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Engineering Report: Load Machine 
  

Executive Summary: 
This paper discusses the details behind creating a load machine for the client: Gillette 

Corporation. The intention behind this machine is to test the endurance of aluminum material 
through the use of cyclical load. The client’s constraints were taken into consideration before 
creating an objective and metrics tree that helped kickstart the project. Through brainstorming, 
the team was able to construct a functional analysis tree and thereby select an appropriate design 
that fulfills the objectives. Upon selecting the design, each member contributed to sketching 
different models and the most effective was selected. The following paper explores the process 
of creating the load machine as well as discusses the limitations of the project. 
 
Introduction: 

Gillette Corporation needed a way to test the endurance of newly developed aluminum 
materials through a brute force method. Gillette has been developing and testing new types of 
razor blade materials and needed to understand their endurance before moving on to the next 
stage of development. For this reason a load machine prototype was developed to accomplish 
their goal.  
 
Problem Statement: 

Endurance of aluminum materials must be tested using a cyclical load. These pieces of 
aluminum range from the about 3 x 0.5cm to 14 x 7cm. 

Objectives and Metrics: See Figure 1 

(Figure 1) 

Objectives Metrics 

Test endurance of aluminum Count number of repetitions before failure 

Check for permanent bending Permanent deformation is achieved:  
Machine stops 

Safe machine Can’t injure yourself.  

Test different size/thickness of metals Mounting fixture can accommodate 
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Design Alternatives Considered: 

Many design concepts were considered. A full list of options can be seen in the Function 
Means Tree in Figure 2.  
 
(Figure 2) 

 
Another consideration when deciding on our design was building a machine that 

accomplished our needs. To understand which design accomplished all of our objectives an 
Object Tree was used as seen in Figure 3. 
 
(Figure 3) 
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Basis for Design Selection: 

A cyclical load machine was ultimately decided on, powered by a CIM rotational motor. 
This rotational motion would be converted to linear motion and perform a piston like motion. To 
control this motor and count the number of times it hit the piece of metal, an arduino was used. 
Our first design selection can be seen in Figure 4. 
 
(Figure 4) 

 
 

Linear motion was used to hit the aluminum material because it allowed for the most 
control over where it hit. This control was important for our design, because in order to test the 
material accurately it needed to hit the same position every cycle. 
 

The frame of the Load Machine was constructed out of 80/20 aluminum with dimensions 
of 20” x 20” x 20”. 80/20 aluminum was decided on due to the fact that it was easy to build a 
prototype with and structurally sound for our purposes. The dimensions were chosen both for 
aesthetics and functionality. The cube design is aesthetically pleasing and the volume of the box 
allows all of the  components necessary to run it to be contained within the machine itself. 

 
Three constraints also restricted the design selection. These constraints were that the 

machine be sub $400, safe, and be able to test metal materials ranging from  3 X 0.5cm to 14 X 
7cm. 
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The Design: 
            Electrical: 

Hit Counter 
● Powered by the Arduino is a button. This button is attached next to the rotational 

component of our piston and get hit every rotation the motor takes. This button 
acts as a rotation counter. This also represents the number of times the aluminum 
material is hit since each rotation is equal to one hit of the aluminum. The number 
of hits is recorded on the Arduino IDE’s console. See Figure 5 and Figure 6 
 
        (Figure 5)                  (Figure 6) 

 
 
Motor Control 

● The motor has been set up to be controlled by the Arduino. A Victor SP Speed 
Controller was used to connect the CIM motor to the Arduino. From there, the 
motor was set by the Arduino. This setting cannot be changed by the user, it can 
only be changed by altering the Arduino code. The circuitry for the Arduino-CIM 
motor setup can be seen in Figure 7. The connection from the Victor SP to the 
Arduino can be seen in Figure 8. One analog pin was used for programming the 
speed of the motor and the black wire end goes to ground. The current to power 
the motor comes from the DC Power Supply seen in the bottom of the box. The 
Victor SP also connects to the back of the Power Supply. See Figure 9 for a 
diagram of the Victor SP. The red and black wires go to our Power Supply. 
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(Figure 7) (Figure 8) 

 
 

                            (Figure 9)  
 
 
 
 
 
 
 

Bend Sensor 
● The bend sensor is controlled by the Arduino. When the metal is struck, the 

sensor will send a reading to the Arduino correlating to how far the metal has 
bent. Ideally, when the metal reaches a point of permanent deformation, the 
Arduino will see a string of constant values from the bend sensor and shut off the 
machine. See Figure 10 for flex sensor picture. See Figure 11 for circuitry map. 
         (Figure 10)                                       (Figure 11) 
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Mechanical: 
Piston 

● The piston was built using a soft plastic material and a metal rod. The plastic was 
cut down to a workable size and two holes were made in it so that it could be 
mounted to the CIM motor key hub and the rod attached to it. The metal rod was 
threaded with screw threads and twisted into the plastic piece. This can be seen in 
Figure 5 where the mounting screw is threaded through a hole in one end of the 
plastic piece and the piston rod threaded through the other end. The mounting 
screw and the piston rod make right angles with each other. 

(Figure 5 Repeated) 

 
● The CIM motor key hub is attached to the driving shaft of the motor with the use 

of two set screws. Two small holes were drilled through the key hub and the set 
screws were twisted until they lied in the key track of the motor drive shaft. This 
kept the key hub from rotating without the motor drive shaft. 

● The piston is mounted to the key hub with a long screw and two washers. The 
screw was placed through a hole in the plastic portion of the piston and then the 
piston was locked in placed by the first washer. This can be clearly seen in Figure 
5. This washer was tightened enough so that the piston could rotate but it was not 
a loose fit. Then the screw and piston were threaded through a hole in the key 
hub. One hole was enlarged to accommodate the screw’s diameter. The second 
washer was tightened on the end of the screw all the way to the key hub and was 
fastened so that the screw could not rotate or move freely. 

● The piston remains in an upright position because is is channeled between two 
parallel pieces of 80/20 that are mounted below the motor. This forces the piston 
to deliver force downward, towards the object in testing. Since the 80/20 
experiences friction from the piston, some light cloth was fixed at the contact 
points with the piston and guiding 80/20 to reduce wear on the system. A rear 
view of this fixture can be seen in Figure 7. 
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Test Piece 

● The test piece is mounted to the lower platform using clamps. This allows the user 
of the device to easily add or remove the test piece and to accommodate many 
sizes of test pieces. 

 
Evaluation of Results: 

The device is operational. A material could be clamped onto the bottom shelf of the 
machine and the number of hits it takes for the material to deform could be measured, thus 
satisfying the first metric of the project. Once deformed, the arduino will receive constant values 
from the flex sensor attached to the material and tell the device to shut itself off: satisfying the 
second metric. The device is able to test the full range of sizes as the clamp can be adjusted to fit 
them and it is safe to use so long as moving parts are avoided, so the last two metrics are also 
satisfied. The safety metric could be improved upon in future iterations of the prototype by 
including plexi-glass walls to ensure that no accidents happen. Another point of improvement 
would be the ability to fine tune the amount of force that the material is hit with. Smaller 
materials will require less force than larger ones, so the ability to control that would be useful for 
accurate  testing and data. 
  
 


