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Introduction


Why Build Your Own Tools?


In this day and age you can buy a staggering array of tools for seemingly every purpose, so why would you want to create your own—especially when you can simply order what you need and have it delivered to your doorstep? On the farm we collect tools of all sizes and shapes to make our work easier, and many of us have toolboxes full of simple tools (like screwdrivers and wrenches) we use to fix the more complex tools (like carts and irrigation systems). A lot of us also use the tools we already have to build new tools and customize old ones because, despite appearances, you can’t really buy a tool that fits every individual need. It’s also rewarding to make useful things with our own hands; I always appreciate using the tools I’ve built for myself more than the ones I’ve purchased.


I love tools. I love learning how to use tools, I love modifying tools to make them work better for my own needs, and I love creating new tools. The tools I prefer are in some ways a reflection of my personality and the way I like to work. They are simple, functional, and efficient. For me, form follows function, and while my tool designs may have some small aesthetic flourishes, those flourishes never take away from the tool’s essential functions or add significantly to its cost.




How This Collection Came to Be


This book features a collection of tools that I’ve built for use on my own farm and on friends’ farms. All of the 19 projects that follow are tools that have seen extensive use and whose designs have worked well for me and for my farmer friends. These tools are all designed around commonly available materials and can be built with commonly available tools on the farm.


The book starts with a chapter on the basic tools and materials you’ll need to create the new tools that make up the rest of the book. Each building project includes a list of the supplies you’ll need and step-by-step instructions. Each project also features notes about how I use the tool as a part of a system on the farm. Without this context, it’s not always obvious why a tool works.


I also provide notes on design considerations for modifying or customizing the tools, or perhaps making future improvements. These notes on use and design are meant to encourage you to modify these designs to better meet your farm’s needs. In addition, the notes help explain some of the “whys” behind the designs. In many cases these notes point out design features that I came to after trying other methods that were less successful.




Not all of these tools are completely my own designs. In fact, none of the tools truly are “mine,” in the sense that they were all inspired by tools that I’ve seen on farms or in other places. In some cases, I remember where the idea for a tool came from; in other cases, I’ve been using a tool for so long or it’s morphed so much that I can’t fully trace its origins. These designs are mine, however, in the sense that I’ve figured out my own ways to construct them and use them.


I hope that you will build these tools and find them useful—and that you’ll modify them, if needed, to better suit your own needs. I also hope that you’ll see some of these tools, realize they’re not useful in your particular situation, but still maybe note the ways in which they are put together and be able to apply those design features to your own future tool designs. The information in Chapter 1, the appendix, and the tips and design notes scattered throughout the book are all there to help you with tweaks, modifications, and ground-up design. The way we all learn to build better tools is by first observing existing designs, then interacting with them, and then trying new methods.


When we use a tool, we learn about what we like and dislike about it; that should inspire experimentation with modifying existing tools and designing new ones. From a learning perspective, the aspects of a tool that don’t work for you are just as important as those that do. As you read through the following pages, I encourage you to be willing to make your own mistakes and learn from them as much as you do the directions you’ll find here.










Chapter 1



Setting Up a Basic Shop







It’s not necessary to have a dedicated shop space to start building or modifying tools, but at some point having a shop makes it easier to get started on a project because you don’t have to pull tools from the back of a closet and set up a work surface every time you want to build something or tinker. I’ve found that, over time, items such as basic fasteners, extra bits of wood and metal, and random raw materials for future projects start to collect and need a place to live, and that space is usually a ­dedicated shop.


I’m a fan of starting small and keeping things relatively simple. I avoid buying specialized tools that I don’t absolutely need and will use only for a single foreseeable project, even if they’re a good deal. On the other hand, I have a few tools that I use consistently and recommend for every small-farm shop. If you don’t have them already, you don’t need to go out and buy them all at once, but when you do need them, they’re worth purchasing.
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General Tool Safety Notes


Before you start working with any tool, think about the physical space you’ll be working in. It pays to take the time to clear out a sufficient workspace, making sure you can stand properly, hold the work properly, and view it under proper lighting. Ultimately this will save you time and frustration, while also preventing injuries and wear and tear on your body.


When working with shop tools, consider your attire. Wear gloves to protect your hands, closed-toed shoes to protect your feet, and long pants and long sleeves to protect your skin. You may also need eye protection, hearing protection, and other safety equipment such as a mask, a respirator, and even a hat or helmet depending on the tool you’re using.


While it may seem like all this safety equipment could slow you down or create a less-safe situation by restricting your movement or vision, each of these items has saved me from serious injury on at least one occasion. Additionally, instead of slowing me down, they actually help me focus on the task and proceed with confidence.
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Glove Safety


Do not wear gloves if there’s any chance that a glove might get snagged by a rotating blade and pull your hand into the blade. This is especially a worry if your gloves are oversized or if you need to work with your hand anywhere close to a rotating blade or shaft.





Set up your workspace so you can move around comfortably and avoid awkward positions. If you’re using a sharp tool, give yourself enough room so that if the tool slips, it won’t have the path or momentum to cut you. In addition, secure heavy objects to prevent them from falling on your hands, feet, or body.


When welding or working with a grinder or anything else that creates sparks, think about fire safety and your own safety. Those sparks are small pieces of very hot metal that you want to keep away from your body and far away from anything they might ignite. Finally, when you’re working around power cords, be aware of where they are so you don’t cut them, and position them out of the line of traffic to prevent anyone from tripping over them. In general, think about safety as much as you think about the tool you’re trying to build.


Proper lighting is an often-underappreciated safety feature around workshops and indoor workspaces on farms. In the short term, being able to see clearly what you’re doing helps speed up tasks and improves accuracy and safety. In the longer term, working in well-lit spaces contributes to better productivity by reducing eyestrain and general fatigue.


The level of the light, the direction it comes from, and the color of both the light and the surroundings it bounces off all influence how well you will be able to see your work. Indirect natural ambient light combined with a bright light directly focused on your work is best, as it cuts down on glare. Walls and ceilings painted light colors will help brighten the workspace by allowing the light to bounce. Try to avoid the extreme contrast of working with a bright light focused on your work in an otherwise dark workspace.






Looking closer





Power Tool Safety
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When you’re working with power tools, I recommend taking the following precautions:




	
Always wear safety glasses to prevent splinters or chips from getting in your eyes.


	
Keep your face away from the path of flying sawdust or metal chips.


	
Wear ear protection when using loud tools—basically any tool other than a cordless drill. I prefer the soft foam ear plugs that are held in place with a plastic hoop, but there are many good styles out there.


	
Wear gloves except in situations where the gloves may be counterproductive (see Glove Safety on the facing page). I usually wear form-fitting nitrile-dipped Atlas 370 gloves, which are thin but durable and offer a lot of dexterity as well as pretty good resistance to cuts and abrasion. I wear heavier leather gloves when working with objects that might be hot and when dexterity is less important.


	
Secure loose clothing, necklaces, bracelets, and long hair. The high-speed rotation of power-tool parts causes air movement that can suck loose items into their vicinity. They spin so fast that once something gets caught it takes only a fraction of a second for it to get tightly wrapped up, violently pulling you into the tool. Securing loose clothing and objects could literally save your life, or at least prevent unnecessary injuries.


	
Wear an appropriate mask and work in a well-ventilated area if you’re dealing with any type of dust or fumes. Whether the dust is toxic is irrelevant; getting any quantity of small particles in your lungs is harmful. Disposable N95 masks are good to have on the farm for this purpose, and if you find yourself working around dust more often or for longer periods of time, you might consider a respirator with a better fit and replaceable cartridges (and only a respirator with the appropriate cartridges can protect you from fumes).











Basic Mechanic’s Tools


On the farm, adjustable wrenches, basic screw­drivers, and pliers are the primary tools I use for quick repairs. My first-to-buy list for an empty farm shop would be:




	6-inch and 12-inch adjustable wrenches. The sizes indicate the length of the handle, which corresponds to the relative size of the hex head it will turn.


	12-inch adjustable pliers. There are lots of styles, and I usually use the tongue-and-groove ones, but others work equally well.


	
Phillips and flat-head screwdrivers—a basic set of two or three each in a variety of sizes and lengths. You can also get screwdrivers with replaceable tips. If you need tips for screws other than Phillips heads and flat heads, a multi-bit screwdriver will be helpful.







These are the mechanic’s tools I find myself turning to constantly, and on the farm I also use them frequently for plumbing projects. I usually buy them from my local hardware store, not because their tools are the cheapest or the highest quality, but because the store is convenient and I like to support a local business that can help me answer questions when I have them. If the wrenches and pliers are at least decent quality and you take good care of them, they’ll last forever.


Another tool that I use quite a bit is a wire cutter. There are many types, but what’s most important is matching the size of the cutter to the size of the wire being cut. Trying to cut large wire with a small cutter is both difficult for you and damaging to the tool. Likewise, large cutters don’t work on very small wire. On the farm, the wire shears incorporated into basic slip-joint pliers (not 12-inch adjustable pliers) work well for cutting baling wire and fencing pliers work for larger fence wire. If you’re cutting a lot of heavy-gauge wire, you might want to use small bolt cutters, which require a little less hand strength.





Basic Woodworking Tools


It is generally easier to start working with wood than with metal, since wood is softer, less expensive, and more commonly available. Many basic woodworking tools can also be used with plastic (which often has a similar hardness to wood), and some do work with metal.




Drilling and Driving


These days cordless drills and basic sets of drill bits are widely available and relatively inexpensive. There’s no one right size or make of drill to get, but you should think about how you are most likely to use the drill before purchasing a new one. In general, the less expensive the drill, the less durable it will be. More expensive drills will most likely last longer, have better features, and be more repairable if they break. Another consideration is weight: Lighter, lower-voltage cordless drills are less powerful, but they’re also easier to carry and to use in awkward locations. Heavier, higher-voltage drills will run longer on a charge and offer more power, which is helpful if you need to drill big holes—but they’re heavy!
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Driving Screws


Screw pieces together tightly so there is no gap between them. In order to create a strong joint, the screw needs to draw the two pieces together so that they firmly press against one another. This creates friction between the pieces, which increases the shear strength of the joint. A screw has much less shear strength than a nail of similar length, meaning that it is less able to resist shear forces—that is, opposing forces trying to slide the two pieces past each other. But screws have threads, which gives them grip strength, meaning that they are able to pull two pieces together tightly.


Prevent wood from splitting by predrilling pilot holes. I use a drill bit that snugly fits the shank of the screw (the part you’d be left with if you took off the threads).


Pilot holes aren’t always necessary, though. If you are using screws that are #10 (about 3⁄16 inch in diameter) or smaller and making only rough connections in lumber larger than 2×2, a pilot hole usually isn’t needed—especially if the wood is still a little green and pliable.


If you don’t predrill a pilot hole, often the two pieces you are screwing together will push apart as the screw starts to move into the second piece. When this happens, back the screw out of the second piece and then drive it back in. The hole that was started in the second piece will now act as a pilot hole. This makes a tight, strong joint.


Avoid driving screws in weak spots in the wood. For example, don’t place screws too close to the edge of the wood. Leave at least 1⁄2 to 3⁄4 inch between the screw and the edge. In addition, avoid putting two screws on the same grain line, and don’t place a screw anywhere that looks weak or is splitting already. Conversely, you should also avoid screwing into knots in the wood, which are usually too hard to screw through directly and may even break your screw.


Spread out the screws as much as possible. Spacing screws widely not only helps prevent splitting, it also helps the joint resist torsion (twisting force). If you fasten two pieces together with only a single screw, the pieces can spin around that screw. Adding a second screw locks the joint against spinning. The farther apart the two screws are, the more resistance to torsion the joint has. Additional screws pull more of the two pieces into strong contact with each other, resulting in more friction between the pieces, which helps resist both torsion and shear forces.


Avoid using too many screws, which can actually weaken wood. In addition, more screws add expense, both in materials and in time.


Joints will loosen over time due to stresses on the joint and cyclical drying and absorption of moisture by the wood. Keep this in mind when designing screw joints: Don’t rely entirely on the friction they create between two pieces to keep a joint tight, and retighten the screws if the joints do get loose over time.







And, of course, corded drills and hand drills still exist. Corded drills are lighter, more powerful, and less expensive than cordless drills, and they are a good option if you’re always going to be near an outlet. Old-fashioned hand-crank drills are much lighter than cordless drills, never need to be charged, and don’t make a lot of noise. I often use one for quickly drilling small holes, a task that doesn’t take much energy.


Drill bits come in many styles. Twist bits are the most common type of bit for drilling small holes (typically anything up to 3⁄8 inch with a hand-held drill) and spade bits are common for larger holes. Today, most twist bits are also suitably hard for drilling in metal. Other types of drill bits, including Forstner bits and hole saws, each have their own special purposes. Forstner bits are more expensive but they do some things that spade and twist bits can’t. For example, while both spade bits and Forstner bits cut flat-bottomed holes, Forstner bits produce less splintering when they come out the far side of a through hole. And unlike a twist bit or a spade bit, a Forstner bit can be used with a drill press to drill partial holes in the edges of wood, creating rounded grooves.


A hole saw is kind of a hybrid between a saw and a drill bit that saws a round hole through the material. Hole saws are good for cutting larger holes in any material that is an inch thick or less, and because of their fine teeth, they are the best option for cutting larger holes in thin plastic pipes to avoid cracking the pipe.


I use my cordless drill for driving screws as well as drilling holes. A magnetic drive guide makes switching bits fast and helps hold the screw steady while you set it, which is especially helpful if you’re driving in an awkward spot.


Another option for driving screws is an impact driver, which looks similar to a drill but is more compact and works a little differently, making it better for driving screws than for drilling holes. An impact driver literally uses impact forces to twist the screw, hammering the shaft around in a circle instead of applying an even twisting force like a cordless drill does. Because impact drivers develop high forces in short bursts of many little impacts, you need to use bits and socket sets specifically designed for impact drivers. Otherwise they can shatter. One major advantage of impact drivers is that they drive screws really well without the tendency to strip the heads of the screws the way drills do.
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A magnetic drive guide is helpful when you’re using a drill to drive screws. The outer sleeve of the guide can be extended over long screws to prevent them from tipping as they’re being driven into the wood. The bit can be changed easily when it wears out.






Cutting


When you’re cutting wood, it’s useful to understand that wood is a composite material made up of fibers that run the length of the wood and are held together by resin, a kind of natural glue (for more on composites, see Materials Properties in Plain English. The fibers are referred to as the grain of the wood. Cutting perpendicular to wood grain, or “across the grain,” is called crosscutting, while cutting parallel to the grain, or “with the grain,” is called ripping.


Cutting wood is mostly done with a saw, and saws have different types of blades depending on whether they’re made for crosscutting or ripping. Crosscut blades are designed to slice through the wood fibers, and rip blades are designed to chip away the resin along with little bits of the fibers. There are also combination blades that do a reasonably good job of both crosscutting and ripping, and those are generally the most useful on the farm.




When looking at saw blades, the other feature you’ll notice is the number of teeth. Blades with fewer teeth that are spaced more widely apart will cut faster and leave a rougher surface, while blades with more teeth per inch (TPI) will cut more smoothly but will take a bit longer to get through the wood.


I regularly use four kinds of saws on the farm: a hand saw, a circular saw, a corded jigsaw, and a table saw. The hand saw I use the most is a basic 15-inch crosscut saw with 12 TPI. I mostly use it to cut small pieces and to make single cuts when I don’t feel like pulling out the larger circular saw, which needs to be plugged in.


Of all my saws, my circular saw is the one I probably use the most. Circular saws are great for making straight cuts of all sorts, but especially crosscuts. They come in different sizes, and the most common size uses a 71⁄4-inch blade. This blade is big enough to cut through most common materials, even with the blade at an angle, but not too big to make the saw difficult to handle.


Combination blades for circular saws will crosscut and rip reasonably well, in addition to cutting through materials like plywood, which is made up of multiple layers of wood oriented in different grain directions. Because saws require a lot of power to run, I recommend avoiding a cordless saw as your primary saw, since it will be somewhat limited in the number of cuts it can make on a single charge and will cut more slowly.


Jigsaws have relatively narrow, short blades, and you can get blades with teeth designed for cutting many types of materials. While jigsaws can be used to cut straight lines, they are particularly suited to making curved cuts and cutting thinner material. They’re also ideal for cutting out notches and other small details.


A table saw is basically a circular saw with the blade fixed to a table. Instead of moving the blade across the wood, you move the wood across the blade. Table saws typically come with a rip fence and a miter gauge. The rip fence sits parallel to the blade and allows you to slide your board along it to make a very straight, accurate cut. The miter gauge slides in a groove on the table parallel to the blade. It can be set perpendicular to the blade for straight crosscuts or to any angle up to 45 degrees for making angled cuts. Table saws are generally more accurate and powerful than handheld saws, and they have larger blades, but they’re also harder to move around and can be awkward to use when you’re working with larger pieces of wood.


There are many other types of saws, but those four are good ones to start with. If you learn how to use them well, you can make pretty much any cut you’ll need on the farm. When you’re first starting out with power saws, learn how to use them safely. The larger the saw, the more potential it has to do serious damage. Many people have lost fingers or worse to power saws because they weren’t using safe practices. But it is not difficult to use a power saw safely if you know how. See Power Tool Safety for some basic tips.





Shaping and Smoothing


When building most farm tools, you won’t need to smooth anything to perfection. Use coarse 80-grit or 120-grit sandpaper wrapped around a wooden block to knock off the splinters from cut edges. In addition, a sharp 1⁄2- or 3⁄4-inch chisel is useful to notch out corners if necessary.





Clamps


When cutting and assembling, it’s often helpful to have an extra set of hands, or maybe even a few extra sets, to hold things in place. If you don’t have a helper nearby, use 12-inch trigger clamps (I use the Quick-Grip clamps made by Irwin). These can be tightened easily with one hand while your other hand holds the work. Clamps are also good for holding glue joints tight while they dry.





Measuring and Marking


I use two types of measuring tapes on the farm: a 25-foot retractable tape measure for wood- and metalwork, and a 100- or 200-foot reel tape to mark out beds in the field, irrigation lines, and other longer distances. Retractable measuring tapes are usually made from spring metal and have a Mylar coating. They do wear out over time but are pretty durable if you don’t abuse them. The little hook on the end of the tape pulls out very slightly when you catch it over the end of a board, and it pushes in slightly when you measure up against a surface. This clever design feature means the measurement is good to about 1⁄32 of an inch whether you use it with the hook pushing against or pulling on a surface. The slight movement adjusts for the thickness of the hook.


Reel tapes are very flexible and can act as a straight line when under tension, but they don’t provide accurate measurements if they are loose. In the field I usually fix the end of the reel tape to the ground with a 6-inch ground staple and pull against that. Be aware that reel tapes usually have one side in feet and inches and the opposite side in feet and tenths of feet (some surveyors and engineers work in tenths of feet, not inches).


In addition to measuring length, you will often need to check that two pieces are exactly perpendicular to each other at a corner, forming a perfect 90-degree angle; this means that they are “square.” To check for square, use a 12- or 18-inch framing square or a speed square (the standard size is 7 × 7 inches). A speed square can also be used to guide the foot of a circular saw or jigsaw to help you make straight 90-degree cuts (perpendicular to a board edge) or at an exact 45-degree angle.


If you have a large square or rectangular layout, and you want to check the entire layout for square (90-degree corners), first double-check that the parallel sides are the same length. Next, use a standard or reel tape measure to measure the diagonals—the distance between opposite corners; when the measurement is the same for both diagonals, the layout is square.


Another way to check for squareness, regardless of the project size, is to use the Pythagorean theorem, or the 3-4-5 triangle. (Remember back to geometry class?) A triangle with sides of 3, 4, and 5 units—whatever the units might be—has a perfect 90-degree angle between the sides that are 3 and 4 units long.


If you have two long, straight pieces of wood that are supposed to be at a 90-degree angle, you can mark one at 3 feet from the corner and the other at 4 feet. The diagonal between the 3-foot and 4-foot marks should be exactly 5 feet long. If the diagonal is more than 5 feet long, the angle is more than 90 degrees. If the diagonal is less than 5 feet long, the angle is less than 90 degrees. Either way, adjust the angle until you get the diagonal to be exactly 5 feet.


To know when something is exactly level or exactly vertical (plumb), use a bubble level. These are available in many lengths, from very short to very long, but on the farm you probably won’t need anything much bigger than a 6-inch level, sometimes called a torpedo level. Occasionally a 2-foot or 4-foot level is useful, and a 4-foot level works well as a straightedge for marking cuts on plywood.


For most marking, a regular wooden #2 pencil works really well. To sharpen your pencil without a sharpener, use a small knife to slowly whittle away the tip as you rotate it. You can also use a knife to scribe a mark on wood if you need a fine line or if you don’t have a pencil handy. One nice thing about marking a cut line in wood with a knife is that it precuts the surface grain, which reduces splintering. For really long straight lines (such as marking lines on the full 8-foot length of plywood), use a chalk line. This common tool consists of a box that holds powdered chalk and a reel of string that extends through a hole in the box and is tied to a small hook. As the string is reeled out, it gets coated in chalk. The string can be pulled tight against a surface and then snapped against the surface, leaving a straight line of chalk.


In many cases there are clever ways to measure without using a special measuring tool at all, and frequently it’s more precise to skip the measuring tool. For example, the reason to make a table 30 inches high instead of 303⁄16 inches high is usually just because nice round numbers are easier to measure with a measuring tape. In other words, a lot of measurements are somewhat arbitrary.


But what is important is measuring accurately when two pieces need to match. In these situations, transferring the measurement directly from one object to another is often the fastest and most accurate method. Going back to the table example, simply cut one table leg and then use that leg as a template to mark the measurement for the other three legs. Always use the same template piece for marking all of the pieces that need to match. This way, any small difference between the first and second pieces won’t transfer to the third piece and multiply the difference.






Pythagorean Theorem


As noted above, you can use the Pythagorean theorem to make sure an angle is square. This works with any multiple of 3, 4, and 5, so you can use longer measurements for larger pieces and smaller measurements for shorter pieces. Just multiply all three measurements by the same number. For example, you could multiply by 2 to get 6, 8, and 10, or multiply by 1.5 to get 4.5, 6, and 7.5. The longer the measurement, the more accurate the result.
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Basic Metalworking Tools


There is a lot of overlap between woodworking and metalworking tools. Here are some of the tools that I’ve added to my collection specifically for working with metal.




Drilling


You can often use the same twist bits to drill metal that you use to drill wood, although it is more important that the bit is sharp when drilling through metal. Drilling metal also requires more pressure and sometimes less speed. See Drilling Metal for some tips.
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Drilling Metal




	
Mark the center of the hole with a center punch before you start to drill into metal. The indentation from the punch will help keep the drill bit from wandering when it starts out.


	
Drill a pilot hole when drilling with a twist bit larger than 1⁄4 inch. Start by drilling a 3⁄16-inch or 1⁄4-inch pilot hole, and then widen the hole with the full-size bit. Your larger bits will work ­better and last longer with this approach.


	
When drilling steel, you will need a drill bit that is rated for cutting steel—HSS (high-speed steel) or better.


	
Adjust the speed of your drill bit. Harder materials require relatively lower drilling speeds and more downward pressure. For small bits (less than 1⁄4 inch), the drilling speed will be similar for most materials. As your bits get larger, the rotational speed needs to be slowed.

If you are drilling a hole larger than 5⁄8inch, in harder materials the rotational speed of the bit can be less than one-quarter what it would be for a smaller hole in the same material. In softer materials such as wood, the change in rotational speed is less extreme. For example, if you drill a 1⁄16-inch hole in wood or steel, your bit should spin at about 3,100 revolutions per minute (rpm), but if you drill a 1⁄2-inch hole, the bit speed in wood might only be 1,100 rpm and in steel it could be 750 rpm or less. (Consult a drill press speed chart if you’re using a drill press.)The drilling should generate decent-size “chips” of metal (larger than grains of sand). If it doesn’t, you are spinning the bit too fast, you are not pushing down with enough pressure, or the bit is dull. All of these scenarios will result in heating up and dulling both the metal and the bit. If you are building up too much heat, you can use a cutting oil, but oil probably isn’t essential if your bit is sharp.













Cutting


Depending on the type of metal and the thickness you’re cutting, you’ll usually need a different blade and probably a different saw than you use for cutting wood. And just as with drilling metal, you need to be careful that you use appropriate pressure and speed when cutting metal. Use a hacksaw or jigsaw with a metal-cutting blade to cut small objects such as steel bolts. To cut larger quantities of metal tubing, pipe, and flat stock, use a 10-inch abrasive chop saw or a metal band saw. The abrasive chop saw is loud and messy, creating big rooster tails of sparks as it cuts, but it makes neat, straight cuts, while the band saw is slower, quieter, and relatively cleaner.


You can also cut through metal using an angle grinder with an abrasive cutoff wheel. Like the chop saw, it is loud and messy. In addition, the combination of high rotational speeds and relatively fragile blades on this tool, along with the large quantities of sparks and dust it creates, means you should pay particular attention to good safety practices when using it for cutting.




Shaping and Smoothing


To shape and smooth metal edges, hand files work well. These are available in a huge array of sizes and shapes; the two I use the most on the farm are 6-inch and 12-inch single-cut mill bastard files. Single-cut files leave a smoother finish than double-cut files do. Mill refers to the shape, which is slightly tapered and flat. Bastard refers to the coarseness of the file and is somewhere between coarse and fine.


Use an angle grinder or bench grinder to prepare surfaces for welding or to take off materials faster than you could with a file. With the angle grinder, you hold the tool, while the piece you’re grinding remains stationary. With the bench grinder, the tool is fixed to a workbench and you bring the workpiece to it. Both types of grinders can be fitted with different kinds of wheels, including wire wheels and flap sanders, which are handy for taking off surface rust and loose paint.




Clamps


There are a couple clamps that are especially handy for metalwork. For holding pieces together for welding, C-clamp locking pliers are the most useful for the kinds of projects in this book. Regular C-clamps work well and provide a tight hold but usually require two hands to operate, so they are harder to use. Avoid plastic quick-grip clamps for welding because they don’t hold up to the heat, although they can work well if they are used well away from hot surfaces.




Measuring and Marking


You can generally use the same tools for measuring metal that you use for measuring wood. Mark metal with a Sharpie or soapstone pencil. I rarely need a precise line when working with metal, but if I do, I first darken the area with a Sharpie and then use the tip of a pointy metal tool to scratch a line through the ink and into the metal. A scriber is the tool designed for this task, but a homemade poker tool can make a good scriber. A poker tool is also handy for digging dirt out of small spaces or just for poking things.


To make a poker tool, start with a 6-inch piece of wood (from a tomato stake or some similar scrap) to use as a handle and a 4- to 6-inch piece of straight steel wire (an old bicycle spoke, or even a coat hanger, works well for this). Using a bit that is just a hair smaller than the wire, drill a hole 1–2 inches deep into the end of the handle. Push the wire into the hole using a pair of pliers. Sharpen the end of the wire to a point with a grinder.





Workbenches and Toolboxes


It’s not essential to have a workbench or a toolbox, but I find them handy. For a temporary workbench, you can simply lay a few boards across a pair of sawhorses. You may also decide you like having a dedicated workbench that you don’t mind scratching up or getting odd bits of glue and paint on, and which you can replace when it wears out. My workbench is essentially a version of the Potting Bench with Mixing Tub, without the mixing tub, but with freestanding legs and a thicker plywood top.


When it comes to storing tools, what’s important to me is that the tools are organized, easily accessible when and where I need them, and kept dry and out of the sun to prevent them from wearing out prematurely. Mostly I use wooden shelves with designated locations for different tools. I also have a couple of very simple toolboxes that I use when I’m taking my tools somewhere outside my workshop. The toolbox I like the best is one I slapped together from old 1×6 fence boards and a few screws more than 20 years ago. It has a handle in the middle and two long compartments for tools on either side.
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Years ago I found a design for a three-legged sawhorse made from 2×4 and 2×6 boards. The design has a broad, slotted top that allows a piece of 2× wood to be clamped in the slot, or a saw blade to cut through a piece of wood freely while the wood is supported on both sides. On uneven ground, the three-legged design is fundamentally more stable than four-legged designs. I often use this sawhorse as a workbench for small projects.







Treating Your Tools Right


Knowing how to use your tools properly—and how not to use them—are important steps in giving them a long and useful life. For example, it’s inevitable that you’ll sometimes use a wrench to tap on things. But acknowledging that a wrench is not a proper hammer—and that hammering with a wrench is potentially harmful to the wrench, if not dangerous to you—will remind you that if you really need a hammer, you should go get one, and not use the wrench that’s in your hand just because it’s there.


To maintain your tools’ usefulness and prevent them from wearing prematurely, keep them dry and store them appropriately. If metal tools get wet, dry and oil them before storing them in a dry place. Similarly, dirty tools will wear from the grit of the soil. The soil itself can also hold moisture and other elements that cause corrosion. To repel water and prevent corrosion on the metal parts of the tool, apply a thin coat of machine oil.


Wood handles also need to be stored dry and oiled to prevent both wet rot and corrosion of their natural resins. On wood handles, use a relatively heavy oil, such as linseed oil, which will penetrate the pores in the wood and dry to a hard finish. This helps protect the wood from wear and water. Both wood and plastic handles will break down with sun exposure, so they are best stored out of direct sunlight.


All blades cut best when they are sharp. This allows them to cut straighter and with less force, meaning they are easier to control and less likely to accidentally go somewhere unintended. Many saw blades and drill bits aren’t easily sharpened without specialized tools, but basic blades such as knives, chisels, hoes, and even pruners are relatively easy to sharpen once you know how. To sharpen carbon steel blades, such as those on most hoes, I recommend using a mill bastard file, as described in Shaping and Smoothing. To sharpen harder stainless and spring steel blades, such as those on most knives and stirrup hoes, I recommend using a medium pocket stone with water.


I try to sharpen all of my blades regularly, before they become completely dull and need major work to get them back into shape. I sharpen my most commonly used knives, hoes, and chisels daily before use. Resharpening a blade that is only slightly dull is quick and easy and it makes them much, much easier to use.
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A basic blade angles to a point. The angles are called the bevels, and they may be on one or both sides of the tip. Most of the wear on the cutting edge of a blade is at the tip, which is the weakest part. The edge becomes rounded and needs to be resharpened. To resharpen the tip, take material from the bevels while maintaining the original angle, until enough material has been removed that the edge is restored.







Basic Materials


Many of the materials I use in the designs in this book were chosen as much out of convenience as a result of an in-depth engineering analysis. What follows here is a brief overview of the basic materials used in many of the designs and why I think they’re good choices. There are many other materials that might work well for you when modifying these designs or designing your own tools. Some of these other materials may be readily available for you, and some have superior properties to the materials I’ve used. For more detail on the technical differences between materials types, see Materials Properties in Plain English. In that section I also explain what information I consider when choosing materials for a project.




Wood


Wood is one of the materials I work with most often. It’s commonly available and inexpensive, and woodworking tools are also commonly available and relatively inexpensive. The most common grades of wood that I use on the farm are construction grade or “standard or better” SPF, which stands for spruce, pine, or fir. (Where I live in the Pacific Northwest, Douglas fir is common, so nearly all of the wood in the versions I built to test these designs is Douglas fir.) I also use a lot of CDX plywood, which is one of the most common types of plywood. Its C- and D-grade surfaces are a bit rough, but very serviceable.


For most of the wood tools I build, I use untreated wood and leave it untreated and unpainted. Paint and other surface treatments, if not properly maintained, can cause contamination. This is especially a concern if any of the surfaces come into regular contact with food. Paint and other surface treatments can also hold moisture and accelerate rot, instead of helping to preserve the wood. The natural rot resistance of Douglas fir and many other woods allows them to last a long time—well over a decade in my experience—even when they get wet repeatedly. This varies by wood species, climate, and use.




Steel


The steel I use for the Hand Cart is hot rolled low-carbon steel. You won’t find this kind of steel at most hardware stores or even big box outlets, but it’s very commonly available from metal suppliers and at scrapyards. It’s probably the most common steel out there and is one of the easiest to weld.


Other projects in the book call for black pipe or galvanized pipe. These are available at most hardware stores, along with many types of fittings. Black pipe can be welded safely, but galvanized metal produces toxic fumes when heated to welding temperature. The difference between black pipe and galvanized pipe is the type of coating used to protect the pipe from corrosion. Galvanized pipe is more resistant to corrosion, but in practice I find black pipe is plenty corrosion resistant for all of my tool designs. Black pipe is also less expensive and has a smoother surface, which is especially important for parts that are handled regularly.




Plastic Pipe


Most of the projects in this book that call for plastic pipe are for use with irrigation (see Chapter 4). For water distribution I almost always use flexible, black polyethylene tubing that I get from irrigation suppliers. It is available in nominal sizes such as 1⁄2 inch and 3⁄4 inch, though frequently the actual sizes vary slightly from supplier to supplier. I recommend getting your fittings from the same supplier you get your tubing from to ensure a good fit.


For small-farm and garden building projects, polyvinyl chloride (PVC) pipe is a ubiquitous material due to its low cost, light weight, and easy workability. The two basic types of PVC pipe are schedule 40, which is white, and schedule 80, which is gray. Schedule 80 is thicker and stronger, but it is also much more flexible. The additives in schedule 80 make it more resistant to degrading from sunlight exposure. If your PVC pipe will be exposed to direct sunlight, painting it will make it last much longer.


There aren’t any projects in the book that use greenhouse film, but it’s worth noting that when PVC is in contact with greenhouse film (as I commonly see on farms), the film will degrade prematurely due to the pipe’s off-gassing of chlorine. Painting the pipe with water-based paint helps reduce this problem.


PVC manufacturing and disposal releases toxic chemicals, so I try to avoid using PVC when I can find a good alternative. ABS pipe, which is black, is similar to PVC, and in many cases it works as well as or better than PVC, with a slightly less toxic environmental profile. Most hardware stores commonly carry both of these pipe materials, although they may not carry all of the same sizes and fittings for both. Each kind of pipe requires a special cement for bonding, and the cements are not interchangeable; PVC requires primer with the cement, while ABS does not. In addition, unprotected ABS is more prone to warping in sunlight than PVC is, so it’s a good idea to paint ABS if it is going to be exposed.
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PROJECTS
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	Simple Seedling Bench


	Germination Chamber


	Potting Bench with Mixing Tub


	Hoop Bender


	Rolling Bed Marker


	Hand Cart


	Drip Winder


	Drip Irrigation System


	Easy-to-Move Sprinkler System


	Glove Drying Rack


	Hand Truck Pallet


	Onion Bag Filling Stand


	Simple Spray Table


	Mini Barrel Washer


	Rolling Packing Table


	CSA Boxes


	Spreadsheets for Seasonal Planning


	Useful and Usable Data Collection Sheets


	Hacking Photos and Video for Data










Chapter 2



Greenhouse Tools





You’ll find That the word tools is used loosely throughout the book. The three tools in this chapter are also sometimes called furniture. They are basic pieces you can build for a greenhouse to make it a better place to produce healthy seedlings for your farm or garden. These three pieces of greenhouse furniture are tools I’ve used weekly for years now to help me grow all of the seedlings for my own little farm. Together, they make a complete system that streamlines my workflow and allows me to work safely and efficiently. They also help create the right conditions for growing consistent, strong seedlings. Read on for insights into the designs and instructions on building your own versions of these tools.
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Simple Seedling Bench


This simple, lightweight yet sturdy bench is used for growing seedlings in plug trays in our greenhouse. We’ve been using benches like this one for decades and have made several design refinements along the way. It’s built with basic off-the-shelf lumber in standard sizes. It’s also easy to customize to get the height, width, and length just right for your needs.


In this example, the bench is 36 inches tall, 42 inches wide, and 8 feet long. I’m 6 feet tall, and I found 36 inches a convenient height for the bench, allowing me to comfortably pick up and set down the trays (my elbow height is about 41 inches, for reference). This height also means I don’t need to bend over to get a good look at the plants. You can vary the height of your bench simply by changing the length of the legs.




Design Notes


The bench consists of a basic lumber frame reinforced with plywood at the corners. The frame is topped with evenly spaced wood strips, called lath, that measure about 1⁄4 × 11⁄4 × 48 inches. Lath is commonly sold in bundles of 50 strips. The gaps between the strips allow for airflow and water drainage and provide spaces for laying in tubing for bottom heat (see Using the Benches).


At 42 inches wide, the bench is designed to fit multiple rows of seedling trays that measure 10 × 20 inches (commonly called 1020 trays or “ten-twenties”). The trays are actually a bit longer than 20 inches, so the extra 2 inches of bench width means the trays don’t hang off the edges, where they might get bumped. The 42-inch width also allows enough space for irrigation tubing down the center of the benchtop if you integrate sprinklers into the bench (again, see Using the Benches).








Project Overview


Approximate materials cost: $45


Time to build: 2–4 hours


Level of complexity: Moderate




Suggested Tools




	Saw


	Framing square


	Drill


	Pneumatic stapler or basic hammer







Recommended Materials




	
1⁄2" CDX plywood, at least 32" × 48"


	Five 96" lengths of 2×4


	Two 96" lengths of 2×2


	Forty-two 48" lengths of wood lath strips, typically 5⁄16" × 11⁄2"


	11⁄2" screws


	21⁄2" screws


	1" staples (1⁄4" crown or larger) or 4d (11⁄2") common nails
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A. Optimize the height for plant inspection and moving trays without bending over.


	
B. 8’-long benchtop made of lath strips, with 1⁄8"–1⁄4" gaps between the strips


	
C. Notched 2×4 end pieces


	
D. The gussets, screwed to the sides, stabilize the legs from minor side loads.


	
E. Stacking the side- and end-frame pieces on top of the leg supports the weight of the bench without relying on relatively weaker screw joints.


	
F. Set the legs on scrap blocks.


	
G. Plywood gussets on all corners for rigidity


	
H. 2×2 crosspieces














How to Build It




	
1. Cut the triangular gussets. Mark two 16"-wide strips on the end of a full-width sheet of 1⁄2" plywood. Then, mark both edges of each strip at 16" intervals and join the marks to make three 16" squares. Draw diagonal lines between the marks to create two triangles per square.

Cut the strips from the sheet, then cut along the diagonals and cross marks to make the triangles. You need only two triangles from the second strip, for a total of eight. (It’s helpful to trim about an inch off the sharp points of each triangle at this point to keep them from catching and snagging pants pockets after they’re installed on the benches; see the illustration here.)
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The pattern for cutting triangular gussets from a sheet of plywood








	
2. Cut the 2× pieces. Cut four pieces of 2×4 at 291⁄2" (or the length you’ve determined) for the legs. Cut two 2×4 pieces at 96" for the sides of the frame (full 8-foot 2×4s are often a little longer than 96"). Cut two 2×4 pieces at 42" for the ends of the frame. Cut three 2×2 pieces at 42" for the crosspieces.


	
3. Notch the end pieces. Notch both ends of the 42" 2×4 end pieces so that they are left with stubs about 11⁄2" thick and 11⁄2" long on each end. This allows them to sit on top of the 2×4 frame sides at the same height as the 2×2 crosspieces (which are actually 11⁄2" square).







[image: This stub should be the same height as your two by twos and just long enough to be flush with the two by four side piece]









	
4. Assemble the sides and legs. Position one of the plywood gussets over one of the 2×4 side pieces so the square edges of the gusset are flush with the top and end of the side piece. Fasten the gusset in place with three 11⁄2" screws along its top edge. Butt one of the legs against the bottom of the side piece, as shown, flush with the gusset. Check the leg with a framing square to make sure it is square to the side piece, then fasten the gusset to the leg with two screws. Repeat the same process to assemble the other side and leg pieces.
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A. If you don’t trim off the corners of the gussets in step 1, soften them now by sanding them.


	
B. The screw at the tips of each gusset determine the size of the supporting triangle, and the larger that triangle is, the better it will support the joint.

Set the screws about 3⁄4" in from the edges to leave enough backing material.




	
C. The screws between the tips are important for keeping the gusset from buckling under load.











	
5. Join the sides and ends. Attach two gussets to each of the 2×4 end pieces, flush with the top edge and end of the 2×4 so that the plywood covers the notch. Stand up the two side-and-leg assemblies and fit them together with the two end assemblies. The notches should rest squarely on the top edges of the side pieces. Clamp the parts together at the corners (or have a helper hold them), check each corner with a framing square, and then fasten each gusset to the adjoining leg with two 11⁄2" screws.


	
6. Add the crosspieces. Measuring from the outside edge of one of the end pieces, mark the top edge of each side piece at 24", 48", and 72". Position a 2×2 crosspiece across the bench frame so the crosspiece is centered on two opposing marks. Drill a pilot hole through each end of the 2×2 and fasten it to the side pieces with a single 21⁄2" screw in each end. Install the remaining two crosspieces the same way.


	


7. Install the lath. Spread 21 pieces of lath evenly across the bench top so their ends are flush with the center of the middle crosspiece. The two outer slats should be flush with the ends of the crosspieces. Fasten the slats to the end pieces and crosspieces with a pneumatic stapler, if you have one, or use 4d common nails (the large heads on common nails help hold down the lath). Repeat the process at the other end of the bench. The slats on either end should match up at the center of the middle crosspiece.
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A. . Each lath strip should be fastened to an end piece and two cross pieces. To get the correct spacing, start with the connections at the center crosspiece.


	
B. Trimming the corners on the gussets before installing them helps prevent the tips from snagging on pants pockets when you walk by.


	
C. Blocks help distribute the load and are easy to replace when they rot, making the legs last longer.








Note: The width of lath can vary, and the actual gap between the strips doesn’t matter much. As long as there’s at least 1⁄8" between them, water will drain nicely. I have found a bit of variation in quality of lath from different suppliers. (I’ve had much better luck getting good-quality lath from a reputable lumberyard than from big box stores.) If you have a choice, go with thicker strips (not necessarily wider), and avoid using any pieces that have large knots or are already cracked or split.











Using the Benches


At our farm, we use these benches for starting all of our seedlings. Occasionally in the late season we also use the benches for curing onions or squash. I have all of our benches set up with automatic irrigation to save time and to free us from being tied to the greenhouse every day of the week.
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A. Small sprinklers mounted on metal posts integrate well with the table for watering seedlings.


	
B. Foam insulation slides in from the side to support the spaghetti tubing.


	
C. An airlock valve is an essential part of a bottom heat system, which you can purchase from some greenhouse suppliers.


	
D. With a bottom heat system that uses spaghetti tubing, you can lay the tubing in the gaps between lath strips to keep it perfectly spaced.


	
E. Additional wooden blocks provide support for the bottom heat manifold.










To avoid having dripping irrigation nozzles hanging above the benches, I integrate upright Ein-Dor sprinklers mounted on thin metal rods installed into the benchtops. Holes drilled partway into the center of the 2×4 end piece and 2×2 crosspieces are the perfect places to insert the metal rods and stand up the sprinklers. I then run the distribution tube for the sprinklers down the center of the benchtop and loop the spaghetti tube that feeds the sprinklers under one of the lath slats to hold the tubing in place.


I use sprinkler heads designed to throw water in a 4-foot radius and mount them every 2 feet (on the crosspieces) for more even coverage, which is more important to me than the wasted water from overspray. We set up every bench with its own valve so we can turn each bench’s water supply on or off, and there is a hose connection between each set of benches that makes it easy to separate the benches and move them around if needed.


Between waterings and when there aren’t any seedling trays on the benches, most of the wood dries out, so we haven’t had any trouble with wood rot. The exception is the bottom of the bench legs, which tend to wick water from the ground and start to rot eventually. To protect the bench legs, I place each one on a scrap piece of 2×4 that is at least 4 inches long. These sacrificial pieces will rot first, but they can be replaced much more easily than the bench legs. The scrap wood also helps distribute the pressure of the bench legs on the ground, keeping them more stable.


I’ve also used these benches with a spaghetti-tubing hot water system to provide bottom heat to seedling flats. The spaces between the lath hold the spaghetti tubing in place perfectly, without the need for plastic spacers. To run this kind of system, you need to add sheets of stiff foam board insulation just below the lath to support the spaghetti tubes and to hold in the heat; 1⁄2-inch XPS foam board works well because of its stiffness and durability, but polyiso (or, technically, polyisocyanurate) is also a good option and has the added advantage of a foil face that helps reflect heat back up toward the roots. EPS foam board is inexpensive and also has a foil face, but I’ve found it a bit too delicate to work well for this application.


The foam board pieces should span the width of the table and fit between the crosspieces, making them approximately 42 inches wide and either 221
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