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ARCHED TRANSMISSIONS TEETH GEOMETRY WITHIN OFFSET OF
INITTAL PROFILE

There has been researched teeth geometry of cylindrical arched teeth gears, cut with rod
instrument, teeth of which profiled by arbitrary curve in normal cross-section and in
linear direction within initial profile offset. Toothing of instrumental rod with arched teeth
with gears within initial profile offset is an analogue of the process of cutting teeth with
rod instrument by means of enveloping. Surfaces of gear teeth within toothing with rod
are enveloping of teeth surfaces of the last one. If teeth surfaces of instrumental rods for
cutting pinion teeth and gear are non-congruous, then we have case of dotty toothing of
pinion and gear. If initial profiles are non-congruous, then contact dot moves from one
side of the tooth to another. It was obtained equations of teeth surfaces, while writing
down coordinates of toothing surfaces in coordinate systems X;Y;Z;, and X,Y,Z,,
connected with pinion and gear. While making such a transition, we have equations of
surfaces of convex side of pinion teeth and concave side of gear teeth. In common case
those equations are equations of helical lines of variable pitch. These equations can be
used within the determination of toothing field borders, appropriate to the tops of the
pinion and the gear teeth. Within this case two types of toothed gears with arched teeth
will differ: gears with symmetric arched teeth (teeth are symmetric relatively to the plane
XOZ and asymmetric arched teeth (working area of teeth surface is situated from one side
of plane). Received results can be used within the determination of indices of loading
ability and other characteristics of cylindrical arched transmissions with generalized
teeth geometry within initial profile offset.

Key words: initial profile; producing surface;, arched transmissions; profile offset;
instrumental rod toothing.

Introduction. Modern terms of market economy raise the tasks of quality
increase, reliability and durability of cars and mechanisms in front of enterprises of
machine-building. Teeth transmissions take one of the leading places among the
output of machine-building branch because they are the constituent part of drives of
practically of all cars. That is why the increase of qualitative indices of teeth toothing
by means of the perfection of transmission teeth geometry is an actual scientific and
technical task.

Geometrical and kinametic indices of loading transmission ability in dependence
of the unknown functions, determining cutting instrument geometry of rod type, are
necessary within the synthesis of teeth geometry of teeth gears [1]. General questions
of plane toothings’ geometry are considered in works [2, 3, 4]. Though obtained in it
results and relations do not allow to produce synthesis of cylindrical teeth gears’
geometry according to loading ability indices. In works [3, 4] geometry of cylindrical
arched teeth transmission, formed by means of generalized producing surface, has
been researched. Though, research data cannot be applied for arched transmission
within the presence of initial profile.

Objects and problems. Generalized surface of arched teeth of instrumental rod
within the initial profile offset.



Let us consider coordinate system X.Y.Z, (Fig. 1). Curve ©(M), determining

linear teeth form of producing surface has been given in coordinate system X,Y,Z,
and rod teeth profile is drawn by generalized initial profile in normal cross-section.
Let us present the equation of teeth surface of rod instrument (producing surface)
in connected with it coordinate system in the form of vector [1] in order to produce
geometry synthesis of cylindrical teeth gears according to indices of loading ability

I, :fo(“)"‘gofl(}")"'ﬁofz()‘), (D)

where T(M) — vector, determining linear teeth form of producing surface; by, 1,

— single vectors of binormal and curve normal (W) ; f,0) £0) functions,
determining initial profile geometry of cutting rod instrument (producing surface) in
normal cross-section ; A, M —independent parameters.
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Fig. 1. Producing surface of arched teeth (teeth surface of instrumental rod)

While using the results of the work [3, 4, 5], we obtain equations of arched teeth
surface of instrumental rod in the following form:

- convex side of arched teeth (initial profile profile is placed above initial
straight line) (Fig. 2)

Xn :fl +En
Y =Y, + 1, cosp,
z, =z, —f,sinp; 2)

- concave side of arched teeth (initial profile profile is placed above initial
straight line within m =Imm ) (Fig, 3)

Xn =fl +E.a:
y, =Y, —f, cosp+0,5m,
z, =z,+1f,sinf, 3)



where Yo, Zo — vector projection on coordinate axis; P — the corner of teeth

incline (the corner between axis O.Z. and tangent to curve (Fig. 1), determined from

Si“‘*:—/% cosp = ——
relations: (Yo +20) | (Yo+20) ; Yo, Z, — function derivatives Yo, Zo
in K; & —initial profile offset.
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Fig. 2. Convex side of arched tooth of Fig. 3. Concave tooth side of
instrumental rod instrumental rod

Toothing of instrumental rod with arched teeth with gears within initial profile
offset.

This toothing is an analogue of the process of cutting teeth with rod instrument by
means of enveloping. Surfaces of gear teeth within toothing with rod are enveloping of
teeth surfaces of the last one.

The scheme of instrumental rod toothing with gears is presented at fig. 4.
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Fig. 4 Scheme of instrumental rod toothing with pinion and gear
(1 — the profile of rod arc tooth in normal cross-section)

vV X4
H.II. h\ // %
Y,




Here O; and O, — are axes of pinion and gear, R/, R, — are radiuses of initial
cylinders of pinion and gear, IP — initial rod plane; X.Y.Z, — coordinate system,
connected with rod; XiYiZ, — coordinate system, connected with pinion (less gear of

teeth pair); X.Y>Z, — coordinate system, connected with gear(larger gear of teeth
pair); coordinate system, connected with gear (large gear of tooth pair ); XYZ —

unmovable system of coordinates. Plane Y»O.Z, — initial rod plane ; plane YOZ — is
in the initial rod plane; axes 0iZy, 0,2, _ are directed along gear axes; axis OZ
coincides with pole toothing straight line; ®:1, ®> — the corners of pinion and gear
rotation. (91 = U®, , where u — transfer number of tooth transmission); V — linear rod
speed (V=0 R, =0,R,); ®, " ©, _corner speeds of pinion and gear.

Within gear rotation (pinion rotation) on the corner ®i (1=1 — for the pinion,

i=2 _ for the gear) rod will offset on the distance Ri®;.

Equations of surfaces of arched rod teeth in unmovable coordinate system XYZ
have the following form:

- for left profile of initial profile (convex side of arched teeth) with the usage

@)

X:fl+é9
y=y,+f,cosp-R;q,
z=z,—f,sinf; 4)

- for right profile of initial profile (concave side of arched teeth m =1 mm)
with the usage (3)

x*=1 +&,
y*=y, —f,cosp+m/2-R;0;,
z¥=z,+1,sinf. (5)

Equations of rod toothings with teeth gears we will write down in the form [2]:
- within rod and pinion toothing

<|

F =2V, (©)
- within rod and gear toothing

F;=¢-V"”

; (7

where V"', VP — vectors of relative speeds within rod toothing with pinion and
gear;

e — single vector of normal with coordinates:



® n, " n , ™ n , ®)

where 1= (f1')2 +(fz’)2 :

1
. T
Vectors of relative speeds are equal within ' ¢,
- within rod toothing with pinion and gear with the usage (4) (convex side of
arc pinion teeth, concave side of gear arc teeth)

=1 o)Z:Il
c

v =—(y,+1, cos[3—R1(p1)§—i-(f1 +<‘,)}+0~E,
vpz:(yo+fzcos[3—R2(p2)i—(f1+<‘,)}+0-E; 9)

- within rod toothing with pinion and gear with the usage (5) (concave side of
arc pinion teeth, convex side of arc gear teeth)

V! =—(y, 1, cos[3-|-7t/2—R1(p1);+(f1 +§)}+0-E,

vpz=(y0—fZCOSB+TC/2—R2(p2);—(f1+§)}+O-E (10)

where ;, J, k —unit vector of unmovable coordinate system.

It is necessary to multiply ® and ®. appropriately for identifying true meanings
of vector projections of relative speeds V*' and V**.

Let us present equations of toothing (6) and (7) with the account of meanings of

vector e projections in the following way:
- within rod toothing with pinion and gear (convex side of pinion teeth, concave
— of gear teeth)

! !

" f. f, f,
F =—(y, +f,cosp-R,0,) =+ ——(1+é)1 cosp=0,
n n

E =(y,+1, cosB—Rz(pz)-fi+&cosB:0;
n n

&y
- within rod toothing with pinion and gear (concave side of pinion teeth, convex

— gear teeth)

F =—(y, -1, COSB+§_R1@1)'[__]_MCOSB =0,
n n

E =(y,-f, cosB+§—R2@2)-[—fi]+mcosB =0.
n n (12)

It follows from (9), (10), (11), (12)



VP =(Q, cosB)I-ir(fl +§)j+0~§,
V7 = (-, cos)i - (f, +E)j+o0-k, (13)

Ql — (fl +E.’)fl

’

where f,

Equations (11) and (12) are additional terms of parameter connection A, K, @i,
Equations of surfaces of teeth gear and rod toothing in unmovable coordinate system
XYZ (as well as toothing of pinion teeth and gear) with the usage of (11), (12) and
(4), (5) can be written down:

- within toothing of convex side of pinion and concave — gear teeth

X:fl +§7
y=— cosp,
z=z,—f,sinf; (14)

- within toothing of concave side of pinion teeth and convex — gear teeth

X:fl+§7
y =@, cosp,
z=2z,+f,sinf. (15)

Within @ =const equations (14), (15) determine immediate teeth line contact on
the surface of toothing. Within z =const the first two equations (14), (15) determine

toothing line in side gear plane. Within H=¢c0nst we obtain equations of line toothing
in normal cross-section of toothing gears. If teeth surfaces of instrumental rods for
cutting pinion teeth and gear are non-congruous, then we have case of dotty toothing
of pinion and gear. If initial profiles are non-congruous, then contact dot moves from

one side of the tooth to another. (A = const within it.) If rod surfaces along teeth length

are non-congruous, then contact dot moves along teeth height (! =¢c0nst) We have an
analogue of Novikov’s toothing in the first case, localization of pinion teeth contact
and gear along their length.

Surface geometry of pinion arc teeth and gear within initial profile offset

We will obtain equations of teeth surfaces, while writing down coordinates of

toothing surfaces (14) and (15) in coordinate systems XiY1Z, and X,Y,Z, (fig. 4),
connected with pinion and gear. While making such a transition, we have:

- equations of surfaces of convex side of pinion teeth and concave side of gear
teeth (while using equations (14)

X, =(f, +&+R,)cosp, +Q, cosPsing,,
y, =(f, +&+R,)sing, —Q, cosPcose,,
z, =z, -1, sinP; (16)



X, =(f, +&—-R,)cosp, —Q, cosPsing,,
y, =—(f, +§—-R,)sin@, —Q, cosBsing,,
z, =2, —f,sinf; (17)

- equations of surfaces of concave side of pinion teeth and convex side of gear
teeth (while using equations (15)

X, =(f, +&+ R )cos@, —Q, cosPsing,,
y, =, +&+R,)sing, +Q, cosPcoso,,
z, =z, +1,sinf; (18)

x, =(f; +£—R,)cos @, + Q, cosPsin,,
y, =—(f, +£—R,)sing, + Q, cosPsin¢,,
z, =z, +1,sinf. (19)

In equations (16) — (19) variables A 1, 91, 9, are connected with relations (11),
(12). Profiles of pinion teeth and gear in normal cross-section are identified with the

help of equations (16) — (19) within K =const in side — within % =const z, =const
If to put @, =const ¢, =, /u (u — transfer number of transmission), then these

equations determine coordinates of immediate contact lines of the working surfaces of
pinion teeth and gear. Within A = const equations (16) — (19) determine dint of contact
dot on teeth surface within its movement from one side to another. In common case
equations (16) — (19) within A =const are equations of helical lines of variable pitch.

Cylinder radiuses, on which these helical lines are placed from the first two equations
(16) — (19), are equal

R, = \/(f1 +§+R1)2 +(Q1 cosB)2 ,
Ry, = \/(fl +&- R2)2 + (Ql COSB)Z . (20)

These equations can be used within the determination of toothing field borders,
appropriate to the tops of pinion teeth and gear. It is necessary to put in (20) R, =Ry,
Ry, =R, (R4, Ry — radiuses of pinion teeth tops and gear) for it, and within the
determination of M to use meanings Zi and Z: from equations (16) — (19). Meanings

Z; and 2> are necessary to be given within the width of teeth gears.

Within this case we will differ two types of teeth gears with arched teeth: gears
with symmetric arched teeth (teeth are symmetric relatively to the plane XOZ (fig. 4)
and asymmetric arched teeth (working area of teeth surface is situated from one side
of plane (fig. 4).

In the first case meanings Z in equations (14) and (15) are changed within
-B<z<B (where B — width of the teeth arc), in the second one — B, <2<B (where

B, — distance up to the nearest tooth side from plane XOZ (fig. 4).



Conclusions. Received results can be used within the determination of indices of
loading ability and other characteristics of cylindrical arched transmissions with
generalized teeth geometry within initial profile offset.
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IILHOCKO, O.FALIITA, A JINCEHKO, I[1.TKAY, A.FALIITA

IF'EOMETPIA 3YBHIB APOYHUX ITEPEJAY
IIPU 3MIIIEHI BUXITHOI'O KOHTYPA

Jlocniooicena ceomempis 3yoyie YuriHOpUUHUX 3y04ACMUX KOJIC, HAPI3AHUX PEUKO8UM
incmpymenmom, 3yoyi AKUX Npo@inbosami 00GIILHOIO KPUBOIO 6 HOPMATLHOMY
nonepeyHomy nepepizi ma 6 NPAMOMIHIUHOMY HANPAMKY 6 Medcax nouyamrKo8o20
smiwenns npoginio. 3'eOnanus incmpymenmanvhoi peiku 3 0y2onodionumu 3yoyamu i3
3y0uacmumu Ko1ecami 8 Mexcax no4amro8020 3MiujeHHs npoQhinio € ananocom npoyecy
HapizauHs 3y0yie 3a 0onomoeor memoody obrouyeanus. Ilosepxwi 3y6yie peiiko6o2o
iHcmpymenmy 00KOYYyIOmb NOGEpPXHi 3yOyie 3ybuacmux Kouic. Axkujo noeepxui 3y06yie
IHCMpPYyMeHmanvbHoi petiku 015 HApi3aHHs 3y04acmux Koic ma uiecmeper He@iOnoGioHi,
Mo Y HAABHULL BUNAOOK MOYKOB020 3a4eNnieHHs wecmepHi ma Koneca. AKujo nouamrkosi
npoini Hecynepeunugi, mo KOHMAKMHA MOYKA NepeMilyyeEmbCsi 3 0OHIEL cmoporu 3y6a
Ha inuy. Byno ompumano pieHaHMSL NOGEPXOHb 3Y0Yi6, 3ANUCYIOUU KOOPOUHAMU
nogepxonv 3yoyie ¢ cucmemu xoopounam X,;Y,Z; i XoY,Z,, noe'szami i3 wecmipnero ma
Kosecom. 30iticHIo0uu Mmaxuil nepexio, OMmpumMaHo pPiHAHHA NOBEPXOHb ONYKIO0I CIOPOHU
3y0yie wiecmepHi ma yeienymoi cmopouu 3yoyie Koneca. Y 3a2anbHomy 6unaoxy uyi
PIGHANHS € PIBHAHHAMU 26UHMOBUX JIHILL 3MIHHOI eucomu. L{i pieHsaHHs Moucymb Oymu
BUKOPUCNAHT NPU BUHAYEHHT MediC epanuyb 3y0Yis, 8i0N0GIiOHO uiecmepHi ma Koaeca. Y
YboMy GURAOKY 08a MuUNuU 3yOuacmux Koic i3 0yeonodionumu 3yoysamu 6yoyms Hapizaui.
3ybuacmi Koreca i3 CUMEMPUYHUMU OV2OROOIOHUMU 3yoyimu (3y0yi cumempuyni
sionocHo naowunu XOZ ma acumempuuni 0yeonodibni 3yoyi (poboua 30Ha NOGEPXOHb
3y6yie pozmauiosana 3 00H020 60Ky naowuny). Ompumani pe3yibmamu MoICcyms oymu
BUKOPUCMAHI NPU GU3HAYEHHI NOKA3HUKIE HABAHMANCYSATbHOI 30aMHOCMI Ma [HWUX
Xapaxmepucmux YuIiHOPUUHUX APOYHUX Nepeoay i3 Y3a2aibHeHo 2eoMempiclo 3y0yie y
MedHcax noyamro8020 3MileHHs npoiiro.

Kniouosi cnosa: nouamkosuii npo@ine, meipna noeepxus, apoywi nepeoadi, 3miujenHs
npogino, 3ybuacma petika.
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