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DESCRIPTION 

 

Title of Invention 

STEERING APPARATUS FOR INDUSTRIAL VEHICLE 

Technical Field 5 

[0001] The present disclosure relates to a steering apparatus for an 

industrial vehicle. 

Background Art 

[0002] Conventionally, as a technique related to a steering apparatus for 

an industrial vehicle, there is known a vehicle steering control apparatus 10 

that selectively switches between a manual steering mode and an 

automatic steering mode by hydraulic switching means using a 

directional switching valve (for example, Patent Literature 1). 

Citation List 

Patent Literature 15 

[0003] Patent Literature 1: Japanese Unexamined Patent Publication No. 

H9-254801 

Summary of Invention 

Technical Problem 

[0004] In the manual steering mode, the vehicle steering control 20 

apparatus of the above-described conventional technique is operated as a 

hydraulic reaction force type power steering apparatus in which hydraulic 

pressure is evenly supplied to both of a pair of hydraulic chambers.  In 

the automatic steering mode, hydraulic pressure is supplied to one of the 

hydraulic chambers according to the steering direction by switching 25 

control of the directional switching valve, and automatic steering is 
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executed.  In such a configuration, since the manual steering mode and 

the automatic steering mode are selectively switched when switching the 

directional switching valve, it is difficult to allow a hydraulic circuit to 

function according to the manual steering of the operator, for example, in 

the automatic steering mode. 5 

[0005] An object of the present disclosure is to provide a steering 

apparatus for an industrial vehicle capable of allowing a hydraulic circuit 

to function so that manual steering is available even when automatic 

steering is available. 

Solution to Problem 10 

[0006] A steering apparatus for an industrial vehicle according to an 

aspect of the present disclosure is a steering apparatus for an industrial 

vehicle including a hydraulic pump discharging hydraulic oil and a 

steering cylinder operated by the hydraulic oil supplied thereto to steer a 

steered wheel, the steering apparatus for the industrial vehicle including: 15 

a manual steering circuit which includes a first valve opened or closed 

according to an operation of a steering wheel and supplies the hydraulic 

oil discharged from the hydraulic pump to the steering cylinder through 

the first valve; an automatic steering circuit which includes a second 

valve opened or closed according to a calculation result of automatic 20 

operation control and supplies the hydraulic oil discharged from the 

hydraulic pump to the steering cylinder through the second valve; and a 

branching valve which is disposed between the hydraulic pump and the 

first and second valves and branches the hydraulic oil to the manual 

steering circuit and the automatic steering circuit. The branching valve is 25 

a priority valve which preferentially supplies the hydraulic oil to the 
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manual steering circuit at a designed flow rate equal to or larger than a 

predetermined flow rate for operating the steering cylinder. 

[0007] In the steering apparatus for the industrial vehicle according to an 

aspect of the present disclosure, the hydraulic oil is branched to the 

manual steering circuit and the automatic steering circuit by the 5 

branching valve.  The branching valve is a priority valve which 

preferentially supplies the hydraulic oil to the manual steering circuit at a 

designed flow rate equal to or larger than a predetermined flow rate for 

operating the steering cylinder.  Accordingly, since at least the hydraulic 

oil of the predetermined flow rate is supplied to the manual steering 10 

circuit even when the second valve is opened according to the calculation 

result of the automatic operation control, it is possible to operate the 

steering cylinder according to the operation of the steering wheel.  Thus, 

according to the steering apparatus for the industrial vehicle of an aspect 

of the present disclosure, it is possible to allow the hydraulic circuit to 15 

function so that the manual steering is available even when the automatic 

steering is available. 

[0008] In one aspect, the steering apparatus for the industrial vehicle may 

further include unloading means for decreasing a pressure of the 

hydraulic oil supplied from the hydraulic pump and applied to the second 20 

valve compared to a case in which a predetermined automatic steering 

non-operation condition for suspending the supply of the hydraulic oil 

through the second valve is not satisfied, when the automatic steering 

non-operation condition is satisfied.  In this case, an unnecessary load is 

applied to the hydraulic pump since the pressure of the hydraulic oil from 25 

the hydraulic pump is always applied to the second valve, for example, 
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assuming that the hydraulic oil of the excess flow rate supplied to the 

automatic steering circuit is not returned to the tank when the branching 

valve is configured so that the supply of the hydraulic oil to the second 

valve is not always completely interrupted.  Here, it is possible to 

suppress an unnecessary load from being applied to the hydraulic pump 5 

by decreasing the pressure of the hydraulic oil supplied from the 

hydraulic pump and applied to the second valve by the unloading means 

when the automatic steering non-operation condition is satisfied.  As a 

result, it is possible to suppress the operation time of the steering 

apparatus for the industrial vehicle from being shortened due to the 10 

unnecessary load applied to the hydraulic pump. 

[0009] In one aspect, the unloading means may include a control unit 

configured to determine whether or not the automatic steering non-

operation condition is satisfied based on execution or non-execution 

information of the automatic operation control or vehicle speed 15 

information of the industrial vehicle and an unloading valve which is 

provided to be capable of decreasing the pressure of the hydraulic oil 

supplied from the hydraulic pump and applied to the second valve based 

on a determination result of the control unit. The control unit may be 

configured to control the unloading valve to decrease the pressure of the 20 

hydraulic oil supplied from the hydraulic pump and applied to the second 

valve when it is determined that the automatic steering non-operation 

condition is satisfied.  In this case, it is possible to decrease the pressure 

of the hydraulic oil supplied from the hydraulic pump and applied to the 

second valve when the automatic steering non-operation condition is 25 

satisfied by controlling the unloading valve based on the determination 
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result of the control unit. 

[0010] In one aspect, the unloading means may include a control unit 

configured to determine whether or not the automatic steering non-

operation condition is satisfied based on execution or non-execution 

information of the automatic operation control or vehicle speed 5 

information of the industrial vehicle, and a variable displacement pump 

which is the hydraulic pump configured to be capable of changing a 

hydraulic oil discharge amount during operation based on a determination 

result of the control unit. The control unit may be configured to control 

the variable displacement pump to decrease the hydraulic oil discharge 10 

amount when it is determined that the automatic steering non-operation 

condition is satisfied.  In this case, it is possible to decrease the pressure 

of the hydraulic oil supplied from the variable displacement pump and 

applied to the second valve, when the automatic steering non-operation 

condition is satisfied, by controlling the discharge amount during the 15 

operation of the variable displacement pump based on the determination 

result of the control unit. 

[0011] In one aspect, the control unit may be configured to determine 

that the automatic steering non-operation condition is satisfied when the 

state of a switch for switching the execution or non-execution of the 20 

automatic operation control is the automatic operation control non-

execution state based on a signal from the switch.  In this case, it is 

possible to suppress an unnecessary load from being applied to the 

hydraulic pump when the automatic operation control is not executed and 

the automatic steering is not executed. 25 

[0012] In one aspect, the control unit may be configured to determine 
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whether or not the industrial vehicle has been stopped continuously for a 

predetermined time based on vehicle speed information of the industrial 

vehicle and determine that the automatic steering non-operation condition 

is satisfied when it is determined that the industrial vehicle has been 

stopped continuously for a predetermined time.  In this case, it is 5 

possible to suppress an unnecessary load from being applied to the 

hydraulic pump while the industrial vehicle has been stopped 

continuously for a predetermined time. 

[0013] A steering apparatus for an industrial vehicle according to another 

aspect of the present disclosure is a steering apparatus for an industrial 10 

vehicle including a hydraulic pump discharging hydraulic oil and a 

steering cylinder operated by the hydraulic oil supplied thereto to steer a 

steered wheel, the steering apparatus for the industrial vehicle including: 

a manual steering circuit which includes a first valve opened or closed 

according to an operation of a steering wheel and supplies the hydraulic 15 

oil discharged from the hydraulic pump to the steering cylinder through 

the first valve; an automatic steering circuit which includes a second 

valve opened or closed according to a calculation result of automatic 

operation control and supplies the hydraulic oil discharged from the 

hydraulic pump to the steering cylinder through the second valve; a 20 

branching valve which is disposed between the hydraulic pump and the 

first and second valves and branches the hydraulic oil to the manual 

steering circuit and the automatic steering circuit; and a steering operation 

detection unit configured to detect the operation of the steering wheel. 

The branching valve is a priority valve which preferentially supplies the 25 

hydraulic oil to the manual steering circuit at a first flow rate equal to or 
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larger than a predetermined flow rate for operating the steering cylinder 

in the hydraulic oil discharged from the hydraulic pump and supplies the 

hydraulic oil to the automatic steering circuit at a second flow rate which 

is an excess flow rate excluding the first flow rate in the hydraulic oil 

discharged from the hydraulic pump. The steering apparatus further 5 

includes supply restricting means for restricting the supply of the 

hydraulic oil to the steering cylinder through the automatic steering 

circuit when the steering operation detection unit detects the operation of 

the steering wheel. 

[0014] In the steering apparatus for the industrial vehicle according to 10 

another aspect of the present disclosure, the branching valve supplies the 

hydraulic oil to the automatic steering circuit at the second flow rate when 

the excess flow rate occurs even when the steering wheel is operated.  

The supply restricting means restricts the supply of the hydraulic oil to 

the steering cylinder through the automatic steering circuit when the 15 

steering operation detection unit detects the operation of the steering 

wheel.  Accordingly, when the steering wheel is operated, the operation 

of the steering cylinder due to the hydraulic oil supplied to the automatic 

steering circuit is restricted.  Thus, according to the steering apparatus 

for the industrial vehicle of another aspect of the present disclosure, it is 20 

possible to suppress the hydraulic oil supplied through the automatic 

steering circuit from affecting the operation of the steering cylinder 

according to the operation of the steering wheel. 

[0015] In one aspect, the supply restricting means may include a control 

unit configured to control the second valve so that the hydraulic oil from 25 

the hydraulic pump is not supplied to the steering cylinder through the 
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second valve when the steering operation detection unit detects the 

operation of the steering wheel.  In this case, it is possible to restrict the 

operation of the steering cylinder due to the hydraulic oil supplied to the 

automatic steering circuit by interrupting the hydraulic oil supplied to the 

automatic steering circuit by the second valve when the steering wheel is 5 

operated. 

[0016] In one aspect, the supply restricting means may include an 

unloading valve which is provided to be capable of decreasing a pressure 

of the hydraulic oil of the automatic steering circuit and a control unit 

configured to control the unloading valve to decrease the pressure of the 10 

hydraulic oil of the automatic steering circuit when the steering operation 

detection unit detects the operation of the steering wheel.  In this case, 

it is possible to restrict the operation of the steering cylinder due to the 

hydraulic oil supplied to the automatic steering circuit by decreasing the 

pressure of the hydraulic oil of the automatic steering circuit using the 15 

unloading valve when the steering wheel is operated. 

[0017] In one aspect, the operation of the steering wheel may be a 

predetermined operation of the steering wheel by an operator of the 

industrial vehicle. The steering operation detection unit may detect the 

predetermined operation when a rotation speed of the steering wheel is 20 

equal to or lower than a predetermined rotation speed threshold value.  

Since the flow rate of the hydraulic oil to the steering cylinder through 

the manual steering circuit decreases as the rotation speed of the steering 

wheel becomes slow when the steering wheel is operated, the excess flow 

rate is likely to occur.  Therefore, since the supply of the hydraulic oil to 25 

the steering cylinder through the automatic steering circuit is restricted 



9 

by detecting the predetermined operation when the rotation speed of the 

steering wheel is equal to or lower than the rotation speed threshold value, 

it is possible to appropriately suppress the hydraulic oil supplied through 

the automatic steering circuit from affecting the operation of the steering 

cylinder according to the operation of the steering wheel. 5 

Advantageous Effects of Invention 

[0018] According to the present disclosure, the hydraulic circuit can be 

allowed to function so that manual steering is available even when 

automatic steering is available. 

Brief Description of Drawings 10 

[0019] FIG. 1 is a schematic configuration diagram of an industrial 

vehicle to which a steering apparatus for an industrial vehicle according 

to a first embodiment is applied. 

 FIG. 2 is a schematic circuit diagram showing a configuration of 

a steering hydraulic circuit of FIG. 1. 15 

 FIG. 3 is a hydraulic circuit diagram of an example of an 

electromagnetic proportional valve of FIG. 2. 

 FIG. 4 is a block diagram showing a functional configuration of 

the steering apparatus for the industrial vehicle of FIG. 1. 

 FIG. 5 is a schematic cross-sectional view taken along an axis of 20 

a priority valve of FIG. 1. 

 FIG. 6 is a schematic cross-sectional view taken along the axis of 

the priority valve of FIG. 1. 

 FIG. 7 is a flowchart exemplifying an unloading process of a 

controller of FIG. 1. 25 

 FIG. 8 is a flowchart exemplifying an automatic steering non-
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operation condition determination process of FIG. 7. 

 FIG. 9 is a schematic configuration diagram of an industrial 

vehicle to which a steering apparatus for an industrial vehicle according 

to a second embodiment is applied. 

 FIG. 10 is a schematic circuit diagram showing a configuration of 5 

a steering hydraulic circuit of FIG. 9. 

 FIG. 11 is a block diagram showing a functional configuration of 

the steering apparatus for the industrial vehicle of FIG. 9. 

 FIG. 12 is a timing chart showing a flow rate of hydraulic oil 

toward a steering cylinder when there is no restriction by supply 10 

restricting means. 

 FIG. 13 is a timing chart showing a flow rate of hydraulic oil 

toward the steering cylinder when there is restriction by the supply 

restricting means. 

 FIG. 14 is a flowchart exemplifying a supply restriction process 15 

of a controller of FIG. 9. 

 FIG. 15 is a flowchart exemplifying a steering operation detection 

process of FIG. 14. 

Description of Embodiments 

[0020] Hereinafter, embodiments of the present disclosure will be 20 

described in detail with reference to the drawings.  In the drawings, the 

same or equivalent elements are denoted by the same reference numerals, 

and overlapping descriptions are omitted. 

[0021] [First embodiment] 

 FIG. 1 is a schematic configuration diagram of an industrial 25 

vehicle to which a steering apparatus for an industrial vehicle according 
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to a first embodiment is applied.  An industrial vehicle 1A shown in 

FIG. 1 is, for example, an electric towing tractor and is used to tow 

containers loaded with cargo at airports, factories, harbors, and the like. 

[0022] The industrial vehicle 1A is configured to be capable of executing 

automatic operation control.  The automatic operation is, for example, 5 

an operating state in which vehicle control is executed to automatically 

run the industrial vehicle 1A in accordance with a transportation 

command from an operation management system or the like.  The 

operation management system is a so-called control system that executes 

the transportation command, operation monitoring, vehicle state 10 

monitoring, and the like for the industrial vehicle 1A.  In the automatic 

operation, the industrial vehicle 1A automatically travels without the need 

for a worker to execute a driving operation. 

[0023] The automatic operation here is executed in a predetermined area 

including, for example, runways, takeoff and landing areas, taxiways, 15 

aprons, control towers, hangars, cargo handling areas, and charging 

stations at airports.  The industrial vehicle 1A can execute a 

predetermined automatic operation with a predetermined travel route 

within a predetermined area.  In this embodiment, a travel plan is 

generated that automatically steers the industrial vehicle 1A in 20 

accordance with the calculation result of the automatic operation control, 

for example, at an intersection or the like on a predetermined travel route.  

Additionally, the travel route of the industrial vehicle 1A is not fixed and 

can be changed from a predetermined route.  The unfixed travel route is 

not a travel route that is difficult to change after set once, such as an 25 

automated guided vehicle (AGV) that travels along a magnetic tape 
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installed on a road surface, but means a travel route that is changeable by 

changing a travel plan generated based on map information and the like. 

[0024] [Configuration related to traveling and steering of industrial 

vehicle] 

 The industrial vehicle 1A includes an FL tire 2 and an FR tire 3 5 

which are steered wheels arranged at a front part of a vehicle body and 

an RL tire 4 and an RR tire 5 which are arranged at a rear part of the 

vehicle body.  As traveling motors, the industrial vehicle 1A includes a 

left traveling motor 6 which drives the RL tire 4 and a right traveling 

motor 7 which drives the RR tire 5.  The traveling motor also functions 10 

as a braking unit 8 that generates a regenerative braking force. 

[0025] The left traveling motor 6 and the right traveling motor 7 are AC 

motors that also function as generators.  A left drive unit 6a is interposed 

between the left traveling motor 6 and the RL tire 4 as a speed reducer.  

A right drive unit 7a is interposed between the right traveling motor 7 and 15 

the RR tire 5 as a speed reducer. 

[0026] The left traveling motor 6 is electrically connected to a contactor 

9 through the left motor driver 6b.  The right traveling motor 7 is 

electrically connected to the contactor 9 through the right motor driver 

7b.  The left motor driver 6b and the right motor driver 7b include, for 20 

example, an inverter and are electrically connected to a controller (control 

unit) 10A.  In the left motor driver 6b and the right motor driver 7b, the 

power running and regenerating of the left traveling motor 6 and the right 

traveling motor 7 are controlled by the controller 10A. 

[0027] The contactor 9 is electrically connected to a battery B and a 25 

hydraulic pump 31 of a steering hydraulic circuit (hydraulic circuit) 30.  
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The contactor 9 is electrically connected to the controller 10A and the 

power supply of the battery B is controlled by the controller 10A. 

[0028] The battery B is a power supply source for the left traveling motor 

6, the right traveling motor 7, and the hydraulic pump 31.  The battery 

B is composed of, for example, a lead-acid battery. 5 

[0029] When the left traveling motor 6 is rotationally driven, the driving 

force of the left traveling motor 6 is transmitted to the RL tire 4 through 

the left drive unit 6a so that the RL tire 4 rotates.  At the time of braking 

the industrial vehicle 1A, the left traveling motor 6 is operated as the 

generator by the rotation of the RL tire 4.  When the right traveling 10 

motor 7 is rotationally driven, the driving force of the right traveling 

motor 7 is transmitted to the RR tire 5 through the right drive unit 7a so 

that the RR tire 5 rotates.  At the time of braking the industrial vehicle 

1A, the right traveling motor 7 is operated as the generator by the rotation 

of the RR tire 5. 15 

[0030] The industrial vehicle 1A includes a steering apparatus 100A for 

an industrial vehicle.  The steering apparatus 100A for the industrial 

vehicle is configured as a hydraulic power steering system that is operated 

by supplying hydraulic oil to steer the steered wheels.  FIG. 2 is a 

schematic circuit diagram showing a configuration of the steering 20 

hydraulic circuit of FIG. 1.  As shown in FIG. 2, the steering apparatus 

100A for the industrial vehicle includes the contactor 9, the controller 

10A, the steering hydraulic circuit 30, the hydraulic pump 31, a steering 

cylinder 32, and a steering wheel 33.  The steering hydraulic circuit 30 

is a hydraulic circuit including a manual steering circuit 40, an automatic 25 

steering circuit 50, and a priority valve 60. 
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[0031] The hydraulic pump 31 is a hydraulic source that discharges 

hydraulic oil.  The hydraulic pump 31 is installed to be able to pump 

hydraulic oil stored in a tank 34 to a hydraulic pump circuit 30a.  The 

hydraulic pump 31 is, for example, a constant displacement pump 

configured so that the amount of hydraulic oil discharged during 5 

operation (discharge amount at the same rotation speed) is constant.  

The hydraulic pump 31 is electrically connected to the contactor 9 and 

the number of rotations thereof is controlled by the controller 10A 

through the contactor 9 to control the discharge amount. 

[0032] The steering cylinder 32 is operated by the hydraulic oil supplied 10 

thereto and steers the FL tire 2 and the FR tire 3 which are steered wheels.  

The steering cylinder 32 includes a supply port 32a of hydraulic oil 

supplied to a left cylinder to steer the FL tire 2 and a supply port 32b of 

hydraulic oil supplied to a right cylinder to steer the FR tire 3.  The 

supply port 32a is connected to one junction 30b of the manual steering 15 

circuit 40 and the automatic steering circuit 50 through the hydraulic 

circuit.  The supply port 32b is connected to the other junction 30c of 

the manual steering circuit 40 and the automatic steering circuit 50 

through the hydraulic circuit. 

[0033] The manual steering circuit 40 includes a PS valve (first valve) 20 

41 which is opened or closed according to the operation of the steering 

wheel 33.  The manual steering circuit 40 is a hydraulic circuit which 

supplies the hydraulic oil discharged from the hydraulic pump 31 to the 

steering cylinder 32 through the PS valve 41.  The PS valve 41 is a so-

called power steering valve. 25 

[0034] The automatic steering circuit 50 includes an electromagnetic 
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proportional valve (second valve) 51 which is opened or closed according 

to the calculation result of the automatic operation control.  The 

automatic steering circuit 50 is a hydraulic circuit which supplies the 

hydraulic oil discharged from the hydraulic pump 31 to the steering 

cylinder 32 through the electromagnetic proportional valve 51.  The 5 

electromagnetic proportional valve 51 is a so-called oil control valve.  

The electromagnetic proportional valve 51 here is a pilot type 

electromagnetic proportional valve which operates a spool 53 (see FIG. 

3) therein by using the pressure of the hydraulic oil supplied from the 

hydraulic pump 31 and applied to the electromagnetic proportional valve 10 

51 as a pilot pressure.  For example, when the spool 53 is neutralized, 

the electromagnetic proportional valve 51 does not supply the hydraulic 

oil from the hydraulic pump 31 to the steering cylinder 32 through the 

electromagnetic proportional valve 51.  The electromagnetic 

proportional valve 51 is electrically connected to the controller 10A and 15 

the opening and closing (the position of the spool 53) is controlled by the 

controller 10A.  Additionally, in the following description, for 

convenience, a state in which the hydraulic oil can be supplied from the 

hydraulic pump 31 to the steering cylinder 32 through the 

electromagnetic proportional valve 51 is expressed that the 20 

"electromagnetic proportional valve 51 is open" and a state in which the 

hydraulic oil is not supplied from the hydraulic pump 31 to the steering 

cylinder 32 through the electromagnetic proportional valve 51 is 

expressed that the "electromagnetic proportional valve 51 is closed". 

[0035] The priority valve 60 is disposed between the hydraulic pump 31 25 

and the PS valve 41 and the electromagnetic proportional valve 51.  The 
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priority valve 60 is a branching valve which branches the hydraulic oil 

supplied from the hydraulic pump 31 through the hydraulic pump circuit 

30a to the manual steering circuit 40 on the side of the PS valve 41 and 

the automatic steering circuit 50 on the side of the electromagnetic 

proportional valve 51.  The details of the structure of the priority valve 5 

60 related to branching will be described later. 

[0036] In the manual steering circuit 40, the hydraulic oil of the hydraulic 

pump circuit 30a flows into the PS valve 41 through the priority valve 60 

and the hydraulic oil is supplied to the junction 30b and the junction 30c 

through the PS valve 41 opened according to the operation of the steering 10 

wheel 33.  Accordingly, the hydraulic oil is supplied to the steering 

cylinder 32, thereby the FL tire 2 and the FR tire 3 which are steered 

wheels are steered according to the operation of the steering wheel 33. 

[0037] In the automatic steering circuit 50, the hydraulic oil of the 

hydraulic pump circuit 30a flows into the electromagnetic proportional 15 

valve 51 through the priority valve 60 and the hydraulic oil is supplied to 

the junction 30b and the junction 30c through the electromagnetic 

proportional valve 51 which is opened according to the calculation result 

of the automatic operation control.  Accordingly, the hydraulic oil is 

supplied to the steering cylinder 32 and the FL tire 2 and the FR tire 3 20 

which are steered wheels are steered according to the calculation result 

of the automatic operation control. 

[0038] The electromagnetic proportional valve 51 includes an unloading 

valve 52 which is provided to be capable of decreasing the pressure of the 

hydraulic oil supplied from the hydraulic pump 31 and applied to the 25 

electromagnetic proportional valve 51 (the hydraulic oil of the automatic 
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steering circuit 50).  The unloading valve 52 is connected to the tank 34 

by a return circuit 30d.  The unloading valve 52 is electrically connected 

to the controller 10A.  In the first embodiment, as will be described later, 

the unloading valve 52 decreases the pressure (that is, the pilot pressure) 

of the hydraulic oil supplied from the hydraulic pump 31 and applied to 5 

the electromagnetic proportional valve 51 by returning the hydraulic oil 

to the tank 34 through the return circuit 30d when the controller 10A 

determines that the automatic steering non-operation condition is 

satisfied based on the determination result of the controller 10A. 

[0039] FIG. 3 is a hydraulic circuit diagram of an example of the 10 

electromagnetic proportional valve of FIG. 2.  As shown in FIG. 3, the 

electromagnetic proportional valve 51 includes an unloading pilot valve 

52a and a relief valve 52b that constitute the unloading valve 52, and the 

spool 53.  In the electromagnetic proportional valve 51, the hydraulic oil 

is supplied to the unloading pilot valve 52a, the relief valve 52b, and the 15 

spool 53 along a main circuit (a solid line in FIG. 3) extending from the 

symbol P.  The symbol P of FIG. 3 corresponds to the symbol P of FIG. 

2 and the hydraulic oil branched by the priority valve 60 is supplied 

thereto. 

[0040] When the unloading pilot valve 52a is operated by the controller 20 

10A, the hydraulic oil is supplied to the relief valve 52b through the 

unloading pilot valve 52a along the pilot circuit (a dashed line of FIG. 3) 

so that the pilot pressure is applied to the relief valve 52b.  Accordingly, 

the relief valve 52b is operated.  The symbol T of FIG. 3 corresponds to 

the symbol T of FIG. 2 and is connected to the return circuit 30d that 25 

returns the hydraulic oil from the electromagnetic proportional valve 51 
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to the tank 34.  The hydraulic oil from the symbol P is returned to the 

tank 34 while flowing toward the symbol T through the relief valve 52b 

(a solid line) according to the balance of the hydraulic pressure of the 

hydraulic oil at the symbol P, the pressure of the tank 34, the pressure 

corresponding to the pressure loss up to the tank 34, and the spring set 5 

pressure of the relief valve 52b. 

[0041] As an example, the spool 53 is configured to take three spool 

positions, that is, positions P1, P2, and P3.  When the spool 53 is 

operated by the controller 10A, the spool 53 is moved so that the position 

of the spool 53 becomes any one of the positions P1, P2, and P3.  The 10 

position P1 is a spool position in which the hydraulic oil flows from the 

symbol P to the symbol C1.  The position P2 is a spool position in which 

the hydraulic oil flows from the symbol P to the symbol C2.  The 

symbols C1 and C2 of FIG. 3 correspond to the symbols C1 and C2 of 

FIG. 2. 15 

[0042] When the spool position is the position P1, the hydraulic oil flows 

from the symbol P to the symbol C1 through the spool 53.  The 

hydraulic oil having passed through the symbol C1 is supplied to the 

supply port 32b of the steering cylinder 32 through the junction 30c, is 

discharged from the supply port 32a of the steering cylinder 32, and is 20 

returned to the symbol C2 through the junction 30b.  The hydraulic oil 

having passed through the symbol C2 flows to the symbol T through the 

spool 53 and is returned to the tank 34. 

[0043] When the spool position is the position P2, the hydraulic oil flows 

from the symbol P to the symbol C2 through the spool 53.  The 25 

hydraulic oil having passed through the symbol C2 is supplied to the 
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supply port 32a of the steering cylinder 32 through the junction 30b, is 

discharged from the supply port 32b of the steering cylinder 32, and is 

discharged to the symbol C1 through the junction 30c.  The hydraulic 

oil having passed through the symbol C1 flows to the symbol T through 

the spool 53 and is returned to the tank 34. 5 

[0044] When the spool position is the position P3, the hydraulic oil does 

not flow from the symbol P to the symbol C1 or the symbol C2.  That 

is, when the spool position is the position P3, the spool 53 is in the neutral 

state. 

[0045] Additionally, the PS valve 41 is connected to the tank 34 by a 10 

return circuit 30e.  In the PS valve 41, the hydraulic oil of which the 

flow rate exceeds the flow rate supplied to the steering cylinder 32 in the 

hydraulic oil having flowed into the PS valve 41 through the priority 

valve 60 is returned to the tank 34 through the return circuit 30e.  

Examples of such a situation include a case in which the steering wheel 15 

33 is not operated, a case in which the operation speed of the steering 

wheel 33 is relatively slow, and a case in which the operation speed of the 

steering wheel 33 decreases transiently. 

[0046] [Configuration related to automatic operation control and 

automatic steering of industrial vehicle] 20 

 FIG. 4 is a block diagram showing a functional configuration of 

the steering apparatus for the industrial vehicle of FIG. 1.  The steering 

apparatus 100A for the industrial vehicle includes the controller 10A 

which supervises the automatic operation control and the steering control 

of the industrial vehicle 1A.  The controller 10A is an electronic control 25 

unit having a CPU [Central Processing Unit], ROM [Read Only 
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Memory], RAM [Random Access Memory], and the like.  In the 

controller 10A, for example, programs stored in the ROM are loaded into 

the RAM, and the programs loaded into the RAM are executed by the 

CPU, thereby realizing various functions.  The controller 10A may 

detect the voltage of the battery B.  Additionally, the controller 10A may 5 

be composed of multiple electronic units. 

[0047] The controller 10A is connected to a GNSS receiver 21, a 

surrounding condition sensor 22, a travel information sensor 23, a map 

database 24, and a changeover switch (switch) 25. 

[0048] The GNSS receiver 21 measures the position of the industrial 10 

vehicle 1A on the map (for example, the latitude and longitude of the 

industrial vehicle 1A) by receiving signals from three or more GNSS 

satellites.  The GNSS receiver 21 transmits the measured position 

information of the industrial vehicle 1A to the controller 10A. 

[0049] The surrounding condition sensor 22 is an in-vehicle detector that 15 

detects the surrounding situation of the industrial vehicle 1A.  The 

surrounding condition sensor 22 includes a camera and a lidar [LiDAR: 

Light Detection And Ranging].  The imaging information of the camera 

is used, for example, for recognizing and matching the road surface 

pattern.  Obstacle information detected by the lidar is used, for example, 20 

for danger avoidance of the industrial vehicle 1A.  The surrounding 

condition sensor 22 transmits information on the surrounding situation of 

the industrial vehicle 1A to the controller 10A. 

[0050] The travel information sensor 23 is a detector which detects the 

travel state of the industrial vehicle 1A.  The travel information sensor 25 

23 includes a vehicle speed sensor, an acceleration sensor, and a yaw rate 
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sensor (gyro sensor).  The vehicle speed sensor is a detector which 

detects the speed of the industrial vehicle 1A.  As the vehicle speed 

sensor, for example, a speed sensor which is provided in each of the left 

traveling motor 6 and the right traveling motor 7 to detect the rotation 

speed of the left traveling motor 6 and the rotation speed of the right 5 

traveling motor 7 is used.  The travel information sensor 23 transmits 

the detected travel information to the controller 10A. 

[0051] The map database 24 is a database which stored the map 

information.  The map database 24 is formed, for example, in a storage 

device (for example, HDD [Hard Disk Drive] and the like) mounted on 10 

the industrial vehicle 1A.  The map information includes road position 

information, road shape information (for example, curve, type of straight 

section, curvature of curve, and the like), position information of 

intersections and branch points, position information of structures, and 

the like in a predetermined area including, for example, runways, takeoff 15 

and landing areas, taxiways, aprons, control towers, hangars, cargo 

handling areas, and charging stations at airports.  The map information 

includes position information of the road surface pattern used for 

recognizing the position of the industrial vehicle 1A.  Additionally, the 

map database 24 may be formed in a server that can communicate with 20 

the industrial vehicle 1A. 

[0052] The changeover switch 25 is a switch for switching between 

execution and non-execution of the automatic operation control.  The 

changeover switch 25 can take either state of the changeover switch 25, 

that is either of the state of executing the automatic operation control or 25 

the state of not executing the automatic operation control, depending on 
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the operation position of the switch.  The changeover switch 25 outputs 

a signal according to the state of the changeover switch 25 to the 

controller 10A. 

[0053] Next, the functional configuration of the controller 10A will be 

described.  The controller 10A includes a map information acquisition 5 

unit 11, a position information acquisition unit 12, a travel information 

acquisition unit 13, an automatic operation control unit 14, and a steering 

hydraulic control unit 15A.  Additionally, a part of the function of the 

controller 10A described below may be implemented in a server that can 

communicate with the industrial vehicle 1A. 10 

[0054] The map information acquisition unit 11 acquires the map 

information stored in the map database 24.  The map information 

acquisition unit 11 acquires, for example, the position information of the 

road surface pattern used for recognizing the position of the industrial 

vehicle 1A. 15 

[0055] The position information acquisition unit 12 acquires the position 

information of the industrial vehicle 1A based on the reception result of 

the GNSS receiver 21, the detection result of the surrounding condition 

sensor 22, and the map information of the map database 24.  The 

position information acquisition unit 12 acquires the own position of the 20 

industrial vehicle 1A based on the position information of the road surface 

pattern included in the map information and the relative position 

information of the road surface pattern with respect to the industrial 

vehicle 1A detected by the surrounding condition sensor 22.  

Additionally, the position information acquisition unit 12 may estimate 25 

the own position of the industrial vehicle 1A using, for example, a SLAM 
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[Simultaneous Localization And Mapping] technique. 

[0056] The travel information acquisition unit 13 acquires the travel 

information of the industrial vehicle 1A based on the detection result of 

the travel information sensor 23.  The travel information acquisition unit 

13 here acquires the vehicle speed information of the industrial vehicle 5 

1A based on the detection result of the speed sensor provided in each of 

the left traveling motor 6 and the right traveling motor 7.  The travel 

information acquisition unit 13 may acquire the direction of the industrial 

vehicle 1A based on the detection result of the gyro sensor. 

[0057] The automatic operation control unit 14 executes the automatic 10 

operation control including the automatic steering of the industrial 

vehicle 1A based on the position information, the travel information, the 

map information, and the state of the changeover switch 25.  The 

automatic operation control unit 14 generates a travel plan along a travel 

route based on the measured position information of the industrial vehicle 15 

1A of the GNSS receiver 21, the map information of the map database 

24, the surrounding condition (the position of the obstacle and the like) 

of the industrial vehicle 1A recognized from the detection result of the 

surrounding condition sensor 22, and the travel state (the vehicle speed, 

the yaw rate, and the like) recognized from the detection result of the 20 

travel information sensor 23.  The travel route is set according to the 

transportation command and the like of the operation management 

system.  The travel plan includes, for example, target steering angles of 

the FL tire 2 and the FR tire 3.  The travel plan may include a target 

speed. 25 

[0058] The automatic operation control unit 14 executes the automatic 
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operation according to the travel plan.  When a signal according to the 

state of the execution of the automatic operation control is input from the 

changeover switch 25, the automatic operation control unit 14 generates 

the above-described travel plan by executing the automatic operation 

control and calculates whether the automatic steering is necessary or not 5 

according to the travel plan.  When a signal indicating the non-execution 

of the automatic operation control is input from the changeover switch 

25, the automatic operation control unit 14 does not execute the automatic 

operation control (the non-execution of the automatic operation control).  

The automatic operation control unit 14 may execute the automatic 10 

operation control to realize the target speed by transmitting a control 

signal to the left drive unit 6a and the right drive unit 7a. 

[0059] The steering hydraulic control unit 15A controls the opening and 

closing of the electromagnetic proportional valve 51 according to the 

calculation result of the automatic operation control by the automatic 15 

operation control unit 14.  The steering hydraulic control unit 15A 

transmits a command signal to the contactor 9 and the electromagnetic 

proportional valve 51 based on the calculation result of the necessity of 

the automatic steering by the automatic operation control unit 14 (the 

calculation result of the automatic operation control).  The steering 20 

hydraulic control unit 15A controls the opening and closing of the 

electromagnetic proportional valve 51 so that the steering angles of the 

FL tire 2 and the FR tire 3 become the target steering angle of the 

automatic steering in the case of the calculation result of the automatic 

operation control that the automatic steering is executed during the 25 

execution of the automatic operation control.  The electromagnetic 
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proportional valve 51 is controlled to be closed, for example, in the case 

of the calculation result of the automatic operation control that the 

automatic steering is not executed during the execution of the automatic 

operation control and in the case of the non-execution of the automatic 

operation control.  The steering hydraulic control unit 15A can acquire 5 

the steering angles of the FL tire 2 and the FR tire 3, for example, based 

on a tire steering angle sensor (not shown). 

[0060] [Structure related to branching of priority valve] 

 The branching of the priority valve 60 will be described in detail.  

FIGS. 5 and 6 are schematic cross-sectional views taken along the axis of 10 

the priority valve of FIG. 1.  As shown in FIGS. 5 and 6, the priority 

valve 60 includes a valve support chamber 62 which is formed in the 

housing 61, a valve body 63 which is disposed to be slidable along the 

inner wall of the valve support chamber 62, and a spring 64 which is 

disposed between the inner wall of the valve support chamber 62 and the 15 

valve body 63 and urges the valve body 63 in one direction. 

[0061] The valve support chamber 62 is formed as a substantially 

cylindrical cavity.  The valve support chamber 62 includes a hydraulic 

pump side opening 62a which is an opening of the hydraulic pump circuit 

30a, a manual steering side opening 62b which is an opening of an 20 

introduction circuit 40a toward the manual steering circuit 40, and an 

automatic steering side opening 62c which is an opening of the 

introduction circuit 50a toward the automatic steering circuit 50. 

[0062] The valve body 63 is disposed between the hydraulic pump side 

opening 62a and the manual steering side opening 62b of the valve 25 

support chamber 62 to be slidable along the inner wall of the valve 
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support chamber 62.  The valve body 63 defines the valve support 

chamber 62 into a hydraulic pump side back pressure chamber 65 in 

which the hydraulic pump side opening 62a is located and a manual 

steering side back pressure chamber 66 in which the manual steering side 

opening 62b is located.  The manual steering side back pressure 5 

chamber 66 is a back pressure chamber of the valve body 63 located on 

the side of the introduction circuit 40a.  A circuit 30f branched from the 

hydraulic pump circuit 30a is connected to the hydraulic pump side back 

pressure chamber 65 and the hydraulic oil is supplied from the hydraulic 

pump 31.  That is, the hydraulic pressure of the hydraulic pump side 10 

back pressure chamber 65 is the same as the hydraulic pressure of the 

hydraulic pump circuit 30a. 

[0063] The priority valve 60 here is configured as a priority valve having 

a priority circuit on the side of the PS valve 41.  The priority valve 60 

preferentially supplies the hydraulic oil to the manual steering circuit 40 15 

so that the flow rate of the hydraulic oil becomes the designed flow rate 

(first flow rate).  The designed flow rate is a design value for the flow 

rate of the hydraulic oil that is preferentially supplied to the manual 

steering circuit 40, and is, for example, a constant flow rate value equal 

to or larger than a predetermined flow rate.  The predetermined flow rate 20 

means the minimum required supply flow rate of the hydraulic oil to the 

steering cylinder 32 for the steering cylinder 32 to steer the FL tire 2 and 

the FR tire 3.  That is, the priority valve 60 preferentially supplies the 

hydraulic oil to the manual steering circuit 40 at a designed flow rate 

equal to or larger than the predetermined flow rate so that the steering 25 

cylinder 32 can be operated regardless of whether the hydraulic oil is 
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branched to the automatic steering circuit 50. 

[0064] The priority valve 60 includes an orifice 67 which is provided 

according to the designed flow rate to preferentially supply the hydraulic 

oil toward the PS valve 41.  The orifice 67 is formed in the valve body 

63.  The orifice 67 allows the hydraulic pump side back pressure 5 

chamber 65 and the manual steering side back pressure chamber 66 to 

communicate with each other.  In the priority valve 60, the manual 

steering side opening 62b is formed to be located on the side opposite to 

the hydraulic pump side back pressure chamber 65 with respect to the 

orifice 67.  Therefore, the hydraulic oil having flowed from the 10 

hydraulic pump circuit 30a into the hydraulic pump side back pressure 

chamber 65 is guided to the manual steering side back pressure chamber 

66 through the orifice 67. 

[0065] The flow rate of the hydraulic oil having passed through the 

orifice 67 is determined by the differential pressure of the hydraulic 15 

pressure of the hydraulic oil before and after passing through the orifice 

67 and the flow path area to the manual steering side opening 62b in the 

manual steering side back pressure chamber 66.  In the priority valve 60 

of this embodiment, the flow path area to the manual steering side 

opening 62b in the manual steering side back pressure chamber 66 is 20 

designed to be changed so that the flow rate of the hydraulic oil passing 

through the orifice 67 is kept substantially constant even when the 

differential pressure of the hydraulic pressure of the hydraulic oil before 

and after passing through the orifice 67 changes.  In the following 

description, a communication opening degree D1 is used as an index of 25 

the flow path area toward the manual steering side opening 62b in the 
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manual steering side back pressure chamber 66.  The communication 

opening degree D1 is a dimension along the axis of the valve support 

chamber 62 of the manual steering side communication flow path 68 

guiding the hydraulic oil from the manual steering side back pressure 

chamber 66 to the introduction circuit 40a. 5 

[0066] When the flow rate of the hydraulic oil from the hydraulic pump 

circuit 30a toward the priority valve 60 exceeds the designed flow rate, 

the priority valve 60 supplies the excess hydraulic oil toward the 

automatic steering circuit 50 on the side of the electromagnetic 

proportional valve 51.  In the priority valve 60, the automatic steering 10 

side opening 62c is formed to be located on the same side as the hydraulic 

pump side back pressure chamber 65 with respect to the orifice 67.  

Therefore, the flow rate of the hydraulic oil toward the automatic steering 

circuit 50 is mainly determined by the flow path area toward the 

automatic steering side opening 62c in the hydraulic pump side back 15 

pressure chamber 65.  In the following description, a communication 

opening degree D2 is used as an index of the flow path area toward the 

automatic steering side opening 62c in the hydraulic pump side back 

pressure chamber 65.  The communication opening degree D2 is a 

dimension along the axis of the valve support chamber 62 of the 20 

automatic steering side communication flow path 69 guiding the 

hydraulic oil from the hydraulic pump side back pressure chamber 65 to 

the introduction circuit 50a. 

[0067] The priority valve 60 is configured so that the communication 

opening degree D2 and the communication opening degree D1 change 25 

when the valve body 63 moves along the inner wall of the valve support 



29 

chamber 62.  Specifically, when the valve body 63 moves in a direction 

in which the valve body 63 is urged by the spring 64, the communication 

opening degree D2 of the automatic steering side communication flow 

path 69 decreases and the communication opening degree D1 of the 

manual steering side communication flow path 68 increases. 5 

[0068] Here, in the hydraulic pump 31, the steering hydraulic control unit 

15A of the controller 10A controls the rotation speed of the hydraulic 

pump 31 to keep the flow rate of the hydraulic oil of the hydraulic pump 

circuit 30a even when at least one of the open/closed state of the PS valve 

41 by the manual steering and the open/closed state of the 10 

electromagnetic proportional valve 51 by the automatic steering changes.  

When at least one of the open/closed state of the PS valve 41 by the 

manual steering and the open/closed state of the electromagnetic 

proportional valve 51 of the automatic steering changes to open, pressure 

loss occurs when the hydraulic oil flows to at least one of the manual 15 

steering circuit 40 and the automatic steering circuit 50.  In order to 

pump the hydraulic oil against this pressure loss, when the rotation speed 

of the hydraulic pump 31 increases to keep the flow rate of the hydraulic 

oil of the hydraulic pump circuit 30a, the hydraulic pressure of the 

hydraulic pump circuit 30a and the hydraulic pump side back pressure 20 

chamber 65 increases.  As the hydraulic pressure increases, the valve 

body 63 moves toward the manual steering side back pressure chamber 

66 by the urging force due to the hydraulic pressure of the hydraulic pump 

side back pressure chamber 65. 

[0069] For example, FIG. 5 corresponds to a state in which neither the 25 

manual steering nor the automatic steering is executed and both the PS 
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valve 41 and the electromagnetic proportional valve 51 are closed.  As 

such a state, a case in which the steering wheel 33 is not operated in the 

case of the calculation result of the automatic operation control in which 

the automatic steering is not executed during the execution of the 

automatic operation control, or a case in which the steering wheel 33 is 5 

not operated during the non-execution of the automatic operation control 

is exemplified. 

[0070] In the example of FIG. 5, since the PS valve 41 is closed, the 

hydraulic oil does not flow through the PS valve 41 in the manual steering 

circuit 40 and the pressure loss due to the flow of the hydraulic oil does 10 

not occur.  Similarly, since the electromagnetic proportional valve 51 is 

closed, the hydraulic oil does not flow through the electromagnetic 

proportional valve 51 in the automatic steering circuit 50 and pressure 

loss associated with the flow of the hydraulic oil does not occur.  In this 

case, since the hydraulic pressure in the hydraulic pump circuit 30a and 15 

the hydraulic pump side back pressure chamber 65 does not increase due 

to the pressure loss, the valve body 63 is not subjected to the urging force 

due to the hydraulic pressure of the hydraulic pump side back pressure 

chamber 65.  Thus, the valve body 63 does not move toward the manual 

steering side back pressure chamber 66 and is urged only by the urging 20 

force of the spring 64 in a direction from the manual steering side back 

pressure chamber 66 toward the hydraulic pump side back pressure 

chamber 65. 

[0071] In this state, since the valve body 63 moves so that the urging 

forces from both sides of the valve body 63 are balanced, the hydraulic 25 

pressure of the hydraulic pump side back pressure chamber 65 becomes 
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a pressure that balances the biasing force of the spring 64.  The pressure 

difference between the hydraulic pressure of the hydraulic pump side 

back pressure chamber 65 and the hydraulic pressure of the manual 

steering side back pressure chamber 66 becomes a predetermined 

pressure difference corresponding to the urging force of the spring 64.  5 

The flow rate of the hydraulic oil passing through the orifice 67 becomes 

a flow rate according to a predetermined pressure difference 

corresponding to the urging force of the spring 64.  At this time, since 

the communication opening degree D1 is sufficiently large, the flow rate 

of the hydraulic oil passing through the orifice 67 corresponds to the 10 

designed flow rate supplied to the manual steering circuit 40.  Further, 

in the example of FIG. 5, the priority valve 60 is configured so that the 

supply of the hydraulic oil toward the electromagnetic proportional valve 

51 on the side of the automatic steering circuit 50 is not always 

completely interrupted. 15 

[0072] FIG. 6 corresponds to a state in which the manual steering is also 

executed while the automatic steering is executed and both the PS valve 

41 and the electromagnetic proportional valve 51 are opened.  As such 

a state, a case in which the steering wheel 33 is operated in the case of the 

calculation result of the automatic operation control in which the 20 

automatic steering is executed during the execution of the automatic 

operation control is exemplified. 

[0073] In the example of FIG. 6, since the electromagnetic proportional 

valve 51 is opened, the hydraulic oil flows through the electromagnetic 

proportional valve 51 in the automatic steering circuit 50 and pressure 25 

loss occurs due to the flow of the hydraulic oil.  Similarly, since the PS 
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valve 41 is opened, the hydraulic oil flows through the PS valve 41 in the 

manual steering circuit 40 and pressure loss occurs due to the flow of the 

hydraulic oil.  Thus, the hydraulic pressure of the hydraulic pump circuit 

30a and the hydraulic pump side back pressure chamber 65 increases 

according to the pressure loss and the urging force due to the hydraulic 5 

pressure of the hydraulic pump side back pressure chamber 65 is 

generated in the valve body 63.  Then, the valve body 63 moves toward 

the manual steering side back pressure chamber 66 due to the urging force 

by the hydraulic pressure of the hydraulic pump side back pressure 

chamber 65 and the communication opening degree D1 of the manual 10 

steering side communication flow path 68 decreases. 

[0074] In this state, the pressure difference between the hydraulic 

pressure of the hydraulic pump side back pressure chamber 65 and the 

hydraulic pressure of the manual steering side back pressure chamber 66 

is larger than the pressure difference in the example of FIG. 5 and 15 

increases by the amount corresponding to the pressure loss in addition to 

the urging force of the spring 64.  Since the pressure difference 

increases, the flow rate of the hydraulic oil passing through the orifice 67 

can be larger than that of the example of FIG. 5.  However, since the 

communication opening degree D1 is smaller than that of the example of 20 

FIG. 5, the flow rate of the hydraulic oil supplied to the manual steering 

circuit 40 is the same as that of the example of FIG. 5 to become a 

designed flow rate.  A portion that exceeds the designed flow rate in the 

discharge amount of the hydraulic pump 31 is supplied to the automatic 

steering circuit 50 as an excess flow rate. 25 

[0075] Additionally, when any one of the PS valve 41 and the 
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electromagnetic proportional valve 51 is opened, the valve body 63 is 

located, for example, between FIGS. 5 and 6 to be located at a position in 

which the sum of the urging force due to the hydraulic pressure of the 

manual steering side back pressure chamber 66 and the urging force due 

to the spring 64 is balanced with the urging force due to the hydraulic 5 

pressure of the hydraulic pump side back pressure chamber 65.  As such 

a state, a case in which the steering wheel 33 is not operated in the case 

of the calculation result of the automatic operation control in which the 

automatic steering is executed during the execution of the automatic 

operation control, or a case in which the steering wheel 33 is operated 10 

during the non-execution of the automatic operation control, is 

exemplified. 

[0076] According to the priority valve 60 with the above-described 

configuration, since at least the hydraulic oil of the designed flow rate is 

supplied to the manual steering circuit 40 even in a state in which the 15 

electromagnetic proportional valve 51 is opened according to the 

calculation result of the automatic operation control, the steering cylinder 

32 can be operated according to the operation of the steering wheel 33.  

Therefore, since the steering cylinder 32 is operated according to the 

operation of the steering wheel 33 by the operator, for example, if an 20 

unexpected appeared obstacle needs to be avoided when the automatic 

steering is executed during the execution of the automatic operation 

control, it is possible to avoid the obstacle by the manual steering even 

during the automatic steering. 

[0077] Incidentally, in the above-described priority valve 60, the 25 

hydraulic oil of the excess flow rate exceeding the designed flow rate 
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flowing to the manual steering circuit 40 is supplied to the automatic 

steering circuit 50.  When the electromagnetic proportional valve 51 is 

closed in the automatic steering circuit 50, the hydraulic oil does not flow 

through the electromagnetic proportional valve 51 in the automatic 

steering circuit 50.  Here, since the hydraulic oil remains in the 5 

automatic steering circuit 50 assuming that the hydraulic oil of the excess 

flow rate supplied to the automatic steering circuit 50 is not returned to 

the tank 34, the pressure (pilot pressure) of the hydraulic oil applied from 

the hydraulic pump 31 to the electromagnetic proportional valve 51 is 

high.  As a result, since the drive energy (here, electric power) of the 10 

hydraulic pump 31 becomes excessively large, there is a possibility that 

the operation time of the steering apparatus 100A for the industrial 

vehicle may be shortened. 

[0078] Here, in the steering apparatus 100A for the industrial vehicle, the 

steering hydraulic control unit 15A determines whether or not the 15 

automatic steering non-operation condition is satisfied.  The unloading 

valve 52 is provided so that the pressure of the hydraulic oil applied to 

the electromagnetic proportional valve 51 can be decreased based on the 

determination result of the steering hydraulic control unit 15A.  The 

steering hydraulic control unit 15A controls the unloading valve 52 to 20 

decrease the pressure of the hydraulic oil applied to the electromagnetic 

proportional valve 51 when it is determined that the automatic steering 

non-operation condition is satisfied.  That is, the controller 10A and the 

unloading valve 52 constitute the unloading means for decreasing the 

pressure of the hydraulic oil supplied from the hydraulic pump 31 and 25 

applied to the electromagnetic proportional valve 51. 
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[0079] The automatic steering non-operation condition is a 

predetermined condition for determining whether or not to suspend the 

supply of the hydraulic oil through the electromagnetic proportional 

valve 51.  The automatic steering non-operation condition can be a 

condition based on information regarding execution or non-execution of 5 

automatic operation control or vehicle speed information of the industrial 

vehicle 1A. 

[0080] More specifically, the steering hydraulic control unit 15A may 

determine that the automatic steering non-operation condition is satisfied 

when the state of the changeover switch 25 is the automatic operation 10 

control non-execution state based on the signal from the changeover 

switch 25. 

[0081] Alternatively, the steering hydraulic control unit 15A determines 

whether or not the industrial vehicle 1A has been stopped continuously 

for a predetermined time based on the vehicle speed information of the 15 

industrial vehicle 1A and may determine that the automatic steering non-

operation condition is satisfied when it is determined that the industrial 

vehicle 1A has been stopped continuously for a predetermined time.  

When the vehicle speed of the industrial vehicle 1A is continuously equal 

to or lower than a predetermined stop vehicle speed threshold value for a 20 

predetermined time, the steering hydraulic control unit 15A may 

determine that the industrial vehicle 1A has been stopped continuously 

for a predetermined time.  The predetermined stop vehicle speed 

threshold value and the predetermined time are not particularly limited, 

but can be, for example, several km/h for several minutes assuming that 25 

the industrial vehicle 1A is left in a stopped state. 
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[0082] The automatic steering non-operation condition is not limited to 

the above-described specific examples.  For example, the steering 

hydraulic control unit 15A may determine that the automatic steering 

non-operation condition is satisfied when there is a failure in the 

configuration (for example, any one of the GNSS receiver 21, the 5 

surrounding condition sensor 22, the travel information sensor 23, the 

map database 24, and the changeover switch 25) for executing the 

automatic operation. 

[0083] According to the above-described unloading means, when the 

automatic steering non-operation condition is satisfied, the pressure of 10 

the hydraulic oil supplied from the hydraulic pump 31 and applied to the 

electromagnetic proportional valve 51 can be decreased compared to the 

case in which the automatic steering non-operation condition is not 

satisfied. 

[0084] [Example of calculation process by controller] 15 

 Next, an example of the calculation process by the controller 10A 

will be described.  FIG. 7 is a flowchart exemplifying an unloading 

process of the controller of FIG. 1.  The process shown in FIG. 7 is 

executed, for example, when a main power supply of the industrial 

vehicle 1A is turned on and the power supply to the hydraulic pump 31 is 20 

available. 

[0085] As shown in FIG. 7, the controller 10A determines whether or not 

the automatic steering non-operation condition is satisfied by the steering 

hydraulic control unit 15A in S01.  As the process of S01, the controller 

10A specifically executes the automatic steering non-operation condition 25 

determination process exemplified in FIG. 8. 
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[0086] FIG. 8 is a flowchart exemplifying the automatic steering non-

operation condition determination process of FIG. 7.  As shown in FIG. 

8, the controller 10A receives a signal from the changeover switch 25 by 

the steering hydraulic control unit 15A in S11.  The steering hydraulic 

control unit 15A receives a signal according to the state of the changeover 5 

switch 25 from the changeover switch 25. 

[0087] In S12, the controller 10A determines whether or not the current 

state is the automatic operation control non-execution state by the 

steering hydraulic control unit 15A.  The controller 10A determines that 

the current state is the automatic operation control non-execution state, 10 

for example, when the state of the changeover switch 25 is the automatic 

operation control non-execution state based on a signal from the 

changeover switch 25. 

[0088] The controller 10A shifts the process to S16 to be described below 

when the state of the changeover switch 25 is the automatic operation 15 

control non-execution state (S12 = YES).  The controller 10A shifts the 

process to S13 when the state of the changeover switch 25 is the 

automatic operation control execution state (S12 = NO). 

[0089] In S13, the controller 10A acquires the vehicle speed information 

by the travel information acquisition unit 13.  The travel information 20 

acquisition unit 13 acquires the vehicle speed information of the 

industrial vehicle 1A based on the detection result of the travel 

information sensor 23 (for example, the rotation speed of the left traveling 

motor 6 and the rotation speed of the right traveling motor 7). 

[0090] In S14, the controller 10A determines whether or not the 25 

industrial vehicle 1A has been stopped continuously for a predetermined 
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time by the steering hydraulic control unit 15A.  The steering hydraulic 

control unit 15A determines that the industrial vehicle 1A has been 

stopped continuously for a predetermined time, for example, when the 

vehicle speed of the industrial vehicle 1A is continuously equal to or 

lower than a predetermined stop vehicle speed threshold value for a 5 

predetermined time based on the vehicle speed information.  The 

steering hydraulic control unit 15A shifts the process to S16 to be 

described below when it is determined that the industrial vehicle 1A has 

been stopped continuously for a predetermined time (S14 = YES).  The 

steering hydraulic control unit 15A shifts the process to S15 when it is 10 

determined that the industrial vehicle 1A has not stopped continuously 

for a predetermined time (S14 = NO). 

[0091] In S15, the controller 10A determines that the automatic steering 

non-operation condition is not satisfied by the steering hydraulic control 

unit 15A.  On the other hand, the controller 10A determines that the 15 

automatic steering non-operation condition is satisfied by the steering 

hydraulic control unit 15A in S16.  Then, the controller 10A ends the 

process of FIG. 8 and shifts the process to S02 of FIG. 7. 

[0092] Returning to FIG. 7, the controller 10A shifts the process to S04 

to be described below when the steering hydraulic control unit 15A 20 

determines that the automatic steering non-operation condition is 

satisfied (S02 = YES) in S02.  The controller 10A shifts the process to 

S03 when the steering hydraulic control unit 15A determines that the 

automatic steering non-operation condition is not satisfied (S02 = NO) in 

S02. 25 

[0093] In S03, the controller 10A sets the hydraulic pressure (pilot 
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pressure) applied to the electromagnetic proportional valve 51 as a first 

pressure by the steering hydraulic control unit 15A.  The first pressure 

is the pressure of the hydraulic oil when the hydraulic oil of the excess 

flow rate supplied to the automatic steering circuit 50 is not returned to 

the tank 34.  In this embodiment, in S03, the steering hydraulic control 5 

unit 15A controls the unloading valve 52 (for example, the unloading 

valve 52 is closed) so that the unloading valve 52 does not cause the 

pressure of the hydraulic oil applied to the electromagnetic proportional 

valve 51 not to decrease.  Accordingly, the hydraulic pressure (pilot 

pressure) applied to the electromagnetic proportional valve 51 is the first 10 

pressure.  Then, the controller 10A ends the process of FIG. 7.  The 

controller 10A may repeat the process of FIG. 7 after a predetermined 

calculation period. 

[0094] In S04, the controller 10A sets the hydraulic pressure (pilot 

pressure) applied to the electromagnetic proportional valve 51 as a second 15 

pressure smaller than the first pressure by the steering hydraulic control 

unit 15A.  The second pressure is the pressure of the hydraulic oil when 

the hydraulic oil of the excess flow rate supplied to the automatic steering 

circuit 50 is returned to the tank 34.  In this embodiment, in S04, the 

steering hydraulic control unit 15A controls the unloading valve 52 (for 20 

example, the unloading valve 52 is opened) so that the unloading valve 

52 causes the pressure of the hydraulic oil applied to the electromagnetic 

proportional valve 51 to decrease compared to the determination case in 

which the automatic steering non-operation condition is not satisfied (S02 

= NO).  Accordingly, the hydraulic pressure (pilot pressure) applied to 25 

the electromagnetic proportional valve 51 is the second pressure.  Then, 
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the controller 10A ends the process of FIG. 7.  The controller 10A may 

repeat the process of FIG. 7 after a predetermined calculation period. 

[0095] [Operation and effect of first embodiment] 

 In the steering apparatus 100A for the industrial vehicle, the 

hydraulic oil is branched between the manual steering circuit 40 and the 5 

automatic steering circuit 50 by the priority valve 60 and is preferentially 

supplied to the manual steering circuit 40 at a designed flow rate equal to 

or larger than the predetermined flow rate for operating the steering 

cylinder 32.  Accordingly, since at least the hydraulic oil of a 

predetermined flow rate is supplied to the manual steering circuit 40 even 10 

when the electromagnetic proportional valve 51 is opened according to 

the calculation result of the automatic operation control, the steering 

cylinder 32 can be operated according to the operation of the steering 

wheel 33.  Thus, according to the steering apparatus 100A for the 

industrial vehicle, the steering hydraulic circuit 30 can be allowed to 15 

function so that the manual steering is available even when the automatic 

steering is available. 

[0096] Additionally, as a comparative example, in a configuration in 

which a lock valve that is operated according to an electric signal is used 

instead of the priority valve 60 for the branching between the manual 20 

steering circuit 40 and the automatic steering circuit 50 and a spare 

battery is used to transmit an electric signal to the lock valve, it is 

impossible to operate the lock valve and to execute the manual steering 

if the spare battery fails.  On the other hand, according to the steering 

apparatus 100A for the industrial vehicle using the priority valve 60 as 25 

described in the present disclosure, since it is possible to mechanically 
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supply the hydraulic oil of the designed flow rate to the manual steering 

circuit 40 without a power source such as the above-described spare 

battery, the steering wheel 33 and the PS valve 41 are substantially 

mechanically coupled.  Accordingly, it is possible to avoid the inability 

to execute the manual steering due to the failure of the shunt power 5 

supply.  Further, since it is possible to omit the configuration of the 

power supply such as the spare battery, it is possible to suppress an 

increase in the number of parts. 

[0097] The steering apparatus 100A for the industrial vehicle further 

includes unloading means for decreasing the pressure of the hydraulic oil 10 

supplied from the hydraulic pump 31 and applied to the electromagnetic 

proportional valve 51 compared to the case in which a predetermined 

automatic steering non-operation condition for suspending the supply of 

the hydraulic oil through the electromagnetic proportional valve 51 is not 

satisfied, when the automatic steering non-operation condition is 15 

satisfied.  Accordingly, an unnecessary load is applied to the hydraulic 

pump 31, since the pressure of the hydraulic oil from the hydraulic pump 

31 is always applied to the electromagnetic proportional valve 51 

assuming that the hydraulic oil of the excess flow rate supplied to the 

automatic steering circuit 50 is not returned to the tank 34, when the 20 

priority valve 60 is configured so that the supply of the hydraulic oil to 

the electromagnetic proportional valve 51 is not completely interrupted.  

Here, by using the unloading means, it is possible to suppress an 

unnecessary load from being applied to the hydraulic pump 31, by 

decreasing the pressure of the hydraulic oil supplied from the hydraulic 25 

pump 31 and applied to the electromagnetic proportional valve 51, when 



42 

the automatic steering non-operation condition is satisfied.  As a result, 

it is possible to suppress the operation time of the steering apparatus 100A 

for the industrial vehicle from being shortened due to an unnecessary load 

applied to the hydraulic pump 31.  Further, since the load of the 

hydraulic pump 31 is decreased, the oil temperature of the hydraulic oil 5 

is less likely to increase and, for example, overheating of the hydraulic 

pump 31 and the hydraulic oil is less likely to occur in a high-temperature 

environment.  Further, it is possible to employ the hydraulic pump 31 

with relatively low heat resistance. 

[0098] In the steering apparatus 100A for the industrial vehicle, the 10 

unloading means includes the controller 10A which determines whether 

or not the automatic steering non-operation condition is satisfied based 

on the execution or non-execution information of the automatic operation 

control or the vehicle speed information of the industrial vehicle 1A and 

the unloading valve 52 which is provided to capable of decreasing the 15 

pressure of the hydraulic oil supplied from the hydraulic pump 31 and 

applied to the electromagnetic proportional valve 51 based on the 

determination result of the controller 10A.  The controller 10A controls 

the unloading valve 52 to decrease the pressure of the hydraulic oil 

supplied from the hydraulic pump 31 and applied to the electromagnetic 20 

proportional valve 51 when it is determined that the automatic steering 

non-operation condition is satisfied.  Accordingly, it is possible to 

decrease the pressure of the hydraulic oil supplied from the hydraulic 

pump 31 and applied to the electromagnetic proportional valve 51 when 

the automatic steering non-operation condition is satisfied by controlling 25 

the unloading valve 52 based on the determination result of the controller 
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10A. 

[0099] In the steering apparatus 100A for the industrial vehicle, the 

controller 10A determines that the automatic steering non-operation 

condition is satisfied when the state of the changeover switch 25 is the 

automatic operation control non-execution state, based on a signal from 5 

the changeover switch 25 for switching the execution or non-execution 

of the automatic operation control.  Accordingly, it is possible to 

suppress an unnecessary load from being applied to the hydraulic pump 

31 when the automatic operation control is not executed and the 

automatic steering is not executed. 10 

[0100] In the steering apparatus 100A for the industrial vehicle, the 

controller 10A determines whether or not the industrial vehicle 1A has 

been stopped continuously for a predetermined time based on the vehicle 

speed information of the industrial vehicle 1A, and determines that the 

automatic steering non-operation condition is satisfied when it is 15 

determined that the industrial vehicle 1A has been stopped continuously 

for a predetermined time.  Accordingly, it is possible to suppress an 

unnecessary load from being applied to the hydraulic pump 31 while the 

industrial vehicle 1A has been stopped continuously for a predetermined 

time. 20 

[0101] [Modified example of first embodiment] 

 As described above, the first embodiment according to the present 

disclosure has been described, but the present disclosure is not limited to 

the above-described first embodiment. 

[0102] The unloading means is not limited to the unloading valve 52 and 25 

the controller 10A controlling the unloading valve 52.  For example, as 
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a modified example of the unloading means, the controller 10A may 

control the rotation speed of the (constant displacement) hydraulic pump 

31 based on the determination result of the controller 10A.  The 

controller 10A can decrease the pressure of the hydraulic oil supplied 

from the hydraulic pump 31 and applied to the electromagnetic 5 

proportional valve 51, by decreasing the rotation speed of the hydraulic 

pump 31 when the automatic steering non-operation condition is 

satisfied. 

[0103] Alternatively, as another modified example of the unloading 

means, the hydraulic pump 31 may be a variable displacement pump 10 

configured to be able to change the hydraulic oil discharge amount during 

operation.  The controller 10A may control the variable displacement 

pump to decrease the hydraulic oil discharge amount when it is 

determined that the automatic steering non-operation condition is 

satisfied.  In this case, it is possible to decrease the pressure of the 15 

hydraulic oil supplied from the variable displacement pump and applied 

to the electromagnetic proportional valve 51, when the automatic steering 

non-operation condition is satisfied by controlling the discharge amount 

during the operation of the variable displacement pump based on the 

determination result of the controller 10A. 20 

[0104] In the above-described first embodiment, the steering apparatus 

100A for the industrial vehicle includes the unloading means, but the 

unloading means may be omitted.  In this case, as in the example of FIG. 

5, the priority valve 60 is configured so that the supply of the hydraulic 

oil to the electromagnetic proportional valve 51 on the side of the 25 

automatic steering circuit 50 is not always completely interrupted, but a 
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branching valve configured to completely interrupt the supply of the 

hydraulic oil may be used.  Since the supply of the hydraulic oil to the 

electromagnetic proportional valve 51 is completely interrupted, it is 

possible to expect a decrease in the pressure of the hydraulic oil supplied 

from the hydraulic pump 31 and applied to the electromagnetic 5 

proportional valve 51 (pilot pressure) compared to the case in which the 

supply of the hydraulic oil is not completely interrupted. 

[0105] [Second embodiment] 

 FIG. 9 is a schematic configuration diagram of an industrial 

vehicle to which a steering apparatus for an industrial vehicle according 10 

to a second embodiment is applied.  FIG. 10 is a schematic circuit 

diagram showing a configuration of a steering hydraulic circuit of FIG. 

9.  FIG. 11 is a block diagram showing a functional configuration of the 

steering apparatus for the industrial vehicle of FIG. 9. 

[0106] An industrial vehicle 1B shown in FIG. 9 is different from the 15 

industrial vehicle 1A shown in FIG. 1 in that a steering apparatus 100B 

for an industrial vehicle is provided instead of the steering apparatus 

100A for the industrial vehicle.  The industrial vehicle 1B is configured 

similarly to the industrial vehicle 1A in other points. 

[0107] The steering apparatus 100B for the industrial vehicle is different 20 

from the steering apparatus 100A for the industrial vehicle shown in FIG. 

1 in that a controller (control unit) 10B is provided instead of the 

controller 10A and a steering angle sensor (steering operation detection 

unit) 26 is provided instead of the changeover switch 25.  The steering 

apparatus 100B for the industrial vehicle is configured similarly to the 25 

steering apparatus 100A for the industrial vehicle in other points.  The 
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controller 10B is connected to the steering angle sensor 26. 

[0108] The steering angle sensor 26 is a detector that detects the steering 

angle of the steering wheel 33.  The steering angle sensor 26 is provided 

on, for example, the shaft of the steering wheel 33.  The steering angle 

sensor 26 transmits the detected steering angle information to the 5 

controller 10B.  The steering angle sensor 26 constitutes the steering 

operation detection unit that detects the operation of the steering wheel 

33. 

[0109] In the second embodiment, the operation of the unloading valve 

52 is controlled by the controller 10B.  For example, a steering hydraulic 10 

control unit 15B detects the operation of the steering wheel 33 based on 

the detection result of the steering angle sensor 26 in addition to the 

function of the steering hydraulic control unit 15A.  That is, the steering 

hydraulic control unit 15B functions as the steering operation detection 

unit together with the steering angle sensor 26.  The function of the 15 

steering operation detection unit will be described in detail later. 

[0110] As described above, the priority valve 60 is configured as a 

priority valve having a priority circuit on the side of the PS valve 41.  

The priority valve 60 preferentially supplies the hydraulic oil to the 

manual steering circuit 40 so that the flow rate of the hydraulic oil 20 

becomes a designed flow rate (first flow rate).  The priority valve 60 

supplies excess hydraulic oil to the automatic steering circuit 50 on the 

side of the electromagnetic proportional valve 51 when the flow rate of 

the hydraulic oil from the hydraulic pump circuit 30a to the priority valve 

60 exceeds the designed flow rate.  That is, the priority valve 60 25 

preferentially supplies the hydraulic oil to the manual steering circuit 40 
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at a first flow rate equal to or larger than the predetermined flow rate for 

operating the steering cylinder 32 in the hydraulic oil discharged from the 

hydraulic pump 31, and supplies the hydraulic oil to the automatic 

steering circuit 50 at a second flow rate which is an excess flow rate 

excluding the first flow rate in the hydraulic oil discharged from the 5 

hydraulic pump 31. 

[0111] Incidentally, in the above-described priority valve 60, the 

hydraulic oil of the second flow rate which is the excess flow rate 

excluding the designed flow rate (first flow rate) flowing to the manual 

steering circuit 40 in the hydraulic oil discharged from the hydraulic 10 

pump 31, is supplied to the automatic steering circuit 50.  Here, for 

example, assuming that the hydraulic fluid of the second flow rate is 

supplied to the steering cylinder 32 through the automatic steering circuit 

50 regardless of whether the steering wheel 33 is operated or not, both 

the hydraulic oil flowing through the manual steering circuit 40 and the 15 

hydraulic oil flowing through the automatic steering circuit 50 can be 

supplied to the steering cylinder 32 at the same time.  Therefore, when 

the steering wheel 33 is operated, there is a possibility that the hydraulic 

oil supplied to the automatic steering circuit 50 may affect the operation 

of the steering cylinder 32 according to the operation of the steering 20 

wheel 33.  Particularly, when the operation speed of the steering wheel 

33 is relatively slow, an excess flow rate to the automatic steering circuit 

50 is likely to occur.  Therefore, there is a possibility that the operation 

of the steering cylinder 32 will be greatly affected by the operation of the 

steering wheel 33 compared to the case in which the operation speed of 25 

the steering wheel 33 is relatively fast. 
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[0112] Specifically, as an effect on the operation of the steering cylinder 

32, for example, when the hydraulic oil flowing through the automatic 

steering circuit 50 and the hydraulic oil flowing through the manual 

steering circuit 40 are supplied to the steering cylinder 32 to be the same 

steering direction, there is a possibility that the steered wheel may be 5 

steered more than the operation of the steering wheel 33.  In contrast, 

when the hydraulic oil flowing through the automatic steering circuit 50 

and the hydraulic oil flowing through the manual steering circuit 40 are 

supplied to the steering cylinder 32 to be the opposite steering directions, 

there is a possibility that the steering of the steered wheel may be 10 

disturbed by the operation of the steering wheel 33 so that the response 

to the operation becomes worse (becoming less efficient). 

[0113] Here, the steering apparatus 100B for the industrial vehicle 

includes supply restricting means for restricting the supply of the 

hydraulic oil to the steering cylinder 32 through the automatic steering 15 

circuit 50 when the steering hydraulic control unit 15B detects the 

operation of the steering wheel 33.  The "case in which the steering 

hydraulic control unit 15B detects the operation of the steering wheel 33" 

corresponds to a case in which the hydraulic oil supplied to the automatic 

steering circuit 50 is likely to affect the operation of the steering cylinder 20 

32 according to the operation of the steering wheel 33. 

[0114] The steering hydraulic control unit 15B detects the operation of 

the steering wheel 33 based on the detection result of the steering angle 

sensor 26.  In the present disclosure, the operation of the steering wheel 

33 is a predetermined operation of the steering wheel 33 by the operator 25 

of the industrial vehicle 1B.  The predetermined operation means the 
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operation of the steering wheel 33 in which the operation of the steering 

cylinder 32 due to the hydraulic oil flowing through the manual steering 

circuit 40 is likely to be affected by the hydraulic oil flowing through the 

automatic steering circuit 50.  Additionally, the detection of the 

operation of the steering wheel 33 by the following steering hydraulic 5 

control unit 15B may be executed on the condition that the automatic 

operation control is executed. 

[0115] As an example of the predetermined operation, the operator 

operates the steering wheel 33 such that the steering speed is slower than 

a certain level.  The steering hydraulic control unit 15B detects the 10 

predetermined operation, for example, when the steering speed of the 

steering wheel 33 is equal to or lower than a predetermined steering speed 

threshold value based on the steering angle change amount over time 

(rotation speed) detected by the steering angle sensor 26.  The steering 

speed threshold value is a rotation speed threshold value for determining 15 

whether or not the operation of the steering wheel 33 by the operator is 

the predetermined operation.  The steering speed threshold value can be 

set in advance, for example, in consideration of the excess flow rate to 

the automatic steering circuit 50.  Since a small amount of the designed 

flow rate flowing from the priority valve 60 to the PS valve 41 is supplied 20 

to the steering cylinder 32 through the manual steering circuit 40 as the 

steering speed of the steering wheel 33 decreases, the excess flow rate 

increases.  Here, the steering speed threshold value may be the steering 

speed of the steering wheel 33 at which the excess flow rate is equal to or 

larger than a certain amount (for example, half of the designed flow rate). 25 

[0116] As an example of the predetermined operation, the operator 
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operates the steering wheel 33 such that the steering direction of the 

steered wheel of the manual steering does not match the direction of the 

automatic steering.  If the hydraulic oil is supplied to the steering 

cylinder 32 through the automatic steering circuit 50 when the steering 

direction of the steered wheel of the manual steering does not match the 5 

direction of the automatic steering, the steering of the steered wheel by 

the operation of the steering wheel 33 is more likely to be hindered 

compared to the case in which the steering direction of the steered wheel 

matches the direction of the automatic steering.  Here, the steering 

hydraulic control unit 15B may detect the predetermined operation, for 10 

example, when the steering direction of the steered wheel of the manual 

steering does not match the direction of the automatic steering based on 

the steering angle change amount over time (rotation direction) detected 

by the steering angle sensor 26. 

[0117] As the restriction by the supply restricting means, for example, 15 

when the steering hydraulic control unit 15B detects the operation of the 

steering wheel 33, the controller 10B controls the electromagnetic 

proportional valve 51 so that the hydraulic oil is not supplied from the 

hydraulic pump 31 to the steering cylinder 32 through the 

electromagnetic proportional valve 51 (for example, the spool 53 is 20 

neutralized).  Accordingly, it is possible to suppress the hydraulic oil 

from being supplied to the steering cylinder 32 through the automatic 

steering circuit 50.  That is, the controller 10B and the electromagnetic 

proportional valve 51 constitute the supply restricting means for 

restricting the supply of the hydraulic oil to the steering cylinder 32 25 

through the automatic steering circuit 50 when the steering hydraulic 
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control unit 15B detects the operation of the steering wheel 33. 

[0118] As another restriction by the supply restricting means, the 

unloading valve 52 of the electromagnetic proportional valve 51 is 

provided to be capable of decreasing the pressure of the hydraulic oil of 

the automatic steering circuit 50.  Here, the controller 10B may control 5 

the unloading valve 52 so that the hydraulic oil is returned to the tank 34 

through the return circuit 30d when the predetermined operation of the 

steering wheel 33 is detected.  Accordingly, the pressure of the hydraulic 

oil of the automatic steering circuit 50 is decreased and the supply of the 

hydraulic oil to the steering cylinder 32 through the automatic steering 10 

circuit 50 can be suppressed.  In this case, the controller 10B and the 

unloading valve 52 constitute the supply restricting means for restricting 

the supply of the hydraulic oil to the steering cylinder 32 through the 

automatic steering circuit 50 when the steering hydraulic control unit 15B 

detects the operation of the steering wheel 33. 15 

[0119] A restricting operation by the supply restricting means will be 

described with reference to FIGS. 12 and 13.  FIG. 12 is a timing chart 

showing the flow rate of the hydraulic oil to the steering cylinder when 

there is no restriction by the supply restricting means.  FIG. 12 

corresponds to a situation in which the manual steering is also executed 20 

when the automatic steering is executed.  In FIG. 12, the horizontal axis 

indicates time and the vertical axis indicates the flow rate of the hydraulic 

oil. 

[0120] In the example of FIG. 12, a flow rate Qa1 indicates the flow rate 

of the hydraulic oil supplied to the steering cylinder 32 through the 25 

automatic steering circuit 50 when there is no restriction by the supply 
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restricting means.  A flow rate Qm indicates the flow rate of the 

hydraulic oil supplied to the steering cylinder 32 through the manual 

steering circuit 40 according to the operation of the steering wheel 33.  

In order to simplify the description, the flow rate Qa1 and the flow rate 

Qm are smaller than the discharge amount of the hydraulic pump 31 and 5 

can be respectively increased to a predetermined flow rate Qp for 

operating the steering cylinder 32. 

[0121] FIG. 12 shows a state in which the automatic steering is executed 

from before the time t0 according to the calculation result of the 

automatic operation control and the electromagnetic proportional valve 10 

51 is opened.  Thus, the hydraulic oil of the flow rate Qa1 which is the 

same as the predetermined flow rate Qp is supplied to the steering 

cylinder 32 through the automatic steering circuit 50.  On the other 

hand, since the operator has not started the operation of the steering wheel 

33 before the time t0, the PS valve 41 is closed.  Since the hydraulic oil 15 

of the designed flow rate supplied to the manual steering circuit 40 is 

returned to the tank 34 through the return circuit 30e, the flow rate Qm 

before the time t0 is 0. 

[0122] At the time t0, the operator starts the operation of the steering 

wheel 33 so that the PS valve 41 is further opened while the 20 

electromagnetic proportional valve 51 is opened.  After the time t0, the 

hydraulic oil is supplied to the manual steering circuit 40 so that the flow 

rate Qm increases as the PS valve 41 is opened. 

[0123] In the example of FIG. 12, even when the operator starts the 

operation of the steering wheel 33 at the time t0, the hydraulic oil is 25 

continuously supplied to the steering cylinder 32 through the automatic 
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steering circuit 50 at the flow rate Qa1 even after the time t0.  Therefore, 

there is concern that the hydraulic oil supplied to the steering cylinder 32 

through the automatic steering circuit 50 may affect the operation of the 

steering cylinder 32 according to the operation of the steering wheel 33.  

As an example, the steering cylinder 32 tends to be operated according to 5 

the automatic steering rather than the manual steering during the period 

from the time t0 to t1 when the flow rate Qm becomes approximately half 

or less of the flow rate Qa1.  In this case, the steering of the steered 

wheel by the operation of the steering wheel 33 is hindered and the 

response to the operation deteriorates (the efficiency decreases). 10 

[0124] FIG. 13 is a timing chart showing the flow rate of the hydraulic 

oil to the steering cylinder when there is a restriction by the supply 

restricting means.  In the example of FIG. 13, a flow rate Qa2 indicates 

the flow rate of the hydraulic oil supplied to the steering cylinder 32 

through the automatic steering circuit 50 when there is a restriction by the 15 

supply restricting means.  FIG. 13 is the same as FIG. 12 except for the 

flow rate Qa2. 

[0125] In FIG. 13, the automatic steering is executed from before the 

time t0 according to the calculation result of the automatic operation 

control and the electromagnetic proportional valve 51 is opened.  20 

However, the operator starts the operation of the steering wheel 33 to 

execute the restriction by the supply restricting means at the time t0.  

Accordingly, since the hydraulic oil is not supplied to the steering 

cylinder 32 through the automatic steering circuit 50, the flow rate Qa2 

becomes 0.  Thus, it is possible to suppress the hydraulic oil supplied 25 

through the automatic steering circuit 50 from hindering the operation of 
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the steering cylinder 32 according to the operation of the steering wheel 

33. 

[0126] [Example of calculation process by controller] 

 Next, an example of the calculation process by the controller 10B 

will be described.  FIG. 14 is a flowchart exemplifying a supply 5 

restriction process by the controller of FIG. 9.  The process shown in 

FIG. 14 is executed, for example, during the execution of the automatic 

operation control of the industrial vehicle 1B.  For example, the process 

is executed in a situation in which the automatic steering is executed by 

the automatic operation control and the spool 53 of the electromagnetic 10 

proportional valve 51 is located at a position other than the neutral 

position. 

[0127] As shown in FIG. 14, the controller 10B detects the operation of 

the steering wheel 33 by the steering hydraulic control unit 15B in S21.  

Specifically, the controller 10B executes a steering operation detection 15 

process exemplified in FIG. 15 as the process of S21. 

[0128] FIG. 15 is a flowchart exemplifying the steering operation 

detection process of FIG. 14.  As shown in FIG. 15, the controller 10B 

detects the steering speed of the steering wheel 33 by the steering 

hydraulic control unit 15B in S31.  The steering hydraulic control unit 20 

15B detects the steering speed of the steering wheel 33 based on the 

steering angle detected by the steering angle sensor 26. 

[0129] In S32, the controller 10B determines whether or not the steering 

speed of the steering wheel 33 is equal to or lower than the predetermined 

steering speed threshold value (rotation speed threshold value) by the 25 

steering hydraulic control unit 15B.  The controller 10B shifts the 
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process to S33 when the steering speed of the steering wheel 33 is equal 

to or lower than the steering speed threshold value (S32 = YES).  In S33, 

the controller 10B determines that the predetermined operation of the 

steering wheel 33 is detected by the steering hydraulic control unit 15B.  

Then, the controller 10B ends the process of FIG. 15 and shifts the 5 

process to S22 of FIG. 14. 

[0130] On the other hand, the controller 10B shifts the process to S34 

when the steering speed of the steering wheel 33 exceeds the steering 

speed threshold value (S32 = NO).  In S34, the controller 10B 

determines that the predetermined operation of the steering wheel 33 is 10 

not detected by the steering hydraulic control unit 15B.  Then, the 

controller 10B ends the process of FIG. 15 and shifts the process to S22 

of FIG. 14. 

[0131] Returning to FIG. 14, the controller 10B shifts the process to S23 

when the steering hydraulic control unit 15B determines that the 15 

operation of the steering wheel 33 (here, the above-described 

predetermined operation) is detected (S22 = YES) in S22.  The 

controller 10B shifts the process to S24 when the steering hydraulic 

control unit 15B determines that the operation of the steering wheel 33 is 

not detected (S22 = NO) in S22. 20 

[0132] In S23, the controller 10B restricts the supply of the hydraulic oil 

to the steering cylinder 32 through the automatic steering circuit 50 by 

the steering hydraulic control unit 15B.  In S23, the steering hydraulic 

control unit 15B controls the electromagnetic proportional valve 51 so 

that the hydraulic oil is not supplied from the hydraulic pump 31 to the 25 

steering cylinder 32 through the electromagnetic proportional valve 51 
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(for example, the spool 53 is neutralized).  Alternatively, the steering 

hydraulic control unit 15B may control the unloading valve 52 so that the 

pressure of the hydraulic oil of the automatic steering circuit 50 is 

decreased (for example, the unloading valve 52 is opened) in S23.  

Accordingly, the supply of the hydraulic oil to the steering cylinder 32 5 

through the automatic steering circuit 50 is restricted.  Then, the 

controller 10B ends the process of FIG. 14.  The controller 10B may 

repeat the process of FIG. 14 after a predetermined calculation period. 

[0133] In S24, the controller 10B does not restrict the supply of the 

hydraulic oil to the steering cylinder 32 through the automatic steering 10 

circuit 50 by the steering hydraulic control unit 15B.  In S24, the 

steering hydraulic control unit 15B controls the electromagnetic 

proportional valve 51 so that the hydraulic oil can be supplied from the 

hydraulic pump 31 to the steering cylinder 32 through the 

electromagnetic proportional valve 51 (for example, the movement from 15 

the neutral state of the spool 53 is allowed).  Further, the steering 

hydraulic control unit 15B controls the unloading valve 52 so that the 

pressure of the hydraulic oil of the automatic steering circuit 50 is not 

decreased (for example, the unloading valve 52 is closed) in S24.  

Accordingly, the supply of the hydraulic oil to the steering cylinder 32 20 

through the automatic steering circuit 50 is not restricted.  Then, the 

controller 10B ends the process of FIG. 14.  The controller 10B may 

repeat the process of FIG. 14 after a predetermined calculation period. 

[0134] [Operation and effect of second embodiment] 

 In the steering apparatus 100B for the industrial vehicle, the 25 

priority valve 60 supplies the hydraulic oil to the automatic steering 
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circuit 50 at the second flow rate when there is an excess flow rate even 

when the steering wheel 33 is operated.  The supply of the hydraulic oil 

to the steering cylinder 32 through the automatic steering circuit 50 is 

restricted by the supply restricting means when the steering operation 

detection unit detects the operation of the steering wheel 33.  5 

Accordingly, when the steering wheel 33 is operated, the operation of the 

steering cylinder 32 by the hydraulic oil supplied to the automatic steering 

circuit 50 is restricted.  Thus, according to the steering apparatus 100B 

for the industrial vehicle, it is possible to suppress the hydraulic oil 

supplied through the automatic steering circuit 50 from affecting the 10 

operation of the steering cylinder 32 according to the operation of the 

steering wheel 33.  In other words, it is possible to suppress the steering 

of the steered wheel by the operation of the steering wheel 33 from being 

hindered by the hydraulic oil on the automatic steering side and to 

suppress the response to the manual operation from becoming worse 15 

(becoming less efficient). 

[0135] In the steering apparatus 100B for the industrial vehicle, the 

supply restricting means includes the controller 10B which controls the 

electromagnetic proportional valve 51 so that the hydraulic oil is not 

supplied from the hydraulic pump 31 to the steering cylinder 32 through 20 

the electromagnetic proportional valve 51 when the steering hydraulic 

control unit 15B detects the operation of the steering wheel 33.  

Accordingly, it is possible to restrict the operation of the steering cylinder 

32 due to the hydraulic oil supplied to the automatic steering circuit 50 

by interrupting the hydraulic oil by the electromagnetic proportional 25 

valve 51 when the steering wheel 33 is operated. 
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[0136] In the steering apparatus 100B for the industrial vehicle, the 

supply restricting means includes the unloading valve 52 which is 

provided to be capable of decreasing the pressure of the hydraulic oil of 

the automatic steering circuit 50 and the controller 10B which controls 

the unloading valve 52 to decrease the pressure of the hydraulic oil of the 5 

automatic steering circuit 50 when the steering hydraulic control unit 15B 

detects the operation of the steering wheel 33.  Accordingly, it is 

possible to restrict the operation of the steering cylinder 32 due to the 

hydraulic oil supplied to the automatic steering circuit 50 by decreasing 

the pressure of the hydraulic oil of the automatic steering circuit 50 using 10 

the unloading valve 52 when the steering wheel 33 is operated. 

[0137] In the steering apparatus 100B for the industrial vehicle, the 

operation of the steering wheel 33 is a predetermined operation of the 

steering wheel 33 by the operator of the industrial vehicle 1B.  The 

steering hydraulic control unit 15B detects the predetermined operation 15 

when the steering speed of the steering wheel 33 is equal to or lower than 

the predetermined steering speed threshold value.  Since the flow rate of 

the hydraulic oil to the steering cylinder 32 through the manual steering 

circuit 40 decreases as the rotation speed of the steering wheel 33 

becomes slow when the steering wheel 33 is operated, the excess flow 20 

rate is likely to occur.  Therefore, since the supply of the hydraulic oil to 

the steering cylinder 32 through the automatic steering circuit 50 is 

restricted by detecting the predetermined operation when the steering 

speed of the steering wheel 33 is equal to or lower than the steering speed 

threshold value, it is possible to suppress the hydraulic oil supplied 25 

through the automatic steering circuit 50 from affecting the operation of 
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the steering cylinder 32 according to the operation of the steering wheel 

33. 

[0138] [Modified example of second embodiment] 

 As described above, the second embodiment according to the 

present disclosure has been described, but the present disclosure is not 5 

limited to the above-described second embodiment. 

[0139] The supply restricting means is not limited to the unloading valve 

52, the electromagnetic proportional valve 51, and the controller 10B 

described above.  For example, as the restriction by the supply 

restricting means, the controller 10B may control the rotation speed of 10 

the (constant displacement) hydraulic pump 31.  The controller 10B can 

restrict the supply of the hydraulic oil to the steering cylinder 32 through 

the automatic steering circuit 50 by decreasing the rotation speed of the 

hydraulic pump 31 to decrease the excess flow rate when the steering 

hydraulic control unit 15B detects the operation of the steering wheel 33. 15 

[0140] Alternatively, as another modified example of the supply 

restricting means, the hydraulic pump 31 may be a variable displacement 

pump configured to be capable of changing the hydraulic oil discharge 

amount during operation.  The controller 10B may control the variable 

displacement pump to decrease the hydraulic oil discharge amount when 20 

the steering hydraulic control unit 15B detects the operation of the 

steering wheel 33.  In this case, since the discharge amount during the 

operation of the variable displacement pump is controlled as the 

restriction by the supply restricting means, it is possible to restrict the 

supply of the hydraulic oil to the steering cylinder 32 through the 25 

automatic steering circuit 50 by decreasing the excess flow rate when the 
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steering hydraulic control unit 15B detects the operation of the steering 

wheel 33. 

[0141] In the above-described second embodiment, the operation of the 

steering wheel 33 is detected by the steering hydraulic control unit 15B 

on the condition that the automatic operation control is executed, but may 5 

be detected other than the condition that the automatic operation control 

is executed.  Even in this case, for example, in a situation in which there 

is an excess pressure in the hydraulic oil through the automatic steering 

circuit 50 immediately after the automatic operation control is changed 

from the execution to the non-execution, it is possible to improve the 10 

response to the operation of the steering cylinder 32 according to the 

operation of the steering wheel 33 (improve efficiency) by decreasing the 

pressure of the hydraulic oil of the automatic steering circuit 50 by the 

unloading valve 52. 

[0142] The controller 10B may omit the control of closing the 15 

electromagnetic proportional valve 51 when the unloading valve 52 is 

controlled so that the hydraulic oil is returned to the tank 34 through the 

return circuit 30d.  Alternatively, in contrast, at least the controller 10B 

may restrict the supply of the hydraulic oil to the steering cylinder 32 

through the automatic steering circuit 50 by controlling the 20 

electromagnetic proportional valve 51 to be closed.  In this case, in the 

steering apparatus 100B for the industrial vehicle, the unloading valve 52 

may be omitted. 

[0143] [Other modified examples] 

 In the above-described first and second embodiments, the electric 25 

towing tractors shown in FIGS. 1 and 9 are exemplified as the industrial 
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vehicles 1A and 1B, but the present disclosure is not limited thereto.  

The industrial vehicles 1A and 1B may be other industrial vehicles such 

as forklifts. 

[0144] The configuration for the automatic operation of the industrial 

vehicles 1A and 1B is not limited to the examples of the first and second 5 

embodiments.  For example, the lidar is used as the surrounding 

condition sensor 22, but another sensor may be used instead. 

[0145] At least a part of the first and second embodiments and various 

modified examples described above may be combined arbitrarily. 

Reference Signs List 10 

[0146] 1A, 1B: industrial vehicle, 10A, 10B: controller (control unit, 

supply restricting means), 11: map information acquisition unit, 12: 

position information acquisition unit, 13: travel information acquisition 

unit, 14: automatic operation control unit, 15A, 15B: steering hydraulic 

control unit (steering operation detection unit), 25: changeover switch 15 

(switch), 26: steering angle sensor (steering operation detection unit), 30: 

steering hydraulic circuit (hydraulic circuit), 31: hydraulic pump, 32: 

steering cylinder, 33: steering wheel, 40: manual steering circuit, 41: PS 

valve (first valve), 50: automatic steering circuit, 51: electromagnetic 

proportional valve (second valve, supply restricting means), 52: 20 

unloading valve (supply restricting means), 60: priority valve, 100A, 

100B: steering apparatus for industrial vehicle. 

  



62 

CLAIMS 

[Claim 1] A steering apparatus for an industrial vehicle including a 

hydraulic pump discharging hydraulic oil and a steering cylinder operated 

by the hydraulic oil supplied thereto to steer a steered wheel, the steering 

apparatus for the industrial vehicle comprising: 5 

 a manual steering circuit which includes a first valve opened or 

closed according to an operation of a steering wheel and supplies the 

hydraulic oil discharged from the hydraulic pump to the steering cylinder 

through the first valve; 

 an automatic steering circuit which includes a second valve 10 

opened or closed according to a calculation result of automatic operation 

control and supplies the hydraulic oil discharged from the hydraulic pump 

to the steering cylinder through the second valve; and 

 a branching valve which is disposed between the hydraulic pump 

and the first and second valves and branches the hydraulic oil to the 15 

manual steering circuit and the automatic steering circuit, 

 wherein the branching valve is a priority valve which 

preferentially supplies the hydraulic oil to the manual steering circuit at a 

designed flow rate equal to or larger than a predetermined flow rate for 

operating the steering cylinder. 20 

[Claim 2] The steering apparatus for the industrial vehicle according 

to claim 1, further comprising: 

 unloading means for decreasing a pressure of the hydraulic oil 

supplied from the hydraulic pump and applied to the second valve 

compared to a case in which a predetermined automatic steering non-25 

operation condition for suspending the supply of the hydraulic oil through 
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the second valve is not satisfied, when the automatic steering non-

operation condition is satisfied. 

[Claim 3] The steering apparatus for the industrial vehicle according 

to claim 2, 

 wherein the unloading means includes 5 

 a control unit configured to determine whether or not the 

automatic steering non-operation condition is satisfied based on 

execution or non-execution information of the automatic operation 

control, or vehicle speed information of the industrial vehicle, and 

 an unloading valve which is provided to be capable of decreasing 10 

the pressure of the hydraulic oil supplied from the hydraulic pump and 

applied to the second valve based on a determination result of the control 

unit, and 

 wherein the control unit is configured to control the unloading 

valve to decrease the pressure of the hydraulic oil supplied from the 15 

hydraulic pump and applied to the second valve when it is determined 

that the automatic steering non-operation condition is satisfied. 

[Claim 4] The steering apparatus for the industrial vehicle according 

to claim 2 or 3, 

 wherein the unloading means includes 20 

 a control unit configured to determine whether or not the 

automatic steering non-operation condition is satisfied based on 

execution or non-execution information of the automatic operation 

control, or vehicle speed information of the industrial vehicle, and 

 a variable displacement pump which is the hydraulic pump 25 

configured to be capable of changing a hydraulic oil discharge amount 
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during operation based on a determination result of the control unit, and 

 wherein the control unit is configured to control the variable 

displacement pump to decrease the hydraulic oil discharge amount when 

it is determined that the automatic steering non-operation condition is 

satisfied. 5 

[Claim 5] The steering apparatus for the industrial vehicle according 

to claim 3 or 4, 

 wherein the control unit is configured to determine that the 

automatic steering non-operation condition is satisfied, when the state of 

a switch for switching the execution or non-execution of the automatic 10 

operation control is the automatic operation control non-execution state, 

based on a signal from the switch. 

[Claim 6] The steering apparatus for the industrial vehicle according 

to any one of claims 3 to 5, 

 wherein the control unit is configured to determine whether or not 15 

the industrial vehicle has been stopped continuously for a predetermined 

time, based on vehicle speed information of the industrial vehicle, and 

determines that the automatic steering non-operation condition is 

satisfied, when it is determined that the industrial vehicle has been 

stopped continuously for a predetermined time. 20 

[Claim 7] A steering apparatus for an industrial vehicle including a 

hydraulic pump discharging hydraulic oil and a steering cylinder operated 

by the hydraulic oil supplied thereto to steer a steered wheel, the steering 

apparatus for the industrial vehicle comprising: 

 a manual steering circuit which includes a first valve opened or 25 

closed according to an operation of a steering wheel and supplies the 
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hydraulic oil discharged from the hydraulic pump to the steering cylinder 

through the first valve; 

 an automatic steering circuit which includes a second valve 

opened or closed according to a calculation result of automatic operation 

control and supplies the hydraulic oil discharged from the hydraulic pump 5 

to the steering cylinder through the second valve; 

 a branching valve which is disposed between the hydraulic pump 

and the first and second valves and branches the hydraulic oil to the 

manual steering circuit and the automatic steering circuit; and 

 a steering operation detection unit configured to detect the 10 

operation of the steering wheel, 

 wherein the branching valve is a priority valve which 

preferentially supplies the hydraulic oil to the manual steering circuit at a 

first flow rate equal to or larger than a predetermined flow rate for 

operating the steering cylinder in the hydraulic oil discharged from the 15 

hydraulic pump, and supplies the hydraulic oil to the automatic steering 

circuit at a second flow rate which is an excess flow rate excluding the 

first flow rate in the hydraulic oil discharged from the hydraulic pump, 

and 

 wherein the steering apparatus further comprises supply 20 

restricting means for restricting the supply of the hydraulic oil to the 

steering cylinder through the automatic steering circuit when the steering 

operation detection unit detects the operation of the steering wheel. 

[Claim 8] The steering apparatus for the industrial vehicle according 

to claim 7, 25 

 wherein the supply restricting means includes a control unit 
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configured to control the second valve so that the hydraulic oil from the 

hydraulic pump is not supplied to the steering cylinder through the second 

valve when the steering operation detection unit detects the operation of 

the steering wheel. 

[Claim 9] The steering apparatus for the industrial vehicle according 5 

to claim 7 or 8, 

 wherein the supply restricting means includes 

 an unloading valve which is provided to be capable of decreasing 

a pressure of the hydraulic oil of the automatic steering circuit, and 

 a control unit configured to control the unloading valve to 10 

decrease the pressure of the hydraulic oil of the automatic steering circuit, 

when the steering operation detection unit detects the operation of the 

steering wheel. 

[Claim 10] The steering apparatus for the industrial vehicle according 

to any one of claims 7 to 9, 15 

 wherein the operation of the steering wheel is a predetermined 

operation of the steering wheel by an operator of the industrial vehicle, 

and 

 wherein the steering operation detection unit detects the 

predetermined operation when a rotation speed of the steering wheel is 20 

equal to or lower than a predetermined rotation speed threshold value. 

  


