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INTRODUCTION
• Scientific concepts, particularly those related to chemistry and material 

properties, can be difficult for students to grasp

• Density is one of the most fundamental material properties to understand 

• Hands-on experiments and measurements can make it easier to master difficult 
scientific concepts and their calculation
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• A density meter has been 
designed using the tools of 
mechatronics to serve as an 
educational tool to measure:

• Mass

• Volume

• Density

of both liquids and solids
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SENSORS – FORCE SENSOR
• A Tekscan FlexiForce® sensor was chosen to measure the 

force exerted by the mass of an object

• A201-25 measures between 0 – 25 lbs 

• The sensitive area of the FlexiForce® sensor is composed 
of two adjacent films of conductive polymer

• When a force is applied they come in contact, reducing 
the resistance

•  the FlexiForce® therefore acts as a variable resistor

• with no load, the sensor has a resistance of > 5 MΩ

• A maximum load (25 lbs) decreases the resistance to 
approximately 5 kΩ

• The FlexiForce® sensor is interfaced to the BS2 through an 
RC circuit
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FLEXIFORCE® SENSOR CALIBRATION
• It was necessary to calibrate the FlexiForce® sensor in order to obtain useful 

information to determine the mass 

• RCTime command was used to determine the resistance of the FlexiForce®:

• Precise volumes of water (density = 1 g/ml) were used to calibrate the 
FlexiForce® sensor
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CRRCTime  635
R = resistance (kΩ)
C = capacitance (0.01 µF)
RCTime = units of 635 ms

Resistance is non-linearly related to mass
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FLEXIFORCE® SENSOR CALIBRATION
• Resistance is exponentially related to mass

• Linearization of resistance was performed according to: 

• The force sensor was determined to have an average error of 7.33 %
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SENSORS – ULTRASONIC SENSOR

• A PING)))™ ultrasonic sensor is used to measure liquid level

• Emits a 40 kHz tone and measures the time it takes to receive an echo from 
an object

• Range of 2 cm – 3.3 m

• Distance is correlated to travel time of the signal:
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2
tcD 



D = distance (cm)
c = speed of sound in air 
at 22 °C (34480 cm/s)
t = time (s)

Divided by 2 to account for 
round trip of signal
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LIQUID CRYSTAL DISPLAY
• A Parallax 2x16 serial liquid crystal display (LCD) component is used as a user 

interface

• Displays instructions and measurement results obtained
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DENSITY METER SPECIFICATIONS
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• Plexiglas was used to construct the 
housing for the density meter

• Assembled with glue

• Overall measurements are: 

20 x 20 x 40 cm

• For measuring solids:

• volume < 600 ml, dimensions < 
10 cm

• For measuring liquids, 

• 200 ml < volume < 1 l

• Voltage: 4 x 1.5 V batteries

• Accuracy of approximately 10 %
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CIRCUITRY
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• Servo motor connected to 
Vdd, Vss, and pin 11 

• PING)))™ sensor 
connected to Vdd, Vss, and 
pin 15

• FlexiForce® sensor 
connected to Vss and pin 7 

• LCD connected to Vdd, Vss, 
and pin 14 

• 2 SPST normally-off 
buttons connected to pins 0 
and 1

• Servo motor, ultrasonic 
sensor, force sensor, and 
LCD all interfaced via 3-pin 
connections
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PBASIC PROGRAM
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PBASIC PROGRAM
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PBASIC PROGRAM
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PBASIC PROGRAM
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RESULTS

Material

Actual Experimental

% 

errorMass (g)

Volume 

(ml)

Density 

(g/ml) Mass (g)

Volume 

(ml)

Density 

(g/ml)

Water 750 750 1.0 582 706 0.8 17.6

500 g weight 500 110 4.5 482 109 4.4 2.7

Average % error = 10.1
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• Water, methanol, and several solid samples were measured

• Water had an error of 17.6 %, while a standard weight of 500 g had an error of 
2.7 %

• Average error of approximately 10 % was obtained

• Factors contributing to error include: 
1. Error from FlexiForce® and PING)))™ sensors 
2. Limitations of PBASIC program in calculations
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THANK YOU
FOR YOUR ATTENTION! 
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DENSITY METER OPERATION - SOLID
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DENSITY METER OPERATION - LIQUID
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