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Bending motion is stereotyped by the action of the hinge (Fig. 8-4). Your elbow bends, and so does your knee. Everything that you build with a hinge has that same bending motion. If you look at the hinge from its edge, you can see that it is actually rotating around its hinge pin. Bending is a specialized form of rotation. If you have two heavy parts that need to bend relative to
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		Robots powered by electric motors can frequently stop effectively without brakes. This is done by turning the drive motor into a generator, and then placing a load across the motor s terminals. Whenever the wheels turn the motor faster than the speed controller tries to turn the motor, the motor generates electrical power. To make the motor brake the robot, the electrical power is fed through large load resistors, which absorb the power, slowing down the motor. Just like normal brakes, the load resistors get very hot. The energy required to stop the robot is given off in this heat. This method works very well for robots that travel at slow speeds. In a case where the rotating shaft suddenly jams or becomes overloaded for some unexpected reason, the torque in the shaft could break the shaft, the gearbox, or some other part of the rotating system. Installing a device that brakes first, particularly one that isn t damaged when it is overloaded, is sometimes required. This mechanical device is called a torque limiter. There are many ways to limit torque. Magnets, rubber bands, friction clutches, ball detents, and springs can all be used in one way or another, and all have certain advantages and disadvantages. It must be remembered that they all rely on giving off heat to absorb the energy of stopping the rotating part, usually the output shaft. Figures 3-44 through 3-53 show several torque limiters, which are good examples of the wide variety of methods available.
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		each other, you can build a hinge using the bearings or bushings described in the previous section.
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22.9.1 Controlling a Servo via a 556 Timer Chip 22.9.2 Controlling a Servo via a BASIC Stamp 22.9.3 Using a Dedicated Controller
Figure 3-44 Permanent magnets transmit torque in accordance with their numbers and size around the circumference of the clutch plate. Control of the drive in place is limited to removing magnets to reduce the drive s torque capacity.
While rotating and bending motions can be used for most of your mechanical needs, sometimes parts need to slide along a straight line. Some of the same tools you used for rotation can be used for sliding (Fig. 8-5). For example, the bushing works just as well for sliding motion as it does for rotation. You can unroll a rotating ball bearing to make a sliding track. You probably have these tracks on the drawers in your kitchen or desk. The cutaway illustration in Fig. 8-5 is just that, an illustration. Actual linear bearings need a way to lock the two tracks together, so the system doesn t just fall apart. The wheels on your car or bike provide a form of sliding motion, if you consider the movement of the car against the road instead of the motion of the wheels relative to the car. Wheels on a track are similar to a ball-bearing raceway. Roller coasters and trains use wheels that lock onto a  xed track.
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