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Introduction



In the decades I’ve been working with CNC machines, training commercial CNC operators, and teaching CNC woodworking classes for hobbyists, I’ve learned the fundamental questions that beginners always ask. Those questions are the reason for this book. After teaching a series of in-person classes focused on five projects, I wanted to put together a guide that helps new enthusiasts get started quickly while answering those questions to give them a good foundation. I find that students connect to the material best when it is presented in context. For example, I can explain about cutting on, inside, or outside the lines, but it makes more sense when I can show how to make these cuts in the course of making a project.


This book, like the classes, is built around five projects, each one chosen to illustrate the concepts of and techniques for programming and running your machine. The projects provide the context to help you successfully master the basic skill set of CNC woodworking. There will always be more to learn—I still learn new things with every class I teach—but this book will give you a good start.
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Even an entry-level CNC machine with a small working area has amazing potential in the right hands.


Photo courtesy of Next Wave Automation
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GETTING STARTED



As I mentioned, over many years in CNC woodworking, I’ve identified the most common questions asked by beginners. So let’s start by looking at these five questions and their answers before moving on to the projects.


Five Common Questions


1. What Is a CNC Machine?


A CNC machine for wood can be thought of as simply a router that is guided by motors and a frame, based on instructions from a computer, rather than by your hands. CNC is an abbreviation for computer numerical control, meaning that a computer program you create tells the machine how to move and what cuts to make. A CNC machine can make the same cuts as a hand router but with greater accuracy.


While CNC machines can look very different, most share the same basic components shown in the illustration. The router bit, which does the cutting, is secured in the router motor, or spindle. The router is held in a bracket that moves up and down in the Z-axis and is powered by a servo motor. The router and Z-axis servo motor move side to side in the X-axis along the bridge, and the entire bridge moves in the Y-axis, going forward and backward over the workpiece, or part, which is secured onto the bed. Servo motors on all three axes move the router bit very precisely, allowing the part to be cut in three dimensions.


2. Do I Need to Be a Computer Expert?


No. I have always found it easier to teach a woodworker how to program a CNC machine than to teach a programmer how to work in wood. If you are already a woodworker, your experience with routers, bits, grain direction, and milling wood will be directly relevant to programming the CNC.


The software used to program CNC machines is called CAD/CAM software (CAD stands for computer-aided design, and CAM stands for computer-aided manufacturing). It will do most of the work for you in telling the router what to do.
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Your woodworking experience using hand routers and other tools will help when learning to program the CNC.






You will draw out all the details of the project and assign the cuts that the machine will make. You will send all this information to the machine in a programming language called G-code. The G-code file turns the machine on, runs the tasks contained in the program, and stops the process when it is complete.


We will import some ready-to-use drawings, and we will create other drawings in the CAD side of the software. Then the lines, holes, and text in the drawing will be assigned a router bit we want to use, how deep to cut, and at what speed. This is the CAM part of the software.
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CNC machines tend to have similar parts even if they look different.


Photo courtesy of Next Wave Automation
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The software prompts you for the information it needs, shortening your learning curve.






You will do most of this programming by working through a list of options on the screen and entering the data you want to use. If you can open programs, find files, import files, and perform basic mouse functions, you will be able to use CAD/CAM software packages. Like I said, it really is easier for a woodworker to learn the software than for a software engineer to learn how to work in wood!


3. How Does a CNC Machine Work?


A CNC machine works very much like a hand router, but it does not need templates, bearings, or other guides. The CNC’s frame holds the router securely, and the computer’s instructions tell the machine how to move the router. Servo motors move the machine’s router forward, back, left, right, up, and down according to the instructions in the G-code. CNC machines can be very precise and can repeat the same movements every time the program is run, allowing you to make multiple parts that match exactly or different parts that fit together.


4. What Can a CNC Machine Make?
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This fun charcuterie set was created by the author for a Woodworker’s Journal magazine video.






Quite a lot! Without special bits or accessories, your CNC can cut different types of wood, plastic, cardboard, and phenolic. It can drill holes, mill pockets, shape and profile edges, and carve images and text. Combining these features allows you to make a wide variety of signs, plaques, tools, utensils, decorations, and models. Your imagination is the limit to what you can make.


5. How Do I Get Started?


Each of the five projects in this book are designed to walk you step by step through the basics of CNC programming and operation so you can get great results with your machine right away. When you are ready to dig deeper, my book Complete Guide to CNC Woodworking will teach you the more advanced lessons in programming your machine, running programs, tool choices and clamping parts for more advanced results.


Entry-Level Machines


Small CNC machines, also called benchtop CNCs, are a fairly new category of woodworking machines, and they appeal to a wide range of users who may not even think of themselves as woodworkers in the traditional sense. This growing interest in smaller machines has led to a greater range of them becoming available. They can cost anywhere from several hundred dollars to around ten thousand dollars.


A word of warning about lower-priced machines: Many brands offer models priced around $500 or less, but be careful. At this price point, they are often 12-volt DC systems, which are very low powered and will need to make many passes to cut through common materials.


Most brands have user forums you can join to get feedback and even tech support from actual users of the machines. Consider joining user forums of the brands you like before purchasing a machine, as you can get valuable information to help you decide which machine will best suit your needs.


As of this writing, the author found two “mainstream” machines for under $1,000.00 and from there you can spend up to $10,000.00. Usually, you will spend more for a bigger working envelope, but not always. A smaller machine with a robust frame may cost more than a lighter weight machine with a larger working envelope.




Here are a few examples of benchtop CNCs for you to consider. There are many more out there, and this list is not a recommendation from the author. It is just a look at some of the many options available.
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Stepcraft’s D420 machine has an 11.7″ (300mm) x 16.3″ (415mm) bed.


Photo courtesy of Stepcraft USA
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The Woodworker model from Onefinity CNC has a 32″ (813mm) square working area.


Photo courtesy of Onefinity CNC
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This ShopBot Desktop 1824 is the one the author used in this boo.
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X-Carve boasts a 29.5″ (750mm) square work space and can use the Easel software from Inventables.


Photo courtesy of Inventables, Inc.








[image: ]


The CNC Shark SD101 uses a 12″ (305mm) by 13″ (330mm) bed and comes with Next Wave’s Shark Wizard software for easy programming of simple projects.


Photo courtesy of Next Wave CNC













Shop Safety


Your CNC machine moves itself automatically once you initiate a program, but as with any power tool, you should use standard safety equipment. When cutting, a CNC is just as loud as a handheld router. Wear hearing protection when the machine is running. Safety glasses are also a must. Chips and even cut parts can be ejected from the work area, so protecting your eyes is important. Wood dust, especially from exotic woods, can cause irritation and even allergic reactions in some people. A dust mask or a good respirator will help keep your lungs clean and healthy. Use your common sense and remember that you are your own best protection.
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Eye, hearing, and lung protection are essential to any woodworking project.










Choosing Bits for Your CNC Machine
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A wide range of router bits are now made specifically for use in benchtop CNCs, but most of your “standard“ router bits can be used as well.


PHOTO CREDIT: INFINITY TOOLS








New CNC users often ask which bits can be used with their machines. The short answer is that you can, in most cases, use the same bits as you would with your handheld router and router table. Excepting bearing-guided router bits, the line between CNC bits and router bits is nearly nonexistent now.


While there are specialty bits in the industrial market made specifically for CNC use, these are generally designed to perform at feeds and speeds far faster than any benchtop machines are capable of, so they are unsuitable for benchtop machines. Spiral bits are an exception; having initially been designed for CNC use, they have become popular for handheld routers as well.


I mentioned that you cannot use bearingguided bits with your CNC machine. In your handheld router, the bearing rides along the edge of the part, with your arms acting as “springs” to control the contact and follow the edge. On your CNC, you do not need to use the bearing for control, and the machine frame controls where the bit goes, so a bearing will simply get in the way. There remain many styles and types of bits you can use with your CNC.
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A selection of router bits that I have used with both my handheld router and CNC machine.






You also must consider the size of your bits. For example, my CNC Shark uses a Bosch Colt router for the motor, So I use ¼″ (8mm) shank bits with it. My ShopBot has a spindle that can take any shank size up to ½″ (12mm).
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Most router bits are available in both ½″ (12mm) and ¼″ (6mm) shank sizes. This dovetail bit from MicroJig is also available with 8mm and 12mm shanks to fit European routers.






If your system can use ½″ (12mm) shank bits, you should use them whenever possible. A ½″ (12mm) shank bit is not twice as stiff as a ¼″ (6mm) shank; it is actually eight times stiffer, which means much less vibration and cleaner cuts at higher feed rates. The only exception to this rule of thumb is when using a ¼″-diameter or smaller bit. To make a ¼″ (6mm)-diameter bit with a ½″ (12mm) shank, the body must be turned down on a lathe, and the neck where this transition is made is always the weak part. I have broken a number of ¼″ (6mm) bits with ½″ (12mm) shanks, but very few ¼″ (6mm) bits with ¼″ (6mm) shanks. Those using metric bits will generally need to choose between 8mm and 12mm shank bits. The same rules apply, so use the bigger shank where possible.


Carbide Tip and Solid Carbide


Many bits are made as a steel body with carbide cutting edges braised on, and others are milled completely from a single piece of solid carbide. In many cases, the same size/type of bit are available in both configurations. There are technical differences, but at the feeds and speeds at which our benchtop CNCs are operating, there is no specific benefit to either type. You can find many ¼″ (6mm) and ½″ (12mm) straight bits, V bits, and fluting bits in steel body or solid carbide. However, the 1/8″ (3mm) and 1/16″ (2mm) bits we’ll be using later in the book are solid carbide because it is more difficult to braise such thin carbide pieces to a steel shank.
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