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IntrDduction 

My gmn dpa used to teU my mother that ( was one 01 those 

comphcated sticky-fingered HUleboys who needed watch-

109! He aJwavs used to say that I was up to tricks and learn-

109. As J rem.ember. aU this meanl lR effect was that I \\'89 
bofTowmg tools Without permission. usually tnlssmg at 

meat times. and genera1ly dilflcult to uack down. It wasn't 

that I was in an)' 'IIay naughty or up to no good. but rather 

that I was always '"inventing." ) mads a cross bow that \\'as 

more a IEnitat man tmp than a weapon. an electric alarm 

clock tMt couldtl'( bo touched unless you Vier. wearing 

rubbol glovos. {l lov'r mccn.."\JllSm lor thO gatO IMt vory 

ntarly skinned tln(1 qurulered the nelghbo,'s C!t't. (lnd so the 

Ust g o e s  on. So you see. It w(l.So·t that I was 0 hOfTlble little 

boy bent 00 mlschlel. bl.ll only th ai 1 10veG meChaniSms 

and enjoyed worklOg with tools and wood. 

J was never 50 happy as when J was lucked away In the 

back shed hacklng away with knile and saw on one or other 

of my labour saving lOVentlOns. 

And of course. now that I am a man and fuUy gro'lm. one 

of m)' chief plaasures is beina out in my shed 'IIorkshop 

dreamlOO up new mechanisms. But I'm not alone! Tha mi­
raculous thing. the thina that makss our mamage so suc­

cessful. is thal m)' wUe Gill is a sou) mate. a INS ldnclrad 

spirit. We bo\h got p)ea501e working with wood. Picture us 

if you will .. out In OUI wOlkshop. tho radio humming a ... /ay. 

With each 01 the prolects. we take you through all the 

wondertully sarislymg procedures of choosing the wood, 

setting OUI the deSigns. sawina. planinll. dralling and aU the 

rest. We owe you workmg drawings and templates to ex· 

plain how. why and 'llhaHvnh. There are draWinGS show-

109 detalls. and thoro are pholoGraphs to explain the 

"arious step-bY'step stagGS. We ha\'8 done our best to de-­
scribe aU the procedures that go iolo making OUI worktng 

wooden wondors 

tach project dtnws illSptr.'ltiOn (rom a specific mecha­

niSm. There ruo twOnty-olght Pllljt)Ct3 II) aLi-aU eXCiting. 

nIl dYMmlc.all b .... lItUuJ and nn mllde Ifom wood. 

CONVEBSIOH CHAJlT 

TOCOIMAT TO MULTIPLY BY 

lnClle. C9ottmetaJ9 2 •• 

Cenllmetf!19 InC. .... DA 

reet ceoUDlate.rs 3D. 

Centlm!ters roE< a.03 

y", .. J.(�tet& 0.0 

.... ",. Va.nI, lJ 

OUI IWO dogs 't'st asleep in a couple 01 ancient annchalrs. Noto 
mugs 01 tea.. bOlh 01 us up to OUI ntml)lI$ In n glorio us AlJ_uar .. nata an lalacllea,uultlLeata .. auow lor a 
mlasmo 01 lools, Shavings. bet:Swa.x:. wood and working ... a_ aJaCItIId olwut •. ,... d.bD ........ ta tM altti:Dt Uats 
drawings. Our shed wOlkShOp IS a haven' And now that our ..... tt ... lIItUorur o.l t.ll.icb .... widdl_d ... gtIL .... wtt21._,. 
two sons are OUt 01 the nest. II doesn't matter too much It wooc1a:. aatJphln. tU tlUuaalou ladJC&t..t an atartta, pobats 
we spend most of the night worlung. It 'tie are tired but stili Gal,.. Modlty ctt..aaiou. SlNleen uul parta .. McnAIT. 
willing. wa simply settle down in the armchatrs with a 

kmfe and whatever pan neede sonmg. and drm and dream 

away the hours. The increcilble thmg IS that at the end of It 
all-after how upon hour spent sawing. planmQ. Ilouglng. 

turnino. whittling and waxing-we get to make the mosl 

amazingl)' Intricate machines and mechamsms. 

Our ambitions in ... olve shating with you the pieas018s of 

creating small machines and meehanica1 DJOtOtYJ)6S lrom 

wood. Wo wanl YOU lO shaJo in tho (un. The projects ruo 
$Inall. $0 yOu (101'1'1 neod. a vast wOlkShOp lull or 1001$ OJ a 

tonune In wood; ull you noolll., emlluslasm. 

UJTROOUCT1OtI 7 



PROJECT 1 

Circular Movement Machine 

PROJECT BACKGROUND 

This machine Is amazlOglv Inferesting In Ihat II beaulitlIUy 

tllustrates Doe of the key pnnclP)es of horology. It shews 

how. in the context of a uadnional orandfatheNYll8 clock. 

a pulley drum length of cord and weight are able-like a 

cOlled spring-to store up and DTovlde onaTOY. 

The mo\'omant is handsomely direct and uncomplicat· 

ad. As the weight falls at a constant .ata. so the wwu-and­

beam flywheel spins at a uniform spnd on I ts Divot. Tho 

fnsclnaling thlLlg is thai tho posillon 01 tho pUl'shaped 

weights on tllO beam dratn<ltically I'J.lICrs th' SPOOd 01 spin. 

To SOl Ihe nll)chlne Into rl)allon. thO COli,! IS wound u', 

WUll the cronk Mndle, thO two beam weights are JH1fUSt� 

so they are equlfllsI8m Irom tile center 01 spin. and the hob 

welghl is allowed to desce nd.. It you have a yen to play 

around with beam weights. crank handles and pulley .bob 

weights. and It you enJoy a good workmg nux of wood turn­

lng. (remna on the seron saw and drUUng. this mioht well 

be the project for you. 

8 CIRCULAR MOVEMENT MACHINE: 

PROJECT OVERVIEW 

Ha\'e a look at the project picture (rlght).the working draw­
Ing (riO HAl and the templates (Flg HB). and see that we 

have designed the machine so It can be easUy posilloned 

on the edge of a surface. The idea is that the machme can 

be located 00 a mantle abeU or the edge of a table m such a 

way that the bob 'IIeiDht can tall three 01 four feet lowsl 

than ths base 01 the machine. 

Although at tirst sight this Plojoct may look almost too 

sUnI)IO to bo lluo.l think It tail to warn you thm twnlng UIO 
beam boss with liS illlograJ pullOV wlmol O\n(J spindle. plU$ 

lurRlng, rlruung Md litUng out t1'Ie long. s..1usage-$h:).ooo 

bob vtelght.:HO all procedures tllal coli lor "deal at p3l1ence 

and expenlse. There are severnl points 810ng the way that 

require delicate Walk 11 you are to 8\'0Id mess-ups. For ex­

ample. the I1t 01 the splodle needs to be tust so-nol too 

loose. not too ughl. Also, the bob weight hole has to run 

straight and true. If the drill bit vears a lin'e off-center. you 

have got a dowel with a gash In the Side-not a preuy SIght! 



CIRCULAR MOVEMENT MACHINE 

CIRCULAR MOVEMENT MACHINE I 



cmCULAR MOVEMENT MACHINE WOBKlNG DRAWING 

10 CIRCULAR MOVE.MENT MACHINE: 

rmUJU: l·lA 
Ala grid Ic.Uo of twa serum 

to 1-, � M&dUa. staads 
abcntt 13'" blp &Ad • Uttle 
on::r .... wtU.� tea. sp .. 
o.tt.. .... rocL 



cmCULAR MOVEMENT MACHINE TEMPLATES 

sqa.u1ltl to 1·, 

... St:llXl • 

• 8uo. 
C Sutt._ suPl=OlL 
D 911!!11 spl. .. dlll druu:, be" 

:tlld shAU. 
E Clank b8J\dte. 
r WtUOhL 
o Deam we!(lbl9. 

C!RCULAR MOVEMEtrr MACHINE U 



CuTtING LIST 

• Sl;:and 
• .. " . 
C BumesssuppOJI -. 
D Bess splnd1e:dJum 

and nVWheel cam 
diskS 

E Crank haD1l.e 

r We:.ght 

G Beam Wflllhts 

Beam 

UaDdJas,1lXio; P£lOS 

I • 5'/, � 131ft pitch plno 

I • 21t, • 12 pilch pine 
J • III •• 41/. pilCh p\M -
2 • 2· 12 PIlch pine 

1'2'6cedar 

S'-I/' pale.wooddowe! 

2�2'8ptne 

2"�-'/4' cknve) 

Whit! woOd dowel p!eces 

CHOuSING YOUR WOOD 

AlUlough \\I(t \Vent lor PilCh pine lor the base. sw.nd. bUt­

ness suppon ant1 bosS spindle. n 10n91ll of oIHhO-s)leU 

pale wood dO'llel lor Itle welghl, ana odds and ends 01 van· 
aus whlte wood dowel lor the handles and I1xlng pegs, .this 

IS nOI to say you canl go lor almost any wood that takes 

your laney. There are two movisos: the bob weight IS best 

made nom a heavy. dense wood. while the boss sJ)mdle 

needs to be made hom a wood thai is stra ight grained and 

easy to tum That said-and mindful that we all oughl to be 

usino nature·fnandly. suslrunable timbers-you could go 

for a va.riet�t like lime. jelutono or peThaps aven beech. My 

o\'erall thinking is that if the wood is easy to work. DOl too 

oxPensivo. !roe frOnt knots. SpUtS, warps and stains. and 

from a ropulalJlo source, it's tho Ji9hllimber lor Ule. task. 

MAKING THE BASE, BACKBOARD 

AND CRANK HANDLE a Study the working drawing (rig HAl And templares 

In; i-LD). DlSW the prortles 10 size and make 

Clear tracing'S. 

a Set to work carefully cuttinO out the profiles. 

II Take tbe two cutouts-the stand and crank-and 

mako $We the posItion 01 nil Ule holos Is cloarh' 

OSh"lbliSbOd wi th punched con lOr polrllS (rig HB) YOu 

need cenl(H J)olnlS lor thel/.�-dlamelor splndJe bearing 

(II the lop 01 the sttllld. the lour II/a--dlameter bUncS hOles 

that decorate Ihe front 01 the stand,lhe I/ao hole althe 

center 01 the crank lor the sphldle. and the two 
l/ .. M_dlameter holes at the ends of the crenk forthe 

handle dowe Is. 

18 CmCUl.AR MOVF.:M£�rr MACHmE 

... With all lbo center pOintS clOtlrlv Jixod. drm thorn out 

l1li with lht apptOprilltO bll sizo. Wanting fOJ SMOtv 's 

sake. II tile bit sIze Is grentor tMn �/i'.l la ... e lhe workpiece 

Ileld. with a clamp (Flgsl-Z and 1-3). 

TURNING THE BEAlIII WEIGHTS a Having established the end centers by drawing 

crossed diagonals. mount the wood on the lathe, 

draw up the taUstock. set the tool rest at the correct 

height. and see to It lllat alJ vour tools are wuhm teach. 

I!!II 'rake the loooe aoune. either sQuare ended or round 

IIiiI nosed. and s\\'iftlv turn down the 2" .. 2- sQuare 

section of wood to the loooe51 poss:ibJe diameter. With the 

wood roughed out, take the skew cbiset and bring the 

wood 10 a smooth cylinder 

E1 Starting �\'iUl Ule tWO boom (lISI<$, 01 PUCkS. (lnO 

wOIRIng from right to len alOllg tile WOrkpieCe. 

nOVRE 1-8 

Clamp dIG .0rlilptKa .. e.roty to tJIe _rllUlllo, aDd .... dW bUad 

...... I.a to tU � of 121. Mad Gt t1Io Fo1"llDOr blL 

rlGUREl-3 

a. .. a pMu 01 wuto _d Gadar UN wodtptec: __ as. a nMt 

ot ,..,..04_0 pa. CD chW ritbt t!U'ougb tile _rttpleeo wttbout 

eta .... tiaJaap to u.. bit. n.. ...tor also ... un tbat tb.o DJdt 

11101.1. c:riIp ud dou ectpd. 



meanjng frorn tho tailstock und- tnkt the dlvldoli;: an d 

malk nll thO :S10P-0I1$ tMt mako up tho design. Allow 

abOut I/.� 101 tailslock W(i$t .. I� lor tile fir$1 disk. Vi'" 101 
1XI1l-0 11 'IIasre. l� lor the second diSk. an d lhen 8 IInnl 

Slllall olllount lor POlt-oll waste.. 

a with Itle two dIsks caretully marked. take the 

parting- tool and sink the waste areas to a depth or 

about '/.� so you are left with 8 COle diameter of about 'I:". 

... Tako the skew chisel ond uso the too. or POint . to 
iii swiftly mark In tho midlines of each I--wlde disk.. 

Theo flip that too) over. and uso tha heal t o  turn aw ay tho 
cornelS 01 wasta. Aim to. a nicely rouoded Plofilu, I tir� 

cleated the paning waste, then trimmed all tho sharp 

corno.s. and theo roundodtacb o( tho shouldors (rigs �-4 

;lnd 1-6) and so Oil, aU the whllo Irviny to m(ilch up Iho 

ruillOr-lmMC form,. 

FIGURE 1-4 
n hml otl u ... ,OQAII ..,... ... r . ... IlM'-" c:h1Mt 0 .. , .. Ut, 
we rllJtl __ , .I� IWWt Uto tool_.ttI UMl1wIcll or 1tnJ,01 Uto ...... 

btg1Ds to lit' .. .... Ut_ N. '0 a c:oatimloa •• wnp 4nnI uut 
nnuld tato 1M 'RllQ. 

FrGUJlE I-S 

aa .... tuM. on baa, ..... lIden., t:Uo tIM parttog ttIol uut 

lkop_ lb, putUlf waste to,.....at ud dotta. u. nu tue 

ot IlIo cUs.k. 

III!!II rinally, whou yOI.l hav" wMt you consldo. is a 

iii woU-m('Ucilod pair 01 dtSk-$h�pcd wolgllts. bring 

them to {l smooth finlsb w1l.h lIle skew chisel ;)nd.;) piece 

o( IIne-gTBde sandpaper. and pan 011. 

TURNING THE INTEGRAL 

SPINDLE, CORD DRUM AtfD BOSS a Check your wood over for fauJts end mount it 

securely on tbe Lathe. 

II HaVing used tho square' or roun d-nose d gouge to 

achieve a ,ouohe d,ouI cvlmder and the skew chisel 

to brinD tho wood to a smooth finish. take yow ruler and 

divide.s and mark a11 the stap-oUs that make up the 

d8:Sign. WOlking (rom the taUstock end. allow a slUaU 

amount lor taUstock waste. 2-'0' Ulo spindle. I- lOr tho 
(hUOl.l"'OI tho leoglh OJ splndlo botwo(ln tho drum nn(l 

Ihe bOSs, l� fOI the bOSs IIsell. a,nd tht lt$t fOJ cl'Ilick "".uti) .. 
Mark the )" drum w1th a mIdline. 

II Take the parting tool and lo'((er the w89te between 

the verious step·oft pOintS to achieve the required 

core diameter (rig 1·6). 1'Or example. If we t8ke it that you 

are 9tarting out with a 2"-diameter cylinder. then vou need 

to lowor lhe spmdlo by 2/."' for a 1f2� core. the drum by 

about II»· for a 1'/1/' core. the area of SPindle between the 

boss and the drum b)' a little O\'ef "'I,' for a t./.� Cafe. and 

the boss by '/," for a I'N' co.e If'lo 1-7). 

a With oach of the step-oUs lowered to the rOQlIiJed 

depth. take the tool 01 VOur ct\oice-I like using (I 
sko\\' chJscl-and sMpe up th "rufOUS plolilos (ng I-S). 
Tile bOss and.lhe drum and the length of splnc11e in 

benl,leen con be rurnedto :tny sh®e that takes you r tancy. 

but the spindle Shall must be turned down so It Is n 

smooth tn In a Va--dlameter holo. H you can't use a 

'/a� drill bU. turn your splnc1le shalt to the nearest size. 

nGUJlEl�8 

Tab tile putbg tool aIMl "tabu... tM .... c: ... lIlluuton. 

ClRCULAR MOVEMENT MACHINE 13 



FlotJJl£ 1-7 
� ... otep-oftl' wrt11 ,.... fNc:b tIIIe con d.laJUten 01 '/0" Cor 

til. opIdJ •• l'/o" for 1M! d.nuD. .... IMU t/ ... for t.IMI kI .. � oj .plaA.I. 
bon •• _"- ..... &lad u.. boM. uull· f.r tho ..... 

ItS When you have turned the various profiles to sizB 

iii and shape and rubbod them down to a smooth finish 

with a sCrap of sandpaper. cruefully ease Lho tailstock 

cenler out of tho Vltly. a nd Mv. 'trial IItting 01 tho sPlndJo 

Ihrough thO !::Ioarlng hOle OlthO top of lhe stand De 

nlindlUllMt 11 needs to be 0 gOOd. Sn1ooth-TUnntng lit 

(fig 1-9). 

II To pan: ott. hold and cradle the workpiece In one 
-

hand.. and carefully nip 1t oft wllh the toe 01 the skew 

chlseltf"lg HOI. 

R FmaUv. set the rao-mulUed spindle m the jaws of the 

.. chuck-the rao bemo used to protect the spindle 

from crush damalie-and sand the part'off point down 10 a 

smooth finisll. 

MAKING AND LOADING 
THE BOB WEIGHT a 8elor' you put toOl to wOOd. Mvc another look at Ih. 

\\'0lk1ng drawing (Fig HA) and lempltUeS (Ft9 HDI­

Note how the weight needs 10 be long and Ihln $0 It cs.n 
pass between Ihe stand and Ihe spinning beam 'IIelghl$, 

while at the same Ume It must be heavy. Consider how \I.'e 

drtued out a length 01'/. 4diameter dowel and loaded It 

with len;lhs cut hom a 6" naiL 

II Take your 6� length of 'H··diameter dowel and 

chock it over for faults. U it is w,uped, split. stainod. 

Or in any way less than pellect. $Olaet MoUle, p18(;8.. 

EI M(I)ce a jig Ibtll#1I0\"'S you to sumd the dowel on eM 
8111ghl angles to the drilling lable ond hold the 

dowel securely In place. It YOlilOOk sl llle ,Iep.·by-slep 

photograph" you wUl see thai we solved Lbe ploblem b)' 

clampmg the wood between a couple of heavy, steel 

V-blocks. 

14 CmCULAA MOVE:M£�rr MACHme: 

I"IOVREI--B 

n. partl&lJ, hlmtd _t1qIIKIO ••• owkI, ",._ltIt 10 npt) tM 

..... I .... th., ""CO,." .. 'pl.iU •• AnI_ &ad .pllldJ ••• an. WO" 
t .... at UtJt It.,. . .. _,. .Un •• doteld .. .. t.1Mw ... waatM 

... bon 10 be tlaally aluIPId. 

r1GURE1�9 

WIUI .uwo"'P"c. .tln ..c.rI t. 1 •• ,." of tM c1lnld!. ell .. 
Nell tM .&u.todla..s .... a b1aI IIm .. .  f tbo .p"& nan 
tUo_,. UI. lieubit' bola. •• yay caN"" IIOt to toll "- hlrDlJII 

oft-COObU'. 

rlGUREI-I0 

W1la ",,1I1la-.. .  dd ... d wbat)'Oll co..us. lIli fOOd, _n-

ttah.bod ara1ag . ... tU too of till. u.w cbWel to Pari on tum 

tU t.tt.o ... can:tul tbat tU too of tho cIl.bol d_o" sUp botw_ 

tU .... Ieee oad b:IoI ro.t, 



rlOlJRE l-U 

"ClUe tIM do .. , so it '- pwr«:tt,. aU,_" wltII. lU drW. ... Mi_ 

• '/,�·fl .. . ta:r bola dow_ 10 t1M,.U c.ptll of Ow lilt. Do till, fI:1)III 
botll .1Ib of tha doWt!L 

Figure 1-12 

(11II1t, C_t a 18 __ tram a ... aall, and ,..lIlt doW-. blto lbo 

crrirr, at. to:ttAtsb 'Iq) with a ..,aca It uoat '/." at lbo r.p of ·Ute 
boll. Phi, tIMI ...,. wttb a do:rt leacrth of _d,od dowel. 
(lett) WMa 1M ,tDo 11 Ilry. lot I:bo wodqUce ill _laws of the 
cbock. ..s ca.ntWJy tuD dowa tile .... to a r--.cl·QOMC!. ti.o1dI.. 

... Run a 'I .... ·diametor holo down tl.uough Ule length 01 

l1li Ihe dowol. BOlo the 1101' down Into ono end-IO Ihe 

run length 01 the bit-and thOn nun lllC wood Ove'4l.nd 

repeat lhe procedure lor the oUler end (F1g t·II). 

B 'NUh the holestn place-euher nght through the 

iii dowel or at lea9t a good way lnto each end-cut one 

or more lengths Itom a 6" nalL and load It to 'IIuhm about 

�/.M of the ends. 

� Push a ienDlhof split and olu.ed �It" dowel into the 

iii end hole-both ends-tap a shaved "'ladue UlIO the 

Iiula stopper. and put it 10 one side to dry (Fig 1-12 right). 

One end at a tlmOt secure the loaded dowel in the 

jaws 01 Ult latho chuck. and use tho sktw chisel and 

Iho 9r;tdcd. sandPQI)tI$ to tum II down to a round-ended 

sMJ)e-u.kO (I 10rpedO ,ng H2 101t), 

.. Flnally. cut and finish all the secondary components. 

iii the buttress at the back or the stand and all the little 

pins and pegs. 

ASSEMBLY AND FINISHING a With aU the component pans; meticulously cut and 

worked (FlO 1-13), and with all unglued surtaces 

lightly oded sat the stand on the base so it is flush With 

the hont edoe and aligned with the center Ime.and draw 

in a couple of discleet alignment marks. 

. , . 
. . � , 0. 
Q 'n .'$.j IDI 

:f.. �'l 

rJGU1lE 1-13 

.ato lIlat tbo: an .. to tMI "_04, oa lbo baM. tbo: oadenld. of I:bo 

ltaa4, ..... two aldes 01 tM buttn ... a.re QOt oUecl. 
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II ClrullP UJ9,stand lightly 10 Ul9 basc. and run 

l/cP_(ljametcr peg-fixing holos: (lown.ll an angle­

Ihrough thO fecI !lnd on lIuo lila bose. The best proCedu,re 

1s 10 drill one tOOT. secure 11 wltll n peg, 3n(;1 then repeal Ihe 

technique lor the other side. Be aware that because Ihe 

reel are Short grained. they are relatively fragile. NOle: 

don', glue the pegs 8t this trial tilting stage. 

EI Take tbe bumess piece and set II Hrmlv against (he 

back of the stand. When you feel there 18 aood. uaht. 

right-angle comlno-together of the three components. In 
with a dowel (rig 1-14) . 

.... Take tha boss spindle and the beam weights and. 

Y on8 PlUtO at a lime. secure them in an appropnattl 

elaaw-sud-block jig. DliU out lho 'N'·dlamo!Eu bolos 10f 

tho beam ro�, MAAe suro thO holos rue allgnoll at rfghl 

:'Inglos to tllo run 01 tile graIn. Drill tWO 1I .. ··OIametel 

IlOles-one Into the drum fOf Ux1ng the COld ana tile 

other through the side 01 the crank and Into the spindle 

(rig 1-15). 

II When you have titted the stand to the base and the 

spmdle IS SlUIng comfortably in place at the top ot 
the stand. push tit the 1/." beam dowel through the boss 

(figs H8. 1-17 and H91. set the welohts on the beam. fil 

the length of fine COld and the weiaht. and then have a 

Utal ruo. 

F[GUJlE 1-18 FIDOIlE 1-17 

• PIGORE I-I • 
FIt aDoII r.ta tU.t&M 10 I'" hU .. 
.ed dNn bract wttb tb. ".ttI ... 

PIG01lE 1·15 

hUcI c�·1lIock lip h:r tbo 
dUHallt ·to-bold CClJIqIOelSltl tIurt 
_d to'" 4ril1111l w"imbl tbo rt.k 
of spUttiatI duJ_odltr ba'riq 1M 
...... IIC oeron u.. nao 01 the gn.lQ. 

PRDBLEM SDLVJllIll 

Tbe .... haIe&UCCSSi o1tllJs prOject hinges on the spUU1lealWt 

baing a s!lXloch.lr1cuClo·tree at through U\9 op-ol'&taod 
beaMIl hoI Try \vax1ng (be contact SWtacIiS. 

nGUREl-18 

Ttle bMm nNl3MKIIU to bel • tIQtI! posh 
rtt tUo .. _ tb. bos, boI •• wIlUo at u. 
..... U-.1oOM pu.btit Uuvogb.tb. 

.............. 

.... tMllaatt tarn.p u.. b....uag bole. 

Mt UuI cn.ak 0. UuI aUtt. aa.d. ttl aa4 ttx 

wtUl a lOUMI tootllplck. 

rlt tbot -lPt 0 .• tbo lad ot tIM con&. &ad 
.... . trial ..... If ..oct .... nd:a.ca die 
bicdo. by wad.atr tbo IAItt aMI aU U. 
otbr -.ori.IIg ... tb.g "'eel. 
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PROJECT 2 

Harmonic Oscillation Punch Machine 

PROJECT BACKGROUND 

The oscUJaU()n punch machme is a gem to make. 1J\'lth Its 

lntriouing mo\'ement and attracl1ve siructure,lt is the sort 

of machine that is lust asking to be set mto action! 

As to the name of this machine. II IS not so easy to come 

up with a clear-cut delimuon or meamng. OK. no problem 

with the term oscillation punch-it simph' dBSCribes the 

up-and-down punch action that is cleated by lhe oscUlat­

ing, or side·to·side. movemant of tho secto. weight-but 

the lOnnhamtonJc isabit oj astlckltJ.118ckouit has somo­
thing to dO will\ symmetrical. harmonic Irequoncy. but 1"rn 
not sur •• Havo you gal on�' 100;)81 

The best W[l�' 10 operate thIS machine 1$ to put YOUI 
(OrellDger tn the sector weight hole and to flick It rspjdly 

trom side to side. II everything is 1 1gtu .. the swift slde-to­

side movement should re5ull In the punch jogghng up 

and down. 

PROJECT OVERVIEW 

Have a look at the working dmwing (rig 2·1A), the tem­
plates (FlO 2-t81 and the various photographs. and voull 

see that thiS PTOlect is somewhat complicated in that It is 
made up of a large number of small moving palts. This is 

not to say that each component is in itsoLf dUncu}t to tul-

101 (rom II-but .tllliollhnl tho sum tonl.l 01 putting all the 

(XUtS toyewoJ does reQuire: a lot 01 thinking and a 101 of 

nne ildJustment. 

Study the 'IIorklng drawing {ng 2-1M. oM conSider 

ho\\, the machine Is mnd e up 01 the prlmalY unilS: a base 

with a low, glue-UXed baCkboard, 8 high. mund-topped 

backboard \\�lth a pivot rod 10catton slot and various p1vot 

holes. a plate and spacer to hold the sector. the sWUlcring 

sector wetght lIselt. the connecting rod. the pIvoted cross­

head joint and punch, and the bracket. 

In action, as the sector weight SWlngs to the side. the 

connecting rod !iges. which 10 turn I1tts the punch In us 
supponing bracket. And. of course. as the sector comes to 

rast in the mid position. the punch D� down in its bracket. 

The best bit about the actIon. meaning the way the parts 

move. IS the '/Iav thaloosa-fit crosshead JOint at the bottom 

of the connecting rod IS Kept in place b)' the pivot pin that 

passes tluouoh the unll and into tbe backboard slo 
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HARMONIC OSCn.LATION PONCH MACHINE WORKING DRAWING 

F1Gmu:Z.1A 
At. _ ....... two .... .,.. 
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HARMONIC OSCn.LATION PONCH MACHINE TEMPLATES 

II HARMONIC OSCIllATION PUNCH MACHINE 

F1Gmu: Z.1B 
n . _ ....... . ... .. 
tD l ... ... tblt .. blftootr 
tb8CI .... a. CUIledt .. • 
'f1I ..... � ... 
.. TeU rouod -1OJIPed 

bDd.hoard. 

I Spacer. 
D Front plate. 

D Croubled Icda.t. 

.. Ides. 

Clatef. 

I Bratt. 
, Sector W'd;ht. 

G Coan.ectla; rod. 



CUTTING IJST 
• TaU, rcnwl-tOllped �/." 3" 71l1oak 

bsclCbcrartl -
• Spacer <:;." 11/ ... 2 oak 

C IWotpLate �/."11/."2oak 

0 CroS6heaCl JOIOI If. "till" 2 ou 

sides 

CIDler Ill" 111l" 2 ob" 

• Braclet �/." 2 .. 3 oak 

r S!ctor .e\gbt II. "2};." 3 calc 
G coooectlcg roll Ih"1"2V!ob�e 

... '/a"4"BoalC 

Low,00J11DnfBi '1." 21;." B DUn 
beclCboaro 

Pegs800Plwts 18'-y.°<lOltel 

WlogeCldoWel8oa. eO-Nt· dowel 

pllatb ra1 

CHOOSING YOUR WOOD 
Wededdad tD emphasIZe and draw ananUOn to tba vsrt.ous 

parts by using two 8trong�a1De1 fancy wDada We used 

SpanJah 011\1'6 for the honzantal backboard, the connecting 

rod, and the middle layer of the lamlnated crossbsad Joint, 

and a pte::e of uncb.aracter1stlc Engltsh oak for the reat. 

MAKING THE BASE AND BACK BOARDS 

D HaVlngcuefullyatudJed the worktngdraw1ng (FLg 

2-lA) and templates (Ftg2-1B). take the two 6"-long 

pISces ofWlXld-the oak at 'It" 1h1clc and 4"wtde. and tlle 
ohw 8t'ft" tbJck and 2'/.O w1de-and tho 71/'''_long, 

3"-wlde board, and use the penc:1l. ru.le:r, square and 

compuses to mark all the bnae that malee up the design. 

EI Spand 11me csrafullymarldng in tbs postt:iOnoftha 

center ltnes. the maID peg and ptwt balsa and my 

otller gu1dell.nsa you tb1nk W1I.l help you on your way. 

EI When you sre sure all the guJde.l.tnas are well placed, 

use the tools of your cho1ce to cut the three boards to 

shape and stze. 

II Peg and glue the low bac.kb08l'd to Us base, check 
wl1ha square, secure wtthclamps, and put Jt to OIlS 

Side unol the glue Is set. 

I'!!II HaVing cut the tall backboard out on the scroll saw, 

.. establish tba poswon of the twa top hole�the 

Ih"-d1amemr pivot hole and the IN'-dtameter wedge·peg 

hole-and drill them on the dr1ll preas. 

B FtnaBy, wban you have achteved what you th1nlc IS a 

... goodf1t and f1n1sh of the three boards, sat the tall 

backboard on the base and dr8'IN In a couple of alJgnment 

marks (FIg 2-2). 

MAKING AND nTrlNG 
THE SECTOR PLATES II Have e good, long look at the wmktng drawing (flO' 

Z-lA) end pbotogtaphs, and note how this prOJe::l is 
perhaps sl1gbtly unusual tn that ell the small parts are cut 

out on the scroll saw. 

EI When you haw a clear und8l"8tandtng of bow the 

parts fit together, take the two ';'''.t:bJclc pieces of 

oak that makeup the sector support-the spacer and the 

front plate-and use the compasses, ruler end. aoft DO. 2 

pencil 10 draw the deSign on the best-looktng place. 

EI W1th the two places of wood clamped securely 

togethar, establJsh the postttan of the sectDr ptwt 

hole, and dr1ll With the Ih" dr1Il bit 

II Push a langth of W' dowel through the pivot hole to 

• hold the twa pieces of wood togethar, end cut tb.e 
wedgelJlce shape out on the scroR S8'IN (Ftg2-9). 

F1Cmu: 2-2 
...... tM INIC ..... ,. It .. .  t r_IIIII ...... 8iIIpIit WIG 

G.c:.1IltU_ 
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R Have a U1al fttUng of the two cutouts on the 

IiiI backboard (Fig 2-4). FI.% thepOS1Uon of theW'Sdge­

peg bola center POint. and mark on tbs spacer plata the 

area that needs to be cut away . 

� With tbeptvDt pln8t1lllDplace. use the Y'" dr1llblt 

W IO run the wedge-peg hole througb the two places of 

wood Note: don't forget to back up ths wodcplece when. 

d.rtlllngwtth a pISCO of scrap wood to prevent tearout. 

II Having ac.bJsved two ldanucalCUlOUts. take the ana 

that IS 10 be ssndw1Ched between the front plate and 

the backboard and cut away the waste, thewbola 

3;."·d.tameter cucls wtth the '1.a"-dtsmeter pivot bole. 

IP;W Cut a p iece afW' dowel to length-so It passes 

iii through the sector plate, the spacer and the 

backboard-saw a slot about '/r" downmto the Bnd of tho 

dowel. and Jmtfe cut a shaVing of waste to fit 

... AlJgn the dowelao theW9dgo slot runs acrosatha 

iii gram, and have a trtal ftmng JUSt to seelftbe wedge 

holds the tenon in place In us hole (Fig 2-5). 

CUTTING AND LAMINATING 
THE CRDSSREAD JOINT a Take the three piSces of wood that make up the 

c:rosahead J0tnt-tha two pieces of oak at about 1/." 

tbtck and the place of ol1va at about 'Ia" thtck-and. 

sandwtch them logetherao the ol1ve IS tbe f1lJJng and tha 

gra1D runs vertICally up and down. Mark the three layers 

-top," ''mJddle'' and ·bottom." 

EI Draw the design on the top boud. fix the p:l81uon of 

the center pOInt. and then tap 8 pm. through the 

waste area tD lJn1c all three layars. 

FlCOU2·3 

... tbroa!I' bon ..,. .............. lW!f .... l:ICaln ... ... 

It. HARMO"tllC OSCIllATlON PUNCH MACHINE 

ncou z.. 

1M tlIICIltllatllnJllaOQ ............ 11. ........ D • 
• ' ....... .. .,...,..IiCII .Ud�dr ••• COQIiIOf 

NgtIIr.a.n ....... 

FlCOU Z.5 

.0. .. D .... t .. 1t , ... t'II't u .... _ .. ....... ... bI,.. 
tr ... Dtua.OfU. .... UIIIIIc.recr. •• _nul .... .. 
_tgltolllUD .... ana. 

FlCOU Z.& 

... nro." ...... ..,..,.. •••• -*'"t .... tlllalcal 

CI:_h. ... �ay.....,· .. adtd ... ltIIl .. ..,....., ....... 

... ca ....... QIF .... ... na.tIIIaO .. D ...... . 



.' 0 
--" _.-..,: 

. - _. 

:':'�� '::� '0 ' 

F1CllIIE 2,' 

I I 

Ca ... ' .. or'UU ut .. aC,....,. .. " ••• I .. t ..... 
,/.-tUce. 

II Run the 1/."·dJsmete:r pivot bole through all three 

lay81's, and pusb home 8 gmaroua lsngth of Y.· 

dowel(Flg Z-6). 

II Wttball three layers of wood held secure by bothtlla 

pm. and the dowel, fret out the shape on the a::roll saw. 

II When you have acb.1eved the cutout and c.are:fully 

removed tha dowel so you bave three )ayars, mark 

on tba m1ddle layer the area that needs 10 be cut away 

(F1g2,7). 

F1CllIIE 2-8 
.. _ gI ••••. IbIUa. __ auan u. ...... tIl a. ,.,.tdoWll. 

.. Ibn canhU, CI.nIp Q. 

� Cut away thewaste. replace the dowel. and than 

iii glue and clamp the three layers to make up the un1t 

(Fig 2-8). When the glue 19 dry, run a IN' -d1ameter bola 

through tho base of the componsnt. and haw 8 tr1al J:ttt1Dg 
of the punch rod 

MAKING THE BRACKET AND SECTOR II Have a look at theworktng drawtng (Ftg 2-1A) and 

tamplate& (FIg 2-lB). and sse how the two 

campODSnts-the braet and tha sector-are Slmpla 

flatwood prof11ee that are cut out on the a::rolls8w. 

n Take tha '/e"·th1clc place of W'Ooo you've sat a&1da for 

... the bracket and use the penc:ll, ruler and compasses 

to mark all the l1nes that make up the design 

II Establ1sh tba p081ttoD of the punch rod hole, and run 

11 througb wtth the 'N'·dtameter drtllbtt. Note: be 

mindful that the precISe poBltton 01 the bracket bole, 

metlnlng tts d1stance bum the backboard, will relate to the 

ftntshsd tbJclcnes&e6 of ths sector. 1ha c::onnscttng rod and 

the crossheadJOInt. Jl you are stall UJlSW'9 aeta the 

ftntshed alma. you can make the bracket at a later stage. 

Dr you can aDuw a.ma dspth to the bracket. and then utm 

baclctoftt. 

II WhSD youhsw double-che:ked that all IS 0JtTect, 
cut out the braclcet on ths scroll saw. 

11 Take ths piece of wood for the sector weight-all 

marked out and measured and m1h a clear center 

�and give it another look-over. JUStta make sure the 

three holes are we1lplaced No problem with the '1." 

dtaJnster finger hole-it can be)Ust about anywhere on 

the cemer line-but the two If." pivot holes need careful 

plBlUontng. The top pivot bole must be at the center of 

SW1Dg. msanmg at the center of the '/r"-dlameter Clrcle of 

wood, while the connectmg rod plwt hole must be 

cente:redabout %"up bomthe bot1om of the arc 
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FlG0RE2-g 

.... ...... � ••• bfu.tQIID ..... r:r ..... 
.. CIIatl:f'ICl .. 1t .... .,...1I1C:IIJJ _Ul tMnm..rD.,tam. 

... With all the lfnes and center polJJts In place. and 

iii havtng carafully cbacked for accuracy, drt.ll the three 

holes on the drill preSS_I;''' d1ame1ar for the two PIvot 

holea and ,ft.." diameter for the finger hole (FIg 2·9). Lastly. 

cut out the pmbla on the scrolle8"'. 

MAJONG THE CONNECTING ROD a Talcetbe IIJO·tbJclc place of ohw you've put aside far 

the con.necung rod and mark It wIth a center Una 

that ronalD the directIOn of the grata. ldarktha Una wtt:h 

two cantar p01D.ts that 81'S 1'h" apart, and draw In all the 

lInsa that make up ths deSIgn-the two '/." c1rcles and 

the 't." WIdth to the rod 

EI Run the two cantm' p:lin18 through WIth 8 

V .... -d1a.matar drtD. bit. and than have a trtal fltttng to 

l1Dk up the aec:1or and the aossbead )omt (Flg 2-10). If 

need be, reduce tbe thlclmeaa and diameter of the bottom 

end of the rod so tt Is 8 good, 100s8 f1t between tha ears of 

tbe aosahaa.d(Flg Z-ll). 

EI HaV1n9 cut tbeprof11e out on the scroUS8W. take a 
small sharp kDJJs and est to wode wb.Jnltng the 

str81gbt part of the rod to a round1sh section. 1ba best 

techntque18 to set the d1cle lJne ttl wtth 8stop-CUt� 

both BIdes of the wood and at both ends-and then to 

carefully sltca the bl&da tnto the stop-cut so tha waste 

falls 8W4Y. U you workWlth 8Carafu.I. thumb-braced 

panng cut. you won't have any problems WIth tba k:nJfa 

aUpplng (FIg- 2-12). 

18 HA.�MONIC OSCIll.ATIONPUNOi MACHINE 

FlGORE 2-10 

...... trill. fttUDi 01 _'"  tII.-=n_ ...... G.paUaIIJ 

..... CIDItII*Ibf ......... • ...... ftdoU�lO .... 
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FICtmE 2-11 
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FlGORE 2-12 
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... When you haw roundad and slJgbtly lowared the 

.. round secUon EO the flat faces of the end cucles 

stand sbghtly In relJef, take a a::rap of sandpaper and rub 

down the kntfe.worked area to 8 smooth f1n1sh. 

lIS Take the tall, round-topped backboard and mark. 

U drill and cut the vartous holes and the Cl'osshsad 

pivot runner slot 

nc0JU:2-13 

CMdca.,.b .. r fUa.... .............. n. •• CUlI", 
..... ,.oea.. .......... trul .... . 

ASSEMBLY AND FINISHING a When you haw completed all the comp-ment pans 

that make up 1ha prO)8ct (Flg Z-13), then OlDlSS the 

fun of nytng to get everythtng together so It works! 

EI When you srehsppywttb the ovarallf1nJah, glua and 
peg the low backboard 10 the base 80 It's 81 rtgbt 

angles. It's Important that evarythfng IS square. 

... Set the backboud in place on the bass. eetabltsh the 

U pOStt:1Cm of the bracket and bx the whole works 

mgetbarwtth 8 couple of W'-d1ametar dowel pegs (Fig 

Z-14). Have tlla pegs runnJJlg through all three layers of 

wood. WbJJa the 1/�"·d1smetar dowelts sthsnd. fltths two 

pegs that l1m11 the aWIng of the sector w81gbt 

... SUds tha end of the connect1ng rod Into the ... c:rosahea.d 101Dt, push the dowel ptwt in pl&oa and 

che::lc for 8SmoOth, easy 11t (Fig 2-15). If need be, reduce 

the wood-on the rod end, to tha rod hole or m ths lolDt­

eo the movemsDt IS smooth running. 

rwtmE 2-14 

ft . ..... ...... ... tt naatlnl(llballtaneC*a ... Ilb: a.  

u.:tIIC .... G.two ..... ru. ••• u..t .... .. . rwm. ... -
.. dd:D811 a >/.·4 ..... UDI ... tn a. __ tor .. pucbrol. 

ncOJU: 2-1& 

... ...,cu..cUIQ ...... Jdat •• ttI • ... oa.u. ...... .... 

... I .... m. ...... 81lMOIddItIlOl. 
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FIGURE a-18 

s.t the joint in place DD top of the puncll rod, .net bald th. two 

tagether with . round toothpick clow.l. 

R Push the punch dowel Into place In the bolt am 01 the 

IiiI joint, and drill and fir with a round toothpick that 

runs through the whole width of the unit (Fig 2-16). 

I'!II Take the sector and lower the wood at the back by 

.. about 'I" so the circle 01 wood around the pivot 

stands out in relief-like an integral washer. Fit the sector 

on its pivot, and spend time easing and sanding untll it 
swings with the minimum of friction (Fig 2-17). 

a Use a dowel to link the tall end 01 the connecting rod 

to the sector (Fig 2-18) so the dowel is a tight lit in 

the sector hole and a loose easy lit in the rod end. 

R Push the spacer and plate In lliace over the sector 

.. pivot, and test for fit and function (Fig 2-19), If all is 

weu, you shOUld be able to tickle the sector lrom side to 

side in such a way that the punch rod joggles UP and down 

in its bracket. 

R When you are pleased with tine fit, finish and 

iii Junction. glue the whole works in place. rub down all 
the surtaces with a sheet at fine-grade sandpaper, wipe 

the dust, and give the project a wipe with the teak oil. 

PROBLEM SOLVING 
• It VOU like the Idea ot this project but wan! to change 

the design. it's important you realize that the relationship 

between the swing at the sector weight and tbe length 01 the 

connecting rod is critical 

• It you decide to modify the design and are at all unsure 

about the feasIbility of the deslgn, n's best to make a 

working model 
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FIGURE 2-17 

(top left) Reduce the total UdcJrn ... of the had face by about 

1/,,". Run . guldoline around u.o odgo, and run. saw cut down 

IIIto the face-between the pivot cirele and the Hctor face .a the 

pivot .r •• will be lelt to act •• • w.shor or dlstanco place. 

(right) If 70U decide to claer the 1/ .. " alice of waate on the blUld 

.. w, thIn run a dowal through tha pivot hola .a you havo a .. f • 
handhold.. aaving JUn a i/I" hole tllroagh the .ector and the 

dowal pivot .nd. foUowad through with a round toothpick, .t the 

dowat pivot In pI.ce b, the backboard boto. 

FIGURE 2-18 

LiDlc tha coa.nacting rod. aad 

tbe Mctor weigbt with a short 

tanlth 01 dowel ao the dowel i. 

• tlgbt push lit In th • •• ctor 

and a 100M aaay tit in the rod . 

FIGURE 2-19 

Sat tb.a pia" and .pacar in 

place on tbe .ector weight 

pivot, and adjuat for an a..,. 

movemaat. 
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PROJECT 3 

Cam and Fo rk Machine 

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

Our dictionary describes a cam as belna"a rotating cyl­
inder with an irregular profile attached to a revo1ving shaft 
to give a reciprocating motion 10 B part connecled to It:' 
With our machine, the off-center, or eccentrically mounted, 
disk is the cam, \/.,'hile the fork is the in-contact connection 
that gives reciprocating motion. 

When the crank handle is turned-clockwise Of 
counterclockwlse-l he cam revolves eccentrically on Its 
fixed bearing, with the effect that the fork and control rod 
osemate on the piUar bearings. The fork is fixed on the 
rod, while the rod is free to slide from side to side through 
the bearings. 

PROJECT OVERVIEW 
Have a look at the project picture (right). the working draw­
Ing (Fig 3-lA) and the templates (Fig 3-18), and note tha[ 
the disk cam is pin fixed to a shaft in such a way that its 
movement Is of/-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 Hexible-Inasmuch as 
there is no reason you can't chop and change various wood 
thicknesses and dowel sizes to suit your needs-the size 01 
the disk cam, the distance between the lark prongs, and the 
distance between the side of the fork and the support stan­
chions are all critical, That said, iJ you have a notion tD 
change wood sizes, it's best to sort out potential problems 
by making a cardboard-and-plns prototype. 

CAM AND FORK MACH!NE aJi 
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CAM AND FORK MACHINE WORKING DRAWING 
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CAM AND FORK MACHINE TEMPLATES 
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CUTTING LIST 
A Stanchions ) 11  3 I( 5 tulip 

or pillars 

8 Fork 'it II 31/i or: 4 mahogany 

C Disk cam :0/, II 2 II 2 mahogany 

D Cam post 'I, ' I • 3 Pitch pine 

E Crank 1/4 II 1 - PI, mahogany 

Base I "  5!h " 71ft tulip 

Crank handle and ) 11  1 11  S mahogany 

end-of4tod pills 

Rods 24"-'1,' dOViel 

CHOOSING YOUR WOOD 
This is one ot those projects where you might-if you are 

pressed-reduce wood thickness to suit your stock or your 

wallet. For example, the base and tlle stanchions could be a 

bit thinner-say 'I," Instead ol l"-while the Ilttlnqs could 

be worked Irom otlcuts, 

We chose to use mahogany for the cam. fork, crank. 

crank handle and rod-end pUIs. and North American tulip 

fOT the base, stanchions, and one Of two bits and pieces. 

MAKING THE BASE a Take Ihe piece ol l"-thick tulip wood-the piece 

tor the base-aod with the grain running along 

the length, use the pencil, ruler and square to mark it 

at 7" " 5", 

I!!W Set the compasses/dividers to lh" radius. and scribe 

... out the l"-diameter circles that make UP the design 

of the corner curves (Fig 3-1A). Use the tools of your 

choice to cut the wood to shape and size. 

I!"I When you have cut the base to size. use the graded 

... sandpapers to rub down all taces and edges to a 

smooth finish. Pay particular attention to .-he top face and 

edges, and then pencU mark the underside. 

MAKING THE STANCHION PILLARS a Draw the shape ot the stanch ions to size on the 

work-out paper, and then-being mindful that the 

grain must run lrom tail to toe-use the pencil. ruler and 

compasses to mark the image on your chosen wood. 

Repeat the procedure so you have two identical images. 

/ 
" 

''{' ',' 
t 

FIGURE 3-2 

When using the scroU sa •• control tile rata of f •• d &D lb. blade is 
alwu. p ..... nt.d with the Un. of nea. cut. 11 tJa. cut i. raggad. tho 

blade is too slack or the wood is too molsL U the wood is scorcbed, 

the blad. n.ads changing or you ara working at the wroDg paco. 

I!"I Having double-checked tram pillar to pillar that the 

... circle center-points, meaning the points that mark 

the center of the rod hole, are the same distance up from 

the baseline. use the scroU saw to cut out the two identical! 

fonms (Fig 3-2). 

I!"I With the cutout securely clamped flat on the work 

... surface, take the II,," U-section carving gouge and 

lower the top-ot-stanchion "lugs." or ear-like protrusions. 

by about II ... " .  Do this with both lugs on both faces, so wheru 

seen in edge-on view the wood curves down trom the lace 

to a thickness of about II, (Figs 3-3 and 3-lA). 

nGURE 3-3 

With the workpiece secured nat 00 the wor): surface-with a 

clamp or up agaiDst a bencb stoP-D •• th. U'Action gouga to 

calVe tbe scooped shape of the .1de Jugs. 
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FIGURE 3·4 

With the workplace supportod all. a ••• tor to provent •• It 

damage, bore out tlIe 'I." b.aring llole and tile I,." blind hole. 

Nota: W8 have ramoved lb. clamp for th. photograph. 

II When you have carved the lu.gs to shape so the • 
circle at the top of the stanchion looks to be standing 

slightly lorward. use the pillar drill and the Forstner bits 

to bore out a 'f,'-diameter rod-bearing hole and the 

decorative �/<1"-diameter blind hole. Aim for a blind hole 

at about '/4' deep (Fig 3·4). 

II!I Take your fine-grade sandpaper and bring all 

Y the edges to good order. Aim lor edges that are 

slightly rounded. 

I!I When the time comes to sink the decorative cut 

iii that runs around the top 01 the stanchion, flmlly 

brace the workpiece against the bench hook, and use 

the line-toothed saw to sink the cuts to a depth 01 about 

'f." (Fig 3-5). 

FIGURE 3-5 

Firmly butt th_ workplace agaiast the "each hook. adjust tlae 

aDgl. of cut 50 the .a. runB againat th • •  id. of the hook, and 

tJaen alnk tho cut to . depth of about 1/ .... 
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FIGURE 3-8 

Clamp tho workplace betw •• n .  coupl. of ateel black. aa It is 
square witll the surtaca and U.e drill hit, and IUD the luvs throuUb 

witla the '/,,"·cUamehr bit. Rate: if you Uke woodwork. you can't 

do hetter Ulan set younaU up with . good .etaction of clamps. 

W. bave pi.n.t::er action clamp for lUDell work, touala ciampa far 

machlne laold--dawns, and ao OIL 

R Having drilled tile two lace holes. then comes the 

.. tricky task of drilling the lug and foot holes. I say 

tricky because, w1th both the lug and the foot, the holes 

need to be run into a curved lace. When you come to drill 

the lug hole-and bearing in mind that the drill bit will try 

to push the curved surlace to one side-lirst set the 

workpiece square between a couple of heavy blocks, and 

then hold It In place with a good clamp. This done. run 

the 'f."·diameter hole through the thickness 01 the lug 

(Fig 3-6). 

a. To drill the I/."- diameter foot hole, ser the workpiece 

on a stack 01 scrap so tile hole Is angled In toward 

center. Use a long, shanked bit so as to avoid contact 

between the chuck and the top of the pillar (Fig 3-7). 
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FIGURE 3-7 

lIoe a umpla wedge· and· stop jig to h.lp you bold. and support 

u.. workpiace whila th. bal. i. baing drilled. 

MAKING THE CAM POST a Have a look at the working drawing (Fig 3-1AJ and 

templates (Fig 3-1B), and see that the controls, 
meaning the parts you rum. are made liP at a lixed post. 

crank, crank handle, crank handle pin, or pivot, washer to 
distance the crank tram the post, disk cam and pivot rOd. 

II Mark the size and shape of the post on your chosen 

wood-we use tulip wood-double-check the 

dimensions, ami then cut aut the curved-top front view 
on tile scroll saw_ 

II Mark the posltlon of the pivot rod hole_ and run It 

through with the '/,"-diameter drill bit. l!'s important 

that the hole and the bottom of the hole are both square 

and true with the base. so aim to get It right the first 

time around . 

.. Draw in the "tee!,'-as seen in side view-and then 

.. cut them out on the scroll saw (Fig 3-B). 

FIGURE 3-8 

Whon Va'll bava cut out the Uttl. poat In froDt view aDd drilled. 

the rod bola, dra. aut the curved-foot, side-viaw d •• iID, and 

complete the cut 00 tb. scroll 

TURNING THE RANDLE, 
PIVOT PIN AND ROD PILLS a Take the length of square section mahogany. 

establish the end center points by drawing crossed 

diagonals. and set it securely on the lathe. 

II Having made sure you and tile lathe are In good, sate 

order, swiftly rum down the piece of mahogany to 

the largest possible diameter. 

II Use the dividers to mark all the step-ofts that make 

up the design. Working tram lett to rigllt along the 

turning, allow a small amount for headstock waste-either 

for the chuck or for parting all-about 'I." lor the handle 
pivot head. '1,' tor the pivot, 2" tor the handle. 1" tor one 

pill, II." for waste, r for the other pi11, and a smaH amount 

for tallstock waste (Fig 3-9A). 

FIGURE 3-9A 

u .. tbe dividen to mark th. 

cylinder wltb .U tbe step-offs 

tIIat make up the desigD. 

WorJcLng from left to rigbt 

aloag tbe workpiece, allaw 'I.� 
for chuck, II." for tbe 

mushroom b.ad, 'I," for the 

pivot shank, 2" for the "andie, 

1" for the fint pU1.1/," for 

wute,l" for the second pill, 

and a final .mall &mount 

for w.ste. 
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FIGURE 3-9S 

Ua. tb. caliper. to check lb. diam.t ..... agaJnet tb. working 

drawiuls. Nota: if you U8 workirtlJ with . limited number af drill 

bit at ... ., b. auro to adjuet tJa. width of tb.. pivot allau to ault 

your cho .... hit diamat.r. 

a Having first removed the bulle of the waste, use the 

round-nosed gouge and the skew chisel 10 lurn 

down the wood to shape and size. Make repeated checks 

with the calipers (Fig 3-9B). 

II Turn and sand the string of turnings to a good finish, 

and carelully pan all tram the lathe. 

MAKING THE CRANK, HANDLE AND CAM a Take a '/,'-thick piece of mahogany offcut and use a 

pencil. ruler and pair of compasses to draw the 

shape of tlle crank and tlle little washer spacer. Plan on 

the crank being about I" between centers (Fig 3-1B) . 

R With all the lines of the design clearly established. 

III first run 1/.4'-diameter holes t hrough the crank and 

the spacer. and then use the scroll saw to cut out the 

shapes. While the drill is convenient, Tun a hole into the 

turned handle to a deplh and size 10 sull your turned 

mushroom-headed peg. 

II When you make Ihe disk cam. you can either cut it 

out with a seral} saw or turn nt on the lathe, as long 

as il ls 1310" in diameler, aboul 310" tllick. and as near as 

possible to a perfect circle. 

a When you have what you consider Is a good disk­

mcely sanded to a smooth fInish-run It through 

with a 'I."-dlameter shaft hole. and then have a trial 

fitting (Fig 3-10). 

36 CAM AND FORK MACHINE 

FIGURE 3-10 

Bave a trial fitting to mue aunt aU tb.. control coluDln parts 

come togethar for a ... ootla-working tit. 

II If you have followed our directions to the letter, you 

will need to adjust selected holes or parts of the 

dowel shaft to achieve a suitable lit. For example, the 

handle peg needs 10 be a tight lit In the handle and a loose 

fit through the crank. Then again, the dowel shaft needs to 

be a tight fit in the crank and disk cam, while being a 

loose easy fit through the little stanchion (Fig 3-ll). Play 

around with the fit until you get it right. 

FIGURE 3-11 

If need be, sand lbe bolas or dowela to achieve an appropriate tit. 

Th. Utti. pivot ne.d. to be a loa •• fit tbrough tb • •  hank aud a 

Ugbt puo tit ill the handle. 

MAKING THE FORKED FOLLOWER a II you have a look at the working drawing (Fig 3·1Aj 

and templates (Fig 3·1B), you will see that the forked 

follower, or frame, is cut from 3/�"-thick wood, with the 

grain running from top to bottom and the Inside fork width 

being the same as the diameter of the disk cam. 



EI Having drawn the frame on your pjece 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 II you take It at an easy pace. all the while being 

ready to pull back if the blade snatches, the cut 

face will be so smooth it \,.,m only require the minimum 

of sanding. 

.... Take the cutout and carefully draw diagonals to 

M establish the posltlon of the through-top rod, or 

shaft, hole. 

FIGURE 3-12 

DrWing tlI.e rod bole tllrough tile top Df the 'orked tra .. e is &lightly 

tricky In •• nuu:h •• wbUo tho bot. D • • 1ls to ru..a aquaro and. tna .. 
most drill hits are too sl1ort. A good m.ethod is to •• t_bliall the 

center points for th. boln, clamp lb. w'orkp18c8 to • •  quus iroD 

block, and than run. tJae bote. tbroagb ft'OlIl botb .id ... 

. '. ' " 

: ·eJ 
" ', : :. ': " , ') .;; .:: :':: 

I!I Hold the workpiece secure with blocks and a clamp 

... so the hole is going to be we)) placed and true, and 

run it through with a long, shanked 'I," bit (Fig 3-12). II 
your bit Isn't long enough, turn the whole works around, 

and drill it through trom the other side. 

ASSEMBLY AND FINlSIUNG a When you have completed all the component parts 

that make UP the design, then comes tile exciting 

but finger-twisting task of putting everything together . 

You should have ten primary parts In all: the base, two 

stanchions, disk cam post. disk cam, washer. crank. 

handle, handle pin, two end-ai-rod pills, or stops, and a 

whole heap of dowels cut to size (Fig 3-13). 

EI Before you do much else, take the linesl-grade 

sandpaper and rub down all taces, edges and 

corners to a smooth Jinish. Give all the surfaces-barring 

the mating faces that are to be glued-a swift rubdown 

\1j,'ith a small amount of teak oil. 

II Having cut all the rods and dowels to length. spend 

time rubbing them down with a scrap of sandpaper 

so they are an appropriate fit and a11 the on-view ends are 

nicely rounded. Have all the ends standing slightly 

forward by about '1,'-'1" . 

.... When you have generally brougllt everything to 

... good order, start the httmg by peggmg and adJustmg 

the three posts. 

(f) t:· ·; · . 
· . .  . . 
· _ . 

. . 

FIGURE 3-13 

wh.a vall have completed 

ell the campaneat pBJ"ts that 

m .... up th. project, chock 

all the measurement. against 

til. working drawing and 

template d •• lgn, and thea 

&and aU the surfaces down 

to • good, smooth finlall. 
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FIGURE 3-14 

Align tb. three poeta 80 tha,. are tru., and lia with the JHlI's. 

n Glue. peg and fit the disk cam. crank and handle. and 

... carefully adjust one with another 50 they are square 

and perfectly aligned (fig 3-14), 

a 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), 

FIGURE 3-15 

Slide Ule forked frame avar the cam.lUld fit the other post. Nota 

how th. top of the frame b .. bean rounded. 
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FIGURE 3-16 

WheD you've fiDally put th. whole machia tagether . •  paad. tim. 
making aura all components .r. square and true to each otber. 

lflii With all the parts variously glued or pegged in place. 

.. test for square ness, make sure the machine works, 

and then Put it to one side untU the glue is set (fig 3-16), 

Finally. give the whole works another rubdown with the 

teak aU. and then the lun can begin! 

PROBLEM SOLVING 
• If you like the idea of this project but want to change the 

design, nD problem. as long as you make sure the cam and 

fork ale companble, 

• Having made the project, GiU thinks the base and the 

stanchions would look even better ll ihey were cut trom 

slightly thinner Vlood. That sai� I hke the thickness of the 

wood. but I am not so keen about its COIOf and texture, 

• II you want to make the plolect but can't get use of a lathe. 

settle for making the cfank handle from a shop-bought dowel. 

• AS the distance between the Side ends 01 the lorked lollower 

and the inside faces of the stands is critical-the machine 

won't work unless It's right-make sme everything is smooth 

running before you 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 6, it is in many ways all the mOTe exciting in that it 

can-like a piece of sculpture-be seen and enjoyed from 

all angles. The turn-handle movement attractively illus­

trates how the up-and-down operation DC a piston is con­

verted. by way of a crank. into rotary motion (right). 

PROJECT OVERVIEW 

Have a look at the working drawing (Fig 4-1) and the tem­

plates (Fig 4-2). and see that at a g;rid scale of two squares 

to 1". the machine stands almost 12" high and over S" wide 

across the span 01 the drive shaft. Consider that the greater 

part of the machine Is made UP of three beautifully com­

plex turnings: the base, which is dri11ed and hollow turned; 

the quatrefoil toP. which Is both drilled and frelled hallway 

through the turning stage: and the cylinder. which i s  turned. 

drilled and then sawn. 

Though the project is challenging. a iot of the tricky 

procedures relate not SD much to your skill level, but t o  

your equipment. Modify the stages t o  tit your tooi kit. OK" 

so it might take a lot longer. but then the pleasure is 

in the doing! 
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IN-THE-ROUND COMBUSTION ENGINE WORKING DRAWING 
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FIGUBE4-1 

At . grid scale of two aquan. 
ta 1", the at.ChiDO ataud.. 

almost IS" blgh .,ul .boat 

8" wid. aero .. the diameter 

of tJa. ba ... 
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IN-THE-ROUND COMBUSTION ENGINE TEMPLATES 
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FIGURE 4-2 

The scal. i. twa grid aqua .... 

to 1", )fot. that .e have only 

auwu .kat we cOllud.er ar. 

tha moat difficu1t--to-viaualia.l 

vi .... 

A Base. 

B TOp. 
e Pismn. 
D Piston/conneCting rOd. 
E Crankshatt bearings (2 J. 
F Crank plates. 

o Handle crank. 
H Knob. 

FttlnR� uiUt me 

Poika 



CUTTING UST 
A Base 2 " 7 )( ? e3sy-to-turn beech 

B Top 2 "  7 " 7 easy-to-turn tulip 

C Piston 211; 0: 211, " 6 beech 

D Piston rod 11/4 )( PI, "I( 5 beech 

E Crankshall bearings 1 "  3!/t " 6 mahogany 

(2) 

r Crank plates '1. I< 3 " 7 cheIJV 

G Handle crank iSJr;, " Ith " 21/i 
H Knob 2'",_3/,," dowel 

Stand rods and shall 80"-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 anti base. because it's easy 

to turn and yet strong across the short graIn. and tuUp for 

the toP. because irs both easy to turn and easy to work on 

the scroll saw. 

MARING THE ENGINE CASE AND BASE a Have a good. long look at the wor!dng drawing 

(Fig 4-1) and templates (Fig 4-G). and see that the 

quatrefoi] component at the top 01 the englne-we call it 

the engine or piston case-is both turned on the lathe 

and worked with the saw and d rill. Note also the shape 

of the base. 

R Take the a"-thlck slabs 01 tulip and fix the center 

... point by drawing crossed diagonals. 

II Mark tile slab with a 6'I,'-dlameter circle. Cut away 

the wasle on the scroll saw or band saw. Screw the 

resultant disk on the G" laceplate ",sing short,lat screws. 

II With the tool rest set over the bed of the lathe. turn 

down the wood to a smooth S"-dlameter disk and 

true up the face. 

II!I Use the dividers to mark the disk with a al/,-
IIiI diameter circle. and then turn down the waste so the 

G'li' circle stands UP as a 'lao-high plateau (Fig 4-3). 

IP,W Mount the drill chuck on the tal1stock, fit the 1'1," 

W Forstner bit. and run a hole through the center 01 the 

plaleau (Fig 4-4A). 

FIGURE 4-3 

MOWlt the blanJc on tile lathe, and turn down the edge and profile. 

S.o bow I a ••• roand.-noNd. scr.p.r for tla. In.ld. curve. 

II Mark the lowered area with a couple 01 guideline 

circles, onB at about Ih" from the edge, for the 

postholes, and one about '1," outside the plateau. lor tile 

prolile line. 

... Having first rubbed down the turning to a smooth 

iii finish, take it off the lathe-off the faceplate-and set 

to work on tile turned face 01 the wood .. drawing In aU the 

lines that make up the quatrefoil design. Pencil label 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 }I/�" 

wide and all the corners and angles nicely rounded 

(F'igs 4-1 and 4-a top). 

FIGURE 4-4A 

Bora out the pi.ton bola witb a For.tne., bit. Advance and retreat 

witla the t.ilstock ao .. not to barn or clog tla. bit. 
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FIGURE 4-4B 

Baviug drawn tbe quatrefoil profile, use the Kroll u. to claar 

tk • •  ute. Have lb, wor.place flat on u.. cutting table &0 u.. cut 

fac ••• r. at rillbt aDglH to tbe warkin. face. 

... Run the ,holes Ihrough with I he ';'--diameter drill Iiia bit, and cut the quatrefoil pro me out on the scroll 

saw (Fig 4 -4B), 

lIP.' When you have completed the cross-all drilled and 

... cUI-mount il on Ihe expanding jaws option 01 the 

chuck, and set to work turning dmi\m what will be the "top" 

lace (Fig 4-5). 1 used Ihe small, round-nosed gouge and 

the round· nosed scraper. 

ED Rub down Ihe whole works with the line-grade 

sandpaper. Do one face of the turning, then tUTn it 

over on Ihe chuck and do the other lace. II you rub down 

one face as it  points toward the bed of the lathe plus the 

dUffculHo-reach face between the whole piece and the 

chuck. you will find that Ihe change 01 direction ensures 

that all the edges are well rounded. 

!I!t Having achieved a well-turned and finished 

... component, redo the same procedures and turn the 

beech wood base. That is to say, turn down the wood to a 
61/2" disk and run a II1/s" borehole through the disk. 

fI!II Turn dawn the top-of-base profile so the underside 

... rim 01 the cross is a neat Ut In the hole (Fig 4-6). 
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FIGURE 4-5 

With tlIs workpiece hald saCUl's..,. OD the •• panding ja.s of tb. 

chuck, un . found-Do •• d tool to turn down. .laat will b. tb.. 

uudenide of u.. c •• ing. 90 at it n.lce and a.ay, aU the wbile being 

mindful th.t tbis i • •  ataga that ne.d. to b. work.d witb •• bema 

can and cautlon.. 

FIGURE 4-6 

TUm oat tho b ... bote antil the neck of tb. top ce.ms i • •  nice 

slid. fit. 

.... Take the \\rhole works off the lathe-the turning on 

... the faceplate-set the cross component In place so 

the cross plateau is in the hole, and then use the lour holes 

on the cross to drill four matching holes through the base 

(Fi{l 4-7). 

fIP-I Finally, remount the base on the lathe and drllJ, and 

... tum the profile in much the same way as already 

described. Check your turning against the working 

drawing (Fig 4-1 bottom). 



FIGURE 4-7 

With U.a ba .. atill .crewed. to the faceplate, and using tb. 

qa.batoU c •• lag .. . pUot guida, bon .out the fOUf poathol ... 

MAKING THE CRANKSHAFT BEARINGS a When you have studied the \vorklng drawing (Fig 4-1) 

so you know what you are doing. take the l"-thick 

piece of mahogany and use the pencil ruler. square and 

compasses to mark the design as seen in side view. 

R With all the lines in place. and having first 

III established the exact position of the various haies­

both the bearing hoies and the postholes-bore the hoies 

out \l\lith the I/z"-diameter bit. Be carefu1 'when you run the 

postholes down through the I" thickness of the wood; be 

sure they are well aligned and true. 

II Take the wood. au marked and drilled. and tret out 

ihe two side-view profiles (Fig 4-8). 

n Mark the plan-view imagery on the newly revealed 

11.1 cut faces, and then begin shaping and sculpting 

with the scroll saw. knife and tube rasp (Fig 4·9). 

I!!I Contlnue whittling. rasping and sanding until you 

iii have two weil-matched forms (Fig 4-10). 

MAKING THE CRANK 
AND CONNECTING ROD a Have a look at the working drawing (Fig 4-1), 

templates (Fig 4-2) and the various photographs. 

and see that the crank is aChieved by having two identical 

plates and otfset dowels. 

FIGURE 4-8 

s •• bow the poathal •• run through tb. thickne •• of u.. woael. 

FIGURE 4-9 

u •• the kaife, ,-up and aandp.p.r to wbittl. th. crank.haft 

b.arillg. to ahape. Bo carefal not to force tbe blade at tbe 

relatively fr.gile .hort·grained ar •••. 

FIGURE 4-10 

S.va ntptlated titting. until tbe components CODla together for a 
good fit. 

R Cut the '/e'··thlck cllerry into two crank·sized pieces. 

IiiI draw the imagery out on one of the pieces. and then 

fix them together with a Single pin at one carner. Keep the 

pin out of tile design area. 
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FIGURE 4-11 

Fitting the aingl. pin aud two clowels at tb. prosaw stagD Dnaures 

tIIet tile two crank plataa are identical :mirro .... im.ge cutouts. 

II Bore and dowel plug the two V:"-diameter shaft 

holes right through both pieces of wood, first onB 

hole and then tbe 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. 

a1l the while feeding the wood into the blade sa the line of 

cut Is a 11tHe to tile waste side of Ute drawn Une (Fig 4-11). 

II Having first drawn the shape oj the connecting 

rod on the 1"-thlck beech and variously lixed the 

position of the rod holes, tret out the connecting rod 

profile as drawn (Fig 4-12). 

I!I Draw the side-view imagery 01 the rod on the sawn 

.. face. mark in the waste. and then slice it off on the 

saw (Fig 4-13). 

) 

FIGURE 4-12 

Wbil. you U8 buay at th. Beroll aa., you migbt •• waU tnt out 

the cOD-Deetbas rod and crank handl •. 
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FIGURE 4-13 

Slie. away the corm.cling rod wuta-a. seen in top viaw. 

I!I Use the knife and rasp to shape the connecting rod. 

_ Take your small. sharp knUe and whittle the straight 

pan of the rod to a roundish section. The best technique is 

to set the circle Hnes of the ends in with a stop-cut on botn 

sides of the wood and at both ends and then to carefully 

slice the blade into the stop-cut so the waste falls away. 

R When you have shaped and lowered the round 

iii 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 . 

R When you have fInished fretting and shaping the 
iii connectmg rod, and dnlled out the two holes, go 

back to the crank plates and wectge the 'Ii' sbatt dowels in 

place (Fig 4-14). The dowels have to run true. so spend 

time making sure everything is allgned. 

MAKING THE PISTON a Set your chosen square section length of wood on 

the lathe. and use the large gouge to swiftly turn 

down the wood to a diameter of PI,"'. If all Is correct. I'll' 
will be slightly larger than the hole that runs through the 

cross-shaped unit at the top of the engine. 

FIGURE 4-14 

Slat and wedge the drive .baft .tub. into lb. crank plata. Don't 

glue at tbls stage. 



FIGURE 4-15 

Whan you think til. piston turning 1. to 81 .. , wind. back th. taU. 

tack and have a trial titting. 

FIGURE 4-16 

Aim for a nica, lUIlooth-a.llding fit. 

EI This done-and having first set the calipers to the 

exacl dlameler oj the crosspiece hole-lake Ihe 

skew chisel and turn down the piston so it  is an easy-slide 

fit in the case hole. The best procedure is to caretuIJy draw 

the tailslOck out ol lhe way and then to try the cross 

casing on lor size (Figs 4-15 and 4-16). 

II Fit the taitstock drill chuck all the lathe, and use the 

}l/e"-diameter bit to run a hole down into the 

cylinder (Fig 4-17). 

a Push Ihe piston through Ihe scroll saw-or you 

mIght prefer to use a handsaw-and take an angled 

slice from each side (Figs 4-18 and 4-2). 

I!I Run a pencil guideline uP. dov.ln and around the 

iii piston. and drUI out Ihe '1."-dJarneter plnhole­

through one side and out the other_ It might be a good idea 

to plug the center 01 the piston with a length of waste to 

minimize exit damage_ 

FIGURE 4-17 

u •• tho t.llstock drill cbuck to bora out tb. platoll wasta. 

Advance cautiously so a. DOt to knock the workpiece oft-canter. 

FIGURE 4-18 

Slice the .id •• a.ay from th. bottom of the piston pot, aJUS sand 

tham to • smooth finlah. 

FIGURE 4-19 

Bave. trial fitting of tho conn.elllsg rod amaU and 10. til. platon. 

The pin needs tD be a tight tit in the pistOD and a lao88 fit throuwh 

the small end. 

� Have a trial litling of Ihe small end of the connecting­

.. rod in the piston (Fig 4-19). 
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ASSEMBLY AND FINISHING 

,\ , 

, ' 

a When you haw before you an the component paJ18 

that malce Up the proJsct (Flg 4-20). then comssthe 

dlJf1cult task.of putting the machine together. 

EI Start by tttt::tng the small and of the conneCting rod 

In the pIS ton. Ann for a Ught ht of tha pin through the 

BIdes of thep1StOD anda loose 111 of the p1D througb the 

emall end. If nssd be, rub out saleeted holes or parts of 'the 
pm untJl evmytb.1ng f1181ust I1ght (Figs 4·21 and 4-22) . 

... When you are bsppywtth the ht of the small eOOm 

U the pts1On, take the two crsn1c platea-complatewtth 

tbe.1r langtba of dnw shaft dowel-and link them with a 
shonlangth of dowel that runs througb tba big and 

bsanng at the end of the connaCUDg rod Malee the rod 

about 2" long(Flg 4-23). Don't glua at th1a stage. 

II Dnep1ece 8taume.fttthep18tonlD the O'oee­

shaped casing. set tba crankshaft beartngs In place 

on the dowel ends (Fig 4-24). and set the pau of beartng8 

on the four support dowels (Ftg 4-25). Ftt Uttla pegs to 

hold the wrtous componants at the correct Might. 

II Continua Utt1ng and sand1ng and ge:nsrallyeaBlng 

u.ntll thewbola machIne comes together. 
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rm0'R.2 .-20 
IM.at .. a. ...... t 
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... ....... 

FIC011E 4.-21 
.... D ..... t 1I-crD Of CJ'SU"'" til,." tl .......... 

ct. ....... .-y, weu .. HQIMd at 



� Ftnally. WIpe allnongluedsurfaces With the teak 011, 

iii glue. clamp. bumtsh the machine to a dullsbean 

f1n1sh. and .. hunah-ewryth!ng 18 f1n1abad and ready 

far showing! 

rmOllE 4-22 

,.UI8a_I_ .... G •• I •• tDIU.,.CII.� ...... 
... ... 011' .. 01 ... .. ..... 

nCOIlE4-Z3 

n.CISU' ........ tit .... pelfKt 1UTof· ..... allpad.. 

rlCOIlE4-24 

ft.c..a: ... _a. ,.....,.n ... d .. 

nctJR.E 4-2.S 

lit tIMC*aJlCl!QUt .. rtsln .... .. 1M Il0l_ ... , ... a.lQbI 
JiC*U .... II .. ·· IIII .. 

PROBLEM SOLVING 
• JJ you lila! tba Idea or IJllSproJict bUt .sot tu CDIDgI tDe 

dlS\gD.lIe mlDdtul that fi nat so easy to redeSlgD a Slogle 

element Jo l,alaUoo. TIlls being Ill. 1f8 WOUld. always alMSl 

lJlatyau make aprotatype. 

• AO'I ame JOU lie ODrlog wood, Ifs aJwaysagoDClIOel 

to ask Cot 1COOCUbsI: IS weU lI&sonae! and 11l'Y, bill tt'8 au the 

more lJQpJrtaDt WIleD. you are lmlerIo 9 woolltDJ tumJOI,J. 

• WlmJog: aUIng DIe crank pJates to the dnft 5hart stubl lS 

dtmcult -the sort or task tlISI rel[U,lres a lot cd time, a tat Dr 
pat180::1,8011. DOl too mUCh gruel 
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PROJECT S 

Ward Lock and Key 

PROJECT BACKGROUND 
When I was a kid-I must have been about seven years 

old-l was absolutely fascinated by locks and keys. As I 

remember. I spent a good deal of my time collecting keys, 

mending locks, and generally shoMng Irlends and lamlly 

iust how easy it was to escape from a locked room. 

Most of us are literally surrounded by locks; we can 

hardly move without IIrst IIndlng our keys. Yet, lew of liS 

know how locks work. The good news is our simple ward­

and-tumbler locking machine Ulustrates all the essentials 

01 the archetypal locking mechanism. There is a key, a ward 

to block the passage 01 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 knob, with 

the etlect that, In Its turning, It lifts the tumiller out 01 the 

way and pushes the latch forward (right). So there you go. 

U you want to know a little more about one of our most 

common mechanisms, now's your chance. 

50 WARD LOCK AND KEY 

MAKING WOODEN MECHANICAL 
MODELS PROJECT OVERVIEW 
Have a look at the working drawing (fig 5-1) and the tem­

plates (Fig 5-2), and SBe that the locking machine stands 

about 6" hIgh with a base Slab at B" long and 4'10" wlde_ 

Note that we have reduced the workings, meaning the 

number of moving parts, to a minimum in an attempt. as it 

were, to show the "bones; 01 course, most ward locks have 

a number of springs that bear dawn on a series of tumblers� 

but In the context 01 our machine we leel that a single 

heavy tumbler lalling down under its own weight is enough 

to demonstrate the basic prinCiple. 

Consider how the cavity has been constructed by set­

ting a fretted front plate against a solid back plate. As for 

the overall deSign, we have consciously gone lor a solid, 

easy-to-make, good-la-hold structure. All in all, we have 

kept lhe lixings to a minimum so everything Is in view. 
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WARD LOCK AND KEY WORKING DRAWING 

52 WARD LOCK AND KEY 

FIGURE 5-1 

The liDiabed .. acbina stand_ 

about 8" Jdgb and about 

8" .0118. 

(top) Latek plate and tumbler 

at • scale of four grid SQuar •• 
to 1". 

(bottom) View. and Metlau at 

• scale of two _""a,n to 1". 



WARD LOCK AND KEY TEMPLATES 

FIGURE 5-2 

Th_ scala ia 'our grid -ruares 

to 1", With . projlct of Qt. 
cbaracter-wllen SUCCHS 
migkt biDgI DB t.b. width of . 

saw cut Dr the plac1ng of a 

dowel bola-you must taka it 

th.t tJa ... profit" .r. ably 

broad guid ... 
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CUTTING UST 
A Box front 

Box back 

B Tumbler 

C Latch plate 

D Key 

Base 

Pivots 

Decorative pins 

Fixing pins 

'1, 11 5  II G oak 

'/a il S  " G oak 
1/4 "  1'/. I( 2 maple 

l/" II 31/� >( Slf. maple 

II. " 2!/4 "  51/. cherry 

'1. )( 41/:: II 8 oak 

t/.t dowel 

12"-I/.t dark wood dowel 

round toothpicks 

CHOOSING YOUR WOOD 
AS thIs Is a project that Is best made Irom a hard. stralght­

grained wood, we have gone for oak for the box and 

base and maple (or the moving parts: the sliding latch and 

!Umbler. 

MAKING THE BOX AND BASE a 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 

tor the base and two glued and pinned slabs for the box. 

FIGURE 5-3 

Having cut lb. two slab. of wood to tla ••• m. aba,., fret Qllt tile 

front _lab to make the latch boa cavity. 

54 WARD LOCK AND KEY 

EI With your workshop in good order, and \",'hen you are 
clear in your own mind as to the procedures. take the 

three slabs 01 wood-for the base and the box-and use a 

pencil. ruler and pair of compasses to mark the design. 

Mark the base 'Nith the corner radius curves and the front 

box slab with the single corner curve and Interior shape 

Ihat needs to be cut away. 

II Having first pinned Ihe two box slabs together so 

you have them as if they were a single slab nearly 2'-­

thIck, move to the scroll saw and caretully cut out the 

single radius curve. While you are working on the 

machine, cut the four curves that make up the base. 

II Take the two· layer box slab, ease the layers apart, 

partially wllhdraw the pins so the polms are oul of 

harm's way, and Ihen cut away the central area of waste Sl) 

you are left with the profile that makes up the tront of the 

box (Fig 5-3). 

11 Align and repin Ihe two box slabs. and run the 

various holes through with drill bits 01 a size to fit 

your dowel (Fig 5-4). 

� Finally, take the two Slabs that make up the box. set 

.. them on the base slab, and mark in the position of 

the three fixing dowels. meaning the three dowels that fix 

Ihe box to the base. 

FIGURE 5-4 

DrWout aU t!ae primary !aDI ... and Ilave a biaJ fitting Df tla, boa 

to the bue slab. 



MAKING AND FITTING 
THE LATCH PLATE a Take the front-at-box cutout, set it on the l/(,"·thick 

maple-like a template-and use a pencU to transfer 

the imagery. 

II 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). 

II It you have a close-up look at the photograph-in 

this and many other projects-you will perhaps 

wonder at there being a great numller of dltterences 

between our initial prototype drawings, as seen on the 

tracing paper. and the actual workpiece. The project 

changes a bit as we work on it. It you have a notion that 

such and such a shape or \r>olay of working is the best way, 

then that is the best way for you. 

... 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 'f, drUJ bit (Fig 5-5). 

II When you 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 far the main profile. 

� With the plate partially cut out. wipe the edges with 

iii! a Une-grade sandpaper to remove any rough edges 

that might get in the way. and have a trial fitting in the 

lock box (Fig 5-6). The latch plate should slide neatly 

backward and forward without sticking or racking. 

MAKING THE KEY AND 

TUMBLER MECHANISM a When you have completed tile basic sliding latch 

profile and have succeeded in getting it to slide 

smoothly in tile box, then comes the not-50-easy business 

of fitting the key and tumbler. Start by looking at the 

working drawing (Fig 5-1) and templates (Fig 5-2), and 

seeing that the key needs to be cut and worked so the end­

af·key profile, or ward, is able to pass over a ward stud 

that is set in the body of the box. 

FIGURE 5-5 

Bavial tr.nat.ned tb. shape of the boa cavity througb to u. • 

I/ .... ·thick wood, •• t to work tranaf.rriDg Bnd modifying U.. 1atch 

profile to enaunt . aa:aootb--a11dIDII tit. 

FIGURE 5-6 

Frat out tha i_tell. plato, and try it out for .isa. If it's too tight. it 

won't IIIOV8, and if it's too 100", it twi.t. and. gets stuck-ao go 

at it slowly. 

WARD LOCK AND KEY 55 
MaTep(,1ilfl 3au.;tll\ Hf I� Ie Il 



FIGURE 5-7 

Cut Gut tba leay au,p. an the drill and scroll U •• and whittle tb • 

• talk ao W. an •• ay°la-tarD fit io the '/."·diam.ur boa bola. 

II Having IIrst cut out the basic shape 01 the key 

blank (Fig 5-7). whittle the stem to a round section 

so it fits in the keyhole, and shape the leading edge 01 the 

key (Fig 5-8) so. when it Is turned. 1t catches the notched 

underside 01 the tatch plate. with the eUect that the latch 

slides torward. 

II The trick to litting the key Is 10 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. 

II When you have cut the key to a good fit. then comes 

the lrustrating task 01 lilting the tumbler. II you look 

at the mechanism (Fig 5-10). you will see that the little, 

shaped profile 01 the tumbler has twa dowels: the one on 

the tar right. which Is the pivot. and the one at tall center. 

which is a peg or knob. In action, the turning key catches 

and lilts the curved underside 01 the tumbler. with the 

ettect that it swings up on its pivot. And, 01 course, as 

the tumbler rises, the peg is lifted out of the notch on 

the top edge of the latch. and the turning key goes on to 

move the latch. 

I'!I Once again. you might weil have to cut two or three 

IIiI tumbler plates and play around with the position of 

the pivot hole and the shape of the underside curve betore 

vou get it just right. 

5& WARD LOCK AND KEY 

FIGURE 5-8 

Whittle a.a,. tha l.adlng odg8 of tb. key so It fits In the Dotch OD 

tbe underside of tha latch. 

FIGURE 5-9 

Continue whittling the leading edge of the --V to shape ao when 

it tura .. it catche. and move, tile Blid.ing latch plate. 

• • 7 
. ...., 

• 

FIGURE 5-10 

Sbape lUld fit lb.e tumbler. Evantu..alJy, tile pivot peg needs to be 

glued into tbe tumbler plate and held in plac. with a I'OIuld 

tootllpick with tile heelead of the pivot running heck tbrough the 

hoa. The otJaer dowel i. DO more than a stub that sticks out at tile 

back of the tumblar plate-to rut in tha l.teh uotch. 



ASSEMBLY AND FINISHING a When you have achieved a smooth movement o( the 

key, tumbler and latch, take the latch plate back to 

the drill and the scroll saw and (Inlsh cuttlng the other 

location slot and the two-pronged bolt profile on the 

leading edge 01 the latch (Fig 5-11)_ 

II Having rretted out all the component parts that 

make UP the project. spread them out (Fig 5-12) and 

check them over for potential problems . 

E1 When the whole movement is smooth running, lit 

the ward knob in the back of the box, and whittle a 

little bridge ward on the bottom edge o( the key so it just 

clears the knob. The idea is, of course, that only your key 

willllt Into the lock (Fig 5-13)_ 

FIGURE 5-11 

Having nt&blislled tlla position of tke slot at the back end of the 

latcb. go back to the acroll .. w uad liD"" cuttiDg th. profile. 

" --
. . . . - . .  - -

nGURE 5-12 
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Tb. compoDant parl..-all ready for the fiDal fitting. 

.. 
) 

FIGURE 5-13 

With tbe latch being beld 

in place with a couple of 

temporary dowel pog., fit tJae 

wanl stub in tlaa bacJr plata. 

aDd wkittla the key ward to 

abape-like a little bridge. 

a Finally. when you are happy with all the moving 

parts. lit and glue the dowels and pms that hold the 

sliding latch in place, glue and peg the two layers that 

make up the box. glue and peg tile box to the base, and so 

lorth (Fig 5-14). When the glue is completely dry, rub down 

all surfaces to a smooth Jinish. wipe the whole works with 

the teak oil, and the project is finlshed_ 

FIGURE 5-14 

Fillally, glue and. dowel lbe whole wor):. togeu.er. Note how the 

lateh b hold In place by dowol. that are ODd pinned. 

PROBLEM SOLVING 

• If you like the idea of this project you can adapt it to fit other 

klDds 01 locks . 
• When we designed this project. we had tn mind that we 

would cut and lit 8 wooden leal spring to firmly hold the 

rumbler on the latch. It's still a gOOd Idea: you could use a 

piece 01 springy wood, like bamboo . 

, This Is one 01 those projects whele vou need to hold back 

'Nith the sanding until the mechanism is up and workmg. 

I say this because you might weU need to make several keys 

or several tumblers before you gel everything Just right. 
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PROJECT 6 

Reciprocating Engine 

PROJECT BACKGROUND 
The reciprocating machine beautifully i1lustrates all the 

movements that make UP the archetypal combustion en­

gine. At the tum 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 you 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 you can do it wit h your eyes closed. Yes, 

the various cuts are straightforward. and no. you don't need 
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a fancy tool kit, but the cutting and shaping procedures 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 easy-the various layers that make up the 

sections of the runners need to be 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 eUect tha� 

the piston slides up and down in its runners. But dan'li 

target. when you are giving that science talr lecture, to 

mention that the real-lite in-car movement is reversed. 

v>'ith the combustion pushing down on the piston and the 

rotary crank driving the road wheels. 
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RECIPROCATING ENGINE WORKING DRAWING 

I:: , I '  

& 0  RECIPROCATING ENGINE 

1= 

FIGURE &-1 

At. arid acale of two squans 

ta 1", the at.ChiDO ataud.. 

about 9" biak, 81/," wide 

&eraa. til. aplm of the baa. 

and. 4l/," lD depth. 



RECIPROCATING ENGINE TEMPLATES 

FIGUBE 6-2 

The aca1. is two grid squares 

to 1". tfat. that, •• with aU the 

template. III tk. book, tit. 

prafil •• 81'8 mora a 

diagrammatic guld. than 

actual tamplatas. This being 

aD, it'. alw8" • •  good id •• to 

cbeck out t •• ala •• and tit. 

placiD._ of the various fiaiDg 

aDd pivot holH b.foro GUttiDg 

yourwDod. 

A Backboard. 

S Base. 

c PIston. 
D Slide rails. 

'I'AM tlllck. 

V ... thick. 
E Crank. 

F connecting rod.. 
0 Buttress. 
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CUTTING LIST 
A Backboard 

B Base 

G Piston 

D Slide ralls 

£ Crank 

F Connecting rod 

G Buttress 

Pegs and pivDts 

'/4 II 51/: )( 9 stralght·gramcd, 

knot-free tulip 

<../, " 1 "  8 cber[)' 

I/� " 2 "  3'/� pitch pine 

1/4" dowel 

CHOOSING YOUR WOOD 

If you are anything at all like us-like most wDodworkers, i n  

fact-the never-ending question is what to do with the ever· 

growing pile 01 oUcuts. Yes. it does seem a pity to Ihrow oul 

small pieces 01 exotic wood lell over from large projects. but 

what to do with them? Well now, no such problems here. 

Tills is a great project lor using up odds and ends! Alter 

search ing through our stockpile. we decided to go for 

straight-grained tulip lor the base and backboard (it needs 

to be strong); cherry lor the runners, pitch pine for the crank 

and connecting rod; mahogany Jor the piston; and dowels for 

the various pins and pivots. Note: il you look through the 

various photographs, you will see [hat the toP. back edge of 

the backboard fs shaped. Don't worry about It. It's not impor­

tant. lfs just a bit left over lrom another project. 

MAKING THE BASE AND BACKBOARD a Having carefully studied the working draTNing ( Fig 

6-1) and templates (Fig 6-2). lake the two pieces of 

tulip and use the pencil, ruler. square and compasses to 

mark all the lines Ihat make up the design. 

� Spend time carefully marking in the position of the 

... center lines, the crank pivot hole, and any other 

guidelines you think are necessary. If you are at all unsure 

as 10 what goes where and how. shade in Ihe areas that 

need to be cut away. 

II When you leel all is correct. move to the scroll saw, 

and set to work cutting out the profiles. Having 

made sure the blade Is well tensioned. run Ihe workpiece 

into the saw so the blade is always presented with the 

angle 01 best cut and Ihe line of cut is fractionally to the 

waSle side 01 the drawn line. 
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II Drill and peg Ihe backboard to the base with 

the pegs run m at a slight angle, check with a 

square, and generally see to it that everything is square 

and stable. 

MAKING AND nTTING THE SLIDE RAILS a Belore you do anything else, have another good. 

long look at the working drawing ( Fig 6-1) and the 

sequence of photographs. and see that the pair 01 sUde 

rails are achieved by being first sliced into four layers­

two lor each rail-and tllen marked out. drilled, fretted to 

shape anti reassembled. Note how the order of work-lirst 

drilling and pegging and then fretting-ensures that 

profiles anti holes match up. 

R When you have sliced the slide rail wood into four 
IiiiI 4"·long, l"·wide layers-two at l/IS" thick and two at 

a Httle over 'Is" thick-draw the imagery on one or other 

01 the layers. 

II With the lour pieces 01 wood sanded down and 

clamped securely together, drill the three dowel 

holes through ali lour thicknesses 01 wood. 

II Push lengths 01 'I." dowel lhrough the holes to hold 

the four pieces 01 wood together, and fret out the 

total lhree-curve shape on Ihe scroll saw (Fig 6-3). 

FIGURE &-3 
Wltb tla. dowels to !aold tba lay.,s l.a. place, carefally trot out tb. 

"ape af tb_ runn8l'll. ar fan .. If til_ blade starts ta wauder off 

caDr .. , it's. awe sign eilber til. blade ia warn af U •• taDsion is 
too slaelt. 



FIGURE 6-4A 

Having canfuU,. p.ncil lab.lad U.. l • .,..ra 80 they a.re nicaly 

matchad. up and you know what 10H whero and how, alice awa,. 

til. atrip of wuta from the back layel'. It's 8.ay to mu. a 

m ... ·up. SCI b. aun to gat it rigbt tb. Unt tim. uou.nd. 

"'
, A 

FIGURE 6-4B 

The plateD need. to be a good fit-not 80 sloppy it tUts to the sid. 

nor SCI tigbt u..n i. any friction. fuet aa euy. comfortable fit. 

II SHee a I/,,"-\,..'ide strip from the straight edge of 

boUI tlllck layers (Fig 6-4AJ, and have a trial Ilttlng. 

Label the layers so you know precisely what goes where 

(Fig 6-48)_ 

� Having completed two identical, two-layer rails, 

.. careluUy set the rails In place on the backboard, and 

mark in the position of the six peg-fixing holes. \¥hile you 

are al it-it you haven'l already done ii-mark In the 

position 01 the crank pivot hole, run the holes through 

with the :/." bit and have another fitting (Fig 6-5). 

CUTTING THE PISTON a Take your chosen piece 01 wood and check Its 

thickness by sliding i! in the rails. I! needs to be an 

easy, smooth-running Jit between the rall and the 

backboard_ II need be, reduce the thickness to fit. 

FIGURE 6-5 

DrW the HV8D hal.� and bave a trial fitting of the r.u.. Aim to 

bave tho raU pa.1 ,tlmdlng ,Ughtly pl'Oud. NotD th.t the crank 

peg as shown is na  more Ulan a tryouL 

II Draw the deSign on the working face of your chosen 

piece of wood, mark the center line, and fix the 

position 01 the pivot. Shade In the area that needs to be 

cut OUt. 

II When you have double-cbecked that everything Is 

well placed-the profi1e lines and the position of the 

pivot polm-go back to tile scroll saw and Iret out the 

shape (Fig 6-6). As always, work at a nice, easy pace, all 

the while beIng ready to ease back II the blade starts to 

bend or if the line 01 cut looks to be running away Irom 

the drawn line. 

II Finally, take a scrap 01 fine-grade sandpaper and rub 

down the edges 01 the pIston cutout to a slightly 

rounded finish to create a good, sliding fit between the rail 

tracks and the backboard. 

FIGURE B·B 

noa important you go for a atraight-gr.buld wood. and equally 

importaat you mar) tho profile 10 tbe grain i. aligned with the 

ceuter Una. Thi. wa,. of worma 8nlur .. tb..t thalli is • mia.1m,ua 

of weak, abort-gratned .r .... 
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CUTTING AND WHI'n'LING THE 
CRANK AND CONNECTING ROD a Have a look at the working drawing (Fig 6-1) and 

templates (FIg 6-21, and consider that the two 

components-the crank and the co nnecting rod-are first 

cut out on the scroll saw and then whIttled. 

EI One piece at a time. draw the lines of the design, fix 

the posItion of the various pivot holes. and fret out 

ihe profiles on the scroll saw (Fig 8-7). 

E1 With all the lines and center points in place, and 

having carefully checked tor accuracy, run the four 

'/,'-dianleter holes through on the drUl press. 

II Starting with the connecting rOd. take your knife and 

set to work whittling the cutout to shape. And just in 

case you are a beginner to whittling, it your knife is sharp. 

and if you are working with an easy-to-cut piece of wood. 

you won't have any problems. 

I!I Having once again studied the working drawing (Fig 

... 6-1), templates (Fig 6-2) and photographs. take your 

smaH, sharp knife and start whittling the straight part of 

the rod to a roundish section. The best technIque Is to set 

in the circle lines of the ends with stopcuts-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. It you 

work with a careful thumb-braced paring cut, you won't 

have allY problems with the knUe slipping (Fig 6-8). 

III!!I 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. 

ft 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 pans . 

... When you are pleased wIth the overall shape and 

.. feel of the connecting rod, follow through with more 

or Jess the same whittling procedures lor the crank. That 

is to say. set the ends i n  with stop-cuts. and then pare 

3\Vay the centra) portion so it is half-round in section. 

Make sure the square, Uat end stands slightly hIgher than 

the rest of the piece. 
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FIGURE 6-7 

Run tbe center line In tb. dbection of tbe grain, and t.b.eD bava 

the profile Ht squ.re and symmetricel with Uae lina. Be sure to 

double-claack the position of the dowel lao"'. 

FIGURE 6-8 

Work with a c.reful thumb·bracK p.ring stroke, all the while 

being r •• dy to brake if tb. blade alip ... Tip: a rasor-earp blade 

I.s much .. fer to u.se tha .. a blaat blade that needs to be buUled 

into actiDD. 

FIGURE 6-9 

When you h.ve completed aU tbe compoDent parts tbat .... k. up 

tb. project, spread tbem out OD the work surfece, and cll.ck tb.am 

ovor Just to mako sure evorytbing is canoet. 



ASSEMBLY AND FINISHING a When you have completed all the component parts 

that make up the project (Fig 6-9). then comes the 

pleasure of putting the machine together. 

II Having rubbed down all laces and edges with a 

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 aU nonglued surfaces 

a swift \I\'ipe with the teak oil, and put the whole works to 

one side to dry. 

II Glue and peg the backboard to the base so it's at 

right angles. and glue ancl peg the buttress In place. 

It's important everything is true, so spend time checking 

wlth the ruler and square (Fig 6-10). 

II Glue and peg the rails i n  plac.e, check that the piston 

still fits, wipe away any excess glue and clamp up_ 

n Glue the three pivot rods in place: the small end rod 

... that stands out from the piston, the rod that Tuns out 

from the back of the crank. and the handle or big-end rod 

that stanels out from the front of the crank. Wipe away 

excess glue. check aligmnent. and put the rocls to one side 

until the glue is set (Fig 6-11). 

FIGURE B-l0 

Baving glu.d, cllock far aquarel1O •• befaf. clampblg. 

1'111 Finally. slide the crank rod through the backboard, Ii! 

.. 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 S-l1 

Th. movement binges OD the dowel roda baing caretully placed 

so th.,. arD aquaro with th. working f.co . •• k. aov.ral chock •. 

ClaH) Piston. (right) Crank. 

PROBLEM SOLVING 

, II you Uke the Idea 01 thls Drolect 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 

betVIeen the square end 01 the crank and the base slab. If In 

doubt, irs always a good idea to make a working model 

, When you are oldering your wood. always ask tor wood that 

is well seasoned and dry. I say this because partly seasoned 

wood is Ukely to split warp or shrink, and damp 'Nood is 

difficult to work. 

. Having said the straight·grained tulip is suitable for the 

baCkboard and the base, Ulls is nOI to say It is suitable lor the 

small pans that are to be whittled. U you have any doubts as 

to the suitability at such and such a wood lor whlUllng. lrs a 

good idea to try a sample with your knife . 

• Shop·bougbt dowel rod is a problem inasmuch as the 

sizing Is variable and umeltable. For example. my so cailed 

J/�"·diameter dowel is a very loose fit in a If." hole, wbereas 

my 'fa' dOViel ls too big lor a 'I,' hole and a sloPDy. loose III lor 

a 'It'- hole. ThIS being so, it's always a good ldea to check out 

your dowel supply at the start oj a project. and then modify 

the prolect accordingly. 
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PROJECT 7 

Oil Pump ing 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 movement 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 01 the beam 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 
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machine is made UP of six primary elements: a base slab. 

tower, balance beam at the tap of the tower, pivot plate tha� 

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 suited 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. excep! 

that this machine is great fun to make and great fun to 

watch In action. 



OIL PUMPING RIG 

OIL PUMPING RIG &7 
MaTeplo1ilfl 3al1\>411\ HHbl� Ie ' �  Il � 



OIL PUMPING RIG WORKING DRAWING 

:, ;�, I'�';i 'Y ::" 

::,: �:,::� :" 
, ,:;� I':' ;,'!:'" 
t:: f.,'::'![�, 

:: ,/. ' 
" r'J 

, 

: '" : 

, ;'<f::i 
, 1 : + : ! ; I 
, , 

f-L 

f--' , 

t� I" : i:' 
� 100' I 

:�I I;,: il, , II / 'I�" I:\' \� I"" 
I", " !,,�� 1-'- =' , : 

" , 1:" '; ilJl : ;;':. 1';;:' :� 
�,: I-�lY 

, 

r':"� ',: I'!" P- � �: 
-� �91t' � ',-

. :. L- ; �� .:� r� 
-' ,� . E: Iii It 

� �:= 

.:-fM
l� 

0- �,� �� � �=:.. ':: 
- 1-. f--I -=- 1--" -= � -

'.� t:=.. � "" ;; ' :i 
,�" . .  :. ',-, 't I� ,' " ,  . :  ',', I:i.\�= ':-;, ; l",'ifi : : H,:,': c-' -'c' ,"J: 

I�._ ' I  _ _  • ',e "  . �� . :  ",,""If.'. r.� • • 

.AI;;, ' : \,�II"� : -
II:�:I: ';:I liII.. : , ';:I:;'� 
I- [{" -- --: L-

' -:: r::--� :.[- ' � �, -:: I::  

&8 DlL PUMPING RIG 

,�  ,� 
�:5: � .� 
�: ��. :2:§ 

<�' �J'� ,r; �I:: ' �f;} 
,� 

.�. , '" 

, 

� 
'::- : 

'11 
' -' , 

-;;.;>1 

�;'f.\ 
1';'. :'�. '�, , 1 , 1  I 

1 ';( . '::;1 " , I .1;, 1, :1' , ,i:�1 ,1" 
[' , � � loWW ;l.. r:: ,i: I ,,;J; 

�\;: I '!',i 
V 

,: , !�', 
-

' 

�I 
� [� I:" " '

, I, 
Ie: 

! 

" 

II 
, . .' . I .  I ' .: . :'1 tIl ' ;  I ,i:; ' , f� 

, 

I - -
1 
, 

. . " II 

":,':: , # 
�� 1:..' ��-�:' -:: - � �� ';1 ,,-F" ' '?  :� :�: ::',,' 

FIGURE 7'1 

The machine standa about 

8" bigk and. 7"100g. 

(top) The grid scal. t. four 

8",,81'8. to 1". 

(bottom. Tbo grid led b 
two square. to 1". 



OIL PUMPING RIG TEMPLATES 

FIGURE 7-2 

Th_ aca1. is 'aur grid -ruares 

to 1". 

A Derrick toweL 

B Crank plats. 

E Center Plvot Plates. 

F End pivot plates. 

E DOnkey head. 
sIdes. 

center. 

F Connecting rod. 

o Handle. 
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CUTTING UST 
A Derrick tower 'la ll S 11 7  tulip 

B Crank pl.te ] ,, �;. )< 2 II 2 pitch pine 

C Center plvor plates 2.-I/t I( PI .. " 2 mahogany 

D End pivot plates 2_1/ . ... J/4 'I( PI" mahogany 

E Donkey head: sides G-'I, • 1 • 2 mahogany 

centsr '/. II ) - 2 cedar 

F Connecting rod :/. ,, ]1/, " 4 mahogany 

G Handle II • •  1'/i II 2. mahogany 

Base '/l " 4 11 7 tulip 

Beam 1/& " 1 " S cedar 

Pivot rods I!.," dowel 

FIXing pins round toothpiCkS 

CHOOSING YOUR WOOD 
In the context of this easy-ta-make project-no wood turn­

Ing or laney carving-ail that Is required 01 the wood Is that 

it be easy to cut and work. That sajd, what better woods to 

use than tulip and mahogany? We chose tulip for the base 

and derrick: scraps of mahogany for the pivot plates, don­

key head cheeks, connecting rod and handle; cedar for var­

Ious bits and pieces. and shop-bought dowel /or the pins 

and pivots. 

MAKING THE BASE, DERRICK AND BEAM a Having spent time studying �h8 working drawing 

(Fig 7-1) and the templates (Fig 7-2). bringing your 

tools to good order, and generally making sure your 

chosen wood Is In Up-top condition, draw the design to 

size and make a clear tracing. 

II Take your chosen '/e"-thlck wood. note IIOW tile 

grain needs to Tun in relation to the profiles. 

meaning the shape of the base, beam and derrick, and 

then caretully transfer the imagery accordingly. The 

best procedure is to first establish .-he position of the 

baseline and the center lines. then tix the position of the 

centerpoints far the holes and curves. and then finalize 

tile prollles with the compass and ruler. 

II Having marked the base slab, beam and derrick, and 

being satisfied with the way the imagery relates to 

vour chosen pieces of wood, move to the scroll saw and 

set to work cutting out tile prollles (Fig 7-3). 
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FIGURE 7-3 

Although both the b ... and the beam are aimp •• atnlctun .. tbls 

Is aU tbe mon raatoll tb.,. need to b. carefuUy marbd.. 1f you 

dacida to red.aign Buch and BUch a detail, baar in mind that 

amooth, •• ay curve . ..... macla .,,'.r to cut and work tban amaU. 

tightangl ... 

a Having fretted out the three primary profiles. move 

to the bench dnll and set to work sInkmg the vanOllS 

holes that make up the deSign. Don't worry too much 

about the two large pierced holes in the derrick (Fig 

7-4)-they can be larger or smaller aT even placed in a 

different position; it makes no difterence-but do make 

sure the pivot and fixing holes in the derrick and beam 

are precisely placed. 

FIGURE 7-4 

Whon you came to .Ink largo-diameter haln, the warklq 

procedure is to run the bit in for about II.", then bring it up and 

aut ud cle., the ••• t •• run tho drU! in anoth., I;. ... cl •• r the 

••• t. and .0 aD until tho hole ba. been cut. Jf you try to force tho 

pace and rull the hale through in ana gnat thruat, you ri.Ut 

.pUttlng tho wood or dotug damago to tho drW bit. 



FIGURE 7-5 

It's alwa,. • •  good ide. to atop aloag the way and tty oat tho 

component parts for .b •. Thi. mothod <of working Slv .. you timo 

to ...... your prognsL 

n Finally. having cut out the three primary 

iii components and drilled the noles, have a trial litting 

and set them in place one on top of another (Fig 7-5). It's 

important the derrick stands true to the base and the 

beam sits square. To this end. spend time sanding and 

adjusting to a good fit. 

MAKING THE PIVOT 
PLATES AND DONKEY HEAD a Before you put tool to wood. cast your eyes 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 either 

side of the beam. while the donkey head Is made up of 

three layers and loose pivoted on the end of the beam. 

EI When you have a clear understanding of just how 

the parts need to be worked, meaning the order 01 

work and the procedures. take the two 'N·-thick pieces 

of wood that make up the tail and center plates and pin 

them together with a couple of tacks so you have a 

two-layer sandwich. 

II Now. having drawn the imagery. llxed the center 

poinrs, and drilled out the I/�n-diameter center plare 

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 7-6). Repeat the procedure 

with the tall plates. 

FIGURE 7-6 

If you need to cut Dut a Dumber of multiple parts, meaning 

Idoa.tlcall9 m.atcbed part., It'. a good ld •• to layer up tho wood, 

drill out any holaa, and cut Dut all the puts at once. 

.. When you have completed the two sets of plates-al� 

.. cleanly fretted and dnlled-set them m place on the 

beam, and have a trial fltUng. Pencil label the plates with 

alignment marks so you know what goes where and how, 

and decide which of the surlaces are to be glued. 

I!I To make the donkey head, rerun the layering and 

IiiI cutting procedures as already described. only this 

time, cut through three layers 01 wood rather than two. 

FIGURE 7-7 

Saviog achieved the tb.n. identical profU .. th.t mu. up u.. 
dookey b •• d, cut away tho w •• ta from tbo m.tddle la,.er. 
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FIGURE 7-8 

The Ja •• d lUIed. to b. a lDDM-rDcldnSJ tit aD the and. of til. beam. 

Spend timB variously rOlu,dlng onl" tb. end of tho b •• m or 

cuttinlJ the hola biller. 

R Having achieved the three id entical scroll-sawn 

iii profiles that make up the donkey head, carefully saw 

away the waste Irom the middle layer (Fig 7-7). II you have 

done It correctly, when you reassemble the three layers­

the thin layers on the outside and the thicker, partially 

cutaway layer at the center-you s:hould finish up with a 

little hatlike structure that sits neatly on the end 01 the 

beam (Fig 7-8). Check tha head for size. 

MAKING THE CONNECTING 

ROD, CRANK PLATE AND HANDLE a Have a look at the working drawing (Fig 7-1) and 

templates (Fig 7-2), and see how the connecting rod 

needs to be cut and worked. Note that the row of blind 

holes is no more than a decorative feature. 

R Draw the profiles to size, and transler them through ... to your chosen pieces of wood. 

II The crank and handle plates (Fig 7-9) are straight­

forward: establish the positIon of the pivot holes. 

drill them, and then Iret out the profiles on the scroll saw . 

... When you have Iretted out the handle plate. check it 

l1li out for size, and decide how i t  is going to be placed 

In relaUon to Ule whole structure. For example, 11 you look 

at the photograph (Fig 7-10), you will see that in the first 

instance, we considered having the handle on what came 

to be the Iront 01 the machine. 

IP!!II The connectlng rod Is simple enough to make: All 

IiiiI you do is (rei out the total shape, run the pivot holes 

through with the 'I."-dlameter bit. and then sInk the bUnd 

holes at regular step-oils along the center line (Fig 7-11). 
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FIGURE 7-9 

The pracl •• abapo. of lb. crank plato and tb. crank ..... o·t too 

import.at, as laog a. the protiles an wen placed with tb_ f1Ul of 

tb.. gn.ln atU! tb. poaltlon of tbe bol •• l. positively •• labll.bad. 

To this end. you must doubl.·clleclr the position of tile hola canter 

points and. ... to It that tho initial marking f.lat •• to tbe grain. 

FIGURE 7-10 

Try U,. handle plata for ai ... and make aura thor. t • •  DOugh 

cla.fanca betwHn tbe swlng and tbe b .... 

FIGURE 7-11 

To mark tlI. CDlllUICting rod, draw ia the center line, eatabUab tba 

di.tanca b.tw.an U •• two pivot pointa, and decide OD th. b •• t 

.11:. of drill bit for the bUnd boles. 
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FIGURE 7-12 FIGURE 7-13 

Set out all U •• compODen.t parta-aU dl'llhd and with moat of tla. 

ra. edg •• sanded back-and cheek them for potential proble ..... 

ASSEMBLY AND FINISHING a When you have completed all the component parts 
that make UP the design, spread them out on the 

work surface, and check them (or potential problems 

(Fig 7-12). 

B When you are pleased with aU the component parts, 
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. 

II Having drilled, pegged, glued 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 
litting the donkey head. 

a Being mindful that the head needs to be a loose­
pivoted llt on the end of the beam and the beam and 

middle layer are both cut from the sarne 7/," inch wood, it 
follows that the head end of the beam will need to be 
reduced in thickness. The best procedure 15 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. 

� Have a trial placement of the various beam plates, 
g and make sure you are clear in your own mind as to 
how the parts need to come together. 

R Fit, drill. glue and peg tbe two pivot plates in place, 
... set the two connecting-rod bearing plates at the tail 

end of the beam. and glue and clamp them in place. 

a.vias glu.d and clamped th. doO.,. b •• d, try it on for a1 •• , and 

reduc. tbe width of tho beam ead for a loou lit. 

II When you 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). 

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

FIGURE 7-14 

DrW and pivot the doO.,. he.d ao it i • •  loo .... aodding fit. If 70U 

bave got It rigbt, the peg aboald be • tlgbt fit througb tho b •• m 

and a Joose fit tbrough tbe sid •• of the h.ad. 

PROBLEM SOLVING 

, As always. much will depend on your tool klt. II you can't 

get USB of large drill bit sizes or you have to make your own 

dowels or whatever. you wilJ of towse bave to modUy the 

techniques accordingly. 
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PROJECT S 

Centrifugal Impeller Pump 

PROJECT BACKGROUND 
The pooc, old, impeller pump is one of those clever little 

bits of unsung machInery thars been around for such a 

long time that we either take i t  for granted or simply don't 

know it's there! CentrlJugaJ Impeller pumps are used pri­

marily to move liquid along pipes. And they aren't too par­

ticular about the liquid: water, oil, petroleum, beer-it's aU 

the same to them. 

The classic centrifugal impaIrer pump consists of a 

wheel enclosed within a hollow chamber or reservoir, wltb 

the wheel having sliding gates and the chamber having 

slots or holes. In action, when the wheel spins around, the 

gales fly outward. with the elfect that tbe liquid within 

the box is suddenly caught up in an enclosed space that is 
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getting smauer. And. of course. when the body of fastmov­

ing liquid passes one of the slots or holes, it is forced oult 

under pressure. 

'With our pump, when the crank handle is turned, the 

centrllugal lorce causes Ihe I1ll1e gates to slide out 01 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 fretted base slab, 

cradle and collar, turned tube, or chamber, that sits in the 

cradle. and turned shaft wilb Integral vanes. or gates. tha� 

pivot within the chamber. 
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CENTRIFUGAL IMPELLER PUMP WORKING DRAWING 

nG01l.E 8-1 

.11: . pII. .. lIt .. two ....... 
.. 1·. a. ..... 1tIDb 
... . t r ...... wo ..... at 
r_ 
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CENTRIFUGAL IMPELLER PUMP TEMPLATES 

FlGDIU: 8-2 
n. __ .. two Int tCUrn 

tD 1"'. 

A Suc-w, . 

• Credle. 

a!du. 
I:COlef. 

C Wsa tutDJIIQ'. 

c:bamlIer. 

_bot< 
D Pipes. 

I BC*Jrtng. 
, CrankplDte. 

C Crank handle. 
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CUTTING UST 
A Base slab 'II II 4'/: 0( 7 cedar 

B Cradle: 

sides 2.-1/1 - 6 "  6 plum 

center '/" . 6  II 6 beech 

C Main turnings 4 '  4 • 20 tuUp 

chamber 

shalt 

D Pipes ) 11  1 beech 

E Boss ring :/2 1I 1'/, )1 PI. plum 

F Crank plate 'I. " 2.'Ia " 4t/� plum 

G Crank handle 2'1/'-J/:" white dowel 

MAXING THE BASE, 
CRADLE AND CRANK HANDLE a When you have studied the working drawing (Fig 

8-1), 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, 

B Take your chosen pieces of wood-the piece for the 

slab and the piece for the crank plate-and use the 

square, Tuler and compasses to mark the proJiles. 

II Having marked the slab and crank handle, take the 

three layers that make up the cradle, and sandwich 

Ihem together so that you have a lotal slab Ihickness of 

about }!t/4". 

II Take the pencil, ruler and compasses and mark the 

shape of the cradle on the topmost layer of the 

sandwich. Make sure you arrange the profile so the grain 

runs through Ihe cradle from lhe top down to baselme. 

II With the design carefully drawn out, tap three or four 

Ihin pins through the sandwich-down through Ihe 

area of waste that is to be cut away-to ensure the three 

layers stay put 

� When you are happy with the layout, use the scroll 

W saw 10 cut out Ihe profile. 

II!II Continue feeding the wood into the saw, slowly 

.. maneuvering around the curves, cutting out Ihe 

circle of waste and so on until the profile is cut out 

(Fig 8-3). 
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FIGURE 8-3 

SacU1'8 tla • •• ndwich with pins and 'ret out tI,. form aD th. &croll 

.. w. s. careful at tho .nd of th. cut-whon tb . .. ,. .... ar. DO 

loDger pinned-that the layers dOD't slide out of kilter. 

... Take the crank plate, drill the holes through on the 

iii drill press, and then fret out the shape on the scroll 

saw (Fig 8-4). 

FIGURE 8-4 

Checlc the crank: bandle for ahape and aise-I use • length of 

dowll-and talc. an accurat. caU,.r r.ading of tb. alaaft bola • 

iii Finally, sand the parts to a good, smooth, round­

edged finish. 



TURNING THE CHAMBER AND SHAFT a Beforeyouput lOoltowood, have amok 81 the 

wodctng drawtng(Flg �l). thetemp!at8s (Fig B-2) 

and v8.J1aUs hands-on photographs, and see that the matn 

body of the pump Js made up of two components: a boUOW' 

chamber and abaft. Note the way the outside of the shaft 18 

splgoted and the mstda of the chamber 19 stepped 80 the 

two come togethsr for a amooth-tw'Dlng. shdlng ftt. 

Havtng noted that \W've turnsd tha two component parts 

from 8 Single lsngth of wood, th1s 19 Dot 10 8ay you can't go 

for two separate tumJngs. 

n When you are claar on the order of wode and the 

... procedures. t:alceyour 4· .4° square sect10n of 

easy-tn-tum \WOO-W9 use tulJp-and establJah the md 

canter POints by drawtng crossed clJagonala 

EI Twn down thewocd to a round eectton of about 3", 
then tales the rulsr and dtvtdel8 and mark alongtlle 

cyltader all the st81>offa that make up the deSIgn. Worktng 

from right to le:ft, that ta, from the tabtoele end, allow a 

small amount 1m tBllstoCkWUt8. Ih" for the back and of 

the chamber; y,'forthe f1rst DJW, about l'Ir" for tbeneclc, 
'I,'for 1hs next cova, v,' far tha bead. !· forwbat wtllbe 

tbe front b8Jld of the cbamter, about %" mrwaate. '/c":for 

what W1Il be the BplgOted and of tha drtve shaft, m.eanJag 

the btt wttb the sl1d1ng g8l'8S, 4· Jor the length of the shaft, 

and the remaJnder for headstock waste (Flg 8-5) . 

... With all tba prtmary stap-otf gmdellnAS m place, use 

... thepartlng tool and round·nosed gouge to BlDktbe 
ma1D bloclca of waste (Fig 8-6). AIm to f1n1sh upwtth a 

chamber ne=lc at about I'I, In diameter so It's a nice. 

comfonable:f1t In the cradle collar. S1nk the between­

componant waste so you are left WIth a central core at 

about 1". 

B With the chamber prof1le crtaply rougbad out. take 

U the tool of yourchotce-W9 uae e round-nosed 

a::raper-and carefully tum the decorattve cows and 

beadJng 10 sbape (Fig B-7). As to the prec:lSe shape of the 

cows and beads, look to the templates (Fig 8-2) and see 

that they are really open to your own lnte:rpre1sttoD. 

� When you haw acbJaved what you con8lder 19a 

iii good chamber prof1le. follow through the s1ZlDg and 

roughing out procedures as oeady deec:nbed. and rum 

FICmu: 11-5 

_ •• UlM .. ,..m1blt ..... � u.  ................. 1M 

...... a,.t..,_ ..... ... �u,. __ u 
...... ... cu ..... G • • G., ..... 

FICmu: 11-8 

DleG.,.,IIIO_I .. ... _ .... ... :aave .... a .... .. 

w.y .-..,..,. ... 1t1Q"'a.anow treaQ OI .... taM ... 
... ca..tt .. t ............. 'lOG .. ....... Cl:tbtna 

... " .... 1 .... ,.., .... 

down the sbafl and spIgOt to shape. The spigot needs 10 fll nctJlU! &.-7 

tbe hole made by a 2'/'·dLamater bit. wbJletha sbaft DIe ................ or tct_."m"'"n"'cew 
needs to be B sl1d1ng ftt In a l"·dLameter bola cs .... IUpL'II ..c:ca.,.. G.IItG. toII -.., IDI, ... 1 .... 
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rICllIIl: 8-a 

8IIIrt1Q ...... OIl tualla". goIIl fbIlIII, mG. I""'''''' 

•• b1 U. •• IIOdl .... ca..dl ... no U. .... R ... lID ...... 
Of. __ .f tDmIrI. .. carar.s .... 'tOIl'" ."'..at tblt ...... 
".'1:bKIICM-a,lIIaeffa'" 

B When you have completed both tumJ.ngs-tha 

.. chamber and shsft-Slnk tbs 1"-d.1ametm bola to ths 

and of tbo chamber to a depth of about 2", sad pan them 

off from the lathe (Fig B-8) . 

.... Tales tba shaft and mount It on the lathe SCI the stem 

iii oftha abaft ts hald secure In the laws afthe chuck 

and the spigot end 18 cantmed and plllOlad on the 11\#9 

cantar at the ta1lstoclc. ThIs dans, use the part1ng tool and 

the skew ch16el to tum the boes and dacoraUve I1nQ'S and 

to generally clean up (FIg a·g). 

P:W When you sreplea.sed wtth the sbaft.remove tt from 

iii the lathe. and mount the chambar With tha baclc end 

of the chambe.rheld ttl the cbuclc-the end wttb tbs blJad 

hol&-and tb.a bont end ptwtsd on the hw ta1lstoclc 

center. 

fIP.II Face up the front end of tha chamber, ftt the drtll w:. chuck In the taJlstoclc, &adaot to wode bormgouttbe 

two hola�the large ODS at 21/,' dtametm and the othar 

and of the I" abaft bola. FIrst sink the large-dtamateJ hala 

to a deptbof 1". tbsnfoUow UPWltb the !"-d.tameterhole. 

and then f1naI.1.y tidy up With the luge-elZed btt (Fig �101. 

ED Now haw a tJ1al f1tUng. The shaft Deeds to be 8 

aIDOoth-s11dJng tit through the chamber, the face of 

the sptgot needs to be set back a httle from the front rtm of 

tba chamber; and thewbole warks wtobe a mug film 

the cradls (F.Ig 8-11)_ 
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rICllIIl: 8-0 
"' .. " . ...... m.l.um; . .... ... .. .... .. u. nut., 

Il • ..,.,.. ..... .... '--.. rrUdlt .. ..... . .. I.t Ol 

dII;·lIOQI;lU. ... '.G. llldlllCl td ..... lt.tr ... '. 
.. . ...... n. 

FlCllIIl: 8-10 
u,.1Il* G.bUt til ..... .., .. ,....,. nDllhllG.lIItla. ... 

-.,. . .... U .... ......... ... .... . rlbt ...... C&tIRI .... 
JOIaU Galt.,. • •  a' 1broW a. _�OU .... r. 

FlCllIIl: 8-ll 
...... trlll nauw. ft.c� ...... to .............. nUl 
a.acrMII. WIll .. _ lUft  .... to .. . 1t.» tD tam,..., wHalII 
G. e ...... 



F1CllIIE 11-12 

(IiIIIIt _til a. If. tlan .... 1IftI,.. ... ......... � 

.-...Of....."y· ..... nm ... ·/ ........... cbUlr. ... .. 
.. .., .... an,.. .. UlIc .... .t .. JIIIgOt .... 

QroIr.oa, .... a. IIrraft .. or . G  ... , ...... c. ... G. 

_ .. .  IGa ..... �gnDU ....... bIcbI , ...... . 

fI!II Havmgmarlced on thefronl face of the sptgottbe 

UiiI siZe and pOSItiOn of the fIlur gate slots, the tJ1clcy 

task of cuwngtbem outcomes. Tbabest methodlsto flrat 

clear the ends of the slota with the 1;''' -diameter dr1ll­

this e8t8bltsbee tba width and dapth of the slot-and then 

use the baclc eawto nmparallelcuts from the rtm of the 

spigot through 10 the drt.llej bolas (FIg �12). 

fI!I Ftnally. run two 1/i'-dJameter bolas througb tbs nm 
&iii of the chamber for the pipes. and cut a slJce out of 
the handle end of the shank 10 readJnes8 far fttUng the 

crank With 8 tenon wedge. 

TURNING THE PIPES AND BOSS RING a With the greater put of the project made, DOW' Ie the 

ttmeto look 10 tha wodc1ng draW1ng(Ftg �l) and 

then perhaps to modlfy the unmade CompODSnts. bec8U88 

U your way of worktng IS anythlng lJlce mJna, than chances 

are some part wtlI. need to be reshaped or resized. 

n When you haw a clear undannandJng of pre::1Sely 

ail bow the remaJnlier of the project needs to go. take 

the length of r'· 1" 8quaJ8 ssct:ton wood. mesntng tbs 
plSce youba:w chasm for the plpea and mount it in the 

lathe as already desatbed. 

R Swlftlyturo. down the wood to adlamet:ar afabout 

... 'h,0, then take tba ruler anddJvtdsrs and mark an the 

st8p-offs that make up the design. It's beauufully easy; aU 

you do Ja aDow about 'N' for ta1lstoc:lc wasta, and tbsn 

mark eight 1/," step-otfa 

... With the step-otf guJdel1nes in place, take tba skew 

.... ch1sel and round-nosed gouge and set to work 

systamst:tcally turning off aU tbe ltttle CUJV93 and groOV9S. 

IS Aftar tumJ.ng the strmg of repeat cuts that make up 

iii the two l1n1e pipes, bwn tn tba decorst1ve V-cuts 

lfIth tba wtra andclsan upwtth the skew chtsel (Ftg 8-13). 

r:- Ftnany, l1t tba 'h," Fbrstnar bl1 tn tba ta1lstock drtll 

iii chuck. IUD a bole througb the whole length of the 

twntng and than part aft 

n With tbe two pIpeS made and. off the lathe, use the 

.. a:::roll saw to swtftly cuta httla dlsk blank of plum to 

Bl�Itneeds tobe about yt" thtck and }III" tn dtametar­

and mount It tn the Jaws of the chuck. 

� Now tum down ana face of the blank to an accurate 

iii dJak, I8veJ'6e the dJak In the chuck and tum the 

other face round owr tbs edge of the dJ.sk soyou have a 

httle domed shape. Drill the tumtng througb with the 

'1t"-dJamatm dnllbtt (Ftg 8-14). 

F1CllIIE 11-13 

OM G • • dD ..... call1l ..... ina...,.. .. _,. 
-.-

FlCllIIE 8-14 

OMD.·,rlllt .. no a. ... aU a.wayGtoQI� D ...... u IOQ 

.. .. rlIlO I. 1M ..,u.cr .... ,. • • lIOIId .. ..... .. na .... 
U can_ .. ......a: tI.ala. D.I ..... tlCII Of a. ct.1IdI--. 
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FIGURE B-15 

';'. :: . .... '. , . . . . 
. . 

. . . .  
. . . ' . . : . ". : .  : .•

.
. 

' . . ... "" ... ".. .' . ', < 

The compo Dent parta-all cut aDd ready for putting together. 

.. Lastly. having first checked that the boss does in 

iii Jact fit into the ring. rub it down with the graded 

sandpapers and take it oU the lathe. 

ASSEMBLY AND FINISHING a Check the component parts tor potential problems 

and make sure they fit together (Fig 8-15). 

B Cut Ihe Utile sliding gale blacks 10 size. nOle how 

Ihey fil in place. and generally rub down all Ihe 

mating faces so the gates are a well-contained sliding fit. 

II Set the gates in the slots, and hold in place with the 

boss ring (Fig 8-16); sel the pipes In Ihelr 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 kno\1\1 what goes where 

FlGURE B-17 FIGURE B-IB 

FIGURE B-18 

Set tho ring on tho bo .. aD th. gat .. are nicely containad; they 

a..aad to be a 100&8, sliding fit. 

and how (Fig 8-18). Generally pencil mark the position of 

the cradle on the base and the crank on the shaft so 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 

IiiI fit of the whole project. glue it logelher (Fig B-19). 

Drill and fit the decorative dowel pegs (Fig 8-1). wipe the 

whole workpiece with Ihe teak 011. and burnish II 10 a 

sheen finish. 

PROBLEM SOLVING 
• If you are new to wood turning I strongly recommend you 

gel a fou,-jaVi chuck, a tallstock drill chuck. and a really gOOd 

set of Forstner drill bits . 

FIGURE B-19 

Sat tha pipes in tha hoi .. so that they 

ar. aligned with the aaia or C.Dt.r of 

the turning. 

Tha chamber Deed. ta be a tight-gripped 

fit betw •• n the crad.1a and th. collar. 

otue fit the cumber in place in the cradle. 

alld then glue mate aurfaca. and .at u.. 

collar in position. 
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PROJECT B 

Sector Wheel Bearing Machine 

PROJECT BACKGROUND f1xsd P"'ot tbs Clptwlld wbsels .,,,hID tbs .ector frame 

Sector wheel beartngs are. In many ways, at the wry heart wU1 foUow the fll:ed path deftned by the edge of the 

of engtnse11ng systama. pan (I1gbt). 

Sector wheels are the '",haels wtth1n whaels" that keep 

ewrythlnq moVIng. Tbs!r prtmary functJDn Ie to emooth PROJECT OVERVIEW 
out the operauon by reducing frtcUon, In much 1ha SaJJl8 H8119 a good, long look at tbewmk1J1g draWIng (Ftg 9·1) and 

way as 1Olle.r bear1ng'S and ball beartngs. In fact. sector tbetemplat&8 (Flg9-2),and constde:rtbat. atagrtdscalsof 

bear1Jlg'S W'nO tnve:nte:l before all the rest; they were tbe two squares to r. 1ha machtne stands about S' In total 

prototype for beU1ng'6 that were to foDow. het.gbt and ;' across tha d1ameter of the .... heel pan 

Theworktng movame:nt oftbJs machlne tswonde:rfuD.y The machJne 18 made up almost entuely of tumed 

81mple and d1rect: as tba crank handle 18 twne:1 on the compODSDts-tbepsn,beanngwbsels,handle and knoba 

s...'C'C1'OR WHEEL BEARmG MACHINE 83 



SECTOR WHEEL BEARING MACHINE 
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SECTOR WHEEL BEARING MACHINE WORKING DRAWING 

FmUR.EG-l 
At - pi' .... .. two .... .,.. 
tD 1-, U. aar.t ttIDb 

.... t ,. til" trota OIl 
....... Of tbI .. , ... 
aro. ... . ...... , .. tl • 

...... .,. ... at7· ... 
.,...1111 ....... 01 

... .. L 
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SECTOR WHEEL BEARING MACHINE TEMPLATES 

98 SECTOR WHEEL BEARING �IACHINE 

FIGUBE 9'2 

n. scale i. twa grid .cp.are. 

to 1- for tlI.. black .l1IloueH •• 
aa.ct foar aqu.,.. to tlL. iDcla 

for u.. llna drawiq. 

A Large pan. 
B Bearing wheels. 

C Sector frame. 

D Decorative knobs (6). 

E BUll' (3). 
F BUn knobs. 

o Handle base. 

R Handle. 

I Washer. 



CUTTING UST 
A Large pan 

B Bearing wheels 

C Sector frame 

D Decorative 

knobs (6) 

E Buns (3) 

r Bun knob 

G Handle base 

H Handle 

Washer 

Pivots and pegs 

2 "  a I( 8 maple or beech 

a - a b eech 

3/, II 4 " 4 cherry 
)/ .. II 2/� " 9 walnut 

)1/4 l( p/� " 10 beech 

1 " } 1I  S cherry 

1 " 1 "  6 cherry 

1 - 1 - S cherry 

Ifa" dowel 

(or round toothpicks) 

CHOOSING YOUR WOOD 
As \\'ith all the wood-turning projects. the wood must be 

easy to turn. The wood must be well seasoned. straight 

grained. and generally described as being easy to tu rn. We 

settled lor beech lor the large pan and the bearing wheels. 

American walnut for the decorative knobs, and beech for 

the feet. 

MAKING THE PAN a Having studied the working drawing (Fig 9-1) and 

the templates (Fig 9-2). carefully selected your 

wood, and painstakingly planned fhe sequence of work 

so you know how to proceed. take tile 2"-thick slab of 

b eech-the piece for the base-and mark it with a 

7"-diameter circle. 

FIGURE 9-3 FIGURE 9-4 

EI Cut out the blank on the band saw. and mount It on a 

S"-diameter faceplate. Use short. fat screws at about 

3/./' long for fixing, with about 3/0" 01 the screw going into 

the wood. 

II 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, reliable working order. 

a Position the tool rest OVBr the bed of the lathe, and 

use a large gouge to swllUy turn down the blank to a 

smooth diameter of 7". 

11 Mark the center point with the toe of the skew chisel" 

and then fix the dividers-first [0 a radius of 3/0" and 

then I'H'-and mark the face of the wood with the various 

lines that make up the design (Fig 9-3). Move the tool rest 

out to the side 01 the lathe, and mark the band that runs 

around the edge of the wheel. 

II!!II Use the parting tool and skew chisel to sink the 

.. P/ ..... -wide wheel track to a depth of 1". Bring the 

whole area to a good. smooth. sharp-sided finfsh. The best 

\I\'orking procedure is to first establish the depth at the 

sides and then to clean up the rest (Fig 9-41. 

I!!!IW Continue turning the decorative beads that run 

.. around the rim. continue turning the edge. and so 

on (Fig 9-S). 

FIGURE 9-5 

u •• tbe ruler and divida" to mark tll. 

central pivot point. lbe width of the traock. 

aDd tJae dacaratin band u.at run. around 

lbe turning. 

u •• tho parting tool to law.r til. wa.t. to 

tJae de.ired depth. Hold tbe tool_a the 

inaid. face ta at rigbt angta. to lIle bottom 

of the pan. 

u •• tho tool of your cboic. to turn tho 

decorative bead. lbat run around tbe face 

of U.a pan. Note tIl.t I'm using an old fila 
I've ground to • be.ldike point. 
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... When happy with the proliles and linish. take a 

.. length of wIre and friction burn 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 

so the wire can be swiftly released It there are snarls . 

... Finally. having first rubbed d own all surfaces to a 

g smooth finish, leave the turnlng on the faceplate, 

and take it off the lalhe. 

TURNING THE WHEELS a Take the length of 2" II 2" square wood you've 

selected for tile wheels, eSlabllsh the end center 

points by drawing crossed diagonals. and mount it 

securely on the lathe, 

I!II Having turned down the wood to the largest possible � round section, use the dividers and parting tool to 

cut the two wlleel thicknesses. Aim lor two 'h"-thlck 

wheels al PI," diameler. lt is best to clear Ihe 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 g-7). 

E1 When you think the wheels are to size, carelully 

draw the tailstock out of the way, and have a trial 

lilting 01 the wheels In the pan (Fig 9-8). 8e cautious that 

you don't knock the workpiece ott-cemer. 

a With tile wlleel diameter marginally smaller than 

Ihe width 01 the pan track, rub down the wheels 10 a 

smooth l inlsh, and part them all one piece at a time (Fig 

9-9). Note: if you have a tailstock drill chuck, you could 

bore out the pivot holes prior to parting off. 

FIGURE 9-8 

Fba ... ., bold tb.. copper win oa top of lb. apianmg workplec. to 

friction burn a series of decor.tive riDgs. W.rning: on no account 

should you wrap the win around your lingen or bavo loop 

handles; yoa lIlaat be .bl. to a.Utly drDp tb. wb. if It .n.arla. 
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FIGURE 9-7 

Ua. th. lIIft band both to aupport th. workplec. and to control tb. 

cutting pressure. 

FIGURE 9-8 

Wbon you think tb. wb •• l. aro to al ... stop tb. latb., back th. 

tails tack out of the way. and have . trial fitting. Aim for. small 

.pace batw .. D tho .id. af th. b.al aAd tb. c.nt.r af the pan. 

FIGURE 9-9 

aaving cl •• nod up the faca of tb. fint wh .... baelf tb. tails tack 

out of the way an.d. carefully part aU. 



FIGURE 9-10 

Us. tb. partlDg tool to .1nk tho chADDSI .t lb. bottom of tb. pan. 

.. Lastly. having tlrst run '/s"-dlameter holes through 
IiiiI the wheel centers. mark the position of the wheel 
centers on the bed 01 the pan track. This done, remount 
the pan on the lathe, and cut the canter-of-wheelline with 
a 'I."-wlde, 'I.'·-deep channel (Fig 9-10). 

TURNING THE DECORATIVE 
KNOBS AND BUNS a First of all, have a look at the working drawing (Fig 

9-1) and tile project photographs. and see that there 
are six decorative knobs set at 60· intervals around the 
top rim 01 the pan and three knobs. or buns. set at 1200 
intervals around the underside of the base. 

R Feel lree to change the shape and size 01 the 
IiiI turnings to suit your needs, select the length of 
wood for the decorative knobs. and mount it on the lathe. 

II With the wood securely mounted between the 
lour-jaw chuck and the tallstock. turn it down to a 

diameter of about t/�.,. 

n Use the dividers to mark the string of beadUke 
... repeats that make up the six knobs. I used a 1/4" 
module-'I," lor the top 01 the knob. 'lo" lor the bottom. 
and 'f, for the stalk or spigot (Fig 9-11). Sink the waste, 
meaning the width 01 the spigot, to match one of your drill 
bit sizes. Aim for a diameter between 1/8" and 3/e", 

.. With the little blanks aU cut to size. take the skew 
iii chisel and set to work systematically turnmg them 
to the desired shape. Work along the turning in one 
direction and then rerun in the other direction. Turn off 
the bottom shoulder an aU six farms, then cut in the 
decorative lines on au six forms (Fig 9-12). 

FIGURE 9-11 

Tum down the cylinder IMI YOU have . beadUke atring of Ult" 

drum ahap ... lfol8 how tho wood l.s securoly hold In tho cbuck 

aad pivoted on . live tailstock ceuter . 

FIGURE 9-12 

D •• tho ho.l of the POW chi .. l to turn off tile .harp .houlden. 

The be.t procedure La to work along the hlmiDg in one direction 

aDd tben rerun in the other direction. If you bava doubt. about 

'Jour turuing akilla, tum off more alaapea thaD YOD need and aolect 

tbe choica .at. 

I!tI When you have achieved what you figure are six 
... lYell-turned knobS. take the wire and mark each 
midline with a decorative, friction-scorched stripe. 

II Having first 01 all paned tile knobs ott the lathe with 
the toe of the skew chisel, set them one piece at a 

time In the jaws of the chuCk. and sand tile cutoH points to 
a smooth, rounded finish. 

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

iii described. mount the wood on the lathe. turn it down 

to a cylinder. use the dividers to set out the step-afts that 

make up lhe design. reduce the waste at Ihe spigot and so 

on until you have four identical little drum-shaped blanks 

(Fig 9-13). 

lIP.' To turn the buns to the roundish nutlike shape 

� you should: 

• Set the skew chisel nat down on the workpiece so the 

heel Is on the midline and looking in Ihe direction 01 cuI. 

• Gently rotate the tool until the blade begins to bite. 

• Lift and rotate so as to cut away t he sharp shoulder. If 

you 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 valiey with the toe uppermost. 

m Continue to repeatedly set the heel DC the skew Dn 

the midline, lifting and rotating-first to the left to 

remove all tile shoulders all one side and then to the right 

to remove the shoulders on the other side-until you 

finish up with lour well-turned (arms (Fig 9-14). 

fI!II Sand each bun to a smooth finish, then part off the 

IWiiII turnings Irom the lathe. remount them one at a time 

in the jaws of the chuck. and sand the part-off area to a 

smooth finish (Fig 9-15). 

MAKING THE WHEEL 
SECTOR BEARING FRAME a First of all, have a good look at the working drawing 

(Fig 9-1) and the line drawing (Fig 9-2), and see how 

the form is drawn witb 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. 

R When you have a clear understanding of how to 

... achieve the image, draw it on your chosen piece of 

'/,"-thick wood so the center Une nms in tbe direction 

of the grain. 

II Fix the posilion of the four hales. and run them 

through with the lillO-diameter drill bit. Then move to 

the scroll saw and fret out the profile. Being mindful that 

the speed 01 cut wi1l change as you cut alternately \'\'ith 

and across Ihe grain, run the line 01 cut a little to the waste 

side of the drawn line. 

90 SECTOR WHEEL BEARING MACHINE 

FIGURE 9-13 

Un the partiDg tool to .w1ftly stDII: tke are •• of wa.te. 

FIGURE 8-14 

Wb8D you JUln aclUaved wkat you eoa.aldlr to be a weU-matched 

sot of lnana, tid, up th • •  plgot. with tile partillg tool, and 1188 tk. 

toe of U.e ak .. chi .. 1 to very neady part off U.e taming. ana 

from another. 

FIGURE 9-15 

Bold the bon by its .pigot, and UM tb_ .. up.per to rub dOWJl the 

part-off paiDt to . amooth fini.h. 

a Using a large-sized drm bit-or you could cut a hole 

on the scroll saw-reduce the weight and lighlen up 

the appearance of the form by piercing the center area 

(Fig 9-16). Be carelul nol to weaken the structure by 

having the pierced window too near the edge of the profile. 



FIGURE 9-16 

Bolng careful DOt to got too ne.r lh. edge of the profile, UN • 
larga-si.ad drill hit to bore out the pierced window. 

ASSEMBLY AND FINISHING a When you have made aU the component parts that 

make up the machine-the disk shape pan, two 

wheels. sector trame. and various decorative bits and 

knobs-check them over just to make sure they are Iree 

from damage, give them a light rubdown with the teak oil, 

and then clear the work surlace to lHepare lor putting the 

pieces together (Fig 9-17). 

R Belore you do anything else, especially il there is a 

III likelihood that one of the component parts is made 

Irom 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. II au is correct. 

the comact between the wheels an d the inside face at the 

pan should be such that there Is just enough Irlctlon to 

set the wheels in motion but not so much that they stick 

(Fig 9-18). If need be. take a fold 01 the linest-grade 

sandpaper and rub down the whee:! rims to fit. 

R Glue the three bun feet and the six knobs In place, 

... 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. tit 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 you Und 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 ot/ending Pant accordingly. 

a Finally, wipe away the dust. burnish the oUed 

surface to a sheen fimsh. and the machme tS ready 

lor action. 

FIGURE 8-17 

Set out aU tb._ compone.n.t parts. and ell_c:k tum over for 

potential problema. 

FIGURE 9-18 

Wb.en 7GU a.re raady for glu., dip U.e point. of round taaU.pi"., 

wedge tlt.e polnts in lao .... fit boles. make adjustments for a lood 

tit, and trim back whan tha llua is dry. 

PROBLEM SOLVING 
• I Ulink it fair to say that the Innate character of thiS prolect 

is such that it needs to be made on the lathe. But what to do 

it you havenl a lathe? Well, If you are really keen. you could 

possibly seek out a lathe at the local school or join a group or 

build your own lathe. 

• Being mindful that as wood dries it shrinks across the width 

of the grain, this is aU the more reason you must USB weH .. 

seasoned wood for making disks and wheeis. 1f you lind that 

the wheels lam when you bring the machine into the house­

even though they started out as a perfect tit-this is a good 

indication that tne wood Is still drymg. shrinking and moving. 

Avoid using woods that are so inherently unstable that they 

never stop moving, 

• If at any pomt 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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PRDJECT IO 

Flywheel Propeller Machine 

PROJECT BACKGROUND 
This machine is made up of two key engineering devices, 

namely. a flywheel and a propeller. Flywheels must surely 

be one of the most commonly used. engineering mecha­

nisms 01 all time; they are everywhere ... In clocks. In auto­

mobiles, in motors, and in just about everything from toys 

and tools to tram cars and traction engines. 

The dictionary says 01 a Ilywheel: "a flywheel is a heavy 

v.lheel that stores kinetic energy and smooths the opera­

tion 01 a reciprocating engine by maintaining a constant 

speed of rotation over the whole cycle" ( right!. 
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PROJECT OVERVIEW 
Have a good long look at the working drawing (Fig 1O-1A) 

and the templates (Fig 10-18). Note that the propeller boss. 

flywheel. beil-shaped distance hubs at either side of the 

lIywheel. pull cord ring, and ball stop at the end 01 the shal! 

are all turned. 

If you don't have a lathe, you can modify the Jorms and 

make them from flatwood cutouts. The eftieleney of the 

movement hinges primarily on the flywheel's precision 

and any nonturned modlllcalions must be made with extra 

special care. 
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FLYWHEEL PROPELLER MACHINE WORKING DRAWING 

: 
I 
, 1- - - - - - - -
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FIGURE 10-lA 

At • •  rid scale of two aquare. 

ta 1", the machiD • •  tand.. 8" 

.. '.11 from tb.. undenlde of til. 

b ... through. to tb.. tap of til. 
nywh .... about 8"lonll, alUl 

about 6" wide aero •• til. aplUl 

of til. propaUer. 



FLYWHEEL PROPELLER MACHINE TEMPLATES 

FIGURE 10-18 

The scal. is 'our grid squares 

to 1". tfat. that the poailion of 

the si. hoI •• all the Oywb.Hl 

i. fi ... d with • camp.a .. 

A Flywneel. 

B Stanchions (21. 

C spacers (2). 

D Pull ring. 

E Boss. 

F Propellers. 
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CUTTING LIST 
A Flywheel 2 11 S II S maple 

B Stanchions (2) �/, " 8 " 9 cherey 

C Spacers (2) lilt II PI. cherry 

D Pull ring P/� · 1:1/. cherry 

E Boss 1 " 1  beech 

F Propellers 2-1/. )( 1 )1  3 beech 

Base '/, ,, 5 • 61/t beech 

Ball stop I x I 
Main shalt 9"_'/�� dowel 

Pegs 6"-1/4" dowel 

Fixing pins round toothpicks ----

CHOOSING YOUR WOOD 
Two considerations influenced our choice oJ wood: the 

nBed for the flywheel to be as heavy as possible and the 

tact that the wheel was going to be made on the lathe. we 

settled tor European beech tor the base slab, North 

American cherry lor the stanchions and the small 

turntngs. and North American maple tor the flywheel. 

MAKING THE BASE a Having studied the working drawing (Fig 10-IA) and 

templates (Fig 10-18), take the 't,"-thick slab 01 

beech-the piece tor the base-and mark it with all the 

measurements that make up the design. 

II Cut the base to size with your chosen tools and sand 

it down to a smooth finish. 

II Have another look at the working drawing (Fig 

ID-IA) so you know what goes where and how, and 

then use a soft pencil, ruler and square to mark the base 

with all the guide and placement Ilnes. For example. label 

the propeller end, draw in an end-to-end center line, 

estabHsh the position of the two stanchions, and so on. 

MAKING THE STANCHIONS a Take your chosen piece at wood and transter the 

lines at the design tram the working drawings 

through to the woad. Tip: I usually draw the deSign up to 

lull size on the work-out paper. make a tracing, and then 

use the tracing to establish the primary reference points. 

Some woodworkers paste a paller panern on the wood and 

then cut through the paper, wood and all. 
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II Use the scroll saw to cut out the proliles. 

II Mark the position of the three holes: the 

'I."-diameter shatt hole and the other two holes 

at liz" and P/o" diameters. 

... When both cutouts have been identically marked, 

... run the holes through on the drill press. It's 

important tram workpiece to workpiece that the shalt 

holes are the same distance up from the baseline, so 

spend time getting it right. 

a Pencil label the stanchions for the propeller end and 

which direction the laces are looking. 

TURNING THE FLYWHEEL a Take your 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" ln diameter (Fig 1O-2a). 

II Cut out the blank on the band sa'N, and mount it on a 

3"-dlameter screw chuck. 

II Mount the whole works on the lathe. and check that 

you and the lathe are in good, sate working order. 

... Position the tool rest over the side at the lathe. and 

... use a large gouge to swiftly tum down the blank to a 

smooth diameter at a little over 5". 

FIGURE ID-2A 

ria tbe center of til. alab by drawing era ... el tliagDDal.., elra. oat 

tho cl.n:le. and tben elIar tbe wa.t. wltb u.. band u., 



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

IiiI work the wood face on. and use your chosen tools to 

turn off the face of the disk. 

l11li Mark the center point with the toe of the skew chisel; 

... then llx the dividers to a radius 01 about 1'1.". and 

mark the face of the wood with a 3'I,"-diameter circle. 

Note: the circle must be slightly bigger than the diameter 

of your screw chuck. 

I!II use the parting tool and skew chisel to sink and 

.. waste the center of the disk to a depth of at least 'I,". 

Bring the whole central area to a good, smooth finish. 

... Use the gouge and skew chisel to round over 

... the edge so you have a radius curve 01 about 'I,· 

(Fig 10- 2b) . 

... Having turned down onB radLus curve, flip the tool 

IiiI over. and start the curve on the other side 01 the 

wheel (Fig 10-3). 
lIP.' Spend time cleaning UP one side of the turning (Fig 

1iiI 10-4) so the profile is crisp and sharp, and then 

record the diameter 01 the sunken area with the dividers 

(Fig 10-5). Turn the wood over on rhe screw chuck. and 

rerun the whole procedure on the other side. 

ED When you have what you consider is a nicely turned 

flywheel. rub It down to a smooth finish. and take it 

off the lathe. 

FIGURE 10-28 

U.8 tba skew chisel to cut the quart.r-circla curve that n1DS 

frDm n.. cODter Una aDd .roUlld. to lb. rim of lb. �.n .r ••. 
I UN the .ide of the d:e. chiae1 liJte • scraper, it's Dot ve.., good 

for the cutting edge, but it geta U.e job done wilbout the need. 

for chabging tools. 

FIGURE 10-3 

When you lIave completed the curve at Oba aide, tum the skew 

ClaiM1 so it is bOlO dowD, and tidy up the V-s.cUon midllno. 

FIGURE 10-4 

U.e the parling ta01 to clean up the edge of the sunken areL 

FIGURE 10-5 

Before you tum the workpiece over aD the acrew chuck and work 

the olb.r sid., us. the divldors to t&Jc • •  ,.dlus r •• ding. 
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FIGURE 10-& 

Haviug used a comp ... to fie tb. pouUon af tb. sl. hoi • ., .et tb. 

Oywb •• l an a diu of wut. wood, and run u.. bo .... through with 

• '/." bit. EvorytblDg noed. ta be waU c:lamlMd and. .ecure. 

fI!t use the compasses to posltlcm the six holes, and 

.... drill them with a 'I."-diameter Forstner bit. Lastly, 

drill out the central '/s" -diameter shaft hole (Fig 10·6), 

TURNING THE BELL-SHAPED SPACERS a Have a look at the working drawing (Fig 1D-1A) and 

templates (Fig 10-lB). Apart from the flywheel. there 

are five secondary turnings: two bell-shaped distance 

spacers-one either side 01 the f1y-wheel-a ring that 

holds the pull string, a boss for the propeller blades, and 

a ball stop at the back end of the shaft, 

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

EI Use the dividers to mark the cylinder with aU the 

step-olfs. AllOw a small amount at each end for 

chuck waste, t" for each of the spacers, and about 'I<" at 

center lor part-off \\faste (Fig 10-7)_ 

FIGURE 10-7 

When you bave acblevecl the tn·dlamet.r cylinder. u .. tJa. 

dividen to mull tis. atap-off .. Allow . small amount oD .ach .nd 

for chad: ••• to. l" for each of tbo tul'lllnga, and about 1/," at tho 

center for part-off wasta. 

a Study the shape ol the bell (Fig 10-lB), then use the 

small, round-nosed gouge and the skew chisel to 

turn down the two little forms to sbape (Fig to-8), 
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FIGURE 10-a 

If your workpiece t. wpported. in. chuck, you wlll be able to 
cut th. hunings ana piece at a tim. from til. lath •. Not. the w.., 

tb.at .a achieve Q1Dmatry by turning the two itoma •• mlrror­

ima,e profileL The idea is that.e move swUtly baclrwanl and. 
forward. from aida to aida, aU tile wbU. maJcing sun .. cb. staga 

ia waU match.d.. 

I!I Rub down the turnings to a smooth finish, part them 

IIiiI oil lrom the lathe, and run them through with a '1,"­

diameter hole-a hole to match the diameter of your shaft. 

TURNING THE PULL STRING RING a Mount your chosen length of wood on the lathe­

use a four-jaw chuck-and swiftly turn It down to a 

diameter of about 1'1,' (Figs IO-lA and B), 

R Use the dividers to scribe the 1" length. Mark a 

IiiiI center line with the toe of the skew chisel. and part 

oil from the tallslOck. 

EI With the workpIece stili secure In the jaws 01 the 

lour-jaw chuck, mount a to-diameter Forstner bit in a 
drill chuck at the taitstock end of the lathe, and run a 

l"-diameter hole through your turning (Fig 10-9), 

FIGURE 1D-9 

Drilling out tb.e ring uaing . tailstock child: and Fontner bit, 

advance tb.. taUatock at . stead., rate, every now and. again 

pulling back to cl.ar .wa., the wa.te abaving .. 



FIGURE 10-10 

Although, a. the photograph slIowa, we ran the bola straight 

through tJa. Jing, it'. really beat to .upport the riag by .Udlag it 

on a length of ••• te dowet 

... Now rub down the turning to a smooth finish, and 

... part off from the lathe, 

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

sure to drill across the grain, run a :I/s"-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 a Mount your carefully selected length of I" • I" sQUare 

wood securely on the lathe. 

II Before you go any further, have a look at the various 

drawings and photographs, and see that the hoss Is 

only partially turned-at the nose and the corners-with 

the sides left flat. The idea is that the propel1er blades can 

be more easily fitted If they are located on flats, 

II When you have a clear understanding 01 just how 

the wood is to be worked, swiftly tUTn off the corners 

of the 1" I( 1" square section . 

... Having used the dividers to mark a single l1/","-long 

... step-ott, take the skew chisel and tum down one 

end of the workpiece to a smooth, round-nosed, or dome, 

finish, Make the nose about 'Ii' long and the nats about 

1" long ( Fig 10-11), 

FIGURE 10-11 

Turn down tbe square Mclion aD there are untumad " -"-wide 

Oat. DD aU four .id ... 

FIGURE 10-12 

Vae a eharp JmJfe Bnd . ufo thuJUb--brac:ed cuttiJ:lI action to 

whittle th. blad •• to .hape aDd sua. 

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

off tram the lathe, Sink a '/e" -dlameter hole Into the 

flat end of the boss to a depth of about '/z" and run a '!."­
diameter hole through one Uat side and out of the other. 

� Finally. when you have considered the shape of the 

iii propeller blades (Fig 10-lE I, take a knife and a 

couple of lengths of wood at about '/,' thick by J" wide by 

3" long and whittle the blades to shape and size, Aim lor a 

couple of well-matched paddle-blade shapes (Fig 10-12), 
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ASSEMBLY AND FINISHING a When you have made all the component parts-the 

base slab. two stanchions. flywheel. two spacers. 

pull cord ring, boss, propeller blades, and all the little 

dowel pegs and pins-then comes the lun task of putting 

everything together (Fig 10-13). 

B Stan by dry fitting and pegging the two stanchions 

in place on the base. Set the propeller end stanchion 

fn place. and then slide the shaft tllrougll the bearing. and 

make sure it runs free and easy. 

EI Make sure the shaft is a smooth. accurate fit, then 

slide the other component parts on the shaft. drilling 

and pegging as you go. From the boss end. the order goes: 

Iront 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 m ovement and, if need 

Y be, rub do\vn tile shaft or the holes untll everything 

is a smooth fit. You might also have to reduce the length of 

one or both of tile bell-shaped spacers. 

� With all the components in place on the shaft, spend 

g time adjusting lor best lit. Make sure the pln-tixing 

holes run through the center of both the component and 

tile shaft. 

I'l'I Fil the boss. Angle the propeller blades In the boss 

ail so they look li.ke fan blades (Figs 10-18 and 10-19)_ 
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� E:3 

FIGURE 10-14 

FIGURE 10-13 

Whea yeu bave completed .U 

the component puta that 

make up the project, glva tham 

• gaad rubdawn with the 

finHt-grade aandpaper and . 

sw1ft wlp. with tJae teu aiL 
Be careful Dot to gat tba aU all 

audac •• that are ta b. glued. 

Peg the fint stancblon in place, and .Ude tbe .haft and tbe fint 

apacel' in position.. 

FIGURE 10-1.5 

Do yaur be.t ta saa that lb. fi.ing pin I'1lJl8 betweall rathar than 

across tho balu. 



FIGURE 10-18 

Cut off til. nywh •• l pin &0 the wba.l is able to turn, an.cl .Ud. u.. 
other .pacar in posltiolL 

II When everything is a good 1il, pass the end ot the 
cord through the pull hole and have a tryout. All you 

do is wind the string good and tight around the shalt, 
firmly hold the base on the work surtace-with your 
knuckles well clear of t he flywheel-and then give a good, 
smooth pull on the cord. It all is wall, the flywheel will 
spin into action and then carry on spinning. 

� Lastly, when you are pleased with the running 
III action, glue and peg everything into place, and give 
the whole works a swilt wipe with lhe teak oil, Now the 
machine is Jinished and ready lor action. 

PROBLEM SOLVING 
• If you like the idea oi thIS project bUl can't get use ot a lathe, 

you could use shop-bought items fDr the turned parts: a large. 

wooden wheel for the IlY\'lhee� a length flOm Ule end oj a 
broomstick for the boss; large, wooden beads for the spacers 
and end stop; and so on. 

• If you decIde to use a different Vlood for the flywheel. make 

sure it is B good weight and strong ac:ross the grain. tn the 

context of Ibis prolect, avoid loose, It!lhtwelght wood Ill<e 

jelutong and ragged, knotty wood like pine. 
• Be carelul not to get the glue on areas that are to be oiled or 

oil on areas that are to be glued. 
• If by chance your U'{'ovbeel lixing hole runs across one 01 the 

six large holes, making the round toothpick viSible, then glue 

the mUDd toothpick in place, and co[ away the bit when the 

glue Is seI. 

• If you have a taflstDck drill chuck, you could maybe modify 

the order 01 work and driU out the belJ-shaped spacers while 

they are still on the lathe. 

FIGURE 10-17 

Slid. tb. pull ring in plac., and. than fallow up witll lh. 

seconcl atallCbloD. 

FIGURE 10-18 

Trim tbe propeUer blade onds to a tight push tit, aAd glue tbem la. 

place in the boas holes. 

FIGURE 10-19 

FillaU,., glue lia the bON anc1 lb.. tail ball witla. round. looU.pick .. 

and trim back wbon the Ilao ,. dry. 
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PRDJECT ll 

Pyramid Roller-Ball Machine 

PROJECT BACKGROUND 
The sphere, oT ball, is perhaps one of the most perfect and 

dynamic of all forms. Wheels. disks. spheres. balls and all 
circle-related forms are complete, self-contained and full 

01 energy. 

This machine is made UP of fourteen balls: three groups 

of three small balls, pivoted and captured in the base frame. 

all topped aU by five loose. larger balls. In use. the handle is 

turned, with the overall effect tha.t the three bans on the 

drive shalt revolve and In so doing set all the other balls in 

motion (right). 
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MAKING WOODEN MECHANICAL 
MODELS PROJECT OVERVIEW 
Have a good. long look at the working drawing (FIg ll-l, 

and the templates (Fig 11-2). and consider how this ma­

cillne beautifully Illustrates a number of key engineering 

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 questions. For exam­

ple, can you guess what direction the top baUs will roll 

If you turn the handle counterclockwise? Or what wlll 

happen if you top off the whole stack of balls with ve. 

another ball? 
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PYRAMID ROLLER-BALL MACHINE WORKING DRAWING 
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FIGURE 11-1 

At. grid scale of two squants 

ta 1", the machiD. ataud.. 

about ... bJab and 8'/.." aero ... 

the nat. of the framL 



PYRAMID ROLLER-BALL MACHINE TEMPLATES 

FIGURE 11-a 

Th_ sca1. is two 

grid aquar •• to 1", 

A Base trame. 

S Lafge balls (5). 

C Small bans (9). 

D root bars (2}. 

E HanCUe crank. 

PYRAMlD ROLLER-BALLMACHHfE 105 



CUTTlNG UST 
A Base frame 

B Large balls (5) 

C Small balls (9) 

D FOOl bars (2) 

E Handle crank 

Pivot rods 

5/, II 9 II 9 rolip 

G - 2 '"  16 beecb 

2 '  2 ,  36 bee<:h 

11/� II P/� lt 7 

) , 2 mahogany 

24"_1/,. dowel 

CHOOSING YOUR WOOD 
This proj Bet calls primarily lor three wood types: a strong. 

heavy. tight-grained wood for the base frame; a heavy­

v.'eight. easy-to-turn wood for the nine small bans; and a 

heavy. easy-to-tum wood for tile 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 a After looking at the working drawing (Fig 11-1) and 

templates (Fig 11-2), selecting your wood, and just as 

carefully planning out the order of work. take the '/,"-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 S"-diameter circle. 

R Cut out the circle with your cnosen 1001. Now mount ... it securely on the faceplate. Use short. fat screws to 

mInimize damage (Fig 11-3). 

FIGURE 11-3 FIGURE U-4 

EI 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. 

II Position the tool rest at an angle to the bed of the 

lathe, and use a large gouge to swiftly turn down the 

blank to a smooth diameter 01 8". 

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

work the wood face on, and use your chosen tools to 

turn all the face and edge of the disk. AIm lor an edge that 

is nicely rounded over at the working face (Fig 11-4). 

I'!!I When you are happy with the disk. rub It down to a 

iii smooth finish, mark the center point with the toe of 

tile skew cllisel. and take the dIsk off the lathe. 

II Use the compasses, sQuaTe and Tuler to draw all the 

lines that make up the design (Fig JI-2) and to fix 

the preCise posillon of the nine holes. Be sure to have the 

straight sides aligned with the run of the grain. 

IP.II Having made sure that all is correct. run the holes 

IiII through with a 1'/,'-diameter Forstner bit (Fig 11-5). 

It's Important the holes are well placed and cleanly cut. 

... With all nine holes 1,Nell placed and cleanly cut, run 

iii the disk through the band saw, and slice away the 

two areas of part-circle waste. 

FIGURE U·5 

Align tb. facep.ato with tho caDter polat. 

and acrew it securely in place. Try to 

place the acr ... IMI tbey Dccur in ...... 

of wa.te. wblch ar. to be cut away. 

Tum dowa tb. diak to • •  mootla. round­

edged liui.h. 

RWl t.e Jaol .. tllrouab with tla. l�/." 
Forstner bit. 
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FIGURE 11-6 

Baving mad. aura u.. workpiece i. standing square aDd trua­

M tile drill bit is perfectly aUped with tll. face of lbe woad­

carefully run tho pivot rod bol •• dOWll lkroagb t •• thlcka8u. 

fP.' Now for the most diflicult part of the project! Look at ... the working drawing (Fig 11-1) and templates (Fig 

11-2). The notion 01 giving the base Irame two lIat edges 

that are perfectly SClUare and parallel to each other has to 

do with the actual procedure of drilling the pivot holes 

through tbe thickness of the wood. Without the edges. how 

else CQuid you make sure the holes are aligned? 

ED When you have made sure the edges are parallel and 

marked as many guidelines as you think necessary, 

fit the 'I<' bit 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 H·S). 

I'!!I Still working on the drill press. sink a 'I ... ·wide. 

WiII IJ,,"-deep stopped hale at the intersections between 

the holes. 

I'!!I Take the hooked knlle-or you might use a scoop 

IIiiii or spoon gouge-and carve a way the edges of the 

3/,," -diameter hole. Aim for a sculptured surface that runs 

in a smooth sweep Irom the top face 01 the franle down 

into the dip and up again (Figs 11-7 and 11-B). 

.... When you have a good frame, rub it down to a super­... smooth finish, and cut the two lit-tle foot bars to fit. 

TURNING THE NINE SMALL BALLS a Taking your length of 2" • 2" square section beecll­

the length for the small balls-establish the end 

centers by drawing crossed diagonals, and mount i t  

securely on the lathe. 

FIGURE 11-7 

u ••• had:.d knife ta carve the smooth· curved dips at tha 

intersectiollB. Do nat cut through into the pivot rad halea. 

FIGURE 11-8 

Cra .. .. etlan slaowiog the deptb af tb. carved dips. 

FIGURE 11-9 

..arlle the cylinder with aU the divider step-oUs that mue up 

tb. d •• lga. . 

EI With the wood at a smooth ll/:l"-diameter cylinder, 

set the dividers to II/i' and step off all the guldellnes 

that make up the design. Starting at the chuck. allow I/t/' 
tor chuck waste. Ph" (or the 1irst ball. Ph" Jar waste, llh'" 

forthe second ball, 'N' for waste and so on along the 

length 01 the wood. Now reset the dividers to 'Jh,'" and mark 

each step-off with a midline (Fig 11-9). 
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FIGURE 11-10 

u •• th. parting toal to .ink the ••• ta to .  depth of .bout 1/,". 

FIGURE 11-12 

u •• the caliper. to check th. turning&. )fat. th.t at thi. atag8 the 

balla look to b. allgbtly egg ahapod. 

II Take the parting tool and sink the bands of between­

ball waste to a depth of ,/," so you are left with a 

central core at about 'Ii' (Fig 11-10)_ 

a When you are happy with the markings, take the 

skew chisel and turn (Iown the baU shapes. The 

sequence of work along the length of the wood is: 

• Hold the skew chisel Uat on the workpiece-on the mid­
line-on the first ball nearest the headstock such that the 

heel is looking toward the headstock. 

• L1Jt the handle untU the blade begins to bite. and then 
advance in a smooth rolling action_ 

• Repeat the cut-from midline and down Into the valley­
until the ball begins to take shape. 

• Having turned down one half of the baH, move on to the 

next ball in line. and rerun the action. 
• When you have turned down the lett-hand side of every 

ball. go back to the first ball In line. flip the chisel over so 

the heel is looking toward the tails tack, and then rerun the 

sequence of cuts for the other side of the balls. 

lOB PYRAMlD ROLLER-BALL MACHINE 

FIGURE 11-11 

Do voW' be.t to make Bun u.. atring of baU. are .8n matched. 

FIGURE 11-13 

Drill Gut the 'f."-diem.tar pivot bo18; USII tha turned midline •• aD 

alignmeDt suida. 

I!I When you have turned the whole string of balls 

iii more or less to shape (Fig Il-Il). go back to the first 
ball in line, and use the calipers (Fig 1 1-12) and skew 

chisel-and maybe also a cardboard template-and 
fine-turn each ball to the best possible shape and finish. 

� Take the whole string olf the lathe and use a 

iii fine-bladed saw to cut the bal1s apart. 

I!II Take the balls one at a time, set them in the jaws of 

.. the chuck, and rub down the part-off points. 

... Final1y. one piece at a time, hold the balls in the 

iii chuck-this tlme with the midline In the horizontal 
plane-and use the tailstock drill chuck and the 
'I,"-dlameter bit to sink the pivot holes (Fig 11-13). 



TURNING THE LARGE BALLS a The main difference between the small and large 

balls is not so much in the shape-although the 

small balls can be slightly lIat faced at the holes-but 

more in the turning technique. For example, the sma1l 

balls are turned aU as a string. while the iarge balls are 

turned off one at a time. 

R Having mounted the wood on the lathe. cut a IIiiI cardboard template, and marked off the sequence 

01 step-oUs (fIg 11-14)-all as already described In the 

previous section-lower the waste at either side 01 the 

ball at the tails tack end. 

II 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 you 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 

... tailstock-first one half and then the other-and 

checked It with the cardboard temlliate (Fig 11-15). wind 

back the railstock so you can approach the ball end on, 

and carelully bring the ball to the best possible 1Inish 

(Fig 11-16). 

ft Finally, pan off the ball with the toe of the skew 

IiiI chisel, wind back the railstDe k so the workpiece is 

once again supported at both ends, and rerun the 

sequence for the other four balls. 

ASSEMBLY AND FINISHING a When you've completed all the component parts that 

make up the project-the base frame, two foot bars. 

nine small balls. five large balls, little crank bar and pivot 

rods-spread them out on the surcace, and check them 

over for potential problems (Fig 11-17). Pay panicular 

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. whUe Ihe outside balls need to be an easy-to-turn, 

loose tit on the rods with the rods being a tight fit in the 

frame holes. 

I!!!II Start by gluing and pegging the foot bars in place 

III on the underside of the Irame. 

FIGURE U-14 

Un the skew cllisel to sllave tile wood to 8 g004, smooth tiniah. 

FIGURE 11-15 

u ••• cllrdboard tampt.ta to check tb. profile. 

FIGURE 11-16 

With til. workpiece still held firmly and. .ecurely ill the ja.s of 

tb. cbu.ck, back tb. taU.tock out 01 tb. wa,. and tarn down tb. 

and 'ace of the baU to • good profile and finish. 

II When the glue is dry. take the finest-grade 

sandpaper and spend time rubbing down the whole 

lrame to a smooth finish (fig 11-18 ). Pay particular 

atlention to the carved dips on the top and the inside 

edges oC the nine holes. Make sure the pivot holes are 

clean and tree from jags. 
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FICmu: 11-1"1 

... .. t •• G. _ .. _ .. ' ..... c.kktbnlOftlfUtbI .. 
.. t&s8UdpneO .. ... ta. 

II Havln9sanded theptvot reds so theballa are an 

eaSY-lo-tum fit. ftt the n1neballs in place. Tba best 

procedUJ8 1S 10 sMa the rods througb both the frame and 

tbebaDa fttt:lng sndeastng as you 1]0. ConUDus fttt1JlV 

sndmodlfytng untU ewrythlng comes together. For 
example. youmtght 111 ana ball then deCIde that another 

18 abetter 11t. thsnspend t1m8 sandtng a ball so 11 rums 

freely (Flg 11.-19). and 80 on 

II When you have fttted all ntne balls and tbsu ptw 1 

rods In place and gluOO the l1ttla crank handle on the 

central rod, gtV9 the whale wodes a rubdown With teak oil. 
and bum16h to 8 dull sheen fLntsb. 

� Set the bve large balls m place. twn t:ha handle, and 

iii watch the movmrumt at the balls as tbfIY revolve. 

UO PYRAMID ROI.l.ER·BALl. MACHINE 

FICmu: U-18 

1IIMa. JIIIIUOId'" II-tl.,.. "'t:lbpnHloQ ........ ,.r 
D.". tlf *tr. dIU .. .... . , ... wiD .,. ... .r ....... . 

PROBLEM SDLVING 
• JJ fOil IlkII tbe JdeaoJOllSProJict 001 caDt get use ola liSllle. 

you coold use sbQP-oougbt baIlS aoa settle (or maldalI 001, 

Ille trams. 

• It you declOe t01lS8s lUttareot .ooILJDJ tile balta make 

SUte tl II agooa .elgDlstroogacross the gT81D acd9Jltable 

lOt ttlmlDg. 

• Be tlJ8ruJnat 1D gel thegiUSOOaJ8BS OW Dilello m0Jv8 
blllY.A gooO tIP IS togeunlUSIYDJI everytblllg IIcept 

Ole facesUlit 81'1 to be glUeClbeCOnl JOUltart pumolI IDe 

parts tDgltbiJ. 

• U JOIl can' use a crooked ltolJ8, you coulCl use 4 scoop gouge. 

FlCDllllU-18 

b ....... Ib.U. 

, .. lCIIlQUtOl U.  ..... OIIl 

tl • .,. ...... tall ". 
IICU8Wi u. .... at. u .... 
... ... IDI.OI .... . 
...... tl.nr.. 



PRDJECT 12 

Rack and Pinion Machine 

PROJECT BACKGROUND 
This is one of our favorite projects. Rack and pinion is a 

(levlce lor convert Ina rotary movement into linear moUon 

and vice versa in which a gear wheel-the pinion-engag­

es with a flal-toothed bar-lhe rack. When the crank handle 

is slowly turned-clockwise or counterclockwise-the cog 

wheel teeth engage, with the effect that the rack slides 

along Its frame. 

PROJECT OVERVIEW 
Befare you put tool to wood, have a goad, long look at the 

project picture (right). photo(Jraphs. working drawlna (Fig 

12-1A) and templates (Fig 12-18), and note that the machine 

Is made up 01 three primary paris: a small gear wheel, large 

gear wheel. and long, toothed bar. Consider how the tWD 

wheels are pivoted on dowel shafts, with the smaller wheel 

being operate(1 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 01 a dowel rod 

that runs through the lront rail, through a slot in the rack. 

and on through into the back rail. 

--
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RACK AND PINION MACHINE WORKING DRAWING 

FIGURE 12-lA 

At • •  rid .c .... af two square. 

to 1", the lIl.chiDO .ta.od.. 

7',."bigh and s"wI40. 

Kot. tIlat illsida view u.. 

dnlgn primarily u ... 
a/."·wida ataclr.. 
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RACK AND PINION MACHINE TEMPLATES 

114 RACK AND ?INION W.ACHINE 

FIGURE 12-18 

The aca1. i_ 'aur grid square. 

to 1". Allbough it i. importaa.t 

you do your be.t to copy the 

pratil. and .pacing of lb. 
t .. th, wa havo I"aped til. 
desigD so the ... is plenty 

o' le •• ay, 

A Rack. 

S Wheels (2). 

C Crank handle. 

D Crank. 



CUTTING UST 
A Rack 

B Wheels (Z) 

C Crank handle 

D Crank 

Back plate 

Bas. 

Rails 

Washer 

Rods 

'I., )I IV: II 9 beech 

�/, ,, 4 " 6 cherry 

t " 1 " S walnut 

)/,, 1I 1 w 2P/� 

3/, ,, g " ? beech 

1/4 11 3 .:  9 beech 

)/, " Z " 9 beech 

�/"' '' 11/i ,, }1/4 

24"-'/8" dowel 

CHOOSING YOUR WOOD 
In this project the character o( the wood Is Important. 

The wood (or the gear wheels needs to be strong across 

the short grain, and must be smooth grained, tree from 

knots, attractive in color, and easy to work. We chose to 

use North American cherry for the wheels; European 

beech (or the base. rails and back plate; North American 

walnut for the crank handle; and various offcuts Jar all 

the little bits and pieces. 

MAKING THE BACK PLATE a Take the 7" length 0( 3/. beech at 9" wide. With the 

grain running lrom top to bottom, use the pencil, 

ruler, sQUare and compasses to mark the lines that make 

up the design. We use an adjustabl e square and a washer 

(or the radius curves. It's Important the baseline Is square 

and the pivot points are correctly placed, so double-check 

everything (Figs 12-1A and B and 12-2). 

� Having shaded in all the areas that need to be cut 

... away and pierced, use the drill and a suitably sized 

drill bit to drill pilot holes through all the enclosed 

"windows" of the deSign. 

II Now cut out the profile, making sure the blade is 

running slightly to the waste side o( the drawn line. 

a When you cut out the enclosed ;'\'t,findows:' the order 

of work is: 

• Unhitch the scroll saw blade. 

• Pass the blade through t.he pilot hole. 

• Refit and rerension the blade. 

R Now sand all inside radius curves to a good. smooth 

iii finish (Fig 12-3). 

FIGURE 12-2 

Whon you preparD ta UM tho .dlu.tabl. aquaro to mark tho 

doaill'D on Ibe wood, mue 8UJ'8 you atart off with a square 

bu.Uno and II r.asonablv .mooth Durtaea. 

FIGURE 12-3 

w. a •• • amaU rotary carver-a am.aU drum sandor-to tintah 

tbe difficult·to-reach. inaid.-rediu curv ... 
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FIGURE 12-4 

Forstner drill bit. are perfect for ainlliD.g smooth-sided, flat· 

bottomed bllad lao1 ... 

I!I Use the 3/." -diameter Forstner bit to drill the five IIiI decorative blind holes that make up the design. Drm 

holes that are about 'I," deep (Fig 12-4). 

II Now smooth the back plate with sandpaper. 

MAKING THE PINION 
GEAR WHEELS AND RACK a Trace the gear wheel and rack patterns on to your 

wood. Irs important the teeth are accurately placed. 

so spend time getting it right. 

B Cut out the profiles on the scroll saw. 

EI Check fit the wheels and movement (Fig 12-5). We 

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 tit. 

FIGURE 12-5 

Spend tim. making aura the tllna primary c:ompoIUIDb, the two 

wll •• l. azul tile rack . .... a good, smooth-moving fit. 

11& RACK AND PINION MACHINE 

MAKING THE CRANK a Now draw out the washer spacer and crank. The 

washer needs to be I" in diameter. The crank is 2" 

long from center to center. 1" In diameter at the big end. 

and 'I. in diameter at the small end (Figs 12-1A and B). 

B With aU the lines of the design clearly establishect. 

run 3/e"-diameter holes through the spacer washer 

and through the big end of the crank and a 'I,'-diameter 

hole through the small end of the crank. 

EI Use the scroll saw to cut out the two components . 

... When you have completed the two cutouts. both at l1li 3/.1" thick. run them through the band saw-or you 

might use the scroll saw-so you have two spacers and 

two cranks, all at about 'I," thick (Fig 12-S). 

TURNING THE CRANK HANDLE 
AND MUSHROOM PIVOT a Take the S" lengtb of 1" x 1" square section walnut. 

establish the end center points by drawing crossed 

diagonals. and moum lt securely on the lathe. 

EI Hevlng checked through your safety checklist. turn 

down the wood to the largest possible diameter. 

EI When you have completed a cylinder at about '10" 

diameter, take the dividers and mark the cylinder 

with all the step-otts thet make up the deslgJl. Working 

from the tailstock end, allow about 1/1." for tail stock waste, 

1'1,' for the handle. 1'1," lor the pivot stalk, 'I,' lor the lltlle 

mushroom head, and 'I'" for part-ott waste (Fig 12-7). 

... Sink the step-otts to the requlrell dePth, and 

.. then turn the rounded shape of the handle. the 

'I,"-dlameter stalk and the mushroom head. 

FIGURE 12-8 

Tile u .. af '/ .. tt�thick waDd. allow. for two '/."epacera llDd twa 'I,'· 
cranks-olUt pair for tbl. machiDe and ODe for another project. 



FIGURE 12-7 

Working frota tb. tail.todt and. UM tho divider. to carefully 

mark tb. cylinder witb aU the at.p·off. that mak. up tlla d8.1srl1. 

Allow I/a" for uUatock ••• to, 11/ ... for tb. "80410, 11/4" for tb.. 

pivot stalk, I;''' for the muahrDom-sl:Iaped b •• d, and It." for 

part-off .ut •. 

FIGURE 12-8 

Wban you have .. ndact to B good finisb. 1110 tb. toe of tb. POW 
chiael to part au the worll:piacB 'rom th..e latb •. 

II Sand the turning and then part off so you have two 

componenls: Ihe handle and p ivOI (Fig 12-8). 

ASSEMBLY AND FINISHING a Mount the backing plate on tl,e base, position lile 

two slide rails, and set the rack in place. When you 

are sure all is correcl. drill and dowel (Fig 12-9). 

� With the rack a nice. smooth-running 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 leelh Ihal look to be a problem. 

II When you are happy with the movement, cut the 

dowel rods 10 size. drill peg holes. drill out the 

handle for the mushroom pivot, and sand aU the parts (Fig 

12-10). use round toothpicks for tllClng everything In place. 

... With Ihe back plale square 10 Ihe base (Fig 12-11) IIi.I and the rack free to move in its track. glue, fll. peg 

and clamp the project together and let it dry. 

II Finally, give the whole works a swifi wipe with the 

leak oil: lit and peg lhe wheels, dowels and handle: 

and the machine is finished. 

FIGURE 12-9 

Placo and alip tb. ba .. 

components a. the., aN true 

to .acll otb.er. and drill oat u.. 
valioue ti .. lnv 110"'. 

(top) Plan view alIowiog 

po.Ilian 01 bol ... 

'right) Crass section. 

FIGURE 12-10 

Cblck tb.. companont part. for poteDUal problo.ma. 

FIGURE 12-11 

Se sur. to cked: tbat the baclt plate i. �r. to tbe b .... 

PROBLEM SOLVING 
• II you want to make the project but can't get use oj a lathe, 

setUe for making Ihe crank handle from a shop-bought dowel. 
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PROJECT 13 

Pendulum Recoil Escapement Machine 

PROJECT BACKGROUND 
The uclc, uck, t:tcld.ng that me46Ul'8S t1ID& plS61Dg Is 0:10-
troUsd In the ttad1t:tonal cloclc by a mechanism known as 

the p80dulum recoil escapement. Thls wondslfully sttnpla 

daVies IS mads up of a toothsd wheel an a plwt, a pivoted 

anchorlilce form W9 te:nn an anchor escapement a SWing­

ing \Wight on an 8ltD we can a psndulum. and 8 fallJng 

waight that acts In much the ssmeway as a sprmg. 

The working movement IS beauttfully simple: as tha 

toothed wheel is set rota monon by tba fall1ng we1ght or 

0sprtng," and tba pendulum IS eet 8wtn.g1ng, the clawl1lce 

pallet ftnge.rs at tba and of the anchor and tba teeth of the 

wheel all complmne:nt each other in keeptng the mach1ne 

10 motion. One BIds of the 8W1ng1ng anchor gives a ltttls 

push or rec:atl OD the wheal teeth that in tum gMB a little 

push on the other aide of the anchor that 10 tum gtves 

another push on the next wheel tooth, and 90 OD. In 'this 

manner, the movement Ie paced by the recall energy as It 

bounces backward and forward between the twa campo­

nents. Of course, there 18 a great deal more to It than that, 

and 11 you are Jntm'ested go to a book anborology andrefer 

to "pendulum reC01l s8C4pemant." 

PROJECT OVERVIEW 
The Blze of the pendulum, tbe langth of the pendulum arm. 
and the sIZe of the ''8pt1Dg0 \WIght 1D relauon to tha 8wmg 

of the pandulum are all cr1UCal factors that relate to the 

success of the moveJllSDt. Get one or other of the factors 

wrong-too much or too tittle weight. not enough swtng or 

whateVer -and ewrythlng grtnds to a balt That satd, tf you 

have doubts abJut your sk11la, pro::eed anyway and V1eW 

tbls wbola proJeCt 88 a prototype-an adWDtUl'S that w1ll 
lead on to othsr t:bJnqs. 
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FICDlIU3-1 
lot. I*i ....... two .. ..,.. 

tD 1", U. .alll8 ttIDIa 

.... t .... bI" Ud r WICII 
..... a. ... . tDe 
- -



PENDULUM RECOIL ESCAPEMENT MACIUNE TEMPLATES 

FIGURE 13-2 

The aca1. is two grid squares 

to 1" (A. 8. C). Til. scale iii four 

grid aquar •• to I" (D, E). 

A Tall. lrelted frames (2). 

Frames 1D between IreneO 

frames (2). 

B Blank plate. 

C fancy plate. 
D Toothed wheel. 

E Anchor. 
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CUTTING IJST 
• TaU, fretted b3mas f21 '1_" 4" 19h plUm 

names lobehteen 

1mta1 Cram" (2) 

• Blanl p late '/t" 4" 3 plUm 

C ....... 1SI8 '1." 4 " 3  plUm 

0 TootbeO Wbeel V." 2'/ . .. �, mahoQIIDY 

• Antbor Ih" ?ll. " 31f. walDut 
Spacer drum (3) '" ' 

.... ';''' 31f. '' B ceOU 

Penaublmatm 1 " 1  "12 Nllll -
PendUbJm "e\gbt 1 " 4 "  4 ta.1UI 

CHOOSING YOUR WOOD 
Batng aundful that the woods vaJ10ualy need to be strong 

8CfO&8 the grain, closs graJned, free fromlcnots, attract1valy 

colored, and relatively easy 10 work. we de::1ded 10 go for 

EwopaBn tubp for the pendulum: Engllsb plum 1m the 

frame: maho98llY for the tJ:I:)thad whael, walnut for the an­

chor, and pine for the dow9ls. That sa1d, you could use lust 

about any wood type that talce& your fancy, as long as you 

constdar tt structurally and Ischn1cally fltung. For exem­

pts, If youare uymg to cut COS1e, you could useaoft ptns for 

the pendulum weight ann. frame. and lust about every­

tbln.g except ths toothed wheel and anchor that need 10 be 

made from a cloee-gratnad, danae wood. 

Note that we used a matal wetght (8 brass fUm contain­

er) for the "8pr1ng" for the Blmpla reason that we couldn't 

flnd a lump of wood that was heavy enough 

MAKING THE FRETTED 
PLATES AND BASE a Have a good, long look at the work1ng drawmg 

(Ftg 13-1) and tb& 1mDpla". (Fig 13-2). andsrudy 

the two vtsws. Note that we have cut through the V18WS­

througb the hetght-so tbay ftt: 1m the page. Study all the 

Ulustrattons-the photographs and pen drawtnga-unw 

you are cmnpletelycleu In your own m1Dd as to how the 

vartous parts of the project coma together. 

n When you haw an understandJ.n.g of what goes 

IiiI wbare sndbow. dUI'..wthe design tmagerym s1%e. 

make trac1DgS. and transfer the traced Unes througb to 
your choEe:D wood Nota that In the conte.rt of the two 

ldeDt1Calframss-thetwo tall suppln frame�younsad 

only draw the frame on one piece of wood. 
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II Take the twa Imgt:bs of wood that make up the two 

pr1mary framas and pin them together so the drawn 

magery Is on the top layer. 

... On the drtll press. use tba V.· bn to bore out the 

... etght f.txtng-ro::lbolas wt occur at themp of the 

frame. Run the hole6 through botblaysrs of wood. VfbJle 

the drtll lS In use, run V.·-dta.metarpllot hole6 1b.rougball 

wtndows of waste and 'It" -dlamstar boles through the 

tDttom of the frame-for ftX1ng the base. 

lIS Push dowels through at least two of the bolas to 

!iii ensure the boles and the cutouts 8J8 JdanucaRy 

p1ac:e:l. and use the scroll saw to cut out the prof1lee. 

� To cut out the enclosed WUldows. the order of work 

.. IS (Fig 13·9): 

• Unlutch the scroll saw blada 

• P ... tb& blade through tb& ptIat bole. 
• Refit and ret8DS1on tha blade. 

• Cut out tba wtndow. 

• Reveree the proce:lure and remow the wood 

n Havtng fretted throughl::01h lay9rs ofWllooand 

.. removed the boldJn.g dowels:. sand all the sawn 

edges-al.l the matda and outsideraliJus curves and 

straJgbt BIdes-to a smooth ftrusb. 

... To cut tha cradle plates that suppa" the 

iii sEC4pement, ranm the same ]ll'ocedurea 

I 

rmmu:13-3 

'hPla .. ....... .uII:bU.II .... :.-' • .,. •• _.1 
.... "*trdl.OIInr.tlOa. ... ... rt tMeat ...... t� 
JnICIIl ... .... u. ...... .. ... tl8Ihd_t. 



FIGtJ'R.E 13-4 

.... tryl ftttb.1 01 U. c.o DIIUlrt_ toa . ....... 1L 

� Cut the bus slab to BlZ8, and bava a trial fttUng at 
W the two matn plates (Flg 13-4). Pe:nctl labslthe 

underside of the base slab and the 1nSlda faces of the 

frames 80 yau can fit eve:rythJng back m the same P061tton. 

MAKING THE ESCAPEMENT 

D Stsrtby lookmg at thework1ng drawmg (Ftg 13-1) 

and templates (Fig 13-2) and DOttng that ths 

eecapsmant mecharusm 18 made up of three pnmary 

components-the toothed wbeal, the anchar With the 

finger paDets and the cord drum-all supported on pivots 
and rods. 

R Now tales yourcbosanptece of prepared '/ ... "-tbJck 

... wood and USB the pencil. ruler and compaeaes to 

mark the lJnes that malee up the design (FIg 13-Z). DraW' 

tha two c::1Jcle� the larga outer c::1Jcle and the J.nner 

cuds-run 22 equal st8p-offa around the outer 

cucumferencs, and then draw radius JJnes and dJagonal 

linn &c::r06S 1he resultant une:r&sCtlons. all as Illustrated. 

Althougb It's easyenougb to wark out With 8 calculator 

that each of tba 22 6tep-off:a sprtngsfroma psn-clJ'Cle 

angle of 16.3 63So. mesntng 360 divided by Z2 equals 

16.3636, It's not so eaayto divtde up the clJde as drawn 

on the wood. Vie found that the best procedure 18 to set tha 
dlvtdersto a gue&&t1mate 81Ze and then to f1xtba siZe of 

the step-otfs by tr1aI. and euor. 

II With an the lJnes carefully drawn, move to the band 

saw and set to work cumng tha teeth Wark at 8 slow 
pace. an the whtle maldng sure the tooth pl1nts occur on 
the outer C1rcUmfenmce (Ftg 13-5). Be m1Ddful that 

perhaps more than anytblng else, the success of the 

movement depends on the lsngth and spac.tng of the teeth 

a To make the drum and spacers, sWIftly tum the 

• WIled down to a 1'1z"-d1amater cyltnder, and then use 
the dlvtde:ra to step off the gwdel1nee that make up the 

drum. From rtght to taft along the length of the wood. allow 
asman amount for tatlatock waste, about I/.a" for the ftrst 
rtm, about 1" for the cantral area. and anotbar I;"''' for the 

other 11m (FIg 13-6). 10 fact the spaclllg Isn't too 

JmpOrtaDt. as long as the total length of the drum 1& as 

near 8B posatble 10 111z". Sand the drum to a goodf1n1ah. 

and than part off from the lathe. 

FUlOllE 13-& 

cat .... ........... trta . .. d ... Of tt,..c.ta. ..... 

lU8a'pdltldocar •• a.dR .... tDC8 n-. 

FUlOllE 13-6 

OIea ....... _ .... a. ftI1 ... ....... tblt_ .. � 

...-
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... FoDow basICally the same turtl1Jlg procedures 10 

IiiI cut the three spacer drums that hold and distance 

the anchor on tts pivot. Turn down tba wood to 8 

C1rcumJerence of ab::rut '/c", and run It through wtth tha 

1/.' btt (Fig 13-7). Cut ths twa prtmary ap8C8I's to length. 

and then cut an extra length 80 you can use addJuonal 
al1ces as f1ne sbJm adJustments. 

n When you prepare to malee the anchor; f1.r81 haw 

.. a look at the worktngdrawmg (FIg 13-1) and the 

templates (Fig 13-2). and sse that the cbaracter1BtlC 

asymmetrtcal proflle needs to be cut With a fa1J degree 

of prectslOD. 

B Draw tbe imagery to shape and SIZe. malee a trac:tng • 
.. and preas transfsr the traced I.tnea through 10 your 

choasn piece of wocd. Have the prof11e arranged so thace 
Is 8 mJn1mum of fragtle short gra1n at the pallet p01nt8. FIx 
the pOSItiOn of the pivot pOInt, and run It through wIth the 

Ih" -disme1ar drtll btt 

FICmu:13·7 

,. 08attt . .. tIt .... ktlrl. dJQr.l. ... NIl t",,mt.a. 

aro." tIII l8Ibf1bd D..t.nue. 

rmmu:13·8 

WJMQ ". ,...,. ..... 01.1 1bI.adof .. __ •• D.ecroIl 

........ ... .. .  ,.OfCClI.tn.tolbl ..... U ... ..... 11IQ 
.. ttI8 .. Cld Jl tr.a.o .. ltodl ...... ..... Of a. d  .... .... 
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nGDIIE IM  

AI ....-y ..... D . ... , tbIp ... mee. .. ,. .... rttcoae 
blDlGIeI tor ..... at 

... When you are happy WIth the J.Inage. use the scroll 

iii saw 10 carefully cut out the JXIOf1le (Fig 13-8). 

� When youbsw completed an tba component parts 

... that make up the 8sca.peman1-the drum. toothsd 

whael anchor and. spacers-eltde tha anchor and spacers 

mplace on thalrplvot red, bxtba wheel 10 the dnm Witha 

coupla of dowel p1nS. sllde tba drum rod In place. and bave 

a trtal tltt1Jl9-1US1 so you can see bow all the OJmponen1s 

come togather (Fig 13-9). 

MAKING THE PENDULUM a Have a look at theworklng drawJng (Ftg 13-1). and 

see that the pendulum IS mads up of two componant 

parts: the disk or whorl and the lang 8IID.. Note how tha 

arm IS shaped 80 that most of the we1gbt o:curs at the 

dtskend 

I!!W Take yourcbosen lmgthof 1* - 1" square section 

... woooand turD It down 10 a amootJ:a. round secuoD. 

II N ow take the &leeW' chisel and start tum1Dg the 

spindle 10 shapa With the spigot and large-d1ameter 

end at the headstock e:ndoftba laths. tI.rst wm the heavy. 

round-DOsed shape and estabhsb the dJamatar of the 

spigot, and thsn make repsated "downhJll" passes to tum 

tba long, slender tSPal10 shape (Fig 13-10) . 

... To tum the dlskW91ght. talee your chasan ... 5" - S· square slab of wood and. then fix the ceDt8r 

plUlt by drawIng crossed diagonals. scribe out 8 4'/,·_ 

diameter ctrcla. and cut out the bla.nk on tba saoD sSW' . 



FIGURE 13-10 

Remove the w •• to wltb a long, 810w, allavlng cut. 

FIGURE 13-11 

Tb. pendulum w_lgbt and tb. arID.. Fit til.. two tGgat1aar ao u.. 
grain lUllS aero •• tile width of the disk.. 

FIGURE 13-12 

s.t OUit .U u.. compODant parta, and check them ovar for 

po.albla problems. 

I!I Having mounted the \�Iood On the Screw Chuck and 

... fined the whole works on the lathe, take the gouge 

and swiftly turn dovoln the wood to a smooth pill, Of disk. 

� Make sure the wood is still secure, and then turn the 

iii edges to • nicety rounded prolile and rub down the 

face and edge to a smooth finish. 

I!III With what is now the back of the pendulum disk, 

.. 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 protile-a nicely plumped­

aut front \I\fith a dimple at center (Fig 13-11) . 

... Finally, when you have what vou consider is a 

iii strong shape-with all faces and edges being well 

finished-remove the workpiece from the lathe, and drill a 

'I,"-dlameter spigot hole at top-edge center. 

ASSEMBLY AND FINISHING a When you have completed all the component pans 

that make up the project (Fig 13-12), have a trial run 

and then do the gluing when all the problems have been 

sorted out, 

I!III Stan by pegging the frames at either side of the 

IiiiI base slab, as in our original tryout stage (Fig 13-4). 

II Drill and peg the long spacer cylinder to the front 

face oj the anChor, and test i t  out Jor lit and function 

(Fig 13-13). 

FIGURE 13-13 

Mak. aura the tooth.d wh •• t and the .Achor .scapement an 

carefully, correcUy aUgnod. Cbeck asalAst tb.. working drawing. 
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c .�.th: ; .. e • ok :'rc: ceO 
1 .;: • • ,.'." . . .  · ,.=;s . ·o .• ) 

5' ," . ,n , .: 
, " "rI  . . -;-:-; , ' , .. .  

mom: 13-14 
Gla.r .. I .. ..  n: . ... .... ., t�  ... ,..aot ... _ ..... 

aeym • .s .... tlQaCbalDlClltJ, 

FIGOlIE13·1S 

...... ... ,.tD.toobIIII ........ tMdna .. tw.Ii D. 

cr .......... ... l'IC.M:;ko,.t u. ..... .. lUI n.t'n ..... 

.. Take the two secondary" cradle" plates sad the .... toothed. wh.ael·and-drum UDJt 111 the pivot rod. drill 

the rod holea, and generally make sure It'S all going to 

come together (Fig 13-14), 

II Set tha wheel and drum 1D place-on the ptwt rod 

and 1D 1he cradle-and make aure the anchor 

ea:.apemant 18 smooth and easy on tts pivot (Fig 19-15). 

� Having cx:mpleted the whole escapeman1 unit, talee 

W your kn1fe and a fold of ttne-grad8 aandpapur and 

genaraRy11t and f1ddleunttl all tha be8J1ngaurfacesmow 

With the mIn Imum of frtCtion (F1g 13·16). Note that the 
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spacer cyl1ndars are used to ansure that the anchor 

escapement alts OWl tba pallet wheel You might flnd you 

need extta 8plcars oryounaed to set the spacers In a  

d1ffe:reDt sequence on the pivot rod (FIg 13·17). 

mom: 13-18 

ft ....... ............ .. .... ...... nbblQl:G., 

.... to .. ..... ,,-a. 

FICmu: J.3..17 
1M t ... cr .... .. .. ...,.t� ... ..,. .. cae ctltlaa 
..... _ Q.. ft .. t ... ... DIi ,.....,1l.toIl� ...... 



F1C0IlE13·lB maRE J.3..1G FlCIIlIE 13.ro 

.... ... 0. "  .... ..... ...... ... _ 
t.wItbII .r ........ 

bMt .. ........t .. w .. aacbet ••• 

a. .. D. .. ....amowlnl.n:.ooy. 
DIe l1li .. 01 _ ............. .,. 
---

II Now m.slce suretbe recoil. or movement 18 runnJng 

smoothly (Fig 13-18). 

n The movement of the anchor EScapament m relatiOn 

iii to the teeth OD the wheeliS cnt1Cal eo 8paad ttme 

making ftna .adJUStmeDtS (FIg 13-19). 

� You m.t¢t f1nd tt necessary 10 use the flns-potnt 

iii: rounded tootbplClca as temporary wedgeptns. Set 

the frsmestherequtteddlBt:ance apanand push the 

tDotbplclcs 1D to bold (Ftg 13-Z0). 

lIP.' Dnceytlubaw all the component pansW9Uplaced ... JlDW that 1hs whole machme IS up and nmntng. take 

8 f1ne-toothad e8w-or youmtgbt use 8 kn.t1e-and mark 

the length of the 11x1ng rods (FIg 13-21). AllOW" about 1/)1;. 
utra at each end of the rods 80 they stand shgbtly proud 

of the frame. 

EEl Have 8 utalfttung of tho pendulum. and cut the ann 

10 length. The pendulum needs to clear the base by 

about 1/ .. •. NoW' 18 the oms to eearcb out a SUItable \WIght 

and a langtb of has, strong cord. 

P!I When you haw bad 8 tttalrunfitUng. cut thevartous 

.... rods aDd pivots 10 langtb. and ge:ne:rally sorted 

ewrythlng out then dlsusemble the machtn.e and rebuJJd 

USing 8 small amount of PVA adheatve. FInally. buuush. 

the machJna wIth teak Oil f1t the cord and tbe drum 

\Wight. and Lt'8 t1m8 to try your clock. 

FICOIlE 13-21 

-.:t .... InQ1:l .... .. nb. 

PROBLEM SOLVING 
• JJ fOil aeelda t01lS8s lIJtrereOl.coa.. maDSW!:U ISstroog 

ICJOIS tba graJD.lD the cantan or th1!i JJrOIect, Irl most 

IJDIlOnant you 81'old woods tbat ll8 Ulc81y tIl.shrtJllt 
• TIle mlcJl8otsmcao only run cor a 8lIort tlme,as the walgld: 

bas sllJOltecl tall. or drop. That.saJa, you coold modJry tba 

daslgn and ba1'a 8 bog Jail b, h8V1og tlI8 macbloe haOglog 00 

!hawD-Uk8s plOIlUlWD clOck. 
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PROJECT 14 

Flywheel and Governor Machine 

PROJECT BACKGROUND 
When I was a kid, I loved fatrgrounds and ctrcuSE!6. I was 
absolutely faSCInated by the wbJrl1ng, twtrllng balls that 

could be S8m aD the ttact10n e:ngm8S and 8taUOnary gen­

arators that W8m used to plW8rtba v8r1ous J1dea 1'ha gov­

ernor contrapuons looked for all the world l1ke IJttle sp1n­

rung men holdmg heavy weights out at arm's langth. 

The me&mertz1Jlg tbJng was that as the speed of the en­

gtna plclced up, the bttla men t'Uf'Qajfaster sndfaS1Br, wttb 
arms h1gbe:r 8lldbtgber, unttl tha W91gh1�usually brtgbt, 

ab1ny balls-were be.t.ng spun around at ahouldsr he1ght. 

In dlCtlonary terma '8 gave:mar 18 an automatiC d8V1Ce 

deSlgnSd to l'8gulate the speed of a steam or gaeoltne an­

g1.De or other prtme mover." As the speed ptclca up and the 
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spindle spInS faster, the centrtfugal force of the flyweigbts 

being thrown up andout causes the BOg1.ne to slow dawn to 

ns asSlgnad speed. 

Vlith our l1nle machIne WMn the card Is swtftlypulled 

and released. the Oywheel 1B sst In motion. with the affect 

that the two W91ghts fly up and out and C8US8 the flywheel 

to slow down (right). 

PROJECT OVERVIEW 
ThIs proJect requJ.res twmng on the laths (Fig 14-1). You 
W1l1 sse that aput from the two sptndle-ahaft collars, the 

two linkup anne and the shop-bought daNela, JUSt about 

ewryth1ng else 18 turnEd on the laths. 
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FLYWHEEL AND GOVERNOR MACHINE WORKING DRAWING 

FLCOII£ 14-1 

At • p1IIlCIIIa Sf two ""'" 

"' 1", a. .al ... .... 

... at.· ... ... ev ..... r 
.... -
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FLYWHEEL AND GOVERNOR MACHINE TEMPLATES 

FIGURE 14-2 

Th_ acal. is two grid aqua .... 

to 1". 

A DIsks (a). 
B Flywheel. 

C Male collar. 

D Female collar. 

E Linkup arms. 

F Weights. 

G Pul1cord ring. 
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CUTTING IJST 
A DISks (2) 

• FlYWheel 

C )lale cOll8r 

D J'tmale collaJ 

t UCilQParms 

r MlghtS 
-

G PuJlmra ring 

Ceoltal Shan 
-- -

S\1JlpOJt oobJmns (3) 

2-1" 10" HI tuUp 

2 " 7" 7 syc:smore or beecb 
- --

?h" IV. "2V.plUm 

'If" IV. "21h pblm 
-- - -
2�/& " 1" 21f,P1um 

2 "  2beecb 
-
2 "  2b8ecb 

wMellOWl 
-- -
Gal\( wood doWel 

CHOOSING YOUR WOOD 
As always. wbea you sre chooBLngwood mr tu.mmg on the 

laths. you need to ask yoursaU at leut three queeuons. Is 
the wood easy to tum? Is the wood strong enough for tts 

task? Is thewood SWtable 1n tmm& of weJgbr. color and tex­

ture'? Keep these things In m1nd when cb0081ng WIled for 

the dJfferent pans of th1a prO)ec1. 

MAIONG THE TOP AND BASE DISKS a Nouc:ewben looking at the worktng drawtng (Fig 

14-1) and tba lemplate& (Ftg 14-2) tbattba two 

turned dtsks have more or lass the same cro8&-ssctlon 

proflls. Thay Bre about g" tn diameter. With a ratsad run 

sndcentar at about ';.' th1c:lc and a lowe.red moat between 

tbertm sndcente:r at about I;''' deep. Don'tetruggla too 

hard to tum two 1denttcal d16lcs because. after aU, the 

greater pan of the base dJsk Js h1ddan from VIeW'. 

R Beg1n by taking one of the slabs and fix the center 

III POint by draWing crossed dJagonsla ThIs done, 

scrtbe outa g"·d1amet8r dJcle, and cut out the blank on 
the scroll saw. 

EI Sera., fix the go blank on the large faceplats 80 the 
screws are near the cantar, mount thewhola works 

on the outboard and of the lathe, and tum down thewocd 

to a smooth-faced, round-edged d1ak. 

II When you have twned a good dJ.ak, take the dtv1der& 

• and mark the three guideline clrcles1hat make up 

tba destgn. Working from the center, you naed a )1/,' 
radius for the cenual plateau ares, a 31f," radius 10 set the 

WIdth of the moar. and a 4'·' radius to fix the poattlOD. of the 

Una on wbJcb the three pillars are to be placed 
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IMnr De .. t.,... D.tl . ... .. CUtIr MIDI .. ,. •• t ., 
... t'/o"', 

FIGURE 14-4-

... t .. drft ...... ' .... OftMg ...... CIfUt. ... tt .. oa 
... tQdlU ... .. I ... v.. .......... JIlIatlum. ..... ....... 

II!I Havtng cbacked tbat the l1nee are couectly placed . 

... lower ths moat area by stout Iii'. The rBlsed areas 
should run In a smooth curve into ths moat (FJg 14-3). 

Mark ths center POint of the dISk. 

..... With the brstdlsk made sndotf tba lathe. rerun the 

III whole procedure to malee a second dJak. 

n With the two d1Slcs batng more or less the same sIZe, 

.. nm a y�"-dl8metarholethrough the centerpoint, 

and fit the dJ.aks tog-atherwJtha na.U Dr pID so tbeyare 

p1ac:e:l ana on top of another-lilce .a twntsble. Malee sure 

the top dl8k 18 uppermost. 

P;W Havtng- fust looked at the worktng dr8WUlg (FIg 14-1) 

iii and templates (F1g 14-2) and see:nhow ths three 

plats are set EqU1dJstant around the c1rCle, 8et your 

dtv1ders so the radius matches the dtstance from the 
cBllter polnt through to the outer-c:trcle gu1dehna and 



than pace off around the gutdel.tna to make SIX equal 

step::dfa. Mark awry otbar mp-off so the ClJCle ta dtvtded 

into three equal cske-\Wdg-e s11ces (Flg 14-4). Th1s dons, 

use the penc1l, ruler and compasses to mark all the other 
ltnss that make up tbs de81gn 

P:I: With aU tba gu1deUnes In place. remove the top 

iii disk and run the three postholes through with the 

Ih"-dJamet:er bit. Wh11e you are at It, run a stngls p1lot bole 

through each of the enclosed wtndows of waste that make 

up the deSign 

rP.It Set tho top dJak back on the base dtelc and use the ..:. three postholas you've already drtlled to run bolas 

through tho honomdJsk. Tbs procedure 18: dr1llona oftbe 

holes on through the bottom dJsk, bx the p081UOD of the 
hole by pSgg1ng It With 8 dowel. and theD complete tha 

other two bolae (Fig 14-5). 

m Havtngdrtllej the three postholes througbboth 

disks. put the base dtsk to one stda, remow the pm 

and shade In on tba top dJsk the wtndows of waste that 

need tobe cut awflY (FIg 14-6). 

r!!I MllvetG the scroll saw and fret out tba wtadowe of 

... wasta 'To cut out the enclosed wtDdows, the order of 

workts: 

• Unhitch the scrolls8w blade. 
• Pase the blsds through the p1lot bole. 

• Reitt and rete:nBlOD. the blade. 

• Cut out tha wmdow. 

• When youbave trensd out ona wtndow, reversB ths pro::&­

dureto re:movetbs blade, and move OD to thene:xt window 

to be cut out_ 

EEl After C\ltUng out an three wtndoW'S, go ovarthe 

place lJghtly wtth tbs sandpaper Now dr1ll two 
l/t"-dtamet&. 'N'-deep bolas-one down 1ntO the cantor 

of the base slab and the other up tnto the centar of the 

underside of the top slab 

TURNING THE FLYWHEEL 

D After loJktng at theworldng drawtngc:rose seCtlans 

(ng 14-1bonom rtght), study the overall shape and 
prof11a of tha JlywheeL Note that although the form Ie very 

much hka a bowl-It bas ar1m at the c1rCUIDfere:ace. 8 

slI.ght mot or step-up OD the basa and a lOW'ered ar BUDlcan 

area-It also has the addtttoD of 8 ratsed dl48, or hub, at 

wide cantat'. 

FICOIU! 14-5 

'hi,. doWII tIIrOaI' ibiD. 
... to ... _yDllII'" 

pw..blD .. .  m .. tD. 

.... _-

-,"'--... - . "1' . ,p,,�� ... .. ;.. . ..., 't" "" :. '\" . .  "! -, . ... . : , {.,. ," . , .;:, ,'( , ' :  '�'. ' \  i!���, . . . 
\� •. '" ....i 

FIGmu:lfra 

...., ........ 01 OlD .. 

....... ... ..... 01 

D.'WbII ..... blllII ... '" 

D ..... Dat .... to .. 

catilWlllt 

EI When youbaw famlilsr1Zed yomself With the 

form. take the 2,' -tbJclc slab 01 wood and follow 

the msrktng and cutting pro::eduras as already 

described. AIm to 11nJsh up wttba dJsk blank at about 

61h" ttl diameter. 

EJ In sequant1al ordar, mount tb.e blank em. the SClll'" 

chuck and theD mount the cbuclc aD tba lathe so tha 

whole wades ta safe and secure. 

II Postt:1OD the tool rest over the bed of the latb9, and 

• set toworkturnIDg down the blank to sIZe. The best 

proceduree fur senlng out a turntn.g of th1s character are 

to f1rst run the p8ltlIlg tOll. stratght Into tba wood to 

estsblteh the d1ameter. than true up the face 01 tha disk 

With tba large go� and then use the diVIders to mark 

the gwdehnea. And, of course, along tha way, you are 

sw1ftly tumtng off the large areas of waste. 80 you have to 

make repeated checlceWith the calJpers. For e:xsmpls, you 

need to check the owrall diameter. the depth from front to 

back, and so on. 

n Havtag tu.msd down tbs blank to a d1ameterof about 

g B'. marked the 2' -th1clc edgeWith a canter lJae. and 

used th8 d1V1d81's to mark the Width of tha rtm and the 

dLamatar of ths centtal bub, use the pamng tool to rougb 

out the InSide-bowl area Being sure your tools are razm 

sharp. run the part1Jlg tool. etrBlgbt Into the wood to 

establtsb the depth and WIdth of the lowered area, and 

than systematlcal!y clear the waste with repeated 

Blde-by�ldethruata (FIg 14-7). 
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DleG.pm:lWtoIIII til daU tJMl.alcat tlll ...... 

Ir.!I With the bu1Ic of tba waste out of the way, use tha 

IiI lools of your choice to brtng the blank to shape. 

I used the skew chtsel and tba round-nosed gouge for 

abapmg the curved sbouldars and the parttng 1001 for 

udymg uptha back of tba IWlllng. 

n Uee the wtre to bum In the decoralive 9CXIrcbltne 

.. around. the t1reJJlce rim (Fig 14-8) and the sandpaper 

to brtng the t:um1Jlg to a supersmooth f1n1sh. If your laths 

has a change of dJrecttan opUon,lt'S best to rub down in 

both dJ.rectlans of spin 

p;w FmaUy. run a 'h" -dJameter bole througb the cenler 

iii of tha bub. 

TURNING THE FLYWEIGHTS 
AND POLLCORD RING a The By watgbts' shape IS not too Jmportanl, as 1oDij' 

as they are not so large they clunk IDtothe suppart 

postswban they are set IDmollOn. You can use dJJfareDt 
wood types for these pans. 

iii Mount the 2," "2" square se::tlOn wood between 1ha 

chuclc and tha tallSlock, and swtftly twn 11 down to 

the largesl possible d.Lamster. Take the pamng 1001 and. 

the calJpers and reduce a 3" langtb at the taJlstoclc end to 

adtsmeter of between 11." sad ';"'. 

II Use the dJVlders to set out the Sl8p-otfs thar: make up 

the deslgU Wodctnguom thet&1lslOclc end, allow 
aboul lN' for the tatlstoclc waSle. 'N' each for the two 

halves of the flrSl watght, ';,.' lor the between-W'8ighl 

wasle, two more '1,' &tep-atfe for tha second weight, and 
another IN' for waste. 

II Use the p8JtlJlgtool to sink the waste. Run the 1001 
, 

suatgh.t1Dso you are leftwtth a central core al about 
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FIGURE 14-8 

110M. tIII_uaa WI,.. yo. Cla...em, .. too at .. Ilk_ 
..... ... tJMl .. r. ...... 

rIGOIIE14r9 
DleG ••• r Il .... tid .. .  C'db .. m.u... 

ncml1: 14-10 

n .... ..,at ...... I ... . ... kUlIta .. peSrOlm.t._.rk 

G ..... bIItNl' ...... 1Jl'ODII. 

IN' dtameter. Uee the loe of the akaw chtsello cut 1D the 

de:mauw mldltnea (Ftg 14-9). 

lIS Now use tha skew ch1eelto 1UJ1l off tba round 
!iii sbouldsrs al the top of tba WBights. Betng m1ndfu1 

that tha two 1UJ'DJn.q& naed to he identlcal It's best 10 tum 

off the shapes ltttle by lJttle eo tbay are looking 81 each 

othar and are mIITOr Jmaged. Il you lake a alice af1 the 

!aft 4hand shoulder and than a JJttle af1 the right-hand 

shoulder and so an, bac:lcward and:forward, you are more 

h1cely 10 ac:bJsve two wall-matched tumJnl18. 



I'!II Having turned all tile round shoUlders on both 

.. turnings (Fig 14-10). use the fine· grade sandpaper to 

rub down the whole v.'Orkpiece to a smooth finish. and 

then part off with a fine·toothed saw. 

If!II One piece at a time. mount the little turnings in 

.. the tour· jaw chuck so they are gripped by their 

stalks 01 waste, and use the skew chisel to turn down the 

shouldered end to a smooth. rounded finish (Fig 14-11) . 

... WhUe the workpiece Is stili held In the lour·jaw 

.. chuck. set the drill chuck in the tailstock end ot the 

lathe, and drill the turning through with a I/,,"-diameter bit 

(Fig 14-12). Lastly. take the mrning off the lathe, and rub 

down the tiat end to a smooth finisb. Rerun this procedure 

tor the other turning . 

... Having turned off the two flyweights, remount the � other end of the turned cylinder in the lathe-or you 

might be using another length ot wood-and set to work 

turning ott the pull cord ring. 

!Po' With the wood turned down to a diameter ot 1'h", set 

&iii the dividers to tt� .. and mark all the step-ofts that 

make up the design. The best procedure Is to set out tour 

'Ii' step-offs. one at each end tor waste and two at the 

center for the ring. 

Ell When the guide cuts are in place, take the skew 

chisel and swiftly bring the wood to shape. Simply 

lower the waste at each end, cut in the decorative midline. 

and then round over the shoulders. 

!!!II When you are satisfied with the basic ring shape, 

... tit the drill chuck In the tallstock mantlrel, set a 

J"·diameter Forstner bit in the drill, and run a hole all the 

way through the turning (Fig 14-13). Be caretul not to lorce 

the pace or damage the bit or the turning. The easiest 

method is to advance the bit a little, then withdraw, then 

wind back some more. until you reach the desired depth. 

Warning: if you try to force the bit tthrough in one thrust. 

you are likely to burn the drill or split the wood. This done. 

back the drill bit out ot the way. sand down the turning to 

a smooth finish and then part olf. Drill a l/:!"-cliameter hole 

through the ring-in one side and out the other. 

MAKING THE COLLAR 
RINGS AND LINKUP ARMS a There are two collars on the central shaft: a fixed 

temale collar at tile top and a sliding male coUar at 

FIGURE 14-11 

Secure u.. weight in lb. jaws of tbe chuck, and alternately 

an the skew chisel and. sandpaper to acllieve B smooth, round· 

topped finisb. 

FIGURE 14-12 

Run Ua. bo" Uanlagb witlt. the '/."·diameter clrill bit. aaving the 

bit bold in tlt.e talllitock drill chuck eDsur.s tlt.at lbe halo is 

perfectly placad. 

FIGURE 14-13 

If you cut tb. Dock of wa.t. at a amaUor cor. diameter tlaaa. the 

diameter of tbe through-bale, tbe ring .hould conse away clean a. 

you complete the hola. 

the bottom. The female collar is designed in such a 'way 

tllat its mortiselike Ilanges receive tile end ot a dowel. 

while the male collar is designed so its tenon tits into the 

female nange at the end of the linkup arm. Note that the 

two coUars are more or less identical. 
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FIGURE 14-14 

u •• the pelicU. raler and dJvlders/comp ..... to mad, U.e sbape 

of the two coUars.. Kat. the direction of the grain. 

� When you have a clear understanding of how the 

Y two collars tunctlon, use the pencll, rUler and 
compasses to mark them on your chosen piece of hard, 

close-grained, knot-Iree 'N'-thick wood (Fig 14-14). Note 

that the designs need to be marked so the flanges are 

aligned with the run at the grain. 

II Still using the pencil, ruler and compasses, and still 

working on the 'I,"-thlck wood. mark the shape of 

the two identical linkup arms. 

a Move to the drill press and run the collars through 

with a '/ft-dtameter hole at the center. 

II Move to the seTol) saw, and fret out the profiles. As 

you are cUltlng out the Ilanges, make sure they are a 

loose tit one within another. 

IP.I When you have completed the four cutouts, sand the 

.. various flanges and extensions so they are nicely 

smoothed and rounded (Fig 14-15). 

If!II When you have completed the lour cutouts, go back 

.. to the drill press and drill '/,,'-diameter holes at ali 

the pivot points (Fig 14-16). Lastly, drill a single fixing hole 

through the top coliar so It runs across the shalt hole. and 

then run as many weight-reducing holes through rhe 

linkup arms as necessary. 

ASSEMBLY AND FINISHING a When you have completed all the component pans 

(Fig 14-17)-lhe base and top disks, flywheel. three 

poles. two linkup arms, two lIywelghts. two collars. two 
'N' rods that make up the upper arms and pull cord 

ring-set them on the work surface and check lor potential 

problems. Then comes the fun stage of the first fitting. 
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FIGURE 14-15 

Use the rotary lool to bring aU tlae coma ... and edges to . nicely 

rcuu.dad fioiall. 

." 

FIGURE 14-18 

s •• to it that tho depth of the joiot i. adequate. 

FIGURE 14-17 

Sp .... d aU U,. componBnt parts out on the wark BUrl.ca, and 

chock tbam .valDat your working clrawlDg and tamplatH. 



II Having lirst looked at the working drawing (Fig 14-1 

bottom center) and seen how' the main shaft is 

pivoted on a little pin-and-tack bearing. tap a brass pin or 

nall into tile bottom at the main shaft. and push a brass 

thumbtack into the base hole. 

II With the base slab flat on the bench, tap the three 

poles in place. slide the main shaft through the 

flywheel. and set the bottom end at the shaft In the 

center-of-base bearing hale (Fig 141-18). The shaft should 

be a tight push lit through the wheel. with the bottom at 
the end protruding about 'Ie" or so from the underside. 

... When you have eased the bottom at the shaft with a .... scrap of fine-grade sandpaper so it's a smooth fit in 

the bearing hole. slide the pull cord ring and the two 

collars in position (Fig 14-19). See to it that tile ring and 

the male collar are a loose, easy-sliding Jit. 

lIS With the ring and the two collars In place, rub down 

IiiI six round toothpicks and tllen tackle one joint at a 

time. It's all simple enough, as long as you bear in mind 

that the joints need to be smooth and easy, with the pivot 

pins being a tight fit through the two outermost holes and 

a loose lit through the Innermost 1I01e. Continue one joint 

at a time, eaSing, adjusting and pencil laheling so YOU can 

repeat the correct arrangement the second time around 

(Fig 14-20). 

I!I Wilen all the joints are loose and easy. and wilen you 

... have established the full extent of the rise and fall of 

the arms, slide the flyweights In pLace, and mark their 

position with pencil registration marks (Fig 14-21). 

R With the trial llttlng 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, driH the 

... pull string hole. give the whole works a generalis 

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 

facepJate, don't place the screws too near the edge rim. 

, Use a strong, thin cord tor the pull string. 

FIGURE 14-18 

EaN tb. bearing bolo arut. tb • 
end. of til. shaft so tll. wllolo 

compount .pina Ulta a top. 

FIGURE 14-20 

FIGURE 14-18 

sUdo tile J'iag and tb.. collaI'. 

in place on tile shaft. The top 

coU .... n •• u to b. a tigbt tit. 

Mak. con.tant ched:. to en.su..n th.t avary joint i.e a good tit. 

FIGURE 14-21 

Malte aUJ'e the Dywaigbta dOD't in any way re.trict tlae movement 

of tho arm. 01' til. cLrcuaderence of .wmg. 
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PROJECT 15 

C am Machine 

PROJECT BACKGROUND 
It's not simply that the movement is extra difficult DC the 

design Is ultracomplex or the techniques are more compli­

cated than the other projects; it's all of these and then some! 

As the encyclopedia so rightly says. "a cam Is a part of a 

macbine. or mechanism. used lor translorming rotary or 

oscillating motion by direct sliding oT rolling contact into 

any prescribed motion of a second part known as a lollow­

er." Or, to put it another way, a cam is a rotating cylinder DC 

plale wlllt an irregular prollle anached to a revolving shalt 

to give a reciprocating motion to a part in contacT with it. 

Cams are to be found primarily in machinery where 

aUlomatic control and timing are part ol lhe operation. In 

simple terms, when a cam revolves on its shalt. another 

mechanism. calletl a lollower. Slays In close physical con­

tact with the cam profile. with the effect that its movement 

reUects that of the cam. for example, 11 we have a true 

wbeel on a shaft. and if we have one end 01 a seesaw press­

ing down on the wheel rim. it's pla�n to see that the turning 

movement 01 the wheel will have !Jtlle or no effect on the 

seesaw. But, then again, if the wheel has a bulge or a stud 

set InlO Its rim. then every lime Ihe revolving bump or peg 

comes into contact with the sees.aw. the seesaw wm jolt 

up and down. The predlclable jolt-jolt-jolt acrton 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: As the crank handle is turned, 

the two plate cams are sel 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 

chaHenging aspect has mOfe to do with being able to "see" 

the machine In your mlnd's eye, and successlully putting 

the parts together so the machine works. than with being 

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 MACIDNE TEMPLATES 
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FIGURE 15-2 

Th. ac.l. l. rDUI' grid aquares 

to 1", 

A Brackets. 

B Chassis plates. 

C lNheel plates (4). 

n Cams. 

E Cran}.:. 
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CUTTING LIST 
A Brackets 

B Chassis plates 

C Wheel plates (4) 

D Cams 

E Crank 

Backboard 
Base 

Pegs. rods, shafts 

and pins 

ronow wheels 

2-'/" x 3·/� )I 5 pitch pine 

2-3/. ;r 2'/. )1 5 tulip 

3/,,, II l'/;. " 20 oak 

2_1/ .. '0( 31J� )I 31/( mahogany 

II .. " JIlt " 21/" plum 

;/4 11 5  ( IS aak 

'1,, " 5  " S oak 

�/4" Vlhite wood dowel 

21h " 21/ .. ,. 6 plum 

CHOOSING YOUR WOOD 
As this machine needs be made with a high degree of 

accuracy. it's aU the more important your chosen wood be 

hard. straight grained. easy to wo rk. and Iree from knots. 

warps and splits. The wood needs 10 be stable and predict­

able. With tllese factors uppermost in our mind. we decided 

at the outset to use European oak .tor the base, backboard, 

and wheel plates; plum for the two follower wheels; and a 

nice piece of mahogany for the avo cam platBs; and care­

lully selected white wood dowel for all tile pegs. rOdS. shafts 

and pins. 

MAKING THE BASE, 
BACK AND BRACKETS a When you have studied tile working drawing 

(Fig 15-1), the templates (Fig 15-2), and all the 

hands-on photographs. use the penCil, ruler. compasses 

and square to mark tile shape and profile of tile base. back 

slabs and two brackets. Make sure the grain runs along 

the length of the back and base slabs and from irol1l to 

back through the brackets. 

R With the shapes carefully drawn, then comes the 

IiiiI task of fretting them out. No problem with the back 

and base slabs-all you do is run the line 01 cut around the 

dr8\I\TO 1ine and the job is done-bu t the brackets are a 

UtUe more compUcated_ The easiest procedure for cutting 

the two brackets is to pin the two slabs 01 wood together, 

bore them through with the '/e" lo :l/.'-diameter bit, sUde a 

length 01 suitable dowel in your chosen hole size. and Iret 

them out on the scroll saw. 

148 CAM MACHINE 

EI Alter cutting out the two brackets (Fig 15-3), pencil 

label one "top" and the other "bottom:' Take the 

"bottom" bracket, draw in the Jine as shown (Fig 15-2 

bottom). and slice 011 the strip with the saw (fig 15-4). 

FIGURE 15-3 

To ol1auro a good profile and accurata laole aUgutllent. piu tlte two 

.tabs tog.ther, aud have . length of dowet ruuning tbrough tbe 

two hoteL You will need to keap a tigbt bold wban tbe blade a.ita 

at th. ond of the cut wban tb. two pinned ar ••• of .a.t. bave 

b.on mar. or Ie .. cut aw.,.. 

FIGURE 15-4 

The four 'arg8 compoa.al1t puts-tb. ba .. , backboard and two 

brackets-slaowin, a .UCD cut away froIU th. bottotll braeket. 

... If all is well. when you place the brackets in position ... on the backboard. the shalt holes should be 

misaligned or ollser by the thickness 01 the strip Oi waste 

you've just cut away. When you are pleased that all is 

correct, sand down aU four cutouts-the base, back and 

two brackets-to a smooth, round-edged finish. 

MAKING THE FOLLOWER 
WHEEL BOGEYS a If you look at the working drawing (Fill 15-1). 

templates (Fig 15-2) and photographs, you will see 



that the two wheels that (allOw the cam, called follower 

wheels. are each held and contained in a frame. or bogey. 

that is 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 cllassis cutout. the top wheei chassis is arranged 

so that it is offset from the bottom wheel chassis. The big 

end bulges on the top chassis face the backboard. while 

the big bUlges on the bottom chassis face front. 

n Take the wood you bave seiected lor the two bogey 

III chassis plates. pin and drill tbem as already 

described (or the brackets, and then fret them out on the 

scroll saw (Fig 15-5). 

n With the two identical chassls plates crisply cut out 

... and finished, set them lIat 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 IS-G), best label the one in the foreground 

"top· and the other one "bottom.· 

FIGURE 15-5 

Having U.a lIolas tlrillact and all tha dowala sat in placa-aU prior 

to cutting-ia tho b.at way of making sun yau finiah up with two 

identical cutouts. 

FIGURE 15-6 

s.t th. two cutouts nat aD thay are nvaned and you know what 

laoa wbo ... and haw. 

II Now take the wood pieces you have set aside lor the 

wheel plates and stack, pm. dnll and dowel them In 

much the same way as already described so you have a 

single eight-layer stack. 

... Take the eight-layer stack-with the design drawn 

... on the rop layer and the dowels in place-and run 

them through on the scroll saw so you have eight identical 

cutouts. Divide the cutouts into two stacks of four. and cut 

a strip from one srack (Fig 15-7). 

FIGURE 15-7 

Group the wllee1 plates in two stacks of four, set the dowels in place 

tluaugh 0110 atack, and J'Wl that atack tla.roulb on tla. scroll saw. 

FIGURE lS-B 
Pair up tho cutouts for but fi� and put tbe wa.te atrip. to aile 

aide. One pair of plate. at a time, smear Vlu. on matinv face., 

make aur. tla. balos are w.ll aUlned, and put the plat .. to ona 

aide until tbe vlue i. dry. 

Ir.II You should now have lour complete shield shapes, 

� each with two holes; (our strips. each with a single 

hole: and four triangle shapes. each with a single hole (Fig 

15-8). Set [he 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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MAKING THE FOLLOWER WHEELS 
AND DOWEL-SLICE WASHERS a Look at the work1ng drawlDg (FIg 15-1) . 

EI Mount a place of 211." .. 2.'!." phm an the lathe. 

D With the wood in place on the laths, take your gouge 

and tum down the \Woo 10 the lugest posSIble 

d1amete:r. Haw take the skew ch1seland the calipers and 

csre:fully slum the wood to a 2" cyJJnder BepreclS8 . 

.. Starttn 9 at the tatlstock end. use the ruler and ... dJVlders to mark the cyl1nde:r W 1m the step-otfa: a 

small amount for taJlstock waste, If,' for the ftrst wbeel 

'N' for partmg waste, 'frO, for tba second ",bsel, 'j," for 

pantng waste, and the remstndar for another prO)8ct. 

B Take the part1Jlg tool and sink thewaate to a depth 

U of aboul 'h", 8oyouarelaftwttba cmtral corset 

about IN' (Ftv 15-9) . 

... On the lathe, d.r1ll a 1/.' -dJamater bole througb the 

lil langth of the project (Flg 15-10). It's a sttatght­

forward proCEdlr8. aslong as you advance and Withdraw 

tbe drill1D a sertes of amallateps. Run the d.rtll in 10 a 

dspth of about 'j.", than draw tt back to clear the waste. 

then Blllkthe bole another ,;",.,, then wttbdraw and clear 

the waste, aod so OD until tha hole IS o:mple1o. 

1&0 CAM MACHINE 

Figure lJi..l0 
san .. .... .... GtoI'" wiG .. '/ •• u1l bit 

R Once you are aaUsf1ed wtth tbe flrusbsd 

.. d1mmsians of the wheels, use the parung tool 

to part affthewbaels. 

r:w Sand. down the part-of1 faces of the wheel to a 

W smooth f1rush. 

rmom:J.S.u 

1M .at .. o. _ ... .,t .. tta. 1.'''1Il fDWll to. DIOI aIdA, 
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... Now take the large-diameter dowel you set aside lor 

iii the washer. drill it througb with a '/."· diameter hole, 

and slice it off like salami so yau have a selection or 

varying sized washers. 

ASSEMBLY AND FINISHING a The best procedure is to first dry build with the 

tight-push pegs, pencil label the whole works with 

registration marks. and then. when you are sure all Is 

correct. begin gluing and pegging it together (Fig 15-11). 

R Familiarize yourself with how the project tits 

IiiiI 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 t he dowel pegs home. 

EI Take the chassis plates. shaft stubs. wheel plates 

and wheels-aU smoothly sanded down and pencil 

marked-and peg them together. D on't forget to have the 

wooden washer to one side 01 tbe wheel so the wheel Is 

offset in the chassis (Fig 15-12). 11 you look to the working 

drawing (Fig IS-I), you will see that with the top \fJ,'heel, 

the washer Is at the back so the wheel is pushed forward. 

while with the bottom wheel, the washer is set at the front 

so the wheel Is pushed toward the backboard . 

... Once the wheels and the washers are in place, set M the wheel plates fimlly In position, and hold the unit 

secure with the dowel and axle pegs (Fig 15-13). If you've 

got It right, the push· tit pegs should just about hold 

everything in place. WhiJe you are \I\'orking on the chassis 

bogeys, 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-l), the template drawing (FiO 15-2) and the various 

photographs, you wi)) see that the tunction of the distance 

dowels Is to hold the chassis plate a set distance away 

from the backboard, while at the same time stopping the 

wheel frame from twisting. 

� With the two bogey carriages complete, slide 

iii them In place In the brackets. and set the drive 

shaft support post in place at the front of the baseboard 

(Fig 15-15). 

II. Allove the support post and set the four frame dowels 

In place so the two bogeys are llnked. spaced and 

aligned (F'ig 15-16). With the frame dowels fitted, ease the 

distance dowels so the whole lollm,yer frame slides 

smoothly UP and down in the bracket holes (F'ig I5-14). 

FIGURE 15-12 

Fit tho wlaHI plilto OD tho aielo of tho ch ... I .. . llel. the •• 1. rod in 

plaea, and set tha distance wasller on the aaJa. 

FIGURE 15-13 

Set tIla wh.e1 plates firmly ill position, and bold the unit secure 

with the dowal pega and ...... nea peDeU label the piec ... 

FIGURE 15-14 

Tbe distADce rods Dead to b. a tight pusb fit throngb the widtb of 

tba chauis and set so tha wbola bogey is abla to freely sUde up 

and down ill the bracket hole. 
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FIGURE 15-15 FIGURE 15-16 FIGURE 15-17 

Sat the allaft support po1a ill place in 

r •• dill ••• for tb.. final fittiJag. 

Slide the four frame dowels in place. With tile cam plates OD the drive ahaft, 

t •• t the IIlOVam8ut with waahor .. 

a To fit the cams, slide the two cam plates in place on 

the drive shaff dowel so they are held apart with a 

suitably thick w8sher-1 use one 01 the slices cut (rom the 

wheel plates. Set the dowel- slice "'ashers at (rant and 

back of the cam plates (Fig 15-17). and set the whole 

component pan in place so it is pivoted between the 

backboard and the support post. And, of course, if you 

need more or rewer washers, thinner sUces or whatever. 

now is the time to prepare them. 

FIGURE 15-18 

Add ••• har _lic •• uam a-cll plate i. 8Ugned witb it. follow8 .. 

wh •• t. You'll n •• d to .pand soma tim. -.nelinlil' and adiusting 

for best tit. 
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P:II When you have played around with the arrangement 

iii of dowel-sHce washers until the two cams are 

aUg ned with the (ollower wheels. and when you 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 (our frame shafts so the (oUower 

\l\lheels are in contact with the edges of the cams (Fig 

15-18). Although you do have to do your best to ach!eve a 

good fit and finish to the wbo!e machine. l think you also 

have to accept compromises. For example .. if the wheel 

pivots are slightly askew. you might have to ease one or 

ather of the parts with the sandpaper. 

EI When vou have achieved a smooth working action 

with the frame being neatly lUted up and down by 

the cams. and when you have labeled the who!e machine 

with as many registration marks as you think necessary, 

now Is the time to glue It up. 

Il!J Finish the project with a rubbing Of teak oil. 

PROBLEM SOLVING 
• This is one of those wonderfully flexible machines that is 

open to all sons 01 exciting design changes and modillcations. 

For example. you could use it to drive one of the other 

prolects. 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 fs held horizontally, and so on. 



PRO]ECT 16 

Steam Crank Slider Mechanism 

PROJECT BACKGROUND 
The steam crank slider mechanism is one of those joyous 

archetypal machines tllat sets me to thinking about steam 

trains and heavy industry. I'm sure you know what I mean, 

Ihe good old bad days. a lime bel are this. belore plastics 

and computers. when iust about everything to do with 

industry and plant was massively built in cast iron-lots DC 
steam. grease. oil 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 block. 

PROJECT OVERVIEW 
Have a look at the project picture (right). the working draw­

Ing (Figure lS-2A) and the templates (Figure IS-2S). and 

see how the stanchion and the guide block are fitted to the 

base board so that the piston block Is nicely In line with the 

crank. See also how the crank rod is fixed inside the piston 

block .. so as to aUow lor the movement of both components� 

Although the design Is pretty straightforward-not to() 

many precise measurements-you do have to be mindful 

that the relationsllip between the length of Ihe rod and tile 

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 a good idea to sort out potential 

problems by making a paper, pin and cardboard prototyp8� 
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STEAM CRANK SIJDER MECHANISM WORKING DRAWING 

• 

, 

• 

.� 

TOP\'lEW 

SIOEVl£W 

FIG:tmE 1&2i. 

A Rouod-toppcil n.oochJco. 

» I"I".,bee1 

C lI_beerd. 

D Guide plate. 

I Cnwuod. 

, Guide blook. 
$ Pbtoa blDek. 
8 Guide plate. 
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STEAM CRANK SLIDER MECHANISM TEMPLATES 
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FIGURE 16-28 

The scale i. twa grid 

aqua, •• to 1", 

A Round·topped stanchion. 

B FlywheeL 

C Base board. 

D Guide plate. 

E Craille rod. 

F GUlde block. 

G Piston block. 

H GUlete plate. 

I Spacer ring. 



CUTTING LIST 
A Round-topped stanchion '/1. )1 5 ·l(  51/; 

B Flywheel I "  5 "  5 

C Base board 1 " 4 " )3 

D Guide plate )/e. II 21/: " 51/: 

E Crank rod '/" " '/ .. _ 7 

r Guide block 1 . 2 11  8 

G Piston block 1 "  21/� " SIll 
H Guide plate "/� " 2!h II 51/, 

Spacer ring :/2 )1 1 . 1  

CHOOSING YOUR WOOD 
Tills Is one 01 tllose projects where just about anythIng 

goes-if you want to use pine throughout, or oflcuts, then 

fine. That said, it is Important that both the lIywheel and 

the crank rod be made tram easy-ta-turn wood-something 

1ike lime, beech or maple. It's no goad trying to turn 

knotlY oak! 

We chose to use English brown oak for the base slab, 

stanchion and drive plates, beech tor the guide block and 

the piston block, and lime for the wheel and the rod. 

MARING THE BASE SLAB a Take the piece 01 wood that you have chosen for the 

base slab, and use a rule and square to draw it out to 

size at 3" II 12". 

II Cut the wood to size, and use a shooting board and 

smoothing plane to bring the slab to a good crisp 

finish (Figure 16-3). 

II Bevel the edges with a block plane. Penclllabel tile 

underside. 

MARING THE STANCHION a Use a pencil rule and compass to draw the stanchion 

to 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 cllosen piece 

of wood. 

II Fix tbe position at tile pivot point and run it through 

with a bit to match the diameter of your dowel rod. 

II Use a scroll saw to tret out th e form. Work at an easy 

pace, so that the Une 01 cut is clean and fractionally 

to tbe waste side of tbe drawn line (Figure 16-4). 

FIGURE 16-3 

UBe a shoot:iDg boud. and .  smoothing plalle to Bkim the edges to • 

crisp trae tiniala. Reduce tb.. frlctlon by JnamlalalDg tbe che.k. of 

tbe plana with . white caDdie. 

FIGURE 18-4 

Work at a st.ad,. pace, aU th. wlUl. being r.ad,. to move U.e wood. 

so tbat tbe blade is pre.ented wltb U.e Une of cuL 

MAKING THE PISTON 
BLOCK AND SLIDING BLOCK a Cut the piston block to shape and size. and draw In 

the position at the guide rod slot. 

II While tbere are any number of ways at clearing tbe 

slot waste-you can use a drill and/or a coping saw 

and such Ilke-l tound that the easiest way, in this 

context, was to use a router bit in the pillar drill. Drill two 

holes right through the piece-one at each end of the 

slot-and then run tbe router bit backward and torward 

from hole to hole until you are through (Figure 16-5). 
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FIGURE 16-5 

Run the workpiece backward and forward, wbila at tb. A.8 time 

Bontly lowaring tlla bit. 

II Cut the piston guide block to size and shape­

meaning the block on which the piston block 

sits-and dry fix it in place on the base slab with dowels 

(Figure 16-6). Fix the stanchion pillar in like manner. 

II Cut the two piston guide plat es to size. 

R Having first tumed the piston rod to shalle and 

iii rubbed it down on opposite sides, drill a hole into the 

end of the piston block and use a loose-tit pin to fix the 

thin end of the rod in the hole. 

� Modify the shape of the piston hole until the rod is 

.. able to move up and dolovn without hindrance 

(Figure 16-71. 

R Finally, sit the piston block on the guide block, 

.. set the two plates one on eitiler side. and run a 

dowel through the plates so that the piston is contained 

(Figure 16-81. 
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FIGURE 18-8 

Fl. til. components all tho b ••• board wltb clry dowel Jfot. 

tbat the lina of decorative drill siDllial. was achieved with • 

Forstner bit. 

\ 

FIGURE 16-7 

The pia. lUlled. to be a tight tit th.raulb the blou and a looMi ••• ., 

fit througb the and of tb. rod, 8. th.t th. mOVllmaDt i. b ••. 

nGURE 18-8 

Adiuat tho tit of til. plat .. . ad til. len.gth of u.. alot ao that the 

•• taut of the lUD relat .. to the diamata)' of tha Uywb,.aL 



FIGURE 16-9 

Us. tb. divider. to chock off ma.sura.n:loDb arut. to atop-o'f 

around the circumference. Rota til. ramn.ded finiah to the tap 

'aco of tJaa rim. 

FIGURE 16-10 

u ••• pillar drill .nd . Forstner bit to run the holu through tb. 

tllicka •• a. Mot. bow tI •• turlUul Une b.elps •• t tbe po.ilioD of lb. 
center point .. 

FIGURE 16-11 

Rub tbe turning down at til. brud aDd-QnW thera are two 

distinct nata. wiUl the di.tanc. acro •• the nata being equal to th. 

diamoter of tho taming at tbe tJaln .uP 

MAKING THE FLYWHEEL a Take your piece of sawn wood at 1" thick and 

5" l( 5" square, and check it over for problems­

avoid anything that looks to be split or knotty. If you have 

doubts. then look for another piece. 

EI Draw crossed diagonals across the 5" x 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. 

EI Mount the disk on the lathe and turn it down to a 

finished diameter of 4-/." at about 1/9" thick. 

II Use a parting too) and the skew chisel to turn off the 

profiles tbat go to make up the design. Aim for a rim 

at about 'fa" wide, with the central boss being about I" 

diameter_. with the tace of the boss being about '3/&" lower 

than the face of the rim (Figure IS-91. 

11 Rub the disk to a smooth finish and remove from 

the lathe. 

I'!W Having first used a compass to divide the 

iii circumference of the wheel Into six equal segments. 

draw lines across the circle so as to create a Six-spoke 

torm, and then use the bit size oJ your choice to run six 

holes through the wheel (Figure 16-10). 

FITTING THE CONNECTING ROD a When you are happy with the shape and finish of the 

wheel, and when you have driUed the holes lor the 

central pivot and the handle, take the piston rod and 

continue sanding the two "flats" down to a smooth finish. 

EI The best way fonvard is to rub the faces down on a 

lapping board-meaning a sheet 01 abrasive paper 

that has been mounted grit-face-up on a sheet of plywood 

(Figure 16-11). ContJnue until the distance across the 

resultant Oats Is eQUal to the diameter of the rod at the 

thin end. 

EI Finally, have a trial fitting of the rod on the flywheel. 

H all is well, the wheel should be able to rotate with 

the Oat face of the rod being In close but smooth contact­

no twisting. 
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FIGURE 16-12 

Try out tbo movemont. 1f aU I. wall, tb. n.t faeo of tb. rod wlu 

run smooth _gainal the whael rim. 

ASSEMBLY AND FINISHING a When you have achieved all the component parts 

that make up the design. then comes the testing 

tasK 01 getting It all together. You should have eight 

primary parts in all: the base slab. the stanchion pillar. 

the flywheel, the piston blOCK, the guide blOCK. the piston, 

and two guide plates. plus any other bits and bobs that 

you have the time and energy to make along the way 

(Figure IS-13), 

II Check the components over, and then use the finest 

grade 01 abrasive paper to rub them down to a good 

finish. Give all the surfaces-barring the mating faces that 

are to be glued-a swllt rub down with a small amount 01 

teaK oil. 
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II When you are happy with the finish, start by gluing 

and pegging the stanchion and the guide blOCK to 

the base board. 

II Glue the dowel in the center 01 the lIywheel. and glue 

and dowel the guide plates one at either side oC a 

guide block, so that the piston b lock is nicely contained 

(Figure IS-14). 

11 Set the piston fod in place on the handle dowel. and 

enter the tapered end Into the piston block. Then lit  

with a glued pin. so that the wooden pin is a tight lit in the 

blOCK and a loose lit through the rod (Figure 16-15). 

I!I Test out the movement by slowly turning the 

... llywheel. II all is well, the piston sMuld be at the 

limit oC its run when the rod is tully extended at the 

quarter-past-the-hour position (Figure IS-IS). 

I!W When you are happy with the movement, then 

.. comes the enjoyable task of fitting all the little 

embelHshments 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 circumference of the flywheel. 

II Finally, having first of all waited for the glue to 
. 

set, give aU the surfaces another swift rub down, 

wipe on another coat of teak aU. and then you can set 

the wheel turning. 

FIGURE 16-13 

Cbeck aU tho compon'Dt Darts. 
out for fit and lilli.h. Maire 

aut. mating face. an Ooah 

and true. 
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PROBLEM SOLVING 
• JJ YOIl IllCI tbe ovaraU Idle or the project. bUt not UI male 

somethlllg al1l3ptJler mOle IP'IDG-Say mUCh Digger-IX! 

problem. as IOOf as yoa make sun tbst Ole lUamlter cd tDe 

Dywbeet lDeleogth or tbe rod. and tile I8nglh or tile p1Stoo 

blOck Slot aJ8 com,patibl8. 

• WbUs ) WC8 the JUoiect as tt stands. GUI teClcons ttl811t WDIIlI1 
be aJroget:ber mora IIClt10lI U w, bad I set or fIllr JlJ tr'hee1S 
and IbUrpJsums, W1th aUthe piStons Sit so tlI8t IDe, push OD! 

after another.Sbl tbUlks th8IU wouJdbe more Jo JceepJog With 

Ihlhl",eogtollrlog tral2ltloo.n eOWU1sso easy! 

• U you IllCI tbe llDUoaoJ Ille PJOjltctbUt lJ8O't so keenan 

woodtU1mog, JOtl cOUld get •• ., wtth cutting the Wb.l out 

on tDe BeJOU saw aDd USiOlla ready made leogth or dOlfll JDJ 

Iheptstonrod. 

• JJ Ille PiSton blOclCsaclCs between ttle guJOI pJa_ tbea 

try llun1Sll1Dg the Sides or tbe pl!ton wltD a small eOIlOl 

oJoeeswa1. 

• JJ the rod. IS too toog lOallOWthe p1Stoo blD:ktoget to ttl8 
Ind or ItS NO. tbene:illler Ibmten tbe leogtllcd tbl rod. OJ 
I8CQtbin 011 guldealOt 
• U JQtl'r8a DlglDDerto WlXldtumlCQ. youcao taalt bom me 

that ona ortbl Dllt Imas La theJl:lU1-:JSW ChUCk. AS ,00 can 

He. It aUon you to bOld IIl5IC 1I18D1Cs securelx W1tbDtlt the 

OIld D:lr ICI8W'S. 
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PROJECT 17 

Differential Pulley Block 

PROJECT BACKGROUND 
Vheo. wal1vedby aboatyard, I used to watch to amazement 

at the laIlDchIOgg:. Havtng spoot BIX months buL1dJng a 

woodsn bah1ng trawlsr that was truly as big as a bou� 
about SO'long WIth oakenrtbs as tbJclc as a man'shady, 20' 

h1ghfromkeel to deck, anbutlt on topof a massive 1JOn CBr­

r14ga-the buJldera would use a ser18s of pulleys andlave:ra 

to lOch tba ftntsbsd boat out of the bu.1ldmg she:i and mto 

the watm. They made 1t look so eaay! Tbay would hook ona 

and of the pulley to thecarrtage. and tba other end to ana of 

the buge tron rtngs set Into the quay aide. Than they would 

pump away at the rstcbet handle. and It was beauuful to 

watch. Four mJddJe-aged men httle-by-Uttls tnch1ng the 

big boat from the absd and onto the lalmchlng ramp. All of 

It done WIth pulleys and levers. 

182 DJF r'£RENTIAL PULl.EY BLOCK 

PROJECT OVERVIEW 
Look at the project piCtUre 10 the right. the lfOJk1J1g draw­

Ing (FlgUre I7-2A) and Ihs deSign _platee (FIgure 17-28)_ 

and you'll sse that the essence of tbJs prOJe::t IS makmg 

multiples Tbare are lots of turned puBeys, wbeels, groups 

of idenl1cal plates, Bats ofholde:r bars, and 80 OD. U you lJke 

makmg repeats. then you are golng to enjoy th1s prOJect. 

The ratchet is a bit trtclcy because tt must be la1d out 

accwataly with a compass. Look 4t the deSign templates 

(Figure 17-2.8) and note bow tha wMel dsslgn 18 achteved 

by scnbt.n.g radius arcs around tba cttcumfe:rence of the 

ctrcle 10 dIVIde tt up lDtO 61X equal parts. 

ThIs project Is deSigned to be hung on the wallltlce a 

ptcture or a p1e::e of scu.lptme. The boles 1D the backboard 

are uliEld as banging POints. 



DIFFERENTIAL PULLEY BLOCK 
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DIFFERENTIAL PULLEY BLOCK 

1&4 DlFF'ERENTIAL PULLEY BLOCK 



DIFFERENTIAL PULLEY BLOCK 

DlFFERENTIAL PULLEY BLOCK 1&5 
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DIFFERENTIAL PULLEY BLOCK WORKING DRAWING 

F_I-_1t--

D 

fRONTVICW 

TOP VIEW 

166 DlFFE:RE:NTIAL PULLEY BLOCK 

sIDe VIEW 

FIGURE 17·2A 

With tllis project, f •• l Ira. to 

•• p.rim.at witla d.W.nDt 

al ... aDd tlt.ic)cu .... of wao4. 

A Backboard. 

B Ratchet oUlrtgger. 

c Ratthet wheel. 

D Hook. 

E Top gang pulley plate. 

F Swinging gang pulley plate. 

D Ratchet stop plate. 

S Handle crank. 

Holcter bar. 

J Olstance disk. 

K pUlley wheel. 



DIFFERENTIAL PULLEY BLOCK TEMPLATES 

FIGURE 17'28 

The Bcale ia twa grid 

aqua, •• to 1", 

A Dackboard.. 

B Ratchet outrigger. 

C Ratchet wheel. 

D Hoole. 

E TOp gang pUlley plate. 

F Swmgmg gang pulley plate. 

D Ratchet SlOp plate. 

K HWldJe cran.k. 

I Holder bar . 

.I DIstance dJsk. 

l[ Pulley wheel. 
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FIGURE 17-4 

If you're now to tb. KroU "., you mlg"a.t nat know tb.t tb. 

rate of cut i. lJoverned by the speed at whicb you advance the 

workplace. To have mon control _hla. cu.tting tight C1UV .. , 

aimp.,. alaw dawn foediD, tb._ woad into the blada, 

... When you're satislied with the shape, drill a 3/0" hole 

l1li for the pivot and a sman hale for the fixing peg. 

II Cut the form out on the scroll saw (Figure 17-5). 

MAKING THE HOOK a Now comes the good fun of whlttUng Ihe hook 

to shape. It's fun because iI's also a chaUenge. 

WhittHng a dense wood Uke plum ls always lough going. 

The only tricky pan is you have 10 keep changing the 

direction of the cut as you work around the curves. If you 

lind yoursell cutting directly into end grain, turn the hook 

around and cut from another direction (Figure l7-G). 

EI When you 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. 

FIGURE 17-5 

Firat cut out tbo cU..k. thon cl •• r aach of th • •  is pitteo. of ••• to 

with two atrai,lIt cuts. 

FIGURE 17-6 

Work with . controlled paring cut, aU the whUa makinv aure u.at 

you. an cuttf,ng wltb th.grain. 

DIFFERENTIAL PULLEY BLOCK 16B 
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II!W When you've finished giving all five pulley wheels a 

.. V-groove and one fair face, place them one at a time 

in the four-jaw lathe chuck and remove the waste until the 

rim and the central boss stand slightly above the center 

section (Figure 17-9). 

ASSEMBLY AND FINISHING a When all the parts have been built-the backing 

board. 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 

small pieces (Figure 17-10)-then comes the time to put 

it all together. 

II!W Check aU the parts tor probie ms-spllts. rough areas, 

... warping and such. Sand all pieces smooth. Being 

very careful not to get any on the faces that are to be 

glued. apply teak oil to the pieces. 

II Start assembly by fitting and gluing the top gang of 

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). 

a Peg and glue the outrigger to the side of the 

backboard. Set the ratchet step 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 

aa careful whaD gluiDII' u.. dowat OD1,. glua the plata hal • .., 80 the 

wh •• t. are free to move. 

FIGURE 17-1D 

Wben you'va mada all the puta. sand tham amooth. clean a.a,. 

tbe dUlt allCl tben .pply . amaU .mount of te.k or DanJab oiL 

Keep the oil off the face. that will be glued.. 

FIGURE 17-12 

Tile little clark black UDder the ratchet atop is • limiter. It kaapa 

tbo atop from chopping dOWD. 
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R Theftwng order for the ratchet untt on the dowel t.s: 

IiiI cogged f8tcbst, puBeywbeel, crank, hold peg and 

handle dow9l A small peg througb tba dowelbolds 

IMIrythlng ttl pW:e (FIQ\ue 17-13). 

I'!!I The swmgtng gang-theunJtWlth the Single pulley 

iii wheel endhook-18WOndarfully easy 10 11t All 

you do 1a sandw1Ch the book, puBey and spacer wheel 

between 1ha two plates, than glue the dowel pivots 1n 
place. Keep the glue at the end of the dowels eo the three 

components al the center of the sandw1Ch 81'S free to move 

(FIQ\ue 17-14). 

I'ICOIIE 17-13 

•• .. _ .. ••· .. ·tbII .... ·tDl r.a.cma-tl. r.tt. ... 
JdIIY .... \a ... .,. a. .OIllCMq .... L ,. ...... 

... ..... __ to ......... 

ncOJU: 17·1. 

IoUG ............... . ..  ". ......... O .. ... JJI;tn. 

17. DIITEREN'TlAL PULLEY 3l.OCX 

FICtmE 17·1& 

_. ,..ft ...., ... .. oma. .'  .. IIl ........ lJa D.  
,atuM .. lIIY" _ CI.IUIIC:e ct .......... If.IdlllMtC*fti ..... 
wHIII _ ••• DIII ..... 

n To tnstall the drive cord, foUow th1s road map: stan 
.. at the top spacarwbeeloD the swtngtng gang. go 

over and around the front pulley on the top untt, then 

down totbe pulley on tha 8W1ng1ng untt, backup to the 

back pulley on the top untt, and then f1nally round to the 

pulley on the ratchet unit. FI.% the ends of the cord by 

glUlng Ihsm _pegged. drtllsdbol •• (FIQ\ue 17-15). 

PROBLEM SOLVING 
• DIPeodlllg OR JOUr cOOlee or ddve oont JDl may need 

to make the V 4ectlOo groans em lDe lllllllY .blllS 

SUgilUy Cleeper. 

• M relied 008 caw-Jaw ctmcktomalCe these parts. UJoo 

0001 ban one, JOll11 neell1l:leltber purcbUe 0l1li orwmleto 

a .a, UIa1 swtsyour lalbesetup. 

° lnmrolplcl GUI n!Clo:ICB tlI8t ibIS project .oold ban been 

mora 10cteasDlllt.e bad msdeeve[V'1bJCQ mUCllsmalllt 

\!nl mlgbt want to lnlUd. IblS at baU tbl Ustld 5128. 

• Wbln ,00 tome to JIlting tbe tatt:he1 Whlal ,00 may aDd 

It nece.511l'Y to use pend� paper sed a piece or cardbJlJd. to 

determJol tba pratlSe posttton or tbe sop and bIottt 



PROJECT 18 

The Excentric Squirrel Fan 

PROJECT BACKGROUND 
The exceDtJ1c squ1JTe1 fan 18 a mechanism dealgnej to 

draw 1D and c:ompreaa large volumes of air USIllg cantrtfu­

gal forcs. If you want to wnt1la18 a sbJp. factory or mIJla 

abaft, orpuah warmatr from one roomto another. then 1hts 
Is tbs fan to 1188.10 use, the air Is sucked In througb amaU 

wnt:s at tba sides, compressed durtng Its progrssa througb 

the spiral and then force:i out from tba outlst mouth. w 1m 
each lfIng of the fan acttng as a valve. Aero whyU's caned 

an ·exce:otJ1c squJrrel" fan. I can't say for sure, other than 

Wets tba teJ1D and tba spellJ.ng that was used by 8 certain 

Sir John Rob1n.son. In 1850 or tbsrea.bouts. when hs 
dsSlgnSd a lfIvoluttonary new warmtng and ve:nUiatlng 

srrangmnent fur his house ttl Edinburgh. Scotland. Tbs 
spellJag for °excentnc"lsW91rd but correct 

PROJECT OVERVIEW 
H8119 a look at the pr01ec:t pICture (l1gbt). thewmk1ng draw­

Jng1I (FIgIUe Is·aA) and Ihstemplates (Flgwe IS·2S). Tho 

fan 19 mads up from 8 bacld.ng bomd, 8 frame plats and 8 

bue board, With the three compments sbaJ1ng the same 

prof1le. Tb.1s was acbJeved by esndwtchJng three boards 

and the:ncutttngtbam out allota ptsce-wtth the resultant 

waste betng used for a good Dumber of the othsr comp� 

nanla ThemowmaD.t 1& achteved by maans of a drtve belt 

that runs from one ",bael to another, with the mottve force 

being auppl1ad by the crsnlc handla. The good fun tblng 

WIth this JIl'Ole::1 18 DOt 8'J much the smooth movement of 

the fan, but rstbar in the making. I say this because. to my 

mtnd, there 18 something psrucula.rly plsasureaome about 

the pra::e:fu.re of cutt1Dg and bnlng the fan WIngs so that 

they are a ugbt close 11t wttbJn the frame plate. 
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THE EKCENTRIC SQUIRREL FAN WORKING DRAWING 

FRO»TVlEW 

TOP ''lEVI 

174 THE EJ«:ENTRIC SOUlRRELFAN 

SIDE ''lEW 

mum: 18-2A 

... Botldllg bD e.rd. 
• Framcp�e. 
C F4Dbub. 
D Hubbtlnrhcel 

I Small belt wheel 

, Croak bsDclIl. 

G BlUetoud. 



THE EXCENTRIC SQUIRREL FAN TEMPLATES 

FIGURE IS-28 

The acal_ is twa grid 

squaro. to 1". 

A Backing board. 

8 F'rame plate. 

C Fan hun, 

D Hub belt wheel. 

E Small belt \'Illest 

F Crank handle. 
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MAKING THE FAN WHEEL a Take the wood that you have chosen to use for the 

fan hub and then use the compass fixed at a radius 

of a little under 1'11'" to draw out a circle with a diameter 

of 21/0". Draw an inner circle at about 1" diameter. 

II Run a hole through the center of the drawn out 

circle to match up with the diameter 01 your chosen 

pivot doweL 

II With the compass stili set at the radius measure­

mem, first step off around the circumference so that 

you have six equal divisions, and then halve the divisions 

so as to divide the circumJerence into twelve equal parts, 

1ike the face of a clock. 

II Draw lines from the circumference imersections to 

the center-just like the spokes 01 a wheel-and then 

move to the band saw and run straight saw cuts along the 

spoke lines, stopping short at the line 01 the inner circle. 

II Lastly, move to the seroH saw and cut around the 

outer circle so that you finish up with the hub wheel 

(Figure 18-5). 

a Take the wood for the wing Oats and plane it down to 

a thickness of about 1/18". Cut the wood into twelve 

identical lengths at a little under '/a" wide and F/," long. 

II!'II One piece at a time. take a small sharp knife and 

.. shave away the thickness at one end. until it is a 

tight push lit in the band saw cut (Figure 18-6). 

MAKING THE BELT WHEELS a Havina tlrst used a plane to tllickness your chosen 

wood to 3/0", then use the compass to set out the two 

clrcles-I·/,· diameter lor the large wheel. and '/." lor lhe 

small one. 

II Cut the two circles out on the scroll saw. 

II One blank at a time, take the Knife and the ritner file 

and cut and work the V-groove (Figure 18-7). Run 

three pencU lines around the thickness of the wood so that 

you have four bands-two equal outer bands at 1/0" and 

two inner side-by-slde bands at 'Il.". Run a sropcut down 

between the two 1/1&' bands. and cut into the stop-cui to 

make the V-sectJon. Do this on both wheels. 

FIGURE 18-5 

Firat cut the alots and then cut out the circla. This way of wor.ing 

aUow. you to cornctly aUgn tho band saw cut. weU beforo tbe., 

anter tbe circle. 

FIGURE 18-8 

Sbave the wood aD both aide. so th.t •• cb wing is a tight puab tit. 
If you Me using . hetty saw blade or thin veneen. then you could 

maybe mias aut aD the shaving atagB. 

1.U'f.i:f. i�.rif'--..._ 

FIGURE 18-7 

Un . knifB to cut tbe V-groove, then run the rilfler file over and 

round-alwa,.. war.ing with tbe run of tbe grain. 
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FlGURE 1S-S 

Wat. with • tlgbt paring anaka-•• If you. went pariDg a 

small .pp18. 

MAKING THE CRANK HANDLE a Plane the chosen wood to a thickness of about a/o". 

B Run a center line down the width 01 the wood so that 

il is aligned with the direclion of the grain. Then use 

the compass, rule and pencil to set out the design. 

II With a drill bil to match the diameler o f your dowel. 

run holes through the two pivot points. Then !ret the 

protile OUI on the scroll saw. 

a Use !lIe penknlte 10 whittle the arm of Ihe crank to a 

round section flmsh. Work from end to center so as 

to avoid running the blade Into end grain (Figure IB-B) . 

II Having made the knob-J turned mine, but you CQuid 

just as well use a found bea(I-lake a little scrap of 

easy-to·carve wood and make a little pivot pin to run 

Ihrough tile knob (Figure IB-9). Work Ihe whittling with a 

knite and fine- grade sandpaper, until it is a tight til in Ihe 

crank and a loose fit through the knob, with the swe1ling 

al the end of Ihe pivot acting as stot). 

ASSEMBLY AND FINISHING a Take all lhe component pans and check Ihem over 

Jor possible problems-pay particular attention to 

Ihe Ian hub. See how ( trimmed back the width 01 my base 

board by about 2", so that it looks maTe balanced. When 

you are happy Ihal all is correcl, Ihen comes the time 10 a 

have a trial run putling togelher. 

17S THE E:XCENTRIC SQUIRREL FAN 

FIGURE lS-9 

Ban.d tbe peg to a round MettoD ao that it'a a loou fit thrQugh tho 

knoh and a litht tit in the uanJr: hola. 

FIGURE lS-10 

The frame plate might waU warp WhOD It baa b.OD cut. If nab 
happen .. than YDU will Doad ta aase it to fit. 

FIGURE lS-11 

Trim tbe wings DIl hath sid ... and set tlunll in the alota ao that 

tb.,. ara in aligllDl8Dt with U.8 radiaa li.na .. 



II PosItion the lace frame plate on the backing board 

and mark its position. Establish the precise position 

of the tw o  wheel pivots, and run them through with a bit 

size to match your chosen dowels. 

EI Set the frame plate in positio n on the back and run 

selected tixing holes through the thickness at the 

backboard. Fix the frame with three or four cocktail-stick 

pIns (FIgure 18-10 I . 

... Set the wIng Uaps In the hub slots, and make 

M adlustments (Figure 18-11) untll the total diameter at 
the tan makes lor a tight fit within the frame plate. 

I!I Place the drive belt wheel an the tap face of the hub, 

g and fix it with wooden pIns (Figure 18-121. 

I!I Once the fan wheel is in place. drill the rest of the 

iii holes through the base board. If your frame warped, 

you might need to fiddle around lor best lit (Figure 18-13). 

I!!W Slide the spacer wheel an the drive pivot (Figure 

_ 18-14). and then tit the crank and wheel unit. 

a. Take a waxed twine and cut and knot a two-strand 

drive belt to tit . 

.... FInally. disassemble the com ponents and work IiiI throu gh the usual procedures of fine sanding, oiling, 

gluIng and waxing. 

PROBLEM SOLVING 
• One of the biggest difficulties with tllis project 1S choosing 

the VlODd ror the fan wings, Not only [fo you need a wood that 

is straight gratned. with a lot of strength along the nm at the 

grain, but the wood must be relatively easy [0 plane, I chose 

ash, but you could just as Vlell go fOI beech, maple or some 

types of pine. You could even buy ready-cut veneers and 

sandwich them to make the thickness. 

• Be very careful when you are cutting the frame plate that 

you don't break the form across the short grain, 

• Use wax-Ilned cord lor tbe dr1ve beit. or even one 01 those 

little track belts from a child's construction kit. 

• When you Ole \'larking ll1e V-section wlleels with the rUller 

file. you will need to change your approach to SUll the run of 

the grain. fur example, if you arrange your disk blank so that 

the gram runs tram 6 o'clock 10 12 o·clock. then you wIll have 

to work up and down from 3 o'clock and 9 o'clock 

FIGURE 18-12 

The belt wheel Ie Hat fi ... d In plac. with a coupl. of pega-th. 

id .. being that you tile .. don't have to wony &0 much about the 

titting at tile gluing atago. 

FIGURE 18-13 

The trame might need to be repeatadly •• sed to fit. 

FIGURE 18-14 

It's important that the .pacer stands slightly proud of the frame 

plato so that tile cr.nlc: handle la Ufted ftactio .. aUy cl •• r 01 

the frame. 
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SIX VALVE RADIAL ENGINE 
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SIX VALVE RADIAL ENGINE WORKING DRAWING 

fRONT VIE\'\1 

. - - - .� . . 

_F 
h I II 
i TT-I - - --

TOP VIEW 

FIGURE 19-2A 

A Engine body. 

B Backing ClISb. 
C Crank dIsh. 

D Pistons. 

E Spacers. 

F Base mounts. 

G Base slab. 
B Piston rods. 

182 SIX VALVE RADlAL .ENGIME 

CRoss-seC'J'JOll D£'rAILSUOWING 

THE PIVOTING ARRANGEMENT 



SIX VALVE RADIAL ENGINE TEMPLATES 

FIGURE 19-28 

The scale i. two grid square. 

to 1". Rale witla. tb.. ensrb:ul 

d.l.ek how the desJp i. based 

aD a !au fonn, with lb.. 
atop-off. belDu •• tablla)aod 

by malrillg radius arcs. 

A Engine bOdy. 
8 BacklOg disk. 

C Crank disk. 

D Plstons. 

E Spacers. 

F Base mounts. 

G Base Slab. 

H PIston rods. 
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CUTTING IJST 
• Eng10e l:IOlly }v. " 10" 10 lime 

• Backing dJsk 1/. " 10" 10 plywooCl 

C CmnkCWlc 11/. " 21h " 2V.Cherry 

D PiStoos IV,,, lV,,, 11/& nout 

E Spacers III "  1 "  1 

r !We meuw Om:t1tsotbeech 

G .... Slab l " S " �l&beeCh 

• P1Stoo rods "/a" tblClcpbJm 

FICmu: � 

CHOOSING YOUR WOOD ...... _ ..... _ ...... ... _ .. _ ...... 
The choICe of wood 18 governed almost enurely bytecbn!- ru.r ....... r,... 
cal need The wood needs to be easy to tum and strong. For 

these reasons, I chose hme for the maID e:ngtne body, thin 

plywood for the baclcmg d1sk, beech far the base and tba 

BIde mounts, a danae Afrtcan walnut mr the piStons and 

plum 1m the piston rods. The pleces that pee8 the most 

challenge are the piston rods The wood for these needs to 

be strong even when tt's cut lJJtO tl:dn s11ces. 

MAKING THE BASE a Taketbe )" -ttuclc slab of woadlDr' 1hs base and plane 

11 down to a f1n1sbed tbtclal.eas of '/,". 

E1 Use a square. rule and compass to lay out the deS1gn 

on the wood, then cut It 10 shape on your scroD SB'.N. 

EI Sand It to a smooth f1nJsh. 

II Cut the two tittle mount wedges to shape and BIZa 

80 tho top curve ta a parttal circle that C0me3 from a 

c:1rcla wttha radius of ,ph· (FIgure 19-3). 

MAKING THE ENGINE BODY a Take your 10· " 10" slab of wood and draw Cl'os£ej 

dJagonalsto f1nd the center point. Set your dlV1dara 

to a diameter of 4'1." and a:::rtbe 8 gIIJ"·d1ametar C1rcle. 

E1 Use a 2,'j."·dtameler Forstner bn to dnD. through tba 

center of tha blank. 

184 SIX VALVE RADIALENGlNE 

FICmu: 1D-4 

ft .............. art ...... a. •• t.e ...... 1UdIt _, '" 
G._or . .... ·,.. ClIldL'h •• Il .... "' tu  . . ..... ...... 
to tlMll tMSCIt,.,. ..... ........ talltu ... or U. dft. ... to 
G.t G· .... ttt, ..... ..,..,.· .. ·1IPIfl, 

E1 Change 1hs laws of your lathe chuck eo they're in 
the expanding mode. Mounl tbs d1slc on the lathe 

and tum 11 down 10 sl%e: ';." tbJclc and g" in d1ameter 

(Figure 19-4). 

II Twn the f1n1sbed d1sk over In the cbuclc. Cut a guide 

l1ns around the cttcle abJut l/t" in from ths 00ga. 

then lower the face of the resultlDg 8'h"·dlameter ctrcla 

to adepthof 1/," or theth1clmese of the plywood you're 

USing. The Idea IS to 111 the plywood disk 10m the recess so 

tt's cODt8.lnad. 

I!II With your compass set at a mdtus of 41ft", m.alce SIX 
g equal step..offs around the cttcumf:erence. Then use 

the sIX polDtS 10 draw In all the det aJls of the deSign (see 

FlgurnB lll-2AandB). 



F1CllIIE 1 g. S 
,... .... .. IIll .. .... 'Ol'..- ..... c __ ... __ ...... 
... 011 ..... ca .... . 

I'!!I Use a l�/�·-·-dJametarForstnarb1t 10 drtllout the 

iii pISton cbaJDb;a holes (Ftgure 19·5). Dnll two holas 

for each chambet 

R When you haw marlced out the dsSlgn and drtllej 

.. out the ends of the piStoD chambers. use a scroll sSW' 

to cut out the rest of tha daSlgD (Ftgure )9·6). Make sure 

the sawn edges 81'S clean and crtsp and at I1ght angles 10 

the faca of tba dJsk. 

r:'I Ftnally. USB progreS81vely bnar gradas of sandpaper 

iii 10 gut a smooth f1n1 sh. Pay pantcular attmUOn 10 the 

FICO'R.E 19-8 

DIll a •• " tlr ....... lIIIIII. till ..... ..... Of 1M ..... 

ct. ..... . ar.at ...... ........ d .. ta ..... t" ... 

.. .. ..... 

8ldae of the ptston chambars (FIgure 19·7). FIGll'R.E J.D.7 

MAKING THE BACKING DISK a On the plywood, draw 8 c1rcl.e that matches the 

tunl8d re:ees, and cut It out OD the scroll saw. 

EI Study tha working drawtng. noung bow tha slots on 

tbe plywood dJak relate to themovamant of the 

pISton centan. Usmg a penctl, rule and compass, marlc the 

pOS1Uon of the slota Malee tha Slo18 sltghtlywtdertbsn the 

d1amste:r of your ptston-cente:r dowels. 

EI Cuttba slota out on the 8emUS8.,. Tha best wayiata 

dnll two boles tn each of the drawn slots, one al each 

and. Detach the a8W blada and pasSlt througb the hole. 

reattach and tensiOn the blade, then cut out the slot 

(FIgure 19·8). Remember to dJ1Jl 8 bole througb for the 

crank dtsk pivot. 

... Ftnally. sand all the sawn edges to 8 smooth f1n1ah. 
.. Do a trtal f1tttng In the recess, sanding unt1l 

ewrythtng fits properly. 

........... a:_ ......... a. ..... t.-:eatD.OC*I ... G 

ftala ..... ... UWtauu. ..,.. ·,. lUiPay ....... -
....... ". II1II .... 0I0..c. ...... ..... 

FIGOIIUD-8 

ft. tnt ..,.I ..... tuS-a .... U •• Of a.1IOtl1.todn • 
0.._ .. . , 11M ....... llnlQlln. Q. •• �cu ... . ,. • 
.. lOWltIlI ..... . t.�JOQ ...... tal ..... tDl .... . 

IIOIIb. .. , ... _. to ttYt.,.. cal CIOlI'IICU, ftt G_ ..... totM-. 
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Copyrighted Material 

MAKING THE PISTONS AND SPACERS a With the 8Qg1ne body complete. take the wood you 

chose for the ptstone and cbacJc that It's free from. 

spltts and lenats 

EI Set tbs square wood ssct:lon In the lstbe and tum It 

down to 8 cyl1nde:r with a dwnatar that IS slightly 

sma.Iler than. thewtdtb of your ptston chambers For 

uample. Uyour chambers are 1'1 ... • wide, tbs:a.make a 

cylJndsr that's 1" or Ilh", 

E1 Usmg dJvtds:rs make alte:rnate step-otfs '14.", 1", 'I. ", 
1" and so on along tba length ofthewood UDt1l you FICO'RE 1M 

have seven l"ptstons marlce:l(SUC youknow you need and nl JilllODQllda t.bII .... . ........ It ...... tt ...... 
ane extra for luck). II_.,N" OIl 0. ... OI t  ... ... ... . _ 

... Mark the wood snd the chuclc soyoulmow bow tt: ... Uts In tba lathe. Then take It off and sse how the 

cyltader bUiD the chambers (Figure 19·9). 

R Ramoum the workplSCB, and tum tt down to a good 

iii fit. Part off the p1lotons by brtng1ng the leadtng facs 

of the flnn p1.8tonmltns 10 a good f1n1sh. removtng the 

waste 80 tha pISton falls free. WJ.nd thetaUstock center in 

9J that the wood 1S once agaJn supplrtsd, face up the next 
ptston, and 80 on down the lJne. If alliS "ell, the pIStons 

&bouldbe a nlceftt and stand above tbe face of tba engine 

body by about'/u· (FIgure 19-10) . 

... When you haw made all the pIStOns, make the 

iii epacur disks in l1lce manner. The onlydlff9nmce th1s 
t1m& tsthattba disks 81'S about 'I." diameter andmada so 

that thfl'f f8.DQ'9 In mulnplss of the thtclcaess of the plBtDD 

rods. That means tJ your ptston rods are l/u"thtclc, thsn 
thef1retdiak'needs to be '/�" th1c:lc;tbe next onetw1Ce 

1/:c" (that would. be '/,;'); the D8xt three t1m8s 1/:c" ('Ix"); 

the nan four umee '/u" (';."); and so on (Figure 19·11). 

n Ftnally. part the spacers off as dea::r1bed for the 

.. p18toDS, and dJ1l1 tbsm througb W1th boles to match 

your ptaton dowels. 

MAKING THE CRANK DISK a Study the working draWing and the templates. 

Note tba relat:1onahtp between tba movemant of tho 

p18tons wtthm thslr cybnders and bow the lang1b of the 

rods gowms the prec18e postttaD of tba crank hots on the 

crank disk DrB'.NYour disk to sl%e acc:ordJngly, eJm1Jlg for 

a ttgbt but smooth 11t. 
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FIGURE 19-12 

Gather an the component parts and check tham. over for problema. 

IIUB aunt th.t matlng surfsen are amooth to tb. touch and fr .. 

from. rDugb corner. and edge .. 

II Plane the wood to thickness, and cut the disk out on 

the sCToll saw. 

II Drill two holes-one at the center tor the main pivot 

dowel .. the other one about 'hs" out trom center lor 

the crank rod. 

MAKING THE RODS 
AND PISTON WASHERS a Take your carelully selected wood-l chose plum­

and plane it down to a thickness 01 '/,,'. 

II Layout the rod dimensions on the wood. They should 

be about :S/e'" wide and the holes centered about 2'1;" 

apart. The exact measurements should come Irom your 

specific parts. 

FIGURE 19-13 

Chock tb. rod for aba-make sara that tho piston do .. n't .Uck in 

its chamber-m •• ninl' when the crank pin is furtlleat away from 

tb. pietoD. 

II Cut the rods to size on the scroll saw, then strap 

them together with masking tape so you have a titUs 

bunch. Drlll the two holes through all the pieces at once. 

a Use the same thickness of wood lor the washers. Cut 

the washers to size at about ';'" diameter, Illen drlll 

to suit. You need twelve washers in all: six for the front of 

the machine and six hidden away at the baCk. 

II Thread the twelve washers on a piece oj wire or 

toothpick and sand them until they're smooth and 

crisply rounded. 

ASSEMBLY AND FINISHING a Group all the component parts and check them lor lit 

and Iinish. 1t may help you to number the parts and 

dra\\T in alignment marks. VI/ipe on a small amount of teak 

oU (Figure 19·12). 

II Glue and pin the plywood disk In place In the recess 

at the back 01 the engine disk. Set the crank disk in 

place, and then put the six pistons into their chambers 

(Figure 19-13). 

II Run the small diameter rods through the pistons. 

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 

slart placing the piston rods (Figures 19'14, 19·15). 
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II Set tha rurnm.g band.le in place and test ths 

J movement (FIgures 19.16. 19.17). You may haw to 

sue the boles a bit unUl the mowment 19 smooth 

EI When you've fitted theroda In an ascendJngsp1l'aI, 

markwbat goes where and bow. 

r:w Ftnslly. whan you are sure ewryth1ng 19 propmly In 

iii place and up and runnJ.ng. glue the whole works 

togetbsr. Set the engtna d1sk on Its stand, bwntab tha 

movtng parts wIth a smallamount of beeswax to reduce 

frtctton. and 'the lob IS dons. 

PROBLEM SOLVING 
• JJyau tloUbe mavementatlCllDg 'OU Clllkl aiel a craDIC 

ll801De allbe baclcoJ tbe model- a bandl! that ami tbrougll 

to the central creal dISc. 

• JJ YOU'J8 UlISlre DOW lomethlDg WDJlcs and tba Compooenti 

rellte to.cb otbar,Jt'Sa golXlldaiI to makes wmldcg model 

h'1 easy enoOgb to make a oat deaaop mal bUm canDIOlJd. 

• TIle)l1!lton roJlets Deed to be melle nom adllnse, baavy 

ll8n3Wool1. J 1I8Il1, Doe tbIt bas eo OIly 1ID1Sb. 

• FlDdIDg gocd·QIlIlItJ smalHlJameter IlaWelI IS al_.,.5 a 

probl8Jo.J tand to use amtt Dr cocttaJlltlClcs, barDecoe atclCs 

and kebab sewri. 

• Be SlUe to .81 moTlng J8nl before ,lll ll8Sllmble the 

mEChloe. to cot daWn on tbe rdcUon. 
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PROJECT 20 

Wheel and Worm Gear Mechanism 

PROJECT BACKGROUND 
The wheel end worm gear mechantsm is 8 devICe for 

°aos&-axte movemantO-8 davtce far cbaag1Jlg the drrec­

UOn of the movemsntwhlle at the same Ulna c.baDg1ng tba 

gUI raUOa [n th1s 1nStance, the speed at tba fast-tumJng 

worm ge8l' 18 convarted toto a alow-twnJ.ng wheel U you 

really eD)OY techno-babble. worm gears proVIde the alm­

plest means of obta1Jl1ng large raliOs In a slOgla palr. Such 
me:banlsma are used when tho &.:Css for transmJttlng 

moUon are not in the same plans. Just tn case you're more 

a sculptor-woodworker thaD. a mechanical e:ngtnear. what 

thtsmaana 1S that tba aaew zooms around wbJle the wmel 

creeps. It's a faa:::tnattng mechanism to watch in act1on. It 

Is beauutul, almost bypnot1c. 

PROJECT OVERVIEW 
Study the project pICture (rtghtj. tba wodclllg 

draWing (Figure 2D-2A) and tb& templates 

(FIgure 20-2B). For the most pan tbJs proJect 

bas to dowtthcarefullayout, predsewodc on the 

a::rolla8w and paJJlSt8ldng wb1tt:lJng. Note bow the mecha­

ntsm 18 made up of two prun.uy pulS: the largo wheel with 

an the teeth., sad the tumed cylJnder or shaft lf1th the 

c8I'V8d worm. In 8ctlOD, the crank handla turns easUy In 

one dJJeCUOn wbJJe tha wheel slowly twns JQ another. 

Wb,1le the buJld1ng steps are an pretty easy, tt'a fatr 10 say 

that cutttng 1he worm takes s lot of ftntclcy pat1eDce. That 

wd, tbJs laODe of thosebeauUful, JUIcy projects that-once 

tba baste &8W1ng and tum.1Jlg are out of tbs way-can be 

qui8tlyworlce:l on out on tbs porch or tn the garden. 
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WHEEL AND WORM GEAR MECHANISM WORKING DRAWING 

rRONT VfEW 

TOP VIEW 

o 

8 

FIGURE 20-2A 

A Backboard. 

B Base board 

C ToottleCl 'llMe!. 

D Worm drive, 

£ Crank handle. 
r Bearing lugs, 
G Dlsle spacer. 

SIDE VIEW 

B Drlve shaft enct·srop disk. 
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WHEEL AND WORM GEAR MECHANISM TEMPLATES 

1D2 WHEEL AND WORM GEAR MECHANISM 

F1C0JI£ 2D-lIB 

'I'bI tcUI "  two pM 

acurn_l-. 

• lIoclcbovd. 

• 11_ boetd. 

a t'DoIbed nul 

D WonD dri'RI. 

I CranlchclJldlc. 

, 11_100' lug'S. 

C Ds.k,�. 

• Dd'I'CitMft e:ad-etopdtsk. 



CUTTING LIST 
A Backboard sf" )I 71/t )0 12l/: tulip 

B Base board ;/4 " 71/, " 71ft. tulip 

C Toorhed wheel '/t · 7 x 7 oak 

D Worm drive 2 II 2 lime at least lO" long 

E Crank handle '/. " Z'h " 4 cherry 

F Bearing lugs a/4 " 2 ,, 4V: plum 

G Disk spacer 'Ie II 3 " 3  

H Drive shaft end·srop disk 1'/. 11 2.11. 111 2:/ .. cherry 

CHOOSING YOUR WOOD 
When choosing your wood, remember: the wheel must be 

strong across rhe run 01 the grain so Ir can be sawn and 

pared withour crumbling. and rhe worm must be both easy 

to turn and easy to carve. Taking these considerations into 

account. and having first dug into my mountain 01 scrap 

pieces, I opted to use oak for the wheel, tulip far the back 

and base boards. plum lor the bearing lugs, lime lor 

the worm and \,,-'hatever happened to fall to hand for the 

other pans. 

FIGURE 2D·3 

Using a combinatioD plana is • gr •• t swift and easy way of 

cuttia.g tb. bOllalag cltaa.nel. Noto tb . ..  tap that aUow. th. plane 

fance to run cl •• r of tbe ed •• of the beach. 

FIGURE 2D·4 

.aka aura tbat the board. are a good tight fit and at right angle. 

to eacb other. 

MAKING THE BACK AND BASE BOARDS a Study the working drawings (Figures 20·2A and B )  

so you understand how the project needs to be 

worked and put rogether. Plane your wood lor the back 

and base board down to a finished thickness 01 'I .. •. 

R 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 rule and 

square. Cut the backboard out on your scroll saw. 

EI Use the tools 01 your choice to run the 'I,'·wide 

housing channel across the base. I used an old 

combination plane (Figure 20·3), but you could just as 

well use a saw and chisel or a router. 

a Work the channel until it takes the backboard lor a 

mee tight push ht (Figure 20·4), When you're happy 

with the joint. cut the base disk out on the scroll saw. 

MAKING THE WHEEL a Having planed your chosen wood to a finished 

thickness of �/& .. and drawn and cut out the 6"­

diameter blank. use a protractor. square and compass to 

lay out the design of the teeth. Lay out a 5th" circle on the 

6'··diameter blank. then divide the circle Inro 64 equal 

segments. Mark the intersection 01 every other point. You 

should end up with 32 center points aboul l/a" in from the 

circumlerence of the blank. 
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R When you are satisfied with the arrangement oi the 

... teeth, use a compass to lay out the position of the 

various holes that make up the decorative design. 

II Move to the drill press and drill a '/,'-diameter hole 

through every other intersecllon. so you have 

alternating holes and spaces runn�ng around the circle­

a total of 32 holes and 32 spaces. 

a Using the holes and the guidelines as an aid, draw 

out the shape 01 the teeth usl ng a pencll and rule. 

� When you're sure all is correct, move to the scroll 
g 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 tum-two straight CUlts In toward the celller 

point of each hole. 

I!!I When you've cut out the basi c profile, take a razor 

.. sharp knlte (or you may prefer a chisel) and pare the 

teeth to a slightly rounded finish (Figure 20-6). Be 

watchful that you don't cut directl\' into end grain. 

� Finally, put the wheel an a rod, and S88 how it 

.. looks trom various angles and when Irs turning 

(Figure 20-7). 

MAKING THE WORM a Make sure your square section length of wood is free 

trom spllts and awkwardly placed knots. Look 

especially for end splits that darken as they run up the 

length ot the grain. H you have any doubts at all, reject the 

wood and find another piece. 

R Mount the wooll on the lathe, and use a gouge to 

... swiftly turn it down to a lS/o"-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 Ph". 

II Use a rule and the point of the skew chisel to lay out 

the central stepped area on tbe cylinder. I divided 

the length of the wood in halt and put the 2'/;"-long 

step-up at the center. 

a Use the gouge to [Urn the wood at each side of the 

central step-up to a lInlshed diameter 01 about 'h'. 
You should finish with the shaft 'Ia" in diameter to each 

side 01 center, and the central area Ill::!" in diameter and 

2W' long (Figure 20-8). 

184 WHEEL AND WORM GEAR MECHANISM 

FIGURE 20-5 

It's important that th. cut. al'o cl.all and at I'igbt angl .. to tbo 

face of Uae wood. It'. e good idee to fit . new blade, edjust tlIe 

tell.loll and mue nro tbat the tabl. i. set at 800 to tb. blade. 

FIGURE 20-6 

Be tlUl'., when you are tid,ing up witll the knife or chisel. that th. 

wodlpiau i. arranged aD tbat you ara cutti.Dg wiUa Ua. grai.n. It'. 

a good ide. to wOl'k all a .mootb aurlace 01' . work board. 

nGURE 20-7 

1I.):e J'ou .... U .  jig so that you can tast out the move.oat. AU 

you JUI.d i. a vartical sudac. wiUa • pivot bola-tb. edge of tb. 

bODell, a ploco of wa.t __ anytlling will do. 



rromu:So-8 

n ....... t _ CII . ....... tSmIdall .... uat!onr.., 

�Of ..... ltUU c..M::f'CIM .... nlaltt __ r ... r:_.t 
.. cybdIr. hnmatlllJ,U ... rtgat til tl._ Of lIIhII" 

11 Study the worldng drawtngs (Ftgure 20·2A) and the 

templs.te3 (Ftgura 20·28). then use a comblnst1on 

!qUare With a protractor bead (or 8 alm1lar 1001) to lay out 

the angle of the worm (Figure ZD-9). Although It looks B 
Uttls complicated, the p01D.t to ramember IS that the 

wtnd.1ngs of the worm as they wrap 8fOUIld tba shaft must 

be spaced so that they fallnaruraDy between the teeth of 

the wheel U tha tooth V-soct1on centers 8J8 about I/," 

apart. then ths toppealcs of thewarmalso nsad lObe 

about lit" span. 

r:w With the guJdeltnsa In placo. talcs 8 sbaJp Irnlfe and 

... run e stop-cut around tha cyhndsr, centered between 

the worm peeks. 

B Malee tlle stop-cut to 8 depth of Ye, then malee .. slJclng cuts at an angla at each stds soyouhavs a 

V-eectton furrow rwm1ngaround thewaod (Ftgure 20-10). 

The band at the top of the worm should be about If,' w Ida 

III Conunus In this way, repeatedly malcmg the stop-cut 
-

desper. al1clng down at each side toto the stop<ut at 

an angle untll you've created the character1BUc worm 

pruf1ls (Ftgun 20-11). 

P;W Try out thewbeelon4 }tg.tum1ngthe woun OWf by 

W hand so tha wheal makes a full 18VOiut1OD without 

sttclctng. Usa ftne-grade sandpaper to rub thewbolo worm 

down unWlt:'e smooth 

rromu: 20-41 

... D.protnCCI:r ...... re-a. .. rfd toIlI*' a. ....... ,.... 
Qtor ........ 8' .... ....... 

rlCmu: 20-10 

........". ... ...... tl.1IIIdt ta De • .ftarow .... tI' Cit • 

.. '< .. a .... .. ......... CIIb.. 

rlCmu: 20-11 

...... ...... ." ..... ............. t .. ..-bD 
G.�LDo ,.. .... to..., .... ·/ ... · .......... tu._ 

.. .. .... 
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FlCUR.E 20·12 

c ... ... m ...... tt.at ...... ..... aur ... _., 
............ ....... ft"I�t&l .. tll1_ ...cb. ..... bICt-_ 

IPtt or m.tIi. 

ASSEMBLY AND FINISHING 

D Lay out all the component parts (Ftgwe 20-12) and 

cbaclc them owr for potenual problems, Make sure 

that the whsel IS free 1rom splits. With all tba teeth intact, 

and the\oVOl1Jldnve ts as near perfect uyou can make It 

n Don't worry atth1s stage about thetlnalftrusbJng of 

ail the otb.ar parts. It's muchmore 1mplrtant to make 

sure tbs movement Is going to work properly. Set the 

wbeel m  place on tba backboard (the use:mbJ.y sequence 

IS backboard. spacer dJsk and wheel) With the dowel pivot 

puahej througb from tba front (Ftgure 20-13). 

II Set one lug beartng In place. then slJde the worm 

drtw shait through the beartngso thewormts 

ahgned in the teeth at thewbael Tbenftt the othar lug 

beU1Dg (FIQure 20-14). 
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.u ·  ... saoa .. .... Ieaa. ....... W .. IIGCl'ftIo4dD8II ... 
, ........ aackf.lO.1IdL 

FICOIIE 20-14 

"' . ...... ... . t_, ..... tt ... _at ...... ttoa.lIQ 

a ........ CUlI .... 

... With the worm drtw umte:red. al1de the stop dJslc ... and the crank handle onto the shaft: and brtng tbam 

up to tbs lugs. Keep 10 m1Dd that It·s tba proper placlng of 

these two components that dste:rm1nea the po81uon of the 

worm and the subsequent smoothnsss of the mowmant 

(FIgure 20-15). 

n Set tha backboard tnthe base chsnnelandcbeclc It 

g owr for l1t (FJgul'e 20-16). 

� FtnaDy. wban you'rehappyWlth theway all the 

iii components come togatlun; dJ.eusemble the whole 

works, do a f1rush sand1ng of an surlac:es. wipe owr 

With teak 011 (but not the surfaces being glood). gloo up 

andpol1ah. 



FIGURE 20-15 

Spend some tlmo gaHmg tho .pacing rlgbt, and tbon draw in 

alignment marlca. 

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 vlOod. 

o Another way to pinpoint the position 01 the 64 divisions: 

draw the circle out on paper wlUt a compass. Draw a line 

dividing the circle in half. then quarters. and so on, dividing 

each angle until you have 64 divisions. Tben cut the cilcle out 

and use it as a template In marking the Vlood blank. 

• The choice of wood for the worm is critical It has got to 

be smooth gralnM and easy to carve. My Urst choice IS 
European Ume. 

FIGURE 20-18 

If you bavo gat it rigbt. 

the handla can be wound 

in .itber direction. 
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PROJECT 21 

Film Advancing Mechanism 

PROJECT BACKGROUND 
This beautiful 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 tun to watch the 
machine in action. When the handle is turned, the arm 
moves up-round-and-in, the cla1;v at the end of the arm 
engages in the notch, the notcheei component is dragged 
down, the claw disengages, and the cDunterbalance weight 
pulls the notched component back up Into the ready-to-go 
position. Of course. if you like the notion of springs or 
elastic bands or whatever, then you can do away with the 
counterweight and change the working action accordingly 
And just in case you have a mind to go delving into your old 
111m camera to see It you can lind. such a mechanism (SO 

that you can push and poke it around and maybe even 
watch It in acllon), I would strong Iy warn against 11. 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-lett 

side whisker on a small gnat. 

PROJECT OVERVIEW 
Have a look at the prolect picture (right), tile working draw­
ing (Figure 21-2Al and the templates (Figure 21-28). See 
how the Challenge of this projecl has to do not so much 
with making the various components (after ail. most of 
them are easily fretted out on the scroH saw) as it does with 
PUlting tile whoLe works together. All that saLd. it's impor­
tant to note that the relationship between the length of the 
crank and the position of the varLous pLvot centers Ls 
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 
prolect is to make a card prototype nat down on a board­
with thick card and thumb tacks-and fix the critical 
measurements belore you ever get to cutting tile WOOd. 

Note that the large disk at middle right acts as a distance 
piece or spacer to keep the clawed arm on course. 
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FILM ADVANCING MECHAN1S1III WORKING DRAWING 

D_If-+ 
A _ 

.:' 

fRONT VlCW sIDe VIEW 

L-__ �I� __ -' · __ I_' _ __ _ _ 

TOP VtE\.\r 
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FIGUllE 21-BA 

If you dacUl. to aUa 

modUicatio .... to tkl. PfOJeCt, 

you'll Deed to be wary of til. 

r81atiollaldp betw.an the 

lengtll 0' the claw arm &Ild. the 

lan.tIt of the crank rod. 

A Backboarct 

B Sllde hoar<\. 

C Claw ann. 

D Notched rule. 

E Pulley wheel. 

F Counterbalance guIde. 

0 Crank. 

H Spacer. 
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FIGURE 21-28 

The scale i. twa grid 

aqua, •• to 1", 

A Dackboard.. 

S SUde boaJd 

C Claw arm. 

D Notched rule. 

E pUlle�' \Vlleel 

F Counterbalance guide. 

G Crank. 

H Spacer. 
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CUTTING UST 
A Backboard 
B SUde board 

C Claw arm 

D Notched rule 

E Pulley wheel 

F Counterbalance guide 

G Crank 

H Spacer 

} 1I 8  11 20 pitch pine 
1/3 :0 3 11 15112 mahogany 

'I • •  2 • 8 mahogany 

'I, II Tic " 11 pitch pine 

'/. " a "  G walnut 

�J. " li/: II 4 pitch pine 

'I. II 1 ><  3 cherry 

�/R II 1 )( I mahogany 

CHOOSING YOUR WOOD 
Since most of the components are cut aut on the scroH saw, 

and Ihe mechanical movemenl Is delicate and COni rolled. 

VOU can use just about anv wood you like. Just make sure 

it's easy to saw and stable, with no warping. cracks or loose 

knols. I chose pine lor the base, backboard. Ihe nOlched 

slider and the balance guide; mahogany tor the claw arm; a 

scrap 0/ mahogany lor the large wheel, and odd bits 0/ 
scrap lor the other parts. The counterbalance weight is 

made from Ihe heaviest wood I could Und, a chunk cut from 

an old, broken walking stick. 

MAKING THE BASE AND BACK BOARDS a Studv the designs, the working drawings (Figure 

21-2A) and the templates (Figure 21-2B). Then plane 

the wood to a finished thickness of 3/,,". 

II Use a compass and rule to draw the back and base 

board designs on the wood. Cut the proUJes out on a 

scroll or band saw. 

II Make a cardboard prototvpe so you know the 

precise positions at the various critical pivot points. 

Transler this Inlormallon to the backboard. and drill holes 

that match your dowel pivots. Chec� and double-check the 

centers (Figure 21-3). 

MAKING THE CLAW ARM a First sludV ltIe working drawIngs (Figure 2I-2A). 

noting how the position 0/ the centers and Ihe claw 

are critical-exactly 31J:t between centers and 31/a" 

belween the crank center and the end 0/ the claw. 

204 PILM ADVANCING MECHANISM 

FIGURE 21-3 

Chick tla. cent.r poiata with . pair of dividers. Jt's vital that til.,. 
.r. well placed. 

FIGURE 21-4 

If you go at the aawiDg nice and e .. y-with a new blade BDd the 

conoct taulon-you will fini.h up wltb a cut odge that Is 10 

smooth tbat it hardly need. ta be sanded. 

B Plane the wood to a finished thickness 0/ '/,". Use a 

rule, compass and straight edge to lay out the 

desl()Tl. There's no problem 11 Vou want to change the 

profile so long as you stay with the critical measurements 

JUSI described. 

II When you are happy with the design, drill the 

centers wilh a bit Ihat matches your dowel pivots. 

and cut the form out on your scroll saw (Figure 2l-4). As 

long as vou're el the saw. cut out the spacers and the 

various disks. 



MAKING THE NOTCHED RULE a Study the worktng draw1ng'S, then plana your wood 

10 a f1n.:tsbed tblcJmSf:6 of V .. ·. Draw the destgn onto 

the best face. 

EI Run a center ltne down the w ldth of the proflla. 8Jld 

use it as 8gutda to mark thepOSltton of the two slots 

and the notch. 

EI 0rtI.l th e holss through on a d.rtll press, and cut the 

Slol& out OD a scrolla8w. The procedure for cutt1.ng 

the slots 1S to brat drtll pilot holea at the ends of both slots, 

!islam the top end of the blade from the 8crolls8W and 

pus It through tha pilot bole, reattach the blade and 

�te:na1On. Cut out tba slot then detach the blade ODCe 

again (Ft.gure 2)·S). It's easyenougb.: the only real tt1clc 19 
USing a D8W:blade and adlusttng the tenslon unUl the 

blade 'lI1ng'B" whenatrumm.ed.Be 8Ul1I tO cut a lJttlem 1he 

was Ie BlISs of tha drawn lJ.ne. 

MAKING THE COUNTERBALANCE 
GIDDE BRIDGES a Study the worklng draw 1ng'S (FIgure 21-2.A). DOtlng 

haw the two guJde3 are set togatbsr 1D such a wav 

that they CXlDtatn the counterbalance weight, keeping tt 

from movtng sideways and formJng a channa} for the 

card. The outer prof1le of the guJdss can be Just about 

any shape sad 81%8 that catches your fancy, 80 long 

as the counterhaJaDcs bole6 itt tha shape and SIze of 

your balsnca 

EI SInCe the gutdas are relauwly frag1la, d.rtll the holes 

through before cutt1Jlg tbs proftla OD the BCfOllssw 

(FIgure 21-6). 

DRILLING BDLES a The eastest way 10 drtll theV8J1ous haleate USing 8 

dnll press and Forstner bus (F1gwe 21-7). 

n Use a rular and dJvtdsrs to es1abl1sh 1ha pOStt:1OD 

ail oftha vartous boles, mark the cente.r& and tbsn 

dJ1ll the boles through (FigUre 21-B). You also need to 

drill some bl1nd bolee-boles that don't go all the wtrf 

through the wood-so he sure to Se1tbe drills10ptD the 

requtreddoplh. 

FICmu: 21-& 

n. tilt. � .... WJbd toftttlOUl p., c. ......... 
CUlmetarUd .... Of ,..rCl1U II. 

FICtJIlE 21-8 

n •• ua.t ..... .... . fD . ....... .. .... t ... D ... '· DI-

tt...,. 

nctJlU! 11-1 

lit OIdeS1t11 _ • 1bIt .. !dDt ....... au u. .... ....... 
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FIGURE 21-B 

Tho blind bal •• ara plualy decorativo-thay dra. th.ir 

inspiration from the forms tll.t you sea on old cast UOD macbines. 

MAKING THE PULLEY WHEEL a Plane your wood to a finished thickness of 'Is", then 

adjust your dividers TO produce a P/,"-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 ot the six dec orative circles. 

B Cut the disk out on the scroll saw. 

a Take a sharp knife, run a stop-cut around the 

thickness ot the wooct and then. little by little, slice 

in at either side of the stop-cut unt iI yau have a V-section 

channel running around the clrcumJerence. To do this, run 

the blade around the disk so as to cut a stop-cut in to a 

depth ot about ·;, .. ·. then work around the disk making 

angled cuts that run into the stop-cut so that chips ot 

waste fall away. Then tidy up the shallow "v". and make 

another StOP-Cllt Then repeat the procedure. And so you 

continue-cutting and slicing until you have what you 

consider is a good v-section groove (Figure 21-9). 

a Drill out the seven holes that go to make the 

design-the central pivot hoie that runs through the 

thickness of the wood. and the six blind holes. Plug the six 

holes with short stubs of dowel made trom a contrasting 

wood-to give the wheel a rivet ettect (Figure 21-10). It 

you cut the dowel with a sharp kniie-by rolling the blade 

over the dowel-you will find that you finish Ull with stubs 

that are nicely rounded at the ends. 

R Irs a good idea at this stage to rub the face ot the 

iii wheel down to a good lin ish, 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 iD th. dlraCtiOD of th. graln-m.aDlng bam th. rim 

aDd down towards tbe bottom. of tile atop-cut. 

FIGURE 21-10 

D •• a h.avy rolling aelioa. to cut tho atubs. "oto tbat th. \1 .. of a 

lavel boud ea.aurH tbat til. rolled cut rttlUl true-to .tart and 

fia.iab at tba aama placa. 

nGURE 21-11 

J\ub tbe 'ace of tile wbeel down to a good filuah. and glue the 

.tub. in placa. 



FIGURE 21-12 

Check the component puts aU a.ainst the working drawlnsrs. If 

you ha"'a doubt. about .bat go •• wbar. and bow, tben U' • •  good 

ida. at tblli atagl to penci11abel •• cb part O.D its undoraJdl. 

ASSEMBLY AND FINISHING a Lay out the parts and make sure they're free from 

splits, loose knots and warping (FIgure 21-12). 

I!W Now comes the exacting task 01 doIng a dry tit 

... assembly. Start by dry doweling the slide board to 

the backboard. 

II Take the notched rule and plug the cord into a hole 

drilled Into the top end with a small length at 
toothpick (Figure 21-13). Plug the other end of the cord 

into the counterbalance weight. 

a Set the notched rule in place in the slide board, and 

lit the two stop dowels so they go through and Into 

the backboard (Figure 21-14). These dowels have a dual 

function. They hold the components together and create 

stops that control the up-and-down movement of the 

notched rule. 

IllS Set the various wheels in place-the pulley wheel. 

IiiI the handle crank wheel (Figure 21-15) and the large 

spacer disk. 

FIGURE 21-13 

PUlh tb. cord mto th. ho18 1lDd wadge lt In p1ac8 with • 
cocktail stick. 

FIGURE 21-14 

Fit tha dowala and the .aabars sa tlIat Ulare i. alee smooth 

movement between maliag parts. 

nGURE 21-15 

Set tile craalt wbeel in place an its dowel Hate u.at wilen it 

came. to tile final tiai.og, the daw.l will nead to be glued into the 

wheel and 100M tiaed tbrough tb. bacll:b,. board. 
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FIGURE 21-16 

Fit tb. two bridg •• witll woodla. pm_ and thl .. lab.l U •• m so •• to 

avoid a tDb-up. 

� Fit the two guide bridges with small lengths of 

iii toothpIck. The guIdes need to be parallel to each 

other and square to the slide board. with the stepped part 

of the guIdes pressIng hard up aga Inst the edge of the 

slide board (Figure 21-16). 

II!'II Proper cord movement over the pulley wheel is 

.. critical. If the V-groove is too sharp. pinching the 

cord. or the dowel Is too tight so the wheel doesn't turn, 

then now is the time to fix things . 

... When you tit the crank rods. be sure you have the 
iii slightly thicker rod on the un derside. This is 

because the undersIde rOd. the slide board and the large 

spacer disk are aU the same thickness. 

II- Once the crank rods have been Installed so the claw 

arm is nicely contained, then pivot the handle 

through both the lower end of the claw arm and the crank 

wheel. The important thing here is that the pivot dowel 

must be Hush with the face of the wheel. This allows the 

claw arm to pass over the pivot without obstruction 

(Figure 21-17). 
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FIGURE 21-17 

Mot. th.t .blu it I;om,. to the final Ii.ing, U •• craa.k. na.d to b. 

glued to tb, cloweJ.a. witla tbe claw .rm and the back 0114 of u.. top 

dow8t beiDg a 100 •• auy fit. 

IPP.II When you test the movement, you may have to IiI.I slightly trim back the tip 01 the claw and/or slightly 

modify the shape olthe notch. You will almost certainly 

need to tweak one or all the parts to achieve a smooth 

movement. 

ED When you're satistled with the movement-be 

picky-then disassemble the whole works. Sand al) 

faces and edges smooth, rub oil on the parts except where 

glue wiU be applied, and then glue up. 

PROBLEM SOLVING 
o The biggest problem I had was making sure the thIckness 01 

the various layers Vias uniform, as this is essential to smooth 

movement. The best way oj ensuring unUormity Is cutUng the 

crank wheel, bottom crank, disk spacer and the slide board aU 

from the same piece of wood. 

o The notched rule needs to be a smooth-workIng lit. Irs a 

good idea to wax the mating faces before final assembly. 

o You may lind the claw arm wallllng slightly. so the claw 

bends back and butts up agamst the edge of the slide bDard. 

The fix is to make a more stable claw arm by building it up 

from several laminations. 



PROJECT 2 2  

The Universal Joint 

PROJECT BACKGROUND 
This mechanism beautifully illustrates the action 01  the 

common U-jolnt or universal joint. You'll find these on the 

drive shafts of all automobiJes. In engineering terms, the 

universal joint Is used to transmit power trom one shall to 

another over varying angles. It's a simple solution to what 

was once a difficult mechanical problem, and our current 

wide array 01 vehicles wouldn't exlst without them. 

PROJECT OVERVIEW 
Study the project picture (right), the working drawings 

(rigure 22-2A) and the design template (rlgure 22-2B1_ 

Note how our wooden machine replicates a universal joint 

trom the underside ot a car. Imagine Ihe handle as the 

engine and the bridge stanchion as the back axle end. You'll 

see how, even though the engine and the axle wobble up 

and down independently. the universal j oint still allows the 

two shafts to keep turning. Nate 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 UHIVERSAL .JOINT WORKING DRAWING 

A B E B 

TOPvtEW 

o D 

FIGURE 22-aA 

A Base, 

B Leaning stanchJon. 

C STidge stanchion. 

D Sllaft. 

E Shatto 

F Crank. 

o Posts. 

H Knuckle fork. 

I BaU. 
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THE UNIVERSAL ,JOINT TEMPLATES 
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FIGURE 22-2B 

The Bcale i. twa grid 

squar •• to 1". 

A Oase. 

B Leaning stanchion. 

C BrtClge stanchlon. 

D Shaft. 

E Sllart, 

F eron}(. 

G Posts. 

H Knuckle tork. 

Ball. 



CUTTING UST 
A Base ] 11  6 II :13 pitch pine 

B Leaning stanchion �h " 6 " 6 mahogany 

C Bndge stanchion 'I,, " 5 - 5  plum 

D Shalt (h" diameter mahogany 

E Shalt W' diameter mahogany 

F Crank a/ .... . 21/; II 3 cherry 

G Posts :/£' djameter mahogany 

H Knuckle lark 1 "  2 " 21ft American oak 

CHOOSING YOUR WOOD 
There are many factors that determine the choice of wood. 

Tile balls must be easy to tum on tile lathe. the bridge 

needs to be strong across short grain, and the universal 

joint must be strong across the prongs. A search through 

my scrap bin produced pine lor the base, American oak for 

the knuckle forks, a hardwood dowel for the shafts, English 

plum for the bridge stanchion, mahogany for the two lean­

ing stanchions, lime for the turned balls and whatever was 

at hand for the secondary components. 

MAKING THE KNUCKLE FORKS a Plane your wood for the two knuckle fork 

components down to a finished thickness of �h". 

II Study the templates (Figure 22-2E), noting the 

shape of the knuckle in that view, and then draw the 

same view out on the face of your planed wood. 

EI Partially cut the fork shape out on your scroll 

saw'-cut just the shape at the shaft- face end. Then 

use a pencil and rule to mark the position of the various 

centers-the center on the shatt-end and the centers tor 

the coupling pin. Establish the center at the shalt-end tace 

by drawing crossed diagonals . 

... Use a compass to draw In the circle at the shalt-end .... and the curves at the ends of the prongs. Then move 

to the drill press and use a '/0" bit to drill the shalt hole to 

a depth of about 'Ii', and a 'I," bit for the coupling holes. 

The coupling hole should be drilled completely through 

the wood (Figure 22-3). 

FIGURE 22-3 

Tako tb. aquared-up pardal .. wlt unit aDd IUD it through with 

tbe coupling pivot boles and tbe shaft bole-with bit sis .. to suit 

tb. diameter of your CbOHll dow.l ... 

FIGURE 22-4 

Compl.t. lb. cutting all th • •  croll .aw. 

FIGURE 22-5 

v •• a knifo to w!llttlo tbo curve. tbat go to make up tbe d •• ign­

tbe enda 01 the prongs and tbe abaft. Run the blade in tbe 

direction of tho graiD so .. to avoid cutting iDtO ond B�aiJl. 

Whittle down to th. uouldor Un. into tbo atop-cut. 
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R When the holes are 10 place, f1D1ah cutting the form 

IiiI out on your scroll saw (FIgure 2.2-4). 

R Once you haw the baste form. whittle out the 

iii var10Us curves that make up the prong'S of the mrk 

and the round shape of tba shaft 9'Jclcet. To make the 

abaft, make a stop-cut around the shouldara at the fork. 

and then, I1ttle by I1ttle. slctm down the sbaJt and lOto 

the stop-cut1lJlW you 8J9 down to the shoulder bne 
(FIQure 22-5). 

MAKING THE CROSS-COUPLING UNION 

D Use a k:nIfe to cuttbree lengths of I/," dow91for each 

fork. Doe dDW91p18ce ahouldbt looselybetwean tba 

prongs. the other two ahortar p1eCe& at each end of the 

couplJng pin. Roll the dowel under tba lcDJfa 80 the cut 

ends are rucely fOl'lllSd. 

II USing a bit stze that matches the p1D dJamster; dJ1D. 
through the dowel lengths. Thsncheck to Bee bow 

the COmpOll8Ill8 11t tol18wr (F1gu.re 22-6). 

EI Talee the two longar dews 1 places, measure along the 

length to find the centers, and UEe a small krufe to 
cut s Uttle receassd ''flat'' an each length. Cut the flats u.nW 

the two dowels mate togutbar, fonn1ng a ngbt-angle cross 

(FIQure 22-7J . 

... Clua the two pte::es of d0W91 together, creaung the ... crose coupl1ng. Then take the knucltleforka and 

push a length of 'ho dowel1nto the sbaftbolea Cuttba 

couplJng dowels etther flush or maVIn; a bit stlclctng out 

FICmu: 211-; 

..,.. trill mIhIrI Will. De COQ.laII aabt .... De.bIQt. JIote ... 
D.Um.I .... c ........ .. creet. .. .... D.t ..... U It 
... .... C1 .. I-lIIOt pu1:Of • •  al_ 

as I dJd, and 'than do 8 trtalf1tt1ng. U you've got Itrtght, you Cllt Oll ......... lMn. .... .. ...... ,.t, .. ,t ....... .. 

abauld be abla to bold the shafts at }USt abJut any angle ta'dl;100l tit cat ttI' •• toG.PhGI .... 

sndapm them With the )Olnl bappllytumJ.ngto match the 

changtng ang1 •• (FIQure 22-8). 

MAKING THE STANCHIONS 

D Look at the world.ng draw1Dgs (Ftgure 22-2.A) and 

youUsee there are three stanchIons tho two 

lesn1ng p08t ataru:bJons at the handle end and the Blng'le 

bndg9 at tha other and. With all three. the graJn needs to 

run vert1caUy when cut 

II Plano the wood toth1clcness of about '/x" for the 

bridge and 'I." for tba atsnchJons. 

EI Take the two leantng pl8t stanch10n pte:& and 

aandwtcb tham togetharwtthpms 1D thewaate or 

double-aideD tape. 
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FIGURE 22-9 

Pay particular attention to tha l •• t )11" Dr &0 of tb. 111,,& tb.t na.d 

to b. tenon.cl int. tho baa .. 

a Draw the designs of the stanchions onto all tllree 

pIeces (the two leanmg post pIeces and the bndge 

stanchion). Drill the necessary holes through the bridge, 

tllen cut tile proliles out on your scroll saw (Figure 22-9). 

Take extra care when you're cutting the legs of the bridge, 

keeping the cuts crisp and clean. 

R Carefully cut away hall the thickness on the top 

iii outside face of both leaning stanchions-about an 

incll or so. 

II Sand the pieces smooth. 

MAKING THE BASE a Plane the base slab wood to a finished thickness of 

about '/,". 

I!!II Plane one edge square, then use the square, rule, 

... pencl\ anti compass to lay out the design on the 

wood. The base will be 5" )( 12", with the comer curves 

having a radius o( �l4n. Draw a center Hne down the length. 

II Cut out the base. Then use a block plane to miter 

the edges on the top face. ends and sides. Cut the 

corners out an your scroll saw. 

a Finalize the position of the components on the 

base-the bndge, the two leaning stanchions and 

the various posts-marking their location. 

R Drill the posts and dowel peg' holes. Use a small 

IIiiI bevel-edged chisel to cut the blind mortise holes. 

Cut the holes little by little La a depth 01 about '10", until 

tile legs of the bridge are a tight push fit (Figure 22-10). 

FIGURE 22-10 

Cut tile morti ... to fit the lega, and thea. pencll label oa.e or both 

so nat you leDOW what gou whare.Mote the way that the ahaft 

haa bOOD n.cleod with a atop at tla. ODd. 

FIGURE 22-11 

Th. baUo .. baU fwu:tion8 in much the ..... way aa a 

atretcher under a chair, .... nlng It belpa brace and dlatancB 

til. two atancbioDa. 
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FIGURE 22-12 

Run the dowels through the stanchion and on into the ball-to 

atop Just short of tI •• abaft. 

ASSEMBLY AND FINISHING a Turn, drill and slice the balls in half-sse other 

projects In this book (or details on turning the balls. 

Take all the parts and check them over (or 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. 

B Start by flttlng the two leaning stanchions. Fit and 

peg the spacer ball between �he two stanchions. 

then set the whole works on the center line and peg the 

(eet o( the stanchions through the hase slab (Figure 22-11). 

Make sure that the stanchions are leaning in towards 

the slab. 

II Whittle a section of the shaft so that it's a good 

sliding fit between the halves o( the sliced pivot­

ball. Then run pegs through the stanchions and into the 

ball so the shalt Is contained and the ball pivots nicely 

(Figure 22-12). 

n Set the crank plate on the end o( the shaft, then cut 

... and fit the handle Irom scrap wood. I used a length 

of dowel (or the handle, wltb a ring pushed onto tbe end 

and a wooden peg Tun through to keep the whole thing in 

place (Figure 22-13). 

� When you come to the bridge end, first set the bridge 

g in place. supporting it witb tbe two posts. The whole 

works must be linked \l\lith horizontal dowel rails running 

through the bottom holes. Contain the shaft with the two 

halves of the split bal!, and then pivot the bal! by means 

of two short lengths of dowel. This isn't easy because 

notblng has been glued together, but just do your best. 
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FIGURE 2il-13 

Fit the crank and tile ban.dl. on the end of lIIe ahaft. and clleck out 

tb. movement of lbe bandle. 

FIGURE 22-14 

u •• the point of • knif. to alid. U •• grub dow.l into plac •. 

FIGURE 22-15 

If you Jaave got it rigbt, the top raU will hold th. grub dow •• in 

plac. ao that it i. contained betw •• n u. • •  baft and tb. rail ( ... 

Flgur. aa·aA top rigbt detail). 



Use a knife point to tesse 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 bridge and Into the post so that the two 

components are linked and the stub dowels are contained 

(Figure 22-15). 

II!!W When you are happy with the overall fit of the shaft 

.. In the ball. remove the shaft. and spend some time 

making sure the structure is square and stable. with all 

the posts and rails cut to length and tidy. If you have 

got it right. the whole works will be a good tiaht fit 

(Figure 22-16). 

IP,II You will almost certainly have to make adjustments . 

... For example, I Jound I needed to lengthen and ease 

the sliding section of the shalt at tlle handle end (Figure 

22-17). You should be able to squeeze the halves 01 the 

ball together, with the shaft still a nice sliding tit . 

... Trim the coupling pins to lenath and hold them in Ilia place with the little dowel ring (Figure 22-18) . 

.... Sand all surfaces to a smooth finish, rub teak oil on &.:. appropriate surfaces, glue the balls together so the 

shafts are contained. and set the balls on their pivots. 

ED Finally. give the whole works another sanding. rub 

on anotherthin coat of oil. and burnish all the 

surfaces with a thin application 01 beeswax. 

PROBLEM SOLVING 
• While this proJect looks complicated. the only really tricky 

parts are fitting the cross coupling tubes and making sure the 

balls pivot properly. Use double-sided tape to hold the ball 

halves together during the tna! assembly_ 

• To my mimI. the most clever aspect 01 this design Is Ute way 

the dOViel stubs are held in place. In facr, the vanous pans 

don't need to be glued Howevet success comes from the stub 

dowels beIng just the r1ght length and a smooth push iiI. 

• Since the moving pans need to be smooth turning, it's a 

good Idea to lightly wax and burnish mating faces: the sUde 

shafts, inside the bal� and inSIde the crossed coupling. 

• If you like the project except for the 'woodturning required, 

you could modify the design and use cubes Instead of baUs. 

FIGURE 2il-l6 

Trim Uae bridge to shape, and cut a short tallgth of dowel for the 

decoratlvo detail at top contor. 

FIGURE 22-17 

Try out various shaft angl .. and modify Ua. lengUa af tile sliding 

neco accordingly. 

nGURE 22-18 

Fit the Uttle atop riaga an til, ends of the coupling pivots. 
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PROJECT 23 

Camshaft Valve 

PROJECT BACKGROUND 
Apart from my wile Gill, my pride and joy is an old Land 

Rover tour-whee I-drive vehicle. It's a diesel. made In 1975. 

with uncomfortable seats. ungodly noisy and painted miJi­

tary green-a wonderful machine! It ran like a gem lor the 

lirst few weeks. and then started to smoke like a bonfire! I'll 

spare you the mechanic's lengthy explanation, but the 

problem was diagnosed as a sticking valve. So there we all 

were, up to our armpits in grease and tools, when Gm spot­

ted something, suddenly reached Into the air Intake and 

pulled out a squirrel's tail. Nothing else, just a slightly 

charred tail! The good neV\'5 is the problem was solved-no 

sticking valves. no more smoke, and no more squirrel! My 

sudden immersion in engine disassembly paid oH also in 

terms of another wooden mechanism, this one honoring 

those hard-working valves. 
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PROJECT OVERVIEW 
Study the project picture (right), the working drawings 

(rigure 23-2A) and the templates (figure 23-28). Note how 

this project shows the various elements of a valve-train as 

lIat 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 t-urn pushes up the 

rocker arm which pivots like a seesaw and pushes down 

the valve. opening it. This action is made possible by the 

lact that the rocker arm Is weighted with lead shot, so thar 

while it's easy to lilt, it nevertheless wants to laU 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 you 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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CAMSBAM' VALVE WORKING DRAWING 

B 

B 

F 

F--tt::t 

FROIIT 'flEW 

TOPVIE\\I 
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(behind D) 

D 

SIDE VlEW 

FIGURE 23-2A 
Kote how tb • •  eigbt '- 1UI.ded oD 

tile end of tha ne)a arm 80 that 

tJa. &nil .. alway. faWn. down to 

malre contact with the top of the 

PUR rod.. 

A Backboard. 

B l10cker arm. 

C Valve. 

D Crank bandle. 

E Cam plate. 

F Rod. ana valve illUde, 

G Base hoard. 

B Valve countclVlotgbt. 



CAMSHAFT VALVE TEMPLATES 

FIGURE 23-28 
n. scale ia two grid 

aqua, •• to 1", 

A Backboard. 

B Rocker arm. 
C Valve. 
D Crank handle. 

E cam ptate. 

F Rod and valve guide. 
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EI Plane the wood to a finished thickness 01 1/10", and 

draw the design out on one pjece. 

I!W Sandwich the two pieces together so that the drawn 

... design is uppermost. I used small tabs of double­

sided tape to do this. Tllen treat the sandwiched pieces as 

a single unit. and drill the rod hole and cut out the profUe . 

... Ease the sandwich apart. leaving you with two l1li Identical parts. Use a kmfe to trim the top edge to a 

rounded finish (Figure 23-8). 

MAKING THE CHAMBER WALLS a Once again study the working drawings (Figure 

23-2A), noting how the top middle section of the 

chamber acts as a guide for the stem 0/ the valve. with tile 

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 chamber 

walls themselves can be any shape that takes your fancy. 

EI When you have decjded what shape and size you 

want the walls to be. plane your wood down to a 

thickness of 1/4". Trace the various designs from your 

working drawings, and press-transfer the traced lines 

through to the wood. 

I!W Be careful with the thin sections as they'U be very III fragile across the short grain curves. Very carefully 

cut the walls out on your scroU saw (Figure 23-9). 

ASSEMBLY AND FINISHING a Lay out all the parts and check them over for 

possible problems. Don't wor:ry at this stage about 

final sanding as we're going to (10 a trial assembly first. 

Just make sure that the little cut-outs aren't going to let 

you down-you don't want any splits ar loose knots to 

spoil the integrity olthe structure. 

EI Give aU the components a quick sanding with 

fine-grade sandpaper. then wipe them over with a 

smaU amount 01 teak Oil-lust enough to seal the grain. 

Keep the oil away from areas that will be glued later. 

I!W Start by using a dowel to pin the rocker arm at the ... top of the board. Then take the push rod (see the 

detail drawings for how it was sloned and pared to a /lat 

face, with a little piece of hardwood fitted at the top) and 

lit It in place with the little link-and-pin component. Note 

how the function of the link is twofold: it allows the rod to 

22& CAMSHAFT VALVE 

FIGURE 23-8 

u ••• knife to him tb. top adge to • rounded profile-Uke a 
round nolliag. 

FIGURE 23-9 

Ba careful. wbaa you .r. cutting aero •• the run of tl:&. grain. that 

yau don't .plit the resultant ahart graiD. 

FIGURE 23-10 

gee how the little link ahap. need. to ait level with the nat face. 

Kat. alao how tb.. !:HIttom aad of tb. rod la allcad dowa to aHut 

baH Uae thidlDG" 80 that it'. the 14IIl8 tlaiclu18 .. .. the cam. 



ncmu: 23-11 

.ut ... adl ... , .......... 11" . ....... lIttl.tG ... 1IbI 
... u. •• 011 till ndIIf .mC ... ... laItG.topor .. 

.... -

elide up and down. wbJIe at the asmettme boldlngthe rod 

10 plac:a &gatnst thebackbosrd (Ftgure 23-10). 

II Take the dlelc that you made for theW91ghted end of 

the recltErr and cut pte::es of lead to l1t 1DtO the dnllsd 

pockets (F1gUl'8S 23-11. 23-12). Use eltbsr lead shot or 

flshJ.ng Blnlcers-yuuU find both at most luge sporung 

goods stmes. Sand the disk smooth on tha pocket aide, 

because 11 needs to ftt Oush With the rocker. 

II Put the rockar aun. the wetght dJsk and the short 

length of f1xtag doweJ.1n place, and see bow 

IMIry1Iunq IUs. 

� SUde tha lOCker In place 80 the bus of lead are 

iii cxmta1ned (Flgure 23-13). Unfortunately. the 

decoraUve detaJlJng of tha pockets Is hidden as I daSlgnSd 

It here, but you can expertmant W1th ways to dtaplay It. 

a Fttthe chambarwalls mplacewttbwoodanpegs, 

and set the two gutdas across the WIdth of ths 

board 80 the valve 19 contaJned It's 1mpOrtsnt that the 

movement 18 easy; If anytblng 8tlc:lcs. than sand one or all 
the componants until the action works properl¥ 

� SUds tha pusb rod tn place and &ga1D try out the 

iii: movement (Ft.gure 23-14). 

... Set the twa little blocks 1D place between the 

iii honzontalgu.tdas at etther aide of tha push rod. Then 

set the lIDk down betwgen the bloclcs 80 that the ftxtng 

st1cks go down througb the slot that runs up the mtddle of 

tbepuah rod (FIQure 23-15). 

nc01l.E 13-11 

ft. _. MIl" U. •• n1Ir-lf"atall ft.aa .,..,caa:a • 
tatIII ..... tD an .... tICIIft tMa. • •  -=ta u.1IIftIb' . 

FICmu: 23-13 

.. bG .... lbQfI,cndoWll . ..  t ...... m a  ... bglGu 

rr.t Set tba cam on the crsalc piVOI. then al1da the crank w:. arm In place (Ftgure 23-16). It's nol easy 10 lest tha 

movemenl 81 tbJs stage because the cam and the crank 

ar8O't yet glued together, but at least make sure that the 

crank 18 able to tum without bumpmg Into the side of the 

push rod U tb1a Ja 8 problem. then lower tha flal face at 

the bottom and of the rod unt1l11's much lower than the 

undarslde of the crank. 
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FIGURE 23-14 

II"'. adiustment. M u..t tb. clrillIId guid.e bola., tb. paab rad 

and tlae crank pivot ar. all perfectly aligDed. 

m Put the handle on the crank, the little bridge in place 

across the push rod guide blocks. and do another 

dry run. 

Pf!t When you're happy with the movement, disassemble 

... the whole works, sand all the surfaces and edges 

smooth, apply teak 011 again, and glue things up. 

When dry, give everything a light sanding, then burnish 

w'ith beeswax. 

PROBLEM SOLVING 

• TIlls Is one 01 those projects that needs to be conUnuallv 

teseed for fit as the various pans are made. Find a way tD 

temporarllv tack parts together, such 8S using bits 01 Btue 

Tack, small slrtpS 01 double-sIded tape or Iiny drops 01 Super 

Glue. The Super Glue gives the best hold. but you must 

be absolutely sUle to only use tlny amounts-no more than 

a pinpoint 

• If you Vlant to use the weighted dJsk but also want to bave 

some part of the pockets showing as a decorathlB feature, 

here's a solution. Make the drilled pockets so they're a stepped 

hole Ihat will trap steet ball bearings. Thts wav the ball 

bearings will show through the holes on the face of the weight 

dlsk but still be held In place. 
• To get a more elegant look, USB battoer woods such as plum. 

lime and boxwood The textUIe of these woods gives a fine 

finish and beautifUl colors. 
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FIGURE 23-15 

Koto how lb. twa black. hotb DJeel.,. dlltanco tb. guld •• anct 

contain the puah rod. 

nGURE 23-16 

See haw the bottom end. af til. push rod hal beaa shaved down 

to the tldcka. ••• of u.. cam 80 that it doesa't get in lb. wa,. of 

the c"au. 



PROJECT 24 

Water Lift Pump 

PROJECT BACKGROUND 
When we were (irst married, Gill and I lived in a farm cot­

tage that had a well and a pump t o  draw our water. 1 was 

forever climbing elO\l\ln into the well to sort out the leather 

Hap valve at the boltom 01 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 ]iff pump was a beautifully simple piece of 

machinery. Basically it's just two \'alves 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 water rushes to the top side of the 

piston. When the pump handle is pushed down, the rod 

comes uP. the valve at ttle boltom of the chamber opens. 

the valve in the piston closes and water floods the bottom 

chamber. ready lor the next pump SlrOke. 

PROJECT OVERVIEW 

Study the project picture (right). the working drawings 

(Figure 24-2A) and the templates (Figure 24-2B). While 

the various components are relatively easy to make. the 

assembly is convoluted. The problem is the companent 

parts are short grained and fragile. with iots of curved 

slender sections that run across the grain, plus 

there are lots 01 parts. The measu.rements can 

be modified. except for the rod and chanther 

lengths. II you want to alter the size of the 

project. use stiff paper and pins to build a pro­

totype first. 

WATER UFT PUMP 228 
I I  I] J r 



WATER I.JM' PUMP 

&3D WATERUFTPUMP 



WATER LIFT PUMP 

WATER LIFT PUM P 231 
l III J r 



WATER LIFT PUMP 

232 WATER LIF'T PUMP 



WATER LIFT PUMP WORKING DRAWING 

FIGURE 24-2A 

Tho critical lacton that 

cODtrol tlria action witll lhia 

mod.l ..... t •• dlatanco 

betwe.n tile hAluU. pivot and 

the hancl1.a�rDd UnJr, and the 

JangtJa. of tbe fod •. Jt',. good 

ide. ta .. ak • •  cardboard 

prototype to fiz tho varioas 

critical me.suremenb befo ... 

you cut them out of wood. 
A 8ac\:board. 

B Base boarO. 

c Side lug board. 

D Handle. 

E JOint linkage. 

F Chamber side, top left. 

G Chamber Side, bottom le!1. 

H Spout. 

I Chamber stde. tOP right. 
B oJ Chamber stde, bottom right. 

I< Top rod. 

L Bottom rOd. 

• Neck bar. 

H Botlom ball valve. 

D Top ball valve. 

p Piston. 

II wadding JJox wedge. 

R Chamber slats. 

fRONT VIEW SIDE VIEV.,r 
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WATER LIFT PUMP TEMPLATES 
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FIGURE 24·2B 

Th_ scala i. two grid quare. 

ta 1", tfot. u.at w. hav. oulv 

illustrated t ... clUficult·to· 

visualisa camponaJita. 

A BackJJoarct 

B Base board. 

C Side lug boatel. 

D Handle. 

E Jolnl llnkage. 

F Chamber stele. top leU. 

D Chamber side, bottom lefl. 

H SPOUt. 

Chamber side. top right. 

� Chamber stde. bottom riaht. 

J[ Top rod. 

L BOllam rOd. 

III Neck bar. 

H BOllem ban Valve. 

0 Top baH valve. 

p Piston. 

II Wadd!ng box wedge. 

R Chamber SlOt5. 



CUTTING LIST 
A Backboard '/1. )1 411; II 18 brown oak 

B Base board �/, " 41h . 12 brown oak 

C Side lug board 3/,. II 3 " S'l� brovm oak 

D Handle II: II 2:/: II 9 American oak 

E Joint linkage 'fa ' 4 • 4 cherry 

F Chamber side, top left 112 II 2 • 3 pitch pine 

G Chamber side. bottom left :/a I< 2 )I 3 pitch pine 

H Spout II; " 2 � 4th pitch pine 

I Chamber side. top right :/2 11 2 I< 41/: pitch pine 

J Chamber side. btm rlgbt 'h • 2 • 3 pitch pine 

K Top rod l/: " ) 11  4:/: pitch pine 

L Bottom rod 'fa • I • 7 pitch pine 

M Neck bar II: " 1 ,. 311; cheny 

N Bottom ball vahle tit 11 2 � 2 pitch pine 

0 Top ball valve 113 .. 11/3 " lilt plum 

p Piston 1/: · 2 )C 3 plum 

0 WaddlDg box wedge :/a " 2 " 3 plum 

R Chamber slats lilt l( J/s " 3 plum 

CHOOSING YOUR WOOD 
You can use just about any wood you 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 {or the base and back 
boards. American oak for the handle and scrall Ilieces of 
pine, cherry and plum for the rest. Select \,\Ioods that have 
rich color and grain patterns from one component to 
the next. 

MAKING THE BACK, 
BASE AND LUG BOARDS a Study the design (rIgures 24.-2A and B). noting how 

ihe base board, backboard and the small lug board 
are made tram 'il'-thick wood. with the various curves 
drawn with a compass. The greater part of the base is set 

to the front of the backboard, with the two boards fixed by 
a glued-and-pegged batten. 

II Plane your wood to a finished thickness of 'I,". It 
should be free of splits and knots. If you're using a 

tough wood like the brown oak I used, then it's also a good 
idea to sight along its length checking for twists. 

II Draw the design out with a rule. square and 
compass, and cut the pieces out on your scroll sa'N. 

a Set the backboard at right angles to the base and 

support it with a piece of scrap, 

ft Decide where the lug needs to be positioned. and 
... then dry fit it in place with a couple of dowels. 

MAKING THE CHAMBER 
WALLS AND VALVE BALL a Plane the wood to a finished thickness of about 'hr. 

Don't worry if it's a little oversize, as it's better to be 
slightly too thick than too Ulin. as long as the thfckness 
is uniform. 

II 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 
so the grain runs up through the walls of the chamber. 

II With the design laid Qut, cut out the pieces on your 
scroll 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. 

nGURE 24-3 

Wark with . Dew, praperly ten.&iDued blade.llake .ure you cut 

aligbtly tD the wa.t • •  id. Df the drawllli.rur. 
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... .. IIU11 .' ... uaa ... atu. .. -..ctlODu _ _  .. 1t"I1 .... 1t8d lUI tM .... . b.t CMo em .... '.,. ,. ..... .. 

dft. .... ft .. · ... pbfC ..... G •• .,... .. ........... ..a.1Mf 10 '"  CIDD: ..... ts .. cas. D.c. ............. to 

-.,- ..... ...... 1IOIm. 

1'tGtJR.£ 24-& FlCtmE 24·7 

CMdc ... doeJlle.d, .. .. ,.....,.. ........ tca8"acy.U ..... " . U .. t • ....,.d!IIlCroIIIII.._tbt .. aa .. ., .. 
,.. .... . ....... Ibn .. ... ntftl:lIto .... ... tIJ,.. dl*tl ... .. NlhIG.I ... OfD.t1rC*I.....,.. .. . 

MAKING THE LINKAGE a Study FIguJo 24-2A. nDtlng - Ihs Unkage dsSIgn 

IS based on four cttcles. Two c1rcl.es malee up the 

basIC hoop dJak. and two smaller ctrcles for the pivot 

l1nlcage pOIJJt8. 

B Plane the wood to af1D1ahed thIckness of about '/,". 

EI Draw 8 cantm hne that runs tba d1rec:t1on of the 

gram. Mark a p01nt midway along the bne, and draw 

out two ctrcles one Wlthlo. the other. One should haw a 

radlus of 1" and the otbsr a radJus of l'N', MaIle the center 

Una halfway saoas the WIdth of the hoop at top and 

bottom. than. use a c:ompsss to drswtwo circles wttha 

radius of I;'·, 

L18 WATERLlF7 PUMP 

wHIII tM r •• Of a. ......... ce; .... ., ..... ....aG •• D.ar 

..,.aN'" 

... Draw Uttla radiuses at the lJUErsecuons of an of 

.... the circles. 

... Drtll the pivot potnta wtth abtt that matcbas your 

g dowels Then dr1ll anotbsr hole through the waste 

area. and cut out the parts (FIgure 2.4-4). 

III Malee the handle and the p1Ston. 

MAKING THE RODS a Plane thewood to sIZe. and use a rule, square and. 

compass to draw out the deSign of 1ha twu rods. 

Haw thamabout '/1$" Wide along their length. wtthe:nds 

based on 1/,. dJametar clrclea. 



~ I I 

F1CllIIE 24-8 

...... a� ... ... 1o.' .It .. .... .... ... .,. .... 

• 1Idta .. Of ......... IWOIPlItIl. 

R Cut out the rods on your scroll saw, dr1ll balsa 

... througb the pivot centers, then check the fit of 

ewrythlnq IFlgure 24-5). 

EJ When you haw fitted the two rods, the sum total 

length:between the PIvot POint on tba top end of the 

top rod and the pivot pOUlt on the bonom and of the 

bottom rod abould be such that the piston ftts on both the 

up and down strolcai (FIgure 24·6). 

... Once &atlSfted with the shape and sIZe oftberoda • 
... use a mue to wbJttJ.e the ends down to about baH' 
tbe1r tbJcJcnaase8 80 the face of the pivot Circle Is smooth 

and flush. Work With 8 Ught partng stroke from center to 
and. creat:1nlJ a nJce, clean curve from tbe top facs down 

IFIgure 24-7). 

lIS Use a JmtJe and f1ne sandpaper 10 glV9 the rods and 
... all Dtbar CompODSnts a smooth ftntsh. 

ASSEMBLY AND FINISHING 

D Cbsck owr the pans for spltts or warps (Ft.gure 

24·9). Jdake sure tha vanaus maung surfaces are to 

BIZe SCI the parts can wode together smootbly. 

I!!W Do a U1al assembly. Stan by pegg1Dg 1ha cbaJDb;n 

... sides and the waddJ.ng wedges onto the bac.kbJard. 

(FIgure 2.4-10). Note how the wadding p1DS need to be long 

mougb to take the neck bar. 

EJ Settba rods and the )::dDt lJnkage to placewtth the 

plvotdonls a tlghtftt 1n the lJnlcage anda 10088 111 

through the rods (FIgure 24-11). Tha bonom rod should be 

8 nJce snug fit between tbs Wedg98. 

F1COIIE 244 

QIc.lt .. c. ...... ttru ....... .. ,.., 1Cal"Ir.! ..... 
....... D. c ..... ..nttdlll. • ..,. .... wryrr .... 

FlCllIIE 24·10 

JIDte .. a. ......... tbI ... r a. ........ ...... _ ... tlt 

creelli. CIIII*dC .met bf CII'ICt:bO eM .,. CIt •• aid tow ... 
D. e ...... 
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... Set the large disk valve in place In the chamber, the 

.. piston on the bottom end of tIle rod and the neck bar 

in place across the wadding wedges. Sand any parts that 

are binding until you have a good tit (Figure 24 -(2)-

... Fit the valve In the piston and the slats across the 

g chamber. then stand the whole works upright and 

test the movement (Figure 24-13). 

a When you 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 aU surfaces except those faces being glued. Glue up, lit 

the small pins. and, once dry. give the whole works a coat 

of beeswax. 

PROBLEM SOLVING 
o With a comptex project like this. you're continually fining 

and modifying parts. This being so, save yourseU some 

etlort and hold of! on line sanding until tbe very end. alter 

everything is working properly. 

o II the movement IS stUi 01 ClOaked. then It coUld be that the 

handle pivot is badly placed on the backooard. lf so, drill a 

selection of holes and test each one lor the best fit. 

o You could have a back-linkage tunctlon that moves the 

bottom ball valve up and dOVln 

o The backboard and base can be tncreased to 1" tlllek. 

FIGURE 24-12 

Th. piston is .:dr.mat? fragU., anel you millbt D .. el to laminat. it 

up from veneen to glv. lt •• tra strength. 
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FIGURE 24-11 

The linkage pivot dowel. Deed to be a tight tit in thli liakage 

cifelll aad a 100M fit lD U •• rod. At a later ataga, you wW bava to 

hold tile rod and VarioUI otller COmpODl.Dtl in ploce JIy raDllin, a 

tbin wood pin througb the dow.t 

FIGURE 24-13 

Mot. bow tb. gnat.r length of tb. ba .. n •• da to b. at the front so 

the macb.lno I • •  table aDd WOD't tip forwant .. 



PROJECT 25 

Lever and Ratchet Mechanism 

PROJECT BACKGROUND 
When we were first married, Gill and 1 lived in  a cottage 

deep In the country, with no electricity and no Indoor 

plumbing. We got by with lots of oil lamps and a weB in the 

garden. we could have purchased a generator to provide 

power. but we were trying our best to be sel/-sutticient. The 

most pressing problem was always how to Hft the water up 

Irom the well to the storage tank on the rooi. We tried hand 

pumps large and small, a foot pump. a wind-powered pump 

with propeller blades. among other things, but none 01 
them worked that well. The hand pumping was such hard 

work that I think I drank more water than 1 ever pumped up 

to the tank, Well, linally a local lanner took pity on me and 

showed me how to pump water up by means of a simple 

lever and ratchet mechanism. Summarized, you lash one 

end of a rope to the top branches of a tal1 tree and the other 

to the mechanism. When the wind blows, the tree sways 

bacJc;vard and forward, the rope repeatedly snatches at the 

lever, the ralchet lnches round and a lHt pump Is set IntD 

motion. While doing it this way only brings UP a teacup of 

water at each jerk of the lever, the wind was Iree and did all 

the work. Over lime, the lank would 1111 bit by bit. and we 

didn't have to spend hours each day manning the hand 

pump. This Is not Ihe projeci for you Il your goal Is tD 

impress your friends with dramatic action and movemenL 

Instead, it's a wooden representation of one 01 those 

behind-the-scenes devices that makes our lives easier by 

quietly going about its business. 
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LEVER AND RATCHET MECHANISM WORKING DRAWING 

A 

F C 

B 

srnr.VIEW 

FIGURE 25·2A 

With dais profect. nota Ilow 
tlt.. drive w ..... l n •• d. to be 

turned. ID • clockwtso 

dlrectloa.. 

A Drive wheel stancilion. 
B Toothed wheel stancruon. 

C Long crank drive rod. 
o Short crank rod.. 

E COniTOl arm. 

F Drive wheel 

9 Toothed wbeel, 

LEVER AND RATCHET MECHA. ISM 241 



LEVER AND RATCHET MECHANISM TEMPLATES 
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FIGURE 25·2B 
The tamplat •• drawn to 

• scal. of two grid aqua" .. to 

I'" (top), and four grid ."uar .. 

to I" (bottom right,. Motallow 

the mabl .lanclalon J. dnwn 

out h7 maaas of. comp .. ., 

with lh. radius curve. 
between the circl •• belag 

drawn by baDd.. Jfot. a1ao 
lIow the taothDd wlleel J. 
drawn out. 

A Dr1ve wheel stanchJon. 

B 1bothed wheel stanchion. 

C Long crank drive rod. 

D Short crank rod. 

E Control arm. 

F Drive wheel. 

G TOothed wheel. 



CUTTlNG UST 
Note: you might want to start out sizing thmgs closer to 

finished dimensions, You can also 58\1e yourseU some planing 

by choosing wood of the proper thickness. We have only 

illustrated the critical or difficult-ta-visualize components. 

A Drive wheel stanchion I • 4 • 3'1. beech 

D Toothed wheel stanchion 1 ll S II S beech 

C Long crank drive rod )/:£ I{ 11/" II 9'h cherry 

D Shorr crank rod "/10 " 111 .. " 6 cherry 

E Control arm } - 3 " 7 beech 

F Drive wheel ill I< 3 .. 3 mahogany 

G Toothed wheel �J. II 4V: II 411: beech 

PROJECT OVERVIEW 

Study the project photo, the working drawing (Figure 25-

2A) and the templates (Figure 25-2B). Note that all the 

components are t1xed to the base Doard. wltll tile primary 

moving parts pivoting on stanchions. In action, the drive 

wheel is turned. the long crank rod goes (orward, the little 

linger-drag component nudges and drags, and the lOathed 

wheel goes around. The control arm ensures that the 

toothed wheel only turns In tile one direction. 

While the individual procedures are pretty straight­

forward, involving just some scroll saw work, drilHng and 

whittling, assembling the machine is triCky. Alternatively, 

i f  you're the optimistic sort, look at the assembly as a 

gloriOUS challenge. 

CHOOSING YOUR WOOD 

Tile wonderlul news is that you can use nearly any wood­

Jime, oak, pine, beech, sycamore. maple, cherry-just about 

anything you lind In your scrap Illn. Just be sure tile 

toothed wheel is made from a close-grained dense wood 

that'S strong across short grain. Remember 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 bit at 
rough usage. 

MAKING THE STANCHIONS a Study the working drawings (Figure 25-2A) and the 

templates (Figure 25-2B), so that you have a good 

understanding of how the project needs to be made and 

put together. 

FIGURE 25-3 
u •• a amaU baaUDlr and a block to drive tho dowo" bomo. 

FIGURE 25-4 
Butt tb. workpl.ce bard up agaln.t a .top (I'm u.mg a beJlCb 

hook), and us& a gollV& to skim u.& wuta down to a depU. of about 

1/ .... 00 canlul tbat you don't run tho gougo into .nd grain. 

II Take the wood that you have chosen lor the base 

board and plane and cut it to size-it needs to be 

about lJ:" thick, S''' wide and 12" long. 

II Take the )"-thick wood tor the stanchions and plane 

It to a flnlshed thickness 01 about '1,"_ Draw the two 

images out to size, and fret them out on the scroll saw. 

... Take the drive wlleel stancillon, run the holes ... through-for the mam Pivot and the flxmg dowels­

and then position It on the base and IIx wltll dry dowels 

(Figure 25-3). 11'5 important that the stanchion is fair and 

square wllh the base, so spend time getting it right. 
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FIGURE 25-5 
a.JUt tb. farm ao that the rais.d wet. Rna ill a smooth CUJV8 

down to the level of the lawared wasta. 

n Take the blank for the other stanchion, and use a 
... compass set to a radius of }I/:{' to draw in the 

decorative casting circle. 

a Run the four 1I0ies through w'lth the drill-two for 
pivots and h'IO for fixing. 

B Take a small shallow-curve gouge: set the workpiece .. flat down on its back so that it is butted hard up 
against a stop with tile front face u.ppermost. Then set to 
work cutting back the waste. Lower the ,"vaste Jittla by 

little, with a series of shallow skimming culs (Figure 

25-4) until the casting circle is left standing proud by 

about 1/ .... If you have got it right. the two side lugs and the 
top head wlil finish UP at aboul S/," thick. 

... When you are happy wllh Ihe overall shape 01 the 

W casting feature, use graded sandpapers to rub the 
contours down to 8 good finish. Work from rough through 

to smooth. with the sandpapers wrapped around a lenath 
of dowel (Figure 25-5). 

MAKING THE CRANK RODS a Have a look at the working drav'lings 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 fs Ihat the long 
rod is 'I," wide and the small rad 'I .. ·. Both rods are about 
'lIS" thick. 
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FIGURE 25-8 
Tou a!wa" nood to considor tho IUa of tho g-rain, ospoc-lall.,. If 
the compoaent parts are Long and aloadar. All u.at aaid,l'm. DOt 

eatlnl.,. happy with tJa. graiD on th. rigJat-band end of U •• rod-it 

lookl a little Ihort ,falntd and weak. 

B Cboose your wood witb care. It doesn't matter too 
III much if the grain is a bit \I\'ild, as long as overall it is 

sound and running- along- the length or the rod (Figure 
25-6). To draw out the outer rods. start by fixing the 

pasitJon of the end-centers. Draw a center line, measure 

the end-centers on the line. and use the compass to draw 
the end circles. Draw paraUel lines each side of the center 

line: (lraw the radius curves freehand. Drill the pivot holes. 
and then tinally fret out the total profile . 

II Fret out the drawn profiles on the scroli saw, and 
trim them up with a small knife so that aU the angles 

are slightly rounded. They should look as if they might 
have been cast (Figure 25-7). 

1:1 Finally, take the long rod and drill a line of four little 
holes at one end to give you fine-tuning choice when 

you come to the putting-together stage. 



FIGURE 25-7 

CUt bom end to mlddl. so tb.t you avoid run.aJ.ng lb. blade into 

tll. elld grain Oil tb_ edge of the diu end.. 

MARING THE CONTROL ARM a Have a look at the working drawings (Figure 2S-2A), 

and see how the function ot the arm Is to sit heavily 

on the toothed wheel so that the back-dragging action of 

the finger-drag component can't pull the wheel in reverse. 

Note how tile arm is pivoted between two plates that are 

fixed at either side of the stanchion feet, with the width of 

the arm being reduced so that It fits between tile plates. 

See also how the arm is held in alignment by being 

threaded on a large dowel post tbat is socketed Into Ihe 

base slab. with the tbreading hole being sbaped so as to 

allow for movement. 

EI When you have a clear picture of the shape and 

Junction of the arm. draw the Image out on your 

chosen wood and fret it out on the scroll saw. 

II Run the holes through to match the diameter ot your 

chosen dowels. and then use a knife to shape up the 

details-the narrowing at the tip and the pivot area, and 

the tree shape around the large posthole (Figure 25-8). 

MAKING THE TOOTHED WHEEL a Use a compass to draw t\I\1'O circles, one within the 

other-the outer with a radius ot I'h-, and Ihe Inner 

with a radius of about 1'/,'. Use a pair of dividers to run 

22 equal step-oUs around the circumference of the large 

circle. You could use math and a protractor to set the size 

FIGURE 25-8 

Whittle u.. ODd of th. arm. so th.t it tita ",utly botw.OD tb.. 

pivot platH. 

of the step-offs ( 360° divided by 22 = 16.36°), but it's so 

mueh easier to go for a guesstimate size and to work the 

step-offs out by trial and error. Draw radius lines from the 

resultant intersections. Lastly, draw diagonals across each 

of the slep-olfs. 

EI With all the guidelines in place, use a band or seroH 

saw and slowly cut out Ihe teeth (Figure 25-9). 

ASSEMBLY AND FINISHING a Now comes the finger-aching task of having a dry 

run put together. Don't worry about line sanding at 

this stage: just make sure that everything Is tlckety-boo 

and aU present and correct (Figure 25-10)-no splits or 

warping. When you are satislled lhat aU Is correct. wipe 

the surfaces (barring those that are going to be glued) 

with a small amount of oil. 

EI Set the tvo'O stanchions in place on the base and fix 

them with stubs of dowel. 

II Fit the control arm post, slide the main pivots in 

place in the stanchions. and fit the drive wheel 

(Figura 2S-Jl). 
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FIGURE 25-9 
DOD't b. tampted to lUah tbla taak. Th. tuth n .. d to be cut w-lth 

care, and, mar. tlroan tllat, the hand saw ia potentially a vary 

dang.rolla macbiaa. 

FIGURE 25-10 
Diva all the componant parb • awift rull down-just en.augb to 

... mova the wont of tb.. Awn .dgn-and tban give U •• m tb.i.r 

tint wi,. over with aU. 
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II Take the control arm, pivot it between the little 

plates (Figure 25-12), and then fix it in position at 

the bottom 01 the drive wheel stanchion. 

l1 With the control arm in place and located on the 

allgnment post. sllde the toothed wheel an Its pivot, 

and make fine adjustments-to the poimed end of the arm 
and/or the size of the alignment post hole (Figure 25-13). 

IlII!!!I Pivot the little finger-drag block in place in one Of 
W other of 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 01 the teeth 

on your wheel. 

FIGURE 25-11 
Fit tll. large·diameter dowal rod in tha cauter of the atanchioD.. 

Mot. th • •  panr that i. uMd to di.tanca U •• creAk MI tbat it 

doas.n't wander from aid. to .ida. 

FIGURE 25-12 
I built eacb pivot plate up in two layers so tut tbe two platH 

could b. st.pped at either side 01 the stanchion. 



FIGURE 25-13 

Fiddle Around with tho lenBtll. of tho arm and tb. sbap. of tb. 

poatlaola until the painted end of the arm com .. nicel., to r8st OD 

th. toothad wb •• L 

FIGURE 25-14 

Locate tlaa litUe pivot in Dna of the four hal •• in the ah.ft of tb. 

rod, a. indicated by tb. tap black arrow .boVD. 

II!W Fit the short crank rod In place. set the linger-drag In 

.. pOSition, and then link the drive wheel and the top of 

the short crank with the long crank. The long dowel at 

bottom right \lets cut back later (Flgure 25-15). 

... When you have struggled to get aU the parts In 

W place. then have a trial turn and see if the finger­

drag does its thing (Figure 25-16). Be mindful that you 

might have to make adlustments to one or all of the 

moving pans. 

... When you have achieved what you consider to be a 

� good movement, then dIsassemble, and rub all the 

pans down to a fine finish. 

FIGURE 25-15 

If tha lengtb of the rod is such tb.t tb. fingar-drag unit f.ils to do 

ita stuff, than consider fitting the drag in tJaa D.at hola down. 

FIGURE 25-18 

When you ba". got the movement right, YOIl can cut the various 

dowala to length and tit the holding pina. 

I'P.' Finally, glue UP. rub the whole works down with oil. 

... let the oil dry. and wax polish. Then the machine is 

finished and ready for showing. 

PROBLEM SOLVING 

• If you look closely at figure 10-15, you will see that there is 

• drilled hole on the top end 01 the short crank rod. lust to the 

left of the pivot. ThiS is a mistake that occurred when I Vias 

trying to figure out how to fit the tinger·drag component 

• If tbe Side-to-side movements of Ule two crank rods are a bit 

slack and messy. then you might weU consider sandwiching 

Ule tong rod between a couple 01 posts. 

• If you deCide to use a band saw to cut the loothed wheel, 

then you must for saJety's sake control lhe workpiece with B 

couple of pusb sticks-Irs too small to be handheld . 
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PROJECT as 

Screw Jack 

PROJECT BACKGROUND PROJECT OVERVIEW 
The screw la.ck 18 a ma:banlsm to common use for raJslng 

heavy lf91gb.ts through short lifts. It consISts of 8 powe.rtul 

comblnst1oD. of teeth and puuons enclosed lD. 8 metal 

frame. 810clc or box. If you are lnte.rested In math and haw 

got 8 year or two to spend readtng up. than there 18 a wbola 

mounta1D of 11gmes on the screw )ack: the rst10 between 

the number of teeth, the dJameter of the 

The Jack 18 made up of three prtma.ry parts: the small gear 

"'hael. the luge gear wheal. and 1he long tootbad bar or 

raclc-all pegged and plvotad on 8 frsma The toothe:1 and 

eJottej rack 18 held to place by me.ans of a long plate. wtth 

tba two dowels that nm througb the plate also controllmg 

the hetght of the movament. The Uttle pallmechAnlSrD that 

Blts )Ust above ths large wbeelts pegged IntO 8 slot In such 

wheel. the length of the bandla, and 80 DD.Al1 
you really need 10 know 1S that tf a man or 

woman 18 able 10 raJse about SO pounds m 

\Wight. than theyw1ll by means of s )ack. be 

able to ralse about nwnty t:tmss this \Wight 

(about 5 tana). The lack 18 usually fitted out 

With a SImple mechantsm known as 8 

pall and/or ratchet that stops the mo­

tiOn when it lIegtDs to run back. 

14a SCREW JACK 

a way that it rises. falls and lams the mechanism 80 that 

.- tba rsclc IS held 1D place. When you want to brtng the rack 

down. you simply raise tha pall flJp It over and then w md 

baclc. The success of the pro)ect has to do W1th CUttlng 1hs 
teeth If you)jJce wodctngwttbrule andcompaes, and tf you 

haw 8 scroll saw, then you me going to get 8 good dsal of 

pleasure from th1s project. 
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SCREW JACK WDBKING DRAWING 

F 

rn01.JT VIEW 

TOP VIEW 
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SlO£ VI£W 

FIGlIlIE 28-2A 
Apart from th. rack an4 the 

wh .. ta (wilicla nud to be 

eire.A correctly), the only 

othu thinp you bllV'll to 

_any about are the positioM 

of til. wll •• 1 pivota to one 

another, aad of the two wheela 

in nt.tioll to til. rack. 

A Sase Illate. 

B Frame support. 

C Oats. 

D Frame. 

E Large gear wheel. 

F Rack. 

0 Crank handle. 

R Small gear wheel. 

I Washer plate. 



SCREW .JACK TEMPLATES 

FIGURE 26-2B 
The scale i. two grid 

aqua, •• to 1", 

A Dase plate. 

B Flams supp<lrl. 

C Oals. 

D Frame. 
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SCREW JACK WORKING DRAWING 

I" SCREW JACK 

FlGDIU: III-Ie 
n . _ ... .... _ 
..... tor. 

I l..orvc ;ear  wheel 
r ""'" 
C Crank handle. 
• SenGll gear "heel 

• Wos.hnplstc. 



CUTTING LIST 
A Base plate 

B frame support 

C Dais 

D Frame 

E Large gear wheeL 

F Rack 

G Crank handLe 

H Small gear wheel 

Washer plate 

'1., )1 8 11 9 0ak 

;/4 " 8  " B oak 

Cut fro m frame suppon 

'Ie. II 8 II 12 cedar 

'J/� " 311t " 311i walnut 

;/, ,, 2V: ,, 12 pine 

:/. " a 01 311t mahogany 

"14 " 3 ,, 3  oak 

1/4 11 1'/" w 6 plum 

CHOOSING YOUR WOOD 
TilLs Ls one of tllose pro/eets wllere you need to be pretty 

choosy over your wood. I say this because the success of 

the project hinges on the teeth being 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-ta-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 

tile wood needs to be hard and dense grained. so tllat it 

leaves the saw with the edges being hard and well defined. 

I used salvaged cedar lor the frame, walnut for the large 

wheel. oak for the small wheel. straight-grained pine 

lor the rack. oak lor the base. and bits and bobs lor all the 

rest. If you are shorr of wood. then it is best to save the 

choice bits for the toothed components-meaning the two 

wheels and the rack. 

MAKING THE FRAME AND BASE a When you have spem a good long time studying the 

working drawings and designs-so that you have a 

clear picture in your mind as to what goes where and 

how-take the wood that you have chosen for the frame 

and the base. and plane it down to a finished thickness of 

about 'I .... Not to worry if it's a wee bit thicker, as long as 

it's a uniform thickness overall. 

II Notice how the frame and [he base plate are in the 

main achieved by using a compass. anti the Utile 

dais piece is no more or less than [he \Vasta cut from the 

frame support. This done, then use the rule, square and 

compass to set the lines of the design out on the best lace 

of the \I\Iood. 

II Fret the profile out on the scroll saw. 

FIGURE 26-3 

Tak. e.b. care wb.en you. an (reWag out the wb. •• l .. _up tho 

tine of cut a1ightly to tlao wute aid.e of the drewn liuo. al1d melte 

su.r. that the saw table it cDnoctiv nt-mo.ulng at rlgbt augl .. 

to the run of the blado. 

... Establish the precise position of the various pivot 

.. holes, then run them through with a bit size to 

match UP with the diameter of your chosen dowels. 

MAKING THE GEAR 
WHEELS AND THE RACK a Plane your wood to a finished thickness of about 3/4" 

for both wheels and the rack. 

II Use a compass to draw the two circles out on the 

wood-the large one with a radius of IS/o"" the small 

one with a radlus 01 11/4". 

II Trace the designs from your working drawings, and 

then transler the traced imagery to the best face 01 
[he wood. Use the circles as an alignment guide. 

... Run the three components through with drilled 

.... holes-at the center of the two wheels and at each 

end 01 the rack slor. 

I'!!I Fit a new fine-toothed blade in the scroll saw, adJust 
Y the tension. and make sure that the saw table is at a 

right angle to the blade. 

� Finally. fret out the design. Take your time and go 

iii slowly so that all the sawn laces are crisp and 

smooth (Figure 26-3). 
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FIGURE 26-4 
Do your b .. t to allauro tb..t tb. . .. wn lill •• are amaoth-nuuda,g 

and nicely curvad. lf the saw feats to be hard loial. thaD we. the 

table to cut down on friction, and cbeck tb.t th. blede la ln good 

ccnu:l.ition and weU tauaiDuecl. 

MARING THE WASHER 
PLATE AND THE CRANK HANDLE a Plane your chosen wood dOI'm to a thickness 

between �/:lIn and l/l'. 

II Draw the imagery out on the best face of the wood, 

run the holes througll wltll tile appropriate size bits. 

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 28-4)_ 

II When you have achieved the cut-out for the crank 

handle. lIrst drill the two peg-li"ing holes-through 

the crank and tile small wheel-and then take a small 

knife and trim the arm to a rounded finish (Figure 26-5). 

ASSEMBLY AND FINISHING a When you have achieved all the component parts 

that go to make up the project, set them out best face 

uppermost, and systematically check them over for 

potential problems IFigure 26-6). Okay. so I always say 

this, but the sad fact is that projects of this type and 

character are olten less tllan beautiful, or are tllat much 

less successful. simply because such and such a part is 

flawed or needs to be fe-cut. 

II Don't worry at this trial run 5 age about a fine finish; 

lust make sure that the edges are tree tram splinters 

and jags. 
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FIGURE 28-5 
Wbittla tb. UID to • rounded finiah so tb.t . Uttlo CUl'VCI lUna 

down from tlae n.t face of U.e circle. Work from ends through 

to contor. 

FIGURE 038-8 
Chock U •• compononta to make au ... thlY ar. mo from .pUb. 

and then give them a swift rub down iD readine •• for the dry trial 

run pu.tting together. 



FIGURE 26-7 

Set tbo frame up an tb. baM, ad fia dr._ largo wh •• t in place. 

Nota the little li.ing dowa1a illst nan tlaroagh the bottom of tile 

fram.ud lata tb. fram.e aupport. 

II Fit the lrame support to the base slab. set the large 

wheel an its pivot. and tix the trame in place with 
dry dowels. 

a Make sure the trame i s  stable and true-firm, square 

and lree lrom wobble (Figure <lS-7). 

II Set the guide dowels in place in the frame so that 

they are a tight push tit. Set the rack in place. with 
its teeth nicely interlocked with the gear ''''heel, and turn 

the wheel over to check out the movement. J{ need be. 

adjust the dowels and/or the slot so that the rack is able to 

move without hindrance (Figure 28-8). 

� Fit the little pall foot in tho slot. and fix it in place 

iii with a backing plate so that It Is loose tlttlng and 
able to fall treely (Figure <lS-S). Test it out to see if it jams 

the mechanism. 

FIGURE 26-8 

Fit the frame on its pe.a and t •• t out tb.e movement. II nec .... ..,., 

•• 158 tb. movement by wideniDg the alat and/or &1igJatly reducing 

tb.. cUamater of tho dowol .. 

FIGURE 26-8 

The '''.a la tb.t tb. paU should be f .... to ri .. in ita atots. wltb na. 
little backing plate ensuring that the pall i. held square to the 

front of the frame. 
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FIGURE 26-11 

Generally .... tb. camponenb until tb. movemant i. aJDootb. 
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FIGURE 26-12 

FIGURE 26-10 

Have . amaU wooden pill 

running through tbe dowel 

plvat eo that tb. wbHl la fro. 
ta move. Rote the whittled and. 

of tb. through-knob dowel pia .. 

BUDd bolo. aro beat achlevod with . Forstnar bit. Kot. how tb. 

pattern of decorative laole. r.lat •• ta tlI,. pattern of t •• u.. 



I!II Set the crank handle on the small whee� and fit it in 

.. 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 back 

� with a small wooden pin. Have a trial run and see 

how the movement lunctions (Figure 26-11). II one or 

other of the teeth jams, then ease it with a fold of fine­

grade sandpaper. 

... When you have achieved a good easy movement­

... with all the component Parts running smoothly one 

against another-then pencil label the teeth so that you 

can Identically relit. 

PP.II Disassemble the whole works. and spend time 
� adding the decorative features like the pattern 

of blind holes on the front lace 01 the large \r,'heel 

(Figure 26-12). 

ED Rub all the sawn edges down to a smooth flnlsh. pay 

particular attention to Ihe sharp corners 01 the teeth 

(Figure 26-13). 

FIGURE 26-13 

Whoa yoa are rubbing down. 

.. lact found itamll to match 

tho profil •• -penell., pla.tic 

peu and the like-and u •• the) 

finnt linda of p.pan. 

fI!II Finally. give the parts a coat 01 teak all: let It dry. 

IWiiiI Give the su.rfaces another swift sanding. glue uP • 

burnish with beeswax polish, and the project is finished. 

PROBLEM SOLVING 

• Be mlnd/Ul lhat there aTe three main lactors governing the 

smooth running movement of the teeth: the shape of the teeth, 

Ute shape ot the gaps between the teeUt. and the distance 

apan of the pivots. 

• If you want to make sure that the movement is going to 

work the tlrst time around. Ihen It Vlould be a good Idea 10 cut 

a second frame board made from inexpensive wood. You can 

thus ensure that the pivot spaCings are perlecUy placed lor 

the size of your wheels. 

• II you have made 8 mess·up and you Deed to alter the 

position of the PIvot hotes. the procedure is as follows: plug 

and glue the holes with a dowel cut from matching wood. sand 

back to a smooUl 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. 

SCREW JACK 258 
MaTeplo1ilfl 3au.;tu. HH 1101 tie � � tl � 



PROJECT 27 

The Bicycle Chain Machine 

PROJECT BACKGROUND 
When r was a kid, I used to spend hours taking my bicycle 

apan. My big thing In life at that time was making bicycles 

from scrounged parts and then selling them to my school­

maleS. I parllcularly enjoyed taking the drive chaln apan. 

The bicycle chain is a beautiful item-lots of identical 

component parts, all made of steel, fitttng together to make 

something both stIong and flexible. The earliest known 

sketches of a bicycle (or drive) chain \'\'8r8 made by Leon­

ardo da VincI. The curious thing aboUI his sketches Is that 

it appears he was inventing compo nents before there 

was a real need-a bit like inventing t.he electric 

cotlee maker before the invention of electricity I 

PROJECT OVERVIEW 
Have a Jook at the project picture. the work­

ing drawlnas (Flaure 27-2AJ and the tem­

plates (Figure 27-28). The machine is 

made up of a stand, two dowel pivots and 

two drive-chain wheels. with the actual 
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chaln being made UP from a large number o f  identical links_ 

If you look closely at the chain, you \t,'ill see that the links 

are first grouped In pairs. with the pairs then belna linkecl 

to each other. The distance between the centers of neigh­

boring hall-circle notches-this being Ihe tooth-Is 01 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 thaI locate and pull on the chain. 

As you might well imagine, the important thing about: 

this project Is that the notch centers and the llnk hole 

centers must be the same. Note how there are 16 

notches around the circumference of each 

wheel, with each notch being centered on 

the intersection of a radial Hne and the cir­

cumference. See also how the 16 radial 

lines are equally spaced at 22.5° inter­

valS (360 divided by 16 = 22.5). One loOk 

at the various photoora\lhs should con­

firm that this is one of those projects 

Ihat requIre an electrIc scroll saw. 
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THE BICYCLE CHAIN MACIUNE WORKING DRAWING 

D 

rROIITVI&W 

c 

A 

o -----l-----l 

TOP VIEW 
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S!D& Vlr.W 

FIGURE 27-2A 

_itll this lIlodel, u.. critiw lIleUUreJlUlnb 

are tb. di.tance IMtw •• n liDk pivot .. the 

leJlftk of til. link., and tb • •  p.em, and 

position of U. Dotch •• Oil u.. drift wb. •• l .. 

A Stand. 

8 Base. 
C BilCk buttress. 
D Drive-cham wheel. 

E Link. 

F Crank arm. 

o Front support 
B spacers. 



THE BICYCLE CHAlN MACIUNE TEMPLATES 

FIGURE 27-2B 

n. Kala i. two grid 

aquar •• to 1". 

A Stand. 

B Base. 

C Back bunress. 

D Drive-cham wheel. 
E Link. 
F Crank 81m, 

G Front supporL 

H Spacers. 
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MAKING THE LINKS a Take the wood that you have chosen tor the links 

and plane it to a finished thickness of about 3/lt" . 

II Cut the wood down so that you have 52 little tablets 

at about Pis" wide by 21h" long. 

EI Set each tablet out with a center line that runs in the 

direction at the arain. Take the compass; set it to a 

radius of about 1/;", Spike the point on the center line. and, 

placed as near as It can go to the end or the tall let, draw 

out the circle. This done, set the compass to the same 

measurement that you used to work around the 

circumference at the wheel, and then step-oft from the 

center of the circle to a point on the center line. Draw 

another l"-dlameter circle at this point. It you have got It 

right, the distance between centers will be slightly greater 

than the diameter of the circles. Link the two circles up 

with a little treehand radius. Repeat this procedure until 

you have 52 or mare links. 1 decided to make SO-my 

thinking being that tllere would be mess-ups along 

the way . 

... Take a drill bit that matches the diameter of your 

.. cllosen dowels and run each link through with 

two holes. 

11 With at least 52 links drawn and drilled, then move 

to the seroH saw and carefully fret them out (Figure 

27-5). Don't worry too much It the profiles are askew, as 

long as the holes are pertectly placed. 

R When you have achieved the 52 links, take a small 

iii sharp knife and spend time whittling the sawn 

edges to a rounded tlnlsh. Work with the run of the grain 

from the peaks down into the dips, and from the peaks and 

around the ends (Figure 27-6). 

ASSEMBLY AND FINISHING a When you have achieved aU the component Parts 

that go to make up the design. spread them out and 

generally check them over tor tit, finish and number. I 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 tinish UP with a tew links too short. 

And, as no doubt you know, there is nothing quite so 

annoying In woodwork as getting all ready {or Ille tlnal 

putting together only to tind that you have got to go back 

to starters and cut more components. 

FIGURE 27-4 

The Uno of cut Dallat run very aUghtly ta lbo waate sido a' the 

drawn line. U you fit a new blade and make aure that it is well 

tanalolled, and if you work at an •• ay pac .. th.n you wW linlab 

up with a cut Une that requires tile adnimum of und.ing. 

FIGURE 27-5 

Bridge the aharp augl.a betw.en the ci.rclea willa hand·drawu 

radius curves so that tho resultant "8" alulpo La amooth curvecl 

and e •• y to cut. 

FIGURE 27-8 

Trim off th. Harp camara so that you limb up witb a form that 

1a round-odged. 
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FIGURE 27-7 

If, wban yOQ Une aU the co.paronat parta up aide by aide, yOU ... 

tll.t GlUt or other of tb. J.i.n.k. stands out as being toa big, or too 

amall. or wb.atever, u'el1 now I.e the tim. to throw it out and cut 

lUlotlaer on •. 

R As a trial dry run. put together-no fine sanding or 

IiiI glue at this stage-drn� dowel and fil the backboard 

to the base. the bumess to the back of the stand. and the 

two supports to the front. 

II Set the [WQ main dowe1 pivots in place in their hoies, 

and slide Ihe various spacers in place (Figure 37-8). 

a Take the Jinks, group them in matched pairs, and set 

each pair up wilh dowel pivots (Figure 27-9) so that 

the links are set together at the middle of the dowel. You 

need thlrreen pairs In all 

II Set the paired links end to end in a row, and join 

them together with Unks set to the outside. You will 

find that the trick here is in arrangjng the paired. links 

so thaI the dowel centers Irom neighboring groups are 

nicely matched (Figure 27-10). 11 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 

iii links apart so that the chain lits over the edge 01 the 

drive wheels (Figure 27-11). 
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FIGURE 27-8 

The butt ..... alld aupparta ensure th.t the atand Is true and weU 

aupparted-mast impartan.t witll a .ac1l.ina at this 1I.eight. 

FIGURE 27-9 

Fiddle and tu .. arou.nd untU tb. pailed Unit • •  ,. WIU matcbed, eo, 

tbat tile ciawala are parallel ta each ather. 



B Atthts 81agemtbe oparatlon. youw1llperbapsf1ad. 

.. 8SYOU rollths cba1n over the wheel that the ends of 

netghbOr1ng l1nlcs lam. TbJs 18 because the hole3 are badly 

placed and,tor the prof1ls bas been badly sawn. U tbJ.s 1S 

the caee. then take a a::rap of sandpaper and gently saod 

back the shape of the l1nlc:s unt1l the problam 1S correcte:1 

(FIgure 27-12.). 

n When you haw load up tba ends of the chatn and 

W generally spaced the Unlcs, gently Uft thewbolo 

works up and set tba twowbaels on thelrplVOts. 1f 

nec:easary, ease tha postt:1Onoftba dowels for beatftt 

(FIgure 27-13). 

� Tum the wheals slowly owrbyband. sndsee how 

iii the 1ndJV1duallJnlce BIt ODS with another. Study the 

way that the dowelp1n8 coma to reat in the notches and 
how the ends of the llnlce relata to each othsr. Make 

adjustments accordJ.ngly (Figure 27-14) . 

.... Ftt the spacer and the crank handle, and try w:. everyt:hmg out for sIZe. Of course, the handlewon.'t 

actually be twnJng thewbeel at th1s stage-because tt' 8 

not pegged to the wbael-but you w1I.l m  least be able to 

test out the feel of t:ha macbJna The other thJng to bear 1D 

m.tnd IS that you have chotc:e6-you can 11t tha handle tIl 

the top pivot. as shown In this photograph. or you can 111 tt 

to thebJttom. 88 shown in the worklngdrawtllg'S (Figure 

2.7-2A). As to the beet poattton, much depends em the 

\WIght of your wood and the SIZe of your band. For 

axample. Lf the wood 18 l'tBtgbty and themacblne top­

heavy. then ttwould be a good ldaa 10 lowarthe canter of 

graVity by havtng the handle on the bottom wheel But 

then agaUl, If your hands are large and the tw.n1ng &pice 

lat1ght. than ttmtght be abetter Idea to have the hsndla 

on the top wbeel lt needs tb.tnklllg about. 

m When you are estlsf1sd WIth the movement, slowly 

dJsassembJ.e the whole works. carefully penc1l 

numbenng the llDks as you go so that you know tbs 

order of thI.ngs. 

rI!I Sand all the componants to s f1ne 11DJ.eh, 011 the 

IWiiI appropnate sw.facea, and than glue up. Ftnally, 

bumlsb sll1he surfacea WIth wax, and the prOJe::l 

Isf1n1sbed 

FICOIIE 87-W 
n.tocarHaIh __ ...... � 10 tmt a., .... .... De 
doMI'..,...,1 toNCbetlllr, 

FICOIIE 87-U 
Fan ...... .... I11III CII8 "'aim .... 

FICOIIE 21-12 
CIIWa IMc .. al ......... a.a ,..cu.to .... .... 
aIIJ_ ... a.� ........ CUldlrOQU. .. Of t  .. ..... __ 
toal ...... eo Ga' Il ..... .. tU;la....,. .. 
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FIGURE 27-13 

Tbe wbole thing gats. bit welgbtr and. difficult to h.ndl. at dll. 

sta,8, so ba aD your guard that everytb.ing da •• a.'t .pring apart. 

I n,.dad to puab • few pega through sama of lb. dow.1 plns. 

PROBLEM SOLVING 
• The big difficulty with this project is drawing out and 

cutting Ihe links. The problem Iso'l lhal Ule individual 

procedures are paTtlcularly dUllcult, only the sum 10lal of 

cutting each and every link to the same size and drilling 

perfecl-every-tlme holes calls for a cenaln reglmenled way 01 

working. One way out of this problem is to build a drilling jig. 

In 8ction. you drill one hole. slide Ule link on Ule Ilg. and Ulen 

drill the other hole. This way of working ensures that the holes 

are all set the same distance apart 

• In Ihe light of having made this machIne, f Ihfnk Ihal next 

time around J will go for much smaller links-say haJi the 

sIZe. I will have Ule Vlood much Ihlnner, lhe pfvols smaller 

and the wheels with twice as many notches. I wiJI use a 

wood like European box or EngUsh plum. AU that said. l think 

that Irs vital 10 have a go al thIs machine before Irylng for 

something smaller. 
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FIGURE 27-14 

•• k. auI'. that yau ..... tho Ch.tA over tb. wb •• 1 10  th.t tb.re 

is clase contact with the linJr dowels sitting nicely in U.e 

wb •• l natch ... 

• If you find that the movement is loose and sloppy, then it 

coUld well be Ul8t the links and/or Ihe wheels are badly cut. 

with the effecl thai the chain Is loose. If this IS the case, then 

you could modify the machine by designing and fitting a 

mechanism Ulal moved one or oUler oi lhe wheels up and 

dawn and then clamped it in place. You could have the pivot 

moving in a slot rather than a drUled hole. or vou could make 

the stand so that top and bottom can be moved apart. 

• If you think tllal lhe height ollhe stand is . bit clumsy. then 

you could change It about so that tIle tlVO wheels are set side 

by side-more like a bicycle. 



PROJECT 28 

The Wonderful Wilmhurst Machine 

PROJECT BACKGROUND 
A Wilmhurst machine is an apparatus that is used to 

demonstrate and produce static electricity. We had such a 
machine at school. It was a bit like an H.G. WeBs time 

machlne-a huge allalr with IwO glass disks. brass rods. 
metal balls. drive pulleys and crank handles. all mounted 
on a mahogany base. In action, the massive handle was 

turned, the two wheels zoome d around i n  different 
directions and two metal foil brushes stroked the wheels 

while they were turning. with the ejfect that electricity was 
generated and the thing began to produce a series of 
snappy, banging and tizzy sparks-really amazing! 

PROJECT OVERVIEW 
Have a look at the working drawings (Figure 28-2A) and 

the templates (Figure 28-2B). The Wilrnl1urst machine is 
made up trom a base with hl\fO stanchions, with all the 

workings being pivoted on two horizontal dowel shalts_ 

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
ly. one of the two pulley belts (both made of cord or elaslic) 

is Iwisted into a ligure eight so Illal it reverses Itie direc­
tion of spin of one disk. 
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THE WONDEBFUL WD.MBURST MACHINE WORKING DRAWING 

c 

f'R01�TVI£W 

• 

TOP VIEW 

SIDE \flEW 

FIGURE 2S-2A 
With thill proJoet. Dato tut the _,pacen 

(U.s parts set betw.en. tile ..... ia and the 

pul1ey'I) need. to b • •  lad 80 that the pull.., 

wboels are .. ilDed one .bove tlt • •  ther. 

A Base. 

B Stanclltoll. 

C Disk plate. 

D Large pulley wheel 

E Small pulley wheel. 

F Half balls. 

G Cram llanCUe. 
H Post finIaL 

t Post pin. 

.J Drive knob pm. 
It Knob. 

L Drive shall. 

• Post. 

" Balls. 
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FIGURE 28-28 

Th_ scala is two grid 

squa, •• to 1". 

A Oase. 

S Stanchion. 

C DiSk )l18te. 

D Large pulley wheel. 
E Small pUlley wheel. 
F Halt balls. 
G Crank handle. 

H Post UnLai. 

J Post pill. 
J OJ1ve knob pm. 
K Knob. 

L Drtve shaft 

• Post. 

R Balls. 



CUTTING UST 
A Base 3/4 I( 31/; lI( 11 pitch pine 

B Stanchion 'Ia " 21/t " a mahogany 

C Disk plate 113 " 6 " 6 brown oak 

D Large pulley wheel 'I .. II 3'/: '0( 311: cherry 

E SmaU pulley wheel '/, ,, 211t .: ZIt, cherry 

F Half balls From 21/2" square section beech 

G Crank handle )/, )1 2112 M 31/t mahogany 

H Post finial From 2:/a" square section plum 

I Post pin Cut from scrap 

J Drive knob pin Cut from scrap 

K Knob Turned from 1" square sections 

L Drive shalt 4" loog 

M Post a'II" long 

N Balls From 2�1::" square section beech 

CHOOSING YOUR WOOD 
The only real needs tor the wood are that the disk plates be 
made from a wood that can b e  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, 

beech for the balls and stand supports. mahogany tor the 
stanchions. a scrap at plum tor tlle two post finials. and 
DHeuls Jar the rest. 

MAKING THE BASE AND STANCHIONS a Take the wood tor the base slab and plane It to a 
finished thickness of S/6". 

R Use the rule. compass and s([Uare to set out the ... profileJ and then fret it out on the scroll saw. You 

sllould have a base at 3" wide and 10" long. with the ends 
being based on 3"-diameter half circles. 

II Set the base out with tour 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 
each end to mark the diameter of the half circle. 

a With all the guidelines in place. use a s([Uare to draw 
the stanchion laps in at J/.' deep and 2" long. 

FIGURE 28-3 

Ru.n th. cb.l.a.l with • •  Udmg parms actlon .o tllat tb. cut go •• 

diagonally acrou the run of the grairs. 

FIGURE 28-4 

Wbittle from th. drawn circle ... o tbat the face. of tbe circles are 

"'t in n.t reU.'. 

II!I Cut the laps with a saw and chisel. First, saw in at 

iii each end to establish the depth at tile lap. and then 
use the chisel to make horizontal paring cuts (Figure 

28-3). Tile trick Is to make sure that you cut fractionally to 

the waste side ot the drawn lines. 

I'!!'I Take the wood tor the stanchions. plane It [0 a iii thickness of II ",", and use a rule and compass to draw 

out the profile tor both stanChions. 

a Fret the profiles out on the scroll saw, so that the 

bottom 1" is slightly oversize-about 2'/,"-50 that 
the width is too big to fit into the lap . 

.,. Size the width at the stanchions until they are a 
ItiI tig ht push lit In the laps. 
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.. Run the pivot points through with a bit to match the 

... size of your dowel shafts. and use a kmfe to nun the 

neck of the stanchion down to a slightly round-edged 

finish. Work tram end to middle so as to avoid running 

into the end grain curves (Figure 28-4). 

MAKING THE DISK PLATES a Take your chosen wood and plane i t  to a finished 

thickness of about 'I,,·. Sight across the wood so as 

to enSUTe that it's free from twisting, and then saw it in 

two so that you have a piece lor each circle. 

II Take a piece, set the compass to a radius of 21/2", 

and draw out a single 5"-dlameter circle. Now, still 

working from the same center, draw out circles with 

radiuses of 1" and 2'1,". 

EI Use the tools 01 your choice to divide the circle up 

into 24 equal ISO segments. I used an engineer's 

protractor. but you could lust as well use a compass by 

stepping the radius ott around the circumference and then 

quartering the resultant six divisions. You CQuid even do i t  

with a comllass and by trial and error. 

II When you llave drawn out the circles and their 24 

diVISions. take a pencil and d raw a corner radlus In 

every other division so that you have 12 spokes and 12 

round-cornered windows. 

ft W hen you 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 01 your 

.. 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 at whittle dowel. then change the drill 

bit to a smaller size-say about 'I,.-and run a hole 

through every other window. 

� Finally. use the scroll saw to cut out the circle and 

.. the windows 01 waste (Figure 28-5). 

MAKING THE PULLEY WHEELS a Look at the working drawings (Figure 28-2Aj; see 

how you need four pul1ey wheels in all-two at a 

3" diameter, and two at a 1'/," (llameter. 
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FIGURE 2B-5 

Kate tbe two balding pega-ou at the center of tbe cLn:le. tbe 

oUter in the l .. t window to be coL 

FIGURE 2B-S 

Aa you work uouad tb. wbe.t. you will a •• d to b. coaatantly 

changing the angle of cut to auit the run of the grain. 

II Plane your chosen wood down to a s/," thickness. 

draw out the circles, drill the centers out with the 

appropriate bit size. and then cut the blanks out on the 

scroll saw. 

EI Take the disk blanks one at a time, and first run a 

pencil center line around the thickness, and then run 

lines about 'I, In from the edges. 

II Cut the V-section by IIrst running a stop-cut around 

the center line. Slice in at an angle into the cut so 

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 lor a slightly rounded leel (Figure 28-6). but you 

could just as well go lor a crisp sharp-angled finish. 



FIGURE 28-7 

Though the rUn.r is. good tool for working barelwood, It'. 

Ilanible for softwood-be WIlI1l8d. 

/ 

FIGURE 28-9 

IIU. cOllstant cllocll:. with the c:aUpera to He how clo .. you an 

IsttiDg to turning a perfect aphare. 

II!II When you have whittled the pulleys more or less to 
iii shape, bring them to a goad finish with a riffler file 

and the graded sandpapers (Figure 28-71. 

MAKING THE BALLS 
AND PDST SUPPORTS a Mount your square section wood on the Jathe and 

swiftly turn it down to a smooth cylinder at about 
lS/n" diameter. 

.. Set the dividers to the diameter of the cylinder, and 
... make step·ofls along the cylinder-I/4" for tailstock 

waste, IS!&" for the first ball. 'I," for Parting waste, lSI." for 
the next ball, and so on along the length of the wood. 

EI Take the parting tool and sinl< the bands of waste in 
to a depth of about 'hot so that you are tell with a 

cemral core at about s/." (Figure 28-8), 

FIGURE 28-9 

Biu the waato sa that yoa can ahap. up tb. half ball 

FIGURE 28-10 

The .tic •• aDaur. tIl.t Y01lr band. ar. clear of tb. blad •. 

DD HOT attempt this procadura without tile atickL 

a To make the ball shapes, use the skew chisel to 

shave the corners off the remammg lG/en-dlameter 
sections. U you work backward and fon.ard along the 
wood with a Iittle-bY-little approach, you will eventually 

Hnish up with a string of baliS-like beads 011 a necklace 
(Figure 28-9). Run a little line around each ball to mark 
the median. 

II!II Part the balls off from the fathe and select the best of 

IiiI the bunch for the project. You need two complete 
balls for the end-ol-shaft details, and two half balls for the 
base supports. 

� Run all three balls through with 1f","-diameter holes. 

iii Take the ball that needs to be sliced in hall, cut a 

coupfe of sticks to push in the ball so that you can hold 

It sa/ely, and then sUce It through on the band saw 

(Figure 28-10). 
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