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Spamn is the ancestral home of the clasic
guitar. The world’s greatest guitars have come
from the workbenches of Spenish Inthiess and
Spanish composers have contmibuted 2 rnich
literature for this favored instrument. Although
the evoluhon of the medieval gmtzr into its
modern counterpart tock place in Spain. the
guitar actually came to Spain from zcross the
Mediterranean to the south.

Farlv in the eighth century ap., darkskinned
Moors from North Afnica overan the Iberian
peninsula and dominated Spamm for almost
eight hundred vears. Durning the eleventh and
twelfth centunes, successive waves of Moorish
invasions brought to Spain lzrge nnmbess of
skilled artisans who settled in the great cides
of Andalusia—Cordoba. Gmanzda. Seville. Mos-
lem architects built the Alhambra and Moorish
troubadors brought their music znd musical
instruments to their new homeland. In 2ddi-
tion to e’ ud, Arsbic precumor of the lute,
thev brought other stinged inscumens—in-
cluding a form of the guitar, This ezrly guitar
had the charactenstic guitar outline but was
smaller than the modern guitar and had upper
and lower bouts of neariv equal size. It held
four strings and was plaved with a plectrum.

Instrument-makers set up shop and by the
end of the thirteenth century instrument-
making was a refined art in Andalusia. Moorish
luthiers began the long tradition that culmi-
nated in the triumphant work of Antonio de
Torres Jurado in the mid-nineteenth century.

Torres, an obscure Spanish carpenter, be-
came intrigued with the tonal possibilities of
the guitar. His experiments led to important
innovations that gave the guitar unprecedented
balliance and power. Working with superb
artistrv he enlarged the sound chest, reined the
outline, fixed the string length at 630 mulh-
meters, and devised a novel syvstem of brac-
ing the sound board to enhance tone. Tomes

Iniroduction



Torres. 1555

Fig. 2 TORRES'DEVELOPMENT OF MODERN GUITAR

=
2

José Pernas. 154

5 )
=

.- guit_rfranm}:jn
pr:ncipk’m

—_

(tought T omre

__..—_.1\1... d

1_{ BT, Ly
’ g el L e

..__.w.ﬁ_.-w__.___.____ g

Ceurtesy Winkler Collection|

15

Introduction

CLASSIC GUITAR CONSTRUCTION

)2
}



b il

contributions mssed to Vicente Arias and
\Manuel Ramirez. w00 in turn taught Ennque
Garcia. Sanzos Hesnandez. Domingo Esteso,
and others—:z11 Inthiess of the first rank.

A sensitive rezad for the guitar's design as
well as tonzl possipiiities has been a singular
virtue of Spanish zuitarmaking. The simple
elegance of proporfon and detail—the profile
of the head. the scund-hole mosaic inlay, the
sculptured heei—zrest to an innate sensitivity
to form and cesizn. The beauty of Spanish
guitars Is unsurpassed.

Today, millions of music lovers are cap-
tivated bv the vibznt charm and intimacy of
the classic guizar. Virtuoso performers have
brought to reccrdirz 2ad concert hall its splen-
did repertoire zd students fAock to the guitar.

Guitar s2es ire scaring as factories in the
United States z2d zbroad work at top speed to
81l the dema-d. Unforiuvnatelv, fine guitars
cannot be mzce z: top speed and mediocnty
is the rule. In Spzin. 3120 will buy a guitar
of a quality that czanot be duplicated in the
United States at znv price except by a few
private luthies. Hznd-made guitars start at
about S300.

For the peson zccustomed to plaving a
factory mocel. 2 guar fom the hand of 2
skilled luthier is alwzys a revelation. The tone.
action, crafsmanship. and finish make plaving
such an insirument 2 unigue pleasure. Inferior
guitars are diftcult to plav.

Nevertheless. great quantities of guitars are
sold at disprovortionatelv high prices despite
their almost uniform lack of those qualities
that characterize a2 well-made classic guitar.
The sheer economics and mechanics of mass
production and mass distribution preclude the
manufacture of superior instruments in accord-
ance with classic principles. Apart from this.
what is more grievously lacking is the judg-
ment and skil of a single man—one who
knows, for inszance, that the density of a given

CLASSIC GUITAR CONSTRUCTION

set of Tosewood sides z2nd beck czils for a top
of a certain temper ard thickness z2=d perhaps
a2 change in the bracng.

The classic guitar is 2 delicate ecuzdon pains-
takinglv conceived to produce 2 briliant. bal-
anced tone over its eatire plavabie mange. The
storv of the great guitarmakers i the story
of the quest for this perfection. lhere are no
secrets hidden awav that will uniock the door
to success. The “secrer” of the men who have
succeeded in mastering this equztion is simply
the skill born of inZnite patience and the
knowledge born of experience.

Construction Cheory

Taking the violin &5 a point of departure.
certain observations mav be mace zTout gwtar
construction.

The violin is a shalow, compemacvely small
wooden box “tumed” to producs the stong
sonorities of 2 bow driwn acToss it strings: dr-

volume of eaclosed

mensions, thicknesses. and

- -

&

air are carefylly rezated to ectomplih this
end. Increasing the volume of 2 saclesed In
the carcass of a bowec instrument 35 progres-
sivelv in the viola. cello. and dout:e bass in-
creases the bass resonznce. The same is true of
the guitar. Larger. Ceeper guiGrs accentuate
and deepen the bass response: shafow guiars
accentuate the treble end of the sczle and also
suffer a reduction in volume or loucness.

A properly constructed guitar has a vibrant.
well-braced bodv and a sound beard especially
designed to vibrate. Guitas with tops that
cannot vibrate producg a muffed. insubstan-
tial sound. Bracinz aad thickness of the top
must be carefully adiusted to insure that the
top vibrates in a manner that wil produce a
clear, singing tone.

A guitar made with thin back aad sides tends

to be louder than a guitar made of thicker

head

Fiz. 5 Exploded view of guitar and component pzris

N—

sound board

-m bracing

cross strut
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Fiz. + Trediiional fan bracing

wood. A “thin” gmtar also produces disturbing
overtones and dissonances unless securelv and
strategicallv braced. ’

The smtar-maker s basic job. then. 1s to make
a guitar thin enouzh to produce adequate vol-
ume, stable enough to preclude harmonic difh-
culties, and with a top that will flex properly
to lend body and presence to the sound.

This golden mean is what the luthier stnves
for; how to achieve it cannot be reduced to a
pat formula. A svstematic studv of the great
makers’ guitars reveals subtle changes in thick-
nesses and dimensions from one instrument to
the next. No two are the same. This might be
thought accidental were it not for the fact that
nothing would have been more simple for
craftsmen of the stature of Ramirez and Her-
nandez than to continually produce the same
pattern. It may also explain why thev chose to
work without molds. which gave them un-
limited freedom to alter the outline, a facility
restricted by the use of a2 mold.

CLASSIC GUITAR CONSTRUCTION

Fig. 5 Bouchet system

Thev constantlv made slight changes. using
their skill and judgment to unlock the combr-
nation that would liberate the tonal eloqueace
thev sought.

Jan Bracing

The slender spruce braces glued to the under
side of the sound board are an essential element
in tone production. Their size and pattern of
distribution greatly affect the quality of sound
produced.

The large circular area of the sound beard
encompassed by the lower bouts i1s a dia-
phragm; bracing serves, to discipline the move-
ment of this surface—an unbraced sound board
is free to “fHap” in an uncontrolled manner.

Movement of the sound board results from
the vibrations of sound waves entenng the
sound hole and the transmission of stnng vibea-
tions to the bridge, which in turmn transmuts

Fig. 6 Transverse bar

them to the sound board. This ultrarapid rise
and fall of the resonating diaphragm sets air
m motion in the sound chest. amplifying 2ad
increasig the durabion of sound waves. This
amplitude gives body and power to the tcne
of a guitar.

Patterns of bracing in guitar construction zre
50 numerous as to suggest that this has been 2
provocative area for experimentation. The ma-
jonty are designed to promote the movement
of sound vibrations across the diaphrazm like
the effect of a stone dropped in the center of
a pond; concentric circles of sound vibrations
ripple out from the bridge. meeting less and
less resistance as they reach the duphrazm
perimeter.

The basic Torres bracing pattern is stil] the
most widelv accepted design. However, 2
French guitar-maker, Robert Bouchet. hais
developed a system of bracing which has
produced some superb gutars (Fig. 1 |
Bouchet's design extends the vibrating surface

Fig. ;' Broken fan (authcr,

up toward the sound hole and emplows 2
central fan armrangement connecied to an
arched crosspiece positioned directly under the
bridge saddle. Because of the tricky fittnz of
the fan through the arched crosspiece. this ce.
s:g2n 1§ difhicult to make. The results have never-
theless been most impressive. and craftsmen of
advanced skill will find this bracing method 2
rewarding challenge.

The bracing around the sound hole serves to
prevent “flutter"—movement of the sound-hole
edges that might distort sound waves eniering
the bodv.

The crossbrace in back of the large strut at
the top exists to prevent cracks in the top along
each side of the fret board. The denser fret
board expands and contracts at a differen: rate
than the softer, thinnmer spruce, sometimes
causing cracks.

All bracing amrangements reinforce the top
and help modify dimensional movement caused
bv changes in atmospheric moisture.

fan Brecing
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Dampness is the enemy of all stringed in-

struments, particularly the guitar.

If dampness enters wood, the wood swells.
In a drier environment the moisture leaves the
wood and the wood shrinks to its former size,
This cycle of dampness and drying is fairly
normal, and a guitar can tolerate these changzes
if they are gradual and not extreme.

A guitar built in an atmosphere where the

relative humidity level is about 6> per cent
most of the time will survive well in that
atmosphere. If it is removed abruptlv to 2
relative-humidity level of 20 it wil] surelv crack

gh 15 79 and the low is 78, the Mean
average relative humidity in VOUT areg 535
per cent. You shounld zssemnble YOUT guitar ju
an ztmosphere that does not exceed this hy
miditv level.

Work in a basement Workshop mugs be
done only when the basement i dq.-h{r,m}]?
during the winter months when the fumgee
dries the air. To extend the WOrking season into
the warmer, more humid months, the a7 in
the workshep must be dehumidified, Thjs can
be accompliched with an electric dehumidifier
a0 automatic device that condenses Motsture

from the atmosphere. An air conditioner zlgg
helps control humiditr.

after enough moisture has been lost. If a guitar
is built at a humiditv level of 35 acclimated
to a 65 per cent humidity level. and then re-
moved to a humidity situation of 20, it may
still crack—but the probability is greatly re.
duced.

If possible, a guitar should be assembled in

an atmosphere containing less moistyre than

the atmosphere in which jt will finallv con-
sistently be. As 2 general rule. it i best to
build guitars in a drv environment _because

swelling is less of a hazard than shrinkage.

The critical surfaces for contraction and ex-

pansion in a guitar are the top and back. The
end grain (easiest point of entrv for atmos-
pheric moisture) is sealed of br the purflins.
Absorption of moisture is further retarded by
the varnish or other protective fnish. If the
guitar is well braced and caretully constructed.
the problem of swelling is not great. The mast

A good hygrometer (a device for measur;
percentage of relative humidity) is ap im-
portant workshop investment. Hang it on 3
wall awav from doors and windows.

Freshly purchased wood should be kept
under a weishted board unt acclimated to
warkshop atmosphere. normallv a few weeks,
After the wood reaches equilibrium with the
surrounding atmesphere it mav be stacked on
a high shelf and tumed over a: intervals.

Guitars—complete or Incomplete—must not
be stored near sources of heat or moisture.
Never leave a guitar in a closed case where the
SUN’s ravs can “cook” it If vou do not take

vour guitar with vou during summer vacations,
loosen strings and store the instrument in the
coolest. driest part of the house.

Alwayvs remember that 2 guitar is a fracile,
taut ensemble of wood and strings.

Wood and Materials

T=ze &nest wood for making a classical guitar
18 Brazilizn rosewood. a demse, resinous wood
tZzt ranges in color from light tan to deep
checolate brown. Unfortunately, this wood 1s in
scort supply and costly. East Indian rosewood
is zn excellent alternate but maple, birch, pear,
meaogzny and other woods have also been
osed in the construction of fine guitars. Almost
witnout excephion, however, Brazlian msew_md
remains first choice among professional guitar-
IMCXETS.

The famenco guitar, a variant of the classic
gmr 15 usually made of Spanish cipress, a
Hzht. aromatic blond wood native to Spain.
T:is wood is believed to impart to famenco
zrmars thetr characteristic warmth, Each kind
f *00d Imparts its own subile tonal coloration
10 2 guitar.

For bezutv and ease of handling. avoid
hizalv fzured wood. Straight-grain wood has a

R L

:_".“;‘L:Efui contours of the classic guitar.
" Dark rosewood is preferred to lighter shades
beczuse it shows light inlay to advantage. Tra-
cizon ziso dictates the use of darker wood:
mere mmportant. there 15 an undeniable nich-
ness in the handsome austerity of a deep-brown
—=i. Rough-sawn rosewood. incidenially, ap-
SIS rie*:fz:'x:fjx'e!}' lighter than its fnished
IoDesTance.

‘Wood with such obvious defects as cracks.
s=ows. pinnoles, black pitch markings, and un-
sizadv color variations should not be used. The

" oieces for the two sides should be perfectlv

T e

dat. Sides that are warped diagonally will not
be straightened by the forming process. The
back is one piece of wood sliced so that both
haives wil make a svmmetrical design when
butted (Fig. 9). The sides should also be
svinmetnical and should match the color and
zrain of the back. |

" Ia apportioning the investment for guitar

I scrupulous craftsmanship, however. counts for
little in the face of a precipitous lass of mois-
ture and the resultant deformation of wood.

II Before vou proceed with plans to build a
p guitar, find out from the loca] weather burean

,  the mean annual averages for high and low

' humidity in vour area. If the mean average

= o s Ry B 5 S
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matenals, the sound bozrd comes first. It is the
most important element in the guitar. Torres

bullt a guitar with back and sides of papier-
mdché to demonstrate the kev role of the top
in tone production. (Guitarists who plaved this
instrument said it possessed an extraordinary

tone.)

Just where or how spruce was discovered to
have acoustic properties is a mystery buried in
the past, but the oldest surviving stringed
instruments prove that ancient instrument-
makers knew the natural resonating qualitv of
Spruce.

The best-quality spruce comes from near the
timber line of the mountains of central Europe.
Blanks for sound boards are cut from radiallv
sawn lumber. Grain pattern runs from closelv
spaced hezrtwood to more open-crained sap-
wood.

Sound boards are selected by grain, temper
(resilience , and resonance. A good top s
seasoned. unblemished. and close-grained. An-
nular divisions should run about twelve to
sixteen per inch. Where the crain widens at the
outer edges the increase should be gradyal. End
gram should be almost vertical: if it is badlv
slanted it means the wood was cut tangentially
and 5 more likelv to warp. A characteristic of
the best spruce tone wood is cross-grain “silk™
pattern observable in the finest guitars.

Flexing the board will reveal its resilience. It
should be fairlv stiff with onlv a slight amount
of spring. Generallv, stifer boards will give 3
brighter edge to the sound than softer, more
flexible boards. Very soft boards that bend
easilv are not used.

Although the most relizble index for select-
Ing tops is visual, the resonating quality may
be judged by lightly grasping the upper edge
of one of the halves and gentlv rapping it with
the knuckles of the free hand. Even an inex.
perienced person can detect differences in

CLASSIC GUITAR CONSTR UCTION

resonance by listening carefully. A good,

sound board has a certzain “Tive” tone while ,

poor one will have a relatively dead TESponse.

As the wood is worked to the appropriate thig.

ness, thumpingz produces 2 brighter, more

noticeable ring.

Finger boards or fret boards are made of
ebony or rosewood. Ebony is alwavs used o
guitars of high gnality becase of jts durability,
lack of grain, and the elegant contrast jt makes
with nickelsilver frets. It is almost Impaossible
to find completely jet-black ebonv; streaks or
veinings of grav are common. If these marks
are unobtrusive they will eventually disappear,
darkened by the oil and perspiration of the
plaver’s hand. If thev are prominent enough to
require staining, z black stain from Germany
(Ebonholzbeize) is good. Both ends of ebony
finger boards usuallv come sealed with paraffin
or shellac to keep moisture from seeping into
the end grain and warping the board. A warped
finger board must be discarded.

Struts and bracing for the top are made of
straight-grain clear Sitka spruce, a lisht, strong
wood stocked by lumber vards that sell boat
lumber. The narrow fan bracing can sometimes
be rescued from the waste portion of the sound
board by judicious jigsawing. Do not use hass-
wood for strutting or bracing the top.

Honduras mahegany is used for the cross
struts on rosewood backs, Sitka spruce or maple
on maple backs.

The neck is mace of straight-zrain Honduras
mahogany, a stronz, exceptionallv stable wood
that ranges in color from a vellowish to a red-
dish tan. Texture is mellow and easily worked.

Lining is usually basswood (linden), some-
times Honduras mahogany.

All guitar wood must be kept in the work
room atmosphere for several weeks before you
begin construction.

Tuning machines are sold in matched sets.

Fig. 10 Superior quality tuning machine

Prices range widely, as does quality. When pur-
chasing machines, check the shafts for align-
ment. Do not buv a set with 2 bent shaft o
faceplate. Check for cracked rollers and dam.
aged buttons. Turn each button, The shaft
should start turning as soon as the button is
turned. If the button turns a bit before engag-
ing the gear, the gear is misaligned.

Wooden pegs for flamenco guitars are sold
a5 viola pegs by violin suppiv houses and are
available in rosewood and ebony,

The bridge is fashioned from a billet of
sTaight-grain rosewood. Bone and IVOIV are
sold by guitar supplv houses for the nut, bridge
sddle, and bridge trim. Ivory 1s much more
expensive than bone. It stavs white longer and
iges more handsomely than bone, which often
icquires a greasv appearance. Ivory is uni-
versallv preferred by luthiess for expensive
mstruments.

LIST OF MATERIALS

Sound board: ? pieces spruce 742" % 20"
Back: 2 pieces rosewood or maple, 712" x
207
Sides: 2 pieces rosewood or maple, cut
from same fitch as back. 4" x 32~
Neck: 1 piece of Honduras mahogany (see
pg. + for dimensions)
I piece each holly veneer and rosewood
(45" thick), 47 x §°
Tail block: 1 piece mahogany or basswood,
I"X 3" X+
Linings: 2 pieces shaped for kerfing, 2
preces flat, 3327 X %57 x 30

Cross struts (sound board): 2 pieces Siika
spruce, 113," % 34" w 12”

Resette: 1 mosaic inlay, bought or made
(see pe. 80)

Cross struts (back): 3 pieces mahogany
(rosewood guitar) or 3 pieces maple
(maple guitar), 114,” % 557 % 15°

Cross-grain bracing for back: s X 15T
X 16” mahogany

Bracing: 11 pieces Sitka Spruce. 21,7 ¥
BT

Bridge: ] piece rosewood, Y2 w114 w §°

Fret beard: 1 piece ebony or rosewood.
147 X 2347 x 1815"

Bridge saddle and nut- ivory or bone

Inlay for back: 1 piece rosewood veneer
strin. 137 3¢ 20" (maple guitar |
I piece maple veneer strip, 1s” x 20’
(rosewood guitar

Purfiing: 2 pieces 3;." black-whize-black
(fize |

+ pieces ¥ " black-white

+ pieces 215" rosewood veneer

+ pieces 15" rosewood veneer

+ pieces 1137 black-white side jle+

(Purding 15 usually sold in 367 lengths.

It 1s wise to buy two extra of exch for

safetv. If the side fillet is omitted. buv

eight pieces of the %{.” rosewood in
stead of four.)

Tuning machines: 1 set with screws for
faceplate holes

German silver fret wire with studded tang,
18"

Note. The beginning gutar-maker should
make his first guitar of plain, unfigured maple
and omit the side fillets. Unfigured maple i
inexpensive and will make a beautiful guitar.
The side fillets are attractive but entai 2 good

bit of effort. Advanced craftsmen will have no
problem.

Wood and Materials
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It vou own power tools—madial or bench saw,

jigsaw, band saw, and drill press—vou will save
time but fine guitars can be made without any
power equipment. An inexperienced craftsman,
however, will have trouble drilling accurate
holes for the tuning machines and string holes
in the bridge without a drill press.

A small rbuting machine, if available, will
quickly clean purfling ledges after the top out-
lines have been cut with the purfling tool. The
sraight. fluted router bit is adjusted for the
purfling depth.

Cutting tools must be kept at razor sharp-
ness for maximum working efficiency. You will
need 3 medium and rough grit combination
carborundum stone and a hard Arkansas stone
to keep tool edges keen.

Hold the cutting bevel of the tool against the
rough and then the medium grt stone and
hone with a small circalar motion. Keep the
surface well oiled to prevent metal filings from
clogging the surface of the stone. When the
bevel is fat and uniform, shift to the Arkansas
stone. Hone in the same manner untl all

Guitar-making tool

scratches made by the medium grit stone are

zone, leaving the bevel shinvsmooth. Tumn
the blzde over and hold it flat against the stone.
Remove the burr by moving the blade side-
w23s an inch once or twice. Test the blade for
sharpness on a scrap piece of wood. Repeat the
fine honing step if necessarv until the blade
cuts smoothly and easily.

Gouges are sharpened with a sweeping, roll
mgZ motion as they are passed over the stone.
The burr on the inner edge is removed with a
wedge-shaped roundnosed slipstone.

Drawing an edze on a steelscraper blade is a
ricxv job that requires practice. The long edzes
must be honed dead flat and square by sliding
the blade over the stone, using a wooden su Ip-
port to keep it perfectly vertical (Fig.12)
The blzde 15 then laid on i side and honed

Fiz. 12 Squaring scraper blade edge

unti the ecee is knife-edge square. Clamp the
blade in 2 vise with the cutting edge up. O
the edze libesallv and draw a steel burnisher
(Stznlev; over the edge. Make three or four
passes exeunz uniform pressure with the bur-
nisher held fist at 90 degrees. Increase the
angle until the last pass is made at an angle of
about 55 dezess, turning the edge over in a
shght hook (Fiz. 13).

Sandinz sticks are easv to make, more ef.
heient anc less harsh than steel files, and make
the most eZcient use of sandpaper. Three
sticks  covered  with rough, medium, and
medium-Ine zrit aluminum oxide paper will
suthce for mzdng one guitar. Sticks should be
about 337 ¢ 132" % 18” for most comfortzble

=1 e reused by covering with fresh

F‘
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Fig. I35 Drowinz edee into hook with burnisher

4 Sanding sticks

Tools
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Constriction Forms

Fig. 15 Basic forms

Several forms are necessary to build a guitar. 5
mold, a bending form, two purfling forms, and
a work beard. The work board serves as 2 jiz
for gluing back and top to sides and also 35 5
general form for holding the guitar while work.
Ing on It.

The mold is the basic form in which sides
and neck are assembled. It is possible to build
a guitar without 2 mold, but one is necessary
for the mode of construction described in this
book. It is 2 convenient means of msuring
svmmetry in the important first stages of con-
struction. The top and back are assembled ogt.
side the mold. A later section details an alter.
nate method of construction in which the mold
is emploved throughout the entire construction
process; see page 66.

The bending form is a contoured device for
holding and fixing the shape of the sides.

Purfling forms are used to assemble decora-
tive strips of edge banding into a laminated,
shaped member ready for installation as a single
unit. These forms are not assembled until the
carcass of the guitar is complete.

A lumber sandwich of several boards—each
measuring 10” X 214"—wields the principal ele-
ments of these basic forms pius a template.
The waste portion of the sandwich is used as a
squeeze Jig to comrect imperfectiv bent sides.

The sandwich is made up of:

Z pleces 3" X 10" X 24" plywood

2 pieces 134" X 107 X 24" lumber core
(or + pieces of 317 X 10" X 24" lum
ber)

1 prece 16" X 107 X 24" Masonite (tem-
plate)

This lumber can often be found in the bar-
gain bin at local lumber vards. Stacked, the
depth of the sandwich is approximately 5°.

Project the halfpattern of the guitar (Fig.
I) twice size and draw it onto the top of the

andwich. Spend enough time to insure max-
mum fidelity to the original pattern. When this
has been neatly penciled in, draw another line
L= outside the first outline. This line is the
outside of the mold. Dmll pilot holes to avoid
spliting and nail ten-penny nails through the
rop and back of the sandwich to hold it to-
rether securely while 1t 15 being band sawed.
Keep nails well clear of the two penciled out-
lines the band saw will follow.

Sand smooth the long side of the sandwich
on which the guitar pattern is centered. Take
rhe sandwich to a yard that handles millwork,
or to a cabinetmaker, for band sawing. The saw-
mz of the inner outhne must be executed in
one continuous cut. Diameter of the band-
saw blade should be 4" to negotiate the curve
:t the waist comfortably.

Glue the waste portion together and set it
:side. Sort the several pieces that will com-
orise the lavered halves of the mold. Lav them
sut on the workbench to make sure thev are
oroperlv stacked to form a conftinuous, sym-
metrical mold in the shape of a guitar. Glue
-he sections of each half separately, using white
zlue. When both halves are glued, align them
:nd clamp them in a vise with their inner face
1. Sand the end faces and the inner contour
smooth. Fill all holes with wood putty. Un-
Zamp and reverse the sides on the workbench
:nd check the ft of the two end faces. Sand

Fig. 16 Lumber sandwich vields pnincipal

elements of forms

them to butt tghtlv and glue. A long clamp
across the wzxst will hold the ends together dur-
ing glung.

When drv, draw 2 line 178" from each side
of the center joint at the top of the mold.
Dull 2 35" hole m the center of each of
these lines. Sew down through the lines bisect-
ing the dnll boles, releasing the center piece—
the gate.

Cut two 2127 lengths of 348" dowel, glue
them into the dnll grooves i the ends of the
mold, and repizce the gate. The dowels do not
glve to the g=te. With the gate in place, apply
2 clamp acrss the waist to press the dowels
into their gwoves duning gluing. When dr,
sand the dowels and zate grooves to an easv fit;
2 close fit 13 tnnecessary.

Draw a bolc. clean line down the ceater of a
34" % 187 x 33" pressed wood or plvwood
beard. This bezrd is the mold base. With pate
still in place. zlizn the mold on the center line.
its botiom ecz= fush with the bottom of the
Board. Trace both 1nner and outer contours of
the mold ontc the board. Draw on either side
of the center Tne the parallel lines which serve
25 a gmde for aligning the neck. Dmw the
circles to be r=mnoved with a arcle cutter. Thev
lichten the w=izat of the mold and provide
handv exits Zor debrs that collects inside.

Positon the mold on the cutout base and
clamp the two together. Dnll pilot holes in the
back for 112" flat-head screws. Countersink
the holes and unclamp. Apply a liberal coat of
Titebond or white glue to the bottom of the
mold and gice it in place on the base. Fasten
the screws and clean off all excess glue.

In subsequent illustrations. one of the molds
has a plastic Imer laminated to the inner face.
z useful device for concealing a badlv fawed
inner wall. A clear coat of shellac or vamnish
will fix the pencl lines and presenve the com-
pleted form.

p-t  CLASSIC GUITAR CONSTRUCTION Consiruction Forms 23
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Fig. 18 Fmished mold
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- Beuding Form

Thes= mateials are necessary to buid the bend-

1 |L|I
. s £

InZ Tarm:

Six 14" X 4" threaded eve bolts with wash-
es and wing nufs

Six 1147 eve sSCTews

97 w 327 sheet of medinmgauge alumi-
num. zinc, or fn

Two 17 X 6" pipe, threaded both ends

Four threaded pipe collars

G7 ¢ 367 heavy canvas

Two 14" % 17 X 102" aluminum straps

134" w 107 X 20" lumber<core base or
77 % 10" X 20" lumber

37w 4" X 117 lumber for waist block

27 ¢ 10" X 207 lumber for the base

The bending form is shaped into an exagger-
ated representation of the actual gwitar contour
to compensate for springback. Resaw and sand
the two sides to the pattern of Fig. 20.

Suw the 27 X 10" X 207 piece of lumber
for the bottom of the form to a width of 9”.

- }
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Glue the sides to this plank. Saw and saad the
ends of the plank to conform to the shape of
the sides.

Fasten the collas to the botfom of the
plank. Screw in pipes and screw on the bottom
collars. Screw the bottom collars into the base.

Bend the metal sheet to the shape of the
guitar and drill 3{5" holes at =7 intervals along
both edges. Countersink the holes and screw
in 34" screws (rustproof).

Position the eve screws on both sides of the
form, then drill pilot holes and screw them in.
Force open the large eve on the eve bolts and
hook them onto the small eve screws. Close the
large eve so it cannot slip out. (The small fix-
“tures used to hold the eve beits in the tlustra-
tion were bought in a marine-hardware supply
house. Small eve screws are a more geaerally
available substitute and work just as well.)

Drill %" holes in the two metal straps that

clamp the ends. Round off the bottom of the
117 piece of 27 X 47 untll it fits the incurved
waist. Rough out the shape with plane and
rasp. Finish with sandpaper. Saw the end slots
that engage the side bolts.

Bendinz Form




Fig. 21 Exploded view of bending forn
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Work Board

The work board 1s cut from 2 %" %X 167 X
34" piece of pressed wood. Jigsaw the shape to
the pattem (Fig. 22) and sand the outline
smooth. Insert 17 round-head rustproof screws
)1l around the perimeter of the body, spaced
134" apart. Screw them m until the thread is
buried and only the smooth shank 1s left. Rub-
her bands are looped around these screws and
laced back and forth actoss the bodv of the
guitar to exert pressure while the top and back
are glued on. A one-pound box of ¥8” X i
ubber bands will provide an adequate supply
for lacing.

For general use clamp the work board to the
edge of a workbench so that the bodv projects
out from the bench. The guitar can be secured

«to the form by a clamp at the neck or a num-
ber of rubber bands stretched across the bodv.

Fig. 23 \Uork board in use as gluing fig

Fig. 22 Work board is cuf sitghtly larger

5

than octual guitar shche
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Work Board




i W W Y Y Y v v Y v Vv v v v v v w WA

0

Fig. 24 Boiling trough n use

Boiling Crough
The boiling trough above was made of 2+
gauge gahanized tin and soldered with soft
solder. It was made bv a tinsmuth for ten
dollars.

Lay out the pattern on the sheet of metal
and cut to shape. Bend to the final shape and
solder the end seams. Soft solder will work as
long as there is water in the trough when it
is heated. The handles shown are useful but
not essential.

A pair of hold-downs can be fashioned from

a waste piece of tin. Do not make them from
any ferrous metal.

=

L e e R N W W WS W WES O S .

CLASSIC GUITAR CONSTRUCTION

with hold-downs in place

i A=
32"
Y
— B ——
Fig. 25 Trough pattemn

Fiz.26 Lever down, pressure off

Guitar-Maker's Clamps

Deep-throat clamps. an essential guitar-making
tool. are easv to make. They fit through the
sound hole for clamping the bridge and are
iso used to clamp fan bracing. Only one 15
sbsolutely necessarv. but their convenience and
simplicity jusify the additional investment in
rime for building several.

The clamp has a fixed lower and a movable
upper jaw. When the clamp is fastened about
an object. raising the lever brings pressure to
bear. Pressure is released by flipping the lever
down.

A 1315 X 33" X 457 length of birch or
maple will make four clamps and leave a piece
for making a purfiing cutter. You also need a
14" % 17 aluminum smp (sold in 6 lengths
1t hardware stores: this aluminum stock is also
used for the end clamps of the bending form).
Two dozen 1° rivets with recessed ends that
can be peened over, plus four 127 cotter pins,
complete the list.

Lav out the pattern (Fig. 29) and saw off

the end with the levers drawn on i=. Rip down
the center of the long remaininz piece. Cat off

each set of jaws. Mark, on each fzw. the oblong
mortice that will receive the zlomimum shaft.
Drill 2 series of ¥4" holes in ezch morase and
chisel through, working from both encs. W hen
the slots are cleared, smooth the mmer walls
with a2 17 fat file.

Cut four 10" pieces off the zluminmm sinp
and deburr the ends. Trv the meszl shaft in
the vpper jaw: it should ride fresiv op and
down. The slot in the lower aw is left snug
enouch that the metal shaft has to be dnven
in with light hammer blows.

Drill the 115" hole at the mouth of the long
kerf. Jigsaw the kerf through ‘o tols hole and
=1th 3 folded

-

smoo:h the innes face of this ket
piece of sandpaper slid back 23d fores.

Dr=w the lines for the tenon at the Tont end
of the upper jaw. Clamp the Ew in 2 vise and
inser: a wedze into the ke (Fiz. 30). The
wedze will permit vou to ssw oF boil cheeks

" .7 . - - T T e
of the tenon without scarring the betom face
of the long kem.

Trzce the outline of the lever and jiZsaw.

Guiter-Muazer's Clamps

H‘w‘_
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Fig. 25 Clamp diazram
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Sand the contours perfectlv smooth and mark
off the center mortise. Drill a 14" hole throngh
the inner terminus of the mortise and then re-
move the moruse with two saw cuts down
to the dnll hole. Smooth the inner cheeks and
make sure the lever moves freelv around the
tenon.

The operzting principle of the clgmp de-
pends on pressure exerted on the flexibie
extension under the kerf. This pressure comes
from the eccentric motion of the lever, which
swings on an offcenter axis.

Place the lever on the tenon in the down
position and dril the offcenter hole throuzh
lever and tenon. Insert a rivet and peen the
end over.

Drve the aluminum shaft into the lower
aw, drill two holes, and nivet. Slip on the up-
per jaw and dnll the two holes that fall on
either side of the shaft. Fasten rivets. These
two nvets are positioned to keep the upper
aw ngid when pressure is applied. A small
hole and cotter pin at the upper end of the
shaft complete the clamp. Rubber squares cut
from an old inner tube may be used to line the
aw faces, |

CLASSIC GUITAR CONSTRUCTION

Fiz.29 Layout

ror four clamps

Fig. 50 Kerf wedged for sawing tenon

Purfling Cutter

A purfling cutter removes the corner segment
jround all four outer edges of the guitar. The
depth and width of these cutout ledges deEcnd
on the kind of purfling desizn used. An adjust-
sble purfling cutter designed for the violin trade
is available (Fig. 11). It works well for guitars,
buf an equally effecave cutier &n be made
from a piece of birch or mapie and a sabersaw
blace.

Slice 2 1" X 1357 X 43" block open
tenzthwise and smooth both inner faces. Saw
o chisel a groove down the center of side A.
This eroove must be wide enough 1o accom-
modate the saber-saw blade 2nd shallow enough
.0 that when the sides are boited together suffh-
ient pressure will be exerted to hold the blade
crmlv in place. _

Saw the waste from around the pilot leg of
side B znd shape the pilot to the prescribed
shape. Round the eczss of all bearing surfaces
to E}[E'.'E“"ji: gouging and marang.

Sabersaw blades csn be sharpened to 2 fine
cuiting edee. The bizde pictured is a Trojan
S.32. Grind off the teeth zlong the edge for
sbout 1=~ above the cutting edge. In gnnding
‘he edze do not allow the biade to overheat and
hes:m: the temper. Sharpea oniy one edge, the
inner face.

Cut two horizontal grooves ;5" wide on the
back of side B. Cut two small stnps of metal
to act as long washers for the two bolts m
each croove. \With both sides clamped together,
drill the four holes and boit with 34" machine

SCTEWS.

©og
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Fiz. 32 Open view of purfling cutter
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Animal or hide glue made from hoofs. bones.
sinews, and skin linings of cattle has been the
staple adhesive of instrument-makers for hun-
dreds of vears. This glue is manufactured in
different grades of varying strength and comes
in sheet, flake, chip, or granular form.
To prepare animal glue, place the glue in
a doublejacket glue pot with enouzh cold
water to cover and leave to soak. \When the
glue has absorbed as much water as it can hold.
the glue pot is heated to 2 temperature which
must not exceed 150°F. (Excessive heat de-
strovs the strength of the glue. Repeated heat-
ing weakens and thickens the glue. Water mus:
then be added, further weakening the glue.
The best grades of hide glue prepared in this
manner are strong and dependable. For opti-
mum results the glue must be freshlv made
0 the right consistency and temperature. Glu-
ing must be done quickly in a2 warm roem so
chat clamps can be applied before the.zlue

A iel L
ellg

Liquid hide glue is also available in readv-to-
use torm. It has manv of the same qualifies of
hot glue without the elaborate preparztions.

—

etting time 1s slower, permitting ample tme
01 coating and assemblv before clampinz. The
-emperature of the workroom and wood should
ce above 60°F,

A number of plastic adhesives available ‘o
cav are also useful for instrument-making.
They have different properties that make them
»zluable for certain purposes.

Plastic resin glue (\Weldwood. Cascamite
s verv strong, water-resistant, and easy to use.
It comes in powder form and need onlv be
mixed with water. When mixed, the glue has
3 usable life of five to seven hours at 70°F. For
best results the glue, wood. and temperature
should be at 70° or higher. At lower curing
‘wmperature full strength is not attained. Ade.

CLASSIC GUITAR CONSTR UCTION
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mtimate contact of gluing surfaces. At 0o
ciamp hardwoods for five to seven hours, in&
woods four o six hours. Higher curing tempers.
tures will recuce the clamping time.

Polyvimid resin glie (Elmer's Glue-AD) j ,
white liguid glue that cures VETY quickly_
twenty to thirty minutes at 70°F. [t dries trans.
parent and 5 quite strong. At temperatyres
below 60° the glue turns chalky white apd the
stzength 1s aTected. Polvviny] glues are not g
ater resistant as plastic resin glues.

A hiquid resin glue that has 2 very fast set

and outstancmg strensth is 2 vellow glue solg
as Titebond |Franklin Glue Co.). The authgy
prefers this to white glues.

Transparent egox cement comes in two
tubes, one a resin and the other z catalvst or
hardener. The two are mived in equal parts and
applied in 2 thin costing to each gluing surface.
Curing time 5 overnight and makes 2 perma-
nent bond of unequaled strength.

Purists insisz on the exclusive use of animal

glee in the construction of stringed  instru-
meats, C1ung i organic nature and elasticity.
Precisely this elasticity is what is responsible for
the majoriv of instrument repairs—glue fail-
ure. Animal ¢re absorbs atmospheric moisture,
and exposure w0 repezted cveles of dampness
and drving ultmateiv weakens the glue. Scien-
tific research has recentlv uncovered the fact
that there zre certain molds whase spores can
live in animal siue. When present thev eventy-
ally break down the glue.

Stradivarius vsed animal glue—the strongest
glue then availzble—plus three and sometimes
four nails to fzsten the instrument’s neck to
the top block. There is no reason to suppose
that he would not have welcomed the SUperior
strength and durability of modem glues. In-
sistence on using only animal glue must in-
evitably be put down to a sentimenta] attach-
ment for the old wav.

Ammal giues do nave thc 20vVenast UL Hldh-
4o it €asy to remove the plates (top and back)
jor repairs. A hot knife and some c:-u*cfu]h ap-
plied moisture will separate 2 ‘g::ued |-::tm't~—_
jJthough this 1s more miznin:rj’i;t f_m' '-'IE}]I.IL:
than guitars since a great many Ierior repairs
gn be made to a guitar through the sound
hﬂ]E. . .

Gluing is best accomplished by having both
airfaces to be glued perfectly smooth. In labor-
storv tests conducted by the US. Deparmfn!:
of Agriculture it was found t 2t 10 b-m?ﬁt
derived from intentional roughening of gluing

ces.

“HEime gluing rosewood it is importa_nt to
wash the surface with benzol (sold in St.ﬂf:mﬂﬂ}'
stores under the trade name Bestine) to re-
move as much surface wax and ot as possible.
\Moisten a clean rag with benzol and rub the
rosewood until no more coior comes off on the
raz. A more effective glue joint will result.

(HastiEey oMy ANAJ DT

Eighteenth-century Venetian guitar (front anc beck)
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laning tne Wood

Guitar sides and backs are sold in matched sets
cut from the same log. Thev bear knife or saw
marss and are at least %6 thick. It is necessary
to smooth both sides of the top and plane the
sides and back to a full 54,”.

The sides are scraped down first becanse they
have to be bent.

Clamp the end of a side near the edge of the
workbench. Remove the high spots with a
plane adjusted to remove a small amount of
wood at a time. Move the plane away from
vou. angled shightly to cut with a shearing
action. Lift the plane, return to the beginning,
and make another cut. If the plane bites badlv
mto the wood, it is cutting against the grain;
turn the board around and plane from the
other end. Plane the surface until all rough saw
and &mife marks are gone.

When both sides are level, switch to the
hand scaper. Draw the small hand scraper
toward you. its blade angled for shear, and use
both hands to guide and apply pressure (Fig.
>t). Move the scraper in a svstematic pattern
that will insure an even removal.of wood.
Check the thickness as work proceeds. The

large scraper blade is used for final smoothing
and leveling. Sanding is not necessary.

Clamp both sides butted together and use

the steel scraper blade over both. Tum them
over and butt the other edges. Scrape theq
again to make both sides 2 uniform thicknegg.
Beware of scraping the sides thinner thap %"
A thin spot in the sides can affect the tone.
Flamenco-guitar sides are planed to a thickness
of 11" full.

Backs are not planed to thickness unt]
they are jointed. Fasten the back to the work
board used for the jointing operation. Driye
tacks in along the perimeter—three or foyy
will do—to hold the back while SCTaping.

Plane and scrape both sides, using the same
procedure as on the sides. Because of the large
area of the back it is necessarv to check the
level of the surface with 3 straightedge. Smooth
the back to a thickness of 2 full 34a".

Smooth both sides of the jointed spruce top,
removing onlv as much wood as necessary. At
this stage the top must be left at its maximum
smoothed thickness to accommeodate the mosaic
inlay easily. Smoothing also permits you to
judge which side is best for use as the top

face. Store tops and backs under a weighted
board until thev are strutted and braced. This
will allow the wood ‘o breathe but prevent
warping. If an appreciable amount of time is
going to elapse before resuming work (three or
four weeks ), shellac the end grain of top and
back to retard moisture absorption.

Fig. 34 Scraping side with a hand scraper




Jointing Cop and Back

Guitar sound boards are joined along the edge
on which the grain is narrowest. Close the two
halves lixe 2 book and match the grain on the
ends so that the halves are placed exactlv as
they were before being cut apart.

Clamp the boards in a vise and plane the
edge to be joined as level as possible. Do not
remove any more wood than mnecessarv to
accomphish this end.

A 2" length of 1" X 3" lumber that is
pertectly ttoe m it long dimension will com-
plete the jointing of the edges. Cut a sheet of
=50-D (medium-grit) aluminum oxide paper
into strips wide enough to glue along the 1
edge of the 17 X 3" board. Paste the strps intw
place with white glue so that the edge of the
board is one unbroken sanding surface. Fic.
37 shows zn aluminum level being used. The
sandpaper w=s glued to the edge with rubbe:
cement.

Place one half of the sound board on top of
the other. overlapping so that onlv one edze
is brought into contact with the sandpape:.
Hold down the two halves firmlv with the left

hand and siide the sanding edge back apg
forth against the edge of the sound board. Cop,
tinue this motion until the edge looks trye
Reverse the boards and sand the other edge,
Butt the two edges together and hold the soung
board up before a light. If light can be seeq
through the joint. repeat the sanding procedyre
until no light is visible through the joint.

With the boards butted, trace the outline of
the template on ezch half. The best half of
the sound beard should fall in the lower bout.
This area 5 the main vibrating surface angd
sound-producing portion of the sound board.
Grain irregularities can sometimes be concealed
under the fret board.

Lav the halves down on 2 34" plywood board
at least 20 ;¢ 207, Press the joint together and
examine 1t closelv. Sometimes the darker lines
(summer growth i1 the grain will meet in 3
u«mrmsng F;..l.l:"" = the joint if the grain con-
an unsightlv heavy line
will result from the b:i::ging together of two
dark lines. For the most unobtrusive joint sand
the edges unt] ther zive the appearance of an
unbroken grain p-m.:n when butted.

Center the sound beard on the plvwood work

Fig.57 Sanding edges wizh level faced with sandpaper

TEER o B s - smmkckas e

board. Drnive five carpet tacks zlong the outer
edze of one side so that ther heads grip the
board and hold it firm. If the =Czes are imegu
lar, or not square enough to koid 2 tack well,
planc them square. Put wzx=C paper under
the joint and position a 1:° +" batten
centered under the joint. Posicon the other
half of the sound beard so the joint is closely
butted over the batten. Drive in five tacks
aiong the edge of this half, but not far enough
to engage the wood and hold it R:mm-re this
half of the sound board and zpeiv 2 thin coat
ing of clear epoxv cement to e edge Gf the
mrt Remove the batten and coat the other
half's edge with epoxy. Replace she hatien. put
the other half back info posite=. and hammer
the tacks down until thev zip che =Jze. Put
trip of waxed paper over the ‘eint aad pull
out the batten. Clamp a boarc z:zoss the joint.
For umiform pressure the c¢zmpinz beard
sho u_‘ﬂ be slightlv bowed. Bewz=¢ of tightening
the clamps so much the clamoing g board rises
in the middle. Leave undisturbeZ ovenizht.
When removing the souné haz=d do not

procesd until the tacks have Zesn removed
4 board 1s re-

om one edge. If the clampizz
moved without Eji: litting the Zicks the top

i the anmevizgz ik of re-
zand gluinz the halves
tozether again.

Fizs. 35 through 40 show :z back being
ointed. The basic procedure = deafical with
that described for the sound beasd. The only
difference is the use of a center strip of inlav
on the back. a trzditional embellishment. A
Light strip 15 used with rosewood and a dark
with maple or other light woocs.

The veneer stap 5 timmed to the thickness
of the back. Epoxy cement is apolied to both
cdges of the back and both sides of the veneer
strip. The inlay and edges are clamped together.

= .

Fizg. 59 Glue epplied. both sides tacked

!
S

Fig. 40 Batten removed. joint under pressure

Jointing Top and Back
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Immersing sides

Bending Sides

There zre two wavs to bend guitar sides:
wetting the wood and shaping it on a heated
pipe or stesping the wood in boiling or nearly
boiling water until plastic enough to clamp to
a form.

Spanish Iuthiers have traditionally used an
upnight ovzl metal pipe heated by an enclosed
charcoal brazier at the base. The chimnev be-
comes hot znd the moistened strips of wood are
pressed acanst the hot metal and slowly
worked nto the pattern of the guitar. The suc-
cess of ths method depends on skill gained
through przctice. It is easv for a beginner to
scorch or frzcture the wood by undue pressure;
the botling method is much less hazardous. An
additional zdvantage is the boiling awav of
some of the waxy content of rosewood, leaving
the wood more amenable to glue. A boiling
trough is reguired for either method.

Begin by ahgnmg the two sides so that thev
are book-matched, forming a symmetrical de-
sign down the center. Place them on top of the
bending form and rock them end-toend to
establish their centered position on the form.
Make two or three short pencil marks across
the center joint of the sides at the point
where the incurved waist will fall. These marks
will help positon the wood on the form

CLASSIC GUITAR CONSTRUCTION

quickly and prevent mismatching of the sides

Pour two inches of wzzer into the trough ang
set 1t on 2 stove so thz: it s heated by tug
bumers. (A sheet of tin over the trough wi]
speed heating of the water. | When the water j
verv hot (steam immerse the twy
boards. Put in the holddown brackets and
cover the trough. An hour and a half of steep-
ing will make the wood plastic enough tg
bend.

\When the time 15 to. remove the boards
(tongs and work gloves %1l make this opera.
tion pamles| and pesiticn them on the bend-
ing form. The sides must lie on the form
butted together and parzlel to the sides of the
form. Lay the canvas on oD of the boards and
posidon the waist block. Press the block down
and engaze the side bois. Tighten these two
bolts until the beards z-e within 4" of the
form. Carefullv pull the lower bout down,
keeping the camvas tzur znd clamp the end
(not too tight!. Do the
bout. Now screw home
secure the end clamps.

Transfer of the hot. mcist wood from trough
to form should be dene =pidly.

Place the form in z hezred room or in the
sun. The quicker the criing process the bet-
ter. In penf}d of promacted humidity where
drving is retarded. use hezt lamps. If maple is
allr:med to remain wet for more than two or
three days, mildew mav form at the waist
juncture, the last place to drv.

Leave the form undisturbed for a week. If
the wood 15 properly drv it will come off the
form with onlv moderate springback and At
into the mold. If the sices seem drv but go
into the mold onlv with considerable dlﬂicult\
thev will have to be placed in the squeeze jig.

Fig. 45 shows the squeeze jig in use. The
waist curve has been padded with rubber to
hold the sides in a curve more exagzerated than

nsme ',

s:ame to the upper
the waist block and

e ———— W

——— . eec——

e e e

that of the bending form. The bouts are also
bound and propped to an exaggerated degres,
Jlthough following a natural curve. A few
davs in the squeeze jig will correct a difccnlt
springback.

The success of the boiling method depends
on the use of straight-grain, seasoned wood
free of figure, planed to a uniform thickness.
Hizhly flamed cuwly maple (because of iis
CGI;.JP}EI grain structure) will sometimes frac
ture at the waist if abrupt pressure is used. The
fracture usuallv occurs on the inner face at
the point of greatest compression. If it is oniv
2 surface break it can be filled and sanded
smooth.

Wood that has been bent to a curve has a
“memorv.” An increase in moisture content
will tend to straighten a curve, a decrease wiil
cause a curve to become sharper. Because of
this. the almost flat section of the side that
begins at the bottom of the waist cunve and
leads into the lower bout is the weakest part.
This section is under stress from the sharp
waist curve and the large curve of the lower
bout. It is strongest at the edges where the
linings hold it in shape. The weakest portion is
the center. which sometimes becomes slightiv
COTCIVE.

Anv deviation from the flat will be adverfised
bv the distorted highlight on the final polished
surface. The wav to avoid this is by keeping the
wood to be bent a full 354" and leaving it on
the form until dry and ready to use. (This
prmblem mav be related to the structural dea-
sitv of wood. The harder, denser vareties of
Brazilian rosewood seem to have the most
stable shape-retaining properties.)

Cleanse the trough soon after using or the
gummy residue will dry and require scouring
with steel wool to remove. The boiled-off resr
due of rosewood will also stain light wood if
left in the trough.

Fig. 45 Sides propped and bound in squeeze ng
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Side Assembly

After the sides are bent thev are clamped i,
the mold. Mark the center of the overlap t
and bottom, and saw off the excess. The sidt:
should now fit in the mold butted top and
bottom. With both joints on the center line,
inspect the contour. The fit should be stiug
or nearlv so.

Make a tail block from the 17 x 3" x 4*
block of basswood, the grain running the long
wav. Shape the round front of the tail block
with rasp and sanding stick. Round the back
slightlv. Hold or tape a piece of medium-
gnt sandpaper against the curved back where
the block will glue. Grip the block in an up-
right position and rub it azzinst the sandpaper
untl 1t conforms to the curve of the back.

Jigsaw the two clamping cauls that will
facilitate clamping the tal biock during
glung (Fig. 46). Slip a piece of waxed paper
between mold and sides to keep them from
glung together. Apply plastic resin glue to
both surfaces and clamp.

A decorative strip of inlav is customarily ap-
plied to the bottom joinc. It conceals the
center joint and works into the purfling on
top and bottcm.

Glue up a 31" X 47 strip of rasewood with
a stnp of white-black purfling along each
long edge. Do this on waxed paper using push
pins to hold the white-black strips azainst the
rosewood.

Transfer the width of the inlav to the bot-
tom joint. Clamp the sides in a vise with the
jont facing up. Hold a trv square against
each mark and saw tp the depth of the inlay.
Chisel and level the groove with the edge of 2
hle. If the saw cuts are a tride scant the
inlay should go in with some slight pressure.
Clue with white glue, T

The sides are now readv to be joined to the
neck.
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Neck

The unique design of the classic guifar neck

gives it great strength and stability througn
the use of a foot that extends into the body
of the guitar for about 3°. The botiom of
this foot glues to the back and camps lateral
and vertical movement of the neck. It also
lends rigiditv close to the point where the full
force of sound waves coming through the
sound hole strike the back.

The laminated construction of the foot 15
also much stronger than a one-piece meck
would be. At concert pitch the neck is under
1 tensile strain of about 120 pouncs. so
strength is important.

Commerciallv produced guitars empiov a
block—often enormous—zlued inside the
cuitar with a mortised slot to receive tie dove-
tailed end of the neck. If the joint is loose.
wooden shims are inserted to keep the neck
in alignment during gluing. This method of
joining, borrowed from wiolin construction.
works well with the violin's propormonately
shorter neck made of dense hardwood and sub-
iected to much less string tension. Tae classic

=
=

guitair neck. while more diffcuit to make. 1
unquestionably better adapied to toe special
requirements of the guitar.

The neck and head are joined 2
as 3 unit before being joined to the oot
tion. The head profile. slots. and tuning ma-
chine holes are completed before the foot 1s
glued on.

The neck is made from a 57 X +I7 piece
of straight-grain Honduras mahogany dressed
to 78", This is slightly thicker than the stand-
ard 316" but is necessary to laminate the foot
to the proper thickness of 3}2". If only the
standard thickness is available. a 37 X 4587
piece dressed to '1is” full may be used. This
will add one more laver to the lzmination.
which is perfectly acceptabie.
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i
_! Cut off a 25" length of mahogany and 734" lue the head to the neck, using the set-up

from one end mark off 2 2147 segment: m Fig. 50. Applv plastic resin glue to each

' M a face and clamp verticallv on each end. Keep

’ ¥ | (£ : the vertical clamps loose until the glued faces

: | J.'I ’ | of the joint are in contact. Tighten the vertical
I | ‘ vl clamps and apply the honzontal clamps, using

cauls. The vertical clamps are used to resist
| { Continue the lines down both sides of  the outward pressure of the honzontal clamps
| the board as a guide for sawing. Stand the on the angled joint. A piece of waxed paper
*\. f board on edze and clamp. Saw down through  under the joint will prevent gluing to the work-
. J U ! the board on the angle formed by the line bi-  bench.

v ‘se*cting the 2127 rectangle (Fig. 49). Reverse When dry, clamp again to the edge of a
| | the smaller piece and place it on top of the  workbench so that the inclined end protrudes

— S
=2 ledm

[C

>
/T ¢

N

i
i sl | longer piece so that the oblicue cut makes a  out from the bench. Plane and sand the face
)’#_/é continuous line: of the head to a thickness of '11s”.
The head of the guitar is where luthiers have "
traditionallv applied their hallmark; the pro- h
\ file of the head identifies the maker. It 15 a '
| 4 | point of pride, and a well-balanced design re-
i | Clamp the two pieces on the efzz of a  quires thoughtful consideration. b
1 | workbench and plane their anzled face smooth The desizn used here is the result of many
]' and square. Check with trv square 1o make  sketches and earlier abandoned designs. It has
I | sure the sawed edses along the 3" cimeasion  a pleasing svmmetrv that echoes classical
| 1 ']_C | e are all true. Reverse therr positons: Spanish mofifs. The small ball on top mav be |
. i s 78 TCFH BACK | omitted without harm to the basic design. |
. | A A L&E/ 1 _ / e =——— Glue a 514" X 7¥2" piece of 115" rosewood
. iy | | /:i:_ == = and hollv veneer together, When drv, glue this

i i | i 3G .
\ \ | = szndwich to the face of the head. leaving a

3 — ]

3"

J/ T - T i
i : _ 158 I
| Fig. 45 Diagrams of head.
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neck. heel, and foot
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Fiz. 50 Clonping head piece to neck
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jgsaw the outline of the head. Smooth the
sides of the head and mark the positions of
the holes for the tuning-machine shafis.

The standard spacing for tuning-machine
shafts 5 1'2" on centers. The machine in
Fiz. 55 has a spacing of 17{3” on centers.
Check the spacing of vour set before drlling
holes. Measure from the center of the shaft-
screw set in each gear. (The standard di-
ameter of shafts 1s 357, thev require 123.”7
holes. Here again it 1s wise to ascertain the
shaft diameter of vour set before drlling
holes. )

A dnll press is best for drlling these six
boles. They must be drlled at right angles
to the tapered sides: if drilled slightly askew,
the machines will not turn easilv.

With a jig or coping saw remove the long
pieces of waste wood between the 38”7 holes.

s
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Fiz.51 Clamping face veneers

minimum of 37 overhang over the top face of
the neck. Ihxs overhang will later be sawed off
at 2 nzot anzle o the face of the neck to
Serve as a Dacsiop for the nut.

R

The gived-mp hezd is then held in a vise
while the excess veacer is trimmed from the
sides with 2 pizne. Draw a pencil line down
the center of the head and neck on both
back and fomn: Twznsfer the head pattern to
the back or the hezd. In doing so, take careful
dccount or any ciscrepancy in length bebween
the back 2ad ot of the head. With a trv
*quare run 2 penal line from the top of
II the design. aczoss the back, up the sides. and
|, Eiﬂ.iﬂ. the tp Ses. Lav the pattern against
. this line and make sure the design is accurately
placed. Position the centers of the four 5"
holes on the back 2nd scribe the circles with 2
compass. Draw the lines for the lonz slots.
I making sure thev do not fall closer to the
. edge than !:". Clamp the head face down to
a board to prevent fracturing of the face
veneer and dnill the four %" holes.

dii&; c::ﬁ‘ flhe ':r:f: veneer overhang perpen-
‘dr 1o the top face of the neck. Use a
hne back saw with a trv square as a saw guide.

Saw off the tapered excess at the sides and

i i P SN S  N—
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F:g.55 Construction sequence of head Fiz. 54 Glung neck to foct section '
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Clamp the head in a vise and Smooth the
inner faces of these channels with 3 sanding
stick. Try the tuning machines in place ¢,
make sure they operate smoothly. [f 4 pez is j
ha:d_t::: turn, it may be that the shaft out % weight and leverage of the entire torso to work
of ah_gnmfnt or the holes are not true. Noyw, i 3 the tool. Dig the gouge in with a rocking mo-
the time to make minar adjustments to insure i bon so that it will bite and edt in short cuts.
3
!
:
|
|
|
|

(Fig. 59). As the shape becomes more cleariv
cefined, switch to the 132" gouge. Properiv
sharpened it will cut ezsiiv with hand pressure
zlone. Place both feer squarelv and use the

proper functioning of the tuning machines. Do not trv to take out too much in one cut.

Glue this neck member to the four- (or Guide the blade with 2 firm grip of the left
five-) piece lamination that comprises the foop hand and apply pressure with the handle held
Apply plastic resin glue to all gluing surfaces securelv under the heel of the right palm.
and clamp. Figure 54 lustrates the method As the long curve that will butt azainst the
of clamping using lateral clamps and cauls oyer sides takes shape, beware of dislodzing larze
waxed paper to prevent horizontal shifl:ing T
while applving the vertica] clamps.

When glued, plane the sides of the foot

splinters with the chisel—this is easv to do
Nel

when the edge of the gonge is cutting parz]
to the grain. Switch to 2 folced piece of sand-

Fig. 58 Head by Marcelo Bobero

=
b B

square with the neck and draw al] guide lines | peper for final shaping of this curve.
with soft pencil on the neck: the exact taperof |  Trim awav excess wood along the lenzth of
the neck, the position of the juncture with the | theneck to within a full L15" of the frez-nagd
bﬁd}', the .shap-e of the heel and the vertical cut ' g’;f{fEIEI]ES.
on Eﬂr:h_ side of the foot marking the point of | Clamp the completed neck to the workbeach
entry of the guitar sides. | and chisel away the exit mmps at the base of
Use a large back saw to make the vertical | the tuning-machine slots Fig. 5. ). Make cuts
Culs that will accommodate the sides. This cut to the proper depth on hoth sides of each slot
's made at a slight angle because the sides are | with the fine back saw. Chise! the ramps with
curved at this juncture. Saw carefullv and a *27 chisel struck by a maller. A pad of rubber
slowly, checking progress of the blade as it | or a folded cloth under the head will prevent
approaches the marks denoting the terminal . damage.
pomnts at both ends of the slot, Finish the exits with a flat file. The brown
Saw awav the large waste areas around the and white veneer lines should make a straicht
hieel. The arch of the heel is best removed by Iine parallel to the sawedoff edge that back-
band saw but can be cut away with the large stops the nut.
zouge, A simpler exit can be made bv usinz a
Shape the heel to approximately its final ' round file to file a rounded chute instezd of
form, using the gouges and rasp. Keep it svm- i the squared-off ramp. It is just as satisfving a
metrical and work to within 2 full 116" of the | solution and is used bv manv luthiers. It was

Pencﬂ line on the neck that marks where the
tret board will lie.

A simple template w] guarantee svmmetry

used by the gifted luthier Marcelo Barbero in
the head shown in Fig. 33.
The neck is complete for the moment. The

. B S MR iy

of the heel curve. Cut some cardboard to the |  head mav be carefully smoothed and finished
contour of the curve and use jt 25 a guide. ' but the underside of the neck is left untouched.

Cut awav the largest chunks of waste wood " the surface left flat for efcent clamping of
with the 1° gouge struck by hammer or mallet the fret board.

. CLASSIC GUITAR CONSTRUCTION




o /|
o Joining Sides fo Neck
9 ‘ | f ssinmetry. If there is a gap on one side and  where the peper meets the neck. Run a pencil
> Transfer dimensions of the distznces hetween 1 none on the other, some additional cutting of or ==ire zvon along the bottom edge of the t
the top and bottom termini of the slots to the e ; the end of the side that is ticht against the  peteo denoting the taper of the side. Reverse

"] top and bottom of the sides (Fiz. 60}. Saw i || \ § mold 1s required. the s=rtern and follow the same procedure on L
¢ off thar:- tapered segment that falls equallv on | ﬂ Apply hide glue to the inner surfaces of the  the ocher side. '
9 each side of the top juncture of the sides. Sand E slot and the ends of the sides. Fit the sides in Recomn the neck-side assembv to the mold
‘ the ends of the sides to a graduz] taper unti place and return the assemblv to the mold anc camp the neck. Replace the cauls that ,
‘ they fit securelv in their slots. The slot itself with the neck clamped on dead center. A  proo op the sides. Plane off the excess wood

can be enlarged by using a file made of sand- § caul and waxed paper are inserted under the dcma o the taper line on both sides. Then
¢ paper glued to each side of a flat piece of sheet ! recessed table to keep the sides from protrud-  rest -e work board on top of the sides to

. P s P P P

5 ;wtal: Sanding the sides of the slot muost be i ing. Additional cauls are placed under the sides  acccmplish fnal leveling of the sides. Use the |
) t];:mﬁ-lm a g that m]].nut round or disfizure { at strategic pﬁi‘ﬂE to Equalife this discrepancy  fl2: work board continually to check for gaps |
. € slot entrance. If this occurs there will be | and keep the sides level. With trv square rest-  becween the sides and the bottom of the work

4 gap bﬁm'f.'fn heel and sides. , ing on the floor of the mold, make certain that  bezsd. Use 2 sanding stick for final leveling
] Fit thed sides in place and place the entire the sides rise vertically. Allow sides to crv. (Fz= 6:2).
] assembly in the mold. Clamp the neck to the |  To find the taper of the bottom edge of the or the moment., the tz1 block. foot. and
. Iﬂ_lﬂlld Ef_nﬁzered on the longitudinal mold axis. | sides draw a pattern of 2 flat side on a piece of  hesl 20 tzpeted in the same plane as the sides.
: ftt I€ sices are difficult to get ino the mold. heavy paper (Fig. 61). Cut out this pattern  L:t=r :he sides will have fo be pared down
| -’:_!.:li ECIITIE*‘ more wood from the eads of the and position it on one side, 15 bofiom edge  below the level of the foot to zccommodate the
| 5fd'35- [t is not absolutely essentizl that the | lined up with the joint behind the tail block.  zm3 of the back.

i’l es fit saugly around the entire inner con- Fig. 60 Neck and sices boins <l | Affix the pattern to the side with masking tape. VW oen the entire contour it filush azainst

. B WS - R angd 51828 bemnz clued tocet: : . d . ; o . . _ i . - s

, our of the mold. You must, howerer. maintain 2 glted together | keeping the horizontal edge of the pattern  thc Sottom of the work board the sides are
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aligned with the top ecge. Cut off the excess

rezCv to recerve the lining.

Jotning Sides to Neck
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Linings

Lmings provide 2 broades gluing surface and
swengthen the curved sides. The lining that
Joms top to sides is a continuous strip kerfed
(partly sawed through) at intervals of 14" The
Iming that joins back to sides is 2 smooth un.
broken band.

Comers are the least eScient aress in an
acoustic chamber: it is important to neutralize
them to avoid undesirable resonances. An un.
broken lining between back and sides gives
ngidity and sirength where th ev are needed: the
back and sides must be as stable possible.
Bzsswood. a fhrous, cottony wood, is 1deal for
lining beczuse it is acoustically dead and czn
be beat more ezsilv than manegany.

#i

Factory-made guitars empiov 2 kerfed lining
top and bottom because of the ease with which
thev can be installed. The notion that 2 kerfed
lining permits freer vibration of the top is
dubious. From the standpoint of acoustics. an
unbroken lining top and bottom is probabiv
the best amangement—:t was often used by
the great German guitsrmaker Hermann
Hauser.

Lining 15 obtainable cut tn the proper tn-
angular shape or it can be npped from a 30°
length of 35" basswood. The ke<fs czn be cut

Fig. 65 Kﬂﬁng on machine
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by power saw or by hand using 2 back aw. In ¥
' 03 2 sirip of white tape serves a5 5 gugg, o Y HAL
for spacing the cuts. Each cut is PCsitioned gyey ESIGT

the edge of the tape to bring the next cyt into

. v, :,.7'!;hil .-"{-f-_‘-
position under the saw. A Ut

L]
L

T l-:""‘.' -
1

™ .
el
L

\1,

k el S
iy s
3 .l [ .
-

|

A
I*l.

AL
hl-"

*-'.“4'

v
"

-

Lining is alwzvs installed with the sides i Ayt s .-' :
the mold. . , | -fr:,"_-:-_ ",
Fit the kerfed lining in place with soe: A R AT
clothespins. Start at the waist and 2 N 7% ,f"";,':;'.-
clothespins everv few inches imtl the tail block | 7 e j‘;:;r , ;i"f
and neck are rezched. The tail-block end of : E,- i —
the lining is let into the tadl block. an opera- g 5%
tion designed to foreciose the possibility of ]
the lining working locse 2t this Inaccessible St [
point in the guitar. R
Chisel a 15"Ceep mortise in the tarl block - i
shaped like the lininz. Cut oF the lining and pE A
fit it into the mortise. Now cut and fy the _':_.-}J.ri:f--:_f*_;}
neck end of the lining which s not mortised. ® A

I

Butt this end nez:lv azamnst the neck. This
pingz of the lining to 2
compound angle. When this s done, examine
the hining alonzg is ead '
that it fts well.
Fit the lininz 0 the oppx
5ame mganner.
The hnings are gived in pace with plastic

resim glue. Do not permit the umnss to drop
below the top edze. If the ke-fed lining brezks,
as 1t often does. keep it ticht and slue the
fracture when 2 lve to the lining.
Clean off excess zive with !
the under side of the lininz with 2 flexble
mirror and wipe away excess zive. I clothes
pins are used, applv helper camps to squeeze
out gaps.

A simple clampin;
small C clamps instezd of ciothespins. The
most indifferent clamp is immeasurably more
efiective than a clothespin. This nz (Fig. 69)
is used with a continuous outside el stripped
from a discarded rosewood side.

The bottom lining is made from fat strips

4

1ig will permit the use of
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of basswocd 3.7 X 38" X 30". They are

.

4 plasticized bv e boiling method and bent on

b the bendins form. Boil the wood for two hours.

v In the procsss of bending the lining occa-

. sionzlly frzctrmes 2t the waist, If the bresk is
2 superhcz! srface fracture, the lining nesd

) not be discarded. Appiv glue to the brezk and

) clamp whea Zizing in the lining.

)

I

]

)

I'

i

)

i

I

l

l

| Fig. 66 Clanging with spring clothespins
l d helper clamps

)

|

' 4 CLASSIC GUITAR CONSTRUCTION
J

Fit the bottom lining. using the procedure

rollowed for the top lining. The tail block is
again mortised and the upper end of the lining
butts against the foot. Fiz. 67 shows the bot-
wom lining being glued with a1 series of small
C clamps. The continuous ocsside czul is used
10 keep the sides from beinz scarred. Clamp
indentations on the face of the lining itself are
not serious because thev will be removed when
the lining is shaped. Spring clothespins may be
used for clamping the bottom liming. but unless
the bent lining conforms preciseiv to the con-
tour of the side. clothespins zlone will not do
a good job. Use C clamps and czuls to pull the
hining tight against the side wherever it bulges.

When dry, carve the botiom lining to 2
rounded shape (Fig. 65). Roush out the shape
with a sharp knife and finish with sandpaper.
Do not remove any wood from the bottom
edge of the lining. This will decrease the gluing
surface that will hold the back.

Fill all gaps in the lining with 2 mixture of
fine sawdust and plastic resin glue. Scrape away
all glue that may have dripped onto the inner
surface of the sides and sand them smooth.

=

Fie. 71 Lining at top of foot
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Sound-EKoard Construction

Place the neck-side assembly face down on the

jomied top in perfect alignment with the

center Iime. Clamp the neck and the tail block

to keep the sides from shifting. Trace the inner

and outer contours of the sides. showing the
rion of the foot and linings.

Remove the neckside assembly and figsaw
the sound board along the outside peacil line.
Turn the board over and locate the ceater of
the 335* sound hole. Scribe a circle with 2
116" radius. Measure the inner and outer
diameter of vour rosette. Scribe these circles
on the sound board with a pencil compzss. In
scabing the circles for the groove that will
Tecene the rosette it is best to work scant. If
Your 1oseite tums out to be too larze to fit
in the groove, the groove can be enlarged—:t
cannot be made smaller. The groove should
Gt snug exough to require gentle forcing to get
the rosetts in. _

Fiz. 72 Removing sound hole With eircle cutter

CLASSIC GUITAR CONSTRUCTION

'stznaarc veneer thickness). Cut the sﬂm']d_
hele circle 1o the same depth. The sound hole
I3 Lot cut through undl the rosette i inlaid.
The rest of the waste wood in the groove j
removed with a router bit. For drill-press Oper;.
tons the sound board should be secured tg 4
work board with tacks at strategic points along
the perimeter,

A crcle cutter can be worked with 2 hand
brace to cut the inner and outer edges of the
zroove. The waste wood can then be removed
with a2 shawp 12" chisel. It is an exacting opera
tion but czn be done with SUIPTISing accuracy
if the operztor proceeds slowlv with care.

As 2 e 2 small sezment will have to be
Cut Som the rosette to mal; it go into the
zroove. Mace this cut at the least attractive
point in the rosette. Try the fit of the rosette
before ziving it in. Position the rosette s that
the cut portion and other flaws fall in the area
that will be concealed by the fret board.

Cezt the zroove with white glue and press
the rosetce into place. Tap the rosette home
with z mailet over a wooden caul to receive the
blows. Quic’v, while the glue is still wet, raise
some Ine spruce sawdust by sanding near the

- -F—F.,

rosecie. Press this sawdust into any gaps along
the ecze of the rosette. Place waxed paper over
the roserze znd a weizhted board to apply
pressure.
with the top of the sound board. Sand it down
almost level with the surface of the top. Com-
plete the leveling process with a single-edge
razor blade used a5 a scraper. Sandpaper will
wear away the softer spruce much faster than
the hardwood masaic and will also grind darker
woods of the mosaic into the lighter woods.
The razor blade will produce a clean, smooth
finish.

The back of the sound beard must now be
planed down until the board is %3.” thick.

When dry (45 minutes), level the rosette
il

£12.73  Broced underside of sound be
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Gluing Top and Kack

Clamp the neckside assembly to the work ng, the tall block foot, and
board, top side up. Lay the sound board in *

Position aligned on center line. Hold

on the joint between linings and sides.

Saw off the excess, observing the curve where
the struts will ft against the sides. Saw out
the perpendicular cuts in the lining to free the
small sezment where each strut will fit. Chise]
out these sections and carefully drop the top
into position,

The commonest error jn fitting top to sides
s to force the sides apart. With the top in
Place, check the vertica] nse of the sides to
make sure thev have ot been splaved. The

top end of the sound board has to be fitted
against the hack of the recessed table at the

foot of the neck. Now check the other common

Source of difficulty in htting the top—the taj]
block. If the top of the tail block Iies lower
than the toD edee of the sides, it will not
to the top. If the tail block too high (more
often the cse) it will make
Sight along the edges with the top held in
place to locste discrepancies. Sand the top of
the tail block unti] it js just right. Hold the
guttar with 3 hand gripping each end and tum
it over. See that the top butts smoothly against
the tail block and the J;
that the top [
neck.

glue

an unsightly hump.

ning. Also make sure
S snug against the foot of the

With enough Support under the neck tg

keep it level with the top, clamp the neck-side
assemblv to the work board preparatorv to
gluing. Position the top and secure it

rubber band on each side of the neck stretched
down to the bottom of

One across the waist.
tion of the fit to ascertain that the top will

with 3

the guitar, as wel] a5
Make a fina] éxamina-

CLASSIC ¢ TAR CONSTRUC TI'1ION

the top  the strut
in place and run 2 penal line on each side of

the cross struts where they intersect the sides.
Also mark the point where the strut ends rest

of this procedure is g

a5
4
1
gue to the sides without any gaps. i

It hid P
Applv hide o the top

Piastic resin glge ¢,
ecge of the linin

Inside edzes of the Openings in the lining

ends butt. Use a sma]] flat brush to
apply glue quickly. Lav it on with , gentle
patting motion to keep glue from leaking down
the saw kerfs. ADPPIY glue to the aT€35 in the |
top that show the outlined position of liningy &
foot. and tail block.

Press the top intg Place and secure wit} two
lenzthwise rubber bande and one across the
wast. Check the plape of the neck with a
straightedee. [t must be level with the top
down to the beginning of the sound hole. With *
the dat side of the straightedgze make sure the |
cenzer line on the neck s aligned with the cep. -
te7 joint of the sound board down to the fogt
of the guitar. Wheq precisely positioned, tlamﬁ_f

th ding up of the

tie neck and complete the bin
top with rubber bands (Fig. 84). Fiz. 52 Checiing plane of neck and top
Cut four brackes of Sitka SPruce to support  § % °-
40d reinforce the cross struts where they rest
azainst the sides (Fig. 85). Cut exch bracket
0 thar the foot that fits intg the énd mortise
Of ezch strut is 14% oversize. The upright por-
L each bracke: must be fled and sanded
‘0 the curve of the side to which it will glue
before fitting the foor 4o the mortise. Use the
\andpaper-against-the side technique to sand
the bzck of the Uprights to the exact curve. .
Wkhen the back of the bracket fits perfectly, 2
cut the foot to 2 slide ¢ in the mortise. Shape |
the bracket to its fnal shape before gluing it in
place. It is extremelv awkward to shape the =
bracket after it has been glued. If the brackets
fit tight, clamping is tnnecessary. Coat all glo- |
Ing surfaces with z thin laver of epoxy and gloe =
the brackets in place. 3

ton of

An upright reinforcing brace is sometimes
glued to the side of the lower bout five or six

inches back from the tail block. The real value
uestionable except in con-

Gipnz Tep and Back 63
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Fig. 84 Clamping glued top

cing flamenco guitars, with their more
agile construction. Torres used 22 upricht side
brace m the almost-flat sections on each side of
the waist curve—an attempt. evicentiy. to de-
feat the “memonv™ stress referred to on paze
11. He also brackezed each back coss strut. an
operation that requires gluing on fop 2nd back
simultaneous]v.

n g

Sice renforcing braces are made of SPIuce or
basswood. 31" X 157 and the height of the
space becween linings. They must be rounded
to fit the contour and glued. Afte glung, the
top and bottom ends of the brace are beveled
to meet the lining.

The back is fitted in much the ssme manper
as the top. Additional difsculty in fitting the
back stems from the need to fair the foot. sides.
and tail block to accommeodate the arch of the
back. The foot and the sides close to the foot
have to be tapered down toward the heel to
glue properly to the back.

Position the back and mark where the strut

CLASSIC GUITAR CONSTRUCTION

s2cz azainst the foot. the linings, and the ta]

Y6 Intfericr viow or ootar with brackets

iIlE.

eads rest on the glue joint between lining 3ng 7
the cunve

sice. Cut off the strut ends so th ev fit T 5530 2 1
of the side thev will butt, Mark off the depth _,a.,h A i
znd width of each strut end on the lining. Cyy SEFESAS
these mortises to receive the strygt ends, The fit
of these ends mav be observed through he
sound hole by illuminating the interigy with 3
ignt held over the sound board.

With the back in place, loop rubber bands
2Dout the sound chest to hold the back secure. |
Lock through the sound hole with 2 flexible

—

TuTor and gauge the gap between foot and

E 1
L L]
[l
'
i i
.
B
L |

=
TR

ozc<. This gap represents the amount of s

znat has to be removed at the heel end of the

_.ljll' 1] -h-‘h:.;l'll-k

by

-y

roct. Remove the back and sand the foot to 2
z=cual taper down to the heel. Use the sand.
mg stick and taper the sides out to the middle

ot the upper bouts to a corresponding degree.
Geard zzainst lowering one side more than the
other. As sanding progresses, replace the back
5 check the at. The ends of the struts will

Zzve to be filed down to ft into the mortises

—ace snallower by the lowered sides. This pro-

c2core must be repested until the back lies

PEL

I
|
[ ]
I
)/—E}-N
Fig. §5 Cross strut bracket
Gluing Tep od Back 63




block and the strut ends are seated in their
MOTTIsES.

Fitting the arched back is the most exzcting
and tedious part of guitar assembly. \Work
slowly with deliberate care. The most common
hazard is the careless removal of oo much
wood from either upper bout, necessitating 3
compensatory planing of the sides down to the
tail block.

Guitars are often made with fat backs, thus
simplifiing the fitting operation, but ther do
not sound as good as guitars with arched becks.
A rounded acoustic chamber i better than g

Square one. Arching also helps stzbilize the
back by placing it under slight stress.

Before gluing the back in Place, go over the Flace the comer blocks so thev butt on each
entire intetior of the suitar with fne sandpzner.  side of the fag Coss struts md*appmximtdv
Scrape away glue crippings and smooth 2] 1g® apatt from ezch other. Fach block has tn

ough surfaces. Rouzhness atiracts dus: and  be sandes o conform to the curve where it wil]
dust atiracts moisture. giue.

ALEEE 1 S

tez Ime of the mold, glue the neck to the soyng

arc. Use z clamp at the heel ang one
the neck to keep the neck flat against the
When dry, carefully fit the sides to the
with the sides resting squarely along the entire
perimeser of the sound baard. Glue the sige
to the neck. making sure the sides are pot
splaved.

Cut z stro of basswood 14" X 78" x 30
Slice this strip into %4” blocks. Lay each blogk
Hat anc set z 1* chisel on their diagonal ayjs.
A smart blow with a mallet wil] sever the blocks
ino t%o rizhzangle triangles. These individu]
blocks zz2 gived at the corner where sides and
op mesz

mold.
neck

e s b . i S,

lengths of wood zpprocmartely

Et T;‘-D - ¥ o
7 . v 5", Also cur four eczhs ot
- o Pmrfmfy I® x 47 ¢ 15" Also cut fo
It is advisable to use hide glue in gluinz the brush Titebond or hide glue on the back and

back even though plastic resin glue was wed  bo

- W W W

- T T W W W W W W W W W W W W W W "W W W W

- - -

- W W W "W '§w - .

bE

for the top. This will make €35y to open the
guitar if the need shoyld arise, the back being

much easier to remove than the Jop.

Altermate Assembly Method

Assemble sides and tail block in the reguiar
way. Fi the sides to the neck but do not give.
Jigsaw the completed sound board to the exact
Inner contour of the mold and drop it into the
mold face down. With the sides fitted into
the neck. drop the whole into posihion in the
mold. Mark where the cross struts hive to be
cut to permit the sides to drop flush to the
sound board. Cut off the strut ends and make
sure the sides will drop down properlv. Remove
the sides. leaving the sound board in the molc

face down. Position the neck with the recessed
table over the sound board where jt will glue.
With the neck perfectly aligned with the cen-

CLASSIC GUITAR CONSTRUCTION

ttom cr the zive blocks and set them In
piace. If Titebond is used. hold them in place
tor zbour 30 seconds. With hide glue, apply
the zive. aress the block home, and then it jt
free. Wit 2 minere for the glue to get tacky
and then oress the block back in place.

The conuatous bottom lining is fitted and
clued in the recular Way; so is the back. The
moic itself s made into g gluing form by plac.
Ing screws zbocs the perimeter in the same way
they are piaced about the work baard.

This mezhad of assemblv has the advantage
of ezsilv and ccurately joining neck to top.
Also, the mold 5 2 more convenient device for
holding the guitar while work proceeds than
the work board. The work board s not needed.

The dissdvantages are that oge i restricted
more or less to the shape of the mold. More-
over, the sides must fit into the mold without
any forcing. And cutting, fitting, and gluing the
many indnadual blocks is a more tedioys proc-
€ss than gluing 2 kerfed lining,

Purding consists of alte:nat:':; 'np': nﬁ:} dark
and light veneers glued togezher [:::- r;ntha
laminated member shaped to me :ﬂmmrz of the
guitar, Their purpose is to protect the Leadlr}g
zdges of the guitar and seal of the end grain
of the top and back. B

The band-sawed sections of the onginal sand-
wich that were put aside must 10w b_e mﬂd?
into two purfling forms. _Dne wouid :um-:ﬁtl:l:-f}l;
two permit work to contnue cn one form Wi
the other 1s drvng.

In all likelihood there will be a discrepancy®

in the original mold shape and the ac@l s?ape
of the completed guitar. The purding Em‘;
must be altered to conform mr::l'- to the nah
outline. Trace the gwitar catine onto €ac
section. Saw and sand each secton to this cor-
zected contour. _

Pencil a line one inch from the cw:_:rntuurTi

' form. Nail ¥+ F 1

ze on both sides of each foem. Nail *4 ‘
egomﬂs along each line at mmch intervals,
leaving half of each nail protruding.

1" x 17 *¢ §7 supports. Glue '"e *_r:: E_fi:g
the center .me of each base. Appi¥ £t 0 __m:_
supports 2=d nail them along the base l:g-:cr
each form. Both forms are oow "E::" *J: ;L;-E:
The puriing for the top aﬂESJ.”_I]*- ,-“r.::ba :_ﬂ:
more elaberate than the pur=mgz for = -
Fig. SS shows a brezkdown of pu::_::F :.:rr;:tz
and back. Iacluded is a fillet ot back i=c “]E*.
that goes zround the ‘S‘.[dE_'DE -thf_“ ;:‘1qu j:
purfiing aangement IS SWGEDE 10T SO IS
wood and maple gum@ars. - o
Clamp the form to a 11.'nrf;c§:ch 13d Eﬂ:ﬁ’:
the contoured edge with plastc tape 10 £2€p 1€
veneers from gluing to the ft-rm.‘ T_r::E dr.tl:en
3L=7 rubber bands are needed for Zang the
laminations tight against the fur:i:r. o
Laminszons are assembled from the u?:zde
out. Lav the first strip of bh:k—f-‘hi:evc‘uc; on
the form. Temporanly secure this to the E::m
with a rubber band a few inches exca szdim
the waist curve. Applyv a laver of fnx:e..-:-iue
to the wast and lav on the next stip—white-

Pu T:.:R:::
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Furiing for top and back

Fiz. 39 Pre-bending resewood 1ng
Il.

black. Press both sTrips down aeains orm
and wi i th it
pe away excess ziue with a damp cJog),
Bind this glued secon snuglv azainst the furm-
1..uhn some rubber bends. lacing them back and
f tween mzils until the
orth berween naills mntil thev are stretched
taut. Guard agzms:t shifting the Strips. They
must glue 1crg..:zf: m perfect alignment. Re.
ot _
]mc the temporarv rubber bands and apply
glue to five-inch secsons at 2 time, working oyt
from the waist. Clezn off excess glue and lace
Zach section before proceeding to the next sec.
{]I]_ ."_,—
: The purfling should protrude below the
end of the Jowe- | 1 ©. Bind this loose end b
v
WTapping a rubber hend around it several tim
and then back to the :.:jsi °
\ T L
love to the octher sorm and repeat this pro-
cedure. Bv the =me -his form has been laced
+. Remove the rubber
ne Zrst form. The next two lay ers,

the frst form w1l Be &
bands from ¢t

are both rosewood s pr
. oc sTins. To prevent brc:al:mg
at the waist these s=izs should be pre-bent at
the waist. Boil some water in a small pot and
L] - = d

loop the rosewood = =0 mto it where the waist
wiil fall. Pre-bend eizat rosewood strips I:'
Fig. 85 is being followed. four of these st_npa
W ul have to be the na—wower width necessarv to
gcv:ﬂmﬁnci{te the tizck-white fillet. If the Eﬂf:t
1S omitted. ail &znr sxips will be the same
width.
m_:;:trgi;mj ei-:icc t*ar putting a bend
our 0 wedze some cop-
per or brass tubing over the end of a solderine
iron and clamp the handle in a vise. Press thz
stnips against the | hot tubmg. Slide them back
and forth agamst the hot surface untl thev are
bent. a matter of 2 few seconds.

T_u.'a Im:u:*.rmé STIpS can be glued to the
laminations on the form if the flles is omitted.
[t the fillet s used it 5 best to zlue the two
final members separateiv. Glue the first rose-
wood strip in PO*::G'I on both forms.

In gluing the final soip with fllet. glue must
be pressed up throush the rosewood and fillet

wane both st

o Ve = va ]
-':1': e s =-LGd

— e

down. A2pIV

Zue to a secion ang sprsc € strips. Bring
-~em together $0 -.uﬂ. gine &= orced up through
e igint. Gluing of thess 2=z strips wath allet

—us= be done in reverse. The et strip will be
-~ Jdigerent sides on €20 i This 15 ve

—_ -

—nr ='rimz of the allets 1n

porant. [nadverteat 2t

-he same place on exch Wr= Al resuit in two
~ariinz members for the mme €dge

This co mp-.e:es the fzbocszon of the purﬂiug

for the top. Make the pur=mnZ for the back.

Silowing the same

smovthly if these caumons studiousiv ob-
sved: Wipe away excess e and keep the

NTECTIV sqUd

<des of each member DErTlTy
Before cuthng the & ‘e rocess to Lu in the

,_;_ﬂ# the top and plates must be

- L,-.- :-{
*ElﬂJJlE‘d to 2 uniform thickaess all arou d the
Erz “hickness m'1 van

(SN e

::_"'Jlt'.ir pcnmc*" This
terween " and ¥3a°
Adjust > pcser t

L

Cu

tHf :IU.I..L T CLlL.LS 0

-

All will go

a Zroonve

Fio. 91 Fitting purfing

I':-

TR U LTS, | U - L . Lol SR, A,
Jichtlv smailer than the zurmmg. 1=t =
- mL T r s = % TP, e
«idth of cut on 2 scrap board Lay the somms
0 = Lo o~ 14 w1 :”:

,_'i:ﬁll'ln the cut o '_“'.‘.'.'hE‘

=

kaife proTucing

"»i'-I lL czees

make the ors: izcision aio md he top 2 ey
eter. Clau Ding -he guifar @ he WOLE ooste
wiil hold the gudar while the cutting Trocesss,
\[ake the arss cuts with light pressure. DEeEs
Ing pressure a3 -he incisSion DECOmeEs MO oo
nounced ind less likely i@ :':.'-':-'.x' the '3:::5.

Repeat the cutting process Il
cter is restng on

'-..._.,'_

the boom 2

: v .
o ar on Eﬂ::‘ and Cut ioc R

Stand the g

SR B

stopping short of the botom inlav. Hod e
¢ the gwior wi

iy ¥ :
100 LC =ililal
=

tool frmiy with one hand ar
the other. Keep the kmife mizor sharp.
The purfling recess mus be contnued

-
ek

the neck area to concea. the enc‘s of toe
=

purfling (Fig. 93). Cut these extens:o

1 narrow chisel.

r
w )
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