table. Cut from the same
type of iron pipe used to make pipe
clamps, the pins are designed to with-
stand the immense shear forces of the
bending process.

To make the table, start with the
top, cutting four sheets of ¥-inch ply-
wood to the desired size and gluing
them together. Then drill a grid of %-
inch holes at 4-inch intervals through
the top. Use the same bit to drill holes
through any forms you will be using,
ensuring that their spacing matches
that of the holes in the tabletop.
Complete the table by attaching legs
to the top. To make the locating pins
(inset), cut short lengths of ¥%-inch-
inside-diameter iron pipe, and weld
large washers to the top of each to
facilitate easy insertion and removal.
The pins should be as long as the
combined thicknesses of the form
and tabletop. Make a tension strap
(page 47) slightly wider than the

Workpiece |

thickness of the workpiece and attach
end stops to the strap with hex bolts
and washers; the distance between
the stops should be the same as the
length of the workpiece.

To use the bending table, position
the form on the top, aligning its holes
with those in the table. Slip a locating
pin into each hole in the form and
the corresponding hole in the table,
securing the form in place. Bend the
workpiece as you would on a benchtop
form (page 48). When bending thick
pieces of wood, it is helpful to rein-
force the tension straps by bolting
hardwood blocks to the outside of the
strap. These pieces help prevent
the wood from twisting out of plane
as it is bent.

Locating pin
&

&

Tension strap

Locating pin
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BENDING WOOD

TWO-PLANE BENDING

Wedging the middle of the bend

Because this form does not include a
tension strap, the workpiece to be bent
should be green and no thicker than # inch.
Determine the transition point where
the wood will bend vertically, and use a
drawknife to reduce the thickness of the
piece slightly. Once the wood has been suffi-
ciently steamed (page 48), remove it from
the steamer and place it on the bending
form. Align the center marks on the work-
piece and form, and clamp the workpiece
to the middle of the form by tapping wedges
in place (right). Work quickly, completing
steps 2 through 4 as soon as possible.

Stop block
K x 14" x 4"

Building a two-plane bending form

A two-plane bending form is needed
to bend green wood in more than one
plane (when making Windsor chair arms,
for example). The model illustrated is made
from #-inch plywood and is designed to be
clamped to a workbench. The horizontal
form is similar to a single-plane bending
form (page 47), except it uses a hardwood
stop block and two dowels positioned around
the form to secure the work. Screw the
block to the base from underneath; bore
two holes into the base for the dowels. The
space between the blocks and dowels and
the form should equal the thickness of the
workpiece and the wedges used to secure it
in place. Make the two vertical forms as
you would the horizontal one; their radius
should equal the desired curvature. Notch
the top edge of the vertical forms and screw
them to the base; position the forms to be in
line with the workpiece when it is clamped
to the horizontal form. Screw a metal
angle bracket to each vertical form—opro-
jecting a bit more than workpiece’s thick-
ness—to hold the wood in place. Lastly,
clamp a brace between the workbench
legs and the vertical forms to resist the
inward pressure during bending.
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BENDING WOOD

Wedging the sides of the workpiece

Pull one end of the workpiece toward the
horizontal form firmly and steadily until it contacts
the side of the form. Working with a helper, if
necessary, position a wedge alongside the work-
piece and insert a dowel into the hole in the base
to secure the workpiece in place. Repeat for the
other side of the workpiece (above).

Bending the arms

Once the horizontal bend has been made,
quickly complete the two vertical bends. Keeping
one hand on the bend, push one arm of the work-
piece down and hook it behind the angle bracket,
then clamp it and repeat for the other arm (right).
(The second arm will be more difficult to bend
downward than the first; make the task easier by
having a helper hold the first arm bent halfway
while you bend the second arm, then go back and
finish the bending on the first one.) Let the wood
dry on the form overnight, then remove the work-
piece and tie or clamp the ends together. Allow a
week for the workpiece to dry completely.

L O O O O O O O O O O o B B B LB B B AR A L AR

4d

. e



BENDING WOOD

A WEDGE-MAKING JIG

FOR WOOD BENDING

The wedges used in two-plane bend-
ing (page 51) can be made quickly
on the band saw with the jig shown
at right. This particular setup will
produce wedges with 8° angles.
Refer to the illustration for suggest-
ed dimensions, making sure the
hardwood runner fits snugly in the
table miter slot.

Screw the runner to the underside
of the base so the runner extends
beyond the tabletop and the base sits
squarely on the table when the run-
ner is in the miter gauge slot; coun-
tersink the fasteners. Next, screw
the fence to the top of the base;
angle the fence at 4°. Set the jig on
the table with the runner in the slot,
turn on the saw, and cut through the
base until the blade contacts the
fence. Next, prepare the stop block
by cutting a slot through the block for
a machine bolt. Attach the block

Fence
%" x 1" % 15 %"

Jig base
%" x 14" x 15 %"

to the base, adding a washer and
wing nut. The block should be flush
against the fence with the tip of its
angled end aligned with the kerf.

For your wedge stock, cut a board
as long as the desired length of the
wedges. Position the jig on the saw
table. Holding your stock with its edge
flush against the fence and one end
butted against the stop block, feed

the jig across the table. Make sure
your hands are clear of the blade as
you cut each wedge (below). If you
simply flip the workpiece between cuts
on the band saw, all the wedges
after the first will have 8° angles.

To produce thicker wedges, loosen
the wing nut and slide the stop block
slightly away from the kerf. Tighten
the wing nut and cut the wedges.




SHAKER BOXES

BENDING A SHAKER BOX

First produced in the 1790s, Shaker box-
es were made in graduated sizes to hold
household goods; when empty, they
could be nested inside one another. The
oval boxes remain popular today, and
can be made easily from commercial
kits. The box shown at left was made
by craftsman John Wilson, of Charlotte,
Michigan. He added a few luxurious
refinements to the utilitarian yet elegant
Shaker design, such as using bird’s-eye
maple for the box bands and a walnut
burl veneer for the top.

Finger
template
for

Finger template
for top

Tack hole
Box band

Cutting the fingers

To make a Shaker box from a commercial kit, first prepare stock air-dried to a moisture content of 15 to 20 percent. Once
the stock for the two bands—one for the box and one for the top.  the bands have been cut to size, use the proper-sized finger tem-
The bands are typically resawn from hardwood stock to a thick- plate to outline the fingers on the box band (above), then mark
ness of s inch. For best results, use straight-grained, quartersawn  the tack holes and drill them with a %e-inch bit.

54

T T oI TTomTMmMTMOMTTTTTTOT O MM

mmMmMmmMmmMmmMmMmMmMmMmmMm

—_——— - e —— e ——

m



' E E E R E R E R R R R R E R R R R R EEEEEE R

BENDING WOOD

Beveling the fingers

Clamp the bands to a backup board and bevel the fingers with  face of the opposite end of each band using a belt sander, start-
a utility knife. Holding the knife firmly with both hands, cut atan  ing the taper about 1% inches in from the end. This will ensure
angle of 10° around the fingers (above). Then taper the outside a smooth overlap and uniform thickness once the bands are bent.

Marking the joint

Soak the box and lid bands in boiling
water until they are soft—typically about
20 minutes. Remove the box band from
the water and wrap it around the proper-
sized box core so that the beveled fingers
lap over the tapered end. Make a reference
mark across the edges of the band where
the ends overlap (left). Keep the beveled
fingers pressed tightly against the core to
prevent them from splitting.
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BENDING WOOD

Tack-nailing the box

Working quickly, slip the band off
the core, rebend it so that the pencil
marks line up, and tack-nail it through
the holes you drilled in step 1 using the
appropriate copper tacks. To clinch the
tacks inside the band, use a length of
iron pipe clamped to your bench as an
anvil (above). Once the box bands are
tack-nailed, place two shape-holders
inside the band—one at each edge—to
maintain the oval form as it dries.

Shaping the lid band

Using the process just described, shape
and tack-nail the top band for the box lid,
but use the drying box band as a bending
form and shape-holder as it dries (right).
Allow two days for the two bands to dry. To
complete the box, cut a lid and bottom from
quartersawn stock to fit inside the bands,
drill 4&-inch pilot holes, and use toothpicks
as pegs to secure the pieces.
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LAMINATE BENDING

ood does not have to be steamed
to be bent; most hardwoods can
be made pliable by cutting them into
thin strips. In much the same way that
veneer is laminated to a piece of core
stock to create plywood, thin strips of
resawn wood can be bent around a form
and glued to create a new shape. The
thinner the strip, the tighter the bend
that can be made. There is one important
difference between strip laminations and
veneer lay up, however. Whereas veneer
grain alternates with each layer for sta-
bility, the grain of all laminated strips is
aligned in the same direction so that they
move together and behave like a single
piece of wood. When laminating wide
panels, it is necessary to cross-band; oth-
erwise, the panel will warp. Also, the
grain of the outside faces must run in
the same direction, for appearance and
to keep the panel from twisting.
Like steam bending, lamination is an
economical method of creating curved

MAKING A BENT LAMINATION

shapes; laminated workpieces can be
made from a narrower board than it
would take to band saw a similar curve,
and can be made thinner because of the
strength of the adhesive bonding paral-
lel to the grain direction. Laminate bend-
ing also has a few advantages over steam:
There is less setup time, any wood
species can be used, and there is more
control over the final shape. The biggest
disadvantage is the glue lines that will
appear if you wish to taper the piece.
When choosing wood for laminating,
select straight-grained, defect-free lum-
ber. For a list of suitable woods, see the
chart on page 43.

The Macassar ebony chair shown at
right, produced by furniture maker
Michael Fortune, features lami-
nated curved arms and back legs.

Fivot block

Resawing stock into strips

Cut the strips for a bent lamination
from a hardwood board slightly longer and
wider than the bent piece you wish to
make. Set up a pivot block on the band
saw as you would to cut veneer (page 122).
In this case, the pivot block is fastened to
a shop-made rip fence. Position the fence
for a width of cut slightly greater than
/2 inch, as some stock will be removed
by sanding (step 2). Press the stock
flush against the tip of the pivot block
as you feed the workpiece (left). Near the
end of the cut, move to the back of the
table and pull the stock past the blade.
After each pass, joint the cut edge of the
workpiece to ensure that one side of every
strip is perfectly flat and smooth. You can
also use a table saw, cutting each strip to
its final thickness and omitting the sand-
ing procedure. (Caution: Always use a push-
stick and featherboards for this operation.)
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BENDING WOOD

Feed direction

Sanding the strips

The strips can be smoothed and reduced to their final thick-
ness—typically 4 inch—on a radial arm saw equipped with the
simple sanding jig shown in the inset above. To make the jig,
cut the table and fence from %-inch plywood, sizing the pieces
to fit your saw. Cut a slot out of one edge of the table large enough
to accommodate the sanding drum you will use. Rout a ¥%-inch-
wide groove along the length of the fence, leaving % inch of
stock below the channel to slip into the saw table’s fence siot.
Insert the slotted edge of the table into the groove in the fence
and screw the two pieces together. To sand the laminating strips,
install a sanding drum with 50- or 60-grit paper in your saw,
following the manufacturer’s instructions. Slip the jig fence

between the front and rear tables of the saw, positioning the open-
ing in the base directly below the drum, then tighten the table
clamps to secure the jig in place. Lower the drum so it is just
below the top of the jig table and position the drum so the dis-
tance between it and the jig fence is slightly less than the thick-
ness of the stock. Turn on the machine. With the jointed side of
the strips butted against the fence, feed the stock slowly and contin-
uously from left to right—against the sanding drum rotation—
between the fence and drum (above). (Clamping featherboards
to the jig table to press the stock against the fence can also help
prevent gouging.) For each successive pass, reduce the gap
between the fence and sanding drum by no more than %: inch.
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BENDING WOOD
LAMINATE B
BENDING Base
FORM
Center of bend
\ Arched

section

Cutting line

Making a laminate bending form

To hold the laminates during glue up
and apply even pressure along the bend,
make a two-part form from two thicknesses
of ¥-inch plywood screwed together and
attached to a base (above). Make the semi-
circular section as you would for steam bend-
ing (page 47). To determine the required
gap between the two parts of the form, dry-
clamp the strips to be laminated together
and measure their thickness. (Add an extra
strip to your sum; this piece will serve as
a backup strip.) Clamp the semicircular
piece atop the second piece of plywood,
aligning their edges, and cut a small wood
block so that its width equals your measure-
ment. Saw a small V-shaped notch in one
edge of the block to accommodate a pen-
cil, and a rectangular notch in the oppo-
site side to provide two contact points that
will ride around the curve. Then mark 2
cutting line for the arched section on the
plywood piece (feft) and cut along the line.
Sand the cut edge of the arched section
and apply a thin coat of wax to prevent the
work from sticking to it. Cut the corners
of the arched section and drill four holes
in the semicircular part to accommodate
clamps. Screw the semicircular piece to a
base of %-inch plywood, and mark the
center of the bend on its edge.
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Cclamp i

Gluing up the lamination

Stack the strips dry and mark a line across their center. Spread
glue on one side of each strip and restack them, lining up the
marks. Leave the backup strip dry on the outside to prevent the
outer strip from splitting during glue up. Place the stack along
the semicircular part of the form, lining up the center mark on

the lamination with the one on the form. Set the form's arched
section against the backup strip, pull it toward the semicir-
cular section and install a bar clamp across the center of the
bend. Secure the assembly with C clamps, working from the cen-
ter to the ends (above). Let the setup cure for 8 to 10 hours.

Jointing the lamination

Once the lamination is dry, remove it from the form and
joint one edge. Slowly feed the workpiece across the cutters,
applying pressure on the infeed side of the fence with your
hands clear of the knives. Once the workpiece reaches the
outfeed table, move your hands up and over to the outfeed
side of the cutters, and apply pressure on the outfeed side
(above). Never position your hands directly over the cutters.

Shimmed
featherboard

Ripping the lamination to width

Cut the lamination on your table saw with a shimmed feath-
erboard secured to the table and a curved hold-down clamped
to the rip fence. Set the featherboard slightly behind the blade
so it will press the workpiece against the fence. Keeping your
hands away from the blade, feed the stock convex face down
until you are about halfway into the curve (above); then move
to the other side of the table and rotate the lamination while
pulling it past the blade.
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KERF BENDING

K erf bending involves making a series
of equally spaced saw cuts on one
side of a workpiece, then bending and
gluing the stock to produce a smooth
curve along the opposite side. Kerf bend-
ing is commonly used where the kerfed

curve. This figure must be precise, or the
resulting curve will be uneven, but cal-
culating the spacing is a simple process,
as shown below.

Kerf bending reduces the strength of
the workpiece because some of the

wood is removed. If the workpiece
has an exterior kerf bend, like the one
in the photograph below, and will
not be supported, fill the kerfs with
a mixture of glue and sawdust to
strengthen the piece.

side of a workpiece will remain hidden,

and is popular for bending curves in

larger sheet materials like plywood.
The spacing between the kerfs is

determined by the desired radius of the

Kerf bending can sometimes be
used to esthetic advantage. The
rounded mahogany picture frame
shown at right turns the technique
inside-out, exposing the kerfs that
are usually hidden and integrating
them into the design by inserting
wedges of contrasting walnut.

KERF BENDING A WORKPIECE

Kerf

Reference mark

Radius length

Calculating the kerf spacing for an interior hend

Mark the radius of the desired curve on one face of a thin
piece of waste wood the same width as the wood to be bent,
starting about 3 inches from one end. At this end of the radius
line, cut a kerf about three-quarters of the way across the waste
piece; the kerf should be the same thickness as the kerf you
will cut in the workpiece. With a try square, extend the second

reference mark across the face of the waste strip and down one
edge and clamp the strip flush with the perfectly straight edge
of a scrap board. Then push the free end of the strip until the kerf
closes, and make a mark on the scrap board where the reference
line meets the board (above). The distance between the edge of
the board and the mark is the spacing required between kerfs.
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BENDING WOOD

Miter gauge
extension

Hardwood key

Setting up the jig

To cut equally spaced kerfs in a work-
piece, equip your table saw with this sim-
ple jig. Set the cutting height to %inch
less than the workpiece thickness. Then
screw a board to the miter gauge as an
extension and feed it into the blade to
kerf it. Unscrew the extension, shift it to
the right by the distance you calculated
in step 1, and refasten it to the miter gauge.
Feed the extension into the blade to cut
a second kerf. Remove the extension, and
fit and glue a hardwood key into the first
kerf so that the key projects about an inch
from the extension (inset). Screw the
extension back to the gauge so that the
second kerf is in line with the blade (/eft).

Kerfing the workpiece

Butt one end of the workpiece against
the key, holding an edge against the miter
gauge extension. Feed the workpiece into
the blade to cut the first kerf. To make the
second cut, fit the kerf over the key, and
continue cutting kerfs one after another
(right) until you reach the opposite end
of the workpiece.
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BENDING WOOD

Cabinetmaker's
clamp

9

SHOP TIP

Hiding kerfs in

kerf-bent wood

If both sides of a kerf- :
bent workpiece will be  [=Hif
visible, kerf bend two = )
pieces and glue them R -==Ney ©
together back to back RS04\ |
as shown here. Glue the
two pieces together
using the two-part form
shown in step 4 above. If
desired, you can conceal the {

top and bottom with veneer ~ ——

or solid stock. ~.
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Clamping the workpiece

The kerfed workpiece can be bent
around a two-part form cut to the desired
radius using the technique on page 59.
Work on a sheet of wax paper so the work-
piece will not bond to your workbench.
Apply glue in the kerfs, slip the web
clamp between the unkerfed side of the
stock and the arched section of the form,
and tighten it until the stock begins to
bend. Press the two parts of the form
together with a cabinetmaker’s clamp, and
tighten it to apply pressure at the middle
of the bend. Then tighten the web clamp
(above) until the workpiece bends com-
pletely around the semicircular section.




BENDING PLYWOOD

hile kerfing remains as the most

popular method of bending ply-
wood panels to create items such as
bowed door panels, curved cabinet sides,
or round blanket chest lids, the task can
also be done by bending %-inch or %-
inch plywood if the desired curve is shal-
low. The trick is to build the laminated
component from two or more sheets of
thin plywood sandwiched by the desired
decorative face veneer. The only jig you
require is a torsion box like the one
shown below. The box distributes bend-
ing pressure equally over large laminat-
ed panels. The steps involved are similar
to those used in making a laminate
bending form (page 59), and can be
adapted to suit a variety of contoured
shapes. For curves that are too severe for
Yi-inch plywood, you can use bendable
plywood or build your laminate from
many layers of thin veneer.

Available at lumberyards under a variety of trade names and nicknames
such as “Curve-Ply” and “wacky wood,” bendable plywood is a three-ply
sheet material typically between '4 and % inch thick. It features a flexible
inner core sandwiched between two outer layers with parallel grain.

MAKING A BENT PLYWOOD LAMINATE

Designing a torsion box

To make a curved plywood laminate,
first build a torsion box. The jig shown at
left is made from ¥%- and %-inch plywood.
It consists of two parts, reinforced by ribs,
which fit together and apply uniform pres-
sure on a panel. Both the top and bottom
are screwed to base panels made from the
thicker plywood; the curved panels of the
jig are formed of thin plywood. The ribs
must be contour-cut to the desired curve
(step 2), then the curved panels are fas-
tened to the ribs (step 3). The number of
ribs needed depends on the size of the
workpiece and the radius of the desired
curve. As a general rule, the tighter the
curve, the more pressure—and ribs—
needed. The torsion box in the illustra-
tion, useful for bending moderate curves,
features ribs at 3-inch intervals.
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BENDING WOOD

2 Cutting the ri&

A band saw can be used to prepare
several ribs at a time; use the convex
pieces for the bottom of the jig and the
concave pieces for the top. Start by stack-
ing several oversize blanks one atop the
other and screw them together to keep their
edges and ends aligned; make sure the
screws will not be in the path of the blade
when you saw the ribs. On the face of the
top piece, draw two cutting lines: Make
one equal to the desired radius to be bent;
draw the second line parallel to the first,
and separated from it by the thickness of
the workpieces plus the two curved panels
of the jig. Use Xs to indicate the waste
area. To make the cuts, feed the blanks
face up, sawing the concave ribs first (right),
then the convex ones.

|

Assembling the box

Once all the ribs are cut, screw them
to their bases from underneath, spacing
them about 3 to 4 inches apart. Then
cut the two curved panels from ¥%-inch or
bendable plywood, and fasten them to
the contoured edges of the ribs (left),
installing a screw every 3 inches. Counter-
sink the fasteners and cover their heads
with wood putty to ensure a smooth sur-
face. Once both parts of the form are
assembled, wax the top surfaces of the
curved panels to keep the workpiece
from sticking to the form.




BENDING WOOD

Clamping beams

Gluing up the laminate

Glue up the curved laminate in the
torsion box with bar clamps and a series
of clamping beams cut from 2-by-4
stock. The beams serve to distribute the
clamping pressure evenly. Apply glue to
the mating surfaces, sandwiching the core
sheets of plywood to be bent between
the desired face veneers. Place the lami-
nate between the two halves of the form.
Set the clamping beams across the width
of the box and clamp the assembly be-
tween them and the work surface. Work-
ing from the center out, tighten the clamps
a little at a time until the lamination is
bent snugly between the two forms. To
apply pressure at the center of the bend,
clamp another beam perpendicular to
the others (above). Let the setup cure
for about 12 hours.

B o o8
SHOP TIP

Veneering a ser-
pentine surface

To veneer a con-
toured surface with
more than one bend,
such as the drawer
front shown here,
use sandbags or
pillowcasges filled

with sand. For best
results, start lay-
ing the bags on the . s

‘middle of the surface, working your way out toward the ends. o
Since moderate heat accelerates the glue-curing process, keep. -
the bags near a heater or shop stove as you prepare for the job.
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COOPERING

\l

aminate bending with plywood can

produce curved lids, doors, and pan-
els. But if you want to shape the edge of
your workpiece with a router, you will
have to form the pieces out of solid stock.
One way to do this involves a process
known as coopering.

This technique was developed by bar-
rel-makers, called coopers, who heated
and softened beveled staves arranged in
a circle around a fire and forced them
into a cylindrical shape with metal
hoops. Cabinetmakers have adapted the
beveling idea and applied it to creating
curved elements in their designs.
Coopering is easy to do using a jointer
with a tilting fence, as shown on the
pages that follow.

Coopering creates a curved board by beveling wood strips at exactly the same angle
on the jointer and then gluing them into a curved shape. Here, a woodworker uses
a hand scraper to smooth the inside of a coopered blanket chest lid.

COOPERING A CURVED PANEL

Strip width

Calculating the strip bevel

To determine the bevel angle for the
strips so they will form the proper curve
when butted edge to edge, draw a full-scale
sketch of the curved panel. Determine the
width of the strips and mark their edges on
your sketch; more strips will produce a
smoother curve. Strips 2 inches wide
work well for a chest lid, for example. Draw
two lines connecting the edges of one strip
to the center of the circle described by
the curve. Then draw a chord across the
outside of the strip (left). The angle formed
by the line drawn from the center of the
circle and the chord is the angle at which
¢ you will need to bevel the strips




BENDING WOOD

Featherboard

Gluing the strips into pairs

Once all the strips have been beveled,
edge-glue them in pairs, using bar clamps
and the clamping pads to hold them as
the adhesive dries. Install the clamps at
12- to 18-inch intervals, alternating be-
tween the top and bottom of the stock
(right). (If you are using strips cut from
a single board, follow the numbers you
marked on their ends to glue them up in
the correct order.) If you have an odd
number of strips, the remaining one
can be glued up in step 4.

Beveling the boards on the jointer

Rip the stock, leaving the pieces %
inch wider than necessary; this extra mate-
rial will be removed by the jointer. (If you
are working with stock cut from a single
board, you may want to mark the ends of
the boards in sequence so the original grain
pattern will be preserved.) Set the jointer
fence to the bevel angle you measured in
step 1, tilting the fence toward the tables.
Clamp a featherboard and support arm
to the outfeed table. Bevel both edges of
each strip, using a push stick to feed the
work across the cutters (/eft). Also cut
several lengths of 1-by-2s for clamping
pads to the same length as the strips.
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BENDING WOOD

Gluing up half the curved panel

Once all the glued-up pairs of strips are
dry, edge-glue one-half of the pairs to-
gether with bar clamps and clamping
pads. To maintain downward pressure on
the center of the bend and prevent it from
popping out of the bar clamps, install a
quick-action clamp at each end of the
panel, securing it to the work surface.
Repeat for the other half of the panel,
including any remaining boards in the
operation (right).

Final glue up

Glue up the two halves of the panel as
you did in step 4; place a heavy weight,
such as a concrete block, in the center of
the panel to equalize the clamping pres-
sure on the center joint (/eft). Protect
the panel with scrap wood. Once the glue
has cured, use a handsaw to crosscut the
panel to length.
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O f all the skills in woodwork-
ing, carving best represents a
marriage between technical ability
and artistic expression. For cen-
turies, wood-carvers have wielded
simple tools to transform wood
blocks into objects they have seen
in the world around them: leaves,
shells, and folds of cloth, as well as
figures. The wood-carving tradition
has evolved, but the practice has
remained remarkably little changed.
In an age of power tools, the purity

are seldom helpful, for they typi-
cally contain rarely needed tools and
omit others that are essential.
Fortunately for the beginner, few
tools are needed to start carving.
Even professional wood carvers,
with hundreds of tools at their dis-
posal, perform the bulk of their
work with a dozen or so gouges,
chisels, and knives. The basic tools
are listed page 72.

As all professional carvers know,
sharpening is the first essential step

of a carver working on a simple
block of wood equipped only with
an array of hand tools holds an
undeniable appeal.

Proper carving technique can be
learned and honed with experience.
Again, as with other woodworking techniques, the old admo-
nition that “practice makes perfect” applies. But in practice
carving builds more than dexterity. Good carving demands an
ability to look at the world with a carver’s eye, seeing the shapes
and details of potential subjects in a block of wood. The carv-
er needs to develop an accurate visual memory and an ability
to notice subtle details of the object that is being reproduced.
Master carver Tan Agrell discusses this in his essay on page 11.

The tools of the trade may at first overwhelm the novice:
The selection available is immense. Commercial carving sets

A gouge carves the sloping contours of the
dart in a length of egg-and-dart molding.
A narrow tool with a shallow sweep, or
curvature, provides the most precise cut.

in practicing their craft. There are
many sharpening techniques and
tools, but all share the same goal
—a razor-sharp cutting edge. A
detailed discussion of how to sharp-
en and grind carving tools begins
on page 77. Another requirement is finding suitable wood
and securing it to a bench. Refer to the information starting
on page 87.

The remaining pages of the chapter will carry you through
some traditional and classical carving projects. Egg-and-dart
molding (page 91) and fans and shells (page 93) can be applied
to all types of furniture. Acanthus leaves (page 98), linenfold
panels (page 101), and claw-and-ball feet (page 106) have been
used to decorate furniture for centuries. Any of these projects
is a suitable entry point into the venerable art of carving.

The linenfold panel shown at left, produced by a student at The School
of Classical Woodcarving in Sausalito, California, is inspired by a design
introduced to England in the late 15th Century. The panel suggests the
symmetrical folds of draped altar cloths. The detailed lacework at the top

of the piece is typical of the earliest examples of this style.




A COLLECTION OF CARVING TOOLS

——
Straight gouge Skew chisel
Features a curved cutting Features a flat, angled
edge with a straight tip = cutting edge for fine :
for carving relief and = detail work

detail work

Straight chisel

Flat-bladed carving tool with bevels on
inside and outside surfaces for

rounding convex surfaces
and removing
background

A CARVER'S BASIC TOOLBOX
Carving tools are available in a wide
assortment of shapes and sizes.
Fortunately, you can perform most
tasks with a minimum number of
tools. As a beginner, start stocking
your inventory from the list of “work-
horse” tools below. Specialty carv-
ing tools can be added to your col-
lection as required. As shown on
page 74, carving tools are classi-
fied according to the curvature
and width of the blade.

No. 1 straight chisel: 5 mm, 16 mm,
25 mm

No. 3 straight gouge: 16 mm, 30 mm

No. 5 straight gouge: 5 mm, 12 mm,
20 mm, 25 mm, 35 mm

No. 7 straight gouge: 10 mm, 14 mm

No. 8 straight gouge: 7 mm, 13 mm,
25 mm, 35 mm

No. 9 straight gouge: 13 mm

No. 3 fishtail gouge: 12 mm

No. 11 veiner: 3 mm, 18 mm, 25 mm

No. 5 spoon gouge: 8 mm, 20 mm

No. 8 spoon gouge: 16 mm

No. 12 V-parting tool: 8 mm

Fishtail gouge
The blade’s flared tip is ideal
for cleaning out corners and
undercutting, particularly
with limited clearance

Bent gouge
Similar to a straight gouge, but with
a gradual curve along blade length;
used primarily to clear waste
from a concave surface

Dogleg chisel ]
Blade tip offset at 90° from blade -
shaft; used for paring flat recesses = ]
and working in restricted spaces -

Tool roll = l
Made from leather or heavy-

duty canvas with pockets —
for storing carving l
tools; handles are P

inserted into slots
s0 that blades
protrude

~
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CARVING

Veiner
A narrow-blade gouge used for fine
detail work and lettering: its name
derives from its original use:
shaping the veins in
carved leaves

Spoon gouge
Spoon-ghaped blade forms

concave surfaces; ideal R
for working in
restricted

Back-bent gouge
An upside-down spoon gouge with
a convex rather than a concave cut-
ting edge; used for under-cutting = _
and shaping where 5pace s
above the cut

V-parting tool
Two-sided, V-shaped blade used

for outlining, performing fine detail
work, or adding texture to
relief backgrounds -

TR

Macaroni tool
Possesses three workin,
- surfaces at right anglcsg Fluteroni tool
3 to each other;canbe [= dentical to macaroni tool,
used as a V-tool ﬂ!atthccomemaf

the cutting edge

ﬁu

or 4 gouge

Carver’s knife
Used to outline relief
work and carve details,
especially in
restricted
spaces

_——
EEn

Carving tool handles come in three com-
mon styles. Turned handles (right, top)
are found on almost all English carving
tools. They typically feature a metal fer-
rule at the base for added strength. Palm
handles (right, middle) provide a solid
grip and enable you to keep your fingers
close to the cutting edge for added control.
Both handle types often have a flat sur-
face on the underside that enables the tool
to bite into the workpiece at a slightly
lower angle and prevent the handle
from rolling when it is set down on a
work surface. Traditional Swiss- and
German-designed octagonal handles
(right, bottom) provide good control.

-_—
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A CARVER'S MALLET begins slicing into the wood and the
A carving mallet can be easily made beveled edge is rubbing against the

on a lathe. Start with a blank of face- stock. Rough-shape the mallet, mov-
glued stock larger than the finished ing the tool from side to side, leaving

dimensions of the mallet; hickory,
maple, beech, and oak work well.
Mount the blank on a lathe and set
the tool rest as close as possible to
the piece. Switch on the lathe and
round the corners of the blank with a
roughing-out gouge. Holding the tip
of the gouge against the blank, slowly
raise the handle until the cutting edge

a shoulder where the head will join the
handle (below). Finish shaping the blank
using the same technique with a fin-
gernail gouge (right). The handle of the

Roughing-
out gouge




No. 23
Macaroni tool
& mm
No. 25
Back-bent gouge \—/ i
—_ & mm
No. 28
Sl Back-bent gouge
T 6 mm
ST T N

Size
Width of
cutting
edge

Sweep
Degree of curvature

—— i — . — ] (— N — - — — — — ] — i —— — — - — N — -

INustration courtesy of Woodcraft Supply Corp.

CARVING
I
}
]
]‘ Carving tools are divided into three groups:
No. 11 < 1mm No. 12 v lmm No.13 | tom Chisels, gouges, and V-parting tools. In
Veiner , 60" v- \\'}23 SIS each group, tools are distinguished by the
r s It’:o"ﬂ"g \/ 466 Ft:o’f""g \\; i shape of the blade (straight, spoon, V-part-
\/ 10, Q// &0 - ing, and so on); by the width of the cut-
U 4 \/ \/ 30 ting edge (2 mm to 35 mm); and by the
@ \/ \/ degree of curvature, or sweep, of the blade
(No. 1 to 28). The number increases with

the degree of blade sweep. Straight, dog-
leg, and skew chisels all have flat blades
and so are assigned No. 1. V-tools are
assigned a number according to the angle,
ranging from 45° to 90°. Straight, spoon,
bent, and fishtail gouges share the same
range of sweeps. Specialty tools like back-
bent gouges and macaroni tools carry
their own numbers.

mallet shown has a small nub at the
end to provide a better grip.

Once the shaping is done, leave the
mallet on the lathe, move the tool rest
out of the way, and smooth its surface,
starting with 80-grit sandpaper and
moving to progressively finer grits.
Then finish the mallet with tung oil;
use small rags to avoid getting them
snagged in the lathe. Finally, remove
the mallet from the lathe, saw off the
waste wood at the ends, and sand and
finish the end grain.

LB BRI ER R R R R R B
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CARVING ACCESSORIES

Carver's screw
Fastened through
work surface to bot-
tom of carving block

Bench hold-down
For clamping carving
blocks on benchtop;
fits in %-inch-diameter
dog hole. Long arm
allows easy access to
all sides of workpiece

Teamed with workbench vises
to clamp stock; made of
metal or wood. Tension
spring keeps dog at
desired height; after
use, dog can be
pushed below
surface of
bsnchtop

Router
Fitted with straight bit to remove
background waste in relief carving

Hold-down clamp

Can be bolted to a work
surface for securing
carving blocks

Cclamp
Secures blanks and backup
boards to work surfaces.
Available in sizes up to 18
inches; some have a deep throat
for extended clamping reach

Trigger clamp
Secures carving blocks and back-
up boards; can be operated with
one hand for quick adjustment.
Fadded jaws protect stock

The commercial vise shown

at left serves well for carving.
The vise rotates a full 360° and
tilts up to 90°, providing access
to all the surfaces of a work-
piece. In addition, the front

Jjaw tilts to secure tapered or Router plane
oddly shaped stock. The vise Also known as a granny's tooth; small
comes with a built-in bench hand plane, typically with a Y-inch-wide

: blade for clearing waste from grooves
dog system for securing stock and recesses, or for removing back-

up to 13 inches wide. ground waste in relief carving

B e e S
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TOOLS FOR SHARPENING

T he number of stones and slips
available for sharpening carving
tools is almost as vast as the choice of
tools themselves. Sharpening stones are
generally divided into two groups accord-
ing to the lubricant used: oilstones and
waterstones. The lubrication serves to
disperse ground particles and to pre-
vent them from clogging the stone.
Naturally occurring oilstones, like
Arkansas and Washita, have long been

regarded as the finest sharpening
stones in the world. Supplies of these
stones are diminishing, however,
and they are becoming prohibi-
tively expensive. Man-made substitutes
fashioned from aluminum oxide
(India stones) or silicon carbide
(Carborundum or Crystolon) are less
expensive and virtually as effective,
though they tend to wear out more
quickly. An economical compromise is

the use of an India stone for rough-
sharpening and whetting, and an
Arkansas slipstone for final honing.

Waterstones (also man-made) have
become extremely popular with wood-
workers. Although they cut much faster
than oilstones, they do wear down more
quickly and require a different sharp-
ening technique. The following section
on sharpening methods deals only with
the use of oilstones.

Medium-grit wheel (left-hand side)
squares and grinds blade; cloth wheel

Honing compound
Applied to strop or cloth wheel

of grinder to polish sharpened
cutting edge; contains a mix-
ture of chromium dioxide and
other fine abrasives

(nght-hand side) polishes cutting edge

Slij
Small oilstones, waterstones,
and diamondstones used to
hone the bevel of a carving tool.
Convex, concave, and conical
stones are designed to fit vari-
ous gouge sweeps; triangular, or
knife-edged, stones are used to
hone the inside bevel of V-part-
ing tools

Benchstone
Any oilstone or
waterstone used
to sharpen carv-
ing tools

Strop :

A leather strip glued to a handle;
dressed with commercial honing
compound, jeweler's rouge,
or other fine abrasives
to polish sharpened
edage. Available in
various shapes £
tosuit arange L
of carving :

tool

OILSTONES AND THEIR USES

Whetting bevels; honing edges
Whetting bevels; honing edges

OILSTONE COLOR TEXTURE USES

Carborundum, Gray 100-200 grit Grinding bevels; repairing
Crystolon damaged edges

Washita Cream with darker streaks 350 grit

India Rust 90-600 grit

Soft Arkansas White with gray specks 800 grit Honing edges

Hard Arkansas White 1000 grit Honing edges

Black Arkansas Black 2000 grit

Honing or polishing edges




SHARPENING TECHNIQUES

arving tools are supplied in various

degrees of sharpness. In Great
Britain, blades are given a basic grind
before they are sold (photo, page 79),
needing only to be honed and polished
before use. North American manufac-
turers, on the other hand, supply carving
tools in a wide range of conditions, from
fully sharpened to crudely—and some-
times improperly—ground. The major-
ity of new carving tools require some
grinding before they can be whetted,

GRINDING A CARVING TOOL

Grinding a gouge blade

Grind the bevel on a gouge blade using a
grinder with a medium-grit wheel. Position
the guard properly, adjust the tool rest to
the desired bevel angle, and turn on the
machine at its slowest setting. Holding the
blade between the index finger and thumb
of one hand, set the blade on the tool rest
and advance it until the bevel is flat on the
wheel. (If you wish to alter the bevel angle
of the cutting edge, hold the blade against
the wheel at the desired angle.) With your
index finger against the tool rest, roll the
blade on the wheel until the entire edge is
ground (right). Continue, checking the
blade regularly, until the cutting edge has
been thinned (below) and the bevel angle is
correct. Dip the blade in water occasionally
to prevent it from overheating. Use the same
technique for chisels and V-parting tools,
but move the blade from side to side straight
across the wheel.

honed, and polished to a razor-sharp
edge. The two main goals of grinding are
to thin the dull side of the cutting edge
(inset below) and provide the correct bev-
el angle for the tool. To avoid drawing
the temper as you grind the metal, a wet-
wheel grinder is the best choice. If you
are using a dry wheel, the tool must be
cooled with water frequently.

Grind the bevel to an angle between
20° and 30° and make certain it is flat.
The bevel must extend across the entire

width of the blade and be square to the
tool’s edges. In general, a lower bevel
angle will produce finer cuts, but its thin
cutting edge will tend to break during
use, particularly in harder woods. To
strengthen the edge, hone an inside bev-
el with a slipstone (page 85). Carvers
generally try to grind the lowest bevel
angle that still resists breaking. Ulti-
mately, only experimentation and expe-
rience will teach you what angle is best
for your tools and style of carving,

Sharp edge

Courtesy Veritas Tools 1990
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CARVING

Most carving tools require some grinding
before they can be honed and polished
to a razor-sharp edge. The British-
made tools shown at right (from left £
to right, a chisel, a skew chisel, a
gouge, and a V-tool) have been ground
properly and are ready for final sharpen-
ing. The edges are fairly sharp with
none of the dullness shown in the inset
on the previous page. The bevels are
flat and square to the edges of the tool.

GOUGE-GRINDING JIG

The jig shown at right allows you to
hold a gouge at the correct angle for
grinding. The dimensions will accom-
modate most gouges. Cut the base and
guide from ¥%-inch plywood. Screw
the guide together and fasten it to the
base with countersunk screws. Make
the guide opening large enough for the
arm to slide through freely.

Cut the arm from 1-by-2 stock and
the tool support from %-inch plywood.
Screw the two parts of the tool support
together, then fasten the bottom to the

Teol support
(back) £'x 2" x 2 4"

(bottom) A" x 1 4" x 24

arm flush with one end. For the V-
block, cut a small block to size and
saw a 90° wedge out of one side. Glue
the piece to the tool support.

To use the jig, secure it so the arm
lines up directly under the grinding
wheel. Seat the gouge handle in the
V-block and slide the arm so the beveled
edge of the gouge sits flat on the grind-
ing wheel. Clamp the arm in place.
Then, with the gouge clear of the
wheel, switch on the grinder and repo-
sition the tool in the jig. Roll the
beveled edge across the wheel (left).




CARVING

harp tools are essential for carving

wood. Not only will they improve
the quality of your work, they will also
make it more enjoyable. Once you have
ground the proper bevel on your tool
(page 78), you will need to hone and pol-
ish the blade before it is ready for work.

For carving chisels, both sides of the
blade must be whetted, or honed, on a
benchstone, and polished on a strop as
shown at right and on page 81. The pro-
cedures for gouges and V-parting tools
are a little more involved. In both cases,
the outside bevel must be whetted.
Depending on the quality of the bevel
you produced on the blade, you may first
have to use a medium stone and then
move to a fine stone to achieve the desired
sharpness. If the bevel has been proper-
ly ground, a fine stone should suffice.

The whetting process will raise a burr
on the inside edge of the blade, which is
honed away with a slipstone. This sec-
ond process creates a slight inside bevel
on the blade that strengthens the cut-
ting edge. The angle of the inside bevel
can be anywhere from 5° to 10°. Once
the inside bevel is honed, the outside
edge may need to be honed to a final
edge with a slipstone. If the edge is suf-
ficiently keen, however, both the inside
and outside bevels are simply polished
with a strop or the buffing wheel of a
bench grinder. The steps for sharpening
a V-parting tool are shown on page 82;
for a gouge, see page 84.

SHARPENING A CARVING CHISEL

Honing the cutting edge

Lay a combination medium/fine stone on a plywood base, screw cleats along-
side the stone to keep it from moving, and clamp the base to a work surface.
Lubricate the stone with a few drops of light machine oil until it pools on the sur-
face. Start by holding the blade with the outside bevel flat on the stone and slide
the cutting edge back and forth until the rough grinding marks have disappeared
(above) and a burr has formed on the inside edge. Flip the tool and repeat the
procedure to hone the inside bevel. Both bevels should be about 20°.

SHOP TIP o e
A sharpening- ] ! \‘/

stone holder
Carvers are con- -
stantly sharpening
their tools. To make
the process more
convenient, build a
permanent home for your
stone. Outline the sharpening ,
surface on a piece of solid wood
large enough to be clamped to your
bench. Then plow a recess within the outline
using a router fitted with a straight bit; make
the depth of the recess slightly more than one-half
the thickness of the stone. Square the corners of the recess
with a chisel and store the stone in the holder. When you need to
do some sharpening, simply secure the board to your workbench.

80

mAmmmMMMMMMMMMTT TN MM

mmmMmMmMmMMMMTMTMMTMMTMMAM



LB LR _AJ .-y LA

LR B

CARVING

~| Leather strop

\

Polishing the cutting edge

Use a leather strop or the buffing wheel of a bench grinder
to polish both sides of the blade. If you are using a strop, you
can fasten it to the base alongside the sharpening stone. Apply
a light coating of polishing compound to the strop, hold the
chisel with the outside edge on the leather, and draw the chisel
toward you in long strokes, keeping the bevel flat (above, left).
Lift the tool at the end of each stroke. To polish a blade with

the buffing wheel, hold the chisel almost vertically, with the bevel
flat against the buffing wheel (above, right). Move the chisel from
side to side slowly as the wheel polishes the bevel. Whether you
are using the strop or the wheel, continue until the burr remain-
ing from the honing process disappears and the bevel is polished
to a fine edge. Repeat on the other side of the blade.

Testing for sharpness

There is no guarantee that the first
sharpening of the blade will produce the
keen edge required for carving. When you
have completed steps 1 and 2, clamp a
piece of pine or another softwood to the
work surface and cut across the grain of
the board. The blade should shear the
wood cleanly without tearing out the fibers.
Also note the sound that the blade pro-
duces; a razor-sharp carving tool will
make a clean, hissing sound as it slices
through the wood.
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CARVING

SHARPENING A V-TOOL

=
4

Whetting the outside edges

Sharpen each side of a V-tool sepa-
rately. Hone one outside bevel as you
would a chisel (page 80), moving the
blade back and forth along the length of a
saturated oilstone and keeping the bevel
flat on the stone. Repeat on the other side
of the V (left). Stop working when you have
removed the rough marks from the ground
edge and a small burr forms on the inside
of the edge. To feel for the burr, run your
finger gently across the inside edge of
the blade.

Removing the hook

When you sharpen the outside bevels
of a V-tool, a hook of excess metal will
form at the apex of the V (inset). This hook
must be ground away before you hone the
inside bevel in step 3. Holding the tool on
the stone, roll the corner across the sur-
face (right). Move the tool from end to end
along the stone until you wear away the
hook and an outside bevel forms at the
apex of the V. As much as possible, try to
blend the bevel with the outside bevels on
the sides of the V, forming one continuous
beveled edge. This process will create a
burr in the center of the inside edge, which
is removed in step 3.
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CARVING

Slipstone

ﬁ \
000l o 2ot ore o e et e

Honing the inside bevel

a triangular slipstone that matches the
angle of the V-tool blade as closely as
possible. Clamp the stone securely in a

SHOP TIP

Slipstoneg bench vise and saturate it with oil. To
and strops for avoid crushing the stone, do not over-
inside edges tighten the vise. Then, with only the end

The inside edges of
carving toole—particu- W
larly gouges and V-tools—
can be difficult to hone and
strop, if you do not have a slip-
stone or strop of the correct
shape. You can fashion a substitute
for honing a gouge by wrapping a dowel
with 600-grit sandpaper f near right). ForV N
tools, attach the paper to a piece of scrap wood 8§ .\ S,
with an outside edge shaped like the inside angle of g
the blade. Use glue to secure the sandpaper in place.  ~
Contoured strops can be improvised by fastening a
strip of leather to a suitably shaped wood block. A
simpler option is to fold a strip of leather to fit the
inside edge of the gouge or V-tool (far right).

of the blade’s inside edge in contact with
the stone, draw the tool forward and
back applying light downward pressure
(above, left). Check the inside edge of
the blade periodically until the burr is
removed and a slight inside bevel forms.
To finish, polish the outside of the edge
with a leather strop or a bench grinder
polishing wheel (page 81). To polish the
inside edge, cut the side of a commer-
cial strop to match the interior angle of
the V-tool and draw the tool along the
angled edge (above, right).
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SHARPENING A GOUGE

Whetting the outside bevel

Saturate an oilstone as you would to
sharpen a chisel (page 80), then set the
outside bevel of the gouge flat on the
stone. Starting at one end, move the blade
back and forth along the stone with a
rhythmic motion, simultaneously rolling
the tool so the entire bevel contacts the
sharpening surface (above). Avoid rocking
the blade too far, as this will tend to round
over its corners and blunt the cutting edge.
Continue until the bevel is smooth and a
burr forms on the inside edge of the blade.
The same technique is used to sharpen a
front-bent, or spoon gouge, but you will need
to hold the tool at a much higher angle
to keep the bevel flat on the stone (right).

Spoon gouge
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CARVING

Conical slipstone

Honing an inside bevel

Once you have sharpened the gouge
blade's outside bevel, use a conical slip-
stone to hone a slight inside bevel on
the blade and remove the burr formed in
step 1. Put a few drops of oil on the cutting
edge of the gouge, then move the blade
away from you across the stone. To avoid
dulling the outside edges of the blade—
and bringing the cutting edge close to
your fingers—the blade should only con-
tact the narrow portion of the stone (left).
Continue until the burr is removed and an
inside bevel of 5° to 10° forms.

Refining the outside bevel

Use a fine slipstone to refine the gouge's outside bevel and
remove any burr that may have formed during sharpening. Apply
a few drops of oil to the cutting edge, then hold the slipstone
in one hand and set the bevel flat on its surface. Draw the tool
from side to side along the stone, rotating the blade to hone the
bevel (above). To protect your hand, work only in the middle por-
tion of the stone. Continue honing until the burr is worn away.

Polishing the inside bevel

Use a folded piece of leather to strop the inside bevel of
the gouge. Spread some polishing compound on the leather
and fold it so its edge matches the inside curve of the gouge
Draw the blade along the leather repeatedly to polish the
inside bevel (above). You can also do the polishing using
a shaped wood scrap (page 86).




CARVING

Polishing the outside bevel

Use a felt wheel on a grinder or a
leather strop to polish the outside bevel
of the gouge. To use a wheel, move the
tool rest out of the way, turn on the tool,
and hold a stick of polishing compound
against it for a few seconds. Then, hold-
ing the gouge handle firmly in your right
hand, pinch the blade with the fingers
of your left hand and set the bevel flat
against the wheel. Making sure the
blade only contacts the lower half of
the wheel, lightly roll the tool across
the wheel to polish the bevel (above,
left). If you use a strop, spread some
polishing compound on it, then use the
same rolling technique shown in step 1
to polish the outside bevel (above, right).
Check the inside bevel; if a burr has
formed, repeat step 4.

A

SHOP TIP

Using wood scraps
for stropping
Instead of a
leather strop or a
buffing wheel, you can
use shaped wood scra
to strop the cutting edges of
your carving tools. Cut a groove
in one board that matches
the convex edge of a gouge
(near right); cut the reverse
shape for the concave edge of the
blade (far right). You can use the gouge
iteelf to perfect the shape of the scraps. To
use a wooden strop, spread some polishing com-
pound on the contoured surface and draw the cutting
edge along the wood.
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SETTING UP TO WORK

O nce your tools are sharp, carving
requires little preparation other
than selecting a suitable wood for your
project. The chart below lists a number
of carving woods and their relevant
characteristics. In general, soft, fine-tex-
tured woods with straight grain are best
for small projects and detailed work.
Dense hardwoods with fine textures
accept details well, but require greater
force to cut.

Once you have chosen your wood, use
carbon paper or a graphite tracing to
transfer your pattern to the carving block
(page 88). Keep the pattern on hand after
you have drawn it on the workpiece so
that you can continue to transfer details
to the wood as the carving progresses.

Securing your work is the final step
before carving. Several effective meth-
ods are shown starting on page 88.

Finally, remember that a well-honed
carving tool can inflict a serious wound.
As much as possible, keep your hands
behind the cutting edge and cut away
from your body. And, for the sake of
your safety and your work, do not use
tools with dull or nicked blades.

The contouirs of a cabriole leg are shaped
with a spokeshave. The leg is held in a
bar clamp, which is secured to the work
surface by a handscrew and two quick-
action clamps. This setup exposes the
entire front surface of the leg for shaping.

CARVING WOODS

WooDs

Apple
Basswood

Birch

Butternut
Cedar, aromatic
Cherry, black
Holly

Jelatong
Mahogany, Honduras
Maple, soft
Oak, white
Padauk

Pear

Pine, sugar

Poplar

Purpleheart
Rosewood, Indonesian

CHARACTERISTICS

Reddish brown to light red; hard with fine grain; carves well

Creamy white darkening to creamy brown; soft with fine texture: carves very well
Creamy white to pale brown; hard with fine texture; straight-grained pieces carve well
Medium light brown; moderately soft with somewhat coarse texture; carves very well
Reddish brown; moderately soft, very fine-textured; carves well

Reddish brown to deep red; hard with fine texture; carves moderately well

White to grayish white; very fine texture; carves well

Light yellowish white; soft, very fine-textured; carves exceptionally well

Light reddish brown to medium red; hard with medium coarse texture; carves well
Cream to light brown; moderately hard with fine texture; carves well

Light tan with yellowish tint; hard with coarse texture; carves with difficulty

Deep red to purple-brown with red streaks; hard with moderately
coarse texture; carves moderately well

Pinkish brown; hard with very fine texture; carves very well

Light cream; soft with fine texture; carves very well

White sapwood to pale brown heartwood; soft with fine texture; carves well
Deep purple; hard with moderate to coarse texture; carves moderately well

Golden brown to dark purple-brown with black streaks; hard with
medium texture; carves moderately well

Sycamore Pale reddish brown; hard with fine grain; carves moderately well
Teak Golden brown to rich brown with darker streaks; hard with coarse texture; carves well
Walnut Dark brown to purplish black; moderately hard with medium coarse texture; carves very well
- e e S
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CARVING

TRANSFERRING A PATTERN TO A WORKPIECE

Carbon paper

Using carbon paper

Copy the design to be carved on a piece of paper, then lay a piece
of carbon paper carbon-side-down on the workpiece over the
desired location of the carving. Lay the design on the carbon
paper, tape the sheets to the warkpiece, and use a sharp pencil
to trace the outline (above). The carbon paper will transfer the
outline to the carving block.

SECURING THE WORKPIECE

Using a carver's screw

Specially designed to clamp a carving block to a work table,
the carver’s screw shown at right is fastened to the block and to
the table. Start by boring a pilot hole for the screw in the bottom
of the workpiece; bore a clearance hole through the table near
one edge. Attach the screw to the block, slip the screw through
the hole in the table, and turn the tightening knob until the block
is secure on the work surface. Loosen the tightening knob to
rotate the workpiece. When the carving is completed, plug the
hole in the workpiece.

Using a graphite tracing

As an alternative to carbon paper, transfer your pattern using
a graphite tracing. Draw the design on a piece of paper. Then,
using a fairly soft pencil (No. 2 or softer), blacken the back of
the sheet. Tape the paper design-side-up to the workpiece and
use a sharp pencil to trace the design. Stop partway through
and lift off the paper to check that the design is being trans-
ferred to the workpiece.

Carving
" block
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CARVING

Using clamps

To secure a flat carving block to a work
surface, glue it to a wood base, then
secure the assembly with C clamps
(above). The base should be wider and
longer than the workpiece. Place news-
paper between the base and the carv-
ing block; this will enable you to pull
the pieces apart easily when the carv-
ing is completed. Let the glue cure for
at least an hour before carving.

Securing irregularly shaped work

To clamp down awkwardly shaped work
pieces like the cabriole leg shown at left,
begin by securing the leg in a bar clamp
Then fix the clamp in a vise. Rotate the
leg in the clamp as necessary
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CARVING

Clamping cleat
"x 14" x 18 %"

A JIG FOR SECURING THIN WORK
The benchtop jig shown at left
allows you to clamp a thin carving
blank. Cut the base from %-inch
plywood and the remaining pieces

from solid stock. Refer to the illus-

tration for suggested dimensions,
but be sure the base is longer than
the workpiece and the spacer is
long enough to butt against its entire
front edge. The edging strips should
be thicker than your stock. Screw
them along the edges of the base
and fasten two wedges flush against
one strip as shown. Screw a cleat
along the bottom of the base so the
jig can be clamped in a vise. Set
your stock on the base, butting one
edge against the edging strip oppo-
site the wedges. Butt the spacer
against the opposite edge and slide
the two loose wedges between the
spacer and the fixed wedges. Tap
the wedges tight to apply clamping
pressure (left).

To improve their efficiency,
wood-carvers traditionally start
a project by laying out all the
tools they plan to use along the
far edge of the carving block. The
tools are positioned by frequency
of use, with the most-often used
on the left, and the less frequently
used tools on the right. The
blades face the carver for quick
recognition. At each step of

the carving process, the tools
that are immediately involved
are positioned alongside the
left-hand end of the workpiece
with their blades facing away.
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CARVED MOLDINGS

arved moldings have been used

to decorate furniture for centuries.
In fact, experts are able to determine
when and how a molding was cut by
looking at its style and shape. The most
common carved molding styles include
the Gothic, which is deep-cut with a
wide range of irregular shapes, and the
Renaissance and Jacobean varieties,
which feature more uniformly patterned
work, built up from a fixed sequence of
shallow cuts.

The first requirement for carved
molding is a molding blank formed
from an appropriate-size piece of stock.
You can make a blank by hand with
gouges, but for long sections, it is quick-
er to use a router or shaper. Before carv-
ing the molding, begin on a test piece
and establish the sequence of cuts that
will provide the desired result. For
example, to produce the egg-and-dart
molding shown on this and the follow-

ing page, outline the eggs first (steps 1
and 2), then shape them (step 3), and
finally carve the darts (step 4). Asa rule
of thumb, molding should be carved
with as few cuts as possible, making each
one clean and decisive. Try to design the
molding to suit the sweeps, or curves,

of your tools, rather than the other way
around. Carve one set of elements, such
as the eggs, along the entire length of
molding before changing tools and carv-
ing the second series of elements. This
will streamline the carving process and
help give the result uniform appearance.

The egg-and-dart pattern shown above was carved in ovolo-shaped molding. The piece
on the right is finished; the sample piece on the left shows the progression of required
steps. Acanthus motifs at the corner will allow the mitered ends to butt together cleanly.

CARVING AN EGG-AND-DART MOLDING

Egg mark

Marking the eggs

Prepare a carving blank; the one shown above has an ovolo
design—a type of quarter-round bordered by ridges called quirks.
Secure the blank to your workbench, using bench dogs to keep
the entire top face accessible. Mark the center of the eggs along
the length of molding using a try square and a pencil (above).
Space the marks at intervals of about 2% inches.

Outlining the eggs

Once you have marked the location of the eggs, use a gouge

to outline their edges. Choose a gouge with a sweep that matches
the desired curvature of the eggs. Holding the tool with the corner
of the cutting edge just touching the top quirk, tap the handle

lightly with a mallet to cut the outline around the egg. The cuts
should slope slightly inward toward the center. Repeat the cuts to
outline the remaining eggs along the length of molding (above)
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Carving the darts

Each dart consists of a central ridge
flanked on either side by a triangular hol-
low. The hollows are carved with three cuts,
producing a curved triangular chip which
should come away easily. First, outline the
darts between the eggs with a pencil. Then,
using a gouge with the appropriate sweep,
carve the curved outside edges of all
the hollows. Holding the tool vertically,
tap it with a mallet to cut to the desired
depth, then repeat the cut on the other side
of the dart (right). Once all these curved cuts
are made, use a straight chisel to carve the
sides of the central ridges. Angle the tool at
about 60° to start and lower the handle
slightly as you tap the blade with a mallet.
This will create a curved slope on each
side of the ridges. Continue the cut until
the blade meets the curved edge of the hol-
low. Make the last cuts with a small carv-
ing knife along the bottom edge of the
hollows—flush with the top quirk—on each
side of the dart (inset). Wedge the waste
chip out of the hollow with the knife.

Shaping the eggs

Cut a 90° V-block jig on the table saw to
hold the blank securely while allowing access
to its top face. Clamp the molding in the V-
block and use bench dogs to hold the block
on the bench. With the same gouge used in
step 1, make a vertical cut to widen the outline
around the eggs. The width of the cut should
be % inch at the bottom quirk, gradually nar-
rowing until it closes up at the top quirk. Once
all the eggs are outlined, they can be shaped
with a shallow-sweep (No. 3 or 4) straight
gouge. Starting with the gouge nearly horizon-
tal, raise the handle slowly as you carve from
the top down to round the sides of each egg
to the outline. Use only hand pressure except
where difficult grain demands light taps with
a mallet. Carve each egg the same way, then
use a narrow gouge or carving chisel to give the
eggs a final shaping (left).
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FANS AND SHELLS

S callop shells, sunbursts, and fans used
in furniture making reached a pin-
nacle of popularity in the 18th Century.
Then, as now, they were used extensive-
ly to adorn Queen Anne, Georgian, and
Chippendale furniture, particularly on
the fronts of central drawers and the
knees of cabriole legs.

Simple fans, like the Queen Anne fan
illustrated below, are relatively easy to
carve and they lend themselves to a wide
assortment of applications. For this rea-
son, a fan is an ideal starting point for
the beginning carver. However, care is
needed, for the layout and planning of
the cuts is particularly important, and it
is crucial that the carving be suitably

sized for the piece of furniture. The steps
for carving a fan begin on page 94.
Fans and shells can either be carved
directly on the furniture or shaped on a
separate piece of wood, cut off, and glued

A SAMPLING OF FAN AND SHELL DESIGNS

in place-also known as applied sculp-
ture. Once you know where the cuts will
be, the actual carving is relatively
straightforward. As with molding, make
one set of cuts across the entire work-
piece before changing tools to make the
next series of cuts. This will bring the
entire piece to completion progressively,
rather than one small section at a time.

Carving a shell can be challenging, but
the end result makes the effort worth-
while. The Queen Anne scallop shell
shown at left adorns the bottom rail of
a highboy, decorating it in the style of
classical 18th Century furniture.
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Queen Anne scallop shell
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Regency flower

Queen Anne shell
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CARVING A FAN

Designing and outlining the fan

Secure your carving block to a work
surface, protecting the stock with wood
pads. Outline the fan full-size on a sheet
of paper, then transfer the design to the
carving block (page 88). To design a sim-
ple fan, like the one shown at left, start
by drawing a semicircle, then use a com-
pass to divide it into equal segments, or
rays. The width of the rays is a matter of
personal choice and will depend on the
size and style of the fan. For this design,
you will need an odd number of rays to
accommodate the alternating convex and
concave ray layout. Once you have trans-
ferred the outline to the block, cut lightly
around its perimeter with a sharp carving
knife (left).

Carving the convex rays

Use a V-parting tool to pare a groove on
each of the layout lines dividing the rays.
Always cut with the wood grain, reversing
your cutting direction if necessary. Then,
starting with the first ray at one side of the
fan, use a narrow-blade straight chisel to
round over the corners of every second ray.
These will be the convex rays. Make several
cuts on each ray, first creating a faceted
surface, then a gently rounded one (right).

Convex ray

L S
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CARVING

Flattening the concave rays

Once you have rounded the con-
vex rays, flatten the concave rays flush
with the bottom of the convex rays.
Use a narrow straight chisel for the
thin portion of the rays and a dogleg
chisel for the wider portion near the
perimeter of the fan (left).

Rounding the concave rays Setting in the circumference
Once all the concave rays have been flattened, round their Once you have shaped the rays, use a carving knife to
centers. Use a narrow veiner to carve the narrow sections trim any remaining waste from the perimeter of the fan (above).
(above); switch to a No. 5 or 7 gouge for the wider portion of Then, starting with 100-grit paper, sand the fan surface with
the rays. Leave a ¥is-inch shoulder on each side of each ray. progressively finer grits to give the wood a smooth finish
95
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CARVING A SHELL

Coping saw

Sculpting the shell surface

Fasten the blank to a backup board,
using glue and newspaper or a screw,
and clamp the board to a work surface.
Start sculpting the surface of the shell using
a low-sweep gouge (No. 3 or 4). Once the
shell is gently rounded, transfer the vein
lines from your pattern to the blank and use
a V-parting tool to etch the lines into the
wood (right). Make all the cuts in the
direction of the wood grain.

Cutting the carving blank

Draw the shell pattern full-size on
a piece of paper, then transfer your
design to a wood blank of the desired
thickness (page 88). Secure the blank in
a bench vise and use a coping saw to cut
it out (feft). If the saw blade is binding in
the kerf at the tightest parts of the out-
line, cut to the edge of the board to release
the waste. This will give the blade more
maneuverability as you continue the cut.

Backup board
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CARVING

Rounding the rays

Once all the veins have been cut,
use a No. 3 or 4 gouge to round the cor-
ners between the vein lines. Start by
making the surfaces of all the rays convex
{or crowning outward). To finish carving
the pattern, carve a concave valley into
every second ray with a narrow No. 7 or 8
gouge (right). (For the design shown, the
two rays at the center line remain convex.)
The result will be that the surfaces of
adjacent rays will curve in opposite direc-
tions, alternating between convex and
concave. Carve carefully at the edges of the
blank to avoid tearout.

V-parting tool

Carving the veins in the wing

Use a V-parting tool to carve the veins
in the wings at the bottom of the shell.
Make all your cuts with the wood grain;
with the workpiece shown at left, this
involves carving down from the top of the

shell. Once you are satisfied with the

shape of the shell, smooth the surface

lightly with progressively finer grits of
sandpaper, or use a riffler. Remove the
workpiece from the backup board.




RELIEF CARVING

Rclicf carving involves bringing
a design into prominence on a
piece of wood by removing the back-
ground (or waste) surround-
ing it. The technique has been
used for thousands of years
to create a diverse range of
images, from simple geomet-
ric patterns to street scenes
and portraits. Relief carvings
are of two types. Low reliefs
feature a background that is recessed
% inch or less from the work; if the
background is recessed more than this,
the work appears to stand free of it and
the carving is described as high relief.
Low relief carving is best for simple
designs and patterns; high relief is ide-

CARVING AN ACANTHUS LEAF

al for more detailed work or in cases
where the carver wishes to create the
illusion of depth.

Based on a classical Greek design, the
acanthus leaf has been a favorite with
carvers for centuries. The example
shown above, produced by Master Carver
Adam Thorpe, can be used as a model
as you follow the steps detailed below
and on the following pages.

Most relief carvings require that you
follow these sequence of steps: First, a
carving is set in (step 1), then the back-
ground is removed (step 2). If
you are using either a router
fitted with a straight bit or a
router plane for this step, the
resulting background will have
a smooth surface.

It is common practice to
remove the background with
a gouge; this will leave a slightly rough
surface that will stand in contrast to the
finished carving. Once the background
is completed, the carving is rough-
shaped, or bosted in (step 3), then mod-
eled to finished quality and undercut
(steps 4 and 5).

Setting in the pattern

Draw your pattern full-size on a piece of paper, then transfer
the design to your carving block (page 88). Each of the vein lines
on the leaves or valleys between leaves should be represented by
a pattern line. Clamp the board to a work surface and begin set-
ting in the carving. Make a series of cuts around the outline using
a V-parting tool, striking the tool with a mallet, if necessary. The
resulting groove should begin % inch outside the pattern; steer
clear of any fine details for now. Next, use a gouge of relatively
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shallow sweep (No. 3 or 5) with a mallet to widen the groove,
angling the gouge to carve from the outside in (above, left).
When the groove is roughed in, carve to the marked outline; at
each point, use a gouge whose sweep matches the curve of the
design. Also use a mallet to ensure that the outside edges
of the carving are vertical (above, right). Continue the entire
process, widening the groove and flattening the edges of the carv-
ing, until you have set in the background to the desired depth.
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CARVING

Removing the background

When the carving is set in, use a
mallet and a straight gouge with a shal-
low sweep to remove the background. In
the example shown here, the background
will be removed from the entire surface of
the workpiece. Starting at one end of
the carving, hold the chisel vertically and
perpendicular to the wood grain, and tap
it with a mallet to break out a chip of waste
wood (/eft). Move the tool laterally and
back about % inch, then make the next
cut. Continue until you have reached the
end of the workpiece and cut away the
background to the required depth. Repeat
at the other end of the carving and along
the sides. Use a shallow-sweep gouge,
holding the tool horizontally, to finish the
background to the desired smoothness.

Bosting in the carving

Now you are ready to rough out the
basic shape of the carving, a process
called bosting in. First, use a V-parting tool
with a mallet to carve the valleys be-
tween the leaves and the veins within
them to the desired depth. These details
are represented by pattern lines. Start at
one end of each line and carve along its
length. In difficult grain, you may need to
stop partway through a cut and complete
it from the other end of the line. In hard
stock, use a mallet to tap the tool (right).
Next, round off the sharp corners on the
outside and inside of the carving to their
rough shape. For the outside curves of the
leaf, use a gouge of shallow sweep to
carve in broad sweeps around the curves.
Rough out the inside edges using a gouge
with a deep curvature, carving down from
the top (inset). Do not try to add detail
or carve perfectly smooth contours at
this point. The idea is simply to rough out
the general shape of the work.
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Carving the piping

When the work is rough-shaped, you
can begin to carve the details, starting
with the pipings and the eyes. Pipings are
raised tubular segments created when
adjacent sections are indented to suggest
a fold in the leaf, Eyes (visible in the illus-
tration below) are teardrop-shaped holes
which simulate a fold between two over-
lapping leaves. Before carving the pipings
and eyes, transfer any lines you may need
from the pattern onto the workpiece. For
the pipings, use a veiner to carve the val-
leys adjoining them. Work in the direction
of the the grain, using only hand pressure
(right). Then use a narrow No. 5 gouge
to smooth the edges of the pipings to
the desired shape. Once the pipings are
carved, cut the eyes. Use the veiner, but
cut vertically, tapping the tool with a mallet.

CARVING

" Shallow
gouge

Modeling the curves

Once you have completed the pipings and eyes, model the droop naturally. The volute at the other end of the leaf should be
leaf. To round over the outside curves, use a shallow gouge and  stepped—high in the center and spiraling down into the body of
hold the tool convex-side down; use a spoon gouge with a deep the leaf. Continue modeling until you are satisfied with the shape
curvature for the sharp interior curves (above, left). All your cuts  of the work. Then, use a shallow gouge to undercut the carving.
should be long and sweeping, made with the grain. Next, round  Remove % inch of wood from the base of its edges, creating a
over the lobes at the ends of the leaves; they should seem to shadow around the workpiece (above, right).
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LINENFOLD PANELS

l ) esigned to duplicate in wood the
/ folds of an altar cloth, the linen-
fold panel is one of the enduring styles of
relief carving. Brought to England from
continental Europe in the 15th Century,
it caught on rapidly and today can be
found on the walls of houses and
churches, as well as on beds, cabinets,
and chests.

Carving linenfold involves two basic
steps: First, the undulations of the folds
are carved, then the ends are sculpted.
The folds were traditionally cut with
straight and curved hand planes that are
extremely difficult to find today. The fol-
lowing pages demonstrate two alterna-
tive modern methods for producing the
folds, one using a table saw (page 102)
and a second using the saw along with
gouges (page 103). The ends are sculpt-

ed with an assortment of carving tools
(page 104).

There are hundreds of traditional
linenfold patterns. In fact, wood-carvers

covering a room with linenfold in cen

turies past would alter the design of
each panel slightly. A sampling of the
more common designs is shown below.

The linenfold panel shown above, produced by a student at the
school of Master Carver lan Agrell, features the undulating folds
and sculpted lacework that distinguish this centuries-old design.

A SELECTION OF LINENFOLD DESIGNS

Face-on view

End view

Face-on view

End view

Face-on view

End view
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CUTTING THE FOLDS ON THE TABLE SAW

Cutting the deep grooves

Outline the linenfold pattern on both
ends of your panel; also outline the back-
ground on its inside face. Start by cutting
the deep grooves, as shown at left, then
shape the folds (step 2) and saw away the
background (step 3). To cut the grooves,
align one with the blade, butt the rip fence
against the edge of the panel, and adjust the
blade depth. Pressing the panel against the
fence, use a push stick to feed the work-
piece. For a wide groove, you may need to
make more than one pass. For the pattern
shown, cut the second groove by rotating
the workpiece 180° and make a second
pass (left).

Shaping the folds

The folds are shaped on the saw with a
molding head fitted with the appropriate
cutters. Since the contours on either side
of the panel are mirror images of each
other, the same cutter can be used to make
both cuts—provided the workpiece is rotated
180° between passes. For each cut, use a
molding cutter with the appropriate profile
for one section of the outline. Position the
panel face-down on the saw table in front
of the cutter and adjust the cutting height
to align the cutter with the marked outline.
Then lower the cutterhead and make a
pass that is no deeper than ¥ inch, feeding
the stock with a push stick as in step 1.
Reverse the board and repeat the cut on
the other side. Make as many passes as
necessary, raising the cutting height ' inch
at a time. Use the same technique to shape
the other sections of the panel (right).
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CARVING

Cutting the background

Once the contours of the panel are cut,
remove the molding cutterhead and install
a crosscut blade on the table saw. Cut away
the background in two steps, first notching
the inside face of the panel, then feeding it
into the blade on end and on edge. To make
the first cuts, set the blade height to the
depth of the background and feed the
panel, inside-face down, along the marked
lines. Now hold the panel end-up on the
saw table and align the blade with the
bottom of the kerfs cut in the panel face.
Clamp a guide block to the panel to ride
along the top of the rip fence and, keep-
ing the panel flush against the fence,
feed it on end to remove one section of
the background. Turn the workpiece over to
cut the background at the other end (left).
Repeat the process to remove the back-
ground from the edges.

Background

CARVING THE FOLDS BY HAND

Shaping the folds

To shape the folds of a linenfold panel by
hand, you first need to cut any deep grooves
(page 102) and remove the background
(step above) on the table saw, as shown in
the previous section. Then clamp the panel
to a work surface so you have access to one
side and chip away at the waste in the folds
using gouges with sweeps that match the
desired contours. Work in a relatively
straight line from one end of the panel to the
other, tapping the tool with a mallet (right).
Once the contours are rough-shaped, give
them a final shaping, working the gouge
with hand pressure only. Reposition the
clamps to work the other side of the panel.
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CARVING THE ENDS

CARVING

Setting in the end-fold pattern

The end-fold pattern is set in with
gouges and chisels. The ends are defined
first, then the inner folds are set in and
sculpted. To define the ends, clamp the
panel to a work surface and work from one
edge of the panel to the other to chop away
the waste. For each cut, hold a gouge or a
V-tool with the appropriate curve vertically
on the outline and strike the handle with
a mallet (right). Cut down to within % inch
of the background. (This protects the
background for now, but the waste will
be removed later in step 4.)

Outlining the end folds
Once the folds on the main part of the

panel are done, you can carve the end folds.

Copy your design full-size onto a piece of
paper, and then transfer it to the panel; or,
you can make a template, as shown at left.
For the template, trace your design on a
board and cut it out using a band saw or
saber saw. Then, hold the template across
the top end of the panel and use a sharp
pencil to trace the outline of the end folds
on the workpiece (/eft).
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CARVING

Inner-fold
cutting mark

Setting in the inner folds

Mark the inner folds on the end of
the panel with a pencil. Then rough in
the transition from the inside layer of the
linen to the outside layer by making bevel
cuts with a chisel. The cuts should all
start at the marked cutting line and slope
downward to within about % inch of the
background. For each cut, tap the chisel
with a mallet, working from one side of
the panel to the other (leff).

First
bevel cuts

Veiner

Inner fold

Sculpting the ends

Once all the bevel cuts are made, mark the ends of the folds
on the beveled end of the panel. Then begin sculpting the pan-
el's end with a 60° V-parting tool, carving along the outline of the
folds. Next, use a narrow veiner to remove waste from between
the inner and outer folds, holding the tool horizontally (above,
left). Undercut the folds slightly, leaving them about * inch

thick; use the veiner for the inner folds and a gouge of moderate
sweep for the outer folds. At the same time, remove the last of
the waste from the background you left in step 1. Finally, use
the gouge to bevel the ends of the folds so they will catch the
light (above, right). Sand any rough spots with fine sandpaper,
making sure not to round over any edges created by the chisels
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CARVING IN THE ROUND

Once the lower portion of the claw-
and-ball is carved, a shallow gouge
is used to smooth the transition
from the claw to the ankle of the
cabriole leg before final sanding.

CARVING A CLAW-AND-BALL FOOT

Rough-shaping the blank

Cut a cabriole leg to the shape shown
in step 2 on page 107, making sure the
foot blank is larger than the finished claw-
and-ball will be. The first step is to cut
away a wedge from each side claw. The
locations of these cuts are represented by
the red lines in the end-view illustration
of the leg (inset). The remaining waste,
represented by the shaded gray areas, is
removed in steps 2 through 7. To start,
outline the wedge cuts on the top and bot-
tom of the foot and secure the leg flat on
a work surface. Then use a straight chisel
with a mallet to cut away the wedges from
the side claws (right). Cut to the marked
line, then turn the leg over and repeat the
cut on the other side.

arving in the round, or 3-D carv-
ing, differs in one obvious way from
the other carving techniques shown in
this chapter: The project must be con-
ceived and worked on from all sides.
Although there are no absolute rules that
govern carving in the round, your work
will benefit from a methodical approach.
Whether your piece is a bust, a wildlife
carving, or a design element on a piece
of furniture like the claw-and-ball foot
shown in the photo at left, you should
undertake a careful study of the project
before beginning, including sketching
front and side views. These can be trans-
ferred to the carving block, allowing you
to band saw your piece to an accurately
proportioned blank.
The claw-and-ball foot is one of the
most common examples of carving in

the round for furniture, and is a good
starting point for 3-D work. The design
is thought to have been adapted from a
traditional Chinese motif depicting a
dragon’s claw protecting a sacred pearl,
representing wisdom and purity. The
design was brought to England from
China in the 16th Century, and rose to
prominence in the 18th Century as the
favorite decoration for the feet of cabri-
ole legs. The style remains popular on
reproduction pieces today.

The steps shown below and on the
following pages will enable you to create
a traditional claw-and-ball. The dimen-
sions are up to you; these and many oth-
er design elements are a matter of
personal choice, depending on the piece
of furniture being built and the effect
you desire.

END VIEW
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Marking the claws

Use a sharp pencil to outline the claws.
Holding the leg firmly in one hand, draw
guidelines on both sides of each corner of
the foot, about % inch from the edge. Use
your fingers as a guide, running it along
the adjoining side of the leg while you
draw the line. Then extend the lines to the
ankle (right).

107

Defining the claws
Define the claws using a 60° V-part-
ing tool. Secure the leg to a work surface,
Then, starting at the bottom of the foot, tap
the tool with a mallet to cut a groove along
each of the lines marked in step 2. The
grooves should begin at the full thickness
of the claw, but become gradually shal-
lower as they extend onto the ankle (/eft).




CARVING

Roughing out the ball

Once the claws are roughly formed,
begin shaping the ball. First define its top
edge—where the ball will meet the web—
using gouges with the appropriate sweeps.
Make each of these cuts across the grain
by holding the tool vertically and tapping
it with a mallet. Next, use a shallow-sweep
gouge to round the ball (left). Work patient-
ly; do not try to clear away too much waste
with a single cut. Repeat the process on
each side of the foot, repositioning the leg
in the bench dogs or clamps as necessary.

Detailing the claws

With the claw-and-ball roughed in,
carve the details on the claws using narrow,
shallow-sweep gouges. The claws should
slope down smoothly from the ankle to the
knuckles, and the thickness of the claws
should conform to the curvature of the ball.
Once you are satisfied with the shape of
the claws, carve the nails and cuticles. Use
a narrow gouge of the appropriate sweep to
define the cuticle, cutting across the grain.
Then carve the nail, sloping in toward the
ball at the bottom of the foot (right). As a
general rule, the cuticle should be locat-
ed about % inch from the bottom of the
foot with the nail carved on it, tapering
to % inch high and wide at the bottom.
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Defining the webhing

Once the claws are completed, choose
a gouge with a sweep that matches the con-
tours of the web to better define the transi-
tion between the ball and the web. Starting
on one side of the foot, tap the tool with a
mallet to cut around the top of the ball
(right). Then, use a shallow-sweep gouge
to give the ball a final shaping. Repeat the
cuts on each side of the foot.
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> Smoothing the claw-and-ball

\ T Use sandpaper to finish the claw-and-
o ball (left). For a smooth finish, use progres-

ff % sively finer grits. To reach the tight corners

| between the claws and the webbing, fold

the paper and sand with an edge. If you

wish, leave some of the tool marks visible.
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VENEER, INLAY,
AND MARQUETRY

A t least since the time of Egypt's
Pharaohs, craftsmen have
relied on veneering, inlaying, and
marquetry to embellish furniture
and create effects often unattain-
able with solid wood. All involve
overlaying or inlaying a workpiece
with very thin pieces of wood. But
each has a unique use. Veneer can
transform a plain wood surface into
a stunning arrangement of color

search for ways to help preserve the
world’s valuable forests while con-
tinuing to use exotic woods, veneers
offer a solution to their dilemma. A
10-foot-long 2-by-12 plank con-
tains 20 board feet of lumber; the
same piece will yield 600 square
feet of veneer.

With the matching techniques
shown on page 123, you can arrange
veneers on a workpiece to take

and grain. Inlay banding is espe-
cially effective for accenting a design
element. In marquetry, where wood-
working meets pictorial art, wood
is the medium for creating portraits,
landscapes, and abstract patterns.
One object of veneering is to
conceal a relatively unattractive

wood surface—usually a tabletop or a carcase panel made of

plywood or low-grade lumber—with a thin covering of a more
appealing species. A sampling of commonly available veneer
woods is shown beginning on page 112. But veneering should
not be thought of only as a less expensive way of disguising a
plain wood. It is that, but many woodworkers use veneer for
stability, because it permits them to use plywood core stock,
which is less prone to shrinking and warping than solid wood.

Veneering has passed in and out of favor throughout history,
the result of changing attitudes toward craftsmanship and
advances in technology. Today, its popularity stems in part
from the increasing scarcity of exotic woods; some varieties
are now available only in veneer form. As more woodworkers

A fret saw is used with a bird’s-mouth table
to cut veneer for marquetry. The table features
a V-cutout to accommodate the saw. For the
cut shown above, the table is shimmed to

create a bevel on the cut edges, ensuring
seamless joints between the pieces of veneer.

maximum advantage of their wood
grain. Veneering also allows you
to use beautiful but unstable wood
cuts like burl and crotch, which are
nearly impossible to work in solid
form. See pages 120 and 121 for
an inventory of veneering tools.
Procedures for making and apply-
ing veneer begin on page 122.

Inlaying is the process of setting a strip of contrasting mate-
rial into a recess cut in the surface of a workpiece. Inlay mate-
rials range from simple strips of exotic wood or metal to
elaborate designs consisting of several veneers. Inlaying tech-
niques are shown starting on page 134.

Marquetry is the art of “painting” with veneer. The
veneers available cover the standard color palette, but some
woodworkers use dyes to broaden their choices. For a
novice, a commercial marquetry kit (page 132) offers the
easiest way to get started. These kits work like paint-by
numbers sets. They include a copy of the finished design,
the appropriate veneers, and detailed instructions.

\ shop-made veneer press like the one shown at left is ideal for bonding veneer
to core stock. Once the glue is applied and the veneer is set in place, the veneer
and substrate are sandwiched between a pair of plywood cauls. The press screws

are then tightened to hold the veneer in place while the adhesive dries. A

sheet of

wax paper protects the veneer and prevents it from adhering to the upper caul.




GALLERY OF VENEERS

V eneers are thin layers of wood sliced
or sawn from the highest quality
logs of selected domestic and exotic
hardwoods. There are thousands of
hardwood species worldwide; about 200
species are available in veneer in signif-

icant quantities. The visual diversity of
these woods is astonishing. Some species,
like holly and pearwood, are virtually
unfigured; others, like bird’s-eye maple
or fiddleback mahogany, are distinctly
patterned. To some extent, the variation

depends on where in the tree the veneer
originated and how it was cut or sliced.
The illustrations and chart on pages 118
and 119 explain this more fully.
Throughout the history of wood-
working, individual veneer species have

Bubinga

Sometimes called African rosewood,
bubinga has a dark purple color.
Figured wood typically possesses

a bee's wing or black mottle. When
rotary cut, the veneer possesses a
striking flame figure, highly valued for
cabinetry. On the American market,
bubinga is more common as lumber
than veneer. Choice flitches can often
be obtained, but at fairly high cost.

Ebony, macassar

Native to southeast Asia, macassar
is the principal ebony in the North
American veneer market. Its color is
a striking dark brown to black with
lightbrown streaks. Used mainly in
wall paneling and for decorative inlay
work, the wood is occasionally avail-
able as veneer but is expensive.

Goncalo alves

This straw-colored wood's deep brown
and black streaks bear a resemblance
to macassar ebony and rosewood. This
species extends from Brazil to Mexico.
Although it is relatively plentiful, not
all logs contain the highly figured
wood used in cabinetmaking. It is usu-
ally quarter-sliced. Goncalo alves is
relatively expensive, even as veneer.
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come in and out of fashion. During the
1950s and 1960, cherry, walnut, mahog-
any, and oak were the most prized
veneers. In the decades since, species like
pecan and red oak have become increas-
ingly popular.

Holly

Though its sources include parts
of Europe and western Asia, most
usable holly grows in a limited range
in Tennessee and Kentucky. It is a
white wood with extremely close
grain and little or no visible figure.
As such, it is highly valued for inlay
work and is often dyed black to
resemble ebony. Supplies of holly
are rapidly diminishing, however,
and it is becoming rare as veneer.

Lacewood, Australian

Often used interchangeably with
silky oak, iacewood possesses a
distinctive flake figure that varies
in intensity from flitch to flitch.
While the lumber bears a certain
resemblance to oak's reddish-brown
color, lacewood has a far more
striking figure when quartersawn. It
is rare and fairly expensive as veneer.

Mahogany, fiddleback

This prized veneer can be produced
from any one of the three primary
species of mahogany: African,
tropical American, and Cuban.
Fiddleback is but one of many figures
generated by this celebrated tim-
ber. Mottles, broken stripes, crot-
ches, and swirls are also available.

The style of furniture often deter-
mines which species of veneer a cabi-
netmaker will select for his project. For
example, colonial American furniture is
usually made from walnut, cherry,
maple, or pine. The rococo styles of the

Louis XV period in the mid-1700s fea-
ture kingwood, purpleheart, tulipwood,
and rosewood.

The following pages showcase a selec-
tion of veneers, both domestic and exot-
ic, common and uncommon.

"R




VENEER, INLAY, AND MARQUETRY

mm
AL ;AL

m

m |

Maple, bird’s-eye

Cut from irreguarly grained hard
maple logs, bird's-eye veneer is har-
vested primarily from trees growing
in Michigan’s Upper Peninsula. The
origin of the figure is uncertain, but
it is believed to be caused by stress
—a deprivation or a limitation of
some important nutrient.

Maple, quilted

Quilt figure is found in both hard and
soft maple timber, and is highly valued
for cabinetwork when cut into veneer.
The primary source of quilted maple is
Oregon, or big-leaf, maple which grows
along the Facific coast of North
America. High-quality quilted maple
veneer is rare and quite expensive.

- — - — - — i — i — i — — " — - — e e, e et

Oak, English brown

Originating from the same two
species as European oak, English
oak is distinguished by dark or black
markings in its heartwood, caused
by a fungus. The timber occasionally
produces stunning burls, swirls, and
an attractive flake figure, all highly
prized as veneer. It is available in lim-
ited quantities and is very costly.

Oak, white

One of the most widely used woods
in the world, white oak is usually rift-
cut or flat-cut into veneer for plywood
and fine cabinetry applications. It
features a characteristic straight
grain and light tan to yellowish color.
White oak grows throughout the
United States and Canada. It occa-
sionally produces burls, swirls, and
crotch veneers.
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Osage orange

Sometimes known as bowwood,
this greenish-yellow timber grows in
the midwestern United States. It

is rarely cut into solid lumber, but
selected logs are sliced into a veneer
valued for its mottled figure.

Padauk

Growing through Central Africa, this
lesser-known padauk is more readily
available than its famed cousin from
the Andaman lslands. It is a deep red
to purple-brown wood, and yields stun-
ning veneers. Like Andaman padauk,
African padauk possesses a broken
stripe, often blended with a bee’s wing
mottled figure when it is quarter-sliced.

Pear

Most of the pearwood on the market
comes from Europe’s alpine region. The
timber yields a close-grained veneer
with fine, virtually imperceptible pores.
Fear veneer is available in small sizes
and Is relatively expensive. It is com-
monly dyed black to resemble ebony
for fine inlay work.

Purpleheart

Also known as amaranth, purple-
heart veneer vividly deserves its
name. Its rich purple color is valued
for inlays, panels, and marquetry.
The tree itself is commonly found in
Central and South America. As
veneer, purpleheart is readily avail-
able but somewhat expensive.
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Rosewood, Honduras

With its characteristic pinkish-brown
to purple coloring with dark, irregular
grain lines, Honduras rosewood is
lighter in color than most other rose-
woods. It can be highly figured. Tradi-
tionally less important to the American
market, this species may now see
increased use as veneer with the recent
trade ban on Brazilian rosewood.
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Sycamore

The sycamore is a huge tree, often
growing 200 feet or higher. It is readily
available in veneer form, typically quar-
ter-sliced or rotary cut, although it is
also prized as solid lumber for drawer
sides. When quarter-sliced, the veneer
possesses an attractive fiake figure,
similar to Australian lacewood.

m
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Teak

Exceptionally valuable in solid form,
teak veneer is most commonly used
for interior paneling, fine furniture, and
Gabinetworf when it is cut into veneer.
Depending on the area of growth, it
varies in color from straw to darker
brown, and occasionally has subtle
darker stripes. Teak veneer remains

in fairly good supply on the American
market, but it is fairly expensive.
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Tornillo

Relatively new to the United States
market, tornillo is an attractive and
common tropical hardwood. It is
used as a mahogany substitute,
although tornillo is denser and
grainier. Its heartwood, of primary
importance to the veneer market,
combines light brown and pink color-
ing with straight to irregular grain.
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Tulipwood

Tulipwood comes from a small tree
that, like other rosewoods, requires
centuries to develop its rich coloring.
Rarely available in solid form, tulipwood
yields a stunning veneer, full of yellow,
rose violet, and darker markings. It is
relatively difficult to obtain, and is used
primarily for fine inlay work and trim.

Walnut, black

Ranging in color from light gray to
dark brown, walnut is the principal
American veneer. It is normally flat-
cut, although butt, burl, and crotch
veneers are occasionally available.
Export to Europe and Japan has
reduced domestic supply, but black
walnut veneer is still readily available.

Wenge

A distinct deep brown and black wood,
wenge is not readily available as veneer.
This is a result of both the rarity of
the lumber and the difficulty in slicing
this hard, coarse-textured wood. The
best wenge veneer is often enhanced by
hite streaks of parenchyma, a tree
issue involved in food storage. Wenge
is used in fine cabinetry and paneling.

Zebrawood

Cut from two spec ies of large trees
-wa‘m_\, found in Cameroon and Gabon,
,‘.-= st ~'r.c¢x. this veneer exhibits distinct
5‘: ’;,en quarter-sliced. Zebrawood

is 1 Padny available, relatively
pensive, and extremely fragile.




WHERE VENEERS ORIGINATE IN A TREE

Crotch veneer

Cut from the junc-
tion of the trunk and
the branches; fea-
tures a lush plumed
pattern (sample
shown: mahogany)

Burl veneer

Cut from the end
grain of irregular
outgrowths and
root sections;
found in Carpathian
elm, madrone, myr-
tle, English oak,
walnut, ash, and
some exotic hard-
woods (sample shown:
Carpathian elm)

Butt veneer
Cut from the stump,
or butt, of a tree;
highly figured.
Froduced by back-
cutting (sample
shown: walnut)
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METHODS OF CUTTING VENEER

Rotary cutting Flat slicing
Used to cut dec- Used to make £ I D o—|
orative veneers crown-cut

such as bird's-
eye maple
and bubinga's
kevasingo, a
veneer peeled from

veneers; pro-
duces veneers
with repeat-
ing figure that
facilitates book-

irregularly grained logs, matching and other
which possesses a wild, flame-like figure decorative effects

.

Quarter-cut slicing Rift cutting
Used to cut dec- Yields veneer
orative veneers, with the rays
such as ribbon, at roughly 45°
stripe, and to the surface;
flake, that are used primarily
obtained from on white oak
quartersawn logs
Back cutting Half-round
A rotary cutting DR cutting
method used for : B Used to cut
butt and crotch _ burls and
veneers = - SR some deco-

rative species

VENEER TYPES AND SIZES
VENEER TYPE  SIZES SOME AVAILABLE SPECIES
Rotary cut Length up to 10 feet; width from 8 to 36 inches Bird's-eye maple, bubinga, Douglas-fir
Quarter-cut Length 3 to 16 feet; width from 3 to 12 inches Avodire, mahogany, oak, Queensland
maple, sapele, satinwood, zebrawood
Butt Irregular dimensions. Sheet sizes vary from 10 x 36 Maple, walnut
to 18 x 54 inches; average sheet size 12 x 36 inches
Crotch Length from 18 to 54 inches; width from 10 to 24 Amburana, English oak, mahogany, walnut
inches. Average sheet size 12 x 36 inches
Flat-sliced Length 3 to 16 feet; width from 4 to 24 inches Ash, Brazilian rosewood,
cherry, maple, oak, teak

Burl Irregular dimensions. Sheet sizes vary from 8 x 10 Carpathian elm, English oak, madrone,

to 18 x 54 inches; average sheet size 16 x 24 inches myrtle, padauk, redwood, thuya, walnut
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AN INVENTORY OF VENEERING TOOLS

Inlay cutter
Cuts inlays and grooves while maintaining fixed

distance from edge of workpiece. Also cuts circular
grooves; features a reversible guide head
for following curved edges

Veneer punch
Employs a cutting edge with an irregular
outline to stamp out areas of damaged or
cracked venieer; a matching new

piece of veneer is then cut
with the punch and
used to patch
the hole

m o
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Edge cutter
Trims excess veneer
flush with edges of

substrate panel Veneer ta
Strong, thin paper tape
Dogleg chisel used to hold veneers in place
Faring chisel with during gluing; holes allow
offset blade used user to see the joint line
to carve recess

between sheets. Can easily

for inlay be removed or sanded off

Veneer treatment
Chemical solution used to
soften old or brittle veneer

;"'

Craft knife :
With interchangeable blades for

cutting veneer for marquetry and
inlay; also used as marking tool

Double-edge trimmer
Used to cut both sides of a strip of edge banding
flush with substrate panel in one pass; cutter is
squeszed against both faces of the core stock and
guided along the piece to trim the edges flush

Veneer hammer
For pressing veneer down on a sub-
strate panel; working surfaces of

hammer usually bronze to avoid ENEER
staining wood that reacts with iron TVREAMNT

N

Hand roller
A hard rubber roller used to apply
edge banding to the edge
of substrate panels

Edge-banding iron
Hand-held iron with
adjustable temperature
control used to apply
wood banding with hot
glue or adhesive
backing; wooden
handle stays
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Yacuum press and bag
Yacuum pump sucks
the air out of sealed
vacuum bag to apply even
pressure on veneered workpiece;
vacuum maintains pressure of
more than 1000 pounds per square
foot. Especially useful for irregularly
shaped workpieces
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Laminate edge trimmer
Electrically powered
light-weight router used
to trim veneer flush with

edge of substrate panel; divide wood with 1 Ya-inch-
also functions as a '/a-inch-  fibers instead LN N long needle for
j collet router that can be of severing them N ﬁfymg alue
guided with one hand N ard-to-
rcach areas
Fret saw
Bow-type saw with fine blade 5 to & Pl ghue peiors

marquetry

Veneer saw
Used for trimming and
cutting veneer; its curved
blade, offeet handle, and
thin, sharp-tipped teeth
ensure clean cuts

SRR R EE

Electric
glue pot
Melts glue to
correct consis-
tency with elec-
trically powered
heater shell

— . —
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Veneer press
For pressing veneer down on a sub-
strate panel: features a base,

o — e —— e ——

. pipe, clamps, pipe clamp saddies, =
I and veneer press clamps. =
- Components are bought as =
l a kit and assembled o

by user to suit
dimensions
of panel

inches long, used to cut curved shapes
in thin wood, plywood, and veneer;
commonly used for e

Veneer nails
Used to hold matched veneer
leaves together until tape is

applied; fine tips %%

Syringe-type
glue applicator

Needle-point
glue injector }

Used for injecting glue
into restricted
spaces

Joint and strip cutter
Left-hand side used with a straightedge
to cut joints between veneer sheets; also
cuts precise veneer strips for use as
edge banding. Right-hand side uses
spacers to cut thin strips of veneer
for fine inlay work; cuts with or
across wood grain

Glue brush
Smoothing blade For spreading glue
Used like veneer hammer to press on substrate
down veneer; works well with panel or

pressure-sensitive or
fragile veneer

veneer

?R\\‘ ’ Router

Also known as a granny's
tooth; small plane typi
cally with a 'Z—:’nch-wide
blade for clearing waste
wood from grooves

and recesses

Press screw
Clamping screw with removable
swivel head used to make veneer
presses and other [igs;
available in 9- and
12-inch lengths




VENEERING

CUTTING VENEER FROM SOLID LUMBER

Setting up the cut

To cut veneer on the band saw, first
make a pivot block from two pieces of wood
joined in a T, with the outer end of the
shorter piece trimmed to form a rounded
nose. Equip your saw with a ¥%-inch resaw
blade and install the rip fence on the table.
Screw the pivot block to the fence so that
the rounded tip is aligned with the cut-
ting edge of the blade. Position the fence
for the desired thickness of the veneer,
typically %s to % inch (right).

122

With the substrate panel secured in a
bench vise, a woodworker presses
down a strip of walnut veneer edge
banding with a veneer hammer. The
tool is pushed and pulled along the
surface like a squeegee. The hammer’s
polished bronze face features a semi-
circular edge, which prevents scratch-
ing the veneer or snagging its edges.
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Cutting the veneer

Feed the workpiece into the blade with
both hands, pressing the stock flush
against the tip of the pivot block (right).
To prevent the blade from drifting off line,
steer the trailing end of the workpiece. Near
the end of the cut move to the back of the
table and pull the stock past the blade to
finish the cut. After each pass, run the cut
edge of the workpiece across the jointer
to ensure that one side of every piece of
veneer is perfectly flat and smooth.

VENEER MATCHING

Slip match

Often used to dramatic effect;
reduces distortion caused by
light refraction problems when
book-matching

Book match Herringbone
A repeating pattern in which adjoin- Veneer figure runs diago-
ing sheets of veneer appear to radi- nally off the sheet, creating
ate from the joint between them, a zigzag effect .

like the pages of an open book

Butt-and-book match Reverse-diamond match

End-to-end - )

A mirror-image pattern fea- Commonly used with butt, crotch, Features four sheets of

turing flat-cut veneers with and stump veneers to create an veneer that ﬁnr to

prominent landscape figure unfolding, circular effect converge at the center
123
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APPLYING VENEER TO A PANEL

e

Joint-and-
strip cutter

Edge guide

Applying edge banding

Start by applying banding to the edges
and ends of the panel. Secure the work-
piece in a vise with one edge facing up and
apply a thin bead of glue to the surface.
Use a small brush to spread the adhesive
evenly, then center the banding on the
edge. There should be at least ¥ inch over-
hang on all sides. Lay a strip of wax paper
over the banding and use three-way clamps
to hold it in place, spacing the clamps at
6- to 8-inch intervals. Protecting the band-
ing and the faces of the panel with wood
pads, tighten the clamps (right) until a thin
bead of glue squeezes out. (If you are using
hot glue, apply the banding with a veneer
hammer, as shown in the photo on page
122.) Once the glue has dried, trim excess
banding with a laminate trimmer (page 126)
or an edge trimmer. When using the latter,
first trim the ends flush. To trim the edges,
butt the trimmer’s fence against the far end
of the panel and push the tool along the edge
(inset). Repeat the process for the other edge.

Cutting the veneer to size

You can use a joint-and-strip cutter
to size your veneer for the surfaces of
the panel. Mark the width of each strip
so the veneer will be about % inch wider
than the surface it will cover. Next, adjust
the back cutter on the tool to a depth
slightly greater than the thickness of the
veneer. (Be sure to raise the front cutters
above the sole of the tool.) For each cut,
place the veneer on a scrap panel set atop
a work surface and align an edge guide
with your width mark. Holding the guide
in place, push the cutter along the veneer.
Press the edge of the tool against the
edge guide throughout the cut (feft). Use
the same technique to cut the veneer
to length.
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Shooting board

Edging the face veneer
The edges of adjoining sheets of face veneer must be per- top two plywood boards so that the edges of the veneer are
fectly straight if the two pieces are to butt together properly. aligned and protrude by about %= inch. Set the sandwich

To square them, you will need a shooting board. Cut three on top of the base board and clamp the entire assembly to
pieces of %-inch plywood slightly longer than the veneer. One a work surface. Run the plane along the shooting board from

piece must be wide enough to serve as a base for the other one end to the other to trim off the projecting veneer. Make
two pieces and a hand plane lying on its side. Place the two sure you keep the sole of the plane flush against the edges

pieces of veneer face to face and sandwich them between the of the top plywood pieces during the cut (above).

./ / \ Taping veneer sheets together

If you are using hot glue, secure the
veneer sheets in place individually (page
127). If you are applying more than one
sheet of veneer to a panel face and using a
veneer press to hold them down, tape the
sheets together and glue them down as a
unit. Do this by aligning the sheets edge
to edge on a work surface, good-side up, to
produce a visually interesting pattern. The
) . combined length and width of the veneer

o
=g -
H § should exceed the dimensions of the panel
32 23 s by about ¥ inch. Once you have a satisfac-
52 Eg tory arrangement, moisten a few lengths of
S o

veneer tape with a damp sponge. Tape the
sheets together across their joints at 6- to

/ 8-inch intervals, then apply a strip of tape

i e 2 along each joint (left). Press the tape firmly
' in place with a hand roller.




VENEER, INLAY, AND MARQUETRY

A

Fipe clamp saddle

Veneer press clamp

Securing the veneer in place with a veneer press

Set the substrate panel face up on a work surface and apply  saddles is slightly greater than the length of the panel. Set the
a thin layer of glue. Handling the veneer gently, center the panel on the base of the press, veneered-face down with a strip
sheets on the panel. If you taped veneer sheets together, set of wax paper between the veneered face of the panel and the
them taped-side up. Make sure the veneer overhangs the edges  base. Protect the upper face of the panel with wood pads. Tight-
of the panel evenly. If you are using a veneer press, assemble it  en the press clamps one at a time (above) until a thin glue bead
following the manufacturer’s instructions. Make sure the pipe  squeezes out from under the panel. Once the glue has dried,
clamps are secured to the base and the spacing between the  repeat the process for the other face of the workpiece.

Trimming the excess

Once the glue has cured—2 hours is
the typical waiting period—trim the excess
veneer. Secure the panel veneered-face up
on a work surface. Butt wood scraps against
the ends of the panel as cleats, then screw 73 (
them in place. Lightly moisten any veneer

tape and remove the strips with a scraper. pof

Fit a laminate edge-trimmer with a flush- s

cutting bit, then rest the machine on the e ()
panel with the bit just clear of the excess .

veneer. Holding the trimmer with one hand

and steadying the panel with the other, turn
on the tool and guide it from one end of the
workpiece to the other, cutting against the
direction of bit rotation. Repeat for the oth-
er three edges of the panel. Flip the work-
piece over and repeat the process (right).
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VENEER, INLAY, AND MARQUETRY

APPLYING FACE VENEER: AN ALTERNATE METHOD

Overlapping the veneer sheets

If you are applying veneer with hot
glue and a veneer hammer, you can glue
down the face pieces individually, rather
than tape them together. Spread the glue
on the underside of one sheet and the
corresponding portion of the panel just
prior to setting it down. Press the veneer
down with the hammer (photo, page 122).
Apply the second sheet the same way so
it overlaps the first near the middle of the
panel by about /2 inch (right); make sure
the veneer overhangs the edges of the
panel evenly.

Edge guide
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Removing the waste strips

Once both sheets are in place, use a
veneer saw to cut away the excess veneer.
Holding an edge guide on the panel with-
in the area of overlap, draw the saw along
the panel to cut through both sheets (left).
Remove the waste strip from the top piece,
then heat the top sheet with a warm iron,
carefully peel it up, and pull out the waste
strip from the sheet underneath (inset).
The sheets should be butted together per-
fectly, resulting in'a seamless joint. To fin-
ish the job, press a veneer hammer along
the joint to squeeze out any excess glue.
If the veneer lifts from the panel at the
joint, reheat the glue with the iron and
press the joint down with the hammer.




VENEER, INLAY, AND MARQUETRY

VENEER PRESS

Made from plywood, hardwood, and
six 9-inch-long press screws, the inex-
pensive shop-built veneer press shown
below will work as well as a commer-
cial model. The dimensions provided
in the illustration will yield a press
capable of veneering panels up to
16 by 24 inches.

Start by cutting the rails and stiles
from hardwood. Bore three equidistant
holes through the middle of each top
rail, sized slightly larger than the diam-

be using. Next, join the rails and stiles
into two rectangular frames. The press
in the illustration is assembled with
open mortise-and-tenon joints (inset),
but through dovetails can also be
used. Whichever joinery method you
use, reinforce each joint with glue and
three screws.

Now cut the pieces for the base and
caul to size. Both are made from two
pieces of ¥-inch plywood boards face-
glued and screwed together. To assem-
ble the press, set the two frames on

screw the base to the bottom rails,
driving the fasteners from the bottom
of the rails. Attach the press screws
to the top rails by removing the swiv-
el heads and collars, then tapping
the collars into the holes in the top
rails from underneath. Slip the thread-
ed sections into the collars and reat-
tach them to the swivel heads.

Use the press as you would the
commercial model shown on page
126. Start applying pressure in the
middle of the panel to prevent glue

eter of the press screw collars you will  their sides on a work surface, and from becoming trapped.
Fress screw
Collar Rail
1%"x 3" x 18 /2"
Stile
194" 5" x 12"

Open mortise-
and-tenon joint

12" x 16" x 24"
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VENEER, INLAY, AND MARQUETRY
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USING A COMMERCIAL VACUUM PRESS

Veneering a panel

Featuring a sealed vacuum bag and a 5-cfm (cubic feet per
minute) vacuum pump, the press shown below can exert pressure
greater than 1000 pounds per square foot. The press works by
withdrawing all the air from the bag; the resulting outside air
pressure secures the veneer. To set up the press, cut the platen
and caul to the same size as your substrate panel (left). The platen
should be made from medium density fiberboard or particleboard
at least %: inch thick. Cut the caul from any type of manufactured
board (other than plywood) at least 'z inch thick. To prepare the
platen, round over its corners to avoid tearing the bag and cut a
grid of grooves '/ inch deep and wide across its surface, spaced
about 4 to 6 inches apart. Finally, bore a %-inch hole 2 inches
from one end of the platen and centered between its edges. Slip
the sleeve supplied with the press into the hole. The sleeve will
ensure a tight connection with the vacuum hose. Follow the man-
ufacturer's instructions to use the press. For the model shown,
insert the hose into the nipple in the bottom of the press bag.
Then place the platen in the bag and slide the nipple into the
platen sleeve. Set the substrate panel on a work surface, apply
your glue, and lay the veneer on the substrate. Place a piece of
wax paper over the veneer, rest the caul on top, and place the
assembly atop the platen. Seal the bag, turn on the pump, and
leave the assembly in the bag under pressure for the amount of
time recommended by the manufacturer. Most vacuum presses
will shut off when the appropriate pressure has been reached.
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REPAIRING VENEER

5 B

Veneer punch

.

Extracting grit from under veneer

Specks of dirt or dust trapped under a
sheet of veneer can prevent it from adher-
ing properly to the substrate panel. To
smooth out any resulting lumps, use a craft
knife to make an angled incision around
the problem area. Then peel back the flap
of veneer (left) and use the knife to extract
the foreign body. (A cut made with the grain
will help to make the repair less visible.)
Next, refasten the flap to the substrate.

If you are using hot glue, pass a warm iron
over the area and press the flap down
with a veneer hammer. With other adhe-
sives, apply a dab to the substrate and
the underside of the flap and clamp it
down (page 131).

Patching damaged veneer

You can repair a small section of damaged veneer by cutting it
out with a veneer punch and replacing the piece with a patch
of the same veneer species. If you used hot glue to adhere the
veneer, first heat the damaged area with an iron before using
the punch; this will make it easier to lift off the piece. To remove
the damaged section, position the punch with the tool’s cutting

B

edge flat on the veneer. Strike the punch sharply with a hammer
(above, left). If the veneer does not come off in the punch, use a
dogleg chisel to pare it away, being careful not to gouge the
substrate panel (above, right). Then punch out a piece of veneer
to replace the damaged section, being sure to match the grain of
the removed piece as closely as possible. Glue the patch in place.
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SHOP TIP

Repairing air pockets (other than hot glues)

To remove air bubbles from under a veneer sheet that
has not been stuck down with hide glue, first sand the
surface with 80- to 100-grit sandpaper and spread a
little water on the surface to moisten the veneer. This
will cause the veneer to expand, allowing you to deter-
mine the exact p

location of the
bubble. Slice
through the bubble
with a craft knife, cut-
ting with the grain, and
aﬁp[y a dab of glue under
the veneer with a needle-
point glue injector.
Clamp the veneer -
as you would if you &% *%
were using hot glue,
as shown above.

Repairing air pockets (hot glue)

If a section of veneer will not remain
stuck down, and you are using hot glue,
you can reclamp the section with a wood
block and two C clamps. Simply reheat
the bubbled section with a warm iron,
press it down with a veneer hammer, and
lay a piece of wax paper over it. Place
the block on the paper and hold it down
with two C clamps. If the block is far-
ther from the edges of the panel than
the clamps can reach, use a wood caul
as long as the panel as a clamp exten-
sion. Place the caul on the wood block,
install a C clamp at each end, and tight-
en the clamps until the caul is secure-
ly holding the block fabove). (If you
are not using hot glue, see the Shop
Tip at left.)
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USING A MARQUETRY KIT

M arquetry is the art of creating
pictures with different-colored
veneers. The technique is becoming
increasingly popular, not only as a way
of forming pictures in wood that are
attractive in their own right, but also for
embellishing an element of a piece of
furniture, such as a tabletop, a drawer
front, or a carcase panel.

The veneers are normally cut with a
fret saw or a craft knife. For the novice,
knife-cutting using the window method

Massachusetts craftsman Silas Kopf
created the marquetry pattern on this
cabinet from mahogany, maple, and a
score of other woods. Kopf explains
some of the challenges and the rewards
of marquetry on page 12.

Master pattern

e
T

Sky veneer

is recommended. The technique involves
mounting a pattern on a sheet of waste
veneer, called a waster. As you cut each
section out of the picture, the hole in the
waster serves as a template, or “window,”
for cutting the colored veneer you will use
to fill the hole in the final picture. Once
the veneer is cut, it is taped to the back-
side of the waster in its proper location.
The process continues until the pattern
is completed with all the veneers taped
together. The picture is then glued to the
substrate panel taped-side up. The tape
will be sanded off, exposing the veneer.

Most marquetry kits, like the one
shown below and on page 133, supply
two patterns: One is taped to the waster
and one remains intact as a master copy.
The pictures and veneers are numbered
to ease the assembly process.

Tracing the main elements

Glue one pattern supplied with your kit to a sheet of waste
veneer, or waster, at least as large as the pattern. Cut small
flaps at the upper corners of the second pattern, your master
copy. The fiaps will help you in step 3 to align the master pat-
tern with the waster. For now, start by cutting the main sec-
tions out of the waster one at a time—in this pattern, the sky
and the water, slicing through the pattern and the backing
veneer with a craft knife. To simplify the process, cut right

veneer (above).

S

through any elements, such as the tops of the trees, that over-
lap the section you are removing; these elements are added
back in step 3. Once you have cut out the section, set the veneer
that will fill the section on your work surface and position the
waster over it. Arrange the waster so that the grain pattern of
the veneer in the “window” is satisfactory. Then use a craft
knife or a sharp pencil to trace the window’s outline on the

e
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VENEER, INLAY, AND MARQUETRY

Taping main elements to the waster

Once the pattern has been traced on
the veneer, cut it out with the craft knife.
To ensure the edges are smooth, do not
slice through the veneer in a single pass;
instead, make several lighter cuts. Also, 5
use a straightedge as a guide for straight A
cuts. Once the element has been cut out, r—'
place it in its window in the waster (right)
and fasten it to the underside of the waster
with veneer tape. Repeat steps 1 and 2 for
each remaining main element of the picture.

Sky veneer

§
\fg;

Adding the overlapping elements
Once all the main elements of the
pattern have been cut and taped to the
waster, the elements that were cut in
two in step 1 need to be reconstructed.
This is done with carbon paper and the
master pattern. Place a piece of carbon
Msictor paper carbon-side down on the waster,
copy then lay the master pattern over the car-
bon paper, using the corner flaps to help
you align the two images. Use a pencil
to trace the missing elements—in this
Sky veneer with —— Waster illustration, the treetops. The carbon
v\% treetop outline paper will transfer the outline onto the
sky veneer already taped to the waster.
Remove the master copy and carbon
paper (left, above) and cut out a window
for the treetops following the procedure
described in step 1. Then cut the tree
veneer and tape it to the waster as
explained in step 2. Once all the over
lapping elements of the pattern have
been cut and taped, move on to the
smaller elements of the pattern (left,
below) until the picture is completed.
To finish the marquetry, glue the picture
tape-side up to a substrate as you would
any face veneer (page 125), and sand
off the veneer tape.
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Inlaid marquetry banding
and a central marquetry
inlay transform the simple
mahogany panel shown at
left. Whether you buy inlays
or make them yourself,
installation is the same:
The piece is set into a
recess cut in the surface
of the wood and then
sanded flush.

INSTALLING A MARQUETRY INLAY

Reference lines

l Routing the recess for the inlay

Once your inlay is ready to be installed, rout a recess for itin inlay thickness. (If you are installing shop-made inlay, which is
the center of the panel. First mark two lines across the panel that thicker, set the bit depth slightly shallower than the inlay thick-
intersect at its center. Mark corresponding lines that cross at the ness.) Holding the router over the outline, turn on the tool and
center of the inlay, position the inlay on the panel so that the four  pivot the bit into the stock. Guide the router in small clockwise
reference marks line up, and outline the inlay on the surface with circles, moving against the direction of bit rotation (above, right).
a pencil or knife (above, left). Clamp the panel to a work surface. Keep the base plate flat on the workpiece as you smooth the
Install a straight bit in your router and set the depth of cut tothe  bottom of the recess, cutting to within ¥s inch of the outline.
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VENEER, INLAY, AND MARQUETRY

Dogleg chisel

\

Trimming the edges of the recess

To complete the recess, cut to the marked outline with a
skew chisel, a gouge, and a dogleg chisel. Start with the skew
chisel, making an incision along the straighter sections of the
outline to the depth of the recess (above, /eft). Hold the chisel
blade as you would a pencil, keeping the blade just inside the
outline. On the tighter curves, use a gouge with the appropriate

profile to score down to the recess depth. To finish, pare away
the waste with a dogleg chisel. Holding the chisel bevel-up
against the edge of the outline, apply light pressure to wedge
out the waste (above, right). Continue until all the waste has
been removed. Clean any wood chips and dust out of the recess
and test-fit the inlay.

Installing the inlay

Spread a thin coating of glue in the recess and set the inlay
in place—paper-side up if you are using commercial inlay. Cover
the inlay with a piece of wax paper and cover it with a wood
block that is slightly smaller than the inlay. Place a caul across

the block, then clamp the ends of the board to secure the block
(above). When the glue has cured, remove the block and sand
the inlay and surrounding wood to remove any paper covering
and trim the inlay flush with the panel surface.
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INLAY BANDING

Inlay banding can take many forms, from plain wood Strips
cut in the shop to complex marquetry patterns. Shown at
left is a sampling of what is available at specialty wood-

working stores. Another option is solid metal banding

like the brass strip set into a tabletop shown above.

one face. Then flip the

cutting angle at 45°. Feed the board along the fence, beveling

workp
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Bk

Gluing up the strips

The strips need to be edge-glued into a panel that can
then be cut into lengths of banding. For glue up, use the set-
up shown above: At each end of a plywood base, screw a stop
block so the gap between the two equals the length of the
banding you need. Cut a plywood caul and two sheets of veneer
to the same length; their width should equal the length of the
individual triangular and square pieces. Start by laying a sheet
of wax paper and then at least two sheets of veneer on the base
and spreading glue on the top surfaces of the veneers. Next,
set a layer of the triangular strips flat side down on the veneer

from one stop block to the other. Spread a thin glue layer on the
exposed sides of the triangles and lay in the squares, being
sure to orient the grain of all the pieces in the same direction.
At the ends of the assembly, in the gap against each stop block,
place a trianglular piece cut from the same stock as the square
piece. Complete the assembly by gluing down another layer of

triangles and topping it off with at least two more veneer sheets.
Place a sheet of wax paper over the veneer and lay the caul on
the paper. Install two handscrews to clamp the assembly until

the glue cures (above).

Slicing off the banding strips

Once the adhesive has cured, remove
the clamps and sand off any squeeze-
out. To complete the job, saw the glued-
up panel into %-inch-thick strips (left).
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APPLYING INLAY BANDING

Routing a groove for the banding

corners with a chisel.

Setting the inlay in the groove

Cut the banding to fit in the groove,
using your table saw for shop-made inlay,
or a wood chisel for commercial banding.
For the rectangular groove shown, make
45° miter cuts at the ends of the inlay
pieces with a chisel (right). Cut and fit one
piece at a time, then spread a little glue
on the underside of the inlay and insert it
in the slot (inset). Hold the banding in
place with masking tape until the adhesive
cures. If you are using marquetry inlay, try
to maintain a continuous pattern, match-
ing the design at each corner before cut-
ting the pieces. Once the glue has dried,
sand the surface to remove excess adhe-
sive and trim the inlay flush with the sur-
rounding surface.

Grooves for inlay can be cut with a
router fitted with a straight bit the same
width as the banding. If you are installing
shop-made inlay, set the cutting depth
slightly less than the thickness of the strips;
the inlay will be sanded flush. For commer-
cial banding, which is quite thin, make
the cutting depth equal to the inlay thick-
ness to minimize the sanding required.
Outline the groove on your workpiece,
adjust the router’s edge guide to align the
bit with the marks, grip the tool firmly,
and cut the groove (/eft). Square the
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VENEER, INLAY, AND MARQUETRY

CUTTING A GROOVE FOR BANDING: AN ALTERNATE METHOD

Scoring the groove outline

You can use an inlay cutter rather than a router to score the
outline of a groove and clear the waste with a router plane (step
2). Following the manufacturer's instructions, make the width
of the cut equal to the width of the banding and the cutting
depth the same as the banding thickness. The cutter shown fea-
tures metal spacers for setting the width of cut. Next, align the

blades over the groove outline marks, butt the fence against the
edge of the workpiece, and fix the fence in position. Holding the
cutter as shown, lower the blades into the stock while butting
the fence against the edge, and push the tool forward. Apply down-
ward pressure to score the groove outline (above), repositioning
and reclamping the workpiece if necessary.

Clearing the groove

To remove the waste from the groove,
use a router plane with a blade no wider
than the width of the groove. Set the depth
of cut for the thickness of the inlay. Then,
starting at one end of the groove, penetrate
the stock with the blade within the scored
lines until the sole of the plane is flat on
the panel surface. Stand at one end of the
panel and pull the plane toward you to
clear the channel (/eft). Repeat to clear
the rest of the groove.




GLOSSARY

A-B-C-D

Adze: An ax-like tool with a curved
blade used to carve out concave sur-
faces, such as chair seats.

Bendable plywood: A three-ply
sheet material with a flexible inner
core sandwiched between two outer
layers with parallel grain.

Bending form: A jig commonly
used with a tension strap to bend

steamed, laminated, or kerfed wood.

Bird’s-eye figure: Figure on plain-
sawn and rotary-cut surfaces of a
few species of wood—most notably
maple—exhibiting numerous small,
rounded features resembling birds’
eyes. Commonly used as a veneer.

Bolt: A length of log that will be
riven into appropriate-sized pieces
for green woodworking projects.

Brake: A jig designed to hold thin
or long stock for riving; commonly
constructed from a forked tree limb
and two straight limbs arranged
inan X.

Burl veneer: Highly decorative
veneer taken from bulges or irregu-
lar growths that form on the trunks
of some species and on the roots

of others.

Burr: A small ridge of metal that
forms opposite the cutting edge of
a tool blade during sharpening.

Cabriole leg: A type of furniture leg
characterized by sweeping curves,
imitating the graceful leg of a leap-
ing animal.

e

Caul: Used in veneering, a board
placed between clamps and the work-
piece to distribute clamping pressure.

Checking: A lumber defect in which
splits develop across the growth rings
because of uneven shrinkage of wood
during seasoning.

Compression: In steam bending,
stresses on the inside curve of the
bend that squeeze the wood fibers.

Coopering: The technique of mak-
ing wooden barrels from tapered,
beveled staves; also, creating curved
panels by edge-gluing a series of
wood strips with beveled edges.

Crotch veneer: Veneer cut from the
fork of a tree trunk.

E-F-G-H-1-]

Eye: In carving, a small hole where
two elements of a design overlap to
create the illusion of depth.

Figure: The distinctive pattern pro-
duced on a wood’s surface by the
combination of annual growth rings,
deviations from regular grain, rays,
knots, and coloration.

Fixed end stop: In steam bending, a
hardwood block bolted to each end
of a metal tension strap to hold a bent
workpiece in place and prevent it
from splitting along the outside of
the bend.

Flake figure: A decorative pattern
in wood consisting of irregularly
shaped, elongated areas running
parallel to each other across the
grain. Highly prized as veneer.

Flitch: A section of a log cut in order
to extract the best figure and highest
yield of veneers.

Froe: An L-shaped tool with a beveled
blade that is struck by a club to rive,
or split, green wood.

Froe club: A wooden striking tool
used with a froe to rive green wood;
typically hewn from the limb of a
dense, close-grained hardwood.

Glut: A wooden wedge used for split-
ting logs.

Grain: The direction, size, arrange-
ment, or quality of the elements in
wood; specifically, the alignment of
wood fibers with respect to the axis
of the tree trunk.

Green wood: Freshly felled or
unseasoned wood.

Hot glue: Any of several types of
glue, including varieties made from
animal hides, that are heated before
use and then harden upon cooling;
traditionally used in veneering.

Inlay: A decorative strip of metal,
wood, or marquetry that is glued
into a groove cut into a wor%cpiece.

K-L-M-N-O

Kerfbending: The technique of
bending wood by cutting a series
of equally spaced kerfs in one face
of a workpiece so that it will bend
more easily.

Laminate bending: Bending wood
by resawing it into thin, flexible
strips and then gluing up the strips
around a curved form.
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Marquetry: Decorative inlay work
done with veneers, metals, or vari-
ous other materials; pieces are
formed into patterns or pictures.

Moisture content: The amount of
water contained in wood, expressed
as a percentage of the weight of
completely dry wood.

Molding head: A solid metal wheel
that attaches to the arbor of a sta-
tionary saw and holds sets of shaped
knives for milling wood.

Mottled figure: A type of broken
stripe figure with occasional inter-
ruptions of curly figure.

P-Q-R

Piping: In carving, a cylindrical,
tube-like element designed to sug-
gest folds in leaves or linen.

Plain-sawn lumber: Lumber that
has been sawn so that the boards’
wide surfaces are tangent to the
annual growth rings. Also known as
flat-sawn lumber when referring to
softwood; see quartersawn lumber.

Quartersawn lumber: Lumber that
has been sawn so the wide surfaces
of the boards intersect the growth
rings at angles between 45° and 90°.
Also known as vertical-grained lum-
ber when referring to softwood; see
plain-sawn lumber.

Quirk: On a molding, a narrow, flat
recess that borders a curved element.

Relief carving: A style of carving
that elevates the design into promi-
nence by cutting away the surround-
ing wood.

Resawn lumber: Lumber that has
been ripped into thin strips, often
for laminate bending.

Riving: The technique of splitting
wood from a log with a sledgeham-
mer and wedges or with froes and
clubs so that the wood separates
along the fibers.

Rotary-cut veneer: A continuous
sheet peeled from a log by rotating it
against a stationary knife on a lathe.

S-T
Seasoning: The process or technique
of drying wood.

Slipstone: Small sharpening stone
available in various shapes and sizes
typically used to remove burrs and
hone inside bevels of edge tools.

Steam bending: The technique of
softening wood for bending by sub-
jecting it to steam and heat and then
bending it around a curved form.

Story pole: A shop-made measuring
gauge used to determine the location
of the joints in a project, such as a
stool or chair.

Strop: A strip of leather dressed with
a fine abrasive to polish the cutting
edges of gouges, chisels, and other
carving tools.

Supported steam bending: Bending
steamed wood on a form equipped
with a tension strap; typically done
with air-dried stock. See unsupport-
ed steam bending.

Sweep: The degree of curvature
across the blade of a carving tool.

Temper: The degree of hardness

of a metal, primarily steel, brought
about by controlling the heating and
cooling processes.

Tension strap: In steam bending, a
steel band with fixed hardwood end
stops positioned against the outer
curve of the workpiece; helps prevent
the wood from splitting by trans-
forming the tension forces in the
outer curve of the bend into com-
pression forces on the inside curve.

Torsion box: In laminate bending,

a two-piece bending form with
curved plywood panels supported
by ribs, used to bend large laminates
or veneered plywood panels.

U-V-W-X-Y-Z

Unsupported steam bending:
Bending steamed wood with only a
bending form; typically used with
green wood for complex bends in
more than one plane. See supported
steam bending.

Veneer: A thin layer or sheet of wood

sawn, sliced, or rotary cut from a log
or flitch.

Veneer matching: The technique

of creating interesting and attractive
patterns with like-figured sheets

of veneer.
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INDEX

Page references in italics indicate an illus-
tration of subject matter. Page references in
bold indicate a Build It Yourself project.

A-B-C
Acanthus leaf patterns, 98-100
Agrell, lan, 10-11
Bending wood, front endpaper, 8, 41
Coopering, 67-69
Forms, 44
Plywood
torsion boxes, 44, 64-66
Safety procedures, front endpaper
Shaker boxes, 40, 54-56
Veneering a serpentine surface
(Shop Tip), 66
See also Kerf bending; Laminate bending;
Steam bending
Build Tt Yourself:
Carving
carver's mallets, 74-75
gouge-grinding jigs, 79
jigs for securing thin work, 90
Green woodworking
shaving horses, 26-28
wooden gluts and froe clubs, 25
Wood bending
bending tables, 50
pipe steamers, 46
wedge-making jigs, 53
Carving, front endpaper, 11,71
Designs
acanthus leaves, 98- 100
claw-and-ball feet, 106- 109
egg-and-dart patterns, 71, 91-92
tans and shells, 93-97
linenfold patterns, 70, 101-105
transferring, 88
Relief carving, 98- 100
Safety procedures, front endpaper
Securing the workpiece, 83-89
jigs for securing thin work, 90
Three-dimensional (in the round),
106- 109
Tools, 72-73
carver’s mallets, 74-75
clamps and vises, 76, 87
gouge-grinding jigs, 79
positioning while carving, 90
routers, 76
sharpening, 78-86
sharpening equipment, 77
sharpening-stone holders
(Shop Tip), 80
slipstones and strops for inside edges
(Shop Tip), 83
sweeps and sizes, 74-75
using wood scraps for stropping
(Shop Tip), 86

Chairs:
Slab-and-stick stools, 14, 29-39
Windsor chairs, 15
Claw-and-ball feet, 106-109
Coopering, 67-69

D-E-F-G-H
Egg-and-dart patterns, 71, 91-92
Fan and shell patterns, 93-97
Finishes, front endpaper
Fortune, Michael, 8-9
Macassar chair, 57
Table, 41
Green woodworking, front
endpaper, 7, 14, 15
Chairs, I5
Guide for boring angled mortises
(Shop Tip), 36
Hardness of wood, 20
Harvesting wood, 19-22
Riving, 21, 24
Safety procedures, front endpaper
Slab-and-stick stools, 14, 29
legs and rungs, 30-33, 36, 37-39
seats, 34-36, 38-39
Story poles/sizing gauges (Shop Tip), 37
Tenon gauges (Shop Tip), 32
Tools, 16-18
froes and froe clubs, 16, 24, 25
shaving horses, 26-28
wooden gluts, 16, 25
Wooden sizing gauges for legs and rungs
(Shop Tip), 30

I-J-K
Inlaying, 111
Inlay banding, 136-139:
Marquetry, 134-135
Jigs:
Carving
jigs for securing thin work, 90
Green woodworking
guide for boring angled mortises, 36
story poles/sizing gauges, 37
tenon gauges, 32
wooden sizing gauges
for legs and rungs, 30
Wood bending
bending form and tension strap,
44, 47-49
kerf-cutting jigs, 62
laminate bending and
gluing forms, 44, 59-60
torsion boxes, 44, 64-66
two-plane bending forms,
44, 51-52,53
wedge-making jigs, 53

Kerf bending, 61-63
Hiding kerfs in kerf-bent wood
(Shop Tip), 63
Kerf-cutting jigs, 62
Kopf, Silas, 12-13
Marquetry cabinet, 132

L-M-N-O
Laminate bending, 57

Laminate bending and gluing forms,

44, 59-60

Plywood, 64, 66

Strip preparation, 57-58

Wood species, 43
Laminates. See Laminate bending; Veneers
Langsner, Drew, 6-7

Windsor chair, 15
Linenfold patterns, 70, 101-105
Marquetry, 12, 13, 111, 132-133

Inlay banding, 136

Inlaying, 134-135

P-Q-R-S
Plywood:
Bendable, 64
Bending
torsion boxes, 44, 64-66
Kerf bending, 61
Safety precautions, front endpaper
Shaker boxes, 40, 54-56
Sharpening techniques:
Carving tools
sharpening equipment, 77
sharpening-stone holders
(Shop Tip), 80
slipstones and strops for inside edges
(Shop Tip), 83
Shaving horses, 26-28
Shop Tips:
Bending wood, 49, 63, 66
Carving, 80, 83, 86
Green woodworking, 30, 32, 36, 37
Veneers, 131
Steam bending, 41, 42, 45
Clamping
Bending form and tension strap,
44, 47-49
bending tables, 50
two-plane bending forms,
44, 51-52, 53
wedge-making jigs, 53
Steamers
electric wallpaper steamers
(Shop Tip), 49
pipe steamers, 45, 46, 48
steam boxes, 45
Wood species, 43

Stools, 14, 29-39
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Thorpe, Adam:

Acanthus-leaf carving, 98

Tools:

Green woodworking, 16-18
froes and froe clubs, 16, 24, 25
shaving horses, 26-28
wooden gluts, 16, 25
Steamers
electric wallpaper steamers
(Shop Tip), 49
pipe steamers, 45, 46, 48
steam boxes, 45
Veneering, 120-121, 122
joint-and-strip cutters, 121, 124
laminate edge-trimmers, 121, 126
vacuum presses, 129
veneer presses, 110, 121, 126, 128
See also Carving: Tools

Torsion boxes, 44, 64-66
Trees:

Conservation, 111

Cross sections, back endpaper

Felling, 19, 22

Species
African mahogany, 43
African rosewood, 112
African walnut, 43
alder, 20, 43
amaranth, 115
American hornbeam, 20, 21
apple, 20, 21, 87
aromatic cedar, 87
ash, 20, 21, 43
aspen, 20
Australian lacewood, 113
avodiré, 43
baldcypress, 20, 21
basswood, 20, 21, 87
beech, 20, 21, 43
birch, 20, 21, 43, 87
bird’s-eye maple, 114
black cherry, 87
black gum, 20, 21
black locust, 21
black walnut, 117
bubinga, 112
buckeye, 20, 21
butternut, 20, 21, 43, 87
catalpa, 20, 21
cedar, 20, 21, 43, 87
cherry, 20, 21, 43,87
chestnut, 20, 21, 43
cottonwood, 20, 21
dogwood, 20, 21
Douglas-fir, 20, 21, 43

Dutch elm, 43

ebony, 43, 112

elm, 20, 21, 43

English brown oak, 114
English elm, 43
eucalyptus, 21

European ash, 43
fiddleback mahogany, 113
fir, 20, 21

goncalo alves, 112

gum, 20, 21,43
hackberry, 20, 21, 43
hemlock, 20, 21, 43
hickory, 20, 21, 43

helly, 20, 21, 87, 113
Honduras mahogany, 87

Honduras rosewood, 20, 116

honey locust, 21
hornbeam, 20, 21
Indonesian rosewood, 87
jelatong, 87

lacewood, 113

larch, 20, 21

lilac, 20

locust, 20, 21

macassar ebony, 112
magnolia, 20, 21
mahogany, 43, 87, 113
maple, 20, 21, 43, 87, 114
mesquite, 20
mulberry, 20, 21, 43
oak, 20, 21,43, 87, 114
olive, 20

Osage orange, 20, 21, 115
padauk, 87, 115

pear, 20, 21,87, 115
pecan, 20, 21, 43
persimmon, 20, 21
pine, 20, 21, 87
ponderosa pine, 20
poplar, 20, 21, 43, 87
purpleheart, 87, 115
quilted maple, 114

red cedar, 20, 21, 43
red gum, 20, 43

red oak, 21, 43
redwood, 20, 21

rock elm, 43
rosewood, 87, 112, 116
sassafras, 20

sitka spruce, 43
spruce, 20, 21, 43
sugar pine, 20, 87
sumac, 21

swamp oak, 21

sycamore, 20, 21, 43, 87, 116

teak, 43, 87, 116
tornillo, 116

tulipwood, 117

tupelo, 20

walnut, 21, 43, 87, 117
water tupelo, 20
wenge, 117

western larch, 20

white ash, 43

white birch, 20

white cedar, 20

white elm, 43

white oak, 21, 43, 87, 114
white pine, 20, 21

wild cherry, 20

willow, 20, 21, 43

yellow birch, 20

yellow pine, 20, 21
vellow poplar, 20, 21, 43
yew, 20, 43

zebrawood, 117

V-W-X-Y-Z
Veneers, 111, 119

Application, front endpaper, 123-127
edge banding, 124
safety procedures, front endpaper
Cutting, 118-119
from lumber, 122-123
Decorative patterns, 123
Repair, 130-131
repairing air pockets
(Shop Tip), 131
Tools, 120-121, 122
joint-and-strip cutters, 121, 124
laminate edge-trimmers, 121, 126
vacuum presses, /29
veneer presses, 110, 121, 126, 128
Wood species, 112-117
See also Inlaying; Laminate bending;
Marquetry

Wilson, John:

Shaker boxes, 54

Windsor chairs, 15

Wood:

Carving characteristics, 87
Grain, back endpaper, 42
Green, 20
see also Green woodworking
Hardness, 20
Moisture content, back endpaper, 42
Riving qualities, 21
Suitability for bending, 42-43
See also Trees; Vencers

Wood bending. See Bending wood
Working green wood.

See Green woodworking
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