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For years material science testing has been integrated within 

colleges and research facilities, rather than in high schools due to the 

expense of equipment used within those courses at the colleges and by 

technicians in the research facilities. There have been affordable 

machines put out by companies such as Vernier with their Structures 

and Materials Tester (VSMT), which was released around 2014 

allowing teachers to educate their students in materials science field. 

The VSMT was mostly used in place of not having access to a more 

expensive machine such as the Instron 3340, which was released 

around 2010. The main difference between these two machines other 

than price was automation, with the Instron being fully automatic after 

the setup and press of a button, while the VSMT requires constant 

interaction. The main problem with the constant interaction was the 

type of interaction required, force was being applied using a hand 

crank at the base of the machine, meaning that error could be caused 

from just a slight alteration of the speed at which the crank was being 

turned. These sources of error, would end up leaving a large gap in the 

quality of results between the two machines, meaning although it was 

a cheaper alternative it did not provide as much of an educational 

opportunity that the Instron did. An initial solution was to apply a 

motor to the side of the VSMT, however that still left room for human 

error as well as room for improvement towards automation. The 

purpose of this project is to replicate the automation of the Instron 

3340 using the VSMT as well as an Arduino Mega, custom Printed 

Circuit Board, and a MDD10A H-Bridge (Cytron, 2013).

Unfortunately due to schools closing, tests were not able to be conducted. 

However the PCB layout was completed as well as the model for the electronic 

box. Though they were not able to be produced due to the inability to access 

the needed machines. The PCB was theoretically capable of passing the data 

gathered from the VSMT into the Arduino and passing the data off to a 

LabQuest in order to enable the auto-collect feature within LoggerPro to 

produce a graph of the data. 
Figure 3: 

Diagram of 

PCB from 

Autodesk Eagle 

with Top traces 

in red and 

bottom traces in 

blue.

The box was designed to be made of acrylic and connected to the 

sides of the VSMT using four bolts that screwed into corresponding t-

slot fasteners. The box would enclose the Arduino Mega, the PCB, and 

the H-bridge. Both the enclosure and the PCB were unable to be 

fabricated and tested. The original design of the box would have the

sides glued in place and the top held 

with a captive nut design. Comparisons 

would have been made in the amount 

of time to test a certain amount of 

specimens, as well as a cost per 

machine. The accuracy and precision 

of the data obtained would also be 

compared to determine if the VSMT 

was a cost-effective alternative to the 

Instron.

Figure 4: A render of the acrylic box encasing 

the Arduino, PCB, and H-Bridge, with the start 

and stop buttons on the front, as well as a switch 

for the jog direction. 

The box to hold electrical 

components was modeled 

within Fusion 360, which 

included a custom printed 

circuit board (PCB) that 

was created within 

Autodesk Eagle. The box 

was laid out with a deep 

back wall in order to hold 

all three components 

stacked on top of each other 

to save space. As seen in the 

code to the left, the buttons 

on the front of the box in 

Figure 4 trigger the motor 

to move, start the test and if 

needed, and emergency 

stop.

Figure 2: A flowchart showing the procedure the 

Arduino code takes.

For automation to be achieved, a connection had to be made 

between the motor and the Arduino. That was achieved by using an 

MDD10A which is a dual voltage motor driver, also referred to as an 

H-Bridge, that also allowed for a finer control of the motor than using 

a basic power supply. The connection from the Arduino to the H-

Bridge was one of the first steps 

alongside creating the Arduino code 

in order to establish control over the 

H-Bridge. Previously a motor mount 

had been created as well as gears in 

order to drive the test head as seen 

within Figure 1. The motor mount 

was made in Fusion 360 and printed 

on a FlashForge Dreamer out of 

Polylactic Acid (PLA) Plastic. 

This project was intended to create an affordable alternative 

machine to allow for teachers to introduce their students to material 

science studies without having to buy an industrial grade piece of 

equipment. The project was unfortunately not able to be completed due 

to the global pandemic, however progress was made to the point where 

it could be taken and completed in the future. There is also room to 

create a better mount for the motor, as well as a better encasement 

method for the electronics. With no published prior designs that 

automate the VSMT, there is room for this design to be improved by 

other innovators who may take this project further and make it a more 

easily accessible product for others in the future.
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Figure 1: The printed motor mount on the VSMT with the driving gears attached.
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