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@@[Q) 
Prep 
Thou shalt make it 
easier on thyself 
The second in our series on finishing 
shows you the best way to handle an 
unpleasant (but essential) job. 

WHEN DOES THE finishing process begin? After the 
project is fully assembled? Wrong. When you pre

sand the parts before assembly? Wrong again. Actually, the 
time to start the finishing process is before you even begin. 
Your finishes will improve and you'll get immediate results 
when you consider two important factors: 

• Wood Selection - When you plan to color your 
project with stain or dye, choose wood species that don't 
blotch. (I'll cover this topic in the next installment.) Once 
you select a wood type, match as closely as possible the 
color of those boards that line up side by side. 

• Finish Selection - Will your project get an all
paint finish; a natural, stained or colored finish; and will the 
final finish be oil or some type of clear top coat such as 
polyurethane, shellac, varnish or lacquer? 

These factors, along with preparing the surface before 
applying any finish, are the important first steps in the fin
ishing process. 

Finish No Wood Before It's Time 
Because our first commandment for finishing involves 
wood preparation, it's time to have an attitude check. Much 
of wood preparation is sanding, and we can agree that sand
ing is near univetsally hated. It's boring, it's tedious and if 
there's more then 20 minutes worth, it's hard work. 

The good news is you're probably working too hard at 
sanding, and there's a good chance your next sanding job 
might get easier if you just read on. 

First, let's look at what we want to accomplish during 
wood preparation. This includes removing dents, gouges 
and errant dried glue, removing washboard marks left from 
planing or jointing the wood, fixing router bit bum marks, 
and sanding to prepare the surface to accept the finish. 

It's important to eliminate these imperfections. The eye 
is drawn to dips, dents, dings and gouges - those flaws 
that otherwise break an uninterrupted flat surface. A good 
finish requires as flat and smooth a surface as possible. 

How to Eliminate Flaws 
Let me say straight out that there is more than one way to 
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Getting your wood ready to finish Is perhaps the most 
Important step to a beautiful finish. Here I'm examining 
a board for dings, scratches and gouges by looking at It 
from a low angle. The light fixture In the bottom left cor· 
ner of the photo really makes these defects jump out. 

go about all this, and there are sure to be some who don't 
entirely agree with my methods. It's a case of what works 
for you; but believe me, what I recommend will work for 
you, and it is entirely practical and efficient. 

Here's how I do it: It's best to rid your materials of mill 
marks, those tiny bumps or lines caused by machinery, 
before you assemble your projects. Do this with the mater
ial flat on your bench, working on it at a convenient height. 

Eliminate them by sanding or using a scraper. If you are 
among the initiated who know how to sharpen or put an 
edge on these tools, use them. But if you are among the 19 
out of 20 woodworkers who don't, you'll be sanding those 
miniature peaks and valleys flat. We'll get into sanding a 
little later; but the point is, get rid of the machining marks 
while it's easy on you, before assembly. Like so much in 
woodworking, always think ahead! 

Dents and gouges can happen during the building 
process. A dent- a depression where no wood fiber is bro
ken or lost - can be easily fixed if not too severe using a 
hot iron and damp rag. A gouge, on the other hand, consists 
of torn or missing fibers and is a larger problem. If superfi
cial, say less than 1/64", you can sand (or scrape) it out. If 
deeper, you'll need to use some sort of filler. 

Using filler is a compromise because you rarely match 
the color of the wood. The other problem, of course, is that 
stain never takes to putty in the same way it is absorbed by 
the wood. When applying filler, always use a putty knife 



Aside from the convenience Steaming Out 
Dents 

Some of the products you can use to fill 
small holes. 

How to Fill 
Small Holes 
For small filling jobs, like a set 
nail, It's often best to wait until 
the finish job is complete and then 
use a wax crayon (even your 
child's crayons can do the job In a 
pinch). At this stage you know 
what the final wood color is so the 
guesswork is taken out of match
Ing the filler color to the wood. 
Filler used before finishing not only 
fills the gouge or hole, it also fills 
the grain surrounding the gouge. 
So if you must use a filler, handle 
it carefully and apply It only in the 
opening needing repair. 

and health benefits of keeping dust 
out of the air you're breathing, 
these sanders with dust-collection 
work more efficiently and increase 
the life of the sandpaper you use. 
By extracting the sanding dust 
from the surface, the sandpaper 
doesn't load up with dust (when 
this happens you are sanding the 
dust, not the wood surface). These 
machines also vacuum up pieces 
of broken-off abrasive, which if left 
behind when you switch to the 
next finer grit of sandpaper, will 
impart coarser scratches to the 
wood surface when the loose grit 
gets under the the sanding pad. 
That's one reason to sweep or 
blow off all the dust from your pro
ject when you switch to the next 
finer grit sandpaper. 

If there are minor miracles In the 
world, steaming a dent out of 
wood is surely one. Here's how to 
do it. Simply take a clothes Iron 
set to Its highest setting, wet a 
clean rag, place it over the dent 
and apply the hot iron. Hold It in 
place for at least 10 seconds to 
allow the Iron to force the steam 
Into the wood fibers below. 
Chances are you can swell the 
crushed fibers that made the dent 
and restore the surface to Its origi
nal, undented state. If your first 
attempt doesn't work, try it a sec
ond or third time. Fortunately, 
wood fibers have a memory, and as 
long as the fibers are intact, they 
can return to their original state. 

and force the material into the opening. And always leave 
it a little proud of the surface so it can be sanded flush later. 

Get the Glue Out 
Even after what you think is a thorough sanding, you might 
find glue near joints or smeared on a surface after you've 
started staining or top-coating. First use an ounce of pre
vention and be careful not to allow glue to get smeared on 
your work. When it does, clean it up right away with a 
clean wet rag. And make sure you wash the area complete
ly, not just wipe it off, which could compound the problem 
by smearing the glue even more. 

I've had more than one honest disagreement with other 
woodworkers about the water and rag clean-up method. I 
still recommend it, and here's why: If you wait until the 
glue is dry you risk either tearing out wood fibers when 
scraping, or just making the sanding harder. If you scrape 
the glue when it's soft, you fail to remove the partially dry 
glue that has soaked into the wood. I think those who have 
not successfully used the water and rag method have sim
ply not been thorough or aggressive enough. 

If you put yourself in the sloppy category, or if you just 
want to make dam sure you haven't left any glue behind, 
wipe down your entire project with a wet (but not dripping 
wet) rag before sanding. The water will reconstitute the 
glue to its pre-dried milky white color, making it easier to 
find. To locate these problem areas, however, you must 
carefully inspect the piece a few minutes after the water has 

been wiped on. After you've identified a spot, dampen 
more until the glue is soft enough to remove. I like to use a 
single-edge safety razor blade to scrape off the softened 
glue. Then clean the area with the wet rag. 

Choosing Hand-Held Sanders 
Power sanding machines have made the unwelcome chore 
of sanding much easier. When used properly, you'll get 
good result'S. Of the three common types of sanders, belt, 
orbital and random orbit, you should choose the latter. 
Why? Because random orbit sanders are more aggressive 
and efficient than an orbital sander and they don't leave 
obvious swirl marks. Also, the random orbit sander is not 
as aggressive as the belt sander, which is almost always too 
aggressive and can ruin a project in the blink of an eye. 

Belt sanders are great for removing stock quickly doing 
rough work, but don't use one on a surface that will be fin
ished! That said, there are some woodworkers who know 
how to keep this powerful tool absolutely flat while apply
ing uniform speed and pressure. If you don't like playing 
fast and loose with your projects, keep your belt sander on 
the shelf and use it for other work. It's too easy to oversand, 
leaving what I call a dished, or hollowed-out look. 

Orbital sanders tend to leave swirl marks, sometimes 
called pigtails, in a geometric pattern that call attention to 
themselves because the pattern of the wood grain is so ran
dom. Pigtails create real havoc when applying stain 
because the stain highlights the scratch pattern in the wood 
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FINISHING 

RANDOM ORBIT SANDER • The beat 
choice. Spend the extra buck and 
buy one that holds the sandpaper 

ORBITAL SANDER • These sanders 
tend to leave swirl marks, also 
called "pigtails." 

BELT SANDER • While It has Its 
place In many shops, don't use It to 
prepare your projects for finishing. 

using hook-and-loop. 

Random 
orbits leave 
the least
noticeable 
scratches 

and, being darker, sticks out like a sore thumb. If you own 
an orbital sander and don't feel like trading it for a random 
orbit machine, check the owner's manual for tips on using 
it. The speed of the orbit, which can vary greatly from one 
machine to the next, has a direct relationship with the rec
ommended speed you move the sander over the work. As a 
general observation, most people move them much too fast. 
You should always sand with the grain when using an 
orbital sanding machine. 

The movement of the pad on a random orbit sander 
breaks up the swirl pattern created by the orbital action. 
The pad rotates free in relation to the orbiting action. And 
unlike its orbiting cousin, the random orbit can sand in any 
direction of the grain. When using the random t>rbit sander, 
start the machine with it resting on the work to prevent the 
fast-spinning pad from striking the wood surface. By the 
way, the opposite is true for the regular orbital sander. Start 
it first, then place it on the work surface. 

Should any of this advice prompt you to shop for a new 
sander, look at the so-called dustless sanders. They work 
best when a shop vac and hose can be attached to the 
sander; bags work less well but are still a big improvement. 

Sandpaper and Sanding 
Now that you've removed the mill marks, dents and gouges 
from your project, and you've wiped it down with a damp 
rag and inspected it for errant glue smudges, it's finally 
time to begin sanding. For sanding raw wood, choose gar
net (the orange colored abrasive if you can flnd it) or alu
minum oxide, which is usually brown. If you sand by hand, 
use a sanding block that has a Y4" thick piece of cork or felt 
glued to the bottom. A right-sized block will use a quarter 
sheet of sandpaper with just enough paper returning up the 
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Deep 
scratches 
left by a 
belt 
sander 

sides to give you some paper to grip. Whether you sand by 
hand or machine, start sanding with 100 grit, and increase 
to 120 and 150. If you are using a finish that forms a film 
on top, like polyurethane, lacquer, varnish or shellac, stop 
at 150. If you're using a penetrating oil finish, sand to 180; 
and if you just love sanding or think the project is really 
special, go one grit higher and stop. You're done. 

What about raising the grain with water? It's a good 
idea if your finish plans call for any water-based stains or 
dyes, or if you are planning a water-based film finish like 
water-based polyurethane, lacquer or varnish. But just raise 
the grain slightly with a damp, not wet, rag. If you wet the 
surface too much, you'll ruin all the good sanding you've 
already done. If you raise too much grain you must sand 
tod much to knock it down. In effect, you sand through the 
nice surface you spent so much time preparing. Think of it 
this way: When you sand off raised grain, it's like shaving 
off a 5 o'clock shadow, not a two-day growth. Further, 
when you resand your project after raising the grain, be 
sure the wood is dry and use the same grit you finished 
with, or one grit finer. 

Other Ways to Remove Glue 
You can also use solvents such as acetone, xylene and 
toluene to dissolve glue. These chemicals won't swell 
or raise the grain of the wood. 

I've never found raising the wood grain to be that 
much of a problem, so I stick with the water method. 
Yet another approach Is to simply sand or scrape the 
area thoroughly. This is a bit of a guessing game 
because you never know how much sanding or scrap-
lng Is necessary. -



Types of Damage to Woods 

Dents Gouges 

You have to pay attention to how you are sanding, espe
cially if you will be staining or coloring the wood. Always 
sand every area, every piece, the same way. Use the same 
pressure, the same amount of time, the same pattern with 
the machine, the same number of passes and lap each pass 
the same way. Sand every area the same amount. This will 
provide a consistent surface that the stain or dye will react 
to in the same way. I'd go so far as to say that I'd rather see 
a piece sanded consistently but inadequately than one that 
is sanded thoroughly but inconsistently. 

Change sandpaper regularly. Once the sharpness of the 
abrasive is gone, you're not only wasting your time and 
energy, but you're sanding inconsistently. I wish I could 
give you the benchmarks for when to change to fresh sand
paper, but I can't. You'll just have to pay attention and 
occasionally feel the paper, inspect for bald spots on the 
sheet where the abrasive material is altogether gone, and 
get a feel for the action of the machine on the wood. 

How Much Sanding Is Enough? 
The first sanding with coarse grit should be complete 
enough to give all the surfaces of the project a uniform 
abrasion, removing slight imperfections not dealt with in 
other preparations. Once this first sanding is complete, the 
sole purpose of all other sandings with progressively finer 
grits is to remove the coarser scratches left from the previ-

Sanding 
Lare:e 
Surfaces 
To help you sand 
a large surface 
consistently, like 
a table top, cre
ate a kind of grid pattern In your mind for the piece. 
Sand one square grid section, then move to the adja
cent square, then the next, etc. Then move to the next 
row of squares until the large piece Is complete. 

FINISHING 

Machining Marks 

ous grit. Just as soon as those coarser scratches are 
removed, move on to the next finer grit. Sure, it's hard to 
see the tiny scratch marks, but a careful inspection, espe
cially when aided with a strong light source from a low 
angle across the surface of the work, will help a lot. In fact, 
using the light will aid the discovery of all kinds of little 
problems on the surfaces throughout the whole surface 
preparation process. If you're past age 50, the raking low
angle light source is an indispensible aid. 

It might seem logical to continue sanding beyond the 
150 grit to eliminate these scratches, then the 180 grit 
scratches, the 220 and so on. For all film finishes, the ben
efit of sanding past the 150 grit stage is almost impercepti
ble. Further, if your finish plan calls for stain, sanding 
beyond 150 grit starts to interfere with the stain's ability to 
be absorbed by the wood surface. 

Of course you need to "break" or "ease" the sharp edges 
of the project as a final step before moving on to applying 
color or the final clear finish. Do this quickly with 120 grit 
paper, removing most of the material, then follow up with 
a fast once-over on the edges only with 150 grit. Again, do 
this uniformly, taking equal amounts from all edges. 

Lastly, begin the coloring and finishing process within 
a day of your final sanding. If you wait longer, resand with 
the last grit you ended with. This is because humidity in the 
air will raise the grain slightly. Freshly sanded fibers take 
stain more consistently. 

Thorough preparation will make the application of 
color and clear finish easier and result in a greatly enhanced 
finish appearance. The best way to make the chore easier is 
to make a real effort to do "clean" work throughout the cut
ting and assembly process. Treat your parts gently, be neat 
with glue clean-up, fit adjoining pieces so they don't 
require a lot of work sanding them flush. These are work 
habits that make less work for you in the end. And remem
ber, don't oversand, and don't skip sanding steps. The right 
amount is just enough, which may very well be less than 
you've been sanding in the past. PW 

-Steve Shanesy, PW staff 
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Rules for Sanding Wood

The objective of sanding wood is to remove 
mill marks, which are caused by woodworking 
machines, and to remove other flaws such as 
dents and gouges that may have been intro-
duced in handling. The most efficient method 
of doing this is to begin sanding with a coarse 
enough grit of sandpaper to cut through and 
remove the problems quickly, then sand out 
the coarse-grit scratches with finer and finer 
grits until you reach the smoothness you want 
– usually up to #150, #180 or #220 grit.

This is a very important concept because 
it gets past all the contradictory instructions 
about which sandpaper grits to use. Condi-
tions vary.

For example, a board that has been run 
through a planer with dull knives will require a 
coarser grit to be efficient than typical veneered 
plywood or MDF that has been pre-sanded in 
the factory. You can finish-sand both of these 
surfaces with #180 grit, for example, but you 
might begin with #80 grit on the solid wood 
and #120 grit on the plywood. It would be a 
total waste of time and effort to begin with #80 
grit on the pre-sanded veneered wood (and 
you would risk sanding through). So you don’t 
want to begin with too coarse a grit because 
it will cause you more work than necessary 
sanding out the scratches.

There’s also no fixed rule for how to prog-
ress through the grits. Sanding is very per-
sonal. We all sand with different pressures, 
number of passes over any given spot and 
lengths of time.

Unquestionably, the most efficient progres-
sion is to sand through every grit – #80, #100, 
#120, #150, #180 – sanding just enough with 
each to remove the scratches of the previous 
grit. But most of us sand more than we need 
to, so it’s often more efficient to skip grits.

You’ll have to learn by experience what 
works best for you.

Washboarding. The primary reason you need to 
sand wood is to remove the washboarding and 
other mill marks caused by machine tools. On 
this board, the washboarding, which was caused 
by a planer and has been highlighted with stain, 
is particularly severe. I think it would have been 
most efficient to begin sanding with #80 grit. 

Cross-grain. Sanding cross-grain tears the wood 
fibers so the sanding scratches show up much 
more, especially under a stain. The best policy is 
to always sand in the direction of the grain when 
possible. The scratching that does occur is then 
more likely to be disguised by the grain of the 
wood.

Squigglies. Random-orbit sanders are more effi-
cient than vibrator sanders, but they still leave 
cross-grain marks in the wood. I refer to these as 
“squigglies.” The best policy is to sand them out 
by hand in the direction of the grain after sand-
ing to the finest grit, usually #180 or #220, with 
the sander. Doing this is especially important if 
you are staining.

Fine sanding. Sanding finer than #180 or #220 
is wasted effort in most cases, as explained in 
the text. In fact, the finer the grit the wood is 
sanded to, the less color a stain leaves when the 
excess is wiped off. In this case, the top half was 
sanded to #180 grit and the bottom half to #600 
grit. Then a stain was applied and the excess 
wiped off.

Material and finish choice help dictate grit progression.
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How Fine to Sand
It’s rarely beneficial to sand finer than #180 
grit.

Film-building finishes, such as varnish, 
shellac, lacquer and water-based finish, cre-
ate their own surfaces after a couple of coats. 
The appearance and feel of the finish is all its 
own and has nothing any longer to do with 
how fine you sand the wood.

Oil and oil/varnish-blend finishes have 
no measurable build, so any roughness in the 
wood caused by coarse sanding telegraphs 
through. But these finishes can be made ulti-
mately smooth simply by sanding between 
cured coats or sanding each additional coat 
while it is still wet on the surface using #400- 
or #600-grit sandpaper. It’s a lot easier doing 
this than sanding the wood through all the 
grits to #400 or #600. (See “What Is Oil?” in 
issue #154, April 2006, for a more thorough 
explanation of both processes.)

Only if you are staining or using a vibrator 
(“pad”) or random-orbit sander does sanding 
above #180 grit make a difference.

The finer you sand, the less stain color will 
be retained on the wood when you wipe off 
the excess. If this is what you want, then sand 
to a finer grit. If it isn’t, there’s no point going 
past #180 grit. The sanding scratches won’t 
show as long as they are in the direction of 
the grain.

Sometimes with vibrator and random-orbit 
sanders, sanding up to #220 grit makes the 
squiggly marks left by these sanders small 
enough so they aren’t seen under a clear fin-
ish. Sanding by hand in the direction of the 
grain to remove these squigglies then becomes 
unnecessary.

In all cases when sanding by hand, it’s best 
to sand in the direction of the wood grain when 
possible. Of course, doing this is seldom pos-
sible on turnings and decorative veneer pat-
terns such as sunbursts and marquetry.

Cross-grain sanding scratches aren’t very 
visible under a clear finish, but they show up 
very clearly under a stain. If you can’t avoid 
cross-grain sanding, you will have to find a 
compromise between creating scratches fine 
enough so they don’t show and coarse enough 
so the stain still darkens the wood adequately. 
You should practice first on scrap wood to 
determine where this point is for you.

Three Sanding Methods
Other than using a stationary sanding machine 
or a belt sander, which will take a good deal 

Hand sanding. The most efficient use of sand-
paper when backing it with just your hand is to 
tear the sheet into thirds crossways and then fold 
one of the thirds into thirds lengthways. Flip the 
thirds to use 100 percent of the paper.

Block sanding. The most efficient use of sandpa-
per when backing it with a flat sanding block is 
to tear the sheet into thirds crossways and then 
fold one of the thirds in half. Hold onto the block 
with your thumb and fingers as shown here. Flip 
the folded sandpaper for a fresh surface, then 
open up the sandpaper and wrap it all around 
the sanding block for a third fresh surface.of practice to learn to control, there are three 

methods of sanding wood: with just your hand 
backing the sandpaper, with a flat block back-
ing the sandpaper and with a vibrator or ran-
dom-orbit sander.

Using your hand to back the sandpaper can 
lead to hollowing out the softer early-wood 
grain on most woods. So you shouldn’t use 
your hand to back the sandpaper on flat sur-
faces such as tops and drawer fronts because 
the hollowing will stand out in reflected light 
after a finish is applied.

The most efficient use of sandpaper for 
hand-backed sanding is to tear the 9" x 11" 
sheet of sandpaper into thirds crossways, then 
fold each of these pieces into thirds length-
ways. Sand with the folded sandpaper until 
it dulls, flip the folded sandpaper over to use 
the second third, then refold to use the third 
third. This method reduces waste to zero and 
also reduces the tendency of the folds to slip 
as you’re sanding.

If you are sanding critical flat surfaces by 
hand, you should always use a flat block to 
back the sandpaper. If the block is hard (wood, 
for example), it’s best to have some sort of softer 
material such as cork glued to the bottom to 
improve the performance of the sandpaper. 
(I find the rubber sanding blocks, available at 
home centers, too hard, wasteful of sandpaper 
and inefficient because of the time involved 
in changing sandpapers.)

I made my own sanding block. Its measure-
ments are 23⁄4" x 37⁄8" x 11⁄4" thick, with the 
top edges chamfered for a more comfortable 
grip. Any wood will work. I used sugar pine 
because it is very light in weight.

To get the most efficient use of the sandpa-
per, fold one of the thirds-of-a-sheet (described 
above) in half along the long side and hold it 

in place on the block with your fingers and 
thumb. When you have used up one side, turn 
the folded sandpaper and use the other. Then 
open the sandpaper and wrap it around the 
block to use the middle.

Most woodworkers use random-orbit 
sanders because they are very efficient, easy 
to use, and they leave a less-visible scratch 
pattern than vibrator sanders due to the ran-
domness of their movement. For both of these 
sanders, however, there are two critical rules 
to follow.

First, don’t press down on the sander when 
sanding. Let the sander’s weight do the work. 
Pressing leaves deeper and more obvious 
squigglies that then have to be sanded out. 
Simply move the sander slowly over the sur-
face of the wood in some pattern that covers 
all areas approximately equally.

Second, it’s always the best policy to sand 
out the squigglies by hand after you have pro-
gressed to your final sanding grit (for example, 
#180 or #220), especially if you are applying a 
stain. Use a flat block to back the sandpaper if 
you are sanding a flat surface. It’s most efficient 
to use the same grit sandpaper you used for 
your last machine sanding, but you can use 
one grit finer if you sand a little longer.

Removing Sanding Dust
No matter which of the three sanding meth-
ods you use, always remove the sanding dust 
before advancing to the next-finer grit sandpa-
per. The best tool to use is a vacuum because 
it is the cleanest. A brush kicks the dust up in 
the air to dirty your shop and possibly land 
back on your work during finishing.
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Power sanding. Random-orbit sanders are 
easy to use and efficient for smoothing wood. 
To reduce the likelihood of the squigglies these 
sanders produce, use a light touch. Don’t press 
down on the sander. Let its weight do the work.

Tack rags load up too quickly with the 
large amount of dust created at the wood 
level. These sticky rags should be reserved 
for removing the small amounts of dust after 
sanding between coats of finish.

Compressed air works well if you have a 
good exhaust system, such as a spray booth, 
to remove the dust.

It’s not necessary to get all the dust out of 
the pores. You won’t see any difference under 
a finish, or under a stain and finish. Just get 
the wood clean enough so you can’t feel or 
pick up any dust when wiping your hand over 
the surface.

How Much to Sand
The biggest sanding challenge is to know when 
you have removed all the flaws in the wood and 
then when you have removed all the scratches 
from each previous grit so you can move on 
to the next. Being sure that these flaws and 
scratches are removed is the reason most of 
us sand more than we need to.

A lot of knowing when you have sanded 
enough is learned by experience. But there 
are two methods you can use as an aid. First, 
after removing the dust, look at the wood in a 
low-angle reflected light – for example, from a 
window or a light fixture on a stand. Second, 
wet the wood then look at it from different 
angles into a reflected light.

For wetting the wood, use mineral spirits 
(paint thinner) or denatured alcohol. Avoid 
mineral spirits if you are going to apply a water-
based finish because any oily residue from the 
thinner might cause the finish to bead up. 
Denatured alcohol will raise the grain a little, 
so you’ll have to sand it smooth again. pw

Bob is the author of “Understanding Wood Finishing” 
and a contributing editor to popular Woodworking.



Using bench planes 
with your machinery 
will speed your work. 
But fi rst you must 
understand how the 
bench plane system 
works.

by Christopher Schwarz

Contact Chris at 513-531-2690 ext. 1407 
or chris.schwarz@fwpubs.com. A DVD 
that explores this system is available from 
Lie-Nielsen Toolworks, 800-327-2520 

or lie-nielsen.com.

Coarse,Coarse,Medium &   Fine

Ph
ot

os
 b

y A
l P

ar
ris

h

wilsonr
Rectangle

wilsonr
Rectangle



Too often we hear that hand 
tools are slow and power 
tools are fast. Even people 

who love hand tools talk about 
how they enjoy handwork because 
it forces them to slow their work 
on a project, to ponder the details, 
to enjoy the smell of the freshly 
cut lumber and to labor in quiet 
harmony with the wood.

That’s all very bucolic – but it’s 
also a bit ill-informed.

To my mind, people who think 
hand tools are slow are either using 
the wrong tool for a task, or they 
are people who will work slowly no 
matter what tool is in their hand. 
I have found that to become truly 
effi cient at woodworking is to fi rst 
ignore whether or not the tool in 
your hand has a power cord or a 
fi nely honed blade. Instead, you 
should make sure that you know 
whether that tool is a coarse tool 
for hogging off material, a medium 
tool for refining and truing the 
work, or a fi ne tool that’s the last 
to touch your work.

This classification system – 
coarse, medium and fi ne – works 
for many of the tools of the craft, 
from sandpaper to hand planes. 
And putting each tool into its 
place is the fi rst step toward know-
ing its true use at the bench.

Once you know what each 
tool is used for, you’ll also be able 
to fi gure out which tools (if any) 
should be used before it and which 
tools (if any) should be used after 

it. Plus you’ll know – in general 
terms – how long you should be 
using that tool before you switch 
to a fi ner one.

The net result of this is you 
will become much faster because 
you’ll always have the right tool 
in your hand.

To show how this approach 
works, let’s look at surfacing lum-
ber. This coarse, medium and fi ne 
system will fi rst help you under-
stand what bench planes are for 
and then show you how bench 
planes can be blended seamlessly 
with powered jointers and planers 
and other surfacing tools.

First Understand the 
Bench Plane System
Bench planes are the mainstay 
of a shop that uses hand tools or 
blends hand and power tools. 
Bench planes were designed to 
make lumber smooth and true 
before any joinery operations (and 
before applying a fi nish).

To surface wood with bench 
planes, you need three planes: a 
fore plane, a jointer plane and a 
smoothing plane. It sounds simple, 
but the problem is that over the 
years, hand-plane manufactur-
ers have designed bench planes 
in many lengths and widths (too 
many, really), and they have given 
them misleading numbers. Stan-
ley, for example, numbers its bench 
planes from the diminutive No. 1 
up to the massive No. 8. And there 
are more than just eight planes in 
that numbering system (there are 
Nos. 41⁄1⁄1 2⁄2⁄ , 51⁄1⁄1 4⁄4⁄ , and 51⁄1⁄1 2⁄2⁄ , too). Do 
you need all 11 planes? No. Do 
you need to start working with 
the No. 1 then progress to a No. 8? 
Absolutely not. So which planes 
do you need? Good question. Let’s 
hit the books.

Ignore Some Numbers
What’s more important than the 
model number that’s cast into a 

plane’s bed is the overall length of 
the tool – that’s the key to unlock-
ing its function.

And once you understand the 
plane’s intended function, then 
you’ll know how to incorporate it 
into your shop, no matter what set 
of tools or machines you own.

In a nutshell, the fore plane 
is the tool for coarse work, and 
it does a job similar to a pow-
ered jointer and power planer. 
The jointer plane is the medium 
tool, and it works like a random-
orbit sander, drum sander or belt 
sander (in the right hands). And 
the smoothing plane is the fi ne 
tool; it does the detail work per-
formed by powered pad sanders, 
hand scrapers and sanding blocks. 
So let’s fi rst take a close look at 
these three planes.

Fore Planes: Rough & Ready
Fore planes are between 14" and 
20" long and are so named because 
they are the planes that are used 
“before” the other hand planes. 
They are the “coarse” tool – the 
roughest of the bunch. They 

require more strength and stamina 
to use than any other hand tool, 
and I use mine as little as possible 
now that I own a powered jointer 
and planer.

In the Stanley numbering 
system, the No. 5 (14" long and 
commonly called a jack plane) 
and the No. 6 (18" long) planes 
qualify as fore planes.

The fore plane is used to rap-
idly take a bowed or cupped board 
to a state where it’s reasonably 
fl at. Fore planes don’t take a fi ne 
shaving. They take coarse curls 
of lumber so the work gets done 
quickly. Their middling length 
is an advantage. They are long 
enough so that the sole touches 
a lot of the surface of the board. 
This helps you true the face of the 
board more easily and prevents 
you from overshooting your 
mark – turning high spots into 
deep valleys by accident. (Why 
are scrub planes so short, then? 
I think these 10"-long tools were 
used more for hogging wood off 
edges or for localized work – but 
that’s another story.)

Like a powered planer, the fore plane produces thick curls so it can rapidly 
reduce a board in thickness. Shown is my crusty-but-trusty Stanley No. 5 
(some people call this a jack plane) and my sweet Scioto Works 16" wooden-
stock fore plane.
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If the length of the fore plane 
is an asset, why not make them 
really long? Working with fore 
planes is strenuous, so having 
them shorter and lighter makes 
them easier to handle than a lon-
ger plane. Whenever I use my fore 
plane, I marvel at its perfection of 
design. It’s exactly long enough 
– but no more.

Once you know that the fore 
plane is for roughing, this also 
tells you how to set up the tool for 
use. The fl atness of the sole isn’t 
a concern for rough work. If the 
sole looks fl at and the tool won’t 
rock when the tool is fl at on your 
bench, you’re in good shape.

I wouldn’t recommend you 
spend hours flattening the sole 
of your fore plane so you can take 
.001" shavings. Save that drudgery 

for another plane (or avoid the 
drudgery – more on that later).

My metal fore plane is a sorry 
old Stanley No. 5 with a hand-
made tote that looks like it was 
fashioned by a blind beaver. The 
tool is rusty in spots. The sole’s 
flatness is questionable – but it 
works like a dream.

Back to set-up. Because you 
want to remove thick shavings, 
open up the mouth of the tool 
and make the tool easy to push 
by cambering the tool’s cutting 
edge. A fore plane with a blade 
sharpened straight across (like 
you would with a chisel or block 
plane) can be quickly immobi-
lized by a tough patch of wood. 
And the cambered iron (I like an 
8" radius) helps reduce tear-out 
because there are no corners dig-
ging into the wood. If your plane 
has a chipbreaker, set it so it’s back 
at least 1⁄1 ⁄1 16⁄16⁄ " from the corners. 

Fore planes are pushed diago-
nally across a board’s face. Work 
diagonally one way across the face, 
then diagonally the other. Check 
your progress with winding sticks. 
Working diagonally will generally 
get you where you need to be, but if 
there’s a persistent high spot, work 
at it selectively with the fore plane. 
The goal is to get the board fl at 
and almost to your fi nished thick-
ness – as close as you dare.

Jointer Planes:
Join the Flat-World Society
When the work is nearly fl at and 
nearly to fi nished thickness, fetch 
your jointer plane – sometimes also 
called a try plane. Jointer planes 
are tools with soles 22" long or lon-

ger. Longer is better in the world 
of jointer planes. In the Stanley 
system, the No. 7 (22" long) and 
the No. 8 (24" long) are the joint-
ers. Wooden-bodied jointer planes 
can be much longer. 

The jointer plane is the 
“medium” tool. It brings the sur-
face of the board to a state where 
joinery can be performed. Jointer 
planes take a fi ner shaving than 
the fore plane, but nothing that 
would be called gossamer. I gener-
ally go for a shaving that’s about 
.006" thick. That’s about the 
thickness of two or three sheets 
of typing paper. The length of the 
jointer plane is its greatest asset. 
When you can push a jointer 
plane across the entire surface 
of the board and remove a full-
width, full-length shaving from 
every point, the board is quite fl at 
(fl atter than most machinery can 
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Fore planes need a wide-open 
mouth to pass the thick shavings 
they produce. A tight mouth will clog 
and slow you down.

A silhouette of the shape of my fore plane’s cambered iron. It’s an 8" radius, 
which allows me to take an almost 1⁄16⁄16⁄ "-thick shaving in softwood.

Cambering the iron on a fore plane 
is a task best handled on a bench 
grinder. 

Working diagonally is the key to using the fore plane. The diagonal motion 
reduces tear-out and assists in truing the face.



get it, I’ve found). The plane’s sole 
rides over the valleys of a board 
and fl attens the hills. When the 
hills are the same level as the val-
leys, you’re done.

If this tool is so accurate, why 
not begin work with a jointer plane 
and skip the fore plane? Though 
a .006"-thick shaving sounds like 
a lot, it’s not. With rough-sawn 
wood, you could work one face 
all day with a jointer plane – a 
fore plane can remove much more 
wood in a hurry. And the jointer 
planes are more unwieldy. I’d 
much rather push my fore plane, 
which weighs less than 5 lbs., for 
a lot longer than my No. 8, which 
weighs 10 lbs.

Because the jointer plane is a 
precision instrument, it requires 

more attention than its coarser, 
shorter cousin. The sole should be 
reasonably flat. There’s been a lot 
written about this topic, but the 
bottom line is that the tool must 
work – that’s its true test. Can you 
flatten the sole of an old metal 
jointer plane yourself? Perhaps, 
but I can’t. Though I’ve flattened 
the soles of many planes, I end 
up making jointer planes worse. 
There is too much cast iron to 
work with there.

And that’s why I recommend 
you spend a little money when buy-
ing a jointer plane. In fact, if I had 
to buy only one precision plane, 
it would be a toss-up between the 
jointer plane and the smoothing 
plane. There’s a good argument for 
buying a premium metal jointer 

plane and a vintage wooden-soled 
fore plane and smoothing plane. 
Then you could use the metal 
jointer to true the soles of the two 
wooden planes.

No matter which jointer plane 
you acquire, the setup is similar. 
Some historical texts recommend 
an iron sharpened straight across, 
but I prefer a slight camber to the 
cutting edge, which is also his-
torically correct – it depends on 
who you read. The camber should 
be much slighter than the curve 
on your fore plane. I like a curve 
that allows a .006"-thick shaving 
that’s almost the entire width of 
the iron. Practice will get you 
where you need to be.

The mouth needs to be fairly 
open to pass this shaving, but 
there’s no need for a gaping maw. 
Keeping the mouth fairly tight can 
reduce tear-out. And though the 
jointer plane isn’t generally a fin-
ishing plane (that’s the job of the 
smoothing plane), reducing tear-
out will make less work for the 
smoothing plane. The chipbreaker 
needs to be somewhere between 
1⁄1⁄1 16⁄16⁄ " and 1⁄1⁄1 8⁄8⁄ " from the cutting edge 
in my experience. 

When I work a board’s face 
with a jointer plane, I tend to work 
in the direction of the grain – not 
diagonally like with the fore plane. 
However, when I’m fl attening a 

Winding sticks (I like aluminum angle) exaggerate any warp or high spots on 
the board’s face. View the winding sticks so they are in line with one another.

A jointer plane’s major asset is the length of its sole. The longer the sole, the 
fl atter your board will become. Shown is a Lie-Nielsen No. 7 plane (left) and 
the Veritas bevel-up jointer. The jointer I covet (not shown) is the Clark & Wil-
liams jointer, which can be as long as 30".

There are lots of ways to get the 
proper camber on the iron for a 
jointer plane. Shown is the Odate 
crowning plate from Powell 
Manufacturing – essentially, it’s a 
diamond sharpening stone that’s 
concave in the middle.

A silhouette of the shape of my jointer plane’s cambered iron. I placed a feeler 
gauge on the end to see how far back the corners were swept: it’s .005".

The mouth of the jointer plane is 
a fi ne balance. You want it open 
enough to pass a fairly thick shaving, 
yet tight enough to limit tear-out as 
much as possible.
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big tabletop, a largish panel or my 
benchtop, I’ll begin with diagonal 
strokes. This helps keep a larger 
surface in true.

As you start to work, the fi rst 
pass or two should produce irreg-
ular shavings as you remove the 
high spots left by the fore plane. 
After a few passes, long and wide 
shavings should emerge from the 
mouth. When this happens all 
the way across a board’s width, 
you are ready to work the other 
face of the board.

If you’re surfacing the board 
entirely by hand, use a mark-
ing gauge to scribe the fi nished 
thickness on all four edges of the 
boards and work that rough face 
with the fore plane almost to the 
scribe line. Then true the second 
face with your jointer plane.

This is the point at which I’ll 
typically perform joinery on the 
piece (with some exceptions). If 

you proceed to the smoothing 
plane before you cut your joints, 
you can make more work for your-
self in the end.

That’s because joinery can be 
hard on a board. You’ll mark it up 
with the typical shop bruises from 
cutting and clamping. When the 
joinery is complete, I’ll generally 
assemble the project and then 

On narrower cabinet components, the jointer plane works along the grain. 
Skewing the tool slightly during the cut makes it easier to push and does 
assist in fl attening. One wider panels – say 14" and wider – I’ll begin with a 
few diagonal passes before switching to long-grain ones.

Smoothing planes are the elite (and most demanding) planes in your shop. 
Shown is a Lie-Nielsen No. 4, a Veritas bevel-up smoother, a wooden-bodied 
Clark & Williams smoother, and my most guilty pleasure: a custom-made 
plane by Wayne Anderson (bottom right). Yes, it’s a smoothing plane, too.

Smoothing 
planes remove 
wispy shavings 
and prepare 
a surface for 
fi nishing.

smooth the exterior – if possible. 
Sometimes you have to go to the 
smoothing plane before assembly. 
Experience will be your guide.

Smoothing Planes:
An Addiction for Some 
The smoothing plane is the tool 
that usually hooks woodworkers 
into hand tools. They’re the “fi ne” 

tool in the troika of hand planes 
and they produce gossamer shav-
ings and leave shimmering sur-
faces. I like my smoothing planes, 
but if I’ve done a good job with my 
other planes, the smoothing plane 
should see only a little use.

This is a good thing because 
it saves you on sharpening and 
setup. Fore planes are the easiest 

A silhouette of a smoothing plane iron. The camber is slight: .002" or maybe 
a little more.

The mouth of a smoothing plane 
should be as tight as possible. This 
requires tweaking and experimenta-
tion. Once you get the mouth set, 
however, you shouldn’t have to 
change that setting.
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tool to set up and sharpen (they 
don’t have to be surgically sharp), 
jointers take a little more work in 
both departments and smoothing 
planes are the trickiest tool.

Smoothing planes require a 
cutter with a gently curved super-
sharp cutting edge, a fi ne mouth, 
perfect alignment of the cutter in 
the center of the mouth and a lot 
of other fi ne tweaks that demand 
fussing, fussing, fussing. So if 
you’re using your smoothing plane 
as little as possible, then you’re 
also spending less time tweaking 
and more time woodworking.

There are a lot of sizes of 
smoothing planes, but in general 
they are 7" to 10" in length. The 
Stanley No. 4 is the most common 
size at 9" long with a 2"-wide cut-
ter. The bigger planes, such as the 
No. 41⁄1⁄1 2⁄2⁄ , are suited for larger-scale 
work, such as dining tables. The 
smaller planes, such as the No. 3, 
are suited for smaller work, such as 
narrow door stiles and rails.

The smoothing plane needs 
to take a fi ne shaving, anywhere 
from .002" thick down to stuff that 
cannot be measured. So you need 
the sole to be as flat as possible 
to consistently take this shaving. 
You can try to tune the sole of 
your smoothing plane, or you can 
do what I do – let someone who 

knows what they are doing handle 
this job with a surface grinder. If 
you purchase a nice hand plane 
from Veritas, Lie-Nielsen or Clif-
ton and the sole is out of whack, 
then send it back. You shouldn’t 
have to fl atten the sole if you pay 
more than $175 for a plane.

Other considerations: The 
mouth needs to be as tight as you 
can get without it clogging with 
shavings. The chipbreaker needs 
to be set near the cutting edge. I 
like less than 1⁄1 ⁄1 16⁄16⁄ " – as close as I 
can get without clogging.And the 
iron needs to have the slightest 
camber, just a couple thousandths 
at the corners. I achieve this by 
applying selective fi nger pressure 
at the iron’s corners while sharp-

ening. I also fi nd that smoothing 
planes are the place to lavish your 
sharpening skills. To get the edge 
as perfect as you can, polish it up to 
the highest grit you have available. 
In my experience, sharper edges 
reduce tear-out as much as a tight 
mouth or the pitch of the blade 
(higher pitches reduce tear-out but 
make the tool harder to push).

When working with a smooth-
ing plane, make passes parallel 
to the grain of the board, mak-
ing sure that your strokes overlap 
slightly. Work from the edge of 
the board near you across to the 
far edge. Your first strokes will 
remove the high spots left by the 
jointer plane and your shavings 
could look inconsistent. Once 
you make a couple passes across 
the face, you should be able to get 
full-length shavings that are as 
wide as your blade allows. When 
this occurs and the board looks 
good, put down the plane. Clean 
up any localized tear-out with a 
hand scraper. 

If necessary, I’ll make a few 
strokes with #220-grit sandpaper 
to blend the planed surfaces with 
the scraped ones. This should take 
only a few strokes.

What This Means: 
Blending Hand and Power
Armed with this understanding of 
hand planes, you can now unlock 
an important secret. Almost all of 
our power tools can be classifi ed 
as coarse, medium or fine tools 
– just like the hand planes used 
for surfacing wood.

Think about your powered 
jointer and planer as coarse tools, 
like the fore plane. Their job is to 
remove lots of stock in a hurry. But 
their surface needs to be refi ned 
before fi nishing (unless you build 
only chicken coops).

What are the medium tools? I 
classify large random-orbit sand-
ers, belt sanders and drum sanders 
as medium tools. They remove the 
marks left by the coarse machin-
ing process and can indeed true 
a board when wielded by a skilled 
user. Some people are satisfi ed to 
stop at this phase – and truth be 
told, I’ll sometimes stop after using 
my jointer plane when building 
something intended for the shop 
or for pure utility.

But most power-tool wood-
workers go a step further. They 
scrape and hand sand to remove 
the scratches left by random-orbit 

Hand scrapers and sanding blocks are an accepted and historically accurate 
way to prepare a piece of wood for fi nishing.

The powered jointer (above) and 
planer (right) are faster than a fore 
plane (though they won’t burn as 
many calories during use).



POPULAR WOODWORKING  February 200644

sanders and pad sanders – the 
so-called pigtails you see on so 
many furniture-store pieces. In 
the power-tool world, these hand 
tools are the “fi ne” tools.

Once you classify your power 
tools, you can use them in con-
junction with your hand tools. 
Let’s say that the only bench plane 
you own is a smoothing plane. 
When should you use it? First joint 
and plane your stock (a coarse 
operation). Get it as true and fl at 
as possible with your drum sander 
or belt sander (that’s medium). 
And then fi nish things up with  

the smoothing plane, scrapers and 
sandpaper (fi ne).

This information can also be 
used to guide your tool purchases. 
What plane should you buy at 
the fl ea market if you don’t own 
a powered jointer or planer? (A 
fore plane.)

Here’s how I personally blend 
power and hand tools in my shop. 
My coarse tools are my powered 
8" jointer and 15" planer. Though 
I own two fore planes, I use them 
only when a board is too wide for 
my powered equipment. 

Once the coarse stuff is over, 
I use my jointer plane to true my 
stock before cutting my join-
ery. This medium tool removes 
snipe and machine marks, and 
makes the boards fl atter than my 
power equipment can. Finally, my 
smoothing plane is my primary 
fi ne tool, although I scrape and 
hand sand, too.

It’s important to use the tools 
in the right order (start with 
coarse; end with fine) and that 
you don’t skip any steps between. 
Skipping wastes time. It’s frustrat-
ing to use a fi ne tool right after a 
coarse tool. Try using a smooth-
ing plane on a larger board that’s 
fresh from your powered planer. 
Then use a smoothing plane on 
a board that you fi rst dressed with 

your jointer plane. You’ll notice a 
signifi cant difference.

The other important idea is to 
work as long as you can with the 
coarse tool. You wouldn’t remove 
1⁄1⁄1 16⁄16⁄ " of a board’s thickness with a 
random-orbit sander. So don’t use 
your jointer or smoothing planes 
to do that, either. This is a com-
mon error and is one way hand 
tools get a reputation as slow. 

One last thing: I don’t use hand 
tools because of a romantic obses-
sion with the past. Once I adopted 
this system of coarse, medium and 
fi ne, I became faster, my joinery 
became tighter (because my 
boards were perfectly true) and my 

fi nished results looked better.
And once you understand how 

coarse, medium and fine works 
with surfacing lumber, you can 
apply the idea to other workshop 
processes. Here’s a hint at the pos-
sibilities: When cutting curves, 
the coarse tool is the band saw, the 
medium tool is the rasp and the 
fi ne tool is the spokeshave. And 
there’s more. A lot more. PW

Christopher will be teaching a 
class at the Marc Adams School of 
Woodworking on May 8-12 that 
explores this principle and other for-
gotten hand-tool techniques. Visit 
marcadams.com or call 317-535-
4013 for more information.

A drum sander (left) can level and true a panel much like 
a jointer plane. A random-orbit sander (above) is ideal for 
removing machining marks in a power-tool workshop. 

The concept of coarse, medium and fi ne works with other operations as well. 
For cutting curves, think of your band saw as the coarse tool, your rasp as the 
medium tool and your spokeshave as the fi ne tool.

SOURCES
Anderson Planes
763-241-0138 or 
andersonplanes.com

Clark & Williams
479-253-7416 or 
planemaker.com

Lie-Nielsen Toolworks
800-327-2520 or 
lie-nielsen.com

Powell Manufacturing
781-237-4876

Veritas (Lee Valley Tools)
800-871-8158 or 
leevalley.com
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Nothing in handplaning is more 
frustrating than tear-out – which is when the 
wood rips up in small chunks instead of being 
sliced clean away. Over the years, I’ve collected 
solutions to eliminate it and found the follow-
ing ones to be the most useful. 

No 1: The Answer is in the Branches
Whenever I’m working a booth at a wood-
working show, there’s a fair chance that some 
power-tool-only woodworkers will give me 
some grief. Usually it starts with a few taunts 
during a handplaning demonstration (“Hey 
buddy where do you plug that thing in?”).

But I always relish the moments when they 
start to ask real questions. Here’s my favorite 
question (slightly edited to make it saucier):

“So Mr. Handplane guy,” they’d say. “let’s 
say you have a hickory board that’s 8' long 
from a tree that grew on a hill. The board’s in 
wind, and it’s got a good crook in it as well. 
How would you flatten that board?”

“Oh that’s easy,” I’d reply. “I’d start with 
my broad axe.”

“Axe?” they’d say, confusion spreading 
across their brow.

“Yup, I’d chop the board into 12" lengths 
and feed them to the wood-burning stove.”

I know this sounds like Southern hyperbole 
(to which I am prone), but I’m serious when I 
say that the best way to reduce your tear-out 
problems (with both hand and machine tools) 
is through careful stock selection.

About seven years ago I worked with Sam 
Sherrill and Michael romano on a project to 
encourage woodworkers to use lumber in 
their projects that woodworkers harvested 
from downed or doomed urban trees.

One of these projects was a large dining 
table that Sherrill had built using a gargan-
tuan pin oak. The table was nice, but the story 
behind it was not.

The lumber for the table had come from the 
enormous, Jurassic-scale branches of the pin 

oak. The boards were wide (like those from a 
bole) but they were still reaction wood. Branch 
wood. Junk wood.

When Sherrill and romano went to dry the 
wood and surface it, the wood self-destructed. 
It warped, split, you name it. They told wild 
tales of how it exploded (yes, exploded) in the 
planer. They lost the majority of what they had 
cut, according to Sherrill.

That story sticks with me to this day. When 
I pick my boards for any project. I stay tuned 
to the grain of the boards at hand. If the grain 
reverses on itself through the plank a good 
deal, then I skip the board or saw it into short 
lengths, which might not give me trouble.

That sounds wasteful. But the most pre-
cious commodity in woodworking is not the 
wood, but the time we spend working (or 
butchering) it. You can make your work faster 
and easier just by being a lot more choosy.

No. 2: Look Sharp
For me, sharpening is like changing the oil 
in my car. It’s messy and time-consuming, 
but you do it regularly or disaster will befall 
you eventually. 

So I’m not a sharpening fascist. I’m a good 
sharpener, but I don’t take more than five to 10 
minutes to renew a micro-bevel. But I firmly 
believe that a sharp iron is the second best way 
to reduce tear-out when handplaning.

This belief guides me when I sharpen my 
tools and regulates the attention I pay to each 
tool’s edge. Here is what my typical sharpen-
ing chores look like in my shop:

For me, sharpening begins at the end of a 
project. With the piece of furniture complete 
and the deadline pressure off, I take a few 

hours to sharpen my tools. I always sharpen 
the iron of my jointer, smoothing and block 
planes. If I used any chisels for more than a 
quick pare, I hone them. Then I move through 
the rest of the tool box. Any joinery planes 
(such as router, shoulder, fillister and plow 
planes) and moulding planes that I used get 
sharpened. I’ll also examine my marking 
knives, jack plane, auger bits and marking 
gauges. If they’re dull, I touch them up.

I do this at the conclusion of the project so 
when I start a new piece of furniture, every-
thing is ready to go. Anal-retentive? Perhaps. 
But as I build the next project I don’t stop to 
sharpen unless I damage a tool by dropping 
it or hitting a nail, or my smoothing plane 
leaves tear-out.

If my other planes give me tear-out, I can 
usually wait it out. But tear-out at the smooth-
ing stage of a project is a frustrating battle to 
fight. You can try a bunch of different strate-
gies to eliminate the tear-out, but the first one 
should be to hone up your smoothing plane’s 
iron and try again.

One of the biggest frustrations is when  

the grain tears out instead of slicing clean. 

Everybody must get stoned. When I have some 
tear-out that I cannot tame, the first place I turn 
is my sharpening stones. A sharp iron greatly 
reduces tearing.

Conventional wisdom has some solutions,  

but some of them might not help.
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No. �: Think Small
Most handplane geeks know that across the 
Pacific Ocean there is a culture that is even 
more obsessed than we are with the mechan-
ics of cutting wood with a plane.

I’m speaking, of course, about the Japa-
nese, who hold handplaning contests where 
competitors see who can make the longest 
and thinnest full-width shaving.

They measure the thickness of these cham-
pion shavings in microns. And the results are 
often affected by the weather. A wet day will 
swell the shavings by a few microns.

Sadly, Western woodworkers have become 
obsessed by creating ultra-thin shavings, 
which requires planes to be tuned to a very 
high note. What’s wrong with this philoso-
phy is that it focuses on the garbage instead 
of the good stuff. The shavings get thrown 
away, remember? It’s the resulting work sur-
face that we keep.

You want to be able to take the thickest 
shaving you can without tear-out, chatter 
or requiring you to bulk up like Conan the 
Barbarian. A thick shaving will get you done 
with fewer passes of the smoothing plane over 
your workpiece. 

So how thick should your shaving be? 
Good question. Most people talk about get-
ting shavings that are less than .002" thick. 
Or they talk about “sub-thou” shavings. Yes, 
it’s all very empirical, except for the fact that 
few woodworkers really know how to measure 

shaving thickness. Squeeze a dial caliper hard 
enough and you can make almost any shaving 
into a “sub-thou” shaving. Wood compresses. 
Metal bends.

So I go for visual cues instead.
If the wood is well-behaved, I go for an 

opaque shaving – that is, as long as the curva-
ture of the cutting edge of my iron is significant 
enough to keep the corners of my iron from 
digging into my work. See the photo at bot-
tom left to see what this shaving looks like. 
This shaving gets the work done fast. If the 
surface has been flattened by a jointer plane, 
a shaving like this will dress a surface for final 
finishing in one or two passes.

If I get tear-out with a beefy shaving, I 
retract the iron into the mouth of the hand-
plane and extend it until the shaving looks 
like the photo at bottom center. 

This shaving will clean up my surfaces 
in three of four passes. It usually eliminates 
tear-out more than the shaving above. But 
sometimes I need to get nuttier.

And that’s when I push my tool to get a 
shaving like the one at bottom right. This 
thing is about to fall apart. In fact, it sometimes 
will fall apart when you remove it from the 
mouth. Usually, this sort of shaving requires 
a persnickety setup to achieve. I can’t get this 
shaving with an Anant, new Stanley or Groz 
plane. They are just too coarse to tune to this 
high level. This is what you are paying your 
money for when you buy a premium tool. Pre-

mium tools will do this with little fettling. 
My vintage planes that I’ve fussed over will 
do this as well.

The downside to this shaving is that you 
will be making a lot of them to remove the 
tear-out on the board. About 10 cycles or more 
is typical for some small tear-out.

Can you get nuttier? Sure. If all else fails, 
I can set my plane to remove something 
between a shaving and dust. These “shav-
ings” don’t really look like much. How do you 
get them? That’s easy. When I get my thinnest 
smoothing-plane shaving possible, I’ll rub 
some paraffin on the sole of the tool. This 
actually reduces the depth of cut just enough 
to get the furry, dusty stuff. Beware: Taking a 
shaving that small will force you into a lot of 
work. lots of passes.

But when you need it, you need it.

No. 4: Perfect Pitch
After taking a recent course in handwork, 
rick Gayle, a reader and professional painter, 
visited our shop at the magazine and looked 
over some of the planes in my wall-hung tool-
box. He reached up and pulled out the Veritas 
Bevel-Up Smoother Plane.

“This plane has made all other planes 
obsolete,” rick said. “Well, that’s what my 
instructor said.”

It’s a strong statement to say that hundreds 
of years of handplane manufacturing have 
been eclipsed by one tool, but I know what 

Thicker is faster. A substantial shaving such 
as this one reduces the number of passes you 
take, but it can increase your chances of getting 
tear-out.

A bit thinner. This shaving is about half the thick-
ness of the thick one. Use this size shaving if you 
start to see tearing on the surface of your project.

Tissue stops tearing. Before I break out the 
sander I try cutting a shaving such as this one. It 
takes more passes than I like, but it is less likely to 
tear the grain.
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rick’s instructor was getting at. When it comes 
to reducing tear-out, one of the most important 
weapons is the angle of the tool’s cutter – a.k.a. 
the “angle of attack.” And no other tool gets 
you to a high planing angle as easily.

The higher the angle of attack, the less 
likely the wood fibers will lift up and tear out. 
Sounds good, right? What’s the catch?

The only practical downside to a high angle 
of attack is that the tool is harder to push. 
And that’s not too much of a factor when your 
shavings are tissue-thin. Plus, the high angle 
of attack works great with well-behaved hard-
woods, too.

So what does the Veritas plane have to do 
with the angle of attack? After all, its cutter 
seems slung a lot lower than the cutter on a tra-
ditional plane. Well, the difference is that the 
Veritas (and some other block-plane-like tools 
such as the lie-Nielsen No. 164) work with 
the cutter’s bevel facing up, while traditional 
planes cut with the bevel facing down.

This makes a huge difference.
In a traditional plane with the bevel facing 

down, the angle of attack is almost always set 
by the frog (the casting that holds the cutter). 
In almost all vintage metal planes, this angle 
is 45° (new planes by lie-Nielsen let you pick 
a 50° or 55° frog, however).

When you flip the cutter over, the angle the 
bevel is sharpened at comes into the equation 
when figuring out the angle of attack. Here’s 

how: The cutter in a bevel-up plane is usually 
bedded at 12° or 20° to the sole of the plane. 
let’s use 12° for our example. If you sharpen 
the cutter so it has a 30° microbevel on it, 
then you add the angle of the bed (12°) to the 
angle sharpened on your cutter (30°) to get 
the angle of attack (42°).

So this configuration would make a bevel-
up plane behave much like a traditional bevel-
down plane – or perhaps even a bit worse.

But if you sharpen the cutter at 45° instead 
of 30°, then the world changes. You add the 
45° to the 12° and suddenly you have an angle 
of attack that is 57° – that’s fairly steep. And 
you can achieve that angle (and remove it) 
with just one quick sharpening.

So what’s the best angle of attack for gnarly 
woods? I’ve found that with almost all woods, 
tear-out tends to disappear with a 62° angle 
of attack – that means sharpening a 50° bevel 
on your cutter and putting it on a 12° bed in 
our example.

If you have a bevel-down plane, you get to 
this high angle by sharpening your iron with 
a knife edge, which is more work.

No. 5: Button Your Lip
I have held (and used) three of Karl Holtey’s 
revolutionary No. 98 planes. The first thing 
you notice about these tools is that they are 
f lawless. Holtey lavishes attention on his 
planes like Gollum on the Precious. Every 

surface, inside and out, is perfect. Once you 
take that in, the next thing you notice is the 
non-adjustable mouth of the tool. It is, by most 
tool snob standards, big enough to drive a 
scrub plane shaving through. What gives?

To find out, I sharpened up two planes: My 
trusty lie-Nielsen No. 4 with a 50° frog and 
a mouth aperture between .002" and .0025" 
wide. Then I sharpened up the Holtey so its 
angle of attack was also 50°. Then I took a 
board of nasty, surly Jatoba (it’s almost as mean 
as coconut) and planed it with both tools. 
Then I turned that board around and planed 
it against the grain with both tools.

I know this board, and it’s about as bad a 
board as I ever want to work. Most standard-
pitch planes tear it out. But both the Holtey and 
the lie-Nielsen cleaned it up with no problems 
– both with the grain and against the grain.

This little experiment calls into question 
the plane snob’s obsession with tiny mouth 
apertures. (By the way, I’m the chapter presi-
dent of the local plane snob club.) After planing 
that Jatoba, I had to ask myself: Do you need a 
fine mouth for high-tolerance work?

I think the answer is: It depends. I think 
tightening up the mouth aperture of your 
plane is just one of the weapons you have in 
your battle against tear-out. But I don’t think 
it’s the doomsday weapon.

The long-held theory about the plane’s 
mouth is that a small aperture is preferred 

Bevel-up can help. All three of these tools have 
their bevels facing up. This fact makes them easy 
to configure to a high angle of attack. It just takes 
a little sharpening. 

A mini-mouth. Tightening up the mouth aperture of your plane 
can help in some cases, but you are likely to increase the chance 
of clogging up the works.
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because it will press down the grain of the 
wood as the cutter slices it. If the mouth is 
tight, then the cutter will be unable to get 
under the grain and lever it up ahead of your 
cut, tearing out the grain. This sounds reason-
able, but there’s more to it.

The sometimes-forgotten problem with a 
fine aperture is that it makes your tool more 
likely to clog, especially if you have the chip-
breaker set close. So a tight mouth is usually 
a time-consuming set-up, unless you have a 
smoothing plane dedicated to fine cuts.

I start closing up the mouth of a tool only 
when my other efforts fail: I’ve sharpened the 
iron, I’ve set it to take a fine cut, and I’m using 
the tool that has a high (62°) angle of attack. If 
all those efforts fail, then I’ll weigh my choices: 
Tighten up the mouth and face some clogging 
issues, or get out the card scraper or sandpaper 
and call it a day.

No �: Chipbreakers
If you follow the conventional wisdom for set-
ting your chipbreaker, you might hate your 
handplane.

What’s the conventional wisdom? Accord-
ing to Charles Holtzapffel’s seminal 19th- 
century work on the cutting action of tools, you 
should set your smoothing plane’s chipbreaker 
.02" from the cutting edge of your iron (other 
respected sources say to set it even closer) and 
to have an extremely tight mouth.

This, Holtzapffel says, prevents tear-out.
This, says your neighborhood editor, 

makes your plane choke.

Chipbreakers can do more harm than 
good in a handplane. Whenever I’m having 
trouble with a plane (especially if the plane 
is choking or refuses to cut), the first place I 
look is the chipbreaker. Whenever I fettle a 
new or vintage handplane and the thing won’t 
behave, the first thing I’ll do is swap out its 
chipbreaker with another plane that has a 
working chipbreaker. In almost all cases, this 
solves my problem.

So what is the purpose of the chipbreaker? 
My cynical view is that it became widely used 
so toolmakers could use a cheap, thin steel 
cutter and reinforce it with an inexpensive 
iron or soft-steel plate. This is supported by 
the odd names given to chipbreakers. Some 
early sources call them cap irons, double irons, 
break irons or top irons. In other words, not 

everyone agrees that they were designed to 
break chips.

Early planes had thick irons and didn’t 
have chipbreakers, even during the age of 
mahogany, which is hard to plane well.

In my view, the chipbreaker’s primary 
purpose in a modern plane is to mate with 
the tool’s blade-adjustment mechanism and 
to aid in chip ejection. Oh, and it exists to 
frustrate you.

So in what position should you place your 
chipbreaker? I set mine back about 3⁄32" in a 
smoothing plane – sometimes even a little 
further back if the mouth is tight. All I’m really 
trying to do is to prevent clogging.

Which begs the question: Why did I list 
a chipbreaker as one of the ways to reduce 
tear-out? Well, I did mention one use for the 
chipbreaker in a modern Bailey-style plane 
– it mates with the tool’s depth-adjustment 
mechanism. This mechanism allows you to 
easily set your tool to take the finest cut pos-
sible, which really will reduce tear-out.

No. 7: Skewing
I keep a list in my head of what I call “The 
Woodworking Mysteries” – things I pretend 
to understand but are outside my grasp.

One mystery is how a tree can pump water 
to the furthest reaches of its branches. There 
are many clues as to how it works, but a com-
plete picture eludes me. Another mystery is 
about how yellow glue actually works. Again, 
I’ve never read a satisfying explanation.

A third mystery relates to handplanes and 
basic geometry. One common strategy for 
reducing tear-out in a board is to skew the 
plane as you make the cut. This strategy was 
beaten into my head by all my teachers both 
dead and living. It’s repeated on the Internet 
by people I deeply respect and trust. And I do 
it myself in my work.

But if you do the math, you see how this 
strategy doesn’t make much sense.

let’s start with a fact: The higher the angle 
of attack when you plane a board, the less 
likely you are to experience tear-out. Another 
fact: Skewing a plane in use reduces your angle 
of attack. Mike Dunbar, the founder of The 
Windsor Institute, explains this in the clear-
est way possible. When a shaving encounters 
a plane iron, the angle of attack is like a hill 
that the shaving has to walk up. If you walk 
straight up that 45° hill, that’s a lot of work. 
When you skew the tool, it’s like the shaving 
is walking up the hill at a lower angle. Or put 
another way, it’s a bit like building a road up 

Break-down at the chipbreaker. The chipbreaker is supposed to reduce tear-out, but if it is set too 
closely, it will clog your plane. When you have a problem with your tool, investigate the chipbreaker 
first.

Frog

Lever	cap

Chipbreaker

so here’s the problem:  

if high planing angles 

reduce tear-out, 

and skewing a plane 

reduces your angle 

of attack, then how 

can skewing the plane 

reduce tear-out?
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a steep mountain. You don’t make the road go 
straight up the mountain, you build switch-
backs so the vehicles can actually make it up 
the incline. Skewing reduces the amount of 
work required – both to plane a board and to 
climb a hill.

How much does skewing reduce your angle 
of attack? Skewing a 45°-pitch handplane by 
30° will reduce your effective angle of attack 
to 40.9° – that’s significant.

So here’s the problem: If high planing 
angles reduce tear-out, and skewing a plane 
reduces your angle of attack, then how can 
skewing the plane reduce tear-out?

Hint: The answer is in the branches.
To explore this seeming contradiction, I 

did a little experiment. I took a short piece of 
ash with pronounced grain direction – that 
is, there was no question about which way the 
grain was traveling in the board.

I cleaned up one face with a smoothing 
plane and then turned the board around 
so that I planed against the grain, which is 
when you are more likely to encounter tear-
out. Then I planed the board with a bevel-up 
block plane. This plane is bedded at 12° and 
the iron is sharpened with a 35° micro-bevel, 
so its angle of attack is 47°. The mouth on the 
plane is wide open, so it’s not much of a factor. 
The tool is set to take a shaving that is about 
.002" thick.

First I planed the board against the grain 
without skewing the tool. This cleaned up 
the board just fine with no tear-out. Then I 
skewed the tool by 30° (which lowered my 
effective planing angle to about 43°) and did 
the same operation. I tried skewing both to 
the left and to the right. Two areas of the board 
tore out grotesquely.

Then I cleaned up the board again and tried 
skewing the plane at 20°. Tear-out occurred 
at the same two places but not as badly. So I 
tried skewing the plane at a variety of angles. 
And without fail, the more I skewed the plane, 
the more tear-out occurred.

So how can skewing reduce tear-out?
You have to remember that trees are not 

manufactured items. They are giant cones 
made of fibers that grow in different directions 
as the tree responds to its environment: a hill, 
a disease, a wind storm. Then we slice them 
up into shapes suitable for building things, 
regardless of how the fibers are traveling 
through the tree.

In some boards, grain can change direc-
tions on you a couple times. And the grain can 
be at odd angles – you cannot assume that all 

your boards will have grain running from one 
end to the other – the grain may be traveling 
at a 20° direction along the face of the board 
and 10° along the edge. And the grain might 
be in the shape of a shallow wave.

So there are times when skewing the plane 
puts the edge in the right position at the right 
time to deal with that patch of grain.

In my example board above, the two places 
where the tear-out occurred were at places 
where the grain rose quickly. So how did I 
deal with this board? As I encountered the 
areas that tore out, I straightened out the tool 
– no skew. When I worked the areas that didn’t 
tear out, I skewed the tool to reduce the effort 
required for planing.

So the trick with skewing takes us back 
to the No. 1 way to reduce tear-out: The best 
strategy is to select the best wood possible and 
learn to read the grain so you can begin to pre-
dict how your tools will behave. Sometimes, 
the best strategy is to not skew the tool.

Or put another way: Because grain is irreg-
ular, sometimes skewing the plane allows the 
blade to encounter the grain at a non-skewed 
angle – and to therefore you can plane it with-
out tear-out. PW

Christopher is the editor of this magazine and the author 
of “Workbenches: From Design & Theory to Construc-
tion & Use.” You can read more about traditional tools at 
his blog at LostArtPress.com.

No skew. No tear-
out. Planing with 
no skew resulted in 
no tear-out on this 
ash board.

Skewing and  tear-
ing. Planing with 
a 30° skew (both 
skewing left and 
skewing right) cre-
ated this ugly patch 
of torn grain.

And at 20°. Plan-
ing at a 20° skew 
(both skewing left 
and skewing right) 
created a little tear-
out.

wilsonr
Rectangle



Understanding Grain Direction
We show you two ways to 

read grain direction (even in 

rough stock) that will help 

you get tear-out-free surfaces. 

I often tell people that the grain direction in a 
board is like the fur on a cat.

Stroke the cat (or board) one way and the cat 
will purr, and your tool will produce a nice sur-
face. Stroke the cat (or board) the wrong way, 
however, and the cat will bite you, and your board 
will be as smooth as rotgut bourbon.

While that seems simple enough, the thing I 
sometimes neglect to mention is that boards (like 
cats) can behave unpredictably. And sometimes 
you will get bit even when you think you are doing 
everything right.

Wood is a little more complex than just com-
paring it to a bundle of soda straws or the fur of 
a feline, but you can understand grain direction 
quite well if you think a little harder about how 
trees grow.

Trees are Cones
Remember this: Every year, a tree grows a new 
layer of fibers – each layer creates one of the 
growth rings that are evident in many species. 
Also, remember that trees are bigger at the ground 
than they are at the top of their trunks. Each layer 
of fiber is therefore slightly cone shaped. And so, 
a mature tree is merely a series of cones stacked 
up on top of one another – I like to think of trees 
as a stack of ice cream cones.

The first time I ever saw this idea explained 
so simply and brilliantly was in an article by  
Russell Jokela, a woodworker living in Japan. 
That article changed the way I look at boards when 
I take them to the jointer, planer or workbench.

The grain direction in any board can be read 
using at least two different methods. Know-
ing both techniques will speed your work. You 
will be able to tell at a glance what direction the 
grain likely runs in almost any board, even if 
that board is rough-sawn and the grain lines are 
almost impossible to see.

These two techniques work well with domes-
tic hardwoods and softwoods, but they aren’t 
foolproof when it comes to exotic woods with 
interlocked grain, such as mahogany. What’s 
interlocked grain? Well, we’re getting ahead of 
ourselves now. First let’s look at the way most 
people are taught to read the grain.

The Edges Explain the Faces  
(And Vice Versa)
The most common way to determine the grain 
direction on the face of a board is to examine the 

grain lines on the edge of that board. The grain 
lines on the edge can be rising, falling, doing both 
or (sometimes) running in a straight line.

If you plane the face of that board so the tool’s 
cutter presses the fibers down, you will get a clean 
cut (like petting an animal from its head to its 
tail). Plane the opposite way and the cutter will 
act like a wedge and lift up the fibers ahead of 
your cutter (like rubbing an animal the wrong 
way). This results in tear-out.

If the grain on the edge is straight, you some-
times can work the board’s face in either direction 

The fact that trees are slightly cone shaped can be used to your advantage when reading grain direction.  
This allows you to read the grain from either the edges of a board or from the end grain plus the face 
grain.
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Top of tree

Bottom of tree

Heart sideBark side

Plane into the 
points of the 
cathedrals on 
the bark side

Plane in the 
same direction 
as the cathedrals 
on the heart side



with good results. If the grain reverses and goes 
up and down on the edge, sometimes you have 
to work in two directions, or you have to sand or 
scrape out the resulting tear-out.

This whole process also works if you want 
to know the direction that the grain runs on the 
edge of a board. Simply read the grain lines on 
the face of a board to determine how to plane or 
joint the board’s edge.

Some Troubles With This Method
Reading the grain on the edges works about 75 
percent of the time for me.

Sometimes the edges can offer confusing or 
contradictory information, especially with plain-
sawn boards that have quartersawn grain along 
the edges. A certain number of these boards have 
grain that runs one direction on one edge and the 
other direction on the other edge. What is typical 
with these miscreants is that you end up with a 
board that’s separated into thirds: Two-thirds of 
the board has grain in one direction. And one-
third of the grain runs the other way.

What gives? It’s called spiral grain. This 
is when the fibers in a tree’s growth ring don’t 
run straight up and down in a tree. Instead, the 
fibers wrap around the trunk in a spiral. When 
this occurs, you can have a plain-sawn board with 
grain running one direction up the middle of the 
board and along one edge, and then grain running 
the opposite way on the other edge.

And when the grain spirals one direction one 
year (clockwise) and the other direction the next 
year (counterclockwise), that is called interlocked 
grain. And that is why they invented wide belt 
sanders. Nothing is more difficult to work with 
hand tools and basic machine tools.

Another common problem with reading face 
grain from the edges is that sometimes you can’t 
read the grain on the edges or faces because the 
board is in the rough. When faced with this situ-
ation in my shop, I used to just guess at the grain 
direction. If I was wrong, I would turn the board 
around and hope I had enough material thickness 
remaining to remove the tear-out.

planing against the grain — tear-out

planing with the grain — no tear-out

reverse grain — plane both directions to avoid tear-out

Want to know how to plane or joint this edge? 
Read the grain direction on its adjacent face. This 
is usually foolproof, unless the edge runs through 
the middle of a cathedral.
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And that is why I learned to read grain direc-
tion by looking at the faces and the end grain of 
boards.

Cathedrals, Hearts and Barking Mutts
most boards that come into our hands are plain-
sawn – that means they have quartersawn grain 
on their edges and flat-sawn grain in the middle. 
It’s this flat-sawn grain in the middle that creates 
the cathedrals (sometimes called peaks) on the 
face of a board.

If you understand that trees are cones, you can 
use this to your advantage.

The cathedrals on a board can point the way 
that the grain is running once you know if you are 
looking at the heart side of the board or the bark 
side of a board. (You can determine this easily 
by looking at the end grain.)

When looking at the heart side of a board, the 
grain direction generally goes the same direc-
tion as the cathedrals – think of the cathedrals 
as arrows that point the way that your handplane 

This board is cupped on the bark side.

Here you can see the cathedrals, even in the 
rough. When jointing one face and the bark side 
is on the table, the cathedrals usually should point 
to the cutterhead.

When planing the board, the heart-side cathe-
drals should point away from the cutterhead.

should travel or that the cutterhead should inter-
sect the wood.

The way I like to remember this is: When 
planing the inside of the tree, plane inside the 
cathedrals.

When planing the bark side of a board, the 
grain is reversed. You plane into the tips of the 
cathedrals. The dumb way I remember this is that 
when I’m working on the bark side of a board I 
think of my plane as a dog (what is it with me and 
animals?). And the cathedrals are the barking 
noise coming from its mouth.

Knowing this trick won’t save you from 
the agony of spiral or interlocked grain, but it 
will help you work boards that are in the rough. 
Though you might not be able to see every grain 
line on a rough board, you can usually pick out 
the cathedrals.

And this will help you get the wood surfaced 
quickly with less guessing and less tear-out. 
here’s how I proceed with a powered jointer 
and planer:

1. Check the board for cupping. most boards 
cup on the bark side.

2. Check the face of the board for the direction 
the cathedrals are pointing.

3. Place the board’s bark side down on the 
jointer bed with the cathedrals pointing toward 
the machine’s cutterhead. Joint one face.

4. Take the board to the planer and insert it 
into the machine (bark-side-down again) with 
the cathedrals pointing away from the machine’s 
cutterhead. 

No Universal Solution
If I had the single secret to always knowing the 
grain direction on any board, I sure wouldn’t put it 
in a magazine that sells for just $5.99 (wink). Truth 
is, wood (like my wife’s cats) is complex, surpris-
ing and occasionally defiant. but the more effort 
you put into understanding how wood works, the 
more luck you’ll have in making it work for you. 
WM� — Christopher Schwarz

Here I’m planing the heart side of this board. The 
plane is following the cathedrals and the wood is 
behaving nicely.

Here I’m planing the bark side of a board. Note 
that I’m planing into the peaks of the cathedrals. 
Can you hear the barking sound?

“Many people never stop to realize that 
a tree is a living thing , not that different 
from a tall leafy dog that has roots and 
is very quiet .”

— Jack Handy
“Saturday Night Live”
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Why Wood Warps
Most warp takes place as 

green wood dries, but the 

potential for movement 

remains after lumber is 

brought into your shop. 

The quick answer to why wood warps is sim-
ple: There’s a gain or loss of moisture content 
(water). We’ve all brought perfectly flat boards 
into our shops only to discover that, while sitting 
on the rack, some have warped. And we’ve been 
told to give lumber time to acclimate to our shop 
surroundings before milling operations begin. 
There are reasons for these woodworking words 
of wisdom.

Predicting the movement of wood is not easy. 
For this, we need to examine a tree’s journey from 
freshly cut to dry and ready to use. And we need 
to know where in the tree the lumber existed prior 
to being slabbed into pieces.

Fresh-cut or green wood is loaded with water. 
Moisture content, when the tree is felled, can vary 
anywhere from 30 percent to nearly 250 percent 
of the final dried weight, depending on the species 
and whether the wood is from near the center of 
the tree or located more toward the outside.

Water within green wood is classified as either 
“free water” or “bound water.” Free water is lost 
quickly and bound water needs to be forced from 
the wood’s cells. When free water is totally dis-
sipated, the wood has reached its “fiber saturation 
point” (FSP). Drying beyond the FSP is when the 
wood begins to give up bound water. 

In “Understanding Wood” (Taunton), R. Bruce 
Hoadley explains this phenomenon using a sponge 
to represent wood. A fully soaked sponge pulled 
from a bucket of water quickly gives off free water. 
Even as the sponge is wrung out, additional free 
water is released. But when no additional water 
can be wrung from the sponge, the sponge has 
reached its FSP. Moisture still in the sponge is 
bound water. It is only with the removal of bound 
water that the sponge begins to shrink and harden. 
It’s the same with wood. It is only after the board 

passes below its FSP that the wood begins to 
shrink and move. Conversely, wood will swell 
as moisture is added or absorbed. This is why you 
need to allow the wood to acclimate.

As wood moves below its FSP and begins to 
shrink, three typical directions of movement are 
possible: longitudinal (movement along the grain), 
radial (movement perpendicular to the growth 

rings) and tangential (movement perpendicular 
to the grain and parallel to the growth rings). 

Three Typical Movements
Longitudinal movement in normal wood is negli-
gible. When going from green to dry, movement 
along the grain averages less than 0.1 percent – a 
10' piece of green wood shrinks about 1 ⁄8" along 

Cup, bow and twist are not welcome in your shop. Understand why and how wood warps and you’ll 
increase your woodworking abilities as well as add money to your pocket with better purchasing habits.
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its length. This movement is so small it has almost 
no impact on our woodworking techniques. If, 
however, the hardwood is juvenile wood (less 
than 20 years from the tree’s center) the shrink-
age can be upward of 2 percent or some 20 times 
greater. 

Radial movement is shrinkage that occurs as 
you move outward from the center of the tree. 
In flat-sawn lumber, radial movement affects 
thickness. This shrinkage is intermediate to the 
other two kinds of movement and is generally, 
in North American species, stated to be between 
4 percent and 6 percent. on a flat-cut, 2"-thick 
piece of hardwood, movement could be as much 
as 1 ⁄8" in thickness.

The third movement, and the one that is most 
substantial, is tangential movement. This is move-
ment across the grain and should always be con-
sidered when building projects. Wood movement 
across the grain, again based on North American 
species, can be from a low of 6 percent to a high 
of around 12 percent. A flat-sawn 6"-wide board 
could move up to 3 ⁄4" from the green to the dry 
stage. As you can see, tangential movement is 
nearly double that of radial movement.

It’s important to note that each example given 
to this point is for flat-sawn stock. Quartersawn 
stock – where the width of the lumber is perpen-
dicular to the growth rings – reacts differently. 
Quartersawn lumber is more stable because the 
faces of the boards react to radial movement 
instead of tangential movement.  

Any of the movements or shrinkages discussed 
thus far are natural, normal reactions to wood 
drying. These are expected and accounted for by 
those who cut or dry wood. For most of us these 
movements are not as severe. We’re not moving 
from a felled tree to dried lumber, but we do need 
to consider movement due to humidity changes 
(be they extreme changes or not) and exposure. 

Movement by the Numbers
The Department of Agriculture’s Forest Products 
Laboratory has established a set of numbers that 
indicates the amount of movement you can expect 
within a given species for flat-sawn (tangential) 
and quartersawn (radial) boards. These numbers, 
which represent the amount of movement that 
occurs per unit of width given a 1-percent change 
in moisture content, can be found in their infor-
mation-packed “Wood Handbook.” 

To determine what amount of movement to 
expect, measure the width of your board, establish 
the average yearly change in moisture content 
for your area, find the appropriate coefficient 
for your wood and do the calculation. (For more 
information see Woodworking Magazine Autumn 
2005, Issue 4.)

Let’s work an example: If we have a 6"-wide, 
fully flat-sawn piece of red oak (a species with a 
high propensity for movement), and we experi-
ence a moisture-content change of 3 percent, and 

with the guide coefficient at .0037, we can expect 
an overall movement of .0666", or just more than 
1 ⁄16" (6" x 3 x .0037 = .0666").

This number is far different from the 3⁄4" figure 
given earlier and that illustrates the difference 
in working with lumber that is dry and is simply 
fluctuating with changes in humidity, and lumber 
that is moving from green to dry.

Most woodworkers use this guide to confirm 
what they are already doing. We know wood 
moves. We know you need to allow for move-
ment. If you do the calculations, you begin to 
understand just how much wood moves. 

For me that’s a bit more information than nec-
essary and too exacting. Besides, most panels 

that we glue up, and any wide boards used in 
our projects, are generally not one type of cut. 
Most are a combination of quartersawn and flat-
sawn, and some may be rift-sawn (the face of the 
board meets the growth rings at angles between 
30 degrees and 60 degrees). With different grain 
patterns involved, to use the charts requires us to 
make judgment calls – a potential for error. 

It’s better to keep in mind which woods have 
a higher potential to move, cup or twist. Armed 
with that information, we can make calls that 
affect the way we work in the shop. If you know 

typical wood movement Lee Valley Tools has compiled an easy-to-use 
guide that’s used to calculate wood’s potential 
movement and to determine which woods are 
more prone to warp (leevalley.com). 

Types of Cuts

The type of cut (flat-sawn, 
quartersawn or rift-sawn) 
and from where in the tree 
the piece is cut, both play 
vital roles in the potential 
for cup, twist and bow.
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that Eastern white pine moves more than poplar, 
and you are assembling drawer bottoms in either 
wood, you know whether to complete the process 
that day or if you can allow the panels to sit until 
the next time you’re in the shop.

This information is available from the num-
bers supplied by the Forest Products Labora-
tory. To get a general assessment of wood warp, 
divide the number given for tangential move-
ment (T) by the radial movement number (R). 
This figure, expressed as a ratio (T/R), is the 
tendency for wood to distort while drying. The 
closer this ratio is to 1, the less warp you have to 
worry about. Mahogany and walnut, each with 
a 1.4 T/R ratio, are more stable and less prone to 
warp with changes in humidity than red oak or 

soft maple (T/R = 2.2) or Eastern white pine with 
a T/R ratio at 2.9.

What is Warp? 
Warp is comprised of a few different movement 
issues. The three major movement issues we con-
sider in woodworking are cup, bow and twist. of 
the three, the most common warp is cup. 

A board cups when one face shrinks more in 
width than the opposite face. The rule of thumb 
is that boards cup toward the bark side. An easy 
way to visualize this is to imagine that the growth 
rings are trying to straighten. While this is most 
often the case, you will find boards that cup in 
the opposite direction. Again, this is an issue in 
flat-sawn lumber. In quartersawn stock, it’s not 
so much of a problem due to quartersawn stock 
being cut across the growth rings. 

Information about cup in stock is important 
for a couple reasons. First, if you know that in all 
likelihood the cup is facing the bark side, you can 
quickly ascertain the face that should be milled 
first at the jointer. Additionally, if you’re planning 
a project you may choose to position the bark 
side of the stock in a particular manner. Attach-
ing backboards is an example. Position the bark 

side of each board to the cabinet, then if the board 
were to cup, the movement would force the edges 
of each board tight to your case. 

occasionally, although it is rare, boards have 
enough moisture variation along the grain to cause 
excessive movement. one face of a board shrinks 
more than the opposing face. Wood movement of 
this kind is referred to as “bow” and it happens in 
both flat-sawn and quartersawn lumber. Quarter-
sawn lumber also experiences “crook.” Crook is 
movement along one edge of the lumber. Boards 
almost always bow in one direction, toward the 
center of the tree. 

Bow and crook are found most often in lumber 
cut near the center of the tree. This lumber is gen-
erally designated as a lower grade of stock.

“Like age on a man, water makes  
wood softer, heavier and fatter –  
but not taller.”

— Roy Underhill (1950 - )
author, educator and host of the PBS television series 

“The Woodwright’s Shop”  

Knowing that boards generally cup toward the 
bark side of the tree is a quick indication of how 
the piece should be surface planed. 

Checking a piece of lumber for bow is something 
you shouldn’t have to become good at because 
bowing should seldom be an issue. 

Types of Warp
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Twist is where the opposing pairs of diagonal 
corners of a board are not in the same plane. If 
you position a twisted board flat on your jointer 
or flattened benchtop, the opposing corners on 
opposite ends touch the surface and the two other 
corners do not. Place pressure on one of the cor-
ners that is held off the surface and the board 
rocks to that side. Remove the pressure and the 
piece rocks back. 

If you have to flatten twisted material, trim 
the high corners of the piece until you eventually 
plane the entire face. If you’re using handplanes, 
the process is simplified. If machines are your 
method for milling, position the piece at your 
jointer with pressure on the trailing end’s corner 
that’s hovering above the table to secure it to the 
surface, then begin your pass over the knives. 
As the board reaches the middle of its length, 
switch the pressure off the trailing corner and 
onto the leading corner that is now off the table. 
This change causes the knives to trim the trail-
ing high corner. After you flatten one face, use 
standard procedures to get your workpiece ready 
to be surfaced on all four sides. 

Follow the Basics
After discovering why wood warps, types of warp 
and how to predict potential movement, you real-
ize how important a couple basic steps are to make 
milling lumber easier. 

you should always allow lumber to acclimate 
to your shop – a period of seven to 10 days should 
do the trick. Any movement prior to surfacing 
stock is much better than boards moving after 
you have reached your final dimensions. And it’s 
best to trim your material to rough-cut sizes prior 
to milling operations. I suggest 1" of additional 
length and 1 ⁄4" extra width. Reduce the pieces to 

your rough-cut size and you reduce the overall 
warp in your stock. There is no reason to walk 
away from an 8" board that’s cupped 1 ⁄2" at the 
center if you can rip that piece at 4" and greatly 
reduce that warp. The same methodology holds 
true with bow and twist.

of course, the best advice is to buy properly 
cut and properly dried lumber – then cup, twist 
and bow will seldom visit your shop. WM

— Glen D. Huey

To allow your boards to acclimate to your shop environment is a sage piece of advice. Small changes in 
humidity can translate into movement. To make the process move along more quickly, rough cut your 
pieces slightly oversized. 

Twist is the most difficult warpage to work with, 
as there are specific maneuvers needed to flatten 
the material. If your twist is excessive, you’ll make 
veneer before the board is thicknessed.

Casehardening: Wood 
Movement as You Cut

You’ve selected the material for your proj-
ect. Everything looks great. Your grain 

and color match are just what you were 
after. The next step is to rip your material to 
size, and as you make your cut, the board 
twists more than Chubby Checker in his 
prime. Wonder why? It’s stress in the wood 
known as casehardening.

Casehardening is a symptom of improper 
kiln drying. The wood was rushed through 
a kiln too quickly. Moisture pulls from the 
outside surface of a board first, then as the 
outer surface begins to shrink, that shrink-
age is restricted by the moist inside of the 
wood, which adds stress to the lumber.

As the process continues, the inner wood 
begins to dry, but is restrained by the dry 
outer wood. This also adds stress or tension 
to the wood. 

As you make a cut through stressed 
lumber, you free the tension and your board 
moves; wood on one side of the cut moves 
toward or away from the blade, or one side 
pushes down as the opposite side lifts off 
the tabletop.

Some species are more prone to case-
hardening. I’ve noticed walnut has this pro-
pensity and that fact was supported by my 
supplier, especially in quartersawn walnut.

To detect stress in wood use a prong test. 
Cut a defect-free cross section of your board 
that’s about 1" in width – somewhere away 
from an original end. Saw out the center 
section leaving a prong on each edge, as 
shown below.

Upon cutting, if the board is stress free, 
the two prongs remain relatively straight or 
bow outward slightly. If the prongs exhibit 
severe inward cup, the piece is under stress.  
In time, the prongs may move due to loss  
of moisture. — GH
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CHAPTER

2 Casework Construction:
Wood Selection and PrepWood Selection and Prep

In this chapter of our series on case 
construction we focus on the materi-
als that make up the boxes-within-

boxes that are casework. 
We’ll discuss using solid wood versus 

plywood, and discuss the properties, 
both pro and con, for each. Along that 
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same line, we’ll consider the concerns of 
wood movement when using solid wood. 
For that concern alone, a lot of case-
work is constructed out of plywood.

Whether it’s plywood or solid wood, 
getting the boards ready to use takes 
some particular steps to get it right. 

These steps include proper planing, 
joining and even gluing techniques. 
We’ll show you the best ways to work in 
either medium and we’ll also take a look 
at using either power or hand tools for 
these steps, and a combination of both.

Plywood or Solid Wood?
Case construction is mostly about join-
ing panels together to form one or more 
boxes. Coming up with the panels is 
where we start.

Plywood is actually a very old inven-
tion. The Egyptians used a crude form 
of plywood by cross layering thin sheets 
of wood, alternating the grain direction. 
Their intent was to make a stronger, 
more stable piece of wood and that’s the 
same reason we continue to use plywood 
in our projects today.

We’ve added veneer to the equation 
to make plywood an even more valu-
able building material. Rather than go 
to the expense of using solid panels of 
what can be very expensive wood types, 
a thin veneer of these woods is used as 
the outer surface of plywood. This gives 
the appearance of nicely fi gured, solid 
wood, with the structural benefi ts of 
plywood, and it’ll save some money. 

Casework can be made from both plywood and 
solid wood, or a combination of the two, as 
shown in this blanket chest.

WOODWORKING
ESSENTIALS

BY DAVID THIEL
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That said, solid wood is still a more-
than-adequate option for casework 
panels and we’ll talk about some ways to 
negate the movement issues involved in 
wood panels. And, of course, solid lum-
ber is still the major component used 
in case construction as the framework 
pieces that hold many of the panels in 
place and tie them together. 

Choosing Plywood
There are three main grades of plywood 
we’ll discuss here: furniture grade, shop 
grade and what we’ll call high-density 
plywood. In each category there are sub-
categories, but I’ll try to keep this from 
getting too complicated.
■    Furniture-grade Plywood

Furniture-grade plywood is a plywood 
that has quality veneer faces on both 
sides. The inner core can be a variety of 
materials including softwoods, hard-
woods and fi ber core. The number of 
plies, or layers, can also vary. As long 
as the interior layers are oriented 90° to 
one another (including fi ber core) it still 
counts as a plywood.

These furniture-grade plywoods are 
graded by appearance, the best face 
is graded by letter, with “A” being the 
best and “D” the worst. The back side 
is graded by number, with “1” being the 
best and “4” the worst. For furniture 
projects you’re generally looking for A1 

or A2 plywood. The other grades are 
often relegated to paint-grade projects.

You’ll also need to pay attention 
to the way the veneer is sliced off the 
log. Rotary-cut veneer is peeled off the 
log like an apple skin and will have an 
unnatural appearance to the eye. It’s not 
ugly, it’s just not the best pattern. 

Plain-sliced veneer is layed-up in 
sheets as it’s cut from the log, from one 
side to the other, and then seamed 
– much like you would glue up a panel 
from multiple boards. This is the veneer 

pattern that is considered best for visible 
casework pieces.
■   Shop-grade Plywood

Shop-grade plywood is plywood with-
out the fancy veneer. It usually includes a 
veneer, but the material may be a less val-
ued species such as birch or poplar. The 
usage of lesser materials will extend to 
the inside of the sheet as well, with more 
inexpensive materials, and the possibility 
of more voids and patches acceptable in 
the plywood layers.

You may have raised an eyebrow 
when I included fi ber-core materials with 
plywood. Fiber core, or particleboard 
or medium-density fi berboard (MDF), 
are technically plywoods because of the 
orientation of the wood fi bers. In fact, 
though fi ber-core sheets are often thought 
of as lesser quality, they’re actually a bet-
ter surface for casework. They remain fl at 
and offer more consistent thickness than 
hardwood or softwood ply-core sheets.

Another benefi t to MDF-core plywood 
is that there is no chance of telegraph-
ing any wood imperfections from the 
core materials through the veneer. These 
imperfections are usually something that 
won’t show up until you apply a fi nish 
– with very disappointing results.

Shop-grade plywood is often used for 
just what it sounds like. If your casework 
happens to be a cabinet for underneath 
your table saw, or a storage cabinet for 

Above are examples of the four most common types of plywood, all in 3⁄3⁄3 4⁄4⁄ " thickness. At the top is 
a piece of furniture-grade red oak veneer ply. Below it is a piece of shop-grade plywood veneered 
on both sides with poplar. This would be a good paint-grade plywood. Directly underneath that is 
a piece of MDF with birch veneer. While not normally considered a plywood, because the fi bers are 
arranged in a cross-grain pattern it fi ts in this category and is a useful material for case construc-
tion. At the bottom of the stack is a piece of Baltic birch high-density plywood. Notice the number 
of layers compared to the other two plywoods. 

Above are two samples of red oak veneer-clad plywood. At left is an example of rotary-cut 
veneer, while the right-hand photo is plain-sliced veneer. The plain sliced is a more natural pat-
tern for use in panels, more closely imitating glued-up individual solid boards. The rotary veneer 
is peeled from a log like an apple skin, leaving a repeating pattern. The dashed lines show the 
pattern breaks on each piece. As these photos illustrate, just selecting a veneer pattern will not 
ensure an attractive pattern. Seeing the piece in person is valuable for a reliable appearance.



all of your pneumatic nailers, this is the 
sound and economical material for you.

Shop-grade ply can also be handy for 
less visible case projects, such as built-in 
closets and cabinetry in utility rooms 
such as laundry areas.
■   High-density Plywood

High-density plywood is a valuable, 
but utilitarian plywood grade. Often 
branded as Baltic birch, appleply or other 
names, these plywoods use thinner and 
more numerous interior layers, while a 
furniture- or shop-grade plywood may 
have seven interior layers in a 3⁄3⁄3 4⁄4⁄ " thick-
ness. By using more plies of thinner 
wood the plywood offers a more stable 
and straighter panel.

You won’t fi nd MDF-core materials in 
this category and in general the veneers 
used for these plywoods are of secondary 
woods, similar to shop-grade plywood. 
These “veneers” are usually one of the 
interior plies that just happens to be on 
the outside of the sheet and can include 
football-shaped patches.

This is a great material for the interi-
ors of your case pieces. Many professional 
furniture makers will use this ultra-stable 
material for drawer boxes. And it makes 
a great sheet product for jigs and work-
shop fi xtures.

Choosing Solid Wood
Choosing solid wood for a project, 
whether for panels or for frame pieces, is 
almost akin to an art form. Where you 
get your lumber will dictate how par-
ticular you can be when shopping. If one 
of the larger home-center stores is your 
usual shopping spot, you’ll be limited by 
species, grade and quality.

I’d recommend fi nding a lumber 
dealer somewhere near you (check the 
phone book, or contact a local wood-
working shop or woodworking club to 
fi nd the name of their supplier). Short 
of that, consider ordering wood by mail 
or from the internet. We’ve had good 
success with these “remote” lumber sup-
pliers, but it still removes you from the 
lumber selection process, which is what 
I’ll discuss now.

After determining the species of 
wood you want to use for your project 
(and that’s a chapter or book on its own), 

you must fi gure out how much wood 
you need. Unlike plywood, solid lumber 
comes in random widths, so the calcula-
tions are a little involved.

You fi rst need to determine the thick-
ness required. Most case pieces will 
use 3⁄3⁄3 4⁄4⁄ "-thick material. If you’re buying 
lumber in the rough (just sawn at the 
mill, with no surface planing completed) 
you’ll be looking for 4/4 material. The 
easy way to remember the “quarter” 
method of referring to rough lumber is to 
think of it in terms of 1 ⁄1 ⁄1 4⁄4⁄ ". Four-quarter 
rough material will measure 1", or four 
1 ⁄1 ⁄1 4⁄4⁄ "s. Six-quarter will measure 11⁄1 ⁄1 2⁄2⁄ " in the 
rough, and so on.

If you’re buying lumber already sur-
faced (planed) you should check that 
it actually does measure the indicated 
thickness (slightly under or over is pos-
sible) and you should also understand 
some of the terms used to grade and 
mark solid wood.

S2S: Planed on two faces, with the 
edges left in the rough.

S3S: Planed on two faces and jointed 
on one edge, with the opposite edge left 
in the rough.

S4S: Planed/jointed on all four long 
edges of the board.

Anticipate a slight upcharge on sur-
faced lumber, and be prepared to still deal 
with possible twists or warps in wood 
that is already the required thickness.

Now back to how much wood you 
need to purchase: Multiplying each 
required piece’s width and length in 
inches and then dividing the total by 
144 will give you the board feet required 
for each piece and then you can add all 
the pieces together. That gives you a 
gross amount required, but because wood 
doesn’t come that way you need to figure 
it differently. 

If you can go to the lumberyard with 
your list and calculate what parts will 

Three versions of high-density ply. The top is a 1⁄2 ⁄2 ⁄ "-thick Baltic birch, the middle is a 3⁄3⁄3 4⁄4⁄ " luan ply 
and the bottom is a 3⁄3⁄3 4⁄4⁄ " Baltic birch. All are very stable and a useful addition to any shop. 

Shown here is rough lumber from a mill. This is how you should think of the “quarter” system 
when shopping. The left board is 4/4 and measures roughly one inch (you get a little extra on this 
one and that’s possible if you shop carefully), the middle is 6/4 and measures roughly 11⁄2⁄2⁄ " and 
the right is 8/4 and should measure roughly 2". 

popularwoodworking.com



POPULAR WOODWORKING

come from each board, you’ll be pretty 
close. Of course, this assumes you have 
the luxury of picking through the boards 
for this process. If you’re ordering lumber 
from a local yard or the internet, you 
can’t rely on that. 

Your best method is to round up to 
the nearest whole inch dimension in 
each direction and then add a little extra 
to cover loss through planing, checking 
and other unforeseen occurrences. How 
much extra? A minimum of 10 percent 
makes sense and some woodworkers will 
recommend up to 40 percent. I’d suggest 
20 percent, myself.

Now you have your shopping list, 
it’s time to go to the store. You want to 

Shown here are two boards arranged to give an example of a good, solid-wood grain match (left) 
and an example of a bad grain match (right). Even though the boards aren’t exactly the same 
shade, by matching two sections that are long grain, the boards on the left look balanced. The 
boards on the right have an interrupted cathedral and the cathedral fi gure on the far right board 
is pointing the wrong direction.

Jointing and Planing 101

Start with the board positioned on the infeed 
table with only light pressure on the board, 
and your hands positioned back from the 
cutterhead.

1 2
As you feed the board across the cutterhead, 
maintain light pressure on the infeed side of 
the board until you reach mid-point. You don’t 
want to try to push the board fl at to the table. 
This will only maintain the board’s curvature, 
and it won’t end up straight.

Once the board has passed mid-point over the Once the board has passed mid-point over the 
cutterhead, transfer your pressure (one hand 
at a time) to the outfeed side of the jointer, 
keeping the pressure over the outfeed table as 
you push the board past the knives. Use a push 
block for this last part to keep your hands away 
from the knives.

3

Planing a board is easier than jointing, but 
you still need to pay attention to a couple 
things. Determine which direction the grain 
is running on the board by running your hand 
over the surface (left). This step is actually 
like petting a dog or cat. The grain will lay 
down in one direction similar to an animal’s 
fur. The board should be run with the grain 
laying down, starting with the leading edge 
of the board, to avoid tear-out. Start with the 
jointed face down on the planer’s tables and 
take light passes until the rough face is mostly 
leveled (right).

You’re now ready to work down to the fi nal 

8

from face to face. There are also internal pres-
sures in wood that benefi t from balanced plan-
ing. By fl ipping the board with each pass you 
help to maintain an even moisture and stress 
rate in the board and can avoid cupping and 
twisting after the board has been planed. 

thickness of the board, but it’s important to 
take material from both sides of the board 
during this step. Because moisture evaporates 
from wood more quickly on the surface of the 
board than in the center, as you expose the 
board’s center the moisture content can shift 
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Board checks are 
caused by kiln dry-
ing and will affect 
your board yield. 
Remember to 
calculate that loss 
into your plans and 
don’t pay full price 
for that imperfect 
18" of the board!

This is a view of a board that was too wide for the jointer. You can see This is a view of a board that was too wide for the jointer. You can see 
the division line down the center of the board, where the cuts overlap. 
With a couple more passes this board will be ready for the planer.

4

What if your board is 10" wide 
and you have a 6" jointer? You can 
actually still fl atten the board suc-
cessfully. You will need to remove 
the guard for this operation, so be 
extremely careful and remember 
to replace the guard once you’re 
done with the operation. Set the 
fence to a little wider than half the 
width of the board you’re surfac-
ing. Then run the board taking no 
more than a 1⁄32⁄32⁄ "-deep cut. Allow 
the board to extend over the 
jointer bed, but keep steady pres-
sure above the tables.

5

Then rotate the board so that 
the part that was hanging off 
the table is resting on the table. 
Carefully run the board across 
the jointer again, maintaining 
pressure over the tables. Because 
the knives are cutting at the same 
depth on each pass you’re taking 
off the same amount of material
with each pass. Repeat these 
steps until the board’s face is 
reasonably fl at.

6

With one face fl at, you’re ready to 
run one of the edges to straighten 
it, and also form a square corner. 
With the fl attened face against 
the fence, start with all your hand 
pressure on the board over the 
infeed table of the jointer.

As when fl attening the face, main-
tain pressure only on the infeed 
table until the board is mid-way 
past the knives. Then transfer your 
pressure to the outfeed table and 
fi nish the cut.

7

consider a number of visual and physi-
cal aspects of the lumber beyond size. 
Color consistency and grain pattern can 
make or break a project. Unless you’re 
planning on including a sap streak down 
the middle of your doors, it’s best to pick 
boards with as little sap as possible.

Grain pattern can be a huge factor. 
Because much of this wood will end up 
in wide panels for your casework, the 
idea is to make it look like it came from 
one board’s width. Matching cathe-
dral patterns, or just finding the most 
straight-grained boards will move you 
further toward that goal. 

Physical aspects to look for include 
knots, splits and moisture content. If you 

find a really pretty board with a knot 
down the middle, don’t discard it. Get 
your cutting list out and decide if you can 
cut away the knot and still get the pieces 
you need from the rest of the board.

Most lumber that woodworkers 

purchase is kiln dried. This speeds up 
the process of getting the wood into the 
store, but it can also cause the ends of 
boards to split, sometimes as much as 10". 
Check your boards for this defect and 
calculate it into your shopping. By the 
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Even if you own a powered jointer and planer, 

there are times that you’ll want to prepare boards 

by hand. Sometimes the boards will be too wide 

to face-joint on your jointer, or even too wide to 

surface with your planer. The process requires 

three planes and a couple other simple tools.

Prepping Lumber by Hand

about 7 percent moisture content. A few 
percent in either direction is acceptable. 
If your lumber is registering more than 
10 percent moisture content, be prepared 
for some possible warping as it dries to 
match your shop conditions. This may 
adversely affect the yield of usable wood.

Preparing Solid Wood
This is one of the more time-intensive 
steps in making case furniture. Of 

course, if you’re experienced in these 
steps (jointing and planing solid lumber) 
then you’re already a step ahead, but you 
still need to do the work before making 
your panels.

By defi nition you want a panel for 
your casework to be fl at and straight. 
You need to get your solid lumber in that 
shape prior to glue-up, and then check it 
again after.

After checking the lumber for grain 

way, you shouldn’t pay for that section 
of the board if it’s split. Make them take 
that off the total board footage, or at 
least discount the price some.

As I mentioned, kiln drying gets 
the wood into your hands faster than 
air drying, and it routinely provides 
a consistent moisture content in the 
lumber. But it’s still a good idea to take 
a moisture meter along with you to the 
lumberyard. The wood should ideally be 

jack plane. The cutting edge of the jack plane 

should be curved and set to remove thick shav-

ings. Check your progress periodically using your 

winding sticks.

When things look nearly fl at, switch to the 

jointer plane, which should have a slightly curved 

blade that’s set for a fi ner cut. Work diagonally 

across the face, then diagonally the other way. 

Don’t worry about tear-out yet. When the face of 

the board is fl at, come back with the jointer plane 

and smooth the board with strokes following 

the grain. Clean up all the marks left from the 

diagonal passes. diagonal passes. 

One face is now fl at. Using a marking gauge, 

scribe the fi nished thickness of the board 

on the long edges and ends – the face of the 

marking gauge should ride on the board’s 

fi nished face. 

Repeat the fl attening process on the other 

face of the board and work down to the scribed 

line on all four edges. Finally, use a smoothing 

plane on both faces to complete your work. 

This sounds a bit arduous – it is harder than 

working with a powered jointer and thickness 

planer. But if you have your jack and jointer 

planes set to cut aggressively, you’ll be sur-

prised by how quickly the work can go.

Learning to edge-joint a board with a jointer 

plane is also a good skill to acquire. Sometimes 

boards that you want to edge-glue into a panel 

will be too long for your powered jointer.

One accepted technique is called “match 

planing” (shown above). With this process you 

sandwich the two boards together in a vise and 

plane both edges at the same time. Any small 

differences in the angle of the plane will be can-

celed out by the fact that the two angles will be 

complementary. For this process, sharpen your 

jointer plane with a perfectly straight edge, like 

that of a chisel or a block plane.

Another traditional technique is to plane each 

long edge individually and test the boards’ edges 

against one another. For this process, sharpen 

a very slight camber on your iron. The position 

of the plane’s body on the edge of the work will 

allow you to correct the angle of the edge. With a 

little practice, this will become second nature. 

 — Christopher Schwarz, executive editor

Winding sticks

Board surfacing

Match Match 
planingplaning

Defi ne the second face Defi ne the second face 
with a marking gauge.with a marking gauge.

Edge Edge 
testingtesting

For typical furniture-scale projects, use a jointer 

plane, jack plane, smoothing plane and two 

winding sticks – winding sticks can be two 

matching lengths of straight wood (usually of 

contrasting colors) or you can also use aluminum 

angle purchased from the home center. 

Use the winding sticks to fi nd out where the 

high spots are and if the board is twisted. By 

putting one stick at the front of the board, one at 

the back and sighting down across them, you’ll 

quickly see any problem areas. Mark the high 

spots in chalk and knock them down with your 
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Plywood fresh from the store may show signs 
of wear and general mishandling. Be pre-
pared to have to trim away corners or edges 
to remove damage. The dirt on the surface of 
the lower board will likely sand off, but it’s still 
something to be aware of. 

match and imperfections, cut the lumber 
oversized for the needed panel. A few 
extra inches in length is a good idea, and 
only one extra inch in width is fi ne.

The fi rst stop is the jointer. To true 
a board (make it fl at and straight) the 
jointer is a must. You want to make one 
face and one edge true at this stage.

After the board is jointed, it’s time to 
head for the planer to make sure all the 
boards are the same thickness. I’ve added 
some photos on the previous pages to 
walk you through these steps.

Of course you don’t have to use 
machinery to true and thickness a board. 
You can use hand planes. This process is 
quieter, creates less dust and many wood-
workers fi nd it therapeutic. Truing rough 
stock with hand tools is a bit of a chal-
lenge, but it’s do-able once you develop 
a few skills and have the right tools. See 
“Prepping Lumber by Hand” (left) for 
tips on getting this right.

Preparing Plywood
One of the reasons I enjoy using plywood 
in a project (beyond the stability and 
uniform appearance benefi ts) is the lack 
of preparation required to put it into the 
project. Prepping solid lumber can take 
a day all by itself, jointing and planing to 
the proper dimensions. And that’s before 
cutting it to fi nished size. Working with 

plywood, it’s just cutting to fi nished size.
Well, almost – you do need to be 

aware of the fact the plywood is fre-
quently not the full thickness as marked. 
Three-quarter-inch plywood may be 
11⁄11 ⁄11 16⁄16⁄ " or some other dimension in the 
thirty-seconds. This isn’t a crisis, but 
you need to be aware of it as part of your 
preparation to build. Dados, grooves and 
rabbets may need to be adjusted to make 
everything fit tightly.

Also, while plywood is manufactured 
so that the full 48" x 96" sheet can be 
used, the edges are often dinged, not 
square to the face and the layers can be 
uneven at the edges. Most woodworkers 
plan on having to joint or trim plywood 
sheets to give an acceptable edge. So, 
you’ll need to anticipate that and prob-
ably allow about 1⁄1 ⁄1 2⁄2⁄ " loss in either direc-
tion when planning your cutting list.

Assembling Solid Panels
One of the happy situations with join-
ing solid lumber into panels is that a 
long-grain to long-grain glue joint is the 
strongest joint possible. There’s no need 
for biscuits, screws or anything. The joint 
will be stronger than the wood.

Of course you still need to pay atten-
tion to the way the boards match up for 
the best appearance. And you also need 
to prepare the mating edges to ensure 

a fl at panel. This sends us back to the 
jointer to – make a joint! 

The edge created by a sharp jointer 
pass is an excellent glue joint. But you 
need to make sure that the two edges 
to be joined are darn-near-perfect right 
angles to the board face. Even after set-
ting the jointer fence, slight imperfec-
tions are possible. That’s why I like using 
a little geometry to cheat.

If you take two boards with one edge 
at 89° to the face and the other edge 
at 91° to the face and glued the two 
together, you’d end up with a fl at panel. 
Because the two angles are comple-
mentary, they combine to form a 90° 
relationship.

With your jointer’s fence set slightly 
off of 90° (for any reason) you can form 
the complementary angle for glue-up by 
simply reversing the faces of the boards 
against the fence. Run your fi rst board 
(seam edge down) with the face against 
the fence. Run the second board with 
the face facing away from the fence. 
When the two are paired, you’ll have a 
perfect joint.

Gluing up the panel is next. Pre-set 
your clamps so that you’ll have a clamp 
spaced approximately every 6" to 8" 
along the board, alternating the clamps 
from one side to the next to keep the 
panel as flat as possible. 

Apply just enough glue to cover one 
edge completely with a thin layer of glue. 
Then put the panels together and clamp 
just enough to cause the glue to squeeze 
out slightly. Along with cleaning up the 
glue, it’s a good idea to throw a straight-

The most important 
step in gluing up a fl at 
panel is starting with 

a square edge on each 
of the mating boards. 
Accurately setting up 

the jointer will save 
lots of headaches. If 
you’re not comfort-

able with the accuracy 
of your jointer’s fence, 

cheat by making 
two complementary 

angles on the mating 
boards as discussed in 

the article.
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POPULAR WOODWORKING

Everything you need Everything you need 
to know about 
case construction!
Building cases (from jewelry boxes 
to kitchens) is the basis of all wood-
working. This series will give you 
the details you need to design, build 
and outfi t your next project.

Chapter 2
Wood Selection 
and Preparation
How to choose the best wood 
for your project and make sure 
it’s ready to use.

Chapter 3

Case Joinery
Learn the best way to put all 
the pieces together – from 
simple to sublime.

Chapter 4

Smart Assembly
Knowing what joint to use is 
only half the battle. Making 
the assembly easy and safe 
is the other half.

Chapter 5

Doors & Drawers
Doors and drawers make 
your casework effi cient and 
add attractive storage.

Chapter 6

Cabinet
Hardware
From drawer slides to door 
pulls, learn how to add the 
best to your project.

Chapter 7

Special
Applications
Whether it’s an entertainment 
unit or a closet rehab, we 
give you what you need.

Chapter 1 (ISSUE #150)

Beginning
Principles
A look at the history, parts 
and stresses involved in case 
construction.

  IN FUTURE ISSUES

  IN PAST ISSUES

edge on the panel to check for flat. 
When the glue is dry you still need 

to fl atten the panel. If you’re lucky 
enough to have a drum sander capable 
of handling the width of the panel, a few 
minutes of work will have you ready for 
joinery. You can also use a random orbit 
or belt sander to fl atten your panel, but 
take pains to remove material evenly 
(checking for fl at as you go) and be care-
ful not to round over the edges.

If power sanding isn’t your fi rst choice, 
remember how we fl attened the single 
board by hand earlier? It’s time to take 
that same technique to the next level by 
fl attening your joined panel.

Assembling Plywood Panels
Making plywood panels is relatively easy 
if you use the right tool – a biscuit joiner. 
While not a common task, arranging a 
veneer pattern to fi t your project is pos-

sible with this technique. A biscuit joint 
on a plywood edge isn’t very strong, but it 
will align accurately and provide stability 
for use with panels. 

Start by using your jointer to make 
the same type of complementary mating 
joint as we discussed for solid lumber. Be 
aware that if your jointer has high-speed 
steel knives, the plywood can dull or 
nick the knives. Take light passes.

With the edges prepared, set your 
biscuit joiner to cut the pockets in the 
center of the edge and work only from 
one side of the boards. If your biscuits are 
placed too close to one face of the ply-
wood, it’s possible that the biscuit shape 
can be telegraphed through the plies and 
be visible on the face. 

Take care when clamping the panel, 
though the biscuits make alignment 
easier. Light sanding should be all that’s 
required to fi nish the panel face. PW

When working with paral-
lel jaw clamps (as shown) 
it’s not necessary to place 
clamps on both sides of 
the panel. The clamp’s 
design holds the panel fl at, 
but it’s still a good idea to 
check the panel to make 
sure. Align the two (or 
more) boards’ thickness as 
carefully as possible when 
applying the clamps. With 
less offset between the 
boards there will be less 
planing or sanding to com-
pletely fl atten the board. 

Using biscuits in plywood 
panels makes sense to 
more easily align the faces. 
But the biscuits need to be 
in the middle of the ply-
wood edge as shown in the 
top board here. The lower 
board has the biscuits cut 
too close to the top edge. 
Any swelling in the biscuit 
will telegraph to the face.
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Ideas ■ Instruction ■ Inspiration
Receive FREE downloadable bonus materials when you sign up  

for our FREE newsletter at popularwoodworking.com.

Find the latest issues of Popular 
Woodworking Magazine 
on newsstands, or visit 
popularwoodworking.com.

These and other great Popular Woodworking products are available at 
your local bookstore, woodworking store or online supplier. Visit our 
website at shopwoodworking.com.

Visit our Website
Find helpful and inspiring articles, videos, blogs, 
projects and plans at popularwoodworking.com. 

For more tips, clips and articles, 
follow us at twitter.com/pweditors.

For behind the scenes information, 
become a fan at Facebook.com/
popularwoodworking.

For free videos visit  
youtube.com/popularwoodworking.

For visual inspiration, follow us at  
pinterest.com/popwoodworking.

Popular Woodworking Videos
Subscribe and get immediate access to 
the web’s best woodworking subscription 
site. You’ll find more than 400 hours of 
woodworking video tutorials and full-length 
video workshops from world-class instructors 
on workshops, projects, SketchUp, tools, 
techniques and more! 

videos.popularwoodworking.com
Follow us on Instagram 
@popularwoodworking.

www.popularwoodworking.com
www.shopwoodworking.com
videos.popularwoodworking.com
www.facebook.com/popularwoodworking
www.twitter.com/pweditors
www.pinterest.com/popwoodworking
www.youtube.com/popularwoodworking
www.instagram.com/popularwoodworking
http://www.shopwoodworking.com/handplane-essentials-revised-and-expanded-hardcover
http://www.shopwoodworking.com/the-perfect-edge-dvd
http://www.popularwoodworking.com/
http://www.popularwoodworking.com/



