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1. Two-line Description 
A vacuum system that pulls a portion of dust out of a transfer pipe and measures the dust mass 
with a load sensor. An Arduino reads this mass and calculates the dust composition for pre-
emptive dust handling. 

2. Presentation Material 

 
Figure 1. Design Day Poster Board 

 
Note: The slides in part 2 of this deliverable were printed to make the poster board. However, 
the slides are not necessarily in the right order/orientation/etc. Therefore, they have no logical  



2.1. Testing Data 
 
Table 1. Vacuum System Test Results 

  
Trial # 

Mixture Before Vacuuming Mixture After Vacuuming Flour Removed 

Kernels (g) Flour (g) Total (g) Total Mass (g) Mass (g) % of Flour 

1 130 10 140 138 2 20 

2 130 9 139 136 2 22.22 

3 128 6 134 133 1 16.67 

Average 19.63 

 
 
Table 2. Load Sensor Test Results 

Trial Real Flour % Measured Flour % % Error 

1 7.69 7.32 4.81 

2 6.15 6.38 3.74 

3 3.85 3.70 3.90 

Average 4.15 

 
 
Table 3. Casing Materials’ Specifications 

Material Yield Strength (MPa) Survives Snow 
(4.17x10-4 MPa) 

Survives Wind 
(7.26x10-4 MPa) 

Cost 
($/m2) 

Galvanized Steel 520 Yes Yes 28.58 

Aluminium 270 Yes Yes 41.23 

Polyvinyl chloride (PVC) 55.2 Yes Yes 53.77 

 
 



 
Figure 2. Load Cell Temperature vs. Ambient Temperature for Silicone Rubber 

 
 

 
Figure 3. Load Cell Temperature vs. Ambient Temperature for EDPM Rubber 

 



 
Figure 4. Load Cell Temperature vs. Ambient Temperature for QEP Cork Plus 

 
 

#include "HX711.h" 

 

#define calibration_factor 1340.0 //makes the load sensor measure in grams 

 

#define LOADCELL_DOUT_PIN  3 

#define LOADCELL_SCK_PIN  2 

 

float multiplicity_factor = 0.1963; //percentage of dust that is sucked through the vacuum 

float flow_rate = 2000; //mass flow rate of malt (in kg/hr) 

float run_time = 2; //vacuum run-time in one cycle (in seconds) 

float off_time = 8; //time between vacuum run-times (in seconds) 

float composition; //dust composition in malt flow stream (mass/mass %) 

 

HX711 scale; 

 

void setup() { 

  pinMode(LED_BUILTIN, OUTPUT); //initialize the Arduino-relay connection 

  Serial.begin(9600); 

  scale.begin(LOADCELL_DOUT_PIN, LOADCELL_SCK_PIN); 



  scale.set_scale(calibration_factor); 

  scale.tare(); //set scale to 0 

} 

 

void loop() { 

  digitalWrite(LED_BUILTIN, LOW); //turns fan on 

  delay(run_time * 1000); //fan stays on for run_time 

  digitalWrite(LED_BUILTIN, HIGH); //turns fan off 

  delay(off_time * 1000); //fan stays off for off_time 

  composition = ((scale.get_units(), 2) / multiplicity_factor) / (flow_rate * (1/36) * run_time); //calculate dust composition 

  Serial.print("Dust Composition is: "); 

  Serial.print(composition * 100);  

  Serial.println("%"); 

  scale.tare(); //set scale to 0 

} 

 

Figure 5. Code to Control Vacuum and Load Sensor 

3. Updated Bill of Materials 
 
Table 4 provides a list of all materials and equipment used in the design process for this project, 
their quantity, cost, purpose, and place from which they are obtained.  
 
However, if this design were made into a real product, the bill of materials would need to be 
updated to reflect all the additional materials and equipment needed.  



Table 4. Bill of Materials 

 

4. Task Plan Update 
https://www.wrike.com/frontend/ganttchart/index.html?snapshotId=dPNijeK1dBKW2exZ3PnDY
tKZlhB8T2zF%7CIE2DSNZVHA2DELSTGIYA 
 

https://www.wrike.com/frontend/ganttchart/index.html?snapshotId=dPNijeK1dBKW2exZ3PnDYtKZlhB8T2zF%7CIE2DSNZVHA2DELSTGIYA
https://www.wrike.com/frontend/ganttchart/index.html?snapshotId=dPNijeK1dBKW2exZ3PnDYtKZlhB8T2zF%7CIE2DSNZVHA2DELSTGIYA
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