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(57) Abstract

Hydrostatic drive system for a slip-steered vehicle (1),
comprising two controllable hydraulic pumps (2, 3), which are
preferably mounted on one and the same driven shaft, a pair
of hydraulic motors (5, 6; 7, 8) at each side of the vehicle,
each of the said pairs (5. 6; 7, 8) being connected with 4 hy-
draulic pump (2, 3) of its own, whereby each hydraulic motor
(5, 6,7, 8) is arranged so as to drive at least one wheel (9). The
invention is characterized in that the two hydraulic pumps (2,
3) are connected to the corresponding pairs of hydraulic mo-
tors (3, 6: 7, 8) via a closed system of pipes and valves (10, 11,
12, 15: 14, 15, 16, 17), which permits switching over from hy-
draulic motors (5, 6: 7, 8) connected in parallel to hydraulic
motors (3, 6: 7, 8) connected in series.
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Hydrostatic drive system

- The present invention is concerned with a
hydrostatic drive system for a slip-steered vehicle,
comprising two controllable hydraulic pumps, which are
preferably mounted on one and the same driven shaft, a
pair of hydraulic motors at each side of the vehicle,
each of the said pairs being connected with a hydraulic
pump of its own, whereby each hydraulic motor is arranged
so as to drive at least one wheel.

Prior-art drive systems for slip-steered
vehicles having more than one- hydraulic motor per side
are either provided with hydraulic motors connected in
series or in parallel, or they may be provided with a
number of hydraulic pumps equalling the number of motors.
All of these systems are confined to one speed range only,
which restricts their scope of application considerably.
Vehicles with hydraulic motors connected in parallel
obtain a high tractive power on each wheel, but their
running speed is relatively low. Owing to these circum~
stances, such a vehicle is well suitable, e.g., for
heavy transportations in difficult terrain, whereas they
are, on the whole, not at all suitable for running on
the highway, owing to the low running speed. In stead,
vehicles provided with hydraulic motors connected in
series can be driven at a twice as high running speed
compared to a vehicle provided with similar hydraulic
motors connected in parallel, but, on the contrary, the
tractive effort of vehicles with hydraulic motors con~
nected in series goes down to about half the tractive
effort of a vehicle with hydraulic motors connected in
parallel. Therefore, vehicles provided with hydraulic
motors connected in series are well suitable for running
on highway, but the tractive effort of the vehicle is
not quite enough for heavy transportations in difficult

terrain.
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The object of the present invention is to pro-
vide a drive system for a slip-steered vehicle which is
suitable equally well for running in difficult terrain
and on highway. This has been achieved by means of a
drive system which is characterized in that the two
hydraulic pumps are connected to the corresponding
pairs of hydraulic motors via a closed system of pipes
and valves, which permits switching over from hydraulic
motors connected in parallel to hydraulic motors con-
nected in series. The further characteristics of the
invention come out from the accompanying claims 1 to 6.

In the following, the invention will be
examined in more detail with reference to the drawing,
wherein

Figure 1 is a schematical illustration of an
example of a drive system in accordance with the inven-
tion, whereat, for the sake of clarity of illustration,
the hydraulic motors at the left side are connected in
parallel and the hydraulic motors at the right side are
connected in series,

Figure 2 shows an example of the way in which
the drive system is arranged in a vehicle seen from the
bottom side. 7

The drive system in accordance with the inven-
tion comprises two controllable hydraulic pumps 2,3
driven, e.g., by a diesel engine 4. The hydraulic pumps
2,3 are preferably mounted on one and the same driven
shaft. The vehicle 1 is provided with a pair of hydrau-
lic motors 5,6; 7,8 at each side, each of which pairs
5,6 and 7,8 is connected with a hydraulic pump 2,3 of
its own. Each of the said hydraulic motors 5,6; 7,8 is
arranged so as to drive at least one wheel 9. The
maneuvering of the two hydraulic pumps takes place
appropriately by means of a common control lever, e.g.,
in accordance with the US Patent No. 4,470,475, according
to which the ends of a cross-piece attached to the

control lever of the vehicle 1 are, by means of rods or
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wires, connected to the control member of the corres-
ponding hydraulic pump 2 or 3, respectively. Each of
the hydraulic pumps 2 and 3 is included in its own closed
pipe and valve system 10,11,12,13; 14,15,16,17, which
permit switching over between hydraulic motors 5,6; 7,8
connected in parallel and hydraulic motors 5,6; 7,8 con-
nected in series. The switching-over takes place so
that the valves 11,15 in the pipes 10,12,13; 14,16,17
are closed or opened, which must take place at the same
time in both of the systems 10,11,12,13; 14,15,16,17,
so that either all of the hydraulic motors 5,6,7,8 are
connected in parallel or all of the hydraulic motors
5,6,7,8 are connected in series. 1In the contrary case
the vehicle becomes entirely uncontrollable. True enough,
in the general view in Fig. 1, the hydraulic motors 5,6
at the left side are connected in parallel, whereas the
hydraulic motors 7,8 at the right side are connected in
series, but this has been done only in order to illus-
trate both of the alternatives in the same figure.

One of-the connection openings 18,19 on each
of the hydraulic pumps 2,3 is connected to a pipe 10,14
provided with a valve, which said pipe communicates with
the corresponding connection openings 20,21;22,23 on the
hydraulic motors 5,6;7,8 at the respective side. The
other two connection openings 24,25 on the hydraulic
pumps 2,3 are connected to their respective pipes 12,16
provided with valves, which said pipes communicate with
the other two connection openings 26;27;28,29 on the
hydraulic motors 5,6;7,8 at the respective side. The
system further includes one pipe 13,16 provided with a
valve at each side, which said pipe connects the outlet
opening 20;22 of one hydraulic motor 5;7 with the inlet
opening 27;29 of the other hydraulic motor 6;8. In order
that the system should work, the two connection openings
18,24; 19,25 of the respective hydraulic pumps 2,3 must
be connected to the pipes 10,12 or 14,16, respectively,

at opposite sides of the valve members 11 or 15, res-
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pectively, in the respective closed pipe and valve
systems.

When the hydraulic motors are connected in
parallel, the valves 11 and 15 are set so that the pipes
10 and 12 as well as 14 and 16 are open, whereas the
pipes 13 and 17 are closed. If the hydraulic pumps 2
and 3 are, e.g., set so that they pass hydraulic fluid
from the connection opening 18 or 19, respectively, to
the pipe 10 or 14, respectively, the flow of hydraulic
fluid is distributed in each pipe system so that about
half the fluid flows to the connection opening 20 or
22, respectively, of the hydraulic motor 5 or 7, respec-
tively, whereas the other half flows to the connection
opening 21 or 23, respectively, of the hydraulic motor
6 or 8, respectively, and drives the respective'hydrau—
lic motors 5,6,7 and 8 so that all the wheels 9 of the
vehicle are made to revolve at an equally high speed in
the same direction. From the connection openings 26 and
27 or 28 and 29, respectively, the hydraulic fluid flows
are passed along the pipe 12 or 16, respectively, to the
connection opening 24 or 25, respectively, of the hyd-
raulic pump.

When the hydraulic motors are to be connected
in series, the valves 11 and 15 are set so that they
close the pipes 10 and 12 as well as 14 and 16, respec-
tively, and open the pipe 13 and 17, respectively. If
the hydraulic pumps 2 and 3 are set so that they pass
hydraulic fluid from the connection opening 18 or 19,
respectively, to the pipe 10 or 14, respectively,
the entire fluid flow is passed through the said pipe
to the connection opening 21 or 23, respectively, of the
hydraulic motor 6 or 8, respectively, forcing the
respective hydraulic motor to revolve. From the hydrau-
lic motor 6 or 8, respectively, the flow of hydraulic
fluid is passed further through the pipe 13 or 17, res-
pectively, to the connection opening 20 or 22, respec-

tively, of the hydraulic motor 5 or 7, respectively,
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forcing the respective hydraulic motor 5 or 7, respec-
tively, and, consequently, the corresponding wheel 9 to
revolve. From the hydraulic motor 5 or 7, respectively,
the hydraulic fluid flow is then passed back to the
respective hydraulic pump 2 or 3, respectively, via the
pipe 12 or 16, respectively.

It is a problem with hydraulic motors connected
in parallel that substantially the whole drive power is
passed to the hydraulic motor that, for the time being,
offers the least resistance, e.g. a hydraulic motor that
drives a wheel which has lost its contact with the ground.
This results in the circumstance that the other one -of
the hydraulic motors connected in parallel ceases to
revolve. 1In order to eliminate this problem, as a rule,
some sort of a differential lock must be used. We have
solved this problem by providing the outer mantle of the
revolving part of each hydraulic motor with a tooth rim
or equivalent, whereat, at both sides of the vehicle 1,
an endless chain 30,31 runs over the said tooth rims,
which results in.the circumstance that all the wheels 8
at the respective side of the vehicle are made to
revolve with a mutually equal speed, irrespective of the
mode of coupling of the motors and irrespective of any
external factors, such as load and equivalent. To avoid
contamination of the chains and to reduce the risk of
accidents, the said tooth rims and chains 30,31 are
preferably encapsulated.

In order to facilitate the control of the
valves of the drive system, all the valves 11,15 are
preferably arranged in a single unit so that the valves
at each side can be controlled by means of one and the
same control member. The switching-over can take place
completely mechanically or possibly in the hydraulic or
electromagnetic way. The valves are, e.g., ball
valves, but other types of valves may also be used.

Two hydraulic motors or possibly all of the
four hydraulic motors 5,6,7 and 8 may appropriately be
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arranged so as to drive the wheels 9 in a bogie unit 32.
In such a case, the respective hydraulic motor 5,6,7,8
is preferably arranged concentrically with the pivot
shaft of the bogie unit 32, whereby the hydraulic motor
5 concerned is arranged so as to transfer the drive power
by means of two endless chains 33 to the two wheels 9

of the respective bogie unit 32.

10



WO 86/04306 PCT/FI86/00009

WHAT IS CLAIMED IS:

1. Hydrostatic drive system for a slip-
steered vehicle (1), comprising two controllable hydrau-
5 lic pumps (2,3), which are preferably mounted on one and
the same driven shaft, a pair of hydraulic motors (5,6;
7,8) at each side of the vehicle, each of the said pairs
(5,6; 7,8) being connected with a hydraulic pump (2,3)
of its own, whereby each hydraulic motor (5,6,7,8) is
10 arranged so as to drive at least one wheel (9),
characterized, in that the two hydraulic
pumps (2,3) are connected to the corresponding pairs of
hydraulic motors (5,6;7,8) via a closed system of pipes
and valves (10,11,12,13; 14,15,16,17), which permits
15 switching over from hydraulic motors (5,6; 7,8) con-
nected in parallel to hydraulic motors (5,6; 7,8) con-
nected in series.
2. Hydrostatic drive system as claimed in
claim1, characterized in that both con-
20 nection openings (18,24; 19,25) of each hydraulic pump
(2,3) are connected to their respective pipes (10,12;
14,16) provided with valves, which said pipes communi-
cate with the corresponding connection openings (20,21;
26,27 or 22,23; 28,29, respectively) on the hydraulic
25 motors (5,6; 7,8) at the respective side, in addition
to which, in the system, at each side, there is a pipe
(13,17) provided with a valve, which said pipe connects
the outlet opening (20,22) of one hydraulic motor with
the inlet opening (27,29) of the other hydraulic motor.
30 3. Hydrostatic drive system as claimed in
claim 2, characterized in that the outer
mantle of the revolving part of each hydraulic motor
(5,6,7,8) is provided with a chain wheel, whereby the
hydraulic motors (5,6; 7,8) at each side are inter-
35 connected by an endless chain (30,31) running over
the said chain wheels.
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4. Hydrostatic drive system as claimed in
claim 3, characterized in that the valves
(11,15) are arranged in one unit so that the hydraulic
motors (5,6; 7,8) at each side can be switched over by
means of one control from parallel connection to series
connection.

5. Hydrostatic drive system as claimed in
claim4, characterigzed in that the valves
(11,15) consist of ball valves.

6. Hydrostatic drive system as claimed in any
of the preceding claims, characterized in
that the switching-over from hydraulic motors (5,6; 7,8)
connected in parallel to hydraulic motors (5,6; 7,8) con-
nected in series takes place in the hydraulic way, pre-
ferably by means of one single little control lever.

g
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