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¥a33aHO, B YACTHOCTH, YTO A M060K MHOTOCTYNEHYAaTOH TPAHCMHCCHH MOXHO IOCTPOHTH
TAKYI0 CTPYKTYPHYIO CXeMy MCIIOJHHTEIBHOIO MEXaHH3Ma (CHIIOBOTO KacKajia), KOTopas Hc-
XTI0YaeT BO3SHUKHOBEHHE aBapHHHBIX CHTYallMid M COXPaHSAET MaHEBPEHHOCTH MAlIHHBI IPH
100BIX THIOBBIX OJMHOYHBIX OTKA3aX, T.€. IAPHPYET OIIaCHBIE OTKA3bl M TapaHTHPYET Hale-
D€ 3aaHHYIO XXUBYYECTh CHCTEMBI B 11€JIOM ITPY Ha3BaHHBIX YCJIOBHSIX.

OnucaHHbIA BBIIIE METOA OTHOCHTCS K YHCIY CTPYKTYPHBIX METOZOB OGeCIeYeHHs
Fa1exdoctd. Hapsamy ¢ 9TuM, Kak BHIHO M3 NPHBEJCHHOTO OMHCaHUS OOINEH CTPYKTYpHI
SHCTEMBI, OHA COJEPXKHT B MHJIOTHOM KacKaje TPH NApa/UIeNbHO BKIIIOYCHHBIX YCTPOMCTBA
PYYHOE OCHOBHOE, aBTOMAT, PyJHOE aBapHiHOE), T.€. HaKTU4eCKH Ha YPOBHE HaHHOIO Kac-
Ta7Ja SABJIsieTCS TPOUPOBAHHOM.

JIonoHUTENBHO B CIyYae nepexoia K 3JIEKTPOHHOMY aBTOMATy yIIpaBJIeHHS LENeco-
20pa3HO B OTBETCTBEHHBIX CHCTEMax (Ul MallHMH JAHHOIO THIA) COXPaHHUTH THPaBIIAYE-
SKHH aBTOMAT IJIA 3alUTHl OT ONACHBIX OTKAa30B 3JIEKTPOHHOTO (HAIpPHUMEP, BBI3BAHHBIX
MOIMHBIMH JIEKTPOMarHUTHHIMH HMIIYJIbCAMH), @ TaKXKe JJI1 HCIOJB30BAHHS B KayeCTBE
ZyOJIHMPYIOIIEro B Cilydae BbIX0Ja H3 CTpOs 3MeKTpoHHOro. Croco6 coBMeleHns XapaKTepH-
>THK 060MX aBTOMATOB AJI 3THX CIIy4aeB NpeAJioKeH HaMu B [ 5 .

Takum 06pazoM, B MEXaTPOHHOM HMCITOJIHEHUM CHCTEMa TUCTAHIIMOHHOT'O YIIPaBICHUA
TMIT, obnaxaromas npaemMIeMOi KUBYYECThIO, TOJIKHA UMETH "0e301acHbIi" HCIOMHHATEb-
HBIH MEXaHHM3M H KBAJ[PHPOBAHHBIA IMHJIOTHBIN KacKal.
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ABSTRACT The engineering complex study of the triad “gear-technology-
transmission” has permitted to elaborate a new type of precessional transmissions
with multicouple gear. In this paper, the authors present the mathematic model of the
multicouple gear. A computer program for doing this it is also elaborated. It is shown
a block-scheme of the algorithm of the program modules including the calculus mo-
dalities exposed in the paper.
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1. INTRODUCTION

The diversity of beneficiaries' re-
quirements concern mechanical transmis-
sions is reduced, specially, to the increase
of reliability, efficiency and to the decrease
of mass and dimensions. It becomes more
and more difficult to satisfy the mentions
requirements by updating partially the tradi-
tional transmissions. This problem can be
solved by using new types of mechanical
transmissions-planetary precessional trans-
missions.

The engineering complex study of
the triad "gear-technology-transmission"
has permitted to elaborate a new type of
precessional transmissions with multicouple
gear, which, from the technological point
of, view can be manufactured via a new
method of conical teeth with convex-
concave profile processing.

The specific character of sphere-
spatial (precessional motions of the preces-
sional transmissions pinion makes impossi-
ble the utilisation of teeth classical involute
profiles. This fact requires the elaboration
of new profiles adequate to the sphere-
spatial motion of pinion which would en-
sure high performances to the precessional
transmission. Carrying out on the principle
of the transfer function continuity and gear
based on the principles of the transfer func-
tion continuity and gear multiplicity which
aims to:

> the elaboration of the gear mathematics
model with account of the peculiarities;

> the analytical description of teeth pro-
files by a system of parametric equa-
tions on spherical surface and normal
teeth section for inner and plane gear;

» the determination by CAD of geomet-
rical and cinematic parameters influ-
ence of the gear upon the teeth profiles
shape and the justification of their ra-
tional limits of variation;

» the elaboration of the theoretical basis
evaluation of teeth gear multiplicity in
precessional transmissions;

» the definition of area of gear multiplic-
ity existence by 100% teeth couples.
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The production of non-standard teeth
profiles requires a new manufacturing
technology. In the complexity of problem
“gear-synthesis-profile study- manufacturing
“ an important role plays the elaboration of
efficient methods of teeth manufacturing
which ensures a maximum productivity and
reduced cost while satisfying the require-
ments related to the gear with precessional
motion. To solve this problem the following
has been done:

> we elaborated the mathematics model
of teeth generation which shows the
interaction of teeth in precessional
gear;
we investigated the kinematics of the
mechanism of method realisation for
teeth generating;
we determined the trajectory of the
tool motion and the wrapping of the
generating surface family of it by us-
ing the computer;
we elaborated and manufactured from
metal milling and tooth grinding
tools, inclusively their longitudinal
modification.

Constructions peculiarities and high mul-
tiplicity of gear create favourable premises
for the improvement of precessional trans-
missions kinematics accuracy. Within these
activities we elaborated:

» theoretical basis for the identification of
kinematics error generated by various
primary error (frontal and radial knock-
ing), on the basis of error independent
action principle by fulfilling computer
assisted mathematics experiment;

» compensation method for manufacturing
and assembling errors;

» method of determination of probable
limit error for precessional reducers with
account of the stochastic character of
manufacturing and assembling errors.

Special attention was paid to preces-
sional reducers experimental research. For
this purpose two laboratories were set up: 1)
for mechanical tests and; 2) working tech-
nology for gear wheels. The laboratories are
equipped with stands for testing and with
control and modern measuring devices.



Know-how in the elaboration of the
—_lticouple precessional gear, manufactur-
-z technology and control methods, and a
—zgze of precessional transmission dia-
—zms belong to research team from the
~zchnical University of Moldova. During
< last 20 years the team patented about

.27 inventions.

2. ANALYTICAL DESCRIPTION OF
THE TEETH PROFILES

The engineering complex study of
triad "gear-technology-transmission"
~z5 permitted to elaborate a new type of
-—acessional transmissions with multicouple
z2ar, which, from the technological point
:I view can be manufactured via a new
—:thod of conical teeth with convex-
:rncave profile processing.

In precessional transmission the
z2ar wheel produces sphere-spatial motion
->und a fixed point. As mentioned the lit-
s-zture (Bostan, 1992), that the body, which
croduces spherical motion, has three de-
—zes of freedom. As a rule, in theoretical
—echanics, the position of the body, which
-roduces precessional motion, is deter-
azined by Euler angles. In this case, the
=obile system of co-ordinates OX;Y;Z; is

.-
—

o
Fig.1. Profile teeth’s determination.
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bound rigidly with the gear wheel, as origins
of the system of co-ordinates the immobile
point O (centre of precession) being chosen
(figure 1). This system of co-ordinates pro-
duces jointly with the gear wheel spherical
motion related to the immobile system of co-
ordinates OXYZ. Analytical relationship be-
tween the co-ordinates of gear wheel points,
shown in the mobile OX,;Y;Z; and immobile
OXYZ system of co-ordinates, was obtained
analysis of the two pinion positions - initial
one, when the system of coordinates axis co-
incide, and final one, when the axis al re-
moved (displaced).

By expressing vectors i;,j,.k; via ba-
sic vectors 7;,j;,k; of the immobile system of
coordinates OXYZ we obtain

i =icosy + jsiny,

j ==siny +jcosy, k. =k M

The second rotation is produced at

angle 8 (O<@<n) round joint lines, after
which the unit vector i;,j;,k; will move into

directions i;,j;.k; (respectively, they coin-

cide with the directions of axis OX”, OY”,

0Z), at the same time vector %, , which co-

incide with vector %, , defines the position of

axis OZ; in final position. By expressing vec-

tors i, .7, .k, Vvia i;,j,.k; we obtain
O ..

A
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i

:il;

=—j cos@+k sinb;

J, @)
k =~ sin@ +k cos®.

By operating matrix theory, transi-
tion from gear wheel point coordinates is
produced (for example, of the roller centre
D), given in the mobile system of co-
ordinates OX,;Y,;Z; to the coordinates of the
same points in the immobile system OXYZ.
After some modifications we obtain

X, =Rcosd|-cosy sikZ, ) Z,)+sinycodZ | Z,)]-
—Rsind siny sin0;
Y, =—Rcos|simy silZ, [ Z,)+cosy cod Zy|Z,)|-
~Rsind cosy sinB;
Z =-RcosSco\Zy/Z,)sin@-Rsind cosl

3)

Point D moves at the spherical sur-
face by radius R with its centre in the pre-
cessional centre O (figure 1). Being familiar
with the trajectory of roller centre motion,
the position of the contact point by central
wheel tooth is determined, which family in
a precessional cycle represent the shape of
the wheel tooth (Bostan, 1992). After some
modifications we obtain

E=X7 coszﬁ +[R cods+ ﬂ)+YE”]sinZ£ ;

y . .
{=X] sm}’smz ~[R, codd+ p)+ C))

+Y! cosZ£ +[R sido+p)+Z"]cosy.

1

were

siny =tg(S+ ,B)/{cos” g +tg(d+ ﬁ)] ;

y2
T n
=cos— [ | cos —+itg (0 + .
CoSy =¢os ./[ S ‘ g( ﬂ)] 5

In figure 2 the profillograms of teeth,
obtained for the various geometrical parameters
of gear are shown. The analyses of profil-
lograms demonstrate the lever and direction of
influence upon the angle of conical axoid &,
- medium radius of well R,, rollers radius R
conical angle of rollers # and correlation be-
tween number of teeth Z; and Z;

3.GEAR MANUFACTURING
TECHNOLOGY

3.1. Kinematics of the realizing mecha-
nism for the teeth generating method

Fig.3. Spatial scheme of the realizing for the
Teeth processing method by rolling using
precesional tool.

To realise the method of teeth proc-
essing (Bostan and Babaian, 1990,a; Bostan,
Dulgheru, 1990) we have elaborated the
mechanism (figure 3). In the elaborated
mechanism the node, which involves the tool
into precessional motion, is fixed not to ro-
tate round the common axis of the principal
shaft - semiproduct shaft with a binding
mechanism.

The constructive execution of the tool
binding mechanism with the shaft ensures the
continuity of the transmission function @;/w3
= conms. and is determined by the motion tra-
jectory of point C which belongs to the mov-
able part. Setting up the position function of
the binding mechanism and the motion equa-
tion of the generating wheel and using the
matrix device for transferring from the mov-
able system of coordinates X;Y;Z; to the im-
movable one OXYZ we determined the
coordinates of point C

X =K (1 - cosa)coswsizn W, )
Y =K (sin W +cos @ cos y/).'

These equations (5) represent the pa-
rametric equations of the supporting surface
of the binding mechanisms, inserted in the
device. The shape of this device ensures the



continuity of the transmission ratio of the
cinematic chain to the spindle axis-
semiproduct shaft.
3.2. Determination of the tool motion tra-
jectory

For the angle of the conical axoid of
the teeth wheel s=0 the equation of tool
motion are identical to the equation (4),
having only opposite values. In the case of
ioothed wheels processing with an angle of
the conical axoid 60 the centre of the tool
will have the co-ordinates in the movable
system OXY,Z,

X,=0Y, 6 =-Rcosd;Z,, =—-Rsind.
Then the equation of tool motion in the
immovable system of coordinates oxyz
will be
X, =-R, cos(1 - cos8)cos y siny — R, sind siny;

Y. =—R, cos 8(sin’ y - cos@ cos’ w)+ R, sind cosy;

(6)

Z . =-R, cosbcosy—R,sind.

The motion trajectory of point D (curve 1,
figure 2 ) for §=0 presents a symmetrically
closed curve related to the big axis whose
shape changes according to the angle value
of conical axoid ¢. Curve 2 (figure 2) pre-
sents the motion trajectory of tool’s centre
in the movable system of coordinates
OX,Y,Z,.
3.3. Determination of the family wrap-
ping of tool surfaces
Tooth profile of the processed wheel repre-
sents the family wrapping of the generating
contour profiles of the tool. The wrapping
is determined by the equations of the work-
ing surface of the generating tool and by the
relative motion parameters while wrapping.
To make easier the determination of

wrapping we pass to the tool centre co-
ordinates in the movable system of co-
ordinates, bound to the semiproduct

X=X, cosy, +Y, siny,

Y =-X siny, +Y, cosy,; (7

=2

D

where X,.¥,.Z, are the coordinates of the

tool centre in the movable system of co-
ordinates; y;=w/i is the rotation angle of

the semiproduct; U - is the transmission ra-
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tio of the cinematic chain “principal shaft -
semiproduct “. The equations (7) define the
motion trajectory of tool centre, evaluated on
the sphere. Then we determined the equation
of wrapping on the sphere (figure 5).

¥ FUI Y
kS1

Fig. 5. The family wrapping of tool surfaces.

The analyses of profillograms demonstrate
the lever and direction of influence upon the
angle of tool insertion s by the rotation axis
of the semiproduct, tool radius R and trans-
mission ratio i of the cinematic chain “prin-
cipal shaft - semiproduct ” on processed
tooth profile. -
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