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Tensile testing is a fundamental method for understanding the mechanical properties of materials. 
In this study, a low-cost tensile testing setup was developed. The design aims to provide a practical and 
economical solution for educational institutions and small-scale research projects. The developed system is 
built from locally available components and is based on simple mechanical principles. Using force sensors 
and linear motion mechanisms, the tensile strength and elongation properties of the specimens were 
successfully measured. The experimental results showed that the system works with high precision and 
successfully measured important properties of the tested materials such as tensile strength. Compared to 
commercial devices, this setup provides a substantial cost advantage while maintaining acceptable levels 
of accuracy. As a result, this setup, which stands out as a low-cost and practical alternative, is considered 
to be especially suitable for use in educational laboratories and small-scale projects. 
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Tensile testing is one of the most widely used methods for evaluating the mechanical properties of 
materials. It provides essential information such as tensile strength, elongation, and modulus of elasticity, 
which are critical for material selection and engineering design. Despite its importance, commercial tensile 
testing machines are often expensive, making them inaccessible to many educational institutions and small-
scale research facilities[1]. 
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The need for affordable and practical solutions has become increasingly evident, particularly for 
academic laboratories where cost constraints often limit the availability of advanced testing equipment. 
Low-cost testing setups Load cells designed with locally sourced components, present an opportunity to 
bridge this gap while maintaining acceptable levels of accuracy and reliability[2,3]. This study focuses on 
the development of an inexpensive tensile test machine tailored to meet the needs of educational and small-
scale research applications. The proposed system combines simplicity in design with cost-efficiency, using 
readily available materials and straightforward mechanical principles. By integrating force sensors and a 
linear motion mechanism, the setup is capable of measuring the tensile properties of materials with a high 
degree of precision[4-6]. 

 
In the following sections, the design, fabrication, and performance evaluation of the developed 

tensile test machine are presented. The results demonstrate the viability of this system as a cost-effective 
alternative to commercial devices, particularly in environments with limited financial resources[7-9]. Load 
cells are widely used to measure forces in various applications, including weighing scales, where the strain 
of the load cell determines an object's weight. A load cell typically consists of a counterforce and force 
transducers, such as strain gauges, which convert force into an electrical signal. These transducers are 
commonly arranged in a Wheatstone bridge configuration for precision. In industrial applications such as 
checkweighers, load cells play a critical role, as these applications demand high-speed and accurate 
measurements [10–13]. This study focuses on developing a 3D force transducer and a real-time force 
measurement system tailored for agricultural machinery. The system is designed to monitor force variations 
at the three-point linkage of tractors, enabling real-time data transmission via USB communication. Key 
design considerations include real-time and graphical data visualization, robustness, linear output, dynamic 
calibration, and high accuracy. Figure 1 illustrates the developed transducers and the accompanying 
electronics. This system provides an efficient solution for monitoring force dynamics in agricultural 
operations [14-16,19]. 

 

 
 

Figure 1: The Developed Tensile Test System. A: LoadCell, B: Linear Rail Guide, C: Motor.  
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A. Mechanics 

Due to their affordability and precision, load cells are extensively used in industrial instrumentation 
[17,18]. Strain gauge load cells, a common type for force or load measurement, offer accuracy levels 
ranging from 0.03% to 1%. In this study, strain gauge-based load cells are employed as force transducers. 
The mechanical structure of these transducers, designed specifically for detecting three-dimensional force 
variations, is depicted in Figure 2. These custom-designed 3D force transducers enable precise measurement 
of forces in multiple directions.  

 

 
Figure 2: Tensile Mechanism. 

 

 
Figure 3. General Structure of the System. 

The mechanical design criteria for the 3D force transducer used in the load cells are outlined in Figure 
5. 

 

2. MATERIAL AND METHOD 
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Figure 4: Force Equilibrium of the Load cells. 

 
B. Electronics 

A 3D force measurement system was designed to monitor forces acting on a three-point linkage using 
load cells. The system comprises three load cells, a microcontroller unit (MCU), an analog-to-digital 
converter (ADC), an USB interface, and a computer. Strain gauges were integrated into the load cells to 
detect force variations, and a Wheatstone bridge configuration was employed for signal conditioning. The 
analog voltage signals generated by the bridges were digitized using a 24-bit ADC. The processed digital 
data was transmitted to the computer via RF communication, where it was graphically displayed in real-
time. The system's block diagram is illustrated in Figure 6. 

 

 
Figure 5. Block Diagram of the Measurement System. 

 
In this system, regulated DC power supplies were used to provide power to the Wheatstone bridges on 

each load cell. Each load cell was independently powered using a dedicated power unit. The analog signals 
generated by the bridges were captured using 24-bit ADCs, which converted the signals into digital data. 
This digital data was then transmitted to the microcontroller through serial communication. The 
microcontroller sent the processed information via an USB interface, while the receiver unit forwarded the 
data to the computer through a USB connection. 

 
To minimize noise in the load cells, a regulated DC power supply was used to power the Wheatstone 

bridges. Additionally, cable shielding was grounded to further reduce interference, as illustrated in Figure 
7. 
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Figure 6. Shield Grounding for Noise Reduction. 
 

The system incorporates full bridge strain gauges, as shown in Figure 8, on the load cells for thermal 
compensation. A 5V excitation voltage is used to power the bridges, and the strain gauges have a resistance 
of 120Ω. 

 
 Figure 7. LoadCell Layout. 

 
The electronic system processes force data from the load cells and transmits it to a computer. This 

measurement setup supports remote data collection using RF signals, with a robust USB interface ensuring 
reliable communication between field and remote units. A custom-designed interface developed using C++ 
software is utilized for real-time data analysis and visualization. The user interface allows interactive 
monitoring of factors such as offset, force variations, and graphical outputs for each transducer. A 
microcontroller (MCU) handles data acquisition, while an analog-to-digital converter (ADC) converts 
analog force signals into digital values. The USB interface is connected to the computer via a USB interface 
for seamless data transfer. 
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Figure 8: Electronical Parts of the System. A: USB Interface, B: MCU, C: MCU Motor Driver Connection Terminal. 
 

 
 

Prior to the development of the electronic system and mechanical design, theoretical calculations were 
conducted to determine the upper and lower limits of the measurement system, ensuring the desired 
measurement range and step response. Based on these calculations, key characteristics of the mechanical 
transducer and electronic system were identified to guide the development process. During the design phase, 
theoretical evaluations were performed specifically for a full-bridge strain gauge load cell. The outcomes 
of these calculations are presented in Table 1, which illustrates the expected voltage output corresponding 
to both minimum and maximum load conditions. 

 
PS Series Load cell model was used that manufactured by Pulse Electronic [20] for calibrating the 

designed 3D force transducers. Table 1 is based on the capacity and output signal of the load cell with a 
load capacity of 20 Kg. For basic calculations the maximum Capacity (Emax) 20 kg, output signal 2 mV/V, 
excitation voltage 10 V are used. The output voltage was calculated as follows: 

 

𝑉𝑉𝑂𝑂𝑂𝑂𝑂𝑂 = 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑥𝑥 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉 𝑥𝑥 
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 

𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 

 
 

 
 
 
 
 
 
 

3. RESULTS 
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Table 1: Applied Force versus Tension & Compression. 
 

Force (kg) Output Voltage 10V (mV) Output Voltage 12V (mV) Amplified Voltage (mV) 
0.00 0.00 0.00 0.00 
2.86 2.86 3.43 438.86 
5.71 5.71 6.86 877.71 
8.57 8.57 10.29 1316.57 

11.43 11.43 13.71 1755.43 
14.29 14.29 17.14 2194.29 
17.14 17.14 20.57 2633.14 
20.00 20.00 24.00 3072.00 

 
 
 

 
Figure 9. Force as a Function of Voltage. (12V). 

 
 
 

 
Figure 10. Force as a Function of Voltage (Amplified Voltage). 
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Table 1, Figure 9, and Figure 10 illustrate the linear relationship between load (force) and voltage 

in the context of a towing test rig. The load cell used in the towing test rig measures the force applied on it 
and converts this force into a low-voltage electrical signal. The table shows the output signals from the load 
cell under a 12V supply voltage and their amplification by an amplifier. For example, if the load cell has 
an output capability of 2 mV/V, it produces an output proportional to the applied load, and this signal is 
amplified to a readable level (e.g., 3072 mV) with an amplifier. Figure 9 visualizes how the output voltage 
varies with force under a 12V supply, while Figure 10 shows the amplified voltage. Both figures confirm 
the linear increase between voltage and load, demonstrating the accuracy of the calibration of the system 
and the linear performance of the load cell. With this data, the tensile test rig enables precise and reliable 
measurements when testing the tensile strength or elastic behavior of a material. This connection between 
voltage and force represents the basic operating principle of the setup used in materials testing. 
According to the results obtained, when compared with the traditional methods in the literature, the 
following results were revealed in Table 2: 
 
Table 2: Comparison of the Designed System with Traditional Systems. 

 
 

Comparison Criteria 
Traditional Tensile Testing 

Machines   
 

Developed Low-Cost 
Tensile Testing 

Machine  
 

Cost  
 

High; expensive and designed for 
industrial and commercial use. 

Low; built using locally 
available and cost-
effective components. 

Accuracy & 
Performance  

 

High precision, wide measurement 
range, and compliant with industry 
standards. 

Provides acceptable 
accuracy with a linear 
force-voltage 
relationship. 

Application Area  
 

Suitable for large laboratories, 
industrial research, and extensive 
material testing. 

Ideal for educational 
institutions and small-
scale research projects. 

Technical Hardware  
 

Equipped with high-resolution 
sensors, powerful servo motors, 
and specialized software. 

Uses a microcontroller 
(MCU), ADC, and load 
cells in a simple design. 

Data Collection & 
Processing  
  

 

Automated reporting and 
advanced data analysis using 
specialized software. 

Data transmission via 
RF and USB; real-time 
analysis using a C++-
based interface.  

 

Measurement Capacity  
 

Capable of high-capacity and 
large-scale testing.  

 

Limited capacity, 
suitable for small-scale 
tests.  

 

User-Friendliness  
 

Often requires expertise to 
operate, with complex user 
interfaces.  

 

Simple and easy to use, 
making it suitable for 
educational purposes.  

 

Calibration & 
Maintenance  

 

Requires regular maintenance and 
calibration, which can be costly.  

 

Requires minimal 
maintenance and offers 
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simpler, cost-effective 
calibration. 
 

Motion & Mechanism 
 

Uses precision lead screws and 
powerful motors for high 
accuracy.  

 

Operates with linear rail 
guides and low-cost 
motors.  

 

 
Due to limited facilities, we were unable to conduct direct comparisons of test samples. However, 

we compared the results of our study with those reported in the literature by analyzing force and 
measurement outputs. 
 

 
 

In this study, a low-cost and effective tensile testing machine was developed, providing accessible and 
reliable solutions for material testing. The tensile testing machine produces consistent stress-strain curves, 
accurately capturing material properties such as yield strength, tensile strength, and elongation. While it 
lacks certain advanced features found in commercial machines, its performance is comparable to higher-
cost alternatives, making it an ideal solution for educational institutions and research settings with limited 
budgets. Additionally, the results demonstrated the system’s ability to deliver dependable data, as evidenced 
by the linear force-voltage relationship observed in the calibration and testing phases. This relationship, 
visualized in the Voltage-Force graph, highlights the precise output of the system, with force measurements 
extending linearly up to 20 kg and amplified voltage outputs aligning with expected performance. 

The force measurement system further enhances the setup, offering accurate three-dimensional force 
measurements and the ability to collect data remotely over distances up to 5 km. Its graphical interface, 
developed specifically for this project, enables real-time monitoring and analysis of field data. These 
features, combined with the affordability and reliability of the tensile testing machine, showcase that 
effective material testing and force measurement systems can be developed without the prohibitive costs 
typically associated with commercial alternatives. This study demonstrates that accessible and cost-
effective tools can enhance educational and research opportunities in material science, bridging the gap 
between resource constraints and the need for precise, repeatable data. 

 
 

 
 

1. J. Zhong, M. Yang, X. He, K. Guan, B. Yu, 

and Z. He, “Improved approaches for small 

punch test to estimate the yield and ultimate 

tensile strength of metallic materials,” Journal 

of Nuclear Materials, vol. 604, p. 155490, 

Jan. 2025, doi: 

10.1016/j.jnucmat.2024.155490. 

2. Z. Tao et al., “Effects of specimen thickness 

and fiber length on tensile and cracking 

behavior of UHPFRC: Uniaxial tensile test 

and micromechanical modeling,” Cem Concr 

Compos, vol. 155, p. 105828, Jan. 2025, doi: 

10.1016/j.cemconcomp.2024.105828. 

 

4. CONCLUSION 

 REFERENCES 



 Natural & Applied Sciences Journal Vol. 8 (1) 2025 42 
 

3. M. Sarkar and A. Basu, “Evaluation of ring 

test with reference to deformation rate and 

specimen geometry in assessing the tensile 

behaviors of granite,” International Journal of 

Rock Mechanics and Mining Sciences, vol. 

185, p. 105973, Jan. 2025, doi: 

10.1016/j.ijrmms.2024.105973. 

4. Y. Wu et al., “A universal direct tensile testing 

method for measuring the tensile strength of 

rocks,” Int J Min Sci Technol, Nov. 2024, doi: 

10.1016/j.ijmst.2024.09.009. 

5. C. Bambhaniya, J. T. Chavda, and J. B. Patel, 

“Observations on tensile testing of intact and 

slitted geotextiles through image analysis,” 

Geosynth Int, vol. 31, no. 5, pp. 773–784, Oct. 

2024, doi: 10.1680/jgein.23.00113. 

6. S. Guo, Y. Ding, X. Zhang, P. Xu, J. Bao, and 

C. Zou, “Tensile properties of steel fiber 

reinforced recycled concrete under bending 

and uniaxial tensile tests,” Journal of Building 

Engineering, vol. 96, p. 110467, Nov. 2024, 

doi: 10.1016/j.jobe.2024.110467. 

7. Y. Wang, P. Qiao, J. Sun, A. Chen, D. Yuan, 

and Y. Wang, “Influence of surface treatments 

and test methods on tensile strength of 

UHPC-NC interface bond,” Constr Build 

Mater, vol. 456, p. 139051, Dec. 2024, doi: 

10.1016/j.conbuildmat.2024.139051. 

8. Ê. H. Pires, J. V. Barreto Netto, and M. L. 

Ribeiro, “Raw dataset of tensile tests in a 3D-

printed nylon reinforced with oriented short 

carbon fibers,” Data Brief, vol. 57, p. 111149, 

Dec. 2024, doi: 10.1016/j.dib.2024.111149. 

9. Y. Shi, H. Xue, F. Tang, F. Si, and Y. Hu, 

“Effect of alloying element segregation on 

theoretical strength and structural low-energy 

transition of Ni grain boundaries: A first-

principles computational tensile test study,” 

Mater Today Commun, vol. 41, p. 110739, 

Dec. 2024, doi: 

10.1016/j.mtcomm.2024.110739. 

10. Y.-C. Lai, M.-H. Lee, and Y.-S. Tai, 

“Evaluating the impact of specimen and 

punch sizes on the tensile strength of UHPC 

through double punch testing,” Constr Build 

Mater, vol. 449, p. 138060, Oct. 2024, doi: 

10.1016/j.conbuildmat.2024.138060. 

11. S. I. A. Jalali, M. S. Patullo, N. Philips, and K. 

J. Hemker, “Capturing the ultrahigh 

temperature response of materials with sub-

scale tensile testing,” Materials Today, vol. 

80, pp. 87–100, Nov. 2024, doi: 

10.1016/j.mattod.2024.08.007. 

12. L. Meng et al., “Deformation behavior and 

fracture mechanisms of 430 ferritic stainless 

steel after dual-phase zone annealing via 

quasi in-situ tensile testing,” Materials 

Science and Engineering: A, vol. 920, p. 

147561, Jan. 2025, doi: 

10.1016/j.msea.2024.147561. 

13. S. Lam et al., “Length scale effects of micro- 

and meso-scale tensile tests of unirradiated 

and irradiated Zircaloy-4 cladding,” Journal 

of Nuclear Materials, vol. 604, p. 155469, 

Jan. 2025, doi: 

10.1016/j.jnucmat.2024.155469. 



 Natural & Applied Sciences Journal Vol. 8 (1) 2025 43 
 

14. Y. Hattori et al., “Biomechanical tensile test 

for capsule repair comparing suturing 

methods including interrupted, continuous, 

and barbed sutures,” Clinical Biomechanics, 

vol. 120, p. 106371, Dec. 2024, doi: 

10.1016/j.clinbiomech.2024.106371. 

15. A. Berriot, M. Evin, K. Kerkouche, E. 

Laroche, E. Gerard, and E. Wagnac, 

“Exploring the effect of displacement rate on 

the mechanical properties of denticulate 

ligaments through uniaxial tensile testing,” J 

Mech Behav Biomed Mater, vol. 162, p. 

106824, Feb. 2025, doi: 

10.1016/j.jmbbm.2024.106824. 

16. H. Yamamoto et al., “Phonon transports in 

single-walled carbon nanotube films with 

different structures determined by tensile tests 

and thermal conductivity measurements,” 

Carbon Trends, p. 100435, Dec. 2024, doi: 

10.1016/j.cartre.2024.100435. 

17. S. Liu, B. Liu, X. Li, H. Zuo, W. Bao, and C. 

Gu, “Design and performance of a triaxial 

load cell for conical picks,” Measurement, 

vol. 238, p. 115362, Oct. 2024, doi: 

10.1016/j.measurement.2024.115362. 

18. H. Jahn, T. Fröhlich, and L. Zentner, 

“Development of an analytical model and 

method for analyzing deformation in planar 

load cells,” Mech Mach Theory, vol. 203, p. 

105812, Nov. 2024, doi: 

10.1016/j.mechmachtheory.2024.105812. 

 

19.   İ.  Böğrekci Et Al. , "Development of Load Cell 

and Real-Time Force   Measurement System,"  

Welmo 2017 , İzmir, Turkey, pp.13-18. 2017.             

20.  Pulse Electronic (2024). PS Serisi Yük Hücresi 

(Load Cell). Çevrimiçi 

https://www.puls.com.tr/urun/load-cell-yuk-

hucresi/ps-serisi-yuk-hucresi-load-cell/21  

 


