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A fixing structure for a sensing element, wherein a load sensor Is located at the central part of a plate member as a support member
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compression force applied to the load measuring location, and both ends of the plate member when viewed In the longitudinal
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ABSTRACT OF THE DISCLOSURE

A fixing structure for a sensing element, wherein a load
sensor 1s located at the central part of a plate member as a
supportmember of asensingelement inthe longitudinal direction.
The plate member is attached to a load measuring location so
that a length of the plate member when viewed in the longitudinal
direction expands and contracts 1n accordance with a tension
force or a compression force applied to the load measuring

location, and both ends of the plate member when viewed in the

longitudinal direction are welded to the load measuring

location.
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FIXING STRUCTURE FOR SENSING ELEMENT

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a fixing structure for
a stain gaﬁge type sensing element, which is available for
measuring a loading weight of a vehicle, e.g., truck.

The present invention is based on Japanese Patent

Application No. 2000-329512, the entire contents of which are

incorporated herein by reference.

2. Description of the Related Art

Recently, avehicle loadedwithheavy luggage, e.qg., truck,
suffers fromtroubles. Forexample, it causes traffic accident,
e.g., 1lts turning over on its side during its running, and
qulckens the deterioration of the vehicle per se or the road.
One of the causes of such troubles is overloading. A measure
having been taken to prevent this overloading is to measure

a loading weight of the vehicle, i.e., a load acting on the

vehicle.

By convention, the vehicle load is measured in a state
that the vehicle to be measured is placed on a platformbalance.
Accordingly, the measuring equipment i1s large and a large space

1s required for its installation. For this reason, the number



CA 02360261 2001-10-26

of platformbalances that maybe installedis limited, and their

installation cost is high.

Recently, a load measuring apparatus is used which

measures a vehicle load in a state that the apparatus is mounted

on the vehicle per se.

A shackle is interposed between a first end of a leaf
springwhichiscoupledat asecondendtoaloadcarryingplatform
through a bifurcated bracket and another bracket coupled to
the load carrying platform. In a load measuring apparatus
disclosed in JP-A-8-313332, based on this structure, a strain
gauge type sensing element for measuring a vehicle load, such
as a strain gauge sensor, 1s attached to within a shackle bin,
which 1s used for coupling the shackle to the bracket in a
swingablemanner. Aloadiscomputedbasedonatotal ofmeasured

values derived from a plurality of sensing elements

corresponding to the wheels.

Each load sensor 1s located at the central part of a plate
member covered with an 1insulating film. The load sensor

includes a resistor portion in which four resistors, which

intersect the plate member at an angle of 45° in both the

longitudinal and width directions, are connected 1in a

substantially rectangular form, and four terminals located at
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the connecting polnts of the resistors.

When one of the bracket and the shackle is moved to the
other by a load acting on the vehicle, a shear force acts on
the plate member in the width direction, so that resistance

values of the resistors vary and a magnitude of the load is

detected.

In the load measuring apparatus of JP-A-8-313332, the
sensing elements are inserted into the containing parts of the
shackle and fixed there. Accordingly, the sensing element

sometimes 1is loosened and slightly moves. This makes the

measurement accuracy poor.

Further, in the convention load measuring apparatus, it
1s necessary to bore the shackle to insert the sensing element
into the bored location, and to lead a lead wire out of the
shackle bin. Accordingly, the assembling work to the sensi‘ng
elements to the load measuring locations 1s troublesome, and

the shackle binused for the loadmeasuring location is weakened

in strength.

Accordingly, an object of the present invention 1s to

provide a means to solve the defects of the conventional load

measuring apparatus.
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To achieve the above object, there is provided a fixing
structure for a sensing element, whereina load sensor is located
at the central part of a plate member as a support member of
a sensingelement inthe longitudinaldirection, theplatemember
is attached to a load measuring location so that a length of
the plate member when viewed in the iongitudi_nal direction
expands and contracts in accordance with a tension force or
a compression force applied to the load measuring location,
and both ends of theplate member when viewed in the longitudinal

direction are welded to the load measuring location.

In the fixing structure, the plate member is welded to
the load measuring location. Accordingly, the sensing element
may easlly be attached to the load measuring location.
Accordingly, the fixing structure prevents the plate member
from being loosened and slightly movable, and hence ensures

an accurate measurement of the load. If the measurement 1is

repeated, the measurement accuracy 1s not degraded. The
sensing element iswelded at only twopositions. When comparing
with the fastening at three points or larger, generation of
awelding stress ina torsional direction in the sensing element
may be prevented, and henceastablestraindetectionis secured.
Since the welding 1is made at the locations spaced furthest from

the load sensor, the load sensor is less affected by heat
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conduction.

In the fixing structure for a sensing element, the plate
member 1is so thin as not to be buckled by a compression force

applied to the load measuring location.

Since the plate member 1is thin, appropriate welding to
the load measuring location is secured. Since the plate member

is thin to such an extent as to avoiddeflection by the buckling,

an accurate load sensing 1s ensured.

In the fixing structure for a sensing element, the load
sensor 1s arranged such that four resistors made of conductive
material are bridge connected on an insulating area formed on
the reversesideof theplatemember, theresistors are connected
at four connection points, and voltage 1s applied to the two
connection points located on a diagonal line, and a potential
difference appears between the two connection points located
on the diagonal line and varies in accordance with a compression
force or a tension force acting on the plate member, and the
two resistors of the four resistors are oppositely disposed
on the insulating area 1n the longitudinal direction of the
plate member, while the remaining palred resistors are

oppositely disposed on the insulating area in the widthwise

direction.
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In the fixing structure thus arranged, a compression
force or a tension force applied to the plate member through the
welding parts acts to the resistors to vary resistance values
of them. A load acting on the load measuring location may be
correctly detected.

In a further aspect, the present 1nvention provides a
fixing structure for a sensing element attached to a load
bearing element comprising: a plate member attached to an
outermost surface of said load bearing element; and a load
sensor supported by said plate member at a central part of
said plate member in a longitudinal direction of said plate
member; wherein both ends in the longitudinal direction of
said plate member are welded to said outermost surface of
said load bearing element so that said plate member expands
and contracts in the 1longitudinal direction thereof in
accordance with a tension force or a compression force
applied to said load bearing element; and wherein said
outermost surface of said load bearing element confronts an

entire surface of said plate member.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 1is a perspective view showing a fixing structure

of a sensing element according to the invention;
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Fig. 2 is a side view showing the fixing structure of
Fig. 1;

Fig. 3 is a view showing a layout of the sensing elements
mounting on a vehicle in a model form;

Fig. 4 is a perspective view showing a sensing element
mounted on the rear axle of a vehicle;

Fig. 5 is a longitudinal sectional view showing the sensing
element mounted on the rear axle of a vehicle;

Fig. 6A is an enlarged plan view showing a load sensor
for a vehicle, and Fig. 6B is a diagram showing an equivalent
circult of it; and

Fig. 7 1is an enlarged plan view showing a load sensor

deformed with flexure of the axle.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

63
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The preferred embodiments of the present invention will

be described with reference to accompanying drawings.

As showninFigs. land 2, asensingelement 1l formeasuring
a load on a vehicle, such as a loading weight, includes a
substantially rectangular plate member 2 as a support member,
and a load sensor 3 formed at the central part of the plate

member 2 in the longitudinal direction X.

As shown 1n Fig. 3, sensing elements 1 are attached to
the right and left parts on each of the front and rear axles
4 and 5 so that a length of the plate member 2 1n the longitudinal
directionX is expandedandcontractedinadirectionofatension
force or a compression force, which acts on a load measuring
location, namely, the length of 1t 1s expanded and contracted
in parallel to the width direction M of the vehicle 6. In Figqg.
3, reference numeral 7 designates front wheels 7 and numeral
8 represents rear wheels. The plate members 2 are attacﬂed
to the upper surfaces of the axles 4 and 5, respectively. As
shown 1n Figs. 1 and 2, both ends 2a and 2b of each plate member

2 are welded to each of the axles 4 and 5 as load measuring

locations.

As shown in Figs. 4 and 5, 1n the embodiment, the axle

5 includes a drive shaft 5a, a rear—-axle tube 5b surrounding
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the drive shaft 5a, and a rear wheel drum 10 which is supported
on the rear-axle tube 5b with the bearings 9 being interposed
therebetween. A vehicle weight is entirely received by the
rear—axle tube 5b, and the drive shaft 5a functions only to
transfer a torque while being supported by the rear-axle tube
5b with the aidof thebearings 9. When the weight of the vehicle
6 and the loading weight act on the axle 5, the rear—axle tube
5b is bent upward. A compression force acts on the upper surface
of the rear-axle tube 5b, while a tension force acts on the
lower surface of the rear—-axle tube 5b. In the embodiment,
the plate members 2 are each mounted on the upper surface of
the rear-axle tube 5b. Accordingly, theplatemembers 2 receive
compression force in the longlitudinal direction X. Each plate
member 2 may be mounted on the lower surface of the rear-axle
tube 5b. In this case, the plate member 2 receives a tension
force inthe longitudinal directionX. Further theplatemember
2 may be mounted on a cover 11 of a differential gear, which
1s located at the central part of the rear—-axle tube 5b. Tile
front wheel axle 4 also 1ncludes a part which 1s bent by the
vehicle welght. The plate member 2 1s mounted on the upper

surface or the lower surface of the bent part.

Each plate member 2 is welded and fastened to the front
wheel axle 4 or 5 at both ends 2a and 2b in the longitudinal

direction X, namely, two points. By the welding, two weldilng
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pointslZaandl2bare formedoneachplatemember 2. Thewelding
for fastening them is superior to another fastening means by
adhesion, screws, pins or the like in that even if fhe fastened
part 1s repeatedly placed under load, the reproducibility is
little damaged and strain transmitting ability is high. 1In
the embodiment, tungsten inert gas (TIG) welding is used for
the welding. The fastening by two points is superior to the
fastening by multiple points, i.e., three points or larger,
in that 1t suppresses generation of a welding stress in a
torsional direction in the sensing element 1, and hence a stable

strain detection is secured. The plate member 2 is welded to

the wheel axle 4 or 5, while keeping a gap d between the plate

member 2 and the wheel axle 4 or 5, as shown in Fig. 2.

To form the plate member 2, a steel plate is punched in
a substantially rectangular shape. An 1nsulating area (not
shown) 1s formed on the surface of the plate member 2 by coating
therewith an insulating filmmade of silicon oxide or the lik.e.
Cutouts 13 are formed on both sides of the central part of the
plate member 2 1n the longitudinal direction X, and hence this
part is narrowed in width. The plate member 2 is preferably
formed with a stainless steel plate, and more preferably
precipitation hardening type martensitic stainless steel

(SUS630), whose composition comprises 17Cr — 4N1 - 4Cu - 0.06C

- 0.25Nb (numeral: pts. wet.). When the stainless steel having
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such a composition is used, the temperature characteristic in

low temperature region is improved.

The plate member 2 is configured such that buckling by
the compression force mentioned above is not caused. Where
the plate member 2 is bent or brought into buckling by the
compression force, correct strain detection is impossible.
Further, it is thinned to such an extent that buckling by the

compression force isnot caused, inorder to secure easy punching

or welding.

A minimum thickness “h” of the plate member 2 at which

the buckling 1s not caused may be obtalined by the Euler formula

glven below.

where ¢ : buckling stress (Mpa)

n : fixity coefficient (n = 4 when both ends are fixed)

E : longitudinal elastic modulus (MPa) of a material

of the plate member 2
I : momente of inertia of area (mm®

L : length (mm) of the plate member 2 1in the

Longitudinal direction

A : cross-sectional area (mm°) of the plate member 2

10
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in the widthwise direction Y

Assuming that the buckling stress ¢ of the plate member

2 is set higher than the 2%-proof stress of SUS630 (883 MPa),

namely o = 883 (MPa), and the height (thickness) and width of

a rectangular cross-sectional area of the plate member 2 are

“h*” and “b”, and substituting I = bh’/12 into the equation (1),

then we have

883 < n - (o?® - E - bh*/12)/ (bh - L?)
<n-m¢-E-h% (12 - L%

h = L - ((883 - 12)/(n - o? - E))Y? (2)

Assuming that n (fixity coefficient) =4, E (longitudinal
elastic modulus of SUS630) = 196200(MPa), and L = 20 (mm), and

substituting those values into the equation (2), then we have

g
v

0.037-L

0.74 (3)

-]
1\Y

\Y

Thus, h = 0.74 (mm), and a thickness of the plate member 2 1s

0.74 (mm). Accordingly, unless the thickness of the plate
member 2 is equal to or smaller than 0.74 (mm), the buckling
of the plate member 2 by the compression force 1s not caused,

and expands and contracts in accordance with a load applied.

11
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The load sensor 3 is formed on an insulating area
consisting of silicon oxide film or the like at the central

part of one of the surfaces of the plate member 2.

The load sensor 3, as shown in Figs. 6A and 6B, contains
a bridge connection of four resistors 14a, 14b, l4c and 14d,
made of conductive material. On connection points of those
reslistors 1l4a to 14d, voltage is applied to between two
connection points located on one of the diagonal lines. Then,
a potential difference appears between two connection points
on the other diagonal line, and varies in accordance with a

compression force or a tension force acting on the plate member

2 .

Those four resistors 1l4a to 14d are formed to be narrow
at equal rates and widths, and the terminals of those are
connected so as to form a square in shape. In this case, two
resistors 1l4a and l4c of those resistors 14a to 14d are spaced
from each other in the longitudinal direction X of the plate
mempber 2. Other pair of resistors 14b and 14d are spaced from
each other 1n the widthwise direction Y. The resistors 1l4a,
14b,' l4c and 14d are pasted on the plate member 2 so as to be
eXpanded or contracted 1n accordance with the applied load to

the plate member 2. As a result, electrical resistances of the

12
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resistors 14a, 14b, 1l4c and 14d vary. Terminals l4e, 14f, 14qg
aﬁd 14h are provided at the four connection points of those
four resistors l4a to 14d. Specifically, the terminals 1l4e,
14f, 14dgand 14h are respectivelyprovided between the resistors
l4a and 14b, the resistors 14b and 14c, the resistors 1l4c and .
14d, and the resistors 14d and 14e, so that those resistors
1l4a to 14d are electrically connected. Those terminals 1lde
to 14h are each square in shape. The sides of those squares
are extended 1in parallel to the longitudinal direction X and
the widthwise direction Y. When voltage V is applied from an
operating power .source B to between the terminal l4e located
between the resistors 14a and 14b, and the terminal 14qg located
between the resistors l4c and 14d, a signal S appears between
the terminal 14f for the resistors 14b and 14c, and the terminal
14h for the resistors 14b and 14c. The signal S varies in
accordance with a load applied to the plate member 2 in the
longitudinal direction X. Thus, those resistors form a
semiconductor resistor bridge of which the output signal varies

1n accordance with a load that is applied to the plate member

2 1n the longitudinal direction X.

The sensing elements 1 are fastened to the front wheel

axles 4 and 5 while being covered with covers 15 (Fig. 5).

The operation of the sensing elements 1 mounted on the

13
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aXxles 4 and 5 on which the load measuring locations are placed,

wilill be described.

When the axles 4 and 5 are bent by a load acting on the
vehicle 6, the plate member 2 of each sensing element 1 is
compressed through two welding parts 12a and 12b. In the load
sensor 3, as shown in Fig. 7, the dimensions.of the paired
resistors 14a and 14c of the plate member 2, which are opposed
in the longitudinal direction X, remain unchanged. However,
the palir of resistors 14b and 14d of the plate member 2, which
are opposed 1n the widthwise direction Y, contract by equal
lengths fromtheoriginal dimensions. Accordingly, resistance
valuesRl4aandRl4cof theresistors l4aandl4cremainunchanged,
.but the resistance values Rl4b and R14d of the resistors 14b
and 14d are somewhat reduced from the original values. As a
result, a potential V4f = Vx {(R14b/(R14b + Rl4c)} appearing
at theterminal 14fdrops fromitsoriginal value, but apotential
V4ah = V x {R1l4a/ (Rl4a + R1l4d)} at the terminal 4h rise fr:om
1ts original value. A potential difference V4f - V4h between
the terminals 4f and 4h changes from its original wvalue.
Accordingly, when the front wheel axles 4 and 5 are bent by
the load acting on the vehicle 6, the output signal value of
the load sensor 3 changes from its original value. A variation

of the output signal value 1s proportional to a variation of

the load.

14
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Signals derived from the load sensors 3 are input to a
control unit (not shown); the control unit in turn computes
a weight of a load on a vehicle based on the signals from the
sensors; and when the load weight exceeds a limited weight,

an alarm around a driver’s seat or the like is turned on.

In the embodiment mentioned above, the axle is used for
the load measuring locations for fixing the sensing elements.
If required, the sensing elements may be put on a wall surface
of the piston of an injection molding machine or a reservoir

tank, and loads acting on them may be measured.

As seen from the foregoing description, the invention
provides. a fixing structure for a sensing element, wherein a
load sensor is located at the central part of a plate member
as a support member of a sensing element in the longitudinal
direction, platemember is attached to a loadmeasuring location
so that a length of the plate member when viewed in the
longitudinal direction expands and contracts inaccordancewith
a tension force or a compression force applied to the load
measuring location, andbothends of theplate member when viewed
1n the longitudinal direction are welded to the load measuring

location. Inthefixingstructure, theplatemember is fastened

by welding. Accordingly, the sensing element may easily be

15
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attached to the load measuring location. Accordingly, the
fixing structure prevents the plate member from being loosened
and slightlymovable, and hence ensures an accurate measurement
of the load. If the measurement is repeated, the measurement
accuracy remains unchanged. The sensing element is welded at
only two positions. When comparingwith the fastening at three
points or larger, generation of a welding stress.in a torsional
direction in the sensing element may be prevented, and hence
a stable strain detection 1s secured. Since the welding is
made at the locations spaced furthest from the load sensor,

the load sensor-is less affected by heat conduction.

In the fixing structure for a sensing element, the plate
member 1s thin 1n the extent that the buckling of the plate
member 1s by a compression force applied to the load measuring
location 1s not caused. Therefore, appropriate welding to the
load measuring location 1s secured. Since the plate member

1s thin to such an extent as to avoid the deflection by the

buckling, an accurate load sensing 1s ensured.

In the fixing structure for a sensing element, the load
sensor 1s arranged such that four resistors made of conductive

material are bridge connected on an insulating area formed on

the reversesideof theplatemember, theresistors areconnected

at four connection points, and voltage is applied to the two

16
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cqnnection points located on a diagonal line, and a potential
difference appears between the two connection points located
on the diagonal line and varies in accordance with a compression
force or a tension force acting on the plate member, and the
two resistors of the four resistors are oppositely disposed
on the insulating area in the longitudinal direction of the.
plate member, whilile the remaining paired reslistors are .
oppositely disposed on the insulating area in the widthwise
direction. In the fixing structure thus arranged, a
compression force or a tension force applied to the plate member
through the welding parts acts to the resistors to vary
resistance values of them. A load acting on the load measuring

location may be correctly detected.

17
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WHAT IS CLAIMED I15:

1. A fixing structure for a sensing element attached to

a load bearing element comprising:

a plate member attached to an outermost surface of
sald load bearing element; and

a load sensor supported by said plate member at a
central part of said plate member in a longitudinal
direction of said plate member;

wherein both ends in the longitudinal direction of
sald plate member are welded to said outermost surface of
said load bearing element so that sald plate member expands
and contracts in the longitudinal direction thereof in
accordance with a tension force or a compression force

applied to sailid load bearing element; and

wherein salid outermost surface of said load bearing

element confronts an entire surface of said plate member.

2 . A fixing structure for a sensing element according to
claim 1, wherein salid plate member has a thickness to
prevent buckling of said plate member by a compression

force applied to said load bearing element.

3. A fixing structure for a sensing element according to
claims 1 or 2, wherein said load sensor includes a bridge
circuit constituted by four resistors disposed on an
insulating area in said plate member, and said resistors

are connected at four connection points, and

wherein said load sensor includes a means to apply a
predetermined voltage is applied to one cater cornered pair
of said four connection points, and a means to measure a

voltage between the other cater cornered pair of said four

18
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connection points, which shows a potential difference
therebetween 1s measured, and

two resistors of said four resistors are oppositely
disposed on said insulating area 1n parallel to the
longitudinal direction of said plate member, and the two
remaining resistors are oppositely disposed on said
insulating area in parallel to the widthwise direction of

sald plate member.

4, A fixing structure for a sensing element according to
claims 1, 2 or 3, wherein sald plate member is welded to

said load bearing element at two points.
5. A fixing structure for a sensing element according to

claims 1, 2, 3 or 4, wherein sald plate member is welded to

sald load bearing element so as to form a gap therebetween.

19
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