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казано, в частности, что для любой многоступенчатой трансмиссии можно построить 
такую структурную схему исполнительного механизма (силового каскада), которая ис
ключает возникновение аварийных ситуаций и сохраняет маневренность машины при 
любых типовых одиночных отказах, т.е. парирует опасные отказы и гарантирует напе
ред заданную живучесть системы в целом при названных условиях.

Описанный выше метод относится к числу структурных методов обеспечения 
надежности. Наряду с этим, как видно из приведенного описания общей структуры 
системы, она содержит в пилотном каскаде три параллельно включенных устройства 
ручное основное, автомат, ручное аварийное), т.е. фактически на уровне данного кас
када является троированной.

Дополнительно в случае перехода к электронному автомату управления целесо
образно в ответственных системах (для машин данного типа) сохранить гидравличе
ский автомат для защиты от опасных отказов электронного (например, вызванных 
мощными электромагнитными импульсами), а также для использования в качестве 
дублирующего в случае выхода из строя электронного. Способ совмещения характери
стик обоих автоматов для этих случаев предложен нами в [ 5 ].

Таким образом, в мехатронном исполнении система дистанционного управления 
ГМП, обладающая приемлемой живучестью, должна иметь "безопасный" исполнитель
ный механизм и квадрированный пилотный каскад.
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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.

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 modem measuring devices.
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Know-how in the elaboration of the 
~-Uncouple precessional gear, manufactur- 
mg technology and control methods, and a 
~ g e  of precessional transmission dia
grams belong to research team from the 
Technical University of Moldova. During 
me last 20 years the team patented about 
25 inventions.

1 a n a l y t ic a l  d e s c r ip t io n  o f
THE TEETH PROFILES

The engineering complex study of 
me triad "gear-technology-transmission" 
-ms permitted to elaborate a new type of 
recessional transmissions with multicouple 
rear, which, from the technological point 

view can be manufactured via a new 
method of conical teeth with convex- 
; r ncave profile processing.

In precessional transmission the 
gear wheel produces sphere-spatial motion 
::und a fixed point. As mentioned the lit
erature (Bostan, 1992), that the body, which 
rroduces spherical motion, has three de
grees of freedom. As a rule, in theoretical 
mechanics, the position of the body, which 
rroduces precessional motion, is deter
mined by Euler angles. In this case, the 
mobile system of co-ordinates OXjYjZi is

bound rigidly with the gear wheel, as origins 
of the system of co-ordinates the immobile 
point О (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 OXiYjZj 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 TiJ'hk, via ba
sic vectors l'l ,j],k"i of the immobile system of 
coordinates OXYZ we obtain

i = i cos и/ + j sin w,
-  -  -  (1 j, ~~siny/ + j  cosy, к = к

The second rotation is produced at 
angle в (0<&<n) round joint lines, after 
which the unit vector i'lJ'i.k] will move into 
directions uJ'l.k", (respectively, they coin
cide with the directions of axis OX”, OY”, 
OZr), at the same time vector k'j, which co
incide with vector k,, defines the position of 
axis OZ] in final position. By expressing vec
tors i'iJ'l.k'i via J'iJ'jJi we obtain

' E} I
Fig.l. Profile teeth’s determination.
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1, =*,;

j ’ = -][ cos в  + k\ sin 9; 
кi -  —j\ sin в + k[ cos®.

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

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 OXiYjZj to the coordinates of the 
same points in the immobile system OXYZ. 
After some modifications we obtain

Xr = R cos<5[- cosy si)(Z: / Z.) -r siny/cо.{7. у  j Z,)j -
-  R  s in S  s in y s in O ;
Yo — - R c o s d \ s in y s i r ( Z i /Z,) + c o s y /c o iZ \  y jZ .. )]-
-  R  s in S  c o s y s in d ;

ZD = -R cosS cos{Z[ у /Z1 )sin6 -  R sin S cos6

Point D moves at the spherical sur
face by radius R with its centre in the pre- 
cessional centre О (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

4 = K  cos~+[R d co.{S+fi)+Y*\sinj;

C=X'c sinysin— -[Д colS+0)+ 

+Kcosxy+[Ro sir(S+0)+Z']cosy.

(4)

were

siny = tg{8+0)

cosy=cos

cod *~+tg{8+0) 
z*.

cod ^r+tg {8+0)

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 8, 
medium radius of well Rm, rollers radius R. 
conical angle of rollers 0  and correlation be
tween number of teeth Z\ and Z2

3.GEAR MANUFACTURING 
TECHNOLOGY

(3)

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 ап/щ 
= com. 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 jY/Z j to the im
movable one OXYZ, we determined the 
coordinates of point C

(5)
X е =R‘{1 -  cos 6)cos у  sin у ;
Y = R‘ (sin y  +cos Q cos у  у
г-ж n  t «  •

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



53

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 8 = 0 the equation of tool 
motion are identical to the equation (4), 
having only opposite values. In the case of 
toothed wheels processing with an angle of 
the conical axoid 8>o the centre of the tool 
will have the co-ordinates in the movable 
system oXjYjZj

X1D = 0; Y1C =-R cosS;Z w = -RsinS. 
Then the equation of tool motion in the 
unmovable system of coordinates oxyz 
will be
X, = -R. cos(l -  cos0)cos iy siniy -  Ru sinS simy;
Y. = -Rv cosS(sin’ у/ -  cos в cos; iy)+ R„ sin S cos \y; 
1. = -R u cos 8 cos (// -  R, sin 8. (6)

The motion trajectory of point D (curve 1, 
figure 2 ) for 8=0 presents a symmetrically 
closed curve related to the big axis whose 
shape changes according to the angle value 
of conical axoid 8. Curve 2 (figure 2) pre
sents the motion trajectory of tool’s centre 
in the movable system of coordinates 
OXtYjZ,.
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 D cos у/г + Y d sin [f/l:

Y  =  - X D sin i//} + Y d cos у/г; (7)

Z = Z D
where x d,yd,zd are the coordinates of the 
tool centre in the movable system of co
ordinates; =y//i is the rotation angle of 
the semiproduct; U - is the transmission ra

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).

KSl

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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