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{87) Abstract

DING AND UNWINDING IN AN ELECTRICALLY

A method and an arrangement for controlling cable winding and unwinding in an electrically driven vehicle. In the method, cable

winding and unwinding, respectively, are controlled on the basis of the position of driving and/or steering means of the vehicle. The
. arrangement comprises only one unwinding valve (7) connected in series with a hydraulic motor (4), by which valve the counterpressure of

the hydraulic fluid flowing through the hydraulic motor (4) can be regulated during cable (2) unwinding from the reel (1), and one winding
valve (6) respectively, by which the quantity of the hydraulic fluid coming to the hydraulic motor (4) can be regulated during cable (2)

winding.
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Method and arrangement for controlling cable winding and

unwinding in an electrically driven vehicle

The invention relates to a method for contrxrol-

ling cable winding and unwinding in an electrically
driven vehicle, in which method cable i1s wound by rotat-
ing a cable reel by means of a hydraulic motor coupled
thereto and cable unwinding from the reel 1s braked by
using the hydraulic motor as a hydraullc pump, due to
which winding and unwinding, respectively, take place
in the direction of motion of the vehicle.

Further, the invention relates to an arrange-

ment for cable winding and unwinding in an electrically

driven vehicle, the arrangement comprising a cable reel

for cable, a hydraulic motor for rotating the cable reel

during cable winding and for braking its rotatlon during

-

cable unwinding, a hydraulic pump for feeding hydraulic

fluid and control valves for controlling the feed of hy-

draulic fluid to the hydraulic motor during winding and

for throttling the flow of hydraulic fluid during cable
unwinding.

In electrically driven vehicles, such as mine

loaders etc., winding and unwinding a cable extending

from a reel to a power source are for the time being

regulated either by measuring cable tension or on the

basis of cable reel movements by means of mechanical

information. A problem with this technique i1s that when

tryving to control cable winding or unwinding by means

p—

of cable tension, the control system 1s always late,

because it does not react until the cable has tightened

or slackened. Moreover, turning at bends, for instance,

results in that the cable is dragged along the floor,

since the system does not wind or unwind cable because

a transverse movement does not tighten or slacken the

cable in the same way as driving straight forward does.
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Slow control also leads to that the cable may be sub-

jected to unexpected, sudden and too strong strains, due

to which it may break or be damaged otherwise. Another

problem with the known technique 1s that hydraulic con-

rrol and feed systems are complicated and easily damaged

and also expensive.

An object of this invention is to provide a
method and an arrangement for cable winding on and un-
winding from a reel in an electrically driven vehicle,

by which method and arrangement drawbacks of the known

solutions are avoided and cable winding and unwinding
can be controlled as well as possible. A particularx

object of this invention is to eliminate the variations

in cable tension caused by the big mass of the cable

+eal and its variation when the vehicle 1s accelerated

anda

or braked, to keep the cable tension as even as possible

in spite of great variation in the cable reel diameter

and to increase the service life of the cable from some

hundreds of hours even up till some thousands of hours.

J—

The method of the invention is characterized

in that cable winding and unwinding, respectively, are

controlled on the basis of the position of driving and/

or steering means of the vehicle.

The arrangement of the invention is character-

ized in that it comprises only one unwinding valve con-

nected in series with the hydraulic motor, by which

valve the counterpressure of the hydraulic f£luid flowling

through the hydraulic motor and thus the rotational re-

sistance of the hydraulic motor can be regulated during

cable unwinding from the reel, and one winding valve,

respectively, by which the gquantity ot hydraulic f£luid

coming to the hydraulic motor can be regulated during

cable winding, and that the arrangement comprises Ccon-

rrol means connected to control the unwinding valve and

the winding wvalve duxring cable unwinding and winding,
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respectively, and that at least part of the driving and
steering means of the vehicle are connected to control the
control means.

The essentilial i1dea of the invention is that cable
winding on or unwinding from the reel is controlled on the
basis of the operation of the driving and steering means of
the vehicle and by measuring the cable gquantity on the cable
reel, whereby a programmable logic can attend to the cable
- winding and unwinding on the basis of the properties of the
vehicle preferably by means of a table stored in the memory
of the control logic. Then the cable winding and unwinding
can be arranged in such a way that cable is wound or unwound
at the same speed as the vehycle moves also when it 1is
accelerated and braked. This prevents the cable from being
strained wunnecessarily in any driving situation and
eliminates at the same time the dragging of the cable when
the vehicle is turning.

Accordingly, a first aspect of the present
invention is to provide a method for controlling winding and
unwinding of a cable in an electrically driven vehicle, in
which method a cable is wound by rotating a cable reel in a
first direction by means of a hydraulic motor coupled
thereto, and unwound from the reel by rotating the cable
reel 1n an opposite direction in a braked condition by using
the hydraulic motor as a hydraulic pump, the method
comprising:

winding and unwinding the cable as a function of a

direction of motion of the vehicle;

controlling the winding and unwinding,

respectively, of the cable as a function of a

position of driving and/or steering means of the

vehicle, and

during winding of the cable, feeding the hydraulic

motor with hydraulic fluid from a source of

hydraulic fluid, with volume flow of the hydraulic
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fluid being regulated as a function of the

position of said driving and/or steering means of

the vehicle.

Another aspect of the present invention 1is to
provide an apparatus for unwinding and winding a cable in an
electrically driven vehicle, the apparatus comprising a
cable reel; a hydraulic motor for rotating the cable reel
.during winding of the cable and for braking rotation of the
cable reel during unwinding of the cable; a hydraulic pump
for feeding hydraulic fluid at a feed pressure to the
hydraulic motor; and a plurality of control wvalves for
controlling the feed of hydraulic fluid to the hydraulic
motor during winding of the cable and for throttling the
flow of hydraulic fluid during unwinding of the cable; an
unwinding valve connected in series with the hydraulic
motor, said unwinding valve being arranged to regulate
counterpressure of the hydraulic fluid flowing through the
hydraulic motor and rotational resistance of the hydraulic
motor during unwinding of the cable from the reel; a winding
valve arranged to regulate a quantity of hydraulic fluid
coming to the hydraulic motor during winding of the cable;
and control means for controlling the unwinding valve and
the winding valve during unwinding and winding of the cable,
respectively, and wherein driving and steering components of
the vehicle are connected to said control means.

The invention will be described in greater detail
in the attached drawings, in which

Figure 1 shows an operating system of cable
winding according to the invention schematically and

Figure 2 shows schematically how the system of
Figure 1 1is coupled to driving means of a vehicle in a
manner according to the invention.

Figure 1 shows a cable reel 1 having cable 2 wound
on 1t. The cable 2 is wound on the reel and unwound from

the reel between separate guide rollers 3. The cable reel 1
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1s rotated or its rotation is braked by means of a hydraulic

motor 4. There 1s further a hydraulic pump 5, which is a
pressure-controlled volume flow pump. For the control of
the pump during winding, there is a winding wvalve 6

regulating the pressure of a control channel of the

hydraulic pump 5 and thus the quantity of hydraulic fluid
delivered by the pump ac-
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cording to the driving situation of the vehicle control-

led by a separate control logic. Moreover, Figure 1

shows an unwinding valve 7 regulating the counterpres-

sure during cable unwinding in such a way that the ten-

5 sion of the cable remains as desired according to the

circumstances and the driving situation of the vehicle.

Figure 1 shows also double non-return valves 8, over

which is mounted a pressure difference switch 9 sensing
the pressure. During cable unwinding, the coupling ac-
10 cording to Figure 1 operates 1in such a way that the

hydraulic motor 4 of the cable reel 1 gsexrves as a brak-

ing hydraulic pump connected to a closed hydraulic loop.

From the hydraulic motor 4 the hydraulic fluid flows

through a channel 10 to the double non-return wvalve 8

lve

e

15 and through a channel 11 further to the unwinding va

7, the pressure value of which 1s regulated on the basis

of the driving situation of the wvehicle. The unwinding

valve 7 comprises three sectors 7a to 7c¢, sector 7a

being a regulating sector controlled by a logic and
20 additionally comprising maximum and minimum pressure
regulators 7b and 7c¢ implemented by springs. The minimumnm

pressure regulator 7c¢ secures that the winding functions

in fault situations, whereby the machine can be stopped
in case of an electrical fault before the cable i1is dam-
25 aged. On the other hand, the maximum pressure setting

secures that the system will not be subjected to an ex-

cessive pressure foxr any reason. In order to prevent the

cable from being unwound in an uncontrolled mannex, the

pressure acting over the unwinding valve 7 shall always
30 be higher than zero. From the unwinding valve 7 the hy-
draulic fluid flows further through a channel 12 back

to the hydraulic motor 4. The pressure of the unwinding

valve 7 is regulated according to the vehicle speed by

—

utilizing the position of its gear selector and the

35 position of its driving clutch. If the vehicle 1s
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braked, the pressure of the unwinding valve 7 rises so

high that the speed of rotation of the cable reel is re-

tarded correspondingly and the cable cannot be unwound

freely. The double non-return valve 8 and the pressure

difference switch 9 serve as safety devices, which pre-
vents a faulty operation when the vehicle steering is

in contradiction with 1ts real direction of movement.

In situations when the vehicle tries to drive forward,

indicators connected to the control system show that the

cable should be unwound f£from the reel. If in this situ-

ation, a hill sloping backwards makes the vehicle slide

backwards down the hill, this appears as a pressure over

rhe double non-return valves, which pressure is 1indi-
cated by the pressure difference switch 9. This signal

overrides all other control signals and connects the

cable reel to wind cable in ordexr to prevent it from

getting run over by the wheels of the vehicle. The wind-

ing valve 6 comprises a regulating sectoxr 6a controlled

by a logic and a minimum pressure regulator 6b regulated

by means of a spring. The minimum pressure regulator 6b

regqulates the minimum value of the pressure delivered

Sl

by the pump, this wvalue being 60 bar 1n the example

case. The hydraulic flow of the pump 5 1s pressure-con-

trolled, the flow rate depending on the driving situa-

rion. When the vehicle does not move, i1.e. the reel 1

does not rotate, the pump flow is set to zero. During

cable 2 unwinding from the reel 1, the regulating sector

6a is not controlled, due to which the pump pressure is

s

always 60 bar controlled by the-regulator 6b.--Since-th

pressure over the motor 4 of the reel 1 always exceeds

60 bar during cable unwinding, the pump 1s always set

to zexro delivery and no hydraulic flow takes place

through the pump. To secure this function, the coupling

additionally comprises a non-return valve 13 located be-

tween the hydraulic pump 5 and the channel 11.. The con-
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trol channel of the hydraulic pump 5 is connected to the
pressure channel of the winding valve 6 and they both
are connected to the pressure channel of the hydraulic

pump 5 via a throttle 15.
During cable winding, i.e. when the vehicle is

driven towards unwound cable, the hydraulic pump 5 1s

controlled according to the steering and driving means

of the vehicle, correspondingly. Then the pressure value

of the winding valve 6 is regulated in such a way that
the hyvdraulic pump 5 feeds hydraulic fluid through the

non-return valve 13 and furthexr through the channel 10
to the hyvdraulic motor 4. From the hydraulic motor 4 the

hydraulic fluid flows into a hydraulic fluid container

14 . During winding, the pressure setting of the unwind-

ing valve 7 is regulated to such a value that no hydrau-

lic fluid can flow through it in normal circumstances.

During acceleration, the delivery and the pressure of
the hydraulic pump are increased soO as tO make 1t pos-
sible to adapt the speed of rotation of the cable reel

1 to the cable quantity to be wound thereon. Since the

length of one turn of wound cable changes according to
rhe amount of cable wound on the cable reel, the control
21so includes sensors showing the cable gquantity on the
cable reel, the function and operation of which sensors

will be described more accurately in connection with

Figure 2. By means of those, 1t 1s possible to control

the speed of rotation of the cable reel according to the

neads of the moment, on one hand, and to stop the vehi-

cle at the moment when the cable is fully unwound, be-

fore the cable is subjected to excessive forces, on the

other hand.
Figure 2 shows the structure of the hydraullc

fluid coupling shown in Figure 1 and the electric con-

rrol related thereto in more detail. Figure 2 uses the

same numbers for identical parts as Figure 1.
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Figure 2 shows how the guide rollers of the
cable are connected to a separate control arm 3a, which
can turn with respect to the rotation axis of the cable

reel 1. The turning of the control arm 3a can be ob-

served and taken into consideration during cable unwind-

ing and winding. Figure 2 shows a control unit 16 be-
longing to the control means, which unit receives a con-
trol signal from a gear selector 17, a brake pedal 18

and a driving clutch 19. The driving clutch 19 is usu-

ally of pedal type and it 1s used when starting and also

when changing the driving direction or the range of

speed. This clutch functions in such a way that it may

-

allow part of the tractive power of the machine to slip,

and then it closes automatically and transfers the whole

tractive power to the shafts. Generally, the driving

motor of a wvehicle rotates at constant speed, due to

which the acceleration and the driving speed depend on
the gear selected. The driving clutch only shows whether

the drive is on or not. Thanks to this structure, dif-

ferent driving speeds and driving situations are easy

to tabulate so that signals produced by variocus regula-

tors and controllers can be combined to a predetermined

grie,

operating value for the control of cable winding. It is

then possible to use several different tables comprising

the necessary pressure values calculated for each driv-

ing situation to ovexrcome the inertial forces of the

cable reel. Facts to be considered here are cable reel

diameter, i.e. reel mass, depending thereon, accelera-

tion with the gear selected, control arm position, brake

pressure, driving clutch position, signals produced by

different safety devices and cable quantity on the reel.

To the control unit 16 is also connected the pressure

difference switch 9 indicating the pressure over the

double non-return valve 8 and, on the basis of that, the

direction of cable winding. The brake pedal 18 gives 1its
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pressure value either directly or pressure limit detec-

tors l18a and 18b are used according to Figure 2, the
pressure limits detected by them differing from each
other. Further, to the control unit 16 are connected
sensors 20 detecting cable quantity and sensors 21la and
21b detecting the extreme positionsg of the control arm
3a. The control unit 16 follows up signals.from these
continuously and controls on the basis of these signals
the electrically controlled winding valve 6 ‘and unwind-
ing valve 7, respectively.

When the vehicle 1s accelerated by pressing the

driving clutch 19, the control unit 16 notices it and
contyxols on the basis of that by means of the winding
valve 6 the control pressure and thus the delivery of

the hyvdraulic pump 5 to be bigger during cable winding,

due to which the speed of rotation of the cable reel 1

accelerates at the same rate as that of the vehicle. So

the cable cannot get run over by the vehicle, but stays

-

- suitable tension and is wound according to the speed

A

of the vehicle. During braking, the control pressure of

the control valve 6 and thus the pressure fluid delivery

of the hydraulic pump 5 are lowered, due to which the

winding gets slower, correspondingly. During cable un-

winding from the reel, pressing the driving clutch 9

produces in the control unit 16 a control signal dimin-

ishing the pressure of the unwinding valve 7 and thus

allowing cable to be unwound from the reel more easily.

During unwinding, the delivery of the hydraulic pump 5

=

is controlled to . be zero, of course, and the pump 1is,.

in practice, disconnected from the circuit of the hy-

draulic motor 4 of the cable reel 1. During braking, it

provides the control unit with a signal which 1s differ-

ent depending on whether the braking is carried out by
to whether the

[ -

a stronger or a weaker force. According

braking force is detected by the pressure limit detector
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18a or 18b, the control unit 16 then controls the pres-

sure value of the unwinding valve .7 more or less higher
than the momentary pressure value and thus retards the
rotation of the cable reel 1 and prevents the cable from

5 being unwound freely.

When the transmission speed of the gearing is

selected different by the gear selector 17 of the vehi-

cle, the control unit 16 takes this 1nto account and

controls the pressure setting of either the winding

10 valve 6 or the unwinding valve 7 to correspond to the

variable driving speed.

By means of the solution of the invention,
cable winding and unwinding can be regulated in such a
way that, in case 1f the position of some driving means

15 ok
immediately anticipates the behaviour of the vehicle and

¢ N

the vehicle changes, the control unit 16 essentially

controls the cable reel 1 without the tension of the

cable 2 having time to change substantially. In this

ging and breaking the cable and the cable get-

—t

way, drac

20 ting run over by the vehicle are prevented and avoided,

because an excessive abrupt tensioning and a slackening

of the cable under the vehicle are prevented. A turning

of the wvehicle can be taken into consideration both

during cable unwinding and winding by means oI sensors

25 21la and 21b indicating the position of the control arm

Py Y

chey only indicate

3a. In the embodiment of the figure

il

the extreme positions of the control arm 3a, but i1f de-

sired, also turning angles of the control arm between

the extreme positions and a position pointing directly

30 tro the vehicle direction can be considered by suitable

sensing. When the cable is nearly out from the reel, the

sensors 20a and 20b detect the coming situation. Then

the sensors 20a and 20b show by a sound or light signal,

for instance, the fact that there is practically no

35 cable on the cable reel 1. In the same way, Che sensors
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p the vehi -

i,

cle engine and to put on the parking brakes automati-

20a and 20b cause the control unit 16 to sto

cally shortly before the cable has been unwound from the
reel entirely. This prevents the driver f£rom breaking
the cable by accident. When the sensors 20a and 20b
serve as a revolution counter, the momentary length of
the cable 2 on the reel 1 and also the corresponding
cable reel mass are known in all driving situations. The

sengors 20a and 20b are mounted on the wvehicle body in

such a way that they also observe the direction of xrota-

tion of the reel 1, which property can be used as a

safety measure. The anticipated direction of rotation

is obtained from the position of the gear selector 17

and the control arm 3a.

In the description and drawings above, the in-

vention is described only by way of example and it is

by no means restricted to that. The operation of the

control unit and the coupling of various driving means

of the wvehicle to the contrxrol unit can be carried out

in different ways. For example, 1t 1s possible to take

the braking pressure directly from the brake pedal or,

as shown in Figure 2, predetermined pressure values can

be obtained by means of limit switches. Similarly, the

number of turns on the cable reel can be measured by

counting the number of turns and by correcting the cable

unwinding and winding, respectively, according to the

average diameter of the cable turn in question. The

turning angle of the control arm 3a can be indicated

either as a direct turning angle or in suitable steps

between the extreme positions. In vehicles where a noxr-

mal gas pedal is used for regulating the driving speed

of the wvehicle, it 1is 1in turn possible to take into

account the position of the gas pedal, which position

can be measured in various manners depending on the

—

desired accuracy. Even 1f this makes the use of tabula
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ti1on more dif:
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i
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t can be realized,
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CLAIMS

1. A method for controlling winding and unwinding of a
cable 1n an electrically driven vehicle, in which method a
cable 1s wound by rotating a cable reel in a first direction
by means of a hydraulic motor coupled thereto, and unwound
from the reel by rotating the cable reel in an opposite
direction in a braked condition by using the hydraulic motor
as a hydraulic pump, the method comprising:

winding and unwinding the cable as a function of a

direction of motion of the wvehicle;

controlling the winding and unwinding, respectively, of

the cable as a function of a position of driving and/or
steering means of the vehicle, and

during winding of the cable, feeding the hydraulic motor

with hydraulic fluid from a source of hydraulic fluid,
with volume flow of the hydraulic fluid being regulated
as a function of the position of said driving and/or
steering means of the vehicle.

2. The method according to claim 1, wherein during
unwinding of the cable, the hydraulic motor is coupled so as
to be part of a closed loop comprising an unwinding valve
limiting the ' flow of the hydraulic fluid, whereby a
throttling of the flow of hydraulic fluid caused by the
unwinding valve is regulated as a function of the position
of said driving and/or steering means of the vehicle.

3. Apparatus for unwinding and winding a cable in an
electrically driven vehicle, the apparatus comprising a
cable reel; a hydraulic motor for rotating the cable reel
during winding of the cable and for braking rotation of the
cable reel during unwinding of the cable: a hydraulic pump
for feeding hydraulic fluid at a feed pressure to the
hydraulic motor; and a plurality of control valves for
controlling the feed of hydraulic fluid to the hydraulic

motor during winding of the cable and for throttling the
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flow of hydraulic fluid during unwinding of the cable; an
unwinding valve connected 1in series with the hydraulic
-motor, saild unwinding valve being arranged to regulate
counterpressure of the hydraulic fluid flowing through the
hydraulic motor and rotational resistance of the hydraulic
motor during unwinding of the cable from the reel; a winding
valve arranged to regulate a quantity of hydraulic fluid
coming to the hydraulic motor during winding of the cable;
and control means for controlling the unwinding valve and
the winding valve during unwinding and winding of the cable,
respectively, and wherein driving and steering components of
the vehicle are connected to said control means.

4. Apparatus according to claim 3, wherein the unwinding
valve and the hydraulic motor are connected in series with
each other, forming a loop for the flow of hydraulic fluid;
and further wherein during unwinding of the cable, the
unwinding *}alve 1s controlled to a pressure value higher
than a feed pressure of the hydraulic pump occurring during
winding of the cable.

5. Apparatus according to claim 4 wherein the hydraulic
pump 1s a pressure-controlled hydraulic pump and the winding
valve 1s connected to control the hydraulic pump according
to signals produced by the control means; and wherein a
channel for hydraulic fluid coming from the hydraulic pump
1s connected to said loop by means of a non-return valve
preﬁenting the hydraulic fluid from flowing from said loop
towards the hydraulic pump during unwinding of the cable.

6. Apparatus according to claim 4 wherein said loop is
connected to two non-return wvalves mounted in opposite
directions; and further wherein a pressure difference sensor
1s connected over said two non-return valves, the sensor
indicating a pressure difference of the hydraulic fluid over
sald two non-return valves and a flow direction of the
hydraulic fluid; and further wherein the pressure difference

sensor 1s connected to control the control means.
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7. Apparatus according to claim 3 wherein said control
means 1is connected to a gear selector, from which a signal
indicating a gear 1n use 1is connected to control unwinding
or winding of the cable through said control means.

8. Apparatus according to claim 3 wherein braking means
are connected to control said control means, said braking
means producing signals by which said control means control
unwinding or winding of the cable.

9. Apparatus according to claim 8, wherein the braking
means are provided with two Dbraking force detectors
indicating braking force and enabling controlling of said
control means during unwinding and winding of the cable,
respectively.

10. Apparatus according to claim 3 and further comprising
sensors for detecting a turning angle of a control arm of
the cable and controlling the control means on the basis of
the turning angle of the control arm, whereby the control
means are connected to control unwinding or winding of the
cable as a function of the signals produced by said sensors.

11. Apparatus according to claim 3 and further comprising
at least one sensor detecting cable quantity on the cable
reel and connected to control the control means in such a
way that when the cable reel is nearly out of cable, the

control means stops the vehicle at a predetermined place.
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