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The existing differential mechanisms - the planetary systems, which are the
basis for creation of automatic transmissions are analyzed, the prospects for the
application and development of planetary automatic transaxles are examined. The
kinematic diagrams of differential mechanisms, which are the part of developed universal
differential mechanism structure and the very mechanism, are presented. Its key structural
parameters, kinematic connection between parts, which are summarized in the table, are
detected. The design procedure of the universal differential mechanism, which is associated
with the design philosophy and internal gear ratios, determined in accordance with the
required gear ratio transmission is expounded.
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The use of automatic transmissions in
vehicle transmission makesit possibleto improve
their technical, economic and environmental
performances, and create comfortable conditions
for the driver and ensure traffic safety. Nowadays
many types of transmission vehicle schemes are
known and each of them has its own advantages
and disadvantages. Most of today’s planetary
gearboxes of automatic transmissionsbuilt like one
of these two planetary systems: Simpson System
and RaviniaSystem (with participation of planetary
rollers)t.

These planetary systems allow to
implement four transfers, while two control
elementsare activated at the sametime, that defines
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the data of asystem asthree-degree system witha
full use of control elements: - two reduction gears,
- direct gear; - backing, using five control elements
, including — two blocking friction clutches, two
friction brakes and freewheeling clutch.2.
Preliminary analysisof the planetary gear
at number of four transfers gives preferenceto the
use of three-degree-of-freedom automatic
transmissions (ACT), despite the fact that control
of such transmissions is the same as that of two-
degree-of-freedom automatic transmission. In order
to gaininthree-degree-of-freedom ACT four gears
only two differential mechanisms are enough, and
in the automatic transmission with two degrees of
freedom - threedifferential mechanisms. However,
with the number of transmissions equal to four
automatic transmission, the three-degree-of-
freedom ACT isamore complex object than two-
degree-of-freedom ACT, because of constructive
complexity of two clutches ( in automatic
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transmission with two degrees of freedom the only
clutchisused) and significant complication of the
control system®#5,

When designing new schemes of
planetary gear boxes, for easy device, it is
necessary to contain the least number of ACT links,
planetary mechanisms and controls. When
building a polyspeed ACT, the two-stage
differential mechanism with four or five gears,
having the least possible number of main units
can be used. And thereby metal consumption,
dimensions of amulti-stage automatic transmission
can beminimized®”.

The new universal differential mechanism.

In the research laboratory “Differential
toothed and hydro-mechanical variators’ (KFU),
new universal differential mechanism was
developed (UDM), which has the opportunity to
combine the minimum number of planetary gear
and the maximum number of differential
mechanisms, in the presence of the least number
of magjor units. Therea sothe patent of RF! 2384773
“ Automatic speed planetary gearbox” was given,
which has the aim of improving the technical
performance of vehicles'.

The developed universal differential
mechanism is different from the already known
mechanismsin the power circuit of common carrier
for all three planetary gears at four differential
mechanismsin the presence of the minimum number
of basic units. It allows to implement a packaged
design with short kinematic chains and advanced
kinematic and force capabilities, to provide five
transfersinthe output link at one of theinput links,
determining the possibility of using them as a
module projectible automatic transmission
vehicles®.

Differential mechanisms, which are used
inimplementing UDM, arerepresented infigure 1.

New UDM consists of three planetary
gear sets, which include four basic types of
differential mechanismswith acommon carrier®®.

The first planetary gear set consists of a
sun gear 1, carrier 5("), satellites 2 and the crown
wheel 6. The second planetary gear set consists of
acarrier 5("), linked satellites 2', 3and crown wheel
7. The third planetary gear set consists of a sun
gear 4, carrier 5("), satellites 3* and the crown wheel
8
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The first planetary gear set, linked
satellites 2-2', 3-3' and the crown wheel 8 represent
adifferential mechanism with anegative value of
the gear ratio between the crown wheels 6 and 8.

Sun gear 1, the second planetary gear set
, satellites3', crownwheel 8 represent adifferential
mechanism with a positive value of the gear ratio
between the crown wheel 7 and 8.

Sun gear 1, thecarrier 5, linked satellites
2-2', 3-3', sun gear 4 represent a differential
mechanism with negative value of gear ratio
between sun gears 1, 4.

Sun gear 1, the carrier 5(”), linked
satellites 2-2', 3-3', crown wheel 8 represent a
differential mechanism with apositive value of the
gear ratio between the pinion and crown wheel 1,
8

The number W of degrees of freedom
UDM? is determined by the structural formula

g, — =10,
where:
W=nm-x,. )]

where #, = § —the number of main links;

#,, = 4 —thenumber of the planetary differential
mechanisms.
F=6-—4=2

Thus, the UDM has two degrees of
freedom (W =2), hassix main links (#, =), four
of which are brake units (; = 4), two links are the
leading and the driven. The number of gears( z =5)
is equals to the number of controls. Kinematic
diagram of the UDM isin Figure 2.
Driveconnectionsof theUDM links

Drive connectionsof linksat leading link
1 are determined by the following equationst*:

A e P O A (2
myo=mn, -, +n,-(1-0,) (3
M= Mg 0y = M, (1= 1. ) (4
M= M. -0+ Mg - (105 ) ~(5)

According to the equation (2), try to find out #;:

N T |
n, < n__‘_E ) 6

At w, =0 find from equation (3) 7z, :

. A7)
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Solving in conference (6) 8 (7):

el
i

L= (8)
Kinematic ties of UDM links are
represented in Table 1 and 2.

At leading link H (carrier), the equation
of thekinematic ties between thelinksof UDM is:

f:‘= l_r : ...(9)

wherep—alocked link.
M ethodology of analytical deter mination of the
internal gear ratiosUDM

The solution of equations (2), (3), (4) and
(5) makeit possibleto get thefollowing analytical
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Fig. 1. Differential mechanisms in the structure UDM

Fig. 2. Kinematic diagram of the UDM: 1, 4 — sun
gears, 2-2', 3-3 —linked bilateral satellites,” —acarrier,
6, 7, 8 — crown wheels
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dependences for the determination of the internal
gear ratios, i.e. the characteristics of the differential
mechanisms (Figure 1):

E']I: = f]: -f:E -E:E . (10)
P e
i, Ty .(12)
4 1_!'.-1 .

L ..(12)
- 1-i.
=7 (13

As, according to Tables 1, 2 fu=;'—",

Pz

g

Table 1. Kinematic tiesbetween UDM links at
theleadinglink 1 {1, = comst)
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Table 2. Kinematic ties between PSUDM linksat theleading link (71, = const)”

1 iy 1

. X -
P,= Tl

gy = fpy =

4 1 - 1

-y

fpy = — b= — , S0 after the substitution in equations
1 15

ut

(11), (12), (13) weget:

i 1-i,
5 =—:

b .(14)

b’ .(15)

(1)

(]
Characteristics (internal contact ratios) i,,. fs

I7. Iy, Wedetect from equations(10), (14), (15),

(16).
Characteristic will be the value of gear reduction
rate at carrier breaking:

..(17)
Characteristic will be detected from equation (14):

B
hg = Ipg-

L. 1- i‘u _ﬂ_i::"i;:

h 1—:'—‘ b =L ."-'.éi'Ef:i_f:d}=tl_f:6}'f:i:

ha

i = ,_e— .(18)

Characteristics, will be detected from equations
(15), (16):

: i (i =1
he = ? ..(19)

.(20)

Well-chosen internal UDM ratios of

reduction make it possible to implement a gear
ratiosinthefollowing order:

- at braking carrier H the first transfer is
implemented:

=i T (22)
- at breaking the 6" link—the second transfer:

. 5 (22
Ip =1l

- at breaking the 4" link —thethird transfer:
i =i (23
- at blocking UM D-the 4" , which numerically is
equal to one:

i, =1 (24
- at breaking the 7" link—the transfer with negative
value:

Bop = =1, .(25)
CONCLUSON

The compactness of the new UDM is
determined by thefact that at three planetary ranks
the number of differential mechanismsisfour, and
the number of main links is six. In this case, as
opposed to aforesaid schemes, the SSUDM, at a
constant driving link has five gears at the driven
link : - three drive-down gears; - direct gear; - back
run. Methodology of analytical determination of
the internal gear ratios UDM allowsto design the
mechanism, depending on the necessary
transmission gear ratios, that determines the
possibility of using it asamodule of new creating
transmissions.
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