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Computerized Design
of Spur and Helical Gears

Introduction
One effective way to enhance gear design is to
allow users to forecast the quality of a gear at the
initial design stage—that is, when choosing the
basic, initial geometric parameters. Such oppor-
tunity decreases considerably the range of vari-

able parameters and raises the design quality and

efficiency.

This idea is implemented in a new approach
to the design of spur and helical gears. The
approach is based on the application of a special
type of geometrical objects named blocking con-

tours (Refs. 1-4). These BCs are used to choose

rational values for addendum modification coef-
ficients (profile shift coefficients) of a pinion and
gearwheelx, andx,, respectively. The influence
of shift coefficients on the calculation of a gear’s
tooth geometry and kinematic and strength pa-
rameters is widely known. Given this influence,

Management Summar

In gear design, choosing shift coefficients x, and x, for a pin-
ion and gearwheel may be crucial to providing the necessary
quality for spur and helical gears. This choice can be made by
means of a so-called dynamic blocking contour (DBC), which is
described in this paper. The contour contains important informa-
tion about a number of quality parameters for a gear design and
can be drawn with help from a “Contour” CAD system when
choosing a gear's initial parameters.

When applying a DBC, the designer can predict the gear's
quality at the earliest stage of its design, i.e. when choosing the
values x, and x,. This ability allows a designer to increase con-
siderably the productivity and quality of the gear design process,
eliminating complex iterative procedures for finding optimal
solutions.

many properties of a gear can be estimated at the

stage ok, andx, selection by means of blocking
contours—that is, at the initial design stage.
Thus, the process of choosing optimal gear pa-

rameters is simplified considerably.

Based on the BC concept, computer-aided
design of spur and helical gears has been deve
oped to achieve the stated design principles. I
order to better illustrate the design, CAD shows
the meshing processes of the gear pair and show
meshing element generation by a rack-type cut
ting tool. Release of the developed system allow:
users to master the methodology and possibilitie
of gear design using the BC concept to evaluat
the selection of shift coefficients to obtain speci-
fied gear properties.
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- z sirfa,

1| b .-_u - X = hl* _ ha* _ 7008 (1)

wherei = 1 for a pinionj = 2 for a gearwheel;

. ;’i; ' h* is a boundary height factor equal to the ratio
T | of the height of the rectilinear section of an initial
i ,.- contour (“producing, or basic rack”) to the mod-
[** f ulem; h_* is an addendum factor, one of the main

LI " N ] Lt} _?.l.-‘.-"_"l o i L ] "‘l_ . . %

v basic rack parameters (in most calsés= 2h_*,

A the standard valule* = 1);
Pue | | z is the tooth numbez( is for a pinionz, is for

a gearwheel);
B is the helix anglef{ = 0° for spur gears);

b

] _ taro
Figure 1—View of a blocking contour. &= arctar( coP )

Essence of the Blocking Contours Method is the pitch profile angle in lateral cross-section;

A set of lines is plotted on the coordinate planeéherea is the pressure angle, another important
X, X,, the lines corresponding to certain values obasic rack parameter.
basic factors which limit the valid process of mesh-
ing. These values can include maximum allowable.) Lines of interference.
ones. The factors are:
1.) the absence of undercut when cutting piniorfror a pinion:

and gearwheel teeth,

2.) the absence of interference in operating mesh-a,sina,,, — 0.5 tamr,, = O.Edlsimt—h'sih—r;lxlm 2
Ing,

3.) a transverse contact ratig—including its where
allowable value, for example, = 1, and a, is the gear center distance;

4.) tooth thickness at the addendum cisjend o, is the gear pressure angle
its minimum allowable value, for examgig= 0,
corresponding to sharp or pointed gear teeth. inva, = 2
When intersecting with each other, these lines
form a closed area on the coordinate plane. Thehere “inv” is the designation of an involute
point x,, x,) for the pinion x,) and wheelx;) must ~ function of an angle (inv = tarx — o), some-
be within this area, otherwise one or more of théimes also called an involute angig;anda,, are
gear operation criteria stated above will not be truénterconnected with a known relation
Figure 1 shows limiting lines in terms of undercut _ coq,
(straight lines 4 for a pinion and 5 for a wheel), A= coxxy,
interference (two lines for a pinion, 6 and 6', and (2, + Z)m
two for a wheel, 7 and 7), transverse contact ratighere  a=—5g—
€, = 1 (line 1) and the sharp teeth of the pinigp (
= 0, line 2) and wheek(, = 0, line 3). The area is the pitch center distance;
defined by these lines (the figure’s shaded area) &, is the gearwheel base diameter;
the domain of coefficients andx, which meetthe a,, is the tooth profile angle of a gearwheel at the
above criteria. This shaded area is bounded by pafeint of tooth addendum circumference
of the abovementioned limiting lines-7L. These _dy,
parts make up a closed line. This line is called a O = d.,
blocking contour (BC). whered,, is the gearwheel tip diameter (diameter
To determine the limiting lines, the following of the addendum circle); and
mathematical equations should be used. formulae ford,; andd,; are well known.
With these formulae, one can obtain the
1.) Lines for the undercut are straight lines paralexpressions for cos, and cos,, which include
lel to the coordinate axes: shift coefficientsx; andx:

X X%
3+z

tan+ inva, 3
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be correct and effective. This system is a gear

cos, ,= A£0% ) CAD system created by the authors based on the
2% — %, JcoB + 2, +2) % 2, BC concept. _
w The linex , s, and g,, which are among the
d, is a pinion reference diametet, € mz). mentioned BC curves, depend on initial parame-
In the equation for a gearwheel, indices 1 anders such as tooth numbgrandz, for a pinion
2 interchange their places. and gearwheel respectively, helix anfleand

Using the known relations fax,, d,,andd, in ~ basic rack parameters—in particular, pressure
equation 2, we can obtain the following correla-angle o and addendum factdn,*. They also

tion for the pinion: depend on values of parameters for which these
lines are constructed. When designing a gear, the
(z, + Z)costan,,, — Z,cogutan,, values of these latter parameters are taken either
_ co from standards or from practice. For example,
= zsina, — 2 %m* -hx-x) (5) P P
t

the minimum allowable value &f is chosen as
1.0, 1.1 or 1.2 in accordance with different stan-
dards and the type of gear being designed (spur
or helical); the minimum allowable value gf ,
= 0.25n or 0.4n. In the practice of design and
research, however, it is often necessary to oper-
ate with non-standard values for these parame-
ters. Moreover, in order to increase the flexibility
of the design process, one may need to simultane-
ously construct several lines of one type with dif-
ferent values for the determining parameter. This
4.) Lines of tooth thickness at the addendum ciryvas the' reason for the development of the dynam-
cles, (i = 1 or 2, as before): ic blocking co_ntour (DBC) concept. .
Let's consider the case when an engineer

5= dai( mo, ta oy inmai):ksim ) designs a helical gea_r gnd wants the transverse

i contact ratio to be within the range kC, <

The valueky determines the tooth thickness at1'4' Then the BC conflgu_ratlon containing two
transverse contact ratio lineg= 1.0 ande, =

the addendum circle proportional to the module. ) L )
For the minimum allowable valuk, = 0, the 1.4 (represented by lines 1 and 1' in Fig. 2) is

expression defines the line which is the boundar%eq,u'red' If the e.n#meﬁr takes shift coefh(;lents
limited by sharp or pointed teeth. point (x;, x,)] within the area between these

Using the known expression fa,, we can curves (the figure's shaded area), the valug, of
obtain the following formula for the pinion: Is guaranteed to be within the given range.

wherea,,, anda,, depend upor, andx,accord-
ing to equations 3 and 4.

3.) Line of transverse contact ratp
%[zltam(al +ztan, - (z + Z)tam, ] = €, (6)

whereg, is a given value of transverse contact
ratio, e.gg, = 1.

| §x,
+ coxu | ! |
[0e0 g —e—s] |
o, P 1
xH 18,
. [ 221 + 2X1t2?—m + ioy— inv(k] =ky (8) “H_HH }/ﬂ;

o I
which, for a giverk, is the equation of the line ‘I - . ’_f
s,,in the planex, x,. ! T i

The equation of the ling,, for the gearwheel | s e s we s wsas| | s a0 | .-'-;r'f.i.". T Y
is almost the same, indices 1 and 2 interchangin 7 4
their places. TR |
Equations 1-8 have been used for calculatio :_“' {'
and construction of BC limiting lines in the coor- |
dinate plane,, x,. For more fast and reliable cal- A
culation of the lines, special algorithms werg l,, =
developed and used in a “Contour” CAD systen

(see the “Example” section below) and proved toFigure 2—Blocking contour withg,1 = 1.0 (line 1) and,1 = 1.4 (line 1).
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we obtain constant values of pressure angle

Pgrr——

r———

ket LN B

and center distanag, according to formulas

TT— e —

e SO e R % e I e
BIGREIF ¢ | [FEE
r E—
e i T
q___*‘._.-*"
o
1 |
i .."\-{ﬂl i
=
S
LY o [T
\ i § ey
o 1 = ;
| =_1

|

Figure 3—Description of features of BC lines.

Some Features of Blocking Contour Lines
A blocking contour (BC) has a property
which becomes very important for implementing

Xs

inva,, =2 73 tam + inva, and
cos,
aN —a————
co,

which appeared earlier.

From a geometrical point of view, it means

that:
1.)the position of the lin&, + x, = X; in the

coordinate plang,, x, is defined by the value
of one of three unambiguously interconnect-
ed parameters;, a,, or a,,

2.)pressure angle,, and center distance,,

remain constant when displacing the poigf (

X,) along the stationary straight limg+ x, =

Xs (that is along the line with the fixex) =
constant). In practical terms, this is important
because in actual gear design, center distance

the abovementioned concept of gear design. The @, is often predetermined and can't be

property is: In order to calculate and construct a
BC, it is necessary to have certain minimum

changed.

information, which is usually known at the first Il. Line with the equatior,, = a,, (line B in

design stage:
1.) tooth number of piniom, and gearwheet,;
2.) initial contour (producing rack) parameters—

Fig. 3)

Herea,, anda,, are tooth profile angles of a

in particular, profile angle, tooth addendum pinion and a gearwheel, respectively, at the
coefficient h_* and radial clearance coeffi- points of tooth addendum circumference. As

cientc*; and
3.) helix angleB (for helical gears).

research showed, this line has two following
interconnected properties:

In the simplest case, when designing a sput.) for a given center distaneg = constant, the

gear 3 = 0°) with “standard” initial contour(=
20°,h* = 1, c* = 0.25), it is necessary to know
only valuesz, andz,. Note here that the geometric
configuration of a BC does not depend on gearing
modulem.

In order to apply a BC more effectively,
“additional” lines within the coordinate plang
andx, are used along with the abovementioned
lines generating the blocking contour. These

maximum transverse contact rati, is
achieved at the poink{, x,) of intersection of
the given line with line AX; + x, = x; ) com-
pared with other pointsx{, x,) of line A.
Since the coefficiert, is known to be one of
the main parameters defining smoothness of
gear operation, the line under consideration
may be called “the line of maximum smooth-
ness”;

lines, like the lines forming the BC, are the geo-2.) for a given transverse contact ratjg the
metrical representation of several properties of a maximum possible value of the shifts sum
gear under design. Let's consider some of these coefficient x; (and therefore the maximum

lines (Fig. 3).

. Straight line with the equatioq + x, = x; (line
Ain Fig. 3)

Here x; is the so-called coefficient of shifts
sum. This line is important in the practical oper-
ation of a blocking contour. When the value of
the shifts sum coefficient is fixed(= constant),

values ofa, anda,,) is achieved along line B,

at the point of its intersection with the ling

(line 1 in Fig. 3). As the valug; increases,
the values of curvature radii for the pinion
and gearwheel tooth involute profiles also
increase, leading to a decrease of con-
tact stresses and, therefore, an increase of
gear contact strength. This opportunity, how-
ever, can be practically implemented only
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when the center distaneg, is variable with- ficients of a pinion and geaheel.

in a wide range, which happens very seldom. Example

That is why this line is alternately called “the Let’s consider the blocking contours of an

line of maximum contact strength” or, at leastexternal spur gear (Fig. 3) presented to the user

“the line of increasedcontact strength.” The of a “Contour” CAD system based on the

line may also be called “the line of minimumdescribed concept. A spur gear with the follow-

contact stresses.” ing initial parameters is consideret]= 22,z,=
35,m= 2 mm;a = 20° andh,* = 1. (This data

1. Line of equal specific sliding (line C in Fig. 3) is presented in a small panel “Gearset parame-

ters” near the figure’s upper right corner.) Center

This line has the equation (Ref. 5) distancen,, is assumed to be predetermirsgg-
arn ar 58.5 mm. The area limited by the blocking con-
u ( tama"; —J) = tamz -1 (3) tours is shaded in the figure. Line A corresponds
to the initial center distanag, = 58.5 mm. The
where u= 27 shift coefficients at poir&, where lines Aand B

intersect, are equal 8 = 0.103,x, = 0.718 and

is the gear ratio. If the shift coefficientsandx, X; = 0.821. The maximum allowable transverse

are chosen so the point;(x,) could belong to contact ratiog, = 1.425 for the givers,, is

this line (or, at least, to its vicinity), the gearachieved at this point. (This ratio is shown in the

operating conditions will be favorable for reducpanel “Calculated parameters” in the figure's

ing the risk of scuffing and abrasive wear. lower right corner.)

Moreover, it is emphasized in Reference 1 If the point §,, x,) is displaced along line A
that such choice of, x, provides more benefi- to the right and downwards to position b—that
cial values of tooth shape coefficierjt from a is, to the intersection with line C—theq =
bending strength point of view. 0.445 andk, = 0.376. For these coefficients, the

Therefore, it is possible to choose the valuegdvantage of the line of equal specific sliding
of x;, x, at the initial stage of gear design bywill be obtained (see above). It is clear that
means of a BC and to choose lines A, B and choosing the position of the poing (x,) on line
described above to solve the following tasks: A between points a and b corresponds to some
« the given value of center distanag (choice compromise between maximum transverse con-

of the position of line A in the plang, x, is  tact ratio and equal specific sliding. This choice

provided); is also interesting in practice.

« maximum smoothness of gear operation If the gear design allows the center distance
(point of intersection of lines A and B) is a, to be increased from a geometrical point of
achieved for a givea,, or minimum risk of view, the increase corresponds to the displace-
scuffing and abrasive wear is achieved bynent of line A to line A, where it is tangent to
equalizing of specific sliding (point of inter- the lineg, = 1.2. This line (the curved line 1 in
section of lines A and C); Fig. 3) limits the blocking contour from above

* minimum contact stress is achieved for th@nd from the right. Note here that the minimum
chosen overlap ratie, at the point of inter- recommended value of the transverse contact
section of line B with line 1 corresponding toratio for spur gears according to Russian stan-
the given value,. The user immediately ob- dards for their geometry calculationgg= 1.2.
tains the displayed valuesxf a, ande, cor- Maximum values oks, a, anda,, are reached
responding to the chosen poink,,(x,) here within the blocking contour. Reference 5
where contact stress is noted to be minimunshows that the contact of line A (= constant)
Thus, the concept of gear property evaluatioande, = constant (line 1 in Fig. 3) always takes

and selection of the values, x, at the initial place at the intersection of lines 1 and B inde-

design stage is provided by means of blocking comendent of the value,. This is the pointc,
tours with the lines A, B and C described abovewvhere the shift coefficients akg= 0.497 anck,

Later in the gear design stage, the correspondirgl.232, and the values of shifts sum coefficient,

properties can be proved by calculations. Here theenter distance and pressure angle xre=

designer avoids performing time-consuming iterat.729,a, = 59.960 mm andh,, = 26°42'33",
tive procedures when choosing optimal shift coefrespectively.
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from ASME.

The abovementioned “Contour” CAD system

also provides some additional possibilities fofkeferences
visualization of: 1. Bolotovsky, |.A., V.I. Bezrukov, and O.F.

« tooth profiles of meshing pinion and gealr_Vasilyeva. Reference Book for Geometric

wheel in any desired scale with many auxili-Analysis of Involute Gears and Worm
ary elements, such as a line of action withl"@nsmissions Mashinostroyeniye, Moscow,
marked out sections of single- and double1986, p- 448 (in Russian).

pair engagement, active sections of tootf- Goldfarb, V.., and A.A. Tkachev. “Some

profiles, arcs of relevant circumferences: 1 neoretical and Practical Aspects of Cylindrical

« gears in operation, i.e. rotating gearwheel an§€aring CAD Development,Proceedings  of
pinion, with all explaining geometric engage-the Tenth World Congress on The Theory of
ment attributes available: Machines and Mechanism®ulu, Finland, June

« process of tooth cutting by means of a raci0-24, 1999, Vol. 6, pp. 2276-2280.
tool. Change of tool parameters and visualiza3: Goldfarb, VI, A.A. Tkachev, and V.L.
tion of consequent changing geometry ofSobakin. “CAD for the Choice of Shift
a tooth being formed is available. Coefficients in Designing Spur and Helical
The mentioned additional capabilities, whichG€ars,” Proceedings of the International

are not always necessary for gear design in pra&onference “Mechanics in DesignNotting-

tice, may be useful for a designer and especiallj@m. United Kingdom, 1998, pp. 71-78.

for educational purposes due to their possibilitied: ©roman, M.B. “Choice of Correction  of

of visualization. Gears,Vestnik Mashinostroyeniyalo. 2, 1955,
Prospects for further development of thePP- 4=15 (in Russian).

described approach are associated with implemen: Tkachev, A.A. “Research of Some Properties
tation of some more auxiliary lines into the ppcof Blocking Contour Isolines for Selection of
structure. These lines include equal bendingnift Coefficients,” Proceedings of the
strength of a pinion and gearwheel, as well as International Conference “Theory and Practice
number of others. Prospects are also associat8§ Gearing” Izhevsk, Russia, 1998, pp.
with application of the developed methodology of257-263.

DBC construction for other types of gears: internal

cylindrical, straight bevel, Novikov and others.

Conclusion
This paper gives a new approach to comput-

er-aided design of spur and helical gears, based

on implementation of dynamic blocking con-

tours for choosing pinion and gearwheel shift

coefficients in order to easily obtain some prede-

termined properties of a gear without prelimi-

nary calculations and complex optimizing proce-

dures. The developed approach allows prediction

of gear properties at the first stage of design, at

the stage of initial data assignmefit.
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