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The powerful CAD system Catia version 5 release 11
has no tool for designing gears. When you are making a
realistic design, you may need a template spur gear.

A

Since the geometry of a spur gear is controlled by a few parameters,
we can design a generic gear controlled by the following parameters:
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. The pressure angle a.
. The modulus m.
. The number of teeth z.

This tutorial shows how to make a basic gear that you can freely re-use in your assemblies.

1 Sources, credits and links

. Most of my tutorial is based on a nice tutorial on helical gears

in English at http://ggajic.sbb.co.yu/pub/catia/.

. limproved it a little for making an exactly symmetric tooth.
. The mathematic description of the involute curve is visually explained
in French at http://serge.mehl.free.fr/courbes/developC.html.

« The gear technology is explained

in French at http://casm.insa-lyon.fr/engrenag/.

. The conventional formulas and their names in French
come from the pocket catalog Engrenages H.P.C, June 1999 edition.

2 Table of gear parameters and formulas

Here is a table containing the parameters and formulas used later in this tutorial.
The table is given first so that you can use it for further copy/paste operations.
All the units are defined in the metric system.

# | Parameter | Type or unit Formula Description Name in French
angular Pressure angle: technologic constant .
1 |a degree 20deg (10deg< a< 20deg) Angle de pression.
2 |m millimeter — Modulus. Module.
3 12 integer — Number of teeth (5< Z< 200). Nombre de dents.
. Pitch of the teeth Pas de la denture sur une
4 |p millimeter m* 1t : : s . : .
on a straight generative rack. cré maillé re gé né ratrice rectiligne.
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5 |e . millimeter /2 Circular tooth thickness, Epaisseur d'une dent
P measured on the pitch circle. mesuré e sur le cercle primitif.
- Addendum = height of a tooth N
6 |ha . millimeter m above the pitch circle. Saillie d'une dent.
if m>1.25 Dedendum = depth of a tooth below | Creux d'une dent. Plus grand
7 |hf millimeter hf=m=*1.25 the pitch circle. Proportionnally greater | en proportion pour un
elsehf=m=*1.4 for a small modulus (< 1.25 mm). petit module (< 1.25 mm).
8 |rp . millimeter m*Z/2 Radius of the pitch circle. Rayon du cercle primitif.
9 |ra . millimeter rp + ha Radius of the outer circle. Rayon du cercle de té te.
10 | rf . millimeter rp - hf Radius of the root circle. Rayon du cercle de fond.
11 |rb . millimeter rp *cos(a) Radius of the base circle. Rayon du cercle de base.
12 |1y millimeter M *0.38 Radius of the root concave corner. Congé de raccordementa laracine
' (m *0.38) is a normative formula. d'une dent. (m * 0.38) vient de la norme.
floating point Sweep parameter Parame tre de balayage
13 |t 0< t< 1 : ]
number of the involute curve. de lacourbe en dé veloppante.
« . X coordinate Coordonné e X du profil de dent
- rb* (cos(t*m )+ : , .
14 | xd millimeter RN of the involute tooth profile, en dé veloppante de cercle,
sin(t*m )*t*m ) L .
generated by the t parameter. gé né ré parle parameé tret.
* i * _
. rb (f'n(t *T[*) Y coordinate Coordonné eY du profil de dent
15 |yd millimeter cos(t*mr ) *t ) . .
) of the involute tooth profile. en dé veloppante de cercle.

Draft showing the parameters: a, ra, rb, rf, rp:
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2.1 Notes about the formulas (in French)

Formule N° 11: explication de I'é quationrb=d*cos(a)/2:
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. Lacré maillé re de taillage est tangente au cercle primitif.

« Au point de contact, a dé finitI'angle de pression de la ligne d'action.
. Laligne d'action est tangente au cerce de base.

. Onadonc un triangle rectangle a ré soudre.

Formule N° 12:

. Entre le cercle de pied et les flancs des dents,
pré voir un petit congé de raccordement pour atté nuer |'usure en fatigue.

Formule N° 14: explicationde x =rb *cos(t) +rb*t*sin(t):

. Le premier terme correspond & une rotation suivant le cercle de base.
. Lesecond correspond au dé roulement de la dé veloppante.

3 Enable the display of the parameters and formulas

We first need to configure Catia: set the 2 highlighted check boxes:
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-iﬁ;:r' Infrastructure 30 Anno
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aénéral affichage Document Part
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o Références externes

[ ] Contraintes

o Paramétres

o Corps de piece sous les opérations

d Esquisses

affichage dans la géométrie

[] seulernert le solide courant opéré

[ ] Paramétres de composants et conkraintes

Cpération de wérification au renommage

@ Pas de vérification
() Sous e méme noeud

(_) Dans l'objet principal

CIE,

I o Annuler I

Now the tree of your part should look like this:
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CATIA V5 - [gear]

Eichie

4 Define the generation parameters

Switch to the Generative Shape Design workshop and click on the f(x) button:

|Dmm @ |_'..':|T
"

fvec | Simple Yaleur j djouker Formule I Y
-

Supprimer Formule I iﬁ?;l
b

ﬂ.ﬂ.ppliquerl = Annuler I

Then you can create the gear generation parameters:

1. Select the unit (integer, real, length, angle, ...).
2. Press the create parameter button.
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3. Enter the parameter’s name.
4. Set the initial value, used only if the parameter has a fixed value.

Formules: gear

[ ] Incrémental Importer,.. I

Filtre sur gear
Filtre par Mo : |

Filtre par Type :|T|:|u5 j

Double cliquer dans la liske pour modifier un parameétre

Paramétre

qeariReference
geariMomenclature
geariRevision
geariDescription_produit
geariDefinition

Editer le nom ou la waleur du paramétre sélectionné

M l 2mm|
_réet parametre de type liLnngueur l:| Aver |5im|:|le YWaleur j fjouker Farmule ]

Supprimer Farmule I

SUpprimer paramekre I

@ oK l ll.ﬁ.ppliquerl o Annulsr I

Now your tree should look like this:
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CATIA V5 - [gear]

Fichier  Edition

@ =

m

=]

5 Define the computed parameters

Most of the geometric parameters are related to a, m, and z.
You don't need to assign them a value, because Catia can compute them for you.

So, instead of filling the initial value, you can press the add formula button:
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Formules: gear

[ ] Incrémental Importer. .. I

Filtre sur gear
Filtre par Mo : |

Filtre par Type :|T|:|u5 j
Double cliquer dans la liske pour modifier un paramétre
Paramétre | Yalsur Farmule Ackive |
a 20deq
qeariReference aeat
geariMomenclature
geariRevision
geariDescription_produit
geariDefinition
L

Editer le nom ou la waleur du paramétre sélectionné

d | Ormm @

_réer parametre de type m_nngueur ] j Anves |5im|:|le YWaleur j [ i Biouker Formule. ]

SUpprimer paramekre I Supprimet Farmule I

@ oK l l;.ﬁ.ppliquerl o Annuler I

Then you can edit the formula:
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Editeur de formules : d

[] Incrémental 4 |

' =

m*Z

Dictionnaire Membres de Paramétres Membres de Tous

Parametres FAl Tous M m ”
Table de paramétrage | |Paramétres renommés | |2 i
Qpérateurs Longueur a

Points Constructeurs — |Entier d

Lo angle qeariReference B
Droites Constructeurs Skring | |gear\Mamenclature

Cercles Construckeurs Flan geatiRevision

Chaine | |50lide ¥ | |gear\Description produit N

@ oK o Annuler I

6 Check the fixed and computed parameters

Set the following option in order to display the values and formulas of each parameter:
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Options
=T .
A Options onnaissance | Unités | Langage Génération de rapport | Tolérance des paramékn | b
1 ':'H GEnéral Yue des paramétres dans ['arbre

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

—m affichage o fvec valear
— 8 Compatibilits
— B Parametres et mesure  Moms des paramétres

_Et:ﬁ B e o Fis [ ] & encadrer avec lz symbaole

I-'.InFrasI:ructure Tables de Paramétrage
_ﬁ Product Struckure ﬁ Synchranisation aukomatique au chargement

() Synchronisation interactive au chargement

—E' Material Library
() Synchronisation manuelle

—fl Editeur de catalogue
—E Phata Studio (_) Mode par défaut : copier les données dans le modéle
—Eﬂeal Time Rendering @ Mode par défaut : ne pas copier les données dans le modéle

= @ Infrastruckure Part

= Infrastructure DELMIA

=
-iﬁ;:r' Infrastructure 30 Anno

T‘ Conception Mécanique
&= Forme

lli' Analvse fe Simnlatinn

R&tablir. .. I

CIE,

| & annuer |

Now your tree should display the following parameters and their formulas:
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rn=mm * PI
nm=m * Z | 2
ra=24mm=rp + m
rb 7amm=tp * cos a )

rc=0,Smm=rm [ 2

rF=19,5mm=rp - 1.25 *m

arps principal

arps surfacique, 1

7 Define the parametric laws

Up to now, we have defined formulas for computing parameters.
Now we need to define the formulas defining the {X,Y} position of the points on the involute curve of a tooth.

We could as well define a set of parameters x0, y0, x, y1, ... for the coordinates of the involute's points.
However, Catia provides a more convenient tool for doing that: the parametric laws.

In order to create a law, press the fog button and enter the law name as follows:
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Editeur de loi

Mom de la loi

|x|:|

Description :

| ¥ pour la développante
Cestination :
Igear'l,FlelatiDns

@ oK I ia.ﬁ.nnulerl Aide

Then edit the formula of the 2 laws used for the X and Y coordinates of the involute curve:

o xd=rb*(cos(t*Pl*1rad) +sin(t*Pl*1rad) *t*Pl)
o yd=rb*(sin(t*Pl*1rad)-cos(t*Pl*1rad)*t*Pl)
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Editeur. de loi : x Active

[ ] Incrémental

[* = pour la développante */
wd=rb*{ cos{ E*PI* lrad )+ sin{ £ * PI* 1rad ) * £ * P1 )|

Dictionnaire Membres de Paramétres Membres de Tous

Parametres formels | Type
i Longueur

I:

Créer paramekre de bype Ill-‘-:éel

SuEErimer I

Parametres Al Tous "RelationstFormule, 1 activiké”
Maks clés Paramé&tres renommeés " RelationsiFormule, 2 Ackivité”
Table de paramétrage Booléen "Relations\Formule, 3hActiviké
Opérakeurs Entier "RelationsiFarmule, Y Activiké”
Paoints Construckeurs Longueur "Relations\Formule, ShActivité”
Loi angle Z
Droites Construckeurs Skring m
Cercles Constructeurs Plan a

Notes about the formula editor of Catia:

« The trigonometric functions expect angles, not numbers,
S0 we must use angular constants like 1rad or 1deg.
. Pl stands for the Tt number.

8 Make the geometric profile of a single tooth

The whole gear is a circular repetition of the tooth pattern.
The following steps explain how to design a single tooth:

1. Define the parameters, constants and formulas (already done).

2. Insert a set of 5 constructive points, having a position defined by the xd(t) and yd(t) laws:

o Define 5 points anywhere on the XY plane:
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paoint central

poink contact
poink 0

poink 1

= < point 3
o Edit the H and V coordinates of the points fort=0tot=0.4

(most gears do not use the involute spiral beyond 0.4)
= 4 paoint 2

G puonine 7%
|C|:|r|:|5 surfacique. 1point 2YPoink |

@ oK I lﬂ.ﬂ.nnulerl

o Compute the H and V coordinates of each point with a different value of the sweep parameter t.
o For example, for the V coordinate of the involute's point corresponding to t=0.2:
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[ ] Incrémental

Corps surfacigue. 1poink 2VPaoink sur plan. 15
Relationsiyd.Evaluated 0.2

Dictionnaire

Parametres
Table de paramétrage

Ea

Mermbres de Paramétres

Tous
Paramétres renommés

Membres de Tous

Corps_principallEsquisse, 11 Ackiviky ~
Corps_principallEsquisse, 1Y F.epereiackivi

Qpérateurs Boalean Corps_principalEsquisse, 1yConkack, 198
Paoints Construckeurs Cskaktr Mode Corps_principall\Esquisse, 1YConkack, 19m

Lo Longueur Corps_principallEsquisse. 1Parallelisme. 21
Draites Construckeurs anale Corps_principall\Esquisse, 1YParallelisme, 21 3
Cercles Constructeurs Booléen Corne_rrindeshiEoouices LD opollolizoes o
Chaine * | |Entier < ’

|

@ oK & Annuler I

De&finition de la courbe

3. Make a spline curve connecting the 5 constructive points:

Painkts | Dir. Tangentes | Tensions | Dir. Rayons | Rayons Courbure

point 0
poink 1
point 2
point 3

£

@ Ajouter aprés () Ajouter avant ) Remplacer

[] Géametrie sur suppork |
[ | Courbe fermée

Supprimer Paink I

|

>

Plus de Param = I

o Annuler I

Apercy I

4. Extrapolate the spline toward the center of the gear:

o The involute curve ends on the base circle of radius rb = rp * cos(20) = rp * 0.94.
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o When Z < 42, the root circle is smaller than the base circle. For example, when z = 25:
rf=rp-hf=rp-1.25*m=rp*(1-25/2)=rp*0.9.

o So the involute curve must be extrapolated for joining the root circle
(the length to extrapolate is empirically defined by the formula f(x) = 2 * m):

Definition de lextrapolation |E”E|

Extrémité: |point 0

Extrapolé: |Spline.1
Lirnite

Tvpe: |L-:ungueur ﬂ

Longueur: | fx;. |
I

Conkinuité: |Tangence j

Suppark: Q= NN g

& annuler | apercu |

5. Check the extrapolation near the point zero of the involute spline:
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CATIA V5 - [gear.CATPart]
n Démarrer  SmarTeam Eichier  Edition  Affichage  Insertion  Qukils  Fenétre

N5 ES Y R@E

point central

point contack

point 1
poink 2
4 paink 3

~* spline. 1
'1" Exkr :||:u lakion, 1

Sommek/point 0 orps surfacique. 1 sélectionnéle) |

6. Define the contact point, at the intersection between the involute curve and the pitch circle:
o By principle, on that point the polar angle equals the pressure angle.
o At the contact point we have the sweep parameter t=a/ 180deg
o S0 we can compute it like the previous constructive points po0 ... p3:

http://gtrebaol.free.fr/doc/catia/spur_gear.htmlIO O 1901 31 O O 2006-2-28 14:10:44



Designing parametric spur gears with Catia V5
= < poink contact

9Smm=F.elationsixd, Evaluateld a | 180deq )

Y=0,29rmm=Relationstyd.Evaluatel 2 | 180deg )

Type de plan : |F‘ar un paint ek une drnit-j

Paink: ||:u:|int contackt

Droite; |.'5.:-:e Z ﬂ

o annuler I Apercu I

8. Define the median plane of a tooth:
o Onasymmetric gear, the angular width of each tooth is 180deg / Z.
o So the angle between the median plane and the contact plane is twice smaller: 90deg / Z.
o The median plane is defined as a plane containing the rotation axis,

with and angle of 90deg / Z relative to the contact plane:

Définition du plan

Type de plan |.|:'.ngle,l'r‘-.||:|rma| & un plan j
Axe de rokation : |Axe Z ﬂ

REférence: \plan ligne conkact

Angle: | ﬁ

Mormal au plan ]
[ | Répéter l'objet aprés CF

@ oK l I'I.'fl.nnulerl Apercu l

9. Define the start plane of a tooth:
o We are designing a single tooth.
o The profile of each tooth starts on the root circle,
at the midpoint between two consecutive teeth.
http://gtrebaol.free.fr/doc/catia/spur_gear.htmlO O 200 31 O O 2006-2-28 14:10:44



Designing parametric spur gears with Catia V5

o The start plane is defined as a plane containing the rotation axis,
with and angle of -90deg / Z relative to the contact plane.
5 Asyou can see, it is symmetric to the median plane, relative to the contact plane.
10. Draw the root circle:
o On the start plane, define the start point of the root circle :
= V=0
» H=-rf=-(rp-hf)=-rp+1.25*m
(or the opposite, depending on the normal direction on that plane)
o Define the root circle with the "Center-Point" dialog box:
« Center=0,0,0
« Point = the start point defined above.
« Sweep angle = 0 to 90deg.

Définition du cercle

Type de cercle : |Centre - Paint ﬂ

e ||:u:|ir||: central Felimitations du cercle

Poink: |point debut q @ ‘

Support: |Plan xy Debut; | Odeg =
[ ] Géometrie sur support . |g|:|.jeg @

i Annuler I fpercy I

O
11. Insert a round corner between the root circle and the extrapolated spline:
o Set the cut and assemble check boxes, so that the resulting shape is

asingle curve that contains the root circle, the round corner and the extrapolated spline:
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Dé&finition du coin

Type de cain: |Cu:uin Sur Support

[ ] Cain sur sommet

Elément 1: |cercle fond

(-I Découpe et assemblage de 'Elément 1 )

Elément 2: |Extrapolation, 1

(-I Découpe et assemblage de 'Elément 2 )

Support:  |DéEFaut (Plan)

Ravnn:|

Solukion suivante

W Annuler I Apercu I

12. Draw the outer circle with the Center-Radius dialog box:
o Center=0,0,0
o Support = XY plane
o Radius=ra=rp+ha=rp+m
o Sweep angle = 0deg to 90deg.
13. Build the other side of the tooth with a symmetry of the corner curve:

Elément: conge fond J

Référence: |plan median

Definition de la symétrie

Cacher/Mankrer 'Elément initial ]

o anndler | aperco |

14. Glue both symmetric profiles and the outer circle
with 2 successive cut and assemble operations:
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Definition du decoupage assemble E]

Elément 1! |conge fond

Elément 2: |Symétrie.2

Support:  |Défaut {Aucun)

Eléments & garder: |DéFaut {aucun)

Autre parkie de '8lément 1

Eléments & retirer: |DéFaut {Aucun) E
L]

dutre parkie de 'Elément 2

[] simplification du résultat

[] calcul de lintersection

W Annuler ] Apercu l

15. Check the resulting tooth profile:

[%] CATIA V5 - [gear.CATPart]
n Démarrer  SmarTeam Fichier  Edition

5 EHS Y R@E

& Plan =

- 5] .
aim Parametres

[ ﬂ Relations

L

Carps principal
Corps surfacique. 1
4 poink central
.
4 paink O
paink 1
poink 2
paink 3
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Affichage

(2

Insertion

Cukils

Fenétre




Designing parametric spur gears with Catia V5
= < poink 4
. ne, 1
rapaolation. 1
& plan ligne contack
= & plan median

= & Flan debut

& RWR

S
1

= 1 paint debuk

etcle fond

ange Fond

oupe assemblée,

A
3,
@

Ecoupe assemblée, 2

Sommek/point contackiCarps surfacique, 1 sélectionnéle)

9 Build the whole gear profile

The gear profile is just a circular repetition of the tooth:
. Repetition mode: whole circle or whole crown.
. Rotation axis : Z.
« Number of instances: f(x) = Z.

Then you can merge together the repeated profile and the tooth base profile.
The following tree shows the completed geometry, ready for the extrusion:
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41 gear

& Plan oy

& Plan vz

o Plan zx
E.T';. Parametres

A

i e :
= Relations

A
ey
L

Corps principal

point cenkral
point contack
point O
poink 1
paink 2

aink 3

v e £
& plan ligne conkack
& plan median
& Plan debut
4 point debut

b

5 cercle bete
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10 Build the gear part body

Switch to the Part Design workshop.

Build the main body with a revolving sketch that gives the primary part to be machined on a lathe:
CATIA V5 - [gear.CATPart]
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Insert a second part body that gives the extruded profile of the teeth:

[$]CATIA V5 - [gear.CATPart] |
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Intersect both part bodies to obtain the final gear:

[%] CATIA V5 - [gear.CATPart] FEX

n Démarrer  SmarTeam Fichier  Edition  Affichage  Insertion  Qwkils  Fenétre 7 g x

NEEHSEEBED R AHSPBRAQQUSD @,

& Flan vz
& Flan zx

| .
@il Parammekres

[

,L_ = Relations
E Corps principal

ukion. 1

m

http://gtrebaol.free.fr/doc/catia/spur_gear.htmlIO O 2801 31 O O 2006-2-28 14:10:45



Designing parametric spur gears with Catia V5

?%ﬁ Corps de pigce.2
gﬁ%CDrps surfacique, 1

! ' Bronze

B

[=_::

L

erseckion, 1)Corps principalfgear sélectionnéle)

[%] CATIA ¥5 - [gear.CATPart]

n Dématrer  SmatTeamn Eichier  Edition  Affichage

NegasyBaan o2

http://gtrebaol.free.fr/doc/catia/spur_gear.htmlIO 00 2901 31 O O 2006-2-28 14:10:45




Designing parametric spur gears with Catia V5
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