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Nomenclature

R Reference Radius

Ra  Tip Radius

Rf  Root Radius

Rb  Base Radius

m Normal module

z Number of teeth

Normal modification coefficient
r; Normal addendum coefficient

c*n  Normal bottom clearance coefficient
un  Normal pressure angle on reference circle
~ Helix angle on reference circle

sn Normal tooth thickness on reference circle
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This paper presents approximate and ac urate method to gen-
erate olid models of involute cylindrical gear using Autode k
Inventor 3-D CAD oftware.

Introduction

Th key to gear olid model generating i getting the correct
tooth profile. If the tooth profile i obtained, the olid modeling
of cylindrical gear; can be obtained ea. ily through C D oft-
ware command (extru ion weep, coil, circular pattern).

There are orne re ource to as i t with thi job. andeep
Singal developed pur gear on ProlE u ing involute equation
with ut considering the undercut. and the r t fill t is approxi-
mated with a ircular curve joining the in olure and r t circle
(Ref. 1). Deng Kai generated the accurat ¢ lindrical gear tooth
profile with the graphic oluti n, cutting t Ira k.hape with
a pecific parameter needed to be drawn on the. ket h statu of
3-D D oftware ( utode k in ent r) a h time. ing the
con traint feature, the rack wa moved to imulate th real gear
production procedure and the erie traj 1 ry wa u ed to find
the envelop a th gear tooth profile (Ref. 2). An th rre wur e
i th gear t th profile included in the Autodek In entor'
sample dire 1 ry, The profile i approximately ubstitured b
one riwo ar and a line joining the arc and ro tcircle.

The wo m thods pre ented in thi. paper can generate a gear
olid model directly by entering the conventi nal p rameter of
th gear only Inn;;;' an. ~ X . hOg,, CO).

pproximate method

In many cas . gear tooth profile ac urac i. n t critical.
u h a a produ tion dem n .tration, -D animation. etc. In
th sc use, we can u e three arc to substitutc the involute
to th profile Ref. 3).

In Figure J, the gear t th profile i. f rmed with three tan-
gent arc (R 1, R2. Rt).

R = 121Inn:; 0s~
Ra=R+m, h’;, + n

Rb = Reo a,
Rf= R - mi(ron + ¢, ™ = X,
RI =pm,
R2 - p'm,
Rt = sow.u

1- ina"
where: p=-L  I-co ‘a-%- : p" =

2 i+ 4p'

The center of tharc Rland R2ar | ated ntheb e
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eir le, and their tangent point i located on the referen e circle.
rc Rti tangent toth arc R2 and th root cirel atth ame time.
curate  ethod

The Combination of the tooth profile: The cutting tool and
manufa turing method gen rate the hape of the gear tooth pro-
file and affe tthe the reti al de ign re ult. The a cura Y of th
gear tooth profile come from the cutting tool and the manufac-
turing method.

Tw part, Involute | and Root Fillet Curve 2, form the gear
tooth profile ( ee Fig. 2). In olute | (from Point to L) i gen-
erated by the linear (involute) part of the rack- haped cutting
tool (or gear- haped cutting tool). There is a tandard equation
tod cribe it. Fillet urve 2 (from point 10 F) i formed by th
tip of a cutting tool, and there i no tandard equation to
de Jibe it. POiIDI T 1 located on the tip circle. Point , which i
the inter ection and tangent point between the root circle and
r tfillet curve, i locat don the root circle. Pint L is the inter-
ection point of involute and root fillet curve .

tennining tb Roo met Curve of Tooth Profile
uJize pointed out that root fillet curve can be divided into
thr cla e: off et of prolate in olute, off et of epicycloid
and ar (Ref. 4). LA. Boroto kii analyze the root fillet curve
equation generated from different cutting tool in detail, evalu-
ating  th the rack- and gear- haped cutting t | with tips fil-
leted and chamfered.

In fa t, the gear mentioned in the de ign pha e and the vir-
tual pr totyping i the the retical gear. The geometric parame-
te of gears can be calculated using agear de ign handbook. An
accurate tooth profile can be obtained by u ing the generating
method. In the generating m thod, we u e a tandard rack cut-
ting tool that corre pond 10 the helical gear being generated
(mp, z, an' ~ x; han'  'ny The paramete of the cutting tool
are @ n h, When ~=0,th geari a pur gear (Fig. 3).

B ed on the gear param te rp,Z an' ~, xp' h'y, ¢, we
hav th following rel tion of the gear:
sn= (O.51t+ 2x/g an m, tga, = tga,/co ~mt=m,/co ~
d = rnnzlcos~ db=dco ‘a, tg~b=tglko a,

1" = (han' +xp >, h= @uor +on - xnm,

The central angle between the involute tart point B and the

ymmetricalline of the tooth i 'Vh:'Vh = ~ ot inva,.

The central angle between point Band Fi. lIIF (see Fig. 2)

llfina

-inva,
0.5rn,zco an

ccording to Figure 4. the point on the illet urve 2 corre-

ponds to the manufacturing in aantaneous angle ~es.and a,<~,..

< 0.51t, .0 we have:

y=hy ()

my = y/sinll ee. @)
[= myco 1l G

CP-"= CPF + 2//d 4
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Figure 3-Template cutting tool rack:

|
Figure 4--Determining the instantaneous mesh angle.

Figure 5-Determining the intersection between Involute 1and

Root Fillet Curve 2.
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dco I
The polar angle and radius of Point Y is 0) :i-w - ),
CO ~w
'v :;0.5d  cos~y

he datum of 0)' i line BO. Point 0, which i not hown in
the figures, is the center of the gear. When the rotational direc-
tion is clockwi e, the ign of 0)‘ i +; - rands for eounter-elock-
wi e Atpoint F:p. .y :051['m 3y :;;:I;)O,_:;;-:-lnF., ry:;0.5d,
Point F i the inter ection of root circle and root fiBet curve.

After getting th de cription of Root Fillet Curve 2 and know-
ing the equation of Involute 1, iti nece ary to find the intersec-
tion Point L between Involute 1and Root Fillet Curve 2.

A uming an arbitrary p_‘(_) ).and N of point Y2 can be
derived from the above formulas. The pre ure angle of point
Y1, located on the Involute I, ha the arne radius r' with
Point Y2:

©)

Then the central angle difference between Y1 and Y2 i :
( ee Fig. 5)

qy c;inval) - 0 )

g) 50 is a nonlinear equation with variable ~"' . Finding the

II", to atisfy the equation q), :;;:0 mean finding the intersection

point (Yl and Y2 are coincidental). In order to olve the equa-
tion, we introduce the Newton Iteration Numerical Method.

m

Figure 6-Equal tolerance jiJtitlg method using point choice.

Figure 7-Step-by-step modeling procedure.
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A ume the initial value of Ile=is a" convergence criteria i
lg)1 < 0.0000005. The derivative of qy can be derived from
Equation 1-7.

dmy ¥

dlies.  tglteesinlles, ®
I
~a~.. __ —%_ .(.d.d%“ ‘EOS!!--_- Y) 9)
Jijuy _( |__§| (Y—l—dﬂx} eO”"’))(;)'Z (10)
(12)

In orne cases, the root of the equation qy :;;0 cannot be found,
for example, when z is large, Rf> Rb, etc. In tho e ca e , let
I, a, a the intersection point.
Curve ilting Method

The equation of tooth profile formed by Involute 1and ROOI
Fillet Curve 2 has already been proven. U ing pline to fit th
involute i feasible (Ref. 6). me CAD oftware ha the com-
mand to generate the pline from the equation, ueh as ProlE,
Unigraphic , etc. But other oftware doe not pro ide thi kind
of function. In Autode k Inventor, create a ketch pline using a
serie of uitable di crete point. In the field the di cretization
method of complicated curv .i di cus ed constantly. There are
three kinds of method -equal parameter, equal tep and equal
tolerance-that  can be applied to the eurve di cretization (Ref.
7). Among them, the equal t lerance fitting method i mo t rea-
sonable. o realize the equal tolerance fitting method, u e the
point choice method.

Method description. U e tiny steps to di cretize the curve
and e timate the tolerance of every segment, delete the unnee-

-
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e ary points. and the t leran e in the remaining egm nt i
approximately equal Fig. 6). Point. ry™" 1, r +\ r +2
m_\, m,...» ™ are the equal interval di ‘crete points
of acurve. e i the fitting tolerance allowed.

The procedure in detail: ~ or arbitrary initial point r, (the
first point is ro>ostarting from r~+2 and being con idered as a
divided point rm' find the di tan e d between e ery internal
point r; (i = k + 1e.e m - 1) and the line rkr . if d <E .

urning 1.+ 3 i adivided point until iting a point ri' the
di tan e d between r;and the line r~rmi d » e, and here r~rm 1
i the longest distance egment to atisfy the filling toleran ¢
allowed. Point r,_1i aved a aqualified point and all points
between r, and r_ 1 are deleted. Let em | as the rand r peat
the above procedure. e can gain all the qualified point.

en ration of Involute lindrical ear oUd od Iin

Autodesk Inventor

In  utode: k Invent r, ue VB programming 10 fini h the

lid modeling of the involute cylindrical gear. The step-by-step
proc dure i a foUow (ee Fig. 7 :

Step |: Create clo ed profile of the tooth profile.

Step 2: E trude the profile to generate at th ( oil the pr file
to generate the pur gear).

Step 3: Extrude a root ircle to generate the root cylinder and
join it with the tooth just created.

Step 4: Circular pattern the tooth to fini h the gear.

Step 5: e th oftware command to finish the rest of the
mod ling u h the central hole. O

rk+3' KX
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