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Abstract— This paper presents a performance testing of the 

reciprocating pump to determine the working condition and 

analyzing the delivery and suction pressure which plays an 

important role in maintaining proper heads. Using 

conventional performance testing methods, efficiency and 

working of the pump are improved. Various performance test 

of pumps is available with different degrees of accuracy. 

Reciprocating pumps are used where flow is constant and 

high delivery pressures are required, so they are exposed to 

more risk of failure when changing the pressure by manually 

regulating a valve. Even a witnessed test will not be correct 

and have a tolerance on the accuracy due to the collective 

gauge inaccuracies and pressure fluctuations. As a result, 

various sensors are used to check the current performance of 

the equipment. Arduino Uno which is an open source 

microcontroller has been used due to its low cost.  In this 

study, the performance testing, which is easy to detect the 

defects if the pump is not operating as per the design 

requirements is carried out using G 1/4 Pressure Transducer. 

Data Acquisition is done with the help of the Arduino Uno 

board and a pressure transducer in a computer. The 

measurements were taken for the pump operating at a speed 

of 350 RPM. The main emphasis is laid to make the pumps 

designed to operate for longer times and to eliminate failures 

which result in downtime during operation in industries and 

even in households with improved safety. The obtained 

results were compared with the results obtained in 

conventional measurement technique to determine if any of 

the parameters is affecting the performance of the 

reciprocating pump. 
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I. INTRODUCTION 

In earlier days, everything including performance testing, 

prototyping and data storage were complex and expensive. 

Therefore, universities and research institutes began to 

develop a cost effective and alternative way to carry out the 

operations. Then a new open source device was developed in 

IVREA institute in Italy. A concept was developed by 

Massimo Banzi for free hardware and software where the 

hardware is a microprocessor based system which is available 

commercially in markets as do it yourself kits [1]. Arduino is 

an open source platform used for making microcontroller 

based do it yourself kits which enable us to build digital 

devices and communicating objects that senses and control 

the physical devices [2]. Arduino aims at providing a cost 

effective way for students, professionals or technical 

expertise to make a device on their own that can communicate 

and interact with sensors and actuators [3]. Arduino programs 

are written in any programming language that produces 

binary machine code. The analog to digital converters has a 

resolution of 10 bits which means it has about 1024 divisions 

in a reference voltage which is usually taken as 5 volts. The 

program is written with an IDE in Arduino which is termed 

as the sketch. This board is manufactured by several vendors 

based on various microcontrollers providing a set of digital 

and analog input/output pins that can be connected to various 

circuits. The communication occurs via USB on various 

models for uploading a problem to the programming Arduino 

IDE software [4]. Reciprocating pumps are the most common 

pumps used where a high delivery pressure is required and 

minimum quantity is handled, as in order to maintain the 

process they need a lot of pumps to carry out the process [5]. 

Performance testing of pumps has to be done periodically to 

avoid any damage to the equipment, as even the strength 

degradation of the pump can cause it vibrate more rapidly 

which can lead to the pressure drop and the pump not working 

in an efficient manner. The main reason behind such 

inefficient operation is due to gaps and misalignment in the 

assembly itself. A smart work in the testing can help in 

process monitoring for degradation of pumps and would also 

allow the maintenance personals to make a schedule for the 

checkup of pumps [6]. There are more benefits while using 

an open source Arduino software in term of aspects of 

reliability, modifying etc. These can be obtained easily 

downloaded on the internet [7]. These pumps mainly have a 

circular profile and have to be performance analyzed at a 

specific period of time as their flow is little. Even the shape 

play an important role in the performance of the pump. 

Maintenance cost can’t be increased for this small quantity of 

water being displaced [8]. Condition health monitoring 

results are poor when done using a Fourier-based analysis for 

vibration signals which affect the performance. It is difficult 

to obtain the results as it is diluted when data recording is 

done [9]. 

This project has been carried out to develop a new 

approach for performance testing of pumps by integrating 

sensors with data acquisition measurement hardware 

(Arduino), host computer and analysis of the output. This 

newly developed approach can be used for testing the pump 

at industries or even at households and also similar equipment 

or product by determining the parameters and their values that 

affect the performance of the equipment. Reciprocating 

pumps are widely used due to their ease of use and simple 

arrangement. In case of this pump, flow is constant but also 

varies with variation in pressure. Output flow will be 

decreased when system pressure will be increased.  

II. EXPERIMENTAL SETUP 

A. Reciprocating pump test Rig: 

This type of pump is a type of positive displacement pumps 

which has a piston inside it. These pumps, when maintained 

at a specific period of time, will work for a longer period but 

if they are left without a monitoring, it may show inefficiency 

due to wear and tear occurring in the pump.  They are often 
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used where a small amount of liquid has to be transported 

with a large delivery pressure. These are called positive 

displacement pumps because a fixed amount of water is 

trapped in the pumps. 

B. Arduino Board: 

Arduino Uno is the board that has been used in the 

performance monitoring of the reciprocating pump. Uno is 

the flagship board as it is the best-suited board for beginners. 

This microcontroller board has 14 digital input/output pins, 6 

analog inputs, a USB connector to connect the board to the 

computer. It works on DC supply of +5V. 

C. Arduino Software: 

It is an open sourced software which can be downloaded 

easily. This is an integrated development environment (IDE) 

which is an application written in the programming language 

Java. Here the software used also supports C and C++. It is 

easy and helpful in getting data from the sensors as the code 

is easy to be written and dumped in a board.  

The code that has been written for the measurement 

of the delivery pressure is: 

void setup()  

{ 

 Serial.begin(9600); 

} 

void loop()  

{ 

 

int sensorVal = analogRead(A1); 

Serial.print("Sensor Value: "); 

Serial.print(sensorVal); 

float voltage = (sensorVal*5.0)/1024.0; 

Serial.print("Volts: "); 

Serial.print(voltage); 

 

float pressure_bar = (3.0*((float)voltage-0.50)); 

 

Serial.print("Pressure = "); 

Serial.print(pressure_bar);  

Serial.println(" bars"); 

 

delay(1000); 

 

} 

 
Fig. 1: Setup for Arduino connected with a computer and a 

reciprocating pump test rig 

D. Pressure Transducer: 

The sensor used here is a Generic G1/4 pressure transducer 

which has the capacity to sense 0-1.2 MPa which is shown in 

Fig. 2. Its working voltage is 5VDC and has an output voltage 

in the range of 0.5-4.5 VDC. It is cheap and has a greater 

accuracy which is more reliable in taking measurements. 

Here the sensor measures an absolute pressure. 

 
Fig. 2: G 1/4 Pressure Transducer 

III. RESULTS & DISCUSSION  

A. Calibration of pressure sensor: 

The pressure sensor is first calibrated to check whether the 

specifications provided by the manufacturer or the 

information provided in the datasheet is true with the sensor 

we are using to measure the pressure. Here the sensor is 

calibrated with Level and Flow control setup as shown in Fig. 

2. As the pressure goes on increasing the output voltage will 

also increase proportionally. The pressure sensor works 

perfectly as per the values mentioned in a product 

specification. Fig. 3. Shows calibration of the sensor at 0 

pressure and it shows 0.500V. It also gives the proportionate 

values for different pressures and it matches with the sensor 

specifications. It shows a maximum of 4.48V for 1.2 MPa. 

The accuracy of the sensor is found out to be ±0.02V. 

 
(a) 
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(b) 

Fig. 3: Calibration of sensor (a) apparatus used to calibrate 

sensor (level and flow control), (b) Multimeter showing 

0.5V for 0 absolute pressure 

B. Delivery Pressure Measurement: 

As delivery pressure is the most important factor that affects 

the working of the reciprocating pumps, it has been measured 

for the condition monitoring of the pump test rig. The 

physical phenomenon i.e. pressure is sensed by the pressure 

transducer which gives the output in millivolts (mV). These 

signals are processed by an amplifier in a pressure transmitter 

to give the output in Volts. 

 
(a) 

 
(b) 

 
(c) 

Fig. 4: Measurement of delivery pressure at (1 kg/cm2 = 

0.98 bars)  (a) pump operating at a speed of 350 RPM, (b) 

delivery pressure output in serial monitor of Arduino 

software and (c) Suction pressure of 120 mm of Hg 

The Arduino board senses the volts within the 

specified range and gives the output corresponding to it in the 

form of pressure. The Arduino software shows the output in 

serial monitor window as: 

Sensor Value: 170 Volts: 0.83, Pressure: 1.05 bars 

SI 

No. 

Speed 

in RPM 

Delivery 

Pressure "P" 

in kg/cm2 

Suction 

Pressure "Pv" 

in mm of Hg 

Head 

in m 

1 350 1 120 11.53 

2 350 2 100 21.27 

3 350 3 70 31.62 

4 350 4 50 41.53 

Table 1: Head For Corresponding Delivery And Suction 

Pressure 

 
Fig. 5: Graph for Suction Pressure and Head in Y-axis 

against the delivery Pressure plotted in X-axis for a pump 

operating at a speed of 350 rpm 

(Note: The units for the variables plotted in Y-axis are 

different) 

The output from the sensor is imported in the 

available Windows Excel file in our computer to interpret the 

results in a graphical manner. The obtained values of delivery 

and suction pressure can be used to calculate the head by the 

below-mentioned formula. 
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where, H=head, P=Delivery Pressure in kg/cm2,             

Pv=Suction Pressure in mm of Hg. 
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The obtained voltage reading has to be checked with 

the datasheet provided by the manufacturer at the newly 

manufactured condition or optimum working conditions and 

the reading matches with that reading given by the 

manufacturer. The corresponding values of suction pressure 

for 2, 3 and 4 kg/cm2 was found to be 100, 70 and 50mm of 

Hg respectively. The data obtained imported to an Excel file 

and charts are plotted for the corresponding values of suction 

pressure and head for the delivery pressure which is varied 

manually. The values obtained by this method matches with 

the value obtained in conventional measurement.  

IV. CONCLUSION 

With the help of virtual instrument technology, performance 

testing of the reciprocating pump was carried out. The pump 

was showing good signs in running condition and from this 

study, it is known that performance testing could be easily 

done with the cost effective Arduino hardware and software 

interfaced with a sensor and a computer. Data acquisition is 

done quickly and also analyzed the data provided by the 

manufacturer. Hence, a satisfactory result is obtained using 

this data acquisition technique. Though some conventional 

measuring instruments are available in today’s market, it 

would add burden at the customer end regarding price. 

Moreover, this data acquisition technique is cheap and would 

be used to condition monitor the pump as on when required 

or when the operator feels that pump is not efficient in 

providing the desired output and the fault could be easily 

determined. As a result, Arduino is becoming the most 

reliable data acquisition hardware and its application would 

increase in the near future. 

V. FUTURE ENHANCEMENT 

In this study, measurement of delivery pressure was done 

successfully. Further, two more terminals of sensors are to be 

added to determine the suction pressure and the flow rate to 

completely automate the pump and to make performance test 

on its own without relying on gauges and spending a lot of 

time to note the readings. 
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