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The proposed developed technique of designing a continuously variable
transmission on the basis of the differential hydromechanical CVTs, taking into account
the peculiarities of the working process of the hydraulic machines and gear differential
mechanisms of different types. Developed the design of the continuously variable
transmission of a motor vehicle and the calculation of traction-speed characteristics of a
vehicle equipped with a continuously variable transmission.
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Differential hydro-mechanical variator is
designed for automatic continuous variable
transformation of rotational motion between the
motor shaft and the shaft of the working body of
the machinery for ensuring the optimal mode of
joint work of the engine and the variator at
arbitrarily changing value of the external load on
the working body.

Differential hydro-mechanical variators
can bevery diversein their kinematic scheme and
structure. Differential hydro-mechanical variator
can be regarded as consisting of two hydro-
mechanical differential mechanismsdiffering from
the already known ones by the hydraulic
connection between kinematic units representing
adifferential schemes of gear hydraulic machines
enabling to get different values of hydraulic and
mechanical power flow distribution and provides
automatic control of the differential hydro-
mechanical variator parameters. At the sametime
mechanical differential mechanismwith adifferent
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number of internal gear and an additional number
of gears may be added to the kinematic scheme of
the variator to increase the transformation rate.

Designing of differential hydro-
mechanical variator isahard complex problem, its
solution can be divided into three distinct steps.
The first step of the design is to establish the
kinematic scheme of the variator. The second stage
of the design is to develop constructive forms of
the mechanism. The third step of adesign process
is to develop technological and economic
indicators of the designed mechanism?.
Power analysisof hydro-mechanical differential
mechanisms

Unlike the conventional differential
mechanism, relationship between the torques in
the hydro-mechanical differential gear is
determined by the equation[2, 3]

My +M, +M,+M,=0, (1)
where M ,,, —thetorqueof the hydraulic

pump attached to the master link, N¥m; M, -
external load applied to the cage of differential,
Nim; M,, M, — hydrostatic resistance moments
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acting respectively on the master and slave wheels
of the hydraulic pump, Nfm.

The relationship between the hydrostatic
moments of resistance on the driving and driven
tooth gearsis determined by theratio €, [2]:

M, =M1, ()

According to the virtual displacement
principlewe canwrite

N, =N, +N, ~(3)

where N, —the mechanical power flow in
hydro-mechanical differential mechanism; N, —
power hydraulic flow in hydro-mechanical
differential mechanism.

Power of the hydraulic flow isdivided into
two streams, one of which isimplemented on the
driving wheel, and the second - on adriven wheel

N, =M,0, + M ,w,, (%)

where @,, @, — the relative angular

velocity of rotation of driving and driven wheels
of the hydraulic pump.
Equation (4) with (2) can bewritten
Ny = (M + Mo, 1 o)), = (M + My Jo, = (M4, + Miiy Jor = Myoy (A, +ip)
The relative angular velocity of the
driving wheel in the hydraulic pump can be
represented by the following equation

a)l = a)l —_ a)H . (5)
Then the power of the hydraulic flow
N, =M,(w,—w, (A, +iy)- .(6)

Equation (3) represents balance of the
powers in hydro-mechanical differential
mechanism, which takesthefollowing form

Mo+ M @, + M, (0, — o, )(4, +iy) =0..(7)
The moment on the carrier isdetermined

by the resistance moment at the driven wheel by
theformula

M, =M,(1—iy) (8
Considering the equation (6) the balance
of power can be written

M0, = ‘Mé(l— in)a)H‘ + ‘Mz(a)1 —w, )4, + i21)‘ ...(9

For graphing the moments and the power
balance from the equation (7) it is necessary to

deduce the dependence M, = f(M,,0, | ®,) -
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Mo,
|(1_ iZl)wH| + |(a’1 -, )4, + i21)|| ~(10)

Equation (10) shows that the moment
value of the resistance hydrostatic forces on the
driven wheel is influenced by the parameters of
hydro-mechanical differential mechanism, namely
the transmission ratio of the hydraulic pump and
the coefficient é,..

Designing of thekinematic scheme.

Kinematic differential circuit of thehydro-
mechanical variator designing involves
determination of the optimal schemes of hydro-
mechanical differential mechanismsbeing kinematic
units of the variator and their gear ratios selection
basing on the equilibrium condition of the variator
(carrier) rotor at a maximum coefficient of
transformation. It is necessary to take into
consideration some additional conditions related
to structural requirements.

Kinematic scheme of the differential
hydro-mechanical variator composed of two hydro-
mechanical differential mechanisms with tooth
gears of external engagement isshowninFigure 1.
This scheme has a high efficiency value at the
fluid pressure of 10-15 MPa and is applicable in
transmissions of passenger cars with a maximum
transformation ratio of lessthan 5. At determining
the gear ratios of the kinematic unitsin the variator
scheme shown in Figure 1, we have to give the
proper maximum transformation ratio and the gear
ratio of the differential hydro-pump [4, 5].
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1 — wheel to the input shaft; 2 — driven wheels of the
hydraulic pump (satellites); 2’ — drive wheel motor
(satellites); 3 — driven wheel of the motor (output shaft
of the CVT); H — carrier (body pump); LM — differential
hydraulic pump; HM — differential hydraulic motor

Fig. 1. Differential hydro-mechanical CVT
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When the carrier of the variator isfixed,
the torque from an external power source is
transmitted to the input unit of the differential
pump. At the transfer of the maximum torque, the
reaction torque from the differential pumpisacting
on the carrier, and is defined by the formula:

Ml(iZl _1)

MH1:_
A, +iy

M, .(11)

where M, —summing up the moment, N.m.
i,,—thegear ratio of thedifferential hydraulic pump;
A,, — the hydrostatic coefficient of redistribution
of moments in the hydraulic pump; 4,, — The
efficiency of the mechanical power flow in
differential pump.

This moment has a direction coinciding
with the direction of the variator input unit rotation.
Therelativerotation of the differential pump tooth
gears creates a flow of hydraulic operating fluid,
which causes the torque on the output shaft of the
differential motor [6].

M e = =My 1y = —K oM, .(12)
where i — hydraulic gear ratio of the
variator; p,, — €efficient hydraulic power flow in

differential pump; n ,, —efficient hydraulic power
flow to the differential hydraulic motor; K —the
maximum ratio of thevariator.

Hydraulic gear ratio required for
provision of the maximum transformation ratio is
defined by theformula:

Vou K

Vo MM
where ¥, - the working volume

differential motor, m?; ¥, —the working volume
differential hydraulic pump, m?.

The carrier also takes a reactive torque
fromthedifferential hydro-motor directed opposite
the rotation of the variator input unit and deduced
as

M. =_ M i 1713y 1y (L= i) n
frz A, 4 iy "
where 1, —the coefficient of redistribution
of momentsin a hydrostanc motor; i,., — the gear
ratio of the differential hydraulic motor ¢, —the
efficiency of the mechanical power flow in the
differential hydraulic motor.

2 ..(14)

829

Equilibrium condition of the differential
hydro-mechanical variator carrier

M, =M, .(15)

.(16)

Thus, the gear ratio of the differential
motor is determined from the equation (16) at the
given gear ratio of the differential hydraulic pump
and amaximum transformation ratio of thevariator.

After determining the kinematic
parameters of the differential hydro-mechanical
variator units, it is necessary to define structural
and geometrical parameters including
displacements, and the multiplicity of differential
hydraulic pump and motor action, their module,
the number of teeth and the width of the gear.

To reducethe size of hydraulic machines,
all other things being equal, it is desirable to
choose a possibly least number of teeth, and a
largest module [7, 8]. Positive bias of the initial
circuit is performed to eliminate the cropping of
teeth legs.

Dlspl acement of the dlfferentlal pumpis

fjﬁe%axﬂm orée it]the engine

ﬁﬂﬁme éé%lrgof theiworking fluid

.(17)

where N, —the maximum torque of the engine,
N.m; p,—the pressure of theworking fluid, MPa; &,
—the multiplicity of the action of the pump.

Displacement of the differential motor is
determined by theformula:

Vouik,
Vo ==2-7* .(18)

M

where k,—the multiplicity of the action of
the motor.

At the given displacement of the
hydraulic machine, the number of gear teeth and
their width ratio, we can predetermine the module
value from the equation

m=3 Yo
2y, (z+ 2x) ~(19)

where V, — the working volume of the



830

hydraulic machine, mm3; z — the number of gear
teeth, which defines the working volume of the
hydraulic machine; x — the offset of the original
contour; ¥, —theratio of the width of the gear.
The gear wi dth iscalculated after determining the
engagement module
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VO
72cos’ a, }

b=

.(20)
12

where o —the angle gear.
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Fig. 2: Thedesign of steplessautomatic transmission

The above procedure was applied for
designing the continuous variable automatic
transmission for the small light vehicle and
determining its basic parameters (Figure 2).

CONCLUSON

The method proposed for continuous
variable transmission designing on the basis of
differential hydro-mechanical variatorsconsisting
in a consecutive choice of gear ratios of the
kinematic units in the mechanism from the
conditionsof therotor variator (carrier) equilibrium,
as well as the main parameters of tooth gear
engagements providing the necessary
displacement of the hydraulic machines for
maximum torque transmission, enables to choose
the main kinematic and power transmission
parameters for different classes of vehicles, to
evaluate the effect of these parameters on the car
haul age and speed capacities at the designing stage
and implement optimization of the selected
parameterson the basis of operating conditions. A

designed continuous variable gearbox of a car
enabl esto change automatically and continuously
the traction on the wheels depending on the
vehicle speed.
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