J. La Favre AVC - Exercise 3 - making the robot turn October 18, 2018

Your AVC robot will need to make turns to complete the course at the NRC. For robots that steer by
using a differential rotation of two drive wheels, there are three types of turns: 1) zero radius, 2) pivot,
3) arc.

Zero radius turns

For the zero radius turn the two drive wheels rotate in opposite directions at the same speed, causing
the robot to revolve around a point midway between the two drive wheels. This turn is used when you
want the robot to make a very sharp turn. The turn should be initiated only if the robot is at a standstill
(not moving). The amount of the turn, in degrees, depends on the amount of drive wheel rotation and
the distance between the drive wheels (track). Suppose your robot has drive wheels that are 6.00
inches in diameter and the track (distance between the drive wheels) is 20 inches. Then the midpoint
between the two drive wheels is 10 inches from each wheel. This is the turn radius each wheel will have
as it circles around the midpoint during the turn. As the wheels run in a circle around the midpoint they
travel along the circumference of the circle described by the radius. In our example, the circumference
would be:

circumference of turn = 2 (radius) (i)
circumference of turn =2 (10 in )(3.14) = 62.8 inches

Now suppose we want the robot to execute a zero radius turn of 90 degrees. There are 360 degrees in a
complete circle and the wheel must follow the circumference of the circle 1/360 part of the circle for
each degree of the turn. Therefore, for a 90-degree turn, the wheel must follow the circumference of
the turn 90/360 part of the circle. The distance of the circumference to be traveled for a turn will be:

distance to travel on turn circumference = (degrees of turn/360) (turn circumference)
distance to travel on circumference = (90/360) (62.8 inches) = 15.7 inches

For our example robot to make a 90 degree zero radius turn, each drive wheel must travel along the
turn circumference a distance of 15.7 inches.

How many degrees must each wheel turn to travel 15.7 inches? Well, we need to know the
circumference of the wheel:

circumference of wheel = (diameter) (m)
circumference of wheel =6.00 X 3.14 =18.8 inches

Therefore, for each rotation of the wheel (360 degrees), it will travel along the turn circumference a
distance of 18.8 inches. We need the wheel to travel a distance of 15.7 inches, which is less than one
turn of the wheel:

degrees of wheel rotation = (360) (distance on turn circumference/wheel circumference)
degrees of wheel rotation = (360) (15.7/18.8) = 300

Each wheel must rotate 300 degrees to make the robot turn 90 degrees.
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Question 1. Your robot has 5-inch diameter drive wheels and a track of 18 inches. How many degrees
must each wheel turn to make a zero radius turn of 180 degrees?

Pivot turns

Pivot turns should also be initiated from a standstill condition of the robot. Pivot turns are made by
keeping one drive wheel stationary while the other drive wheel spins. Thus, the robot pivots around the
stationary wheel. The stationary wheel becomes the center point of the turn circle that the other
wheel, the outboard wheel, follows. The radius of the turn is the track of the wheels. If we use the
same robot example (track = 20 inches, wheel = 6.00 inches diameter), then the radius of the turn will
now be 20 inches and the circumference of the turn will be :

circumference of turn = 2 (20 inches) (3.14) =126 inches

Suppose we again want the robot to turn 90 degrees. Then how many degrees must the outboard
wheel turn to make the 90 degree turn? We can use the same calculations we used for the zero radius
turn:

distance to travel on turn circumference = (degrees of turn/360) (turn circumference)
distance to travel on circumference = (90/360) (126 inches) = 31.5 inches

degrees of wheel rotation = (360) (distance on turn circumference/wheel circumference)

degrees of wheel rotation = (360) (31.5/18.8) = 603

The outboard wheel must rotate 603 degrees to make a 90 degree pivot turn.
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Question 2. Your robot has 5,5-inch diameter drive wheels and a track of 25 inches. How many degrees
must the outboard wheel turn to make a pivot turn of 120 degrees?

Arc turns

While zero radius and pivot turns are always sharp
turns, arc turns may be sharp or gradual. If you want
the robot to make a turn without the need to slow
down much, then you should execute an arc turn.

Arc turns are done with both drive wheels rotating in
the same direction. The inboard wheel (closer to
center of turn) rotates at a slower speed than the
outboard wheel. The greater the difference in the
rotation rates of the two drive wheels, the sharper the
turn will be.

Figure 1 provides a diagram of a sharp arc turn. To make  Figure 1 sharp arc turn

calculations for the turn, we need to decide on the turn

radius. There are different ways to specify the turn radius, but we will select a turn radius for the
outboard wheel, which is labeled ro in the figure. We also need to know the radius of the inboard
wheel, labeled ri. The ri radius can be calculated if we know the distance between the two drive wheels
(the track).

Page 3 of 4



J. La Favre AVC - Exercise 3 - making the robot turn October 18, 2018

Lets use the same robot example used previously. Suppose we want to make a turn with a ro radius of 5
feet (60 inches). Then the ri radius will be 60 - 20 = 40 inches.

outboard turn circumference = 2 (60 inches) (3.14) = 377 inches
inboard turn circumference = 2 (40 inches) (3.14) = 251 inches

Now suppose we want to make a 90 degree turn. Then the outboard wheel must travel 377/4 = 94
inches while the inboard wheel travels 251/4 = 63 inches. How many degrees must each wheel turn to
make the 90 degree arc turn?

degrees of outboard wheel rotation = (360) (distance on turn circumference/wheel circumference)

degrees of outboard wheel rotation = (360) (94/18.8) = 1800

degrees of inboard wheel rotation = (360) (distance on turn circumference/wheel circumference)
degrees of inboard wheel rotation = (360) (63/18.8) = 1206

In order to make an arc turn of 90 degrees with an outboard wheel turn radius of 60 inches, the
outboard wheel must rotate 1800 degrees while the inboard wheel rotates 1206 degrees.

Question 3. Your robot has 6.00-inch diameter drive wheels and a track of 25 inches. How many
degrees must each wheel turn to make an arc turn of 45 degrees with an outboard turn radius of 70
inches?
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