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Small direct-drive servomotors assigned to high-speed/low-torque applications might be able to perform the work satisfactorily without a gearhead. In those instances servo/gearhead combinations might not be as cost-effective because power consumption will be comparable. Nevertheless, gearheads will still improve efficiency and, over time, even small decreases in power consumption due to the use of smaller-sized servos will result in reduced operating costs. The decision to purchase a precision gearhead should be evaluated on a case-by-case basis. The first step is to determine speed and torque requirements. Then keep in mind that although in high-speed/low-torque applications a direct-drive system might be satisfactory, low-speed/hightorque applications almost always require gearheads. Then a decision can be made after weighing the purchase price of the gearhead against anticipated servosystem operating expenses in either operating mode to estimate savings. The planetary gearbox is one of the most efficient and compact gearbox designs. Its internal coaxial layout reduces efficiency robbing side loads on the gear s shafts. Figure 2-29 and the following tables give the formulas required to calculate the input/output ratios. In spite of its higher cost, a planetary gearbox is frequently the best choice for medium ratio power transfer. Because of its even greater precision requirement than spur gears, it is usually better to buy an off-the-shelf gearbox than to design your own.
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		We interpret those actions as intelligent, or even as cognition This is valid up to a point, but consider that only we ourselves experience our own intelligence and cognition (that is, we are self-aware); a robot does not Human-like machine intelligence and emotions are in the eye of a human beholder, not in the brain of the robot This, however, may change in the future as new computing models are discovered, invented, and explored..
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		To wrap up this section, let s look at some more switches A switch is de ned by how many circuits, or poles, it controls and how many states or throws it has The switches we have looked at so far are single-pole and singlethrow, or SPST Figure 7-5 shows the four common switch con gurations The SPST switch you should already recognize Note that this is shown as a normally open (NO) switch SPST switches also come in normally closed (NC), which starts closed and opens the circuit when it is switched The next switch is double-throw, making it an SPDT switch The pole is the switching part and there is still just one of these However, the switch makes a di erent connection in each of its two positions One of the connections may be NO and then the other is NC.
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		When creating behaviors for your robots, keep in mind the function that you wish to accomplish and then consider how that function is negatively affected by variables in the robot s likely environments. For practical reasons (budget, construction skill), you must consider at least some of the limitations of the robot s environment in order to make it reliably demonstrate a given behavior. A line-following robot, which is relatively easy to build and program, will not exhibit its line-following behavior without a line. By itself, such a robot would merely be demonstrating a simple action. But by adding error correction to compensate for unknown or unexpected changes in environment the line-following robot begins to demonstrate a useful behavior. This behavior extends beyond the robot s immediate environmental limits. The machine s ability to go into a secondary, error-correcting state to find a line to follow is part of what makes a valid line-following behavior even more so if in the absence of a line to follow the robot can eventually make its own. Error correction is rule number three of behavior-based robotics. Without error correction, robots operating in restrictive environments are more likely to exhibit simple, even stupid, actions in response to a single stimulus. Consider the basic wall-following robot again: it requires a room with walls and, at that, walls that are closer together than its turning radius. Outside or in a larger room, the robot behaves completely different, yet its pro-
gramming is exactly the same. The problem of the wall-following robot could be fixed either by adding error correction or by renaming the base behavior to more accurately describe what it physically is doing.
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