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Welding Aluminum Building with aluminum has its advantages, but welding presents some challenges Ron Alexander & Scott Helzer



W



elding aluminum presents some unique challenges compared to welding steel. This installment of the series on welding will involve a discussion on welding aluminum using the tungsten inert gas (TIG) method. We will address the material, general properties, welding concerns and procedures, along with tips for success. Aluminum’s unique collection of mechanical and physical properties makes it one of the most adaptable aircraft building and fabricating materials. It is light in weight, yet a few of the alloys are stronger than some common structural steels. Special precautions must be taken with aluminum when it is placed in contact with other metals. Direct contact with metals such as copper, brass, and most ferrous alloys should be avoided whenever an electrolyte may be present. Moisture from the air is usually enough to provide an electrolyte and results in galvanic corrosion of the aluminum in the contact area. It is possible to use almost any joining method to connect pieces of aluminum and aluminum alloys. Riveting has been used successfully in the aircraft industry for years. More recently, soldering and brazing of aluminum alloys have
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become possible due to the development of eutectic-type aluminum brazing materials. New brazing techniques are constantly being developed, and welders can now employ some exotic methods. Commercially pure aluminum and some of the aluminum alloys can also be successfully joined by fusion welding. Heat-treated alloys can be fusion welded if they are reheat-treated after welding to restore physical strength. A few of the heattreatable aluminum alloys cannot be successfully fusion welded by present welding techniques. Most of the aluminum alloys can, however, be welded by electrical resistance spot and seam welding. A relatively new method, friction stir welding, is also now used to join aluminum alloys. Just what kinds of techniques are acceptable depends on the alloys involved. The Aluminum Association uses a 4-digit numerical system to identify wrought aluminum and aluminum alloys. The first digit indicates the alloy group, based upon the major alloying element. Pure aluminum starts with 1, copper alloys with 2, manganese with 3, silicon with 4, magnesium with 5, magnesium and silicon with 6, zinc with 7, and other elements with 8. The initial digit 9 is unused. The sec-



ond digit (xXxx) in the numbering system indicates modifications of the original alloy or impurity limits. The last two digits (xxXX) identify the aluminum alloy or indicate the aluminum purity.



Non-Heat-Treatable Alloys The 1000-, 3000-, 4000-, and 5000series alloys are non-heat-treatable. Commercially pure aluminum is soft and ductile and is used for numerous products. However, it is limited by strength, and many industrial applications require greater holding capacity. This is sometimes achieved by the addition of alloying elements, such as iron, magnesium, manganese, and silicon. 1000 series: This aluminum series contains an aluminum purity of 99 percent or higher. The alloys have high thermal and electrical conductivity, excellent corrosion resistance, good workability, but low mechanical properties. This group of alloys conducts heat three times faster than iron and is exceeded only by copper among the commonly used industrial metals. Thus, when welding, this aluminum alloy group requires more heat input than steel of the same thickness. 3000 Series: This series contains manganese as the major alloying
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element and is non-heat-treatable because manganese does not produce hardenable precipitants. The popular 3003 aluminum is widely used as a general-purpose alloy with moderate strength and good workability. This series has excellent weldability and can be welded and brazed by all processes. 4000 Series: Silicon is the major alloying element in this series. It has low solid solubility in the solid state, but good ability to alloy in the liquid state. Silicon lowers the melting or solidification temperatures when added in sufficient amounts. Even though silicon lowers the melting point, it does it without causing brittleness in the solidifying metal. For this reason the 4000series alloys are used primarily as filler metal for fusion welding and brazing where the base metals require lower melting point filler. The alloys as manufactured are not heat treatable. 5000 Series: A large group of alloys falls under this classification, in which magnesium is the major alloying element. Magnesium has high solubility with aluminum, but does not normally form a hardenable precipitate. When magnesium is added up to approximately 5 percent, it produces a strong and highly weldable alloy. The alloys in this series have good corrosion resistance and high strength, but they are not heat treatable. More welding is done on these alloys than any other series. They have excellent performance in that they retain a high percentage of strength following welding.



Heat-Treatable Alloys The heat-treatable alloys are initially strengthened by the addition of alloying elements. Alloys have their strength enhanced by the addition of copper, magnesium, silicon, zinc, or a combination of the elements. The 2000-, 6000-, and 7000-series alloys fall here. Small amounts of other minor alloying elements are also added to improve properties. The highest



increase in mechanical properties for these alloys is achieved by solution heat treatment followed by precipitation hardening. Some of the heat-treatable alloys also use strain hardening between the solution heat treatment and the precipitation stages to increase the amount of precipitation that occurs. 2000 Series: The principal alloying element in this series is copper. Alloys with copper require a solution heat treatment to obtain maximum strength properties. After heat treating, these alloys are as strong as low-carbon steels, but weigh twothirds less. While these alloys are strong, their corrosion resistance is less than most of the other aluminum alloys. Cladding the part with a thin layer of high-purity aluminum or some other corrosion-resistant aluminum alloy material can increase corrosion resistance. The 2000-series alloys react best to strain hardening between solution heat treatment and a subsequent precipitation treatment. This series is often called “aircraft alloys” because many of their common uses are in the aircraft industry. Aircraft forgings, cylinder heads, pistons, propeller blades, outside skin coverings, rivets, and threaded fasteners are generally made from 2000-series aluminum alloys. One of the most popular alloys for aircraft in this series is 2024. 6000 Series: This series contains both magnesium and silicon in suitable proportions for forming magnesium silicide precipitants, which is what make this series heat-treatable. These alloys are not as strong as are the 2000 or 7000 series, but they have excellent machinability and corrosion resistance, with medium strength. Probably the most important alloy in this series is the 6061. It has excellent workability and can be fusion welded. In the welded condition it retains approximately 60 percent to 70 percent of its strength. It is possible to regain all of its strength if it is EAA Sport Aviation
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aircraft building re-heat-treated after welding. removed before you can make a Oxygen in the air will begin to 7000 Series: The primary good weld. Before gas tungsten alloying element in this series is arc welding (GTAW), which is combine with the aluminum as zinc. The alloys in this series known as TIG welding, soon as the oxide has been cleaned also have high hardenability and oxide was removed with chlooff, so don’t clean the parts and exhibit high strength and extra rine-based fluxes. Now welders hardness. Probably the most generally clean the area to be then come back the next day with widely used in this series is the welded with a stainless steel the expectation that you can weld it brush that has not been con7075 alloy, which is classified among the highest-strength alutaminated by steel, grease, or without cleaning it again. minum alloys available. The any other material. major use of these alloys is for aircraft airframe structures A small stainless steel brush the size of a toothbrush and for highly stressed parts. works well. You can also use a stainless steel brush in Weldability for most of these alloys is listed from “lim- the Dremel tool. Once again, dedicate them to being ited” to “not recommended,” but recent developments used only on aluminum. with alloys such as 7004, 7005, and 7039 are producing Keep in mind that oxygen in the air will begin to metals with improved weldability by fusion welding. combine with the aluminum as soon as the oxide has been cleaned off, so don’t clean the parts and then Making the Welds come back the next day with the expectation that you Aluminum has a great affinity for oxygen. The material can weld it without cleaning it again. combines with oxygen in the air to form a high-temperaDo not sandblast the aluminum and then weld it, ture oxide that covers the surface of the metal. This oxide because the silicon from the sand used in the blasting melts at a much higher temperature than the base metal. can cause welding defects. Do not blast it with walnut Pure aluminum melts at 1,200°F, and the oxide melts or other nutshell media, because the shells have oil in at 3,700°F. That makes it imperative that any oxide be them that will cause defective welds. Be careful which solvents you use to clean and degrease the metal. Many can decompose into harmful ELECTRIC TRIM SYSTEMS gases or cause gross porosity in the welding process. If Install this small, 14 volt servo you have used some of the magic metal that is sold to Servo motor to control Elevator, do cosmetic aluminum repairs, or if you have oxy Aileron or Rudder trim. hydrogen welded the aluminum, you cannot TIG weld Trim Systems include: it without special preparations. When welding aluminum, it’s important to remember that aluminum has a high thermal conductivity, which means it conducts heat away from the weld area Position Indicator Rocker Switch Clevis/Pushrod kit very efficiently. Because of this you need to apply the T2-7A Trim System (.7 inch travel)......$235 T2-10A Trim System (1.0 in. travel).......235 heat to the weld joint much faster—use more amperT3-12A Trim System (1.2 in. travel).......255 age—to bring the aluminum to welding temperature. Position Sensor STICK GRIPS Unlike steel, aluminum does not change color when it melts, so you have to look for it becoming shiny on NEW! G3 Grips feature the surface. When you get to the end, back off the 4-way toggle switch, multi-color faceplates. amperage or you run the risk of melting a large hole in Use this sensor to the end of your part. measure wing flap, cowl flap position. Aluminum welds shrink by about 6 percent by vol1.2" travel.......$30 ume when they solidify. If the weld joint is restrained, Speed Control the shrinkage will put a tension load across the surface of the weld. As the welded assembly cools, a contraction known as thermal contraction takes place. Aluminum contracts roughly twice as much as steel. The contracAdjusts trim sensitivity......$35 tion that happens upon cooling and the shrinkage that G101 G307 G207 occurs upon solidification create tension that can cause cracking to occur in the face of the weld when the stresses generated by welding exceed the tensile 2525-8 Pioneer Avenue, Vista, CA 92081 USA strength of the base material. Phone 760 599 4720 FAX 760 599 4383 Using frequent tack welds to control distortion will help see more details at: www.rayallencompany.com improve the quality of the weld, as will ensuring a good fit 100
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among the components. Fit is even more critical with aluminum than with steel. Poor fit will give you a bad-appearing weld and also one that is much more difficult to produce. If you are repairing a crack, terminate the crack end, and then don’t try to weld directly on the crack. Start on sound material and move into the crack, otherwise you may have trouble getting the filler to flow. When terminating the weld, fill the crater so that you don’t starve the weld for filler. Not filling the crater will result in a condition known as crater cracks, which “track” in the direction of welding.



Machine Settings The machine should be set in AC, and if there is a switch for the high frequency, it should be set in the continuous mode. The argon flow rate should be set at 20 cf/h or at about 15 psi. The tungsten should be pure, not thoriated, because thorium contaminates aluminum welds. The tungsten also needs to be the correct shape for aluminum welding. In aluminum you need the electrode shape to be a ball or hemisphere that is about 1 to 1/2 times the diameter of the tungsten. You should not try to grind this shape, however. It will form on its own when you weld. But be sure to not contaminate the tungsten by touching it to the molten base or filler, because surface tension will draw the molten aluminum onto the tungsten. As always, once contaminated you must grind the contamination off. If the contamination is too bad, you will need to snap off the contaminated end and start again. The secret to learning how to weld aluminum is practice. Attendance at a SportAir TIG welding workshop is highly recommended. It is difficult to teach aluminum welding without hands-on demonstrations and experience. However, if you don’t have a choice, follow the guidelines presented and don’t weld on your airplane until you have practiced on scrap pieces of metal. EAA Sport Aviation
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Answer: Yes you do!* *Question: Do I need one of these? Find out why at: www.ellison-tbi.com



Carburetors You Can Bank On! Ellison Fluid Systems Inc. 350 Airport Way • Renton, WA 98055 • 425-271-3220
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Building" in the April 2000 EAA. Sport Aviation for an ... Some smaller units work on 120 volts, hut most machines, like the ... There are a variety of TIG electrical power units, and homebuilders ... and their filler materials. When you're ready to 
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