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A sensor Installation structure and method for a potentiometer located on the exterior of a fork lift. A sensor cover Is fixed to a
bracket to protect the potentiometer. The cover has an opening permitting the passage of lead wires. A fluid sealant is charged
between the cover and the potentiometer to seal the potentiometer.
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ABSTRACT OF THE DISCLOSURE

A sensor installation structure and method for a
potentiometer located on the exterior of a fork lift. A
sensor cover 1s fixed to a bracket to protect the
potentiometer. The cover has an opening permitting the

passage of lead wires. A fluid sealant is charged between

the cover and the potentiometer to seal the potentiometer.
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SENSOR INSTALLATION STRUCTURE FOR VEHICLES

BACKGROUND OF THE INVENTION

The present invention relates to a sensor installation

structure for industrial vehicles.

In industrial vehicles such as a fork 1ift, the swing
amount of the rear axle is restrained by a controller to
prevent the excessive inclination of the vehicles due to
centrifugal force when turning. The control is executed
based on the centrifugal acceleration and the yaw rate that
act on the vehicles. The centrifugal acceleration is
calculated from the steering angle (or wheel angle) of the

wheels and the speed of the vehicles.

A method to calculate the wheel angle is described 1in
Japanese Examined Patent Publication.No. 4-24270. The
forklift described in that publication has a power steering
apparatus. The power steering apparatus includes a steering
shaft rotated by a steering wheel and a valve unit connected
to the shaft. The valve unit supplies hydraulic o0il to and
drains the o0il from a cylinder in accordance with the
rotation of the steering shaft. Piston rods protrude from
both ends of the cylinder, and each piston rod is connected
to a wheel. The cylinder is driven by hydraulic oil from
the valve unit to steer the wheels. The piston rod motion
is detected by a stroke sensor, and the wheel angle 1is

calculated based on the detected wvalue.

However, the linear movement of the piston rods have to
be converted to the wheel angle, and the piston rod movement

is not proportional to the wheel angle. This is because the
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piston rod linear movement is converted to the wheel
rotation movement via a transmission mechanism such as a

link. Accordingly, determining the wheel angle with respect

to the piston rod movement is not easy.

To solve this problem, the wheel angle may be directly
detected using a potentiometer. The potentiometer detects
the rotation angle of a kingpin rotated with the wheels.
The kingpin is pivotally supported by an upper bracket that
constitutes an axle beam. The potentiometer is provided on

the upper bracket, that is, over the kingpin, to detect the

kingpin rotation angle.

According to this construction, since the upper bracket

is located in a wheel well, the potentiometer is also
located in the wheel well. Accordingly, the potentiometer
is exposed to foreign substances such as pebbles and water
spattered by the wheels. To protect the potentiometer from
such foreign matter, the potentiometer is covered by a case
made of hard material such as metal. The case has an

opening for passage of the lead wires connected to the

potentiometer.

However, since the interior of the wheel well is
exposed to fine dust and rain water 1in addition to pebbles,
these fine substances reach the potentiometer through the
opening. This lowers the durability and accuracy of the

potentiometer.

SUMMARY OF THE INVENTION

'-.

Accordingly, the objective of the present invention 1is

to provide a sensor installation structure to ensure the
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protection of the sensor.

To achieve the above objective, the present invention
provides a housing structure for protecting a vehicle
sensor, wherein the sensor is provided on a structural
member that is exposed to the environment, and wherein lead
wires are connected to the sensor. The housing structure

includes a cover fixed on the member to cover the sensor,

wherein, the cover has an opening for permitting the passage

of the lead wires, and a sealing material located between

the cover and the sensor to seal the sensor.

The present invention further provides a cover for
covering a sensor instalied on a vehicle structural member,
wherein the structural member is exposed to the environment,
and wherein the cover has an opening for permitting the
passage of lead wires of the sensor and a through hole,

which 1s formed in a wall of the cover, for facilitating a

sealing process for sealing the sensor.

The present invention also provides a method for
installing a sensor in a vehicle, wherein lead wires are
attached to the sensor. The method includes fixing the
sensor on a structural member of the vehicle, covering the
sensor with a cover, wherein the cover is exposed to the
environment, and wherein the lead wires pass through an
opening in the cover, charging a fluid sealing material
inside the cover through the cover opening, and hardening

the charged sealing material.

Other aspects and advantages of the invention Wwill

become apparent from the following description, taken 1in

conjunction with the accompanying drawings, 1llustrating by
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way of example the principles of the invention.
BRIEF DESCRIPTION OF THE DRAWINGS

The invention, together with objects and advantages
thereof, may best be understood by reference to the
following description of the presently preferred embodiments

together with the accompanying drawings in which:

Fig. 1 is a sectional view of a sensor 1installation
structure of an embodiment according to the present

invention;

Fig. 2 1s a plan view showing a rear axle of the

embodiment:;

Fig. 3 is an exploded perspective view of the sensor

installation structure according to the present invention;

Fig. 4 is a partial enlarged sectional view of the

SENnsor;

Fig. 5 1s a sectional view showing a sensor
installation structure of a further embodiment according to

the present invention; and

Fig. 6 is a sectional view showing a sensor
installation structure of a further embodiment according to

the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

A potentiometer installation structure for detecting

forklift wheel angle will now be explained with reference to
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Figs. 1 to 4. As shown in Fig. 2, a drive train of rear
wheels 2 includes a rear axle beam 1 for supporting the rear
wheels 2, steering rods 5, 6 for steering the rear wheels 2,
a cylinder 31 for moving a rod 32 axially by manipulating a
steering wheel (not shown), and a bell crank 3 for
converting the linear movement of the rod 32 to rotation

movement of the rear wheels.

The bell crank 3 is pivotally supported on the rear
axle beam 1 with a bell crank pin 4. The bell crank 3 1is
connected to steering knuckles 7, 8 by way of steering rods
5, 6. The knuckles 7, 8 support the rear wheels 2 on both
sides of the rear axle beam 1. A first end of the steering
rod 5 is pivotally connected to the bell crank 3 with a pin
9a, and a second end 1is connected to the steering knuckle 7
with a pin 10a. A first end of the steering rod 6 1is
pivotally connected to the bell crank 3 with a pin 9b, and a
second end is connected to the steering knuckle 8 with a pin
10b. The rod 32 is connected to the bell crank 33 through a

joint 33.

Fig. 1 shows a sectional view of a rear axle beam 1.
The rear axle beam 1 includes an upper member 11 and a lower
member 13. An upper bracket 12 is rigidly attached to the
upper member 11, and a lower bracket 14 to the lower member
13. The upper bracket 12 and the lower bracket 14 support
pivotally a kingpin 15 by way of a pair of needle bearings
16. The steering knuckle 7 is fixed on the kingpin 15 to
rotate integrally. The steering knuckle 7 has an axle 17.
The rear wheels 2 are rotatably supported by the axle 17

through a pair of tapered roller bearings 18, 19.

As shown in Figs. 1 and 3, a sensor, that is, a
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potentiometer 21, is provided on the upper side 12a of the
upper bracket 12 by way of a plate 20. The potentiometer 21
is fixed to the plate 20 by a screw 22. The wheel 2 and the

upper bracket 12 are covered with a wheel cover (not shown).

As shown in Fig. 4, the plate 20 has a through hole
20a. An 1input shaft 23 is connected to the kingpin 15
through the hole 20a. The potentiometer 21 detects the
rotation angle of the kingpin 15, that is, the wheel 2,
through the input shaft 23. When the bell crank 3 is
steered based on the rotation of the steering wheel, the
steering knuckles 7, 8 are steered through the steering rods
5, 6. Accordingly, the rear wheel 2 is steered by a wheel
angle based on the steering wheel rotation amount. The
kingpin 15 rotates according to the wheel angle and the
input shaft 23 rotates the same amount as that of the
kingpin 15. Thus, the potentiometer 21 detects the rotation

amount of the kingpin 15, which corresponds to the wheel

angle.

A sensor cover 24 is attached on the plate 20 by way of
a gasket 25 to cover the potentiometer 21. The sensor cover
24 is fixed on the upper bracket 12, together with the plate
20 by screws 26. The sensor cover 24 is formed of, for
example, metal, in a shape to shelter the potentiometer 21.
Materials other than metal such as synthetic resin and
ceramics may also be used to form the sensor cover 24. The
sensor cover 24 has an opening 24a for permitting passage of

the lead wirés 27 connected to the potentiometer 21.

A sealing material 28 is charged between the sensor
cover 24 and the potentiometer 21, to seal the potentiometer

21 from the environment. In this embodiment, epoxy resin,
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which is a thermosetting resin, is employed as the sealing

material 28.

When the potentiometer 21, the gasket 25, and the
sensor cover 24 are fixed on the upper bracket 12, the
sealing material 28, which is in a fluid state, is injected
inside fhe sensor cover 24 through the opening 24a. To
prevent leakage of the charged sealing material 28, the
opening 24a should be temporarily covered with a 1id (not
shown), which may be either left in place or taken off after

the resin hardens. The sealing material 28 is then heated

from outside the sensor cover 24 and is hardened. To
prevent harm to the potentiometer 21, temperatures higher
than 100°C are avoided during heating. The condition for
hardening resins differ according to the kind of resin, and

there is one type that hardens at normal temperatures.

As described above, the potentiometer 21 is doubly
sealed by the sensor cover 24 and the sealing material 28.
As a result, the potentiometer 21 is protected from pebbles,
dust, and rain water, thus avoiding degradation of ifs

detection accuracy and durability.

Also, in this embodiment, the potentiometer 21 is
sealed after the assembly of the potentiometer 21 with lead

wires connected and the sensor cover 24 in place.

It should be apparent to those skilled in the art that
the present invention may be embodied in many other specific
forms without departing from the spirit or scope of the
invention. Particularly, it should be understood that the

invention may be embodied in the following forms.
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(1) As shown in Fig. 5, the sensor cover 24 may have a
through hole 29 for injecting the sealing material 28, in
addition to the opening 24a. The fluid sealing material 28
1s charged between the potentiometer 21 and the sensor cover
24 through the hole 29. To prevent leakage of the sealing
material 28, the opening 24a should be covered with a 1lid.
When the opening 24a is covered, a small clearance is formed
between the opening 24a and the 1id. The clearance is small
enough to prevent leakage but large enough to permit the
passage of air. The 1id may be either left attached or

taken off after the resin hardens.

According to this construction, air in the sensor cover
24 is discharged through the opening 24a and the sealing
material 28 is easily injected. This ensures the proper
sealing of the potentiometer 21. As shown in Fig. 5, the
through hole 29 1s formed on the upper side 24b of the
sensor cover 24 and this makes the sealing of potentiometer
easy and certain. The sealing material 28 may also be
injected through the opening 24a, which causes air in the

sensor cover 24 to be discharged through the hole 29.

(2) The sealing material 28 may be employed before
assembling the sensor cover 24 and the plate 20 on the upper
bracket 12. That is, after the potentiometer 21 is
assembled on the plate 20, the potentiometer 21 is sealed by
applying the sealing material 28 to the surface of the
potentiometer 21. To prevent the sealing material 28 from
spreading too much, sealing material 28 with a relatively
high viscosity should be used. Then, the sensor cover 24
together with the plate 20 are assembled on the uppér

bracket 12. The potentiometer 21 1s sealed with certainty

in this way also.
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Instead of applying the sealing material 28 on the

potentiometer 21, sealing material 28 with a relatively high

viscosity may also be applied to or poured into the inside

Oof the sensor cover 24.

(3) As shown in Fig. 6, instead of the opening 24a, a
through hole 30 for accommodating the lead wires, may also
be formed on the upper side 24b of the sensor cover 24. The
sealing material 28 is injected into the sensor cover 24
through the hole 30. In this case, the hole 30 is located
on the upper side 24b of the cover 24b, which prevents
leakage of the sealing material 28 from the cover 24.
Accordingly, the sealing material 28 is charged inside the
cover 24 without a 1id on the hole 30. This makes the

sealing of the potentiometer 21 easy and certain.

(4) As long as the wheel angle of the wheel 2 is
detected, the displacement of a rotating portion other than
the kingpin 15 may also be detected by the potentiometer 21.
For example, in a folk 1ift that has a bell-crank pin 4
formed to rotate integrally with the bell crank 3, the

rotation amount of the bell-crank pin 4 may be detected by a

potentiometer. 1In this case, the potentiometer is located

on the upper member 11.

Also, the rotation amount of the pins 9a, 9b relative

to the steering rods 5, 6 may be detected by a potentiometer

located on the steering rods 5, 6. Also, the rotation

amount of the pins 10a, 10b relative to the steering rods 5,

6 may be detected by a potentiometer located on the steering

rods 5, 6.

'

Furthermore, the present invention may be embodied in a
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sensor installation structure of other sensors such as a

velocity sensor and an acceleration sensor for vehicles.

(5) A thermosetting resin other than epoxy resin, a
thermoplastic resin such as a polyethylene, or an elastomer
such as a silicone rubber may be employed as a sealing
material 28. These materials are all waterproof and
insulating. There are other materials that may be used as a
sealing material 28 with the same properties, such as

silicone gel type material and foamed material such as a

cellular plastic.

The sealing material 28 may be a combination of more
than one kind of synthetic resin, a combination of more than
one kind of elastomer, or a combination of a synthetic resin
and an elastomer. For example, the sealing material may be
double-structured, with soft fluid like a silicone gel
inside and with hard material outside. This effectively

buffers shocks applied to the sensor cover 24.

(6) The present invention may be applied to vehicles
such as trucks, buses, cars, or motor bikes in addition to

industrial vehicles like a forklifts.

Therefore, the present examples and embodiments are to
be considered as illustrative and not restrictive and the

invention is not to be limited to the details given herein,
but may be modified within the scope and equivalence of the

appended claims.
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WHAT IS CLAIMED 1IS:

1. A sensor and housing structure for use on a vehicle
having a kingpin rotatable with a steerable wheel of the
vehicle, a bracket exposed to the environment and supporting
the kingpin, and a potentiometer having a rotary shaft coupled
to the kingpin and being adapted to transmit an electrical
signal through a lead wire, the electrical signal relating to
an angle of rotation of the kingpin, the sensor and structure
comprising

a plate adapted to be attached to the bracket and adapted
for mounting the potentiometer thereon, wherein the plate has
a first through hole formed therein for permitting the rotary
shaft to extend through the plate and to be coupled to the
kingpin;

a cover that covers the potentiometer and thereby
protects the potentiometer from the environment, wherein the
cover is fixed to the plate and the cover has a second through
hole located in an upper surface of the cover, the second
through hole permitting the lead wire to pass through the
cover to the environment; and

a sealing material provided within the cover to f£fill a
space between the cover and the potentiometer, wherein the
sealing material is solidified after being introduced into the
space, and the area of the second through hole is larger than
the cross—-sectional area of the lead wire so that air is
discharged from the space through the second through hole when
the sealing material is conducted in liquid form into the

space through the second through hole.

2. The sensor and housing structure according to claim 1,

wherein the cover is fixed to the plate through a gasket.

3. The sensor and housing structure according to claim 1,

wherein the sealing material includes epoxy resin.

- 11 -




T
—

g

CA

02242021 1998-06-30




02242021 1998-06-30

CA




CA 02242021 1998-06-30

Fig.3

Fig.4
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