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building basics



The Hole Story Drills and drilling JAC K DUECK , EA A HOMEBUILT AIR C R AF T C O U N C I L



T



he most common job you will be doing on your homebuilt construction project will be drilling holes. So, are your holes where they should be? Are they correctly drilled or formed? Are they within the tolerances required for their specific purpose? Although terms are used interchangeably, in this column I will be referring to the tool as the “drill” and to the hole-cutting shank or attachment as the “drill bit.” All of us have marveled at the precision and quality that characterizes a well-balanced, pneumatic “air” drill. I’m often asked if you can build an aircraft with a cordless electric drill. The answer is yes, until you have been introduced to an air drill. Your own personal need for this wonderful tool instantly goes from “nice” to “necessary.” Drills come in various forms and sizes. All have their own uses and applications. I like to have several straight 1/4-inch air drills, one for each drill-bit size. This way I don’t need to change the drill bit; I just disconnect the air hose from the one drill and attach it to the next. This also allows me to select a drill with the appropriate speed for a specific drill-bit size. I also recommend having a 1/4-inch, 90-degree angle drill for those difficult angled applications. A 3/8-inch, 90-degree angle air drill with a Unibit is also useful for grommet holes.



dexed in three groups: letter sizes A to Z, number sizes 1 to 100, and fractional inch sizes. All bit sizes are marked on the drill-bit shank. If the drill bit has been allowed to turn in the chuck, reading the size may be impossible. Always ensure the correct size with a drill gauge. Drill bits are either solid or split-point, with the splitpoint being the more popular. Figure 1 shows a standard solid drill bit. It also shows the drill sizes used for the four most common rivets or fasteners. In each case the drill hole diameter will be about 0.003 inch to 0.004 inch larger than the fastener diameter to allow ease in insertion. Drill bits come in different lengths. The common lengths are standard, 6-inch and 12inch. The length used will depend on the access to the work. The 6-inch and 12-inch drill bits are called “extension” drills, and during use they are held lightly between the forefinger and thumb to allow rotation, but firmly enough to prevent wobble or whip. (See Figure 2.) Drill bits are ground to various angles depending on the material being drilled. Figure 3 shows some typical angles and their applications.



Like all other aspects of homebuilding, drilling is a science that with experience becomes an art under the master’s hand.



Drill Bits Drill bits come in various sizes, in various lengths, and with various point angles. Common drill-bit sizes are in-



Drilling Operations Chucking the drill bit: Whenever installing or removing a drill bit from an electric or air drill, remove the power source (electric cord or air hose) before inserting the chuck key into the chuck. Failure to do so can result in severe injury. EAA Sport Aviation
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building basics Insert the drill bit into the drill up to but not including the flutes on the drill-bit stem. Using the correct chuck key, tighten the chuck while ensuring the drill bit is centered. Tighten each of the three chuck key positions firmly. Do not over-tighten. Reconnect the power source (electric cord or air hose). Start the drill and check for wobble. Replace bent drill bits.



118°



GENERAL PURPOSE ALUMINUM, MAGNESIUM MILD STEEL



135°



HARD AND TOUGH MATERIALS STAINLESS STEEL, HARD STEEL, TITANIUM



Drill Hole Location Before drilling a hole, its exact location must be ascertained. The most casual observer will im140° mediately bring to the builder’s attention any deviation from a true line of rivets. To help avoid 90° inadvertent deviations: • Use pilot holes punched or drilled prior to PLEXIGLASS AND KIRKSITE ALSO COBALT DRILLS FOR HIGH HEAT USED FOR ENLARGING HOLES IN the final drilling operation. TREAT STEELS THIN SHEET • Use a template with accurate pre-drilled Figure 3 holes. Drill-Bit Angles • Drill components “on assembly.” • Use a “hole finder” or “strap duplicator.” Start by holding the drill firmly, perpendicuyour free hand, rotate the drill chuck a turn or so to start lar to the material, with the drill-bit point located accurately. Exert pressure through the centerline of the the cutting action of the drill-bit point. Then when you drill, through the drill bit. Continue to exert just enough start the drill motor, the drill-bit is less likely to skip across pressure to maintain the cutting action as seen by the pro- the work, leaving a scratch in the material. duction of chips. Just before the drill bit starts to come through the material, back off on the pressure and stop Drilling Alloys, Steel & Plastic the drill bit from proceeding through to the point of dam- Aluminum is a good thermal conductor, so heat dissipates age to surrounding material. quickly in its cutting process. Consequently, a high drilling speed with moderate pressure should DR I L L I NG S P E E DS be used. Additional cooling can be obDRILLING SPEEDS tained with a lubricant such as soluble oil, M a te ri a l Dri l l S i z e C i rc u m fe re n ti a l RPM kerosene, or lard oil. Generally for thin V e l o c i ty (F P M ) components, aluminum is drilled “dry.” Titanium is a poor thermal conductor, A lum inum 3/32" 80 to 100 3200 to 4000 so heat from drilling does not dissipate 1/8" 80 to 100 2400 to 3000 5/32" 80 to 100 2000 to 2500 readily. Thermal problems must be over3/16" 80 to 100 1600 to 2000 come by reducing the drilling speeds and 1/4" 80 to 100 1200 to 1500 pressures. Since titanium does not workharden readily, lighter pressures can be S te e l 3/32" 40 to 50 1600 to 2000 used. Additionally, use a lubricant such as 1/8" 40 to 50 1200 to 1500 soluble oil, lard oil, or a cutting coolant 3/16" 40 to 50 800 to 1000 recommended by the material supplier. 1/4" 40 to 50 600 to 800 Drilling steel is more difficult than aluminum because of its hardness and its S ta i n l e s s S te e l 3/32" 15 to 20 600 to 800 1/8" 15 to 20 450 to 600 work-hardening tendency. Steel’s work3/16" 15 to 20 300 to 400 hardening tendency makes it important to 1/4" 15 to 20 250 to 300 cut continuously with constant speed and pressure. Drilling speeds are commonly about one-half of that used for aluminum. When drilling into a marked location on a piece of ma- For a cutting coolant, use soluble oil, sulphurized oil, lard terial, locate the drill-bit point accurately, and then with oil, or mineral lard oil. 114
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SHANK



LIP OR CUTTING EDGE LIP CLEARANCE (125°-135°)



BODY



FLUTE



LAND



HEEL



HEEL ANGLE (12” - 15”) LIP ANGLE (NORMALLY) 59” LIPS OR CUTTING EDGES



Figure 1 Standard solid drill bit



DRILLING AT A GLANCE For sheet metal work, the 135˚ split point drill bit works the best. (Most common drill points are 118˚) Four basic sizes you will use: for 3/32” use #40 for 1/8” use #30 for 5/32” use #21 for 3/16” use #11 Use fresh, sharp bits and have spares on hand.



Stainless steel is more difﬁcult to drill than either aluminum or common steels because of its extreme work-hardening properties. It is important to cut continuously and with constant speed and pressure. If the EAA Sport Aviation
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Figure 2 Using an Extension Drill Bit



drill bit is allowed to rub or remain idle on the work, the metal will workharden, making it difﬁcult to restart the cut. To drill stainless steel: • Use a sharp drill bit with a 135degree point angle. • Use low to moderate drill speeds. • Use uniform and adequate drilling pressures. • Use copious amounts of sulphurized mineral oil as coolant. Plexiglas and other similar soft materials require careful attention when drilling. Although the material is soft and easily cut, it is also prone to stress risers and stress concentrations. When drilling Plexiglas, use a drill-bit point angle of 90 degrees, apply light pressure, and use moderate drilling speeds. Clamp and back up the material so the drill bit won’t “grab and run” as it comes through the work.



Drilling Speeds In mass production applications, because of the quality control that is applied to the process, high drilling speeds can be used. In our homebuild116
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ing applications, quality control is still achievable, but at the cost of lower production targets. I have found the following drilling speeds, based on the circumferential speeds of the drill bit, work well. (See Drilling Speeds Table.)



Drilling Hints: • Always use sharp drill bits. Drill bits are inexpensive, and a dull drill bit will not produce a good round hole. I do not recommend resharpening small drill bits unless it’s done in a quality sharpening jig or machine. • Always back up your work with a block of wood or other similar material. • Always know where your drill bit is going. • When drilling through two dissimilar materials, drill through the harder one ﬁrst to prevent making an egg-shaped hole in the softer material. • Like all other aspects of homebuilding, drilling is a science that with experience becomes an art under the master’s hand. The secret to success is practice, practice, and continuous practice. Always practice any process on scrap material before venturing to your project.



FOR REFERENCE Pocket Reference, Thomas J. Glover, Sequoia Publishing Inc. Standard Aircraft Handbook, Larry Reithmaier, McGraw-Hill Avery Tools Catalog, Bob Avery, Avery Tools EAA SportAir Workshops, RV Assembly EAA Sport Aviation
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