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Note that in both Figs. 14-13 and 14-14, the ground connection is shared. You may wish to keep the power supplies of the inputs and control electronics totally separate. This is most easily done using opto-isolators, which are readily available in IC-like packages. Fig. 14-15 shows the basic concept of the opto-isolator: the source controls a light-emitting diode. The input of the control electronics is connected to a photodetector of the optoisolator. Note that since each side of the opto-isolator is governed by its own power supply, you can use these devices for simple level shifting, for example, changing a +5 V signal to +12 V, or vice versa.
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		Welding robot (photo courtesy Motoman).
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		The factory-made precision gearheads now available for installation in the latest smaller-sized servosystems can improve their performance while eliminating the external gears, belts, and pulleys commonly used in earlier larger servosystems The gearheads can be coupled to the smaller, higher-speed servomotors, resulting in simpler systems with lower power consumption and operating costs Gearheads, now being made in both in-line and right-angle configurations, can be mounted directly to the drive motor shafts They can convert high-speed, low-torque rotary motion to a low-speed, hightorque output The latest models are smaller and more accurate than their predecessors, and they have been designed to be compatible with the smaller, more precise servomotors being offered today Gearheads have often been selected for driving long trains of mechanisms in machines that perform such tasks as feeding wire, wood, or metal for further processing.
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		Every time you think up a complicated solution to a robotic problem, take a moment and see if you can  nd a simpler way of doing it. How would someone from the steam-powered age handle it  Finally, we looked at how delays in a controller can be important. Fast response is not always useful, so we added hysteresis, or delays, to our bag of tricks.
TTL (Any Gate)
If a signal source may exceed the operating voltage level of the control electronics, you can use a zener diode to clamp the voltage to the input. Zener diodes act like valves that turn on only when a certain voltage level is applied. As shown in Fig. 14-16, by putting a zener diode across the +V and ground of an input, you can basically shunt any excess voltage and prevent it from reaching the control electronics. Zener diodes are available in different voltages; the 4.7- or 5.1-V zeners are ideal for interfacing to inputs. Use the resistor to limit the current through the zener. The wattage rating of the zener diode you use depends on the maximum voltage presented to the input as well as the current drawn by the input. For most applications where the source signal is no more than 12 to 15 V, a quarter-watt zener should easily suffice. Use a higher wattage resistor for higher current draws.
However, the use of an in-line gearhead adds to the space occupied by these machines, and this can be a problem where factory floor space is restricted One way to avoid this problem is to choose a right-angle gearhead (Figure 2-28) It can be mounted vertically beneath the host machine or even horizontally on the machine bed Horizontal mounting can save space because the gearheads and motors can be positioned behind the machine, away from the operator Bevel gears are commonly used in right-angle drives because they can provide precise motion Conically shaped bevel gears with straight- or spiral-cut teeth allow mating shafts to intersect at 90  angles Straight-cut bevel gears typically have contact ratios of about 14, but the simultaneous mating of straight teeth along their entire lengths causes more vibration and noise than the mating of spiral-bevel gear teeth.
1. According to the author, what makes a robot interesting  2. What kind of control systems did the nineteenth-century automata use  3. Fancier robots need fancier control systems. What is another, more capable, type of control
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