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The kinematic scheme hydromechanical differential high-torque CVT. Developed
the design of the continuously variable transmission of the truck with a high-torque

differential hydromechanical CVT.
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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.).

Hightorquedifferential hydro-mechanical
variator used in the construction of the continuous
variabletransmission allowsto meet thefollowing
tasks:

* Increase the maximum value of the
transmitted torque;
* Increase the mechanism efficiency and

reduce the dimensions dueto the possibility
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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 truckst.

2 High torque differential hydro-mechanical
variator (HTHMV)

Hightorquedifferential 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
thejoint operation of the engine and the variator at
an arbitrarily changing value of the external load
ontheworking body. KinematicHTHMYV diagram
shown in Figurel is applicable to the trucks
transmission; it hasalargetransformation ratio and
can operate at high fluid pressure values of above
20MPa.

The housing 12 of the differential high-
torque hydro-mechanical variator rests on the
bearingsinstalled in the dil-filled crankcase 20. The
crankcase has an expansion tank 21 to compensate
for thermal expansion of theail. Thefirst 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 isformed by kinematic units of
the multiple gear hydro-pump 9 consisting of a
crownwheel 4' coupled by theinternal engagement
with satellites 5, and the second — by kinematic
unitsof themultiple gear hydro-maotor 10 withtwo
crown satellites 7-7’, theinternal 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 haveinput 15 and 18, output 14 and 19 ports,
their number being equal to the number of satellites
at the hydraulic pump and the motor? 2,

The hydraulic annular channel 22 is
equipped with an automatic bypass valve 16 and
thecontrolled valve 17. Between the carrier 12 and
thecrankcase 20 thereisa free-wheel clutch 11, on
theinput ports of the pump thereisafilter 13, and
thereisaheat exchanger 23 mounted at the bottom
of the crankcase 20.

Atafixed carrier 12, thetorqueil froman
external power source is transmitted to the input
unit lof the differential mechanism Al, which
rotates at a speed of nl and istransmitted 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 theunit 4-4' and satellites 5 createsaflow of the
working fluid determined by the parameters of the
equation

.V
Myy=Mp = TFH (1)

where M, , = M [, —thetorque on

the input shaft of the hydraulic pump, N'"m;
p,—fluid pressure, 1Pa;

V., —theworking volume of the hydraulic pump,
.

A hydrostatic moment on the carrier isa
distinctivefeature of the hydraulic machineswith
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 theliquid stream, arereduced
to arectangular area of thelength L and thewidth
b. Theresultant of the pressureforces of theliquid
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F is directed perpendicular to the direct line AB
and creates an unbalanced hydrostatic torque on
thecarrier.

M . =FH e

where H —the shoulder of theforce ', 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
axis*®,

In general case, the magnitude of theforce
Fisequal to

(3
wherep —fluid pressure, 1P3; L —thelength of the
chord passing through the points 4 and 4, m; b —
the width of the tooth, m.

Thefinal value of the hydrostatic moment

At

N

A, — mechanical differential mechanism; 4, -

1 2
hydromechanical differential Converter; / — the input

element of the differential mechanism, the input shaft of
the variator; 2 — satellites; 3 — crown wheel differential
mechanism A,; 4 — drove A1l 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; 70 — hydraulic motor; 7/ — freewheel
clutch; /2 — led (housing) of the variator; /3 — filter; 14
and /9 - respectively, the outlet port of the hydraulic
motor and hydraulic pump; /5 and /8 — respectively, inlet
ports of the hydraulic motor and hydraulic pump; 76 —
automatic by-pass valve; /7 — 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

R, 4 :
M e =My —===M pyi5 e
wb
where i, —gear ratio hydraulic pump.
At the driving crown gear
Mpc =My .

The carrier 12 receives the reactive
moment from themechanical differential mechanism

Alequal to

of theinput unit 1 rotation

When using a gear pump with internal
engagement gearswith two or moredriven wheels,
amoment 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

, directed opposite

M, »
My, = T (rg —15) = M5(isg —1)
5

The carrier 12 is influenced by an
unbalanced hydrostatic moment resulting from the
pressure of the working fluid flow equal

M ey =My =—My(1-1p3).

The value of the resistance moment at

the unit 5 is determined from the equation

M ;= M ;. + Mgis, and moments' redistribution
o : My _
ratio in the hydraulic pump 4u YR That is

5

— MFH
Ay +isy

5 . The moments M5 1, M50

and M ¢ o

XMy =My + Mg+ Mpcyp = ZHA?[M
sumisequal to and has the same direction as the
one of theinput unit 1 rotation. Thismoment isthe
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].

(g +isy — (L= irg)(A—isy))
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Theworking fluid flow through the output
ports of the hydraulic pump 79 enters the annular
channel 22 and through the input ports of the
hydraulic motor /8 initsworking cavity formed by
the troughs of the gear wheels 6 and 7. Thetorque
on the output shaft of the motor is equal to

Vi, . N M
My = PEBE < M gy, = =My (A= )i, = Moo ==
T irg
(5

where p, —fluid pressure, 1P3;
V.;—theworking volume of the hydraulic
motor, m?,

MFM _ VFM

] =—"2 =

2

v~ hydraulic gear ratio;
I'd

M ,_4 — the torque at the output shaft of the
motor, N-m;
M ,; — the torque at the output shaft of the
variator, N-m;
i;g — the gear ratio of the gearing between the
gears7’ es.

Thereactive momentsoccur onthecarrier
M encrice ™ tfhe resistance on the output shaft
of the hydraulic motor in the direction opposite to
the rotation of the input shaft. When a working
fluidisfedintheworking spacesof agear 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
My o
—(rs—ry) =Mg(ie7 - 1)
Ts

At further transmission of torque from the crown
gear 7’ to the central sun gear 8, there occurs an
reaction moment equal to

Mipryn =—

M0 =My, (L—ipg) . Similarly to the

hydraulic pump, the unbalanced hydrostatic
moment al so resulting from pressure of theworking
fluid flow directed towardstheinput shaft, operates
intheahydraulic motor with internal gear and equal

M ey = —M 4 4045 . Asaresult of thismoment

the total reaction moment from the motor on the
carrier 12 isreduced by thisvalue and is equal

1-i,
_ _ .. 67 . .
XMy *Mieri‘*'Miznwz"'Mrcz*Mllisl{/1 —+1-izg —izg
u tler

Gear ratios of kinematic units of the
variator are determined basing on the equilibrium
conditions of the carrier 12 at a predetermined
transformation ratio

A g — (L—iz)A—igy 1-i
1+ sy — vll3)( ) =i, 15? +1ipg —izg
Ay +isy Ay +igr
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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 M . =—M ;; isin

a state of equilibrium and the number of its
revolutionsisn,,= 0, and the number of the output

shaft revolutions of the variator is n; = %1 (K-

transformation coefficient). At |[M¢|>|-M,| a

difference of momentsonthecarrier 12 isreceived
by a freewheel 11. At reducing the number of

revolutions of the output shaft till 7, =0 under

the load exceeding atargeted one, the pressurein
the annular cavity increasesto 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 risein temperature of theworking fluid
at its overflow through the dlits 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 11, the reaction moment on the carrier 12 by
the motor decreases, the flow of hydraulic power
reduces, while the mechanical total moment Ol ,
f‘ormed by the work of differential stages A, and
A, with a constant number of revolutions of the

- P —
B B
AL s tisoove:
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S
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Fig. 3. The design of stepless automatic transmission of a vehicle KAMAZ-5460
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input shaft | istransmitting capacity by the parallel
flow of mechanical power. Thedifference between
the sum of moments and the reaction torque leads
to therotation of the carrier 12 inthe samedirection
astheinput | and output 11 shafts, and the number
of revolutions of the output shaft Il increasesfrom

n

ny :FI to n; =n; which determines the

range of automatic adjustment of the variator

i = }l/ 5 +1. Herewith occurs aredistribution
3a

of power flows by the hydraulic and mechanical

circuitandat n;; = n; al thepower istransmitted

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 themain
parameters of the high-torque hydro-mechanical
variator, its diagram is shown in Figure 1. Initial
datafor calculation:

- The gear ratio of the GB first stage - 13.86;

- The gear ratio of the GB highest stage -
0.84

- Maximum enginetorque- 14701 "i;

- Rated motor power - 265 kW

- Axleratio-5.11;

- Staticwheel radius- 0.478 m.

Preliminary calculationsshowed that itis
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
alsowould provide an overdrive transmission and
reversing.

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

_ VGl
mpmax — M

U (6)

emaxnmp ’

wherey = —the maximum coefficient of
road resistance; G, —the full weight of road train,
N; r_— kinematic wheel radius, m; M, - the

emax

maximum torque of the engine, N’"m; ¢, —
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transmission efficiency.
The minimum transmission gear ratio is
determined for automobiletrain propulsion witha

maxi mum speed:

U, min = 01057 .

max

where n, — the rotational speed of a
crankshaft of the engine when driving with a
maximum speed of; ¥ —the maximum speed of
motion of lorry convoy.

The gear ratio of an overdrive splitter
transmission U, is set up, and the axle ratio is

mpmin

defined by the U, pin value:
U .
Uy =—270 )
Ude

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

U

_ _ mpmax 9
UK, -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 ispossible
to size the high-torque hydro-mechanical variator
with the following parameters into the given
dimensions of the existing GB:

- Thegear ratio of the differential mechanism
attheinput of the variator i, = -3,0;

- The gear ratio of the differential pump
i,,=03L

- Thegear ratio of thedifferential hydro-mator
i, =355

- The gear ratio of the gearing at the output
of the hydro-mechanical variator i, = -2,29;

- Hydraulic gear ratio i, = 0,766;

- Pump modulem, = 6,0 1i;

- Motor unitm, = 6,0 11;

- Width of the hydraulic pump teeth b, = 43 1i;

- Width of the hydraulic pump teeth b, = 92 ii;

- Thegear ratio of thelow splitgear U, = 1,95;

- The gear ratio of the high split gear
U, =084

- AxleratioU,=5,11.

U()H
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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.

CONCLUSON

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 gearsand hydraulic machines, ahigh
degree of unification, a significantly less cost of
materials and |abor 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 leadsto 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
inall fieldsof engineering.
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