’n Ylwl Gear Machine

for the da Vinci Gear Challenge by
CrabCAD and Stratasys Education

Designed by Clint K. Campiel]

Thank you for pour nberest inmy Setgn®

Thi & dicuirrasntat ion oow o all aspe s of my

-&:unfr.'r thes da Vined Caor Challenge. | had a
hat of fun designing & and i hope that you
firdl It just &6 entertaiming as | dd.

The concept for my design |3 based
i e v & oRepbiy ed wdDn e © e
Challenge itsesl

(et sl v G cdog Sy chiserng el
wino-gearchallong el akomg witha
randful of imeges downloaded from

soUrges with larger, more detailed imnges of da Vind's drwing.

Fart of the Challeng#'s requinements wene 1o " Consder the syt inwhidh bd printing d&ffer from
Renabsance-era fabriotion tednologlesand adust the designs accondingly.” | s o resson (o
achvere to da Vincl i pag-baded diesign, s e made m bechrsolagy pracides much bt e mechan ical
sobtiong, Hioweer, | S warg my design Lo ooty rewerrble da Vingl s gl nal dimsdng, drsly
fior mesthetic sppeal ard ow el re cogritably.

| skt opted Dot bowse di Vingls origined one sy gear mechanom, dnoe | ddnot want my design
toclick s B rotates. My design incledesa 2-postion “dip-dutch® of sarts, toallos (sndor Bmit)
roksticen in eftfer direction.. withno obnoslou s dicking.

My person 3d prining eperiencs et beon lirted boFDM, thhiglar,,., o My deldgn b ongineened
fior bt Flaseor of ad dithve manufad uring . Spedfic print setting s will be detaled ater in this
document. However, |will note that this design requires zero support materia] and 2ero post
processing. {This, of coure, depemids on your FOM printer's settings. More detad about this wil
oo



Daring the ontire design process, | engineered pa s while Wking their pring o entat ion and
assernbly method into combdesation. Large bases were used, whenever possible, to help with
Eualld suriace adheson. Howener, | abo tried toavod lege arees of base lyer moterial to
Frinim e warping.... and | s tempted to dothk while wing festures that ook ed inbegmal and

appaaling bo the desgn.

Iromically, | am a e Wing 1.0 Pra from XFZ Printieg... somy original design induded tolemnos
walues fior that prinber {with the default o.4mm nozzie ). Ako ronkaly, my 3d printer developed &
erechaniad Hisue at the extruder, which | was umadilet orepalr] of mody toan upgaded extruder

design, moreacarately].

Bemuse of this technical dfficuly, | was forced Do e the Lulzhot TAZ-S whiere | work., (Ve | use
thetem forced' quite faceticusly, ) Howeyver, this meant that | waif orced bo sfuit my

Role AR ON My par i eaccommadnte TAD S B e e Srmenndat He, (1015l ientende, | e wornd
foroed' was much mone Reral. )

The emiire design was mode led waing TurbsoDAD w6, in nathve filef ormait_. then exported Inta 511,
STER, 1GE S and OfJ formet £ (1 epoded ORJ files for veein constroding an ‘& ssembily and
Opemtion” viden, whidh @nbe viswed at Biipay outu, bel oW WIHRE)

TECHWE AL SPECE

1} Partcount:

2] Hm:ﬂm{mm;ﬂmnm}:
1. Layer heghi BT
1 Skl thickness L5
5. Topkattam thikkness iAmm
4 Infl density 10
5. Print speed GOUTHTY e
G Flarmer:

1. % Fasky Siker' PLA from Orb Podymers [ silver parts)
2. yrrn “Bleck Bat' LA fromOnb Pelymens [ blsck pasts)

PARTS LIST:

PART HAME FILE MAME VOLLIME
1} Stand Seand_flwed STL 177505 n'
2] Left gear Caninr Deft_fled STL 1EATH
1) Right gesr Gt rigit_fimed STL 1Bt
4] Certral gear Cemirad_gear fredSTL  wabbbin'
&) Piwot shaft Pl _fledSTL 34235 In*
bl Aoile dle_va_fined STL 2303 Inf
T Carvier Carrier_Thad STL T AT It
B Ratchet Ratchet_fiusd STL 23775 I’
gl Ratchet Handle Ratchet_hardie fixed STL 0.0517 In
12 Hamdle Anm Hande_arm_flned STL 1A IR

n) Handle Cp Hande clp 1 fiwedSTL  0.65110R



1) Handle Cip 2 Mande_clp 3 flued ST 0.0631 In

13] Hardle Hande_fised, 570 o, 77rain

1] Phect A etainer Clip Pivot_dip_flued 510 02891 in

15) Aaile Retaimer Clip dle_dip fled STL oagin

15 Rt chet Ae tainer Qip Ratchel_clip fluedSTL  0.0457 In
FPRINTING INSTRLIC TIDMS:

I pririied 28 pans using & Lufrbot TAZ-S witha o Smmnai e, and Lusbor-£d fan Cura soitaare, |
design in indhes, and Cura does not heve an option bomport files ininches (uniice X¥Tware for my
da Vincl 1.0 Pro). Depending on which slidng tofteere you wee, you may need bo scale 88 pat s up

by 2545 In order tofit propery.

All pars 1ies huwe been rotsted Lo praper prinling orlentstion, centered on the i mes, andare
sitting onthe £ plane. All files have been nan through the Model Repair Sarvior at

Eitpaimetiabbunz urew etribeiret! | thus the “<[filename ] ked STL" mare of allfiles) toenre
that they arewal entight and 3d-printable for most FOM printers.

Al pants were designed 1o be printed wit hout using support material, a mit, or a brim However
0L Ty opt to add support strudiures to the Stand part, due tothe verticl holes. My stand
primbed [uss Fine wilthioul Liing supedt,)

Only oneof axdch past needs to be printed. Due to my time frame, | used 1ol rectilness infill for
et paits & Ly e height of o, 3mive and & Lormeeall thickness, My tempembunes wene 1065°C f o
the extruder, and Bo"C for the heated PEI bulld surface. | used two different colors of 3mm PLA
Frawr O m My print speed wand {omeried Torall primt & whidh were prinded In § separmte
SEEEhTS.

1} Pouition the Left Gear snd Right Gesr on sl ber dde of the
Carrier, and hold themtog ether while lowering them into
pniticn between the uprights of the Sand, (The ket gear
Fas. @ wrvl] e, aned Lo RUGHE Ganbr ik B e epidnie hisde,
The slot in ke Carrier should face up.) For best operation,
lubricate the inddefaces of the shaft apeningi witha
graphie hubrant,

2] Inmert the Pheot theough the right side of the Stand and
through both Gears, the Camier, and the left side of the Stand.
The sjuiere hobs of the Phoot shauld 1T it othe square
opening of the Right Gesr. For best opemst ion, lubricste the
autside of the shaftwitha graphit e lubricant.

3} Ensre that both Gesrs rotate freely, and mdependent of each otrer. f not, you may need



4h

5}

&

toreamithe holes sightly, or snd some parts unti] there |sveny Intle friction bebween
themm,

Omce you are sati sied with the fE. snap the Plvot Retaining Oip onto the end of e Ploot
sharft. The top of the Clp should rest inbdethe beft sde of the Stand 1o prevent the Clp
frosm rotating withithe Shaft. HOTE: The clpwill reguine s bit of pressure in onder o push
anto the end of the Preot shalt,

Lower the Central Gear into posithon by rotabing the Left e
andlor Rght Gaars, then insert the Axle thnough the fron of 5 B Pl

the Stand and throug b the: Cent ral Gear, untl & oomes to LN TR i !
rewd Inslde te Carrler. For best operation, uie graphite ko LTt
lubricate ik inside of the shaft opening on the Stand, anda Lol e
airuch o of thee Aale sl & directly be hingd the gpacl™

prticn, and the end wection of the Axle dhal't, HEY

That oot | Ceaer ol il 1 2 B 7 i E i w1 R Bl
spline of the Asle slips intoone of the s noches in the Cemiral Gear.

Test the rotation of the gears. Trey should mesh sriugly, y e rot@te smootbly. H mot, you
misy reed to make adjusbments with a ream, ssndpaper, ef cetera

Orice ypods are sat] sFied with the fE, irmert the Axle Retaining Oip into the diot st the top of
the Carrier, and snap & ontothe Axle. BOTE: The dip has a beveled side, and needs tobe
ariented with the bev sled glde of grooes of Uhe Aale. The wall reqiine a bt of pre ssure In
arder topush ontothe end of the Axde.

Slide the shadt of the Ratcet info the holie st the front of the Stand, from the left side. The
Ratchet has three spring losded anmes, but anly one of those anms hes def ent s that mesh
with Uit e Bal Pt chen thee Stand, These detonts should face downmard, For bt
operation, lubrate the smell diameter of the shaft with graphite, aswell as the shaft

apening in the Stand.

Push the Ratchet Handle ontothe barbed end of {he Batchet s thaft. It should dick snugly
il plae,

| akio desigreds g hily redundart | e
Ratchet Handle Clip o enarethat the - v 5007 o
Ratchet Hancle flayed secured o the R ; ol
Ratchet. _ ke, . ) Mida

i you chaose to use &, insert theforked = " = A P P
end imtothe rectang ulsr gpening 2t the = . .
end of the Ratchet's shaft by gently
fpsee? ing the end o Lo ether. Push R In B
unidl it ks flush with the end of the



Rastichet"s shaft snd Ratchet Randle.

MOTE: The clip will require quite & bit of force inorder to seat properly inside the Rabchet's

st

1) Place the Handle Anmonto the Pivot shaft by placing the nounded et )
retertion kg Into the square opening at the end of thePhvot, Then, % o =
srmp the Handle Cip imto the Pivol and around the Mandle &rm. The dip; . - "i' o

well require quitea bk uFfmc,.hdwln'lpﬂnpllEHma!ulldm P % —_—
e ! S
Il}IrlwtHw:n'rllpq-ufHr:rhrnﬂ:lrtnﬁ:h-:l:ulﬁu:rl:ufl}:rhlﬂf i |:-.
A, then secure by srapping the Handle R staining Clip over theend of "__'*-'_ 3
theHamdle. You may wish to libricate the small peg with graphite,as 1o V="
weilll il Rhee pig apering nthe Hendle Arm. MNOTE: The dip had s -'ﬁ‘_-'
B boed il Nl o 10 B ool ont ol welth TR Baelnd] i deod groove |
of the Handle. The dip will require quite a bt of force In ordertosnap ~ ©

anto the end of LR Handle,

12} Thes lergth of st dng around the 'Spool’ of the Aabe, towards ekther thefront o the
thremdk, or the rear. Secure the string with a smal dab of s-rinute epouy, or adhethve of
o Chodie. Alow tie sdheshns Do oune.

13) Wrsp the string anound thie “Spool™ several times, fol owing the small thrasds . whichil
addedtoakd innke neat spocling of sting.

] The s welghted object bothe loose snd of the string. Enjoy Ifting and lowering the obiect.
Assembly is complete!

Wi ey b refer 10 ey briel Asserbly ard Operation animation videast
bttp sl outubeest A WML for further refenence.

MNOTE: &l partsof my prinbed pars fE Dog ether perfectly. Due to Bl ed time, | ed to s
loeverquaiiy print setting sthan i generally use. Due tothis, the top of the vertical holes.
d net prird perlectly (85 expaded] bul were ﬂhﬁ!ltﬂd ETHLIEN Ll o ssarmibsly
weithout arry processing .

1} The husndle barms the R e ine bl choever d ined ion you crank &, wiile the Left Gear
rotates in the op posite drection. My astembly was quite stiff after assembly, but |oosened
up after a bt of “breaking in™ by manualy ratating the gears. Thisiswhy | suggest wiing
graphie hubsriciion onall o the dhalts and [Felr resped e cpenings.

2] The Ratchet provents back-rottion due (odonces imposed by thew et of the lond Bring



IFted by thee mbe. Deeperafing on it's setting, it will aliow ondy O or OOW rotation (sndior
IFtirg or Birevering of theweight).

The Rt chet operates by applying pressure against the droumference of the main gears as
they rotate, ciusing therm Do sop when notated again the aems-aty le Ral chel anme. 1L mmay
work “a4 5%, or B may need @ Bght ooedt of rubber cement applied tothe sufaces that
contad the malngeard. in order ta daihiy you will need Lo remoe Ehe At from ikhe
Stand, and allos the cement tofully cune before resssembling .

Depanding on your privg et ings/quaity, it misy also be Aeoeteafy 1o Col (he auter
dreurmference of the Left and R ight Gesrswith nubber cement. My Ratchet design requires
frictiom betvwean the main gears and the cims of the Lstdhet... obtherwise it wil not
fumction.

Ad ioon s | Eee R dslgn chalbeng &, | kibw iRl | had toenter L and what L waned todo. 5ol
w20 up iFe parameters of the gear mechan sm wsing ihese drasdnge
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This gar desifn mrirmici da Vind's afgingl dewingi, while uiing much mone moadem & dgn theoy
and fabrimtion technoogy. Tecnially speking, daVind's drewings are wrong.. The lege
diamwier of the culer aars praduce a very high gear ratic with the center gaar, whish ceal sia
migher rotation| 5 eed—ard musth mone mporian ly, noesed [orguees nequirermeriie—In onder
toi¥t the load that §s suspended from the spindle. As & former crane opesst or and sameane who
desigre and mschines ook fora lieing., | lonesw This before stanting my dedgn But | wanted o

eep my design reminiscent of da VincPs drawings.

Mty deesign inchude s Four dff erent “retention clips”, e chmade (o serve an indvidual purpose. For



instmnce, theAske Retaining Clp hasa beveled edge. This was not done for sesthetic ressors, but
R kel fmd o, chae Lo LR Ll printing prooris:

1} The Asle Retaining Cip e a beveled sdetof. This s due bort he ore bt ion of the bude,
during print img— which Involvesa 45° slope In order 1o print successfully.

2] The Plvot Retaining (Sp hs 8 beveled side, which mates with the Pleot without much logic
irrvolved.. It only fits one way, and It & quite obvious. ThePhvot i printsd in an orlentation

that requiresa siape, in order to print comectly.. thas, the clip shares thet g sometry.

3} The Handle R etadning Clip also hes s beveled side, which mateswith the Handle. The
Hardbe £ printed bnanupright poaltion that requined me o design € aith o beed inthe
groovethat holds the Retining Oip.

4} The Rt cheet Handle Retairing (i@ i a very redundant pam, a6 the Rat chet Hande fits anig
the shaft of the Ratchet ina very perfed way. If you choose bo use thés part, | will requine
an e aeut of pre e, bul wil ecentually g intophos, and sound ke
broke. [Wours g bt Braak. Mine did mot... but it scaned mes, )

This cheslgm b mof perfact, by anry maans, Genemly spaaking, | huve o mont B o bwalo Dest and
prove my desigre [whikch D work on almost constantly). |ove chsBeng e Be this, because thisy
et my abiity towork on yet ancther projec .. with yet another tme-frame o schedule sround
iy work fchediile. | wiork Bem under siresa.. hinsyer, | on™ fee Time Condrainks 34 & Eowie,
EI T €.

Az one of my ooworkers absay s Sys, "Gy, o Produdion. Ohooee one. ViU Gan never have
bk by it ke srme b e

Given enough time, my designwould work flawdessly, That's what | dofor a living. | design
b ..., s chine thingit.. and mak e sdjust ments,

The Flaq side of the Carrier ward inbended Do hold an entinely S8 erent “Ratchet™ design, by
Ehaweiry, (A fockey, Frathinking that design friy hinee been the better option.)

My design ook s greed, o | fimally wiew itin reality.. gathering light and reflectionsinthe
PLA fillaments that | chose toprint the parts with. 1t is beautiful, pet sightly memsdng...
resernbling a Gatling gun fromthe 18* Century. My nepearaold son told me, *Dad, Fyou
dhorr't weiry | his challeng e, those peopbearecray.” I'm Rot e eabout (Ral... tkereane a lot
of good designs already posted and | 'm entering mineat the very Lest moment . [Fd love b
st by the od adsge that “best comes last,™ but | don't subsaribe to that line of thinking.

Every enmy within this Challenge has some sort of mertt, and | m nerscus as | submit my



final files. \t"snot good &nough, ™ 1 sy tomy se. My deggns never stidy me, and
Al el updated, in my inad.)

el bless every entoance bokhis Chelieng e, as they sre ol worth the prize. f nothing diee,
Pyl wee sl haed fun doing It, ard lemed something.

G g, A ey L he bt desige win.

FOn

.
-3t K. Carrpbanl



