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Gearotic Motion V4.xx
Help files.
3D gear template and clock generator

Introduction;

Welcome to Gearotic Motion help tutorial for vensi4 onward. | begin by saying Gearotic Motion wesarily
designed as a 3D Gear Template and clock Geneghatiocan create most of the existing gear typesddaday
such as Spur Gears, Lantern and Pinion, Non Cir€gars, Imaginary Gears and Bevels. Bevels gearbe
output in Straight, Helix or Zerol formats plus asements for clock building. Spur gears may usedledutputs
and all of the created 2d gear types can then perted into a DXF's, 1:1 scale printouts, STL files3d printing,
3d solids for various CAD usage, and finally G-Céaleusers. Some gear types, such as Helical oelBaay be
limited in output to & axis Gcode and STL's only. In addition, it hasag@aphic simulation that allows user to
think about how to make a device, or determinerdieors he may want to consider. It providesistias about
gear ratio's, sizes , centering and such andus,aefasy to use virtually drag and drop for medrargreation.

It is our hope that Gearotic Motion will allow thahat in the past could only be done by the dedatabbbyist,
now can be done by the more casual hobbyist. Qunfas meant for anyone interested in making geassly, and
we hope it becomes a gathering spot for usersaregheir ideas or results. Whether your makingkdpWindow
Openers, Whirly Gigs or Rube-Goldberg machineshege you find a comfortable spot to meet and dssush
things.

We also hope these help files will provide a battaierstanding of all functionalities within Geaecd¥lotion and
also suggest to view the video tutorials alwayslalke on our web site atvww.gearotic.com

Contact us atupport@gearotic.com
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1) File icon:

The file icon is primarily used to customize fdecess, simply right click on the icon and it vetbmpt you with 3
option:

a) Customize quick access toolbar

b) Show quick access toolbar below ribbon

¢) Minimize the ribbon

1a) Customize quick access toolbar

j Lz E
a open. .. lE

H Save
R
H Save As...

Close

¢ Eit

1b) Show quick access toolbar beldlon
When sedectvill show toolbar below project and gear sefeenu ribbon, otherwise
will be Bt on top left of Gearotic Motion main window.

1c) Minimize the ribbon
When seléatell remove ribbon menu from Gearotic Motion semeand disable view of
project agelr select menu, not recommended.



2) Project Database Icon:

Introduction;

The project database is used to identifgadrs created inside your project, listing all geahafts, crank
handles and pointers within a project. When yoatera project, you may only be able to save ibif'se a
licensed user, otherwise you are running the Deansion and option to save isn’'t available. If lised, all items
within your project database can be saved as aoGegaroject (gprj) file in the specified foldertsgith program
set icon Assuming we have an active project open, selgthia top row in the tree with (arrow down) wilsglay
the project name, shafts and all gears associatathvhat link. By double clicking, (arrow to thigght) it will turn
off the list, double click again (arrow down) wiéturn it back as shown in (fig 1). When mouse fasirs located
on the project name or any of the shafts in the dfethe project database, a right click of the seowill allow 3
new options as shown in (fig 2). Of course depemaimwhat type of gear you have selected, inforonatietail
will change to best describe that particular geght clicking the mouse button while on a speaiféar in the tree
will enable options renaming, delete train andgsetr color as illustrated in (fig 4).
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fig 1 Fig 2 fig 3

a) Rename Project
b) Select all

c) Delete all

d) Rename Gear
e) Delete Train

f) Set Gear Color
g)Run tool Wizard

Each one of the sub menus listed in the prajatdbase tree will also have features and functidssvith our
example, when shaftl is selected both gears orskiadt will be highlighted and selected on the sgrelouble
click to hide sub tree as seen in (fig 3). If mopseeter selects the shaft sub directory in thggutadatabase,
double clicking will activate and highlight the nanm red which will temporarily disable the viewtbe shaft, or if
all parameters of the sub menu gets selectedllitisable the gear, any train links and the shafyour 3D screen.
This is a times used to easily view the remainiegrg and have quicker access to them as seeq ) (fif mouse
pointer selects a gear icon in the project dataglmhmeble clicking will activate a red “X” over theon and
highlight the name in red which will temporarilysdble the view of that gear and any train linkedy have on
your 3D screen leaving the shafts visible to agaisily view remaining gears and have quicker adoedsem as
seen in (fig 6).
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When mouse pointer selects any of the individealrg on the project database tree, the specifiteajear will
appear on the main 3D screens above your designand contains gear parameters data such as:

1) Pitch Diameter 6cear Diameter 11Whole tool depth

2) Addendum pear Thickness 12)Wheel ratio

3) Dedendum &} Teeth 13)Vheel gear RPM

4) Max Mill Diameter 9)Current Angle 14Selected gear RPM

5) Shaft Diameter 10bocation x.y.z 15Anqgular Integration
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Fig 6

2) Project Database Icon:

2a) Rename Project
The “Rename Project” feature does just that, dvedl you to rename your project file

within Gefc Motion.

2b) Select all
The “Selatlt feature will allow you to select either all ges within the full project

tree or selectafie gears located on individual shafts within yquioject tree.

2c) Delete all
The “Delet® &eature will allow you to delete all of the gesawithin your project

tree while keepthg project name active.

2d) Rename Gear
The rename gear tool is used to title a gear withrae in order to call it up quickly if

many otlgesars exist within your project and will hold timsme even when exported to
a dxf oc@sle.
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2e) Delete Train
Without an UNDO button, this area requires speatintion. The delete train will allow
user toatela gear including all gears attached to ituiticlg shafts by one click of a
mouse battResults will remove your selected gear and aaygrequiring your
selectedugm® drive it leaving everything else in your @

2f) Set Gear Color
The set gedocoption will allow user to set a particular coto any gear in the project
directory irder to visualize it faster and easier. Please cmitars selected from color
palette mapear slightly different on your monitor due to Of#n

29) Run Tool Wizard
The ToolBit izl option is for making a cutting form tool to cuit gears you
created in Gearotic Motitirallows users to generate a fly cutter to cutipalar gear teeth
design as can be found arveational methods such as hobbing. This optioegivser
access to edit many of taemmeters such as the round stock diameter, trsslmercentage,
mill diameter, depth per pastief angle , collar and step over ratios as sesow in(fig.6a) .

Bl ToolBit Wizard

Round stock Diameter  Relief Angle
[13.45756¢ | [= =
Thickness %  Collar Ratio
[zs | [15 ]
Mill Diarmeter Stépover P:atio Feedrakte

; - 3 | 0.5 | 'snn
DepthPerPass Safe 7 PlungeRate
1 | |1 | zoo |
Rotary axis parallel on axis
@w Ov [] Fares negative direction

End Tool Thickness
| 336843910

Recalc

[[Jopenin notepad

[ Create GCode ] [ Cancel ]

(fig.6a)

As an explanation, the Round Stock Diameter isatfteal size of the stock your going to use. It di$aat
startup to the minimum size necessary and you kkange it by selecting the actual stock size, thereh
calculate. The thickness percentage is the acizelb$ the bar that will be made. User must allaw to be thin
enough to allow for the tool to properly cut thdied diameter of the tooth. As an example, 25% khawork in
most instances for thickness percentage.

Collar Ratio is the length of the bar madeuksally safe to be anywhere from 0 to 200% of ttea tooth
length, but the default setting is of 1.5 ( 150%aafth depth) should work well for almost all taos to the
end tool thickness it is read-only and indicatesehd bar thickness calculated. Tab also allowstase
reference some of the milling options such as di&ry axis with the option to face the oppositediion, feed
and plunge rate, step over ratio, Safe Z, Mill desen and depth per pass to make your tool fronwihard.
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3) Program Settings Icon

a) Default Data Folder

b) Gear point distance

¢) Simulation Screen Background Color

d) Default Alfa Settings and Selection Alph

Program Scettings

Default Data Folder | ©:hSearokic MokionySoarDakalbestl 1 ) Browese
Program Liniks 3 Inch 5 Metric
sear point disk | DDS |

SimScreen Bkan Cir R |osoz | s|osoz | B osoz | (o-1.03

Clr Seleck
Defaulk Alpha Setking: | 0,05 | Selection alpha [ 0.6
Left mouse click active when not in placement mode. Educational Eeval
Use Texture an Driver Gear | ovdwanced -t
_':::lK __Cancel

The program settings tab consist of configuegdarameters such as set of data folder, resolatidrdisplay
characteristic of gears while using Gearotic Matibprovides a selection for data folder to whydu export gear
data or save a project, the resolution of a geapuwint distance to be displayed, meaning how nparyts per unit
of measurement you specify to draw your gear orsitmellation screen, a selectable screen backgroolod and
Alpha settings for transparency of gears while ipigoew gear on the screen.

3) Program Settings Icon
3d)efault Data Folder:

In the prag setting window you'll find a selectable datidér location to which you
can outputiygear data and save projects generated whilg @&@arotic Motion. Please
be advisethdautput can only be generated when a licensaskeyrchased from Gearotic
Motionwatvw.gearotic.comwhile the Demo version cannot. Default value @atic
Motion3D\gdata (fig 7).

3b) Gear Point Distance
In a el is the resolution of your simulated gear&aarotic Motion. You begin by
selecting injal(inch) or metric(mm) units and give it a dista value between point to
point thatlivdraw your gear. Default value 0.25

3c) Simulation
The siation background color allow user to change tHeroof the background while
using Geard/lotion. Colors can be selected via a color palby selecting “Clr Select”
or inputRE&B values. Default settings are R0.502,G0.505®&D.
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3d) Left mouse active whem ingplacement mode
Left mouse active when not in placement mode m#eatsyour new generated gear
willlfow or track the mouse icon for positioning asmat, but when not in placement
modeuycan use your mouse to select any gear in yainm by simply positioning
mouseeri over that gear.

3e) Alpha Settings and SsdecAlpha
Alp Settings and Selection Alpha are transparenogsaiven to gears while

usingd&sotic Motion. These setting were added to eadetihwe placement of new
gearstbe simulation screen. The default Alpha Settiogtrols the transparency of
the gdesplayed on the simulation screen while thee&edn Alpha value comes into
eff@dben placing a new gear into your project. Whemewa gear is generated, the
simubet screen will convert all existing gears to ttreeStion Alpha value to allow a
betiaw of gear you are adding then will convertsgalars back to the default Alpha
setsnd@ value of 0.0 represents a solid(no transafewhile 1.0 represents high
transpacy(full transparency).
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4) About Button Icon

About Gearotica .

e, {Gearotic Motion Version 33,5007

S Copyright (C) 2010
&, Fenerty
E. Landry

Registered ko | GearGod

vy, gearokic. com

(fig 8)

4a) About Button Icon

The “About button” was designed to advise useravsion level they are currently using and a
certificate verification tool for licensed usersybu have purchased a licensed, your name and shwild appear
in the “registered to” box after you have copiegaur license file into Gearotic Motion primary di@r. Licenses
can be purchased fromww.Gearotic.comwhich will allow all outputs to be activated withGearotic Motion and
also the ability to save and any projects created.
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# 5) Spur Gears Tab

Introduction:

The Spur Gear Tab was really designed to simptiéydrocess of creating a gear. In general Gedvtuiton
opens two window screens when Tab is selectedlefhscreen is called Gear Parameter Tools (figvdjch
is used to configure and generate any spur reigacs and the right window is called the Desigre&ar
(fig10) where the gear your designing actually giéplayed. By definitiorspur gearor straight-cut gearsare
the simplest type of gear and consist of a cyliradatisk with the teeth projecting radially follavg an
involute curve aligned parallel to the axis of tmta. They conclude with that they only mesh togettorrectly
if they are paired and fitted to a parallel axt@sarotic Motion begins the spur gear generationgs® by
configuring it first using the Gear Parameter Tdals (fig 9) and gear should automatically appeathe
Design Screen (fig 10) custom to all parameter yeyust included. Perhaps getting into the habdlioking
the “Regen” button after any change may be goodtipgsince not all gear types get updated autaaibti

Moving on, many options are available within 8gur Gear tab so care should be taken while setgcthe
Design Screen offers visible data such as red matkadentify shaft centers and gear diameterdevwhe
white text data reflects more towards the geariipecOnce a gear is created, the “add Wheel/Ritdo
project” button will add that gear to the simulatiecreen and project database. Once on the sioktreen
gears may be spun forward, backwards, alignedrdedoor viewed from different angles using the maéon
tabs. Itis important to know whenever you createar that they are generated as a set, withmaprigear
(Wheel) on the left and the secondary gear (Pindonthe right only as a arbitrary designations eafatic
Motion. It isn’t required that you add both geargtie simulation screen but what is important is koow
which button controls what gear when they are wgatiah the Design Screen. The Gear Parameter Tabls T
(fig 9) consist of tools to assist you in makingesar such as metric or imperial units, pressuréeasgibbing
alteration for timing gears, simply save or pickrthfrom library, internal or external teeth oridita, shaft
diameter, spokes, cycloidic teeth and more. Onee igadefined and added with “add Wheel/Pinionrnmjgct”
button, another menu expands once again callecht€®olid Gear Dialog”. This is the standard spaation
dialog which allows name to be changed and geekiiess size. The dialog also offers other featsueb as
Helical, Bevel or 4Bar Linkages to be added todineulation screen. These gear types are very comple
mathematically and may take a little more timeaagyate within Gearotic Motion, so quantity of gear
simulated on the screen will have an effect on ymuperformance.
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Spur Gears Left screen Spur Gears Right Screen
(Gear Parameter Tools) ( Design Screen)

UnTitled Project -

(fig 9) | I (fig 10)

5a) Main Gear Parameters
5al) Create Wheel
5a2) Creat Pinion
5a3) Regenerate
5a4) Rotate
5a5) Librar

5b) (Wheel/Pinion) available options.
5b1) Wheel number of Teeth
5b2) Pinion numbefTeteth
5b3) Wheel Internal
5b3) Shaft Diameter
5b4) Spokes on
5b5) Default
5b6) Shift
5b7) Stub
5b8) Width
5¢) Spur Gears
5d) Epicycloids Gear
5e) Helical
1) Helical angle
2) Left handed
3) Do not resize
5f) Bevel Gears
1) Straight
2) Helical
3) Zerol
4) Shaft angle
5) Let handed

5g) 4 Bar Linkage
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Spur Ge@ab(continued)

5h) Spur Gear Timing Pulley

1) Timing pulley type
2 Belt Lengths

Gear Calculator

Gearotic motion also supplies a built in gear dalws. To activate select the ?? icon found orsihé gear tab
and double click. Here you may enter gear spedificyour wheel and pinion and select calculatearGtc

Motion will apply your settings and get as closgassible to your gear specifics. Should you bepkayth
results, select the send to design to include ur pooject database.

Gear Calculator @

Enter known or desired values OMLY , then press
calculate button to retrieve the remaining values.

wihesl Finion
Murber of Teeth Huraber of Teeth
[o | Gear Ratic |o
Outeide Dia R Cutside Dia
[0 ] - . [o
Module

Shaft Distance Module
i -

' '

Calculator Skatus

C e | [
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5) Spur Gears

5a) Main Gear Parameters
5al) Create Wheel
This button will add the {Primary/Wheel Gear (Isitle)} following all of the Gear Parameter
tool you specified on the desscreen, and will copy it onto the simulatioreger in Gearotic
Motion.

5a2) Create Pinion
This button will add thed@ndary/Pinion Gear (right side)} following all thfe Gear
Parameter Tools you speciiadhe design screen, and will copy it onto theusittion screen in
Gearotic Motion.

5a3)Regenerate
This feature will regenerate gears on the desigeescusing parameter from the Gear Parameter
Tools. Usually any changes mad8pur gears on the Gear Parameter Tools tab whiihg
Gearotic Motion will be automatily updated.

5a4) Rotate
The rotate button will allow your created projege#ér assembly) to rotate on the Project control
screen. By checking b# reverse check box, your gear assembly will negirbto rotate in the
opposite direction. Speéthe rotation is controlled via the slider opurt edit box for Master
RPM.

5ab5) Library
This library contains a collection of predefineahitig gears presently available and used
throughout the world .€Tidea behind the design was to supply a fast agg &cess to
most popular timing geastng Gearotic Motion template generator.

5b) (Wheel/Pinion) available options.

5b1Wheel number of Teeth
This input allows user to inpue thumber of teeth required on the primary gear.

5b2Pinion number of Teeth
This input allows uselinput the number of teeth required on the pirgear.
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5b) (Wheel/Pinion) available options.

5b3) Wheel Internal
Gearotic Motion provides an entry for internal enAnternal gears within the spur gear menu.

When box is uncheck, all geansegated will be of standard spur gear type, butnadieecked on,
the orientation of the geard W internal. Another way to describe an Inte@ahr

may be the opposite of an exdegear in that the teeth point towards rather thaay from the
center, and addendum and dedertdke reverse positions. Internal Gears can pecaidompact
transmission drive with largeed reduction and when used with a standard sping the ratio
Is the same as that of two myekegears. Internal Gears can possess advantdegsproperly
applied, one is to reducedisticaction of one tooth over another which can eadsction, and as
friction results in tooth wedternal gears can also be known as planetarylomglears assembly
and will do their magic as ageatio changing systems providing usually a land largely
maintenance free life. Disadeges are that they may not be suitable for higésstconditions
according to engineering expeéffhen applying internal gears, care must be takselect a
larger number of teeth on thenpry(Wheel) gear in order to have proper meshatigerwise
gears will not mesh correc@®gearotic Motion leaves this possible error alloveasetting to the
users discretion Example ofrdaarnal gear generated from Gearotic Motion casd®n in

(fig 10a).

(S IEL]
Ty SR X e =
7 - mm
Project €t | Spur Gears antern

EN Regeners te |
| Madule |S.0000
ERrotate
e

(Fig 10a)

5b4) Shaft Diameter
Shaft diameter is the actual size of the shaftugihathe gear following the units of measurements
selected while making the g#tamay be changed here, by altering the size nunmbigre input
box, or you will also have aratlhpportunity to change shaft diameter when yalithd gear on to
the simulation screen

5b5) Spokes on
With select box checked, gear to be generatedcaitain spokes, unchecked will not.

5b6) Default
Default is a reset function will reset the geargpaeter to the original no modification parameter
within Gearotic Motion in the exgarameter changes were done while stubbingra lgéaa quick
and easy way to restore defaalidard settings while using spur gears.
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5b) (Wheel/Pinion) available options.
5b7) Shift
The Shift parameter adjustment will basically shaffeéhe amount you specify in the input box.
Default value is set to 0.00, bsér can actually vary adjustment from —0.9 to 0.9

5b8) Stub

Stubbing a gear tooth is shaving off the top ajath leaving a gear tooth with less than original
working depth. Stub teeth haveergirength than a whole depth gear, but contéictisareduced

5b9) Width

The Width control of a tooth is to basically altee actual size of the tooth verse root. Default
setting is 0.50 to equal togplacing evenly. These width numbers can be adjdisien 0.1 to 1,

where the lower number wiltisk the actual size of the tooth and increaserthimber will enlarge
the tooth size.

5C) Spur Gears

In definition Spur gears or straight-cut gearstheesimplest type of gear and consist of a cylirate
disk with the teeth projecting radially following @nvolute curve aligned parallel to the axis dbtmn. They
conclude with that they only mesh together coryeitthey are paired and fitted to a parallel axi@sarotic
Motion begins the spur gear generation procesohfiguring it first using the Gear Parameter Tdals (fig 9)
and gear should automatically appear on the Dedigeen (fig 10) bearing all parameter you've justuded.

5d) Epicycloids Gears

The cycloidal gear profile is a form of toothed gpamarly used in mechanical clocks. The gearttoot
profile is based on the epicycloid &ygocycloid curves, which are the curves generbyed circle
rolling around the outside and insifl@mother circle, respectively.When two toothedrgeaesh, an
imaginary circle, the pitch circle, da@drawn around the centre of either gear thrabgtpoint at

which their teeth make contact. The esraf the teeth outside the pitch circle are knawithe addenda,
and the curves of the tooth spaces @gid pitch circle are known as the dedenda. Arrdidm of one
gear rests inside a dedendum of ther gtbar.In cycloidal gears, the addenda of the wiesth are
convex epi-cycloidal and the dedendtnefpinion are concave hypocycloidal curves geedrhy the
same generating circle. This ensuresstiigamotion of one gear is transferred to the rothéocally
constant angular velocity.Usually theign radius is made equal to twice the generatirgdecdiameter
since this gives radial dedend&iviare convenient to manufacture on a hobbing mach
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5e) Helical

Introduction;

Helical gears can only be selected while in ther&pear Tab and will only be generated as a final
output stage of Gearotic Motion. Tgimeselection, configure your spur gear to yourdsewith # of teeth
and MOD/DP from the Spur Gear Tabntadd primary(Wheel) or secondary(Pinion) to theasg. A new
window called the Solid Gear Tab witlen up allowing input selection. Activate checkbmenable
Helical and configure your gear witklid angle, LH (left hand) or maintain standardrspize. By
clicking “OK” your new helical creategkar will appear on the simulation screen.

5el)Helical Angle;
Iteangle by definition is the angle between aniphand an axial line on its

right, circular cylinder or cone.The helix anglendees the standard pitch circle
unless otherwise specified. Applicatidrihe helix angle typically employs a
magnitude ranging from 15° to 30° fefital gears, with 45° capping the safe
operation limit as seen in (fig.10bheTangle itself may be cut with either a
right-hand or left-hand orientation.itsitypical parallel arrangement, meshing
helical gears requires that the hetiglas are of the same magnitude but cut in
opposite direction as seen in (fig.10c)

Helix
Tooth Helix angle ——
- N
=

= e npf
_________ Right hand Lefthand
T ——— I~ helical gear helical gear

(fig.10b) (Fig.10c)

5e2) Left Handed
Left hand tread (LH) will allow user to cut oppa@sttead direction in order to
have two heligalars mesh and roll properly. As previously stapadrallel arrangement
of helical geaggjuire the helical angles are the same magnliutieut in opposite
directions. §8g.10c)

5e3) Do Not Resize
The maintain standard spur size checkbox is aVailsibce whenever a helical
gear is genedathe total outside diameter is increased to Imidiie angle to the pitch
line. If boxselected, helical tread will shrink to match thersgear size.
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5f) Bevel Gears

Introduction;

Bevel gears by definition are gears where the akése two shafts intersect and the tooth-
Bearing faces of gsars themselves are conically shaped. Bevel geammost often mounted
on shafts that ared@Qrees apart, but can work at other angles ds@asrotic Motion allows
for this shaft angleange by allowing user to specify the anglelical gears can only be
selected while in Byaur Gear Tab also and will only be generatedfasmboutput stage of
Gearotic Motion. Tedin selection, configure your spur gear to yowdsewith # of teeth and
MOD/DP from the Sgeear Tab, then add primary(Wheel) or secondarygR)rgear to the
screen. A new windoalled the Solid Gear Tab will open up allowing yoput selection.
Three types of beweil be available in Gearotic Motion, straightlilxeor zerol. Select type
prefered, input staafgle and click OK to see your bevel gear appedhe simulation screen.
Bevels gear types barviewed in (fig 10d,e,f)

5f) Bevel Gears

5f1ptraight Bevels
Straight bevel gears are the simplest form of bgeals and defined with teeth
straight and parallel to the generator of the cdihey basically resemble a spur gear,
only conical rather than cylindricdig 10d)

5f2Helical Bevels
Helix or helical tooth shape on a bevel gears ddfegfinement over straight

bevels gears. Teeth are not parallel to the dxistation, but are set at an angle.

Since the gear is curved, this anggiauses the tooth shape to be a segment ofa heli
Helical bevels can be meshed pauallel or crossedorientations and since angled
teeth will engage more graduallynts&raight ones causing them to run more smoothly
and quietly. Gearotic Motion will tpuit helical bevels when both bevel and helical
checkboxes are activated. Rementbselect LH(left hand) thread if matting with
another standard right hand thréfagi 10e)

5f3¥erol Bevels
Zerol bevel by definition is a type of bevel withreed teeth and a 0° helical
angle. Zerol bevel gears do provide a smooth amet gperation but also produce
a rather large side loads while appg. Gearotic Motion does allow user to select
zerol bevel teeth by activating bewel and zerol checkboxes prior to clicking the
“OK” buttoffig 10f)

5f4) Shaft Angle
Shaft Angle is defined as an angle to which thesafdhe two shafts intersect.
Since Gearotic Motion is a 3D platform, users biadk can select any shaft angle
of thbevels gears.
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5f5) Left Handed
Left hand tread (LH) will allow user to cut opp@sttead direction in order to
have twalibal gears mesh and roll properly. As previowsshted, parrallel
arrangemneihelical gears require the helical angles heesame magnitude but cut
in oppestirections. See (fig.10c)

Straight Bevel Helical Bevel Zerol Bevel

A\,

(fig 10¢) *(fig 10f)

5g) 4 Bar Linkage {for Spur Gears Only)

5g1) 4Bar Linkage
A four-bar linkage is the simplest movable linkalyat exist. By definition it

onsists of four rigid bodies each attached to tin@is by single joints or
ivgts to form a closed loop as seen in (fig 10@uibars are simple

eamanisms and fall under the study of kinematiosikhmore info be
equired. In terms of mechanical action, the linkvtach an external force is
ppdied to rotate it is completely determined by thetion of the input link. In
e&otic Motion the four-bar linkages performs aawariety of motions with
a few simple parts. These can be selected by adtlieck to 4bar linkage
checkbox. Once the “OK” button is pushed, the satiah screen will appear
and will allow a new gear with a 4bar linkage ag¢tdho it, to be positioned
anywhere on the screen. Once new gear is setdiyngdi mouse button once,
the linkage will now be adjustrable on the primgear to allow for movement

cycle.

4 Bar Linkage




Page 24) UBisears Talfcontinued)
5h) Timing Pulley

Introduction

Timing Pulleys also known as (toothed, notch, aygchronous ) areositivetransfer for a
belt and can track relativeverment. These pulleys have teeth that fit into &chiag toothed
belt. When correctly tensiongeby have no slippage, run at constant speedam@ndften used to
transfer direct motion for @xing or timing purposes (hence their name). Thieyoften used in
lieu of chains or gears, seré¢his less noise and a lubrication bath is noéssary. Camshafts of
automobiles, miniature timsygtems, and stepper motors often utilize thedeysuand belts
combination. Timing belts nebd least tension of all belts, and are amongtbst efficient.
Disadvantages can includdatively high purchase cost, less protection frorartbading and
jamming, and the lackchftch action. Timing pulleys mate with same-pitching belts in
synchronous drives. Aligh many Timing pulleys types are available todayst are used in
power transmission syst@vhere maintenance of speed ratio is an impodesign

consideration. Theseckyanous belt drive systems are durable, highigiefit, and suitable for
many different applicats.

5h1) Timing pulley type
Gearotic Motion software has included a librarstandard pulley types
which allows user to quickly generate onesélecting from the drop down
tree. However, we discovered early on, méawofs of timing pulleys exist
today , but most suppliers are unwilling bau® their specs. So Gearotic
Motion has allowed the user to shift, stubvaith the teeth size to
eventually match their belt.

5h2) Belt Length

A timing belt length calculator was added in Gé&arMotion to easily
allow user to calculate the length of belt neeidegbur design. To use this
calculator, select spur gear tab, timing pulbayl click on “Belt Length”
button. You may calculate the parameters of #ievia the center distance
between the two timing pulleys which is displayedthe Gearotic project

screen. Simply input the center distance andt cladculate to generate belt
specification.
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Ial 6) Lantern and Pinion

Introduction

Lantern and Pinion gears are also known as cags g&t cylindrical rods for teeth, parallel to taele and
arranged in a circle around it, much as the bars mund bird cage or lantern. The assembly is togldther by
disks at either end into which the tooth rods axld are set. Lantern and Pinion gears also coaktsto
different window screens when selected. When Larded Pinion is selected from the tab menu, alilavie
parameters of both Lantern or Pinion gears to ket or edited to match your needs. When youeea
Lantern or Pinion gear, a new Lantern or Pinion anly be updated to the design screen (right sgrbearing
all parameter information when the “Regen” keylisked. Options are outer or inner ring for Lantemith
number of pins around the disk and pin diameternoRion the other hand have option such as starafarsher
ring gear shape, number of teeth and may have sgoka decorative look. Again it is important esmember
whenever you create Lantern or Pinion gears tlegt dine generated as a set, with the primary geae@lyon
the left and the secondary gear (Pinion) on thietiagly as a arbitrary designations. It isn’t reqdithat you
add both gears to the simulation screen but whatpsrtant is you know which button controls whatg
when they are to be generated.

6a) Lantern and Pinion Create Gears
1)Create Wheel
2)Create Pinion
3)Regenerate
4)Rotate on/off

6b) Lantern and Pinion Gear Specs
1)Module

6¢) Lantern and Pinion Tooth Count
1)Number of Teeth on cage
2)Number of teeth on pinion

6d) Diameters
1)Shaft diameter
2)Pin diameter
3)Internal Lantern
4)Internal Pinion
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Lantern and Pinion Gears Lantern and Pinion Gears
(Gear Parameter Tools) (Design Screen)

Jﬁﬂx

/ Proect Cif s ‘Lanem‘ Elhp\cai Imagmary RatchesJ’Gadgets SpokePaneUD\ag

(teate Creste Regenerate Rofats
Whegl Prion onjeff

(Fig 11) 3 (fig 12)

6a) Lantern and Pinion Create Gears

6alCreate Wheel
This button will add the {Primary/Wheel Gear (Isitle)} following all of the Gear Parameter
Tools you specified on thsida screen, and will copy it onto the simulaticregn.

6a2) Create Pinion
This button will add the {Secondary/Pinion Geaglfti side)} following all of the Gear
Parameter Tools you specifiadhe design screen, and will copy it onto timeusation screen.

6a3) Regenerate
This feature must be selected whenever any chasggplied to the Primary (Wheel) gear when
using non circular’s as it isautomatically generated, since the secondaryigemnly calculated
from the results of the primary

6a4) Rotate
The rotate button will allow your created projegedr assembly) to rotate on the Project control
screen. By checking o# reverse check box, your gear assembly will negirbto rotate in the
opposite direction. Speéthe rotation is controlled via the slider opurt edit box for Master
RPM.
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6b) Lantern and Pinion Gear Specs
6b1) MOD or Diametral pitch (Metor Imperial)
MODmodule) is defined as metric gears following thedule system where the MOD
equals the outside diameter of a gear divided byntimber of teeth plus 2.
Eg. (OD = (N + % MOD)
Module can also defined as the lemgtimnm of the pitch circle diameter per tooth.
MOD =PCD /N

or

Diametral pitch
Diametral Pitehdefined as imperial gears and directly propodiada the
Modulestem found in metric units, except that the Meds of direct dimension,
wherdlas diametral pitch is an inverse of dimension. Diemnetral Pitch is the
numbéiTeeth Per Inch of the Pitch Diameter and the nemalb teeth given per inch
of a gegitch diameterDiametral pitch is a common method of classifyieguc.

6¢) Lantern and Pinion Tooth Count

6c1)Number of Teeth on cage
Lantern gears consist of cylindrical rods for tegidwrallel to the axle and arranged in a circle
around it anddheagether by a disks at either end into whichttiegh rods and axle are set.
With this enthe number of pins are set around the disk.

6¢2) Number of teeth on pinion
This entry will allow user to change the numbetesth on the pinion gear.

6d) Lantern and Pinion Diameters
6d1) Shaft Diameter
Shaft diameter is the actual size of the shaftugihathe gear following the units of
measurements selectetewmaking the gear. It may be changed here, lgyialj the size
number in the input bokyou will also have the opportunity to changafsdiameter when
you add the gear orh®gimulation screen.

6d2) Pin Diameter
This entry allows the user to change or set thmédiar of the pins inside the Lantern.

These cylindfioads for teeth are called pins on the lanterrr ged the entry allows you to
set the actuahaeter of the pins.
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6d) Lantern and Pinion Diameters

6d3) Internal Lantern
Lantern Gearay be selected as a ring but with conditionst Bf all the number of pins
must be gredlan the number of teeth on the pinion gear inoi@evrap itself around the
pinion. Centshafts of both Lantern and Pinion are separatéieshaind will not align to
each other daelh to the same shaft as seen in fig 13.

(Fig 13)

6d4) Internal Pinion
Pinion Gears may also be selected as a ring bbtaeiditions too. The number of teeth
must bleager than the number of pins found on the largear in order for ring to
wrap Ifssround the lantern gear. Centers shafts of hatitern and Pinion are also
separamgities and will not align or attach to the sarmafsas seen in fig 14.

(fig 14)
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m 7) Non Circular (Elliptical) Gears

Introduction:

Gearotic Motion offers the ability to create narcelar gears by selecting this tadlon-circular gear are
special gears designs with complex mathamaticabcheristics. While a regular gear is optimizedré&msmit
torque to another engaged member with minimum remsewear and with maximum efficiency, a non-ciacul
gear's main objective may be ratio variations, aidplacement or oscillations. A regular gear pain be
represented as two circles rolling together withadigit. In the case of non-circular gears, thoselesrare
replaced with anything different from a circle. s also the reason in most cases they are notlythowever
round looking like regular gears are possible tb@meccentricity reaches close to 0. When gengratn
circular gears the pressure angle changes atdliffémcation along the curves of the non circuksargtherefore
caution must be observed from user when creatiagtgeexceed a nax pressure angle greater thaagtdeas.
Otherwise rolling action of two non circular gearay be jepordized. Based upon different factors, cicular
gears can be classified as geometrical charactmabsed type non circular gears or open typeciroalar
gears. These would include elliptical gears, tridaggears, square gears, multispeed gears, oaed,ge
eccentric gears, logarithmic spiral gears and cear g

7) Non Circular Gears (Elliptical)

7a) Elliptical Create Gears
1)Create Wheel
2)Create Pinion
3)Regenerate
4)Rotate on/off

7b) Elliptical Gears Specs
1) Mod
2) Pressure Angle
3) Max Pressure

7c¢) Elliptical Tooth Count
1)Wheel Tooth Count
2)Wheel Order
3)Pinion Order
4) Eccentricity

7d) Elliptical Shaft Size

1) Diameter
2) Spokes ON
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(Gear Parameter Tools) (Design Screen)
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(fig 15) (Fig)

7) - Non Circular Gears (Elliptical)

7a) Elliptical Create Gears
7allreate Wheel

This button will add the {Primary/Wheel Gear (Isitle)} following all of the Gear Parameter
Tools you specified on thsida screen, and will copy it onto the simulaticregn.

7a2) Create Pinion

This button will add the {Secondary/Pinion Geaglfti side)} following all of the Gear
Parameter Tools you specifiadhe design screen, and will copy it onto timeutation screen.

7a3) Regenerate

This feature must be selected whenever any chasggplied to the Primary (Wheel) gear when
using non circular’'s as it'tsautomatically generated, since the secondary igeanly calculated
from the results of the primar

7a4) Rotate
The rotate button will allow your created projeged&r assembly) to rotate on the Project control
screen. By checkingtb# reverse check box, your gear assembly will hegin to rotate in the

opposite direction. 8p®f the rotation is controlled via the slideiirgout edit box for Master
RPM.
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Chapt@r- Non Circular Gears (Ellipticalyontinued)

7b) Elliptical Gears Specs

7b2) Module or Diametral pitchéiic or Imperial)
Module is defined as metric gears following thetmgesystem or you may find Diametral
Pitch for impadrunits system depending on your default unitscin.

7b2) Pressure Angle
Pressure angle, also known as the angle of ohjigsiin general the angle at a pitch point

between the line cégmure which is normal to the tooth surface, aacgptane tangent to the
pitch surface. In morcular gears however the pressure angle var@egyahe curve and is
non fixed to the ggau design.lt is very important to never exceedax pressure angle of
45 degrees in ordeprievent jamming of teeth due to too high of a gues angle when
gears are rotatingti8gs and control for these settings are at tleg discretion due to the
limitation it would ggent on non circular gears should Gearotic Matmntrol it.

7b3) Max Pressure Angle
The max pressamgle is displayed in the paramater tools menusso can see a direct
representatioriref maximum pressure angle of created gear. Thsspre angle
representatiofl & in effect when the secondary (Pinion)geayarerated and rolling with
the Primary(WHhegar. Since non circular gears pressure angiesvalong the curve and is
non fixed to thear you design, it is very important never exceathx pressure angle of 45
degrees in orbeprevent jamming while rotating. Settings andtoairfor these settings are
at the user da$icn, due to the limitation it would present omrarcular gears should
Gearotic Motioontrol it.

7c¢) Elliptical Tooth Count

7cl) Wheel Tooth Count
This entry allows user to adjust the amount oftdetind on the primary (Wheel) non
circular gear.Osetected and “Regen” the secondary gear will déipgron order level, be
automatically adlted and generated to create a secondary(Pigéar) Secondary (Pinion)
gear tooth count'i adjustable but only a results of the primaowy ircular gear ratio.
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Non Circular Gears (Elli@atiz (continued)

7c2) Wheel Order

Wheel order in theory are partial differential etjoas, that take elliptical properties
that is diéatial to the operators and generalize the Lagdiacetion. They are defined by
the conditithvat the coefficients of the highest-order denxes be positive, which
implies theykproperty that the principal symbol is invertilbe equivalently that there
are no rel@acteristic directions.Elliptic operators arei¢gb of potential theory, and
they appeaqgtiently in electrostatics and continuum mechaitigtic regularity implies
that theitigmons tend to be smooth functions (if the coedints in the operator are
smooth). Sheatate solutions to hyperbolic and parabolic équa generally solve
elliptic edioms. The first order ellipticals will be the ordjliptical to offset the centre
shaft,whiléfallowing orders will return the center shaftdkato center. This also implies
that th¥ arder elliptical will resemble two ellipticals bufith the shaft centered, whilé'3
order willsemble a triangle,"¥resemble a square etc...The easiest way | foundiblg
determine trder is to look for the center shatft, if centeraalint the lobs to determine
the ordehetwise it is an elliptical of the’lorder.

7¢3) Pinion Order
Pinion order in theory is identical to the above=ethorder other than it is on the pinion
gear insteAdain the first order elliptical will be the onélliptical to offset the centre
shaft whiléfallowing orders will return the center shaftdkato center and generate lobes
to determthe order level. This implies that th&'@rder elliptical will resemble two
ellipticalatbwith the shaft centered, while th® 8rder will resemble a triangle™4
a square etc...

7c4) Eccentricity %

Eccentricity can be simply described as a squasinelé, where the level of squash is the
eccentricity pertage. In other words the orbital eccentricity ofastronomical body is the
amount by whick darrbit deviates from a perfect circle, where pagfectly circular and 1.0 is
a parabola andarmmer a closed orbit. Increasing eccentricityGieraotic Motion while
creating a gedlt wlviously increase your pressure angle, agamvery important for user
never to exceedéfrees of you want gears to roll nicely, otheaviiee rolling action of the
two non circulagags will be jepordized The default value of Gc6emtricity is approaching
the upper limifsppessure angle, so care should be taken notdeeelxthe max pressure angle

of 45 degrees whesigning non circular gears.
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7d) Elliptical Shaft Size
7d1) Elliptical Shaft Diameter
Shaft diameter entry will be the actual size ofghaft diameter through the non circular gear
following the units of asurements selected above. It may be changedihyeaéiering the
size number in the inpak, or changed while you add the gear to the stian screen.

7d2) Elliptical Spokes ON
This option will allow spokes to be added to thgatal gear. More control on types of
spokes mayaliered on the spokes Tab.
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8) Imaginary Gears

Introduction:

Imaginary gears were added into Gealbtion for the ability to create that artistic loakgears only,
and serve no other purpose other than they candookas an add on for lets say the clock builadgreshaps
that whirly gig apparatus. Although they will ralhe varying pressure angle will class these bahtesheir
own class of kinetic art without any mechanicalatages. When first generated, the primary whesal gél
be displayed missing its pinion. At this point usan accept the look of existing displayed geanay
regenerate gear using the automatic random gemenaibone is liked. Once satisfied, user may cieflee ratio
order for the pinion gear desired and generat@pirBecause of the random nature and artistic obfgese
gears, users must pay close attention to the pmesumts by allowing a full rotation on the simelatcreen to
verify the roll is successful and correct. Oncés$at, please save a copy as these gears asrihegralomly
generated, and to recreate them again later orbmaypossible. Since imaginary gears are designmedRT
only, no spokes are allowed or can be added.

8a) Imaginary Create Gears
1)Create Wheel
2)Create Pinion
3)Random Master
4)Make Pinion
5)Rotate on/off

8b) Imaginary Equivalent Gear Specification
1) Mod
2) Number of Teeth

8c) Imaginary Gear Shatft Order
1)Shaft Diameter
2)Pinion Order
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Imaginary Gears Imaginary Gears
(Gear Parameter Tools) (Design Screen)

|
mEEAL -

Create Create Random Make Rotate | Wheel
Wheel Piri

(Fig 18)

8a) Imaginary Create Gears
8allreate Wheel
This button will add the {Primary/Wheel Gear (Isitle)} following all of the Gear
Parameter Tools gpecified on the design screen, and will copy tbdhe simulation

screen.

8a2) Create Pinion
This button will add the {Secondary/Pinion Geaglti side)} following all of the Gear
Parameter Tools gpecified on the design screen, and will copy tbdhe simulation

screen.

8a3) Random Master
This feature allows the primary wheel to be randorafjenerated using all of selectable

and adjustable parters within the imaginary gear tab. User is regpliio save results of
liked gears, as theg randomly generated and may not be repeatable.

8a3) Make Pinion
This feature allows user to generate a pinion gaaed on primary wheel once
generated. Pleaste that pinion gear will only match and roll onrantly displayed
wheel gear anth no other, so saving the gear data projeesgential as they are

randomly geated and may not be repeatable.
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8a) Imaginary Create Gears

8a4) Rotate
The rotate button will allow your created projegeér assembly) to rotate on the Project
control screBy.checking off the reverse check box, your geaeasbly will now begin to
rotate in thepopite direction. Speed of the rotation is conéwNia the slider or input edit
box for MastePKR.

8b) Imaginary Equivalent Gear Specification

8b1) Module or Diametral pit@¥ietric or Imperial)
Module is defined as metric gdall®wing the metric system or you may find
Diametral Pitch for imperial units system dependdmgyour default units selection.

8b2) Wheel Tooth Count
This entry allows user to adjust the quantity dfds found on the main wheel
gear. Once the proper tooth count is selectedywarandom shaped like wheel will
appear on project screen. If user finds wheel urat@s, he may select random
master to generate a new gear using the same ispaiiameters. Continue this
process until user is happy with gear generated.

8c) Imaginary Gear Shaft Order

8cl) Imaginary Shaft Diameter
Shaft diameter entry will be the actual diametethefshaft through the
centergefar following the units of measurements seledteday be changed
here,dltering the size number in the input box, or caanged while you add the
gear e simulation screen.

8cl) Imaginary Pinion Order
Pinion order in theory is identical to the abavheel order other than it is on the
nigear instead. In this case the order is equitaeethe ratio of the gears. Once
ordeinputed, user may select “make pinion to gateenew pinion gear.
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! 9) Ratchets / Gadgets

Introduction:

In this selection we tried to provide the user vathmany useful items as possible often found & gexes or
clocks. The ratchets and recoils are typically usddnit motion to one direction such as in wingimechanisms.
The gadgets included in this section are used graiphto show a gears rotational position on timewation
screen. Clock introduction and parameters is expthin Chapter 12.

9a) Ratchet / Recoil Create Gears
1)CreateRatchet
2)Regenerate
5)Rotate on/off

9b) Ratchet / Recoil Gear Specification
1)Mod
2)Number of Teeth on Ratchet

9¢) Ratchet / Recoil Gear Shaft Size
1)Shaft Diameter

9d) Ratchet / Recoil Gear Tooth Control
1)Witness Ratio
2)UndercutRatio
3)Radial Ratio
4)Depth Ratio
5)Recaoll
6)CCW

9e) Ratchet / Recoil Gadgets
1)Add Clock Hand
2)Add Crank Handle
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Ratchets / Gadgets Ratchets / Gadgets
(Gear Parameter Tools) (Design Screen)

(Fig 19) (Fig 20)

9a) Ratchet / Recoil Create Gears

9allreate Ratchet
This button will add as {Primary/Wheel Gear (léfles)} following all of the Ratchet
Parameters you djetion the design screen, and will copy it ont® simulation
screen.

9a2) Regenerate
This feature must be selected whenever any chasggplied to the Primary (Wheel)
Ratchet as it ismittomatically generated.

9a3) Rotate on/off
The rotate button will allow you to rotate on tlachet on the Project control screen. By
checking dfetreverse check box, your gear assembly will negirbto rotate in the
opposite diren. Speed of the rotation is controlled via thdes or input edit box for
Master RPM.

9b) Ratchet / Recoil Gear Specification

9b1) Module or Diametral pitdfigtric or Imperial)
Module is defined as metric gears following thetmgesystem or you may find Diametral
Pitch for impadrunits system depending on your default unitscin.

9b2) Number of Teeth on Ratchet
This entry allows user to adjust the amount ofitéetind on the Ratchet (Wheel).
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9c) Ratchet / Recoil Gear Shaft Size

9cl) Ratchet Shaft Diameter
Shaft diameter entry will be the actual size ofghaft diameter through the ratchet gear
following the units of asurements selected above. It may be changediyeaéiering the
size number in the inpak, or changed while you add the gear to the sitiar screen. If a
gear is added to thidtslager, it will automatically slip when not engzad

9d) Ratchet / Recoil Gear Tooth Control

9d1) Ratchet / Recoil Gear Tooth Control WitnessdRa
This is the amount of “witness” verse the depthtooth. The witness is the top of the
ratchets tooth profile, a smootHaee for the ratchet tooth to run on the circurahee
between teeth.

9d2) Ratchet / Recoil Gear Tooth Control Undercatidr
This is the amount of undercut, owhuuch the tooth undercuts the top of the tooth.

9d3) Ratchet / Recoil Gear Tooth Control Radialdrat
This is the amount that the toothmpas rounded.

9d4) Ratchet / Recoil Gear Tooth Control Depth &Rati
This is the setting for the end degtkhe ratchets toot

9d5) Ratchet / Recoil Gear Tooth Control Recoil
This changes the ratchet to a recoiipmonly used in clock escapements

9d6) Ratchet / Recoil Gear Tooth Control CCW
This changes the rotational direcbbithe gear.

9e) Ratchet / Recoil Gadgets
9el) Ratchet / Recoil Gaddetd Clock Handle
This option will allow user to add a clock armmeter like arm to any gear assembly.
Option come in handy for clock makearsiming lever. When option is selected, use
mouse and drag to adjust the clocldleaarm length.

9e2) Ratchet / Recoil Gadgets Add Crank Handle
This option will allow user to add a crank handieahy gear assembly.
Option is quite useful in whirligigs wodden shutters as an example.When option is
selected, use mouse and drag to atfijestrank handle length.
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10) Spoke Panel

Introduction:

Spokes have been a rudimentary success witbamdBc Motion, allowing for multiple spoke typasch as
standard, circlel,circle2, triangle and damperhBgpe allows for farther customization to achiévat unique
look. It is advised when altering any of the spoasmeters in any way that the math can creaeease loop
making the spokes render less and unusable. lawlasision made earlier on to allow for this, giythe user
much greater control with their own design. Usetstpay very close attention not to allow for ghiecess to
happen by viewing all results on the project scraath correcting if necessary otherwise problemsocanr. By
default, Rim, Leg and Boss ratios are set to Ii@oasial settings. We hope you enjoy all of the spieldures
available within Gearotic Motion as we feel it ig@at tool for custom designing any wheel or gear.

10a) Spoke Panel
1)Spokes on/off
2)Spoke Type
3)Number of Spokes
4)Rim Ratio
5)Leg Ratio
6)Boss Ratio

10b) Wheel parameter Displays using spokes
1)Tip Circle
2)Base Circle
3)Pitch Circle
4)Root Circle
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Spoke Panel Spoke Panel
(Gear Parameter Tools) (Design Screen)
(Fig 21) (Fig 22)

10a) Spoke Panel

10al) Spoke Panel Spokes on/off
With selection is set to“on”this allows spokes todenerated and displayed on the
project screen. Obviously when check box isn'tcel@ no spoke will be generated or
displayed.
10a2) Spoke Panel Spoke Type
Gearotic Motion allows for multiple spoke typegas standard, circlel,circle2,
triangle and damper.
10a3) Spoke Panel Spoke Number
While in the spoke panel, you may select the nurobspokes you wish to have for
each wheel.
10a4) Spoke Panel Rim Ratio
When the spoke pattern is selected, user cantkamym ratio to allow for a thicker
gap between the root circle of the deasards center
10a5) Spoke Pane Leg Ratio
Leg ratio allows user to increase leg thickradgmaterial generating the spoke

10a6) Spoke Pane Boss Ratio

Boss ratio allows user to increase or decreaskrtegs of spoke starting from the center
of the wheel.
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10b) Wheel parameter Displays using spokes
10b1) Wheel parameter Displays Tip Circle
The outside diameter of a gear is the diameten@atidendum also known as the tip
Circle
10b2) Wheel parameter Displays Base Circle
Base circle is an involute curve, the circle framich the curve is unwound in a
spiral shape.
10b3) Wheel parameter Displays Pitch Circle
An imaginary circle on a gear that divides the geath into top lands and bottom
lands, and into addendumsdetkendums. The pitch circles of two gears in correc
mesh contact each other apited point.
10b4) Wheel parameter Displays Root Circle
The root circle coincides with the bottoms of theth spaces.
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11) Output Manager

Introduction:

The output Manager is where all created gears be@reality. It offers many options that will heipu
conform your gear into most popular export protecich as 2D Dxf ,3D DXF,3D STL, 2.5D milling
Gcode,1:1 Scale print for scroll saw users and 4saxis Gcode. To begin process you must have atdeas
gear or more on Gearotic Motion simulation screearder to extract the data to the output manageisa
done by selecting any gear from the project dagabag. When gear name is selected via mouse;onies
highlighted in blue or you may right click and slall gears from the tree or you may hold the last and
mouse click to add one at the time. Once you halexted your gears, click the output manager icahthat
will open up the output manager menu as seen iBHficAll selected gears will appear in the outpanager
window under selected gears. Here you may renamepyoject to something else rather than untitfgau
wish and it will export your data to that foldercencomplete. Using mouse, select a gear from thmubu
manager tree and pick your option(s). Please beeatlvat Output Manager can be very process hundghy w
task at hand and may take awhile to complete depgrmah what you ask it to do, so remember onlyelect
what's needed as output.

Gearotic Motion will export 2D Dxf file, a commaontour drawing protocols accepted by most CADICa
programs available today, 3D DXF files, 3D STL 8 printer, 1:1 Scale printing where it will priatit a gear
onto one or multiple sheets of paper with legenidtier re-assemble matrix if gear exceeds sizeapépso
sheets may be aligned and stuck together so thelgecaut with a scroll saw or similar cutting toGlearotic
Motion also exports 2.5D Milling GCode as tap filesd will export in the correct order being shatfitf
spokes next then gears itself. With 2.5D millingiyeill require the NC parameters in order to memirnysetup
needs. This leaves us with Gearotic Motion lasbexpossibility which is % axis Gcode. Theaxis GCode
can but generated for spur gears, helicals and beags. With that in mine both NC parameters and
Spur/Helical tabs will be used for this option andst be set accordingly. More information is ava#aon all
of these setting later on in this chapter.
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11a) Project Name
11b) Selected Gears
11c) Output Options

1)2D DXF

2)3D DXF

3)3D STL

4)1:1 Scale Printing
5)2.5D Milling Gcode
6)4" Axis Gcode
7)Copy to all Gears

11d) NC Parameters

11e) Single Gear Option

1)Tool Diameter
2)Final Depth
3)Spindle Speed
4)Tool Number
5)Cut per Pass
6)Safe Z Height
7)Feed Rate
8)Plunge Rate
9)Stepover Ratio
10)Rounded Corners
11)Climb Mill

Output Manage(continued)

(Fig 23)

1) Send single gear Gecode to Mach3

2) View Gcode in Notepad
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11f) Spur/Helical Only

1)Axis Parallel to Rotary

2)Chuck in ++ Direction
3)Evolute Segmentation
4)Use Involute Cutter
5)Convert Helical to Knuckle

11g) Create Output
11h) Exit

11a) Project Name
This entry allows user to give a name to the ptojec

11b) Selected Gears

11c) Output Options

11cl) 2D dxf
If selected a 2d DXF will be put out in the geaasne at the exact size of the gear.

11c2) 3D dxf
If selected a 3d DXF will be put out in the geaasne at the exact size of the gear.

11c3) 3D STL
This creates an STL file ( 3d triangulation ) of tpear.

11c4) Scale Printing
This prints a gear at a scale of 1:1 . A lasertgriis recommended, and the result can
simply be pastedaoblank of wood for cutting via scrollsaw or atheethods.

11c5) 2.5D Milling Gcode
This puts out a Gcode file for 2.5D Gcode cuttiMgst 2d gears can output this option.
Bevels and hdbazannot be used for 2.5D output, but can be dlt 4 axis output.

11c6)"d Axis Gecode
This creates a™axis rotary indexer Gcode. Can be used for ineoipturs, bevels or
helicals. Canbhetused for non-Oinvolute tooth forms such asaglat gears.

11c7) Copy to all Gears
When a gear is selected, the currently shown owtptivns are in effect for that gear.
This button watbpy the current selections to all gears in thipuwidist.
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11d) NC Parameters

11d1) NC Parameters Tool Diameter
These are the NC parameters for the Gcode filbs fwroduced. Note: some settings are
usedy in 2d , others only in 3d. For example, fidapth is used only in 2d™4xis
gears always cut to root depth.

11d2) NC Parameter Final Depth
For 2.5D Gcode, this is the final depth of the cut.

11d3) NC Parameters Spindle Speed
Default spindle speed output in the Gcode file ag®& command.

11d4) NC Parameters Tool Number
A “TxM6” command will be put out in a Gecode fildhis setting is the tool number used.

11d5) NC Parameters Cut per Pass
In all Gecode files, this is the depth incrementdach pass. Should be a positive number.

11d6) NC Parameters Safe Z Height
The retraction height that the tool will move toilelmoving between features..

11d7) NC Parameters Feed Rate
The feedrate used while cutting in all Gcode oufpunats.

11d8) NC Parameters Plunge Rate
The rate at which the tool will plunge into the eral in all Gcode outputs.

11d9) NC Parameters Stepover Ratio
The ratio of tool diameter to use as a stepovemueketing an area. Used ifi 4xis
outputyn

11d10) NC Parameters Rounded Corners
Not currently used.

11d11) NC Parameters Climb Mill
Casisiee tool to cut in a CCW direction on the geanklOnly used in 2.5D Gcode.
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11e) Single Gear Option]
11el) Single Gear Option Ssingle gear Gcode to Mach3
If processing a single selected gear, the outplib&isent directly to mach3 for

tig..

11e2?) Single Gear Option Viéaode in Notepad
If selected , and only a single gear is in the ouligt, then notepad will be loaded
ahe output shown.

11f) Spur/Helical Only

11f1) Spur/Helical Only Axis Parallel to Rotary
In 4™ axis work, the rotary axis can be aligned paraieny axis. This selects the
axis.

11f2) Spur/Helical Only Chuck in ++ Direction
The chuck in % axis may point in the ++ direction or the — difest this selects that
direction.

11f3) Spur/Helical Only Evolute Segmentation
The number of shaving cuts iffl &xis to shape the involute. A setting of 8 is ¢gpi
and has been found to lfecgent.

11f4) Spur/Helical Only Use Involute Cutter
This causes'2axis to put out code for a cutter of involute fomequiring only single
passes deeper aech cut todemth. Speeds up cutting quite a bit if you hawe
involute cutter.

11f5) Spur/Helical Only Convert Helical to Knuckle
This creates a helical gear that is similar toralgevel. A unique helical that runs a
bit quieter than a normaéon

11g) Output Manager Create Output
[Bethe batch processor to start creating outpes fil

11h) Output Manager Exit
Quits thetmut manager.
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= 12) Clocks / Ratchets / Escapement / Pendulum
Introduction:

The clock feature was introduced in Gearotic Motrension 4.xx through user requests, and was dpedlto
help clock builders or simply anyone wanting tolthwine. At this time we only provide the Graham d&sament
type but plans are in motion to also include thasShopper escapement later on.

The idea here was to provide users with many bsadls to help them set up and design a clockevhil
maintaining specifics about the clock such as gaar’'s and escapements to make it all tick properthe end. A
Graham escapement typically can be explained mafér of energy to the clock's timekeeping eldramd must
make up the energy lost during a cycle since withioe energy transfer, the oscillation would ced4est often
energy comes from a coiled spring or a suspendéghtvi® keep it going. The escapement also pereaith cycle
of the timekeeping element to be counted. Durirdheacle, the escapement permits a gear trainvaree or
"escape” slightly. The periodic advancement resnltaoving the timepiece's hands forward at a steaté.

With each swing of the pendulum, one of its arnksasges one tooth of a gear, making it change frélocaed"
state to a "drive" state for a short period thatsewhen another tooth on the gear strikes the ajgpmsn of the
pendulum, which locks the gear again. It is thisquic release of energy and rapid stopping thateaa clock
"tick;" it is the sound of the gear train suddesigpping when the escapement locks again withtthek™ With
that in mind we chose to add our clock mechanisthérratchet section of Gearotic Motion since edaagear
after all is a function proportional to a ratchgpically used to limit motion in one direction $uas in winding
mechanisms. It is called a deadbeat since it kieygsand the dead portion refers to the fact ithmasecoil and
shouldn’t be rotated backwards unless a recoil iy@elded.

The pawl is also a crucial part of the clock tteat be considered a type of gear meshing with ¢adlokeat ,the
main objective being locking and releasing the theatigear to keep time while adding energy to grelplum
swing in the process. The centre distance betwezpawl| and the deadbeat gear is absolutely draiwdusers
should use the front plate template generated dptitput manager to assign the shaft holes of glogk.

Once the Escapement checkbox is checked on tiecpsareen, it reformats and includes the deadipesat
with a pawl attached to create an escapement misohalt is here where you will set parameters afrydeadbeat
gear to size, number of teeth and pawl length teria parameters such as tooth span,drop/loclegsigift
diameter and boss ratio. Many pawl variables éastwve simplified it to four basic rules, but cautimust be
followed not to exceed limits as your clock may eework if you do. It is important to remember tbate “create
ratchet” is selected, no alteration from this pdamvard is possible to your escapement unlessrgoreate the
escapement from scratch. User should also notetitat escapement is created, the project tre@mlil show the
escapement in the tree, with no direct link toghw/l itself. It is only when you select “Output Mager” and
generate 2D dxf or Gcode where you will see thasterawn including the pawl.

As to building a clock, most typical clocks wike a deadbeat gear of 30 or 60 teeth to simpldydkos
required for hand timing. The length of the pendulvill determine the speed of the clock, while weign the
pendulum will only damper vibrations within the ckoand nothing else. A tooth span of 7.5 is typarakh 30 tooth
deadbeat but if increased the centre distance keattie pawl and deadbeat will also increase chgrtgm pallet
angle. The drop and lock angle typical set at &feés and is the amount of degrees the deadbéatavié



unrestricted when one tooth leaves its pallet. uBhgou increase the drop lock angle, the pawl bglimuch
thinner and weaker and you will loose efficiencyemergy tranfer to the pendulum. Rule of thumb. térigkeep
paramters within typical region if possible. Boa#a is the thickness ratio around the shaft hokae pawl and the
shaft is simply the diameter of the pawl’s shaftefie is an entry in the Output Manager to allow toneodify a
shaft size for output in the event shaft sizes ghatue to contruction changes.
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By clicking on a gear in the project tree, thediof rotation will be displayed. You can use tligigure out your
ratio’s in order to dermine seconds, minutes angd$1Also if your design consist of placing geamssame shatft,
you may click on two of the gears in question whigh give you the centre distance between themowing this,
you may now create a new ratio and look at thereatistance beween them, to match your need, simpigase
or decrease MOD orDP to get proper centre andegsdrs. When you place them, a message boxppiea
asking shaft was found, do you want to join? Saginoe you do not want gear to weld itself to staft, but
results will be gear on the same shaft but notaylti@is is simply necessary to allow for the plgoni hands or
indicators on a shaft which cannot be done fortshaith multiple gears on them. | hope this exptaomawas
useful but advise that a very useful video can h&ehed on Youtube at
http://www.youtube.com/watch?v=gzYQOTOtVMhich better explains many of the Clock functiomaikable
while using Gearotic Motion.

(Fig 24)
12a) Clocks / Escapement / Pendulum Create Gear
1)CreateRatchet
2)Regenerate

5)Rotate on/off

12b) Clocks / Escapement / Pendulum Gear Speddicat
1)Mod
2)Number of Teeth on Ratchet

12c) Clocks / Escapement / Pendulum Shaft Size
1)Shaft Diameter

12d) Clocks / Escapement / Pendulum Tooth Control
1)Witness Ratio
2)UndercutRatio



3)Radial Ratio
4)Depth Ratio
5)Recaoll
6)CCW
7)Escapement

12e) Clocks / Escapement / Pendulum Gadgets
1)Add Clock Hand
2)Add Crank Handle
3)Add Pendulum
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Clocks / Escapement / Pendulum Clocks / Pawl
(Parameter Tools) (Design Screen)
(Fig 25) (Fig)26

12a) Clocks / Escapement / Pendulum

12alfreate Ratcheivhile escapement is checked off)

This button will create the escapement on the desigeen, allowing you to rotate the
pawl anywheraywvould like around the deadbeat gear, once miouiten is again
clicked, it Wirop the pawl and deadbeat gear as a completpEs®ent onto the
simulation semeto begin you clock build.

12a2) Regenerate

This feature must be selected whenever any chasgggplied to the deadbeat gear or

pawl whiletime design screen to ensure proper recreation vingearts.

12a3) Rotate onfaffile escapement is checked off)
The rotate button will allow you to rotate the ggm@ment on the Project Control screen.
Speedtd rotation can also be controlled via the slmeinput edit box from the
MasterNRBn the project screen tab.



12b) Clocks / Escapement / Pendulum Specification

12b1) Module or Diametral pif@etric or Imperial)
Module is defined as metric gears following thetmgesystem or you may find Diametral

Pitch for impadrunits system depending on your default unitscin.

12b2) Number of Teeth on Ratchetile escapement is checked off)
This entry allows user to adjust the amount ofitdetind on the deadbeat gear.
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12c) Clocks / Escapement / Pendulum Shaft Size

12c1) Clocks / Escapement / lBemd Shaft Diamet@rhile escapement is checked off)
Shaft diameter entry will be the actual size ofghaft diameter through the deadbeat gear
following the units of asurements selected above. It may be changediyeaéiering the
size number in the inpak, or changed while you add the gear to the sitiar screen. If a
gear is added to thidtslager, it will automatically slip when not engzad

12d) Clocks / Escapement / Pendulum Tooth Control

12d1) Ratchet / Recoil Gear Tooth Control WitneaidR
This is the amount of “witness” verse the depthtooth. The witness is the top of the
ratchets tooth profile, a smootHate for the ratchet tooth to run on the circurahee

between teeth.

12d2) Clocks / Escapement / Pendulum Tooth Coktnalercut Ratio
This is the amount of undercut, owhuuch the tooth undercuts the top of the tooth.

12d3) Clocks / Escapement / Pendulum Tooth CoRadlial Ratio
This is the amount that the toothmpas rounded.

12d4) Clocks / Escapement / Pendulum Tooth Cobteptth Ratio
This is the setting for the end degtkhe ratchets toot

12d5) Clocks / Escapement / Pendulum Tooth CoRealboil
This changes the ratchet to a recoilpmonly used in clock escapements

12d6) Clocks / Escapement / Pendulum Tooth Co@eV
In clock mode this button does notkwgince if a change of direction is required, siynpl
rotate the escapement 180 degreeaiogehthe rotational direction.
12d) Clocks / Escapemergrdlum Tooth Control Escapement

When chék is active, GM reassigns the project controkenrto an escapement
Which inckslthe deadbeat gear with pawl attached to itdateran escapement
mechanistns important to remember that once “create rdtakeselected, no alteration
from thisipoforward will be possible to your escapemeniesslyou recreate the



escapemeaoirt scratch.
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12e) Clocks / Escapement / Pendulum Gadgetsescapement is checked off)
12e1) Ratchet / Recoil Gadgedd Clock Handle
This option will allow user to add a clock armmeter like arm to any gear assembly.
Option come in handy for clock makersiming lever. When option is selected, use
mouse and drag to adjust the clocldleaarm length.

12e2) Ratchet / Recoil Gadgets Add Crank Handle
This option will allow user to add a crank handiehy gear assembly.
Option is quite useful in whirligigs wodden shutters as an example.When option is
selected, use mouse and drag to attjestrank handle length.

12e3) Clocks / Escapement / Pendulum Add Pendulum

This option will allow user to add a pendulum te #scapement. A message box will
open up asking specifics about the time of swingu ¥an answer 1 second for example in the
toime of swing to keep things simple and specifylédngth of the pendulum. Remember the length
of the pendulum will speed up or slow down speedadk, adding weight will have no effect
other than damping vibration

(Fig 27)
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13) Simulation Control Screen

Introduction;

Gearotic Motion Simulation screen is a true 3Dwectisplay of your gear creation. It offers a cgafable
background and transparency usingghegram setting icosettings covered earlier. It is also equipped with
Wizard which sits between the simulation screensamailation tab. It will display mouse Xx,y,z coardies
while idling and will report any problems such a®ng gear size or any errors type in red to gumealong in
your creation and is wise to look there for any saggs in the event of difficulty. While placingeag on the
simulation screen, we must remember that the vestygear added will be the active gear or refeeegear,
meaning gear where everything will rotate from.r&neersion 3.5 onward, primary gear will be displhye a
checkered pattern profile for quick and easy refeegfig.24). Once a gear is added the Simulatasrol tab
offers the ability to control reverse directiontate a gear on a shatft, record a gear train anddidate forward
and reverse direction of all gears on your scréegear is attached to a shaft, Gearotic Motion wfilers the
ability to rotate that gear on its shaft withoutwvimg anything else, in order to align a gear tpecsic
location.




Simulation Screen

(Fig 28)
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m 12a) Simulation Control Icon

This feature will allow gears to rotate on youresn, when pushed again will stop rotation.

.I 12b) CCW step direction

This feature will allow a gear to be rotated courteckwise on a shaft only for specific
alignment within yogear train.

E 12c) CW step direction

This feature will allow a gear to be rotated clo@von a shaft only for specific
alignment withyour gear train.

. 12d) Record AVI

This feature allows your project to be recoded &/hdtating as an AVI video for
approximately deconds. Can be very useful to show friendsnoplsi demonstrate a
specific geiatim. AVI recorder will also work in Demo mode.

12e) Wheel RPM
This feature allows user to vary rotation speeBrahary(Wheel) gear. The “ + " will
Increase speed wihie“ — “ will decrease speed.



12f) Periodic Angle
This feature allowseuto vary the periodic angle of Primary(WheeBrgeThe “ + " will
increase angle to ieHerimary(Wheel) gear will rotate to, while the * will decrease
angle. A set andi®0 degrees will allow Wheel gear to rotate % tilmen return back to 0.
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General information on Gearotic Motion Software

Design Screen

Gdab



Vievad
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Solid Wire

Selecting this icon from the View Points Tab wilba user to view gears from a solid finish to a
wire frame assembly.

Selecting this icon from the View Points Tab wilba user to view gears from an ISO view
direction.



Selecting this icon from the View Points Tab wilba user to view gears from the top looking
down.

Selecting this icon from the View Points Tab wilba user to view gears from the left side looking
right.
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Selecting this icon from the View Points Tab wilba user to view gears from the back looking
towards the front.

Selecting this icon from the View Points Tab wilba user to view gears from the front looking
towards the back.
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Appexdi

Pitch Diameter:
Pitch diameter is a term used to take measurernoétite diameter of a gear using pitch points. Ptaimts on a

gear could be found if a straight line were drayrfrom two of the gear's teeth located side by aiu the two
lines were connected by a curve. In the case eba g sprocket, pitch basically measures the misthetween
teeth ands one of the most important dimensions for prapeshing.

Addendum:
The addendum is the height by which a tooth ofa geojects beyond the standard pitch circle artpline, the

radial distance between the pitch circle and tregeeadum circle. See fig 100

Fig 100



Dedendum:
Dedendum is depth of a tooth space below the pitcke. See fig 100

Max Mill Diameter:
Max Mill Diameter is the maximum size of tool diat@ewhich can be used to cut gear.

Shaft Diameter:
Shaft Diameter is either measured in mm or inches

Gear Diameter:
Gear Diameter is the maximum diameter of gear nredsuom top of tooth to top of tooth but oppositeection.

Gear Thickness:
In Gearotic Motion the gear thickness is the actini@kness of gear measured at the pitch circl@odts not take
into consideration any set screw shanks that madided on gear which may be used to fasten getar @shatft.

Number of Teeth:
Number of Teeth is a direct relation to gear sizé @OD or PD)
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Current Angle:
The current angle in Gearotic Motion is the anglelaich the center of a gear is facing when plagagr with
another.

Location x.y.z:
The location X,Y and Z in Gearotic Motion is theddion of your mouse pointer on the simulation sgrdt can be
very useful when placing a gear in a 3d environment

Whole tool depth:
Whole tool depth is the minimum tool length requoecut that particular gear in Gearotic Motion whexported
in to 4" Axis Gcode.

Wheel ratio:
In Gearotic Motion, Wheel ratio is always calcuthfeom the first gear set into the project, all addears from
that point forward will inhibit a ratio depending aumber of teeth and size compared to the Wheel.

Wheel gear RPM:
Gearotic Motion can vary and display the Wheel ¢g&aM along with any other gear attached to thia.tfEhis
option becomes very useful in clock making or spemurol environments.

Selected gear RPM:
The selected gear RPM in Gearotic Motion will cédtel and display the actual RPM of any gear yoectdiom
your project database always with relation to thee@l gear RPM.



Base Circle
In an involute curve, the circle from which theaiis unwound in a spiral shape

Root Circle
The root circle coincides with the bottoms of theth spaces.

Tip circle
The outside diameter of a gear is the diameteheftidendum also known as the tip circle

Pitch Circle
An imaginary circle on a gear that divides the dgeath into top lands and bottom lands, and into
addendums and dedendums. The pitch cioflego gears in correct mesh contact each othéregpitch
point.

END



