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Continuous variable transmission
enables to combine effectively the engine
performance with different modes of the vehicle
operation. However, the existing mechanical
continuous variable transmissions have a
significant disadvantage - the maximum
transmittable torque of 300 ÷ 350 H-M, which
prevents their use in trucks transmissions. The
continuous variable transmissions are still not
widely used in trucks transmissions also due to
their existing significant shortcomings as
compared to mechanical speed transmission
gearbox (size, weight, efficiency, production costs,
etc.).

High torque differential hydro-mechanical
variator used in the construction of the continuous
variable transmission allows to meet the following
tasks:
* Increase the maximum value of the

transmitted torque;
* Increase the mechanism efficiency and

reduce the dimensions due to the possibility

to operate at high pressure values
* Provide automatic torque control on the

output shaft, without control systems,
depending on the changes in the external
load and the control range of trucks1.

2 High torque differential hydro-mechanical
variator (HTHMV)

High torque differential hydro-mechanical
variator is designed for the continuous automatic
converting of rotary motion between the motor
shaft and the shaft of the working body of the
machinery in order to ensure the optimal mode of
the joint operation of the engine and the variator at
an arbitrarily changing value of the external load
on the working body. Kinematic HTHMV diagram
shown in Figure1 is applicable to the trucks
transmission; it has a large transformation ratio and
can operate at high fluid pressure values of above
20 MPa.

The housing 12 of the differential high-
torque hydro-mechanical variator rests on the
bearings installed in the oil-filled crankcase 20. The
crankcase has an expansion tank 21 to compensate
for thermal expansion of the oil. The first differential
stage of the variator is a mechanical differential
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mechanism consisting of the input shaft 1,
satellites 2, the output unit 3 and the carrier 4. The
second differential stage is a hydro-mechanical
differential transducer having two planetary gear
sets, one of which is formed by kinematic units of
the multiple gear hydro-pump 9 consisting of a
crown wheel 4’ coupled by the internal engagement
with satellites 5, and the second – by kinematic
units of the multiple  gear hydro-motor 10 with two
crown satellites 7-7’, the internal engagement gears
thereof 7 are connected with the crown wheel 6,
and those of the outer engagement 7’ - with the
central sun gear 8. The hydraulic pump and the
motor have input 15 and 18, output 14 and 19 ports,
their number being equal to the number of satellites
at the hydraulic pump and the motor2, 3.

The hydraulic annular channel 22 is
equipped with an automatic bypass valve 16 and
the controlled valve 17. Between the carrier 12 and
the crankcase 20 there is a  free-wheel clutch 11, on
the input ports of the pump there is a filter 13, and
there is a heat exchanger 23 mounted at the bottom
of the crankcase 20.

At a fixed carrier 12, the torque Ì1 from an
external power source is transmitted to the input
unit 1of the differential mechanism À1, which
rotates at a speed of n1 and is transmitted through
satellites2 to the carrier of the differential 4 of the
kinematic unit 4-4'. Herewith, the unit 4-4' rotates
in the same direction as the input unit 1. Rotation
of the unit 4-4' and satellites 5 creates a flow of the
working fluid determined by the parameters of the
equation

π2'44
ГНн

ГН
VpMM ==− ...(1)

where ГНMM =− '44  – the torque on
the input shaft of the hydraulic pump, N’”m;
ρí – fluid pressure, ÌPà;
VΠH – the working volume of the hydraulic pump,
m3.

A hydrostatic moment on the carrier is a
distinctive feature of the hydraulic machines with
internal engagement gears. Figure 2 presents the
diagram for determining of the hydrostatic moment.
Projections of curved surfaces of gear crowns,
which are pressed by the liquid stream, are reduced
to a rectangular area of the length L and the width
b. The resultant of the pressure forces of the liquid

F is directed perpendicular to the direct line AB
and creates an unbalanced hydrostatic torque on
the carrier.

 FHМ ГС = ...(2)
where H – the shoulder of the force F, m.

At the same time, the moment resultant
of the pressure forces on the crown wheel is equal
to zero, because the resultant vector of the pressure
forces comes through the crown wheel rotation
axis4, 5.

In general case, the magnitude of the force
F is equal to

LbpSрF нн ==

...(3)
where pí – fluid pressure, ÌPà; L – the length of the
chord passing through the points À and Â, m; b –
the width of the tooth, m.

The final value of the hydrostatic moment

À1 – mechanical differential mechanism; À2 –
hydromechanical differential Converter; 1 – the input
element of the differential mechanism, the input shaft of
the variator; 2 – satellites; 3 – crown wheel differential
mechanism À1; 4 – drove A1 of the differential mechanism,
the input link of the differential hydromechanical
Converter; 4’ – a leading crown wheel pump; 5 – the
satellites pump; 6 – crown wheel hydraulic motor; 7-7’ –
dvuhventsovye satellite; 8 – the Central sun gear shaft; 9
– hydraulic pump; 10 – hydraulic motor; 11 – freewheel
clutch; 12 – led (housing) of the variator; 13 – filter; 14
and 19 – respectively, the outlet port of the hydraulic
motor and hydraulic pump; 15 and 18 – respectively, inlet
ports of the hydraulic motor and hydraulic pump; 16 –
automatic by-pass valve; 17 – operated valve; 20 – Carter
variator; 21 – expansion tank; 22 – annular channel; 23 –
heat exchanger

Fig. 1. The kinematic diagram of the variator
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on the carrier is equal to
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where i54’ – gear ratio hydraulic pump.
At the driving crown gear

ГНГС MМ = .
The carrier 12 receives the reactive

moment from the mechanical differential mechanism

A1 equal to 

131112 iMМ А −=

, directed opposite
of the input unit 1 rotation

When using a gear pump with internal
engagement gears with two or more driven wheels,
a moment let to the gear 4' (the pump moment) is
received by the resistance moments acting at the
hydraulic pump gears 4' and 5. In this case, the
resistance moment on the unit 5 defines the value
of the reaction moment on a carrier 12 which is
equal
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The carrier 12 is influenced by an
unbalanced hydrostatic moment resulting from the
pressure of the working fluid flow equal

)1( 1312 iММM ГНГСА −−== .
The value of the resistance moment at

the unit 5 is determined from the equation
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sum is equal to  and has the same direction as the
one of the input unit 1 rotation. This moment is the
reference point, it determines the maximum
transformation rate basing on the equilibrium
conditions of the carrier 12, under the action of the
total reactive moment from the hydraulic motor [3,
6].

The working fluid flow through the output
ports of the hydraulic pump 19 enters the annular
channel 22 and through the input ports of the
hydraulic motor 18 in its working cavity formed by
the troughs of the gear wheels 6 and 7. The torque
on the output shaft of the motor is equal to
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where ρH – fluid pressure, ÌPà;

VÃÌ – the working volume of the hydraulic
motor, m3;

ГН

ГМ

ГН

ГМ
г V

V
M
Mi ==  – hydraulic gear ratio;

'77−М  – the torque at the output shaft of the
motor, N·m;

IIМ  – the torque at the output shaft of the
variator, N·m;

8'7i  – the gear ratio of the gearing between the
gears 7’ è 8.

The reactive moments occur on the carrier
at presence of the resistance on the output shaft
of the hydraulic motor in the direction opposite to
the rotation of the input shaft. When a working
fluid is fed in the working spaces of a gear hydraulic
motor with internal engagement gears and with
two or more satellites the same as in hydraulic
pumps, there occur moments of the resistance on

Fig. 2. Diagram to determine moment of hydrostatic
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the gears 6 and 7. In this case, the moment of
resistance on the unit 6 determines the value of
the reactive moment from the hydro-motor on the
carrier 12, which is equal
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At further transmission of torque from the crown
gear 7’ to the central sun gear 8, there occurs an
reaction moment equal to

)1( 8'7212 iMM ГМГМ −= . Similarly to the

hydraulic pump, the unbalanced hydrostatic
moment also resulting from pressure of the working
fluid flow directed towards the input shaft, operates
in the a hydraulic motor with internal gear and equal

76'772 iММ ГС −−= . As a result of this moment
the total reaction moment from the motor on the
carrier 12 is reduced by this value and is equal
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Gear ratios of kinematic units of the
variator are determined basing on the equilibrium
conditions of the carrier 12 at a predetermined
transformation ratio
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The carrier 12, which is common for the two
differential stages, and at presence of resistance

moment on the output shaft 8 IIС MМ −=  is in
a state of equilibrium and the number of its
revolutions is n12 = 0, and the number of the output

shaft revolutions of the variator is 
К
n

n I
II =  (K -

transformation coefficient). At IIС MМ −>  a
difference of moments on the carrier 12 is received
by a freewheel 11. At reducing the number of

revolutions of the output shaft till 0=IIn  under
the load exceeding a targeted one, the pressure in
the annular cavity increases to the pressure of the
relief valve 16 automatic triggering; and the
difference between the liquid flow through the
pump and motor flows from the ring channel 22
into the internal housing cavity 20. Due to the
significant rise in temperature of the working fluid
at its overflow through the slits of the valve 16,
such operation mode may be allowed only for a
short while at the starting from standstill of the
vehicle.

When reducing the load on the output
shaft II, the reaction moment on the carrier 12 by
the motor decreases, the flow of hydraulic power
reduces, while the mechanical total moment ÓÌ12
formed by the work of differential stages À1 and
À2 with a constant number of revolutions of the

Fig. 3. The design of stepless automatic transmission of a vehicle KAMAZ-5460
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input shaft I is transmitting capacity by the parallel
flow of mechanical power. The difference between
the sum of moments and the reaction torque leads
to the rotation of the carrier 12 in the same direction
as the input I and output II shafts, and the number
of revolutions of the output shaft II increases from

К
nn I

II =  to III nn =  which determines the

range of automatic adjustment of the variator

ivar = 
задi

1 ÷1. Herewith occurs a redistribution

of power flows by the hydraulic and mechanical

circuit and at III nn =  all the power is transmitted
by the mechanical circuit [6, 7, 8].

The design of the continuous variable
transmission of the tow tractor

The truck-tractor KAMAZ-5460 was
adopted as a prototype for calculation of the main
parameters of the high-torque hydro-mechanical
variator, its diagram is shown in Figure 1. Initial
data for calculation:
- The gear ratio of the GB first stage - 13.86;
- The gear ratio of the GB highest stage -

0.84;
- Maximum engine torque - 1470 Í’”ì;
- Rated motor power - 265 kW
- Axle ratio - 5.11;
- Static wheel radius - 0.478 m.

Preliminary calculations showed that it is
necessary to significantly increase the size of the
variator housing to maximize the coefficient of
transformation; therefore it is appropriate to use
two-step splitter in addition to the variator, which
also would provide an overdrive transmission and
reversing.

Calculation of gear ratios of the splitter
should be carried out in the following sequence:
1.  The required maximum transmission gear ratio
is determined for overcoming the maximum road
resistance:

трe

кa
тр M

rG
U

η
ψ

max

max
max = , ...(6)

where ψmax – the maximum coefficient of
road resistance; Ga – the full weight of road train,
N; rk – kinematic wheel radius, m; Memax – the
maximum torque of the engine, N’”m; çòð –

 transmission efficiency.
The minimum transmission gear ratio is

determined for automobile train propulsion with a
maximum speed:

max
min 105,0

V
rnU кV

тр = , ...(7)

where nV – the rotational speed of a
crankshaft of the engine when driving with a
maximum speed of; Vmax – the maximum speed of
motion of lorry convoy.

The gear ratio of an overdrive splitter
transmission Ude is set up, and the axle ratio is
defined by the Umpmin value:

дв

тр

U
U

U min
0 = ...(8)

Maximum transformation ratio of the
variator Kmax is set basing on the maximum
allowable dimensions of the gearbox housing and
the gear ratio of the splitter lower stage is defined:

max0

max

KU
U

U тр
дн = . ...(9)

Upon setting the maximum variator
transformation ratio, it is necessary to define the
basic parameters of the kinematic units of the
variator. The calculation showed that it is possible
to size the high-torque hydro-mechanical variator
with the following parameters into the given
dimensions of the existing GB:
- The gear ratio of the differential mechanism

at the input of the variator i13 = -3,0;
- The gear ratio of the differential pump

i4’5 = 0,31;
- The gear ratio of the differential hydro-motor

i67 = 3,55;
- The gear ratio of the gearing at the output

of the hydro-mechanical variator i7’8 = -2,29;
- Hydraulic gear ratio iã = 0,766;
- Pump module mí = 6,0 ìì;
- Motor unit mì = 6,0 ìì;
- Width of the hydraulic pump teeth bí = 43 ìì;
- Width of the hydraulic pump teeth bì = 92 ìì;
- The gear ratio of the low split gear Uäí = 1,95;
- The gear ratio of the high split gear

Uäâ = 0,84;
- Axle ratio U0 = 5,11.
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The design of the continuous variable
transmission with high-torque hydro-mechanical
variator of the truck-tractor KAMAZ-5460 is
presented in Figure 3.

CONCLUSION

The comparative analysis of the
automatic transmissions designs  composition,
wedge catching and toroidal variators produced
by modern automotive industry in different
countries, shows a high degree of design and
technological continuity in respect of the existing
production of gears and hydraulic machines, a high
degree of unification, a significantly less cost of
materials and labor and, accordingly- much lower
cost.

High-torque differential hydro-
mechanical variators in the automotive industry
used as automatic transmissions in trucks, allow
the engine in co-operation with them to work in
the regime of equal capacity, at the external load
changing over the entire range, which leads to an
optimal degree of capacity utilization and,
accordingly, the significant reduction in fuel
consumption. Reached technical results provide
the multifunctional use of the proposed invention
in all fields of engineering.
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