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Machines are designed to be as safe as possible, but there are limits to what can be done to a metal sheer or punch press, for example, and have it remain useful As machines improved into robots, they made some aspects of factory work safer A robotic painter, spot welder, or assembly machine can operate in an empty space without any help at all A supervisor stands safely outside its range of motion while the robot does the dirty and dangerous work (Fig 1-1) The most visible type of factory robot is the robot arm (Fig 1-2) These can be given any type of specialized   hand   needed for their job (Fig 1-3) and programmed to perform complex activities One arm, with a set of di erent hands, can be programmed to perform any number of tasks.
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Figs. 14-4 through 14-8 show various approaches for doing this, including NPN transistor, power MOSFET, discrete component H-bridge, single-package H-bridge, and buffer circuits. All have their advantages and disadvantages, and they are described in context throughout this book. See especially  20,  Working with DC Motors,  and  21,  Working with Stepper Motors,  for more information on these power drive techniques.
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		The stereolithographic (SL) process is performed on the equipment shown in Figure 1. The movable platform on which the 3D model is formed is initially immersed in a vat of liquid photopolymer resin to a level just below its surface so that a thin layer of the resin covers it. The SL equipment is located in a sealed chamber to prevent the escape of fumes from the resin vat. The resin changes from a liquid to a solid when exposed to the ultraviolet (UV) light from a low-power, highly focused laser. The UV laser beam is focused on an X-Y mirror in a computer-controlled beam-shaping and scanning system so that it draws the outline of the lowest crosssection layer of the object being built on the film of photopolymer resin. After the first layer is completely traced, the laser is then directed to scan the traced areas of resin to solidify the model s first cross section. The laser beam can harden the layer down to a depth of 0.0025 to 0.0300 in. (0.06 to 0.8 mm). The laser beam scans at speeds up to 350 in./s (890 cm/s). The photopolymer not scanned by the laser beam remains a liquid. In general, the thinner the resin film (slice thickness), the higher the resolution or more refined the finish of the completed model. When model surface finish is important, layer thicknesses are set for 0.0050 in. (0.13 mm) or less. The table is then submerged under computer control to the specified depth so that the next layer of liquid polymer flows over the first hardened layer. The tracing, hardening, and recoating steps are repeated, layer-by-layer, until the complete 3D model is built on the platform within the resin vat.
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		These are the robots that we recognize as   smart   machines, beginning to realize the dream promised to us by Kepelen s Turk..
Switches and other strictly digital (on/off) sensors can be readily connected to control electronics. Figs. 14-9 through 14-12 show a variety of techniques, including direct connection of a switch sensor, an LED high/low voltage input and indicator, interface via a switch debouncer, and interface via a buffer. The buffer is recommended to isolate the source of the input from the control electronics.
Some digital input devices may operate a voltage that differs from the control electronics. Erratic behavior and even damage to the input device or control electronics could result if you connected components with disparate voltage sources together. So-called logic transla-
120K 6 7 555 2
Figure 1 Stereolithography (SL): A computer-controlled neon helium ultraviolet light (UV) emitting laser outlines each layer of a 3D model in a thin liquid film of UV-curable photopolymer on a platform submerged a vat of the resin. The laser then scans the outlined area to solidify the layer, or  slice.  The platform is then lowered into the liquid to a depth equal to layer thickness, and the process is repeated for each layer until the 3D model is complete. Photopolymer not exposed to UV remains liquid. The model is them removed for finishing.
Fig. 1-1.
S1 0.1
tion circuits are needed for these kinds of interfaces. Several integrated circuits provide these functions in off-the-shelf solutions. You can create most of the interfaces you need using standard CMOS and TTL logic chips. Fig. 14-13 shows how to interface TTL (5 V) to CMOS circuits that use different power sources (use this circuit even if both circuits run under +5 vdc). Fig. 14-14 shows the same concept, but for translating CMOS circuits to TTL circuits that use different power sources.
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