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		Depending on your time, budget, and construction skill, you may wish to endow your robot(s) with a number of other useful features, such as:
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		Pinions installed at the factory ensure smooth-running gearheads because they are balanced before they are mounted This procedure permits them to spin at high speed without wobbling As a result, the balanced pinions minimize friction and thus cause less wear, noise, and vibration than field-installed pinions However, the factory-installed pinion requires a floating bearing to support the shaft with a pinion on one end The Bayside Motion Group of Bayside Controls Inc, Port Washington, New York, developed a selfaligning bearing for this purpose Bayside gearheads with these pinions are rated for input speeds up to 5000 rpm A collar on the pinion shaft s other end mounts to the motor shaft The bearing holds the pinion in place until it is mounted At that time a pair of bearings in the servomotor support the coupled shaft.
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		Sound output, perhaps combining speech, sound effects, and music. Variable-speed motors so your robot can get from room to room in a hurry but slow down when it s around people, pets, and furniture. Set-and-forget motor control, so the  brains on board  controlling your  bot needn t spend all its processing power just running the drive motors. Distance sensors for the drive motors so the robot knows how far it has traveled (odometry). Infrared and ultrasonic sensors to keep the robot from hitting things. Contact bumper switches on the robot so it knows when it s hit something and to stop immediately. LCD panels, indicator lights, or multidigit displays to show current operating status. Tilt switches, gyroscopes, or accelerometers to indicate when the robot has fallen over, or is about to. Voice input, for voice command, voice recognition, and other neat-o things. Teaching pendant and remote control so you can move a joystick to control the drive motors and record basic movements.
The machine would cycle. A cycle is a round of events that happens repeatedly in the same order, a loop of action. The cycle described above would have the machine shift to the right until it hit the switch, shift back to the left switches, and then repeat until the power was turned o . Using nothing more than mechanical switches, you can create long chains of actions. For example, imagine the robot arm shown in Fig. 7-3. Assume that it has four actions: the arm can retract (get shorter), extend (get longer), grab, and drop. Each motion has a limit switch labeled RETRACTED, EXTENDED, CLOSED, and OPEN. We assume that it begins in the retracted and open position. What will the arm do if it is hooked up to the control system in Fig. 7-4  Note that these systems also assume that the machine starts in a position that forces a switch closed. While we can t normally rely on the initial position of a machine, we can ignore the complexities of the real world for the sake of illustration. So, in this perfect universe, the arm should extend to its outer limit, close the gripper, retract, and then open the gripper again. This four-step, or four-state, cycle will repeat forever. A state, by the way, is a combination of attributes in this case, the position of the switches and the power applied to the loads. Only the signi cant states, where there is a change, count.
Of course, all of these are discussed in previous chapters. Review the table of contents or index to locate the relevant text on these subjects.
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