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How efficiently are we harvesting silage?
• Time sensitive process

• Reduction in silage quality
• Increased harvest cost

• Truck switch points are unknown
• Following through the field causing additional compaction and plant 

damage
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A Quick Review
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Results (Review)

• Mean SPFH Utilization

• 2015 (Operation A) – 61%

• 2016 (Operation A) – 61%

• 2016 (Operation B) – 65%

• Mean SPFH Utilization Overall by Crop
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Crop Estimate (%) Standard Error (%) Letter Group[a]

Corn 71.8 3.8 A

Alfalfa 2 69.5 4.1 AB

Alfalfa 3 60.2 4.1 B

Alfalfa 4 53.7 7.3 B

[a] means with the same letter were not significantly different 



Results (Review)

• Transport Utilization for the study period
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Operation Year UHt
[a] UTt

[b] UIt
[c]

Average(%) S.D. (%) Average(%) S.D. (%) Average(%) S.D. (%)

A 2015 14 6 50 14 20 15

A 2016 13 6 52 13 19 13

B 2016 20 6 45 14 10 7

[a] utilization of transports for harvest 
[b] utilization of transports for travel
[c] utilization of transports for idle



Transport Productivity (Review)

Type Estimate
(Mg km h-1)

Standard Error
(Mg km h-1)

Letter 
Group[a]

Semi-truck 120.9 6.9 A

Med. Str. Truck 66.9 4.0 B

Sm. Str. Truck 46.5 6.2 C

a] means with the same letter were not significantly different
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Type Estimate
(Mg km h-1)

Standard Error
(Mg km h-1)

Letter 
Group[a]

Semi-trucks 124.9 7.0 A

Med. Trucks[b] 81.5 4.0 B

Med. Trucks[c] 69.2 7.0 BC

Tractor 64.1 7.6 BC

Sm. Trucks 48.9 14.0 C

[a] means with the same letter were not significantly different
[b] medium-sized transport trucks of Operation A
[c] medium-sized transport trucks of Operation B
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Data Logging Tool from 
Hauling Vehicles:

Arduino Mega

• Send/receive signals from/to 
sensors based on the code 
uploaded

• Every 2-3 seconds

• Data Collected:

• GPS

• The Status of Engine: On/Off

• The Status of Driver: Inside/ 
Outside

• The Status of Load: 
Unloading/ Not

• The Status of Hood: Open/ 
Close









3. Unloading Sensor:

a. Truck Unloading Sensor

• Reading Voltage Difference

• Switch On/Off



4. Hood Sensor:
• Simple Push-Button Switch

• Open/Close Circuit





Harvest Cycle Model
Online Asset Allocation Tool

• Developed a simple model to simulate the forage harvest 

process

• Utilizes user inputs for all equipment

• Cycles through once per minute checking machine states

• Closely simulates the actual forage harvest process

• Changeable to test different machinery configurations
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Model Verification

• Three operations were selected for comparison with the 

model
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Operation

Harvester 

Capacity (Mg 

h-1)

Transport 

Vehicles

Transport 

Vehicle Capacity 

(Mg)

Field 

Size (ha)

Total Travel 

Distance (km)

Road 

Speed (km 

h-1)

Field 

Speed (km 

h-1)

Unload 

Time (s)

Total 

Yield 

(Mg)[a]

1 204

3 semi-

trucks

23.1, 24.6, 23.1 15.3 3.9 52 16 233 660

2 182

4 straight 

trucks

13.1, 11.6, 13.6, 

11.3

6.9 3.4 48 20 185 372

3 224

3 straight 

trucks

14.5, 14.4, 14.4 20.4 0.6 48 20 181 1027

[a]The yield was assumed to be at 32% dry matter



Model Results
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Operation
Observed 

Time 
(min)

Predicted

Model 
(min) Error (%)

Cycle 
Analysis 

(min)
Error (%)

1 214 197 8 195 9

2 148 144 3 144 3

3 296 274 7 275 7



Equipment Allocation Scenarios

• Dissimilar Transport Vehicle Capacity

• What happens when one transport is larger than the others?

• Each scenario had the same total transport capacity.

• Two harvester capacities

• One matched to the capacity of the transports and one greater than 

the capacity of the transports.
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Equipment Allocation Examples

• Equally sized vehicles resulted in the shortest harvest times.

• Unevenly sized transports?

• Load the smallest transport first
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Equipment Allocation Examples

• One Larger Transport Vehicle (increasing capacity)

• Loading largest transport last shortened or maintained harvest 

time reduction

• One Slower Transport Vehicle

• Loading the slow vehicle last minimized slow vehicle effect.
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Total Harvest Time (min)

Yield (Mg)

Vehicle 

Order

300 1000

Identical 101 339

Larger First 101 336

Larger Last 98 336

Total Harvest Time (min)

Yield (Mg)

Vehicle 

Order

300 1000

Identical 101 339

First Slow 105 353

Last Slow 101 349



Conclusions

• Opportunities exist for optimization gains in forage harvest 
process

• 61% and 65% Overall SPFH Harvest Utilization for two differing 
operations respectively

• Semi-trucks were the most productive transports

• Cost prohibitive for entire fleet

• Wet conditions

• The order of transport vehicles matter!

• Larger and slower transports should be loaded last to maintain 
efficiency!
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AgrAbility of Wisconsin is a cooperative partnership 

between The University of Wisconsin-Extension and 

Easter Seals Wisconsin. AgrAbility of Wisconsin exists to 

assist farm workers and farm families affected by 

disabilities by providing education, technical assistance, 

on-site consultation services, and identification of 

potential funding resources. Since 1991 we have served 

over 2,000 clients with a 97% success rate- meaning that 

97% of our clients continue to farm after our services 

are provided.
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