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(57) Abstract

A method and a device for control of
a regenerative hydrostatic drive system, par-
ticularly for vehicles, comprises a primary
engine (9) with a power transmission (5) to
a drive axle (6) and a hydrostatic machine
(2), which is selectively connectable to the
same drive axle (6) and connected to a hy-
draulic fluid circuit, which comprises at
least one high pressure supply (3) and one
low pressure supply (4) of said hydraulic
fluid, the hydrostatic machine (2) during
braking of a vehicle being connected with
said drive axle (6) and operating as pump
provides a charging of the high pressure supply (3), while the last-mentioned during acceleration of the vehicle drives the
hydrostatic machine (2) as 2 motor and hence also the drive axle (6). For allowing the use of smallest possible hydraulic
fluid volume simultaneously with maximum utilization of said volume the invention suggests that during the flow of the
hydraulic fluid in the direction from the high pressure (3) to the low pressure (4) supply is detected the achievement of a
predetermined fluid volume in one of the supplies (3, 4) for determination of the quantity of hydraulic fluid remaining in
the high pressure supply (3). In case the detection of the predetermined fluid volume is made in the low pressure supply a
correction coefficient for the temperature of the hydraulic fluid is incorporated in said quantity determination which in
this case is made while taking the given total hydraulic fluid volume into consideration. Thereafter, the change of the re-
maining volume of hydraulic fluid in the high pressure supply (3) is continuously determined on the basis of the instan-
taneous speed and displacement of the hydrostatic machine (2) at the same time as the smallest volume of hydraulic fluid is
determined, which at instantaneous speed and displacement of the hydrostatic machine (2) is required for allowing a jerk-
free shifting to driving only by means of the primary drive engine (9), the results of said two determinations being continu-
ously compared and when found equal brought to initiate said shifting.
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CONTROL METHOD AND DEVICE fOR A REGENERATIVE -
DRIVE SYSTEM, PARTICULARLY FOR VEHICLES

The present invention refers to a method and a
device for control of a regenerative hydrostatic drive
system, particularly for vehicles, which system
comprises a primary engine with a power transmission
to a drive axle and with a hydrostatic machine which is
selectively connectible to the same drive axle and
connected to a hydraulic fluid circuit, which comprises
at least one high pressure supply and ore low pressure
supply of said hydraulic fluid, the hydrostatic machine
during e g retardation of a vehicle being connected
with said drive axle and operating as pump provides a
charging of said high pressure supply, while the last-
-mentioned during e g acceleration of the vehicle
drives the hydrostatic machine as a motor and hence.
also the drive axle.

As a link in the efforts in many piaces of the
world as far as environment protection and energy
saving is concerned, it has been closer studied during
the last years whether improvements can be achieved in
connection with vehicles driven by internal combustion
engines. Particularly buses and most particularly buses
in traffic in densely built areas exhibit driving
cycles consisting of a powerful acceleration, a short
travel at economic operating speed of the driving
engine, which preferably is a diesel engine, and a
heavy braking. In particular, the braking periods have
been studied as to the possibilities of recovering the
inertia or kinetic energy of the vehicle.

One proposal studied implies that to the power

transmission between an internal combustion engine with
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automatic gearbox and a vehicle drive axle is releasably -
connected a hydraulic machine, which is coupled to a

<

closed hydraulic fluid circuit, comprising a high
pressure accumulator and a low pressure accumulator for
the hydraulic fluid. Particulafly in connection with
the use in vehicles it is important that the accumula-
tor volume is kept small for reasons of space and
economy and is utilized as fully as possible. During
certain situations of operation there occur, however,
extreme conditions which might cause risks for mal-
function or even physical damages to the mechanical
components. Therefore it is of extreme importance that
the position of the hydraulic fluid volume within the
system and particularly within the high pressure
accumulator can be continuously monitored exactly and
reliably during operation.

Previous attempts to carry out said monitoring
and control have been based on sensing the pressure of
the high pressure accumulator. The pressure of said
accumulator is provided by means of a gas body, but
the pressure of the gas is dependent of the temperature,
as is well known. In order to avoid said temperature
dependency, attempts have instead been made to con-
tinuously detect the position of the piston of both
the high pressure and the low pressure accumulator but
this has turned out to involve complicated and
expensive designs including e g long linkages, risks
for leakages and other drawbacks. To monitor only by
means of calculations how the hydraulic fluid moves
within the system also has turned out to be insuffi-
cient due to poor exactness. &

The object of the present invention now is to
provide a method for controlling such a regenerative

hydrostatic drive system, wherein the drawbacks
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hitherto present have been eliminated without requiring
expensive and complicated design solutions. According
to the invention this is obtained substantially in
that during the flow of the hydraulic fluid in the
direction from the high pressure supply to the low
pressure supply, the achievement of a predetermined
fluid volume in one of the supplies is detected for
determination of the quantity of hydraulic fluid
remaining in the high pressure supply, whereby in the
case the detection of the predetermined fluid volume
is made in the low pressure accumulator a correction
coefficient for the temperature of the hydraulic fluid
is incorporated in said volume determination, which in
this case is made while taking the given total
hydraulic fluid volume into consideration, after which
the change of the remaining volume of hydraulic fluid
in the high pressure supply is continucusly determined
on the basis of instantaneous speed and displacement
of the hydrostatic machine at the same time as the
smallest volume of hydraulic fluid is determined,
which at instantaneous speed and displacement of the
hydrostatic machine is required for allowing a Jjerk-
-free shifting to driving only by means of the

primary drive engine, the results of said two deter-
minations being continuously compared and when found
equal brought to initiate said shifting so as to
provide for a maximum utilization of the remaining
hydraulic f£luid volume in the high pressure supply.

By the invention it is now achieved a very
exact determination of the instantaneous position of
the hydraulic fluid volume within the drive system so
as to allow the high pressure supply to be utilized
entirely all down to a very small rest volume of
hydraulic fluid of the order of 0,5% of the total
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volume of the high pressure accumulator without any
risk of running empty and cause interruptions and

jerks of the power flow to the drive axle when shifting
to drive engine operation.

Another object of the invention is to suggest

" a device for carrying out said method and of the kind
stated in the preamble of the accompanying claim 3.
The features essentially distinguishing said device
are set forth in the characterizing clause of the same
claim 3.

By way of example, the invention will be
further ‘described below with reference to the accom-
panying drawing, in which Fig 1 diagrammatically
illustrates the principle of a regenerative hydro-
static drive system, while Fig 2 also diagrammatically
illustrates such a drive system applied to a motor
vehicle.

As is evident from Fig 1, a hydrostatic drive
system comprises a hydrostatic machine 2, connected
to a suitable power source (not illustrated in this
Figure) such as a vehicle drive engine through a shaft
1. Said machine is reversible, i e adapted to operate
alternatively as motor or pump, and is connected to a
hydraulic fluid circuit. This circuit comprises a high
pressure accumulator 3 for hydraulic fluid and a low
pressure accumulator 4 for the same fluid. Preferably,
the hydrostatic machine is a piston machine of so-
-called bent-axis type with variable displacement,
which variation is provided for by angular adjustment
of the adjustment yoke of the machine to an angle a.
For the purpose of control, it is furthermore suitable
that the high préssure accumulator 3 is provided with

- a pressure gauge P while the low pressure accumulator

4 has a temperature sensor T.
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A practical example of the application in a
vehicle drive system has been more closely illustrated
in Fig 2. In said example, the hydrostatic machine 2 is
connected with the power transmission 5 to a drive
axle 6, in the present case being the rear axle of an
omnibus. Said connection preferably also includes a
releasable coupling 7 and a suitable gearing 8, when
needed. The vehicle or bus has a primary drive engine
in the form of a diesel engine 9, which is connected
with the power transmission 5 through a preferably
automatic transmission or gearbox 10. The gearbox 10
is shiftable between a neutral position N and a drive
position D by means of a shift member 11.

The hydrostatic machine 2 is of a kind having
variable displacement and this variation is achieved
as known per se by means of a control fluid, which
through a control fluid circuit 12 is supplied to the
machine 2 from a pump 13, driven by the vehicle engine
9. Preferably the control fluid is taken from the low
pressure accumulator 4 for the working fluid. The
vehicle drive engine 9 is controlled in a conventional
way by the aid of an accelerator or speed pedal 14,
which is connected with the engine 9 through a linkage
15 comprising a compensation cylinder 16. Furthermore,
for operation of the vehicie the same is provided with
a brake pedal 17. For monitoring and control of the
hydrostatic drive system, the same is connected with
an electronic control unit 20, the functions of which
will be further described below.

In Fig 2, the hydrostatic drive system and the
vehicle have been illustrated in a condition immedia-
tely before shifting from driving only by means of
hydraulic fluid from the high pressure accumulator 3
to driving only by the vehicle drive engine 9. Hyd-
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raulic fluid from the high pressure accumulator 3 then
is still flowing in the direction from said accumu-
lator 3 to the low pressure accumulator 4 and by a
suitable sensing means 21 (in the present case located
at the low pressure accumulator 4) the achievement of
a predetermined fluid volume in said low pressure
accumulator 4 is sensed. Most simply this can be made
in practice by providing the low pressure accumulator
piston 22 with a magnetic strip (not further illustra-
ted), which when passing a switch 21, provides an out-
put signal which is supplied to the electronic control
unit 20. In said condition of the hydrostatic system
the high pressure volume is rapidly approaching zero,
and when receiving the output signal from the switch
21 the electronic control unit 20 determines the .
remaining quantity of hydraulic fluid in said high
pressure accumulator 3. The specific volume of the
hydraulic fluid is, however, dependent of the tempera-
ture to such an extent, that it must be taken into
account in this case, when determining the remaining
quantity of hydraulic fluid in the high pressure
accumulator 3. For this reason, the temperature of the
hydraulic fluid is detected by the aforementioned
temperature sensor T, which emits an output signal

to the electronic control unit 20 in order to form in
the latter a correction factor for said quantity
determination, which is made while taking into account
the known total volume of hydraulic fluid included in
the system.

The electronic control unit 20 then continues
its continuous determination of the variation of the
quantity of hydraulic fluid remaining in the high
pressure supply 3 on the basis of the instantaneous

speed and displacement of the hydrostatic machine 2.
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In the electronic control unit 20 it is simultaneously
also determined the smallest quantity of hydraulic
fluid which at instantaneous speed and displacement of
the hydrostatic machine 2 is required for allowing a
jerk-free shifting to driving only by means of the
vehicle drive engine 9, and the results of said pair
of determinations are continuously compared in the
electronic control unit 20. When said determinations
are found to be equal, the point has been reached, at
which the shifting to driving only by the vehicle drive
engine 9 necessarily must be done in order to avoid
power jerks and the control unit 20 then releases an
output signal for the shifting to be carried out. By
suitable adaptation of the various control parameters
of the control unit 20, the hydraulic fluid volume in
the high pressure accumulator 3 can be almost entirely
utilized so that only a rest volume of the order of
0,5% of its total volume remains in the high pressure
accumulator 3 after finished shifting to driving by
means of only the vehicle drive engine 9.

As a non-limiting example of actual pressures
and volumes applied in a practical embodiment of the
invention, it can be mentioned that in the drive system
position illustrated in Fig 2 a hydraulic fluid volume
of 11 litres remained in the high pressure accumulator
3, while the pressure amounted to 240 bars at a gas
body volume of 140 litres. On that occasion, the low
pressure accumulator 4 contained 54 litres of hydraulic
fluid at a pressure of 4,5 bars at the gas body
therein, which had a volume of 59 litres.

However, when braking,the emptied high pressure
accumulator 3 is re-loaded for regenerating the vehicle
motion energy, the hydrostatic machine 2 starting to

PCT/SES6/00434
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operate as a pump for filling the high pressure accu-
mulator 3.

During the initial phase of a braking of the
vehicle from a cruising speed of about 55 km/h the
gearbox 10 is kept engaged or in drive position D but
after having achieved a predetermined minimum gquantity
of hydraulic fluid in the high pressure accumulator 3 a
shifting to neutral N of the automatic gearbox can be
made by actuation of the shift member 11 through the
electronic control unit 20 in order to avoid unneces-
sary parasitic energy losses. Should the braking of
the vehicle occur for a rather long period of time,
such as from the afore-mentioned cruising speed and
down to approximately zero, it is intended that with
suitable dimensioning of the high pressure accumulator
3, the same will have been almost entirely filled or
re-loaded. As example it Can be mentioned that the
pressure then amounts to 360 bars for a gas body
volume of 110 litres and a hydraulic fluid guantity of
41 litres. Corresponding values for the low pressure '
accumulator 4 were 2,5 bars for a gas body volume of
89 litres and a hydraulic fluid volume of 24 litres.

To those skilled in the art it is also obvious
that the control method and device as explained above
provide for the achievement of various further inventive
developments which are advantageous. Thus it is an
advantageous embodiment of the invention to continue,
also during braking of the vehicle after finished
acceleration thereof by the hydraulic fluid in the high
préssure accumulator and substantial emptying thereof,
i e during the reversed flow of the hydraulic fluid
form the low pressure to the high pressure accumulator

and re-loading of the latter, the continuous determina-
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tion of the change of the hydraulic fluid volume in the
high pressure accumulator and simultaneously determine
the smallest hydraulic fluid quantity required at
instantaneous speed of the hydrostatic machine for
resumed driving by the latter, the results of said two
determinations being continuously compared and when
found equal they are brought to allow driving by means
of the hydrostatic machine; i e to interrupt the
connection between the primary engine and the drive

axle, in order to minimize friction energy losses.
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CLAIMS

1. A method for control of a regenerative hydro-
static drive system, particularly for vehicles, which
system comprises a primary engine with a power trans-
mission to a drive axle and with a hydrostatic machine
which 1is selectively connectible to the same drive
axle and connected to a hydraulic fluid circuit, which
comprises at least one high pressure supply and one
low pressure supply of said hydraulic fluid, the
hydrostatic machine during e g retardation of a vehicle
being connected with said drive axle and operating as
pump provides a charging of said high pressure supply,
while the last-mentioned during e g acceleration of the
vehicle drives the hydrostatic machine as a motor and
hence also the drive axle, characterized in that during
the flow of hydraulic fluid in the direction from
the high pressure supply to the low pressure supply,
the achievement of a predetermined fluid volume in one
of the supplies is detected for determination of the
quantity of hydraulic fluid remaining in the high
pressure supply, whereby in the case the detection of
the predetermined fluid volume 1is made in the 1low
pressure accumulator a correction coefficient for the
temperature of the hydraulic fluid is incorporated in
said volume determination, which in this case is made
while taking the given total hydraulic fluid volume
into consideration, after which the change of the
remaining volume of hydraulic fluid in the high
pressure supply is continuously determined on the basis
of instantaneous speed and displacement of the hydro-
static machine at the same time as the smallest volume

of hydraulic fluid is determined, which at instantaneous
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speed and displacement of the hydrostatic machine is
required for allowing a jerk-free shifting to driving
only by means of the primary drive engine, the results
of said two determinations being continuously compared
and when found equal brought to initiate said shifting
so as to provide for a maximum utilization of the
remaining hydraulic fluid volume in the high pressure
supply. -

2. A method according to claim 1, characterized by
continuing also during braking of the vehicle after
finished acceleration thereof by means of the hydraulic
fluid in the high pressure supply, i e during the
reversed flow of the hydraulic fluid from the low
pressure supply to the high pressure supply and re-
-loading of the latter, the continuous determination of
the change of the hydraulic fluid volume in the high
pressure supply as well as the determination of the
smallest quantity of hydraulic fluid, which is required
at instantaneous speed of the hydrostatic machine for
resumed driving by means of the same, the result of said
two determinations being continuously compared and when
found equal brought to allow driving by means of the
hydrostatic machine, i e interrupting the connection
between the primary engine and the drive axle, in order
to minimize friction energy losses.

3. A device for carrying out the method adording
to claim 1 for control of a hydrostatic drive system,
particularly for vehicles, comprising a primary engine
(9) with a power transmission (5) to a drive axle (6)
and a hydrostatic machine (2), which 1is selectively
connectible with the same drive axle (6) and connected
to a hydraulic fluid circuit comprising at least one
high pressure supply (3) and one low pressure supply (4)
of hydraulic fluid, the hydrostatic machine (2) during
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e g braking of a vehicle being connected with the drive

axle (6) and adapted, while operating as a pump, to pump
hydraulic fluid into the high pressure supply (3) to
load the same, while the machine (2) during e g accele-
ration of the vehicle being adapted to be driven as
motor by hydraulic fluid from the high pressure supply
(3) and to thereby drive the drive axle (6), charac-
terized in that a sensing means (21) is adapted to sense
the achievement of a predetermined fluid volume in one
of the supplies (3 or 4) during the flow of the hydrau-
lic fluid in the direction from the high pressure (3) to
the low pressure (4) supply and to then deliver to an
electronic control unit (20) an output signal £for
determination of the remaining quantity of hydraulic
fluid in the high pressure supply (3), a temperature
sensing means (T) being adapted to sense the temperature
of the hydraulic fluid, should the fluid volume sensing
means (21) be arranged to sense the fluid volume in the
low pressure supply (4), and in dependency thereof
deliver an output signal to the electronic control unit
(20) for forming a correction factor for the quantity
determination, said determination being adapted to be
carried out while taking into account the known total
volume of hydraulic fluid, and in that the control unit
(20), after having received an output signal from the
volume sensing means (21), on one hand continuously
determines the change of the hydraulic fluid quantity
remaining in the high pressure supply (3) on the basis
of signals delivered to the control unit (20) as to
instantaneous values of speed and displacement of the
hydrostatic machine (2) and on the other hand determines
the minimum quantity of hydraulic fluid which at said
instantaneous speed and displacement of the hydrostatic

machine (2) 1is required for allowing a jerk-free

PCT/SES6/00434
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shifting to driving only by the primary drive engine
(9), and on the third hand continuously compares the
results of said determinations and when being equal

delivers an output signal for initiating said shifting.
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