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Abstract: There are varied uses of capacitive sensors in the 

measurement and control systems used in the modern era which 

include devices such as liquid-level gauges, pressure gauges, 

accelerometers and precision positioners. In the current work the 

investigators proposed a capacitive sensor that could detect 

applied contact forces both in the vertically and horizontally axis. 

The sensor is built on a flexible material. Metallic electrodes are 

fixed such that four separate variable capacitors are formed. One 

of the two sensors has rubber tubes stacked in a two dimensional 

array sandwiched between two rubber sheets as the dielectric 

while the other has a layer of foam sandwiched between two 

rubber sheets. The metallic electrodes used are copper plates. The 

outcome was a sensor that consisted of four variable capacitors. 

The signal conditioning circuit consists of CMOS 555 Timers 

which converts the capacitance to frequency. This frequency is 

then fed to a Data Acquisition Card (DAQ) which is connected to a 

PC. The frequency signals are then simulated and the output force 

is shown. This is done using LabVIEW software. The simulation 

using LabVIEW provides options for calibration and 

measurement 

Index Terms: Capacitive Sensor, Force Sensor, Pressure 

Sensor, 3D Force Sensor, Calibration using LabVIEW. 

I. INTRODUCTION 

  Capacitive sensors today are used for a wide range of 

applications that include among others measurement of 

liquid-level, pressure, force and load. Therefore, by extension 

there can also be applications for capacitive sensors acting on 

three-axis force sensors. By definition a multifunctional 

sensor is one that is capable of measuring normal force 

component, its magnitude and the direction of horizontal 

force components in addition to its readout circuit. It is always 

possible to improve the sensing property of the sensor by 

multi-variables [1].  

In the present study, five square pieces of conductive 

material (copper) were fixed on a flexible dielectric material 

to form four capacitors [2]. Minute changes in the capacitor 

capacitance when forces are applied on the sensor in the xx, 

yy and zz axis enable us to fully determine x, y, and z 

displacement values.  
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II. HARDWARE DESCRIPTION 

 

Fig. 1 Basic Block diagram 

The block diagram as shown in figure 1, consists of Sensor, 

Signal Conditioning Circuit, DAQ and LabVIEW. The 

physical input (force) is applied to the sensor. The sensor 

senses it and produces a change in capacitance which is 

proportional to the applied force. Now this change in 

capacitance is given as the input to the signal conditioning 

circuit. This circuit converts the change in capacitance to 

varying frequency. This varying frequency is inputted into 

process compute through DAQ and simulated using 

LabVIEW software [3,4]. 

 
Fig. 2 Sensor Cut-off view 

The cut-off view of the developed sensor is given in figure 

2. [5] This sensor consists of a flexible dielectric material with 

four square pieces of conductive material on the top and one 

square piece of conductive material at the bottom. The 

thickness of the dielectric material is denoted by t. The width 

of the square conductive pieces is denoted by D, while the 

distance between the two square conductive pieces are 

denoted by d.  

A. ZERO APPLIED FORCE SCENARIO 

At steady state with zero applied force, the capacitance of the 

sensor can be calculated as [6]: 

 

Where, - dielectric constant and A - surface area of the 

parallel-plate capacitor, which can be given as: 

 
Therefore, the capacitance across all four capacitors can be 

given as: 
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Fig. 3 Applied Forces on the zz-axis 

The Figure-3.2 shows the sensor when forces are applied 

on the zz-axis. The Capacitance values in this case can be 

given as: 

 
Where, z denoted the displacement in the zz-axis. The (-) sign 

in front of z is attributed to the fact that applied pressure tends 

to decrease with the thickness of the dielectric material. 

C. APPLIED FORCE - XX AND YY-AXIS  

 
Fig. 4 Applied Forces on the xx (yy)-Axis 

 

The Figure-3.3 shows the sensor when forces are applied on 

the xx and yy axis simultaneously. The capacitances values in 

this case can be given as: 

 
 

 
Where, the displacement across the xx-axis of the square 

conductive piece on top of the sensor is denoted by x. 

Similarly, capacitance values for displacement „y‟ across the 

yy axis can be given as:  

 
 

 

III. EXPERIMENTAL SETUP 

The metallic electrodes were formed by sticking very thin 

Copper plates on rubber sheet using super glue [7,8]. 

  
Fig. 5 Copper Plate on Rubber Sheet 

 

A. Silicone Rubber (Thickness: 3mm) 

 
Fig. 6 Silicone Rubber Sheet as Dielectric material 

 

 
Table. 1 Capacitance Force for Silicone Rubber Sheet 

as Dielectric material at loading & unloading state 

 

 
Graph. 1 Capacitance Force for Silicone Rubber Sheet 

as Dielectric material at loading & unloading state 

It can be interpreted from data shown in table 1 and 

depicted graphetically in graph 1 that there is heavy hysteresis 

and permanent change in capacitance for the silicone rubber 

sheet [9] used as the dielectric material. 

 

 

B. Natural Rubber (thickness: 6mm) 
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Fig. 7 Natural Rubber Sheet as Dielectric material 

 
Table. 2 Capacitance Force for Natural Rubber Sheet 

as Dielectric material at loading & unloading state 

 
Graph. 2 Capacitance Force for Natural Rubber Sheet 

as Dielectric material at loading & unloading state 

Data as recorded in table 2 and graphetically represented in 

graph 2 shows heavy hysteresis and no permanent change in 

capacitance for the natural rubber sheet used as the dielectric 

material. 

C. Rubber Tubes [Single Layer of Single Axis (SLSA) 

Array] as Dielectric Material. 

Metallic electrodes are formed by sticking very thin Copper 

plates on a single layer of single axis array of rubber tubes 

using super glue. 

  
Fig. 8 SLSA Array of Rubber Tubes as Dielectric 

Material 

C.1 Natural Rubber Tubes (ID=7mm, OD=12mm) 

 
Fig. 9 SLSA Array of Natural Rubber Tubes as Dielectric 

material 

 

 
Table. 3 Capacitance Force for SLSA Array of Natural 

Rubber Tubes as Dielectric material 

 

 
Graph. 3 Capacitance Force for SLSA Array of 

Natural Rubber Tubes as dielectric material at loading & 

unloading state 

Observations as recorded in table 3 and graph 3 show 

negligible hysteresis and no permanent change in capacitance. 

However non linearity and resistance to compressive forces 

are observed. 

C2. Silicone Rubber Tubes (ID=5mm, OD=8mm) 
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Fig. 10 SLSA Array of Silicone Rubber Tubes (ID=5mm, 

OD=8mm) as Dielectric Material 

 
Table. 4 Capacitance Force for SLSA Array of Silicone 

Rubber Tubes (ID=5mm, OD=8mm) as Dielectric 

material at loading & unloading state 

 
Graph. 4 Capacitance Force for SLSA Array of Silicone 

Rubber Tubes (ID=5mm, OD=8mm) as Dielectric 

material at loading & unloading state  

Observations show negligible hysteresis and no permanent 

change in capacitance. However non linearity and resistance 

to compressive forces are observed. 

 

C3. Silicone Rubber Tubes (ID=3mm, OD=6mm) 

 
Fig. 11 SLSA Array of Silicone Rubber Tubes (ID=3mm, 

OD=6mm) as Dielectric Material 

 
Table. 5 Capacitance Force for SLSA Array of Silicone 

Rubber Tubes (ID=3mm, OD=6mm) as Dielectric 

material at loading & unloading state 

 

 
Graph. 5 Capacitance Force for SLSA Array of Silicone 

Rubber Tubes (ID=3mm, OD=6mm) as Dielectric 

material at loading & unloading state 

 

Observations show no hysteresis and no permanent change 

in capacitance. However non linearity and resistance to 

compressive forces are observed. 

D. Rubber Tubes [Multiple Layers of Single Axis 

(MLSA) Array] As Dielectric Material 

Metallic electrodes are formed by sticking very thin Copper 

plates on a multiple layers of single axis array of rubber tubes 

using super glue. 

 
Fig. 12 MLSA Array of Rubber Tubes as Dielectric 

Material 
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D1. Silicone Rubber Tubes (ID=5mm, OD=8mm) 

 
Fig. 13 MLSA Array of Silicone Rubber Tubes (ID=5mm, 

OD=8mm) as Dielectric Material 

 
Table. 6 Capacitance Force for MLSA Array of Silicone 

Rubber Tubes (ID=5mm, OD=8mm) as Dielectric 

material at loading & unloading state 

 
Graph. 6 Capacitance Force for MLSA Array of Silicone 

Rubber Tubes (ID=5mm, OD=8mm) as Dielectric 

material at loading & unloading state 

Observations show no hysteresis and no permanent change 

in capacitance. However non linearity and resistance to lateral 

compressive force are observed. 

E. Rubber Tubes [Multiple Layers of Double Axis 

(MLDA) Array] as Dielectric Material 

 
Fig. 14 MLDA Array of Rubber Tubes as Dielectric 

Metallic electrodes are formed by sticking very thin 

Copper plates on a multiple layers of double axes array of 

rubber tubes using super glue. 

E1. Silicone Rubber Tubes (ID=3mm, OD=6mm) 

 
Fig. 15 MLDA Array of Silicone Rubber Tubes (ID=3mm, 

OD=6mm) as Dielectric Material 

 
Table. 7 Capacitance Force for MLDA Array of Silicone 

Rubber Tubes (ID=3mm, OD=6mm) as Dielectric 

material at loading & unloading state 

 
Graph. 7 Capacitance Force for MLDA Array of Silicone 

Rubber Tubes (ID=3mm, OD=6mm) as Dielectric 

material at loading & unloading state 

Observations show no hysteresis and no permanent change 

in capacitance. However non linearity and lower resistance to 

compressive forces are observed. Multiple layers of double 

axes arrays however do not provide suitable surfaces to 

support metallic electrode plates. 

F. Rubber Tubes (MLDA Array) Sandwiched Between   

Rubber Sheets as Dielectric Material 

 
Fig. 16 MLDA Array of Rubber Tubes                                                            

sandwiched between Rubber sheets as Dielectric Material  

Metallic electrodes are 

formed by sticking very thin 

Copper plates on a multiple 

layers of double axes array of 
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rubber tubes sandwiched between Silicone rubber sheets 

(thickness=3mm) using super glue. 

F1. Silicone Rubber Tubes (ID=5mm, OD=8mm) 

 
Fig. 17 MLDA Array of Silicone Rubber Tubes (ID=5mm, 

OD=8mm) sandwiched between Rubber sheets as 

Dielectric Material 

 
Table. 8 Capacitance Force for MLDA Array of Silicone 

Rubber Tubes (ID=5mm, OD=8mm) sandwiched between 

Rubber sheets as Dielectric material at loading & 

unloading state 

 
Graph. 8 Capacitance Force for MLDA Array of Silicone 

Rubber Tubes (ID=5mm, OD=8mm) sandwiched between 

Rubber sheets as Dielectric material at loading & 

unloading state 

Observations show heavy hysteresis and no permanent 

change in capacitance. Non linearity and low resistance to 

compressive forces are observed. 

F2. Silicone Rubber Tubes (ID=3mm, OD=6mm) 

 
Fig. 18 MLDA Array of Silicone Rubber Tubes (ID=3mm, 

OD=6mm) sandwiched between Rubber sheets as 

Dielectric Material 

 
Table. 9 Capacitance Force for MLDA Array of Silicone 

Rubber Tubes (ID=3mm, OD=6mm) sandwiched between 

Rubber sheets as Dielectric material at loading & 

unloading state 

 
Graph. 9 Capacitance Force for MLDA Array of Silicone 

Rubber Tubes (ID=3mm, OD=6mm) sandwiched between 

Rubber sheets as Dielectric material at loading & 

unloading state 

Observations show no hysteresis and no permanent change 

in capacitance. Less non linearity and lower resistance to 

compressive forces are observed. 

IV. SIMULATION AND IMPLEMENTATION USING 

LABVIEW 

The varying frequency output equivalent to the varying 

capacitance of the sensor is fed to the PC through DAQ 

[10,11]. The Average Frequency sub VI consists of a Counter 

VI which gives the frequency value at an instance and 

Average Frequency VI which gives the average of the 

frequencies corresponding to the four capacitors of the 

sensor. The Reset VI resets all global and local variables 

before the initial running of all the VIs. Mode Selector is a 

Rocker switch which provides for the selection between 

Calibration mode and Measurement mode. Calibration mode 

consists of Data Acquisition VI which collects frequencies 

corresponding to known forces applied and Calibration VI 

finds the slope and y-intercept of the linearized curve between 

known forces and corresponding frequencies. Measurement 

mode allows finding the applied unknown force. 

V. CONCLUSION  

The capacitive sensor developed as part of the 

experimental setup was capable of detecting both applied 

vertical force and horizontal contact forces. It consisted of 

four capacitors printed on 

flexible rubber as the 

dielectric material. The 

changes in the capacitances 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 

ISSN: 2278-3075, Volume-8 Issue-8 June, 2019 

 

567 

 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  Retrieval Number: H6713068819 /19©BEIESP 

 

 

 
 

of the capacitor while forces were applied on the x,y,z axis 

was measured by displacement values. The sensor with 

Multiple Layers of Double Axes Array of Silicone Rubber 

Tubes (ID=3mm, OD=6mm) sandwiched between Silicone 

Rubber Sheets (thickness=3mm) as Dielectric measures the 

forces (0.0kgf to 1.0kgf) with an error range of -0.09kgf to 

+0.03kgf. The signal conditioning circuit can be implemented 

for monitoring more than one capacitive variation. The 

LabVIEW implementation with the capability of calibration 

can be implemented with any other sensors. 
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