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Abstract  

This research project presents the design and develop-

ment of a portable tensile testing apparatus intended for 

determining the tensile characteristics of polymer-grade 

tensile specimens. The project also highlights the ra-

tionale for using compact tensile testing machines as 

effective alternatives to conventional large-scale tensile 

testing systems currently employed in laboratories and 

industries. Tensile testing is a widely used experimental 

method for evaluating the mechanical properties of pol-

ymers, primarily to determine parameters such as ten-

sile strength and the maximum elongation before frac-

ture. The project is divided into two major phases: de-

sign and fabrication of the tensile testing machine. The 

mechanical design of the system is developed using UG 

NX software, following which the apparatus is fabricat-

ed and experimentally tested. The performance results 

obtained from the fabricated machine are analyzed to 

validate its functionality and effectiveness. 

Key Words: Portable tensile testing, 3D printing fila-
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Introduction  

A significant advancement in the field of materials test-

ing is the design and fabrication of a portable tensile 

testing apparatus for polymers, which enhances acces-

sibility and flexibility in evaluating polymeric materi-

als. The main objective of this project is to design a 

compact, efficient and cost-effective system capable of 

accurately determining key mechanical properties of 

polymer specimens, including yield strength, ultimate 

tensile strength, Young’s modulus, Poisson’s ratio, and 

other related characteristics. The proposed portable ten-

sile testing apparatus employs modern electromechani-

cal systems to apply controlled tensile loads to the spec-

imen while continuously measuring its  

 

 

deformation response, thereby generating precise 

stress–strain data. Unlike conventional large-scale ten-

sile testing machines, which are often unsuitable for 

field use, educational laboratories, research environ-

ments, and quality control applications, the portability 

of the proposed system enables on-site testing and real-

time analysis. This capability significantly improves 

testing efficiency and practicality. The implementation 

of this portable tensile testing machine is expected to 

enhance the speed, accuracy, and reliability of polymer 

property evaluation, facilitating improved material se-

lection, performance assessment, and failure analysis. 

Ultimately, the outcomes of this project contribute to 

the advancement of polymer engineering and its appli-

cations across various industries. 

Objectives  

The objective of this project is to design and develop a 

portable, compact, and cost-effective tensile testing ma-

chine for evaluating the mechanical properties of poly-

mer materials and 3D printing filaments. The system 

aims to accurately measure tensile characteristics such 

as tensile strength, Young’s modulus, yield strength, 

and percentage elongation under controlled loading 

conditions. By offering portability and ease of opera-

tion, the proposed machine serves as a practical alterna-

tive to conventional universal testing machines, ena-

bling on-site testing, research, and educational applica-

tions. The project also seeks to generate reliable stress–

strain data to support material characterization, perfor-

mance evaluation, and failure analysis, thereby contrib-

uting to improved material selection and advancement 

in polymer and additive manufacturing technologies. 
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Methodology 

 

 

Component used for fabrication 

1. Aluminum Profile 80x40 

2. Electric Linear actuator 

3. S-type Load cell 

4. Microcontroller-Arduino Mega 

5. HX711 (Load cell Driver) 

6. 3.5” TFT touch screen Display 

7. SMPS (Switch mode power supply) 

 

Fabricated Model 

 

Fig 1: Fabricated Model 

Wiring Diagram 

 

Fig 2: Wiring diagram Actuator to SMPS and DPDT 

switch 

 

Fig 3: Arduino to HX711 and Load cell 

 

Working principle. 

• The portable tensile testing machine works on the 

principle of applying a controlled uniaxial tensile 

load to a polymer specimen and measuring its me-

chanical response. 

• The test specimen is clamped between two grips, 

where one grip is fixed and the other is connected 

to a linear electric actuator. 

• The electric linear actuator provides uniform linear 

motion, gradually applying tensile force to the spec-

imen during the test. 

• An S-type load cell is mounted in series with the 

specimen to measure the applied tensile force. 

• As the specimen is stretched, the load cell deforms, 

causing a change in resistance of the strain gauges 

inside it. 

• The load cell generates a low-magnitude analog 

voltage signal proportional to the applied force. 

• The HX711 load cell amplifier amplifies this weak 

signal and converts it into a high-resolution digital 

output. 

• The Arduino Mega microcontroller receives the 

digital load data from the HX711 module. 

• The Arduino processes the data using calibration 

factors to determine the actual applied load. 

• Based on load and elongation values, stress and 

strain are calculated using standard equations. 

• The Arduino continuously records data to generate 

a stress–strain curve. 

• The test continues until the specimen fractures or 

reaches the preset load/displacement limit. 

• The measured data is displayed on a TFT/LCD 

screen or stored for further analysis. 
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Specimen used for testing 

Specimen taken as ASTM D638 type 1 

cross-sectional area of 41.66 mm2 

 

Result  

*Average Tensile load for PLA is 60 Mpa for 

Load = 2496 N 

 Equivalent load ≈ 255 kg 

 

Table 1 :Actual load obtained on at break point 

Material Type Infill Percent-

age 

Load at 

break point 

PLA 20 166 

PLA 25 175 

PLA 30 190 

 

Conclusion 

•A portable tensile testing machine suitable for 

testing 3D printed polymers and filaments was 

successfully designed and developed. 

•The system effectively measured the tensile load 

and strength of PLA specimens. 

•The calculated tensile load values confirm that the 

developed setup can handle typical polymer testing 

requirements. 

•The results demonstrate that the portable system 

provides reliable and repeatable measurements 

comparable to conventional tensile testing ma-

chines. 

•This portable tensile testing solution offers a cost-

effective, compact, and user-friendly alternative for 

material testing in educational, research, and small-

scale industrial applications. 
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