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(57) ABSTRACT 

A working vehicle is provided for improving Safety and 
work efficiency by changing a travel Speed limit appropri 
ately depending on forms and conditions of work. The 
working vehicle is driven with an engine, and a working 
machine Such as a working pump is mounted on the vehicle. 
Fuel Supplied to the engine is regulated by an injector. Travel 
Speeds of the working vehicle are detected with a vehicle 
Speed Sensor. A control unit is provided with a high Speed 
travel mode which limits vehicle speed at or below a 
predetermined high Speed limit and a low Speed travel mode 
which limits vehicle speed at or below a low speed limit 
which is set below the high speed limit. In this way, either 
the high Speed travel mode or the low Speed travel mode is 
Set according to a changeover Signal from a travel mode 
changeover Switch. 
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WORKING VEHICLE 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a working vehicle 
Suitable for a turfgrass management working vehicle used 
for work Such as fertilizing, chemical Spraying, lawn mow 
ing and the like in golf courses. 
0002. In the golf courses and parks, the working vehicle, 
also called turf grass management working vehicles, are 
used to grow turfgrass. With Such vehicles, various types of 
WorkS Such as the fertilizing, spreading topdressing, the 
Spraying chemicals, aerating Soil by injecting air, or clearing 
tree leaves by using a blower are conducted. The various 
types of works are carried out with an attachment, appro 
priate for the types of works, mounted on the bed of the 
working vehicle. 
0.003 For such working vehicles, maximum travel speeds 
may be limited by laws and regulations Such as restrictions 
on off-road vehicles in the U.S. With respect to the U.S. 
restriction, the maximum travel Speed of the vehicles is 
limited to about 38.6 km/h (or 24 mile/h). The restrictions 
are also applied to the vehicles for the work in the golf 
course. Consequently, in a conventional working vehicle, a 
Speed limiting device using an electronic control unit for 
controlling the engine is provided to limit the vehicle Speed 
So that the vehicle does not exceed the legal Speed limit. 
0004. In this speed limiting device, the vehicle speed is 
detected with a vehicle Speed Sensor which detects the 
number of revolutions of a wheel, and the detected speed is 
inputted to an electronic control unit (ECU). In the elec 
tronic control unit, an upper limit value of the vehicle Speed 
is preset, and when the vehicle Speed reaches the upper limit 
value, the engine Speed is controlled So that the engine Speed 
does not increase any more. Thereby, the engine Speed is 
limited and controlled So that the vehicle Speed does not 
exceed a predetermined one. 
0005. On the other hand, an operator of the working 
vehicle is not always a skilled perSon. In Such a case, the 
vehicle Speed is preferably limited to a lower Speed than the 
maximum speed in accordance with the laws and regula 
tions. Also, when a heavy object, Such as a container of 
chemical Spraying machine, is mounted on the vehicle, 
higher safety is achieved with a lower speed limit which is 
independent of the skill of the operator. 
0006 Contrary to this, with the conventional vehicle 
Speed limiting device described above, although the device 
can limit a maximum speed in accordance with a legal Speed 
limit, changing the Speed limit with respect to the operator's 
skill or the weight of an object mounted on the vehicle is not 
taken into account. Therefore, the restrictions are required in 
that, when the vehicle is operated by a beginner, the perSon 
must be accompanied by a skilled operator about the vehicle. 
Also, the restrictions are required with respect to a limit in 
the amount of a load which is to be mounted on the vehicle. 
These restrictions have all caused problems in terms of work 
efficiency. 

SUMMARY OF THE INVENTION 

0007 An object of the present invention is to provide a 
working vehicle with which a travel speed limit can be 
appropriately changed according to a working environment, 

Sep. 11, 2003 

So that Safety and work efficiency can be improved when 
operating the working vehicle. 
0008. The working vehicle according to the present 
invention is driven by an engine and traveled with a working 
machine mounted thereon. The working vehicle comprises a 
vehicle Speed Sensor for detecting a travel Speed of the 
working vehicle, travel mode changeover means for Setting 
any one of a plurality of travel modes with different prede 
termined Speed limits, and control means for controlling the 
working vehicle in Such a manner that the travel Speed of the 
working vehicle detected by the vehicle Speed Sensor does 
not exceed a predetermined Speed limit of the travel mode 
Set by the travel mode changeover means. 
0009. According to the present invention, because a plu 
rality of vehicle speed limits are provided which can be 
Selected as required, a speed limit can be appropriately 
changed depending on the operator's skill and/or the work 
ing conditions Such as the weight of an object mounted on 
the vehicle, the weather, and the like. Consequently, a perSon 
other than an experienced operator can also safely operate 
the working vehicle, thereby Safety at work can be Secured. 

0010 Also, in the working vehicle of the present inven 
tion, the travel mode Setting means may have, for example, 
two travel Speed modes, a high Speed travel mode and a low 
Speed travel mode. The high Speed travel mode limits the 
travel Speed of the working vehicle at or below a predeter 
mined first Speed limit, and the low Speed travel mode limits 
the travel Speed at or below a Second Speed limit which is Set 
at a speed lower than that of the first speed limit. Thereby, 
each travel Speed of the high Speed travel mode and the low 
Speed travel mode can be kept at or below each predeter 
mined Speed limit thereof, So that the Safety at work can be 
Secured. 

0011 Furthermore, a Switch which is operated by the 
operator may be provided as the travel mode changeover 
means, and the operator can Select an appropriate travel 
mode with the Switch. Additionally, a Switch which is 
operated by a vehicle Supervisor and which cannot be 
operated by the operator while traveling may be provided. 
With this Switch operational, mistakes by the operator can be 
prevented and Safety can be improved. 

0012. Additionally, in the working vehicle of the present 
invention, weight detecting means for detecting the weight 
of a working machine mounted on the working vehicle may 
be further provided and be so arranged that the travel mode 
changeover means automatically changes the travel mode 
according to the weight detected by the weight detecting 
means. Thereby, the travel mode is automatically changed 
over to the low speed travel mode independently of the 
operator's skill when the weight of an object mounted on the 
vehicle is heavy. In this way, operational mistakes by the 
operator can be eliminated and Safety can be improved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0013 These and other objects and advantages of the 
present invention will become understood from the follow 
ing description with reference to the accompanying draw 
ings, wherein: 

0014 FIG. 1 is a side view showing a working vehicle of 
a first embodiment of the present invention; 
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0.015 FIG. 2 is an enlarged side view showing a power 
transmitting flow of the working vehicle in FIG. 1; 
0016 FIG. 3 is a plan view showing the power trans 
mitting flow of the working vehicle in FIG. 1; 
0017 FIG. 4 is an enlarged cross sectional view showing 
a torque converter and an automatic Sifting device; 
0.018 FIG. 5 is a power characteristics diagram showing 
a relationship between a driving force and a vehicle Speed 
provided by an engine; 
0.019 FIG. 6 is a sift characteristics diagram showing the 
relationship between an engine Speed of the working vehicle 
and the vehicle Speed; 
0020 FIG. 7 is a block diagram showing the component 
of a control System of the engine and a continuously variable 
transmission; 
0021 FIG. 8 is an explanatory drawing showing an 
arrangement at an operator's Seat; 
0022 FIG. 9 is an enlarged side view showing the power 
transmitting flow of the working vehicle in a Second 
embodiment of the present invention; and 
0023 FIG. 10 is a block diagram showing a structure of 
a control system in the working vehicle in FIG. 9. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0024. The detail of the preferred embodiments of the 
present invention will be described below referring to the 
drawings. 

0025) (Embodiment 1) 
0.026 FIG. 1 is a side view of a working vehicle of a first 
embodiment of the present invention, FIG. 2 is an enlarged 
Side view showing a power transmitting flow of the working 
vehicle in FIG. 1, and FIG. 3 is a plan view showing the 
power transmitting flow in FIG. 2. 
0027. This working vehicle is provided with an opera 
tor's Seat 1 in a front part and a bed 2 in a rear part, and a 
pair of front wheels 3a and a pair of rear wheels 3b are 
provided. It is So arranged that any of a plurality of attach 
ments can be detachably mounted on the bed 2 depending on 
the kind of work, and FIG. 1 shows a state in which a 
chemical tank 4 is mounted on the bed 2 for Spraying 
chemicals (liquid chemical) over turfgrass of a golf course. 
0028. A spray pipe 5 is fitted to the bed 2 by a holder 6. 
The spray pipe 5 is rotatable, with respect to the holder 6, as 
indicated by the arrows, and the Spray pipe can either be 
positioned horizontally, as shown, or in a folded State. A 
plurality of Spray nozzles 7 are provided on the Spray pipe 
5, and chemical Substances in the chemical tank 4 are 
Sprayed from the Spray nozzles 7 by a Supply pump, or a 
work pump 8. 
0029 When spraying grainy fertilizer over the turfgrass 
of the golf course by using the working vehicle, a Scraper 
with a hopper filled with fertilizer is fitted to the bed 2, and 
when spreading Soil and Sand or topdressing, the Soil and 
Sand or the topdressing is put into the hopper. When fertilizer 
or Soil and Sand in the hopper is to be spread by the Scraper, 
a hydraulic pump is installed as the work pump 8, and a 
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Spreading device provided on the Scraper is driven by a 
hydraulic motor with hydraulic oil discharged from the 
hydraulic pump. 

0030. When working at a high position by using the 
working vehicle, a lifter driven by the hydraulic motor is 
fitted on the bed 2, and when pumping air into the Soil to 
activate turf grass, aerating nozzles for discharging com 
pressed air Supplied from an air pump are fitted on the bed 
2. Furthermore, when Smoothing off the Soil and Sand spread 
over the ground, a rake which is oscillated by a hydraulic 
motor is fitted on the bed 2. 

0031. As shown in FIG. 2 and FIG. 3, for driving the 
working vehicle, a power from an engine 10 is transmitted 
to the drive wheels through a power transmitting mechanism 
11. The power transmitting mechanism 11 has a torque 
converter 12, an automatic transmission 13, and a differen 
tial device 14. 

0032. As shown in FIG. 3, because the working vehicle 
has the rear wheels 3b as drive wheels, the differential device 
14 is provided for the rear wheels. However, the front wheels 
3a or both the front and rear wheels 3a, 3b can be the drive 
wheels. Both the front wheels 3a and the rear wheels 3b are 
for a working vehicle designed for an off-road use which can 
travel on the turfgrass. The aforementioned wheels have a 
wider width than that of ordinary wheels. 
0033 FIG. 4 is an enlarged sectional view showing the 
torque converter 12 and the automatic transmission 13. The 
torque converter 12 is connected to a crankshaft 15 of the 
engine 10. The torque converter 12 has a pump-side case 22 
provided with a pump impeller 21 and a front cover 23 fixed 
to the pump-side case 22. The front cover 23 is fixed to the 
crankshaft 15 through a drive plate 24. A turbine runner 25, 
arranged facing the pump impeller 21, is fixed to a turbine 
shaft 26, and the turbine shaft 26 is rotatably putted in a 
hollow supporting shaft 28 fixed to a transmission case 27. 
A Stator 32 is mounted on the Supporting shaft 28 through a 
one-way clutch 31. 

0034) A lock-up clutch 33 is fitted to the turbine shaft 26 
and connected to the front cover 23. On one side of the 
lock-up clutch 33 is an oil applying chamber 33a and on the 
other side thereof is a oil releasing chamber 33b. Therefore, 
the torque converter 12 is operated by a circulation of the 
hydraulic oil supplied to the oil releasing chamber 33b 
through the oil applying chamber 33a, and the torque 
converter 12 becomes a lock-up State when the pressure in 
the oil releasing chamber 33b is lowered by Supplying the 
hydraulic oil to the oil applying chamber 33a and thereby the 
lock-up clutch 33 is connected to the front cover 23. Thus 
the power of the crankshaft 15 is transmitted to the turbine 
shaft 26 through the torque converter 12 or the lock-up 
clutch 33. 

0035. The automatic transmission 13 is a continuously 
variable transmission, in which the rotation of the turbine 
shaft 26 is transmitted to a primary shaft 36 of the continu 
ously variable transmission 35 through a forward-reverse 
changeover device 34. The primary shaft 36 is provided with 
a primary pulley 37, which has a fixed pulley 37a integrally 
formed with the primary shaft 36, and a movable pulley 37b 
mounted on the primary shaft 36 in Such a way that it can 
axially slide through a ball spline. The movable pulley 37b 
is positioned for facing the fixed pulley 37a. The width of 
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the groove between the pulleys is variable. A Secondary shaft 
38 arranged parallel to the primary shaft 36 is provided with 
a secondary pulley 39, which has a fixed pulley 39a inte 
grally formed with the secondary shaft 38 and a movable 
pulley 39b mounted, in the same way as the movable pulley 
37b, on the secondary shaft 38 facing the fixed pulley 39a 
so that it can axially slide. The width of the groove between 
the pulleys is variable as well as that of the primary shaft 36. 
0036) A belt 41 is arranged between the primary pulley 
37 and the secondary pulley 39. The belt 41 is formed with 
a large number of Steel pieces Securely held by Steel bands. 
The number of revolutions of the secondary shaft 38 can be 
varied, without steps, by making the radii of the belt 41 on 
the pulleys 37 and 39 vary through the variation of the 
groove widths of both the pulleys 37 and 39. In FIG.4, both 
narrowed and widened states of each of the pulleys 37 and 
39 are shown. 

0037 Aprimary oil chamber 44 is formed with a cylinder 
42 fixed to the movable pulley 37b and a plunger 43 fixed 
to the primary shaft 36. A secondary oil chamber 47 is 
formed with a cylinder 45 fixed to the movable pulley 39b 
and a plunger 46 fixed to the secondary shaft 38. Each 
pulley-groove width is varied by adjusting hydraulic pres 
sure Supplied to each of the oil chambers 44 and 47. 
0038. As shown in FIG. 3, the secondary shaft 38 is 
connected to a first and second intermediate shafts 48 and 49 
through gears. The intermediate shaft 49 is connected to the 
differential device 14 through a connecting shaft 51. 

0039. As shown in FIG. 4, the forward-reverse 
changeover device 34 has a clutch drum 52 fixed to the 
turbine shaft 26 and a clutch hub 53 fixed to the primary 
shaft 36. A multi-disk type forward clutch 54 is provided 
between the clutch drum 52 and the clutch hub 53. There 
fore, when the forward clutch 54 is connected, the rotation 
of the turbine shaft 26 is transmitted to the primary shaft 36 
through the clutch hub 53, and the primary shaft 36 rotates 
in the positive rotational direction, the Same direction as that 
of the turbine shaft 26. 

0040. A Sun gear 55 is fixed to the primary shaft 36, and 
a ring gear 56 is arranged So that it is rotatable on the outer 
periphery of the Sun gear 55. Planetary pinion gears meshing 
with each other as a pair are mounted, So that they are 
rotatable, on a carrier 57 fitted to the clutch drum 52, one of 
planetary pinion gears meshes with the Sun gear 55 and the 
other meshes with the internal teeth of the ring gear 56. A 
multi-disk type reverse brake 58 is provided between the 
ring gear 56 and the transmission case 27, and the Sun gear 
55 and the primary shaft 36 rotate in an opposite direction 
to the turbine shaft 26 when the reverse brake 58 is putted 
in a braking State with the forward clutch 54 disengaged. 

0041. A hydraulic pump 59 mounted on the transmission 
case 27 is driven with the engine through the crankshaft 15 
and a pump-side case. It is So arranged that a hydraulic oil 
discharged from the hydraulic pump 59 is supplied to a 
hydraulic equipment provided on the continuously variable 
transmission 35, lubricating portions, and the like. 

0.042 Chemicals in the chemical tank 4 mounted on the 
bed 2 are Supplied to the Spray nozzles 7 by the working 
pump 8. As shown in FIG. 2, the working pump 8 is driven 
with a drive unit 61 mounted on the bed 2. 
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0043. As shown in FIG. 2, a gear 62 as a power take-out 
means is fitted on the crankshaft 15. A gear 65, fixed on a 
working shaft 64, is so mounted that the gear 65 is rotatable 
within a unit case 63 of the drive unit 61, and meshes with 
the gear 62 through an intermediate gear 66. It is So arranged 
that the working shaft 64 is driven with the engine 10 which 
drives the working vehicle. The gears 62, 65, and 66 are 
provided to transmit the rotation of the crankshaft 15 to the 
working shaft 64, but it may be constructed in Such a way 
that the power is transmitted through a chain or a belt. 
0044) A changeover clutch 67 for changing over power 
output direction between the States at which the working 
shaft 64 is connected to or disconnected from the crankshaft 
15 is provided on the working shaft 64. This changeover 
clutch 67 has a clutch hub 68 fixed to the working shaft 64 
and a clutch sleeve 69 which is axially movable on the 
working shaft 64 while constantly meshing with the clutch 
hub 68. An engaging ring 71 is fixed on the gear 65 facing 
the clutch sleeve 69. 

0045. A hydraulic type or electric type working actuator 
72 is provided on the drive unit 61, and the clutch sleeve 69 
is automatically operated and Shifted to a State for transmit 
ting the rotation of the crankshaft 15 to the working shaft 64 
while engaging with the clutch hub 68 and the engaging ring 
71, or to a State for disconnecting the transmission of power 
by engaging only with the clutch hub 68. In the drive unit 61 
shown in FIG. 2, it is So arranged that the changeover 
operation between the connection of the working shaft 64 to 
and the disconnection thereof from the crankshaft 15 is 
automatically made by operating a Switch at the operators 
Seat through the working actuator 72; however, the 
changeover may also be carried out manually, instead of 
using the working actuator, with a manual operation lever 
assembled with the drive unit 61. 

0046) The working pump 8 is detachably mounted on the 
drive unit 61, and as shown in FIG. 1, when spraying the 
chemicals, a liquid discharging pump is mounted on the 
drive unit 61 as the working pump 8, and when spreading the 
fertilizer or the topdressing, a hydraulic pump to drive a 
hydraulic motor which is assembled to a Scraper is mounted 
on the drive unit 61. Depending on the kinds of works, a 
drive unit assembled with a working pump adapted for the 
kind of work may be mounted on the bed 2 without 
eXchanging the working pump 8. 
0047 FIG. 5 is a power characteristics diagram showing 
the relationship between the driving force of a vehicle and 
vehicle speed provided by the engine 10 installed in the 
working vehicle. In FIG. 5, a thin line shows the driving 
force characteristic when the lock-up clutch 33 is engaged, 
and a bold line shows the driving force characteristics when 
the torque converter 12 is actuated after the lock-up clutch 
33 is disengaged. 

0048. The driving force of the engine 10 reaches its 
maximum value at a vehicle speed of 4.5 km/h, which is a 
predetermined low travel Speed C1, as shown by a thin line, 
and the driving force lowers even if the vehicle Speed is 
lower than or higher than this Speed. However, the driving 
force can be increased even if the travel Speed is at 4.5 km/h 
or below, when the torque converter 12 is actuated by 
disengaging the lock-up clutch 33. Therefore, from the Start 
of the vehicle until the vehicle speed reaches the predeter 
mined low travel Speed, or a lock-up force applying Speed 
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C1, the vehicle can be easily moved by actuating the torque 
converter 12 without causing the engine to Stall or Slipping 
the drive wheels. 

0049. When spraying the chemicals over turf grass, the 
working pump 8 is driven by the drive unit 61 while the 
vehicle is traveling; however, when the working pump 8 is 
driven while the torque converter 12 is actuated, the number 
of the revolutions of the working shaft 64 has no constant 
relationship with the vehicle speed. Therefore, chemical 
Spraying work is conducted by making the working Shaft 64 
be in Synchronization with the vehicle Speed in a condition 
where the torque converter 12 is locked up after the vehicle 
has started and the lock-up force applying Speed C1 has been 
exceeded. Thereby, the rotation of the engine is transmitted 
with a higher response So that fuel consumption can be 
improved. 

0050. However, once the vehicle speed has reached the 
lock-up State, engine Stall does not occur even when the 
vehicle Speed is lowered below the lock-up force applying 
speed C1. Therefore, a speed which is lower than the lock-up 
force applying Speed C1 is Set as a lock-up release Speed, or 
work Stop speed C2. This speed is in the range of 2 to 3 
km/h, and by Setting the lock-up release Speed C2 at a speed 
lower than the lock-up force applying Speed C1, the chemi 
cal spraying work can be conducted even when the vehicle 
is made to travel at a low travel speed which is lower than 
the lock-up force applying Speed C1. 
0051 FIG. 6 is a sift characteristics diagram showing the 
relationship between the engine speed and the travel speed 
of the working vehicle with the continuously variable trans 
mission 35. The continuously variable transmission 35 can 
freely change a transmission ratio in an automatic Sift mode 
A which lies within the hatched area between a low speed 
stage at which the radius of the belt on the primary pulley 37 
is at a minimum and a high Speed Stage at which the radius 
of the belt on the primary pulley 37 is at a maximum. 
Therefore, in the automatic Sift mode A, a transmission ratio, 
or a pulley ratio, is automatically Set at any value depending 
on the traveling condition of the vehicle, and travel of the 
vehicle when it is not in a spraying work State can be made 
at the most appropriate transmission ratio. 
0.052 However, in the automatic sift mode A, the con 
tinuously variable transmission 35 voluntarily changes the 
Speed depending on the throttle opening, engine Speed, and 
vehicle Speed, and thus the relationship between the engine 
Speed, namely the rotational Speed of a working machine, 
and the vehicle Speed is not in a proportional relationship, So 
that a work Such as chemical Spraying cannot be uniformly 
carried out in the automatic sift mode A while the vehicle 
Speed is being changed. 

0053. Then, in order to obtain a constant efficiency in the 
relationship with the vehicle Speed in, for example, chemical 
Spraying work conducted by driving the working shaft 64, it 
is necessary to Set the work mode So as to enable the 
rotational Speed of the working Shaft 64 in a working range 
thereof to proportionally change in the relationship with the 
change of the vehicle speed as shown with the symbol J in 
FIG. 6. A change-speed line of the work mode J is set so as 
to enable the working vehicle to travel with the transmission 
ratio of the lowest Stage until the vehicle Speed thereof 
reaches a predetermined vehicle Speed of the low speed 
range, and is Set as a linear function having a predetermined 
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Slope, which represents the relationship between the rota 
tional speed of the working shaft 64 (engine speed) and the 
vehicle Speed, in the range over the predetermined vehicle 
Speed, wherein the efficiency of each type of the work can 
be constantly kept at the most adequate value or required 
value in the relationship with the change of the vehicle 
speed. Thereby, the rotational speed of the working shaft 64 
changes in Synchronization with the vehicle Speed, So that, 
in the work of, for example, chemical Spraying, the chemi 
cals can be sprayed with a uniform Spraying density per unit 
area even if the vehicle Speed is varied. 
0054 FIG. 7 is a block diagram showing the structure of 
the control System of the engine 10 and the continuously 
variable transmission 35. As shown in FIG. 7, the discharge 
port of the hydraulic pump 59 driven by the crankshaft 15 is 
connected to a line pressure control valve 73 and a sift 
control valve 74. Discharge pressure from the hydraulic 
pump 59 is adjusted to a line pressure by the line preSSure 
control valve 73, and the adjusted line pressure is Supplied 
to a Secondary oil chamber 47 as a Secondary hydraulic 
pressure. The sift control valve 74 supplies a primary 
hydraulic pressure, obtained by adjusting the line pressure, 
to a primary oil chamber 44 to adjust the groove width of the 
primary pulley 37 So as to control the transmission ratio. An 
adequate tension according to the operating conditions is 
applied to the belt 41 by a Secondary hydraulic pressure 
supplied in the secondary oil chamber 47. 

0055 Detection signals are sent to a-control unit 75 from 
a primary-pulley Speed Sensor 76 for detecting the number 
of revolutions of the primary pulley 37, and from a second 
ary-pulley speed sensor 77 for detecting the number of 
revolutions of the secondary pulley 39. Furthermore, detec 
tion signals from a vehicle Speed Sensor 78, an engine Speed 
sensor 79, and a throttle opening sensor 81 are sent to the 
control unit 75, and a changeover Signal is sent from the 
control unit 75 to a lock-up control valve 82 provided for 
changing over the lockup clutch 33 of the torque converter 
12 between the lock-up engaged State and the lock-up 
disengaged State. 

0056. In addition, the control unit 75 functions as an 
engine control unit (ECU) for electronically controlling the 
engine. The unit calculates the amount of fuel to be Supplied 
based on the engine Speed and the throttle opening, and 
outputs a control signal to an injector 86 as fuel regulating 
means. In this way, the amount of the fuel to be Supplied to 
the engine 10 is controlled. The control unit 75 also func 
tions as travel mode changeover means, and it Sets the travel 
mode either at the high Speed travel mode or the low speed 
travel mode according to a Signal from a travel mode 
changeover Switch 85 provided at the operator's seat. 

0057. In this case, in the high speed travel mode, the 
vehicle Speed is limited at or below a high Speed limit 
Vmaxh (first speed limit, for example 34 km/h) which is set 
So that a legal maximum speed is not exceeded. In the low 
Speed travel mode, the vehicle Speed is limited at or below 
a low speed limit Vmaxl (Second speed limit, for example 20 
km/h) which is set at a lower speed than the high speed limit 
Vmaxh. The changeover between the two travel modes is 
carried out by the travel mode changeover Switch 85 as 
described above, and the mode changeover Switch 85 is, as 
shown in FIG. 8, provided at the operator's seat as a key 
Switch. At the operator's Seat, a travel mode indicator lamp 
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87 is provided as a mode indication device, and it is so 
arranged that the light is turned on when the low Speed travel 
mode is Selected, and the light is turned off when the high 
Speed travel mode is Selected. In this way, the operator is 
informed of the current travel mode. 

0058. In addition, the control unit 75 is provided with 
memories such as ROMs for storing data for the transmis 
Sion ratioS based on the travel conditions Such as the vehicle 
Speed in the automatic Sift mode A, and based on the data for 
the transmission ratio in the work mode J, and the Speed 
limit values corresponding to each travel mode. The control 
unit 75 is also provided with RAMs for temporarily storing 
the variables necessary for executing a program. Further 
more, the control unit 75 is provided with a CPU, and the 
like, for computing control Signals for the transmission 
based on the detection Signals from each Sensor. 
0059) The form of operations of the working vehicle will 
now be described. In this vehicle, a maximum vehicle Speed 
can be limited by a travel mode, and the operator or vehicle 
Supervisor operates the travel mode changeover switch 85 to 
select a travel mode before work starts. In this way, the 
travel Speed up to a legally permitted maximum speed is 
available when driven by a skilled operator; however, when 
operated by a beginner or when the vehicle is heavily 
loaded, the travel Speed can be So limited that the Speed only 
up to a predetermined low speed limit Vmaxl is available. 
0060. The travel mode changeover Switch 85 is a key 
Switch, and is operated by the operation key of the working 
vehicle or an exclusive mode changeover key. The exclusive 
key can prevent a travel mode from being falsely set or 
changed by the operator, thereby enabling the vehicle Super 
Visor to appropriately manage the work carried out. 
0061. With an experienced operator, the travel mode 
changeover switch 85 is set to a high speed travel mode (HI) 
to efficiently work at high Speeds. However, when a heavy 
object Such as chemicals is loaded onto the vehicle, a low 
speed travel mode (LO) may be selected to prevent the 
vehicle from toppling over due to a high center of gravity or 
an influence from the movement of the chemicals. In Such a 
case, the travel mode can be changed to the high Speed travel 
mode when the load mounted on the vehicle has become 
lighter after spraying work So that the operator can quickly 
travel back to a Supply base, garage, etc. 
0.062 Contrary to this, in the case of the beginner, the 
work is allowed to be carried out with the travel mode 
change Switch 85 set to the low speed travel mode. That is 
to Say, the vehicle Speed is So limited that the vehicle can 
travel only at a speed lower than a legally permitted maxi 
mum speed. Thereby, overspeeding can be prevented even if 
the working vehicle is operated by the beginner, and the 
work can be conducted Safely. 
0.063. When a travel mode has been selected, the current 
travel mode is indicated by the travel mode indicator lamp 
87. That is to say, the travel mode indicator lamp 87 is turned 
on while the low speed travel mode is Selected, and the lamp 
87 is turned off while the high speed travel mode is selected. 
When the operator depresses an accelerator pedal with the 
travel mode Selected, the engine Speed increases and the 
vehicle starts to travel. At this time, a sift control described 
below is carried out according to a vehicle Speed. Also, 
while at work, operations Such as a lock-up control and the 
Sift control based on the work mode J are carried out. 
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0064. While traveling, the current speed of the working 
vehicle is detected by the vehicle speed sensor 78 and input 
to the control unit 75. The control unit 75 outputs a signal to 
the travel mode indicator lamp 87 when the vehicle speed 
reaches within a predetermined speed limit range (for 
example, in the range between a Speed limit value and a 
value 4 km/h below the Speed limit), and the signal causes 
the light to flicker warning the operator that the vehicle 
Speed is approaching the Speed limit value. Namely, when 
the high Speed travel mode is Selected with a speed of 34 
km/h being Set as the high Speed limit Vmaxh, the travel 
mode indicator lamp 87 flickers when the speed of 30 km/h 
is reached. Also, when the low speed travel mode is Selected 
with a speed of 20 km/h being set as the low speed limit 
Vmaxl, the travel mode indicator lamp 87 flickers when the 
Speed of 16 km/h is reached. 

0065. When the vehicle speed exceeds the speed limit 
despite the flickering of the travel mode indicator lamp 87, 
the control unit 75 outputs an instruction signal to the 
injector 86 to shut off the fuel supply. This causes the drop 
of the engine Speed to limit the vehicle Speed at or below the 
Speed limit. AS Soon as the vehicle Speed is lowered up to 
below the Speed limit, the fuel Supply is resumed and the 
engine is returned again to normal conditions. 
0066. Thus, in the working vehicle of the present inven 
tion, because a plurality of travel modes with different Speed 
limit values are provided, and the modes are Selectively Set 
by the control unit 75, the maximum speed can be changed 
without additionally installing specific devices with a con 
ventional electronic control unit. Consequently, the Speed 
limits can be changed depending on the working conditions 
Such as the level of the operator's skill, for example, the 
skilled operator or the beginner, the weight of the object 
mounted on the vehicle, and the weather. In this way, Safety 
at work can be improved. Furthermore, the operator can 
easily notice the current travel mode or approaching the 
Speed limit, because a Selected mode and approaching the 
Speed limit are indicated by the travel mode indicator lamp 
87. 

0067 Thus, when a travel mode is selected, the working 
vehicle travels in either the high speed travel mode or the 
low speed travel mode, and the vehicle travels with the 
automatic Sift mode A when not engaged in WorkS Such as 
chemical Spraying. That is to Say, the Voluntary transmission 
ratio is Steplessly Set depending on the travel conditions at 
any point within the hatched area in FIG. 6 by the signals 
from the vehicle speed sensor. When the high speed travel 
mode is Selected, however, the maximum speed is limited at 
or below the high Speed limit Vmaxh. In the same manner, 
when the low Speed travel mode is Selected, however, the 
maximum speed is limited at or below the low speed limit 
Vmaxl. Also, in this case, the lock-up clutch 33 is automati 
cally controlled to changeover conditions depending on the 
vehicle Speed. 

0068. When spraying chemicals is carried out with the 
working pump 8 driven by the working shaft 64, the 
changeover clutch 67 is Set to a connecting State by actuating 
the working actuator 72. For this purpose, a work instruction 
Switch 83 to operate the working actuator 72 is provided at 
the operator's Seat, and it is So arranged that a signal by the 
work instruction Switch 83 is transmitted to the control unit 
75. 
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0069 Consequently, when the operator operates the work 
instruction Switch 83 to start chemical spraying work while 
the vehicle is Stopping or traveling, the Signal is Sent to the 
working actuator 72 and then a change clutch 67 is actuated. 
Thereby, the working shaft 64 is connected to the crankshaft 
15 to drive the working pump 8. On the other hand, the sift 
characteristics of the continuously variable transmission 35 
is Set with the work mode J, wherein the transmission ratio 
is arranged to be set along the predetermined change-Speed 
line, namely So as to proportionally change the engine Speed 
with the vehicle speed to drive the working vehicle. 

0070. In this work mode J, the rotational speed of the 
working pump 8 is in Synchronization with the engine Speed, 
and also the vehicle Speed is varied in proportion to the 
engine Speed. Therefore, even if the vehicle Speed varies 
depending on the accelerator operation of the operator, the 
Spraying amount of chemicals can be constantly kept per the 
unit area at a working area. 

0071. When the vehicle speed is at or below the work 
Stop speed C2 during Spraying work, a control Signal is 
outputted to the working actuator 72, and the working shaft 
64 is disconnected from the crankshaft 15 by the changeover 
clutch 67 to stop the operation of the working pump 8. By 
providing at the operator's Seat an indicator lamp which 
indicates whether the working pump 8 is in the operating 
State or in the non-operating State, the operator can visually 
discern the State of the working pump 8. 

0072 (Embodiment 2) 
0.073 Next, the working vehicle in which the weight of 
the object mounted thereon is automatically detected to 
change the travel modes will be described as a Second 
embodiment of the present invention. FIG. 9 is an enlarged 
Side view showing the power transmitting flow of the 
working vehicle in the Second embodiment of the present 
invention. FIG. 10 is a block diagram showing the structure 
of the control system of the working vehicle shown in FIG. 
9. Because the fundamental structure of the working vehicle 
is the same as that of the first embodiment, the same 
numerals are used for the same parts, and the descriptions 
thereof will be omitted. 

0.074. In the working vehicle in accordance with this 
embodiment, a load weight sensor 88 (weight detecting 
means) for detecting the weight of a working machine is 
provided as one of the travel mode changeover means. This 
load weight sensor 88 is composed of a limit switch 88a 
and-a Sensor Spring 88b, and it is arranged in Such a way that 
the weight loaded on the vehicle is detected as the amount 
of deflection of a leaf Spring 89 mounted as a Suspension 
device. 

0075) The leaf spring 89 deflects under the weight of 
chemicals in the chemical tank 4, and the amount of the 
deflection is Substantially proportional to the amount of the 
chemicals. Then, the amount of deflection of the leaf Spring 
89 when the amount of chemicals (50% of the capacity of 
the chemical tank for example) reaches a level at which a 
maximum travel Speed should be limited is measured in 
advance, and a load weight Sensor 88 is Set in Such a way 
that, when the amount of the deflection of the leaf spring 89 
exceeds the amount of the deflection measured in advance, 
it outputs a Signal for telling the present situation to the 
control unit 75. 
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0076. As soon as the signal from the load weight sensor 
88 is received, the control unit 75 automatically set the travel 
mode to the low speed travel mode independently of the 
position of the travel mode changeover Switch 85, causing 
the travel mode indicator lamp 87 to light. That is to say, 
even with the skilled operator and the vehicle loaded with 
the working machine having the weight equal to or heavier 
than a predetermined value, a maximum travel Speed is Set 
to the speed limit Vmaxl, or the low speed travel mode. 
Thus, arbitrary factors are eliminated in the operation of 
travel mode Selection which is made based on the weight of 
the load mounted on the vehicle, and thereby safety at work 
can be improved. 
0077. When the amount of the chemicals decreases dur 
ing the operation in Such a way that a condition in which a 
maximum speed may be raised appears, the control unit 75 
Sets the travel mode in accordance with the position of the 
travel mode changeover Switch 85. Consequently, while the 
high Speed travel mode is Selected by the travel mode 
changeover Switch 85, the Speed limit value is changed over 
to the high Speed limit Vmaxh and the work can be con 
ducted with increased speed thereafter. Contrary to this, 
when the low speed travel mode is Selected, the low Speed 
limit Vmaxl is continuously applied and a current Speed 
limit is maintained. A Sift control operation or a changeover 
to the work mode J can be carried out in the Same way as the 
first embodiment. 

0078. As described above, in a working vehicle accord 
ing to this embodiment, the weight of the working machine 
mounted on the vehicle is detected with the load weight 
sensor 88 and a travel mode is automatically set based on the 
weight detected. Therefore, with a heavier load mounted on 
the vehicle, the travel mode is automatically changed with 
out the mode changeover operation being carried out by the 
operator or vehicle Supervisor. A Safe travel mode is Set 
independently of the operator's skill, So that any mistakes in 
operation can be eliminated to improve Safety at work. Also, 
when traveling back to replenish the chemicals when a Small 
amount of chemicals Still remains in the chemical tank or 
when only a Small amount remains after Spraying has been 
finished, the travel mode is automatically changed over to 
the high Speed travel mode, So that the vehicle can quickly 
return to the Supply base, garage, etc., and the work effi 
ciency is improved. 
0079 The present invention is not limited to the embodi 
ments described above, and it will be clearly understood to 
those skilled in the art that various changes and modifica 
tions may be made without departing from the Spirit of the 
invention. 

0080 For example, the working vehicle shown in the 
figures is equipped with the continuously variable transmis 
Sion as the automatic transmission; however, an ordinary 
planetary gear type automatic transmission may be used. 
Also, the transmission is not limited to the automatic types, 
and a manual type transmission can also be used. 
0081 Furthermore, in the embodiments described above, 
the Speeds are limited by controlling the amount of the fuel 
to be injected through using the engine with a fuel injection 
System; however, the engine Speed can also be limited by 
controlling through an electric throttle device of the engine. 
0082 The embodiments described above show an 
example provided with two kinds of Speed limits, high and 
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low travel Speeds; however, three kinds of travel Speeds, 
low, medium, and high travel Speeds, may also be provided, 
and the number of the speed limits is not limited to that 
described above. Also, Speed limit values are not limited to 
those described above. In addition, the form of weight 
detecting means is not limited to those where the deflection 
of the leaf Spring is detected by using a limit Switch. Other 
weight detecting means Such as a weight Scale installed 
under the lower part of the chemical tank can also be 
adopted. 

0083) While there have been described what are at 
present considered to be preferred embodiments of the 
present invention, it will be understood that various modi 
fications may be made thereto, and it is intended that the 
appended claims cover all Such modifications as fall within 
the true Spirit and Scope of the invention. 
What is claimed is: 

1. A working vehicle driven by an engine and traveling 
with a working machine mounted thereon, comprising: 

a vehicle Speed Sensor for detecting a travel Speed of Said 
working vehicle; 

travel mode changeover means for Setting any one of a 
plurality of travel modes with different predetermined 
Speed limits, and 

control means for controlling Said working vehicle in Such 
a manner that the travel Speed of Said working vehicle 
detected by Said vehicle Speed Sensor does not exceed 
a predetermined speed limit of the travel mode set by 
Said travel mode changeover means. 

2. The working vehicle according to claim 1, wherein Said 
travel mode changeover means includes a Switch operated 
by an operator of Said working vehicle. 

Sep. 11, 2003 

3. The working vehicle according to claim 1, wherein Said 
travel mode changeover means includes a Switch operated 
by a vehicle Supervisor, Said Switch being non-operatable by 
an operator when the working vehicle is traveling. 

4. The working vehicle according to claim 1, further 
comprising: 

weight detecting means for detecting a weight of Said 
working machine mounted on Said working vehicle, 
wherein Said travel mode changeover means automati 
cally changes over the travel modes depending on the 
weight detected by Said weight detecting means. 

5. The working vehicle according to claim 1, further 
comprising: 

warning means for warning an operator that the travel 
Speed is approaching the predetermined speed limit 
when entering a predetermined range below the prede 
termined Speed limit of each travel mode. 

6. The working vehicle according to claim 1, further 
comprising: 

fuel regulating means for regulating fuel to be Supplied to 
Said engine, 

wherein Supplying the fuel is stopped by Said fuel regul 
lating means when the travel Speed exceeds the prede 
termined Speed limit. 

7. The working vehicle according to claim 6, wherein the 
Supplying of the fuel is recovered by Said fuel regulating 
means after the travel speed is lowered below the predeter 
mined Speed limit So that a normal control of the engine can 
be restarted. 


