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Introduction 

Wood as ic comes off the cree is gmeralli• scraighc and narrow: scicks and boards. The chings we wane co make wich 

wood arc ofcen broad and three-d,mensiooal: frames, doors, sran<ls and boxes. Thus the arr of joinery-chat is, how co fir 

pieces of wood together scrongly, as if the cree had grown and branched co our <lesirt-s. 

Joinery is an ancient crafc. Egyptian combs have divulged images of craftsmen bearing our mortises wirh mallet and 

chisel, images rhac are uncanny in their familiaricy. Hand-woodworkers do it no differently t0dai•- Ac che same rime, 

every new woodworking machine seems inscantly to generate a new approach co joinery, co augment or replace a hand­
tool cechnique. 

\Xfhen we join cwo sricks to make a corner and add cwo more ro make a rt«tangle, we·u probably use some variation on 

che mortise and cenon joint. This basic frame joint, in all its myriad forms, is the main subject of Joinery, though basic 

dovetailing and decorative joints are intluded as well. In .36 articlc-s reprinted from the first nine )'<filS of Fin, Woodwork­

ing magazine, authors who are also craftsmen rdl exact!)• how chey choose, make and use these joints, and how you can 
do so too. 

When we wrap four frames or four boards around a boxy volume, we're more likely to need rhe do,·erail or some other 

carcase joinc. Case joinery is anmher large sub,ccr. and a companion hook in chis series, Boxes, Carra.Jr; and Drauvs, is 
dcvoce<l enrirdy co it. 

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

by Allan j. Boardman 

C
omparing a machine cool such as a lathe for shaping 
metal with itS rouou:rp2n for working wood suggCStS 

that c:ntirdy different mtthods and sca.ndards arc normally 
applied when operating on these two dissimilar mactnals. 
The djffcrcncc:s a.re obvious-finely gradu2ted scales and dials 
festoon the metal lathe, while the wood lathe probably has no 
mtasuring scales at all. What may not be obvious 1s the fact 
chat woodworkers noncchclc:ss do approach tolerances that 
might seem appropria<e only to metal. The flexibility and 
compressibility of wood, the acceptability of ftller>, moldings 
and bulk-strength adhcsivc-s. the dynamic movement of the 
material and the omnipresence of shoddy commercial prod• 
ucu all conuibutc co chc belief that "precision" is not a word 
in the woodworlc:cr's vocabulary. However. a close look at a 
truly fine pictc of nbinetry will rrveal some surprising fans 
about the dimensional tolmnces inherent in its joinery. 

Consider lhe miter joint connecting rwo :adjacent mem~rs 
of a frame made from 3-in. wide srock (figur< I). If the mircr 
were tight at one end and open, S2y, Ii.. in. (0.016 in.) at the 
other. the joim would be quite unacceptable. The frame 
would be weak, sinct mon adhtsivcs work best in films far 
thinner t.ha.n Y... in. Even an untrainc:d eye could easily detc« 
the mismatch, and filler could not disguise it. 

Most shops have lotS of clamps, and all roo often they are 
used in abund:ance to bead or press a joint closed while the 
glue dries. Tot result may wdl be a tight jornt, but tht struc­
ture is liable ro be dis,orced-warped, bowed or our,of, 
square. This distortion may c:ausc enra work in fitting for 
doors or drawc-rs, p:rhaps some unanticipated cosmetic n:­
p21fS. or it may even be uocorrc:«:ablc and qunc obvious in 
t.hc finished produce. And reg:udlcss of how well one com· 
Po(Osates, the assembly will retain residual st.ress after the 
clamps are rel~. Built-in stress will work agajrut the adhe­
sive for a long time. c:au.sing the joinu to creep and the di­
mensions to cha.ngt. Suess can bum open an otherwise strong 
joim months or tvtn yea.rs later. Improperly seasoned wood 
and changing humid.icy. aJthough usually contributory, are 
somttimcs bl:amcd for joint failure: when the real problem is 
f:auJty joinery initially hidden by damping pressurt. In first­
class work, there is no substitutt for joints that fit properly. 

In figure 1, note that the angle of the tapcrc:d space in the 
miter joinc is less th:an a fifth of a degrte. The tolerance in a 
good miter might be Yio of that. or barely I mmute of arc. 
With such a fit, the open end of the tapered gap would be less 
than 0.002 m., or abou1 half the thickness of a piece of paper. 
lrus, in most cases. would be ucc:ptabk from the: standpoint 
of strength and appearance. But meas.urement and tolcrancts 
in ,hou.sandths of an inch and minutes of uc sound like the 
langua.ge of machinists. not woodworktrs. Afcc-r ~I. ma.ny of 
our mc-as.uring devices arc themselves made of this change:· 
abk scuff, wood. The procra.ctor scale on a woodworking 
machine goes no finer Ulan one dcgr«-minutcs of a.re, 

2 Fine Woodworking 

An exemplar of prec,.u JOUleTJ, author's /11U blmd finga JOmtd 
mMJtC box u 41;: m. on tZ 11dt. C:ueau 11 jlamt·/ig11rtd b1111tm111. 
dot1etillled drawen are £,,g/uh buth wllh rouu·-oc)(/ p11//1. 

never. Par:allax caused b)' the distance becwc:en poincer 11.rrow 
and protractor ensures significant error, dcpt"nding on whtre 
you hold your head. Docs no one expt(1 a woodworker to hold 
to a small fracuon of a degree. except p(:rhaps at 90• and 45•. 
where somt machines have de-tents? 

So tt is wnh lineal dimensions too. For the ,>C-2.SOned 
worker, tricks. techniquC'S, cxperitncc-and feel (not mutually 
exclusivt terms) comp(nsace for the limi1a1ions of the equip­
ment. But to the bcginnc:r. the noc-quitc-square squa.rc. the­
coarse graduations of scaJc-s and protraccors. the machint • s 
struetun.l fleXJbility where rigidity is desired, all subtly sug­
gest that only chis crude lc:vtl of accuracy i.s to be c-xpcettd. 
Worse, because of carclt'SS use of words like "precision,'' "ac• 
curate," "professional'' and "heavy duty" in advtnising. the 
novice comes co btlicvc- chat plus or minus a thiny-s«ond is 
precise or that the machine by itSClf guarantees prctision. 
Conscquenily, beginners may ser per>0nal stand:uds for 
quaJ,cy far lower than I.hey should and progress far ,oo slowly 
in the :icquisition of UlOS(' skills and t«hniques ncc:ded 10 

overcome tool limi1arions. 

Tool quali1y, measuring and marking-The hmita,ions of 
our tools arc not all bad. once rccognizcd and understood. If 
a manufacturer were to add the wright. rigidity :and precision 
some of us dream abour, I.he rost of tools would rapidly be­
come prohibitive. Also, because of the propcnics of wood. 
somt of this cxcr2 precision would be wasted. The skilled 
maker would still have to compcns,uc for the pc:culiaritits of 
each spttit:S and piece. 

Somt cool limit:ations may rcqulC<" us to take lightc-r cuts. 
and they m:ay inhibit some design options or demand grtatc:r 
skill. but by one: means or another, we live wich che :a .. •ailablc 
cools. Nonetheless. the fint thing we must do is correct what 
can be oorttettd. For example, to true a mnaJ framing 
square. draw a diagooa.1 from the inner comer to the outer 
corner. With a hantm,r, gmdy tap a cenrer-punch in seven! 
places along the inner third of the line tO open it, or along the 
outer third of the line to d~ ic, checking the squart after 
you mak, each adJustment. Cabinetmaker's squares with a 
mecal blade and wooden scock can be ftl,d true. Bench planes 
require all sora of fine tuning before one ""' real"" theu full 
pocential. 

l.c-aving aside heavy-duty production machinery. one 
should not cake for gr:amed the implied precision or quality 
of tools. If you have the time and paticnct (and the: 1ndu1• 
gence of ,he shopk«per) ro enmme and compar< all of the 
squares. pla.ncs or chisels in stock, you may find one: that is 
better than the others. The common ccst for a square, for ex• 
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amplt. is co mark a lin(' on wood or pa~r tap('d to the 
counter. then flop the square over to sec if the blade lines up 
with the line (figure 2). Any disml"'ncy is double the inac­

curacy of the squ2rc. But realize that you will have to sptnd 
time on most tools to makt them right. 

So how do you make them nght' Against what do you 
chtck for square? There is no way around it: Every shop needs 
a rdjable standa.rd for straight. square and flat. A quality ma­
chinis.t's combination square is a good in..,('$tffiem b«2u~ it 
provides a rdiable 12-in. straightedge. an accur:atc square and 
a 4)• reference. A 3-ft. metal Straightedge is useful and is 
av:ulable at some woodworker and most machmist supply 
houses. One can also buy a strip of fbt tool sceel and have a 
machine shop grind 1t ,rue. The top of a quality table saw 
should be flat enough tO serve as the reference surface. but it 
is bcs1 to check rhis if possible by removing it. toting it to a 
machine shop for mt°2Surement and. lf n«cs.sa.ry. having it 
ground. Othtr flat reference$ uc granite surf act plates and 
slat» of heavy pl-ate glass or marble. which arc gtnerally quite 
Oar but must also be ch«ked. The rule of thumb is that these 
shop standards should be fore to ten times beuer than any­
thing )'OU are likely ro check with them. It is also dc-sirablt to 
have at least one fa.trl>· large btnch surface be r:uher flat, say 
within~ in ovc-r a two or thr~-foot square, for layout work. 
This can be prepared with a jomtc-c plane and checked with 
your reference flat, by rubbing one surface ag1.inst the-ocher 
through c-:ubon paper. lf your reference surface is not c-a.siJy 
moved and invened, use windmg sricks instead (figure 3). 

An accurate ruler or scale is also important. Simply bet-all$(' 

a stick or rape-is marked in inches and fractions. it docs not 
follow that tht m:arks ace where they should be. Some sted 
t.tpes arc off as much as Yt in. in JO ft. The machinist's com­
bmauon square wiJI provide a reliable I -ft. scaJc ag.iinst 
which others in the shop can be calibrated. The graduations 
arc generally fine and deeply engraved for long life. 

These poincs arc .tbout absolute accuracy. More unpon.tnt, 
most of the time, l$ relative ac('.1.Jracy. Once the di.mens.ions of 
a given pittc arc quut dose. the-requirement for fit outranks 
the requirement for hitting the exact dimension on r.he nose. 
Consider cutting the four moldings for a piernrc frame. first, 
the pieces must be near to the dcsirc-d length S«ond, c-ach 
puxc must be the same length as its opposite. and third. after 
mitering, the comtr joints must be tight (figure 4). Because 
the molding might not be perfectly true or straight. wt trim 
the miter to fit. and 2$ a re-suit rhe mating surfacc-s may Ix a 
fr.tction of a degree off the nominal 4)•. or one-of the sides 
may be a deliberate bur imperceptible fDction shoner than 
itS opposite. A uny vaciuion m dimension cannot be ob­
st"rved. where-as an open joint will always be visible and weak. 
At rhe scagc of finaJ fining. the rultr or gauge becomes a 
superfluous intcrmC'diary. an unwanted source-of error. 

This notion of dimtnsion giving way to fit is not radical. It 
is like the intuitive procedure- wr use when semng a tool or 
machine whose protracror or se:aJe has only coarse gradua­
tions. We guc-ss at a setting someplace lx-rwccn two markings 
and then, ignoring the actual number of dcgrcc-s or thous­
andths. we ma.kt small adjustmenu by maJ and error. per­
haps with a piece of scrap. umil the fit is just right. 

~b.rking can be done with a sharp pencil. but when the po­
sition of the mark impaCt$ final fit. a markmg knife should be 
~d. Noc only will the lme be-narrower and therefore-btutr 
drfinc- the posicion. bu{ 2 knife- wilJ lie-muc.h clOKr to the-

Figure 1 

Join• OC)en "Ct 1'u If' 

Figure 2 

In a f,.,,,,,,,_ mltde of 3·in stock., • total 
error ol 14° in cuumg the mrttNS will 

t c.ause a \. NJ. gap in tM jOint. This 
could resulr from an euor of only %0 ° 
m sertif'lg t~ s,w or in usmg tM JTNfftf 

box, or from Wlllped wood, or ever, 
from a tmy chip ~ between the 
fence and the wwk. To aVOHJ the 
error, ~e,s cannot rely on 
the g,ou muwreme,,1 that nMchl,,. 
sfAl/es provi~ 

Flopping , 12,in. sq.u,~ to s~ 
two Imes will detect ertOI on the 
order of 11,. 0 

Figure 3 

W1r1d ng Sllck:s 

Sight ,cross tops of wmding Sticks 
to ch«k for ~m. Tttst in VMIOUS 

dlfections. M1k11 sticks from str.Nghr, ,rabllJ 
stock-\ m. byl. in. by 18m. i:sahltndys,u. FllncyVfl'Sionhas inUrtof 
kght wood in ~ Stick, dark in the otlw, lot better visibility. Wd-tn1tdi! 
$trtk,s used C;flrlJfully can find 'J.. 0 of euor 

Figure 4 
f 

' Ew,n though aH the llh{/IU ¥e cut J~ ,!f:====::..)'=c:;r i.- •t exactly 4$0, ,f thr~ of thfl f1a1M 
-, f)l«es a,11 straight and the /ourrh 

boW$ JU$l y;, in., OV/Jf a /,ength ol 
24 H"I the ;oint will (HHln about t ,n 

,.,-1" Such 1n error i$ usvlJl/y corre~tld 
,.,~ by ck,mpif)g P,•uure. but it's often 

b•tte1 to ad1ust the Ingles as 
neceuary and get t,ght Joints 
INflhoot hHvy /N6#Utfl. 

j'_ 

gauge. square or p1«c used in marking. Funhermore. thc­
m2.rk. being a physical inel$ion in the wood. can often be­
used co position a chisel for the- next operation. A typical 
example would Ix marking the shoulder lint on a <cnon to be 
cut with hand cools. The knife cut SC'r.·cs simultaneously to lo­
c.tte the shoulder edge. neatly sever the surface grain. and 
guide a chisel to ere-ate a staner groove foe tht tenon saw. 

Cuning co the line-So much for mc-asuring; the markc-d 
piece must now be cur. Pr«ision in cutting is chc exclusive 
domain of neither hand nor power cools. I s:ay this de-spite 
dichard t.raduionaJ.istS who would argue that truly fine work 
can be done only by hand. and despite power-tool propo­
nems who believe a plane is wha1 you'd be forced co use U 
you couldn'1 afford a machine. There is seldom one be.st way. 
A proper cablt-~w S<'tup would save time 1f a numb(r of 
identicaJ tenons were co be cut. The hand-tool method might 
be-best for only one jomt. if several differcnc piece.s arc re:• 
quired or if the shoulder is not pc-cpc-ndicular co the ra.11. 

Often, 2 combination of hand 2nd power tool mn..hods of­
fers optimum result$, taking advantage of the bC'st charac­
teristics of tach tool. Suppose tenons arc cut ac each c-nd of a 
stile. but for some reason the distance berwC'en rhe cc-non 
shoulders is just a bit bt. (This can usually be avoided by 
chcc.king wnh scrap before cutting the work irsclf.) Moving 
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the table-saw frncc a controlled It. in. is tricky. And unless 11 

has just been sharptned. a circular-saw blade is not too cffe<• 
tiv(' in trimming off the mere-st hair. The wood ma)' burn or 
the blade m2y dc0('('t, lc-aving a cocked. charred shoulder. 

h is undcniiblc that power tools save time and ph)'Sin.1 ex• 
ertion, but some cuts in pr«lSion joinery, such as shaving off 
that minute error. are clearly bcner paformc-d with hand 
edge 1ools-pl2nes in panicular. In practiced hands a 
shouldtr plane ca.n 1rim that miscut tenon down to size in sec• 
onds. End-gr2in shavings as thin as 0.002 10. can be pro­
duced. enabling the scribed line 10 be approachtd under the 
watchful eye of the maker (figure )). It make, Intl< difference 
if the w:ute to be removed is straight or tapered. Sccaust of 
thcs.t factors. it is ofccn advi52blc when using machines to 
leave a link margin for hand trimming 

Planes do not cut likt most powtr tools, vinually aJI of 

Figure 5 

Figure 6 

A shoulder plane, 
p,o,,.-,ly tuned, can 

remove a controlltJd shltvlng 
thick •nd leave a /irNshtffl surface 

To u" the $h0oting 
bNrd, hOld the worlr '98N'ISt 

lfHt end stop, bul Jet ;, 0~ 
the step, •nd hold the plan11 aw.tr 

lrom IM ltftP You CM' ttN'rl ~d gnrun or 
~~ gradl to a s.c~ k~. or to a tri.al-and •rro, flt AdJUSI t'-1 tt1t of the 
plane von ro keep thtl t;Ul t,u,face perpend~ulJ11 to the fact1 ol the t,.oa,d 
Make 1he shooting boll1d !,om stab/ft wood, k)ng ef)()(lgh to sv,r 1he work 
at hand (30 m. is handy/ 

figure 7 

PL.one clear 
ot tence 

-_--:~-~~~--- --
_:::,-~~ -- M1te1 shootlflg b<>ald 

~--=-~ __ can trtm any angle nu, 4~. 
The pg s.erves as I $top and holds the 

~ sow,111 ro 1he wo1kp,e,c11 wnace; rhe step 
MJv-1te$ the WOfk. so tM 11on can cut. 

J?ut dOftsn't co,wol the p/a"tl 

• 

4 Fine \lio<>dworklng 

which cur inmmincntly, pounding on the wood fibers and 
doing inescapable damage on every cu, surface. Machine 
planes, powtr sa"~, and even sandpaper produce dus,, rearing, 
burnishing, scratching. and so on The unique acnoo of che 
plant with or .1.cross the grain, however, S('VC'r5 thr wood fibers 
cltanly in a conunuous. not intermiuC'nt. motion The fin, 
ished s.urfacC' in many cases cannot be improved upon. The 
damaging forcts involved in parting ,he waste from the work 
arc ab<Orbed by the shaving as i1 breaks or curls. The planed 
surface. exctpt whtre the wood grain is panicul2rly camutktr• 
ous. shows no evidC'mC of the trauma. Even more importa.nt 
for prt<ision is the fact ch:a1 the pl-ane ca.n lt'2.ve :a good surf-ace 
after each pass. The perfr« fo can Ix: approached by in• 
c.rcmencs :and when -achieved, no funher clean-up is required. 
In m-any routine joinery oixrations. this objectivt is f--a:r more 
difficult co reach with sandpaixr, files. s.2ws or rouu:rs. And 
as :a bonus. -all this control comcs with no grC'at sacrifice 1n 
speed. A plane stroke c-akes only a couple of seconds. 

Paring with chisels and other edge tools offers similu possi­
bilities for working (Ow-ard prcciS(' joints. pa.nicula.rly whC're 
the gcomc:cry prohibits using a plane. Hert' c.he conuol af• 
forded r.uher automatically by the plane musi be provided by 
the craftsm:an. Howcvc:r, the principle is the: s:ame-taking 
off JUSt :as much w:aste as desired, cx.actl)1 where de-sired. and 
le:aving a cle:a.n surface after tach cut. 

Jigs-The tritcria I :appl} co v1nu:ally all joints a.re first. in 
hidden inctrf:aces (ch<' tenon in the monisc) chc-re should be 
only enough clearance for -a chin gludine; :and second, visible 
imcrfaces (miters. for example) should apix::ar tight with only 
light clamping. As you :approach the final fit a shaving at a 
time. you quickly discover the need for devices chat hdp keep 
thc hand cools pcr~ndicul.tr, frt<' from wobble. or otherwise 
aligned.Jigs and fixtures do not gu:arantcc pr«lSion. but thcy 
can iroucc the degree of freedom ,he <001 has so ,he crafr.;• 
man can exercise greacer roncrol roward getting the fit. 

A jig of continuing usc is thc shooting board-nothing 
more than a fl:a, piece of st:able wood with a step at the C'dge 
a.nd a st0p near one end (figure 6). With i,. one can simul­
tanrously plan<' an end or edge of a piece ex:ac-tly to a scribrd 
line. straight :a.nd pcrpcndicula.r to the surface. Using chis 
s.2mc jig aJld a little-blocking or intention-al tih of the plant 
blade. angles other rhan 90• can e,asily bt cut for cooptrt"d 
joints or simply to compcnsace for some sp«i:al condition. 

Other jigs in thlS s.2mt' family include- scvcral versions of 
c.he bench hook, and thc m1ter shooting boa.rd- che solution 
to the probl<'m that ~g-an this essay. of how to adjust :a mit<'r 
angle by a fraction of a degree (figure 7). In us,. the plane is 
laid on its side-on che ledge whik the work is held against the 
45• siop. If the plane body is ou1 of square (it usually is). the 
miter<'d surface will not be ixrpcndicula.r to the face-of the 
p1«c. This can be corrrctcd 10 som<' ex1tnt by adjuning che 
cih of the plane iron. by shimming the work. or maybe 91 • is 
rcaJI)' desired. Th< 45• angle (or 44• or 46.20 ') is nor a result 
of holding ,he plane firmly agains1 the srep in the fixture 
while prC-SSing the work :against the fence. Of course, it could 
be if the jig were made exactly at the angle dcsucd, bur that is 
,oo 1tsuictive a usc of the shooting boud. Rac.hcr, one holds 
the work against the stop but overhung. and the plane sok 
-away from the step. Ont chen planes either co a scribed lin<' 
or b)' trial and error to a perfect fit with the mating pirce. 

In contrast to such "pc.-rm-anen1 .. de-vices. many simpl<' jigs 
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can b( made for shon•ccrm use-. The usual reasons such jigs 
fall into che disposabk category a.re that the) get worn or 
damaged in USC' or arc spe<ial in nature or dimensions Con­

sider cuuing dadoes by hand in the two vertical sides of a 
bookcase {figure 8). A u~ful muhipurpos, jig fashioned 
from rwo pittcs of wood nor only simplifies the opcrauon but 
also facilitat~ prcnsion. In appe-arance. che jig is norhmg 
more than a dum.sy-looking square. ,he long leg re-aching 
across che workpiece, chc shore leg au ached accuraccly at rig-ht 
angles. The width of the members should ensure suffnrss and 
rigidity, The chic.kne$5 of chc shon leg should be a crifle lcS$ 
than the workpi«c thickness so a.) nor to inccrferc wi(h 

damping. The thickness of ,he long leg muSt be sufficient 10 

keep 1he hacksaw perpendicular. but it can also be such that 
when chc saw back hirs the jig. c..hc cut tS ac che desired depth 
Thc- jig is cb.mpcd to chc workpi«e and at c..he one scning 
scrvc:-s as a suaighccdg(' for .scribing. a control for c-hisdmg out 
a starter groov(' for the back$aw, a fixcure for holding the saw 
upright. and a depth stop. Two such sequences per dado. 
follow("d by cleaning out c..ht waste wuh chisd or router 
plane. leav(' an exc('ptionall>• dean jomc chc width of which 
can exactly fit the 1h1ckncss of ,he $htlf With this method it 

matt<"rs lmlc chat the shelves ,.•ary in thickness from one 10 

another. or that the dado he-ad on )'our power saw cuu onl)' in 
fixed ina("mcnu chac don'l match your wood. Notic(' that in 
this ex.ample smce all th(" scribing and sawing arc done on the 
waste side. both long edges of the jig are us,d and so must be 
para.Jld. Obviously, the same basic technique can be adapttd 
to other and more complicated jomts-stopp("d dadO<'S. rab• 
bets a.nd dadoes, tapc:rcd dovetails and so on. 

Precison is relarive-Jn woodworking there-is a sc:alt of pre• 
cision demanded by the nature of each project, from rough tO 

finish e2rpcntry 2SC('Oding through built-ins to fint cabmeuy. 
furniwrc-making and ultrafine craft objects like view 
camer.u. Toleranc<'S might range from plus or minus an 
eighth ,o one or cwo chousandths. In addition. Vi-'C must 
supcnmpoS<' a scale of functional tokrances chai takes inco ac• 
count the size of ,he object and the wood's probabk move, 
mem in response co changes in tcmpc:rarure and humidi1y. 
The "precision fit" of a drawer m a fine chest incorporates a 
neat but wider de-a.ranee gap than one v.·ould find around the 
drawer of an equally well.made jewelry box. 

Finally. one should not neglect che many d,ffcrcm design 
options that shift the need for one kind of precision to 
another. or dimina1c the need altog("ther. The results can be 
quit(' acceptable and ar<" normally found m abundance on 
commerc-ial work. Take. for example, the use of a solid nosing 
around the top of a veneered cabinet (figure 9). To blend ,he 
grain of th(" $0lid piece with the vtnecred p:1ncl and to join it 
flush wichout damaging che thin and ddica{c veneer would 
im•olve considcr.1blc skill and ris.k. This r('quirement can ht" 
vmually dimmaccd by acc('ntuating the scam instead of 
hiding it, wnh a routed or scrarchcd groove used as a design 
fc-2turc. Likewise, moldings can effcctivdy mas.k 1mpre·osc 
joinery. and overlapping froncs can conceal uneven clearance 
around c-abinc{ drawers. With design skill, such ccchniqucs 
can permit production shortcuts. Often. they arc the best 
choice in purely design terms. ~nd the fan that ,~ precision 
is requited bcxomc:-s a bonus. 

The characterisrics that denote prC'Cisc woodworking ar(' 
not limited 10 joint accuracy and fie. ThC)' also include grain 

Figure 8 

8. CM« V-grOOVfl 
in whf<h to 
sf8rt .saw 

A Ck,mppg alongsitk dado 
- WOik Ott wast• sidt,, 

Knd.,1,nt u11ers fibers, 
,>----71 creares groow, 

lo, chisel. 

C:SawOMSKM 
of dado, t"-'1 U# 

tM Md ol ~ stock 
that w,11 ,,, the dado 

10 loeat• Jr9 for scnoing 
and uwing OtMI Sidf. 

Chisel o, rout rM wasl•. 

Cross -.,w:11on af!c, second cut 

Figure 9 
~•tel)' accerumg a ,om, m,y bit better than 1rymg 10 hJ~ ,1 

Planmg, s.andmg o, scr11pmg 
solid band,nfl /lrJ$h 
mey dama~ ve~r 

Scratched or sawn groove 
highlights J()irtt,, rtducmg 
r,eed !Ot ~C/$1(M. 

and color matching. uniformit)' of detail and symmetry when 
intended, dun pr("-finish surface prcpa.rarion. crisp in$talla• 
110n of inlays and fittings, minimum use of fillers, and so on 

Pr«ision in joinery is neither for everyone nor for every 
pro1en h can be- a.n ob1ect1ve or an auitude ,hat adds 
pleasure 10 the craft and quality to the work. h can. on the 
oth("r hand. become an obst"ssion that goes bc)'Ond common 
sense to the point of inconsistenq· with the natUr(' of wood 
nsclf. Bue it sttms far bener for a woodworker to underscand 
che options, recognize that certain skills and technique, can 
be inven,cd or le•rned, know what ,s possible 10 a«omplish. 
a.nd then exercise free choice. r.1cher tha.n have his or her 
standards denvr from crude seal(" markings and constanc rx, 
posure to mediocre work. 0 
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Mortise and Tenon 
There are innumerable variations of chis basic joint 

by Toge Frid 

Furniture cons1ruction is broken down imo cwo caccgoncs 
- fr2.mc and cucgood. Cascgood construc1ion uses joinrs 
such as dovc1ails, finger joints. spline ,niters, rabbets and the 
like. Fnmc construction dcpc-nds on the morcisc and u:non 
joint and is usually used in tables, chairs, paneled doors, 
windows. etc. Thc:rc uc a gn:-•n many \•ariations of the more~ 
and u:non joint, and the task of 1hc cabinttma.k:cr is co know 
which v:i.tiation co choose for a p;micul:u application, and 
why, and then how to make it qu1ckl)' and well. 

The monisc and tenon is probably the oldest and ccnamly 
thc most essential joim in woodworking. An Egyptian sar­
cophagus now in the British Museum WU framed with 
monise and tenon joints al least five thousand ycus ago. 
During the Middle Ages, the devclopmeni of the monisc and 
rcnon permitted the framing of chests. The clabor.uc 
varia1ions of paneling led finally to a disunnion bcrwccn the 
two crafts of carpentry and cabinetmaking. In house construe• 
rion the use of the monLSC: 2nd tenon has quite disappeared. 
We no longer have 1hc skill or rhc p21icncc, nor can we :afford 
the monisc and tenon for chc fra.ming of a house. Perhaps we 
do not expect our houses to cndurc for much more than a few 
gcncr:uions. But we do srill find csthctic and pracricaJ 
Sltisfaction in a wcll-consuuc1cd piece of furniture. 

The s1rcng1h of the mortise and cc-non joint depends 
entirely on ,he interplay bcrwccn the check and shoulder of 

tht tenon. which is the projecting part of the joint. One can 
imagine two tros.st"d boards glued 1ogc1hcr. Despite the 
holding power of the glue, the)' can be twiSted apart relative!)' 
easily. 

Bui conn«t them as a lap joint, and the strength is in-

6 Fine \tbod'\\l'Orking 

creased gr('2d)' because: of rhc srop-ac1ion of tht shoulders. 
Now doublt' the surfacC' area of the glu(' b)' making a slip joint 

- a form of mortise-and tenon - and we hav(' an t"Xtrcmdy 
strong joint that is c-asy to ma.kc and requires minimum 100Ls. 

The disadvantage of the slip joint is char not only do we 
have t0clamp chc tenon shoulder tighdy against the mortise, 
(as in all mortise and tenon assembly), bur we musr US( a 
s«ond clamp to make sure tht" chctks 21c glued co the: monisc 
sides. Moreover, chc: tenon i..~ complctd)' cxpo.scd. 

We get around these dr2wbacks by changing the slip ro a 

haunched mortise, or to a miu:red haunched mon.ist where 
the tenon is completely hidden, 

When designing a mortise 2nd 1cnon joint, one should aim 
for the maximum glue surface A tenon of about one-third 
the thickness of the SlOck is usually the best choice. If the 
renon is thicker, rhe moniS<' sides, bcc:omc too thin; if che 
tenon is thinner. it becomes too weak. (But sometimes in 
t2ble c:onsnuction, where ,he ltg 1J ffluth thicker than chc 
:aprons, 1he apron$ may have tenons half or more lht apron 
thi,kn,ss.) 

Fout shoulder$ should never be used unless absolute!)' 
n«cssary. The jomt becomes more difficult to fit because all 
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four shoulders mu$1 be pr«isdy loc2«d in rhe same pl2ne. 
Also, glue surface is lost. On the other h•nd, if rhe design 
Gills for carving 2nd marerial will be removed around the 
joint, four shoulder.; rnsure rhat the joint will no, be 
rC'vcalcd 

If the dtsign calls for rou1\d comers it is advisable to glue a 
block on. or to have (he mortise stock wider These provisions 

_J -J 
r- ,-

L i_ ,, Li 
Wrong lbgh1 t J 

prevent problems with rhc end grain which will break and 
crumble, c-sp«ially if e•rved. 

There arc rwo diffcrenc ways co make a round corner in a 
frame:. The left one is used if the inside corner ,s going co bt" 

caned or shaped for a molding, and 1he righr one is fine ,f rhe 
edge will be left straight, Ix-cause then you don't have 10 

worry 2bout carving into the join1. 
When a tenon is very widt, h11:unchcs should be put in ac 

etcher end. A wide tenon is more difficult 10 glue as it 

r 

I fin 
,,v] 

n:quires extr:a t lamps for gluing the t.hcck.,. Bui the ha um.tu: .. 
arc necessary co kc:c:p the wood from rwisriog. 

When a l(:non is very nurow, the temptation i.s 10 run the 
tenon across the gr21n. BUl this should never be done bccau~ 

J1 
then the checks glue 1010 end g~in which 1s not 2 glue 
surface. The W2)' 10 fa.,.1en m11rrow tenons 1s to u~ double (or 
uiplc) renons, running rhc moniscs in the dirtttion of the 
long gr.1;in co provide good glue surface. 

Wedges uc used to strengthen rhe joint. When rhc tenon 
ts cur tO receive the wedge be sure to drill a small hole at the 

r 7 

LJ 
base of the saw cue co prc,•cm nacking. When hammering in 
wedges in a chrough 1cnon, bc sure to hammer cvcnl)' on each 
wedge so a.s no, lO force one half or chc other roo far which 
could result in spliuing. If the tenon 1s co Ix hiddcr,, u.sc this 
method. 

If a mOrttSC' and tenon is co Ix disa.sSt"mblcd, a looS(' wedge 
is used. The wedge could be substituted with a wcdgcd dowel 

for the same effect If the pi«c which receives the wedge is 
too rhin, the two shoulders could be placed on ,he ,op •nd 
bouom ms.read of the sides. 

In a chair, tht back is usually one to rwo inchC's n2rrowcr 
than the fronc. This is done more for appe,arancc than for any 
Olher reason. This requirc.s [he sides rn angle: into the: bac:k. 

-, 
I J 
I 

~I 
Uq7 
I I 

... J 

U~ually che angle 1s m:adc: m the tenon, b«-au~ it is easier 
than angling che mortise. Of course there is a limit co how 
much the tc:non can~ angled, bur as long -as some: long grain 
reaches the full lc:ngth of rhc tc:non, it is safe. 

A variauon of 1he sltp joint is used where a third or fourth 
leg is nct:essaI)'. as in 2 sofa. This is also used whc:re a rablc 

apron is joined co the kgs if the table apron is bricklaycd 
round or oval 1S in a Heppkwhitc cabk. 
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There arc several ways to make a mi1crcd mortise and 
ccnon. Oftl"n a spline is uSC"d, as it is easier to cue. Sometimes 

j 
a spline 1s used purely for visual d'fccc The spline can also be 
hidden. 

If a tenon should break, .1 splinc can be in.scncd. The same 
me1hod is often subsurutcd for a mortise and tenon. 

Although ir is not as strong, chc spline is in most cases 
sufficient, and i..s again much easier co make. 

There are many other variations of the monist and tenon 
joint bu1 virtually all depend on 1he check and shoulder 
acuon for their strength. Similarly. the technique used in 
making rhcsc joincs is basically the same. 

In making moni.sc and lenon joinrs, I find tt easier and 
quicker ,o USC' hand tools, unless there arc so many joinrs ,hac 
power cools turn out co be quicker. But chis i.s rardy the casr 
because power 1ools-whechcr I'm using a saw, or a router or 
a drill prc:ss wich a moni.sing bit - do cake nme rn sec up for 
the parcicular job. Bue even if you plan to use: power cools. it's 
best t0 learn to do 1hcm by hand, so that you understand 
whac )'OU· re trying co do with the power cools. 

The first step in ma.king the basic two-shoulder jom1 is co 
m2rk both pieces co ktcp the oricntuion righ1. Thtn I ou1line 

chc ctnon pu:ce on the monisc piece-, buc I usc-2 square 10 pul 
lines jus1 inside (less ,han I 116-inch) those marks. because 
the momK should be made slighdy smaller 10 allow for sub, 
sequent s2nd1ng of chc tenon. 

I pick 2 drill or b1t about l / 3 the thickness of rhe ctnon 
board If 1his size is lxcwccn bu sizes, I UH: the next l2rgtr 
one. Ahhough ic isn·c absolutdy OC'CCS$1f)', I recommend 
using a doweling jig to guide your bit while boring the 
mortise. You·11 cnd up with straight and even sides-Make-the 

8 Fine \ll)()dworklns 

two ou1s1dc holes first. chcn tht holts 1n between 
Stop work on the monise at chis poim .ind crarufcr i1s 

dimensions co 1hc 1cnon board. First mca.~urc tht dtpch of 
chc morcisc wirh a rule and ma.kt the tenon 1/8-inch shorccr 
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tO allow for excess glue. I use a square and a scribe ro draw thls 
dep1h line around all four sides of ,he renon board. This 
marks where the shoulders will go. Don't use a J)(ncil bt· 

cause its line is 100 wide and che shoulder must be cue with 
great 2.ccuracy. 

Thc:n cak.e a marking gauge and adjust ic so its point ,usr 
couches the: neartr side of chc: holes bored for the: mortise. 
Transfc:r chis measurement tO the c:nd.s and rwo sides of the: 

1cnon Thc:n do chc same for che other side of the mortise 
(buc continue using the same rc:frrtncc surfaces). 

You 2.rc now rc:ad)' to cur rhc chc:eks of lhe renon. I US(' a 
frame saw for this (:is I use for 2lmost 211 hand sowing btcouse 
it's rhe fasccsc and besc saw there is) bm if you don't have 
onc, use a dovc:cail or bac-k s;aw. The chinner the bladc, cht 
C'a.sitr ic wiJJ be co make accurate curs 

The crick to cutting accurate chtC'ks is co cur the back lint 
and part of rhc top first; then rum the board around and cut 
the rc:sc of the cop and the from lints. Thar way you don· c 
have ro worry about following two hnes ac once. When 
cuuing thc front lint, the s.aw blade will be autom:mcally 

guided ai the bock by the kerf you made before. You'll also 
gee a linlt more accuri.c)' m this guiding process if you US<' a 
slighcly thinner blade for cuuing the back lines than )'OU do 
for curring the front. 

In anY, cvc:nc, when sawing che cheeks, "split" the line on 
rhc waste side. The tenon cheeks must fit just right. lf the)•'rc 
too tight the)' may split the mortise piece; if too loose, 1he 
glue jomt ma)' come 2part under sua.in. Funhtrmorc, tht 
surface over a morose that holds a loose tenon will in Lime 
become concave as the wood dric,:. 
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After the c.hedcs ue sawed, it's time co saw the shouJders 
One uick I've found helpful co improve 1he accuracy (since 
lhe shoulders must be: perfectly aligned) is ro make in effecr a 
small or mini-shoulder for the saw co lean against. Take one 
comer of a flai chisel and deepen rhe shoulder hne by 

• 

d.ra.wing <he: chisel along ic. Thcn We a second cut at an angle 
tO create half a ''vec·'. You can then use this notch as a guide 
for your dovetail or frame saw. Finish sawing the shoulders 
and use a Oat chisel to clean up the cheeks, 2nd then round 

10 Fine \l·uo<lwork1ng 

off the ccnon corners slightly for easy insertion. Then und chc 
edge of che tenon so it wtll fit into rhc slightly shorter mortise. 

Now finish making )'Our morci~. Takc a sm2II chisel and 
mallet ro square off the comers, and a wide chi.sci (but no 
mall«) 10 flmen ou1 1he sides. Sand 1he outside edge of the 

moniSC" piece as )'Ou did thC' ,c-non sides a.nd you're rc-ady to 
If)' 1he fie. You should be: able to push 1t in by hand w1th the 
weigh, of your body. If you nec-d to hammer it in, it's too 
right and you should shave some material off ,ht- tc-non 
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cheeks because 1hat's the: c-asier pit<:e 1ocorrec1. If the: tenon is 
to<> l00st, you can glue scrips of veneer co the cheeks. 

If 2f«r focing, ch< shoulders arc shghcly off :as illuscra«d 
here. rhcrc·s a trick you can use: ,o align chem. With the joim 

-·--

assembled, m2kc a dc-.n saw cut along 1he shoulder line, 
makjng sure not co cut imo 1hc moniscd pi«c 2.t all. Do chc 
same for the other shoulder. Don·, 12w qui1C completely co 
the tenon. Instead, finish the curs with a chisel after the jomc 
is disassembled. If you're ma.king 2. frame 2.nd notice one of 

the shoulder5 is off after you·\·e dry clamped it, make the 
shoulder corr«cion cues to all cht shoulders on the same side 
of the frame, so thac after corrcccion, che frame sta}'S square 
(bu1 one blade widch shorter). Of course, if a shoulder is 
r~Jly off, you may need to go through the corrc<tion process 
(WllC. 

\ 

On complicated pieces where the joints may come in a1 odd 
angks. I sometimes don't worry about prec:isc fining of the 
shoulders durmg tht in1ual cumng procc-ss. but rel)' instead 
on the correction cuts co get the- fit 1 want. 

\X,'hen gluing a monisc and tenon joint, it is \'try 1mportanc 
to put a moderace amount of glue in the mouth of the 
mortiS<'. and jusc a little on che bcgmning of the tenon checks 
and on tht shoulders (as insurance). 

There should not be so much glue th:u the glue runs out 
ovtr the work and che bench and all over ,he craftsman. An)'• 
wa)'. a oght JOint does not allow room for too much glue 

When gluing up a cable or ch:air it is much beuc-r to glue 
up rv.·o oppositt sections first and latte glue them togc-cher If 
everything is glued up at once, roo many damps a.re usc-d. 
and it 1s more difficult to square chc whole piece up ac once. 

Regardlc-ss of the \'.ariation of monise and tenon joinc you 

are making, or wherher you arc using power cools, the COO· 
srruction process is the 12me. Make 1he monisc first and 
transfer its dimeraions to the cenon piece. But doo'c cry to 
make tho morris, and renon independently. D 
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Hand-Cutting the Mortise and Tenon 
Best results come directly from chisel and saw 

by Ian). Kirby 

The mortise 2nd 1cnon joint is used to bring rwo pic:ct', of 
wood togcchcr, usually :ac a right angk. as in fram~ for 

carcases and doors. 1ablc: legs .1nd aprons. chair kgs and rails. 
It is fundamental to woodworking and is made in innumcr• 
able variations. either b)' hand or m.1.chinc. This <lis..ussion 
will f0<us on 1ht basics of designing monist' a,,d tenon joints 
co fit their purpose in a sm.1nurc. ,-nd on rruking a singk 
101nt with hand tools. When there arc onl)' a few to do. a 
skilled workm2n will hand-cut them in the cime It would take 
co $(t up machines. 

wanes from the Jomc:d p1cc;cs should be the fir.t stc:p 11l dt­
signing the joint 

A monisc and tenon Joint gets its strength from the mt'· 
chanical bond of kuing one pi«c of wood into another, and 
from 1hc adhesive applied to closely fitting long-grain sur• 
face:\. The cr:a.fuman must design the relative proportions of 
the monisc and tenon in order to btst rc-s1St the forcc-s thC' 
Joim will en,oumer in SC£'\'1cc, to b2l2ncc: the wood tissur be­
tween the-morusc: and the trnon. and to maximize the long• 
gnin gluing surfacc-s. Then hC' must make 1he pa.us accurately 
:md de.ilnly, in order 10 achieve a dOS<' mtcrfac-r and thus a 
strong glut line 

A common mistake: is to seal(h in books for formula(' and 
schtma,ic diagrams of universal 2pplicacion. lnstt2d. one 
should .1.nalyu 1ht function of the joint m the structure one 
wants to make. and thC" load.;; it will havt' 10 lxa.r. OoC'S n have 
to rt''iist downward pressure. or tensile load, or bending and 
twisting forces. or as is frequent!)' the ca.~. a combination of a 
numbcr of forces> Knowing uacd) what performance one 

7f 
Upwards 

JomlS a,e made fo, two 
,,.,.n ,e,son-s 
1. To c1Nte a mechal'MC81 
bond, which rebes in •t tu.st 
()r'lt! direction on /fiction 
2. To c,~te gluing sul/aces 
Thiµ,: 1$ II() useful gluln{} 
surlac~ on the end-grain 
pans of a ,oint 

Twi-&t 

r/ 

. ~ <'v1 1-vcompression 
Sideways LJ 

Tension 

DeSJgn t~ joint so that tM rMlllining 
tl$$w on both mortise a11d tenon will best 
,,.,,st t~ ~K{H!Ct«I stra,n or IOlld 

The general rule is that thtr<:' must tx-enough wood on the: 
tenon. both in kngth and m SC'(t1on. to withs,and the load Jt 

will have 10 bear. If the load is exclusively downward the 
tenon should bc thic.k. but there i.,; no need 10 have thick 
monisc checks. O,~ the other h•md. 1f there will be twisting 
forcc-s, bcnh the mortise checks and the cenon must be thick 
enough to v-·ithsund them. If chc force 1s an outward pull or a 
pi••oting, the tenon should be long enough to provide ample 
gluing area. or long enough to pass right through the monise 
so u can be wedged on the ocher side. 

Tht old ruk of thumb when the monist- and tenon mem· 
bcrs arc the 52me thickness is that che mortise should be one• 
third the width of the stock. This makes the tenon and C'3ch 
of the mortise checks the same thickness. Slavish adherence to 
this rule often lcavC'S the tc:nons tut too mean. 1mbalancing 
tht wood tissue between the tenon and the monisc ch«ks It 
would he: bcucr ,o Sa) ,hat the tenon th1ckn<:'~S should about 
equal the th1ckncS) of the monise checks added together 
Thus in the example-of a 1 '1,-in. chic.k r.1.11 and suit'. make ,he 
mortise cheeks C"ach 34 rn. thick and the tenon ~ in . mst('.ld 
of ma.king c-arh Yi in. 1 hick. The accompan)1ing diagrams 11-
luStrate some of the forcc-s such a joint commonly encounters. 
and some of the ways of keepmg the: 1oi1H strong where u 
n«ds co be strong. No1ite that where rwm tenons a«- ust'd to 
resist bending and pivoting forces. a.s where the: ~at nil 

Twin tenons 

This bndge piect1 is usually 
the same Width as mort,:;• 

Tel'IOM are usually Wfldgtld 
when th,ough. 

There .,,, lour 
gluing surltJces .,._,J-1-".V 
on thjsJOlnt 

The tenon !m'Y ,,. batl!•laced, 
which means tht mortise must ht! 
ve,y accu,attJ <N a g,p wJI result 
This 9'JP may not ~ JJres-,nt wh,,·., 
the t()H'lt ,s madfl, bur the tenon 
pwce becomes t~ wNn 11$ 

lne 1$ deaned up. o, 11 may ,,_ve 
a !.1de should.,,, which $lightly 
reduces g4J;ng MU 

II pressure on th4 rMfflM, ,s tM,n/y downw1.t1ds, such as a 
c,.,.,, sut rail, then Ju..,. m<Nt t/$S..,. •t the bottom of tM 
joint than at tht: top. 

CJ 
D 
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Joint proportions 

By rule of thumb, the r!HcJu~u ()( 
r~ rnorrite and its chHks are Heh 
½ ol lhe SlOclt. t/Hcknes.5 This is 
q~stiOll8bJt thmlung 

The JOH'II is usually stronger when the 
ch~lc rh,clcnesses added 1oge1/le, 
(1Qu8' the mortise wtdth 

i 
TIH, glvmg lHH I'$ tlH, Umfl lo, both 

JOints. but the bottom one ;s mechan,cally 
imba'8nced 

It's us(,J,b} to makft • ',h m 
to 'i, m $hc(ll<k,, to (tn 
J.1111! df-1111,r lltfmg corm:rs 

m«ts cht side rail of a chair. tht object 1s to incrtast' side­
gram co side-grain gluing area. A common error when J01ning 
two pieces of wood chis wa\' is to makt the tenon '-0 that long­
grain gluing surface LS reduced and end-gr-.un surface 1s m· 
creased-no help at all. Anothc-r con~idcration in m:axunizing 
gluing area 1s chc depch rhac the ccnon gOC'S into 1he monist 
member. If it is noc to be a through tenon. on(' ,an safrl)' 
moni~ to wuhin ¼ in of che far sid(' of cht scock 

The s1mpkst form of the joint is a T. where cht monist is 
somc-whrre in the middle of a length of wood-as in the l°'k 
r:ul of a door, or between the side rail and back leg of a chair. 
This anick will focus on chat muauon. leaving chc added 
compkxilies of joints at corners (w-hit.h 2re usuall)' 
haunchtd), joints in grooved or rabbetcd pi((C'\ (u~ually with 
long and short shoulders), and Joines chat arc wedged or 
pinned. for a subsequent discussion. 

Tools for ,nonising - For accuraq·. the morusc is usual!) 
cue firs1 and 1he 1cnon tu1 10 fit i1. The essc:n1ial t0ol 1s a mor­
ose chn,d, whi<:h de,crmine-. the width of the mor1isc-and 
there-fore of the tenon. The momsc chisel differs from an or• 
d,nary bench chisel in chat ic is scoudy corummed rn with­
stand htaV)' pounding with a mallet and levering. tc.s blade 1s 
J>tcu~l)· rcu.lngul-a.1 mt.Co» )et.tion. and the,c: t) no marrow 
w.ais1 where 1he blade mects the handle. The rc:ctangul:11 $CC-· 

tion of the blade makes the ch1stl wmewh:at )tlf-jigging in 

auion. so i1 will cut an auura1e moru~. Its stou1 shoulder 
allows lc\·tring ou1 of thc wastt. The ordinary bench chi\C'I 
with beveled sides is most inadcquatt for monising b<-causc u 
will twist. and ma)' snap off at its narrow neck. Beyond this. 
there arc-various chisel pauerns e,.·olvtd by the bran<:h~ of 
the crad(', which amount co two main typc-s: socket, where the 
handk fies into a socket in che bl:i.de. and cang, where an ex• 
trnsion of chc blade enters the handle. A tang chisel usuall)· 
has a leather washrr betwtcn tht bl:i.de and the handle to 
cushion 1hr recoil aftcr thc chisel is strut.k wilh a mallct. Tht 
socket also offers rcsiliencr and thus performs a similar func• 
,ion. The handle may be of a ring-porous hardwood such as 
ash. which is pron(' to splitting and therefor( will be bound 
wilh metal fcrrulC'S lop and bouom. Or. it ma)' be a denser 
diffuse-porous wood such u box. and no ft:rrulc-is med at the 

Common error Automa11~ fo/l<Jw1ng 
the ½ rule /Hw,s a weak renon, and imlJ.ill. 
a need wood tissve on the monise cheeks 

top Or n may he a h1gh-1mpact plastic. whi<-h is quire 
<.at1'ifutol)· 

The dct~uls of chc handle and how II fasttns rn the blade 
arc matcers of personal prcftren<-t. What doe5 matter is 1h:a1 
the blade be stout. 1ruly align(d wnh the handle, and truly 
renangular m K'("tion All too often. even new chisels fail to 
fulfill rhcsc rcquiremencs, but chey can usually he put right 
(Stt box, page 17). 

The other n«cs.sal)' tool is a monise gauge. and you canno1 
ma.kc th( join, reliably accurate without one. It differs from 
an ordinary marking gauge in th:i.t there ate cwo spurs. one of 
th('m movable The dmance betwern thrm lS Slruck from the 
chisel 1csclf and transfnrcd to all the pieces of wood ,u the 
same scmng. This criticil distance- can bt maintained even 
when 1he position of the ft"nce nec-ds to be aher(d co accoum 
for mortise :and tenon members of d1ffrr(nc thickness A 
good monisc gauge is expensive. but i1 will last a lifttimc if it 
1s rC'Served for marking out moni~ and tenon jo1n1s. To try t0 

manage wichout ont. b)· rc-soning 10 two scuings of a mirk­
ing gauge. is fotil( and plain bad pratti,c A morti$C gauge 
often has a single-spur on the .side of the beam opposite the 
double ~purs, apparently an cncouragemem to use Has an or• 
dinar)' gauge as wdl. I usuall)' rtmove or grind off this spur. 
In ••iew of the expcnS<" of lhe gauge and 1(s 1mponance. 11 

should not be cxpcned co withstand the robust usage that a 
markrng gauge is liabk to r«eive. 

Whether the fence is locked co the beam by means of a 
thumbscr<"w or a sloued screw is not imponant. bUl 1he life of 
the gauge will be considerably extended if this screw is not 
ovenightened It bnrs on rhe brass sliding strip that hou~s 
the ffi0\'1ng spuc. and there should be cwo small proteC1ivt 
pellets of soft metal bctwt"C'n the screw ind tht brw strip. If 
)'OU have 0<casion 10 cake the tool apan. be sure not co lose 
the pellets If th(')· aren·c m there already, then make rv.·o and 
pul chem in. The spurs on the nt"'W g:i.uge arc usu:all)' ground 
to a conc:-shapcd point, u on a pcndl. Although some 
work(h like rn \harpcn them a.s if they were tiny knave$. I 
believe the g:i.uge is more accurate if they arc left aJone. 

Cutting the joint depends on the dirttt rela1ionship b,e. 

twe<"n these two acc-ur:atc tools, the mortise chisel and chc 
monasc g:.ugc. No ochc:r tool nec-d intervene-~tween them in 
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Setting the mortise gauge 

Whttn sen.mg the mor• 
rise gaup. thtt depth 
of rM chmtl betwffn 
tM $PU('$ 1$ II mamN 
ol ptN'SOna/ ptefMMC. 
TM eH«t of ti'#$ set• 
t,ng t$ felt in tM posi­
tioning of tM chisel 
'Whan choppmg tM 
f1'K>#TJU and tM 
positioning of the saw 
when sawrng thl 
ttft()(t. Will you try to 
$111,t the lmtl o, $#VII to 
Me side ol ,t? 

quickly producing tht most accur:uc joint The monisc­
s.hould not be widened by moving the chisel out of alignment 
at e:ach cut. nor is it wise to adju.st the width b)' paring its 
s1dc~. Design cons1dcracion notwithstanding. ont chops lht 
mornK co 1he widch of c.he chisel one has. The need for a set 
of S<"veral chisels quickly b<-comes app:arem. 

Seuing ,he nlouise gauge -There is .a n«d for some fine 
Judgmem 10 deod1ng exactly how co set the monise gauge 
from the chi.sd. It depends on hov., you 1n1cnd 10 go about 
uwing the tenon· Will you try co saw to one side of lhe g-:auge 
line, or will you tr)' co split 1c? To be in a position to be able w 
split the line, the spurs arc set with the chisel bctwttn chem, 
rather than with their vef)' points t"Xanly coincident with the 
chisel's cxtrcme comers. This may seem like the v.•orkmanship 
of nsk gone mad. but it docs amount to the thicknc$$ of a line 
a.nd can mc-:an the difference between a good Ii( scra.1ght from 
the saw or one that n«ds further adjustment. The chisel 
should sn between the spurs about :as deeply as the spurs will 
sink into the wood as they mark. This "fcctS onl)' the 5awing 
of the tenon. not the width of the momS<'. which 1s decer• 
mined by the width of the chisel alon<' Th<' chisel will just 
touch the inside of ca.ch line and some of the gauge lines ma) 
rema.in visible after the cutting. 

Having set the spurs, sc-1 thc.-fc.-ncc.-rd1mve m ,he nC"a.res, 
spur to determine the cheeks of the morusc and the shoulder 
of the tenon. and mark chc.-m both on all the p1«C$ of chc 
wood. If the monist' mcmbc-r i.s thicker th:an the tenon piece. 
the fence semng wilJ have to be changed, but on no account 
change the spur scning. 

Shoulder lines - Shoulder lines arc knifrd round d«ply 
wuh a try square from che face side and face edge. In the end. 
chis knife line is the pa.n of the shoulder that will show. h 
should be m:ade with a chin krufc sharpened flat on one side. 
like a ch,;cl. I kc<ep a small pockedcnifr for this job alone. The 
line should be crisp and deep. made with one pass of the 
knife. Shoulder lines arc never made wich a pencil since it 
le2ves no register for subsequent p2ring wnh either chisel or 
shoulder plane. Scribing across the grajo wich a pointed cool 
is cquall)· wonhlcss, because 1c merely scratches the surface 
and drags up the wood fibers ralher ch:1n cuuing them 

Chopping rhc monise - The monising chisel. once it is 
corrccd)' started, lS self-jigging: c.i.rh cut tends to follow the 
previous cut. Howevc:r. c-are m~t Ix c:akcn co chop venica.11~• 

I 4 F,ne \l."oodworkmg 

or the moniSC' will wander The important thing co gee righc 
JS seance and bod)· position rclam·e to the workpiece and to 
the cool. The tool is held almost al arm's length and aligned 
with the center of tht bod~,. This wa)' it is Ca5)' to sec that it is 
vertical. h cannot be seen by standing O\'tr it. A good aid for 
the beginner is a straight piece of wood damped to the face 
side of the work as a.n extension of us known accuracy. tn ad, 
vancc of the joim itS<"lf so it doesn • t gee in the way. A less 
good aid 1s a cry square rc:sung on the bench against che work 
This relics on the assumed Oarnc-ss of the bench. rather than 
rcgistl)· on the known accur2t)' of the workpi('('c The squ2re 
tends to fall O\'C'r when the chisel is struck 

In an}' C\'Cnt, the workman muse sca.nd far enough back to 
sight the chisel prop(rly. and to strike it hard with th( mallet 
while continuing 10 sight it. The diagr2ms on the next page 
show the orieotauon of the ch1sc:I and the SU'2tcg1t'S for 
enlarging the monise once it is begun. The most common 
fauh is to strike too lightly. Cutting a monist is quic-k. once 
one ha.s enough confidence co strike c.i.ch blow hard 

The best malkt for monising is che cabinetmaker's or ca.r• 
pcnccr's type. which has a heavy rectangular head and a large. 
nal sulking face h has linlc 1cndcnq· 10 deOect. One can 
confident!)' deliver a substantial blow and still keep o,~e·s e)•e 
on the cumng end and ahgnmcm of the chisel, noc on ,cs 
handk. Many peoplC" try 10 use the common <Jlindri,al 
carver's mallcc. which is meant for lighc capping. Since the 
chisel handk is also domed, a good smash "like!)' co ddlecc 
onto chc h:and, .also bruising the confidence 

Obvious!)'. che 9,•orkpiccc has to be plac<'d on the bc-nch so 
thac chc correcc seance c2n be caken. buc its position is also 
1mporcam in ocher ways. The process im•olvcs heavy impaet• 
ing wnh some nsk to chc bench surface. cspcciall)' if the chi.sci 
accidemaJI)· cutS right through. The crucial p2.n of the bc-nch. 
for me a.nrway. is the surface m from of :and around the \'iSC', 

where the bench stop 1s. This should always be m perfect con• 
dmon and end)' flat. so it makes sense co do hc,avy pounding 
over the leg awa)' from the viSC" _ The workpiece can be 
cl:ampcd down, but w1ch experience this becomes un• 
necemry. There is no need 10 support rhe cheeks of rhe mor­
tise with clamps because the dircccion of the impan and of 
severing the fibers is such thac (unle-ss tht grain lS very wild) 
little $train will be pUl on the chc-ck tissue 

Be-ousc kvering out che chips bruises the fibers at the end 
of the monise. work it to full depth but to within only 1,4 in. 
of the ends. The ends ma)' thtn be squared up to the ltne 
with one clean cut 
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Ahg_n the chuel u,.,,h the u1tttro/ ,·011, 

body. Jtnke 11 h.zrd, and then le,·er 0111 

the u•JJlt 

There arc ocher methods of remo••mg the waste. the most 
popular ~ing with a drill tht same diamtrtr as the monisc 
width This i.s m imrodurc )'Ct another tool. which itSdf re­
quarc-s a setup and 11gging to <'nsurc <'Xa('tn™-Then the ('hisc:I 
has to Ix used anywa)'· whereupon che holes and the shape of 
the ttmaining waste encourage the chisd to twist. Others drill 
the waste and remove the residue b)' paring the checks with :.l 
wide lxnch chisel. im·a.riabl)' leaving the ch«ks out of square 
or ,wisting or uneven. It as prob:1bl)' lack of confidence chat 
persuades people that these other methods arc safer and 
quicker when m face chey arc m:nhcr They 1nvariabl)' ka\·e a 
Q.•orsc re-suit than that achieved scra1ghc from the monisc 
chiSt"I. RC"soning 10 such me1hods means onl)' chac the confi­
denc.c that comes through practice is never acquired 

Sawing che tenon - Offer che tenon member up to the 
moniSt" to sec how the gauge lines correspond co the anual 
hole. and m remmd voursdf of the deusion )'OU made when 
scmng the marking gauge· Will )'OU try w ,;plit the linC', or to 
saw along one sidt of it? 

Puc the wood ,n the vise sloping awa>' from you at an angle 
of about 60• With the-back (cC'non) saw. b(:gm th<' cut at the 
far end of cht hne across the cop. that is. on the end gram 
\'v'atch the cut as it procetds across lhe cop to the nc-ar corner. 
and saw down the gra..in para.lid l0 the end surface for about 
1• an This will create a good kerf in which the saw can be con­
suncl)' registered as the ,umng proc«-ds. Now ,.:i:w down th<' 
long grain to the shoulder lane on the face ncart'$t you. wuh-
0Ul going any further down che back fact' but without lifung 
the saw out of the kerf at the back comer This requires prac-
11,e-thc 1dc-a is to saw down only one line ,u a time, while 
kccprng the saw corrcctly posmoned at the Stan of the line to 
be cut next. Now turn the wood a.round in the vist and cut 
,he other di•gonal, kccpmg the saw teeth mSJde the kerf •II 
the time. Finally. put the wood upright in the viSt" and saw 
straight down to the shoulder lines. The diag~s on the next 

Chopping the monlse 

When the clNsel is struck, it 1el'ld.$ to CCJt ,mo r~ wood t1$$utJ"' 
Che dlr«t,on .tway lrom tM sh¥pfln«/ Side. A scooping actl(l(I 
te$ul1S, g;ving rise to two different methods of removing the 
wasrt from rht mortist. 

OM l'Mthod is • !Orm ol llye.f"/ng to 
_,...,- •c~ (~ f«/IJV~ <Mpth. TM chisel 

is dnvttn to tM same depth in each 
position, with about % in. bemg tM 
tnaKimum deplh, deptJnd,ng on tht 
hlrdntu of thll wood Mow, thfl 
chlstll about l in. BWilY from its flat 
side for each new cu1. Repeat the 
process after the lint bottom 1$ nvdt. 

Sron 

.,j. 
Try to kHp a /ew,/ bottom wrthout 

deep uo11ghs, to avoid ,,, • 
adwmentJy choppu>g tNough 

Outline 0l 
propw!(f mort,se 

A common depth gauge is 
;, piffe of masking tape 
wrapped a1ound tl':e c/t4el. 

The second methOd ~s NI tM ettnter of 
the ,r,orr,u, tvmmg t~ flat /act, of tM chisel 
IOWIJrd thtl C<lnttN in Heh new poSlliol'I. The 
Mn is to a-chiew, the final depth with a 
wedge-like CU(, and then 10 ~.,. w»S-ttt 
from t()J) to bottom """h o.ch MW position. 

In ~thcr method IHva the ends 11ntil last. Platt 1he ch,$1!/ m the 
knrfe cvt you made when marl6ng out the m()(t1U, and uu a smlJII 
squa1e to make $Ute the lac• of the blade t$ vttrti~. Or,vtt tM 
chtseJ accurtu-,Y and hlrd, dO not 11ndfJrCJJt the ends 

page should ma.kc the procedure clc-ar This method. once 
mastered, permilS very fast and confident rutting. If you 
begin tht cut ~t the top comer and proceed across the top and 
down one side at the same umc. chc saw is liable co wander, 
aod t:orrett1\'t' adjustment on one line usually puts the saw off 
on the other line. 

To euc the shoulders, removt tht wood from the visc and 
place it on a sawing board. Train yourself to saw about¾• in. 
away from tht kmfrd lmt. 1n order to finish back to the line 
with a J .in. paring chisd. The originaJ knife line should be 
deep enough to locatt the chisel as much by fed as by sight. 
Don' 1 lf)' 10 cut the full inch of chisel c-apacn-y, which with 
most woods takes coo much pressure Cut a half-mch of 
shoulder line. then move across half :m inch You'll find, of 
course. lhat the-firsc cue will rc-giscer the chhcl for the: next. a 
most htlpful guide. The amount you ca.n cut at one nmc de­
pends on the spe<:ics of wood. but the a.im is to saw dose 
enough co the line so Lhat one chisd we will fimsh the 
shoulder. yet not so close that the: ,hiscl can't c-asily click into 
Lhe knifed line If the tenon is w1dt. a shoulder plane i.s more 
praccical chan the ch,sd. Bu( IC$$ than 4 in. of shoulder mak~ 
holding the plane somewhat more difficult. 

Man>• people reason that 2 fine dovetail saw will producc a 
cleaner surfa,e on the tenon. The Wes1an-stylc dovela.il 
back.saw, however, cues on the push Slrokt :a.nd si.mply isn'l 
stiff enough for the section of wood normall)1 encountered in 
tenoning. The blade tends to buckle, inducing wander. Tht 
Eastern.style doveca..il saw avoids chi.s problem by cutting on 
the pull scrokc. pumng the blade into tension. However. it is 
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Sawi • g the tenon 
A,~ ,no worli;p,oct• in tht 
\lise at an angle of 1boi.t 
600, sndloivenoughtoget 
at C1>rnlorr11b,'y, S11.tnd w,t'> 
Y<>ur fHt ar:Ntrt as In n'a'A. 
;ng. y,:,u, bod,• we,ght 
equ.JII~ d1s1,ituu1d, b"t 
sw'ld /111 orougt, to rM sid~ 
10 clear your hfjht arm a,,,1 
,t·"ow it t() wf)rl flki> • P,$· 
ton Al,gn thll saw wirf? 
you, fo,'f'if'"\ ir ooth /ro')t 
41>d ~ ,,ews· r.lJe wnst 
sJ.<,vklr>'~b-:~1. Uuyro1ir 

I h.1't tl!umb md 1f'l16,t f,rtg,r J 10 9t11de tlM S11'W, but don t 
le.Jn on )'at.''" lef• t,a,>d. 

• - --l 

B~n thf> ~u, u, rl• edg1 
IOBJI' t,o,,., you, at Poi-1,t ,1., 
,,Id saw ddwn ebo,ut }. ;, . 
K,ep.,ng ''* .SB.,, in tna 
cm91nai c~r. sev, .-tU,tigf t 
,t·rou th.t rqp of rht• ~ooc:. 

___J ttr11 pivot <NOCJNI Pbint A 
-· tc u,wd':Jwf1th61iriofacin7 

t0v at9 

N.,,~ turn ,~. wood MOun1 
;n !M v<se:. a· a s.inHJJr 
11,,.,gt,t er,o ~ngle w the lit st 
P<JJir"11•. 11'/f arjftt 1/1~; 
cc,•: 1$ $1'.J('-d. Pi,c. th~ 
uw ;.., thp kllrl ,1cr,')$$ th• 
too of t!H /1'«4. d,'Jd saw 
down t'M ,;.,., D T>te uw 
p, ,ot.5 s,w,'IC! Pcmt C, .,, 1 
t<:.tfl lt'fl$! nQl M 11/tecl ~t 
of ti-e WQo"f ,It C. 

?-till _ rood deal slower tha.n ~ tenon \~w ar,i h:is J distinct 
r(no-~ r tO ,,-andc-r whc-11 ~awing 1h1ouf:h J IJrgc-!-C\:tiC1n. Tht 
unp >v-mcm in wrfat:( qu:,ht} is m:ugin.il. 

0 ht!' than Lhe shoulders. r.hc joint 5houJd no, nC'cc trim• 
min·.· ·rt<' n·no'."' ~hould come dircul-, frorn tht ,;aw ;o'ld tht 
rnor St" ~mu~ht tr. ,m the ch,~I h is wtong 10 ~dopt t.11c rJO· 

t1t>n h, 1 on ,_,nc h.md it , an not be: dcin.:. (Ir ,_,n thr od..:r ,hJ1 

1)11l .hvuld '.C2\C .l ma1gin 1)f SJ.t°ctr by {UtUJlg cvcrvthin_g 
•>vcr:11i<. 10 he mm med right. ·rht J"lnng cir a trr.-0-n. otha 
char co m:1kt· a rn1oor ad111s1mrm almcisi 11\\J}S put~ it mto 
cw1s o· rtmovc-- U>•> mi..d, horn one ~•de a.ntl clwtt·bv offsets 
the lO 1ldcr.-. or puts n tJUt t,f alignment i() it won't C'mcr thC' 
mor st" a1 1){' •. J 1,; far hcncr .-, pra.ctitc s~•·ing a.nd karn :o 
s:.iv. or ""t:< dv in I he firsr pluc 

Cht::"k. .. - Thtr-: .;i,rc !<\er;. wa-r.. to thcck chc n,ur.1tv ot tht 
Joi11 be. fmt· i1 is ;,u1 tognh(r f. rs1 \ C'nf-1 ,ha· rhc; fa~t'i ol thc-
11·nc-.t : re III lin..: by holdin~ ~ n1Jc Jgauut 1h:-suk of the­
woo a 1J sitht.i l~ the 1e"\VJ1 ap.UlS: i~ Twl!· or .t0~1,. ar rn1~ 

Jlii,:am .. rn will t-e ~ppan·m for ~he molru.sc. lirst t:hC'ck the 
,.:ut n< ! h) pla mt J rul( 1111:,_, it ·:c.r 1hrotJJ:'I ic) sc, th.u n 
r('gi· er- .igainsc ·he cnc-~rJm !u12n: The rule ~houl1I tc u, h 
t:"1t ...,h ,I< fa,c ~1 l--01h tnJs-.wa.c;:h for .i bump .iod make 
sure th "'j(' n.rfa. (':-. 'l;tvc m.1c bc:en ,nadc n>11<.nc: bv JnRling 
t'"1c .ht.;('I b,,ck Next. m~c iurc th(' end( arc: ,cmca hr 
hol< n1 :t U)' sqt::m up r,) the ru;c. findly. 1.heti; for r-NN 1n 

ne ht...:kl hr sh:ht!Of: 1~1.;, ~r 1h1◊ugh du· :t.l)111.\C' 

T t <1int ~hould no,;,, t>c; isstmhlecl :m2 c·K:ckrd 'H~in, •l• 
c",01 {h ;1 limitC'•.' JJnounc c1n bC' lcuncd frum , ,in~k· r•r.H• 

Kc: :-Oi 1t. TI;t rca! u-st is ,membly o! four 1c,inti in1,> a rec­
uni 1ln fr:1mc, m ,vh1c,- tiic following \•p.!ra:1,)n:il ..:hc-...k'-~?­
ply. First h,,ld • rJlc: ~mss the Joint c,:, s,c \\:-ttl~<:r hc,::h 
mor d< anJ ccnou 1rc in dw ,,JC1tx1 plane. I£ the) ..rt 00l, 

,.1b!-:--qa(1H i:luii1, ~,ncl dcanirig up will be ,i:,) d1ffirnlc ~c 
.,·he hC"· 1ht -,hc,Jldc,~ pull up u~ht, that th· shoulclc-r 1111(-'i 

uc c: .JC, and no, offset. a,nd th:1c the w·.,olc-:mC"mbl) 1or •u'='• 
J~ ,by) L' not .n wir1d1ng. F1nall-i. S<.-C-whc1hC'r tht cwo 
p1ct s c :,r all fow 11. 1.1 frame) n,,nr tllg('t.hc:r ~· .1 1iiht a, gl,· 

W m, .tdJuscmcn:s ro <0rn:c m•, ,,f thCH' • onci11i1)n~ ca, be 
mac • l l <,udul pari'1g wich a ,;,,•,de: bench rhi!-<1 Then. Jrc: 
pr<~ :u d ..:ors :i~ 111 "'htther )•>>J ;.d,',;.sc 1h1· moni!-< or the 
tc-n, ,, ind I dt'f"t'I d~ on tht .:mulicmn you a1t· tr)'IIIE; 10 put 
rig:.,. I u1 :1l tht· 11uin ".;h tenon 1!-t$.,ie1 ro ~ri;u\1. Y)u tan 
'>t1' n(l"'t- c.-:1,ily \\hen: rhc: rnrrtn arcu H•· fwm wHc'l to 
wor . : nd where w,>e-cJ nc,c,h, L• hr- remon:d. Thr- imrorc~nt 

Pf,C-4 ,,,., wul'l\f)~Ct• c>r IJ ne-nch hoo,lc and 
cu-: rtH• .;hcu.'dtr:. w.th , litttan Ja.v,. 1!1811• 
,ny .Jbr;vt ),., in, /or p~rN1g o,o(h .J ,~de 
c/~$,tl, .,, st:Odlrto, pl~~. 
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Che<:kin9 the tenon 

The tenon tMII Jook lili:.e thit 
when ,, is m,tkM our pnOI 
:o cumng 

The tent){) will /0()/( 14:e thrS 
after ,t NS bHn cut_ 

The shoutde1 wdl give • 
c/Hner finiSh 10 thl JOVlt. 
hK/mg any 1,uue you may 
havl bruiUd when c.hop­
P,lng the mortise Jt also 
el,m,MtU thl! need lo, a 
too- right fit in w,dth, a 
problftm when the ;omt I.S 

made Wte-faced 

If tM /°'flt ,s lief"/ right on 
-,,uy, find the t;ght spots 
by exam,nll'lg its sutfaCe$ 
The ed~ will oflM. show 
s19t1s of compreu,on or 
Mlle a ~red aPP'liJrtll'lce, 
indrcllting that thl! moft.tSfl 

is too short or 1hat its ends 
are nt>t vertic., 
The s.,w math on the tau 
w1'I show h<Jw well 1t h.ts 
bffn cur. Check wieh • rule 
and remove txcess wood 

.. ~by honZ()lltal ~g 

CMck rhe surlac.e quality of 
thll reno,, by placing a rule 
acros.s ,t CMek (Of twist by 
plaang the nM pan,hl ro 
the shoulde1 1,ne and 
St9hting O~I it. 

CMck accuracv of at,gn• 
rrHmt by placing • wle on 
the laco ol tl'Ht ttJn()(J W':JOd 
and Slflhtmg the g,p be­
lWHn it and 1he ttmon 

thing i~ to .inalyzc cxacdy where to remove fiber. and not to 
attack willy-nilly Tht' most connolkd way 10 adJU'>t .& tenon 
1s to put tht' work honmmalh· 10 thC' vi'>('. and p.ire horizon• 
call)· .i.c.ross tht' gra10 Oo not p:ue in the d1ren1on of the 
grain. b(-,ausc che chlSd will wam to follow the long fibers 
and you •re liable co remove far too much v.-o(xi. 

The crispness of the shoulder line 1s generally held to b(, 

the mark of ~uccC'Ss. but in :i. rtctangular frame n is by no 
me-ans the onh· thing. In p;micular. whether or nm the frame 
auually 1~ rectangular dep<"nds in p:m on the distance be­
cween shoulder lines. This makes ad1us1menc of shoulder, a 
••cry tricky process 1nvolv1ng more than one 101m chat hap-­
pens not to fit <risply Ch«k for squarC'nes.s. not with a try 
square but by mnsuring the diagonals of cht frame. which 
,hould be exauly the s.ame 

In the glued-up fr,me. faultS 1ha1 an~ from small m,ccu• 
racic:-s within each joint manifest themsdves dra.maucall}· .l!I 
twist or wind or lack of flatness. For example, a tenon cut on 
the angle will rC"Suh 1n a bad1)' :a.ogled stile and probablv .i 

Correcting new chisels 
With an undemanding of how the mortise chisel is used, i1 is 
ea,y 10 ~e 1hai ,he 100l's handle and blade ought 10 be in 
line. !iO it can be s.igh1ed vertically. 2nd thac che blade h~ to 
be cx:acdy rccungul-.u in section, so it can chop a squatt mor 4 

cisc. Many of thtsc rnols come from the factor)' out ofline and 
ouc of square, inadequate for che la$k chey arc made co do. 
They c-.an usually be pUI righ1. ~nd it is cruci.aUy irnport2n1 to 
do so. buc i1 may take sc,cral hours of corrtttin-: work. 

If :,u 211 p<bSible. buy monising chisels in J.Xrson. not by 
m.iil, .and h.a,e 2n accur:ue tr) square wich )'OU. A 4•in. en• 
ginecr') uy squ-arc is most useful for thi~. Make )Ure th~u the 
h1ck of th< bl•de (opposite the sha~ned bevel) is Aa1. then 
cht-ek 1h:u the handle is in line wi1h the blade both i.n front 
,,jev,, .ind $1dt view. 

An our-of-line chi~I isn'1 useless, ~ina you can compcn• 
saitc ea.ch rime )'OU sight up. bu1 it is an .iddcd difficuhy you 
could \\di do wi1hout. Rep.air i1 by removing che handle and 
fill the tang hole, thtn redrill i<. This i.s 001 an easy t:a.sk. and 
)<)U may ht bcncr off m.aking a whole new handle. 

Now check the ~idts of 1he blade 1gains1 the back. If the 
two ~ides and the back a.tt not at righ1 angles. the chisel will 
rwist as i1 is dri, 1en, making the monist widtr 1han it should 
be. leaving' ;1 poor face on the check and inducing w:andtr. 
No amount of compcnsaling by gripprng the handle tightly 
will stop chis cwiscing. An out•of-squ.itt chisel is the rcsuh of 
slopp)' m.anufacruring standards .ic chc finishing stage. The 
onl)• way (0 corrt'C( it i~ to grind ,he tnick fa« pcrft-edy n.a,, 
and chcn to grind the two sides until they are ac right anglb; 
10 the back face. The front face i$ not a~ imponant, buc it 
might as well be right as not $irtcc it wiU help in sh2qxni11g 
1hc edge square. A m.1thine shop will be able 10 do 1he grind­
ing for )OU, or )OU can do it on a coarse oilscone. or on .i pictt 
of carborundum cloth glued co the flat bed of a m:achine and 
lubricucd w-ith a little oil. Removing 1neral fronl the «lgcs 
will make the chi.sci a little narrower than it~ nominal size. 
This i~ of liulc C(>ns.tquenu. There is no good rc;-.1~n for the 
e:hi~I co match any paniC11lar linear measuretnena, whtrC'2s it 
mu"t be corrt-et lO angular measurement 10 perform. 

twisted frame The frame should be ch«ked bv sighung 
.1cro~~ from one." member to anothC'r m ensure th2t they .ire 
parallel If 1hcy arc not, chc corrtt.tion. once ,hc framc 1s 
glued together. requ1rC'S planing che whok thing flat, .icon• 
stdC'r:ablc task Pa)'ing auenuon to the checks made on 1hc in• 
div1dual jo1nc~ ,an prevent such problems 

Clamping - The work 1s be-st <hunpcd wgether on an al­
rtad)· flat surface. Clamping blOC"kS should be used 10 prou:c-t 
th<' wood and ,o dir('(t the." pressure to the shoulder ltnes The 
morC' 1mponant intcrfatc, however. is the effcnivc glumg 
surface btcwcen the sides of the tenon and the ch«ks of the 
mortise, and it i:. usual to use a C-damp and a p2ir of blocks 
co appl)' some light pressure here All the places ch2t c:annot 
be reached by the pl,nc after glue-up should be deaned and 

polished before glue-up. L 

Ian Kirby dmcu Kirby St11dios, a srhool of w<>«lrwrk1ng 
and /11rnll11rt dts1gn, in CNmming, Ga. 

Joinery 17 
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Tin km,u 1tn1c1rtre of 1he s.hoj1 um 6, orga11atd '" 11tmo11J 141411 and rs_ rottn-,d 
w11h nu p11per Abo,, art tommo11 (ma) shoj1; al nght, rokonorm shoj1. 

11/1' I" 

I • 

Japanese Sliding Doors 
The traditional way to make shojt· 

by Toshio Odate 

The traditionaJ Japam:se house: alk>ws for very flexible liv­
ing. The house is posr-and-lxam, with c.he spact"S b(,. 

tween posts filled by doors. most of them sliding. Thus any 
walJ, interior or exterior, can :u diffc.rent timc-s become an tn­
trance or an c:xi1, a window or an open space, as the people 
desire. In this :trciclt-I am going to show you the aur.henuc 
w.ay of making • sliding door. Although there arc: many kinds 
of sliding doors. the kind ,hat Wcs1cmcrs :woci>cc with Jap1n 
uc called shoji. This <ypc of door consis<S of a softwood frame 
fdlcd by a light laniccwork of lhin wooden strips (called 
l11mtko). to which is glued a layer of rice paper. Th<" rice 
pa~r filtcrs the light from our.side into the home. for the 
people to enjoy. 

When I w.as 16 years old. I w.,s 1pprcnticcd to a 1aug11-shi. 
a maker of sliding door,, My mane, and I would car,y !he 

18 Fine \1Coodwe)rking 

tools on our shoulders from hou5<' to house: and place co 
plac<'. We often worked out--of-doors. under an ov<"rha.ng. or 
in a vaca.nc cowsh(d. Everywhere \\'C went we madt the plan­
ing boards, beams :and ho~s on which wt could prtp:arc tht 
cust0mcr's materials. and when wt were dont, this cquip­
menr remaintd wich the customtr. We would s1..2y 2t a single 
job for 2s shon :a nmc as one w«k. or as long as thtte months. 
working from dawn to d:ark, wh2ctvcr the weather. After 
seven years of this. I could call myself shokunin, which means 
crafum2n. Such 2n apprtndccship is the only way to acquire a 
skill m J2pan. for chc:5(" kinds of knoQ.•Jcdge 2rc- nowhere writ­
ten down and never pursued as hobbit:$ I don't im2gine you 
can become shokunin simply by re1ding my •nick. 

For that macter, I 2m no longer 1hoA11mn. I havt b(-en in 
America 24 y~rs now, and my commicmenu art diffcrcnc 
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But I am still• skillful pcnon, •nd bccaUS< of my unusu•l life 
1 can be a bridge from the traditional Japanese way ro the 
American cnftSma.n who mnts to uode.rm.nd. You may find 
new uses for shoji 2nd other mys ,o make them. Ea.ch crafts­
man has his own cxJ)(ricncc and training. 1 can noc tell you 
how to make American shoji. but I can dC$Cribc for you how 
the "1t,gu-shi hos dw.ys m•dc JapaneS< shop'. If you know 
where the design comc-s from. even if you changt it co suit 
your own life-. you will know what you art' doing. 

Varieti~ of sliding doors-Shop is only one of the many 
kinds of sliding doors. The outcnnos, door of a J•p•ncsc 
home is • wooden stonn door (amad<>) which is closed tight 
every evening and left opcn during the day. Behind the stonn 
door is 2 gws door in 2 wooden frunc {g=su,d<>). The ,hofi 
is next. Often th(n: i.s a narrow rtranda. 3 ft. to 4 ft. wide, 
bccw«n the gb.ss door 2nd the shofi. This hallw2y borders 
the living space and is used co pass from one: room to another 
(figure 1). Sliding room dividers scpar.uc the imcrior spac~. 
These room dividers can be 1hoji (with uansluccm rice 
paper), fu1uma (with opaque papcr and 2 very thin frame). 
,tado (with wood panels), or 2 combination of shop 2nd 
IJado. A living/ dining room i.s commonly convcn:cd into :t 

bedroom a, night. Dining 12bl~ an, folded flat. 2nd beds arc 
soft matuesses that :ue folded and scored evCI)' morning. 
Most rooms have a builc-in closet with sliding doors (/11s11ma 
or itado) for hous,hold supplies. 

The scven traditional scyks of shop arc shown in figures 2 
:rnd 3. The one I will dcscriM' how co build 1s the common 
(ma) shoj,', who1< frame conuins three vertical lumiko and 
either nine or eleven horizontal kum,Ao. with 2 hjpboard 
(loshi-i"1) at the b>Sc. 'flus ltoshi-i,a is 2 solid wood pwcl 
and 1s called "hipboard" perhaps because " is the heigh, of 
your hip when you sic on the floor. The size of the hipbo2.rd 
varies according to the total height of the 1hoji, but the spac­
ing bc-cv.rccn the horizontal Rum,ko depends on the rwo sizes 
of ri« paper avwablc: 28 cm wide and 2) cm wide. The 
edges of the paper overlap on top of the horlzont2.l kum,ko 
The wider paper is used with the nine horizontal kumtlo co 
produce the classic mmo proponions. The narro9i,•er paper is 
u.scd wuh the devcn horizontal kum,Ro co produce the more 
conttmporuy hansh, proponions. These tw0 variations. and 
more, arc possible m all the srylcs of shop. 

Rice paper (shoji gom-1) sometimes is wattrmuked with a 
p2nern, commonly of plum uecs. blossoms. pine: crcc:s, barn• 
boo leavts or chrysanthemums. Sometimes these patterns an: 
reaJjstic, somctimts abst~ct. Because they art watermarks, 
you can see these pam:ms best from the inside of the room 
when daylight passes thJough the papcr. The effect is like sit­
ting with a beautiful garden outside, the pattern on the paper 
lik:c the sh.ado-ws of uees -and flowers. Bringing n2rurc in.side 
the home is ch-aracteristie of the Japanese. The cultivauon of 
miniature uecs. /x)nsa,, 1s another example of chis. 

Preparation-It is a common saying amongJapa.nesc crafts• 
men that when an apprencKc c.an accuratel)' prepare door ma­
terials he knows how to ma.kc a simple sliding door. People 
see the finished product and chey Jay, "He is neat." or .. He 
has skill." but 2cruaUy mo,t of the quality of tht work is in 
the prcpa.raoon of the materials. For cypical dimensions of 
the pans, refer tO figure ;. I begin with the hipbo2rd. If you 
do not have stock wide enough to make it out of one piC'.'ce. 

Fig 1: Aoor plan of a traditional JapaneH house 

-A ----St1leflltllanl, 

•• 
,,,.. 

l'I'.,• x l'i. x n 

-. Ven.cal tumi,ko, 
,. •"-· • n 

H1pb0ald lkos/1, iUJ. 
\, X 12 X Ji 

Join<')' 19 
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Fig. 4: Two tools to, a.itlng kumlko 

Sp/,ltlf){J !J8(J9tf splits lcumilco stlips Without kerl-w.tSte 

HOIIOw-gr°'-'nd 
SQhll1ng knife 

~ $rt//)$ tacked ro «!gets 
ol P8ne $Ole regulatt _,.., 
lh1Ckne$$ Of kumiko 

/ 

------.,..,__ ,-::-, -------

L
l~,,~- ·:1 

---'11 

---

20 Fu"k! \t'oodv.'OC"king 

I 

/ 

Tiu tategu-shi (sl,dmg-door mder} htgmJ bJ plam11g hJS mxl 10 JUe, 
141. H, IIJeJ pla11tJ iho1 u1 on 1/Je p11ll 11r04e, and ht 111pp01t1 1h, 
W()()d On a l::ezuli-da.i, 1h11111. 11 bt!11m held 01 one t111/ by II trumg11"1r 
11,ppon 1111d lodged 11gmn11 ""]th111g 1111rdy (II th, other. A nail dn11e11 
11110 UM bt11m uops 1he work 11go11111 du p11/I of 1he p/11111. Tradu,o,,,, 
Jy, tht kuuri-dai IJ f,11h1ontd al 1h, wo,-,4 tile and left behind when 
tlH ua/tsman finUhu the ]Ob and moves on. l.11,0111, IUHP,. 11 done 
w11h" th111, 11111'f'Ow Jf_/,fttll ,u,d II nuul111g .f111/e. S,mlklr p~us. here 
bot.h slilts forontt shoJi, an damptd tognhv tmd "110111 Imes smtel 
acroJJ lhtt Jlad 

you begin by gluing it up. This ~•ay the glue will be dry when 
it comes time to plane the hipboard and cut ic co s.itc. 

Nc:xt I pr<parc <he stiles. The front &cc, which will &cc out 
of <he room and receive the paper. mus, be planed flat and 
free of twist. Nc:xt plane the inside edge perpendicular «> the 
front &cc, but instead of being straight along its length, it 
should bow slightly. This will hold <he stile tight against <he 
l11muo. The large tenons of the rails will be made to fit tight 
in the monises of the stile-so ugh, that they will have«> be 
h2.mmcred home. Bui the kumiRo 2rc delic:ue. Bowing the 
Slilc to prt-ss gently against the A.11m,Ro shoulders, instead of 
making the tiny mon:.isd and cenoru hold Ulc paru snug, I 
call the "thoughtfulness of the m.ftSm•n." 

Once the front face and inside edge are planed. gauge the 
width of the &ce with a marking gauge and plane <he outside 
edge. Then gauge the thickness of the edge and plane the 
bock face. This is the &ce that will show in the room. All the 
frame pacts of the shoji are planed in this order. Plane the 
l11mt.<o•&cing edges of the top and middle nils and the in, 
side edge of the bonom rail co bow in. Now l cut the Stock. co 
rough length and rum to the kumuo. 

Apprcnuces being trained today we -a t2bksaw and a thick­
ness planer for pr<paring kumuo. The hand method I de­
scribe here is <he one I learned. I begin by planing peif«tly 
flat a I-in. thick redwood board, 6 ft. long Mark it to 'l,,in. 
thicknC$S, and plane the back face ro the marl:. Plane the 
edges of <he board ,quart to the &ce. 

Now I use a splitting gauge (figure 4). which is like a mark­
ing gauge but larger and hc-2vier. J score the-boa.rd, firsl one 
face, chc-n the other. until I can sn::1p off the Rumi.to. I plane 
the edge of the bo>rd again, then split off another kumi.io, 
repeating che process until I ha,•e plenty of cxtn pieces. 

Na.t J wet the knifed surface of each piece with a da.mp 
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Fig, 5: Laying out the stiles 
I ii 

l_ _H,pboard-r lratl grooves }. 11"1 deep) 
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Mon,se, 
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,1. I p(ro, 
, 2 

Topra,I 1-IY,. 
hO<n 

Fig. Sa: Determining height of shoji 
'4•in 

_.~ance 
-,-

FOf a pair of sno,, NJY our /oor scdeS at once. Lay ovc kum,ko morFJ.'$tl$ /.-om the tO() 18d 
w,fh8 marking $(iCk. v'aryti>g the Sll#olrhehipb<)MdtO t,r the shOJI ro l~doorop6(1,ng 

-'­
% 

T 
Fig. 6: Laying out rails 
Nost ~,. kutnd<o mortcSe Nose 

~I 
.L --1- .L 1~·-,00, .. , 

To fit ttaek. 
fiflt$hed $h0j1 
/$ 14 flt. laller 
thin lhe door 
opllfltng ir ril/:s 

ooo, 
ooerung 
pluS \ in 

H';,Y"' 

-Mlddlera1 

L>j:::::::::::::;;;:::::::::::::::~::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::~::::::::::::::::;;;::::::J.:'JJh'_ Bottom,.,._, 

T T 
open,ng ,- 1\. width ot Sl•le w,o,h 01 s111e. 111. -

- Tenon shoulder Tenon shoulder -, 

W,dth ol shop 

_L 

T 
\ 

L-
For II /)8il of sho11. l,,ty ()(JC $Ix tails ar 0/'tCe Width of $hOJi /length ot r,iO equals Wt(/(h of 
open,ng f)lvs 'lltlidth ol ot11t Sf.le, all div1dlJd by 2 Kumoko morris-es~ rtllfked on tO() MJ<J 
middle rad$ only. Space becw6et> kum,ko (;Quals distance belween stiJtls m,nus combinfJd 
width of kum1o(Q, all dMded by rn.,mber of Sl»CIJ$-

cloth, tO rdicve the pressure m2de by the knife. If you don't 
do chis, the lt1,rnilto will cvent\lal'y swell after they att assem· 
bled. and cause trouble. I lean the ltumiko ag-ains< a wall so 
the air can move. around them until they arc CU')•, -and then 
plane the splu edges square. To make su« they will be enctly 
the same width, I plane three or four k.umih> at once, using a 
plane I reserve for this purpose. h has wood smps tacked to 
the bortom to stop Lhe cut (figure 4) 

Laying out the joims-The wall operung and u-acks built by 
the hoWC' ca.rpcmer determine the outer dimensions of the 
1hop. The width of the rice p:apcr determines the spacing of 
the horizonul kumiko. Marking ou, this spacing from the top 
rail dettrmin<S where the middle rail goes, and thus the 
taugu-shi finds the height of the hipboard. All other mea• 
suremeou arc according to the dl.Kretion of the cD.fum2n 
The mc-asuremcms in the drawings arc typicaL 

For speed and accuracy you lay out similar p1«es. both 
sciles for mst:ancc (or four, when one opening requires two 
1hoj,). at the same time. Use clamps to keep the pieces 
aligned. The 1at,gu-rh1 uses his clamps mostly for layout. 
almos, never for ass,mbly. I strike finished monisc heighcs 
and tenon shoulders across the width of the $tock, using a 
square :a.nd a marking knife. Pencils :a.od pens are not so accu­
rate :as rhe k:rufe, and a.re used only for marking to rough 
length. 1 mark the Stiles f,m. then the rails. then the kMmilto. 
The stiles: le is customary co orient the stiles the w:ay the wood 
grew lO the tree. So, I make sure the largest growth rings arc 
at Ule bcmom of the st.ilcs when I start to 12.y them out. 
Glimp the stiles together, inside edge up, and mark the fin­
ished height of the shoj,'. 'I, in. longer than the heigh, of the 
opening it will fill. The exu-a !ength fits the tracks, top and 
bottom. in which the shop° will slide (figure)). Next I make a 

mark for the horns. 1-in. lO l %-in. past the fini.shcd height 
on either end. Mo.st of the: horns will be cut off tattr. but for 
now they keep the stiles from splitting whtn the rail cenons 
:arc driven into their monists, and they :also protect the cods 
of the stiles from damage during the wotk. Mark the width of 
the cop and bottom rails nnt, and within those widths mark 
the mortise: height. 

Next I mark off the monises for the kumi.ko, using a muk­
ing stick. The stick carries the width of the paper and the 
position of three k.um,ko in rcluion co chat width. Figure S 
shows the layout of kumiJo moni.sts for the mmo-size p2.pcr, 
28 cm wide, which giv~ nine horizontal k.umilo. The nick 
has twO kumiko moniscs marked just inside the pape, width, 
plus one centered bcfWcen them. I begin at the m:a.rk for the 
cop oil. overlap it the width of one kumi.lto monisc. and 
knife off the: other rwo moniscs. Reposition the $tick to overl.2.p 
the l.asl mortise marked. and m2tk the ncx-c t\\'O mortises. I con­
tinue in this manner five times, until I h2.ve marked off nine 
ku,mlo mortises, :a.nd then I mark off the top of the middle 
rail. Finally I mark the width of the middle rail. and within it 
the monix helght. I square :aU these knife marks :across all 
four Stiles. saw off the noses (the waste beyond the horns). 
uncl-amp the stiles :and chamfer tht ends 2.g:ainst damage. 
Th, rails: When r:wo shoj,' fill a door opening, they overlap 
coch other by the width of a Stile. The width of coch shop 
thus is figured by adding the width of a stile ,o ,he width of 
the opening and dividing by i;wo. The fin2I rai! length will be 
shy of this dimension, bcc.1usc the tenon l$ ,not quite 2 

through tenon. bu, for now, I d:amp th( rails cogether, inside 
<dge up, and mark their length 2S the shoti width (figutt 6). 
Next I m:uk off the width of the sti!cs, which locates the 
cc-non shoulders. The monises for the vc.nit:al l11mil.o att 

marked next. equally spaced bet~cn the two stiles. 1 uSt' a 
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Fig. 7: Laying out vertical kumiko 
£av Ol.lt two kum,ko from stile, we these (O J,gy out orhers 

Mark rop eno > 

.l Lav out thf96 vemc:41 kumoi::o for edt;f) Sho11 from the two hMfted Ol16.s 
.L .l .l 

-;-
\. tenon 1eoon 

Chamfer CCt'twNs.~(===:!"!===~n:'":':shed=:':"i.!!m:":o==;;n===!!"===:;:•===:!•C::==J•;:===:!"!:.===" 

Od111e cl.tmps 1he kumiko (th,e 1h111 11rip1 that form the shojigrid) to· 
gelb" tn a Jtad t1nd .14ws the nokh shou/d-,r, a hmT m()rt than half 
li't1J th1011gh. A. p,ec, of J(T"P 1111r11 the SIIW correctly. 

To bred 011t the wa11e Odau p11ll11he eomerof a fo1 ,h,.ul along /be 
le,f (top). ThM he ckllt"S the Wdlte ""''ha mortJ.u <hmd Nut'" the 
lfotdJ, Pe,d•ude dot1111 (tlbo•e). 

22 Fine Woodwo,king 

lf/1/b the kumiko shll d,111,ped 1-0gttber, Oda1e /'IUI.Us theu tht()JfJ, 
Ftr1t he uws the sho"lders, 1/.u11 brellh off ti>tt WQ.Jk with 11 <l>uel 
p111hedmfrom thtendgram (IOp). Thtmdexfo,geron tlul>ouomof 
thechuel ~,, as II uop IO prouct tht 1ho"ldn. Htekt1nJ "P 1he u110111 
b1 pt1nng with lhe chuel 11cro11 the gru1,r (llbOPt). lf/h-n, all the te110111 

h""' bu11 formed and 1httr ,op a,rd bo11on, conurs chamfered with 11 
few lll'Ol.tso/11 plane, 4t ""damp1 lhe stild.fu111011t the kumikoa,rd 
ch-am/us the 01Jur two com,N (h,low). 
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marking ,ti<k. as for the horizont1I kum,ko. Lasdy I saw off 
the no,cs ,quattly. and undamp the raili. 
Verti<al l,umil,o; To lay out th< «noru and the notch" for th< 
half-lap joints on th< vmical kumdo I tranSf« th< layout 
lines from one of the sul" to two of the kumilto. and then 
from the,c rwo to the rm of the J.umil,o (figure 7). I damp 
the cwo marked k11m1ko on either side of the st-ack of un­
marked A.11mtko co suikc the layout lines 2cro$$ the stack h's 
a good idea to ma.kt ('9,'0 cxua A11miAo and not use chc 
marked kumilo in the finished shoji. The venial kumih, ger 
notched alccm2tc:ly from and back. So I square every other 
noteh around the underside of the suck. Last, I marl< the 
«non shoulders and lengths. 

Now, while the verucal kumrAo are ,ull clamped together. 
I saw the notches and chc tc-nons (photos. f.acing page). You 
cue both shoulders of one notch first. using a piece of scrap co 
Stan chc S2W correctly. Saw a hair more than halfway through 
the l,umi.to, break out the wast< with a chis<I. and clean up 
by running a mortise chisel. bevel-down. along the bottom of 
the notch. I inscn a scrap of A.um,ko in chis notch as security 
in case a cla.mp shifts whiJc I'm cutting the other notches. 

N<Xt I cut th< clamped kumil.o mck co final length. To cut 
chc tenons. square the shoulder lines :around aU four sides of 
the stack. C.uge th< «non on the end gr2in of the suck and 
on the faces of the I.WO ouuidt lumtko, thtn saw the 
shoulders. ThcSC" arc small tenons, so instead of sawlflg in 
from the end grain co mcec the shoulder, I use a chisel to 
brcal< off the waste. My index finger on the underside of the 
chisel actS as a scop ro k«:p the chis<! from damaging ,he 
l,umi.to shoulders. In all but the smightcst•gr2in<d stock. I 
break a linlc bi, wide and pare the tenons to the line. 

Before removing the damps, I chamfer the upp<r and 

LIA, the ph,uJ,]apantst saws t:lll on tht p11D 1tr()U. TN long l;.,11dk u 
11111JJ/y }Hid w11h two hands, spaced 11,-eU apart for maxun11m po11,·er 
andcqntro/. There an three lxme 14wr•g 1"111US, t«h 11111-td forad,f 
fern I sortof cilf. Form>JJ(ll/tmg_, kft, Odau s11ppom ,h, JIQ<.lo• two 
low /xmts, holds ti 11ttul7 v:,th hu foot, a11d s;iw, thro11gh. For sawrng 
sho11/d,-rs, as at top ltft of faung pt1gt, Od111e n/J Jo ht,..,,, see whert 

Fi;. 8: Laying out horizontal kum;ko 

Uy out t"'1> kumiko !tom rail, use t/'lese to Jay ()(JI others 

Rall 

Lay our 9 h0ti20n1at k.vm11:o /o, 98Ch sh011 from the two marked ones 

T 
.... -\. tenon 

Fm,~ l:um1kO Cmmter comers ., 
<i«:::::::::=:::::::=5:•====-r::.=====•c -=-===" 

lower edgcs of the tenons. Then I n-movc the: clamps and f-an 
ouc the: stack co cha.mfcr one corner. then the other. The ver• 
tical ium,Ao arc now read)'· 
Horizo"tal lt11mi.eo: Many people think that the ltumi.to 
ovcrlip. every other one, as if they arc wOV(O. But iumil.o 
will not bend that much They are only panly woven. When 
there .ire dtc(c v(n.ical kum,Ao. for tnstance, the notches in 
the honzonul Aumi.ko a..rc rwo, adjacent, oo one f-acc. one on 
the other (figure 8). Th<)' at< marked out and cut exacdy like 
the vcnicaJ l11mtlo. 

Cutting chc joints-The kum,Ao notches and tenons have 
been cut while ,he l,um,ko were clamped up for layout. The 
joincs on Ult stiles and r.1.ils arc now cut on the pieces individ­
u-a.Uy. mortises first. then ccoons. Cutting the tenons last !es• 
sens the danger of damaging them. Th< quality of a crafts­
man's skill is iudg<d by his speed and accuracy. It i, con­
sidered mosc impona.nt w make each cut with the saw or 
chisel the final cut-)'OU go dir«tly to the layouc line. The 

the'"' /J4S 10 stop A,,d for nppmg, "sfor 1t110• ehuh, ,e111er11nd 
nght, ht 11,pports the ucd ()11 ont hoTJt so he ,an ue 1helayo111 l11st1 
o,, tht "''" tdge 11nd <111 the e!ld gr.n11 tZI tht StZmt 11"'4. TonouJ c11/• 
ling 1/f/o the sho11/der, Odau wwso" tm a,,,gk tiff() 1h, flttZr6dgt firu, 
then t,m,s the stoel ow-r 10 e,,1 m/o the opp011te edgt, fi11uh1lfg wtth 
the saw straight 11p t111d dof1111. 

• ... 
I 

Jo,necy 23 
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Fig. 9: Mortise chisel/chopping method 

,Ura 
r 

f 
' 1 , ...... -,.,. 
Section 

8 

Mon,smg C1"$itJ{ sides dte conc.,Vlf 
dnd ura f8co is hoJfow.groond, 
ffJ<lucmg frictiof'I ,n t~ cut 

A !J.eg,n m the ml(;ldft! of 1he more,~ and chop 
04Jt toward tM ~. altemer,r,g SKI&. always 
Wtth 1he ura !bee towaro the mi(l(lfe 
8 At ~s of the mortlS{J, rum ura f8Ctllf'Ound 

• 
Tht tatiegu-shi RIS 0111he wood lo suadJ II whtl, Ju momu111, abore, JllJhb111g hiJ tbuel fr,. 
q11e11d1111 fl box of co11011 wadding .l()ttltd wuh 11tg#obie oJ, to md11ee /n,t1011. Tiu ,hu,f i,;,J 
thru coneare ntl,1 and II hollof,(,l-g,01111d /"4 (fig11re 9ttnd pho1o, l()p of/"111g page). He ehops 
from iht m,dd!t out. fliwa,s witli the /11ee l<Jwllrd the mu/di, of tlu marns.e, exup1 for th fi1111i 
CII/J 11.1 eulure11dof du mortu4. These 111ra,ig/edsl1ghtl7f,om tht pe,pn,dttuUIT(.PholO, nght, m 
dades11 s91111n for,l/11smuo11 Olf/y) I() 1.opullu momJe for11 hgh1 /ilwiHn the unon u dnun m. 

least contact l<"sscns the chanc<" of error and k<"cps the work 
crisp. Should the shokunm malc.t a mista.kt, no mantr how 
small, his trror «mains in the work, and t-ven if only he 
knows it, it is a pcnnanent rrproach. Nothing can be done 
about it. So you lc-un not co make mistakes. 

Japanese mortisc:s ue som<"what differenc from Westt-m 
morti.s<s, and so arr some of the tools used to cut them. To 
get maximum strength in a delicate frame. the u1.eg11-shi 
shapes his monises with walls that aper in, co comprcu the 
fibers of the tenon without crushing them. The narural 
springiness of the wood enhances the mechanic•! sm:ngth of 
the joint. He works to very do~ tolerance,: a shaving ht-((' or 
there makes aU the difference. It is thought coarse to show 
end grain. so through-joints au used only in hc:ary cnrra.ncc 
doors. rain doors, and doors that corry gla55 For suength and 
refinement, the main joims of the sboji mus, be as deep as 
possible without going through. The bort0m is paper-thin, 
thin enough for light to show through. But no mark mwt 
show on the ouuide. One slip and the wood is nuncd. 

You gauge: <he mortise width. making sure tbt fence is al­
w:i.ys on the front fitcc of the stock. then chop your mortises 
with a chisel <"X'2ctly as widt as Ult monisc. JaJ>2n('$(' monist" 

2 4 fine Woodworking 

chisels art rectangular in s«tion a.nd wi.11 nor rum in the: mor• 
tise. Three: sides arc slightly concav<", and t.ht-f-ace. calJ<"d 11ra, 

is hollow-ground (figure 9 and phoro, fitcing page). This re­
duces friction in the heavy cuts. S12bbing the chisd frequent• 
ly into a box of cotton wadding so>kcd in vegetable oil fur­
ther r<"duccs friction. The edgts of the chjscl scrape and true 
the long-gr.a in sides of the monise. 

Tht 101egu-1h1 sui.kts his chisels with an iron hammtr, not 
the wooden maUct used in the West. He work.5 from the mid­
dle of the monist- out. alternating cuts at tither end. tht 11ra 

always facing tow.rd the middle. As the chi.s<I CUI$, it follows 
1hc btvd, so c:ach cut shears lOward the middle. As you near 
the ends of the mortise:. you tum the 11ra around and chop 
straighc down. Th<" last cut at c-2ch tnd is with the chi.sci tilted 
slightly into the mortise. This tap<:rs the walls jus1 enough to 
pinch the tenon when it IS driven in. 

The 101eg11-1hi docs not lrver 'WaStt out with the chISCI as he 
chops, as docs a Western woodworker. Instead he u.scs a sm:aJI 
h2.rpooo.sh2pcd tool c:alJcd mori-nom, (photos, facing page). 
ltS face is flushed against the mortise waU, and the 1001 ~ 
12ppcd down and quick!)' jerked up. Its hook catches the 
chips and clears them out. Chopping, alternately with die 
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moni.sc chisd and the mon-nomi, proc::ccds quickly until the 
final depth is approached. Then you slow down and gauge 
the depth with a piece of kumiko cut to length. Score the rc­
nuining wood with the chisel, ,nd remove the last fib<rs from 
the bouom of the mortise with 2 1okourai 4 nomi, another 
tool I have noc SC'en in the West. It lS 2 thin. goosc,ncckcd 
1001 wi1h • small spade-like b<nd ai its end. This tool is not 
capped with 2 hammer. but u.scd Ii.kc 2 scraper. with one or 
rwo hands. to lcvd the bottom of the monisc. 

The Rumiko moniscs need not be 2S deep as the monisc-s 
for the rail «non because the bow in the stiles and ra.ils holds 
them tight. The Aumiko moni.scs are too small to~ scraped 
in the usual way. So, you chi.sci to within ¾ in. of the final 
depth ,nd use a small s«el rod tO tap the wood down for 
elcara.ncc (about V., m d«pcr than the length of the kum1ko 
«non). Thi$ method works best m !()frwood. 

The tenons on the rails arc cut in much the same way as 
they would be m the West, although the 1augu-Ih1 holds h,s 
work differently and uses Japanese saws which cut on the pull 
stroke. First extend the shoulder linc-s (mariced on the in­
side edge when the sti.ks were clamped together for layour) 
around the other three sides of each rall Gauge the tenon 
chJckncss on the cwo edgt"S and on che end grain. Saw the 
shoulders first. on all the rails. then line the rails up co saw 
the checks. The photos on p. )) show how to proceed, s:awing 
with the stock supponed at an angle, so you c-an S<'C the lines 
on both the end grain 1nd the edge of the Stock. Saw at 1n 
angle to the ne,r edge of <he shoulder, then tum the stock 
over to finish. This way there is less danger of ovcrsawing inco 
the shoulder. To cut <he narrow third and founh shoulders. 
you should not saw the shoulder right on the line. b«2us.c 
the SC't of the saw can damage the first t\VO shoulders sawn. 
Instead, saw 2 little wide of the shoulder and trlm Vi•ith a 
chisel. All shoulders cut. saw the length of the tenon I> in. to 
\I, in. less than the depth of the mortise. Finally, chamfer lh< 
end of the ttnon so it will go m e:a..sily. 

Lase, plow-plane the grooves chat will hold the hipboard, 
and rabbet the bouom rail (the cop too, if you 2rc using the 
thicker cop rail), so the 1/x;JI can fit 1.nro ic-s crack tn the wall 
opcnmg (figures 3, page 19, and 5a, page 21). 

Assembly- The Japanes< prefer n1rural surfaces. The ,hop 
l't'ccivcs no finish except a fi.021 planing of all iu pans, tO 

clean them from handling. The finish plane cakes off the 
slightest shaving, with onl)' one or N'O passes Pressing the 
pl2ne hard ag2in.st the stock burnishes the surface 2nd brings 
the wood to a -warm glow. 

Cu, and plane the hipboard ,o fit, allowmg room for the 
wood to move across the grain. fimsh4 plane its rwo faces, and 
chamfer all its edges. Finish-plane all other exposed surfaces 
of all other pans and lighdy ch1mfer the edges of che main 
frame pans, except the inside fronc edges, where a chamfer 
would create a gap bnwec-n them and the kumzlo. Now at 
last. you're ready co assemble. I use rice glue that I make 
myself. so the shop· can be taken ap2rt if it ever needs repair. 
Any search glue, like wallpaper p•scc, will do. 

As~mblc the k11rmko fim. Group the horiwmals together 
al\d the vcmc~ togcchcr to ma.kc quick work of applying (he 
rice glue to the shoulder> of aU the notches. Do not put any 
glue ,n 1he bonom of the notches, because glue here would 
prevent the kumiko from fining tightly. Tap the J,um,ko 
cogccher usir.; a hammer. Fit the assembly into the monise5 

The 12tcgu-s.hi's mortising tools. From kft J()nght, a morhnng ,bistf, 
with holkJw•g101111d ftJU (ur:a); t1 mori-nom,. whost ha,poon-lzl.t 
hooJ u 111pped d()WII {Ind ~rUd 11p to remou dJ,ps; and a solcozar.u• 
nom1. wh,e.h J(rap6J the mortise bottom flat a11d o/J() hfts 0111 eh,ps 
Wt tJ t1 stul rod for uppmg jltJt tht bottomJ of small momJtJ. 

Remo-m,g th,ps w,th tbe mon,nomi. 

... ;, 
Srrapurg the /Jo11cm of the mortlus with tlu sokoz.·trai-nom.i. 

)OIOCI')' 25 
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-· 
TN ku.miko Ulp join/I alt"'1alt, ah«~, and 111-1111 ~ ta,std into 
pia<,. &knv, Odau holds a ,ma/I shoji h, madt /~ dtwumsrra-
11011 d11n11g II wttk,nd worhhcp. 

-
✓ 

-""l:~-/ ~ ' 
._,;....,,, ~ 

26 Fine WOOdwork,ng 

in the top rail. No glue is needed here. Fit the hipboud into 
the groove of the middle and bottom 12il. and fit tht leumiko 
assembly into the mortises in the middle 12il. 

Now you arc re.idy tO add the stiles. First t-akc a hammer 
and tap around the mortises so the edgcs of the 12il shouldcts 
will fit tight. Then apply glue to both siilcs at once. Tap the 
raiJ cenons imo one of tht stiles, Stopping when chc lumilo 
tenons just bcgm to engage. then scan the other stile in c.hc 
same way. Muc sure both stiles are going on straight, and 12p 
them home with a hunmer. Hammer on a small block of 
wood with chamfered edges tO avoid dunaging the stock. 
When the tenons fie tight, check to tx sure the shoji is square 
and flac Tap and rwi.st ir into shape if ir is noc. 

lnstallacion-With assembly. the tense part of the 
shol11nm's challenge is accomplished. Insu.Jluion is the joy 
of displaying your work. Place the rhoti on the oumdc ledge 
of the bonom rnck and check the Stiles against the door 
fr:1me for alignment. Cur the bottom horns as close to the 
bonom 12ils as possible. bur if ncccssuy at slightly different 
heighc, to align the srilcs puallel to the door frame. Rabbet 
the horns, Ii.kt the bottom rail, to fit the groovt in the track, 
Now put the shoji back on the lcdg< (no, in the groov, yet) 
and press th< top of the shoji up against the outs1d< of the top 
track. Make a mark on the inside face of c-ach horn where chc 
crack meet$ it, add 'A in co this mark, and you wilJ have the 
kngth to whtCh the rop horns should be <UL Once they uc 
cue. rabbet chem co fit che track. 

Applj•ing paper-R1« paper has a smooth side. which IS on 
the msid, of the roll. and ,his should fa« out when the paper 
LS applied to the screen. The horizontal strips arc pasted co 
the 1hop with rice glue, a.nd the")' overlap one another like 
shingles. so the seams will not collect dusc. Paper is cradi­
tionaUr applied by the ho=wifc and cusromuily changed 
during the l:m week of the year, so thaa the paper is brigh, 
white for N,w Year's Day. signifying a frcsh sran. Old paper 
is e-.tsily removed by moistening it. 

BcSldcs the traditional mmo and hamh,-s'u.c rolls, paper 
companies now make rolls one meter wide to be pa.seed on 
vc-rucally in one piece. Thi~ o~ru up man)' possibiLucs in chc 
spacing and patterns of the kumdo. which have always betn 
c.ucfuUy positioned co :accommodate the tradiuonal-sizc 
pape~. This kind of chang< cr<ares freedom in design, bur it 
raises questions about pride in craftsmanship. 

WtU, finally you have fimshed and nc·2tly mstalltd a patr 
of shop. You can apprcciau: now rhcir character. The shoJI 
paper draws in not only light, but light's wannncs.s. softness 
and wte. The frames and kum,Ao that suppon the paper arc 
not heavy or c02rsc. You open and closc rhe shop gcnd)'· The 
shop has e,,erythmg you need 10 frd peaceful. You retreat 
from the bustling world oumd<, you t2kc off your shocs 
when you enter your home. and you sit down on a chin mat• 
tress in a room of rhop walls. You can (ail thJ.S plac( ao oasis 
~~- 0 

Toshio OJ.au u.·as trained a.s a cacegu-shi (111ak1r of sliding 
dtH>r1) 1n Japan. Tnday he IJ a so,lpuw and /Jns 1n 

Woodbuy, Cs. Odau·, !wk. Japanese Woodworking Tools: 
Their Spiric, Trad,rion and Us,, u·ar publ,1h,d 1n 1984 b) 
TIN T a1m1on Pr#JS. Dt-au 1ng.s b)· tlN a1dhor. 
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Locking the Joint 
Tenons tusked, draw-pegged or wedged will hold without glue 

by Ian j. Kirby 

Thi:,, article 1\ about thrcc variauons on the- momsc:-~nd­
t('non 1oin1: draw-pegging. tusk ttnoning and w('dg1ng 

All exhibit a lively and cr('ativc mind on tht pan of ,htic ong· 
mators E:uh ha,; 6(-en in uS(' for a long time; and cx:ampks 
m1y be found m building <,onnrucuon. usrng material of \'C'I'\' 

large-S<'ctmn. as well li in tht most refined cabinctmalung 
The ,mponam ksson is that omt the: n:uurc of the-m:m:ual is 
undcntood. and the principle:- of woodv.orking art applied. 
a.II the rest 1,; wide opC'O 10 1h<" imagination of the maker 
Suptrb cxc:cuuon of the work plavs a 1,upponivc but s~ond 
arv role in ;u hicvmg a fine r~ul1. 

The nouon of a square peg m 1 squart hok·-the monisc· 
and-tenon jo1m-has been with u'> for thou~ands of )'t'ars 
Manv woodworkC"rs se1:m 1nhibuC"d by this hl.StOI)' and fed 
there mu)t be a S<'t proc(dure. dcvdopcd ovc:r {cmun~. for 
any gi\•tn joint Bue Joint design should no, be looktd upon 
m this light. There arc rwo stparate t0nsider.u1ons 

Ont is. cxaul>• what form shall a joim take> The maker 
mus.1 analyu the work che joint has to accomplish Ht muse 
consider gluing surfaces and strtngch of 1i..ssue on each mem­
ber being joined. The se<ond c:onsidcra1ion. which usually 
ge1.s S<'noush• cmanglcd wuh chc first. 1s, dOC'S the workman 
ha\·e the skills and tools co ma.kc 1hc-Joines he dt"S1gns) The 
a\'ailable tools ,u 1imc-s ca.n have: a mosr conSt"qucn1ial cffcn 
on the final outcome. Between cheS(" 1wo considerations lies 
one of the more seriou~ issues in te.tch1ng and IC2iming co de­
.:,ign. Our usual rcauion ~s woodworkers. when we have tode· 
,,gn anything. 1s 10 discard all thoc;e things lying outside our 
m.inufanunng abilit~. This ceodcncy creatt'S a form of cunnel 
\ 11c;1on. On the other hand. chc \erious dcsign scudent w1thou1 
much "'oodworking ~ill is unfettered b)' tunntl vision If he 
undcmands the principles. a crtative solution ,s frequently 
che outcome. Conversely, the woodworktr who ha.s ,he skill 
(O do the work but who ignoreli the principles is quice liable 
lO make the thing 11) an accurate manner. while making 1t 
fundamtn1ally bad. Forwnatcl)'. nc1thtr extremt is usuall)· 
the ca.se- wt .a.rt mostl)' somtwhcrc m hC'twtcn 

The: 1dta that superb c.:raftsmanship 1s the ntccs.,1.ry spring· 
board for all other arcAS of knowledge c.in lhus be setn to be 
qutsllonabk Indeed. the reve~c is mort likd)' ,o be tht 
ca.~- I would encourage any woodworker. beginning or ad• 
v~nted. not 10 ftd mhib1tcd by a lack of spC'Cific informauon 
:.1bout 1oims and other woodworking details. Kno9,•lcdge of 
tht pnnc1plc:~ involved is the )alicnt faccor -spcufic dttJ1l 
can usuallv be found 10 books and maga.zints and applitd as 
the need anS<'s. When a read\· .imwtr is not a"•::ulable. an in• 
tclligent appltc1uon of the pnnc1pks will normally ~Ive thC' 
problem We have artciS to a great dtal of knowltdgc b)· 

studying the work of our predC'Ctssors. but tha1 1s not rn S2.\
1 

lherc i<o no room Jtft now for the dcsign of 0("'9, joints and nc-w 
)ystcms by the indi\·idua.1 woodworker. h 1s simply a quesuon 
of the tombination of basic pun.ciplt:$ with cre:ui"•c thinking. 

hrough1 10 fnmion by txcclknt workmanship 
Mose joiner)' in solid wood offers the choice of hiding the 

struetural n:uurt of the work. or of putting non view. We 
havt through dO\'tt~uls and st-net mitered do\·cu1ls, through 
tenons and blind ttnons_ Exposed c;1ruuural demcncs may be 
embtllishcd. u~ually b)' carving in various w-ay!i orb)' the in• 
troducuon of J.hecnatC' woods for wedges and pins. This t)'P<' 

of joint m2y have such an cffte1 on tht visual quality of a 
pu:-,t of work that us whok nature 1s dramatically changed A 
sjm1lar cfftct can bc $Ctn on a large scale 1n arc:hittcturt. 1n 
such things as ha.mmer-be1ffl roofs and exposed girder work, 
and on a small scale in furnitUrt Joints. The drawings on the 
following (11,'0 pages show the basic forms of these furniture 
joinu and the basic procedure" for m.iking them. 

Thcsc joints havt tht unusual tha.raccerisuc of being able to 

funcuon well wnhout glut. Two of them-the rusk tenon 
and the draw-p<-ggcd ctnon-can IX' disassembled without 
too much uouble. All three. once made, c-an be put together 
and worked on 1mmediatdy-they art m«hanicaJly locktd 
The tusk cenon and the draw-peg tenon need no clamps at 
all, and the wedged momSt and tenon c.in bc d:.1mt)('d unul 
the wtdges are drivtn. and then cht pressurt can be removed 

Good examples of dr>w-pcgg,ng can be found in old-siyk 
posr-and-bcam houSt"S. and the joint is of course used by en• 
thusia.stic builders eO<lay. It is cradi1ionally ma.de by off­
scuing ,he dnllcd holes so rhc cnr')' of rh< peg draws ,he 
struuurt tightly cogether But I don't think it is cheaung too 
much in cabinet work to put the work into damps. apply nor• 
mal gluing pressure. :;ind drill ehrough both pans all at once 
t-or th:.1e ma.ner it can bC" done at the cime of gluing (unk~ of 
{OUl"'S(" you want the joint to knoc:k down). If )'OU draw the 
Joint together ,n a small cabinet. don· t O\•trdo cht off. 
ctntenng The rt'SUlc might bt an uns,ghtlv mess on the 
emerging side of the p(g holt. and excrssi\'C' strain along tht 
'>htar line~ of lhe tenon 

In tht wedged joint. be: atcuratC' when setting out a.nd saw­
mg the wedges. If they :ue too small the joint will be loose. 
and if coo 12rgt the wood fibers of the tenon will be crushed 
and broktn Don· t m2.kt the tenon any more than 1/u, in 

longer than the depth of cht monist. It is a total entrgy wastt 
when 1t come) to ckamng up 1ht jo1m-unlc:ss )'OU intend co 
t2f'\'<' and feature lht protruding tenon. 

Whtn ms.k·tC"noning. lhe cmical po1ntS art :;in accurate 
match hC"1wcen the slope of the wedge and the hole chrough 
wh,,h II pasS<'s. and enough space 1ns1de the mortise for the 
wc-dgc to do its work. Thi~ joint. more than any other. can bt 
tightened almo!it ,ndtfinttcl)' co accommodate wood 
movement. The drawings on the next rwo pages dc:wl chc 

joints rvt describtd here. 
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Wedged through mortise 
and tenon 

~ kw 

~ l( 
T1- wedged t•non m,-y 0. through or blind, U$H>fJ Onl! wtldge at uch 
end of the tenon, as $/town~. OI two ~s 111 ~h 11nd. Wc,dgff 
MB lreqUMtly made out of a thlf••nt W(X)d than uffd for the main 
work. If tht, color C/Jntrast i$ dramatic, accu,-.cy at uch stltf)e i$ all the 
more MUuaJy, to, when the WOik is c/Hned and polished, a narrow 
band of W(J(ige at one 1Md and a wide bttnd at the or~ traMMtt$ an ex• 
traordilJ;frily loud message. The thickness of the uw k-,f is ol ltttJe ,m. 
portar,ce- ~ , ttmon uw ot a dovttJJil saw. Saw down the tenon 
%. in. ro_,:,. "'·from,,.,_ ed~-the exact_ dtstance vanes acc0td,ng to 
the pli8M,ty of tM wood. Stop t.htl cur i m. to ~ ,n from the fhocnder, 
to giw: tM wood• lwrrer chance to IHnd 

t=::::-------.. 
L 

KL 

I 

◊ 
T 

KL is tM ltmgth of tM uw 
kerf. K is ~ge thielm&s at 111), 

which is thicknttss of thfl 
Uwbrf. 

l i$ thtl length of saw kt1rf 
plus\ in. 

W is """1th,. sa~ as width 
oltn()f1.tstt. 

T is lhe thiCkJJess 8( '-ngth 
Kl, which is tht1 tip 
t!H~ss K plt,J.s the extr, 
C>Hnmg at the ootside of 
lhe tnonl.Se, U$~ \ II'> 

A.s.semb/., the ;om, With clahtPS on each 

I side of it so the ~ge ked1 MM1't htd· 
den und• dltmpmg blocb. l}qn't 0WN­
oghum ,,.,_ clantp$ or you will bend the 
mortmt mtJmber and po#ibly pull the 
work out of trut. Spread g/uB on both 
taus of rht wedges as well H "' w 

To make M1tdges, ~pare 
stock with g1a1n l•ngrh• 
WY#, N thid as tlHJ mon,,,, 
w,dth. Squan OM ertd and 
square IO<lnd 111 le.ngth L. 
Also square round the 
WOOd at "8r>gth of kNI KL. 
Musur• k•rf thickne-u K 
from the «Jg. Ill the top, 
~ ~TOSS. On lrntt Kl 
measure ,n f,o,m tM edge 
T. Connect POmt3 and .taw 
dewn the outside of 1h;s 
line. To tnlJXe t~ second 
wedg,, measur• K along 
line L from t,,_ edge of thtl 
first kttrf, and with try 
S(IUBlll ~ to the end of 
the IIIIOOd. $.aw the <>uts.ide 
of this ,,,,,_ and prOCt!«J as 
before. 

/ 

- mortise 1tsMI. You tan keep (Jlw oH 
your f111(16"S by dipping o,,. wedge into tht! g/vt1, and w,pmg the 
•xcen onto tM orhtN. D,,w tfHI wed(Ju wtth an NOn hammer, not 
• ~t-you'IIHHH a tkstmct Change in t"-sound ot the blows 
n the ~ hNs ,ts space and bec.omn s<>ltd. Hit the.m alter• 
nate/y so they etttBt t~tl>tN. Onctt the loWdges ,ve snvg, if~ is 
p,e#,ng, yov c.n remow the cJ.8mps_ and contint.NJ IIIIOfking. But 
if yov a,e us,ng a C•cJamp ac.ross the J()mt to get a good Chffk-to­
r~on ,nterf""- besr w~ 11 /Jk)M urwl ,,,. glue ha.s cur«/. 

The blind version ol thi$ join, foxtad w«ig(ls-~ 
qu,rtlS Strict BtlMtion to tJCt:Urate ~,. 
M#t1 the ~ IN'lthout any ex«u wood on the 
end, and ~n cutMg the mortis• lesve a good f>l<I 
ofwoodontheMndside-11/east\m. aampWTth 
• support block on the blm<I siCM, 11111:e the ~ 
pren hard on the bortom ol thtl morr,u and an lia 
~to~• tM wood 

28 Fine \l\:lodw,xk,n~ 

TaptN ,,.,_ rnortiH by mH$­

uring !4 m. from Nd1 Md 
oo 1h11 04/t:sick of the stock., 
ahd knrf11 across With mo, 
ti# chisel or ~h chtW, 
cut from this lirttt to thtl 
ongmaJ ~ at the other Sid'1 
ol the morttf# Use a rvftt to 
mak• sure this slop• is 
fl•t-don't undercut and 
doo't IMve a bump. Even 
wrth thft tenon lt't the mo,. 
IIU looks fnghttmingly too 

"-· 

1 

Widgets do not 
no,m,Jlygo 
,,.,,.,,,,,o ,,.,. 
9raindirect10n 
of the mort,u -­splitting is .. .,,. 
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Draw 4 

pegging 

0 

0 

Choose a den# snd somewhat pl,3ble '"6terial for dr,w 
~gs 11nd coril'der the diameter. Utge pegs in build 
,ngs- t.ree(llJls --are vsusRy oak.. htekory o, ash. Thest 
ting-p<JrOCIS wtX>ds 1,1e le$$ surrable . for smaN worlt., 
whlNe maple, bifch or , denser txotJC wood are p,e­
/trted. Position is also II martet (()I judgment. If too 
c/osf 10 1he shouldet hlte, tN morose chHh m,ghl 
split JI too close to the end of the 1enon, the wood may 
fail;,, mu, a/Otlg the gtain, on bMS SL JI distance BC 
i$ /6$$ than 1½ in., use onlY OM peg. 

1. 
ec, 

+ 

In old work the ,,.g$ wer• often squste, 
hex,,gOMI or ocragonM in s«tion, 1nd 
split 01.11 rat Ml than sawn. Thtd co,--nHS 
bite mro the dtiNed h()le, for N'ICIHStd 
holding p(',J'oW(". T~r heads ate oft~ 
Ifft prof.1<1. as , des,gn detail, ch.!tm 
/,red or whitwd, 

C 

Tusk tenons 

T~ wtldged tusk tenon, left and right, ,s madf 
NI the sarM way as II thr01.1gh 11H1on. It c-1n rvn 
WNtl~ or h<)rizontallY- tMte is no lorf'f"41'8 
These drttWingS ere onlY explaMtory, Ind by no 
mHns e•haust1W!. Kff'I) tMst points In mind: 
U Mak.e the projecting tenon cons,derably 
longer t/J.fJ'I the t/HckMS.$ of the morti.$t ~­
to gvatd ag.ttinst splitting ,Jong the gram WMn 
the wedge ,s driven hO~ 
21 Maf<I! tM wed~s long tM)Ugh for a good 
ONitn'J s.urfact on uch side of tM mortise A 
sh()(t ~ge w;JI c.rush the fib-,1 of both p#IC.fS. 

3) Leave • shoukler a# around rM tenon pjttet, 
also for • good ~g surla« 
41 Angie the_ wedge on one side, _ but not too 
mueh or ,twill lOOSl!fl ifu/(. A gradlNll of OM ,n 
six ,s ge,..ay u,tr$1acrorv. 
51 MN<.tt the ang/1! on t~ outside of rhe wed~ 
mo,t,se match thtJ 8fl9M ol 1he wedge in,ell. 
61 About y. m of wedge hOle exr~ds ins;de the 
morr,s.e p,ece-ff{se thtJ joint c,11nnot tJghten 

I 

0 

0 + 

~'.! ~ ~xtE-
r Mak.tt thi! mortise-1nd 4 renon 

,om, in the usual way. WhetMr 
one or rwo f>tflS ,,., used de­
pe.00-S on the s,ze and shape of 

j 

the rnern/HN$. Fit the joint. re­
move the tttnon and drill 
1No11gh both chffk.! of the 
mortise at Y Repl1ce the 
tenon, clamp 1M f()lnt, and 
mllrl<. tht cent~ of m# ~ on 
the face of thf tttnon This un 
ff done by purting the drill 
~Jc in tM hOM 1nd gWmg it 
thf lfghttJSI turn. R-,now, the 
tenon ,gain, and dril the ume 
$1Zed hOllt about ~ in. nHrtJ.r 
tht shouldttr t,ntt from the 
marfttd "11tl!f, at X. Thus tM 
two hl)les ,rt slightly off c-,,. 
UY. When tM pegs .,., driven 
home the JOK!t wil bt dtllWfl 
r,ght. The procedure may 1H 
doM ent,re/y by measurement. 

The 1enons in this ty,,. of 
c,0$$·i0Mt may bt Shott 
pl.ace tM ~s wrth care. 

One vaMtlon is to use twO simd8t w.dges lfoldH)g Vt!fdges). TM noJe 
for the w«t~s is square,, both en_ds, bur it stJJ must ttxtend ,nto the 
mort,st pit,,cl! ro •Now thf }(>int to t,ght.-n. ~ both wedg.S ham# ar 
once, aftd ~ade someoM to ht)ld prottc&v. b)ock._S on tMN ttncb to 
avo,d tM d,11ma~ of a glaneJng blOw- To reduu th,s risk. a~ the ends 
of the wedgt~ and use a ~, not , man.r 
To make the p,-o,ecting tenon shortM ,nd reduce the risk of shea1, a sJoc 
17'M'Y be d~n rJ()Wn ,rs centet and • ktlY or spliM of wo<>d glu(J(J in. 
cro-ss-g,,in. This effectively mak.n the tenon mto a form of p>ywood. If 
the wed~s become loose as• result of seasonal humi<Rl"f changes, rt ,s 
a s,mp/tl task 10 t,ght•n 1hfJm. 

/ 
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The Haunched Mortise and 1enon 
How to strengthen the comer joint 

by /011). Kirby 

The most b.u1c of w0<.dworki_ng prohlt-ms 1\ J°'"'°~ 1wo 

p1C'CCS of wood togc1hcr 21 righ1 angl~ IO form a <.Orner 
The most common joim for doing <hi.s is the moni« :.11nd 
1cnon. We arc usually in one of rwo silUa11ons firs1. where 
rwo pitrc:-s of s1mil2r 1hick.ntss arc being joined. as ,n 1hc 1.or­
ntr of 2 door fr:amc (fig t); and st<.ond, what a 1h1rd picc.r 
of wood of d1.ss1milar thickness is im·ofvc-d. a( in 2 t)·p1c-al 
rabk or chair jo,n, between apron and leg (fig. l) 

When designing 1he~ jo1ms. no1t that the top C'd~c of tht' 
monistd member-the vcnic.111 piccC' in 1hc illustration-.­
will be m lint wi,h the- mp edge of the!' tC'noncd rail If )'OU 

w2m the final appcaran<t to be-as shown, then the joini muse 
be stopJXd somewhere l:x-low 1hr top surface". The usual solu-
1100 is 10 add a hau,1ch, which ma)' be ti1hcr ,quarc or -.lop­
ing. 8o1h v-ariaiions s1rengthC'n the joint and 1nat-aS(' the glu­
ing area, and chc basis for choiu i'> visual. If you wani a dean. 

1, Mortis• and ,enon b•tween pieces of equel th1ckneu, 
using s.loping haunch 

Typical tOrMr Joint fo, ~tangu$r 
fnmt1s, /»~ c.Jb,net d<>or, 

---.,,-~----­

Sect )n 

throuqh 
1om1 

un10t('rrup1ed line a1 1hr top ,;houldt"r of 1h<' joint. \OU would 
US(' the sloping haun<-h If ~'OU don't mind 1hc 1nttrrup1cd 
lmc or 1f 1hc JOJnt will be rnncc:-alcd. 1hc ,;quarc hJunch 1s ;1 

l111fc ea\1er to m•kt and a liult· suong('r 
Th(' tllustrauom ~how th(' form of chc jo1n1,. •nd 1ht dcva-

1mm ,;uggC'S1 -.unable propomon,. I mus1 C'mphasilt' htrt 
,hat H is th(' rcspoosihiht)' of the dc-sig11C'r 10 dciail :1II 1hc 
jc11ni dim('ns1ons w :i:ch1nc th(' visual eff«c he wao,., a, well 
as 1hC; mrchan1cal s1reng1h 1hc su1..1c1ure requ,rts 

The main reason for the h.i:unch is strength. Rc,,,can..r 1n 

1w-is1 ,, C"Spccially improved If "·ou k:.,·c 1he h,mnch off .aho­
gc1hC;r (fig. 3). the rrsuli is 1ha1 abou1 a third of the wid1h of 
th(' rarl is frC'C;•floa,ing, wuh no m«han1cal hond and no glue 
bond where ir nC"t'ds it the mos, If you go 10 the other ex­
treme and make a bridle joinr. you sacrifice mechanical resis­
tance to downward loading. Ah hough glue i.s \Hong 1n she.1r 

2. Mortise and cenon be1ween pleC-H of unequ_.1 1hlckntu, 
using square haunch ------~~ 

' 

Sec1ton 
lhlOtJ,gh 1O1n1 

About l·m. ~ /wne ---­
/NBVenl$ $how-through 1f too 
much w<X>d is remo~ whttn 
ciHrJ,t,g up rop «I~ of 
assembh,d joint. 

Typical '-fl apron f()mt 
for t11blu •nd ch8us 

3, The rea.son for a haunch 

Jomt Wffhoot haunch 
h8s t()O ll'l(JCh 
unsupportW or 
unglu«I wood 

30 Fine ll<l:lodworkJng 

Gap Of)en$ hf,,e as wO<H1 
exp.ands and contracts _.,_ 

8rK/ltt ,oinr hds linle . _n 
~hanfCal reSl$taru:e ~ 
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and the jomc ha~ :a gr~t deal of gluing area, the 1wo pans 
mee1 a, nght angles. This puts considerable nr:un on the glue 
line whrn the wood shrinks and expands. and the condition ,s 
aggravated by the large amount of exposed end grain. In ad­
dition 10 the forte~ the object will c:n<ountc:r in use. you must 
rnnsider seasonal shnnhgc and expamion. Thc-se (an exert 
far gre-:uer fort.cs than ordm.iry usage will. although they do 
not occur or ~how themstl\'CS for some umc:-.. The most com• 
mon fault in this regard is a gap appc-aring at the t0p tdge 
shoulder lone 

There 1c; a ptculiari1,· of manufanurc common to bOlh the 
-.loping and ~quarc-\'ersionsof the haunthed jo1m \X1hen <Ut• 

ong the wood to kngth, an extra ¾ 1n. should be lcfi on the 
end of each piel<" where a mortise will h<-made The wood 
should be-knifed qui1c-deeply all around 21 1he 1ruc ltng1h 
wher(' th( top edge of th(' 1enoned piece will he ali~ned The 
exu,1. %. ,n of wood is kft ,here unul 1he jo1m is made and the 
glut" ,s cured. whtrtupon u ,, ,awn off The c:xtra wood. 
called a horn (fig 4a). has 1he effm of making 1he monise be 
more 1n tht center of ,he piece of wood than riiht at the end. 
\X1h1k 1hc joirH is being m:adc. i1 helps prtvtn1 the wood 
ussuc from splming beyond 1he joint \'v'hilc the 101nt is be, 
,ng glued and clamp<d wg«hcr. provided i, fos well. the 
p1S1on-and-cylindtr action on very easily crack the wood in 

the :u-c-a of the haumh. II is also possible. C"Sp('(i2ll)' on a 
blind joint, for 2 piece of shott grain to pop right out along• 

4a. Layout of square haunched mo,tise 
a.id tenon. including horn 

Shadfll9 shows mortise 
and end of tenon 

Haunch proportions 

I r--~ 
L-~ 

A Haunch ;s too k)ng-
cheeks are ha~ to curl 

!-----: 
+-----~ 

8 HauhCh is too $h<Yl-
not enough glut are-a. 
but bettttr tNn A 

j-

} 

ElcvJlu:,ri ol 1e1 :,o .a..,r,.,? 

~ 

Pia, ol 1en0t'\ l,l\"OILI 

bQ 3-

side the haunt h The horn pre­
\•encs these unhappy tvtn1s Sine<" 

glue seals the p1S1on-and-cylindcr. 
,he viscos11y of the glue is also a 
fanor. Th( thicker it lS. tht more 
slowly you should clamp the JOtnl 

t0gc1hcr-1he excess glue has to go 
somcwhC"rt. and n needs a hul( 
time to flow out of the Joint. Im• 
aginc the: dilemma m the days of 
hot animal glue· As ,he glue cool<. 

Short gr•m on mon,,, 
m#fll~ is qu,te wuk untd 
/Ofl)t t$ glued- top of }ON)I 
may be pus.hlHJ out tf n0 

hom,s~h 

it becomes more viscou) and stans -'---1,---<-­

Sectt()ll 
1hrough 
J(),101 

IO set. so ( l1mping slowly docsn • t 
work Pan of the solu1ion thtn wa.\ 

1he horn. and 1c sull 1s 

Tht squarc-haun(hcd morusc 
and tenon is markc:d ou1 as shown 
(figs. 4b. 4c) A longer haunch 
would seem to g1vt" more gluing 
area. but it might also allow tht 

momse checks 10 curl aw,ay from 

r 
HOIO prov,005 
1empo1a,v 
sirenq1h 

the: tenon. A haun('h shoncr than square g1v(s too liult glu­
ing ar<"a, The <enon •~ sawn in (ht usual way, bring sure IO 
le-ave the shouldtr Jin~ for lasl 

The morusc i11 chopped as uSual. but only in 1hc full-depth 
pan of chr joini Remove the w-astt to accommoda1c: tht 

I 

4b, Marking out the n'IOrtiH 

Mdrk,ng !J6Ufl'! scr~ 
length of haunch. 

j 
Set morr~ gaup to 

_ width ol r;h,se/, tniJrA 
r,de,and top oh rock 

lM~, 

,__,_ __ Mark out 1tntire Joint f,rst, 
cut mo~ Mfore cutting 
groove for haufl<h 

4c. M3rking out the tenon 

1$t cut Moms.e-gaugfl Ju>es 
ftV cheeks of tff)()() 

4th cut Knife acr0$$ for 
length of Munch -

3rd cut Marking-gauge~ 
hMS for IOP 
«tge of ttt)()I') 

5th cvt l(nffe sh<)u/der .,,. __ 

;----· ' 
L- -- -

2nd cut Marking gauge 
lutes for bottom 

. CorrtJCI- NUnch ;s sqUlUtJ in pk,n Nge of tMOl'I 
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haunch by plac,ng 1h< workpi«< ,n 1he viS<: ai a ,l,gh1 angk 
and <Ul down the insides of the haunch line) wnh the tenon 
saw (fig. 5). Only a frw mches of the: s2w can Ix u,cd. but the 
method I.) fast and cffo.iem. $1ghc across the-bad.. ,f chc-saw 
co ma.kc: sure tt 1s paralld IO the cop edge-of tht wi ,d. and b<­
~urc chat sharp(nmg has not mo••cd chC' saw\ t«th ou1 of 
parallel with ics back. Once 1he sidC"S of the haunth groove arc­
s.awn, removt' 1hc wane with the monise c-hisd Place it about 
halfway down the haunch groo\'C' on chc end grain :md gi,·e i1 

:a sm:in 1ap. Wat<h our for gr2in dir«uon. 10 (a.,e ic is run­
ning down mco the-joint and liabk to result mm• waste re­
moved ac chc joim end than at che horn end \'(/1 .m·. u •~ 
not difficuh to keep the haunth groove clc-an 2,,d parallel 
Two points: The groove has to he cut 10 the:" horn. which 
~ems a waste of nme. but 1ha(s how u is. Second. don't trv 
to chop lhe haunch groove the same way 1$ th(' momse. It 1\ 

difficult 1h1s wa)· to keep th(' bouom de2n 2nd parallel 
The sloping haunch jomt is m:irk«t out in the same way as 

rhe squar, haun<h (fig. 6). A1 irs roo1. rh< haun<h is usuallr 
as long as ,he tenon 1s v.·1de-if th(' iomt were \Cn ,ried here. 
1t would look in plan the ,:ame as the squ;1re haun .:,;,tw 1he 
tenon checks :ind ('nds in rht usual wa\,'. 1hen saw ch(' ~lope 
before ~awing 1he shoulders. A common error 1s 10 saw the 
main tenon and ,hould('rs btforc the sloping haunth, th('reby 
r('mo.,·,ng the layout lines. 

The full-depth ponion of the monise u chopJ)('d as usu:il. 
Then plac;c: the wood in the vise and c.ut tht slope with the 
morme c:h1sd. Thc:r(' is no mea,uremtnt one can make to get 
cht slope right the fim 1ime The normal method 1s to cut the 
slope ~hon. ch('ck the dcp1h a1 iu; root and remove 1he 0('(es• 
\.Ar.' amount. It i!<> v('ry us.,· to draw the joint ,linwing the 
slopt of the haunch com mg right to th(' top of houlder 
line But it should stop shon. lc:-aving aboU1 ',i 1n 1)f ,·cme:11 
.;houldec before the slo~ begins This allow, for mer-en,hu­
siasm whC'n planing the-top edge clean 

S Sew down the wall$ of the haun<:h 

then chisel out th• was-tit 

H 

6 Layout of mortise and tenon with sJoplng h•unch 

At 11$ root, the Munch 
4-";::=;,~--.::~-'s as Jong u the tenor, 
;.., d w,~ 

3 2 Fine \\lbodwork,ng 

SfQpe SlOP$ •· m shott of 
t"- shouldev- lme 

"-L4 
Chisel t~ sJopmg hh1.mch 
alter r~ mort,se sS cut 

Louvered Doors 
Router jig curs slots 

by William F. Reynolds 

Woodworkers :n the U. S Capuol ace often ulkd on to 

match thC' detor of 2n e2rlicr age.-When the ArthnC"{t 
of 1he Capitol deudes that a room must be renovated or re, 
d«ora.ced. woodworkers like Ned Sin,ngler. :i cabtnctm:aker 
for ,he U. S. Congrc;ss. must ri~ to ,he occasion and ,mpro• 
vise t('(hniqut's rn carr)' out the project. An example of the 
(hallengc. and the solu1ion. 1~ the producuon of louvered 
doors. Before air cond1oonmg. W'ashington offices were ex• 
cremdy humid. and louvC'rs allowed air orculauon mto 
cabinets. which kept the coment.) from mildewing and 
prev(nted doo~ from sucking. Although louvers can be d,f. 
ficuh and llm('•Consuming co m:i.ke. they .i.re elegant and 
dignified 

Spangler ha) a shoncut for making the louvered doors he u 
so oftc-n n:qu1red to build As Spangler sa~-, ... The job h~ to 
tx <lont nght. and right the first ume •· His router jig turns 
out slott('d stilc-s qu1ckl)' :and ptetlscly It could be adapted co 
make a scne, of moniscs, suc;h as for crib sl:w,. 

The J•g consms of 1wo long hardwood posts ,nounted on 
plywood. a square" p1«C' of M:.tS.on1te screwed to 1he baseplate 
of the rouu:r, 2nd two rout('r carnages 1h:11 ~l1de along th(' 

po.m: and guide the router a..s H cues the equalh- spaced. 
mmor•1mage .)lot\ on opposite ,1ilcs The 11g ,hown her~ is 
dC"S1gned for a 1/4·tn. router b11, :and for 1••111. chick stiks for a 

T oP view of router carnage 

Slit• 
-Pos1 

( 

l 

S11c-._ ~ -
-

" 
'"--r+ ~~- . . ---------

Gamage IO position 00 POSts 

Page 39 of 130 EP Family Exhibit 2009 



Tes/ slu11 JU che,~ed for .ucurJq of .mx/e. f,1. 

~ 

30-in door.wnh l•1n.v.-1dcsl1t.sangled4~•and:,palt'd\ri m. 
on cemcr along tht stilC'S. 

The posts. cut from birch or \1m1lar hardwood. should be 
long enough to hold the $UIC'S firmly. with P<'rhaps an ex1ra 
foot on each end. t-·or thlS Jig. the posts arc <, ft long and 
1.14 in. square. They art mounted paralld to each other and 
?• m. apan. on a plywood b2.S('. so thal a stile fo.s snugly b(. 

tween them 
To mount the rou1er. cut :a 6-10 square from \:.•m Maso• 

n1te. In 1t drill chr« holes to m:auh tho)e for Slrcw, 10 the 
romer base:. and one of %.,-10 d,a. 10 the cenier. for routc:r bu 
dc-;i.rance Then screw the squart w 1hc b.i.S<' of the roU1cr. 

NC'Xt. drill hol('s in thl" poslS for )tops for the romer c:ar­
uagts. Thcse equally '>Pated hole~ dcccrm1ne ,he sp2nng of 
the >IOlS. and 1herdore of the IOU\!C(). Dnll l-11). deep holes. 
Ii. in 10 diamcttr. down the 1op of euht'r post. starting and 
ending 8 in. from (.1th end Sp:ale the holes for minimum 
clearance bctwctn louvers. in this case ~ m. on ccmer 

The cwo rout('C carnag-tl> slide :aloog the po-;ts. At each stop. 
they allow the router to u2vcl the exalt length of 1he 4 <, • slot 
u must make for the lom-·er. To make these carriages. <ut ,wo 
p1e(C'" -'4 1n b, 11\. 11). from 1.,;.-in. plywou<l ,rnd Ln· out, 
2-10. diameter hole ;u ,he (('Olt"t ol C"a..-h. 'I hl-.;e hole, \\Ill 

hc:lp :align the IOU\'tr \l<Hs and 2110" dC'aran~c for lht router 
bn Cut four p1tlC"S, 2 m b)' 1~ in. b~· 11\i in. Nail rwo to 
the underside of ta(h pl)'wood plate:, to fonn 1hc carnage 
sidcs and keep it ccnttccd as 1t mo,•es ~llong the r>O'tS 

Four piece~. each I in. wide by ~ 10 thilk, posi,ion ,he 
router bl.S(' plate :uop the orriage and allow it w travel onlf 
far enough to cut a ~lot. Starung from the center of tht uncut 
hole. mH.Sure to ca(h side :and lay out a f('Ctanglc 61;\ in by 

Thr completed door-rlrg.u11 ;111d d1g111firJ 

6 tn. at 45 • to the sides of the pl)·wood. The router base will 
tra,·d wtthin this rc-ctanglc. For the second carriage. the long 
sid,s of ch< rcn•nglc should slope 4 j • 10 ,he och<r side; ,hus 
che cwo 9-•ill produce mirror-im2ge sloes. Mak<' s.urt that this is 
so before n:uling the pi«cs 1n place to frame the rtltanglcs 
Then cut the 2-in. <enter holes. \'(lith this S('CUp, the router 
tra\dS ",. 1n ,o make a slot 1i. m. b) ~IJ in long If you use J 
hu l:acger thJ.n ¼ 1n . ad1us1 the rou1er ua"·d dmame 10 the 
length ol the .. 101 minus the diame1c1 of th<' router bn 

To cut the first slot. set one stile btf\\·«n the ~ts and 
pl:nt the camage on cop. Mark the stile where )'OU wa.nt the 
{Ut to end. pc:rhaps an 1mh from the cod of the stile. with the 
router travd from lower nght to upper ltfc. Stand 2 sample 
slat, (Ut shon. on the sule 10.sidC' the hole in the JI& a.nd :align 
the sample so ll marks the area for the fim slot. Put a. 116 11\. 

S(fewdriver in tht post hole: nearest the point whc:rt it will 
hold the jig in place while the :,fot i.s lxmg wt. h may b< n«• 
esS.ll)' co move the stile !llighdy, leaving the Mrewdnver 10 the 
scle'lled hole. 10 ach1c\'C' ptrf«t ali,gnmem. 

$t"t the router bil to make a tt"\t lUt. on this or on a test 
sule Cut 10 the required depth, usu:all>· ~ m to½ m SulCC'S· 
,1\'C' lutS art ltX.:Hed by Jdvanc1ng the screwdriver to the next 
p<r,t hole and ffiO\'mg the ,a.rriage along 

To lUt the slots in the opposlt<' stile. use the second tar, 
ri.1,g<" Always make a tnal lUC to ched .. for alignment If the 
first slot m2tchcs the onC' on the mat1ng stile. then the others 
will too. If )OU ha,'e measured cxanly, the job should go 
qu,cklv wd 1hc lou,·<rs should fit the firsc ume. 

Bill Reynolds, a dtdi<aud a11wte11r woodworlur. is a fnt· 
/ana 1011rnali~1 ba.ied ,n \f/a.shington, DC. 
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Mortise & Tenon by Machine 
With help from jigs and fences 

by Tan). Kirby 

Woodworlctrs hnc de-vised endless methods for cumng 
moniS(' and u·non joints. relying upon hand toob. ma• 

chint tools and various combinauons of the- cwo. Deciding 
which method 10 u~ depends primarily on rhc tools one ha.s 
at one's disposal. 

The arcidcs beginning on pages 6, 11 and 27 focused on 
hand-rool methods, which have several virtues. The rools are 
not sptt1al, There is a logic to the process. It ts rtasonabl)' 
quick. Once onr has mastered 1ht skill, one can achi('Vc chc 
dtsircd result txac;tly. Having designed a joint. the 'NOrlcma.n 
nted never compromise m its manufacrnr<". However. the 
rcsuh is :always at nsk and one must concenuau: co avoid 
spoiling it. It can become exceedingly ttdiou~ if one has a lot 
of joints to do. 

SIXcial•purposc machint.s designed for monismg are-one 
a.lttrnacivc. I'll discuss somc of them la,cr; they arc genera..lly 
fast and aecuracc. buc cxpensivc and beyond 1he n«ds of 
most shops. The middle ground i.s ,o u~ a machine not 
spttifically designed to cut a given joint, such a.s the cable 
saw, radial saw. drill prcss or router. TheSC' machines. with 
chc assistance of sui1able jigs. c-an remove thc bulk of tht 
wa.stc accur:udy and efficitntly Somt hand-finishing ca.n 
then produce 1hc-desired result. Tht nouon that cherc is only 
ont way co achicvt a rcsuh is simply wrong. for tvery 
workman develops his own techniques, and this a.nicle thus 
cannot be: txhauscivt. But rtgardlcs.s of mtthods. cvery 
workman should arrive at the same rt'Sult in the end. Tht 

1. Drilling mortises 
Hole dJatNr., is ~.,. ~ 
lhan width of mortrs,e, 

available tools do not de-term int the s1zt or proponions of the 
joint, nor C"XCUst' inaccuraq• in us manufanurc. 

The mortise - To deal with thc monisc first. and ignoring 
such dttails as sloping haunches. twin Jomes and dimension· 
ing. the main cons1dcra11on 1s that the rwo ms1dt faces be 
parallel co c-ach ochtr and co the fa<-e s1dt or edge of che stock 

A frcqutnt question ,s. "Un l drill out most of the: waste 
and then pare down the ehctks with a widc th1scl?" The 
answer LS "yes" to the drilling, and "no-or only with grca1 
difficulty" to the chisdmg. To kctp the monisc squart 2nd 
parallel when using a wide chisel rc--aJly rtquircs a jig. Sight• 
ing chc chisel whilt paring across tht grain is too hit-or-miss. 
And a jig would probably be coo complex because of cht na­
ture of cht operation. An acccpt2blc result c2n be 2chievcd, 
howcvtr. b)' drilling a row of ovcrl-apping but undersfacd 
hoftS to remove the bulk of the waste. 2nd squumg up to the 
line wuh a mortise c:h1sd Tht joint still has to bt marked out 
with the: monisc g2ugc. 10 :assisc at the chiseling scage. 

In 20)' machine optracion. one must think of tht cutung 
tool it.self in dost association wuh the fences and guides re­
lattd to u Usually chtrc-is no marking ou1 for a joint m2de 
tntirel)' b)' machine. Layout marks ccll where co cut a joint­
with a jigged system ont wams to be forced tO cue where thc 
jig dirms. When using a drill press (no, a ponablt droll) ,o 
removt the wascc, the machinC'·s dtpth stop ~tabhshts the 
morcisc dcpch. A fence fixed to the table so the: face side or 

Second set« 
ofhOIO$ Secnonal eleva1,on 

34 Fine Woodworking 

Fir# Hntn ol 
ho/In. LH~ IMOUl/h 
INOO<i belWH¥1 holtts 
lo, ~ to b/rt,, 
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edge of the wood can br placed 2g2inst it t'St2blishc-s the di.s­
tance ro the cenu:r of the drilled holt:S. Two end stops deter• 
mine the kft•co•right cravd of the workpiece, and 1f the wood 
1s squ1rdy placed within th(S(' fenct:S. the correct side upper• 
most 2nd the right v.•ay 2round, then the scncs of holes can ht­
drilled only within the defined p2.r1meters. 

The diameter of the drill, however. should tx 2t le~t 
'I,, in. less than the width of the mortise chisel that is to be 
used tO dea.n out the remainder of the waste. The panern of 
holes depends in pa.non the type of drill bit. Bat is 1 bit with 
two scribing lips. like 2 RU5sell•Jennings A Forstner bit a.lso 
gives good rcsulcs. An engineer's bit for drilling meta.I is not 
so effective~ a spade bit givc-s v-a.ria.bk r<'Sulu depending on 
the type of wood and on ,he feed and sp«d. 

Drill the end holc-s first. then drill a.long leaving up to 
¼ in. between holc-s (figure 1). Drill out the rcma.mder by po· 
si,ioning the spur on the webs of v.'00<1 left between the holes. 
The edges of a drill ma)' overhang. as long :as the center is cut• 
ting into solid material. The drill drifts when the cenu:r is not 
cutting firmly into wood. Drive the monisc c.histl straight 

D 

A. Hollow·ch,ul moms111g 1111achme111 for dn/1 press 
(RodVJ(/1 m.<>del IJ-840)- Y-shaped ,o.fe 111 top at1"hes 
hollow chuel 10 q11JI: lowu yoCe u P'"' of fenu aminge• 
"""' damped t<J dnll table. 
B. Ho/k,w-chutd mortuer, Ohver No, 194 Table ,,,d11dt1 
hand wheel for tlamp111g worl ag111,m k11u. with hofd. 
down mo,mud 011 fltrtua! u.>/11,nn Whle/J btlow table 
control sidtv.'{IJJ tna,•tl, tdt and hhght Foot pedal mo11e1 
chuel and motor asumbly mto tiH ""''· 
C. /,rta horuontiV•b()l'Jng and morrmng op11011 on 10-u, 
table uw 11.us three-pw th1,1c.f allachullo 11111,1 arbor. /J ,,,. 
c/11de1 iror.f damps 11,,d adp111abk uops. Hand wheel"' 
bofl.(>m ra,.us and lowers tahk """ lerers control ,nfeed 
and crossfeed 

D. Gn$1,II.> slo1 mortuer. from 114/y. tales ud-mJI culler 
,,, su11onary ho-monkli th11c.f Hand whul ra1.us table, 
damp holds worl, levers mo,e uble ,111d tror.f ,,, and our. 
b«lt ••" fo'1h. Sold t,,, H. We,g,nd Co,p., C/artmon1. 
NH.. tsnd Ctsrpenur, Maelmury Co .. Phdadelphw 
E. Ch,un-nw mor11Jer htsJ hydr1111/U d11mp and 
feed-opn-i:rror /04d1 the uod, 14pJ 1he /001 pe/kJ, 11nd 
11nl0t1dJ 11. Phoro: Nor1hfield Fo11ndry & Miuhme Co,, 
Northfield. Mmn 

f. &«, o,eJla11ng ,hue/ mortuer, also from /1aly, h4J 
do11ble-ended c111u, ,haft and IUXJ 111/,Jes for prod11ctto-n 
r.ro,.t. (Mt Ur ro1aus 1118. 7)0 RPM and a/101w111gs bad 11nd 
for1h 100 1tmn per m1n11te. P11e11,n.fJ1tt 111/,/eJ move s,11• 
ehrono11sly 111 all 1hru11,lanes. Th11J 1he 1ue and ,hape of 
1he mort1Je IJ r:1111u, 'ly 11nhm1ted. Photo: R,dxud T. 
Bynus Co .. We,1 Chnttr, P11. 

down inco one of che middle holes, abou1 half-way co full 
depch, and carefully lever ou, che small amounc of tissue re­
maining on the walls of the moni.sC' with the chis.d's bevel 
downward. Don't cry to go to the bouom in one cut-you'll 
quickly get the fed and rc-aliit that the operation can be fast 
and simple. FinlSh the ends by knifing the line a.nd driving 
the chisel Str:ught down. just as when doing it a.JI b)' hand 

Mortising machines - The hollow.chisel morci.scr i$ free• 
st2nding. wuh built-in cable, fences. damps a.nd Stops. ln 
small shops it i.s usually an anachmem for the drill press-a 
square chi.sci with a hole in the center through which an 
auger-cypc drill fies (figure 2, p. 86). A yoke fastens che ch1SCI 
to the drill-press quiU, so the chi.sci and drill will move 
together into the work, but only the bit rotates. As the bit 
removes most of the waste, the chisd. sha.qX"ned on the in­
side to form four cumng edges. follows ro shear our the re­
maining wood a.nd force it into the auger. The chisel shaft has 
at le-a.st one window through which chips can escape. 

The qua.liry of a hollow.chisel an:lchmcnt i.s dosdy related 
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ro its price-2 good set for ¼-in., l-in. 2nd ~-in. moniS(s 
will cost about $200. Before ordering any attachment, be sure 
it is compi1iblc with your drill press You don't have to '"'Ort)' 

:about whether the drill press can stand the work load-ll will 
When mounting rhe tool. make sure the plane of the ,ablt 

is at right 2ngles 10 the bn. Also make sure that the square 
chis<I has iu inside fa« parallel to the fence. Adjust the bit so 
it doC"S not touch the: sharpened end of che chisel, otherwise 
both will overheat Aim for a gap of I'), in., enough to loos,Jy 
rot a busooess card. h's usu2lly possible t0 jig th< hollow-chtscl 
moniS(r so that you don· 1 need 2ny marking out on 1he 111'000 

(figure 2). For shon runs. it's probabl>' easier to .squa.re pencil 
lines across the wood and omit che end stops. 

h is normal to cut the end holes first, then 10 cut interme• 
diate holes with M>Od left becwc-en them. and finally to clean 
out with a.no1htr pass 2long the ·work. This is because the 

2. Hollow-chisel mortising +--Bad: fence 

~ 8,r ;, pu,h<d up 
,nrohOllowchiHI, 
must CHM, '1" 
at chise/M>d. 

l'fl;g"" 
SMl'~ning 
bit/its 
insidtJ dilfnwttN 
()/chisel. 

36 Fine m:xxiMx-king 

Right-angle jg is 
u$l!dubadcl~. 
A good jig i& II tooling 
#711fftment-l'l'ISU Ir 
from plywood or --- and ,c,ewod, 

fn',1-+.Cut e-nds lirsl 
JO ct,;$111 won't 
drift. 

hollow chi.sci ttnds IO drift if it is not cuuing on all four 
tdgc.s, or on two oppos11e edges. Eac:.h worker will find 2 pat­
tern th:at suits him The square chistl is rtluctant to wuhdraw 
from some v.·ocxk The rcmtdy LS co polish the outside of the 
choscl to reduce fricuon, 2nd to re,ch full depth by l\-oo. 
bitC'S Wuhdraw 1he bit, clear the W2S1e, 2nd t:ake 2 second 
~ in. m the samt plare. This charaneris1ic of the machine 
makes it 1mpera1ive co hold the wood firmly down on the 
bed. by clamping one or more blocks onto the back fence. 
Tht fen« shown on figure 2 is simple and sturdy, and worth 
making well since good 11g5 arc: a tooling inves,ment. 

A small but imponanc point 1s to keep 1he whole of 1he 
fence rig dt':l.r of chips, so the)' don't gtt bctwt"en the work• 
piece and fence. In indusuy. a squirt of compressed air does 
it. Nex1 bc:st is to ktep :a brush at the machine and sweep off 
1he bed and jig after e2ch cuning. Man)' people minimiu the 

Oon't ,,.Jct ,·-
Wfth two pnsn 
of • 1 • chiHI. 
It d drift. 

~---Top/)/OCJ<s 
hold WOik duwn 
asehite/4 
Wtthdntwn, 

Fota'I," -­~­/)IJSU$ Wfl/t a 
i· bl!,,,,.,, 
c1eanour 
CMter. 
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3. Tenons 

End stoo 

j-, 
-t-X -1- -1---X--l 

BandHwing 
tenon c.he•ks 

Fence for routing tenoM 

........ 

problem by cutting grooves and relitfs along ,he 1midt cor• 
ner-s of Jigs and fcnc-cs. but tht brush 1s still ntttssary 

h 1s nm good pranice to make a ,-in. wide mortiS(' wnh 
two pasS<'s of a ¼-in bu. The bit will Ix cuwng on onl)' three 
sid,s during ch< s«ond !)2$$. and II will probablr drofc The 
V.-10. b1t will make 1 14-in. mortise. vi:i. two passes on ('ach 
side and a third down 1hc ccmcr. 

A hollow chisel is sharpened wnh a bit that looks ltkc a rose 
countersink with a cylindoc2I plug on 1ht end. The ouuide 
d1:1.mc1cr of ,he plug is a hair smalltr than tht inside diamctc:r 
of the chi.sd. Set chc chisd upnght in a v1St". loaci the bit into 
a wheel br.tcc. and place the plug 1mo the chisd's bore The 
reamer flutes ar<" very cff«uvc and only a few cums of the 
drill with light prc-ssure will remove enough metal. Don't u~ 
an decmc dull for sharpening-u goc:-s too fast and you can't 
frd the anion. Sharp<"n the drill bit in the usual way, from 
the inside of the auger so its diameter d~n't change. 

Among tht more specific machincs for momsing is the hor• 
11omal slot moniser or long•holc borer. Like the router. it 
lea\'CS a round end Fundarnenu.lly. 11 consists of an cnd•mill 
sryle cutter. wi1h a sharpened end and sharp flutes, rtvolv1ng 
horizontaJly over a traveling bed much like the cross•slide of a 
metal lathe The bed moves the "'ork into the cuuet to full 
depth, then tr2verscs to make a mortise The same machine 
c2n also make tenons. forming one ,h«k and shoulder wnh 
each horizontal traverst". Some vtrsions of this machine hold 
the work souionary and move the cuner 1010 iL 

A chain mort1$Cr is alr::in to a chain saw, with its bu held 

vertically and set 1010 a slide device. The S)'Stem is not used 
much 10 the furniture industry, bcmg better for long and 
deep mortiSt'S 1n large-sectioned mucrial such ,s fence posts. 

Probably the mon sophisticated monising machines use a 
swinging :rnd orb111ng cum:r, driven b)' a cam system and a 
lmlc like a sewing m~u.:hinc writ large. Thest machints can 
cut an absolutely accurate morust through any kind of wood. 
even plyv.ood. without regard for knors or end grain. 

Tenons - Gcner2II>•. mak,ng tenons w1th a nonspecific ma, 
chine l!i not as difficult as morusing-although there arc 
probably as many variauons on the theme. The most com· 
mon tool for cutting the checks 1s the table saw. with the 9,l()rk 
held vertically b)' a fence and pa.sstd over the bb.dc. A 
carbide-upped bladt gives ~st results. If the tenon is cen• 
tered, both chC<"ks can be cut at the one stmng. You can 
build or buy a suitable fence that rides 1n the crosscutting 
slou. A stationary fcnct must have enough overhang before 
and 2fler the uwblade to support the full width of an)' piece 
being tenoned. and H 1s probably best to make it the full 
width of chc ,abk U•ing ch< •1mpk fence shown (figure 3). 
1hc left hand (assuming rou arc righc-handed) hold• chc ,op 
of the workpitec against chc fence. At tht same time, with the 
aid of a pU$h-srick, the righc hand craps ch< won< and pU$hc$ 
ic forward in che dtrmioo of che arrow. If you do n0< feel 
completely safe U$1n8 ,his method, chm amnge a chiclmess 

fence as "-'CU. 
The simplest way to cut the shoulder. of course. is to saw it 
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4. Mortising 
with a router 

wirh a tra.nsve~ fence. Whether you cut the shoulder first or 
the ch«k first LS a mancr of personal Sl)'lc 2nd there arc argu­
ment$ both ways. I prefer to {Ut the check first in order to 
have the largest bearing surface while the \\!Ork su.nds on end. 
Also, if rhe shoulder has alrC.1dy been cu,. ,he small block of 
scnp often wants co get back on the saw teeth and t-hen fly 
2.round Lhc room in an unsettling way. If one has a dimension 
saw-th1t is. one with a uavding table-the same fence sys­
tem can be mounted right on it. The workp1tte can then be 
cla.m~d onto the venic-al fence. and both hands can bc em­
ployed pushing 1he bed and workpiece pas, the blade. 

The slowest method is to Kt the saw for the shoulder cut 
and move the work aJong one kerf thickness al a time le may 
bc the handifit method with a radial arm saw. however, and 
the operation ~<"ds up considerably when one substitutes a 
dado head. Most radi2l arm saws can be rotated through 90• 
and locked parallel to the table surface, whereupon the wood 
can be laid flat on the table and the saw pulled through ,he 
cheek. The 'WOrk requires a plaUorm and fence. plus room t0 
clamp c-ach pictt in place. as the a.mount of outward 1hrwt 
can be considerable. The method is efficient for quantities of 
identical para. 

When used co cut tenons. the band saw could be consid­
ered an automated backs:aw, since H IS easy 10 US(' freehand. 
The v.'000 mun be truly square and the blade running per• 
~ndicular co che t-able. oUlcrwisc the ccnon will come out at 

some odd angle. This LS workmanship of risk, and the dtt1• 
sions about where to cut and where to stop are no different 
than when working by hand. It 1s feasible co use a fence with 
,he band saw. aJ,hough the blade has to be sharp and 1en­
sioned just right, else it will wander. Some band saws just do 
not seem to have the capacity to $2W a suajght line whtn us­
i.ng a fence. no matter what one docs to uy. Feed speed and 
,he hardness of the wood arc conuibuting fa«ors (s« p. 96). 
and genenlly a slow feed gives the best results. 

Bccau~ the waste being removed is shaHow. a router can 
mill a good tenon. In most cases it is best co cut the shoulder 
Imes with the 12dial arm or table 52W fim. Then lay me work 
flat on the router table and pass it over a straight cutter or any 
end-mill style tuner. Fences 2rc as nett'$$ary here as with any 
other method. although the cut lS easy and 1t is tempting to 
wing 1c. Please don't l-akc the chantt. 

There art al.so a wide Ya.ric-ty of industria.1 tenoning ma­
chines. many of them using shaper-style cutterhc-a.ds mounted 

38 F,ne \Xl:>odwock,ng 

in pairs ,o mill bo,h faces of the renon ar once. Such machines 
arc very efficient and suuable onJy for high-volume work. 

The roure-r - The d«uic router. combined with a careful 
sysrcm ofj1gs and fences. is a useful mortiscr. When making a 
wide monis.t-anything over 'h in -n's bcner to make two 
sloes¼ in. wide ac each side. and then to remove che waste 
from the middle. When making a deep mortise. go to ,he 
depth in two or more bites. 

Don't try to drop lhe router into the 9i.'Ork. Use a table with 
~ rou,er hung undcmtath. so rhe bit will project upward 
through it$ surface. The mirumum number o( (enc,s is iwo, 
one a.Jong each side of the work. End Stops are aJways a help. 
but their use 1s often limited by the s1zc of the router table. 
The common method is 10 rcst one end of the work on the 
t:abk and lower thc other end onto the cuner This is not the 
best way. since chc work comes down in an arc. Iru1e2d. hold 
the work parallel co the t-abk ag-airur the fence (figure 4). 
and lower it nra.ighr down with both h:mds. keeping ,he 
hands well away from the cutccr. The dimensions of chc v.'Qrlc 

will dictate the dimensions of the fences. but the aim l$ to at• 

range the system so you can keep a tight hold on the work­
piece. We usually make fences long-grained in the direction 
of travel, and if the workpiece proj«cs well above the fences. 
control is not hard co achieYe. Bue if the workpiece is small in 
cross ~ction. make the fences by simply clamping wide 
boards. cut off square. flat on the ,able. 

Most problems in routing monisc:-s arise because of ,he 
small size or make-do narure of the router tablc h's worth in• 
vesting m a piece of corcboard or good-quality plywood and 
making a proper large table. once and for all. Rout a recess 
underneath so you don't lost the table thickness from the 
depth of cut, and keep the cutt~r hole smalJ so the table wiJI 
suppon the wood right up to the cut. The larger the hole. the 
harder it is co measure and co vlS-ually asscMcuuer height. and 
the easier ll is for fingers to gee mro the hole. 

h also pays either to devise ad jumble fences for the <able. 
or elst co screw 1he fcncfi down. h may seem odd t0 go co 
some uouble to get a clean, often e:xpensive working surface 
only to mar It with screw holes. but the life of the surface will 
be longer than you imagine. If you keep the fences with se:rew 
holes already drilled in them. the system is easy to US<" and 
quickly Kt up. I 1 's usually safer and more accurate than 
d:tmping down whatever comes out of the shon-cnds box 

A rouccd monisc has round ends. One can sha~ the tenon 
10 match, or o,~e can fini.sh the mortise 5quare with the con­
ventional chisel. There a.re points on both sides. When the 
monist goes through, round ends make a moh acceptable de• 
sign dct:ail. It cakes some skiJJ 10 round the tenons. but it's 
wonh (he effon. An alternative i.s to leave the mortise round 
and the tenon square, and to force the two together. This 
procedure is not unusual in production. The width of the 
ctnon 1s made so ch:u its comers will bite inco the semicircular 
ends of the mortise. The CN$hcd comers cr('atc a tight friction 
fo, enabling the assembly 10 be ,aken from ,he clamps aher a 
very .shore pressure time. D 
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Oftm mal1gntd as 1m1a/t and ina«tmtlt, t!N radial-a,.,,, Mtw aa11ally IJ aJ/4 to 011 n1at, t()mpkx fainlJ liM 1hos, ,n thu 1hrff-kg 1ahk. 
Erp,ldint r111 1/N d~-tlail m(Jr'lisu in tht hgs as ,1x,u,.,, on pag, 42. TiN unon.s fl1I th, 1nangt1lar 11rr1<htr a.tstml>ly. rompos,d -of bt-,,1 
lamina111ms, Wff't Kn.lxd fa»,, 1/N ,m)f"lisu. thnt <111 with a lkuk sau;~,, t/finmt i111rrpla, ef !,and and /HJU'" tool.s. PholOJ; Sttf.tt Yo11ng. 

Slip Joints on the Radial-Arm Saw 
Getting accurate results from a versatile machine 

by Curtis Erpelding 

Most discu~~tons of power-tool jorntry fOC'US on th(' table 
sao.•. the router and che bandsaw, and n(glec-t th( radial• 

arm saw. ~bny insist that the radial.arm saw l$ inhef('ndy 
d2ngcrous. and 1mpossjbk to adjus.t accur:uelv. I find neither 
ugumt'm convinc.ing. Caution and common sense go a long 
way in reducing potential hazard, and the saw·s abilit)' to do 
prec.isc work i.s almost c-ompletcl)' in the conuol of the 
operator My saw is a mid-60s vmtage lO-in. Sears Craftsman. 
The guides for the rollers arc worn and pmtd. tht' indexing 
pins Its.) 1han tight, and the arbor has a slight amoum of run­
out. Nevenheless. l\·e been using this saw for five yc-2rs to cut 
dose-fining joints, and would hesitate w replac( it with a 
new industrial model. As a good marksman knows how to 
deal wnh the'.' idiosyncracics of his rifle co group his shou. so 
,he c:,nny woodworker knows how 10 compensate for slop and 
play in hlS radial-arm saw. 

In making slip joints. the radial-arm saw offers sev(ral ad• 
vantages over the 12.blt saw. FU'St. the workpiece remains foccd 

during the (-ul, and b«auS<" therc is less slop in 2n old radial. 
arm saw than in most new tenoning Jigs (homemadt or other• 
wise). thc cutS art" morc precis( and cuier to comrol. Stcond. 
tht column-ralSing m«hani.sm on the radial-a.rm saw letS you 
mak( VCf)' fine depth-of.cut adjunmems for ixarmg a joint co 
final fit. You'd have a hard time adjusting the fcnc(' on a 
cabk saw m such small incremcnu to ma.k(' che same cuts. 
Final!)', the radial-arm saw 1mpo~s no rtal limits on the 
length of the p1ects being joined. as long a.s the (nds arc sup• 
porttd. \'Qith the table saw. cutting joints on members mor(' 
than 4 ft. long involves a precarious balan<:ing act. whith will 
adversely aff('ct the accuracy of the joint, panicularly if the 
free end runs afoul ofa ceiling joist or light fixture in a shop 
wnh a low ceiling 

Coning a slip-joint mortise and tenon on tht radial saw re• 
qu1r(s. as in hand work, careful marking out. But )'OU need to 
mark out only one joint. which b«omts the reference from 
which the saw is set to cut th(' others. Aft('r the me.mbcrs are 
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SJip joint 

Tenoned ,a, 

, 

....__' : : I - '..,I 
T~-, ........ ~ 
shoulder 
resisb 
racll;IOQ 

40 Ffr..- "'oodworkmg 

A 

C 

B 

C11tt11tg shp JO"'' 1r11011s on 1hr r,u/,J/.Jrrn JJu· bt"g11,s b) properly sr11111g 
1/N h/,.z""ilr 1001/1 the 1hu11/dulmt?. S<t the dep1hoju1 by Jhgttmg the b/,u,k 
umh she m.3r*111g-g.i11gt lmr th.ii de!tneJUJ the toton 1h,,k,u11 on the end 
gr,n11 (A). TM11 .J1x11., ux,1h th,,t h.i101m1de ut u•11J, the 1houldaluu (8) 
S.zu,u,g thr chuh req111rrs ro1J1t11g 1hr bl.1d" IOIIJ homo111J/ pos,11011 J11d 
pw1t101t111g the mxi 1m".J J 7 "' high 111hr1tt11tt' four. ,1 sp.;u, .r11d ,11, 
'1/lxzlury JJl>/r cq For IJ/rl). mJle Ut('TJ/ p.:mrs. .1d1,JIUIIIJ,t the ll-'Qrl I#/() 

rk path of the b/Jd< betu•rr1t fJ1u1. Thr UJJ/e p,eu 1J lr/1 Jtl<H/xdJnd 
hroit-11 off by lu11d brjore ti)( ,11111 ,-0,nplc-1,d(D). 

To &ompleu the lt!nQn, a 
thtrd sho11/du (E} o1dds. 
re11S1a11u /0 ra,l,n~ ,nu/ 
hules 1mpufee11011s ,,, tlu 
rnorttsr. A.111/JQ, 0111 morlli, 
/or s/1p•J011tl 11,·1th sJu. ,,, 
hor,zo111i:1/ _pos,11011. 11s111g 
111b,1111,1r /enu. sp#.a, ,mil 
,111,n/u,:, ubk ,;;s ,,, (1111111g 
t,11011 chl'rh A dou'l'I ,,, ,1 

1h1,r p,ru of uood ti') 11ups 
1he u-o,~tl'U 10 co111rol the 
dep1h of 1he mortue 

f 

0 
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chlcknes.std and cul lO length. the)' arc posmom:d in what 
will be their final ocienracion. To avoid oonfusioo lactr. mark 

each piece fo, placemem and position now. 

The tenons-The ,enoned members (rails) should be marked 
M<. For me shoukkr lines, sec me cutting gauge co cht 
width of the momsed member and score: the lines on both 
fact'S and on thc ms1de edge a\ well. W ich a mark mg gauge. 
marit out the cc-non thickn~ on the end grain. lcwng the 
gauge ndc .igainst one check and then the ocher. Th1scnsurcs 
.a pt"rfecdy centered joint Where thc tenon m~1 be offS<'t. 
use a mom~e g;1ugt and set the f'NO pomt\ 10 the ch1ckness of 
the croon. then set dit fence chc appropri.ace distance from che 
face: side When the rad has be-en marked for tht shoulders 
and for the tenon thickness. take a sharp pencil and make the 
Imes more: visible. 

Cut tht shoulde~ to thc appropnace depth first Set the 
height of lhe saw so that the teeth just touth the top mark on 
the end of the p1ete (photo A}. Then lme up the piece: so that 
a to<>th with outside set JUSt touches the inside of thc shoulder 
hnc (8). Cl2mp • blo,k on 1hc frn« 10 hold this scmng Cui 
the shoulders. first one side and then. b}' flipping the p1«c 
over. the other 

Of all the: opt"rations. cuuing chc shoulders square requLres 
che most acc;urac )' on che pan of the ~aw. And adiu..,ung il to 
cut cons1stendy square co the fence scc:ms 10 be the major 
bugbear ,oncernmg the tool. If you simply can't gee vour m2-
chine to {Ut squ2re. don't de,pair. Cut ~n 10. sh)' of the 
shouldcr. 2nd then tnrn 10 the line with a rabbet plane 

But bcfort you dc·ode that )'Our ,aw won"t cu1 square. 
make all the usual inuial adjustments to align u. and then 
pracrn.e pulling the blade into a piece of ~rap that's been 
,,ored a number of umes 11 90• to the fence. Vary the way 
you pull the ).lw carnage over the v.,ork, ob~rvmg chc results 
of each cut. Bctause the blade will r~pond co very ,light lat• 
cral prt'Ssurc on lhe carnage handle, H tould lx yuur opera• 
tmg habits that keep the tool from cumng square consistent• 
I)'· Once you find the propc-r ,tance. the-atm and the ,houlder 
movements th.it make for repc-ated square cuts, pracuce unul 
)'OU on get 1t right every ume 

To cut the checks of the tenon, turn the '.'iaw to its hon· 
zontal pos1oon. Remove the regular fcrn:e and replace n v.·1th 
a 7-in. high auxiliary fence on the right-hand ~ide of che 
blade. This 1s :adjusted s-qua~ to the table. and 50 that the 
,awblade JUSt touches it, c:dge. An aux1haJ) ublc is ncce).S:.1.1'\· 
10 elevate the workp1e<e. I u~ a p1tce from an old solid~core 
door; H remains reasonabl}' stable throughouc seasonal 
changes f1n:i.lly. damp :i. block of 814 maple w the fen,e as a 
~p.icer so th:i.t its edge ju,t t0uches the blade when the saw 1s 
pulled 1hrough (C) The <p>e<r p«venLS ,he bl,de frum con­
taumg the workp1cct when che saw 1s fully reuaued 

Set che blade :i.bout fo in above the m:i.rk for the tc-001\. 
Advan,e lhe workp1C(.(' about an inch at a time. and pull 1he 
saw through. Don"t try to make the whole c,;ut tn ont pa~ or 
try to feed the workpiece 1mo the uw as it cuts. or you"ll 
overload the motor and nsk a dangerous kickback. Also. 
don't complele the cut at this point, but leave che waste 
slightly auachcd (D). Removt the workp1cce and brcak ,he 
waste off by hand Then make the final pa.5.5, scrung the 
shoulder line even with the edge of the m:iiple spacer block. 

Using even a 40-tooth carbidc--uppcd blade, cut11ng mto 
cough end gr,un causes the blade to v1bratt and leaves a cut 

lhat"s less than cle.ln and .i.ccurate. So cut all the tenons first 
10 1h1s 't,z•1n. margin~ then tnm them later with a final light 
cut ro the gauge hoe. which you can make ma single pass. In 
opc:rauon. hold the workpiece firml) w11h your righ, hand>< 
a s.fe dJStan« from th< bl2dc. When guiding 1hc saw c.r­
riage Imo the cut. k«:p )'Our elbow suff and pull by pi,·oting 
your upper body rather than by b<ndmg your um. This hdps 
ket'p tht sav, from sdf.fetd1ng and stalling 

Though not 1 common practKC m makmg slot momscs. 
cumng a third :ihouldcr on the undt"'idc of (ht tenoned 
member will add strength rn the Joint. makmg u more rc:Sb· 
tant <o nck1ng. Also. the third shoulder will h1de an)' 1mpct• 

fcc-11on on chc: inside bottom of lhe momS<'. All 1ha<'s in­
volved ts taking a slice off che bottom t'dgc of each ,enon (E). 
Set the sa.w to cut )I in. into the tenon Set the shoulder 
,1,ghtl) behind the edge of th< sp>«r block'° th< bl2dc cutS 
1mt sh)' of the line. lhen th1~I the remaining c:nd grain flush 
wuh lhe ,;houlckr 

The monise- The next step 1s cuuing che mortise \v'htn 
both pieces arc the same th1lkness. the width of the monisc 
can bc marked out wuh the rnatk1ng gauge-1t the same .s.et• 

ung used for the lenon. The depth of the momse is g2uged 
from the width of the le non and a line 1) ~ored on each edge 
wlth a knife. Conunue the line aaoss the m!-tde 2nd outside 
edges and make a slight notch with a knife on the corner 
edge. Thl5 notch. when lined up wnh ,he edge of the sp2«r 
block. de1trminc, the depth of cul. A long. thin p1«e of 
wood with a dowel sucking vemcally om of It I\ da.mped to the 
tablet0p as a depth stop. Wilh 1he workpiece rcsung against 
the upright dowel. there 1s clca~nce for tht uw l0 pru (f). 
Set the stop 50 that the 5,3.w cuts JUSt ,h)· of the gauge line 

Lower the saw to cut Vu in :.lbove the bottom line of the 
morusc layouc As m cutting the te1lon. advanc.e the work­
p1ec.e ooh' an 1mh or less with each pull of the $.aw. Make the 
final cut with the workpiece regmered ag:i.1ns1 the dowel of 
che stop block Flip the piece over 1nd repeat the process. On 
small pieces wnh narrow mortises, you c.io ckan out lhe waste 
wnh the saw. but on larger member.; I lUt the waste out with 
a coping saw. aftc, whKh I dean up the bottom of the mon1se 
bv ch1~ling to the: gauged line 

Return the piece to ,he saw and lower the bl.i.de so lhat n 
lUlS just to the bonom line marked on the: end gram. Lower• 
,og the blade in uny 1ncremenh after each stt of cut! will 
w1dc:n each monise until ,he respeni"e tenon will snugly slip 
rhrough, Nore the word ·•respective:·· Your markin8$ for 
placement and position pa)' off here in eliminacing a great 
de>! of confusion (and probable error) by $howing which 
momse be.longs wirh which tenon. 

Theoretteall). the final saw se-u1ng should produce moni~s 
of idenuc:il width in each member. and cath tenon should fit 
with the: ~me snugnt'ss Theoreuc.illy. 11, pracucc: I've found 
that u·s better to make the ntccssary adjustments lo fit each 
,omt -,cparately. It 1akes only a lmlc longer. and inspires mort 
confidence in the strength of the finl.$hed assembly. A tenon 
offset wuh respect to ics mom~ or vile versa will not allow 
you to flip the p1cce over to make the SClOod cut at the same 
~w )Ctttng. Rather. after cutting one kerf in e2ch piece, )'OU 

ha\'e t0 pause to make a new saw setting. Fine-tuning this ~c• 

ond cut widens the momse to fit ns tenon. 
At chis point a skepucal reader might wonder how. if you 

can't expeH the saw to cue prc<isd)• squ2te to the fence. can 
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you ever expen it to cut truly hori2:omally (in line with ,he 
workpi«e)' Well, you can't. You JUst 1ry 10 toke adv>niage of 
th1S. Indeed. whenever I confront a situation whc.-re I doubt 
achieving the required accur:acy. I uy to determine on whJCh 
side of ixrfect it Ix-hooves mc co err, in order to obtain the 
lxsr resulcs. In th.as case. a snug joint and a fr.11mc that won·, 
twist or wind will result if cenain pans of the joint have a fit. 
tic loosc:nc-ss and other part$ arc correspondmgl>• tigh1. Sc­
cause there is some play in th<" hori2ont.1I indexing pin on ffi)' 

saw, I can manipulate 1he angle of error. By pushing up on 
1he lcf1 side of the blade and then 11gh1ening ,he locking 
knob. I ca.n mmurcly incline tht" bl.Ide. This will product" a 
tenon that w1U narrow ever so slightly from front ro back. and 
a monisc rhat will widen ever 
so slightly from 1op 10 bo1-
tom. Tht"sc "errors" make 
for a joint that looks, in a 
much exaggerated view. like 
that shown in the drawing at 
right. In accualiq·. the 
amount of deviation from r 
horizontal amounts to less 
than half 2 degree (I,. in. end I 
to t"nd). and the corner of th<" 
jotm is tight and snug. 

Befor< gluing up I alw>ys plane the r>ils clean on both 
sides. This removes the cri2nglc markings. which you stdl 
nccd. so tr.i:nsfcr them to the outSide cdgC'S or lightly rt"•mark 
them 1mmediaccly a.f1cr planing. Also plane all inside edges 
on bo1h rajJs :and stilt"s. Apply the glue lO both lhC monisc 
and the ct"non, aSS('mble the frame and dr.i:w 1t up firsc ont" 
dirccuon and then the ocher with a b2r clamp. If the 
sh-Ouldcrs were cue square and cht" bottom of the momsc 
p2rcd trut", and if the outSidc corner edge of the joinc is tight. 
tht"re lS no need co leave the fr2mc clamped up, c-spccially 
since; clam~ can lhrow the frame out•of-square or m 'ft•ind­
ing. Having d-..ded foe squareness (see poac 95), you should 
now damp the <httks of each mortise with ,wo C-clampo, using 
ont" at each "loose" area. Use pads to proceu the worl::. When 
the glue is dry, pl2nc tht" stiles flush with chc r:uls. 

The dovetail slip joint-Shown at the top of the facing 
pa.gt". 1h15 joint is well suned to being made on the radial-ann 
S2w. The firsc step is co make a cr:adldike fixture to hold tht" 
rad (tenoned member) at the proper indin:auoo for <uning 
tht" tenon cht"t"ks and shoulder$. As shown in figure 3. lhe fix­
rurt" i.s made from two pieces of i-in. plywood and a couple 
of stretchers. The angle of inclinauon shown at a is chc slope 
of tht" dovcca1I. This angle will vary. of courst", dcpcnding on 
the dL01cnsioos and proponions of the stock. Two memb(-rs 
Joined with their edge$ m the same plane (figure l) will noc 
requirt" u stet"p a slope: as LWO mt"mbcrs joinc-d with 1hc1r 
faces in the same pl2nc (figure 2). A slope of 10• from rhe 
vertical will do in the formt"r c-asc. whilt" a slopc: of 3• 10 ~• 

seems appropr-ia.te for the latter. 
Marking ouc the pieces proce('ds in basically the samt" man­

ner as with the slip joint. Scarr "'Ith the rail and mark 1hc 
shouldt"r lines. 

The dovetail 1enon-W1th a sliding bevel and a scribe,. mark 
out the dovetail tenon, makmg it no less than-?',, in thick :at 
th<" top edgt". Tht" s:awblade will normally remove at least thu 

4 2 Fine IX<>odworku,g 

much from the narrow part of cht mortise. Al.so rcmtmbcr 
that ac the wideSt pan of the mortlSC' the checks :arc the nar• 
rowest. so lt"2ve enough wood here for a strong joint, some• 
thing to consider when laying out the tenon. As a last seep. 
witness-mark the outside edges of all the memlxrs. 

Now pl.act tht" fi:xrure on the saw ta bit", itS high side agajnst 
the fence on chc ltft side of the blade. Place a rail. ouuide 
edge out (facing you), in the crotch of the ftxcure. and set chc 
saw to the proper depth for coning ,he shoulders (G). Clamp 
a stop block to ,he table for rcpcared cu,s (HJ. To cu, ,he op­
posite shoulders on the rails. you must rcvefS(' the fu:ture. 
placing chc low side against the fence. Because in this pos1• 
uon thtre is no tnck stop to hold the r.i:1I. you have to naiJ a 
smp behind the workpiece or dc-vi~c some other means of 
holding it firmly in place Don't tr)' to make chis cu1 without 
sttunng the work. or the bladt" will sn:uch the piece from 
your grasp and send II Oy,ng. 

When you have cut all the shoulders for th<" tt"nons. tilt 1hc 
saw co us horizontal posnion. and arrange the fence. spacer 
and auxiliary tabk in th<" same manner as for the slip joint. 
Sec the fixrure·s high side against the fcnCt", :and plact" cht" 
workpiece face edge ou, in ,he crotch (I). Adjust the blade 
¼2 in. above the cop line scribed on the end gram for che 
tenon. and cue the tenon on ont" side; -again adva.nu the 
workpit"ce ,m mch or so 21 a umc bcrw~n paMCS, and slOp the 
cu, ~ in. shy of 1he shoulder. Bre2k the waste piece off b)• 
hand and complete the cm. Cut the ocher side by reversing 
the jig and flipping th<" rail U). caking the s.imc cautions as 
bcfort" tO s«ure the workpiece. Now. lower the blade 1/.u in. 
ro the gaugt" line and uim the tenons to final ch1ckncs.s. To 
cu, ,he shoulder at the bonom of the tenon, reset tht" s.iw 2nd 
hold the p1«c direuly on the aux,liar') table. 

The dovetail mortise-Gauge th<" depth of the momsc 
from the width of the tenon. and coniinuc the mark across 
the encirt edge of the stile (or leg). NOlch the cornt"r edge to 
dt"tt"rmine cht" blade setting for the dtpth of th<" monisc. Lay 
out the shape of the pin on the face edge and continue 1he 
lines across the t"nd-gr.un surfaae. 

Set the S2wblade now at the corrttt angle. using the sliding 
bevd (K) Unplug the s<2w before rcmovmg the guard; then 
replace the gu:ard after making the scmng. As m cumng the 
slip JOlnt, you can ccns1on the dovetail morcisc and tenon by 

incl1nmg the blade slighd)'. so that the tenons will narrow 
from from to back and the monOO widen from top robot· 
tom. To get the correct se;mng-a frac:tton of a degree over 
the angle of the fixture-some uia.l and error lS requirt"d. Use 
a tt"St pitte. 

After fine-tuning the cih angle. you must r~djust the 
fence :md maple SP3ct"r so 1ha1 the teeth of the bladt" will jus, 
couc.h their t"dges. Lmc up the notch on 1he corner edge of the 
st1I<" with the edge of the maple spat.er, and cl-a.mp tht" Stop 
ble)Ck co the table. Ad jun the blade to cut just abo\•e the bot· 
tom hoc marked on the end gr2m of the piece &cause the 
blade 1s S<'l ac an angle, you cannot cut the p1ccc in in­
crements. but must makt" the enurc cut 10 one pa.ss. This 
mt"a.ns that the blade will wam tO push the piece away. and so 
you must pull the saw into the cut very gradually, :and with 
chc utmo.sc cauuon. When you have established kcrf's on both 
sides (1), a coping saw removes the waste. and a chisel cltan.s 
the bonom of the monist'. Tnm the moni.sc b)• lowenng the 
saw in s.mall amounrs unul th<" rcspecuvc tenon slips snugly 
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11 I 

Fig. J; Jig for dovetall-slip•iOint tenon.a 

To mab 1'9, /4y out a nght a.ngle on twO pieces of plywood. as 
shewn. Angle• ,s the s1o,,. of the desnd dQWtail. Cut out the 
supporu Ind screw ctwn to spaetNt to creattt, cradle for po$1-

lioning th4 tenon stock. as sho..,. " the photos below. 

" 
1/ 

fig .. 1! ovetail slip lolnt, 
edges in plan.e 

fig. 2: Dovetail lip joint, 
faces in pane Twop,ecesot 

~. lf'I l)lywood 

G 

I 

To c111 tht 10,on for a doreia,I s/,p j01111. a111hoT 11srs tJ cr,1dlthlt fix· 
111rr. tht co11stn1CIW11 for wh1th ,s 1how• ,n fig11rt J. abo11t PIii.ct the 
s<nhtd stock ,,, the f,x111rt ,111d srl 1hr depth of"'' for the shollldtr 
(G). The• cl11mp a slop blod! to 1ht ,,,., 111hlt ,,,,d '"' 1hr Jho11ldtrs for 
ont s1dt of all yo11r 110d (H). To ,111 tht 1h<>11ldtrs ,.,,, 1/Jeo1hu 11dt. rtt• 
11erst the cradle so III low side 11 ag,wlJI the fe,tee. 

Wht11 all 1hr 1ho11/dtrs 11rt e111. uw the<huho,i Oflt 1Ult of 
u.ch pl-let (I). 1111 the Sh to IIJ horuo#tJ/ pom,011. Jtl tht fix· 
111re's high 11dt :igau,11 the fe,iu and 11dp111 tht blade 111st 
,bou tin scnbtd /me on 1heo11I gram. To s;w thtehu~ 011 
the othtr udt, re11tru the pg ,uul fl,p 1ht wor~tu (J). Sttu.· 
,,, 11 ~nts of passt1, lld,::m<111g 1he WQ1lp1ut betu-'tt11 p,;1uel 
Jnd brtahnx off tht U\'ISl.t before ,omplttmg tht (Ill. 

K 

To uw tht momse fo.r tht dove1t1J J,p-JOtnl. the 
suxi 11 pos11w11ed lx>nzo111t1lly, and a Jtd,"g bevel 11 
MJtd tout tht 1,11u.,b!t1de 111 the rorrut slope (K). &. 
,.,uut 1he blt1dt 111ilud. tht momu ehuiJ mMJI be 
111wn /0 fw/1 dtpth ,,, o,u pa.is. ntUJJtlt1t1r1g tXlrtnu 
cauhl)11, l1s1 tht blade 1hrow the wori. The 11,bs111111t 
ftnu. spaurand allXtftary uble. 1tstd for eumng 1he 
1,mplt sl,p J011,1, art uJtd for 1h11 optratwn 100. Fbp 
tht hoard 10 saw tht olher chuh (L). thtl'I remo,t 
1/H w.isu with a ,opu,g s11w and ,hlul. 

L 

Joinery 43 
Page 50 of 130 EP Family Exhibit 2009 



Van11tio1t1 on the 1ftp•J0t1tt that 
the r11dul arm saw ,an maJ.e 111 
tl11de 1J1e do.,eutl sl,p jOml wuh 
two h11//p11tJ .111d a /1tll 1111/. 
(nght) rather 1h1111 'Uitlh ru,,o half 
t11i/J.i1td apu1, 11s dntnbtdm ,Ju 
pro,0•1 p;1gn. Below 11 .1 

dof1e"11I three• "-'a, case JOIIII for 
the fo,1r top ,or,un of,; franu 
Jm/.p.,,,,/ c:;1b111u Tht do11ble 
do11e1JJ p,11s o,, 1he /10111 hon 
z.011JJI nurnbu Jrt (Ill by h.ind 

On exposed joinery 

in. If you ha\'C' made: corrC"ct sc:mng~. the Joint will be ughtC'r 
ac 1he top corner than at the bouom This 1C'ns1on auualh 
forcC's the- cc-non into thC' morti"C' • 

Other joinrs-ln add111on 10 chC' 1wo 101ms dtsc.nbC'd hcrt-, 
other v:.iri::nions ar(' pos~iblc. <'1th er using part of 1hc method 
or adapting n 10 different rcqu1rC'mtnt\. lm1e2d of joining 
1wo membe~ wnh a dO\'C'ta1l p,n (tenon) and 1wo half-tails. 
you l'0uld use th(' .. a.me fixture to cu1 a 101m chat l00mu of a 
full tail (tcnon) on onC' membcr and t\\'0 h,df-pins on cht 
o,hcr, a~ ,hown m thC' drawing at left. In -..ome ,itu.tuom .. uch 
a JOtnt might he ,cruuuralh or \'isualk preferable 

Somcume, n·, not pos.~1blc or c:"\tO desirabl(' to cut th(' ('0• 

urc joint on the ;.aw a, \'liaS the c:a"'<' wuh the: i Uf\'C'd-srrcu-h('r 
tllble shown in the pho,o; on page 39. Becau,,: the srretchers 
(rails) an: curved, and glued rogecher in a rriangular fashion 
~for(' chc tenon, arc (UI, I \ouldn'1 hold thtm on tht' \av. 

.able, CC'namly nol 1n tht fixture I iut tht rnorti;.(';, m thC' 
l('g~ using 1ht r.1d1al.arm ~aw, mark('d out the t('non, from 
thc moni"C'\, damped chc sueKh('r .t-..'<'mbh 1n m~ \"!''It" a.nd 
cut chc tenons with a balks~v. 

I US<'d a dovetail thret•wa~· case Jome (photo, kft) tor the 
four top corntrs of a framc-and-pand (.lbmct F1r-.t I rut tht 
dovetail slip Jome in 1ht r<"gular w•~ and tht'n cue iht cwo 
sockets m the moni\('d member-., all on th(' r.1dial-ann sav.· 
From the 1wo \()(kcts I laid ouc chC' t\'li0 do\ cuil pm,; on rhc 
third memhc:r. and i;ut th("(' b, hand 'itxt. I glued up the 
sltp-jomcd membc-'"' Jnd cut tht tenon tlu\h w1ch the 'l()(ket 
walh 10 rC'ct1\f(" the pm"' 

The angled tixrnrc pomccd 1hc w.t~· 10 .i.n C\tn more 'J>t'· 
cialized Jome a knockdo"n, through•mort1\('•and-v.-·cdge 
join,. The fixrure held rhe sacrcher ar rhe proper angle while 
,he rilred saw cur a rapering dovetail morose. A compound 
capered wedg, draws the suercher righr agrunsr the cross­
member of rhe legs. I applied chis same ,om, ro a srurdy 
knockdown leaning sholving unir (see pag<> 114 ro 117), 
which uses minimal marcria.l and no metal hardware. 

C11rt11 Erp,ld111g makes fun11111rt in Stall!~. Wash. 

Ar<hnC'ct Lou1, Kahn O0lc: ,aid cha, the rural rnt<'grm ben('ath floral <le-ior.iuon 
Jo1nc is fht b<'g1nnmg of ornamC'nt. He and da..,slcal moldings. Aflt'r G1m~n 

no, trnf)omlfalh· U"-C' expoM"<l Jomen :h 

a dc-1g" dc:meni I◊ .lm great C'XCC'Ol 
Tht tcv. example ... - machint-lUl do,·<'· 
tails and finger 1oinl\ m chair ft2mN 
u:iuall~ lack chc: lfl!>PO<'\\, 1hc damv, 
and 1ht t areful propon1onmg chat lht 
1nd1\'ldual <r-afc.,man tan bnng 10 -a 
ptt'it \'\'.'htn lhe Joint lio rtJII~ ught. 
whe-n no gap ,how\ and e\en the gluc­
lmt· J1....apl)('ar ... tht" encl·gra1n and flat• 
p:ra,n ~urf.tlt" '<l up a \'I\Ual \'ibrauon, a 
d:rnung of ,urta1.t\. ConcC'ptualh 
,here\ mag" m the eight gcomctlllal 
mating of 1v.-·o dcmcnts, the: mangular 
ltl(tf'\\'C'aH" or dO\'etaih. the: knodike 
locking of momse and t<'non. Jo1ncry 
ian mdC"ed be: rht' b<"ginn,ng of orna• 
meni. hut 1c can bt tht culm1nauon of 
ll »~ell -Cf 

was calking about archirecrurc, o( course, and the Barn"llcp. exposnl Jo1neC\ 
but chc sam~ can aJso be said abouc cab,- bt(.tmc:, for btu('r or woM-. J dc-.1gn 
netty and fumirure. Until the Arts and pnnnplc. Through wedged «non, and 
Crafcs Mov('menr began in England. through do,·c:raili auc~ both 10 tht \k1ll 
somewhere around l 860, chc his- of the ,rafhman (if it\ gomg 10 \hov. 1c 
tory of furnicure dc,.,,ign had been 3 his• had bcttc:r be \WC'C't) and 10 the honc:\n 
ton· of hiding th<" joim. There are \Orne of the design 
nocablc c.-x,epuons 10 ,h,,. genC'ral1ty The modun craftsman ha\ the aJ. 
The Amcrt(an Shaktf), whOS<" rcl1giou.) ,,a,u.;.gc of u~1ng powtr tool"I "hi1.h 
S(ruplt'\ proscritx-d oma.mC'nt, rdied on grc:atl)· fa(llnate th(' \pC'cd and .iccuran 
visible JOIOC'I) 10 give thc:tr simple de, wnh \\·h1ch open J0IOt~ ca.n be made. 
signs character and presence. Enghsh And thC'X' tools do thi\, I think. wnh• 
lOUntf)· crafrsm('n, who 1nsp1rtd Ernest out sau,ficmg an~ mc:;a~ure of hand· 
Gimson and orhe,... in the Aro, and made qu;din· Expol\('d JOlnC'(\ 1.Jn be: 
Crain Mo,•cmc-m. cared lhidh about thC' :,,1gnafUr<' of• cra.ft~man or ~hop, an 
th<:" pracucal uulny of tht'1r furniture. important <lcMgn detail. ,md a re(0rd of 
and had no rta~n to conceal m ,,rue, the pat(c\ manut'auurc. lndU)UY can, 
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Routing Mortises 
A simple fixture and the right router 

by Tage Frid 

A
mortising m:u:hinc 1s an impon:am p1«c: of equipment. 
and in a cabinet shop wnh ~vrral workers one mighc be: 

~ good invc-stmcnt. Whatever kind you bu)', 1 <ha.in-saw or a 
hollow-chisel moni.scr or a long-hole boring m1ehinc. )'OU 

ca.n rxp«t to pay a lot for ic. $2,000 or more. Bue by building 
a s1mpk fixture for holding th<" stock co cut the moms,:s with 
a plunge router. you on have a mortising setup chat works 
jwt as well as an expensive machine. The cost lS only about 
S3)0. and )'Ou'll have acquired a htlvy-duty router for gcncr· 
21 shop use. 

Two makes of ph.mgt-typ<' romcrs arc sold m the United 
States- The Sunky (mo<lds 90303 and 9010~) and the 
Makua (modd 3600 B) The Stanley plunge-base routers 2te 
production cools spc<ifica.lly designed for rough cut-out work. 
like cumng out holes in countcrtops for ki"hen sinks or lava• 
torics. They plunge to :a SCl depth and lock automatK'ally. buc 
cannoc be iod<,d at any dep<h in betwten. Stanley. a, you prob­
ably know. has sold itS power t00I diV1Sion ro Booch Powe:, Tool 
Cap. (PO Box 2217, Xew llcm, N.C. 28560), although"'"'" 
of chc rools are still being sold undtr the Sranky label. The 
Makita rou«r is v,ry sunilar u, design ro the Elu rourer. 
which lS a popular tool m Europe but 15n' t sold in this country 

because it has a 220v. 50-Hz. motor, and would burn Out if 
plugged inco an Americ:ln oudet. 

Several things about the Makita model 3600 B make it a 
good router for mortising. h's a plunge-type router wuh a 
2.Y.·HP motor. The body (motor/spindle assc:mbly) is arn1.ched 
to a r«t:angular base b)· tv1O '••in, dia. sttel postS. Tht'S(' fit 
,mo sl«-vC'S in the body. which ,an slide up and down on the 
posts (agains, spnng 1cns1on). and be l0<kcd :u :any height. 
Plunge routing lcu )'OU begin and end a cut m the middle of 
a pi«e of stock withoul h:av1ng to lower or lift che base from 
the work. With the motor running you on lower tht bit ,mo 
the wood by pushmg down on the router's handles. 

The Makota is prmy heavy (11 lb.) and well designed. The 
swm·h can be-worked wnhout having to mo\'e your hand from 
,he handle. but n's not located right on the handle where you 
might nun i1 on acc-1demaJly when picking up chc rouccr. The 
body 1s locked on lhe posts by 2. latching kvcr in.ste2.d of a 
knob, and you can re-a.ch this lever to raise: or lower the bit 
wilhour ha\·ing 10 take your hand off the handle. An adjust• 
able knob on the top scops thC' upward uavcl ';l;nd a.Jsocontrols 
the depth of cue for ordinary rouung. 

For plunge rouung there arc two depth st0ps that let you 

Fore11J/l"g dean, prtwt morhStS q11icll'f. Fnd 11us ,;1 ,\f.ths..r pl11nx< ro11tu w11h'"' ta.sy•to-budd 
flXlur< (belou'. kjt/ for holdu,g the SI(>< llndgu,du•g th< tool U11,,g ll/)propn.zt<ly u:udorcon 
to11rtd s11ppom, almost anJ puu ofstod, l,h the &11N1td chmrb"'k show" htrt, c.m ~ morttud 
"' rim fixt11rt Al ngh1. Fnd 11ghu1u owe end 11op, 11-huh. ,J,. O#J( ullh the-other. u.·1/l ltm1t tht 
tr,,i,e/ of 1he ro111-er and dturm,,u tM ltngth of the mortise 
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rcmo"e stoc:lc m cwo passes rather than in one. and the stop 
rod is capable of both fas, 2nd fine •djusrment You c>n :uso 
control the depth of cut when plunge routing without using 
the stops. Just curn on rhe router. rclC'asc the lo(k lever, push 
the bu down to the desired depth a.nd lock 1t. The fence is SC'• 
cured with only one wing nut 1nd 1s ca..sy t0 set. The Ma.kiu 
router comes with ¼•in. and '.4-in. acbprer sleeves for itS V:·m. 
collct, so you can use diffc.ccnt bic sizc-s and cu, mortises o{ al. 
mos( any width and up ,o 21 in. deep. By turning che stock 
over you c>n produce a through mortise up 10 4¾ in. deep. 
The weight o{ the machine makes it Stable while running and 
helps give you a smooth cue. You might find that the posts 
bind in the sleeves if you try plunging the router when the 
motor &Snot running. Bur when the motor is on, the vibration 
a.Hows the body to move smoothly up and down on rhe posts. 

The monising fixture I made looks like a big miter box. lrs 
leng1h and depth can be vaned to sun your needs. but for 
general use ic should be 20 m. co 36 in. long and about 4 in. 
deep. This will let you monisc everything from chair kgs 10 
bedposrs. Rcg:udless of the length, the inside width of ,he 
fixture should not be more than 3¼ in .. or dse the rou,er base 
will not rcs.t on both side pieces. Mak<" the bottom of ,he fix• 
ture from rwo pieces of ¾-in. plywood. It needs co be thick to 
give the sides of ,he box 2 large gluing surface •nd to hold 
chem s1iff wn.h 1 minimum of Aex. The edges of the bouom 
piece muse be a true 90 • t0 the face. or the sides will not Ix 
perpendicular 2nd your monises will be askew co the face of 
)'Our stock. When gluing up, be sure rhe bortom edges of 
e>ch side arc flush wrth the bollom of the base. 1.oc:aung pins 
w,11 ~Ip hold the sides in alignment when tightening the 
cl:unps. Solid wood could warp, so )'OU mighr wan, to make 
the sides from ¾-in. plywood with solid lipping on the upper 

OetaU of &lOP screw 

$~HOO and 
grooved end s1ou 

-,u x 2 machine sc,ev.· 

\-,n oowel 

°""" hollow -,n ,,,,_. ro ,etain T•nut. 

edges where the router hose rubs. When the glue is dry, cheek 
the two upper edges wtth • squ:ue; they mus, be perfectly 
para.lie-I If the)' arc not, 1ake light pas~ on the jointer unci.J 
the edges arc squ:uc 2nd parallel. or use 2 h20d pl,nc co do 
the same thing. 

You need to install l2teral end stops on the rop edge of ,he 
inboard side of the fixture. The two Stops :uc slollcd strips of 
wood wi1h shallow grooves on their l:Kmoms to fit ove; and 
ride along the edge. The sloe in each Strip ndes :uound • 
*'•in stove bolt which engages. a T-nut embedded in the 
side, A barrel nuc would prove even more dura.ble and easier 
to inst>II. Also. you could drill pilot holes in rhe upper edge 
of the inboard side for hanger bohs: ~ wing nuts with chc-sc 
to ughtcn down on the stops. 

To cut the mon.iscs m a pi«c of rcguJa.r dimensions-a 
straight r:able leg. for cx.amplc-rl.isc the workpiece in the 
fixture so it's almost flush with the top edge. Center 1he area 
10 be mortised in the middle of ,he fixture >nd damp it to the 
inboard side. Set th<' scops on both ends to contact the router 
base so the bit cw travel rhe full length of the monisc in one 
pass. Wi1h the fixture held in a viSC', sec Lhc fence on the 
router 1hc right disuncc from the bit a.nd bun the base 
against the left-hand $tOp. Switch on the power. release t~ 

lock levc-r ~d lower the bit into the wood. For a ,-..,n. bit, a 
¼•in. depth of cut would be sue. Then pull the router to the 
right. Doo'l starc at the right-hand Stop and push che router 
10 ,he lcf<. By pulling rhe router left ,o right, the roucion of 
the bi, will hold the fence agamsr the side of rhe frxcure, 
which wdJ give )'OU a good, smught cut. 

Ounng routing. dust and shavings can get compacted on 
the ends of the scops where ,he router base makes contacc. If 
you don· t keep chis debris de-ancd off, your morcisc will get 

r----1 
r---3Y.--i 

F<>r angled MOrt.a:sQ. mak• 
~ support$ to po$11./0n 
uo« in lixtur, l«>OwJ. 

Suppons lo, •valmg stock ()/ r,guktr 
d;rMnSion,s vary ,n thicbte# acco,dmg 
to the tl'Ncl<ness of st,x:k 

FO< .ttemare '1'>fffhod uu hang.,- bolt with ~ nut. 
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• 

Tin fzx111rt 1hown htrt uws millk nptmdlJ l011g for mort111,rg btd· 
pom. The uock u held,,, place b, a wtd&._t tl1 either t•d. and ,he 
Ulkd t11d Jt<Jps ,,u set 10 l,mtl the lt11gthoj 1h, morhu. 81 mah11g_ a 
/1111 plungt cut 11I tht txtre-mt e11ds o/tht mortut and 10111111g 0111 du 
11;:1.Jtt between wrlh aunts o/ shJ/(µp P'""'• mortU111g prouuls 11.tJth 
speed a11d p,u111011 

,, 
~ 

£q111pp,d with" 1pira/ tnd mJI, the MaA.,u 1'1UHkl J600B ,011/tr u an 
exuU,111 tool for mor/JS1ng. But t/S powrjNI m-010, and sq1u1rt bint 
maAt If lliso well J1uud for chmpuis upside "()fl,'11 "' thr utl FlU of 
]ONT be11ch, where wah 1/Je proper J111u ,, buomes a tpu,dit 1h4pu 

ThtJt two~/11111 sp1r,;/ end mtlh wert dts1g11td ttpui4lly for rou11ng 
u'O<HI, 8111 w,th c1111111g dt.11m'1trs o/"11 m. or mort ca.n ,111 tn dup111 
tht b,111,,J/ pl,"'8'• b111 bm M,'llh ttlll11'J d,amtleN sm11Utr than~ ut. 

"" J;,.;,,J,. 1h,,, Jepth1 of eu1 bv tbl d1amt1tr of 16, 1/JanJ.. TIM 
b,IJ on the ngh1 mi in., h•m, 11,,J,-.,,, wtltng d1af1UUTS lll't! ,,uuk 
~ On1rudC,11uri\ffg. Co. Thtbmo-11 thek/t. ,,,torr11pond1nge11t• 
ting dwmeltrJ, au m"de VJ f.htrom CllriJon Co. TIMu /t:Jnger slwth 
gn,e them gr~t11tr dep1h-of.c111 "'pabJ,ty. 

shorter as the cue get$ d«pcr. One w1y to avoid the problem 
is to make an initial plunge cut to full depth with the: routcr 
hdd agarnst the left stop and then against the right Stop. 
Then you can rout out the wztc berwccn in «:vcr:i.l pa= 
without h2ving debris pack up :against the Stops. 

The depth of e2eh cut depends on the hudness of the 
wood you arc cumng :and on the size and kind ofb1t you use. 
Make reputed cut.s. a1w2)'S kft to right. lowering the bit b(-. 

tween pUS<S, until )'OU h2vc re2thcd the dcstred depth for 
)'our mortise. AU chis might sound complicated. but )'Ou will 
Ix surprised at how fast it works. l have found It faster and 
clc'1ncr cutting than the hollow-chisd moniscr 

To cut angled mortises in regular stock, hkc those in chair 
legs to receive tenons on strnchc:rs ind rails, ma.kc: a.nglc:d 
support$ co hold the stock in the correct relation to 1hc bit. To 
mortise curvcd pieces-a chair back, for mst:a.ncc-Mndsaw a 
p1«c to fit the side: of the curve opposite thc cut and use it co 
support tht' stock when cl-amped in the fixturc. You can place 
thc curved suppon under the stock for mortising on one side. 
To moruse the adJoining face. suppon chc scoc-k from the in• 
board side of the fo:tUrc using the S2mc cw,·td piece. 2nd a 

fl:u suppon on bouom. 
For gcnc:r-.tl momsing. I use rwo-flute. smught-face bits 

with ¼-in. shanks. High.speed steel. St.ra.ight-f:a.cc bits will 
work. but th<y will get dull fast« than wbid< bitS. For mor­
tiscs ½ in. wide or more. )'OU can use bits with ½-in. shanks. 
which will perform bcncr th:m bitS with smaller shanks 
because th<y .re suffer and will chmcr Im. The best bits for 
cuning large mortises arc: cwo-flute spiral end mills with ½•in. 
shanks. They arc cspc<ially designed for plunge culling and 
for fast chip remov..t. and lx<•usc of their spi,.I form they 
have a shca.r-cucung action. When wasting the liCa bcrwcen 
the cwo plunge cutS, spiral bit.Scan ma.kc pas.sing cues 2S deep 
u r. in. without protesting. But they will st21t co scrom when 
you make a passi.ng cut that"s coo deep. and you will find 
you,sclf forcing th< bu into th< work This is not good. Spir?.I 
cod mills will cut cffonlcssly m a straight plunge: and whc:n 
t>king • laier:i.l pilSS 1h:u's no, too dc<p. 

Yoo an get spiral end mills made for rooting wood from 
Onsrud Cutter Mfg. Co., 800 E. Broadway, PO Box 550, 
Lib=yville, Ill. 60()48 md from Ekstrom Carlson & Co., 
14-00 Railroad Ave., Rock.ford, Ill. 611 IO. CostS vary, but 
genenlly 1/4-in. dia. and '-'-in. dia. bics are under $10, while 
'/4-in. dia. bitS run about $20 ( 1981). D 

NOYE.: The bosioe~ of ,ttung the roou:r S{Op) and of kK.iting stock in 
1he fixture u..n become t«hous when rutting a lot of momxs Herc isa 
soluuon: First. knifr a ,..eniuJ lane on th< 1ns1de fa.cc of the fuuure, 
nc-3-r its ccmcr Thi$ is the primary rc-fercnce for $Ubsequcnt mea• 
su~ments. Next, scritx a stop line-on th<-top edge of the fixture, to 
the kft of the centerline. the pr«i.sc: di.nance from the cumng tdgeof 
your mortising bn to the edge of the router \):ls(-. With the lc-f,.hand 
s1op locked 21 the-MOP line. 2 knife hne on the-node ma.rlung the lc:ft 
end of che proposed mom$< can be brought to the veruc-al cenu:rhne 
Now. with 1he router pl2etd. ag:11nSt the le-ft-hand nop. measure o~r 
on the fiuure·~ edge. from the ughtside of tht routet bak". the length 
of the ptoposcd momsc-minus the bu diam~er. ThlS locates the right• 
hand stop. To sitt the depth of cut. lower the adjU$ti.ng koob unul tht 
cuner grutS the stock surface. Then set the depth screw to the depth 
of tht moniSC' above itS stop. FinaJly. back off on 1hc ad Justing knob so 
the bit will <ku the !tock. To make all of 1hcsc mcasuiemcnu quid 
and reprodu(lblc, you <an mlll a sec: of hudwood gauge blocks. In• 
stead of measuring. you simply 11\S(rt the corrtC't g1ugc block tx-cwccn 
the router ba.sc and end stop. and berwcen cht depth screw and dep,h 
Slop. In addition to <uuing moniscs. these gauge blocks wlll <0me in 
handy for other serups m the shop. 
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The Frame and Panel 
Ancient system still offers infinite possibilities 

by Ian J. Kirby 

Scarcely 2no1hcr system in the whole r.angc of woodworking 
has more vanation and broader appliMiuon than the 

fram(' and pane-I. In the fr2mt•and-panel systtm. pieces of 
solid wood 2rc joined together into a SLrunurc whOS( ovcraH 
dimensions do not chaflgc The frame is usually rcc11ngular. 
mortist'd and tenoned togc-thcr, with a groove cut into its in­
side-c-dgc. The pand fiu into 1h1s groove: tightly on its ends 
since \l/ood d(')ts not move much in length. but with room to 
spare Of'I the sides b«•usc wood mo,·es mos, in width {figure I). 
Wood 1.s not uniform and as it moves in responst' to changing 
moisture c-ondiLions. it cups. cwisu. springs and bows. Trap­
ping tht panel m the groove mhibitS this misbehavior. 

Hmoncall)', the basic t«hniquc Lhat made possiblt the 
frame and P2"tl l$ the mortise-and-tenon joint. on which J 
havr alrC'ad)' wrmcn cxtcnsivcly. The frame a.nd pand is a 
basic unit of structure. It can be used singly (a cabinet door) 
or m combination (to ma.kt walls. entry doors. cabinets). Th<' 
SC\'tral dtm('ms of 2 single framt 2nd p2ncl m2y be varied aJ. 
m05c wuhout lim1c. and its atstheuc possibiliti(',s art mfinitt. 
The little choic<'.s made during its manufacture arc aesthttic­
c-hoicrs, and we can begin to stc the interdependence of 
de.sign and technique. Ncnhtr the frame-and-pantl sysccm 
nor itS Jomcry o.n bc thought of as an tnd in itself. Neither 
has any imponancc except in application. cow:ud the end of 
making 2 whole thing out of wood. 

To o,,crcomc the panel's tendtncy to distort, we ma.kc it as 
,hin as 1hc Job will aJlow, whilt we make the frame rclauvd)' 
thick. By doing this we haven·, significantly altered the 
amount b>• which the panrl w,11 shrink and expand. bur wc 
have rendertd n wtakcr so that the framt has a bttter chance 
of holding it Oar. Panels c:an be made as thin as ¥

11
1 in. but 

s:uch panels were uncommon before the 19th century because 
woodworking tools wc:re not readily capable of such refine­
ment. The thickness of the panel was dtalt wnh in a number 
of ways. the most usual be-mg to ra.ist-and fidd 11. 

Generally raising and fielding arc thought to be the same 
1hing-t..he procc-ss of cuning a shoulder and a b<-vtl on Lht 
edges of the pwcl and thereby elcva1ing the field-th~, is, 
1hc central surfacc-of ,h<' panel. I'd like to distinguish be· 
tw«n these two term$, Fielding refers lO any method of de­
linc-ating the field of the panel from the frame; raising mc-ans 
cutting a vertical shouldtr around the field, which may or 
may not be-accompanied by a bevel. 

GJVen this S)'Stem for maintaming p:ancJ size and shape 
ag2inst the hygroscopic movement of wood, woodworktrs in 
thr P2St found th•1 rhr sysiem • s clememscould be vuied 10 

producc-different 2<"Sthtuc results in terms of form, color. 
texture. p:mem value, proporrion of pans. highlighc and 
shadow (figutt> 2). B>· carving the panel, we imprint upon it 
richness and grandeur. By inlaying it. we make it into a vc­
hidt for tht decorative u.st of ocher m:attnals, and by using 
moldings of different profiles, we change tht' variow propor• 

48 Fine \Xoodworking 

Ag. 1: Section through frame and panet 
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Ag. 2: Proportion and pattern 

TM J)attfl<n t>Ouibilicl.$ .,. inlinit~. TIM~ holdMfl tM paMI on ~m~, 
can t,,. •n lntMUt/ng d•tall lo, the obserwN to dlsc.o~-don't ,., It 
b«orM • dictt.. tr TIHdn't 1H r.!,,e-n thrOugh to the lront ot ,,,. ,afh. 
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tions within the whole. We e•n •lter the mood of a piece by 
changing the pincl's '2.nachmcnt to its fra.mt, 

Within the predetermined dimensions of the fr•me, the 
relative proportions of ,he rails •nd the s1ilcs can vuy consid­
erably. though n i.s common to find the top rails in a door to 
b(, .ibout two-thirds the width of tht bonom rail. and the 
Stiles 10 be about thr~-founhs the w1d1h of the !Op r,il. This 
isn't ncxcssa.ry to produce an acceptable appcaranct', but 
m•ny woodworkers build doors as ,hough these proportions 
wtrt d1v1nel)' decreed. Altering chem within the limiu of 
structural necessity c-an produce a wholesome diversity of ap• 
pc-uantts. The proportions of cht panc:1- the dimensions of 
ns field, the depth of itS shoulder, the width •nd slop< of 1lS 
bevel-arc 2.11 subject to considt"rcd ahcration. 

For showing off highly figu~d wood, the frame •nd panel 
i.s cxcclltnc, The usual w1)' of doing lh.is has been to resaw the 
figured piece and to edge-join the halve-s 1mo a bookmatchcd 
panel. Examples of discriminaring and sensitive use of various 
frame--and-panel conscruccions can be found. for example. in 
th, wO<k of Edward Barnsley, England's grand old man of 
furniture designers. His work. as wc:U as pieces designtd by 
such members of the Arts and CraftS Movement as Ernest 
Giro.son and his Dutch foreman, Peter \X'aals, illusuatcs the 
faet that generally the plainer form of paneling-overlaying it 
onto the frame-shows a highly figured pi<cc of wood to its 
great«t ad van rag,. Raising and fielding can look fussy when 
th< wood is highly figured. 

The fact of the panel can be trtalcd in countless other 
wa)'S. You can inlay it wnh mochcr-of-pcarl, ivory. brass or 
Olhtr material$, or the field can ~rvc as a ground for mar­
quetry or wood inlay. Urving on panels has taken man)' 
forms. English "jo)·ntrs" of the 13th co l~th centuries imi• 
med 2.lmost slovishly 1he tracery wd lincnfold pmems eom• 
mon in sconemasonry. It was also common in this ptriod for 
panels to be painted with vibrant colorS in a variety of abstract 
geometric designs In our own century, Mou~y Thompson 
adzed the surface of quanersawn OU-panels for a mild 
rippled texture, subtle co couch 2nd sight. 

I wish contemporary panc:ls conveyed such vitality and 
served the imagination as wdl. I'm not saying that we have to 
paint panels or inlay them or dress them up in other ways. I 
am saying chac wt ought to realitc that tht panel is an unex• 
ploittd vehicle for expression. for there is in fact no wood• 
workmg sys.tern with as great 2 poccnual for individualization 
within ics ~ntial strucroral fcarores. This invites the wood­
worker to explore some of the syStem's possibiliues. The 
easiest way co play wuh a.II of theSC' poss.ibiliucs is to ma.kt a 

Ag. 3: Haunched mor• 
llse and tenon is de­
SJgned for an unstopped 
groove 

full-s1u drawlng, or SC"veral of them. to help you visualiu the 
criuc-al relationships between the pans. A funher survc:y of 
tradnional uea1ments and manufacture of the solid-wood 
frame and p•nd may hdp comempora.ry woodworkers to • 

livelier use of the system. 

The frame: - Designing a frame and panel begins with a 
sectional view of the cwo pans and a decision about the joint 
to be-used in bringing the frame together. The groove is gen· 
crally placed in the center of the frame stock. If you use a 
square haunched moniS(' and tenon co join the frame. then 
the grooves can be plowed right through the joint without in­
terruption (figure 3). This 1s no happy accidem. The joint was 
designed for the groove to be continuous, because a plow 
plane on't cut a stopped groove. When miking the 
haunched monisc and tenon by hand. the question arises 
about what to do first. plow the grooves or cut the joint. 1 rec­
ommend cutting the momscs and cenons first. If you plow 
the groove first. you obliterate the gauge lines on the moni.sc 
and on the inner edge of the tenon And nothing is more ag· 
omzing than trying tO cut an accurate monisc without refer­
ence lO g2ugc linC'S Also, ir's easy to be Lricked into thinking 
that you are cuning the mouth of the monisc: at the same 
time you plow ,he groove. You can in fart. Bue if your monis­
ing chisel is not exactly the samt width as the groove. you'll 
find it almost impossible to cm the rest of the mortise in an 
accurate way. Using a chisel chac 1s too large or coo small. even 
b)' 2 minute amount. makes cutting the monlSC walls an exer· 
cisc in guesswork and error. 

If you wish to use 2 monist and tenon of the sloping 
haunch type so chat the joint shows an uninterrupted straight 
linc-, then ~me means of $topping the groove must be 
emplo)'ed. ThLS is quue easily done on a router, shapc:r or c.ir• 
cular saw by the use of end stops. 

Another aspect of the frame that deserves 2ucmion is the 
profile of its inner edges. Since st2ndard shaptr knives are fre­
quently used to make molding and scribe cuts in rails and 
stilts. I'd like to deS<ribt ,he less common practice of cham• 
fcnng the inner edges. It creates a boundary that LS dttisive 
and bold. not bUS)' or blurry like poorl)' conceived moldings. 
There arc three conventional ways to ch2..mfer the inner edges 
of the frame. cwo of which require redesigning the joims. 

The simplest way is to mc:mbk the fr•me dry •nd cut a 4) • 
chamfer with a router. using a bit with 2 ball-bearing pilot. 
The cut will be rounded in the cor0<:1'$ (figure ◄) but can be 
squared up if desired with a sharp chisel to form what is called 
a mason's m1ter (figure )). But if you want the line of che 
joint and the outer tdgc.s of the chamfer to form one continu• 
ous hne, then more refined joinery is c,.lled for. The first 
method involves cuuing the tenons on the rails a.s if you were 
making a long-wd-shon-shouldercd joint (figures 6 and 7). 
Cut the mortise in the conventional hshion. and then ch.am• 
fer the inner edge of tht stile. To accommodate the chamfer. 
the long shoulder of the tenon is beveled inward from the 
shoulder line. A v,anation of this method also leaves the line 
of the joim a.nd the outer edge of the chamfer uninterrupted. 
But instead of beveling the underside of the long shoulder on 
the r.ti1, you remove a section from the face of the stile lO 

aeeommodm the long shoulder. Then the chamfers on both 
n.il and stile muSI be mitered 10 fit (figure 8). Miling this 
joint requires careful measuring and marking with 2 mortise 
gauge and cutting gauge. Chiseling should be done a.cross che 
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Fig. 4: To bfil'l{J the chamfe, IJIOUf'ld the com~ ma !JO'> 
arc, cut most ol the bev'11 before 1ssembly, TM come, 
round should be complered alter glwng up because of 
the fragile short grain on rhe rail. 

Ag. 6: 8..- or Sl:nbed..,..,,, of long,M<J.shfx1.slloulde,ed mortJ.se 

""'1 ,.,_ - ~ a6gnment of j()mt ""'1 chamfer'"'"'· 

grain, and the mouth of the mortise-plugged with a softwood 
bloc.le co prevent the tissue from splinrering out. 

Don't s:and Ult c.hamfrr if you wish to retain ir.s c;rlSp edges 
and the fine tcxrnre of ics toofedJa..nd. Sandpa~r rounds and 
sofo:-ns thc:-se cricical tight-reflecting angles and facc:-s. You 
may tr)' sanding, and even get an apparently sacisfacwry look 
until the finish is applied. but then you will find £he crispness 
Ion and ,he dariry of the land muddied. 

Yet another variation in the design of the frame i.s not 10 

use grooves at all. but to lay the panel in a r2bbet cut mco the 
cdg('S of rails and stilt$. The panel is rctamed with an applied 
molding on the show side of the work. Some might think this 
method ,o be a good example of bad workmanship, bu, it is 
wdl suited for some types of work, including thosc usmg 
modern materials. It's worth noting that much of the tradi­
tional frame-a.nd•pand joinery was done this way 

The panel - When thinking about the de-sign of a panel 
three possibilities att available: a fielded pant I. raised or not. 
an unficlded panel and an overlapped panel. According to 
the type of de-sign you choose, you mun consider va.rlabla 

50 Fine llbodworking 

Ag, 5: _,.,"""' bMgs - and honzontal ci>Mrie,s together. 
The di:$/JdvanfHfllJ$ are that tM chamfer d<>es not M"lfJ up tlVlr/'I the 
shouldet of rhe iomt and• lirtJ8 tF,angle of Md 9fONI spot.ighr, rhe 
mirertKJ come,, 

Original Shoulder line 

Fig. 7: Plan ol stie/,al joint shc,w,­

,ng ong;,,,,J line of - befon, 
unde,wrtmg 

Fig. 8: AnothtN varitJdon of /ong-and-short·$h0u/cf.ered 
motflse and tenon demands c.are in marking out to {let the 
p;nc 10 close IJl"OP'Jrfy and the miters to meet Ort• liM. 

such a.s 1hc size of Ulc field rdacive to the frame d.imens.ions. 
the width and slope of the bevel. th< depth of the shoulder, 
and the ueacment of che field (carving. inlay, figured 
wood)-all of which combine co determine the finished look. 

You can field a panel without raising ic by cutting the bevel 
right through to the field and elimmat..ing the shoulder, Bue 
it's difficult co gcc good rC'$ulrs when )'OU define chc field 
with the bevel alone because-invariably chat critical hoc where 
the two converge wilJ be untrue. It can be scr:a.ighccned out 
with a hand plane, but it"s not easy Also. panels wiUlouc 
shoulders look indecisive, even if the field edge is stra..ight. 

h's common practice when raising a pand to cut the shoul­
der lines fim (figure 9). This fidds and raises the panel and 
gives you an ide2 of its proportions. You can accomplish ,his 
by $Cuing the fence on your bc-och saw co the width of the 
bevel and th, blade to ,he depth of th< should«, producing 
four sh21low cuts equidistant from the pand's edges. Saw the 
bevel by ,ilnng the sawblade to 1he miuircd angle and SC<· 

ting it to the required depth. Wheo cutting the bevd. a 
we-dge should fa.II off the wascc-side of the cut; this means 
that pres,-ures on Lhc blade a.re cqu2I right and left. But raised 
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Fig. 9: The IK!kl ,s defined by saw or rout~ 
cuts. Yov can use a ~ curr~ in your 
routtr 10 grve rhtlJ shoulMr • soher profil.t. 
The bev.t ,s •ngled at the time ol sawing or It 
can be cur wrth • bench rabbet p/aM. 

Fig. 10. A panol "'1go ,wd nor be -.ied. 
Her• it 1$ mbbeted Mtd a ~d mold run down 
,rs ed(}II The scratch-stock muse ~ held 
l,rm/y and pusMd away from the body. It 
should urtle gently mto the cut at>d not be 
forced 

Rg. 11: The edges ol the_,.,,,,.,, panetmoy 
be treated #'I a va,iery of 1114YS-round«J. t,ev. 
MOd or left~ At ths Sta{IIJ rou in~ 
detais that affect the highlights and sl"1d<lws of 
,,,. panel. 

p-ands ue usually more ddicatC' th-an rhi.s will -allow. So ro 
minimize bl-ade vibration 'llnd coOS<'qucnt scoring of rhe 
bevd, usc: a sharp, Stiff rungSten-carbidc-tipped saw and feed 
the work gcn,ly inco the blade 

However c.ucfull)' you cut the bevel. iu sawn face will n«d 
some cle-aning op. le can be sanded, but you'll have grcattr 
conuol ,rnd gtt beuer rt"sults using a rabbet plane that's wide 
enough to clean the whole width of the bevel in a p-ass. You 
could also make 'll jig for your router -and ma.kc the cuts with 2 

properly profiled bit. or you can obtain tht fastest results with 
a spindle shaper. The lance should be usc:d with grt111 cau­
tion. and you should ma.kc thrc-c or four p:uscs. removing 
only a liulc stock with t-ach. 

Btnu~ cht whole system is designed to accommodate the 
hygroscopu: movement of wood, it's not unusual for a panel 
to tr-avcl 2bout in its groovc-s, sometimes being notice-ably off 
ccnttr. This is e-asily rcctifitd b)' driving cwo nails or wooden 
pegs ,mo holes on 1hc inner edge of the frame. top and bot­
tom. so that thty capture the p-ancl on center (figure 2. 
pogc 48). The pegs make interesting little details if left slightly 
proud and rounded off. You can~ the same r<SUlt by apply· 
ing a dab of glut in the ctntt'r of tht' grooves top and bottom. 
c2king c:ue during 2.55Cmbly to position the panel properly. It 
is normal for the panel tO rank when t2ppcd. Tht rattle c-an 
bt climinatC'd. but nctd not be. 

The panel doesn't have to be raised and fielded 10 be held 
in the frame. One of the swcttt'st systems brings the groovt 
forward of ctntcr to create 2 flush panel from very thin srock. 
This system dcmwds accuruy in cuning tht' cop and bottom 
shoulders so they JUSt t0uch the rails. The panel edges, whic.h 
movt' slighdy over the framt. c2n Ix molded by using 2 
scrat<h•stock tha< you can make yours<lf (figure 10). 

The third poS$1bility och-anges the angular. vigorous look 
of the usual raised panel for the softer. more subdued look of 
the ovtrlappcd panel. Pands of this sore arc rardy seen ht­
cause most woodworkers hcsitatt to depart from the more 2c­
cc:pttd method. yet tht'y -arc no more difficult to make. The 

panel is held in the frame by a sc, of tongues and grooves, 
which should ooc be cut too dtep as a long tongue is likely to 
curl back (figure 11). 

Given the possibiliucs of tht' frame and p-anel, it is surpris­
ing co find them so link realitcd by contemporary cabinC't• 
makers working in solid wood Industry. however, has not ig• 
nored their appeal. In one mtthod of qu-amicy production, 
frame-and-panel doors arc molded from a mulch of the son 
used ro make p-anick board. After a fc-w sc-conds of he'llt and 
prC5$ur<, out pops a frame and panel, raised, fielded and de­
tailed to your r(quirtmcms. read)' for prinLing with a photo· 
copy of wood grain. Before the offended rC11ch for their pens. 
consider chat if industry will apply itS t«hmcal -and t'conomic 
resources to such -an t'XCent, thert must be a strong dt'mand 
for the frame 2.nd p2ntl. Given this market. there is a no­
ticeable lack of frame and p'llncl being used in a refined and 
exciting w'lly by makers of hand-built. solid-wood furniture. 
This seems a pity sinct' J' vc aJways felt that che cabincc­
makcr' s shop could be the birthplace of technical and aes­
t.hcoc models for indusuial producUon. 

The sad fact of the m-aner is that there c-xists an emotional 
antagonism bcrween tht' designcr/cr2ftsman and tht dc­
signer/cxecu1ivt. and link producrivc communication is 
shartd bcrwten chem. The crafuman suffers tht most as a rt• 
suit, because ht closes the door on salespeople. designers. 
decorators -and others who work cit.her with or for the larger 
furn1turt' m-anufacturcrs. It dOC'$ the cr:aftsm-an litdc good to 
h2vc a v2St ltchnic2.1 knowkdgt. 2 keen acstht"tic sense and a 
shop full of tools if he denies himself contact with people who 
can market his furniture and who can btncfit from his fidelity 
to qualiry and his innovativt chinking. I hope this t'xamina­
cion of the- fr2me and p-anel will promote improved commu• 
nication between the cra.ft:sman in htS shop and tht larger 

world of woodworking. 0 
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Radial-Arm Raised Panels 
You can even make then1 out of plywood 

by William 0. Lego 

Fence 

F011 s1ru1s 
SUPPQrt plad0rm 

H-nged ouaro 

Mak9 lenu. pl,atf0rm, Nse [Jt)d 
s1rv1s of plywood Screw base ro 
ra<JlaS.arm cable 

I use rat>ed panels in much of rhe cabinetry I build, bur like 
many small-shop woodwockc:rs, I can·, Justify the <xptNC 

of buying a large shaper JUst for rh,s purpose. I probably 
rouldn'r shoehorn one into my shop anyway. Instead. I de­
signed this jig chat allows me co cur all sues of raised panels 
with my radial-arm s:aw. As shop aids go, this unc:-is pracu­
caJly bullet-proof-you can make it ouc of Krap. sec it up in 
no rime and, when u·s noc in use, hanR it up on the shop 
wall, ouc of the way. 

I bu1lc chis Jig rwo yea.rs ago. and 1·,,c founJ chat tt has cwo 
advantages over a shaper: it"s safer to operate and che panels 
have smoother, splincer-free bc:vds. This lase pouu 1s impor­
tant to me because I ma.ke my raiSC'd panels out of hardwood 

52 Fme "oodw<>rking 

,-------------.. 
I 

1 

Fence 

plywood an<l rhen cover the expo.scd edges of the plies v.'lrh 
veneer backed by a chermoscmng adhesive. This vmecr, 
which ( buy m rolls and shttCS from Allied (ncemat1onal (nc., 
PO Box 56. Charle;rown, Mass. 02129. can be applied w1th 
a hot iron The cechnique ma)' nor delight rhe purisc. but 
wich all rht crooked, twisted lumber we s.>em ro ge, rhese 
days, using plywood saves th<-time and frus.rrarion of glums 
up solid Srock and rhen milling I( Oat. This method seems 
besr (or panels that will be painted, but 1f you apply the 

vcn«r carefully, you can ~ec d('('cnt resul~ with clear finishes. 
Of course, mt Jig wocks 1usr as well w1th solid wood panels. 

As the drawing sho'4'S, my jig cons,scs of an inclined plar• 
form mounted on a base chac on then be scrcwrd or damped 
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A 2-,n, PVC 1/bou.·. left. mo,mud 
h,h,,,J tfN /mu and ,on,,-rcttd to 
a ~p ,,a,NNM ,olkas rht dint 
from Ugc, ·s paml-ra111ng }lg. Ht 
gl•td 1h, ,lhou· rn plart /,,fort 
slouly Jau 1ng 111hlad11/01. Ftnu 
(NlfJNI aaon,,,u>tlatn sau· mo/or 
u•INn sanding IHi~/J. The p/)()11> 
br/ou· 11/NJlratn 1afe hand post• 
tum /01' /ud111g a plyu-ood pan-ti 
paJI the sauhladt. J/1ngtJ aua,h 
r>x g11a.-d 10 1hr ftnu, allou·,'!I 11 
lo ptt'fJI NP 1/,g/JIIJ. J() obrNIJ 

u·o,,·1 )""'· 

to the radiaJ-arm table. Yoo c.-an expcr,menc with <he plat• 
form angle. but I~• is a good starring place. I'm kind of a 
safety nut, so I in$talled a hinged guard above rhe point 
wht«, the blade proicm through a slot in the Jig· s fen«. The 
guard has co pivot only slightly. bot don't use a rig1d guard­
the panel off cues might jam b<cwttn che blade and the guard. 
To collect dusc and chips. I used construcnon adhesive and a 
few brad$ co moom a 2-in. PVC elbow m the fence beh1t1.d 
che blade, then connected the elbow co ffi)' shop vacuum. as 
in the photo ac cop left. 

Once you·vc: built and pOSirioned the jig, make some test 
cues and adjust the height of the saw until chc panel l,x-.•d 
capers co a perfc<.l fit in che grooves of che frame it \\ill go 
into, as shown in tht drawing ar lefc. To vary the size of the 
fillet bctv,·ten the bevel and che panel's raised field. movt the 
saw roller head in or ouc Steel comblnacion blades work v.-ell 
for panel-raising. but because they dull qui,kly, I find that I 
have; to mscall a sharp blade afccr raising a half.-dozen panels 
or so. A carb1de·npped blade would la,r longer. If I'm using 
solid wood, I sand the sawrnarks off rhe bevels using a 
Sears 8-m. sanding disc wich a 2° captt (catalog number 
9 GT 2274). This capered d1S<. concacrs rhe wood wuh a 
small. corncal-sha[lt'<l sec<ion instead of che wide. swirhng arc 
of a Oac sanding disc, rhus leaving fewer sanding marks You 
don't have to sand the bevels of pl1•wood !'dnels, sin« they'll 
b< covered br veneer rape an)'W'ly. 0 

Bill Ltgo owns and o/}ffalts a 11x•rnan ralnntl shop ,n 

Spring/i,ld, Va. 

\ E.x/J()std pltn fJ1t tlx IHnls of a pl,u'O<>d pan1/ 
u,on't do. b111 onu 11Ny a,Y CIJf'trtd u•11h adlx· 
11v,·badud 1,enur tape, abor'e, lht) look Jint 
and 1hty u ,II takt an 1xctllMl/a,n/ f,n11h •. 
TlH t!Uttr tape ,, appl,1-d u•1I a hot iron 
Wh,,,-, 11 lftltlJ at 1ht corntrs. Ugo rattJt'J a 

ntal m111r Jt;tnt, br/1.1u·. 

Decorative joint enhances frame 
Plane tace of , ar ..., oul full-lenqm 

prolife 

-~ -~:=---~--~--
~ • 

.,.....<" .... ---:;_ ..,;.. -- ~~~~--· 
, 

GroO\ ·e tor paner 

for my cabinet door$ I use a simple frame-and-panel coo· 
$t:NC'UOO with morti~d-tenon joints. The method de­
scribed here allow) me to add a decorative molded profile tO 
the inside edge or the frame, without having to cope the 
molding jolm at the come.rs or to go to the trouble of mak· 
ing a masons· miter. 

First 1 mill all my stock co the same thickness. cut che 
frame membcn, mortise the stiles and tenon the rails.. After 
,he joints have beel1 fined. 1 plane Y.6 in. or so off the face of 
each rail. This step pulS che face of the rail on a different 
plane than the face of the scile. Now you can rout 1. shallow 
(no dt.-eper than ¼6 in.) profile on the inside c-dges of boch 
stil~ and rails. or roun.c. the decorative molding runs the 
length of the Stiles rather than sropping at the U\side edge of 
the frame. The effect, though nor traditional, is handsome, 
aod ,he resulting doors are strong and Light. 

-Pat U'/am,r. Esrond,do, Cahf 
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The Scribed Joint 
Masking wood movement in molded frames 

by Morris}. Sheppard 

W hen moldings m«t a, an 
inside corner. 2s in fram• 

ing a paneled door. they can be 
mucrcd b)' cutting c.1ch piece to 
a 4) • angk. The joint 1s qu1dc 
and H looks fine until wood 
movemcm innnably Opt"ns up 
the mncr. Scribing the joint is 
an ahC'rnam·c co the- miter. In 
this method. you cue the f2il 
molding to the-cxau re,..crsc SC'C• 

non of the molding it will over• 
lap on 1hc s:ule. Thts allows the 
wood to move wnhouc brc.ikmg 
the- joint. Where- 2 cc:mcr rail 
meets a scilc thC' scnbcd mold­
ings will slide and rtma,n tight 
C\'CO w1ch sc-asonal movement In 

this J.rt1ck. l\•e u~d an ovolo 
molding or "sucking" on the 
frame pans. 2.$ shown in figure I. 
Howevr:r. aO)' molding exc.:cpt 
chO!.C with undcrcucs cin be 
\C'flbcd Undercut moldiqg 
mus.t be mm:rcd A version of 
the scnbt e2llcd the copc•and­
StKk jomt can ht dont' on ,ht' 
,hapcr o, tt'nont'r. but )'OU can 
gct exccllt'nt rcsuh.s by scribing 
w1th hand cools. 

You·ll nt'ed a tmall backc;aw. 
chisels. a gouge and a m1ccr ctm• 

plate /\ commerciallv-madc template is brass. abou, 5 1n 

long and cut 10 a .fj angle: at ea<h end You can make yo.H 

own out of wood. but make surt' u 1,; dead accurate. Ovolo 
scilk1og 1,; su,tx-d wnh ao m•cannd gouge whose rad, JS 

ma1lhcs chac of the: molding You'll n«d a gouge to macch 
each s11e of mold mg you want co sc-nbt Pu, a k«n edgc c,n 
the-1n-onntl by working the: in.side-bc:\'cl with a slip stont' 
and chcn remov( che burr by h0Jd1ng tht outside: of the co,1 
Oa, .i.gamsc a bcnchscone. Don't doublc:•bcvtl chc edge as ycu 
would a car ... ·1ng gouge. If you do. H won't cut straight. 

Prepare ~•our framework as you usually do. In my shop. we 
mormc: the uifs and th(' s11lc:s on th(' sloe momsc:r. thtn mst':-t 
a loo~ t(non You can ulo(' a dowel JOmt or a coiwtnttOnal 

mortise and tt'non. but when c-uning the rails rtmc-mlxr th-at 
tht1r shoulders fo to the bouom of the panel rablxc and not 
to the imidc c-dge of the molding Mill cht molding and the 
r2bbet along the: full length of che r:uls and s111(~ 

lkgin chc S<ribc: b\· rutting aw2y tht molding on the sciks 
whnc: the r2ils mctt 1ht'm at tht s(ilc cnds and the: c-C"ntcr c,f 
thc: rail 1f a middle Milc: 1s ust'd The moldmg should be Cl.. t 

54 F,ne "''oodwork,ng 

bad: ('vtn wnh the depth of the 
rablxt and ought to 2hgn with 
the IISld on the rail To gc1 :an 
accurate mark, hold tht r2il 
aga1ns1 tht stile :and strike a 
knife lint. as m figure 2. Then 
sa"" down wnh the-back~w. bc-
1ng careful not to go deeper than 
the rabbrt's dtpth. Remove the 
waste-by panng with a ch1\tl or 
b) bandsaw,ng. 

Now move co the rails. Place 
the ffi1Ctr tcmplatt' over 1hc 
molding at the end of 1hc ra,1 as 
in figure-3. Align n so thc: miter 
cue will end c'.ICactly at the tt'non 
shoulder; use chc rail listtl a.s :i 
guide Fix the template with a 
damp and then use a sharp 
c.h1scl to pal"C" awa)· the waste 
On the fin2l cut, res1 th( back o( 
1 he chisel firmly on the mncr 
template With che mncr cue. 
chc {Ot1t0ured edge of tht' mold. 
mg outlines the scribe lUtS. 

which arc then madc: pcrpen­
dK'ular co the edge of the ra,I 
Cut ,1r.11ght down wuh a straight 
lh1'<'I :n the listel. and w1th the 
m•canncl gouge ma.kt the ,on• 
t.i.vc ,hapc: that will m2cc O\'tr 

the ,ulc: molding (figure 4). St-v­
cral rnts mar t)(' n«ded but tht' md. Le; w make the l:ac cue 
precise!~ at 1hc mark outlu,cd by the muer It helps to nand 
d1t("cdy above thc: work wuh light from the side. ,asung a 
shadow ac the outlrntd edge If the gouge: 1<; ktt'O, H w,11 be 
e:ts\o co plat.t H right on tht hnt. and a firm push will be-all 
1h:u's needed Be larcful wnh the th1nnes1 torncr of the 
S<nbtd molding. as 11 1~ prone 10 damage Hold the gougt 
square 10 tht' work or :t gap will show 111 che finished joint 
Use a small chisel to de-an up tht bottom of the cuc 

The scuh( joint will .ilso work in framts wi1h :a grOO\'C' for 
tht panel mscead of a rabbet. Then the mold mg on 1he tndo; 
of chc sulc:~ gees t.Ut .i.way co the-bottom of chc gtoo\'e 2nd ont 

«non shoulder ,s off:,ct 10 accommodatr 1hr rtar ~•all of the 
groove (fll''W Kl 8. p 8H) 

Cuc aC<'uratdy chc su10C'd pieces should slide cogethcr per• 
fc:cd)', as in figure~ And 1hey ~hould St.t\ th:u wa>· through 
m:tm· st.i.\Om of wood movement. Li 

,HomJJ SheppJrd desrgm and mi.1UJ furmtuu Jnd cabmets 
tn loJ A11gele1 Calif Phot-o b1 thr illllhor. 
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MottSE!--'-

Fig. 1: Scribed joint 
with loo.-.e tenon 

fig. 4: Scnbing the molding 

Stn~e Ji:.nde !1~ 
to aJ.gn w,th 
ra,l lrst,:1 

2 v\este t/1,s sticlflr'><)-

Fig. 2: Marking 
th• Stile 

A• 

Fig. 3. Cutting the mite, 

Cur au.,tref•fOtJnd 
shape w,th 

1t1-cannel gouge 
Ctean up ftat 
w,tflC""-~ 

use Mass t1.,>flV>Jate, 01 ,nqle Oflf: 
from I> length of wood by _r8bl'Jeting 
to 00' 8nd m ter'1'19 
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Entry Doors 
Frame-and-panel conscrucrion is sturdy, handsome 

by Ben Davies 

Exctrior doors art the problem child of arthueuura.l 
design. They ,uc required to perform three functions: seal off 
:m opening from the exterior air, open to aJl09.• passage -.nd 
chcn reseal, ,rnd be auractivc. All chis from wood, a macc·ial 
rh:u can change in size as much as an inch over th(' w1dch of a 
1yp,caJ opcn,ng While <>ch of the>c funmons migh, be s:p· 
aracdy accompllshtd with c-ast, their cornb1na1ion mco one 
design ('rc,ucs problems 

Single-panel board-and-b:luen conmuuionsof edge-glued 
lumbc-r are gcncraJly roo unstable for exterior doors. They <a.st 

or wind unless gre·:u care is rakcn in chc sclec.1100 and season­
irtg of che lumber. The)' also expand and comract so much 
wuh the SC:l50ns that se2lmg agajnst the wc-arher i~ impos­
siblt. These shorccommgs can be overcome by using frame­
and-panel construction and, in faCI, mosr doors arc: m2de this 
way. The St)'k is rdarivdy snble and offers great Oexibilny of 
de-sign. Even che familiar commercial ventcred doors are 2 

\'iilri21ion of the frame-and panel-the panel is reduced in 

56 fine IX'oodwork1ng 

rhitknc,s 10 veneer and glued over rhe fr2.mc r.tther chan in­
~ned into grooves. and cardboard honc)'comb or wood cores 
support the venec-r. These doors succeed admir.i.bly in che first 
rwo funcuons a door must perform, but fail m1sc--rabl)' at 
being anracrive. 

The frame·and-pancl door has been in use for so long that 
us construc1ion is well understood, and v:tnauons on its dc­
srgns have been 1horoughly explored. When any construction 
merhod rcm:4ins dominani for hundreds of years it can mean 
onl)' that n works qui1c well. 

The standard s11c for enrranc..c doors of new consuu(t1on 10 

the United Siares is 3 f1. wide b)' 6 f1. 8 in. high. /I walnu1 
doorof1h1ss1zccan weigh 80 lb. co 100 lb. or more-, depend­
ing on 1he 1hicknc~s of rhc panels :rnd ,he arnounr of glass. 
This 1s considerably heavier rh.an a '-Ofrwood or hollow-('Orc­
door of che same size. and great care muse be taken tO ensure 
that che joinrs arc wc-11 designed and well constructed. 

I have seen a number of doors fail ch:u were constructed 

--=-
R,n,1ed s11d111t SlupJ 1horl of eon,r,s 111 r,hled 
PJ,,r/ door, lr/1. b,11 ro1111,,,u, JrtJtmd con1u1 of 
f/.:11 p,n,r/ d(XJ,, c,,,,rr. Both JU Ho,,d,uiiJ mil 
hog.;1111 Dct,11/ from 1;Jl door, 11bo,e, 1ho~s TOIi/ 
ed Jfldu1x 1ombu,ed tuth mold,111. 
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1hr hmg< 1hlr -:: , 1hrv11gh po,111 A 
1;;,.,,,. po1111d qf 
door trright .1dd1 
Ji,, po111,d1 oj 
su.i,n to 1hr 1010" 

011 tlu h111gr 111/r 

wJCh ;. monisc-and-rtnon 101m pmnC'd rhrough the check 
with dowels. A suonger joint is onC' wuh blind dowels in­
serted inco thc end of the ccnon and bottom of the morti~. I 
use a 3-in. deep mortise and ,cnon wirh chree or mort l/2-1n. 
diameter bhnd dowels 10101n the stilts with the ra.ils. Interior 
pJ.ttS of che fr:tmr. such as mununs . .ire joined co rhr rads 
with ,mailer tcno,u, usually made co fit the groove <Ut for 1he 
panel,,;, and are al50 blind-doweled. For flat pands I ordinari­
ly use ;i l/ 2-in d«p groove m the rails and a 3/4-in deep 
groove in the st1les. I have found that this diffcr<11<c LS usually 
sufficient co compensate for che greater $h.ri.nkage chat cxcurs 
across the grau, o( CM panels. 

Sc:\'era.1 factor\ make blind dowel pins preferable w 
rhrough-rhe-theek pins. The lirsc is visual. Dowel~ through 
the th«k -arc often choi.en bccau:;e 1hry give the s.une senst of 
ng1dit~ to framts as dovetails give tu lascwork. \Whik they do 
make a door look !)turdy, che ,ime will surdr come when tha1 
panicular cfftu is not wanced 

Mort imporu.ncly. I believe ,he blind-doweled tenon 10 be 
suonger chan one pinned through the check A croon with 
blind dowels ne<'d noc be haunched bet:ausc the dowel pins 
not only make the u:non cffC'l..tivcly longer, but also lr.insform 
a stub tenon 1nco a haunc_hed t<'001l. Thus the!' glue area of the 
,c-non becomes :about ont-chird grc;i.ter. And a stub tenon urn 
be made more qu1ckl)' th:tn 2 haunthtd umon. 

Do""cls perform two main funcuons. One is ro pre,0c:nt the 
ttnon from sliding out of the moms.c: :1.nd the mhtr is rn 
counteract ,he bending moment of the weight of the door 
abouc the point where the tenon cmer5 the scik. The kvc:r 
:,um through which the through-the-check dowel must ace 1s 

OC!'c.c-ss:anlv about 3/4 in. ~hontr than th:.11 of che blind 
dowels. I~ a 3-in. ccnon this d,fferenct translat<'S into 2'>% 
greater scrau, on th<" pin\. le 1s very 1mpon21u co undcrMand 
chat on a 36•11\. door wuh stiles 6 in. wide, C\'et)' pouod of 
door weight .tdds about j lb of snam to ,he dowds on the 
hinge side of the door. The wider the door and the narrower 
the )Ole,. the more im<'llSC che leverage The maximum 
ltngch of a chrough-the,chcek dowel 1s the thickn~s of the 
door. while the blind dowel un be cw1te a.s long a.s the wid,h 

T 

H.ittdm.ulr 1hm11gh 1,110• 
ha,uhal .ind" ulgrd, mil) 
rvt11l1ullJ protr,ulr 

M,uJm,r m.idr tn,011 

"uh bl111d dolL·r/1, 
ft/I, IJ di J/rong IZJ 
1,admo,,wl h.z1111(htd 
.i11J ,udgrd JOIIII, 

Sr.iw11.il mol'<111e111 J11d ''"JJ 
mJJ spht p11111ul '"""" ,1/011g 

g~,1,11, 111.Jlu,g ho/" 111101/0/J 

of the sulc mmu~ the ccnon itngth. Tht <'XH'l dowd length is 
signifiom becausc pan of the glu<" line becwccn the dowtls 
and their holts 1s end grain t()ined co long gra.in. 

I have not d,scuss,d the through wedged tenon becaUS< 
ch1!1 JOim mU'a be madt b)' hand, a rdauvtl)' ome·<Onsum1ng 
opcn11on. However. th<" joint is scrong. although in the long 
nm the tenon will protrude slightly from tht stile. 

The co1al strength of a blind doweled morcisc-and-tenon 
depends on ev,•o factors: the shear scrtng1h of chc glue line 
1hac joins the theek of che tenon to che wall of lhe morcisc, 
and che ksscr of th<" tcnsilt Str<'ngth of the wood in the 
dowc:I; a.nd che shear Str<"ngch of che glue line around th<" 
dowels. The dowel joint 1s strongest when 1he outside dowels 
U<' a_~ far apan ~ possible without gcuing so cl~ to the end 
that th<" tenon is split by hydraulit pressur<' from the glue. 

A mortise ;and tenon un be su<'ngthentd b)· 1ncrtas1ng the 
size of the cenorl, thereby inaeasing the glue :,iirea. The chm· 
nes.s of the glue lmc is also quite important-the thinner cht 
beuer Tht smoother che wa.lls of che mortise and the sides of 
cht t<'nons. the bencr the adhe-sion of glue to wood I usc a 
chain moms<:r to make che momsc. and for ch<" tenons. either 
a tenoning jig on the r:ablc s...1.w or a ,;ingle•cnd cenoner, which 
(UCS wuh a q•lindraciJ he-ad hkc a jointer. BUI cht cool\ used 
at<' not is important as gemng a dose fit 

~'hik rhe declin<' and fall of'Wc~tern c1v1lm1uon is widely 
ancic1pa1cd, these ch1ngs do take wne. and until the evenr 
at.cualk oc(ur-. 1h<"r<' arc ft.,, cncumlirancc-s in whi<h a door 
will he exposed to momurc other chan char which 1s 1n the atr, 
Therefor<" I generally use aliphau .. resin (yellow) glue on doors 
thac will be prot<"eted by a porch. This glue has worked out 
well in praui(e. In order 10 be classified ''waterproof,·· a glut 
joint must wi1hs1and boiling water for same hours without 
losing s1rtngch If )'OU plan to boil your doors, phenol 
resorc1nol glue is what y·ou want. No mauer what glue i.s used. 
be sur<' to seal both ends of tht door with polyurerhane 
varni!lh, tven if the door ls ro be dd1vertd unfin1~htd. This 1s 

ofceo neg1etted by the pajncer. 
Wooden panels for a door cw be nar or roised. Raised p:lll• 

els are somcwhal easier to fit. because with fhc panels the fit 
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Fedrr.U "111· req111rn ma•11f.u111rers 10 11u tempued 1(14$1, b111 pu 
111111 le.idtd gla11 p.i,uls tJS Ion!( as "0 1t11gle puu of g/1111 is larj;rr 

m~ be prcc:i.sc-vC'ry nearly right C'nough co splic 1h<' stile ~r 
rail but not so eight as co actually do it. Something can be 
gained b)' slight!)' rapcring the edge of a pand b)' a hard 
plane or belt S2.ndcr bur this requires aver)' light couch. Any 
irrcgulariry or dip left by the plane will show up distincdy 
whcu rhc panel cmcrs th<" fr1.mc When using panels of 
glued-up srock, 1t is a good idea to design the door so ,hat ro 
panel is wider than about 12 in, This 1s panicularl)' true where 
there is a cutout in the center for glass. If the panel and glass 
fit cighdy, rhc wood of chc panel ma)' split ac its na.rrow poir r 
when conrracting, ~thcr chan moving in irs grooves. Cf 
course. don· t fragment a design just co obca.in narrow panel! 

If a wide panel 1s n«cssary, fla<-cut veneer over pl)'V.'00-::1 
will give great stability. Or J2rge panels themselves can b: 
made up as another frame within the frame of rhe 1'2ils and 
scilcs, 1f che changing grain dirrccions do not do violence ro 
the dc:-s1gn. A number of coacs of polyurethane varnish on the 
door will inhibit the cransfer of moisrure from wood to air and 
reduce the shrinkage-expansion osciJJ:uions. 

Of1cn an intc-graJ pan of the- doors I dc:-sign is a piece o:' 
stained glass ,hat is curved or in some other way no: 
rec;cangular. lnsc2lling the glass in the irregular opening can 
be a problem. The easiest solution is to fer the glass into a 
groove when gluing up the door, m che same manner as for ~ 
wooden panel. This is quick and convenu:nc. bur lfflJ)OS.Sibk 
to repair. Jc is b(st to avoid chis method unless che door is go 
ing co lead a quier life 10 rhc interior of a mausoleum. Gentle 
curvescan be glazed with moldings of s:rc-a.mcd wood. Firs«.~ 
rabbet is <:m with the router, chen the glass 1s bedded in gJaz. 
mg rnmpound, and finally the molding is sreamed and put 
imo place. I somcrimts make a vmue of rhe necessity for fas­
teners co hold the molding and work brass sc:rews into the de-

58 fulC \lood\\Uklng 

' f 

thJ11 JO 1q. 111, """ 110 op~iwtg u ltJrgr r11011gh to P"JJ" b1ub11// 
Bur/rd ()cfaK011t1/ gl,ns, l,ft, is ii fr.1,,ud p111,I u·ith,11 ti PJlftl. 

sign. Siltconc caulk is excellent and long lasting. bur ir is also 
a glue and the window will have co be cur loose with a razor 
blade if ir has 10 be removed. If cwvcs arc too acute for 
stcam•bent wood, an extremely flexible brown plastic panel 
retainer can be used. It is available from the Woodworkers 
Supply Srore, Rogers, Minn, 55374. 

If neither steam ~nding nor pla.srics is appealing. you can 
US(' rhc band saw or s.tbre saw to cur a molding out of solid 
slOck to fir chc: line exactly where glass and ...,_'O()Q meec. This 
works well, bur is umc:.consuming. Leave the stock I /2 m. or 
more rhi<'k, make the cutout. then fashion some dC"tail on rhe 
edge complementary to the sticking (the shape cut inco the 
inside edge of the frame) on ,he door. 

The sticking on a.II commercial doors rs done so that the: 
detail runs the full length of 1he stile. 115 mirror image, called 
the cope cut, i.s chen made on che shoulder of the tenon. The 
corner resulting when the door lS a.sS('mbled is a crisp line, 
much like that made, b)' mitered molding. 

The mos, econom1cal way for a small shop lO make thesc 
curs is wirh macchc-d coping and sriclcing cuuers for rhc 
shaper. Knives can be pwchased wich standard copes and 
scickings already ground and ma.ny companies will gnnd a set 
to )'Our spttificacions. I use a single-end tenoner with cope 
heads. which 15 somewhat more cumbersome ro sec up than 
,he shaper bu, has che advantage of easily cuuing a tenon as 
long as 3 in. and ma.king the: cope at the same rime. Also, 
macching bc-ading and coping birs arc available for rhe rourc:r, 
and one could fashion 2 set of woodcn hand planes co do rhe 
job. Slcill and pauence wnh hand cools can make a joint as 
well as a con of machmery o.n. and also will lead one in chc 
dlfcnion of simpler, less cluuc:rcd dcsign.s. 

Relying on stic-kmg co provide the detail on the insjde edge 
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of ,he fr2me works well if 1he panel design is rect•ngular •nd 
raised pands arc used. However, when the design includes 
curved or flat panets, it is often better to eliminate crisp cor• 
n<rs br curiing the sticking with • router .fttr the frune is 
dwtped up without the panels. The eff«t i~ 10 5nften the 
corner, draw the eye away from the frame 11ld emphasize the 
shap, of 1he p•nds. Although subtle, 1he difference 1s 
imporu..nc t0 the O\'erall feeling of ,he door. Aucntion 1$ d1-
vcncd from chc outline to the inrerior. for che most pan un­
consciousl)·. GcncraJly, soft corners arc best suued to less 
formal designs. al1hough this is no, a hard-and-hst rule. 
Making use of 1his d«ail can be a powerful tool for the 
designer in crying to achieve a dcslfcd cff«c. 

Moldings around rhc pa.ncls give a similar effect ro 
convcncionall)' cue scicking. but far more depth and detail au 
possible. Th(' door tan be-made up with evet)'lhing square 
and the moldings 1hcn glued inco place. There is a problem 
here of wood movemtnt, best solved b)' fasttning the 
molding co tht frunt, leaving the pwels fr~ co expand and 
contract. Silicone•IYJ>( glues will strttc:h 2. gre2.r dt2.I while s1ill 
holding chcir bond. Ikner ycc, put the molding around <ht 
pand like a picture framt, wirh a c:h2.0ntl or a tongue on it~ 
ouier edge 10 fo io rhe door frame. No glue is needed 10 hold 
the p-.i,nd or the molding in place. 

Lately I have been experimenting with a molding that is 
H-shaptd in aoss sec1ion. wich txcdlem results. The open 
ends of the H arc cut co fo 1he stiles 2.nd rails on one side. 2.nd 
10 fir rhc 1hick.ncss of chc panel on the-other. 

Ir is d1fficuh for me 10 say anything really useful abour 
design because onl)' its superfici2.I :ispccts c2n be discussed 
mca.nmgfull)'. Much nonsense 1s spoken and written in 2.11 

attcmp1 to intdlrcrualizc St)'k 2.nd lump ic together with 
cechniquc. Morr oftcn than noc, good design is a m2.uer of 
m2.l 2nd error combined with rhc designer's abilit)' to 
recognize those combinations of color and form chat succeed 
and, just as imponant, thosr that do noc. 

A number of design t«hmquc:s, although they will not 
gcncr2cc successful designs all b)• chcmsdvcs, arc none1heless 
helpful from cimc co time. One of these t«hniques is to use a 
geomeuu. form where ~•ble racher than a fr« form. 

Beveled glw rakes on a mulufa.ceted gemlike appearance 
when used in openings rhac arc regular or irregula.r polygons. 
These s:ame polygons around a fr~.flowing piec:c of stained 
glass give a visual reference ,hat concrols the curves on ics 
int<"not. I ~uSpC'l.t this <'xplains why Art Nouvc-;iu was ks.s 
successful 10 archir«curc cha.n it was on a smaller sea.Jc. hs 
paintings weer bounded by rcnangular frames and ics small 
obj('(ts and furnicwe by f('(ta.ngular walls. lcs a.rchic«cwc had 
no regular boundary• and consequently appeared grou:squc. 
Desc.riprions of space will go whcrc tht)' -oi•ill buc the human 
mind LS Eudide2n. And why should rhcsc-geomtuit. de\'icts 
not succeed? Much of chc diversiry and bc:aury found m n2• 
cure: has as its foundacion the gromccric, crysullinc scrunwe 
of inorganic materials. A designrr can do a lot worse than 10 

mimic narwc. Ac lcasc ic helps avoid appearing conrriv<:<I. 
Another interesting tool comes from rhe ,uirhmetic- series 

0. I, 1,2, 3, 5,8, 13,21,34,and,oon. The,.,,rccalled fj. 

booani num~rs 2nd e2.ch number in the series is che sum of 
the cwo preceding numbers. After che senes h~s progressed 
for a while, the ra.cio bctw«n a.n)' two 2.dja.cent numbers s,a.. 
b,hzcsai 1.618. All ,his would be only of academic interest if 
someone had not noticrd chat chc Parthenon fies nc-2dy into 2 

S11ci,11g deu,I r11,,, JNII 
le11gth <>/ stde, left, ,;nu/ nu11,h11tg 
cope ii t.111011 1ho11/da of te11011. n_xht 

Pan~ls ,zre ,ommo1'1)' hdd by groorn ,,, r,;u/s ;md min left, 
or,,, rJb/ut by Jpplud mo/J,,,g, nght 

~ '•· 

'<.: 
' 

Moldi11g1 inti, more depth nd detail mirJ In to11g11,.,z,,J. 
groo11e. left. or H•sh11ped 111 uoss sutto1', right 

rectangle whose width is 1.62 times iu height; that the ex· 
quisiie, logari1hmicall)• spltalled shell of the chambered 
nautilus can bc gcncr2tcd wnh thts rauo, chat the propor­
tions of some of Leonardo d2 Vinci's pa.inrings, 2$ well 2.5 

,hose-of Mondriw, seem to be determined by <has ratio. A 
rrcta.ngle of chis propon ion. known as the golden r«ta.nglc. is 
frequently used in a.rt and architecture. It has obvious appli­
c2.tions to both doors 2nd c25C'work. Of course we do noc wane 
every reuanglc- 10 have thcsc-proporuons, but a can be help­
ful to know the rel2cionship. 

ThcS<:-examples do not !xg1n to .scratch th<' surface. Th<'y 
arc from one c2tegory of one mode of our awareness. Th2t is, 
they arc visual 2.0d oriented toward form. Wichin che visual 
modr chere ue also techniques for generating color and 
ccxcurc. And most oftrn neglected arc the other St"nscs: 
smell, touc:h 2nd hc-aring. The inrcrpla)' and blending of 
techniques wuh a material as divers,c in it.s nature as wood 
2llow,; limitless possibilities for design. 

And )'Ct, when a door or piece of furnuurc succeeds, it is 
due co the designer's St"nsitiviry rather than co manipulation 
2nd awareness of techniques. In much of the work where the 
golden rc:ccanglc has been found, the designer was unaware of 
the mathcm2cics involved; chc: proporcion just looked right. 
No doubt 11 is very c-a5)' to do a perfectly hideous p1«c based 
on rhe golden recr~ngle, or on :Ill)' geomemc figure for th2r 
manc:r Techniques arc jusc t0)'S with which co play-they do 
no, guaran,ee good design. Good design is simply done, no, 
generated by formula. 0 
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Paneled Doors and Walls 
Colonial workmen relied on the right planes 

by Norman L. Vandal 

ThC' earliest archucccural applica1ion of bC'\1d•C'dgcd 
panding 1s found in w1dC'•board wainscot. which covers 

or aC1ually cons-truc1s the interior walls of our oldcs, houses 
When applitd to tht 1ntt"nor surfac.e of txterior walls. 1h1.s 
wainsc:ot was nailed horizorually w the vcniul .;iuds or pbnl­
ing which \truc-tur:itlly supplc:mcnu:d 1hc: po!St\ SmH' the 
braced fr-•mc 1mcgr.11cd w11h 1hC' ch1mnt)' m:ts.Hould suppo11 
a :>('('Ond ,1ory. mtcno1 wall~ wcr(' ne\:cr lo-;,d-bc:armg, And ul 
fact were strunurally unncccssar). To divide-chambers. and 
to provide a finished surfalc in both rooms. catly house­
wnghts used wide boards Joined 21 chc edges and fas1cncd to 
floor and ceiling beams. Thts(' waJls were from l in. to I~ 1n 

chilk, 1he same dimension as the boards. 
The <0nvenuonal tongue•and•groo\'e JOIOl wuh chc add1• 

1ion of a decorative bead was sometimes ust"d 10 join su1.h 
wain\tot. hut .i. tx,._·ckd cdgC' X't into a groovC' on thC' ;idJoin­
mg panel appears co have been most <ommon For conscant 
thickness and 10 make a wall with both surfaces 10 the sa.me 
plane. the boards were beveled on both sides. rcsuhin~ in a 
dcrnrat1\'C fc,,uurc ,.,,,1ble on both ,ides of the wall Feather• 
edged paneling is another n.i.me for such a w.i.11 1rC"a1mcnt 

Panel-. joined by a simple congue lnd groo,.·c had thc unde· 
s1rable habu of showing shnnkage as the cwo buued edges 
pulled apan Fcathc:r-cdgc:d pands. havmg no disum;t d1\'id­
ing lrnc when viewed face-on. belied movement with the 
seasons. an imponam reason 10 use this t)'~ of joinc The 
bcvtled-edge joint was also used 10 c.onscruu interior and n• 
tcrior plank doorS. Wide boards wcrt· jomcd m the aforemcn• 
ttoncd manner and held togc:chc:r bv clinch-nailed b:mcn~ 
Exterior doors were made of doubk•la}'Crcd boards. the 10-

sidc:-l:ayer being hmi2ont2I ::and dinch-n::ailed through the 1,·('r. 
tic al cxtem>r la)'cr Original door. of 1h1,; type arc qune r2rc. 
time .tnd weachcr havmg cakcn 1hc1r wll 

i 

In work daring from late in the I ~th (COtuf'\' we sec mam 
(T ,XI ,_,,,,.#It,.,, 6JJ 

-­I n 

The pJnrlrd "',Ji/ ,·u,,-(J ,nth 11.• oun ,v_,uh11/Jfl -onr 1101 

{ot1,td m modern d1an11,mn llrre .ire uV1rk1"J! dr(lnmo,,r 
fiddini (or r.ii)ingl-~•wing or pbntn~ • shouldc-r ,1.nd ,1. J>n. 
d<"d ed,t<" ,1.II ,round .i r<"ct;,inJ:ul.i.r p.i.nd ThC' vntt1t1(hC'd 
,en1c-r fidd 1hc-rC'hy ht..,omc, r;u~(I 
Mullion-V<"tmll mc-nhcr v.-1th1n l fr.i.mC'v.ork Al\!,) ctlkd l 
mumm. npc<1all, m ,mdow,, 
R.i.il Hontomal )nt.k· of wood lormmt th-C' top .1,nd lx1ttom 
of ;,i fr.1,mc. 10 hold• pand Rail .. J.rC' tC'OoOC'd at boch <:nd, 
S1ile-Vc-m,al su~ks o wood forming the-o-ut<;1dC' rdgC'\ of l 

fr.i.mc: 1h;u hold) a p.i.nd SUln ar(' mom'<G at both <"nd~ 
f,-;i.me-Thc- mis and .,.,f('). gtoo\·C'd on 1hC'1r 1nnc-r C'd~C'\, ind 
a.'il,('mblC'd around a p:rnd 
Suck ,\ long. narrow p1({.C' of ~-ood su1ubk fo, making ,nto 
mh and 'ltilcs The-pt((CS,<;of planing a mol<l,n,g inttl 1hc-C'dg<" 
of a s1Kk i.i c;illcd stirka,,g. and .-.o l'l lhC' fC'\Uh. Surh l mold mg 
1\ said 10 be quck (a,; (l)po-;c'd 10 a <;c'pamr moldm,: n:ulC'd or 
glued 10 pl:ut") 
Sprini-The an,tl<' a1 .vhteh a pbnc- is htld to 1hc-~,ock 

Panel profiles Rail and Stile profiles 

18th Ur,tt<')' f,rep/Ju u,alJ 111 (I Mi1sJ.i1eh11u11s ho11u. rr11oreJ 
bJ JN/hor 

K11eht11 u:JJ b,11/1 Jnd 111r1Jlled ~) .111thflr. d11n"g rruorJ11011 of"" /81h 
Ullll/1) ho11se, 
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Th,u p,111rl rJmng plan"· W'tJ 1800. L,{I. 
r,mu,g 1,uk ,,,.,dr br J. Butler of Ph,!.1drl 
phw h.,1 Jdp11111ble ftnu ,111d drpth s1op1 . 
.1nd m,4,, wffrr .1hnul 11/ rkru,Jm,n Thu 
pr,1•,n/f lt'Jr-out u:lun u-orkl11,: .1uu.o 1/x 
v·.1111 Pl.me "' unur 1Ns ,,,,uJr b•· A Smith 
of Rt'holk,1h. ,\fJs., . n1.h1 ua.1 mi1J,, hl S 
K,mhJII All 1hru pli.11u1 llh' 14 ,,, lm1f.. Jnd 
rJnKt' Imm ]a._ m u·1dt' /1> f\ ,,, u,Je 

• 
CZ:. 

._.,_ !•, 

_..'.:F' - • (f 

, . 

1'fold1nJ!. pla,rr top. and plou· of 

P/Jnt't m uu. Top. tht' A S11111h 
p/J,u /mm p,ermus plmt1J. hot• 
1~m. Eng/uh p,n,I pl,nt. l m. 
"''d" h> fJ "'- /o,,x_. 6.i1 Jd111ui1blr 
/t'nu• m, wl, .111d 11d, fi1r u·,dth 
Jnd drpth <mttml 

,mknou:n mlllr (<. J 790). ngh1. Plou:lxzs u;oodr,, uuw 
/(J(t, 10 pouuon 1hd, arms. and sbd111g Ult)()d,,, drp,h 
su,p. P/.Jn,s of thu type u;,·err us11ally sold w,th e1gh1 nom, /or ,:roo110 
,.,,,,.,,,g from \ii m "'1dt to ~. 111 u'1de l.Pttr pl.znei 11su11/ly hi1d J 

doud handle foreasur p,uhmg. and uuu·,mns u:uhlack 111111. 

R.ru J81h (01111ry (omb1n.i,1/lun plJn(J, u·h,,h (NI 
groovu ,,, rJtls ,,,,d win and molded tht' rdgr III onr 

oprrJ/ton PIJ1t(' ,,1fltft. m,ult b,J. 11~ooa,. h.,c /U'(} lf'(JflJ, 

plo1nr al nght. nr.1ku 1111knou n. h.is ,1 1mglr ,mn 

A tJrr. thru pi.1r1 moldmg p/Jnt' r,udr bJ /ti.1.1, 
l-ie/1I of Prrmdrnu. R.1 hr1u.,r-r11 1818 ,u,d 
IRS 7 sfHudd h.Ji•r ,11h11d mm mm11tl!. u·lun 1hr 
pl.Jnr uJc /tJ11,td, f,1ttd to 1hr ""''"' ,u1101t 
ll'ho, fin/ duMreud ,11 .i11,11,,n. o1/I thru p,m, 
u-ru h,!d 1ug,1ha u 11/t J u•1XJdn, urru· Tht 
pl.111r /JJr/J did '1UI fit ta-gt'lhrr u·t'/1, ,md J l,11/r 
t!xprnlfun1o11mn r,rnlrd 1hJt thrr u,err nner 
,,,,,..,,,, It, thr trJJm hQUy (111(_ht ,,, 1ht' r,td nru') 

uJ, /J11ened lo Q1't' vr 1hr utht'r po1r1., . .Au.uhrd 
to 1hr a,urJI sutmn. 1hr plo11u 11m11/tJnt'0111ly 
p/qu•, J f,l'f.HJt'f' for p.znd1n,:, ,md r1ttl.1 lht muld 
111)!. on one /.ut' "' 1,11!, ,;uul J/llu lf1ilh 1hr u11 
/1,1/ puu rnn()ud .,,,J 1hr Ju o oulrtdt' hnd,r, r.11 

t:uhrd lof,tll,rr, tht plttnr JI onlt' plau·, 1/x 
x,om·r and Jlt<h the nmldm,: on both fldn nf 
ri.1t!, Jnd 111/n, for dt,011 u·11h f3nrh _fit>ldrd on 
ho1h 11dr1. TM ,:ff,J()•·r o lit ,,, u.'lfl(' 1111d 11. ,,, 
dup. 11N mold,11,:, Jrr huth \. "' 1h11 It.. Pf111tr 
/mm 1hr mllutmn t>/ W R. Sturr. Nn. K111gr 
/l)U:lt R.I 

EDITOR'S NOT'[: ~ J)'Mld planes shown here 
att from th, co1kcrioo of Kmn<th D. Robc-rn. 
who has wrilttll and pubbsh<d W..,J,n Pwnu 
in 19th U,w,ry Amfflca. vols. I and 2. He 
has a1'o written txttnSively on the histOCY of 
clockmaking, and publishes f.>.aunil< editions of 
old cool catalogs. Foe more Ulformacion. wrice 
Robc-rn at Box 1)1, Ficzwilfuun, N.H. 03447. 
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mort.· r,w,t.·d-p,rnd dour-- A framt.·wor~ of m,,ru~nf-and-u·n. 
orwd rail .. ,wd ,ult', founnl tlH· ,irudurt' th;,t hou"·d till 

panel<;. whith wat.· bcvt.·lc.·d l1kl· 1ht.· fr-i1hcr-cdgc-d hoard, A 
groo .. ·e was plowed into the framC'work's interior edg~. into 
whi,h thC' panch w('t(.' finC'd On fn1hC"r-('dgC'd hoarch :a 

bevel was planed onl~ upon edgC(. runn1ns: with 1he gr.iin. 
Y.hcrc:;i, for ra1,;cd p.inck :a bcvd was also wt across 1he grain 
on 1hc top 2nd tkmom t-dgc.-.. Many of 1ht earltr.,_, <loon, had 
1wo wide' p:md ... one-ahov(' thc 01hcr divui('d h\· 2 C('Ol('t rail 
La1cr. four panels. 1wo abovt' 1wo. h«lmt mvs, (:ornmun 
Thc gr;un of the door panels alwa,s r:rn \ermalh. and the 
outside mies. or venit.al frame members. cx1rnded 1h(' full 
length of 1hr door PJneJ., WC"tc: nn·C"r fa.,1cnC"d, anO wcrf 
atlowt'd w t'xpand ind contran frcd~ ~·et tn\•1,1bly 

On one- s1dt" of a door. 1hc: m,1dc: cdgt"' of the r:uh and 
,tilt~ w('rC' oftC"n g1 .. ·C"n a decorauvc molding. muerC'd 21 che 
1nterse,ong comers and forming a framt- surround1n~ the 
r21sc-d panels. This 1rc~1.1mcnt became the rule for m~1 doot\. 
dc:-spm· tht compl1cauom u nuscd m che makmg of the 
joincs. Some doors w('rt moldt<l on bo1h s1dt,. buc 1hr:,t .m· 
a, '\("At(<' a,; thev would h.1,·c: Ix-en difficuh to m.ike 

t • 

-,=~-·....:;;...;...,.._'S::, 

Sprong ~ 1)4~ 1$ ~at~ Regular rllf$d>9 pl8ne is held at 9()0 
to ~ sutfact! 10 1>1nt:f surla~ 

/ 

S!toukkr •nghl i:s gtNter th.Jn SIJO, thus 1he same pta~ can f~ 
pant'/1:$ of var,OUS tffldl'lf!SS(IS 

/ 

ShouldrN angle of 9()0 ,s p0$Slbk 
on planes ustfd lot a single pan~ 
th.ckness 

62 Fine \lbo<lworking 

t\'c.-.ir 1hc· end of the- 1-,h u·niur~·. Y.:.tln'-lOI on the' ,l.!rfatc:, 
of fircpLan· w;.lh W.t'-rt'pli«·d with \t°l llOOS of raisc-d paneling 
joined in 1he same manncr a, tht· door-- An txtepuon was the 
occasion:al USC' of :an ungrocwc:O frJmrwork of r21ls and sul~ 
wi1h r:ibbtt<'d edg~. on wh1(h bolct"IIOO·IVJX' molding, wcrt 
applied co house thC' raised panels. In all but r;.rc e-xamplt'\, 
the dernum·C' molding on the ra,I, and ,;ttlt-, .tpparen1h wat 
rnn\ldcn•d a nrtf(,.tary demen1 of style The lxlck ~urface, of 
r2i-.cd-panel wall" WC'tC' nc,·c-r fini,ht"d c,ff u11ltts 1ht~· dwid('d 
chamh<-h and w<.'rt' ... i,1bk 11) both rooms. 

To .. 1,ard the m1ddk l81h <tntu11·. ra1SC'd•pand waif,. wc:r<' 
nearly alwa\·\ of grra1 be:.tu1y 2nd sn·lc Proportion,; were re:• 
finc-d :md tht' jmnc:ry w;., t·x;.,1111g. \X:alls adjo1n1ni che fire 
plal·e wall, wc:rt' ,nmc:11mC', ,ht"•Hht"d t"rHtrth· Y.llh wainS<o1 to 

a height of ahout :\ ft -thc IC'..,cl of thC' w1odoY.· s,lls-and 
finished off to the ce1lmgs wnh pl,mer S1a1rw.1y, ;1.nd C'O· 
tr.tm<' hall<. were t"mbcl11shed wich panclmg conforming 10 

1ht' gtomtirlls aea1C'<l h}' 1hc :.tngles of tht ~uir ,;mngC"rs 
Ra,scd-pancl walls \\'Crt integrated wnh ornatt cupboard-. and 
Outc:d p1la,tt:r'- ,upportn)R dabor.tc-ly molded <Orn1ces 

In 1he latter pan of chc-Georgian p<'riod. tht" m:mtlc.-wuh 
ovtrrnaodr bct.amc 1he pomc of interest and poniom of w2lh 
which were formtrh· p2ndc:d w('rt' now simply plastered 
Wuh 1he Federal period. ra1«d paneling had all hu, di,ap• 
pc-.1rr<l fat"o the m·errnandc was deleted as the fireplace -.ur· 
round btcamC' 1he foC".il point Onl)· thr: ra1$td-pantl door 
survi ... ed. i1s form and funnion b<:ing unsurpa ... -.c:o 

Pand~rai!lling plane:, Pa.neh that wrre raised. or fidd('d. 
with ra,-.ing planet t"xhib11 two tell-talc charaneristics. Thr 
shoulder of 1hc h<-vclcd r:ahhC'I, whC'rc-tht' fr21hcred-('dgc 
mrrts the raised surface of 1he panel. 1,; ne"er perpendicular 
w the surfatt' of tht pand Ca.rt'ful srud\· uf 1hr soles and 
irons of plan~ will ,;uh,;1am1acc 1hi, fan 

Ra1smg planes cut thC' ,;houldcr and fc-.ithcred chc: pand 
e<lgt simuhan('ouslr Bct.ausC' a sin~k planC' could be u,;ed w 
ftdd p;anc-1, of <liffc:rt1\1 1hi1 k11c--.scs. 1hc rel at 1onship between 
tht angle of th(' hc:vd .ind the: .,urfa<t' would havt' to vary If 
the planc shoulder wa.,; dcsignC'd 10 bt J.I ~ right angle. on 

panels of heavy, ch1cknc:s,; tht shoulder would hC" 2t an angk 
less ch:rn 90•. wilh obvious impractical con\.C'quencc;-,; Ot"1Rn• 
mg 1hc: plan(' 10 cu1 a "houldt"r bevd a1 grtatt"r 1han 90• 
2voids 1h1s probkm Of cour-..e th<" wid1h of ,hC' grtx, ... t" al~• 
bcrnmc.--. .i. fauor in thC' angle of 1he bc,,·el 

S<'wnd. careful ,1Ud,.-re,·C'.tl\ ;a rnm•e:x sole on manv planes. 
and a conS('qucm concavm on 1hc lx--\'C'kd r:dgt""\ of mam 
pa,,ds. Not all planes have chis fracurc:. however. and 11 

would be: foolish 10 assume 1ha1 panels with :a Oat bt",·d wert' 
001 fielded with raising plan('S. On mam planc-s. 1h1HOll\'C'X· 
11~ 1s auualh a sole v.uh two surfa(C'S meC'ting at a sh:allov. 
a,,gk. m ,·enrx where che paoc-1 would bC' full)· sc-a1ed "·nhin 
tht' groo,·(' of the' ra1h and ~tile ... Plant, of I his son. and 1hose 
with a com·ex sole. have an adv:amage <WC'r ,he: Oat-soled I)'~ 

bccaust 1hr ub1ne1maker can fit his panels 10 the groov(' wuh 

greater auuraq-1he panel edge rescmhle1 a t0ngue more 
than a wedge-. 

R.1i,ing pbne.., will '<'•H tht'msdvt'." when the depth s1op 
comt''\ m roni:in wuh 1h<" p:md ,urfare. 1hc-mt bc-1ni mm• 
pktc: Howev('r, the angle a1 which th<' plane' i~ held to the 
SHkk will de1trminr ,he 1hidnc-ss of che capered t'dgc: Strih­
mg a lmC' w11h a m,ukrng g;mgt' and holding 10 it with th(' cu1 
1,; one wa~· w olnam tou,1,1c111 .i.uuraq· A great m2m r;i.1~tnJ 

Page 69 of 130 EP Family Exhibit 2009 



. 
16·0 

I 
-

□ DI i~ D 1) -
- -

~ 
~[ il \I _] D j 

io 
~ 

□ '=- = .. 

a□ ' 

□ D ~ DD IE5J 
- ,_ 

PJrlor pJ11rh11g. furhrs or &nuJ llrnur. full /111r,r1t, Co11n. /mm 1llt' Domt'~IM Arch11t'c1urc• nf C.nnnt'cmu1 bJJ F Kelly. YJ/r {1111,,rmty 
Pren. 1924 (Dm-·a. 196-'iJ. Thr do11nl lmeJ, ,1Jdul bl V,111d.J, 11u/u,11r 1<1111/J brtu-u,r rJ,k Jll/rJ ""d ,m,1/m,rr. 

pl:an('!> WC'f<' mad<' sprung. that is. 1ht)' had 10 Ix hdd pc-r• 
p<"ndicular to the lxvtl surfa<e and not to thC' 'iurfacC" of th<' 
panel Thi~ allowed tht' plane-maker {0 make: a tighter throat 
on the- pbnC', gr<"atly 1mprov1ng rht smoothness of the tu1. 

Pand-raising plants. rtgardlc:s.s of ba.,;ic- t)'PC'· alwa)'S h:ad 
1heir irons stt on a slctw 10i,; facilm1t<'d cumng across 1he 
gram on che <"nds of che panels Planes tha1 have-a spur c uu('r 
or ni<-ktr prtteding thC' iron ar<' at an advancag<' O\'<'f chose 
w11houL a~ chC')' pre-cut tht shouldc-r and eliminatt' tearing 
across 1he grain Plants with an ad1u-c;,ahk fence allow the 
ust'r a. gr(.tt('r var1<'tY m pand-edge widths. but do 001 fun(• 
110n any diffc-rc-ndy than 1h<' fix<"d•frncC' variety 

I < .an v1\•1dl)' r<"mC'mbc:r qucs1ioniog a friend· s purc-h:a"iC of 2 

r:ai~ing plan(', thinking m} own mc-thod of U'img fillC"'>ttr and 
block planes qui,e C"fftoivc m fiddmg pands. CombintnJ.!. tf­
fons on a proJ«t w11h this s.amc-fnc-od gave me 1ht' npJ'>('lr• 
cun11)' to US<' his pbne. Its ("fft't uvr:nt",~ was unqu<"snonable. a 
,pn-121 tool p<"rforming a ver)' ~p«ific- funn1on 

The-th1dmC'~-. of th<' C'dge of the panel rnuld only be-<lC'tC'r• 
m1nt'd from thC' anual width and dep1h of 1hr g:roo,·c-plowcd 
1nm th(' rail~ :rnd stiles. For 1hio;; rt'a~m frame 'itOCk wa~ prob, 
.i.hh· gon<"n out first. 1htn thC' panrh m:aclc-to fit the d1mcn• 
.. ions of 1he pre~mhkcf r:ul~ and ~tilc-s Swd .. for 111<· fr.tmC'"\ 
wa.s groov('d wuh e11her the <Onvcnuooal .1d1u-.uhlc.-plov.­
plane or w11h a plane-,;1m1lar to tht groo,·c plant' m .t '<'I of 
mauh plan('\. Aftn thC' frame-suxk was ~rom·c-d or plowed. if 
.i. moldmg was co be usrd. 11 wa.-. now ,1uck wnh the propc-r 
plan(' The groo\'ing and molding combinauon plant dimi. 
n:u<"d 1his second Step. a, it could cu1 rhC" molding along wuh 
1he j!;fOO\'C'. The ~ar<uy of th,~ plane 1ndica1C'(. 1ha1 a 1wo•\tC'p 
pr0<edurc-using the plow and moldini plane-. wa.,; mo-.1 com· 
man. The 18th-ctntury molding plane shown on page 61 
(scrood box from ,op) has an ovolo bead configuration found 
on a number of F«leral-pcriod doors. 

The moldio,R: wa .. ~rnck upon 1he entirt' t"djtt' for rhc- full 
lcnRth of the stol k. ThC" ('X(~'- whcrc-1hc-rail, :and ,t1k-. mc:-ct 

was later remo-.·c-d in tht mi1tring and monising pr()(ess 
TC'nons were cu1 onl~ upon the rails. and wtrt of"' l<'njl;th 
allowing 1hcm rn pn"i 1hrough the morrnc-~ 111 1hC" ,ulc;, .. _ 

KC"<"ping 1hc-1h1ckness of thc-tenon the same-as the-width of 
tht grom·t fa(il11a1td making tht' moruSt'. hu1 wa-. not alway., 
1he rulc-. In buildmg J door. for C"Xample. thc-r:uh and stiks 
<ould he cut 10 dimc-nsion. thc-mies lxing thc-to1al htigh1 
and 1he rails 1he rntal width The ou1sidt s1iks. txtrtmf' ver­
til'.tl mtrnbt-~ of .i pant! fram('work. ('XtC'nded unbrokc-n for 
1he uni1's full he1ih1 Thc-1wo cxirc-mt horizontal mc-mbc:fl>, 
1hc r2ils. cxreodcd unhrolccn bc-rwc-C'n thC' ou1s1dc-mies into 
which th<')' v.-cre 1enoned Wuhin this framework \'arious :11r­
rangtmtn1s of p.aod, and fr.i.mcwork <.ould b(" d('v1'-("d 

Making panels In r<"produnng raised-panel work. thtrc 
2r<' fi\lc basic pone. ipks nnessan- for his,orit.al au urat} · First. 
1he cabinr,maker must extend hi,;, tenons enurtly 1hrough 1h(' 

cm1\1dc: ,ulc- \l(){k S('(ond. he must obscr\'(' the r:ul and sole 
rdatiomh1p'I mentioned in the previous paragraph. The dis• 
con11nu1t)' is 1mmed1a1tly appart1ll whtn a rai~d-panel door 
(which w:to;; de-:ignf!'d to hang vcruc:tlly) •~ r('n-dtd :ts :tn over• 
mantk Lee rhe doors remain doorii Third. he should field 
ha~ pands in a manner rrscmbling ,hose fidded wuh a raising 
plant Panels may be goncn out wuh ,·:iriou.; typ~ of power 
mat h1nc-r~, hut the: ttm(' toulcl he hc-uc-r ,pent m:tkmg a r:11~• 
ing plan<' whl('h could br used r<"p<'atcdl\' Founh. he must 
full)' houSC' the tenons \\·ithin ,he sul~. and no, (Ut corners 
hy making dc-cp slots in the c-nds of 1hc-s1iles 10 accc-p1 the 
t<'nons. Door- made wi1h slap joints (an be pulled apart from 
cop 10 bo11om and art infermr in their abili1y to control 
;;ca.~mal movcmc-m Fifch, h(' mu,;1 not mi,mtc-rprct chc-rda• 
llomh1p hc:twec-n thC' t<'non. the groo"C' and thC' m1t('r at ch<' 
1nters«cion of 1he molded edges_ 

Since 1ht moldi,,g is s1uc.k on the inside tdgc for 1ht entire 
leng1h of 1he frame memher<. 1h21 poruon of molding where 
thc- sulC"S jo,n the rails mus, be removed. as shown 1n 1he 
drawing on thC' n('xt pagC'. ThC' molding on thC' scilC' 1s first 
m1tc1cd wuh a sharp ch1<i<'l iuidl:"d b,· a prt"•mucred block 
tlam~d co the Stoc.k Thi:" wa..,,t' lx-vond tht' m11C"1 cut 1,; 1hC'n 

thi~lcd off or 1;2wn off with a finC" bachaw, w 1ha1 th<' 
shouldc-r of the rail c.an buu a1ta1ns1 a Oat tdgc on the sule 
The mold1n1t of th<" rail inuq be mittred to tit 1he molding of 
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Miter block lor trimming molding r 

Chtsel out waste 

J_-~• --~·•:__----'-!---- Use same p,ocHJurtt on rails 

__ A,l1I 

_.... Both ni,ten"U 

Should'.!'r on ba,: k ,s sho1 ter 
-- bv e•ac1 width of mold1l'l-::J 

Through mor~,se 

Mitered mortis.e and tenon Joint of rall and stil• 

1he s1ilc \'Qhere 1he molding is not contoured. as on the 
b-.1tksof1ht rail and siile above. i1 oeedn't be mitered . .ind 2 

simple butt Joint ~uffices. Simply «.Ut th<' rail shouldtr ro chat 
the back file<' of the- tenon is longer from C'nd 10 shoulder 1hao 
rhe front face, by 1he ex.2u width of 1hc-molding. 

lmt<'ad of 1ht' mucr. a toped joint was most frcqutnd) 
u;,c-cJ m joi1l the moldings 21 the in1trscc 1ion of rail and <.ult'. 
Ht't<' om: molding 1\ cu1 away 110 tha1 II\ profile: c:xactl}' 2nd 
nc-all)' fits over the adjoining molding A, wnh chc: mnc:r. 1hc­
jo1ms on ,he reverse-side of the door or wall unu arc simply 
buucd \'v'hen \'1ewed fa(e-on. 1ht coped joint look<. tht «.am(' 
;i.,; 1hc mi1crcd joim. and it ,;omcdrno take,; t.i.rcful ~rud) m 
d1fftrt'nll:att' The roped J0lnt h.u on(' suptnor fcarnrt .. II 
ovcrcom("11 separation of 1ht' miter due to c ross-gr.un \httnk• 
age. The copC;d poruon mov<"-Q\'C'r th4. adjoining molding 
like 2 slip joim, If door-. or walls :ne pamt<"d durmg humid 
weather. 1hr coped join1 becomes appar<"nl 1n di)' wc-a1hcr. 
when shrinkage duws 1he COJ)('d portion awa,· from 1he line 
of panH and reve2li an unpain1ed St"ccion of mold1n~. 

Onl)' frame membc,~ having a 1enon. generally ,he rails 
and ccmtr or mullion ,,ii('\. are co~d. The moldings on th<" 
mom~d memh<"rs, gc-n('rall)' the ,ulc, and whtrt' 1h(' mullmn 
stiks fit m10 the rails. ar(' not <Op('d, Th(')' ar(' cu, off ,qu:ar(' 
and perpendicular 10 the Jcni1h of the- ,wd:. nu,h 10 ,he 
ends of 1hc mortises. 

The-coping is done b)' fir~t mitering 1ht molcling . .1.«. on 1hc 
fully mitered join, The actual cope cu1 1s made with small 
<arvin~ gougC""S at a right angle 10 the fac-e ,,oc:k alorl~ the" 
curved line (Ct-;,1ted where the comour of 1ht" moldm~ ffit"CI!> 

64 Fine \tbodv.'Otking 

Coped mortise and tenon joint of rail end stile 

the plane of 1hc miter tu1 Thi,; line: rtprc:sc:ms the-shaJ)(' of a 
molding of the- -.amc-configurauon coming inw tht rnped 
molding at 90• h is 1mponan1 w note 1h,u m u,ing <"llher 
the rnpc:d or mi1cred joint. 1ht moldings stuck upon 1hr 
edj:t'' of all framt m('mhe" mus, be consis1en1 The rnpt'd 
por11on of molding \hould fie snu~ly over ,he adjo1n1ng 
molding whrn 1hr u·non 1,; full)' sca,c('d 

Th<" pm hoko;. ha\'lnR alread)' lx<"n bored 1hrough ,he 
,,ii("";. arc- now used 10 lo<a1t 1he drilling pmnt, on the rail 
1enons These ar(' bored <.lightly do~r to the shoulder of 1ht' 
tenon. S<.l 1ha1 che Joint will be drawn togethrr whc:n tht 
framework i,; pcggc-d during final .1ssemblv Pin~ ;He rn·cn rn 
,pin out and then whmled to approximate round,,e....,_ A 
,;light uper ,s hdpful in duwing the join1. and can 21"') be 
eas,lv whmlc-d Th<" 1rr('gulari1ics in 1h(' pi,, ,uc enough rn 
hold u w11hm a pcrfe<1h· round hole. borcd -~l1ghll}' 11mall('r 
,han 1he rough diame1n of the pin Spliwng :md sh.1.pmg 
pins require li1tle cffon. and ~r:.1p ,cock can be used 

In this da) of power machinery 2nd <;,Qph1'itica1('d glU<"'-and 
lamina1cs. the art of geuing out a ra1.,cd-pand door or ~c11on 
of w-all 111 th<' old m2nn('r has been forgouen b)· those ou1side 
of a nrrk of trad111onal craftspropk, knowkdgeable 1001 rnl­
lcnoN and old-house ('nthusias1s It is a tribu,e 10 1hesc pco­
pl(' 1ha1 th<" pand-mal:.1ng trade pcrsms. 10 a limi1ed bu1 111-
aC'.l.sing degree. ~ 

Norman Vandal, of RoxbN?, Vt., h11ild1 and rnt<>rtJ Ira• 
ditional ho111t1 during tht 111mmmimt, and ma~J JNriod 
/11rnit11rt during tht wint,r. 

! 
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The Right Way to Hang a Door 

bJ• Tage Frid 

When I makC' a door I fint ma.kc cht' doorcasr (framC') I ma.kC' 
the 1ns1dC' o( thC' doorca.s<" )116 in l:ugcr in height and width 
than rhC' door irsdf. If the- doo, is to be pa1n1cd. I allo"' a liule 
morC' for 1hr p•int I bevel the edges of the door a IHde toward 
the closing side, $0 thu if dm Of p:un1 should fill up thc (01ner') 

of 1he frame. the door will sull dose ughdy-
lf I am using two hingcs, I plac<' them approximau·t,. onc-sOcth 

of 1hc height of 1hc door 1n 10 the (Cnrcr of 1hc hinge-. Wuh 1hrcC' 
h,ngc-s, I c.<ntc-r om: :rnd move the other two 01,11 c.lOW"r to the top 
and bouom 'fhc hinges should be moniscd h:alf into the door 
and half intO tht framc. Hett is where che morti$ing plane comes 
in handy, as ic is des.igned so that ic will fie easily imo the lip of 
ih, frame. 

When fimng the hinges to rhc ,amb, inla)' tht 1op hinge so 
that 1hc door will fo tightly again.st 1hC' j:amb when U is clostd. 
Bue inb}· the bottom hinge :a liuk- less, so 1hrre will be a gap o( 
1/8 1n, Ot so in the- back. Setting the- hingC"S this w;a.y will leavr 
the whol(' door ccxkcd 11 a sligh1 angle", which is much rxag_gc,, 
atC'd in the driw1ng The sp.tCC' will not Ix rhC' same the" .-hole 
••ay around I do this ~cause as a hinge" staru WC'aring thC' door 

•·ill bC"gin to droop do•·n HingC"5 Kl 1~ dC'S<r1bC"d will :allow for 
1h1~ droop ind 1hr door w,11 fil mu(h bc-ccer 1hro-.ighou1 the Me­
o( the hinge h ,s espeCltll}· M<esstr} 10 do th1t 'kHh modern 
\Umped and rolled hingrs Youun ,ee in old doors that ha"rn'c 
lx<'n hu,,g thi\ '"":a)· the ('11e1u 10 whi,h drooping ocrnrs 

When I install th<' door fr.amc I h:ave all 1he h:ardw:are-hinges. 
lex ks, lat<hC"s-alrtady installed ,n the frame I US<' wood shingles 
u sh1m) 10 lc:vd thC' frime and fas1tn ,he h1ngt side first. Then I 
hang che door into 1he fr:1me, close 11 ;and shim n until I get 1he 
spuing I v,an1 all the wa)' around 1he door Then I fascen the rest 
of the fr:.i.me to th<' -..iud-. on 1hc w-ill 

If! tt:ally w:an110 do ii ngh1, I US<' a door-frame do,·euil on :all 
four corners. wi1h the pins in 1he horilonul p1eco The joint is 
designed ~ chu whC"n you fit 1he door )'OU <an m:al:e 1hC' fr2m(' 
n2uower or wider w11hout 2 g:ap $howing Abo, ,f 1he door 
s.hould shrinl: ot expand, I c-an ulct cht outside molding off and 
wedg<' in or shim out the door frame- to fit 1he door without 
1euing a gap :and without having to plane the door and ref'i1 chr 
hardwuc And du, jo;nr ;, much sm,ngu dun chc u,u,J method 
of nailing ih, comm rogechcr. 0 
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Tgmbo11n ,,, 1hr lf'ud k1tchln Jl/ou, e.1b1nr11 (Ill/ matk of bl.1tk willow) 10 umam open w11h<>111 Ju•1ng111g doon on wh,ch to bump yo11r Jm,d 
or to ob11111(f .uuss. Wud SIIJS thu dn1g11 rtl/llll'rJ 110 more work 10 ma.« than a ut of j,Jf1U•(,111d•p1111rl"il<>0r,. RJght. t.ambo11r c11rt11111 d1S11p 
pr:zn bthutd faub-03,d Jnd falu bil-&A, /xuntrd u,h,u. A 11,ffener stnp nt11UnJ 1hr 1op edge of the falu bacl Calnnrt tJ dup enough /or 
Jtxh of JO 111 plates 

Tambour Kitchen Cabinets 
The conveniently disappearing door 

by Richard Sta" 

" The~ doors 2.re incomparable as far as convcmence 1s 

concerned." says Haul Wc-ed about the kitchen cab1-
nm built by her husband, Walker. "When I'm in here work­
ing. I just open them up and have evel)'thtng where l un get 
at it." Weed. a woodworker who direns the student craft 
shops at Danmolllh College. feels that tradmonal doors a.re 
aJwa)'S in 1hc way. obstrucung other cabinets and banging 
you on rhe head. When pla.nning the kuchen for theu old 
farmhou}(' in the hills above Hanovc-r. N H .. the Wuds 
th0$C dasappc:aring doors-vertically opening ta.mbours. 

Most cabinetS are boxes wnh doors hung on them, bur a 
1ambour must be dc:s1gned into the cabinet structure. Weed 
routed the C'un:un tr.ick inro 1hc inner sides of the carcase 
(front, top and back) b<-forc assembly; the three str:i.ighla""•ays 
were joined b)' ught curves. To ensure th:u the left a.nd right 
track.$ were identical. Weed used :a templatc to guide the 
router. A false back. hung 10 grooves in the sides a.nd 
trimmed with a niffencr srrip at the top. hidcs the b:.ck of the 
open door from v,ew. To cover ,he curve of the door u n 
arches into the cabinn. Wctd inst2.lled 2 faccboard whoSt" 
inncr surface wlb comoured co match the track. Thus the vis• 

ible section of the door is flat, creating the illusion that ir is 
d1sapJ)('aring into the air over the cabinet as it is opened 

For 1he cunam to run properly chc c-abinet must be pcrfccc­
ly square; Wc-c:d c:mphasu:cs the need for accur.ue JOIOC[)' He 
fixed the cabinets to the wall onl)' at chc top so thcy would 
not be dLS,onc:d by any sculing of the house. The carcases arc 
joined wuh half-blind dovetails at the corners. The d,vidcrs 
in the double and triple cabinets arc set 1n dadoc-s; rhcu front 
c-nds :are hou5t'd dovetails that extend about I½ in. back inlO 
the cabmec 

To make the cunains, Wccd cue a boa.rd slight!)' longer 
than the width of the cabinet and pl:aned it 10 ';i. in. thick, the 
width of the smps. He rounded ,he edge of the board w,th a 
router, then ripped off this half.round smp, ½ in chick. on 
the table saw. The new!)' sawn edge of (he boud w:as shaped 
ag:11n a.nd chc process repeated until he:-had enough smps. 

Thc finished ta.mbour cunain mu$l be long enough to oc­
cupy both curves of t.hc track when clo!icd; ns width will be 
slight!)' n:arrower than the dma.ncc from one groove botlom 
to the other. Aftc-r washing :and ironing the: 14-oz. c-anvas 
backing. Wet"d cut u to a width $lightly less t.h:a.n the m$ide of 
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Tambour kitchen cabinet 

Ow1<11 d1mens,on!i 
.l) ,r high by 36 1/". wide 
Liv 11\ ,fl deep 

O•tail of curuin in track 

Front edge 
of cabinet Rabbeted 

end ol .,., 

Tta<.k 

Handle, screwed to Slat 
afle1 cuna1n 1s ,nstalted 

Hang ng-boara, T 
screv.'ed 10 :op ar>d to wan~ 

Cun<l!n entrance _ 

the cabinet, not counung the track. He left rhe canvas longer 
tha.n the: fimshcd cunajn, a.nd trimmed it after gluing. Euh 
strip was fixed to the doth with :a 1hin line of Titebond glue 
down tts back, ns length centered on the width of the fabric. 
The wood strips were butted closely 10ge1her and weighted 
und<r plywood 10 dry. Wwl suggcslS running the cunain 
over the edge: of a table 10 brttk the hardened oozed glue. 
then folding 11 back on it.self to scnpc excess dry glue from 
the edges of Ule smps. The cunain w:as trimmed to width. 
then its edges were rabb<-ted on the cable: ~aw using :a batten 
to hold u down on the saw table. Weed compares this ~c:p to 
fining a drawer Both surfaces of the rabbet must fie the 
groove doscly but there must also be sufficic:n1 clearance 

Aftc-r the- cabtnc-t is hung. the curtain slides into the track 
from the: back end. Weed sugge-sts waxing ,he r:abbet ht-fore 
insc:dl:mon co ensure smooth running. Some friction is dtsir. 
a.bl<' since the t:imbour ,s pc:rfcnly count(rba.l:anced only 
wh<'n half open: when more or less than half open, it wams 
to slide up or down. In ac1uality. th<' cunam stays put every• 
where but a ftw inches from th<' <'nds of its tra\'c-1. With the 
cunain in place, a fitted handle was screwt"d to the prcdrillcd 
s«ond slat. The handle Stops the cuna.in against 1hc-facing at 
the: rop of the: c:abinet. 

Weed csumates that a set of ,ambour kitchen nbmc-u 
would take no more ume to ma.kc: th:an a set with well-crafted 
frame•and•pancl doors. The fun,uon of cabinet doors is to 
hide the-clutt<'r and co kcc-p out the dust. VeniC':ll ca.mbours 
don efficiently 2nd b~uufully. D 

Rirharri Sta", author of the D«ik Woodworking With Kids 
(Taunton, 1982), liveJ in Thetf..-d C.nt,r, Vt. 

&A 

Plate joinery-Heres • method for curring che slors for La­
mcllo-rype JOinmg plates without havmg ro buy the expensive 
hand power tool. We simply bought one of the carbide­
ripped replarem,nc blades and mounred ,, on our radial-arm 
saw. The blades arboc hole is ¼ on., so we machined a bush­
ing Out of a steel washer co match 1r to me" ¾-in. saw arboc. 
We tile the moror co rhe vemca.J position and cur che slOt"S 
using the Jig shown below. 

The Jig Uldud(S a slooed fence chat dampS in place of cht 
saw's rcgu1ar fence, and an auxiliary rablc chat raises cht work 
hjgh enough so chat the arbor nut will d<ar. The sloe is posi­
tioned by referring co index marks on ,he fence; a scop block 
damped in the saw rrack controls ,cs depth. Make sure the 
blade arc is parallel co the rable. or your finished pans will 
have a rwisc. To sloc the end of a rail or a scile, we damp 
another fence at righc angles to the slotted fence and make chc 
usual ruts. -&rnard T~iJI and L.inda Fisher. Sharon. Pa. 

M<1SOl'l1te blade gu,c1rd 

~ 

E.nd-,o-end gluing up-I'm planmng lo bNold an l 1-ft. 
t'IJ1mlrr1>111 o/6/4 whllt oak, b111 I d-0n'1 have boards lrmg 
eno11gh. II II arrtptable to glue up randqm-length lumbn­
end lfJ ,nd 10 make an 11-ft. ro11n1rr? 

-Patnrk Wanrer, £srond1do, Calif 
TAGE fRIO REPLIES; Yes. )''OU can g.luc up your boards rod co 
end co make them long roough. Fim square che ends of the 
boards and rut ¼-in. groo..,es i.n the end gram with a slotting 
cutter in a router. if you have ooe. So rhe sphnes wilJ be 
scrong and to keep seasonal movemeru from cracking the 
boards a< che joint, run the grain in the splines in che same 
direction as the gcain in the boards. Glue your boards lengch­
wise befocc you rip chem to final width. If )'OU don't have 

damps long enough. jusc nail 
blocks ro the Oooc a, each 
end of ,he stock and apply 
pressure co che joint with 
wedges against che blocks. 
When you edge-glue your 
lengthened boards in,o the 
fini.shcd counrtr. stagger the 
joint$ tO lessen the scrCS5 on 
each one. I'd sugges< you use 

a hard r.lm r.n~h such as 
polyurethane-; otherwise the tannic acids in oak may reaa 
v.rith meca.l that comes ln concacr with th~ counter, staining it. 
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Solid Wood Doors 
How co make them and keep them flat 

byTage Frid 

There is no w2y 10 stop solid wood from moving. occpt to 
make n mto plywood or to treat it chemic21l)·. whi,h kills 

its color 2nd beauty. When making an)•thing ou1 of solid 
wood. you muse be sure to control which way thc wood 
movc-s. 2nd leave room for it to do so. I hav(' sctn a 'h•m 
thick parqucc floor. when the roof started kakmg and the 
Ooor got wet, push out all four brick walls 2bout six inchC'S 

The problem of wood movement is complK:ucd when we 
wane co make doors out of solid wood for houscs or cabinets. 
Wt want the door 10 stay Oat, and to alwa)'S fill its opc:ning. 
But not onl)' d()('S the wood expand 2nd contract .inos.s the 
grain, it .tlso tends 10 bow. This is Ix-cause chc humidity on 
~ch side of the door 1s usuall)' diffcnm, cspt<.ially whtn the 
door St"patatt'S thc outdoors from the inside of a house Even a 
cabinet door is txpos.ed on its omsidr co V2nous temperature 
and humidity changes in the room. whilt vrry lmk changes 

insidt the t'abinc1. If the door is 001 coosnuued to s1ay 

straight n will bow out when humidit)' 1s high m thr room. 
likr during thr s.ummer. and C2\'(' in during the winter whrn 
the he-at is on. Usually the door will also try to cwist. 

Ah hough a cabinet door is S(:C-0 on both sides. u i.s usuall)' 
dOS<d and the inside exposed only when i, is opened. Sina, i, 
docs noc affect the door's funcrion, I would put the more 
beauuful side of the wood ,oward the ou<Sidc. Some ,,.,. 
books >uggcs, thac you almnace the cup o( the annual rings; 
however, there is no need ro do so. The wood can be kept 
straighc with one of che methods I am about to dcscnb<­
Whatevc-r way you choos.e. if it is done right and made well. it 
will add tO the design. Anything that is construned and de· 
signed nght 1s beautiful b«ausc it makes scns.e, The oucside 
of an airplane was never designed to be beautiful. bu, b,c. 

caus.e of the wa)' it slips chrough the air, it is beautiful. 

. -- -. ,.___ -"'---'·'-~-~· 

F,g11,- I C/ltMrs and 
btifCB allow door 
bOMdS to move in­
d1 vidually. whtle 
overall width ,e 

mams ''"~ 

NO!(h JOIOI 

13,.,n, P'C'~nls 
sagging 

Wh~n )'Ou art making a <olid wood door 
for .i hou~. tiptt1_;a_ll~ :m outsid<' door. 
don'( glue the boards tog('thcr Con,;1run 
the door so th:u in two outstdC' N:!gn arc 
ucd down ThC' indi\'idual bcw-ds will be 
able to mo,·c, but the o,.·cr:a.11 width of the 
door won't be able to change. There arC' SC-V• 
tral good ways to do 1h1s; rhc old~t and 
bn{.):nown m('thod 1s shown m figurt" I 
This is 1h(' way lllO$l p(Ople would make a 
solid wood door and 1hcrc is nothing .,rong 
w11h this c:onstrumon. 

Thi" arunicmcnt pre,'<""'" thC' <14)0f f,om 
~ggmg If )'OU <hani;:C' th<' h1ng("I to th(' 
01h<'r ,;idt". ,um 1ht" door up<,idt" down 

Tht" br;a<r and dnis art" hdd to 1ht" dOOf 
wi1h <',('t('v.'\. Th(' «rc-w,; at (ht; <-nd,; of (ht; 
dt"a1,; ,;hould fii ,;nugl)' mm tht;ir hole,;, so 
tht" 1otal width of tht" door cannot changt" 
In this o:impk thr t.C'ntrr 00:ud ,s also ur<l 
down m its CC'ntcr, so 1hC' wnod on mov(' an 
l!"qual amouni on C'ach ~1dt" All tht" oth<'r 
sucw holes in 1hr ckau :ind br-acr are' 
homonul do1~ \'(1hrn 1hr boards mo\·('. 
the ,;c-r('W,; can mm·(' IY.ldc and forth wi1h 
them If )'OU don'1 do this the boards will 
~pl11 l'hc lrng1h of 1hC' ,;lmsdcpcndson the 
width of mt board. Usmg a dnll 1 litde 
latgt< ihan !he settws, drill thrtt hol<s sick 
by 5'de. Removt !he w-astt wiih a c:hiscl or 
keyhole saw. L_ _ _J___J'-

End and ~n1e1 

-- SClt:'W'> l,t 11ghlly 

Slots 

The diagonal bra« and clean arc wha1 
k«p tht' door 1ogcthcr It is imponam co fit 
the brace imo 1hc top and bouom <k:ats 
wuh a notch jo1m. as shown, $0 11 cannot 
mo,,·r Also ht surC' that the brace: 1s an­
chored 10 chc bottom cka1 on rht" hmgc 
SJdc. and 10 1hr iop dc-21 on the kd. side 

F,gu,• 2A N...c/ bart-n un cow,r thtt gap NI tongr.1tN1nd-groove doors, 
wht<;h work lxtst ~ l"- boards NII NlfTOW 

VWZ¼ZC: 2~~m//47.l 
88Uefl 

F,gure 28. LAp fOMt can accommodate movement of w1dtff l>Oltrds Slots 
in cleat$ permtt SC,t!WS I() $/,de. 

Figure 2C Two~ of wood Miled o, screwed togBthftr with SUI~~ 
iOH"II$ malt.ft .9 t,ghtt,,r doc, 

w<i<e~~w~ai<®'i\N 
Cleat Sc,cws ,n $IOI!, 

68 Fine \loodworking 

The door mus, ibo be-w11ld and rainproof Tht" most common way 
to do this is lOngut"•:rnd-groovt. llus 1s fint wuh narrow board,;, hu1 
tht door ~on't s:tay lllmght i( the boards arc wide. Tht" tongue usu• 
ally isn't vtry big. tts t"dgc-s an oftrn rounded and >0-me'umcs ,he 
tongut' is capertd so the- jo1ni will shdt" togetht'r ('":lj,il-y Th<' result a.s 
that whC'n tht boar~ shnnk. wind and ram com(' nght chrough 
You could nail b.iutn m1ps ovC'r tht t()1m (figurt 2A) \Xhth widC' 
boards. a lap join, (figur<' 28) can be-quite succc-ssful. but I prefer to 
USt' rwo laftf'S of wood (figurt' 2C) for a tightrr door Tht" boards c.:an 
bt Jtrt'wt"d 1ogt"tht'r, ot 1f 1ht" ••ood 1s 001 100 h:a.rd. n::1ilt'<I 1ogc-1ht'r 
and thC' ends of the nails bent o,·n Just be surt the tnds o( thC' (1(';11 

a.rt' SCtt"Wt"J Jown t:gh,. a.s 1x-for<' 
Whc-n using scrap hinges. the bad, of tht door as txacdr .i.s 1n 

figurt" I. bu, thC' <lt"us aod bract" ar<' wcldcd sted. The hinaN art" 
bolttd to tht" front of the doc». through tht wood and tht Ml!"rl on 
tht" bad: sidt. U)ually chert 1., only ont bolt through c.ach board If 
tht" boa.rd, art not 100 widt". bt'ing boht"d brrween the 1"'0 ptt"'m of 
~tC'd ovc-rcomt'S w,irping If mort 1han one bolt has to go through 
n.ch board. some-of th<' hole-s in th<-wood have 10 lx-come slon 
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Figure 3 shows a door without clears or strap hinges. but with 
mC'ul t<Xh nght throo~h th<' width of thC' bo.a.rds Tht Ix-it wa)· to 
makC' a door l1kc this 1s to use: cold-rollC'd strd chrtadC'd at boc.h tnds. 
or rhrcad<-d rods. To ma.kc ,he door as ught as possible. pUI the' 
boards 10,tc:thrr usmi sphncs. but don·, glue them togtthtr The 

F,gvre 4 Bteadboard ends •flow 
W(J()d ro move both ways­
,~ ro allow for expansion 
as we11 ,s cont1acti0Jl. 

Cabinet sides '\. 

-L 
MoY8mcnt 

Gap i 

F,gure 5. CltNJt w,th $hdmg doveteil 
wil hold a cabm~t dOOr IJ1Jt 

I 

I 

I 

\\55'tlii "1' 
I 

I 

I 

I 

I l 

' 
$t()I) dO~tlJ,/ shon of 
e~ and (/ltlt! Of pin 

at t/Hs ~d ()1)/y. 

f,gu~ 6. DftP ~I$ can beco~ the t()I) 8/ld bottom of shelves mounted 
tnStde the cabinet door, J,ke • refogeratot. Dove ta.,/ the ,;en,clll ,uit:ls oft~ 
dool shelves to the clests. and add a from rlNI to keep things from IMhng 
oot When the door is opened. 

- f101H rn,I 

-+-
80110m and top cle.a1s 

' .,,,,,---, 
,>:" -">-< 

I 
Bouum 

Doo• 

F,gu,t! "J Mo~nl can ~ concHhtd by lettN'lfl the door ow,rhang the 
ca~nl!t 

or by !Hvrng a gap and c 

-Cabinet 

Haodle glued on 

bolt OOIC"s chrough each bo2rd ha.,(' to line up, Fim. drill thC' b1i 
holes for thc: nuts and plugs in thC' ouuKfc C'dgc of hoard no I Then 
u\C a long drill of 1he umc d1amcu:r as the rod and conunuc the 
holes 211 rhc "'') rhroogh. Be sure rhc holes arc ccnm«I and 
smugh, Drill onl)' a lmle a1 a timt then pull out the bn and dcin i1. 
or rlsr 1hr drill will mm v.andenng M~t hardw-.irt store< StOlk 
12-in and 18-m bus that dttmcian~ u~. nll«I htll-h.ainger·~ b11, 
The ~, common s1u ,s .\. m .• 2nd this LS 2 good me for cht rod 
too for a larger door. or an oumdr door. u:1o< 'h•in. 01 big,:c:r rod 
\Xtnh all the hole~ dolled in th( fi"t board. put th-c-spline in a,,d 
damp 1hr f'im 2nd st"Cond boards 10gc1hcr Use 1hr long bu and the' 
hok in the fa~t bo.ird :il) a gutdc to dull p.1,n•a~· into thC' )Ctond. 
then rtmo,·C' no. I and wnunut dnllmg all the-v.al through Pro­
cc:td m 1hc: ~me v; i)' through nos 3 and 4 Now m accommodate 
1hC' nut) 2nd plugs on ,he ouu1dc «lgt' of no. 4. plug 1ht' tod hole 
•11h a dowel (donr glu< 11) and dnll rhc b,g hole, 

Wnh all the OOIC"S dnllcd. aM<'mblc the dOOf and 1nS<n tht' rods. 
th('n put the w2sh('r 2nd OM nut on ('l(h eod T1gh1en thC'm up w11h 

2 socke1 wrench so they 2fC" good 2nd 11gh1. bu1 do.n'1 overdo n b~· 
comprC"S)mg 1hc wood h will comprC'n anywa)'. when thC' wood t'X· 

pands. but 1f \'OU do 1c right the boards will Sl2'.I' about the ~mc­
wid1h ahC't thC" wood shnnk.s again Any small gap will remain air• 
ugh1 beuusc of the splint Put a SC'<On<I nut on to IO(k 1he assc:mbl). 
then glue:-m 1hc-plug Square one c:-nd of 1hc door 2nd cu, 11 10 

kng1h. \Xlnh 1hc rod} in. 1hr wtd1h o( 1hc d0ot will atways be the 
S:a.ffit' even though tach board c.a.n mo,·C' a lmk b11. 8C' 1urc 001 to 

put 1hc roch whr:rC' the' kic:k 2nd h1ngC's ar(' going to be 

Auaching rwo pitttS o( wood to the 10p and bouom o( a c-abmc:t 
door (figure 4) is another 9.'41y to keep a door str.i.1gh1. The end pic-cC'S 
slloutd b( fa.s1entd with sliding dove1a1ls 2nd should b(' s«un-d 
toward tht hinge: side. llus way. :ill the opa.ns,on will ukc pl-.ic(' m 
the-opposne dirernon. bu1 )'OU ha"c 10 rc-m<'"mbcr 10 2llow for i1 If 

~OU were IQ secure:-the sliding dovc12ils at the Ct'nl<'r, like 2 brc-ad• 
board. the hmgc-s would be pulhrd 0U1 when 1hr: door shrinks -•h1lc 
11 IS endostd bC'tw«n th<" two s1dc-s of the cabinet I lr)' 10 2vo1d this 
consu\lction for solKI ~·ood dooc-s whcncvtr possible bccauS<" i1 k,oh 
11kt' half of a fram<'"•21l<f-p,n-el wi1hou1 any of 1he advamagc-s of a 
fmne-and•pand 

For a nbmet door or the top for a. chest whc,c the bo:uds arc glutd 
togc1hcr. ck2tscoukl be: .slol•scrtwcd on the inside- Bui fo, a piece o( 
furni1urc. I would 2nach the clC':lt wuh a sliding do\'C'tail m.s1c:-ad 
Th( ,..,ood for the clt2u should bt on cdgt 2gain.st the door for 
suffnns-but II also <ould be on 11.s f:ac<" to be ltSS ob1rusi1tc Stop 
th-e frm:.k do\c:tail housing oC':lr chc handle side, sou doesn't show 
on th< <'"dgc whc:n the door 1s opc:n. and glut th<' dovcta1l onl)' 
toward 1hK tnd Thu.,; chc wood will bt fr« 10 mov.: This is 'ihown 
in figure- ) 

\Vhcn you u.sc 2 clC'2t with 2 sliding dO\'etall on a C2b10C't, the in• 
side of' the door can bccolT)(' a shd(. likC' on 2 rcfngcntor door. M2ke 
th< d("JIU wide c-nough for •h:u you want 10 store. 2nd dO'V<'"ta1I 1hcir 
c:nds to vtrt1ttl side p1«ts, 2s shown St s.urc that )'OU glut a p1ttc: of 
wood in from of 1hc door shdvn. or join on 2 railing. to prCVC"Ol 
...-hat ,s st0rtd there from fallin~ off when lh-c-door 1s opcntd 
(figure 6) 

lkcauK such a door will alwa)'S move 10 wid1h. you have to ma.kc 
allowanct for moVC'mcnt wh<'"n putung the hang<"S on (figure 7). Ont 
w-ay is 10 mount che door outside: the cabinet, with an (Werhang 211 
around. If the doo, is .sc-t 1ns;dc tht cabin-et opening. you mun le-ave 
space: for exp2ns1on along chc: edge: opposi1c the hing('"S. One way co 
concc:al the-gap is to glut a p1tcc o( wood onto tht front tdgt of the: 
door. 1.nd shapr i, imo a handle 

Toda.)' you have to be lucky to find a bo:ud that 1s ..,ide enough to 
mak.t a dOOf by itself But if )'OU arc so lucky. treat the bovd jun as 
1f it wc:re se,.·cral boatds glued togc:thtr. Always .tlk)w solid wood 
room co mo\'c. D 
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Joinery Along Curved Lines 
A general method for cen1place routing 

by Jim Swttney 

W e woodworkers a.re fascinated by joinery. Often we U 
examine a piece of furrurure co see how it's pot to­

gether. even before we consider how it looks or functions. 
Exposed joinery is J)llrticularly satisfying. Through its visible 
joinery. a p,ece speaks of the faa chat tt is wood. and of all 
the poss1b1licies and hmuauons of 9.SSembly which chat im­
plies. In chis article ru discuss a general method for extend· 
ing exposed ,oinery from me ordinary linear ioin1 ro joinis 
chat follow almost any arbitrary curve. Using only a router 
and a fe-w combinations of straight cuners and beanngs, com­
plex but preclSC curved jolncs become available ro anyone 
willing 10 apply some ingenwry. 

In making furniture with non-cradit1onaJ shapes. ic's par­
ticularly valuable to have a vOQloolary of curved, c,cposed 
joints that a.re analogous ro the lap, bridle and doverail of 
recrihnear )Otnery. The prinopal lines in conrernporary fu.rru­
rurc often are not straight; the maker cries for a coherent 
whole using me rhythms and tensions of curved lines and 
planes. Sur in a non-rradiuonal shape, as m an unrhymed 
p0em. the sense of righmm is elusive. 1be eye is less forgiv-

Bnd/~ jo,111 with 
r11rwd sho11/dn. 

Bumng on ro11ter-ln1 shan~ 
Jo/vtJ fNfl,'t•lrar,ng f>"NJ/em. 

ing, less able co fill in. when it is faced with the unfamiliar. 
The designer of unfamiliar shapes suuggles against the pull 
of the amorphous. the chaotic, or the simply awkward. In 
this context, traditional joint shapes (an be especiaJly inappro­
pnate. unless used in irony or in contrast-they arc words 
from another language. Of coucse. thcs, problems OUl be 
avoided by using concealed JOlnCry (moms, and tenon, dow­
el, ccc.) or non-joinery (stack lamination), but such choices 
jUS( eliminate one more option in resolving the design. 

1t·s n0t surpnsing that the cool used co rut curving ;oincs is 
the router. The Other ,oiner-y rools that have evolved-saw, 
crus,I, plane, and their machine coumcrpa«>-<ut flat planes. 
The router, unlike these older tools, does O()( nttd co reftr to 
where it has just been tO determine where it is gomg. At any 
Ul.Stat1c ic is free co move exactly whc:rc we guide it. The 
problem of curv,d ,oinery mus becomes how to guide the 
rooter co cue chc precisely matehing negatlve and positive 
curves chat will unite co form some particular ,oi.nt. 

The main raccic for dolng this is to shape cemplaces of 
some durable material (plywood, Masonite, aluminum) and 
co crans.ftr the shape co the work, by usang a scraighr rwo­
fluce router bic wich a ball-bearing mounccd above it$ Auces. 
There a.re rhus three J)llflS to me problem of curring curvilin· 
~r ,auu:s: first, how co make precisely marching negative and 
pOStcive rcmplates of a chosen shape; s«ond, how to cransfer 
dl<::SC shapes into the workpiece; and third, how tO make this 
transfer occur exactly where we wane it in the finished work. 
Though chis rnlfd aspea of me problem may at first seem 
trivia.I, it often calls foe the biggtst bo.g of tricks. and is the 
lease susceptible to any kind of general solution. 

1..et·s first con.sider the s,cond problem, that of cransferring 
c-hc curve from a rcmplare tO rhe work, because at btsr tncro­
duCC$ rhe use of bearing-cutter assemblies. My technique de­
scends direaly from tv.'O common techniques, so J'll start by 
describing them and their disadvantages. 

In one st1mdard te<hnique the comer is guided, as tt lS fed 
,hrough chc cue, by iu subbas,e being pressed agalnsc a tem­
plate or fence that is clamped to the work. In a more flexible 
version of chis method, a ccmplace guide-collar is attaehcd co 
the subba.se of the router and run against the template. while 
the rouccr subl:xue rides atop the cemplacc. The cut may go 
completely through the work. or onJy partly imo it. But in 
either a,se there 1s one problem: concemnory, or rather, the 
lack of ic. 1nc router bit is reasonably concemric with the 
mocor, che motor is somewhat loosely housed ln che base, che 
subbase 1s aligned with che base by some hopeful settwS. and 
finally, the gw<le collar fies into a hole in the subbase. All of 
these anachmencs are governed by rhe initial impcecis!On of 
manufaauring a$ well as by subsequent wear. We should not 
be surprised when this chain of vaguale5$ d()C'; noc yield pre-
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cise concenuicity. 'The curcer changes position whenever the 
router 1s rocatc:d relative to the template. So che worker must 
cry co keep che same pomc of che subbase, or guide collar, 

agains, ,he ,emplace throughout tht cm-a hopeless 1ask 
when so much else compels his attention. 

In a second srandard method, the guiding surface i.s budr 
lnm the cutter, so that <00<.enm,ity rs guaranteed 
and overall accuracy is limlled onl)' by the precision 
o( rhe tuner :assembly itself. This technique en,­

plO)'S a nush trimmer bir-<ommonJy. a 1-4-ln. 
straight curter wich a 1

~-1n. baJl-bearing at 1cs end-­
with the bc:anng rolling against a cemplate chat is 
a«achw co the work oo the face: Opp()S.ite the rout· 
er. This method 1s hmiced mainly by che position 
of the bearing; we can trace through work only as 
chick as the cumng flutes arc long:, and we muse 
always cut c,)mplttdy through the work. The first 
t.m,tanon 1s noc serious because you can fin<l m.m­
mer hit$ as long as 2 in., though thty .irt! fragile. 
The second limicaoon, always cutting through chc 
work, is very reswcuve-a monLSC: <.-ut this way, for 
example. muse always be: a through mortise. You 
cannot use a trimmer bic co cue the negative pa.rt of 
a half-lap or a bn<lle ,omc. 

Furthermore, trimmer bits themselves conram a 
subtle source of error. Ba.1ausc they arc designed so 
that chc bearing can roll ag.i.insc a verticaJ, Form1-
a.-c-overed surface while che cutter mms the adp· 
cenr horuomal surface, the diameter of che cutting 
urde is usu.1lly 0.005 in. to 0.010 in. smaUer chan 
the h.:aring. This minute difference c.an become 
significant when you make a template from a series 
of imermtchatt: templates, bccaUSC" the errors accu­
mulace. You can someumes compensate with a 
layer of rape on the templace. 

There is another ccchnique for transferring a 
rurve from cemplace to workpiece, bur 1t requires a 
pin rou,er. A rempla.re fixed tO the uockrside of the 
workpttec: can run againsc a pin chc same diameter 
as, and dir«dy below, a bn emenng the workptt<.e 
from abov,. Th, entire edge of the workpiece can 
thus be shaped ro your curved pattern (s« page 78). 

The system I consider opumum combines the 
bes< fearures of lxKh Standard teehniques: a lx-anng 
on rhc hie for coocencricicy, buc plact.'J on tht' ruut· 
er sid(' of the ru«er, on che shan.k above, rarhct rhan below, 
,~ cutting nutes. ThtS bearlng will follow a template exactly, 
yet the cue can srop at any des1rtd depth. The outside diame­
tt!r of rht! bt--.t.ring is ordinarily the same as the rumng diame­
ter, bur it can also be larger. 11us sample idea, it rums our, 
unlocks a host of ;a.inc designs chat can be as simple or as 
complrx as the craftsman wishes. Any pau of fitted shapes 
chat you c-an make in \-in, h.;1rdboo.rd c.an be crans(erred imo 
solid wood, either <.:omplr:c:cly chroogh the workpiece or to 
any depth, alchough it is sometimes necessary co juggle rem­
place chickness and cutter length. 

Router bics with bearings mounred on their shanks, unfor­
tunately. are not Stock icems. And although router bics are 
made in a wide range of sizes, ball-bearings are no<. The 
woodworker muse devise bc:-.i.ring/bn combinarions that will 
do rhe work at hand, and ftnd .a mill supply house or indus­
trial hardware dealer who $tocks or can get che pans. For 

A111l,or'1 o~n•ndtd c!NJ1-of-drau·trs rt/111 NJ>On turvtd 6ndlt 
joint for 11111111/ t11n11111111y. Chelf 11 11ndn-t<:tnJIN1(ltt1n ,,, p/x;1o 
l;,/Qu,, and fi'!11htd ''! d,1ail on /a,111g pag,. S,alloµd 1tmplau 
(1J»wn st11nd1111 al nght) srraJJJ.,, r!N cl>t11'1 wrtical ,pmt 10 

rout rht rurotd UJ()u/dtrt of tht bridlt joi•I. A matmg template 
anac/HJ 10 11N horiunral amu 1ha1 J»/d 1he drau!ffs, and rhe 
ends of the arms an ro111td 10 /ii 1h, 1p111~. lnstt drau,er pull.s 
art Jliaptd wllb tht Jam, ltmpla1t 11,hmq11t1; a simdar handlr 
is rxplazntd in dttail qn pagts 74 and 75. 

most of my work. and 1n the ex.amplt.'S that follow. I use 
C'idw:r of cv.·o bic/OOnng co.mb1nat1ons: a %-in. diameter cur­
cer with '~-m. Jiamet:er shank plus a bearing of 1,{-in. ID and 
\-in. OD (for c;xample, Nr:w Dcparrures· #77R6AB), or a 
l 1·f•in. diameter cuner with ½-in. shaf( plus a bearing of ~-in. 
11> and I ',;-m. OD ((or cxampk, TR W's MRC RSZZ). 

The only limitauon here ,s that che smallest radius of cur­
"'ature in thC' joinc muse equal or exceed the radius of rhe 
smallest bearing. W'irh my \•m, combinaclOO. a ¾-m. Jiame­
tcr washC'r must tx able co roU along the curve and couch 
every point of it. You ca.'\ get around even thlS limiration by 
using unmatched bt.'aringjbir combinarions, 1/.·in. m \•in for 
example, wich appropri-acc offset ln che template. 

Usually ,he bearings simply slide on,o the bi, shank until 
1hey are stopped by che mecaJ o( <he cutting flu,es. I( ,here is 
any resista.nec, apply force co only chc inner race of the bear­
ing. In cxcrc-mc cases, ex1xmding the bearing wich heat and 
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Fig. 1: To m"4.e ~lill"V 
curve 8. starr wi1h retJlJ)atc 
of CV",'f.' A. wh,cll C.Jll be 
~wnandshd/,Jed 
Wl/~hJrl<J tOOIS 

Fig. 2: use ,,, v, 

Curve 8 --..., 
I 

tflmnltY bit ro cur 
.flfe,medfate remt,111:-C, 
C<Yl~tary to ClMW A. 
t>vt offset ;,, "' 

Curve A 

Fig. 3: Now CUI tempJate 8. USll'lg 
rempldte C and a ~utter 
ccmt,,nar,on with ½·11"1 Ollser 

➔111"·11, od 1~ 
➔ ··I- Te,,.,,..,e C 

!i,-in cvue, ➔ I ,~ 
1> .... ollset ➔ I~ 

contracting che shaft by frecz.ing will help. On rhc router end, 
the collet icself Stops the bearing from sliding up on the hit 
shank. A drop of I.acme will hold ic fasc. 

Of my two bc-anng/c.:--uner comb1narions, che smaller i.s 
best for inside cuts (that is, when the bit i$ $urrounded by 
wood), where control and powcr arc most important. 1be 
larger is for outside cues, where good surface finish and free• 
dom from ccar--out arc ncc:C$$ary. Scar an mind, though, ch.at 
even a powerful router i.s an ineffective hogging tool, because 
the councerforces developed in a heavy cut make precise con­
uol difficult. Whenever possible, it's best co use chc router as 
a rnmm1ng cool, wich some ocher cool-drill press, gouge, 
dado blade, or bandsaw-rcmoving the bulk of the waste. 

Now chat we have a way ro trace a template curve down 
1nm the workpiece, let's rerum co the original problem of 
firring rwo pieces of wood rogecher along some rurvt-thnt lS. 
how tO create rwo marching templates, one negacive, the orh­
e< positive. Let's :issume we :llready have an arhirrary curve A 
and we wi$h ro create c~ marching curve B (figure l). 

Oamp or rack a piece of tcmplan: material on tOp of rem­
plate A, leaving plcoty of rhis rcmplarc material on the off 
side of the curve. We will cut an lntcrmcdi:ace curve, C. 
which will be cxaetly like the desired curve B excep< offset !{ 
in. coo small or coo large, depending on whether ir is con­
ave or convex. We can do this by rracing along cun•e A with 
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an accurau: \·an. trimmer bu, as though creatlng a copy of A. 
What we want, however, 1s chc fa.11-,off (figure 2). 

Thl.S I.S t~ only stage ,n the prOCCS$ where ,., are ac risk, 
becauJe any deviation by the bearlng from perfect conran 
with A will result in a dcfm in curve C, which will be inher­
ited by curve B. You might need several tries tO get it right, 
hut the price of failure is low-a wasted piece of hardboard. 

Now, to obtain curve Bit's necessary co cue a curve paral­
lel to C but offset '4 in in the ocher dire!Ction. Tack C onto a 
piece of template material, and cue om B by rolling along C 
with an unmat<:hed bearing/curter comb,n.acion, one wich a 
bearing l in. larger in diameter ,han the C\mer. One such 
comb,nation would be-a 1 ~-in. diameter bearing on a bir 
with a \·in. shank and \-m. cumng d1amettt (figure 3). 

Although in theory cht.S would work pcrfculy, m pratt1tt' 
1,.10. diameter cuttc-rs arc fragile and casil)· broken. I rhere­
fore had a machinist cum a hushing with a I '-"~in. II> .i.nd 1 \­
in. on, and press ic omo a 1',-in. IO by I \•in. on bearing. Thu; 
maneuver created a 11,~·in. bearing char I could mount on a 
\-in. cutter. The differc:nce m radii is the dcsm:d '.; m. An· 
()(her way co achieve the transition from C ro B is co make 
cwo setups with a 1 ~&·in. bcanng on a '~•in. Curter, firSt using 
C to cue an incermcd.iare curve. D. and chro using Of(\ crc,;ate 
8. ThlS cacci< achieves a 1,t-1n. displacement by adding rwo 1{· 
in displacemencs. A number of other combinations will also 
work as well. 

Curve B should fit precisely into curve A-unless. of 
course. something went amiss. which it frequently does. One 
source of error 1s any difference between thC' diamecer of the 
cutter and the: diamc:rcr of its bearing, likely 1f the bit has 
ever been sharpened. A disrn,pancy am be com:aed by ap­
plying cape along curve A, a.< dose as possible in thickness co 
half of ch< difference between cutter diameter and bearing 
diameter. Masking cape. packing cape, duet cape, and ordi­
nary Scoteh rape all have usefully different thicknesses. 

Before going on co considtt" che third part of the curve-­
fining problem. ,hat of using chcsc.· tcmplaces co rout our 
matchmg curves exactly where we wane <hem. I should mcn­
cion a few W'3)'$ w gener-,ttt: curve A. Bandsawing anJ hand­
.sanding work, thoogh it's diffkulr ro maanram a perpend,cu­
lar cd,ge. I( the edse i.sn t perpendicular co che face of rht 
template, you have nor one but several cun·es. all vaguely 
dose tO A, depending upon which cross~uon the bearing 
rides. A drill prt"SS wich sanding drum, or bcm:r still A spmdle 
sander, lS more effecuve. A good wa>• of generating curve A 
in che firsr pla<.e ,s u) t:urnbmt: l'.t:VCr-,ll sub-curves alrea<ly on 
hand, for c;xample <.irclt:s of \'anous diameters (cue wuh lathe 
or drill pres$), straight lines, or (ren<.:h rur.•es, rraung OUl the 
various comJXmtnrs one ar a nmt: with a bea.nng an<l bit. all 
chc while ma.imaining fa1mess where they merge and ovcrlap. 

To the chtrd problem. chat of positioning the m:archlng 
curves an the work. I can give no general solution. Each joint 
requires its own rn(.k$. Perhaps it will be useful co discuss a 
joinc, the crKk for which occurred co me suddenly as I was 
riding on <OP of a crowded bus to a dive in Moore:i, dodging 
coconut fronds, and certainly nor chinking about woodwork· 
ing. Suppose we have te-mplaces A and B. with whKh to cue 
boards I and 11. so that they may he joined in a lap joim, a.s 
shown LO flgurt: 4. 

A cempla« can be aligned on board I by malting the re­
spective edges Oush and by making some p,im on rhe curve 
coincide with some poim on the edge. But board II has no 
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Fig. 4:, Rooting a curved haH•lap joint 

I 

I, Ii 
C.1ve A 

' 
CtJrve 8 

I 
I 

Fig. 9. TemP'ates to, bridle joint 

' Boord I 

I-
-----

Fig. 5: t, ;e 1~saw iJt'l(J ddao 
~ to tc:'f/lQl.·t' buH.. <Jf waste 
f,y 1,-ttl ,n ho.v(i If (i,.,,/;,l1 

.<;.t1ni.,J/de.r Ct,t ._.,,,[h fOUlt>t 

Fig. 6: [Jnii avr bt.,,'t of V.<ISIC 
ir1 board I Theo I.ISi! template A 
,'o rout Ctlf"ve A 

Bndte pm remp/,'ftP A 
IS ;t J)¥ of f.v>--pnt 

Jnd srra,gtt:~ 

straight edges. and 1t wilJ be difficult t0 pos:mon rht:-template: 
tO <:ur a half lap SO chat rurve 8 has the samc rdarionship co 
tht lap's shoulder as rurve A has ro board J's edge. Do we 
cue the lap first. or curve B first? Proper cutting sequence is 
crucial in curved io1nery. because each curve cut elimi.nauis 
one more straight line from whkh co indo. 

In chis case, it makes sense to cue the lap shoulder first:. 
Scan by scnb1ng a hne on boa.rd II fa< the lap shoulder. Thi, 
doesn't have tO be cxaa. as thcre i5 50me allowance for v.•a.m:, 
but rht closer it is, the less waste there need be. Rough out as 
much wood as possible with tablesaw and dado blade, cut­
ting ,o the firushed d,pth but no, ,o ,he lap shoulder line. 
Becau5e of the curvature of board U, it would be awkward, 
though noc: impossible, co cur this shoulder on che saw. ln­
s<ead we cum the work over and use a router with a stra1ght­
rogt tcmplacc ,o finJSh the shouldcr (figure ~). 

Now mark out curve A on board I, and drill out most of 
rhe waste. Clamp template A ro board 1, lining up ,he edges, 
and cur curve A into board I with che router (figure 6). 

Now, and this is the crucial trick, slide templa~ 8 i..nro the 
A-shaped cucout you JUSt made in board I, and tack 1t t1ght­
ly. Then ,rim template B flush with the tdgc of board I (that 
lS, the edge rhat ultimately will bun aga,nsr the lap shoulder 
in board 11). USt' cichc-r an accurate crimmcr bit, with che 
router base-riding on the cur-out face o( board I, or a bit-

lerT.,aate A 

templ,ltes_ scr~ 1ogem1..v lempia1e A 
fo, rl"(}lsumion w,m StJJc:t.n ber.w,en 

fJ(l/t,1Si;IW sk.,I 

111 board N Pro1ecr d,!µ1h of slot 
onto l;,ce of tx>,yO, ro posmon rem,:Jlaw 8 

RefTIOW> ht."4 of ~·J~ae mrh ~"- {J()(J rout 
USlr'lg lt¥'n(ll,l.'P 8 /1ftt'11ft)f>C JS ..n l,gvu.: 7J 

with·beanng-abovKuner, V.'lth the: router base riding on the 
face opposfre the cucour (figure 7). 

Tack chis truncated version of cemplacc B rightly against 
rhe lap shoulder in board II. 11,e lap shoulder of board ll 
will fit agams, ,he edge of board I exaoly as tighcly or as 
IOOSC'ly as template 8 fits against the shooldc:r. Cut cempl-ate 
B's shape 1nro board II using a cutter with same--si:ie bearing 
above ic5 flutes (figure 8). 

In the very comcn, rhc bearing will bump into the lap 
shoulder, leaving an area where 8 is not traced down, A few 
minutes with handsaw and Ii.le, or chi5el, or spindle sander, 
cleans thlS up for a perfect fie. 

Though procedures hke chese may become convoluted, 
care will always yield a perfect fie. Sometimes, of cou~, I 
choose to work at nsk, not to seek the tedious but foolproof 
50luuon. But at other rimes, when my ultimate concern is the 
accuracy and strength of the finished joinr, 1 use ccchruques 
Jjke the ones I've described here, ignoring the automatic cen­
sor that won· t allow things of grear difficulty ro suggest 
chcm5elves. New jointS ca.n emerge from design processes that 
are inre-gral with and complementary ro the lines of the p,ec:e 
as a whole. Such an exposed, roured joint can be the whole 
focus of an otherwise simple piece of furnicure. D 

j,m Swunry ma.ku /urn11un in San FranriJro. 
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RelY-ing on the Router 
Three tricks from San Rafael 

Unlike woodworkers in the European tradition and. to a less­
er degree. chose on che Ease Coast-, many woodworkers on chc 
West Coasc came ro their profC$$ion wuh a minimum of for­
mal training. Thu, there has developed among u, a heavy 
reli.ati.ce on. the electric router for doing quite a few ;obs chat 
the old school would have done with other cools in ocher 
w,iys, Never mind chat a sharp chisel could do a Job w.U. 
we·rc more fluent with the rourer. A lot of us have spent the 
brn-c:r part of a day-or tven a weck--perfeccing a jig or a 
ccmplacc that will harness the router co the task at hand. 

Often chis rourer tC(:hnology is cnormOU$ly efficient, aJlow­
Lng us co repeat pro«sscs quickly and accurately. At Other 
times the router work is mundane, just another way of doin8 
an ordinary woodworking ,ob chat could be done by O<hcr 
cools. Bur noc surprisingly, the rourer is also capable of mak­
tng many curs and shapes chac no ocher tool can accomplish. 

Holub's inlaid wooden drawer pull 

-- - --

~ drcM'ef ~ndle Wi!h 
dVadatJle btts ,o mrf)(j ~JS of 
" N1 COffM('Ont'k ro '•in (OUl'"ldo',e( btt 
i10d \-1ri round-nosd bit O,iJWr,-., lrool 
,$ roured our ro JCCt'Pl flJ()(Jle OOrM: 
(ffl<J to provrde finge, cleatance 

Cut our template fOI ckdlA't!' front. 
adding ~ Ir~ ;Ill d(oun(J 

ro ~ tor offset t>erweerl 
roond•nose btr and gwde colfiJf 
Cemerluie aids r,ositlOlltltg _,,,:;;,.--
()(1 (/(iM('r ftOf'tl ~ 

A 

¼ n. offse1-J 

Those of us who rely on the rourer in our everyday work a.re 
rhc ones who are likely ro discover the creative things u-can 
do. Many times it s«ms that the router Jig itSClf is our final 
produce, rather than the piece o( fumiwrc, Sometimes we 
miss our on the sound of• sharp blade slicing int0 the wood; 
instead we put on ear prorecrors to mute the whine of the 
three-horse Stan.Icy. Ncvenhckss, the router t«hnology we've 
evolved aUows an «onomica.1 efficiency rhat the professional 
woodwocker caMOl overlook in his scrugglc co ma.kc a livmg. 
I share shop spac, w1th cwo 0<her craftsmen, Dale Holub and 
Bruce McQuilkin. The following pages demonscnu• whar I 
mean about che router by explaining three of the things thac 
hav< evolved here ,n San Rafael: an inlaid wooden handl• 
that Holub rOUtS imo h,s drawer fronrs, the quick moct.ising 
method th.It I use, and a nifty wooden hinge th.Ir McQuilkin 
uses for desks and cab,ners. -Cn/ Oktt 

_;:a 

-
,'b,: dr<'Wf!r troll! ~,,_,, 

Fence 
De¥$ Oil top 
eoge of <JrltWer from 

P<>ruion rnnplau "" 
drau.'ff front and lriU, 

opmmg (A), """l s11ttablt 
u,ashM 10 a,mp,,rsat• for 

¼•tn, •ffs,1 IHtu.#ffl CII/Ur' 
a11d ttmpUlu gNid# col/a,.-, 
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8 

.I 

.... 

0 

E 

F 

""' 
Chi11 1M 011rl11ud ana ½ m. dup ( 8). In ttnn-al, u·allt a., m11rh 11rxlt a., possihl, 
u•uh tJtbff tools Hfon routing to tlN lint. C/a,,,p ,r,np/au 10 drawn- front. Wuh a 
¾•111, rrnmd-n.ou qr rorYbox hu sn to 011 ¼ 111. dup, kg111 ro1imng ,n a "'"'11/.ar 
motion from tlN u11ur of 1/x optmng CC). Wub a tlu,,. arYa m th, m1ddlt, rhult 1/N 
dtpth of (Ill, adp1JI ,j lttCIIJll'), tfxn n'JIII ()NI tM "'"" arta, a,a,, 11p U'tth a 
go11ge, and sand tlx top tdgt. 

Hoid blank. nere to 
shdpe thrcknes:s 

~ 
Handle•shaping jig 

Plant, np and hW1<111 handlr Jt(,K~ to llu. ShaJH tf.w 1mdn-11dt of 1/x 
blan• 01' th, ro11trr tahlt. 1111nx a st-,n. ro11nd(ltvr bu uuh g,nde Hanni( 
(0>. al'ld a Jig for holding the u,ork (drau•1ng). Alttrnatu'tlJ. 1/ yo11 an 
making a n11m~r t;f hanJ/n. Jr,11 ran np and sha~ a JNlfahlt lntgth tJ/ 
,,~-J, to u•1d1h and thuluuss, thm <rfJJSt'III 1nd1nd1111/ hlanlu It> IMgth [r.,r 

/11rthtr shapinx. A ro.uud handlt blank u 1hou·n at lt/1 (E). C/,an NP rdxn 
uuh a dr11m Jander, and try rlx fir. Tran,frr tlN l'Nrt··r of 11,, /ingrr 
a/Jou a11a 10 JIN /aa of J/N hJndk BandJau· tlx t llrJ't of tlN handle and 
11ndrn111 th, /,ngtr Jpau (f). Sand JIN tdgn. Cham/tr or ro11nd ()t'tr 1/x, 
shor.· tdgn. ,~,, g/11, 11H Jxt,,d/r ,,, pl~u (G). ·rJx finulHd drJu·er p11II 11 
OJk 1nla1d 11110 a Jew dr.1uu front. 
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Relying on the Router (continued) 

Okie's quick jig for routing mortises 

This P8 for rouclng mortises is simple tO 

build. and ir produces an accurate jolllc 
chat's easily rcpeaced. le does, however, 
make a round-<ornered momse. The 
comers can be squored off wich a chisel, 
or the tenon can be rounded over to 
march. But you can also rout cqu-al 
mortises in bo<h pieces or wood and 
then iruen: a separate, spline-type cenon. 
Tenons an be npped by the runrung 
fooc, then routed with 3 roundovec bic 
of the appropriate radius co fit Ulro rhc 
round--comercd mortise. 

The jig consists of cwo shoulder 
blocks damped onto the wood, with 
four pieces or hordboard taeked onro 
chffll co confine the cravel of the router's 
template collar. The ccmplare can be a. 
recrangular hole cue inro a single piece 
of hordboatd; I find it easier, however, 
tO make each jig anew to fit the thick· 
ness of the srock I'm using, by assem· 
bling the 11g right on the s,ock. First de­
cide on the length. width and dcpch or 
the mortise you wane. according co the 
strength needed as well as the bics and 
remplace guide collars you have. The 
bes, mortising bits are either spin! end· 
mills or straight, t"Wo-fluce cutters, car­
btde or sett-I. Lay out the mortise on the 
Stock, then clomp the shoulder blocks to 

Qki,'s monu,,tg jig, for 11.1, with ro111rr and ,,tuid~ rof/11,., is ~x~di1io111. Fir/I lay ONI 
m(lr"tiJt, tbm damp .ihoNldn bl«h 10 /«<11 of 11«4, and tarlt hardb«J,.J l#mplat, part.1 
ltJ blorh. Slit of op.11111g dtJ)nld.J 011 of/sn btturnn r1111n- and gNtdt l'ollar, 

the adiacent filces. Mak• sure chat the 
shoulder blocks ore wide enough, of 
sufficient length, and flush with dlC 
surface to be moniscd. Now cack or 
glue the hardboard Stnps m the shoul· 
der blocks, far enough away from the 
layouc lint$«> account for the difference 
in radius between your router bit and its 
guide collar. W,th the jig in plac,, rip 
rhe router imo the rut and run its guide 
collar around the inside or the opening 
you· vc made, procttding ln suitable in• 
ccemcncs to the full depth. 

Two things mak• this type of cut 
easier: a template opening that's wider 
than chc guide collar, and rcmplale 

hardboard that's thick enough co con· 
caa and align the guide collar before the 
bi, gees inco the wood. A plunge rour,r 
(see page 45) is ideal. Walle th• rourer 
dockwis< around the mortise, in the 
bit's direction of rotation. 

1 use chis method enough ro have 
seeded on the mortise widths and ccnoo 
chicknC$$C$ appropriate for my work 
and my tooling. Foe each width of mor• 
cise, I make up a bunch of hardboard 
ccmplacc end·plares with congues, as 
shown, 1ben making a new jig for each 
new mortising siruadon is only a man.er 
of cutting the side plates co length, and 
nailing them to shoulder blocks. 

McQuilkin's inlaid wooden cabinet hinge 

1 : Designing the hinge 

Use h8fd. e•otic wood such as cocobolo. bocat~. rosevvood 
...., 

--/ '\ ( I 

I --'>j ~ 

I I 
2 • l I ' I 

I 
·1 

I 
\ t 

..... ( /' -- __ .,,. 

Taper \here 14 ) eases f,t 
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, 
,· 

t 
\. I . I 

Ji 

F,am,e ~ 
c.arcases.c:kt 

Door 

Ins.de edges 
are rounded over 
fo, clearance 

I 

~ 

~•1n Qroove ,n hinge 
Stfaddfes ~'" tongue 
on carcase and door 

, . 
I 

I ' 
~ I 

' 
, 

~l 

I 

l 
I 
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2: Routing the opening 

3: Routing the tongue 

R0cn tdbbets on both Sides ol hinge 

Maks ternplare the exact sue ol hinge Qt>ef'llll(}-lf'ISJde the 
r<X>gUe, nor ro ,rs sl'><XJk:Jef' Lay ovt open,ng, Ulen banc1.saw 
mosr of waste Clamp remplare ,n place-fence bears on edge 
of carcase or door Rout oper.og to /,n,she{j S'1e /JSlltg s1ra,ght 
bit W!(h 5al'T'le'SIZe baJl-beanng dl:x:Ne CUlMg !lures 

----

I 
·t•---

-­..__ 

oper11ng, USln9 !,.f..,v, pilot beanng on 1...n cutter 
8eanng traces contour fOCJted u, preV104.Js step 

...... ........,_ 

6: Shaptng the hi1"9e parts 

M8k.e (I (Ji,,'W()()(I remolote lt:IOS't/1/"eJ rhclt eJt8Clfy fits roooers rooted N'I 
CNC/Jse ¥IC CIOOt Arrach a llOki-<bwn mechanrSm tDeSr«:0 damps. for 
exarrp(!J to pos,r,on the htoge blanlcs for shap,ng on the f04Jter tiJb/e_ 
,1,,rt, 1 !.$-,n ft.J:sh-tnm b<t -,nd top-mounted gud, ~ 8eanng runs 
on f)lvwOOd re,t'fl()lare 

7 : Final shapi:ng 

raooesaw l;-,o ()fOCNe ar0<¥1C1 />fl9P. DIOCl5 f()( sate1Y (1il(/() curter 
ShOuk:I r,ghtty f11 sAot J11 58W s lhf08t"'4te Use .Jii-O? roundover bit ro 
Shape "'S>de edges of l>n(le 811d carcase tor clelY8f>Ce Give tw,ge "' 
place The ftntshed hinge ar f't()ht ,s oocare, Jet 111ro a tosewood door 

-·-

5: Boring for the brass hinge pin 

Ser vD M<) <Jnb·Dtess 
fences ro tx><e e<Jc.MJis· 
ram from 1hree edges 
ot CM blank FOi b ,._, .n 
hd>ge oin. bore ,.._ N'I 
lhtough mare tongue 
and rtvough top halt of 
.femtr/e wt Bore ,,~ J11 

thtough bC>nom half of 
lemtlll! ,:,arr 

_ .... 1'~.­

i,, - -;,, ,. . 
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Curved Slot-Mortise and Tenon 
Contoured joinery for enhancing frames 

by Ben Davies 

Design dcosions in 9,oo<.fwork1ng cannot be made cnurcly 
for aesthc:u, reasons. Wood ~ not a plasut medium but 

a ng1d on(', and Wt' usually shape tt b)' removing pomons of 
n Our dn1gm arc chus l1m1cc:d by the: up.1b1ht1c:\ of our 1.ut• 
ong tools and our skill :n using chem. To ach1c,·c new 
<;hap('s-to cxpc:umcnt vmh line :md form and the b:ts1c ge­
omc1ry of joining wood-wt: either develop \pet.i:di.i:ed tools 
or adapt our old cools co perform m mno,•am·c: wa)'S, Highly 
speualii:td hand tools, like molding plants. ha\'C limned ap, 
plicat1ons. while more versatile: modern tools. like computer­
comrollcd carving machines. can be afforded onl}· by mdut)• 
U). So there's (Onsiderablt' reward for the craftsman in being 
:able co cxtei\d thc use of general♦purpose tools-1he router in 
partt<ular-m 1magmat1vt war~ 

The following desa1puon of making a curved joint 1s not 
mcam 10 be dc:finirn·c Ra1hc:r. n ,., a tcmau"c fir..t step 
to""ard 2dd1ng 2 d1mcns1on to our work when struggling to 
uh1e\'e a balan(c between gcometri( 2nd organic forms 
\\then we build wt :are faced wuh a di,hotom)·-ai.sp and 
differtnuacc:d forms on the onc hand. -.oft and flowing forms 
on thC' othC'r. Cons1dC'r <hC' rigid control exemplified by 
ShakN aod Cubist formalism ,onuastcd wi1h the Oowing 
a-.ymmelt}' of Art Nou\·c.tu. The d1,ho101ny tr.tOM.t"nds wood♦ 
working and the visual 2rts. For more. read N1ctischc • s diS<'us♦ 

~ion of the Apollon,an/D1onp;i:rn dual11y in his C'SSa)· "The 
Birth of Tr.aged)' from ,hc Spmt of Mum •• 

Using a router equipped wnh an ordinary smught,facc bn 
and a pa,r of guide bushings. plus a shop♦buih fixturC' to hold 
the work and J. bearing template lO guide the router wt. )'OU 

(.tn qu1ddy ,o,uour the 2d1oin1ng -.houlder.. of rails and stiles 
wnh liulc chann· for error. But makmg th(' fixture and 
template requirC's careful planning and accurate work 

78 Fuie llt'oodworku'I! 

Preparing the stock 

Ra 

----------~ 

-
----

Facing shoulders ol ,O,m ,,. 
conu,ur~; rea, Jhoulden ,. 
mMf ~- TIM$~ 
urn for t~ lo$$ of mec./t,Mt­
cal sUtmgth thlt comn (,om 
1educing tM gluing surl«• on 
rM front cl,eek of t.M tenon. 
To JN'l»r• the $lock, ddYten-­
siM frame~ and cur 
to length. Slot tM INHls ol CM 
stiles as though making an or• 
duwy slip jolf'lt,; then cut 11 
ren<>n cheek on the rear lace 
of ..ch lff, bur don't,~~ 
,ny stc>eA from rite front 
f«#S. u 11»$1 will M routed 
to f)IO(Nu ,,,_ cu,wd ---
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Tiu door 01' tlJlJ c.1/nnn shows hou· tor11011rtd JOmery ''"' be 
11ud 10 adf!.:111/.llge. TN uwd h;11 bu" t.rre/111/y sele,ud so 
1hr grJ111 conforms 101ha11r,J/11rrof 1he ;o1111. u·h1Ch repr,m 
1/u xr,,tfrt11rYr madr bJ thrbottom sulr10/1hrcab,,,r1 Tiu 
tu'() bouom JO"'IS of 1hr door fr,im, h,;.,, /Ju,,'"' 1q11Jre, 
.omplrmrntl1'g 1hr 11pprr comers of 1hr &.JU 

Making the llxrure-Thi~ pan of the S)'Stcm consms of a 
plywood base and four rabbeted clears as in the drawing at 
lcf1 hs job lS co hold the r:uls and stiles and to support the 
bearing template. The b~e ~hould be: madt from a piece' of 
-'t.·m. plywood about 1~ m. to 2·i m. square. a suuabk size 
for jom1ng the frames of cabinet doors. The cleats should be 
cut from s.tock whose thitkncss tquals the th1tkncss of the 
frames plus the thtC"knrn of the bc-anng template. usually 
½ m If you're joining \t-10. chick frame membtrs. the cle:us 
must be l¼ 1n. squa.re, rabbeted to an exact depth of½ 1n 

~rnd to a. width of :about 'n, m 
To stt up the fixrnre. position the dtats, r2bbc::t~ m and up, 

on the tdges of the square b~; use :i true framing square to 
orient the de.its at pr«1stl)' 90• to one anothtr (ochtr :mglts 
are possible). and screw them to the base wnh coumersunk 
wood screws. The deat.S should not meet at the corners: )'Ou 
havC' co space thC'm fa..r enough apart so )Our s10tk will slide 
oastly through tho gap. 

The guide bushings-Most routC'rs a..rC' dcsign<'d to a.ccC'pc 
standard guidC' bushings g<"nera.JI)· ava.ila.ble 25 accessori~. 
\'(,'ith a ½-in. bit. ust a '-•in. O.D. bushing with )'Our router. 
but any bushing of this gentral siLC will do. Beuusc: the 
bushing bca.rs against the curved templatt when making a 
cu1. and because you·rc cumng rnmplcmcmarl' rnr,,~ using 
the ')2.me bca..r,ng tcmpl:m:. the line of ,he cm must be offset 
from the curvature of the template. and rwo bushings art re• 
qum:d-a l:argc-d1amcccr one for making the cut on the nil. 

Fixture Plan view showing bearing template screwed in place 

--
-

1Abod<;erev.-sfo1 
a11a<::flo•u1 t)l>,.a1u•1q 

!ttrOl<ilC !O C'OJ1':> -
Ho~s IOI c.amp1n9 SIOCk..::: 

- -
F"i.11turo in ••evetion 
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and a small-diamercr one for cumng the sule (as IS the case 
wuh the exampl,s here). 

Purchase two l-1n. guides from the m2nufacturer; one will 
serve pcrmancmly to hold the outc:r bushing (epoxied to it), 
the other as the inner guide bushing. The outer bushing 
should be turned from brass or aluminum. It IS n«cssary to 
obstrvt tht following mathematical rdationship lxcwccn the 
diameter of chc cuncr (D,), the o.o. of the inner guide 
bushing (D,b) and the 0.0. of the outer guide bushing (Dub): 
Do1, = D,b + 2(0,). 

The bearing templare-This Step involves making three 
scpa.racc tcmplaccs: one that exactly duplicates the curved line 
of the joint, :mother whose profile 1s off sec from this curve 
and parallel to it. whjch scrvC'S as a pattern for che third ccm-

Guide bushings 

See1ion throogh roottr base and bushings 

Aout.,-base 

inner 9'.ude boSh,ng bbl 

Outef guide bushing (obi 1---\ --. 
i--1\--1 

Guide bu:Shings in un 
Rout ~ on rH usmg 04.ltttr guide bushing 

~~I- Beanng temP'ate 

L1neo1 cvt 
e 

---
Rour shouldtN on 6tJe u~ng ume, guHH bu$1ung 

- - -=- f ,,--'1-.. -,-1\1::..---

-A,ea 10 be wasted 

Cleat 

-Be;:wng 1emo1a1e 

l1oeol cvt 

Cvnec 

A tea 10 oe wasted 

1-= ~,--~--...........,....,,....,_ Clea, 

80 Fuie ~'ood .. orking 

Making the bearing template 

Step 1: Joint-line template 

-· 
Waste side ~ --.. ... 

-' ' __ ....... -_ .... 

T 

Oots,oe 
corne1 ot 
hime 

"""""'-=----~---•--..:'-"'-----------' .l 

Step 2: M;,rking gauge 

Step 3: Offset+line template 

-=--::;,,-.----~,....,,-
Ou1s.cle 
cornet" of 
!fame ---

.Ollset-line 1emplate 

Marking gauge 
side section 

011Stil-110f' 
temoi.aie '\ 

Step 4: Bearing template 

, ,n. plywood 
bcar,ng templQtt \ 

, 1n plywood 
011~1- ,ne tempi.ate 

-
Jo1n1 ,nf' 

- 1emo1.a1e-

Scrt1W olfHt-llM temp/at• to 
bottom of bHnng template to 
guidf! router-bit pilot dunng 
cut to produc. a smooth, 
ptt,el$f/lly Vftt"tH;#I( ~ 

.,,.. - -:-:-- :,,,:··· 

Olfset-hne 1em.,..,1e 

Rou, 

0 ---;:::----o ~---__ -..,==-.., 
_-:;:::::::::-
~ _,.. - 0 = Y'~·-..,.-_::::= ... - -=-t-
---

\ ,n on 
edge tor 
ht into 
rabbets 
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plate. the be,mng template icsclf After ,ompos1ng the {urve 
of the joint on paper. taking into a<count the width of the 
rails and sulcs, transfer the lrne to a piece of Yt•in. plywood~ 

then cut along this line with a band saw or jigsaw and smooth 
,he contoured edge wnh • file This b<,omes the joint-line 
tcmpbtc (step l in the drawing at left). 

The next thing co do is co make 2 marking gauge that will 
allow yoo to scnbe a hne on a second template- parallel to the­
curve of the joint•lme template. The gauge is made from a 
plascic disc with a hole in the cemc-r for a pencil point. as in 
step 2. The dis1anu: from 1hc-outside of the gauge to the pen· 
cil point equals the d1Stance from the cuuing circle of the 
router bit to the opposite outside edge: of the inner guide 
bushing (r). which also defines ,he smallest poss,bk radius of 
curvature: in the JOlnl 

Cut along 1h1s offsc:t lme and smooth the sawn edge wuh a 
file. For the bearing template- itself. dimension a piece o( 
1h-in. pl)'Wood so that it is slighd)' smaller than the inner di­
mensions of your fixture and so 1t.s comers are ahsolutd)' 
$qu2rc. On two adj2cc:m sidc-s. S<'nbc lmc-s that :uc exacd)' 
½ in m from the: tdgt and paralld to Jt Thtse lmc-s mark the 
bound.try defined by lhe inner edges of the cleats on the-bot• 
tom of (hc- bcanng template- Now posiuon lht offset-line 
template as shown in stc-p 3 and sc.rew it 10 the bouom of 1he 
bearing 1c:mpl:ue. It should abu1 one of the deat lines :and be 
pos1uoncd out from the Joint I me (drawn on the btanng tem• 
pl11e) wi,h the help of the marking gauge. Using a straight­
face Oush cuuer with ns pilot ~nng against the offSC"1-line 
template. cut the cur.-·e in the bearing 1cmpla1e (step 4). Ii 
m:ay 5<'tm like a lot of trouble to make-one templa(e just (O 

cut another. but only by routing the- curve-on tht bearing 
1cmpla1e on you gtt walls that arc smooth and perpcndi<ul2r 
10 both fat.es. 

Next bore four I ¼•in. d1amc1er holts m the bc:mng 
template; thtS<' pcrmn )'OU to damp the rails and sules into 
plau for rouung. Also bore four p1lo1 holes for wood screws 
on the templatt\ edgC""> ,md c.oumer..1nk them on both 
s1dC'S-cop and bonom. This completes work on the fixture 
:and bearing 1cmpla1c. 

Rou,ing the joinr.s-After prepanng the: :,tock, pl:acc-tht 
frame membc:rs in then respective posnions and mark each 
end :as shown in the drawing at right so you can orient them 
properly 10 the fixture. \'Q"ith the bc-ar1ng cc-mplatc scre9.ed 
into position. cl:amp on(' of 1he stile ends ($1) into plac;c so i1 
1s Oush against the 1ns1dt de~t and so the c-nd-gr:un edge 1s 
lined up with che inside-edge of the top cleat. Auach them­
ntr guide bushmg to tht router. and set the bn to a dtpth 
that c-quals the thickncs:s of the ch«ks of the monist on the 
sulC'S. lnscn the bn and bushing into the entry arC2 and rout 
rnwards the corner. holding the bushing firmly against the 
bearing 1empla1e. Make only 2 single, careful pass when COUI· 
mg the shouldtrs on 1ht stilc-s. Now rout the oppo~uc: end of 
the other mlc (S;). 

Remove che inner bushing and auach the outc:r bushing 
lnsen one of the rail ends (RI) into tht fixture so It 1s flush 
against the top cleat and its end-gram edge 1s m line: wuh the: 
ms1dc edge of the righc-hand dcat. Roui the tenon on the 
ml, fim w11Sung most of the st0ck 2nd fin2lly m2k1ng one de­
cisive pass wnh (he bushing preS:S(d firml)' against the curve 
of the bc2ring temphue. Now rout the tc-non on the oppomt 
end of the other mil (R}). 

Positioning of stock for routing sequence 

s• 

i' 

R• 

Cur uu,<m$ on rtJtl$ (RI 

Cvt slots ;n s~s (SJ 

S3 RJ 

0 0 

s1. S3 

o'. 

Rt 

A2 

Use OCIUN guide bushing 

0 e 

R1.R3 

Fl,p bHr,ng temp/at~ dl./J(}Ohlllly. 

Use iN>er guide bushmg 

0 
S2 S4 R2. A• 

0 

0 0 0 

S1 

S2 

0 

0 

At this point )1ou·ve cut half the Joints for one frame. and 
they arc diagonally opposc:d to one another. To cut the other 
pair of joints. you will have co flip the be-anng template and 
screw i1 m place on the opposite corner of the fixture. Then 
repeat the c,H1rc prouss desc.rib(-d above. now for S2, 54, R2. 
R4. On the batk side of the frame the JOtnts are left square. 
wh1rh in,rc2.Ses the strcng1h of the joint. \Vhen )'Ou're done. 
:all four joints should fo snugl)'. and their curves should 
match up without a flaw. 0 

Btn Davits owns and optratts /\111n1in Wo«iworh in 
Cha11anooga, Tinn. Hit arridt on framt•and .. pantl tntry 
doorJ apptars on pagt j6. 
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Decorative Joinery 
Leading the eye around the piece 

by john E. N. Bairslow 

The most imponanr demtm in the craflSman's re pc-noire is 
t.he wooden joint A I though its funcuonal dcvdopmcm 

has been extensive, f--ascinaung poss1bil1cics rcm:un uncx• 
plorcd for using the Joint in a decorative- c2pacity. Histor­
ically. dccoracion has more often bctn suppkmcma.ry. ap­
plied to the pu.·cc-of furniturt'. rather than integral with iu 
construction. Carving. inlay and marquetry have been ~d 
exccnsivcl)' in various forms. while joinery. although potcn­
tlally 1he most inu:rcsung dcmcm, rcmarns qu,c-sccnt Few 
historical examples exist where the met.hod of construction 
pla~1s a major ,,15ual rok in the finished work. Thus Lhe 
de-signer has become ac«momed to creating an aunctiv<' 
piece of furniture using shaped and decorated pans, while 
slicking to stand:ud joinery lxncath. 

I choose: to stan dcs1gnmg a piece of furniture by consider­
ing the decoruive possibilities of iis jo,nc:ry. This 2ppro2ch 
m2kcs 11 possible rn use: fairly simple: forms. 2nd to crc:atc: the 
mu12I \'1su2I 1mp2n through the: joint Most standard carcase 

jo1ms. the dovc:tail and the finger joint. for instance, rardy 
relate well co thC' form of a piete of furniture bc:cau$(" they 
coocemrate all the intc:rt$t 2long the corners. This tS fine tf 
)'Ou arc close tO the pae<e and c:rn appr«iacc the proportion 
and accurac)' of the jomts, bm 1f you arc vieVl•tng it from more 
than a few fret, then thC' most strikjng lhing will be the ovtr• 
all form and not thC' beauty of thC' dC'ca.11. 8)' dC'sigojng dC'co­
rauve joints that C'Xtend beyond the lo(ality of each comer. 11 

1s possible to sLimul,ue tha.t first 1mpres:s1on at the: JOlnt yet 
bring rhe viewer's t)'C' around the rcsc of the p,ecC' 

E2ch of the joints d1scussC'd on the following pages is a.n 
elabora.uon of a basic jo1m. in most uses the finger joint. I do 
not stt out co d~ign a d«orauve JOJnt wuh a. pa.mcular 
machine or proccs.s in mind, but I do uy to produce them all 
with equipment usuall)' available to the designer/cra.fcsman. 
SmalJ,workshop ma.chines. pamcularty the router, a.re vers.a­
cilc, and we should look to rhem to help carry out creauve 
processes r.tther thar) sticking to thc:1r convcnuon2l functions. 

Ag. 1. laminated finger joint The first joint, 1llustr21cd 2, left. is 
probably the simplest both vtSually and 
,onstruuionaU}. To make it. begin b)· 

l2minaung \'enecr to the fa.ce of a. wide 
boa.rd to produce the smpc In the 
pan('L The thickness of this boa.rd. m­
dud,ng the ,·t"neec combinauon. will be 
the width of the: lam1na.ted fingers ,n 
the joint and is therefore an 1mpona.nc 
dimension. When the glue i.s dr)', np 
the board into suips. the widths of e2ch 
will be thC' th1cknN of the: panel Earh 
panel (ca.sc side) is made from 2 comb1• 
n:uio1) of the~ slCips 2nd of unvencered 
sm~. Tht)' atC' t.rosscut to alternate 
lengths; the shorter onC's determine the 
1m.1dc: dimension of c:ach side of the 
finished carcase:. and the longer onC"S 
determine 1he outside d1mens1on 

Clampin; fixture ,,,-VeneE.--1 

'\ Groove to I "dU 
shoulders 

Mak# th# ,o,nt by first lammating 
~ to • ~ t,,o.,rd to form 
tM $Cr,,,. Tr..n np thlt r,,,,.,d 
lhtO St.rip$ tht! wrdth oft,,. thick· 
neu ol rour urc.-u AJr-,nace 
the# Stnp$ wrth un~ 
stnps to lo«n tM panels of the 
CINCIJ$e, U$U)fJ the f1xturt Shewn 
to glue up tM pan$ 1ft lhelr 
proper r,,/afive po$1fl0n 

82 Flne \loo<l"'urking: 

~ _, -
~ 

~ 
-- -

When all the strips hne been pre• 
pared. a simple fixture 1s required to 
glue up the pand whilt' ma.1nta.ining 
th(" staggert'd formation 2t che ends. It 
ma.)· be difficult to gee each smp co he 
flai wnh only ,,de prc»urt of the 
damps I h2ve used 2 press that provides 
both vcruca.l and horizontal pressure. 
2hhough it i.s possible to surface and 
1hickness•planc lhese pa.nC'ls aflC'r glue• 
up wnhout affecting the joint, provided 
th:u t.he grain of aJI the suips runs 10 the 
same d1rcc11on. 
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MaJ<4 tl'N$ JO«)t by first shearJf)f} off t"- 00/f'N/N'S 

of the t:Omp()nortl$ on II gu,/lol!M ITII'(-,, bol(, 

sl>ctper OI (~ RW Then slot the COmpont,nts 
'Mth B l()Ul(Jr, • shapN Of II table uw, Md as• 

The second cxan1ple. 1llu·uratC'd abo.,,·e. 
1s again basically a finger Joint, bul HS 

construcuon is tnurcly different from 
1he prc\'ious one. Visually. the jomt is 
t0nfined to the comer. which is some• 
1hmg I cry to avoid. This drawbad:: can 
be overcome br gluing up the panels 
wuh veneer between the components, 
so that thin linc-s conncct the V-shapcd 
"fingers" from corner to corner. 

Cut )·ourst<Kk to the required length, 
width :and thickness. The length is the 
distance bc-cwetn shoulders of the con• 
suuned panels (th<; 1n.:.1dc dimensions 
of the c:2rcasc). The width of each com-

The third joim. shown at nght, employs 
dovr:ca,I pins to lock a miter jomc in 

boch dtr('ctions. You can vary the length 
and width of chest' pins for decorauve 
effect. Prepart each panel to the correct 
lcngch. width and thickness and con­
Hruct thc ca.cease using a simplt mittr at 
each comer. Depending on the: size of 
the carcasc-. the dO\'C'tail slou arr nu u~­
mg either a router table (or shaper) w,ch 
a dovetail cuner. sliding tht' c-arr.i...\C' 01,·cr 
11. or a ponabk router 1n cOnJuncuon 
wuh a simple jig to guide the roucer 
over thc c-arcasc-. 

Afler you ha\•e cut che slots. make 
sliding dove1ail pins to fit ,mo 1hem b)' 
rnmng one ;mglc on the jointer and 
then cutting to rough w1dch at the op­
pm1ng angle on the cable saw I next S('• 

cure eac:h pm to a block and run u 
through the shap<-r. though che p111 

,ould " well be hand-planed 10 final 
f1l. The ;lot; can end square 01 be 
rounded off. If )'OU prefer 1he 1:mer. 
vou can round the pins tO match on the 
disc sander 

Fig. 2. Fing♦r/spline joint 

se~ usmg plywood sp/me$ A ..,(Jr!"' sttip 
CIM ~ #Jddfld bfttween tJ>e panl!/$, 11$ $1,o,wn in 
the draw,ng ar r,ght, to !Mu.ally lmlt. thft corners 
Oft"- CM'Ca.5e. 

ponent I.) ("\\,'ice that of the finger in the 
JOJOl If )'OU """m co USC contrasting 
l,nc-. 10 \'i:sually link the corners. apply 
them '° the edges at this suge. The 
thickness of thc-st \'encers should be JO• 

cludcd in the width of the components. 
Next. cut off c.he corners of ca<.h <Ompo­
nent at 4'> • To achie\'e the accuraq• this 
joint requires. I recommend using a 
guillotine rnner box and making 1 pat• 
tern to clamp co cht top of each piece 
aga.mst which )'OU can loc.icc the gu1ll0• 
tine blade. Altcmacdv. you can clamp 
all the components cogethtr face tO face 
and remove the corners in one opcr-auon 

T 
' 1 

F1N)H•S. 
rt,1li J!> Wlde 
,J:o; P¥1el 
compo"'°'n1 

Component proportion, 

on th<' spindle shaper or uhing-:ubor 
cable saw. The concrascing fingers can 
also be rut ,n onc of theSC' wa)'$. The 
panels arc glued up with the: :ud of a fix• 
cure like that shown on the previous 
page for construcung tht first joint. 
Wi,h ,he panels assembled. groove 
1heir ends, as well as the end of each 
finger. for thC' plywood spline. You can 
cu, th<" grooves using a router, shaper or 
cable saw; in the latter two cases, cu, the 
groovt before gluing the outer compo• 
nenti to che panel, and finish by hand. 
A 11g 1s required to hold the fingers 
while canying out chis opcrauon. 

Fig. 3: Oovetail•kty joint 

Thd J(),m 1$ ~, mtt., into wllich you tout 
dovtt8f/ llort ro /,f doV(ttM kt1ys. T~ size of the 
keys Clltl ... a,,y. TM photo. IOwtN ltllt, shoW$ this 
same feature uUd m • f,ngtN /()mt 

........ 
• 
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Fig. 4: U•joint Making thts pint f'tlq(.Jll'U 
.,, overarm router IMt.h 
-gwd,p,tt/lndjg,. 
as shov.m btJ/ow. 

inner oo-t•oo ot u \ 

~ ~ 
Roudng pane.I sides and inner portion of U'a 

~ 
I.Ju ,,_.,,,, p/#tt ,n wmr:11 U-~ has bet!t't m1Rt!d Mid 
reg4trat10n hole.s driled to gUlde rwre, m currmg 

plywood Jig/(, Regisuat1on ·-.~ ~ (Plywo,()(1119 

-a>~ c63 --
Routing U-shaped Inserts 

To rout iNHN cont(XN of u, lint ma1c, 119 by curring • 
slot, Utl! um. width n thf inntN ponion of the U and 
~ tht /tJngth in on, lace of a piett of plywood. 
Turn thts oWK to rvn on gl.Nde pin of ow,amr rourttr, 
mount stock to other lace. ahd rout. 

Stock 

PossJbJe variation.s on the joint 
-, 

84 t·ine Woodwo,k,ng 

Turn Jl9 over to run on g.uwie pin in 
OVf!ll'tllffl ,oure,, Tack,g(ue a plywood 
b«:king to stoclc, and screw stock to 
jg on router tab#!._ fftv,ood_ 
back;,,g...,._.,,,.,_,_o1 
u from l1yittg imo currer up<>n 
bf:tng #JW'ltH from stock 

Stock 

Plywood back1 

To rout ou,er contour of U, vu 119 as shown 
to hold ,r(X)t. Md to ~ rt past p,n, 

Hold-down __-

----• 
~--=,,.~' lOCk 
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Prob:ably the- mosc sucttSSful of all my 
decora1ivc ringer J01nts is shown on 1he 
facing page. h US(S conrmting inS(rtS 
10 cre2te a panem that flows around the 
comer. cominualJy leading the eye 10 
and away from the joint. It is possible 10 

link •II ,he jointS of• c2ru.s, by caking 
1h, hne the length of the panel The io1m 
requLrc-s the ovC"rarm routC'r wnh the ajd 
of a jig cons1ruC1cd using a metal 1c-m• 
plat<'. On th<' milhng machine. cue one 
U-shapc into a mc:tal plate :.1nd drill thc: 
centers for the radii of Lhr remaining 
U-shapes. From ,his. rout ,he plywood 
Jig with all the nece«2ry U-shapes. To 
retain 1he inner pan of the U, which 

The final joint. -abo"r :and right, is the 
most cime•consummg to produce. but 
the many variadons possible make- the 
effort worchwhilc-. The length and 
cutoff angle of the fingers can create any 
panc-m the drsigner wishes. Basically. 
each panel is made from a numbtr of 
strips with the alternate ones crc-ating 
the- panc-m. Each strip is milled to the 
dimc-ruion o( the: finger in 1hc: joim. 
The decorauvc p1«es .ire then cut to 

lengch and the- required angle cut on a 
guillotine micc-r box In rhis example. 
each consecutive strip varies by an angle 
of l) • 10 product the curved cffrct. The 
contrasting pieces a.re-tacked together 
with glut, end to end. which holds 
them until thr panels arc con.sttUc-ted. 
The end of ach plam stnp forms chc­
shoulder of the JOmt, so the length of 
the snips should bC" finishc-d to the in­

side dimension of the carcase. Each 
panel can theo be glued up as for the 
joint shown in figure I, page 82. 

These arc just five of the many joint 
variHions I have: dc-s.&gncd-all give a 

would orherwi.se O)' into the-cuuer upon 
btmg S<paratcd from the scock, glu, • 
thin plywood backing to the stock be­
fore routing. Allow for ,his thickness 
when sc-uing the cuuer depth. Secure 
the stock co the rC"vcrsc sidC" of thC' jig. 
ind place the jig over the guide pin in 
the ovcra.rrn router cable. Make the ini­
tial cuts with a cunC"r smaller in diam­
eter 1han the guide pin. to waste most 
of the srock. After rouung. the plywood 
back.mg can be pried off the stock and 
chr inner portion of the U's retained. To 
m:1..ke the U-sha~d insen..s. rout 1hr in­
ner contour in an oversized blank (largr 
enough to accommodate rwo U's, which 

wiJI latc-r be sawn apan), chen US,(' ,.his 
nega,iv(' space to locat<' th<' blank on a 
jig that guides the router around the 
outside comour. 

Whrn all the components hav(' bcrn 
madC". it remains only to glue them 
back into thr voids in the panels. Thr 
insens arc of such length rhar the joint 
is created in this OJXrarion. Btt-amc the 
comras,ing U also forms a finger in the 
joint. visual conunuity is interrupted by 
the end grain. This can be overcome by 
mitering e-ach insert, leaving the end 
grain of the light wood only. This rt· 
duces the gluing area of the- joint but 
not enough ro jcopardiu itS strength. 

~ C"'.,,....,_ Ag. &: Segmented flng•r Joint 

~"~. ~·., ¥ :; ~--~ - ~v: ~ ~----~ 
• ""........ -- ~ 

-~~at'. ~ 
........ .-- -- -

• ----~........ .iii-"- cs ' .- ~ 

~ 
':0::: ,,__ 

MaJuJ chis ,o,nt <>I any ~ of 
r,ng•d- -r,, ,ngt,ng v.. _, 

to form the partem Tkk-glw the Ntngchs roger/KN 

dc:(ora1ive effect when used on .iny­
thing from small boxes to the largest of 
ubincts or tablC"S. There-are many other 
ways to USC' joints dc-corativcly, and no 
matter how bizarre-an)' idea may SCC"m, 
it might bt quite effecUvc-put 10 proJXr 
use-. I alw2ys makC" a ~mple of any joint 
I design to as.scss its visual cffcet, exper• 
ience !.he problems it will give in pro• 

"-1or• glu,ng up the panels. which CNJ be 
done ,n a jig SlflVar to tM ~ 

s11o<wn m r,gin ,. 

dunion and dC"Cide how it can be effic• 
irntly madr. Of course. these join cs ~kc­
longer 10 produce- thw convrmionaJ 
ones, but the advantage- i.s chat any dee• 
oration needed in a piccroffumicurc is 
already built in. 0 

john Bair11ow d11ign1 and builds 
f,1r-nitun in Lougl,b(Jrough, England. 
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Three Decorative Joints 
Emphasize the outlines with concrascing veneers and splines 

by 1age Frid 

I· ve been a craftsman and dcsignC'I' for 5 3 years and a reach­
"' for more than 30, but I'm still learning. My srudcnt1 

keep me on the baJI by always asking quest.ions. I experimem 
co come: up wich new ideas and sampler oc better ways to do 
chings. Student> usually don't ask for help unul they are in 
trouble. By then they have a big invcscmcnr in time and ma­
terials, and we have tO figure out some way co fix the miscake 
so it dOC$ nor stick out like a sore thumb. 

Doveuils arc difficult for rhc begmner, and I have many 
nmes shown how ro foe a badly fitting dovetail by inscrtmg a 
piece of veneer. When I thought mott about chis crick, I 
realized you could outline the whole joint wich veneer of a 
different color for a nice decorative effect. lbe rechnrque also 
wor-ks on other ioinrs, such as the morci.sc:-and-ccnon slip)Oint. 
Another kind of decoracive ;o,nc is a three-way miter 9.tflert' 

the screngmm.ing splines arc also emphasized m a contrasting 
wood. This is an attractive ;o1nc for framed cabineu, rabies 
and Stools. Here is how ro make these three joints. 

Outlined doverail.s-'lbe joint is laid out, cue and fit ,n the 
$a.me way as a regular through dovetail. The veneer inlay that 
will ourline the base of the pins and rails is glued onto the 
inside face of the mating p1e<:es before the joint is cue. 1bc 
resc of the outlining i.s done after the JOtm is glued cogether. 
Gauge the usual depth-lines around the ends of both p,eces. 
To house the inlay, cue shallow rabbets up ,o the gauge line 
on the insid<: face of each piece. If you cu, the rabbet on the 
tablcsaw, sec the blade as high as the gauge line (the thick· 
ncss of the dovewled pieces). Then set the fence t0 cu, the 
rabbet slightly shallower than the thickness of the veneer. 

The grain of che veneers should run in the same dirccrion 
a.s the grain in the pieces co be dovetailed. Jr's easier co trim 
the inlay flush afrer the glue has set than tO fit it perfectly 
bcfo<e. So cut the venttt slightly ovmitt. Be sure the join, is 
perfectly tight wh,re th< end grain of the venttr meecs the 
solid wood, especially on the pins piece because the veneer 
will be visible on both edges. Glue and tape the inlay in place 

, Cvr 1ahber 5/,ghtfy Sil~ than 
,.eoee, rt,,ct.ness 

Dark ~nu,. inlays OHthnt tlx p11t.1 and tails of this 
d,rorativ, Joi,,t, 

(j) 

2 Cut inl">' w>neet silght/y OH~SlZe 
Tnm. scrifOe and sQnd fA.ISh afrer 
rheglt)eh& se, 

3 Cur donnoo .ts us1.181 
4 OJt ~ Afl(O gtv(KJ·IJI) jOi()( 

S8'wkttrt tS Sltght!'t less tf)a(I vetieer 
11'\1,fy 1h,ckness Be Cilrelul not to 
CUtbt?lowgdUl}elrr>e 

5 Gr.w, of Inlay runs tn SJme dlrecr,on 
as gra;nofp,ns 

6 Tnm and sand oversued .ll'llays 
aftet glue •s dry 
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and clamp 1t tighc. When the glue has dned, lightly scrape 
and sand the ;nlay flush. 

Now cut and glue up the doverails. The vene<>r will line 
che base of the pins and tails. To add the v= thac will 
complete che outlining of the joints, saw diagooally along the 
line of the ,omt between rails and pins. Use a saw thac cues a 
linlc thinner than the thickness of the veneer in.lays, and be 
sure the sawcur doesn't go below the gauge lines. Cut trian­
gular pteces of veneer for the inlays. Orient the CUC$ so chat 
when the pi«es a.re glued in, thetr gram will run in the same 
direcnon as chat of the pins. To fit the inlay pieces ,n the 
dunner sawkttf. you n«d co compress them a lmlc by ham· 
mering rhem Of by squcc:-zing them m a steel vlSe. 

Now put some glue in the kerf-n0< on the venccr Rub it 

i.mo the sawcuc, usmg your finger co forct it in dCC"p. Slide 
che veneer mro the kerf. It will pick up moisture from the 
glue and sweU for a pcn<et fit. When all che inlays have been 
mscrted and the glue has dried, cur off the veneer \virh a 
sharp chisel and finish•sand. 

Ouclinecl mortise-and-tenon slipjoinc-This joint can also 
be dccorared wirh mlay. in the sam<" way as dovetails are 
&fore you cur chc )(>int. rabbet dw-1nsu.le edges of each piece 
for veneer. If yoo cut the rabber on the rablesaw, use a back­
;ng block fo, more bearing surface against the fence. Flush off 
the glutd"()O veneer. then cur and glue up the joim as usual. 
To complete the veneer oud~. saw diagonally down the line 
bc:tween tenon and mortise. Cur venttr crianglcs slightly larg-

er than finished s;,e, and compress them to fie the kttf. Rub 
in glue as for the doveuil; you can use a mechanics' feeler 
gauge ro get the glue all the way in. Slide the veneer in, crim 
ic and finish-sand the joint when rhe glue is dry. 

A surer. easier way co make this joint is ro glue rhe veneers 
on rhe rwo cheeks of the cenon before che ,omr 1s put cogeth­
er. Rabbet and veneer the uu.idc edges of the twO pteces as 
before. TilCn cue rhe tenon and glue the veneer onto irs 
cheeks. Allow for the veneer thickness when laying out the 
tenon thickness. Cut the mortise ro fit the veneered renon -1.nd 
glue up the joint as usual. For doverailcd or shpJOinced p;cccs 
made of thicker wood. chc inlay could be thicker coo. 

Decorative splined miters-Thert' a.re other 9.'2fS beside$ a 
veneer ouchne co emphasize ,oinrs. A strong. decorative and 
quire simple joint to make is rhc sphn~ miter frame. as 
shown on the next page. I made this three-way miter frame 
jolnt with wood chat is square m secrion. For demonscrnion, I 
made only one comer joint-in a table you might have fow, 
in a cabmet, eight (one at each comer of a cube). Glue to­
gether the joints of the m1tered frames. I use hoc hide glue 
because it sea fas<. Ncx~. cut the grooves for the decorative 
splines. If you cut the grooves for the sphn.es on a cablesaw, 
use a cradle tO hold the p;ece at • 4 5 ° angle to the table. I 
cut a notch in a 2x4 co make a cradle. For $U'Cngth and 
decoration I put in sevcraJ splines. 

Clean up the surfaces after the glue has dried, then bevel 
or miter one side of each frame along its length 50 they will 

Cutting rabbet for t:lipjoint inlay 

Plitce to be morhsed or 1enone<1/ 

Use baeking l)l()c:k to get 
more beanng on flf) fence 

Outlined rnortise•and-tenon slipjoint 

I Rabbet inside 
edgeS (N'I td()le­

$8W ro ~ depth 
equalto~--eneer 
thickness Add 
~r.s before 
cutt,ng morr;se 

"""'""°" 

·~ 
Height of sawblade equatr. 
Width of frame peces 

i\ft,rl ut--a nd • IM1'11 
1bpjo1111 can k 
0111bn1d ,,, f,,'ffl.ttr 

m tllbn- uay 
sh<m-n /;,e/(IW, 

2 Aire,. ,OU,l tS ~ 14', 

-~along 
the lm,e of the 
rnorrJ...-.e Kid ter)O() 

/ 

I R8coer d'l$ide edges iJnd 
«Jcj tnlm before mortise 
,y,a tenon Ne cur 

Method II 

I 
( 3 Cut moa,s,, to 6' 

2 Cvr tenon and glue~ ro c:neets 
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Thnt ,,aria110,u of 11N dtt~anw 1pli11,d mit'"d 1oi,11. Piut wirh a11gl,d /«ts, at right, i.s th, MOJI diffir11/1 of 11N 1hrt-t 10 makt. 

Decorative splined miter 

\ 
Cradle, 211.4 with 90" notch 

3Mllspl,OeS 
51,Qhrfv tfwcker 
1han grooves 

fit cogether. You can do chis with a hand plane or with the 
cablesa w. With the cablesa w, mount a piece of wood on the 
rip fence, rilt the blade ro 4 5 ° and run the blade slightly imo 
d1<e wooden fmce. Use rrial and cITOr ro find the righ, setting 
of blade and fena,. YOU can leave a %',-in. shoulder on rhc 
mitered piece, ro bear againsr the fena, beyond rhc sawcur. 
Phlne this shoulder off before gluing up, or lose it lacer by 
roondang rhc edge. Don't srand dircaly behind the blade 
when you make thi.s cut-the waste-can be thrown backward. 

Next make a groove in the mircred side for a hidden or 
bhnd spline. using the cablcsaw or an el«uic router. The 
joint is long·graiti ro long·grain. so this spl.ine is nor for 
Strength bur for gemng che comers co align if you glue up 
using damps. If inscead you wrap strips of inner-wbc around 
the )Oined pieces. sttetehing it as you go, the comm will align 
and the spline won't be nccCSSMy. I have also used !4•in, $ur­
gia..l tube; ir's inexpensive and works better. 

You can round off c:hc: comers, as in the phoro, rop center. 
~ore gluin8 up. I shaped the curves on a disc sander and 
dry-fit rh(-m fO makt surt they lined up at rh~ jomt. 

88 Fine ~w«k,ng 

5 Move fence 10 leh side 
olsawbl«Jtl SetsawOl«18 
at 45" run blade ,nro 1NOOder> 
fence attached 10 np fence 
Cut Jong-gram mrrer 

6 Use~ to 1tt',e up comers ,t vou glue up IMlh C<lamps 

For an interesting efftct, you can put an angle of about 
I 5 ° on ,he faces of the frames, as in the pho<0, ,op right. 
ThJS ,oint is matt difficult to make. Before gluing the frames 
rogerher I npped one race of each piece at a 15 ° angle. These 
bevels all should be on the front faces (in the same plane). 
You can use the same kind of rablesaw setup as for ripping 
the micers. lbese rues muse be very accurate. Fi.rush-sand 
these faces before m,renng and glwng up each frame. Then 
cue the sawkerfs and glue in the splines. 

Next miter a long-grain side of each frame and rue the 
groove for the pOSicioning $pline if you are g.lulng up with 
clamps. Then rip the ouuide faces of each frame (<ha< is, 
where the decomive splines appear) 21 15 ° aod finish-sand 
rhe:m. FinaUy, glue che rwo frames co each ocher. I like chis 
,Oinr and am going co use it in a framc-and•pancl cabinet­
when J gtt dl<' cimt'. D 

Tag, Fnd, a Dan11h ca/;,nttmaiur, 11 profo11or tmfflt,u of 
wo«lworking and f11rnit11rt dt1ign al tht Rlx>d-1 Island 
School of Dmgn in p...,,;d,nc,. 
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Template Dovetails 
Another way to skin the cat 

by Charles Riordan 

,::,or centuries the dovm.il joint has been the most S2tisfactOI)' 

r method of joining two p1CCC'S of wood meeting at the end 
grain h's especially appropriate for drav.·cr and c~ construc­
uon. The joint is suong. durable and decorative. ont of the 
hallmarks of the ma.s,cr aafrsman. Howe-vc-r. the tyro need 
not approach dovetailing with a faint htan. There ire indeed 
many ways to divest a fdinC' of its fur~ I believe using 
t('mplues is the b(,s1 way to produc<" dovetails. The method 
de-scrib<-d 1n this aniclc, with Sp(Cial attention to drawer con­
struetion. owes il! inspiration to Andy Marlow. whose Class,c 
Fum1111u Pro1ec11 (New York: Stein and O-ay. 1977) de-scribes 
2 s1m1l-ar approach 

Templates can be made quick.Jy and usil)' using the sheet 
aluminum stocked by almost any hardw2rc Store. The photo 
top right shows the tools I use. The scratch gauge. photo 
right, is a machinist's gauge made b)' St.arrcu Tools (ALhol. 
Mass. 01331). and I use it for both laying out the templates 
and marking the boards for the dovcuils. Ov('r the years I 
have found chis marking cool ea.sicr co use and mort accur2.te 
than tht conventional cabinetma.kcr's marking gauge. 

CharltJ Riordan malus prriod f«m1tu~ in Oan.w,lk, N. )". 

To make the-ccmplatc, cue a puxc of 
aluminum 2.bom 4 in. wide and long 
enough tO span th< width of the stock 
you 2rc joining. Mak(' sure that the bot· 
tom issqua.rc co both s1dC'S Don'c count 
on the shccc you buy at the hardware 
store being square at c-ach corner; check 
it. Sc-t chc scratch gauge to the th1ckne$S 
of your drawer-side stock. or the mxk 
vou will cut tails ,n. and mark the sidc-s 
~f the ctmplatc-. You will be able to 
make- cwo tempi.ices from chis one 

sheet. one on eath long side. 
Determine the number of pins n«es• 

sary for the depth of tho drawer and 
mark their centers on the template us­
ing either a rule ac an angle or the divid­
ers. stanrng so the bottom pin JUSt 
misses the groove for the dr.twc-r bot­
tom. I u.st' the bouom of t2ch boa.rd as 
my rtfrrence edge for marking chc­
picccs. With che proper pm spacing 
marked. set chc bevel to the desired 
angle, usually t)•. a.nd m1rk the pins 

B. S111pp111g tk templt11e 

on tht template. Ltave just enough spa.cc 
at th< pointS to allow th< jigsaw blade ,o 
enter. Ta.ke a sharp-poimed knife and 
score the bases of the pins (A). Laying 
tht top blade of tht tin snjps in the 
S<r.ttched lines. cut the sidC'S of the pins 
slightly through th< baseline (B). Then. 
with che long-nosed pliers, grup the 
waste me-cal ac the pin b2SCltne and 
orcfully bend it back and fonh until it 
brc-:a.k.s off (C). A litde touch-up with a. 
fine filt and your template is ready. 
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Hold 1he boards 10 be marked for ,he 
mis firmly on your b<n(h either by 
clamping or wnh b<n<h dog,. uave 
enough space above the dog 10 hold 1he 
squar<' against lhc bottom .1nd c-nd of 
the board. and bun the ccmplat<' 
agains, the square (D). Hold the tern· 
pla1e firmly and mark the 12tls (E). l1's 
imponant hNc that the scratch awl bc­
sha~ncd to a needle point a.nd th:n it 
b< hdd a, the same angle for c,2ch muk­
ang. an angle that will ensure that the 
po1m follows the template cutout un­
erringly. Observe th<' gr:ain direction 
and mark so that r.hc gra.in will force the 
point of the scracch awl against the 
guidt. The consistency of the marking 
will dcu:rminc the accuracy of the joint. 

To mark the pins. I p'2ce the board 10 b< 
marked in the vl$C with a flat back-up 
board cxtcnding slightly 2bove it. If 
your viK 1s too narrow to cxen pressure 
across the whole width of thc board. use 
a C-cl2mp or two w ma.kt sure there IS 

no gap b<1wecn the b2ck-up board and 
the piece to be marked. Pl:act the ttm­
pl2te on che end of che board 10 b< 
marked and firmly against che b2ck-up 
board Abut chc template against a stop 
held against the lower edge of the piece 
co b< marked (~) and mark the pins. 
Herc again I muse stress che importance 
of the angle 2.c which the scratch awl is 
held: a few degr«s vuiation will rcsult 
in a poorly fimng joint. csp«lall)' if the 
errors arc additive 

With a small square and the Kra1ch 
awl. mark the ins1dc facc of the drawer 
back (or front) for the wide side of the 
pins I find th:u 1t helps also to made the 
narrow side of the pins on the outside 
face for through dovetails. es~cially if 
the-wood 1s not fairl)' straight-grained 
Now c2ke a soft, black pencil thal has 
been ,.harpc-ned to a c.hisel poim and 
trace hgh1ly over the scr.uch m2rks (G). 
Tht\ will leave the center of C"ach S<:racch 
line dea.rly defined as a 1hin. light line 
btnvttn the black pencil lincs. 

To cu, the p;ns for a lipped (rabb<ttd) 
drawer front I use a router. with che 
drawer front damped venicaJly in the 
YISC (H). To give the router a firm ba.sc I 
damp a pt«t of hardwood 3 in. thick. 
4 \ii in. wide and 12 in. long to the face 
side of the drawer from. I also clamp a 
stout pi«c of hardwood to !he inside of 
tht drawer front both to prottct the 
piece from damp marks and co an as a 
stifftn('r. lnsttad of using the routtr 
guide ftnce l use 2 fence (or b2ck stop) 
fastened 10 the heavy base board. I find 
that this gives firmer control ovrr thr 
router and less chance for tipping or 
wobble when routing t'nd gram. This lS 

90 Fine ~v.,:M'king 

D. Post1101t111g tnnpl.ite o,, tit,/ bwrrl 

F. Po11110,,,11g temp/(1te 011 p11, bo,,,rd. 

H. Ro11t1"g K.iste for Ml/ bl111d doF,,.,Js 

1mponant bee-a~ the routtr bit is ex• 
tended 10 include the depth of the 
drawer lip as well as the pen! a.nd LS 

otherwise: unstable. 
Do not attempt to rout all the way to 

the pin lines Come as d(n.C as you fed is 

G. Sq11,1rr11g doun the p11t /,,us 

safc. le-avmg a shaving or two to clean 
off lac('r with the chtsd. Of c-ourse. the 
depth of the pins and thctr width is 
taken nrc of by the depth of th<' router 
bit ~uing as well as by the positioning 
of the fcncc 
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·rhc nc~t stc-p is to < ut the tails and 
rough out the- p1m of thC' drawer back 
(I) on che 11gsa~. A band saw can ~ 
used. buc a jigsaw well gcve bmer re-
1ulc1. Use a sharp. fine-cooched blade. 
~.u 1n. to'"' in 9,·1dc. ttns1ontd enough 
not to wander. Don't depend on "·our 
unmagnified cye5ight hc:rc: I use 4 x 
magmf~ mg gfas...~, :md seldom have to 
couch a chisel to the tails or pin b.i.)t'> 

.i.fccr Jtgs.a\\·1ng. Saw JU'-1 co 1h(' w1.!>1c: 

side of chc st ratt h-awl markings on tht 
in.side face h1ghhgh1ed bv che pen(II 

Afier che pin~ are cut on tht 11gsa"' thty· 
will. of<our~. be -.quart pegs that must 
be brought to their final triangular 
,hap(' wnh a panng <.h1\C'I Don't U'\' 10 

d1op down in one or two large bnc-s. 
N 1bblc off fine shanng, as shown (J). 
The: c-h,sd must be-a.s sharp :i~ a razor. 
The first cut will gn•c the tndit.auon of 
which d1reuior) the grain is going If tht 
gra,n runs into the pm. pare in horixon­
tall\" from one fate or the other. holding 
a scout piece of wood against the oppo· 
,;uc face of the pin ,o the wood will not 
hr(':ik out as tht' ch1"C'I cuu through. 
Ht're again. use the m:agmficrs and 
pl:ue th(' chisel 1n thac fin('. light lint 
between 1hc penc ,I markings to make 
che final shave. 

To cu1 away the ~ha\'mgs and dca.n up 
around 1hc base of the pins, I USC' a 
spear-pointed chisel I madt" from a 
'"'•tn. straight chisel bv grinding II to a 
_30• point (K). It is much beuer 1han a 
ske\\ bccaust' 11 cut~ on both sides and 
un be held fl:at on the pm bastline 
whik severing the ~havmgs. Its wdul­
nc:ss 1s full)' apprtc.iactd when cleaning 
up che pins for a blmd dovetail joini. as 
no square-edged cht!icl can qun(' get 
mto the acute coroc~ 

Now 1ha1 )Ou h.t,·e careful!}· followed 
chat fine. light lint wuh sawblade 2nd 
chisel and 2. cartful inspection sho~ no 
more trimming to be nett1UI)', }'OU can 
assemble tht picct's (L). and tap the: tails 
home u..;mg a hammer and a block of 
wood. If )'OU have done all vour cuHmg 

"1th the care, needed to make a dovetail 
Jome, the p1c,cc,s should go togcthtr 
wnh a firm "thunk" and )'Ou·II have co 
go out and bu)' a nc:w hat bc,causc )'Our 
old one will ne,•er ag:.un fie 

Glut up onl)· afrcr ,·ou're ,;urc all the 
parts fit wnh no binding or c:xc~•"e 
pressure, being brought 10 bt-ar Appl)' 
glue to the pm,. onl)' and damp w1th 
ju,;1 c,nough prl"S.\ure to snug up the 
joim~. Too much will (ame bowmg and 
\\·111 produce an out-of.~quare dra9,cr or 
ca..,(' wnh poor jo,nu. U$C' a trY square 
on the inside corners to makt ~re ch,s is 
noc taking place 

I. SJu•mJl u,:,11u /mm lhl"()11l(h dou1,11/ pun Do 1/u J.JJ/11hr 1.Jmr u·J) 

J. Pam,g 1hr p1111 K. C/t"an111g p111 b,11rs u·11h !par pomt-rd ,hue/ 

L. rlu tQmplrtrd JOl!fl 
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Gluing Up 
How to get a strong, square assembly 

by Ian). Kirby 

Gluing up is unique among woodwork:tng oper2tions. It's 
an irreversible. one-shoe deal and has to be got right. 

You may have done accur2tc work up to (his po1m. only to 
find that a small error in ~mbling or damping has pro­
ductd all sons of inaccuracies th-at will be dlfficuh. pcchaps 
impossible. co foe. A common lament m 'WOO<lwork.ing is that 
"everyth.mg went p(:rftctly until glue-up, tht'n cvcrydung 
went wrong." When )'OU think abom it, this lS not surprising. 
How often do we systematiu.lly consider gluing up. and how 
muc.h umc do we give to dry clamping? Usua.11)' very little. 
and then halfhconcdly. 

To g« the be5l resulu, we should bring • Studied method 
co this opc:ration and pr:a.ctict it more. We ought ro have a 
12bk cspccill.lly prep:urd for this purpose, it> top surface fl21. 
clear of debris and well waxed to rcsi.st glue penetr:uion A 
piece of v:arnishrd plywood over )'Our benchcop will do, bu, 2 

srurdy n.blc. 36 in. high with .i Formica surface. is better. 
Befort gluing up, you should dry-clamp e2eh assembly rx-

2ctly as you would cl:unp a glued ,ssrmbly. This m<2ns posi­
tiorung and tightening 2.JI the cl1.mps. with co~ct glue 
blocks, 2nd che<:lcing chr whole 2SSCmbly for ,ccuncy. Gluing 
should proc«d c,lmly, in 20 atmosphere of pr<p:uc-dness. 
with che glue 2nd necessary 2ppliC2Cors ready, clamps swid­
ing by. and you and your 2SSiSt2nt decided on che order of 
t"vcnts. The tllnc of day you glue up 1s important. Most wood• 
workers like co glue up in ,he evening and let the glue set 
overnight. To meet this goal, a lot of work often gcu rushed. 
dry d2.mping gru short•c1rcui1cd and we have all the n«cs• 
sary 1ngreditnts for a disastrous gluc,up-fauguc, unprc• 
parcdncss and a.nxiccy. The only reason ,o procttd under such 
condilloru lies in the spurious notion that glue cures only 
while the moon is out. 

Consider the aftcrm,tivc. Leave chc work dry-clamped over• 
night. The nex, mornmg, ch,ck the clamping cos« if every­
thing is sull properly aligned. Then colle<:c all the tools 2nd 
materials you need and begin co glue up. The light is bcner, 
your mind 1s fresh, the pressure co complete tht job is gone 
If you c20't lc>ve the work dry-clamped overnight. 21 k,sc let 
it sn for an hour while you attend to other things, 

Gluing up actually bt-gins with a decision about what to 
glue togcchcr and m what order. The more subasSt-mblics you 
ca.n gc-t togecher. the easier the tO{al opcr2uon will be. tspt"· 

ci2lly the final glue-up. But before gluing any p2rtS, always 
clean and pre-finish surface$ chat cannot Ix re-ached later with 
a plane. h's much e-,sicr to work on a piece of wood whilt its• 
entire surface is exposed and accessible than to cry to remove 
mill m:uks and (l(.her blc:mi.shcs once other parts arc per· 
manendy in the way, 

You muse :i.J.so weigh the inconvemence of having thrc:c or 
four fimshmg sessions as the job procrcds :ig:aiost one gcand 
2nd difficult cleanup after fin:i.l asSt":mbly, Prdim.shcd sur• 
faces will resist glue pcnc:tr:mon from squcezc•OU{ When che 
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excess glue is dr)'. simply hft it off wnh a sharp chisel. When 
finishing prior to gluing up, take care w keep the finashrng 
material off joint imerfacc:s. 

Bar clamps- The cypt of ba.r clamp you use has considerable 
bcanng on the case and accuracy of the glue-up, For genenl 
ubinetmaking apphcauons. quick-acuon bar damp$ with a 
circular pad ac chc scrc-w end arc no subsrnute for 2 standard 
bar damp. A good clamp should sit on a glue cable wnhout 
falling over at the-slightest couch. The-bars should be idemi­
cal in section. and the he-ads should move easily. but not nop 
around. When pressure is applied. the- face of the hea.d 
should be at 90• to the bar-this wa)' we-know oacdy where 
pressure is uansferrcd. A collccuon of damps is an invc:st· 
mem no macccr which you choose. but it is a. long-term in­
vC"Stment you can makt b)' purchasing one or two damps ac a 
time. The combined value m the-end may equal that of cwo 
major machjncs. The bc:st choice in the main as ht-tween 
Jorgenson. Wetzler and Record damps. I preftr 1he lase 

Applying the glue- The amount of glue squcczc-out is an 
import.am signal. Since it is waste. 1t is best to have~ little as 
possible. but we still \\'20t assurance chat there is sufficient 
glue in the joint. The smaJlcst bu of squeezc·OUl is tnough. 
This rcsuhs from getung the glue in the right place in the 
right amount. For different jobs you will nc:-cd different ap· 
plicators. White glue (pol)•v1nyl 2cccace) and yellow glue 
(aliphauc resin) c.2n be stored in and dispensed from a 
squeeze bonlc·. But a squeeze boule is not a good 2pplicacor, 
and won't guarant« that che surfacc-s being JOtned arc c.om­
plctd)' weued by the- glue. There as no reliable adhesion if 
joinjng surfacc:s don't gee completely wecccd 

Since the fucurt of ,he picce depends on the quaht)• of iu 
join rs, we nrcd co "'kc• close look at the business of 2pplymg 
the glue Manufauurers try to lower the surface tension of the 
glue so it will spread ca.sit)'. NevenhdtSS, the glue should be 
rubbed or rolled on. not merely squeezed ouc onto the sur­
face. A set of suff-brisdc brushes of different sizc:s (I use 
plumbcr's flux brushes) will suffice 10 most instances. If you 
use white or yellow glue. brushcs nn be stored m a jar of 
w.ucr, buc it is just as easy tO wash them out and begin next 
time wtth a dry brush. If you us.c urea-formaldch)•de glue or 
resorcinol. you mus, clean che brush after c-2ch use, for 1h~ 
will sec hard even 10 w21er. 

When edge JOJ01ng boards, whnr or yellow glue can be 
squcc:2cd from a plasuc bottle onto one surface If the boards 
a.re damped or rubbed together and the clamps arc 1'('1noved 
immed1atd)' 2nd the jo1m brokc-n. chancc:s are )'OU w11I find 
chat the glut". has covered borh surfaces uniformly. That this 
happens in edge joining dOC".S not mean th:n it will happen m 
other joining situations. In fact, it's not a good method for 
edge joining either. A bcnC"r way would be to run a very light 
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The s.,U i111d pouhon of tlu e/amp111x blod t:a1' mdt tht "1/ftrt11te betwerw s11euu ;1nd f,11/11re u,htn gl,nng 11p The b/0<:l sho11kl be she same 
d1men11ons .is the utflon of 1he nnl. and p/.aud dirut/1 oppome tht sho11/du area, (tnltnng the e"1mp111g pres111r, on 1he 1""'' 

bead on each surface, and then withal-in. wide in1nt roller. 
5prcad the glue thinly. Now we know th:u che surfaces are 
cvcnl)' wetted and that when the Joint 1s dampc-d we won't 
have gobs of che sruff dripping on che floor. the cable and che 
clamps. Spreading glue with your fingers is a bad practice 
You n«d fingers for other things. and the greast and din you 
add to the glue won't help adhesion. If you msm on using 
your fingers. wash )'Our hands first 

Edge gluing-When gluing up S<ver:il narrow boards 10 

make a case side. ,able top or framed panel. chtrt art four im­
ponant cons1dcracions: the position of each bo2rd m tht com• 
posit<' piece. the grain direccion of each. che number of 
clamps to ~ used and the mean) for ahgning and rtgistering 
cht boards to keep chem from swimming about when pres­
suet is applied. A~uming th-at all of tht boards arc d1mtn· 
)ionall)· stable and frte of def ens. the first lhmg co dccidt is 
how co arrangt 1htm to get the bc-.st appc-arance. Thi.s involves 
shuffiing the puxcs around co ach1evt visual humon)' 2nd 
cominuity m tht figure. Remember lh:u after gluing up you 
will havc co clta.n up lht sutfa,es with 2 smo(Hhing plane. so 
cry co decide: on an arrangement chat pcrmns the gra..in of a.II 
cht boards co run in tht same dir«tion If chis i.s not po~ible, 
then you will have to plant 1n both directions and carefully 
avoid te-2nng the grain on an adjacent board 

Having dtcided on 1hcir arr:angemem. mark the: boards so 
thei.r order can be'.' r«2llcd when ,hey :are put in the clamps 
Ory clamping will dttermine the number of clamps you need 
and whcrc to put thtm. As shown m figure 1 on the ntxt 
pagt. clamping pressure is d1ffll!lcd in a fan of about 90• from 
the clamp head. You will need enough clamps co ensure chat 
the lincs of diffusion overlap at the first cdgt joint. Tht 
number of damps then is a funcuon of the length of che 
boards and of the widths of che tTo·o outtr boa.rds. Since the 
boards themselves cra.nsmit a.nd spread the prC'SSure, clamp• 
mg blocks art unntcessary in edge glumg. Plan to joint and 
rip tht composnc puxe co width after glut-up. This will re­
move any depressions the clamps lc-ave 

\'\/hen you know how many clamps the job calls for. put 
half che number (half plus one ,f che coca! number is odd) on 
the table. evenly spaced. If the bars arc nor bc:nc or damaged. 
they will regisu:-r the boards in the: horizontal plane. Coat 
each edge to be: jointd wiLh glut. wtning all the surfaces 
thoroughly and uniformly \XThen cht boards have been put 

into the: clamps and slight pressure applied. plact the remain­
Ing damps ovtr the top of the pa.nd and btgin to tighten all 
tht clamps. Having an equal number of damps cop and bot­
l0m prcvtnts che panel from bowing under prcssurt. 

Ideally you should be 1ble 10 edge-glue boards wi,houc 
having to rd)' on any mechanical mc-ans of holding them 
flush. But 'l\•htn the boards are evtn slighdy warped this isn't 
possible. It is common to ust dowtls for aligning and regmer­
ing boards; 1£ you'rt going to do this, use a dowtling jig tO 
align ,he holes. Another method for registc,-ing edge-glued 
boards is the Lamello joining plare. The machine tha, rues the 
sloes is worth the invcscmem for the profession.aJ woodworker 
-or you can make your own (see page 67). The quickest 
solution is ,o lighdy damp battens across the u;dth of the 
panel. 0oo·, overogh,en the bar damps. This can squeeu OU< 

mOS< of che glue and s,arve the JOint. Moderate pressure ,s all 
that is needed when edge gluing. 

Gluing up monise-and•tc.-non joinr.s-Momsc-and-1tnon 
jomcs usually get liule attention when gluing-most wood­
workers want to assemble them as fa.st as thty c-an. But che 
pace ough, co be less hurned; ideally there should be two 
pcoplt at a glue-up, one to dm:ct the: order of cvtnts and to 
tighten the: clamps. the other to manage the shO(' end of the 
clamps Both apply the: glue. One coats the ttnons ,hor• 
oughly whilt- tht ocher puts glue in tht mon-iscs. Bccausc: the 
monisc 2.nd tenon gOC'$ togelher an a sliding fo you c.an't c-x 
p<'Ct 10 2pply glue 10 the tenon alont and sull have enough in 
the joint. You will ha\·t to sprc-ad glue in the mortise as wc:11. 
Don't just squ1n in some glue and push ic around w1th a stick 
or pencil. bccall.)e the excess glut can impede fitting the 
jo1m. Visualize lhe glue as a fluid p2d of considtr:able thick­
nC'SS. The pressure c:xcned by an cxct~ on one side of a tenon 
can misalign the mtmbcrs. So apply glue thinly and tvtnly to 
all surfact's. Beutr than squeezing lolS of glut into the mor­
tist and stirring it with a stick is using a stiff-bristle brush 

During dry clamping pay cloSt' autntion to dirllensioning 
and positioning the clamping blocks. Thtir purpoSC" as not so 
much to protect the stock as to transftr the pressure from cht 
clamp to the workpuxe in enccJy cht arta requ1ted The fact 
that tht clamp hClds can bn away from 1 nght 1nglt under 
prcssurt. chat thty may h2ve been put omo the work slightly 
2skew and th:ac 1he workpi('CC: may not have tdges pe:rpend1c• 
ular to ii:s face. arc all things you muse consider when dir«t· 
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Sh.cltHJ #fHS shrJW dlffu$IOII of clamping p,e$$4Jfe. Use en<x1gh cJamps 
to ensvre that hne$ of pre$$Ure l)V(Ntap at thl! two outer joff'ltl, An equal 
JWmbef of clamps abO~ and bM>w the /)Nie/ prevents bowing 

Fig. 2b: Side tl•v•tion 

0 C. 
r--l_ __ j=--C~l•_mp,ng b'ock. 

Fig. 2.a: Gluing leg/rail assemblies -Plan view 

I r 
r-

A properly $1Hd and posi­
llOMd block 1$ e$#1ttlM to 
an accurac• glut·vp. To 
keep che leg from ca,wng 
and tht! JCNl)t from gapping, 
the CMterline of the raJ 
must bluet the anght of 
f)re$$Vtf d,{{u$IOIJ. 

• 

-n 

! I 

~ 

t- i 
Position the blocks initi.ally by ev•, b.Jt Clt«k scrou the inside 
$1.dface of both legs with a smnght~ to ffWt.e fine ad/Ust 
~,, N'I tMd rlf'lal placement 

Incom~1 j 

0 
/ C M,Yl.gned bk>ck 0 

Fig. 3: Checking for alignment Fig. 4: Gluing•up flat frames 

USl!J • smglt, p,nch rod to ~• the 
<Mgonal from an inside come, to 
the bottom of the opposite 
~. ff di119one# are p,t1-
c,1dy rhe $al'M, the 
aU#mb/'y 1$ $'1',laf# 

Mak• t>i,,<h 
rod$ fromstalM, 
St:Tllight•grain«J wood 
You can glue • block to 
the ti() of each rod before 
cutting the J)(>Nfts. This ll'll'il 
hold the rods ai,t'J,w obstruCtKHlS 
in the as.sembly. In use, e}(ttmd 
r,_ poir,1$ into opposite comers 
of• fr#n#, p,nch t"- rod$ t<>9tnher 
,nd tMn chffk tM ot~ d,.ttgon.sl. 

94 f'lne 'Xoodworking 

Ch~k for 
b,u/fle in mortde 
chttk wrth 11 
short suaightedgtt 

P,nchrod 

l 

Fig. 5: Clamping blocks in carca.se glue-ups 

G.~a/Ig~t 
ac,ross t~ fa« of the 
frtJl'ne IMfh a straight• 

~e, Md u~ fNl}Ch 
rOds 10 derermtne 

dght angul•rttY• 

An ~ tired or f)(>$1t.ioMd block can bow a c.arcasa side and caustt 
tM,o,nt to opMI, M/ow/4,lt. TM sxampla belowngln is com,ct 

Couec1 
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mg clamping prC'ssurt. Pumng J p1("(t of plyY,'ood berwun 
the workpiece and the damp .,hOC' or head 1sn'1 tnough 

In gluing up kg/rail or rail/suk as~mblies. the size of the 
glue block ,hai dismbutes 1he pressure 10 1ht shoulder line of 
tht joint is important Providing th:at the grain of tht block 
runs k·ng1hw1se and it is th1tk enough not co dmon undc-r 
prcssurC'. the block should he: abom :,11; long as 1ht r21l 1s wide, 
:and about as wide as the r2il 1s thick. as shown in figurC's 2a 
and 2h. With ,he right clamping hie>< k. prrnur< can ht placed 
where )'OU need n by moving the block slightly 10 onc-side or 
anothtr or up or down the legs. If you :mempt to glue up 
without clamping bloc.ks, thcrc:'s lmlc chance of dir«ung 
press.urc where n is rcquirC'd. 

The p:ms of 2 corrc<dy glued-up assembly or subas.sembl) 
should not tv.·ist or wind in relation co one another. The) 
should be: aligned and at ngh1 a.ogles to one anocher. Joint 
lrnC's should close up tightl)'· When assembling two legs and a 
rail, as in a table frame. cut the kgs '.i. 10. longer than the 
finished leng,h. This <x«ss. called 1ht horn. ,s kft at ,he rnp 
of the leg. where u can reinforce the mort1S<' and hdp keep 
the: C'nd gf:ilin from spliuing duung dry clamping and glumg 
up. The horns are cut off later when chc glue has c;ur<"d On 
rail/stile assemblies, wh<'re you have mortiM"s at both <'nds of 
the vcnical mC"mbcrs, add l'h in. to the length of the stile. 
making :ii '~•in. horn at each end When laymg out the joints 
on legs. measure from the bouom to the top. not from t0p to 
bottom. This wa)' you won't havC' co cut the legs to final 
length after a~mbly. When laying out th<' joints on stiles. 
cl.amp the rwo member~ side b)' :i:1dc and la)' out the finil c.ut 
to lcngch 11 thr top (smking .across bo1h ac onc-c); then mea• 
$Ur(' down from thcsc-to la)' ouc the finished length 21 tht 
bottom. Use a try squuc and a l.1,yout knife: for the best re­
sults. Then you can accurately chc:ck thC' work when gluing up 

Checking for alignmcm- Th, J,g, should be sigh«d wuh 
winding smps to ma.kc sure chey arc ,n the same plane. Don't 
try to sight tapcrtd legs on the: taJ)('rc:d side. To correct 1wis1 
or wind in the membly, one person holds i1 down 1ightly on 
,he clomp bed and slackens off ,h, clamping pressure The 
second person. holding one leg in each hand, mo"c-s the legs 
1010 proper alignment Then the clamps arc reughccned 

Righ1-angularny berwecn legs and rail ,., frequently O\'C'f• 
looked. This 1s best checked by laying a 'itr:a1ghtC'dgc across 
both legs as shown in figure 2b To corrC'ct misaJignmem. the 
damping block must be r:uSC'd or IO"-'C'red to redireu damp• 
ing prC'ss.ure. If lhis isn't don<", the rails will go off at odd 
angles 11 the next glue-up when the submcmbhC"s are Joined 
b)' two more rails Then chC' finished piece will hC" undn con• 
Stant tension and the: rails may bow Using the srr:a,ght<"dge 2s 
a rcfc:rence, shift chc: clamping block! 1n the appropriate 
d1ren1on Her<' dry clamping will tdl you ahcad of ume 
where to position c-ach block Remember to dimension each 
block carcfullr. as improperly Siled blocks arc d,fficuh to 
pomion and can misalign a.n acc-uratC' joint by putting pres­
sure-,n the wrong place 

Next chc<k for overall squarenffi 1n plan A ti)' square 1s 

hard!)' adequate for checking this sort of righc-angulamy. On 
a~~mblic-~ with long legs and ra.11!. u ca.n gauge only a frac, 
tion of tht lc:ngths m-.·olvcd. and 1f the legs arc curved or c2p• 
ered, or if the: rails aren"t straight across their bottom edges. a 
tr)' square won't work at all. 

Squarenc:ss is best detC'rmined by caking diagonal mC2$Ure• 

mentS from che top ,n~id<' <orncrs to the inside bottom cor-
1le" of thc IC"gs If the diagonals are equal. the asstmbly is 
square. You cw make these measurements w,th a long ruk. 
,hough take car< ,o place ,he rule at tht same depth in the 
cwo cornC"rs. A Oex,blc metal tape can also be used, but this 
requires 1wo peoplt for accurate results. One holds the onc­
m<h mark m preCISC' al1gnmen1 wi1h the C'Orncr. while the 
other pulls the: tape caut 10 measure chc d1stantC' to the bot· 
tom inside of che leg. 

Tra.dicionally, diagonal measuremenrs are taken wirh pmch 
rods. Shown in figures 3 and 4. thtst s,i<ks have poimtd 
edges thar fir 1nt0 comers co measure diagonals. They are 
sccpped so they can span· obstructions such as center stiles and 
su-crchCf"5. Con$idering their high degree of ac:C\lracy and <he 
small amount of effort nttdcd w make ,hem. 1hc:n,"s link 
reason co ust anything else to measure internal diagonal dis­
tances. We should find ,he diagonals equal if me damp hold­
ing the ~mbly together lS in line with che rail member. If 
che)' are not equal, we wHI have to reorienc rhe clamp and the 
blocks in such a ·way that the members ""ill a«p inco square 
with one another. 

Assembling frame$-When gluing up a Oat frame. as for a 
door. emplO)' the same <hccking procedures and assrmbl)' 
methods 2s you would for a kg/ra1I asSC'mbly But because a 
frame is closed on four sides and relatively thin in s«uon. u 
calls for some spc:cial aucncions. The flatness of the gluing 
tablC' is panicularly important If we: arc using identical 
clamps at1d we pr~ th<' ff:lmC' down onto the cla.mp bars. wt 
will gee a twmed frame ,f the table Y.-t art working on has 2 
cwmed cop. UsuaJly the chttks of a monist 10 a framt arc fa1rl)' 

thin, and the glue in ch<" Joint migrates to the centC'C where it 
can cauSC" chem co bulge ouf9i•ard. Avoid chis b)• damping 
across the chC'eks wuh a C,clamp and properly siud blocks. 

Gluing up carcases A situation where improperly d1men• 
stoned clamping blocks can be dramatically counterproduc­
tive is in gluing up carcases. Too large a blOC'k, as shown in 
figure ). can misapply the pressure, cause the sides to bow 
like cr.tZ)' 1nd Op(!n the-jouu on Hl outer edge. For clamping 
case sides tightly againSt an internal shelf or ocher member. 
we have li«Je choice 0thtr chan co USC' cambered cauls. or we 
won't achieve the ne«ssary prC'SSure. 

Gluing do,•«ails ,s !Oially different from gluing mortises 
and 1enons. If the dovecail has be-en made so that tht end 
gram of the pins and tails is below the surf act on 1hc ad1accnt 
boards. rhcn all that will ht required to glue a large <:araL<e 

rogtther is one damp arid two p<0ple. Afrer me glue has been 
applied and ,he joim has bttn pu, ,ogether, me dovetails 
should ht damped home individually. They will n0< spring 
back if th()• are comedy made, because ,here is considerable 
frietion in 1he glue intrrfates between the p,ins and t21ls. 

When the glue has bec-n uniformly brushed on the long grain 
of the pms and tails. C'ach p:an sv.·ells, making the dose: fit 
even tighter Don", delay assembly af,cr applying tht glut. 
and don•c U)' co hammer the paru home. as )'OU quite prop­
erly d,d during 1ht dry lest assembly. Cl,mping is ,he prop<r 
me~ns once the glue is applied. and it 1s sweet and easy to 
chi.mp uch tiil one af1cr 1he other and sec the glue come 
squceimg out at th<' bc:d of each pin 0 
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Which Glue Do You Use? 
Part one: Chemical types, nor brands, make the difference 

by Gem-ge Mmtoe 

T ike the akhcmiscs" a.ttempcs ro aansmucc base meraJ 1nro 
L gold, much human effort has gone inro che search for chc 
perfect glue. This goo.] is probably as unrcaliscic as che dreams 
of akhemy, buc the invenrors' scrugglcs have noc been with­
cue r,ward: adhesives manufacruring is a big growch indusay 
in the United Staces. and per-capira consumption is abouc 
40 lb. per year. 

Ne< surprisingly, "What kind of glue rud you u.sc?" is a 
frequent query heard whenever woodworken gachcr. Unfor­
runattly, these exchanges generate some old wives· rales. 
among chem che colorful bu, incorrect assenion thac cyanoac­
rylace "superglue" is derived from barnacles. 

Because wood is a relatively weak consrruaion material, 
most adhesives produce bonds thac are scronger than the sur­
rounding lumber, so claims of excremely !ugh screngch are 
seldom meaningful co the woodworker. !,mead, the mos< im• 
pom.nc characrcrisrics are setting rate, V1$COS.iry. resisrance co 
,.,..tet, flexibiliry. color, sandabiliry, and gap-filling properties. 
As a wood,.•ocker who happens also co be a chemist, I've 
developed a keener chan usual interes< in the liteta!ly hun­
dreds of glues sold roday. discovering in chc course of my 
research thac only about a dozen kinds are useful for wood­
working. Within each c:m:gory, I've found that diffcrenr 
brands will usually perform equally, so the choice for a par­
ticular pro,cct is best made by undemanding che chemical 
makeup and charaeterisncs of the glues we u,e. 

In this article, I'll cover chose glues cha, uc bes, swred co 
genetal woodworking. In a second article, I'll talk about 
epoxies, hoc-melt glues. cyanoacrylares and conalCc cemencs, 
all specialry glues that arc usually more expensive, though not 
always benc't, chan our old s,andbys. 

Protein glues.- The narural world abounds with examples of 
sophisticaced adhesives which rusplay impressive ,enacit)'; bar­
nacles and mussels. for example, cement themselves co beach 
rocks and ship boctoms wuh a substance thac rcsiscs pro,,, 
long-ed immersion in sa.lc wacer. Though chc chemiscry of 
rhese narural adhesives i.s poorly understood, most sticky sc· 
crttion-s att combinations of various complex proceins. Thus ic 
is nor >urprising that early artisans discovered that the best 
raw maccrials for glue were p,ocein-rich animal producu >uch 
as skin, bone and blood. 

Today, despite che advent of modern synthetic adhesives, 
animal-p,orein glues are still common. They can be ruvided 
inro chrtt rypes: hide and bone glue. fish glue, and blood 
glue. Of the three, hide and bone glues are of the grcares, 
interest to the woodworker. The use of fish glue, which as 
derived from the wa.ttt•soluble proreins in fish skins, is limit· 
cd co induscry, mainly for attaching labels co boults and oc;• 

casionally as a rack-improving addiove co white glue. Blood 
glues, ona, developed as warer-resisnant adhesives fot early 
military aircraft, are made by ruspersing beef or pig blood Ill 
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water, with wood dUSt. hme ot sodium silicarc added as 
thickening. They're most ofren encountered in vinc;igt ply­
wood, but are practically impos>ible ro buy roday and have 
no signrncam advantages over readily ava.tlable synthetics. 

Hide and bone glues, on the ocher hand, are far from ob­
solete. Besides being widely used in industry for produces 
>uch as gummed paper tape, sandpapet and bookbindings, 
hide glue finds plenry of uses in the woodshop. The setting 
time and sprcadabihry can be varied, and the adhesive cures 
i.nco a colorless, nontoxic. sandable glueline which can Ix un• 
done by che application of moist heat-a fearure that is amac­
tivc tO luchiers, for inscance. who may need co remove the 
soundboard of an instrument to repau it. Water also softens 
lude glue, and some furniture conservacoo use a 50% vinegar 
solution to speed che disassembly and repair of antiques. 

Hide glue cons.isrs of protein denved from collagen, the 
main ingredient of skin and conn«tive tissue. The glue is 
prepared by cooking animal hides, hooves and tendons into a 
pcorein-rich broch which is then cooled co a gelatinous solid, 
>liccd. dried and ground into a coarse powder. In retail stOttS, 
lude glue is commonly sold as a pre-mixed liquid, but i, c:an 
be bought in powder form, m which case it must be mixed 
with h0< water in a glue p0, or double boiler-ic loses itS 
scrength if you let ic boil. Llquid hide glues have rwo ad­
vantages over mix-your-own: you don·r need a heated glue 
po<, and the slow setting rare may be valua.ble for complicar· 
ed a.sscmblies Dunng che heydey of hide glue, it cou.ld be 
bought in 18 grades. each wich a ruffermt viS<OSity and ser­
ong time. Today, woodcraft suppliers usually offer only a sin• 
gle, !ugh-grade product. Seering time c:an be slowed by add· 
ing more water, but this leads co a slighrl)' weaker bond. 

Many other pr0<eins have adhesive p,operties. Soybean· 
based glue is used m some interior plywood. Casein or milk 
glue, wluch has btto det«ted 1n medieval picrure frames, 1s 
made from skim milk, and is uscd roday for larrunating ince• 
n0< beams and cruss,s, This glue 1$ a hghc-colored powder 
that must be mixed with cold warer and allowed co stand 
about ten minures before use. Unlike the o<her protein glues, 
casein secs both by evaporation and by chemical reaction, 
forming calcium caseinace. The resulting ncuttal-<0l<>ttd bond 
is highly moisrurc-resisaant but n0< watttpro0f. Casein can be 
used in cool weather and on woods containing up to 15% 
moL$CUrc. le is pattiru.larly effective with oily woods such as 
teak. yew and lemonwood. Powdered ai.scin glue is available 
from National Casein. 601 W. 80th Sc., Chicago, Ill. 60620. 

Petroehemical resins-Cascin glue is sometimes confused 
with polyvinyl acecace (PV A) white glues. Pan of chis confu• 
sion stems from ch.e mtlky appcarana= of white glue and a.lso 
because dairy-rclared companies such as Borden. who ona, 
marketed casein, now sell PV A glue. Developed during the 
l940s, PV A glue is pare of a family of synchetic resin gluts 
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rhar have largely replaced animal glues 1n the woodshop. 
Derived from pem>leum compounds and acerylene gas, 

whm: glue consistS of minute PV A globules suspended in wa­
ter. When rhe glue is spread oo wood surfaces. che water 
evaporates, and/or d1ffU$tS through rht surrounding powu.s 
maccrial, and chc globules coalcscc co form a rough film. Be· 
cause of its reputation as a cheap hobby cement, whice g.lue is 
somet1mes undervalued as a woodworking adhes1ve. Actually. 
ics low viscosity, rapid setting time and fair gap-filling quah• 
cies make ic an txcellenc choi-ce for gcncraJ woodworking. It 
dries inro a dear, slightly flexible gluellne, and u rem.a.ins 
fresh on chc shelf almost indefinitely. PVA is nontoxic, m.ak• 
ing ic safe for use around children 

The ma1or disadvantages of white glue are ttS low rrns­
rancc to moisru:re and the gummy. chennoplasnc narure of 
the dry film: ir rums rubb<ry undcr the hear of sanding and 
dogs the sandpaper. You can minimize doggt.ng by removlng 
excess glue with a sponge or a damp doth ocfore the glue 
SC'U, or by trimming awa)' hardened glue wich a chisel or a 
scraper. The sofc film also causes PVA-glued ,oincs co "creep" 
out of th(-ir original alignment wh('tl suh,c«ed co connnuous 
suess. \Xlhile this may allow joints to ad1ust co seasonal van­
acions in humidity v.tichout cracking, it's noc a desirable qual-
1ry 1f grcac srrucrural Sttengrh is needed. 

Be caum.>us when buying wh,ce glue. Compenoon among 
rho 40 ro 50 manufaeturers of PV As has kepc the price low, 
bur with the prroiaabk advmismg hype. Wcldbond, for in• 
seance, calls 1tS PVA a "concentrated universal space-age 
adh<sivc noc similar ,o any ocher rype of bonding agcnr 
being offered." In face, chc adhC$ive conrains a lower pcrccnr· 
age of solids than Elm<:r's and several orhcr brands of white 
glue. Weldbond's mosc signjfica,n( charaettrisric.: may wc:11 be 
ics relattvely high price. In resting whire glues, I found only 
one that yielded Ulferior resu.Jrs, a generic whice era£, glue 
disrnbured by a local hobby shop. lcs adhesive properues 
compared favorably w1Ch leading brands, bu, the glue reacced 
v.'lth most woods ro produce gray or black stains. Chemical 
analysis revealed chat che glue was conwnin.ated wich high 
levels of d1SSOlved iron. 

In recenr years woodworkers have been accracted ro another 
rype of PVA adhesive, ahphanc resin or yellow glue. Accuall)•, 
che label i.s a bic of a marketing ploy. since both yellow and 
white glues are technically alipharics. which means char rhey 
consist of long chains of molecules. Yellow glues have quali­
ties similar ro those of whirc gluts, bur they conrain polymers 
chat speed tack ,ime and improve moi.snm:- and crecp-resis .. 
ta.nCt-, ar the expense' of a slower final C\.lre. Yellow glues arc 

Po/yvi,ty/ i«IIIIIIJ ilrt 

mad. 6, ,,,,., 40 to 50 
,ompan,u, and at 
1biJ phoro shou'S, p,iru 
/w a 4-n. h<ttf, 
vary /1983 P,,w). 
M.11110, foNnd that 
expt,uil}# brands ann 't 
n.ttlJJanly bt11tr. 

also less chermoplasuc, so they won·, gum up sandpaper as 
badly. Borden's Elmer's Carpenter's Wood Glue and Frank­
lin·; T1cebond are cwo of che best-selling brands. 

Yellow glue may be more diffirulc co apply b«ause of ics 
chK,:k <.:OOSlS(C:fl(.)', but 1r is a.Jso less hkely to S<.jueeze out when 
damped. The vi.scosicy increases as the gbc ages in the con­
tainer. Manufacru.cers recommend that the glue~ used wich­
m 6 co 12 months of purchase, but some workers successfully 
score it for up to rwo years by stirring in small amounC$ of 
water co reduce the viscosity. Up co about 5% v.iater can Ix 
added v.'lrhour affeaang bond scrength. Freezing can nun 
whicc and ydJow glues, boch in the bonle and as rhty cure. 
Manufacrurers add compounds co improve frttzc-rcsiscance. 
bur any PV A char seems curdled should be discarded. 

\\;taccr-resisram glues-.Modem indusm.i.1 processes have 
been revoluuoni,ed by the developmenr of highly warec-resis­
ranr synd><tic resins, beginning m 1872 when ,he German 
chemise Adolph von Baey,r (of aspirin fame) discovered char 
he could produce a solid resin if he reacted phenol with for­
maldehyde. TI11s basic chemistry forms rhe foundanon of the 
plasc:ics industry and has gwen bmh ro .i. famJI)• of versaale, 
reliable adhesives. Phenolic res.ms. because of their cosr and 
heac-curing requlrC'ffleOts. arc used mostly in industry and for 
exterior plywood and water-resiscant panideboard. Bur a 
chemical coosin of the phenolic resin.s, urea-formalochyd, resin, 
is cheaper and easier rouse, making 1t an adhesive of choice 
whrn wacer rcsisranct' is needed, or when long open nme be­
rween .spmding rhe glue and damping up is desirable. 

Phcnolics and urca-fonnaldchydcs cure noc by ("\'aporacion, 
bur by <.TO$S-linking or polymerizing theu molecules 1nt0 hard 
films char arc:n·c softent'd by water. The smaJl-shop wood­
worker will be most familiar with rhe type chat consists of a 
light brown powder which muse be mixed with water before 
use. Weldwood anJ Wilhold manufacture chi.s adhesive. borh 
under the label '"plasric resin glue." Another cype. Aero­
lue 306. lS sold w1ch a hardening c:ualyst that speeds curing. 

Ur,a-formaldchyoo arc good general-purpose wood adhe­
sivcs. csp«iaJly for woods of rdanvely high moorure content. 
They cure inro hard, brink films which won·, dog s,ndpaper, 
bur, for the same reason, they are poor gap-fillm. The med1• 
um brov.'ll color when cured blends well wich most cabinet 
woods, although bonding may be 1.n.hJb1ced 10 some oily spe­
oes such as rosewood and reak. Mw urea-formaldehydes 
aren't recommended for marin<" use, hue chcy are sufficiently 
warer•restsrant t0 wuhsta.nd sheltered outdoor applications. 

\X'hen h1gh strength LS noc essential. urea-formaldehyde can 
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ADHESIVE SELECTION GUIDE 

Adhesive Application characceristics 

Hide glue (hot)• fa5< 12<'.k, - min. curing 
(Behlen G=d H;de Glue, ttmp. 60°F, moderue gap-
Bchl,n P=I Hide Gluc) fill.mg abiliry. nontoxic, requires 

glue po< 

H,de glue (tiqwd)• 
(Franklin uquid H,de Gluc) 

Slow.-stcting, low viscosiry, min, 
curing ttsnp. 70° F, moderue 
gap-filling ability, nocuoxic, 
may havt Str008 odor 

Casein glue• Gluc mus, Stand 10 ro 20 
(NltiO<W Cascin # 30, slow minuta after mixing. rrun. 
cure-, Nltionll Curio curing tffllp. 3)°F, moderate 
#8)80, fast cur<) gap-filling ability. nomoxic 

Whue glue• Cures tlpidly, low vi=<,ty, 
(Elmtt's White Glut, min. cunng temp, 60°F, 
Franldm Evtrtire. Weldbond, mockn,e ?P-filling ability, 
Wilhold R/C·l6) nontox.c, a1mosc: un.limu:td 

shelf 1;re 

Y e!low glue• fast tack, modc.-ratc viscosu)' 
(Elmer's Cacpemer's Wood increasing w1ch agt". min. cur-
Glue. Franklin Ti,elx,nd) mg temp. 60°F, moderate 

gap-filling abi.liry, nontOXJC 

Urel-fonnaldehyde glue• Glue powder mw, be rruxed 
(Weldwood Plastic Resu> with wuer, min. curing ttmp. 
Glue, Wilhold Plastic 70° f• •, p00r gap-filling 
Resu> Glue) ability. releases fO<mlldohyde 

vapoc. uncuttd glue IS roxic 

RCSO<cinol glue Modttatt VUCOSJty. nun. curing 
(Elmer's Wuerproof Gluc, temp. 70° F• •, good gap-filling 
U.S. Plywood Resotrinol, ability, releases formaldehyde 
W,lhold Resorcinol) during curing, A'o--pan sysmn 

mw, be mued. uneuttd glue 
is toxic 

• Wattt-bucd adhcsi,-c may CIUS(" ...-..rptng of vcnttr or chin pands.. 

be extended by adding up to 609l' whea, flour o, fine wood 
dust. The thermosetting narure of urea-focmaldehyde glues 
an be bo<h boon and bane. In a shop cooler rhan 70°F they 
will cure poorly or no, at all, but at 90°F the mixtures po<· 
life is only one ,o two hours. Once the glue has been si=ad 
and ,he p;cces have becn damped, curing can be hastened by 
heaang the gluclinc to between 90°F and I )0°F. Urea-for­
maldehyde's therm0$tt'ting quahoc, make it the most popular 
adht:Sivc for use with radio-frequency curing app;uacus. or di­
elearic gluing. 

One drawback of urea-formaldehyde glues is the emission 
of formaldehyde gas during and after curing. Besides being a 
suspcacd carcinogen, ch.is vapor may imtatc the skin and eyes 
and Cllusc headaches. TI,, problem is llable to be mos< pro­
nounced in homes consm>cted wirh urea-formaldehyde-glued 
paneling, but ic's a good idea t0 work with rhis adhesive only 
in a wcll-vmcilared shop. 

The development of utta-foonaklchydes marked a mile­
stone on the road ,o the perfect war,rproof glue sought by 
boatbuildcn for centunes. Ironically. completely waterproof 
adhesives didn'r appear until che wooden ship was nearly ex­
unct. Today. resorcinol•forma.ldehyde glue is the maisr popu• 
lar wau:rproof wood adhesive. wnh epoxy resin trailing as an 
expensive second choice. Resorcinol glue was developed dur­
ing World War ll for glu,ng the plywood used in bombers, 

98 Firx: \lood"\\'Orking 

Propenies afttr curing Rerommendc-d uses 

Transparent, not water- 1\f us.iaJ lNUU.meo cs., 
teSU<atlt, an bt sanded futrurutt 

Sim;i., ro ho< h;de glue Assembly proc,dwes that 
require ,low setting 

Ntua:al Opaque color, high lmaicw-suucru.raJ appLicarions. 
wacer-rnisa.nct. sands especially good with oily 
cleanly ~•oods and ;,, cool working 

cemperacurcs 

Transparent, low w:ucr- Genccal woodwooong, 00< 
resista.nee. <tttpS undo- m:ommenckd £or suuaural 
load, clogs sandpaper or outdoor appha.uons 

Nearly U'a!l$parent, lllOOel"ate Genccal wood~'0Clw,g. Uldoor 
",atcr-«'Sistana, ks:s likely to use only 
creep under load than whitt 
glue, can be ,anded 

Mectium brown roloc, high General .-oodworking, saucru.ra.l 
wa(er-resi.stanct, sands dean.Jy. uses indoors or ,n shdo,red 
ch,ck gluehnes m br1cde 001dooc locaoons, bondu>g may 
and may cnck under mess be inh1btted with oily -woods 

Opaque n:ddish color, Marine UK and outdoor 
wi.terproo(, withstands most consauaion 
solvencs and au.soc chtmicah. 
can be ,anded 

•• May be-rapidly hat-cured Jt 90°f to l)0°F 

hel,ooP<er blades and anrimagnctic mine swa-pers. Today, it is 
used to bood marine and exterior plywood, and for laminaring 
outdoor cimbets. For the home shop. resorcinol is sold retail 
as a rwo-pan system consisting of a dark ,ed Liquid resin, and 
a soLid powder concaining paraformald<hyde and an lncrt fill• 
er (usually powdered nurshelli). Two brands are W,lhold and 
U.S. Plywood, both marketed as wattrproof glue. 

Rcsorcinol is fairly costly. and ooce mixed i, mtJSt be used 
within an hour or (V,'O. For these reasons, u should be the 
glue of ch0<cc only when a completely wattrpr00f ,oim is 
needed. It requires a minimum scmng temperature of 70°F, 
and soLidifies within eight hours, rhough fr doesn't reach full 
bood strength for several days. Acid;c lurdwoods such as oak 
may require 100° F ro 110° F cempcracurcs for maximum 
bood;ng. TI,, final glue film is exuemely durable, roleraring 
boiling wacer, caustic chemicals and drastic temperature vari­
acioos. Resorcinol glue is easy co apply and an be deaned up 
with a damp rag. Disadvanragcs mclude the dark ,cddish 
glueline and the release of formaldehyde during curing. □ 

Gtorgt M.u11ot 11 a rtirarch uchnioan ,n gnx~1m11ry ar 
Wtsiem Washmg1on Umlln'Slly ,n &lhngham. and a 1t­
rio111 amattur u•O<>du-()l'kn'. Photos b)' rhe author. 
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Why glue joints fail 
When wood joincs fall apart, as they oc· 
casiooally do, che glue is auromacically 
suspea. Usually, though, bond fail= 
occurs nor becaust the glue isn't suong 
enough, bur bcaust the wrong adhesive 
\VIS used, the wood's mOisNI'C (X)OCCllt 
was roo higb or coo low, che surface was 
impropcdy prepared, or the joint was 
damped inoomcdy. 

The wide range of glues available will 
meet any woodworker's requirements, 
but for mosc indoor woodworking, 
whicc and yellow glues arc chc besc 
choict, excqx for vcneerfog, wh~ wa­
cer.frcc glues such u epoxy or hor-melr 
sh<:e<s will keep che ,.,...., from curling. 
Powdered C'e1Ul glues can give cm.cic ~ 
suits due co sloppy mixing oc pooc <em· 
pccarure concrol, buc they are excd.lcru 
when a hard, macbin•ble glueline is ..­
quired, wd for moiscurt-cesiscwc ex..­
rior work. 

Too much or coo licde moisture in 
the wood is MC of the mos, frusuuting 
causts of glue failure. Coasidc,: chis ex• 
ample: The coocer of a 2-in. chick board 
is liable ro contain more moiscure than 
the surface. If the lumber is planed and 
edge-glued before ic teaches equilibrium 
moisrurt concenr, the porous end grain 
of the wood will dry and shrink £.src,: 
tbw the middle, straining or breaking 
the glueline. To avoid chis, scack and 
scickcr your lumber after milling, post­
poning gluing uncil it hu scabili2e:I. An 
excra coac of finish on the .,-,d grain 
wh.,-, your project is done will ~ 
subsequenc scress on the glueline. 

Oimacic extremes can dri\.'C wood ro 
equilibriums char will make gluing 
croublesome. In the desert Southwest, 
for inscancc. moisrurc concenc some­
times falls co 4%, which can dcaw the 

I l,•i 
• ·~ 

wacer out of PV /15 before the joincs can 
be •ssembled. Conversely, che glue 
woo'c harden ar all in wood much wec­
ce,- than 12%. In these environments, 
using adhesi,.-es thac don'c cure entirely 
by evaporation-urea-formaldehydes and 
c:asein glues-will help. Tempcracure 
can also be a faccoc in glue fail Utt. 8c­
low 50° F, PV As come ouc of solucion 
and cure in cbalky, weak gluelines. Ar 
high ccmpcraCUttS, say, above L00°F, 
they are liable ro skin ovc,: before as­
sembly, which makes a suong bood Yir· 
rually impossible. 

Typically, adhesives bood co only the 
cop lay,n of wood, so the surface muse 
be smoochly cue, ";th no com or po,• 
cially detached fibers. Providing chat ic 
is sccaighr and aue, the bes, surface for 
edge-gluing is ooe left by a sharp hand 
pbne. Ncxc best is co ust a joinCCt or 
even a sharp ciccu.lac saw, prefe,ably 
one thac leaves indececcable sawmarks. 
Dull join= and planers, on the orher 
hand, produce a glazed, burnished sur· 
fact which swdls in conraa with glue, 
encourag,ng hilure. A sanded surface 
is similarly undesirable becaust the loose 
fibers ldr behind by the abrasive soak 
up glue buc will pan readily wberi the 
joinr is scressed. Wood surfaces oxidize 
quickly, so cry co mill and glue on the 
same day; machining a fresh surface on 
lumber chat has been stacked for accli· 
marion is advisable. 

Macing surfaces should fie snugly 
without massive damping pressure. but 
joints should bove <oougb space ro pc,:· 
mic a glue film co develop; hammer· 
cigbt ccooos or dowels will squeeze our 
mosc of the •dbesive as they are assem• 
bled. If a joinc is sloppy, doo'r rely on 
your glue's g,.p-filling qualities tO rescue 

it. Bcrcet ro rccuc the joint, or ro salvage 
ic with a scraregically plactd veneer shim. 

Deciding how much glue ro apply is 
a dilmuna ofcen noc solved until it's coo 
late. The ideal glueline is u thin as pos· 
sible, bur without starved specs. Thicker 
lines are g<ncrally weaker because they 
contain air bubbles or crapped solid par· 
tides~ as well as internal ~ char de­
velop as the adhesive shrinks during 
ruring. Mose glues, parricularly PV As, 
perform best if ,hey're spread on both 
surfaces, and the surfaces then placed 
together and allowed co scand for about 
10 minuces befoce being clamped. This 
"closed cime" gives ,he adhesive cime co 
p.,-,crrate and coalesce bef0tt the clamps 
.squeett it out. 

To bood suca,ssfully, glues require 
surprisingly little damping pressutt-
10 PSI is plenty, m0tt will jusc squeeze 
ouc the glue, starving the joint. The 
mos, oommoo damping problem is an 
uneven glueline caused by poorly dis· 
tribuced pressure. Obviously, each job 
alls for its own scrup. but a joint is 
damped cocrectly whm the glue squeez· 
es out a bit just as the rwo pares mace, 
gap-free. Exert more pressure after cbar 
and you cisk swving the joinc or rack· 
ing tht ~bly. Foe edge-gluing, a 
good rule of thumb is co space damps a, 
incecvals equal co twice che width of 
each board. So cwo 4-in. boards should 
be clamped every 8 in., with generous· 
ly dimensioned clamping blocks co 
spread the pressure and co procta the 
wood. Before accually gluing, dry-damp 
~'OUI pan:s. If a joint won·c cl~. fix 
whac's wrong so you won·, be rempred 
co dr2w it up laCCt with crushing clamp 
pressure, inuoducing messes that make 
&ilure pcoooble. -G.M. 
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whfrh a/Jow l,q,,,id Jl11u u, pm11r11u. TIN par1iall1 d1111e-Nd 
fibers of a S4WII rl<rJ!''', right, limll g/111 amrp,i,n 10 top far 
tt-s a.n.J IHYait rtl!ldtly 11nd,r stnss. 
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Glues for Woodworking 
Part two: Synthetics solve some problems, pose new ones 

by George Afml()t 

A. dhcsives have changed enormously since ch<" da)'S when 
fl artisans prepared rhtir own crude glues from mear 
scraps or milk rurds, Twencieth-<entury chemistry has given 
us hundreds of new synrheuc ad~ives, some of which are of 
imercsc to the 'WOOc.lworker. Generally thC'S(' adhesives-epox­
ies, cyanoacrytattS, hoc•mch glues and contact cemenrs-arc 
far more expensive than che hide glues, polyvinyl acetates and 
water•rcsisnm glues ch-at I discussed ln the first part of chis 
article, pages 96 to 99, although they arm· t n«essarily more 
effective. In the small woodshop, cos, alone limics use of mosr 
of these glues to special jobs. 

Epoxy resins-Although epoxies are among the more expen­
sive adhesives, their physical properties-high screngrh, low 
shrinkage, t"'1Sparen<y, insolubiliry, and abiliry to bond to a 
divenc array of marerials-make them ideal for mrain appli­
cations. The excrcme scrrogch of epoxy is seldom essential in 
ioining -wood to wood, bur ir makes it possible co bond wood 
to gla<s or co metal. Cured epoxy machines well, and 1cs d1-
mcn.sional mbilicy makes ir an excellent choice for filling gaps 
and m<nding holes. 

All epoxies are cwo--part syscc-rns: a resin, and a liquid caca­
lys, or hardener. They harden by chemical reaction betwten 
th<' cwo componems, n0< by solvenc evaporation. The glue is 
activated by mixins rhc res.in and hardener rogethe:r, usually 
in equal proportions. Changing the resin/hardener pr0portion 
affC(tS the properties of the cur«! epoxy: sLighdy increasing 
the hardener by up tO 10% makes the bond more 0exible, 
while increasing the resin by up ro 10%• makes the bond more 
brittle. Using a larger proportion of either component weak­
ens the bond. 

Curing rime for epoxies vari~ according «:> temperature. 
Epoxies senc:rally require ccmperarures of 65°F °' higher ro 
sec, although special formulas have betn developed for use at 

lower remperarures. Hearing che joint to 100°F co 150°F 
speeds th, sening rate, but also increases the health risk: rhe 
vapon from hoc epoxy arc very toxic. Viscos,ry drops dra­
madcally at higher ccmperarures, causing che epoxy co now 
ouc of the joint omo ocher areas of che work. WhacC'Vcr the 
cemperarure, uncured epoxy is coxic, and repeated skin con­
caa can provoke allergjc reactions in some people. A«:ronc is 
recommended for cleaning up uncured epoxy, but denatured 
alcohol works ju.sc as weU and is less 0ammable. 

Epoxies come in a variery of different rypcs. "Quick-sec'· 
or "5-minucc .. epoxies arc convenient where you need a 
suong, fast-setring bond, but their brief pot life can be frus­
trating if your assembly rakes longer rhan you expccrcd. They 
also have Im scrensth and warer-resiuan~ rhan conventional 
epoxy. Hand-mold.able sucks of epoxy putty arc easy to mix, 
and work weU as a filler. Opaque "filled epoXJcs" connun 
suspended soLids such as clay or powdered mecal to provide 
increased screngch, higher viscosity or ocher des.ired proper-

100 Fint: \l;hodwurku1g 

ties. filled epoxies have a puny-like consis,mcy that makes 
,hem perf«t for ftlling large voids or repairing surface dencs, 
buc they have a l,mued shelf life bcouse the fclkr evenrually 
settles out of suspension. Vigorous stirring will sometimes re-­
score old scock to a usable condition. \Xfhe:n dear e:,x>xy resin 
gees old, it may b«ome thick and g=ular (some prep•ra­
cions have recommended shelf lives of only 6 to 12 months), 
but warming rhe container to about l00°F in a hoc water 
bath \l,~11 return the epoxy co its original stare. 

Many rm.ii brands of clear epoxy are bought in bulk from 
rhc manufacrurer an<l repackaged imo srnall conta,incrs. There 
isn*t much difference bet\l.·een brands, and you can save mon­
ey by purchasing epoxy in larger quancicics. One ounce of 
epoxy in a tube cosu ahout $2.25, bur Sig Model Airplane 
Epoxy, an excellent tranSP"rent glue found in hobby scores, 
coses about $ 7. 50 for 12 ounces. Though epoxy manufaaur­
ecs won't often sell bulk quantiues directly to the public, 
they'll usually provide techniaJ assis<an<e and liscs of local 
distributon. Armsaong Produces C'.ompany, PO Box 647, 
Warsaw, Ind. 46580, makes a clear all-purpose epoxy called 
A-271 resin, a "quick-sec·· rc,;in aJlcd A-36, and several o,h­
Cf rypes. D<vcon Corporation, 30 f.nd,con St., Danvers, 
Mass. 01923, also d!Sttibures epoxy in bulk. As anocher ex­
ample of the money you = save by buying in quantiry, 
Oevcon 210 epoxy costs $2 an oun<.:t in hardware scores, buc 
ahout 62• an ounce in gallon locs (all 1983 prices). 

Several epoxies have been marketed specifically for wood­
workers by lnduscm! Formulacors of Canada, Ltd. Their G-1 
epoxy is a general-purpose clear resin; G-2 IS recommended 
foe oily an<l acidic woods such as ceak and oak. C'.old Cure is 
meant for use at temf)(.-rarurcs as low as 3'5°F. Five Cure 
secs in l 'S minutes 0t less ar remperarures above 4-0°F, and 
Sun Cure is a low-viscos1ry lammaring resjn You can mail• 
order these epoxies from Flounder Bay Boat Lumber, 3rd and 
"Q·· J\ve .. Anacortes, Wash. 98221. 

An extensive line of epoxies, addmves and dispcnsjns 
pumps is sold by Gougeon Brother<, Inc., 706 Marrin St., 
Bay Gry, Mich. 48706, under the trademark West Syscem. 
Developed for boatbuilding, the Gougeon sysrem us,s epox­
ies both as adhesives and as saruracion coatings ro prevent 
transfer of moi.srure and improve dimensional stabiLicy. 

Polyester resins-If you want co reinforce wood with fibcr­
gla<s clO<h, your best choke: is epoxy resin, but bcouse of 
epoxy·, high ca5t, polyr5ter IC3in i5 commonly used inltcad. 11 
is also less toxic and much cheaper. Llke epoxies, p0lyester 
resins are rwo-patt sysrems: a low•viscosity liquid which hard­
ens \\,hen a small amount of catalyse is added. Alrhough 
polyester r,sin performs well for reinforcing fiberglass, it lacks 
sufficient w,cting abiliry co bind co wood fibers. It will adhere 
ro wood only if rhe S-Olidified resin can imcrlock wlCh surface 
lrttgulariues. You can get an adequate: bond if you roughen 
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ADHl!S[VE SaEcnON GUIDE 

Adhesh·e Application characteristics 

Epoxy Moderntt visros1ry, decreasing 
Armstrong A-271. Cold Cur<. grtatly ac warm ttmpcratuCt'S, 
Devcon 210, Five Cutt. min. curing temp. 6~<>f"\ 
Industrial formulators' excellenc gap-filling ability, 
G-1 and G-2, Sig ("9,'0-part sysccm, liqujd and 
Mod<I AJrpi2'lt Epoxy. vapors arc toxic. mar au.st 
Sun Ctirt, WC$t S)•S<cm skin irritation 

C,•a11()a.try'la1t Very fut bonding" u. \'ery 
D,,·con z;p Gnp 10. low viscosity, min. c.uring 
Duro Super Gluc, «mp. 60°F, poo, pp-filling 
Easmu.n 9 IO, Elmer's ab,hry, odor may be ,,manng, 
Wonder Bond, Hm boodmg ma>• be inhib,ttd by 
Sruff, Krazy Gluc, od or actdic ttS.idues. excess i.s 
Scotd,~~td CA-3 very d1rficuh io dean up 

Hot-me/I 11iri Sm aJmos< 1nsundy, high 
llosuk Thermoi;np, viscosity. cxa:Uern g<lp+fillmg 
Sv.'lngline Fix Sci.x ability, does n0t penetratt wtll, 

J,fficuh to apply O"'er large 
arns., nonrmoc. glue gun needed 

Ho1~m,lt sheet Instant bonding, appltcJ 
BF Goodnch Plasnlock 810 wnh h()( iron, poor gap• 

filhng abtlit)' 

Contact cement, lnsc:ant bonding, min. curing 
.rolvent•ba.sed temp. 70°F, poor gap•fillin.g 

Weldv.·ood ( .. omaa Cement, abilil)', highly t0.;c, vtry 
Wilhokl Conca« Ument flammable, J1fficuh to dean up 

Conlatl cemntt, lns<ant bonding, min curing 
u•a1er-ba.sed (/aux)• rcmp. 6)°F. poor gap-filling 

Elmer's Cabinet Maker's ability, low rox.icicy, eai)' 
Com.aa Ccmrot, Weldwood t0 dtan up, "open Ume" 
Acrylic Latex Conra<t muM be carefully monnorttl 
C,m,m aa:ording ro labeJ dirtt.'tioos 

the surface with a rasp or coarse sandpaper. Brush the cara· 
lyst•acti\'ated resln over the wood and allow it co soak in 
thorooghly. Btfo,c it begins ro set, appl)' glass d0<h and 
brush anodler coat of acciva((-d resin over (he d0th. 

Unhke epoxy. polrester resin shrinks considerably after 
<Uring, md it may remain slightly tacky long after sohdiftca­
cion. To produce a smooch surface: finish, polyester finishing 
resins someclmes concain emulsified ~,ax whkh floors tO rhe 
surfa<e as the resin cures. 

You may be able ro save up to ~0% by purchasing polycs• 
ccr resin and fiberglass cloili from a local businC'SS chac U$("$ 

rhcm. Boaryatds are usually willing to sell a gallon or rwo of 
resm from their ~~·gallon drums ac minimaJ mark-up. These 
indusrrial·grade resins a.re sometimes slightly red or purple in 
color, compared ro the wacer-dear retail resins. You can color 
cl= polycsce< resin by adding pigmencs special!)' made for 
rbis purpose. 

Cyanoacrylate glues-No adhesiv, has rc«ived mo«: atttn· 
oon lf\ tht las.t (ew years rhan cyanoacrylatc, commonly 

known as "superglue." Conua,y to rumor, cyanoacrylatc is 
n0< derived from barnacles (a miscooc.:tptton chat has StUck as 
well as the glue). Nor is ic nt"W-chc flf'Sc cya.noracrylatc ad• 

hesivc. East-man 910, was djscovered by accidem during a ccsc 

Properties after curing Recommended uses 

Highly uaruporrot, Manne and outdoor use, 
wan,rproOf. boo<h tO many cxcclknc for bonding 
materials, s.ands nonporous mare-rials 
and muhines wtU 

Highly cranspartru. ''«)' Small rq:,airs, model.making, 
Wattr 4 rtSlS(atl( bonding nonporous 

nutttials 

Neutral opaque color, fum1ture repairs, small proj«ts 
modettte Strtngth, rtmains such ti toys, roostru<tion 
shghdy flexible, c:anllO( be ol Jig> and panems 
sanded. softens whm 
"'1.red 

Modcnne strength, 
softens whm heartd 

Vcnttflng 

Low strength, Bonding pla.sc:K laminucs 
uttpS undtt load ro plywood, nor r«OmlTl<nded 

for "'eocering, though it IS 
widely used for this purpose 

Vtty low screngrh. R,comrncndcd when limittd 
vr.lt'tl'·ttSISUn(, .,.airilarion conditions pttvtnt 

<rttpS under loaJ using soawnMypt c:tn.\Cl'lt 

• \X'u(r•~I ~dMM' may cause 1111·arptng of 
vmen or thm panc'b 

•· Ma}' be rapidly htat-Cuttd at I00°F to l>0°F 
• • • Surf an- .a.nwaroc sp('C"(b xt 

of the lighc-refracring propc:rcia of a new ocgan.ic compound 
when a drop was placed between glass pnsms and they sruck 
fast The glue wa.s patented and first marketed in 1958. and 
industry has bcrn using ic ever sjnce. 

Cyanoocrylate will bond most plasacs and rubber, and is 
good for gluing rubbet to wood or to m<tal. Higher-viscosiry 
formulas are sold foe use on wood and Other porous macer1als. 
Elmer's Wonder Bond Plus and Krazy Glue for Wood and 
Leather are rwo brands availahlc in small retail packages. /u 
most users have discovered, cyanoocrylatt also has a remark· 
able ability ro bond skin. Gluc discriburors now sclJ solvents 
to dJ.SSOlve unwanted bonds, although acetone and nail polish 
ren1ovet are some-what helpful for this purpose. 

Cya.noacrylate provides a very v.,a,ccr·rcsistam, but not com· 
plerely waterproof, bond. Prolonged immersion ,n water 
evmt\lally weakens the joim. Th.is adhesive will a.bo resist 
most organic solvcnrs. 

Cyanoacrylatt glue is most useful on moJelmaking, musial 
ins.ttument building and O<hcr small-scale applications. Ics 
main advantage is iu cxrrcmdy rapid set-3M's Scotchwcld 
CA-3, for example, secs in about 30 seconds. You can reduce 
this $C'ttlng time to as little as one scrond by brushing on 
3M's Scorchweld Surface Aaivator for Cyanoocrylatt Adhe­
s.ivcs before you apply th, glue. Moisrure wiU also spttd CUI· 
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ing, but on wet surfaces the glue will leave chalky srains. I 
sometimes use the moisrurt of my brcarh to humidify small 
pam bcfoo, gluing. The srrengrh of che cyanoacryla« bond 
continues tO increase slowly during the first 48 hours. 

Shelf life of most cyanoacrylares is about 6 to 12 months-­
the glue chickens as ic gees old-but stOfing rhe adhesive in 

rhe rcfrigt'filtor wlll prolong ics useful life. Smee moisture 
speeds the setting cirne. however, a.llow rhc container co warm 
up ro room ce-mp<"nturc before you open 11, or oondensarioo 
in chc bo«le will offset chc advantage of refrigeration. 

Early cyanoaaylaies d,d nor wo,k well on wood or other 
porous materials because the glue's viscosicy is extremely low: 
the glue soaked inco chc surfaces, producing a Starved joinr. 
This same property. though, allows the adhesive to pc:necracc 
hairline cracks. Cyanoacrylare dripped mro a ragged break 
will reinforcr: the fracture, and u can StrCngthen joints already 
glued with an0<her adhesive that have loosened slightly i( it is 
dripped along the existing glueline. You can reprur a large 
gap by packing it with baking soda, then dripping glue on, 
which turns the powder into a hard, whice filler. To fill a 
small crack or hole, pur a few drops of glue in the crack, then 
sand immediarely with wee-or-dry sandpaper before the glue 
seu. The wood dust mixes with the glue to form a hard filler 
,hat matches the color of the wood. This works best on dark 
woods, on lighr-mlored woods rhe patch will be shghdy 
darker than che surrounding wood. On thin wxk. it ·s a good 
id<a co put a piece of masking tape on rhe back of the crack, 
co keep rh< glue from sticking co ,he bench 

Cyanoacrylares do noc SC< as quickly if there is acid present 
in t~ ,oim. If you·re gluing an acidic wood such as oak, 
you'll get better results if you prepare the surface, by brush­
ing on a surface activaror. These activarors are mildly basic 
and neuttaJize the acid. 

Cyanoacrylare is the mosr expensive adhesive generally 
available. Like epoxy, mos, brands are purchased in bulk and 
repackaged for reea,J sale, but you can save by buying in larg­
er quan,icies. C.F. Marrin Co. (of guitar fame), 5 IO $yea• 
more St., Nazareth, Pa. 18064, sells 3M Sooc<hweld CA-3 in 
I-oz. concainer-s for $12, Seo,chweld Surface Activator for SS, 
or a kit consisang of two ounces of CA-3 and one container 
of surface activator for $25 (1984). Gluc quality differs little 
between brands. but you will find a difference betv,,e,n the 
con,ainer-s che glue is packaged ,n. Some sryles dog before the 
adhesive is gone, when glue solidifies near che tip. Polyethyl­
ene dropper borcles are less likely to clog than meral squeeze 
rubes or rigid plastic containers. It helps to dear the nouk: by 
squetting a lat.le air out of the upright container before clos­
ing it. 

H0t-melt glues-Synther,c hor·meh glues are easy co apply 
and they SC< up quickly. Most are made of polyam,de res,ns 
which melc at around 400°F. Hot-melcs are widel)' used in 
indus,ry, where their quick set is an advantage on assembly 
lines. Thcir good gap-filling propenies make them ideal for 
repairing worn, sloppy Joints in old furniture. H0<-melcs form 
thicker gluelincs than most other adhesives, and have relan .. ,e­
ly low serength and pO<>r penetrating abihry. They're good for 
temporary jigs or rack-on fastenings. where extreme strength 
is n0< reqwttd. They're also weU suited for joi.ntS that may 
need ,o be di.sasscmbled, bur ,he hear necessary t0 break the 
glue bond may also damage the surrounding finish. Hor­
melts develop 90% of chcir final bond saengch within 60 sec-

102 Fine \\bodwOfkiJlg 

onds. The glue remains somewhat Oexible and does not sand 
well. When che glue has cooled. excess can be removed with a 
sharp blade. 

Hoc-melt sticks arc sold for use in an elewic glue gun. 
Manufacturers make sever.ti grades chat cool ac different rares. 
Those sold in rcca.il scores allow you only a.bout 10 seconds to 

~mble pans, bur you can inuea.se open rime: slightly by 
preheaung the pam. Hoc·mclcs arc also sold in thin sheets for 
veneering (available from Woodcraft Supply). You un use an 
ordinary household iron co provide heat. then weigh, or 
damp the veneer until che glue has cooled. 

Contaet cementS-Conract cements are rubber-based (usual• 
ly neopcme) liquids thar dry by solvenr evap0racion. They are 
used most often to bond h1gh·prc:ssure pl.asric: laminaccs, such 
as Focmica. t0 plywood or panideboard. without the need for 
clamps or prolonged prt:$.)ure. Coocact cements arc sometimes 
used to a«ath veneer-s, but the glue bond an fail in SpotS 

because of scasonaJ moisrure changes in the veneer, caus.in8 
bumps in the ,·eneere<.I surf act or separanon ar the edges. 

There are c,,..·o type$ of conracc cements: solvent-based and 
water-based. Solvcm-ba.scd cements, mos, of which a.re ex­
tremely Oammable, dry in about 5 to 10 mmuccs. The n()n• 
flammable solvent-based cements arc made with chlorinated 
hydrocarbons, and chfir vapors are toxic. These vapors are nor 
rnpped by an organic-vapor respirator, so you should use 
adequare ventilation with chis and any solvent-based adhe­
sivf. Water-based conraet cements are nontoxic and nonflam­
mable, but they ralce longt-r co dry-about 20 minutes co an 
hour before parrs can be assembled. The uncured adhesive is 
water-soluble. so you can clean your t00ls in v.ratcr if the glue 
hasn't dcied. Water-based contact cemenr provides bc«cr 
coverage rhan tht solvt'1lt·bascd cype, but ic should not be 
used on metallic surfaces. 

Contaet cementS are heaM-c.'Si.stant and waccr·rcsisram, al­
though adhesive srrengch is low and the pliable glue ftlm is 
likely to creep under load. BO<h rypes can be applied by 
brush, roller or spray. Apply adhesive tO both surface, t0 be 
mated and assemble when dry. but be sure that the parts are 
properly aligned. Adiuscmcm is impossible once the cwo sur­
fac:t'S ,ooc:at't. Go over ,he glued $ur(acc with a roller co en­
sure an even bond. 

"Conscruaion adhesive .. i.s a thick masn, used by carpcri· 

,en co fasten flooring or wall paneling. As yet, ir has noc been 
widely used in 0<her areas of woodworking. 

A few other adhesives char may ha\'e limited use in wood· 
working are c.he acrylic cements, most commonly cncounccrcd 
as pressure-sensitlve com-a« adhesives. Liquid acrylics are also 
used in some linoleum cement$ and ocher mastics. •• Anaerobic 
adhesives" remain liquid when cxJX)Sro co air and solidify 
when deprived of oxygen. The Loctite Cocpoouion markers a 
variety of ~aerobic adhesives which are widely used for SC· 

curing nuts, bolts and rhreaded sruds. 8tcau5" of its high 
porosity. howe·ver, wood contatns too much oxygen co allow 
anaerobic adhesives to set. D 
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Dovetail Jigs 
We test three fixtures for routing carcase and drawer joints 

b; Paul Bertorelli 

I'\~ 1:\ ..... \ ,. ' . . 
~ "' /4 

" \' \ \ 4 .. 
,~ ... ~ --~' • -.---: ;;;;;.- -. :, J ,~ -- / • • 
\~ • • 

RolilM dM'ttatl Jtll my at'ailahlt ,,, thru _')pn. TM Stars JI/. 
lt/t fttngro11nd. u·,11 nil f,xtd-,partd haf/•hltnd d()t-,1ads /01' 
drauvrl ~r Jma/1 rarrasts. Bth,nd II u 1/N / .. ,nxh rool, u·huh 

u't/1 Ck/ rar,abl:,•spactd 1hro11gh dtn,nads. Ktlltr'J tu-o-pua 
ahn,nn11m umpfatt, nxht. 11 dtugnrd ftw ro11t1nG l.argt Jovt­
Jads ,n rarcal'J, Pt111paanx ran Ix ,,antd b) 1h1J11ng 1hu t(.1()/, 

M ach1ne--rut dovc:ra1b ha,·e always 
gotten a bum rap. Thcy·re either 

too fac or too thin, or the angle is off. or 
s.t)inethtng elSC' is wroni rhat only cuc­
oni: them by hand S<Cms able t0 avoid­
provided )'OU· ve g0< the time and skill. 
These complamt$, vah<l or noc. ha,•e in· 
spired che in,·C'floon of roucer 1igs char 
arcemp, co solve the prohlt:rn 

Three b.1$1< types of dovetail Jigs are 
OO\\ on the markct-a large one for cut· 
ting through dovtc:.uls m carcases. and 
tv,10 smaller ones for through and half• 
bhnd do"etaihng of drawers and smaller 
carcases. We bough, one of each and I 
spent SC'\'cral days trying them out 

I wa.sn • c surprised chat I had co ft.L$$ 

co get chc Jigs co work weU, but once 
router an<l jig have been accurately 5e'C 

up using test pieces, all three Jigs will 
rnt ,01nt after joint v.,rh good results. 
prov1dmg that the stock has been planed 
ac:curarel)' and rut off squarely. I was 
surpnsed, however. co find that l ,oulJ 
join boards as well with th<-c-hc:apd,,t 11g 
as wirh the most expensi\·e 

Two of ,he jigs cesctd-navicl Kel­
ler's S325 twO•pie<e aluminum cool 
and Leigh Industries' $149.50 ad1usc­
able dtl·ice-arc r«cnr inventions. They 

were dt:)1gned partly w addres~ the 
common complaint that machine-cue 
dovetails lack vtSuaJ cxdctmem because 
che angle an<l spacing of tht: pm.s an<l 
tails don't vary. \Xlith either of these 
cwo iigs. th<-pin anJ,tle is determined by 
the router bit. but you c..an c.:.hange the 
look of the JOtnt by varying rhe p10-tatl 
proportions and spacing. Boch of these 
jigs cut onl>• throo~h dovetails. Kcllt"l'·s 
1s for large carcase: jvinr~. while the 
u-igh 11g 1s for drawers. Sc-.m' 11g, the 
rh1rd type I tested, curs only half-blind 
doveta1ls. and the spa'-e bt,tv,•ttn pans 
anJ cads is fixed. At S4~, 1c:s design and 
pr.ce are representative of 11gs by ac lcas< 
three ocher ma.nufac:run:rs-Porcer Cahle 
(S68J. Black and Det.ker (S68). and 
llo><;h ($82), all of whom ,ell rhrough 
loo.I di.miburors. Bosch also makes a 
la.rg, jig (for S94) that will dovetail 
boards up ro I 6 in. wide ( 1982 prices). 

Keller jig-Oav.d Keller. a Bohna.s. 
Calif, woodworker, began sdhng his 
dovetail jig in 1976. When fi.rst con· 
cciv«I i, was made of Plexiglas, and larer 
of phenolic plasuc. The version he sells 
now i.s made of cwo !1rm. thick, 36-in. 
long, machined aluminum places-one 

for the pins and <~ for the tails. A pair 
of bear,ng·equipp,:d 1·t·m. -~ank router 
bi~ (a l·m. diameter, 14° duveta1I btt 
and a 3 ,•m. !.rra1ghc bit) arc included 10 

cbe jig's $32) price (1982). The tern­
places can be repositioned, so ,here's no 
limir co ho" wide the S<ock can be. 
Boards ranging 1n thickness from 1/4 in, 
co about I 1 .. , in, can be Joined. 'The 
dovetail ba, however. has a limned 
depth of cut, so for srock thicker than \ 
in., the pin board muse be rabbeted. 

To use this 1ig. )'OU o«J a beefy rout­
er wuh a coUcc: chac ""'111 mount 1"t-tn.­
shank bits-I cried a 2-HP ~Wv.•aukcc: 
and a 2'·1·HP Makira. The templau:s arc 
first screwed co backing boards. These 
g-1.\'e you a ,;i,•ay co clamp rhe mol co the 
wock, and ,hey keep chunks from being 
corn our of the scock a.s the b1cs exn 
from che t.Ut. If the Jig's built·m 3·1ll. 
spacing bused, 1c·s simple: co fay out the 
Joir,, The rau-rumng cemplao: is damped 
co chc end of the board. and chc; calls att 

milled wlch chc: do,•ecatl bit. The cem· 
plate is rcmovcd and the tail locations 
art scribed d1tecdy co the pin b«lrd. as 
in hand-dovcta1hng. h ,sn·c necessary co 
sc.nbe ea.ch tail. If cwo or three are locat· 
«I accurately. the jig aucomacically l<r 
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A 11tar-~rf«1 101nl II q111cldy aflamabk u•lfh all thru of tht jigs 1n1ed. Abor·t 
fo,-,gro1111d an th, lgrgt d()vt/arls u·11h /mu on 3.,,,, rtnfffl 1'1adt u·11h tht lvlltr pg. 
Th, 101111J madt u•11h tlx Srars /ixll1t"t, /,It. ,uv of fix,d 1par111x. X'':""X 1htm tht 
11nmu1al!.ablt l«Jt of 111mh1n,-mdd-t d~1.-wa1l,. lf'/uh 1111•ana6lt pin spaonx. 1/N U,gh 
/18 w,altJ d()l.•ttads, a/xx~ nght, that com, doJtll /() /110/unx hand,111. 

Th, Ktllff Jig u /11n11,l;,ed unth btan11g•g11idtd ro11tff bus that /o/L(IU.· 1/x ump/au 
m-<nY aaxrattly 1.ia11 the g111dt b11Jnngs 11s.ed u·1th tlN othtr tuv, JIJ(J. Thu photo shou•s 
hou· tht IHanng g111du 011 tht ump/aft Jq r111 rh, p111.1. And 11 also ,l/1111ratn b<tu· dos, 
1h, bi1 romn to tlN ttmpla1t.1, a ro11d11um thal rrq11uyJ f(,11Jta,u 1.·i,:,lanr, u·htn 111,ng 
any of tlNu Jixs. 

caces the ochers. The suaight bit is used 
co cur the pins. If you prefer. the fixed 
spacing can be ignored and )'Ou can put 
rhe pins anywhere you hke. In rhat case, 
the templares mUS-t be moved a.fcer each 
cue. and all the tail loc..arions must be 
scribed t0 rhe pin ptt"Ct'. a tedious and 
macrnrate routine. You m,ghr as well 
dovc:t'.ul by hand. 

To tighten the ,oint, you make wider 
pins by moving th< tdg< of the «mplare 
coward che woc-k; moving ic away shaves 
chem down and loosens che ,O,nr. Keller 
suggescs you experiment wich mounting 
the cemplate on ics backing board uncll 
a good fir ,s produced. But I found ,r 

handier ro set rhe jig up co make a ught 
)Otnt, and then looc,c;n it wuh m11$lung­
tapc shims. 

Of th< thrtt J'S' tt$(«1, Keller's was 
by far che s1mpltsr co use. Once I had 1t 

set up correctly, I could make nghr 
dovetails that Wt'rc aruacrive, buc some­
what square and clunky-looking for my 
case~ I like co sran and end a dovetat.l 

senes v.ttth a half•pin. and by departing 
from chc jig's fixed spacing I was able co 
do chat. w1ch only a minor loss of .t<:<.u• 
r2.cy. The altttnac1ve is ro let rht- pins 
fall when: rhcy may, as in the photo 
above. or to doign in widths chac are 
mulnph:s of the 1ig's 3-in. spaang. 

Avo1<ltng cearouc with rhis jig re­

quires some care. After cht backing 
board ha.< btt,, used a few times, too 
much material is rot awa)' foe che board 
to offc:r much protection as che bu exns. 
Slowt'r c;umng, or a nev,· board, helps. 

This jig docs iC'S job. buc its pr,ce and 
SJze lim1c ics appeal Keller says u is 
aimed ac small pcoduaJon shops rhac 
don· c ha.,,·c che a.me co hand-do,·er.ul 
Glfta5c.-S, or rhc capital ro hoy speoalmxl 
machinc:ry. The wttkcnd woodworker 
~hould be war)'-dO\'etaihng with this 
11g calls for experience with large rour~ 
crs. I was remmded r.1.rhcr violc:ntl)• of 
the risks. As I was finishmg cutting the 
pins on one cc:sc pi«e. I inadvertently 
ti.Ired rhe roocer. The bit grabbed the 

corner of che jig. The confrontation 
snapped the router's shaft and hurled 
tht' collcc and bi, out ,he bouom of the 
machine, shanenng the B~elite base as 
it v.ent. I suffered a shrapnd wound in 
rhe face While I don' r see th,s 1'8 as be­
ing more dangerous than ocher power 
cools. ic does demand l'ndiv1ded atten .. 
rion and careful movcmem. along wich 
good eye and face protection. 

Keller's Jig tS a,railablc direct from 
him ac Scar Route. Box 800, Terrace 
Ave. Bolinas, Cahf. 94924. 

Leigh jig-Kt'n Grisle)', an English 
boacmaker no" bv1ng tn Canada. de· 
signed a 11g chat v.1II make puu and tails 
with vartable spacing. Earher chis year, 
he formed Leigh Indusmes ud. ro manu­
fauun: and markec this device. che only 
small jig we could find rhar can make 
randomly spac«I, through doveruls. 

The 1..-igh 11g "'"""s of ren pairs of 
mo"'able, die-cast aluminum fingers 
mounced on a heavy aluminum exr:ru­
$10n. The- boards (0 be 1010.ed are 
damped to the 11g, pin board on one 
s1<le, tail board oc, the ochc:r. The alumi­
num fingers proJect over rhe srock co 
guide rhe router bit through the rut. 
The fingt"n can be positioned anywhere 
along the extrusion and are locked t.n 

place wi,h socker-head s.ue-v.·s. Tiw: pm 
side of each finger pair is angled ac I 5 ° 
co rnar,h che dove-rail bic used with the 
cool (b1rs arm·c included in ,he pnce). 
11lC' opposite or rail side of rhe fingcn i.:; 
smught. The JI~ 15 mcendcd for making 
drawt"rJ, since- it works best cumng 
through dovetails in scock up co ~12 m. 
thick anJ 12 1n. w1c.k But by cucnns a 
r.1.bbt:t-in rhc: pin board. ic's possible co 
dovetail scad, up w i,.~ in. chick. 

lnsread of btanngs to guide the bus 
chrough the wood, a guide bushing is 
accached ro the router base and rhc bir is 
cenrt:rt'd inside- che bushing's bore. 
Bushings tend to be-Ins accurate tha.n 
bt:-.anngs bcausc it's difficulc co ge-1: and 
kttp rhe hie concencric. 

Setting up the jig involves looserung 
and r<"rightcning 20 sockec-head settws 
(two for each fing,r prur) co achieve the 
desired SfXI.Cing. It rakes ume. for the 
effon, rhough, you gee pm; and tall\ 
where you -...cam them, and you can scan: 
and end the JOLnt with a half-pin, no 
mancr 'Q,,•hac the width. You <.an also 
"'at)' rhe "1dth of pins and rails. I used a 
1-HP Sea.rs roucer and ¼-in.-shank car­
bide b11> to tr;s, the Lc,gh 11g: tat1s fil'S( 

with rhc: dovetail hit, then pins wich a 
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1ii,•in. srra1ght bit. Sine<" <he fingers 
au<oma<ically loc-ace the pins on che 
piece damped in che ocher side of the 
fig, no scribing is necessar)'. Leigh sup­
plies a stack of ~44·m. papt'f shims for 
-ad1uscing chc tightness of the ,oint. The 
sh1ms fit under an aluminum place co 
whic"h chc: pin board is damped. Re-­
moving shims moves the work dos.er ro 
rhe Jig, thus tightening the ,oinr. 

After some confusion over linger 
spacing, 1 \\'as able ro cue nght dovetails 
in both hardwoods and softwoods. Once 
I g<>< the hang of it. changing the spac­
ing was easy. The biggest problem I had 
\\'ith chis 11g v.,as tea.rout. As the hits 
lea~•e che cue. a ragged edge often re-. 

suits. Backmg the cut wnh a smp of 
wood clamped between the work and 
,he J•S corrected this, but I had to re­
place the strip frequently 

For all its complexity-it has some 2) 

separare par<>-rhe Leigh c!,-.;ce held its 
ad1usunents throughour the day I used 
ic co ;oin a batch of drawers. 1ne lase 
comers I made were as eight as che firsc. 
The tool seems robust enough for a 
small producnon shop. But it may be: 
pricey for the woodwork<."£ wich jusc a 
(,:,;,.· drawers co dovetail; and bes.ides, 10 

rhe ume 1t takes t0 adjus< the: jig, you 
really could chop quite a few hand 
dovetails. Moreover, I found rhar hav• 
ing ro rabbet ,he pins in srock thick« 
than ~~ tn. limirs the cool's versatility 

The Jig is sold through mail-order 
tool distributors: Le-igh Industries (Box 
4646, Quesnel, B.C., C.anada V2J 3)8) 
has a full list. 

ears jig-Singer M0<or Produra Divi­
sion has made the Sea.rs Jovecad Jig for 
more rhan 20 years. It con.sises of a ph~ 
nohc template machined with fingers 
and mounted on a1Wll.1flum channel iron. 
Th, pieces ,o be joined are damped at 

righ, angles ,o each ocher under the 
template. The route< (thrwgh a guid, 
bwh,ng) CU<$ half-blind pins and tails 
in a single operation wiri, om: cutt«-a 
1,',·in. d1amcrer dovc:tail bic-. Boards up 
ro 12 in. wide and from 11, in. t0 about 
I in. thick can be joined. The dovetails 
made by this jig are square-difflfflSioned 
and closcly spaced, with rails undercut 
on rhe inside face. Another r:cmplare 
sold separately can be fined co ,he Jig co 
mak, ¼-in. half-blind dov«ail< in <tock 

as thin as ',{, in. Though inrended onli• 
fo, half-blind dovetails, the Scar. fll<tut< 

can also cue through dovetails. It re­
quires routing perilou.sly close co, or 

,, . 
~4~e i..-f ___ _ 

Pm 1pat'lng <an I>, varttd uuh 1/x LelKb )lg b)' movmg ji1'grn /«Jud dou:n b)· 10<lttt-
1Had 1Mru•1, F,1 of 1/N 101111 1.1 dnMm1md h) 1/N puu· u·1il1h U'h1th 11 <on1rol/1d I,) 

adding tu•ln 1hlrk paJ>ff shuns stadud kh,nd an ab1m1n11m plau INtuw,n u,qr.Jt and 
PK· Thr plait al ltft fa.11tn1 ()f'ff fingtr.1 to guer 1/,, r()11t,r a tmfl()th 111rfau to rid~ on. 

.. 
11N ~arJ dO'l-~tailLr iJ tlN q11irku1 lo NU h«a11.u both pm, and 1a,l.1 arr 11111/Ld ,n ont 
o~ration u·lth tht samt bu. Tht u'Onpuus ~" dam~d 1ogtthu, ltm11mg uan>111 and 
maJung JOlnJJ <tmJ1Jttntl) dtan. 

even into, the aluminum base of che 
cool, ho~ever. And the ill-fimng, half­
round pins thus produced are hard!)• 
wonh rhc: c:ffon 

Pin and tail spacing is fixed with this 
jig, so sec-up involves little more than 
ripping the stock co "1dch and squanng 
the ends ro be 1oined. The cric-ical and 
mosc difficuh cask IS gemng the Joint 
tighcness 1ust righc. You do tt by chang,• 
ing the routtt's depth of rnt, lowering 
the bit ro tighten the ,otm, raising it <o 
loosen it. With che crude; rack•and-pin-
1on depth ronrrol on a Scars router. ad­
rusrmems tak(' toes of rrial and error. A 
router Y.rith a bc:ttc:r depth control, I sus· 
p«t, would iimplify this job. 

Once set correcd)•, ,hough, the Sears 
Jl8 i.s faster and cas.1er <o use than <he: 
ocher two b«ausc: the I~ 0 dovf'tail bit 
mill$ piru and ta.1.b .tt th<-~c time. No 

btC or Jtg changes are needed. The 
boards are damped rightly againsc each 
other during chc C\lt, thus backing the 
bic"s exit and eliminanng cearout. 

The perfonnancc of thi$ )lg surpassed 
my expeetarions. I onc<' bought a 
dleapcr version. and aft« using ic cwKe 
with mediocre: rcsulrs, tossed it back be­
hind the: scrap pile. Tnc: vmion I tes<ed, 
though. is hc:cccr madf' yet scill priced 
low-wc:11 v.'lthin d'K' budge1 of most 
woodworkers. True, the pin•cail spacing 
can ·c be varied. but the-precise regular­
ity of the Joint made by this Jig has a 
certain appeal. It looks exactly hke-what 
it i.s-a machtne-maJe dovecail. 0 
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Cutting Dovetails With the Tablesaw 
A versatile way co join a stack of drawers 

by Mark Duginske 

For joining such basic C2SCWork as small boxes, ches<s and 
drawm, I've always felt chat there was a missing link 

bctv.•een the tedium of hand-rutting doz,ns of dovetails and 
the faster method of producing monoconous-looking joints 
with a roum- jig. With cha, in mind. I developed chis table­
saw dovetail method which combines hand-cool flexibilicy 
with power-root speed and accuracy. 

With chis rechn,que, you can vary both the width and che 
spacing of the pins and tails for practically any aesthetic ef• 
feet. The blocks thac sec rhe spaong arc self-<:enrenng and will 
produce pcrfect•ficting, inrerchangeable JOints, eliminating the 
need ro mark boards so char individual joinrs will fir, as ";,h 
hand-dovcrailing. Besides a good combinacion sawblade and 
dado bead for your tablesaw, you'll need a marking gauge, a 
bevel gauge and a couplo of sharp bench chisels. Before pro­
cttding, screw a wooden fence to the saw's miter gaug,e. A 
3-in. by 20-m. fenc:e w,ll safely support moo, work. 

Begin by squaring the ends of the boards ro be joined. 
Take your rime with rhis s~inaccurarely prepared Stock 
vinually guanncees sloppy results. I spaced the pins equally 
for che 41/.-in. wide drawer pans I'm joining in the phoroo. 
You can mark the pin centers directly on the pin boards, or, 
as I did here, you can JUSt cur the spacer blocks ro creare 
whaccvcr spacing you wam chc pins co have. In any case, c-hc 
width of rhe blocks should equal the disrance between pin 
centers. You'll need one block for each full pin, plus one. 

The pin size is also controlled by che blocks. When rhey're 
lined up edge-co-edge, the roral widrh of all rhe blocks 
should be less than the width of che stock by an amount 
equal ro the width of the narrow po.re of each pin, char is, on 
che outs.1de (ace of che pin board, I c.hose ¼-in. pins for che 
drawer sides shown m figure I~ if you want finer pins, de­
cn:ase chis dimension. The blocks muse be of oonsisia,c "idch, 
so I crosscuc chem from the same ripping, then sandpaper off 
any fuzzy comers so thar they'll hne up wirh no gaps. To 
mark the depth of rhe pin and rail <.'lltS. set your marking 
gauge co the stock thickness, and scribe a line on chc faces of 
che pin board and on ,he face and edges of chc rail board. 

Cuc the tails firs, with che saw arbor (or cable) tilced co 
80°, an angle char I've found produces the besr combination 
of appearance and strength. A bevel gauge set ac 80° can be 
used ro set both the sawblade for the rails and, lacer, the 
mjrer gauge for the pins. As shown m figure 2, position and 
damp a scop block to rhe m,rer~gauge fence so rhat when all 
rhe blocks are in plaa. a half-pin space of the correa size will 
be cue. Ac its nanownc width, che half-pin space should 
equal m( narrow width of a pin. Raise the sawblade unci.l it 
cues right ro the gauge line, then, wich all the blocks in place, 
begin cutting che rails, flipping chc board cdge-fe<~ge and 
end-for-end (phoco, nghc). Concinue chis process, removing a 
spacer block each cime, until all the rails are cue. 

A good•qualicy carbidc-cipped blade will ,aw cri,p pins 

106 hnr= 'XOo<lworking 

Fig. 1: Anatomy of a dovetH 

Cut (}tlf'l'S on fronts 
and backs of Orawevs 
OI ro,:,s df'IO boltOl'Yls of carcases 

+----4'4----;>1 

a:Z:.:, 

S100 block. ciaO'()e(I to 
m,1~ gauge feoce 

In DNgi_n1k,'.1 tahl,.1aw dt>Wtail mtthod, rh, tails arY madt firJI 
in a JtnlJ of rNIJ u·irh th, rah/~ (Jf' ar/)()1" ltl al 80°. A.fur tath 
sfflr.s. a spaur bl«k is rrmowd and 1M ru/J a,y fTJHatul for th, 
n,xr 1a1/. TIN lair ta,/ 1s mad, wuh o,u /Jl<1<lt in plarr. 
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J\1Mh1nt-r11I d#vtlatls don't hatH to have tM ,1;1[. prrdutahlt look d1rta1td In many routtr pgs. Using )4Nr 1mag1nafl()II and 1/N 
a111hor'.s to/J/,.saw urhn;q11,, )Otl ran vary tfN u-,dth and 1pM1ng of ptn, am/ tads /r,r 111{,mt, ,,;.11"1/ 11ari,1y. 

and c.ails. buc sct at an angle ir leaves a smaJI c:riangJc of was.re: 
at the bouom of the cur that musr be chiseled ouc lacer. To 
m,n,mize handwork, I had the <Op$ of the tteth on a carbide 
blade gcound co 80°. The grinding cost $12 (1983) and the 
blade can still be used for O<her work. If you hav, a blade 
ground, make swe char all the teeth point i.o rhe wne d1re<:­

cion. and when you tilt your saw. match the t(l()(h angle. 
To rue che pins, damp rhe boards together and scnbe 

either of the ouccrmosc tails onto the pin board with a knife, 
as in the photo at right. Mark the wood co be wasted with 
an X. Only one p,n need be marked; the spam blocks wiU 
aucomancally cake rue of the o<hers. The pins will be formed 
in the series of thrtt cuts illustrace<l t.n figure 3. 

First, recurn the arbor or rable ro 90° and install a ¼-in. 
dado blade ra!Scd co rut right co the gauge line. Adiusc the 
miter gauge co 80°, and with all the spacer blocks in place, 
reset che stop block so thar, with rhe oucs:idc face of the board 
positioned away from you, the firn dado cu, will be made 
JUS< co the inside of the knife line. Make sure that the hoord IS 

positioned correcrly, or else you ·11 end up rutting the pin an­
gle ,n che wrong direction Make the f1"' rut, flip ,he board 
end-for-end and rue only che opposite comer. Then remove 
the first block and repeat uncil one side of each pin is cur. 

For the second senes of cuts, SC'c chc miter gauge co 90° 
and wascc chc matc:rial betv.•een the pins. You 'II have ro re• 
move a loc of wood U1 seve-ral passes co foc-m widely spa<:cd 
pins. in wluch case u's handier ro Judge c-ht cuts by eye cacher 
than rel)·ing on t-he spaetf blocks. Don· c waste coo much ma­
tenal, dS<' you ·u nip off the oppos1re side of rhe pms. While 

chc mitct gauge is ac 90°, use the dado blade co wasre the 
wedge of wood remaining in the socket> of the tail board. If 
chr sockets are narrower than h ln., nibble out rht wedges on 
the bandsaw o, v.oth a coping saw and a chi>el Use a backsaw 
oc the cablesaw co trim the shoulders whc:rc the half-pins fit. 

Next set rhe mtter gauge to 80° in che opposite direccion, 
and reser rhe st0p block so rhar the dado blade cues 1ust m• 
s,de the ocher knife line. Make ,he ,hird series of cuts like the 
firs:r, bur beforc proceeding. slip three or four smps, of paper 
becwccn che last spam block and ,he siop block. Complett 
the cues and cry the jom,. r, should slip together by hand or 
wich light mallet caps. If che ,oim is tOO tight, rt-move one or 
more paper shims. repeat the cut:S and try again. Smooch the 
space between the pins and the tails, pare any eight spots with 
a dusel, and you're ready co glue up. D 

Mark D11gi,11ke lit1tJ ,n Wa111a.11, Wu. 

TIN tad l«atifm iJ .sm!Hd dfrutly onto 1« 011t.sid, /au of ,bt 
pm board u•11h a k.mf,. A bold X ma,,._, tbt matMtal that w,/i 
h, u asr,d 10 fqnn t!H pm,. 

r;;;;:-;, Cutting the pins 
Secooo senes 

Pac,e, 
sn,ms 

Pon 

Ona ,r1arlud 0111, tM pm, an fllrtlud by u:aJttng 1.IN u"O<Jd k­
tu•u,r wuh dado-1,/adt cu11. In 1/x pf»to IHI~. D11gtnJ!, ,om­
pllltJ 11N Ufqnd 1'ntJ of pm r1111. 
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Curved Dovetails 
Secret mjter is the key 

by john F. Anderson 

The ap~aranc(' of through dovetails LS ordmanly dctcr­
m1ncd by the lhickncss of tht pitccs bc-ing join(d. :md 

the exposed end-grain surfaces of both pins and tails usually 
make a suaight line parallel to the corner of the 101nt. Bur 
this basdinc need not Ix srr•11ght 8)1 varying the thickness of 
the pins and ca.tis. you can create curves along both sides of 
the foim. Curved dovetails open up new design po$$1bilmcs. 
Incorporated 1nco a cabinet. drawer or box, this ,o,m can en• 
ha.nee and accent chc overall composition. 

The pr0<cdurt for making curved dovcca1ls Is tnsically the 
same as for eutting regular ones. But there arc ~·o notable cx­
CC'puons-you nc<'d a curved tcrnpl:uc blod, for laying out 
the curved ba.sdincs and for ch1sding. and )'OU have to cut a 
curved-bottom blind miter a.long the inner c-dgc-s of the J01nc. 
You'll nc-cd a sharp pencil. a marking gauge. a dovt"tail saw. 
chisels •nd m•llet. and a good eye. 

The inside miter is che key co curved dovcca1ls b«auS<' It 
lets )'OU make pins 1.nd t1.1ls 1hat art" thinner in scuion cha.n 
chc thickness of the scock and ch~ pcrm1cs a wide ra.ngc of 
cur.-cs co Ix uSC"d. They can Ix either concave, convc-x or re­
versed. S)'mmeuicaJ or asymmetrica.l. and the chicknes:scs of 
the p•«C"S joined need not be the same. The curves on c-ach 
side (pin a.nd ca1I) nccd not be-the same either, though co ac­
complish such a joim )'OU n«d co ma.kc rwo templatcs and co 
12y out the curved CUlS alternately (figure)) Thc-procc-durC'S 
describcd below will work for any curve, so long as tht' miter 
i.s cu1 properly. 

Pirst make tht" curved rempl:ue block from a p,ecc-of wood 
" least ll in thick. It should b< large enough 10 b< clamp<>d 
firmly to the workpiece (w1chouc the clamp gemng 10 the 
Wll)') and pr«i.s.cly the width of your case sides. for use- of 
aJignment. After la)•ing out the curvc-. takc-carc-1n cumng 11. 

making surt" that the curved cod-grain edge is perpendicular 
to the bottom face. You'll me th1.) edge to guide )'Our chist'I 
when making "cmcal cuts, so H has to be a true: 90•. 

Next, SC't a marking gauge co a little more (maximum ~'it 

in.) than the thickness of the stock and score tho msidc face$ 
of the work. The inside faces should b< finish-planed 
or sa.nded ro avoid kn<Xking off the cdgc-s of the curves after 
the joint is completed. Don•t strike a bast'linc- across the out­
side fact of th(' St<Xk: rather, score marks ac thc-outcr c-dgcs 
that will allow you to posiuon the curved templatt". Trace the 
curve from the template onto both faces of the st0<.k, using 
the srra1ght baselines for n:g1sm1t1on; also trace the curve onto 
1he end-gram edges (figure I). Af1er careful cons,dmuon. 
mark out the pins first; I do this freehand, but you can use 
any mC'2ns you like. Cl2mp the p1«e 1n a vise :,i.nd saw dov,1n 
the waste inde of each ptn to rhe curved line. 

S-awing done. laf the pte<c. outside face up. on the bench 
and clamp the template on top in its original posuion Using 
the edge of tht" tt'mplarc as a guide for the Mck of your chisel 
(figure 2), chop 1010 the waste deep enough so that no chip• 

Thro11gh do11t1,11l1 wt1h c11rved bauh11es can e1thtzwcr CllJe 1011tery 11wtl 
pro11ule r1111al 1111eres1. Mdu,g pms 11,ul 1aJ1 a d1f/<rm1 thuhuss 
from th~ sroct hr11,g 11.ud 11t11ol11rs 011111g .,,,,,.,rd uc"t mlleron rlu 
umdr &oma of 1hr /Qlltl 

pmg or tea.r-our will ouur when you finish ch1SC"l1ng through 
from che other side. Turn the: piece over, damp lhe template 
into position on the inside face. and chop scraight down. re­
moving chips near the edge of the remplatc- wnh obliquc- par• 
1ng cuts (figure 3) Don·c go any deeper than the curved lint" 
marlc:c-d on the end-grain edge. and don't uy to remove ch( 
waste beN·ecn the pins just yc-1. Clean up the bottom of the 
cut by p-2ring ,n from the edge wuh :a n:arrnw chi<-t'I or ,n. 
cannd gouge. This musr be done :ac-uratd)· b«auSt' the results 
will deterrnme che fit of the m1cer on the ,nside corner. Now 
remove the tc-mplate. SC"cure the workpiece again to the bench 
and t.Ut thtS muer using 1 sharp ch1sd. bcg1nnmg 21 the base-• 
line 2nd paring to the inters.ccoon of the vercical shouldc-r and 
the curved bottom (figure 4). Thi..) will automaticall)' produce 
a miccr ac the propcr angle. 

Now that the ml(cr has been cut. return the u:mpl:uc to 11$ 

former posiuon and use-H as a guide for removing the V.'2Ste 
between the pms Cumng the miter comt'.) before th1.s be­
cause the entire bonom curve- ts scill v1s1blc rhen. making 1c 
easier ro tut to this ltne. which is parciall)' oblnerated when 
the w;ute bctwt"en the pins is rt"movc-d. 

Now lay 0011he mis from 1hc pins 1S m S!lndard pmucc 
Saw down on the waste sides of the ta.ii lines to the 1urvrd 
line. Then simpl)· repeat the procedures used for mitering thr 
1ru1dc corner dt"su,bcd above. 1h1scl1ng out the waste Ix• 
tween the:-tails last. Tht' p1c-<es should fit t0gether correccly. 
lea,•ing no gap on the inside of the corner 

John Andtrson /wes ,n &1111uau. N. Dal:. 
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Fig. 1: 
Laying out 
the curve 

Ou1s1oe face 

Sc0re sr,a.,ght ~sdtn.-s onu, insiehl fact.ts 
and ed~1 of stoc-k Tractt curved baselil'lt!s 
l1om t.,,-,plare 

Fig 2· Preparing the out.side face 

Terrp 

Using 1emplate edge to gwde chist!I, se~ th4 waste II$$'"' across tM 
gram ro (Jlevenr rear-out whert ch,U/tng from tM r~u SNJe. Note th8t 
tall b<>ard /photo W!OWJ, which w,I( ~ m.,rbd from completed pin board, 
is prep,ared similarly 

Fig. 3: Cutting the 
inside curves 

AgNn using template as a guldt,, cut the curved venJclN shoulder and 
p.ve aw.,y wasttt along curved /if>t, on insidtt lace of pins Photo below 
shows taif./Joard shouldet Sln'Nlarly cut 

Fig 4 Cutting 
the inside miter 

' 

Ii •• 

Cut the m,re,, ftom stta~ht bltseh11e 10 curved o,.,. /ltmQve- wast~ 
bt:twffn pms only aft~fcutt,r,g miter 

C11rvt A i,111d tMrrt B need not bt tht Jllmt. 1/thty .zrt. as rn Jht tum• 
plt:ibo11t, tht1t 1htmlltrts:1 mu4) • l/r11nn A.mdBizred1wm1I.Jr. 
JS,,, tht dr;;u•mg belou·, 1he11 tht 11nglt of iht m11tr 1,n/1.,VJ 11/011g tht 
ln,gth of tht JOlltl. blt ii s/Jght!J tumttd nbboN 

Fig. 5: Laying out 
two different 
cu,ves 

P t, Jtd 

I 
I 
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The Butterfly Joint 
Double dovetails for suength and beauty 

by Frank Klau1z 

Though the: bum:rfly joint, wmetimes called a double 
dove-ta.ii. is ancient. it was hardly ever used in traditional 

furniture making. Lately. however. it has enjoyed widc:r use: 
since people have begun to make furniture from solid slabs of 
wood, from whole f11rchts or from COO( sections, Some o( 

Gco<g,, Nakashimas rablerops, foe example. shov.· how the 
bu<tettly can be u$C<I for strength and decoration. Across 
the grain. this joinc provides mccha.nicaJ reinforcement and is 
especially u$Cful for eonuolling checks ,n slabs and for repair­
mg cracks in tabletops and chair sc:us. The joint can also Ix 
used co join S("paracc boards into a single p:rnd or to join up 
SC(tions that arc buncd rngethcr lengthwisc to form .1 long 
cable-cop or b2.I cop. Rccemly I put butterflies into a horse­
shoe-shaped kitchen countc-rtop made from six S<:paratc 
pieces of bucchcr-block material. ThcS(" were join<'d end-to· 
end with butterflies, three of ,hem for e.i.ch joint. 

I ,ry ro make all my burmfly keys the same size. unless the 
job demands othcJWisc. So most of the time J cut them 
3'- in. long. l % in. widt and l an. cluck Instead of cutting 
them ont at a time, I like 10 ma.kc a doz.en at once. I first cut 
scvcr2.J strips of wood to a width of l,. in. and a thickness of 
li, in. Theo using my r2d1al arm saw 2nd a stop gauge, I cu, 
tht suips into piects exactly 3l in, long. I glue 12 of these 
pieces together, face ro fa«. with just • spot of glue m their 
«mm. I wnp masking tape around the end grain, then I 
d•mp them firmly together. I ,ilr the arbor on my rablc saw 
to 2 10· -angle and set the fence prccistly I% in. from tht 
blade where it mcc=ts the plane of the table. The blade 
should be sc, l 'll• in. high (or slightly less) so the two waste 

pieces will my anachtd 10 tht Stock afttr all four cues. Make 
sure you leave an uruawn strip at least~, in. wide in tht ccn-

u!r of tht" wood. With th<' clamp positioned so ic can't conc2<t 
the blade, I make rhe cu, with one hand, using the bar of the 
clamp as 2 h2ndlc while prC'SSing down on the stock. It is a 
hair-raising op<:ration for one who hasn't had much experi­
cnc<' using .i t2blc saw, but wuh urc it can be done safely. 

Afcer making the four nccCSS:tr)' cues, you end up with 2 
stack of perfmly dimensioned butterflies. except for the cwo 
wastt' pjcc<'S still attached to th<' ccmt'r on both sides. Break 
these pieces our 2nd cle2n up the valley by passing a sharp 
chi$CI left and righr. Now knock the mdiv,dual bunerfl,es 
apan. The whole job from gluing to knocking •pan 
shouldn't take longer than a half-hour, or ,he glue will $Ct 
hard and you'll have a solid block of wood. Then you'll have 
to 52w the pieces apan. 

lnStead of gluing 12 or more pieces 10gtther, you can cm 
them all from a single. solid block. if the gram runs m the 
right djrection. This method is economical bee-a~ you can 
cut off pieces of wh-au:v<'r thickn(":SS you need and save the 
rest. h also a.llows you 10 use short lrimmings from wide. 
thick planks. piece:$ that ordinaril)' would be thrown -aw-a)'· 
Curring aJJ th<' keys from one piec<' as safest because you don· t 
have to clamp the workpitce while sawing wd you don· t h-av<' 
to worr)' about them sepa.rating during tht cut. 

If you need only one or two keys. it's best ,o m•ke a pat­
tern, trace it onto your wood and bandsa.w dost to the lint. 
Then dnn up and su.iighten tht' edge~ with a sharp chisel. 

Once you've m-ade thc butterflies, you have to set them m• 
tO the wood. The simplest way is to plact -a key on the surface 
(ctotered across the check or joint and perpendicular co it) 
and trace around the butt<'rfl)' with 2 sh:trp pencil. With a 
chisel cut t.h<' mortise, b<'ing careful to get no closer co the 

Typical butterfly key Mat» from thrM pif:cu 

B1111e,jly le,s 11.u a1t a11rac1111~ wqy 10 control 
e/u&A.J_ They un lllso b~ 11ud to join si.ngl~ 
boards utl<J pa11els. 

110 fine \ICoodworkrOR 

I 
I 

' 
----

V 

'///'''7'' 

' 
,. ,, 

I 

Srock/ 

• 

~ 

Beanng 
surf&c:e 

of ,-in. plywood, rt,,, 
guide template permits 

raf>H/ rout,'r>g of the 
buttetf/y housing.$. 

,.._ 
Enlarged cutout in base 

Section of 
guide template 

., , , . ,, , 

I 
\ Router bit \ Y,-in clearance lor chips 
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C1111111g a doun hys at o,tt rune ()11 hu 14ble uw. KA111.1z 11us a bar damp 10 
help gnp the Jtotl. Thu u a da11guo11J c111. Do 11111/e/1 by l'IWimg 111,e th.tr rht. 
blade t/eqn tiN damp pws (Ind that rht 1h11mb n pkud b,gh 011 1he u,orlp,-e&e 

To dun 11p the 1111.JflWn unter JX>rlwn of the stock, Kfl111.f% 
holds rJH ti.me/ asiew 1111d slices 111 the u.vult, mor111g/rom 
left t<> ngh1 

lines than Vi.6 in. The floor of the cav1t)' can be le-vded a.nd 
smoothed with a router plane-and then the walls pared co the­
line with a chisel. 

S«ausc- I make-a lot of them, ( prefc:r to cue thc-sc-morus('.s 
wuh my c-lc-ctric roUter. using a guide template that m2kes the 
job quick and easy. So I can make the cutout in the template­
exacdy the sa.me size as the bunerfly. J use-a two-flute, ¼-in. 
router bn. which lets the shank bear direnly on ,he template 
gu,dc. The bm bit for this has cuning edges only \I, in. long 
and is made by Yelp« (#4-4-AI) available from Force Machin­
ery Co .. R,. 22, Union. N.J. 07083. You can use other ¼·in 
b11s. as long as thcu cutting cdg,-s arc flush with the shank. bu, 
since most of these bitS (Roel.well and Scars) havt cutting 
edges longer than \I, m., you'll have 10 increase the depth of 
your template so the shank will ride smoothly on the tutout 
edge wnh no danger of the bit cuuing into the template nsc-lf. 
Remember. the fan.her the cuuing tdgt is from the router 
chuck. the mort chautr produced and tht rougher the cue. 

To make chc guide cemplate you will nt'Cd three pioccs of 
good·qualiry 1.-in. pl)-wood, cwo of them 9 in. by 26 ;n. and 
one 9 in. squart. Gluc the smalJ square p1C"Ce in the center 
of one of the longer picc.-s. Then lay one of your bunerflies 
on the temer of the squ2re pi«c and draw around it with a 
sharp pc-ncal. Drill a pdot hole inside one oft.he corners a.od 
saw ouc the wastt with 2 $ab<:r saw, or you can chisel it out. 
Make surt you arc doing very good work here. for aU your 
buuerflits will fit like t.hl$ one. le.ave your pencil line on 
the wood so )'OU can do the final fitting with a file for a per­
fectly snug fit. 

Now t2ke your third piece of plywood. puc it b(:nuth the 
guide templatt just made and 2Jign the outer edges. Trace 
the cutout onto tht bottom pi«e. remove the guide ttmpl2le 
and tnlargt the tracmg by½ in all around. Cut out this area 
with a sabtr $aw. This bo<com piece cltvate-s the template t.hc 
nght amount; the enlarged cutout makes room for chips 2nd 
dll$t chat would otherwise interfere with the bn as its shank 
bears against the sides of the template. h's 2 good idea co 

glue 2 couple of sandpaper strips tO the bottom of the base 10 

help ketp it from slipping. Put a little oil on tht pattern 
where the router bit or guide bushing will rub 

Remember chat you w:a.nc the mortise to be about ~ in 

shallower than che thickness of the butttrfly so you ('2n pl:a.ne 
tht key nush to the surface. For a buutrfly rhat's i in thjck. 
I cut the momsc ½ in. d~p. 

If you want 10 ust 2n ordinary straight.face routtr bit and a 
guide bushing, then you'll have lO make the cutout m your 
template- largtr than the bunerfly. The exact amount of th.is 
enl1rgement depends on the distance from the cutting arc of 
your bu I() the outer cdg,, of your guide buslung (rolbt). Try 
usins a serup that will cu, a ,emplace 'i 10 ~. in. brge,-than the 
pattern, as this is usually maruigeable for inhys; )'OU will be 
treating che key like an onlay, dropped in and planed flush. 

To rout ouc the waste. hold tht router at an angle so pan of 
the base contaers the surface of tht ttmplatt and center the 
bit over the cutout. Switch on the power and let the router 
down nae. Work th(' tool in a clockwise dirtttion, going from 
the center co the outside edges. and wh('n you· ve removed 
the waste from the ctntcr. make a final pass around the edges 
so thai the shank of the bi, (or guide bushing) rubs the edge 
of the template. All that's ldt to do is to chi.sci out the four 
corners, where rhty'vt bttn left rounded by the router bit. 

BecauSt the butterfly is usuall)• housed across the grain and 
th(' gr~tcs.t amount of shrinkage and expansion occurs in this 
dir«tion, a sltghc undercut on tht ends of the monisc is 
somewnc:, dc:sirable. Thi~ will help prevent ,ht' wood from 
ch«king 1f it shnnks against the ends oft.he kt)'· Bunc-rf11cs 
uStd for repatr purposes and visible onl)' from underneath 
should be cut slightly shoncr than t.htir housings, leaving a 
small gap at either end in case the wood moves. 

Tot buutrfly should be glued into its housing. clamped if 
possible and allowed 10 dry before you plane it n.,.h with the 
surfa.ce Avoid using a bth sandtr to work n down because 
)'OU can never gtt the tross-gram scratches out. I ust a shatp 
smoothing pl:a.ne. followed by a cabinet scraper. Then I sand 
with 220.grit paper 

BecauSt this joint needs very li,t.lc mau~ria.l, I try to use 
dark woods-ebony, rosewood. padauk. purplchean and 
black walnut-for contrast with the lighccr wood of t.ht 
t1bletop or counter. If. on the other hand. the table is made 
from a da.rk wood. I use a light wood for the butterflies, such 
as lemonwood. $2tinwood. curly maple or whice ash. D 
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Bandsawn Dovetails 
Tile, saw and chop 

Rourers and rablcsaws aren·, chc only 
way to make through doverails 

wich a machine. I use my handsaw ro 
cut ch• pins and tails. and che resula 
aren't much different from cutting the 
J()int by hand. Swr by using a marking 
gauge ro scribe the baselines of pins and 
taib on both boards. Cuc the pins firs<. 
Tilr che bandsaw rable 10° (or whatever 
angle you wish your pins co be) co the 
right, and d2.mp a fena, pata!lel to che 
blade and slightly farther away from ic 
,mn half che widch of che scock. as in 
drawing A. (If your cable won·, tilt in 
borh du«ci<,ns. build a d2.tnp-oo auxil· 
iary rable ro reverse che work.) Oamp a 
srop tO the fena, so chat che blade will 
cu, just ro che baseline. All che cues for 
this mechod should be made wich che 
inside faa, of the board up. Mark your 
stock so chat you won· t lose crack. Make 
che fim cu,. which will be one side of a 
cerncr pin, then rum the srock end-foc­
end and make che second rur, one side 
of che orher oencer p,n. 

lkrween the stock and che fence. 
place a spacer «JUal in width tO the pln 
spacing. For this example, you ·u rut one 
center pin and rwo half-pins a, each 
<dge. Cut che half-pin on one end of the 
stock. then rum the board end-for-ffld 
and cut the orhcr half-pin (8). 

Now air the table 10° ro the kfc. 
move the fence ro che opposite side of 
the table, and use the spacer ro cut che 
orhcr twO half-pins (C). Then n,move 
the space,-and cut th• Other side of che 
cwo cencer pins (0), Chisel ouc the 
waste in the pin boards, 1usc as you 
would in making hand dov,cails, 

With the pins chiseled ouc, S<ribe their 
location diteCtl)• on che tail board (E). 
Return che handsaw co che horizonta.l 
position and saw freehand co che waste 
side of che lines chac mark the taib. To 
remove che waste wh('rc the caner pins 
will fit, saw up co the baseline repeated· 
ly (F), shifting che srock sideways each 
time. before deaning ro the line with a 
chisel. To waste che area where che half­
pins '9.'ill fie. saw right up the baseline 
(G). Try the JOint and ad1us< '" fit 
with a chisel whert ntctssary. This 
rnc<hod will work wich wider boards. 
bur you'll need more spacers co locate 
the Other pins. □ 

Bandsawn dovetails 

A 

To cvt one SKle ol rhtt CMJtM J.')IIIS. rift rhe 
bitndsaw ro 10° Clamp a ftlnC6 co rhe saw 
(BOie S"O/llfY more than half lM $toc.k 'Mdlh 
from the blade Maks OM tJtl'I cur rc.<n the 
board efld-for-end fo, tM OthtJf 

C 
TJ/f Che table ro the o,:ip()Sl"le 8flf1/e ~ J'1'JOY8 
the fence ro rhe oppo$Jttt Side. using the 
s,»cfN bloct. cut the orhet lWO hllif-p,ns 

byTagt Frid 

B 
To cur the htllf.p,ttS, t,ul a Sf)8Cel block be­
tween the /et'IC(J and stocA:, and CUI OM 
half-c,,n Tum encJ.(Of-end and repeal Make 
rhe 'Mdrh ol the s:pacet block equ,a/ 10 the 
r,nspac,ng 

0 
Remove the S()8C,e( t)loc:k ~ cur tM otlw 
SK1e of the Ctl(lt8( p,ns OttseJ our rhe 
W8'Sfe. ,s \-\ifth hatld-aov8t8mf'lg 

E F,_ _______ _ G 

To cur che tads. mlJ(k lhem With rl>B saw roole horizon· 
out dltecrJy from the r.,,ns ut/, saw tM outer edges of 

me rads. rhtJf> nibble our the 
WilSte with ,speared curs 

s,,.., the naff,o,n -.. 
fl'l6() pd/6 will'I 8 chseJ Ufllll 
the pm hrs COftecrty 
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A Two-Way Hinge 
Careful routing makes screen fold 

by Tim Mackaneu 

Many folding screens mu" Ix able 10 fold up like • 
concc:mna as wdl as stand alone~ a uipt)'ch. Tradi­

tional hardware companies offer ft"w acceptable hingc:s for the 
lWO-way folding screen. t\o aurauivc- and funcuonal 
conccmna-typc screen hinge can be made of wood b)' .i ~­

qucntc of c:arcful but simple router cuu. 
The hinge. "•suallr symmctriu1.I. can be de-emphasized 1f 

made of the: same wood as the screen. or cx.:aggcraccd to pro­
duce: an mtcrcsung design dcc.ul by choosing a wood of con­
crasung color. Either wa)'. a Strong wood must be us.cd. Th,~ 
design ma} be adapted to ~r<"cn sulcs of almost any thick­
ness. The screcr\ shown is made ofl-in. s10<.k. l'v<' found that 
wood chinner than 'J. in. as too fragile. In an)' use, rcmcmbtr 
that the hinge pivots about ,he te1Hcr of chc dowd pins. 
which arc-concealed by inla)'~. 

The use of round-over bns to produce-a machine fit for the 
ml:a)'S :and to radius the hinge-mem~r 15 handy :and y1dds a 
Vtl)' prccisc-piccc:. t-u, equally fine results on h(' achieved b)' 
ca.refull)' rasping and ~:rndm.:: thc radrus b)' C')'C' A pracu,c­
hmge made before vou confront 1hc-.inual S(fet"n \\ill build 
vour confide-nee-. let )'OU dc:cc:rmine the prof>('r colcrancc:s and 
provide-a hand)· crutth for future hang<:$ 

Foldmg J.crun u/ tul .-nd muuood m.ide bJ Juth<Jr. Ullth ·coh,m 
nJr 8Jr.Ut • 1JptJ1ry bJ Judy ,Vy/i,, Dmu/J uut/Orr.td u,,,h nmaed 
.f!.f11e bloch f(JIII rJJJ J11d 111/rJ C,uve II b.i11d1,,1u·11 ,;fur •llUmb/1 
t/)(11 lt"mpl.i1e-ro11ud 10 111.11~ .JI thru pJnds uloumd 

+-

&U,MHIMIE 
1~$­

Cllf'OIJ.r"MN(J~ 

1/«HStw 
' t<&.£.54"' 

I W!1HlttJ=, 
I (YIIJYJ,w,,I). ---.,,o 

l/jC/0 

CHIPP/NO. 

.•. el:Jt!JI: 
6<<JE 4 -­l'W« 

,...iJ >-f 

.. :.·::=----
~~.,. .. -.... -:-.... / 

~R>1/c!w1Df1i.lM)KQl,ll)/!D«8 
ilrlTH S4Mie ~ 8ff" CJSeD CWl'!Ultle­

S/.a 1/) ¼ ~ - FIT",., 
HJMJI!~ 
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114 fine \U.>odv.-orking 

Knockdown Furniture 
Form follows junction 

by C,mu Erpelding 

Although J cks1gn and make (um1cure fOf pnvacC' climes. 
Il. ffi}' pieces usually Lncorporau: knoc.:kdown fearures. I hke 
tO devise designs sutrable for mass produetion bcx-ause I be­
lu:ve that funccional, well--crafced fumicurc should be aff()(d• 
able. Because assembly ume lS eli.minaced. knockdown fumi· 
rurc lS ec:onom1caJ co produce commerci~y. and chc pieces 
can be shipped cli,assemble<l, 1n comp<l« packages. This 
economy and rnnv,:rm:m.e an: paniculatl)' relevant now, whrn 
people live m smaller spaces and move frequendy. Bue tht 
heart of my inccn.-sc in knoc.kdown design hes beyond func­
tion or practtcaliry. 

What imerescs me fundamemally is che concept chat ma• 
chin«i. pK.'Ccs of wood can lock cogtther 1nco a nev.· form in 
ways chat cake inco account cht wood'5 phy$1cal propemes. 
The basic problem be<omes hoy, to ioln (and lacer S<'paracc) 
f9t'O pieces of wood usmg gravity, fnc.uon and, occas1ooally. 
meta.I fasteners. 

In 1980, the Design Ans Pr"!lf'm of ,he National Endow­
ment for the Am (1100 Prnnsyh·ania Ave. N.W., \Xlashmg­
tOn, D.C. 20506) awarded me • one-year pro,c<t gram tO 

explore kn<Xkdown woodel\ fumuure Jes1gn. I had co sacisfy 
:.hrtt gram require-men~: First. I w,ti <O ,onunue my work Ln 
applying knockdown design to standard hwschold and office 
fum1rure. Se<,--ond, I was ro <levelop chree knockdo,.vn pro<0· 
cypes thac would be su1cablc.-for mass produc.:tton. And third, 
J Wai to rese-arch the poss1b1liry of ha,..mg my dcs.1gns com· 
mercially produced. 

The thrtt procmypt.'S I dt.-<::tdrti on were a platform bed. a 
scacking ch:ur wich a <.1rc,:ular scar. and a shelf system chac 
leans agamsc chc.-wall. Each presc.-med challenging dcstb,'ll 
problems. In ,he begtnn1ng. I tud incended to make derailed 
drawings and mockups co cscabltsh d1mens10ns and propor­
tions before building rhe acrual pro<Ot)'pes, This goes against 
m}' usual pranu;e. NormaUy I sr.rn with a fairly firm 1de-a. 
work ouc che j<HnC.-[)' dt'tails hastily on paper. c.:ut a pracuce 
joinc. an<l then plunge righc inco building the: p1c:u:. \'v'hen a 
works. chis method saves a greac deal of cimc. \'\!hen u-fails, 
the resuJtS are disasuous. Each procedure must be done: cor· 
reedy che fil'S< ume, and design changes muse be anncipated 
Ul advance. or they will uuerfere wich the already compler· 
td port of the proJ<Xt. Somet1mes I'm sruck with a half­
completed f"«c of fum1rurc and chc prospect of having to 
scare over again. For the gram pro,c:u, I '-''"'a.rl.te<l t0 avold this 
by doing drawing, and mockups. lnren.cions may be noble. 
but bad hab,,s die hard. As much as J med, J kept rcvcmng 
co my usuaJ method. Someho", fOf me, the design process 
has co uwolvc th.lS element of Lmmcd.1.3.cc nsk Elrhcr get n 
right che firs, cime or blow the v.•holc pro,ccr 

Of the three projects, the platfonn bed, designed f0< a Jap­
anese furon matuess, most closely approachC'$ my notion of a 
putt knockdown design h«au~ ir i~ built without glue Of 
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mecaJ fasteners. The rail-tO-raJI ,omt locks the pares and cir­
cumvents a croublcsomc characteristic o( cradiuooal bridle 
joincs: an increase in humidfry cauSt'S wood to apand across 

che giain, locking a righc-fircing bndle ioinc. nus is fme for 
conventional fumirure. bur I had l,amed in earlier experi­
mmcs .... rich brid.Je-joint conscrucnon chat knockdo,...,rn sauc· 
cures would freeu solid ,n the m,ddk of a humid summer. 
To solve this problem. I mod,fied the bridle 10101 by tlpermg 
" (figure l). 1lus JOint cighrens under load, yet b«ause of its 
geomeuy, it easily loosens whrn force is applied in ,he oppn­
sic, direction. Simply wiggling one of tht rails. or rapping 
upward lightly, breaks the assembl)'. 

The capered bndlt JO'"' wouldn·, hold the pieces rog«hcr 
b)' itself, so I added a wedge that firs imo an angled no«h m 
the floor rail. This wedge, which has a compound raper, l0<ks 
the ,omt by forcing the side rail ughtly agams.t the sick of the 
nocch m che floor rail. The bed can bt: lifted and carri«t hy 
the side rails, and che joinc won't slip. 

I cut mos,e of che modified bridle joinc on the radial-arm 
saw. To accommodate expansion, I cut both partS o( the t()uu 
slighd)' wider than ,he thtCkness of the rails. The capered face 
in the floor-rail part was surfaced wich a router on an angled 
I'S, and I fcarh,red all sharp edges of the JO•nr w,th a chisel. 

The round cap cha, protrudes from ,he cop edge of me 
Ooor rails is me end of a dowel. drivrn 4 in. into the rail. The 
dowel srrengrhcns rhc weak shore-grain, keeping the: w,-dge 
from breaking it off. 

In keeping with the solid-wood construction, I Opted for 
slats, rather than plywood, to support the mattress. The soft. 
coccon futon marues.s lS used wichouc a box spring. and ttad1-
tionall)' u·s unrolled right on me Ooor. The slats had co be 
chick enoogh and spaced closely 10 provide a firm platform 
for the futon, yet 00( so dose as to inrcrfcre with vemilauon. 
The obvious solution was to cue individual pockecs 1.n tht side 
rails for me ends of each slac, while leaving enough space for 
,he slats ro expand without locking. I capered bo<h rhe sicks 
of the pockets in the rails and the dovtta1ls on the slats 1)0 

so that che joint can swell without locking, I cue the joint with 
a 1-m. dovetail bit m a router using a jig cha< rnr.s bolh tht' 
pockets and the dovemls (fi1,•ure 2). To cut rhe stars. 1 used a 
roucer with a smaller-diameter base. 

The skirrs a, the head and foot of rhe bed are installed 
after the bed lS assembled but before che wtd.i;tt!$ are dnvc.-n 
in. The ends of each skin are srop-,loned and slip over splines 
ln the side-rails. The outside face of the skms is planed <.:on­
cave to maoch the radius on the rods of the rails. 

Wuh the bed, I suppose. I drifted furthest from the grant 
reqwrement that my design protorype be manufacturable. I 
don't pretend for a moment chat th.is bed could be; easily 
ma.nufacrurc:d-akhough with sunpler ,oint"I')' 1t u,uld, con· 
ceivably, be a production pro«xype. 

While joinery was the major design feature of the knock­
down bed. chis is not m.tt' of the rhrcc•lcggcd stacking chairs. 
Hett'. most of the ,omery is snaighcforward and exped,mt­
socket4 head cap scrc:ws 

I was aware o( pnx:edenrs <0 thi.s design. Finnt.Sh designer 
A.Ivar Aalto made spir.J-sra<l,ang. om,lar...-at chairs. and Rudd 
lnrernarional manufacrures a similar scackmg chair, bu1 both 
of <hese designs have four legs and neither one knocks 
down. Hans Wt"gn<"r designed a three-legged stac..kmg c.hair, 
but it docs noc stack on the rotational prmaplt'. I felt thar my 

Fi 9. 1: Platform-bed joint 

Slai dovetal /dsUtl AJ 
fits f){)CkSt Kl ,a,/ 

Cow 1denrrftes 
outSJde t«e of wedge 
(o,qv.c.t~y 

TIJ{)(l(ed f8Ce ,rod,f,es 
bridle }Otfll SO tt°/.4! ri 
/Qcts.Y,,lknocts 

dOwn tJIJSrfy 

5'.it d<>\.·1:lfd1 JrlO 
,a,i pock@! til()er SO 
t.ftar pm e,q»nos r 
wirno...,, t)1nd,ng 

Fig. 2: Two•way router jig for pocket dovetails 

T:,ck no.tched lflOeXlllQ srrc 
toriJM'sback«Jge 

OC1wtJi p,n ms notches 
ro step ,o 8Jong riJJ/. 

T<IJ()8Z(),(JM '"''"' Eonat 9v,dtJ$ r()Un(I route( baSlJ 
ro cut U·shiJpecl {X)C.ters m 
rad. JOOV9 Same frr,me H.1rned 
oo ~-- below, gw:les rooter wm, 
a sf'r'l8#ef oase ro cu: march•~ si.,r 
enas_ Str&g/'11 't-,,i tn .1iogs 'A'asre 
then i ,n do~tad o,: CVlS ang,es 
n f)OC"8ts ~ Slats 
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In tbrst kn«kdou·n spira/-11ruk1ng ,ha,rJ, '"""/uu uaJ l11m1-
nattd and btnt, t/Hn JOtntd togttW u,uh mtta fasttnns. 

design was differenr <nough ro iusnfy pursuing. 
The final chair design t:Volvcd after many paper tncarna­

nons. I builr a few models, but rhe mockups only frusmued 
my thinking. So I pur rhe chair projecr on the back burner, 
and retumed to u nearl)• a year later. visualizing a etrcular 5C3t 

run with kgs and back suppons coming off ai points of a 
circumscribed hexagon. With an idea of what dimensions the 
<hair would need to scack, I began building the bending 
forms. I guessed, and hoped t-hc calculations were correct, but 
I could perfect the design only by building the chair. 

I bent the backrest by clamping 1
11,•in ash laminates 10 a 

cone-shaped form. The curve of the backrest rapers in radius 
from <Op <0 bocrom co follow the bend in rhe upright back 
suppons. Since che human back also capers from shoulder to 

wa1St, rh1s makes a comfortable chair. 
The outSidc diamcter of every s.ttt nm had to be u.lenuc.al. 

or at leasc V.'lthm a !'rm. rolera.nce, Of che chat.rs might 00< 

stack. 1be nm could have beet\ glued up around a circular 
form and machined aue lacer, but my shop isn't «JU1pped to 

do thlS easily. Instead, I built a peripheral bending form, 
clamping up chc sear rim inside it with curved blocks on the 
inside surface of the nm. Metal rods pro,ecung from the hot­
com posioon the laminates ITT the same planr during gh.1c·up 
To ffisure color and gram conunu1ry 1n rhe se,: of chairs, I cur 
t~ outside laminacc of each rim from the same p,ece of 

II 6 Flne ltl>Odwotklng 

A sph,,ed hy JOI,,, 11H tndJ of E.r~ld111g'1 rhair-stal nm al the 
naf' ltg. ah<n.-,. TM kgs ar-e fa11,,,,,d t() 1« nm wllh s0<kt1-1Nad 
rap so·tu•J 1/,,vadtd ,nto ptYJµIJtr nNIJ mtJNnttd Ht a rttn/(Jr('111g 
hi«! m11dt tht nm. The rNnvd dampmg bl«lu of JIN tha1,-Jea1 
nm-h.tnding form. IH/ou•, u 1hUh fit 1n1idt 11,, laminaud nm 
ulxn u·, IH111g gltud Np, a" ,MU·n rest111t on tlH mttal p,n.s 
that abxn 1/x larnl1falts. 

wood. Planing each lammate before glue--up kepc: sandin.g ro 
a minimum. I cue rhc lammarcs co a length jusc shy of the 
oucs.ide circumference. After removing the glued-up rim from 
the fom'l, I $lo«ed the break with a slotting cutter in a router. 
and lined the ,01nt wtth a key where it Joins at the rear leg. I 
glued an addiaonaJ reinforcing piece across the joint inside rhe 
run. All of the rims have exactly the same out:Side diameter. 

I drilled the rims and insta.lled propeller nulS (available 
from Selby Furniture Hardware Co .. 17 E. 22nd St., New 
Y()(k, N.Y. IOOIO) from the inside Flac-head socket cap 
screws fascen the legs and back supports, which are also form­
bent laminations. to che rim. I put an emery·d<Xh spacer be­
ru·een the nm and the legs t0 prevent slippage, and co serve 
as a shim so chat rhe legs dear the seat rim of the chair 
underncach when the ch:urs arc s.racked. 

There were few acschctk decisions ln th.is chair's design. 
Having scact-d the problem-a chrec•legged, knockdown. 
scacking chair-chc design evolved in a purely funccional and 
geomw,c wa)', Nearly all of the design decisions-<h, thick­
ness and width of the members, th< radii of the b<nds, the 
cho,ce of fasteners and seac rush.ton-were arrived ar as the 
simplest ~lunon m rhe scared problem 

The third prototype, a leaning shelf S)'Stem, was a r:ewotk­
ing of an earlier design U\Sp1.ted by Italian designer Vico Ma· 
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Kn1tkd0tvn kan111g 1lxlw1 an 111ppor1td bJ Hth tlH u·a/1 and 
tiH /1001', Tht honzo,ua/ hrat'IJ ,mdtr tlH 1htlt'ts add sttYngth 
and allow a IMgtr Jhelf span. 

glSO'em With minimal material an<l no bracmg. the: booka.se 
is very srurdy b«ause weigh, IS disuibutcd betwttn wall and 
floor. The design elimmares the need for shimming or fasten· 
mg where noon slope. and rhe piece lends icself well to 
knockdown design. 

I had originally inrended tO use mccaJ hardware-a bolt 
passed through the upright standard and rhreaded into a nuc 
embedded in the end of the shelf Whi.lc:-doodling, however, ( 
came up wich che wctlgt: Joint which. because u uwolvt:$ 
wood alone, fit my design philosophy more neat!)•· A, r,.,. J 
uSc.Xl a wedge wich a narrow tongue on che cop edge wtuch 
slid imo a groove in the upright. bur now I use a simpler 
joinc. J'"e replaced the conguc and groove with a compound· 
caper wedge that ace, like a sLiding dovecail (figure 3). 

To rut rhe edges of the dovecailed dadoes in the standards, 
I used a router with a l•i.n. dia, dovetail bic, after wasting chc: 
maceriaJ berv.·een wich a ~-i.n. scraighc bic. A router"'Ult dove­
tail pock« on the underside of the shelf end fit> into the 
dovetail-shaped bottom edge of the dado. 

The horizontal braces under the shelvd add strength and 
make a longer unsupported span pOS$ible (for ¾-in. shelving, 
30 m. is about maximum before sagging occun under load). 
The braces also stiffen the assembly against racking, aa as a 
stop for books on rhe shelf below, and c:enrer each shelf with 
respect co the upright standards. The: brace anachcs under-

A u~die 10,nt holds tM sht/,,,s lh_$tf/J,r. TIN tompo,md laf>t! of 
tlN u·tdg, tn a dado j(WmJ a 1bdtng d01'tt11il and lodes 11gh1. 

1 K8>;t'IOltlhtso~ 
~t»d dowel, rnen 
btac:;,e $tides sictew~vs to loc.t 

Router-cvt su;:,pped 

~ 
Ptvnge rourer with 
doveta,1 b,t cvts 
kevt'>Olea ,:,OCket 

Slol 

2. As srut, renon 
emers WJflical 
sJor. stO{JC(Jd 
~ff-dovet8'1 Ms 
hovs,,g"' 
'-f)f,g/>I 

nea,h the shelf with a kcyholed-po,:ke< dovetaJI. Doveuuled 
dowels arc driven into che edge of the brace, and dovetail 
sJOt$ art cue inco the bottom of che shelf with a plunge router. 
The dowels enter the s.lor m the hok where the router bic wa.s 
plunged ,n. The assembly locks tight when rhe brace IS shd 
toward one end. A srub renon on each md of rhe brace firs 
inco a sloe <ut into the upright. 

I a.rn 1ust now entering che ch,rd ph.1.k of the grant-ee­
searching che possibiluy of mass·prcxlucing che pro((xypes. 
Although I received only a one-year gram, I spent more than 
cwo yea.rs, on and off. working oo che prototypes, and I am 
by no mt:ans finished with revlSions. 

To make an ob)eec is to arrange componems inco a new 
syscem. 'The assembly of pares can be finaJ, the intersections 
fixed wirh glue, or i, can be ttmp<>rar)'-knockdown design. 
For me, the 1ncersecuon of the ,omponcnrs. che ;oinery, de­
fines the fonn-noc the orher way around. Form is significant 
only insofar as 1c tS incorporated mco the saucru.raJ inceg.ricy of 
che whole. The knockdown approach focuses on the re!acion­
ships between the scrucrure • s components, and adds a new 
d1mens1on to form-reconscruccab1licy. D 

CurtiJ £,-p,lding dt1ig,,s and bui/dJ furnilur-t tn S,aule, 
Wash. H,s article about Jx,w to makt 1/ip jointJ 1uing the 
radial-arm Jaw ap/}ldf'J tm pagt J9. 
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Pole-and-Wire Joinery 
The quick way to build 

by Len Brackett 

A lmo$t cvcr)'onc at some time needs a tcmpor2rv building 
fl or shdu:r. bu1 mo~t struuures on ,he market arc both C':IC· 

pensive and umc-consuming to ereu. plus awkward to store 
once- chclr purpoSt' has bt:<"n ~rved. As a (arpt'nttr's 2pprcn­
ucc in Japan, I c:nC'Qunteted a method 1h:u is simplicity 
itSclf L-ashing poles tog<"thcr with wire into a scaffolding 
that can suppon a roof. B«au~ JOmts can be lashed casil)' 
and quickly anywhere along the poles. structures can be 
adapted to any sitc. e,·cn tO rough terrain where prcfabrtcau:d 
buildings cannot Ix used. lo Japan the: ttchn1quc 1s used 
pmnarily for scaffolding, but also for wood-drying sh<ds. tool 
storage. and cvc-n for enclosing an cn1irc temple-while-it tS be· 
mg work<d on I built my own 40-ft by 60-ft workshop this 
wa)': othtr applications :ue cr:af,.fair booths. lean-cos. co,1c:rc:d 
woodp1lc:s and trC'lltsc:~. to name but a few. 

Marerlals-Japin lS blC'SSc:d with some: of the- richest forC"'St.~ 
in chc- world. and wood has alwa)'S bt-en the cradmonal 
building material Straw ropc-used to he the tr-J.d1uon-al bind­
ing for polt construction. but lf9 annc-akd 1100 w1rc (not 
common baling wire), which neither roes nor fra)'S and 1s 
stronger and faster 10 wrap than straw rope-, is the macerial of 
,ho1ce toda)'· You cm buy 1t at m~t hardw:1rc-stores or at 
building and agricultural-supply ourfits. Enough wit(' to 

make: on<' JOtnt (abour 3 ft. 10 join ">•JO. dia. polc-s) will cost 
about 3< Bc sur(' rn gc-t anne-alc-d bl,u.k wire; gah,anizc:d wire: 
,s coo highl}' tempered. too brmlc: ,md too mff to work. 

As for poles. straight ones with linlc u.pc:r work lx-'.\t Th('y 
arc-lighter in propomon co their suength and ('aS1<'r to store, 
tnnspon and po,siuon than onC"'S with a lot of tap<'r. Almost 
anv '.\pc'cic:'.\ will work. We like 10 use Douglas fir or pondcrosa 
pine b«:ause thc-)' arc: ,;uaight. strong and loc1II)' av-a1lable. 
Pol<'s l.i.rgc:r than 8 m m diameter are he-av)' and awkward. A 
butt diametc-r of --i 10. to "> in. is ~st. All polcs mus, oc 
pec:lc:d Bark holds moisture- inside the poles. wh1,h fosters 
fungus growch and mc;«-r 1nfc-sta(1on (boung beetle, espetial-
1)·). bo,h of which can dangerously we-akc:n a pole:. lkw-arc of 
roL knots or ocher wc:aknc:-sx-s. patttrularl}' 1f the pok 1s 10 

bear horizontal loads Poles !lhould bc storC'd ma dry plue, 
vc:mcall)' for m2x1mum "em1lauon 1f c,wn:d ouL,1dt' 

The onl)· tools you will need arc: a wire cuut'r (preferably 
the kind t:astl)' used w1ch one hand) :and a sturd)· tapered 
.spike-for twisting 1ht loops of wire. You could use an iron• 
worker\ ~pud wrtnch. :a large machin1sc's punch or even a 
vc:ry large nail. 

Thc-pho,os and sc:qucncc of dr.i.wmg~ ;,ir right )ho" how to 
wrap a joint and secure the wire knot. Pra.ni,e a ft"' umes b,t. 

fore )'OU auempt to pU1 up some \tru<.turC'-bc ~ure you 
uoder:>tand how the loop wr;ip.-. around lnC' 1:111,. 001 \'ICC'· 

ve"•· or ds, the w1r< might faugu< and br,,k off T1ghm1 
the knot un1il rhe ware bues 1010 the: wood. then stop Too 
mu<h 1w1sung will ilso "c-akcn or break the wire When 

118 Fi.or; \'Cho<lworking 

I. Bend a ltmgth of wr,e ,n tht 
l'1'l#dd# to form a loop. A 
couf)M of inchtts from t.he 
loop, bt!nd (.he Joou ends 
ft,i/$1 p;a,ale/ ro ellCh other. 

I ,, 
3. w.,,-.1 .. ba<karound 

th4 horizontal pole, one 
O"llf, O,,_ tJf)(HN. 

2' ~ ,,,,. ... diagoN,lly 
«rOU tM juncture of thlJ 
rv..o polos. 

4. Wap tM taJs clocfc'MSI! 
INCXll'ld thtl loop, 

1 

!;J 
'• ,! 

6. Rotato $()II<~ c:k,ckwise, to 
w,apthe/oO/)aroundthe 
tab (photo, bonom Jehl. 

Page 125 of 130 EP Family Exhibit 2009 



8r.Jt•~11·1 pole Jttd-1urt 1hop ,s 1p~cU'JJ1s .i11d U'eU ,r1111Ul1,d, dr111il, left, 1ho11'J tros1 
br.it1ng .zt a111r.zl po11 

/ SHH br•cing ,omt!d 
• .--r with w,r~wrappmg 

to stake in 91ound 
()I ()(/Jet ~VIII Ob,«t 

(t,ee. •x,st1ng building) 

done. bend 1he end, of tht· w1rt· down to tht wood. so 1ht'v 

t:20'1 sn2g do1htng or Oesh. 
With practtcc-, you can m.11kt :1 J01nt 1n JUSt :l ftw srconds. 

<"Sp<"Clall)' 1f (he' wire 1s prC'CU( and h.1ngmg m vour bc;h Tht' 
1omts tC'nd to sdf-ught<'n. but u's w11;(' to check th<"m P<'nod· 
1calh·. c-spcc1all)' 1f cht polt5 .11rt grcC'n or arc cxpoS<"d to hu• 
m1d1l\· ('xtrtmt", Poh:, shrink 1n dry Wt'lthtr. loostn1ng 1h<' 
jomt You c.rnnot ughtC'n wire lilmply bY pulling on :i loo-.e 
C'nd. so wrap it ughtl\· to mm. as 1f u wcrt wallp2pcr. 
smoothin~ out the "'rinklcs from the middl<' tow.ird the end1, 
And ot {Oursc. \·ou should 1.11kc the shortest and most d,rcu 
route ~round the poles. 

Building-Onct you have masttrC'd the v."a\· to twist the 
wire. )'OU :i.re rtady 10 dt51gn a building. The following su~• 
gcstions should help ,ou get st:i.rted. Polc,buildmg l2vouts 
look a bu goof)·. but arc re2lh quite r2uon2l. even 1f the 
rafters do hang from the purlins, ridgepole 2nd cop pl2t<"S 
lmprov,sauon 1s cht kn The structure must be kept ng1d Be 
sure to fix th<' poles to 2 st2ke in the ground or co .;ome solid 
object to keep them from falling O\<er as you build Later the\· 
c2n Ix she2r,braced with di2gonal poles 

Pole-2nd.wire joinery is .11 vr~ fast wa}' to make snffolding 
Begin bv fastening cwo horizontal pole~ at th<' r('qum•d 
he1gh1. ont on t11htr s1dC" of tht "errnals. Jam spacer blocks 
of wood bccween lhr honzomal polt5 at 6-h 1merv2I~. thc-n 

The same baS#C lllyout can be used for the 
rt)()( of a sNJd, /e8n-(O, c,alr booth, etc JL 

lash the horizontal poles ughtlv cogcthC'r, 2s shown in tht 
drawing above left 

Polt buildings usuall}· have corrogattd ~tcc:I roofing run. 
n,ng parallel 10 the rafters. In this casC'. the purl ins must be 
pbud on mp of tht raf1trs .11nd midsp2n IX'cween the top 
pl:ue~ and thC' ridgepole (drawing 2bovt) . .11nd at the corrtn 
1mer.-als for nailing the steel roofing tO them. Rafters 2ft 
fa.\ltn<'d to the posts below .11nd up 2gamst the top plate The 
ridgepole can be pl:i.ctd on top of the-C'C"ntral post for a gable 
roof bcn<"qct, two ridgepole-\ ran bc fastened. one on euhcr 
side of the central posts and h,gh enough<.<> the posts won't 
protrude through the roofing material Put in the: ~hc::ir brat• 
1ng. nail on the roofing .11nd the roof 1s complete. 

M)' own 2.·W0·5q. fr. shop was pui lOgethrr b)' thret men 
in 2½ day.;, not ,nduding 1hc umt' fl took 10 pC'tl tht poles. It 
ought to la.\t IS to 20 )'tars. and 11 {OSt .11bou1 $600 for wirt 
.ind roofing in 19.,.6. 8u1ld1ng ins~uors have nighunarts 
:ahou, .,u,h bu1ld1ng!>. whi,h lfC' out of keeping with a he2v1I)' 
mdu,,mali.:t"d, L01\sumer C'tonom, Bui thq do go together 
fa.M to nuke l ,•anrt)' of s1ruuurcs. they d,sassc-mblc qu,ckl) 
and <he m:ttt'nal\ remain :nadablc. unimpaired. for future 
u.,e In 10d:1(" 1hrow•awa)' •.out1y. ,he ,ngcnu1t)'. s1mpl1C1t)' 
and «onom} of pole buildings have gre21 appeal 17 

Lm Br,,,-km, of Nevada CitJ. Calif, apprtnuced for fiv, 
><ars u111h umpk hNtld~rJ tn Kyoto, Japan. 
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b.,ic, 48 
ehamfcre<t 49-50 
defined, 48, 60 
and n,ured wood, 49 
&luln• up, 94, 95 
m11.kln&. ,..hh pl•hCS, 6J 
pla,ctc &ltl-.ret•ln-c-r for 58 
public demand for, SJ 
routed profile on. SJ 
variatk>n5 with. 48-49 
Sn ol3'0 Doon. P•nd• Shoji 
(J,panese ,lldlng doon) 

Framln., 9<1uatt. uuin.,, 2 
Franklin"• #)ut!I. 97. 9i 
frld. T _,., 

on IH.ndlla•·n dovcuil--. 112 
on dcoonti\'t jointt. 86--88 
on door•ma•in,, M-69 
on hanfinf: doon, 65 
Oft monlM and tenon. 6· 11 
on routln& mortise,. 4.S---47 

Fumhure. knt>elld,o,..n. de1111tnlrt;. 
114-117 

G imson. P.me11, 49 
Glau in doon s« Ytc.rior doofl 
Olu,. 

rub Joint •·Ith, 9.?-9.) 
spreaders for. 9.?. 9J 
t)'nthctic. oompa~d. 100-102 
type.II ol, 96-99 

Gluln& up, Y2·9S. 99 
.~ ut.o Mp<,rul~ cmutructioo 
mt'«hod,; it'porou· )Oint8. 

Golden sec;1ion anJ fihonal.~i ~­
rlea, 59 

Gou.toon Brothen epolt)' g,lues, 
100,101 

Ground Hklc Gluc. 9S 

Hardware for fumlu,,re. I 16 
Stt W•o Hlngt"s 

Hide ju.es. 96, 98 
Hin&ea 

pbclng •nd lnlaylJ\t of <,S 
rou1ed Inlaid, 7f>-77 
wooden 11.l 

Hold down1, d•mp. for, 77 
Holub, Dale, routed Inlaid dni•·cr 

puU by, 74.75 
HO(•mt'lt &Jut'S. 101. 102 

ln.JuAA•I funnul•um, epoxy 
tluet, 100. 101 

Japanne chi.K-b, 2◄ 25 
J1pancse hollfCI, Ouor pliin ul. 19 
J•pal)C$(: planet, 20 
Jlpa.l)C$C .. W. 

do,ec•il, for tenon,, t~- 16 
use• ol. 22. 2J. 25 

Japaoeu s.Udil\,g. doors. Stt' Shoji 
Jap11.nete 11pli1lir,£ £,au,tt" Stt Spl.it• 

tint &11.1tc, Japanese 
J•psn«e •·oodworklnf. me1hoc.b of 

Jolocry ln, ZJ.25 
Ji,s fot precise ha.zK1.,,·otlt... 4•S 
Joinery 

dec<1nuh-c, 82-SS 
dCllifnln, 27 · 29 
uPQ&ed. 44 
&~ ala<> Japanesc -.,oodwooftln.t 
Plate Jo!Mry 

Joint!I. Stt Bridle jOlnts. Butt 
join ta _ Oovetaib fin&n juinu 
Ulp )o1nt1- ~htc-nJ. splined Mur 
tl&e and tenon 

Jorgt'nson clamps. 92 

K•hn. l..oulf., ◄◄ 
Kdkr, David, do,·etail Ji, b)' I OJ 

HM 
Kdly. J.f.: Domnrfc Al"Chftttturt' 

qJ C<.mnecricu1, TM, 6,J 
Klmhan, S pancl uislnt plane by, 

61 
Klrb)'. Ian J 

on framt'•and•pan('I construe• 
tJon, 48-51 
on duh\( up. 9?-95 
on h•unched moni~ a.nd lcnon, 
JO.Jl 
on lodtJolnts. 27-29 
on ntAcllioc•made n,oni.s,c and 
lt'nOR. 34-JS 
on mortise and tenon. 12-17 

Kltc.'ben cabineu, t•mbuur doott 
for. 0()-1>7 

Kl•1,1u, F,.nk, on huuerlly j()im 
110,111 

KnlW$ for tenon marlti~. 14 
Knockdo,.·rt fum.ltur,e. !kt' Fumi• 

1ure, knockdOwn 
K.ruy Clue, 101 
Kwni~ S« Slwji (Jap11ne11C" 111id• 

intdoon,> 

I..rncuo Jolnlnt plate, f)~l 
Stt QUO Plate joinery 

LA.minath''C:· .tfu« for, 100. 101 
LA.ml.nation of chain, I J 6 
I.ApjOlnu, cvrvcd, 70, 7J 
Le~. WlllLlm D . on radlJ1J,ann 

nw panels, 52-SJ 
L<gs 

me-.uurln& for )Oints In. 95 
with rails.. tluirit up. 9-4. 95 

Lei.ah lndw.trics dOvculJ ji&. t<U. 
104 105 

Le,•cls.. trnlat, 67 
Liquwl H;de Clue. 98 
Ustel, 5-4, 55 
Loctitt' Corporation ana.erobic­

&)ues, 102 
Lou,·crs, rou1cr jlj for, J2 .lJ 

~laeluncu. Tim, un makin, fold 
in& tcre-en, 11 .1 

M•kita plun,t,e-type mu1cn., 45 46, 
47 

Malleu, for mortlslnf, 14 

Mamcb, 60. 6J 
Marting for prec1Si()n, J 
Muto-.·, A \I, . , CltUllflC furniture 

Pro.,..-cta, 89 
McQul1kln_ Bni«. 7◄ 

route-J Inlaid hi* by. 76-77 
Me.a.surint· 

lt',ts. sequenct' for. 9.S 
for prcci11ion, .) 
squarencu, vdth stidls, 9-4 95 
with sticks. 21, ?2. 2.) 

Miters.· 
do\!t'laii.keyt"J. Bl 
masons·, ◄">. 50 
s-pllncd. dcoonth'C. 87-AH 
on stuck moldln,gs, 63-M 
tuleralk.-e In. 2·.l 
1rimmln& o(, bk>ck fc..-. 6◄ 

Moldlnt plaOl".s, 61. 6J 
},foldii,.p; 

on doon. 58·5"> 
i;cribcd (.ftt Scribed joint$.) 
scuck. 60 (Mt' aUO fume •nd 
pane-I) 
,·ocabulary of, 5-4 
St~ ouo FrAJYMt and pancl MoW 
Ing plane,. Pa,.cls 

Morlik and tt'non 
an£,led, 7. lJ 
hl.ind·doweled. 57 
ctampin&. 17 
coped. a,ch-ant.a£c11 of, 64 
curwd, 78•8 I 
d«ia.nil'lf, 12 JJ 
draw-bored. 27, 29 
• It~ foldlftl, Wt'd,gff. 29 
tlumt. t 1. 9.).95· 
haunched. JO, .ll•J2. 49 
Japanese, 20-25 
by machine, .)4-JS 
m.akln&, 6· 11 
mitered. 8. 6-4 
pinned, 56-57 
••hh round c.-umcn, 7 
sllp.)olnl, J9 ◄◄ 
tooh for, U-14 
tusked, n. 29 
wcdteJ, foxttil 28 
wed.4.cd throu&;h. 21-28. 57 
Stt aUO Mort.ilfCII. TenUCb 

Monl.sC!' chl.sc-1&. Jl-17 
Morti.Sit g..u,g_C!'. l.l·H 
}lo-n.lxn. JS-37 
}ton-iJ,c.c. 

•ntlcd.JIA. for. 46. ◄7 
bits for, .)5 
chiseling,. tO. 13•15 
cuo·ed. 78•8I 
in CUf\"cd pia.-n, -47 
drllllna, 10, I~ .. l◄, .l~ 
dr1DlntJIA& for . .l-1. ~lS, ~l6 
h•unchtd,6 . .ll.Jl 
hoUuw•chi.sd attachn.e-nt for . .l5 
.l6 
OOllow-chlsdint, 36•.17 
Jap•ncse. 24-2~ 
mitered haunched. C. 
plun&e-iypc rouu:-r Jib for, 45-47 
rasp wlch . .) t-.)2 
routt'r biu for, 47 
cryln&, It> 
Su al.a Mortise and tenon Mor-
1bt' "8ui'e. "f,:nom 

)lonisif\t planes, for door ha.ntl-nt, ·~ MuDlOn, defined. 60 
Stt ulao Paoeb 

>,tuncin, 60 
.c.« ut-110 Panek 

),luatoe, Ocortc. on alun, 96-99. 
100-102 

N•lulshlma, <'oeor&e, 110 
National Cneln &luca, 9fl; 
Sew Depa nu res muter cutu:n, 7 t 
Sutt. propcUer, tource for, 116 
Nylin Judy, t.ape-Mry by, J tJ 

Owuc, "Toshio, on Jap■MK slid 
tng doors (ahojl), 18-26 

o .... "" 
Olie. Crif, on ,outt'N. 7,4.77 
Orur-ud Cuttit!r 1piral t'nd mill. 4 7 
Ck•olo. 5-t, SS. 60 

Parwl•ra.isir,t planes. Stt Ra1,1ng 
planes.. 

J>ancb.. 60 
a111hoc-nclc rcpMductl.on nf. b.l 
,..ith fe•the-red edie. ad1<-a11ta1te 
of, 6() 
fidded, SO-SJ 
mall.in&. St'((Ut'fll."t of. ()..\ 
overlapped, SO. 51 
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profik:J of. 60 
raibbe-ned and 00.dcd. 51 
rai.ised, 48. 50,SJ. 5-3. 62. 63 
raiM.'d, radial a.rm y,.., Ji.t for, ~2 
SJ 
-.1th tontue and groove, 60 
unficlded, SO 
varbdons ••Ith. 48-.-49 
\·ocabvl.tl')' of, 60 
in ••all11. 6..l 
s« "410 Frame and panel 

Pearl Hide Gluc. 96 
Pbf-ncMormaJdeh)'dc aluc, 97. 96 
Pin ro,uet11. t'•$hapedlin~er,Jolnt 

Jlp for, 84-8.5 
P1ns Su Do,·etall:t 
Plutic res.in th1e41, 98 
Platt )<>Intl')' 

ad,•anuitcs of, 9J 
on radial-•nn .,...,, 67 

f1o.., planes. 6 l. 6.3 
Pole and wh-e j(,in-er)', 118119 
Polyester resins for flbtrtlatsht~ 

100-101 
Polyvinyl rt:$in glue (111 hitt). 97, 98 
Porter Cable dovetail Jl,t. IOJ 
PrtcbH)n ln woodwork\~_ z.5 
Proteln '1ut•. % 
PV A t)ue~ Stt Al.iphatie ~&.in lut 

{rtlJO"-). Polyvinyl ~sin gue 
(-.·hilt) 

Radial-arm uw.•: 
ac-curaey ol. J9 
bridle joinu on (-« R..dial-ann 
ta•·: s.lif,joi.nu on.) 
dovetai, on, 4Z+• 
plate jnineT)' with, 6 7 
ra!.$Cd-paDdji£ for, 52-S.l 
&lip )oincs on. J9 4Z 
,~,.. on. JS, ◄0-41 

Rails Stt frame and panel Pa~l5 
fui&lrtg plaM&. 6().6J 

antique, 61 
RC·76tlue, <)7. 98 
Rcc.x>rd clamPt,. 92 
RNOrcinol➔fonnaldth)'dt lut$, 98 
Reynolds. WUliam f .. 011 lou,·trtd 

doort, 32,J.) 
Riordan Ch.llrk$ F' .. on tcmplale 

do,, Ctali., 89-91 
Rol>eru, Kenneth D 

ralJb'lf planie, of. 61 
Woodn. ~nu 111 19th Cnm.1ry 
America, 61 

Routers; 
ball·hcalinQ CUHCTll for, 70, 72 
butterlly mortbu •·ilh, 111 
~in.t,4546 
curved Jolnery with, 70-7 J 
for do,•ttaJll, blh,d. 90 
dtwctail jiAs for, cammereial, 
I0J-105 
drav.-er puDs wilh. 74, 75 
tuid(' bushln.g;s, for. 80 
~infet -.·ilh, inlaid. 76-71 
lou,·tred doors III hh, Jlt for, ;12. 
JJ 
for mon1se and renon • .lS 
for moni,ic and tenon, cuo·cd 
76-61 
mortl&e cuncr, for. 47 
monlM fencet for, JS 
mortJse Jl#J for. •H>·H. 76 
plun,&e•typit. mortisi~ with. -tS• 
47 
poc;ket dUV'CttiU J\A for, I l!'t, I I 7 
tcmplalC$ for. C\ltvCd, 70, 7Z 
m"0n Ji& for . .3 7 

Sandlnf, tapered di3" for, 5J 
Scratch g,auies, machlnlau'. 89 
Screens, ,..•oodcn•hln,ed. IIJ 
Sc,-c ... •,. na, h¢ld todlct cap. 110 
Scnbed )oln1•. 54 SS, 6-4 
sw, 

do,·et.ail jig. 103. HM. 105 
radiahnn ta•·· IO•i.n. C'..rafwtian, 
J9. 40, 4,l 
$&.Ddlrtg disc&. tapered, SJ 

Stlby fuml1urc Hard•·arc, 116 
Shelve,, wall,ltan.1~ knockdown, 

II 7 
Sheppard. Morr!$ J .. on &<:ribtd 

j,Olou, 5-4.55 
Shoji CJ•panett shdi~ 0001'$). 18-➔ 

2• 
Shootl.nf bolrd. 4 
Should('r planes 

for precise culS, i 
OA tenons. 15 

Sia Model Ai,pbne Epoxy. JOO 
SUpjolni,. J9-44 
5101 moni&ert. s« Morti.fc~. 

Sim mo"iYoC,; s~r >.lorti.11-C.~ 
ct1r.·cd 

Sntit.h, A . pand•r'lllslng plane by, 
61 

Soybean tluc. 96 
Spantfer. ~ed. lO\l\'f:r('d doou by. 

Jl,JJ 
Splin,c mit-cr Stt Miters splined 
SpUtti.ng bill#, Japanese. :?O 
Sprint. of pJ.,-1«, defined, 60 
Squar« Sr~ Try aquares 
Sta.nley plunge-type routen So 

90J0S and No. 90.lO.l. H 
Su.rr. RiC'ha.rd. on tambour kitchen 

cabincu, 66-67 
Sc.arnu Tunl11, .:,,-1ch .t-ute of. 89 
S<ttrt, W 8. 61 
Stiekirtt, S4. 55, 60, 6..l 

See ollo F'ra.me and pan,cl 
Stk'ks See Measuring squareness. 

wilh ,tklu; 111·ith 1"kk.s \\'indin& 
&ticlu 

Stile,; 
annual lin£utienta1ion for, ZI 
defined, 60 
&~ uliro t'ran)C •DJ P•·""I 

Surfac-ln.t for t.fuh)t up, 9'IJ 
Sweene)·, Jim; 

chc:s1 ofd.-.weni by, 70, 71 
Cln Cul'\·cd joh~ry, 70· 7J 

Swin&linc, ~'ix Stix hm melt aJue, 
101 

Tablc&a•s 
do\·etalk on, H)6 .. 107 
tenons on, J7. JS 

Tambout•. 66--tii' 
Ttmp)ates 

for doveu.ilt. 89 
fur scribed joint$, 54. 55 

Tcoou; 
ch1.eli,n£ ol, 15-16 
corr"11n.t precls.dy. J 4 
CUl'\cd, 78.aJ 
dra-.bor1ng of. 64 
J■pane.e clu.mferir,£ c,f, 22 
narrow, 7 
on radJal,ann sa•·. -10-4 l 
re~1,1ng, 8, 11 
router jit for, 37 
&a•·lnt, 9, 10. I I. 15 
...... , for, JS,16 
shoulder for. 6-7. 14. JS 
tabl.tsaw J-i for, .)7 
lhrou.e,t,.·"' ed,ttd. H 
u-yin4.. 16•J7 
w.,ed#ed. 7 
-·cct,.cd. for doon, 57 
wick, 7 
Stt alao Monlsc and tenon. 

Thompson, Moust)'. panel tu1urt 
of, ◄() 

Tucbond Gluc, 97. CJH 
TRW rou1-cr cum:rs. 71 
Try squares. tc«lnt and tt\lln.(. 1-J 

Urea,fonnaldeh)'dt -,ues. ()1,98 
I'S Ply,,.·cocld RC110rcinol W111er 

pf'O(l-f Clue, CJR 

V •.ndal, Sonn.J L., on pandin& 
... 11h plane$, 60 6◄ 

\'clpec n.,ucer c:uue-t'f... 111 
\'ene-cr, t.htnn05('ltl~•adbc$1ve 

l>acked. 52 

\\' aat,, P-.:.ter, 4? 
Wamc-r. Patrick. on decora1h·c 

fram.c,andr.ind. SJ 
Waterprool ue,. 98 
Weed. llaae, 66 
Weed. Walker. tambour door& of 

66-67 
Wcldbc,nd t!ues. 97, 98 
We,:dcr Chmp Co., 92 
White allle&, 97. ~8 
Wllholit gluts. 97. 98 
Windin& iliclu • .l 
Wooden PloM.C in 191h CC'ft,U')' 

J\mm('d (Robcru), 61 
Wood$.J., comblM(iOll plu1e b)'. 

61 
Workbc11ehtt, Japane&e trfpod. 20 

Y enov.-glues. 97. 98 

Z1pGrlp I0tlue. 101 

Joinery 121 
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f'iM \Xbodwotk.u:'IR 
Edito.-ial Suaff, 197S~l984· 

Piul BfflOttlli 

...., ""'"'~ 
°""'-Jun Cummiru 

Kautdr ~ 
Ruth ~~ 
T~ tnd 
ROJ!:iff l-kiltnn 
Jdm Kclwy 
l~Kd 

JIM L'III:°~ 

R.& Mw,i~ 
Mn F M'(h.acl 
Nma Pnry-
J.m R11.~· 
p • .,.1 R,>nl&tl 

ln,.·,d ~loui 

Nld'IC)' Sir.Ullk 
Uu.n Tn~ 
Lncb O ~'h~· 

122 Fine: \XOodwotk1og 

f'u-..: 'Xbod~orkiOA 
An Scaff, 19H-198-i 

R1~ B.i.t1.n 
lkoor.ih F--.llion 

l« t--b- 11.~rif 
bm.)· lA°WY 

..... ""'" 
f Manno Ill 

"""""" R.-..nJ \¾,If 

Fine Wi,od-.-w-king 
Pn>duccioo Staff. l?H-1984 

(Jiuda Appk'pff" 

&.rtw-.. &hf 
p~ a,~ 
D<tx,,,h Gx,pn 
M idwilr ft'\'m.ti 

Ml-!', (;l-lptn 

0.ubu.a H;arinl.h 
An,-..m• H,!~ 

1'ant)· M.lW 

J•tll'l(1tf lu11.c:J,, 

ti.m.· .\.hnun, 

Laun ~brrin 
\.hi)· Eike-ti M(C...t1hl 

Jo.Ann Muir 
(. vnrlu,. l.tt S viu,n 

t,;.11hrvn Ohm 

B.ulun ¼~h 
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CRAFTS & HOBBIES 

Fine 
Wqqqworking 

on 

The really hard problem in woodworking is making strong corners 
with nothing bUl flat sticks. The trees have the answer: they just grow a 
branch. The cabineanaker has to fake it, by cutting and neatly fitting a 
joint. lbis book is largely about how to make the s1urdy workhorse of the 
cabinetmaking art, the mortise and tenon joint. In 36 articles from Fine 
\f'ood1corkinR magazine, experienced craftsmen explain ho\\ they choose, 
make, and use the mortise and tenon and its many variations for paneled 
walls and doors, cahineLS, tables, and chairs. You'll also learn about glues 
forwood. 

Fine Woodworking magazine has been the most cru~ced resource for 
woodworkers since 1975. To celebrate the 40th anniversar) of Fine W'ood­
u·orking, The Taunton Press is re-releasing a number of classic titles from 
the early days of the magazine. Long out of print, tl1e books are filled with 
expert information that's as timele::,s now as when it was first published. 

V,..lfine 
The ~V..brking on series: 

Bending Wood 

Hand Tools 

Joinery 

Marquetry and Veneer 

Planes and Chisels 

The Small Workshop 

Wood and How to Dry It 

The Taunton Prt:.-.-. Look for other Taunton Press book.-. us $17.95 
63 South ~tain ~lrt::iet wh<.'«.'\f..•r hoob Jl"l" !iOld orvl'-it our ISBN 978-0-91880-425-9 
P 0. Box 5506 Y.c;h-.1te .at ww,-...1.aontomton:.com 

,,_, wv.: taunton com 

mTheTaunton Press W ln'"p1n.oon for hands-on li,'i.ng• 

llllllllll!lllllllll 111il11ii1111 6 
9 780918 804259 

T aunt0<1 Prodll<:t # 070031 
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