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DEFINITION OF AN INSTRUMENTAL SURFACE, GENERATING
GEARS OF A PARALLEL, CIRCULAR AND CYCLOID LINE OF THE
TOOTH

Tanja PETROVA GROZEVA

The progress in synthesis and manufacture of gear lrains was possible due o
the crealon and application of the gearing theary. In the mathematics arature
thig theary is considersd of a particular practical Importance and soma of the
grealesl malhematicians and mechanics like Olivie, Hoffman, Oiter, Wills and
others take pride in its developrment.

The created theory and geomatry of involule gearing, the introduced method of
arveloped curves lar the description of conjugated teeth surfaces, the wse of
matrix rostivods for coordinates transition. methods of description of curves of
anveloped curves, ele. are considored |, peaks" in this theary.

The Russkan seisntist F.L. | itvin generalizes all resulls and builds a nice theory
ol gearing [ 1] applable for the research of all two- and thres-dimensional [Ear
mechanisms. He uses the so called cinematic™ method, according Lo which the
teath surfaces are coming as a result of the relative movemeant of one simoler
suriace (called instrumental) and the blenk, The widesl application of cylindrical
dnd cone gears are thosa of A paraflel, circular and cycloid line of the testh.
They can be cut with coping or by a combined eontinuous rodary medion of the
Cutber and the blank, iSing the methad of interrupled or non-inieropted divisian,
In this paper will ba reviewed the method of a combined continuaus Foltary
motion of the cutter and the blank, with which the cutter is 4 head type
“Gleason® "Oericon” ar anather). containing few groups of knives {each group
must hawve one knife for culling of the concave part and ome for the protrading
part of the teoth). The instrumental (cutiing) surface is formed as & rosult of tha
knhvas cutting edges in the head, periorming different movements with each
method of cutting.

The goal & common parameters and a mechano-mathematical model to bo
IMvalved, summerizing all possible movements of the instruments in cudting
cylindrical and cone gears, excluding gears of straight teeth. In the process of
recording the instrumental surfacs through an exclusion of some mowverenls



M)

8.0 Ogy.=, 18 snutCinale system attachod to the genariting romb
whers the plane v, 0.2, coincides with the plane of symmetry of the machirsc
e

u - & paramater of the cutting edgs @,

i - rotation angle of tha cutting head araund the axis Oz, in tha process
of rachining,

m - gear module;

=, — number of groups of knives on the cutting haad.

The angle botwean the tangent line in the middie of the cutting edgs of the knife
and the axis of rotation of the cutting head is o and the plane of thls angls

ALE,
5

tangent 1o a cylinder of 1= K R i the nominal radids, then &

=arcsiniryF,l
Lel lhe equations of the generaling straight edge in the system S, are of the
ferm{t]:

FU=I_|:'I-'l }:j' j -|_ E,o'.llvl',' ' {1]
whars

Z,= ucosie
are coordinates of & random point M on tha forming line and I ,_? gL - gingla

waclors of axes . 2, _]a‘r'.

Besides the rotary movement the cutiing head doas also a parafel movamant

alang the unfolded plane of the primary cylinder of the gear and l&t it i3 5. The

coordinatss of the point M in S, will be dalined with the matr squation:
r=M, 7, 2]

whera {f, w4 matrix of a fourth row, defining the transition of the coordinals

gystem B, into S, and p_and p - MErxes colurnns, farmed from the

coordinaie of the point M, defined accordingly in the coordinate systems S, and
-

After some transtormations from (2) we gel:

| % = u.giha cos -3 J+A,cos8

¥, = usine sinfd -§)4+A,8n08 -5 3
; Ty = LGOS
Except as a straight line the culting edge can ba described as a non-spacified
curva b inFig. 2

| % =%l
¥p = Fulld {4
7, = il
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and garaineters, te different special cases (for the diferent mathods of cuiting)
in be got and to specify o thare are soma other instrumental suriaces.
Assuming that m the common case the formathve surface 15 created by a
rivtaiion of the culting knitves (whoss culling edges are sirgight or of an
unspecified curve ling} amund the axis of the head and a ransiating movement
oaraliel o the axis of the biank f it is & cylindrical one).
For defining generalized equations of the generating surface we shall introduce
the following conrdinate systeans, symbols and parametars (Fig. 1)

8,0 Oy .z} - acoordinate system attached o the culting cdge with a
centar EIF in the middle of the straight edge p;

8. 0x2) a coordinate system atached o the culling head wilth a
center on the axis of rofation of the instrument and coordinate planes coinciding
with thosa in S, ;

e
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whera L (i = 1.2 ame paramalers of the cunve,
The gemershing finstrumentall surface is desrved In the same way and it is
suifabla for crealing of an aporopriate mathod for modification in cutting of the
small gear out of the semi-rofling gear ransmission [Z]. By oplimization of the
function of the gear machanism position, parameters |, of the specifled curve (4)
are studied. Thig curg miest fulfill the Tolowing requirements:

- to cross the point O, (Fig. 2) of the stralght cutting edge k'

= K' to ko tangent fo tFua curve K in point O;

- in the point O, o be fulfiled the condition for & conjugalion according o
the aquabtion of Oiler-Savary | 1], giving the relation between the radiuses of
curves of the profiles and sentries,

The most appropriate solulion seems to be an anc
of a circls k" (with g specified radius) tangent to
the straght edge in the point O, at a distance AS
[Fica. 2.

The tradilional gear ransmissions are rolling and
the cases of genersting surfaces described by
afualions (3) ame of A spacial interestWhen & =
8 the Instrumental surface s a rolztional
hadicodd The eguations of the directing cures in
secton 2 = 0 dofine a cycloid curve [described
by a poinl. balonging to a plane af g circle of B
radius ry) are

|¥%y=R,.co50 5
Fig. 2 iy, = R, . sing -, 0.

When 5=0, from (3) tha equations of the nstrumenial surface used for cuthing of
arcoidan gears wilthowt angent feeding, are derived. With this condition hwo
Cases ane possible:

A} with & =07 - the directory cunve i5 2 circle and the instrumental surface s a
coree of the equations:

%, ={ u.slna +Ajoos 8
¥, =(usina +R,}sin i (B}
Z, = U080

This surface can ba used in the process of culting of arcoidal gears of a paralbsl
circular lima of the teeth, participating in a warm transmission [ 3] {for a motion
transterting with perpendicular axes);

b} with & =0F - equations of the generating surface are:

| ¥, =wsine cosfd-§)+R,.co50
Py = Wsina sinid -5 )+ A, sind (7
Z, = U.COG0
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Fos finding of the cangnic type of thes surface are necessary some transions
and the rasult is:
X, ¥,

=TTy —
&

-'.l--:I & _.i': __.l

=] {8}
g P e
a=RA1 o8’ S

¢t = R,.cotg o.cosd

The equation (8) defines a single strip rotational hyperboloid (Flg. 3), te
generating surfate i hyperbaolic, respectively. Besides, with cutting of
cylindrcal gears the generating surface of this iype {3) can be uscd with
forming profiles of the teeth of cone gears.

Fig. 3



O Flg. 4 = shown the rakative positic: of e instrumental gurface accarding o
thi blank Tha axis of the cultlhg head IS nclinad at v equal to the angle of the
dividing cotye of the cultec gear.

Figj. 4

Coordinate systams S,and S, are inreduced by anaiogy with those (Fig. 1) and
8, i5 with axes x,and Z, inclined &t &n angle » to x, and z, where ihe plans
2 OZ, eodncides with the plana of symmetry of the gear.

in this case the matrix for transter is:

. cos{@+yB) sinf+yE) 0 R oosbeyl
M= | siniB-5 } cos{Bs) 0 A.sind -8 || (@)
|. 0 o ] 0 !
0 0 o 1 .

whore the already introduced symbols and paramebsrs are valid, and m is the

face modude of the gear.
Then according Lo (2) we get

[ %y = U.sino CoSE+y - 5)+B,. cos {0 +7)
| ¥q = waine singd -} +R, sin@-r,8
z, = U.COSG.

(1)
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Cbwiously with y = 0" the equations (10) will assume the lerm of {3) and it can
be consldersd that egualions (i0) are 8 summarized record of the obsarvad
irstrumental sufacos.

Basides, there are olher surfaces of variable nominal radiuses al the instrumesnt,
That case is for exampia the instrumantal sirface of the lace spirak-disc cuttar
[4] but i & out of interest in this paper.

The instrumental suaces reviewed so far will form the concave part of the
frcoidal teeth. To form the comvex part In equations (2, 18}, (7) and (100 we
must exchangs the angle o with (180+a ).

With the summerized record of their instrumental surfaces the problems of
synthesis and analysis of arcoidal gear transmissions will ba solved

Obviously with annuiment of some parametsrs can be gat as all known il now
instrumental surfaces a8 well A3 S0me new ones (for Instance, a hyperboioid
Silflaca),

Thare is a possibifty for generating another irderesting surlaces (using diferant
fypes of curved culling edges of the instrument] which will be an object of
anothar future resoarch.
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DEFIMITICN OF AN INSTRUMENTAL SURFACE. GENERATING GEARS
OF A PARALLEL, CIRCULAR AND CYCLOID LINE OF THE TOOTH

Abstract,

The geometry of differant types of instrumental surfaces, used in lorming the
profiles of the teath of arcaidal gear wheels, is known, This geametry deperds
mastly on the peculizrities in the kinomatics of cutting for getting a specified
longitudinal tooth ling.

In the paper are summerized all main paramelens, introduced by tha study of
the various mathods of lorming of the teeth profiles and the producing surface
{called a summerized one) is presented in a general typa.From the got
equatians, trought annwmeant of some Parameters are derived the instrumental
surfaces knowntil now and some new anes.
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