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[bookmark: _Toc28591172]Introduction
Laboratory exercises are designed to familiarize students with agricultural machinery systems and operation.  Students are expected to attend laboratories and complete laboratory sheets. Note:  Labs in this manual are not necessarily in the order assigned, nor will all labs be completed in a given semester.  
Lab Safety
Students are expected to observe safety rules at all times when operating and working around machinery.  
Lab Write-ups
Some labs have space for answers and may be hand written.   Some labs will require a typed report in addition to the lab sheet.   Always turn in the lab sheet with your report.  Labs that require a written report (e.g. hay equipment) must be typed in a 12 point type, 1" margins, double spaced.  Reports should address the lab assigned, be written in a professional report style and will be scored using the course writing rubric (see appendix).  Turn in your report with the lab sheet as a coversheet.  See https://owl.purdue.edu/owl/subject_specific_writing/professional_technical_writing/index.html  for some general guidelines for technical writing.  One of the goals of these types of assignments is for the student to demonstrate effective written communications.  Paper length should be appropriate to the assignment (typically 2-4 pages).

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Guidelines for Completing Lab Exercises:

· Review the lab schedule to see which lab is assigned and review it before coming to lab.
· Bring the lab manual to each lab.
· Take notes on notepaper, not the lab sheet.  Lab sheets are expected to be neat and readable for full credit.  Replacement lab sheets may be printed from the course web site if you need a replacement. 
· Always bring a calculator to lab.
· Do your own work.  Do not rely on the calculations of others.  Simply copying somebody’s lab is plagiarism. 
· Use this manual as the basis for your “Notebook”.  Replace graded labs in the notebook.  Do this at the start of the semester.  
· Collect all the data during the lab.
· Record data in lab clearly and neatly.
· Complete the lab sheet (data, calculations, and questions) for full credit.
· See guidelines for graphing data in this manual. Incorrect graphs will not receive full credit. 
· Some labs have companion Excel spreadsheets on the web site. You are free to use these to create graphs or check your work.
· Labs are due the following lab period (in lab).  STAPLE multiple pages. 
· Several labs have supplemental information for use in the lab.  See the Reference section. 
· Labs are worth 50 points each.   Unless otherwise noted lab will be graded on neatness and completeness.   
· Graded labs should be returned to your notebook. 
Lab Wrap-Up
At the end of lab there will be time for questions.  It is recommended that you review your lab before you leave to be sure that all of your questions have been answered.  
Key Points
Key points are listed at the end of each activity.  Review these before the activity to insure that you understand these items during the lab.   Use them as a review for quizzes and tests.
[bookmark: _Toc28591173]Sample Graphs
Several labs require you to graph data to demonstrate the relationship of the factors we are studying.  Graphs may be completed neatly on graph paper or using Excel.  

Graphs should be captioned (titled) and each axis should be labeled and the units noted.  If multiple data appear on the same graph then a legend should be used.

See the sample below.  Full lab credit will only be given if the graphs follow these guidelines.  In most cases you will want to use the Chart Type XY (Scatter) in Excel not a line type.  Students should not only know how too properly graph data collected during the lab, but also how to interpret similar graphs. 

[image: ]

NOTE:  Students are expected to do their own work.  Turning in someone else’s Excel Spreadsheet is not acceptable.  
[bookmark: _Toc28591174]
Course Notebook
The course notebook assignment is designed to help you organize the materials for this course.  It is recommended that you create the tabs at the beginning of the course and separate this lab book as described below then maintain the notebook throughout the course.   


The course notebook will contain the following tabs at a minimum:
· Labs (graded lab assignments) and Course Syllabus (see course web site)
· References (include the appendix in this manual and any similar handouts)
· Assignments  (WWW assignments)
· Safety (Tailgate Topics and printed Safety Plan)


Notebook Grade Sheet

Include this sheet in the front of your notebook.

	Tab Label
	Contents
	Possible Points
	Score

	Labs
	Course Schedule from Syllabus (on Blackboard)
Completed lab assignments
	30

	

	References
	References section including handouts (e.g. TeeJet book or other references handed out in class)
	20

	

	Assignments
	Equipment Specs & Other Assignments
	20

	

	Safety
	Tailgate Topics & Safety Planning (assignments and any safety related handouts and readings)
	20

	

	
	Separated by labeled tabs (post-it’s etc. don’t count). 
	10
	

	
	TOTAL
	100
	



Note:  You may include other materials in your notebook.  Please place these past the required tabs.  Do not hand in ungraded assignments in your notebook. 

[bookmark: _Toc28591175]
Example Block Diagram
Block diagrams are useful to illustrate the components of a system and how they interact.  The arrows note the direction of information or material which can be in one or both directions.  The type of information is also shown (e.g.; flow).  Several labs in this course require you to create a block diagram to illustrate how the machine system operates.  Diagrams should be neat and contain all the elements for full credit. 
Raven Spray Controller
(Arrows show the direction of information flow)

Raven Controller
Flow Meter
RADAR
Flow Control Valve
Speed
Flow
Valve Position
User Input
Rate, Booms, etc.

[bookmark: _Toc28591176]
Lab Assignments

Name: ____________________
Lab Day/Time:____________________
[bookmark: _Toc28591177]Row Crop Planter Calibration
Purpose: Understand the basic operation of a unit planter and the factors the affect plant populations.  To understand how gears and sprockets are used in machinery. 

Equipment: Air planter, seed, seed plates, manuals, measuring tape, dish pans, wrenches, chalk, 2 jackstands. 

	Planter Used (make/model) 
	

	Crop (seed) 
	

	Desired population 
	Plants (seeds)/acre 

	Planter unit spacing (average) 
	                     Inches 




Monosem Air Planter Calibration

	Initial Basic Data: 
	

	Determine gear Setting (A,B,C and 1-6) 
	

	Seed plate holes (18,24,30,36,60,72,120)
	

	Drive wheel size (ex.  4.5 x 18)
	

	Measure the circumference of the drive wheel (in.)
	

	Determine the seed spacing based on planter width and desired seed population (in.) from the plant population chart. 
	

	Determine the closest gear setting to the desired spacing (ex. A-1) from the table. 
	

	Record the spacing for the setting (above)
	

	Calculate the actual plant population that should be achieved with this setting.
	


	


An example: 
· If the planters are 36 inches apart and the desired seeding rate is 40,000 seed/acre the closest average spacing is for 41,000 which is 4 ½” (from the chart). 
· Looking at the planting rate chart the closest setting for a seed disc with 36 holes is A4 or C3.  
· Using the formula below the expected population for A4 (spacing=4 5/8”) would be 37,644 s/a and for C3 (spacing 4 3/8”) would be 39800 s/a.   Choose C3 as this is closer to the desired 40,000 s/a.  
Note:  You calculate the spacing using the formula rather than the chart.  (4.356”)

Calibration Check Procedure: 	
1. Set the gears (from above) and vacuum (see table).
2. Check the hoppers to see if they have about 2" of seed
3. Place the planter on stands (drive wheel free).
4. Start the tractor and check the vacuum gauge (see table for setting).
5. Rotate the tire one time and check that seed is dropping from each planter. Observe where seed drops. 
6. Place a tray under each planter. 
7. Rotate the drive wheels 5 times
8. Count the seeds collected in the trays. 
	Calibration Data
	1
	2
	3
	4
	5
	6

	Count the seeds captured for each planter 
	
	
	
	
	
	

	Average seeds per planter (average above) 
	

	Travel (revolutions x tire circumference)
	inches

	Compute the measured spacing: (avg. seeds/travel)
	

	Compute the plant population (seeds/acre) 
	


Useful Information: 
Travel and row width are in inches.   




(You should be able to figure this out without formulas.) 


Questions 
1. List the components that meter the seed on the planter.




2. What planter parts did you adjust to set the actual spacing of the seeds? 

3. How does your measured seed population compare with the population in the manual? If different, explain what factors might affect the actual population. 



4. What was the variation in seed population (seeds/acre) between planter units? (consider high/low seed spacing) 


5. How might you test the calibration in the field? 




Key Points:
At the conclusion of the lab activity you should be able to:
· Identify the components of a row crop planter.
· Describe how changing the gears controls the seed spacing.
· Describe how to calibrate a planter.
· Given a sample (seeds per 5 revolutions) calculate the plant population and seed spacing.
· Calculate a plant population (seeds/acre) from the spacing (and bed width).
[image: ]
Seed spacing chart (from Monosem Manual).   Note values are rounded. 
[image: ]
Planting Rate Chart (transmission settings) for Monosem Planter (from Monosem Manual)

[image: ]

Name: ____________________
Lab Day/Time:____________________
[bookmark: _Toc28591178]Grain Drill Calibration 
Purpose: Understand the basic operation of a grain drill planter and the factors the affect plant populations.  

Calibrate a grain drill with the application rate and seeds provided.  After completing the shop calibration exercise, clean out the seed bin and vacuum all seeds out of the machines. Reconnect the seed tubes.  Place the seeds back into the seed bags provided being careful not to mix seeds up.
Equipment needed: 
Grain Drill, gram scale, sharpie marker, chalk, baggies, rubber bands, screwdriver (4), jack & block.
Initial Data: 
	Make: 
	Model:

	Crop (seed) used: 
	Drill Spacing (in.):

	Desired application rate (lbs/acre): 
	Total Drills:

	Total Width:
	Total Grain Capacity (lbs.) 
from the manual:


Lab Procedure:
Review the procedure below.
	Generalized Calibration Procedure 
1. Set the drill to the setting in the manual for your desired pounds/acre.
2. Determine width of the planter being calibrated (number of openers and the spacing between)
3. Lift and support the drive wheel with floor jack or bottle jack and block.
4. Measure the circumference of the drive wheel (convert to feet).
5.  Calculate the distance covered by 25 revolutions of the drive wheel. Determine the acres covered by the drill in 25 revolutions of the drive wheel.
6. Put seed in seed box (about 2” deep).
7. Disconnect the seed tubes.
8. Mark a stripe on the drive wheel. 
9. Turn the drive wheel two revolutions in the forward direction and insure that grain is falling from each tube. If they are not working, repair and test again.
10. Attach a baggie with a rubber band to each tube. 
11. Turn drive wheel 25 revolutions.
12. Remove the baggies and mark with the opener number.  (Front row is odd numbers, back row are even numbers).  Tare the scale with a baggie.  Weigh each baggie (oz. or grams) and record on the data sheet.  
13. Compute the actual application rate.
14. If application rate is incorrect reset the settings and check again until correct.



1. Find the calibration procedure in the operator’s manual note the page number.   How does the manual describe the calibration procedure?   
Manual Page(s): __________________

2. List the settings (what you adjust) recommended by the manual for the desired application rate:



3. Given the number of revolutions of the drive wheel and the width of the drill determine the area “covered” by your test.  

	Drive wheel circumference 
	feet

	Width of the entire drill
	feet

	Acres covered by 25 revolutions of the drive wheel
	Ac.

	Acres covered by 1 drill (divide above by # of drills)
	



4. Setup the drill to the recommended settings and test the calibration using the generalized method. 
	Pounds of seed collected: 
	#

	What is the actual application rate? 
	#/Ac.




Data Sheet
(To compute lbs./acre convert weight to pounds and divide by the acres covered by one drill)
Weight Units (circle one):  grams / ounces / pounds

	
	Test #1
	Test #2

	Seed Tube
	Weight 
	Weight 
	Lbs/Acre

	1. (next to drive wheel)
	
	
	

	2. 
	
	
	

	3. 
	
	
	

	4. 
	
	
	

	5. 
	
	
	

	6. 
	
	
	

	7. 
	
	
	

	8. 
	
	
	

	9. 
	
	
	

	10. 
	
	
	

	11. 
	
	
	

	12. 
	
	
	

	13. 
	
	
	

	14. 
	
	
	

	15. 
	
	
	

	16. 
	
	
	

	17. 
	
	
	

	18. 
	
	
	

	19. 
	
	
	

	20. 
	
	
	

	21. 
	
	
	

	22. 
	
	
	

	23. 
	
	
	

	24. 
	
	
	

	Total Weight (lbs)
	
	
	




5. Adjust the machine as needed to achieve a result within 10% of the desired rate.
	Pounds of seed collected: 
	#

	What is the actual application rate? 
	#/Ac.





6. What are the Final Settings used?



7. Graph the application rate (lbs./acre) of each tube (attach graph to lab sheet).

8. What is the difference between the minimum and maximum seed tube collections?  How does this type of difference affect the crop?



Useful Information:
Travel and width are in feet.

16 oz.=1 lb., 454 grams=1 lb. (if scale does only grams)
Key Points:
At the conclusion of the lab activity you should be able to:
· Identify the components of a grain drill.
· Describe how the changing the adjustments (gearing, feed gate, etc) changes the plant population (#/acre).
· Describe how to calibrate a planter.
· Given a sample (# of seed/ xx revolutions) calculate the plant population.
Example Graph



Name: ____________________
Lab Day/Time:____________________
[bookmark: _Toc28591179] Simple Machines
Purpose:  To use your understanding of simple machines to identify their application to agricultural machinery.   

Procedure:  On your own inspect equipment at the ATRC (Farm) for application of simple machines.  For each of the machines listed below complete the form and include a neat sketch of the part showing the simple machine.  It is OK to work in pairs, but do your own work (write your own description).  Use these lab sheets for collecting data in the field.  For example (you can’t use this one):

Simple Machine: Lever
Ag Machine: Tractor
Make & Model: John Deere 7810
CSUC #: 1234
Application of simple machine: The tractor and hitch is the lever arm and the rear axle acts as a fulcrum.  The front weights counter acts the weight of the implement.  This is a class one lever. 

Sketch:  



	
Simple Machine: Lever

	Ag Machine: 
	

	Make & Model: 
	

	CSUC #: 
	

	Application of simple machine: 
	









Sketch:  



	
Simple Machine:  Lever #2

	Ag Machine: 
	

	Make & Model: 
	

	CSUC #: 
	

	Application of simple machine: 
	









Sketch:  



	
Simple Machine:  Wedge or Inclined Plane

	Ag Machine: 
	

	Make & Model: 
	

	CSUC #: 
	

	Application of simple machine: 
	









Sketch:  



	
Simple Machine: Wheel and Axle (Find an application other then a tire)

	Ag Machine: 
	

	Make & Model: 
	

	CSUC #: 
	

	Application of simple machine: 
	









Sketch:  




	

Simple Machine: Screw  (Find an application other than a fastener)

	Ag Machine: 
	

	Make & Model: 
	

	CSUC #: 
	

	Application of simple machine: 
	









Sketch:  





















Key Points:
At the conclusion of the activity you should be able to:
· Understand how simple machines work.  (What they do.)
· Giver an example of a simple machine found as part of an agricultural machine (complex machine).
· Choose a simple machine to solve a problem. 


Name: ____________________
Lab Day/Time:____________________
[bookmark: _Toc395527848][bookmark: _Toc28591180]Tractor and Machine Hydraulics
Purpose: to gain an understanding of tractor and machine hydraulic systems, how they function, and how fluid power is used on agricultural machinery.   We will collect data in groups, but you are responsible for understanding!  The data we collect will illustrate how each component functions. 

Tools Required: Hydraulic tester, safety glasses, calipers, steel tape, stop watch, and calculator.
Tractor Used:	
Disc (or other implements) Used:	
Hay Rake (or other implements) Used:	
Procedure: (in groups)
We will work in groups.  However you need to understand what each group did and how the hydraulic systems work. 
Safety:  Hydraulic fluid will get hot, avoid contact.  The operator of the tester should wear safety glasses. 
Group 1
1. Let Group #3 collect the stroke of the cylinder before disconnecting the disc. 
2. Review how the tester works (see diagram).
3. Connect the hydraulic tester to one circuit on the tractor.  
4. You will need a tractor operator to keep a constant RPM, a tester operator, and a recorder. 
5. Set the tractor to PTO RPM (see mark on Tach).  Record this RPM on the data sheet #1. 
6. Adjust the tester to measure the flow at the pressures starting at 250 psi (or minimum) and record the pressure and flow on the data sheet every 250 psi until the flow is zero.  
7. Share your data (no calculations) with the class and explain it.   
8. On your own calculate the fluid HP.
Group 2
1. Review how the tester works (watch group #1 and see diagram).
2. Tester should already be connected. 
3. You will need a tractor operator to adjust the RPM, a tester operator, and a recorder. 
4. By adjusting the tester and the tractor RPM measure the flow at 1000 psi with the tractor at idle, 1000 RPM, 1500 RPM, 2000 RPM and Max RPM.  Record the RPM and flow on data sheet #2.  
5. Share your data (no calculations) with the class and explain it.   
6. On your own calculate the fluid HP.
Group 3
1. Measure the cylinder on the disc.   (BEFORE Group #1 disconnects it). 
2. Use the calipers and tape to measure the rod diameter. 
a. Use the calipers to measure the cylinder diameter.   This is the outside diameter.   Subtract a ½” to estimate the inside diameter.   
b. Extend the cylinder completely and measure the stroke.   (end of cylinder to dirty mark).
3. Record your data on sheet #3. 
4. While you are waiting review how to calculate force and extension time based on the flow.
5. Share your cylinder measurements with the class.  
6. Predict the extension time and retraction time of the cylinder based on the pump flow at PTO RPM (#1) and 500 psi.  
7. Explain how you did this to the class.   
8. Review how the tester works (see diagram).  Connect the tester to tractor and the disc.   The tester inlet connects to the tractor and the outlet connects to the base of the cylinder.  Set the tractor at the RPM used in #1.  Time the extension actual extension time (sec).  You may need to do this several times to get a consistent result.  Record on the data sheet.  Observe the pressure on the cylinder as the disk raises.   Record the highest pressure. 
	
Extending Area of Cylinder
	
Retracting Area of Cylinder


Group 4
1. You will need 2 counters, a tractor operator (to hold the lever), and a tester/recorder. 
2. Follow the hydraulic lines that connect the rake.   
3. Determine how the rake functions. Both the motors that turn the rake and the cylinders.
4. Review how the tester works (see diagram).  
5. Connect the input of the tester to the blue connection on the tractor and the blue hose on the rake to output of the tester.   Use the valve on the tester to limit the flow.   Note:  you will have to hold the tractor control lever in the on position.  
6. Observe the rotational speed of the hay rake at several different flow rates.   
7. Record your measurement on data sheet #4. 
8. Explain how the different systems of the rake work to the class.  

The complete report requires you to graph the results of the tests.   See the section on graphs at the beginning of the lab manual.  

Data Sheet

Spring 2020		1
1. Flow at PTO RPM of: ___________
	Pressure (psi)
	Flow (GPM) 
	HP (calculate)

	(Minimum)
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	0
	



3. Cylinder Data
	Measure: 

	Cylinder (piston) diameter (in)
	

	Rod Diameter (in)
	

	Stroke (in)
	

	Calculate: 

	Piston area (sq in)
	

	Rod Area (sq in)
	

	Retracting Cylinder Area (sq in)
	

	Cylinder Volume Extending (cu in)
	

	Measure: 

	Measured pressure required to raise the disk:  (psi)
	

	Measured extension time of the cylinder: (sec.)
	



2. Flow at 1000 psi:
	Tractor RPM
	Flow (GPM)
	HP (calculate)

	1000
	
	

	1250
	
	

	1500
	
	

	1750
	
	

	2000
	
	

	2250
	
	

	
	
	

	
	
	

	Max: 
	
	



4. Hydraulic Motor Data
	Flow (GPM) 
	Rake Rotations
	Time (sec)
	Rake RPM

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	






Hydraulic Tester
Inlet and Outlet
Flow Gauge (read GPM on low scale)
Flow Range (press)
Pressure Gauge
Adjustment Knob (always start open (decrease)

Analysis
1. Graphing your data will illustrate the relationships of the factors you measure.  Use graph paper or Excel.  Graph the data collected in #1.  Use flow for the "Y" (vertical) axis and Pressure for the “X” axis.  
2. Graph the data collected in #1.  Use Horsepower for the "Y" (vertical) axis and Pressure for the “X” axis.
3. Graph the data collected in #2.  Use flow for the "Y" (vertical) axis and RPM for the “X” axis.
4. Graph the data collected in #4.  Use RPM for the "Y" (vertical) axis and Flow for the “X” axis.
5. Attach the 4 graphs to your lab.
Key Points:
At the conclusion of the lab activity you should be able to:
· Describe the functions of valves, cylinders, pumps, motors.
· Identify valves, cylinders, pumps, motors on a machine.
· Preform the calculations in this activity on your own.  


Questions:
1. Compare the graph of flow to pressure (data from #1).  Explain this data.
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
2. How does the flow change with engine RPM (data #2)? Why?
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
3. What is the predicted cylinder extension time using the flow at PTO RPM?  Show your work.

Predicted extension time (sec) ____________
4. How did your calculated time to raise the implement compare with the actual time? 
_____________________________________________________________________________________
_____________________________________________________________________________________
5. What force (lbs.) is required to raise the disc?.  Show your work.


_____________Lbs.
6. Draw a diagram (how hoses are connected) of the hydraulic motor system on the rake.










7. How does the motor configuration affect the operation of the rake?
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
8. What is the approximate displacement of the motor (cubic inches/revolution)?  To solve this problem you need to know the speed of the motor (RPM) at a specific flow (GPM) then convert gallons to cu inches (see sample specifications).  Show your work.


_____________Cu. In./r 
9. What Char-Lyn motor model is closest to the motors used on the rake?  See specifications.
____________cm3/r
Sample Hydraulic Motor Specifications (Char-Lyn)
[image: ]
Note: Model number is the displacement in cm3/r.
Notes:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________


 
[bookmark: _Toc188355150]Name: ____________________
Lab Day/Time:____________________
[bookmark: _Toc28591181]Sprayer Calibration
Purpose: Learn how to check the calibration of a sprayer.  Learn the effect of nozzle wear, boom pressure, and application speed on sprayer application rates.   Be able to identify common sprayer parts.  Become familiar with spray controllers. 
Tools Required:
College of Agriculture	AGET 150
California State University, Chico	Agricultural Machine Systems

100’ tape
2 – marker stakes
stopwatch
calculator
measuring cups
adjustable wrench
nozzles
5 gal. bucket
tractor
boom sprayer

Tractor Used:	Sprayer:
Nozzle Type:	Number of Nozzles:
Boom Width:	Tank Capacity:
Nozzle Spacing:	Desired Application Rate:

Part I:  Basic Data
1) What is the desired application speed (MPH) to achieve application rate? ______ MPH
2) What is the output for the nozzle according to the manufacturer?  _______________GPM
3) What is the pressure used to achieve the desired nozzle output?  _______________PSI
Part II: Sprayer Calibration & Test
4) Set the boom pressure (pressure required for desired application rate).  Measure and record the output of each nozzle in oz. (or ml) for a time like 30 seconds.  Record the results in the data sheet.  
5) Clean or replace nozzles as needed.  Retest as necessary. 
6) Calculate the following and show your work:
	Total boom flow (sum of the data): 
	_______ GPM

	Time it takes to use a full tank: 
	_______ Min.

	
How much material (chemical) should you add to a full tank if the recommendation is 20 oz./acre?
	_________ oz. 

	

How many tanks will be required to spray 38 acres? 
	______ tanks

	
How many gallons of material will be needed (20 oz./acre) for 38 acres? 
	_______ gal

	
	



Data Sheet
	Nozzle Number
	Output in Oz. (ml)
	Time (sec)
	Output in GPM
	Difference from Mfg.

	1. 
	
	
	
	

	2. 
	
	
	
	

	3. 
	
	
	
	

	4. 
	
	
	
	

	5. 
	
	
	
	

	6. 
	
	
	
	

	7. 
	
	
	
	

	8. 
	
	
	
	

	9. 
	
	
	
	

	10. 
	
	
	
	

	11. 
	
	
	
	

	12. 
	
	
	
	

	13. 
	
	
	
	

	14. 
	
	
	
	

	15. 
	
	
	
	

	16. 
	
	
	
	

	17. 
	
	
	
	

	18. 
	
	
	
	

	19. 
	
	
	
	

	20. 
	
	
	
	

	21. 
	
	
	
	

	22. 
	
	
	
	

	23. 
	
	
	
	

	24. 
	
	
	
	

	25. 
	
	
	
	

	Calculate the TOTAL
	
	



7) 
Devise a method of testing your calibration (both flow and speed together) and describe below.
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
Part III: Spray Controllers
8) Review the spray controller system.
a) What is the make and model of the controller? _______________________
b) Draw a block diagram showing the components of the system (see sample).


















c) Which component measures ground speed? _______________________
d) Which component controls flow? _________________________________

Name: ____________________
Lab Day/Time:____________________
Tractor Speed Calibration Worksheet

Equipment:  Stop watch, two cones, 300’ tape, tractor

Target Speed: ___________ MPH   

1) Using the Speed Chart in this manual determine the proper gear selection for the target speed.   You cannot exceed the maximum RPM. 

2) What Tractor Make/Model are you using in lab?                              ____________________

3) Use the operator’s manual to determine the proper gear and RPM.  Record below:

Gear: ____________________________ (be specific)

RPM: ________


4) Layout a 300’ distance on the road.  
5) Drive the tractor in the selected gear and RPM.  Record the travel time in seconds.  
6) Calculate the speed in MPH

[(Distance (ft) / 5280 ft/mile) ] ÷[(time (sec.) / 3600 sec./hr)] = Speed in MPH.

	
	RPM
	Time (sec)
	Speed (MPH)

	Test #1
	
	
	

	Test #2
	
	
	

	Test #3
	
	
	



7) Based on your first test predict the correct RPM to achieve the target speed.  Remember that the ratio of engine RPM and tire RPM is fixed as long as you don’t change gears.   Show your work.




____________RPM
8) Repeat testing adjusting the RPM as needed until the target speed is reached. 
[bookmark: _Toc188355148]
Key Points:
At the conclusion of the lab activity you should be able to:
· Identify common components on a sprayer.
· Measure nozzle flows and troubleshoot nozzle problems.
· Test the calibration and adjust the sprayer to the desired application rate.
· Determine the operating speed of a tractor and adjust the speed to the desired application speed. 

Notes:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Notes:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________


Name: ____________________
Lab Day/Time:____________________
[bookmark: _Toc28591182]Fertilizer Equipment Calibration
Purpose: to understand the theory of operation and function of common fertilizer application equipment.
Key Points:
At the conclusion of the lab activity you should be able to:
· Describe the operation of common fertilizer equipment and how it can be calibrated.
· Preform all calculation necessary to the calibration of fertilizer equipment.
· Calibrate common fertilizer equipment given the material type and application rate.  

PART I:  Fertilizer Applicators

For each machine seen in the lab write a paragraph describing:
· How it is powered (ex. ground, tractor PTO, tractor hydraulics)
· How it functions,
· What is adjusted to change the application rate

Attach to the lab. 

Notes:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Problems:
For each problem neatly show your work.

Application Data:

	Tree Row Spacing: 
	21 feet

	Fertilizer: 
	16-20-0 (see data sheet)

	Desired Application Speed: 
	5 mph



1) You want to apply 100 lbs. of N per acre to an almond orchard.  Determine the following using the data above:
a) How much material (lbs.) is being applied per acre?





______________lbs./acre
b) How much material would be used at the end of 1300 ft (the field length) of operation?





______________lbs
c) How much P and K are applied along with the nitrogen?






_______lbs P/Ac  _______lbs K/Ac
d) How many acres can be covered if the hopper holds 2 tons?








______________ Acres

PART II – Liquid Applicators
A liquid applicator works much like a sprayer.  Material can be applied to the surface using nozzles or “side dressed” using orifice plates. 
Problems:
For each problem neatly show your work.

2) Aqua ammonia (see data sheet) is being applied at a rate of 100 lbs N per acre with a 20ft wide applicator.  The speed is 5 MPH. and the tank is holds 500 gallons.

a) What is the amount (pounds) of N per gallon (see data sheet)?  _________________
b) How many gallons need to be applied per acre?




______________Gal/Ac
c) How many acres per tank load?





______________ Ac/Tank
d) How many gallons used to travel across 1300 ft of the field?






______________ Gallons 
e) What would the flow rate be for one injector if they were spaced at 8 inches apart?
______________GPM






f) Using the Tee Jet catalog select a Tee Jet Orifice Plate (Flow Regulator) that will deliver the proper flow at 20 psi.



______________

PART III: Grain Drill Fertilizer Calibration
	Make: 
	

	Model: 
	


Problems:
For each problem neatly show your work.

4) Review the grain drill fertilizer settings and determine how many pounds per acre should be applied at the current setting using the manual. 


Setting: _____________

_____________ lbs/Ac
5) If the same fertilizer used in Part I is being applied how many pounds of N are being applied?




_____________ lbs N/Ac
6) What settings would you use to apply 75 lbs of fertilizer per acre? 

_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
7) Why is the fertilizer density important?
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
8) How would you test this calibration? Outline the procedure below:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________


Name: ____________________
Lab Day/Time:____________________
[bookmark: _Toc28591183]Almond Harvesting Equipment
Purpose:  To gain an understanding of the almond harvesting process, the equipment, and the importance of the crop to California Agriculture.

1) Review the almond harvest video on the web site.
2) Using the information from the lab activity and the video write a paragraph for each piece of equipment describing the following:
a) What it does.
b) How it works.
c) Give an example manufacturer (not a dealer) and their location (ex. Sacramento, CA).
3) Statewide what is the acreage, quantity, and dollar value of the Almond crop (using the latest CDFA published data, typically the prior year)?  How do almonds rank (in dollars) with other California crops? (Be sure and cite your source and year.)

Lab Report should be typed (12pt type, double spaced 1” margins) and will be scored using the course writing rubric below. This is a professional report not an outline.  It should explain the basics of each machine covered in lab and how the overall process works.  See references for a complete grading rubric.  Attach this sheet to your report.

Some web sites that will help you complete this assignment are listed on the course web site.


	
	Assignment Points

	Traits
	Unacceptable 
	Acceptable 
	Superior 
	Points

	Organization of Ideas and Content.  Writing is concise and to the point.  All machinery has been covered and questions answered. 
	13
	18
	25
	

	Sentence Structure, Paragraph Structure, Word Choice and Professional Tone
	5
	7
	10
	

	Grammar, Punctuation, and Spelling
	5
	7
	10
	

	Professional Format (as described above), lab sheet attached to the front of the paper
	2
	3
	5
	

	TOTAL
	25 (F)
	35 (C)
	50 (A)
	




Key Points:
At the conclusion of the lab activity you should be able to:
· Identify the machinery commonly used in almond harvesting.
· Describe the function of machinery used in almond harvesting and how the machines relate to the overall harvest process. 
Notes:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Name: ____________________
Lab Day/Time:____________________
[bookmark: _Toc28591184]Combines 
Purpose: to understand the theory of operation and function of a grain combine.

Lab write up should be typed (12 point type) and cover the items below.  In lab, we will use the machine and the manuals to develop the information.  Report should be a professional narrative not bullets.  Include this sheet as the first page of your report. 
I. Corn Header
Describe the how the header functions to harvest the crop.  
II. Grain Header
Describe the how the header functions to harvest the crop.
III. Combine Components
For each component listed below, identify the location; understand its function and relationship to the flow of material.  In your lab report list the components in order of material flow and describe the function of each.
· Feeding mechanism and feeder housing
· Cylinder and concaves (or rotor)
· Straw Walker
· Chaffer
· Sieve
· Clean grain elevator and augers
· Tailings elevator and augers
· Storage tank

IV. Combine Controls
Neatly diagram and label the location of each control (from the driver’s seat) in the cab of the combine.  A sample can be found in the lab sheet.  Attach your diagram to your report.   Use the provided manuals to look up the controls.  DO NOT ASSUME.  


Driver’s
Seat
Console Detail

Key Points:
At the conclusion of the lab activity you should be able to:
· Identify the components of a combine and explain their function. 
· Identify common controls and their function using a manual.
· Describe how different headers are used to harvest different crops.
· Describe the basic function of a yield monitor and how they can be used for crop management. 

Notes:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Notes:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________


Name: ____________________
Lab Day/Time:____________________
[bookmark: _Toc28591185]Hay Harvesting Equipment
Purpose: to understand the theory of operation and function of common hay equipment.

For each machine observed write a paragraph describing the following:
1. Purpose of the machine and where in the processing of hay is the machine used.
2. Power source or requirement
3. Flow of material through the machine
4. Controls and operation
5. Common adjustments
6. How the machine operates
7. Safety considerations

Check the equipment observed in the lab. 
· Swather (windrower)
· Rake
· Rectangular Baler
· Squeeze
· Forage Harvester
· Forage Wagon
· Bagger
· _________________________
· _________________________
I.  Type up a lab report describing ALL the machines in the lab (12 point, double space, 1” margins). This is a professional report not an outline.  It should explain the basics of each machine covered in lab and how the overall process works.  See references for a complete grading rubric.  Attach this sheet as a cover sheet.  
	
	Assignment Points

	Traits
	Unacceptable 
	Acceptable 
	Superior 
	Points

	Organization of Ideas and Content.   Includes the hay harvest diagram.  For each machine reviewed in the activity you must describe what it does and where it fits into the hay harvest process. 
	16
	21
	26
	

	Sentence Structure, Paragraph Structure, Word Choice and Tone
	8
	10
	12
	

	Grammar, Punctuation, and Spelling
	4
	6
	8
	

	Professional Format and Use of Conventions and Professionalism
	2
	3
	4
	

	TOTAL
	30
	40
	50
	




II. Include a diagram of the hay harvesting process used on the Farm that describes the flow of hay from cutting to storage.  Be sure to include any steps that are done by custom operators.  Remember hay can be harvested for baled hay or silage; be sure to include both processes. 
For example:

Step 1
Step 2
Step 3
Step 4


Key Points:
At the conclusion of the lab activity you should be able to:
· Identify common hay equipment.
· Describe the operation of common hay equipment.
· Describe how each machine fits into the harvest process. 
Notes:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
Name: ____________________
Lab Day/Time:____________________
[bookmark: _Toc28591186]Ballasting Tractors
Purpose:  To understand the procedure to properly ballast a tractor and to understand the effects of ballast on tractor operation and performance.
Equipment Needed:
College of Agriculture	AGET 150
California State University, Chico	Agricultural Machine Systems

Truck scale
Tape measure
Tire pressure gauge
3 point implement
Tractor
Operator’s Manual
Fork lift
Chain

Note: Portions of this lab are adapted from John Deere Operator’s Manuals.
Background:
200
lbs
? lbs
100 in.
50 in.

Consider the “teeter-totter” illustrated above.  For the beam to be balanced, the unknown weight must be __________ lbs.  The ratio of the weights is simply the ratio of the distances.   Assuming the beam weighs 10 lbs what is the weight on the balance point?  __________ lbs. 


Part I – Basic Tractor Data Collection:
1. Tractor Make: 	____________  Model: ___________
2. Drive Type:   2WD or MFWD
3. PTO HP:	____________
4. 3 point implement: 	___________________________
5. Rear Tire Size: 	___________________________
6. Front Tire Size: 	___________________________
7. Maximum load for these tires (see manual, tire, or chart in appendix) _________ lbs. 
8. Actual Rear Tire Pressure 	Left __________  Right _________
9. Actual Front Tire Pressure 	Left __________  Right _________
10. Existing ballast (check if present): 
	___ Rear wheel weights 
	___ Front wheel weights
	___ Front weights.  Number: ___________
	___ Front Liquid Ballast
	___ Rear Liquid Ballast
	___ Other (explain) __________________________________________
Part II – Implement Data
1. Determine the “center of gravity” of the implement. 
2. Enter the measurements in the diagram below.  Measure from the center of the rear axel to: 1) front axel, center of front weights, center of tanks (if equipped), and center of the implement (balance point).  Record your measurements below.



Part IV – Weighing the Tractor
To accurately set the ballast on a tractor you must weigh the tractor.

	Using the scale determine the following:

	  Front Axle Weight
	

	  Total Tractor Weight
	

	  Rear Axle Weight (by subtraction)
	

	Connect the 3 point implement to the tractor and weight the tractor:

	  Front axle weight with implement raised
	

	  Total tractor weight with implement
	

	  Rear axle weight with implement raised (subtract)
	

	Implement weight (subtract tractor weight)
	

	Calculate the weight on each rear tire (implement raised). 

	


Part III – Ballasting for Stability (Safety)
To maintain stability when driving with the implement raised the front axle weight of the tractor with the implement raised should be at least 50% of the weight with the implement lowered.  

Calculate the percentage of weight remaining on the front wheels using the weight data above.




Percent of Implement Lowered Weight _____________


Part V – Ballasting for Power
Review the references in the appendix. 
Worksheet to Calculate Ballast Changes
IMPORTANT: Ballast should not exceed weight required to result in recommended percent slip at 6.6 km/h (4.1 mph) MINIMUM. 
NOTE: Complete this entire worksheet before adding or changing any ballast, or air pressures. 

	 
	Front
	Rear
	Total

	1. Determine desired weight split for your operation. (from table)
	_____ %
	_____ %
	

	2. Record desired weight of tractor (See Ballasting Guide, based on PTO Hp).
	
	
	________

	3. Percent of Weight Split from Step No. 1 multiplied by Step No.2 (Desired Weight) results in Total Front Weight. For Rear Weight, subtract front weight from Total Weight.
	________
	________
	________

	4. Weight of tractor as determined from the Unballasted Tractor Weight Chart or weight from scale.
	________
	________
	________

	5. Ballast needed (subtract tractor weight in Step No. 4 from desired weight in Step No. 3
	________
	________
	

	6. Add ballast.
	________
	________
	

	7. Add ballast from Step No. 6 to weights from Step No. 4. (Final Weight)
	________
	________
	

	8. Set tire pressure for operating conditions using weights from Step No. 7. (See appropriate inflation pressure table in manual or reference).
	________
	________
	

	NOTE: You are now ready to test for wheel slippage. See Measuring Wheel Slip (Appendix).



Key Points:
At the conclusion of the lab activity you should be able to:
· Understand the forces involved in ballasting.
· Describe the difference between ballasting for safety and ballasting for power.  
· Determine tire size and type by reading the data on the tire.
· Determine the maximum load of a tire.
· Determine proper tire inflation levels.
· Preform the calculations to determine the proper weight of a tractor.


Questions:
1. With the implement raised does the tractor exceed the maximum rear tire loading?
 _________
2. If a front weight weighs 104 lbs. and the weight rack weighs 90 lbs., how many gallons of water are equivalent to 5 weights (104 lbs x 5 + 90 lbs)? (Water weighs approximately 8 lbs./gal.).  Hint: Use the diagram to help visualize the problem. The weight is not located in the same position. Show your work. 




_____________


3. Is the tractor ballasted properly for stability (safety) with the implement?	 ________

4. How does the rear tire pressure as measured compare with the recommend pressure at the measured weight (no implement)?
_____________________________________________________________________________________
_____________________________________________________________________________________
5. How do tire pressures compare between radial and bias tires of similar sizes (see charts in appendix or manual for rear tires of the same size). See 20.8x38 for an example. 
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
6. How do tire pressures change as the axle load change?  (See charts in appendix or manual for rear tires of the one size; 20.8x38 for example. )
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
7. Assuming the wheel slip is measured at 20% does the tractor need more or less ballast?  See table in appendix.  
________________
8. If the tractor requires ballasting (Question 7) what options would you recommend and why (use the tractor manual)?
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Notes:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________


Name: ____________________
Lab Day/Time:____________________
[bookmark: _Toc28591187]Getting to Know Tractors
While all tractor share similar controls and service requirements; each is different.   The purpose of this exercise is to become familiar with:
Tractor controls
Daily Check Items including safety items.\
Differentiate between routine maintenance items and those that can compromise operator safety. 
The operator’s manual

Pre-start Daily Check Items (generic list)
The list below will work on most tractors when a operators manual is not available.  Determine which items are safety related or preventive maintenance of the machine. Indicate which with a check.
	
	Maintenance 
	Safety Related 

	Engine Oil
	
	

	Hydraulic/Transmission Oil
	
	

	Coolant Level
	
	

	Fuel Level
	
	

	Air cleaner valve & pre-cleaner
	
	

	Radiator Screen Clear
	
	

	Drain the Water Separator
	
	

	Tire Inflation and condition
	
	

	Safety shields in place
	
	

	Seat belt (with ROPS)
	
	

	L and R Brakes have same travel, locked for road travel
	
	

	Implement hitch pins in place
	
	

	PTO secure and guards in place
	
	

	Steering connections tight
	
	

	Walk around – No leaks, damage, loose or missing parts 
	
	

	Instrument Panel (key on)
	
	




For this activity you will use the operator’s manual to determine the pre-start checks and locate common controls.

Sample Diagram (combined pre-start check and controls)
Steering Wheel
Seat
Tire
Oil
3 point control
Fuel


At the completion of the lab, students should be able to perform the pre-start check of each tractor on their own and identify common tractor controls.  Diagrams should look similar to the sample above.   Each student should check each item.  We will review and discuss all tractors when all groups are finished. 
1) 
Tractor Make ___________   Model __________ Type of drive (circle): 2WD, MFWD, 4WD
Using the operator’s manual, perform the daily check (10 hour service) of the tractor.  List any discrepancies.  
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
Locate and neatly label the items listed in the operator’s manual for the daily check on the diagram below (see example on the first page). Show engine oil, hydraulic oil, coolant even if they are not part of the daily check. 




Using the operator’s manual as a guide, identify and label the location of the following controls on the diagram below:  If the tractor does not have the control, then note this. 

College of Agriculture	AGET 150
California State University, Chico	Agricultural Machine Systems
a) 
Clutch
Brakes
Differential Lock
PTO Control Lever
Gear Shift
Hi/Low or Range Lever
Forward/Reverse Lever
Throttle (foot and hand)
3 point controls




2) 
Tractor Make ___________   Model __________ Type of drive (circle): 2WD, MFWD, 4WD
Using the operator’s manual, perform the daily check (10 hour service) of the tractor.  List any discrepancies.  
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
Locate and neatly label the items listed in the operator’s manual for the daily check on the diagram below (see example on the first page). Show engine oil, hydraulic oil, coolant even if they are not part of the daily check. 




Using the operator’s manual as a guide, identify and label the location of the following controls on the diagram below:  If the tractor does not have the control, then note this. 

College of Agriculture	AGET 150
California State University, Chico	Agricultural Machine Systems
a) 
Clutch
Brakes
Differential Lock
PTO Control Lever
Gear Shift
Hi/Low or Range Lever
Forward/Reverse Lever
Throttle (foot and hand)
3 point controls




3) 
Tractor Make ___________   Model __________ Type of drive (circle): 2WD, MFWD, 4WD
Using the operator’s manual, perform the daily check (10 hour service) of the tractor.  List any discrepancies.  
_______________________________________________________________
_______________________________________________________________
_______________________________________________________________
Locate and neatly label the items listed in the operator’s manual for the daily check on the diagram below (see example on the first page). Show engine oil, hydraulic oil, coolant even if they are not part of the daily check. 




Using the operator’s manual as a guide, identify and label the location of the following controls on the diagram below:  If the tractor does not have the control, then note this. 

College of Agriculture	AGET 150
California State University, Chico	Agricultural Machine Systems
a) 
Clutch
Brakes
Differential Lock
PTO Control Lever
Gear Shift
Hi/Low or Range Lever
Forward/Reverse Lever
Throttle (foot and hand)
3 point controls





Using the specifications sheet in this manual determines the following:


	Tractor Make/Model:
	

	Advertised PTO Horsepower (hp)
	

	Standard hydraulic pump output (GPM)
	

	Category of 3 point hitch
	

	Fuel Capacity (gal)
	

	PTO speeds (speed at engine RPM)
	

	Shipping weight (2WD)
	



Key Points:
At the conclusion of the lab activity you should be able to:
· Read a manual to determine basic specifications and daily servicing.
· Preform the daily service on a tractor.
· Understand the function of common controls found on tractors. 

 Name: ____________________
Lab Day/Time:____________________
[bookmark: _Toc28591188]Driving & Operation #1 – Introduction to Driving Tractors
Purpose:  To become familiar with the operation of different tractors.  Gain confidence in maneuvering operations. 
1. You will need to drive all the different tractors for this lab.
2. Do a pre-start check on TWO tractors.  Note any problems below. IF A TRACTOR IS UNSAFE OR NOT IN DRIVING CONDITION -- DO NOT DRIVE!  Record the number of each tractor you checked below.
	CSUC #
	Condition

	
	

	
	


3. Wear your seat belt if applicable. Practice driving at 3-4 MPH, in a straight line, backing, and maneuvering around the markers.
4. Practice with a disc or similar implement.  Observe any turning restrictions.
5. Practice backing in a straight line.
6. Remember Listen, Look, and Live.
7. List the Make, Model, and CSUC # of each tractor you drive.

	Make
	Model
	CSUC #
	Implement (if any)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	




Key Points:
At the conclusion of the lab activity you should be able to:
· Preform the daily service on a tractor.
· Identify the controls commonly found on a tractor.  
· Safely operate a common tractor.
· Maneuver a tractor with a trailing implement.


Notes:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Name: ____________________
Lab Day/Time:____________________
[bookmark: _Toc28591189]Driving & Operation #2 -- 3 Point Hitching
Purpose: Continue to gain driving proficiency, learn safe hitching practices and understand how common tractor hitching systems work.
1. You will need to operate each different tractor provided for this lab.
2. Do a pre-start check on TWO tractors.  Note any problems below. IF A TRACTOR IS UNSAFE OR NOT IN DRIVING CONDITION -- DO NOT DRIVE!  Record the number of each tractor you checked below.
	CSUC #
	Condition

	
	

	
	


3. Review and identify the components of the following tractor systems as you do the daily check: Cooling, Fuel, Intake, Exhaust, Charging, and Starting.
4. What type of hitch is found on each piece of equipment?
	Tractor
	Implement
	Hitch (type/size)

	
	
	

	
	
	

	
	
	

	
	
	


5. Hitch each tractor to the provided implement.  
6. Raise and move the implement to the designated location and disconnect it.  Repeat as needed for practice.
7. Remember Listen, Look, and Live. If time and equipment allow, practice precision driving. 
8. What are the safety considerations for connecting implements?
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Key Points:
At the conclusion of the lab activity you should be able to:
· Preform a daily service on a tractor.
· Understand and operate 3 point and hydraulic controls.
· Correctly connect implements to a 3 point or drawbar.
· Describe the safety issues associated with hitching and operation of a tractor with attached implements.
· Identify common tractor controls and engine systems such as injection pump, radiator, intake manifold, exhaust manifold, alternator, battery, starter motor. 


Notes:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Name: ____________________
Lab Day/Time:____________________
[bookmark: _Toc28591190]Driving and Operation #3 – Crawler, Loader & Forklift Driving
1. Practice driving all the provided equipment. 
2. Do a pre-start check on TWO tractors.  Note any problems below. IF A TRACTOR IS UNSAFE OR NOT IN DRIVING CONDITION -- DO NOT DRIVE!  Record the number of each tractor you checked below.  REMEMBER industrial equipment may be different from the tractors you have been operating. 
	CSUC #
	Condition

	
	

	
	


3. Review and identify the components of the following tractor systems as you do the daily check: Cooling, Fuel, Intake, Exhaust, Charging, and Starting.
4. Practice driving a forklift in a straight line, and maneuvering around the markers.  Then move the bins (other similar load). 
5. The move a few scoops with the loader bucket from one pile to another. 
6. Practice driving the crawler around the course provided. 
7. Drive/operate each of the other pieces of equipment provided.
8. Practice three point hitching or tractor driving if equipment is available and time permits.
9. List the Make, Model, and CSUC # of each piece of equipment you drive.

	Make
	Model
	CSUC #
	Implement (if any)

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	



Questions:
(type the question and answers and attach  to the lab sheet.)
1. What are the major safety considerations for operating a forklift?
2. What are the major safety considerations for operating a loader?
3. What are the major safety considerations for operating a crawler?

Key Points:
At the conclusion of the lab activity you should be able to:
· Describe the safety issues of operating the machines used in the lab. 
· Safely operate a forklift, loader, and crawler.
· Identify the machinery used in this lab.

Notes:
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________
_____________________________________________________________________________________

Name: ____________________
Lab Day/Time:____________________
[bookmark: _Toc28591191]GPS Leveling and Tractor Guidance
Purpose: Understand the basic operation of laser leveling equipment and GPS guidance systems.  

Equipment needed:  Tractor and scraper with GPS Leveling, Tractor with GPS guidance system.

For one tractor complete the following about the guidance system: 

Tractor  Make: ______________  Model: ________________   GPS Make: ________________
1. What type of GPS correction is being used? WAAS / RTK / Other _______________________
2. List the components of the system:
a. _________________________________
b. _________________________________
c. _________________________________
d. _________________________________
e. _________________________________
f. _________________________________
3. Make a block diagram of the guidance system showing how the components are interconnected, what information is exchanged between each component and which direction the information travels (see sample block diagram in the reference section).  Be sure to indicate the “user input”.  





















Make a block diagram of the leveling system showing how the components are interconnected, what information is exchanged between each component and which direction the information travels (see sample block diagram in the reference section).  Be sure to indicate the “user input”.  






































Key Points:
At the conclusion of the lab activity you should be able to:
· Identify the components of a GPS guidance system.
· Describe how the guidance system works and the main benefits of using the system.
· Describe how a GPS leveling system works and why they are used.
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References
[bookmark: _Toc28591193]Useful Information
Unit Conversions
1 gal=128 oz.
1 gal= 231 cubic inches
3785 ml = 1 gallon
1 Acre=43560 sq. ft.
1 mile = 5280 ft
1HP = 33,000 ft lbs
Power
Drawbar HP = Force (lbs) X Speed (MPH) / 375
PTO (shaft) HP = 2 π F R N / 33,000  = 2 π  T N / 33,000
F=tangential force (lbs)
R=radius of the shaft (ft)
N=RPM
T=Torque
Hydraulics


(1714 is a unit conversion constant)








Field Capacity/Efficiency








Application, Liquid


GPA = Gallons / Acre
W=width in inches, nozzle spacing


W=width in inches/nozzle
GPM = GPM per nozzle
5940=unit conversion= 60 min/h X 43560 sq. ft/A X 12 in/ft / 5280 ft/mile


GPM = Boom Gallons/Min
W=Width in feet
495=unit conversion= 60 min/h X 43560 sq. ft/A ÷ 5280 ft/mile
Application, Dry


W=Width in feet
495=unit conversion= 60 min/h X 43560 sq. ft/A ÷ 5280 ft/mile


W=width in feet
Planting Rates
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Sample Fertilizer Reference
[image: Aqua_Ammonia_20-0-0_Ag_K_H]
[image: Mono-Ammon-Phos-16-20-0_Page_1]

[bookmark: _Toc28591195]Sample Tractor Specifications
	
Specifications:

	MANUFACTURER
	John Deere

	MODEL
	7820 155 PTO hp

	Official Test
	 

	Engine
	 

	    Manufacturer
	John Deere

	    Aspiration
	Turbo & Air to Air Intercooled

	    Cylinders/Displacement, cu. in. (liters)
	6/496 (8.1)

	    Cylinder Liners
	Wet

	    Fuel Tank Cap., US Gal.(L)(Open; Cab)
	---

	        Standard
	103 (390)

	        Optional
	94.7 (358) with opt. right-hand door

	Performance
	 

	    Advertised PTO HP (kW) @ Rated RPM
	155 (115) @ 2100

	    Official PTO HP (kW) @ Rated RPM
	--

	        @ Standard PTO @ Eng RPM
	156.55 (116.74) @ 2101

	        Maximum @ Eng RPM
	174.31 (129.99) @ 1850

	    Advertised Engine HP (kW) @ Rated Speed
	--

	    Max Unballast Drwbr HP (kW) @ Eng RPM
	159.29 (118.78) @ 1847

	    Maximum Torque (PTO) @ RPM, lb-ft (Nm)
	616 (835) @ 1150

	    Max Torque Rise (80% Rtd Spd) @ Eng RPM
	38.0% @ 1700

	    Maximum Torque Rise % (PTO) @ Eng RPM
	57.1% @ 1150

	Fuel Use, U.S.Gal/hr & HP hr/gal at:
	 

	    PTO @ Rated Eng RPM
	09.36 (35.44) & 16.72 (3.29) @ 2101

	    Standard PTO Speed @ Eng Speed
	09.36 (35.44) & 16.72 (3.29) @ 2101

	    Maximum PTO Power @ Eng RPM
	09.55 (36.15) & 18.25 (3.60) @ 1850

	    Maximum Engine Power @ Eng RPM
	09.48 (35.89) & 15.14 (2.98) @ 2094

	    Max Unballasted Drawbar Power@Eng RPM
	09.41 (35.62) & 16.92 (3.33) @ 1847

	    75% Load, Full Engine RPM (Unballasted)
	08.61 (32.59) & 12.97 (2.56) @ 2157

	    75% Load @ Reduced RPM (Unballasted)
	06.89 (26.08) & 16.21 (3.19) @ 1624

	Transmission
	 

	    Std Transmission; Forward/Reverse
	PowrQuad Plus 16F/16R

	    Opt Transmission; Forward/Reverse
	PQ Plus 20F/20R, AutoQuad 20F/20R or IVT

	    Left-Hand Reverser
	Standard

	    On-the-Go Shifting (Yes/No/Partial)
	Yes

	    Direction Reverser; Forward/Reverse
	Power

	    Clutch; Wet/Dry
	Wet

	Power Take-Off (PTO)
	 

	    Standard
	13/4 1000, cap of 1 3/8 540/1000 w/o kit

	    Optional
	1-3/4 1000 or 1-3/8 540/1000 with kit

	    Speeds @ RPM
	540 @ 1950; 1000 @ 1950

	    Control
	Electronic

	Hydraulics
	 

	    Type
	Closed Ctr. - Pres. & Flow Compensated

	    Pump Rated Output, GPM (L/min)
	---

	        Standard
	32 (121.2)

	        Optional
	none

	    Rated Flow @ One SCV, GPM (L/min)
	30 (114 L/min)

	    Max Output @ SCV Couplers, GPM (L/min)
	32.1 (121.7 l/min)

	    Maximum Operating Pressure, PSI (kPa)
	3046 (2100)

	    Maximum Hydraulic Power, HP (kW)
	47.2 (35.2)

	    Draft Control Type
	Electrohydraulic

	    Remote Control Valves Available
	4 rear, 2 Mid-Mounts + 1 on/off-(max.7)

	    Hitch Category (SAE Designation)
	3/3N

	    Hitch Lift Cap. lb.(kg)@24"Bhnd Lift Pt.
	---

	        Standard
	10,050 (4559)

	        Optional
	14,000 (6350)

	    Sensing Type
	Lower Link

	Final Drive
	 

	    Type
	Inboard Planetary

	    Differential Controls
	Electrohydraulic

	    Availability
	---

	        Front
	Yes

	        Front & Rear
	Yes

	    Engage On-the-Go Rear Differential Lock
	Yes

	2WD Dimensions
	 

	    Wheelbase, in. (mm)
	112.6 (2860)

	    Front Tread Range, in. (mm)
	60-88 (1523-2234)

	    Rear Tread Range, in. (mm)
	59.6-108.3 (1514-2751)

	    Minimum Rear Tread Setting, in. (mm)
	59.6 (1514)

	    Front Axle Clearance, in. (mm)
	25.6 (650) w/11.00-16, F2 front tires

	    Turning Radius w/Brakes, ft. (m)
	--

	    Turning Radius w/o Brakes, ft. (m)
	15.1 (4.60) @ 60 in. tread

	    Unballasted Operating Weight, lb. (kg)
	16,200 (7257)

	MFWD Dimensions
	 

	    Wheelbase, in. (mm)
	112.6 (2860)

	    Front Tread Range, in. (mm)
	60-88 (1523-2234)

	    Front Axle Clearance, in. (mm)
	24.5 (622) w/380/80R38, R1 front tires

	    Turning Radius w/Brakes, ft. (m)
	--

	    Turning Radius w/o Brakes, ft. (m)
	19.7 (6.0) w/16.9R30, no fenders

	    Limited Slip Differential
	Optional

	    Unballasted Operating Weight, lb. (kg)
	17,102 (7756) w/PQ+ or AQ+

	    Approx. Ship Wgt, lb. (kg) Open; Cab
	17,102 (7756) w/PQ= or AQ+

	4WD Dimensions
	 

	    Wheelbase, in. (mm)
	112.6 (2860)

	    Wheel Tread, Min. to Max. in. (mm)
	59.6-108.3 (1514-2751)

	    Turning Radius w/o Brakes, ft. (m)
	19.7 (6.0) w/16.9R30, no fenders

	    Neb. Test Unballasted w/Duals, lb.(kg)
	17,045 (7895)

	    Unballasted Weight, lb. (kg)
	17,603 (7983) w/IVT

	Standard Tires
	 

	    2WD
	---

	        Front
	11.00-16 in. 8 PR (F2)

	        Rear
	480/80R42 151A8 (R1)

	    MFWD
	---

	        Front
	

	        Rear
	480/80R42 151A8 (R1)

	    4WD
	--

	    Track Widths
	--

	    Inboard Planetary
	Yes

	    Axle Type
	Rack & Pinion

	    Brakes - Type and Control
	Hydraulic Wet Disk

	    Country of Manufacture
	Waterloo, Iowa USA

	    Ballasting Restrictions, lb. (kg)
	--
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Sample Tractor Speed Chart
JD 6230 Travel Speeds 
Speeds at maximum rated engine speed of 2300 rpm equipped with 18.4R38 tires

	Range
	Gear
	mph

	A
	1
	1.6

	 
	2
	2.2

	 
	3
	3.0

	B
	1
	3.2

	 
	2
	4.4

	 
	3
	5.7

	C
	1
	5.2

	 
	2
	7.3

	 
	3
	9.3

	D
	1
	10.8

	 
	2
	15.0

	 
	3
	19.1

	A
	R
	1.9

	B
	R
	3.9

	C
	R
	6.4

	D
	R
	13.2
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Ballasting for Power[footnoteRef:1] [1:  Adapted from John Deere Tractor Manuals] 

Proper ballast will control wheel slip.  
Attaining Optimum Performance 
Before adding ballast to your tractor, consider these important factors to attain optimum performance: 
Total tractor weight and static weight split (percent of static weight on front and rear axles) 
Type of ballast used (cast weight or liquid) 
Tire inflation pressures 
Recommended Weight Split 
Tractor should be weighed to accurately determine amount and type of ballast. Weight should be distributed depending on how tractor is equipped and the conditions in which it will be operated. 
Correct Ballast 
Use no more ballast than necessary, and adjust ballast as tractor use changes. 
For correct ballast, measure amount of travel reduction (% slip) of the drive wheels. Under normal field conditions, travel reduction should be 10-15 percent (8-12 for MFWD tractors). Add more weight to drive wheels if slip is excessive. If there is less than minimum percent slip, ballast should be removed, unless needed for stability. 
Correct ballast allows for most efficient use of tractor's available power and will not make up for an implement which is too big for the tractor. Adding ballast will not improve performance, if engine speed falls below rated speed and/or wheel slip is not beyond the recommended range. 
Correct Inflation Pressure 
Inflate tires to correct pressure to carry load on each axle for optimum tractive performance. 
NOTE: See Wheels, Tires, and Treads Section for inflation pressure charts. 
Selecting Ballast Carefully 
NOTE: Radial-ply and bias-ply tires use same ballasting procedures. 
Factors Determining Amount of Ballast
Soil surface-loose or firm
Type of implement-integral/semi-integral or towed
Travel speed-slow or fast
Tractor power output-partial or full load
Tires-single or dual; small or large
Pulling a lighter load at a higher speed is more economical and more efficient than pulling heavier loads at a lower speed. 
	Too Little Ballast
	Too Much Ballast

	Excessive wheel spin
	Soil compaction

	Power loss
	Power loss

	Tire wear
	Increased load

	Fuel waste
	Fuel waste

	Lower productivity
	Lower productivity


Ballast Limitations 
IMPORTANT: Tractor weight exceeding heavy ballast limits should be avoided and may void the warranty due to "overload" conditions. 
Ballast should be limited by the lowest of either tire capacity or tractor capacity. Carrying capacity of each tire should not be exceeded. If a greater amount of weight is needed, a larger single tire or duals should be considered. 
Calculating Ballast for Optimum Performance	
Tractor weight and ballasting requirements vary depending on tractor equipment, tire inflation, and operating conditions.
 
Follow these instructions to determine ballasting requirements
 	 
	Step 1
	Determine recommended total working weight and weight split for application ballast.

	 
	Total tractor weight requirement is found by multiplying the tractor PTO horsepower times the appropriate kilogram (pound) per horsepower. Kilograms (pounds) per horsepower requirements vary according to soil and load operating conditions.


 
	Soil Type:
	kg (lb)/PTO-hp

	Light
	54 kg (120 lb)

	Medium
	59 kg (130 lb)

	Heavy
	66 kg (145 lb)


 	 


	 
	The total tractor weight necessary to maintain the recommended wheel slip range is influenced by soil type and travel speed. The ballast levels are based upon the following speeds: km/h (mph).


 
	Soil Type
	Travel Speed

	Light
	8.7 km/h (5.4 mph

	Medium
	7.7 km/h (4.8 mph)

	Heavy
	7.2 km/h (4.5 mph)


 	 
	 
	If different travel speeds are to be utilized, more or less weight will be needed. Higher speeds will not require as much weight.

	 
	In most cases, 59 kg (130 lb)/PTO horsepower will be enough weight to pull heavy loads. Example:

	 
	 PTO hp 170 x 59 kg (130 lb) = 10,024 kg (22,100 lb)

	 
	10,024 kg (22,100 lb) is the total tractor working weight that would be needed at 59 kg (130 lb)/PTO horsepower.

	 
	Next, determine how much of the 10,024 kg (22,100 lb) weight needs to go on the front and how much on the rear of the tractor. Factory recommended weight splits are:


 
	Front Axle
	Towed
	Semi-Integral
	Integral

	2WD (Front/Rear)
	25/75
	30/70
	35/65

	MFWD (Front/Rear)
	35/65
	35/65
	35/65 *


 	 
	 
	 
	* Front weight requirements are determined by the weight of the hitch-mounted implement. Enough front weight needs to be added to maintain steering control. 
	 
	 

	 
	 

	 
	In this example, the MFWD tractor will be pulling a towed implement. The recommended 35% of the total weight should be on the front and 65% should be on the rear of the tractor.

	 
	 

	 
	 
	Total Front Weight:
	10,024 kg (22,100 lb) x 0.35 = 3509 kg (7735 lb)
	 

	 
	 

	 
	 
	Total Rear Weight:
	10,024 kg (22,100 lb) x 0.65 = 6516 kg (14,365 lb)
	 

	 
	 

	 
	To determine how much weight needs to be added to the front and rear, go to Steps 2 and 3.

	 
	 

	 
	NOTE: Additional ballast may be required due to loss of tractor stability.

	 
	 

	Step 2
	Determine current tractor weight by using the Operator's Manual or by using a scale. Find the chart with the correct tractor model and tire size.

	 
	The tractor in the example has MFWD and is equipped with 480/80R46 dual tires and has no front weights. The weight guide lists:



	Total Front Weight
	Total Rear Weight

	2942 kg (6485 lb)
	5202 kg (11,468 lb)


 
	Step 3
	Subtract current tractor weight (determined in Step 2) from the recommended total weight and weight split (determined in Step 1) and add ballast as required.

	 
	 

	 
	 
	Front Ballast:
	3509 kg (7735 lb) - 2942 kg (6485 lb) = 567 kg (1250 lb)
	 

	 
	 

	 
	 
	Rear Ballast:
	6516 kg (14,365 lb) - 5202 kg (11,468 lb) = 1314 kg (2897 lb)
	 

	 
	 

	IMPORTANT:
	There is a weight transfer effect when adding front weights since they are mounted forward of the front axle.

	Step 4
	Adjust tire inflation pressures for optimum performance. (See TIRE INFLATION PRESSURE GUIDELINES in the Wheels, Tires and Treads section.) To get optimum performance from the tractor, inflation pressures must be correctly adjusted to gain maximum traction and minimum soil compaction. Ground pressure "soil compaction" is equal to 6.89-13.79 kPa (0.069-0.138 bar) (1-2 psi) higher than tire inflation pressure.

	Step 5
	The final determining factor of correct ballast is a wheel slip measurement in the field. Under normal conditions wheel slip should be:


 
	Tractor
	Percent

	2WD
	10-15

	MFWD
	8-12


 	 
	 
	Radar is needed to calculate average wheel slip. When tractor is equipped with radar, wheel slip will be displayed in the vehicle monitor window. Checking wheel slip manually is possible but will only show slip in one area of the field. (See MEASURING WHEEL SLIP-MANUALLY.) Field conditions vary from one area to another. Maintain the correct average wheel slip to maintain optimum traction performance.

	Step 6
	Add more weight to drive wheels if slip is excessive. If there is less then minimum slip, weight should be removed. NOTE: To extend drivetrain life, never add ballast that results in continuous full power loads below 6.6 km/h (4.1 mph).
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Measuring Wheel Slip
[image: RW26776]1. Mark a rear tire. 
2. Mark a starting point on the ground with the tractor moving at normal operating speed and implement lowered in the ground. 
3. Follow tractor and mark the ground again where marked tire completes 10 full revolutions. 
4. Repeat procedure with implement raised at the same working speed. Count revolutions between [image: RW26777]same two marks. 
5. Use second count and chart to determine slippage. 
6. Adjust ballast or load to give correct slippage. 
NOTE: Ideal slippage is 10-15 percent (8-12 percent for tractors with MFWD). 
NOTE: Available horsepower is greatly reduced when wheel slip drops below minimum percent. 
	Wheel Slippage Chart

	 

	Wheel Revolutions
	%
	Result

	(Step 4)
	Slip
	 

	10
	0
	Remove Ballast

	9-1/2
	5
	 

	9
	10
	Correct Ballast

	8-1/2
	15
	 

	8
	20
	Add Ballast

	7-1/2
	25
	 

	7
	30
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Tractor Tires
Maximum Load Per Wheel
	FRONT BALLAST
	REAR BALLAST

	Tire
Size
	Load
Rating
	30 km/h
(20 mph)
	40 km/h
(25 mph)
	Tire
Size
	Load
Rating
	30 km/h
(20 mph)
	40 km/h
(25 mph)

	11.00-16
	8
	1310 kg
(2890 lb)
	1180 kg
(2600 lb)
	14.9R46
	***
	2840 kg
(6250 lb)
	2650 kg
(5840 lb)

	11.00-16
	12
	1720 kg
(3790 lb)
	1550 kg
(3420 lb)
	18.4-38
	8
	2700 kg
(5950 lb)
	2430 kg
(5360 lb)

	11.00-20
	12
	1750 kg
(3860 lb)
	1580 kg
(3480 lb)
	18.4R38
	*
	2760 kg
(6080 lb)
	2580 kg
(5680 lb)

	13.6R28
	***
	1820 kg
(4000 lb)
	1700 kg
(3740 lb)
	18.4R38
	**
	3210 kg
(7070 lb)
	3000 kg
(6600 lb)

	14L-16.1
	10
	1720 kg
(3790 lb)
	1550 kg
(3420 lb)
	18.4-42
	10
	3330 kg
(7330 lb)
	3000 kg
(6600 lb)

	14.9-28
	10
	2110 kg
(4640 lb)
	1900 kg
(4180 lb)
	18.4R42
	148A8**
	3370 kg
(7430 lb)
	3150 kg
(6950 lb)

	14.9R28
	***
	2200 kg
(4860 lb)
	2060 kg
(4540 lb)
	20.8-38
	8
	3110 kg
(6840 lb)
	2800 kg
(6150 lb)

	14.9-30
	10
	2160 kg
(4760 lb)
	1950 kg
(4300 lb)
	20.8R38
	*
	3300 kg
(7280 lb)
	3080 kg
(6800 lb)

	14.9R30
	***
	2270 kg
(5010 lb)
	2120 kg
(4680 lb)
	20.8R38
	153A8**
	3910 kg
8610 lb)
	3650 kg
(8050 lb)

	16.9-26
	10
	2285 kg
(5040 lb)
	2060 kg
(4540 lb)
	23.1-34
	8
	3230 kg
(7110 lb)
	2910 kg
(6410 lb)

	16.9R26
	**
	2330 kg
(5140 lb)
	2180 kg
(4800 lb)
	320/90R50
	****
	3300 kg
(7280 lb)
	3080 kg
(6780 lb)

	16.9R28
	136A8**
	2400 kg
(5280 lb)
	2240 kg
(4940 lb)
	420/80R46
	151A8***
	3690 kg
(8140 lb)
	3450 kg
(7610 lb)

	290/95R34
	***
	2140 kg
(4720 lb)
	2000 kg
(4410 lb)
	650/75R34
	162A8***
	4760 kg
(10470 lb)
	4450 kg
(9790 lb)

	320/85R34
	***
	2200 kg
(4860 lb)
	2060 kg
(4540 lb)
	 

	480/70R28
	141A8**
	2680 kg
(5900 lb)
	2500 kg
(5510 lb)
	 




Recommended Pressures-Front Bias Tires
	Axle Load
	11.00-16
8PR
	11.00-16
12PR
	11.00-20
12PR
	12.4-42
10 PR
	14L-16.1
10PR
	14.9-28
10PR
	14.9-30
10PR
	16.9-26
10PR

	Kg (lbs)a
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)

	1360(3000)
	170(1.7)(24)
	170(1.7)(24)
	170(1.7)(24)
	-
	170(1.7)(24)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	1590(3500)
	170(1.7)(24)
	170(1.7)(24)
	170(1.7)(24)
	-
	170(1.7)(24)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	1820(4000)
	190(1.9)(27)
	190(1.9)(27)
	170(1.7)(24)
	80(0.8)(12)
	170(1.7)(24)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	2040(4500)
	220(2.2)(32)
	220(2.2)(32)
	170(1.7)(24)
	100(1.0)14
	170(1.7)(24)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	2270(5000)
	260(2.6)(37)
	260(2.6)(37)
	180(1.8)(26)
	120(1.2)17
	190(1.9)(27)
	90(0.9)(13)
	80(0.8)(12)
	80(0.8)(12)

	2500(5500)
	260(2.6)(37)
	300(3.0)(43)
	210(2.1)(30)
	140(1.4)(20)
	210(2.1)(31)
	100(1.0)(15)
	100(1.0)(15)
	80(0.8)(12)

	2720(6000)
	-
	340(3.4)(49)
	240(2.4)(35)
	170(1.7)(24)
	240(2.4)(35)
	120(1.2)(18)
	120(1.2)(17)
	100(1.0)(14)

	2950(6500)
	-
	390(3.9)(56)
	270(2.7)(39)
	190(1.9)27
	280(2.8)(40)
	140(1.4)(21)
	140(1.4)(20)
	110(1.1)(16)

	3180(7000)
	-
	390(3.9)(56)
	300(3.9)(44)
	210(2.1)(30)
	280(2.8)(40)
	160(1.6)(23)
	150(1.5)(22)
	120(1.2)(18)

	3410(7500)
	-
	410(4.1)(59)
	340(3.4)(49)
	240(2.4)(35)
	290(2.9)(42)
	180(1.8)(26)
	170(1.7)(25)
	140(1.4)(20)

	3630(8000)
	-
	-
	370(3.7)(54)
	280(2.8)(40)
	-
	200(2.0)(29)
	200(2.0)(28)
	150(1.5)(22)

	3860(8500)
	-
	-
	390(3.9)(56)
	-
	-
	210(2.1)(30)
	210(2.1)(30)
	170(1.7)(25)

	4090(9000)
	-
	-
	-
	-
	-
	220(2.2)(32)
	210(2.1)(30)
	190(1.9)(27)

	4310(9500)
	-
	-
	-
	-
	-
	-
	-
	210(2.1)(30)

	4540(10000)
	-
	-
	-
	-
	-
	-
	-
	220(2.2)(32)

	4770(10500)
	-
	-
	-
	-
	-
	-
	-
	-

	4990(11000)
	-
	-
	-
	-
	-
	-
	-
	-

	5450(12000)
	-
	-
	-
	-
	-
	-
	-
	-

	5900(13000)
	-
	-
	-
	-
	-
	-
	-
	-

	6360(14000)
	-
	-
	-
	-
	-
	-
	-
	-

	aTotal Weight


Recommended Pressures-Front Radial Tires 
	AxleLoad
	13.6R28
***
	14.9R28
***
	14.9R30
***
	16.9R26
**
	16.9R28
136A8**
	290/95R34
***
	320/85R34
***
	480/70R28
140A8**

	Kg (lbs)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)

	1360(3000)
	40(0.4)(6)
	40(0.4)(6)
	40(0.4)(6)
	40(0.4)(6)
	40(0.4)(6)
	40(0.4)(6)
	40(0.4)(6)
	40(0.4)(6)

	1590(3500)
	60(0.6)(8)
	40(0.4)(6)
	40(0.4)(6)
	40(0.4)(6)
	40(0.4)(6)
	40(0.4)(6)
	40(0.4)(6)
	40(0.4)(6)

	1820(4000)
	70(0.7)(10)
	50(0.5)(7)
	50(0.5)(7)
	40(0.4)(6)
	40(0.4)(6)
	60(0.6)(8)
	60(0.6)(8)
	40(0.4)(6)

	2040(4500)
	80(0.8)(12)
	60(0.6)(9)
	60(0.6)(9)
	50(0.5)(7)
	50(0.5)(7))
	80(0.8)(11)
	70(0.7)(10)
	40(0.4)(6)

	2270(5000)
	100(1.0)(15)
	80(0.8)(11)
	70(0.7)(10)
	60(0.6)(8)
	60(0.6)(8)
	90(0.9)(13)
	80(0.8)(12)
	40(0.4)(6)

	2500(5500)
	120(1.2)(17)
	90(0.9)(13)
	80(0.8)(12)
	70(0.7)(10)
	60(0.6)(9)
	100(1.0)(15)
	100(1.0)(14)
	50(0.5)(7)

	2720(6000)
	140(1.4)(20)
	100(1.0)(15)
	100(1.0)(14)
	80(0.8)(11)
	80(0.8)(11)
	120(1.2)(17)
	110(1.1)(16)
	60(0.6)(9)

	2950(6500)
	160(1.6)(23)
	120(1.2)(17)
	110(1.1)(16)
	90(0.9)(13)
	80(0.8)(12)
	130(1.3)(19)
	120(1.2)(18)
	70(0.7)(10)

	3180(7000)
	180(1.8)(26)
	140(1.4)(20)
	130(1.3)(19)
	100(1.0)(15)
	100(1.0)(14)
	140(1.4)(21)
	140(1.4)(20)
	80(0.8)(11)

	3410(7500)
	210(2.1)(30)
	150(1.5)(22)
	140(1.4)(21)
	120(1.2)(17)
	110(1.1)(16)
	160(1.6)(23)
	150(1.5)(22)
	90(0.9)(13)

	3630(8000)
	210(2.1)(30)
	170(1.7)(25)
	160(1.6)(23)
	130(1.3)(19)
	120(1.2)(18)
	180(1.8)(26)
	170(1.7)(24)
	100(1.0)(14)

	3860(8500)
	-
	190(1.9)(27
	180(1.8)(26)
	140(1.4)(21)
	140(1.4)(20)
	190(1.9)(28)
	180(1.8)(26)
	110(1.1)(16)

	4090(9000)
	-
	210(2.1)(30)
	190(1.9)(28)
	160(1.6)(23)
	150(1.5)(22)
	210(2.1)(30)
	190(1.9)(28)
	120(1.2)(17)

	4310(9500)
	-
	210(2.1)(30)
	210(2.1)(30)
	170(1.7)(24)
	160(1.6)(23)
	210(2.1)(30)
	210(2.1)(30)
	130(1.3)(19)

	4540(10000)
	-
	210(2.1)(30)
	210(2.1)(30)
	170(1.7)(24)
	160(1.6)(23)
	-
	210(2.1)(30)
	140(1.4)(20)

	4760(10500)
	-
	-
	-
	170(1.7)(24)
	160(1.6)(23)
	-
	-
	140(1.4)(21)

	4990(11000)
	-
	-
	-
	-
	-
	-
	-
	160(1.6)(23)

	5440(12000)
	-
	-
	-
	-
	-
	-
	-
	160(1.6)(23)

	5900(13000)
	-
	-
	-
	-
	-
	-
	-
	-

	6350(14000)
	-
	-
	-
	-
	-
	-
	-
	-



Recommended Pressures-Rear Radial Tires
	 
	SINGLES
	DUALS

	Axle Load
	14.9R46
***
	18.4R38
*
	14.9R46
***
	18.4R38
*

	Kg (lbs)a
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)

	3180(7000)
	90(0.9)(13)
	60(0.6)(8)
	70(0.7)(10)
	40(0.4)(6)

	3400(7500)
	100(1.0)(14)
	60(0.6)(9)
	70(0.7)(10)
	40(0.4)(6)

	3630(8000)
	110(1.1)(16)
	70(0.7)(10)
	70(0.7)(10)
	40(0.4)(6)

	3860(8500)
	120(1.2)(18)
	80(0.8)(11)
	70(0.7)(10)
	40(0.4)(6)

	4090(9000)
	130(1.3)(19)
	80(0.8)(12)
	60(0.6)(9)
	40(0.4)(6)

	4310(9500)
	140(1.4)(21)
	90(0.9)(13)
	70(0.7)(10)
	40(0.4)(6)

	4540(10000)
	160(1.6)(23)
	100(1.0)(15)
	70(0.7)(10)
	40(0.4)(6)

	4760(10500)
	170(1.7)(25)
	100(1.0)(15)
	70(0.7)(10)
	40(0.4)(6)

	4990(11000)
	190(1.9)(27)
	120(1.2)(17)
	70(0.7)(10)
	50(0.5)(7)

	5220(11500)
	210(2.1)(30)
	120(1.2)(17)
	80(0.8)(11)
	50(0.5)(7)

	5440(12000)
	210(2.1)(30)
	120(1.2)(18)
	80(0.8)(12)
	60(0.6)(8)

	5670(12500)
	-
	-
	90(0.9)(13)
	60(0.6)(8)

	5900(13000)
	 
	 
	100(1.0)(14)
	60(0.6)(9)

	6120(13500)
	-
	-
	100(1.0)(15)
	60(0.6)(9)

	6350(14000)
	-
	-
	110(1.1)(16)
	70(0.7)(10)

	6580(14500)
	-
	-
	120(1.2)(17)
	70(0.7)(10)

	6800(15000)
	-
	-
	120(1.2)(18)
	80(0.8)(11)

	7030(15500)
	-
	-
	130(1.3)(19)
	80(0.8)(12)

	7260(16000)
	-
	-
	140(1.4)(20)
	80(0.8)(12)

	7480(16500)
	-
	-
	140(1.4)(21)
	90(0.9)(13)

	7720(17000)
	-
	-
	150(1.5)(22)
	100(1.0)(14)

	7940(17500)
	-
	-
	170(1.7)(24)
	100(1.0)(15)

	8170(18000)
	-
	-
	170(1.7)(24)
	100(1.0)(15)

	8400(18500)
	-
	-
	180(1.8)26
	110(1.1)(16)

	8630(19000)
	-
	-
	190(1.9)(27)
	120(1.2)(17)

	8850(19500)
	-
	-
	190(1.9)(28)
	120(1.2)(18)

	9080(20000)
	-
	-
	200(2.0)(29)
	-

	9310(20500)
	-
	-
	210(2.1)(30)
	-

	aTotal Rear Weight




Recommended Pressures-Rear Bias Tires
	 
	SINGLE
	SINGLE
	SINGLE
	SINGLE
	DUAL
	DUAL
	DUAL

	Axle Load
	18.4-38
8PR
	20.8-38
8PR
	18.4-42
10PR
	23.1-34
8PR
	18.4-38
8PR
	20.8-38
8PR
	18.4-42
10PR

	Kg (lbs)a
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)

	3180(7000)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	3400(7500)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	3630(8000)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	3860(8500)
	90(0.9)(13)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	4080(9000)
	100(1.0)(15)
	80(0.8)(12)
	90(0.9)(13)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	4310(9500)
	110(1.1)(16)
	80(0.8)(12)
	100(1.0)(15)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	4540(10000)
	120(1.2)(18)
	90(0.9)(13)
	110(1.1)(16)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	4760(10500)
	130(1.3)(19)
	100(1.0)(14)
	120(1.2)(17)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	4990(11000)
	140(1.4)(20b)
	100(1.0)(15)
	130(1.3)(19)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	5220(11500)
	140(1.4)(20c)
	110(1.1)(16)
	140(1.4)(20)
	90(0.9)(13)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	5440(12000)
	-
	120(1.2)(17)
	150(1.5)(22)
	100(1.0)(14)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	5670(12500)
	-
	120(1.2)(18b)
	170(1.7)(24)
	100(1.0)(15)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	5900(13000)
	-
	120(1.2)(18c)
	170(1.7)(25)
	110(1.1)(16b)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	6120(13500)
	-
	-
	170(1.7)(25b)
	110(1.1)(16c)
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	6350(14000)
	-
	-
	-
	-
	80(0.8)(12)
	80(0.8)(12)
	80(0.8)(12)

	6580(14500)
	-
	-
	-
	-
	90(0.9)(13)
	80(0.8)(12)
	80(0.8)(12)

	6800(15000)
	-
	-
	-
	-
	90(1.0)(13)
	80(0.8)(12)
	80(0.8)(12)

	7030(15500)
	-
	-
	-
	-
	100(1.0)(14)
	80(0.8)(12)
	90(0.9)(13)

	7260(16000)
	-
	-
	-
	-
	100(1.0)(15)
	80(0.8)(12)
	90(0.9)(13)

	7480(16500)
	-
	-
	-
	-
	110(1.1)(16)
	80(0.8)(12)
	100(1.0)(14)

	7720(17000)
	-
	-
	-
	-
	120(1.2)(17)
	80(0.8)(12)
	100(1.0)(15)

	7940(17500)
	-
	-
	-
	-
	120(1.2)(17)
	80(0.8)(12)
	110(1.1)(16)

	8170(18000)
	-
	-
	-
	-
	120(1.2)(18)
	90(0.9)(13)
	120(1.2)(17)

	8400(18500)
	-
	-
	-
	-
	130(1.3)(19)
	100(1.0)(14)
	120(1.2)(18)

	8630(19000)
	-
	-
	-
	-
	140(1.4)(20)
	100(1.0)(14)
	120(1.2)(18)

	8850(19500)
	-
	-
	-
	-
	140(1.4)(20b)
	100(1.0)(15)
	130(1.3)(19)

	9080(20000)
	-
	-
	-
	-
	140(1.4)(20c)
	110(1.1)(16)
	140(1.4)(20)

	9310(20500)
	-
	-
	-
	-
	-
	110(1.1)(16)
	140(1.4)(21)

	9530(21000)
	-
	-
	-
	-
	-
	120(1.2)(17)
	150(1.5)(22)

	9760(21500)
	-
	-
	-
	-
	-
	120(1.2)(18b)
	150(1.5)(22)

	9990(22000)
	-
	-
	-
	-
	-
	120(1.2)(18c)
	160(1.6)(23)

	10220(22500)
	-
	-
	-
	-
	-
	-
	170(1.7)(24)

	10440(23000)
	-
	-
	-
	-
	-
	-
	180(1.8)(26)

	10900(24000)
	-
	-
	-
	-
	-
	-
	180(1.8)(26b)

	11350(25000)
	-
	-
	-
	-
	-
	-
	180(1.8)(26c)

	11800(26000)
	-
	-
	-
	-
	-
	-
	-

	 
	 
	 
	 
	 
	 
	 
	 

	aTotal Weight

	bMaximum transport speed limited to 20 mph (30 kph) unless hitch-mounted implement attached

	cMaximum transport speed limited to 15 mph (25 kph) unless hitch-mounted implement attached


Recommended Pressures-Rear Radial Tires
	 
	SINGLES
	DUALS

	Axle Load
	18.4R38
**
	18.4R42
148A8**
	20.8R38
*
	18.4R42
148A8**

	Kg (lbs)a
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)

	3180(7000)
	60(0.6)(8)
	50(0.5)(7)
	40(0.4)(6)
	40(0.4)(6)

	3400(7500)
	60(0.6)(9)
	60(0.6)(8)
	40(0.4)(6)
	40(0.4)(6)

	3630(8000)
	70(0.7)(10)
	60(0.6)(9)
	50(0.5)(7)
	40(0.4)(6)

	3860(8500)
	80(0.8)(11)
	70(0.7)(10)
	60(0.6)(8)
	40(0.4)(6)

	4090(9000)
	80(0.8)(12)
	80(0.8)(11)
	60(0.6)(9)
	40(0.4)(6)

	4310(9500)
	90(0.9)(13)
	80(0.8)(12)
	70(0.7)(10)
	40(0.4)(6)

	4540(10000)
	100(1.0)(15)
	90(0.9)(13)
	80(0.8)(11)
	40(0.4)(6)

	4760(10500)
	110(1.1)(16)
	100(1.0)(15)
	80(0.8)(12)
	40(0.4)(6)

	4990(11000)
	120(1.2)(17)
	110(1.1)(16)
	80(0.8)(12)
	40(0.4)(6)

	5220(11500)
	130(1.3)(19)
	120(1.2)(17)
	90(0.9)(13)
	40(0.4)(6)

	5440(12000)
	140(1.4)(20)
	120(1.2)(18)
	100(1.0)(14)
	50(0.5)(7)

	5670(12500)
	150(1.5)(22)
	140(1.4)(20)
	110(1.1)(16)
	60(0.6)(8)

	5960(13000)
	160(1.6)(23)
	140(1.4)(21)
	120(1.2)(17)
	60(0.6)(8)

	6120(13500)
	170(1.7)(24)
	150(1.5)(22)
	120(1.2)(18)
	60(0.6)(9)

	6350(14000)
	170(1.7)(24)
	160(1.6)(23)
	120(1.2)(18)
	60(0.6)(9)

	6580(14500)
	-
	160(1.6)(23)
	120(1.2)(18)
	70(0.7)(10)

	6800(15000)
	-
	-
	-
	70(0.7)(10)

	7030(15500)
	-
	-
	-
	80(0.8)(11)

	7260(16000)
	-
	-
	-
	80(0.8)(11)

	7480(16500)
	-
	-
	-
	80(0.8)(12)

	7720(17000)
	-
	-
	-
	90(0.9)(13)

	7940(17500)
	-
	-
	-
	90(0.9)(13)

	8170(18000)
	-
	-
	-
	100(1.0)(14)

	8400(18500)
	-
	-
	-
	100(1.0)(15)

	8630(19000)
	-
	-
	-
	100(1.0)(15)

	8850(19500)
	-
	-
	-
	110(1.1)(16)

	9080(20000)
	-
	-
	-
	120(1.2)(17)

	9310(20500)
	-
	-
	-
	120(1.2)(17)

	9530(21000)
	-
	-
	-
	120(1.2)(18)

	9760(21500)
	-
	-
	-
	130(1.3)(19)

	9990(22000)
	-
	-
	-
	130(1.3)(19)

	10220(22500)
	-
	-
	-
	140(1.4)(20)

	10440(23000)
	-
	-
	-
	150(1.5)(22)

	10900(24000)
	-
	-
	-
	160(1.6)(23)

	11350(25000)
	-
	-
	-
	-

	11800(26000)
	-
	-
	-
	-

	aTotal Rear Weight




Recommended Pressures-Rear Radial Tires
	 
	SINGLE
	SINGLE
	SINGLE
	SINGLE
	DUAL
	DUAL
	DUAL

	Axle Load
	20.8R38
153A8
	320/90R50
****
	420/80R46
***
	650/75R34
162A8
	20.8R38
153A8
	320/90R50
****
	420/80R46
***

	Kg (lbs)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)
	kPa(bar)(psi)

	3180(7000)
	40(0.4)(6)
	100(1.0)(14)
	60(0.6)(9)
	40(0.4)(6)
	40(0.4)(6)
	70(0.7)(10)
	40(0.4)(6)

	3400(7500)
	40(0.4)(6)
	100(1.0)(15)
	70(0.7)(10)
	40(0.4)(6)
	40(0.4)(6)
	70(0.7)(10)
	40(0.4)(6)

	3630(8000)
	50(0.5)(7)
	120(1.2)(17)
	80(0.8)(11)
	40(0.4)(6)
	40(0.4)(6)
	70(0.7)(10)
	40(0.4)(6)

	3860(8500)
	60(0.6)(8)
	120(1.2)(17)
	80(0.8)(11)
	40(0.4)(6)
	40(0.4)(6)
	70(0.7)(10)
	40(0.4)(6)

	4090(9000)
	60(0.6)(9)
	140(1.4)(20)
	90(0.9)(13)
	40(0.4)(6)
	40(0.4)(6)
	70(0.7)(10)
	40(0.4)(6)

	4310(9500)
	70(0.7)(10)
	150(1.5)(22)
	100(1.0)(15)
	40(0.4)(6)
	40(0.4)(6)
	70(0.7)(10)
	40(0.4)(6)

	4540(10000)
	80(0.8)(11)
	160(1.6)(23)
	110(1.1)(16)
	50(0.5)(7)
	40(0.4)(6)
	70(0.7)(10)
	40(0.4)(6)

	4760(10500)
	80(0.8)(12)
	170(1.7)(25)
	120(1.2)(17)
	60(0.6)(8)
	40(0.4)(6)
	70(0.7)(10)
	40(0.4)(6)

	4990(11000)
	80(0.8)(12)
	180(1.8)(26)
	120(1.2)(18)
	60(0.6)(8)
	40(0.4)(6)
	80(0.8)(11)
	40(0.4)(6)

	5220(11500)
	90(0.9)(13)
	190(1.9(28)
	140(1.4)(20)
	60(0.6)(8)
	40(0.4)(6)
	80(0.8)(12)
	50(0.5)(7)

	5440(12000)
	100(1.0)(14)
	210(2.1)(30)
	140(1.4)(21)
	70(0.7)(10)
	40(0.4)(6)
	90(0.9)(13)
	60(0.6)(8)

	5670(12500)
	110(1.1)(16)
	210(2.1)(31)
	150(1.5)(22)
	80(0.8)(11)
	40(0.4)(6)
	100(1.0)(14)
	60(0.6)(8)

	5900(13000)
	120(1.2)(17)
	230(2.3)(33)
	160(1.6)(23)
	80(0.8)(11)
	50(0.5)(7)
	100(1.0)(15)
	60(0.6)(9)

	6120(13500)
	120(1.2)(18)
	240(2.4)(34)
	170(1.7)(25)
	80(0.8)(12)
	50(0.5)(7)
	110(1.1)(16)
	70(0.7)(10)

	6350(14000)
	130(1.3)(19)
	250(2.5)(36)
	180(1.8)(26)
	90(0.9)(13)
	50(0.5)(7)
	120(1.2)(17)
	80(0.8)(11)

	6580(14500)
	140(1.4)(20)
	250(2.5)(36)
	180(1.8)(27)
	100(1.0)(14)
	60(0.6)(8)
	120(1.2)(18)
	80(0.8)(12)

	6800(15000)
	140(1.4)(21)
	-
	190(1.9)(28)
	100(1.0)(14)
	60(0.6)(8)
	130(1.3)(19)
	80(0.8)(12)

	7030(15500)
	150(1.5)(22)
	-
	210(2.1)(30)
	100(1.0)(15)
	60(0.6)(9)
	140(1.4)(20)
	90(0.9)(13)

	7260(16000)
	160(1.6)(23)
	-
	-
	110(1.1)(16)
	60(0.6)(9)
	140(1.4)(20)
	90(0.9)(13)

	7480(16500)
	-
	-
	-
	120(1.2)(17)
	60(0.6)(9)
	140(1.4)(21)
	100(1.0)(14)

	7720(17000)
	-
	-
	-
	120(1.2)(18)
	70(0.7)(10)
	150(1.5)(22)
	100(1.0)(15)

	7940(17500)
	-
	-
	-
	120(1.2)(18)
	70(0.7)(10)
	160(1.6)(23)
	110(1.1)(16)

	8170(18000)
	-
	-
	-
	130(1.3)(19)
	80(0.8)(11)
	170(1.7)(24)
	120(1.2)(17)

	8400(18500)
	-
	-
	-
	140(1.4)(20)
	80(0.8)(12)
	170(1.7)(25)
	120(1.2)(17)

	8630(19000)
	-
	-
	-
	150(1.5)(22)
	80(0.8)(12)
	180(1.8)(26)
	120(1.2)(18)

	8850(19500)
	-
	-
	-
	-
	90(0.9)(13)
	180(1.8)(27)
	130(1.3)(19)

	9080(20000)
	-
	-
	-
	-
	90(0.9)(13)
	190(1.9)(28)
	140(1.4)(20)

	9310(20500)
	-
	-
	-
	-
	100(1.0)(14)
	190(1.9)(28)
	140(1.4)(20)

	9530(21000)
	-
	-
	-
	-
	100(1.0)(14)
	200(2.0)(29)
	140(1.4)(21)

	9760(21500)
	-
	-
	-
	-
	100(1.0)(15)
	210(2.1)(30)
	150(1.5)(22)

	9990(22000)
	-
	-
	-
	-
	110(1.1)(16)
	210(2.1)(31)
	150(1.5)(22)

	10220(22500)
	-
	-
	-
	-
	110(1.1)(16)
	220(2.2)(32)
	160(1.6)(23)

	10440(23000)
	-
	-
	-
	-
	120(1.2)(17)
	240(2.4)(34)
	170(1.7)(24)

	10900(24000)
	-
	-
	-
	-
	120(1.2)(18)
	-
	170(1.7)(25)

	11350(25000)
	-
	-
	-
	-
	130(1.3)(19)
	-
	180(1.8)(26)

	11800(26000)
	-
	-
	-
	-
	-
	-
	-
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Grain Drill Fertilizer Calibration – JD 8350
[image: JD 8350 Drill Manual Fertilizer Tables0001][image: JD%208350%20Drill%20Manual%20Fertilizer%20Tables0002]
(from operator’s manual)
[bookmark: top]
Grain Drill Seeding Rate

#/Ac	139.04100953311394	138.32612067367106	142.2372003261284	163.00764668338675	143.65707420450414	119.79512073754509	141.66530260366866	167.30274298658776	138.81940436605015	118.16898005430689	113.35197288480475	200.0690208716091	142.32660227131129	111.59642623549375	135.87292943300903	137.24206305475204	162.2643729884357	107.42624299605207	90.337464085092222	165.47926135768336	171.669660768646	140.58458708385953	134.10839449685835	118.9959997533656	Drill Number


Pounds/Acre
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Issue: 2.01
l'llm Effective : April 15, 2004
Location : Kennewick, CA Production
MN-10
AQUA AMMONIA
Fertilizer Grade
20-0-0
CHEMICAL ANALYSIS MIN MAX TYPICAL
TOTAL NITROGEN (wt. %N) 20.0
AMMONIA (%NH3) 243
ARSENIC (ppm As) <01
LEAD (ppm Pb) <0.1
IRON (ppm Fe) <1
pH OF A NEAT SOLUTION N/A
PHYSICAL CONSTANTS
SPECIFIC GRAVITY @ 68°F/20°C 0.91
POUNDS PER U. S. GALLON @ 68°F/20°C 7.6
NITROGEN (lbs per U. S. gallon) 1.6
U. S. GALLONS PER 100 Ib. N 65.5
U. S. GALLONS PER TON 264
CORROSIVITY Does not corrode mild or stainless steel.
Corrosive to copper, copper alloy, aluminum and galvanized surfaces.
SALT OUT TEMPERATURE N/A
Temperature 80 100 120 140
o}
(P
Vapor Pressure - 0.9 83 19.3
(Psig)

Please obtain a Material Safety Data Sheet for more information.

To the best of the Manufacturer's knowledge and belief the information contained herein is accurate and reliable as of the date compiled. However,
the Manufacturer makes no representation, warranty or guarantee as to the information’s accuracy, reliability, completeness or timeliness. It is the
user’s responsibility to determine the suitability and completeness of such information for the user's own particular use or purposes. The Manufacturer
does not accept any liability for any loss or damage that may occur from any use of this information.

Agrium Partnership, 13131 Lake Fraser Drive SE, Calgary, Alberta T2J 7E8; Phone: (403) 225-7000.

Agrium U.S. Inc., 4582 S. Ulster Street, Suite 1700, Denver, Colorado 80237; Phone: (303) 804-4400.
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AR SHIEET

16-20-0+13 (S)

GUARANTEED ANALYSIS

Total Nitrogen (N)

16.0% Ammoniacal Nitrogen
Available Phosphate (P,0Os)
Sulfur (S) ...

13.0% Combined Sulfur

Derived from Monoammonium Phosphate and Ammonium Sulfate.

‘Warning: This product contains a chemical knowntothe State of Californiato causecancer, | Information regarding the contents and
birth defects or otherreproductive harm. Proposition 65, the Safe Drinking Waterand Toxic | levels of metals in this product is available
Enforcement Act of 1986, requires notification of potential exposureto substancesidentified | onthe Internet at http:/Awww.regulatory-info-
bythe State of California as causing cancer, birth defects or otherreproductive harm. jr.com

PHYSICAL CHARACTERISTICS

Lbs. of Nutrients/Ton: Nitrogen (N) 320
Phosphate (P,0s) 400
Sulfur (S) 260
Combined Nutrient Total 980

Bulk Density: 60 Ibs. per cubic foot (poured)
Solubility in Water: Better than 90%.

Granule Size: 98% retained by Tyler screen mesh #16. (This
is an in-line product of uniformly sized, free
flowing granules.)

USES

16-20-0+13(S) is an excellent fertilizer for use on soils and crops requiring nitrogen, phosphorus and sulfur. The
nitrogen is long lasting and the phosphorus and sulfur are in forms that are immediately available to the plant.
16-20-0+13(S) is adapted to a wide range of application methods: fall plow-down, spring preplant broadcast, banding
at time of planting, drilled in with small grain seed, sidedressed and broadcast on pasture or grass alfalfa stubble.
16-20-0+13(S) is an ideal combination of N, P,O; and S to apply as a starter fertilizer on most crops.

16-20-0+13(S) can be used in custom blending as a source of nitrogen, phosphorus and sulfur.

For specific application rates follow the recommendation of a qualified individual or institution, such as, a certified crop
advisor, agronomist, university crop extension publication, or apply according to recommendations in your approved
nutrient management plan.

ADVANTAGES

High sulfur content—contains sulfate sulfur the type utilized by plants. It also makes soils more friable, improves
moisture penetration, aids in crop residue breakdown, increases the availability of other nutrients and helps reclaim
alkaline soils.

High water soluble phosphate—goes to work quickly and is utilized most efficiently by plants.

Long lasting non-leachable nitrogen—the nitrogen is in the ammonium form which resists leaching and provides
nitrogen to the plant over a longer period of time.

Low volatility—form of nitrogen and phosphorus that resists volatility.

Nitrogen and Phosphorus combination improved nutrient uptake—ammoniacal form of nitrogen combined with
phosphorus helps the plants to utilize the phosphorus more efficiently.

Monoammonium phosphate—the risk of fertilizer injury to germinating seeds is reduced.

Acidic fertilizer—has a slight acidic effect which helps offset nutritional problems in calcareous soils.

Uniform pellets—free flowing, blends well, spreads evenly, dust free, and eliminates crusting and bridging in the bins.
High analysis—allows more product to be stored in the same bin space and reduces handling cost and freight savings.

SAFETY
Ammonium phosphate sulfate—16-20-0+13(S). Slight abrasion may result from eye contact or prolonged skin contact.
Not generally considered toxic. Nonflammable. 16-20-0 is not regulated by DOT.

14060 (PDS R 9-6-02)
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USING DENSITY METER AND
FERTILIZER CHARTS

IMPORTANT: The rates shown on the charts are only
to be used as a guide. See Checking
Quantities Drilled in this section for
accuracy.

1. Rates are based on fertilizer having a density of 65
pounds per cubic foot (1.04 kilograms per cubic decimeter).

2. Use density meter (A) available from your dealer to
determine density, or contact fertilizer dealer. Nitrogen
fertilizers generally weigh less than high potash or phospho-
rus fertilizers. Fill meter's bucket with material, tap lightly,
level material with top, balance on knife edge and take
reading.

3. Use conversion chart for other densities.

Example: To apply 100 lbs/acre (112 kg/hectare) with a

| density of 45 Ibs/cu. ft. (0.72 kg/cu. dm.) multiply 100 (112)

by conversion factor—1.45. Answer of 145 Ibs/acre (162
kg/hectare). Locate 145 (162) in the fertilizer charts for your
row spacing, then set the gear case speed selectors. For
this example, with 7-in. (0.18 m) row spacing, set the gear
case selectors in E5 and the feed shaft speed in Drive 1.

Density Conversion
Ibs/cu. ft. (kg/cu. dm.) Factor
45 (0.72) 145
50 (0.80) 1.30
55 (0.88) 1.20
¥ 60 (0.96) 1.10
65 (1.04) 1.00
70 (1.12) 0.93
75 (1.20) 0.87
80 (1.28) 0.81
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FERTILIZER CHARTS

POUNDS PER ACRE (KILOGRAMS PER HECTARE) FOR DRILLS IN DRIVE 1
Gear Case Setting Al [B1 A2 |C1 B2 |A3 |D1 fc2[B3[A4[ca[ss[cs [D3 [e2 ?6'54 D4 |E3 D5 [E4 |ES
6-INCH | 44 150 [ 55 |58 |63 |66 |70 | 73 (fi/ 77 | 88 |100 ] 102 J105 109 | 117 [123 [131 [140 [ 153 [175
(152mm) | (49) | (56) | (62) | (65) | (71) [(74) [ (78) | (82) [(84) [(86) [(99) |i112) (114)K118) {(122) K131) §138) k147) k157) f171) k196)
7-INCH | 38 | 43 | 47 | 50 |54 [ 56 [ 60 [63 |64 | 66 [75)| 86 | 88 90 | 94 1100 {105 [113 | 120 [131 [150
Row (178 mm) | (43) ) (48) |(53) | (56) | 61) | 63) [67) |71 [(72) |(74) |88 |196) [9) [ron kros fii2rkite k127 fias) 147) J168)
Spacing 8-INCH | 33 | 38 | 41 44 {47 [ 50 [53 |55 [56 |58 | 66 ﬁS) 77 |79 |82 |88 |92 |99 [106[115 132

(203 mm) |37) | (43) | (46) |(49) |(59) |(56) | (59) | 62) |(63) | (65) | (74) | B%) | (86) | (®9) |(92) [(99) k103 k11 n) k19 f129) 148)
10-INCH | 26 | 30 133 |35 | 38 [ 40 [ 42 [ 44 [ 45 [ 46 [ 53 [ 60 |61 |63 |66 | 70 | 74 | 79 | 8¢ |92 |i05
(254 mm) | (29) | 34) {37) | (39) | (43) | (45 [ (a7 [129) [(50) [152) [(59) [187) 68) {(71) [(74) |(78) |(83) | 89) [(94) [103)}118)
‘C8 setting is identical to A5, B4, D2, and E1 (not shown),

POUNDS PER ACRE (KILOGRAMS PER HECTARE) FOR DRILLS IN QRIVE 2
Gear Case Setting A1 [B1 A2 fC1|B2|A3 |D1 |cC2 B3 [A4 [ca[B5 [cs |03 |e2 C5 |D4 |E3 D5 |E4 [ES
6-INCH | 142 | 162 | 177 | 189 | 203 | 213 | 227 | 236 | 243 | 248 [283 | 304 [331 | 340 | 355 | 378 | 307 |426 |44 [497 568
(152 mm) |(159)|(182) (198|212 |1228) |239) [254)|1265) i272) [[278) [ 317) 363 fa7 o [ao8) feze) faas) ka77) [509) 557 {637)
7-INCH [ 122 1139 | 152 (62/‘!74 182 | 195 | 203 | 208 | 213 | 243 [278 [284 [292 [304 324 [340 [ 365 |389 |426 486
Row (178 mm) §137) {156 k170, |(182) 195 [1204) [219) i228) [(233) [ 239) [272) [312) [a18) Ja27) ko<1 363 ka1 faos) (436) |477) 545)
Spacing 8-INCH 1106 1122 | 133 | 142 | 152 ] 160 [ 170 [ 177 | 182 | 186 | 213 | 243 | 248 | 255 | 266 | 284 |298 |a19 341 |372 426
(203 mm) [(119)(137) [(149)[159) [i170) i1 79) |1 91) Ji198) f204) (208) [(233) |272) }278) |(286) [(298) 318) }334) §358) }382) (417)477)
10-INCH | 85 | o7 1106 [ 114 | 121 [128 | 136 [142 [ 146 | 149 | 170 | 195 199 |204 | 213 [227 [238 [255 | 272 [298 [340
(254 mm) | (95) |(109)}(119)[(128)|136) |i143)|i152) {159 [164) [(167) (191) [219) §223) k229) [239) 254) k267) f286) §305) (334) k381)

“C3 sefling is identical to A5, B4, D2, and 1 (not shown).





