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1. Introduction 
In this deliverable, we are using the feedback received from our client on the group concept 
and our final design. The review did affect the future design choices and made our group 
improve our solution. Moreover, we are developing a prototype which will use our team’s 
objectives from the last deliverable. To decide what elements will be in our first prototype, an 
analysis of critical systems is going to be included as well. Then we are including our 
prototyping test plan with results basing all of it on a defined stopping criteria which will allow 
us to end the testing. For this task, we will generate some standards that guideline our 
prototyping process. Furthermore, we know that our first test plan is generally a proof of 
concept to see if there are any major problems with the way our concept is currently outlined, 
we will use it to refine the basic principles of your design.   

2. Prototyping 
 

2.1. Objectives  
The goal of this prototype is to have the ability to ensure that the key parts of our complete 
device are successful, beginning from the ground up. First, we wanted to build a successful 
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ultrasonic sensor which will accurately measure the distance between itself and the top of its 
protective case and record those measurements accordingly as the device moves up and down. 
Next, we wanted to use a LED light and photoresistor to measure the amount of reflected 
light. This system is extremely important because it allows the user to know when the material 
switches from dust to malt. Materials of higher density can reflect more light because they have 
more particles in a specific area and therefore more chances for light to reflect. The average 
density of the barley is 0.65g/cm^3 and the average density of the dust is 
2.65g/cm^3.  Therefore, as the sensors are moved up and down, the photoresistor will show a 
drastic decrease in reflected light once the level of the malt is reached. At this time, the 
ultrasonic sensor will measure its distance and using a code we wrote the volume of the malt 
will be calculated. Using this volume, the client will know when to stop pumping out the malt, 
leaving only dust in the silo.   
 

2.2. Prototype 1 
 

2.2.1. Tinkercad  
https://www.tinkercad.com/things/kNAET4DsBpU-funky-
migelo/editel?sharecode=FnInWnThIuoGSbf1M0d6vADz5cdEW37W4i1jRBXze4o  
 

2.2.2. Photo of Prototype 
 

 
 

2.2.3. Code 
#include<stdio.h>  
#include<math.h>  
#define trigPin 2  



Deliverable F 
 

Page 4 of 7 
 

#define echoPin 3  
#define pi 3.14  
  
  
// Define variables:  
long duration;  
double distance;  
int sensorPin=A0;  
int sensorValue=0;  
void setup() {  
  // Define inputs and outputs:  
  pinMode(trigPin, OUTPUT);  
  pinMode(echoPin, INPUT);  
  pinMode(sensorPin,INPUT);  
  pinMode(A0, INPUT);  
  pinMode(9,OUTPUT);  
  //Begin Serial communication at a baudrate of 9600:  
  Serial.begin(9600);  
    
}  
  
void loop() {  
   
  sensorValue=analogRead(A0);  
  Serial.println("refracted light=" + String(sensorValue));  
  analogWrite(9,map(sensorValue,0,1023,0,255));  
  delay(100);  
  if(sensorValue>500)  
  { volume(duration);}  
  // Clear the trigPin by setting it LOW:  
  digitalWrite(trigPin, LOW);  
  delayMicroseconds(5);  
  
  // Trigger the sensor by setting the trigPin high for 10 microseconds:  
  digitalWrite(trigPin, HIGH);  
  delayMicroseconds(10);  
  digitalWrite(trigPin, LOW);  
double duration ;  
  
  // Read the echoPin, pulseIn() returns the duration (length of the pulse) in microseconds:  
 
  duration = pulseIn(echoPin, HIGH);  
  // Calculate the distance:  
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  distance = duration * 0.03455 / 2;  
  // Print the distance on the Serial Monitor (Ctrl+Shift+M):  
  Serial.print("Distance = ");  
  Serial.print(distance);  
  Serial.println(" cm");  
  delay(50);   
}  
void volume (double duration)  
{  
    //printf("volume= ");  
    double vol;  
    double a;  
    a= (duration * 0.03455) / 2;  
    vol = (33489*pi)*(701 - (duration * 0.03455 / 2)) + (8381634.111);  
  //vol =(pi*(183^2)*((701 - a)) + (pi*(183^2)*(239/3)));  
   Serial.println("volume=" + String(vol)); Serial.println("cm^3");  
  }  

3. Analysis and Feedback  
 

3.1. Ultrasonic Sensor Test 
The testing for the ultrasonic sensor consisted of using a flat surfaced object to test that the 
sensor was accurately detecting the distance between itself and the object. To do this the 
object was initially placed a short distance from the sensor and the distance was measured by 
both a ruler and the sensor to see if the measurements were consistent. Then, using the 
formula below, the volume of malt that corresponded with that distance was calculated. These 
same steps were then completed three more times using increasing distances. Then, using the 
distances and volumes, we made sure that the trends made sense. As found in the testing, the 
distance and volume should be inversely proportional. As the distance increases the volume 
should decrease. This is because the distance is measured from the top of the protective case 
which was placed 23 feet from the bottom of the cylinder part of the silo. Therefore, as the 
distance from the top increases the volume below the sensor would decrease. Since our 
calculations arcuately displayed these theories, we completed the first phase of testing.   
 

3.1.1. Measurements of Silo 
Radius of Cylinder and Base of Cone = 183cm   
Height of Cylinder = 701cm  
Height of Cone= 239cm  
 

3.1.2. Volume Equations 
With this information we can form the equation,  
Volume= volume of cylinder + volume of cone  
Letting “a” represent the distance from the ultrasonic sensor to the top of its protective case.   
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Volume =pi*(183) ^2*(701-a) +pi*(183)^2*(239/3)  
 

3.1.3. Chart 
Run examples   Distance (cm)  

(Duration*Speed of 
sound(air))/2  

Volume (cm^3)  
volume of cylinder + volume 
of cone  

Trial 1  6.69  pi*(183)^2*(701-6.69) 
+pi*(183)^2*(239/3)  
=81392600.00  

Trial 2  10.54  pi*(183)^2*(701-10.54) 
+pi*(183)^2*(239/3)  
=80987512.00  

Trial 3  15.08  pi*(183)^2*(701-15.08) 
+pi*(183)^2*(239/3)  
=80509752.00  

Trial 4  24.46  pi*(183)^2*(701-24.46) 
+pi*(183)^2*(239/3)  
=79523360.00  

 
3.2. Photoresistor Test 

To complete the testing on the photoresistor, we collected materials of different densities like 
cardboard and ABS plastic. Since density and reflected light are directly proportional, as the 
density of the object increases, so should the amount of light that was reflected and detected 
by the photoresistor. To minimize the amount of light from the room that the sensor would 
detect, we created a box that the sensor was placed in, and the testing materials were placed 
on top as a lid. An LED light was used as the light source to reflect off the chosen 
materials. First, we tested a piece of cardboard which has a density of 0.69g/cm^3 10cm from 
the photoresistor. The amount of light detected by the sensor was 18. Then we did the same 
thing for ABS plastic which has a density of 1.00g/cm^3 10cm from the photoresistor. The 
amount of light detected by the sensor was 25. Therefore, it followed the expected trend that 
as the density increased, so did the amount of reflected light.   

3.2.1. Chart 
Material   Density (g/cm^3)  Distance (cm)  Light Reflected   
cardboard  0.69  10  18  
ABS Plastic   1.00  10  25  
 

3.3. Client Feedback 
Following the client meeting, concerns about the topics of accessibility, maintenance, and food 
safety were mentioned. First, to fix the problem of accessibility a new design for the protective 
case was developed. Instead of the case being attached to the side of the silo, a pair of L 
brackets would be mounted to the silo using existing bolts. Then, the protective box will be able 
to be pulled out of the manhole when maintenance is needed and once the maintenance is 
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complete, it can be placed back into the silo resting on the brackets. This solution not only 
improves accessibility but also improves the maintenance issues. Since the device is easily 
removed from silo, all maintenance can be done outside of the silo and therefore will reduce 
risk to sparks and explosions. Lastly, the protective case will be made of all food safe materials. 
The metal parts will be made of aluminium, and the clear window for the sensor will be made 
of acrylic. These edits to the design will accommodate the concerns voiced by the client.   

4. Prototype 2 Test Plan 
This prototype is to ensure the motor (DC) and pulley system is fully functioning. Through 
prototyping, we can confirm it glides smoothly over the bearings and is strong enough to carry 
the weight of the sensors, while working out any unexpected problems that may arise. This 
system is a pulley system that is created using a DC motor, which moves a belt. The system will 
be lowered (via the pulley) until the change from dust to malt is detected (via a sensor, tested 
in another prototyping phase). We will test this by setting up the system with two opposing 
vertical attachments and running the motor to see how the pulley system moves. Different 
modifications can be made to the motor, belt, and overall pulley system to reach optimal 
results, taking note of how the system moves initially and with each modification. Tests should 
be completed multiple times, to ensure the result is not an outlier. These notes can include, but 
are not limited to, how well the bearings rotate with the motor and belt, and any changes, 
tweaks, or adjustments to any parts of the system including the motor, code, belt material, 
attachments, etc. This should take approximately 10-20 minutes, assuming the process goes 
well, and things are moving smoothly.   

5. Wrike 
https://www.wrike.com/frontend/ganttchart/index.html?snapshotId=tAUUgOEYlOjO3BPVX34x
tx1iJBdsAyQ1%7CIE2DSNZVHA2DELSTGIYA 

6. Conclusion 
Since this was our team’s first prototype, we have built the most crucial parts of our design in 
order to create a proof of concept. This prototype was made of materials and components that 
cost very little in order to keep the project within budget. Our last prototype was based on our 
previous testing work by demonstrating and developing transferred knowledge through its 
application to the latest work.  
 
 


