


EDITOR'S NOTES
s any woodworker will tell
you, it isn't the tools that
determine the quality of a

prgect - itt the skillful use of those
tools.That said, lett not underesti-
mate the importance of tools.After
all, they're what make the "working"
in woodworking possible.

And speaking oftools,who could
have foreseen the spectacular devel-
opments that have occurred in the
tool industry recently?'We're seeing
more high-quality tools with more
innovative new features than ever
before. And to top it off, many of
these tools are actually /ess expensive
than similar models a few years ago.

Of course, bringing you in-depth
tool information has long been a
primary mission of Workbench. lt's
just that with the exploding growth
of the tool industry, there aren't
enough pages in the magazine to
always do it justice.

Tools 8 Accessories - All thatt
about to change though - our pre-
miere issue of Tbols E Accessories is
just a few months away.This 2005
Workbench Buyer's Cuide is packed
with all sorts of exciting tool infor-
mation. Among other things, it
includes the best new tools. must-

have tool accessories, practical tool

tips and techniques, tool selections

that make a small shop work "big,"

and last but not least, a behind-the-

scenes look at how tools are desigreed,

built, and tested.

Well, I could go on and on about

Tbols €cAccessories,but before I run

out of room, I want to tell you how

to go about getting it.

One way is to pick it up at the

newsstand near the end ofSeptember.

Or,you can reserve a copy,and have

it mailed to you along with your

next issue of Workbench. (For more

details and information about Tbols

€tAaessories,please turn to page 32)
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FEATURES

WORKBENCH'August2004

Swing-Out Kitchen Pontry
' 

,. Maxirrrizt 1'r''11v kitclrcn storage space with
,r: 1/1i-s slnp-rttadc rcuntutop pantry. Swing-out

i:i,:, ., ttttifs nllott,cnsv arcess to items in the back.

Mobi le Goroge Orgonizers
,,, , Cet thc nrost ttut qf (and into) your garage
; ,'i1 tuith tlrcsc ntobile storale units. Simple case
. :'ti,,i cttrrstrtrctittn mdkes tlrcm easy to build.

Gorden Storoge Bench
This benclr is morc than a nice seat-for

' ';i:::::,': ,r,'n-'ng tlrc otfitloor uictt, - it proiiiles
. '::' ' clcQdtlt stordgc-for your oardcn acrcssories.

Dust Collector Round-Up
" t .' ,,. ', A dust cotlectiotl system makes your wood-

i"l iii' s (? a sqfer, nrore enjoyable place. Here\
1'q,,t:;:, 611 in-dcptlr look at-four popular choices.

#ffiurn+re '

l - - - - -  ' * " _ * - t d r ' -
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IN EVERY ISSUE

NEW! FINISHING FUNDAMENTALS
t :

. Domp-Defying Finish
rl.i d, Prrfi '-ssiorrol ti lts orr apltlyirr.q pttly11yg1l1,t,,r'. Plrts,
.! : ',r,; clcttrriug Irrr-s/rc-s, nrtd tlrc bcst -fitrish.fitr ccdar.

READER'S V/ORKSHOP
Bond Sow Circle Jig

'' Nrrrt, //tcrt' ls t bcttct'11t111t ltt cttt circlt's ort tltc btutd
-i(71l. lrlt c,r-sy rt,itlr this sitrrplc sltop-mndc.ii.q.

WORKBENCH SHOP TIPS=' '.". Ponel-Roising Router Toble & More
, 

,"tS,Y; 1 sirrrplt 'rorttcr tolt lL'.f i tr rtsL'rt, ith l0rg( p0n(l-roisin{
,hkt{i*: 

{, ifr, 
cltrtr}t ,,rt: ls to tid tltrc-,tt1ts, ttt,,qrtr '-ttttt l-.qrtttt,L'

p'fltif.f.j 
.i1r i 1 11'1' y, a t r d t i p s .fit r rLt r t t i t r Q h i r r Q c n r tt r t i s t's.

TOOL CLOSE-UP
, .."- 

" 'yj

-.i WoodRot Joinery Mochine
. "!ffi Mccr tlrc WoodRdt - tltc rtuftcr,jrtitrcry -sy-s/c/n rt,iilr mr
;'iffi ,,,,,,-ru al ttarttc rlmt bclics its incridi[,lc icridtility.

L BUILDER
Router Workshop
Lcnrrr tltc scffcts t(, ktildin.q arclrcd-top, raiscd-partcl
cdbittct dttttrs nt ltotttc.

Questions & Answers
Tips & Techniques
Tools & Products
Croftsmonship Close-Up

SKIL
itrd\+dflf$#
tui1fd

I,ffi

U , , l , l . l l l  \ ,  g  A U ( ; l ' \ f  l { r { } +



GP'RAcO
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Turn yours into a dream garage with a

It's America's Ultimate Garage Contest.
Win a $10,000 garage makeover
courtesy of Rust-Oleum@ EP0XYShieldi
Describe what your garage means to
you, what makes for an ideal garage,
and why you deserve a garage make-
ove[ in 300 words or less. Then,
include a color photo of the interior
of your garage. The winner will receive
"An Ultimate Garage Makeover" lrom
a Home Depof approved contractor.
Included in your new look will be a
showroom-quality floor protected with
EP0XYShield Garage Floor Coating.

OIIE GRAI{D PRIZE
sl0,000 Garage Makeover

O]IE SEGOI{D PRIZE
$5,000 Garage Makeover

25 SEMI FII{ALIST
PRIZE PAGKAGES
EP0XYShield Garage
Floor Coating Kits

:.i_lRusr-ol,EUM'
s t o p p i n g  r u s t  i s  i u s t  t h e  s t a r t l '
l,i0 purchas€ netrsary, Cmtest is 0pen illE 1 5 - Aug6t 2, 2004. t0 lcgal U.S.

ard Cilada residents ages 18 and 0ver Enler online at epox!$hield.c0m,

rust0lem.com, h0medepot,m,0r milenties, imluding lirctand lasl nare,

date 0f birtr, ddres {including zip code), lelephone numbai c0l0r photograph

0t trs hterfi 0f yftr gilaw ild a dsscripion, in 3{0 words s less, 0l your

ideauullimah Srage md why ytu ile nosl desving 0t youi drem geaga

Mril enfy in a slanped efrolop€ br Ancicr's

Ultimab 6an9e Conbst, 10, lox 3910t, Chicago, ll

flb39. Entks nusl h postnafied by M0nday,

&,6$1 2, 20er. VM whem softibited. Forotfcial

csbst rul6 $sit y0ur parlicipating H0me Depo!

epoxysiidd.com s hmedepotcom.

lb{ can do lC
Wt can hets.

Product lnformation Number 257

ANSWERS =€: , ,

fips $or
TOOL
BATTERIES

-{l(1, . I i  / /q

rirrq ir'.i.i

( t ' f  i  / l ( ) / 1

(  ) o r y ' l ' , t l i a l L rn t

(-irrrrirlr/, NIJ

l ; i Is t  o i - l r l l ,  r / t r  t t0f  r t t t t  t 'or . r t 'b : t t tcr ies

. r l l  t l r , '  r r , r r  r L ' r vn  l r t l i r r r '  r ' t r  I r . r r g i r r g

thcrrr ,  I t \  : rc tu.r l l t '  r ' r r rc ot- t l tc  srrr : ; I

t l r r tqx I 'ou c:r r r  rkr .  I t  t ' rc l r tcs t l . t r r r r rq i r rq l tc . r t ,

u ' h i ch  c l i r r r i n i s l r c s  t l t c  b : r t t cn ' s  r r l r i l r r r ,  t o

prot lucc , t r t  e l t ' r ' t r ic : r l  c l r ; r rgc.

I ns t c . r t l .  u  l r c r r  t hc  t oo l  c l u r  no  l r > r rqc r '

: t t l c t l r t r t t c l v  I t c t ' f i r r t t t  t l t c  f L t r t c t i o r t  vo t t  t t c c r l

i t  to tkr .  r t l lou '  i t  to cool  r lorvn to t rorrr

t c l l r p e r i l t u r c . . r n . l  t l r c n  p l l r c c  i t  o r r  t l r e

r ' l t : t r qc r .  [ { c r c  l t r - c  . t  f i ' u  o thc r  r r ps  t r r

inc lcrrsc l r : r t tcr- r '  l i f i ' .

' l i  
r  qct t l rr '  str ' :r iqht sc()oP ()n t lr is t :r [r le s.nr pnrblcn r.  u c c.r] lcd l \on l locs

; r t  I )e l r r t .  l {on  con l l r - t t t c t l  t ) r : r t  r r t i r i l r rg  r ren  kcr '  \ toak  , ln ( l  l ru l l c r ' t  r rs  uc
r( '( ' ()nlnrcr)r ie( l  ur oLrl  rcplr ' is cr-t t ic.r l  to prcvenfinq lr  prr l lcv t ir ln corrr irrq

Ioosc  f i r r t t  t l te  rno tor  s l r r t i .As  r r ru  r t re r r r ionc t l .  t J ro r rg l t .  kecp i r rq  thc  n r i> to r  . rn t l
.r for l .ul lcvs rr l iqncd is inr l .ort:rrrt  i i rr  urrbbl irrg [rc]t  l r :rppcns to bc rn issr.rc.

Io  thcck  thc  . r l iq r rn rer r t  o i thc  n ro to r . rn t l  . r rbor - l .u l l cvs  on  thc  t : rL r lc  s rn .
l to l t l  . r  s t r : r igh te , lqc . tq r i r t s r  L ro th  pu l l cvs  ( :L t  I l l t t s tn t t io t tT .  I i i t  to t r t 'hcs  thc  ou t
s ide  c . lge  o f -bo t l r  p r r l levs .  thc r " r ' c  . r l iq r rcd  propcr -1 r ' .  I f  nor .  r ' cpos i t io r r  thc  pu l
Io 's  on  thc .u1 .or - r  so  the  s t r : r igh tcdqc  f i t s . rq . r ins r  c : rch  onc  u i t l ro r - r t . r  q l r1 . .

I ltttrd tlt,tt 1 111i-i -r1?|1r-rcr/ /o t.rlt

nt ) t  tool  l tar tcr ics t l l  t l t t ,  t ruy l r r11'11

/ ' ,  / , ' r i  r , i  i t , l { i l , l  t l t ,  nt .  l i l t t  t  t ' t  t  . ' iu i l

r l t i s  l t ru t t t c t ,  l . l i ' L ' l  l i fu  I ' t t t ' rL r tu l l l ' ,q t t -

l i f i ' . f i 'ont t t ty b,rt t t ' r i t 's. I l ' l t , t  ,att  I  do to

n rr t  - t  i  t  t  r t . l i rr t t  t  r  n)) bdt t( ' t  6^

l ) t t ) l ) l ( t i l .

t l t t , t r l t r r t

I t t  n . g , t n l  / 1 r  i l r r / /  " ' / i r t r /  . \ l o r o r ' l i t r r t - I ' 1 t "

1 (  ) t r o l r r  l ( ) ( ) . 1  I l i r k l v t t L l t ,  pa .g t  3 ) ,  I  r l t i r t k

t l t t r L  u t i . q l t t  l , t , t t t o t l t t r  s o l t r t i o r r  t o  t l t t

. \ t , , r '  / / t r '  l t l t l L  s , t t t '  / / / ( ) 1 ( ) / .  r 1 l / r  f t ' 1 t l , 1 r ' 1 , 1 ,

t l t (  n t t ) t o r  l , t r l l t ) ' r t L t , l  t o  l , t  n ' a l i , q r t c l  r r i t l t

l , t r l l t ) '  i r t  \ J r l ( i  t \ )  r r r r t  s t n i . g l t t . )

l :d . \ tadl t r

I ' i , t  t l t , t i l

. Leave your batteries on a charger
ovemight once a week to "top off."

. Always charge a battery fully before
using it for the first time.

r Keep in mind that it will take a few
cycles for a battery to reach capacity.

o Don't leave batteries on the chager
if power intenuptions are common.

c Don't "help" a battery cool down or
heat up - this could damage it.

r Store batteries in a cool, dry, dust-
free location to prevent corrosion.



@
Bock Piece
PA" xlVz"
x34th"l

@
Top Skin

[/t" pV. x 83/a" x 3572"1

Webbing
Pb" hdbd. x
lVz" xS4Vzul

Webbing
Ps" hdbd. x
lVz" x2Vt"l

how to mqke o
FTOATING SHETF

%"-wide robbet, ^al I'm seeingmore and more of these shelua that

I -I appear to "Jbat" on the wall with no brakets
ll,lolalng them in place. Hora would I go about
naking shelves like this without expmsiue hardware?

Joseph B. Gallagher
kwegDE

l/2" d*p

1| A simple way to make your own floating shelf is to screw a
!l cleat into wall studs, and screw the shelf onto the cleat.To

f pul this offsuccessfully,though,both the shelfand the cleat
have to be thick enough to support a lot ofweight.And the shelfhas
to be light enough that it wont sag under its own weight - or the
weight of whatever you put on it.

Torsion Panel - A good way to make the shelf both thick and
light is to create a torsion panel. In this instance, the panel will con-
sist of six different parts: rabbeted front (A) and side pieces @), pieces
of hardboard "webbing" (C, D) for added support, rwo plywood
"skins" (E) that cover the top and bottom ofthe panel, and a recessed
back piece (F) for rigidiry.'W'hen assembled, the "skins" are enclosed
in rabbets on the front and side pieces, hiding their edges from view.

Making the Panel - To make the panel, cut all the pieces to
size on the table saw.Then rabbet the top and bottom edges of the
front and side pieces, and miter the corners.A good way to assemble
the panel is to set the bottom skin on a workbench.Then properly
position the front, sides, and back, and glue these parts in place. Next,
fit and glue the webbing pieces in place.When the glue has set up
enough that these pieces are fixed in position, glue the top skin in place.

'Wall 
Mounting - To install the shelf on the wall, cut a cleat (G)

to size to fill the recess in the back of the torsion panel, and screw it
into the wall studs.Then, slip the torsion panel over the cleat, and drive
screws down through the top skin and into the cleat (Mounting Detail).

Botbm
Skin

Front Piece
P/a" x2"
x 36")

45'mibr

I'm reaily to buy my first table saw, but I'm not sure if I
should get a contractor's saw or a cabinet saw.Which type
of saw do you recommend?

Donald Frame

Rosemount, MN

Ifyou want a permanent fixture in your woodshop and
money is no object, choose a cabinet saw.The cabinet
saw's biggest advantages are weight and power. Ifyoute

shopping on a budget or want something a little more mobile,
however, a contractor's saw is a suitable choice.You sacrifice
some power and smoothness while curing, but the bottom line
is it srill can handle mostjobs. For a head-to-head comparison
of these rvvo types of table saws, see the Chart at right.
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LIKE A PRO
I sprayed my kitchen cabinets with a clear lacquerfnish, but
it recently nartud peeling andflecking because of all the mois-

ture in nry kitchen . Can you recommend a good, clear fnish
that can tolerate tlrc rigors oJ a kitchen enuironment?

Peter Najar

Via email

Lacquer is a high-quality finish,

but it dries extrerrely fast. Because

of this, lacquer doesn't  form a
strong bond with wood and occasionally

chips or peels in high moisture areas like

kitchens or bathrooms.

Polyurethane - A better rnoisture-

resistant finish is polyurethane. Helmsman

Spar Urethane is particularly good for inte-

rior or exterior wood that is exposed to
sunlight, water, or temperature changes.

Brush on the First Coat - To apply

the finish, select a qualiry, natural brisde brush.
Dip just the tips of the brisdes into the can
(Fig. 1),and then use the bristles to work the

clear finish into the pores of the wood.
Tipping Off- The action of your

brush will create bubbles and brush marks

in the wet f inish.You can "erase" these

before the finish dries by using a technique
called "tipping off." After applying finish
to one door or drawer, hold the brush at a
45o angle and gently pull it in the direction
ofthe grain the entire length ofeach piece
(Fig. 2).The tips of the bristles will pop
bubbles, level out runs or drips, and dis-
tribute finish evenly.Then, clean the brush
and let the first coat dry.

Sand Lighdy - The following day, you
likely will feel some dust particles caught
in the dried finish. Using a sanding block
wirh 220-grit sandpaper, lightly sand the
top of the finish.The action of the sand-
paper will remove dust particles and - just
as importantly - create tiny scratches for
the second coat ofpolyurethane to grip.

Wet-Sanding - Your second coat
should be applied just as the first. But rather

than sanding the dust particles after the
finish has dried, apply mineral oil to 600-
grit sandpaper and "wet-sand" the finish
to a smoothness you thought only profes-
sionals could achieve (Fig. 3)

While sanding, keep both the finish and
sandpaper well lubricated with mineral oil
to prevent the sandpaper from leaving
scratches in the finish.Afterward, wipe off
the lubricant with a clean cloth.

Workbench ond Bruce Johnson,
Minwox f inishing experi,  ore
teoming up lo onswer your ques-
t ions obout f inishing.

Send your finishing questions b:

Moil: Workbench Q&A
l ^zzvv vlono Avenue

Des Moines, lA 503 l2

Emoil: editor@workbenchmoq.com

Winners
recetve
o FREE

To ensure thot only c
thin coot of polyurethone
is opplied to o piece,
dip iust the tips of the
bristles into the con.

T 4

To remove bubbles
ond brush morks, "tip
off" the surfoce, thot is,
hold the hondle ot 45"
ond brush with the groin.

When the second coof
dries, use 6009rit sond-
poper lubricoted with
minerol oil to "wet-sond"
to o smooth finish.

HHil*"$
(7 t t  - '
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CEDAR FENCE
I built your cedarfettce;from the May 1999 issue oJWorkbench.What would
be the best way to fnish the fence to preuent graying and maintain the
beauty oJ the tuood? I'd like some sort oJfnkh tlmt I do not haue to reapply

euery three to.four ygay5.

Ron Krager

Wa email

Olympic Woter Repellent Oil Stoin is one of
mony penetroting, oil-bosed, ond woter-resistont
products thot protect the noturol color of cedor.

Two categories of exterior
f inishes do a goodjob pro-
t - . . r i - . ,  ̂ - r ^ -  , , .h i le  rna in_

taining the r ich color of t l .re

wood - water-repellent preserva-

tives and oils, and serni-transparent

stains. And regardless of which of
these rwo you choose, the three key
phrases you'll want to look for on
the product's label are penetrating, oil-
basc d, and water- rc si stat t t.

Products wit}r these three traits
often last ionger than three or four
years without fading, even in the
most scvere outdoor conditions, says
Tony Bonura of the Western Red

Cedar Lunrber Association. And they

complernent the color of cedar with

a lush, colorful finish. Most exterror
finishes also protect against mildew

and sun damage.

On another note, you'll want to
opt lor a toned or tinted finish rather

than a clear one.The transparent fin-
ishes just don't last as long.

Among the water-repel lent

preservatives, Tory recommends

Caboti Australian Timber Oil and
Penofin Red Label Wood Finish.

OlyrnpicWater Repellent Oil Stain
(Photo, left) is also a good choice for

a ser-ni-transparent stain. Of course,
any penetrating, oil-based, and water-

resistant product is a safe bet.

Wrat's tlrc bcst lt,d), to dcarr bnrsltcs,fitr latcr rcc? I'vc tricd
scucral tccltrritytcs, but ny fiyt,t1,r,t oltt,q,s utd up stiff,
dirty, arrd urtusablc.

Rallth Aluarez,Jr.

Cohmiltus, OH

I've known woodworkers who have r-rsed the sanre
brush for yerrs. Their secret is taking a few cxtra
nrinutes to clean it. Here's a surefire four-step approach

to getting ahrrost any brush completely clean.

After wiping off excess
f inish, r inse the brush in
thinner severql times. Then
wrop the brush in o towel.

1 6

Remove the towel, ond
squir t  some dish soop onto
the brush. Rub i t  in your
hond to work up o lother.

When the brush no
longer feels slimy, rinse it in
woter, then spin it between
your hqnds to dry it out.

Finolly, stroighten out the
bristles with o comb, ond
wrop the brush in o poper
towel unt i l  i t  f in ishes drying.
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BENCH HOOK
EXPTODED VIEW

Side Block -=-- .
(%" x l "  x4" l  \ 45" mibr

For sendinl us his tip,
Dennis Satriano w,ns
a Bosch 7590 ligSaw KiL
Congntulations, Dennis !

Mall lips to:
Workbench Tips
& Techniques

2200 Grand Ave.
Des Moines. lA 50312

Emaih eoitorc
workbenchmag.com
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a*d
# 8 x  l "

Fh Woodscrew

114, x l',
Eye ft1ew

) )

K
\./,0" ffihob,

3h" deep

d,"
Heel

P/n" x1" xlVz"l

build your own
BENCH HOOKS
Usually a hold-down is used to clamp a work-
piece flat against a benchtop. That's okay for
some work. But if you're sawing, drilling, or
routing, it often requires clamping the piece so
it overhangs the edge of the bench.As a result,
it's not firlly supported,which makes for a rough,
less-than-accurate cut.

A more versatile solution is to make a set of
bench hooks that hold the workpiece securely
aboue the bench (Photo, right).Ttrs provides clear-
ance underneath for bits and blades, letting you
work directly over the bench.

As useful as they are, I'd have to say that these
bench hooks are a bit unusual looking. So itt
not immediately apparent how they work -

until you put them to use.
To do that, simply set a bench hook on the

bench and push it forward until the heel
"catches" the edge of the bench.Then place the
workpiece on top, and butt it against the wedge-
shaped stop at the end.

To make the piece stay put as you work,just
continue pressing it against the stop.A light touch
is all that's needed.And since the heel is engaged
on the bench, this pressure keeps the bench hook
from shifting forward. Small blocks atached to the
body ofthe bench hook keep it from tipping
from side to side.

Dennis Satriano
Center Moriches, NY

A These bench hooks hold boords
securely obove the bench, letting
you cut or dr i l l  wi thout domoging
the worksurfoce. When you're done,
iust hong them up for storoge /nghfl.

t/'^

Topered Stop
l3/g', all2,' x2,,1

45'milrer

miier
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>q
3/nt'x2u t

slqnFtop
TOOI SHETF
The first rule ofan eficient shop is to have the tools you

use most often at arm's reach.And of course, it helps if

the power cords aren't tangled up like spaghetti.

This slant-top tool shelf excels on both counts. Power

tools nest conveniendy in shallow recesses in the shelf.

And cords are coiled neatly in cubbyholes underneath.

These cord compartments are formed by angled

dividers that are sandwiched between a two-part shelf (a

top and a sub-top) and a bottom piece (ConstructionViaa).

To create the recesses in the shelf, openings are cut

in the top to match the "footprints" of the tool bases.

Similarly, holes (or slots) in the sub-top provide clear-

ance for bits and blades.

After cutting all the openinS, glue the two pieces

together to make the shelf. Then glue and screw the

shelf and bottom piece to the dividers.A couple of L-

shaped brackets hold the unit securely on the wall.

A To keep tools close ot hond,
set them in shollow recesses in this

slonFtop shelf. Power cords ore coiled
neotly in cubbyholes underneoth.

Cut openings
to fit tools

I

Botiom
-l/2" ply.x
15" x 3332"1

coNsTRucTtoN vtEw

Angle Brocket

#8 x2Vt" j

Fh Woodscrew

Cut openings
for blode &
bil cleoronce

Ernest Danes
Memphis,TN

Bevel

"dg"to fit
ogoinsl

woll

Dividei
l3h"ply. x

672" x l5t'f

Sub-Top #S x lD-
lotiom Fh WoodscrewBotlom Fh Woodscrew^ i

sEcTtoN vtEw

A''HOT" SHOP TIP
Occasionally, I use Plexiglas in my woodworking projects.
Although it cuts easily on the table saw the blade leaves a rough,
unfinished edge, not clear like Plexiglas ought to be.

To restore it to its original transparenry I sand the edge smooth
and "polish" it with a plumber's torch.The idea is to "brush" the
flame quickly across the edge for a few seconds. As it heats, the
plastic regains its glass-like appearance. Be careful, though - too
much heat will cause it to bubble.

Clay Inuelace
Boston, MA
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A A 36" steel rule ond two wood
b locks  combine  to  moke o  s imp le
beom composs .  An od ius tob le
morking block //eftl lets you drow cir-
cles up to six feet in diometer.

super-sized
BEAM COMPASS
In the past, when I had to lay out a large circle or arc,
I usually resorted to making a compass specifically for

that application. Recently, however, when faced with the
prospect of making yet another single-use compass, I

decided to build this adjustable beam compass instead.

The compass consists of a 36" steel rule and nvo hard-

wood blocks (Photo, leJt). A pivot block, which holds a
steel pin (nail), fis over the end ofthe role (Illustration, beluu).
And an adjustable marking block with a pencil slips over
the edge of the rule. Machine screws, threaded into tapped
holes in the wood, secure the blocks to the rule.

For safery the blocks are cut from a single large blank
(see Box below).P.tp the blank to rvidth to match the rule
l i  l  t  I(l '/3" rn nry case).Then, using the table saw, cut a kerf in

one edge to allow the blocks to fit over the rule. The

depth of this kerf is sized so when the rule is bottomed

out in the r.narking block, you can still see the increments
(Inset Photo). Note how the indicator (a kerf made with a
handsaw) is r.rsed to align the marking block on the rule.

Before cutting the blocks from the blank, drill holes

for the pivot pin and a nut that holds a pencil stub. For

accuracy, t.nake sure the holes are aligned along the same

centerline.Then cut the blocks, glue in the pivot pin and
nut with epoxy, and "thread" the pencil into the nut.

Paul Muszynski

Harrison. ME

TRAMMET ASSEMBTY

\ 7au-20 x 72" Rh
Mochine Screw

Grind tip
of noil

to orpointfo,,
I

'3>-^)/l'

,)-

The blocks on this
beom composs ore loo
smoll to work with
sofely on the toble
sow. So lhey're cul
from o lorge blonk.
Nole thot the blonk is
wider thon it is long,
which orients the groin
for moximum strength.

FIRSI: Cut 8"-wide

-'' FOURTH: Cut

Cul sow kerf (see obovelMARKING BTOCK

22

PIVOT BTOCK
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EDGE

S|undord
Hole-Cutler

Arbor

One-Tooth
CUTTER
'When 

it comes to drilling
large holes in lumber, the

first tool you probably think
of is a hole saw But hole saws

have three drawbacks - they cut

slowiy, bind easily, and it's tough to
get the wood plug out of the saw.

A Better Cutter - Well, Lenox

has a new hole cutter that wi l l

change the way you think about cut-

ting large holes. It may look like a

hole saw with one large tooth (Photo,

Ieft),but the Lenox cuts three times

faster than a hole saw and can bore

through 21l2"-thick stock.

High-speed steel iooth
iicreises durobility

Optionol stubby spode bit
helps plug removol

One Tooth - The secret to the

Lenox cutter's design is its tooth,

which is high-speed steel that stays

sharp even after cutting as many as

300 holes.The tooth has an aggressive

15o rake angle - per€ct for pow-

ering through holes in a hurry.

No Binding - Binding is

also a non-issue with the Lenox.

This is because the tooth sticks

out past the body of the cutter,

so it cuts a wide swath throueh

the wood. The large notch in
the cutter also helps by removing
chips as you cut (Art,left).

Easy Plug Ejection - This
large notch serves another pur-
pose - it lets you pull the wood
plug out of the cutter with min-

A this Lenox cutter quickly chews
through dimensionol lumber, ond
the plug is eosily removed.

imal effort. A 3,/s" stubby spade bit
(sold separately) makes it even easier
to remove piugs.

Lenox cutters come in 12 sizes
(21/s" to 61/q" in diameter) in prices
ranging from $40 to $150. The arbor
to which all the cutters mount sells
for 930, and the optional short spade
bit sells for $5. For more informa-
t ion,  ca l l  800-628-8810 or  v is i t
www.LenoxSaw. com

Nokh cleors
chips quickly

In the December 2003 issue of
Workbench, we reviewd 3X sheet
sondpoper from Norbn thot cloimed
frc cut firee times fos|er ond lqst three
fi mes longer thon stundord sondpoper.
h bsted so well fiot we were hrilled
when Nodon releosed 3X poper br
disc, beh, ond spindle sonders.

These sonding tools feoture the
some bchnology thot mode the sheet
poper so greot. Duroble compounds
ore heot-treoted, cooled with zinc
steorote to prevent dust clogging,

ond then bonded shongly to
tough bocking moteriol.

When I sonded rough
hordwood for l5 minules
with o l2ogrit Norfrcn 3X
disc, ilwos hord to ell I hod :
even usd it. The some iob
with o slondord disc left it
smoofh, with olmost no grii remoining.

Prices for Norton 3X ronge from
$3 br o 3pock of spindles b $12 br
o S-pock of belts. For more informo-
tion, coll Norton ot 80G.5514415.

A Nornon 3X for Sonders:
Norton 3X poper for power sonders
cloims to cut foster ond longer thon
stondord sondpoper. The poper did
iust thot throughout our testing.
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Thin kerf
moxrmrzes
bottery life

Porter-Coble's
PROGRESSIVE

until recently, I never felt cordless
reciprocating saws had enough power.

But that was before I discovered
Porter-Cablet new line of progres-

sive-tooth leciprocating saw blades.

More Cuts - These blades actu-

ally increase the number of cuts a
cordless "recip" saw can make per

charge (they claim 50% nrore cuts).
I decided to test this clainr by seeing
how n-rany crosscuts I could r-nake
in an old oak 4x4 (Plrcto). Sure
enough, the progressive-tooth blade

nrade 24 crosscuts to a stan-

dard reciprocating saw

blade 's  16  -  exac t ly

50% rlore cuts.

T e e t h  -  T h i s

Ground ieefh cut on
the push ond pull shoke

'a,,.'\ blade makes batteries*u 
last longer for three

TOOTH SAM BLADES
reasons. First is the progressive-tooth

design.This means that the teeth are
set close together near the shank (for

thin material) and further apart at the
end (for thicker pieces).The result is a
blade that cuts qr-rickly through any
thickness of stock (Art,lcft).

Thin Kerf- Also irnportanr is

the thinner body of the blade. It cuts
a thinner ker[, displaces less wood, and
uses less of the saw's power per cur.

Shank Angle - Finally, the shank
angle of this blade is nrore aggressive

than a standard blade, further adding to
its abiliry to nrake quick cuts.

Porter-Cable has three types ofthe

blades (wood-cutting, metal-cutting,

end general purpose) for $12 per 3-
pack. For more info, call 800-487-
8665 or visit www. Porter-Cable.conr

A Templote routing is iust one of sev-
erol flush{rimming tosks thot o spirol
flush+rim bit hondles more smoothly
thon o stondord flush-trim bit.

A flush+rim bit gets o lot of use oround my
shop for edge trimming ond templote
routing. Thofs not to soy it's my fovorite bit,
though. lt hos o tendency ic chipout, ond
rouiing end groin without burning lhe sur-
foce is dorn neor impossible.

But then I tried this new solid-corbide
spirol fush{rim bif. h left o smooh surfioce on
both edge ond end groin with no chipout.

The secret to the spirol fushtrim bit's per-
brmonce is the culting oction of the bit ifself.
While o sfrrndord flushtrim bit cuts perpen-
diculor with the surfoce of the wood in o
chopping motion, the spirol bit sheors wood
of on ongle, creoting o smoolher surfoce.

Spirol fush-trim bits ore ovoihbb in bofi
upcul ond downcut vorielies from Amono
,80o445{f77, AmonoTool.coml ond MLCS
(800533-9298, MlCSWoodworking.com].
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CONSTRUCTION VIEW
3/4" groove,lh" deep

bqnd sqw
CIRCLE JIG
One of the easiest ways to make a perfect circle is to cut

it on a band saw. Sirnply spin the workpiece on a nail
(pivot pin) that's instalied in a piece of pl1.wood.

Taking that concept a step further, Robert DeGraw

of Kirkland, Washington, made an adjustable circle jig

that attaches to the table ofhis band saw (Photos, leJt).

On this jig, the pivot pin is installed in a sliding metal

raii, which makes it easy to cut different-size circles.

Sliding Rail - The rail is a length of alumrnum

T-track that fits upside down in a groove cut in the base

ofthejig (ConstructionWew).To connect the rail to the base,
it fits over rwoT:bolts that pass through holes in the base.
Tightening knobs on the T:bolts "locks" the rail.

Pivot Pin - Before installing the rail, you'll need to

drill a hole near one end for the pivot pin. (A woodscrew

serves as the pin.) Note that this hole is countersunk on

the inside face of the T:track, which allows the piece to

spin freely as you cut the circle.

Mounting the Jig - The jig is held in place with

two nrachine screws that pass through adjustr-nent slots

in the base and then thread into tapped holes in the

band saw table.These slots are recessed to hold the screw

heads. To form the recess, dri l l  shal low, overlapping

counterbores with a Forstner bit .Then dri l l  throuEh-

holes to complete the slots.

The next step is to position the jig on the saw tabie.
The end of tl.re base should just "kiss" thc side of the

blade. Also, align the center of the groove in the base

with the leading edge of the blade.

A A pivot pin on o sl id ing
roil mokes it eosy to cut o
c i rc le  on  o  bond sow.
With the roil inserted one
wo, you con cut smol ler
circ les. Fl ip i t  end for end
for lorger circles (tnset).

Eose
l3/l' ply. x 8" x 16"|

lt"-20x 1",-- '----?
Rh Mochine Screw Y

centered on width of bose

Once the jig is in position, use
rhc  ad ius t r r renr  s lo ts  to  ioca t r

mounting holes on the band saw

1,, table. Check that they won't inrer-
' \ fere with the webbing underneath

the table. Then remove the table,

drill the holes on a drill press, and
t 1 h  f h c  t h r e r r l "

BASE PARTS VIEW

Roil
l3/n" xVz" x 16"

T-Trock)

i s/a" Flot
i Wosher

-x ,/(g*

s/sz" hole
counlrersunk

on bottom side

Pivot Pin /&
(#8 x3/a"

Fh Woodscrew)

Bond
Sow
Blode1/t"'20

topped holes \
in bond sow toble

7-&
%0" T-Knob 8"

lVat l

6 '

Vt"-wide 3/a"

I
t? 3/s"-deep recessed slot

\- (3/" wide x l%" lonql

5/16', Holes

A
.^*J \ cenl,er groove on i*3"*ll

fftl -' leoding edgeY l3h' of biode
tr
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Rockler, 800-279-4441 , or www. Rockler.comR=
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A To ensure occurole circle cutting, olign the leoding
edge of the blode with the center of the groove.
Then, simply tighten the mounting screws.

circle-iig setup
It only takes a minute to set up the circle jig. For accu-
rate results, the idea is to position it on the band saw table
so the leading edge of the blade aligns with the center
of the groove that holds the rail (Photo, Ieft).

Of course, the alignment will vary slighdy depending
on the width ofblade you re using.That's not a problem
though.Thanks to the adjustment slots in the base, you
can move the jig back and forth until it's properly aligled.
Then simply tighten the machine screws, as shown.

Once the jig is secured to the table, it's just a matter
of attaching the sliding rail to the bottom of the work-
piece with the pivot pin (see Figures 1 through j below).
Then slide the rail over the T:boIts (Fig.4) and cut the
circle, as shown in Figures 5 and 6.

sfu *sfffi

A Stort  by drowing diogonol
lines to find the centerooint on
eoch side of the workpiece.

I

,11

A Using o composs mode from o
scrop of wood, drow the circle
on fie top foce of the workpiece.

I Attoch the roilto the boffom of
the piece by instolling the pivot
pin (screwf ot the centerpoint.

I  Now sl ide the roi l  over the
heods of the T-bolts. Note: Don't
tighten the lock knobs iust yet.

I Stort the cut ot the edge. Then I When the blode begins to cut
cut toword the circle by rototing olong the circle /Frg. 5/, tighten
the work ond sliding the roil in. the knobs ond complete the cut.
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close-up on
CLAMP CAULS

Gluing face frames to a cabinet - .uch as on the garage

organizers on page 60 - ah'r-rost always presents the chal-

lenge of how to apply pressure evenly along the entire

gluing suface. Clamping the ends isn't a problem, but

there's rro easy way to ciamp the center of the frame.

The solution is to use cauls to distribute the clamping

pressure across the full length of the gluing suface. A

caul is just a board with a slightly curved edge. Ifyou look

closeiy at the Caul Detail,you can see that this edge has

a "hump" in the middle, and then it tapers toward both

ends ofthe board.The tapers are quite snrall (about l/11,"),

arrd they're easi ly rrrade with a hrnd plane.

When you clarnp the caul across a prqect, pressure

is applied at the center of the caul first. Then, as the

clanrps squeeze the tapered ends flat against the project,

it exerts pressure along the entire length ofthe caul.

A  A  c lomp cou l ,
mode from o scroo
2x4, distributes

Pressure evenry
olong i ts ent i re
length. The key is o
curved edge thot
exerts oressure first
ot the center. then
ot the tooered ends.

'i:\

Tongues - Now you con focus on the tongues thot
fit into the grooves. The tongues ore formed by cutling
two robbets (Fig.2J. You con use lhe some dodo blode
setup here. Only this fime, the blode should just "kiss"
the side of on ouxiliory bnce ofioched trc the rip fence.

Chomfers - Finolly, tilt the sow blode to 20o trc cut
the chombrs FW. 3 ond 3oJ.
Note fie bmporory "tcngue"
inseded in the grooved edge.
h ollows you b use lhe some
setup os when cutting chom-
fers in the tongued edge.

aenJer of caullothe enda

{1 {_L'{J, {} Ly
FaceFrame 

|Aa"fa?er

j\

\, These ioints, oswell
St os chomfers olong

he iointlines, mn be

Auxlllary
Fenae

l+" OaAo
dlade

lnaerttem?orary
:3/+"-wlde "ion^ue'

( aGroorc{ rr-

a 1
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A Scrop blocks clomped to o roil
provide o stoble surfoce thot
keeps the router from tipping os
you rout o mortise. Use o chisel
to squore up the shoulders /nsef/.

pqnel-roising
ROUTER TABLE

Not all router tables have big enough

openings to accommodate the large

router bits used to build raised-panel

doots (page 5 2). In that case, I d sug-

gest making a simple router table

and clamping it to a pair of saw-

horses (Photo, right).

The router table doesn't have to

be fancy.A 24"x24" piece of 1/2"-

plywood works fine, as long as itt

flat. Plus it's thin enough that you

can adjust the bit height to rout the

full profile the bit is designed to cut.

To mount the router. use the holes

in the plastic base to locate mounting

holes in the table. Now drill the holes

and, i f  possible, use the same

mouncing screws to secure the router.

(You may have to get longer screws.)

36

Once you've mounted the router

to the table, you'll need to iocate the

centerpoint of the opening for the

bit.To do that, chuck a 1/4" straight bit

in the router, and then raise the spin-

ning bit up through the table.

Now remove the router and cut

an opening thati  abour l /r" larger

than the panel-raising bit.After rein-

stalling the router, you're almost

ready to rout - after one more

simple, but useful, addition.

Parricularly in the case of panel-

raising operations. a start ing pin is a

valuable accessory $ee page 56for more

about thk). A starring block made from

a scrap piece ofwood - like the one

in the Illustration at right - provides

the same safery and convenlence.

hinge-mortise
SHORTCUT
When you see a plan that calls for cutting a deep hinge

mortise ftke in the rail ofthe storage bench on page 66),

you might think "iots of work with a chisel." But think

again.You can save a lot of time by removing the bulk of

the waste with a hand-held router and a | /2" straight bit.

Before you get started though, you'll need to lay out

the location of the mort ise. This is just a matter of

marking the ends of the mortise.As for the depth of the

mortise, it's determined by the hinge, so adjust the depth

of cut accordtngly (1/2" for the mortises in the bench).

To provide plenry ofsupport for the base ofthe router,

I clamp a couple of scrap blocks to the workpiece, flush

with the edge (Photo, left).These blocks keep the router

from tipping. And as an added benefit, they prevent

chipout where the bit exits the cut.

To cut the mortise, turn on the router, plow through

one ofthe blocks, and begin routing up close to the layout

lines (within 1/a" or so). You'll cut into the scrap blocks as

you rout back and forth, but thatt okay.They've accom-

plished their sacrifi cial job.

Once you've removed most of the waste material,

unclamp the blocks and square up the shoulders of the

mortise with a chisel (Inset Photo).

A Router tobles
don ' t  ge t  ony
s imp ler  thon
this -  o t /2"

plywood toble
with o lorge bit
opening ond o
stort ing block
mode of scrop.
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A The WoodRot  i s  o  un ique io in t ing
system in mony ospects, including the
use of high-speed steel bits, /eft. Belowis
o diogrom to fomil ior ize you with you
the Wood Rot com oonenrs.

Bose Plob

Rouler
Ploie

Wood Rqt
PRECISION
JOINERY
MACHINE
A sales brochure for the'WoodRat

describes the tool as a "Precision

Joinery Machine," which is as fitting

a definit ion for this oddly named

tool as can be found.

When coupled with a plunge
rollter, "the rat" can do many
of the sar-ne things a router table

does, but it clearly isn't a router table.

Likewise, dovetai ls and box joints

are standard fare for the rat, but the

sys tcnr  i s  no t  l i ke  any  jo inery  j ig

we've ever seen.
The kev dif ferprrce between this

and conventional dovetai l  or box
jointjigs is that the'WoodRat doesn't

use tempiates, guide bushings, or

bearing-guided bits to create the
joinery pattern. Rather, this system

lelies on the accuracy ofthe operator

to create precise joints.

By foregoing the virtually auto-

matic accuracy of templates and
guided bits, you can be as creatlve as

you want when designing joinery.

An example of cutting custom dove-

tails is shown on page 40. But first,

take a look at the Illustration at left for

a quick overview of the machine.
'WoodRat 

Anatomy - The
"body" of theWoodRat is a channel

that affixes to a wall and also supports

the base plate.A plunge router con-

nects to this base plate and, depending

on the operation, may be stationary

or slide front to back.

The ocher major component is a

sliding bar that aligns and holds the

workpieces in either the cutter posi-

tion or the marker position.Turning

a crank moves the sliding bar and the

workpieces berween cuts.

1

I

I

ff ilfiil
Sliding Bor

Cronk Hondle

MARKER
POSTION

CUTTER
POSTTTON

Sliding Bor
holds workpiece ond

Router sits on bose
ploie ond moves

front to bock

38

Com Lock

moves left to right when
turning cronk hondle
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cutting custom
DOVETAILS
Although theWoodRat is much more than
a dovetailing machine, it's this classic joint

that most clearly demonstrates the unique

appeal of this tool.

The joint shown at left  is a good

example of the design flexibiliry that dis-

tinguishes thisjoinery system from others.

Where a more conventional dovetail jig

often results in a number of uniformly

spaced dovetails, here we were able to cus-

tomize both the size and spacing of the
pins and tails.The result is a joint that is as

elegant as it is strong.

Another important element of these styl-
i".d dsystails is the length of the pins and tails.

This comes from using high-speed steel bits,

which typically have longer cutting flutes

than carbide-tipped bits. The WoodRat

instruction manual makes a strong argu-

ment for high-speed steel bits, and we agree

that they do create an elegantjoint.

Below is an overview ofhow to rout

dovetails using the WoodRat. For a more

detai led look at the system, including

pricing information, visit their website at

www. WoodRat. com or call, 87 7 -9 66-37 28.

AMoke two test boords. Zero the dove
toi l  cutter on one boord whi le using
the other boord to set the depth stop.

lCut o socket in one test boord. Move
this boord to the "Morker" oosition ond
troce the socket onto the chonnel.

I Use the porollelogrom to mork toil
locotions on o workpiece. The oorollel-
ogrom odiusts for custom loyouts.

lCut the toils on one workpiece ond
then ploce it in the "Morker" position for
use os o guide to cut remoining pieces.

40

I A look underneoth the WoodRot
shows how it cuts owoy moteriol to
creote motching pins.

A WoodRot 's opt ionol plunge bor
mokes plunging the router to depth o
one-honded operot ion.
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kirchUfisptntry
ltcrr  I  i r r r . rs i r rc  t l rc  pe l fcc t
kitchen, the f ir 'sr t l -r ing that
colltes to rnit'rd is ;r large pannlr
r,vith lots of stolage spacc.

Br.rt in the rr,'al world, a lot of folks dont have
the space for ;r floor pantr"y - let llone :r l:rlge
onc. So stor.tgc \p.r( ' ( '  i \  oftctr .r t  .r  plcrrr i trrrr.

The clesign of this pantry nrakes it :r per'-
fect storage sohrtion for any kitchen, regard-
less of its size. By renroving trvo upper cabi-

nets :rncl instr l l ing t l-r is pantry in thei l  pl lcc,
t l"re result is l  hr-rge inclease in the stolage
cirpacity of your kitchen lPltotos, pagc 43).

Ar.rotl'rer unique aspect of this dc.sign is the
pail  of srvinq-or-tt  units in the front of the
piurtry. By opening up these units, you have
ersy xccess to i tenrs on the back shelvc.s.

Bnt dre rlost inter-esting part of this prqect
r.vas br,rilding the arched-top raised-panel doors
to nl:1tch the existins cirbinets (sec pagc 52).
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Construction Detoils
Overal l  Dimensions: 36" W x211h" D x 481b" H

.Arched-Top Roised-'--' 
Ponel Doors

motch doors of the
surrounding cobinets

(Poge 52)

Pontry Cose
instol ls on

countertop ond is
sized to reploce o

poir of upper
cobinets

"Hold-ln" Rods
keep items from

folling off shelves
Cose Sides
ore scribed
to fit woll
(poge 48)

(R)
Mountiig Cleots

mode from iwo pieces of 3/a"
plywood secure pontry to wolL

e
Cose Bock

- is recessed, ollowing sides-r" 
b" ;;ib;J; rit "sli",i;"rr

IToerore
AFTER

By removing o poir of upper cob-
inets,  this pontry con sl ide r ight into
their ploce. lt 's o simple solution thot
odds o lot of storoge, especiolly in
homes thot hove o smol l  k i tchen.

Mer,ol

I
P-
Side

Piono Hinge
connecls
swing-out

unit to cose

@
Hondle -

PANTRY TOP VIEW

Hondles
hove o
cutoul
for o

@tr-
tlinge provide even more sroroge
Siop 

' 
in rhe bock of the pontri

Swing-Oul Unih
feolure omple shelving
spoce ond open up for

eosy occess to bock shelves

w o r { K r } E N C H  !  A U ( ; u s r  2 ( ) 0 . + 43



-1

CASE ASSEMBTY
built-to-fit

PANTRY CASE
The case for this par-rtry is designed to
fit into an opening th:rtis fornred by

r-enroving two rlpper cabinets.To pro-

duce a good fit, it has to n.ratch thc

rvidth of the ope'r 'r ing (36" in our"

case), and wl-ren installed, it sits at thc.

heigl-rt of tl.re acljaccnt cabinet (.181/3').

Of cor,rrse, size isn't the only lictor

thrt :rfltcts tl.re fit of the clse. The

:rdjlcent rvalls, counteltop, and over'-

head sofl t  ( i f  your kitchen lr:rs one)

:rlso play l palt. I\lrely lle these sur'-

frces perfectly flat, squiue, lncl plunrb.

So the case sides overlur-rg thc'back,

top, and bottonr of the case (Ca.sc

Sidc Vicu,, |c/orr,).That rvay, tl.re sicles

cr t r t  bc  scr ibed . l l )d  ( 'u t  to  t i t  . r r ry

irregr,rlaritics, cnsurins r goocl fit.

Cons t ruc t ion  -  Thc  t ' . rs r  i s  . r

lalge plywood box that consists of a

top, bottonr (A), and two sicles ( l i )

(Cnst Assctnbly). Note tl.rat the' sides

:rre rviclel t]'ran t]-re top and bottonr,

which lvi l l  :r l low t l .rc 'nr to be

tr inrnred to f i t  against thc rv:r l ls.

f 
1e3/t" 

I f

@
Cose Bock

(h" ply. x 35Va" x AV/q"l

dodo,
3/e" deep

l3h" ply' x
193/n" x48Vz"l

@
Cose Top

@
Foce Frome

Stile

Adius
l3/a" ply. x

@
toble
.83/t"

Shelf
x 343/e"l

NOTE: Mount foce frome stiles Foce Frome Roil

flush with oulside foce of cose sides, (3/4" x l " x 34")
ond foce frome roils flush with
inside foce of too ond bottom

CASE
SIDE
vtEw

Notch to
fit over

counierlop
bocksplosh

(see poge 48)

(3h" x lVl'x 343/e"l

cor"@sia"

l3/l' ply. x l8th" x

NOTE: Dodo in too
end of cose side
motches ihis one

"^%u hol"r,
" 3/s', deep

ll | \ 3/a"-wide
\ 4t1o, l- dodo,

3l|/le"F- | 3/e" deep

I
. t

t s 2 "

%" groo"" f
;3/a" deep 

,6Vrc-1VAd4 i-----------------
s/t"-wide/ t

dodo, 67Ac

{'deen "l 2' "-T
I

ll " _ 3/"'wide
trlru"l+ | { dodo,
,n 43/t" F_ 3/e",deep

.]f-ge4o,'*l V/rc" I
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Dado Joints - After sizing the

pieces, the next step is to cut dadoes

in each side to hold the top and

bottom (Dado Joint Detail).To achieve

snug-fitting joints, I used a hand-held

router with a straight bit thatt spe-

cially manufactured to cut dadoes for
34" plywood (which is slighdy thinner

than 34"). Note: See page 63 for more

informacion about these bits.

For straight, accurate cuts, itb also

important to use a cutring guide with

the router. (Free plans for a shop-

made cutting guide are available at

wwwWorkbenchMagazine. com).

Stopped Dadoes - In addition

to the dadoes for the top and bottom,

you'll also need to cut a dado for a

fixed shelfthat's added later.This shelf
(along with a set of adjustable shelves)

occupies the back halfofthe cabinet,

so it fits into a "stopped" dado, which

is cut as shown in the Photos at right.

Grooves for Back - Once that's

accomplished, the iast bit ofjoinery

to attend to is to cut grooves in the

top, bottom, and sides to hold the

back (C) of the case. The back is

made from %" plywood, which is

slightly thinner than 1/4".To get a

good fit here, I made two passes on

the table saw, nudging the fence

between passes. Note: Since the top

and bottom are narrower than the

sides, reference all cuts frorn the front
edges ofthe pieces.

Add the Shelves - At this

point, you can turn your attention

to the shelves. The four adjustable

shelves (D) and the fixed shelf (E)

are all made frorn3/4" plywood.The

fixed shelfis longer than the others

because i t  f i ts into the stopped

dadoes. After the case is assembled,

the adjustabie shelves will sit on shelf

supports inserted into holes you drill

in the sides (Case SideView).

To prevent the shelves from sag-

ging, I  added thick, wraparound

edging (F) to the front edge ofeach

shelf (see Box below).Be sure to set this

edging in from the end ofthe fixed

shelf, so it will fit into the dado.

Face Frame - After gluing and

clamping the case together, I added a
3/+" hardwood face &ame to the front.

The rails (G) and stiles (H) of the

face frame are glued and clamped to

the case. The face frame stiles align

flush with ilte outside ofthe case, while

the face frame rails fit flush with the

inside face of the too and bottom.

L r -

< To ensure
occurocy, I used
o shoqmode
guide when cuF
ting the stopped
dodo. Corefully
rout up to the end
of the dodo
fobove/. Then
squore the cor-
ners with o chisel
(lnset PhotQ.

To prevent the pontry shelves from sog-
ging wift the weight of conned ilems, the
edging hos o thick lip thot wrops under-
neoth the shelf /Photrc, rightJ.ln oddition,
o decorolive roundover creof€s o seomless
tronsition hom plyrood to edging.

Form the Lip-A simple robbet in o
3/t"+hickhordwood blonk brms the wrop
oround lip. Two posses on he toble sow
- one for eoch shoulder of the robbet -
mokes quickwork of fiof (Figs. I ond 21.

Rout the Roundover - As for the
roundover, it con be routed ofter the
edging hos been glued to the shelf. In
foct, you con rout the roundover ond him
the edging flush wift the surfoce of the
plyrood in one operolion.

To do thot, mount on ouxiliory bnce
to the roufer toble funce so there's cleor-
once underneofi for the edging strip /Frgs.
3 ond 3ol. Then olign the fence with the
beoring, ond roul the edging os shown.

A This robbeted block of
hordwood odds shength to
o lood-beoring shelf.
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mqkrng swlng-out
STORAGE UNITS

-l

With the case complete, it's time to
build the two tall swing-out unis that
fit inside. Shelves divide these units
into several comparfinents, providing
easy access to items on either side.

Metal Hold-Ins - One unique
aspect of these shelves is a set of
metal "hold-in" rods that span the
openings berween the sides of the
unit. These rods keep items from
sliding off the shelves when you
open and close the unit.

Unit Construction - The con-
struction of the swing-out units is
similar to the case. The top and
bottom (I) f it into rabbets in the
sides fl, and dadoes hold the shelves
(see Swing- Out Unit Assembly below).

For a trouble-free assembly, itt
imoortant that the rabbet and dado

SWING.OUT UNIT ASSEMBTY

Gr-
Upper Shelf

Ph" ply,x7" x74Vq

32"-wide
robbet,

3/g" deep

Unit Bot$om
l3/t" ply.x7" x|41h"1

joints align with each other.An easy

way to accomplish that is to cut the
joints in an extra-wide workpiece. (A

hand-held router and a cutting guide

make quick work of that.) Then use

the table saw to rip the two sides

from this wide workpiece.

Hold-Ins - Once the joinery is

complete, i t 's t ime to turn your

attention to the metal hold-in rods.

Installing these hold-ins presents

a couple ofchallenges. First, the holes

in both side pieces need to al ign

perfectly with one another. Second,

the hold-ins have to be easy to install

after the unit is assembled.

To align the sides for drilling the

holes, I  f i t  scrap blocks into the

dadoes already cut in the side pieces.

Inserting these blocks in the dadoes

in one side and then fitting the

dadoes in the other side over the

blocks results in perfectly aligned

side pieces (Photo,page 47).

Now itt just a matter of laying

out and drilling the holes.You'll want

to drill all the way through the top

piece, but only halfway through the

bottom (Drilling Detail).This way,

once the unit is assembled, you'll be

able to slip the rod into the side with

the through-hole (from the outside)

and then slide it into the stopped

hole, capturing the rods between the

sides. Later, a hinge and a wood stop

will cover the through-holes.

Shelves & Divider-Before

assembling the units, you'll need to

add shelves and a divider. There are
four3/4" pl1wood shelves in each unit:

a wide upper and lower shelf (K) and

fvvo narrow middle shelves (L).To

further compartmenrxlize the shelves,

they're separated by a 1/+" ply'rvood

divider (M).When assembled, this

divider will add strength to the unit.

Grooves for Divider - To hold

the divider, you'll need to cut four

grooves: rwo in the sides, one in the

top face of the lower shelf, and one

3A6"

hole

--/ -I

e4 "

6u

I
I
2n

6u

T

l_
2"

sVs"

I

r/1" Vl'!
+ - l

-f
43/a"

32"-wide
robbet,

3/g" deep

32"'wide
dodoes,
3/0" deep

3/t"'wide
robbet,

3/a" deep

NOTE: Left
swing-out
unit shown

3/a"-wide

o
Unit' l

dodoes,
7hz"'wide 3/s" deep

9roove,
3/e" deep,
cenlered
on width

3/16"

holes

Unir Side
P/a" ply.x
7" x46"1 "Hold-ln" Rods

P/rc"-dio. x745/a"l

r3/1"-wide
/ robber,

P/t" ply. x33/s"-

46
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in the bottom face of the upper

shelf.This is easy to accomplish by

using a straight bit thatt sized to cut

dadoes for 1/+" plywood (see Box on

page 63)in a table-mounted router.

Start by positioning the router

table fence so the bit is centered on

the width of the workpiece, and rout

the grooves in the shelves from end

to end. For the grooves in the sides,

begin routing the groove in the dado

for the lower shelf, and stop routing

when you reach the upper shelf dado

(see Swing-Out Side,page 46).

Unit Assembly - The swing-out

units now can be assembled with glue

and clamps. Once the units are assem-

bled, you can slide the metal hold-in

rods into place by inserting them into

the through-holes and pushing them

into the holes on the other side.

Handle - Each unit has a tall,

vert ical handle (N) made of 3/+"-

thick hardwood. One edge of this

handle is rabbeted to form a lip that

covers the front edee of the side

#8 x l%" Fh
Woodscrew

piece (HandleTop View).The other

edge has a cutout that forms a hand-

hold (Handle Cutout Detail). This is

easy to cut to shape with a jig saw.

Then, sand a slight roundover on

the handle to soften the edge.

To install the handle, glue and

clamp it  in place.Then drive screws

through the side and into the handle.

Add Edging - The handle

covers one ofthe exposed edges on

the front of the swing-out units.To

hide the remaining edges, I added

thin strips of solid-wood edging (O,

P).These strips are simply cut to fit

and then glued in place.

Hinge Stop - While you're

adding the edging, go ahead and add

a hinge stop (Q) that's the same

thickness as the edging near the back

ofthe unit side.The hinge stop is the

same thickness as a closed piano

hinge, so it prevents the hinge from

overextending when you close the

unit. It also keeps the unit from mar-

rins the case side when closed.

(9
Hinge Stop

lh" x
lt/l'x46"1

A Scrop blocks cut to
fit the dodoes in the
sides of the swing-out
unit keep the pieces
ol igned whi le dr i l l ing
holes for the metol
"hold-in" rods.

SWING.OUT UNIT EDGING & HANDTE

32"-wide
robbel,

Vz" deep

@
Unit Side Edging
l/n" x3/t" x46"1

NOTE: Right
swing-out
unit shown

w o R K B E N c H  f t  A U G U S T  2 0 0 4 47



-l

AUse o hordboord
templote to fit the
cose into its opening.
After notching it to fit
over the bocksplosh
(lnset), plumb the
templote (obove).
Then scribe olong
the wol l  ond
counter, ond cut the
templote to fit.

storqge pontry
INSTALLATION
The case is lighter and easier to move around before the
swing-out units and doors are instalied. So it makes

sense to fit the case into its opening and attach it ro

the wal1 before adding these elements.

tlcking E Fir
One of the things you're likely to run up against while
installing the pantry is rypical of most built-in cabinets.
Chances are slim that the countertop, wall, and adjacent

cabinets will be perfectly level and plurnb - so the

chances are also sl im that the pantry wil l  f i t  t ightly

against these sufaces.

That's why the sides of the pantry extend beyond the

back, bottom, and top of the cabinet. If you find that the
pantry wont sit flat on the countertop or against the wall,

you can scribe it to match any irregularities in those sr-rr-
faces, and then cut the sides to f i t just r ight.

Create A Template - An easy way to do this is to

make a hardboard terrplate that's thc same size as the side

of the case and scribe it to fit the opening (Photo, Ieft).
Before doing any scribing, though, you'll probably

need to notch the template to fit around the backsplash
on the countertop. A good way to determine the srze

and shape ofthis notch is to cut a piece ofcardboard to
f i t  over the backsplash.Then, transfer the shape of the
notch liorn the cardboard to the hardboard ter-nplate, and

ultinrately to the pantry itself (Inset Phont, Ie-t't).

l
t
;3

I.
?

t
I
ll

' \
I

J

*
t

#
Nor.h fo.A\

Counlerf,op .)
B,oc lse losh.- , f f i ' ,1

STEP 5: After
cutting templote,

check its fit in
locotion of the
other cose side

STEP 4: Cut olong
scribed lines with

o iig sow

STEP 3: Scribe olong woll
& counterlop with o pencil,

tronsferring ony surfoce
irreguloriiies to the templote STEP 2: Set templote

i in ploce, ond plumb
level ,front edge (use shims

STEP l: Loy out &
cut notch for countertop

bocksplosh

STEP 7: After cose side is cur.
check fit of foce frome oooinsr
countertop. lf there's o fop,

scribe'ond cut it to fit

%'hdbd.
Templo|e

lcut b
Cose Side

dimensionsf
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Now set the template in place in the opening, and
plumb the front edge (Photo, page 48).You may have to
shim the template to accomplish this. Then scribe by
sliding a pencil along the wall and countertop, marking

a line on the template (Scribing theTbmplate).

After scribing the template, cut along the layout lines
with a jig saw Next, use the template to check the fit

of the other side of the case (Fig. o) If you see gaps,
make a second template for this side as well.

Once the template (or templates) are complete, ser
it on the side of the case (flush with the front edge)

and trace around it.Then use a jig saw to cut along the
lines, and sand the edges smooth.

Final ly, set the case into place and check the f i t
between the face frame and countertop (Fig. b).lf there's
a slight gap, scribe the face frame, and then cut it to fit.

Inslalling the Case
Once you're satisfied with how the case fits into the
opening, it can be mounted to the wall.This is accom-
plished with two mounting cleats (R) that fit into the
recess behind the back ofthe case. I glued rwo scrap ply-
wood pieces face to face to make the cleats.

Mount the Case - fb mount the cabinet, first
attach the cleats to the back of the case (Photo,right).Then

set the case on the countertop. Pre-drill pilot holes, and
run long woodscrews through the back of the case,
cleats, and into the wall studs (Case Installation).

ATwo cleots ottoched to the cose bock moke it possible to
instoll the pontry. The middle cleot /shown/ is screwed to
the fixed shelf, while the top cleot is glued in ploce.

CASE INSTALTATION

NOTE: Glue top mounting
cleot into position (no

NOTE: Glue
ond screw

middle cleot
to fixed shelf

NOTE: Cleots
mode from two
3Z" plnvood
pieces glued
foce to foce

lf your cobinels ore mounld under o soffit, it might
toke some exho sbps to get the pontry to fit iust right.
First, the pontry will prohude beyond most soffits, but
you con build the soffit out by moking o plyvood box.
Once this box is built, you con use o templote ond
scribe oround the soffit iust os for the countertop ond
woll. Finolly, some strips of quorfer-round him will hide
ony imperfuctions oround $e top edge of the pontry.

# 8 x 2 " F h
Woodscrew

STEP l: Build out
soffit with plywood box

STEP 3: Use quorter-round trim
to hide irregulorities oround soffit

,"!,1J5;>_\
sides trc fit under
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@
Door Ponel
l5/a" xl4h"

xMVz"l

Hondle

NOTE: Instoll swing-out units inside
the cose. then ottoch doors

Swing-Out
Unit

SWING.OUT UNIT INSTATTATION

A Position the hinge on the cose side
with o spocer strip, ond use double
sided tope to hold the hinge in ploce.
Then predrill pilot holes with o Vix bit.

50

Rore-
Eorih

Mognet
(cenfered
on heigth
of cosef

@
Door Stiles
(3/t" x2\
x4V/e"l

Door Bottom Roil
l3h" x2" x14Vz"l

A Next, fold the hinge oround ihe
front edge of the swing-out unit, ond
predri l l  p i lot  holes in the unit  s ide.
Then screw the hinge in ploce.

qdd swing-
out units &
DOORS
Once the case is instal led, you can turn

your attention to installing the swins-out

units and the raised-panel doors.

Instoll Swing-Out Units
Each swing-out unit is rnounted inside the

case with a long continuous hinge that's

screwed to both the side of the case and

the swing-out unit.You'll want to cut these

hinges to the proper iength using a hacksaw.
'When 

rnounted, the hinge is centered on

the length of the case side, top to bottom.

The positioning of this hinge frontJront to

bncle, however, is most crucial, as it has to be
set back ltar enough that t]rc swing-our unirs

don't contact the fice franre of the case.

To position the l.rir.rge accr,rrately and

then install the swing-out unit, I followed

the sequence shown in the Plolos below.

Add Magnetic Catches - Jb pleysng

tl-re swing-out units fronr opening r.rp when

not in use, I installed l\are-Earth Magnets.

These nragnets consist of a cup t l-rat

accepts a nugnet on one side, and a washer

that sticks to the nragnet on the other side

(sce Magnet Detail).To nrount thenr, you'll

need to counterbore a shallow hole to hold

the cup in the side of the case, and then

screw it in place.Then place the ntagnet in

"..T=
f

MF--
-E

/
1
Blum
Foce-
Frome
Hinge

- 7/g"

A Elevote the swing-out unit with
blocks, so the mounting holes in the
hinge olign with the predrilled holes in
the cose. Then screw it in oloce.

' 7g" counl,erbore

-3la" Wosher for Mognel



the cup. Next, counterbore a hole to accept the washer

in the hinge stop on the swing-out unit, and screw the
washer in place. Make sure the rwo holes align precisely

for the magnets to work their best.

tount Rolced-Panel Doors
To match the existing cabinets, I made arched-top raised-
panel doors for the pantry.The doors consist of a frame

constructed ofmaple rails (S,T) and stiles Q that surrounds

an arched, raised, solid-wood panel flf . For an in-depth
look at how I made the doors, see the arricle on page 52.

Face Frame Hinges - After building the doors, I
found some special face frame hinges that made mounting

them a cinch.These hinges have a cup on one side that
attaches to the door, and a mounring plate on the other

side that screws to the edge of the face frame on the case.

The first step in attaching the doors is to bore holes in

a stile on each door to accept the cup side ofthe lunge.
Then attach the hinge to the door with screws.

Attach Hinge to Face Frame - One of the mce
things about these hinges is that you can easily adjust the
height of the doors after the hinges are attached.This is

because of a slot in the mounting plate. Thanks to this
slot, you can hold the open door against the face frame

on the case side, mark and pre-drill pilot holes, and screw
the hinges in place. It helps to elevate the door slightly
with a scrap block to get it positioned the way you want
it (see Photo and Inset,right).

Then, back offthe screws just a hair, and adjust the
door until it is positioned in the opening just right.
Tighten the screws, and your door should be set.

A Nice Finish - One last consideration with this
pantry - you'll want to finish it to match the sur-
rounding cabinets. (I used a glossy polyacrylic blend
from General Finishes.) One way to do this is to take a
door offa cabinet next to the pantry to a local paint store
and have them prepare a finish thsi m2s6hss. tm

A After ottoching these foce frome
hinges to the door, instolling the door is
os eosy os morking the locotion of the
screws ond then driving screws into the
foce frome. A scrop block elevotes the
door to the desired height.

The piono hinges in this
pontry support o lot of
weight. And mosthinges
come with l/2" screws,
which ore loo smollo ga
o good "bite." To odd
slr€ngilh t ilte hinges, use
#8xs/e" sct€ws insbod.
So the lorger screw
heods will rest fush with
the surfoce of fie hinge,
counbrsinkfie mounling
holes bebre insicllotion.
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3/q" 18Y2" 35Y4"
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E Fixed Shelf I 3hu g3a 35U4" Mople Plywood

G Foce Frome Roils 2 3/t" l u 34u Mople

Unil lops & Botloms 4 3/1" 7u 14Y4" ilople Plywood

K Uppe/[ower Shelves4 3h" 7', 14Yt" Mople Plywood
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o Unit Side Edqinq 6 Ut" 3/t" 46u Mople

o J|inqe Stoos 2 U4n lta, 46u I'lople
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@@
2 3h" 2u 14V2" Mople

U I Doorstiles
ilmt

4 3/t" 2" 4V/e" Mople

e(4) Blum Foce-Frome Hinges*
r(2) Door Pulls (to motch cobinets)*
.l2l 1lz" Piono Hinges (48" long)
. ll 6l t/Att Shelf Su ppiorts
. l2l 3h' Rore-Eorth Moonets

Cups, ond wosheri**

Cutting Diogrom
WorkbenchMogozine.com

.(]{f 71c"-di-q. x ]45/e' Metol Rods r}Blum Hinses {55918)ond Dwr puils (10338)
o(10) #8 x11/t" FhWoodscrews orefromiocklerlS00-279-4441,R61dq.ffi1.
r(4) #8 x 2u Fh Woodsc.rews !**Rore-Eqrrh Mogners {99K32.'1), cups
o(96) #8 x 5/g" Fh Woodscrews {99K32.541, ond Woshere (99K32.64) ore from
o(6) #8 x 3" Ponheod Screws [eVolley(800-871-8l58,teeVollw.ml.
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These shoqtested routing techniques will
hove you bui ld ing
ponel  doors l ike o

orched+op roised-
pro in no t ime.

RAISED,PANEL

DOORS
've always been impressed by the arched-top raised-panel doors that

are built in commercial cabinet shops.The wood frame on these doors
features a gracefully curved top raii, which is echoed by a curved solid-
wood panel (see Photo belout).

This is the type of door that was on the cabinets in the kitchen where
we instailed the countertop pantry (page 42). So,in order to match those doors,
I buiit a set of arched-top raised-panel doors for the pantry.

Aside from the curved parts, this rype of door is no different than other
solid-wood frame-and-panel doors. It consists of a pair of vertical stiles and

rwo horizontal rails that surround a solid-wood panel. A look at the Details

below shows that the rails and stiles are connected by what appears to

be fairly intricate joinery.And of course,you'll need to make the
sori d-wo od 

T1#"|,f;-rHT3;,T;:1 r",::,i:::

Top Roil

is not as complicated as i t  looks. A table-

mounted router and three router bits

make it achievable for any home

woodworker.

Coped recess ond
sfub ienon on

ends of roils ore
roubd with roil bit

PoneFroising bit
is used io rout o wide profile

on edges of ponel,
creoling o "roised" field
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A BIT ABOTJT BITS
Before you get down to serious door-building, you'll need to

round up three router bits: a matched pair of bits called stile
and rail bits and a panel-raisingbit (Photos, right).

Stile & Rails Bits - The matched router bits are known

as a stile and rail set. The stile bit is used to cut a groove in

each of the frame pieces - rails and strles - to hold the panel.

At the same time, it creates a decorative profile on the edge
of the frame pieces. Bits with severai decorative profiles,

including bead, bevel, and ogee, are available.

The rail bit is used exclusively on the ends of the rails to pro-

duce the stub tenons that fit into the grooves.It also forms a
coped recess that fits over the decorative profiie on the stiies.(I
used the Amana Timberline Series stile and rail bit set #440-
14. Go to www.amanatool.com for availabiliry information.)

Panel-Raising Bit - In addition to the stile and rail bits,
you'll need a panel-raising bit.This large bit is used to create
a wide profile on all four edges of the panel, which "raises"

the field in the center. (Here, I used the Timb erline #420-22).
One more note.All of these router bits have t/.t" shanks.

so you'll need a router with a r/2" collet.

SIZING THE DOOR

STITE BIT

Another thing to take into consideration is the size of the
door. For the kitchen pantry, dimensions are shown on pages

50-51. Ifyou're building new doors for your kitchen cabinets,
just make the doors the same size as the old ones.

As for the size of the individual door components, it's
helpful to keep a few basic guidelines in mind. Generally,
frame pieces are made from 3/a"-thick hardwood. (l'll explain
about panel thickness later.) As for the width, I made my frame
pieces 2" wide, which is rypical for cabinet doors. (Note:The

arched top rail is 4" wide, but it will be 2" wide at its narrowest
point.) The length of the frame pieces is determined as shown
in rhe lllustrations at risht and below.

Overoll width of door minus combined width of stiles
plus combined length pf stub tenons

length of
stiles equols

overoll height
of door

I

Roif Length lsee Detail or lefr)

Top Roil 2'

Size of opening plus combined depih of grooves
minus 74" (for width) or 7e" (for length)

w o R K B E N C H  !  A U c u s r  2 0 0 4

I sru Y .r .d_

i
F-PANEI DIMENSIONS

Ponel

53



FOUR EASY STEPS TO A4AKING TEMPNNS

A Stort by moking o poper pottern of the orched top on the
ponel. To do thot, moke o creose olong the shoulder of the
decorotive profile on the top roil, then mork it with o pencil.

making curved

TEMPLATES
Making the curved top rail and arched-top panel might
seem a little intimidating at first. But actually, theret an
easy way to go about it.The trick is to make two curved
templates - one for the panel and another for the
rail - and then use them as guides when shaping the parts.

But wait a minute, the two curves are identical aren't

they? So why not make one template and use it for both
pieces? Well, as is often the case, looks are deceiving.The

two clrrves are parallel,but not identical.To produce a
good fit, the arch on the rail has a slightly smaller radius

than the corresponding arch of the panel (Illustration,

left).Which is why you need two templates.

The Illustrations below expiain how to make tem-
plates to match an existing door.To create a custom arch
for a new door, refer to the Bor on page 55.

Panel Template -The first step is ro make the tem-
plate for the arched panel, which fits up inside the groove

in the top rail. If you could look through this rail, youd

see that the curved edge of the panel roughly aligns with

the shoulder of the decorative profrle. So in order to dupli-

I Attoch the pottern to o piece of 1/t" hordboord with sproy
odhesive, then cut the ponel templote to shope. Sond the
edges of the templote, os well os the woste piece smooth.

ATo moke the roil templote, use the woste piece ond o
wosher to mork on offset curved line. Note how the size of
wosher motches the width of the profile on the frome piece.

54

I Now cut the roil templote to shope on the bond sow ond
sond the curved edge smooth. To ovoid getting the templotes
mixed up, discord the woste pieces from Frgs. 3 ond 4.

NOTE: Poper
Sove woste piece Potlern

--:<.>-PonglJemRloe
NOTE-: Lengdi"Sf templote€1quo I s disto nce
l,effeen morked ends ol roils (see Fig. 1)

Offset mokhes width W_osfe piece
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cate the shape of the panel, ail you need to do is make a

paper pattern ofthe shoulder ofthis profile (Fig. 1).

Once thatt accomplished, you can use the pattern to

lay out the shape of the template. (I use 1/4" hardboard for

a template.) Then just cut the template to shape (Fig. 2).

By the way, dont throw away the waste piece. It's used as

a guide when making the template for the top rail.

Of course, the curved edge of this waste piece isn't an

exact duplicate of the curve on the top rail. Remembeq

it matches the shouider - not the bottom edge - of the

decorative profile on the rail.

Rail Template - To lay out the rail template, you'll

have to ofiiet the curve on the waste piece by an amount

thati equal to the width of the proflle. An easy way to

accomplish that is to use an ordinary flat washer with a ring

thati the same width as the omet @ig.3).After marking

the curve as shown, cut the rail template to shape (Fig q.

Shaping theTop Rail- Once the templates are com-

pleted, set aside the template for the arched panel for now.

You wont use it until afteryou build the frame and glue

up the panel. In the meantime, cut the frame components

to size (see page 5 j) and then use the raiJ template to mark

the curve on the top rail. Cut the top rail to rough shape
(Photo,upper right).Then attach the template with double-

sided tape and flush-trim the piece (Photo, lounr right).

<Coreful ly
cut the curved
shope of the
top roil on the
bond sow,
stoying obout
l/g" on the
woste side of
the l ine.

< Use o f lush-
tr im bi t  in o
toble-mounted
router to trim
off the woste.
Adiust the bi t
height so the
templote rides
ogoinst the
beoring.

h's nol o problem if you don't hove on
o<isling door lrc use os o potiem - loying out
your own cusbm orch is eosy.

One complicoting focftcr, however, is fhol
fie rodius of the cenbr orc vories depending
on the width of the door.

Thoi soid, the rodius of the orc neqr the
end of the roil remoins conshnl - regordless
of door width. As o rule, o 2n rodius forms
o nicely proporlionote curve.

Another constont here is the height of the
cenler orc. In order to creole o unibrm look,
the peok of this orc hos to be the some dis-
bnce from the top edge of the roil os it is on
the doors of the odiocent cqbinets (2n in the
exomple shown here).

To loy out on orch lhen, I use two 4n circle
bmploftrs mode of l/a" hordboord. Eoch ism-
plote is ofoched to o wood block thot oligns
with the bmplote's centerline.
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To use fiese circle templotes, simply butt
the olignmenl block on eoch one ogoinst the
end of ihe roil ond clomp it in ploce. Mork
oround the circles to form port of the orch
(lnset Photo). To drqw the moin orc, lroce
olong o flexible shoightedge positioned 2"
from fie icp edge of fie roil ond bent ogoinst
fie tempfotes (Phoro, obove rightJ.

Once the roil is mochined to shope, use
the procedure in Figures I ond 2 on poge 54
to creole o pollern ond o templote for the
orched ponel.

A To loy out the orch, mork oround
the circle templotes finset/ ond o
flexible stroightedge (above).
Then "blend" the lines together.
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tips on using the

STILE BIT

---1

The stile bit is the one used to rout a groove and a dec-
orative profile on the inside edge of each of the frame
pieces (both stiles and rails).

Adjust Bit Height - The first step is to set the stile
bit to the correct height. As a rule, I adjust the height
so the bit leaves a 1/16" shoulder in a test piece (see Stile
Bit Setup below).

"Stile" Cuts - Now you're ready to make the "stile"

cuts. Each frame piece is routed with its "show" side face-
down against the router table. Since the top rail is curved,
you can't use a fence. So you'll have to use the bearing
on top of the bit to guide the workpiece instead. A
starting pin provides a safe way to ease the rail into the
bit (see Box below).

As for the straight frame pieces, set up a fence on the
router table and use a ruie to check that the bearing is flush
with the face of the fence (see Stile Bit Setup).LJse a feath-
erboard to keep the stock firmly against the fence, and a
push block to safely guide the workpiece past the bit.A For sofety, use

o storting pin
ond guord

when routing
the curved top

roil (obove),
ond o fence

ond push block
for the stroight

frome pieces
(,ight).

Storting Pin

When rouling without o b,nce, the bit moy suddenly
"grob"-o worlgiece out of your honds of fie brgil-
ning of o cut, creoling on unsob situotion. To pre-
vent thof, I use o slrrrfing pin hreoded intc the roubr
toble inPrt. lt/ssimply o mebl pin thot ollova you frc'eose' lh.e worlgiece intrc he spinning bit.

To moke on initiol cutwith o sbrtinq pin, hold the
worlpiece firmlyogoinstthe pin. Usin!'rhe pin os o
fulcrum, corefully pivot the comer of the piece infrc
lhe cenler of the bit os shown in Fio t.

.Once the worlgiece hos engogEd the bit ond is
riding ogoinst the beoring, there's no fr.rrther need
to u9e the storting pin. Just coniinue beding the
worfpiece from rilhi b left os shown in Fig 2.

Use siorting pin
os o fulcrum,
then pivot roil

Beoring
guides roil
qfier cul

is iniliohd
 s

Sturting Pin
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coping with the

RAIL BIT
To produce a snug, square-shouldered joint, you'll need

to rout the ends of the rails with the rail bit.As I men-

tioned, this bit forms a coped recess that fits over the

decorative profile on the "stile-cut" pieces, as well as a short

stub tenon thatt inserted into the groove.

Adjust Bit Height - Here again, the first order of

business is to adjust the height of the bit.An easy way to

do that is to use one of the pieces you've already routed

with the stile bit, set it face-down next to the bit, and use

it as a gauge.Align the opening in the bit with the groove

in the piece (see Rail Bit Senp belotu), This should make

the faces of the mating pieces fit flush.

Set Fence Opening - Since you'll be routing the

square ends ofthe rails,you can use the fence for all these

cuts. Align the fence as before, and close the opening

around the bit (see Detail).-this will prevent the narrow

ends ofthe rails from accidentally catching in the opening.

Using a Backer Board - To ensure a square cut
(and to prevent chipout on the back edge of the work-
piece), itt best to use a squared-up backer board to push

the rail through the bit. Itt also a good idea to attach

sandpaper to the edge ofthe backer board to keep the rail
from slipping during the cut (sec Illustration, bclow).

This works fine when you cut with the straight edge
of the top rail against the backer board (lnsct Plnto).tsut

when you turn the rail around to rout the opposite end
(again, face-down), theret a problem. Because of the pro-

file on the curved edge, the rail won't fit tightly against
the backer board, which will cause the wood fiben to chip
out.To prevent that, rout one edge ofthe backer board
with the rail bit.Then fit the "stile-cut" edge of the rail
into the backer board and rout the end (Photo, aboue).

Rout Bottom Rail -To rout the bottor.n rail. the
process is the same. Only here, the entire "stile-cut" edge
of the rail will fit into the recess in the backer board.

BACKER BOARD

ATo prevent chipout, fit the
"stile{ut" edge of the curved
top roil into o "roilcut" edge on
o bocker boord. When you
turn the roil end for end, sond-
poper on the uncut edge of the
bocker boord keeps the roil
from slipping [nset/.

"Roil-Cuf'Edge
(For routing the curved edgel

vtEw

Adiust fence os close
to bit os possible
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rol,tinsaRAISED PANEL

A A lorge
ponel-roising
bit creoies o
"roised" field
on the ponel.
I t  olso thins
the edge of
the ponel, so
it fits into the
grooves in
the frome.

Once the joinery for the frame is completed,you can con-

centrate on the centerpiece of the door - a solid-wood

panel with a "raised" field.This field is formed by routing

a wide profile along all four edges of the panel with a

panel-raising btt (Photo, left).

In addition to creating the raised field, this bit also
"thins" the edge of the panel so it will fir into the grooves

in the frame pieces.

Moking o Solid-Wood Ponel
The panel is made by edge-gluing several narrow boards

together.As for the thickness ofthese boards, that depends on

the panel-raising bit you're using.To determine the proper

panel thickness, check out the PanelThickness Box below.

Another consideration is the size of the panel.An easy

way to determime dris size is to dry-assenrble the ftarne.After
nreasuring the opening in the franre, add the cor.nbined

depth ofthe grooves. But dont cut the panel to that size.

You still need to take into account the expansion and con-

traction of the wood with changes in humidity.

Most of this movenlent occurs across the width of the

panel (not the length). So I allow for l/6" gap benveen the

panel and the bottom ofthe groove on each side (l/4"

overall).At the top and bottor-r-r, r,/11," clearance (l/s" overall)
is plenry.

Lay Out Arch - filis1 c111ti11g the panel to size, yor.r're

ready to lay out the arch.This is where the panel ten.rplate

you r.nade earlier comes into play.Just like the template for

the rail, it'.s used to first lay out the arch.Then, after rough-

cutting the par-rel to shape, attach the tenrplate with double-

sided rrpe, u-rd use a flr-rsh-trim bit to rrcut the panel to shape.

A RAISED PANET IN 3 PASSES

To delermine the proper thickness of he boords
thot moke up he ponel, I use the ponel-roising
bit to rout o profile in o tesl piece of 3fu"-thick
strcck. For soby, use of leost o 5" x 12" piece
of scrop. The ideo is trc moke o series of pro-
gressively deeper posses until the shoulder of
the profile mohhes thot on the frome pieces
(l/ro" in this cose).

Then Csffit the piece in the groove of one
of the home pieces, ond plone the bock side
of the test piece until it fits into the groove.
Plone the boords thot will be edgeglued
bgefier trc moke the ponel to thot thickness.

Roise bit midwoy
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"Rclslng" the Fleld
As soon as the panel has been cut to shape, it takes on that
classic, elegant look that you typically associate with arched-
top doors. Routing the wide, decorative profiles to "raise"
the field completes the transformation.

As I mentioned, this is accomplished with the third of
the specialized bits - the panel-raising bit. To produce
such a wide profile, this type ofbit is quite large. (They range
from23/+" to 31/2" in diameter.)

Slow Speed - llssxusg ofits size, this bit requires
special consideration.You'll want to reduce the speed ofthe
router to a safe operating speed of around 12,000 rpm.

Light Cuts - For similar reasons, adjust the height of
the bit to make a very light cut.The purpose is to make a
series of successively deeper cus (Illustrations, page 5 8).Each
pass will widen the pro6.1e as it thins the edge of the panel.

End Grain First, Then Edge Grain - To avoid
tearout, it's best to rout the ends of the panel first.This
way, any chipout on the end grain will be cleaned up
when you rout the edges. Generally, I start with the
arched top ofthe panel. Set the panel face down on the
router table and hold it firmly against a starting pin.
Then slowly pivot the edge of the panel into the spin-
ning bit. When the edge of the panel contacts the
bearing, Ged it smoothly from right to left.

The process is identical for the other three sides of the
panel. Once you've completed one pass on all four sides,
raise the bit and make another series ofpasses. Continue
like this until the tongue of the panel fits snugly (not
tightly) into the grooves in the frame pieces.

Assembllng a Frrlme & Ponel Door
When it comes to assembling a frame and panel door, the
most important thing to remember is the panel isnt glued
into the frame. Instead, it "floats" inside the frame, allowing
the panel to expand and contract.

Space Balls - Since the panel isnt secured, it could
shift inside the frame. So to keep it centered,I use a product
called Space Balls (Photo,ight).These are small rubber balls
that you insert into the grooves in the frame (Illustration,
right).The balls compress when the panel expands, and
they return to their original shape when it contracts,
holding the panel in place.

Finish Panel - Before assembling the door, it's a good
idea to apply a stain (ifyou're planning to stain the wood,
that is) and a finish.That way, if the wood shrinks, it wont
expose unfi nished sufaces.

Final Assembly - To assemble the door, brush glue
onto the ends of the rails, and fit the frame pieces around
the panel (Insa Phon).Then clamp acros the framg checking
to make sure it's flat (Photo, aboue).
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< After gluing
ond clomping
the door, sight
olong the
clomps to
check thot the
ossembly is
flot. lf it isn't,
genfly wrench
the clomps to
correct for
ony twist in
the frome.

- l

> Spoce Bolls fit inside the grooves in the
frome to help compensote for fluctuotions in
ponel size. They're ovoiloble in three sizes
13/t0",7/32", ond t /4ttl oI
www.SpoceBolls.com

t
t 59



.G :6 r-3l

-ib

t takes al l  sorts ofstuf l to keep a nrodem house-
hold rurrnrr-rg snrootl-rly - lawn and e:rrden sr-rp-
plies, car c:rre products, :ind recreational gear, to
narne a fi:wAnd nrost of it ends up in tl-re garaee,

often squeezing the car out of i ts r ightful place.
Now, f inding a place to put al l  these lrousehold

necessities is one thing. (Theret always roonr for one
rnore shelf,  r ight?) The real tr ick is making that
storage easily accessible, so you can actuallv find ',vhat

you're looking for.

ORGANIzERS
C)ne of the best wrys I've seen tbr eettinq a handle

on garage storaqc is ln idea that was sent it'r by Robert
l)eGr:rr,v of Kirkland,Washinston. l t ' .s a bank of t l l l ,
mobile orsanizers that line the saralie wall like grant
filir-rg cabinets (sec Plrcto, abovc).Yott sinrply pull out
one of the units, grab what you need, and then roll it
back ir .r  place.

To provide easy access, these versatile units are open
on both sides. Smallel items are stoled in the upper
part of the case. whicl'r is divided into front and back
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Construction Detoils
Overal l  Dimensions: 34" W x24" D x771/t" H

Cose
is ossembled with -

robbet ond dodo ioints

Norrow Adiust.
hold smoller items

4" Heovy-Duty
Costers

move rorge
orgonizer
wiih eose

conpartments, each with a set of narrow shelves (see

Construction Detaik above).The lower part contains

wide shelves to accommodate bulkier items.

Because these organizen have such a large capacity,

they're bound to get loaded down - so they have

to be sturdy enough to support the weight. Also,

since they're open on each side (there is no back),

they presented an interesting design challenge -

how to keep the units from "racking."

The answer to this challenge is in the construc-

tion details.A large center divider provides substan-

tial structural stability, and a hardwood face frame on

each side contributes additional rigidiry.

w o R K B E N c H  f t  r u c u s r  2 0 0 4

Mounting Plote

A These spoc*fficient goroge orgonizers give you the
best of both worlds by moking your stored items eosily
occessible while still leoving plenty of room to pork your cor.

Foce Frome

-- is ossembled with
/ pocket-screw ioints

@
Center Divider

keeps unit
from rockinj

Sturdy Hondle
mode of
iron pipe

ond fittings

/l
#8 x2"

Fh Woodscrew
/ Finish Wosher

Foce Frome
glues to lront &

bock of orgonizer
to odd rigidit'y

to unit
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A STMPLE BOX
MAKES A QUTCK CASE

Building the case is the first order of

business for these organizers. Each

case is a large plywood box that's

open on both sides. al lowing con-

venient access from two directions.

The case is very straightforward.

It's composed of wvo sides (A), a top

and bottom (B), a f ixed shelf (C),

and a center divider (D) - all made

of 3/a" plylvood (see Case Assembly

Illustration below). I used maple ply-

wood, but fir would also work fine.

Start with the Sides - The

plywood panels that make up the

case can be ripped to width on the

CASE ASSEMBTY

Thickness
oI ,3/t" ply.

(%" plyrood,
22Vz" x

table saw. But using a table saw to

crosscut such wide panels to length

presents a problem as they'd be

extremely awkward to handle.

The solution is to use a circular

saw and a shop-made cutting guide,

which is explained on page 63.

Joinery Details - After cutting

the side panels to size, you can turn

your attention to the joinery thatt

used to assemble the case. The top,

bottom, and fixed shelf fit into rab-

bets and dadoes in the sides. Grooves

in the side panels, top, and fixed shelf

hold a center divider.

@
ToP

(%" plywood,
22V2" x30"1

5ide
l3h" plywood,
22h" x72"1

Cenlrer Divider
(%" plywood,
30" x 3432"1

Here again, the large size of the

panels would make cucting the joinery

an awkward proposition on the table

saw. So I used a handheld router and

another shop-made cutting guide to

rout thejoints (see page 63).

Another thing worth mentioning

here is the rype of router bit. I used

a straight bit, as you'd expect. But

itt a slightly undersized bit thati spe-

cially made to produce snug-fitting
joints when working with 3/a" ply-

wood. (The Box on page 63 provides

more details.)

As to the routing sequence, rout

the dadoes and rabbets first. Then

rout the groove for the divideq using

the center dado as a stopping point.

Assemble the Case - Once the
joinery is complete, you're ready to

assemble the case. These large ply-

wood panels are a bit cumbersome

to work with, so you'll want to have

a helper on hand during the assenrbly

process. Also, be sure to dry-fit the

case first and n-rake any adjustments

that are needed. Then pre-drill the

holes for the rvoodscrews used to hold

it together.

When everythingt square and fits

weil, go ahead and glue the joints and

put the case together in this order: fit

the bottom and fi,xed shelf to the sides,

slide the center divider into place,

and cap i t  with the top. The

screws - together with decorative

finish-washers - act as "clamos."

Shelf

NOT[: All dodoes.
grooves, ond robbets ore cul
%" deep toltl3/q" plywood

@
Boliom

PZ" plywood,
221/2" x30"1
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plprood
TI PS & TRICKS

When wo*ing with pb^'vood, here's
more lo getting occurqle culs ond
rouling perbctfttting ioinb hon meets
the eye. These two tips will help.

Culling Guide - One of the sim-
plest ond most effedive things you
con do is to moke o cutting guide
for your rouler ond circulor sow
(Pholos, belowJ. Like its nome
implies, it guides he bose of the tool,
producing o shoight occurole cut.

Thele's nolhing complicobd obout
o culting guide. lf consislE of o ply-
wood {or hordboord} bose for the
tcolto ride on ond o wood hnce lo
guide the bol during |tre cut.

The edge of the bose indicotes the
poth of the blode {or bit). You simply
olign this edge wih
o loyout line, clomp
the guide in ploce,
ond run fie tool
ogoinst the fence.
Note: For more

informolion obout culting guides,
review the June 2004 issue of
Worl<bench or you con go lo
www.WorkbenchMoqozine.com.

Routing Perbct-Fitting Joints -
Mony plyrood cose proiects (like
these orgonizers) require rouling
dodoes ond grooves. For strength
ond oppeoronce. lhe width of these
culs musl mobh the thickness of tfre
piece ho/s going fo ftt into the ioint.

The only problem is plywood is
lhinner thon its nominol size. For
exompfe, 3/t' plywood is reolly
zs/t2" thick Thofs why it ftts loosely
in o dodo cut with o3/t' stroight bit.

One woy to get o snug-fifiing ioinl
is frc use o speciol undersized 123/sz1
shoight bit (obwel. A dodo cul with
this type of bit results in o perbct fit
ond o $rong, ollrocfive ioint Nob:

Undersized stroighl bits ore
ofso ovoiloble hr 1/t'

ond l/zn plywood.

AThese two shoight bits look identicol, but the
dodoes they cut tell o different story. The 23h2' biI
on the left creotes o tighrfitting ioint thot motches
the ocfuol thickness of 3/l' plywood. Ihe 3/t"

bit on the right produces o sloppy fit.

A With o cutting guide clomped to the plywood
ond o 4O+ooth plywood-cutting blode inslolled in
o circulor sow crosscutting this wide ponel resuhs
in o cleon, occurote cut.

<This long cutting guide is ideol for routing grooves
in o lorge sheel of plywood. Here ogoin, the edge
of the guide indicotes fhe poth of the bit. To use the
guide, loy out one edge of the groove, olign the
edge of fte guide with the line, fien moke he cut.

IT :t-,-,
: 4 t ' ,  , . !

#.r:;-

;
3ft" Stroight BitBir
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s
t
H
I tr A Heovy-duty costers

v ond hondles moke i t
eosy to pull the storoge
units out f rom the wol l . lsh"tirasins

(h" xt14"

I 
x2e3/81

#10x7u"  Fh
Woodscrew

3/a" Golv. Pipe,
l2" long

3/" Flonge

e
Mounting Plote
( % " x 4 " x 3 l " l

4" Swivel Cosier Wide Shelf
ll/t" Ply. x

217/s" x294/a"l

READY TO ROLL
With the case compiete, converting

it  into a sturdy storage unit is just a
matter of adding a couple of face

frames, the adjustable shelves, some

casters, and a handle.

Fnce Frames Firsl
As you can see in the Illustration

below, a face frame is attached to

each side of the case. These frames

cover the exposed pl1'wood edges,

but they're more than just a pretty

facade. They provide addit ional

rigidity that will help prevent the

storage unit from racking.

Since the face frames are such an

integrai structura-l element, it's best to

assenrble the franres berlore mounting

them to the case.This ensures a

strong, solid cabinet.

The face frames are made from
3/+"-thick hardwood. (l used maple.)

Each frame consists of nvo vertical

stiles (E) and three horizontal rails
(F) that are assembled using butt
joints and pocket screws (see Porkel

Screw Detail).

The face frame is sized to fit flush

with the sides and top of the cab-
inet.Another inrportant thing to nore

is the posit ion of the lower and

middle rails.The goal is to make the

top edge of these rails flush with the

suface ofthe bottom and f,red shelf.

This way, you'l1 be able to slide items

in and out of the f inished storage

Norrow Shelf
l3/a" ply. x 10Y2" x 293/s"l

/'T--a
I stile
I l3h" x2"

I  
x72"1

72u

4" Swivel
Coslrer

64
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unit without having them "catch"

on the face frame.

After assembling the face frames,

the next step is to attach them to the

case.To avoid having any visible fas-

teners, I glued the frames to the case.

Also, to reduce the nurnber of clamps

and to exert uniform pressure across

the rails, I made some tapered clamp

cauls (see Photo,above right).

Adiusrcble Shelves
To accommodate a wide range of

storage items, the case has a number

of adjustable-height plywood shelves.

Narrow shelves (G) occupy both

sides of the upper compartment, and

the lower part contains full-width

shelves (H). Solid-wood edging (I)

covers the exposed edges ofthe ply-

wood and keeps them from chip-

ping.You'll only need to apply edgrng

to one edge of the narrow shelves.

Conversely, both edges of the wide

shelves require edging.

The shelves rest on shelf supports

that fit into holes drilled in the sides

ofthe case.To keep the shelves from

nrcking, it'.s important that these holes

line up precisely. To ensure proper

alignment, I devised a hardboard

template that made this task quick

and accurate (see Shel;f-Hole Tbmplate

belaa).A strip of masking tape around

the drill bit acts as a depth gauge (see
Photo, lower right).

Add the Gaslers
To make each organizer mobile,

they re 6tted wich a set of four casters:

two fixed casters in back, and two

swivel locking casters in front.

The casters aren't  attached

directly to the case. Instead, they're

bolted to nvo hardwood nrounting

plates fl), which are in turn secured

to the assembled unit (see Caster

Detail).This takes a bit more time

and material, but ensures the casters

won't tear out when rolling over

uneven sufaces.The mounting plates

are screwed to the face frames and

the sides of the case.

HeovY-grrlY Hondle
The storage unit is equipped with a
sturdy shop-made handle that makes
it easy to pull out.

This handle is a 12"-long piece of
3/+" iron pipe thatt threaded on both
ends. @ipe is generally available already
cut and threaded to these specifica-
tions. Or your hardware store can do
it on-site for a small cost.)The pipe is
held in place by fittings called "street
Lt" that screw into flanges.The entire
pipe assembly is then screwed to the
side ofthe case. tM

A Using o slightly topered coulwhile gluing on the
foce fromes ensures even distribution of clomping
pressure. (For more on this, see page 34.)

A For occurote results, butt the some edge of the
hole templote ogoinst the foce frome /shown/ ono
the divider when drill ing the shelf support holes.

SHEIF.HOIE TEMPTATE

7a" Holes

NOTE:
Templote is
mode of7n"
hordboord

Porl otv. T w t Mqbriol
A Sides 2 Tl 22w 72u Mople Plywood
B Iop & Bollom 2 Yt" 22v" 30" Mople Plywood
c tixed Shell I lt" 22U 30u Mople Plywood
D (enler Divider I lt" 30u 343/i' Mople Plywood

E loce Frome Sliles 4 3/tr
4 2 72 Mople }|ordwood

F Foce Frome loils 6 vi' 2 27', Mople l|ordwood

G l{onow Shelves 4 3/rr
4 tov" 2f/e" Mople Plywood

H Wide Shelves 2 qi' 2lt/su 2r/d, Mople Plywood
Shelf tdging 8 ltr l14 3trlTA 2F/8" Moole }|ordwood

J Mounling Ploles 2 un
t 4' 3 l u Moole Hcrdwood

o(l ) 3/rtt 6o;u. Pipe, 1 2" long
(lhreoded bofh ends)

o(213/ot Street Lt
'l2l 3/a' Flonges.
.(24) Finish Woshers

Workbenchilooozine.com

otree (ulling Guide Plons

r(34) #8 x 2" Fh Woodscrews
ol16l s/ro'x l " Stove Bolts
r(4) 4" Costers (tnro fixed, two swivel locking)
.1241 1t /at' Pocket Screws
'1241 r /a" Shelf Supports
.(g) #]0 x r/2" Fh Woodscrews
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storage with style
GARDEN BENCH
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beautiful yard and garden

require a little bit of inspi-

ration, a lot of hard work,

and ofcourse, the prover-

bial green thumb.That's not to over-

look the basic necessities, though.You

know, the small hand tools, hoses,

and supplies you're always dragging

back and forth across the yard.

Providing a place to stow that

stuffis one of the main purposes of

this bench. Itt a spacious chest that

keeps gardening gear handy, out of

sight, and protected from the ele-

ments. In addition, it offers a place to

sit and enjoy the garden (Photo,rtght).

Since this bench sis in plain view,
it has to be as attractive as it is func-
tional. Tapered legs and through-
tenons give it a distinctive look that
accomplishes that. And to comple-
ment the clean, simple l ines, the
bench is built entirely with straight-
grained Douglas fir.

But there's more to this bench than
good lools.With its solid-wood con-
struction, through-mortise-and-tenon
joints, and tongue-and-groove
planking, this project is definitely built
to last. A penetrating oil finish,
renewed every year or rlvo, is bound
to make the bench a garden perenrrial.

Bench Lid
consists of tongue-ond-groove

plonks thot form o sturdy -

CONSTRUCTION DETAITS
Overall Dimensions: 42" W x 183/ro" O 

" 
2gtsl6" H

@o
seol (see poge 75)

Choin
prevents lid from
opening too for

37z" Gole
Hinge

Tongue & Groove Siding
encloses ends, front,
ond bock of bench

c

Through-Mortise-
ond-Tenon Joinls

connect.roils to legs

NOTE: Legs ore
mirror imoges
of eoch other

@
Upper End Roil

Topered legs & exposed
fhrough-t'enons .-

evoke Croftsmon-style-
furniture

lower End
Roil End Roils & Siding

fit into slot in
inner foce of leg

Four-Piece leg fusembly
mokes through-mortises-

eosy ond occurote
(see page 68)

NOTE: Gorden storooe
bench is built entire[
from stroight-groined

Douglos fir
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  The thick, topered legs of the
storoge bench ore mode up of
o four-piece "sondwich." This
forms the mortises ond slots
thot hold the roi ls ond sidino.

sturdy e" sWlish
TAPERED LEGS
One ofthe distinctive elements of this bench is

its tapered legs. Narrow at the top, the legs flare

out toward the bottom, grving the bench a wrde,

stable footprint.

Besides adding visual interest, the legs -

together with rwo long rails - frame the {iont

and back panels of the bench (see Construction

Details on page 57).The upper rails fit into

through-mortises in the top ends of the legs,

and a large through-mortise near the bottom

accepts the lower ralls (Photo, left).

In addition to these mortises, each leg has a

long, vercical slot in the innerfact.Tlns slot holds

the shorter rails and siding that make up the end

panels of the bench. Finally, a slot in the inncr
(untapered) edge of each leg accepts the rails and

siding that form the front and back panels.

Now, I know it  probably sounds l ike i t

would be a pretty t inre-consunring task to

cut all these mortises and slots. Not to nren-

tion the difficulry of cutting the large through-

nrortises accurately.

tEG ASSEIUBTY
@

Upper Core
l!/t, x 43/a,, x l0%,'l

@
Outer Foce
[/2" x5"

x 20")

)

NOTE: Legs ore
mirror imoges
(right-front ond

left-reor legs
shown)

Four-Piece "Sandwich" - So to simplify

things, the legs are built up as a four-piece
"sandwich."As you can see in the l4Assembly

illttstrarion below ir consists of a I/2"-rhick inner

(A) and an outer face @) with a 3/+"-thick upper

(C) and lower core piece (D) in berween.This

layered design not only provides an easy way to

n-rake the joints - it ensures accuracy as well.

Mirror Images - Although the leg pieces

are identical, the legs themselves are mirror

inrages of each other (Photo,left).That's impor-

tant to keep in mind, so all the joints end up

in their proper locations.

Stopped Slots - After cutting all the leg

pieces to size, the first step is to cut a long
"stopped" slot in each inner face.This is the

slot that holds the rails and siding that r.rrake

up the end panels ofthe bench.

A table saw and a 3/+" dado blade make

quick work of cutt ing the slot.  But since i t t

a stopped cut, the blade wil l  leave a radius at

the  er . rc l  o f  the  s lo t .  That ' s  no t  a  b ig  dea l

!-- 5' -]
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though - it will be covered by the lower core piece

when the legs are glued together. Of course, the curved

end of the slot has to face inward.And since the legs are

mirror images, you'll need to make fivo separate table

saw setups (see Figures 1 and 2).

Glue-Up - Now you re ready to glue the preces

together to make the legs. Since this is how the joints are

created, proper alignment of the pieces is crucial.

To that end, I used a couple of scrap pieces as tem-

porary spacers (kgAssembly Sequence). One spacer forms

the lower through-mortise. The other maintains the

width of the slot in the inner face.Just be sure to apply

wax to the spacers to avoid gluing them permanently.

Speaking of glue, don't get carried away and apply too

much. If glue squeezes into the lower mortise, it will be

difficult to clean up.A thin filrn ofglue is all that's needed.

Cut Legs to Shape -When the glue dries, simply

lay out the tapers on the legs and cut them to shape on

the band saw (Jpper Photo,right).Don't throw the waste

block away. It comes in handy later on when gluing

the legs to the lower rails. Finally, cleaning up the saw

marks on a jointer completes the legs (Photo, right).

< After loying
out the toper,
cut the leg to
shope with o
bond sow.
Sove the
woste block -
i t  wi l l  come in
hondy loter.

< To remove
the sow morks
on the topered
edge, run the
leg ocross o
iointer. Toke
severol light

Posses to
creote o cleon,
cr isp edge.

|TEP l: Glue lo*er
core lo inner foce

SIEP 5: Glue ond
clomp outer foce

in ploce

STEP 3: Glue upper core
to inner foce; olign bock
edges, creoting 57g"-wide

slot ol tront STEP 4: Remove
both spocers'

This spocer
( % " x 3 " x 8 " |

forms through-morlise
NOTE: Sove the

woste block
This spocer

l/2" x3/4" xl6"l
moinl,oins width of sloi

NOTE: Apply wox
to spocers to qvoid
gluing them in ploce

STEP 6: Cut
toper on bond sow
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rails form rigid
FRAMEWORK

As I mentioned earlier, the long rails of this bench form
a strong interlocking connection with the legs. This
creates a rigid frarnework for the front and back panels

of the bench (Photo, Ieft).The long through-tenons on
the rails also help to give the bench its distinctive look.

The upper and lower rails are cut from 2x stock.To
prevent them frorn warping after the prqect is assem-
bled, be sure to select straight-grained boards. Often,
searching through a stack of 2x10s or 2x12s will turn
up a board with a wide section of straight grain near the
edges that will yield rails of the proper width.

Sizing the Rails - Speaking of that, note that the
rails are two different widths.To achieve a pleasing pro-
portion, the upper rails (E) are narrower than the lower
rai ls (F).As for length, the rai ls are identical (38" long).
I know, the upper rail appears to be longer, but thati only
because it extends farther past the taoered sides of the

ATo creote porollel clomping surfoces, slip the ongled woste blocks legs than the lower rail.
from lhe legs over the protruding tenons of the roils. Note: Glue the Time for Tenons - The next srep is to cut the
lower roil only (not the upper roil) into the legs ot this point. through-tenons to fit the morrises in the legs (??rrorr

tEG & RAIL ASSEMBTY
o

Front/8ock Upper Roil
TEG

(left-front or
llVz" x23/4" x38"1

NOTE: Upper roil is dry-fit only
os o spocer. Do not glue ot ihis time3/g'! s1s'

Tenon-..  f  l  1,1-3le"

Front/Bock lower Roil
( 1 7 2 " x 4 " x 3 8 " )

3 / 4 " x 3 " x 5 u

Tenon '|_t_W

For routing tips,
see poge 36 4y2"
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Detai ls, page 70). Notice that the

tenon on the upper rai i  has three

shoulders compared to four on the

lower tenon.This way, it wili fit flush

with the top of the legs.

There are fi,vo main goals when

cutcing these tenons. For a srrrcDgjoint,

the shoulders of the tenon mllst seat

squarely against the leg.And second,

the tenon should fit into its nrortise

with a "friction" fit. To accomplish

those things, I used the tool setups

shown in the Box below

Upper Rail  Detai ls - After

cor-npleting the tenons, you'11 need

to cut a groove in the bottor-n edge of

the upper rails (Croove Detail, page 70).

This groove accepts a tonglle on the

siding that will be installed below it.

Next, to create a decorative accent,

nriter the lower outside corner of each

tenon (Tenort Dctail, Upper Rail).

It'.s also a good time to rout the

hinge nrortises in the back rail only
(see Hirr.gc Dctail and tip on pagc 36).

Bevel Lower Rail -The lower

rail also needs attention.To help shed

water, theret a wide bevel cut on

the top edge of this rarl (Photo, right).

Assembly -At this point,you're

rcady to begin assenrbling the bench.

I say "begin" because only the lower

rail is glued to the legs at this tirne.

The upper rail will be glued in place

aftcr a\I the panel siats are added. Still,

to prevent racking, itt important to

dry-fit this rail into the assembly.

As for glue, be sure to use a

waterproof glue l ike

T i tebond I I I  o r  Gor i l la

Glue.To avoid a messy

clean-up, spread the glue

only on the part of the tenon

housed in the rnortise. Slide the rails

into their respective mortises. Then

clamp the asser.nbly together (Pftolo,

page 70). Note l.row the waste blocks

cut earlier fiom the legs create par-

allel surfaces that keep the clanrps
from slipping offthe angled legs.

A After t i l t ing the sow blode to 20",  r ip o wide
bevel on the top edge of the lower roil. This bevel
will help shed woter once the proiect is ossembled.

A DEFINE SHOUTDERS OF THE TENON
A toble sow mokes it eosy to produce squore-shoul-
dered tenons. Clomp o block to o fence on the miter
gouge to ensure occurocy when cutting shoulders in
the edge (Fig a)ond then the foce (fig b)of the roil.

w o r { K B E N C T H  f t  A U G U S T  2 0 0 . 1

A CUT TENON CHEEKS
With the roil sitting on
edge, cut the cheeks of the
tenon on o bond sow. A
fence guides the roi l  os you
cut the cheeks, estoblishing
the thickness of the tenon.

^TRIM TENON TO WIDTH
With the roil foce down on
the bond sow, trim the
tenon to width to fit into the
mort ise. Here ogoin, o
fence ensures stroight,
occurote cuts.
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Gluing the lower end roi ls to
the  legs  comple tes  the  second
phose of the bench ossembly. To
ensure o squore ossembly, oll four
upper roils ore dry-fit into ploce.

a simple structure
TAKES SHAPE
There's r 1-roint in cvelv ploject u'hclc i t  ler l lv begrns
to t:rke shrrpe. For this outdool stol':lge bencl-r, tl-rrt point
ts rvhen the fi:rnrcs fil' the fi'ont :rncl brck p:rnels lrc con-
Ircctccl bv the e'nc1 rills (Pltoto, ltJi).

End Rails -Thc upper ((i) mcl lorver c.ncl rlils (H)

s]r:u-c n lrurrrber of sinrill'ities lvith thc fl-ont and blck r':rils
(sct '  I l l rrstrt t iott  /rclorr,).  Herc .rg:r in. thr.v) 'c rnlr lc fkl t i  2x
I)ouql:is f}'.And rs bcforc,tu,o cliflclcnt rail r,vicltl-rs nrrtke
lor plerrsinu plopolt ions. (Thev nt l tch thc- colresporr-
ci ing rvic' l ths of thc f iont rrncl back mils.) Finrl ly, a sroovc
'in thc uppcl cnd llil ;rncl l rviclc bcvel in thc lorvcr c.rrd
r ' :ul  contirrucs this closc rcscntbl lurcc (stc l) t : tai ls ldotr,).

Stub Tcrrons -Th:rt, hou'evcr', is rvhcrc tlre sirrri-
llu'itv cncls. Instclrl of t]rlotrgh-tcnor.rs, thc llils lre joinccl

to the lcqs rvit l -r  sttrb (short) tcnons. Thcsc tcnons f l t
into thc vcrt ic:r ' l  slots irr  thc ir tncr faccs of thc lcgs.

A qtr ick uri lv t() cut thc stub tcnons is to r.rsc l  chclcr
blrrclc rrronrrtccl in thc tablc srnv ( l . t tr  t t tort,on t l t is,s(,(, t l t(
l i r .r :  ol  |r1qr'  7-1.) Hcrc lgrr in. thc upprr cnd r;r i l  qets:r

thlcc-shotr lclclcr ' l  tcnon, rvhi lc thc tcnon on thc lorvcr '
cnci r ' :r i l  h:rs s]rouldcrs ;r l l  t l rc n' lrv rr lound.

Assembly - ()r)cc t]rc sttrb tcnons l l rc coruplctccl,
youi 'c rc:rcly to bcqin thc scconcl ;r lrrrsc of thc :rssenrbly,

END RAILS & SIATS VIEW

@
lower End Roil

(7V2" x4" x|43h"1

#8 x l7a" Fh
Stoinless

Steel
Screws

Stub tenons
slide into

slots in legs

Vt" groove,
3/a"deep

Siub Tenon
(see detoils

ot left)

Completed
leg & Roil
Assembly

(see poge 7l )

@ @
Upper End Roil

l1t/2" x23/a" x143/n"l

)h.\ (-----'--.-lfljy>'\r,, ,-"*,
t 3/a" deep

ll
li"
il
'- 3/4"

Stub ienon

+, %o']-

7 { - t  ^

CY' Stoinless Streel

Bottori-Cleot Screws
(3/+,' x lh', x2g',1

72

/ #8x11A" Fh
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that is, connecring the front and back

frame assemblies with the end rails.

Like the first phase, the idea is to

glue the lower end rails only to the

legs. Once again, the upper rails on

the sides, front, and back are dry-ft
(not glued) to ensure a square

assembly (Photo, page 72).

Add Botlom Slofs
After removing the clamps and the

upper rails, the next step is to add the

slats that form the bottom of the

storage compartment.

Slat ConstrucSiqn - The slats
(I) are made from 3/4"-thick stock.

They're simply ripped to width and

then crosscut to length to fit benveen

the lower front and back rails.

In order to fit around the 1egs,

you' l l  need to notch the outer

corner of each end slat (Notch Detail).

A jig saw makes quick work of that.
Before installing the slats, it's eas-

iest to pre-drill the mounting holes

in them. These holes wil l  be used

when attaching the slats to the cleats,

which are added next.

Support Cleats -The slats are

supported by 3h"-thick cleats (f) that

are attached to the lower front and

back rails.Align the cleats flush with

the bottom edge of the lower rails,

and fasten them with screws. I used
stainless steel screws here (and also
for the slats) to prevent rust from

staininE the wood.

Install Slats - Now it's just a

-rgl".6fin51alling the slats. For ven-

tilation, leave a small gap berween

each slat.Working from the ends of

the compartment, space the slats

evenly, and fasten them to the cleats

with stainless steel screws.

AStub {short)
tenons on the
end roils ore
cut to fit
snugly into
slots in
the legs.

One of fie quickesf ond eosiesl woys to cut o
$ub bnon is with o dodo blode mounted in o
toble sow. This requires o twoport setup.

Firsl, the dodo blode is "buried" in on ouxil-
iory fence, which is oiloched b the rip fence of
the sow. The portion of the blode thofs exposed
equols the length of the tenon.

The second port of the setup is to odiust the
blode height lo cul the shoulders of the tenon.
Here ogoin, the upper end roil (shown ot right)
hos firee shoulders, ond the lower roil hos four.

ln either cose lhough, you'll need to moke two
height odiuslments - one for the shoulder cut
in the edges of the roil (Fig. lJond onolher for
the shoulder cuts in the foces fig. 2).

For o squore cul, the workpiece is guided by
o miter gouge. Butt the end of the piece ogoinst
the ouxiliory bnce ond hold it firmly ogoinst the
miter gouge os you moke o cut.
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A Interlocking tongue-ond-groove boords creote
the old-foshioned "siding" thot encloses the storoge
comporiment of the bench. Slip the siding pieces into
the slots in the legs, ond then top them into position.

tongue-and-groove

The storage compartment of this
bench is enclosed with what resem-

bles old-fashioned "car" siding -

interlocking tongue-and-groove

boards with a decorative V-shaped

groove running along the joint line.

This siding can be made easily in
the shop. First,  however, a quick

overview ofhow it all goes together.

Sldlng Made Simple
On the ends of the bench, the siding
(K) fits into the slots in the inner faces

of the legs (SidingAssembllL).The front

and back siding (L) fits into the slots
in the inside edges of the legs.

Tl-rere's no need to cut any addi-
t ional joinery on the ends of the

siding. Simply cut the sidir.rg fronr
3/+"-thick stock (the width of the
slots), and it should fit nice and snug.

Tongue & Groove Joints -

After ripping the siding to width and
cutring it to length, you can tllrn yollr

attention to the tongue-and-groove
joints. Note that the top edge of each

piece gets a tongue. And, with one
exception, the bottor.r-r edge is
grooved to fit over the tongr.re.That
cxccpt io r )  i s  the  bo t to r r r  p iece  o f

siding on all four sides of the bench.
It's beveled to fit against the corre-

sponding bevel or-r the lower rails.

The ro r tgue-ar rd -groove jo in ts

can be cut quickly and easi ly on a
table saw, a technique thatls detailed

on pase 34 .  A lso  inc luded is  an

explar-ration of cutting the char-nfers.
Install Siding - Qn6s the siding

is  comple ted ,  ins ta l l ing  i t  goes

quickly - just sl ip the pieces down
into their respective slots and tap

SIDING €, SEATI NG

SIDING ASSEMBTY

End Siding
l3h" x3Vz"
x 143/t"l

\(t
Front
Siding

l3h" x3Vz"
x29"1

FIRSI: Top siding
into ploce

(Photo obove)

SECOND: Adjust spocing
to ol ign siding,

then pin them to legs
(Fostening Detoil)

THIRD: Glue in upper roils
(front ond bock roils first,

then end roilsl

Siding (FXr/Bock) 
![eg AssemblY
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them into position.You rnay have to adjust the vertical

spacing of the siding a bit.The whole idea is to align rhe

pieces all the way around the bench.Then use brads to
"pin" the siding pieces in that position (Fastcnirry Dctnil).

Attach Upper Rails - Once that! accomplished, rt's

time to permanently attach the upper rails to the legs. Like

the lower rails, they're glued in place (SidingAssutfull,).

Lid Doubles ers c Sturdy Seat
The top of this storage bench is enclosed with a l id

that serves as a seat when i t i  closed.

Tongue-and-Groove Planks -The lid is conrplised

of four l/+"-thick tongr-re-and-groove planks that are

held together with wood cl,eats (Lid Assembly).

Note that there are nvo different widths ofplanks.The

rear plank (M) is l/8" narrower than the other three

planks (N).Tl-ratt because it doesn't have a tonsue like

:rll the other plarrks. For that s:lnre re:lson, the exposecl

edge of the rear plank, as well as the fi'or-rt plank, is le fi

square (Lid Constructiort).

As fbr the tongue-and-eroove joints, they're iden-

tical to the siding, including the chamfered edges tl.rat

fornr theV-shaped grooves (Tbngue and Croove Dctnil).

Assemble the Lid - Once the joinerT is completed,

you can assemble the 1id. To prevent moisture fi'or.r-r

working its way through the joints, apply a bead of sili-

cone sea-ler in the grooves of the planks before you fit thenr

together. Then clamp up the lid and attach the thrce

wooc'l cleats (O) wifi screws (Top Cleat).

Finishing Touches -To protect the wood, I applied
two coats of a penetrat ing oi l  f inish. 'Wherr i t  dr ics,
h inee the  l id  to  the  bench lnd  . rdd  a  cha i r r . t f f i

Top Cleots

Front & Middle
Plonks

(314,'x47/s', x42,'l

Port otv. T w t Moleriol
A Innet leg [oce 4 l /  |

t7 5" 20, Douglos tir
B 0uler leg toce 4 l l r rt2 5tt 20, Douglos fir
c lJpper leg (ore 4 J/r'4 4%,' 101/^' Douglos fir
D lower Leg (ore 4 U t lt4 5" 4k" Douqlos th
E Upper Roil (tron/Botk) 2 lth 23/o" 38" Douglos tir
F Lower Roil (Fron/Bork) 2 rh' 4 38" Douglos [ir
G llpper Roil (Ends) 2 lVz" 234" 143/4" Douglos Fir
H lower Roil (Ends) 2 lt/t" 4', lAyL" Douglos Fh
I Bottom Slol 8 3/ tr/4 33/s" 14y8" Douglos Fir
J Bottom (|eot 2 Jln/4 lt/o" 28u Douglos Fir
K Siding (Ends) 6 3/t l

t4 3u" 143/4' Douglos Fir
t Siding (hon/Bock) 6 y r l

,A 3v 29u Douglos Fir
M Plonk (Reor) 3 J/n

ta 4t/2' 42', Douglos Fir
N Plonk (Front/Middle) I 3t rl 4'/s" 42" Douglos Fir
o Iop (leol 3 3tj 11/t" 133/^" Douglos Fir

" Titebond lll wood Glue " (32) lt/a" gpql5
' (82) #8 x 1r/a' '  Stoinless '  ( l  )  Tube OSI Si l icone Seoler

Steel Fh Woodscrews . (1) 15" Choin for Lio
, l2l 31/2" Gote Hinges r Wotco Penelroting Oil Finish

.o&*.r*-
\2Extras

Workhmhilooozine.rom

Gorden
Benrh
(ulting
Diogrom

TOP CTEAT

7s" chomfer
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Dust Collection
ROUIUD.I'P

f the letters, emails, and phone calls I've been receiving of late

are any indication, then concerns over dust in the woodshop

have become paramount to many woodworkers. Theret litde
question these days that wood dust is a very real health con-

$s
f;
T
1

< cYc[oNE
Cyclones ore the best
opfion, but not the
only option, for dust
control. Detoils of four
dust collection systems
begin on poge 28.

cern for woodworkers. (At least three public health agencies have

classified wood dust as a carcinogen.) And along these lines, I get

a lot of inquiries about how much or how little dust control is

enough.There seems to be a lot of confusion over how to com-

pare one dust collector to another.

Of coune, there's no "one size fits all" dust collector. Diflerent shops

and different budges require a variety ofsolutions. I've divided those

choices into four categories,which are described in detail on the fol-
lowing pages. In considering each of these options, itt important to

weigh their costs relative to their capabilities and limitations.

As to side-by-side comparisons of dust collectors, the most

telling information can be found in their performance curves.
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These simple graphs show how the

volume of air moved by a dust col-

lector (indicated in Cubic Feet per

Minute or CFM) is affected by an

increase in pressure, as when drawing

air through a system of ductwork.
(This is measured in Inches of Static

Pressure, abbreviated as SP.)

The sample curves peloz) show

how rwo systems with simiiar CFM

ratings fare quite differently as static

pressure increases. (Performance

curves for most dust collectors are

available by request from manufac-

turers.) The table on page 76 shows

the airflow required to eflectively

collect dust from the most popular

woodworking tools.

Keep in mind that every foot of

ducrwork and every fitting increases

the pressure that the dust collector

must overcome in order to main-

tain adequate airflow. So it's crucial

that ducnvork be constructed as effi-

ciently as possible.

In that vein, the Sidebar at right

provides some basic guidelines for

getting the best performance from

your dust col lector. While these

guidelines are most pertinent to cen-

tral systems, the principles remain

the same for collectors of all size.

l'\

Me|ol
Duct Tope

Adlustuble Elbow

Blost Goe

This groph shows represenblive perfiormonce curyes br two pop
ulor types of dust collecbrs. Notice thot both collectrcrs hove o
moximum oirflow of opproximobly 1,150 CFM. As pressure
increoses, the CFM of eoch tool declines correspondingly. Also
no|e the sbeper decline of fie curve br fie singlednge colledor.

At first glonce, the difhrence in fie curyes seems negligible.
However, if you consider ol whot point he collectors foll below
550 CFM (the oirfow typicolly considered minimql for col-
lecting dust ot o toble sowl the difference in the mochines
becomes more meoningful. The singledoge collecior folls below
this threshold ot opproximotely 51/2" oJ shtic pressure. The
cyclone reoches lhe some point ot oboul 61/zn of SP. Agoin,
on opporently insignificoni difhrence. But consider thot o mere
I " of SP difference represents olmost l5 feet of 4" ducl, ond
the cyclone's odvontoge is cleor.
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Cleor Flex Hose

FUNDAMENTIITS

SHORT & STRAIGHT
The duct between tool ond collector should

be in the stroightest possible line ond os short os
os you con moke it. When moking turns, try to
use 45" fittings insteod of 90' fittings.

1} USE DUST.WORTHY DUCT
,r , PVC pipe ond HVAC duct do nof moke

good dust collection duct. PVC creotes for too
much odditionol pressure ond HVAC duct is too
thin to withstond the pressure of o dust collector.

SEAI Att THE JOINTS
A smoll leok in the duciwork con hove o

huge impoct on the efficiency of your system. All
connections should be seoled using either metol
duct tope (good) or silicone seolont (best).

UsE BTAST GATES
Blost gotes ensure thot you're only

drowing oir through the tool in use. Instoll blost
gotes ot every tool bronch ond then use them.

:t  
Besides coptur ing o lot  more of the

hormful dust, o finer filter increoses the efficiency
of your dust collector. Thot's becouse, olthough
the holes in o fine filter ore smoller, there ore o
lot more of them. Thot ollows oir to poss more
freely through the filter, creoting less pressure
for your collector to overcome.

INCHES OF STATIC PRESSURE
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HOW IT WORKS
In o single-stoge
collector, oll dust ond
chips poss through the
impeller. Lorge dust
porticles ond chips
collect in the lower bog
ond finer dust is filtered
os oir exhousts
through the
upper bog.

SINGTE.STAGE
COTLECTOR
Single-stage dust collectors like the one rep-
resented here continue to be the most pop-
ular choice for the home woodshop. There
are a number of reasons for this.

Fint is the relatively low cost.The.fDS Dust-
Force shown on these pages sells for $299 plus
shipping. That's about one-half to one-third
the cost of similarly sized cyclone units.

Second are the very satisfactory perform-
ance characteristics. This 11 / 2-hp unit boasts
1,250 CFM (before factoring in any static
pressure - remember the performance curve)
and 42 pounds of dust collection crpactty.
This is more than adequate on both counts for
most home woodshops.

A couple more reasons for the popularity
of single-stage systems are their ease of setup
and versatiliry.'Whether your shop consists of
a couple ofstationary tools or an entire garage
full ofdust-raising woodworking machines, a
single-stage collector can be configured to
manage the dust effectively in short order.

Right out of the box, most of these col-
lectors have casters on their bases. So it isn't
necessary to run an elaborate system ofduct-
work in order to put the collector to work.You
can simply roll the collector from tool to tool.

As an alternative, most single-stage col-
lectors come standard with aY-connector so
you can connect more than one tool at a time.
By using blast gates and a couple lengths of
flex hose (rypically not included) this can cut
way down on the number oftimes you'Il have
to change the hose from one tool to another.

There are, however, some limitations to
single-stage collectors such as this one. Some
of those limitations can be remedied (seeThree
Ways to Enhance Performance on page 79),wbie
other frailties arejust part and parcel ofsingle-
stage design.

The most limiting factor of single-stage
collectors is the fact the the impeller must be
able to withstand the constant impact offlying
debris fty definition, euerything that goes into
the ductwork passes through the impeller of
a single-stage collector). For this reason, effi-
ciency takes a back seat to durability in the
construction of a single-stage impeller. Which
is a big part of the reason these collecton suffer
a more rapid decline in performance when
compared to tvvo-stage cyclone collectors.



Severol oplions ore ovoil-
oble fo improve on the 3O-micron
filter bog thot's stondord fore on
singlestoge collectors. Be/ow is o
l-micron filter bog with o plostic
lower bog (this forces oll the oir
firough the filter bog). At nghf is
o conister filter roted to trop por-
ficles os smoll os .5 microns.

nr$-Forec

I By removing the YJitting
(Photo, below) ond connecting
the ductwork directly to the col-
lector, you eliminote on unnec-
essory reslriction ond ore oble
to stort with o lorger diometer of
duct. (Eoch bronch of the Y is 3"
in diometer. The trunk hos o 4"
diometer.)

The conister filter not only cop
tures smoller porticles thon o bog,
but olso increoses f i l ter oreo
olmost 600%.

Centrolly locoted systems
should olso include o seporotor
(lllustrotion, nght/. This effectively
turns o single-stoge collector into
o twostoge collector, which hos o
couple odvonloges.

First, lhe lorge chips ore col-
lected in the seporolor before they
con impocl the impel ler,  which
lessens domoge to the impel ler
ond extends its useful life.

Secondly, emptying the
gorboge con thot serves os ihe
chip collector is much eosier thon
removing the lower bog from the
collecfor itself.

Chip
seporotor

Dust ond
chips hom

iool

Fine dust
posses
through
impeller

Fine dust
continues on

to fiher
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A HOW IT WORKS
Dust is drown directly into the gorboge
con, where heovy porticles settle. Fine

dust is coptured in the conister filter.

' ,  j  . f i

lmpeller

A HOW IT WORKS
Both heovy chips ond fine dust ore drown
directly through the impeller. A single bog
functions os both chio collector ond dust
f i l ter on units such os this.

Exhoust
Port

Roll-Around
Tube Frome

TWO.STAGE
This two-stage collector cornbines

space-savine portability (provided you

use a rrash can with casters on it) with

the pe rforr-nance of two-stage dust

collectior.r ( Phot o, ri,ql t t ).The collector

firs 20-gallon steel ppr-bage cans or 32-

or 40-gallon plastic cans.The weight

of the collector is enough to hold it

firnrly in place and create a tight sea1.

Large chips are coliected in

thc tr lslr  c:rn (nor int ' luded),

:urd fine dust is capfured ir-r the car-

tridge filter before the air is recirculated

into the shop (-scc Hotu it Works, at lqft).

You nrigl'rt think thrt the snrall

filter will require constant cleaning,

but that isn't the case.The efficiency

of rwo-stage dust collection, and the

surprisingly larg5e filter area inside the

cartriclge nrean you'll only need to

clean the filter after every third or

fourth time you empry the trash can.

The one drawback to this unit is

having to lift the heavy, awkward

collector off of the trash can each

time you empry it.

<r

COMPACT
i;'J' 

f.i
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This is the most affordable rype of
dust collector available. Not surpris-
ingly, its effectiveness is limited. In
fact, this type of collector offers more
in the way of convenience than it
does in efFective dust collection.You
won't have to sweep your shop as

often, but don't count on this unit to

maintain a safe level of air quality.

The bag shown here is rated for 1-

nricron, which is finer than the bags

of most similarly sized units. But even

at this level, airborne dust escaping

through the bag is a real concern.

Because these unis are designed to

be compact, impeller size is restricted

compared to the larger models. The

result is a steeper decline in the

performance curve as pressure
" is increased. For that

reason, these coliectors are

intended to be connected

directly to a single tool.

The size of the bag also

its the usefulness of this col-
A planer orjointer will fill the

bag too quickly to make the unit par-

ticularly usefi.rl. Nonetheless, for under

$200, these units do have their place

in the small shop.
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CYCLONE
TWO.STAGE WITH A TWIST
Cyclone dust collecton are inarguably
the best dust collection system you
can install in your shop.Their supe-
rior performance and their name
come from the cyclonic action illus-
trated in How itWorks on page 83.

The efficient separation of dust
from air means the impeller in a
cyclone collector can be designed to
generate maximum airflow without
considerarion for sustaining impact
from flying wood chips. This gives
cyclones a much better performance

curve and makes them highly effec-
tive even when connected to an elab-
orate system of ductwork.

Filtration can vary between man-
ufacturers.The Oneida we purchased
uses a pleated cartridge filter that

captures 99.9% of dust part icles

down to .2 microns.

Clearly there is no need and no
means to improve the performance

of a cyclone collector with add-ons.
You can, however, choose befiveen
an internal fiher (Illustration, page 75)
or an externalfilter (Photo aboue and
Illustrution on page 83).

There is litde in the way of per-
formance difference berween these
two options.The real differences are
space utilization (the external filter
takes up a lot of room) and conven-
ience (cleaning the internal filter
means taking the cyclone apart -

see Oneida's tip for easy reassembly in
the box on page 83). Cleaning the
external filter calls for blowine the

AAlthough often configured os o centrol
system, os shown here, cyclones con be
used os portoble systems.

pleas clean with an air hose and emp-
rying the dust pan.

The cost of a cyclone, and the
misperception that they must be used
with a frrlly-plumbed system of duct-
work, often lead home shop users to
consider less costly (and less effec-
rive) means of dust control.

Contrary to popular belief,
cyclone collectors do rzol have to be
connected to a complete system of
ductwork to be usefirl.An econom-
ical way to get started with a cyclone
is to mount the unit on a mobile
stand (available from Oneida) and use
itjust as you would a portable single-
stage collector.fu budget allows, you
can add ducrwork and blast gates a
little at a rime.
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A HOW IT WORKS
Debris enters the borrel ond is seporoted in o
"cyclonic" streom of oir. Lorge dust porticles ond
chips foll into the bin ond finer dust is fropped in
the cortridge filter.
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To sove spo€e, Oneido cyclones con be config-
ured with on inbrnol filter. The hodeoff is thotyou
musl remove fie meirl cone of the cyclone ic occess
ond cleon the filter. The reolhiclq though, is getting
the cone bock on. Oneido offers this odvice.

<INTERNAI
FITTER
REMOVAL
Disconnecl lhe
cone ond move it
oside while you
remove lhe
internol fiher for
cleoning (Fig.l).
Once removed,
blow the pleoted
filter cleon with
compressed oir.

A USING SUCTION TO CONNECT
To reoiloch the cone ofter instolling the cleon filter,
first moke sure oll of the blost gotes ore closed.

Then turn the cyclone on ond let the suction drow
the cone tight ogoinst the borrel Fig.2). The suction
will hold the cone tight ogoinst the bottom of the
borrel ond ollow you to use both honds to reottoch
the snop ring (Fig.3).

lmpeller
Designed to

creote moximum
oirflow

Mounling
Brocka.

I Bonel
ond
Cone

Combine lo creofe
"cyclonic" oir skeom
which removes 99%
of dust from the oir

Flex Coupling
Exponds or conlrocts

so cyclone will fit under
most ceiling heights

Fine Dust Bin I
Removes eosily
for emptying

NOTE: Some informotion
oresented in his

illuslrotion is specific
io Oneido Cyclones

ond moy nol represenf
producls from

other monufocturers.
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build'o-shed
FAST FRAMER KIT
Building even a simple structure
like a backyard shed can be dis-
couraging if you can't figure out
how to put together sections like
the roof framing. In fact, it might
stop you from building it at dl.

A solution to this dilemma is the
Fast Framer Kit, which simplifies
the process of framing a small
building. Metal brackets hold
dimensional lumber (not included)
at the correct angle, eliminating the
need for making tricky miter cuts.

One kit ($50) includes the direc-
tions to frame a 7-ft. x 8-ft. shed. as
well as 24 anf,,e brackets and 12

stud brackets. Once the frame is
complete, you can install a variety
of rcofing and siding materials.Tools
you'll need include a hammer,
screwdriver,/drill, saw, level, square,
tape measure, and a ladder. In addi-
tion to sheds, you can use Fast
Framer Kits to build greenhouses,
playhouses, or even doghouses.

For more information about
Fast Framer Kits, contact
G&T Sales at 406-
849-5138, or
visit them at
www.ProFrame
Kits.com

ASimplify the froming of
o smoll building with the
Fost Fromer Kit. lt uses
metol brockets fshown
in the Photos above and

left) +o put on end
to tricky miier cuts.

eqsy-qccess sloroge

The Pull-Down Shelving System
from Rev-A-Shelf eliminates the
need for a step stool when trying to
reach the upper part ofa cabinet.

These spring-loaded units pull
out from the cabinet and elide

A The Pull-Down Shelving
System from Rev-A-Shelf brings
hord-to+eoch items in the
upper port of o cobinet down
to o more occessible height.
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PULL.DOWN SHETF

down to provide easy
access to those items
that always seem to
be out of reach.
Assisted by gas-filled
struts, the shelves
operate smoothly
throughout their full
range of movement
(743/4" out from the
cabinet, 10" down).

The chrome-plated shelves are

durable and a snap to clean. Rubber

handles on the shelves make it easy

to raise and lower the units.

The Pull-Down Shelving Sys-

tem comes in versions designed to
fit 24"- or 36"-wide cabinets. and

sells for between 9160 and 9170
per unit. It can be mounted on the

sides or bottoms of cabinets.

Rev-A-Shelf products are avail-

able at home centers, but you may
have to special-order these units
from a store's kitchen depart-

ment.For more information, visit
www.Rev-A-Shelf.com, or cal l

800-626-1126.
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no foolin'
NO.TOOL BLADE CHANGE

Changing a blade

A PorterCoble's new circulor sow simplifies blode
chonges. Just push the orbor-lock button on top, ond
rotote the blode clomp to loosen or tighten by hono.

on a circular saw can
be a hassle.Thatt not the
case, however, with the
71l+" Quik-Change Mag-
Saw from Porter-Cable ($129).
The process takesjust seconds, and
no blade wrench is needed.

Just push the arbor-lock button on
the top of the saw, flip out the lever on the
blade clamp, and rotate the clamp counterclockwise by
hand. Remove the clamp, along with the flange that
goes between the clamp and the blade.'With a new
blade in place, simply replace the flange and rotate the
clamp by hand in a clockwise motion until itt tight.

Other highlights of the saw include a body and base
made of magnesium, a powerful 15-amp motor, and a
built-in dust-exhaust port. It comes equipped with one
of the company's new carbide-tipped Razor blades.

For more information, visit www.Porter-Cable.com

ATwo nice
feotures of the
Mog-Sow ore
o bose thot
tilts for miter
cuts up to
50o, ond o
swivel port
for dust
collection.

o different kind of cordless
BRINGYOUROWN PLUG

A A hook
on top swings
out ond locks in
ploce, ollowing you
to hong the sow on
o rofter or other froming member
between cuts. A lever on the
bose locks in miter ongles.
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Rofier
Hook

I'll admit it. I've done some prety bone-
headed things - like accidentally cutting

off the power cord of my circular saw.
Normally, that would render the saw
unusable until the cord is replaced.

If this happens with the CS20 Circular
Saw from Bosch, however, you can keep on

working.You see, the saw doesn't have its own
power cord. Instead,just plug an extension

cord into the sawt handle, and you're in
business. Not having an attached cord
also means it's easier to store the saw.

The CS20 ($140) has a 15-amp motor
and a composite base thatt designed to stay flat.

A convenient rafter hook lets you hang the saw on a
framing member between cuts.

Also, an onboard blower disperses dust, making it
easy to see layout lines as you cut. For more informa-
tion, visit www.BoschTools. com

A The CS20 circulor sow from
Bosch Tools is "cordless" only
in thot you ottoch your own
extension cord to the plug on
the hondle of the sow
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smqll but powerful
COMPACT CORDLESS DRILLS

Milwaukee Electric Tool products are synonymous
with heavy-duty. So that means the company's new
"compact" drills have a reputation to uphold.

Yes, the cordless drills in the Compact Series (a 12-
volt,3/e" model and a 14.4-vo\t,l/2u model) are smaller,
which means they will work well even in tight spaces.
But their rwo-speed motors still have plenty ofpower.

Also, because of their smaller size. these drills can
easily travel with you, thanks to an included
locking belt clip (Photos left and right).

For further convenience in tight drilling sit-
uations, the battery can be reversed, locking to the

bottom of the drill in either direction.
Both drills feature a five-year limited warranry, with

prices from $135 to $228. For more information, call
800 -7 29 -387 8, or visit www. MilwaukeeTicol. com

A With the oid of o cl ip thot
ottoches to o work belt,drills in
Milwoukee's Compoct Series
trovel with you on the iob. The
rechorgeoble bottery slides on
the drill from ei$er direction.

eosy, occurote woy to
INSTATTJOIST HANGERS
Joist-Loc from Bench Dog elimi-
nates one of the biggest hassles of
installing joists.

Normally, itis back-breaking work
to lift joists with one hand while
trying to nail joist brackets in place
with the other. Now, just tap Joist-
Loc into place on the rim joist at
the location where you want to
install a hanger. (It has teeth that will
dig right into the wood.).

Set theJoist-Loc's sliding gauge

to the correct depth for the joists
you are hanging. Next, slip the
hanger under the bottom ofthe tool
and nail the hanger in place (Photo).

Then, just detachJoist-Loc and
move it to the location of the next
joist. The correct depth is already
locked in.Joist-Loc ($22.99) works
with single, double and angled

hanger brackets. Go to
www.BenchDog.com
for more information.

UTITITY KNIFE
Just give this new utility knife o squeeze, ond the
blode pops out, locked in ploce for use. Push
the block builrcn on the side of the Squeeze Knib,
ond fie blode outrcmoticolly rehocts.

moy be how eosy it is to
chonge blodes. The
monufocturer,
Alltrode, touts it os

quickchonge utility
knife. Push the
yellow bufion, pull
out the old blqde,
ond then insert the
new blode.

It's ovoiloble ot
most home centers
qnd hordwore stores
br under $10 lvnnr.
AlltrodeTools.coml.
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more thon q
BOOM BOX
The Power Box that Bosch recently introduced re-
defines the idea of a jobsite radio,/CD player.All four
sides of the Power Box offer heipful functions for
woodworking and home improvement prqects, and a
tubular aluminum cage protects the unit from damage.

Side 1 - Q6n11615 and speakers for the sound
system are on this side.An optional CD player employs
anti-skip technology and can even play MP3 CDs.

Side 2 - Four GFCI outlets mean that when the
Power Box is plugged into an electrical source, it
becomes a hub for plugging in other tools.

Side 3 - A freshly charged battery for cordless
tools is on hand in the charger bay.With a battery in
the bay, it provides power for the radio/CD.

Side 4 - A 12-volt outlet is perfect for cell phone
chargers, and you can plug devices like MP3 players into
an audio-inputjack located here.

The Power Box sells for about $150 (9180 for a unit
with a CD player). See it at www.BoschTools.com

> All four sides of the
Power Box offer func-
t ionol i ty:  o rodio/
CD ployer, o boy for
chorging botter ies,
four AC power out-
lets,  o l2-vol tout let ,
ond on  oud io- input

iock for MP3 ployers.

A Cutting thin strips (top) or
routing irregulor-shoped pieces
(bottom)is eosier ond sofer with
the Grr-Ripper.
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sqve your fingers
GET A Grr-Ripper.Ll
At first I thought $60 was a lot to pay for what !|
looks like just a fancy push block. After using 

' 
I

the Grr-Ripper, however, I realized that *
it's much more than that.

It's a highly adjustable safery tool that
can save time, materials, and most importantly,
your fingers. Non-slip pads on the bottom sufaces
of the tool grip onto workpieces as you make a cut.
The Grr-Ripper comes in especially handy when
you are cutting thin strips on a table saw or routing
an irregularly shaped piece.

In many situations where cuts seem too dificult
or dangerous to make, the Grr-Rippert stable
pushing advantage can help.

The optional outrigger also is adjustable and adds
even more stabiliry during dificult cuts.Additionally,
the large, ergonomic handle makes the Grr-Ripper
easy to control.

To buy the Grr-Ripper, or for more information,
visit www.MicroJig.com or www.Forrestl|lades.com

<Grooved,
non-sl ip pods
odlust up ond
down ond left
ond r ight,
ol lowing the
Grr-Ripper to,
wel l ,  gr ip
workpieces
for oll types
of cuts.
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L O S E - U P

the love of building
IN MINIATURE
In the woodworking world, there ore models, ond there ore

models. Tom Wholley's minioture creotions ore precise to

the lost detoil- ond even fhe luq nuts ore mqde of wood.

Tom Whalley's most important
woodworking tool is a micrometer.
This is a testament to the precision
and patience with which this Iowa
native builds his wood re-creations.

Star t ing Smal l -A wood-
worker for over 30 years,Tom first
decided to build small after
attending the Iowa State Fair in
2002.The wood models on display
that year motivated him to create
his own - but to more exacting
standards.The result was the Peterbilt
truck and Cottrell car carrier shown
on page 96.

'31 Chevy - A friend oflom's
father-in-law was so impressed by
the model that he issued Tom his
second challenge - to make his
vintage 1931 Chevrolet Coupe from
wood. Tom decided not onlv to

Maple Models - Tom builds his

miniature replicas from maple hard-

wood because of its tight grain. He

leaves the wood unfinished, so the

parts will move properly. Not a single

wire makes its way into the models
- they're made entirely from wood.

TinyTools - Many of the parts

oflomt models are so small, in fact,

that he has to invent his own tools in

order to shape them. One example of

this is the homemade lathe toolTom

used to turn the inside ofthe Cheqr's

wheels (Photos, Ieft).

Other challenges of the Chely
include the hood and fenders, which

were cut incredibly thin and then

steamed and bent to shape. Even the

wheel spokes are individual wood

dowels (that Tom made himself)

mounted at just the right angle. For

a closer look at another of

Tom's projects, see

page 96.

build one, but four more
of the cars for his
own family.

) Tom constructed this model of ol93 1 Chevy Coupe
from mople becouse he l ikes its t ight groin. Some of the model's
highhghts include iis steom-bent hood, fenders, ond spoked wheels,
Even the spork plug wires under the hood ore exoct replicos.
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C T O S E  U P

MASTERPI ECE
l o r r \ \ ' ] r . t ] ] t r  l \  l ( r t  , l  l r t r L [ . ] . , l l ) L l  i r , ' i l l i  i ,  r . ; . i ] r  t r r  ' L , i l i  "  L l

r t i t l r t r j : . l l r \ ( r | ( i r :  r r . l . r r r i l r I i L L L  1 1 , , r . 1 . , i . L i l L i , t l r j i l " , , r L l t L  L , r i

t \ t t  : l t t t ,  ] l ,  t t . r r , t  \ ( r L l | !  | t  l | .  l L r i t  l ] l : (  .  \ r  L 1  r ' i r ' t i  i r . i t l  i :  r l l . r , ] r ' L ' , 1  l i t

l t , t r , r l , , r , r r \ \ \ , 1 l l r ' \ ]  t , , 1 , 1 r  . 1  ,  ,  I \ . .  . t r r l  l r  r  r  r 1 1 1 1 r , .  1 . . l i 1  q r , r , i

t  r t  t  l l l | : t  t r ' , i l ] ,  i  , ,  r  ' -  l ) r . ' , , t i l .  i ' ,  1 t , t 1 . '  . 1 .

l , r ' l r i r l , l  \ L  l f r  l r L L t  l .  l r  L  I  f  ,  i i l  , r r  | 1 ,  , i  ,  .  r i r  j r , ,  ! r \ ) ,  L r l  l | | t .

l ) i l l (  ( , l l r , l , , l t t l  r i l ,  l l ' r , L  r  1 , \ L \  :  i \  \ '  \ \ i  t l l  r L t i  l . , t  i \  \ \ ( | 1 . .

I i t ' r ' 1 ,  1 r 1 1  I I - t t r ' ! . i t r  \  r r r 1 ,  1 , ,  i r ,  , J L , , i r \ ( i r r (  r  l r i  r r t r l ( i  . , r . l l t r ' 1 .

l l t (  I ( ) \ \ . 1  \ t , t t L  I  r  r  i  r \ l r i r ( L l  l 1 , f r  , L '  i r  L  L ' r r  . , 1 r , , . '  L i  '  ' / r i 1 , r 1 , r ' ,

l , . q r r  r r , r ] .  i , r  t ] r '  l t L , , ,  l  l i ,  l i , r \  t i . , i r i , .  I  r ,  1  , ,  ,  r l : r , i L  r . ,  L i t . r t

-  \ l t ,  i  l t t r t  p  1 r ) i ( ) ! l t . t l , l t .  I  , i  , , ,  l ,  1 , J , ,  i  i  i i r  , , 1  r  , i  t ]  , . , 1  i t , , l t ,

1 . l t  ) t  t 1 , , , , , ' ' t l t l t , . , l  t , , l . .  l r , r ' r , .  r  l ' , i ' , 1 ,  ,  L L  ' r ' l i L  : r t . r L l i r , l , r r r L , L '  j r r

, l  , , , , , , 1 . ' l  I i  t t | L , r l L . l  ' ,  i n ,  i , , f r , l  ( j  i r ,  r ,  , l L  t , l  ,  l i L  L . t (  , i r , l i l  r t , l t  | ( r r l
I
l .  , , , 1 r ' l \ 1 , , , 1 ,  (  l l i t r L , . r  ,  i  ,  r r r i r .
I .

l ( ) l l q .  l l r '  \ \ , 1 \  \ l r (  l ) r l l l r r  l l l t i l l  l r l l

( l l l ' l \  \ l ( i l r \  l l l r l  i  l L , r l

\ \ r ' l r ' l i  L r l \  t ( j  l l l  l l l t  l \ , 1 \ l

l ) t - t ' r  i s i o r  i l  t ) , i , , t , i  \

Truck disployeci
obove rnirror

to show
undercorr ioqe

r r i , ,  , ,  , , . r , ] r  r r  , l  r r i  i l 1 , 1 1 , 1 , '

'  , , r r  r ) i  I r l l l  i  l j l l l  l \

r  ' ' ]  '  r l j  L t L ' r l  i r L .  r t | ,  , 1  t t  l l t L

. . i  \ \ r , t j r  l l r \ \ L

- -Jir
A look  ns ide  lhe  cob shows

lhe  devot ion  to  de io i l .  No ie  the

pccJo ls  ond iu rned s teer  ing  whee l

l l ( ]
, .  ;

,F. -i

. ':,. '''3 ,
i ! i ' h Iu ! , r { ,
) & , ! L .

r E  - . r y

V 
' i i 

Y,//7 ^h*- J
Tcrkc c-r peek uncler lhe hood,

u r d  l h c  e n q i n e  b  o c k ,  v o r v e s ,
( i l r c i  l roses  s l row equc t  p tec ts ton .

I
/ "
./t I

I

. ' -  
( '

. ==='

. i r:*u
i 7f\
g { ' ;  N

r r , L l t t l t , .  t l . l  t  l t , . , \  (  1 r 1 1 1 r , . . ,  . ,  l i  \ \ , t  \  r  i , r t \ , , 1 .  , , r l ]

l ( ) t l l  ( ( ) | \ l t | , L L , t .  t ,  l , i l l L ]  i  , l |  l  i (  , l t \ r  I  . i r . .  I  t . t ! ( t  ( ) l

L \ L t \  L l L l . t i l , , t  l t t . ,  r  r r l  I  i ,  r  i .  I  l t r ,  t L  L L  L t [ r '

I t r  l , r , \  ) t \ i r L r  .  | , r \  L  \

I  t t L  , ]  i , ,  r i  i i ! i  l , , l  t L l t ] i , , i .

"tarl

.  J '
' !

;{\r
r  l  | i . , s' i l , \

;n
a t' f  l  l h r

' r '

lir l' $'s'r
,{

, j.,li
lP<

r \ f

' ' l  
l

I

l l
q'f- i\
\')2. - r

K
96


	284-00
	284-02
	284-04
	284-06
	284-08
	284-12
	284-14
	284-16
	284-18
	284-20
	284-22
	284-24
	284-26
	284-28
	284-30
	284-34
	284-36
	284-38
	284-40
	284-42
	284-43
	284-44
	284-45
	284-46
	284-47
	284-48
	284-49
	284-50
	284-51
	284-51A
	284-52
	284-53
	284-54
	284-55
	284-56
	284-57
	284-58
	284-59
	284-60
	284-61
	284-62
	284-63
	284-64
	284-65
	284-65A
	284-66
	284-67
	284-68
	284-69
	284-70
	284-71
	284-72
	284-73
	284-74
	284-75
	284-75A
	284-76
	284-77
	284-78
	284-79
	284-80
	284-82
	284-83
	284-84
	284-86
	284-88
	284-90
	284-94
	284-96



