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Introduction

Wood as it comes off the wee is generally straight and narrow: sticks and boards. The things we want to make with
wood are often broad and three-dimensional: frames, doors, stands and boxes, Thus the arr of joinery—thar is, how o fir
pieces of wood together strongly, as if the tree had grown and branched to our desires.

Joinery is an ancient craft, Egyptan tombs have divulged images of craftsmen beating our mortises with mallet and
chisel, images that are uncanny in cheir familiarity. Hand-woodworkers do it no differently today. Ar the same ome,
every new woodworking machine seems instantly to generate a new approiach to joinery, to augmenr or replace a hand-
tool technigque.

When we join two sticks to make a corner and add two more o make a rectangle, we'll probably use some variation on
the morrise and tenon joint. This basic frame joine, in all irs myriad forms, is the main subject of Jormery, though basic
doverailing and decorative joints are included as well. In 36 articles reprinted from the first nine years of Fine Woodwark-
ing magazine, authors who are also craftsmen rell exactly how they choose, make and use these joines, and how you can
do so oo,

When we wrap four frames or four boards around a boxy volume, we're more likely o need the doverail or some other
carcase joint. Case joinery is another large subject, and a companion book in chis series, Boxer, Carrases and Divasvers, is

devoted entirely to it

John Kelsey, editor
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On Precision in Joinery
How close is close enough?

by Allan ]. Boardman

Cumpﬂing a machine ol such as a lathe for shaping
metal with its counterpart for working wood suggests
that entirely different methods and standards are normally
applied when operating on these two dissimilar matenals
The differences are obvious—fincly graduated scales and dials
festoon the meral lathe, while the wood lathe probably has no
measuring scales at all. What may not be obvious is the fact
that woodworkers nonctheless do approach twlerances that
might seem appropriate only w0 metal. The flexibility and
compressibility of wood, the acceprability of fillers, moldings
and bulk-strength adhesives, the dynamic movement of the
marerial and the omnipresence of shoddy commercial prod-
ucts all contribute to the belief thar " precision” is not 2 word
in the woodworker's vocabulary. However, a close look at 2
truly fine piece of cabinetry will reveal some surprising facts
abour the dimensional tolerances inherent in its joinery.

Consider the miter joint connecting two adjacent members
of a frame made from 3-in. wide stock (figure 1). If the miter
were tight at one end and open, say, % in. (0.016 in.} at the
other, the joint would be quite unacceptable. The frame
would be weak, since most adhesives work best in films far
thinner than %, in. Even an untrained cyc could easily detect
the mismatch, and filler could nor disguise it.

Most shops have lots of clamps, and all roo often they are
used in abundance to bend or press a joint closed while the
gluc dries. The result may well be a tight joint, but the struc-
rure is liable to be distorted —warped, bowed or our-of-
square. This distortion may cause exrrz work in fitung for
doors or drawers, perhaps some unanticipated cosmetic re-
pairs, or it may cven be uncorrectable and quite obvious in
the finished product. And regardless of how well one com-
pensates, the assembly will retain residual stress after the
clamps are released. Built-in stress will work against the adhe-
sive for a long time, causing the joints to creep and the di-
mensions to change. Stress can burst open an otherwise strong
joint months or even years larer. Improperly seasoned wood
and changing humidity, although usually contributory, are
sometimes blamed for joint failure when the real problem is
faulty joinery initially hidden by clamping pressure. In first-
class work, there is no substrute for joints that fit properly.

In figure 1, note that the angle of the tapered space in the
miter joint is less than a fifth of a degree. The tolerance na
good miter might be %o of thar, or barely 1 minute of arc.
With such a fir, the open end of the mpered gap would be less
than 0.002 in., or abour half the thickness of a piece of paper.
This. in most cases, would be acceptable from the standpoint
of strength and appearance: But measurement and tolerances
in thousandths of an inch and minutes of arc sound like the
language of machinists, not woodworkers, After all, many of
our measuring devices are themselves made of this change-
able stuff, wood. The protractor scale on a woodworking
machine goes no finer than one degree—minutes of arc,
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An exemplar of precue poimery, auibars full blind frnger pocned
measie dox o 4% . om @ nde. Carcase 15 flame-figured buviernul,
dovetailed drawers are Enplish beech with rosewood )

never. Parallax caused by the distance berween pointer arfow
and proeractor ensures significant crror, depending on where
you hold your head, Does no one expect a woodworker to hold
1o a small fraction of a degree, except perhaps ar 90° and 457,
where some machines have detents?

Sa it is with lineal dimensions oo, For the seasoned
worker, tricks. techniques, experience and feel (not murually
exclusive terms) compensate for the limitations of the equip-
ment. Bur o the beginner, the not-quite-square square, the
coarse graduations of scales and protractors. the machine’s
structural flexibility where rigidity 15 desired, all subtly sug-
gest that only this crude level of accuracy is o be expected.
Worse, because of carcless use of words like “precision,” "ac-
curate,” “professional” and “heavy duty” in advertising, the
novice comes to believe that plus or minus a thirty-second is
precisc or that the machine by itself puarantees precision.
Consequently, beginners may sct personal standards for
quality far lower than they should and progress far too slowly
in the acquisition of those skills and techniques needed o
overcome tool limiations.

Tool quality, measuring and marking— The limitations of
our tools are not all bad, once recognized and understood. 1f
3 manufacturer were to add the weight, ngidity and precision
some of us dream about, the cost of tools would rapidly be-
come prohibitive. Also, because of the propertics of wood.
some of this extra precision would be wasted: The skilled
maker would still have to compensate for the peculiarities of
cach species and piece

Some tool limitations may require us to take lighter cuts,
and they may inhibit some design options or demand greater
skill. bur by one means or another, we live with the available
tools. Nonetheless. the first thing we must do is correct what
can be correcred, For example, to true a metal framing
square, draw a diagonal from che inner comer o the outer
comer, With a hammer, gently rap a center-punch in several
places along the inner third of the line to open i, or along the
outer third of the line to close ir, checking the square after
you make cach adpstment. Cabinetmaker's squares with &
metal blade and wooden stock can be filed oue, Bench planes
require all sors of fine tuning before one can realize cheir full
potenrial.

Leaving aside heavy-duty production machinery, one
should nior take for granted the implied precision or qualiry
of tools. If vou have the time and patience (2nd the indul-
gence of the shopkeeper) to examine and compare all of the
squares, planes or chisels in stock, you may find one that is
better than the others. The common test for a square, for ex-
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ample. is to mark a line on wood or paper taped 1o the
counter, then flop the square over to see if the blade lines up
with the line (figure 2). Any discrepancy is double the inac-
curacy of the square. But realize that you will have to spend
time on most tools to make them right,

50 how do you make them right? Against what do you
check for square? There is no way around it: Every shop needs
# reliable standard for straight, square and flar. A quality ma-
chinist's combination square is a good investmenr because it
provides 4 reliable 12-in, straightedge, an accurate square and
a 45" reference. A 3-ft. meral straighredpe is useful and is
available at some woodworker and most machinise supply
houses. One can alsa buy a sirip of flar rool steel and have 2
machine shop grind it true. The top of a quality rable saw
should be flar enough to serve as the reference surface, bur it
15 best to check this if possible by removing i, LOting it to a
machine shop for measurement and. if necessary, having it
ground. Other flat references are granite surface plates and
slabs of heavy plate glass or marble, which arc generally quite
flar but must also be checked. The rule of thumb is that these
shop standards should be five 1o ten times better than any-
thing you are likely to check with them. It is also desirable ro
have at least one fairly large bench surface be rather flat, say
within %, in, over a two or three-foor square, for layour work.
This can be prepared with a jointer plane and checked with
vour reference flar. by rubbing one surface against the other
through carbon paper. If your reference surface is not casily
moved and inverted, use winding sticks instead {figure 3),

An accurate ruler or scale is also important. Simply because
a stick or tape is marked in inches and fractions. it does not
follow that the marks are where they should be. Some steel
tapes are off as much as % in, 10 10 &. The machinist's com-
bination square will provide a relable 1-fi. scale against
which others in the shop can be calibrated. The graduations
are generally fine and deeply engraved for long life.

These points are abour absolure accuracy. More impornant,
most of the time, is relative accuracy. Once the dimensions of
a given piece are quite close, the requirement for fit outranks
the requirement for hitting the exact dimension on the nose.
Consider cutting the four moldings for a picture frame. Firs,
the picces must be near 1o the desired length. Second, each
priece must be the same length as its opposite, and third, after
mutering, the corner joints must be tghe (figure 4). Because
the molding mighr not be perfectly true or straight, we trim
the miter to fit, and as a result the mating surfaces may be a
fraction of a degree off the nominal 45", or onc of the sides
may be a deliberate bur imperceprible fracrion shorter than
its opposite. A tiny vanaton in dimension cannot be ob-
served, whereas an open joint will always be visible and weak.
At the stage of final firting, the ruler or gauge becomes a
superfluous intermediary, an unwanted source of error,

This notion of dimension giving way to fit is not radical. It
15 like the intuitive procedure we use when setting a tool or
machine whose protractor or scale has only coarse gradua-
tions. We guess ar a setting someplace berween two markings
and then, ignoring the actual number of degrees or thous-
andths, we make small adjustments by trial and crror. per-
haps with 2 piece of scrap, uneil the fit is just right,

Marking can be done with a sharp pencil, but when the po-
sition of the mark impacts final fir, a marking knife should be
used. Not only will the line be narrower and therefore better
define the position, bur a kaife will lic much closer 1o the
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Figure 2

Flogping & T2-in. sguare 1o scribe
wor hnes will defect emor gn the
oroter af 15,5

Sight across tops of winding sticks
re check for paralfelism, Tast in verous
directions, Make sticks from straight, stable
stock — 5 o by % in. by T8 in. is 3 handy size. Fancy version has insert of
Faght wood in one stick, dark in the cthar, for better wisihility. Wl made
Shicks used carefully can find Y,° of error

Figure 4
f‘f — Even though alf the angles are cut
e ot exactly 45, i three of the frame
o peces are straight and the fourth
i Bows just Yy in., over a length of
l { 24 in. the joint will open about Y, in,
?4-_._.‘ Sueh an sror i ususlly carrecied
Al by clamping pressure, but it's often

better to adiust the sngles a3
necessary and ge! tight foints
withour feavy pressure,

Bauge. squarc or picce used in marking. Furthermore, the
mark, being a physical incision in the wood, can often be
used o position a chisel for the next operation. A rypical
example would be marking the shoulder line on 2 tenon to be
cut with hand tools. The knife cut serves simultancously to lo-
cate the shoulder edge. neatly scver the surface grain. and
guide a chisel 1o create a srarter groove for the tenon saw.

Cutting ro the line—S0 much for measuring; the marked
picce must now be cut. Precision in curting is the exclusive
domain of neither hand nor power tools, 1 say this despite
dichard traditionalists who would argue that truly fine work
can be donc only by hand, and despitc power-tool propo-
nents who believe a planc is what vou'd be forced to use if
you couldn't afford & machine. There is seldom one best way,
A proper rable-saw sctup would save time if a number of
identical tenons were to be cut. The hand-tool method might
be best for only one joint, if several different pieces are re-
quired or if the shoulder is not perpendicular o the rail.
Often, a combinauon of hand and power tool methods of-
fers optimum results, taking advantage of the best charac-
teristics of each tool. Suppose tenons are cur at each end of 2
stile, but for some reason the distance between the tenon
shoulders is just a bt far. (This can usually be avoided by
checking with scrap before curung the work itself ) Moving
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the table-saw fence a controlled % in. 15 ticky. And unless it
has just been sharpened. a circular-saw blade is not wo effec-
tive in timming off the merest hair. The wood may bumn or
the blade may deflect, leaving 3 cocked, charred shoulder,

I is undeniable that power tools save time and physical ex-
ertion, but some cuts in precision joinery, such as shaving off
that minute error, are clearly better performed with hand
edge tools— planes in particular. In practiced hands a
shoulder plane can trim that miscut tenon down to size in sec-
onds. End-grain shavings as thin as 0.002 in. can be pro-
duced, enabling the scribed line 1o be approached under the
watchful eve of the maker {figure 5). It makes little difference
if the waste to be removed is straight or tapered, Because of
these factors, it is often advisable when using machines to
leave a lintle margin for hand mmming.

Planes do not cut like most power tools, virually all of

Figure &

A shoulder plane,
propardy funed, can
revnove a controifed shaving
0002 in. thuck and leave a finished surface

Figure &

To wse fhe shooting
board, hoid the work agamst
the end stop, but el if owverhang
the step, and hodd the plane away
Frevery b gtap. You can tram gnd grain or
wdlge grivn to a scribed line, of to @ tnal-and error (L. Adfusr the it of the
plane iran fo keep the cul surface perpendicudar to the face of the hoard.
Muke the shoating board from sfable wood, fong enough to surl Hhe wiork
at hand (30 in. (5 handy)

Miter shooting bosrd
can frim a0y angle near 45°
g The g serves as a stop and holds the

plane square to the workpiece surface, the step
|\ wlpvalés the work 50 the #on can cul,

but doesn’t control the plarne

Plang clear

of fence Wirkpeeoe overhangs step
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which cut intermittently, pounding on the wood fibers and
doing inescapable damage on every cur surface. Machine
planes, power saws, and even sandpaper produce dust, teanng,
burnishing, scrarching, and so on. The unique action of the
plane with or across the grain, however, severs the wood fibers
cleanly in a continuous, not intermittent, maotion. The fin-
ished surface in many cascs cannot be improved upon. The
damaging forces involved in parting the waste from the work
arc absorbed by the shaving as it breaks or curls, The plancd
surface, except where the wood grain is particularly cantanker-
ous. shows no evidence of the trauma. Even more important
for precision is the fact that the planc can leave a good surface
after each pass. The perfect fit can be approached by in-
crements and when achieved, no further clean-up is required.
In many toutine joinery operations, this objective is far more
difficult to reach with sandpaper, files, saws or routers. And
as 2 bonus, all this control comes with no great sacrifice in
speed. A plane stroke takes only a2 couple of scconds.

Paring with chisels and other edge tools offers sumilar possi-
bilities for working roward precise joints, particularly where
the geomeury prohibits using a planc. Here the coneol af-
forded rather automarically by the plane must be provided by
the craftsman. However, the principle is the same—taking
off just as much waste as desired, exactly where desired, and
leaving a clean surface after each cut.

Jigs— The criteria | apply o virtually all joints are first, in
hidden interfaces {the tenon in the morise) there should be
only enough clearance for a thin gluehine; and second, visible
interfaces (miters, for example) should appear tight with only
light clamping. As you approach the final fit a shaving at a
time, you quickly discover the need for devices that help keep
the hand tools perpendicular, free from wobble. or otherwise
aligned. Jigs and fixtures do not guarantee precision, but they
can reduce the degree of freedom the wol has so the cafts-
man can exercise grearer control toward getting the fir.

A jig of continuing use is the shooting board — nothing
more than a flat picce of stable wood with a step at the edge
and 2 stop near one end (figure 6). With it. one can simul-
rancously plane an end or edge of a piece exactly o a scribed
line. straight and perpendicular to the surface. Using this
samc jig and a little blocking or intentional til of the plane
blade, angles other than 90° can easily be cut for coopered
joints or simply to compensate for some special condition.

Other jigs in this same family include several versions of
the bench hook, and the miter shooting board — the solution
1o the problem that began this essay, of how to adjust 2 miter
angle by a fraction of a degree (figure 7). In use, the plane is
laid on its side on the ledge while the work is held against the
45" stop. If the planc body is our of square {1t usually is), the
mitered surface will not be perpendicular to the face of the
picce. This can be corrected 1o some extent by adjusting the
tilt of the planc iron, by shimming the work. or maybe 917 is
really desired. The 457 angle (or 44° or 46°20°) is not a result
of holding the plane firmly against the step in the fixture
while pressing the work against the fence. Of course, it could
be if the jig were made exactly at the angle desired, but that is
too restrictive a use of the shooting board. Rather, one holds
the work against the stop but overhung, and the plane sole
away from the step. One then planes cither 1o 2 scribed line
ar by trial and error to a perfect fit with the mating piece.

In contrast 1o such “permanent”’ devices, many simple jigs
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can be made for short-term use. The usual reasons such jigs
fall into the disposable carcgory are that they get wom or
damaged in usc or are special in nature or dimensions. Con-
sider curting dadoes by hand in the two vertical sides of a
bookease (figure 8). A useful multipurpose jig fashioned
from two pieces of wood not only simplifies the operation but
also facilitates precision. In appearance, the jig is nothing
maore than a clumsy-looking square. the long leg reaching
across the workpiece, the short leg anached accurarely ar right
angles. The wadth of the members should ensure stifffess and
nigidity. The thickness of the shor leg should be a rifle less
than the workpicce thickness so as not o interfere with
clamping. The thickness of the long leg must be sufficient 1o
keep the backsaw perpendicular, but it can also be such that
when the saw back hits the jig. the cut s ar the desired depth.
The jig is clamped to the workpicce and ar the one setting
serves as a straightedge for scribing, a control for chiseling our
a starter groove for the backsaw, a fixeure for holding the saw
upright, and @ depth stop. Two such sequences per dado,
followed by cleaning out the waste with chisel or router
plane, leave an excepuonally clean joine the width of which
can exactly fit the thickness of the shelf. With this method it
matters lictle that the shelves vary in thickness from one 10
anather, of that the dado head on your power saw cuts only in
fixed inctements thar don't match your wood. Notice that in
this example since all the scribing and sawing are donc on the
waste side, both long edges of the jig are used and so must be
parallel. Obviously, the same basic technique can be adapred
to other and more complicated joints— stopped dadoes, rab-
bhets and dadoes, tapered doverails and 5o on

Precison is relative —In woodworking there is a scale of pre-
cision demanded by the nature of each project, from rough o
finish carpentry ascending through built-ins 10 fine cabinerry,
furniture-making and ultrafine craft objects like view
cameras. Tolerances might range from plus or minus an
cighth 1o one or two thousandths. In addition, we must
supenmpose a scale of functional tolerances thar takes into ac-
count the size of the object and the wood's probable mave-
ment in response to changes in temperature and humidiry
The "precision fit” of a drawer in a fine chest incorporates a
neat but wider clearance gap than one would find around the
drawer of an equally well-made jewelry box.

Finally, one should not neglect the many different design
options that shift the need for one kind of precision to
another, or eliminate the need aliogether. The results can be
quite acceprable and are normally found in abundance on
commercial work. Take, for example, the use of a solid nosing
around the top of a veneered cabinet (figure 9). To blend the
grain of the solid piece with the veneered panel and o join it
flush without damaging the thin and delicare vencer would
involve considerable skill and risk. This requirement can be
vinually eliminated by accentuating the seam instead of
hiding it, with a routed or scratched groove used as a design
feature, Likewise. moldings can cffectively mask imprecise
joinery, and overlapping frones can conceal uneven clearance
around cabinet drawers, With design skill, such techniques
can permit production shortcues. Often, they are the best
choice in purely design terms, and the fact that less precision
is required becomes a bonus.

The characteristics that denote precise woodworking are
not limited to joint accuracy and fit, They also include grain

Page 12 of 130

Figure B T Height detesrminad
Ry ; | by saw and
| Yimod! nreume: 19 X dado deoth

ler dadoengg By Nand, -
enqin determined by jof

Cut Stops wien
Saw back fits
fop of jig

1— Dada degih

A Clarnp jig alongside dado
— work on wasle side.

B Chisel V- groove
in which ro
Starl saa

)

Croms secnon afue second out

Figure 8
Deliberately accenting & joint may be bettar than trying to fide i
A gl
| JUOANAY
AR

Scrafched oF Sawn Qroove
highlights jow, reducing
need for precison,

Flaning. sanding of scraping
solid banding fush
may JEmage vernmer,

and color matching, uniformicy of detail and symmetry when
intended, clean pre-finish surface preparation, crisp installa-
tion of inlays and fittings, minimum usc of fillers, and so on.

Precision in joinery is neither for everyone nor for every
project. It can be an objecoive or an awitude thar adds
pleasure 1o the craft and quality 1o the work It can, on the
other hand, become an obsession that goes beyond common
sense to the point of inconsistency with the natre of wood
itself, Bur it seems far better for a woodworker o understand
the options, recognize that certain skills and techniques can
be invented or learned, know whar is possible to accomplish,
and then exercise free choice, rather than have his or her
standards derive from crude scale markings and constant ex-
posure to mediocre work ., Ol

. Joinery 5
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Mortise and Tenon

There are innumerable variations of this basic joint

by Tape Frid

Furniture construction is broken down into two categorics
— frame and casegood. Cascgood construction uses joints
such as doverails, finger joints, spline miters, rabbets and the
like. Frame construction depends on the mortise and tenon
joint and is usually used in tables, chairs, paneled doors,
windows, etc. There are a grear many variations of the mortise
and tenon joint, and the task of the cabinetmaker is to know
which variation ro choose for a particular application, and
why, and then how o make it quickly and well.

The mortise and tenon is probably the oldest and cerrainly
the most essential joint in woodworking. An Egyptian sar.
cophagus now in the Briush Muscum was framed with
mortise and tenon joints at least five thousand years ago.
During the Middle Ages, the development of the mortise and
tenon permirted the framing of chests. The claborate
variations of pancling led finally o a distinction berween the
two crafrs of carpentry and cabinermaking. In house construc-
tion the use of the mortise and tenon has quite disappeared.
We no longer have the skill or the patience, nor can we afford
the mortise and tenon for the framing of a house. Perhaps we
do not expect our houses to endure for much more than a few
generations. Bur we do sull find esthetic and practical
satisfaction in a well-constructed piece of furmiture.

The swength of the mortise and tenon joint depends
entirely on the interplay berween the cheek and shoulder of

the tenon, which is the projecting part of the joint. Onc can
imagine two crossed boards glued together. Despite the
holding power of the glue, they can be twisted apart relatively
easily.

But connect them as a lap joint, and the swrength 15 in-

Woodwaorki
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creased greatly because of the stop-action of the shoulders.
Mow double the surface area of the glue by making a ship joint

S

I,

LR

— & form of mortise and tenon — and we have an extremely
strong joint that is easy to make and requires minimum tools.

The disadvantage of the slip joint is that not only do we
have to clamp the tenon shoulder tightly against the moruse,
{as in all mortise and tenon assembly), bur we must use a
second clamp to make sure the cheeks are glued o the mortise
sides. Moreover, the tenon is completely exposed

We ger around these drawbacks by changing the slip o a

i b

- 3 ':J _.--"

) |
T b

haunched mortise, of to a mitered haunched morrise where
the tenon is completely hidden

When designing a mortisc and tenon joint, one should aim
for the maximum glue surface. A renon of abour one-third
the thickness of the stock is usually the best choice. If the
renon is thicker, the mortise sides become oo thin; if the
tenon is thinner, it becomes oo weak. (But someumes in
table construction, where the leg 15 much thicker than the
aprons, the aprons may have renons hall or more the apron
thickness.)

Four shoulders should never be used unless absolurely
necessary. The joint becomes more difficule to fir because all

|

—

-
-\'d—
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four shoulders must be precisely located in the same planc.
Also, glue surface is lost. On the other hand, if the design
calls for carving and material will be removed around the
joint, four shoulders ensure that the joint will not be
revealed.

If the design calls for round corners it is advisable to glue a
block on, or to have the mortise stock wider. These provisions

J
iy

Right L |

prevent problems with the end grain which will break and
crumble, especially if carved.

There are two different ways to make a round corner in a
frame. The lefr one is used if the inside corner s going to be

T
|

[
|

carved of shaped for a molding, and the right one is fine if the
edge will be left straight, berause then you don't have to
worry abour carving into the joint.

When a tenon is very wide, haunches should be put 10 at
cither end. A wide tenon 18 more difficult w0 glue as it

T

requires exitra clamps for gluing the cheeks, Bue the haunches
are necessary to keep the wood from owisting.

When a renon a5 very narrow, the tempration is to run the
tenon across the grain, Bue this should never be done because

then the checks glue into end grain which is not a glue
surface. The way 1o fasten narrow tenons is to use double (or
triple) tenons, runming the moruses in the direction of the
long grain o provide good gluc surface,
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Wedges are used to strengrhen the joint, When the tenon
is cut to receive the wedge be sure to drill a small hole ar the

1

—
— [

base of the saw cut to prevent cracking. When hammering in
wedges in a through tenon, be sure to hammer evenly on each
wedge so as not to force one half or the other too far which
could result in splitting, If the tenon is to be hidden, use this
method.

If a mortise and tenon is to be disassembled, a loose wedge
is used. The wedge could be substituted with a wedged dowel

5

for the same effect. If the picce which receives the wedge is
too thin, the two shoulders could be placed on the top and
bottom instead of the sides.

In a chair, the back is usually one 1o two inches narrower
than the front. This is done more for appearance than for any
other reason. This requires the sides o angle into the back,

Hack
I

| |
L 4

Froane

Usually the angle is made in the tenon, because it is casier
than angling the mortise, Of course there is a limit to how
much the tenon can be angled, bur as long as some long grain
reaches the full length of the tenon, it is safe.

A variation of the slip joint is used where a third or fourth
leg is necessary, as in a sofa. This is also used where 2 table

I

apron is joined to the legs if the table apron 15 bricklayed
round or oval as in a Hepplewhite rable,

incry 7
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here are several wavs 1o make a mitered mortise and
4% It 18 ¢asier [ CUl. SOmMetymes

Mren a spline 1S Uscd

s E
J#
1 spline 1s used purely for v sual effect. The splin an also be
hidden
If 2 renon should break, a spline car inserted. The same
method 15 often substituted for a et

Although 1t 15 nof as strong, hc '\i'l'.||'. IS5 1n mosy CASCS

CAsICr [0 Make

icien and 15 adgain

tons of [he Mmortise and

or their strength. Similarly,

the same

[Nese JOInis 15 Dasa

P er o
1 CA5ICE 4l

i e 1 E5d
non pomnts, 1 T

afe 20 many oines tha

NCEET [0 USE Al

power [O0ls [Urm out e quicker. Bur this is rarcly the case

i'll'_'u ALSC I'l"\‘ cr LD ':'\- whnether I m usin@E 4 saw, or a 1o ILET [
o v
o 10

a dnll press witk r bt do rake nume to set uf

|.|,._|':! ) SE pOweT tools, 1t's

rhe i b
best to do them by hand. so thar you understand
whar you trving to do with the power rools

in making the basic two-shoulder joint 15 1
nark both pieces to keep the onentation 1 Then 1 outline

f this size is berween bat sizes, 1 u

Alchourh it snt absolurely necessary, | recommend
| 1 M wir b I S T -
using a doweling Jig o guide your bit while bonng the

You'll end up wich straight and even sides. Make
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hine zround all four sic of the tenon board

marks where the shoulders will po, Don't use 2 pencil be

e cur wirk

(5 PO just

e IMOft

hen do the

sime for the oth

side of the mortise

1=}

taces)

WL continue UsIing the same reicrence <o

You are now ';'-:-1‘- o cut the ¢ r'.-."rlli\ of the fTenon, § use i

tr et ] [ +h 1 - 1 —— ] 't
frame saw for this (as | use tor almost all hand SAWINE be

dL1SE

t 5 the fastest and best saw fi'.-:"-;' 51 Dur !t. vou don't nave

one, use 1 dovetail or back saw. The thinner the blade. the

casier it will be 1o MakKes accufaie Curs
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are and a scribe to draw this

This

v sides of the

IO CUTTINE Al

! h:_' ITICK

ite chieeks 15 1o cut the |

d part of the top first; then rurn the board aroun

the rest of the top and the frone lines. That way vou «

nave to worry a

t tollowing mwo lines ar

cutting the fronr line, the

saw blade will be omatically

sl o e

the back by the kerf vou

Itie more accuracy mn

made before Il alse

You

ding process if you use a

;'.Ill|l'.l.l al

EECL 3

E LS gl

slightly thinner blade for curt the back lines than you do

ror urting the front

In any event, when sawing the cheeks, “'split’’ the line on

e waste side, The renon cheeks muse fir just right. 1f they're

oo Cight they may \r-!:r the mortise piece if too loose, the

Furthermore, the

y come apart under strair

wolds a loose tenon will in time
wood dries

MTISE [hat I

as the
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| the

After the cheeks are sawed, it's time to saw the shoulders off the renon corners slightly for easy insertion. Then s

Oiie trick 1've found |-._—!;x:'|_| Lo lmprove the accuracy ge of the tenon so 1w w Il fir into the slightly shorrer morgise

effect a

the shoulders must be perfectly aligned) is to make

emall or mini-shoulder for the saw to lean against. Take one

corner of a flar chisel and deepen rthe line by

drawing the chisel along ir. Then take g
use this notch as a guide

o create half a ""vee’ . You can then

for your

ovetail or frame saw. Finish sawing the shoulders

and usc a flat chisel to clean up the cheeks, and then round Mow finish making your mortise

mallet to sguare off the corners, and a wide chisel (bur no

mallet) to flatren our the sides. Sand the ourside edge of the

Ly

as vou did the tepon sides and vou're ready o

Y ou should be able to push it in by hand with the

weight of vour body. If vou need to hammer it in, 10§ £00

rght and you should shave some matenial oft the tenon

] Fi ot 0 00 Wiy KL
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assembled, make a clean saw cur along the shoulder line,

MaxKing sure Not to Cur

same for the other sho

the mortised piece at all. Do the

Don't saw g

IIC COmMPIEICIY [

the tenon. Instead, finish the cuts with a chisel after the jomnt

is disassembled. If you're making a frame and notice one of

the shoulders 15 off after you ve dry clamped i, make the
shoulder correction curs to all the shoulders on the same side
of the frame, so thar after correction, the frame stays square
but one blade widch shomer). Of course, if a shoulder 15

really off, vou may need to go through the correcror

fwice

checks because that's the easier prece to col

s Of veneer

o LDOSC, YOu Can

f after firting, the shoulders are shightly off as illuscrared

here, there's a trick you can use ro align cthem, With the joint

LT Complicate pleces whete the joines may comee 10 at odd

ut precise nong of
wooess, buor rely instead

1w

wer the he 1 and all over the craftsman LNy
& r roris . A
way. @ loes ot allow room for oo much gluce

r chair it 15 much better o glue

cult to sq

vAMation o

maKke the mOorese
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1Thue pai men

Hand-Cutting

the Mortise and Tenon

Best results come directly from chisel and saw

by lan |. Kirby

'I‘hc mortise and tenon joing 1s used o bring rwo picces of
wood together, usually ar a right angle, as in frames for
carcases and doors, table legs and aprons, chair legs and rails.
It is fundamenal 1o woodworking and is made in innumet.
able vanauons, either by hand or machine. This discussion
will focus on the basics of designing mortise and tenon joints
o fit their purpose in a structure, and on making a single
joint with hand tools. When there are only a few o do. a
skilled workman will hand-cur them in the nme it would take
to set up machines.

A mortise and tenon joint gets its strength from che me-
chanical bond of letting one piece of wood into another, and
from the adhesive applied 1o closely fitting long-grain sur-
faces. The crafisman must design the relative proportions of
the momise and tenon 10 order to best resist the forces the
paint will encounter in service, to balance the wood ussue be-
rween the mortise and the tenon, and o maximize the long-
grain ghung surfaces. Then he must make the pans accurately
and cleanly, in order o achieve a close interface and thus a
strong glue line

A common mistake is to search in books for formulas and
schematic diagrams of universal application. Instead, one
should analyze the function of the joint in the struciure oae
wants 1o make, and the loads iv will have 1o bear. Does it have
to resist downward pressure, or tensile load, or bending and
rwisting fotces, or as is frequently the case. a combination of a
number of forces? Knowing exactly whar performance one

Jonfs are made for fwo
TR FeES O

wants from the joined pieces should be the first step in de-
signing the joing

The general rule 1s thar there must be enough wood on the
tenom, bath in length and in seetion, o withstand the load it
will have to bear. If the load is exclusively downward the
tenon should be thick, bur there is o need 1o have thick
mortise cheeks. On the other hand, if there will be rwisting
forces, both the mortise cheeks and the tenon must be thick
enough to withstand them. If the force is an outward pull ora
pivoting, the renon should be long cnough to provide ample
gluing arca, or long enough to pass right through the morise
g0 it can be wedged on the other side.

The old rule of thumb when the mortise and renon mem-
bers are the same thickness is thar the mortise should be one-
third the width of the stock, This makes the tenon and each
of the mortise cheeks the same thickness. Slavish adherence 1o
this rule often leaves the tenons cut too mean, imbalancing
the wood tissue berween the tenon and the mortise cheeks. Tt
would be better to say thar the tenon thickness should abowt
cqual the thickness of the monise checks added together.
Thus in the example of a 1 %-in. thick rail and stile, make the
mortise cheeks each % in. thick and the tenon % in.. instead
of making cach % in. thick. The accompanying diagrams il-
lustrate some of the forces such a joint commonly encounters,
and some of the ways of keeping the joint strong where n
needs to be strong. Notice that where twin renons are used o
resist bending and pivotng forees, as where the seat rail

A wery Comumar arrods Door gliing,
poor resistance o bending.

1. To create & mechancal
bond, which relies in at feas!
ame direction on friction,

2. To creare glung surfaces.
There 5 ng wseful glung
surface gn the end-gram
parts. of & joint

Upwards

Downwards

Twin tenons.

This hridge plece 15 usually
the same willth a5 morfise.

Tenons are usualy wedged
wehern through.

Ir‘ -
g A’tmpm:ﬁnn

ideways

Tansion

Design the joint so that the remaining
tisswe on borh mortise and tenon will best |

There are four
@luing surfaces
an this journt.

The tenon may be bare-faced,
wivch means the morkise must be
VEFY BCCUrate o @ e vell rescl
This gap may not be present whe
rhe joial 15 made, but the feman
mece becomes thinner when s
face i cleaned up. G it may have
a side showlder, which slightly
reguces giuing ared

FEsial the expeched $hranm or o
If pressuee on this mamber s mainly dowrwards, such 35 3 D

chair seal rad, then leave move Iissue at the bottam of the
Jaint thar ot the tog,
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Jdoint proportions

By rne of thumb, rhe thvckness of
the martise and its cheeks are each
Y% of the stock thickmess. Thes 5
ques hionalie thinking.

——

s wsuad 1o make 8 o
1o ‘-in. shoolder, fo en 3 A

s cleandy Fiffng corners

meets the side rail of 2 chair, the objent i$ o increase side-
grain to side-grain gluing area. A common error when joining
rwo pieces of wood this way is to make the tenon so that long-
grain gluing surface 1s reduced and end-grain surface 15 1n-
ereased—no help ar all. Another consideration in maximizing
gluing area is the depth that the tenon goes into the mortise
member. If it is not to be 4 through tenon, one can safely
maortise to within % in. of the far side of the stock.

The simplest form of the joint is a T, where the mortise s
somewhere in the middle of a length of wood—as in the lock
rail of 4 door, or berween the side rail and back leg of a chair.
This article will focus on that sitwation, leaving the added
complexities of joints ar corners (which are usually
haunched), joins in grooved or rabbeted pieces (usually with
long and short shoulders), and joings that are wedged or
pinned, for a subsequent discussion

Tools for mortising — For accuracy, the monise is usually
cur first and the tenon cut e fit it The essential tool s a mor-
use chisel, which determines the width of the mottise and
therefore of the tenon, The mornise chisel differs from an or-
dinary bench chisel in thar it is stoutly constructed o0 with-
stand heavy pounding with a mallet and levering, its blade is
previsely rectangular incross section, and there is no namow
waist where the blade meets the handle. The rectangular sec-
vion of the blade makes the chisel somewhar self-pgging in
action, so it will cut an accurate mortise. [t6 stour shoulder
allows levering our of the waste. The ordinary bench chisel
with beveled sides is most inadequate for moruising because i
will ewist, and may snap off at its narrow neck, Beyond this,
there are various chisel patterns evolved by the branches of
the trade. which amount to two main types: socket. where the
handle fits into a socker in the blade, and rtang, where an ex-
tension of the blade enters the handle. A rang chisel usually
has a leather washer between the blade and the handle ro
cushion the recoil after the chisel 1s struck with a maller. The
socket also offers resilience and thus performs a similar fune.
tion. The handle may be of a ning-porous hardwood such as
ash, which 1 prone w sphiwing and therefore will be bound
with meuwal ferrules top and bowom, Or, it may be a denser
diffuse-porous wood such as box, and no ferrule is used ar the
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The foint 15 wusually stromger when the.
chesk thricknegses added fogerber
equal the morlise width

L

-
[

i

The ghang area s the same for both
Joints, but the bottom one is mechanically
imbalanced,

|
I’ 7 = (]],

'3

3 -/—f} 1,

VA N,

Common error: Autematically fallowing
the ' rule leawves a weak fenon, and imbat
anced wood fissue on the mortise cheeks

top. Or nw may be a high-impact plastic, which is gquite
satisfactony

The details of the handle and how it fasiens to the blade
are matrers of personal preference. What does marter is thar
the blade be stout, truly aligned with the handle, and truly
receangular in secoon. All o often, even new chisels fail wo
fulfill these requirements, bur they can usually be pur righe
{see box, page 17},

The other necessary tool is a morise gauge, and you canne
make the joint reliably accurate withour one. It differs from
an ordinary marking gauge in thar there are two spurs, one of
them movable, The distance berween them is struck from the
chisel itself and ransferred 1o all the pieces of wood at the
same scruing. This cnccal distance can be maintained even
when the pasition of the fence needs to be altered to account
for moruse and tenon members of different thickness. A
good moruse gauge s expensive, bue it will basy a liferime if it
15 reserved for marking out mortise and tenon joints. To try to
manage without one, by resarung to two settings of a mark-
ing gauge, is futile and plain bad practice. A mornise gauge
often has a single spur on the side of the beam opposite the
double spurs, apparently an encouragement to use it as an or-
dinary gauge as well. | usually remove or grind off this spur,
In view of the expense of the gauge and ifs imporance, n
should not be expected o withstand che robust usage that a
marking gauge 15 liable 10 receive

Whether the fence is locked o the beam by means of a
thumbscrew or a sloted screw is not important, bue the life of
the gauge will be considerably extended if this screw is no
overughtened. It bears on the brass sliding strip that houses
the moving spur, and there should be two small protective
pellets of soft menal berween the screw and the brass serip. If
you have occasion o take the waol apart, be sure not 1o lose
the pellets. If they aren’tmn there already, then make two and
put them in. The spurs on the new gauge are usually ground
ta a conc-shaped point, as on a pencil. Although some
workers like 1o sharpen them as if they were tiny knives, |
believe the gauge is more accurate if they are leh alone.

Cutting the joint depends on the direct relationship be-
tween these two accurate tools, the moruse chisel and the
maortise gauge. No other ool need intervene berween them in

i ¢ 1
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Setting the mortise gauge

Whaen serting the mor
fise gauge, the depih
of the chisel betaoen
ther SPUES 8 8 mather
of parsansl preference
The effect of this ser-
ting s felt in the posr
tioning of the chesel
wihen chopping the
moriise and the
positioning of the saw
wihen sawsng he
tenon.. Wil you try to
Lpifr the fine or saw 10

The moruse

quickly producing the most accurate joint
should not be widened by moving the chisel our of alignment
ap exch cut, nor is it wise o adjust the width by paning s
sides. Design consideration notwithstanding, one chops the
mortse 1o the width of the chisel one has. The need for 1 ser
of several chisels quickly becomes apparent.

Setting the mortse gauge — There is a need for some fine
judgment in deciding exactly how 1o set the monise gauge
from the chisel. [t depends on how you intend 1o go abour
sawing the tenon: Will vou ury 1o saw to one side of the gauge
line, or will you try 1o split ir? To be in 2 position to be able to
splic the line, the spurs are set with the chisel beoween them,
rather than with their very points exactly coincident with the
chisel’s extremne corners: This may seem like the workmanship
of sk gone mad, but it does amount to the thickness of a line
and can mean the difference between a good fir strarght from
the saw or onc that needs further adjustment. The chisel
should sit berween the spurs about as deeply as the spurs will
sink into the wood as they mark_ This affects only the sawing
of the tenon, not the width of the mortise, which s deter-
mined by the width of the chisel alone. The chisel will juse
touch the inside of cach line and some of the gauge lines may
remain visible after the curing.

Having set the spurs, set the fence relatve o the neares:
spur to derermine the cheeks of the mortise and the shoulder
of the tenon, and mark them both on all the pieces of the
wood, If the mortise member is thicker than the tenon piece,
the fence sewting will have to be changed, bur on no account
change the spur scring.

Shoulder lines — Shoulder lincs arc knifed round deeply
with a try square from the face side and face edge. In the end,
this knife line is the part of the shoulder that will show, Tt
should be made with a thin knife sharpened flar on one side,
like a chisel. | keep a small pockerknife for this job slone. The
line should be crisp and deep. made with one pass of the
knife. Shoulder lines are never made with a pencil since it
leaves no register for subsequent paring with either chisel or
shoulder plane. Scribing across the grain with a pointed ool
15 equally worthless. because 1t merely scrarches the surface
and drags up the wood fibers rather than cuting them.

Chopping the mortise — The morrising chisel, once it is

correctly started, I8 self-jigging; each cur tends 1o follow the
previous cut. However, care must be taken w chop venically

llqagg 210t 130"

ong gide of it?

1 7

L

or the mornse will wander. The important thimg to ger nghr
1s stance and body position relative 1o the workpiece and o
the ool The tool is held almost ar arm's length and aligned
with the center of the body. This way it s casy 1o see thar it s
vertical. [t cannot be seen by standing over it. A good aid for
the beginner is a strmght piece of wood damped o the face
side of the work as an extension of s known accuracy, in ad-
vance of the joint itself so it doesn't get in the way. A les
good aid 15 a try square resting on the bench against the work.
This relies on the assumed flarness of the bench, rather than
regisiry on the known accuracy of the workpiece. The square
tends o fall over when the chisel 15 struck

In any event, the workman must stand far enough back o
sight the chisel properdy. and 1o sirike ar hard with the mallet
while continuing to sight it. The diagrams on the nexr page
show the onentavon of the chisel and the strawcgies for
enlarging the moruse once 1t s begun. The most common
fault is 1o strike woo lightly. Cutting 2 mortise is quick, once
one has enough confidence to sinke cach blow hard,

The best maller for mortising is the cabinetmaker™s or car-
penter’s type, which has a heavy rectangular head and a large,
flar seriking face. Iv has liode tendency 1o deflect. One can
confrdently deliver a substantial blow and still keep one’s eye
on the cutung end and alignment of the chusel. not on ies
handle. Many people ry 1o use the commen cylindrical
carver's mallet, which is meant for light tapping. Since the
chisel handle is also domed, a good smash is likely to deflect
onto the hand, also bruising the confidenice

Obviously, the workpiece has 1o be placed on the bench so
that the comecr stance can be raken, but s position s also
important in other ways, The process involves heavy impact.
ing with some nisk to the bench surface, especially if the chisel
accidentally cuts right through The crucial part of the bench,
for me anyway, 15 the surface in front of and around the vise,
where the bench stop 1s. This should always be in perfect con-
dition and truly flar, so it makes sense ro do heavy pounding
over the leg away from the vise. The workpicce can be
clamped down, bur with experience this becomes un-
necessary, There 15 no need to supporr the cheeks of the mor-
tise with clamps because the direction of the impact and of
severing the fibers is such that (unless the grain is very wild)
little strain wall be pur on the cheek nssue

Because levening out the chups bruises the fibers at the end
of the moruise, work it to full depth but to within only & in
of the ends. The ends may then be squared up to the line
with one clean cut
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w the chueld werh the cemier of your
Body, sfrke i bard, and then lever our

fhe

There are other methods of removing the waste, the most
popular being with a drill the same diameter as the mornise
width. This 15 to muoduce yet another wol. which itself re-
quires a setup and jigging o ensure exactness. Then the chisel
has to be used anvway. whercupon the holes and the shape of
the remaining waste encourage the chisel to rwist, Others dnll
the waste and remove the residue by paning the cheeks with a
wide bench chisel. invarably leaving the checks our of square
or twisting or uneven. It is probably lack of confidence thar
persiades people that these ather methods are safer and
quicker when in fact they are nesther, They invanahly leave a
warse result than thar achieved strasghe from the morse
chisel. Resarting 1o such methods means only thar the confi-
dence that comes through practice is never acquired
Sawing the tenon Offer the tenon member up 1o the
mortise (o see how the gauge lines correspond o the actual

hole, and w rermind yoursell of the decision vou made when

setting the marking gauge: Will you try ro sphit the line, or 1o

saw along one side of u?

Pur the wood in the vise sloping away from you ar an angls
of abour 60°, With the back (tenon) saw, begin the cut an the
far end of the line across the top, that s, on the end grain
Warch the cur as it proceeds across the op to the near corner,
and saw down the grain parallel o the end surface for abour
. Thas will creare a good kerf 10 which the saw can be con-
stantly registered as the cuming proceeds. Now saw down the
long grain to the shoulder line on the face nearest you, with-
out going any further down the back face bur without Lifting
the saw our of the kerf ar the back cormer, This requires prac-
tice—the idea 15 1o saw down only one line at 2 time, while
kecping the saw correctly posinoned at the star of the line 1o
be cur next. Now turn the wood around in the vise and cut
the other diagonal, keeping the saw teeth inside the kerf all
the ume. Finally, pur the wood upright in the vise and saw
straight down to the shoulder lines. The diagrams on the next
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Chopping the mortise I

When the chused s strack, if fends fo ol il Phe wond Bissee i — ol
the direction away from the sharpened side. A scooping achion
results, giwing rise [0 fwo different methods of removing the
waste from the mortise

One method & & form of ayenng o
achueve the required depth. The chised
5 driven to the same depth in each
posifion, with about 'y in. beng the
MEximum deprh, depending an e
hardness of the wood, Move the
chasel about § w. away from s far
side for sach new cut. Repeat the
process after the first bortom 5 made
Try to keap a feved boftom without
i deep troughs, to avord in

E"__'?.l advertently choppimng though

w 1%
—

T

[ ] o b

A common depth gauge is
a piece of masking rape
wrapoed arawmnd the chsel
[

the flar face of the chisal
toward the center in each new posiion. The
awm {5 fo achieve the final deprh with &
wedge-lke cul, and then 1o remove washe
frovm fog fo bottom with sach mew positron

In evither method leave the ends unhi last. Place the clvsed i the
knife cul you made when mMarkg ol the moriess, Smd use & sl
Souare [0 make sure the face of the blade =5 verfical Dnve the
chisa! arewralely and hard, do not ondercut the ends

page should make the procedure clear. This method, once
mastered, permits very fast and confident cuming, If vou
begin the cut ar the top corner and proceed across the rop and
down one side at the same time, the saw is liable o wander,
and corrective adjustment on one line usually puts the saw off
on the other line,

I'o cut the shoulders, remove the wood from the vise and
place it on a sawing board. Tran yourself wo saw abour %e in
away from the knifed line. in arder to finish back to the line
with @ 1-in. paring chisel. The onginal knife line should be
decp enough to locare the chisel as much by feel as by sight.
Don't try te cut the full inch of chisel capacity, which wach
most woods takes o much pressure. Cut a half-inch of
shoulder line, then move across half an inch. You'll find, of
course, that the first cur will register the chisel for the next, a
maost helpful guide. The amounr you can cut at one time de-
pends on the species of wood. bur the aim 15 o saw close
enough o the line so that one chisel cur will finish the
shoulder, ver not so close thar the chisel can't easily click into
the knifed line. If the tenon s wide, a shoulder plane i more
practical than the chisel. Bur less than 4 in. of shoulder makes
holding the plane somewhar more difficult

Many people reason thar a fine doverail saw will produce a
cleaner surface on the tenon. The Western-sivle doverail
backsaw. however. cuts on the push stroke and simply 1sn's
suff enough for the section of wood normaily encountered 1n
tenaning. The blade tends o buckle, inducing wander. The
Eastern-style doveradl saw aveids this problem by curting on
the pull stroke, purting the blade into wension. However, it 1s
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Sawi-g the tenon

Fi=t poses Wi :'_:,-' Figcs he workmveor in the
.l wise @ o aoge of about

: ) 5C* , and Jow enowgh i gert

a -~T &1 cormfermebly, Stand with

o | your fesr apart g5 i waik

il g, yaur body weight

“ egually distriburad, buf
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T Checking the tenon

The tenon will iook ke this
when it /s marked out pror
T Curing.

The termon will fook ke this
after it has been cur

The shoulder will give &
cleaner fiksh 1o the oL,
hiding gny HESUE Yo may
have bruised when chop-
ping the mortige. It also
elimunates the need for &
toa-tight fit in width, 2
probiem when the foint i
made bare-faced

If the joint  very Bght an
entry, find the tght spots
By examwg s surfaces.
The edge wil oftén show
signs of compresgion or
have 5 glased Sppearance,
indvcating that the mortise
is too shar? or that ifs ends
are nof vertical

The saw marks ar the face
will show how wel it has
Ber cut. Check with a ruale
and remove excess wood
by honeontal paring.

"T Check the surface guality of
the tenon by Macing 8 ne
across if. Chack for mwist by
placing the rwle paratlel fo
fhe shoulder fine and
sighting over It

Check sccuracy of align-
mant by placing & rule on
the face of the tenon waod
and sightng  the. gap be-
rween i and Hhe fenon

thing 15 to analyze exactly where 1o remove fiber, and not to
artack willy-nilly. The most conrrolled way to adjust & tenon
is to put the work honzonally m the vise and pare horizon-
tally across the grain, Do nor pare in the direction of the
grain, because the chisel will want 1o follow the long fibers
and you are liable to remaove far wo much wensdl.

The cnspness of the shoulder line 1 gencrally held 1o be
he mark of success. but in a rectangular frame it is by na
means the only thing. In particular, whether or not the frame
actually is rectangulir depends in part on the distance be-
cween shoulder lines. This makes adjustment of shoulders a
very tricky process involving more than onc joint thar hap-
pens not 1o fit crisply. Check for squareness, not with a try
square but by measuring the diagonals of the frame, which
should be exactly the same.

In the glued-up frame, faults that arise from small inaccu-
racies within each joint manifest themselves dramatically as
vwist or wind or lack of flatness. For example, 2 tenon cut on
the angle will result in a badly angled sule and probably a
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Correcting new chisels

With an understanding of how the mortise chisel is used, it is
easy to see that the tool’s handle and blade oughr to be in
line, so it can be sighted verrically. and that the blade has o
be exactly rectangular in section, so it can chop a square mor-
tise. Many of these tools come from the factory out of line and
out of square. inadequate for the task they arc made ta do.
They can usually be put right, and it is crucially important to
do so. bur it may take several hours of corrective work.

If ar all possible, buy mornsing chisels in person, not by
mail. and have an accurate 1y square with you. A 4-in. en-
gineer’s try SqUAre 15 Most useful for this. Make sure thar the
back of the blade (opposite the sharpened bevel) 1s flat, then
check thar the handle is in line with the blade both in front
view and side view,

An out-of-line chisel isn't useless, since you can compen-
sate each nme you sight up, but it isan added difficulty you
could well do without. Repair it by removing the handle and
fill the rang hole, then redrill ir. This 15 not an casy task, and
you may be berter off making a whole new handle,

Now check the sides of the blade against the back. If the
cwo sides and the back are not at right angles, the chiscl will
rwist as it 1% driven, making the mortise wider than 1t should
be, leaving 4 poor face on the cheek and inducing wander.
No amount of compensating by gripping the handle tightly
will stop this twisting. An out-of-square chisel is the result of
sloppy manufactunng standards ac the finishing stage. The
only way 1o correct it 15 1o grind the back face perfectly flat,
and then 1o grind the two sides until they are at night angles
to the back face. The front face is nor as important, but i
might as well be right as not since it will help in sharpening
the edge square. A machine shop will be able to do the grind-
ing for you, of you can do it on a coarse oilstone, or on @ piece
of carborundum cloth glued 1o the flat bed of a machine and
lubricated with a little oil. Removing metal from the edges
will make the chisel a little narrower than is nominal size.
This is of little consequence. There is no good reason for the
chisel to matrch any partcular lincar measurement, whereas it
must be correct to angular measurement to perform.

#

cwisted frame. The frame should be checked by sighung
sirass from ane member to another to ensure that they are
parallel. If they are not. the correction, once the frame 15
glued together, requires planing the whaole thing flat, a con-
siderable task. Paying attention to the checks made on the in-
dividual joints can prevent such problems

Clamping — The work is best clamped together an an al-
ready flat surface. Clamping blocks should be used 1o protect
the wood and to direct the pressure to the shoulder hnes. The
more important interface, however, is the cffective gluing
surface between the sides of the tenon and the cheeks of the
mortise. and it is usual ta use a C-clamp and a pair of blocks
to apply some light pressure here All the places that cannot
be reached by the plane after glue-up should be cleaned and
polished before glue-up. c

lan Kirby directs Kirky Studios, a school of woadwerking
and furniture design, in Cumming, Ga.
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Tie lattice structure of the shoji can be crpanized (v varons wayl dmd is covered
with rice paper. Above are common (ma) shoji; af rghs, wkonoma shoji.

Japanese Sliding Doors

The traditional way to make s/osi

&y Toshio Odate

'I“hc traditional Japanese house allows for very flexible Liv-
ing. The house is post-and-beam, with the spaces be-
tween posts filled by doors. most of them sliding. Thus any
wall, interior or extetior, can at different times become an en-
trance or an exit, 2 window or an open space, as the people
desire. In this article | am going to show you the authentic
way of making a shiding door. Although there are many kinds
of sliding doors, the kind thar Westerners associate with Japan
are called shog. This type of door consists of 2 softwood frame
filled by a light latticework of thin wooden strps {called
kumiko), w which is glued a laver of rice paper, The nce
paper filters the light from oumside into the home, for the
people o enjoy.
When 1 was 16 years old, | was apprenticed to a tategu-rhi,
a maker of shiding doors. My master and | would carry the

18  Fine Woodwurking
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tools on our shoulders from house 10 house and place o
place. We often worked our-of-doors, under an overhang, or
in a vacant cowshed. Everywhere we went we made the plan-
ing boards, beams and horses on which we could prepare the
customer's materials, and when we were done, this cquip-
ment remained with the customer. We would stay st a single
job for as shom a time as one week, or as long as three months,
working from dawn to dark, whatever the weather. After
seven years of this, | could call myself shodumem, which means
craftsman. Such an apprenticeship is the only way to acquire a
skill in Japan. for these kinds of knowledge are nowhere writ-
ten down and never pursucd as hobbies. [ don't imagine you
can become shokurim simply by reading my anicle.

For that mawer, [ am no longer shokunin. | have been in
Amenca 24 years now, and my commitments are different,

EP Family Exhibit 2009



But | am still  skillful person, and because of my unusual life
I can be a bridge from the traditional Japanese way 0 the
American craftsman who wants to understand, You may find
new uses for shoyi and other ways to make them. Each crafts-
man has his own expericnce and training. 1 can not tell you
how to make American shog, but I can describe for you how
the fategu-thi has always made Japanese shosi. If you know
where the design comes from, cven if you change it to suit
your own life, you will know what you arc doing.

Varieties of sliding doors— Shos is only one of the many
kinds of sliding doors. The outcrmost door of a Japanesc
home is a wooden storm door (amado) which is closed ught
every evening and Icfi open during the day. Behind the storm
door is a glass door in & wooden frame {(garasu-do). The shop
is next. Often there is a narmow veranda, 3 ft. 1o 4 fi. wide,
berween the glass door and the shogi. This hallway borders
the living space and is used o pass from one room to another
(figure 1), Sliding room dividers separate the interior spaces.
These mom dividers can be shop (with tanslucent nce
paper), fusuma (with opaque paper and 2 very thin frame),
fado {with wood pancls), or a combination of shog and
stado. A living/dining room 15 commonly converted into &
bedroom at night. Dining tables are folded flat. and beds are
soft maruresses that ate folded and stored every morning,
Most roams have a built-in closet with sliding doors {fuswms
or 1fado) for household supplies.

The scven traditional styles of shosi arc shown in figures 2
and 3. The onc | will describe how to build is the common
(ma) shost, whose frame contains three vertical #urko and
cither nine or cleven horizontal kwmiko, with a hipboard
(koshi-iza) at the base. This doshi-ita is 2 solid wood panel
and is called “hipboard” perhaps because it is the height of
your hip when you sit on the floor. The size of the hipboard
varies according to the total height of the shog, but the spac-
ing berween the horizontal gumriko depends on the two sizes
of rice paper available; 28 cm wide and 25 cm wide. The
edges of the paper ovetlap on top of the horizontal £xmiko.
The wider papet is used with the nine horizontal £umiéo o
produce the classic mino proportions. The narrower papes is
used with the cleven horizontal dwmiko to produce the mare
contemporary Aamshi proportions. These two variations, and
more, are possible in all the styles of sbop.

Rice paper (shasi gami) sometimes is watermarked with a
pattern, commonly of plum wees, blossoms, pine uees, bam-
boo leaves or chrysanthemums. Sometimes these patiemns are
realistic, somenmes abstract. Because they are warcrmarks,
you can see these parterns best from the inside of the room
when daylighr passes through the paper. The effect is like sit-
ting with a beautiful garden outside, the partem on the paper
like the shadows of trecs and flowers. Bringing nawre inside
the home is characteristic of the Japanese. The cultivation of
miniature trees, fomiar, is another example of this.

Preparation— It i§ 4 common saying among Japanese crafis-
men that when an apprentice can accurately prepare door ma-
cerials he knows how to make a simple sliding door. People
sec the finished product and they say, “He is neat.” or “He
has skill.” but acrually most of the quality of the work is in
the preparation of the materials, For typical dimensions of
the parts, refer ro figure 3. | begin with the hipboard. If you
do not have stock wide enough to make it out of one piece,
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The mregu-shi (diding-door maber) Eegres &y plammg bis siock to size,
{efe. He wies planes that cut om the pull 1troke, and he fufports the
wood on a kezun-dai, rhat 11, g beam belid at ome end &y @ tnangular
rupport and lodged agatnst auyibing iewrdy at the other. A nail driven
I IBe Dedm tiops 1he work dpamil e Hull of e plane, Tradinos
ally, the kezun-dai i1 fashioned ar the work site and left bebing when
ibe craftiman fimithes the b and moves on Layous, above, it dome
with a thim, narow square and a markmp mrfe. Similar i, here
both stiles for ome shoji. are damped togetber and layour fmes siruck
acrour the stack

you begin by gluing it up. This way the glue will be dry when
it comes time to plane the hipboard and cut it to size

Next | prepare the stiles. The front face, which will face our
of the room and receive the paper, must be planed flar and
tree of rwist. Next plane the inside edge perpendicular w the
front face. but instead of being straight along 1= length, it
should bow shightly. This will hold the stile righr against the
£umiko. The large tenons of the rails will be made to fir right
mn the martises of the stile—so tghr thar they will have m he
hammered home. But the £umibo are delicate Bowing the
stile to press gently against the dwmmibo shoulders: instead of
making the tiny mortises and tenons hold the parts snug, |
call the “thoughtfulness of the crafisman.”

Once the front face and inside edge are planed, gauge the
width of the face with a marking gauge and planc the ouside
edge. Then gauge the thickness of the edge and plane the
back face. This is the face thar will show in the room All the
frame pans of the shos are planed in this order. Plane the
éumiko-facing cdges of the top and middle rails and the in-
side edge of the bottom ril to bow in. Now [ cur the stock to
rough length and tum o the dumiéo

Apprentices being mained today use a tablesaw and a thick-
ness planer for preparing éwmibo. The hand method I de-
scribe here 15 the one [ learned. begin by planing perfectly
flat a 1-1n, thick redwood board, 6 fi. long. Mark it to %-in
thickness, and plane the back face 1o the mark. Plane the
edges of the board square to the face

Now I use a splisting gauge (figure 4), which is like a mark-
ing gauge but larger and heavier. | score the board . first one
face, then the other, unnl | can snap off the éumiko. | plane
the edge of the board again, then split off another duwmibo,
repeating the process until | have plenty of extra pieces

Next 1 wer the knifed surface of cach piece with a damp
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cloth, to relieve the pressure made by the knifc. If you don't
do this. the dwmzéo will eventually swell after they are assem-
bled, and cause trouble, | lean the dwmdo against a wall so
the air can move around them unul they are dry, and then
plane the split edges squarc. To make sure they will be exactly
the same width, | plane three or four dumio at once, using a
plane I reserve for this purpose. It has wood sirips tacked ro
the bortom to stop the cut (figure 4).

Laying out the joints— The wall opening and tracks built by
the house carpenter determine the outer dimensions of the
shogr. The width of the nice paper determines the spacing of
the horizontal xmiko. Marking out this spacing from the top
rail determines where the middle rail goes, and thus the
tategu-shi finds the height of the hipboard. All other mea-
surcments are according to the discrevon of the craftsman

The measurements in the drawings are typical.

For speed and accuracy you lay out similar picces, both
stiles for instance (or four, when one opening requires two
shofi), at the same time. Use clamps to keep the pieces
aligned. The tategu-sbr uses his clamps mostly for layout.
almost never for assembly. | strike finished mortse heights
and tenon shoulders across the width of the stock, using 2
square and a marking knife, Pencils and pens are not so accu-
rate a5 the knife, and arc used only for marking to rough
length. | mark the stiles first, then the rails, then the dumiko.
The stiles: 1t is customary to orient the stles the way the wood
grew in the tee, So, 1 make sure the largest grawth rings are
ar the borom of the stiles when | start w lay them out
Clamp the stiles together, inside edge up, and mark the fin-
ished height of the rbag, % in. longer than the height of the
opening it will fill. The extra length fits the tracks, wp and
botom, in which the shogr will slide (figure 5). Next 1 make 2
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mark for the horns, 1-in. 10 1%-in. past the finished height
on either end. Most of the homs will be cut off later, but for
now they keep the stiles from splitting when the rail renons
are driven into their mortises, and they also protect the ends
of the stiles from damage during the work. Mark the width of
the top and bottom rails next, and within those widths mark
the momise height

Next I mark off the mortises for the dumzko, using a mark-
ing stick. The stick carries the width of the paper and the
position of three #wmiko in relation to that width. Figure 5
shows the layout of dumdko morises for the mmo-size paper.
28 em wide, which gives nine horizontal wmsko. The stick
has two kumiko mortises marked just inside the paper width,
plus one centered berween them, | begin ar the mark for the
top rail, overlap it the width of onc kwmiko mortise, and
knife off the other two mortises. Reposinion the stick to overlap
the last mortise marked, and mark the next two maortises, | con-
tinue in this manner five times, untl I have marked off nine
Eumiko mormses, and then | mark off the top of the middle
rail. Finally | mark the width of the middle rail, and within it
the morise height. 1 square all these knife marks across all
four stiles, saw off the noses (the waste beyond the horns),
unclamp the stiles and chamfer the ends against damage.
The rails- When two shag fill a door opening, they overlap
cach ather by the width of a stile. The width of each sbost
thus is figured by adding the width of a sule to the width of
the opening and dividing by two. The final rail length will be
shy of this dimension, because the tenon is ot quite a
through tenon, but for now, I clamp the rails together, inside
edge up, and mark their length as the shosr width (figure 6).
Next I mark off the width of the stiles, which locates the
tenon shoulders. The moruses for the vertical duwmiko are
marked next, cqually spaced between the two stiles. | use a
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Fig. 7: Laying out vartical kumiko La f I
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marking stick, as for the honzontal éumeko. Lastly | saw off
the noses squarely, and unclamp the rails
Vertical kumiko: To lay out the tenons and the notches for the
half-lap joints on the verrical dumibo | transfer the layour
lines from one of the stiles o two of the kumeko, and then
from these two to the rest of the dumiéo (Bgure 7). 1 clamp
the rwo marked dwmibo on cither side of the stack of un-
marked kumbo ro stnke the layout lines across the stack. It's
a good idea o make two extra gwmido and not use the
marked &wmido in the finished thosi- The vertical dumzbo get
notched alternately front and back. So I square every other
notch around the underside of the stack. Last, I mark the
tenon shoulders and lengths

Now, while the vertical duwmiko are still clamped mgether,
[ saw the norches and the tenons (photos, facing page). You
cut both shoulders of ane nowch first, using a piece of scrap
stan the saw correctly, Saw a hair more than halfway through
the dumsko, break put the waste with a chisel, and clean up
by running a mortise chiscl, bevel-down, along the bottom of
the notch. 1 insern 2 scrap of dwmido in this notwch as seournty
in case a clamp shifts while I'm cutting the other notches

Next | cut the clamped ésmiko stack to final length. To cut
the tenons, square the shoulder lines around all four sides of
the stack. Gauge the renon on the end gfain of the stack and
on the faces of the two outside kumibo, then saw the
shoulders. These are emall tenons, so instead of sawing in
from the end grain o meet the shoulder, | use 2 chisel to
break off the waste. My index finger on the underside of the
chisel acts ¢ a stop to keep the chisel from damaging the
bumiko shoulders. In all but the straightest-grained stock, |
break a lictle bit wide and pare the tenons to the line.

Before removing the clamps, I chamfer the upper and

Leke the plames, Japanese sows cut on the pull itroke, The long handls is
winally el with fwo bands, spaced well apart for maximum fower
and comtral, There are three baric 1wing riawces, each swited fora dif
ferent sart of cus. For crovcuitting, ieft Cldlage supports the fiock on tuo
low Barier, teady with bir foor, and igws through.

s 1f G ST
rhowlders, a5 af fop left of facimg page, Odate mis 1o be can tee u bere
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Fig. B: Laying out horizontal kumiko

— - e

lower edges of the tenons. Then | remove the clamps and fan
aut the stack o chamfer one corner, then the other. The ver-
tical #wmiko arc now ready

Horizomtal kumiko: Many people think that the fwmiko
overlap, every other one, as if they are woven But éumko
will not bend that much. They are only partly woven, When
there are three vertical #umigo, for instance, the notches in
the honizontal umiko are two, adjacent, on one face, one on
the other (figure 8). They are marked out and cut exactly like

the verucal dwmiko,

Curtting the joints— The éwmuko notches and tenons have
heen cur while the #wmiéo were clamped up for layour. The
joints on the stiles and rails are now cut on the pieces individ-
ually, moruses first, then tenons. Curting the tenons last les-
scns the danger of damaging them. The qualiry of a crafts-
man's skill is judged by his speed and accuracy. It 5 con-
sidered most imporant o make each cut with the saw or
chisel the final cut—you go directly to the layour line The

the cut bas g stop. And for nppog, ai for feaon cheeks, cemter and
."-gr"a'. A P Porss the HIOCE Om omE BOFIE SO he cam mee the layoutimed
om the mear edpe and om the end grain af the wme fime. To avora cut-
iimg imio the shoulder, Odate wws om an angle mio the meare dge first,
then turmr the rtock fimcibeng wick

r to cuf feto the appanie edge
ihe maw JirSight wp ana Soum.
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The tategu-shi mir on rhe wood
quenmtly @ box of cotion wadd,
tores concave ndes and 2 hollow-prou wd face (frgure S amd p
from the middle our, always with the face toward the middle o
cefs aF eirber end of the mortive. Thess are anglea sitg il

least contact lessens the chance of error and keeps the work
crisp. Should the sbokumim make a mistake, no marer how
small, his error remains in the work. and even if only he
knows it, it 15 2 permanent reproach. Nothing can be done
about it. S0 you learn nor to make mistakes
Japanese mortises are somewhat different from Western
mortises, and so are some of the tools used w cur them. To
get maximum sirength in a delicate frame, the rategu-she
shapes his mortises with walls that Eper in, to compress the
fibers of the tenon withour crushing them. The narural
springiness of the wood enhances the mechanical strength of
the joint. He works 1o very close tolerances: 2 shaving here or
there makes all the difference. It is thought coarse 1o show
end grain, so through-joints are used only in heavy entrance
doors, rain doors, and doors thar carry glass. For strength and
refinement, the main joins of the shofi must be as deep as
possible withour going through. The borom is paper-thin,
thin enough for light to show through, Butr no mark must
show on the outside. One slip and the wood s ruined
You gauge the mortse width, making sure the fence is al-
ways on the front face of the stock. then chop your martises
with a chisel CXAr T|:..' as wide as the Mmortise _Jur_u_n:_—ct Mot se

24 Fine Woodworking
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b0 steadly i while be morties i, above skabbing b chited fre
g sogded with vegetsble ad, fo reduce friction. The chisel B

” 15t

3, kB o)
the mortise, excepr for the fimal
from the perpendicnlar (pboto, nght,
cludesa square forillustration ondy) 1o faper the morsize fo ra fght fit whew the tewon i drven

Fig. 9: Mortise chisel/chopping method

g fage). He chops

chisels are recrangular in section and will not tum in the mor
tise. Three sides are slightly concave, and the face, called wra.
15 hollow-ground (figure 9 and photo, facing page). This re-
duces friction in the heavy cuts. Stabbing the chisel trequent-
Iy mto a box of cotton wadding soaked in vegetable oil fur-
ther reduces friction, The edges of the chisel se rape and true
the long-grain sides of the morrise

The sategu-sbe strikes his chisels with an iron hammer, nor
the wooden mallet used in the West. He works from the mid-
dle of the mortise out, alternating curs at either end, the gre
always facing roward the middle. As the chisel curs, it follows
the bevel, so cach cur shears toward the middle. As yOU near
the ends of the merise, you tum the wrg around and chop
straight down. The last cur at cach end is with the chisel tlred
slighely into the moruse, This tapers the walls just enough o
pinch the tenon when it is driven in.

The sategu-shi does not lever waste out with the chisel as he
chops, a5 does a Western woodworker. Instead he uses a small
harpoon-shaped ool called mor-nom: (photos, facing page)
Its face is flushed against the morise wall, and the ool i
tapped down and quickly jerked up. Irs hook carches the
chips and clears them out Chopping, alicrnarcly with the
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marrise chisel and the momn-nomi, proceeds quickly until the
final depth is approached. Then you slow down and gauge
the depth with a piece of wmiko cut to length. Score the re-
maining wood with the chisel, and remaove the last fibers from
the bottom of the morise with a rokozarar-womi, another
wol 1 have not seen in the West, It is a thin, goose-necked
tool with 2 small spade-like bend ar 1s end. T
rapped with a hammer, but used like & scraper, with onc or
rwo hands. to level the bottom of the morise

The dumiéo marmises need not be as decp as the mortises

his tool 15 not

for the rail tenon because the bow in the stiles and rails holds
them tight. The kumuiko mortiscs are wo small w be scraped
in the usual way. So, you chisel o within % in, of the final
:r[ h and use a small steel rod o rap the wood down for
clearance (2bout % in, deeper than the length of the fumiko
tenon). This method works best in sofrwood.

The tenons on the rails are cut in much the same way as
they would be in the West, although the taregu-sbi holds his
work differently and uses Japanese saws which cur on the pull
First extend the shoulder lines {marked on the in
- edge when the sules were clamped together for layout)

struke

around the ather three sides of sach rail '-rdLI..l’.' the tenon

thicknes on the two edges and on the end gramn Saw the

shoulders first, on all the rails, then line the rails up w saw

the cheeks. The photos on p. 35 show how to proceed, sawing
with the stock supported at an angle. so you can see the lines
on both the end grain and the edge of the stock. Saw ar an
angle 1o the near edge of the shoulder, then tum the stock
over to fimish. This way there 18 less danger of oversawing Into
the shoulder, To cut the narrow third and fourth shoulders,
vou should nor saw the shoulder right on the line, because
the ser of the saw can damage the first two shoulders sawn.
Instead. saw a linde wide of the shoulder and wim with a
chisel. All shoulders cur, saw the length of the tenon % in. to
4y in. less than the depth of the moruse. Finally, chamfer the
end of the tenon so it will go in easily,

Last, plow-plane the grooves that will hold the hipboard
and rabber the borom rail (the top too, if you are using the
thicker rop rail), so the thapi can fit into its track n the wall
opening (figures 3. page 19, and Ja, page 21)
Assembly— The Japanese prefer nawral surfaces. The rhoyt
receives no finish except a final planing of all its pars, to
clean them from handling. The finish planc takes off the
slightest shaving, with only one or twa passes. Pressing the
planc hard against the stock burnishes the surtace and brings
the wood 1o 3 warm glow

Curt and plane the hipboard tw fir, allowing roam for the
wood to move across the grain, finish-planc its two faces, and
chamfer all its edges. Finish-planc all other exposed surtaces
of all other parts and lightly chamfer the ¢dges of the main
frame parts, except the inside front edges, where a chamfer
would crearc a gap berween them and the fumifo. Now at
last, vou're ready w assemble. | use rnice glue chat 1 make
mvself. so the thosi can be taken apart if it ever needs repair
Any starch glue, like w.z;lp.Lp::f paste. will do

Assemble the &uwmiko first. Group the horizontals rogether

and the verticals topether to make quick work of applying the
rice glue to the shoulders of all the notches. Do not put any
glue in the bottom of the notches, because glue here would
prevent the éwmiko from firming tighty 'I.Lp the fumuko
rogether using a hammer, Fit the assembly into the moruses
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cgu ;I'- ¢ Oty food f-r-um,r*'h ripht, 2 mvorturng chisel,
ground fece fur); & mon-nomi, whole barpoon

dowm and perked up to remove chips; and g sokozar
crapes 'rr l'?'-_;".r.lf e flar JMJ aito &fte oud chips

bk £ __‘l-\..-
ML & ?'.". L

Removimg chups with fhe morn-nom

Serapimg the bottom of the mortises with the sokorari-nom
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The kumiko fep jormes
Piace. Belpw, Udate

fion during & weekend

dlternate, ¢, and m
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in the top rail. No glue is needed here. Fit the hipboard into
the groove of the middle and borom rail, and fir the Egmkn
assembly into the morises in the middle rail

Now you arc ready to add the stiles. First take & hammet
and rap around the mortises so the edges of the rail shoulders
will fir tight. Then apply glue w both stiles ar once Tap the
rail tenons into one of the siles stopping when the fumido
tenons just begin o engage, then stant the other sule in the
same way. Make sure both stiles are going on straight, and rap
them home with @ hammer. Hammer on a small block of
wood with chamfered cdges w avoid damaging the stock
When the tenons fit tight, check o be sure the shor is square
and flar. Tap and twist it into shape if it is not

Installation —With assembly, the rense part of the
rhokumin'i lflléll’ri}_}:‘ I5 5._-_||r]:,!1|:i|-||3-|_1 Installation 5 the oy
of displaying your work. Place the shog on the ourside ledge
of the bottom track and check the stles against the door
frame for alignment. Cur the bottom homs as close to the
bortom rails as possible, bur if necessary ar shighdy different
heights o align the stiles parallel 1o the door frame. Rabbet
the horns, like the bottom rail, to fir the groove in the track
Now put the shos back on the ledge (not in the groove yer)
and press the top of the shap up against the outside of the top
track. Make a mark on the inside face of sach hom where the
track meets ir, add % in. o this mark, and vou will have the
length to which the top horns should be cur. Once they are
cut, rabber them to fir the track

Applying paper—Rice paper has 2 smooth side, which is on
the mside of the roll, and this should face our when the paper
is applied to the screen. The honzonmal strips are pasted 1o
the 54
shingles, so the seams will not collect dust. Paper is tradi.

p with rice glue, and they overlap one another like

tionally applied by the housewifc and customarily changed
dunng the last week of the year, so that the paper is brighe
white for New Year's Day, signifying 4 fresh start. Old paper
is easily emoved |

¥ Moistening it
Besides the waditional mine and Aamsbi-size rolls paper

companics now make rolls one merer wide to be pasted on

» many possibilities in the

vertically in one prece '['}'.|;.|J'-.¢-:|l_.

spacing and patterns of the femiko, which have always been

carcfully positioned to accommodare the traditional-size

vapers. This kind of change creates freedom in design, bur it

rases questions abour pride in crafismanship
Well, finally you have finished and nestly inscalled a par

of thas. You can appreciate now their characer. The shos

paper draws in not only light, but light's wanmness, softness
and taste. The frames and dwmiks thar support the paper are
not hicavy or coarse. You open and close the shog gently. The
shog has everything vou need tw feel peaceful. You retreat
from the busting world outside, you take off vour shoes
when yvou enter your home, and you sit down on a thin mat-
call chus place an oasis

tress in 4 room of shog walls. You can

P
O My

.

Tarhia Odate was trained as a wegu-shi (maker of sltding
goors) 1w Japan. Today be ir a scuiptor awd fives in

Woodbury, Cr. Odate’s book, Japanese Woodworking Tools

Their Spinic, Tradition and Use, was published i 1984 by

The Taunton Prers. Drawings by the antbor
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Locking the Joint

Tenons tusked, draw-pegged or wedged will hold without glue

by lan ]. Kirby

Th:s article is about three variations on the mortise-and-
wenon joint: draw-pegging. tusk tenoning and wedging.
All exhibit a lively and crearive mind on the part of theirong-
inators. Each has been in use for a long tme and examples
may be found in building construction, using matenial of very
large section, as well as in the mast refined cabinetmaking
The important lesson 15 that once the nature of the marenal is
understood. and the prnciples of woodworking are applied.
all the rest 1s wide open to the imagination of the maket
Superb execution of the work plays a supportive bur second-
ary fole in achieving 2 fine resule.

The notion of 4 square peg in & square hole—the monise-
and-tenon joini—has been with us for thousands of vears,
Many woodworkers seern inhibired by this history and feel
there must bea set procedure, developed over centures, for
any given joint. But joint design should not be looked upon
in this light. There arc rwo separate considerations.

Cine s, exactly what form shall a joint rake? The maker
musrt analyze the work the joint has o accomplish. He must
consider ghung surfaces and strength of tissuc on each mem-
ber being jomed. The second consideration. which usually
gets senously entangled with the first, is, does the workman
have the skills and tools to make the joints he designs? The
available tools at times can have a most consequential effect
on the final outcome. Between these two considerations lies
one of the more seripus issucs in teaching and learning o de-
sign, Our usual reaction as woodworkers. when we have 1o de-
sign anvthing. is to discard all those things lying ournide our
manufacturing ability. This tendency creates a form of wunnel
vision. On the other hand, the senous design student without
much woodworking skill 1s unfertered by wnnel vision, 1f he
understands the principles, a creative solution 1s frequently
the outcome. Conversely, the woodworker who has the skill
w0 do the work but whe ignores the principles is quite liable
1o make the thing in an accurate manner, while making it
fundamenually bad, Fortunately, neither extreme i usually
thc cate—we are maostly somewhere in hetween

The idea that superb craftsmanship is the necessary spring-
board for all other areas of knowledge can thus be seen to be
questionable. Indeed, the reverse is more likely to be the
case—1 would encourage any woodworker. beginning or ad-
vanced, not 1o feel inhibited by a lack of specific information
about joints and other woodworking details, Knowledge of
the principles involved is the sabien factor—specific devail
can usually be found in books and magazines and applied as
the need arises When a ready answer is not available, an -
telligent application of the principles will normally solve the
problem. We have access 10 a great deal of knowledge by
studying the work of our predecessors, bur that 15 Ot 1o sav
there is no room left now for the design of new joints and new
systems by the individual woodworker It is simply a question
of the combination of basic prnciples with crearive thinking.
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brought 10 fruition by excellent workmanship.

Maost joinery in solid wood offers the choice of hiding the
srrucrural nature of the work. or of putting it on view, We
have through dovetails and secrer mitered dovetails, through
renons and blind enons. Exposed structural elements may be
embellished, usually by carving in various ways of by the in-
troduction of aliernate woods for wedges and pins. Ths type
of joint may have such an cffect on the visual quality of a
picce of work that us whole nature is dramatically changed, A
symilar cffect can be seen on a large scale in architecoure, in
such things as hammer-beam roofs and exposed girder work,
and on 2 small scale in furniture joints, The drawings on the
following two pages show the basic forms of these furniture
joints and the basic procedure for making them.

These joints have the unusual charactenstc of being able to
function well without glue. Two of them—the rusk tenon
and the draw-pegged tenon—can be disassembled without
100 much trouble. All three, once made, can be put wogether
and worked on immediately—they are mechanically locked
The tusk tenon and the draw-peg tenon need no clamps at
all. and the wedged mortise and tenon can be clamped unol
the wedges are driven. and then the pressure can be removed.

Good examples of draw-pegging can be found in old-style
post-and-beam houses, and the joint is of course used by en-
thusiastic builders today. It is traditionally madc by off-
setting the drilled holes so the enry of the peg draws the
structure tightly ogether. Bue Ldon't think itis cheating 100
much in cabinet work to put the work into clamps. apply nor-
mal gluing pressure, and drill through both parts all ar once
For that matrer it can be done ar the ume of gluing (unless of
course you want the joint to knock down). If you draw the
joint rogether in a small cabinet. don't overdo the off-
centering. The result might be an unsightly mess on the
emerging side of the peg hole, and cxcessive serain along the
shear lines of the tenon,

In the wedged joint, be accurate when setting out and saw-
ing the wedges. I they are too small the jomnt will be loosc,
and if too large the wood fibers of the renon will be crushed
and broken. Don't make the tenon any more than fe in
longer than the depth of the moruse It is a total encrgy waste
when it comes 1o cleaning up the joint—unless you intend o
carve and feature the protruding tenon

When tusk-renoning, the critical points are an accurate
match berween the slope of the wedge and the hale through
which it passes, and enough space inside the maortise for the
wedge to do its work. This joint, more than any other, can be
rightened almost indchinitely to accommuodare wood
movement. The drawings on the next two pages derail the
joints 1've described here.
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Hllumrarina by stk

Wedged through mortise
and tenon

Thi
E K

The wedged tenon may be thro or biing, using ane wedge ar sach
end of the fenon, ushuwnhml:y:rm wedges ar each end. Wedges
are froquently made out of a different wood than tised for the main
waork_ If the color contrast is dravnalic, sccuracy at asch stage s all the
move necessary, for when the work i clraned and polished. & narrow
band of wedge ar ane and and & wide band at the other fransmits an ex-
traordinanily loud message. The thickness of the sew kerf is of fitthe im-
Portance —use 8 tenon saw or 2 dovirlad saw, Saw down the fenon
W i fo Y, i from the edge - the exact distance varies according o
the pliabiity of the wood. Stop the cut ' . to % . from the showlder.
o give the wood a better ehance fo bend

KL i the fength of the ssw
ket

K is wedge thickness at fip,
wivch s thicknass of the
saw kerf.

L

the langth of saw kerf
ol g i,

% T is the thickness at fength

KL. which is the tip

thickness K plus the extra
opeming af the outside of
the mortise, usuathy % i

W is width, same a3 width
af mortise.

Aszemibile the foint with clamps on sach
sice of it, so the wedge kerfs aren't hvg-
dan under clamping blocks. Don't over-
tighten the clamps or you will bend the
mortise member and possitly pull the
waork out of frue, Spread glue an both
faces of the wedges as well az i the
maortise itself, You can keep glue off

ane wedge inlto the glue, and wiping the
. Drive the wedges with an iren hammer, nor
& maliel— you'W hear & distinct change in the sound of the Blows
a5 the wedge fills itz space and becomes sofid, Hit them after-
nately so they enter together. Ones the wedges are snug, if time is
pressing, you can remove the clamps and continiue working. But
ﬁ'rﬂumubhgiﬁ-:bmpummrheﬁwh”agerigmdrw-m-
fevson inferface, best feave it afone wtd rhe giuve has cured,

2B Fine Woodworking
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wring g i,

/]
w
J___;‘ //4{/ /l

To make wedges, prepare
stock with grain lengeh-
wize, as thick as the mortise
width. Square ane eng and
square round at length L.
Alsg square round the
wood af fengrh of kerf KL,
Meaasure kerf thickness K
from the edge at the rop,
square across. On lne Ki
measure in from the edge
T. Conmect points and saw
down the outside of this
e, To make the second
wedge, measunr K along
hng L from the sdge of the
first kerf, snd with fry
sguare mark fo the end of
e wood, Saw the owutside
of this fne and procesd as
hafore,

—_—
-

s
/ f/"

QLIRSS SITCT Aention. fo Sccuraie FINENELITSTE T,

Make the wedge without any excess wood an the
end, and when cutfing the mortise leave & good pad
:-fwaodanmebb}m'm—ﬂfmsr‘lm.c‘hmpm
8 support Biock on the biind side, since the wedges
nress hard on the battom of the mortise and are fis-
bip fo damage the wood,

The tlind versmn of this o — foxtal wedges — re-

Taper the mortise by meas-

from each end

on the outside of the stock,
amdf krife across. With mor
tise chisel ar bench chised
cul from tvs fine to the
origingl ine a1 the other side
of the martise. Use a rule fo
make sure this slope is
flac—don't undercur and
don't ipave & bump Even
with the fenon in, the mor-
tse fooks frghteningly too
large.

Wedges do nor

pavailel ta the
of the mortise

ST i
likely,
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Draw-
pegaing

:

¢

Choose a donse and samewhat plisble material for dravw
pegs and consder the diameter. Large pegs m buid
—are usually oak, heckory of ssh. These
ring-porous woods are less suitable for small work,
where maple, birch o @ denser exohc wood are pre-
ferred. Position is also & marter for judgment: If too
cloze fo the shoulder fine, the mortise choeks rrught
sphit. If too close to the and of the tenon, the wood may
Fail in shear along the grain, an lines S If distance BC
iy fess than 1% in., use paly one peg.

J
-

i old work the pegs wens offen square,
hexagonal or octaganal in section, and
spiit out rathier tharr sew. Thetr cormers
bite info the dritled hobe, for increased
hoiding powir. Their heads are offen
left proud, as @ design defad, cham:

ferad or whitthed,

r"'J’ = Tusk tenons

vertically or horzomtatly —
These drawings are
means exfausiive.

1) Make rhe projecting
longer than the tiwckmess of the morfise
o guard agains!
the wedge is driven home

Keep these points ]

bearing surace on sach
short wedge will crush
3 Leave a showider all around the tenan
afso for.a good beaning surface,

4] Angle the

sin is generaly satsfactory.
5| Make the angle
mortise march the

One varation i5 (o use fwd
for the wedges is sguare #f
maorkise piece to alfow the Jaint
once and persuade SOMEOne 10
avoid the damage of a
of the wedges and vse s
Ta make the progecting fenon
may be drnwn down it Ceni
cross-grain. This effectivaly makes the tenon
the wedges
a simple task to tighter: them.

g
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Make the moriise-gnd-renon
L ot i the usual way. Whether
one of two pegs are wsed de-
pends on the size and shape of
the members, Fit the joint. re-
mowve the renon and drilf
through both cheeks of the
martise at Y. Replace the
renon, clamp the jenet, and
mark the center of the hole an
the face of the fenon. This cah
be dong by putting the drill
back in the hole and giving i
the lightest furn, Rernove the
I remon Bgain, drill the same
_ ). sized hole about Vg MY, EEVET
the shoulder fine from the
marked center, at X. Thus the
nwo holes are sightly off cen-
ter. When the pegs are driven
home the joini will be drawn
tight. The procedure may be
dorne anfwely by measurement

The fenons in Mus type of
cross-joint mey he short-
| place the pogs with care.

tenon considerably
splitting aiong the grain whert

21 Make the wedges lang enaugh for a good
side af the mortise, &
the fibers of both pleces.

wedge an ong sde, but ot fog
mutch o it will loogen itself. A grachent of ane i

on the outside of the wedge
angie of the wedge iself.
B About i of wedge hoke extends inside the
movtice piece— else the foint cannat pghren

similar wedges [folding wedges!, The L
both ends, but it stll must extend into the
te tighten. Drive both

hoid protective blocks
glancing ow. To reduce this risk,
hammer, pol & malet,
sharter and reduce
and o key of sphing of wood

becorne loose a5 & reswlt af seasonal humidity changes, His

.“_,.-" i

¥

The wedged twsk fenon, feft and rrght, 15 made

in the same way as a through feoen. It can rum

hera is no formuls.

only explanatory, and by na
e,

OFeCE,

[/

prece,

Y

Lade

ey
k\ S

wedges home at
on they emnds o
angle the ands

the risk of shear, a slot y
glued im, 4
into a form of plywood. I
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The Haunched Mortise and Tenon

How to strengthen the corner joint

by lan . Kirby

'I"hr most basic of woodworking problems 15 joining two

pieces of wood together ar right angles 1o form a corner
The most common juint for doing this is the moruse and
tenon. We are usually in one of two situations: first, where
rwo pieces of similar thickness are being joined. as in the cor-
ner of a door frame (fig. 1); and second, where a third picce
of wood of dissimilar thickness is involved. as in a rypical
rable or chair joint berween apron and leg (fig. 2)

When designing these joints, nore thar the top edge of the
mortised member—the vertical picce in the illustrarions—
will be in line with the top cdge of the tenoned rail If you
want the final appearance to be as shown, then the joint must
be stopped somewhere below the top surface. The usual solu-
tion 15 to add & haunch, which may be cither square of slop-
ing. Both variations strengthen the joint and increase the glu-
ing area, and the basis for choice is visual 1f you want a clean.

1. Mortise and tenon between
using sloping haunch

pieces of equal thickness,

Sectn
throwgh
|im

] >
)
Typical corner foint for rectangular
frimes, panefed cabiner doors,

About g, clearamnce here ~
prevents show-tirough if oo
much wood /5 removed wihan
cleaning ug tap edge of
assermibled joint,

3. The reason for a haunch

Gap opens here as wood
expands and conlracts

uninterrupted line at the top shoulder of the jonr, vou would
use the sloping haunch If yvou don't mind the interfupred
e or if the joimt will be concealed. the square haunch is a
lietle easier 1o make and a linle stronger

The illustrations show the farm of the joints. and the eleva-
tions suggest suitable proportions. | must emphasize here
that ir is the responsibility of the designer to detail all the
joint dimensions 1o achieve the visual effect he wanrs as well
as the mechanical strengeh the strucrure requires

The main reason for the haunch is strengeh. Resistance 1o
twist is especially improved If you leave the haunch off alto-
gether (fig- 3), the resalt is thar abour a third of the width of
the rail is free-floating, with no mechanical bond and no glue
bond where it needs it the most. If you go to the other ex-
treme and make a bridle joint, you sacrifice mechanical resis-
tance to downward loading. Although gluc is strong in shear

2. Mortise and tenon betwesn pigcas of unequal thickness,
using square haunch

Sectsin
1"||{_|;_|:_'|r'. [EalLal]

i
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!
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Typical beg-apron pomi
for tabves and chavrs

Bricle jaint hss hittle
rmechanical resstance

Jomt without haunch
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ungived wood
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and the joint has a grear deal of gluing area, the two parns
meet at right angles. This puts considerable strain on the glue
line when the wood shrinks and expands, and the condition 15
aggravated by the large amount of exposed end grain. In ad-
dition 1o the forces the object will encounter 1n use, you must
consider seasonal shninkage and expansion. These fan exent
far greater forces than ordinary usage will, although they do
not occur of show themselves for some nme. The most com-
mon fault i this regard 15 a gap appearing at the top edge
shoulder line

There 15 a peculiarity of manufacrure common to both the
sloping and square versions of the haunched joint, When cut-
ting the wood o length, an extra % in. should be left on the
end of cach piece where 2 mortise will be made The wood
should be knifed quite deeply all around ar the rrue length
where the top edge of the renoned piece will be aligned. The
exira % in. of wood is left there until the joint s made and the
glue is curcd. whereupon it is sawn off. The extra wood,
called a horn (fig. 4a), has the effect of making the mortise be
maore in the center of the piece of wood than right ar the end
While the joint is being made, it helps prevent the wood
ussue from splitting beyond the jone. While the joint is be-
ing glued and clamped together. provided it firs well. the
piston-and-cylimder action can very easily crack the wood in
the area of the haunch. It is also possible, especially on a
blind joint, for a picee of short grain to pop right out along-

4a_ Layout of squarehaunched mortise P
end tenon, including horn

Shading shaws moriise
and end of tenan

Haunch proportions

| T

—1
A Haunch s foo fong —
cheeks are hable to curl

| I

' B

||

Elgrwatscen af fanom Meyirs?

B, Haunch is too shorm—
rof ernough glue ared,
but better than A,

- *i’"

" Correct— naunch is square i

Pl ¢

1

of tenon layout
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Shart grawn on morlise
member is guite wesk until
joint is glied— top of goint
may be pushed ouf if ne
orn is el

Wealk shoi-gemn aréa
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side the haunch. The hom pre
vents these unhappy evems. Since
glue seals the piston-and-cylinder,
the viscosity of the gluc is also a
factor, The thicker it 1s, the more
slowly vou should clamp the joint
together—the excess glue has to go
somewhere, and it needs a liile
time to flow out of the joint. Im-
agine the dilemma in the days of

Secin

hor animal gluc: As the glue cools, theogh
o . Jomr
it becomes more viscous and starts |

, g .
1o set, so clamping 519wly doesn’t -JTTrFH"-'m Brees
work. Part of the solution then was 7| temporary

strenglh

the horm. and i sull s, o _
The square-haunched mortise . I__,_]J'I
and tenon is marked our as shown
(figs. 4b. 4¢). A longer haunch L 7
would seem 10 give more gluing BE |
area, but it might also allow the | i
mortise cheeks to curl away from — 7
the tenan. A haunch shorter than square gives oo little glu-
ing area, The tenon is sawn in the usual way, being sure 1o
leave the shoulder lines for last.
The moruse 1s chopped as usual, bur only in the full-depth
pan of the joint. Remove the waste 1o accommadare the

4b, Marking out the mortise

Marking gaige scrbes
length of haunch.

Set morfise gavge o

| witth of chised, mark
— srdes and fog of srock

—I Krmife lines

| Mark out enbieg joent fersl,
cut martise befare culting
groove for haunch

dc. Marking out the tenon
Tar cut — Muovtise-gauge hnes -
for cheaks of tenin
dth cut - Knife across for o
tength of haunch, —
rd cut - Marking-gouge —1
fines for fop
edge of reran,
Sth curr — Krwfe shoulder
ke deenly.
2nd cut — Marking-gauge
fines for bottom
edge of feaonn
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haunch by placing the workpiece in the vise ac a slight angle
and cut down the insides of the haunch lines with the renon
saw {fig. 5). Only a fow inches of the saw can be used, bur the
method is fast and efficient. Sight across the back of the saw
to make sure it 15 parallel 1o the rop edge of the wood, and be
sure thar sharpening has not moved the saw's teeth our of
parallel with its back. Once the sides of the haunch groove are
sawn, fremove the waste with the mortise chisel. Place it abour
halfway down the haunch greove on the end grain and give it
a smart tap. Warch our for grain direcoion, in case it is run-
ning down o the joine and liable to result m more waste re-
moved at the joint end than ar the horn end, Wil care, 151
not difficulr to keep the haunch groove clean and parallel

Two points: The groove has to be cut in the homn, which
seems a waste of time, bur that's how it is. Second, don't iy
to chop the haunch groove the same way as the morse. Ir is
difficult this way to keep the bottom clean and parallel.

The sloping haunch joint is marked out in the same way as
the square haunch (fig. 6). At its root, the haunch is usually
as long as the tenon s wide—if the joint were sectinned here,
it would look in plan the same as the square haun | saw the
tenon cheeks and ends in the usual way, then saw the slope
before sawing the shoulders, A common error 15 to saw the
main tenon and shoulders before the sloping haunch, thereby
remioving the layour lines.

The full-depth portian of the mortise is chopped as usual.
Then place the woad in the vise and cur the slope with the
mortise chisel. There is no measurement one can make ro ger
the slope tight the first time. The normal method s rocur the
slope short. check the depth at its root and remove the neces-
sary amount. [t s very easy to draw the joint showing the
slope of the haunch coming right 1o the top of (1 Doulder
line. But it should stop shon. leaving about % in of vertical
shoulder before the slope begins. This allows for u-.tr-cmhu
siasm when planing the rop edge clean

5. Saw down the walls of the havnch

[

then chisel out the waste.

Ar s root. the haunch
15 3% forng as the renan
i wordle

— Siope stops ‘g n. short af
e shoulder Frme

Chisel the sioping ksunch
after the mortise 5 cul,
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Louvered Doors

Router jig cuts slots

by William F. Reynolds

oodworkers ar the UL 8. Capitol are often called on to
W miatch the decor of an earlier age. When the Architecr
of the Capitol decides that a room must be renovated or re-
decorated, woodworkers like Ned Spangler, a cabinermaker
for the U. 8. Cangress, must tise to the occasion and HTpPro-
vise technigues o carry out the projecr; An example of the

, challenge, and the solution, 15 the production of louvered

doors. Before air conditioning, Washingron offices were ex-
tremely humid, and louvers allowed air circulauen mro
cabiners. which kept the contents from mildewing and
prevented doors from sticking. Although louvers can be dif-
ficult and timec-consuming w make. they are elegant and
dignified.

Spangler has a shorrcut for making the louvered doors he is
so often required o build. As Spangler says, ** The job has to
be done nght. and nighe the fimt ume.”" His router jig wrns
out slotred stiles quickly and preciscly. It could be adapted o
make a senies of moruses; such as for crib slars

The pg consists of two long hardwood posts mounted on
plywond, 4 square piece of Masonite screwed 1o the baseplate
of the router, and rwo router camiages thar shde along the
posts and guide the router 4 it curs the equally spaced.
mirror-image slots on opposite stiles. The jig shown here is
designed for a -in. router bit, and for %-in. thick stiles for a

Top view of router camiage

Snle
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g
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Jots are checked for

pmade e

Wphampler rowli @ EOE, Erei carTIdge

30-in. door, with 1-in. wide slats angled 45 ° and spaced % n

on center along the sules

The posts, cut from birch or sim lar hardwood, should be
long enough to hold the stiles firmly, with perhaps an exra
foor on each end. For this pg. the posts are 3 fi. long and

1% in. squarc. They are mounted parallel 1o cach other and

T In, apary, on a plvwood base, so thar a stile fis snugly be-
tween them
Maso

aite. In i drill three holes o match those for screws i the

o mount the router, cur a G-1n. sqUarc [rom “-1n

and one of %-in, dia. in the center, for router bu

learance. Then screw the square to the base of the router

rourefr II_J‘-':

Mext. drill holes in the posts for stops tor the router car-

ally spaced holes determine the spacing of

nages. These eq
the slots, and therefore of the louvers. Drill 1-in. deep holes
4 oin. 1n diamerer, down rhe top of erther post, starung and
ending 8 . from each end. 3pace the holes for mmmmum
clearance between louvers, in this case % m, on center

The two rourer carmages slide along the posts. At each siop
thev allow the router o travel the esact length of the 45 ° slot
it st make for the louver. To make chese carmages, cut (wo

preces T¥% i by 11% in. from Y-, plywoeod andg lay g a

v, diamewer hole ar the conrer of cach, These holes will

help alien the louver slots and allow clearanc tor the routel
bit. Cut four pieces, 2 m. by 1% m, by 11% in. Nail twa 10
the underside of each plywood plate, to torm the carnage
sides and keep n centered as it moves along the posts

Four picces, each | an sade by % in thick, posttion the
router base plite atop the carfiage and allow 1t to travel only
far enough to cur a slot. Startng from the ceneer of the uncur

hole. measure 1o each side and lay out a recrangle 6% in. by
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T comppieled door—elegdnl J8d aigniy

G in.at 457 1o the sides of the plywood. The router base will
travel within this rectangle, For the second carmiage. the long
sides of the rectangle should slope 437 10 the other side; thus

mirtor-image slots. Make sure thar thas s

the two will pro
t0 before nailing the picces i place to frame the recrangles
Then cut the 2-in center hales. With this serup, the rourer

iy o, by T e Jong. I vou wse @

trivels % 1 o make sk

hir lacger than ' an, adpust the router rravel distance e the

length of the slor minus the diametet of the rourer bit

ser one stile berween the poses and

T cur the first slot
place the carrizge on top. Mark the sule where you want the
cut to end, perhaps an inch from the end of the sule, with the
router travel from lower right to uppet lefr. Stand 2 sample
slat. cut short, on the stile inside the hole 10 the jig and align
the sample so 1t marks the area for the Tirst slor, Pur a s m
screwdriver in the post hole nearcst the point where it will
hold the jig in place while the slot is being cut lvmay be nec:
essary 1o move the stile shightly, leaving the screwdnver in the
selecied hole, w achieve perfect ahgnment

Set the router bit 1o make a test cut, on this or on a test
stile. Cur to the required depth, usually % m. o % in Succes
sive curs are located by advaneing the screwdriver 1o the nex
st hole and moving the camage along
the slots in the opposite stile, wse the second car
riage. Always If the

first slot matches the one on the manng stle. then the others

T'o Cun

make a trab cun 1o check for alignmenn

will too, If vou have measured exactly, the job should go

quickly and the louvers should fit the first time

Bill Reynalds, a dedicated amatenr u sodworker, i5 a free
lance journalist bared im Washimgron, [DC
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Mortise & Tenon by Machine

With help from jigs and fences

by lan . Kirky

Wcmdmrkm have devised endless methods for cutting

mortse and tenan joints, relying upon hand tools, ma-
chine tools and various combinations of the wo. Deciding
which method to use depends primarily on the tools one has
at one's disposal.

The articles beginning on pages 6, 11 and 27 focused on
hand-tool methods, which have several virtues, The tools are
not special. There is a logic to the process. It is reasonably
quick. Once one has mastered the skill, ane can achieve the
desired result exactly. Having designed a joint. the workman
need never compromise in its manufaciure. However, the
result s always ar sk and one must concentrate 1o avoid
spoiling it. It can become exceedingly tedious if one has a lor
of joints 10 do,

Special-purpose machines designed for monising are one
alternative. I'll discuss some of them later; they are generally
fast and accurate, but expensive and beyond the needs of
most shops. The middle ground is to use 2 machine not
specifically designed to cur a given joint, such as the table
saw, radial saw, drill press or router. These machincs, with
the assistance of suitable jigs, can remove the bulk of the
waste accurately and cfficiently. Some hand-finishing can
then produce the desired result, The notion that there is anly
one way to achieve a result is simply wrong, for every
workman develops his own techniques, and this article thus
cannot be exhaustive. Bur regardless of methods, cvery
workman should armive ar the same resuit in the end, The

available tools do not determine the size or praportions of the
joint, nor excuse inaccuracy in its manufacture.

The mortise — To deal with the mortise first. and Ignonng
such details as sloping haunches, twin joints and dimension-
ing. the main consideration is that the ™wo inside faces be
parallel to cach other and 1o the face side or edge of the stock.

A frequent question is, “Can [ drill out most of the waste
and then pare down the checks with a wide chisel?” The
answer is “yes” to the drilling, and "no—or only with grea
difficulty” to the chiseling. To keep the morrise square and
parallel when using a wide chisel really requires a jig. Sight-
ing the chisel while paring across the grain is too hit-or-miss.
And a jig would probably be oo complex because of the na-
ture of the operation. An acceprable result can be achicved,
however, by drilling a row of overlapping bur undersized
holes to remaove the bulk of the waste, and SQUATING up to the
line with a mortise chisel. The joint still has to be marked ot
with the mortise gauge, to assist ar the chiseling stage.

In any machine operation, one must think of the cuttng
tool iself in close association with the fences and guides re-
lated 1o 1t. Usually there is no marking out for a joint made
entirely by machine. Layour marks tell where 1o cur a joint—
with a jigged system one wants to be forced to cut where the
jig dirccrs. When using 2 drill press (not a portable dnill) o
remove the waste, the machine's depth stop establishes the
mortise depth. A fence fixed 1o the table so the face side or

1. Drilling mortises

Be sure holes are paralied

to face side,

af hides

Second soves

Dirive mortise chived
at thrd or fourth heode,
cenfered between gauge lines.

=
3
v,

WESTE.
./

Sectional ekvatian

Plan
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edge of the wood can be placed against it establishes the dis-
tance 1o the center of the drilled holes. Two end stops deter-
mine the lefe-ro-right travel of the workpiece, and if the wood
is squarely placed within these fences, the correct side upper-
most and the right way around, then the series of holes can be
drilled only within the defined parameters

The diameter
Ya in. less than the width of the mortise chisel thar 15 to be
used to clean out the remainder of the waste. The partern of
haoles depends in part on the type of drill bic, Best is a bit with
two scribing lips. like a Russell-Jennings. A Forstner bur also
gives good results. An engineer’s bir for dnlling metal is not
so effective; a spade bir gives variable results depending on
the tvpe of wood and on the feed and speed

Drill the end holes first, then drll along leaving up 1o
% in. between holes (figure 1), Drill ourt the remainder by po-
sitioning the spur on the webs of wood left berween the holes
The edges of a drill may overhang, as long as the center is cut-
ting into solid material. The drill drifts when the center is not
cutting firmly into wood. Drive the mortise chisel straight

of the dnll, however, should be ar least
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D

A N chrsel rrOrTIIRE il bement for drdl frredd
(Rockwel] wmodel 15-840). Y-shaped yoke af top aitache)
Podio .l'r'.'_:.-." fo guil ater yoke o part of femce arrange-
[ f J‘..'."‘,'_r"iru" fio-drnd fame

B. Hollou:cheel mortirer, Oirrer No, 194, Table molude;
band' wheel for clamprag work agammit femce, with bold
down mounted om verircadl column. Wheelt below table
comtrod srdleways traved, 1t and beighr. Foor pedal moves
chesel and moror assembly it the work

C. Imca horfzomial ."-'--nrr,; ard

table saw wses three- g

riwing offfion o 10-1
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cludei work clamps and adiustable i Hamd wheel at
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and crossfeed

D, Grgeto tor maorser, from laaly, takes emd moll curter
in statiomary bornzonial chuck, Hamd wheel rawes tabie,
clammp bolds work, levers move table and work m and out,
back and forch, Sold by H, Weigand Corgr., Claremonts,
N.H,, and Carpenters Machmery Co. Pigdeitiina

E. Charm-saw martiser bas bydraplic clamp and
feed—aperatar foady the iock. faps the fooi pedal, and
snfoaa 1. Phoro: Northfield Fowmdry & Machime Co
Northfreld, Mmmn

F. Baccr asciilarmg chisel morrier, alio from lealy, bas
double-ended cutier thaft and two tabler for produciion
work, Cutter rotater as B, 750 &M and alio twimgs back swal
forth 2N frmmel frer miniie Preymanc tabler move ma
chromously m all three planes. Thes the nze and thape af
the mortite © wirteally wniemited. Phoro: Rickerd T
.F“.'_}m'rl Co., Wesr Chester, Fa

down into one of the middie holes, about half-way to full
depth, and carefully lever out the small amount of tssue re-
maining on the walls of the mortise with the chisel’s bevel
downward, Don't try to go to the bottom in one cut—you'll
quickly get the feel and realize that the operation can be fast
and simple. Finish the ends by knifing the line and driving
the chisel straight down, just as when doing it all by hand

Mortising machines The hollow-chisel mortiser 15 free-
standing, with built-in wable, fences. clamps and stops. In
small shops it is usually an attachment for the dnll press—a
square chisel with a hole in the center through which an
auger-type drill fits (figure 2, p. 86). A yoke fastens the chisel
to the drll-press quill, so the chisel and drill will move
together into the work, but only the bit rotares. As the bn
removes most of the waste, the chisel, sharpened on the in-
side to form four cutting edges, follows to shear out the re-
maining wood and force it into the auger. The chisel shaft has
at least one window through which chips can escape

The quality of a hollow-chisel artachment is closely related
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to s price—a good ser for 4%-in., %-n. and %-in. morises
will vost abour $200. Before ordering any artachment. be sure
it is compatible with your drill press. You don’t have 1o worry
about whether the drill press can stand the work load—it will,

When mounting the tool. make sure the plane of the table
15 at right angles to the bit. Also make sure thar the square
chisel has its inside face parallel to the fence. Adjust the bitso
it does not touch the sharpened end of the chisel, otherwise
both will overheat. Aim for a gap of %; in., enough 1o loosely
fit a business card. It's usually possible to jig the hollow-chisel
meoruiser so that you don't need any marking our on the wood
{figure 2). For short runs, it's probably easier to square pencil
lines across the wood and omit the end stops.

It is normal 1o cut the end holes first, then to cut interme-
diate holes with wood lefi berween them, and finally to clean
out with another pass along the work. This is because the

hollow chisel tends o drift if it is nor curting on all four
edges, of on two opposite edges, Each worker will find a par-
tern thar suits him. The square chisel is reluctant to withdraw
from some woods. The remedy 15 1o polish the outside of the
chisel o reduce friction. and to reach full depth by %-in.
bites. Withdraw the bit. clear the waste, and take a second
% in. in the same place. This characteristic of the machine
makes it imperative to hold the wood firmly down on the
bed, by clamping one or more blocks onto the back fence
The fence shown in figure 2 15 simple and sturdy, and worth
making well since good jigs are 3 rooling investment.

A small but important point is 1o keep the whole of the
fence rig clear of chips, so they don’t get berween the work-
piece and fence. In industry, & squirt of compressed air does
it. Next best is to keep a brush at the machine and sweep off
the bed and jig after each cutting. Many people minimize the

..l-_.Bﬂr!t lence
-q_ Top block

b W i

2. Hollow-chisel mortising

-

| End
; wevalion
! Bit is pushed up ]

into hoklow chisel, \

st chear %" R

at chisel end "
End
s1o0

5

Vo
iy Harnd-whesl
s brace

Plug on
fnside diarmeter . Cur ends first
of chisal i 0 chvsed won't
dirift.
\4 'y/
. - Clean out last
7
.

*/
‘1,.--" Drikpress

Top biocks
? hold work giown
.l'( as chisel iz
CL o — withdraven,
e
Ry Work

1

Dot make
with hwo passes i
of @ %" chisel.
It wall clrifr.

ciean ouf

"
"\\\ b ‘-\\I\
X ‘\\‘_‘a =

%

36  Fine Woodworking
Page 43 of 130

EP Family Exhibit 2009



Table &

Fence for routing tenons

Top fence

Truckness block

problem by cutting grooves and reliefs along the inside cor-
ners of jigs and fences, but the brush is still necessary.

It is not good practice to make a %-in. wide mortise with
rwo passes of a %-in. bit. The bit will be cutting on only three
sides during the second pass. and it will probably drift. The
Y%-in. bit will make 2 %-in. MOrUse. vid (WO passes on cach
side and a third down the cenrer

A hollow chisel is sharpened with a bit that looks like a rose
countersink with a cylindrical plug on the end. The outside
diameter of the plug is a hair smaller than the inside diameter
of the chisel. Set the chisel upright in a vise, load the bit into
2 wheel brace, and place the plug into the chiscl's bore, The
reamer flutes arc very effective and only a few turns of the
drill with light pressure will remove enough meral. Don't use
an electric drill for sharpening—it gocs oo fast and vou can’t
fecl the action, Sharpen the dnll bit in the usual way. from
the inside of the auger so us diameter doesn’t change.

Among the more specific machines for mortising is the hor-
izomal slot moriser of long-hole borer. Like the router, it
Jeaves a round end. Fundamentally, it consists of an end-mill
style cutter, with a sharpened end and sharp flutes, revolving
horizontally over a traveling bed much like the cross-slide of a
metal lathe, The bed moves the work inta the curer 1o full
depth, then traverses to make a mortise. The same machine
can also make tenons, forming onc check and shoulder with
each horizontal traverse. Some versions of this machine hold
the work stationary and move the curter into it

A chain mortiser is akin to a chain saw, with its bar held
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vertically and set into a shde device. The system is not used
much in the furniture industry, being better for long and
decp morises in large-sectioned material such as fence posts,

Probably the most sophisticated monising machines use a
swinging and orbiting cutter, driven by a cam system and a
little like a sewing machinc wrt large. These machines can
cur an absolutely accurate moruse through any kind of wood.
even plywood, without regard for knots ot end grain.

Tenons — Generally, making tenons with 2 nonspecific ma-
chine |5 not as difficult as morusing—although there are
probably as many vanations on the theme. The most com-
mon tool for cutting the cheeks is the table saw, with the work
held verrically by a fence and passed over the blade. A
carhide-tipped blade gives best results. If the tenon is cen-
tered, both checks can be cut at the one seening. You cin
build or buy a suttable fence thar rides in the crosscutting
slots. A stationary fence must have enough overhang before
and after the sawblade to support the full width of any piece
being tenoned, and it is probably best to make it the full
width of the table. Using the simple fence shown (figure 3),
the left hand (assuming you are right-handed) holds the wop
of the workpiece against the fence. At the same nme, with the
aid of a push-stick, the right hand traps the work and pushes
it forward in the direction of the arrow, If you do nor feel
completely safe using this method, then arrange a thickness
fence as well,

The simplest way to cut the shoulder, of course. 15 to saw it
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Wk lowerad
straight down

Fances clamped
o screvwed [o
roufer tahls

with a transverse fence, Whether you cut the shoulder firse or
the cheek first 15 a marter of personal style and there are argu-
ments both ways. | prefer 1o cur the cheek first in order 1o
have the largest beaning surface while the work stands on end.
Also, if the shoulder has already been cur, the small block of
scrap often wants to ger back on the saw teeth and then fly
around the room in an unsertling way_ If one has a dimension
saw—that is, one with a maveling table—the same fence sys-
tem can be mounted right on it. The workpiece can then be
clamped onto the vertical fence, and both hands can be em-
ployed pushing the bed and workpiece past the blade.

The slowest method is 1o sct the saw for the shoulder cur
and move the work along one kerf thickness ar a time. It may
be the handiest method with a radial arm saw, however, and
the operation speeds up considerably when one substitures a
dado head. Most radial arm saws can be rotated through 90"
and locked parallel 1o the table surface, whereupon the wood
can be laid flat on the rable and the saw pulled through the
cheek. The work requires a platform and fence, plus room 1o
clamp each piece in place, as the amount of ourward thrust
can be considerable. The method is efficient for quantitics of
identical parts.

When used to cur terions. the band saw could be consid.
cred an automared backsaw, since it is easy to use frechand.
The wood must be truly square and the blade running per-
pendicular to the wble, otherwise the tenon will come our at
some odd angle. This is workmanship of risk, and the deci-
sions about where to cur and where to stop are no different
than when working by hand. It is feasible to usc a fence with
the band saw, although the blade has to be sharp and ten-
stoned just right, else it will wander, Some band saws just do
not seem to have the capacity to saw a straight line when us-
ing 2 fence, no matter what one does to ty. Feed speed and
the hardness of the wood are contributing factors (see p. 98],
and generally a slow feed gives the best results,

Because the waste being removed is shallow, 2 router can
mill 2 good tenon. In most cases it is best to cut the shoulder
lines with the radial arm or table saw first. Then lay the work
flat on the router table and pass it over a straight cutter or any
end-mill style cutter, Fences are as necessary here s with any
other method, although the cut is casy and it is [EMpLing to
wing it. Please don't take the chance.

There are also a wide varicty of industrial tenoning ma-
chines, many of them using shaper-style curterheads mounted
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in pairs to mill both faces of the tenon at once. Such machines
are very cfficient and suitable only for high-volume work.

The router — The electric router, combined with a careful
system of jigs and fences, is a useful mortiser, When making a
wide moruse—anything over % in.—it’s better 1o make two
slots % in, wide at cach side, and then to remove the waste
from the middle. When making a deep mortise, go to the
depth in two or more hites.

Don’t try to drop the router into the work. Use 2 table with
the router hung undemneath, so the bir will project upward
through iss surface. The minimum number of fences i rwo,
one along each side of the work. End stops are always a help,
bur their use is often limited by the size of the router table.
The common method is 10 rest one end of the work on the
table and lower the other end onto the curter. This is not the
best way, since the work comes down in an arc. Instead, hold
the work parallel 1o the table against the fence (figure 4),
and lower it straight down with both hands, keeping the
hands well away from the cutter. The dimensions of the work
will dictare the dimensions of the fences, but the aim is to ar-
range the system so you can keep a tight hold on the work-
picce. We usually make fences long-grained in the direction
of travel, and if the workpiece projects well above the fences,
control is not hard 1o achieve. Bur if the workpiece is small in
cross section, make the fences by simply clamping wide
boards, cut off square, flar on the able,

Most problems in routing mortises anse because of the
small size or make-do nature of the router table. It's worth in-
vesting in a piece of coreboard or good-quality plywood and
making a proper large table. once and for all. Rour a recess
underneath so you don't lose the rable thickness from the
depth of cut, and keep the cutter hole small so the table will
support the wood right up to the cut. The larger the hole, the
harder it 1s to measure and to visually assess currer height, and
the easier it is for fingers to ger ino the hole.

It also pays either to devise adjustable fences for the table,
or else to screw the fences down. It may seem odd to go 1o
same trouble o ger a clean, often expensive working surface
only to mar it with screw holes, bur the life of the surface will
be longer than you imagine. If you keep the fences with screw
holes already drilled in chem, the system is casy to use and
quickly set up. It’s usually safer and more accurate than
clamping down whartever comes out of the shorn-ends box.

A routed mortise has round ends. One can shape the tenon
to march, or one can finish the mortise square with the con-
ventional chisel, There are points on both sides. When the
mortise goes through, round ends make 2 moét acceprable de-
sign detail. It rakes some skill to round the tenons, but ir's
worth the effort. An alternative is o leave the morise round
and the tenon square, and to force the two together. This
procedure is not unusual in production. The width of the
tenon is made so that its corners will bite into the semicircular
ends of the mortise. The crushed corners creare 2 tighe friction
fit, enabling the assembly to be raken from the clamps afrera
very shor pressure time., O
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Slip Joints on the Radial-Arm Saw

Getting accurate results from a versatile machine

by Curtis Erpelding

M- st discussions of power ool jotnery forus on e rablec
saw. the router and the bandsaw, and neglect the radial-
Manw insist that the radal-arm saw 15
k

irTT 5w

dangerous, and impossible tO adjust accur

noing, Laution ans

way I vential hazard, and the

precise crely in

perator My saw is 3 mad-60s vintage 10-1n. 3ears Crattsman

The ¢ for the rollers are worn and pitted, the indexing

ns less than teht, and the arbor has 3 shght amount of run-

Meverth

close-firnng joints, and would hesitate to replace it with 2

yeen using this saw for five years 1o cut

ncw

A< 3 pood marksman knows how w

hig ffie to prol 1 nis shots, SO

feal with the idiosyncracies o
the canny woodworker knows how to compensate tor slop and
play in his radial-arm saw

In making slip joints, the radial-arm saw offers several ad-

vantages over the table saw. First, the workpicce remains fixed
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and because there 15 bess shop inan old radial

or other-

1 iR miost new enoning 11gs (homemade

wise), the cuts are more precise and easier to control

the column-raising mechanism on the radial-arm

'Ii.-IlL! very Tint .j‘!_'l,‘-[l'l-l-:--_ ut ,,<|‘|'...\|!"I.E nes for par

You'd have a hard ome adjusung the 1

table saw in such small increments o make the same cuts

Finally, the radial-arm saw ases no real limiis on the
length of the pieces being joined. as long as the cnds are U=
ported. With the table saw, cutting joints on members maore

involves a precarious balancing act, which wil

adversely affect the accuracy of the joint, parucularly if the
free end runs afoul of a ceiling joist or light fixture in 2 shop
with a low celling

Curring a ship-joint mortisc and tenon on the radial saw re

e a5 in hand work, careful marking out. But you need to

: out only one joint, which becomes the reference from

which the saw is set to cut the others. After the members are
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thicknessed and cut to length, they are posivioned in what
will be their final orientadon, To avoid confusion later, mark

each piece for placement and position now.

The tenons—The tenoned members (rails) should be marked
firse. For the shoulder lines, ser the cuming gauge o the
width of the mortised member and score the lines on both
faces and on the inside edge as well. With @ marking gauge.
mark out the renon thickness on the end gran, leting the
gauge nde against onc cheek and then the athet. This ensures
a perfecely centered joint. Where the tenon must be offser,
use a mortise gauge and sct the Two paints to the thickness of
the tenon, then set the fence the appropriate distance from the
face side. When the rail has been marked for the shoulders
and for the tenon thickness, take a sharp pencil and make the
lines more visible,

Cut the shoulders 1o the dppropriare depth first. Ser the
height of the saw so that the teeth just wouch the wp mark on
the end of the piece (photo A} Then line up the picce so thar
2 raoth with ourside set just wwuches the inside of the shoulder
line (B}. Clamp a block on the fence 1o hold this setting, Cut
the shoulders. first ane side and then. by flipping the piece
over. the other.

Of all the operations. cutting the shoulders square requires
the most accuracy on the part of the saw. And adjusting it 1o
cut consistently square o the fence scems 1o be the major
bugbear concerning the tool, If you simply can’t get your ma-
chine o cut square, don't despair. Cut Y in. shy of the
shoulder. and then tmm o the hne with a rabber plane,

Bui before you decide thit your saw won't cut square,
make all the usual iniual adjustments to align ir, and then
practice pulling the blade into a piece of scrap that's been
scorcd a number of umes at 90" m the fence Vary the way
you pull the saw cammiage over the work, observing the resulrs
of each cur, Because the blade will respond o very sligha lac-
eral pressure on the carriage handle, it could be your opera-
ting habits that keep the ool from curnng square CONSIStENT-
ly. Once vou find the proper stance, the arm and the shoulder
movernents thar make for repeated square cuts, pracoce until
you can get it night every ume

To cut the checks of the tenon, trn the saw to is hor-
zontal position. Remove the regular fence and replace it with
a 7-in. high auxiliary fence on the right-hand side of the
blade. This is adjusted square o the able. and so thar the
sawhlade just touches its edge. An auxiliary able 15 necessary
1o elevare the workpiece. | use a picce from an old solid-core
door: it remains reasonably stable throughour seasonal
changes. Finally, clamp 2 block of 8/4 maple the fence asa
spacer so that its edge just touches the blade when the saw i5
pulled through (C). The spacer prevents the blade from con-
racting the warkpicce when the saw is fully retracted

Ser the blade about Y in. above the mark for the enon,
Advance the workpiece about an inch ara nme, and pull the
saw through. Don't try to make the whole cut in one pass or
ty o feed the workpiece into the saw s o cuts, or you'll
overload the motor and risk a dangerous kickback. Also.
don't complete the cut ar this point, bur leave the waste
slightly attached (D). Remove the workpiece and break the
waste off by hand. Then make the final pass, sctung the
shoulder line cven with the edge of the maple spacer block.

Using cven a 40-100th carbide-upped blade. cutting into
tough end grain causes the blade o vibrate and leaves a cut
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that's less than clean and accurate. So cut all the tenons first
to this %e-in. margn, then wim them later with a final hght
cut to the gauge line, which you can make in a single pass. In
opetation, hold the workpiece firmly with your right hand at
1 safe distance from the blade. When guiding the saw car-
tiage into the cut, keep your elbow stiff and pull by pivoring
vour upper body rather than by bending your amm. This helps
keep the saw from sclf-feeding and sualling.

Though not a common praciice m makng shot mortises,
curting a third shoulder on the underside of the 1enoned
member will add strength ro the jont, making i more resis-
tant to racking. Also, the third shoulder will hide any imper-
fection on the inside bowom of the morise. All thats in-
volved 1s taking a slice off the bottom edge of each tenon (E).
Ser the saw o cut % in. into the tenon. Set the shoulder
shightly behind the edge of the spacer block so the blade cuts
just <hy of the line, then chisel the remaining end grain flush
with the shoulder,

The mortise— The nest step is cutting the mortise. When
both pieces are the same thickness, the width of the mortise
ran be marked our with the marking gauge at the same set-
ung used for the tenon. The depth of the mormise 15 gauged
from the width of the tenion and a line is scored on cach edge
with a knife. Conrinue the line across the inside and outside
edges and make a slight nowch with a knife on the corner
cdge. This norch, when lined up with the edge of the spacer
block, determines the depth of cut. A long, thin prece of
wood with a dowel sticking veruically out of it is clamped to the
tabletop as a depth stop. With the workpiece resting dgainst
the upnight dowel, there 15 clearance for the saw 1o pass (F).
Set the stop so that the saw cuts just shy of the gauge linc

Lower the saw to cut %z in. above the bortom line of the
martise layour. As in cutting the tenon, advance the work-
piece only an inch or less with each pull of the saw. Make the
final cur with the workpiece registered against the dowel of
the stop block. Flip the piece over and repeat the process. On
small picces with narmow morises, you can clean out the waste
with the saw. but on larger members | cut the waste out with
a coping saw. after which | clean up the bottom of the mortise
by chiseling 1o the gauged lne

Return the picee to the saw and lower the blade so that i
cuts just 1o the bortom line marked on the end grain, Lower-
mg the blade in uny mcrements after each e of curs will
widen each mortise until the respective tenon will snugly shp
through, Note the word “respective.” Your markings for
placement and position pay off here in climinaring 3 greac
deal of confusion (and probable error) by showing which
mortise belongs with which tenon,

Theorencally, the final saw setting should produce mortises
of identical width in each member. and cach tenon should fin
with the same snugness Theoretically, In pracuce I've found
that it's berrer to make the necessary adjustments to fir each
joint separately. |t takes only a lirle longer. and mspires more
confidence in the strength of the finished assembly. A tenon
offser with respect to its mortise or vice versa will not allow
vou to flip the piece aver 1o make the second cut at the same
saw sering. Rarher, afrer cutting one kerf in each picce, you
have 1o pause to make & new saw serting. Fine-tuning this sec-
ond cut widens the morise to fir its tenon,

At this point a skeptical reader might wonder how, if you
can't expect the saw to cut precisely square the fence, can

Joinery 41

EP Family Exhibit 2009




you ever expect it 1o cut truly horizonmally (in line with the
workpiece)? Well, you can't, You just try to take advantage of
this. Indeed, whenever | confront a situarion where 1 doubt
achieving the required accuracy, 1 uy to determine on which
side of perfect it behooves me w err, in order 1 obtain the
best results. In this case, a snug joint and a frame thar won't
twist or wind will resule if certain parts of the joint have a lit-
tle looseness and other parts are correspandingly tight. Be-

cause there is some play in the horizonral indexing pin on my
saw, | can manipulate the angle of error. By pushing up on
the left side of the blade and then tightening the locking
knob, I can minutely inclinc the blade. This will produce a
tenon that will narrow ever so slightly from front o back. and
a mortise thar will widen ever !

o slightly from wop 0 bor- e
tom. These “errors”” make - '

for a joint that looks, in a

much exaggerated view, like

that shown in the drawing ar

right. In actuality, the

amount of deviation from |
horizontal amounts 1o less

than half a degree (%3 1n. end I

to end), and the corner of the | | |

joint is tight and snug.

Before gluing up | always plane the rails clean on both
sides, This removes the triangle markings, which you still
need. so transfer them to the cutside edges or lightly re-mark
them immediarely afier planing. Also plane all inside edges
on both rails and sules. Apply the glue to both the mortise
and the tenon, assemble the frame and draw it up first one
direction and then the other with a1 bar clamp_ If the
shoulders were cut square and the bottom of the mortise
pared true, and if the outside comer edge of the joint 15 tight,
there is no need w leave the frame clamped up, especially
since clamps can throw the frame out-of-square or in wind-
ing. Havhlgchedwdfwsqmm{seepagcgi},rmmﬂd
now damp the cheeks of each morrise with two C-clamps, using
one at cach “loose” area. Use pads w protect the work. When
the glue is dry. planc the stiles flush with the rails.

The doverail slip joint—Shown at the top of the facing
page. this joint 15 well suited to being made on the radial-arm
saw. The first step is to make a cradlelike fixrure w0 hold the
rail {tenoned member) ar the proper inclination for cutting
the tenon cheeks and shoulders. As shown in figure 3. the fix-
ture is made from two pieces of %-in. plywood and a couple
of stretchers, The angle of inclination shown at 4 is the slope
of the dovetail. This angle will vary, of course, depending on
the dimensions and proportions of the stock. Two members
jmined with their edges in the same plane (figure 1) will mot
require as steep @ slope as two members joined with their
faces in the same plane ffigure 2). A slope of 10" from the
vertical will do in the former case, while a slope of 3* 1o 5
seems appropnate for the larer.

Marking out the pieces proceeds in basically the same man-
ner as with the slip joint, Start with the rail and mark the
shoulder lines

The dovetail tenon— With a sliding bevel and a scriber, mark
out the doverail tenon, making it no less than %g in. thick at
the top cdge. The sawblade will normally remove ar least this
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much from the narrow part of the mortise, Also remember
that ar the widest pant of the mortise the cheeks are the nar-
rowest, so leave enough wood here for 2 strong joint, some-
thing 1o consider when laying out the tenon. As a last step,
witness-mark the ourside edges of all the members,

Now place the fixrure on the saw table, its high side against
the fence on the left side of the blade. Place 3 rail, ouside
edge out (facing you), in the crorch of the fixture, and set the
saw 1o the proper depth for cutting the shoulders (G). Clamp
a stop block ro the table for repeated cuts (H). To cut the op-
posite shoulders on the rails, you must reverse the fixture,
placing the low side against the fence, Because in chis posi-
tion there is no back stop o hald the ril, you have w nail a
strip behind the workpicce or devise some other means of
holding it firmly in place. Don't try to make this cut without
securing the work, or the blade will snarch the piece from
your grasp and send it flying.

When you have cur all the shoulders for the tenons, tilt the
saw 10 1ts horizontal position, and armange the fence, spacer
and auxiliary table in the same manner as for the slip joint.
Set the fixture’s high side against the fence, and place the
workpiece face edge our in the crowch (I, Adjust the blade
%z in. above the top line scibed on the end grain for the
tenon, and cur the tenon on one side; again advance the
workpiece an inch or so at a ume berween passes, and stop the
cut % in. shy of the shoulder. Break the wastc piece off by
hand and complete the cur. Cut the other side by reversing
the jig and flipping the rail (J). taking the same cautions as
betore 1o secure the workpiece. Now, lower the blade % in,
to the gauge line and tim the tenons to final thickness. To
cut the shoulder ar the bottom of the tenon, reser the saw and
hold the picce directly on the auxiliary table,

The doverail mortise—Gauge the depth of the mortise
from the width of the tenon, and continue the mark across
the entire edge of the stile {or leg). Nowh the comer cdge 1o
determine the blade setung for the depth of the morise. Lay
out the shape of the pin on rthe face edge and continue the
lines across the end-grain surfage.

Set the sawblade now at the correct angle, using the sliding
bevel (K). Unplug the saw before removing the guard; then
replace the guard afier making the scoung. As in cutning the
slip joint, you can tension the doverail mortise and tenon by
inclining the blade slightly, so that the tenons will narow
from front 1o back and the monises widen from top to bot-
tom. To ger the correct serting—a fraction of a degree aver
the angle of the fixture —some trial and error s required. Use
a oSt picce.

After finc-tuning the ule angle, you must readjuse the
fence and maple spacer so that the teeth of the blade will just
touch their edges. Line up the notch on the comer edge of the
stile with the edge of the maple spacer, and clamp the stop
block 1o the able, Adjust the blade to cut just above the bot-
torn line marked on the end grain of the picce. Because the
blade is sct ar an angle, you nnot cut the piece in in-
crements, bur must make the entire cur in one pass. This
means that the blade will want to push the piece away, and so
vou must pull the saw into the cut very gradually, and with
the utmost caution. When you have established kerfs on both
sides (L), a coping saw removes the waste, and 3 chisel cleans
the bottom of the mortise. Tnm the mortise by lowering the
saw in small amounts unnl the respective wenon ships snugly
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Fig. 3: Jig for dovetail slip-joint t@nons

¥ Ty /
Fig: 1 Dovetail slip joint Fig. 2: Dovetail slip joint
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Routing Mortises

A simple fixture and the right router

by Tage Frid

Amnrlismg machine i$ an imporant picce of equipment,
and in a cabinet shop with several workers one might be
a good investment. Whatever kind vou buy, & chain-saw or a
hollow-chisel mortiser or a Jong-hole boring machine, you
can expect to pay a lot for it, $2,000 or more Bur by butlding
a simple fixture for holding the stock to cut the mortses with
a plunge router, you can have 3 mortsing serup that works
just as well as an cxpensive machine. The cost is only abour
$350, and you'll have acquired 2 heavy-duty router for gener-
al shop use

Two makes of plunge-type routers are sold in the United
Srates— The Swanley (models 90303 and 90103%) and the
Makita {model 3600 B), The Stmanley plunge-base routers are
production tools specifically designed for rough cut-out work,
like cutting out holes in countertops for kirchen sinks of lava-
tories. They plunge to a set depth and loack automa ically. bur
cannor be Jocked ar any depeh in berween. Stankey, as you prob-
ably know, has sold irs power ol division o Bosch Power Tool
Corp. {PO Box 2217, New Bem, N.C. 28560, although some
of the mols are stll beng sold under the Smnley label, The
Makira rours s very similar in design w0 the Elu router,
which is a popular tool in Europe but isn'tsold in this country

For curting cleam, prectse morfiel n,wrrﬁ?- Frid e a Makita plumpe router with an eary-ro-bund
and guding the oo, Uluag :;Jﬁrrfm.rrﬁ' srzed arcon
toared upports, @dmart any prece of trock, liks the curved chorr back 1hown

fexture {hefow, k,l”ﬂ_,'hr haldimy the stoc

im rhis focure, At right, Frid tightens one end siop. Wwhich, alomg with the other, will limir the
ravel af the router and determing the lempeh of the morfise
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because it has a 220v. 50-Hz. mator, and would burn our if
plugged into an American outlet.

Several things about the Makita model 3600 B make it a
good router for morusing. It's a plunge-type router with a
2%-Hp motor, The body (motor/spindle assembly) 1s artached
to a recrangular base by two -in, dia. steel posts. These fun
into sleeves in the body, which can shide up and down on the
posts (against spring tension), and be locked at any height,
Plunge routing lets you begin and end a cut in the middle of
a picce of stock without having to lower or lift the base from
the work. With the motor running you can lower the bir mto
the wood by pushing down on the router's handles.

The Makira is pretry heavy (11 Ib) and well designed. The
switch can be worked without having to meve your hand from
the handle, but it's not located right on the handle where you
might wrn it on acadentally when picking up the router. The
body is locked on the posts by a laiching lever instead of a
knob, and you can reach this lever to raise or lower the bit
without having to take your hand off the handle. An adjust-
able knob on the top stops the upward travel and also controls
the depth of cut for ordinary routing.

For plunge routing there are two depth stops that let you

ere. can be morttied
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remove stock in two passes rather than in one. and the stop
tod is capable of both fast and fine adjustment. You can also
control the depth of cut when plunge routing without using
the stops. Just rn on the router, release the lock lever, push
the bit down to the desired depth and lock it. The fence is se-
cured with only one wing nur and is casy to ser. The Makira
router comes with %-in. and %-in. adaprer sleeves for its %-in_
collet, so you can use different bir sizes and cur mortises of al-
most any width and up to 2% in. deep. By rurning the stock
over you can produce a through mortise up 1o 4% in. deep,
The weight of the machine makes it stable while running and
helps give you a smooth cur. You might find thar the posts
bind in the slecves o you uy plunging the router when the
motof s not funning. But when the motar & on, the vibration
allows the body 1o move smoothly up and down on the posts,

The mortising fixture | made looks like a big miter box. Its
length and depth can be varicd 1o suit your needs, bur for
general use it should be 20 in. to 36 in. long and abour 4 in.
deep. This will ler you mortise everything from chair begs o
bedposts, Regardless of the length, the inside width of the
fixture should not be more than 3% in., or else the router base
will not rest on both side picces. Make the bottom of the fix-
ture from two pieces of %-in. plywood. It needs to be thick ro
give the sides of the box a large gluing surface and to hold
them suff with 2 minimum of flex. The edges of the bottom
picce must be a truc 90 * to the face, or the sides will not be
perpendicular and your moruses will be askew to the face of
your stock. When gluing up, be sure the bomom edges of
rach side arc flush with the bottom of the base. Locaring pins
will help hold the sides in alignment when ughtening the
clamps. Solid wood could warp, so you might want to make
the sides fram %.in. plywood with salid lipping on the upper

Mortising fixture

Siotted and
grosgved end stop

Detail of stop screw

CHS——— %, x2 machine scrovw

— ——%-n. dowel

Dnve hollow dowed
i hode to retain Tonut,

— Y Tt
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edges where the router base rubs. When the glue is dry, check
the two upper edges with a square; they must be perfectly
parallel. If they are not, take light passes on the jointer unuil
the edges are square and parallel, or use 3 hand plane to do
the same thing.

You need to install lateral end stops on the top edge of the
inboard side of the fixture. The two stops are slotted strips of
wood with shallow grooves on their bottoms to fir over and
ride along the edge. The slot in cach strip rides around a
He-1n. stove bolt which engages 3 T-nut embedded in the
side. A barrel nut would prove even more durable and easier
to install. Also, you could drill pilot holes in the upper cdge
of the inboard side for hanger bolts; use wing nuts with these
to tghten down on the stops.

To cur the mortises in a piece of regular dimensions—3
straight wmble leg, for example—raise the workpiece in the
fixture 5o it's almost flush with the top cdge. Center the ares
to be mortised in the middle of the fixture and clamp it to the
inbaard side. Set the stops on both ends to contact the router
base so the bit can travel the full length of the mortse in one
pass. With the fixture held in a vise, set the fence on the
router the night distance from the bit and bunt the base
against the lefi-hand stop. Switch on the power, release the
lock lever and lower the bit into the wood. For a %-in. bit, a
fo-mn. depth of cut would be safe. Then pull the router w the
right, Don't start at the right-hand stop and push the router
to the lefi. By pulling the router left w right, the rotation of
the bit will hold the fence against the side of the fixrure,
which will give you a good, straight cur,

During routing, dust and shavings can ger compacted on
the ends of the stops where the router base makes contact, If
you don't keep this debris cleancd off, your mortise will get

| =f

33—
For angled mortises, make
afghnd SUDDOTS To position
stock in fiture [above),
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shorter as the cut gets decper. One way 1o avoid the problem
is to make an initial plunge cut to full depth with the router
held against the left stop and then aganst the right stop
aur the waste berween in scveral passes

Then you can 1o
withour having debris pack up against the stops

The depth of each cut depends on the hardness of
wood you are cutting and on the size and kind of bit you use
Make repeated curs, always left o nght, lowering the bit be
tween passes, until you have reached the desired depth for

Lhe

All this might sound complicated, but you will
i faster and

YOUr mornse

be surprised at how fast it works. 1 have four
I

cleaner cutting than the hollow-chisel mortise

To cut angled mortises in regular stock like those 10 chair
cgs 0 Teccive tenons on stretchers and rails, make angled
SUpPOTTS € hold the stock in the correct relation 1o the bir. To

mortise curved pieces—a chair back, for insuance bandsaw a

piece to fit the side of the curve opposite the cur and use 1t 1o

support the stock when « lamped in the fixoure You can place

the curved support under the st k for mortsing on one side.

[o mortse the adjeining face. suppornt the stock trom the 1n

board side of the fixture using the same curv ece, and a
flat support on botton

For general mortising, 1 use two flute, strmght-tace ts

with %-in. shanks. High-speed stecl, straight-face bus will
work, but they will get dull faster than carbide bits For mor-
tises % in. wide orf more, you can use bits with %-in. shanks,
wihich

because they are stiffer and will chatter less. The best bits for

will perform berter than bits with smaller shanks
curting large Mortises are rw Alute spiral end mills with =10
shanks. They arc cspecially designed for plunge cutung and
for fast chip removal and because of their spiral form they
2 berween

have a shear-cutting action. When wasung 1

2l bits can make passing curs as deep

the rwo plunge cuts, s
as % in, withour protesting

Bur they will start to scream when
you make 3 passing cut that's (oo deep, and you will find
vourself forcing the bit into the work. This is not good, Spiral
end mills will cut effortlessly in a straight plunge and when
taking a lateral pass that's not o deep

You can get spiral end mills made for routing wood
Onsrud Currer M 800 E. Broadway, PO Box
Liberryville, 11 60048 and from Eksgrom Carlson &
1400 Ralroad Ave., Rockford, 1L 61110
dia. and %-in, dia, birs arc under $10, while

8 -in. dia. birs run abour $20 (1981)

from
5500,
Co

Costs vary, bur

f3. Co.,

generally Y4-in

MOTE nd of kocating stock in
the fixt

The business @

t of mormses, Hereisa

¢ can be
First,
This 15 the primary FeIcrcnce

ne fixture

SC .J!H'I [ [Mmica
jge of the fixture, to

near s Cenier

surements. Next, scribe a stop line on the tof

trom the CUttmeg dge of
Witk

1 the stock o

the left of the centetline, the precise distande

e left-hand

o the edge of the router base

stop locke ing the lett
o the vertical centethine
the lefi-h

of the

end of the p

Mow, with the route

sl IE- measuie over

ase, the length

inus the cares the right-

af cur. Jower the adjusting knob unnl the

cumer grazes the stock surface, Then set the depth screw to the depth

of the mortise above its stop: Fimally, back olt onthe adjusting knobsa

To make all of these measurements quick

the bir will clear the stock

reproducible, you can mill a set of hardwod d gauge ble
f measuring, you simply insert the correct gauge block berween
herween the depth screw and depeh

SECAd

the router basc and

stop. ln addition to cutting mortises, these gauge blocks will come in

d STOp, g

for other setups in the shop
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The Frame and Panel

Ancient system still offers infinite possibilities

by lan |. Kirby

carcely another system in the whole range of woodworking
has more vanation and broader application than the
frame and panel. In the frame-and-panel system, picces of
solid wood are joined rogether into a structure whose overall
dimensions do not change. The frame is usually rectangular,
monised and tenoned rogether, with a ErOOve CUL into its in-
side edge. The panel fits into this groove: ughtly on its ends
since wood does not move much in length, bur with roam o
spare on the sides berause wood moves most in width (hgure 1),
Wood is not uniform and as it moves in response to changing
moisture conditions, ir cups, twists, springs and bows, Trap-
ping the panel in the groove inhibits this misbehavior

Historically, the basic technique thar made possible the
frame and panel is the mortise-and-tenon joint, on which |
have already written extensively. The frame and panel is a
basic unit of structure. It can be used singly {a cabiner door)
or in combination (to make walls, entry doors. cabinets). The
several clements of a single frame and panel may be varied al-
most withour limit, and its aesthetic possibilities are infinite.
The lirtle choices made during its manufacture are acstheric
choices. and we can begin to see the interdependence of
design and technique. Neither the frame-and-panel sysieem
nor its joinery can be thoughr of as an end in self. Neither
has any imporance except in application, roward the end of
making a whole thing out of wood.

To overcome the panel's tendency o diston, we make it as
thin as the job will allow, while we make the frame relatively
thick. By doing this we haven't significantly altered the
amount by which the panel will shrink and cxpand, bur we
have rendered it weaker so thar the frame has 2 better chance
of holding it flat. Pancls can be made as thin a8 %5 in. but
such pancis were uncommon before the 19th century because
woodworking tools were not readily capable of such refine-
ment. The thickness of the panel was dealt with in @ number
of ways, the most usual being to raise and field it

Generally raising and fielding are thought to be the same
thing—the process of cutting a shoulder and 2 bevel on the
edges of the panel and thereby clevating the ficld— thar is,
the central surface of the panel. 1'd like o distinguish be.
tween these two terms. Fielding refers 1o any method of de-
lincating the field of the panel from the frame; raising means
curung a vertical shoulder around the field, which may or
may nat be accompanied by a bevel,

Given this system for maintaming panel size and shape
against the hygroscopic movement of wood, woodworkers in
the past found thar the system's elements could be varied 1o
produce different aesthetic results in terms of form, color,
texture, partern value, proportion of pans, highlight and
shadow (figure 2). By carving the panel, we imprint upon it
richness and grandeur. By inlaying it, we make it into a ve-
hicle for the decorative use of other materials, and by using
moldings of different profiles, we change the various propor-
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Fig. 1: Section through frame and panal
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The pattern possibilities sre infinite. The peg holding the panei on center
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tions within the whole. We can alter the mood of a piece by
changing the panel’s attachment to 13 frame,

Within the predetermined dimensions of the frame, the
relative proportions of the rails and the stiles can vary consid-
erably, though it is commeon ta find the top rails 1n a door w
be about two-thirds the width of the bottom rail, and the
«tiles to be about three-fourths the width of the top rail. This
isn't necessary to produce an accepuable appearance, but
many woodworkers build doors as though these proportions
were divinely decreed. Altering them within the limits of
structural necessity can produce a wholesome diversity of ap-
pearances. The proportions of the pancl—the dimensions of
its field. the depth of its shoulder, the width and slope of its
bevel— are all subject to considered alteration.

For showing off highly figured wood, the frame and panel
is excellent. The usual way of doing this has been to resaw the
figured piece and to edge-join the halves into 2 bookmatched
panel. Examples of discriminating and sensirive use of various
frame-and-panel constructions can be found, for example, n
the work of Edward Bamsley, England’s grand old man of
furniture designers. His work, as well as pieces designed by
such members of the Ars and Crafts Movemnent as Ernest
Gimson and his Durch foreman, Peter Waals, illustraces the
fact that generally the plainer form of paneling—overlaying it
onto the frame—shows a highly figured piece of wood to irs
greatest advantage. Rasing and fielding can look fussy when
the wood is highly figured,

The face of the panel can be teated in countless other
ways. You can inlay it with mother-of-pearl, ivory, brass or
other materials, or the field can serve as a ground for mar-
quetry or wood inlay. Carving on pancls has taken many
forms. English "joyners” of the 13th to 15th centuries imi-
tated almost slavishly the tracery and linenfold patterns com-
mon in stonemasonry. It was also common in this period for
pancls to be painted with vibrant colors in a varicty of abstract
geometric designs. In our own century, Mousey Thompson
adzed the surface of quartersawn oak panels for a mild
rppled texture, subtle to touch and sight.

| wish contemporary pancls conveyed such vitality and
served the imagination as well. I'm not saying that we have 1o
paint panels or inlay them or dress them up in other ways. |
am saying that we ought to realize that the panel is an unex-
ploited vehicle for expression, for there is in fact no wood-
working system with as grear a potential for individualization
within its essential structural features. This invites the wood-
worker to explore some of the system’s possibilitics. The
easiest way to play with all of these possibilities is to make a

Flg. 3: Haunched mor-
tise arnd tenan s de
signed for an unstopped
Qrod e,

Rail

Page 56 of 130

full-size drawing, or several of them. to help you visualize the
critical relationships berween the parts. A further survey of
raditional treatments and manufacture of the solid-wood
frame and panel may help contemporary woodworkers to &
livelier use of the system,

The frame — Designing a frame and panel begins with a
cectional view of the two parts and a decision abour the joint
1o be used in bringing the frame rogether. The groove is gen-
crally placed in the center of the frame stock. If you use a
square haunched mortise and tenon to join the frame, then
the grooves can be plowed right through the joint without in-
terruption (figure 3). This s no happy accident. The joint was
designed for the groove to be continuous, because a plow
plane can't cut a stopped groove. When making the
haunched momise and tenon by hand, the question arises
about what to do first, plow the grooves or cut the joint. 1 rec-
ommend cutting the mortises and tenons first. If you plow
the groove first, you obliterae the gauge lines on the mortise
and on the inner edge of the tenon. And nothing is more ag-
onizing than wying 1o cul 4n ACURATE MOTUSE without refer
ence to gauge lines. Also, it's easy to be tricked into thinking
thar you are cutting the mouth of the mortise at the same
rime you plow the groove You can in fact. Bur if your mortis-
ing chisel 1s not exactly the same width as the groove, you'll
find it almost impossible to cut the rest of the mortise 0 an
accurate way. Using a chisel that is too large or too small, even
by a minute amount, makes cutting the maortise walls an exer-
cise i guesswork and error.

If you wish to usc a mortisc and tenon of the sloping
haunch type so that the joint shows an uninterrupted straight
line. then some means of stopping the groove must be
employed. This is quite easily done on a router, shaper of cir-
cular saw by the use of end stops

Anather aspect of the frame that deserves attention is the
profile of its inner edges. Since standard shaper knives are fre-
quently used 1o make molding and scribe cuts in rails and
stiles. I'd like to describe the less common practice of cham-
fering the inner edges. It creates a boundary thart is decisive
and bold, not busy or blurry like poorly conceived moldings.
There are three conventional ways to chamfer the inner edges
of the frame, two of which require redesigning the joints.

The simplest way is to asscmble the frame dryand cura 43"
chamfer with a router, using a bit with a ball-bcaring pilot.
The cut will be rounded in the corners (figure 4) but can be
squared up if desired with a sharp chisel to form what is called
a masan’s miter (figure 5). But if you want the line of the
joint and the outer edges of the chamfer to form one continug-
ous line, then more refined joinery is called for. The first
method involves cutting the tenons on the rails as if you were
making a long-and-short-shouldered joint (figures 6 and 7).
Cut the mortise in the conventional fashion, and then cham-
fer the inner edge of the stile. To accommodate the chamfer,
the long shoulder of the tenon is beveled inward from the
shoulder line. A variation of this method also leaves the linc
of the joint and the outer edge of the chamfer uninterrupred.
But instead of beveling the underside of the long shoulderon
the rail, you remove a scction from the face of the stile to
accommodate the long shoulder. Then the chamfers on both
cail and stle must be mitered to fir (figure 8), Making this
joint requires careful measuring and marking with 2 mortise
gauge and cutting gauge. Chiscling should be done across the
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Fig. 4: To bring the chamfer around the corner in 3 90°
arc, cut most of the bevel before assembly. The comer
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Fig. 8: Beveled or seribed version of long and-short-shouldersd mortise
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grain, and the mouth of the mortise plugged with a softwood
block to prevent the tissue from splintering our.

Don't sand the chamfer if you wish to rerain irs crisp edges
and the fine texture of its woled land. Sandpaper rounds and
softens these critical light-reflecting angles and faces. You
may try sanding, and even ger an apparcnly satisfacrory look
until the finish is applied, but then you will find the crispness
lost and the clanty of the land muddied.

Yet another variation in the design of the frame is not 1o
use grooves at all, but ro lay the pancl in a mbbet cut inw the
edges of rails and stiles. The panel is retained with an applied
malding on the show side of the work, Some mighr think this
method to be a good example of bad workmanship, bur it is
well suited for some types of work, including those using
modern materials. It's worth noting that much of the trad;.
tonal frame-and-panel joinery was done this way

The panel — When thinking about the design of a panel
three possibilities are available: a ficlded panel, raised or nor,
an unficlded pancl and an overlapped panel. According to
the type of design you choose, you must consider variables
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such as the size of the field relative to the frame dimensions,
the width and slope of the bevel, the depth of the shoulder,
and the treatment of the ficld (carving, inlay, figured
waod) —all of which combine 1o determine the finished look.
You can field @ panel withour raising it by cutting the bevel
fight through 1o the ficld and eliminating the shoulder. Bur
it's difficult o get good results when you define the field
with the bevel alone because invariably that critical line where
the two converge will be untrue. It can be straightened out
with a hand planc, bur it's pot easy. Also, panels without
shoulders look indecisive, even if the ficld edge is straight.
It’s common practice when raising a panel o cut the shoul-
der lines first (figure 9). This fields and raises the panel and
gives you an idea of its proportions. You can accomplish this
by sctring the fence on your bench saw to the width of the
bevel and the blade 1o the depth of the shoulder, producing
four shallow cuts equidistant from the panel’s edges. Saw the
bevel by tilting the sawblade o the required angle and set-
ung it to the required depth. When cutting the bevel, 2
wedge should fall off the waste side of the cur: this means
that pressures on the blade are equal right and left. Bur raised
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Fig. 9 The fisld s definad by saw or rouler
culs. You con use a nosed cutfer in your
router to give the shoulder a softer profile.
The beved 15 an at the time of sawing or it

can be cut with & bench rabbet plane. foreed,

pancls are usually more delicate than this will allow. So 1o
minimize blade vibration and consequent scoring of the
bevel, use a sharp, stiff tungsten-carbide-tipped saw and feed
the work gently into the blade.

However carefully you cut the bevel, its sawn face will necd
some cleaning up. It can be sanded, bur you'll have greater
control and get better results using a rabbet plane that's wide
cniough to clean the whole width of the bevel in a pass. You
could also make a jig for your router and make the cuts with 2
properly profiled bit, or you can obtain the fastest results with
a spindlc shaper. The later should be used with great cau-
tion, and you should make three or four passes, removing
only a hirtle stock with cach.

Because the whole system i designed to accommodate the
hygroscopic movement of wood, it's not unusual for a panel
1o travel about in its grooves, sometimes being noticeably off
center. This is easily rectified by driving two nails of wooden
pegs into holes on the inner edge of the frame, top and bot-
tom. so that they capture the panel on center (figure 2.
page 48). The pegs make inceresting little details if lefr shighcly
proud and rounded off. You can ger the same result by apply-
ing a dab of gluc in the center of the grooves top and bottom,
taking care during assembly 1o position the panel properly. It
is normal for the pancl to rattle when apped. The rattle can
be climinared, but need not be.

The panel doesn’t have to be raised and fielded to be held
in the frame. One of the sweercst systems brings the groove
forward of center to creare a flush panel from very thin stock.
This system demands accuracy in curting the top and bottom
shoulders so they just touch the rails. The panel edges, which
move slightly over the frame, can be molded by using a
scratch-stock that you can make yourself (figure 10).

The third possibility exchanges the angular, vigorous look
of the usual raised panel for the softer, more subdued look of
the overlapped pancl. Pancls of this sort are rarcly seen be-
rause most woodworkers hesitate to depart from the more ac-
cepred method, yet they are no more difficult co make. The
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Fig. 10: 4 panel edge need nof be beveled ~ U
Hers it is rabbeted and 5 baad mold run dowrt
its edge. The scratch-stock must be held
firmiy and pushed away from the body. It
should settie gently inte the cut and not be

Fig. 11: The edges of the overapped panel may
be treated in 8 vanety of weys— rounded, bew-
sled or left square. At this stage you introduce
detais that affect the highlights and shadows of
e el

panel is held in the frame by a set of tongues and grooves,
which should not be cut too deep 23 2 long tongue is likely to
curl back {figure 11).

Given the possibilities of the frame and panel, it is surpris-
ing to find them so little realized by contemporary cabinet-
makers working in solid wood Industry, however, has not ig-
nored their appeal. In one method of quantity production,
frame-and-pancl doors are molded from a mulch of the sornt
used to make panicle board. After a few seconds of heat and
pressure, out pops a frame and panel, raised, ficlded and de-
wailed to your requirements, ready for printing with 2 photo-
copy of wood grain. Before the offended reach for their pens,
consider thar if industty will apply its technical and cconomic
resources to such an extent, there must be a strong demand
for the frame and panel, Given this market, there is a no-
ticeable lack of frame and panel being used in a refined and
exciting way by makers of hand-builr, solid-wood furniture.
This seems 2 pity since I've always felt that the cabiner-
maker's shop could be the birthplace of technical and aes-
thetic models for indusirial producuon,

The sad fact of the marter is that there exists an emotional
antagonism berween the designer/craftsman and the de-
signer/ exccutive, and little productive communication is
shared between them. The crafisman suffers the most as a re-
sult, because he closes the door on salespeople, designers.
decorators and others who work either with or for the larger
furniture manufacturers. It does the craftsman linde good to
have a vast technical knowledge, a keen acsthetic sensc and a
shop full of tools if he denies himself contact with prople whao
can market his furniture and wha can benefit from his fidelity
to quality and his innovative thinking. I hope this examina-
tion of the frame and panel will promote improved commu-
nication berween the craftsman in his shop and the larger
world of woodworking. O
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Radial-Arm Raised Panels

You can even make them out of plywood

by William D. Lego

[ —

Fence ..

Four struns
suppart platioem

Make fence. plarform, base and Baso
Struls. of phawood. Screw base o
radial-arm tahie

Platform —

I use raised panels in much of the cabinetry [ build, bue like

many small-shop woodworkers, | can't justify the expense
of buying a large shaper just for chis purpose. | probably
couldn't shoehom one into my shop anyway. Instead, I de-
signed this jig thar allows me to cur all sizes of raised panels
with my radial-arm saw. As shop aids go, this one is pract-
cally buller-proof—you can make it our of SCTAP. SeT it up in
no ame and, when it's nor in use, hang it up on the shop
wall, our of the way.

I built this jig rwo years ago, and 've found char it has two
advantages over a shaper: it's safer o operate and the panels
have smoother, splinter-free bevels. This last poine is impor-
rant to me because | make my raised panels our of hardwood
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plywood and then cover the exposed edges of the plies wich
veneer backed by a thermosernng  adhesive, This veneer,
which | buy in rolls and sheers from Allied Incernanional Ine.
PO Box 56, Charlescown, Mass. 02129, can be applied with
& hot iron, The technique may noc delight the punst, but
with all the cooked, rwisted lumber we seem to get these
days, using plywood saves the nme and fruscragon of gluing
up solid stock and then milling ir flar. This method seems
bese for panels thar will be painced, bur if you apply che
veneer carefully, you can ger decent resules with clear finishes.
Of course, the jig works just as well with solid wood panels,

As the drawing shows, my Jig consists of an indlined pla-
form muounted on a base thar can then be screwed ot clamped
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o the madial-arm table. You can expeniment with the plac-

form angle, but 15° is a good starting place. I'm kind of a

safety nut, so [ insralled a hinged guard above the pount
where the blade projects through a slot in the pg’s fence. The

guard has to pivot only slightly, but don't use 2 ngd guard—
the panel offcuss might jam between the blade and the guard
To collect dust and chips, 1 used construction adhesive and 3
fow brads to mouant & 2-in. PVC elbow i the fence behind
the blade, then connected the elbow o my shop vacuum, as
in the photo at top left

Once vou've built and positioned dhe jig. make some test
curs and adjust the height of the saw until the panel bevel
capers to a perfect fit in the grooves of the frame it will go

into. as shown in the |.|.I'3U-|r'-,: at lefr. To vary the sze of the

filler between the bevel and the panel's rased field, move the

caw roller head in or out. Sceel combinanon blades work well

for panel-raising, but because they dull quickly, | finc chat 1

have to install a sharp blade after rasing a half-dozen panels
or 5o, A carbide-tipped blade would last longer If I'm using
solid wood, T sand the sawmarks off the bevels using a
Sears B-in. sanding disc with a 2°
9GT 2

small, conical-shaped section instead of the wide. swirling arc

raper (caralog number

4). This mpered disc contaces the wood with 3

of a flar sanding disc, thus leaving fewer sanding marks. You
don’r have to sand the bevels of plywood panels, since they il
be covered by veneer mpe anyway e
Bill Lepo ouns and spevates a six-man cabinet shop in
Sprimgfield, Va.

Page 60 of 130

PVC elfbow, l2ft,
hebimd b Jemce and comsected o
varuume collects fhe auif
e Lot Dumel: ool
from Lego 3 panel-ralfidg NEp -

y Iatcing 1k
(PL Op -..I'l...'.l'f ¥ Ja@
fepveli
belot tliustraies Jafe band post
Hon for Freding a plyeood panel
past the sau blade. Hinges artach
fhe guard i foe fewce, i
..n"r.|._'."-'.'."'|. o

PN e FE A a‘l

. place before
Fence
LT

Ly
fhade i.'l".u‘

The phoro

_ el

Expased plies on the bevels of & plywood panel
¢ ance they are covered with adbe-
are, ey look fine
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and they will rake an excellent paimt finish,
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Decorative joint enhances frame

For my cabinet doors 1 use a simple frame-and-panel con-
struction with mortise-and-tenon joints. The method de-
scribed here allows me to add a decorative molded profile 1o
the inside edge of the frame, without having w cope the
molding joint at the comers or to go to the trouble of mak-
iNg 4 Masons miter.

First | mill all my stock o the same thickness, cut the
frame members, mortise the stles and renon the rails. After
the joints have been firted, 1 plane Lis in. or so off the face of
each rail. This step puts the face of the rail on a different
plane than the face of the sule. Now you can rout a shallow
{no deeper than ' in.) profile on the inside edges of both
stiles and rails, Of course, the decorative molding runs the
length of the stiles rather than stopping at the inside edge of
the frame. The effect, though not traditional, s handsome,
and the resulting doors are strong and light.

_Pat Warmer, Escondids, Calif.
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The Scribed Joint

Masking wood movement in molded frames

by Mornis ]. Sheppard

‘J:r':’.'rl moldings meet ar an

ing 2 pancled door, they can he

nside cormer. as in fram-

mitered by cutting cach piece to
a 43" angle. The joint is quick
and it looks fine untl wood
movermnent inevitably opens up

the miter. Seribing the join

5
an altemative w the mier. In
this method, vou cur the rail

o the cXacr reverse seq
twen of the molding it will over-
lap on the sule. Ths allows the
wood 1o move without breaking
the joint. Where a cencer rail
meets 4 stile the scribed mold-
ings will shide and remain tighs
In

I've used an avolo

cven with seascnal MoYCment
this |

AT,

molding or “sticking” on the
trame parms. 45 shown in figure |
However, any molding excepi
those with vndercurs can

be
scribed ndercut ”'"I'-l”'J»-'
must be mitered. A version af
called th

the scribe ¢ copc-and-

stick joint be done on the

shaper or 1e bur you

oner ar

ger excellent results by scribing
with hand tools

You'll need a small backsaw
chiscls. a gouge and a muter tem-

plate. A commerially-made template 1s brass, abour 5 in

fong and cut toa 45 angle ar cach end, You can make vour

own out af wood, but make sure it 15 dead accurate. Owala

siicking s seribed with an in-cannel gouge whose radi s

matches thar of the molding

Cal !i ST

You'll need a Eouge o manch
of mo

ng vou want ta sciibe. Put a keen edge on
the in-cannel by working the inside bevel with 2 slip stone
and then remove the burr by holding the ourside of the taal
flat against a benchstone. Don't double-bevel the edpe as vou

wirild

acarving gouge. If you do., it won't cur straight
Prepare vour framework as vou usually do. In my shop, we
maortse the rads and the stiles on the slor mortser then inse
it |.-|._|'-|' tenon. You CAn LUse 4 |1||'-'-r_" JoINt Of & conventional
moruse and tenon, but when « urting the rails remember that
their shoulders fit to the bottom of the pancl rabber and nm
o the inside edge of the molding. Mill the molding and the
rabber along the full length of the fails and stiles

Begin the seribe by cutting away the molding on the stiles
where the rails meet them — at the stile ends and the cer ter oof

the rail f 2 middle stule is used

The molding should be oLt

54  Fine Woodwork
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RS ey

back cven with the depth of the
rabber and ought to align with
the listel on the ral To RECT an
accurate mark, hold the ral
the stile and strike 2

I'h

apainst
knife line

as in figure 2 1
saw down with the backsaw, be-
ing careful not 1o go decper than
the rabbet's depth. Remove the
waste by paning with a chisel ar
by bandsawing

Now move ta the rails. Place
the muarer [emplate over the
molding at the end of the il as
in tigure 3. Align i so the micer
cut will end exactly at the tenon
shoulder; use the rail listel as 2
purde. Fix the templare with a
clamp and then uwse a sharp
chisel o pare away the waste
O the final cut, rest the back of
the chisel firmly on the miter
With the muter cur

eI

the contoured edpe of the mold-

ing outhines the scribe curs

which are then made perpen-

ducular o the edge of the rail

Cut straight down with a straighi

chisel at the listel, and with the

-cannel poupe make the con-

WETE AT vave shape that will marte over

the stule molding (figure 41 Sev-

eral cuts may be needed but the trick s 10 make the last cut

precisely at the mark outlined by the mier, It helps 1o stand

directly above the work with light from the side, casting a

shadow at the outhined edee, 1t the goupe 15 keen, it will be
easy 1o place i rght on the ine, and 3 firm F.L.\h will be all
Be careful h the thinnest comer of the

thar's needed Wil

scribed molding, as it prone 1o damage. Hold the gouge

square 1o the work or 2 gap will show in the fimished joim

Use a small chisel to clear up the bottom ol the cut

The senibe joinr will also work in frames with a gproove for

the panel instead of a rabber. Then the maolding on the ends

of the sules pers cut away o the bortom of the groove and one
wnon shoulder 15 offset o accommodare the rear wall of the
ove (FW #18, p
Cut accurately. the soribed pieces should slide wgether per-

And thev sh

T} ]

tectly, as in ligure 5 wild stay thar way through

MANY 5Ca%0ns of wood movement

Marris | Sbheppard destgni and makes furniture and cabiness

\mgele:, Calrf
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Fig. 2: Marking

kg & ted

' Fig. 1: Scribed joint
with loose tenon

Fig. 4: Scribing the molding

Fig. 5 The finished joint
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Entry Doors

Frame-and-panel construction is sturdy, handsome

by Ben Davies

Exterior doors are the problem child of architectural
design. They are required to perform three funcrions: seal off
an opening from the extenior air, open ro allow passage :nd
then resezl, and be ateractive, All this from wood, a mare-ial
that can change in size as much as an inch over the width of a
typical opening. While each of these functions might be s=p-
ararely accomplished wich ease, their combination inro anc
design creares problems

single-panel board-and-batten constructions of edge-glued
lumber are generally too unstable for exterior doors. They cast
or wind unless great care is taken in the selection and scason-
ing of the lumber. They also expand and conrract so much
with the seasons that sealing against the weather is TP
sible. These shorrcomings can be overcome by using frime-
and-panel construction and, in face, most doors sre made this
way. The style is relatively stable and offers grear flexibility of
design. Even the familiar commercial vencered doors are a
variation of the frame and pancl—rthe panel is reduced in

56  Fine Wood wirking
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thickness ro veneer and glued over the frame rather than in-
serted into grooves, and cardboard honeyeomb or wood cores
support the veneer. These doors succeed admirably in the first
two functions a door must perform, bur faill miserably ar
being artractive

The frame-and-panel door has been in use for so long thar
s construction is well understood, and variarions on irs de-
signs have been thoroughly explored. When any construction
method remuins dominant for hundreds of vears it can mean
only that it works quite well

The standard size for enrrance doors of new construction in
the United Staces is 3 fr. wide by 6 fr. 8 in. high. A walour
door of this size can weigh 80 [b. to 100 Ib. or more, depend-
ing on the thickness of the panels and the amounr of glass
This is considerably heavier than a sofrwood or hollow-core
door of the same size, and great care must be taken 1o ensure
that the joints are well designed and well constructed.

I have seen a number of doors fail thar were construcred

if cOrmers IN raied

Routed stickimg irops shors
Lanel door, left, bat continuer aroand cormers af
far-panel door, cemter. Both are Howderds ma
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p e
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ed stcking combined witdh moldiag

EP Family Exhibit 2009



5 i
N A
/ Foinl A
i rd
IR
.l |_ |
A
I Left, the pariiafa
|| dour; right,
! - dragram af the
E ;if_"“'"; -‘T-f‘i_,r: farcer invalved. {0 A

= i

effect, the enirre
werght of the door
is fransmiried 1o
the hrmge 1idle
thropgh point A
Erery powwd of
doar werpdt adsls
five poundrof
straim o the réwom
am the hange ode

Machime made temon
wirh bipna dowefs,
left, i1 a1 stromg a1
traditranal bawnched
s wedged pamt,

Hastdmrade through fenos,
bagnched and wedped, may
evemipally protrade

Seqional movemens sud ey
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with 2 mortse-and-tenon joint pinned through the check
with dowels. A stronger joint 1 onc with blind dowels in-
serted into the end of the renon and bortom of the mortise. |
use a 3-in. deep mortise and tenon with three or more 1/2-n
diamierer blind dowels 1o join the stiles with the rails, Interior
parts of the frame, such s muntins, dre joined to the rals
with smaller renons, usually made o fir the groove cat for the
pancls, and arc also blind.doweled. For flat panels I ordinari-
Iy use & 172-in. deep groove in the rals and @ #/4-in. deep
groove in the sules. | have found that this difference 1s usually
sufficent to compensate for the grearer shrinkage that occurs
across the grain of the panels,

Several factors: make blind dowel pins preferable to
through-the-cheek pins. The first is visual. Dowels through
the check are often chosen because they give the same sense of
rigidity to frames as doverails give to casework. While they do
make a door look sturdy, the tme will surely come when that
particular effect is not wanted

More importantly, | believe the blind-doweled renon 1o be
seronger than one pinned through the cheek. A tenon with
blind duwels need not be haunched because the dowel pins
not only make the renon effectively longer, buralso transform
4 stub renon into a haunched renon. Thus the glue arca of the
renon becomes abour one-third grearer. And 2 stub tenon cin
he made more quickly than a haunched tenon,

Dawels perform two main functions. One is to prevent the
tenon from sliding our of the mornse and the other 15 o
counteract the bending moment of the weight of the door
about the poinr where the tenon enters the stile. The lever
arm through which the through-the-cheek dowel mus ace s
necessarily about 3/4 in. shorter than thar of the blind
dowels. In 2 3-in. tenon this difference translates into 23%
greater strain on the pins_ It is very important (o understand
that on a 36-in. door with stiles 6 in, wide, every pound of
door weight adds abour 5 Ib. of strain 1o the dowels on the
hinge side of the door, The wider the door and the narrower
the stles, the more intense the leverage The maxymum
length of a through-the-cheek dowel is the thickness of the
door, whilc the blind dowel can be rwice as long as the width
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of the stile minus the tenon fength. The extra dowel lengeh is
significant because part of the glue line berween the dowels
and their holes s end grain joined o long grain.

I have not discussed the through wedged tenon because
this joint must be made by hand, 4 rlarively rime-consuming
operation. However, the joint is strong, although in the long
run the renon will prorrude slightly from the sule,

The total sirength of a blind doweled mortisc-and-tenon
depends on two factors: the shear strengeh of the glue line
thar joins the cheek of the renon to the wall of the mortise,
and the lesser of the tensile smength of the wood in the
dowels and the shear strength of the glue line around the
dowels. The dowel joint is strongest when the outside dowels
arc as far apart as possible withour getting so close to the end
thar the tenon is sphit by hydraulic pressure from the glue.

A mortise and renon can be strengthened by mereasing the
size of the tenon, thereby inereasing the glue area. The thin-
ness of the glue line is also quire impartant—the thinner the
better, The smoother the walls of the mortise and thi sides of
the tenons, the better the adhesion of glue ro wood. 1 use a
chain mortiser to make the mortise, and for the tenons. cither
a tenoning jig on the table saw or a single-end tenoner, which
curs with a eylindrical head like a joinrer. But the tools used
are not s important as gerong a close fir

While the decline and Fall of Western civilization is widely
anticipared, these things do take time, and until the event
actually occurs there are few circumstances in which a door
will be exposed to moisture other than that which 1510 the air.
Therefore | generally use aliphatic resin (yellow) glue on deoers
thar will be protecred by a porch. This glue has worked our
well in practice. In order to be classified “waterproof,’’ a glue
joint must withstand boiling water tor some hours withour
losing strength, If you plan o bail your doors, phenol
resorcinol glue is what you want. No macter what glue is used,
be surc to seal both ends of the door with polyurethane
varnish, even if the door is to be delivered unfinished. This 15
often neglected by the painrer,

Wooden panels for a door can be flar or raised. Raised pan-
els are somewhat easier to fit, because with flar panels the fit
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derad Law requires manufacivrers o wig fempered pl.

{ deaded glajy panwels a iomg a5 wo amgle piece

must be precise—very nearly tight encugh to splir the stile ar
rail but not so righr a5 o actually do it Something can be
ganed by slightly tapering the edge of 2 panel by a hard
plane or belr sander bur this requires a very light touch. Any
irregularity or dip left by the plane will show up distincdy
where the panel cnters the frame. When using panels of
gloed-up stock, it is a pood idea to design the door so thar ro
panel is wider than abour 12 in. Thas is particularly true where
there 15 a cutour in the center for glass. If the panel and glass
fic tightly, the wood of the panel may split ar its narrow poir ¢
when contracting, rather than moving In s grooves., Cf
course, don't fragment 2 design just to obtain narrow pancls

It 2 wide panel is necessary, Rar-cur veneer oves plywood
will give great stability. Or large pancls themsclves can b=
made up as another frame within the frame of the rale and
stiles, if the changing grain direcrions do not do viclence 1o
the design. A numbser of coars of palyurethane varnish on the
door will inhibit the transfer of moisture from wood to air and
reduce the shrinkage-expansion oscillations

Often an integral part of the doors | design s a piece o
stained plass thar is curved or in some other way no-
rectangular. Installing the glass in the trregular opening can
be a problem. The easiest solution is to let the glass into a
groove when gluing up the door, in the same manner as for =
wooden pancl. This is quick and convenienr. bur impassible
to repair. It is best to avord this method unless the doar is £0
ing ta lead a quier life in the interior of 2 mavsoleum. Gentle
curves can be glazed with moldings of ssccamed wood . First -
rabber is cut with the router, then the glass es bedded in gla:-
ing compound, and finally the molding 1s steamed and pur
into place. | somerimes make 4 virrue of the necessity for fus-
teners o hold the molding and work brass screws into the de-
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sign. Silicone caulk is excellent and long lasting, bur it 15 also
a glue and the window will have 1o be cur loose with a razor
blade if it has to be removed. If curves are oo acure for
steam-bent wood, an extremely flexible brown plastic panel
retaner can be used. It is available from the Woodworkers
Supply Store, Rogers, Minn. 55374

It neither stcam bending nor plastics is appealing, you can
use the band saw or sabre saw to cur a molding our of solid
stock to fir the line exactly where glass and wood meer. This
warks well, bur is time-consuming. Leave the stock 172 in, or
more thick, make the curour, then fashjon some detail on the
edge complemenrary 1o the sticking (the shape cut into the
inside edge of the frame) on the door

The sticking on all commercial doors is done so thar the
detail runs the full length of the stile. lrs mirror image, called
the cope cur, is then made on the shoulder of the renon The
cornet resulting when the door is assembled is a crisp line,
much like that made by mirered molding.

The most cconomical way for a small shop to make these
cuts 4s with marched coping and sticking cutters for the
shaper. Knives can be purchased with standard copes and
stickings already ground and man, companies will grind a set
to your specifications. | use a single-end renoner with cape
heads, which 1s somewhar more cumbersome to set up than
the shaper bur has the advantage of easily CULLIng 2 [enon 4s
long as 3 i, and making the cope at the same time. Also.
matching beading and coping bits are available for the router,
and one could fashion 2 set of wooden hand planes to do the
job. Skill and patience with hand tools can make a joint as

well as 2 ton of machinery can, and also will lead one in che
direction of simpler, less clurtered designs
Relying on sticking 1o provide the detail on the inside edge
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of the frame works well if the panel design is rectangular and
raised panels are used. However, when the design includes
curved or flar panels, 1t 1s often betrer to eliminate crsp cor-
ners by cutting the stcking with a router after the frame is
clamped up withour the panels The effect is to soften the
corner, draw the eye away from the frame and emphasize the
shape of the panels; Although subtle, the difference is
important to the overall feeling of the door. Attention s di-
verted from the outline to the interior, for the most part un-
consciously. Generally, soft corners are best suited to less
formal designs, although this is not a hard-and-fast rule.
Making use of this derail can be a powerful ool for the
designer in trying o achieve a desired effect.

Moldings around the panels pive a similar effecr
conventionally cur sticking, bur far more depth and decail are
possible. The door can be made up with everything square
and the moldings then glued into place. There is a problem
here of wood movement, best solved by fastening the
molding 1o the frame, leaving the panels free o expand and
contract. Silicone-type glues will streech a grear deal while sall
holding their bond. Betrer yer, pur the molding around the
panel like a picture frame, with a channel or a rongue on its
outer edge to fir to the door frame. No glue 15 needed to hold
the panel or the molding in place

Lately I have been experimenting with a molding thar s
H-shaped in cross section, with excellent results. The open
ends of the H are cut to fit the stiles and rails on one side, and
to fir the thickness of the panel on the other.

It 15 difficult for me to say anything really useful abour
design because only its superficial aspects can be discussed
meaningfully. Much nonsense is spoken and written in an
atrempt to intellecrualize siyle and lump it rogether with
technique. More often than not, good design is a marter of
trial and error combined with the designer’s abihty o
recognize those combinanons of color and form thar succeed
and, just as important, those that do not.

A number of design technigques, although they will not
generare successful designs all by themselves, are nonetheless
helpful from rime to time. One of these techniques is to use &
geometnic form where possible rather than a free form.

Beveled plass takes on a multifacered gemlike appearance
when used in openmgs thar are regular or irregular polygons.
These same polygons around a free-flowing picce of stained
glass give a visual reference that controls the curves on irs
interior, | suspect thas explains why An Nouveau was less
successful 1n architecture than it was on a smaller scale. Its
painrings were bounded by recrangular frames and its small
objects and furniture by rectangular walls. Irs architecrure had
no regular boundary and consequently appeared grotesque.
Descriprions of space will go where they will but the human
mind is Euchdean. And why should these geomerric devices
not succeed? Much of the diversity and beauty found m na-
ture has as its foundation the geomerric, crystalline structure
of inorganic marerials. A designer can do a lor worse than o
mimic nature. At least it helps avoid appearing contrived.

Another interesting tool comes from the anthmetic series
0,1,1,2 3,95, 8 13, 21, 34, and s0 on. These are called Fi-
bonacci numbers and each number in the series is the sum of
the rwo preceding numbers, Afrer the series has progressed
for @ while, the ratio berween any rwo adjacent numbers sia-
bilizesat 1.618. All this would be only of academic interest if
someone had not noticed thar the Parthenon fits neatly into &
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rectangle whose wideh 15 1.62 ames its height; that the ex-
quisite, logarithmically spiralled shell of the chambered
nautilus can be generated with this ratio; that the propor-
tions of some of Leonardo da Vinci's paintings, as well as
those of Mondrian, seem to be determined by this rario, A
recrangle of this propornion, known as the golden rectangle, is
frequently used in art and architecture. It has obvious appli-
cations to both doors and casework. Of course we do not want
every rectangle to have these proportions, but it can be help-
tul to know the relationship.

These examples do not begin to scratch the surface. They
are from one category of one mode of our awareness. Thar is,
they are visual and oriented toward form. Within the visual
mode there are also rechniques for penerating color and
texture, And most often neglected are the orher senses:
smell, rouch and hearing. The interplay and blending of
techniques with 3 marerial as diverse in 115 nature as wood
allows limitless possibilines for design.

And yet, when a door or piece of furniture succeeds, 1t is
due 1o the designer's sensitivity rather than o manipulation
and awareness of techniques. In much of the work where the
golden rectangle has been found, the designer was unaware of
the mathematics involved ; the propartion just Jooked nghe.
No doabe it is very easy to do a perfectly hideous prece based
on the polden rectanple, or on any geometric fipure for thar
matter. Technigues are just toys with which to play—they do
not guarantee good design. Good design is simply done, not
generared by formula. (=]
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Paneled Doors and Walls

Colonial workmen relied on the right planes

&y Norman L. Vandal

'I"hr carliest architectural application of bevel-edged

pancling is found in wide-board wainscor, which covers

of actually conseruces the intenior walls of our oldest houwses

When applied 1o the intenor surface of exterior walls, this

wamnscor was naled horizontally to the veroical steds or plank-

ing which structurally supplemented the posts. Smoe the

braced frame integrated with the chimney mass could suppor

A 5000

nd ston

interior walls were never load-bearning, and in

fact were structurally unnecessary. To divide chambers. and

to provide a fimished surface in both rooms, early house-

wrights used wide boards joined at the edges and fastened to

floor and ceiling beams

These walls were from 1 in. o 1% n

thick, the same dimension as the boards

The conventional onguc-and-groove joint with the addi-

ton of 3 decorative bead was sometimes used o join such

wainscot. but a beveled edge ser into a groove on the adpomn-

ing panecl appears o have been most common. For consrane
thickness and to make a wall with bath surfaces in the same

plane, the boards were beveled on both sides, resulting in a

decorative fearure visible on both sides of the wall. Feather-
edged paneling is another name for such a wall treatment
Panels joined by a simple tongue and groove had the unde-

sirable habir of showing shrinkage as the two buited edpes

pulled apart Feather-edged pancls, having no disomer divid-
ing line when viewed face-on, belied movement with the

sCasons, an important reason o use this type of joint. The

beveled-edpe joint was also used to construct intenior and ex-

terict plank doors. Wide boards were jomed m the aforemen-

riwned manner and held weether by clinch-nalled batrens

Exterior doors were made of double-layered boards, the in-

side layer being horizongal and chinch-nailed through the ver

tial exterior layer, Onginal doors of this type are quite rare

ttme and weather having taken their toll

In work dating from late in the 1Tth century we sec many

T8th cemtnry firepilace wall tn @ Massachuseits bouse; restared  Kichew wa Built and wiialled Yy anthor, dering restoraton
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Fhe paneled wall cfmee) wedb o own wocd@uldry —one il

¥ wwd i modern dictriranel. Here are workmy defomition

Fielding {or cising}—Sawing or planing a shoulder and 4 bes
eled edge all around a recrang

cerner field thereby Becomes msed

panel  The wnoouched

Mullion—¥emucal merber within a framework. Also called 4

MU, esf ally v windows

Ranl —Honz

of a frame. w hold a panel. Rails are wenoned at bath ends

| sercks of wood tormung the top and bweom

Stle—Venical sricks of wood forming rhe ourside edpes of 4

holds 2 pasel. Sciles are momeed ar both ends

Iramic that
Frame—The rails and siles, grooved on thewr inner edpes, and

assembled around a panel

Stick—A long. narrow picce of wood sunable for making into

rails annd suiles. The prodess of planing a molding inie the edge
of a siick s called ssicking, and so s the resulr. Such a molding
15 said 1o be stuck (a5 qpposed 1o 3 separare maolding nailed ar
plued o place)

Spring-—The angle at which a plane 13 held o che soock

Panel profiles Rail and Stile profiles

ceRiury Bokie
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Tlhmiduanm ©lrimiogebir Clapps

more ravsed-panel doors. A framework of morused-and-en-
oned fuly and spiles formed the strociure that boused the
pancls, which were beveled bike the feather-edged boards A
groove was plowed into the framework’'s intenior edges. into
which the panels were firted. On feather-edged boards a
bevel was planed only upon edges running with the grain,
whereas for raised panels. a bevel was also cut across the grain
an the wop and bottom edges. Many of the earlies doors had
two wide pancls. one above the other divided by 2 center rml,
Later, tour panels. two above two, became most common,
The grain of the door panels always ran verucally, and the
outside sules, or vertcal frame members, extended the tull
length of the door Panels were never fastened, and were
allowed to expand and contract freely ver invisibly.

On one side of a door. the mside cdges of the rails and
stiles were often given a decoranive molding, mitered a0 the
intersecting corners and forming a frame surrounding the
raised pancls. This treatment became the rule for most doors,
despire the complicavons it caused in the making of rthe
joints. Some doors were molded oo bath sides, bur these are
as scarce as they would have been difficult 1o make

e S

.ﬂ'egumr ramng mane i held ar 50°
to pane! surface,

Sprung rasing plane is held at S0¢
to bevel surface

Shoulder angle is greater than 50°, thus the same plane can feld
panels of vanous thicknesses.

Shoulder angle of 30° s possibile
on planes used for & single pane!
thickness

. but on MWoker stoch Jr.r:h @
plane underculs he showlder.
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Near the end of the 17th century. wainscor on the surfaces
of fireplace walls was replaced with seaions of raised paneling
joined in the same manner 25 the doors. An exception was the
occasional use of an ungooved framework of rails and stiles
with rubbeted edges, on which bolecuion-type moldings were
applicd 1o house the raised pancls. In all but rare examples,
the decorative molding on the rils and stiles apparently was
comstdered a necessary elemem of sivle. The back surfaces of
raised- pancl walls were never finished off unless they divided
chambers and were visible in both rooms.

Toward the muddle 18th cenury, rased-pancl walls were
neatly always of prear beauty and siyle. Propormons were re-
fined and rhe jomery was exacang. Walls adjoining the fire
place walls were sometimes sheathed ennrely with wainscor 1o
a height of abour 3 fi —the level of the window sills—and
finished off 1o the ceilings with plaster, Stairways and en-
teance halls were embellished with paneling conforming 10
the geometrics created by the angles of the stair stringers
Raised-pancl walls were integrared with omate cupboards and
fluted pilasters supporting elaborately molded cornices.

In the lamer pan of the Georgian penod. the mantle with
overmantle became the point of interest and portons of walls
which were formery paneled were now simply plastered
With the Federal peried. rased pancling had all bur disap-
peared. Even the overmantle was deleted as the fireplace sur-
round became the focal pomnt Only the raised-panel door
survived , its form and funcuon being unsurpassed

Panel-raising plianes — Pancls that were raised, or fielded,
with raising planes exhibit rwo rell-rale characterssucs. The
shoulder of the beveled rabher, where the feathered-edge
meets the raised surface of the panel, is never perpendicular
to the surface of the panel. Careful study of the soles and
irons of planes will substanuare ths facr

Raising planes cut the shoulder and feathered the panel
edge simultancously. Because a single plane could be used 10
field panecls of different thicknesses, the relatonship berween
the angle of the bevel and the surface would have 1o vary. If
the plane shoulder was designed 1o be ar a night angle. on
panels of heavy thickness the shoulder would be at an angle
less than 907, with obvious impractical consequences, Design-
ing the plane to cur a shoulder bevel ar greater than 90°
avoids this problem . OF course the width of the groove also
hecomes a factor 1n the angle of the bevel.

Second, carcful study reveals a convex sole on many planes.
and a consequent concaviy on the beveled edges of many
pancls. Mot all plancs have this feawre, however, and it
would be foolish 10 assume thar pancls with a flar bevel were
not fielded with raising planes. On many plancs, this convex-
ity is actually a sole with rwo surfaces meeting ar a shallow
angle, irs vertex where the panel would be fully seated within
the groove of the rails and stiles. Planes of this sort, and those
with a canvex sale. have an advantage over the flar-soled type
because the cabinermaker can fic his panels 1o the groove with
greater accuracy—the pancl cdge resembles a wngue more
than a wedge.

Rasing planes will sear themselves when the depth siop
comes in conact with the panel surface. the cur being com-
pleic However, the angle ar which the plane s held w the
stock will determine the thickness of the mpered edge. Scrih-
ing a line with & marking paupe and holding to it with the cur
i one way o obrain consistent aoiuricy. A grear many raisimg

EP Family Exhibit 2009



L
| |
— = — == = |
— x - — F==
| ] I

LI J0 0 LAL Iy L

Parlor paneling, Forbes ar Barmes House. East Havew, Comn., from The Domesiw Archnecrure of Conneciow &y 1 F Kedfy, Yale Unireriiy
Prens, 1924 (Daver, 19031, The darted fwei, adfded by Vamdal, mdcate pmis between rasli. stife) amd mraffiom,

planes were made sprung, that is. they had to be held per-
pendicular 1o the bevel surface and not to the surface of the
panel. This allowed the planemaker to make a nghrer throa
on the plane, greatly improving the smoothness of the cur

Panel-raising planes, regardless of basic type, always had
their irons sev onoa skew. This facilitated curting across the
grain on the ends of the panels. Planes that have a spur currer
or nicker preceding the won are ot an advantage over those
without, as they pre-cut the shoulder and eliminate tearing
across the grain. Planes with an adjustable fence allow the
user a greater variety in panel-edge widths, but do no func-
rion any differently than the fixed-fence variewy.

Fean vividly remember questionimg a friend's purchase of 3
rasing plane, thinking my own method of wang fillester and
block planes quite effective in ficlding pancls. Combining ef-
forts on 4 project with this same friend gave me the oppor-
tunity to use his plane. lts effectiveness was unquestionable. a
spertal tool perfarming a very specific funcrion

The thickness of the edge of the panel could only be derer-
runed from the actual width and deprh of the groove plowed
e thie rails and stiles. For this reason frame stock was prob.
ably goten our fiest, then the panels made 1o fir the dimen-
sions of the preassembled rails and sules. Stock for the frames
was grooved with enther the conventonal adpustable plow
plane or with a plane similar o the groove plane m a ser of
match planes. Afterthe frime stock was grooved or plowed, if
a molding was 10 be used, it was now stuck with the proper
plane, The grooving and molding combination plane elimi.
nated this second step, as it could cur the molding along with
the proove. The scarcity of this plane indicates that 3 two-step
procedure using the plow and molding planes was maost com-
mon. The 18th-century molding plane shown on page 61
{second box from rop) has an ovolo bead configuration found
on a number of Federal-period doors.

The molding was stuck upon the entire edpe for the full
lengih of the stock. The excess where the tails and stiles meet
was later removed in the mitering and morusing process.
Tenons were cut anly upon rhe rails, and were of a length
allowing them to pass through the mortises in the sules.
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Keeping the thickness of the tenon the same as the width of
the groove facilitated making the morese, bur was nor always
the rule, In builldimg a door, for example. the rails and soles
could be cur to dimension, the stles being the total heigha
and the rails the 1otal widih. The outside stiles. extreme ver-
tical members of a panel framework, extended unbroken for
the unit's full height. The two extreme horizontal members,
the rails, extended unbroken berween the outside snles into
which they were tenoned. Within this framework various ar-
rangements of panels and framework could be devised

Making panels — In reproducing raised-panel work, there
are five basic principles necessary for historical accuracy. Firse,
the cabinermaker must extend s tenons entirely through the
ourside sule stock. Second, be must observe the mil and sule
relanionships menoened in the previous paragraph. The dis.
conrnuity is immediately apparent when a rased-panel door
iwhich was designed to hang vertically) is recveled as an over-
mantle. Let the doors remain doors. Third, he should field
his panelsin a manner resembling those fielded with a raising
plane. Panels may be gorten out with various types of power
muachinery, bur the ime could be betier spent making a ras.
ng plane which could be used repearedly. Fourth. he must
fully house the tenons within the sules, and nor cur corners
by making deep slots in the ends of the siiles to accept the
tenons. Doors made with slip joines can be pulled apart from
top to bottom and are inferior in their ahility to control
seasonal movemenr, Fifth, be must nor misinterpret the rela-
tionship between the tenon. the groove and the miter ar the
interseceion of the molded edges.

Since the molding is stuck on the inside edge for the entire
length of the frame members, that portion of molding where
the stiles join the rails must be removed, ds shown in the
drawing on the next page. The molding on the stile is first
mitered with a sharp chisel guided by a pre-mitered block
clamped to the stock. The waste beyond the muer cur s then
chiseled off or sawn off with a fine backsaw, so thar the
shoulder of the rail can butt against a flar edge on the sile.
The molding of the rail must be mitered 1o tin the molding of

Joinery 63
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Chisel out waste-—
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_— Both rrered

Shoulder on back & shodter
" by mxac) width of molding

Mikding

Through morise

Mitered mortise and tenon jeint of rail and stile

the sule. Where the molding is not contoured. ‘as on the
hacks of the rail and stile above, it needn’t be mitered, and a
simiple bute joint suffices. Simply cut the rail shoulder so that
the back face of the tenon 1s longer from end 1o shoulder than
the front face, by the exact widih of the molding.

Instead of the muner, a coped joine was most lrequently
used to join the moldings at the intersection of rail and sule
Here one malding s cut away so that ns profile exactly and
neatly fits over the adjoiming molding. As with the miter. the
joints on the reverse side of the door or wall unit are simply
butted. When viewed face-on, the coped joint looks the same
as the marered jounr, and it someomes rakes varcful suudy o
differentiate. The coped joint has one superior featare: It
overcomes separation of the miter due to cross-graim shimk-
age. The coped portion moves over the adjoining malding
like a slip joinr. If doors or walls are painted duning humid
weather, the coped joint becomes apparent in dry weather,
when shrinkage draws the coped ponion away from the line
of paint and reveals an unpainted secrion of molding.

Only frame members having a tenon, generally the rails
and center o mullion stiles, are coped. The moldings on the
morised members, pencrally the stiles and where the mullion
stiles fir into the rmils. are not coped. They are cur off square
and perpendicular to the length of the stock, flush o the
ends of the mormises,

The coping 1s done by first mitening the molding. as on the
fully mitered join. The actual cope cut is made with small
carving gouges ar a nght angle o the face stock along the
curved line crrated where the contour of the molding meees
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Coped mortise and tenon joint of rail and stile

the plane of the mater cur. Thas line represents che shape of 2
maolding of the same configuration coming inta the coped
molding at 907, It 15 imporam to note that m using either
the coped or muered joint, the moldings stuck upon the
edges of all frame members must be consistent, The coped
portion of molding should fir snugly over the adjoining
molding when the tenon 15 fully scared

The pin holes, having already been bored through the
stiles, are now wsed 1o locate the drilling points on the rail
tenons, These are bored slightly closer to the shoulder of the
tenon, so that the joint will be drawn topether when the
framework is pegged during final assembly. Pins are riven or
split. our and then whitled 1w approximare roundnes: A
shight taper s helptul in drawing the joine, and can also be
casily whittled. The irregularities in the pin are enough w
hold it within a perfectly round hole, bored slightly smaller
than the rough diameter of the pin. Splitting and shaping
pins require little effort, and scrap stock can be used

In this day of power machinery and sophisticated glues and
laminares. the ar of geting out a reised-panel door or section
of wall in the old manner has been forgoren by those ourside
of a circle of radinonal crafispeople, knowledgeable ool col-
lecrors and old-house enthusiasis. Tt is a inbute 1o these peo-
ple that the pancl-making trade persisis. to a limited but in-

creasing degree. I
Norman Vandal, of Roxbury, V1., builds and restores tra-

ditional bowses during the summertime, and makes period
Surnisure duving the winter.
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The Right Way to Hang a Door

by Tage Frid

When | make a door | first make che doorcase (frame}. | make
the nside of the doorcase 3/16 . larger in height and width
than the door ieself. If the door i3 1o be painted, T allow a litde
more for the paing, | bevel the edges of the door a lictle roward
the closing side, so that if dirt or paim should Gl up the comers
of the frame, the door will stll close nghrly

If T am using two hinges, | place them approximately onezsixth
of the height of the door in to the center of the hinge. With theee
hinges, | center one and move the other two out closer to the top
and batrom. The hinges should be momised half into the door
and half into the frame. Here is where the morrising plane comes
in handy, a5 i &5 designed so that it will fir easily into the lip of
the frume.

When furing rhe hinges 1o the jamb, inlay the op hinge s
that the door will fir rightly againse the jamb when it s closed
But inlay the bottom hinge a hictle less, so there will be a gap of
1/'& i, of soin the back. Setting the hinges this way will leave
the whole door cocked ar @ slight angle, which is much exagper-
ared in the drawing. The space will not be the same the whole
way around | do this becawse as 3 hinge starts weaning the door
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will begin to droop down. Hinges ser a5 descnibed will allow for
this droop and the door will fir much berer throughour the hfe
of the hinge It is especially necessary 1o do rhis with modern
stamped and rolled hinges. You can see in old doors that haven'r
been hung this way the extenr 1o which drm-p:ng O LTS

When | install che door frame I bave all the hardware—hinges,
locks, latches —already installed in the frame. | wse wood shingles
s shims o level the frame and fasten the ange side first, Then |
hang the door into rthe frame, close it and shim it unnl | gee the
spacing | want all the way around the door, Then 1 fasten the rese
of the frame o the studs an the wall.

171 really want vo do it right, [ use & door-frame doverail on all
four corners, with the pins in the horizontal pieces. The joint s
designed =o that when you fit the door you can make the frame
narrower of wider withour 3 gap showing. Alsa; if the door
should shrink or expand, 1 can rake the outside molding oft and
wedge in or shim out the door frame 1o fir the door without
getting 2 gap and without having to plane the door and refie the
of nailing the comers mgether. O
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Tambour Kitchen Cabinets

The conveniently disappearing door

.J'r’_l- Richard Starr

cating the illusion thar i is

abiner as 1t s opened

the cabinet must be perfec

accurate punery. He

wditional doors are
s and banging
1en for their old

the Weeds

~dge of the

losed; s width will be
WM One groove borton
Alter wash ng and ironing the ld4-oz. canvas

i cue it to a wadth slighty less than the inside of
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the cabiner, not counung the wrack. He lefr the canvas longer
than the finished curtain, and rimmed it after gluing. Each
strip was fixed 1o the cloth with 2 thin line of Titebond glue
down its back, s length centered on the width of the fabric.
The wood strips were burted closely together and weighted
under plywood to dry. Weed suggests running the curtain
over the edge of a rable to break the hardened oozed glue,
then folding it back on itself 1o scrape excess dry glue from
the edges of the strips. The curain was trimmed 1o width,
then its edges were rabbeted on the table saw using & baren
to hold it down on the saw table. Weed compares this step to
ficting a drawer: Both surfaces of the rabber must fie the
groove closely but there must also be sufficient clearance.

Afrer the cabiner 15 hung, the curtam shides intw the wack
from the back end. Weed suggests waxing the rabbet before
installation to ensure smooth running. Some friction is desir-
able since the mmbour 15 perfectly counterbalanced only
when half open; when more or less than half open, it wants
1o slide up or down. In acruality, the cumain stays put every-
where but a few inches from the ends of its travel. With the
curtain in place, a fitted handle was screwed to the prednlled
second slat. The handle stops the cunain against the facing at
the op of the cabiner.

Weed estimates that a ser of 1ambour kichen cabiners
would rake no more time to make than a set with well-crafred
frame-and-panel doors. The function of cabinet doors s 1o
hide the clurer and to keep out the dust, Vertical rambours

do it efficiently and beautifully. m

Richard Starr, author of the book Woodworking With Kids
{Taunton, 1982), lives in Thetford Center, Vi,
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Q&A

Plate joinery—Here's a medchod for curting che sloss for La-
mello-type joining plares withour having ro buy the expensive
hand power tool. We simply bought one of the carbide-
tipped replacement blades and mounted it on our radial-arm
saw, The blade's arbor hole is ' in., so0 we machined a bush-
ing our of a seeel washer to march 1t to the *-in. saw arbor,
We dlr the motor to the vertical posinion and cut the slocs
using the jig shown below.

The jig includes a slowed fence thar clamps in place of the
saw'’s regular fence, and an auxiliary table char raises the work
high enough so that the arbor nur will clear. The slar is posi-
tioned by referring to index marks on the fence; a stop block
clamped in the saw mack controls its depch. Make sure che
blade arc is parallel to che mble, or your finished pares will
have a twist, To slot the end of a mil or a sdle, we clamp
another fence at right angles ro the slored fence and make the
usual cuts. —Berward Theiis and Linda Fisher, Sharon, Pa.

Masoma blade guasd

Siattad
Ay

End-to-end gluing up—f m p.ﬂﬂwwmg to build an 11-f2,
cownter out of 64 white oak, but | don't have boards lang
enongh. It 11 acceprable to glue up random-lengeh lumber
end to end to make an 11-ft. counter?
—Patricé Warner. Escondidn, Calif,
Tace Frn REFLES, Yes, you can glue up your boards end
end to make them long enough. Firse square the ends of the
boards and cutr Y4-in. grooves in the end grain with a sloming
cutter in a router, if you have one. 5o the splines will be
strong and o keep seasonal movement from cracking the
boards ar the joine, run the grain in the splines in the same
direction as the grain in the boards. Glue your boards length-
wise before you rip them to final wideh, If you don’t have
- clamps long enough, just nail
blocks o the floor ar each
end of the stock and apply
pressure o cthe joinc wich
wedges against the blocks,
When you edge-glue your
lengrhened boards into the
finished counter, stagger the
joines o lessen the stess on
cach one. I'd suggest you use

= a hard girn Fll'u.sl'l such as
pol}'!.l!ﬁ:ha.n& otherwise the mnnic acids in oak may react
with metal that comes in contact wath the counter, smining 1.
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Solid Wood Doors

How to make them and keep them flat

by Tage Frid

Trrt is no way to stop solid wood from moving, except 1o
miake it into plywood or to treat it chemically, which kills
its color and beauty, When making anything our of solid
wood, you must be sure 1o contral which way the wood
moves. and leave room for it to do so. | have scen a %-in
thick parquer floor, when the roof started leaking and the
floor got wer, push our all four brick walls abour s inches.

The problem of wood movement is complicated when we
want to make doors out of solid wood for houses or cabiners
We want the door to stay flar, and 1o always fill i opening.
But not only does the wood expand and contract across the
grain, it also tends to bow_ This is because the humidity on
each side of the door is usually different, especially when the
door separates the ourdoors from the inside of a house. Evena
cabinet door is exposed on its ourside to varnous temperature
and humidity changes in the room, while very lictle changes

inside the cabiner. If the door s not constructed 1o stay
straight it will bow our when humidity s high in the room,
like during the summer, and cave in during the winter when
the heat is on. Usually the door will ako oy o iwist.
Although a cabinet door is seen on both sides, i is usuaally
closed and the inside exposed only when it 18 opened. Since it
does not affece the doot's funcrion, 1 would put the more
beautiful side of the wood toward the ousside. Some wext-
books suggest that you alternare the cup of the annual rings;
however, there is no need to do so. The wood can be kept
straight with one of the methods 1 am about to descnbe.
Whatever way you choose, if it is done right and made well. it
will add 1o the design. Anything that 15 construcied and de-
signed right is beautiful because it makes sense. The ourside
of an airplane was never designed to be beautiful, but be-
cause of the way it slips through the air, it is beaurtiful.

T | Frgure 1. Cleats and
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When you are making a solid wood doot
for 3 house, espenially an ourside door,
don’t glue the boards together. Construct
the doar so that its two outside edges are
tied down. The individual boards will be
able v move, bur the overall width of the
door won't be able o change. There are sev-
eral good ways to do this; the oldest and
besi-known method i shown in figure |

This is the way most people would make o
solidd wood door and there is nothing wrong
with this construction.

The diagonal brace and cleats are whar
keep the door rogether. Ipis imporrant to fit
the brace imo the wp and botom cleats
with 3 notch joinr, as shown, so 0 canmot
move. Also be sure that the brace & an-
chored 10 the bouom cleat on the hinge
side, and to the top cleat on the lock side.

sagging. If you chanpe the hinpes to the
other side, arn the door upside down.

The brace and clears are held 1o rhe door
with screws The screws ar the ends of the
clears should fir snugly into their holes, so
the total width of the door cannot change.
In this example the center board = alw ved
down in is center, so the waood can move an
equal amount on cach side. All the other
stew holes an the cleas and brace arc
harizontal shos, When the boards move,
the screws can move back and forth with
them. It you don’t do this the boards will
ipllr The lengrh of the slors depends on the
of the board. Using a drill & lictle
than the screws, drill three holes side
side. Remove the waste with a chisel or
w,

HIg

“ﬁ rg 24, Nailed batter can cover the gap in fongue-and-groove doors,
I

work best wihen the boards are narrow.

The door must alss be wind and rainproof. The most common way
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Figure 28. Lap joint can .!'EE‘WM moverment of weder bogrds. Slots
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Figure 2C. Twa layers of wood nawed or screwed together with staggered
jomits make a tighter door.
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to do this is tongue-and-groove. This is fine with narrow boards, bur
the door won't stay aurtight if the boards are wide. The rongue usu-
ally st very big. s edges are often rounded and sometimes the
rangue 15 tpered so the joint will shde rogerher easily. The resul =
that when the boards shonk, wind and men come fght through.
You could nail batren urips over the joim (figure 24). With wade
boards, a lap joinr {figure 2B) can be quire successful, but | prefer o
use two layers of wood (figure 2C) for a ughrer door. The boards can
he screwed together, or if the wood is not too hard, nailed rogether

and the ends of the nails bent aver. Just be sure the ends of the clear
are SmeJ E!cmrn I:Fhl. as IJC{‘UI{.

When using strap hinges, the back of the door s exactly a5 in
figure 1, bur the clears and brace are welded steel. The hinges are
baodted to the frone of the door, through the wood and the sieel on
the back side. Usually there s anly one bolr through each board. If
the boards are not too wide, being bolied berween the two pieces of
steel overcomes warping. If more than one bolt has 1o go through
each board, some of the holes in the wood have 1o become slots,
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Figure 3. Steel rod through boards can overcome wood moverment.

__,__|_

Figure 3 shows a door withour cleats or strap hinges, but with
metal rods right theough the width of the boards. The best way to
miake a door like this is v use cold-rolled sieel threaded ar both ends.
or threaded rods. To make the door as tghr as possible, put the
boards ogether using sphines, but don't glue them together. The

balr holes through cach board have o line up: Firse, dnll the big
hales for the nuis and plugs in the ouside edge of board no | Then
use a long dnll of the same diameter as the tod and continue the

holes all the way through. Be sure the holes are centered and

stranghe. Dinll only a bicle at 2 ume then pull our the bicand clean 1,
or clse the dnll will stan wandenng, Most hardware stores wock
12-n and 18-in bits that elecrricians use, called bell-hanger's bis,
The most common size s % in.. and this 5 a good size for the rod
vy, For a larger door, or an outside door, use -, or bigger rod.
With all the holes dnlled in the first board, pur the spline in and
clamp the firnt and second boards together. Use the long bit and the
hole in the first board as o guide w dnll panway intw the second,
then remove no, 1 and continue drilling all the way through Pro-
ceed i the same way through nos, 3 and 4. Now o accommodane
the suts and plugs on the outside edge of no. 4, plug the red hole
with a dowel (don't glue i) and dnll the big holes

With all the holes drilled, assemble the door and insert the rods,
then pun the washer and one nut on each end, Tighten them up with
2 socker wrench so they are good and tghr, bur dan't overdo ir by
compressing the wood . Tt will compress anyway, when the wood ex-
pands, bur if vou do it right the boards will stay abow the same
width after the wood shrinks again. Any small gap will remain sir-
tight because of the spline. Put a second nut on o lock the assembly,
then glue in the plug. Square one end of the door and oo i o
lengrh. With the rods in, the widsh of the door will always be the
same even though cach board can move a lile bie. Be sure not 1o
put the rods where the lock and hinges are poing 10 be

Figure 4. Breadboard ends alow  Figure 5. Clear with sliding dovetsd
wood to mowve both ways — will hold a cabine! door flat.
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Artaching two pieces of wood to the top and bottom of a cabinet
door (figure 4) is another wiy to keep a doot suraight. The end pieces
should be fastened with sliding doverails and should be secured
toward the hinge ude This way, all the expansion will take place in
the oppodite direction. bur you have to remember to allow for w. IF
you were 1o secure the shding doverails ar the cenrer, like a bread-
board, the hinges would be pushed out when the door shrinks while
it & ericlosed berween the two sides of the cabiner 1 oy 1o avond this
construction for solid wood doors whenever possible because in looks
like half of a frame-and-panel withour any of the advamages of a
frame-and-panel

For a cabinet doos ot the top for a chest where the boards are plued
together, clears could be shor-screwed on the inside. Buy for 2 prece of
furniture, | would attach the clear with a shiding dovetail instcad.
The wood for the clears should be on edge against the door—for
stiffress—but it alse could be on s face 1o be less obirusive. Stop
the female doverail housing near the handle side, so it doesn’t show
on the edge when the door s open, and glue the dovewanl only
toward this end. Thus the wood will be free 1o move. This is shown
in figure 3.

Frgure 6. Deap cleats can become the top and boftem of shetves mounted
msde the cabiner door, e a refrigerator. Dovelad the vertical sides of 1he
domw shefves fa the cleals, and add @ front rad 1o keep things from falfng
out wihen the door @& opened.

—Frant ral

Boitom and 10p chears

Shding dowital

EM 7. Movement can be concesled by lerting the door overhang the
L
ar by lesving & gap and cpncealng i with an appled handle.

Mg Saile

1 -
Hinge: sice Handls ghued on
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When you use a cleat with a shding dovetail on a cabmnet, the in-
side of the door can become a shelf, like on 3 refrigerator door. Make
the cledas wide enough for whar vou want o store, and dovetail their
ends to vertical side. pieces, as shown. Be sure that vou glue a prece of
wood in front of the door shelves, or join on a railing, 1o prevent
what s stored there from falling off when the door 5 opened
{figure O}

Because such a door will always move in width, you have to make
allowance for movement when putuing the hinges on (figure 7), One
way is to mount the door urside the cabiner, with an overhang all
around. If the door is set inside the cabiner operung, you must leave
space for expansion along the edge opposite the hinges, One way 10
conceal the gap o glue o piece of wood oneo the front edge of the
:lml!, IJ'H] !I'IIFE' II‘I‘. ;niﬂ a I'.IITP&IE.

Today vou have to be lucky o find a board thar 15 wide enough o
make a door by nsclf. Bur if you are so lucky, trear the board just as
if it were several boards glued rogether. Always allow solid wmd
OO 10 MOvE,
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Joinery Along Curved Lines

A general method for template routing

by Jim Sweeney

Wu woodworkers are fascinared by joinery. Often we'll
examine a piece of furnimure o see how it's pur to-
gether, even before we consider how ir looks or funcrions
Exposed joinery is parncularly saostying. Through ies visible
joinery, a piece speaks of the face thar it is wood, and of all
the possibiboes and hritanons of assembly which thar im-
plies. In this arncle I'll discuss a general method for extend-
ing exposed joinery from rthe ordinary linear joint o joints
that follow almost any arbitrary curve, Using only a router
and a few combinanons of straight cutters and beanngs, com-
plex bur precise curved joints become available o anyone
willing to apply some ingenuiry.

In making fumiture with non-tradinional shapes, it's par-
ocularly valuable to have a vocabulary of curved, cxposed
joines chat are analogous wo the lap, bridle and doverail of
rectilinear joinery, The principal lings in contemporary furni-
ure ofren A not E'-frﬁl__?.h[. the maker mies for @ coherent
whole using the rhythms and rensions of corved lines and
planes. Bur in a non-traditional shape, as in an unrhymed
poem, the sense of nghtness 15 elusive. The eye 15 less forgiv-

C

Bridle rormr with
curved thaulder

Bearing on rowter-bir shamnk
indves carve-tracing problem

ing, less able to fill in, when it is faced with the unfamuliar
The designer of unfamiliar shapes struggles against the pull
of the amorphous, the chaonc, or the simply awkward. In
this comeext, cradittonal joine shapes can be especially inappeo-
priate, unless used in irony or in contrast—they are words
from another language Of course, these problems can be
avoided by using concealed pnery (mortise and tenon, dow-
el, erc.) or non-joinery (stack laminavon), bur such chowes
just eliminate one more option in resolving the design

It's noe surprising thae the ool used o cur curving points is
the router, The other jonery tools thar have evolved—saw,
chisel, plane, and their machine counterparss—cur flar planes
The rourer, unlike chese older rools, does nor need o refer m
where it has just been to derermine where it 18 going. At any
instant it is free o move exacdy where we guide ir. The
problem of curved joinery thus becomes how o guide the
router o cut the precisely matching neganve and positive
curves thar will unite o form some particular jont.

The main racuc for doing this is o shape remplares of
sorme durable matenial (plywood, Masomire, aluminum) and
to transfer the shape to the work, by using a straight rwo-
flute rourer bir with a ball-beanng mounted above its fluees,
There are thus three parrs to the problem of curting curvilin-
ear points: first, how o0 make precsely marching negative and
posinve remplates of a chosen shape, second, how o eransfer
these shapes into the workpiece; and thied, how m make this
rransfer occur exactly where we want it in the finished work,
Though thus dhurd aspect of the problem may at firse seem
trivial, it often calls for the biggest bag of tricks, and is the
least susceprible o any kind of general soludon

Let's firse consider the second problem, thar of mransferring
the curve from a template o the work, because it best intro-
duces the use of beanng-cutter assemblies. My rechnique de-
scends directly from owo common techmigues, so 'l sere by
describing them and their disadvantages

In one standard wechmque the router s guded, as e s fed
through the cut, by s subbase being pressed against a rem-
plare or fence thar is clamped o the work, Ina more fleable
version of this method, a templare guide-collar is attached to
the subbase of the router and run against the emplate, while
the rourer subbase ndes arop the remplare, The cur may go
complerely through the work, or only pardy into . But in
either case there 15 one problem: concentriaity, or rather, the
lack of ir. The router bir &5 reasonably concenmic wich the
motar, the motor is somewhat loosely housed in the base, the
subbase is aligned with the base by some hopeful screws, and
finally, the guide collar firs into a hole in the subbase. All of
these attachments are governed by the ininal imprecsion of
manufacturing as well as by subsequent wear. We should not
be surpnised when this chain of vaguencss docs not yield pre-
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cise concentricaity. The curter changes position wheneover the
router 15 rotated relanve o the template. So the worker must
ry o keep the same pont of the subbase, or guide collar,
against the remplate throughout the cut—a hopeless task
when so much else compels his artention,

In a second srandard method, the guiding surface is buile
o the cutter, so that concentricity 15 guaranteed
and overall accuracy is limited only by the precision
of the cutter assembly iself. This rechnique em-
ploys a flush mmmer bir—ommonly, a %-in
straight currer with & Y-in. ball-beanng at 15 end—
with the beanng rolling against a- remplate chae 15
artached o the work on the face opposite the rour-
er. This method 158 limited mainly by the position
of the beanng: we can trace through work only as
thick as the cutting flutes are long, and we must
lways cur completely chrough the work, The first
limiranon is not senous because you can find trm-

mer bits as long as 2 in.,

though they are fragle
The second limicarien, always cutting throogh the
work. is very testrictive—a mortise cur this way, for
example, must always be a through moruse. You
cannot use & trimmer bic co cur che negative pare of
a half-lap or a brdle pint.

Furthermore, mimmer birs themselves contan a
subtle source of error. Because they are designed so
that the bearing can roll against a vertical, Formi-
ca~covered surface while the cutter tnims the adja-
cent hotizonial surface, the diamerer of the cuming
circle is osually 0.00% in, w 0,010 in. smaller than
the bearing. This minute difference can become
significant when you make a remplate from 2 sencs
of intermediate emplates, because the errors accu-
mulare. You can sometmes compensare with a
layer of tape on the emplace

There 15 another rechnique for transfernng a
curve from templare o workpiece, but it requires a
pin router. A termplare fixed o the underside of the
workpiece can run against a pin the same diameter
as, and directly below, a bit entering the workpiece
from above. The enore edge of the workpiece @n
thus be shaped w your curved parrern (see page 78).

The syseem [ consider opumum combines the
best fearures of both srandard rechniques: a bearing
on che bit for concentricity, bur placed on the rout-
er side of the cutrer, on the shank above, rather than below,
rthe cumng flutes. This bearing will follow a templare exactly,
yer the ouc can stop at any desired deprh. The outside diame-
ter of the beanng is ordinarily the same as the curting diame-
ter, bur ir can also be larger
unlocks a host of junc designs thar can be as simple or as

This simple idet, it rums out,

complex as the crafisman wishes. Any pair of firced shapes
thar YiML can make in Y-in. hardboard can be transferred into
solid wood, eicher complerely through che workpiece or o
any depth, although it is sometimes necessary to juggle tem-
plare thickness and currer length

Bouter bits with bewrings mounted on ther shanks, unfor-
tunately, are not stock wems. And alchough roucer bits are
made in # wide range of sizes, ball-bearings are nor. The
woodworker must devise beanng /bic combinanons char wall
do the work ar hand, and find a mill supply house or indus-

tral hardware dealer who stocks or can ger the parts. For
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Author's -.p;‘if-“i.":u" chest-of-drawers relter upon curved bridie
foint for etiwal continuity. Chest is wnder constraction in phero
below, and fimisbed tn derail an facing page. Scalloped templarce
(shoun standing at right) siraddles the chest's vertical spine 1o
rond the :uﬁf.-ﬁ';hr.-:rﬂﬁ-r.- of the bridle joint. A mating templati
atfackhes 1o the borizomial avms thar bold the drawers, and the
ends of the armer are ronted to fit the spine. Inset drawer pulls
are shaped with the tame template techmiques; a similar bandle
ir explained in detail ow pages 74 and 75,

L}

most of my work, and in the examples thar follow, [ use

cither of two bit/bearing combinations: a %-in. diameter cut-
ter with %-in. diameter shank plus o bearing of %-in. 10 and
TTROAB), or a
|'4=in. diameter cutter with '4-in. shaft plus a bearing of Y-in
ipand 13=in. O (for example, TRW s MRC RBZZ).

The only limiration here is thar che smallest radius of cur-

om0 (for example, New Deparures’ #

varure in the pointe must equal or exceed the radivs of the
smallest bearning, With my %-in. combination, a %-in. diame-
ter washer must be able m roll along the curve and rtouch
every point of . You can ger around even this hmuanon by
using unmarched beanng /bt combinations, %-in. to Y-in. for
example, with appropriate offser in the remplare;

shank unal

B

Usually the bearings simply slide onto the
they are stopped by the metal of the cutting flutes. IF there i
any resistance, apply force o only the inner race of the bear-
ing. In extreme cases, expanding the bearing with heat and
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Fig. 11 To make compliementary
curve B, starl with termplare Curve &
of cunve A, wiwch can be -

handsawn and shaped -
walty et 1oois ’

Templane &
{-UWE-‘E"":L"‘ el S

I
Template C " --h-| |q_L

~ Template &

Fig. 2: Lise %0,

rmer bt fo ol
iermediate fempiaee C
compigmentany 10 cve A
Dt ffsel % in

1 Deamng
Ya-n GLTTE?
Fig. 3: Now cut template 8, usmg

rempiare C and & beanng-cutler
combwaahon wath H-m. offset

—)1 1hen od |'E'

Termptate C
_}‘ = “_ Template B
i

Yo cutier —» |i—

Y- oifser —= !(—

contracting the shaft by freczing will help. On the rourer end,
the coller itself stops the bearing from sliding up on the bir
shank. A drop of Loctre will hold ic fase.

Of my two bearing/curter combinarions, the smaller 15
best for inside curs {thar is, when the bit s surrounded by
wood), where control and power are most important. The
larger 15 for ourside curs, where good surface finish and free-
dom from rear-our are necessary, Bear in mind, though, thar
even a powerful rourer is an ineffective hogging rool, because
the counterforces developed in a heavy cut make precise con-
trol difficule. Whenever possible, it's best to use the rourer as
a trimmung tol, with some other tool—dnll press, gouge,
dedo blade, or bandsaw—removing the bulk of the waste,

Now that we have a way o trace a remplate curve down
into the workpiece, let's return o the onginal problem of
fitting two preces of wood mogether along some curve—thar is,
how to create two marching templates, one negarive, the oth-
er positive; Let's assume we already have an arbitrary curve A
and we wish to create the marching curve B (figure 1).

Clamp or tack a picce of remplate material on top of tem-
plare A, leaving plenty of this remplare marerial on the off
side of the curve, We will cur an inrermediate curve, C,
which will be exactly like the desired curve B excepr offser
in.—roo small or wo large, depending on whether it 15 con-
cave or convex. We can do this by tracing along curve A with
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an accurate -in. cimmer bit, as though creating & copy of A.
What we want, however, 15 the fall-off (figure 2.

This is the only stage n the process where we are ar nsk,
because any deviation by the bearing from perfect conract
with A will result in a defect in curve €, which will be inher-
ited by curve B. You might need several tries o ger it nghe,
but the price of failure is low—a wasted piece of hardboard.

Now, to obtain curve B it's necessary to cur a curve paral-
lel to © but offser % in. in the other direction. Tack € onro a
piece of remplare material, and cur out B by rolling along C
with an unmarched bearng /cutter combanarion, one with a
bearing 1in. larger in diameter than rthe curer. One such
combination would be a U-in. diameter bearing on a bit
with a '{-in. shank and %-in_ cutting diameter (figure 3)

Although in theory this would work perfectly, in practice
Y-in. diamerer cutters arc fragile and casily broken. T there-
fore had & machinist tum a bushing with & 1300 10 and 13-
in. 0y and press it onto & Y-in, 10 by i-in, on beanng, This
maneuver created @ 1%-in. beaning that 1 could mount on a
Y4-in. curter. The difference in radii s the deired ¥ in. An-
other way to achieve the transition from € o B is o make
two scrups with a 1'5-in. beanng on a %-in. cutter, first using
C to cut an intermediate curve, D, and then wsing D o creare
B. This ractic achieves a %-in. displacernent by adding owo Y-
in. displacements. A number of other combinarions will also
work as well.

Curve B should fit precisely into curve A—unless, of
course, something went amiss, which it frequently does. One
source of error is any difference berween the dismeter of the
curcer and the diamerer of s bearing, likely if the bit has
ever been sharpened. A discrepancy can be corrected by ap-
plying tape along curve A, as close as possible in thickness ro
half of the difference berween cuner diamerer and bearing
diamerer. Masking rape, packing tape, ducr rape, and ordi-
nary Scorch tape all have usefully different thicknesses,

Before going on to consider the third part of the curve-
fiing problem, that of using these wmplates © rour our
matching curves exactly where we wane them, 1 should men-
non 4 few ways o generate curve A. Bandsawing and hand-
sanding work, though ic's difficulr to mauncain a perpendicu-
lar edge. If the edge isn't perpendicular o the face of the
template, you have not one bue several curves, all vaguely
close o A, depending upoen which cross-secrion the bearning
rides. A drill press with sanding drum, or beteer sull a spindle
sander, 15 more effective. A pood way of generating curve A
in the first place s to combine several sub-curves already on
hand, for example circkes of varous diameters {cut with larhe
or drill press), straight lings, or french curves, eracing our the
Yarous components one ar 2 ome with a bearing and bit, all
the while maintmng faimess where they merge and overlap.

To the third problem, thar of positoning the marching
curves in the work, | can give no general soludon, Each joint
requires its own tricks, Perhaps it will be useful to discuss a
joine, the trick for which occurred to me suddenly as 1 was
niding on top of a cowded bus to 2 dive in Moorea, dodging
coconut fronds, and cerrainly not thinking aboutr woodwork-
ng. Suppose we have remplares A and B, with which o cut
boards 1 and 11, so that they may be wined in a lap joing, as
shown in figure 4.

A remplate can be aligned on board 1 by making the re-
spective edges flush and by making some point on the curve
coincide with some point on the edge. Bur board 11 has no
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Fig. 4:_ﬂnuﬂ1:g a curved half-lap joint

Fig. 9 Templates for bridle joint
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stranghe edges, and it will be difficult o posinon the emplate
to cut 4 half lap so that curve B has the same relanionship to
the lap's shoulder as curve A has to board I's edge. Do we
cut the fap first, or curve B first? Proper curting sequence is
crucial in curved joinery, because each curve cut eliminates
one maore straight line from which o index.

In this case, it makes sense ro cut the lap shoulder firse.
Srarr by scribing a line on board 11 for che lap shoulder, This
doesn 't have  be exacr, as there is some allowance for waste,
but the closer it is, the less waste there need be. Rough our as
much wood as possible with tablesaw and dado blade, cur-
ung o the finished depch bur not o the lap shoulder line.
Because of the curvarure of board 11, it would be awkward,
though nor impossible, to cue this shoulder on the saw. In-
stead we rum the work over and use a router with a seraighe-
edge remplate o finish the shoulder (figure ).

Now mark our curve A on board |, and drill our mast of
the waste. Clamp template A to board 1, lining up the edges,
and cut curve A into board | wich the router (figuee 6).

Now, and this is the crucal ick, slide template B into the
A-shaped cutout you just made in board 1, and tack it oghe-
ly. Then trim template B flush with the edge of board | (that
is, the edge thar ultimarely will bure againse the lap shoulder
in board 11}, Use either an accurare mimmer bir, with the
router base riding on the cur-our face of board 1, or a bit-
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with-bearing-above-cutter, with the router base riding on the
face opposire the curour (figure 7).

Tack this truncated version of template B tghtly againse
the lap shoulder in board 1. The lap shoulder of board Il
will fit against the edge of board | exactly as nghely or as
loosely as template B fits against the shoulder. Cut remplare
B's shape into board [ using a cutter with same-size bearing
above its flures {figure 8),

In the very comers, the beanng will bump into the lap
shoulder, leaving an area where B is not traced down. A few
minutes with bandsaw and file, or chisel, or spindle sander,
cleans this up for a perfect fic

Though procedures like these may become convolured,
care will always yield s perfect fir. Sometimes, of course, 1
choose o work ar risk, not o seek the redious bue foolproof
solunion. Bur ar other onmes, when my ulomare concern is the
accuracy and strength of the finished joint, | use rechniques
like the ones I've described here, ignoring the automatc cen-
sor that won't allow chings of grear difficulty ro suggest
themselves. New jonts can emerge from design processes that
are integral with and complementary to the lines of the piece
a5 a whole, Such an exposed, roured joint can be the whale
focus of an otherwise simple piece of fumirure, O

Jim Sweeney maker furniture in San Francisco.
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Relying on the Router

Three tricks from San Rafael

Unlike woodworkers in the Furopean tracdhinion and, to 4 less-
er degree, those on the East Coast, many woodworkers on the
West Coast came to ther profession with a mimmum of for-
mal rraining. Thus there has developed among us a heavy
reliance on rhe eleceric rourer for doing quire a few jobs thar
the old school would have done with other tools in other
ways, Never mind that a sharp chisel could do a job well,
we're more fluent with the router. A ot of us have spent the
berrer pam of a day—or even a week—perfecoing a g or a
template that will hamness the router o the msk at hand.
Cfren this router technology 15 enormously offiaent, allow-
ing us o repeat processes quickly and accuracely. Ar other
times the rourer work is mundane, just another way of doing
an ordinary woodworking b that could be done by ocher
toals. Bur not surprisingly, the router 15 also capable of mak-
ing many curs and shapes thar no other wol can accomplish.

Those of us who rely on the router in our everyday work are
the omes who are Likely to discover the creanve things it can
do. Many times it seems that the router jig itself is our final
product, rather than the piece of fumniture. Sometmes we
miss out on the sound of a sharp blade shiang into the wood,
instead we put on ear protectors o mute the whine of the
three-horse Stanley. Nevertheless, the router rechnology we've
evolved allows an economical efficiency thar the professional
woodworker cannot overlook in his struggle to make a living.
| share shop space with rwo other aafsmen, Dale Holub and
Bruce McQuilkin. The following pages demonstrare whar |
mean abour the rourer by explaining three of the things thae
have evolved here in San Rafael: an inlaid wooden handle
thar Holub routs into hus drawer frones, the quick mornsing
method thar 1 use, and a mfty wooden hinge thar McQuilkin
—Crrif Okie

usess for desks and cabaners.

Holub's inlaid wooden drawer pull

Fine Wiy -x"'-‘-"(')'-k ing

T4
Page 81 of

Poricton template on
drawer front and tvace
opensng (A), sing swirable

washer fo compensate for
L=, u_lr'_j"-rr! berueen culter
and femplare guide collar,
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Relying on the Router (continued)

Okie’s quick jig for routing mortises

Thus jig for routing mortises is simple ©
build, and it produces an accurare joint
thar's easily repeared. It does, however,
make a round-cornered mortise. The
corners can be squared off with a chisel,
or the renon can be rounded over to
match. Bur you can also rour equal
mortises in both pieces of wood and
then insert a separare, spline-rype renon,
Tenons can be npped by the running
foot, then routed with & roundover bic
of the appropciate radius to fit into the
round-cornered mortise,

The jig consists of two shoulder
blocks damped onto the wood, with
four pieces of hardboard tacked onto
them 1o confine the travel of the rourer’s
template collar. The remplate can be a
rectangular hole cut into a single piece
of hardboard; 1 find ir easier, however,
w make each jig anew to fir the thick-
ness of the stock 1'm using, by assem-
bling the jig right on the stock. Firse de-
cide on the length, width and depth of
the morrise you want, according to the
strength needed as well as the bits and
template guide collars you have. The
best moctising bits are either spiral end-
mills or seraighe, two-flure curters, car-
bide or steel, Lay our the mortise on the
stock, then clamp the shoulder blocks o

Chkse's movtising fig,
mortise, them clamp

or wre with ronter and paide collar, 15 expﬂﬁ.rim. Firse lay ont

ier hdacks 14 Fare: of ttock, and 1k drdbawrd semplars parts

1o blocks. Size of apening depends on offser berween cutier and guide collar,

the adjacent faces. Make sure thar the
shoulder blocks are wide enough, of
sufficient length, and flush with the
surface o be mordsed. Now mck or
glue the hardboard serips to the shoul-
der blocks, far enough away from the
layout lines to account for the difference
in radius berween your rourer bir and is
guide collar. With the jig in place, ap
the router into the cut and run s guide
collar around the inside of the opening
you've made, proceeding in suitable in-
crements to the full depeh.

Two things make this cype of cur
easier: & remplate operung that's wider
than the guide collar, and remplate

hardboard that's thick enough to con-
ract and align che guide collar before the
bit gews into the wood. A plunge rourer
{see page 45) is ideal. Walk the rourer
clockwise around the mornse, in the
bir's direcdon of roranon.

| usc this method enough w have
sertled on the mortise widths and renon
thicknesses appropriate for my work
and my tooling. Foe each width of mor-
tise, | make up a bunch of hardboard
template end-plares with rongues, as
shown. Then making a new jig for each
new mormsing situanon 15 only a marrer
of curting the side plares to length, and
nailing them 1o shoulder blocks.

McQuilkin’s inlaid wooden cabinet hinge

1: Designing the hinge

Use hand, exone wood such as cornbolo,. bocate, roswvwood

Feama oo
cancase s

Drr

~

- |"*""+ m_ brass
- P furh

Brass pins, &£,
[optonal]

Irsache s
arg rounded Gver
lor clearance
-

3g-inQroowe inhenge
sirg0dles ¥-in 10mgue
on carcase and door

b -
Taper (here 14%) eases fit

Hinga stock: 10 1heck
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2: Routing the opening

d: Making the hinge

AA0E MINQE SO0k Can [
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Curved Slot-Mortise and Tenon

Contoured joinery for enhancing frames

by Ben Dawies

easons. Wood 18 not a plastic mediuer

D'.'-!-:" fecisions in woodworking cannor be made entirely Plﬂparing the stock ﬂm
for aestheyc rea u ; i = e

I { 0
Fid Doree, and we usually shape i 0y removing portions

g gns are thus hmited by the capabihities of our cut-
Al I sEill ar ISINE [NCm | ACMIEYE new
SNAPHS I EXPEMUMCOT Wil !i:.‘: and torm and the b

50 there s considerable reward tor the crabtsman in being
able to extend the use of general-purpose tool the rouer i
particular n Imaginative ways

Ihe tollowing IESCOIPLON O MAKIng & urved joint 15 not

meant w be defimpve. Rarcher. it 5 a rentanve firse step

.“ ’
r
{
REVEFTE NS i [TREE | FORERTS i el TR

TH w Wondworkine !
Page 85 of 130 EP Family Exhibit 2009



comiienyes

Making the fixture —This part of the system consists of a

plywood base and four rabbered cledrs as in the «

efr. Its job is 1o hold the rails and sules and o sy

it the

| 5 o
'

m a piece of

in. squarc, a suitable size
for joining the frames of cabiner doors: The cleats should be

Cur Irom Stock wWhose thickness equals the thickness of the

15 the thickness of the beanng remplare. uswally

Y-in. thick frame me the

sare, rabbeted to an exact

i wadth of abour % o

T set up the fixture, position the cleats, rabbets in and up
on the edges of the square base: use a true framing square 1
ornent the cleats ar precisely 90" o one another {other angles
are passible), and screw them to the base with countersunk

wood screws. The clears should not meet ae the comers; vou

have to space them far enough aparn so vour stock will shide

tasily thros

The guide bushings—Most routers are designed 1o accepr

standard guide bushings gencrally available as accessories

With a %-in. bhir, use a %-in. 0.0, bushing with your router

i any bushing peneral size will do. Because the

Bears ARAInst ne curved [ompiate '-'.;'II,'!'- maxKing a

and because you'Ie Cuting « i'iil|!|'.'!i'.'. NEATY CUrves Wusing
the same beanng template, the hine of the cur must be offset
from the curvature of the template, and rwo bushings are re

uired —a large-diamerer one for making the cur on the rail
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Fixture Plan view showing bearing template screwed in place

lainen 79
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and a small-diameter one for cutting the stile (as 1 the case
with the examples here).

Purchase two %-in, guides from the manufacturer; one will
serve permanently o hold the outer bushing (epoxied 1o i),
the other as the inner guide bushing. The ourer bushing
should be turned from brass or aluminum. It i5 necessary o
observe the following mathematical relationship berween the
diameter of the curer (D), the 0D, of the inner guide
bushing (D4) and the 0.D. of the outer guide bushing {D,4):
Doy = Dy + 2(D,).

The bearing template—This step involves making three
separate templates: one thar exactly duplicates the curved line
of the joint, another whose profile is offset from this curve
and parallel to it, which serves as a pattern for the third em-

Guide bushings
Section through router base and bushings

Router base =

-

Irnier guie busheng ik 2=

Ll |
1% —=

Quter guide bushang {obl
=

Do =D + 20D, — Wgroni STrAegR-Tace it o)
il =

Guide bughings in use
Rour shoulder an rid using cuter guide bushing.

Baanng lemplate
Lirsis 0of coat

—~ CLtiet

= -
S —~uTeT guide
Hurahing
= S

— Ared 10 be wasled

_Cleat

—Beating template

—Lirss of cut

o L

IhmEr gtk
Dusning

Arsa io be wasted
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Making the bearing template Outside
o~ cormer o
Step 1: Joint-line template fosnt i ~ J  Trame
: B "'!'l i
i ¥
- o
. R - "h-—..-__...h‘;'-. :.__.).
i
§ Waste side - ._,'( Akt ol v
o o
s
SO e
¥ = 4
.'-‘._..---"-""""L"'--_L// 1
= W dth ol Shie —

Step 2: Marking gauge

Cutter (el

Marking FAugeE -

KB

|

 rinesr gusce
tesiung ik

lemptate

Marking gauge
side section

Ciffgat-ling
Tammphare

Screw offsel-line termplate o
bottom of bearing femplste fo
guide router-bi piol  duning
cut o produce a smooth,
precialy vertical edge

. Rout

Freehand
axil Gul
‘“ - L '|: i on
o e T 1 edge for
o g A hnie
i1 rabbets
—— &
—— ——
4 & e ——
I = |
B i = e
| — —_— - ——
O ;........___:_ — ST
r R
— :'—f'-'__"“--—::h""' e |
= - —— e ——— 1
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plate, the bearmg remplare iself. Afier composing the curve
of the joint on paper. taking into account the width of the
rails and sules, transfer the line 1o a prece of Y%-in. plywood,
then cut along this line with a band saw or jigsaw and smooth
the contoured edge with a file. This becomes the joint-line
template {step 1 in the drawing at left)

The next thmg to do s to make a marking gauge that will
allow you to scribe a line on a second remplate parallel o the
curve of the joint-line template. The gauge s made from a
plastic disc with a hole 1n the center for a pencil poine, as in
step 2. The distance from the outside of the gauge to the pen-
cil point equals the distance from the cutting circle of the
router bit to the opposite outside edge of the inner guide
bushing (r). which also defines the smallest possible radius of
curvature 1 the joint

Cut along this offser line and smooth the sawn edge with a
file. For the bearing template itself, dimension a piece of
t-im. plywood so thar ivis slightly smaller than the inner di-
mensions of your fixture and so us corners are absolutely
tgquare, On two adjacent sides. scibe lines thar are exactly
%10 in from the edge and parallel to 1t These lines mark the
boundary defined by the inner edges of the cleats on the bor-
tom of the bearing template. Now position the offset-line
remplate as shown in siep 3 and screw it o the battom of the
bearing template. It should abut one of the cleat lines and be
positioned out from the joint line {drawn on the bearing tem-
plate) with the help of the marking gauge. Using a straight-
face flush curter with uts pilot bearing against the offset-line
template, cut the curve in the bearing template (step 4). It
may seem like a lot of trouble 1o make one template just w
cut another. but only by routing the curve on the bearing
template can you get walls thar are smooth and perpendicular
e bath faces.

Nexe bore four 1%-in. diamewer holes in the beanng
template; these permit you to clamp the rails and stiles into
place for routing. Also bore four pilor holes for wood screws
on the twemplate's edges and countersink them on both
sides— top and bottom. This completes work on the fixture
and bearing templawe

Rouring the joints— After prepanng the stock, place the
frame members in their respective positions and mark each
end as shown in the drawing ar right so you can onient them
propetly in the fixeure. With the bearning template screwed
into position, clamp one of the stile ends (S1) into place so
is flush against the inside clear and so the end-grain edge
lined up with the inside edge of the top cleat, Awach the in-
ner guide bushing to the router, and set the bir to a depth
that cquals the thickness of the cheeks of the mortise on the
sules. Insert the bit and bushing into the entry area and rout
towards the corner, holding the bushing firmly againsi the
bearing template. Make only a single, careful pass when rout-
ing the shoulders on the stules, Now rout the opposire end of
the ather sule (53),

Remove the inner bushing and attach the outer bushing
Insen one of the mil ends (R1) into the fixoure so it s flush
against the top clear and its end-grain edge s in line with the
side edge of the right-hand clear. Rout the tenon on the
rail, first wasting most of the stock and finally making one de-
cisive pass with the bushing pressed firmly against the curve
of the bearing template. Now rout the tenon on the opposite
end of the other rail (R3).
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Positioning of stock for routing sequence

54

Cur renons on ravs MR
Cut siots in stifes (5)

e
"

Use inner guide bushing

o APy T
O Q

=g

51,53

Flip beanng femplate disgonally.
Uise inrer guade bushing l Uise outer gurde bughimg
o
R f4

At this poant you ve cut half the jonis for one frame, and
they are diagonally opposed 1o one another. To cut the other
pair of joints, you will have to flip the beaning template and
screw it 10 place on the opposite corner of the fixture. Then
tepeat the entire provess described above, now for 52, 54, R2,
R4. On the back side of the frame the joints are left square,
which increases the strength of the joint. When you're done,
all four joints should fir snugly, and their curves should
match up withour a flaw, O

Ben Davies owns and operates Muntin Woodworks in
Chattanooga, Tenn, Hir article on frame-and-panel entry

dogrs appears on page 56.
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Decorative Joinery
Leading the eye around the piece

by Jobn E. N. Bairstow

Thz: most important element in the craftsman's repertore ©
the wooden joint. Although its functional development
has been extensive, fascinatng possibilities remain unex-
plored for using the joint in a decorative capacity. Histor-
ically, decoraton has more often been supplementary, ap-
plicd ro the picce of furniture, rather than integral with its
constrecuon. Carving, inlay and marquerry have been used
extensively in vanous forms. while jomery. although poten-
tizlly the most interesting clement, remains quicscent. Few
histonical examples cxst where the method of construcuon
plavs a major visual role in the finished work. Thus the
designer has become accustomed to creating an attractive
picce of furniture using shaped and decorated pans, while
sticking 1o standard joinery benecath.

| choose to start designing a piece of furmiture by consider-
ing the decorative possibilities of its joinery, This approach
makes it posible to wse fairly simple forms, and o create the
initial visual impact through the joint. Most standard carcase

joints, the doverail and the finger joint, for instance, rarely
relate well o the form of a piece of furniture because they
concentrate all the interest along the comers, This is fine if
you are close 1o the piece and can appreciate the proportion
and accuracy of the joints, butif you are viewing it from maore
than a few feer, then the most suriking thing will be the over-
all form and not the beauty of the derail .| By designing deco-
rative joints that extend beyond the locality of each corner, 1t
is possible ro sumulate that first impression ac the Joint yet
bring the viewer's eve around the rest of the piece.

Each of the joints discussed on the following papes & an
claboration of a basic joint, in most cases the finger joine, | do
not set out o design a decorauve joint with a particular
machine or process in mind, buet | do try to produce them all
with equipment usually available o the designer/ craftsman.
Small-workshop machines, panicularly the router, are versa-
tile, and we should look to them 1o help carry out creative
processes rather than sacking to their conventional funcuons.

Fg. 1

Clamping fixture

Spacer hlock -,

o Groowe 10 Ihoars
shiauldars

Make thes jownt by first larmmating
venedr fo o wide board o form
the stripe. Then np the board
wrifo sfrps the width of the thick-
ness of your carcase, Altecnans
thesa SIrans willh urnversensd
strips o form the panels of the
carcase, using {he fixfure shown
to glue up the parts i ther
OFOOEr FElatve Do,

82  Fine Woodwuorking
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: Laminated finger joint

The first joint, tlustrated a left, s
probably the simplest both visually and
constructionally. To make it, begin by
lammaomg veneer 1o the face of 2 wide
board to produce the stnipe in the
panel. The thickness of this board, in-
cluding the veneer combination, will be
the width of the laminated fingers in
the joint and &5 therefore an imporant
dimension. When the glue is dry, rip
the board into strips, the widths of each
will be the thickness of the panel. Each
panel {case side) s made from a combs-
nation of these sinps and of unveneered
strips. They are crosscur o aliernare
lengths; the shorter ones derermine the
imside dimension of each side of the
finished carcase, and the longer ones
determine the owside dimension,

When all the surips have been pre-
pared, a simple fixture is required o
glue up the panel while maintaining
the staggered formation ar the ends. lx
may be difficult to get cach stnp 1o lic
flat with only side pressure of the
clamps. | have used a press that provides
both verucal and borizonal pressure,
although it 15 possible w surface and
thickness-planc these pancls after glue.
up without affecting the joint, provided
that the grain of all the strips runs in the
same direction.

meicn . |nim Hasrairs
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of the camg
shaper oF Tab
WAl 3 Fouern, &

The second example. illustrated above
is again basically a finger joint, but its
construction s entirely different from
the previous one, Visually, the joine is
confined to the cormer, which 15 some-
[hus drawback can
be overcome by glung up the panels

thing 1 try 1o avoed

WL VEMECT DECWESD rlrll \1\|-T:}|I|r|[|-|'|'|
so thar thin lines connect the V-shaped

Irom «

“fingers” e [0 COrner

Cut yourstock to the required e

width and thickness, The length is the
distance berween shoulders of the con

s (the inside dime Ns10ns

strucied pan
of the carcase). The width of cach com-

The third joint. shown ar nght, employs
dovetail pins o lock a miter joint in
borh directions. You can vary the length
and width of these pins for decoranve
etfect. Prepare each panel to the correat
length, width and thickness and con-
SITUCT [NE CAMCASC USINE a --|r'|‘:|'-|l- TULET at
cach comer. Depending on the size of

the carcase, the doverail <lots are cur us.

mg cither a router table (or shaper) with
a doverall curer, shding the carcase over
It, or a portable router v conuCtIon
with a simple jig w guide the rourer

OVET LIic carcase

Afrer you have cur the slors, m
shiding dovetail pins o fit into them
cutting one angle on the jointer and
then cutting to rough wideh at the op-
posing angle on the table saw. | next se-
cure each pin o a block and run e
though the pin
could as well be hand-planed w final
fit, The slots can cnd square or be
rounded off
you can round the pins to match on the

through the shaper

If you prefer the later,

f15C sande
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Fig. 2: Finger/spline joint

ywiood Sy
ween the

ponent 15 wice that of the finger in the
joint, IF you want o use contrasting
Lines to visually link the comers, apply

them to the edpges ar this stage, The

thickness of these veneers shou
cluded in th

e widt nenes.

the compo
MNext, cut off the corners of each compo-
Io achieve the accuracy this

MCNL AL 43

il requres | oommeoend using a

gullotine miter box and making a pat-
I o dlamp o the w0op ol cach piece
against which you can locate the guillo
tine bBlade, Alemartely, you can clamp
all the components wgether face to face

.II'.li [Emove [Ne COrners i ane ;l. FRTICN

] Component proportions
s T —
| e R —

-

T g |

an the spindle shaper or ulung-arbor
table saw, The contrasung fingers can

also be cut in one of these ways, The

panels are glued up with the aid of a fix

ture like that shown on the previous
page for constructung the first joint
With the panels assembled,
their ends,

tinger, tor the plywood sphne. You can

Eroove

as well as the end of ecach

cut the grooves using a router, shaper or
table saw: in the Latter two cases, cut the
groove before gluing the outer compo-
nents o the panel, and finish by hand
A pg 15 equired w hold the fingers
while camrying out this operation

Fig. 3: Dovetail-key joint

v, The size of the
wer ieft. shows

G fEuTTS

KEYE L
savhe feafure uied o & fin
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Fig. 4: U-joint

Making this pour reqguires
&I OVEranTT! fouter wath
fower purde pin and pgs,
as shown below

Routing panel sides and inner portion of U's

Use rmetal plate i wiveh U-shape has been milfed and
regustration holes drilled to guide router in CuTTing
Blywood g

Turm iy over to run an .;-_;.g'e pin in
ovararm router. Tack-glue & plywood
backing to stock, and screw stock 1o
g on router fable. Plywood
cking will keap inngr portion of
U from Mying info cutter wpon
bewng separated from sfock

Routing U-shaped inserts

To rout inner contowr of U, first make pg by cutting a
Dhof, the same widlh &5 the enner portion of the U amd
twice the length, in one face of a piece of plywood
Turn this over fo run on guade pin af overarm router,
mount stock fo other face, and rout.

To rout outer contowr of UL use g &5 shown
o hold srock and 1o gude i past pin

Hold-dow —

M - |
.. =

Saw biank in half
e produce fwo L5s

.
Iprking
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Probably the most successful of all my
decorative finger joints s shown on the
facing page. It uses contrasting inserts
to create a pattern that flows around the
comer, continually leading the eye 1o
and away from the joint, It is possible o
link all the joints of a carcase by taking
the line the length of the panel. The joine
requires the overarm router with the aid
of a jig constructed using a metal tem-
plate. On the milling machine, cut one
U-shape into a metal plate and dnll the
centers for the radii of the remaining
U-shapes. From this, rout the plywood
ng with all the necessary Usshapes. To
tetain the inner part of the U, which

would otherwise fly into the cutter upon
being scparated from the stock, glue a
thin plywood backing to the stock be-
fore routing. Allow for this thickness
when serting the cutter depeh. Secure
the stock to the reverse side of the jig,
and place the jig over the guide pin in
the averarm router table, Make the im-
tial curs with a curcer smaller in diam-
crer than the guide pin, 1o waste most
of the stock. Afrer routing, the plywood
backing can be pried off the stock and
the inner portion of the U's retained. To
make the U-shaped insers, rout the in-
ner contowr in an oversized blank (large
enough to accommaodate twa Ll's, which

The final joint. above and nght, is the
most nme-consuming to produce, but
the many vananons possible make the
effort worthwhile. The length and
cuteff angle of the fingers can create any
pattcmn the designer wishes. Basically,
cach pancl 18 made from a number of
strips with the alternate ones creating
the pattern, Each strip is milled to the
dimension of the finger in the joint.
The decorative pieces are then cut to
lengeh and the required angle cuton a
guillotine mirer box. In this example,
each consecutive strip vanes by an angle
of 15° 1o produce the curved effect. The
contrasung picces are tacked rogether
with glue, end 1o end, which holds
them until the panels are construceed.
The end of cach plain strip forms the
shoulder of the jomnt, so the length of
the simps should be finished o the m-
side dimension of the carcase, Each
panel can then be glued up as for the
joine shown in figure 1, page 82

These are just five of the many joimt
varianons 1 have designed —all give a
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will later be sawn apart), then usc this
negative space to locate the blank on a
jig that guides the router around the
outside contour

When all the components have been
made, it remains only o glue them
back into the voids in the panels. The
inserts are of such length thae the joint
15 created in this operation. Because the
contrasting U also forms a finget in the
joint, visual continuity is interrupeed by
the end gran. This can be overcome by
mitenng each insert, leaving the end
grain of the light wood only. This re-
duces the gluing area of the joint bur
not enough to jeopardize ns strength

Fig. & Sagmented fingar joint

Makea rhs jounr of any number of
finger/ paned components, angling the ends

to forrm the pattern, Tack-glve the lengths togethear

decorative effect when used on any-
thing from small boxes to the largese of
cabinets or tables. There are many other

WAYS 10 UST [OInts dl,"f('l‘!'.ﬂ.Tl\'fI!p'. J.ﬂd m
matter how bizare any idea may scem,
i might be quite effective put 1o proper
use. | always make a sample of any joint
1 design 1o assess its visual effect, exper-
ience the problems it will give in pro-

before gluing up the panels, which can be
done i a8 jig simdar fo the ome
Ehawin in figune 1

duction and decide how it can be effic-
iently made. Of course, these joints mke
longer 1o produce than conventional
ones, bur the advantage is that any dec-
oration needed in a piece of furniture s

already builoin O

Jobn Bairstow designs and builds
Surniture in Lowghborough, England.
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Three Decorative Joints
Emphasize the outlines with contrasting veneers and splines

by Tage Frid

‘ve been a crafrsman and designer for 53 years and a reach-

er for more than 30, bur I'm sull learning. My studenes
keep me on the ball by always asking questions. | expeniment
to come up with new ideas and simpler or better ways to do
things. Students usually don't ask for help unnl they are in
trouble. By rthen they have a big investment in time and ma-
terials, and we have to figure out some way to fix the mistake
so it does nor stick out like a sore thumb.

Doverails are difficule for the beginner, and | have many
times shown how to fix a badly fimng doverail by inserting a
picce of veneer. When | thought more abour this mick, |
realized you could outline the whole joint with veneer of a
different color for a nice decoranve effect. The rechnique also
works on other points, such as the mortise-and-tenon slipjomn,
Another kind of decorative joine is a three-way micer where
the screngrhening splines are also emphasized in a contrasting
wood, This is an arrracrive joint for framed cabinets, mbles
and stools. Here 1s how to make these three joinrs,

venesr Mrokmness

the e has fer
3. Cut covetads as usual
4 Cut
cut below gage e
a5 gran of pas

after giue 15 dry
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I Cut rabbet shghtly shalower than
2. Cul Inlay wermeer sighily oversize
Tam, scrape amd sand fush affer

D i) et
Sawkent 5 shghitly less than venesr
migy teckness. Be careful not fo

5 Grawr of wlay rums m same dyechon

6. Thm and sand oversued nigys

Outlined dovetails—The joine is laid our, cut and fit.in the
same way as a regular through doverail. The veneer inlay chat
will outline the base of the pins and rails s glued onto the
inside face of the maning pieces before the joine is cur. The
rest of the outlining is done after the jont is glued rogether,
Gauge the usual depth-lines around the ends of both pieces.
To house the inlay, cur shallow rabbets up o the gauge line
on the inside face of each piece, If you cut the rabber on the
rablesaw, ser the blade as high as the gauge line (the thick-
ness of the doverailed pieces). Then ser the fence to cur the
rabbet shightly shallower chan the thickness of the veneer.
The gran of the veneers should run in the same direction
as the grain in the picces w be doverailed. It's easier o mm
the inlay flush afrer the glue has ser than o fir it perfecdly
before. 5o cur the veneer slightly oversize. Be sure the joint i3
perfectly right where the end grain of the veneer meers the
solid wood, especiaully on the pins piece because the veneer
will be visible on both edges. Glue and wape the inlay in place

Diavk peneer infayr outline the ping and tatls of rhs
decorative joint,
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and clamp 1t oght. When the glue has dned, lightly scrape
and sand the inlay flush.

Now cut and glue up the doverails. The veneer will line
the base of the pins and tails. To add the veneer thar will
complete the outlining of the joines, saw diagonally along the
line of the joint berween tails and pins. Use a saw thar curs &
lirtle chinner than the thickness of the veneer inlays, and be
sure the sawour doesn't go below the gauge lines. Cur rrian-
gular peces of veneer for the inlays. Onent the cuts so that
when the pieces are glued in, thewr gram wall run in the same
direction as thar of the pins. To fic the nlay pieces in rhe
thinner sawkerf, you need to compress them a linde by ham-
mering them or by squeezing them i a sreel vise,

Now put some glue in the kerf—not on the veneer, Rob i
into the saweur, using your finger to force it in deep, Slide
the veneer into the kerf. It will pick up moisture from rthe
glue and swell for a perfece fir, When all the inlays have been
inscrted and the glue has dried, cur off the veneer with a
sharp chisel and finish-sand.

Ourlined moruse-and-tenon slipjoint—This joint can also
be decorared with inlay, in the same way as doverils are
Before you cur the joint, rabbet the insde edges of each piece
for veneer. If you cur the rabber on the tablesaw, use a back-
g block for more bearing surface againse the fence. Flush off
the glucd-on vencer, then cut and glue up the joint as usual,
To complete the veneer ourline, saw disgonally down the line
between tenon and mortise. Cut veneer riangles slightly larg-

Mortise-and-tenon
wipforns can be
! outlined in vemeer
= in eirher way

31 showm below.

2 After yunt 15 piled uo
saw dhaaraily

the ime of it
moefiEs amd faron

Rambel i
edges on fabde-
saw 10 3 depth
Bus [0 veneer
thickness, Add
mildys Defore
cuttng v lse
and tenon
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Haghit of sawblads equals
wesd1h of rame meces

er than finished size, and compress them to fic the kerf. Rub
in glue as for the doverail; you can use a mechanics’ feeler
gauge ro get the glue all the way in. Slide the veneer in, mm
it and finish-sand the joint when the glue s dry.

A surer, easier way o make dus joint 5 1o glue the veneers
on the two cheeks of the tenon before the joint s pur togeth-
er. Rabbet and veneer the inside edges of the two pieces as
before. Then cut the tenon and glue the veneer onro s
cheeks. Allow for the veneer thickness when laying out the
tenon thickness. Cur the mormise to fit the veneered tenon and
giue up the joint as usual. For doverailed or slipjointed pieces
made of thicker wood, the inlay could be thicker roo.

Decorative splined miters—There are other ways besides a
veneer outline o emphasize joints. A strong, decorative and
quirc simple jomnt to make is the splined miter frame, as
shown on the next page. | made this three-way miter frame
joint with wood char is square in section. For demonstration, |
made only one comer joint—in & rable you might have four,
in & cabiner, eight (one ar each comer of a cube). Glue -
gether the joines of the mitered frames. 1 use hot hide glue
because i sers fast. Next, cur the grooves for the decorative
splines. If you cur the grooves for the splines on a tablesaw,
use a cradle o hold the piece ar a 45° angle o the wmble. |
cur a nowch in a 2x4 o make a cradle. For smength and
decoration [ pur in several splines.

Clean up the surfaces afrer the glue has dried, chen bevel
or miter onc side of each frame along s length so they will

Lize backrg Block rﬂrgef
mare bgsnng on np fence
seel”.

N\

! Rabber msde edges and
Ao iMEys before morfss
Al tenon ane ool

3, Cut mariise 1o i

2 Cur tenon and gile vereer (0 cheeks.
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T Glue mder wath hedie glue
or other guck-SaTtrkg give

fence attached o g fenca
Cut long-gran mivder

rm affer ghie dres

4. Cut sphng trangles oversize. i

fir rogether. You can do this with a hand plane or with the
tablesaw. With the rablesaw, mount a piece of wood on the
rip fence, nilt the blade o 45° and run the blade slightly into
the wooden fence, Use trial and error to find the right setnng
of blade and fence, You can leave a 4-in. shoulder on the
mitered piece, o bear against the fence beyond the sawcur,
Plane this shoulder off before gluing up, or lose it later by
rounding the edge. Don’t stand directly behind the blade
when you make this cut—the waste can be thrown backward.
Next make a groove in the mitered side for & hidden or
blind spline, using the tablesaw or an elecric router. The
pune is long-grain to long-grain, so this spline is not for
strengeh bur for getning the comers to align if you glue up
using clamps. If instead you wrap strips of inner-rube around
the joined pieces, strerching it as you go, the corners will align
and the spline won't be necessary. | have also used '-in. sur-
gical tube; it's inexpensive and works berrer,
You can round off the comers, as in the photo, top center,
before gluing up, | shaped the curves on a disc sander and
dry-fit them to make sure they lined up at the joint,

E#agg gswgﬁdf?&ms

For an interesting effect, you can pur an angle of about
15% on the faces of the frames, as in the photo, rop right.
This joine s more difficult to make. Before gluing che frames
together 1 ripped one face of each piece aca 157 angle. These
bevels all should be on the front faces (in the same plane).
You can use the same kind of tablesaw serup as for ripping
the miters. These curs must be very accurate. Finish-sand
these faces before mutering and ghung up each frame. Then
cut the sawkerfs and glue in the splines.

Next miter a long-grain side of each frame and cur the
groove for the posinonng spline if you are glung up with
clamps. Then rip the ousside facs of each frame (thar s,
where the decoranive splines appear) ar 15° and finish-sand
them. Finally, glue the two frames to each other. | like this
foint and am going to use it in a frame-and-panel cabiner—
when 1 get the ame. O

Tage Frid, a Danish cabinermaker, is professor emeritus of

woodworking and furniture design ar the Rbode Infand
School of Design in Providence.
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Template Dovetails

Another way to skin the cat

F 1 ¥ -
&y Charles Riordan

F-'I cengur 1 LE1] g4 i'._l‘- E'IE': T ENe ITHST Satslacuony
method of i ning rwo pieces of wood mecung at the end

AWET and Case Consiruc-

grain. It's

is strong, d decorarive

naster craftsman. However, the o

approach dovertaling with a faint heart. There are

many ways to divest a feline of it

templates is the best way to produce doverails
described in this amticle, with special attention to drawer con-
struction, owes its inspiration to Andy Marlow, whose Clasmg
Furmcture Prorects (New York: Stein and Day, 1977) descnibes
a similar approach

Templates can be made quickly and easily using
aluminum stocked by almost any hardware store

top nght shows the tools 1 use. The scrach gFaug

right, 1s a machimst's gavge made by Starrett Tools (Athol
Mass. 01331}, and [ use it for both laying our the remplates
and marking the boards for the dovetails. Ower the years |
have found this marking tool easier to use and more accurare

than the conventional cabinetmaker's marking gauge

crmtdsere . Danalle, NUY Machrmiri 't seradich Faspe MErel u o and meetal

To make the template, cut a peece of sheet, one on each long side on the templare. Leave just enough space

aluminum _|_!'|--l_ £ 4 I '-n||1r_ and long |'l;-'| TMINe the Numoer of pin atthe pints o allow e [gsaw lli.r:l':' ({§]
} inted knife and

pins (A}, Laying

n the width of the stock enter, lTake a sharp-p

EMOUEn [

jorrng . Make sure thar the bot ote the bases of

tom is square to both sides. Don't count if the tn smips in the
1e sides of the pins
the baseline (B). Then

with the long-noscd plcrs, Erasp the

vou buy at the hardware er

STOFE DEing SOQuant an ca I comer, Chey L

1. Set the scratch gauge 1o the thickness
pin baseline and

of your drawer-side stock, or the stock waste metal ar the

With the proper carcfully bend it back and forth unul it

vou will cut tails i, and mark the sides

pleces

of the template, You will be able 1o

breaks off (C). A htle touch-up with a

make two :f'llli"-:.i'!ﬁ ITom ThRls one Line Tie and your :!.lll:r'-J!'. 5 ready

B.3 mifpemg five fempiale L. Breakmmg onr ihe wasle
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Hold the boards to be marked for the

tans hirmiy on

lamping or with
cnough space above the dog

lle point and thart

tor each ma

angis

will ensure

iplate cue

ice the board to

To mark the pins, | p

marked n the vise with a back-up

» EXET PIEssuUre

board extending sl

the board , uss

sure there

-up board and

ace the tem

ind firmly agamst the ba k-up

ut the template againse a stop
ower cdge of the paece

| mark

nside face of the drawer

marks ()

hane clearly aetined as a

ck pencil lines

To cut the pins for & lipped (r
irawer front UsS 3 rourer with the
frawer froor o Ampe d veroically 1 the

vise (H). To give the router a firm base

ce of hardwood 3 1in. thick

long to the face
e of the drawer fron ey cla
stourt picce of hardwood to the inside of

al

marks and toact as a

using the

ard. 1 find

this gives firmer control over the
router and less chance for upping or

wabble when routing end grain. This s
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e pins il the

FI¥C DCLECT re-

n.oto Y% e wide, tensioned e

Cycs ._'.rl' nere | use d4x

which direction the prain s going. [ 1

Erain mins into che pare in horzon-

rally from one face or the other, holdir I

a SIOUT PIece |

ween the pencl markings o make
the final shave

CUL away I}-' sn 1 L}

1 1 pins, | use a

spear-pointed chesel | made from a

1. surdighe chisel by grinding it to 2
07 point (k). It s much

skew because it cuts on |

ith sides and

an be held flar on the pin baseline

whi ¢ severing the sh

.||'='l||.'-. 1T

blind doverail §

d chisel can

MNow thar you have carefully followed

tine. Lig hne with sawl

e
chisel and a careful inspection shows no
LN

assemble the pieces |

e (TIMMmIng [

CESNATY VilFL] (AN

home using a2 hammer and a block of

and tap the rails

wood. If you have dene all vour cutting

with the care needed o make a dovetail

jmnt, the pieces should po rogether

with a firm “"thunk’

EO OUl .I'!li :-Z'I.J'- d Miew
old one
Lrlue up on

I
varts {1t wath

I
r

PrESsLE }

bring

10IRATS

W | [m--i'h Canm oul-ol-sguare -1[.-:'.” ror

case with poor joir Llse 3 try square

on the nside corners to

(gL I';I'i.‘!l?,' .:'_Jl e
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Gluing Up

How to get a strong, square assembly

by lan |. Kirby

luing up is unique among woodworking operations. It's
an irreversible, one-shot deal and has w be got right.
You may have done accurate work up to this poinr, only 1o
find thar a small error in assembling or cdamping has pro-
duced all sors of inaccuracies thar will be difficulr, perhaps
impossible, to fix, A common lament in woodworking is thar
“everything went perfectly untl glue-up. then everything
went wrong.” When you think about it, this is not surpnising
How often do we systemanically consider gluing up, and how
much ume do we give to dry clamping? Usually very little,
and then halfheartedly.

To get the best results, we should bring a studied method
to this operation and practice it more, We oughe 1o have a
table especially prepared for this purpose, its top surface flar,
clear of debns and well waxed 1o resist glue penetration. A
piece of varnshed plywood over your benchrop will do, bura
sturdy table, 36 in. high with a Formica surface, s berter.

Before gluing up, you should dry-clamp each assembly ex-
actly as you would clamp a glued assembly. This means posi-
vioning and tghrening all the clamps, with correct glue
blocks, and checking the whole assembly for accuracy. Gluing
should proceed calmly, in an atmosphere of preparedness,
with the glue and necessary applicators ready. clamps stand-
ing by, and you and your assistant decided on the order of
events. The time of day you gluc up is important. Most wood-
workers like to glue up in the evening and ler the glue set
avernight. To meet this goal, a lot of work often gets rushed.
dry clamping gets short-circuited and we have all the neces:
sary ingredients for a disastrous glue-up—fatigue, unpre-
paredness and anxiety. The only reason to proceed under such
conditions lies in the spurious notion that glue cures only
while the moon 15 out.

Consider the alternative. Leave the work dry-clamped over-
night. The next morning, check the clamping to see if every-
thing is sull properly aligned. Then collect all the tools and
marerials you need and begin to glue up. The light is better,
your mind is fresh, the pressure to complete the job is gone
If you can't leave the work dry-clamped overnight, ar least les
it sit for an hour while you arrend to other things.

Gluing up acwually begins with a decision abour whar w
glae togerher and in what order. The more subassemblies you
can get together, the casicr the total operation will be, espe-
cially the final gluc-up. But before gluing any parts, always
clean and prefinish surfaces thar cannot be reached later with
a plane. It's much easier 1o work on a picce of wood while s
enuire surface is exposed and accessible than to iy to remove
mill marks and other blemishes once other pars are per-
manently in the way,

You must also weigh the inconvenience of having three or
four finishing sessions as the job proceeds against one grand
and difficult cleanup afrer final assembly. Prefinished sur-
faces will resist glue pencrration from squecze-out, When the
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cucess glue is dry, simply lift ir off with a sharp chisel. When
finishing prior to gluing up, take care w keep the finishing
marerial off joine interfaces.

Bar clamps— The type of bar clamp you use has considerable
bearing on the ease and accuracy of the glue-up, For general
cabinetmaking applications, quick-action bar clamps with a
circular pad at the screw end are no substiture for 2 standard
bar clamp. A good clamp should sit on a glue table without
falling over ar the slightest ouch. The bars should be wdenti-
cal in section, and the heads should mave easily, bur not flop
around. When pressure s applied. the face of the head
should be at 90” 1o the bar— this way we know exactly where
pressurc is ransferred. A collection of clamps & an invest-
ment no matter which you choose, but it is 2 long-term in-
vestment you ¢an make by purchasing one or two clamps at a
time. The combined value in the end may equal that of wo
major machines. The best choice in the main is berween
Jorgenson, Wetzler and Record clamps. | prefer the lasc

Applying the glue—The amount of glue squeeze-out is an
important signal, Since it is waste, it is best to have as little as
possible, bur we still want assurance that there is sufficient
glue in the joint. The smallest bit of squeeze-our is enough.
This results from getung the glue in the right place in the
right amount. For different jobs you will need different ap-
plicators. White glue (polyvinyl acetare) and yellow glue
{aliphatic resin} can be stored in and dispensed from a
squeeze bottle. But a squecze bottle is not a good applicatar,
and won't guarantee thar the surfaces being joined are com-
pletely wetted by rhe glue. There is no reliable adhesion if
joining surfaces don't get completely werred

Since the future of the picce depends on the quality of it
joints, we need o take a close look at the business of applying
the glue. Manufacturers try 1o lower the surface tension of the
glue so it will spread easily. Nevertheless, the glue should be
rubbed or rolled on, not merely squeezed out onto the sur-
face. A set of suff-bristle brushes of different sizes {1 use
plumber’s flux brushes) will suffice 1in most instances. If you
use white or vellow glue, brushes can be stored in a jar of
watcr, bur it is just as casy to wash them out and begin next
time with a dry brush. If vou use urea-formaldehyde glue or
resorcinol. vou must clean the brush after each use, for these
will ser hard cven in water.

When cdge joining boards, white or yellow glue can be
squeezed from a plastic bottle onto one surface. [f the boards
arc clamped or rubbed together and the clamps are removed
immediately and the joint broken. chances are you will find
that the glue has covered both surfaces uniformly. That chis
happens in edge joining does not mean that it will happen in
other joining situations. In facr, it's not a good method for
edge joining either. A better way would be to run a very light
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and then with a F-in. wide paint roller

bead on each \ii.'f.in.'?‘_

Mow we know thar the surfaces are

werted and thar when the Nt s |:.|‘1'||’lr_'|l wE Won 't

. i o
spread the glue thinly

evenly

hive gobs of the stuff dripping on the floar. the table and the

clamps. Spreading glue with vour fingers is a2 bad

practice
You need fingers for other things, and the grease and dirt you

ta the glue won't help adhesion. If you insist on using

your fingers. wash your hands first

When gluing up several narmmow boards 1o

Edge gluing

make a case side, tabletwop or framed panel, there are four im-

nt considerations: the posinon of each board in the com

DUmMDCT ol

po

the Brain '.|If|'.'l."'2?':'l ot

Pusitc piccc, cach, the

i |.'lf-"|i:'- to be used and the means for .||.|_;|'|i|'.;: and registenng
the boards 1o keep them from swimming about when pres-
sure 15 ag F.-ill.li Assurmming thar all of the boards are dimen-

sionally stable

1 free of defeces, the first thing o de

This 1nv

Mow 1o TANge thcm to et i|‘|f bess AppCarance

shuffling the pieces arouna o achieve visual harmony

conunuity in the fipurc. Remember thar after gluing up vou

will have to clean up the surfaces with a smoothing plane, so

iy o -.'i.ﬂ'i. IQC 0N an arfrangerm I PCTImits the Erain of all

ne :"::IAE"J‘\- o run in the same di [ion Ir this 1s not I_'\:'\-'\-|::-.4

h directions and carefully

then vou will have to plane in b
avond teaning the grain on an adjacent board

Having decided on their arrangement, mark the boards so
their order can be fecalled when rthey are pur in the clamps
Dry clamping will determine the number of clamps you need

and where 1o pur them. As shown in figure 1 on the next

Page, clamping pressure 15 diffused in a fan of abour 90" f

ugh clamps to e

the clamp head. You will need er
the lines of diffusion overlap at the first edge joinc

[he

number of clamps then 5 a funcion of the length of the

boards and of the widrhs of the rwo outer boards, Since the

boards themselves transmir and spread the pressure, clamp-

ng

rp the LOMMPOILE pIedc o 'i'.]-.'.li'l atrer 15_|I.IL'-LIF'

locks are unnecessary in edge L'||J|I'-_L Plan o ot and
This will re-
move any depressions the clamps leave

When you know how many clamps the job calls for, put
C rll'.‘ll rlll"T!tl{': 15 -:-IllJl OF1

t the number (halt plus one if ©
the table, evenly spaced. If the bars are not bent or damaged
they will reguster the boards in the honzonral plane. Coar
all the surfaces

each edge o be joned with glue, wern

thotoughly and uniformly. When the boards have been pun

Page 100 of 130

£ EFWE SN IR

O RIFET

inea the clamps and shight pressure applied, place the reman-

anel and begin to tghten all
S o and Dot-

| from bowing under pressure

ing clamps over the top of the p
the

Lom prevents the pane

mps. Having an

ould be able to edpe- boards without

ldeally vou sh

mechamical means of ho

having 1
flush. But when
It 5 common to use dowels for aligning and register

} Iding them
wrards are even slightly warped this isn't
j.'l'n‘ilt'Il'.'
ing boards, if you're going to do this, usc a doweling jig 1o
align ol

boards is the Lamello joining plate. The machine thar cues the

holes. Another method for FEFISIETING -.--.i_.l_(---__',il..l;d

the mvestment for the professional woodworker
make your own {(see page 67). The quickest
solunon s to lighdy clamp bactens across the width of the

slors 1s worth

=0 You an

pancl. Don't overngheen the bar clamps. This can squeeze out

most of the glue and starve the joint. Moderare pressure 15 all

thar is needed when edge gluing
Gluing up mortise-and-tenon joints— Morse-and-tenon
joints usually ger lirtle attention when gluing — most wood-
workers want o assemble them as fasr as they can. But the
pace ought o be less hurned: ideally there should be two
people at a glue-up, one to direct the order of evenis and o
tighten the clamps, the other o manage the shoe end of the
clamps. Both apply the glue. One coas the wenons thor-
oughly while the other puits _-.'_|..|t' in the mortises. Because the

mortise and tenon gocs ogether in a shiding fir vou can't ex

o the tenon alone and sull have enough in
n
wrt it some glue and push it around with a stick

pect 1o ap
the joint. You will have to spread plue
Don't Ji

or pencil,

as well

the mor

because the excess glue can impede fitting the

ze the glue as a fluid [l.‘u‘l of considerable thick-

e side of a tenon

an misalign the members. So apply glue thinly and evenly o
all surfaces. Berer than squeezing lots of glue into the mor-
tise and surrng it with a stck 15 using a stff-bristle brush

Duning dry clamping pay close artention to dimensioning

and positiorung the \.!.'I.!_.IPIT'JJ_-: blocks. Theit purpose 15 ot 50
much to protect the stock as o wransfer the pressure from the
clamp to the workpiece in exactly the area required. The fact
thar the clamp heads can lean away trom a night anple under
pressure, that they may have been put onro the work slightly

askew and that the workpiece may not have edges perpendic-

ular to 1ts face, are all things you must consider when direct-
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Shaded arpas show diffuson of clamping pressure. Use !ﬂcmyh clarmps
to ensure thaf fings of pressure overlap at the two outer oinfs. Ar equal
mumber of clamps above and below the panel prevents bowing

Fig. 2b: Side slevation

=

Correct

Fig. 3: Chacking for alignment

Usa a singie pinch rod to méasure the
! froum an insidle corner o

Maks pinch
rods from stabie,
stradght- grained wood.
Youw can give a8 hock fo
the tip of each rod before
cuthing [he points. This il
ol rouls above obstructons
i the assembly. In use, extend
the points into opposSTe COMErs
of & frame, pinch the rods fogether
wrd then check the other diagonal.

94  Fine Woodworking
Page 101 of 130

Fig. 2a: Gluing leg/rail assemblies — Plan view

=

4 properly sired and pos- | [
tioned block i essential to
an sccurate glue-up. To
keep the leg from canting
and the joint from gapping, |
the centerfine of the rad
must tusect the angle af
presyure diffusion o §——1

1 f
Position the blocks initially by sye, but check across the insde
surface of bath legs with a straightedge fo make fine adiusr
mnts wn theie final placement.

, Imcorrect

|
|

|

across the face of the

Fig. & Clamping blocks in carcase glue-ups

An improperly sired or posittoned block can bow & carcase side and causs
the jount fo open, balow feft. The axample below nght is corract.

Incorresct

IJ-- -
.

i | Carrect
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ing clamping pressure. Puttng i prece of plywood beoween
the workpiece and the clamp shoe or head 1sn't enough.

In gluing up leg/ rail or rail/ stile assemblies, the size of the
glue block thar distribures the pressure to the shoulder line of
the joint i imporeant: Providing that the grain of the block
runs lengthwise and it s thick enough not o distort under
pressure, the block should be abour as long as the rail 15 wide,
and abour as wide as the rail 15 thick, as shown in figures 2a
and 2b, With the right clamping block, pressure can be placed
where you need it by moving the block slightly to one side or
anather of up or down the legs. If you attempr to glue up
without clamping blocks, there'’s hittle chance of directing
pressure where it is required.

The parts of a correctly glued-up assembly or subassembly
should not twist or wind in relation to onc another, They
should be ahgned and ar right angles 1o one another. Joint
lines should close up tightly. When assembling two legs and s
rail, as i a wble frame, cut the legs % in. longer than the
finished length. This excess, called the horn, is left at the top
of the leg, where it can reinforce the mortise and help keep
the end grain from splining duting drv clamping and gluing
up. The horns are cur off later when the glue has cured, On
rail/sule assemblies, where you have mortises ar both ends of
the vertical members, add 1% in. to the length of the sile,
making a %-in. horn at each end. When laying our the joints
on legs. measure from the bottom to the top, not from top o
bortom. This way you won't have to cur the legs to final
length after assembly. When laving out the joints on stiles,
clamp the two members side by side and lay our the final cut
to length ar the top (siriking across both at once); then mea-
sure down from these to lay our the finished length ar the
bowom . Use a try square and a layout knife for the best re-
sults. Then you can accurately check the work when gluing up

Checking for alignment— The legs should be sighted with
winding strips to make sure they are in the same plane. Don't
try 1o sight tapered legs on the tapered side. To correct twist
or wind in the assembly, one person holds it down tightly on
the clamp bed and slackens off the clamping pressure. The
second person, holding one leg in each hand, moves the legs
inta proper alignment. Then the clamps are renghrened

Right-angularity berween legs and rail is frequently over-
looked, This is best checked by kayving s straightedge across
both legs as shown in figure 2b. To carrect misalignment, the
clamping block must be raised or lowered to redirect clamp-
ing pressure. If this sn't done, the rails will go off ar odd
angles at the next glue-up when the subassemblies are joined
by two more rails. Then the finished piece will be under con-
stant tension and the rails may bow. Using the straightedge as
a reference, shift the clamping blocks i the appropriate
direction. Here dry clamping will tell vou ahead of time
where to position each block. Remember to dimension each
block carcfully, as improperly sized blocks are difficulr o
position and can misalign an accurate joint by putting pres-
sure 1n the wrong place.

Next check for overall squareness in plan. & try squarc is
hardly adequare for checking this sort of nghr-angulanty. On
assermnblics with long legs and rails, it can gauge only a frac.
tion of the lengths involved, and if the legs are curved or tap-
ered, or if the rails aren't straighs across their bottom edpes, a
try square won't work at all

Squarencss is best determined by taking diagonal measure-
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ments from the top insde corers to the inside borom cor-
ners of the legs. If the diagonals are equal, the assembly &
square. You can make these measurements with a long rule,
though take care to place the rule ar the same depth in the
two corners. A flexible metal wape can also be used, burt this
requires two people for accurate resulss. One holds the one-
inch mark in precse alignment with the corner, while the
other pulls the rape raut to measure the distance to the bot-
tom inside of the leg.

Traditionally, diagonal measurements are raken with pinch
rods, Shown n figurss 3 and 4, these sticks have pointed
edges thar fir into corners to measure diagonals, They are
stepped so they can span’ abstructions such as center seiles and
stretchers. Considering their high degree of accuracy and che
small amount of effort needed o make them, there’s linde
reason to use anything else 1o measure internal diaponal dis-
tances. We should find the diagonals equal if the damp hold-
ing the assembly rogether is in line with the rail member. If
they are not equal, we will have to reorient the clamp and the
blocks in such a way that the members will creep into square
with one another.

Assembling frames— When gluing up a flat frame. as for s
door. employ the samc checking procedures and assembly
methods as you would for a leg/ rail assembly. Bur because a
frame 15 closed on four sides and relatively thin in section, it
calls for some special awentions. The flatness of the gluing
table 15 particularly important. Il we are using identical
clamps and we press the frame down onto the clamp bars, we
will gera twisted frame if the able we are working on has 2
wwisted top. Usually the cheeks of a martse in a frame are fairly
thin, and the glue in the joint migrates 1o the center where it
can caust them o bulge ourward. Avoid this by clamping
across the cheeks with 4 Coclamp and properly sized blocks,

Gluing up carcases — A situarion where improperly dimen-
sioned clamping blocks can be dramatically counterproduc-
tive is in gluing up carcases. Too large a block, as shown in
figure 5, can misapply the pressure, cause the sides w bow
like crazy and open the joint on its outer edge. For clamping
case sides nghtly against an internal shelf or other member,
we have lirtle choice ocher than w use cambered cauls, or we
won't achieve the necessary pressure,

Gluing dovenils is worally differem from gluing mortises
and tenons. If the doverail has been made o that the end
grain of the pins and tails is below the surface on the adjacent
boards, then all thar will be required 1o glue a large carcase
together is one clamp and two people. After the glue has been
applied and the joint has been pur together, the doverails
should be clamped home individually. They will not spring
back if they are correctly made, because there is considerable
friction in the glue interfaces between the ping and tails,
When the glue has been uniformly brushed on the long grain
of the pins and rails, each part swells, making the close fit
even tghter. Don't delay assembly after applying the glue,
and don’t try 1o hammer the parts home, as you quite prop-
erly did during the dry test assembly. Clamping is the proper
means once the glee s applied, and ir 5 sweer and easy 1o
clamp each tail one after the other and see the glue come
squeezing out at the bed of each pin. O
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Which Glue Do You Use?

Part one: Chemical types, not brands, make the difference

by George Mustoe

Likr the alchemists’ amempes o mansmute base metal into
gold, much buman effort has gone into the search for the
perfect glue, This goal is probably as unrealistic as the dreams
of alchemy, but the invenrors' soruggles have not been with-
out reward: adhesives manufacruring is a big groweh industry
in the Unired Stares, and per-capim consumption is about
40 b, per year.

Mot surprisingly, “What kind of glue did you use?” is a
frequent query heard whenever woodworkers gacher, Unfor-
tunately, these exchanges generate some old wives’ rales,
among them the colorful bur incorrecr assernon thar cyanoac-
tylate superglue” is derived from barnacles.

Because wood is a relanvely weak constucton marcenal,
most adhesives produce bonds chat are stronger than the sur-
rounding lumber, so cums of extremely high strength are
seldom meaningful o the woodworker. Instead, che most 1m-
portant characteristics are setring rare, viscosity, resistance o
warer, flodbilicy, color, sandabilicy, and gap-filling properties,
As a woodworker who happens also to be a chemist, ['ve
developed a keener than usual interest in the lieerally hun-
dreds of glues sold today, discovering in the course of my
research thar only about & dozen kinds are useful for wood-
working, Within each carcgory, I've found char different
brands will usually perform equally, so the choice for a par-
ticular project is best made by undersanding the chemical
makeup and characreristics of the glues we use,

In this aracle, 1'll cover those glues thar are best suired o
general woodworking. In a second article, I'll talk abour
epoxies, hor-melt glues, cyanoacrylares and conmc cements,
all specialey glues thar are usually more expensive, though not
always better, than our old standbys.

Protein glues—The narural world abounds with examples of
sophisticated adhesives which display impressive tenacity; bar-
nacles and mussels, for example, cement themselves to beach
rocks and ship botroms with a substance char resists pro-
longed immersion in salc water. Though the chemistry of
these narural adhesives is poorly understood, mose stucky sc-
cretions are combinadons of various complex proteins. Thus ir
is not surprising thar early artisans discovered thar the best
raw marerials for glue were protein-rich animal products such
as skin, bone and blood.

Today, despite the advenr of modern syntheric adhesives,
animal-prorein glues are sill common. They can be divided
into three rypes: hide and bone glue, fish glue, and blood
glue. OF che three, hude and bone glues are of the greatest
interest to the woodworker, The use of fish glue, which 1s
denived from the warer-soluble proteins in fish skins, is Limue-
ed o indusoy, mainly for amaching labels to bordes and oc-
casionally as a rack-improving additive ro white glue. Blood
glues, once developed as warer-resistant adhesives for early
military aircraft, are made by dispersing beef or pig blood in
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water, with wood dust. lime or sodium silicare added as
thickening. They're most often encountered in vintage ply-
wood, but are pracocally impossible o buy today and have
no significant advantages over readily available syntherics,
Hide and bone glues, on the other hand, are far from ob-
solere. Bosides being widely used in industry for products
such as gummed paper tape, sandpaper and bookbindings,
hide glue finds plenty of uses in the woodshop. The setting
tme and spreadability can be varied, and the adhesive cures
into a colorless, nonoxic, sandable glueline which can be un-
done by the application of moist hear—a fearure thar is arrac-
ve w luthiers, for instance, who may need to remove the
soundboard of an instrument to repair . Warer also sofrens
hide glue, and some furmrure conservators use a 30% vinegar
solution to speed the disassembly and repair of antiques.
Hide glue consists of proten denved from collagen, che
main ingredient of skin and connective tssue, The glue is
prepared by cooking animal hides, hooves and tendons ineo a
protein-rich broch which is then cooled to a gelasinous solid,
sliced, dried and ground into a coarse powder, In retil stores,
hide gluc is commonly sold as a pre-mixed liquid, but it can
be bought in powder form, in which case it must be mixed
with hot water in a glue pot or double boiler—ic loses its
strength if you ler it boil. Liquid hide ghees have rwo ad-
vanrages over mix-your-own: you don't need a heated plue
pot, and rthe slow sering tate may be valuable for complicat-
ed assemblics. During the heydey of hide glug, it could be
boughr in 18 grades, each with a different viscosity and set-
ting rime. Today, woodcraft suppliers usually offer only a sin-
gle, high-grade product. Serring time can be slowed by add-
ing mare water, bur this leads to a slightly weaker bond.
Many other proteins have adhesive properties. Soybean-
based ghue is used i some meerior plywood, Casein or milk
glue, which has been detected in medieval picture frames, 1
made from skim milk, and is used roday for laminating inre-
rioc beams and rrusses. This glue s a light-colored powder
thar must be mixed with cold water and allowed to stnd
abour ten minutes before use. Unlike the other protein glues,
casein sets both by evaporadon and by chemical reacrion,
forming calcium caseinate. The resulting neutral-colored bond
is highly moisture-resistant bue not warerproof. Casein can be
used in cool weather and on woods contamning up o 15%
moisture, It 15 particolarly effective with oily woods such as
teak, yew and lemonwood. Powdered casein glue is available
from Naronal Casein, 601 W, 80ch 5t., Crucago, Ill. 60620.

Petrochemical resins—Casein glue is somenmes confused
with polyvinyl acerare (PVA) white glues. Pare of this confu-
sion stems from the milky appearance of whice glue and also
because dairy-relaced companies such as Borden, who once
marketed casein, now sell PVA glue, Developed during the
19405, PVA glue is part of a family of synthenc resin gloes
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ADHESIVE SELECTION GUIDE

Adhesive

Application d s

Properties after curing

Recommended uses

Hide glue (hot)*
(Behlen Ground Hide Glue,
Behlen Pearl Hide Glue)

umpﬁﬂ["nmdmgap—
filling abiliry, noneoxic, requires
ghae pae

Transparent, not water-
resistant, can be sanded

Musical inszruments,
furnirure

Hide glue (liquid)®
(Franklin Liquid Hide Glue)

Slow-setring, low viscosity, min,
curing temp. T0°F, moderate
gap-filling abilicy, nontoxic,
may have serong odor

Similar o hot hide glue

Assernbly Fl‘mdl.l.l‘ﬁ that
reqquire slow sereing

Casein gluc®
cure, Manonal Casein
#8580, fasr cure)

Glue must seand 10 w0 20
minures alter mixing, min.
curning eemp. 35°F, mnd:m':
gap-filling abilicy, nonroxic

Neutral opaque color, high
water-resistance, sands
cleanly

Intenior strucrural applicarions,
especially good with aily
woods and in cool working
reTnperarures

Whiee glue*
(Elmer's White Glue,

Franklin Evertice, Weldbond,

Cures rapidly, low viscosiry,
min. cunng temp. 60°F,
moderare gap-flling abilicy,

Transparent, low warer-
FESISTATICE, Creeps under
load, clogs sandpaper

Geeneral woodworking, not
recommended for soructurel
of outdoor applicarions

(Elmer's Carpenter's Wood
Glue, Franklin Ticebond)

increasing with age, min. cur-
ing remp. 60°F, moderare
gap-filling abulity, noncoxic

witter-resisance, bes likely m
areep under foad than white
ghee, can be sanded

Wilhold R /C-56) nontoxic, almost unlimited
shelf life
Yellow glue® Fast tack, moderere viscosiry Nearly mransparent, moderate General woodworking, indoor

use only

Urea-formaldehyde glue®
(Weldwond Plisne Resin
Glue, Wilhold Plastic
Resm Glue)

Glue powder must be mixed
with waref, min. curing temp,
TOF**, poor gap-filling
ability, releases formaldehyde
vapor, uncoured glue i oxic

Medium brown color, high
warer-resistance, sands ceanly,
thick gluelines are brictde

and may crack under stress

General woodworking, srucrural
uses indoors of i sheleered
ourdoor locations, bonding may
be inhibired with oily woods

Resoranol glue

{Elmer’s Waterproof Glue,
L5, Plywood Resorcinol,
Wilhold Resorcinol)

Maoderare viscosity, min. cuning
emp. TOF**, pood gap-filling
ability, releases formaldehyde

during curing, rwo-part system

Opagque reddish color,
waterproof, withstands most

solvenss and caustc chemicals,

can be sanded

Manne use and ouedoor

COMSIIICTIOn

must be mixed, uncured glue

* Warer-based adhesive may cause warping of veneer or thin panets.

be extended by adding up ro 60% whear flour or fine wood
dust. The thermosetting nature of urea-formaldehyde glocs
can be both boon and bane, In a shop cooler than 70°F they
will cure poorly or not ar all, bur ar 90°F the mixrure's pot-
life is only one to two hours, Once the glue has been spread
and the pieces have been clamped, cuning can be haseened by
heaning the glueline o becween 90°F and 150°F. Urea-for-
maldehyde's thermosetting qualices make it the most popular
adhesive for use with radio-frequency curing appararus, or di-
eleciric gluing,

One drawback of urea-formaldehyde glues is the emission
of formaldehyde gas during and after curing. Besides being a
suspecred carcinogen, this vapor may irrizare the skin and eyes
and cause headaches. The problem is hable 0 be most pro-
nounced in homes construcred with urea-formaldehyde-glued
paneling, bur it's a good idea to work with this adhesive only
in @ well-ventilated shop.

The development of urea-formaldehydes marked 2 mile-
stone on the road to the perfect warerproof glue soughr by
boarbuilders for centuries. Ironically, completely wazerproof
adhesives didn't appear unril the wooden ship was nearly ex-
tincr, Today, resoranol-formaldehyde glue is the most popu-
lar warerproof wood adhesive, with epoxy resin trailing as an
expensive second choice. Resorcinol glue was developed dur-
ing World War Il for gluing the plywood used in bombers,
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** May be rapidly hearcured a0 90°F m 130°F,

helicopter blades and andmagnetic mine sweepers. Today, it is
used to bond manne and exrerior plywood, and for laminaring
ourdoor timbers. For the home shop, resorcinel is sold rerail
as a pwo-part system consistng of a dark red hquid resin, and
a solid powder contaning paraformaldebyde and an inere fill-
er (usually powdered nueshells). Two brands are Wilhold and
U.S, Plywood, both markered as waterproof glue,

Resorcinol is fairly costly, and once mixed it must be used
within an hour or rwo. For these reasons, it should be the
glue of choice only when a completely waterproof joint s
needed. It requires a minimum serting temperature of 70°F,
and solidifies within eighe hours, though it doesn't reach full
bond swrength for several days. Aadic hardwoods such as oak
may require 100°F o 110°F wemperarures for maximum
bonding. The final glue film is extremely durable, rolerating
boiling warer, caustic chemicals and drastic remperature vari-
arons. Resorcinol glue is easy to apply and can be cleaned up
with a damp rag. Disadvantages include the dark reddish
glueline and the release of formaldehyde during curing. O

Geovge Mustoe i5.a research technician in geschemistry ar
Western Washington Untversity in Bellingham, and a se-
rions amatenr woodworker, Phorar by rhe author.
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Why glue joints fail

When wood joins fall apar, as they oc-
casionally do, the glue is auromatically
suspect, Usually, though, bond failure
occurs not because the glue isn't strong
enough, bur because the wrong adhesive
wis used, the wood's mosoure conrent
was too high or oo low, the surface was
improperly prepared, or the joint was
clamped incorrectly.

The wide range of glues available will
meet any woodworker's requirements,
but for most indoor woodworking,
whire and yellow glues are the best
choice, except for veneering, where wa-
rer-free glues such as epoxy or hor-mele
sheets will keep the veneer from curling.
Powdered resin glues can give erranc re-
sules due o sloppy mixing or poor tem-
perature control, bur they are excellent
when a hard, machinable glueline is re-
quired, and for moisture-resistant exre-
rior work.

Too much or wo hitle motsture 10
the wood is one of the most fruscracing
causes of glue failure. Consider this ex-
ample: The center of a 2-in. dhick board
5 liable to conmin more moisture than
the surface. If the lumber is planed and
edge-glued before it reaches equilibrium
moisture content, the porous end grain
of the wood will dry and shrink faster
than the middle, scraning or breaking
the glueline. To avoid this, stack and
sticker your lumber afrer milling, post-
poning gluing uncil it has sabilized. An
extra coat of finish on che end grain
when your project is done will minimize
subsequent stress on the glueline.

Climaric extremes can drive wood
equilibriums thar will make gluing
ooublesome. In the desert Southwest,
for instance, MOISCUre CONCEnt SOMme-
ames falls o 4%, which can draw the

Tbm- scanning electron microscope photes illustrate a,b;r a ‘,[F
by cur smrface is better for gplwing thaw a bandiaws ome.
phore of hand-planed maple at left shows cleanly theared fibers
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water out of PV As before the joints can
be assembled. Conversely, the glue
won't harden ar all in wood much wer-
ter than 12%. In these environments,
using adhesives thar don't cure enarely
by evaporation—urea-formaldehydes and
casein glues—will help. Temperarure
can also be a factor in glue failure, Be-
low 50°F, PVAs come our of solunon
and cure in chalky, weak gluelines. At
high temperatures, say, above 100°F,
they are liable to skin over before as-
sembly, which makes a strong bond vir-
rually impossible.

Typically, adhesives bond to only the
top layers of wood, so the surface must
be smoothly cut, with no tom or par-
dally demached fibers. Providing thart it
is straight and true, the best surface for
edge-gluing is one left by a sharp hand
plane. Next best is 1o use a joinrer or
even a sharp drcular saw, preferably
one that leaves indececrable sawmarks,
Dull jointers and planers, on the other
hand, produce a glazed, burnished sur-
face which swells in conracr with glue,
encouraging failure. A sanded surface
is similarly undesirable because the loose
fibers left behind by the abrasive soak
up glue bur will part readily when the
joint is stressed. Wood surfaces oxidize
quickly, so oy to mill and glue on the
same day; machining a fresh surface on
lumber that has been stacked for accli-
mation is advisable.

Maring surfaces should fir snugly
withour massive damping pressure, but
joings should have enough space to per-
mir 2 gle film o develop; hammer-
oght tenons or dowels will squeeze out
most of the adhesive as they are assem-
bled. If a joint is sloppy, don't rely on
your glue's gap-filling qualities ro rescue

f&rﬂamw:

wibich alfow .’lqn:ﬂ”zg

it. Better to recut the joint, or o salvage
it with a stracegically placed veneer shim.

Deciding how much glue to apply is
a dilemma often not solved unal ir's oo
late. The ideal glueline is as chin as pos-
sible, bur withour starved spors. Thicker
lines are generally weaker because they
concain air bubbles or mrapped solid par-
ticles, as well as internal sresses thar de-
velop as the adhesive shrinks during
curing. Most glues, pardcularly PVAs,
perform best if they're spread on boch
surfaces, and the surfaces then placed
together and allowed to stand for about
10 minures before being damped. This
“closed rime"* gives the adhesive ime o
penetrate and coalesce before the clamps
squeeze it out.

To bond successfully, glues require
surprisingly lirtle clamping pressure—
10 P31 is plenty, more will just squeeze
out the glue, starving the joint. The
most common cdamping problem is an
uneven gloeline caused by poorly dis-
tributed pressure. Obviously, each job
aulls for is own serup, bur a joint is
clamped correcely when the gloe squeez-
es our a bit just as the two pares marte,
gap-free. Exerr more pressure after chat
and you risk starving the joint or rack-
ing the assembly. For edge-gluing, a
good rule of chumb is o space clamps at
intervals equal o twice the widch of
each board. So two 4-in. boards should
be clamped every 8 in., with generous-
ly dimensioned clamping blocks o
spread the pressure and o provect the
wood. Before actually gluing, dry-clamp
your pares. If a joint won't cose, fix
what's wrong so you won't be tempred
o draw it up lager with crushing damp
pressure, introducing seresses thar make
failure probable, —G.M.

fues fo pemeivaie. The partially detached
ace, right, limit glue absorprion to tap lay-
break readily uun'ﬁ sfress. £ "
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Glues for Woodworking

Part two: Synthetics solve some problems, pose new ones

by George Mustoe

Adhcsim have changed enormously since the days when
arusans prepared their own crude glues from  meat
scraps of milk curds, Twentieth-century chemisory has given
us hundreds of new synthetic adhesives, some of which are of
interest o the woodworker, Generally these adhesives—epox-
ics, cyanoacrylates, hot-mele glues and contact cements—are
far more expensive than the hide glues, polyvinyl acetares and
warer-resistant glues char [ discussed in the firse parr of this
arncle, pages 96 to 99, although they aren’t necessarily more
effective. In the small woodshop, cost alone limirs use of most
of these glues w speaal jobs.

Epoxy resins—Although epoxies are among the more expen-
sive adhesives, their physical propertis—high smengeh, low
shrinkage, transparency, insolubiliry, and ability to bond 1o a
diverse array of marerials—make them ideal for cerrain appli-
cations. The extreme strength of epoxy is seldom essential in
joining wood o wood, but it makes it possible o bond wood
to glass or o metal. Cured epoxy machines well, and irs di-
mensional stability makes it an excellent choice for filling gaps
and mending holes.

All epoxies are rwo-part systems: a resin, and a liquid cata-
lyst or hardener. They harden by chemical reaction berween
the two components, not by solvent evaporation. The glue is
activated by mixing the resin and hardener rogether, usually
in equal proportions. Changing the resin/hardener proportion
affects the properties of the cured epoxy: slightly increasing
the hardener by vp to 10% mikes the bond more flexible,
while increasing the resin by up o 10% makes the bond more
beictle. Using a larger proportion of either component weak-
ens the bond.

Curing time for cpoxies varies according o temperarure,
Epoxies generally require temperatures of 65°F or higher to
set, although spedial formulas have been developed for use ar
lower temperatures. Hearing the joint o 100°F w 150°F
speeds the setting rare, but also increases the healeh risk: the
vapors from hot epoxy arc very toxic. Viscosity drops dra-
marically ar higher temperatures, causing the epoxy m flow
out of the joinr onro other areas of the work. Whartever the
temperarure, uncured epoxy is toxic, and repeared skin con-
race can provoke allergic reactions in some people. Acetone is
recommended for cleaning up uncured epoxy, but denarured
aleohol works just as well and is less flammable.

Epoxies come in a variety of different types. "Quick-set”
of “3-minute” cpoxics are convenient where you need a
strong, fast-setting bond, bur their brief por life can be frus-
erating if your assembly takes longer than you expecred, They
also have less strength and water-resistance than conventional
epoxy. Hand-moldable suicks of epoxy putty are casy o mix,
and work well as a filler. Opaque “filled epoxies” conin
suspended solids such as day or powdered metal o provide
increased serengeh, higher viscosity or other desired proper-
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nes. Filled epoxies have a pury-like consistency thar makes
them perfect for filling large voids or repairing surface dents,
but they have a limized shelf life because che filler evenrually
sertles our of suspension, Vigorous surring will sometimes re-
store ald stock to a usable condition. When clear epoxy resin
gets old, i may become thick and granular (some prepara-
tions have recommended shelf bves of only 6 o 12 months),
but warming the container to abour 100°F in a hot warter
bath will return the epoxy to is original stare.

Many retail brands of clear epoxy are bought in bulk from
the manufacrurer and repackaged into small containers. There
isn’t much difference between brands, and you an save mon-
ey by purchasing epoxy in larger quanrides. One ounce of
epoxy in & tube costs abour $2.25, bur Sig Model Airplane
Epuxy, an excellent eransparent glue found in hobby stores,
costs about $7.50 for 12 ounces, Though epoxy manufacrue-
ers won't often sell bulk quantitis directly w the public,
they'll usually provide technical assistance and lisss of local
distributors. Armstrong Producess Company, PO Box 647,
Warsaw, Ind. 46580, makes a clear all-purpose epoxy called
A-271 resin, a “quick-set” resin called A-36, and several och-
er types. Deveon Corporation, 30 Endicore St Danwvers,
Mass. 01923, also distributes epoxy in bulk, As another ex-
ample of the money you can save by buying in quantity,
Deveon 210 epoxy coses §2 an ounce i hardware stores, bur
abour 62¢ an ounce in gallon lots (all 1983 prices).

Several epoxies have been marketed spedfically for wood-
workers by Indusmial Formularors of Canada, Led, Their G-
cpoxy is & general-purpose clear resing G-2 is recommended
for oily and acidic woods such as reak and cak. Cold Cure is
meant for wse ar emperatures as low as 35°F, Five Cure
sets in 15 minurtes or less ar remperarures above 40°F, and
Sun Cure 15 a low-viscosity laminanng resin. You can mail-
order these epoxies from Flounder Bay Boar Lumber, 3rd and
0" Ave., Anacorres, Wash. 98221

An outensive line of epoxies, addisives and dispensing
pumps is sold by Gougeon Brothers, Inc, 706 Martin Sc.,
Bay Ciry, Mich. 48706, under the trademark West System.
Developed for boatbuilding, the Gougeon system uses epox-
ies both as adhesives and as saturation coatings to prevent
transfer of moisture and improve dimensional stability,

Polyester resins—If you want to reinforce wood with fiber-
glass dloch, your best choice s cpoxy resin, bur because of
cpoxy's high cost, polyester resin is commonly used instead, It
is also less roxic and much cheaper. Like epoxies, polyeseer
resins are two-part syseems: a low-viscosity liquid which hard-
ens when @ small amount of camalyse s added. Although
polyester resin performs well for renforcing fiberglass, it lacks
sufficient werting abiliry to bind ro wood fibers. It will adhere
o wood only if the solidified resin can inretlock with surface
trregularines. You can ger an adequare bond if you roughen
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ADHESIVE SELECTION GUIDE

Adhesive Application characteristics

Properties after curing Recommended uses

Moderare viscosity, decreasing
greatly ar warm remperasures,
min, curing temp, 65°F*e,
excellent gap-filling abiliry,
rwo-pant system, liquid and
VAPOTS Are (0K, May Cause
skin irriranion

Armstrong A-271, Cold Cure,
Deveon 210, Five Cure,
Industrial Formulators'

G-1 and G-2, Sig

Model Airplane Epoxy,

Sun Cure, West System

Marine and ourdoor use,
excellent for bonding
NONPOroUs Marcnals

Highly mransparent,
waterproof, bonds w0 many
marerials, sands

and machines well

Cyanoacrylate Very fast bonding®**®, very
Deveoon Zap Grip 10, low wiscosity, min. curing
Duro Super Glue, temp. 60°F, poot gap-filling

Eastman 910, Elmer’s
Wonder Bond, Hoe

ability, ndor may be irmranng,
bonding may be inhibited by

Highly transparent, very
WATET-TeSISLANT

Small repairs, modelmaking,
muatetials

Bosaik Thermognp,
Swinghne Foc Seix

viscostry, excellent gap-filling
abalicy, does not penetrate well,
difficult w0 apply over large
areas, nontodc, glue gun needed

Sruff, Kmzy Glue, ol or acdic residues, excess is
Scowchweld CA-3 very difficult o clean up
Hot-melt spick Sers almost instancly, high MNeurral opague color, Furniture repairs, small projects

moderate strengrh, remains
slightly fleaible, cannot be
sanded, softens when
heared

such as ooys, COMSOMUCHON
of jigs and patterns

Huot-melt sheet
BF Goodrich Plaseilock 810

Instant bonding, appled
wirh hor iron, poor gap-
filling abality

Moderare strength,

Veneering
sofvens when heared

Contact cement,
rofvent-bared

Weldwood Conract Cement,

Wilhold Contact Cement

Inseant bonding, min, curing
temp, TO°F, poor gap-flling
ability, highly toxic, very

flammable, difficule 0 dean up

Low smrength

X Bonding plastic laminares
creeps under load

o plywood, not recommended
for veneering, though it &
widely used for rhis purpose

Comtact cement,

water-based (larex)®
Elmer's Cabiner Maker's
Conracr Cement, Weldwood
Acrylic Latex Contact
Cement

Instane bonding, min. curing
remp. 65°F, poor gap-filling
ahility, low toxiciry, casy

to clean up, Copen time”
must be carefully monitored
according 1o label directions

Recommended when Limited
ventilanon canditions prevent
using sohvene-type cement

Very low strengeh.
water-resistant,
creeps under load

* Warer-based adhesive may cause warping of
venwer of thin panels.

the surface with a rasp or coarse sandpaper. Brush the cara-
lyst-activated resin over the wood and allow it ro soak n
thoroughly. Before it begins o set, apply glass cloth and
brush anocher coat of activated resin over the cloth,

Unlike epoxy, polyester resin shnnks considerably afer
curing, and it may remain shighely racky long afrer solidifica-
tion. To produce a smooth surface finish, polyester finishing
tesins. sometimes contain emulsified wax which floars to the
surface as the resin cures.

You may be able to save up o 30% by purchasing polyes-
ter resin and fiberglass cloch from a local business thar uses
them. Boaryards are wsually willing to sell a gallon or two of
resin from their 55-gallon drums ar minimal mark-up. These
incustrial-grade resins are sometimes slightly red or purple in
colar, compared to the warer-clear recail resins. You n color
clear polyester resin by adding pigments specially made for
this purpose.

Cyanoacrylate glues —No adhesive has received more atren-
ton in the last few years than cyancacrylare, commonly
known as “superglue.’ Conerary o rumor, cyanoacrylae is
not derived from barnacles (a misconception thar has soock as
well as the glue). Nor is it new—the firse cyanoacrylare ad-
hesive, Eastman 910, was discovered by accidenr during a rest
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== May be rapdly hear-cured ac 100°F m 150°F
*#re Surface activaror specdd st

of the lighe-refracting properoies of a new organic compound
when a drop was placed berween glass prisms and they stuck
fast. The glue was patented and first marketed in 1958, and
industry has been using i ever since.

Cyanoacrylare will bond most plastics and rubber, and is
goad for gluing rubber to wood or to mecal. Higher-viscosicy
formulas are sald for use on wood and other porous marerials.
Elmer’s Wonder Bond Phus and Krazy Glue for Wood and
Leather are rwo brands available in small rérail packages. As
most users have discovered, cyanoacrylare also has a remark-
able ability to bond skin. Glue distriburars now sell solvents
to dissolve unwanted bonds, although acetone and nail polish
remover are somewhar helpful for this purpose.

Cyanoacrylate provides a very water-resistant, bur not com-
pletely warerproof, bond, Prolonged immersion in warter
eventually weakens the joint. This adhesive wall also resist
maost organic solvenes,

Cyanoacrylare glue is most useful in modelmaking, musical
instrument building and other small-scale applicarions. I
main advantage i its excremely rapid ser—3M's Scorchweld
CA-3, for example, sets in about 30 seconds. You can reduce
this setung time o as liede as one second by brushing on
3M's Scorchweld Surface Activaror for Cyanoacrylate Adhe-
sives before you apply the glue. Moisture will also speed cur-
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ing, bue on wet surfaces the glue will leave chalky seains. [
sometimes use the maoisture of my breath ro humidify small
parts before gluing. The swrengeh of the cyanoacrylare bond
conrinues o increase slowly during the first 48 hours.

Shelf life of most cyanoacrylates is abour 6 m 12 months—
the glue thickens as it gers old—bur storing the adhesive in
the refrigerator will prolong ies wseful life. Since moisture
speeds the serring dme, however, allow the container to warm
up to room emperature before you open it, or condensarion
in the borde will offser the advantage of refrigeranion.

Early cyanoacrylates did not work well on wood or other
porous materials because the glue's viscosiry is extremely low:
the glue soaked into the surfaces, producing a starved join,
This same property, though, allows the adhesive o penetrare
hairline cracks. Cyanoacrylate dripped into 2 ragged break
will reinforce the fracture, and it can strengthen joines already
glued with another adhesive thar have loosened slighely if i is
dripped along the existing glueline. You can repair a large
gap by packing it with baking soda, then dripping glue on,
which rums the powder into a hard, white filler. To fill a
small crack or hole, pur a few drops of glue in the cack, then
sand immediately with wer-or-dry sandpaper before the glue
sets. The wood dust mixes with the glue to form a hard filler
that marches the color of the wood. This works best on dark
woods; on light-colored woods the parch will be slighely
darker than the surrounding wood. On thin stock, it's & good
idea o pur a piece of masking rape on the back of the crack,
to keep the glue from seicking to the bench,

Cyanoacrylares do noe ser as quickly if there is acid present
in the joint. If you're ghuing an addic wood such as oak,
you'll get better results if you prepare the surfaces by brush-
ing on a surface acrivator. These actvators are mildly basic
and neurralize the acid,

Cyancacrylare is the most expensive adhesive generally
available. Like epoxy, most brands are purchased in bulk and
repackaged for retail sale, but you can save by buying in larg-
er quantities. C.F. Martin Co. (of guirar fame), 510 Syca-
more St., Nazareth, Pa. 18064, sells 3M Scotchweld CA-3 in
l-0z. coneainers for $12, Scorchweld Surface Activaror for 8,
or a kit consisting of two ounces of CA-3 and one conrainer
of surface activator for $25 (1984). Glue quality differs licde
berween brands, bur you will find a difference berween the
containers the glue is packaged in. Some styles clog before the
adhesive is gone, when glue solidifies near the np. Polyethyl-
ene dropper boctles are less likely to clog than metal squeeze
tubes or rigid plastic conmainers. It helps to clear the noeele by
squeezing a lirdle air out of the upright container before clos-
ing it

Hot-melt glues—Synthetic hot-mele glues arc easy w apply
and they set up quickly. Most are made of polyamide resins
which melt ar around 400°F. Hor-melts are widely used in
industry, where their quick set is an advanrage on assembly
lines. Their good gap—ﬁllmg properties make them deal for
repaining worn, sloppy joines in old furniture, Hot-melts form
thicker gluelines than most ather adhesives, and have relarive
ly low strengeh and poor penerrating ability. They're good for
emporary jigs or tack-on fastenings, where extreme serengeh
15 not required. They're also well suited for joines chur may
need 1o be disassembled, bue the heat necessary w break the
glue bond may also damage the surrounding finish. Hot-
mels develop 90% of their final bond soength within 60 sec-
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onds. The glue remains somewhar flexible and does not sand
well. When the glue has cooled. excess can be removed with a
sharp blade.

Hot-mele sticks are sold for use in an eleceric glue gun.
Manufacrurers make several grades that cool ar different rares.
Those sold in retail stores allow you oaly abour 10 seconds to
assemble pares, but you can ncrease open nme shighdy by
prehearing the parrs, Hot-melts are also sold in thin sheets for
veneering (available from Woodcraft Supply), You can use an
ordinary household iron to provide hear, then weight or
damp the veneer unnl the glue has cooled.

Contact cements —Conmact cements are rubber-based {usual-
ly neoprene) liquids thar dry by solvent evaporanion, They are
used most often to bond high-pressure plastic laminares, such
as Formuca, o plywood or particleboard, without the need for
clamps or prolonged pressure, Contacr coments are sometmes
used 0 armach vencers, bur the glue bond can fail in spots
because of seasonal moisture changes in the veneer, causing
bumps in the veneered surface or separation at the edges,

There are rwo types of contac cements: solvent-based and
warer-based. Solvenr-based cements, most of which are ex-
rremely flammable, dry in about 5 to 10 minutes. The non-
flammable solvent-based cements are made with chlorinared
hydrocarbons, and rtheir vapors are toxic, These vapors are not
trapped by an organic-vapor respirator, so you should use
adequare venolation with this and any solvent-based adhe-
sive. Warer-based contact cements are nontoxic and nonflam-
mable, but they rake longer 1o dry—abour 20 minures to an
hour before parts can be assembled. The uncured adhesive is
water-soluble, so you can clean your tools in water if the glue
hasn't dried. Water-based contace coment provides berter
coverage than the solvenre-based type, bur ir should nor be
used on metallic surfaces.

Contact cements are hear-resistant and warter-resistane, al-
though adhesive strengrh is low and the pliable glue film is
likely to creep under load. Both rypes can be applied by
brush, roller or spray. Apply adhesive to both surfaces tw be
mared and assemble when dry, bur be sure thar the pares are
propecly aligned. Adjustment 15 impossible once the two sur-
faces conmce. Go over the glued surface with & roller to en-
sure an even bond

“"Construction adhesive”” s a thick masnc used by carpen-
ters to fasten flooring or wall paneling. As yer, it has not been
widely used in other areas of woodworking,

A few other adhesives that may have limited use in wood-
working are the acrylic cemenrs, most commonly encountered
as pressure-sensitive contact adhesives, Liquid acrylics are also
used in some linoleum cements and other masocs. ™ Anaerobic
adhesives” remain liquid when exposed 1o air and solidify
when deprived of oxygen. The Locrite Corporation markerts a
vanery of anaerobic adhesives which are widely used for se-
curing nuts, boles and threaded studs. Because of is high
porosity, however, wood contains (oo much oxygen o allow
anaerobic adhesives to set, O
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Dovetail Jigs

We test three fixtures for routing carcase and drawer joints

by Paul Bertorelli

nh i._.-—'t"'“ ]I

Rauter dovesard figs ave avarlable 1w threc ¢
,|":r(]' _Ii'ﬁﬂsmnm;f_ widl cwt _I.'-.'.*.e.rf-lp.d(!'-l'l balf~
Fa@pery or rmall carcases B:.n"‘.lin'#' I £1 rhe f.-crp‘? roof, rl'.l".ul'.lfr

Machine-nu dovertails have always
gotten 4 bum rap. They're either
too fat or oo thin, or the angle is off, or
something else is wrong thar only cur-
ting therm by hand seems able o avoid—
provided you've got the ome and skall.
These complames, valid or not, have -
spired the inventon of router jigs thar
arternpe to solve the problem

Three basic oypes of doveail jigs are
now on the market—au large one for cur-
ning through doverails i carcases, and
two smaller ones for through and half-
blind doverailing of drawers and smaller
carcases. We bought one of each and |
spent several days wrying them our

1 wasn't surprised that | had ro fuss
to get the jigs o work well, bur once
router and jig have been accurately ser
up using test pieces, all three jigs will
cut joint after joine with good resules,
providing thar the stock has been planed
accutarely and cur off squarely. | was
surpeised, however, o find that 1 could
join boacds as well with the cheapest g
as with rthe most expensive

Twa of the jigs tested—David Kel-
ler's $325% rwo-piece aluminum ool
and Leigh Industries’ $142.50 adjust-
able device—are recent inventions. They
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fﬂ. The Sears pig.

fimd doveratls for

were designed partly o address the
common complaine char machine-cut
dovetails lack visual excicernent because
the angle and spacing of the pins and
tails don't vary, With eicher of these
owo jigs. the pin angle is determined by
the router bir, but you can change the
look of the joint by varying the pin-rail
proportions and spacing, Both of these
jigs cur only through doverails. Kelier's
is for karge carcase joints, while the
Leigh jig 15 for drawers. Sears' jig, the
third type 1 tested, curs only half-blind
dovetails, and rhe space between pins
and wails 15 fixed. At 545, irs design and
price are representative of figs by ar least
three other manufacnurers—Poreer Cable
(868), Black and Decker ($68), and
Bosch (882), all of whom sl through
local disoributors. Bosch also makes a
large jig (for §94) thac will deverail
boards up to 16 in. wide (1982 prices).

Keller jig—David Keller, 3 Bolinas,
Calit., woodworker, began selhing his
doverail jig in 1976, When first con-
L_'I'_“i'l.-'n‘l ;T wals mutir_' 1‘.-t- Hﬁigl-a.’-. J-I'!-!! later
of phenolic plastic. The version he sells
now 15 made of rwo -in, thick, 36-in.
long, machined aluminum plates—one

wtdd cur varrably a_|f,-..‘;'f...|' throsph devetails. Kelfer's tuwo-prece
alumiinuwm femplace, vight, 15 derigned for vouting farge dove-
tails i carcaies. Pin ipacing can be varied by shifting this rool,

for the pins and one for the tails, A par
of bearing-equipped %3-in -shank rourer
bats {a 1-in. diamerer, 4% dovel bic
and a Y- scraghe bick are included in
the jig's $325 price (1982). The rem-
plates can be reposinoned, 5o there’s no
limit to how wide the stock can be,
Boards ranging in thickness from % in,
to abour 1% in. cn be joined. The
doverail bit, however, has a limiced
depth of cur, so for stock thicker chan %
in., the pin board must be rabbeted.
To use this jig, you need a beefy rous-
er with a coller rhar will moune e-in.-
shank bis—I med & 2-He Milwaukee
and a 2%-Hp Makia, The templares are
first screwed o backing boards. These
give you a way to clamp the rool o the
work, and they keep chunks from being
rom out of the stock as the bies exit
from the cut If the pg's buile-in 3-in
spacing 15 used, it’s simple to lay out the
joint. The mil-cuming remplare s damped
to the end of the board, and the rails are
milled with the doverail bir, The em-
plate is removed and the il locacons
are scribed directly to the pin board, as
in hand-doverailing. It isn't necessary o
scribe each wail. I rwo or three are locar-
ed accurately, the jig auomatcally lo-
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A wear-perfect
Joregronnd are
The joimit: &
wnmiiiakable look of mach

de wrird the Sears
rme-made o

rig makes doverails, above ng

rermd i -'f'-'.r?.-f'n:": attainatde wirh alf
dueetatls with piny on I-in
tuve, deft, arve of fixed ipa

Ieree of

P e

T Fhem ih

ble pim ipacing, the Leigh

Wisdh 2ax 1

f, that come clorers to fooking Bamdont

The Keller jig o5 farmished with bearin
more accurately than th .k""'"-'rl* baahimes
Ao the bearing g on the femy
the Bil comes o the temiplates,

any of theie figs

a4 £

cates the others. The straighe bir is used

« pans, [F you prefer, the

spacing can be ignored and you can put

the pins anywhere i like. In thar case

the emplates must be moved afrer each
cut, and all the ml locanons must be

scribed ¢

naccurare rourne, You maght as well

the pin piece, a e

dovetall by hand

To oghten the joint, you make wider

pins by moving the edge of the cemplare
roward the work; moving it away shaves

them down and loosens che oinr. Keller

SUZPESTS you experiment with mounting

the remplite on s backing board uneil

a good fic s produced. Bur 1 found i
handier to ser the jig up o make a nght
ok, and then loosen it with masking-
rape shims

Of the three pes resred, Keller's was
by far the simpless o use, Once 1 had it
set up correctly, 1 could make nght

dovetals thar were arrraceive, bur same

what square and clunky-looking for my

rasees. | like to srarr and end a dovetal

104  Fine Woodwor
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-purfded romter bris that fol
fed itk the orber
late to cut the pims. Amd it
o comditien §

L=Fr g g ".i'ull.l'n"': P oonifan]

FIEs
o ilfmarrates F
rigilance when wirmg

series with a half-pin; and by deparung
trom the jig's fixed Spacing | was able to
do char, with only a munore loss of accu

racy The alternanve 1% o ke the pins
fall where they may, as in the photo

above, or to design 1nowi 5 [I'!.J[ are

multiples of the pg's 3-in. spacing
Avoiding tearout with this g re-

quires some care. Afrer the backing

board has been uvsed a few omes, oo

much material 15 cor away for the board

EXIs.

fter much protection as the
Slower cutting, or 4 new board, helps
T

size himic s

ig does irs job, bur is price and

peal. Keller says e is

s

v that

mmed ar small producrion s

etail

JEFY

don't have che ome to hand
carcases, or the capral ro buy specialized
machinery. The weekend woodworker
i

should be wary—doverailing with this
ng calls tor cxpenience wich large rour
ers. | was reminded racher violently of
the risks. As [ was finishing curnng the
pins on one rest piece, [ inadvertently
tileed the rourer. The bir grabbed the

comer of the ILE The controntanon
snapped che rourer's shaft and hurled

the coller and bir our ¢

£ Dotrom af the
machine, shattenng the Bakelite base as
it went. | suffered a shrapnel wound in

the tace. While I don't see thus jig as be-

g mote dangerous than other power

rools,

does demand vndivided arten-

tion and careful movement, along with

goud eye and face protection
Keller's jig 15 available direcc from
ar Srar Roure, Box 800, Terrace

Ave., Bolinas, Calif. 94924,

Leigh pg—Ken Gnsl

boarmaker now living i Canada, de-

v, an English

signed a jig thar will make pins and ruls
with varable spacing. Earher this year
he formed Legh Indusmies Led. mo manu-
tacture and marker this device, the only

d that can make

small jig we could £

randomly spaced, through doverails.

The ].v;l_._'"l jig consists of ten pairs of
movable, die-case aluminum fAngers
mcunted on a heavy aluminum exeru-
sion, The b

clamped o the jig, pn board on one

.ll'l.lh o De |||II'JLI.E are

sicde, tuil bosard on che other. The alumi-
num fingers project over the stock
guide the router bir through the cur
The fingers can be positioned anywhere

alin

g the exuusion and are locked m

ice with socker-head serews, The pin
sicle ol each finger pair &% angled ar 15°
toy rmatch the doverail bir used wich che
ol (hirs aren’t included in che prce)

The opp

or rail side of che ingers s

The pig s nended for making

drawers

since it works best curting
through doverails in stock up o % m

rhick and 12 m, wade, But by cumng a

rabbet in the pin board, it's possible w0
dovetail stock up o Y in, thick
Instead of beanngs o guide the birs
thir 'l.n,_'l'l the wood, a _L'_I.JIL1|. l‘l:n.l‘lu':; i5
arrached o the rourer base and the bir is
centered inside the bushing’s bore

Bushings wnd o be less accurare than

beanngs because ir's difficule wo gee and

keep the bir conceneric
I“!r.':'”l'..ﬂ I.al'I rhl' in._|: I !'.I_"E IIﬂI_‘r!_"II.T:IL:
and rerighrening 20 socker-head screws

{rwo tor each finger pair) o achieve the

desired wcing. It takes ome. For the
effort, though, you ger pins and rails
where you want them, and you can seart

and end the point with a half-pin, no
You can also
vary the width of pins and rails. | used a
l-+iF Sears rourer and Y-in.-shank car-
Leigh g cails firse
bir, then pans with &

marrer what the wideh

bude birs o tese o

with the dovera
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cking the cor with
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o re-
¢ strp frequenchy
| its complexiry—it has some 25

Ce nekd s

ate pares—the Leigh de
pughour the day [ ased

ol seems

hop. But i v b

all production

pricey for the woodworker with just a

few drawer besides, in

the ame it takes o ac

ust the jig, you

jaite a few hand

-

could « "'ll:['

it hav

| tound

The ng 15 sald thr

ool distriburors: Leig

4046, Quesnel, B.C., Canada V2] 3]8)

Sears jig—Singer Motor Produces Divi-

has made the Sears doverail pg for

1 | s -
i SU years. Ie consists of a phe

i

slare machined wicth fingers

[he pieces o be joined

ighe angles o each other ander the

The router |

one Currer—a

t. Boards up

in. o abour

- wined, The dovetails

macs Dy This 1 are square 1Mt L
le by chis jij , i

closely spaced. with rails undercut

on the mside face

sold separarely ca

make ‘g-in. half-blind dovetuls in stock
as thin as %y in. Though intended only

for half-blind dovetails, the Sears fi

can also cur through doverails. Ir re-

quires rounng perilously close m, or
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Cutting Dovetails With the Tablesaw

A versatile way to join a stack of drawers

by Mark Duginske

F-.rr joining such basic casewnork as small boxes, chests and
drawers, I've always felr thar there was a missing link
berween

e tedium of hand-cuming dozens of doverails and
the faster method of producng monotonous-looking joints
with a router fig. Wich thar in mind, 1 developed this table-
saw doverail method which combines hand-rool flexibiliry
with power-tool speed and accuracy

With this rechnicque, you can vary both the width and the
spacing of the pins and rails for pracocally any aesthenc ef
fect. The blocks char ser the spaang are self-centering and will
produce perfeci-fitang, interchangeable joines, eliminanng che
need o mark boards so rthar individual joines will fir, as with
hand-dovetailing. Besides a good combinarion sawblade and
dado head for your rablesaw, you'll need a marking gauge a
bevel gauge and a couple of sharp bench chisels. Before pro-
ceeding, screw a wooden fence to the saw's mirer gauge. A
3-in. by 20-in. fence will safely support most work

Begin by squanng the ends of the boards o be pined
Take your tme with this step—inacourately prepared stock
virtually guarantess sloppy results. 1 spaced the pins equally
for the 4%-in. wide drawer parss I'm joining in the photos
You can mark the pin centers directly oo the pin boards, or,
as | did here, you can just cur the spacer blocks ro creare
whatever spacing you want the pins to have, In any case, the
width of the blocks should equal the distance berween pin
centers. You'll need one block for each full pin, plus one

The pan size 15 also concrolled by the blocks. When they're
lined up edge-to-edge, the total width of all the blocks
should be less than the width of the scock by an amount
equal to the width of the narrow part of each pin, dhar is, or
the ourside face of the pin board. [ chose Y-in. pins for the
drawer sides shown in figure 1; if you wane finer pins, de-
crease this dimension. The blodks must be of consistent width,
so | crosscur chem from the same ripping, then sandpaper off
any fuzzy comers so chat chey'll lime up with no gaps. To

mark the depth of the pin and il cuts, sy murking

gauge o the stock chickness, and saribe a line on the faces of
the pin board and on the face and edges of the il board
Cur the rils first with the saw arbor {or able) nlred m
80°, an angle thar I've found produces the best combinartion
of appearance and streng

1. A bevel gauge ser ar B0° can be

used to sét both the sawblade for the muls and, larer, the

miter gauge for the pins. As shown in figure 2, posion and
clamp a stop block to the mirer-gauge fence so that when all
the blocks are in place, 2 halt-pin space of the correct size will
be cur. Ar s namrowest width, che half-pin space should
equal cthe narrow widrth of a pin. Raise the sawblade unel it
curs nghr o the gauge ine, then, wich all the blocks in place,

begin cutnng the rails, flipping the board edge-for-edge and
end-for-end (photo, right). Continue this process, removing a
spacer block cach ome, unal all the tails are cut

A pood-qualicy carbide-upped blade will saw crisp pins
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Fig. 1: Anatomy of a dovetail
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your saw, match the toath ang

o the boards rogether ar scribe

termost tails onro the pin board with 2 kn
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gle 1 the wro Make the first cur, flip the board S
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MULer gauge to
and reser the stop block so thy
side the orther knife line. Make the
first, bur before proceeding, s
berween the last spacer block and
t. It she

maller taps. If the jo

e Curs and my the

with ligh

more paper shums, repeat the curs and oy ag

space berween the ping ¢ tails, pare any

a chisel, and you're nes

ly to glue up

Marké Duginske fiver in Wanias, Wis
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Curved Dovetails

Secret muter 1s the key

by Jobn F. Anderson

he appearance of through dovetails 5 ordinanly deter-
T mined by the thickness of the pieces being joined. and
the exposed end-grain surfaces of both pins and rails usually
make a straight line parallel 1o the comer of the joint. Bu
this bascline need not be straight. By varving the thickness of
the pins and ails, you can create curves along both sides of
the joint. Curved dovetails open up new design possibilinies
Incorporated into a cabiner, drawer or box, this joint can en-
hance and accent the overall composition

The procedure for making curved doverails is basically the
same as for cutting regular ones. Bur there are rwo notable ex-
ceptions—you need a curved template block for laving our
the curved baselines and for chiseling. and vou have to cut 2
curved-bottom blind miter along the inner edges of the joint
You'll nced a sharp pencil, a marking gauge, a doverail saw,
chiscls and maller, and a good eve

The inside miter s the key o curved dovetails because it
lets you make puns and tals that are thinner in secuon than
the thickness of the stock and thus permuts a wide range of
curves to be used. They can be either concave, convex of re-
versed, symmetrical or asymmerrical, and the thicknesses of
the picces joined need not be the same. The curves on each
side {pin and rail) need not be the same eiher, though o ac-
complish such a joint you need ro make rwo remplares and to
lay out the curved curs alvernarely (figure 5). The procedures
described below will work for any curve, so long as the miter
1S CUl Properiy.

First make the curved templaze block from a piece of wood
at least % in. thick. 1t should be large enough to be clamped
firmly o the workpiece (withour the clamp gewmng in the
way) and precisely the widech of your case sides, for ease of
alignment. After laying our the curve, take care in cutming i
making sure thar the curved end-grain edge s perpendicular
to the bortom face, You'll use this edge to puide your chisel
when making vertical cuts, so 1t has o be a true 90

Mext, ser & marking gauge o a liole more (maximom
in.} than the thickness of the stock and score the mside Faces
of the work. The inside faces should be finish-planed
ar sanded o avoid knocking off the edges of the curves afeer
the joint 15 completed. Don't serike a baseline across the our-
side face of the stock, rather, score marks ar the ourer edges
that will allow you to position the curved template. Trace the
curve from the template onto both faces of the stock, using
the straight baselines tor registration; also trace the curve onto
the end-grain edges {figure 1). After careful consideration,
mark out the pins first; [ do ths frechand, but you can use
any means you hke. Clamp the picce in a vise and saw down
the waste side of each pin 1o the curved line

Sawing done, lay the piece, outside face up, on the bench
and clamp the template on wop in s onginal posinon. Using
the edge of the template 25 a guide for the back of your chisel

(figure 2), chop into the waste deep enough so thar no chap
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from the stock Bemmg &

mde cormer af e porns

ping or rear-out will occur when you finish chiseling through
from the ather sade. Turn the piece over, clamp the remplate
into position on the inside face, and chop straight down. re-
moving chips near the edge of the remplate wich oblique par
ing curs (figure 3, Don't go any deeper than the curved line
marked on the end-prain edge, and don't oy o remove the
waste between the pins just yer. Clean up the bottom of the
cut by parng in from the edge with 4 narmow chisel or in
cannel gouge, This must be done acurately because the resules
will determine the fir of the miter on the inside comner. Now
remove the templare, secure the workpiece again to the bench
and cut this miter using a sharp chisel, beginning ar the base-
hine and panng to the itersection of the verucal shoulder and
the curved bottom (fipure 4. This will awtomancally produce
a murer at the proper angle

Mow that the miter has been cut, return the template 1o its
tormer position and wse it as 3 puide for removing the waste
berween the pins. Cummning the mater comes befare this be-
cause the enure botrom curve 5 sull visible then, making it
easier 1o cut to this line, which is parually obliterared when
the waste berween the puns 18 removed

Now [ay our the rails from the pins as in standard practice

Saw down on waste sides of the il lines 1o the curved

linc, Then simply repeat the procedures used for mitering the

inside corner described above, chisehng our the waste be
tween the tails lase. The pieces should fir together correctly

leaving no gap on the inside of the corner

Jobn Anderson fiver in Bortimean, N. Dak.
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The Butterfly Joint

Double dovetails for strength and beauty

by Frank Klausz

ough the bunerfly joint, sometimes called a double
dovetail, 15 ancient, it was hardly ever used in traditional
furniture making. Lately, however, it has enjoyed wider use
since people have begun to make furniture from solid slabs of
wood, from whole flirches or from root sections. Some of
Greorge Makashima's tabletops, for example, show how the
butterfly can be wsed for strengeh and decoranion. Across
the grain, this joint provides mechanical reinforcement and is
especially useful for controlling checks in slabs and for repair-
ing cracks in tabletops and chair seats. The joint can also be
used to join separate boards into a single panel or to join up
sections that are butted together lengthwise 1o form a long
tabletop or bar wop. Recently | pur burrerflies into a horse-
shoe-shaped kitchen counteriop made from six separate
pieces of butcher-block marerial. These were joined end-to-
end with butterflies, three of them for each joint
I try to make all my burterfly keys the same size, unless the
job demands otherwise, S0 most of the tume | cur them
3% in. long, 1% in, wide and % in. thick. Instead of corting
them one at a tume, [ like to make a dozen ar once, | first cur
several stnps of wood 1o a width of 1% in. and a thickness of
% in. Then using my radial arm saw and a stop gauge, | cut
the serips into pieces exactly 3% in. long. | glue 12 of these
pieces together, face 1o face, with just a spot of glue in their
centers. | wrap masking tape around the end grain, then 1
clamp them firmly together [ e the arbor on my table saw
to a 10° angle and set the fence precisely 1% in. from the
blade where it intersects the plane of the table. The blade
should be ser 1'%. in. high (or slightly less) so the two waste
pieces will stay attached to the stock afrer all four curs, Make
sure you leave an unsawn steip ac least %e in. wide in the cen-

Buiterfly keys are an attracive way io comirol
checkr. They cam also be used to foin simple
foards mmio parell

110 Fine Woodworking
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Typical buttarfly key Guide-template

- 1 —=

ter of the wood. With the clamp positioned so it can’t contacr
the blade, 1 make the cut with one hand, using the bar of the
clamp as a handle while pressing down on the stock, Ir is a
hair-raising operation for ene who hasn't had much expen-
ence using a table saw, but with care it can be done safely.

After making the four necessary cuts, you end up with a
stack of perfectly dimensioned burterflies. excepr for the rwo
waste pieces still arrached ro the center on both sides. Break
these picces out and clean up the valley by passing a sharp
chisel left and right. Now knock the individual butterflies
apart. The whole job from gluing to knocking apart
shouldn't take longer than a half-hour, or the glue will ser
hard and you'll have a solid block of wood, Then you'll have
to saw the pieces apart.

Instead of gluing 12 or more pieces together, Fou can cut
them all from a single, solid block, if the gramn runs in the
night direction. This method is economical because you can
cut off pieces of whatever thickness you need and save the
rest. 1t also allows you to use shore trimmings from wide,
thick planks, pieces that ordinanly would be thrown away
Cutting all the keys from one picce is safest because you don't
have to clamp the workpiece while sawing and you don't have
to worry about them separating during the cur

If you need only one or two keys, it's best 10 make a par-
tern, trace it onto your wood and bandsaw close to the line.
Then clean up and siraighten the edges with a sharp chisel.

Once you've made the butterflies, you have to set them in-
to the wood. The simplest way is to place a key on the surface
{centered across the check or joint and perpendicular to it)
and trace around the butterfly with a sharp pencil. With a
chisel cur the moruse, being carcful o ger no closer 1o the

assembly

\ Aouter bt * Y-in, chearance for chips
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lines than Y in. The r of the cavity can be ley

smoothed with 4 router plane and then the walls _;:-.;n'.:' to the

lot of them, | prefer to cut these mo

CCLMIC TOWEET, USINE 4 puide rr-r1:[||,._|;_' thar makes 1

wob quick and casy, So I can make t

out in the templace

3 g
cxactly the same size a5 the burtertly LSE rwo-flue -1

router bit, whic ank bear directly on the templarte

has cutting edges only % in. long

ble from Force Machin-

and i1s made by Velpes

cry Co., Re. 22, Union

bats, as long as their ¢

since most of thes

L0 Increase the d

edpes longer than % in

your template so the shank will nde smoothly on

of the bir cun

clpe W

emplaie wsclf

mnea the t

wmber, the farther the cunting edge 1

uced and th

chuck, the more ch pro cut
To make the ;._':|;||-_ remplare vou will need % ol
¥l l.il..l:l._‘u =l plywos wir ot . by 1 AT |

one 9 in. square. Glue the small square piece in the center
of one of the longer pieces. Then lay one of your burterflies

of the square piece and draw around it with a

wil. Dnll a Fl.l it hole inside one of the corners

!|":{' waste with a saber chusel 1 out.

Make sure you are doing very good work here, for all your

1es will fic like this one. Leave your pencl line on

wood 30 vou can do the final fircting wich a file for a

A

Iectly snug

Mow take vour pur it beneath the

|'||r

and the outer o

guide templs

ic template

Cutout DOTTOM pece TLOYE [he

and enlarge the wnd, Cut out this

acing by % in. all ar
with a saber saw, T}

{ amount; the i

dust that would oth
bears agamnst the sides of the remplate. It's a gpood 1
d le of sandp

from shpping

per strips to the bortom of the base to

Put 4 little o0l on the pattern

DS

TET DIT O BN 1B 'U-|.= i

Remember that you want the mortise o be al
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shallower than

the key flush to the

Cuf the morcise
¥

VOU Want to Use an ¢ er bit an

IMEry sor

guide bushing, then you'll have to make the curout 10 your

The exact amount of chis

template larger than the buter

enlargement T

on the distance from the CUtnng

guide bushing (collar). Try

B L I |.|r:'-."'
for nlays; yo
S T rara]
n and planed

[0 rowt our the waste, hold the router at an angle so part of

= base ace of the ter

plate and center the

by wwer rhe 1 v I I +h o -
QL ove e CUtou. Switch on the power and- lcr the router

down flat. Wark the tool in a clockwise directi FOIng from

the center o the ourside ed | when vou've removed

5, @

the waste from the make a final pass around the edg

so that the shank of the bit (or guide bushing) rubs the =dge

of the templace. All that's left to do 5 to chisel out the four

corners, where they ve ft rounded by the router bit

Because the burterfly s usually housed across the grain and

the greavest amoune of shrinkage and « n occurs in this

direction, a shght undercut on the

ctunes desirable, This will help

it shrinks agaimnst

from und

housings, leaving a

» at erther end 1 case the wood mowves.

v should be plued into s housing . clan E-m:' it

re you plane it flush with the
i down b

possible and allowed o dry bef

SUrtace WOTK A LUSC

Avoid using a belt sander 1

vOU Can never get use a "'EI.LIF'

Then I sand

smoothing plane

with 220-grit pa

EMs joineg :'I":'-_‘i\' VETY ¥ D use

lark woods—e W, roscwood,

I:!.i-l.l:i;.

purpleheart and

black walnut—~for contrast with the lighter wood of the

unter. It, on the ather hand, the table is made

tabletop or ¢

t wood for the bugtertlies, such

from a dark wood, I usea |

¢ or white ash

ood, satinwood
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Bandsawn Dovetails

Tilt, saw and chop

outers and rablesaws aren't the only
way to make through dovetails
with a machine. | use my bandsaw
cut the pins and rils, and the resules
aren't much different from cuttnng the
joinr by hand. Start by using @ marking
gauge o scribe the baselines of pins and
tails on both boards. Cur the pins first,
Tile the bandsaw rable 107 {or wharever
angle you wish your pins to be) to the
right, and clamp a fence parallel o the
blade and slightdy farther away from it
than half the widcth of the stock, as in
drawing A. (If your rable won't tlt in
both directions, build a damip-on aul-
iary table to reverse the work.) Clamp a
stop o the fence so thar the blade will
cut just to the baseline. All the curs for
this method should be made with rhe
inside face of the board up. Mark your
stock so that you won't lose track. Make
the first cut, which will be one side of a
center pin, then tum the stock end-for-
end and make the second cur, one side
of the other center pin.

Berween the stock and the fence,
place a spacer equal in width to the pin
spacing. For this example, you'll cur one
center pin and rwo half-pins ar each
edge. Cur the half-pin on one end of the
stock, then tum the board end-for-end
and cur the ocher half-pin (B).

Mow tile the mble 10° to the left,
move the fence to the opposite side of
the table, and use the spacer w cur the
ather two half-pins (C). Then remove
the spacer and cur the ocher side of the
two center pins (D). Chisel our the
waste in the pin boards, just as you
would in making hand doverails,

With the pins chiseled out, scribe ther
location directly on the il board (E).
Beturn the bandsaw o the horizoneal
position and saw freehand to the waste
side of the lines thar mark the mals. To
remove the waste where the center pins
will fir, saw up ro the baseline repeared-
ly (F), shifting the stock sideways each
tme, before cleaning o the line with a
chisel. To waste the area where the half-
pins will fir, saw right up the baseline
iG). Try the joine and adjust ies fir
with a chisel where necessary. This
method will work with wider boards,
but you'll need more spacers o locare
the other pins. O
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by Tage Frid

Bandsawn dovetails
A

Ta cut ane side of the center puns. bt the
bandsaw to 10° Clamp a fence 1o the saw
table skghty rmane than hatf the stock width
from the blade. Make one pwn Cut. L the
bogrd end-for-end for the ather

c

To cut the halfpns, put 5 spacer biock be-
tween the fence &nd stock, and cut ona
hatf-pin  Tim end-for-end and repeal. Make
the wadth of the spacer block equal 1o the

Tift the ratwe [0 ther DDDOSAE and move
the fence to the opposie o8, using the
spacer biock, ot the other two hall-pins

Remove the spacer block and cut the other
side of the center pns  Chisel ol the
wasie. as with hand-govetahng

To cut the tads, mark them
out drectly from the pins

With the saw table horzon-
tal, saw 1he outer edges of
the fais, than rubbie our the
waste with repeated ours

Saw the half-pin shouiders,
them pare with & chusel i
the jome s correctly

Diwwmg: David Daom
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A Two-Way Hinge

Careful routing makes screen fold

by Tim Mackaness

Man'r tolding screens must be able 1w fold up like a
conceruna as well as stand alone as a tnprych. Tradi-
tional hardware companies offer few acceprable hinges for the
two-way folding screen. An aceractive and funcnional
concertina-iype screen hinge can be made of wood by a se-
quence of careful bur simple router curs

The hinge, visually symmetrical, can be de-emphasized if
made of the same wood as the screen, or exaggerated 1o pro-
duce an iteresting design detail by choosing 2 wood of con-
trasting color, Either way, a strong wood must be used. This
design may be adapted 1o screen sules of almost any thick-
ness. The screen shown s made of %-1n- siock: 've found thar
wood thinner than % in. 15 oo fragile. In any case, remember
that the hinge pivors about the center of the dowel pins
which are concealed by inlays

The use of round-over bits to produce a machine fit for the
inlays and 1o radius the hinge member is handy and viclds a
very precise piece, but equally fine resules can be achicved by
carefully rasping and sanding the radius by eye. A praceice
hinge made before you confrone the acrual screen will build
vour confidence; let you determine the proper tolerances and
provide a handy erutch for future hinges

. T8 STCK IR
o' FRAME STLES
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Knockdown Furniture

Form follows junction

by Curtir Erpelding

H{hﬂugh I design and make fumstuee for private clients,
my pieces usually incorporate knockdown fearures: | like
to devise designs suirable for mass producnion because [ be-
lieve: chat funcoional, well-crafted furniture should be afford-
able, Because assembly tme is eliminared, knockdown furni-
ture 15 economical to produce commeraally, and the pieces
can be shipped disassembled, in compact packages. This
economy and convenience are particularly relevant now, when
people live i smaller spaces and move frequendy. Bur the
hearr of my interest in knockdown design Lies beyond func-
uon or pracricaliry.

Whar interests me fundameneally is the concepe that ma-
chined picces of wood n lock together into a new form n
ways that take mto account the wood's physical propernes.
The basic problem becomes how o join (and later separate)
rwo pieces of wood using gravity, frcoon and, occasionally,
metal fasteners.

In 1980, the Design Arts Program of the Nadonal Endow-
ment for the Arrs { LLOO Pennsylvania Ave. N.W _, Washing-
wn, DG 20506) awarded me a one-year projpec grant o
explore knockdown wooden furniture design. | had o sacisfy
three grant requirements; Firse, 1 was to continue my work in
applying knockdown design ro standard houschold and office
furniture. Second, 1 was to develop three knockdown proto-
rypes that would be suicable for mass production. And chird,
1 was to research the possibility of having my designs com-
meraally produced.

The three prototypes | decided on were 4 plarform bed, a
stacking chair with a circular sear, and a shelf system char
leans against the wall. Each presented challenging design
problems. In the beginning. 1 had inrended ro make dersiled
drawings and mockups to establish dimensions and propor-
rions before building the acrual protorypes. This goes againse
my usual pracoce, Normally o stare wath o farly firm idea,
work our the jinery derails hasoly on paper, cut a practice
joine, and then plunge nghr inte building the prece. When 1
works, this method saves a great deal of ame. When it fails,
the resules are disaserous. Each procedure must be done cor-
rectly the firse time, and design changes must be anticipated
in advance, or they will incerfere with the already complet-
ed pare of the projgcr, Somenmes I'm stuck with a half-
complered piece of fumiture and the prospect of having o
start over again. For the grant progect, | wanted o avoid this
by doing drawings and mockups. Intenpons may be noble,
but bad habits dic hard. As much as I wied, 1 kepr reverung
ro my usual method. Somehow, for me, the design process
has o involve this element of immedre nsk. Ether ger o
nghr the first ome or blow the whole project,

Of the three projects, the plarform bed, designed for a Jap-

aniese futon mareress, most cdosely approachs my notion of a
pure knockdown design because it is buile wathour glue or
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metal fasteners. The ral-to-ral pnt locks the parts and ar-
cumvenss & ooublesome charactensoc of wadinonal bridle
joines; an increase in humidity causes wood 1o expand across
the grain, locking a ughe-firting bridle jomne, This is fine for
conventional furniture, but | had leamed in earlier experi-
menes with bodle-joint conseruction thae knockdown struc-
tures would freeze solid mn the middle of a humid summer.
To solve this problem, | modified the bridle joine by apering
it (figure 1), This joinc dghtens under load, yer because of is
geomerry, it easily loosens when force is applied in the oppo-
site direcoon. Simply wiggling one of the rails, or apping
upward lightly, breaks the assembly.

The tapered brdle joint wouldn'c hold the pieces together
by iself, so I added a wedge that fits into an angled notch in
the floor rail, This wedge, which has a compound mper, locks
the joint by forcing the side rail tightly against the side of the
notch i the floor rail. The bed can be lifted and carried by
the side rails, and che joine won'e slip.

I cut most of the modified badle joint on the radial-arm
saw. To accommeodate expansion, 1 cut both pares of the joint
slightly wider than the thickness of the rails. The rapered face
in the floor-rail part was surfaced with a router on an angled
jig, and I feachered all sharp edges of che joint with 2 chisel,

The round cap that protrudes from the op edge of the
floor rails is the end of a dowel, driven 4 in. into the rail, The
dowel strengthens the weak shorr-grain, keeping the wedge
from breaking it off,

In keeping with the solid-wood construction, | opred for
slats, rather than plywood, to suppore the martress. The soft,
corron futon mareress 1 used without a box spring, and rradi-
donally it's unrolled right on the floor. The slats had w be
thick enough and spaced dosely to provide a firm: pladform
for the futon, yet not so close as o interfere with venrilation.
The ocbvious solution was o cut individual pockets in the side
rails for the ends of each slat, while leaving cnough space for
the slars o expand withour locking. | mpered both the sides
of the pockers in the rails and the doverails on the slas 15°
s0 thar the joint can swell withour locking, T cur the joinr wich
@ 1-in. doveral bit in a rourer using & jig that cuts both the
pockets and the dovetails (figure 2). To cur the slas, | used a
roueer with a smaller-diamerer base,

The skires ae the head and foor of the bed are insealied
after the bed 15 assembled but before the wedges are driven
in, The ends of each skirr are stop-slotted and slip over splines
in the side rails. The ouwmide face of the skires 18 planed con-
cave to march the radius on the ends of the rails.

With the bed, I suppose, 1 drifted furthest from the grane
requirement that my design protorype be manufacturable, |
don't precend for @ moment thar this bed could be easily
manufactured—although with simpler joinery it could, con-
cevably, be a production protorype.

While joinery was the major design feature of the knock-
down bed, this 15 not true of the three-legged stacking chairs.
Here, mose of the joinery is sraightforward and expedient—
socket-head cap screws.

I was aware of precedents o this design. Finnish designer
Alvar Aaleo made spiral-stacking, dnoular-sear chairs, and Rudd
Internanonal manufacoures a similar stacking chair, but both
of these designs have four legs and neither one knocks
down. Hans Wegner designed a three-lepged stackang chair,
but it does not stack on the roratonal principle. | fele thar my

Drawmg Daved Dhenn
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Fig. 1: Platform-bed joim
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sharr-graw
y Topered face mogdihes
Bragle vt 20 that it
locks, yel ks
dowa gasdy

Slat doverar and
rai pocka! laper S0
thar powri EXpAnos
withour hindmg

Fig. 2: Two-way router jig for pocket dovetails

Iack notched fidexing sing
Rabbet sde rarl to fal's back edgs

before routing
pockets

Diowsd pmy s notches
o Slap pg-&long rail

Guidies round rouler DEse
10 cut L-shaped pockets in
rail, above Same frame tumed
on edge. below, gudes router wih
& smalier base 1o cul malclung siar
ands_ Siraght H-n b hogs waste,
then {0 dovetad Bl cuts ANIEs o

Cutoul i backng
biock holds slar

to tacking biock
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was ditterent enough

AT CIESIEN eV paper InCarna-

frustrated

RECE o1 Che K THIImET

visualzng a o ular scat

forms. | BUEssed, ar

| could perfect

SCal rim 1ns

he rim: Metal rods projecung

laminates 1n the same

116 Fine Wiosod
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-
B

CifCLimlerence -"..’r;r TEMOY

11, | sloeted the

nEg CuUrer mn a

TCdR WL

ind ficeed che jour i Key where oins af the rear leg |

wed an additior

ECOIM - Sl

York, MN.Y

ITOMm e ENSCH

Flac-head socket

5 design

{, knockdown,

mmicrional and

s—rche thick

JETISHOT

the radn of the

bends, che

cat cushicn—were armived ar as the

simplese solurton o che stared problem

T, was a rework-

The third prototype, @ leaning shelf sys

ing of an carbier design inspired by lralian designer Vico Ma-
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and allow a ."-:n_.;rr :.lr:g'.u'f.l" Ffrn

gustretti, Wich minimal marerial and no bracng, the bookcase
15 very sturdy because weighr 15 distrbured berween wall and
floor, The design eliminares the need for shimming or fasten-
ing where floors slope, and the piece lends iself well w
knockdown design

I had onginally intended to use meral hardware—a balt
passed through the upright standard and threaded 1o 2 nue
embedded in the end of the shelf While doodling, however, |
came up with the wedge joint which, because it involves
wood alone, fir my design philosophy more neacly, At firse 1
used a wedge with @ narrow wongue on the wp edge which
siid into a groove in the upright, bur now | use a simpler
point. I've replaced the tongue and groove with a compound-
taper wedge thar acts like a sliding doverail (figure 3},

To cut the edges of the doverailed dadoes in the standards,
I used a router with a 1-in. dia. doverail bit, afrer wasting the
material berween with a b-in. smaight bir. A router-cut dove-
tail pocket on the underside of the shelf end fits nto the
doverail-shaped bortom edge of the dado

The honzonal braces under the shelves add srengrh and
make a longer unsupporeed span possible (for %-in. shelving,
50 1. is abour maximum before sagging ocours under load).
The braces also stffen the assembly against racking, acr as a
stop for books on the shelf below, and center each shelf wath

respect o the upright standards. The brace actaches under-
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Knockdown leaning ihefves are supported by fork ohe wall and
the floor, The bortzontal bvacer wnder the shelves add stremprh

A wedge poiar b the shelver togetber, The compownd taper of
the wedge in a dade fovees a dliding dovetail and locks tight

neath the shelf with a L::"I. b :_'lj-[h wket doverail. Dovetailed

dowels are driven into the edge of the brace, and dovetail
slots are cut inm the borrom of the shelf with 2 plunge router

The dowels enter the slor in the hile where the rourer bir was

plunged in. The assembly locks oghr when the brace s shid

toward one end. A stub tenon on each end of the brace firs
e & slot ¢ut into the upnghe

I arm pasc now cncernng the theed phase of the Erant—re
searching the possibility of mass-producng the protorypes
Although I recetved only & one-year grane, [ spent more than
rwo years, on and off, working on the protogypes, and | am
by no means finished with revisions

To make an object is o arrange components INfo 4 new
Sysiem

The assembly of parts can be final, the intersections
fixed with glue, or it can be temporary—knockdown design.
For me, the imrersecnon of the components, the joinery, de-
fines the form—not the other way around. Form is significane
only insofar as it is incorporated into the serocrural integricy of
the whole. The knockdown approach focuses on the relation-
ships berween the structure’s components, and adds a new

dimension m form—reconscructabilicy O
Curtis Evpelding designs and builds furniture in Seattle,
Wash, Hir article abour bow to make tlip foinis wring the
r’..:d:u.f-,.rm.' Jaie! _:_IfJI."H.'..u'_l i p;r__h'r 1:';_'-'
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Pole-and-Wire Joinery

The quick way to build

by Len Brackets

Amm! cveryone at some time needs a remporary bulding
or shelter, but most structures on the marker are both ox-
pensive and nme-consummng (o erect, plus awkward o store
once their purpose has been served. As a carpenter s appren
rice in Japan, | encountered a method thar 5 simplicimy
itsclf — lashing poles together with wire into a scaffolding

can support a roof, Because jounts can be lached easily

nckly anywhere along the poles, structures car

adapted to any site, even 1o rough terrain where prefabncated

buildings cannot be wsed. In Japan the techmgue s used
wd-dryving sheds, teal

prunarily for scaffolding, but also for we

¢ while it 1s be

-tr. workshop this

en tor e i.l.l‘:ll|_' an cnere 1o

ing worked on. [ built my own 40-1t. by 6l

way; ather applications are craft-fair booths, lean-tos. covered

woodpiles and rrellises. to name but a few

Matenials — lapan is blessed with some of the nchest foreses

in the world, and wood has always been the tradioonal

b

Iding material, Straw rope used to be the taditonal bind.

T iTH

ing for pole constructon, bur #2 annealed 1ron s

et rots nor fravs and s

COMmI baling wire), which neir

scronger and faster o wiap than straw rope, s the matenal ot
choice wodav. You can boy moat most hardware stores or at

and agnculwaralsupply outhts. Enough wire 1o

make ane jownt (about 3 [t oo join 5-in. dia; poles) wall cost
abour 3 Be sure to get annealed black wire; galvanized wire
15 oo highlv tempered, too bnttle and woo soffl to work

As for poles, straight ones with hele aper work best. They
are lighter in proportion to their suength and easier 1o stor
of raper. Almost
|._4x Lir or M I'||||'_'r||-~.|

trAnspart and positon than ones with a

any species will work, We like 1o use Doug
because they are strmight. strong and locally avaalable

C5 :.n‘.L-;i rthan 8 i, diameter are heavy and awkward. A

diameter of 4 1n. o % . 15 besc. All poles - must be

peeled mosture inside the poles. which fosters

tungus growth and insect infestanon (bornng beetles especial-

Iy} an dangerously weaken a pole. Beware of
ot r weaknesses, particularly of the L
bear honizonial loads, Poles should be stored in ; 1CE

vertically for maximum vent il storcd O

[he only tools vou will need are a wire cutter (preferably
the kind easily used with one hand) and a2 sturdy r..||<-:-.-1
speke tor twisung the loops of wire You could wuse an won
worker's spud wrench, a large machinist s punch or cven a
very large nail

ience of drawmngs at nght show how 1o

os and s

wrap a joint and sccure the wire knot. Pracoce a few omes be-

f you

Ofe YOou attempt (0 pur up some sir

versa, of else the wire might fatipue and break off. Tighten

the knot unnl the wire bites into the wood, then stop. T

much twisting will also weaken or break the wire. When

Woodworking

118 Finc
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/ 'I |
.r'.r.- i

— N CNT T

T Bend a ferygth of ware in g
mudclle fe form 8 loop. A
couple of nches from the 2. Place the wire diagonsily
foop, bend the loose ends acrmss the junciure of the

(tads} paralel o sach other Iwo pofes

o
Ny

e —

\

y

—TTN

3. Wiap sach fad back around
the horizontal pole, one 4. Wrap the rads clockwise

Owillr, Qg LT, around the foop
-

5. Rotate spike clockwise, fo
5, Ingert the speke wrag the loop around the
tails [photo, bortom leftl,

L]

The firvshed joint. Bend the
tawls dowrr g0 they won't
sy [photo Do),
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Make @ J0ount o Just @ tew seconds

precur and hanging in vour belt | e

5 OWSE T C e

k them pernod-

Once vou have mastered the way o twast the

Building

wvire, you arc ready o design a building. Tl wi I
CELIOI hou help vou pet stanmed buldding lavout
K L oot .il,. i real i ration: | T ol

rafrers do hang from the purlins.

MIpTOVES

cure o tix the poles o a stake inx

MEC 1o Keep them [rom talling over as vou banld. Later they

. i FECEY | | B [l W
WIrE [OINeTy 1S 4 very Taso wav 1o make scattolding

legpin by fastening owo honzonta F:.-|: s at the required
height. one on ether side of the verncals. Jam spacer blocks
wiod borween the horizoneal poles 1 infervals, then
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nral poles ughtly topether, as shown 1n the

drawing abo

[".|||_ b i.‘..r L I-\.l,.-.|'|-. i'l.nl_ ..-.":.l_'.;l:li LA

the rafrers_ In this case, the pur

Hing fun-

ning parallel t lins must be

placed on wop of the rafters and midspan between the rop

| the ndgepole (drawing above), and at the correcy

nathing the steel r o them, Rafrers are

posts below and up against the op [||.|I:' The

on-top of the central post fora gabl

side of the central posts :
protrude through the oo

L nal on the rooting
My own 2 40H-5q [
fayvy, nor including the time

wight 1o last 15 1o 20 yes

v do o rogether

they disassemble quickly

IiI!.".I rcd. for turare

the ingenuity, simplicity

aghprenticed o

Len Brackert, of Nevada City, Calif.,

years with remple butlders in Kyoto, Japan,
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Index

Acrylic adhesives, 102
Mg’g tic resin ghoe (vellow), 97,

Allied International venger, 52

Anacrobic adhesives, 102

Anderson, John F., on corved
dmrmrﬁl 108-10%

M‘?]I-I-ll rings, in Japanese frames,

Antique planes, 61
ﬂplpa':mb:d'lip system, Japaness,

Mmltmlal Froducts epony glues,

Backsaws. See Dovetall saws,

Bairstow, John EN | on decorative
B-}nlury, B2-85

ndEnws:
dovetails with, 112

%
rml'umldnwn. 114-115
Benlon hade glues. 98
Berorelli, Paul, on dovewil figs.
Biscul joinery. See Pl

it joinery. te foinery,
Bits, end-mill, for mortises, 47
Black and Decker doverail Jig, 103
Blood gloe, 96
Bu-:;lm-n, Allan 1, on precision,

2-3
Bosch Power Tool Corp..

address, 45

dovewd] figs of, 103

purchase of Stanley Tools by, 45
'Ehll-lh Thermagrip hot-melt glue,

m'u“. fosre:m a9
15, ints.
Bunﬂ;r:islg?q:umpubl:he juin
ery, 118-1
Breadboard ends. for doors, 6%
Bridle joints:
curved, 70, 73 (sce also Morise
snd tenon: curved. )
disadvamages of, 6, 30-31, 63
outlined decorntive, 87
ot rudial-arm saw (see Slip
joints.]

uses of, 7

Butler, )., panel-mising plane by,
6l

Butterfly keys, 110-111

Bute joints, end-to-end, 67

Carcases, guing-up of, 94, 95
See :En mﬁd panel
Carpenter’s Wood Glue, 98

Casein gloe
Eh.lll'! ‘t.!hme%‘-lemd stacking, 115-

ﬂhll:ll. for doversils, 91
See olso Japanese chisels, Mor-

tise chisels,
Circular-saw blades, for dovetails,
106-107 -
mlﬂ!p‘ill mirtise tenon, 28
ulok-relense, 77
G!nuic
lowe],

Eumhiulllun uare, muchinists', 3
Construction m , 102
Contact cements, 101, 102
Craftsman_ See Sears

Cyanoacrylate ﬂu:- 101-102

Japanese, 22

i for, 5
Dravies. Ben:

on curved slot-mortise and

temon, TH-81

on exterior doors, 56-59
DeStaco hold-down clamps, 77
Deveon ghes, 100, 101
Demestic Architecrure of Cone

nectiows, The (Kelly), 63
Dhenvrs:

battenad, 58

breadboard ends for, 69

cleated and braced, 68

cleated with sliding dovetails, 69
coping oo, 5559

dﬂlﬁlo‘. 58-59

double- ,

dovetailed, 65

exterior, 3659

hanging, 65
wl:htnu:u!ll'ld\'u,!ﬂ
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lap-jointed, 68

layered, 65

louvered, making, 32-33

maoldings for, 55-50

with mortise aml tenon. 57

splined. 69

with steel rods, 69

with strap hinges, 68

stresses in, 57

See alao Shofi (lapanese sliding

disinrs).

Daovetaibs:

bandsawn, 152

curved, lnyouts for, 109

in door-frame, 65

ghaingd up, 95

with jigsaw, 21

Keller Jig for, 100-104

ﬂ]l‘l for, 1053, 104-105
ing for, 90

outli decorative, 86

pocket, with router, 115, 117

on radinl-arm saw. 3. 42-44

repairing, 86

routkng, B0

Beary jig for, 103, 104, 105

on tablesaw, 106-107

templates for, §9-91, 108-109

threswa

See also 1Eil.:lwri‘!:-' kevs.
Dovetail saws, for renons, 15

els:
for drawhoring, 20
in mortise and venon, 57

Drawer pulls. routed inlabd, T4-75
Df;Iqun.g throdagh width of boards,
Dirill
E‘mr ehil:] antachments for,

mﬁﬁlr tn:r u:b::lwmduvr

Duro Super Glue, 101
Ekstrom Carlson spirnl end mill,

47
Elmer's glues, 97, 94, 101
Elu routers, 45
End-joining. See Butt joints,
Epoxy glue: 1
Erpelding, Cu

ot lnuc:hlu'ln fumil!l.l.r: 114
117
sip joines with radial-arm
04

AW,
rable by, 39
Evertite Glue, 98

Exterior doors, 5630
edge treatment of, 63

Fibonacei series explained, 5':!

Fledd, lsanc, muldluz.pl-m by,

Fielded panel Sec me II1
el. Pancls,

Filkers, r.'rlnu-lmllu glue formula-

thons for, 10

Fmplm dmrmvt H2-88
F!Inundar Blrr Boar Lumber, ad:

?ume ' i y Co., I 111
Forms Enr thll' sents, 116
Foxtail 'I'Ed[g!l Ser Morises:

wodged,
Frame and panel, il
in Arts and Crafts movement, 49
basic, 45
vd:.m[:md. 4950
defined, 48, 60
and figured wood, 49
Bluing up, 94, 95
muhing, with planes, 6.3
plastic retainer for, 58
public nd for,
rooted profile on, 53
variations with, 48459
See also Doors. Pancls, Shoji
{Japancse sliding doors).
Fi squane. triing, 2
Franklin's glues, 97, 95
Frid.

Tage:

of handsawn dovetails, 112

on decorative joints, 86-88

on door-making, 68-65%

on hanging doors, 65

on mortise and tenon, 6-11

on roulng mortises, $5-47

Fuﬁll.tur:i' Enockdown, designing.

4-11

Gimmn, Ernest, 49
g}ln in doors. See Exterior doars.
nes

rub joint with, 92-93
spresders for, 92, 93
synthetic, compared, 100:102
types of, 9600

Clulng up, 92-95, 99
See nlso separate construction
methods: separane joints.

Golden section and Fibonacoi se-
ries, 39

G n Brothers epoxy ghies,
10, 101

Ground Hide Glue, 95

Hardware for furnirure, 114

;i and imlaying of. 65

Ul lnhld o7
woonden, 113
Hobd-downs, clomps for, 77
Holub, Tiabe, roured inkaid drawer
pull by, 74-75
Hovmely ghoes, 101, 102

lidusarial Formulanors Epeay
glues, 100, 101

Japancse chiscls, 2425
Japanese houses, Aoor plan of, 19
Japanese planes, 20
Japancse saws;
dovetail, fur tenons, 15-16
i uses ul'.ﬂzﬁ. 2.];12'\ e St
apanese sliding doors. See i,
Japanese splitting gauge. See Splic
ting gnuge, Inpanese.
In wondworking, methods of
inery in; 23-25
Jigs for precise handwork, 4-5
Jainery:
decormtive, §2-K5
designing. 27.29
expased, 44
Sﬂ alsn Japanese womdworking.

Jn-lnu .éu Bridle joins. Bu

ints, Dovetnils. Finger joints.
fn‘p Joint=. Miters: splined. Mor
tisc and tenon
Jorgenson clamps, 92
Katn. Lonis, 44
M}I&r Davild, dovesail i by, 103-

Kelly, I.F.: Domesnic Archireciure
of Cemmecticut, The, 63
Klmhlﬂ. 5., pancl-ralzsing plane by,

Kirby. lam J:
on frame-and-panel constrse.
ticm, 48-51 .
o ghaing up, 9295
on ﬂlum-!'led mortise and tenon,
Mi-32
on lochk jalms, 27-29%
on machine-made morise and
wenon, H-38
on mortise and tenon, 1217
Kitchen cabinets, tnmboor daodrs
for, i 7
Klausz, Frank, on butterfly joint.
110:117%
Knives for tenon marking, 14
Konockdown furmiture, See Fumi-
ture, knookdown,
Frazy Glue, 101
Kumiko See Shaji (Japanese shid:
ing docrs)

Lamelio Joining plate, 93
Sew also Flare jolnery,
Laminscing. gloes for, 104, 101
Lamination of chairs, 116
Lap joints, curved, T0, 7.3
Lego, Willlam [, on radial-arm
saw paneks, 52-53

ﬁmﬁug for }ninu n. 5
with rails, gluin:.!g G4, 05
e

Leigh Industries tail jig, 103,
104- 1005

Levels, truing. 67

Liquid Hide Clue, 08

Listel, 54, 55

Lawetice ratiog anserobic

Blues, T
Louvers, muter jig for, 32.33

Mackaness, Tim, on making fold
ing screen, 113
H!ﬁ‘m Munge type routers, 454,

Mallews, for mortising, 14

Manicls, . B

Marking for pretillnn 3
Marlow, AW, Classic Purniture
Projecis, B9
Mouilkin, Broce, 74
routed intabd hinge by, 76-77
Measuring:
legs, sequence for, 95
for pregision, 3
squareness, with sticks, 94, 95
with sticks. 24. 22. 23
Miters:
dhow tull-lm'pcd Rl
mazons’, 49, 50
eplimed, ‘decorative, 5758
on stuck moldings, 63-64
tolerance b, 2-1
trimmiing of, block for, 64
Muolding planes, 61, 63
Muldings:
on doors, 55-39
seribed (see Seribed joints. )
suck, 60 (sec also Frame and
panel )
m':huh?' of, 54
See also Frame and panel Mold.
ing planes. Panels.
Murtise -mi :emu-
angled, 7
hlind- dwelzri 57
clamping. 17
. mdvantages of, 64
curved, T8-81
designing, 12:1.1
du;-[g;;\cd 27, 29 -
wit i wedg.ea.
ﬂjnl.ng_ 11,939
aunched, M), 31-32, 4%
Japanese, 20-25
by machine, 34-38

making, &-11
mritered, K. 64
pinned, 56.57

with round comers. 7

slip-joint, 3944

wols for, 13-14

tusked, 27. 29

wedged, fonail, 28

wedged through. 27-26, 57

Sev alza Mortises. Tenons.
L'[unilc chisels, 12-17

r%-uie‘! 13-14

llm'thﬂ.
sngled, fig for, 46, 47
his for, 35
chiseling, 10, 13-15
curved TH-H1
in corved pleces, 47
drilling. 10, f]ﬁﬁ, M, 35
drilli r J-t .3»5 My
haunchod. 6 31,
bl -chisel i:u..hmcm for. 35-

Lt
hasllow. chiseli
lapancse, 24:25
mitened haunched. &
plunge [;pe mumfjip for, 4547
rasp wi
router biu F-:-r -1-1'
trying,
See Maru‘u and tenon. Mor-
tise gauge. Tomons,

Mortising planes, for door hanging,

a5
Mullion, defined, 60
Sew ulso Panels.
Muntin, &0
See niss Panels.
Mustoe, George, on glues, 9699,
TEM)- 102

3637

Nukashima, George, 110
Nutional Casein glues, 98

New Departures muter cotters, 71
Nuts, propeller, source for, 116
Rylin, Juj:: tapestry by, 113

'date, Toshio, on Japancse slid-
o ﬂm {ahafi}, |

Okle. Grif, on routers, 7477
Omsrud Cuotter spirml end mill, 47
Ovala, 54, 55, &0

P-ml-r:.ising planes. See Halsing

Fanels, &0
mutharnric reproduciion of, B3
with feathered edie, advantage
af, Gil
Re.liied 50-51 e
making. sequence of, &,
overlapped, 50, 51
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profiles of, 60
rabbetted and beaded. 51
raised, 48, 50-51, 84 62, 61
glilnd. radinl-arm saw jig for, 52-
3
with tongue and groove, 60
wnfic] 50
variations with, 48-49
vocabulary of, 64
in walls, 63
See also Frame and panel
Pearl Hide Glue, 95
Hthl-FumEﬁh};td we, 97, 95
n routers, U-sha nger-jalne
jigs for, B4-85
Pins. See Dovetails
Plastic resin glues, 98
Plate joinery:
ld'vll:l!.l1!l of, 93
on radial-arm saw, 67
Plow planes. 61, 63
Pole-and wire joi C118:019
Polyester resins for fiberglassing.
100-101
Palyviny] resin glue ﬁ*himi, 97,98
Pormer Cable dovetadl jig. 100
Froctsion in woodworking. 2-5
Frotein glues, B
MVA dlues. See Aliphatic resin gloe
yellow). Polyviny] resin glue
whine)

Radial-arm saw-
accurdoy af, 349
bridle joints on [sce Radial-srm
Joints on.)
du.nn:rjtf! an, $2-44

"bﬁﬂf?wﬂjwﬂ?.ﬁgz-sj

slip joints on, 3942
tenons on, M, 40-41
Rails. Ser Frame and panel Pancls.
Raising plancs. G0-6.3
antigue, 61
RC-T76 glue, 97, 98
R clamps, %2
Resorcinol-formaldelyyde glues, 98
nolds, William F., on louvered
e, A2-303
Riordan, Charles F., on template
doverails, §9-51
Robers, Renneth [
ﬂuiﬂ planes of, 61
Flanes in I9h Century
.lm:rmﬂ 61
Rooters:
boli-bearing cutters for. T0-72
butterfly martises with, 111
choosing, 45-46
curvied jolnery with, T0-73
for doverails, blind, 0
dovetail jigs for, commercial,
103-105
drawer pulls wiﬂl 'H 75
gul.dt bushings fo
inges with, 1|1.1-|d.. ?6 rir}
louvered doars with, jig for, A2-
33
for mortise and tenon, A8
for mortise and tenon. corved,
7881
mortise cotters for, 47
mortise fences for, 38
mortise figs for, 40-47. 76
'plurl‘e—!‘rpe. maortising with, 45.

pvt.'ﬁa!dmuuﬂjl.t for, 115, 117
remplates for, curved, 70, 72
vemvon Jig for, 37

Sanding, tapered dises for, 53
Soratoh gauges, machinists”, B%
Boreans, wooden-hi L 1EY
Serews, flat-head cap. 116
Beribed joines, 54, 55, 64

Boars

doverail jig. 103, 104, 105
radial-arm saw, 10-in. Craftsman,
39,40, 43
sanding discs, wapered, 53
Selby Furninure Hardware, 116
Shelves, wall-leaning knockdown,

117
Sheppard, Morris I, on soribed
Jrines, 54-55
.’S:h;;ﬁ: (Japanese sliding doors). 18-
L]

Shooving board, 4
Shoulder planes:
for precise curs, 4
on tenons, 15
Sig Model Airplnne Epoxy, 1040
Blip joints, 39.44
Blot mortisers, See Morntisers.
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St mortises. See Mortises
curved,
::mlrh AL, pancl-raising plane Iy,

‘iu]."l'n:ln glue, 9
Spangler. Ned. louvered doors by,
A2.a3
gﬁlm miter. SeeJ Miters: splined
itting dauge, Japanecse, 20
Spring, nf‘ plancs, g:i'lrmd. &0
Squarce, See Tr:-r SQUATES,
Sunlesfun -t mute-r! No.
.H.I.!. 45
Surr, R.'I.L'hll'd on tamibour kitchen
cabinets, Gfe&7T
Starrent Tools, scratch gauge of, 89
Seeere, W.B., 61
Seicking, 54, 55, 60, 63
Ser plae Frame and panci,
Stichs Ser Measuring: squareness,
with sticks; with stichs Winding
sticks
Seiles:
armual ring orientation for, 21
defined, 60
Sew alse Frame and panel.
Surfacing for gluing up, %9
t ey, Jim:
chest-of drawers by, 70, 71
on corved joi L 173
Hwingline Fix Stix hot-melt glue.
101

Tablesaws:
doverails an, 106-107
renons on, 37, 38
Tambours, tb-67
Templates:
for doverails, 5%
far seribed joints, 54, 55
Tenons:
chiseling of, 1516
correcting precisely, 3-4
curved, T8-81
drawboring of, &4
Japanese chamfering of, 22
narrow, T
on radial-arm saw, 40-41
repairing, 8, 11
router jig for, 37
sawing, 9, 10, 11. 15
saws for, 15-16
shoulder for. 6-7, 14. 38
wabbesaw jig for, 37
through-wedged,. 44
Lrving, 16-1
wedged 7
wedged, for doors, 57
wide, 7
Sev also Mortise and tenon,
Thompson, Mousey. panel texture
of, 49
Titebond Glue, 97, 98
TRW rouwter cuters, 71
Try squares. pesting and ruing, -3

Ure--iumuldehyd.e glues, 97-98
1.8, Plywood Resorcinol Water
e, 98

\'rmd.ll. Normal L, on paneling
with planes, fi-6d

Velpee muter cutters, 111

Veneer. thermosetring-adhesive
backed, 52

Waals, Peter, 47

Wamner, Patrick, on decorstive
frame-and-panel, 53

Waterproof glues, 98

Weed, Hazel, 66

Weed, Walker, tambeour doors of,
-1 7

Weldbond glues, 97, 96

Werrler Clamp Co., 92

White glogs, 97, W8

Wilhodd glues, 97, 98

Winding sticks. 3

Wooden Planes in 19th (Cenfury
Amarica (Roberns), 61

Woennds, 1., combimation plane by,

L
Waorkbenches, Japanese iripod. 200
Y ellow glues. 97. 98
Zip Grip 10 glue, 101

Hln
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Editorial Scaff, 1975-1984:

Paul Berroselli
Mary Blaylsck
Dncke Bummoma
bm Cummin
Kane e Kosoer
Hurh [:N‘lﬂl"klgr
Tage Fnd
Raoger  Holnaes
John Kelaey
Linda Kk
Jobhn Lively
Rack Maseell
Ann B Michael
MNina Perry

Jum Richey
Paul Ruosman
Dxvich Sloan
Mancy Smbale
Laury Trieyubi
Linda I¥ "Whipkev
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Fine Woodworking
Art Seafl, 19751984
Rigrt Harios

Deborah Fallinn

Lee Hiw Fhwhgraf

Beosy  Lvine

Lisa Lumg

E  Maraa (11

Karm P

Rodand Wil

Fine Woodworking

Production Seaff, 1975-1984

Claudia Applegaie
Barbara Bahs

Par Byrrs

Diebworahy Cimper
Michelle Fryman
Mary Cralpin
Barbara  Hannah
Annerre Maley
Marwy Knapp
Fomente Luacder
Crary  Mancini
Laurs Marrin

Mary Eileen MoCanthy
Jondreri Muie
Cymrina Lee MNyirray
Karhrvm [Hsen
Barbara Sy
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CRAFTS & HOBBIES

Fine

M\Nbrkmg

“lilJoinery

I'he really hard problem in woodworking is making strong comers

with nothing but flat sticks. The trees have the answer: they just grow a
branch. The cabinetmaker has to fake it, by cutting and neatly fitting a

joint. This book is largely about how to make the sturdy workhorse of the

cabinetmaking art, the mortise and tenon joint. In 36 articles from Fine
Woodworking magazine, experienced craftsmen explain how they choose,
make, and use the mortise and tenon and its many variations for paneled

walls and doors, cabinets, tables, and chairs. You'll also learn about glues

forwood.

Fine Woodworking magazine has been the most trusted resource for
woodworkers since 1975. To celebrate the 40th anniversary of Fine Wood-

working, The Taunton Press is re-releasing a number of classic titles from

the early days of the magazine. Long out of print, the books are filled with
expert information that's as timeless now as when it was first published

Hne

The ‘f‘-%i\'ﬁ]fklﬂg Onn series:

Bending Wood
Hand Tools
Joinery

Marquetry and Veneer

he Taunton Press

63 South Main Street

P Box 5506

Newtown, CT Oi470-5500

W TR LN CUHT

JThe Taunton Press

Inspiration for hands-on living®

Page 130 of 130

Planes and Chisels
The Small Workshop

Wood and How to Dry It

Lescsk for other Taunton Press books
whenever books are sold or visit our

wiebsite 4t waw. Buntonstone.com

Us $17.95
ISBN 978-0-91880-425-9

H“I |II” 51795
9 "780918 ' 804259 mllml‘ A

Taunton Product # 070031
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