Georgia Agriculture Education Curriculum



Course:
02.461
Physical Science Applications in Agriculture

Unit 5:
Energy and Power Systems
Lesson 10:
Principles of Power Transmissions in Agricultural Applications

QCC:
175, 180, 182, 185, 187
Objectives: 


1. Describe how conservation of energy explains horsepower, torque and revolutions per minute relationships.

2. Demonstrate mechanical advantage and how it differs with regard to speed versus torque in power transmission.

3. Define Pascal’s Law.

4.
Demonstrate how Pascal’s Law applies to fluid power transmission.







5. Describe how conservation of energy is demonstrated in fluid power transmissions.

6.
Demonstrate fluid power usage in agricultural applications.
7.
Describe pneumatic power.

8.
Identify the uses of pneumatic power in agricultural and non-agricultural applications.

9.
Illustrate the advantages of pneumatic power in agricultural applications.

Teaching Time:

3 Hours
References:

Buriak, Philip & Edward W. Osborne. Physical Science Applications in Agriculture. 
Interstate Publishers, Inc. Danville, IL 1996.

Materials and Equipment:

Refer to text reference

Teaching Procedure

Introduction and Mental Set

Up to this point in the study of energy and power, the source of power has been studied.  Powerful engines and motors are available, but this source of energy by itself will not do the work that needs to be done.  The power must be transferred from the power source to the wheels or conveyor belts or whatever needs to be moved.  Power is transferred through some type of transmission system.

The principles of several types of transmission systems will be covered.  The study of the transmission systems will show how force, torque, and power can be put to use in practical applications such as on machinery.

Discussion


1.
Discuss what power transmission means and its importance in agricultural equipment (pages 246-247).
2.
What is transmission of power?

Name different parts of a tractor or other machinery requiring power transmission.  (Wheels, lift, hydrostatic transmission, PTO, power steering, rollers on equipment, etc.)
3.
What is the source of power for all of the power equipment on machinery?
4.
With one single power source on machinery turning at a single speed, do the wheels, PTO shaft, rollers, etc. all have to turn at the same speed?

5.
How can different ways that power can be transmitted on agricultural machinery?

6.
What are the different ways that power can be transmitted on agricultural machinery?

7.
Discuss mechanical transmission, pages 253-256.

8.
Use an example such as the following to lead into a discussion of mechanical transmission.

9.
Show the crankshaft and camshaft from a small engine.  
Both the crankshaft and camshaft have a gear.  The two gears mesh, so that when one turns, both turn.  Notice the camshaft gear has a larger diameter than the crankshaft gear.  Count the number of teeth on both gears.  The camshaft gear should have twice as many teeth as the crankshaft gear.

10.
Mesh the two gears and mark corresponding teeth on the two gears with chalk or some other type of mark that the students can see.  
Rotate the crankshaft one complete revolution.  How many revolutions has the camshaft gear rotated?  (1/2) Continue to rotate the crankshaft until the camshaft gear has made one revolution.  The marks should align again.  How many rotations has the crankshaft gear made?  (2)

11.
Ask students if the two gears are turning at the same speed. 

If the crankshaft is turning 2000 rpm, how fast is the camshaft gear turning?  If two gears mesh, dont both have to rotate at the same speed?

12.
Explain to students using the Figure 18-7 and the information on pages 254-255.  
Even though the figure is for a belt and two pulleys, the principle will be the same.

13.
The speed of the gears when connected by the teeth (meshed) is related to the diameter of the gears.  
When the two gears are meshed, any point along the circumference of either gear must be traveling at the same velocity.  If a point is marked along the circumference of the crankshaft gear and a point is marked along the circumference of the camshaft gear, the velocity of the two points must be the same.  V1 must equal V2.  Velocity of gear one must be the same as the velocity of gear 2.

14.
Velocity is measured on the basis of linear (line) motion rather than circular motion.  
To measure the velocity, the circumference of the gear must be considered.  Think of cutting a thin layer from around the outer edge of the gear.  If that layer is then laid flat, you can measure the circumference gean on a linear basis.
Note to teacher: Cut strips of paper the length of the circumference of the two gears.  Wrap the paper around the circumference of the gears.  This should help demonstrate that the circumference can be converted to linear measurement.

15.
Assume that the crankshaft gear has a circumference of 6".  Therefore, the linear measurement is also 6".  The camshaft gear will have a circumference of 12", linear measurement of 4".  When the crankshaft gear makes one revolution, the gear has traveled 6".  When the camshaft gear makes one revolution, the gear travels 12".

16.
Velocity is the time rate of linear motion.  
If the crankshaft is rotating at 2,000 rpm, the velocity of the crankshaft gear is 6" x 2,000= 12,000 inches per minute.  Since the camshaft gear rotates only  of a revolution for each revolution of the crankshaft, the gear is rotating 1,000 rpm.  The velocity of the camshaft gear is 12" x 1,000=12,000 inches per minute.  So, even though the two gears are rotating at different speeds (revolutions per minute), the velocity of both gears is the same.

17.
This relationship of the two gears affects the torque and speed developed as a result of supplying the power through a transmission system of gears.  
When there are two or more gears in a system designed to transmit power, one will be the driven gear or the input gear.  It will be connected to the power source in some manner.  The other gear (or gears) will be the drive or input gear.  This gear will be connected to the load that is to be driven in some manner.  In the small engine, the crankshaft gear is the driven or input gear.  The camshaft gear is the drive or output gear.

18.
The difference in the diameters of the gear will determine the torque and speed that are produced.  
If the driven (input)gear is smaller that the drive (output) gear, the torque will be greater and the speed will be less.  If the driven gear is larger than the drive gear, the speed will be greater and the torque will be less.   Refer to pages 255-256 if necessary for more information.
19.
The relationship of gear diameter to speed and torque demonstrates the law of conservation, which states that the output of a system cannot exceed the input into the system.  Energy can be used, but it cannot be used up or created.  Maximum possible torque and maximum speed cannot be obtained from the same system of power transmission.

20.
The relationship of gear diameter to speed and torque also applies to pulleys and belts, sprockets and chains, or a combination of these.

21.
To reinforce the concepts of mechanical power transmission, conduct Experiment #1 on pages 248-251.  
Discuss the mechanical advantage gained by using gears, sprockets or pulley of differing diameters.  Make the point again that the principles applying to the chain and sprockets will also apply to gears in a transmission or a pulley and belt system of power transmission.

22.
Fluid Power Transmission (pages 257-259).

23.
Transmitting power through fluid systems is another effective means of gaining a mechanical advantage.  
The two most common types of fluid power transmission systems are hydraulics and pneumatics.  A hydraulic system pressurizes a gas, usually air, to transmit power.  The key to the operation of either system is pressure.

24.
Pressure is a measurement of force.  
Pressure is determined by the area over which a force is applied.  Pressure = force/unit of area.  Likewise, in a hydraulic system, the force applied by the system can be determined by the formula: Force = pressure x area.  Pressure is usually measured in pounds per square inch (psi).

25.
Principles of Hydraulics

A.
Pascals Law states the fundamental principles of hydraulics:  When pressure is applied to liquid in a confined area, the liquid transmits the applied pressure equally in all directions, the pressure acts with equal force on equal areas, and the pressure acts at right angles to the walls of the container that the liquid is in.  Discuss the principle of hydraulics using the diagrams on pages 257-258.  A hydraulic system also demonstrates the principle of the law of conservation of energy.  Input must equal output.

B.
To help reinforce discussion on the principles of hydraulics, conduct Experiment #2, pages 251-253.

26.
Parts of a Hydraulic System

A basic hydraulic system consists of

A.
pump to provide pressure to move the fluid through the system

B.
lines and connections to carry fluid to the part of the system where work will be done, then back to the pump

C.
check valve to allow fluid to flow in one direction only 

D.
reservoir for fluid

E.
control valve to direct fluid to the cylinder or pump

F.
relief valve to protect the pump and lines from excessive pressure

G.
device to convert pressure into work such as a cylinder, hydraulic motor, etc.

27.
Lead discussion on the uses of hydraulics on equipment:

A.
Hydraulic lift on equipment

B.
Power steering

C.
Hydrostatic transmission

D.
Remote cylinders for lifting implements 

28.
Lead discussion on pneumatics.
A. Pneumatic or compressed air systems are power systems that are capable of transmitting a force.  Air will change its shape when a force is applied and will conform to the shape of any container when applied to the container under pressure.

B. The source of air for a pneumatic system is the atmosphere. After the air has been compressed and used, it is returned to the atmosphere.  Therefore, a pneumatic system is an open system.  This differs from a hydraulic system in that oil is used in a hydraulic system to transmit power.  The oil stays in the hydraulic system, thus it is a closed system.

C. Pneumatic systems have an advantage over hydraulic systems in that the system responds much quicker, thus allowing fast starts and stops.  Hydraulic systems operate slower, but have the advantage of being able to handle heavier loads.

29. Lead a discussion on the use of pneumatic sytstems. 

A. Air impact wrench

B. Nail driver

C. Pneumatic construction drill

D. Jack hammer

E. Dentist drill

F. Pneumatic sander

Summary

Transmission of power to equipment to do work can be accomplished in a number of ways.  Systems of gears, pulley and belts, chains and sprockets are commonly used mechanical means of transmitting power.  Hydraulic and pneumatic systems can also be used to gain a mechanical advantage in producing work.

Evaluation

Assign Exercise 18-1 on page 256.

Written exam on how transmission systems apply the principles of force, work, torque, and power.
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