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IMPORTANT SAFETY NOTES

== the satety guands Instalied on power equipment; they

A1e fo7 your protectlon. When wartdog with tools, powsn

tools and mechines, aways follow the tool manutacturers
Instmactions for sele operation. Keep dngers sway brom saw
biades, wear satety goggles to prevent injuries from Mhylog
wood chips, wear a tust mask and wear ear defenders to
protect ¥our bearing. Conslder using dust extractlon to Tecuce
the amaunt of elTooros sawdust In Four woodsbop. Don't weser
loose clothing, such 85 necktes o shirts with loose s1EETES,
o7 jEwelry, such a5 fngs, oecklaces 01 bracelsts, when usiog
pawered machinery, and He back lang halr to prevent 1t from

gettog caught.
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make all the contents Bs accurate and comect as possible. Flans,
UMustrations, photographs aod text bave been cArEfilly checked
AllinstrucHons, plans aod projects should be cametully read, stud-
12d and undarstaod baiore begqinning constructon Cna to the var-
1abiitty af Incel contidans, constniction materials, skdll lenmals, sho,
DEEhET the AUthors nor Beterwey Books SSSUMmes BNy TRENODSI-
bility for any accldents, infuries, dAmages ar other 1065886 locured
resulting trom the materisl presented in this hook
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Introduction

My grandpa used to tell my mother that [ was one of those
complicated sticky-Hngered Little boys who needad watch-
ing! He alweys used to say that | wasup to tricks and learn-
ing. As I remember, all this meant, in etfect, was that [ was
borrowing tools without permission, ususlly missing at
meal times, and generally difficult to track down. [t wasn't
that 1 was in any way naughty or up to no good, but mthar
that [ was always "invanting” I made a cross bow that was
fmate & lathal man trap than a weapon, an alactric alarm
clock that couldnt be touched unlass you wers wearing
rubbar gloves a lever mechanism lor the gate that very
nearly skinned and quartered the neighbor's cat, and so0 tha
liat goes on, So you see, §iE wasn't that [ was a harrille Hitle
bay bent on mischiet, but only that [ loved mechanisms
and enjoyed working with tools and wood,

I was never 30 happy as when 1was tucked away in the
back shed hacking sway with knife and saw on one or ather
of iy labour seving inventions

And of course, now that 1 am a man and fully grown, ona
of my chief pleasures is being out in my shad workshop
dreaming up naw mechanisms. But I'm not alone! Tha mi-
raculous thing, the thing that makes our marriage so0 suc-
cesshul, is that my wifa Gill is a soul mate, a trus kindred
spirit. We both get pleasure working with woed, Picturs us
if o weill, out in our warkshop, the radio humming away,
oiir two dopgs [ast asleep in a couple of ancient armchalts,
mugs of tea, hoth of us up ta our armpits o a glorous
milasma of tools, shavings bheeswaz, wood and working
drawings. Our shed workshop 15 a haven! And now that our
two sons are aut of the neat, It doesn't metter too mach if
wi spend most of the night working. If we are tired hut still
willing, we simply settle down in the srmchairs with &
knite and whatever part neads scrting, and drift and dream
away the hours. The incredibls thing is that at the end of it
all=—aftar hour upon hour spent sawing, planing, gouging,
turning, whittling and waxing=—we gat to make the most
amazingly intricate machines and mechanisms.

Cur ambitions invalve sharing with wou the pleasures of
creating small machines and mechanical protetypes from
wrodd, We want vwou to share in tha [un, The projacts are
small, 50 vou dont need a vast workshop Tall of tools or a
fortune in wood, all you need 15 enthusiasm

With each of the projects, we take you through all tha
wonderfully satistying procedures of choosing the wood,
eetting out the designs, sawing, plening, drilling end all the
rest. We give you working drawings and templates to ax-
plain how, why and what-with. There ara drawings show-
ing datails, and thare are photographs to explain the
wvarious step-by-step stages. We have dons our best to da-
gcribe all the procedures that go into making our working
wndaen wondars.

Each project draws insplration from a specific mecha-
nism, Thare are twenty-eight projects in all—all exciting,
all dynamic, all beautiful and all made from woeod,

CONVERSION CHART
TO CONVERT TO MULTIPLY BY
Inches Centimestera 254
Cantimaters Inches 04
Feet Cantimeters ans
Ceatimaters Foet 0.03
Yards Maters 0.a
Mezers Yards e

Nots

All maasurements are in inches, and the sizes allow for a
gpenerons amonnt af waste. The dimensions in the cotting lists
arp givon in the order of thicknoss, width and length. As with any
wonden scolpture, the dimensions indicated are starting points.
only. Modify dimensions, spacers and parts as nocossary.
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PROJECT 1

Circular Movement Machine

PROJECT BACEGROUND

This machine is emazingly interesting in that it beautitally
illustrates one of the key principles of horology 1t shows
how, in the contaxt of a traditional grandfather-typs clock,
a pullay dmm, length of cord and weight are able—like &
colled spring=—to store up and provide enargy.

The movament is handsomely direct and uncomplicat-
ad. As the waight falls at a constant rate, so the drum-and-
baam fywhesl spins at a uniform speed on its pivot. The
fascinating thing is that the position of the pill-shaped
wiights on the beam dramatically alters the speed of spin

To set the maching into motlon the cord IS wound up
with the crank handle, the two beam waights are adjusted
5o they are eguidistant from the center of spin, and the bob
welght s allowed to descend. If you have a yen to play
around with heam weights, crank hendles and pulley bob
weights, and if you enjoy a goed working mix of wood torn-
ing, fretting on the scrall saw and drilling, this might well
b= the project for you.

PRODJECT OVERVIEW

Hawa a look at the project picture (right), the working draw-
ing (Fig I-1A) and the templates (Fig 1-1B), end see that we
have designad the machine =so it can be easily positioned
on the edge of & surface. The idea is that the machine can
be located on a mantle shelf or the edge of a table in such a
way that the bob weight can fall three or four fest lowar
than the base of the machina,

Although at first sight this project may look almast too
simple to be true, [ think it fair to warm vou that turning the
beam boss with its integral pulley wheel and spindie, plus
turning, drilling and fitting out the long, sausage-shaped
hab waight, are all proceduras that call for a deal of patiencea
and expertise, Thete are saveral paints along the way that
require dellcate wark if you are to avold mess-ups, For 8x-
ample, the fit of the spindle nesds to ba just so—not too
lopse, not too tight. Also, the bob weight hole has to un
straight and ttue [f the drill bit veers & little off-center. you
have got & dowel with a gash in the side—not a pretty sight!

2 CIRCULARMOVEMENT MACHINE
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CIRCULAR MOVEMENT MACHINE WOREKING DRAWING
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FIGITHE 1-1A

At a grid scalo of two squares
to 17, the machine stands
about 13~ high and a little
ovoer E€” wide across the span
of the boam rad
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Copyrighted Material



CIRCULAR MOVEMENT MACHINE TEMPLATES
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CUTTING LIST
A EBtand 1= 6z = 134 pltch pine
B Hase 1= dlfe = 123 pitch ping
[ Buttress support 1= 104 44 pitch pine
0 Boas spindle drum 2 2x 18 piteh pine
and fhywhssl cam
disks
E l.‘.!-B.I:I.I:]h!I!l:Il.B 1= 2« B cedar
Weight B"—2/4" pale wood dowel
G Basmweights 2«2+ pins
Baam 247" dowed
Hanies, ing pegs Wit waod dwel pecss

CHDOSING YOUR WODD

Although we went for pitch ping lor the hase, stand, but-
tress suppart and Boss apindle, a length of off-the-sheall
pale wood doswrel for the welght, and odds and ends of vari-
ous white wood dowel tor the handles and Hxlng pegs, this
is not to =&y you cen't go for almost any wood that tekes
your faency. There are two provisos: the boh weight 1= best
made from & heavy, denss wood while the boss spindle
needs to be made from a wood that is straight greined and
gesy to turn. That said=—and mindful that we all cught to be
using nature-friandly, sustainable tmbers—you could go
for a wariety like lime, jelutong or parhaps even beech. My
ovarall thinking is that if tha wood is easy to work, not too
expensive frae from koots splits. warps and stains, and
from a reputable sowrse, iU's the right timbar for the task

MAHKING THE BASE, BACEBEDARD
AND CRANK HANDLE
Siudy the working drawing (Flg 1-1A) and templates
E [Fig 1-1B}. Oraw the profilesto size and maks
clesr tracings,

E Sat to work carefully cutting out the profiles

Take the two cutouts—the stand and crank—and

make sure the position of all the holes is clearly
established with punchad center points (Fig 1-1B). You
need centar points for the Vo -diameter spindle bearing
at the top of the stand, the four 15%7-diameter blind holes
that decarate the front of the stand, the /%7 hole at tha
center of the crank for the spindle, and the two
Lat-diemeter holes st the ends of the crenk for the
handle doweals.

18 CIACULAR MOVEMEMT MACHINE

With afl the canter points clearly fxed, drill them o

with the appropriate Bit size, Warning: for safety's
gake, if the bit size §s greater than Y57, have the workplece
held with a clamp (Flgs 1-2 and 1-3).

TURNING THE BEAM WEIGHTS
Having established the end cantars by drewing
crossed diagonals, mount the wood on the laths,
draw up the tailstock, set the toaol rest &t the corract
height, and see to it that all your tools are within reach.

Take the large gouge, eithar sgquare endad or round
nosad, and swiftly turn dowmn the 2 = 2° squars
section of wood to the largest possibie diamater, With the
wind roughed out, taka the skew chisel and bring the

wiatd 1o a smaath cylinder

Btarting with the two beam disks, or pucks, and
working feorm right 1o left along the warkplece,

FIGITRE 1-2
Clamp the workpisce securely to the worktabie, and mn the bind
holes in to the depth of the head of the Forstnar bit.

FIGURE 1-3
Have a ploce of waste wood undor the workpleoce—we wso a shoet
holp is crisp and clean edged.
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mganing from the tailstock end, taka the dividars and
frEatk @l the step-olifs that make wp the design. Allow
about V" Tor taflsiock waste, 17 Tor the first disk, 1 fo
part-off waste, 17 for the second disk, and then a lina)
smnall amaount for part-ofl wasie

with the two disks cerefully marked, take the
partng tocl and sink the waste areas to g depth of
about /2" a0 vou are lett with & core diemeter of about /2"

H Take the skaw chisel and use the toe, or point, ©
swiftly mark in the midlinas of each 1*-wide disk

Then flip the toal owar, and use tha heel to turn away the
cornars of waste. Aim for a nicely rounded profile. I first
clearad the parting waste, then trimimed off the shatp
cornars, and then rounded aach of the shoulders (Figs [-43
and 1-5) and so an, all the wihile trying to mateh up the
mirror-image forms

FIGITRE 1-4

To turn el the round shouldsr, 5et the skew chisal [at on the
workpisce, slowly twist the tool until the back or heel of the blads
bagins to bite. and then run in & continuous sweep dewn and
round into the valloy.

FIGUTRE 1-5

Having turnod off facing shoulders, take the parting toal and
deepen the parting wasto to rewoal and define the flat face
of the disk.

Copyrighted Material CIRCULAR

Finally, when you have what You consider is a

wili-matched palr of disk-shaped weights, bring
thvem bo 4 smooth finish with the skew chisel and a piece
of Hing-grade sandpaper, and par off,

TURNING THE INTEGRAL

SPINDLE, CORD DRUM AND BEOSS
Chack your wood ower tor fsults and mownt i
sacurely on the lathe.

Having used the square- or round-nosad gouge to
E achigve a roeghed-out cylindar and the skew chissl
to bring the wood to a smoaoth finish, take your ruler and
dividars and mark all the step-oifs that maks up the
design. Working from the tailstock end, allow a small
amount tor lailstock waste, 27 [or the spindle, 17 [or the
e, 17 far the length of spindle betvween the drsm and
the boss, 1" far the boss itsell, and the rest for chuck wasie
Mark the 1" drum with a midline,

Take the parting tool and lower the waste DEfWEEDN

the various step-off points to echisve the required
core diameter [Fig 1-8). For exemple, if we take it that you
gre starting out with a 2*-diameter cylinder, then you nesd
to loveer the spindle by 27" for 8 '+2" core, the drum by
about =" for a 174" core, the area of spindle betweesn the
boss and the drum by a little oar 54" for & 5" core, and
the boss by /" for a 1%4* core (Fig 1-7).

With each of the step-olfs lowered to the raquirad

depths take the ool of Your choeica—T Iike using a
skew chisel—and shage up the varows praliles (Fig 1-8)
The boss and the drum and tha lengith of spindle in
hetwaan can be turned to any shape that takas your fancy,
but the spindle shalt must be turned down so it isa
smooth fit in a Ve -diametar hole. If you can't use a
1727 drill hit, turn your spindle shaft to the nsarast siza.

FIGITHE 1-B
Taloo the parting tool and estahlizh the main core diametors.

1 A5/ F R EEaAI"HIdE
MUVERMBNT MALHINE 14
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FIGURE 1-7F

Lownor the stap-offs until yon reach the care diameters of *.." for
the spindle, 177" for the dmm, abeut */," for the length of spindle
betwenn the drum and the boss, and 17 for the boss.

Whan you have turned the various profiles to size
and shaps and rabbed them down to a smooth finish
with a scrap of sandpaper, catelully eass the tailstock
cEnter out af the way, and have a trial fitting of the spindle
ihrough (he bearing hole at the top of the stand. Be
mindful that it needs to be a good, smooth-nunning Hi
(Flg 1-8),

Ta part off, hold end cradle the workplece in one
hand, and carefully nip it off with the toe of the skew
chizal {Fig 1-10).

Finally, sat the rag-muffled spindle in tha jaws of tha
B chuck—the rag being used to probect the spindle
rom crush damage—and sand the part-off point down toa
smoath finish,

MAEKING AND LOADING
THE BOB WEIGHT
Belore you put tool to wosd, have another look at the
working drawing (Fig -1A4) and ternplates (Fig 1-18).
Mote how the welght needs to be long and thin so it can
pass hetween the stand and the spinning beam welghts,
while at the same tme It must be heavy Conslder how we
drilled out a langth of “-5"-diameter dowel and loadad it
with lengths cut from a £ nail

Take your 6" length of */"-diameter dowel and
check it over for faults, I it is warped, split, stained,
of in any way less than perfect, select another plece

Make a jig that allows vou (o stand the doweal on end
E at right angles to the drilling table and hold the
dowel securely in placa. If you look st the step-by-step
phobtographs, you will ses that we solved the problem by
clemping the wood batween & couple of haawvy, steel
V-blocks.

14 CIACULAR MOVEKMENT BACHIMI

FIGURE 1-8

The partially turned warkpieces, showing (from left to right) the
Eogs, langth af decorative spiadle, dram and spikdle shaft. Note
that, at this stags, wa wars 51l nndacided &8 to hew wa wanted
thi hoss to ha finally shaped,

FIGITRE 1-8
With the warkpinca siill secare in the jaws of the chuck, draw
back tha tallstock and kave a trial fieting of the spiedle shatt

throngh the hearing hale. Be very carahal nof to okt the terning
oif-conter.

FIGURE 1-10

When you have achieved what you consider is a good, wall-
timishod turming, nse the tow of the shew chizol to part off from
the lathe. Be careful that the tos of the chisel doesa't slip betwoen
the workpioce and tool rast.

Copyrighted Material



Copyrighted Material

4 pl s e

o
[}
[
"
B
5
®
"
"
w
L]
L
a
8
"
i
Iy
s
i
a;
"
[
o
[
&
[
-
nid
[
=
-

FIGITRE 1-11

Hoecure tho dowel e it 1s perfectly alignod with the drill, and ma
a */a"-diameter hale down to the fall depth of the hit. Do this from
oth ends of the dowal,

Figure 1-12

(right) Cat a lamgth trom a 8° nail, and push it down into the
cavity; aim to findsh op with a spaco of abont */:" at the top af the
holo. Plug tho hole with a shert longth of woedgoed dowel.

{lmft) When the give is dry, sot the workpiece in the jaws of the
chuack, and carefully turn down the end to a round-nosed finish.

Copyrighted Material b

Run a '/ "-diametar hole down throwgh the length of

the dowel, Bore the hole down inlo ane end—to the
full length ol the bit—and than furn the wood over and
repaat the procedure for the ather end (Flg 1-11].

With the holes in place—either right through the

dowel or at leest a good way into each end—cut one
or more lengths from & 8" neil, and load it to within sbout
143" of the ends.

Puceh & length of split and glued /" dowel into the
end hole—hoth ends—tap & shaved wedge into the
little stopper, and put it to one side to dry (Fig 1-12 right)

One end at a time, sacure the loaded dowel in the

javwes of the lathe chuck, and use the skew chisel and
thie graded sandpaperns 1o tarm I down to a round-ended
ghape—lke a torpedo {Fig 1-12 laft),

H Finally, cut &nd finish all the secondary components:
the buttress at the hack of the stend and all the little
pins and pegs.

ASSEMEBLY AND FINISHING
With all the component parts meaticulously cut and
warkead (Fig 1-13), and with all unglusd surfaces
lightly oiled, set the stand on the base so it is flush with
the front edoge and aligned with the center lina, and draw
in a coupla of discreat alionment marks

FIGUTHRE 1-13
HMote that the areas to be gioed, on the basa, the anderside of the
stand, and two sides of the buttross, are mot allad.

CULAR MOVEMENT MACHINE 18
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Clamg the stand lightly to the base, and ran ) FIGURE 1-14
} Fit and fix the stand to the base,

and then brace with the botiress.

Lat-diameter peg-Tixing holes down at an angle—
inrough the feet and on into the basa, The best procedurs
is to drill one foot, secure it with & peg, and then repeat the
technigue for the other gide. Be aware that becansa the
feet are short grained, they are relatively tragile. Wote:
don't glue the pega at this trial fttdng stage .

FIGUTRE 1-15

Build clamp-and-block jfigs for tho
ditficult-to-hald companents that
nead to be drilled. Minimize the risk
of splittng the wood by having the
holes sot across the run of the grain.

——

Take the utttess pisce and sat it Hrmly against the

back of the stand. When you feel there is good, tight,
right-angle coming-together of the thres components, it
writh a dowal [Fig 1-14).

Take the boss spindle and the beam weights and,

one pisce at a time, secure tham in an appropriata
clamp-and-black jig. Drill out the Yo -diameter holes fon
e B rod, Make sure the holes ate aligned at right
angles to the run of the grain Drill two L -dlamater
haoles—one into the drwm for fixing the card and the
other through the side of the crank and into the spindle
(Flg 1-15}).

When you hevea fitted the stand to the bese and the

spindle i3 sitting comiortably in place at the top of
the stand, push fit the " beam dowel through the boss
(Figs 1-15, 1-17 and 1-18). set the weights on the beam, fit
the langth of fine cord and the weight, and then have a
trial run.

FPROBLEM SOLVING

The whole succass 0f this projact hingss oo the spindla shakt
baing a smapth, Irdction-frae bt throogh the top-of-stand
baaring hole: Try waxing the contact sutlaces.

FIGITRE 1-1&

FIGIURE 1-17 FIGUHRE 1-18

The beam rod needs to bo a tight pash
it throngh the boss hole, while at tho

same Hmo a loose push fit throagh the
disk weights.

18 C[ACT 5 H MYV FRERT BA & TCHIRT
Lo ULl Dl LDRGEY 1 DAL LN

Fass the shaft throagh the bearing hole,
set tho crank on the shaft, and fit and fHx

with a round toothpdoic.

Copyrighted Material

Fit the weight on the end of the cord, and
hawo a trial man 1§ need e, redooo the
friction by waring the shaft and all the
other moving mating faces.
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Harmonic Oscillation Punch Machine

PROJECT BACEGROUND

The oscillation punch machine 13 a gem to make. With its
intriguing movement and attractive structure, it is the sort
of machins that is just asking to be set into action!

Asto the names of this machine, it is not 50 sasy to coma
up with a clear-cut dafinition or meaning. 0K, no problem
with the term oscillation punch—it simply describes the
up-and-down punch action that is creatad by the oscillat-
ing, or side-to-side, movemant of the sector waight—but
the term harmaonic 15 a bit of a sticklar. [ reckon it has some-
thing to do with symmetrical, harmonic frequency, but I'm
not sure. Have you got any idaas?

The hest way to aperate this maching is to put wour
forefinger in the sector welght hole and to flick it rapidly
fromn aide to side. It everything is right, the swift sida-to-
glde movement should result tn the punch joggiing up
and down.

PROJECT OVERVIEW
Have & look at the working drawing (Fig 2-14), the tem
plates (Fig 2-18] and the various photographs, and you'll
see that this project is somewhat complicated in that it is
mada up of a large numbear of small moving parts, This is
oot to say that each component is in itself difficult to cut—
far foom it—but rather that the sum total of putting all the
parts topether does requine a lot of thinking and a lot of
e adjustment

Study the working drawing (Fig 2-14) and cansider
hew the machine iz made up of the primary units; a hase
with a low, glue-fixed bhackboard, & high, round-topped
backhoard with a pivot rod location slot end warious pivat
holes, a plate and spacer to hold the sector, the swinging
sector weight itaelf, the connecting rod, the pivoted cross-
head joint and punch, and the bracket.

In action, es the sector weight awings to the side, tha
connecting rod rises, which in turn lifts the punch in its
supparting brackst And, of course, as the sector comes to
rest in the midposition, the punch goes down in its brackat.
The best bit about the action, meaning the way the parts
move, 1s the way tha loosa-fit crosshead joint at the bottom
of the connecting rod is kept in place by the pivot pin that
passes through tha unit and inte the backboard slot
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HARMONIC OSCILLATION PUNCH MACHINE WORKING DRAWING

At a grid scale af two squares
0 1°, the machine stands
abeut §/.” Nigh and 6" wids
acress the span of the base.

FIGORE 2-1A

—

-

f iy

hS

L=

F =1 =
i

VEPCE DU e U AL ]

HARMONIC OSCILLATION PUNCH MACHINE 2

Copyrighted Material



Copyrighted Material

HARMONIC OSCILLATION PUNCH MACHINE TEMPLATES

FIGORE E2-1B
The scals Is four grid squares
0 1" Helks that we have only
IAnsirated the diicnlt-e-
visuallzs coomponEnis.
A Tall round -topped
backhoard.
B Epecier.
@ Front plate
I¥ Crosohead {oint
sldes.
oenter.
E Eracket

Esctor wedght.
Commecting rad

EE HARMOMIC OSCILLATION PUNCH MACHINE
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CUTTING LIST
A Tall, round-topped S/a% 3 = /s 0ak
backhoar
B Spacer &as 14 2 pak
C Frootplate '.-";= 134> 2 pak E
O Crosshead joiot YaxllecZoEK
gldes
center Lae 1/ x 2 olive
E BmEcket 'ﬂi'i'é' =3oak E
F Sector welght =2 3 pak
E Coonectiog md Lz x 1= 23 olive
‘Bass e d=Boak
* Low, hodzontal Tyan 2l x B olive E
backboard
_ Pegeampiots 15— dowel )
Wedged doweland B*—/2" dowel
CHDOSING YOUR WOOD

Wedecided tn emphasize end draw attention to the varlons
parte by using two strong-grained, fancy woode We ussd
Spanish olive for the horizontal backboard, the comnecting
1od, and the middle layer of the laminated crosshead joint,
gnd a pleca of uncharacteristic English oak for the rest.

MAKING THE BASE AND EACK BOARDS
Having carefully studied the working drawing (Fig
g-14) and tamplates (Fig 2-1B), take the two 6"-1long
pleces of wiood—the cak at 54" thick end 4" wide, and the
olwa at 7" thick end 2% wide—and the T'/z"-long,
3"-wide board, and ues the penc], mler, square and
compaseee to mark all the lnee that make up the design.

Spend time carefully marking in the postton of the
cemter lines, the mein peg and pivat holes, end any
other guidelines you think will help you oo yaur way

When you are surea all the guidelinas are well placed,
use tha toole of your cholc= to cut the three boards to
ehape and eize.

Peg and ghi=s the low backboard to 1te base, check
with a square, eecure with clamps, and put it to one
elde until the ghs ie sst.

Having cut the tall backboard out on the scroll saw,
E establish the position of the twa top holes—the
Ly"-dismeter plvot hole end the 4&"'-diameter wedge-peg
hole—and drill them on the drill press.

Finally, when you have sechisved what you think 15 a
H good fit end finish of the thiee boards, set the tall
backboard on the baes end drew in 8 couple of elignment
marke [Fig 2-2).

MAKING AND FITTING
THE SECTOR PLATES
Have a good, long look at the workdng drawing [(Fig
2-14) and photographs, and note how this project is
perhepe slighthy ummisual in that all the emell parts are cut
out on the scroll saw.

When youheawa a clear und erstending of how the

parts fit together, take the twa 5/"-thick piaces of
oak that make up the eector support—the spacer and the
fromt plate—end use the compasees, miler and eoft no. 2
pemcil to draw the design on the best-looking piece.

‘With the two pieces of wood clamped securely
together, estahlieh the poeition of the sector plvat
hole, end drill with the '#" drill hit

Puch & length of 4" dowel through the pivot hols to
hold the twa pleces of wood together, and cut the
wedgelike ehape out on the scroll s (Fig 2-3).

FIGORE 2-2

Make sur e the backbeard is sat at right angles and aligned with
the cenbar lHna.

HARMONIC OSCILLATION PUNCH MACHINE 23
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Have a triel fitting of the two cutouts on the

beckhoard (Fig 2-4). Fix the position of the weadge-
peg hole center point, and mark on the spacer plate tha
erea that needs to be cut awey .

With the pivot pin still in place, ues the /2" drill bit
E to min the wedge-peg hols through the two pieces of
winod. Note: don't forget to back up the workpiece when
driling with a piece of secrap wood to prevent teamut.

Having achisved twa identical cutouts, teke the one
that 15 to be sendwiched between the front plate and
the backbpard and cut away the wests, the whole
L4 -dlameter circle with the L4 -diemeter pivot hals.

Cut & piece of " dowel to langth—so 1t peesss

through the sector plate, the spacer and the
backhboard—eaw a slot ahout /%" down into the end of the
dowel, and kmife cut a shaving of waste ta At

Align the dowel so the wedge slot rans acrose the
grein, end have a trial fitting just to e=a 1f the wedge
holde the tenon in place in ite hole (Fig 2-5).

CUTTING AND LAMINATING
THE CROSSHEAD JOINT
Take the three pieces of wood that meke up the
crosehead joint—the two piacas of oak at about 14"
thick and the piece of olive at abouat 42" thick—and
eandwich them together so the olive 1e the flling and the
grain runs vertically up and down. Mark the thrae layers
*top,” "middle” end “bottom”

Craw the design on the top hoard, fix the position of
the center point, end then tap a pin through the
waste ares to link all three layers.

FIGORE 2-3
Eaw through both layers s as to achievs twe Mentical cutouts

B4 HARMOMIC OSCILLATION PUNCH MACHINE
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FIGORE 2-4
8ot the cutanis Inplace on the backbaard. maks sure tha
arrangement is symmatrical, and then draw a couple of

FIGORE 2-5

Algn the slot 5o 1t runs st right angles te the grale, and have a
trial fitting of the wedge 1f all Is carrect, a push 1t should be
enengh to hald the tenen fm.

FIGORE 2-6

Saw throagh the three-Layered stack to achieve tres identical
cofoats. Note bow my beavy-handed nail fixing very nearly resulted
in 8 complete Wess-Up—with 2 split unning alang the gramm.
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FIGORE 2-7
Cut away [he top half of the middie layer so you are Isftwith a
1/,” slice.

Humn thea Y4"-diemeter pivot hale through sll thres
layere, and push home a generocus langth of 3/4"
dowel (Fig 2-58).

ﬂ With all threa layers of wood held eacure by both the
pin and the dowel, frat out the shape on the scroll saw.

When you have achieved the cutout and carefully
removed the dowel eo you have three layers, mark
o the middls layer the erea that needs to be cut away

(Fig 2-T).

FIGORE 2-8
Emear gius en mating faces, align the holas with the pivet dowal,
and than caraiully cdamp up.

Cut away the waste, replace the dowel, and then
H ghie and clamp tha thrae layers to maks up the unit
(Fig 2-8). Whan the ghi= is dry, run a 47"-diameter hole
through the base of the component, and have atrial ftHng
of the punch rod

MAKING THE BRACKET AND SECTDR
Have a look at the working drawing (Fig 2-14) and
templates (Fig 2-1B), and ses hoe the two

components—the bracket and the sector—are simpla

flatwood profiles that are cut oat on the scroll saw.

Take the =/a"-thick piece of wood you've set aeide for
the bracket and uss the pencil, ruler and compaesas
to mark sllthe linee that make up the design

Establish the poeition of the punch rod haols, and run
E it through with the %/:"-diemster drillbit Note: he
mindful that the preciee position of the brackest hole,
meaning s distance fiom the backboard, will 1elata to the
finiehed thickneeess of the sector, the connecting rod end
the croeehead joint. If you are at all unsure as ta the
finiched elz=g, you can meke the bracket at a later stags,
or you can allomer extra depth to the brackst, and then trim
back tofit.

‘When youheve double-checked that all 1s correct,
cut out the bracket on tha scioll saw.

Take the piece of wood for the eector weight—all

marked out and measured and with a clear canber
lne—and give it enother look-over, just to make sure the
three holes are well placed Mo problem with the #4"
diameter finger hole—it cen be just ebont enywhere on
the center line—but the two L4 plvot holes nesd careful
poeitioning. The top pivot hole mst be at the center of
ewing, meaning at the center of tha !/z"-diemeter circla of
wood, while the comnnecting rod pivat hole must he
centered about 35" up from the hottom of the arc

HARMONIC OSCILLATION PUNCH MACHINE BS
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FIGORE 2-8

Avold weak, short-grained areas by baving the design arranged
and cambered so 1t Is 5ot Symetrically with the Tumn of the grain

With sll the linee end center points in place, and

having carefully checked for accuracy, drill the thise
holes oo the drill prees—'4" diameter for the two pivot
holes and *#4" diemeter for the finger hols [Fig 2-8). Lastly,
cut out the profile ocn the scToll saw.

MAKING THE CONNECTING ROD
Take the %z"-thick piece of olive you've put aside for
the connecting rod and mark it with a center line
that nme in the direction of the grein. Mark the line with
two center pointe that ere 1%/7" apart, end draw in all the
lines that make up the deslgn—the two 34" circles and
the %%" width to the rod

E Hun the two center pointe through with a
yy"-diameter drill bit, and then have a triel fitting to

link up the esctor end the crosshead joint (Fig 2-10). Tf
ne=d be, reduce the thickness and diameter of the bottom
end of the rod eo it 16 8 good, looee fit beatween the sars of
the croeshead (Fig 2-11).

Having cut the profiles ot on the secioll saw, teke a
E gmall, harp knifs end set to work whittling the
etralght part of the rod to 8 roundish eection. The best
technique ie to est the circle line in with & stop-cut—on
both eides of the wood and at both ends—and then to
carsfully elica the blada into the stop-cut eo the wasts
falle away. If you work with s careful, thumb-braced
paring cut, you won't have eny problemes with the Imife

elipping (Fig 2-12).

E8 HARMOMIC OSCILLATION PUNCH MACHINE

FIGORE 2-10

Have a trial firting of beth the sacter welght and the partially
worked connecting rod. Adjust the various thicknossss 50 the
mevement 15 Smmoth and sasy.

FIGORE 2-11

Ta minimizes friction, adjnst the thicknessof the weod St tha
ensl off the rod and Insids ke ears af the jeint. Use a twist o
samdpaper i amsare that the amd-of-rod bols 1s 8 leose 1T on the
1/ 4"-digmmabar dewal

FIGORE 2-12
Use a tight, thumb-hraced paring cut by whittie the red te a reumd
section. Wark from the center through i the step-cut.
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When you have rounded and slightly lowered the

round secticn eo the flat facas of the end circles
etend slightly in relief, take a ectap of eandpaper and rub
down the knifs-worked area to 8 smooth finigh

Take the tell, round-topped backboard and mark,
drill end cut the various holes and the crosshaad
pivot runner slot

FIGORE 2-13 FIGORE 2-14

Check the paris ever far faws and blemiskes. Tirn a damaged The racket dewels peesd b mm thresgh all thres componanis: the
iace away 50 the Naw is Eidden frem view. bracket and the two backboands. Nots that—as an aiterihssght—

‘wadrilied a . "-Eameiar hEnd bole In the hasa for the panch rod.
ASSEMBLY AND FINISHING
When you have completed ell the component parte
that make up the project (Fig 2-13), then comes tha
fun of trying to get everything togethar so 1t works!

When you are heppy with the overall finish, glue and
peq the low backboard to the basa sao it'e at right
engles. It's important that everything 15 squars

Set the backboard in placs on the baese, establish the
E postion of the bracket, and fix the whole works
together with 8 coupls of %4"-diameter dowel pege (Fig
2-14). Have the pegs nmning through ell three layers of
wood While the Y4"-diemeter dowel 18 at hend, fit the twa
pege that limit the swing of the sector welght

Slde the end of the connecting rod into the

crosehead joint, push the dowel plwvat in placs, end
check for a smoath, easy fit (Fig 2-15). If need be, reduce
the wood—aon the rod end, in the rod hole or in the joiot—
g0 the movement 1s smooth nmning.

FIGORE 2-15

8ot the connecting rod and jeint unit in place on the prmeh red,
and Iscate the dewsl in the guids shot.

HARMONIC OSCILLATION PUNCH MACHINE BT
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FIGUHE 2-16
Set the joint in place on top of the punch rod, and hold the two
together with a round toothpick dowel.

E Push the punch dowel into place in the hottom of the
joint, and drill and fit with a round toothpick that
runs through the whole width of the unit (Fig 2-18).

Take the sector and lower the wood at the back by
E about /15" s0 the circle of wood around the pivot
stands out in relief—Ilike an integral washer. Fit the sector
on its pivot, and spend time easing and sanding until it
swings with the minimum of friction (Fig 2-17).

Use a dowel to link the top end of the connecting rod
to the sector (Fig 2-18) sp the dowel is a tight fit in
the sector hole and & loose easy fit in the rod end.

E Push the spacer and plate in place over the sector
pivot, and test for fit and function (Fig 2-19). If all is
well, you should he ahle to ticklie the sector from side to

5ide in such a way that the punch rod joggles up and down

inits bracket.

When yvou are pleased with the fit, finish and

tunction, glue the whole works in place, rub down all
the surfaces with a sheat of fine-grade sandpaper, wipe
the dust, and give the project a wipe with the teak oil.

PROBLENM SOLVING

= [ you like the idea of this project but want to chanoe

the design, it's important you realize that the relationship
between the swing of the sector weight and the length of the
connacting rod is critical

» If you decide to modify the design and are at all unsure
about the feasibility of the design, it's best to make a
working model

28 HARMONIC OSCILLATION PUNCH MACHINE

FIGURE 2-17

(top left) Reduce the total thickness of the back face by about
1/u". Run a guideline around the edge, and rn a saw cut down
into the face—between the pivot circle and the sector face so the
pivat area will be left to act as a washer or distance piece.
[right) If you decide to elear the /" slice of waste on the hand
saw, then run a dowel through the pivot hole s0 you have a safe
handhold. Having run a '/, hole throngh the sector and the
dowul pivot and followed throngh with a round toothpick, set the
dowel pivot in place in the backboard hole.

FIGURE 2-1B FIGURE 2-18

Link the connecting rod and Set the plate and spacer in
the sector weight with a short place on the sector weight
length of dowel so the dowel is pivot, and adjust for an easy
a tight push fit in the sector movement.

and a loose easy fit in the rod.



PROJECT 3

Cam and Fork Machine

PROJECT BACKGROUND
This machine is a jov to make and a jov to watch.

Our dictionary describes a cam as heing “a rotating cyl-
inder with an irregular profile attached to a revolving shaft
to give a reciprocating motion to a part connected to it
With our machine, the off-center, or eccentrically mounted,
disk is the cam, while the fork is the in-contact connection
that gives reciprocating motion.

When the crank handle
counterclockwise—the cam revolves eccentrically on its
fixed bearing, with the effect that the fork and control rod
nscillate on the pillar bearings. The fork is fixed on the
rod, while the rod is free to slide from side to side through
the bearings.

is turned—clockwise or

PROJECT OVERVIEW
Have a ook at the project picture (right), the working draw-
ing (Fig 3-14) and the templates (Fig 3-1B), and note that
the disk cam is pin fixed to a shaft in such a way that its
movement is off-center. Consider carefully how, when the
contained off-center disk cam turns, the fork has no option
but to track and follow the cam profile.

Although the design is pretty flexible—inasmuch as
there is no reason you can't chop and change various wood

thicknesses and dowel sizes to sult your needs—the size of
the disk cam, the distance hetween the fork prongs, and the
distance between the side of the fork and the support stan-
chions are all critical, That said, if you have a notion to
change wood sizes, it's best to sort out potential problems
by making a cardboard-and-pins prototype,
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CAM AND FORK MACHINE WOREKING DRAWING

T T T FIGORE 3-1A

e S [ At a grid scale ul w0 sguATES
A3 b == S am B 0 1%, the machine stands

=5 D e | il aheut 6" high and a 1itie over
10" wids across tha span of
he end-ai-rad pill shaps.
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CANM AND FORK MACHINE TEMPLATES

FIGORE 3-1B

The scals Is fonr

grid squaras to I".

A Stanchicns or pllsrs.
B Forke

0 Disk cam.

D Cam post

E Creml.

| |

|
R S

JSGt]

_:_

B CAM AND PORK MACHINE
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CUTTING LIST

A Stanchions 1= 3 =5 tulip
or pillars
B Fork s v 3V4 » 4 mahogany
C Disk cam a2 v 2 mahogany
D Cam post 4= 1= 3 pitch pine
E Crank /5w 1% 154 mahogany
Base 1= 5% = T/ tulip
Crank handle and 1=1+ & mahogany
end-of-rod pills
Hods 24"=4/" dowel
CHOOSING YOUR WOOD

This is one of those projects where you might—if you are
pressed—reduce wood thickness to suit vour stock or your
wallet. For example, the base and the stanchions could be a
hit thinner—say /" instead of 1"—while the fittings could
be waorked from offcuts.

We chose to use mahogany for the cam, fork, crank,
crank handle and rod-end pills, and Morth American tulip
for the base, stanchions, and one or two hits and pieces.

MAEING THE BASE
Take the piece of 1"-thick tulip wood—the piece
for the base—and with the grain minning along
the length, use the pencil, ruler and sguare to mark it
ar 7 = 5"

Set the compasses/dividers to */2" radius, and scribe
E out the 1"-diameter circles that make up the design
of the corner curves (Fig 3-14). Use the tools of your
choice to cut the wood to shape and size.

When vou have cut the base to size, use the graded
E sandpapers to rub down all faces and edges to a
smooth finish. Pay particular attention to the top face and
edges, and then pencil mark the underside.

MAKING THE STANCHIDN PILLARS
Draw the shape of the stanchions to size on the
work-out paper, and then—heing mindful that the

grain must run from top to toe—use the pencil, rmler and

compasses to mark the image on your chosen wood.

Hepeat the procedure so you have two identical imarges.

FIGURE 3-2

When using the scroll saw, control the rate of feed so the hlade is
always presented with the line of next cut. If the cut is ragged, the
blade is too slack or the woed is too moist. If the wood is scorched,
the blade needs changing or you are working at the wrong pace.

Having double-checked (rom pillar to pillar that the
E circle center-points, meaning the points that mark
the center of the rod hole, are the same distance up from
the baseline, use the scroll saw to cut out the two identical
forms (Fig 3-2).

With the cutout securely clamped flat on the work
E surface, take the /" U-section carving gouge and
lower the top-of-stanchion “lugs,” or ear-like protrusions,
by about 15", Do this with both lngs on both faces, so when
seen in edge-on view the wood curves down from the face
to a thickness of about /=" (Figs 3-3 and 3-14).

FIGURE 3-3

With the workpiece secured flat on the work surface—with a
clamp or up against a bench stop—use the U-section gouge to
carve the scooped shape of the side lugs.
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FIGURE 3-4

With the workpiece supported on a waster to prevent exit
damage, bore out the /" bearing hole and the /4" blind hole.
Note: we have removed the clamp for the photograph.

When you have carved the lugs to shape so the
circla at the top of the stanchion looks to be standing
slightly Iorward, use the pillar drill and the Forsthner hits
to bore out a °/:"-diameter rod-bearing hole and the
decorative ?/."-diameter blind hole. Aim for a blind hole
at about /" deep (Fig 3-4).

E Take yvour line-grade sandpaper and hring all
the edoes to good order. Aim for edaes that are
slightly rounded.

When the time comes to sink the decorative cut

that runs around the top of the stanchion, firmly
brace the workpiece against the bench hook, and use
the fine-toothed saw to sink the cuts to a depth of about
Ye" (Fig 3-5).

FIGURE 3-5

Firmly butt the workpiece against the hench hook, adjnst the
angla of cut so the saw rans against the side of the hook, and
then sink the cut to a depth of abont /4"
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FIGURE 2-6

Clamp the workpiece between a couple of steel blocks so itis
sguare with the surface and the drill bit, and ron the lugs through
with the */."-diameter hit. Nate: if you like woodwork, you can't
do hetter than set yourself up with a good selection of clamps.

We have pincer action clamps for small work, toggle clamps for
machine hold-downs, and so on.

Having drilled the two face holes, then comes the

tricky task of drilling the lug and foot holes. I say
tricky hecause, with hoth the lug and the toot, the holes
need to be mun into a curved face. When you come ta drill
the lug hole—and bearing in mind that the drill bhit will try
to push the curved surface to one side—{irst set the
workpiece square bhetween a couple of heavy blocks, and
then hold it in place with a good clamp. This done, run
the '/s"-diameter hole through the thickness of the lug
{Fig 3-B).

To drill the '/+"-diameter foot hole, set the workpiece

on a stack of scrap so the hole is angled in toward
center. Use a long, shanked hit so as to avoid contact
between the chuck and the top of the pillar (Fig 3-7).



FIGURE 3-7
Make a simple wedge-and-stop jig to help you hald and support
the workpieca while the hole is baing drilled.

MAKING THE CAM POST

Have a look at the working drawing (Fig 3-1A) and
n templates (Fig 3-18), and see that the controls,
meaning the parts you turn, are made up of a fixed post,
crank, crank handle, crank handle pin, or pivot, washer to
distance the crank from the post, disk cam and pivot rod.

Mark the size and shape of the post on vour chosen

wood—we use tulip wood—double-check the
dimensions, and then cut out the curved-top front view
on the scroll saw.

Mark the position of the pivot rod hole, and ron it
through with the */."-diameter drill hit. It's important
that the hole and the bottom of the hole are both sguare
and true with the base, so aim to get it right the first
time around,

H Draw in the “feet"—as seen in side view—and then
cut them out on the scroll saw (Fig 3-B).

FIGURE 3-8
When you have cut out the little post in front view and drilled
the rod hole, draw out the curved-foot, side-view design, and

complete the cut on the scroll

TURNING THE HANDLE,
PIVOT PIN AND ROD PILLS
Take the length of square section mahogany,
n establish the end center points by drawing crossed
diagonals, and set it securely on the lathe.

E Having made sure you and the lathe are in good, safe
order, swiftly turn down the piece of mahogany to
the largest possible diameter.

Use the dividers to mark all the step-offs that make

up the design, Working from lett to right along the
turning, allow a small amount for headstock waste—either
for the chuck or tor parting off—ahout '/2" for the handle
pivot head, 374" for the pivot, 2" for the handle, 1" for one
pill, 1/:" for waste, 17 for the other pill, and a small amount
for tailstock waste (Fig 3-54).

FIGURE 3-9A

Usa the dividers to mark the
eylinder with all the step-offs
that make up the design.
Working from left to right

along the workpiece, allow '/
for chuck, '/s" for the
mushroom head, */+" for the
pivot shank, 2° for the handlse,
1" for the first pill, '/ for
waste, 1" for the second pill,
and a final small amount

for waste.
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FIGURE 3-8B

Use the calipers to check the diameters against the working
drawings. Mote: if you are working with a limited number of drill
hit sizes, be sure to adjust the width of the pivoet shank to suit
your chosen hit diameter.

Having first removed the bulk of the waste, use the

round-nosed gouge and the skew chisel to turn
down the wood to shape and size. Make repeated checks
with the calipers (Fig 3-8E).

E Turn and sand the string of turnings to a good finish,
and carefully part off from the lathe.

MAEKING THE CRANK, HANDLE AND CAM

Take a */4"-thick piece of mahogany offcut and use a
n pencil, ruler and pair of compasses to draw the
shape of the crank and the little washer spacer. Plan on
the crank being about 17 between centers (Fig 3-1B) .

With all the lines of the design clearly established,
E first run !/+"-diameter holes through the crank and
the spacer, and then use the scroll saw to cut out the
shapes. While the drill is convenient, run a hole into the
turned handle to a depth and size to suit your turned
mushroom-headed ped.

When vou make the disk cam, you can either cut it
H out with a scroll saw or turn it on the lathe, as long
asitis 1%/ in diameter, ahout */4" thick, and as near as
possible to a perfect circle.

When vou have what vou consider is a good disk—
H nicely sanded to a smooth finish—run it through
with a “/4"-diameter shaft hole, and then have a trial
fitting (Fig 3-10).
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FIGURE 3-10
Have a trial fitting to make sure all the control column parts
come together for 8 smooth-working fit.

If wou have followead our directions to the letter, yvou

will nead to adjust selected holes or parts of the
dowel shaft to achieve a suitahle fit. For example, the
handle peg needs to be & tight fit in the handle and a looge
fit through the crank. Then again, the dowel shaft needs to
be a tight fit in the crank and disk cam, while heing a
loose easy fit through the little stanchion (Fig 3-11). Play
around with the fit until you get it right.

FIGURE 3-11

If need be, sand the holes or dowels to achieve an appropriate fit.
The little pivot needs to be a loose fit throngh the shank and a
tight push fit in the handle.

MAKING THE FORKED FOLLOWER
If vou have a look at the working drawing (Fig 3-14)
and templates (Fig 3-1B), you will see that the forked
follower, or frame, is cut from /5 -thick wood, with the
frain running from top to bottom and the inside fork width
being the same as the diameter of the disk cam.



Having drawn the frame on yvour piece of prepared

wood, give it a good checking over just to make sure
you haven't made any mess-ups, and then carefully fret
out the frame on the scroll saw.

II you take it at an easy pace, all the while being
E ready to pull back if the blade snatches, the cut
face will be so smooth it will only require the minimum
of sandineg.

n Take the cutout and carefully draw diagonals ta
astahlish the position of the through-top rod, or
shaft, hole.

.
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FIGURE 3-12

Drilling the rod hole throngh the top of the forked frame is slightly
tricky inasmuch as while the hole needs to run sguare and true,
most drill bits are too shert. A good method is to establish the
centar points for the holes, clamp the workpiece to a square iron
block, and then run the holes throngh from both sides.

Hold the workpiece secure with hlocks and a clamp

50 the hole is going to be well placed and true, and
run it through with a long, shanked /" hit (Fig 3-12). If
your bit isn't long enouch, turn the whole works around,
and drill it through from the ather side,

ASSEMBLY AND FINISHING

When you have completed all the component parts

that make up the design, then comes the exciting
but finger-twisting task of putting everything together.
You should have ten primary parts in all: the hase, two
stanchions, disk cam post, disk cam, washer, crank,
handle, handle pin, two end-of-rod pills, or stops, and a
whole heap of dowels cut to sige (Fig 3-13).

Before yvou do much else, take the linest-grade
H sandpaper and rub down all faces, edges and
corners to a smooth finish. Give all the surfaces—bharring
the mating faces that are to be glued—a swift rubdown
with a small amount of teak oil.

Having cut all the rods and dowels to length, spend

time rubhing them down with a scrap of sandpaper
so they are an appropriate fit and all the on-view ends are
nicely rounded. Have all the ends standing slightly
forward by about '/"-%/ %"

n When you have generally brought everything to
rmood order, start the fitting by peoping and adjusting
the thres posts.

FIGURE 3-13

When yon have completed

all the component parts that
make up the project, check

all the measurements against
the working drawing and
template design, and then
sand all the surfaces down

to a good, smooth finish.
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FIGURE 3-14

Align the three posts so they arae trie, and fiz with the pags.

Glue, peqg and fit the disk cam, crank and handle, and
carefully adjust one with another so they are sguare

and perfectly aligned (Fig 3-14).

Slide the forked follower on its rod, and peg or glue,
Slip the ends of the rods through the bearings so the

fork straddles the disk cam (Fig 3-15).

FIGORE 3-15

glide the forked frame ower the cam, and fit the other post. Note
how the top of the frame has been rounded.
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FIGURE 3-18
When yoii've finally put the whole machine together, spend time
making sure all components are square and true to each other.

With all the parts variously gluad or pegged in place,
test for sgquareness, make sure the machine works,

and then put it to one side until the glue is set (Fig 3-18).
Finally, give the whole works another mabdown with the
teak oil, and then the fun can begin!

PROBLEM SOLVING

» [f you like the idea of this project but want to change the
design, no problem, as long as you make sure the cam and
fork are compatible.

+ Having made the project, Gill thinks the base and the
stanchions would look even better if they were cut from
slightly thinner wood. That said, I like the thickness of the
wood, but [ am not so keen about its color and texture,

= If you want to make the project but can't get use of a lathe,
settle for making the crank handie from a shop-bought dowel.
* A5 the distance batween the side ends of the forked follower
and the inside faces of the stands is critical—the maching
won't work unless it's right—maks sure everything is smooth
mnning bafore vou glue up.



PROJECT 4

In-the-Round Combustion Engine

PROJECT BACKGROUND

Although the in-the-round combustion machine is in es-
sence much like the reciprocating machine, as shown in
project B, it is in many ways all the more exciting in that it
can—Ilike a piece of sculpture—he seen and enjoved from
all angles. The turn-handle movement attractively illus-
trates how the up-and-down operation of a piston is con-
verted, by way of a crank, into rotary motion (right).

PROJECT DVERVIEW
Have a look at the working drawing (Fig 4-1) and the tem-
plates (Fig 4-2), and see that at a grid scale of two sguares

to 17, the machine stands almost 12" high and over 68" wide
across the span of the drive shaft. Consider that the greater
part of the machine is macde up of three beautifully com-
plex turnings: the base, which is drilled and hollow turned;
the gquatreloil top, which is hoth drilled and fretted hallway
through the turning stage; and the cylinder, which is turned,
drilled and then sawn.

Thourh the project is challenging, a lot of the tricky
procedures relate not so much to your skill level, but to
yvour equipment. Modify the stages to fit yvour tool kit OK,
so it might take a lot longer, but then the pleasure is
in the doing!
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At a grid scale of two sgquares
to 1", the machine stands
almost 12" high and about

FIGURE 4-1

6" wide across the diametar

of the base.
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IN-THE-ROUND COMBUSTION ENGINE TEMPLATES

FIGURE 4-2

The scale is two grid squares
to 1". Note that wa have only

shown what we consider are
the most difficult-to-wisualize

views.

Ease,

Top.

Piston.

PFiston/oonnecting rod.

Crankshait bearings (2.

Crank plates.

Handle crank,
Knoh.
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CUTTING LIST

A Haze 2« 7 = 7 gagy-to-turn beech
B Top 2= 7 =7 sasy-to-turn tulip
C Fiston 24z # 34/ = B heach
I Piston rod 1A% 1z * B heech
E Crankshait bearings 1#3%: = 6 mahogany
(2)
F Crank plates e x 3 = 7 cherry
G Handle crank LRALRE
H Enaob 2"—/4" dowel
Stand rods and shait B60°=1/:" dowel
CHOOSING YOUR WOOD

This is one of those projects where the choice of wood is
all important; it's got to be just right. We have chosen
European beech for the piston and base, because it's easy
to turn and yet strong across the short grain, and tulip for
the top, because it's both easy to turn and easy to work on
the scroll saw.

MAKING THE ENGINE CASE AND BASE
Have a good, long look at the working drawing
(Fig 4-1) and templates (Fig 4-2), and see that the
guatrefoil component at the top of the engine—we call it
the engine or piston case—is both turned on the lathe
and worked with the saw and drill. Note also the shape
of the base.

E Take the 2"-thick slahs of tulip and fix the center
point by drawing crossed diagonals.

E Mark the slab with a 6'/:"-diameter circle. Cut away
the waste on the scroll saw or band saw. Screw the
resultant disk on the 6" faceplate using short, tat screws.

With the tool rest set over the bed of the lathe, turn
down the wood to a smooth 6"-diameter disk and
tfrue up the faca.

Use the dividers to mark the disk with a 2-/:"-
diameter circle, and then turn down the waste so the
a'/:" circle stands up as a /:"-high plateau (Fig 4-3).

Mount the drill chuck on the tailstock, it the 157"
Forstner hit, and run a hele through the center of the
plateau (Fig 4-4A).

FIGURE 4-3
Mount the blank on the lathe, and turn down the edge and profile.
Seo how [ use a ronnd-nosed scraper for the inside enrve.

Mark the lowered area with a couple of guideline
circles, one at about 24" from the edge, for the
postholes, and one about */:" outside the plateaw, for the

profile line.

Having first rubbed down the turning to a smooth
n finish, take it off the lathe—oiff the faceplate—and set
to work on the turned face of the wood, drawing in all the
lines that make up the gquatrefoil design, Pencil lahel the
turned face "bottom” fix the position of the four postholes
on the guideline circle—at 90° intervals—and establish
the shape of the cross-arms. Make the arms about 1'/:"
wide and all the corners and angles nicely rounded
(Figs 4-1 and 4-2 ton).

FIGURE 4-4A
Bore out the piston hole with a Forstner hit. Advance and retreat
with the tailstock so as not to burn or clog the bit
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FIGURE 4-4E

Having drawn the gquatrefoil profile, nse the seroll saw to clear
the waste. Have the workpiece flat on the cutting table so the cut
faces are at right angles to the working face.

Run the holes through with the */"-diameter drill
bit, and cut the quatrefoil profile out on the scroll
saw (Fig 4-4H8).

When vou have completed the cross—all drilled and

cut—mount it on the expanding jaws option of the
chuck, and set to work turning down what will be the “top”
face (Fig 4-5). 1 used the small, round-nosed gouge and
the round-nosad scraper.

Rub down the whole works with the fine-grade
m sandpaper. Do one face of the turning, then turn it
over on the chuck and do the other face. If you rub down
one face as it points toward the bed of the lathe plus the
difficult-to-reach face between the whole piece and the
chuck, vou will find that the change of direction ensures
that all the edges are well rounded.

Having achieved a well-turned and finished

component, redo the same procedures and turn the
beech wood hase. That is to say, turn down the wood to a
Bl/:" disk and run a 1%«" borehole through the disk.

E Turn down the top-of-base profile so the underside
rim of the cross is a neat fit in the hole (Fig 4-8).

44 [N-THE-ROUND COMEBUSTION EMGINE

FIGUHE 4-5

With the workpiece held securely on the ezpanding jaws of the
chuck, use a round-nosed tool to turn down what will be the
underside of the casing. o at it nice and easy, all the while being
mindful that this is a stage that needs to be worked with eztrems

care and cantlon.

FIGURE 4-B
Turn out the base hole nuntil the neck of the top casing is a nice
slide fit.

Take the whole works off the lathe—the turning on

the laceplate—set the cross component in place so
the cross plateau is in the hole, and then use the four holes
on the cross to drill four matching holes through the base
(Fig 4-7).

Finally, remount the hase on the lathe and drill, and

turn the profile in much the same way as already
described. Check yvour turning against the working
drawing (Fig 4-1 bottom).



FIGURE 4-7
With the base still screwed to the faceplate, and using the
guatrefoil casing as a pilot guide, bore ont the four postholes.

MAEKING THE CRANEKSHAFT BEARINGS
When vou have studied the working drawing (Fig 4-1)
n 50 vou know what you are doing, take the 1"-thick
piece of mahogany and use the pencil ruler, square and
compasses to mark the design as seen in side viaw,

With all the lines in place, and having first
E gstahlished the exact position of the various holes—
hoth the hearing holes and the postholes—hbaore the holes
out with the '/:"-diameter hit. Be careful when you run tha
postholes down through the 1" thickness of the wood; he
sure they are well aligned and true.

E Take the wood, all marked and drilled, and fret out
the two side-view profiles (Fig 4-B).

n Mark the plan-view imagery on the newly revealed
cut faces, and then begin shaping and sculpting
with the scroll saw, knife and tube rasp (Fig 4-9).

Continue whittling, rasping and sanding until you
have two well-matched forms (Fig 4-10).

MAKING THE CRANK
AND CONNECTING ROD

Have a look at the working drawing (Fig 4-1),
u templates (Fig 4-2) and the various photographs,
and see that the crank is achieved by having two identical
plates and offset dowels.

FIGURE 4-8
Sea how the postholes run through the thickness of the wood.

FIGURE 4-3

Use the knife, rasp and sandpaper to whittle the crankshaft
bearings to shape. Be careful not to force the blade at the
relatively fragile short-grained areas.

FIGURE 4-10
Have rapeated fittings until the components come together for a
good fit.

Cut the 3/"-thick cherry into two crank-sized pieces,

draw the imagery out on one of the pieces, and then
fix them together with a single pin at one corner. Keep the
pin out of the design area.
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FIGURE 4-11
Fitting the single pin and two dowels at the presaw stage ensures
that the two crank plates are identical mirror-image cutonts.

Bore and dowel plug the two V2"-diametar shaft
holes right through both pieces of wood, first one
hole and then the other. Use lengths of scrap dowel

With the holes in place, begin fretting out the crank

shape on the scroll saw. Work at a steady, even pace,
all the while feeding the wood into the blade so the line of
cut is a little to the waste side of the drawn line (Fig 4-11).

Having first drawn the shape of the connecting
E rod on the 1"-thick beech and variously fixed the
position of the rod holes, fret out the connecting rod
profile as drawn (Fig 4-12).

Draw the side-view imagery of the rod on the sawn

face, mark in the waste, and then slice it off on the
saw (Fig 4-13).

-

FIGURE 4-12
While yoii are bisy at the seroll saw, you might as well frat out
the connecting rod and crank handle.

48 IN-THE-ROUND COMEUSTION ENGINE

FIGURE 4-13
Slice away the connecting rod waste—as seen in top view.

Use the knife and rasp to shapa the connecting rod.

Take yvour small, sharp knife and whittle the straight
part of the rod to a roundish section. The best technique is
to set the circle lines of the ends in with a stop-cut on both
sides of the wood and at both ends and then to carefully
slice the blade into the stop-cut so the waste falls away.

When you have shapead and lowered the round

section so the flat faces of the end circles stand
somewhat in relief, take a scrap of sandpaper and
generally rub down the whole workpiece to a smooth,
slightly round-edged finish.

When vou have finished fretting and shaping the
n connecting rod, and drilled out the two holes, go
back to the crank plates and wedge the /=" shalt dowels in
place (Fig 4-14). The dowels have to run true, so spend
time making sure everything is aligned.

MAKING THE PISTON
Set your chosen sguare section length of wood on
the lathe, and use the large gouge to swiftly turn
down the wood to a diameter of 197" If all is correct, 1%/4"
will be slightly larger than the hole that muns through the
cross-shaped unit at the top of the engine.

_i' 5 o,
ﬁ?ﬁi‘-

FIGURE 4-14
Slot and wedge the drive shaft stubs inte the crank plate. Dan't
glue at this stage.



FIGURE 4-15
When you think the piston turning is to size, wind back the tails
tack and have a trial fitting.

FIGURE 4-16
Aim for a nice, smooth-sliding fit.

This done—and having first set the calipers to the
gxact diameter of the crosspiece hole—take the
skew chisel and turn down the piston so it i5 an easy-slide
fit in the case hole. The best procedure is to carefully draw
the tailstock out of the way and then to try the cross

casing on for size (Figs 4-15 and 4-1E).

H Fit the tailstock drill chuck on the lathe, and use the
1'/¢"-diameter bit to run a hole down into the
cylinder (Fig 4-17).

Push the piston through the scroll saw—aor you
might prefer to use a handsaw—and take an angled
glice from each side (Figs 4-18 and 4-2).

Hun a pencil guideline up, down and around the
E piston, and drill out the */4"-diameter pinhole—
through one side and out the other, It might he a good idea
to plug the center of the piston with a length of waste to
minimize exit damage.

FIGURE 4-17
Use the tailstock drill chuck to bore out the piston waste.
Advance cautiously so as not to knock the workpiece off-center.

FIGURE 4-1B
Slice the sides away from the bottom of the piston pot, and sand
them to a smooth finish.

FIGUHE 4-18

Have a trial fitting of the connecting rod small end in the piston.
The pin needs to be a tight fit in the piston and a loose fit through
the small end.

Have a trial fitting of the small end of the connecting
rod in the piston (Fig 4-19).
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FIGURE 4-20

Sot out all e commponank
parts, and chack them aver to

ks sure you havent mada

ASSEMBLY AND FINISHING
When you have before you 8]l the component parte
that make up the project (Fig 4-20), then comes the
difficult teek af putting the machine together.

Stert nr fitting the amell end of the commectng rod

in the piston Atm for a tight fit of the pin through the
eldes of the plston end a loose fit of the pin through the
emall end. If need be, rub out select=d holes or parts of the
pin untl averything fite just right (Figs 4-21 and 4-22) .

When you are heppy with the fit of the emall end in

the piston, take the two crank plates—complets with
their 1lengthe of drhwa shaft dowel—and link them with a
ghort length of dowel that runs through the big end
bearing at the end of the connecting rod. Maks therod
gbont 2° long (Fig 4-23). Don't glue at this stage.

[On= piace at a time, fit the piston in the croes-
ﬂ shaped caeing, est the cranksheft bearings in place
oo the dowel ends (Fig 4-24), and eet the pair of bearinge
om the four support dowels [(Fig 4-25). Fit littla pegs to
hiold the various components at the correct height. FIGORE 4-21

Pass the short langth of crank dewel throngh the big end, amd
Comtinue fitting end sanding and genarally sasing chack for an aasy, well-aligned HE.
until the whole machine comes together.
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E Finally, wipe sllnonghied surfeces with the teak oil,
ghis, clamp, bumieh the machine to a dull sheen
finish, and... hurrah—enrarything ie finiehad and ready

for ehowing!

FIGURE 4-24
FIt, check and Base the cranishart hearings.

FIGORE 4-22
FIt the crank plates sa thare Is & small spacs betwesn the plate
and the flat face of the My end.

FIGORE 4-25
Sot the componant parts in place an the posts, and hald them in
position with small pegs.

PROBLEM SOLVING

s 11 vou Uke the idea of this project but want to change the
deslgn, he mindtl that it's not o easy to Tedaslgn 8 siogle
elEment in isciation. This belng 60, we Would always advise
‘that yvou make 8 protatype.

* Ay Hme you ate ordering wood, Lt's alweys e goad idea
to sk for wood that |s well seasoned and dry, but it's &l the
more lmpartant when you eTe crdenng wood Jor turming.
FIGURE 4-23 » Waming. Htting the crenk plates to the drive shaft stubs 15
The crank plates soed te Bave partect mirror-imags aligumeant. difticult—the sart of task thet requires & lot of tme, & lat of
patlence, sod not too much ghae!
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PROJECT 5

Ward Lock and Key

PROJECT BACKGROUND

When I was a kid—I must have been about seven yvears
old—1I was absolutely fascinated hy locks and keys. As ]
rememher, I spent a good deal of my time collecting kevs,
mending locks, and generally showing {riends and family
just how easy it was to escape from a locked room.

Most of us are literally surrounded by locks; we can
hardly move withouwt first finding our keys. Yet, few of us
know how locks work. The good news is our simple ward-
and-tumhbler locking machine illustrates all the essentials
of the archetypal locking mechanism. Thera is a key, a ward
to bipck the passage of the wrong key, a sliding latch plate,
and a tumbler that holds the latch in place. In action, the
shaped key is pivoted past the blocking ward knoh, with
the effect that, in its turning, it 1ifts the tumbler out of the
way and pushes the latch forward (right). So there you go,
If you want to know a little more about one of our most
commaon mechanisms, now's your chance,

MAKING WOODEN MECHANICAL
MODELS PROJECT OVERVIEW

Hawve a look at the working drawing (Fig 5-1) and the tem-
plates (Fig 5-2), and see that the locking machine stands
ahout B* high with a base slab at B” long and 4" wide.
MNote that we have reduced the workings, meaning the
numher of moving parts, to a minimum in an attempt, as it
were, to show the “hones” Of course, mast ward locks have
anumber of springs that bear down on a series of tumblers,
but in the context of our machine we feel that a single
heavy tumbler falling down under its own weight is enough
to demonstrate the basic principle.

Consider how the cavity has heen constructed by set-
ting a fretted front plate against a solid back plate. As for
the overall design, we have consciously gone for a solid,
gasy-to-make, good-to-hold structure. All in all, we have
kept the lixings to a minimum so everything is in view.
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WARD LOCK AND KEY WORKING DRAWING

FIGURE 5-1

The finished machine stands
about 5" high and about

E" long.

(top) Latch plate and tnmblar
at a scale of four grid sguares
to 17,

(bottom) Views and section at
a scale of two sguares to 17,
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WARD LOCK AND KEY TEMPLATES

FIGTTHE 5-2

The scale is four grid squares
to 1". With a project of this
character—where snccess
might hinge on the width of a
saw cut or the placing of a
dowel hole—you must take it
that these profiles are only
broad guides.

ad



CUTTING LIST

A Box front T#anB» B oak
Box back T/x% 5 =6 oak

B Tumblar L= 14 = 2 mapla

C Latchplate i 31/ = B/ maple

D EHey Yaw 2y = 5 cherry
Base *fuw 4z 0 pak
Fivots " dowel
Decorative pins 12° =" dark wood dowal
Fixing pins round toothpicks

CHOOSING YOUR WoOoOD

As this is a project that is best made {rom a hard, straight-
grained wood, we have gone for pak for the box and
hase and maple for the mowving parts: the sliding latch and
tumbler.

MAKING THE BOX AND BASE
Have a good, long look at the working drawing (Fig
5-1) and templates (Fig 5-2), and see that the main
structure is made up of three pieces of wood: a single slab
for the hase and two glued and pinned slahs for the box.

With vour workshop in good order, and when you are

clear in your own mind as to the procedures, take the
three slabs of wood—for the base and the hbox—and use a
pencil, ruler and pair of compasses to mark the design.
Marl the hasae with the corner radius curves and tha front
hox slab with the single corner curve and interior shape
that needs to be cut away.

Having first pinned the two box slabs together so
H vou have them as if they were a single slab nearly 2"
thick, move to the scroll saw and carefully cut out the
single radius curvae, While you are working on the
maching, cut the four curves that make up the hase.

Take the two-layer box slab, ease the layers apart,
n partially withdraw the pins so the points are out of
harm's way, and then cut away the central area of waste so
you are 1eft with the profile that makes up the front of the
box (Fig 5-3).

H Align and repin the two box slabs, and run the
warious holes through with drill bits of a size to fit
vour dowel (Fig 5-4).

Finally, take the two slahs that make up the box, set

them on the base slah, and mark in the position of
the three fixing dowels, meaning the three dowels that fix
the box to the base.

FIGURE 5-3
Having cut the two slabs of wood to the same shape, fret out the
front slab to make the latch hox cavity.
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FIGURE 5-4
Drill out all the primary holes, and have a trial fitting of the box
to the base slah.



MAEKING AND FITTING
THE LATCH PLATE
Take the front-of-box cutout, set it on the '/."-thick
maple—like a template—and use a pencil to transfer
the imagery.

Having drawn the shape of the sliding latch plate to

size and made a good tracing, use the tracing to
press transfer the drawn image through to the box shape
you've marked on the maple (Fig 5-5).

If you hawve a close-up look at the photograph—in

this and many other projects—you will perhaps
wonder at there heing & great number of differences
between our initial prototype drawings, as seen on the
tracing paper, and the actual workpiece. The project
changes a hit as we work on it. If vou have a notion that
such and such a shape or way of working is the hest way,
then that is the best way for vouw

With the shape of the latch plate clearly marked
within the shape of the box, and having made
adjustments to allow for easy movement, fix the position
of the various holes and pilot piercing within the plate,

and run them through with the '+ drill bit (Fig 5-5).

When vou feel all is correct, fret out the latch plate
on the scroll saw. Don't bother at this stage to cut the
fine details; just go for the main profile.

With the plate partially cut out, wipe the edges with

g fine-grade sandpaper to remove any rough edges
that might get in the way, and have a trial fitting in the
lock box (Fig 5-E). The latch plate should slide neatly
backward and forward without sticking or racking.

MAKING THE KEY AND
TUMBLER MECHANISM

When yvou have completed the basic sliding latch
n profile and have succeeded in getting it to slide
smoaaothly in the bhosx, then comes the not-so-gasy business
of fitting the key and tumhbler. Start by looking at the
working drawing [Fig 5-1) and templates (Fig 5-2), and
seeing that the kev needs to be cut and worked so the end-
of-key profile, or ward, is able to pass over a2 ward stud
that is set in the body of the box

FIGURE 5-5

Having transferred the shape of the box cavity through to the
1/4"-thick wood, set to work transferring and medifying the latch
profile to ensure a smooth-sliding fit.

FIGURE 5-8

Fret out the latch plate, and try it out for size. If it's too tight, it
won't move, and if it's too loose, it twists and gets stuck—so go
at it slowly.

WARD LOCK AND KEY S8



FIGURE 5-7
Cut out the key shape on the drill and scroll saw, and whittle the
stalk so it's an easy-to-tarn fit in the 1/"-diameter box hola.

Hawving first cut out the basic shape of the key

blank (Fig 5-7), whittle the stem to a round section
g0 it fits in the keyhole, and shape the leading edge of the
key (Fig 5-8) so, when it is turned, it catches the notched
underside of the latch plate, with the effect that the latch
slides forward.

The trick to fitting the key is to trim back little by
little, stop and have a fitting, trim back some more
and =so on (Fig 5-9) until the movement is just right.

When you have cut the key to a good fit, then comas
the frustrating task of fitting the tumbler. I vou look
at the mechanism (Fig 5-10), vou will see that the little,
shaped profile of the tumbler has two dowels: the one on
the far right, which is the pivot, and the one at top center,
which is a peg or knoh. In action, the turning key catches
and lifts the curved underside of the tumbler, with the
effect that it swings up on its pivot, And, of course, as
the tumbhbler rises, the peq is lifted out of the notch on
the top edge of the latch, and the turning key goes on to
move the latch.

Once again, vou might well have to cut two or three

tumbler plates and play around with the position of
the pivot hole and the shape of the underside curve hefore
vou get it just right.

568 WARD LOCE ANDEEY

FIGURE 5-B
Whittle away the leading edge of the key so it fits in the notch on
the underside of the latch.

FIGURE 5-8
Continue whittling the leading edge of the key to shape so when
it tarns, it catches and moves the sliding latch plate.

FIGURE 5-10

Shape and fit the tambler. Eventually, the pivot peg needs to he
glned into the tumbler plate and held in place with a round
toothpick with the heel end of the pivet running back throngh the
boz. Tha other dowel is no more than a stub that sticks out at the
back of the tumbler plate—to rest in the latch notch.



ASSEMELY AND FINISHING

When vou have achieved a smooth movement of the
n key, tumbler and latch, take the latch plate back to
the drill and the scroll saw and finish cutting the other
location slot and the two-pronged bolt profile on the
leading edge of the latch (Fig 5-11).

Having fretted out all the component parts that
make up the project, spread them out (Fig 5-12) and
check them over for potential problems.

When the whole movement is smooth running, fit

the ward knob in the back of the box, and whittle a
little bridge ward on the bottom edge of the key so it just
clears the knob, The idea is, of course, that only your key
will it into the lock (Fig 5-13).

FIGURE 5-11
Having established the position of the slot at the back end of the
latch, go back to the scroll saw and finish cutting the profile.

== A

FIGURE 5-12
The component parts—all ready for the final fitting.

FIGURE 5-13

With the latch being held

in place with a couple of
temporary dowel pegs, fit the
ward stub in the back plate,
and whittle the key ward to
shape—=like a little hridge.

Finally, when you are happy with all the moving
n parts, fit and glue the dowels and pins that hold the
sliding latch in place, glue and peg the two layers that
malke up the box, glue and peg the box to the base, and so
forth (Fig 5-14). When the glue is completely dry, rub down
all surfaces to a smooth finish, wipe the whole works with
the teak oil, and the project is finished.

FIGORE 5-14
Finally, glue and dowel the whole works together. Note how the
latch is held in place by dowels that are end pinned.

PROBLEM SOLVING

= If you like the idea of this project vou can adapt it to fit other
kinds of locks,

» When we designed this project, we had in mind that we
wiould cut and fit a wooden leaf spring to firmly hold the
tumbler on the lateh, It's still 2 good idea; you could use a
piece of springy wood, like bamboo.

= This is ane of thoss projects where you nead to hold back
with the sanding until the mechanism is up and working.

1 zay this because you might well need to make several keys
or several tumblers before you get everything just right.
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PROJECT 6

Reciprocating Engine

PROJECT BACKGROUND
The reciprocating machine beautifully illustrates all the
movements that make up the archetypal combustion en-
gine. At the turn of a handle, it's plain to see how the up-
and-down movement of a piston is converted, by way of a
crank, into rotary motion (right].

If vou are looking to make a relatively easy project, this
is the one for you.

PROJECT OVERVIEW

Having said the project is easy to make—and it really is—
this is not to say vou can do it with yvour eves closed. Yes,
the varions cuts are straightforward, and no, you don't need

a fancy tool kit, but the cutting and shaping proceduraes do
need to be completed with care. For example, although the
fretted side runners can be cut on the fret saw-—and this
is swift and sasv—the various layvers that make up the
sections of the runners need to he carefully drawn out,

The working action is pretty to watch. As the handle is
turned—either clockwise or counterclockwise, it makes no
difference—the crank turns on its pivot, with the effect that
the piston slides up and down in its runners. But don't
forget, when you are giving that sclence fair lecture, to
mention that the real-life in-car movement is reversed,
with the combustion pushing down on the piston and the
rotary crank driving the road wheels.
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RECIPROCATING ENGINE WORKING DRAWING
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FIGURE B-1

At a grid scale of two sgquares
to 1", the machine stands
about 8 high, 8'/2" wide
across the span of the base
and 4'/2" in depth.



RECIPROCATING ENGINE TEMPLATES

] | S P S 4 a a a | SEE MR R I

FIGTUTHE B-2

The scale is two grid squares
to 1I". Note that, as with all the
templates in the book, the
profiles arsa more a
diagrammatic guide than
acinal templates. This being
so, it's always a good idea to
check out the sizes and the
placings of the various fizing
and pivot holes before cutting
your wood.

A Eackboard.

EBase.

(x|

Fiston.

Slida rails.

2/m" thick.

Aa" thick,

E Crank.

F Connecting rod.

G Buttress.



CUTTING LIST
A Hackboard 3/ » B1: = 8 straight-graimed,
knot-free tulip
B Bace ien 4h0p x B tulip
C Piston 2w w Bl x 3/ mahogany
D Slide rails s« ] = 8§ cherry
34" thick
144" thick
E Crank s w30 = 2l4E pitch pine
F Connecting rod L'y = 2 » 31/, pitch pine
G Buftress anlx e
Peqs and pivots 5" dowel
CHOOSING YOUR WOOD

If vou are anything at all like us—Ilike most woodworkers, in
fact—the never-ending question is what to do with the ever-
growing pile of offcuts. Yes, it does seem a pity to throw out
small pieces of exotic wood left over from large projects, hut
what to do with them? Well now, no such problems here.
This is a great project for using up odds and ends! After
searching through our stockpile, we decided to go for
stralght-grained tulip for the base and backboard (it needs
to be strong}; cherry for the runners, pitch pine for the crank
and connecting rod; mahogany for the piston; and dowels for
the various pins and pivots, Note: if yvou look through the
various photographs, vou will see that the top, back edge of
the backboard is shaped. Don't worry about it. It's not impor-
tant, It's just a hit left over from another project.

MAKING THE BASE AND BACEBOARD
Having carefully studied the working drawing (Fig
5-1) and templates (Fig 6-2), take the two pieces of
tulip and use the pencil, ruler, sgquare and compassas to
mark all the lines that make up the design.

Spend time carefully marking in the position of the
E center lines, the crank pivot hole, and any other
guidelines you think are necessary. If you are at all unsure
as to what goes where and how, shade in the areas that
need to ba cut away.

When vou feel all is correct, move to the scroll saw,
E and set to wark cutting out the profiles. Having
made sure the blade is well tensioned, run the waorkpiece
into the saw so the biade is always presented with the
angle of best cut and the ling of cut is fractionally to the
waste side of the drawn line,

B2 HECIFROCATING ENGINE

DOrill and peg the backboard to the base with
n the pegs run in at a slight angle, check with a
sguare, and generally see to it that everything is square
and stable.

MAKING AND FITTING THE SLIDE RAILS

Before vou do anyvthing else, have another good,
n long look at the working drawing (Fig B-1) and the
sequence of photographs, and see that the pair of slide
rails are achieved by being first sliced into four layers—
two lor each rail—and then marked out, drilled, Iretted to
shape and reassembled. Mote how the order of work—{first
drilling and pegging and then fretting—ensures that
profiles and holes match unp.

When you have sliced the slide rall wood Into four
E 4"-long, 1™-wide layers—two at =" thick and two at
a little over */:" thick—draw the imagery on one or other
opfthe layers.

H With the four pieces of wood sanded down and
clamped securely together, drill the three dowel
holes through all four thicknesses of wood.

n Push lengths of *4¢" dowel through the holes to hold
the four pieces of wood together, and fret out the
total three-curve shape on the scroll saw (Fig B-3).

FIGURE B-3

With the dewels to hold the layers in place, carefully fret out the
shape of the ronners, or rails. If the hlade starts to wander off
courea, it"s a sure sign aither the blade is worn or the tension is
too slack.



FIGURE 6-2A

Having carefully pencil labeled the layers so they are nicaly
matched up and you know what goes where and how, slice away
the strip of waste from the back layer. It's easy to make a
mess-up, 80 be sure to get it right the first time around.

FIGURE 6-4B
The piston needs to be a good fit—not so sloppy it tilts to the side
nor so tight there is any friction, just an easy, comfortable fit.

Slice a /s"-wide strip from the straight edge of

hoth thick layers (Fig 6-44), and have a trial fitting.
Lahel the layers so you know precisely what goes where
(Fig 6-4B).

Having completed two identical, two-layer rails,
ﬂ carefully set the rails in place on the backhoard, and
mark in the position of the six peg-fixing holes, While you
are at it—if you haven't already done it—mark in the
position of the crank pivot hole, run the holes through
with the /4" hit and have another fitting (Fig 6-5).

CUTTING THE PISTON

Take your chosen piece of wood and check its
n thickness by sliding it in the rails. It needs to be an
gasy, smooth-running fit between the rail and the
backboard. If nead be, reduce the thickness to fit,

FIGURE 6-5

Drill the seven holes, and have a trial fitting of the rails. Aim to
have the rail pegs standing slightly proud. Note that the crank
pey as shown is no more than a tryout.

DOraw the design on the working face of your chosen
E piece of wood, mark the center linge, and fix the
position of the pivot. Shade in the area that needs to be
cut out.

When vou have double-checked that everything is

well placed—the profile lines and the position of the
pivot point—go back to the scroll saw and {ret out the
shape (Fig 6-6). As always, work at a nice, easy pace, all
the while being ready to ease back if the blade starts to
bend or if the line of cut looks to be running away from
the drawn line.

Finally, take a scrap of fine-grade sandpaper and rub

down the edges of the piston cutout to a slightly
rounded finish to create a good, sliding fit between the rail
fracks and the backboard.

iy
Eafﬂ
FIGURE BB

It’s important you go for a straight-grained wood, and egually
important you mark the profile so the grain is aligned with the
cantar line. This way of working ensures that there is a minimum

of weak, short-grained areas.
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CUTTING AND WHITTLING THE
CRANK AND CONNECTING ROD

Have a look at the working drawing (Fig 6-1) and
n templates [Fig 6-2), and consider that the two
components—the crank and the connecting rod—are first
cut out on the scroll saw and then whittled

E One piece at a time, draw the lines of the design, fix
the position of the various pivot holes, and fret ownt
the profiles on the scroll saw (Fig B-7).

With all the lines and center points in place, and
having carefully checked for accuracy, run the four
Yy"-diameter holes through on the drill press.

Starting with the connecting rod, take your knite and
n set to work whittling the cutout to shape. And just in
Ccase you are a beginner to whittling, if vour knife is sharp,
and if you are working with an easy-to-cut piece of wood,
you won't have any problems.

Having once again studied the working drawing (Fig

g-1), templates (Fig 6-2) and photographs, take your
small, sharp knife and start whittling the straight part of
the rod to a roundish section. The hest technigue is to set
in the circle lines of the ends with stopcuts—on hoth sides
of the wood and at both ends—and then to carefully slice
the blade into the stop-cut so the waste falls away. If you
waork with a careful thumb-hraced paring cut, vou won't
have any problems with the knife slipping (Flg B-8).

When you have shaped and lowered the round

section so the flat faces of the end circles stand
somewhat proud, take a scrap of sandpaper and generally
rub down the whole workpiece to a smooth, slightly
round-edged finish.

n Run a V-cut around the big end to achieve the
illusion that—just like a metal casting—the form is
made up of two parts.

When vou are pleased with the overall shape and

feel of the connecting rod, follow through with more
or less the same whittling procedures for the crank. That
is to say, set the ends in with stop-cuts, and then pare
away the central portion so it is half-round in section.
Make sure the square, flat end stands slightly higher than
the rest of the pieca.

B4 RECIFROCATING EMGINE

FIGURE B-7

Run the center line in the direction of the grain, and then have
the profile set square and symmaetrical with the line. Be sure to
double-check the position of the dowel holes.

FIGUHE 6-B

Woerk with a careful thumhb-hraced paring stroke, all the while
being ready to braks if the hlade slips. Tip: a razor-sharp blade
is much safer to nse than a blunt blade that needs to be bullied
into action.

FIGURE 6-8

When you have completed all the component parts that make up
the project, spread them out on the work surface, and check them
over just to make sure everything is correct.



ASSEMELY AND FINISHING

When you have completed all the component parts
n that make up the project (Fig 8-2), then comes the
pleasure of putting the machine together.

Having rubbed down all faces and edges with a
E sheet of fine-grade sandpaper, wiped away the dust,
and had another trial fitting—just to make sure everything
comes together for a good fit—give all nonglued surfaces
a swift wipe with the teak oil, and put the whole works to
ane side ta dry.

Glue and peg the backboard to the base so it's at
E right angles, and glue and peg the buttress in place.
It's important everything is true, =0 spend time checking
with the ruler and square (Fig 6-10).

n Glue and peg the rails in place, check that the piston
still fits, wipe away any excess glue and clamp up.

Glue the three pivot rods in place: the small end rod
H that stands out from the piston, the rod that runs out
from the hack of the crank, and the handle or hig-end rod
that stands out from the front of the crank. Wipe away
excess glue, check alignment, and put the rods to one side
until the glue is set (Fig 6-11).

FIGURE 6-10
Having glued, check for squareness before clamping.

Finally, slide the crank rod through the backboard, fit
ﬂ the fixing pin, slide the piston down in place
between the rails, set the connecting rod on both the crank
rod and the piston rod, and . . . the project is finished.

FIGURE 6-11

The movement hinges on the dowel rods being carefully placed
so they are square with the working face. Make several checks.
(left) Piston. (right) Crank.

PROBLEM SOLVING

= [1 you like the idea of this project but want to change the
design, no problem, as long as there is clearance between the
bottom of the piston and the rounded end of the crank and
between the square end of the crank and the base slah, If in
douht, it's always a good idea to make a working model

= When you are ordering your wood, always ask for wood that
iz well seasoned and dry. I say this because partly seasoned
wiood is likely ta split, warp or shrink, and damp wood is
difficult to work,

* Having said the straight-grained tulip is suitable for the
backboard and the hase, this is not to say it 15 suitable for the
small parts that are to be whittled. If you have any doubts as
to the suitability of such and such a wond for whittling, it's a
good idea to try a sample with your knife,

* Shop-bought dowel rod is a problem inasmuch as the
‘sizing is varlable and unreliable. For example, my so cailed
4/y"-diameter dowel is a very loose fit in a +/5" hole, whereas
my *:" dowel is too big for a7 hole and a sloppy, loosa fit for
a8 %/s" hole. This being so, it's always a good idea to check out
vour dowel supply at the start of a project, and then modify
the project accordingly.
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PROJECT 7

0il Pumping Rig

PROJECT BACKGROUND

We have tried in this project to capture the essential im-
agery—the tower, or derrick, seesaw beam, crank and nod-
ding donkeylike head. The movament is beautifully direct;
when the handle is turned, the crank revolves, with the
effect that the beam oscillates and the loose-pivoted don-
key head at the end of the heam slowly nods up and down.

PROJECT OVERVIEW

Have a look at the project picture (right), the working draw-
ing (Fig 7-1) and the templates (Fig 7-2), and note that the

machine is made up of 5ix primary elements: a base slah,
tower, balance beam at the top of the tower, pivot plate that
holds the beam, crank, and connecting rod. And, of course,
there are secondary elements like the donkey head and the
various pins and pivots.

This project is ideally suitad for the beginner, inasmuch
as it can be cut and worked with nothing more complicated
than a scroll saw and pillar drill. What else to say, except
that this machine is great fun to make and great fun to
watch in action.

BE COIL PUMPING RIG
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OIL PUMPING RIG WORKING DRAWING

FIGURE 7-1

The machine stands ahout
6" high and 7" long.

(top) The grid scale is four
squares to 1"

(bottom) The grid scale is
two sguares to 1"
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OIL PUMPING RIG TEMPLATES

FIGUUHE 7-2

The scale is four grid squares
to 1"

A Derrick tower

Crank plate,

Cenber pivot platas,

End pivot plates,

M = M |

Donkey head.

sides.

centar.

F Connecting rod.
G Handls,




CUTTING LIST

A Derrick tower

s % B 7 tulip

B Crank plate 1=%% = &= 2 pitch pine
C Canter pivot plates 2=/ = 1/; = 2 mahogany
I End pivot plates 2— x4 1 mahpgany
E Donkey head: sides 2=y = 1= 2 mahooany
CENter “Yux 1+ 2 cedar
F Connecting rod Yew 144 = 4 mahogany
G Handle Yy w14« 2 mahogany
Base TAuw 4 % 7 fulip
Heam *fe=1=Hcedar
Fivot rods Ls" dowel
Fixing pins round toothpicks
CHOOSING YOUR WOOD

Inn the context of this easy-to-make project—no wood turn-
ing or fancy carving—all that is required of the wood is that
it he easy to cut and work, That said, what hetter woods to
use than tulip and mahogany? We chose tulip for the base
and derrick; scraps of mahogany for the pivot plates, don-
kev head cheeks, connecting rod and handle; cedar for var-
ious hits and pieces, and shop-bhought dowel for the pins
and pivots.

MAKING THE BASE, DERRICK AND BEAM

Having spent time studying the working drawing
n (Fig 7-1) and the templates (Fig 7-2), bringing your
tools to good order, and generally making sure your
chosen wood is in tip-top condition, draw the design to
size and make a clear tracing.

Take vour chosen “/:"-thick wood, note how the
E grain neads to run in relation to the profiles,
meaning the shape of the hase, heam and derrick, and
then carefully transfer the imagery accordingly. The
best procedure is to first establish the position of the
haseline and the center lines, then fix the position of the
centarpoints for the holes and curveas, and then finaliza
the profiles with the compass and ruler.

Having marked the base slab, beam and derrick, and

heing satisfied with the way the imadgery relates to
your chosen pieces of wood, move to the scroll saw and
set to work cutting out the profiles (Fig 7-3).

70 [OIL POMPING RIG

FIGURE 7-3

Although both the base and the heam are simple structures, this
is all the more reason they need to be carefully marked. If you
decide to redesign such and such a detail, bear in mind that
smooth, easy curves are much easier to cut and work than small,
tight angles.

Having fretted out the three primary profiles, move
n to the bench drill and set to work sinking the various
holes that make up the design. Don't worry too much
about the two large pierced holes in the derrick (Fig
T-4)—they can be larger or smaller or even placed ina
different position; it makes no difference—but do make
sure the pivot and fixing holes in the derrick and beam
are precisely placed.

FIGURE 7-4

When you come to sink large-diameter holes, the working
procedure is to run the bit in for about */+", then bring it up and
ont and clear the waste, run the drill in another */+", clear the
waste and so on until the hole has been cut. If you try to force the
pace and run the hols through in one great thrist, vou risk
splitting the wood or doing damage to the drill bit.



FIGURE 7-3

it's always a good idea to stop along the way and try ont the
eomponent parts for size. This method of working gives you time
o assess your prograss.

Finally, having cut out the three primary
E components and drilled the holes, have a trial fitting
and set them in place one on top of another (Fig 75). It's
important the derrick stands true to the base and the
heam sits sgquare. To this end, spend time sanding and
adjusting to a good fit.

MAKING THE PIVOT
PLATES AND DONEKEY HEAD
Before vou put tool to wood, cast your eves over the
working drawing (Fig 7-1) and templates (Fig 7-2),
and see how various plates and parts come together. Note
how the pivot plates at the tail and center of the beam are
cut and worked in pairs and pinned and glued at gither
side of the beam, while the donkey head is made up of
thrae layers and loose pivoted on the end of the beam.

When you have a clear understanding of just how

the parts need to be worked, meaning the order of
work and the procedures, take the two Y4"-thick pieces
of wood that make up the tail and centar plates and pin
them together with a couple of tacks so vou have a
two-layer sandwich.

Now, having drawn the imagery, fixed the center
E points, and drilled out the \/+"-diameter center plate
pivot hole, tap a length of dowel in the hole to ensure
that the holes are identically placed, and run the wood
through the scroll saw (Fig 7-8). Repeat the procedure
with the tail plates.

FIGURE 7-6

If you need to cut ont a number of multiple parts, meaning
identically matched parts, it's a good ldea to layer up the wood,
drill out any holes, and cut ont all the parts at once.

When you have completed the two sets of plates—all
n cleanly fretted and drilled—set them in place on the
beam, and hawve a trial fitting. Fencil lahel the plates with
alipgnment marks so you know what goes where and how,
and decide which of the surfaces are to be glued.

H To make the donkey head, rerun the layering and
cutting procedures as already described, only this
time, cut through three layers of wood rather than twao.

FIGURE 7-7
Having achievad the thrae identical profiles that make ap the
donkey head, cut sway the waste from the middle Iayer.
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FIGUHE 7-8
The head needs to be a loose-rocking fit on the end of the beam.
Spend time variously ronnding over the end of the beam or
cutting the hole bigger.

Having achieved the three identical scroll-sawn

profiles that make up the donkey head, carefully saw
away the waste from the middle layer (Fig 7-7). If vou have
done it correctly, when yvou reassemble the three layers—
the thin layers on the outside and the thicker, partially
cutaway layer at the center—you should finish up with a
little hatlike structure that sits neatly on the end of the
beam (Fig 7-8). Check the head for size.

MAEKING THE CONNECTING
ROD, CRANK PLATE AND HANDLE

Have a look at the working drawing (Fig 7-1) and
n templates (Fig 7-2), and see how the connecting rod
needs to be cut and worked. Note that the row of hlind
holes is no more than a decorative feature,

E Draw the profiles to size, and transfer them through
to your chosen pieces of wood.

The crank and handle plates (Fig 7-9) are straight-
torward: establish the position of the pivot holes,
drill them, and then fret out the profiles on the scroll saw .

When vou have fretted out the handle plate, check it
n out for size, and decide how it is going to be placed
inrelation to the whole structure. For examuple, if you look
at the photograph (Fig 7-10), you will see that in the first
instance, we considerad having the handle on what came
to be the front of the machine,

The connecting rod {s simple enough to make: All
H vou do is fret out the total shape, run the pivot holes
through with the '/.:"-diameter hit, and then sink the blind
holes at regular step-offs along the center line (Fig 7-11).
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FIGURE 7-8

The precise shapes of the crank plate and the crank aren't too
important, as long as the profiles are well placed with the run of
the grain and the position of the holes is positively established.
To this end, yon must douhle-check the position of the hole center
points and see to it that the initial marking relates to the grain.

FIGURE 7-10
Try the handle plate for size, and make sure thers is enough
clearance between the swing and the base.

FIGURE 7-11

To mark the connecting rod, draw in the center line, estahlish the
distance batwean the two pivot points, and decide on the best
size of drill hit for the blind heles.



FIGURE 7-12
Set out all the component parts—all drilled and with most of the
raw edges sanded back—and check them for potential problems.

ASSENMEBLY AND FINISHING

When vou have completed all the component parts
n that make up the design, spread them out on the
work surface, and check them for potential problems
(Fig 7-12).

When vou are pleased with all the component parts,
E take the finest-grade sandpaper and swiftly rub
down all the faces, edges and corners. Pay particular
attention to bearing faces, meaning surfaces that are
going to rub together.

Having drilled, pegged, gluad and clamped the

derrick to the base—and put it to one side so it is out
of harm's way—then comes the tricky task of gluing and
fitting the donkey head.

Being mindful that the head needs to be a loose-

pivoted 1it on the end of the beam and the heam and
middle layer are both cut from the same */=" inch wood, it
follows that the head end of the beam will need to be
reduced in thickness, The best procedure is to glue and
clamp the head, try it on the end of the beam for size (Fig
7-13), and then reduce the beam thickness accordingly.

E Have a trial placement of the various heam plates,
and make sure you are clear in vour own mind as to
how the parts need to come together.

Fit, drill, glue and peg the two pivot plates in place,
set the two connecting-rod bearing plates at the tail
end of the heam, and glue and clamp them in place.

FIGURE 7-13
Having glued and clamped the donkey head, try it on for size, and
reduce the width of the beam end for a loose fit.

When vou are happy with the placement of the

various plates, set the donkey head on the beam, and
fit with a pivot rod. Make sure the head is a loose-nodding
fit [Fig 7-14).

H Finally. glue the two rods in place in the crank plate,
el all the pins in place, and have a trial run to test
out the movement,

FIGURE 7-12

Drill and pivot the donkey head so it is a loose-nodding fit. If you
have got it right, the peg should be a tight fit through the beam
and a loose fit through the sides of the head.

PROEBLEM SOLVING

= Ag always, much will depend on your tool kit If vou can't
get use of large drill bit sizes or you have to make your own
dowels or whatever, you will of course have to modify the
technicues accordingly
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PROJECT 8

Centrifugal Impeller Pump

PROJECT BACKGROUND

The poor, old, impeller pump is one of those clever little
hits of unsung machinery that's been around for such a
long time that wa eithar take it for granted or simply don’t
know it's there! Centrifugal impeller pumps are used pri-
marily to move liquid along pipes. And they aren’t too par-
ticular about the liguid: water, nil, petrolenm, beer—it's all
the same to then.

The classic centrifugal impeller pump consists of a
wheel enclosed within a hollow chamber or reservoir, with
the wheel having sliding gates and the chamber having
slots or holes. In action, when the whesl spins around, the
gates fly outward, with the effect that the liguid within
the box is suddenly caught up in an enclosed space that is

getting smaller. And, of course, when the hody of fastmov-
ing liquid passes ong of the slots or holes, it is forced out
under pressure.

With our pump, when the crank handle is furned, the
centrifugal lorce causes the little gates to slide out of their
slots and follow the casing profile (right).

PROJECT OVERVIEW

Have a look at the working drawing (Fig 8-1) and the tem-
plates (Fig 8-2), and see that, in essence, the machine is
made up of four primary elements; a fretied base slah,
cradle and collar, turned tube, or chamber, that sits in the
cradle, and turned shaft with integral vanes, or gates, that
pivot within the chambher.
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CENTRIFUGAL IMPELLER PUMP WORKING DRAWING
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FIGORE 8-1

At a grid scale af two squares
0 1°, the machine stands
abeut 7" high with a slab at
& lamg:
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CENTRIFUGAL IMPELLER PUMP TEMPLATES

FIGORE B-2
T | Thea scals is two grid sguaras
ol
A Has=slah,
B Credls.

gides.

oeoter.
E Meino turnings.
ochamher.
ohaft
Pipes.
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Crembc hemdle,
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CUTTING LIST

A Haseslabh /e w4l/;» T cadar
B Cradle;
sides 2= *5* B plum
center *#a% B * B beech
C Maln turnings 4=dq 20 lip
chamher
shaft
I Pipes 1= 1 beach
E Bossring Lo w 13/« 192 plum
F  Crank plate e w2l = 45 plum
G Crank handle 214" —1/7" white dowel
MAKING THE BASE,

CRADLE AND CRANK HANDLE
Whean you have studied the working drawing (Fig
a8-1), templates (Fig 8-2) and the various hands-on
illustrations, and when you have gathered your wood and
brought your tools to order, draw the design to size, and
make a tracing.

E Take vour chosen pieces of wood—the piece for the
slab and the piece for the crank plate—and use the
sguare, ruler and compasses to mark the profiles.

Having marked the slab and crank handle, take the
E three layvers that make up the cradle, and sandwich
them together so that you have a total slab thickness of
about 1°/4".

Take the pencil, ruler and compasses and mark the
n shape of the cradle on the topmost layer of the
sandwich. Make sure you arrange the profile so the grain
runs through the cradle from the top down to baseline.

With the design carefully drawn out, tap three or four

thin pins throwgh the sandwich—down through the
area of waste that is to be cut away—to ensura the three
lavers stay put.

When you are happy with the layout, use the scroll
saw to cut out the profile.

Continue feeding the wood into the saw, slowly

maneuvering around the curves, cufting out the
circle of waste and so on until the profile is cut out
(Fig 8-3).
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J
FIGURE E-3

Secure the sandwich with pins and fret out the form on the scroll
saw. Be careful at the end of the cut—when the layers are no
longer pinned—that the layers don't slide out of kilter.

E Take the crank plate, drill the holes through on the
drill press, and then fret out the shape on the scroll
saw (Fig 8-4).

FIGURE B-42
Check the crank handle for shape and size—I use a length of
dowel—and take an accurate caliper reading of the shaft hole.

u Finally, sand the parts to a good, smooth, round-
edged finish.



Copyrighted Material

TURNING THE CHAMBER AND SHAFT
Bafore you put tool to wood, have & look at the
working drawing (Fig B-1), the templates (Fig B-2)

gnd varioue hande-on photographe, and es= thet the main

body of the pump 1s made up of two componente: 8 hollomes
chamber end shaft. Note the way the outside of the haft is
gpigoted end the inelde of the chember ie stepped so the
two come together for a emooth-turning, shding it

Heving noted theat we've turned the two component parts

from & single length of wood, thie ie not to say you can't go

for two seperate turninges.

When you are clear on the order of work end the
E procedures, take your 4° = 4° sgquars esction of
eEEy-to-turn wood—wemne use tulip—and establieh the end
center points by drawing croseed diagomels

Turn down the wood to a8 round esction of about 3%,

then take the raler and dividers and meark along the
cylinder all the step-offs that make up the design. Working
from right to 1eft, that 15, from the teilstock end, allow a
emall ammount for tailetock waste, 42" for the back end of
the chemhers, 34" for the first cowve, ahout 174" for the neclk,
/3" for tha naxt cove, 37" for the head, 1° for what will he
the front hand of the chamber, abhout 25" for waste, /%" for
what will be the spigoted end of the drive shaft, meaning
the kit with the sliding gatas, 4" for the length of the shaft,
end the remainder for headstock waste (Fig B-5).

With sll the primary etep-off guidelines in place, usa

the parting tool and round-nosed gouge to sink the
main blocks of waste (Fig B-6). Almto finieh upwith a
chamber neck at sbout 124:" in dismeter eo it's a nics,
comfortehls fit in the cradle callar. Bink the hetween-
component waste so you are laft with s central core at
gbout 17

With the chamher profile crisply roughed out, take

the tool of your cholce—ee use a round-nosed
ecraper—and carefully tum the decorative coves and
beading to shape (Fig B-T). A6 to the precise shape of the
cowes and beads, look to the templatee (Fig B-2) end ses
that they ara really open to your own interpretetHon.

When you hawve achieved what you conelder s a
E good chember profile, folloe thronagh the sizing and
roughing out procedures ae already desctibed, and tun
down the sheft end spigot to ehape. Tha splgot needs to fit
the hole made by a 8%:"-diamater bit, while the shaft
neede to b= a sliding fit in a 1"-diamater haole

FIGORE 8-5

Mark all the step-affs that malos up the design, and shade in the
bands of part-off wasts s 35 ts aveld mess-ups. I you tHhink it
belps, pencil label the sthar arsas.

FIGORE 3-8

Use the parting tosl te swiftly sink the large areas of wasts. Be

wary whea you are sinking the narrow trench of wasts that the
ool deesn’t get stuck and Kind. To this end, best cat the tranch

shightly wider than year teol.

FIGORE 8-7
Dse a rennd-nesed gesge or scraper b tom the reanded cove
curves ts shape. Be watchiul that the toal dossn't snag and jamgp.

CENTRIFUGAL IMPELLER FUMP T8
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Having hronght the taraing &0 & gosd fAndsh, fif the 1"-dlameter
Mt In the talstock drill chuck and n the shaft bole Inte a depth
of a cougle of Inches. Be careful when you enter and extt that yes
don't kneck the warkplecs eff-canier.

When you have completed both turmings—the

chamber and shaft—eink the 1"-diemeter hole in the
end of the chember to a depth of abhout 2", and partt them
off from tha lathe (Fig B-8).

Take the shaft and mount 1t on the lathe eo the stem

of the shaft 1e held secure in the jawe of the chuck
gnd the spigot end is centered and phrated on the live
center at the tallstock. Thie done, uee the parting tool end
the ekew chissl to turn the bose and decorative rings and

to generally clean up (Fig 8-B).

When you are pleassd with the shaft, remove it from

the lathe, and mount the chamber with the beck end
of the chamber held mn the clnck—ths end with the hlind
hols—and the front end pivated on the Hwe tailstock
CEOtET

Faceup the front and of the chambser, fit the drill

chmck in the teilstock, and set tn work boring out the
two holee—the large ons at 214" dismeter and the othar
end of the 1" shaft hole. First sink the large-diamseter hola
to a depth of 1°, then follow upwith the 1"-diameater hals,
gnd then finally tdy up withthe large-sized bit (Fig B-10).

Now heve a trial Htting. The shaft needs to be a
m smooth-eliding fit through the chamber, the face of
the eplgot nesde to be sst back a lttle from the front rim of
the chember, end the whole worke has to be 8 snug fitin
the cradle [Fig 8-11).

B0 CENTRIFUGAL IMPELLER PUMP

FIGORE 8-9

When yen have tamad off tha bess and tha rings at the fraat of
the spigot, spand time geserally tidying up. Make a peintof
cleaning out the step sa the back face of te spigot Is at right
angies & the shait.

FIGORE 8-10

It you sink the hele In stages by repeatedly ranning the bit In and
out, yeu will aveld baraing the wosd er the bit. Be carelul when
¥Ou exdt that yen den't trow the workplecs off-center.

-

FIGORE B-11

Have a trial fitting. The chamber needs to be & tght-gripped £it in
the cradis, while the shaft nesds to be abls i tam frealy within
he chambar.
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FIGORE B-12

{topd With the spiget shaft wall grippad and supported between
a couple of weoden V-Macks, rum the */."-ameter drill hales 3l
e way dewn through the thickness of the spigot end

{Bottom) Bupport the shalt in of o the V-hieck, and clear the
waste with a small, fing-teothed gents or brass-backed handsaw.

Haying matked on the fromt face of the spigot the
E gize and poeition of the four gate slots, the tricky
task of cutting them out comes. The best method 16 to first
clear the ands of the slots with the 3/4"-dlemeter drill—
thie establishes the width and dapth of the elot—and then
usa the back saw to nn parallsl cuts from the rim of the
epigot through to the drilled holes (Fig B-12).

Finally, nm two '%"-diameter holee through the rim

of the chamhber for the plpes, and cut a slice out of
the hendle end of the shank in readiness for fitting the
crank with & tencn wedpge.

TURNING THE PIPES AND BOSS HING

With the greater part of the project made, nomer 1s the
n time to look to the working drawing (Fig B-1) end
then perhepe to modify the unmade components, beceusa
if your way of working 1s anything liks mine, then chances
ere some part will need to be reshaped or resized.

When you have a clear understanding of precisely

how tha remainder of the project needs to go, take
the length of 1" = 1" square sectlon wood, mesning the
piece youhews chosen for the pipes, end mount it in the
lathe as already dascribed.

Swiftly turn down the wood to a dismeter of about
E /4", then take the ruler and dividers end mark all the
etep-offs that maks up the design. It's beantifully easy; all
you do is allow about 24" for tallstock weste, and then
mark eight 43" etep-offe

‘With the step-off guidelines in place, take the skew
chisel and round-nosed gouge end est to work
eystamatically turning off all the littls curwes and groowves.

After turning the string of repeat cute that make up
the two little pdpes, bumn in the decorative V-cuts
with the wire, end clean up with the skew chisel [Fig 8-13).

Fmally, fit the */s" Foretner bit in the tatlstock drill
chuck, run ahole through the whols length of the
turning end then part off

With the two pipss made and off the lethe, ues the

ectoll saw to ewiftly cut a Httle disk hlank of plum to
Elze—1t needs to be ahout 42" thick and 142" in diamater—
gnd mount it in the jewe of the chuck.

Now turn down ane face of the blank to an accurate

disk, reverse the disk in the chuck and tum the
other face round ower the edge of the disk soyou havea
little domed shape. Orill the turning through with the
E/e"-diameter drill bit [Fig 8-14;.

FIGORE 8-13
‘Use tha toa af the skew chisel fs 5ot In the varises sbaps

FIGORE B-14

D'se the "/, bit s Tan the boe all the way tirough the bess. If you
are werking in the way described, yes should be able be rm the
Bit throngh without tenching the Inside facs of the chack jaws.

CENTRIFUGAL IMPELLER FUMP 81
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FIGURE B-15
The component parts—all cut and ready for putting together.

Lastly, having first checked that the hoss does in
fact fit into the ring, ruh it down with the graded
sandpapers and take it off the lathe.

ASSEMELY AND FINISHING
n Check the component parts for potential problems
and make sure they fit together (Fig 8-15).

E Cut the little sliding gate blocks to size, note how
thev fit in place, and generally rub down all the
mating faces so the gates are a well-contained sliding fit.

Set the gates in the slots, and hold in place with the
hoss ring (Fig 8-16); set the pipes in their holes; and
set the crank handle on the end of the shaft (Fig 8-17).

Set the chamber in the cradle, and draw a couple of
registration marks so you know what goes where

FIGURE B-17

Set the pipes in the holes so that they
are aligned with the azis or center of
the turning.

FIGURE 8-18

828 CENTRIFUGALIMPELLER PUMP

The chamber needs to be a tight-gripped
fit between the cradla and the collar.

FIGURE B-1B
Set the ring on the boss so the gates are nicely contained; they
need to be a loose, sliding fit.

and how (Fig 8-18). Generally pencil mark the position of
the cradle on the base and the crank on the shatt 50 you
will be able to complete the gluing stage without giving
much thought to the positioning.

Finally, when you are pleased with the look and

fit of the whole project, giue it together (Fig 8-15).
Drill and fit the decorative dowel peqgs (Fig B-1), wipe the
whole workpiece with the teak oil, and burnish it to a
sheen finish.

PROBLEM SOLVING

= If you are new bo wood turning I strongly recommend you
get a four-jaw chuck, a tailstock drill chuck, and a really good
set of Forstner drill bits.

FIGURE 8-18

Glue fit the chamber in place in the cradle,
and then ghie mate surfaces and sat the
collar in position.
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PROJECT 89

Sector Wheel Bearing Machine

PROJECT BACKGROUND
Bector whesl hearings are, in many wayes, at the very heart
of engineering systems.

Bector whesls are the "wheels within wheelg' that kesp
everything moving. Their primary functon is to smooth
ot the operation by reducing friction, In much the sams
way 88 rmller bearings and ball bearings. In fact, sector
bearings were inventsd hefore all the rest; they were the
prototype for bearings that were to foll o

The working movement of this machine is wonderfully
elmple end direct: as the crank handle is turned on the

fixed pivot, the captured whesls within the sector framas
will follow the fixed peth defined by the edge of the

pan [right).

PROJECT OVERVIEW
Hevra a good, long look at the working drawlng (Fig 8-1) end
the templates (Fig 9-2), and consider thet, at a grid scaels of
two squares to 1', the machine etands shout 5 in total
hedght and 7 actoss the diametar of the wheel pan.

The machine 158 made up almost emtirely of tumed
components—the pan, bearing whesels, handle and knobe

SECTOR WHEEL EEARING MACHINE B3
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SECTOR WHEEL BEARING MACHINE

B4 SECTOR WHEEL BEARING MACHINE
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SECTOR WHEEL BEARING MACHINE WOREKING DRAWING
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SECTOR WHEEL BEARING MACHINE TEMPLATES

FIGURE 3-2

The scale is two grid squares
to 1" for the black silhouettes
and four squares to the inch
for the line drawing.

Large pan.

Eearing wheels,

Sector frama.

Decarative knobs (8)
Buns{3).

Bun knobs.

Handle base.

Handle,

=Emoo WM BE O 8

Washer.



CUTTING LIST
A Large pan 2 * 8 » 8 maple or beach
B Bearing wheels 2= 2 heach
C Sactar frama 35 % 4 = 4 cherry
I Decorative w30 n O walnut
knobs (6)
E Buns(3)] 144 145 = 10 beech
F Bunknoh
G Handla base 1=1=&charry
H Handle 1% 1« B cherry
I Washer 1=1= 5 charry
Pivats and pegs I/n" dowel
{or round toothpicks)
CHOOSING YOUR WOOD

As with all the wood-turning projects, the wood must be
gasy to turn The wood must he well seasoned, straight
grained, and generally described as heing easy to turn. We
settled for beech for the large pan and the bearing wheels,
American walnut for the decorative knobs, and beech for
the feet.

MAKING THE PAN

Having studied the working drawing (Fig 9-1) and
n the templates (Fig 9-2), carefully selected your
wood, and painstakingly planned the seguence of work
50 vou know how to proceed, take the 2"-thick slab of
beach—the piece for the base—and mark it with a
7 -diameter circle.

o

FIGURE 8-3 FIGURE 85-42
Use the mler and dividers to mark the

central pivot point, the width of the track,
and the decorative band that runs aronnd

the turning. of the pan.

Use the parting tool to lower the waste to
the desired depth. Hold the tool so the
inside faca is at right angles to the bottom

Cut out the blank on the band saw, and mount it ona

B"-diameter faceplate. Use short, fat screws at ahout
/3" long for fixing, with about *<v" of the screw going into
the wood

Mount the whole works on the lathe, set out all yvour
tools so they are readily available, and check that
you and the lathe are in good, reliable working order.

n Position the tool rest over the bed of the lathe, and
115e a large gouge to swiftly turn down the hlank to a
smooth diameter of 77,

Mark the center point with the toe of the skew chisel,
H and then fix the dividers—first to a radius of #" and
then 19/4"—and mark the face of the wood with the various
lines that make up the design (Fig 8-3). Move the tool rest
out to the side of the lathe, and mark the band that runs
around the edge of the wheel,

Use the parting tool and skew chisel to sink the
E 174:"-wide wheel track to a depth of I". Bring the
whole area to a good, smooth, sharp-sided finish. The best
working procedure is to first establish the depth at the
sides and then to clean up the rest (Flg 9-4).

Continue turning the decorative beads that run
around the rim, continue turning the edge, and so
on (Fig 8-51.

FIGURE 8-5

Use the tool of your choice to turn the
decorative beads that run around the face
of the pan. Nota that I'm using an old fila
I've ground to a beaklike point.

SECTOR WHEEL BEARINGMACHINE B2



When happy with the profiles and finish, take a

length of wire and friction bhurn the grooves that
decorate the channel that runs around the edge of the pan
(Fig 9-6). Warning: on no account should you wrap the
wire around your fingers or have loop handles; use sticks
g0 the wire can be swiftly released it there are snarls.

n Finally, having first rahbad down all surfaces to a
smooth finish, leave the turning on the faceplate,
and take it off the lathe.

TURNING THE WHEELS

Take the length of 27 » 2" square wood you've
n selected for the wheels, establish the end center
points by drawing crossed diagonals, and mount it
securely on the lathe.

Having turned down the wood to the largest possible
E round section, use the dividers and parting tool to
cut the two wheel thicknesses. Aim for two '/="-thick
wheels at 1°/:" diameter, It is best to clear the bulk of the
rough with the gouge and then to use the skew chisel to
shave the turning to a good fit and finish (Fig 9-7).

When vou think the wheels are to size, carefully

draw the tailstock out of the way, and have a trial
fitting of the wheels in the pan (Fig 2-B). Be cautious that
you don't knock the workpiece off-center.

With the wheel diameter marginally smaller than
n the width of the pan track, rub down the wheels to a
smooth finish, and part them off one piece at a time (Fig
9-9), Mote: if vou have a tailstock drill chuck, you could
bore out the pivot holes prior to parting off.

FIGURE B-7
Use the left hand both to support the workpiece and to control the
cutting pressure.

FIGURE 8-B

When vou think the wheels are to size, stop the lathe, back the
tails tack out of the way, and have a trial fitting. Aim for a small
space between the side of the heel and the center of the pan.

FIGURE B8-8

Firmly hold the copper wire on tap of the spinning workpiece to
friction burn a series of decorative rings. Warning: on no acconnt
shoiild you wrap the wira around yeur ingers or have loop
handles; you must be able to swiftly drop the wire if it snarls.
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FIGURE 8-8
Having cleaned up the face of the first wheel, back the tails tack
ont of the way and carefully part off.



FIGURE 5-10
Use the parting tool to sink the channel at the bottom of the pan.

Lastly, having first run 4/s"-diameter holes through
E the wheel centers, mark the position of the wheel
centers on the bed of the pan track. This done, remount
the pan on the lathe, and cut the center-of-wheelline with
at"-wide, */4"-deep channel (Fig 8-10).

TURNING THE DECORATIVE
KNOBS AND BUNS
First of all, have a look at the working drawing (Fig
9-1) and the project photographs, and see that there
are 5ix decorative knohs set at 60° intervals around the
top rim of the pan and three knobs, or buns, set at 1=20°
intervals around the underside of the base.

E Feel free to change the shape and size of the
turnings to suit your needs, select the length of
wood for the decorative knobs, and mount it on the lathe.

With the wood securely mounted between the
four-jaw chuck and the tailstock, turn it down to a
diameter of about 12",

Use the dividers to mark the string of beadlike
H repeats that make up the six knobs. Tused a /3"
module—*:" for the top of the knob, '/." for the bottom,
and /5" for the stalk or spigot (Fig 8-11). Sink the waste,
meaning the width of the spigaot, to match one of your drill
hit sizes, Aim for a diameter hetween /=" and /5",

With the little blanks all cut to size, take the skew
E chisel and set to work systematlcally turnmg them
to the desired shape. Work along the turning in one
direction and then rarun in the other diraction, Turn off
the bottom shoulder on all six forms, then cut in the
decorative lines on all six forms (Fig 9-12).

FIGURE 8-11

Turn down the eylinder so you have a beadlike string of little
drum shapes. Note how the wood is securely held in the chuck
and pivoted on a live tailstock center.

FIGURE 8-12

Use the Lieel of the skew chisel to turn off the sharp shounlders.
The best procedure is to work along the turning in one direction
and then rerun in the other direction. If you have doubts about
your turning skills, turn off more shapes than you need and select
the choice set.

When yvou have achieved what vou figure are six
well-turned knohs, take the wire and mark each
midline with a decorative, friction-scorched stripe.

Having first of all parted the knobs off the lathe with
n the toe of the skew chisel, set them one piece at a
time in the jaws of the chuck, and sand the cutolf points to
a smooth, rounded finish.

Have a look at the working drawing (Fig 9-1) and the
n various photographs, and see that we turned off four
buns—three to he used as feet and one to he used asa
support under the handle end of the little wheel frame.
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Working in much the same way as already

described, mount the wood on the lathe, turn it down
to a cylinder, use the dividers to set out the step-offs that
make up the design, reduce the waste at the spigot and so
on until you have four identical little drum-shaped blanks
{Fig 9-13).

To turn the buns to the roundish nutlike shape
m wou should:

+ Set the skew chisel flat down on the workpiece so the
heel is on the midline and looking in the direction of cut.

* Gently rotate the tool until the hlade begins to bite,

+ Lift and rotate so as to cut away the sharp shoulder. If
vou are doing it properly, the lifting-rolling action will cut
off a ribbon of waste, while at the end of the pass the tool
should be in the valley with the toe uppermost.

Continue to repeatedly set the heel of the skew on
m the midling, lifting and rotating—{first to the left to
remove all the shoulders on one side and then to the right
to remove the shoulders on the other side—until yvou
finish up with four well-turned forms (Fig 9-14).

Sand each bun to a smooth finish, then part off the
E turnings from the lathe, remount them one at a time
in the jaws of the chuck, and sand the part-off areato a
smooth finish (Fig 9-15).

MAEKING THE WHEEL
SECTOR BEARING FRANME

First of all, have a good look at the working drawing
n (Fig 9-1) and the line drawing (Fig 9-2), and see how
the form is drawn with a compass and ruler. Note how the
main pivot point is set at the center of a large circle, while
the bearing wheel centers are set on the circumference of
the circle,

When yvou have a clear understanding of how to
E achieve the image, draw it on your chosen piece of
A &"-thick wood so the center line runs in the direction
of the grain.

Fix the position of the four holes, and run them

through with the */«"-diameter drill bit. Then move to
the scroll saw and fret out the profile. Being mindful that
the spead of cut will change as you cut alternately with
and across the grain, run the line of cut & little to the waste
side of the drawn line.

80 SECTOR WHEEL BEARING MACHINE

FIGURE 9-13
U=ze tha parting tool to swiftly sink the arens of waste,

FIGUHE 8-14

Whaen vou have achieved what you consider to be a well-matched
set of buns, tidy np the spigots with the parting tool, and use the
toe of the skew chisel to very nearly part off the turnings one

FIGURE 9-15
Hold the bun by its spigot, and use the sandpaper to rnb down tha
part-off point to a smooth finish.

Using a large-sized drill bit—or you could cut a hole

on the scroll saw—reduce the weight and lighten up
the appearance of the form by piercing the center area
[Fig 8-1B). Be careful not to weaken the structure by
having the pierced window too near the edge of the profile.



FIGURE 8-18
Being careful not to get too near the edge of the profile, use a
large-sized drill bit to bore out the pierced window.

ASSEMBLY AND FINISHING

When you have made all the component parts that

make up the machine—the disk shape pan, two
wheels, sector frame, and various decarative hits and
knobs—check them over just to make sure they are free
from damage, give them a light rubdown with the teak oil,
and then clear the work surface to prepare for putting the
pieces together (Fig 3-17).

Before you do anything else, especially if there is a
E likelihopd that one of the component parts is made
from suspect wood—it might be damp or have a knot or
whatever—set the wheels in the frame and the frame on
the main pivot, and try out the movement. If all is correct,
the contact hetween the wheels and the inside face of the
pan should be such that there is just enough friction to
set the wheels in motion but not so much that they stick
(Fig 9-1E). If need be, take a fold of the finest-grade
sandpaper and rub down the wheel rims to fit.

Glue the three bun teet and the six knobs in place,
E glue the main pivot in the center of the pan, glue the
ends of the wheel pivots in the sector frame, fit and glue
the handle in place, fit the wheels in the frame and the
frame on the center pivot and so on until the task is done.
And, of course, if and when vou find that such and such a
component part sticks or is deformed or whatever—which
sooner or later you most certainly will—then be ready to
ease and modify the offending part accordingly.

n Finally, wipe away the dust, burnish the oiled
surface to a shean finish, and the machine is ready
far action.

FIGURE 9-17
Set out all the component parts, and check them over for
potential problams.

FIGURE 8-18

Whaen you are ready for glue, dip the points of round toothpicks,
wedge the points in loose-fit holes, make adjustments for a good
fit, and trim back when the glue is dry.

PROBLEM SOLVING

= [ think it falr to say that the innate character of this project
1z such that it needs to be made on the lathe. But what to do

il you haven't a lathe? Well, if you are really keen, you could
possibly seek out a latha af the local school or join a group or
build your own lathe.

* Being mindful that as wood drles it shrinks across the width
of the grain, this 15 all the more reascn you must use wall-
geasoned wood for making disks and wheels, If vou find that
the wheels jam when you bring the machine into the house—
even though they started out as a perfect fit—this is a good
indication that the wood 15 still drying, shrinking and moving,
Avoid using woods that are so inherently unstable that they
never stop moving,

= If at any point along the way you find that a component

part splits or doesn't seem to want to come out right or looks
wrong or whatever, always be ready to give it another try,
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PROJECT 10

Flywheel Propeller Machine

PROJECT BACKGROUND

This machine is made up of two key engineering devicas,
namely, a flywheel and a propeller, Flywheels must surely
be one of the most commonly used engineering mecha-
nizms of all time; they are everywhere ... in clocks, in auto-
mohiles, in motors, and in just about everything from tovs
and tools to tram cars and traction engines.

The dictionary says of a flywheel: “a flywheel is a heavy
wheel that stores kinetic energy and smooths the opera-
tion of a reciprocating engine by maintaining a constant
speed of rotation over the whole cycle” (right).

PROJECT OVERVIEW

Have a good long ook at the working drawing (Fig 10-14)
and the templates (Fig 10-1B). Note that the propeller boss,
flywheel, bell-shaped distance hubs at either side of the
flywheel, pull cord ring, and ball stop at the end of the shatt
are all turned.

If you don't have a lathe, yvou can modify the forms and
make them from flatwood cutouts. The efficiency of the
movement hinges primarily on the flywheel's precision
and any nonturned modifications must be made with extra
special care,
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FLYWHEEL PROPELLER MACHINE WORKING DRAWING

FIGURE 10-1A

At a grid scale of two sgquares
to 1", the machine stands E™
high from the underside of the
base through to the top of the
flywheel, about 8" long, and
ahout 6" wide across the span

of the propeller.
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FLYWHEEL PROPELLER MACHINE TEMPLATES

| F | | | | FIGUURE 10-1E

The scale is four grid squares

to 1". Note that the position of
the sixz holes on the Aywheal

is fized with a compass.

Flywheal.

Stanchions (2],

Spacets (2],

Pull ring

Boss.

W M E O " b

Fropellers




CUTTING LIST

A Flywhee] 2+ B+ B maple

B Stanchions (2) 3/s » B * O cherry

C Spacersid) 144 = 1/ cherry

D Fullting 13/ = 1/ chermy

E Boss 1=1heach

F Propellers 2—'/4 = 1= 3 heech
Base e » 5= BY: beech
Ball stop 1=]
Main shaft 9° 3/ dawel
Fegs E"—1/" dowel
Fixing pins round toothpicks

CHOODSING YOUR WOOD

Two considerations influenced our choice of wood: the
need for the flywheel to be as heavy as possible and the
fact that the wheel was going to be marde on the lathe. We
settled for European beech for the hase slah, North
American cherry for the stanchions and the small
turnings, and North American maple for the flywheesl,

MAEKING THE BASE
Having studiaed the working drawing (Fig 10-14) and
templates [Fig 10-1E), take the */<"-thick slab of
beech—the piece for the base—and mark it with all the

measurements that make up the design.

Cut the base to size with your chosen tools and sand
it down to a smooth finish.

Have another look at the working drawing (Fig
E 10-14) 50 you know what goes where and how, and
than use a soft pencil, ruler and sguare to mark the base
with all the guide and placement lines. For example, label
the propeller end, draw in an end-to-end center line,
gstablish the position of the two stanchions, and so on.

MAKING THE STANCHIONS
Take vour chosen piece of wood and transfer the
lines of the design from the working drawings
through to the wood. Tip: I usually draw the design up to
full size on the work-out paper, make a tracing, and then
usze the tracing to establish the primary reference points.

Some woodworkers paste a paper pattern on the wood and

then cut through the paper, wood and all.

E Use the scroll saw to cut out the profiles.

Mark the position of the three holes: the
e"-diameter shaft hole and the other two holes
at /=" and 1/o" diameters.

When both cutouts have heen identically marked,

run the holes through on the drill press. It's
important from workpiece to workpiece that the shaft
holes are the same distance up from the basaline, so
spend time getting it right.

H Pencil label the stanchions for the propeller end and
which direction the faces are looking.

TURNING THE FLYWHEEL
Take vour 2"-thick slab of wood, fix the center point
by drawing crossed diagonals, and then use the
compasses/dividers to mark it with a circle at a little over
5" in diameter (Fig 10-2a).

Cut out the blank on the band saw, and mount it on a
3"-diameter screw chuck.

B Mount the whole woaorks on the lathe, and check that
you and the lathe are in good, safe working order.

u Position the tool rest over the side of the lathe, and
use a large gouge to swiftly turn down the blank to a
smooth diameter of a little over 5"

FIGURE 10-2A
Fiz the canter of the slab by drawing crossed diagonals, draw oat
the cirele, and then elear the waste with the band saw,



Move the rest over the bed of the lathe so you can
work the wood face on, and use your chosen tools to
furn off the face of the disk.

Mark the center point with the toe of the skew chisel;

then fix the dividers to a radius of about 1%/:", and
mark the face of the wood with a 3'/:"-tliameter circle,
Note: the circle must be slightly bigger than the diameter
of your screw chuck.

Use the parting tool and skew chisel to sink and
waste the center of the disk to a depth of at least /4"

Hring the whole central area to a good, smooth finish. e
FIGURE 10-3
Use the gouge and skew chisel to round over When you have completed the curve at one side, turn the skew
H the edge so you have a radius curve of about " chisel so it is nose down, and tidy up the V-section midline.

{Fig 10-2h).

Having turned down one radius curve, flip the tool
over, and start the curve on the other side of the
whes] (Fig 10-3).

Spend time cleaning up one side of the mrning (Fig
m 10-4) =o the profile is crisp and sharp, and then
record the diameter of the sunken area with the dividers
(Fig 10-5). Turn the wood over on the screw chuck, and
rerun the whole procedure on the other side.

When yvou have what vou consider is a nicely turned
flywheel, mb it down to & smooth finish, and take it FIGURE 10-4
off the lathe. Use the parting tool to elean up the edge of the sunken area.

FIGURE 10-2B FIGURE 10-5

Use the skew chisel to cat the guarter-circle curve that runs Before you turn the workpiece over on the screw chuck and work
from the center line and around to the rim of the sunken area. the other side, nse the dividers to take a radius reading.

I use the side of the skew chisel like a scraper; it's not very good
for the cutting edge, biit it gets the job done withoiit the nead
for changing tools.
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FIGURE 10-B

Having used a compass to fix the position of the siz holes, set the
flywheel on a disk of waste wood, and run the holes through with
a /4" bit, Everything needs to be well clamped and secure.

Use the compasses to position the six holes, and
drill them with a */:"-diameter Forstner bit. Lastly,
drill out the central */="-diameter shaft hole (Fig 10-8).

TURNING THE BELL-SHAPED SPACERS

Have a look at the working drawing (Fig 10-14) and
n templates (Fig 10-18). Apart from the flywheel, there
are five secondary turnings: two bell-shaped distance
spacers—one either side of the fly-wheel—a ring that
holds the pull string, a boss for the propeller hlades, and
a hall stop at the back end of the shatt.

E Take your piece of wood for the two bell-shaped
spacers and turn it down to a diameter of 1.

Use the dividers to mark the cylinder with all the

step-olfs. Allow a small amount at each end for
chuck waste, 1" for each of the spacers, and about /2" at
center for part-off waste (Fig 10-7).

FIGURE 10-7

When you have achieved the 1*-diamester cylinder, use the
dividers to mark the step-offs. Allow a small amount on each end
for chuck waste, 1" for each of the turnings, and about '/+" at the
center for part-off waste.

Study the shape of the bell (Fig 10-18), then use the
small, round-nosed gouge and the skew chisel to

turn down the twao little forms to shape (Fig 10-8).
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FIGURE 10-B

If your workpiece is supported in a chuck, you will be ahls to
cut the turnings one piece at a time from the lathe. Note the way
that we achieve symmetry by turning the two items as mirror-
image profiles. The idea is that we mowve swiftly backward and
forward from side to side, all the while making sure each stage
is wall matched.

B Rub down the turnings to a smooth finish, part them
off from the lathe, and run them through with a /6"
diameter hole—a hole to match the diameter of yvour shaft,

TURNING THE PULL STRING RING
Mount yvour chosen langth of wood on the lathe—
use a four-jaw chuck—and swiftly turn it downto a
diameter of about 1" (Figs 10-14 and B).

E Use the dividers to scribe the 1" length, Mark a
center line with the toe of the skew chisel, and part
off from the tailstock.

With the workpiece still secure in the jaws ol the
four-jaw chuck, mount a 1"-diameter Forstner bitin a
drill chuck at the tailstock end of the lathe, and runa

1"-diameter hole through your turning (Fig 10-9).

FIGURE 10-8

Drilling out the ring using a tailstock chuck and Forstner bit,
advanca the tailstock at a steady rate, every now and again
pulling back to clear away the waste shavings.



FIGURE 10-10

Although, as the photograph shows, we ran the hole straight
through the ring, it's really best to support the ring by sliding it
on a length of waste dowel

u Mow rub down the turning to a smooth finish, and
part off from the latha.

Lastly, using the center line as a guide, and being

gsure to drill across the grain, run a */«"-diameter hole
through the ring—down through one side and on down
through the other (Fig 10-10).

TURNING THE PROPELLER

BOSS AND MAKING THE BLADES
Mount vour carefully selected length of 1" = 1" square
wood securely on the lathe.

Hefore you go any further, have a look at the various

drawings and photographs, and see that the boss is
only partially turmed—at the nose and the corners—with
the sides 1eft flat. The idea is that the propeller blades can
he more easily fitted if they are located on flats,

E When vou have a clear understanding of just liow
the wood is to he worked, swiftly turn off the corners
of the 1" = 1" square section.

Having used the dividers to mark a single 1':"-long

step-off, take the skew chizel and turm down one
end of the workpiece to a smooth, round-nosed, or dome,
finish. Make the nose about /2" long and the flats about
1" long (Fig 10-11).

FIGURE 10-11
Turn down the square section so there are unturned */«"-wide
flats on all four sides.

FIGURE 10-12
Ose a sharp knife and a safe thuomb-hraced cutting action to
whittle the blades to shape and size.

Bring the turning to a good, smooth finish, and part

off from the lathe. Sink a “/="-diameter hole into the
flat end of the boss to a depth of about '/:=" and run a 44"
diameter hole through one flat side and out of the other.

Finally, when vou have considered the shape of the
E propeller hlades (Fig 10-1B), take a knife and &
couple of lengths of wood at about /" thick hyv 1" wide by
3" long and whittle the blades to shape and size. Aim fora
couple of well-matched paddle-blade shapes (Fig 10-12).
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FIGURE 1D-13
When yon have completed all
the component parts that

ASSEMELY AND FINISHING
When you have made all the component parts—the
hase slab, two stanchions, flywheel, two spacers,
pull cord ring, boss, propeller blades, and all the little
dowel pegs and pins—then comes the fun task of putting
everything together (Fig 10-13).

Start by dry fitting and pegging the two stanchions
E in place on the base. Set the propeller end stanchion
inplace, and then slide the shaft through the bearing, and
make sure it runs free and aasy.

Make sure the shaft is a smooth, accurate fit, then
E slide the other component parts on the shaft, drilling
and pegying as yvou go. From the boss end, the order gqoes:
front stanchion, spacer, flywheel, spacer, pull string ring
and back stanchion (Figs 10-14, 10-15, 10-16 and 10-17).

Check the spacing and the movement and, if need

be, rub down the shaft or the holes until everything
is a smooth fit. You might also have to reduce the length of
ane or both of the hell-shaped spacers.

With all the components in place on the shaft, spend

time adjusting for best fit. Make sure the pin-fixing
holes run through the center of both the component and
the shatt.

E Fit the hoss. Angle the propeller blades in the boss
s0 they look like fan blades (Figs 10-18 and 10-19).

100 FLYWHEEL
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make up the project, give them
a good rubdown with the
finest-grade sandpaper and a
swift wipe with the teak oil.
Be careful not to get the oil on
surfaces that are to be glued.

FIGURE 10-14
Peq the first stanchion in place, and slide the shaft and the first
spacer in position.

FIGURE 10-15
Do yoiir bast to see that the fizing pin runs betwesn rather than
across the holes.



FIGURE 10-1B
Cut off the flywheel pin so the wheel is able to turn, and slide the
other spacer in position.

When everything is a good {it, pass the end of the
n cord through the pull hole and have a tryout. All you
do is wind the string good and tight around the shaft,
firmly hold the hase on the work surface—with yvour

knuckles well clear of the flyvwheel—and then give a good,

smooth pull on the cord. If all is well, the flywheel will
spin into action and then carry on spinning.

Lastly, when yvou are pleased with the running
H action, glue and peg everything into place, and give
the whole works a swift wipe with the teak oil. Now the
machine is finished and ready for action.

PROBLEM SOLVING

= If wou like the idea of this project but can't get use of a latha,
you could use shop-bought items for the turned parts: a large,
woodan wheel for the flywheel; a length trom the end of a
broomistick for the boss; large. wooden beads for the spacers
and end stop; and so on.

= [f you decide to use a different wood for the flywheel, make
sure it is a good weight and strong across the grain. In the
cantext of this project, avold loose, lohtwelght wood lika
jelutong and ragged, knotty wood like pine.

« Be careful not to get the glue on areas that are to be oiled or
oil on areas that are to be glued,

#» [f by chance your flywhesl fixing hole runs across one of the
six large holes, making the round toothpick visible, then glue
the round toothpick in place, and cut away the hit when the
glue is set,

» If you have a tailstock drill chuck, you could mayhe modify
the order of work and drill out the bell-shapad spacers while
they are still on the latha,

FIGURE 10-17
Slidae the pull ring in place, and then follow up with the
second stanchion.

FIGURE 10-18
Trim the propeller blade ends to a tight push fit, and glue them in
place in the boss holes.

wr

FIGURE 10-18
Finally, glus fiz the boss and the tail ball with round toothpicks,
and trim back when the glae is dry.
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PROJECT 11

Pyramid Roller-Ball Machine

PROJECT BACKGROUND

The sphere, or ball, is perhaps one of the most perfect and
dynamic of all forms. Wheels, disks, spheres, balls and all
circle-related forms are complete, seli-contained and full
ol energy.

This machine is made up of fourteen balls: three groups
of three small balls, pivoted and captured in the base frame,
all topped off by five loose, larger balls. In use, the handle is
turned, with the overall effect that the three halls on the
drive shaft revolve and in so doing set all the other balls in
motion (right).

MAKING WOODEN MECHANICAL
MODELS PROJECT OVERVIEW

Have a good, long look at the working drawing (Fig 11-1)
and the templates (Fig 11-2), and consider how this ma-
ching heautifully illustrates a number of key engineerineg
principles that have to do with bearings, friction drive and
movement. And, of course, it is also a machine that poses a
number of pretty gritty engineering gquestions. For exam-
ple, can you guess what direction the top balls will roll
if you turn the handle counterclockwlise? Or what will
happen if you top off the whole stack of balls with yet
another hall?
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PYRAMID ROLLER-BALL MACHINE WORKING DRAWING
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FIGURE 11-1

At a grid scale of two sgquares
to 1", the machine stands
about 4" high and 8°/«" acroas
the flats of the frame.



PYRAMID ROLLER-BALL MACHINE TEMPLATES

FIGURE 11-2
The scale is two

grid sguares to 1™

A Ease frame

Large balls [5).

Small balls {3)

Foot bars (2],

M e 0 =

Handla crank.
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CUTTING LIST

A Hase frame %/ 8w Qtulip

B Large balls (5] 2= 2«15 heech

C  Small balls (9) 2+ 2 =36 beech

I Footbars(2) TAox =T

E Handle crank 1= 2 mahogany
Fivot rods 24"—1/" dowel

CHOOSING YOUR WOOD

This project calls primarily for three wood types: a strong,
heavy, tight-grained wood for the base frame; a heavy-
weaight, easy-to-turn wood for the nine small balls; and a
heavy, easy-to-turn wood for the large balls. We settled for
using tulip for the frame, beech for all the balls, and ma-
hogany for the crank handle.

MAKING THE BASE FRAME

After looking at the working drawing (Fig 11-1) and
n templates (Fig 11-2), selecting your wood, and just as
carefully planning out the order of work, take the 5/:"-thick
slab of tulip—the piece for the base—and fix the center by
drawing crossed diagonals. This done, use the compass to
mark the slab with an B"-diameter circle.

E Cut out the circle with vour chosen tool. Now mount
it securely on the faceplate. Use short, fat screws to
minimize damadge (Fig 11-3).

Mount the whole works on the lathe, set out all your
tools so they are readily available, and check that
you and the lathe are in good, safe working order.

Fosition the tool rest at an angle to the bed of the
lathe, and use a large gouge to swiltly turn down the
blank to a smooth diameter of 8"

Move the rest over the bed of the lathe so you can

work the wood face on, and use your chosen tools to
turn off the face and edoge of the disk. Alm lor an edge that
is nicely rounded over at the working face (Fig 11-4).

H When you are happy with the disk, rub it downtoa
smooth finish, mark the center point with the toe of
the skew chisel, and take the disk off the lathe.

Use the compasses, square and ruler to draw all the

lines that make up the design (Fig 11-2) and to fix
the precise position of the nine holes. Be sure to have the
straight sides aligned with the mun of the grain.

H Having made sure that all is correct, run the holes
through with a 17/:"-diameter Forstner bit (Fig 11-5).
It's important the holes are well placed and cleanly cut.

With all nine holes well placed and cleanly cut, run
the disk through the hand saw, and slice away the
two areas of part-circle waste.

FIGURE 11-3

Align the faceplate with the center point,
and screw it securely in place. Try to
place the screws so they occir in araas

FIGURE 11-4

edged finish.

of waste, which are to be cut away.
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Turn down the disk to a smooth, round-

FIGURE 11-5
Run the holes through with the 17/."
Forstner hit.



FIGURE 11-6

Having made sure the workpiece is standing sqoare and troe—
so the drill bit is perfectly aligned with the face of the wood—
carefully run the pivot rod holes down through the thickness.

MNow for the most difficult part of the project! Look at
m the working drawing (Fig 11-1) and templates (Fig
11-2). The notion of giving the base frame two flat edges
that are perfectly square and parallel to each other has to
do with the actual procedure of drilling the pivot holes
through the thickness of the wood. Without the edges, how
glse could vou make sure the holes are alipned?

When you have made sure the edges are parallel and

marked as many guidelines as yvou think necessary,
fit the */+" hit in the drill, set the workpiece on edge—with
blocks and clamps—and run the pivot holes down through
the wood so they are well placed in the thickness of the
wood and run across the centers of the holes (Fig 11-8.

E Still working on the drill press, sink a */"-wids,
L/y"-deep stopped hole at the intersections betwesn
the holes.

Take the hooked knite—or you micht use a scoop
E 0r spoon gouge—and carve away the edges of the
1/¢"-diameter hole. Aim for a sculptured surface that runs
inasmooth sweep from the top face of the frame down
into the dip and up again (Figs 11-7 and 11-B),

When vou have a good frame, rub it down to a super-
smooth finish, and cut the two little foot bars to fit,

TURNING THE NINE SMALL BALLS

Taking your length of 2" = 2" square section beech—
u the length for the small balls—establish the end
centers by drawing crossed diagonals, and mount it
securely on the lathe.

FIGURE 11-7
Use a hooked knife to carve the smooth-curved dips at the
intersections. Do not cut through into the pivot rod holes.

FIGURE 11-B
Cross section showing the depth of the carved dips.

FIGURE 11-8
Mark the cylinder with all the divider step-offs that make up
the design.

With the wood at a smooth 1%/:"-diameter cylinder,

set the dividers to 142" and step off all the guidelines
that make up the design. Starting at the chuck, allow /"
for chuck waste, 1'/:" for the first hall, 1°/:" for waste, 1*/:"
for the second hall, /" for waste and so on along the
length of the wood. Now reset the dividers to %" and mark
each step-off with a midline (Fig 11-9).
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FIGUORE 11-10
Usa tha parting tool to sink the waste to a depth of about /"

FIGURE 11-12
Use tha calipers to check the turnings. Note that at this stage the
balls look to be slightly egg shaped.

Take the parting tool and sink the bands of between-
bhall waste to a depth of " s0 vou ara left with a
central core at about /" (Fig 11-10).

When you are happy with the markings, take the
skew chisel and turn down the ball shapes. The
sequence of work along the length of the wood is:
* Hold the skew chisel flat on the workpiece—on the mid-
line—on the first ball nearest the headstock such that the
heel is looking toward the headstock.
« Lift the handle until the blade begins to bite, and then
advance in a smooth rolling action.
* Hepeat the cut—{ram midline and down into the valley—
until the hall begins to take shape.
« Having turned down one half of the ball, move on to the
next hall in line, and rerun the action.
* When yvou have turned down the left-hand side of every
ball, go hack to the first ball in line, {lip the chisel over so
the heel is looking toward the tailstock, and then rerun the
sequence of cuts for the other side of the balls.
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i
FIGURE 11-11
Do your best to make sure the string of balls are well matched.

FIGURE 11-13

Drill out the ! /"-diameter pivot hole; nse the turned midline as an
alignment guide.

When you have turned the whole string of balls

more or less to shape (Fig 11-11), go back to the first
ball in ling, and use the calipers (Fig 11-12) and skew
chisel—and mavbe also a cardboard template—and
fine-turn each ball to the best possible shape and finish.

E Take the whole string off the lathe and use a
fine-hladed saw to cut the balls apart.

Take the balls one at a time, set them in the jaws of
the chuck, and rub down the part-off points.

Finally, one piece at a time, hold the balls in the
H chuck—this time with the midline in the horizontal
plane—and use the tailstock drill chuck and the
LP-diameter bit to sink the pivot holes (Fig 11-13).



TURNING THE LARGE BALLS

The main difference between the small and larye
n balls iz not so much in the shape—although the
small balls can be slightly flat faced at the holes—hut
more in the tuming technique. For axample, the small
halls are turned off as a string, while the large halls are
turned off one at a time.

Having mounted the wood on the lathe, cut a
E cardboard template, and marked off the seguence
ol step-offs (Fig 11-14)—all as already described in the
previous section—Ilower the waste at either side of the
ball at the tailstock end.

With the diameter of the midline defined by the

width of the cylinder and the diameter across the
poles defined by the bands of waste, all vou have to do
now is turn off the shoulders with the skew chisel. as
already described.

Having more or less turned off the ball nearest the
u tailstock—{first one half and then the other—and
checked it with the cardboard template (Fig 11-15), wind
back the tailstock so vou can approach the ball end on,
and carefully bring the ball to the best possible finish
(Fig 11-1E).

Finally, part off the ball with the toe of the skew
E chisel, wind back the tailstock so the workpiece is
ance again supported at both ends, and rerun the
sequence for the other four halls.

ASSEMELY AND FINISHING

When you've completed all the component parts that

make up the project—the base frame, two foot bars,
nine small balls, five large halls, little crank bar and pivot
rods—spread them out on the surface, and check them
over for potential prohlems (Fig 11-17). Pay particular
attention to the movement of the small balls on the pivot
rods. The three central balls need to be a tight fit on the
drive rod with the rod being a loose fit through the frame
holes, while the outside halls need to be an easy-to-turn,
loose fit on the rods with the rods being a tight fit in the
frame holes.

E Start by gluing and pegging the foot bars in place
on the underside of the frame.

FIGURE 11-14
Use the skew chisel to shave the wood to a good, smooth finish.

FIGURE 11-15
Use a cardboard template to check the profile.

FIGURE 11-16

With the workpiece still held firmly and securely in the jaws of
the chuck, back the tailstock ont of the way and turn down the
end face of the ball to a good profile and finish.

When the glue is dry, take the finest-grade
H sandpaper and spend time rubbing down the whole
frame to a smooth finish (Fig 11-18). Pay particular
attention to the carved dips on the top and the inside
gdges of the nine holes. Make sure the pivot holes are
clean and free from jags.

DROLLER-BALL MACHINE 108



Copyrighted Material

FIGORE 11-17 FIGORE 11-18
Sot ont all tha compenent parts, and chock them over for shaps Having pegged and gined tha foot bars In pesiton and walted fer
and size and pessible fanlts. the gina te dry, clean wp the surface with a feld of sandpaper.

Having sanded the pivot rode so the balls are an

sagy-to-turn fit, fit the nins halls in place. The best PROBLEM SOLVING
procedure 1s to slds the rods through both the frame and = 11 you Uke the idea of this project but caot get use ofa lathe,
the balls, fitting end easing as you ga. Continue ftHng ¥ou could use shop-boughbt balls aod ssttle tor makdog ooly
gnd madifying untll evenything comes together. For the trame.
exampls, youmight fit one ball, then decide that another = 11 you declde to wse a ditfeTent wood for the hells, meke
ie g better fit, than spend time sanding a ball so it tumes 5ure 1t 15 8 good welght, strong across the grain aod sultshle
fresly (Fig 11-19), end s0 oo far turoing.

« Be caraful not ta get the glus oo ateas that need to revoive

When you have fitted ellnins balls and their pivat treely. A good tip s to generousty odl everytblng except

rode in place end ghied the little crank handls on the the taces that &re to be glued hetore ¥ou start putbdog the
central rod, give the whaole works a rubdown with teak oil, parts together.
end mrnish ta & dull, sheen finish. = 11 you can't use 3 croaked kolfe, you could uss 4 5CO0p Jouge.

Set the five large balls in place, turn the hendla, and
watch the movement of the balls as they evalve.

FIGORE 11-18
Experiment with the
placamant of the balls on
tha pivot reds mtil yen
achiovs tha best ML, IT need
e, u50 & fold of sandpapar
e pase tha fit.
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PROJECT 12

Rack and Pinion Machine

PROJECT BACKGROUND

This is one of our favorite projects. Rack and pinion is a
device for converting rotary movement into linear motion
and vice varsa in which a gear wheel—the pinion—engag-
eswith a flat-toothed bar—the rack. When the crank handle
is slowly tumed—clockwise or counterclockwise—the cog
wheel teeth engapge, with the effect that the rack slides
along its frame.

PROJECT OVERVIEW

Hefore you put tool to wood, have a good, long look at the
project picture (right), photographs, working drawing (Fig
12-1A) and templates (Fig 12-1B), and note that the machine
is made up of three primary parts: a small gear wheel, large
gear wheel, and long, toothed bar. Consider how the two
wheels are pivoted on dowel shafts, with the smaller wheel
being operated by a crank and handle. See that while the
rack needs to be a nice, smooth-sliding fit between the bed
rails, it also has to be held captive by means of a dowel rod
that runs through the front rail, through a slot in the rack,
and on through into the back rail.

RACK AND PINION MACHINE 111



Copyrighted Material

RACK AND PINION MACHINE

112 RACK AND PINION MACHINE

Copyrighted Material



RACK AND PINION MACHINE WORKING DRAWING
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RACK AND PINION MACHINE TEMPLATES

b = T FIGURE 12-1E
= .I I — = ——1— ii 1 | ! T The scale is four grid squares
= = T . | i.':_'r_ - to 1". Althongh it is important

i S T S . you do your best to copy the

[ _ profile and spacing of the
: | teeth, we have shaped the

design so there is plenty

of leaway.

A Rack

B Wheels [(2).

C Crank handle.
D Crank,
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CUTTING LIST

A Hack 3¢5 » 1./; » 8 beech
B Wheels(2) 3/e w 4 « B cherry
C Crank handie 1=1] =& walnut
I Crank e ] w2
Back plate iy« 8 = 7 beech
Hase I/ v 3 » 9 heech
Hails s % 2 = D hesch
Washer e 1 = 1y
Hods 24"—/" dowel
CHOOSING YOUR WoOoOD

In this project the character of the wood Is important.
The wood for the gear wheels neads to be strong across
the short grain, and must he smooth grained, free from
knots, attractive in color, and easy to work, We chose to
use North American cherry for the wheels; European
beach for the base, rails and back plate; North American
walnut for the crank handle; and various offcuts for all
the little hits and pieces.

MAKING THE BACK PLATE

Take the 7" length of /4" heech at 8" wide. With the

grain running from top to bottom, use the pencil,
ruler, square and compasses to mark the lines that make
up the design. We use an adjustahle sguare and a washer
for the radius curves. It's important the baseling is sguare
and the pivot points are correctly placed, so double-chack
gverything (Figs 12-1A and B and 12-2).

Having shaded in all the areas that need to be cut
E away and pierced, use the drill and a suitably sized
drill bit to drill pilot holes through all the enclosed
“windows" of the design.

E MNow cut out the profile, making sure the hlade is
running slightly to the waste side of the drawn line.

When vou cut out the enclosed "windows” the order
n of work is:

* Unhitch the scroll saw blade.

* Pass the blade through the pilot hole.

* Refit and retension the blade.

Now sand all inside radius curves to a good, smooth
finish (Fig 12-3).

FIGURE 12-2

When you prepare to use the adjustable square to mark the
design on the wood, make sure you start off with a square
baseline and a reasonably smooth surface.

FIGURE 12-3
We use a small rotary carver—a small drum sander—to finish
the difficult-to-reach, inside-radins curves.
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FIGURE 12-4
Forstner drill bits are perfect for sinking smooth-sided, flat-
bottomed blind holes.

E Use the °/:" -diameter Forstner bit to drill the five
decorative blind holes that make up the design. Drill
holes that are about /" deep (Fig 12-4).

ﬂ Mow smooth the back plate with sandpaper.

MAEING THE PINION
GEAR WHEELS AND RACK
Trace the gear wheel and rack patterns an to your
wood. It's important the teeth are accurately placed,
s0 spend time getting it right.

E Cut out the profiles on the scroll saw.

Check fit the wheels and movement (Fig 12-5). We
E used a couple of pencil stubs—and check out the
movement by turning the wheels by hand. Make sure the
three primary components, the two wheels and the rack,
are a good, smooth-moving it

FIGITHE 12-5

Spend time making sure the three primary components, the two
wheels and the rack, are a good, smooth-moving fit.

116 RACE AND PINION MACHINE

MAEING THE CRANE
MNow draw out the washer spacer and crank. The
washer needs to be 1" in diameter, The crank is 2"

long from center to center, 1" in diameter at the big end,
and \/=" in diameter at the small end (Figs 12-14 and B).

With all the lines of the desion clearly established,

run “/«"-diameter holes through the spacer washer
and through the big end of the crank and a */:"-diameter
hiole through the small end of the crank.

E Ise the scroll saw to cut out the two components.

When you have completed the two cutouts, both at
u /4" thick, run them through the band saw—or you
might use the scroll saw—so0 you have two spacers and
two cranks, all at about #/¢" thick (Fig 12-8).

TURNING THE CHRANK HANDLE
AND MUSHROOM PIVOT

Take the 6" length of 17 = 17 square section walnut,
n establish the end center points by drawing crossed
diagonals, and mount it securely on the lathe.

Having checked through your safety checklist, turn
down the wood to the largest possible diameter,

When yvou have completed a cylinder at about */:"
H diameter, take the dividers and mark the cylinder
with all the step-offs that make up the design Working
from the tailstock end, allow about 42" for tailstock wastae,
174" for the handle, 1'4:" tor the pivot stalk, */." for the little
mushroom head, and ‘2" for part-oif waste (Fig 12-7).

Sink the step-offs to the required depth, and
then turn the rounded shape of the handle, the
Y"-diameter stalk and the mushroom head.

FIGURE 12-8
The usa of */"-thick wood allows for twao /" spacers and bwa */"
cranks—one pair for this machine and one for another project.



FIGURE 12-7
Working from the tailstock end, nse the dividers to carefully
mark the cylinder with all the step-offs that make up the design.
Allow /72" for tailstock waste, 1'/:" for the handle, 1°/." for the
pivat stalk, */+" for the mushroom-shaped head, and /" for
part-off wasta.

FIGUHRE 12-B
When you have sanded to a good finish, use the toe of the skew
chisel to part off the workpiece from the lathe.

E Sand the turning and then part off 50 you have two
components: the handle and pivot (Fig 12-8).

ASSEMELY AND FINISHING

Mount the backing plate on the hase, position the
u two slide rails, and set the rack in place, When you
are sure all is correct, drill and dowel (Fig 12-9).

With the rack a nice, smooth-munning fit, set the two

pinion wheels in place with a couple of temporary
dowels, and test out the movement. Turn the small wheel,
and mark any teeth that look to be a praoblem.

When you are happy with the movement, cut the
dowel rods to size, drill peg holes, drill out the
handle for the mushroom pivot, and sand all the parts (Fig

12-10). Use round toothpicks lor Hxing everything in place.

With the back plate square to the base [Fig 12-11)
and the rack free to move in its track, glue, fit, peg
and clamp the project together and let it dry.

Finally, give the whole works a swift wipe with the
teak oil; fit and peg the wheels, dowels and handle;
and the machine is finished.

FIGURE 12-8

Place and align the base
components so they are true
to each other, and drill ont the
various fizing holes.

(top) Plan view showing
position of holes.

[right) Cross section.

FIGURE 12-10
Check the component parts for potential problems.

FIGURE 12-11
Be sura to check that the back plate is square to the hasa.

PROBLEM SOLVING
= If you want to make the project but can't get use of a lathe,
settle for making the crank handle from a shop-bought dowel,
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PROJECT 13

Pendulum Recoil Escapement Machine

PROJECT BACKGROUND

The tick, tick, ticking that measures Hme paesing 1s com-
trolled in the traditional clock by 8 mechaniem knomem as
the pendulum recoil escapement. Thie wondaerfully simpls
device is made up of a toothed whesl on a plvot, 8 plwvated
enchorlike form we term en anchor escapement, 8 swing-
ing waight m an arm we cell a pendulim, end a falling
waight that acts in much the ssme way as a spring.

The working movement 1s heautifully simpls: ae tha
toothed whesl 1s est into motion by the falling welght, aor
*spring,’ end the pendulum ie set swinging, the clawlike
pallet fingera et the end of the enchor and the teath of tha
wheel all complement each other in keeping the machine
in motion One elde of the swinging anchor gives a little
pueh or recoil on the wheel testh that in tumn ghees a little
push oo the other side of the anchor that in tum gives
encther push oo the next wheel tooth, and eo on. In this
manner, the mommement 1 paced by the recoil enerqy as it
bouncee backward end forward betwesn the two compo-
nemts. 0f coures, there 18 a great desl more to it than that,
gnd if you sre interested go to a2 book on horology and refer
to “pendunlum recoll escapement”

PROJECT OVERVIEW

The elze of the pendulum, the length of the pendulim arm,
gnd the size of the "spring” weight in relation ta the swing
of the pendulim ere all critical factors thet relata to the
euccess of the movement Get ones or ather of the factors
wrong—too much or too lttle weight, not encugh swrng aor
whatewer—and everything grinds to a halt That said, if you
have doubts about your skills, procssd anyway and view
this whola project as a prototype—ean adventure that will
lead om ta other things.
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PENDULUM RECOIL ESCAPEMENT MACHINE WORKING DHAWING
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PENDULUM RECOIL ESCAPEMENT MACHINE TEMPLATES

FIGTTHE 13-2

The scale is two grid squares
to 1" (A, B, C). The scale is four
grid squares to 1" (D, E).

A Tall, Iretted frames [2].

Frames in hetween irettecd

frames [2].

Elank plate.

Fancy plate

Taothed wheal

M B O M}

Anchor
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CUTTING LIST
A Tall, fretted frames [2)
Frames io between
f1etted tram es (2)

Fg= 4 = 15 pluim

B Blank plate 3/a= 4= 3 plum
C Fancy plate /g 4= 3 plum
O Toothed wheel 34 334 = 35/ mehogany
E Anchor L w Bhre 34 walmat
* Spacer amm (3) 151
Bass 3/4= 34 * B CAOET
Pendulim arm 1=1 =12 tllp
 Penulum welght 1% 4% 4 tuiip
CHOOSING YOUR WOOD

Belng mindful that the woode variouely nesd to be strong
acroes thae grain, cloee grained, free from kmote, attractively
colored, and relatively easy to work, we decided to go for
Europeen tulip for the pendulum; English plum for the
frame; mahogamy for the toothed whael, walmit for the an-
chor; end pine for the dowels. That eaid, you could usa just
gbont any wood type that tekes your fancy, ae lang as yau
conelder it structurally end technicelly fiting. For exem-
ple, if you are trying to cut coste, you could use soft pine for
the pendulum weight, arm, frame, and just about every-
thing except the tnothed wheel and enchor that need to be
made from a cloes-grained, dense wood.

Note that weused a metal welght (& braes film contain-
er) for the "spring” for the elmple reaeon that we couldno't
find a lump of wood that wae heavy encuagh

MAKING THE FRETTED
PLATES AND BASE

Have a good, long lock at the working drawing
n [(Fig 13-1) and the templates {Fig 13-2), and study
the two vimas. Note that we hawe cut through the visws—
through the height—en they fit oo the pags. Study allthe
1lluetrations—the photographe end pen draw ings—until
you are completely clear in your own mind e to how the
various parte of the project coma together.

When you have an understanding of what goes
whers and how, dreww the design fmagery to siza,

make ttacings, and ransfer the traced ines through to
your choeen wood. Note that in the context of the two
identical frames—the two tell enpport fremee—yon naad
coly draw the frams on one plecs of wood.

124 PENDULUM RECOIL ESCAPEMENT MACHINE

E Take the twa lengthe of wood that meke up the twa
primary framee and pin them togathear so the drawn
imapgery ie on the top layer.

On the drill prees, uee the /" hit to bore out the
n elght fxdng-rod holee that ooour at the top of the
freme. Run the holes through bath layers of wood. While
the drill 15 in use, run 2/4"-diameter pilot holes thraugh all
wind ows of waste and *%"-diameter holes through the
bottom of the frame—for fixdng the bage.

Push dowels through et l=ast two of the holas to
ensure the holes end the cutoute are identically
placed, and use the scroll saw to cut out the profiles.

To cut out the enclosed windowe, the order of work
is (Fig 13-3):

« Thnhitch the scroll saw hlade

*« Pase the blads through the pilot hole.

« Hefit and retansion the blade.

* Cut ot tha window.

* Heveres the procedure end remove the wood.

Having fretted through both leyere of wood and

removed the holding dowels, sand all the sawn
edgee—all the inelde and outside radiue curves end
etraight eldes—to a emooth finish

n Ta cut the cradle plates that support the
eecapement, rerun the same procedures

FIGORE 13-3

Ta piarca A window, anhitch the hade, pass it threngh a pliet
bole, rehiich and retension and siart the cut. Beverse the
pracainrs when the windew kas heen freited out
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FIGORE 13-3
Have a trial fitking of the o main frames tothe hasa slah.

Cut the basa 5lab to eize, and hewe a trial fitting of

the two main plates (Fig 13-4). Pencil 1ahel the
underside of the base slab and the inelde facas of the
frameas so0 you can fit everything back in the seme position.

MAKING THE ESCAPEMENT
Stert by looking at the workling drawing (Fig 13-1)
and templates (Fig 13-2) end noting that the
eecapement mechanism is made up of three primany
componente—the toothed wheel, the anchor with the
finger pallete and the cord drum—all supported oo pdvots
gnd rads.

Now take your chosen plece of prepared /4" thick

wood and use the pencil, mler and compaeses to
mark the lines thet make up the design (Fig 13-2). Draw
the two circlee—the latge outer circle and the inner
circla—ran 22 equal step-offs around the outar
circumference, and then draw radius lines end diagomal
linas across the remultent intersections, all as 1llustrated.
Although it's esey emough to work out with & calculator
that each of the 22 step-offs springe from a part-circle
gngle of 16.3636% mesning 360 divided by 22 equale
16.363E, it's not eo easy to divide up the circle as drawn
o the wood. We found that the best procedure 18 to e=t tha
dividers to a quesstimate sl=e eand then to Hx the size of
the stap-offe by trial and error.

‘With all the linee carefully drawn, move to the band

eaw and set to work cutting the teeth. Work at a slow
pacs, all the while maling sure the tooth pointe ocour cn
the outer clrcumference (Fig 13-5). Be mindful that
perhape more than anything else, the success of tha
movement depends on the length and spacing of the testh

To make the drum and spacers, swifthy turn the

winod down to a 14" -diametar cylinder, and then uss
the diwviders to step off the guideines that make up tha
drum From right to left elong the length of the wood, ellowe
g small amount for tallstock wasts, ahout 4" for the first
rim, shout 1" for the central ares, and ancther 444" for the
other rim (Fig 13-E). In fact, the spacing 1en't toa
important, ae long as the total length of the dmm is as
near a5 poeethle to 12" Gand the dmum to a good fnish,
gnd then part off from the lathe.

FIGURE 13-5
Cut out the teothed wheel with a saries of stralght cuis. Malos
sare the patnis all oecur oo the cirenmiarence Hes.

FIGORE 13-6
Use the dividers o check te varisns stap-offs that make up
the design.
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Follow basically the seme turning procechires to

cart the three epacer drumss that hold and distance
the anchor on i3 pivot. Turn down the wood to &
circumference of about 24° and min it through with the
L4 bt (Fig 13-7). Cut the two primery spacere to length,
gnd then cut en extra length 5o you cen ues additional
elicas as fine shim adjustmente.

When you prepare to make the anchor, firat hanms
E a ook gt the working drawing (Fig 13-1) and the
templates (Fig 13-2), and ses that the charactaristic
aeymmetrical profile needs ta ba cut with a fair degiee

of precision.

Craw the imagery to shape and slzs, make a tracing,

and press transfer tha traced lines through to your
chosen piece of waod Have the profils erranged eo there
ie B minimum of fragile short grain at the pallst pointa. Fix
the poeltion of the plvot point, end run it through with the
L' -digmeter drill bt

FIGORE13-T
FR the bit in the talisinek drill choek, and nen the plvot bols

through the length ef the taming.

FIGORE 13-8

When yon prepare te fret out the anchor escapament on the scroll
58w, maks sxre tha Bns of cut 1s true to the drawm line, meaning
‘e lina of cat is fractional to the wasta sideof the drews Hns.
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FICGORE 13-8

At every step along the way, stop and male sure the parts come
tegether for a geod ML

‘When you are happy with the imege, use tha scToll
eaw to carefully cut cut the profils (Fig 13-8).

When youheve comgpleted sll the component parte

thet make up the eecapement—ths drum, toothed
wheas), anchor and spacere—slide the anchor and spacers
in place on their plvot rod, fx the whesl to the drum with a
couple of dowel pins, slide the drum rod in place, and hewva
g trial fitting—uet so0 you can see how all the components

come together (Fig 13-8).

MAKING THE PENDULUM
Have alook at the working drawing [(Fig 13-1), end
e=a thet the pendulum 1e made up of two component
parte: the digk or whorl, and the long arm. Note how the
grm 1e ehaped so that most of the welght cocure &t the
disk end

Take your chosen length of 1° = 1" equare secton
wiocd and turn it down to 8 emooth, round eectinn

N ow take the skew chissl and start turning the
H spindle to shepe With the spigot end large-dismeter
end at tha headetock end of the laths, first turn the heavy,
round-nosed ehape and establieh the diamseter of the
epigot, and then make repeated "dawnhill” passes to turn
the long, slender teper to shape (Fig 13-10).

To tumn the disk waight, take your chosen
H §" » 5" squara slah of wood and then fix the centar
point by drawing crossed diagonals, ecribe out a 442"
diameter circle, and cut out the hlank on the scroll eee.
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FIGURE 13-10
Remove the waste with a long, slow, shaving cut.

FIGURE 13-11
The pendulum welght and the arm. Fit the two together so the
grain runs across the width of the disk.

FIGURE 13-12
Set out all the componant parts, and check them owver for
possible prohlems.

Having mounted the wood on the screw chuck and
fitted the whole works on the lathe, take the gouge
and swiftly turn down the wood to a smooth pill, or disk.

Make sure the wood is still secure, and then turn the
edres to a nicely rounded profile and rub down the
face and edge to a8 smooth finish,

With what is now the back of the pendulum disk,
n cleanly and crisply turned, remove and refit the
workpiece on the screw chuck so the other lace is
presented, and follow the turning procedures as already
described. Note that we have given the front of the
pendulum a more adventurous profile—a nicely plumped-
out front with a dimple at center (Fig 13-11).

Finally, when yvou have what vou consider is a

strong shape—with all faces and edpes being well
finished—remove the workpiece from the lathe, and drill a
Yf-diameter spigat hiole at top-edge center.

ASSEMBEBLY AND FINISHING

When vou have completed all the component parts
n that make up the projact (Fig 13-12), have a trial run
and then do the gluing when all the problems have been
sorted out.

E Start by pegging the frames at either side of the
base slah, as in our original tryout stage (Fig 13-4).

Drill and peqg the long spacer cylinder to the front
face of the anchor, and test it out for fit and function
(Fig 13-13).

FIGURE 13-13
Make siire the toothed wheal and thes anchor ascapement ara
carefully, correctly aligned. Check against the working drawing.
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gpacer cylindere ere used to eneure that the anchor
escEpement sits ower the pallet wheel You might find youa
need extra spacers or you need to set the spacers in a
different esquence on the pivot rod (Fig 13-17).

FIGORE 13-14
Gater all the parts that make up the escapament, and maks SEe

they 1t and come tegethar nicaly.

FIGORE 13-16

[ ey The bearing laces, meaning the meving faces that rab tegethar,
need to be absolutaly smoeth.

FIGORE13-15
Sot and support the toothed wheel and the dnEs batwesn the
cradie plates, and recheck that the pivot Is sHE free reaning.

Take the twa eecondary "cradle” plates end the
E toothad, wheel-and-drum unit, fit the pivot rod, drill
the rod holes, and generally make sure 1t's gll golng to
come tagether (Fig 13-14).

Set the wheel end drum in plece—om the piwvat rod
and in the crad lse—and meke sure the anchor
escapement 15 smooth and easy on its pivot (Fig 13-15).

E Having completed the whols escapement unit, take

your kmife and a fold of fine-grads sandpaper and FIGORE 13-17
generally fit and fiddle until all tha hearing surfaces mowve Set the cradle en fte support reds, and adjust the distance
with the minimmm of friction (Fig 13-16). Note that the between the (rent slab and the front of the toeibed whesl.

1B8 PENDULUM RECOIL ESCAPEMENT MACHINE
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FIGORE13-1B FIGORE 13-19 FIGUHRE 13-20

Make sure the frames ans Square ami not Eass the mevemant uutil the ancher and Dsa the round tecthpicls as tEmporary
Trlsiad o slewed tha tathed wiesl moua in Barmsong. nbding wed ges.

B Now meke sure the 1ecoil, or movement, 1s unning i
smoothly (Fig 13-1B). -
. -
- _—
E The movement of the enchor escapement in relation
to the teeth on the wheel is critical, so epend time
making fine adjustments (Fig 13-19).

Yo might find it necaseary to uee the fine-point

rounded toothpicks as temporary wedge pins. Set
the framee the required distance apart and push tha
toothpicks in to hold (Fig 13-20).

Oncs you have all the compoment parte wall placed
now that the whole machine is up and nnning, take
8 fine-toothed saw —or youmight use a knife—and mark
the length of the fixing rode (Fig 13-21). Alloer sbont L'="
extra at each end of the rods so they stand shightly proud FIGORE 13-21
of the frama. Mark the rod lengihs with saw cals.

m Haye a trial fitting of the pendulum, and cat the atm

to length The pendulum needs to clear the beee by PROBLEM SOLVING
ghonat %", Mow 15 the tme to esarch out 8 suitabls walght = 11 you declde to uss & ditferent wood, meake sute it 1s stoog
end a length of fine, stron g cord. acToss the grein. In the comtext of this praject, 1t's mast

lmpartant ¥au avold waoods that ara Hikely to shrink

When you have had a trial run fitting, cut the vatious * The mechanlsm can oody mn far 8 shoet tims, a5 the weight

rode and pivots to length, and generally eocted bas & Hmited tall, ar drop. That 5a1d, yau coald maodity the
everthing mit, then digaesembls the mechine and rebuild deslgn and bave a Jaog fell by hawviog the machios hangiog oo
using & small emount of PVA adhestve. Finally, burnish the wall—Llike a peodutm clock

the mechine with teak oll, fit the cord and the drum
wieight, and it's time to tTy your clock.
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PROJECT 14

Flywheel and Governor Machine

PROJECT BACKGROUND
When I was a kid, I loved fairgrounds and circuess. I was
gbsohitely faecinated by the whirling, twitling halle that
could be seen on the traction engines and stationary gen-
eratore that werse uesd to power the verious rides Tha gov-
ernor comtraptione looked for all the world like little spin-
ning men holding heawy weighta cut at erm's length

The mesmeri=ing thing was that ae the speed of the en-
gine picked up, the Httle men turned faster end faster, with
grms higher and higher, until the weighte—uesually hright,
ehimy balle—were being spun arnund at shoulder hedght

In dictonary tarme, "a governaor 16 an autcmatic dendce
designad to requlate the speed of a stesm or gasoline en-
gine or other prime maver.” Ae the spesd picks up and the

epindls spine faster, the centrifugel force of the flyweights
being throw n up and cut canses the engine to slow down to
its assigned spead.

‘With our litt]le machine, when the cord 18 seifthy pulled
gnd released, the flywheel s s8t in motion, with the effect
that the twa weighte fiy up and out and cause the flywhesl
to elow down [right).

PROJECT OVERVIEW

Thie project requiree turning oo the lathe (Fig 14-1). ¥ou
will sea that apart from the two epindle-shaft collars, the
two Unkup arme and the ehop-hought dowals, just ahout
evarnything eles ie turned on the lathe.

FLYWHEEL AND GOVERMOR MACHINE
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FLYWHEEL AND GOVERNOR MACHINE WORKING DRAWING

FIGORE 14-1
A% & grid scals of two squares
=] 18 1", the machine stands
. abent 8" Nigh and B/." ta B7
s k) B In dameter.

r-'i - ——
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FLYWHEEL AND GOVERNOR MACHINE TEMPLATES

FIGUTRE 14-2

The scale is two grid squares

to 1™

A Disks (2]
Flywheel
hlale collar
Female collar.
Linkup arms.

Weights.

B = M B8 0 H

Pulleord ring.
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CUTTING LIST

A Disks (2) 2—1= 10 = 10 tulip

B i-'mnual E-:rz?.sn.r:smum mnuann

[: mua nmlsf g m =EJ.-"u;|IJ.1|:|1

O Female collar e 1y = 2 QUM

E'_f.ﬁ:iumsrnna 'E—-.a-_l-at..-';p]m

F Weights 2 = 2 heech

E Pulcom ru:g ‘2= 2heach

' ::autmsmstt white dowel

| Supportcolmns(3)  dank wood dowel

CHDOSING YOUR WOOD

As always, when you are choosing wood for turming om the
lathe, you nesd to ask yourself at least thres questions. Is
the wood esey to tumn? Is the wood strong enough for s
task? e the wood suttahle in terms of welght, color end tex-

ture? Eeep thees thinge in mind when choosing waood for
the different parte of this project.

MAKING THE TOP AND BASE DISKS

HNotic= when looking at the working dreering (Fig

14-1) and tha templates [Fig 14-2) that the two
turned diske have more or 1ese the same croes-section
profile. Thay are about 8" in diameter, with & ralsed rim
gnd cemter at about ?/3" thick and a lowered mopat hatween
the rim end cemter at ahout 3" deep. Don't strugpgle too
hard toturn two identical disks becauss, efter all, the
greater part of the hase disk 15 hidden from wiaw.

Bagin by teking ona of the elahs and fix the center

point by drawing croseed diagonale This done,
ecribe out a 8"-diameter circle, and cut out the blank on
the ecroll eaw.

Screw fix the 8" blank on the large faceplate eo tha
E gsorEws are neart the center, mount the whole worke
om the oauthoard end of the lathe, and tum down the wood
to a emoocth-faced, round-edged disk.

When you have tumed a good disk, teke the dividers

and merk the three guideline circles thet make up
the deslgn. Working from the center, you neead a 137"
radiue for the central platean area, 8 34%" radius to set the
width of the mopat, and a 4" radius to fix the poeition of the
lina on which the three pillars are tn ba placed

198 FLYWHEEL AND GOVERNOR MACHINE

FIGORE 14-3
Lownar the moak araa 5o the rim and the capter stand In relaf by
ekt

FIGOERE 14-4
Sot the dividers te the radins of the guidaline circls, and step off
slx equidistant peints. Use every stber palnt for the pale bolos.

Having checked that the lines a1e comrectly placad,

lower the moat area hy ebout 43", The releed araas
ehould run in 2 emoath curve into the maoat (Fig 14-3).
Mark the center point of the disk.

‘With the firet disk mede end off the laths, remim the
whnle procedurs to make a second disk:.

‘With the two dieke belng more or 1eee the seme sizg,

nun & %Y'w'-diemeter hole through the center point,
gnd fit tha disks togather with a nail or pin 5o they ars
Flac=d one on top of another—like a turntable. Make surs
the top diek 15 uppermost.

Having firstlooked at the working dressring (Fig 14-1)

and templates (Fig 14-2) end ssen how the threa
poete ere eet equidistant eround the circle, eet your
dividers so the radiue matches the distancs from the
center point through to the outer-zimcle guidelins, end

Copyrighted Material



Copyrighted Material

then pace off around the quideline to meke elx equal
stepoife. Mark every other step-off o the circle is divided
into three equal caka-wedpge slices (Fig 14-4). This done,
usa the pencil, ruler and compasses to merk all the other
linas that make up the design

With sll the guidelines in place, temowve the top

diek and run the thres postholss through with the
L' -diemeter bit. While yon ere &t it, run a eingle pilot hole
through each of the enclosed windowe of waste that makea
up tha deaign.

Set the top disk back on the base diek and nse the

threa posthaolas you've already drilled toran holes
through the bottom diek. The procedure ie: drill ona of the
haoles on through the bottom disk, fix the position of the
hols by pegging it with a dowel, and then complste the
other two holes (Fig 14-5).

Having drilled the thres postholes through both

dieks, put the base disk to one side, remova the pin,
gnd shade in on the top disk the windows of weste that
ne=d to be cut awey [Fig 14-6).

Move ta the ecroll eaw and fret out the windowe of
waste. To cut out the enclosad windows, the order of
wrk ie:
= Tinhitch the sctoll saw blade
* Page the blads through the pilot hole.
= Hefit and retenelon the blads.
* Cut ot the window.
= When you hawe fretted out one window, reverse the procse-
dure to remove tha hlade, end move on to the next window
to ha cut out.

After cutting out all three windows, go over the
E piece lightly with the sandpapar Now drill two
3/3"-dlemeter, ¥:"-deep holes—one down inta the center
of the hase slab and the ather up into the center of tha
underside of the top slab

TURNING THE FLYWHEEL

After looking at the worling drawing crose eections
n (Fig 14-1 hottom right], study the overall shape and
profila of the flyawheel Note that although the form 18 very
much lke a bowl—it hag a rim at the circumferencs, a
elight foot or step-up on the base, and a lowered or sunken
grea—iIt also has the sdditon of a raisad diag, or hub, at
inside center.

FIGORE 14-5 FIGORE 14-6

Tap a dowsl through the fir st Mark the shape of the thres

Bole to bold everything In spoloes and the shaps of

placs, and then arill oxt the the windews, and shade In

other two holes. the areas that meed to be
cut away.

‘When youhave familiarized youreslf with the
form, teke the 2"-thick slab of wood and follow

the marking and cutting procedures ae already
described. Alm to finieh up with a disk blank at about

67" In diameter.

In sequential order, mount the blank on the ecraw
chuck and than mouant the chuck on tha lathe eo tha
whnle works 13 safe end secure.

Pasttion the tool rest over the bed of the lathe, and

e=t to work turning down the hlank to size. The best
procaduras for setting out a turning of this character are
to first man the parting tool straight into the wood to
establieh the diameter, then ttue up the fece of the disk
with the large gouges, end then use the dividere to mark
the quidelines. And, of couras, along the way, you are
ewiftly turning off the latge areas of wasts, soyau have to
make repeated checke with the celipers. For exampls, you
need to check the owerall dlamester, the depth from fromt to
back, and eoon

Having turned down the blank to a diameter of abomat

E', marked the 2"-thick edge with e centar line, end
usad the dividere to mark the width of the rim and the
diameter of the centzal b, uses the parting tool to rough
out the inside-bowl erea. Being sure your toole ere razor
eharp, Tun the parting tool etraight into the wood to
establieh the depth and width of the lowersd area, and
then systematically clear the waste with tepeatad
elde-by-side thrusts [Fig 14-7).

FLYWHEEL AND GOVERMOER MACHINE 137
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FIGUORE 13-T
Use tha parting toal te clear the balk of the wasks.

With the bulk of the waste ot of the way, use tha
E toole of your chodes tao bring the blank to shape.
I ueed the ekew chisel and the round-noeed gouge for
ehaping the curved shouldere and the parting tool for
tdying up the back of the turning.

Use the wire to burn in the decorative ecorch ling

arcund the Hrelikae rim (Fig 14-8) and the sandpaper
to bring the tuming to & enpersmaath finish If your latha
hae s chenge of directiom optiom, it'e best to rub down in
haoth directions of spin.

Finally, run & */"-diametar hole through the center
of the nh.

TURNING THE FLYWEIGHTS

AND PULLCORD RING

n The flywelghts' shapa 15 not too impaortant, as lang
ae they are not 5o large they clunk into the support

poste when they are set in motion You can ues differant

wod typee for these parts.

Mount the 2" = 2" equars section wood batwean the

chmck and the talletock, and ewdftly turn it down to
the largest poesible diamseter. Teke the parting tool and
the calipers and reduce a 3" length at the tallstock end to
8 diameter of between 24" and */&".

Uee tha dividere ta set out the step-offs that maks up

the design Waorking from the tailstock end, allower
gbont L2 for the tallstock waste, 2" each for the two
halves of the firet welght, /3" for the betwesn-weight
waste, two more ®4%" stap-offe for the second welght, and
enother 42" for wasta,

Uge thae parting tool to sink the waste. Run the tool

gtraight in 5o you are left with s central core at about

198 FLYWHEEL ANDGOVERNOR MACHEE

Ly

FIGORE 14-2
Hold the cutting wire sa you can swiftly kst go of the stick
banlies if the wire snags.

FIGORE 14-8
‘Use tha toa of the skew chissl o cul in the midlines.

FIGORE 14-10
‘The bast way ol achieving a well-maiched pairof ferms Is te werk

ham as 8 mdrrar-lmage profie.

17" diameter. Use the toe of the skew chisel to cut in tha
decorative midlines (Fig 14-9).

Now uee the skew chiesl to turn off the round

shouldere at the top of the weights. Being mindful
that the two turnings need to he identicsl, it's best to tum
off the shapes little by littls eo they are looking at each
other and are mirtor imaged. If you teke a elice off the
left-hand shoulder end then & little off the right-hand
ehoulder and so on, backwemard and forward, you are mome
Hkely to achieve two well-matched tumings.
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Having turned off the round shoulders on both
E turnings (Fig 14-10), use the fine-grade sandpaper to
rub down the whole workpiece to a smooth finish, and
then part off with a fine-toothed saw.

One piece at a time, mount the little turnings in
n the four-jaw chuck so they are gripped by their
stalks of waste, and use the skew chisel to turn down the
shouldered end to a smooth, rounded finish (Fig 14-11).

While the warkpiece is still held in the lour-jaw

chuck, set the drill chuck in the tailstock end of the
lathe, and drill the turning through with a '/"-diameter hit
(Fig 14-12). Lastly, take the turning off the lathe, and rub
down the flat end to a smooth finish. Herun this procedure
for the other turning.

Having turned off the two flyweights, remount the
E other end of the turned cylinder in the lathe—or you
might be using another length of wood—and set to work
turning off the pull cord ring.

With the wood turned down to a diameter of 142", set
m the dividers to /" and mark all the step-offs that
make up the design. The hest procedure 15 to set out four
/z" step-offs, one at each end for waste and two at tha
center for the ring.

When the guide cuts are in place, take the skew

chisel and swiftly hring the wood to shape. Simply
lower the waste at each end, cut in the decorative midlina,
and then round over the shoulders.

When you are satisfied with the basic ring shape,

fit the drill chuck in the tailstock mandrel, set a
1"-diameter Forstner hit in the drill, and run a hole all tha
way through the turning (Fig 14-13). Be careful not to lorce
the pace or damage the hit or the tuming. The easiest
method is to advance the hit a little, then withdraw, then
wind back some more, until yvou reach the desired depth.
Waming: if you try to force the bit through in one thrust,
you are likely to burn the drill or split the wood. This done,
back the drill bit out of the way, sand down the turning to
a smooth finish and then part off. Drill a */:"-diameter hole
through the ring—in one side and out the other.

MAEKING THE COLLAR

RINGS AND LINKUP ARMS
There are two collars on the central shatt: a fixed
female collar at the top and a sliding male collar at

FIGUHE 14-11

Secure the weight in the jaws of the chuck, and alternately
use the skew chisel and sandpaper to achieve a smooth, round-
topped finish.

FIGURE 14-12

Run the hole through with the /"-diameter drill bit. Having the
bit held in the tailstock drill chuck ensures that the hole is
perfectly placed.

FIGURE 14-13

If you cut the neck of waste at a smaller core diameter than the
diameter of the through-hole, the ring shonld come away clean as
you complete the hola.

the bottom. The female collar is designed in such a way
that its mortiselike flanges receive the end of a dowel,
while the male collar is designed so its tenon fits into the
female flange at the end of the linkup arm. Note that the
two collars are more or 1ess identical
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FIGURE 14-14
Use the pencil, ruler and dividers/compasses to mark the shape
of the two collars. Note the direction of the grain.

When you have a clear understanding of how the

two collars function, use the pencil, ruler and
compasses to mark them on your chosen piece of hard,
close-grained, knot-free */<"-thick wood (Fig 14-14). Note
that the designs need to be marked so the flanges are
aligned with the run of the grain.

Still using the pencil, ruler and compasses, and still
working on the */:"-thick wood, mark the shape of
the two identical linkup arms.

Move to the drill press and run the collars through
with a °/s"-diameter hole at the center.

Move to the scroll saw, and fret out the profiles. As
vou are cutting out the flanges, make sure they are a
Ioose fit one within anothear.

When you have completed the four cutouts, sand the
various flanges and extensions =o they are nicely
smoothed and rounded (Fig 14-15).

When vou have completed the tour cutouls, go back
n to the drill press and drill */="-diameter holes at all
the pivot points (Fig 14-1E8). Lastly, drill a single fixing hole
through the top collar so it runs across the shaft hole, and
then run as many weight-reducing holes through the
linkup arms as necessary.

ASSENMBLY AND FINISHING

When you have completed all the component parts
n (Fig 13-17)—the base and top disks, flywheel, three
poles, two linkup arms, two flywelghts, two collars, two
/4" rods that make up the uppar arms and pull cord
ring—set them on the work surface and check for potential
prohlems. Then comes the fun stage of the first fitting,
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FIGURE 14-15
Use the rotary tool to bring all the corners and edges to a nicely
rounded finish.

FIGURE 14-16
Sen to it that the depth of the joint is adequata.

FIGURE 14-17
Spread all the componant parts out on the work surface, and
check them against your working drawing and templates,



Having first looked at the working drawing (Fig 14-1
hottom center) and seen how the main shaft is
pivoted on a little pin-and-tack bearing, tap a brass pin or
nail into the hottom of the main shaft, and push a brass

thumbtack into the basa hole.

With the base slah flat on the hench, tap the three

poles in place, slide the main shaft through the
flywheel, and set the bottom end of the shaft in the
centar-of-base bearing hole (Fig 14-18). The shaft should
bhe a tight push {it through the wheel, with the bottom of
the end protruding about 2/:" or so from the underside.

When vou have eased the bottom of the shaft with a

scrap of fine-grade sandpaper =o it's a smooth fit in
the bearing hole, slide the pull cord ring and the two
collars in position (Fig 14-18). See to it that the ring and
the male collar are a loose, easy-sliding fit.

With the ring and the two collars in place, rub down
E six round toothpicks and then tackle one joint at a
time. It's all simple enough, as long as you bear 1n mind
that the joints need to be smooth and easy, with the pivot
pins heing a tight fit through the two cutermost holes and
a loose fit through the innermaost hole. Continue ane joint
at a time, easing, adjusting and pencil labeling 5o you can
repeat the correct arrangement the second time around
(Fig 14-20).

When all the joints are loose and easy, and when you

have established the full extent of the rise and fall of
the arms, slide the lyweights in place, and mark their
position with pencil registration marks (Fig 14-21).

n With the trial fitting complete and the holes marked
and drilled, disassemble the machine and rerun the
sequence, this time gluing all the dowel and pin joints.

Finally, rub down any rough dowel/pin ends, drill the
E pull string hole, give the whole works & generous
wipe with the teak oil, cut a pull string, and... wonderful—
the machine is ready for action.

PROBLEM SOLVING

= When attaching the base and top blanks to the large
faceplate, don't place the screws too near the edge rim.
= Use a strong, thin cord for the pull string.

FIGURE 14-18 FIGURE 14-18

Ease the bearing hole and the Elide the ring and the collars
end of the shaft so the whole in place on the shaft. The top
component spins like a top. collar needs to be a tight fit.

FIGURE 1a-20
Make constant checks to ensure that every joint is a good fit.

FIGURE 14-21
Make sure the flyweights don't in any way restrict the movemant
of the arms or the circumference of swing.
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PROJECT 15

Cam Machine

PROJECT BACKGROUND

It's not simply that the movement is extra difficult or the
design isultracomplex or the technigques are more compli-
cated than the other projects; it's all of these and then some!

Asthe encyvelopedia so rightly says, "acam isapartof a
machine, or mechanism, used for transforming rotary or
nscillating motion by direct sliding or rolling contact into
any prescribed motion of a second part known as a follow-
er” Or, to put it another way, a cam is a rotating cylinder or
plate with an irregular profile attached to a revolving shaft
to give a reciprocating motion to a part in contact with it.

Cams are to be found primarily in machinery where
automatic control and timing are part of the operation. In
simple terms, when a cam revolves on its shaft, another
mechanism, called a follower, stays in close physical con-
tact with the cam profile, with the effect that its movement
reflects that of the cam. For example, if we have a true
whesl on a shaft, and if we have one end of a seesaw press-
ing down on the wheel rim, it's plain to see that the turning
movement of the wheel will have little or no effect on the
seesaw. But, then again, if the wheel has a bulge or a stud
set into its rim, then every time the revolving bump or peg
comes into contact with the sepsaw, the seesaw will jolt
up and down The predictable jolt-jolt-jolt action is the
mechanical happening that turns the wheel-and-seesaw
apparatus into a cam and follower.

Our machine is a disk cam with rollers, The working
action is simple and direct: Az the crank handle is turned,
the two plate cams are set in motion and the wheels follow
the cams, with the effect that the frame and the shafts bob
up and down (right).

PROJECT OVERVIEW

Although there is no denying this project is a challenge, the
challenging aspect has more to do with being able to “see”
the machine in your mind’s eve, and successfully puttineg
the parts together so the machine works, than with heing
able to perform overly complex or complicated woodwork-
ing techniques.

It's important to note that the success or failure of the
machine depends almost entirely on the two cam plates
being accurately cut and placed, The cams have to be
spot on.
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CAM MACHINE TEMPLATES

| | : ] | ! FIGUTHE 15-2

— [ The scale is four grid squares

to 1"

A EBErackets

B Chassis platas.
C Wheel plates (4],
D Cams.

E Crank.
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CUTTING LIST
A Hrackets 2—%/ = 35 = 5 pitch pine
B Chassis plates 2—3/ = 287 = 5 tulip
C 'Wheelplates [4) 3w 1= 20 pak
I [Cams 22— x 3w 3 mahogany
E Crank Yye 1y % 8V plum
Backboard s 5+ 16 pak
Base Iex 5= 8 oak
Pegs, rods, shaits /3" white wood dowel
and pins
Follow whesls 2= 8 = Eplum
CHOOSING YOUR WOOD

As this machine needs he made with a high degree of
accuracy, it's all the more important your chosen wood be
hard, straight grained, easy to work, and free from knots,
warps and splits. The wood needs to be stahle and predict-
able, With these factors uppermaost in our mind, we decided
at the outset to use European oak for the base, backboard,
and wheel plates; plum for the two follower wheels; and a
nice piece of mahogany for the two cam plates; and care-
fully selected white wood dowel for all the pegs, rods, shalts
and pins.

MAKING THE BASE,
BACK AND ERACEKETS

When yvou have studied the working drawing

(Fig 15-1), the templates (Fig 15-2), and all the
hands-on photographs, use the pencil, ruler, compasses
and sguare to mark the shape and profile of the base, hack
slabs and two brackets. Make sure the grain runs along
the length of the back and base slabs and from front to
back through the brackets.

With the shapes carefully drawn, then comes the
E task of fretting them out. No prohlem with the back
and base slabs—all vou do is run the line of cut around the
drawn line and the joh is done—hut the brackets are a
little more complicated. The easiest procedure lor cutting
the two brackets is to pin the two slabs of wood together,
bore them through with the *<" to*/4"-diameter hit, slide a
length of suitable dowel in yvour chosen hole size, and fret
them out on the scroll saw.

148 CAM MACHINE

After cutting out the two brackets (Fig 15-3), pencil

label one "top” and the other “bottom.” Take the
“bottom” bracket, draw in the line as shown (Fig 15-2
hottom), and slice off the strip with the saw (Fig 15-4).

FIGURE 15-3

To ensure a good profile and accurate hole alignment, pin the two
slabs together, and have a length of dowel running through the
‘two holes. You will need to keep a tight hold when the blade exits
at the end of the cut when the two pinned areas of waste have

besn more or less cut away,

FIGURE 15-4
The four large component parts—the basa, backboard and two
brackets—showing a slice cut away from the bottom bracket.

If all is well, when you place the brackets in position
n on the backboard, the shaft holes should ba
misaligned or alfset by the thickness of the strip of waste
you've just cut away. When you are pleased that all is
correct, sand down all four cutouts—the base, back and
two hrackets—to a smooth, round-edged finish.

MAEKING THE FOLLDWER
WHEEL BOGEYS
If vou look at the working drawing (Fig 15-1),
n templates (Fig 15-2) and photographs, you will see



that the two wheels that [ollow the cam, called follower
wheels, are each held and contained in a frame, or bogey,
that iz made up primarily from a long, bone-shaped
chassis and two shield-shaped wheel plates. You will
further see that although each bogey is made up of an
identical chassis cutout, the top wheel chassis is arranged
50 that it is offset from the bottom wheel chassis. The hig
gnd bulges on the top chassis face the backboard, while
the big bulges on the bottom chassis face front.

Take the wood yvou have selected for the two hogey
E chassis plates, pin and drill them as already
described for the brackets, and then fret them out on the
soroll saw (Fig 15-5).

With the two identical chassis plates crisply cut out
E and finished, set them flat on the surface so the big
bulge ends are looking toward each other, and pencil label
them for swift identification. If you look to the two cutouts
shown [Fig 15-6), best label the one in the foreground

“top" and the other one “bottom.”

FIGURE 15-5

Having the holes drilled and all the dowels set in place—all prior
to cutting—is the best way of making sure you finish up with two
identical cutouts.

FIGURE 15-6
Set tha tweo cutouts flat so they are reversed and you know what
goes where and how.

MNow take the wood pieces you have set aside [or the

wheel plates and stack, pin, drill and dowel them in
much the same way as already described so you have a
single eight-layer stack.

Take the eight-laver stack—with the design drawn
E on the top laver and the dowels in place—and run
them throupgh on the scroll saw so you have eight identical
cutouts. Divide the cutouts into two stacks of four, and cut

a sirip from one stack (Fig 15-7).

FIGURE 15-7
Group the wheel plates in two stacks of four, set the dowels in place
through one stack, and run that stack through on the scroll saw.

FIGURE 15-B

Pair up the cutouts for best fit, and put the waste strips to one
side. One pair of plates at a time, smear glne on mating faces,
make sure the holes are well aligned, and put the plates to one
side until the glue is dry.

You should now have four complete shigld shapes,

gach with two holes; four strips, each with a single
hole; and four triangle shapes, each with a single hole (Fig
15-B). Set the four strips aside (two of these are used at a
later stage), pair the one-hole plates up with the two-hole
plates so bottom holes are aligned, and glue them together
as shown (Fig 15-8).
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FIGORE 15-8 Figura 15-10

Having temed dows the weod te 3 well-inished cylinder and Bun the axie keles through with the*/." drill bit.
stapped off the thiciness af the wheals and the areas of part-off

waste, clear the bl of the wasts with the parting el

MAHING THE FOLLOWER WHEELS Once yau are satisfied with the finished

AND DOWEL-SLICE WASHERS dimensions of the whesls, uss the parting toal

B Lpok at the working drawing (Fig 15-1) . to part off the wheels.

E Mount a piece of 244" = 244" plum on the latha. Band down the part-off faces of the whesltoa
emoath finish

With the wood in place on the lathe, take your gouge

and turm down the wood to the largest poeethle
diameter. Now teke the skew chisael and the calipers end
carsefully ekim the wood to a 2" cylinder Be precise.

Sterting at the tallstack end, uee the mler and

dividere to mark the cylinder with the step-offs: a
emall amaunt for tellgtock waste, %" for the first whaal,
1,%" for parting wasts, 3/" for the second wheel, 245" for
parting weets, and the temeinder for another project.

Take the partdng tool and sink the waste to a depth
of abot 24", eo you are left with a central core at
gbout L2 (Fig 15-9).

On the lethe, drill a 4¥<"-diameter hole through the
length of the project [Fig 15-10). It's a straight-
forwrard procedure, ae long as you adwvance and withdraw

the drill in 3 e=ries of emall steps. Aun the drillintoa

depth of gbont 144", then draw it back to clear the wasts,

then eink the hole anaother 4", then withdraw and clesr FIGORE 15-11

the wasts, and eo on until the hole 15 complets. Bet put all the companant parts, rub them down to a geod Hxish,
v spand time maldey sare you haven't mads Sny MAsS-APE
Cut a0 the reds, dswals and pags bo siza.
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Now take the large-diameter dowel you set aside for
E the washer, drill it through with a */:"-diameter hole,
and slice it off like salami so vou have a selection of
varying sized washers.

ASSENMBLY AND FINISHING
The best procedure is to first dry build with the
tight-push pegs, pencil label the whole works with
registration marks, and then, when yvou are sure all is
correct, begin gluing and pegging it together (Fig 15-11).

Familiarize yvourself with how the projact fits

together. Mark out the base, back and two brackets.
This done, having first drilled the dowel-fixing holes, dry
fit the parts in position, and drive the dowel pegs home.

Take the chassis plates, shaft stulbs, wheel plates

and wheels—all smoothly sanded down and pencil
marked—and peg them together. Don't forget to have the
wooden washer to one side of the wheel so the wheel is
offset in the chassis (Fig 15-12). If you look to the working
drawing (Fig 15-1), you will see that with the top wheel,
the washer is at the back so the wheel is pushed forward,
while with the bottom wheel, the washer is set at the front
50 the wheel is pushed toward the backboard.

Once the wheels and the washers are in place, set
n the wheel plates firmly in position, and hold the unit
secure with the dowel and axle pegs (Fig 15-13). If vou've
crot & right, the push-fit pegs should just about hold
evarything in place. While you are working on the chassis
bogevs, set the distance dowels through the width of the
chassis and set them so they relate to the brackets and
the backboard. If you look at the working drawing (Fig
15-1), the template drawing (Fig 15-2) and the various
photographs, you will see that the function of the distance
dowels is to hold the chassis plate a set distance away
from the hackboard, while at the same time stopping the
wheel frame from twisting.

With the two bogey carriages complete, slide

them in place in the brackets, and set the drive
shaft support post in place at the front of the baseboard
{Fig 15-15).

Move the support post and set the four frame dowels

in place so the two bogeys are linked, spaced and
aligned (Fig 15-18). With the frame dowels fittad, ease the
distance dowels so the whole follower frame slides
smoothly up and down in the bracket holes (Fig 15-14).

FIGURE 15-12
Fit the wheel plate on the side of the chassis, slide the axle rod in
place, and sat the distance washer on the axzls.

FIGURE 15-13
Set the wheel plates firmly in position, and hold the unit secure
with the dowel pags and axle. Then pancil label the piaces.

FIGURE 15-14

The distance rods need to be a tight push fit through the width of
the chassis and set so the whole bogey is able to freely slide up
and down in the bracket hola.
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FIGURE 15-15
Set the shaft support pole in place in
readiness for the final fitting.

FIGURE 15-16
Slide the four frame dowels in place.

To fit the cams, slide the two cam plates in place on
n the drive shaft dowel so they are held apart with a
suitably thick washer—I use one of the slices cut {rom the
whes] plates. Set the dowel-slice washers af front and
back of the cam plates (Tig 15-17), and set the whole
component part in place so it is pivoted between the
backboard and the support post. And, of course, if you
need more or lewer washers, thinner slices ar whatever,
now is the time to prepare them.

FIGURE 15-18

Add washer slices until each plate is aligned with its follower
wheal. You'll nead to spend some time sanding and adjusting
for best fit.
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FIGURE 15-17
With the cam plates on the drive shaft,

test the movement with washers.

When you have played around with the arrangement

of dowel-slice washers until the two cams are
aligned with the follower wheels, and when yvou have
popped the dowel peg through the two cams so they are
linked and held together, spend time adjusting the two
wheel bogeys on their four frame shafts so the follower
wheels ara in contact with the edges of the cams (Fig
15-18). Although you do have to do your hest to achieve a
good fit and finish to the whole machine, I think vou also
have to accept compromises. For example, if the wheel
pivots are slightly askew, you might have to ease one or
other of the parts with the sandpaper.

When you have achieved a smooth working action

with the frame being neatly litted up and down by
the cams, and when vou have laheled the whole machine
with as many registration marks as you think necessary,
now is the time to glue it up.

m Finish the project with a rubbing of teak oil.

PROBLEM SOLVING

# This is one of those wonderfully flexible machines that is
open to all sorts of exciting design changes and modifications,
For example, vou could use it to drive one of the other
projects, you could make it bigger or smaller, you could have
the chassis bogeys running on tracks, you could have more
cams and more follower wheels, you could redesign the frame
so that it is held horizontally, and so on.



PROJECT 16

Steam Crank Slider Mechanism

PROJECT BACKGROUND

The steam crank slider mechanism is one of those jovous
archetypal machines that sets me to thinking about steam
trains and heavy industry. I'm sure yvou know what I mean,
the good old bad days, a time hefore this, hefore plastics
and computers, when just about evervthing to do with
industry and plant was massively built in cast iron—Iots of
steam, grease, 0il and noise!

This is a great machine to watch in action. When the
handle is turned—either way—the crank moves backwards
and forwards, and the piston is set to moving on its
guide hlock.

PROJECT OVERVIEW
Have a look at the project picture (right), the working draw-
ing (Figure 15-24) and the templates (Figure 16-2B), and
sea how the stanchion and the guide block are fitted to the
hase board so that the piston hlock is nicely in line with the
crank. See also how the crank rod is fixed inside the piston
block, so as to allow for the movement of both components.
Although the design is pretty straightforward—not too
many precise measurements—you do have to be mindful
that the relationship between the length of the rod and the
length of the piston guide slot is critical. That said, if you do
have doubts as to how the various slots and pins work one
to another, then it's always a2 good idea to sort out potential
prohlems by making a paper, pin and cardboard prototype.
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STEAM CRANK SLIDER MECHANISM WORKING DRAWING

FRONT VIEW ¥ SI0E VIEW
Sl AR e AR ¥ - FICORE 18-Z4
I e o il ] el 5 ), A Bound-topped stanchico.
e R e e E Flywheel
..- : 1':':' 0 Bese hoard
g'l;__-"—:f-'i@ @@ Ii} D Gude plate.
o e e R B E Crenkrod.
o D 3 F Gulde block.
L i € Distea block.
H Gulde plate.
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STEAM CRANK SLIDER MECHANISM TEMPLATES

FIGURE 16-2E
The scale is two grid

sguares to 1"

A
B
H
1]
E
F
G
H
I

Hound-topped stanchion
Flywhesl

Hase board.

Guids plate,

Crank rod.

Guide hlock.

Pistan hlack.

Guide plate.

Spacer ring.



CUTTING LIST

A  Hound-topped stanchion /s 5= B

B Flywhesel Inbxh

C Baseboard 12413

I Guide plate /s w 2 a whlfs

E Crankrod PR R

F Guide block 1=2+8

G Fiston block 1= 2Ye % 5Vs

H Guide plate B 3l e Bl

I Spacerring L uwlw]
CHODOSING YOUR WOOD

This is one of those projects where just about amything
qoes—if you want to use pine throughout, or offcuts, then
fine. That said, it is important that both the flywheel and
the crank rod be made from easy-to-tuwrn wood—something
like lime, beech or maple. It's nmo good trying to turn
knotty oak!

We chose to use English brown oak for the base slab,
stanchion and drive plates, heech for the guide block and
tha piston block, and lime for the wheel and the rod.

MAKING THE BASE SLAB
Take the piece of wood that vou have chosen for the
base slab, and use a rule and sguare to draw it out to
size at 3" = 12",

Cut the wood to size, and use a shooting hoard and
gmoothing plane to bring the slab to a good crisp
finish (Figure 16-3).

E Hewvel the edges with a block plane. Pencil label the
underside.

MAKING THE STANCHION

Use a pencil rule and compass to draw the stanchion
n 1o size on the workout paper—make changes to
the profile if you have a mind to—and then use the same
procedure to set the image out on your chosen piece
of wood.

Fix the position of the pivot point and ran it through
with a bit to match the diameter of yvour dowel rod.

Use a scroll saw to fret out the form. Work at an easy
pace, so that the line of cut is clean and fractionally
to the waste side of the drawn line (Ficure 16-4),

FIGURE 16-3

Use a shooting board and a smoothing plane to skim the edges toa
crisp true finish. Reduce the friction by burnishing the cheeks of
the plane with a white candle.

FIGURE 15-3
Work at a steady pace, all the while being ready to move the wood
8o that the blade is presented with the line of cut.

MAKING THE PISTON
BLOCK AND SLIDING BLOCK

Cut the piston block to shape and size, and draw in
n the position of the guide rod slot,

While there are any number of ways of clearing the
E slot waste—you can use a drill and/or a coping saw
and such like—I found that the easiest way, in this
context, was to use a routar bit in the pillar drill. Drill two
holes right through the piece—one at each end of the
slot—and then run the router bit backward and forward
from hole to hole until you are through (Figure 16-5).
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FIGURE 16-5
Run the workpiece backward and forward, while at the same time
gently lowering the bit.

Cut the piston gulde block to size and shape—
meaning the block on which the piston block
gits—and dry fix it in place on the base slab with dowels

(Figure 16-6). Fix the stanchion pillar in like manner.

n Cut the twao piston guide plates to size.

Having first turned the piston rod to shape and
H rubbed it down on opposite sides, drill a hole into the
end of the piston block and use a loose-fit pin to fix the
thin end of the rod in the hole.

Modify the shape of the piston hole until the rod is
ahle to move up and down without hindrance
(Fitnare 16-7).

Finally, sit the piston block on the guide block,
. sef the two plates one on either side, and mn a
dowel through the plates so that the piston is contained
(Ficure 16-8).

(=1
[
=]
(Wp]
=
t
=9
=
(]

HANE SLIDER MECHANISH

FIGURE 16-B

Fix the components on the base board with dry dowel Note
that the line of decorative drill sinkings was achieved with a
Forstner hit.

FIGURE 1B-7
The pin needs to be a tight fit throngh the hlock and a Ioose easy
fit through the end of the rod, so that the movement is free.

FIGURE 16-B

Adjust the fit of the plates and the length of the slot so that the
extont of the run relates to the diamater of the flywheal.



FIGURE 18-8

Use the dividers to check off measurements and to step-off
around the circumference. Note the rounded finish to the top
face of the rim.

FIGURE 16-10
Use a pillar drill and a Forsiner hit to run the holes throngh the
thickness. Note how the turned line helps set the position of the
center points.

FIGURE 16-11

Rub the turning down at the broad end—muntil there are two
distinect flats, with the distance across the flats being egual to tha
diameter of the turning at the thin end.

MAEKING THE FLYWHEEL

Take yvour piece of sawn wood at 1" thick and

5" = 5" sgquare, and check it over for problems—
avoid anvthing that looks to be split or knotty. If vou have
doubts, then look for anather piece.

Draw crossed diagonals across the 57 = 5" slab to

fix the position of the center point. Scribe a circle
at 4'/:" diameter, and cut the blank disk out on the
scroll saw.

Mount the disk on the lathe and turn it down to a
finished diameter of 414" at abonut " thick.

Use a parting tool and the skew chiseal to turn off the
n profiles that go to make up the design. Aim for a rim
at ahout /2" wide, with the central boss being ahout 1"
diameter, with the face of the boss being about /" lower
than the face of the rim (Figure 1B-3),

H Rub the disk to a smooth finish and remove from
the lathe.

Having first used a compass to divide the
u circumierence of the wheel into si¥ equal segqments,
draw lines across the circle so as to create a six-spoke
form, and then use the bit size of your choice to run six
holes through the wheel (Figure 16-10).

FITTING THE CONNECTING ROD
When yvou are happy with the shape and finish of the
wheel, and when you have drilled the holes for the
central pivot and the handle, take the piston rod and
continue sanding the two “flats” down to a smooth finish.

The best way forward is to ruh the faces down on a

lapping board—meaning a sheet ol abrasive paper
that has heen mounted grit-face-up on a sheet of plywood
(Figure 18-11). Continue until the distance across the
resultant flats is equal to the diameter of the rod at the
thin end.

Finally, have a trial fitting of the rod on the flywheel,

If all is well, the wheel should be able to rotate with
the flat face of the rod being in close but smooth contact—
no twisting,
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FIGURE 1B-12
Try out the movement. If all is well, the flat face of the rod will
run smooth against the wheal rim.

ASSEMELY AND FINISHING

When you have achisved all the component parts

that make up the design, then comas the testing
task of getting it all together. You should have eight
primary parts in all; the hase slab, the stanchion pillar,
the flywheel, the piston block, the guide block, the piston,
and two guide plates, plus any other hits and hobs that
you have the time and energy to make along the way
(Figure 16-13).

Check the components over, and then use the finest
E grade of abrasive paper to rub them down to a good
finish. Give all the surfaces—hbarring the mating faces that
are ta be glued—a swift rub down with a small amount of
teak oil.
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When vou are happy with the finish, start by gluing
and pegging the stanchion and the guide hlock to
the base board.

Glue the dowel in the center of the flywheel, and glus

and dowel the guide plates one at either side of a
quide block, so that the piston hlock is nicely contained
{Figure 18-14).

Set the piston rod in place on the handle dowel, and

enter the tapered end into the piston block. Then (it
with a glued pin, so that the wooden pin is a tight fit in the
hlock and a loose fit through the rod (Figure 16-15].

Test out the movement by slowly turning the

flywheel. If all is well, the piston should be at the
limit of its un when the rod is fully extended at the
quarter-past-the-hour position (Figure 16-18).

When you are happy with the movement, then
n comes the enjovable task of fitting all the little
embellishments that jolly up the design—the turned bead,
all the little dowel stubs at the top of the piston, and the
half-beads around the circumierence of the flywheel.

Finally, having first of all waited for the glue to

get, give all the surfaces another swift rub down,
wipe on another coat of teak oil, and then you can set
the wheel turning.

FIGURE 1B-13

Check all the component parts
out for fit and finish. Make
snure mating faces ara flush
and true,
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FIGORE 16-14
FRt ons guide plats on the guids biock, set the plston tn place and
push the slot dewed In pesition. Yom might well noed to sass the
slot sa that the movement is free.

FIGORE 16-17
When yeu ars happy with the fit, rab the ends of the through-pin

PROBLEM SOLVING

» If you ke the overall ideaaf the project, but waot to make
somEthing altogether more grand—say much blgger—oa
prublem, 35 long 65 you make sure that the diameter of the
fywheel, the Jength of the rod, 804 the length af the piston

bilnck slot ate compeatible

FIGORE 16-15 * While T ke the project as it stands, Gil Teckoms that it would
Push the weodan pin through the pston bock and on Hrsugh the be altogether mare eXcltog if we bad a sst of four Ny whesls
ole b the end of the red and taur pistons, with sl the pistons set 5o that they push ooe

after Engther, She thinks that it would be moTe o keeping with
the heavy engineering traditian. It sounds so sasy!

» I you ke the noHon of the project but aTen't 5o keen on
WOOAtUTOing ¥Ou cowld get away with cufting the wheel out
om the serall saw and using & Teady mads length of dowel for
the piston Tod.

« 1 the pistom block sticks hetween the guine plates, then

tr¥ umishing the sides of the plston with 8 small amount

o beeswaL

* I the rod 1s too long to aliow the piston biock to get to the
end of Its run, then either shorten the length of the rod or
lengthen the guide slot

« I yOu'Te 3 beginoer to woodharniog, you can take i from ma
; that one of the best extras L5 the four-jaw chuck. A5 you can
FIGORE 16-16 &, It allows you tobold disk hlaoks securely, without the

If it hangs wp when the handls |s at the guarter-past-the- nBed for SCTEWS.
hoar pesition, thea chances are the end of the slot will nesd te
e extendad

STEAM CRAME SLIDER MECHANTSM 181
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PROJECT 17

Differential Pulley Block

PROJECT BACKGROUND

Then we lived by s boatyard, I used to wetch in amazement
gt the launchinge. Having spent elx monthe milding a
wiooden fiehing trawler thet wes truly as big a5 a houes—
gbont B0 long with oekenribs as thick as a man's hody, 20°
high from keelta deck, all uilt on top of 8 massive iTon car-
rlage—the builders would ues s eerias of pulleys and lavers
to inch the finiehed hoat out of the hilding ehed snd into
the water. They made it ook eo easy! They would hook one
end of the pullay ta the carriage, end the ather end to one of
the huge iron ringe est nto the gqueay side. Then they wouald
pump awey at the ratchet handle, end it was beautiful o
watch Four middle-aged men Httle-by-little inching the
big boat from the shed and omto the launching ramp. All of
it done with pulleys and levers.

PROJECT OVERVIEW
Lock at the projact picture to the right, the worldng draw-
ing (Figure 17-24) and the design templates (Figure 17-28),
gnd you'll ses that the esesnce of this project 1s making
muliples There are lots of turned pulleye, wheels, groups
of identical plates, et of holder bars, and eo on. If you like
making rapeats, than you ere golng to enjoy this project.

The ratchet 15 a bit tricky becauss it must be 1aid out
accurately with a compass. Look at the dasign templates
(Filgure 17-2B) end nota home the whesl design is echieved
by ecribing radiue arcs armound the circumference of the
circle to diride it up inta six equal parts.

Thie project ie designed to be ng on the wall like a
plcoture or a plecs of eculpture. The holes in the backboerd
are 1e=d as hanging pointe.

188 DIFFERENTIAL PULLEY ELOCE
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DIFFERENTIAL PULLEY BLOCK WORKING DRAWING

FRONT VIEW SIDE VIEW

FIGURE 17-2A
With this project, feel free to

T = t-t::ll c experiment with different
35 i el 7

= gizes and thicknesses of wood.
Backboard.
Ratchet autTigger.

Ratchat wheel,
Hook.

A

B

c

D

E Topgang pulley plate,
TOP VIEW F Swinging gang pullay plats,

6 Hatchetstop plate.

H Handle crank.

I Holder bar.

Jd [Distance disk.

E Pullay wheel.
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DIFFERENTIAL PULLEY BLOCK TEMPLATES

FIGURE 17-2ZB
The scale is two grid

sguares to 1"
Backboard,
Ratchet outrigger.
Ratchet wheel.
Hoaok,

Top gang pulley plate,

Ratchet stop plate,
Handle crank.

Holder bar.,

A

B

C

n

E

F Swinging gang pulley plate
1]

H

H

J Distance disk
K

Fulley whesal.
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FIGURE 17-4
1f you're new to the scroll saw, you might not know that the
rate of cut is governed by the speed at which yon advance the
workpiece. To have more contral when cutting tight curves,
simply slow down feeding the wood into the blade.

n When vou're satisfied with the shape, drill & 5" hole
for the pivot and a small hole for the fixing peo.

E Cut the form out on the scroll saw (Figure 17-5).

MAKING THE HOOK

MNow comes the good fun of whittling the hook

to shape. It's fun because it's also a challenge.
Whittling a dense wood like plum is always tourrh going.
The only tricky part is vou have to keep changing the
direction of the cut as you work around the curves. If yvou
find yourself cutting directly into end grain, turn the hook
around and cut from another direction (Figure 17-6).

When vou have whittled the hook to shape, wrap a
fold of sandpaper around a dowel to help you sand
the curves. Sand until it's smooth.

First cut out the disk, then clear each of the six pleces of waste
with two straight cuts.

FIGURE 17-6
Work with a controlled paring cut, all the while making sure that
you are cutting with the grain.
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When vowve finished giving all five pulley wheels a

V-groove and one fair face, place therm one at a time
inthe four-jaw lathe chuck and remove the waste until the
rim and the central bhoss stand slightly above the center
saction (Figure 17-8),

ASSEMBLY AND FINISHING

When all the parts have been built—the hacking

bhoard, outrigger arm, three pear-shaped plates,
two diamond-shaped plates, three main pulley wheels,
the ratchet pulley, a cogged ratchet wheel, stop lever,
winding crank, hook, three holding bars and all the other
gmall pieces [Figure 17-10)—then comes the time to put
it all together.

Check all the parts for problems-—splits, rough areas,

warping and such. Sand all pieces smooth, Being
very careful not to get any on the faces that are to be
qlued, apply teak oil to the pieces.

Start assembly by fitting and gluing the top gang of
H pulley wheels in place on the backboard. The best
approach is to fit the plates and the holding bars, and then
attach the two pulley wheels (Figure 17-11).

Feg and glue the outrigoer to the side of the
backboard. Set the ratchet stop in place on the
board, fit the little block that limits the stop, and then glue

the ratchet dowel in place (Figure 17-12).

FIGURE 17-11

Ba carafiill when gluning the doweal. Dnly glue the plate holes, so tha

wheels are free to move.

FIGURE 17-10

When you've made all the parts, sand them smooth, clean away
the dust and then apply a small amount of teak or Danish oil.
Keep the oil off the faces that will be glned.

FIGUORE 17-12
Tha little dark block under the ratchet stop is a limiter. It keaps
the stop from dropping down.
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The fitting order for the retchet unit on the dowel is:

cogged ratchat, pulley wheel, crank, hold peg end
handle doemel. A emall peg through the dowel holde
everything in placs (Figure 17-13).

The swinging gang—ths unit with the single pullay
wheel and hook—ie wonderfully easy to fit All
you do is sandwich the hook, pulley and spacer wheel
hetwean the twio plates, then glue the dowsl pivots in
placa. Keep the glue at the end of the dowels eo the thres
components at the center of the sandwich are free to move

(Flgure 17-14;).

FIGORE 17-15
When yen'rs bappy with the card, drill a small hols Inte the
ratchot pulley and the distance disk Then attach the card ends

with gius and pags.

i HPL LN To install the drive cord, follow this road map: start
FIGORE17-13 gt the top spacer wheel on the swinging gang, go

Smear giuas sn all mating faces af the ratchet mnit—the ratchet, over and around the front pulley on the top untt, then
pulley wheel, crank and the Bitls kolding dewel Ton want the down to the pullay on the swinging unit, back up to the
ilires campenents to I0TE 35 0n8. back pulley on the top untt, and then #inally round to the

pulley on the ratchet unit. Fix the ende of the cord by
gluing them into pegged, drilled holes [Figura 17-15).

PROBLEM SOLVING

« DepenAing on your choice of drlve card, yoo may need

to make the V-sectlon graoves on the pulley wheels

SUENiTY deeper.

» We relled on @ fouT-|aw chuck to make these parts, If Fou
doo'thave ane, Foul need to slther DUrChass one orwork o
& way that Suits your 1|2the setug.

« In Tetraspect, Gl Teckons that this project would have been
more successhal if we had made everything much smaller.
¥ou might want to bulld this st half the Hsted size.

- » WhED F0U COME to fitting the ratchet wheel you may Hod
=2 2 It necessary to 1se pencil, paper aod 8 piece af cardbaarnd to
FIGORE17-14 determine the precise posttlon of the stop emd Dlock

All thres compenents need te be fres moving within the plabes.

1TR DIFFERENTLAL PULLEY BLOCK
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PROJECT 18

The Excentric Squirrel Fan

PROJECT BACKGROUND

The excentric equirrel fan is a3 mechaniem designed to
draw in and compress large volumes of air using centrifu-
gal force. f you want to ventilate a ship, factory or mins
ehaft, or push warm air finm one room to enother, then this
ie the fan to use. In use, the air ie sucked in through small
veants at the sides, compresesd during ite progrees through
the epiral and then forced out from the outlet mouth, with
each wing of the fan acting as a valve. Asto winy it's called
gn "sxcentTic squirrel” fan, I can't say for eurs, other than
thie is the term and the spelling thet was uesd by a certain
Bir John Hobinson, in 1850 or thereabouts, whem he
designad a revolutionary new warming end wventlating
grrangement for his house in Edinturgh, Scotland. The
epelling for "eBxcemtric” 16 welrd but correct

PROJECT OVERVIEW

Heva a look &t the project picture (right), the working draw-
tngs [Figura 18-2A) and the temmplates (Fiqure 18-28). Tha
fan 18 made up from & backing board, a frame plate end a
baes board, with the thiee components sharing the sams
profile. Thie was achieved by sendwiching three bpards
end then cutting them out all of a place—with the resultant
waste b=ing uesd for a good number of the other compo-
nente The movement 1s achieved by meene of a drive belt
that rune from one wheel to encther, with the motive forca
being supplied by the crenk handle. The good fun thing
with this project 1s not eo much the smooth movement of
the fan, but rather in the making. [ say this hacauses, to my
mind, there 15 something perticularly pleseuresome ahout
the procedure of cuting and ftting the fen winge so that
they are a tight closa fit within the frame plate.

THE EXCENTRIC SJUIRRELFAN 173
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THE EXCENTRIC SQUIRREL FAN WORKING DRAWING

T

i

U

T

i

SIOE VIEW

™ FICURE 13-2A

)
.

1

TOF VIEW
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A Bacldng board.

Frams= plate.

Fan hub.

Hub bhelt whesl
Emal] hedt wheel
Crank handle.
Emse board.
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THE EXCENTRIC SQUIRREL FAN TEMPLATES

) i il
11
T

o

FIGUTRE 18-2B
The scale is two grid

squares to 1"

A
]
[
hi1]
E
F

Backing board
Frama plata.

Fan hub.

Hub helt whesl.
Small belt whaal

Crank handle.
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MAEKING THE FAN WHEEL

Take the wood that vou have chosen to use for the
n fan hub and then use the compass fixed at a radius
of a little under 1*/:=" to draw out a circle with a diameter
of 84/:", Oraw an inner circle at about 1" diameter.

Hun a hole through the center of the drawn out
circle to match up with the diameter of your chosen
pivot dowel.

With the compass still set at the radius measure-

ment, first step off around the circumference so that
you have six equal divisions, and then halve the divisions
50 a5 to divide the circumference into twelve egual parts,
like the face of a clock.

Draw lines from the circumference intersections to

the center—just like the spokes of 8 wheel—and then
move to the band saw and run straight saw cuts along the
spoke lines, stopping short at the line of the inner circle.

E Lastly, move to the scroll saw and cut around the
outer circle so that vou finish up with the hub wheel
(Figure 1B-5).

Take the wood for the wing flats and plane it down to
athickness of about /2", Cut the wood into twelve
identical lengths at a little under */:" wide and 17°/:" long.

n One piece at a time, take & small sharp knife and
shawve away the thickness at one end, until itisa
tight push fit in the band saw cut (Figure 16-8).

MAKING THE BELT WHEELS
Hawing first used a plane to thickness your chosen
wood to °/" then use the compass to set out the two
circles—17/" diameter for the large wheel, and =" tor the
small one.

E Cut the two circles out on the scroll saw.

One blank at a time, take the knife and the riffler file

and cut and work the V-groove (Figure 18-7). Run
three pencil lines around the thickness of the wood so that
vou have four bands—two equal outer hands at /" and
two inner side-by-side bands at /=", Run a stopeut down
between the two %" bands, and cut into the stop-cut to
make the V-section. Do this on both wheels.

FIGURE 1B-5
First cut the slots and then cut oot the circle. This way of working
allows you to correctly align the band saw cuts well before they
enter the circle.

FIGURE 1B-B
Shave the wood on both sides so that each wing is a tight push fit.
If you are using a hefty saw blade or thin veneers, then you could
maybe miss out on the shaving stage.

FIGURE 18-7
Usa a knife to cut the V-groove, then rin the riffler file over and
round—always working with the run of the grain.
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FIGURE 1B-B
Work with a tight paring stroke—as if you were paring a
small apple.

MAEKING THE CRANK HANDLE
n Plane the chosen wood to a thickness of about #/".

Aun a center line down the width of the wood so that
itis aligned with the direction of the grain. Then use
the compass, rule and pencil to set out the design.

With a drill hit to match the diameter of your dowel,
run holes through the two pivot points, Then fret the
profile out on the scroll saw.

n Use the penknife to whittle the arin of the crank to a
round section finish. Work from end to center so as
to avoid running the hlade into end grain (Figure 18-8) .

Having made the knob—I turned mine, but yvou could
H just as well use a found bead—take a little scrap of
easy-to-carve wood and make a little pivot pin to run
through the knob (Figure 18-3). Wark the whittling with a
knife and fine-grade sandpaper, until it is a tight fitin the
crank and a loose fit through the knoh, with the swelling
at the end of the pivot acting as stop.

ASSEMBEBLY AND FINISHING
Take all the component parts and check them over
for possihle problems—pay particular attention to
the fan huh, See how [ trimmed back the width of my base
board by about 2% so that it looks more balanced. When
yvou are happy that all is eorrect, then comes the time to a
have a trial run putting together.

118 THE EXCENTRIC SOUIRREL FAN

FIGURE 1B-8
Sand the peqg to a round section so that it's a loose fit through the
knob and a tight fit in the crank hole.

FIGURE 18-10
The frame plate might well warp when it has been cut. If this
happens, then you will need to ease it to fit.

FIGURE 1B-11
Trim the wings on both sides, and set them in the slots so that
they are in alignmeant with the radius lines.



Position the face frame plate on the backing board
E and mark its position. Establish the precise position
of the two wheel pivots, and run them through with a bit
size to match vour chosen dowels.

Set the frame plate in position on the back and run
E selected fixing holes through the thickness of the
backbpard. Fix the frame with three or four cocktail-stick
pins (Figure 18-10).

n Set the wing flaps in the hub slots, and make
adjustments (Fioure 18-11) until the total diameter of
the fan makes for a tight it within the frame plate.

E Flace the drive belt wheel on the top face of the hub,
and {ix it with wooden pins (Figure 18-12).

Once the fan wheel is in place, drill the rest of the
holes through the base bhoard. If vour frame warped,
you might need to iddle around for best fit (Figure 18-13).

Slide the spacer wheel on the drive pivot (Figure
18-14), and then fit the crank and wheel unit.

Take a waxed twine and cut and knot a two-strand
drive helf to fit,

H Finally, disassemble the components and work
through the usual procedures of fine sanding, oiling,
grluing and wasing.

PROBLEM SOLVING

» One of the biggest difficulties with this project 12 choosing
the wood for the fan wings, Not only do you need a wood that
is straight grained, with a lot of strength along the run of the
grain, but the wood must be relatively easy to plane. I chose
ash, but you could just as well go for beech, maple or some
types of pine. You could even buy ready-cut vengers and
sandwich them to make the thickness,

» Be very careful whan you are cutting the frame plate that
you don't break the form across the shart grain.

= Use wax-lined cord for the drive belt, or even one of those
little track belts from a child's constmction kit

« When you are working the V-section wheels with the riffler
file, you will need to change your approach ta suit the run of
the grairn. For example, if you arrange your disk blank so that
the grain runs from 8 o'clock to 12 o'clock, then you will have
fo work up and down from 3 o'clock and B o'clock.

FIGURE 1B-12
The belt wheel is best fixed in place with a couple of pegs—the
idea being that you then don’t have to worry so much about the

fitting at the gluing stage.

FIGURE 1B-13
The frame might need to be repeatedly eased to fit.

FIGURE 1B-14

It’s important that the spacer stands slightly proud of the frame
plate so that the crank handle is lifted fractionally clear of

the frame.

THE EXCENTRIC SQUIRREL FAN 178



SIX VALVE RADIAL ENGINE

SIX VALVE RADIAL ENG



SIX VALVE RADIAL ENGINE WORKING DRAWING

FRONT VIEW

il (0 T
Glal dn L.
l el ."’!Backl_u_rl | Piston’,
I | | / disk |[d rod |
i _/ wﬂeLll:::d )
L End |
TOP VIEW vrasher .-"'
Engina /
hody
FIGURE 18-2A /
A Engine hady. iy et
B Backing dish. CROSS-SECTION DETAIL SHOWING
€ Crank dish. THE PIVOTING ARRANGEMENT
D Plstons.
E Spacers.
F Base mounts.
G Base slah,
H Piston rods.
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SIX VALVE RADIAL ENGINE TEMPLATES

FIGURE 18-2B

The scale is two grid sqnares
to 1". Nate with the engine
disk how the design is based

on a hex form, with the

step-offs being established

by making radins arcs.

Engine body.

Backing disk,
Crank disk.

Pistons.

Spacers,

Base mounts.

Hase slah.

E oD WmOM e 0 m e

Fiston rods
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CUTTING LIST

A Engioe bady 144210 =10 lime

B Backing disk ‘g = 10+ 10 plywoon. -

C CraEnkdisk 1444 % Btz * 22 ChEITY

O Pistoos 1= 2= /s walont

E Spacers veelsl

F Base mounts Dffcuts afbeech N

E Baseslh 1% 5= 7./ heach

H Piston rods 32" thick plum
CHDOSING YOUR WOOD

The choice of wood 18 governed almoet entirely by tachni-
celnesd. The wood nesds ta be easy to turn and strong. For
theee reasons, I chose me for the main engine body, thin
plywnood for the backing disk, beech for the base and tha
elde mounts, & denes African walnut for the pistons end
plum for the pletom mode. The pleces that pose the moet
challenge s1e the pleton rode. The wood for thess needs to
be strong even when tt's cut ioto thin slicas.

MAHKING THE BASE
n Take the 1'-thick slab of wood for the base and plans
1t dowm to 2 finished thickness of /4"

Use a equares, rule and compass to lay out the design
on the wood, then cut it to shepe on your scroll s,

E Sand it to a emooth Anish

n Cut the two little mount wedges to shape and sl=s,
go the top curve 1s a partial circle thet comes from a
circle with a radiue of 44%" (Figura 18-3).

MAKING THE ENGINE BODY
Take your 10" = 10" slab of wood and draw croessd
diagomals to find the center point. Set your dividers
to a dismeter of 474" and ecribe a B%/:2"-dlameter circle.

Use a 2%s"-dlameter Foretner bit to drill through the
cemter of tha hlank.

184 SIX VALVE RADIAL ENGINE

FIGORE 18-3
Sst the wadges to tha basa 50 that the pari-circamisrencs curves
Itk a ™ -diamatar disk

=

FIGORE 18-4

The whale precedure af tuming the cagine disk s mads easy by
tha usa of 3 IAE-Jaw chuck You will Besd ts turn the jaws around
50 that the staps it nside the bals at the center of the circle, 5o
that the jaws grip wien they ars weand apart.

Change the jaws of your lathe chuck eo they'e in

the expanding mode. Mount the diek on the lathe
end turm it down to eize: /4" thick and 9" in diameter
(Figure 18-4).

Turn the finished disk over in the chmck. Cut a gulda

line around the circle sbout L4 in from the edge,
then lower the face of the resulting 8% -diemster circla
to a depth of 14" or the thickmees of the plywood you'te
using. Theidea is to fit the plywood diek into the rec=ss so
it'e containad.

‘With your compass set et a radius of 447", maks six
E equal step-offe around the citcumference. Then usa
the six points to draw in all the deteils of the design (see
Figures 19-24 and H).
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FIGORE 18-8

FICORE 10-5 Use a sHghtly heavisr biads in saw the sdges of the plston
You need te sk twe holes for sach pision chamber—one ateach  chambers so that the sawn 1aces are at ight angles o the face
end of the chamber. of the disk.

Use a I*/w"-diametar Forstner bit to drill out the
piston chamber holes (Figure 18-5). Orill two haoles
for each chember

When you hene merked out the dasign end drilled

ot the ende of the piston chembers, ues & scroll saw
to cut ot the rest of the design [Figure 18-6). Make sure
the eawn edgee are cleen and crisp and at right anglss to
the fara of the diek.

E Finally, use progreselvely fnar grades of sandpeper
to get a emooth finieh. Pay particular attention to the

eldes of the piston chambers (Figura 18-7). FIGORE 18-7
Spend a geod Hime sawEng sl the sawn faces i a goad smoath
MAKING THE BACKING DISK Nuish. Maks sure that all the edges are stightly rounded—
[n the plywood, draw a circle that matches the espacially the sdges of the chamber kolas.

turned recess, and cut 1t out on the ectall saw.

Study the work ing drawing, notlng how the slots on
the plywood diek relate to the movement of the
piston cemters. Using a pencil, rule and compass, mark the
positicn of the elote. Make the slote elighthy wider then the

diameter of your pleton -cemter dowels.

Cut the slots out on the scroll eaw. The best way 1eto

drill two holee in each of the drawn elote, one at each
end Detach the saw blads and paes it through the hole,
reattach and temsion the hlade, then cut out the slot
[Figure 18-H). Remember to drill a hole through for the
crank disk pivot FIGORE 18-8

The kest way of estabiishing the positien of the skots s todraw

Finally, sand all the sawn edgee to g smooth finish. the shaps af the chambears threngh fram the angine disk. ¥ yon

Do a triel ttng in the recess, sanding until follow this coursa ef action, you must put algament marks an
everything fits properly. oth compenents 50 tiat yen can corracily fit them back together.

SIX YALVE RADIAL ENGINE 185
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MAKING THE PISTONS AND SPACERS

With the engine body complete, take the wood you
chaose for the plstone end check that it's fres from

eplits and kmote

Set the square wood sectlon in the lathe and turn it

down to a cylinder with a dlamater that 15 slightly
emallar than the width of your piston chambere For
exampls, if your chemhbers are 1%/%" wide, then make a
cylinder that's 1" or 144"

Using dividers make alternate step-offs 14" 17, 44",

1" and eo on along the langth of the wood nntl yoo
have seven 1" pistons marked | elx you knmer you need end
ome extra for uck).

Mark the wood end the chuck soyou know how it
fite in the lathe Then teke it off and see how tha
cylinder fite in the chembers (Figur= 19-8).

Remonnt the workpisce, and turn it down to a good
E fit. Part off the pletone by bringing the leading face
of the firat plston in line to a good Hnish, removing the
waste eo the pieton falls free. Wind the tailstock centar in
eo that the wood 18 once agein supported, face up the nesct
pistom, and so on down the line. If 811 is well, the pistons
ehould be a nice fit and stand above the faca of the englne
body by ebout */z" [Figure 18-10).

When you hene made all the pistons, makas the

spacer diske in ke menner. The onhy difference this
time 16 that the digke ere about &% diemeter and made sa
that they rangs in multples of the thickneess of the piston
rods. That maans if your plstom rods are 3¥z:" thick, then
the firet d ek needs to be /%" thick; the next one twice
/%" (that would be 3/%"); the next three timee =" (3./%=");
the next four times 332" (%/3"); end so on (Figure 18-11).

E Finally, part the spacers off as described for the
pistons, and drill them through with holes to match
your plston dowels.

MAKING THE CRANK DISK

Study the working drawing end the templates

HNote the relatonship between the movement of the
pistoms within their cylinders and how the length of the
rods goveme the precise position of the crank hole oo the
crank disk Drew your disk to size accordingly, eiming for
a tight but smooth ft.

188 SIX VALVE RADIAL ENGINE

FIGORE 18-9
Tha piston nasds b ba sized 5o that when 1t is fitied it stands

shightly prond of the face of the englns disk

FIGORE 18-10

Try iha pisien out far sizs. If the it s clese and you nead 0
il jmst the chambers, then ba sar &0 mEaber the plsons and
the chambers 50 that they maich.

FIGORE 18-11
Tha SpPacers are viial to the smeoth reaning of the machine, 5o
spend Hms making smre that they ars all correctly sizad.
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FIGURE 18-12

Gather all the component parts and check them over for problems.
Make sure that mating surfaces are smooth to the touch and free
from rough corners and edges.

E Flane the wood to thickness, and cut the disk out on
the scroll saw.

Drill two holes—one at the center for the main pivot
dowel, the other one about */<" out from center lor
the crank rod.

MAEING THE RODS
AND PISTON WASHERS

Take yvour carefully selected wood—I chose plum—
n and plane it down to a thickness of #/::",

Layout the rod dimensions on the wood. They should
E be about /" wide and the holes centered about 2V/:"
apart. The exact measurements should come [rom your
specific parts.

FIGURE 18-13
Check the rod for sise—make sure that the piston doesn't stick in
its chamber—meaning when the crank pin is furthest away from

the piston.

B Cut the rods to size on the scroll saw, then strap
them together with masking tape so vou have a little
bunch. Drill the two holes through all the pieces at once.

Use the same thickness of wood for the washers. Cut
n the washers to size at about /=" diameter, then drill
to suit. You need twelve washers in all: six for the front of
the machine and six hidden away at the back.

H Thread the twelve washers on a piece of wire or
toothpick and sand them until they're smooth and
crisply rounded.

ASSENMBLY AND FINISHING

Group all the component parts and check them for it
n and finish. It may help yvou to number the parts and
draw in alignment marks. Wipe on a small amount of teak
oil (Figure 19-12).

Glue and pin the plywood disk in place in the recess
E at the hack of the engine disk. Set the crank disk in
place, and then put the six pistons into their chambers
(Figure 19-13).

Hun the small diameter rods through the pistons,
B and set the spacers in place. The assembly order
around the engine disk is: no spacer, thinnest spacer, next
thinnest spacer and so on, with the number six spacer the
thickest. Set the crank rod in place in the crank disk, and
start placing the piston rods (Figures 19-14, 19-15).
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FIGORE 18-14
Fit tha reds In soquance sa that they are parallel and aligned o
I face of the angine disk.

Set the turning handle in place and test the
movement [Figuras 18-1E, 19-17). You may hawe to
eaee the holee a bit untl] the mowvement 18 smooth

When ym've fitted the rods in an escending spiral,
mark what goes where end how.

Finally, when you are sure everything ie properly in
H place and up and nnning, ghis the whole works
together. Sat the engine diek on ite stand, burnish the
moving parts with a emall amount of beeewax to raduce
friction, and the job 1e dons.

PROBLEM SOLVING

« I you fiod the mavement stcking ¥ou coukl sdd a crank
handle at the back of the model - 8 handle that Ioks throogh
to the central crank disc.

& I1 W' Te UNEIre how BI]]II.HIIIJ.'I]ﬂ'm Bnd the COIMmpOOeNLs
relate to esch other, it's 8 good Idea to make & working madsl
It's Basy enouph to make a fat deskctop mode] from cardhoand.
» The piston rollers need to be made fram a denss, heavy
hardwood, ideally ooe that has aoally finish.

* Findlng good-quallty small-diameter dowels 1s alwaysa
problem. I tend to use & mix of cocktadl sticks, barbecue sticks
and kehah skewsrs.

* Ba sure to war moving parts before you assemble the
maching, to cut down on the frctom

188 SIX VALVE RADIAL ENGINE

FIGORE 18-15
1Y the rod Joaks i be a Hitle shart, then be ready by sand the
chamber 5o that It's slightly longer.

FIGORE 18-15
Hote Bow pisisn number one doesn need 8 SpAcer.

FIGORE 18-17
Testout the Iall movement belore you It the whale works up,
and it the washars i the ends of the through-pisten pins.
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PROJECT 20

Wheel and Worm Gear Mechanism

PROJECT BACKGROUND
The wheel and worm gear mechanism is 8 device faor
*croes-axie movement'—a devics for chenging the direc-
tion of the movement while at the same time changing the
gear atioe In thie instance, the epeed of tha fast-turning
wiorm gear 18 cooverted into a slow-turning wheel I you
really enjoy techno-bebhble, worm gears provide the sim-
plest means of chtalning large ratios in a single pair. Such
mechaniems are uesd when the axee for trenemitting
motion are nat in the same plane. Just in case youTe maore
8 eculptor-woodworker than a mechanical engineer, what
thie means is that the screw zooms eround while the wheal
crespe. It'e & faecinating mechaniem to watch in action. It
ie heautiful, almost hypnotic

PROJECT OVERVIEW

Btundy the project picture [right], the working
drawing (Figure 20-2A) and the templates
(Figure 20-2H). For the moet part, this project
hae to dowith careful layout, preclies work on the
ectoll saw and painetaking whittling. Note how the mecha-
nism 1e mada up of two primary parte: the lenge whesl with
gll tha teeth, end the tumed cylinder or shaft with the
carved worm In action, the crank handle turne easlly in
one direction while the whesl slowly turns in enother.
Whils the hullding steps are sll pretty easy, it's fair to say
that cutting the worm tekee g lot of finicky patience. That
eald, thie 1s cne of those beautiful, iy projects that—once
the basic eewing end turning ere out of the way—can he
gquietly wiorked on out on the porch or in the garden

WHEEL AND WORM GEAR MECHANISM 188
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WHEEL AND WORM GEAR MECHANISM WORKING DRAWING
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FIGURE 20-2A

o mmMooHE»

Backboard.

Base board.

Toothed wheel.

Worm drive.

Crank handle.

Bearing lugs.

Disk spacer.

Orive shatt encd-stop disk.
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WHEEL AND WORM GEAR MECHANISM TEMPLATES

FIGORE Z0-2B
Tha scals 1s wo grid
sguaras o 1.
Beclkboard.

Besms hoard.
Toothed wheel
Wiorm driwe.
Crembc hamidls.
Hemriog hags.

Dok spacer.
[ ve shedt end-stop disk.

- LR - - -
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CUTTING LIST

Hackboard 3w Tiin x 1285 talip

B Base boand P = L talip

C Toothed wheal ex T =7 0ak

I Worm drive 2 2 lime at least 10" long

E Crank handie 3fs v 8/ = & cherry

F Hearing lugs s v 2 x 41/ plum

G Disk spacer WanFx3

H Drive shaft end-stop disk 1'7 = 85 = 2%/ charry
CHOOSING YOUR WOOD

When choosing your wood, remember: the wheel must he
strong across the run of the grain so it can he sawn and
pared without crumbling, and the worm must be hoth easy
to turn and easy to carve. Taking these considerations into
account, and having first dug into my mountain of scrap
pieces, [ opted to use oak for the wheel, tulip for the back
and base boards, plum for the bearing lugs, Ume for
the worm and whatever happened to fall to hand for the
other parts.

FIGURE 20-3

Using a combination plane is a great swift and easy way of
cutting the housing channel. Note the setup that allows the plane
fence to run clear of the edge of the bench.

FIGURE 20-4
Make sure that the hoards are a good tight fit and at right angles
to sach other.

MAEKING THE BACK AND BASE BOARDS

Study the working drawings (Ficures 20-24 and B)
n so vou understand how the project needs to be
warked and put together. Flane vour wood for the back
and base board down fo a finished thickness of 4"

Use a compass to draw the 7"-diameter circle to

make the base and the half-circle that goes to make
the backboard. Complete the design with a rile and
suara. Cut the backboard out on your scroll saw.

Use the tools of your choice to run the 3/"-wide
H housing channel across the base. I used an old
combination plane (Figure 20-3), but you could just as
wall use a saw and chisel or a router.

n Work the channel until it takes the hackboard for a
nice tight push fit (Figure 20-4). When you'te happy
with the joint, cut the base disk out on the scroll saw.

MAKING THE WHEEL

Having planaed yvour chosen wood to a finished

thickness of /<" and drawn and cut out the 5"-
diameter hlank, use a protractor, square and compass to
lay out the design of the teeth. Lay out a 5'/:" circle on the
B"-diameter blank, then divide the circle into 64 egual
segments, Mark the intersection of every other point, You
should end up with 32 center points about 77" in from the
circumference of the hlank.
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When vou are satistied with the arrangement of the
teeth, use a compass to lay out the position of the
various holes that make up the decorative design.

Move to the drill press and drill a */s"-diameter hole
through every other intersection, so you have
alternating holes and spaces running around the circle—

a total of 32 holes and 32 spaces.

Using the holes and the guidelines as an aid, draw
out the shape of the teeth using a pencil and rule.

When you're sure all is correct, move to the scroll

saw and very carefully cut out the shape of the teeth
(Figure 20-5). For me, the best procedure was to work
each tooth in turn—two straight cuts in toward the center
point of each hole.

When you've cut out the basic profile, take a razor

sharp knife (or you may prefer a chisel) and pare the
teeth to a slightly rounded finish (Figure 20-8), Be
watchful that you don't cut directly into end grain.

Finally, put the wheael on a rod, and see how it
looks from various angles and when it's tarning
{Figure 20-7).

MAKING THE WORM
Wake sure yvour square section length of wood is free
trom splits and awkwardly placed knots. Look
aspecially for end splits that darken as they run up the
length of the grain. If vou have any doubts at all, reject the
wood and find another piece,

Mount the wood on the lathe, and use a goucge to
E swiftly turn it down to a 15/"-diameter cylinder.
Keeping in mind that it's important the turning be crisp
and smooth, switch to the skew chisel and skim the
cylinder down to a finished size of 10727,

Use a rule and the point of the skew chisel to lay out
E the central stepped area on the cylinder. I divided
the length of the wood in half and put the 2'/:"-1ong
step-up at the center.

Use the gouge to turn the wood at each side of the
n central step-up to a finished diameter of about /="
You should finish with the shaft */:" in diameter to each
side of center, and the central area 1°/:7 in diameter and
24" long (Figure 20-8).

184 'WHEEL AND WORM GEAR MECHANISM

FIGURE 20-5

It's important that the cuts are clean and at right angles to the
face of the wood. It"s a good idea to fit a new blade, adjust the
tension and make sure that the table is set at 90° to the blade.

FIGURE 20-6

Ee sure, when you are tidying np with the knife or chisel, that the
workpiece is arranged so that you are cutting with the grain. It's
a good idea to work on a smooth surface or a work board.

FIGURE 20-7

Make yourself a jig so that you can test out the movement. All
you nead is a vartical surface with a pivot hala—the edga of the
bench, a piece of waste. anything will do.
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FIGORE 20-B FIGORE 20-8
Thengh | spent s0ims cansidarabls Hme daliborating ower my Hote the protracter square—he parfect toal for the Bsk—picked
cholce of weod, 1 sHII came across 2 small lmet—ses Jast right of up for penmies on A jank market.

he cylinder. Farbmately, it dosse't get In the way of hings.

Study the working drawings [Figura 20-24) and the

templates (Fiqure 20-2E), then use a2 combington
equare with a protractor head (or & similar tool) to lay out
the angle of the worm (Figure 20-8). Although it looke a
little complicated, the point to remembsr 15 that the
windinge of the worm as they wrap eround the sheft must
be spaced eo that they fallneturelly between the te=th of
the whesl If the tooth V-section centers are ahout /%"
gpart, then the top peaks of the worm also need to he
gbonat L2 apart

With the quidelinas in place, take a sharp knife and
1un a stop-cut eround the cylinder, centered between FIGORE 20-10
the worm peaks. Repaatedly ran and rell the biads in the ¥-iurrow 5o a5 te cut a
siep-catguide for subsequant cals.
Make the stop-cut to 8 depth of 243", then meksa
slicing cuts at an angle at each elds soyou have s
T-section furTow running arnund the wood (Figure 20-10).
The band at the top of the worm should be ghout L5 wide

Continus in this way, repeatedly making the stop-cut
deeper, slicing down at each side into the stop-cut at
gn angle until you've creatad the characteristic wornm

profile [Figure 20-11).

Try out the wheel on a jig, turning the worm over ny

hand ep the wheel makes a full revalution without
eticking. Use fine-grade eandpaper to rub the whole worm
down until it'e emooth

FIGORE 20-11

Remove the washs by sliding the hade down at an angle Inte
the stop-cut. Do your best to keep the '/ wide hand at the top
of the peak.

WHEEL AND WORM GEAR MECHANISM 186
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FIGORE 20-12

Chack the componants sut for prablems—aspecially the worm
drive and the whesl. IF's vital thatall the testh are Intact—oo
spits or knets.

ASSEMBLY AND FINISHING
Lay ot all the component parts (Figure 20-12) and
check them ocver for potentlal problems. Make sure
that the wheel 15 fres from splits, with sllthe teeth intact,
gnd the worm drive 15 a5 near perfect as you can make it

Don't worry at this stage about the final finishing of

the other parte. [t's mmich more importeant to meka
gure the movemeant 1 going ta work properly. Set the
wheel in place on the backhoard (the eeeembly sequance
ie backhoard, spacer disk and whesl) with the dowel pivot
puehed through from the front (Figure 20-13).

Set one lng bearing in place, then slids the worm

drive ghaft through the beering so the worm 15
aligned o the testh of the wheel Then fit the other g
bearing (Figure 20-14).

188 WHEEL AND WORM GEAR MECHAMNISM

At & later staga, tha dowel can ba fitied by baing cress-drilled and
pinmad with a cocktall stick

a - T

FIGORE 20-14

The Hitls strip of wasts prevents the g of the dowal from baing
crushed and damaged.

With the worm drive cemtered, elide the stop disk

gnd the crank handle onta the ehaft and bring them
up to the lugs. Keep in mind that it's the proper placing of
theee two components thet determines the position of the
wiorm and the subsequent emoothnase of the movement
(Figure 20-15).

Bat the backboard in the base channel and check it
ower for fit (Figure 20-1E).

Finally, when you'te happy with the way all the
componente come together, disaseemhble the whole
wiorke, do a finleh sanding of sll surfacas, wipe mwar
with teak oil {but not the surfaces belng glued), glue up
end polish.
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PROBLEM SOLVING

= If you have any doubts as to how the design of the wheel is
laid out, then work it out on paper before doing anything to
the wood,

* Anpther way to pinpoint the position of the 54 divisions:
draw the circle out on paper with a compass. Draw a line
dividing the circle in half, then guarters, and so on, dividing
each angle until you have 64 divisions. Then cut the cirele out
and use it as a template in marking the wood hlank.

» The choice of wood for the worm is critical It has gotto

' be smooth gralned and easy to carve. My tirst choice is
FIGORE 20-15 European lime,

Spend some time getting the spacing right, and then draw in

alignment marks.

FIGURE 20-18

If vou have got it right,
the handle can be wonnd
in either direction.
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PROJECT 21

Film Advancing Mechanism

PROJECT BACEGROUND

This heautiful little mechanism perfectly illustrates the
action inside some old-time movie cameras—when, as a
frame is shot, a claw moves on its eccentric drive pivot and
pulls the film down one notch. It's good fun to watch the
machine in action. When the handle is furned, the arm
moves up-round-and-in, the claw at the end of the arm
engages in the notch, the notched component is dragged
down, the claw disengages, and the counterbalance weight
pulls the notched component back up into the ready-to-go
position. Of course, if you like the notion of springs or
glastic bands or whatever, then vou can do away with the
counterweight and change the working action accordingly
And just in case vou have a mind fo go delving into vour old
film camera to see if you can find such a mechanism (so
that you can push and poke it around and maybe even
watch it in action), I would strongly warn against it. I did
just such a thing at the start of the project, and the camera
had to go to the repair shop. In my camera, the mechanism
is much changed—it's minute, no bigger than the lower-left
side whisker on a small gnat.

PROJECT OVERVIEW

Havea look at the project picture (right), the working draw-
ing (Figure 21-24) and the templates (Figure 21-2E). See
how the challenge of this project has to do not so much
with making the various components (after all, most of
them are easily fretted out on the scroll saw) as it does with
putting the whole works together. All that said, it's impor-
tant to note that the relationship between the length of the
crank and the position of the various pivot centers is
critical. If you make a mess-up of one or all of these details,
then you can expect the action to fail. Best advice with this
project 1s to make a card prototype flat down on a board—
with thick card and thumb tacks—and fix the critical
measurements belore you ever get to cutting the wood.
Note that the large disk at middle right acts as a distance
piece or spacer to keep the clawed arm on cCourse.

PIT A & TVFARCTRE YVARD T ARTSRA
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FILM ADVANCING MECHANISM WORKING DRAWING

FIGURE 21-2A

If you decide to make
modifications to this project,
you'll need to be wary of the
relationship between the
length of the claw arm and the
length of the crank rod.

Backhoard.
Slide oard
Clawr arm.

Notched mle.
Fulley wheal.

Crounterbalance guids,
Crank,

ety

oo W M B 0 " b

Spaner.

G BRI 17

)

SIDE VIEW

TOP VIEW
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FILM ADVANCING MECHANISM TEMPLATES

FIGURE 21-2B
The scale is two grid

sguares to 1"

Backboard.
Slide hoard.

Claw armu.
Notchead rule,

Pullay whaal

Counterbalance quide.

Crank.

n o m m e 0 m s

Spacer

203



CUTTING LIST

A Backboard 1= 8« 20 pitch pine

B Slide board 73 » 3% 1873 mahogany

C Clawarm %5 » 2 » 8 mahogany

D MNotched rule 3fy % /s % 11 pitch pine

E Pulley wheel A = B« 2 walnut

F Counterbalance guide /s * 14/ « 4 pitch pine

G Crank g » 1= 3 cherry

H Bpacer s« ]« | mahogany
CHOOSING YOUR WOOD

Since most of the components are cut out on the scroll saw,
and the mechanical movement is delicate and controlled,
you can use just about any wood yvou like. Just make sure
it's pasy to saw and stahle, with no warping, cracks or loose
knots. I chose pine for the base, backhoard, the notched
slider and the balance guide; mahogany [or the claw arm; a
scrap of mahogany for the large wheel, and odd hits of
scrap for the other parts. The counterbalance weight is
made from the heaviest wood [ could find, a chunk cut from
an old, hroken walking sticlk.

MAKING THE BASE AND BACK BOARDS
Study the designs, the working drawings (Figure
21-24) and the templates (Figqure 21-28). Then plane

the wood to a finished thickness of /"

Use a compass and rnile to draw the hack and base
hoard designs on the wood. Cut the profiles out ona
scroll or hand saw.

Make a cardboard prototype so you know the
E precise posifions of the various critical pivot points.
Transfer this information to the backboard, and drill holes
that match vour dowel pivots, Check and double-check the
centers (Figure 21-3).

MAKING THE CLAW ARM

Firat study the working drawings (Flgure 21-24),
n noting how the position of the centers and the claw
are critical—exactly 3t/:" between centers and 37/
between the crank center and the end of the claw.

204 FILM ADVANCING MECHANISM

FIGURE 21-3
Check the center points with a pair of dividers. It’s vital that they
are well placed.

FIGURE 21-4

If you go at the sawing nice and easy—with a new blade and the
correct tension—yon will finish up with a cut edge that is so
smooth that it hardly needs to be sanded.

Flane the wood to a finished thickness of " Use a

rule, compass and straight edge to lay out the
design. There's no problem if yvou want to change the
profile so long as you stay with the critical measurements
just described.

When vou are happy with the design, drill the

centers with a hit that matches yvour dowel pivots,
and cut the form out on your scroll saw (Figure 21-4). As
long as you're at the saw, cut out the spacers and the
various disks,
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MAKING THE NOTCHED RULE
Study the working drawings, then plane your wood
to a finished thickmees of 1/". Draw the deslgn onta
the best faca.

Hun a center line down the width of the profile, and
use it as 8 guide to merk the position of the two slots
gnd the notch.

Dirill the holes through o & drill preses, and cut the
B glate out on a ecioll saw. The procedure for cutting
the elots is to frst drill pilot holes &t the ends of both elots,
detach the top end of the blade from the scroll eew end
pass it through the pilot hols, reattach the hlade end
re-temsion Cut out the slot, then detach the blade once
again (Figure 21-5). It's easy enough; the only real trick is
using 8 new blade and adjusting the taneion until the
blade "pings" when sttummead. Be sure to cut a little to the
waste elda of the drawn line.

MAKING THE COUNTERBALANCE
GUIDE BRIDGES
Btudy the working drawings [(Figure 21-24), noting
how thae two guides are est together in such a way
that they contain the counterbalance weight, keeping it
from moving sidewaye end forming a chennel for the
cord. The cuter profile of the gquides cen b= just about
eny shape and size thet catches your fancy, 50 long
as the countarbalancs holss At the shape and slza of
your balancs

Since the guldes ame relatively fragile, drill the holes
through hefore cutting the profile on the ectoll saw
(Figure 21-E8).

DRILLING HOLES

The esslest way to drill the warious holes 1e using a
drill prees end Foretner bite [Figure 21-7).

Uee a ruler eand dividare to establish the posiion

af the verious holes, mark the centers and then
drill the holes through (Figure 21-8). You also nead to
drill eome blind holes—holes that don't go ell the wey
through the wood—sao he sure ta set the drill stop to the

required depth.

FIGORE 21-5
‘The slat nesds s be werked to it both yeur chosan dowal
dlameiar and the size of your drill his.

FIGORE 21-6
The grain at sither side of tha bridge is short and fragile—ge at

1t easy.

FIGORE 21-T
Set the depth stop so that the Nind boles are all the same depth.

FILM ADVANCING MECHANISM BDE
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FIGURE 21-B
The blind holes are purely decorative—they draw their
inspiration from the forms that you see on old cast iron machines.

MAKING THE PULLEY WHEEL

Plane your wood to a finished thickness of %/", then
n adjust your dividers to produce a 1°/"-diameter
circle. Draw the circle onto the wood and, with the
compass still set at the radius measurement, strike six
arcs around the circumference. Use these intersections to
establish the centers of the six decorative circles.

E Cut the disk out on the scroll saw.

Take a sharp knife, run a stop-cut around the
E thickness of the wood, and then, little by little, slice
in at either side of the stop-cut until yvou have a V-section
channel munning around the circumference. To do this, run
the blade around the disk so as to cut a stop-cut info a
depth of about =", then work around the disk making
angled cuts that run into the stop-cut so that chips of
waste fall away. Then tidy up the shallow “V, and make
another stop-cut. Then repeat the procedure. And so you
continue—cutting and slicing until you have what vou
consider is & good V-section groove (Figure 21-5).

Drill out the seven holes that go to make the

design—the central pivot hole that runs through the
thickness of the wood, and the six blind holes. Flug the six
holes with short stubs of dowel made [rom a contrasting
wood—to give the wheel a rivet effect (Fiqure 21-10). If
you cut the dowel with a sharp knife—bv rolling the hlade
over the dowel—you will find that vou finish up with stubs
that are nicely rounded at the ends.

It's a good idea at this stage to rub the face of the
wheel down to a good finish, and then glue the stubs

in place—so that they don't get mislaid (Figure 21-11).
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FIGURE 21-8
Always cut in the direction of the grain—meaning from the rim
and down towards the bottom of the stop-cut.

FIGURE 21-10

Use a heavy rolling action to cut the stubs. Note that the use of a
level hoard ensures that the rolled ent runs troe—to start and
finish at the same place.

FIGURE 21-11
BRuh the iace of the wheel down to a good finish, and glue the
stubs in place.



FIGURE 21-12

Check the component parts off against the working drawings. If
you have doubts about what goes where and how, then it's a good
idea at this stage to pencil label each part on its underside.

ASSEMBLY AND FINISHING
n Lay out the parts and make sure they're free from
aplits, loose knots and warping (Flgure 21-12).

E MNow comes the exacting task of doing a dry fit
assembly. Start by dry doweling the slide board to
the backboard.

Take the notched rule and plug the cord into a hole

drilled into the top end with a small length of
toothpick (Fioqure 21-13). Flug the other end of the cord
into the counterbalance weight.

Set the notched rule in place in the slide board, and

fit the two stop dowels so they go through and into
the backboard (Figure 21-14). These dowels have a dual
tunction. They hold the components together and create
stops that control the up-and-down movement of the
notched rule.

Sat the various wheels in place—the pullay wheel,
the handle crank wheel (Figure 21-15) and the large
spacer disk.

FIGURE 21-13
Push the cord into the hole and wedge it in place witha
cocktail stick.

FIGURE 21-14
Fit the dowels and the washers so that there is nice smooth
movement between mating parts.

;‘-.
i
i |

FIGURE Z21-15

Set the crank wheel in place on its dowel. Note that when it
comes to the final fizing, the dewael will need to be glued inte the
wheel and loose fixed throngh the backing board.
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FIGURE 21-16
Fit the two bridges with wooden pins and then label them so0 as to
avoid a mix-up.

Fit the two guide bridges with small lengths of
u toothpick. The guides need to he parallel to each
other and square to the slide board, with the stepped part
of the guides pressing hard up against the edge of the
slide hoard (Figure 21-16).

Proper cord movement over the pulley wheel is
n critical. If the V-groove is too sharp, pinching the
cord, or the dowel is too tight so the wheel doesn't turmn,
then now is the time to fix things.

When you fit the crank rods, be sure you have the
E slightly thicker rod on the underside. This is
hecause the underside rod, the slide board and the large
spacer disk are all the same thickness.

Once the crank rods have been installed so the claw
H arm is nicaely contained, then pivot the handla
through both the lower end of the claw arm and the crank
whesl. The important thing here is that the pivot dowel
must be flush with the face of the wheel This allows the
claw arm to pass over the pivot without ohstruction
(Figure 21-17).
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FIGURE 21-17
Note that when it comes to the final fizing, the cranks need to be

glued to the dowels, with the claw arm and the back end of the top
dowel being a loose easy fit.

When you test the movement, vou may have to

slightly trim back the tip of the claw and/or slightly
modify the shape of the notch. You will almost certainly
nead to tweak one or all the parts to achieve a smooth
movement.

When vou're satisfied with the movement—he
m picky—then disassemble the whole works. Sand all
faces and edges smoaoth, rub oil on the parts except where
glue will be applied, and then glue up,

PROBLEM SOLVING

* The bigoest problem [ had was making sure the thickness of
the various layers was uniform, as this is essential to smooth
movement, The best way of ensuring uniformity is cutting the
crank wheel, bottom crank, disk spacer and the slide board all
from the same piece of wood,

* The notched rule needs to be a smooth-working fit. It's a
good idea to wax the mating faces before final assembly.

= You may find the claw arm warping slightly, so the claw
bends hack and butts up against the edge of the slide board,
The fix i= to make a more stable claw arm by building it up
from several laminations,



PROJECT 22

The Universal Joint

PROJECT BACKGROUND

This mechanism beautifully illustrates the action of the
common U-joint or universal joint. You'll find these on the
drive shafts of all automobiles. In engineering terms, the
universal joint is used to transmit power rom one shalt to
another over varving angles. It's a simple solution to what
was once a difficult mechanical problem, and our current
wide array of vehicles wouldn't exist without them.

PROJECT OVERVIEW

Study the project picture (right), the working drawings
(Figure 22-24A) and the design template (Figure 22-28).
Note how our wooden machine replicates a universal joint
from the underside of a car. Imadging the handle as the
engine and the bridge stanchion as the back axle end. You'll
seg how, even though the engine and the axle wobble up
and down independently, the universal joint still allows the
two shafts to keep turning. Note how the action of the shafts
as they pass through the split ball joints allows them to
change in length as the angle varies.
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THE UNIVERSAL JOINT WORKING DRAWING
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FHONT VIEW | SIDE VIEW
A

FIGURE 22-2A
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Leaning stanchion.

Eridge stanchion.
Shatt.
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THE UNIVERSAL JOINT TEMPLATES

2l2

FIGURE 22-2R
The scale is two grid
sguares to 1"

Hase

Leaning stanchion
Hridge stanchiomn.
Shaft,

Shalt.

Crank.

Posis.

Knuckle fork.

Hall,
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CUTTING LIST

Haze 1+ &« 13 pitch pine
B Leaning stanchion #/s * B * B mahogany
C Bridge stanchion 34 5«5 plum
I Shaft /2" diameter mahogany
E Shaft /2" diameter mahogany
F Crank 350w 2l w A CheITy
G FPosts 42" diameter mahogany
H EKnuckle fork 1= 2« 2l/; Amarican oak

CHOOSING YOUR WOOD

There are many factors that determine the choice of wood.
The balls must he easy to turn on the lathe, the bridge
needs to he strong across short grain, and the universal
joint must be strong across the prongs. A search through
my scrap hin produced pine for the base, American oak for
the knuckle forks, a hardwood dowel for the shafts, English
plum for the bridge stanchlon, mahogany for the two lean-
ing stanchions, lime for the turned balls and whatever was
at hand for the secondary components.

MAEING THE KNUCELE FORKS
n Plane your wood for the two knuckle fork
components down to & finished thickness of 44"

H Study the templates (Figure 22-2B), noting the
shape of the knuckle in that view, and then draw the
same view out on the face of yvour planed wood.

Partially cut the fork shape out on vour scroll
E saw—cut just the shape at the shaft-face end. Then
use a pencil and mle to mark the position of the various
centers—the center on the shafi-end and the centers for
the coupling pin. Establish the center of the shaft-end face
by drawing crossed diagonals.

Use a compass to draw in the circle at the shaft-end
n and the curves at the ends of the prongs. Then move
to the drill press and use a /=" bit to drill the shalt hole ta
a depth of abhout /=", and a %" hit for the coupling holes.
The coupling hole should be drilled completely through
the wood (Figure 22-31.

FIGURE 22-3

Take the squared-up partial sawn unit and mn it throngh with
the conpling pivot holes and the shaft hole—with hit sizes to suit
the diameter of your chosen dowels.

FIGURE 22-3
Complete the cutting on the scroll saw.

FIGURE 22-5

Use a knife to whittle the curves that go to make up the design—
the ends of the prongs and the shaft. Run the hlade in the
diraction of the grain so as to avoid cutting into end grain.
Whittle down to the shoulder line into the stop-cut.
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When the holes are in place, finish cutting the form
ot on your scroll eaw [Flgure 22-4).

Cnc=you have the baeic form, whittla out the
E varims curves that meke up the prongs of the fork
gnd the round shape of the shaft eocket. To makes the
ehaft, mekse a stop-cut around the shoulders of the fork,
end them, little Iy little, ekim dowm the shaft and into
the etop-cut untl you are down to the shoulder line

(Flgure 22-5).

MAKING THE CROSS-COUPLING UNION
Use a Imife to cut three lengths of 442" dowel for each
fork. One dowmel piece should fit looeely between the

prongs, the other two shorter pleces at sach emd of the

coupling pin. Roll the dowel under the kmife sa the cut
ende are nicely formead.

Ueing a bit elze that matches the pin dismetar, drill
through the dowel lengths. Then check to ees how
the components fit togather (Figure 22-6).

Take the two longer dowel pleces, measure along the

length to find the centers, and ues a smell knife to
cut a little recessed “flat” on each length Cut the flats until
the two dowels mate together, forming e right-engle cross
[Figura £2-7).

Glua the two pleces of dmeel together, cresting the

crose coupling. Them teke the kmickls forks and
push & length of %7 dowel into tha shaft holes Cut the
coupling dowels elther flush or leaving & bit eticking ocut
ae I did, and then do a trial fithing. I you've got 1t right, you
ghould be able to hold the shafts at just about amy engle
gnd spin them with the joint happily turning to match the

changing angles (Figure 22-8).

MAKING THE STANCHIONS

Look at the working drawings (Figure 22-24) end
B youll see thers are three stanchicms—the twa
leaning post stanchione at the hendle end and the slngle
bridge at tha other end. With all thres, the grain needs to
un verticelly when cut

Dlane the wood to thickneee of abowut 7" for tha
bridge and &/%" for the stanchione.

E Take the twa leaning post stanchion plecss and
gandwich them togethar with pins in the waste or
doubls-sided tape

El4 THE UMIVERSAL JOINT

FIGORE 22-8

Have a trial fitting with the coupling tubs and the rings. Note bow
the 11itle radins curves halp te create an Image tat loeksas If 1t
Bas beon cast—18e part of 3 mackisg.

FIGORE 22-7
Cut flats 5o that the bwe umits mate tegather at right angles. Ba
caraful not ts cut tresgh to the pivot hala

FIGORE 22-8
Spin the shafls and see bow the coupling rolls Inte action.
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FIGORE 22-8
Pay particular attention to the last /" or so of the lags that nesd
to be tenoned into the base.

Draw the designs of the stanchions onto all three
n pieces (the two leaning post pieces and the bridge
stanchion). Drill the necessary holes through the bridge,
then cut the profiles out on yvour scroll saw (Figure 22-9).
Take axtra care when you're cutting the legs of the bridge,
keeping the cuts crisp and clean.

E Carefully cut away half the thickness on the top
outside face of both leaning stanchions—ahbout an
inch or so.

ﬂ Sand the pieces smooth.

MAKING THE BASE

Plane the base slabh wood to a finished thickness of
ghout */".

E FPlane one edge sguare, then use the sguare, rule,
pencil and compass to lay out the design on the
wood. The basa will be 5° = 12% with the corner curves

having a radius of =" Draw a center line down the length.

E Cut out the base. Then use a hlock plane to miter
the edges on the top face, ends and sides, Cut the
corners out on your scroll saw.

Finaliza the position of the components on the
hase—the bridge, the two leaning stanchions and
the various posts—marking their location.

Drill the posts and dowel peg holes, Use a small

beval-edgad chisel to cut the blind mortise holes.
Cut the holes little by little to a depth of abouat V2" until
the legs of the bridoe are a tight push fit (Figure 22-10).

FIGURE 22-10

Cut the mortises to fit the legs, and then pencil label one or both
=0 that you know what goes where. Note the way that the shaft
has been necked with a stop at the end.

FIGURE 22-11

The bottom ball functions in much the same way as a
stretcher under a chair, meaning it helps brace and distance
the two stanchions.
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FIGURE 22-12
Run the dowels through the stanchion and on into the ball—ta
stop just short of the shaft.

ASSEMEBLY AND FINISHING
Turn, drill and slice the balls in half—see other
projects in this book for details on turning the balls.
Take all the parts and check them over for fit, finish and
potential problems. Don't worry at this stage about final
finish sanding, as we're first going to do a trial assembly.

Start by fitting the two leaning stanchions. Fit and
E peg the spacer hall between the two stanchions,
then set the whole works on the center line and pag the
feet of the stanchions through the hase slab (Figure 22-11).
Make sure that the stanchions are leaning in towards
the slab.

Whittle a section of the shaft so that it's a good

sliding fit between the halves of the sliced pivot-
ball. Then run pegs through the stanchions and into the
ball so the shait is contained and the ball pivots nicely
{Figure 22-12).

Set the crank plate on the end of the shaft, then cut

and fit the handle from scrap wood. I used a length
of dowel for the handle, with a ring pushed onto the end
and a wooden peg run through to keep the whole thing in
place (Figure 22-13).

When vou come to the bridge end, first set the bridge
in place, supporting it with the two posts. The whole
works must be linked with horizontal dowel rails running
through the bottom holes, Contain the shaft with the two
halves of the split ball, and then pivaot the hall hy means
of two short lengths of dowel This isn't easy because
nothing has heen glued together, but just do your best,
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FIGURE 22-13
Fit the crank and the handle on the end of the shaft, and check out
the movement of the handle.

FIGURE 22-1a
Use the point of a knife to slide the grub dowel into place.

FIGURE 22-15

1f you have got it right, the top rail will hold the grub dowel in
place so that it is contained between the shaft and the rail (sae
Figure 22-2A top right detail).



Use a knife point to tease the dowel stubs through the
bridge hole until they're well into the ball and clear of the
top rail hole (Figure 22-14).

Take the two top rail dowels and run them through

the bridpge and into the post so that the two
components are linked and the stub dowels are contained
(Figure 22-15].

When yvou are happy with the overall fit of the shaft
in the hall, remoaove the shaft, and spend some time
making sure the structure is sguare and stable, with all
the posts and rails cut to length and tidy. If vou have
got it right, the whole works will he a good tight fit
(Figure 22-18].

You will almost certainly have to make adjustments.

For example, [ found I needed to lengthen and ease
the sliding section of the shaft at the handle end (Figure
22-17). You should be able to squeeze the halves ol the
ball together, with the shaft still a nice sliding fit.

E Trim the coupling pins to length and hold them in
place with the little dowel ring (Figure 22-18).

Sand all surfaces to a smooth finish, rub teak oil an
appropriate surfaces, glue the balls together so the
shafts are contained, and set the halls on their pivots.

m Finally, give the whole works another sanding, rub
on another thin coat of oil, and burnish all the
surfaces with a thin application of beeswax.

PROBLEM SOLVING

= While this project Iooks complicated, the only really tricky
parts are fitting the cross coupling tubes and making sure the
balls pivot proparly. Use double-sided tape to hold the ball
halves together during the trial assembly.

» To my mind, the most clever aspect of this design is the way
the dowel stubs are held in place. In fact, the various pans
don't need ta be glued. However, success comes from the stub
dowels being just the right lenath and a smooth push fit.

» Since the moving parts need to be smooth turning, it'sa
good idea to lghtly wax and burnish mating faces: the slide
shafts, inside the ball, and insida the crossed coupling.

» If you like the project except for the woodturning required,
you could modify the design and use cubes instead of halls,

FIGURE 22-16
Trim the bridge to shaps, and cat a short length of dowel for the
decorative detail at top center.

FIGUORE 22-17
Try out various shaft angles and modify the length of the sliding
necks accordingly.

FIGURE 22-1B
Fit the little stop rings on the ends of the conpling pivots.
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PROJECT 23

Camshaft Valve

PROJECT BACEKEGROUND

Apart from my wife Gill, my pride and joy is an old Land
Hover four-wheel-drive vehicle. It's a diesel, made in 1875,
with uncomfortable seats, ungodly noisy and painted mili-
tary green—a wonderlul maching! It ran like a gem lor the
first few weeks, and then started to smoke like a bonfira! I'll
gpare you the mechanic's lengthy explanation, but the
prohlem was diagnosed as a sticking valve, So there we all
were, up to our armpits in grease and tools, when Gill spot-
ted something, suddenly reached into the air intake and
pulled out a sguirrel's tail. Nothing else, just a slightly
charred tail! The good news is the prohlem was solved—nno
sticking valves, no more smoke, and no more scuirrel! My
sudden immersion in engine disassembly paid off also in
terms of another wooden mechanism, this one honoring
those hard-working valves.

PROJECT OVERVIEW

Study the project picture (right), the working drawings
(Figure 23-24) and the templates (Figure 23-2B). Mote how
this project shows the various elements of a valve-train as
flat components mounted to a backboard. In action, the
crank handle is turned so that the cam on the back of the
handle pushes up on the rod. The rod in turn pushes up the
rocker arm, which pivots like a seesaw and pushes down
the valve, opening it. This action is made possible by the
fact that the rocker arm is welghted with lead shot, so that
while it's easy to lift, it nevertheless wants to fall back to
the closed position.

The skill level for this project is low in terms of building
the pieces, while the assembly aspect can be tricky, with a
lot of finicky small parts that break easily. Once vou have
the cam in place and have added weight to the end of the
rocker, then it all comes together easily.
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CAMSHAFT VALVE WORKING DRAWING
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FIGURE 23-2A

Note how the weight is needed on
the end of the rocker arm so that
the arm is always falling down to
make contact with the top of the
push rod.
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Hocker arm.

Valve.

Crank handle

Cam plate.

Rod and valve guide.
HBase board.

Valve counterwelght.
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CAMSHAFT VALVE TEMPLATES

FIGURE 23-2ZB
The scale is two grid
sguares to 1"
Backboard,

Hocker arm.

Valve,

Crank handle,

Cam plate,
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Hed and valve guide
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Plane the wood to a finished thickness of /" and
draw the design out on one piece.

Sandwich the two pieces together so that the drawn

design is upparmaost, I used small tabs of double-
gided tape to do this. Then treat the sandwiched pieces as
a single unit, and drill the rod hole and cut out the profile.

n Ease the sandwich apart, leaving you with two
identical parts. Use a knife to trim thetop edge to a
rounded finish [Figure 23-8).

MAEKING THE CHAMBER WALLS

Once again study the working drawings (Figure
n 2d-24), noting how the top middle section of the
chamber acts as a gulde for the stem of the valve, with the
stem being contained by two walls and bridged by the
guide. Note also how, apart from the two guide walls and
the two gates at the bottom of the valve, the chamher
walls themselves can be any shape that takes vour fancy.

When you have decided what shape and size you

want the walls to he, plane vour wood down to a
thickness of /5" Trace the various designs from vour
working drawings, and press-transier the traced lines
through to the wood.,

H Be careful with the thin sections as they'll be very
fragile across the short grain curves. Very carefully
cut the walls out on your scroll saw (Flgure 23-9).

ASSEMELY AND FINISHING

Lay out all the parts and check them over for
n possible problems. Don't worry at this stage about
final sanding as we're going to do a trial assembly first.
Just make sure that tha little cut-outs aren’t going to let
you down—you don't want any splits or lonse knots to
spoil the integrity of the structure.

Give all the components a quick sanding with

fine-grade sandpaper, then wipe them over with a
small amount of teak oil—just enough to seal the grain.
Keep the oil away from areas that will be glued later,

Start by using a dowel to pin the rocker arm at the
H top of the board, Then take the pushrod (see the
detail drawings for how it was slotted and pared to a flat
face, with a little piece of hardwood fitted at the top) and
fit it in place with the little link-and-pin component. Note
how the function of the link is twofold: it allows the rod to
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FIGURE 23-8
Use a knife to trim the top edge to a ronnded profile—like a
round nosing.

FIGURE 23-8
Be careful, when you are cutting across the run of the grain, that
you don't split the resnltant short grain.

FIGURE 23-1D

See how the little link shape needs to sit level with the flat face.
HNote also how the bottom end of the rod is sliced down to about
half the thickness so that it's the same thickness as the cam.
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FIGORE 23-11

Add a5 much walght a5 possibia. It*s important that the walight
pulls the emd of the recker arm dewn against the top of the

push red

elide up end down, while at the eame tHime holding the rod
in placa against the backboerd (Figure 23-10).

Take the diek that yonu made for the welghted end of

the rocker and cut piscas of lesd to fit into the drilled
pockete (Figures 23-11, 23-12). Use either lead shot or
fiehing einkers—yaull find both at moet large sporting
goods stores. Sand the disk emocth on the pocket sids,
becauee it nesds to fit flush with the rocker.

Put the rocker arm, the welght digk and the short
length of fixing dowel in place, and see how

everything fits.

SHde the rocker in place so the bite of lead ame

contelned (Figure 23-13). Unforhmaeatsly, the
decorative detalling of the pockete ie hidden ae [ deeigned
it here, but you can experiment with waye to display it.

Fit the chamber walls in place with wooden pegs,

and set the two guides acroes the width of the
board so thevalve ie contained It's importent that the
movement 1s easy If anything sticke, then eand one or all
the components until the ection worke properhy

Blide the push od in placs end again try out the
movement [Figura 23-14].

Set the two little blocks in place between the

horizontal guides at efther side of the push rod. Then
e=t tha link down betwean the blocks so that the fixing
gticke go dmeam through the slot that runs up the middle of
the push rod [Figure 23-15).

FIGORE 23-12
Tha mors welght the marrier—II you can find a way af casting
Ittedisks & Al the bolas, Then sa mach tha bettar.

Rub tha mating faces down se that they it (nsh tegethar

Bat the cam on the crank pivat, then elide the crank

arm in place (Figure 23-16). It's not essy to test tha
movement at thie stage because the cam end the crank
eren't yet glued together, at at least make sure that the
crank ie able to turn without bumping into the side of the
pueh rod. If this is a problem, then lower the flat face at
the bottom end of the rod untl 1t'e much lower than the
underside of the crank.

CAMSHAFT VALVE BEET
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FIGURE 23-14
Make adjustments so that the drilled guide holes, the push rad
and the crank pivot are all perfectly aligned.

m FPut the handle on the crank, the little bridge in place
across the push rod guide blocks, and do another
dry rn.

When you're happy with the movement, disassemble
E the whole works, sand all the surfaces and edges
smooth, apply teak oil again, and glue things up.
When dry, give everything a light sanding, then burnish
with beeswax.

PROBLEM SDOLVING

= This is one ol those projects that needs to be continually
tested for fit as the various parts are made. Find a way to
temporarily tack parts together, such as using bits of Blug
Tack, small strips of double-sided tape or tiny drops of Super
Glug. The Super Glue gives the best hold, but you must

be absolutely sure to only use tiny amounts—no more than

a pinpoint.

« [ you want to use the weighted disk but also want to have
some part of the pockets showing as a decorative featura,
here's a solution. Make the drilled pocleets so they're a stepped
hola that will trap steel ball bearings. This way the hall
bearings will show through the holes on the face of the weight
disk but still be held in place.

= To get a mare elagant look, use better woods such as plum,
lime and boxwood. The texture of these woods gives a fine
finish and beautiful colors.
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FIGUHE 23-15
Note how the two blocks both nicely distance the guides and
contain the push rod.

FIGURE 23-1E

See how the hottom end of the pnsh rod has been shaved down
to the thickness of the cam so that it doesn't get in the way of
the erank.



PROJECT 24

Water Lift Pump

PROJECT BACKGROUND

When we were first married, Gill and I lived in a farm cot-
tage that had a well and a pump to draw our water. [ was
foraver climbing down into the well to sort out the leather
flap valve at the bottaom of the pump chamber. It would get
blocked with mud, stones, grit, dead frogs and all manner of
things. Life with such rustic charm was never lacking in
wet, muddy, cold chores.,

That old lift pump was a beautifully simple piece of
machinery. Basically it's just two valves working together.
When the handle is lifted, the rod goes down, the valve at
the bottom of the chamber closes, the valve at the bottom
of the piston opens and watar rushes to the top side of the
piston. When the pump handle is pushed down, the rod
comes up, the valve at the bottom of the chamber opens,
the valve in the piston closes and water floods the bottom
chamber, ready {or the next pump stroke.

PROJECT OVERVIEW
Study the project picture (right), the working drawings
(Figure 24-24A) and the templates (Figure 24-2B). While
the various components are relatively easy to make, the
assembly is convoluted. The problem is the component
parts are short grained and fracile, with lots of curved
slander sections that run across the grain, plus
there are lots of parts. The measurements can
be modified, except for the rod and chamber
lengths. If you want to alter the size of the
project, use stiff paper and pins to build a pro-
totype first.
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WATER LIFT PUMP WORKING DRAWING

T FIGUEE 24-2ZA

The critical factors that
control the action with this
model are the distance
between the handle pivot and
the handle-rod link, and the
lengths of the rods. It's a good
idea to make a cardboard
prototype to fiz the various
critical measurements hefore
you cut them out of wood.
Backhoard,

Basa hoard.

Side lug board

Handle.

Joint linkage,

Chamber side, top lsit,
Chamber side, bottom 1eft.

Spout,

Chamber side, top right.
Chamber side, bottom right.
Tap rod.

Enttom rod.

Wack bar.

Bolttom ball valve.
Top ball valve.

(=D |

Fiston.

Wadding box wedge.

o
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Chamber slats.
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WATER LIFT PUMP TEMPLATES

FIGUURE 24-2B

The scale is two grid squares
to 1". Note that we have only
illustrated the difficult-to-

visualize components.

Backboard.
Ease hoard.

Side lug hoard

Handle,

Joint linkage.

Chamber side, top 1eit.
Chamber side, bottom left.

Spout

= oo W M BE O3

Chamber sidae, top right.

Chamber side, bottom right.

Top rod.

Eottom rod.
Neck har.

Eottom ball valvae.

Top ball valve
Fiston,

Wadding hox weadfge.

W o WMo ¥ B F o o

Chamber slats
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CUTTING LIST

A Backboard 35w 41/ « 10 hrown pak

B Base hoard e 415 % 12 hrown nak

C  Side lug board 345 % 3 = BlY; hrown oak

I Handle o ghs v O AmeTican oak

E .Joint linkage YYa=d =4 cherry

F Chamberside, topleft  '/a* 2 3 pitch pine

G Chamber side, bottom left /2 = 2 = 3 pitch pine

H BSpout e # & =44 pitch pine

1 Chamberside, topright /s * 2 » 4.7 pitch pine

J  Chamber side, btm right '/ = 2 = 3 pitch pine

K Toprod Ifz 1w 45 pitch ping

L HBottom rod */a= 1= 7 pitch pine

M Neck bar Yz x 1= 3 chamry

N HBottom ball valve Y/ w 2w 2 pitch ping

0 Top ball valve ax14a = 1%/ plum

P Piston Lizu 2 w3 plum

0 Wadding hox wedge 2% 253 plom

R Chamber slats L %3/ % 3 plum
CHOOSING YOUR WoOaOD

You can use just about any wood vou like, just make sure
it's dry, easy to cut on a scroll saw and free of splits and
knots. We used English brown oak for the base and back
boards, American oak for the handle and scrap pieces of
ping, cherry and plum for the rest. Select woods that have
rich color and grain patterns from one component to
the next.

MAEKING THE BACK,
BASE AND LUG BOARDS
Study the design (Figures 24-24 and B), noting how
the base board, backboard and the small lug hoard
are made from “/"-thick wood, with the various curves
drawn with a compass. The greater part of the base is sat
to the front of the backbopard, with the two boards fixed by
a glued-and-pegged hatten.

Plane yvour wood to a linished thickness of =/:" 1t
H should be free of splits and knots. If you're using a
tough wood like the brown pak I used, then it's also a good
idea to sight along its length checking for twists.

E Draw the design out with a rule, sguare and
compass, and cut the pieces out on your scroll saw,

H Set the backboard at right angles to the base and
support it with a piece of scrap.

Decide where the lug needs to be positioned, and
then dry fit it in place with a couple of dowels.

MAKING THE CHAMEBER
WALLS AND VALVE BALL

Plane the wood to a finished thickness of about 57"
n Don't worry if it's a littla oversize, as it's hetter to he
slightly taoo thick than too thin, as long as the thickness
is uniform.

Trace the design from the working drawings, then

pencil press transfer the traced lines through to the
best face of your wood. Remember to position the tracings
g0 the grain runs up through the walls of the chamber.

With the design laid out, cut out the pieces on yvour

soroll saw (Figure 24-3). While it's all pretty
straightforward, be careful when you come to the curves.
You don't want to go too fast or too hard and split the wood
across the fragile short grain.

FIGURE 24-3
Work with a new, properly tensioned blade, Make sure you cut
slightly to the waste side of the drawn lina.
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FIGORE 24-4

Wots the littia radins curves at the iniersection of the drawn
circies. Thase halp te craate the enginoearsd and werked-in-
skeal Isok.

FIGORE 24-5

I's Impartant that the side walls of the chambar ara parallal te
each oiber 50 the componanis willkin the chamber are irea o
Ve B and oW

FIGORE 24-8
Check and doable-check [he MaasATEN s s BRSNS SCCITACY. IT
you made a mistaks, then the saslast iz s tomake a mew bop red

MAKING THE LINKAGE
Study Figure 24-2A, noting how the inkege design
1s hased on four circles. Two circles make up the
basic hoop diek, and two smaller circles for the plvot
linkage points.

E Plane the wood to 8 finished thickness of abmat %"

DOraw a center Hne that e the direction of the
E grein. Mark a point midway along the line, end dreer
ot two citclee one within the ather. One ehould heve a
radiue of 1" and the other a radine of 12/:". Mark the center
lina halfway scroes the width of the hoop at top and
bottom, then use a compase to drew two circles with a
radiue of /2"

E3B WATERLIFT FUMP

FIGORE 24-T7

Work with a Hght apple-paring strolcs, with the thumb sf the
right hand contrellng the langth of the stroke. Always work
with the run of the grain, from centsr i and—Bever the sthar
way areum

Direner 1ittle radiuses at the intersectons of all of
the circles.

Cirill the pdwot points with abit that matches your
dowele. Then drill encther hole through the weste
eres, and cut out the parts (Figure £4-4).

B Make the hendls end the piston.

MAKING THE RDDS
Flane the waood to size, and use a rule, square and
compass to draw out the design of the tea rods.
Hena them about 54" wide along their length, with ende
baesd on 35" dismeter circles.
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FIGORE 24-B
Nots kow a large-diameter Forstner bit kas been usad to bahe the
thickness of the handla phrot paint.

Cut out the rode on your scioll saw, drill holas
through the pivot centers, then check the fit of
everything (Figurs 24-5).

When you have fitted the two rods, the sum total

length betwesn the pivot point on the top end of the
top rod end the plvot point on the bottom end of the
bottom rod should be euch that the pieton fits oo both the
up and down strokes (Fligure 24-B).

[Onca satiefied with the ehape and size of the rods,

use a kmife to whittle the ends down to sbout half
their thickmeeses so the face of the pivat circle 1e eEmacth
gnd flueh Work with a tight paring stroke from center to
end, cresting a nice, clean curve fromthe top fece doewm

(Figure 24-7).

Use a kmife and fine eandpaper to give the rods and
all pther components 2 emaoth finish.

ASSEMBLY AND FINISHING
Check ower the parts for eplits or warps [Fligurs
24-B). Makes sure the varioue mating surfacee are to
elzs g0 the parts can work together smoothly.

Do a trial assembly. Start by pegging the chamber
E gides end the wadding wedges onta the backboerd
(Figure 24-10). Mote home the wadding pins need to be long
encnagh ta teke the neck bar.

Set the rode end the joint linkage in placewith the

pivot dowels a tight fit in the linkege end a loose ft
through the rods [Figure 24-11). The hottom rod should be
8 nice soug fit betemen the weadpges.

FIGORE 24-8
Check ke componants fer problems. Be very canainl when
bamiing the chamber wall strips, as they ars very fragile.

FIGORE 24-10

Mote bow the wishbene shape af the wadding box wedges halps te
creats a dynamic effect by directing the eye down and towards
the chamber.

WATERLIFT PUMP B3T
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Set the large disk valve in place in the chamber, the
n piston on the bottom end of the rod and the neck har
in place across the wadding wedges. Sand any parts that
are hinding until vou have a good fit (Figure 24-12).

E Fit the walve in the piston and the slats across the
chamber, then stand the whole works upright and
test the movement (Figure 24-13).

When vou have a smooth movement, and have

determined what needs to be glued and pinned,
disassemble and do a final finish sanding, Apply teak oil
to all surfaces except those faces heing glued. Glue up, fit
the small pins, and, once dry, give the whole works a coat
of hegswax.

PROBLENM SOLVING

» With a complex project like this, you're continually fitting
and modifying parts. This heing 5o, save yourself sume
etfort and hold off on fine sanding until the very end, after
everything is working properly.

* If the movement is stilf or crooked, then it could be that the
handla pivot is badly placed on the backboard. If so, drill a
selection of holes and test each one for the best fit.

= fou could have a back-linkage function that moves the
bottom ball valve up and dow

* The backboard and base can be increased to 17 thiclk

FIGURE 24-12
The piston is extremely fragile, and you might need to laminate it
up from veneers to give it extra strength.

238 WATERLIFT PUMP

[ il |
FIGURE 24-11
The linkage pivot dowels need to be a tight fit in the linkage
circle and a loose fit in the rod. At a later stage, you will have to
hold the rod and various other components in place by running a
thin wood pin through the dowel.

Hi i i
FIGURE 24-13
Mote how the greater langth of the base neads to be at the frant so
the machine iz stahle and won"t tip lorwards.



PROJECT 25

Lever and Ratchet Mechanism

PROJECT BACKGROUND

When we were first married, Gill and I lived in a cottage
deep in the country, with no electricity and no indoor
plumhbing. We got by with lots of oil lamps and a well in the
garden. We could have purchased a generator to provide
power, but we were trving our best to be self-sufficient. The
most pressing problem was always how to lift the waterup
from the well to the storage tank on the roof. We tried hand
pumps large and small, a foot pump, a wind-powered pump
with propeller blades, among other things, but none of
them worked that well. The hand pumping was such hard
work that 1think I drank more water than I ever pumped up
to the tank. Well, finally a local farmer took pity on me and
showed me how to pump water up by means of a simple

lever and ratchet mechanism. Summarized, vou lash one
end of a rope to the top branches of a tall tree and the other
to the mechanism. When the wind blows, the tree sways
backward and forward, the rope repeatedly snatchaes at the
lever, the ratchet inches round and a it pump is set into
motion. While doing it this way only brings up a teacup of
water at each jerk of the lever, the wind was free and did ail
the work, Over time, the tank would fill hit hy hit, and we
didn't have to spend hours each day manning the hand
pump. This is not the project for vou if your goal is to
impress vour friends with dramatic action and movement.
Instead, it's a wooden representation of one of those
behind-the-scenes devices that makes our lives easier by
quietly going ahout its business.
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LEVER AND RATCHET MECHANISN WORKING DRAWING

TOPVIEW

SIDE VIEW

FIGURE E5-2A

With this project, note how
the drive wheel nesds to be
turned in a clockwise
direction.

A
B
C
1]
E
F
B

Drive wheel stanchion
Toothed wheel stanchion.
Long crank drive rod.
Short crank rod.

Control arm.

Drive wheal

Toothed wheel,

U TR A T
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LEVER AND RATCHET MECHANISN TEMPLATES

242

FIGURE Z5-2Z8H

The templates drawn to

a scale of two grid squares to
1" (top), and four grid squares
to 1" { bottom right). Note how
the main stanchion is drawn
out by means of & compass,
with the radius curves
between the circles being
drawn by hand. Note also
how the toothed wheel is
drawn ont.

A Drive wheel stanchion
B Toothed whesl stanchiomn.
C Long crank drive rod.
D Short crank rad.
E Conftrol arm.

F Drive wheel.

G

Toothed whasal.



CUTTING LIST

Mate: you might want to start out sizing things closer to
ﬂﬂiﬂ_hﬂﬁ ﬂhuerisinn_s. You can nlsn'sgm yourself some planing
by choosing wood of the proper thickness, We have only
illustrated the critical or difficult-to-wisualize components.

A Drive wheel stanchion 1% 4 = 3'/: baech
B Toothed wheel stanchion 1+ 6+ 5 beech
C Long crank drive rod e % 11/s = B3 cherry
D Short crank rod 5/3 = 144 « & cherry
E Caontrol arm 1+ 3 =7 heech
F  Drive wheel /2 * 3 » 3 mahogany
G Toothed wheel 3/4% 41/ % 41/; heech
PROJECT OVERVIEW

Study the project photo, the working drawing (Figure 25-
2A) and the templates (Figure 25-28). Note that all the
components are lixed to the base board, with the primary
moving parts piveting on stanchions. In action, the drive
wheel is turned, the long crank rod goes forward, the little
finger-drag component nudges and drags, and the toothed
wheel goes around. The confrol arm ensures that the
toothed wheel only turns in the one direction.

While the individual procedures are pretty straight-
forward, involving just some scroll saw work, drilling and
whittling, assembling the machine is tricky. Alternatively,
if vou're the optimistic sort, look at the assemhly as a
glorious challencge.

CHOOSING YOUR WOOD

The wonderful news is that vou can use nearly any wood—
lime, oak, pine, beech, sycamore, maple, cherry—just about
anything you find in vour scrap hin. Just be sure the
toothed wheel is made from a close-grained dense wood
that's strong across short grain. Hemember also that you
are building something that a lot of people are going to
want to try out, so choose wood that will hold up to a hit of
rough usage,

MAKING THE STANCHIONS
Study the working drawings (Figqure 25-24) and the
templates (Figure 25-2E), so that you have a good
understanding of how the project needs to he made and
put together.

FIGURE 25-3
Use a small hammer and a block to drive the dowels home.

FIGURE 25-4

Butt the workpiece hard up against a stop (I"'m using a bench
hook), and nse a gouge to skim the waste down to a depth of abont
174", Be careful that you don't run the gouge into end grain.

Take the wood that vou have chosen lor the hase
board and plane and cut it to size—it needs to he
ahout /=" thick, 5" wide and 12" long.

Take the 1"-thick wood for the stanchions and plane
it to a finished thickness of about */:". Draw the two
images out to size, and fret them out on the scroll saw.

Take the drive wheel stanchion, run the holes
H through—for the main pivot and the fixing dowels—
and then position it on the base and fx with dry dowels
(Figure 25-3). It's important that the stanchion is fair and
square with the base, so spend time getting it right.
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FIGORE 25-5
Sand the form so that tha raised circle rans in a smooth carve
down to the level of the lowered waste.

H Take the blank for the other stanchion, and use a
compass set to a radius of 147 to draw in the
decorative casting circle.

E Run the four holes through with the drill—=two for
pivots and two for fixing,

Take a small shallow-curve gouge; set the workpiece
n flat down on its back so that it is butied hard up
atfainst a stop with the front face uppermost. Then set to
work cutting back the waste. Lowar the waste little by
little, with a series of shallow skimming cuts (Figure
&5-4) until the casting circle is left standing proud by
about /4", If you have got it right, the two side lugs and the
top head will finish up at about 57" thick.

When vou are happy with the overall shape of the
E casting feature, use graded sandpapers to rub the
contours down to a good finish. Work from rough through
to smooth, with the sandpapers wrapped around a length
of dowel (Figure 25-3).

MAKING THE CRANK RODS
Have a look at the working drawings and templates
(Figures 25-2A and B). The two crank rods are more
or less the same shape—the same diameter ends and
similar curves. The only real difference is that the long
rod is /" wide and the small rod */1", Both rods are about
/1" thick.
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FIGURE 25-6

Youn always need to consider the run of the grain, especially if
the component parts are long and slender. All that said, I'm not
entirely happy with the grain on the right-hand end of the rod—it
looks a little short grained and weak.

Choose your wood with care. [t doesn't matter too

much if the grain is a hit wild, as long as overall it is
sound and running along the length of the rod (Figure
25-8). To draw out the outer rods, start by fixing the
position of the end-centers. Draw a center ling, measure
the end-centers on the ling, and use the compass to draw
the end circles. Draw parallel lines each =ide of the center
line; draw the radius curves freehand. Drill the piveot holes,
and then finally fret out the total profile,

Fret out the drawn profiles on the scroll saw, and
H trim them up with a small knife so that all the angles
are slightly rounded. They should look as if they might
have been cast (Figure 25-7),

Finally, take the long rod and drill a line of four little
holes at one end to give vou fine-tuning choice when
you come to the putting-together stage.



FIGURE 25-7
Cut from end to middle so that you aveid running the blade into
the end grain on the edge of the disk end.

MAKING THE CONTROL ARM

Have a ook at the working drawings (Figure 25-24),

and see how the lunction of the arm is to sit heavily
on the toothed wheel so that the hack-dragging action of
the finger-drag component can't pull the wheel in reverse.
Note how the arm is pivoted between two plates that are
fixad at gither side of the stanchion feet, with the width of
the arm being reduced so that it fits between the plates.
See also how the arm is held in alignment by heing
threaded on a large dowel post that is socketed into the
base slab, with the threading hole heing shaped so as to
allow for movement.

When you have a clear picture of the shape and
lunction of the arm, draw the image out on your
chosen wood and fret it out on the scroll saw,

Humn the holes through to match the diameter of your
H chosen dowels, and then use a knife to shape up the
details—the narrowing at the tip and the pivat area, and
the free shape around the large posthole (Figure 25-B),

MAKING THE TOOTHED WHEEL
Use a compass to draw twao circles, one within the
other—the outer with a radius of 1°/:2", and the inner
with a radius of ahout 1'/:", Use a pair of dividers to run
22 equal step-offs around the circumference of the large
circle. You could use math and a protractor to set the sizge

FIGURE 25-8
Whittle the end of the arm so that it fits neatly between the
pivot plates.

of the step-offs (360° divided by 22 = 16.36%), hut it's so
much easier to go for a guesstimate size and to work the
step-offs out by trial and error. Oraw radius lines [rom the
resultant intersections. Lastly, draw diagonals across each
of the step-offs.

With all the guidelines in place, use a band or scroll
saw and slowly cut out the teeth (Figure 25-9).

ASSENBLY AND FINISHING

Now comes the finger-aching task of having a dry

run put together. Don't worry about fine sanding at
this stage; just make sure that everything is tickety-boo
and all present and correct (Figure 25-10)—no splits or
warping. When you are satistied that all is correct, wipe
the surfaces (barring those that are going to be glued)
with a small amount of oil.

Set the two stanchions in place on the base and fix
them with stubs of dowel.

n Fit the control arm post, slide the main pivots in
place in the stanchions, and fit the drive wheel
{Figure 25-11).
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FIGURE 25-8

Don't be tempted to rush this task. The teeth need to be cut with
care, and, more than that, the band saw is potentially a very
dangerous machine.

FIGURE 25-10

Bive all the component parts a swift rnb down—just enongh to
remove the worst of the sawn edges—and then give them their
first wipe sver with sil.

248 LEVER AND RATCHET MECHANISM

H Take the control arm, pivot it between the little
plates (Figure 25-12), and then fix it in position at
the bottom of the drive wheel stanchion.

With the control arm in place and located on the

alignment post, slide the toothed wheel on its pivat,
and make fine adjustments—to the pointed end of the arm
and/or the size of the alipnment post hole (Figure 25-13).

Pivot the little finger-drag block in place in one or

other ol the four holes (Figure 25-14). Note that you
might well need to drill another hole—it all depends on
the shape of your finger-drag and the shape of the teeth
on your wheel,

FIGURE 25-11

Fit the large-diameter dowel rod in the center of the stanchion.
Note the spacer that is used to distance the crank so that it
doesn't wander from side to side.

FIGURE 25-12

I bmilt each pivot plate up in two layers so that the two plates
coiuld be stapped at either side of the stanchion.



FIGURE 25-13

Fiddle around with the length of the arm and the shape of the
posthole until the painted end of the arm comes nicely to rest on
the toothed wheel.

FIGURE 25-15
If the length of the rod is such that the finger-drag unit fails to do
its stuff, then consider fitting the drag in the nezt hole down.

When you have got the movement right, you can cut the varions
dowaels to length and fit the holding pins.

FIGORE 25-14 m Finally, glue up, rub the whole works down with oil,
Locate the little pivot in one of the four holes in the shaft of the

rod, as indicated by the top black arrow above.

let the oil dry, and wax polish. Then the machine is
finished and ready for showing.

Fit the short crank rod in place, set the finger-drag in
n position, and then link the drive wheel and the top of
the short crank with the long crank. The long dowel at
hottom right gets cut back later (Figure 25-15),

PROBLEM SOLVING

« If you lnok closely at Figure 10-15, you will see that thera is
a drilled hole on the top end of the short crank rod, just to the
left of the pivot. This is a mistake that occuired when [ was

When vou have strugeled to get all the parts in
E place, then have a trial turn and see if the finger-
drag does its thing (Figure 25-16). Be mindful that vou
might have to make adjustments to one or all of the
moving parts.

When yvou have achieved what you consider tobe a
good movement, then disassemble, and rub all the
parts down to a fine finish.

trying to figure out how to fit the finger-drag component.

= 1 the side-to-side movements of the two crank rods are a bit
Elack and messy, then you might well consider sandwiching
the long rod between a couple of posts,

- If you decide to use a band saw to cut the toothed wheel,
then you must for safety’s sake control the workpiece with &
couple of push sticks—it's top emall to be handheld,
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PROJECT 286

Screw Jack

PROJECT BACKGROUND
The ecrew jack is 8 mechaniem in common use for 1eising
heavy welghts through short lifte. It coneiste of 8 powerful
comhbineHon of testh and pinions enclosed in &8 metal
frame, stock or box If you ame interested in math and hewe
got a yesr or two to epend reading up, then thers 15 a whals
mountain of figures on the screw jack: the rato behween
the number of teath, the diametar of the
whee), the length of the handle, and o on. A1
you really nesd to know is that ff a man or
wioman 15 ahle to reise about S0 pounde n
wieight, then they will by mesans of a jeck, be
gbls to raies abot teenty times this weight
(about 5 tone). The jack i usually fHtted ot
with a slmple mechanlem Imown 66 &
pall end/or ratchet that stops the ma-
tlon whemn it begine to run back:.

248 SCHREW JACK

PROJECT OVERVIEW

The jack i made up of thres primary parte: the emall gear
whag), the large gear wheel, and the long toothed ber ar
rack—aell pegged and pivoted on & freme The toothed end
elotted rack is held in place by means of 8 loang plate, with
the two dowels that nmn through the plate also controlling
the height of the mowvement. The little pell mechanism that
elte just above the large wheel 18 pegged into & lot in such
a way that it riess, falls and jams the mechaniem so that
the rack is held in place. When you want to bring the rack
down, you simply ralsa the pall flip it over and then wind
back. The succese of the project has tn do with cuttng the
teath. If you like working with mils end compaes, and if you
hawve g ecioll eaw, then you ere going to get a8 good deal of
pleasure from this project.
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SCREW JACK
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SCREW JACK WORKING DRAWING

FRONT VIEW | | SIDE VIEW

FIGURE 2B-BA

Apart from the rack and the
wheels (which need to be
drawn correctly), the only
other things you have to
worry ahont are the pasitions
of the wheel pivots to ona
another, and of the two wheels
in ralation to the rack.

Base plate.

=

Frames suppart.
Dais.

Frame.

Large gear wheal.
Raclk.

Crank handle,

TOP VIEW

Small gear wheel

Lo B N I - I 7 I -

Washer plaie.

2sa SCHEW JACK



SCREW JACK TEMPLATES

FIGURE 26-2B
The scale is two grid
sguares to 1"

A Hase plate

Framea suppart.

Dais

Frams,

. 293
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SCREW JACK WORKING DRAWING

FIGORE 26-2C
The scale is four grid
smares to I,

E Large gear wheel
F H=cle

E Cremk hamdle

H Small gear whesl
I Wesher plats.

Ebd SCHEW JACK
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CUTTING LIST

A Hase plate IgnBxOgak

B Frame support e 8 » 8 oak

C Dais Cut from frame support

I Frame #/s% 8 » 12 pedar

E Large gear wheel 3s » 36 » 3 walnut

F Hack 35 2l/z % 12 ping

G Crank handle Yaw 2= 3 mahogany

H Small gear whesl s+ 3«3 pak

1 Washerplate Ly n 1« B plum
CHOOSING YOUR WoOoOD

This is one of those projects where you need to be pretty
choosy over yvour wood. I say this because the succass of
the project hinges on the teeth heing cut and worked with
care—with all the teeth being nicely shaped. And of course,
it's no good working with a loose-grained easy-to-cut wood
that is likely to split and/or crumble, If a tooth splits off,
then the project is ruined. What all this amounts to is that
the wood needs to be hard and dense grained, so that it
leaves the saw with the edges being hard and wall defined.
I used salvaged cedar for the frame. walnut for the large
wheel, oak for the small wheel, straight-grained pine
for the rack, oak for the base, and bits and bobs for all the
rest. If vou are short of wood, then it is best to save the
choice hits for the toothed components—meaning the two
wheels and the rack.

MAKING THE FEAME AND BASE

When you have spent a good long time studying the

working drawings and designs—so that you have a
clear picture in yvour mind as to what goes where and
how—take the woad that yvou have chosen for the frame
and the base, and plane it down to a finished thickness of
about /4", Not to worry if it's & wee hit thicker, as long as
it's a uniform thickness overall.

Motice how the frame and the base plate are in the

main achieved by using a compass, and the little
dais piece is no more or less than the waste cut from the
frame support. This done, then use the rule, square and
compass to set the lines of the desion out on the best face
of the wood.

E Frat the profile out on the scroll saw.

FIGURE 28-3
Take extra care when you are fretting out the wheels. Keep the
line of cut slightly to the waste side of the drawn line, and make
sure that the saw table Is correctly set—nmieaning at right angles
to the run of the hlade.

n Establish the precise position of the various pivot
holes, then run them through with a bit size to
match up with the diameter of vour chosen dowels,

MAKING THE GEAR

WHEELS AND THE RACK
Plane your wood to a finished thickness of about 774"
for bhoth wheels and the rack.

Use a compass to draw the two circles out on the
wood—the large one with a radius of 155", the small
one with a radius of 1'%

H Trace the designs from your working drawings, and
then transfer the traced imagery to the hest face of
the wood. Use the circles as an alignment guide,

n Run the three components through with drillecd
holes—at the center of the two wheels and at each
end of the rack slot.

Fit a new line-toothed hlade in the scroll saw, adjust
the tension, and make sure that the saw tableis at a
right angle to the blade.

ﬂ Finally, fret out the design. Take your time and go

slowly so that all the sawn faces are crisp and
smoocth (Figure 26-3).
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FIGURE 26-2

Do your best to ensure that the sawn lines are smooth-running
and nicely curved. If the saw feels to be hard going, then waz the
table to cut down on friction, and check that the blade is in good
condition and well tensioned.

MAEKING THE WASHER
PLATE AND THE CRANK HANDLE

n Plane your chosen wood down to 8 thickness
between */«" and /",

Draw the imagery out on the hest face of the wood,
H run the holes through with the appropriate size hits,
and then fret the profiles out on the scroll saw. Go at it
very slowly, all the while doing your very best to ensure
that the line of cut is crisp and smooth—no stop-start
steps or ragged cuts (Figure 2B-4).

When you have achieved the cut-out for the crank

handle, first drill the two peg-fixing holes—through
the crank and the small wheel—and then take a small
knife and trim the arm to a rounded finish (Figure 26-5).

ASSEMELY AND FINISHING

When vou have achieved all the component parts
n that go to make up the project, set them out hast face
uppermost, and systematically check them over for
potential problems (Figure 26-6). Okay, so I always say
this, but the sad fact is that projects of this type and
character are often less than beautiful, or are that much
less successiul, simply because such and such a part is
flawed or needs to be re-cut.

E Don't worry at this trial run stage about a fine finish;

just make sure that the edges are {ree [rom splinters
and jags.
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FIGURE 26-3

Whittle the arm to a rounded finish so that a little curve mans
down from the flat face of the circle. Work from ends throngh
to center.

FIGURE 26-B

Check the components to make sure they are free from splits,
and then give them a swift rub down in readiness for the dry trial
ran putting togathar.



T
FIGURE 26-7
get the frame up on the base, and fix the large wheel in place.
NMote the little fizing dowels that ran through the bottom of the
frame and into the frame support.

Fit the Irame support to the base slahb, set the large
wheel on its pivot, and fix the frame in place with
dry dowels.

Make sure the frame is stable and true-firm, sguare
and free from wobhle (Figure 26-7).

Set the guide dowels in place in the frame so that
E they are a tight push fit, Set the rack in place, with
its teeth nicely interlocked with the gear wheal, and turn
the wheel over ta check out the movement. I need he,
adjust the dowels and/or the slot so that the rack is able to
move without hindrance (Figure 26-8).

Fit the little pall foot in the slot, and fix it in place

with a backing plate so that it is loose fitting and
able to fall freely (Figure 26-8). Test it out to see if it jams
the mechanism.

FIGURE 26-8

Fit the frame on its pegs and test out the movement. If necessary,
easa the movement by widening the slot and for slightly raducing
the diameter of the dowels.

13
FIGURE 26-8
The idea is that the pall should be free to rise in its slots, with the
little backing plate ensuring that the pall is held square to the
frant of the frama.
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FIGURE 26-10

Have a small wooden pin
running through the dowel
pivot so that the wheel is Iree
to move. Note the whittled end
of the through-knob dowel pin.

FIGORE 26-11 FIGURE 26-18
Generally ease the components until the movement is smooth. Blind holes are best achieved with a Forstner bit. Note how the
pattern of decorative holes relates to the pattern of teeth.
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Set the crank handle on the small wheel, and it it in
n place with a couple of dowels so that the crank and
the wheel become a single clenched unit (Figure 26-10).
Whittle a pivot to run through the knob, so that the end of
the pivot becomes a design feature.

Set the small wheel in place and fix it at the hack

with a small wooden pin. Have a trial run and sees
how the movement functions (Figure 26-11). If one or
aother of the teeth jams, then ease it with a fold of fine-
(rade sandpaper.

When vou have achieved a good easy movement—

with all the component parts running smoothly one
against another—then pencil label the teeth o that you
can identically refit.

Disassemble the whole works, and spend time
m adding the decorative features like the pattern
of hlind holes on the front face of the large wheel
(Figure 26-12).

m Rub all the sawn edges down to a smooth finish, Pay
particular attention to the sharp corners of the teeth
[Figure 26-13).

FIGURE 26-13
When youn are rubbing down,
select found items to match
the profiles—pencils, plastic
pens and the like—and nse the
finest grade of papers.

Finally, give the parts a coat of teak oil; let it dry.
Give the surfaces another swift sanding, glue up,
burnish with beeswax polish, and the project is [inished.

PROBLEM SOLVING

= Be mindful that there are three main factors governing the
‘smooth running movement of the testh: the shape of the teeth,
the shape of the gaps betwesn the teeth, and the distance
apart of the pivots.

= If you want to make sure that the movement is going to
work the first time around, then it would be a good idea to cut
a second frame board made from inexpensive wood. You can
thus ensure that the pivot spacings are perfsctly placed for
the size of your wheels,

* If you have made a mess-up and you neadtnniterﬂ:le
position of the pivot holes, the procedure is as follows: plug
‘and glue the holes with a8 dowel cut from matching wood, sand
back to a smooth linish, and then drill a new hole.

« Be mindful that a good waxing is one sure-fire way of
ensuring that mating components run smooth,
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PROJECT 27

The Bicycle Chain Machine

PROJECT BACEGROUND
When Iwasa kid, I used to spend hours taking my hicycle
apart. My big thing in life at that time was making bicycles
from scrounged parts and then selling them to my school-
mates. I particularly enjoved taking the drive chain apart.
The bicycle chain is a beautiful itern—Ilots of identical
component parts, all made of steel, fitting together to make
something both strong and flexible. The earliest known
sketches of a bicycle (or drive] chain were made by Leon-
ardo da Vinci. The curlous thing about his sketches is that
it appears he was inventing components before there
was a real need—a hit like inventing the electric
coffee maker hefore the invention of electricity!

PROJECT OVERVIEW

Have a look at the project picture, the work-
ing drawings (Figure 27-24) and the tem-
plates (Figure 27-2B). The machine is
made up of a stand, two dowel pivots and
two drive-chain wheels, with the actual

AN MACHINE

chain being made up from a large number of identical links.
If vou look closely at the chain, vou will see that the links
are first grouped in pairs, with the pairs then being linked
to mach other. The distance between the centers of neigh-
haring half-circle notches—this being the tooth—is of ne-
cessity the same as the distance between the centers of the
dowel pins on the drive chain. As the wheels turn, it is the

half-circle notches that locate and pull on the chain.
As vou might well imagine, the important thing about
this project is that the notch centers and the link hole
centars must he the same. Note how there are 16

notches around the circumfersnce of each

wheeal, with each notch being centered on
the intersection of a radial line and the cir-

cumierence. See also how the 16 radial
lines are equally spaced at 22.5" inter-
vals (360 divided hy 16 = 22.5). One look
at the various photographs should con-
firm that this is one of those projects
that require an electric scroll saw.
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THE BICYCLE CHAIN MACHINE WORKING DRAWING
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FIGURE 27-2A

With this model, the critical measurements
are the distance between link pivots, the
length of the links, and the spacing and
position of the notches on the drive wheeals.
Stand.
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Back huttress.

Drive-chain wheel.
Link.

Crank arm.
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THE BICYCLE CHAIN MACHINE TEMPLATES
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FIGUTRE 27-2B
The scale is two grid
sgquares to 1"
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MAEKING THE LINKS
Take the wood that vou have chosen for the links
and plane it to a finished thickness of about 77"

Cut the wood down so that you have 52 little tablets
at ahout 1" wide by 242" long.

Set each tablet out with a center line that runs in the

direction of the grain. Take the compass; set it to a
radius of ahout /", Spike the point on the center line, and,
placed as near as it can go to the end of the tablet, draw
out the circle. This done, set the compass to the same
measurement that you used to work around the
circumiference of the wheel, and then step-off from the
center of the circle to a point on the centar line. Draw
another 1"-diameter circle at this point. If vou have got it
right, the distance betweean centers will be slightly areater
than the diameter of the circles. Link the two circles up
with a little freehand radius. Repeat this procedure until
yvou have 52 or more links. I decided to make G0—my
thinking being that there would be mess-ups along
the way.

n Take a drill hit that matches the diameter of your
chosen dowels and run each link through with
two holes,

With at least 52 links drawn and drilled, then move
E to the scroll saw and carefully fret them out (Figure
27-5). Don't worry too much if the profiles are askew, as
long as the holes are perfectly placed.

When yvou have achieved the 52 links, take a small

sharp knife and spend time whittling the sawn
edges to a rounded finish. Work with the run of the grain
from the peaks down into the dips, and from the peaks and
around the ends (Figure 27-8).

ASSENBLY AND FINISHING

When yvou have achieved all the component parts

that go to make up the design, spread them out and
generally check them over for fit, tinish and number. [ say
number because it's the easiest thing in the world, with a
complex project of this character, to make a mess-up with
your counting and finish up with a few links too short,
And, as no doubt you know, there is nothing guite so
annoying in woodwork as getting all ready for the final
putting together only to find that vou have got to go hack
to starters and cut more components.

FIGURE 27-4

The line of cut must run very slightly to the waste side of the
drawn line. If you fit a new hlade and make sure that it is well
tensioned, and if you work at an easy pace, then you will finish
up with a cut line that requires the minimum of sanding.

FIGURE 27-5

Bridge the sharp angles between the circles with hand-drawn
radins curves so that the resultant “8" shape is smooth curved
and easy to cut.

FIGURE 27-8
Trim off the sharp cornars so that yvou finish up with a form that
is round-edged.
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1f, when yon line all the component parts up side by side, you see
that one or other of the links stands out as being tao big, or too
small, or whatever, then now is the time to throw it out and cut

another one.

As a trial dry run, put together—no fine sanding or

glue at this stage—drill, dowel and fit the backhopard
to the base, the buttress to the back of the stand, and the
two supports to the front.

Set the two main dowel pivots in place in their holas,
and slide the various spacers in place (Figure 27-8).

Take the links, group them in matched pairs, and set
n each pair up with dowel pivots (Figure 27-9) so that
the links are set together at the middle of the dowal. You
need thirteen pairs in all

Set the paired links end to end in a row, and join
E them together with links set to the outside. You will
find that the trick here is in arranging the paired links
50 that the dowel centers from neighboring groups are
nicely matched (Figure 27-10), If necessary, use a fold of
sandpaper to make the dowels slightly thinner and/or the
holes slightly larger.

When you have made the total chain, gently ease the

links apart so that the chain fits over the edge of the
drive wheels (Figure 27-11).
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FIGURE 27-8
The buttress and snpports ensure that the stand is trne and well
supported—most important with a machine of this height.

FIGURE 27-8
Fiddle and fuss around until the paired links are well matched, so
that the dowels are parallel to each other.



Copyrighted Material

At this stege in the operation, you will pechape find,
E ae yau roll tha chain aver the whesl, that the ends of
nedghboring links jam. Thie 18 becense the holes are badly
placed and/or the profils has been badly smwm. If this i
the case, then take a ecrap of eandpaper and gently sand
back the sheps of the links until the problem 1s cormected

(Figure 27-12).

When you have joined up the emds of the chain and
E generally spaced the linke, gently lift the whols
wirks up and est tha two wheels on their phate 11
necessary, eass the positon of the dowels for best fit

[Figure 27-13).

Tumn the wheels slowly ower by hand, end see how

the individusl linke st one with ancther. Study the
way that the dowel pine come to rest in the notches and
how the ends of the Inke relate to each other. Make
adjustmente accordingly (Figure 27-14).

Fit the spacar and the crank handle, end try

everything ot for size. 0f course, the handls won't
actually he turning the wheel at thie stage—hecauee it's
not pegged to the whaael—but you will &t lsast be ahls to
test ot the fesl of the machine The other thing to bear in
mind is that you have chaolces—you can fit the handls to
the top pivot, a5 shown in this photogreph, or you can fit it
to the bottom, as shown in the working drawings [Figure
27-24). Aesto the best poeition, much depends on the
wiaight of your wood and the sl=ze of your hand For
exampls, if the wood ie welghty end the machine top-
heavy, then it wauld be a good 1dea to lawer the cantar of
gravity by hawving the hendle on the bottom whes] Bat
then again, if your hands are large and the turning space
ie tight, then i might b= a better 1dea to have the hendle
o the top wheel It needs thinking abouat.

When you are eatisfiad with the movement, slowly
dissesemble the whole works, carefulby pancil
numbering the hnke as you go so that you kmow the

crder of things.

Sand all the components to 8 fine #inish, o1l the
E appropriate surfaces, and then glue up. Finally,
burnish all the eurfaces with wax, and the project
1e finished

FICORE 27-10
Tha ouiar links nesd te b mahched so that they alss kold the
dowels paralial to sach siber.

FIGORE 27-11
Fart the Inks and siide the whesal in place.

FIGORE E7-12

Oncs the chaln has been Mitted, hen you cam, to a graat extent,
ad]ust the fit by sanding a chamfer on the edge of the whesl—an
both sides, 50 that the teeth are slightly bevelad
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FIGURE 27-13

The whole thing gets a bit welghty and difficult to handle at this
stage, so be on your guard that everything doesn't spring apart.
I needed to push a few pegs through some of the dowel pins.

PROBLEM SOLVING

» The big difficulty with this project is drawing out and
cutting the links, The problem isn't that the individual
procedures are particularly difficult; only the sum total of
cutting each and every link to the same size and drilling
perfect-every-time holes calls for a certain regimented way of
working. One way out of this problem is to build a drilling jig.
In action, you drill one hole, slide the link on the jig, and then
drill the othar hole. This way of working ensures that the holas
are all set the same distance apart.

= [n the light of having made this machine, I think that next
time around I will go for much smaller links—say half the
size, I will have the wood much thinner, the pivots smaller
and the wheals with twice as many notches. [ willuse a

wood lilke European box or English plum. Al that said, I think
that it's wital to have a go at this machine before trying for
something smaller.
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FIGURE 27-14

Make sure that you ease the chain over the wheel so that there
is close contact with the link dowels sitting nicely in the
wheel notches.

= If you find that the movemeant is loose and sloppy, then it
could well be that the links and/or the wheels are badly cut,
with the effect that the chain is loose. If this is the case, then
wyou could modify the machine by designing and fitting a
mechanism that moved one or other of the wheels up and
down and then clamped it in place. You could have the pivot
moving in a slot rather than a drilled hole, or vou could make
the stand so that top and bottom can be moved apart.

= If you think that the height of the stand is a bit clumsy, then
wou could change it about so that the two wheels are set side
by side—muore like a hicycle.



PROJECT 28

The Wonderful Wilmhurst Machine

PROJECT BACEKEGROUND

A Wilmhurst maching is an apparatus that is used to
demonstrate and produce static electricity. We had such a
machine at school. It was a hit like an H.G. Wells time
machine—a huge affair with two glass disks, brass rods,
metal halls, drive pulleys and crank handles, all mounted
on a mahogany base. In action the massive handle was
turned, the two wheels zoomed around in different
directions and two metal foil brushes stroked the wheels
while they were turning, with the effect that electricity was
generated and the thing began to produce a series of
snappy, banging and fizzy sparks—really amazing!

PROJECT OVERVIEW

Have a look at the working drawings (Figure 28-24) and
the templates (Figure 268-28). The Wilmhurst machine is
made up from a base with two stanchions, with all the
workings heing pivoted on two horizontal dowel shafts.
The small pulley wheels on the top shaft are glued to the
disk plates, while the large pulley wheels on the bottom
shaft are glued to the shaft itself. Perhaps most important-
Iy, one of the two pulley belts (both made of cord or elastic)

is twisted into a ligure eight so that it reverses the direc-
tion of spin of one disk.

THE WONDERFUL WILMHURST MACHINE
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THE WONDERFUL WILMHURST MACHINE WORKING DRAWING
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FIGURE 2B8-ZA

With this project, note that the spacers

(tha parts set batween the wheels and the
pulleys) need to be sized so that the pulley
wheels are aligned one above the other,
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THE WONDERFUL WILMHURST MACHINE TEMPLATES
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CUTTING LIST

A Haze 24y » 315 = 11 pitch pine

B Stanchion I3 % 2/s » B mahogany

C Disk plata 'z = 6 = & hrown nak

I Large pulley wheel e m s x J s cherny

E Small pulley wheel e AU = 2 cherry

F Half balls From 2'/:" square section beech

G Crank handle /e ® 24 3 mahogany

H Post finial From 2'/5" square section plum

I Postpin Cut from scrap

J  Drive knob pin Cut from scrap

K EKnob Turned from 1" square sections

L Drive shaft 4" lang

M Fost 8" long

N Halls From &°/2" square section beech
CHOOSING YOUR WOOD

The only real neads for the wood are that the disk plates he
made from a wood that can be worked on the scroll saw,
and the various balls be worked from a wood that can be
turned. We used oak for the disk plates, pine for the stand,
heech for the balls and stand supports, mahogany tar the
stanchions, a scrap of plum for the two post finials, and
offcuts for the rest.

MAEING THE BASE AND STANCHIONS
Take the wood for the base slab and plane it to a
finished thickness of /",

Use the rule, compass and suare to s5et out the
E profile, and then fret it out on the scroll saw. You
should have a base at 3" wide and 10" long, with the ends
being hased on 3°-diameter half circles.

Set the base out with four center lines—one that

runs end to end to halve the width, one running
across the width to halve the length, and the other two at
gach end to mark the diameter of the half circle.

With all the guidelines in place, use a square to draw
the stanchion laps in at '/:" deep and 2" long.

FIGURE 2B-3
Run the chisel with a sliding paring action so that the cut goes
diagonally across the run of the grain.

FIGURE 2B-4
Whittle from the drawn circles, so that the faces of the eircles are
left in flat relief.

Cut the laps with a saw and chisel. First, saw in at
H each end to establish the depth of the lap, and then
usa the chisel to make horizontal paring cuts (Figure
28-3). The trick is to make sure that you cut fractionally to
the waste side of the drawn lines.

H Take the wood for the stanchions, plane itto a
thickness of /5", and use a rule and compass to draw
aut the profile for hoth stanchions.

Fret the profiles out on the scroll saw, so that the
bottom 1" is slightly oversize—about 2'/s"—50 that
the width is too big to fit into the lap.

Size the width of the stanchions until they are a
tight push fit in the laps.



Aun the pivot points through with a bit to match the
n size of vour dowel shafts, and use a knife to trim the
neck of the stanchion down to a slightly round-edged
finish. Work from end to middle so as to avoid running
inta the end grain curves (Figure 2B8-4),

MAEKING THE DISK PLATES

Take yvour chosen wood and plane it to a finished
n thickness of about 542" Sight across the wood so as
to ensure that it's frae from twisting, and then saw it in
two so that you have a piece lor each circle.

Take a piece, set the compass to a radius of 217",
E and draw out a single 5"-diameter circle. Now, still
waorking from the same center, draw out circles with
radiuses oif 1* and 2'/4"

Use the tools of your choice to divide the circle up
E into 24 equal 15° segments. I used an engineer's
protractor, but you could just as well use a compass by
stepping the radius off around the circumference and then
guartering the resultant six divisions. You could even do it
with a commpass and hy trial and error.

When vou have drawn out the circles and their 24

divisions, take a pencil and draw a corner radius in
gvery other division so that vou have 12 spokes and 12
round-cornered windows.

E When vou have drawn the circle imagery out on one
piece of wood, pin it to the other piece, with the little
nails being set in the waste areas well outside the circle.

Select a bit size to match the diameter of your
n chosen dowel, and run a hole through the center of
the circle so that it runs through both pieces. Plug the hole
with a short length of whittle dowel, then change the drill
hit to a smaller size—say albout =/="—an rn a hole
through every other window.

Finally, use the scroll saw to cut out the circle and
the windows ol waste (Figure 28-5).

MAEING THE PULLEY WHEELS

Loeck at the working drawings (Figure 28-24); see
n how vou need four pulley wheels in all—two at a
3" diameter, and two at a 15/:" diameter.
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FIGUHRE 2B-5
Note the two holding peqs—one at the center of the circle, the
other in the last window to be cut.
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As vou work around the wheel, you will need to be constantly
changing the angle of cut to suit the run of the grain.

Flane your chosen wood down to & 5/:" thickness,
E draw out the circles, drill the centers out with the
appropriate bit size, and then cut the blanks out on the
scroll saw.

H Take the disk blanks one at a time, and first nun a
pencil center line around the thickness, and then run
lines about 4" in from the edges.

Cut the V-section by first running a stop-cut around
the center line. 5lice in at an angle into the cut 50
that the waste falls away, and then deepen the stop-cut,
and so on, until the V-section reaches the desired depth.
The precise shape of the wheel is a matter of choice—
I went for a slightly rounded feel (Figure 28-8), but you
could just as well go for a crisp sharp-angled finish.



FIGURE 2B-7
Thongh the riffler is a good tool for working hardwood, it's
horrible for softwood—he warned.

FIGURE 28-8
Make constant checks with the calipers to see how close you are
getting to turning a periect sphere.

E When you have whittled the pulleys more or less to
shape, bring them to a good finish with a riffler file
and the graded sandpapers (Figure 26-7).

MAEKING THE BALLS
AND POST SUPPORTS
Mlount yvour square section wood on the lathe and
swiftly turn it down to a smooth cylinder at about
154" diametar.

Set the dividers to the diameter of the cylinder, and

malke step-offs along the cylinder—!/4" for tailstock
waste, 157" for the first hall, *#" for parting waste, 157" for
the next ball, and so on along the length of the wood.

Take the parting tool and sink the hands of waste in
to a depth of about /2" so that you are left witha
central core at about =/:" (Figure 28-8).

¢ i
FIGUHRE 2B-B
Sink the waste so that yon can shape up the half ball.

ThEE te
FIGURE 28-10
The sticks ensure that vour hands are clear of the blade.
DO NOT attempt this procedure without the sticks.

To make the hall shapes, use the skew chisel to
H shave the corners off the remaining 1°/:"-diametar
sections. If you work backward and forward along the
wood with a little-by-little approach, yvou will eventually
finish up with a string of balls—like heads on a necklace
(Fioure 28-3). Bun a little line around each hall to mark
the median.

Part the balls off from the lathe and select the hest of

the bhunch tor the project. You need two complete
balls for the end-of-shaft details, and two half balls for the
base supports.

Run all three balls through with »."-diameter holes.
Take the ball that needs to be sliced in half, cut a
couple of sticks to push in the ball so that you can hold
it safely, and then slice it through on the band saw
(Figure 28-10).
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fudhasirae, VA, 125

Anchar, 118, 123-129

Aongles of best cut, B2

Arms, 130, 136-141

Asgembly, 15, 27 37, 48, 67, G6, 73, B2, 91,
100, 108, 117, 127 140, 161, 160, 171, 178,
157 188, 207, 216, 2206, 237, 245, 256,
285, 278

Beckbpard, 12, 17, 82-28, 61-85. 148-152,

182, 186-168, 171, 176, 173, 151-183, 196.

ol2-g04. 207, 218, SE8-224. 287,
233-£35, 237, 2308, 264, 268

Hacking disk, 183-185

Halanca beam. &6

Halls, 102, 105-116, 136, 213, 216, 217, 263,
av-gr

Base baard, 163, 166-160, 173-1749, 151-193,
204, 322, 224, 233-23E5, 243, 264

Baae slah, 50, 64, 65, GE, 70, M. 77, 74, 96,
100, 128, 125 127, 137, 141, 148, 157, 158,
150, 182-184. 215, 218, 2453257, 273

Belt wheals, L74-178

Bit. Forstnar, 12, 34, 43, 81, B2, 88, 108, 116,
139, 158, 159, 154, 185, 205, 237, 258

Bit. shanked. 34

Hoss, B, 13, 14, 15 80, 82, 93, 96-101

Hoss rings, ¥7, 78, 8], 82

Box, front and back, G4-57

Hrackets, 17, 22-28, 147-161

Bun (see alsp Enab), 86-20

Hultreas suppart. 11, 12

Caliper, 38, 47, 7H, 106, 137, 138, 150, 275

Cam pleta, 142, 148, 158, 288-3=24

Charmbsar walis, 284, 282, 227 237

Chisel skew, 12-15, 36, 47, 80, 81, 87-00,
97-89, 108, 108, 108, 117, 126, 135, 135,
150,155, 170, 194, 275

Chuck, 13, 14, 15, 34, 35, 43, 44, 47 B0-B2,
HE-3I, 96-38, 101, 10°7-10E, 128, 1275,
133-133, 181, 170178, 180, 154, 186

Clamp, 12, 16, 25, 33, 34, 37 49, 65, 73, 117

Claw arm, 202-204, 208

Cellar, 74, 78, B2, 120, 135, 136, 138-141

Compasses, 23, 26, 33, 36, 46, 54, 62, 78,
56, B8, 106, 115, 126, I37, 140, 148

Connecting rad, 17, 22, 23, 25-28, 45-4148,
B1-6E6, 68, 70, 72, 158

Comnirol arm, 241-243, 245, 246

Countarbalanca gulda bridgae, 188,
Z0e-205, 807

Cowvas end bapding, dacarativa. 75

Cradle, T4 T7-80, &2, 128

Crank disk, 153-185

Crank handls, B, 11, 12, 29, 33, 35, 38 45,
T, T TH, BeE, BA, 110G B0, 114-117, 148,
173-174, 174, 178, 188, 191-183, 158,
S8, 222-224, 254366, 259, 2367, 285,
271-273

Crank rod, 65, 153, 155-157, 1687, 202, 204,
241-244, 247

Cross-coupllng unlon, 214

Curve, radlus, 34, 87 115, 124, 214, 238,
Z4g, 244, 265

Cuts, 26, 46, 64. 8], 169, 135, 206, 213, £14.
=73, 274

Disk 11-13, 16, 25, 32, 33, 35-38, 43, 44, 81,
=1, 57, 88, 102, 108, 126, 187, 1958-137,
140, 148, 185, 167-1649, 172, 183-1808,
184-153, 186 1548 204, 206-200 227,
228, 238, 238, 245,

Disk plate, 269, 271-274 276, 277

Dividers, 13, 33 35 43 78, 8L &7-90,
SE-28, 107 116, 117, 125, 1368-140, 150,
159, 170,184, 186, 204, 205, 20E. 245,
275

Donkay heard. 66-73

Driil , pillar, 34, B&, 157, 159

Drill prass, 23, 26, 54, 78, 96, 107, 124, 140,
194, 205, 213

Nntling heles, 205

Drive-chain wheals, 260, 262-264

Dram, B, 11-14, 16, 124-126. 124, 128

Engine bady, 182-184, 185
Engine cage, 43
Escapagent, 118-123459

Fan wheel, 177 ITS

Fixing pin, &5, 100

Fiywheel & 11. 92-101, 130-14]1.
Followar, 38, 38, 142, 128-152
Fretting, B, 46, B2, 148, 265,

Guar whesls, 111, 115, 116 248, 252, 264,
265, 257

Gluing, 73, 82, 108, 127, 141, 161, 160, 171,
172,178,

Gouge, 12, 13, 33, 36, 44, 46, 78, 81, 87, 08,
8&-08, 106, 107, 110, 127, 137 138, 150,
184, 243, 244

Haldar ber. 162, I68-188, 170,

Hala. blind 12, 2% 34, 72. 80, 116, 205, 208,
2948, 258

Hook, 34, 166-172, 225, 243

Jig, 14. 1K, 35, 194, 195, 268
Joank, crasshamd, 17, 83-27

Kny, GO-B7

Knife, haoked, 107

Knob, 42 43 50, 56, 57 03 05-81, 178,
2548 271-273, 277

Laminating, 24

Letch plate, 50, 5=, 54-57

Letha, 1==15, 35, 38, 38, 43, 44. 48, 47,
fi0-8s, 87-51. 98-93, 101, 106-110, 116,
117, 185-127, 130, 138-13%, 150, 153, 171,
172,180, 184, 186, 134, 2813, 275, 877

Linkage, 233-238

Links. 260, 262, 264-280

Log beard, 233-236
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Morsl, working. 25, 65, 180, 168

Maiched rale, A02-20k, 207, 208

Odling, 28, 37, 38, 48, 57, 66, 82, 91, 100,
101, 110, 117 128, 141,162, 160, 174, 175,
187 18&

Pan, 83-81

Parting wood, 13, 78, B0, 87-30, 97, 108, 137,
138,150, 158, 170, 275

Panduhim, 115=1259

Flston bBlock, 153=-161

Piston rod, 48, 43, 65, 158-161

Fistams, 161 180, 182-184, 186, 187

Propaller. 52-101

Prototype, cardboard-and-pins, 29, 153
128, 204, 2249, 233

Pulley platn, 166-169

Pulley whesl B, 166-168 172, 202-204,
20e-208, 271-273, 276

Pumip, P4-B2, 229-230

Guatrefoll, 38, ¢31-45

Aacx, 111-117. 248, 252, 854-257,

Aall, B2, B3, 111, 218, 217

Hasping. 45

Aatchet whael, 168, 1686-168. 171, 172
Aegistration marks, 24, B, 141, 151,158
Hing, pult 55, 96, 10

Ancker arm, 218, 2232-237

Ganding, 208, 37, 45, 48, 71, 110, 152, 158,
178, 185, 126 218, 217, 228, 228 250,
245, 258, 285-3287, 278

Sew,. back, 81
band, 28, 43, 87, 36, 106, 125, 177, 24,

245-847
Coping, 157
tine-hlardesd, 108
fine-toathed, 34, 128, 139
fras, GH

Saw, scroll 8. 23, 25, 26, 33, 35-37 43-47.
ba-57, Bd-B4, &6, TI-TE VH, Bl
g0, 86, 115, 116, 124, 126, 136, 137,
140, 1928, 148, 157, 168, 161, 168,
168, 176~-1748, 184, 186, 187 185,
183,184, 158 204-208, 213-215,
224-225, 235, 237 245%-245, 248,
265, 256, 260, 284, 266, BT3-876
Scraper, 43, 44. 79
Scraws, 43, &7, 106, 136 141
Sector plata, 24
Slde riggar. 168
Sliding block, 157
Spacers, 7, 35, 96, 98, 100, 101, 116, 125,
126, 128, 182-1845, 186, 187, 204,
2Bd-264, 266, 271 278 877
Spindle, A, 11-14, L, 186, 130
Spring, woaden leaf, 57
Sguare, adfustable, 115
Stanchion, 28, 32-34, 36, 38, 96, 85, 100,
1, 183, 166-158, 160, 2048, 211-316,
241-24B, 268, 2TE-2M, 276, 277

Tallstock 12-14. 35 43, 47 T8-8=, BA, &8,
308, 108, 18, 118, 117, 125, 128, 138, 133,
150, 170, 188, 275

Task all, 28, 37 38, 48, 57, 65, 82, 91, 100,
T0KL, TROL 117 128, 141, 152, 180, 171, 187,
186

Tamplate, cardboard, 108

Templates, 11, 22 32 42 &3 &1, 58, 77, BG,
SE 06 B4, 123, 136, 147, 166, 167, 175,
183, 183, 2803, 212, 223, 234, 242, 263,
263, 872

Toothed wheal, 118, 123-128, 181-1583,
Z41-247

Toothplck dowal, 25

Towar, BE, 88, 70

Tube 148, 45

Tumbler. 50, 52, 54-57

watva ball 235
Wahra guida, 232-225

Valves, 1841, 218 =23
V-hinck, 14, #1

Washer plate, 253, 264-26E,
Washers, 28, 35-37 86, 87, 115, 115,
160-162, 187, 180, 207
Wedge pin, 1208, 277
Wedige, tenon, 81
Weight, b=em 11, 12, 14, 16
hob 8, 12, 14
fly, 130, 138-141
mietal, 124
gacior, 17, 22, 83, 8528
Wheael, baaring, 83-91
bopays, 148-152
chassis 147-152
tollawer, 36, 38, 142, 148-1653
toothed, 118, 1273-135 182 183, 241-247
Whittling, 7, 26, 45, 66, B4, B5, 162, 1748,
188, 243 285,
Woad, bsech, 12, 43,54, 70, 78, B7, 8&, 108,
115, 1=4. 138, 140, 157 188, 179,
14, 243, 273
Cadar. 70
charry, 15, 33, 36, 43, 45, 46. 68, 57,98,
115, 136, 128, 193, 235, 243, 255,
204
jmlutong, 15 43 101, 106, 107
lime, 167, 184, 193, 197, 813 228, 243
maple, b4, B&, BY, 86,136, 167, 179, 243
oak, 23, 24, 157 183, 204, 213, 23356 243,
266, 264, 273
olive, 23, 24, 26, B2
pine, B2, 65, 101, 124, 167, 168, 176, 178,
123, 204, 213, 224, 235, 243, 255,
264, 273
piurm, 70, 78, B, 124, 136, 148, 168, 168,
154 187, 213, 228, 235, 288, 273
EYCAmore, 78, 79, 136, 843
fakip, 33, 35, 145
walnuie, 33, 35, 87 115, 116, 148, 150, 184
Worm. 185-187
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