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(54) Hydraulic system for controlling rotation of a railroad car body and featuring an actuator

depressurizing device

(57)  Ahydraulic system (1) for controlling rotation of
a railroad car body (2), and presenting a motor pump
assembly (8) connected to a hydraulic fluid tank (7) and
to a supply line (14); a number of hydraulic actuators (3a,
3b, 4a, 4b) for exerting mechanical force on the body (2)
to rotate it; a solenoid valve (26) for selectively connect-
ing the hydraulic actuators (3a, 3b, 4a, 4b) to the supply
line (14) and to a drain (29) in response to electric control
signals; and a device (61) for depressurizing the actua-
tors (33, 3b, 4a, 4b) and disabling the system at the end
of the duty period or in the event of an emergency. The
device (61) presents two hydraulically driven, normally-
open disabling valves (47) interposed between respec-
tive pairs of actuators (3a, 4a; 3b, 4b) and the drain (29),
and presenting respective drive lines (59) connected to
the supply line (14); and an electric distributor (46) for
depressurizing the drive lines (59).
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Description

The present invention relates to a hydraulic system
for controlling rotation of a railroad car body.

Variable-trim railroad cars are known to present a
body supported on trucks and rotatable about a longitu-
dinal axis. When cornering, the body is rotated inwards
of the curve to at least partially compensate the centrif-
ugal force produced and so provide for improved pas-
senger comfort.

The body is rotated by means of a hydraulic system
substantially comprising a tank; a motor pump; a number
of hydraulic actuators, normally two for each truck; and
a solenoid valve for controlling supply to the actuators,
and which in turn is controlled by an electronic process-
ing unit on the basis of input signals from sensors on the
car.

The system is also known to feature an actuator
depressurizing device for restoring the body to the center
position even in the event of a fault, e.g. jamming of the
solenoid valve, which would otherwise prevent correct
control of the actuators. Such devices normally comprise
relatively complex circuitry, which means high cost, extra
weight and bulk, and poor reliability.

It is an object of the present invention to provide a
system of the above type featuring a particularly straight-
forward, reliable actuator depressurizing device.

According to the present invention, there is provided
a hydraulic system for controlling rotation of a railroad
car body, and comprising:

- a hydraulic fluid tank;

- a motor pump assembly connected to the tank and
to a supply line;

- two pairs of hydraulic actuators on either side of the
body, and for exerting mechanical force on the body
to rotate it;

- asolenoid valve for selectively connecting said pairs
of hydraulic actuators to the supply line and to a
drain, in response to electric control signals; and

- means for depressurizing the actuators in each of
said pairs;

characterized in that said depressurizing means
comprise two hydraulically driven disabling valves, each
interposed between a said pair of actuators and the
drain, said valves being normally open, and presenting
respective drive lines connected to said supply line; and
valve means for depressurizing said drive lines.

A preferred, non-limiting embodiment of the present
invention will be described by way of example with refer-
ence to the accompanying hydraulic diagram.

Number 1 in the accompanying drawing indicates a
hydraulic system for controlling rotation of a railroad car
body 2 about a longitudinal axis A of the car.

System 1 substantially comprises a first pair of front
hydraulic cylinders 3a, 3b; a second pair of rear hydraulic
cylinders 4a, 4b; and a hydraulic unit 5 for generating
hydraulic power and operating said cylinders. As shown
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schematically for front cylinders 3a, 3b only, the cylinders
in each pair are located on either side of body 2, on the
left and right side respectively, and are interposed
between the body and a structural element 6 supported,
conveniently by means of an elastic suspension, on the
truck (not shown) of the car. Cylinders 3a, 3b, 4a, 4b are
all single-acting types.

Rotation axis A is defined by a known articulated
parallelogram mechanism (not shown) connecting body
2 to structural element 6.

Hydraulic unit 5 substantially comprises a hydraulic
fluid tank 7; a motor pump assembly 8 for generating
hydraulic power; and a hydraulic assembly 9 for control-
ling cylinders 3a, 3b and 4a, 4b.

More specifically, motor pump assembly 8 com-
prises a three-stroke, asynchronous electric motor 10; a
pressure-compensated, variable-displacement main
pump 12 and a fixed-displacement auxiliary pump 13,
both driven by motor 10 and intake-connected to tank 7.

A supply line 14 for supplying assembly 9 is con-
nected to pump 12, which presents a pressure compen-
sator for reducing its displacement on reaching a
predetermined operating pressure of, say, 30 MPa.
Pump 12 also presents a drain line 15 drain-connected
to tank 7 and fitted with a low-pressure filter 16 present-
ing an electric clogging indicator 17 and a bypass valve
18. A conduit 19 for loading the system is connected to
drain line 15, and presents a one-way valve 20 and an
inlet filter 21.

The delivery side of pump 13 is connected by a recir-
culating line 31 to a heat exchanger 32 presenting a
power fan 33, and then to tank 7; and pump 13 provides
for circulating a large quantity of fluid, but for a low pres-
sure of, say, 0.3 MPa.

Control assembly 9 is connected to motor pump
assembly 8 by supply line 14, and comprises, at the inlet
and in series along line 14, a high-pressure filter 24 with
an electric clogging indicator 25, and a non-return valve
23.

Control assembly 9 also comprises a four-way,
open-center, electrohydraulic servovalve 26, which
presents an inlet 27 connected to supply line 14, a drain
28 connected to a drain line 29 in turn connected to tank
7, and two outlets 30a, 30b connected respectively to left
cylinders 3a, 4a and right cylinders 3b, 4b, so that the
two cylinders on each side are operated in parallel with
the work chambers constantly at the same pressure.
Servovalve 26 provides for selectively connecting cylin-
ders 3a, 4a and 3b, 4b to supply line 14 and drain line
29 in response to electric signals from a control unit C.

A diaphragm accumulator 34 is connected to supply
line 14, between non-return valve 23 and inlet 27 of ser-
vovalve 26, by a line 35, which is fitted with a pressure
switch 36 for generating an enabling signal when the
pressure along supply line 14 exceeds a predetermined
minimum threshold value sufficient to ensure correct
operation of system 1.

Upstream from inlet 27 of servovalve 26, a depres-
surizing conduit 37 with a calibrated orifice 38 extends
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from supply line 14; and, upstream from orifice 38, con-
duit 37 is connected to drain line 29 by a conduit 39 fitted
with a hand-operated drain valve 40.

Downstream from orifice 38, conduit 37 is connected
to drain line 29 by two parallel conduits 43, 44. Conduit
43 is fitted with a pressure regulating valve 45 setto open
whenthe inlet pressure reaches a predetermined thresh-
old value; and conduit 44 is fitted with a two-way, two-
position, normally-open electric distributor 46 which
closes in the presence of an electric enabling signal
received from unit C and indicating correct operation of
the system.

Control assembly 9 also comprises a pair of disa-
bling valves 47, which are substantially hydraulically-
operated bypass valves, with respective inlets 48 con-
nected by calibrated orifices 49 to respective outlets 30a,
30b of servovalve 26, and respective outlets 50 con-
nected to drain line 29.

More specifically, each disabling valve 47 comprises
a hollow body 53 presenting, at axial end 54, inlet 48 sur-
rounded coaxially by a substantially conical sealing seat
55; and a movable member 56 sliding axially inside body
53. At the opposite axial end 57, body 53 also presents
an auxiliary drive inlet 58 connected by a drive conduit
59 to conduit 37 downstream from orifice 38. Member 56
is movable between a closed position in which it cooper-
ates with seat 55, and an open position in which it is
detached from seat 55 to hydraulically connect inlet 48
and outlet 50.

Movable member 56 is pushed into the open position
by the elastic force of a spring 60 interposed between
member 56 and end 54 of body 53, and is also subjected
to hydraulic force in the opening direction, due to the
pressure at inlet 48, and to hydraulic force in the closing
direction, due to the pressure at drive inlet 58. In use, the
resultant of the hydraulic forces is normally opposite and
prevails over the elastic force to keep the valve in the
closed position.

Electric distributor 46 and valves 47 define a device
61 for simultaneously depressurizing actuators 3a, 3b,
4a, 4b.

Finally, control assembly 9 also comprises a two-
way, normally-open valve 64 for bypass starting motor
pump assembly 8, and which is located along a conduit
63 connecting supply line 14, immediately downstream
fromfilter 24, to drain line 29. Valve 64 comprises a body
65 presenting aninlet 67 and an outlet 68 communicating
respectively with supply line 14 and drain line 29; and a
ball 69 movable inside body 65 and cooperating in seal-
ing manner with a seat 66 interposed between inlet 67
and outlet 68. Ball 69 is loaded and detached from seat
66 by a spring 70, and is subjected to the resultant of the
hydraulic forces exerted by flow through valve 64; which
resultant, as a consequence of the load loss through the
valve, tends to push ball 69 against seat 66, and
increases in intensity alongside an increase in flow.
Spring 70 is so sized that valve 64 switches from open
to closed when the flow through it reaches a predeter-
mined threshold value equal to the maximum-displace-
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ment flow of pump 12 at close to the rated speed (e.g.
75%) of motor 10.

System 1 operates as follows.

Initially, accumulator 34 is discharged; distributor 46
is de-energized and connects supply line 14 to drain line
29; and valve 64 is opened by spring 70.

When power is supplied to turn on electric motor 10,
this operates pumps 12 and 13 connected to it; and pump
12, which is in the maximum-displacement condition,
supplies line 14 with a quantity of fluid increasing along-
side an increase in the speed of motor 10. Since the
pumped fluid is recirculated into tank 7 via distributor 46
and valve 64, the pressure in supply line 14 remains low,
and, since the hydraulic resistance of valve 64 is less
than that of distributor 46, the fluid pumped by pump 12
flows mainly through valve 64. When, as the speed of
the motor increases, the flow through valve 64 reaches
the above threshold value, the valve closes, and the
pressure along supply line 14 increases to help keep
valve 64 closed.

In the presence of an electric enabling signal from
the system control unit, distributor 46 also closes; the
supply line is pressurized further; and, servovalve 26
being in the central position, accumulator 34 is charged.
This stage continues until the set pressure of the com-
pensator of pump 12 is reached, at which point, the dis-
placement of the pump is reduced to the minimum value
required to compensate for leakage of the system and
maintain a constant operating pressure.

Inthe above description of the start-up transient con-
dition, distributor 46 is assumed to close after valve 64.
In actual practice, however, the opposite may occur, with
no substantial change in the operation of the system, the
only difference being that, in the event distributor 46
closes before valve 64, the flow generated by pump 12
flows entirely through valve 64 and closes it when the
above flow threshold value is reached.

Since motor 10 also powers fixed-displacement
pump 13, this also contributes towards the loading
torque demanded of the motor. As pump 13, however,
operates permanently at low pressure, very little torque
is required to operate it, so that motor 10 may be low-
load started at all times.

Under normal operating conditions, when the car is
cornering, control unit C of system 1 calculates an opti-
mum or reference angular position of body 2, and sup-
plies servovalve 26 with a control signal as a function of
the error between the reference position and the actual
angular position of body 2 as detected by sensors on the
body; the control signal shifts the slide valve in the
required direction from the center position to regulate
flow to and from the hydraulic cylinders and rotate the
body; and, as the actual angular position, as detected by
the sensors on the body, nears the reference value, the
error and consequently the flow regulated by servovalve
26 are gradually reduced, until flow is eventually cut off
when the body reaches the required angular position.

Under normal operating conditions, distributor 46
and pressure regulating valve 45 are closed; and disa-
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bling valves 47 are closed by virtue of the drive pressure
of the valves being equal to the supply pressure. Such a
pressure is always greater than the pressure of outlets
30a, 30b of servovalve 26, and the resultant of the pres-
sure forces on movable member 56 of disabling valves
47 is always greater than the opening force generated
by spring 60.

During operation, the delivery of pump 12 is filtered
by high-pressurefilter 24 to ensure clean fluid is supplied
to control assembly 9 and cylinders 3a, 3b, 4a, 4b; and
filter 16 is fitted to drain line 15 of pump 12, which is the
major source of contamination.

Pump 13 pumps a continuous flow of hydraulic fluid
from tank 7 through heat exchanger 32 to dispose of the
heat generated by the system.

In the event of a temporary power failure - e.g. when
traveling along a stretch of line with no electricity supply,
due to a breakdown or repair or maintenance work -
motor pump assembly 8 stops, non-return valve 23
closes, and the part of the system downstream from
valve 23 is pressurized by accumulator 34, thus enabling
correct operation of the system until the pressurized fluid
reserve in accumulator 34 runs out.

Since pump 12 is idle at this stage, the part of system
1 upstream from non-return valve 23 is depressurized
due to internal leakage of the pump; and bypass starting
valve 64 opens to permit depressurized start-up when
electric motor 10 is again supplied.

To disable system 1, power supply to electric motor
10 is cut off and electric distributor 46 is de-energized,;
the part of the system upstream from non-return valve
23 is therefore depressurized as described above, and
valve 64 opens to prepare the system for the next start-
up; and, at the same time, the opening of distributor 46
connects accumulator 34 to drain line 29 to depressurize
the system as a whole. More specifically, drive lines 59
of disabling valves 47 are also connected to the drain,
so that valves 47 open to drain all four cylinders 3a, 3b,
4a, 4b. The system may be disabled under normal oper-
ating conditions, at the end of the duty period, or in the
event of a breakdown. In the event, for example, of the
slide valve of servovalve 26 jamming in other than the
central position, the cylinders, in the absence of device
61, would keep the body tilted even at the end of the
curve, the disadvantages of which are obvious. Device
61, on the other hand, provides for simultaneously
depressurizing all the cylinders to restore the body to the
upright position.

The advantages of system 1 according to the
present invention will be clear from the foregoing descrip-
tion.

In particular, device 61 is extremely straightforward,
economical, and intrinsically highly reliable due to the
simplicity and small number of component parts.

Clearly, changes may be made to system 1 as
described and illustrated herein without, however,
departing from the scope of the present invention.

In particular, servovalve 26 may be replaced by a
proportional solenoid valve.
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Claims

1. A hydraulic system (1) for controlling rotation of a
railroad car body (2), and comprising:

- a hydraulic fluid tank (7);

- a motor pump assembly (8) connected to the
tank (7) and to a supply line (14);

- two pairs of hydraulic actuators (3a, 4a; 3b, 4b)
on either side of the body (2), and for exerting
mechanical force on the body to rotate it;

- asolenoid valve (26) for selectively connecting
said pairs of hydraulic actuators (3a, 4a; 3b, 4b)
to the supply line (14) and to a drain (29), in
response to electric control signals; and

- means (61) for depressurizing the actuators
(34a, 4a; 3b, 4b) in each of said pairs;

characterized in that said depressurizing
means (61) comprise two hydraulically driven disa-
bling valves (47), each interposed between a said
pair of actuators (3a, 4a; 3b, 4b) and the drain (29),
said valves (47) being normally open, and present-
ing respective drive lines (59) connected to said sup-
ply line (14); and valve means (46) for
depressurizing said drive lines (59).

2. AsystemasclaimedinClaim 1, characterized in that
said valve means (46) for depressurizing said drive
lines (59) comprise a two-way electric distributor
(46) for connecting said drive lines (59) to the drain
(29) in the absence of an electric enabling signal.

3. Asystem as claimed in Claim 1 or 2, characterized
in that said drive lines (59) and said electric distrib-
utor (46) are connected to said supply line (14) by a
depressurizing conduit (37) presenting a calibrated
orifice (38).

4. A system as claimed in any one of the foregoing
Claims, characterized in that each of said disabling
valves (47) comprises a movable member (56) slid-
ing between a closed position and an open position;
said movable member (56) being forced by elastic
means (60) into said open position, and being sub-
jected to the resultant of a first hydraulic force acting
in the opening direction and due to the inlet pressure
of said disabling valve (47), and a second hydraulic
force acting in the closing direction and due to the
drive pressure.
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