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METHOD OF MAKING PRESSURE-SENSITIVE 
RESISTOR ELEMENT 

The present invention relates to a pressure-sensitive 
resistor element and a method for producing the same. 

Previously, pressure-sensitive resistor elements hav 
ing elasticity, for converting mechanical stress into an 
electrical signal, have been made of conductive rubber 
prepared in such a manner that rubber is mixed with 
powders of natural or arti?cial graphite and then sub 
jected to vulcanization molding to produce the conduc 
tive rubber. 
Such conductive rubber, however, has disadvanta 

geously resulted in small variation rate of resistance rel 
ative to the mechanical stress and in large hysteresis. 
The conductive rubber, for example, mixed with 20% 
by weight of graphite, has only a variation rate of resis 
tance as small as 1.5 even when the mechanical stress 
as much as 4 kg/cm2 is’ applied thereto, the variation 
rate of resistance being here termed as .the ratio of the 
resistance value with no stress to the resistance value 
with a given stress. - 

Further, it was also difficult to attain uniform distri 
bution of conductive particles among the rubber, thus 
resulting in an unstable pressure-sensitive resistor ele 
ment. 
An object of the present invention is to provide a 

pressure-sensitive resistor element having a large varia 
tion rate of resistance with respect to a given mechani 
cal stress applied thereto and having small hysteresis. 

Another object of- the invention is to provide a 
method for producing a pressure-sensitive resistor ele 
ment as above-mentioned. 
A pressure-sensitive resistor element according to 

the'present invention comprises a resistor prepared by 
heat-molding conductive particles in an aggregated 

state, each surface of said particles being covered with 
an elastic polymer resin, and metallic electrodes adhe 
sively ?xed to said resistor. 
The above and other objects and features'of the pres 

ent invention will be apparent from the detailed de 
scr-iption with reference to the accompanying drawings. 

In the drawings: ' . 

FIG. 1 is a perspective view of a pressure-sensitive 
resistor element prepared according to the present in 
vention; 
FIG. 2 is a characteristic curve of resistance to ap 

plied load in a pressure-sensitive resistor element pre 
pared according to the present invention; 
FlG. 3 is a hysteresis curve of current against load 

with a given voltage applied across a pressure-sensitive 
resistor element prepared according to the present in 
vention; ' 

FIG. 4 is a cross-sectional view of a pressure-sensitive 
resistor element prepared according to the present in 
vention wherein said element is covered with insulating 
tapes; 
FIG. 5 is a cross-sectional view of a pressure-sensitive 

resistor element prepared according to the present in 
vention wherein said element is covered with an elastic 
resin; 

FlG. 6 is a perspective view of a pressure-sensitive 
resistor element prepared according to the present in 
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2 
vention wherein said element is mounted on an elastic 
plate ?exible responsive to tensile load; and 
FIG. 7 is a diagram of a characteristic curve of resis 

tance in terms of tensile load as to a pressure-sensitive 
resistor element as shown in FIG. 6. 
The present invention has objects to provide a pres 

sure-sensitive resistor element having high sensitivity 
and good stability and to provide a method for produc 
ing the same wherein conductive particles are coated 
with a hardened elastic polymer resin and then sub 
jected to heat-molding. In one embodiment of the pres 
ent method, the conductive particles are kneaded into 
a mixture with the elastic polymer resin and then 
heated to a semi-hardened state and conductive parti 
cles coated with the polymer resin are prepared by pul 
verizing the semi-hardened particles. The thus coated 
conductive particles are aggregated and molded by ap 
plying renewed heat treatment to thereby fabricate a 
pressure-sensitive resistor having small hysteresis with 
a uniform structure and having a large variation rate of 
resistance relative to the applied mechanical stress. 
Then, metallic electrodes are attached thereto by the 

use of a method of vapour-evaporation or by means of 
adhesive agents in order to provide a pressure-sensitive 
resistor element. 
The application of the mechanical stress to the thus 

fabricated pressure-sensitive resistor element causes a 
contact surface between the conductive particles and 
contact pressure therebetween to be varied to thereby 
change the value of resistance. . 

_ Further, a smooth elastic deformation can be seen 
due to elasticity of polymer resin serving as a binder 
among the conductive particles. ' 
The conductive particles, for example, are such parti 

cles as carbonaceous powders of 100 to 600 mesh pre 
pared by carbonizing or graphitizing a 'thermosetting 
resin selected from phenol or furan resins. The spheric 
particles, generally designated as glass-like carbon, are 
particularly suitable for conductive particles as com 
pared with normal natural graphite or arti?cial graphite 
due to the facts of (l) the large variation rate of 
contact resistance; (2) strong duration against heat im 
pact such as a spark or are discharge; (3) high mechan 
ical strength; (4) isotropic nature relative to electric 
resistance; and (5) conformability to a spheric form. 
Thus the glass-like carbon is adapted for use as the con 
ductive particles from which a pressure-sensitive resis 
tor having a large variation rate of resistance and good 
stability is fabricated. 
On the other hand, silicon resin having resistance to 

heat and chemical materials is preferably employed as 
the polymer resin. 
The mixture ratio of the conductive particles to the 

polymer resin may be selected to be by weight 3/7 to 
7/3 from the viewpoints of variation rate of resistance 
and stability. 
The adhesion of the electrodes to the resistor is of 

great importance, and a good result can be obtained 
when the electrodes are adhesively ?xed to the elastic 
pressure-sensitive resistor with the aid of a conductive 
adhesive agent. The electrodes have conventionally 
been attached thereto with a thermosetting conductive 
adhesive, or by a metallic vapor-evaporation or metal 
lic coating method. 
However, problems arise in such an adhesion; for ex 

ample, there occurs a crack or exfoliation on the elec 
trodes immediately upon the repeated application of 



3 
stress because of the great difference of Young modu 
lus of the electrode from that of the adhesive due to the 
elasticity of the pressure-sensitive resistor, thus result 
ing in ‘the occurrence of unstable contact resistance be 
tween the elastic pre‘ssure-sensitive resistor and the 
electrode, thereby providing‘ an unstable pressure 
sensitive ‘resistor element. ' 

On the other hand, a conductive pressure-sensitive 
adhesive agent wherein the pressure-sensitive adhesive 
is kneaded in mixture with conductive powders such as 
silver powder exhibits a stable characteristic and pre 
vents the electrode from being exfoliated from the 
pressure-sensitive resistor because it'has the same elas 
ticity as the pressure-sensitive resistor. 

In FIG. 1 there is shown a structure of the above 
mentioned pressure-sensitive resistor element wherein 
a pressure-sensitive resistor layer 3 is sandwiched by 
metallic electrodes 1 and 2, which are, respectively, 
fixed to the corresponding pressure-sensitive resistor 
layer with conductive pressure-sensitive adhesive 
agents 5 and 6. The pressure-sensitive resistor element 
has the value of its resistance changed when the stress 
is applied thereto into the direction of an arrow A. 
FIG. 2 shows a resistance-load diagram of the pres 

sure-sensitive resistor element according to the present 
invention. . 

In this embodiment, the glass-like carbonaceous par 
ticles having 250 to 300 mesh, made of a graphitized' 
and carbonized thermosetting resin, are mixed with a 
weight ratio of 50 to 50 and then heated to obtain the 
semi-hardened particles. By pulverizing the so pro 
duced particles, the carbonaceous particles coated with 
the polymer resin are prepared, and they are again ag 
gregated so that molding operations can be carried out 
under pressure at a suitable temperature to obtain the 
pressure-sensitive resistor. Then, the complete pres 
sure-sensitive resistor element can be fabricated by 
providing the pressure-sensitive resistor with electrodes 
made of copper on both surfaces thereof by the use of 
the'conductive pressure-sensitive adhesive prepared by 
mixing a pressureésensitive adhesive made of silicon 
with silver powder. 
A loading test was conducted as to the sample of the 

thus prepared pressure-sensitive resistor element hav-. 
ing a ‘dimension of an outer diameter of 5 mm and a 
thickness of 0.8 mm with the copper electrodes at 
tached thereto. The result is illustrated in FIG. 2 and 
Table I, revealing'a large variation rate of resistance, 
i.e. 1.2 X 107. 

I TABLE I 

APPLIED LOAD _ RESISTANCE 

o g 120 M0 
800 g l0 0 

In FIG. 3 there is shown the hysteresis curve of cur 
rent to applied load as applying a voltage across the 
pressure-sensitive resistor element, also revealing re 
markable small hysteresis. ' 

Further, a duration test was conducted upon the 
pressure-sensitive resistor element by applying the load 
thereto with the repetition of 150 million times, and the 
result proved that the element has a stable variation 
rate of resistance the value of which rangeswithin 5% ' 
with respect to the initial value with an improved high 
resistance variation rate as compared with the conven 
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4 
tional conductive rubber, thus con?rming the provision 
of a high stability pressure-sensitive resistor element. 
' Preferably,.the above-mentioned pressure-sensitive 
element may be covered with an insulating envelope 
for mechanical protection because of' its insufficient 
mechanical strength; alternatively, it may be covered 
with the elastic polymer resin along the circumference 
thereof with a view of ‘ increasing the moisture 
resistance or mechanical strength. 

In FIG. 4 there is shown another embodiment of the 
pressure-sensitive element wherein the element 7 is 
covered and printed by means of epoxy-adhesive tapes 
8 and 9 encapsulated in a glass tube with leads l0 and 
11 attached to the electrodes. ‘ 
On the other hand, FIG. 5 shows still another em 

bodiment of the pressure-sensitive, resistor element in 
which a pressure-sensitive resistor 12 is provided with 
electrodes 13 and 14 and covered with a silicon resin 
15 therearound. ‘ ' I 

The pressure-sensitive resistor element prepared ac 
cording to the present invention tends to be brittle 
when the tensile load is applied thereto. In order to re 
move the drawback, the pressure-sensitive resistor .16 
provided with electrodes 17 and 18 ‘on both sides 
thereof is adhesively ?xed to ?exible elastics 19 with 
an adhesive as shown in FIG. '6. As a result, the applica 
tion of thetensile stress to the elastic plate 19 in the 
B—B,’ direction allows the indirect application of the 
tensile load to the pressure-sensitive resistor 16. Thus, 
this method makes possible the protection for a me 
chanically fragile pressure-sensitive resistor, further 
providing the possibility of arbitrarily changing the ten 
sile load-resistance characteristic by selecting the ma 
terial of the elastic plate. 
FIG. 7 shows the resistance-tensile load characteris 

tic of a pressure-sensitive resistor element having the 
structure as shown in FIG. 6. 

In this embodiment, cabonaceous particles having 
250 to 300 mesh prepared by carbonizing and graphit 
izing a thermosetting resin is mixed with a silicon resin 
with a weight ratio of 60 to 40 and then heated to a 
semi-hardened state to prepare the carbonaceous parti 
cles covered with the resin through a step of pulverizing 
the semi-hardenedparticles. After that, these particles 
are again aggregated and subjected to molding opera 
tions under pressure at a suitable temperature to obtain . 
a pressure-sensitive resistor having a dimension of an 
outer diameter of 5 mm and a thickness of 0.8 mm. As 
shown in FIG. 6, the pressure-sensitive resistor is then 
provided with electrodes 17 and 18 on both ends 
thereof with a conductive pressure-sensitive adhesive, 
and is adhesively fixed to an elastic plate 19 made of 
natural rubber 0.5 mm thick to accomplish the com 
plete pressure-sensitive resistor element. The thus pre 
pared element exhibits a highly stable resistance-load 
characteristic as shown in FIG. 7 when the tensile load 
is applied thereto. 
What is claimed is: 
l. A method of making a pressure-sensitive resis 

tance element, comprising the steps of: 
l. mixing particles of an electrically conductive ma 

terial and an elastic polymer resin; 
2. heating the mixture of step (I) to a semi-hardened 

state; ' 

3. pulverizing the semi-hardened mixture of step (2) 
. to obtain particles coated with said polymer resin; 



5 
4. heating the'pulverized particles of step (3) under 

pressure to heat-mold said pulverized particles and 
form an aggregation of a desired shape; and 

5. attaching electrodes to said aggregation of desired 
shape to form said pressure-sensitive resistance ele 
ment. ' 

2. The method according to claim 1, wherein said 
electrodes are attached to opposite surfaces of said ag 
gregation with a conductive pressure-sensitive adhesive 
material. 

3. The method according to claim 2, wherein said ad 
hesive material is prepared by mixing silicon with silver 
powder. 

4. The method according to claim 1, wherein said 
conductive particles are carbonaceous powders of be 
tween about 100 and 600 mesh prepared by carboniz 
ing and graphitizing a therrnosetting resin selected from 
the group consisting of phenol and furan resins. 

' ‘ 3,808,678 

5 

20 

25 

35 

40 

45 

50 

55 

60 

65 

6 
5. The method according to claim 4, wherein said 

polymer resin comprises a heat resistant silicon resin. 

6. The method according to claim 5, wherein the 
mixture ratio by weight of conductive particles and 
polymer resin is selected from the range of between 
about 3:7 and 7:3. 

7. The method according to claim 4, wherein said 
conductive particles have a mesh of between about 250 ' I 

and 300. 
8. The method according to claim 7, wherein said 

conductive particles and resin particles are mixed with 
a weight ratio of approximately 111. 

9. The method according to claim 7, wherein said 
conductive particles and resin particles are mixed with 
a weight ratio of approximately 3:2. 
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