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Abstract. In the given work features of synthesis of structure of technological process
of manufacturing of the spatially-modified teeth gear coupler depending on conditions of a
warp of axes of connected shaft are considered. Researches of deviations of geometrical
parameters of the spatially-modified teeth gear couplers from nominal values are executed.
Variants of structures of technological process of manufacturing of teeth gear couplers
depending on conditions of a warp of axes of shaft are resulted and recommendations about
their compilation are given.
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1. Introduction

Toothed couplings for combining equiaxial shafts, having angular and radial axial
distortion are widely used in transportation system' transmission. They usually operate under
difficult load condition with the high vibration frequency [1]. At present a great number of
versions of the coupling tooth geometry which solve functional tasks have been developed.
The spatially modified tooth geometry, which provides load balancing in the tooth action and
the tooth linear contact [2, 3, 4] according to the coupling turning angle, is the most efficient
geometry of the tooth working surfaces.

There are a lot of ways and methods of machining of the coupling spatially modified
teeth to make spatially modified coupling tooth geometry [4, 5, 6, 7]. These methods allow
making of the spatially modified coupling tooth geometry for the particular angles of
misalignment of the axes of the gear coupling elements. There are no general
recommendations as to design of the structural versions of technological processes for the
general range of misalignment of the gear coupling elements. To reduce the cost of making of
gear coupling and raise the quality of their making the rational structuring of the versions of
the technological processes is of great importance.

The goal of the work is to reduce the cost of making of the gear couplings with the
spatially modified tooth geometry and raise the quality of their making at the expense of
synthesis of the rational structure of the technological process for the given limit of
misalignment of the axes of the coupling elements by the successive approximation of the
machining process parameters to the 2" mode of Olivier.

The Olivier’s second mode of making of spatial gearings with the linear touch of the
tooth surfaces is based on two conditions [1]:

1. Cutting of the tooth surface of one of the mechanism links (gear coupling) is to be
done by the instrumental surface which completely coincides with the surface of the other link
in the gear (gear coupling).

2. The structure of the tool and work piece relative motions during making of the
coupling teeth on the technological system must be same as in the gear mechanism (gear
coupling) during the operation.
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According to the goal the following tasks have been defined for solving: to examine
the characteristics of the synthesis of the structure of the technological process of making of
spatially modified coupling teeth depending on the conditions of misalignment of the axes of
shafts which are connected; to research the deviations of the geometrical parameters of the
spatially modified coupling teeth of the nominal values; to develop versions of the structures
of the technological process of making the coupling teeth depending on the conditions of
misalignment of the axes and give recommendations as to their making up.

2. General information

To do the synthesis of the structure of the technological process aimed at making of
the spatially modified coupling teeth depending on the conditions of misalignment of the axes
of the shafts they connect the universal structure of the technological process has been
developed. It is shown in the fig.1 and consists of the following operations:

1 Preliminary machining (milling by copying with the structure of the motion of the
gear disk milling cutter along the special line of the initial contour);

2. Rough machining (milling by breaking —in with the structure of the motion of the
hob gear cutter along the special line of the initial contour);

3. Semi-finishing work ( milling by copying of the module disk milling cutter or
breaking-in by the hob gear cutter, machining which provides complete identity of the
kinematic structure, fulfillment of the Olivier’s 2" mode 2™ condition);

4. Finishing (pull broaching by the method of braking-in with the special toothed pull
broaching with the complete identity of the tool geometry, fulfillment of the 1* condition of
Olivier’s 2-nd mode);

5. After finishing (honing by the spatial breaking-in with the help of the gear hone of
the internal gearing, fulfillment of 2 conditions of Olivier’s 2™ mode);

6. Fine finishing (is done by the spatial breaking-in with the help of the special tool,
fulfillment of 2 conditions of Olivier’s 2™ mode).

This general universal structure of the technological process allows making up of the
particular versions of the rational technological processes for certain limits of the angles of
the coupling element axe misalignments. Thus, for example, we do not need all the operations
of the universal technological process for the small angles of the coupling element axe
misalignment. We need only their partial implementation. That is why extra research work is
needed. To do the research let us define the values of increment of the coordinates of the real
surfaces in respect to the nominal ones.

The nominal tool surface :

Yo =Tovy (u,v) is given in the coordinate system 7, (1)

Then the coordinates of the real tool surface with taking into account the errors
described by the increment of the radius vector A 7, are as follows:

Torp =Tovw + ATy (2)
The tooth surface series is defined by the following equation:
Foz,p =’702,p(“’V’A’701’(0,W)a (3)

where @ u y - motion independent parameters.

48



) - A . ) Finishing \ Lapping v
— Prehmma]-} = __ " __ .
& & t 4 & 8 & 4 & 4 i o
First approximation | - 2. Second approximation | | 3. Third approximation] |4, Fourth approximation| | 3. Fifth approximation | | 6. Sixth approximatio
metr COMEST] onditiog onditioy
¥ Y ¥ ¥ ¥ ¥
. r— !— —— r—| =
Milling Milling Milling Running Honing Lapping
operation operation| operation in method operation operation
The copying || || Running Copringor Pulling The method| | | [The s“[‘):‘t'l‘;d'
: ; . , of spatia
method inm nllng-nmethd | | | operation rolling-in rolling-in
€tno 5 g
' Module di ' .
Module dise [ || Module mimg || || Specialteeth || | ‘wome of | ||| Special
- cutter or hob : the inmer
ml.llmg cuﬁer hOh treatment pu"mg toothing tOOls
i 4 i i i §
[— [———— [ [ ———
Treatment ]reatment Ensuring Treatment, Treatment, Treatment,
alongside alongside » ensuring ensuring ensuring
A i compicte complete identity complete identity] | | Jcomplete identity
special line special ine e \ ) o
o g (il t Idfﬂﬂt}' of the of the tool's of the tool's of the tool's
» Ol dispiacemen kinematic geometry and geometry and geometry and
of the original of the original the kinematic the kinematic the kinematic
contour contour structure structure structure structure
S—] — A ] |
i K K [ (K [

The principle of consecutive approximation of feeth geometry to complete seometry, on the basisof realizaion of the peculiarfis of thesecond Olivier's method

Fig. 1. The diagram of consecutive approximation of geometry of coupling’s teeth towards
precise spatially modified geometry with regard to operations of the technological process
(general universal structure of the technological process)

At the successive fixed value of the parameters@ u y, the equations (3) define the
tool real surface in the system,. The line of the contact of the tool with the surface of the

spatially modified tooth geometry will be found if the dependence among the following
parameters is defined:

(4)
)

Equations (3) and (4), (5) which are examined together under the successive fixed
value ¢ or y, define the series of the contact lines of the system 7, .

As to the equations (2) and (3), let us use the fact that the inter-enveloped surfaces
have a single tangential plane. The tangential plane to the enveloped surface is defined by the
vectors [1]:
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Oonp 8_u+5702,p ﬂ+ 0o,
ou 0p Ov O 0@
Ol Ou +8;702,p ov +8?02’p

ou Oy Ov Oy Oy

; (6)

(7)

The tangential plane to the tooth surface, the parameters of which are u andv, is
defined by the vectors 07, ,/0u and07y, ,/0v . For the vectors to be within the tangential

plane they should be complanar and the mixed product of all the vectors should be equal to
zero. Thus:

0Fy, OFyp, 0Ty, 0 ®
ou = ov  dg ’
0Fy, O0Fp, 07y, 0 )
ou = ov oy '

The required dependencies (4) and (5) are found from the equations (8) and (9).
Equations (8) and (9) can be interpreted in the following way :

asz,p aFO2,p « a’702,[) — V(()g1,02,¢) ny, = V(()(;Z,Ol,qa) ny, = 0> (10)
op ou ov
0%, (6702,,] 5 0y, J _ V(()(2)1,02,(//) Hgy = v(()gz,ow) Hgy =0° (1 1)
oy ou ov
v(()gl’oz"”) u vg‘;”“/’) in these expressions — speed of the motion of the tool relative to
the spatially modified tooth geometry and of the spatially modified tooth geometry relative to
the tool under the fixed value of the motion parameter y . Similarly to v(()gl’oz"”) u v(()gz’m"”)

- is the corresponding speed of the relative motion of the links under the fixed value of the
motion parameter . The normal vector to the surface of the spatially modified tooth

geometry in the system 7, is as follows:

aroz‘l7 a’”oz,p
ou ov

(12)

Equations (10) and (11) are right if the normal vectors and speed vectors of the
relative motion are examined not in the systemz,, but in the system r,, , related to the tool,

or in the system 7, , related to the tooth nominal coordinate system. In this case [1]:

n, V£01,02,¢;) =n, v£02,01,¢) —0; (13)

n, V£Ol,02,w) =n, v£02’01"”) -0, (14)

Wherer =01; 02 .

In number of cases the expressions (10) and (11) simplify the defining of the
geometrical parameters of the real surface of the spatially modified tooth geometry.
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In the coordinate recording the equation of the real surface of the spatially modified
tooth geometry if » =01 is as follows:

X02,p = Xo02,p (”’V’A”Op(ﬂ,'/’)f

Yo2,p = Vo2.p (”)VrA’jm:(D,‘//)f

- . 15
Zm,p zzoz,p(”"’:ﬁ”op(ﬂ,‘//): (13)
(01,02,0) (01,02,p) (01,01,0) _ (.
My 01Vx 01 75,01V 01 T 01Vz01 =0,
(01,02 ) (01,02 1) (01,01,p) _
ny01Vxo01 +7,01V501 1, 01Vz01 =0.

The expressions 7, 1, 1., of the normal vector projection depend only on the

type of the given tool surface.
The projections of the speed vector of the link relative motion are defined according to
the expressions:

(01.02.0) _ %01, (01.020) _ 9%01p

x01 = 00 ’ Vol = oy ,
©01.020) _ 9Yoip ©01.02) _ 9o

301 "7 . (o Vyo1 T v ;
(01.020) _ 9Z01p (©01.02) _ 9%01p

z01 ’ V2ol

0p oy
Here the relative speed vectors v(()?l’oz"/’) u v(()?l'oz"”) are defined by the coordinate

system location, motion parameters, and, that goes without saying, do not depend on the side
surface type.

The special cases of the equations of the real surfaces of all existing machining
schemes follow the obtained general equations (15) of the real surfaces of the spatially
modified tooth geometry.

Expression (15) is recorded in the following way:

X02,p :xoz,p((/’: W:jn:ﬁ)"
Yo2.,p :)’oz,p((P’ W:jn’ﬁ)»' (16)
Z02,p :Zoz,p((ﬂy W:Zn’ﬁ):

Where A , - the initial error vector;

I - the vector of the nominal geometric parameters of the motion structure.
With expression (16), where A » =0, the equations of the nominal surfaces of the
spatially modified tooth geometry can be obtained (fig.2):
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Xo02,H :xoz,H(Q Wﬁ)
Yo .1 :yOZ,H(¢’ ‘/fﬁ) (17)
Zoo,H :ZOZ,H((D’ ‘/’ﬁ)

where Xy 17, Yoo.15 202,y are the coordinates of the nominal surface of the spatially

modified tooth geometry.

After the substitution of the real values of the geometric parameters of the evolvent
teeth and forming kinematics the equation of the spatially modified coupling tooth surface in
the coordinate recording is as follows [2, 3, 4]:

yﬂZ.H

z[}’ I

=

Fig. 2. Coupling tooth nominal spatially modified geometry

_ . 2 a)
Xy = Xory + 24,1, cosy sin® —,

(18)

. . 2 @
Yoou =You +241, siny sin Ea

Zoy =4, = (x()l,H COSY + Vg i SIN l//)sm .

Here

4, =cos(y + 9 -, ciglv +p-0.)+ 9]

y 7, COS wtg %
* sin(y +o-9,)

In the expression (18) the values x, , umy, , are defined from the system of
equations (19) and are the parameters of the evolvent profile of the bush teeth:
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Xon =1y [sin(p -9, )~ pcos(p -9, )]
Yo = 1y[cos(@ - @, )+ gsin(p -9, )] (19)
Zovm = r,tg$.

where r, — the tool main cylinder radius;

@ - the evolvent parametric angle;

v - the point parametric angle in the longitudinal section.
Here

T .
Q. :Z+mvaw,

where z — number of teeth;
inva,, - the evolvent angle corresponding to the profile point on the reference

cylinder.
The calculation of the coordinate increment of the real surfaces of the spatially
modified tooth geometry relative to the nominal surfaces is based on the equations (17) and

(18):

Axp py = X02,p X025
AYou =Yop = Your (20)

Az y = Zo2,p ~Z02,H~

where A xy, , 4y, .42y, - 1s the increment of the coordinates of the real

surfaces relative to the nominal ones.

After the values of the parameters of the coordinate increment of the real surfaces of
the spatially modified tooth geometry relative to the nominal values are defined, we define
the interaction between these increments and rated errors of the spatially modified tooth
geometry and develop the methods of reduction of errors in making the spatially modified
tooth geometry.

Fig. 3 shows the dependence of the increment A x,, , of the coordinate of the real

Xp., and nominal x, , tooth surface according to the operations N
withz =22, m=55mm, w=15",B =20 mMm. When analysis of the increment dependencies
A xy, ,; of the real coordinate x,, , and nominal x,, , of the tooth surface according to the

operation N for different angles of misalignment of the coupling axe angles is done, we can
give the recommendations as to making up the technological process structure. These
recommendations are given in a table.
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Fig. 3. Dependence of increment Ax 02,H of the coordinate of the real x 02 p and nominal x
02,H of tooth surface with regard to operations N at Z= 22, m=5.5.mm , B=20mm, o= 1.5 °

Table
Technological process structure and dependencies on the axe misalignments
Ne | Values of the bush misalignments Number of technological Technological truct
relative to the ring, degrees operations cchnological process structure
W 4
=1
1 0° <o <0,25° 5 (=
W r
2 0,25 < <0,5° 5.6 00

3 0,5 <w <0,75° 4.5.6 E”>@;>®Q@:I>

4 0,759 <w <1,0° 3,4,5.6 ="5>@=>,

5 1,09 <w <159 2.3,4.5,6 =W>@=>@:'>

6 1,59 < <2,0° L2.3.4.5.6 002050200

The table reflects the versions of the technological process structures for different
values of the bush axe misalignment relative to the ring.

4. Conclusions

To conclude, we would like to mention that the characteristics of the synthesis of the
technological process structure of making the spatially modified coupling teeth depending on
the conditions of the axe misalignment of the connected shafts are examined in the paper. The
research work on the misalignment of the geometrical parameters of the spatially modified
coupling teeth from the nominal values is done. The graph of the dependence of the increment
of the coordinate of the real and nominal surface of the spatially modified tooth surface
according to the operations is built. The rational versions of the structures of the technological
process of making the coupling teeth depending on the conditions of the shaft axe
misalignment are developed. The recommendations on their making up are given.
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CUHTE3 CTPYKTYPbI TEXHOJIOI'MYECKUX ITPOLECCOB
N3I'OTOBJIEHUA ITIPOCTPAHCTBEHHO-MO/IU®PUIINPOBAHHBIX 3YBBEB
MY®THI B3ABUCUMOCTH OT YCJIOBUI MTEPEKOCA OCEH BAJIOB

I'mtynn A., Muxaiinos A.H., Haouab ben ®pemxk, Joarux A.C.

Annomayun. B oOannoll pabome paccmMampusaromcsi 0COOEHHOCMU CUHMmMe3d
CMpYyKmypol MexXHON02UUECKO20 npoyecca U320MosIeHUs NPOCMPAHCMBEHHO-
MooughuyuposanHou ceomempuu 3y0be6 My@hmol 8 3a8UCUMOCIU OM YCI08UU NepeKoca ocell
6an08.  Bwinonmenvl  uccieo008amus — OMKIOHEHUU  2eOMempudeckux  napamempos
APOCMPAHCMBEHHO-MOOUPUYUPOBAHHBIX  3Y0be  My@m Om  HOMUHANbHLIX — 3HAYEHUL.
Paspabomanwvi PAyUoOHANbHbIe  BAPUAHMbBL  CMPYKMYDP  MEXHOI0SUYEeCKo20 npoyecca
U320MOGNEeHUS 3Y0bes MYmbl, 8 3a8UCUMOCMU OM YCIO08UU NepeKoca ocell 8al08 U Oambl
PEKOMEeHOayUU no UX COCMABLEHUIO.

Kntouesvie cnosa:  npocmpancmeeHHoO-MoouguyuposanHvle  3y0bsa  Myghmeol,

NPUONUIICEHHAA ~ 2eoMempusi, ~ Memoo  NPOCMPAHCMBEHHOU  0OKamku,  CmpyKkmypa
MEXHON02ULEeCKUX NPOYECccos.
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