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Gear Ratios, Speed and Torque 


Gear Ratios, Speed and Torque 

Discussion:

When it comes time to change the tires on the racecar is it easier to lift the car by hand or to use a jack? Obviously, using a jack takes less effort. But you may be surprised to learn that both methods require the same amount of work[image: image2.png]


. The jack makes the work easier by allowing you to apply less force at any given moment. The jack is a type of machine – it helps to do work by changing the size of an input force, the direction of the force, or both. Machines can also make the force greater by decreasing the distance over which the force is applied. This is often called multiplying the force. Scientists, engineers and racecar mechanics use a number that describes how much force or distance is multiplied by a machine. This number is called the mechanical advantage. 

[image: image3.wmf]In a racecar, a very important use of mechanical advantage is found in the gears that transfer power from the engine to the axle that the racecars wheels are attached to. Instead of mechanical advantage, racecar mechanics call this “Gear Ratio”.  The gear ratio is defined as the ratio of the number of teeth on the output gear as compared to the number of teeth on the input (drive) gear. For example, if our motor is attached to a gear with 20 teeth and this gear is then attached to a gear with 10 teeth that drives the wheels, our gear ratio is 10:20, or more accurately 1:2



Gear Ratio = 
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Note: Please remember that a high gear ratio would be analogous to the “low gear” or a low speed, but high acceleration on a bicycle. Likewise, a low gear ratio would be analogous to the “high gear” or high speed on a bicycle. In other words, a lower gear ratio equates to a higher gear and a higher gear ratio equates to a lower gear
Remember, a gear is a wheel with teeth along its rim. It is used to transmit power from one shaft to another. In a racecar a combination of two or more meshed gears can be used to change the rate of wheel rotation (speed) and the amount of torque at the wheels. In this lab we will not be using gears. Instead, we will be changing the diameter of the rear axle drive shaft (output gear).
So what is torque and why is it important in a racecar? Torque is a twisting force- when torque is applied to the wheel axle gear by the motor movement occurs. The more torque, the faster your car will initially accelerate out of the pit road or out of a turn. Torque is a force that tends to rotate or turn things, like the car’s axle.  But, there is a trade off between torque, the amount of rotational force, and the speed at which the wheels of the racecar will turn. In other words, if you increase torque (acceleration), you decrease top speed. They have an inverse relationship.

Objective:

In today’s lab your job will be to find the gear ratio for your racecar that provides the optimum amount of speed. We will also be looking to see how gear ratios affect acceleration. 

Materials:

· [image: image4.jpg]


3.6 volt motor 

· 9 volt battery    

· Plastic car with rotating axles – Wheels fixed to axle 

· Rubber band (drive train)                                                

· duct tape

· hot glue (can use duct tape)

· (2) short wires w/ alligator clips

· [image: image5.png]4



stop watch

· ruler

Procedures:

1. Build a simple car with varying diameter axle - (Note: you may want to put these together the day before – see your teacher)

a. Use plastic car for the body

b. Wrap duct tape (1/2” wide) around one side of rear axle until you have an axle diameter of approx. ¾”. This is the large gear.

c. Wrap the other side of the rear axle with duct tape until it is approx. ¼”. This is the small gear.

d. Re-attach axle to the car. 

e. Mount motor on car (use hot glue or duct tape)– put the motor in front of the forward axle -mount the motor so that the drive shaft is parallel to the rear drive axle. Use a rubber band (sized appropriately) to transfer power from the DC motor to the rear axle. This will act as the “driveshaft”. Be sure the rubber band “drive shaft” is slightly stretched and taught.

f. Mount the battery on the roof (using duct tape) and attach the wires from the battery to the motor.                                                                                      

g.  “Test drive” the car. If the wheels slip, wrap them with tape for increased friction. 
2. Set up a racecourse and mark off the distance in 25 cm increments (2 meters total) that your racecar will run.

3. When you start your car at the 0 cm mark simply turn your car on and place in at the starting line, hold it in place with a ruler (used as a starting gate) and when you lift the ruler to start the race, start the timer.

4. Record the times at each 25 cm mark as your car runs the course ( 25 cm, 50 cm, 75 cm. etc) and record in a data table you will set up.

5. Time three runs of your car for each gear ratio and record your cars data in a table and calculate an average time for each distance on the race course

a. Be sure to record the gear ratio for these data runs (large or small gear)

6. Repeat steps #3-5 for the other gear size

Data Analysis*:

1. Prepare a data table to record the distances, times and averaged times for the three data runs

2. Prepare a graph:

a. Plot the average data for the large gear 

b. Plot the average data for the small gear 

c. For your graph place distance on the ‘y’ axis and time on the ‘x’ axis

d. Be sure your graphs are labeled and scaled properly

Post Lab Questions:

1. When you used the large rear axle diameter (increased the gear ratio and decreased the gear i.e. used low gear) what happened to the speed of the car?

2. What happened to the torque (initial acceleration)?

3. When you used the small rear axle diameter (decreased the gear ratio and increased the gear i.e. used high hear) what happened to the speed of the car?

4. What happened to the torque (initial acceleration)?

5. What is the relationship between the gear ratio and the speed of the car? Frame your answer in terms of high and low gear ratios.

6. What is the relationship between the gear ratio and the torque of the car? Frame your answer in terms of high and low gear ratios.

7. What effect would changing the size (diameter) of the tires have on the speed of the car?  Explain. 

8. What effect would changing the size (diameter) of the tires have on the torque of the car? Explain.

9. What kind of gear ratio would you recommend to a racecar team where there are few curves, turns and pit-stops but lots of long straight a ways? Explain.

10. If you ran a race where there were a lot of hills would you want a larger or smaller gear ratio? Explain
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* Attach your graph and data table(s) to this lab when you turn it in.

Teacher Notes:

This real world application lab is designed to be flexible and can be used in conjunction with a unit on torque, force, acceleration, motion and/or mechanical advantage/simple machines.

State Standards: 

Grades 9-10

· Demonstrate that motion is a measurable quantity that depends on the observer's frame of reference and describe the object's motion in terms of position, velocity, acceleration and time.

·  Demonstrate that any object does not accelerate (remains at rest or maintains a

                constant speed and direction of motion) unless an unbalanced (net) force acts on

              it.

· Draw conclusions from inquiries based on scientific knowledge and principles, the use

             of logic and evidence (data) from investigations. 

· Present scientific findings using clear language, accurate data, appropriate

             graphs, tables, maps and available technology. 

· Participate in and apply the processes of scientific investigation to create models and to design, conduct, evaluate and communicate the results of these investigations.
Grades 11-12

· Apply principles of forces and motion to mathematically analyze, describe and predict the net effects on objects or systems.

· Summarize data and construct a reasonable argument based on those data and   

              other known information.

· Make appropriate choices when designing and participating in scientific  

             investigations by using cognitive and manipulative skills when collecting data  

       and formulating conclusions from the data.

· Use appropriate summary statistics to analyze and describe data.

The first page of discussion can be easily eliminated if you want the students to explore with little guidance. You could also easily modify this lab to use Vernier or PASCO motion detectors or photo gates to collect data.

· This is a truly an inexpensive lab, as mentioned in the materials list, the only item of any real cost is the 3.6v electric motor (part # PKMOT-1006) that we found at Tower Hobbies (www.towerhobbies.com) for $3.09 each. You can find them at Radio Shack, but this motor is designed to be used in R/C airplanes and should hold up to extended use. You may want to get a pinion gear for the end of the shaft to help hold the rubber band in place on the driveshaft. There is some concern that using a 9-volt battery may shorten the life of the motor, so you may want to use some AA batteries hooked up in series to get 3 or 6-volts.

· The car was purchased at a local Meijer’s super store for a dollar or two. You could also find them at a Wal-Mart, Big Lots store or any Dollar Store.

· Be sure the axles will turn freely and if necessary, glue the wheels to the axles so that the wheels turn with the axles

· Wrap duct tape (1/2” wide) around one side of rear axle until you have an axle diameter of approx. ¾”. This is the large gear.

· Wrap the other side of the rear axle with duct tape until it is approx. ¼”. This is the small gear.

· We found that hot gluing the motor in place was a good way to secure the motor. We also found that duct tape would work. However, hot glue does eliminate some of the flexing of the motor and provides for smoother acceleration.

· When attaching the motor, be sure to position it so that the rubber band does not rub too severely on the front axle.

· Speaking of rubber bands, they will wear out quickly, so be sure to supply some new ones every time you do this lab.

· We soldered wires directly to the motor and used alligator leads to connect those wires to the battery, but you could simply use alligator clip lead wires to attach to the motor direct from the battery.

· We also had some issues with the hard plastic tires slipping on the surfaces we were using. We found that wrapping duct tape around the wheels eliminated the slippage.

· You can have the students put the car/drive-train together as part of the lab or you can set the cars up ahead of time. If you set them up ahead of time, eliminate or skip step #1 in the procedures.

Note: You and your students may not always find that a high gear ratio/low gear always equates to a higher acceleration at the start. We found that if the car was too light the low gear ratio/high gear sometimes gave an almost equal acceleration at the start. This is due to the low mass of the car allowing the car to reach top speed immediately in high gear which negates the need for a low gear. Experiment with weighting the car down so that the high gear ratio/low gear provides the expected higher acceleration at the start and the low gear ration/high gear “bogs down” or accelerates more slowly at the starting line!
Below is a discussion we found on a R/C car enthusiasts web site that will give you even more background on gear ratios and their application in not only small electric cars, but in larger vehicles such as the Quantum Racer or any other car or truck for that matter. The discussion below will also cover the student questions in the above lab:

The gears of a car follow a simple concept but can have an enormous effect on the performance of the vehicle. The diameter of the gears should be adjusted to match the specific application in which the vehicle will be used for. This means that a different gearing will be used for a large track with sweeping turns than for a small track with tight turns. A simple explanation of gearing is necessary. Basically, a large pinion gear (the little gear attached to the motor) will offer increased top speed and decreased acceleration and a smaller pinion gear will offer decreased top speed and increased acceleration. The opposite is true for spur gears (the large gear attached to the tranny that the pinion gears runs against), a smaller spur gear will increase top speed and decrease acceleration while a larger spur gear will decrease top speed and increase acceleration. A standard way of comparing gear sizes between cars is to use Gear Ratios.

There are 2 basic types of gear ratios for your RC car, the pinion to spur ratio and the overall drive train ratio. To equate the pinion to spur ratio, a simple formula is used: 

Pinion to Spur gear ratio = # of teeth on spur gear / # of teeth on pinion gear 

To give an example, assume you have a 25 tooth pinion gear and a 100 tooth spur gear installed on your car. The pinion to spur ratio is 100/25 = 4. Therefore; your pinion to spur gear ratio is 4 to1. This means that the motor must rotate 4 times to rotate the spur gear once. 

The other basic gear ratio is the overall drive train ratio. To equate this, the following formula is used: 

Overall Drive Train Ratio = (# teeth on spur gear / # teeth on pinion gear) x Tranny Gear Ratio 

Here is an example. Assume you have a 25 tooth pinion gear and a 100 tooth spur gear installed on your car. Your transmission gear ratio is 2.25 to 1 (the transmission gear ratio is complicated to equate but it is usually given to you in the transmission instructions). The overall drive train ratio is (100 / 25) x 2.25 = 9. Therefore; your overall drive train ratio is 9 to 1. This means that the motor must turn 9 times to fully rotate the wheels of the car once. 

Sometimes people refer to the gear ratio of the car instead of the number of teeth on the pinion and spur gears. A low gear ratio number will offer increased speed and decreased acceleration and a high gear ratio number will offer decreased top speed and increased acceleration. For example, a 3 to 1 ratio will give your car more speed and less acceleration than a 5 to 1 ratio. 

It is important to understand that there are limitations to what an electric motor can handle when it comes to gearing your car. This means that a larger pinion and a smaller spur will increase your vehicles top speed up to the point in which the motor is overloaded. When the gear ratio is too low, the motor will not have enough output to benefit, and reduced performance can be expected. The key here is that a proper gear ratio is very important. Don't just put on the largest pinion gear and smallest spur gear that you can find and expect to go fast. 

Another issue regarding gear ratios is tire size. The size of the cars tire will have an effect on the speed a vehicle reaches. A larger tire is like running a lower gear ratio and a smaller tire is like running a higher gear ratio. The formula used to calculate gear ratios that take tire size into consideration are very complex and aren't necessary for most applications. Just remember that a larger tire will increase top speed and decrease acceleration and a smaller tire will decrease top speed but increase acceleration. 

There is no strict rule for setting up gear ratios in your vehicle. Different cars, tracks, motors, batteries, driving style and many more variables all affect the size of the gears to be used. The best method of setting up your own ratios is to start with manufacturer recommendations and then experiment on your own. Use a stop watch to see if changes you make are for the better. The proper gear ratio selection can make the difference between an A main finish and no finish at all. 







�  � HYPERLINK "http://www.in-miniature.co.uk/show_article.asp?aid=16&sec=car" ��http://www.in-miniature.co.uk/show_article.asp?aid=16&sec=car�
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